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Abstract

Most testicular germ cell tumours (TGCTs) have a modal chromosome number in 

the hypotriploid range and and tumour progression is thought to result from net 

loss of chromosomes from a near tetraploid carcinoma in situ cell. Around 1.5% 

of TGCTs occur in a familial form thus suggesting a possible role for tumour 

suppressor genes in testicular tumorigenesis.

To find out whether particular areas of the TGCT genome show marked loss of 

heterozygosity (LOH) allele loss studies were carried out on tumours from 41 

patients using a number of polymorphic ezyme and DNA RFLP markers 

covering 23 chromosome arms. In addition aneuploid cultures were successfully 

established from seven cases and the results from these cultures were compared 

with those from corresponding tumours.

LOH at a frequency of ^10% was found on the following chromosome arms; 3p 

(2 losses out of 18 informative individuals), 3q (1/8), 4 (1/10), 5q (6/33), l i p  

(4/13), 11q (4/24), 12p (1/7), 13q (3/18), 16p (3/24) and 18p (1/5). LOH at a 

fequency of <10% was found on Ip  (2/37), 1q (3/34), 5p (1/30), 7p (1/27), 7q 

(2/22), 9q (1/19), 14q (2/22), 15 (1/23), 18q (2/25) and 20 (1/26). No losses were 

found on 6p (six informative individuals), 12q (33) and 17p (23). Additional 

losses on Ip, 1q, 3p, 9q, l ip ,  11q, 14q, 18p and 18q were observed in the 

tumour cultures. The relatively high frequency of allele loss on 3p, 5q, l ip ,  11q, 

13q and 16p may indicate the presence of tumour suppressor genes on these 

chromosome arms which are important in the development of TGCTs. The extent 

of allele loss as defined by fractional allele loss was not found to be significantly 

different between the two histologic subtypes seminoma and nonseminoma.

An examination of allele intensity in tumour DNA has demonstrated allelic 

evenness in over 70% of tumours for probes on 1p36, 3q, 4, 5p, 5q, 7q, l ip ,  

11q, 12q14, 13q and 15q. The only chromosome arm demonstrating an uneven 

pattern in more than 70% of tumours is 12p. These findings suggest that the



changing pattern of genomic organization occuring during tumour progression is 

non-random.

An isochromosome for the short arm of chromosome 12 is a highly specific 

cytogenetic abnormality found in the majority of TGCTs. The retention of 

heterozygosity for all informative markers on 12q suggests that formation of the 

i(12p) markers occurs following polyploidization.

Mutations in the p53 gene which is located on 17p are considered to be among 

the most common genetic alterations in human cancers. The retention of 

heterozygosity for all informative 17p loci suggests that alterations in the p53 

gene are not important for the predisposition and development of TGCTs. 

Consistent with this finding is the lack of any consistent change in p53 mRNA 

levels in TGCTs.

Inactivation of the retinoblastoma (RB) tumour suppressor gene is associated 

with the development of several human malignancies. An investigation of RB 

mRNA revealed decreased levels in all TGCTs analysed but no alterations in 

transcript size. Rearrangemet of the RB gene was demonstrated in a single 

TGCT. These findings suggest regulation of transcription and/or transcript half- 

life or gene mutations may be responsible for the decreased RB mRNA levels in 

human TGCTs.

Analysis of the H-ras oncogene mRNA revealed decreased levels in nearly all 

tumours examined. The reduced levels did not always coincide with LOH at this 

locus thus suggesting a decrease in the level of transcription and/or half-life of 

H-ras mRNA.

There was no consistent change in the levels of N-ras and MCC40 mRNA levels.
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1 INTRODUCTION

1.1 General introduction

Although testicular cancer contributes to only a small proportion of all cancer 

cases it is the most common neoplasm in the young male population of 

industrialized countries and its incidence has been rising steadily throughout this 

century. The recent advent of highly effective combination chemotherapy 

together with improvements in staging methods and surgical techniques has led 

to dramatic improvements in treatment results with cure rates of upto 80-90% 

being reported in patients with disseminated disease. Testicular germ cell 

tumours (TGCTs) are diverse with respect to histopathology, clinical evolution, 

age at onset and therapeutic sensitivity. These properties make them a model 

system for the study of differentiation, malignant transformation and drug 

sensitivity. Although various risk factors have been associated with testicular 

neoplasms the mechanisms involved in etiology and pathogenesis of these 

tumours remain unclear. However there is growing evidence for the involvement 

of genetic factors in TGCT development.

1.1.1 CLASSIFICATION

Approximately 95% of testicular tumours are of germ cell origin. The rest consist 

of stromal cell tumours and lymphomas. The pathological classification of 

testicular germ cell tumours is based upon their histopathology. The two most 

commonly used classifications are those of the World Health Organisation 

(WHO) and the British Testicular Tumour Panel (BTTP) see table 1.1. The WHO 

aims to specify each of the different components which comprise a tumour. The 

majority of testicular tumours are composed of more than one histological type 

but from the point of view of clinical management the most important distinction 

to make is between seminoma and non-seminoma. Accordingly about 40% of 

TGCTS are seminomas, 40% are non-seminomatous germ cell tumours
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(NSGCTs) and 20% are combined tumours consisting of seminoma plus NSGCT 

(Anderson 1985).

Pure seminoma is the commonest malignant tumour of the testis. The two major 

subtypes of seminoma are classical and spermatocytic. Over 95% are of the 

classical variety. Histologically this tumour is composed of fairly uniform cells 

resembling primitive germ cells. It usually occurs in patients in their 30's and 40's 

and is rarely reported in young children. It is also the commonest tumour found in 

cryptorchid testis (Mostofi et ai, 1985).

Spermatocytic seminoma always occurs as a pure tumour. Histologically it is 

composed of sheets of cells which show marked variation in size. Some of the 

cells resemble spermatogonia, hence the name. It is rarely associated with 

extragonadal spread and usually has a benign clinical course. It occurs 

predominantly in older men (Talerman 1980).

Teratomas are defined by the WHO panel as tumours composed of cells which 

reflect the three basic germ cell types of the developing mammal; endoderm, 

mesoderm and enctoderm. The BTTP categorizes all NSGCTs as teratomas. 

These are further subdivided into teratoma differentiated (TD), malignant 

teratoma undifferentiated (MTU) and malignant teratoma intermediate (MTI). In 

general they occur in younger patients than seminomas and are most common in 

the third decade (Horwich 1991).

Teratoma differentiated (or mature teratoma) consists of a variety of 

differentiated tissues which may be arranged in an organoid fashion to form 

structures resembling, for example, alimentary or respiratory tissue. The tumour 

may metastasize and therefore cannot be considered benign. It occurs most 

commonly in children and accounts for approximately 5% of teratomas (Horwich

1991).

Malignant teratoma undifferentiated (embryonal carcinoma) consists entirely of 

undifferentiated tissue. It is rarely found in pure form but is present in about 37% 

of TGCTS (Horwich 1991).
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Malignant teratoma intermediate (immature teratoma) consists of a mixture of 

malignant and well differentiated tissues. This is the commonest form of teratoma 

accounting for more than 50% of the total (Horwich 1991 ).

Malignant teratoma trophoblastic (MIT or choriocarcinoma) is diagnosed in the 

presence cytotrophoblast and syncitiotrophoblast. This tumour is highly 

malignant with a poor prognosis. Pure MTT accounts for under 1% of tumours 

and is an element in 2-5% of TGCTs (True and Rosai 1992).

Yolk sac tumour is an undifferentiated tumour which histologically mimics fetal 

yolk sac tissue. It is the commonest testicular tumour of childhood accounting for 

60% of cases. Pure yolk sac tumour is very rare in adults but is found associated 

with other tumour types in about 40% of cases (Mostofi et al., 1985).

Carcinoma in situ (CIS) is the preinvasive lesion of all TGCTs except 

spermatocytic seminoma and perhaps infantile yolk sac tumour. The 

ultrastructural features are characteristic of prespermatogenic cells (Gondos 

1993).
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Table 1.1 Histological classification of TGCTs

British Testicuiar Tumours Panei 

(Pugh and Cameron, 1976)

Worid Heaith Organisation 

(Mostofi and Sobin,1977)

Seminoma 

Classical 

Spermatocytic 

Teratoma differentiated

Malignant teratoma intermediate (MTI)

Malignant teratoma undifferentiated (MTU)

Malignant teratoma trophoblastic (MTT)

Yolk sac tumour

Seminoma 

Typical 

Spermatocytic 

Teratoma 

Mature 

Immature 

Teratoma with malignant 

transformation, embryonal 

carcinoma and teratoma 

Embryonal carcinoma 

Polyembryoma 

Choriocarcinoma with or 

without embryonal carcinoma 

and/or teratoma 

Yolk sac tumour
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1.1.2 Epidemiology

Testicular cancer affects more than 1 in 25,000 men per year in the UK. 

Although a relatively rare neoplasm it is the commonest cancer in men in the age 

range 25-34 years (Davies 1981). The majority of these tumours are diagnosed 

before the age of 50. There is a small peak for males under 5 years of age and a 

second peak between 15-44 years (Pike et al., 1987). The young adult peak 

coincides with the period of maximum sexual activity in the male (Forman and 

Chilvers 1989) suggesting endocrine factors may be important to tumour 

induction. The age distribution of seminomas and NSGCTs are similar but the 

peak incidence of seminomas (median age 37 years) is 10 years later than that 

of teratomas (27 years). Combined tumours occur at an intermediate age (Pugh 

and Cameron 1976).

Testicular cancer incidence rates show significant heterogeneity between 

different countries and ethnic groups. The highest rates occur in Caucasian 

males from Europe and the USA (Waterhouse 1982). Denmark has the highest 

national incidence rate in the world, 8 men per 100,000 annually (Osterlind

1986). Non-Caucasian populations such as Asians, Africans and Chinese have 

low rates (Waterhouse 1982). The incidence rate in US Blacks is less than one 

quarter of that in whites (Brown et al., 1986b) suggesting genetic factors may be 

relevant in tumour etiology. Enviromental factors may also play a role since 

Japanese, Chinese and Hispanic immmigrants to the USA have incidence rates 

intermediate between country of origin and host nation (Menk at a!., 1975; Locke 

1980; King and Locke 1980; Spitz at a!., 1986). One possible enviromental factor 

may be diet. The geographic distribution of fat intake has been found to 

correlate well with geographic distribution of incidence (Armstrong and Doll 

1975). The racial differences may also be explained in part by socio-economic 

factors; testicular tumours are m ore common in professional and non-manual 

workers and those living in urban areas (Davies 1981).

Testicular cancer incidence rates have been increasing since the beginning of 

this century in Britain and a number of other developed countries such as the
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USA and Denmark (Davies 1981, Brown et al., 1986b, Osterlind 1986). The 

increasing rates have been described by some as an epidemic (Brown et a!., 

1987). The trend is mainly the result of a rise among young men and is largely 

accounted for by an increase in NSGCTs (Osterlind 1986; Boyle et a!., 1987). 

The increment has not been observed in US Blacks (Van den Eden 1986). 

Despite increasing incidence the mortality rates for testicular cancer have fallen 

dramatically over the past two decades. The main factor for this development 

has been the introduction in the mid 1970's of combination chemotherapy based 

on cisplatinum (Kay 1989). The reasons underlying increasing rates and 

geographical and racial differences in tumour incidence have not been identified.

1.1.3 ETIOLOGY

The only major risk factor for testicular cancer is cryptorchidism which is found in 

about 11% of cases (Abratt et a!., 1992). The risk of malignancy is approximately 

40 times higher in male subjects with cryptorchidism than in normal males (Elder

1987). Testicular cancer in unilaterally cryptorchid men usually develops in the 

ipsilateral testis although the contralateral testis is involved in about 17% of 

cases (Swerdlow et a!., 1987). Thus the association with cryptorchidism reflects 

less the physical nature of the abnormality than the presence of inherently 

abnormal tissue. These findings would also explain why hormonal or surgical 

correction of the defect does not seem to reduce the risk of tumour development 

(Pike et a!., 1986). Orchidopexy does however seem to influence the 

histopathology of subsequent tumour; seminoma is the commonest tumour in 

currently cryptorchid testis whereas the proportion of pure seminoma which 

develops in the testis after successful orchidopexy is equal to that in normally 

descended testes (Halme et a!., 1989). The incidence of cryptorchidism is 

reported to be increasing (Chilvers et a!., 1984, John Radcliff study group 1986). 

The frequency in England and Wales doubled between 1962 and 1981 (Chilvers 

1984). This would suggest common etiological factors for both testicular cancer 

and cryptorchidism. High maternal oestrogen levels during the first trimester of
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pregnancy (both endogenous and exogenous sources) have been shown to 

increase the risk of both testicular cancer and cryptorchidism (reviewed by 

Rajpert-De Meyts and Skakkebaek 1993). The two conditions are also 

associated with inguinal hernia (Marshall 1982; Pottern et al., 1985) and low 

birth weight (Brown at s i, 1986a). Other conditions associated with testicular 

cancer include testicular torsion which is associated with a three fold increase in 

risk (Chilvers at al., 1987). Interestingly torsion rates have also been reported to 

be increasing in recent years. Icthyosis has recently been identified as a risk 

factor (Lykkesfeldt at ai, 1991).

The prevalence of carcinoma in. situ (CIS) in the Danish male population is 

estimated at 0.8% (Giwercman at ai, 1991). The incidence is higher in men with 

a history of cryptorchidism (Giwercman at ai, 1989); men with a previous history 

of unilateral testicular cancer (Loy and Dieckmann 1993); patients with testicular 

feminization (androgen insensitivity) syndrome (Muller 1984); patients with 

gonadal dysgenesis (Manuel at ai, 1976); men with extragonadal germ cell 

tumour (Daugaard at ai, 1987) and possibly infertile men (Pryor at ai, 1983). In 

50% of cases CIS progresses to invasive carcinoma within 5 years and is 

thought eventually to progress in all cases (Giwercman at a!., 1993). The link 

with infertility is interesting considering there is evidence for a decreasing quality 

of semen over the past 50 years (Carlsen at ai, 1992). Testicular trauma as a 

possible etiological risk factor has been investigated but not found to be 

significant (Swerdlow at ai, 1988).

Mumps Orchitis after puberty is another risk factor for testicular cancer (Beard at 

al., 1977). Other viral infections associated with testicular cancer include 

Cytomegalovirus, Herpes Simplex virus, Varicella virus (Mueller at ai, 1988), 

Eppstein Barr virus (Algood at ai, 1988) and HIV virus (Wilson at ai, 1992).

A number of occupational associations have been reported. An increased risk 

has been noted in, for example, aircraft maintenace workers, tannery workers 

(Ducatman 1989), workers in agriculture, crude petroleum and natural gas 

industry (Mills at ai, 1984). However many of these reports have not been
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confirmed and occupational exposure is unlikely to be a major risk factor 

because of the early age of onset and high incidence among upper social 

classes who are less exposed to traditional carcinogens. Although in the majority 

of cases the cause(s) of tesicular cancer remain unresolved it has recently been 

postulated that atrophy of the germinal epithelium is the final common pathway 

for most of the risk factors associated with the disease (Oliver 1990).

1.1.4 Diagnosis

The majority of testicular tumours present as painless enlargement of a testicle 

(Appleyard 1986). The definitive diagnosis is made on histological examination 

of the tumour following orchidectomy. The process of staging then begins using 

radiological imaging techniques (CT scanning, ultrasound, chest radiographs) 

and serum tumour marker assays.

1.1.5 Staging

Accurate staging determines the extent and sites of tumour spread so that choice 

of therapy and prognostic prediction can be made. It also allows a comparison 

of treatment results between centres. The staging system favoured in the UK 

and Europe is that of the Royal Marsden Hospital (Table 1.2). 75-85% of 

seminomas present with stage I disease, 10-20% present with stage II disease 

and under 5% present with stage III disease. In contrast NSGCTs are evenly 

divided between stages I, II, and III at the time of diagnosis (Vogelzang and 

Lange 1991).
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Table 1.2 Royal Marsden Staging Classifications (Peckham 1981)

Stage Definition

I No evidence of métastasés

I M Raised markers postorchidectomy only 

IL Infradiaphragmatic node involvement

A <2 cm

B 2-5 cm

C >5 cm

III Supradiaphragmatic node involvement

O No abdominal disease

ABC Abdominal node sizes as in stage II

IV Extralymphatic spread 

LI < 3  lung métastasés

L2 > 3  lung métastasés < 2cm diameter

L > 3  lung métastasés > 2cm diameter

H+ liver involvement

Other sites are specified
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1.1.6 Treatment

The conventional treatment for stage I seminomas is radiotherapy to the regional 

lymph nodes following orchidectomy. This approach is associated with a cure a 

rate of 95% (Zagars 1991) . Radiotherapy to the abdominal lymph nodes also 

cures 92-95% of stage IIA, IIB and IIC seminomas (Thomas 1991). A new 

subcategory of stage II seminomas (HD) was recently formulated for masses of 

>10cm diameter. These are less responsive to radiation therapy (only 65% cure 

rate) and it is suggested would be more appropriately managed with combination 

chemotherapy (Thomas 1991). Advanced stage seminomas (III and IV) are all 

treated with combination chemotherapy with reported cure rates of 66-100% 

(Dirix and Van Oosterom 1991).

A number of treatment options are available for NSGCTs. In the US the favoured 

method for stage I, IIA and IIB disease is retroperitoneal lymph node dissection 

(RPLND) with or without adjuvant chemotherapy. This gives cure rates of 94% 

for stages IIA and IIB and 100% for stage I NSGCTs (Pizzocaro 1991).

In the UK adjuvant radiotherapy to the abdominal and pelvic nodes was standard 

treatment for stage I NSGCTs until recently. Most oncologists are now converted 

to a policy of follow up only. This frees around 70% of patients from unnecessary 

treatment. Patients who relapse receive chemotherapy. This policy has achieved 

cure rates of upto 100% (Cullen 1991). All patients with metastatic NSGCTs are 

treated with combination chemotherapy. This cures about 96% of persons with 

stage IIA or IIB disease and over 80% of patients with stage IIC, III and IV 

disease (Peckham 1988).

Following chemotherapy about 25% of patients have a residual mass which may 

contain undifferentiated tumour, fully differentiated teratoma or mere fibrosis / 

necrosis. Surgical resection of this mass is usually carried out to prevent relapse 

(Rasmussen etal., 1992).

1.1.7 TUMOUR MARKERS

Serum analysis of a-fetoprotein (AFP) and human chorionogonadotropin (HCG)

23



are routinely used to stage testicular tumours, monitor response to therapy and 

detect relapse. AFP is a glycoprotein with a half life of 5 days. It is normally 

produced by the fetal liver and yolk sac. Yolk sac elements also secrete AFP 

(Mostofi 1984). On rare occasions it may be produced by apparently pure 

Seminoma (Raghaven et al., 1982). This is thought to be due to small foci of yolk 

sac differentiation (Mostifi 1984).

HCG is a glycoprotein with a half life of about one day. It is usually only present 

in large amounts during pregnancy. It is synthesized by syncytiotrphoblastic cells 

(Mostifi 1984) and is therefore produced by all choriocorcinomas and NSGCTs 

containing trophoblastic elements. Elevated levels of HCG in 5-49% of 

seminomas (Paus et a!., 1988) have been attributed to the presence of 

syncytiotrophoblastic cells or nonseminomatous components (Mostifi 1984). 

HCG and/or AFP are elevated in upto 84% of NSGCTs (Mason 1991).

The failure of 20% of teratomas to produce either one of these markers and the 

lack of a specific marker for seminomas has resulted in a search for other tumour 

markers. A promising marker for seminomas is placental alkaline phosphatase 

(PLAP). This enzyme is elevated in 50-100% of seminoma patients depending 

on clinical stage (Koshida et a!., 1991). Its main disadvantage is the relatively 

high false positive rates in patients who smoke (Tonik et a!., 1985). Lactate 

dehydrogenase (LDH) is another marker useful for both seminomas and 

NSGCTs particularly in advanced disease (Von Eyben et a!., 1988) however it is 

not specific to testicular tumours since it is produced by other neoplasms and 

non-malignant conditions.

The prolonged apparent half life of a tumour marker following orchidectomy is a 

clear indication of metastatic disease. Response to treatment is assessed by the 

sequential fall in tumour markers and complete remission should be 

accomplished by a return to normal levels. Some patients produce increased 

markers only at relapse whereas in other patients disease may progress despite 

falling marker levels. This lack of correlation is thought to be due to different 

populations of cells dominating the primary tumour and métastasés (Kohn and
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Raghaven 1981). It is therefore important to monitor marker levels in all patients 

in addition to using other diagnostic procedures.

1.2 Hereditary factors in development of TGCTs

1.2.1 Familial TGCTs

The ethnic differences in occurrence of testicular cancer and relatively early age 

of onset would suggest genetic factors may play a role in the development of 

these tumours. Another indicator of a genetic predisposition is the small number 

of familial cases which have been reported in the literature. Brothers (both twin 

and non-twin) are most often affected but familial occurrence has also been 

described amongst father and son, cousins, grandfather and grandson as well as 

other relatives of the second and third degree (Goss and Bulbul 1990, Patel et 

ai., 1990). A UK based register was recently set up to document new cases of 

testicular cancer (Forman et a!., 1992). Using data from the first 42 families 

reported to the register the relative incidence of the familial form of TGCT was 

estimated to be 1.5%. This is within the range previously reported by Tollerud et 

a!., (1985) of between 0.2-2.2%. One percent and 0.5% of patients were found to 

have a brother or father with a history of testicular cancer respectively (Forman 

et a!., 1992) compared to only 0.3% of controls who had a first degree relative 

with testicular cancer. The cumulative risk to a brother of a patient for developing 

testicular cancer by the age of 50 years was estimated to be 2.2% resulting in a 

relative risk of 9.8 as compared with the general population (Forman et a!.,

1992). As with other forms of cancer the median age at diagnosis in the familial 

patients was found to be significantly younger than in the non-familial patients; 

according to the UK family register the median age at diagnosis for the familial 

cases was 29 years compared to 32.5 years in the non-familial control group. 

The incidence of bilateral tumours among family members (6-8%) is also 

significantly higher than that expected from unselected series where prevalence 

is in the order of 2.5% (Forman et al., 1992). In father son sets the tumour in the 

son generally develops at an earlier age, is more malignant and has a higher
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rate of métastasés and poorer prognosis than in the father. One possible 

explanation for this difference could be genetic anticipation defined as the earlier 

appearance of a genetic condition often with increased severity in successive 

generations (Raghaven et al., 1980). An alternative interpretation may be death 

or infertility of young cases in the paternal generation before they could produce 

children (Forman at a!., 1992). The difference in age of onset and histological 

discordance is found to be greater among relatives with a greater genetic 

difference. Monozygotic twins for instance develop tumours with a closer age of 

onset and with similar histologic types more often than brothers of other sib pairs 

of related individuals (Weisbach and Widman 1986). This provides strong 

evidence for a genetic link of testicular cancer in familial cases rather than a 

shared enviroment.

1.2.2 Congenital abnormalities and TGCTs

The association of TGCTs with a number of congenital abnormalities such as 

cryptorchidism (Abratt at a!., 1992), hernia (Pottern at a!., 1985), testicular 

feminization (Muller at a!., 1984) and gonadal dysgenesis (Manuel at a!., 1976) 

would suggest genetic factors are important in their etiology. More recently 

Dexeus at a!., (1988) found an increased frequency of Downs and Marfans 

syndromes in TGCT patients which raises a strong possibility that these patients 

also have a predisposition to TGCTs.

1.2.3 HLA and TGCTS

The demonstration in mice of the involvement of the MHC complex in 

determining resistance to virally induced leukemias (Lilly at a!., 1964) initiated 

an on going search for HLA associated risk factors in human cancer. Studies of 

HLA and TGCTs have yielded fairly inconsistent results e.g. an increased 

frequency of DR5 antigen in seminoma patients has been reported by Pollack at 

a!., (1982); Oliver at a!., (1986); Aiginger at a!., (1987) and Kratzig at a!., (1989). 

A decreased incidence of DR3 was also reported in these patients by Pollack at
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al., (1982) and Oliver et al., (1986) but not by Kratzig et al., (1989). In NSGCT 

patients Oliver et al., (1986) found the incidence of DR7 to be significantly 

increased while Pollack et al. (1982) found only a minor non-significant increase 

in DR7 incidence amongst these patients. The increment was not found by 

Kratzig et al. (1989) who found instead an elevated level of B13 among NSGCT 

patients. When patients were divided according to tumour stage Oliver et al. 

(1986) reported an increased frequency of DR7 in patients with extra lymphatic 

spread. In contrast Aiginger et al. (1987) found all DR7 patients to have fewer 

métastasés and better chance of survival whilst the development of métastasés 

and poor prognosis was associated with DR5. One possible explanation for the 

discrepancy in results between different groups is that in different parts of the 

world susceptibility for a different virus is necessary before a TGCT can develop 

ie a cofactor in the initiation process is an endemic virus which in different parts 

of the world has evolved to infect a different group of susceptible individuals. 

Alternatively development of TGCTs may be due to a gene closely linked to HLA 

but with a different linkage disequilibrium in different populations (Oliver et al., 

1990). Rukstalis et al. (1989) investigated the possible existence of a tumour 

suppressor gene in the region of HLA by looking for loss of germ line 

heterozygosity in TGCTs using probes on chromosome 6 and found an 

interstitial deletion on 6p centromeric to HLA. This result was interpreted as 

being consistent with the existence of a tumour suppressor gene close to HLA 

which is involved in the pathogenesis of TGCTs. A higher than expected level of 

HLA haplotype sharing has been reported in familial cases (reviewed by 

Diekman and Keyserlingk 1989). However a larger and more recent study by 

Forman et al. (1992) found the level of haplotype sharing among familial cases 

was not significantly different from the expected numbers and concluded it was 

unlikely there was a major gene associated with TGCT predisposition within or 

linked to the MHC complex. However a possible association with class II MHC 

genes which had not been investigated was not ruled out. In addition there
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remains the possibility that HLA might have prognostic significance once the 

disease has developed (Oliver etal., 1986a).

1.2.4 Chromosome studies in TGCTs

Cytogenetic and ploidy studies have shown TGCTs to be consistently aneuploid 

(Oosterhuis et al., 1989; De Jong at a!., 1990; Atkin and Baker 1992; El-Nagger 

at a!., 1992). Seminomas are usually hypertriploid with modes most commonly in 

the range 70-74 chromosomes. NSGCTs are generally hypotriploid with modes 

frequently in the range 55-65 chromosomes. Combined tumours have 

intermediate modes in the range 65-69 chromosomes whilst the seminoma and 

non-seminoma components of combined tumours have the ploidy of their pure 

components. Spermatocytic seminomas and lYSTs are usually diploid but may 

be peritetraploid. It is thought they may have a pathogenesis different from that 

of other TGCTs (Talerman at a/., 1984; Oosterhuis 1989; De Jong at al., 1990; 

Dekker at al., 1991; Soosay 1991). The ploidy of CIS varies from tetraploid to 

hypertriploid (Nistal at al., 1989; De Jong at al., 1990; Vos at al., 1990). Multiple 

aneuploid stemlines are found in lYSTs, NSGCTs and nonseminomatous 

components of combined tumours. However neither the seminoma nor seminoma 

component of combined tumours have multiple stemlines (Oosterhuis at al., 

1989; De Jong at al., 1990; El-Nagger at al., 1992). A recent study by De Graff at 

al. (1993) demonstrated an association between the presence of highly 

aneuploid or multiple aneuploid stemlines in TGCTs and a clinically more 

malignant behaviour.

An apparant non-random gain or loss of certain chromosomes in TGCTs has 

been observed. De Jong at al. (1990) found an under representation of 

chromosomes 11, 13 and 18 in seminomas and over representation of 

chromosomes 7, 8, 15, 21 and X. In NSGCTs chromosomes 7,8, 12 and X were 

over represented and chromosomes 11 and 18 under represented. As compared 

with seminomas some acrocentric chromosomes especially chromosomes 15 

and 22 had significantly fewer copies in NSGCTS. Atkin and Baker (1985)
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reported an over production of chromosomes 12, 19-22 and an under 

representation of chromosomes 11 and 13. One of the few cytogenetic studies 

carried out on CIS has shown the number of copies of chromosome 15 to be 

lower in CIS adjacent to NSGCT than in CIS adjacent to seminoma (Oosterhuis 

et al., 1993). The same was also found to be true for the adjacent seminoma and 

NSGCT.

Delozier-Blanchet et al. (1987) found the chromosomal regions affected most 

frequently by structural alterations in testicular malignancies were Ip, 1q, 6q, 9q, 

12p, 17q and 22q. These apparently nonrandom chromosomal aberrations 

included deletions, translocations and duplication by isochromosome formation. 

Compared with corresponding invasive tumours the karyotype of CIS shows few 

structural abnormalities (De Jong 1990).

As with many other human malignancies abnormalities of chromosome 1 are 

commonly found in TGCTs. The rearrangement often involves loss of material 

from the short arm of chromosome 1 and trisomy of the long arm (Wang 1980; 

Delozier- Blanchet 1987; Farrington eta!., 1987). Delozier-Blanchet et al. (1987) 

found the chromosome to be more often and more extensively affected in 

NSGCTs than in seminomas and proposed that chromosome 1 anomalies may 

signal enhanced metastatic potential.

Both X and Y chromosomes are retained in individual TGCT cells (Wang at a!., 

1981; Atkin and Baker 1992) thus demonstrating that transformation occurs 

before the first meiotic devision. Y material is generally under represented in 

these tumours and X material over represented (Peltomaki at al., 1989, 1990).

1.2.5 Isochromosome 12p in TGCTs

The most common cytogenetic abnormality in TGCTs is an isochromosome for 

the short arm of chromosome 12. The marker is observed in more than 80% of 

tumours and is characteristic for all histologic varieties of TGCTs (Castedo at al., 

1989 a, b; De Jong at al., 1990). In one case an i(12p) was identified as the only 

structural cytogenetic abnormality (Gibas at al., 1984). Often 1-4 copies of the
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isochromosome are present as well as two or more copies of a normal 12. 

Isochromosome 12p negative tumours have also been described but in these 

cases other chromosome 12 aberrations are found (Atkin et al., 1993; 

Suijkerbujik at a!., 1993; Rodriguez at a!., 1993). It appears therfore that i(12p) 

negative tumours do not represent a different group of tumours as has been 

suggested by Castedo at al. (1988). All 12p abnormalities in both i(12p) positive 

and i(12p) negative tumours involve the (almost) entire short arm of chromosome 

12. The amplification of whole chromosome arms is a rather infrequent event in 

tumour cytogenetics and it is therefore proposed that multiple sequences spread 

along the length of 12p may be involved in tumour pathogenesis (Suijkerbuijk at 

a/., 1993).

A significant correlation between the presence of the i(12p) and advanced 

clinical stages has been found (Delozier-Blanchet at al., 1987). The number of 

copies of i(12p) present in the karyotype can act as a prognostic indicator with 

more than three copies being associated with a higher likelihood of viable 

residual disease and treatment failure (BosI at al., 1989).

Formation of the i(12p) is thought to be an early event in testicular 

tumorigenesis; the i(12p) has been described in one of three cases of carcinoma 

in situ (Vos at al., 1990). However loss of heterozygosity on the long arm of 

chromosome 12 is not a general characteristic of i(12p) positive germ cell 

tumours (Guerts Van Kessel at al., 1989; Rad ice at al., 1989; Peltomaki at al., 

1990) so development of this marker probably occurs subsequent to 

polyploidization. Guerts van Kessel at al. (1993) have demonstrated the 

supernumery 12p sequences to be of uniparental origin and deduce that i(12p) 

most likely develops from a misdivision of the centromere rather than from a 

translocation or a non-sister chromatid exchange as suggested by Mukherjee at 

al. (1991). Genomic imprinting has been ruled out as a possible underlying 

mechanism contributing to the tumorigenic phenotype by the observation of 

both maternal and paternal origins for i(12p) (Peltomaki at ai, 1992).
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The i(12p) has been observed in male germ cell tumours at primary sites other 

than the testis such as mediastinum and retroperitoneum (Sameniego et al., 

1990; Rodrigues at a!., 1992). It has also been reported in 2 dysgerminomas 

(Atkin and Baker 1987; Jenkyn at a!., 1987), an ovarian yolk sac tumour 

(Speleman at a!., 1990) and an ovarian teratoma (Speleman at al., 1992) as well 

as two non-germ cell malignancies of the gonads; a malignant mixed mullerian 

tumour of the ovary (Atkin and Baker 1987) and a mixed malignant gonadal 

stromal tumour of the testis with heterologous components (Oosterhuis at al.,

1989). More recently the i(12p) was reported in a mixed mullerian tumour of the 

uterus (Sreekantiah at al., 1992). The prevalence of the i(12p) suggests that it 

most likely plays a crucial role in pathogenesis of malignant germ cell tumours as 

well as some related but different groups of tumours. Oosterhuis at al. (1990) 

raised the possibility that i(12p) may play a part in pleuripotency.

1.2.6 Constitutional Chromosome studies in TGCT patients

Recent studies have investigated genetic instability as a possible etiological 

factor in TGCT pathogenesis. Gundy at a i (1990), DeLozier-Blanchet (1990) and 

Van den Berg-de Ruiter (1990) reported a slightly higher incidence of structural 

and numerical chromosome aberrations in peripheral blood lymphocytes and 

cultured fibroblasts from untreated TGCT patients or patients treated with 

surgery alone compared with normal control groups and an even higher 

incidence of abnormalities were found in the lymphocytes of patients treated with 

chemotherapy. There was no obvious consistency in the chromosomes or 

breakpoints implicated either among cells of a patient or between patients. In a 

more recent investigation by Heimdal at al. (1992) the occurrence of 

spontaneous chromosome abnormalities was not shown to be different in TGCT 

patients and controls. A similar result was found by Vorechovsky and Zaloudik 

(1989). However using bleomycin as a non-specific DMA denaturing agent it was 

demonstrated that lymphocytes of cancer patients exhibited higher numbers of 

break events per cell and/or increased frequency of cells with aberrations than
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the control group (Vorechovsky and Zaloudik 1989). The long arm of 

chromosome 1 and short arm of chromosome 3 were found to be more frequently 

affected in testicular cancer patients and it was concluded that in this region the 

genotype disposed to testicular cancer may be either more susceptible to 

damage or less effective in its ability to repair it or both. Lothe et al., (1992) 

examined constitutional karyotypes from patients with bilateral and/or familial 

testicular cancer to search for possible germ line mutations that may indicate the 

location of a predisposition gene(s) but found no visible rearrangements.

1.2.7 Histogenesis

It is generaly acknowledged that TGCTs ultimately arise from dysplastic 

intratubular germ cells or germ cell precursors (gonocytes). The progenitor 

lesion of TGCTs is thought to be a proliferative cellular abnormality termed 

carcinoma in situ (CIS). The evidence for this is based largely on the observation 

of CIS ajacent to virtually all TGCTs (Jacobson 1981; Skakkebaek 1987). The 

only exceptions to this are spermatocytic seminoma (Skakkebaek 1987; Muller at 

ai., 1987) and infantile yolk sac tumour (Soosay at ai., 1991). The increased risk 

of invasive germ cell tumour due to the presence of CIS in cryptorchid testis and 

in intratubular biopsies taken from infertile men (reviewed by Giwercman at ai., 

1993) also adds credence to the concept that TGCTs are preceded by CIS. 

However the evolutional relationship of the different histologic forms of TGCTs is 

controversial. The most simplistic theory to explain the polymorphism of these 

tumours is that of Sesterhern (1985) which proposes that each cell type is a 

separate monoclonal proliferation from a separate germ cell (polyclonal theory), 

see figure 1.1.A. A slightly different hypothesis is proposed by Pierce and Abel 

(1970). In their view the germ cell is capable of producing either of two cell types, 

seminoma and embryonal carcinoma and only the latter has the capability of 

differentiating into the other germ cell types figure 1.1.B. Progression along the 

extra embryonic route produces yolk sac tumour and choriocarcinoma whereas 

embryonic progression produces teratoma. In other words seminomas and
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Figure 1.1 Models of germ cell tumour development. A. polyclonal theory 

(from Oliver et al 1986). B. Monoclonal theory (from Pierce 

and Abel 1970).
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Figure 1.2 Schematic representation of a model of tumour progresssion in germ 
cell tumours of the adult testis. Supposedly an early event is polyploidization of a 
dysplastic germ cell precursor, resulting in carcinoma in situ with a Dl of about two. 
Initial net loss of DNA (— ) leads to invasive seminoma, a tumour type through which all 
other tumour types progress. Rapid progression through the seminoma stage by further 
loss of DNA (— ) leads to nonseminoma. Slower progression through the seminoma 
stage may result in combined tumour. Seminomas being the least aggressive, become 
clinically manifest at older age than the more aggressive nonseminomas. Combined 
tumours have an age of clinical presentation in between the two (from Oosterhuis et al 

1989).
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NSGCTs develop separately. Alternatively Ewing (1911) and Friedman (1951) 

propose that all TGCTs have a single origin with seminoma as an intermediate 

stage after CIS through which all TGCTs progress. Recent studies on the cellular 

DNA content and from cytogenetic studies of TGCTs lends support to the latter 

hypothesis. The similarity between mean DNA indices of CIS and seminomas 

(both pure seminoma and seminoma components of mixed germ cell tumours) 

and the lower mean DNA index of NSGCTs (as pure NSGCT or a component of 

mixed tumours) is taken as evidence that both CIS and seminoma constitute an 

evolutionary step in the progress of TGCTs and that NSGCTs may arise from 

either CIS or seminoma by further loss of chromosomal DNA (Oosterhuis et al., 

1989; De Jong 1990; El-Nagger et al., 1992). Studies of combined tumours in 

which both components were separately karyotyped has demonstrated that the 

same genetic abnormality can be present in both the seminoma and NSGCT 

areas of mixed tumours thus supporting the idea of monoclonal evolution 

(Haddad et al., 1988; Castedo et al., 1988). A comparison of the average number 

of copies of the different chromosomes in seminomas and NSGCTs shows a 

significant similarity in their relative proportions (De Jong et al., 1990). This 

finding is considered to be unlikely in unrelated tumours. The further observation 

that both locally recurrent and metastatic neoplasm can have a histology 

different from that of the primary tumour is further evidence of multipotentiality 

(Oliver etal., 1990). A pathogenetic model which accommodates the cytogenetic 

and ploidy data of TGCTs has been proposed by De Jong et al. (1990) see 

figure 1.2. An early event is polyploidization of a dysplastic germ cell precursor 

resulting in CIS with a hypertriploid to peritetraploid DNA content. 

Polyploidization may be a result of cell fusion since gonocytes combine high 

mitotic activity with the phenomenon of bridge formation which may facilitate cell 

fusion. A defective mechanism of bridge formation has been implicated in the 

pathogenesis of germ cell tumours (Gondos 1993). Formation of i(12p) (or other 

structural abnormalities of chromosome 12) is also an early event. Tumour 

progression results from chromosomal events leading to a net loss of DNA.
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Invasive seminoma is the first stage to be reached and being less aggressive 

than NSGCT will become clinically manifest at older age. Further loss of 

chromosomes (eg loss of chromosomes 15 and 22) and gain of more copies of 

i(12p) results in NSGCT. The tumour being more agressive than seminoma 

manifests itself at a younger age. Depending on the lineage and degree of 

differentiation the NSGCT may present as a mixture of embryonal carcinoma with 

embryonic and extraembryonic tissue, as pure teratoma consisting of one of 

these tissues or as pure embryonal carcinoma. Patients with combined tumours 

present at an age in between that of seminoma and NSGCT patients.

Although spermatocytic seminoma has been classified as a subtype of 

seminoma there are a number of factors which suggest it should be classified as 

a separate entity; it is never associated with CIS, it often affects an older age 

group, it is never assoociated with other germ cell elements, it does not 

metastasise, there is no immunohistochemical staining for tumour markers which 

are identified in other germ cell tumours, the tumour arises from postmeiotic 

germ cells whereas the stem cell for other TGCTs is premeiotic and it is usually a 

diploid tumour whereas other TGCTs are aneuploid and hyperdiploid.

1.3 Genetics and cancer

The evidence for a genetic role in the origin of cancer has come from a number 

of sources:

1) An inherited predisposition clearly exists within some families e.g. heritable 

forms of retinobastoma and Wilms tumour are transmitted in an autosomal 

dominant mode (Knudson 1971, 1972).

2) Inherited chromosome instability syndromes such as Ataxia telangiectasia and 

Blooms syndrome are associated with an increased incidence of cancer 

(reviewed by Sandberg 1990)

3) Cytogenetic studies have shown that many malignancies are associated with 

specific chromosomal aberrations e.g. a 9:22 chromosomal translocation
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produces the Philadelphia chromosome in chronic myelogenous leukemia 

(Rowley 1973)

4) It has been demonstrated that most carcinogens are also active mutagens and 

the ability to cause damage to DNA correlates in most cases very well with the 

ability to induce cancer ( Ames 1979; McCann et al., 1975).

5) Transfection of DNA isolated from chemically transformed cell lines and 

tumours into non-malignant NIH3T3 mouse fibroblast cells leads to expression of 

the cancer phenotype in the recipient cells (Shih etal., 1979)

1.3.1 Cancer genes

Two classes of genes are recognized in cancer. The first group, proto

oncogenes become activated by dominant mutations which results in abnormal 

positive signals for cell proliferation. Three mechanisms of activation of proto

oncogenes have been described; point mutations, gene amplification and 

chromosomal translocations which lead to juxtaposition of the proto-oncogene to 

other chromosomal sequences.

The second group of tumour genes, the tumour suppressor genes are normally 

involved in the inhibition of cell growth and the loss or inactivation of both copies 

of a tumour suppressor gene leads to tumour formation. These genes are 

therefore recessive at the cellular level. Inactivation of tumour suppressor genes 

can be brought about by point mutations, intragenic structural alterations or gene 

deletions.

1.3.2 Cell hybrids

The earliest evidence for the existence of tumour suppressor genes came from 

the study of somatic cell hybrids in which the fusion of malignant cells with non- 

malignant cells resulted in hybrids which were non-tumorigenic (reviewed by 

Harris 1988). The explanation of these results was that the normal cells were 

expressing genes which were capable of suppressing the neoplastic phenotype, 

the malignant cells having lost these tumour suppressor genes during their
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evolution. In other words the tumorigenic rearrangements were recessive. The 

non-tumorigenic hybrids were found to revert back to the malignant state 

provided that certain chromosomes from the normal parent were shed from the 

hybrid, e.g. the re-expression of tumorigenicity in hybrids of HeLa cells and 

normal human diploid fibroblasts is associated with the loss of one copy of 

chromosome 11 derived from the diploid parent (Kaebling and Klinger 1986). 

Conversely the introduction of single chromosomes into tumour cells by microcell 

transfer techniques has also demonstrated the the importance of particular 

chromosomes in the suppression of malignancy, e.g. the tumorigenicity of renal 

cell carcinoma cells is suppressed on introduction of chromosome 3p (Shimizu et 

al., 1990) whereas that of malignant melanoma cells is suppressed by 

chromosome 6 (Trent et al., 1990). In certain combinations hybrids between 

different tumour cells are also non-tumorigenic. In these cases the separate 

tumours arise by different recessive mechanisms, the defective genes of one 

tumour being complemented by the normal alleles of the other (Weissman and 

Stanbridge 1983).

1.3.3 Knudsons hypothesis

The second line of evidence for the existence of tumour suppressor genes came 

from the study of familial cancers. Based on a detailed statistical analysis of 

familial and sporadic retinoblastoma (RB) Knudson (1971) formulated the 

hypothesis that RB is a cancer caused by two mutational events. In the familial 

form one mutation is inherited via the germ line and the second occurs as a 

somatic event. In the non-familial cases both events occur somatically in the 

target cell. These mutations essentially lead to the inactivation of both alleles of 

a tumour suppresor gene at the same locus. Cytogenetic and molecular analysis 

has subsequently supported Knudsons model for RB (see section 1.3.5) which 

has been applied to other forms of hereditary and sporadic human malignancies 

as well as animal malignancies such as melanoma development in the fish 

Xiphophorus (Schwab 1987).
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1.3.4 Loss of heterozygosity

In both the inherited and sporadic forms of RB the second somatic event which 

leads to unmasking of the mutant suppressor gene usually involves deletion 

rather than mutation of the remaining wild type allele (Cavenee et al., 1983, 

1986). This can be accomplished by chromosomal non-disjunctions, mitotic 

recombination or gene conversion. These events usualy lead to the loss of 

chromosomal regions flanking the locus which can be detected as loss of 

heterozygosity (LOH) for informative markers at these sites. Similar mechanisms 

are thought to occur in other tumours. This is supported by the finding that 

chromosome changes in cancers are often imbalanced resulting in the loss of 

particular chromosomal segments (Atkin 1986) and work by Yandell at a/., (1985) 

suggests that allele loss is more important than intragenic structural alterations 

in the unveiling of recessive mutations. The consistent loss of heterozygosity at a 

particular chromosome region is now taken as evidence for the existence of a 

nearby tumour suppressor gene. Loss of heterozygosity studies have uncovered 

a wide variety of tumour suppresor gene locations (see table 1.3). The same 

region may exhibit LOH in different tumour types suggesting involvement of the 

same locus in different tumours. Many tumours demonstrate the existence of 

more than one tumour suppressor locus. Otter at a/., (1990) have calculated that 

tumorigenesis requires the accumulation of at least four mutations in tumour 

suppressor genes at two different loci. In colorectal cancer at least eight 

mutational events are thought to be involved (Solomon 1990). The earlier view 

by Ashley (1969) that the number of mutational events in a given cancer varies 

according to the specific cancer may prove to be more accurate.
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Table 1.3 Examples of tumour suppressor loci in human tumours detected 

by LOH

Chromosome Neoplasm Reference

1P MEN2 Mathew etal., (1987)
3p SCLC Yokata etal., (1987)

Non-SCLC Horio etal., (1993)
renal cell cancer Morita ef a/., (1991)

5q Colorectal cancer Vogelstein et a/.,(1988)
7q breast cancer Bieche et a/.,(1992)
9q bladder cancer Tsai etal., (1990)
lOq MEN2 Mathew etal., (1987)

astrocytoma Fults etal., (1989)
glioblastoma Fujimori etal., (1989)

l i p Wilms tumour Fearon etal., (1984)
Orkin etal., (1984)

bladder cancer Tsai (1990)
breast cancer Anderson etal., (1992)

13q retinoblastoma Cavenee etal., (1983)
Osteosarcoma Hansen etal., (1985)
SCLC Yokota (1987)
breast cancer Anderson etal., (1992)

17p colon carcinoma Vogelstein etal., (1988)
breast cancer Anderson etal., (1992)
osteosarcoma Toguchida et a/.,(1989)
bladder carcinoma Tsai et al., (1990)

17q NF1 Legius etal., (1993)
Ovarian cancer Ecoles etal., (1990)

18q colon carcinoma Vogelstein (1988)
22q NF2 Wolff ef a/., (1992)

Meningioma Seizinger ef a/., (1987)

MEN, multiple endocrine neoplasia; SCLC, small cell lung cancer; NF, neurofibromatosis.
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1.3.5 Retinoblastoma

Retinoblastoma (RB) is the best studied example in which the mutation of a 

recessive gene is thought to play a key role in malignant transformation. This is a 

paediatric embryonal tumour of the eye which occurs in both a familial and 

sporadic form. Although only 10% of RB patients have a family history of the 

disease, 25-30% of the sporadic cases are attributable to a germ line mutation 

which can be passed on to the offspring, therefore 40% of RB cases can be 

classified as hereditary. In its hereditary form RB is transmitted in an autosomal 

dominant mode with about 90% penetrance. Most of the inherited cases are 

bilateral and have an earlier age of onset (reviewed by Cowell and Hogg 1993). 

The RB susceptibility gene was first localized to chromosome 13 band q14 by 

cytogenetic analysis which revealed a deletion of this region in the somatic cells 

of patients with hereditory RB (Yunis and Ramsay 1978; Sparks et a/., 1980). 

Deletion could also occasionally be seen in tumours from patients with normal 

constitutional karyotypes (Balaban et ai, 1982; Benedict et ai, 1983). Additional 

evidence for the involvement of this locus in RB came from studies of the 

polymorphic enzyme esterase D (ESD). Patients with the constitutional 13q14 

deletion were found to have a 50% reduction in the expected level of ESD 

activity (Sparkes et ai, 1980) and tight linkage was demonstrated between ESD 

and RB in families with the non-deletion form of RB (Sparkes et ai, 1983). 

Benedict et a i (1983) reported a case in which a child with RB had a 50% 

reduction in ESD activity but no cytogenetically visible deletion in the somatic 

cells. Moreover the tumour was found to have only one chromosome 13 and no 

ESD activity. The interpretation of these results was that the patient carried a 

submicroscopic deletion on one of the chromosomes 13 and that loss of the 

normal chromosome 13 in the tumour had resulted in unmasking of the mutant 

allele. That the second event also involved a locus at 13q14 was supported by 

DNA restriction fragment length poymorphism (RFLP) studies. By comparison of 

constitutional and tumour genotypes it was demonstrated that reduction to 

hemizygosity or homozygosity for RFLP markers on chromosome 13 is a
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common event in the development of RB (Cavenee et al., 1983; Dryja at a!.,

1984). Furthermore it was found that the chromosome 13 homologue remaining 

in familial tumours was always derived from the affected parent (Cavenee at a!.,

1985). Survivors of the heritable form of RB have a high risk of developing other 

tumours especially osteosarcomas (Abramson 1984). LOH for RFLP markers on 

chromosome 13 has been found in osteosarcoma patients with and without a 

history of RB (Hansen at al., 1985; Dryja at al., 1986). These results suggest a 

shared pathogenetic mechanism of tumorigenesis in both types of tumour.

Cloning of the RB gene was finally achieved by chromosome walking from a 

DNA fragment which had previously been mapped to 13q14 and shown to be 

completely deleted in 2 out of 37 RB tumours examined (Freind at al., 1986; Lee 

at al., 1987; Fung at ai, 1987). The RB gene which spans >200 kb and produces 

a mRNA of 4.7kb, was shown to be expressed in human fetal retina as well as 

several non-RB tumours. However the RB transcripts were found to be 

completely absent or of abnormal size in retinoblastomas and osteosarcomas. 

Large scale structural alterations of the RB gene were found in approximately 

30% of both types of tumour. These included homozygous and heterozygous 

deletions as well as internal deletions. Point mutations or small deletions have 

also been detected in a significant fraction of the remaining tumours using 

ribonuclease protection assays (Dunn at al., 1988, 1989), sequencing or high 

resolution gel electrophoresis of amplified genomic DNA (Yandell at ai, 1989; 

Lehman at ai, 1992) and RT PCR (Dunn at ai, 1989). In addition germline 

deletions and mutations of the RB gene and/or transcripts have been found in 

the somatic cells of patients with hereditary RB (Fung at ai, 1987; Yandell at ai, 

1989; Janson at ai, 1990).

Introduction of the RB gene into retinoblastoma and osteosarcoma cells which 

had inactivated endogenous RB genes was found to result in suppression of the 

neoplastic phenotype thus demonstrating the tumour suppressor status of this 

gene (Huang at ai, 1988).
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Mutations and aberrant expression of the RB gene have been demonstrated in a 

wide variety of other tissues including soft tissue sarcomas and tumours of the 

breast, lung, bladder and prostate (reviewed by Bookstein and Lee 1991) 

suggesting a more general role in tumour pathogenesis.

The RB gene encodes a 110 Kd nuclear phosphoprotein whose function is 

thought to be regulation of the cell cycle. The protein undergoes cell-cycle 

dependent phosphorylation. It is the unphosphorylated form which acts as a 

suppressor of cell growth. Several DNA tumour viruses produce proteins which 

bind the hypophosphorylated RB protein. The RB product has also been found to 

be associated with a number of cellular proteins and may thus play a role in 

transcription (Hamel etal., 1992; Horowitz 1993).

1.3.6 Wilms tumour

Wilms tumour (WT) is another neoplasm in which homozygous inactivation of 

recessive tumour suppressor genes is thought to be important in tumour 

pathogenesis (Knudson and Strong 1972). This is an embyonal malignancy of 

the the kidney which also occurs in a nonhereditary sporadic form as well as a 

familial autosomal dominant disorder. About 2% of WT cases are associated with 

aniridia, genitourinary abnormalities and mental retardation, termed the WAGR 

syndrome. Cytogenetic analysis of patients with this syndrome revealed 

constitutional hemizygous deletions of chromosome 11 centreing on band pi 3 

(Riccardi et al., 1978; Franke et al., 1979). Deletions and other rearrangements 

of 11p were also found in tumours of patients without aniridia or other congenital 

abnormalities and with an apparantly normal karyotype (Kaneko et al., 1981, 

1983; Slater et al., 1985). Subsequent molecular analysis of sporadic tumours 

demonstrated LOH at l i p  loci in approximately 30% of cases (Koufos et al., 

1984; Orkin et al., 1984; Reeve et al., 1984; Fearon et al., 1984). These 

observations led to the conclusion that the inactivation of a gene on 11p is a key 

event in WT development. However in about one third of those showing allele 

loss the LOH did not extend to the 11p13 region but was confined to markers on
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11p15 (Mannens etal., 1988; Reeve at a!., 1989). That a second locus at 11 pi 5 

is involved in WT development is supported by the LOH at 11 pi 5 loci in a 

subgroup of patients with the Beckwith Wiederman Sydrome (BWS), a 

congenital condition predisposing to WT (Koufos at a!., 1985). Recent linkage 

analysis of three pedigrees demonstrated that predispostion to WT in these did 

not segregate with markers at 11p13or 11 p i5 (Grundy at a!., 1988; Huff at al., 

1988; Shwartz at al., 1991). This is taken as evidence for a third WT 

predisposition locus. The long arm of chromosome 16 was recently identified as 

a target for LOH in about 20% of WT cases (Maw at al., 1992). The 16q locus 

has been suggested to be the putative familial locus (Coppes at al., 1992). WT 

may therefore arise as a result of inactivation of both alleles at a single locus but 

different loci may be involved in different tumours although the tumours are 

histologically and clinically indistinguishable (Grundy at al., 1988). Of the three 

loci involved in the genesis of WT only a candidate gene for the 11 pi 3 locus 

(WT1) has been identified (Rose at al., 1990; Call at al., 1990; Gessler at al., 

1990). Mutations of this gene have been identified in nephrogenic rests or 

precursors to Wilms tumour so inactivation of this gene appears to be an early 

genetic event (Park at al., 1993). However mutations of WT1 have been 

demonstrated in only a subset of Wilms tumours thus highlighting the importance 

of investigating other loci for potential suppressor genes (Brown at al., 1993). 

The predicted amino acid sequence contains four zinc finger motifs known to be 

associated with transcription factors. The candidate WT1 gene has a very 

restricted pattern of expression; it is expressed in the embryonic kidney, fetal 

testis and ovary but not in adult kidney (Prichard-Jones at al., 1990). The 

description of intragenic constitutional WT1 mutations in patients with either 

bilateral disease or with unilateral WT associated with genito-urinary 

malformations supports the role of WT1 as a WT susceptibility gene (Haber at 

al., 1990; Huff at al., 1991; Bruening at al., 1992; Little at al., 1993; Gessler at 

al., 1993). Unlike the case with RB WT1 transcripts levels demonstrate extreme 

variability in WTs. (Gerald at al., 1992). In addition the relative abundance of
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WT1-specific RNA was found to correlate with the histologic category of WT 

such that tumours with heterologous differentiation have in general lower relative 

levels of WT transcripts than those without heterologous differentiation (Gerald 

et al., 1992). Recently the tumour suppressor activity of WT1 was demonstrated 

by the suppression of tumorigeneicity of a Wilms tumour cell line which lacks 

endogenous wild type WT1 on transfection of wild type WT1 (Haber et a/., 1993). 

In addition a mutation has been described which converts WT1 from a 

transcriptional repressor to an activator (Park et a!., 1993).

1.3.7 APC, MCC AND DCC

Familial adenomatous polyposis (or FAR) is an autosomal dominant disorder 

with high penetrance which is characterized by the development of multiple 

colonic polyps in the second and third decades of life. If untreated these polyps 

have a high risk of progression to adenocarcinoma (Muto et a/., 1975). The first 

clue as to the chromosomal location of the APC locus came from a patient with 

mental retardation and polyposis who was found to have a constitutional 

intersitial deletion on the long arm of chromosome 5 (Herrera 1986). Through 

linkage analysis the gene was mapped more precisely to bands q21-22 on 

chromosome 5 (Bodmer et al., 1987; Leppert et al., 1987). Moreover loss of 

heterozygosity for RFLP markers in this region was demonstrated in a significant 

fraction of cancers and adenomas from non polyposis patients (Solomon et al., 

1987; Okamoto et al., 1988; Vogelstein et al., 1988; Sasaki et al., 1989; Aston- 

Rickardt et al., 1989; Fearon et al., 1990). However unlike sporadic adenomas 

allele losses of chromosome 5 are rare in adenomas from patients with FAR 

(Solomon et al., 1987; Vogelstein et al., 1988; Sasaki et al., 1989). The 

interpretation of these results was that the inactivation of one allele at the the 

APC locus is sufficient for adenoma formation and that inactivation of the 

second allele is responsible for the transition from adenoma to carcinoma in both 

the sporadic and familial cases. Kinzler et al. (1991) isolated a gene from this 

region (MCC) which was found to be mutated in three colorectal carcinomas.
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Although other sporadic colorectal carcinomas were shown to have mutations of 

MCC, no mutations of the gene were demonstrated in FAP patients (Nishisho et 

al., 1991). Furthermore the gene was found to map outside a small segment 

deleted in two unrelated FAP patients (Joslyn at al., 1991). These results 

therefore did not provide support for its role in FAP. The APC gene was finally 

cloned through the analysis of candidate genes within the FAP locus (Joslyn at 

al., 1991; Nishisho at al.\ 1991, Groden at al., 1991). The gene was shown to be 

mutated in both sporadic and FAP colorectal carcinomas. In addition heritable 

germline mutations of the gene were demonstrated in FAP kindreds (Nishisho at 

al., 1991; Groden at al., 1991). Almost all the currently identified mutations of 

APC, both germ-line and somatic, result in the truncation of the protein (Smith at 

al., 1993). It has been demonstrated that truncated APC proteins can associate 

with wild-type protein and perhaps inactivate it in a dominant negative manner 

(Su at al., 1993). Although APC mutations have been identified throughout much 

of the coding region approximately 25% of constitutional APC mutations and 

70% of somatic mutations in sporadic colon tumours occur within a 1200bp 

region of exon 15 (Paul at al., 1993). Patients with mutations in the region 

between codons 1250 and 1464 in exons 15 have been reported to have a high 

density of adenomas compared to patients with mutations outside this region 

(Nagase at al., 1992). Furthermore 65-70% of APC mutations detected in 

sporadic colorectal tumours are also clustered between codons 1250 and 1550 

(Powell at al., 1992; Miyoshi at al., 1992) thus suggesting that mutations in this 

region of the gene lead to a more aggressive disease course. However such a 

correlation between severity of colonic disease and site of APC mutation has not 

been confirmed in other studies (Paul at al., 1993). The APC gene is expressed 

in a wide variety of tissues. At least 5 different transcripts generated by 

alternative splicing have been identified. The splicing mechanism seems to be 

regulated in a tissue-specific manner (Horii at ai, 1993). Other than colon cancer 

mutations in APC gene have been reported in pancreatic and gastric tumours 

(Horii at al., 1992 a, b). LOH involving the APC and MCC genes occurs in a high
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proportion of esophageal, lung and gastric tumours (Boynton et al., 1992; 

D'Amico at a/., 1992; McKie at a!., 1993). Although the exact role of APC remains 

unknown there is evidence to suggest it may be involved in cell adhesion (Su at 

al., 1993).

The role of MCC in FAP remains unresolved but its mutation in sporadic 

colorectal cancer suggests the function of this gene is relevant to tumorigenesis. 

The gene is expressed in most normal tisues and its predicted amino acid 

sequence suggests it may interact with G proteins (Kinzler at al., 1991). It has 

been suggested that both MCC and APC gene products may associate to form 

an inactive heterodimer and that mutations in either gene may lead to 

inactivation of this complex thus leading to tumorigenesis (Groden at al., 1991). 

This situation would be similar to the dominant negative mutations of the p53 

gene (section 1.3.8).

As well as the losses on 5q, karyotypic analysis has revealed consistent 

deletions on the long arm of chromosome 18 and the short arm of chromosome 

17 in colorectal cancers (Muleris at al., 1985). LOH at 17p and 18q has been 

demonstrated in >70% of colorectal carcinomas but only a small percentage of 

adenomas (Muleris at al., 1985; Law at al., 1988; Monpezat at al., 1988; 

Vogelstein at al., 1988, 1989). Allele loss on 17p and 18q appears to occur at a 

later stage in the neoplastic process than the loss of 5q segments.

The common region of loss on chromosome 17p is the site of the p53 gene 

(Baker at al., 1989). In those tumours exhibiting LOH at 17p the remaining p53 

allele has been shown to harbour a point mutation (Baker at al., 1989; Nigro at 

al., 1989). These results are consistent with an inhibition of tumour suppressor 

function of the p53 gene in colorectal cancer.

The common region of loss on 18q was mapped to 18q21-qter (Vogelstien at al., 

1988) and a candidate tumour suppressor gene from this region was identified 

(Fearon at al., 1990). The gene termed DCC (for deleted in colorectal cancer) 

was expressed in most normal tissues but its expression was greatly reduced or 

absent in most colorectal carcinomas. Furthermore somatic mutations within the
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DCC gene were demonstrated in several colorectal carcinomas. A correlation 

between the malignancy of carcinoma and the level of DCC mRNA has been 

observed; expression of the DCC mRNA was absent or greatly reduced in almost 

all invasive carcinomas but it was high in normal mucosa, adenomas, 

intramucosal carcinomas and early-stage carcinomas. Therefore it is probable 

that the inactivation of DCC gene is involved in advancement of early carcinoma 

into invasive carcinoma (Kikuchi-Yanoshita et al., 1992). In addition to colorectal 

carcinomas allelic deletions of the DCC gene have been observed in human 

gastric and esophageal carcinomas as well as prostate carcinomas (Uchino at 

a/., 1992; Huang etal., 1992; Gao etal., 1993). Reduced or absent expression of 

the gene has also been demonstrated in pancreatic and prostate carcinomas 

(Hohne et al., 1992; Gao et al., 1993). The gene encodes a protein with 

homology to neural cell adhesion molecules (NCAMS) and therefore may be 

involved in cell-cell or cell-extracellular matrix interactions. It has been 

suggested that DCC may act as a metastatic suppressor (Gao et al., 1993)

The involvement of chromosomes 5 and 18 in the genesis of colorectal cancer 

has been demonstrated by the suppression of tumorigenicity of colorectal 

cancer cells on introduction of a normal chromosome 5 or 18 into the tumour 

cells (Tanaka et al., 1991). These results strongly support the existence of 

tumour suppressor genes on both chromosomes 5 and 18.

1.3.8 P53

P53 was first identified as a cellular phosphoprotein that forms a complex with 

the SV40 large tumour antigen (Lane and Crawford 1979). This protein was 

found to be present at elevated levels in a wide variety of transformed cells from 

various species (Lane and Crawford 1979; Crawford et al., 1981). Early studies 

on p53 led to the conclusion that this was an oncoprotein; overexpression of p53 

resulted in the immortalization of rodent cells (Rovinski and Benchimol 1988) 

and cotransfection of p53 cDNA isolated from tumour cell lines co-operated with 

activated ras in the transformation of rat embryo fibroblasts (Parada et al., 1984).
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However it was subsequently found that most established cell lines carry mutant 

forms of p53 and it was the mutant rather than wild type genes which were 

responsible for transformation in the early studies. The normal p53 gene was 

shown to be incapable of transforming cells (Hinds et al., 1989). The finding of 

frequent rearrangements of the p53 gene in cell lines derived from the spleen of 

Friend virus infected mice which resulted in either the abrogation of p53 protein 

synthesis or the synthesis of aberrant proteins (Mowat at a/., 1985) led to the 

possibility that that p53 might be a tumour suppressor gene. This was confirmed 

by cotransfection assays in which it was shown that normal p53 could suppress 

transformation in oncogene co-operation assays between res and mutant p53. 

Moreover oncogene co-operation between adenovirus El A or c-myc and 

activated ras was shown to be suppressed by normal p53 (Eliyahu at ai, 1989). 

The gene encoding p53 has been assigned to the short arm of chromosome 17 

band p i3.1 in humans (Isobe at ai, 1986) which is a common site of allele loss 

in many cancers (Lasko at ai, 1991). In a detailed study of two colorectal 

carcinomas exhibiting LOH on 17p the remaining p53 allele was shown to 

contain a point mutation (Baker at ai, 1989). Subsequently mutations in p53 

have been found in a number of tumours where loss of heterozygosity had 

previously been reported; these include tumours of the colon, breast, liver, lung, 

brain and bone as well as leukemias and other less common tumours such as 

rhabdomyosarcomas. In fact p53 has emerged as the most frequently mutated 

gene in human cancers (reviewed by Chang at ai, 1993).

The ability of the p53 gene to to inhibit cell growth when transfected into 

glioblastoma and colorectal carcinoma cells has confirmed the tumour 

suppressor nature of this gene (Baker at ai, 1990; Mercer at ai, 1990). Unlike 

the ras genes where point mutations are limited to 3 codons, mutations of the 

p53 gene can occur in at least 30 codons. These codons are clustered in 4 "hot 

spots" which coincide with the four most highly conserved regions of the gene 

(Fromentel and Soussi 1992). Moreover the p53 mutations for one type of cancer 

seem to be clustered in the same codon and often involve the same type of
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mutation (Coursaget et al., 1993; Renault et al., 1993). These findings have been 

interpreted as evidence for the involvement of sporadic mutagenic agents in the 

various types of cancer.

Heritable germline mutations of the p53 gene have now been identified in 

families with the Li-Fraumeni syndrome (LFS) as well as non-LFS families with 

early onset disease (reviewed by Birch 1992) thus suggesting that a germline 

defect in the p53 gene results in a predisposition to cancer.

Although wild type p53 can act as a tumour suppressor some tumours have been 

identified which carry both mutant and wild type alleles (Nigro et al., 1989). This 

and the high frequency with which the mutant p53 is expressed in the absence of 

the wild type allele is taken to imply there is a selective advantage in retaining 

the mutant allele. Also the fact that mutant forms of p53 possess oncogenic 

potential in cotransfection assays suggests that some mutations can result in a 

gain of function. This apparent paradox of p53 mutations having both a positive 

and negative effect on neoplastic growth is readily explained by the finding that 

mutant p53 products can bind to normal p53 proteins resulting in an inactive 

oligomeric complex (Kraiss et al., 1988). This binding is thought to be mediated 

by the cellular heat shock protein hsc70 which is often bound up in these mixed 

complexes (Finlay et al., 1988). Wild type p53 is normally found at low levels in 

virtually all mammalian cells and has a short half life of 6-20 minutes (Levine

1990). The binding of mutant p53 to hsc70 results in increased stability of the 

p53 protein so leading to elevated concentrations within the cell cytoplasm 

(Finlay et al., 1988). However the ability of mutant p53 to bind normal p53 is not 

the sole determinant of its oncogenic potential since transfection of mutant p53 

into cell lines lacking both p53 alleles can result in enhanced growth (Dittmer et 

al., 1993) and deletion mutants of p53 can enhance primary rodent cells in the 

absence of any detectable complex with hsc7o (Rovinski and Benchimol 1988). 

The oncogenic potential of tumour viruses such as SV40 and and adenovirus 

E1B is also thought to be mediated through binding of the viral oncoproteins to 

the endogenous wild type p53 (McCormick et al., 1981; Sarno et al., 1982). The
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human papillomavirus EG oncoprotein is also able to bind wild type p53 protein 

but in this case wild type p53 is neutralized through the stimulated degredation 

of the bound p53 protein (Scheffner et al., 1990).

Mutations in p53 do not necessarily result in overexpression of the mutant 

protein. The identification of homozygous deletions of the p53 locus as well as 

the failure of several tumours to express its mRNA (Takahashi et a/., 1989; 

Mulligan eta/., 1990) implies a recessive mechanism is contributing to neoplastic 

growth in some tumours. It therefore appears that some p53 mutations result 

solely in loss of function whilst others can result in a dominant oncogene. The 

behaviour of the different types of mutation may influence whether a normal p53 

is present or on the individual tumour.

The function of normal p53 appears to be regulation of the cell cycle (Vogelstein 

and Kinzler 1992). Wild-type p53 is a transcription factor which binds to specific 

DNA sequences adjacent to p53 responsive genes. Mutant p53 proteins have 

been shown to have reduced affinity for binding DNA and lose transcription 

activator function. Another function of p53 may be in the control of DNA 

synthesis. It was recently shown that p53 could inhibit binding of DNA 

polymerase alpha to SV40 large T antigen (Gannon and Lane 1987). And could 

also block replication of SV40 DNA (Wang et a!., 1989). More recent evidence 

suggests p53 may play a role in the control of meiosis (Schwartz et a!., 1993). 

However the exact role of p53 in cellular ontology is still to be determined.

1.3.9 Loss of heterozygosity studies in TGCTs

The quest for tumour suppressor genes has recently been extended to testicular 

germ cell malignancies. Lothe et al. (1989) examined 31 testicular tumours for 

loss of constitutional heterozygosity using highly polymorphic VNTR (variable 

number terminal repeat) probes. Eleven loci on eight different chromosomes 

were analysed. The number of informative cases for all markers tested varied 

between 37% and 87%. A relatively high frequency of allele loss was found on 

chromosomes 3p (8/28 informative individuals) and l i p  (5/20). Involvement of
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both chromosomes was found in only one patient therfore it was suggested that 

inactivation of sequences at either 3p or 11 p was important to the development 

of testicular cancer. The losses on 3p were more frequently associated with 

seminomas; of the 19 seminomas analysed 7 had lost 3p alleles and 3 had lost 

l ip ;  analogously 1 of the 12 NSGCTs had lost 3p and 2 had lost l i p  alleles. 

There was also an increased tendency among seminomas to lose chromosomal 

sequences more often than non-seminomas; individual losses at 13q, 17p and 

19 were observed in 3 seminomas all at a frequency of less than 10%. These 

losses are thought to be random events or they may be important to minor 

clinical subclasses. No losses were found on Ip, 2 and 8 and no significant 

correlation among age, tumour stage and loss of heterozygosity was found but 

the sample size was too small to exclude such a correlation. More recently Lothe 

etal. (1993) examined additional loci on chromosome 11 in the same 31 TGCTs. 

LOH was observed at l i p  in 40% (12/30) of these tumours [35% (9/26) at 11 pi 3 

and 31% (8/26) at 11 pi 5]. Their conclusion was that one or more tumour 

suppressor genes on l i p  are involved in the genesis of testicular cancer.

The losses on l i p  but not 3p were confirmed by the work of Rad ice et a/. (1989) 

who examined 14 TGCTs for LOH at 23 loci on 13 different chromosomes. Five 

of the markers analysed were located on l i p  and two on 11q. LOH was 

determined by comparing allele hybridization signal ratios in tumour versus 

normal DNA as measured by a laser densitometer. LOH on l i p  was 

demonstrated in 4 tumours (one seminoma, two NSGCTs and one combined 

tumour) 3 of which also demonstrated LOH on 11q thus suggesting loss of an 

entire chromosome 11 homologue. The fourth case retained heterozygosity on 

11q but underwent duplication of an allele. These chromosome 11 deletions 

were considered to be nonrandom since allele loss occured in only 3 other 

cases, one each on chromosomes Ip, lOq and 13q. No losses were found on 2p, 

3p, 5q, 6p, 6q, 7q, 12q, 16q, 19p and 22q. The maintenance of heterozygosity 

for most loci demonstrates a premeiotic origin for TGCTs. The retention of 

heterozygosity indirectly suggested that i(12p) formation does not lead to loss of
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the long arm of chromosome 12. More direct evidence for this comes from the 

work of Guerts Van Kessel et al. (1989). The presence of the i(12p) in an 

embryonal carcinoma cell line (Tera-2) was first established through cytogenetic 

analysis. Most cells also had three normal copies of chromosome 12. DNA 

RFLP analysis subsequently demonstrated retention of heterozygosity for three 

different polymorphic 12q markers in this cell line. A second embryonal 

carcinoma cell line Scha-1 and three primary TGCTs (one seminoma, one 

embryonal carcinoma and one NSGCT) were also shown to maintain 

heterozygosity for 12q markers. The genuine nature of the i(12p) marker was 

confirmed by somatic cell hybrid analysis; fusion of the Tera-2 cell line with a 

Chinese hamster cell line resulted in a number of hybrid clones one of which 

retained the i(12p) marker but none of the normal copies of chromosome 12. 

This hybrid was shown to be positive for markers on 12p but not 12q thus 

confirming the origin of this marker as being derived from 12p. Furthermore 

different hybrid clones retaining normal copies of chromosome 12 were found to 

be positive for different 12q allelic fragments thus suggesting the presence of 

both maternal and paternal intact chromosomes in the Tera -2 cells.

In general it is accepted that isochromosome formation in a diploid cell leads to 

loss of the chromosome arm not involved in the anomaly, therefore retention of 

12q heterozygosity in i(12p) positive cells provides evidence for polyploidization 

occuring before generation of the i(12p).

1.3.10 RB gene studies in TGCTs

The first reported study on the RB gene status in testicular cancer was carried 

out by Saskella at al. (1989) who found undetectable levels of the 4.7kb RB 

transcript on Northern blot analysis of RNA from a single seminomatous germ 

cell tumour. Peltomaki at al. (1991) examined 6 tumours (3 teratocarcinomas, 2 

seminomas and 1 teratoma) and their corresponding normal tissue for 

expression of RB RNA by dot blot analysis. Only one of the tumours (a 

teratocarcinoma) showed decreased levels of RB expression relative to the
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normal tissue. A much larger investigation of the RB gene in 67 primary TGCTs 

was carried out by Strohmyer et al. (1991). 40 TGCTs and 21 macroscopically 

normal adjacent testicular tissue samples were examined at the RNA level by 

northern blot analysis. A 1.5-15 fold decrease in expression of the RB transcript 

was found in all tumours (both seminomas and NSGCTs). No alteration in 

transcript size was detected.

Immunohistochemical analysis of the RB protein was carried out using a 

monoclonal antibody that recognizes the 105 Kd RB gene product. 27 

seminomas, 12 embryonal carcinomas and 2 choriocarcinomas examined gave 

no detectable nuclear staining in any of their malignant cells indicating absence 

of the nuclear phosphoprotein encoded by RB. However, all normal cells within 

the tumours and all normal tissue samples examined were found to have strong 

nuclear immunoreactivity. In addition 26 tumours of mixed histology were 

examined. In 19 cases the malignant cells representing the more differentiated 

teratomatous elements expressed the RB protein whereas the undifferentiated 

cells in the same tumour did not. Moreover CIS cells in macroscopically 'normal' 

tissue also demonstrated no detectable RB protein. Southern blot analysis of 

DNA from 51 TGCTs and 28 macroscopically normal adjacent testicular tissue 

revealed no gross alterations in the RB gene but minor alterations such as point 

mutations and small deletions could not be ruled out. However the evidence for a 

monoclonal origin from a single CIS cell of all histologic subtypes within a tumour 

and the absence of RB protein in CIS cells and reappearance in the more 

differentiated teratoma cells of the same tumour could not be explained if absent 

or decreased expression of the gene was due to alterations in the DNA. 

Changes in transcript level or alternatively a decrease in transcript half life offer 

a better interpretation of the results. Since TGCTs are rare secondary 

malignancies in patients with heritable RB (Abramson at a!., 1984) it is unlikely 

that alterations in RB gene expression alone will be sufficient for their 

development.
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1.3.11 P53 in TGCTs

The frequent mutations of the p53 gene in a wide variety of human tumours has 

prompted investigators to explore possible involvement of this gene in testicular 

tumour pathogenesis. Peltomaki et al. (1991) examined 14 TGCTs at the DNA 

level by southern blot analysis but found no alteration in p53 DNA fragment size. 

Also no consistent dosage change of p53 DNA in tumour tissue relative to 

corresponding normal tissue was observed. Expression of p53 mRNA was 

demonstrated in eight embryonal carcinoma cell lines by Tesch at al. (1990). 

Heimdal at al. (1993) examined 32 patients with bilateral and familial TGCT and 

two patients with sporadic germ cell tumour for germline mutations within the 

conserved region of p53. In addition 15 tumours were screened for somatic 

mutations and analysed for LOH at the p53 locus. Neither germline nor somatic 

mutations were detected and LOH was demonstrated in only one of 5 informative 

cases. The 12 tumours analysed for expression of the p53 protein did not exhibit 

increased levels of expression. A lack of mutations in the coding region of the 

p53 gene has also been reported in 22 TGCTs and the germ line DNA of 17 

members of a testis cancer family examined by Peng at al. (1993). These results 

are in contrast with those of Wei at al. (1993) and Bartkova at al. (1991). 

Genomic DNA from 17 primary human testicular seminomas was screened for 

the presence of mutations in exons 5 to 8  of the p53 gene (Wei at a/., 1993). P53 

mutations in a single allele were identified in four seminomas (24%). Sites of 

mutations were in exons 5, 7 and 8 . The sequence of corresponding non- 

cancerous tissue was normal and excluded the possibility of the germ-line 

mutation. Bartkova at al. (1991) examined expression of the p53 protein in 

paraffin embedded tissue sections of 107 primary TGCTs. Elevated levels of the 

protein were found in all major histological types of tumour. 84% of the tumours 

showed positive staining in at least a fraction of the malignant cells. The 

distribution was almost exclusively nuclear with rare cells showing traces of 

cytoplasmic reactivity. In general embryonal carcinomas were found to be more 

commonly immunoreactive and with a higher proportion of positive cells than
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seminomas. All teratomatous tissue and the single yolk sac tumour and 

choriocarcinoma examined gave variable positivity. The heterogenous staining 

pattern was also observed in a human embryonal carcinoma cell line. 

Conversely the p53 could not be detected in normal testicular tissue or normal 

tissue areas within the tumour samples. In order to define more closely the timing 

of the event leading to aberrant expression of the p53 protein CIS from 

morphologically "normal" tissue adjacent to neoplastic tissue was examined 

immunohistochemically. Strong nuclear staining was observed in 17/29 CIS 

cases. The neighbouring invasive tumour was also positive in all 17 cases. In 9 

cases the tumour but not adjacent CIS was positive and in 3 cases both tumour 

and CIS were negative. Thus accumulation of p53 protein was demonstrated to 

be a relatively early event in testicular tumorigenesis. This finding contrasts with 

those in other tumours such as sporadic colon and breast tumours in which p53 

changes tend to be relatively late events associated with progression of the 

disease. It is suggested point mutations in the p53 gene, resulting in increased 

protein half-life, may be responsible for aberrant expression in TGCTs. 

Alternatively elevated p53 protein levels may be due to overexpression of a 

structurally normal gene. The latter possibility is supported by the work of Tesch 

et al. (1990) who analysed 9 cell lines established from human teratocarcinomas 

by northern blots. All expressed considerable amounts of p53.

1.4 Ras oncogenes

The ras gene family consists of three closely related genes, N-ras located at 

chromosome 1, H-ras located at chromosome 11 and K-ras at chromosome 12. 

Each of the three genes contains four coding exons which specify homologous 

proteins of 21 Kd. The proteins are located on the inner side of the plasma 

membrane, bind GDP and GTP with high affinity and posess GTPase activity 

(reviewed by Bos 1988). The ras genes have been characterized as potential 

transforming genes by their presence in acutely transforming retroviruses and 

transformed NIH3T3 cells transfected with DNA isolated from a variety of
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tumours. In approximately 15% of human tumours one of the ras genes has been 

found to be altered into a transforming gene detectable in the NIH3T3 cell 

transfection assay (Barbacid 1987).

The activation of ras proto-oncogenes into ones with transforming properties can 

occur by a variety of mechanisms. The most common mechanism involves 

somatic mutations resulting in the substitution of a single amino acid at particular 

positions in the p21 proteins. The first such mutation was identified in the H-ras 

gene of the EJ bladder carcinoma cell line. It was found that this gene was 

activated by a single point mutation resulting in the substitution of glycine by 

valine at position 12 of the protein sequence (Weinberg 1984). Subsequent 

analysis of other ras genes has found activation to occur by mutations at codons 

12, 13 and 61 (Bos 1988). In vitro mutagenesis experiments have shown that 

mutations at codons 59, 63, 116 and 119 are also potential targets for activating 

mutations but these have not been found so far in naturally occuring tumours 

(Fasano etal., 1984; Walteref a/., 1986; Sigal etal., 1986).

In addition to mutations that lead to transforming activity, overexpression of 

normal ras proteins at 10-50 times the normal level can also lead to 

transformation (Chang et al., 1982). Chipperfield et al., (1985) found that small 

deletions or insertions around codon 1 2  also generate ras transforming genes.

1.4.1 Ras oncogenes in human tumours

In humans ras genes are found to be activated in 10-15% of malignant tumours 

analysed (Barbacid 1987; Bos 1988). However the frequency of ras gene 

activation can differ according to the tumour type. The highest incidence of over 

90% is found in pancreatic carcinomas (Almuguerra et al., 1988; Smit et al., 

1988). Activated ras genes have also been found in 37-65% of colon carcinomas 

(Bos et al., 1987; Forrester et al., 1987; Vogelstein et al., 1988), 30-50% of lung 

adenocarcinomas (Rodenhuis et al., 1987, 1988) and 30% of AML (Farr et al., 

1988). In contrast other human cancers have a low incidence of ras mutatons of 

<5% such as renal cell carcinoma (Rochlitz et al., 1992), myeloproliferative
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disorders and myelodysplastic syndromes (Janssen et a/., 1987), ovarian 

carcinoma (Van't Veer et al., 1988) and breast carcinoma (Kraus et a!., 1984). In 

those tumours where there is a high incidence of mutation there is a very 

pronounced bias to one or other particular ras being mutated. Thus in 

pancreatic, colorectal and lung carcinomas the majority of the mutations arise in 

K-ras whereas in malignancies of hematopoetic origin the N-ras gene 

predominates. Mutations of H-ras are most commonly found in tumours of the 

urinary tract. In thyroid follicular tumours there is no preference for a particular 

ras gene. Codon 12 is the most frequently involved in mutations, codon 13 is the 

least frequently involved (Bos 1988). Some tumours and cell lines may have 

more than one activated ras allele e.g. the colon carcinoma line SW480 is 

homozygous for a H-ras codon 12 mutation (Capon et al., 1983) and a human 

cervical cancer has been reported with two mutant H-ras alleles at codon 12 

(Riou et al., 1988). Forrester et al., (1987) reported the simultaneous presence 

of an activated K-ras and N-ras gene in a colon adenocarcinoma and a 

preinvasive villous adenoma.

Since there is no strict specificity of activation of particular ras genes to 

particular tumours it may be that ras gene activation reflects only one of many 

mechanisms which could bring about tumour formation.

1.4.2 Role of normal p21 ras

The ability of ras proteins to bind and hydrolyse GTP plus some sequence 

homology makes them similar to G-proteins. For G-proteins the active form of 

p21 ras is the GTP bound state and the inactive form is the GDP bound state. 

Deactivation takes place by hydrolysis of the bound GTP (Marshall 1988). In 

vivo the ras proteins interact with a protein called GTPase activity protein (GAP) 

which greatly enhances the rate of GTP hydrolysis (Trahey and McCormick 

1987). Thus the majority of ras proteins will be in the inactive form in vivo. It is 

not yet clear if GAP is an effector molecule or regulator of p21 ras but it is not the 

only molecule capable of affecting GTPase activity of ras. Recently the NF1
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gene product has also been shown to accelerate the GTPase activity of p21 ras 

(Martin et al., 1990). Mutations that activate ras genes lock the p21 products into 

the active state by inhibiting intrinsic GTPase activity (Marshall 1988). This leads 

to a constant stimulation of growth or differentiation. The similarity with G- 

proteins suggests a role for ras proteins in signal transduction. One of these 

signal translocation pathways involves the activation of protein kinase C 

(Marshall 1991). The introduction of oncogenic p21 ras into quiescent NIH3T3 

cells rapidly activates protein kinase C which is essential for DNA synthesis. This 

activation may be elicited via the breakdown of PIP2 or other lipid sources. 

Another signal transduction pathway mediated by ras is independent of protein 

kinase C activation and can result in activation of other oncogenes such as c-raf, 

mos, c-fos and myc (Marshall 1991). Since the inhibition of p21 ras has been 

found to block DNA synthesis by a variety of stimuli Marshall (1988) concludes 

that the site of action of p2 1  may be a point of convergence for all routes to 

stimulate DNA synthesis. More recently a role for ras oncogenes in regulation of 

apoptosis has been demonstrated (Arends etal., 1993).

1.4.3 Ras oncogenes in TGCTs

Preliminary and conflicting data have been reported regarding the incidence and 

significance of ras oncogene activation in TGCTs. Ganguly et al. (1990) 

examined 31 male germ cell tumours for point mutations in ras using PGR and 

oligonucleotide hybridization assay. Twenty of these tumours were found to 

exhibit N-ras mutations. 13 of the seminomas (59%) had mutations in codon 61 

or 12 and 5 of 9 NSGCTs (56%) had N-ras mutations in codon 61. Two of the 

NSGCTs had double mutations in both codons 12 and 61. Since the majority of 

these tumours were primary germ cell tumours from patients which were not 

exposed to prior chemotherapy Ganguly et al. (1990) suggest that N-ras 

mutation is a dominant factor in the initiation rather than terminal development of 

germ cell tumours.
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Using the NIH3T3 focus assay as well as oligonucleotide hybridization Mulder et 

al. (1989) found mutated K-ras or N-ras genes in 6  of 14 (40%) primary 

seminomas, four of these were in N-ras (one in codon 12 and three in codon 61) 

and two were in K-ras codon 12. In some seminomas the mutant gene was found 

to be present in only a fraction of the tumour cell population thus suggesting 

tumour heterogeneity for ras gene mutations.

In contrast to the above findings a relatively low incidence of ras gene mutations 

in TGCTs were detected by Moul at al. (1992). One of 18 seminomas and 2 of 25 

NSGCTs had mutations in K-ras codon 12. In addition a mutation in K-ras codon 

12 was detected in normal testicular tissue but not the adjacent NSGCT of one 

patient. It was suggested ras activation may have conferred a malignant potential 

in the normal tissue and that the K-ras mutation in the tumour cells may have 

been lost with neoplastic proliferation. No mutations were detected at K-ras 

codon 13 or 61 or in N-ras or H-ras codons 12,13 and 61.

Two other studies failed to find ras mutations in TGCTs. Dmitrovsky at al. (1990) 

studied 7 male germ cell tumours but found no mutations at codons 12, 13 or 61 

of the K-ras gene and Tesch at al. (1990) examined five TGCT lines for presence 

of point mutations at codons 12,13 and 61 of K, N and H-ras but none were 

found.

Southern blot analysis has generally revealed no amplification or rearrangement 

of K, N and H-ras in TGCTs and cell lines (Tesch et al., 1990; Peltomaki at al., 

1991). Although an increased copy number of the K-ras oncogene has been 

reported this has been found to be paralleled by a similar increase in 1 2 p 

sequences (Mulder ef a/., 1989; Dmitrovsky ef a/., 1990; Peltomaki atal., 1991). 

Expression of K-ras and H-ras but not N-ras was reported in the TGCT cell lines 

examined by Tesch at al. (1990). Dmitrovsky reported elevated expression of K- 

ras mRNA in male germ cell tumour lines but there was no direct correlation 

between K-ras copy number and the level of K-ras mRNA expression. A similar 

finding was reported by Wang at al. (1987). In contrast Peltomaki at al. (1991) 

found expression of K-ras was generally not increased in the tumour samples
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compared to that in normal tissue of the same patient although there were 

interindividual variations in mRNA levels.

A better investigation of the status of ras oncogenes in TGCTs paying particular 

attention to the association of genetic changes found with tumour size, stage and 

histology is required before any conclusions are drawn on the role of these 

genes in testicular tumorigenesis.

1.6 Myc gene family

C-myc, H-myc and L-myc are three members of the myc gene family which 

encode nuclear phosphoproteins that are similar in structure and function. C-Myc 

is located at chromosome 8q24, N-myc is at 2p24 and L-myc is at 1p32. 

Expression of the myc genes is known to be involved in the regulation of cell 

proliferation and differentiation. Resting cells which are not proliferating exhibit 

low levels of myc RNA, however upon stimulation with growth inducing agent 

there is a transient rise in myc expression. When cells are induced to 

differentiate the level of myc transcript is generally down regulated (review by 

Spencer and Groudine 1990). Inhibition of c-myc expresion may lead to 

accelerated differentiation. As with other nuclear oncogenes myc genes are 

effective inducers of cell immortality and co-operate with activated ras 

oncogenes to yield malignant transformation of rat primary embryo fibroblasts 

(Land et al., 1983). Myc expression is regulated at the level of transcription and 

at the post-transcriptional level by factors influencing stability of the proteins. 

Amplification of myc genes has been demonstrated in a variety of human 

malignant disorders suggesting a vital role for myc activation in multistage 

carcinogenesis (Masuda et al., 1987). Amplification is usually associated with 

double minutes (DMs) and homogenously staining regions (HSRs) which are 

indicative of gene reiteration. In general amplification is associated with more 

aggressive or advanced forms of cancers and may serve as a prognostic 

parameter in a number of human malignancies (Yokota et al., 1986).
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C-myc is the cellular homologue of the viral oncogene v-myc (Colby et al., 1983) 

which is found in a number of retroviruses that induce leukemias and 

carcinomas. Both the c-myc mRNA transcript and protein product have an 

unusually short half life of 20-30 minutes (Rabbitts at a!., 1985). The 62Kd c- 

myc protein product is thought to act as a transcriptional activator (Blackwood 

and Eisenman 1991) and there is evidence to suggest it may play a role in 

regulation of apoptosis (Arends at a!., 1993).The c-myc gene is expressed in 

most tissues depending on their mitotic activity (Zimmerman at a!., 1986). One 

exception to this however is the germinal epithelium of testicular tissue which 

expressed only low amounts of c-myc RNA (Stewart at a!., 1984). C-myc 

amplification in general seems to have little specificity for tumour type and has 

been detected in a large number of neoplasms of different histogenesis (Yokota 

at al., 1986). However c-myc amplification is more often a feature of solid 

tumours than haematologic neoplasms. Activation of c-myc can also occur by 

deregulated expression e.g. in Burkitts lymphoma reciprocal translocations 

involving the long arm of chromosome 8  result in the juxtaposition of c-myc with 

immunoglobulin genes on chromosome 14 and rarely on chromosomes 2 or 22 

(Dalla-Favera at al., 1982). The breakpoints of the translocation with both the c- 

myc and immunoglobulin loci vary considerably and may be internal to the c- 

myc transcription unit or several hundred kb away from it. In some cases c-myc 

suffers mutations and in others it does not but invariably c-myc is overexpressed. 

The c-myc gene can be constitutively activated by retroviral insertion on either 

side (Hayward at al., 1981). However there is no evidence that this mechanism 

plays a role in human neoplasms.

N-myc expression is restricted to cells derived from neuroectoderm such as 

neuroblastoma lung cancer and retinoblastoma (Little atal., 1983; Brodeur at al., 

1984; Lee at al., 1984). Upto 300 fold amplification of N-myc has been detected 

in neuroblastoma cell lines and tumours (Broduer at al., 1984). A strong 

correlation exists between N-myc expression and stage III and IV 

neuroblastomas which have a poorer prognosis than stage I and II disease.
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N-myc amplification may therefore be indicative of patient outcome (Brodeur et 

a/., 1984; Seeger efa/., 1985).

L-myc expression has only been detected in adult lung and correspondingly only 

in small cell lung cancer (Little et al., 1983; Zimmerman et a!., 1986). 

Amplification of c-myc and N-myc have also been demonstrated in small cell 

lung carcinoma (SCLC) (Johnson et al., 1988). Interestingly the three genes are 

alternately amplified thereby suggesting a close functional relationship. The 

observation has been made that c-myc amplification is more often associated 

with the variant form of SCLC (Little et al., 1983) which has a poorer prognosis 

than the classical variety so it has been suggested that amplification of c-myc is 

a prognostic indicator of the more aggressive form of the disease analogous to 

N-myc amplification in neuroblastoma.

1.5.1 Myc in TGCTs

Few studies have been reported on the status of myc genes in TGCTs. 

Peltomaki et al. (1991) examined the dosage of c-myc and N-myc genes in 14 

TGCTs ( 8  seminomas, 1 embryonal carcinoma, 3 teratocarcinomas and 1 

combined tumour) but found no consistent alterations in tumour DNA relative to 

normal testicular tissue. Expression of c-myc RNA was detectable in both normal 

and tumour testicular tissues but was not increased in the tumour sample when 

compared to corresponding normal testis tissue although interindividual variation 

in mRNA levels were observed. Expression of c-myc RNA in normal testis as well 

as seminoma, embryonal carcinoma and teratoma has also been reported by 

Misaki et al. (1989). Low levels of c-myc RNA were also reported in 4/7 

embryonal carcinoma cell lines (Tesch et al., 1990). The N-myc gene however 

was not found to be expressed in normal testis and testicular teratomas 

examined by Misaki etal. (1989) but was detected in 7 of 10 seminomas and 2 of 

2 embryonal carcinomas. Gene amplification was not observed in these cases. 

Elevated expression of N-myc in the absence of gene amplification was also 

reported in one seminoma by Saskela et al. (1989) and in the 7 embryonal
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carcinoma cell lines of Tesch et al. (1990). Small amounts of L-myc were 

detectable in normal tissue but not in the seminoma whereas Misaki at al. (1989) 

did not observe L-myc expression in any of the cases examined.

An investigation of the c-myc oncoprotein product in archival material from 

testicular tumour patients showed that normal testis expressed only small 

amounts of p62 c-myc (Sikora at a/., 1985; Watson at al., 1986). Increased 

expression of c-myc was observed in all tumour cases compared with normal 

testis. In the nonseminoma group oncoprotein levels increased significantly with 

increasing teratoma differentiation. No correlation was found between p62 levels 

and stage of disease but patients with intermediate and undifferentiated tumours 

who developed recurrence had lower p62 levels than those who were disease 

free since their initial treatment. It is therefore suggested that quantitation of 

c-myc oncoprotein product in TGCTs could give prognostic information.

1.6 Aims of the thesis

The objectives of this thesis were to investigate whether specific molecular 

changes could be found in testicular cancer with respect to

(i) Loss of heterozygosity

(ii) Rearrangements at the RB gene locus

(iii) Expression of tumour suppressor genes implicated in other cancers; RB, 

p53 and MCC

(iv) Expression of oncogenes implicated in other cancers ; N-ras, K-ras, H-ras, 

c-myc

(v) Activation of the K-ras oncogene
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2 MATERIALS AND METHODS

2.1 Materials

2.1.1 Buffers and media

General laboratory chemicals were obtained from Merck Ltd, Poole, Dorset. All 

buffers were made using "Analar" or biochemical grade reagents and where 

appropriate sterilized by autoclaving at 15 lbs psi 121°C for 30 minutes. Cell 

culture reagents were purchased from Gibco (UK) Ltd and Flow laboratories.

2.1.2 Enzymes

Bstxl and Bell were obtained from NBL Ltd. All other restriction endonucleases 

were purchased from BRL (UK) Ltd. Tag polymerase was obtained from Anglian 

Biotec LTD, T4 polynucleotide kinase came from Amersham International, 

proteinase K was supplied by Boehringer Mannheim.

2.1.3 Radioactive label

a32R dCTP and dATP were obtained from Amersham International (UK).

2.1.4 DNA probes

These were received as purified plasmid DNA, agar stabs or insert preparations. 

The probes used and their details are given in appendix 17.

2.1.5 Oligonucleotides

Oligonucleotide primers and probes were kindly provided by Ian Kerr (ICRF).

2.1.6 Blood and tissues

Samples from testicular tumour patients were kindly provided by Dr Tim Oliver, 

Institute of Urology, London, Dr Michael Cullen, Queen Elizabeth Hospital, 

Birmingham, Dr Neils Atkin and Dr Marion Baker, Mount Vernon Hospital, 

Northwood, Dr Eadie Heyderman, St Thomas' Hospital, London and Dr Igor

65



Vorechovsky, Jan Zaloudik Institutes of Medical Research, Brno, 

Czechoslovakia.

Fourty two tumour samples were collected over the period 1978-1991 (table 

3.1). Blood and / or normal adjacent tissue was also available from each patient. 

In additon normal skin biopsies were obtained in three cases (6 KI, 26MU and 

23MA). Small pieces of tumour and normal tissue were used to set up primary 

cultures as described in section 2.2 . The rest of the samples were stored at - 

70°C.

2.1.7 Cell lines

Details of the cell lines used are given in appendix 15.

2.2 Methods

Loss of heterozygosity studies were initially carried out by analysis of seven of 

the most highly polymorphic isozymes seen in man; PGD, FUCA and PGM1 

located on chromosome Ip  and GLO, PGM3, BSD and PGP located on 6 p, 6 q, 

13q and 16p respectively (see appendix 16). These isozymes are ubiquitously 

expressed and easily detectable by simple electrophoretic techniques. In 

addition samples require very little manipulation and results are obtained within 

two days. The major disadvantage of this approach however is that large 

quantities of material are required so that only a limited number of analyses can 

be carried out on a single sample. Also the number of loci for which polymorphic 

isozymes are known to exist are relatively few. Much more information can be 

derived from individual specimens using DNA restriction fragment length 

polymorphism (RFLP) markers especially the hypervariable minisatellite or 

VNTR probes. The bulk of the analysis was therefore done on DNA.

Clues as to possible candidate chromosomes harbouring putative tumour 

suppressor genes was sought from cytogenetic data available on TGCTs 

(discussed in sections 1.2.4 and 1.2.5). Hence Chromosome 12 was a prime 

target for allele loss studies. Chromosomes 1,4, 5, 11, 13, 16 and 18 were also 

potential targets. As more highly polymorphic DNA RFLP probes became
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available during the course of this work it was decided to examine as many 

chromosomes as possible for loss of heterozygosity preferably using at least one 

marker on each chromosome arm. The chromosomes finally examined using 

both isozyme and DNA markers are as follows: 1p, 1q, 3p, 3q, 4, 5p, 5q, 6 p, 6 q, 

7p, 7q, 9q, 11 p, 11q, 12p, 12q, 13q, 14, 15, 16p, 17p, 18p, 18q and 20. Details 

of the isozymes and DNA RFLP markers are given in appendix 16 and 17 

respectively.

2.2.1 Cell cultures

2.2.1.1 Setting up a primary culture

Tissue samples for culture were washed in Hanks BBS (appendix 2) and minced

with scalpel and scissors in tissue culture medium. Some of this suspension was

plated direct onto collagen coated tissue culture flasks containing Dulbeccos

minimal essential medium (MEM) or Leibovitz LI 5 with 15% foetal bovine serum.

The rest was incubated at 37°C for 1-4 days in tissue culture medium containing

collagenase (Worthington 2GGU/ml). After collagenase treatment, cells were

spun down at 1 GGGrpm for 5 minutes and plated out in fresh medium in 25cm^ 

flasks or Leighton tubes in an 8 % CO2  incubator. Some normal tissue was also

set up as explants which were immobilised under coverslips in Leighton tubes in 

order to produce a culture of normal fibroblasts.

2.2.1.2 Subcultures

Confluent cultures in 25cm^ Nunclon flasks were subcultured by enzymatic 

digestion using trypsin. The cells were first washed in 3ml of Hanks balanced 

salt solution (appendix A2) followed by a wash in 3ml of trypsin (appendix 2). 

This was poured off and the flask was incubated at 37®C for about 1G minutes 

until all the cells had become dislodged. The trypsin was inhibited by addition of 

1ml of medium. The cells were aspirated to remove any clumps. About half the 

cell suspension was transferred to a clean flask and 7ml of medium, Dulbecco 

MEM, Leibovitz LI 5, or Eagles MEM (appendix A2) were added to each flask.
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Cells to be grown for isozyme analysis were seeded into SOcm  ̂ flasks. These 

were subcultured in the same way using a larger volume of Hanks and trypsin 

(5ml). Cells to be grown for DNA were further seeded into 175cm^ Nunclon 

flasks. Leighton tubes were subcultured in the same way using smaller volumes.

2.2.1.3 Freezing cells into liquid nitrogen

A confluent culture in an 80cm^ flask was washed with 5ml of Hanks BSS. 5ml of 

trypsin were added to the flask and this was incubated at 37°C for 5 minutes. 2 ml 

of medium were added to inhibit the trypsin. The cell suspension was transferred 

to a sterile 10ml centrifuge tube and spun at 1 GGGrpm, 5 minutes. The cell pellet 

was transferred to a liquid nitrogen ampoule containing 1 ml of glycerol medium 

(appendix 2) before freezing into liquid nitrogen. The feezing rate is very critical 

(1°C / minute). The ampoule was left in a freezer at the neck of the liquid 

nitrogen tank for at least 90 minutes before being stored on a cane within the 

tank.

2.2.1.4 Removing cells from liquid nitrogen

When required an ampoule of frozen cells was rapidly thawed by dropping it into 

a beaker containing H2 G at 37®C. The cells were poured into a 25cm^ flask

containing 7ml of medium and this was incubated at 37°C overnight. The 

following day the medium was poured off and fresh medium added. This was 

done in order to get rid of the glycerol in the medium as this interferes with cell 

growth.

2.2.1.5 Mycoplasma test

Mycoplasma tests were regularly conducted on long term cultures. The method

used was a modification of that used by Chen (1977). 1ml of medium and 1ml of

cell suspension were used to seed a 3Gmm petri dish. The dish was incubated in 

an 8 % CO2  incubator at 37°C for 24-48 hours. The cells were then fixed by

adding 1 ml of freshly made fixative (3 parts methanol ; 1 part acetic acid) without
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removing the medium. This was incubated at room temperature for 2 minutes.

The medium was poured off and 1 ml of fresh fixative added. This was left for 5

minutes then poured off. The petri dish was left to dry at room temperature.

When completely dry 2ml of Hoechst mycoplasma stain (appendix 3) were added

to the petri dish and left for 10 minutes. The stain was poured off and the cells 

washed in four changes of ddH2 0 . The cells were then mounted under a

coverslip in a drop of citrate phosphate buffer (appendix 3). The excess buffer 

was drained using filter paper and the cells examined under flourescent light to 

visualize any mycoplasma using a Polyvar microscope (Optech Instruments).

2.2.1.6 Cytogenetics

Chromosome preparations from parallel cultures were made in most cases within 

one month of setting up the sample using standard methods. G, Q, and C 

banding were carried out as described by Farrington et al (1987). To establish 

the modal chromosome number of each culture, 20-30 orcein stained 

metaphases were counted or fewer ( 1 0  cells) where the chromosome number 

either exceeded 1 0 0  or showed little variation.

2.2.2 Preparation of samples for isozyme analysis

Where possible both blood and normal fibroblasts were used to determine 

patient phenotypes as the enzymes may exhibit changes in their isozyme 

patterns when cell or tissue extracts are stored in vitro.

2.2.2.1 Red blood cells and white blood cells

Whole blood collected in anticoagulant tubes (EDTA or heparin) was centrifuged

at 2500rpm for 10 minutes. The top plasma layer was removed by suction and

discarded. The buffy coat material containing white blood cells was transferred to 

a clean centrifuge tube containing 10ml of dH2 0 . The mixture was shaken

vigorously to lyse contaminating red cells and then centrifuged at 2500rpm, 10 

minutes. The cells were disrupted by adding an equal volume of dH2 0  and
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sonicating for 3x3 second bursts with a probe sonicator keeping the specimen 

cool on ice. This material was used directly for electrophoresis. The red cells 

were washed twice with 0.9% saline. After each wash the cells were separated 

by centrifuging at 2500rpm for 10 minutes. Finally they were lysed by freezing 

and thawing and this material was used for electrophoresis.

2.2.2 2 Tissue extracts

Tissues were first pulverized in liquid nitrogen and then homogenized in dH2 0  

(approximately 0.5g tissue / 0.5ml dH2 0 ) using a microhomogenizer (Biomedix).

The debris was spun down in a microcentrifuge at high speed for 3 minutes. The 

supernatant was used for electrophoresis.

2.2.2 3 Cultured cells

Fibroblasts and cultured cells were removed from the culture flasks by 

trypsinizing as for sub-culturing (see section 2.2.1.2). After trypsin neutralization 

the cells were washed in 10ml of 0.9% saline then centrifuged at 2500rpm, 5 

minutes. This was done three times. The cell pellets were then disrupted by 

adding an equal volume of dH2 0  and sonicating for 3x30 second bursts with a

probe sonicator keeping the specimen cool on ice. The debris was spun down in 

a microcentrifuge at high speed for 3 minutes and the supernatant used for 

electophoresis.

2.2.3 Starch gel electrophoresis

Isozyme phenotypes were determined by starch gel electrophoresis as described 

by Harris and Hopkinson (1976). 1% (w/v) starch gels were prepared by mixing 

hydrolysed starch (Connaught Laboratories Ltd) in the appropriate gel buffer. 

This was brought to the boil with continuous stirring. The mixture first becomes 

viscous then rapidly becomes much less viscous. At this point it was degassed 

using a vacuum pump and poured into a suitable mould. The mould was 

prepared using a glass plate and side pieces (1cm wide x 5mm deep) secured
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round the edge of the plate with silicone grease. The gel was immediately

covered with a sheet of "melinex" (Imperial Chemical Industries Ltd) to prevent a

skin forming. The gel was left to set at room temperature for 1-2 hours. A line of

origin was marked on the gel about one third of the way from the prospective

cathodal end using a palate knife. The samples were soaked in small pieces of

Wattman filter paper (0.5cm x 0.5cm) which were then inserted vertically into the

gel along the line of origin. The gel was placed across two compartments each

containing approximately 500ml of the appropriate bridge buffer. This was the

same as the gel buffer but ten times more concentrated. Contact between the gel

and buffer was made using a piece of folded Wattman filter paper (3mm).

Platinum electrodes were then placed in the bridge compartments and connected

to a DC voltage output. The voltage and current were adjusted to the required

measurements and electrophoresis carried out for 17 hours in a cold room. After

electophoresis the gel was sliced horizontally and the appropriate protein stain

applied to the cut surface of the gel. 28x15cm starch gels for PGM, ESD, GLO

and PGP analysis were prepared in 350ml of TEMM buffer pH7.4 (appendix 4).

The inserts were made from Wattman 17mm paper and electrophoresis was

carried out at 100-110V (60-70mA). For GLO and PGP analysis 350pl of

(3-mercaptoethanol were added to the gel after degassing. 15 x 2 2 cm starch gels 

for PGD analysis were prepared in 200ml of 0.1M NaH2 P0 4  buffer pH7. The

inserts were made from Wattman 3mm paper. 1 ml of NADP (5mg/ml) was added 

to both the gel (after degassing) and cathodal compartment to enhance the 

separation. Electrophoresis was carried out at 50V, 25mA.

2.2.3.1 Isozyme stains

2.2.3.1.1 PGM

0.5M Tris pHB 25ml

0 .2 M MgClg 2 ml

Glucose-1-phosphate 200mg
(N3 2  salt 4 H2 O containing 
1 % glucose 1 ,6 - diphosphate)
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NADP (5mg/ml) 2ml

MTT (5mg/ml) 1.5ml

RMS (5mg/ml) 1ml

2% agar* 25ml

* Prepared by boiling together a mixture of 2% (w/v) agar in dH2 0  and cooling

to about 55°C.

The above were mixed and immediately poured onto the cut surface of the gel. 

When the agar had set the gel was wrapped in cling film and incubated at 37°C. 

PGM1 activity becomes visible after approximately 30 minutes, PGM3 after about 

3 hours.

2.2.3.1.2 ESD

lOmg of 4-methylumbelliferyl butyrate (Koch-Light Laboratories) were dissolved 

in a few drops af acetone and mixed with 10ml of 0.1M NaoAc pH5.6. The 

mixture was applied on a filter paper overlay. Enzyme activity was visualized 

after 15 minutes under long wave (366nm X) UV light. Ammonia spray was used 

to enhance flourescence.

2.2.3.1.3 GLO

0.6g of agarose (low electroendosmosis) were dissolved in 60ml of GLO staining 

buffer (appendix 4) then the following were added:

Methylglyoxal (40% solution) 0.9ml

Glutathione (reduced) 180mg

MTT (5mg/ml) 12ml

DCIP (2mg/ml) 12ml

The gel was incubated at 37°C for 3-4 hours then the agar overlay was carefully 

removed. GLO isozymes appear as white zones on a purple background.

2.2.3.1.4 PGP

Phosphoglycolic acid 250mg
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(tri [monocyclohexylammonium] salt)

0.1MThspH8 25ml

2% agar noble (DIFCO laboratories) 25ml

The gel was incubated for 2-3 hours at 37°C. The agar overlay was then 

removed and the following counter stain applied:

L - Ascorbic acid 1 25g

Acid molybdate solution (appendix 4) 25ml

2% agar noble 25ml

Enzyme activity becomes visible after 15-30 minutes at room temperature

2.2.3.1.5 PGD

6 -phosphogluconate 2 0 mg

0.5M Tris pH8 2 0 ml

0 .2 M IVIgClg 5ml

NADP (5mg/ml) 2 ml

MTT (5mg/ml) 2 ml

RMS (5mg/ml) 1 ml

2 % agar 25ml

The gel was incubated at 37°C for 30 minutes.

2.2.4 PGM1 isoelectric focussing

Isoelectric focussing (lEF) was carried out using a horizontal polyacrylamide gel.

The gel mould was prepared by edging a glass plate (20cmx 10cm) with two

layers of 1cm wide insulating tape (0.5mm total thickness). The gel was prepared

by mixing the following:

dHgO 4.55ml

87% glycerol 1 ml

ampholine pH 5-7 (LKB) 0.6ml

Acrylamide / Bis (appendix 4) 0.85ml

Riboflavin (1mg%) 3ml
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The mixture was poured along one end of the glass plate and spread by gently

lowering a siliconized glass plate on top of the base plate. The plates were

clamped together and exposed to long wave UV light for approximately 17 hours

to allow photo-polymerization to take place. When the gel was set the siliconized

plate was carefully prized off. Electrode wicks consisting of a double strip of 

Wattman 17mm filter paper were saturated with IN H3 PO4  (catholtye) or IN

NaOH (anolyte) and placed along opposite sides of the longer edges of the gel. 

The gel was placed on a cooling plate with water circulating at 10°C. Platinum 

electrodes were positioned on the wicks and the gel was prefocussed at 300V, 

3mA, 1W for 30 minutes

Blood samples were prepared by mixing lOpI of blood with 20pl of 0.1% Triton. 

These were left at room temperature for 20 minutes then spun in a 

microcentrifuge for 1 minute. After prefocussing the samples including controls 

were soaked in Wattman 3mm filter paper (5mm x 5mm) and these were laid on 

the surface of the gel about 1cm from the anode. lEF was carried out at 300V, 

3mA, 1W for 1 hour. The inserts were removed and focussing continued at 

1000V, 5mA, 5W for another hour. The settings were then changed to 2000V, 

5mA, 5W and focussing continued for 45 minutes. At the end of the run the wicks 

were removed and enzyme activity was detected by applying the PGM stain 

(section 2 .2 .3.1.1).

2.2.5 a-Fucosidase isoelectric focussing

The a-fucosidase (FUCA) gel was prepared by mixing the following:

dHgO 15.4ml

Glycine 0.28g

ampholine pH 3.5-10 (LKB) 0.9ml

pH 2 .5 -4  0.1ml

„ pH 4 - 6  0.05ml

M pH 5 - 7 0.05ml

pH 9-11 0.15ml
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Acrylamide / Bis (appendix 4) 2.6ml

Riboflavin (10mg %) 5ml

This was poured between two glass plates (23x15cm), one siliconized, which 

had been sealed round the edges with rubber tubing (1mm) and bull clips. The 

gel was left to photopolymerize as before (section 2.2.4). Samples to be 

focussed were treated with an equal volume of neuraminidase (1 U/ml Sigma type 

VI) and left at 4°C overnight. When the gel had set the siliconized glass plate 

and rubber tubing were carefully removed and the electrode wicks were made up 

as before (section 2.2.4). The gel was prefocussed at 300V, 30mA, 10W for 30 

minutes. The samples were soaked in 3mm filter paper and applied about 2cm 

from the cathode. The gel was focussed at 1200V, 20mA, 10W for 30 minutes. 

The inserts were then removed and focussing continued at the same setting for 

3 hours. At the end of the run the wicks were removed and the gel stained. The 

FUCA stain consisted of 0.05 mg/ml of 4-methyl umbelliferyl a-fucopyranoside in 

10ml of 0.05M Na2 HP0 4  buffer pH5.5. 1mm Watman filter paper was cut to the

exact size of the gel and overlaid onto it. The stain was poured over the filter 

paper, the gel was wrapped in cling film and incubated at 37°C for 30-60 

minutes. The bands were then visualized under long wave (366nm) UV light. 

Ammonia spray was used to enhance flourescence.

2.2.6 DNA preparation

2.2.6.1 From blood

2.2.6.1.1 Method (I)

Blood samples in EDTA or heparin tubes were transferred to 30ml plastic 

(Sarstedt) tubes and stored at -70°C until processed. To lyse the cells and 

concentrate the lymphocyte nuclei the blood was thawed at 37®C, incubated on 

ice with 9 volumes of lysis buffer (appendix 8 ) for 10 minutes then spun at 8000 

rpm, 4®C, 10 minutes. The supernatant was discarded and the pellet 

resuspended in lysis buffer following the same steps as above. The final pellet 

was resuspended in half the starting volume of STE (appendix 1) containing
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250|jg/ml of proteinase K (PK) and 0.5% SDS. The tube was mixed gently by 

inversion and incubated at 37®C overnight. SDS is a protein dénaturant breaking 

down the secondary and tertiary structures in proteins making them more 

sensitive to the proteolytic activity of PK thus helping to break down the cell 

membrane and release the DNA into solution. The lysate was deproteinized by 

extracting twice with phenol saturated with TE (appendix 1) and once with 

chloroform : isoamyl alcohol (24:1). Each time it was mixed on a rotating wheel 

for 10 minutes then spun at SOOOrpm, 10 minutes at room temperature to 

separate the organic and aqueous phases. The upper aqueous phase containing 

the DNA was pippeted out and the organic phase discarded. To the final 

aqueous phase was added 2 volumes of ice cold 'Aristar" absolute ethanol and 

the mixture was incubated at -20°C overnight to precipitate the DNA. The DNA 

was hooked out with a sealed bent pasteur pippette and dissolved in an 

appropriate volume of TE pH8  (appendix 1 ). The tube was spun at 3000rpm, 20 

minutes, room temperature, to recover any smaller pieces of DNA. The 

supernatant was then discarded and the pellet dissolved in TE pH8 . The DNA 

was stored at 4°C.

2 2.6.1.2 Method (ii)

To 5ml of blood in EDTA was added an equal volume of solution I (appendix 8 ) 

and 120pl of Nonident P40 (BDH). This was mixed well by inverting several 

times to lyse the cells. The nuclear pellet was spun down at 2000rpm, 10 

minutes room, temperature, the supernatant was poured off and the pellet 

resuspended in 800pl of solution II (appendix 8 ). The nuclear lysate was 

transferred to a 1.5ml microcentrifuge tube and 400pl of TE saturated phenol 

(appendix 8 ) were added. This was mixed well by inverting then spun in a 

microcentrifuge for 1 minute at full speed. The upper aqueous phase was 

transferred to a clean microcentrifuge tube and re-extracted with 2 0 0 pl of phenol 

and 200pl of chloroform : isoamyl alcohol (24:1) as before. The upper phase was 

re-extracted with 700pl of chloroform : isoamyl alcohol. The final aqueous phase
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was transferred to a clean Bijou bottle and the DNA precipitated with 2 volumes 

of ice cold "Aristar" ethanol at -20°C overnight. The precipitate was hooked out, 

transferred to a microcentrifuge tube containing 1 ml of 70% ethanol and mixed 

well to wash the DNA. The tube was spun for 5 minutes at full speed, room 

temperature, the ethanol discarded and the pellet resuspended in TE buffer.

2.2 6.2 From tissue

Frozen tissue was minced in a petri dish with the aid of dissecting scissors and 

forceps. This was transferred to a plastic (Sarstedt) tube containing 10ml of STE 

(appendix 1), 250 pl/ml of PK and 0.5% SDS. The mixture was inverted several 

times then incubated at 37®C overnight. DNA extraction was carried out as for 

the blood (section 2 .2 .6 .1 . 1  ).

2.2 6.3 From cell cultures

The medium was aspirated from a confluent culture in a 175cm^ Nunclon flask 

and the cell layer washed twice with 10ml of 0.9% NaCI. The saline was 

aspirated off and the cells washed once with versene (appendix 2). This 

neutralizes any traces of nucleases. 10ml of STE containing 250pg/ml PK were 

added to the flask and again spread over the cells. The flask was incubated at 

37®C overnight. At the end of incubation the flask was stood upright for 10 

minutes then the lysate was transferred to a 30ml (Sarstedt) tube. DNA 

extraction was carried out as before (section 2 .2 .6 .1 .1 ).

2.2.6.4 Quantification of DNA.

5pl of the DNA solution to be assayed were dissolved in 500pl of dHgO. The 

DNA concentration was measured using a CIBA Corning 2800 Spectroscan. The 

absorbance of the sample was measured in the range 240-300nm X.The reading 

at 260nm X was used to calculate the DNA concentration. An OD of 1 

corresponds to approximately 50pg/ml for double stranded DNA. Contamination 

of the sample with protein or phenol leads to a high O.D. reading at 280nm X.
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Pure preparations of DNA should have an OD2 6 0  / OD 2 3 0  ratio of 1.8. If this 

value is considerably lower it indicates contamination by protein or phenol.

2.2.7 Southern blotting

2.2.7.1 DNA digests

DNA restriction digests were set up according to the manufacturers instructions

with the buffers provided with the enzyme. In general digests were set up as

follows:

lOpg DNA

20U enzyme

2pl 0.1M Spermidine

4pl 10x buffer

ddH20 upto 40pl

The mixture was spun briefly in a microcentrifuge and incubated at the 

appropriate temperature for at least 3 hours. TaqI, BstXI and Bell digests were 

performed at 65°C, 45°C and 50°C respectively. Hinfl, Alul, Haelll, PstI, Mbol, 

Bglll, PvuII and BamHI digests were incubated at 37°C. MspI digests were 

essentially carried as above except 50U of MspI and 4pl of 0.1 M spermidine pH8 

were used and the incubation was carried out overnight at 37°C. Following 

digestion 5pl of sucrose blue loading buffer (appendix 1) were added to the 

reaction mixture. This enables the sample to be introduced into the gel wells 

efficiently and also serves as a marker for monitoring the progress of 

electrophoresis.

2.2.7 2 DNA Electrophoresis

The concentration of gel used was determined by the size of the fragments to be 

detected. In general DNA digests were run on 1 % gels. When the fragments to 

be detected were fairly close together and greater than 7Kb in size these were 

run on 0.8% gels. Mbol digests for probing with 7T227 were run on 1.5% gels. 

DNA gels were prepared by boiling the appropriate amount of agarose in 150ml
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of 1xTAE buffer (appendix 1). When cool 5pl of ethidium bromide (10mg/ml) 

were added and mixed. The gel was then poured into a BRL H5 gel mould with a 

14 well 2mm wide comb. When completely set the gel was submerged into an 

electrophoresis tank (BRL horizontal system model H5) containing 1 litre of 

IxTAE and 0.5pg/ml ethidium bromide.The DNA was loaded into the wells 

alongside a X Hind III ladder which served as a size marker. Electrophoresis 

was carried out at 25V for approximately 15 hours overnight or until the dye had 

reached 1cm from the end of the gel. The DNA was visualized on a UV 

transilluminator (254nm X) and photographed using a Polaroid MP4 Land 

camera with an orange filter.

2.2.T.3 Southern blot DNA transfer

The gel was immersed in 0.4M NaOH ; 0.6M NaCI for 30 minutes and gently

agitated at room temperature to denature the DNA. This was followed by

neutralizing with 1.5M NaC I; 1.5M Tris pH7.5, 30 minutes at room temperature.

Gene screen plus membrane (Dupont) was cut to the exact size of the gel, 

wetted in dH2 0  then soaked in 10x880, 15 minutes. Five sheets of Watman

3mm paper were soaked in 10x880 and placed on a glass plate. Air bubbles 

were excluded by rolling a glass rod on top of the paper. The gel was placed on 

top of the paper and the membrane carefully positioned on top of this. Air 

bubbles were again excluded to ensure efficient transfer of DNA from the gel to 

the membrane. Three pieces of Wattman 3mm paper were positioned on top of 

the filter followed by a 3" stack of paper towels, a glass plate and a small weight. 

Capillary transfer was allowed to continue overnight. The membrane was then 

removed and immersed in an excess of 0.4M NaOH, 45 seconds, to ensure 

complete dénaturation of immobilized DNA. It was immediately neutralized with 

0.2M Tris HOI pH7.5 ; 2x880. The membrane was then UV irradiated on a 

transilluminator (254nm X) and placed on a filter to dry at room temperature. This 

binds the DNA irreversibly to the membrane so that it can be used more than 

once.
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2.2.8 Probe preparation

2.2.8.1 Large scale isolation of plasmid DNA

The preparation and isolation of plasmid DNA involves three basic steps (I) 

growth of bacteria and plasmid amplification (II) harvesting and lysis of the 

bacteria and (III) purification of the plasmid DNA. The bacteria commonly used 

are Ecoli. The purification procedure exploits the difference between Ecoli DNA 

and plasmid DNA; the bulk of Ecoli DNA becomes linearized on extraction with 

alkali. In contrast most plasmid DNA is extracted in a covalently closed circular 

form and so cannot be denatured by mild alkali treatment which would normally 

break the majority of hydrogen bonds in DNA. The circular plasmid DNA 

therefore reverts to its normal configuration when returned to neutral pH. In 

contrast the Ecoli DNA remains denatured. Also covalently closed plasmid DNA 

binds less ethidium bromide than linear DNA and so produces a band at higher 

density in a CsCI gradient.

2.2.8.1.1 Rapid colony transformation

Ecoli cells of strain HB101 were streaked onto an agar plate (appendix 5) and 

grown overnight at 37°C to establish colonies. 2-4 colonies were picked from the 

plate using a sterile innoculating loop. The colonies were dispersed in 200pl of 

standard transformation buffer (appendix 6 ) by vigorous vortexing and incubated 

on ice for 10 minutes. The DNA solution (10-200ng in <20pl) was added, mixed 

gently and incubated on ice for 10 minutes. The cells were then heat shocked at 

37-42°C, 90 seconds and plated out in several fractions (1 %, 5%, 25%) on agar 

plates containing the appropriate antibiotic (appendix 5).

2.2.8.1.2 Plasmid amplification

A single colony was used to innoculate 10ml of L-broth containing the 

appropriate antibiotic (see appendix 5). This was grown during the day at 37°C 

(approximately 8  hours) with constant agitation. A small aliquot of the culture was 

then used to prepare several 1ml glycerol stocks (15% v/v glycerol) for long term
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storage at -70°C. The rest of the culture was used to seed 2x250ml flasks of 

L-broth. These were grown overnight at 37°C with agitation.

2.2.8.1.3 Harvesting and lysis of bacteria

The cells were harvested by centrifugation at 6000rpm, 4°C, 10 minutes. The 

supernatant was discarded and pellet resuspended in 1 0 ml of lysozyme buffer 

(appendix 7). The suspension was transferred to a 250ml conical flask, 50mg of 

lysozyme (Sigma) were added, mixed well and stood at room temperature for 5 

minutes. This weakens the cell walls. To complete the lysis 20ml of freshly 

prepared solution II were added, mixed well and stood on ice for 10 minutes. 

15ml of ice-cold solution III were added, mixed and and left on ice for 10-30 

minutes. This neutralizes the solution and aggregates the chromosomal DNA 

and proteins into an insoluble network. Cell debris was removed by 

centrifugation at 10K, 4°C, 30 minutes. To precipitate the DNA 0.6 volumes of 

isopropanol were added to the supernatant and the mixture left at room 

temperature for 10 minutes. The precipitate was pelleted by centrifugation at 

10,000rpm, 15 minutes, 20°C. The pellet was drained well, washed with 20ml of 

70% ethanol, pelleted again and freeze dried. The DNA was finally dissolved in

11.5ml of lOxTE pH8  and the plasmid purified by centrifugation in a CsCI density 

gradient.

2.2.8.1.4 Plasmid DNA purification

The principle of this procedure is that when a concentrated CsCI solution is 

centrifuged at high speed to equilibrium the CsCI becomes distributed in a linear 

gradient down the tube. If DNA is present it concentrates into a stable band at 

that position where its buoyant density is exactly equal to the density of the CsCI 

solution. The following were mixed in a tube :

11.5ml lOxTE containing plasmid 

12g CsCI

460pl 0.2M K2 HPO4  pH7.5
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1.2ml ethidium bromide (lOmg/ml)

The mixture was dissolved thoroughly and pipetted into a Sorval polyallomer

ultracentrifuge tube. The tube was topped up with paraffin, sealed and

centrifuged at 45,000rpm, 20°C for 17 hours using a vertical rotor. The

chromosomal and plasmid DNA bands were visualized under UV light. The lower

plasmid band was extracted with a needle and syringe. To remove the ethidium

bromide the plasmid DNA solution was extracted 3-4 times with an equal volume

of CsCI saturated isoamyl alcohol. It was then dialyzed in a Sartorius collodian 

bag against 5 litres of dH20 overnight to remove the CsCI. The DNA was purified

further by precipitating once with 1/10 volume 4M NaCI ; 2 volumes ethanol 

overnight and twice with 1/2 volume 7.5M NH^oAc ; 2 volumes ethanol overnight.

Finally the pellet was washed in 70% ethanol to remove any traces of salt, freeze 

dried and resuspended in an appropriate volume of TE pH8. The DNA was 

stored at -70°C.

2.2.8 2 Isolation of probe DNA

Probe DNA was separated from vector DNA by restriction enzyme digestion. In 

general digests were set up as follows:

20pg plasmid DNA 

40U enzyme 

lOpI 0.1M spermidine 

lOp110xbuffer 

ddH20 upto lOOmIs

The mixture was incubated at the appropriate temperature for 3-4 hours. 

Following digestion 5pl of sucrose blue loading buffer (appendix 1) were added 

to the reaction mixture and the vector and insert DNA were separated by 

electrophoresis through a 0.6-1 % low melting point agarose gel (Sigma typelll) 

depending on their size. The DNA was viewed under long wave UV light (366nm 

X). The insert band was cut out in as little agarose as possible, weighed and
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CIH2 O added at 1.5 ml/g gel. The mixture was boiled for 10 minutes to melt the 

agarose then stored at -20°C.

2.2.9 Southern blot hybridization

2.2.9.1 Random primer DNA labelling

DNA probes were radiolabelled by the random hexanucleotide primer method

(Feinberg and Vogelstein 1983) using Amershams multiprime DNA labelling kit

(RPN1601Z) as directed by the manufacturer. Essentially random

hexanucleotides are annealed to the probe DNA and extended by the Klenow

fragment of E coli DNA polymerase I in the presence of a^^-dCTP. This resullts

in short radioactive copies of the original template DNA. lOpI of insert DNA (50- 

lOOng) were made upto 28pl with H2 O and boiled for 10 minutes to denature the

DNA. lOpI of buffer solution and 5pl of primer solution were immediately added 

to the denatured DNA and quenched on ice. 2pl (2units) of Klenow enzyme and 

5pl of a^^-PdCTP (lOpCi/pl 3000-4000Ci/mmol, Amersham International) were 

added to the tube, spun briefly to mix and incubated for at least 3 hours at room 

temperature. The reaction volume was then expanded by addition of lOOpI of 

3xSSC and and unincorporated nucleotides were removed by spinning through a 

Sephadex column. The column was prepared by plugging a 1ml syringe with 

siliconised glass wool and filling it with sephadex G-50 (Pharmacia) which had 

been preswollen in STE. The syringe was then placed in a boiling tube and spun 

at 1500rpm, 3 minutes. The eluate was discarded, the reaction mixture loaded 

onto the column and spun again. Unincorporated nucleotides remain bound to 

the sephadex column and the labelled DNA probe is eluted. The efficiency of 

labelling was checked with a Geiger counter.

2.2.92 Hybridization

The Gene Screen Plus membrane was prehybridized in 100ml of 5% Dextran 

Sulphate ; 1M NaC I ;1%SDS for at least 15minutes at 65°C in a shaking water 

bath. Radioactive probe DNA was mixed with 300pl of lOmg/ml sheared salmon
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sperm DNA (Sigma type III) and denatured by boiling for 10 minutes. This was 

added immediately to the prehybridization solution and hybridization carried out 

at the same temperature for 16-20 hours. The salmon sperm DNA competes with 

labelled probe DNA for the non-specific sequences on the membrane bound 

DNA.

2.2.9 3 Filter wash

The hybridization solution was poured off and the membrane washed in 2xSSC ; 

1%SDS, room temperature for 10 minutes with constant agitation. This was 

followed by 2x30 minute washes in 2xSSC m; 1%SDS at 65°C. If necessary a 

high stringency wash in 0.1 xSSC at 65°C was carried out at 15 minute intervals 

until the background had been reduced sufficiently. The membrane was blotted 

between paper towels to remove excess liquid and wrapped in "Saran Wrap" to 

prevent it from drying completely. It was then exposed to two sheets of Fuji RX-L 

X-ray film, using Dupont "lightening Plus" intensifying screens at -70°C. For 

membranes with very weak signals the film was preflashed to speed up 

autoradiography. One of the sheets was developed the following day, the second 

upto 14 days later.

2.2.S.4 Removing probe from filter

Radioactive probe was stripped from the Gene Screen Plus membrane by

incubating in 0.1M NaOH with gentle agitation for 2x30 minutes at room 

temperature. It was washed in distilled H2 O for 30 minutes and checked with a

Geiger counter to ensure all radioactivity had been removed. It was then ready to 

hybridize with the next probe.

2.2.10 RNA preparation

2.2.10.1 From cultures

All the usual precautions for handling RNA were taken. In general RNA was 

prepared from 12x80cm^ Nunclon flasks or 6x175cm^ flasks of cells which were
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just short of becoming confluent. The cells were first washed twice with 0.9% 

saline. To lyse the cells 3ml of 6 M GuHCI ; 0.2M NaoAc pH5.6 (freshly made) 

were added to each flask and left on a rocking platform for 5 minutes. The 

viscous suspension was poured into a falcon tube and then passed through a 

0.8mm needle and syringe. 1/2 volume of "Aristar" absolute ethanol was added 

to the lysate and left at -20°C overnight to precipittate the RNA. This was 

transferred to a 30ml corex tube and spun at 10K, 15 minutes, 4°C. The crude 

RNA pellet was dissolved in 10ml of Urea solution (appendix 9) and extracted 

with a mixture of phenol, chloroform and isoamyl alcohol (25 : 24 : 1). 2 volumes 

of ethanol were added to the the aqueous layer and left at -20°C overnight. The 

RNA precipittate was spun down at 10K, 10 minutes, 4°C and the resulting pellet 

washed in 80% HEPES buffer (appendix 9). The RNA was pelleted again, freeze 

dried and and resuspended in 1ml of lOmM HEPES buffer (appendix 9). 0.175g 

of NaCI were added and dissolved. The solution was incubated at -20®C 

overnight. The RNA precipittate was spun down at 10K, 15 minutes, 4°C. The 

pellet was washed twice with 3M NaoAc pH7 and once with 80% HEPES. The 

final pellet was freeze dried and resuspended in 750pl of lOmM HEPES. The 

RNA concentration was measured by reading the absorbance at 260nm X as for 

DNA (section 2.2.6.4). The RNA was stored at -70°C.

2.2.10.2 From tissue

The method used was a modification of that of Chomczynski and Sacchi (1987). 

Frozen tissue (approximately 500mg) from which RNA was to be extracted was 

wrapped in aluminium foil and placed in liquid Nitrogen for at least 1 minute. The 

foil was then quickly removed from the liquid nitrogen, folded between four 

sheets of paper towels and hit with a wooden mallet five times. The resulting 

powdered tissue was immediately removed from the foil and placed in a 1.5ml 

Eppendorf tube containing lOOpI of Solution D (appendix 9). The tissue was then 

homogenized using a microhomogenizer (Biomedix). The homogenate was 

transfered to a sterile 15ml Corex tube and 5ml of Solution D added. 500pl of 2M
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NaoAc pH4, 5ml of H2 O saturated phenol and 1ml of chloroform : isoamyl

alcohol (49:1) were then added sequentially with thorough mixing after the 

addition of each reagent. The final suspension was vortexed for 10 seconds and 

cooled on ice, 15 minutes. The sample was then centrifuged at lO.OOOrpm, 20 

minutes, 4°C. The aqueous solution was transferred to a fresh tube, washed with 

5ml of isopropanol then incubated at -20°C overnight to precipitate the RNA. 

This was centrifuged as before. The resulting RNA pellet was dissolved in 0.3ml 

of Solution D, transferred to a 1.5ml Eppendorf tube and precipitated with 1 

volume of isopropanol at -20°C overnight. The sample was spun in a 

microcentrifuge for 10 minutes at 4°C. The pellet was washed in 75% ethanol, re

pelleted, freeze dried and dissolved in 50pl of 0.5% SDS.

2.2.10.3 Checking RNA integrity

The integrity of RNA preparations was checked by running a small sample on a 

1.25% agarose gel and visualizing the ribosomal bands. The agarose gel was 

prepared by boiling 0.6g of agarose in 50ml of IxRE buffer (appendix 11). This 

was cooled slightly, poured into a minigel apparatus and allowed to set. RNA 

samples were prepared as follows : 5pg of RNA in SOpI of dH2 0  were mixed with

6 pl of RE loading buffer (appendix 11) in an Eppendorf tube. The mixture was 

heated to 80°C to denature the RNA then quenched on ice for 5 minutes. The 

RNA samples were loaded onto the gel and electrophoresis was carried out in 

100ml of 1 xRE buffer at 50V for approximately 1 hour. The gel was then stained 

in 100ml of Ipg/ml ethidium bromide for 30 minutes. The RNA was visualized 

on a UV transilluminator at 254nm X and photographed as for DNA.

2.2.10.4 Selection of polyA"*" RNA

Polyadenylated RNA was purified from non-polyA"*" RNA (ribosomal and transfer 

RNA) by selection on oligo(dT) cellulose. The method relies on base pairing 

between the polyA'*’ residues at the 3'end of mRNA and the olig(dT) residues 

coupled to the cellulose column matrix. Non-polyA^ species are not bound and
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are readily washed off the column. The bound PolyA'*' RNA is eluted by lowering 

the amount of salt in the column buffer.

A column was prepared by plugging a 2ml syringe with siliconized glass wool.

Oligo(dT) cellulose slurry, suspended in loading buffer B (appendix 10) was

poured into the column until the final packed column volume was about 0.5ml. 

This was washed with dH2 0  until the pH of the effluent was < 8  (by pH paper).

The column was washed with 5ml of loading bufferA (appendix 10) to equilibrate. 

The RNA sample (1-1 Omg) was dissolved in SOOpI of dH2 0  and heated to 65°C

for 5 minutes. 500pi of loading Buffer A, prewarmed to 65°C, were added, mixed 

and cooled at room temperature, 5 minutes. This 1ml sample was applied to the 

column. The eluate was collected in an Eppendorf tube, heated to 65°C for 5 

minutes, then cooled at room temperature, 2 minutes. The eluate was re-applied 

to the column. This was followed by washing the column with 5ml of loading 

Buffer B. The eluate from this wash containing non-polyA'*' RNA was discarded. 

1.5ml of elution buffer (appendix 10) were added to the column and 10 drop 

fractions were collected in Eppendorf tubes. RNA containing fractions were then 

identified in an ethidium bromide/agarose plate assay as follows : an ethidium 

bromide agarose plate was prepared by boiling 0.4g of agarose in 40ml of TAE. 

When cool (about 60®C) 4pl of ethidium bromide (lOmg/ml) were added. The 

mixture was poured into a petri dish and allowed to set at room temperature. 2 pl 

of each 10 drop fraction was spotted onto the plate. After 30 minutes the plate 

was visualized on a UV transilluminator at 254nm X. All positive PolyA'*' RNA 

samples showing red flourescence were pooled together then purified by 

precipitating with 1/2 volume of 3M NaoAc pH6  and 2.5 volumes of ethanol at 

-20°C overnight. The sample was spun in a microcentrifuge, 5 minutes at 4®C. 

The resulting pellet was washed in 500pl of 60% ethanol. The sample was spun 

again and the final pellet was freeze dried and resuspended in 50pl of 0.5% 

SDS. A 2pl aliquot was run on a 1.2% RE gel (as for checking RNA integrity 

section 2.2.10.3) to check the quality of the preparation, the PolyA"*" RNA was 

stored at -70°C.
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2.2.11 Northern blots

2.2.11.1 RNA formamide I formaldehyde gel

PolyA'*' RNA was size fractionated by electrophoresis through a denaturing

formamide / formaldehyde gel. The gel was prepared by boiling together 1.5g of 

agarose and 73ml of dH2 0 . When cool (about 60°C) 10ml of lOxMOPS buffer

and 16.2ml of 37% formaldehyde were added, mixed well and immediately 

poured into a gel mould (BRL H5) with a 14 well 2mm wide comb. RNA samples 

were prepared by mixing together the following in an Eppendorf:

l-IO jjgRNA 9|j|

lOxMOPS buffer 4pl

37% formaldehyde 7pl

Formamide (deionized)* 20|jl

*see appendix 1 1

A nonpolyA"*" RNA sample was set up in the same way to serve as a size marker. 

The mixture was incubated at 60°C, 15 minutes then cooled on ice, 5 minutes. 

4|j| of RNA loading buffer (appendix 11) were added to each sample before 

loading onto the gel. Electrophoresis was carried out in 1 litre of 1 xMOPS buffer 

at 25V, 15 hours. At the end of electrophoresis the non-polyA'*' RNA marker lane 

was cut from the gel and stained in 100ml of Ipg/ml ethidium bromide. The 

ribosomal bands were visualized on a transilluminator. A ruler was placed 

alongside the gel and a photograph was taken.

2.2.11.2 RNA transfer

The RNA gel was washed for 15 minutes in distilled H2 O to clear the

formaldehyde and then blotted onto Gene Screen Plus membrane as for DNA 

(section 2.2.7.3). When RNA transfer was complete the membrane was rinsed in 

2xSSC to remove any residual agarose which may lead to background problems. 

The membrane was placed on Wattman filter paper and allowed to dry at room 

temperature. It was then wrapped in foil and baked at 80°C for 2 hours to reverse
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the formaldehyde reacton. The hybridization, washing and autoradiography 

procedures were carried out as for DNA (section 2.2.9).

2.2.12 RNA slot blots

Slot blot analysis was used to examine mRNA expression levels of oncogenes 

(ras, myc) and tumour suppressor genes (RB, p53 and MCC40).

2.2.12.1 Setting up slot blots

RNA slot blots were prepared by mixing the following in an Eppendorf:

10pg total RNA 13.5pl

37% formaldehyde 6.5pl (6 %)

Formamide 29pl (50%)

The mixture was incubated at 50°C for 1 hour to denature the RNA then 

quenched on ice. The RNA was divided into the following fractions : 

pg 5 2.5 1.25 0.625

Ml 20 10 5 2.5

These were put into fresh Eppendorf tubes and made upto lOOpI with dH2 0 . A

non-polyA'*’ RNA sample was set up in the same way to serve as a negative 

control so that putative mRNA signals are not due to non-specific binding to non

poly A"*" RNA. Gene Screen Plus membrane and two sheets of Wattman 3mm 

paper were cut to fit the slot blot apparatus (Schleicher and Schull SRC 07210) 

and soaked in dH2 0  for 15 minutes. The excess water was then blotted off and

the filter paper and membrane were positioned on the apparatus. This was 

clamped tightly. The diluted RNA samples were pippeted into the wells and the 

solution was allowed to remain on the membrane without suction for 30 minutes. 

A slight suction was then applied for 10 minutes The membrane was removed 

and allowed to dry at room temperature. It was then baked at 80°C for 2 hours. 

Hybridization to one of the probes ONI (N-ras), MCC40 (MCC), pEJ6 . 6  (H-ras), 

p640 (K-ras), pGH2.2 (RB 3.8), pProsp53 (p53) and pUCCDIA (c-myc) was 

carried out as for DNA southern blots (section 2.2.9.2).
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2.2.12.2 Washing slot blots

RNA slot blot membranes were washed in 2xSSC ; 1 %SDS at room temperature 

for 10 minutes followed by a wash in O.IxSSC ; 0.1%SDS at 65®C for 10-30 

minutes or until the background had been sufficiently reduced as determined 

with a Geiger counter.

2.2.12.3 Washing probe off filter and rehybrldlzatlon

Following autoradiography the probe was washed off and the membrane 

rehybridized to (3-actin probe which served to normalize for loading. Two different 

washing procedures were used. Initially method (i) as recommended in the Gene 

Screen Plus manual (section 2.2.12.3) was used. However this was found to be a 

relatively harsh method which resulted in very weak p-actin signals due to 

washing off of the membrane bound RNA as well as the probe. An alternative 

more successful washing procedure (method (ii) section 2.2.12.3) was therefore 

used on one of the filters; the one previously hybridized to MCC40. Since RNA 

samples on this filter were (near) duplicates of samples on other filters 

(hybridized to different probes) the p-actin signal on this filter was used to 

calculate RNA loading on all filters. The expression of a particular gene in 

tumour tissue relative to normal testis tissue from 23MA was calculated from 

intensity ratios obtained as follows:

oncogene or tumour suppressor / Actin signal in 
gene signal in tumour RNA /  tumour RNA 
oncogene or tumour suppressor / Actin signal in normal 
gene signal in normal testis RNA /  testis RNA

2.2.12.3.1 Method (i)

500-600ml of a solution of 0 .0 1 % SDS in 0.01 xSSC was brought to the boil. The 

membrane was placed in a tray on a rocking platform and about 100-150ml of 

the hot solution was poured onto the membrane and agitated for 2-3 minutes.
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The solution was then poured off and the process repeated 4-5 times. The 

membrane was then blotted between paper towels and autoradiographed for a 

couple of nights to ensure sufficient removal of probe.

2.2.12.3.2 Method (ii)

Slot blot filters were stripped of radioactive probe by washing in O.IxSSC ; 

0.1%SDS for about 1 hour at room temperature or until all the radioactivity had 

been removed. The membrane was autoradiographed for a couple of nights to 

check there was no residual radioactivity. The membrane was then hybridized 

with p-actin probe as before (section 2.2.9).

2.2.13 Densitometry

Densitometry was carried out on autoradiographs using a Joyce-LoebI 

Chromoscan 3 densitometer.

2.2.14 Polymerase chain reaction (PGR)

All precautions necessary for avoiding contamination of the PCR reaction were 

taken, most of these are described by Kwok and Higuchi (1989). The region 

surrounding codons 12 and 13 of the first exon in the Kras gene was amplified 

using specific primers 21 oligonucleotides long. The sequence of the primers (K1 

and K2) is given in appendix 14. The PCR reaction mixture was set up as 

follows:

genomic DNA 1 pg

DMSO lOpI

primers 50 pmol each

dNTPs (appendix 12) 15pM each

1 0xPCR buffer (appendix) 10 pi

ddH2 0  up to lOOpI

A negative control sample was set up in the same way. The mixture was spun 

briefly to mix. The tubes were set up in the PCR machine (Hybaid) and the DNA
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was denatured at 95®C for 5 minutes. 1̂ 1 of Taq Polymerase (5U/|jI) was quickly 

added followed by lOOpI of paraffin to stop evaporation. The PCR program was 

run for 30 cycles as follows:

dénaturation 90°C 30 seconds

annealing 48°C 30 seconds

elongation 72°C 30 seconds

At the end of the run the aqueous layer was transferred to a fresh tube and a 

10pl aliquot was run on a 2% agarose minigel gel in TAE, 30-60 minutes at

25-50V, to check amplification. A X 123bp ladder was run alongside the

samples to serve as a size marker. The PCR fragments were visualized on a UV 

transilluminator (254nm X). The amplification results in an 111 bp product, the 

sequence around codon 1 2  is given in appendix 14.

2.2.15 Dot blots

2.2.15.1 Setting up dot blots

Amplified DNA was denatured by bringing it to a final concentration of 0.4M 

NaOH as follows:

PCR product lOpI

2M NaOH 5pl

0.25M EDTA 2.5pl

ddH20 7.5pl

The final mixture was dot blotted onto Gene Screen Plus membrane in duplicate 

using a BRL Hybri Dot Manifold. The method is essentially the same as used for 

RNA slot blots (section 2.2.12.1). The membrane was dried at room temperature.

2.2.15.2 End labelling of oligonucleotide probe

Olignucleotide probe was end labelled using T4 Polynucleotide Kinase. This 

enzyme specifically transfers the y^^P label from ATP to a 5'OH on the DNA. The 

reaction mixture was set up as follows:

10xT4 Kinase buffer (appendix 13) 1 pi
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7^2 p ATP 1 |j|

Polynucleotide Kinase 1 pi

Oligonucleotide probe (appendix 14) 250ng

ddH2 0  upto lOpI

The mixture was incubated at 37®C for 1 hour. Unincorporated oligonucleotides 

were removed by spinning through a sephadex G-25 (Pharmacia) column (as for 

section 2.2.9.1).

2.2.15.3 Dot blot hybridization

The method used was that of Farr et al (1988). The membrane was 

prehybridized for 30 minutes at 55®C in the following solution:

3M tetramethyl ammonium chloride (TMAC)

50mM Tris HCI pH7.5 

2mM EDTA 

0.3% SDS

lOOpg/ml salmon sperm DNA (sheared)

SxDenhart's solution (appendix 13)

The labelled probe was added directly to the hybridization solution and 

hybridization was carried out for 1 hour at 55®C with constant agitation. One of 

the duplicate filters was hybridized to the K-ras wild type probe, the other was 

hybridized to a "cocktail" consisting of a mixture of three 19 base pair 

oligonucleotide probes each specific for one of the possible base substitutions at 

positioni of codon 1 2  (see appendix 14 for probe sequences ).

2.2.15.4 Washing of membrane

The washing procedure was as follows:

2x10 minutes at room temperature in 2xSSPE ; 0.1%SDS 

30 minutes at 65°C in TMAC*

*Same as the hybridization mixture but without salmon sperm DNA.
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The membranes were autoradiographed overnight. Since positive control 

samples for the mutant probes were not available the success of the 

hybridization was assessed by carrying out overnight autoradiography on the 

membranes after the first nonstringent wash in SSPE. The second high 

stringency wash in TMAC, which discriminates between a fully matched hybrid 

and a one base-pair mismatched hybrid, was carried out the following day.

2.2.16 Statistical methods

The fractional allele loss (FAL) in each individual tumour was calculated by 

dividing the number of chromosomal arms on which allelic loss was observed by 

the number of chromosomal arms for which allelic markers were informative in 

the patients normal cells. The Mann-Whitney U was applied to test for any 

significant difference in FAL between the group of seminomas and NSGCTs.
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3 RESULTS

3.1 Patient I sample description.

Genetic studies (LOH, gene expression, RB gene structure and K-ras activation)

were carried out on 41 TGCT patients aged between 2-57 years. Thirteen of the

tumours were seminomas, 24 were NSGCTs and 5 were combined tumours

(14PA was of unknown histology). Thirty-five of the tumours were primary

samples and seven were secondary tumours (Table 3.1). The tumour from SOB! 

had two components, a seminomatous component designated and a less

differentiated component, S2  Both a primary tumour and secondary tumour were

obtained from 27LY. Prior treatment in the form of chemotherapy or radiotherapy 

or both was received in eight patients two of whom had primary tumours. 

Although treatment may result in genetic rearrangements in some somatic cells 

not normally associated with tumour pathogenesis the tumours derived from 

patients who had previous therapy were considered worth studying provided this 

was borne in mind.
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Tables. 1 Patient / sample description

Patient Age at Samples
No._____ diagnosis received

Histology Tumour
size

Prior
treatment

Cultures Modal
established chromosome No.

2KO 24 primary tumour,
blood

combined seminoma / MTI 4cm D none Tuc
normal

56
46XY

4DA 17 primary tumour,
blood

SKI 36 primary tumour.
skin biopsy, 
blood

MTI

MTI

10x7x5cm chemotherapy Tua
Tub

KDK
normal

60
59

56
46XY

14PA

16MU 26

18BE 37 

19HU 22 

20AB 33

primary tumour, 
normal tissue

primary tumour, 
normal tissue, 
skin biopsy, 
blood

primary tumour, 
blood

primary tumour, 
blood

secondary lymph node 
tumour in lung, 
blood

MTI

seminoma

teratoma

metastatic teratoma (MTU), 
original tumour malignant teratoma 
predominantly of yolk sac type

testis diameter 
8cm almost 
entirely replaced 
by tumour

testis 9 X 5.5 X 5cm 
replaced by tumour

biopsy 1cm D

3 firm spherical 
nodes, largest 1cm

none

chemotherapy

Tua(fb)
Tub(fb)
Tue(ep)
Ne(fb)
Ne(ep)
Nd(fb/ep)
Nb(fb)
normal

normal

59
59
55/56
58
56
55/56
46/60
46XY

46XY



Patient Age at Samples
No.____ diagnosis received

Histology Tumour
size

Prior
treatment

Cultures Modal
established chromosome No.

23MA 21 primary tumour, 
normal testis, 
normal skin, 
blood

MTU with focal yolk sac normal 46XY

25HE 35 primary tumour in 
undescended testis, 
normal tissue, 
blood

seminoma
some seminiferous tubules contain 
CIS

4cm max D previous attempted normal 
orchidopexy

46XY

27LY 26 
(1986)

27LY
(1987)

29HU 22

primary tumour, 
blood

secondary tumour,

primary tumour 
blood

MTU with areas of yolk sac and 
trophoblastic tissue and few areas 
showing slight organoid differentiation

metastatic differentiated teratoma

malignant teratoma predominantly yolk 
sac pathology with trophoblastic foci 
and some areas of somatic 
differentiation

tumour
5 X 3.5 X 2.5 cm

12x6x5cm

testis 7 X 5 X 4.5 cm 
tumour 6 cm 
maximum diameter

normal 46XY

chemotherapy

30BI 31 primary tumour,
normal testis, 
normal cord, 
blood

31BL 34 secondary tumour in
blood

classical seminoma with some areas 
less well differentiated (might be 
classified as anaplastic or poorly 
differentiated type)

tumour occupies 
most of testis 
which measures 
6x7x3.5cm

metastatic teratoma (MTI) in left groin 2.5cm max D

none

none

normal

normal

46XY

46XY



Patient Age at Samples
No.____ diagnosis received

Histology Tumour
size

Prior
treatment

Cultures
established

Modal
chromosome No.

32GA 23 primary tumour, 
normal tube, 
blood

M IT  with yolk sac elements 4cm D none Tue
Tuf
Tug
normal

61
60
59/60
46XY

33MI 2 years primary tumour, 
3 months normal tissue

34DA 25 primary tumour, 
normal cord, 
blood

yolk sac tumour

combined seminoma /  MTI

testis measures 
3.5x2.5x2.5cm and 
is replaced by tumour

seminoma=2.5cm D 
MTI=1.5cm D 
the two tumours are 
distinctly separate 
nodules

none normal

Tuc
Tud
Tua
Tuf
Tug
Tuj
normal

46XY

106/107
108
64
64
64
64
46XY

35WA 30 primary tumour, 
normal, 
blood

classical seminoma 
CIS widespread

6.5cm max D none normal 46XY

36ER 32 primary tumour, 
normal cord, 
blood

MTI with extensive yolk sac tumour 
and focal seminoma

6.5cm D occupying 
almost all testis

none Tue
Tuf
normal

65

46XY

37PA 57

38ZE 39

primary tumour in 
right testis, 
blood

primary tumour, 
blood

classical seminoma

pine yolk sac tumour (MTU)

Testicle and
coverings
5.5 X 4 X 3.5cm

7cm D

left testis 
orchidectomy 
radiotherapy of 
para aortic region 
and antibiotics

normal 46XY



Patient Age at Samples
No.____ diagnosis received

Histology Tumour
size

Prior
treatment

Cultures Modal
established chromosome No.

39CA 24 para aortic node 
secondary tumour, 
normal tissue 
blood

metastatic teratoma 
(immature teratoma) 
with foci of CIS

5cmD chemotherapy

40BY 26 primary tumour, 
normal testis, 
normal cord, 
blood

MTI/seminoma with yolk sac elements 4cm D 
CIS in tubes near tumour

none normal 46XY

41 DO 57

42AN 42

primary tumour, 
normal testis, 
blood

primary tumour, 
normal tissue, 
blood

classical seminoma

classical seminoma

testis 10x8x6cm none
almost entirely 
replaced by tumour

3cm D none

normal

normal

46XY

46XY

43TH 22 para aortic node 
secondary tumour, 
blood

metastatic cystic teratoma chemotherapy

44RO 37 para aortic node 
secondary tumour, 
blood

mature teratoma 75x15x45mm chemotherapy

46SM 31 primary tumour, 
spermatic cord, 
blood

typical seminoma CIS in one area 
of tubules

testis 8x6x4cm none 
replaced by tumour

normal 46XY



Patient Age at Samples
No. diagnosis received

Histology

47HO 34 para aortic node 
secondary tumour, 
blood

MTI and yolk sac tumour

48MI 46 primary tumour 
blood

seminoma

49TY 27 primary tumour 
blood
normal testis

pure seminoma

50 DA primary tumour 
blood

classical seminoma

51 FI 44 primary tumour 
blood

MTU /  seminoma

3101 KO 25 primary tumour 
WBC

MTI

3102JÜ 39 primary tumour 
WBC

seminoma

3103BA 33 primary tumour 
WBC

MTI

3104KU 31 primary tumour 
WBC

EC

Tumour
size

Prior
treatment

Cultures Modal
established chromosome No.

3.5x2.5x2cm radiotherapy/
chemotherapy

65x60x45cm none

5cm D none

none

none

none

none

none



Patient Age at Samples
No.____ diagnosis received

Histology

3105BA 44 primary tumour 
WBC

mixed MTI/EC

3106LY 26 primary tumour 
WBC

MTI with yolk sac and EC

3107MI 27 primary tumour 
WBC

MTI/EC

3108PE 42 primary tumour 
WBC

pure seminoma

Tumour
size

Prior
treatment

Cultures Modal
established chromosome No.

none

none

none

none



3.2 Details of aneuploid cultures established

Aneuploid cultures were successfully established from seven patients: 2K0, 

4 DA, 6 KI, 16MU, 32 G A, 34 DA and 36ER. Normal diploid cultures were also 

obtained from all these individuals except 4DA. Chromosome preparations were 

analysed from at least two parallel cultures from each tumour. Most chromosome 

analyses were done before 4-6 passages in culture as described by Farrington 

et al. (1987, 1994). In addition Atkin et al. (1993) have obtained tumour 

karyotypes from direct preparations or 24 hour cultures of three additional 

tumours; 42AN, 37PA and 51 FI.

The tumour culture derived from 2K0 had a modal chromosome number of 56. 

The only structural abnormalities were the i(12p), 11p+ and two markers of 

uncertain origin.

Two separate cultures Tua and Tub with modal chromosome numbers of 60 and 

59 repectively were derived from 4DA. The two cultures were very similar; both 

had an ilq, t11/16, 16q- 2 x i(12p) and two markers of uncertain origin. In 

addition Tub had a 12p+ rearrangement. More details on the karyotypes of 

tumour cultures from 2K0 and 4DA and 6 KI can be found in Farrington et al. 

(1987).

Tumour culture KDK from 6 KI had a modal chromosome number of 56. A 

chromosome 5 pericentric, inversion inv (5) was present in all cultures from 6 KI 

including blood and was therefore a constitutional rearrangement in this patient. 

Other rearrangements included a duplicated 1q, 11q+, t(12:19), 18q- and two or 

three copies of i(12p) (D. Wells personal communication, see figure 3.1).

Seven separate cultures were derived from two samples of 16MU. Cultures 

Tue(ep) and Ne(ep) had a modal chromosome number of 55/56 and were 

associated with an epithelial-like morphology, an ilq  and a t(9:10). Cultures 

Nb(fb), Tub(fb) and Tua(fb) had a mode of 59/60 and were associated with a 

fibroblast-like morphology, different chromosome 1 rearrangements and a 

t(9:20). Cultures Nd(fb/ep) and Ne(fb) were a mixture of the two modes.
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Representative karyotypes from 16MU Tue(ep) and Tub(fb) can be seen in 

figures 3.2 and 3.3.

Six cell lines were established from the combined tumour of 34DA. All had a 

fibroblast-like morphology. Two of the cell types, Tuc and Tud had a modal 

chromosome number of 106-108 and four, Tua, Tuf, Tug and Tuj, had a modal 

chromosome number of 64 thus showing that the two clones were present in 

vivo. Representative karyotypes from 34DATuc and Tuf are shown in figures 3.4 

and 3.5 respectively. The two different modes had six rearrangements in 

common; 4q+, 7q+, Ilq -, 12q-, 16q+ and 17p+. In addition the 64 clone had a 

1p+ rearrangement. The characteristic i(12p) marker was lacking in these 

cultures but the 1 2 q- marker chromosome has now been shown by in situ 

hybridization to be a 12:18 rearrangement (Farrington et a/., 1992. See figure 

3.13)

The two cultures from 32 G A Tuf and Tug showed very similar modal numbers 

(61 and 59/60) and kayotypes. The only structural rearrangements were an 

i(1 2 p) and 13p+.

Cultures Tue and Tuf from 36ER had virtually identical karyotypes with modes of 

65. Structural rearrangements included 1p+, 8 p- i(12p), 13p+, t(7:Y) and an 

unidentified marker which could have come from chromosome 1. The tumour 

cultures derived from 32GA and 36ER did not grow sufficiently well for any 

studies other than karyotypic analysis. (Full details of the karyotypes of 16MU, 

32GA, 34DA and 36ER can be found in Farrington eta!., 1994).
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3.3 Allele loss studies

3.3.1 Isozymes on chromosome Ip  in TGCT extracts

The isozyme data on chromosome 1p in 23 TGCT extracts is presented in 

table 3.2 and summarized in table 3.3. Only one of these individuals (32GA) was 

informative for PGD. Although the corresponding tumour from this patient was 

examined for loss of heterozygosity the isozyme separation on the the starch gel 

was not sufficient to give a reliable result.

Of 20 individuals tested for a-fucosidase 10 were informative but none exhibited 

LOH in the corresponding tumour. In one case (37PA) no result was obtained 

from normal tissue of the individual but the tumour was demonstrated to be 

heterozygous for a-fucosidase thus ruling out allele loss at this locus. The three 

common a-fucosidase phenotypes resolved by isoelectric focussing can be 

seen in figure 3.6.

PGM1 variants were analysed using both starch gel electrophoresis which 

recognizes three phenotypes (two of which are demonstrated in figure 3.7) and 

isoelectric focussing which resolves these variants into ten different phenotypes 

(three of these are shown in figure 3.8). Taking results from the two systems 

together, 11 of 22 individuals were heterozygous for PGM1. LOH was observed 

in only one case (4DA) which accounts for about 9% of informatives. The two 

different tumour cultures derived from this patient also exhibited allele loss with 

PGM1. This will be discussed further in section (3.3.2). When the Ip  isozyme 

results are considered together this gives a total of 17 informative individuals 

only one of which exhibited LOH in the tumour sample. This accounts for less 

than 6 % of the total. In cases where only the tumour was demonstrated to be 

heterozygous (e.g. 37PA) the data was not included in the percentage loss 

calculation.

3.3.2 Isozymes on chromosome Ip  in TGCT cultures

The isozyme data on chromosome Ip using the markers PGD FUCA and PGM1 

in tumour cultures derived from 2K0, 4DA and 6 KI are presented in table 3.4.
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34DA was uninformative with all three isozymes. Results from the original

tumours of 2K0 and 4DA have been included in this table for comparison with

tumour cultures. Fresh tissue extract was not available from 6 KI. All three

patients were uninformative for PGD. Tumour culture Tuc as well as original

tumour from 2KO retained heterozygosity for the two other isozyme markers on

1p, FUCA and PGM1. 2KO Tuc exhibited an imbalance in the relative intensity of

PGM1 isozymes (figure 3.7). This is probably the result of some extra

chromosome 1 p material which could be present in the marker of uncertain origin

(Parrington et ai, 1987). The imbalance with PGM1 was not noted in the original

tumour from 2K0 although this may have been overlooked.

Tumour cell lines Tua and Tub as well as the original tumour from 4DA all 

demonstrated loss of the PGIVÎ  2 allele. KDK exhibited loss of FUCA allele 1

(figure 3.6). These losses are consistent with the karyotypic data in these tumour 

cell lines, chromosome 1 C-band heteromorphisims were present in normal cells 

from 2K0, 4DA and GKI. Tumour cells from both 4DA and GKI had two normal 

number 1 chromosomes and a rearrangement of number 1 material to give a 

duplication of the long arm (see Parrington et ai, 1987). The 'normal' number 1 

chromosomes in these cells always had identical C-bands implying that one was 

completely duplicated whereas its homologue as a result of the rearrangement 

had lost most of the short arm. The 'normal' number 1 chromosomes from 2K0 

had different C-bands and were therefore not genetically identical which is 

consistent with retention of heterozygosity for alleles on this chromosome.
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Key to isozyme tables

MTU malignant teratoma undifferentiated 

MTI malignant teratoma intermediate 

MTT malignant teratoma trophoblastic

T teratoma

S seminoma

Y yolk sac tumour

ST starch gel electrophoresis

lEF isoelectric focussing

constitutional homozygosity

2 - 1  retention of heterozygosity in tumour

2 < 1  isozyme 1 stronger than isozyme 2

1 ■‘‘r  retention of heterozygosity in tumour

2 " 1  retention of heterozygosity in tumour

2 " * " 1  retention of heterozygosity in tumour

BA retention of heterozygosity in tumour

B>A isozyme B stronger than isozyme A

1 isozyme 1 only in tumour (loss of constitutional heterozygosity)

2  isozyme 2  only in tumour (loss of constitutional heterozygosity)

^  constitutional heterozygosity but no result in tumour

[ ] result in tumour only

absence of entry means no result or not tested
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Table 3.2 Isozymes on chromosome 1p in TGCT extracts

Enzyme marker and gene locus

Patient Histology
PGD

1p36.3-p36.13
ST

FUCA
1 p35-p34 

lEF

PGM1
___ 1p22.1
ST lEF

2 KO S/MTI 2-1 2-1

4 DA MTI - 1

18 BE S - 2-1 - 1 + 1 -

19 HU T - 2-1

20 AB MTU - 2-1 - -

23 MA MTU - 2-1 - 1 + 1 “

29 HU MTT - - - -

30 Bl Si - 2-1 - -

31 BL T - - - -

32 GA MTT 2-1 - -

33 Ml Y - - - -

34 DA S/MTI - - - -

35 WA 8 - - - 1 + 1 -

37 PA s - [2-1] - -

38 ZE Y - - 2 - 1  +

39 CA MTI - - - -

41 DO 8 - 2-1 - -

42 AN 8 - - 2-1 2+1 +

46 SM 8 - - 2+1 +

48 Ml 8 - - 2-1 2+1 +

49 TY 8 - - 2+1 +

50 DA 8 - 2-1 - -

51 FI MTU/ 8 - 2-1 - 1 + 1 -
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Table 3.3 Summary of results with isozymes on chromosome 1p in TGCT
extracts

Enzyme marker and gene locus
total

PGD
1p36.3-p36.13

FUCA
1 p35-p34

PGM1
1p22.1

1p
results

No. tested 23 2 0 2 2 23

No. informative 1 1 0 1 1 17

No. iosses - 0 1 1

% loss - 0 9 6
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Table 3.4 Isozymes on chromosome 1p in TGCT cultures

Patient Culture / 
Tumour

Enzyme marker and gene locus

PGD
1p36.3-p36.13

ST

FUCA
1 p35-p34 

1ER

PGM1
1p22

ST 1ER

2 KO Tuc 2-1 1>2

Tumour - 2-1 2-1

4 DA Tua - 1

Tub - 1 [1-]

Tumour - 1

6KI KDK - 2 -
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FUCA

16MU 6KI

N Tue Tue N KDK

i
• f i

origin
2-1 2

Figure 3.6 Isoelectric focussing of afucosidase (FUCA) in normal (N) and 

tumour cultures from 16MU and GKI. Allele loss is demonstrated in tumour 

culture KDK (Courtesy of Sue Povey).
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PGM1

control fibroblasts 2K0

N Tuc

tiiii
Phenotypes 2-1 1 1 2-1 1>2

Figure 3.7 Starch gel electrophoresis of PGM1 isozymes in normal (N) and 

tumour culture Tuc from 2KO and control fibroblasts (Courtesy of Sue Povey).
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PGM1 lEF

38ZE 49TY 6 KI

N T bl N T N

Figure 3.8 Isoelectric focussing of phosphoglucomutase 1 (PGM1) isozymes 

in TGCT patients of phenotypes 2"1+, 2+1+ and 1+. N=normal culture, T=tumour, 

bl=blood. Positions of the 2' ,̂ 2" and 1 bands are indicated by arrows.
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3.3.3 DNA probes on chromosome 1p in TGCT extracts

DNA from 33 testicular tumour patients was examined for loss of constitutional 

heterozygosity using four DNA RFLP markers located near the tip of 

chromosome 1p. The results are presented in table 3.5 and summarized in 

table 3.6. Thirty one patients were informative for one or more of the probes on 

1p. Changes in tumour DNA were seen in only one case, the seminoma from 

46SM which exhibited a marked reduction in intensity of the smaller allele 

hybridizing to probe pPGDHI (figure 3.9A). Such decreased intensity of one of a 

pair of allelic fragments rather than complete loss may reflect the presence of 

normal tissue in the tumour or the coexistence of more than one cellular clone or 

both. These cases have been classified as losses in the summmary tables. The 

tumour from 46SM retained heterozygosity with two other informative markers on 

1p (AF3 and pXMS1) thus ruling out loss of a whole chromosome arm as the 

mechanism of allele loss. No result was obtained with the constitutional DNA 

from 3102JU using probes pPGDHI and AF3. However the corresponding 

tumour was shown to be heterozygous at these two loci thus ruling out allele 

loss.

For most of the probes on 1p there were more tumours showing a balanced 

distribution of alleles as compared with normal DNA (table 3.6). The only patient 

informative for PJA119 (32GA) demonstrated an imbalance in the relative 

intensity of alleles in corresponding tumour DNA. This imbalance may be due to 

duplication of a small section of chromosome containing the larger allele or may 

reflect an imbalance in the number of whole chromosome 1 homologues. The 

latter is supported by allelic imbalances at two other informative loci on 1p (AF3 

and pA,MS1) as well as all informative loci on 1q (see table 3.7) and by the 

presence of three copies of chromosome 1 in short-term cultures of the tumour 

tissue. In 10 tumours an even pattern of bands was exhibited with two or more 

informative probes on chromosome 1 p thus suggesting the existence of an equal 

number of each 1p homologue in most tumours. In 4 tumours the relative 

intensity of alleles was uneven with two or more probes on Ip  indicating an
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imbalance in the number of copies of each 1p homologue. Five tumours 

exhibited a discordant pattern of bands at two or more loci thus hinting at more 

complex rearrangements of chromosome 1p. In addition There was no 

preference for the more distal or proximal probe to exhibit an even or uneven 

pattern of bands in these tumours.

3.3.4 DNA probes on chromosome 1q in TGCT extracts

Thirty four testicular tumours were examined for LOH on chromosomelq using 

DNA RFLP markers at four loci. The results are presented in table 3.7 and 

summarized in table 3.8. All patients were informative for at least one of the 

probes on 1q five of which 3 (9%) exhibited allele loss with one or more markers, 

in addition 3 tumours demonstrated novel bands with A.IVIS32. The metastatic 

teratoma from 31 BL demonstrated LOH with all informative probes on 1q, 

PUM24P, pAT3c and A.MS32 (figures 3.9 and 3.10) suggesting loss of an entire 

1q arm. In addition on longer exposure of the XMS32 autoradiograph two novel 

weakly hybridizing fragments appeared revealing the presence of a minor 

subclone which had undergone rearrangement at this locus (figure 3.10). The 

appearance of novel bands with XMS32 may reflect the high rate of somatic 

mutation seen with this type of probe (Jeffreys et al. 1988). The tumour retained 

heterozygosity with two informative markers on Ip, pPGDHI and p^MSI thus 

ruling out loss of a whole chromosome 1 homologue.

The combined tumour from 34DA demonstrated allele loss with AT3 and 

decreased intensity of an allele with XMS32 (figure 3.12 and). In this case 

reduction of allele intensity may be due to the coexistence of more than one 

cellular clone rather than contaminating normal tissue. This will be discussed 

further in section 3.3.5. 34DA was uninformative for PB3 and no result was 

obtained with PUM24P so it was not possible to determine whether the deletion 

encompassed these two loci. The tumour retained heterozygosity with the only 

informative Ip  marker plIVISI thus ruling out loss of a whole chromosome 1 

homologue.
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The MTI from 3107MI exhibited decreased intensity of an allele with PUM24P 

(figure 3.9). The patient was uninformative for PB3 and gave no result with 

pAT3c but the tumour retained heterozygosity with A.MS32 so the deletion did not 

involve the entire 1 q arm.

Novel bands with ^MS32 were also seen in the tumours of two other patients,

30BI and 49TY (figure 3.10). A new identical sized fragment appeared in both 

the seminoma (S^) and less differentiated component of the tumour ($2 ) from

30BI thus providing strong evidence for a common origin of both components. 

The relative intensity of 1q alleles in the majority of tumours was even rather 

than uneven. Ten tumours (not including 27LY and 42AN) exhibited an even 

pattern of bands with two or more informative probes on chromosome 1 q thus 

suggesting the presence of an equal number of each 1q homologue. In 5 

tumours an uneven pattern of bands was exhibited with two or more informative 

probes on 1 q indicating an imbalance in the number of copies of each 1 q 

homologue. Eight tumours (including 27LY and 42AN) demonstrated a 

discordant pattern of bands at two or more loci on 1 q thus implying the 

occurrence of more complex rearrangements on this chromosome arm.

All patients were informative for at least one of the probes on chromosome 1. 

Four of these (12%) demonstrated allele loss in their tumour DNA and three 

exhibited novel bands giving a total of six (18%) showing changes.
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Key to DNA RFLP marker tables

MTU malignant teratoma undifferentiated 

MTI malignant teratoma intermediate

MTT malignant teratoma trophoblastic

T teratoma

S seminoma

Y yolk sac tumour 

constitutional homozygosity

1 . 2  constitutional heterozygosity retained in the tumour 

1 *2 Alleles of equal intensity

1 >2 Larger allele more intense than the small

1 < 2  smaller allele more intense than the large

1 presence of the larger allele only

2  presence of the smaller allele only

( ) Trace

[ ] Results in the tumour only

® altered band size

^ additional band(s)

* More than two bands in the constituitonal DNA

♦ Two or more informative probes demonstrate an even intensity of alleles

V  Two or more informative probes demonstrate an uneven intensity of 

alleles

•  Two or more informative probes demonstrate a discordant pattern of a 

allele intensity

Absence of entry indicates no result or not tested
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Table 3.5 DNA RFLP markers at loci on chromosome 1p in TGCT extracts

Patient Histology

Probe, locus and enzyme

Allele
Intensity

status

PJA119
PND
1p36
TaqI

pPGDHI
PGD

1p36.3-p36.13
BamHI

AF3
FucAl

1p34
PvuII

pkMSI
D1S7

1p35-p33
Hinfl

14 PA 1 * 2
16 MU MTI - - -

19 HU T - 1 * 2 1 * 2 1 * 2 ♦
23 MA MTU - - 1<2 1 * 2 •
25 HE 8 - - 1 * 2 1 * 2 ♦
27 LY MTT or TD - - 1. 2 1<2
29 HU MTT - - 1>2
30 Bl $2 - 1 * 2 1 * 2 1 * 2 ♦

30 Bl Si - 1 * 2 1 * 2 1 * 2 ♦

31 BL T - 1 * 2 - 1 * 2 ♦
32 GA MTT 1>2 - 1<2 1<2 V
33 Ml Y - - -

34 DA S/MTI - - - 1<2
35 WA 8 - 1>2 - 1<2 V
36 ER MTI/ 8 - - - 1 * 2
37 PA 8 - 1 * 2 - 1 * 2 ♦

38 ZE MTU - - - 1 * 2
39 CA MTI - - - 1 * 2
40 BY MTI/ 8 - 1 * 2 1 * 2 ♦

41 DO 8 - 1<2
42 AN 8 - 1>2 1 * 2 •
44 RO TD - - 1 * 2
46 SM 8 1(2) 1>2 1>2 •
47 HA MTI - 1<2 1<2 V
48 Ml 8 1 * 2 - 1>2 •
49 TY 8 1 * 2 1 * 2 1 * 2 ♦

3101 KG MTI - - 1>2

3102 JU 8 [1*2] [1*2] 1 * 2 ♦

3103 BA MTI 1 * 2 1 * 2 1 * 2 ♦

3104 KU MTU - 1 * 2 1>2 •
3105 BA MTI 1<2 1<2 V

3106 LY MTI - - 1 * 2
3107 Ml MTI 1. 2 1 * 2 1 * 2 ♦

3108 PE 8 1 * 2
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Table 3.6 Summary of results with DNA RFLP markers on chromosome 1 p in
TGCT extracts

Probe and locus

PJA119
PND
1p36

p P G D H I
PGD

1p36.3-p36.13

AF3
FucA1

1p34

PA.MS1
D1S7

1 p35-p33
Total 1 

result!

No. tested 16 29 32 32 33

No. informative 1 10 15 31 31

No. losses 0 1 0 0 1

% loss 0 10 0 0 3

No. uneven 1 1 6 12 -

No. even 0 7 8 19 -

% uneven 100 12 43 39 -

% even 0 8 8 57 61

No. tumours with two or more 1 p probes showing an even pattern 10

No. tumours with two or more 1 p probes showing an uneven pattern 4

No. tumours with two or more 1 p probes showing a discordant pattern 5
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Table 3.7 DNA RFLP markers at loci on chromosome 1q in TGCT extracts

Probe, locus and enzyme

pB3 PUM24P pAT3c XMS32
AP0A2 AT3 D1S8 Allele

Patient Histology 1q21-23 1q21-q24 1q23-q25.1 1 q42-q43 intensity
MspI Hinfl PstI Alul status

14 PA 1*2 1*2 ♦
16 MU MTI - 1*2
19 HU I - 1*2 1<2 •
23 MA MTU 1*2 - [1.2] 1<2 #
25 HE S - 1*2 1*2 ♦
27 LY M TT or TD - 1<2 1*2 1-2 •
29 HU M TT - 1*2 1*2 1*2 ♦
30 Bi S2 - - 1<2 1.2b
30 81 Si - - 1<2 1.2b

31 BL T - 1 2 1b
32 GA MTT - 1>2 1<2 1>2 V
33 Ml Y - 1*2 1. 2
34 DA S/MTI - 1 1(2)
35 WA S 1<2 1<2 1>2 1<2 V
38 ER MTI/S - - 1*2
37 PA S - 1'2 - 1*2 ♦
38 ZE MTU - - - 1*2
39 CA MTI - 1>2 - 1>2 V
40 BY MTI/S - 1*2 1. 2 1*2 ♦
41 DO 8 - 1*2 1*2 ♦
42 AN S 1*2 1>2 - 1*2 •
44 RO TD - - 1*2
46 SM 8 - 1>2 1>2 V

47 HA MTI - 1.2 1>2
48 Ml 8 1*2 1*2 1*2 ♦
49 TY 8 1<2 1>2 1. 2b •
51 FI MTU/8 - 1*2 -

3101 KO Mil - 1>2 1>2 V

3102 JU 8 1*2 1<2 •
3103 BA MTI - 1>2 1*2 •
3104 KU MTU - - 1>2
3105 BA MTI - 1*2 1'2 ♦
3106 LY MTI - 1*2 1*2 ♦
3107 Ml MTI - 1(2) 1>2 •
3108 PE 8 - 1*2 1*2 ♦
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Table 3.8 Summary of results with DNA RFLP markers on chromosome 1q 
in TGCT extracts

Probe and locus

Total iq 
results

PB3
AP0A2
1q21-q23

PUM24P

1q21-q24

pAT3c
AT3

1q23-q25.1

XWS32
D1S8

1q42-q43

No. tested 33 31 15 33 34

No. informative 5 26 9 32 34

No. losses 0 2 2 2 3

% loss 0 8 22 6 9

No. novel bands 0 0 0 3 3

% showing changes 0 8 22 13 15

No. uneven 2 9 3 11 -

No. even 3 14 3 16 -

% uneven 40 39 50 41 -

% even 60 61 50 59 -

No. tumours with two or more 1 q probes showing an even pattern 10 

No. tumours with two or more 1 q probes showing an uneven pattern 5 

No. tumours with two or more 1q probes showing a discordant pattern 8
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A. pPGDHI B. PUM24P C. pAT3c

N T kb

11
9

N T N T kb

6 7

4 4

N T kb 

^  ^ 1 0

5.5

5 0

36SM 31BL 3107MI 31Bl

Figure 3.9 Southern hybridizations showing allele loss at loci on 

chromosome 1 in TGCT extracts. A. BamHI digested DNA hybridized with 

probe pPGOm (1p36.3-p36.13). B. Hinfl digested DNA hybridized with the 

hypervariable probe PUM24P (1q21-q24). C. PstI digested DNA hybridized with 

probe pAT3c (1q23-q25.1 ). T=tumour DNA, N=corresponding normal DNA 

Patient numbers are given below the autoradiographs.
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XMS32

(i) (ii)

N Si $2 N T kb N T N T kb

- 2 3

- 9 . 4

- 4 . 4

30BI 49TY 31BL

Figure 3.10 southern hybridizations showing the appearance of novel bands

(arrows) in TGCT extracts using the minisatellite probe ÀMS32 (1q42-q43)

hybridized to Alul digested genomic DNA. In case 30BI a novel fragment of 

identical size is present in the seminoma (S-j) and less differentiated component

of the tumour ($2). The tumour from 31 BL demonstrates loss of the smaller allele 

on overnight exposure of the autoradiograph (i), longer exposure (about 10 days) 

reveals two novel weakly hybridizing fragments (ii).
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3.3.5 DNA probes on chromosome 1 in TGCT cultures

The results with probes on chromosome 1 in TGCT cultures are presented in 

table 3.9. KDK demonstrated loss of heterozygosity with both informative probes 

on chromosome 1p; AF3 and ^MS1 (figure 3.11A and B). This is probably a 

result of loss one of the Ip  homologues due to formation of the dup Iq  marker. 

The two 'normal' copies of chromosome 1 had identical C-bands (Farrington et 

al., 1987). The culture retained heterozygosity with PUM24P and pAT3c on Iq 

but in each case the larger allele was more intense than the small. This implies 

there may be some extra Iq  material which cannot be accounted for from the G- 

band karyotype and was not apparent from in situ hybridization with a 

chromosome 1 -specific paint probe (D. Wells personal communication). The 

other informative probe on Iq, WS32 exhibited a rearrangement of the larger 

allele (figure 3.110). In addition there was an imbalance in the relative intensity 

of alleles which may be due to the same reason as described for PUM24P and 

AT3.

16MU Tue demonstrated allele loss with the only informative marker on Ip, 

XIVIS1 (figure 3.14A). This culture had lost a Ip  homologue as a result of ilq  

formation. The tumour culture retained heterozygosity with the two informative 

probes on Iq, PUM24P and A,MS32, and in each case the relative intensity of 

alleles was even. These findings fit in with the information from C-band 

heteromorphisms (Farrington at a/., 1987). The original tumour from 16MU was 

shown to retain heterozygosity with pAT3c and in this case the allelic banding 

pattern was also symmetrical.

The only informative probe on Ip  in 34DA was pÀlVISI. Heterozygosity for this 

marker was retained in all tumour cultures as well as the original tumour from 

this patient but in each case the larger allele was more intense than the small. 

The imbalance is probably due to a dosage effect resulting from the three extra 

copies of chromosome number 1 in cultures 34DATuc and Tud and from the 

additional 1p+ marker chromosome in 34DA Tua, Tuf, Tug and Tuj. C-band data 

show that the dosage of chromosome 1 heterochromatic region was 4 small to
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one large in Tuc and Tud. In Tua, Tuf, Tug and Tuj the C-bands were in the ratio 

2 large to one small (see figure 3.13). Heterozygosity was also retained for all 

three markers on Iq in cultures 34DATuc and Tud. Again the relative intensity of 

alleles was uneven. 34DA Tua, Tuf, Tug and Tuj however demonstrated allele 

loss with all probes on Iq (figure 3.12). These results would suggest that all the 

Iq arms in these cultures are identical. With A.IVIS32 the original tumour DNA 

gave a strong hybridization signal at the position of the larger allele and a much 

weaker signal at the position of the smaller allele (figure 3.120). Hybridization 

with pAT3c revealed the presence of only the larger (10.5Kb) allele (figure 

3.12B). However the hybridization signal with pAT3c was relatively weak so 

presence of the smaller allele (5.0 and 5.5Kb) cannot be entirely excluded. 

These results suggest that the tumour from 34DA is made up of at least two 

subclones, one which displays loss of heterozygosity for all Iq  markers and one 

which retains heterozygosity but with an uneven intensity of alleles, fluorescence 

in stiu hybridization studies have shown insertion of 1 2 p sequences into Iq 

regions on both chromosomes number 1 in 34DA Tuj which could have resulted 

in loss of Iq  material (figure 3.13)
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Table 3.9 DNA RFLP markers at loci on chromosome 1 in TGCT cultures

Patient Culture / 
Tumour

No. of 
# 1  

copies

Probe, locus and enzyme

pJA119
PND
1p36
Taql

pPGDHI AF3 
PGD FucAl

1p36.3-p36.13 1p34 
BamHI PvuII

pkMSI
D1S7

1 p35-p33 
Hinff

pB3
AP0A2
1q21-q23

MspI

PUM24P

1q21-q24
Hinfl

pAT3c
AT3

1q23-q25.1
PstI

X,MS32
D1S8

1q42-q43
Alul

6KI KDK 2 +dup1 q _ 2 1 - 1>2 1 > 2 1*< 2

16 MU Tue 2 +i(1 q) - - 1 - 1 * 2 1 * 2

Tumour - - - 1 * 2

34 DA Tuc 5 - - 1 < 2 - 1 > 2 1 < 2 1 > 2

Tud 5 - - 1 < 2 - 1 > 2 1 < 2 1 > 2

Tua 2+1p+ - - 1 < 2 - 1 1 1

Tuf 2+1p+ - - 1 < 2 - 1 1

Tug 2+p1 + - - 1 < 2 - 1 1 1

Tuj 2+p1 + - - 1 < 2 - 1 1 1

Tumour - - 1<2 - 1 1 (2 )

CO
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A. AF3 B. xm^ C. ÀMS32

N T kb N T kb N T kb

7.0
- 6  0 • #

- 2 3

- 9  4
- 6 . 7

- 4 3

- 4 . 4

- 2 . 3

Pvull Hinfl Alul

Figure 3.11 Southern hybridizations showing alterations with probes on 

chromosome 1 in tumour culture KDK (T) relative to corresponding normal DNA 

(N) from 6KI. A. PvuII digested DNA hybridized with probe AF3 (1p35-p33) 

demonstrating allele loss. B. Hinfl digested DNA hybridized with probe ?iMS1 

(1p35-p33) demonstrating allele loss. C. Alul digested DNA hybridized with 

probe ?iMS32 showing loss of the larger allele and appearance of a novel 

smaller band. Arrows indicate position of the deleted and novel bands.

131 •



A PUM24P B AT3c C %MS32

Tu
N a c d j f g kb

Tu Tu
N d j a T kb N c d a T g f j kb

-  6.7
-  10.5

-  6.7

Ca)
N3
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Figure 3 .12 Southern  b lot ana lys is w ith probes on chrom osom e 1q in cu ltures and tum our from  34DA. A  H in fl d igested DNA hybrid ized 

with the hyperva riab le  probe PUM 24P (1q21-q24) dem onstra ting  a lle le  loss in tum our cu ltures Tua, Tuf, Tug, and Tuj but not Tuc and 

Tud B. PstI d igested  DNA hybrid ized w ith probe A T3c (1q23-q25). The sm alle r a lle le  represented by two fragm ents of size 5.5Kb and 

5 0Kb IS absent in tum our cu ltures Tua and Tuj but is re ta ined in tum our culture Tud. C. A lu l d igested  DNA hybrid ized  w ith  the 

m in isa te llite  probe TMS32 dem onstra ting  loss of the sm aller a lle le  in tum our cu ltures Tua, Tuf, Tug, and Tuj but not Tuc and Tud. The 

orig inal tum our show s a m arked reduction  in in tensity of the sm aller a lle le



Normal Tuc, Tud

Chromosome 1

pX,MS1 1p35-p33

PUM24P 1q21-q24 
pAT3c 1q23-q25.1

XIVIS32 1q42-q43

probe alleles

p lM S I 1<2

P U M 24P  1^2 
pAT3c 1 <2

XMS32 1>2

Tua-j

1 i

pXMSI 1>2

rU M 2 4 P  I
pAT3c 1 

XMS32 1

cow

Chromosome 12
p640 12p12.1

I  XMS43 12q24.3-qler

p640 1.2

XMS43 1 >2

p640 1.2

ÀMS43 1>2

Chromosome 18

P i r \
0 C5 0

w
>— 0

1------ - OS-4 18q21 3-qter os-4 1<2
u 1 1----  pMS440 18q23 L, pMS44G 1 >2 u

OS-4 1 
pMS440 1

Figure 3.13 Results with paint probes for chromosomes 1,12 and 18 in cultures from 34DA.
Key: □ 12p specific paint probe, □ (x-satellite probe for D12Z3, □ a-satellite for D18Z1, ■ C-band material 
(Suijkerbuijk et al 1993)



A. xm:  B. pH3H2
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Figure 3.14 Allele loss on chromosomes 1p and 3p in TGCT cultures. 

A. Chromosome 1 allele loss in tumour culture 16MU Tue using the minisatellite 

probe ?iMS1 (1p35-p33) hybridized to Hinfl digested DNA. B. Chromosome 3 

allele loss in tumour culture KDK using probe pH3H2 (3p21) hybridized to 

H indlll digested DNA. Arrows denote positions of the deleted alleles.
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3.3.6 DNA probes on chromosomes 3 in TGCT extracts

Results with DNA RFLP markers on chromosomes 3 and 4 are presented in 

table 3.10 and summarized in table 3.11. Allelic deletions on chromosome 3 

were assessed using 2  probes, one on each chromosome arm. Of 18 patients 

informative for the 3p marker H3H2, two (46SM and 48MI) exhibited a marked 

reduction in intensity of an allele in their tumour DNA (figure 3.15A). Both 

patients were uninformative for the 3q marker HS3. Heterozygosity with HS3 was 

detected in eight individuals only one of which demonstrated a marked reduction 

in intensity of an allele in the corresponding tumour DNA (figure 3.158). This 

patient was uninformative for pH3H2. In total 21 individuals were informative for 

one of the probes on chromosome 3 three of which (14%) exhibited loss of 

heterozygosity in their tumours. The relative intensity of alleles in the majority of 

tumours was imbalanced with H3H2 implying that 3p is nearly always present 3 

times. Although this was not found to be the case with the 3q marker the number 

of individuals informative for HS3 was relatively small (table 3.11). Two tumours 

exhibited an even intensity of alleles with both probes on chromosome 3, one 

tumour exhibited an uneven pattern and one tumour demonstrated a discordant 

pattern.

3.3.7 DNA probes on chromosomes 3 in TGCT cultures

The results with probes on chromosome 3 in the tumour cultures are presented 

in table 3.12. KDK demonstrated loss of heterozygosity with the 3p marker 

pH3H2 (figure 3.148). The loss may be a localized deletion or may suggest that 

the two chromosomes 3 in this culture are identical.

16MU Tue retained heterozygosity with pH3H2 and the relative intensity of 

alleles was even. This result is consistent with the presence of two chromosome 

3 homologues as determined by Q-banding (Farrington et al., 1987). 16MU 

Nd(fb) as well as the original tumour from this patient retained heterozygosity 

with HS3 and in both cases the relative intensity of alleles was even despite the 

appearance of an additional copy of chromosome 3 in cells from 16MU Nd(fb).
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One possible explanation for the discrepancy could be the presence of additional 

cryptic 3p material elsewhere in the genome.

All tumour cultures from 34DA as well as original tumour demonstrated an 

imbalance in the relative intensity of alleles with pH3H2 and HS3. The imbalance 

is probably due to a dosage effect resulting from the three additional copies of 

chromosomes 3 in 34DATuc and Tud and the one extra copy of chromosome 3 

in 34DA Tua. Tuf, Tug and Tuj.
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Table 3.10 DNA RFLP markers at loci on chromosomes 3 and 4 in TGCT extracts

Patient Histology

#3
allele

intensity
status

Probe, locus and enzyme

pH3H2 HS3 VC63 
DNF15S2 D3S1 D4S129

3p21 3q12 4 
Hindlll Hindlll Taql

14 PA
16 MU MTI 1*2 1*2
23 MA MTU 1<2 - -

25 HE S 1>2 -

27 LY MTT or TD - -

29 HU MTT - 1*2 1. 2
30 BI S2 1>2 - -

30 BI Si 1>2 - -

31 BL T 1<2 - -

32 GA MTT - 1<2 -

33 Ml Y - -

34 DA S/MTI V 1<2 1<2 1*2
35 WA 8 • 1<2 1*2 -

36 ER MTI/S - - 1*2
37 PA S 1*2 - -

38 ZE MTU - - -

39 CA MTI - - -

40 BY MTI/S - - -

41 DO S - - 1.2
42 AN S ♦ 1-2 1*2 -

44 RO TD - (1)2 1*2
46 SM S 1(2) - -

47 HA MTI 1<2 - -

48 Ml S 1(2) - -

49 TY S 1*2 - -

51 FI MTU/S 1*2 - 1*2
3101 KO MTI - 2
3102 JU S -

3103 BA MTI 1*2 1.2
3104 KU MTU 1<2 [1*2]
3105 BA MTI 1<2 -

3106 LY MTI ♦ 1*2 1*2
3107 Ml MTI 1>2 -

3108 PE S 1. 2
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Table 3.11 Summary of results with DNA RFLP markers on chromosomes 3 
and 4 in TGCT extracts

Probe and locus

pH3H2
DNF15S2

3p21

HS3
□381
3q12

VC63 
□48129 

4

No. tested 32 25 28

No. informative 18 8 10

No. losses 2 1 1

% loss 11 13 10

No. uneven 10 2 0

No. even 6 5 5

% uneven 62 29 0

% even 38 71 100

No. tumours with both probes on chromosome 3 showing an even pattern 2 

No. tumours with both probes on chromosome 3 showing an uneven pattern 1 

No. tumours with both probes on chromosome 3 showing a discordant pattern 1
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Table 3.12 DNA RFLP markers at loci on chromosomes 3 and 4 in TGCT 
cultures

Patient Culture / 
Tumour

No. of 
# 3  

copies

Probe, locus and enzyme

pH3H2 HS3 VC63 
DNF15S2 D3S1 D4S129

3p21 3q12 4 
Hindlll Hindlll Taql

No. of 
# 4  

copies

6KI KDK 2 1 2

16 MU Tue 2 1 * 2 2

Nd(fb) 3 1 * 2 2

Tumour 1 * 2 1 * 2

34 DA Tuc 5 1 < 2 1 < 2 1 * 2 3+4q+

• Tud 5 1 < 2 1 < 2 1 * 2 3+4q+

Tua 3 1 < 2 1 < 2 1 * 2 1+4q+

Tuf 3 1 < 2

Tg 3 1 < 2 1 < 2 1 * 2 1+4q+

Tuj 3 1 < 2 1 < 2 1 * 2 1+4q+

Tumour 1 < 2 1 < 2 1 * 2
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Figure 3.15 Allele loss at loci on chromosomes 3 an 4 in TGCT extracts. 

A. H indlll digested DNA hybridized with probe pH3H2 (3p21). The polymorphic 

bands with H3H2 are denoted by arrow heads and the additional bands 

represent constant fragments. Normal DNA from patient 48MI was run on a 

separate gel and for a longer period of time than the corresponding tumour DNA 

gel. B. Hindlll digested DNA hybridized with probe HS3 (3q12). C. Taql digested 

DNA hybridized with probe VC63 on chromosome 4. T=tumour DNA, 

N=corresponding normal DNA . Arrows indicate position of the deleted bands.
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3.3.8 DNA probe on chromosome 4 in TGCT extracts

The marker VC63 has not been assigned to a specific locus on chromosome 4. 

Of 1 0  informative individuals loss of heterozygosity was demonstrated in only 

one case 3101 KG (see table 3.10 and figure 3.15C). No result was obtained 

from the constitutional DNA of 3104KU but the tumour was shown to be 

heterozygous thus ruling out allele loss. The relative intensity of VC63 alleles 

was even in all tumours in which it could be assessed indicating that the same 

number of copies of each allele are present in all heterozygous tumours.

3.3.9 DNA probe on chromosome 4 in TGCT cultures

Results with the chromosome 4 marker VC63 in TGCT cultures are presented in 

table 3.12. All tumour cultures from 34DA as well as the original tumour retained 

heterozygosity with this probe and in each case the relative intensity of alleles 

was even. This shows that the two copies of chromosomes 4 in 34DATua, Tug 

and Tuj (and presumably also Tuf) are not identical and that the four copies in 

34DA Tuc and Tud consist of a pair of each homologue. When FISH studies 

using chromosome-specific paints as probes are completed it will be possible to 

tell whether the part of 4q removed in the rearrangement is present elsewhere in 

the karyotype.

141



3.3.10 DNA probe on chromosome 5p in TGCT extracts

Allele loss on chromosome 5p was examined using the hypervariable 

minisatellite probe cMS621 which is polymorphic with restriction enzymes Hinfl, 

Alul, Haelll and MboL Although it has not been assigned to any specific locus 

this marker shows tight linkage to CRI-L334 which maps to 5p15.3 (Armour et a!., 

1990). The results are presented in table 3.13 and summarized in table 3.16. 

Thirty individuals were informative with at least one of the four restricton enzyme 

digests. Loss of heterozygosity was demonstrated in only one case, the MTU 

from 38ZE. This is illustrated in figure 3.16A with both Alul and Haelll digested 

DNA. A unique 3-banded pattern was exhibited in both the constitutional and 

tumour DNA from 23MA on digestion with Hinfl (figure 3.16 B). This pattern was 

not seen on digestion of the DNA with Alul which gave the usual 2 banded 

pattern. These results suggest the third band was caused by a germline 

rearrangement leading to the creation of an additional Hinfl site within one of the 

alleles rather than allele duplication. The relative intensity of alleles in a 

significant majority of tumours was even rather than uneven.

3.3.11 DNA probes on chromosome 5q in TGCT extracts

Five different probes were used to search for allelic deletions on chromosome 

5q. All but one (XMS8  which is a hypervariable minisatellite probe) are clustered 

in the region 5q14-q21 which is closely linked to the APC gene. The results with 

TT227, which is polymorphic with four different restriction enzymes, are presented 

in table 3.14. Results with other probes on 5q ( C l l p l l ,  ECB27, YN5.48 and 

^MS8 ) are presented in table 3.15.

Thirty three patients were informative for one or more of the markers on 5q six of 

which (18%) exhibited loss of heterozygosity (either as complete allele loss or a 

markedly reduced intensity of an allele) with one or more of these probes. The 

losses with 71227 are illustrated in figure 3.17, losses with C l l p l l ,  ECB27 and 

YN5.48 are shown in figure 3.18 and losses with XMS8  in figure 3.19.
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Five patients demonstrated loss of heterozygosity with all informative 5q markers 

(25HE, 38ZE, 39CA, 3108PE and 3104KU) suggesting loss of an entire 5q arm. 

38ZE also demonstrated allele loss on 5p thus suggesting loss of a whole 

chromosome 5 homologue. 39CA and 3104KU were not informative for the 5p 

probe CMS621 so loss of a whole chromosome 5 homologue could not be ruled 

out. 25HE and 3108PE retained heterozygosity at the 5p locus thus ruling out 

loss of the short arm.

The seminoma from 25HE (which was derived from an undescended testis) 

exhibited allele loss with probes 71227 C11p11 and A.MS8 . This patient was not 

informative with ECB27 and no result was obtained with YN5.48.

The MTU from 38ZE demonstrated loss of heterozygosity with 71227 and XMS8 

as well as the 5p probe cMS621 thus suggesting loss of an entire chromosome 5 

homologue. The constitutional DNA from this individual did not give a result with 

C11p11 nor ECB27. However with C11p11 the tumour DNA gave a strong 

hybridization signal at the position of the larger (4.4Kb) allele and a much 

weaker signal at the position of the smaller (3.9Kb) allele (figure 3.18A). This 

suggests that the patient may have been constitutionally heterozygous for 

C11p11 and that the tumour had undergone loss of the smaller allele. The 

tumour was homozygous with ECB27 so allele loss at this locus could not be 

ruled out.

The seminoma from 42AN retained heterozygosity for nearly all informative 

markers on 5q; 71227, YN5.48 and XMS8  as well as the 5p marker cMS621. 

Allele loss was exhibited with only one probe ECB27. The patient was 

uninformative for C11p11 so it was not possible to determine if the deletion 

encompassed this locus.

The embryonal carcinoma (MTU) from 3104KU exhibited loss of heterozygosity 

with YN5.48 and ^MS8  as well as C11p11. Although this tumour was 

uninformative for n227 and no result was obtained with ECB27 the results 

suggest deletion of an entire 5q arm.
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Allelic losses with 71227, YN5.48 and A,MS8  were demonstrated in the seminoma 

from 3108PE. The patient was uninformative for C11p11 and no result was 

obtained with ECB27. The tumour retained heterozygosity for the 5p marker 

CMS621 thus ruling out loss of a whole chromosome 5 homologue.

All patients were informative for at least one of the probes on chromosome 5 six 

of which (18%) demonstrated allele loss in corresponding tumour DNA. The 

highest percentage allele loss occured with the markers tu227 and YN5.48 

(22%) and the lowest with ECB27 (13%). However the common region of 

deletion is at the ECB27 locus.

The relative intensity of alleles in the majority of tumours was even rather than 

uneven with all probes on chromosome 5 (table 3.16). Ten tumours exhibited a 

even pattern of bands with all informative probes on 5q thus suggesting the 

presence of an equal number of each 5q arm. In 3 tumours an uneven pattern of 

bands was exhibited at all informative loci on 5q indicating a possible imbalance 

in the number of each 5q arm. Two tumours demonstrated a discordant pattern 

of allele intensities.

3.3.12 DNA probes on chromosome 5 in TGCT cultures

Results using markers on chromosome 5 in the tumour cultures are presented in 

table 3.17. All cultures were informative for the 5p probe cMS621 and at least 

one of the probes on 5q. No losses were exhibited by any of the samples 

analysed. The relative intensity of alleles in tumour cultures from SKI, and 34DA 

(as well the original tumour from 34DA) was symmetrical with all probes on 

chromosome 5. The results are compatible with the presence of an equal number 

of each chromosome 5 homologue. The only allelic imbalance was exhibited in 

16MU Tue with cMS621. This result is compatible with the presence of three 

copies of chromosome 5 in this culture. However all other aneuploid cultures 

derived from 16MU had only two copies of chromosome number 5 thus 

suggesting the trisomy in 16MU Tue may have arisen in culture or may represent 

a minor subclone which grew from the tumour. The original tumour extract
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exhibited an even pattern of bands with 7T227 which indicates the presence of

only two copies of chromosome 5 in the majority of the tumour cells.

145



Table 3.13 DNA RFLP marker cMS621 on chromosome 5p in TGCT extracts

Probe, locus and enzyme

Patient Histology
Hinfl

CMS621
D5S110

_ 5 p _
Alul Haelll

14 PA 1 * 2 [1 .2 ] 1 * 2

16 MU MTI -

19 MU T 1 . 2 1 * 2

23 MA MTU * 1 * 2

25 HE S - - -

27 LY MTT or TD 1 * 2 1 * 2 1 * 2

29 HU MTT 1 . 2

30 Bl 8 2 1 * 2 1 * 2

30 Bl Si 1 * 2 1 * 2

31 BL T 1 * 2 1 . 2 1 * 2

32 GA MTT 1 * 2 1 * 2

33 Ml Y 1 . 2 1 . 2

34 DA S/MTI 1 . 2 1 * 2

35 WA S 1 * 2 1 ' 2

36 ER MTI/S - - 1 - 2

37 PA S 1 - 2 1 * 2

38 ZE MTU 1 1
39 CA MTI - - -

40 BY MTI/S 1 * 2 1 ' 2

41 DO S 1 > 2

42 AN S 1 * 2

44 RO TD 1 - 2 1 * 2

46 SM 8 1 * 2 - 1 * 2

47 HA MTI 1 > 2 1 > 2

48 Ml 8 1 * 2

49 TY 8 1 * 2

3101 KO MTI 1 * 2

3102 JU 8 1 * 2

3103 BA MTI 1 > 2

3104 KU MTU -

3105 BA MTI 1 < 2

3106 LY MTI 1 * 2

3107 Ml MTI 1 < 2

3108 RE 8 1 * 2

Mbol

1. 2
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Table 3.14 DNA RFLP marker 71227 on chromosome 5q in TGCT extracts

Patient Histology

Probe, locus and enzyme

TC227
D5S37
5o21

Pstl Bstxl BcU Mbol

14 PA .
16 MU MTI 1*2 - -

23 MA MTU 1. 2 - -

25 HE 8 (1)2
27 LY MTT or TD -

29 HU MTT - - - -

30 Bl 82 - 1*2
30 Bl Si - 1*2
31 BL T - - - -

32 GA MTT 1*2 - - -

33 Ml Y - 1*2
34 DA 8/MTI ^•2 - - -

35 WA 8 1*2 1. 2
36 ER MTI/8 1*2 1*2
37 PA 8 - - -

38 ZE MTU 1(2) 1
39 CA MTI [2] 1(2)
40 BY MTI/8 1*2 1*2
41 DO 8 - - - -

42 AN 8 1. 2 [1-2]
44 RO TD - - -

46 SM 8 - 1. 2
47 HA MTI -

48 Ml 8 1*2
49 TY 8 - - -

51 FI MTU/8 - -

3101 KO MTI -

3102 JU 8 -

3103 BA MTI - [1.2]
3104 KU MTU -

3105 BA MTI 1>2
3106 LY MTI [1-2] [1*2]
3107 Ml MTI 1>2
3108 PE 8 1
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Table 3.15 DNA RFLP markers at loci onchromosome 5q other than 7C227
in TGCT extracts

Probe, locus and enzyme

C llp l l ECB27 CYN5.48 1MS8
D5S71 D5S98 D5S81 D7S21 Allele

Patient Histology 5q14-q21 5q15-q21 5q21-q22 5q35 intensity
Taql Bglll MspI Hinfl status

14 PA 1*2
16 MU MTI -

19 HU T 1*2
23 MA MTU - 1*2 - 1*2 ♦
25 HE 8 2 - (1)2
27 LY MTT or TD - 1.2 - -

29 HU MTT - - 1*2
30 BI 82 - - - -

30 BI Si - - - -

31 BL T - - - 1*2
32 GA MTT 1*2 1*2 1*2 - ♦
33 Ml Y - - - -

34 DA 8 /MTI 1.2 - 1*2 1*2 ♦

35 WA 8 1*2 - 1.2 1*2 ♦
36 ER MTI/ 8 1*2 - 1*2 ♦
37 PA 8 - - - 1>2
38 ZE MTU [1(2)1 [1] - 1
39 CA MTI - - (1)2
40 BY MTI/ 8 - - - 1*2 ♦

41 DO 8 - - 1<2 -

42 AN 8 - 2 1*2 1-2 •

44 RO TD - 1.2 1. 2
46 SM 8 - 1*2 - 1. 2
47 HA MTI - 1>2 1<2 V

48 Ml 8 - [1-2] - ♦

49 TY 8 - - - 1-2
51 FI MTU/ 8 -

3101 KO MTI - - 1*2 1-2 ♦

3102 JU 8 [1.2] [1-2] 1-2 ♦

3103 BA MTI - [1<2] 1>2 •

3104 KU MTU (1)2 (1)2 (1)2
3105 BA MTI - 1<2 [1>2] 1>2 V

3106 LY MTI - 1-2 1*2 ♦
3107 Ml MTI - - [1<2] - V

3108 PE 8 2 (1)2
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Table 3.16 Summary of results with DNA RFLP markers on chromosome 5 in
TGCT extracts

621
D5S110

5p

K227
D5S37
5q21

C iiP i i
D5S71

5q14-q21

ECB27
D5S98

5q15-q21

YN5.48
D5S81
5q21-q22

pMS8
D5S43
5q35

Total 5 
resuli

No. tested 34 32 31 23 20 32 34
No. informative 30 18 6 8 9 25 33

No. iosses 1 4 1 1 2 5 6
% ioss 3 22 17 13 22 20 18
No. uneven 5 2 0 2 1 4 -

No. even 21 9 3 3 5 14 -

% uneven 19 18 0 40 17 22 -

% even 81 82 100 60 83 78 -

No. tumours with two or more 5q probes showing an even pattern 10

No. tumours with two or more 5q probes showing an uneven pattern 3

No. tumours with two or more 5q probes showing a discordant pattern 0

149



Table 3.17 DNA RFLP markers at loci on chromosome 5 in TGCT cultures

Patient

Probe, locus and enzyme

Culture/
Tumour

No. of 
#5  

copies

CMS621
D5S110

 5p___

7C227
D5S37
_5q21_

Hinff Alul Haelll PstI Bstxl Bell Mbol

C11p11 ECB27 cYNS.48 pMS8
D5S71 D5S98 D5S81 D5S43

5q14-q21 5q15-q21 5q21-q22 5q35-qter
TaqI Bglll MspI Hinfl

6  Kl KDK 1+inv 5 1*2 1*2 - - - - - - - 1*2

16 MU Tue 3 - 1<2 1<2 - - - 1-2

Tumour - 1*2 - - -

34 DA Tuc 4 1*2 1-2 1*2 1*2 - - - 1*2 - 1*2 1-2

Tud 4 1*2 1*2 1*2 1*2 - - - 1*2 - 1*2 1*2

Tua 2 1*2 1*2 1*2 1*2 - - - 1*2 - 1.2 1*2

Tuf 2 1*2 1*2 - - - 1-2

Tug 2 1*2 1*2 1-2 - - - 1*2 - 1*2

Tuj 2 1*2 1*2 1*2 1*2 - - - 1*2 - 1*2 1*2

Tumour 1.2 1*2 1*2 _ - - 1.2 - 1*2 1*2
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Figure 3.16 Southern blot analysis using the minisatellite probe cMS621 (5p). 

A. Alul and Haelll digested DNA from 38ZE demonstraing allele loss in the 

tumour sample. B. Hinfl digested DNA from 23MA showing three identical bands 

in the normal DNA (N) and corresponding tumour DNA (T).
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Figure 3.17 Allele loss on chromosome 5 in TGCT extracts using probe 71227 

(5q21) hybridized to genomic DNA digested with PstI or Bsbd. Allele sizes are 

as indicated. T=tumour DNA, N=corresponding normal DNA.
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3.9
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N T  kb

11.9 
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42AN
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Figure 3.18 Southern hybridizations demonstrating allele loss on chromosome 

5q in TGCT extracts. A. TaqI digested DNA hybridized with probe 011 p11 

(5q14-q21). No result was obtained from 38ZE normal DNA but the 

corresponding tumour DNA gave a strong hybridization signal at the position of 

the larger allele and a faint signal at the position of the smaller allele. B. Bglll 

digested DNA hybridized with probe ECB27 (5q15-q21). 0. MspI digested DNA 

hybridized with probe cYN5.48 (5q21-q22). Positions of the alleles are as 

indicated.
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Figure 3.19 Chromosome 5 allele loss in TGCT extracts using the minisatellite 

probe pMS8 (5q35) hybridized to Hinfl digested genomic DNA. T=tumour DNA, 

N=corresponding normal DNA. Positions of deleted alleles are indicated by 

arrow heads.
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3.3.13 Isozymes on chromosome 6 in TGCT extracts

The isozyme data on chromosomes 6  in TGCT extracts are presented in table 

3.18 and summarized in table 3.19. Of 19 patients six were informative for OLD 

(6 p) but none of these exhibited LOH in the corresponding tumour. In three 

cases (38ZE, 39CA and 46SM) the OLD banding pattern was asymmetrical, 

isozyme 1 being more intense than isozyme 2. Since the majority of TGCT 

extracts are hypotriploid the asymmetric pattern could be due to an imbalance in 

the number of chromosome 6  homologues. This is very likely to be the case as 

chromosome 6  has been reported to be generally over-represented in TGCT 

extracts (De Jong et ai, 1990).The three common GLO phenotypes are shown in 

figure 3.20.

Six of 14 individuals were informative for PGM3 (6 q). However the contribution of
/

this enzyme in most tissues is very small. Consequently the corresponding 

tumours when examined gave no detectable PGM3 activity or the signal was too 

weak to be typed. In one case (4DA) normal tissue was not available for 

examination but the tumour was shown to express both alleles thus ruling out 

allele loss at this locus.

3.3.14 Isozymes on chromosome 6 In TGCT cultures

The GLO and PGM3 isozyme data on chromosomes 6  in TGCT cultures are 

presented in table 3.20. 34DA was uninformative for both markers. 4DA Tua 

retained heterozygosity for both GLO and PGM3. In each case an imbalance in 

the relative intensity of isozymes was noted. Asymmetry of PGM3 isozymes was 

also seen in 2K0 Tuc. These results are consistent with the presence of an 

additional copy of chromosome 6  in each of these two cultures. 4DA Tub as well 

as the original tumour from this patient also retained heterozygosity with PGM3 

but in this case no imbalance in the relative intensity of isozymes was noted. The 

result with 4DA Tub is consistent with the presence of only two copies of 

chromosome 6  in this culture.
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KDK was heterozygous for GLO and no imbalance in the relative intensity of 

isozymes was noted. This is compatible with the presence of only two copies of 

chromosomes 6  in this culture.
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Table 3.18 Isozymes on chromosome 6 in TGCT extracts

Patient Histology

Enzyme marker and gene locus

GLO PGM3
6p21.3-p21.1 6q12

2 KO S/MTI

4 DA MTI [BA]

19 HU

20 AB

T

MTU . .

23 MA MTU -

29 HU MTT 2-1

30 81 Si 2-1 -

31 BL T - -

32 GA MTT - -

33 Ml Y - -

34 DA S/MTI - -

35 WA 8 - -

37 PA S -

38 ZE Y 2<1 -

39 CA MTI 2<1

41 DO 8 - -

42 AN 8 - -

46 SM 8 2<1 -

48 Ml 8 2-1

49 TY 8 - -

50 DA 8 -

51 FI MTU/8 -

157



Table 3.19 Summary of results with isozymes on chromosome 6 in TGCT extracts

Marker enzyme and gene locus

GLO
6p21.3-p21.1

PGM3
6q12

No. tested 19 14

No. informative 6 6

No. losses 0 *

* not applicable
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Table 3.20 Isozymes on chromosome 6  in TGCT cultures

Patient Culture / 
Tumour

No. of 
#6 

copies

Enzyme marker and gene locus

GL01 PGM3
6p21.3-p21.1 6q12

2 KO Tuc 3 B>A

4 DA Tua 3 1>2 [B>A]

Tub 2 [BA]

Tumour [BA]

6KI KDK 2 2-1 -

16 MU Tue(fb) 2 -

« Tue(ep) 2 -

Ne(fb) 3 -

Tub 3 -
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GLO 1

48MI 4 DA

bl T bl T

34DA 
_ T u _  
c d bl

# # *

2-1 2 - 1 2  2 1 1 2
origin

Figure 3.20 Starch gel electrophoresis of glyoxylasel (GL01) isozymes in 

TGCT patients of the 3 common phenotypes 1, 2-1 and 2. T=tumour, bl=blood, 

Tuc and Tud are tumour cultures from 34DA.
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3.3.15 DNA probes on chromosome 7 in TGCT extracts

Two probes, one on each chromosome arm, were used to search for allelic

deletions on chromosome 7. The results are presented in table 3.21 and

summarized in table 3.23. Twenty seven patients were informative for XIVIS31 six

of which (22%) exhibited alterations in their tumour DNA. These are illustrated in

figure 3.21. A marked reduction in intensity of an allele was demonstrated in the

tumours of two patients, 25HE and 39CA. In addition a novel band was seen in

the tumour from 39CA. The extra band may be due to the high rate of somatic

mutation seen with this type of probe (Jeffreys et ai, 1988). However the results

from 39CA have to be considered with some caution since the tumour is a para

aortic node secondary from a patient who had treatment (chemotherapy) prior to

tumour removal. Additional bands with XIVIS31 were seen in the tumours of four

other patients; 42AN, 30BI, 47HO and 31 BL. The teratoma from 47HO exhibited

one extra novel band. The seminoma from 42AN and metastatic teratoma from

31 BL each exhibited three new bands and in the case of 30BI the size of the new 

fragment was different in the seminoma (S^) and less differentiated component

of the tumour ($2 ). The mutations in and $ 2  must therefore have occured late 

in the evolution of this tumour. and $ 2  also exhibited differences in the 

relative intensity of alleles with pXg3, the alleles were symmetrical in but 

asymmetrical in $ 2  thus providing additional evidence for development of the two 

components along different pathways.

Of 22 patients informative for pÀg3 clear allele loss was seen in the tumour from 

14PA (this tumour retained heterozygosity with XMS31 thus ruling out loss of a 

whole chromosome 7 homologue) and a much reduced intensity of an allele was 

exhibited in the seminoma from 48MI, figure 3.22 (this patient was uninformative 

with A,MS31 ). The two losses on 7q account for 9% of cases.

In total 31 individuals displayed heterozygosity for one or both probes on 

chromosome 7. Eight (26%) exhibited alterations in tumour DNA of which three 

(10%) were losses of heterozygosity. Seven tumours exhibited an even intensity
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of alleles with both probes on chromosome 7, three tumours demonstrated an 

even pattern and four exhibited a discordant pattern.

3.3.16 DNA probes on chromosome 7 in TGCT cultures

No LOH was demonstrated in any of the tumour cultures with the chromosome 7 

probes A.MS31and pXg3 (table 3.24). An imbalance in the relative intensity of 

alleles was demonstrated with ^MS31 in KDK and 16MU Tue. The latter also 

exhibited an asymmetrical pattern of bands with pXgZ. These imbalances are 

probably a result of the additional copy of chromosome 7 in each of these 

cultures. The relatively even intensity of alleles with both probes in all cultures as 

well as original tumour from 34DA suggests that the six copies of chromosome 7 

in 34DATUC and Tud and the four copies in 34DA Tua, Tuf, Tug and Tuj 

represent an equal number of copies each homologue.
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Table 3.21 DNA RFLP markers at loci on chromosome 7 in TGCT extracts

Patient Histology

Probe, locus and enzyme

mS31 pXgZ 
D7S21 D7S22

7p22-pter 7q36-qter 
Hinfl Hinfl

Allele
intensity

status

14 PA 
23 MA MTU

1. 2 
1*2

1
1*2 ♦

25 HE S (1)2 -

27 LY MTT or TO 1<2 -

29 HU MTT 1*2 1*2 ♦
30 Bl S2 1<2b 1<2
30 Bl Si 1<2b 1*2
31 BL T 1'2b 1-2 ♦
32 GA MTT 1*2 1*2 ♦
33 Ml Y 1>2 1>2 V
34 DA S/MTI 1*2 1*2 ♦
35 WA 8 1>2 1-2 •
36 ER MTI/S 1. 2 1*2
37 PA 8 1>2 1<2 V
38 ZE MTU 1.2 1.2
39 CA MTI (1)2b 1*2 •
40 BY MTI/8 - 1*2
41 DO 8 - -

42 AN 8 1.2» -

44 RO TD 1*2 -

46 SM 8 1*2 1>2 •
47 HA T 1"2b 1*2 ♦

48 Ml 8 - (1)2
49 TY 8 1>2 -

51 FI 
3101 KO

MTU/8
MTI 1>2

1*2

3102 JU 8 1<2 1<2 V

3103 BA MTI 1*2 1*2 ♦
3104 KU MTU 1<2 -

3105 BA MTI 1<2 -

3106 LY MTI 1*2 -

3107 Ml MTI 1<2 1*2 •

3108 PE 8 1*2
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ÀIVIS31

N T  N T N S 2 S ^  N T  N T  N T  kb
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- 4 . 4

^  m  - 2.3

25HE 39CA 30BI 31 BL 42AN 47HO
I

Figure 3.21 Southern blot analysis using the minisatellite probe >iMS31 (7p22-

pter) hybridized to Hinfl digested genomic DNA. 25HE exhibits allele loss in the

tumour sample. 39CA shows loss of the larger allele and appearance of a novel

band in the tumour. Tumour samples from 30BI, 31 BL, 42AN and 47HO all have

at least one novel band. In case 30BI the size of the new fragment is different in 

the classical seminoma (8 )̂ and less differentiated component of the tumour

(Sz).
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Figure 3.22 Chromosome 7 allele loss in TGCT extracts using the minisatellite 

probe pÀg3 (7q36-qter) hybridized to Hinfl digested genomic DNA. T=tumour 

DNA, N=corresponding normal DNA. Positions of deleted alleles are indicated by 

arrows.
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Table 3.22 DNA RFLP marker pEFD126.3 on chromosome 9q in TGCT extracts

Patient Histology

Probe, locus and enzyme

pEFD126.3
□987
9a34

Pvull Taql Hinfl BamHI Psfl

16 MU MTI
19 HU T [1.2]
23 MA MTU - - 1<2 -

25 HE S 1<2 1<2 -

27 LY MTT or TD -

29 HU MTT 1*2 [1.2] 1*2 1. 2
30 Bl $2 - - 1<2 -

30 Bl Si - - 1<2 -

31 BL T - - -

32 GA MTT 1. 2 1. 2 -
33 Ml Y - 1<2
34 DA S/MTI 1<2 1<2 -
35 WA S 1'2 1. 2 1*2
36 ER MTI - - -
37 PA S - - - -
38 ZE MTU 1*2 [1.2] 1*2
39 CA MTI - - -
40 BY MTI/S 1>2» -
41 DO S - - [1.2] -

42 AN 8 - - - -

44 RO TD 1*2 1*2 -

46 SM S 1*2 1. 2 -

47 HA MTI 1. 2 1>2
48 Ml S 1(2) 1(2)
49 TY S - 1>2 - - -

51 FI MTU/S 1*2
3101 KO MTI - [1.2]
3102 JU 8 [1,2]
3103 BA MTI -

3105 BA MTI 1*2 [1.2]
3106 LY MTI [1.2] [1.2] -

3107 Ml MTI 1>2 [1.2] [1.2]
3108 RE 8 [1.2] 1*2 1*2
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Table 3.23 Summary of results with DNA RFLP markers on chromosomes 7
and 9q in TGCT extracts

Probe and locus

A,MS31
D7S21

7p22-pter

pA,g3
D7S22

7q36-qter

pEFD126.3
D9S7
9q34

No. tested 31 32 30

No. informative 27 2 2 19

No. losses 1 2 1

% loss 4 9 5

No. novel bands 5 0 1

% showing changes 2 2 9 1 1

No. uneven 1 0 4 8

No. even 8 14 8

% uneven 56 2 2 50

% even 44 78 50

No. tumours with both probes on chromosome 7 showing an even pattern 7 

No. tumours with both probes on chromosome 7 showing an uneven pattern 3 

No. tumours with both probes on chromosome 7 showing a discordant pattern 4
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Table 3.24 DNA RFLP markers at loci on chromosomes 7 and 9q in TGCT cultures

Patient Culture/
Tumour

No. of 
#17 

copies

Probe, locus and enzyme

XMS31
D7S21

7p22-pter

pXgS
D7S22

7q36-qter

EFD
D9S7
9a34

No. of 
# 9

pvull TaqI Hinfl BamHI copies

6 Kl KDK 3 1 < 2 2 2

16 MU Tue 3 1 < 2 1 > 2 - 1+9p++ t(9:10)

Nd(fb) 2 - 1 * 2 1+20q‘^+(t9:20)

34 DA Tuc 5+7q+ 1 « 2 1 * 2 1 . 2 1 < 2 * 5

Tud 5+7q+ 1 * 2 1 * 2 1 . 2 1 < 2 * 4

Tua 3+7q+ 1 * 2 1 * 2 1 < 2 1 < 2 * 3

Tuf 3+7q+ 1 - 2 1 * 2 1 < 2 * 3

Tug 3+7q+ 1 * 2 1 - 2 1 < 2 1 < 2 * 3

Tuj 3+7q+ 1 * 2 1 * 2 1 . 2 * 3

Tumour 1 * 2 1 * 2 1 < 2 1 < 2 -

O )
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PEFD126.3

PvuII PsU Hinfl

N T N T N T kb

« %

48MI 40BY

Figure 3.23 Southern hybridizations showing results with probe pEFD126.3 

(9q34). PvuII and PstI digested DNA from 48MI demonstrates allele loss in the 

tumour sample. Hinfl digested DNA from 40BY shows appearance of a novel 

band in the tumour sample. T=tumour DNA, N=corresponding tumour DNA. 

Arrows denote positions of deleted and novel bands.
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Figure 3.24 Southern blot analysis using probe pEFD126.3 (9q34) in TGCT 

cultures. KDK shows loss of the larger allele (arrow) on PvuII digestion. Both 

normal and tumour cultures from 34DA give four bands on Hinfl digestion of 

DNA.
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3.3.17 DNA probe on chromosome 9q in TGCT extracts

Allele loss on the long arm of chromosome 9 was asessed using the 

hypervariable probe pEFD126.3 which is polymorphic with a number of 

restriction enzymes including PvuII, TaqI, Hinfl, BamHI and PstI. The results are 

presented in table 3.22 and summarized in table 3.23.

Nineteen patients were informative with one or more of the restriction enzyme 

digests. Two of these (11%) demonstrated changes in their tumour DNA. The 

seminoma from 48MI exhibited reduced allele intensity with both PvuII and PstI 

digested DNA and the combined tumour from 40BY showed the appearance of a 

novel band on Hinfl digestion (figure 3.23). In addition the smaller allele in the 

tumour from 40BY was relatively less intense than normal suggesting that the 

novel band may have arisen from rearrangement of this allele in a subclone of 

tumour cells. In five patients (19HU, 41 DO, 3101 KG, 3102JU and 3106LY) the 

constitutional DNA gave no result but the tumour DNA was shown to exhibit two 

bands. This may signify retention of heterozygosity in these tumours but the 

possibility that these individuals are constitutionally homozygous and that their 

tumours have undergone rearrangement of an allele cannot be ruled out. An 

equal number of tumours demonstrated symmetry and asymmetry in the intensity 

of 9q alleles.

3.3.18 DNA probe on chromosome 9q in TGCT cultures

Results with the chromosome 9q probe pEFD126.3 in the tumour cultures are 

presented in table 3.24. DNA from KDK demonstrated loss of heterozygosity on 

digestion with PvuII (figure 3.24). This may be a localized deletion or may 

suggest the two copies of chromosome 9 in this culture are identical.

DNA from the original tumour and tumour cultures from 34DA demonstrated an 

imbalance in the relative intensity of alleles on digestion with PvuII and TaqI. 

These results are consistent with the presence of an odd number of chromosome 

9 copies in each culture (three copies in 34DA Tua, Tuf, Tug, Tuj and five copies 

in 34DA Tuc and probably Tud. Only four copies of chromosome 9 were found in
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only three cells counted from Tud). However on digestion with Hinfl the DNA 

from both constitutional and tumour cultures of this patient exhibited an unusual 

four-banded pattern (figure 3.24). One possible explanation for this finding is that 

the four banded pattern represents a unique polymorphism due to the presence 

of an additional Hinfl site within each allele. This is supported by the relatively 

uneven intensity of bands in tumour culture DNA relative to normal DNA and 

would also explain why the unusual pattern is not visible on digestion with PvuII 

and TaqI.

The two cultures from 16MU, Tue and Nd(fb), demonstrated a relatively even 

intensity of alleles with the chromosome 9 probe. Both have one normal 

chromosome 9 plus a t (9/10) marker chromosome. The two cultures therefore 

have two copies of the region 9q34 which fits in with the symmetrical pattern of 

alleles.
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3.3.19 DNA probes on chromosome 11 in TGCT extracts

The results obtained using markers on chromosome 11 in 34 TGCT patients are 

presented in table 3.25 and summarized in table 3.26. Three of the markers used 

(PEJ6 .6 , PHINS310 and SMUC41) are clustered in the region 11 pi 5-11 p i 5.5. 

PHINS310, SMUC41 and the 11q marker pMS51 display multiallelic 

polymorphisms due to the presence of tandem repeat sequences. All patients 

were informative for at least one of the markers on chromosome 1 1  of which 6  

(18%) demonstrated loss of heterozygosity (either as clear allele loss or a 

marked reduction in allele intensity) in their tumour DNA. The losses with 

pHINS310 are shown in figure 3.25, losses with SMUC41 in figure 3.26 and 

losses with pMS51 in figure 3.27.

The seminoma from 25HE exhibited a greatly reduced intensity of an allele with 

PHINS310 but was uninformative with the two other markers on l ip .  Clear allele 

loss however was demonstrated with the 11q marker pMS51. The seminoma 

from 37PA was uninformative with PEJ6 . 6  but exhibited a marked decrease in 

intensity of an allele with PHINS310 and SMUC41 as well as pMS51. Loss of a 

whole chromosome 11 homologue in the tumours of 25HE and 37PA therefore is 

likely.

Diminished intensity of an SMUC41 allele was seen in the seminoma from 

3108PE. The tumour however retained constitutional heterozygosity with 

pHINS310 as well as pMS51.

The teratoma from 47HO exhibited clear allele loss with PHINS310 but retained 

heterozygosity for all other markers on chromosome 11. This suggests the loss 

may be locus specific. However it must be taken into consideration that this 

tumour was a para aortic lymph node secondary taken from a patient who had 

prior treatment (radiotherapy and chemotherapy). The possibility of allele loss 

occuring as a result of treatment therefore cannot be ruled out.

Two other tumours, the seminoma from 35WA and malignant teratoma 

intermediate from 3105BA exhibited a considerably reduced intensity of an allele 

with pMS51. Both tumours retained heterozygosity with SMUC41 thus ruling out
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loss of a whole chromosome 11 homologue. In addition the tumour from 35WA 

retained heterozygosity with PEJ6 .6 .

The relative intensity of alleles in the majority of tumours was even with all 

probes on chromosome 11. In the case of 30BI the relative intensity of alleles 

with SMUC41 was even in the less differentiated component $ 2  but uneven in 

the seminoma component. There is strong evidence to suggest $ 2  is derived 

from (see results on chromosome 12 section 3.3.21). If this is the case then 

the relatively even intensity of SMUC41 alleles in $ 2  may be acheived through 

loss of one or more copies of the smaller allele or duplication of the larger allele

thus resulting in an equal number of each allele. The relative intensity of alleles 

in and $ 2  with PEJ6 . 6  could not be assessed.

Eleven tumours exhibited a symmetrical pattern of bands with two or more 

probes on the short arm of chromosome 1 1  thus suggesting the presence of an 

equal number of maternal and paternal sequences in this region. In the case of 

47HO a discordant pattern of bands was seen at all three loci thus implying the 

occurence of a more complex rearrangement in this region.

3.3.20 DNA probes on chromosome 11 in TGCT cultures

The results using chromosome 11 markers in the TGCT cultures are presented 

in table 3.27. KDK demonstrated LOH with all informative markers on 

chromosome 11 (figure 3.28). The loss with pMS51 may be due to formation of 

the 11q+ marker and losses with pHINS310 and SMUC41 may represent a 

submicroscopic deletion on the distal end of l ip .  Alteratively there may be loss 

of one whole chromosome 1 1  homologue.

16MU Tue demonstrated a relatively even intensity of alleles with SMUC41 and 

pMSSI thus suggesting the two copies of chromosome 1 1  in this culture are 

homologous. Interestingly the original tumour from this patient also exhibited a 

relatively even intensity of pEJG.G (HRAS) alleles.

Tumour cultures from 34DA retained heterozygosity with all probes on l ip .  The 

relative intensity of pEJG.G and SMUC41 alleles was even in 34DATuc and Tud
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but imbalanced in 34DA Tua, Tuf, Tug and Tuj. This result is consistent with the 

presence of four copies of 11p in 34DATuc and Tud and three copies in 

34DATua, Tuf, Tug and Tuj. The original tumour from this patient was also 

shown to be heterozygous with both pHINS310 and SMUC41 and in addition the 

relative intensity of SMUC41 alleles was asymmetrical.
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Table 3.25 DNA RFLP markers at loci onchromosome 11 in TGCT extracts

Probe, locus and enzyme

lip pEJ6.6 PHINS310 SMUC41 pMS51
allele HRAS1 INS D l l897

Patient Histology intensity 11p15.5 11p15.5 11p15 11q13
status BamHI Pvull Hinfl Haelll

14 PA 1>2 1 * 2

16 MU MTI 1 * 2
19 HU T 1 . 2 - -

23 MA MTU ♦ 1 * 2 1 * 2 1*2 -

25 HE S - ( 1)2 - 1
27 LY MTT or TO 1 . 2 1 . 2 - 1 - 2
29 HU MTT ♦ 1 * 2 - 1 * 2 -

30 Bl S2 1. 2 - 1 - 2 1 - 2

30 Bl Si 1 . 2 - 1<2 1 * 2
31 BL T - - - 1>2
32 GA MTT ♦ 1 * 2 - 1 * 2 1 * 2

33 Ml Y - - -

34 DA S/MT! 1 . 2 1<2 -

35 WA 8 ♦ 1 * 2 - 1 * 2 (1 ) 2

36 ER MTI/S ♦ 1 * 2 1 * 2 1 * 2 -

37 PA 8 - 1(2) 1(2) (1)2
38 ZE MTU ♦ 1 * 2 1 * 2 - 1*2

39 GA MTI - 1 . 2 - -

40 BY MTI/ 8 - - 1 - 2 1 * 2
41 DO 8 - - 1<2 -

42 AN 8 1 * 2 1. 2 - 1 * 2
44 RO TD ♦ 1 * 2 1 * 2 - 1 * 2
46 SM 8 - 1 . 2 - 1<2

47 HA MTI • 1>2 1 1 * 2 1. 2

48 Ml 8 ♦ - 1 * 2 1 * 2 1 * 2

49 TY 8 - 1 - 2 - 1 * 2

51 FI MTU/ 8 1 * 2
3101 KG MTI ♦ - 1 * 2 1 * 2 1 * 2

3102 JU 8 [1 .2 ] [1.2] - 1 * 2

3103 BA MTI - - 1 * 2 1 * 2

3104 KU EC 1 * 2 [1.2] - 1 ' 2

3105 BA MTI - - 1>2 ( 1)2

3106 LY MTI/Y ♦ 1 * 2 1*.2 - 1 ' 2

3107 Ml MTI ♦ - 1 * 2 1 ' 2 1 * 2

3108 PE 8 • - 1>2 ( 1)2 1<2
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Table 3.26 Summary of results with DNA RFLP markers on chromosome 11 in
TGCT extracts

Probe and locus

pEJ6.6 PHINS310 SMUC41 pMS51
Total 11 p HRAS1 INS D11S97

results 11p15.5 11p15.5 -11p15 11q13

No. tested 34 31 30 30 32

No. informative 31 16 19 17 24

No. losses 4 0 3 2 4

% loss 13 0 16 1 2 17

No. uneven - 2 1 3 3

No. even - 1 1 1 0 1 1 16

% uneven - 15 9 2 1 16

% even - 85 91 79 84

No. tumours with two or three 11 p probes showing an even pattern 11

No. tumours with two or three 11 p probes showing an uneven pattern 0

No. tumours with two or three 11 p probes showing a discordant pattern 2
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Table 3.27 DNA RFLP markers at loci on chromosome 11 in TGCT cultures

Probe, locus and enzyme

Patient Culture / 
Tumour

No. of 
#11 

copies

pEJS.6
HRAS1
11p15.5
BamHI

pHINSSIO
INS

11 pi 5.5 
PvuII

SMUC41

11 pi 5
Hinfl

pMSSI 
□11897

11q13
H aelll

6KI KDK 1 +1 1 q+ 2 1 1

16 MU Tue

Tumour

2

1 * 2

1 * 2 1 * 2

34 DA Tuc 3+11q- 1 * 2 1 . 2 1 * 2 -

Tud 3+11q- 1 * 2 1 . 2 1 * 2 -

Tua 2 +1 1 q- 1 > 2 1 . 2 1 < 2 -

Tuf 2 +1 1 q- 1 > 2 1 . 2 1 . 2 -

Tug 2 +1 1 q- 1 . 2 1 . 2 1 < 2 -

Tuj 2 +1 1 q- 1 > 2 1 . 2 1 < 2 -

Tumour 1 . 2 1 < 2 -
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PHINS310

N T N T N T  kb

25HE 37PA 47HO

Figure 3.25 Allele loss on chromosome 11 in TGCT extracts using probe

pHINS310 (11 pi 5.5) hybridized to PvuII digested genomic DNA. T=tumour DNA,

N=corresponding normal DNA Arrows indicate positions of the deleted bands.
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SMUC41

N T N T kb

-9.4

-6  3

<-4.3

3108PE 37PA

Figure 3.26 Chromosome 11 allele loss in TGCT extracts using probe SMUC41

(11p15) hybridized to Hinfl digested genomic DNA. T=tumour DNA,

N=corresponding normal DNA. Arrows indicate position of the deleted bands.

180



pMS51

N T N T N T  N T  kb

- 4 . 4

37PA 25HE 35WA 3105BA

Figure 3.27 Allele loss on chromosome 11 in TGCT extracts using the

minisatellite probe pMSSI (11q13) hybridized to Haelll digested genomic DNA,

T=tumour DNA, N=corresponding normal DNA.
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A. PHINS310 B. SMUC41 C. pMS51

N T kb

2.3

- 2.0

- 0 . 5

P vu II

N T  kb

-9 .4

- 6 .7

-  4.4

Hinfl

N T kb

r
«

H a e lll

- 2  3

- 2.0

Figure 3.28 Allele loss at loci on chromosome 11 in tumour culture KDK.

A. PvuII digested DNA hybridized with probe pHINS310 (11p15.5). B. Hinfl 

digested DNA hybridized with probe SMUC41 (11p15). C. Haelll digested DNA 

hybridized with probe pMS51 (11q13). Arrows indicate positions of the deleted 

bands.
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3.3.21 DNA probes on chromosome 12 in TGCT extracts

Loss of heterozygosity on chromosome 12 was examined using the K-ras probe 

(p640) on 12p and three other probes on 12q (pDL32B, pgHColIIA and XMSAZ). 

>.MS43 is a hypervariable minisatellite probe and pgHColIIA is polymorphic with 

both Hindlll and BamHI restriction enzyme digests. The results are presented in 

table 3.28 and summarized in table 3.29. All 34 patients were constitutionally 

heterozygous for at least one of the markers on chromosome 12. Allele loss with 

the marker p640 was seen in one case only, the less differentiated component 

($2 ) of the tumour from 30BI (figure 3.29A). The seminoma component (S^) 

however retained heterozygosity with p640 indicating that $ 2  must have been 

derived from S-j if the two components are considered to have a common origin.

In addition the larger allele in was much more intense than the smaller allele.

This may reflect amplification of the K-ras gene or duplication of the short arm of 

chromosome 1 2  due to i(1 2 p) formation. $ 2  retained heterozygosity for two

informative markers on 12q (DL32B and A.MS43) thus ruling out loss of an entire 

chromosome 12 homologue. Differences in the relative intensity of alleles in

and $ 2  were also exhibited with the marker DL32B. If S2  is considered to have

arisen from then the relatively even intensity of alleles in S2  may result from

duplication of the smaller allele or loss of one or more copies of the larger 

allele.

The relative intensity of alleles in the majority of tumours was even with pDL32B 

and pgHColIIA. However with XMS43 and p640 the majority of tumours 

demonstrated an uneven banding pattern. Allelic imbalances with p640 may 

reflect amplification of 12p sequences due to i(12p) formation. Eight tumours 

exhibited an even pattern of bands with two or more probes on 1 2 q thus 

suggesting the presence of an equal number of each 12q homologue. In four 

tumours an uneven pattern of bands was exhibited with two or more probes on 

12q thus indicating an imbalance in the number of 12q homologues. Two 

tumours displayed a discordant pattern of bands at two loci on 1 2 q thus

183



reflecting the occurence of more complex rearrangements on 1 2 q in these 

cases.

3.3.22 DNA probes on chromosome 12 in TGCT cultures

The results with probes on chromosome 12 in TGCT cultures are presented in 

table 3.30. No losses were demonstrated with any of the chromosome 12 

probes. KDK exhibited a relatively uneven intensity of alleles with all probes on 

12q. In the case of pDL32B and pgHColIIA this is probably due to presence of 

extra 12q material due to the presence of the 12q- chromosome. 16MU Tue 

demonstrated a relatively uneven intensity of alleles with p640 on 12p and with 

pDL32B and >.MS43 on 12q. These results are consistent with the presence of 

an additional copy of chromosome 1 2  as well as an i(1 2 p) and 1 2 q- marker 

chromosomes in this culture. A novel band was seen with pgHColIIA in 16MU 

Tue which was not present in the original tumour from which it was established 

(figure 3.29B). This suggests either that the new fragment arose in culture or that 

it represents a minor subclone.

The relative intensity of alleles in the original tumour and all tumour cultures 

derived from 34DA was uneven with XIVIS43. This result is consistent with the 

presence of an odd number of 12q arms in all cultures. The relative intensity of 

alleles at the p640 locus could not be assessed.
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Table 3.28 DNA RFLP markers at loci onchromosome 12 in TGCT extracts

Patient Histology

Probe, locus and enzyme

12q
allele
intensity
status

p640
Kras2
12p12.1

TaqI

pDL32B
D12S7

12q14.3-qter
TaqI

pgHColIIa
C0I2A1
12q14.3 _ 

Hindlll BamHI

XMS43
D12S11

12q24.3-qter
Minn

14 PA 1 * 2 1. 2
16 MU MTI 1 * 2 -

19 HU T - - - 1. 2
23 MA M T U - 1 ' 2 - - 1 * 2 ♦
25 HE S - 1<2 - - 1<2 V
27 LY M T T  or T D - - - - 1 ' 2
29 HU M T T - 1 . 2 - - 1. 2
30 Bl $2 (1)2 1 * 2 - - 1 - 2

30 Bl 1>2 1>2 - - 1 - 2

31 BL T - - 1>2 - 1<2 V
32 GA MTT 1<2 - 1 * 2 - 1>2 •
33 Ml Y - - - - 1 * 2
34 DA S/MTI [ 1 . 2 ] - - - 1>2
35 WA S - 1>2 - - 1>2 V
36 ER MTI/S - 1 * 2 - 1. 2 1. 2

37 PA 8 - 1 * 2 1 * 2 - 1 * 2 ♦
38 ZE MTU - - - - 1>2
39 CA MTI - 1<2 1. 2 - 1<2 V
40 BY MTI/S - - - - 1<2
41 DO S - - 1. 2 - 1. 2
42 AN S - - 1 * 2 - 1 * 2 ♦
44 RO TD - 1 * 2 1 * 2 - 1 * 2 ♦

46 SM S - - - - 1>2
47 HA MTI - 1 * 2 - - 1 * 2 ♦
48 Ml S - 1 * 2 - - 1 * 2 ♦
49 TY S 1 . 2 - - - -

51 FI MTU/S - 1 * 2 - - 1 * 2 ♦

3101 KO MTI - - 1<2
3102 JU S [1.2] 1>2
3103 BA MTI 1<2 - - 1>2
3104 KU MTU 1>2 1 * 2 1>2 ♦
3105 BA MTI 1 * 2 1 * 2 1 * 2 ♦
3106 LY MTI - - [1 .2 ] - 1 * 2
3107 Ml MTI 1. 2 - 1 . 2 - 1<2
3108 PE S - - - - 1<2
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Table 3.29 Summary of results with DNA RFLP markers on chromosome 12 in
TGCT extracts

Probe and locus

p640 PÜL32B pgHCoillA A,MS43
Kras2 01287 Col2A1 012811 Total 12q

12p12.1 12q14.3-qter 12q14.3 12q24.3-qter results

No. tested 32 31 30 33 34

No. informative 7 15 1 1 31 33

No. losses 1 0 0 0 0

% loss 14 0 0 0 0

No. uneven 3 3 1 15 -

No. even 1 1 0 5 1 2 -

% uneven 75 23 17 56 -

% even 25 77 83 44 -

No. tumours with two or three 12q probes showing an even pattern 8

No. tumours with two or three 12q probes showing an uneven pattern 4

No. tumours with two or three 12q probes showing a discordant pattern 2
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Table 3.30 DNA RFLP markers at loci on chromosome 12 in TGCT cultures

Probe, locus and enzyme

Patient Culture / 
Tumour

No. of 
# 1 2  

copies

p640
Kras2

12p12.1
TaqI

pDL32B
D12S7

12q14.3-qter
TaqI

pgHCoinA
C0I2A1

___12q14.3___
Hindlll BamHI

XMS43
D12S11

12q24.3qter
Hinfl

6KI KDK 2  +1 2 q-
+t(12/19)
+3xi(12p)

- 1 < 2 1 < 2 1 < 2

16 MU Tue

Tumour

3 + 12q- 
+ i(1 2 p)

1 < 2 1 > 2 1. 2*» 

1*2

1 > 2

34 DA Tuc 5+t(12/18) [1 . 2 ] - " 1 > 2

Tud 5+t(12/18) [1 . 2 ] - • 1 > 2

Tua 3+t(12/18) [1 . 2 ] - -  - 1 > 2

Tuf 3+t(12/18) - - 1 > 2

Tug 3+t(12/18) [1 . 2 ] - - 1 > 2

Tuj 3+t(12/18) [1 . 2 ] - - 1 > 2

Tumour [1 . 2 ] - - 1 > 2
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A. p640 B. pgHColIIa

TaqI Hindlll

kb N S 2  S-i kb N Tue kb

3.3

- 5  7

y  # ^ - 3  3

30BI 16MU

Figure 3.29 Southern blot ana lys is  w ith probes on chrom osom e 12. A. a lle le  

loss (arrow) in the less d iffe ren tia ted  ($ 2 ) but not c lassica l sem inom a (S^)

com ponent o f the tum our from  30BI using probe p640 (12p12.1) hybrid ized to 

TaqI d igested genom ic DNA. The norm al DNA sam ple (N) was run on a separate 

gel and fo r a shorter period of tim e than the correspond ing tum our DNA gel.

B. A ppearance of a novel band in tum our cu lture 16MU Tue using probe 

pgH C o lIIa  (12q14,3) hybrid ized to H in d lll d igested DNA
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3.3.23 Isozyme on chromosome 13q in TGCT extracts

The results with isozyme ESD on chromosome 13q in TGCT extracts are 

presented in table 3.31 and summarized in table 3.32. Only 1/21 patients (42AN) 

was informative for ESD (13q) and no allele loss was observed in the 

corresponding tumour. However the banding pattern in the tumour was 

asymmetrical, the signal from isozyme 1 being more intense than that of isozyme 

2 (figure 3.30). The asymmetric pattern could be due to an imbalance in the 

number of chromosome 13 homologues in this tumour.

3.3.24 Isozyme on chromosome 13q in TGCT cultures

The four different tumour cultures derived from 16MU; Tue(fb), Tue(ep), Ne(fb) 

and Tub all retained heterozygosity for ESD and no difference in the relative 

intensity of isozymes was noted (table 3.33). This suggests that the two copies of 

chromosomes 13 in each of these cultures are homologous. All other tumour 

cultures were uninformative for ESD.
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Table 3.31 Isozymes on chromosomes 13q and 16p in TGCT extracts

Enzyme marker and gene locus

Patient Histology ESD
13q14.1-q14.2

PGP
16p13

2 KO 

4 DA

S/MTI

MTI

- -

19 HU T -

20 AB MTU - -

23 MA MTU - -

29 HU MTT - -

30 Bl Si - 2-1

31 BL T - -

32 GA MTT - -

33 Ml Y - -

34 DA S/MTI - -

35 WA S - -

37 PA S - -

38 ZE Y - -

39 CA MTI - -

41 DO S - -

42 AN S 2<1 2-1

46 SM S 2-1

48 Ml S - -

49 TY S - -

50 DA S - 2-1

51 FI MTU/S - -
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Table 3.32 Summary of results with isozymes on chromosomes 13q and 16p
in TGCT extracts

Marker enzyme and gene locus

ESD
13q14.1-q14.2

PGP
16p13

No. tested 21 20

No. informative 1 4

No. losses 0 0
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Table 3.33 Isozymes on chromosomes 13q and 16p in TGCT cultures

Patient
Culture / 
Tumour

No. of 
#13 

copies

Enzyme marker and

ESD
13q14.1-q14.2

gene locus

PGP
16p13

2 KO Tuc 2 - -

6 Kl KDK 2 - 2-1

16 MU Tue(fb) 2 2-1 -

Tue(ep) 2 2-1 -

Ne(fb) 2 2-1 -

Tub 2 2-1 -
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ESD

48MI 50DA 30BI GCT27 4DA 42AN

bl bl N S-L  Tub N

1 2-1 2-1 2-1
origin

Figure 3.30 Starch gel electrophoresis of esterase D (ESD) isozymes in TGCT

patients of the three common phenotypes 1, 2-1 and 2. N=normal (testis from 

30BI and diploid culture from 42AN), bl=blood, S-|=seminoma from 30BI,

Tb=aneuploid culture from 4DA. GCT27 is a tumour cell line.
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3.3.25 DNA probes on chromosome 13q in TGCT extracts

Allele loss on the long arm of chromosome 13 was examined using two 

hypervariable minisatellite probes cMS604 and pMS626 which have not been 

mapped to specific loci. Both probes are polymorphic with Mbol and Alul. The 

results are presented in table 3.34 and summarized in table 3.36.

Of 30 patients examined 18 were informative with one or both probes. Loss of 

heterozygosity was seen in 3 cases (17%). These losses are illustrated in figure 

3.31. DNA from the metastatic immature teratoma from 39CA exhibited clear 

allele losss with cMS604 on digestion with Alul and Mbol (the result with Mbol is 

not shown). Since the patient had prior chemotherapy the possibility of this loss 

occuring as a result of treatment cannot be ruled out. The patient was 

uninformative for pMS626.

Allele loss with both markers was also demonstrated in Mbol digested DNA from 

the malignant teratoma intermediate of 3101 KO.

DNA from the seminoma of 3108PA showed clear allele loss with the marker 

CMS604 on digestion with Mbol. Using probe pMS626 the constitutional DNA 

from this patient exhibited three bands on Mbol digestion only two of which were 

present in the corresponding tumour. One possible explanation for this result is 

that the patient has an unusual constitutional polymorphism due to the presence 

of an additional Mbol site in one of the pMS626 alleles thus giving an extra 

fragment on Mbol digestion. The primary tumour having undergone loss of 

heterozygosity is therefore left with two fragments representing a single allele 

(the one with the additional Mbol site). Alternatively the tumour may have 

undergone only partial loss of an allele (from the one with the extra Mbol site ) 

resulting in two bands, one representing the intact allele and the other 

representing the partial allele. Unfortunately no result was obtained with pMS626 

using Alul digested DNA so it was not possible to distiguish between the two 

possibilities.

The relative intensity of alleles with cMS604 was uneven in the less 

differentiated component $ 2  from 3081 but even in the seminoma component
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S-|. Since the most likely sequence of events is that $ 2  was derived from Ŝ  then 

the imbalance in 8 2  may be due to duplication of the smaller allele or loss of one 

or more copies of the larger allele. The relative intensity of alleles in the majority 

of tumours was even rather than uneven with both markers on 13q.

3.3.26 DNA probes on chromosome 13q in TGCT cultures

The results with probes on chromosome 13 in the TGCT cultures are presented 

in table 3.37. KDK was unformative with either probe on chromosome 13q. 16MU 

Tue as well as the original tumour from this patient retained heterozygosity for 

CMS604. This suggests that the two copies of chromosomes 13 in 16MU Tue are 

not identical. Tuc, Tud, Tua, Tug and Tuj as well as the original tumour from 

34DA all retained heterozygosity with pMS626. In addition the relative intensity 

of alleles in 34DATuc, Tud and the original tumour was symmetrical. This result 

is consistent with the presence of an even number of chromosomes 13 in all 

cultures (two copies in 34DATua, Tuf, Tug and Tuj and four copies in 34DA Tuc 

and Tud). No result was obtained from the constitutional DNA of 34DA on 

digestion with Alul and hybridization with probe cMS604. However 34DA Tua 

and Tpd as well as the original tumour all exhibited an identical two banded 

pattern with this probe thus suggesting retention of heterozygosity. This was 

confirmed in the original tumour by retention of constitutional heterozygosity with 

CMS604 on digestion of the DNA with Mbol.
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Table 3.34 DNA RFLP markers at loci on chromosomal 3q in TGCT extracts

Probe, locus and enzyme

CMS604
D13S70

CMS626
D13S103

Patient Histology 13a 13a
Mbol Alul Mbol Alul

16 MU MTI 1 * 2 .
19 HU T -

23 MA MTU - - 1. 2 -

25 HE 8 - -

27 LY MTT or TD -

29 HU MTT - - 1 * 2
30 Bl 8 2 1<2 1<2 - -

30 Bl Si 1 * 2 1 * 2 - -

31 BL T - -

32 GA MTT 1. 2 1. 2 -

33 Ml Y -

34 DA 8 /MTI 1 * 2 [1.2] 1 * 2 1 * 2
35 WA 8 - - 1. 2 1 * 2
37 PA 8 - -

38 ZE MTU - -

39 CA MTI 2 2 - -

40 BY MTI/ 8 1 * 2
41 DO 8 - -

42 AN 8 - - 1. 2
44 RO TD 1. 2
46 SM 8 - 1 * 2
47 HA MTI -

48 Ml 8 1 * 2 1 - 2
49 TY 8 1 * 2 -

51 FI MTU/ 8 - - - -

3101 KO MTI 2 1
3103 BA MTI - -

3104 KU MTU [1 .2 ] -

3105 BA MTI [1 .2 ] [1 .2 ]
3106 LY MTI 1<2 - [1 .2]
3107 Ml MTI 1>2 1>2

3108 PE 8 1 *

Allele
intensity
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A. CMS604 B. pMS626

A lu l M bo l M bol M bo l M bol

N T N T N T  kb

&

- 2 . 3

39CA 3101 KO 3108PE

N T N T kb

- 6 . 7

^  O  '-2.3 

3101 KO 3108PE

Figure 3.31 Southern hybridizations showing results with probes on 

chromosome 13q. A. Allele loss in TGCT extracts using probe cMS604 

hybridized to Alul and Mbol digested genomic DNA. B. Mbol digested DNA 

hybridized with probe pMS626. Allele loss is demonstrated in the tumour from 

3104KO. Three bands are visible in the normal DNA (N) from 3108PE but only 

two of these are present in the corresponding tumour DNA (T). Arrows indicate 

positions of the deleted bands.
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3.3.27 DNA probe on chromosome 14q in TGCT extracts

Loss of heterozygosity on the long arm of chromosome 14 was examined using 

the highly polymorphic minisatellite probe pMS627. This marker, which has not 

been mapped to a specific region on 14q, is polymorphic with a number of 

restriction enzymes including Alul, Hinfl and Haelll. The results are presented in 

table 3.35 and summarized in table 3.36.

Twenty two patients were informative with one or more of the restriction enzyme 

digests. LOH was demonstrated in the tumours of two patients; 39CA and 48MI. 

These are illustrated in figure 3.32. DNA from the metastatic teratoma of 39CA 

exhibited diminished intensity of an allele on digestion with Alul and clear allele 

loss was demonstrated on Hinfl digestion. However it must be borne in mind that 

this is a secondary tumour from a patient who had prior therapy. Strongly 

reduced allele intensity was also demonstrated in DNA from the seminoma of 

48MI on Alul digestion. The constitutional DNA from 56LY exhibited an unusual 

three banded pattern on Alul digestion. This pattern was identical in the tumour 

DNA and may be due to a germline mutation leading to the creation of an 

additional Alul site within one of the alleles.

3.3.28 DNA probe on chromosome 14q in TGCT cultures

Results with the chromosome 14 probe pMS627 in the tumour cultures are 

presented in table 3.37. LOH with was demonstrated in only one tumour culture, 

16MU Tue (figure 3.33). It is not possible to say whether this is a localized 

deletion or whether the two copies of chromosome 14 in this culture are derived 

from the same homologue. The relative intensity of alleles in KDK was 

imbalanced as one might expect from the additional copy of chromosome 14 in 

this culture. In 34DA Tuc and Tud the relative intensity of alleles was even. This 

is compatible with the presence of an even number of chromosomes 14 in Tud 

but is incompatible with the presence of 5 copies in Tuc. The results suggest 

further deletion or addition of cryptic 14q sequences in Tuc. 34DA Tug and Tuj 

demonstated a relatively uneven intensity of alleles which is compatible with the
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odd number of chromosomes 14 in these cultures. The original tumour also 

exhibited an uneven intensity of alleles as would be the case if the tumour was 

made up of a mixture of the two modes.
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Table 3.35 DNA RFLP markers at loci on chromosomes 14q and 15q in TGCT
extracts

Patient Histology

Probe, locus and enzyme

pMS627
D14S44

14q

CMS620
D15S86

15a
Alul Haelll Hinfl Haelll Hinn Alul Mbol

14 PA 1. 2 1*2
19 HU I 1. 2
23 MA MTU - - - -

25 HE S -

27 LY MTT or TO 1*2 1*2 1*2
29 HU MTT 1<2 1<2 1*2
30 Bl S2 1>2 1.2 1*2 1*2
30 Bl Si 1>2 1>2 1*2 1*2
31 BL T 1*2 1*2
32 GA MTT - - -

33 Ml Y - 1*2 1<2
34 DA S/MTI 1>2 - 1*2 -

35 WA S 1<2 1<2 1<2 - -

36 ER MTI/S 1*2
37 PA S 1>2 1 1
38 ZE MTU 1. 2 1>2
39 CA MTI (1)2 - 2 -

40 BY MTI/S 1*2 1*2 1*2 1<2
41 DO 8 1>2 - 1*2
42 AN 8 - - [1.2] 1>2
44 RO TD 1*2 1>2
46 SM 8 1<2 1*2
47 HA MTI 1>2 1*2
48 Ml 8 1(2)
49 TY 8 1 '2 1*2
51 FI MTU/ 8 1(2)
3101 KG MTI 1>2 - -

3102 JU 8 -

3103 BA MTI 1*2 1*2 1.2
3104 KU MTU - 1'2 1.2 1.2 [1.2]
3105 BA MTI -

3106 LY MTI ★

3107 Ml MTI 1*2
3108 PE 8 1>2 1*2
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Table 3.36 Summary of results with DNA RFLP markers on chromosomes 13q,
14q and 15q in TGCT extracts

Probe and locus

Total 13q 
results

CMS604 pMS626 pMS627 cMS620
D13S70 D13S103 D14S44 D15S86

13q 13q 14 15

No. tested 30 27 2 2 29 28

No. informative 18 13 9 2 2 2 2

No. losses 3 3 1 2 2

% loss 17 23 1 1 9 9

No. uneven - 2 1 1 0 5

No. even - 5 5 8 14

% uneven - 29 17 56 26

% even - 71 83 44 74

No. tumours with both 13q probes showing an even pattern 

No. tumours with both 13q probes showing an uneven pattern 

No. tumours with probes on 13q showing a discordant pattern

2

1

0
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Table 3.37 DNA RFLP markers at loci on chromosomes 13q and 14q in TGCT cultures

Patient Culture
No. of 
#13 

copies

Probe, locus and enzyme

No, of 
#14 

copies

CMS604
D13S70

13q

pMS626
D13S103

13a

pMS627
D14S44

14a
Mbol Alul Haelll Mbol Alul Alul Hinfl Haelll

6 KI KDK 2 1 < 2 1 < 2 3

16 MU Tue 2 1 . 2 - 1 2

Tumour 1 * 2 -

34 DA Tuc 4 1 - 2 1 * 2 1 * 2 1 . 2 5

Tud 4 [ 1 . 2 ] 1 . 2 1 . 2 1 * 2 1 . 2 4

Tua 2 [1 . 2 ] 1 * 2 1 . 2 1 . 2 3

Tuf 2 1 . 2 3

Tug 2 1 . 2 1 > 2 1 < 2 3

Tuj 2 1 . 2 1 > 2 3

Tumour 1 - 2  [1 . 2 ] 1 * 2 1 * 2 1 > 2 -



pMS627

A. B.

Alul Hinfl Alul Alul Alul

N T N T N T kb

-4 .4

#

39CA

- 2 3

48MI

N T kb

-9 .4

-4.4

- 2 . 3

#  *

310GLY

Figure 3.32 Southern hybridizations showing results with probe pMS627 on 

chromosome 14q. A. Genomic DNA digested with Alul and Hinfl demonstrating 

allele loss in the tumour samples (T). B. Alul digested DNA showing 3 identical 

bands in the normal (N) and tumour sample (T) from 3106LY.
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PMS627

Alul

N Tue kb

- 2 . 3

- 2.0

Figure 3.33 Chromosome 14q allele loss in tumour culture 16MU Tue using the 

minisatellite probe pMS627 hybridized to Alul digested DNA.
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3.3.29 DNA probe on chromosome 15q in TGCT extracts

The long arm of chromosome 15 was examined for LOH using the hypervariable 

minisatellite pobe cMS620 which is polymorphic with the restriction enzymes 

Haelll, Hinfl, Alul and Mbol. The probe has not been mapped to a specific locus. 

The results are presented in table 3.35 and summarized in table 3.36. Of 22 

informative individuals loss of heterozygosity was demonstrated in two cases; 

37PA and 51 FI (figure 3.34). DNA from the seminoma of 37PA exhibited allele 

loss on digestion with Haelll and Mbol. The result with Mbol is not shown. DNA 

from the tumour of 51 FI exhibited diminished intensity of an allele on Haelll 

digestion. The majority of tumours exhibited a symmetrical pattern of bands.

3.3.30 DNA probe on chromosome 15q in TGCT cultures

The results obtained in the tumour cultures using probe cMS620 on chromosome 

15 are presented in table 3.38 Heterozygosity for this marker was retained in all 

cultures from 34DA and KDK. In each case the relative intensity of alleles was 

even. This is consistent with the presence of two copies of chromosomes 15 in 

KDK and four copies in 34DA Tuc and Tud. However three copies of this 

chromosome appear to be present in 34DA Tua, Tuf, Tug and Tuj thus 

suggesting further submicroscopic deletion or addition of 15q sequences. The 

original tumour from 34DA demonstrated a relatively even intensity of alleles 

which is consistent with the findings in the cultures.
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Table 3.38 DNA RFLP markers at loci on chromosomes 15q, 16p and 17p in TGCT cultures

Patient Culture / 
Tumour

No. of 
#15 

copies

Probe, locus and enzyme

No. of 
#17 

copiesHaelll

CMS620
D15S86

15a
Alul Mbol

No. of 
#16 

copies

pa3'HVR.64
D16S85
16p13.3
Pvull

p144D6
D17S34
17p13.3

MspI

pMS228
D17S134
17p13-pter 

Mbol

6 KI KDK 2 1 * 2 1 * 2 2 1 * 2 1 < 2 1 > 2 3

16 MU Nd(fb) 2 2 1 > 2 - 1 * 2 3

Tumour 1 * 2 -

34 DA Tuc 4 1 * 2 - 4+16q+ 1 - 2 1 * 2 1 . 2 4+17p+

Tud 4 1 * 2 - 4+16q+ 1 * 2 1 * 2 1 * 2 3+2x(17p+)

Tua 3 1 * 2 - 2+16q+ 1 > 2 1 * 2 1 . 2 2+17p+

Tuf 3 1 * 2 - 2+16q+ 1 > 2 2+17p+

Tug 3 1 * 2 - 2+16q+ 1 > 2 1 * 2 2+17p+

Tuj 3 1 * 2 - 2+16q+ 1 > 2 1 * 2 1 . 2 2+17p+

Tumour 1 - 2 - 1 > 2 1 * 2 1 * 2



CMS620

N T N T kb

-4 .3

- 2 . 3

- 2.0

37PA 51 FI

Figure 3.34 Chromosome 15q allele loss in TGCT extracts using probe cMS620 

hybridized to Haelll digested genomic DNA. T=tumour DNA, N=corresponding 

normal DNA. Arrows indicate positions of the deleted bands.
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Figure 3.35 Starch gel electrophoresis of phosphoglycollate phosphatase 

(PGP) isozymes in TGCT patients of phenotypes 1 and 2-1. T=tumour, bl=blood, 

Tuc and Tud are aneuploid cultures from 34DA.
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3.3.31 Isozyme on chromosome 16p in TGCT extracts

The results with isozyme PGP on chromosome 16p in TGCT extracts are 

presented in table 3.31 and summarized in 3.32. Of 20 individuals four were 

informative but none exhibited allele loss in the corresponding tumour. Two of 

the six PGP phenotypes are shown in figure 3.35.

3.3.32 Isozyme on chromosome 16p in TGCT cultures

The results with PGP in TGCT cultures are presented in table 3.33. Tumour 

culture KDK was heterozygous for PGP and no imbalance in the relative intensity 

of isozymes was noted. This result is consistent with the presence of only two 

copies of chromosome 16 in this culture. All other tumour cultures were 

uninformative at this locus.

3.3.33 DNA probe on chromosome 16p in TGCT extracts

Loss of heterozygosity on chromosome 16 was examined in TGCT extracts using 

the highly polymorphic minisatellite probe pa3H'VR.64 located at 16p13.3. The 

results are presented in table 3.39 and summarized in table 3.40. Of 23 

informative individuals clear allele loss was demonstrated in three cases; the 

seminoma from 35WA, MTU from 38ZE and metastatic teratoma from 47HO 

(figure 3.36). 47HO had received radiotherapy and chemotherapy prior to tumour 

removal so the possibility of allele loss occurring as a result of treatment cannot 

be ruled out. The relative intensity of alleles in the less differentiated component 

$ 2  from 30BI was even whereas the larger allele in the seminomatous

component was clearly more intense than the small allele. Assuming S2  is 

derived from one possible explanation for this difference may be that the 

smaller allele in $ 2  has undergone duplication or alternatively one or more 

copies of the larger allele has been deleted.
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3.3.34 DNA pobe on chromosome 16p in TGCT cultures

All cultures retained heterozygosity for the DNA marker pa3'HVR.64 on 

chromosome 16 (table 3.38). The relatively even intensity of alleles in KDK 

suggests that the two copies of chromosome 16 in this culture are homologous. 

In 16MU Nd(fb) the relative intensity of alleles was uneven though there are only 

two copies of chromosome 16 visible in this culture. The original tumour on the 

other hand demonstrated a relatively even intensity of alleles with this probe. 

The results suggest the presence of additional cryptic 16p sequences in 16MU 

Tue and that this culture represents a minor subclone. 34DA Tuc and Tud 

exhibited an even pattern of bands with pa3'HVR.64 whereas cultures 34DA 

Tua, Tuf, Tug and Tuj demonstrated an uneven pattern. These findings are not 

consistent with the presence of 5 copies of 16p in 34DA Tuc and Tud but are 

consistent with the presence of 3 copies in 34DA Tua, Tuf, Tug and Tuj. The 

original tumour from 34DA displayed an imbalance in the relative intensity of 

alleles as would be expected if the tumour is considered to be a mixture of the 

two different modes.
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Table 3.39 DNA RFLP markers at loci onchromosomes 16p and 17p in TGCT
extracts

Patient Histology

Probe, locus and enzyme

pa3'HVR.64 p144D6 pMS228 
D16S85 017834 0178134
16p13.3 17p13.3 17p13-pter 

PvuII Mspl Mbol

17p
allele

intensity
status

14 PA
16 MU MTI 1*2 -

19 HU T 1>2
23 MA MTU 1<2 1-2 [1.2]
25 HE 8 1<2
27 LY MTT or TD 1<2 -

29 HU MTT 1*2 1.2 1*2
30 Bl 8 2 1 '2 1<2 1*2
30 Bl S i 1>2 1>2 1>2
31 BL T - -

32 GA MTT 1>2 1<2
33 Ml Y -

34 DA 8 /MTI 1>2 1*2 1*2 ♦
35 WA 8 2 1<2 1<2 V
36 ER MTI/ 8 1. 2
37 PA 8 - 1*2 1*2 ♦
38 ZE MTU 1 -

39 CA MTI 1*2 1. 2 1>2
40 BY MTI/ 8 1*2 - -

41 DO 8 - 1*2 1*2 ♦

42 AN 8 1*2 1>2 1>2 V

44 RO TD 1>2 1. 2 1<2
46 SM 8 1.2 1*2 1*2 ♦

47 HA MTI 2 1*2
48 Ml 8 1>2 1*2
49 TY 8 1*2 1. 2 1*2
51 FI MTU/ 8 - 1*2 1*2 ♦

3101 KO MTI - 1*2 [1.2]
3102 JU 8 [1.2] [1.2]
3103 BA MTI 1>2 [1.2] [1.2]
3104 KU MTU 1>2 - [1.2]
3105 BA MTI 1>2 1<2 -

3106 LY MTI 1*2 1"2 1*2 ♦

3107 Ml MTI [1.2] 1. 2
3108 PE 8 1*2 1*2 1. 2
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Table 3.40 Summary of results with DNA RFLP markers on chromosomes 16p
and 17p in TGCT extracts

Probe and locus

pa3’HVR.64 p144D6 pMS228
016885 D17S34 D17S134
16p13.3 17p13.3 17p13-pter

Total 17p 
results

No. tested 30 26 2 0 30

No. informative 23 2 0 17 23

No. losses 3 0 0 0

% loss 13 0 0 0

No. uneven 1 0 5 5 -

No. even 8 1 0 9 -

% uneven 56 33 36 -

% even 44 67 64

No. tumours with both 17p probes showing an even pattern 6

No. tumours with both 17p probes showing an uneven pattern 2

No. tumours with both probes on 17p showing a discordant pattern 0
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Figure 3.36 Chromosome 16 allele loss in TGCT extracts using probe

pa3'HVR.64 hybridized to PvuII digested genomic DNA. T=tumour DNA,

N=corresponding normal DNA.
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3.3.35 DNA pobes on chromosome 17p in TGCT extracts

Loss of heterozygosity on the short arm of chromosome 17 in TGCT extracts was 

examined using two hypervariable probes p144D6 and pMS228 located at 

17p13.3 and 17p13-pter respectively. The results are presented in table 3.39 

and summarized in table 3.40. Twenty three individuals were informative with 

one or both probes. No changes with respect to band deletion or size alteration 

were seen with either probe in tumour DNA. The relative intensity of alleles in 

the seminomatous component $ 2  from 30 Bl was uneven with both probes which

suggests an imbalance in the number of maternal and paternal sequences in this 

region of 17p. In the less differentiated component S2  the relative intensity of

alleles with the marker p144D6 was also uneven but in this case it was the 

smaller allele which was more intense than the large. In addition the pMS228 

alleles in $ 2  were of relatively equal intensity. If $ 2  is derived from then one

possible explanation for these results is that loss of one or more copies of the 

larger allele and / or duplication of the small allele has occured in $ 2  at both loci

on 17p. In the majority of tumours the relative intensity of alleles was even with 

both probes on 17p. Six tumours exhibited an even pattern of bands with both 

probes on 17p compared to only two tumours exhibiting an uneven pattern.

3.3.36 DNA pobes on chromosome 17p in TGCT cultures

The results using probes p144D6 (17p13.3) and pMS228 (17p13-pter) on 

chromosome 17 in the TGCT cultures are presented in table 3.38. All cultures 

retained heterozygosity for one or both markers. The relative intensity of alleles 

in KDK was uneven with both probes as may be expected from the extra copy of 

chromosome 17 in this culture. However despite the presence of three copies of 

chromosome 17 in16MU Nd(fb) the relative intensity of alleles with pMS228 was 

even. This suggests further loss or addition of cryptic 17p sequences. All 

cultures from 34DA as well as the original tumour demonstrated a relatively 

even intensity of alleles with p144D6. In addition 34DA Tud and the original 

tumour also exhibited a relatively even intensity of alleles with pMS228. The
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results suggest that the breakpoint resulting in formation of the 17p+ marker in 

34DA Tua, Tuf, Tug and Tuj is proximal to 17p13. However this does not explain 

the result in 34DA Tud which contains three copies of chromosome 17 and two 

copies of the 17p+ marker.
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3.3.37 DNA probes on chromosome 18 in TGCT extracts

Allele loss on chromosome 18 was examined using the marker L2.7 located at 

18p11-pter and two other markers OS-4 and cMS440 located at 18q23.1-qter 

and 18q23 respectively. OS-4 is polymorphic with the restriction enzymes PstI 

and Taql. cMS440 is a hypervariable minisatellite probe. The results are 

presented in table 3.41 and summarized in table 3.42.

Of 27 individuals informative for one of the probes on chromosome 18 only two

(35WA and 34DA) demonstrated loss of heterozygosity in their tumour DNA

(figure 3.37 and 3.39). The seminoma from 35WA displayed clear allele loss with

all three markers on chromosome 18 suggesting loss of a whole chromosome 18

homologue. The combined tumour from 34DA exhibited diminished intensity of

an allele with cMS440 but was uninformative with the two other probes.

Decreased allele intensity in this tumour sample may be due to the presence of

more than one cellular clone rather than contaminating normal tisssue. This will 

be discussed further in section 3.3.38. The seminomatous component of the

tumour from 30BI demonstrated an imbalance in the relative intensity of alleles at 

both loci on 18q. The less differentiated component $ 2  however exhibited a

relatively even intensity of OS-4 alleles. The difference with OS-4 could be 

achieved through duplication of the smaller allele and / or loss of one or more 

copies of the larger allele in S2  The relative intensity of cMS440 alleles in S2

could not be assessed. With L2.7 the relative intensity of alleles could be 

assessed in only two tumours (16MU and 41 DO) each of which demonstrated 

asymmetry. In contrast the majority of tumours exhibited a relatively even 

intensity of alleles hybridizing to OS-4 and cMS440. Four tumours exhibited an 

even pattern of bands at both loci on 18q and three tumours demonstrated an 

uneven pattern.

3.3.38 DNA probes on chromosome 18 in TGCT cultures

The results with probes on chromosome 18 in the TGCT cultures are presented 

in table 3.43. KDK and 34DA Tua, Tuf, Tug and Tuj demonstrated LOH with all
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informative markers on chromosome 18 (figure 3.38 and 3.39). This is consistent 

with the presence of only one intact copy of chromosome 18 in these cultures. 

(KDK also has an 18q- marker). On the other hand 34DA Tuc and Tud did not 

exhibit allele loss and the relative intensity of alleles was uneven with both OS-4 

and pMS440 (figure 3.39). This is consistent with the presence of three copies of 

chromosome 18 in these two cultures. The original tumour from 34DA exhibited 

diminished intensity of the smaller allele with cMS440. This is probably due to 

the tumour being made up of a mixture of the two clones rather than the 

presence of contaminating normal tissue although the latter possibility cannot be 

ruled out.
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Table 3.41 DNA RFLP markers at loci on chromosomes 18 and 20q in TGCT
extracts

Probe, locus and enzyme

L2.7 OS-4 CMS440 18q CMS617
D18S6 D18S5 D18S31 allele D20S26

Patient Histology 18pll-pter 18q21.3-qter 18q23 intensity 2 0 q
PstI PstI Taql Haelll status Haelll

14 PA 1*2 1*2
16 MU MTI 1<2 - - - -

19 HU T - 1*2
23 MA MTU - 1*2 - - -

25 HE 8 - - 1*2 1*2
27 LY MTT or TD - - 1*2 1. 2
29 HU MTT - 1*2 1.2 - 1*2
30 Bl 8 2 - - 1*2 1. 2 1-2
30 Bl Si - - 1>2 1<2 V 1*2
31 BL T - - 1>2 1>2 V 1>2
32 GA MTT - - 1*2 1*2 ♦ 1>2
33 Ml Y - - 1. 2 -

34 DA 8 /MTI - - 1(2) 1>2
35 WA 8 1 2 - 2 2
36 ER MTI/ 8 - 1*2 - 1*2
37 PA 8 - - 1>2 1>2
38 ZE MTU - - - 1*2
39 CA MTI 1. 2 1<2 - - 1-2
40 BY MTI/ 8 - 1'2 - - 1*2
41 DO 8 1>2 1>2 - 1<2 V 1-2
42 AN 8 - 1<2 - 1>2 V 1*2
44 RO TD - 1.2 1.2 1<2 1>2
46 SM 8 - 1*2 - 1*2 ♦ 1*2
47 HA MTI - 1*2 - 1*2 ♦ 1>2
48 Ml 8 - - - - 1>2
49 TY 8 - - - 1*2 1*2
51 FI MTU/ 8 - - -

3101 KO MTI [1-2] 1*2 ♦ -

3102 JU 8 1>2 -

3103 BA MTI - -

3104 KU MTU 1*2 1>2
3105 BA MTI - -

3106 LY MTI 1-2 1<2
3107 Ml MTI - 1*2
3108 PE 8 1. 2 1<2
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Table 3.42 Summary of results with DNA RFLP markers on chromosomes 18
and 20q in TGCT extracts

L2.7
D18S6

18p11-pter

OS-4
D18S5

18q21.3-qter

cMS440
D18S31

18q23
Total 18q 
results

CMS617
D20S26

20q

No. tested 26 25 33 34 33
No. informative 5 14 20 25 26
No. iosses 1 1 2 2 1
% ioss 20 7 10 8 4
No. uneven 2 4 6 - 10
No. even 0 7 10 - 14

% uneven 100 36 38 - 42

% even 0 64 62 - 58

No. tumours with both 18q probes showing an even pattern 4

No. tumours with both 18q probes showing an uneven pattern 3

No. tumours with both probes on 18q showing a discordant pattern 0
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Table 3.43 DNA RFLP markers at loci on chromosomes 18 and 20q in TGCT
cultures

Patient Culture / 
Tumour

No. of 
#18 

copies

Probe, locus and enzyme

L2-7 OS-4 pMS440 cMS617 
D18S6 D18S5 D18S31 D20S26

18pter-p11 18q21.3-qter 18q23 20q 
PstI PstI Taql Haelll Haelll

No. of 
#20 

copies

6 K I KDK 1+18q- 2 1 - 1*2 2
34 DA Tuc 3 - 1<2 1>2 1>2 5

Tud 3 - 1<2 1>2 1>2 5

Tua 1 - 2 1 1>2 3

Tuf 1 - - 1 1>2 3

Tug 1 - - 1 1>2 3

• Tuj 1 - 2 1 1>2 3

Tumour - - 1(2) 1>2
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PstI Hae///

Figure 3.37 Alle le  loss at loci on chromosome 18 in the tumour from 35W A 

A PstI d igested DNA hybrid ized with probe L2.7 (18p11-pter) B PstI digested 

DNA hybridized with probe OS-4 (18q21,3-qter). C. H a e l l l  digested DNA 

hybrid ized with the m in isatellite  probe pMS440. Arrows indicate positions of the 

deleted bands
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Figure 3.38 Chromosome 18 allele loss in tumour culture KDK. PstI digested 

DNA samples were hybridized with A. probe L2.7 (18pter-p11) and B. probe 

OS-4 (18q21-qter). Arrows indicate positions of the deleted bands.
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Figure 3.39 Southern blot analysis using probes on chromosome 18q in tumour 

and cultures derived from 34DA. A. Taql digested DNA hybridized with probe 

OS-4 (18q21.3-qter) demonstrating loss of the larger allele in tumour cultures 

Tua and Tuj but not not Tuc and Tud. B. Haelll digested DNA hybridized with 

probe pMS440 demonstrating loss of the smaller allele in tumour cultures Tua, 

Tuf, Tug, and Tuj but not Tuc and Tud. The original tumour (T) shows a marked 

reduction in intensity of the smaller allele. Arrows denote positions of the deleted 

bands.
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Figure 3.40 Chromosome 20q allele loss in the tumour from 35WA using probe 

CMS617 hybridized to Haelll digested genomic DNA. T=tumour DNA, 

N=corresponding normal DNA.
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3.3.39 DNA probe on chromosome 20q in TGCT extracts

Allele loss on the long arm of chromosome 20 was assessed using the

hypervariable minisatellite probe cMS617 which has not been assigned to a

specific locus. The results are presented in table 3.41 and summarized in table

3.42. Of twenty six constitutionally heterozygous individuals clear allele loss was

exhibited in the tumour of only one patient; the seminoma from 35WA (figure

3.40). This accounts for only 4% of informative cases. The relative intensity of 

alleles was even in both tumour components and S2  from 30BI as was the

case in the majority of tumours.

3.3.40 DNA probe on chromosome 20 in TGCT cultures

KDK and all tumour cultures from 34DA retained heterozygosity with the marker

CMS617 on 20q (table 3.43). The relatively even intensity of alleles in KDK is 

consistent with the presence of only two copies of chromosome 2 0  in this culture 

and the imbalance in all tumour cultures from 34DA is consistent with the odd 

number of copies of chromosome 20 in these cultures (five copies in 34DA Tuc 

and Tud and three copies in 34DA Tua, Tuf, Tug and Tuj). The original tumour 

from 34DA also exhibited an imbalance in the relative intensity of alleles as 

would be expected if the tumour is made up of a mixture of the two different 

clones.

3.3.41 Summary of allele loss results

Results of the allele loss studies in TGCT extracts are summarized in 

figure 3.41 and table 3.44. The fractional allele loss (FAL) in each individual 

tumour and tumour culture is presented in table 3.45 and table 3.46 respectively. 

The FAL is a measure of the extent of allele loss in an individual sample. 

Surprisingly the mean FAL for seminomas (0.167) was found to be higher than 

the mean FAL in NSGCTs (0.066). However applying the Mann-Whitney U test 

the difference in FAL between the two groups was not found to be statistically 

significant. A relatively high FAL was demonstrated by tumour culture KDK.
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Unfortunately however the original tumour was not available so it was not 

possible to determine if any of these losses were present in vivo. The losses on 

1p and 14q in culture 16MU Tue could not be confirmed in the original tumour 

extract due to scarcity of the tumour.

The losses on 1q and 18q in cultures Tua, Tuf, Tug and Tuj from 34DA were not 

present in the clone with the higher chromosome number (34DA Tuc and Tud) 

but they were detected in the original tumour extract.

LOH at a frequency of >10% was exhibited on chromosomes 3p, 3q, 4, 5q, l ip ,  

11q, 12p, 13q, 16p and 18p. However the number of patients informative for 

probes on 3q, 4, 12p and 18p was small and the losses in each case were 

contributed by only a single tumour. Losses were more meaningful on 3p, 5q, 

l ip ,  11q, 13q and 16p where more patients were informative and LOH was 

contributed by more than one tumour. No losses were found on 6 p, 12q and 17p 

even though the number of informative patients was fairly high for 1 2 q and 17p 

(33 and 23 respectively).

An examination of allele intensities revealed a tendency towards allelic evenness 

(in over 70% of tumours) for probes on 1p36, 3q, 4, 5p, 5q, 7q, l ip ,  11q, 12q14, 

13q and 15q . The only chromosome arm showing an uneven pattern in more 

than 70% of tumours was 12p. This is consistent with the overrepresentation of 

12p in the majority of TGCTs.
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Figure 3.41 Summary of percentage allele loss / chromosome arm in TGCT extracts. Numbers in brackets refer to the total number 
of informative patients.



Table 3.44 Summary of DNA RFLP data

location Probe locus No. Losses / 
No. Informative

% LOH No. uneven 
(%)

No. even 
(%)

uneven/
even

1p36 PJA119 PND 0/1 0 1 (100) 0 (0) 0

1p36-p36.13 pPGDHI PGD 1/10 10 1 (12) 7 (88) 0.14

1p34 AF3 FucA1 0/15 0 6 (43) 8 (57) 0.75

1p35-p33 pXMS1 D1S7 0/31 0 12 (39) 19 (61) 0.63

1q21-q23 pB3 AP0A2 0/5 0 2 (40) 3 (60) 0.67

1q21-q24 PUM24P 2/26 8 9 (39) 14 (61) 0.64

1q23-q25.1 pAT3 AT3 2/9 22 3 (50) 3 (50) 1

1q42-q43 1MS32 D1S8 2/32 6 11 (41) 16 (59) 0.69

3p21 pH3H2 DNF15S2 2/18 11 10 (62) 6 (38) 1.67

3q12 HS3 D3S1 1/8 13 2 (29) 5 (71) 0.4

4 VC63 D4S129 1/10 10 0 (0) 5 (100) 0

5p CMS621 D5S110 1/30 5 (19) 21 (81) 0.24

5q21 71227 D5S37 4/18 22 2 (18) 9 (82) 0.22

5q14-q21 C11p11 D5S71 1/17 0 0 (0) 3 (100) 0

5q15-q21 ECB27 □5898 1/8 13 2 (40) 3 (60) 0.67

5q21-q22 CYN5.48 D5S81 2/9 22 1 (17) 5 (83) 0.2

5q35 XMS8 D7S21 5/25 20 4 (22) 14 (78) 0.29

7p22-pter XMS31 D7S21 1/27 4 10 (56) 8 (44) 1.25

7q36-qter pA.g3 D7S22 2/22 9 4 (22) 14(78) 0.29

9q34 PEFD126.3 D9S7 1/19 5 8(50) 8 (50) 1

11p15.5 pEJ6.6 HRAS1 0/16 0 2 (15) 11 (85) 0.18

11p15.5 PHINS310 INS 3/19 16 1 (9) 10 (91) 0.1

11p15 SMUC41 2/17 12 3 (21) 11 (79) 0.27

11q13 pMS51 D11S97 4/24 17 3(16) 16 (84) 0.19

12p12.1 p640 Kras2 1/7 14 3 (75) 1 (25) 3

12q14.3-qter DL32B D12S7 0/15 0 3 (23) 10 (77) 0.3

12q14.3 pgHColIIa Col2A1 0/11 0 1 (17) 5 (83) 0.2

12q24.3-qter >.MS43 D12S11 0/31 0 15 (56) 12 (44) 1.25

13q CMS604 D13S70 3/13 23 2 (29) 5 (71) 0.4

13q CMS626 D13S103 1/9 11 1 (17) 5 (83) 0.2

14q pMS627 D14S44 2/22 9 10 (56) 8 (44) 1.25

15q CMS620 D15S86 2/22 9 5 (26) 14 (74) 0.36

16p13.3 po3'HVR.64 D16S85 3/23 13 10 (56) 8 (44) 1.25

17p13.3 p144D6 D17S34 0/20 0 5 (33) 10 (67) 0.5

17p13-pter pMS228 D17S134 0/17 0 5 (36) 9 (64) 0.56

18p11-pter L2.7 D18S6 1/5 20 2 (100) 0 (0) 0

18q21.3-qter OS-4 D18S5 1/14 7 4 (36) 7 (64) 0.57

18q23 CMS440 D18S31 2/20 10 6 (38) 10 (62) 0.6

20q CMS617 D20S26 1/26 4 10 (42) 14 (58) 0.71
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Table 3.46 Fractional allele loss (FAL) in TGCT cultures

Culture Original tumour 
histology

Chromosome arms with allele loss Chromosome arms on which aiieiic markers were retained FAL

6KI (KDK) MTI 1p, 3p, 9q, 11p, 11q, 18p, 18q 1q, 5p. 5q, 6p, 7p, 12q, 16p, 14q, 15q, 16p, 17p, 20q 0.583

16MU Tue MTI 1p. 14q. 1q, 3p, 5p, 5q, 7p, 7q, 11p, 11q, 12p, 12q, 13q, 16p, 17p, 0.154

34DATuc,Tud MTi/S 1p, 1q, 3p, 3q, 4, 5p, 5q, 7p, 7q, 9q, 11p, 12p, 12q, 13q, 14q, 15q, 16p, 17p, 18q, 20q 0.000

34DA Tua, f, g, j MTI/S 1q, 18q 1p, 3p. 3q, 4, 5p, 5q, 7p, 7q, 9q, 11p, 12p, 12q, 13q, 14q, 15q, 16p, 17p, 20q 0.111



3.4 Retinoblastoma gene status in TGCT extracts and cultures

DNA from 34 TGCT patients (25 normal and tumour pairs, 3 individual tumours 

and normal tissue from 6  individuals), 5 tumour cell lines (Susa, GCT27cla1, 

Tera1, 1618K and 833K) and 7 tumour cultures established in our laboratory 

(4DA Tub, KDK, 16MU Tue and 34DA Tua, Tuc, Td, Tg and Tuj ) was examined 

for changes in RB gene structure by southern blot analysis. Hindlll digested 

DNA from these samples was hybridized to a 3' RB 3.8kb cDNA probe and a 5' 

RB 0.9kb probe subcloned from the 4.73 cDNA clone of the RB gene. The 3.8kb 

probe detects 14.5, 5.8, 1.5 and 1.2Kb Hindlll bands on southern blots of normal 

human DNA.

Using the 3.8kb cDNA probe no homozygous internal deletions or total deletions 

were not detected with any of the samples tested. However structural 

rearrangements of the RB gene were demonstrated in the tumour from 27LY, 

tumour culture 16MU Tue and blood from 47HO (figure 3.42). Densitometric 

analysis on autoradiographs of DNA blots from these three samples shows more 

clearly the anomalous patterns obtained as compared with normal DNA from 

29HU (figure 3.43). The tumour DNA from 27LY exhibited a novel DNA fragment 

at 4.7kb. That this extra fragment may have been caused by partial digestion of 

the tumour DNA was ruled out by carrying out the Hindlll digestion and southern 

blot analysis twice more with similar results. This finding represents the first case 

of an RB gene rearrangement in a germ cell tumour. Unfortunately however it is 

not known if the DNA examined was from the primary tumour of this patient 

(which was diagnosed as malignant teratoma trophoblastic) or from the 

metastatic differentiated teratoma in which case the abnormality could have 

arisen as a result of treatment (chemotherapy) received by this patient prior to 

tumour removal. The corresponding constitutional DNA gave the normal pattern 

of bands thus excluding the possibility that the rearrangement represented a 

sequence polymorphism.

In 16MU Tue the 6.2, 4.5 and 2.1 kb DNA bands were of relatively increased 

intensity suggesting amplification of these fragments. The possibility of a partial
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RB gene deletion on one allele resulting in hemizygosity of fragments 9.8, 7.5 

and 5.3kb cannot be ruled out. However the original tumour from which this 

culture was derived gave the normal pattern of bands thus suggesting either that 

the abnormality was present in a minor subclone or that the rearrangement had 

arisen during the culture period. The latter possibility is probably the case since 

when DNA from a parallel culture of 16MU Tue was examined it was found to 

display the normal pattern of bands.

DNA from the blood of 47HO demonstrated amplification of the 4.5kb band. 

However this abnormality was not present in the corresponding tumour which 

was derived from a para aortic node secondary. Since the patient had received 

radiotherapy and chemotheray prior to tumour removal it is possible that this 

rearrangement has arisen as a result of treatment.

All other DNA samples analysed with the 3.8kb probe displayed genomic 

patterns identical to that of normal human DNA. Further examination of the DNA 

samples for rearrangements and / or loss of genomic regions at the RB locus 

using the 0.9kb probe were uninformative. Although gross structural 

abnormalities were not detected in the majority of DNA samples analysed the 

existence of point mutations and small deletions cannot be ruled out since these 

are not detectable by this approach.

3.5 Retinoblastoma mRNA transcript size

The RB mRNA transcript size was analysed by northern blot analysis using the 

3.8Kb cDNA probe which recognizes the 3' portion of the gene. The tumour 

cultures examined used are listed in figure 3.44 and their details are given in 

appendix A15. All cultures expressed a normal sized RB mRNA transcript of 

4.7kb.
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Figure 3.42 Southern blot analysis of H indlll digested DNA hybridized to the 

RB 3.8Kb cDNA probe representing the 3' portion of the RB gene. The normal 

pattern of bands is as demonstrated in the blood (bl) from from 29HU. Abnormal 

banding patterns are seen in tumour culture 16MU Tue, tumour (T) from 27LY 

and blood from 47HO. N=diploid culture.
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29HU blood 16MU tumour culture Tue

47 HO blood 47HO tumour

27LY tumour

Figure 3.43 Densitometric analysis of RB  southern blots shown in figure 3.42. 

Blood from 29HU shows the tracing observed with normal human DNA. The six 

peaks from left to right represent respectively the H indlll fragments at 9.8, 7.5, 

6.2, 5.3, 4.5 and 2.1 kb. Abnormal densitometric patterns are observed in tumour 

culture 16MU Tue, tumour from 27LY and blood from 47HO. In contrast the 

tumour from 47HO demonstrates a normal pattern.
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- 4.7kb

Figure 3.44 Northern blot analysis of RB  mRNA using the 3.8Kb cDNA probe 

representing the 3' portion of the RB gene. All cultures expressed a normal sized 

transcript of 4.7Kb.

1. KDK

2. 4DATub

3. Teral

4. Susa

5. Susa CP

6. GCT27

7. 34DATUC

8. 34DA Tuj

9. 833K
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3.6 Studies of oncogene and tumour suppressor gene mRNA levels in 

TGCT extracts and cultures

The mRNA levels of various oncogene and tumour suppressor genes were 

determined in two seminomas (42AN and 30BI), four tumour cultures (4DA Tub, 

KDK, 34DA Tuc and Tuj) and five TGCT cell lines (Teral, GCT27cla1, 833K, 

Susa and SusaCP). The results obtained are presented below.

3.6.1 Retinoblastoma mRNA levels

An examination of RB mRNA levels in TGCT extracts and cultures relative to that 

of normal testicular tissue from 23MA gave the data presented in figure 3.46. 

Reduced levels of RB mRNA were demonstrated in all samples analysed. The 

levels varied from between 3 to 39% of normal testis RNA. The level of RB 

mRNA in tumour culture 34DA Tuc (0.16) was approximately twice that in culture 

Tuj (0.07). Although Tuc has four copies of chromosome 13 compared to only 

two copies in Tuj the difference cannot be explained by chromosome numbers 

alone since all other chromosomes in Tuc (including chromosome 7 which 

harbours the g-actin locus) are also overrepresented relative to those in Tuj.

All samples except for 42AN were shown to express a normal sized RB transcript 

on Northern blot analysis (figure 3.44). Southern blot analysis of these samples 

did not detect any structural DNA abnormalities using the 3.8kb RB probe.

3.6.2 P53 mRNA levels

Analysis of the p53 mRNA levels in TGCT cultures and primary tumours relative 

to that of normal testicular tissue from 23MA gave the data presented in figure 

3.47. No consistent change in p53 mRNA levels was found. The levels varied 

from between 0.33 and 2.65 times that of normal testis mRNA.

3.6.3 MCC mRNA levels

Measurement of the MCC mRNA levels in TGCT extracts and cultures gave the 

results presented in figure 3.48. There was no consistent change in the level of
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mRNA which varied from between 0.15 to 1.84 times that in normal testis RNA. 

In culture 34DA Tuc the amount of MCC mRNA present was around twice that in 

Tuj.

3.6.4 H-ras mRNA levels

An investigation of the levels of H-ras mRNA in TGCT extracts and tumour cell 

lines produced the results shown in figure 3.49. Reduced levels were exhibited 

by all the samples. The H-ras mRNA level in 34DA Tuc was over three times that 

in Tuj.

3.6.5 N-ras mRNA levels

An estimation of N-ras mRNA levels in TGCT extracts and cell lines gave the 

results depicted in figure 3.50. Near normal levels were exhibited by KDK and 

SusaCP. The rest of the samples showed decreased levels. The level of N-ras 

mRNA in 34DA Tuj was more than 1.5 times that of 34DA Tuc despite the 

presence of a greater number of copies of chromosome 1 in 34DA Tuc. SusaCP 

demonstrated over four times the level of N-ras mRNA seen in Susa. Figure 3.45 

shows part of the slot blot hybridized to the N-ras probe CN1.
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Figure 3.45 Slot blot of total RNA from TGCT cultures hybridized with probe 
pCNI (1p13) and showing the densitometric tracing obtained.
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RB

Figure 3.46 Reduced levels of RB mRNA (<1 ) in TGCT cultures, cell lines and 

primary tumour relative to that in normal testicular tissue from 23MA. Teral, 

GCT27 and 833K are tumour cell lines. 34DA Tuc, 34DA Tuj, 4DA Tub and KDK 

are aneuploid cultures. 42AN refers to the primary tumour (seminoma) of this 

patient.
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Figure 3.47 P53 mRNA levels in TGCT cultures, cell lines and primary tumour

relative to that in normal testicular tissue from 23MA. Decreased levels (<1) are 

observed in tumour culture 34DA Tuj and tumour cell lines 833K and Susa CP. 

Increased levels (>1 ) are observed in the primary tumour from 42AN and tumour 

cultures KDK and 4DA Tub. Near normal levels of p53 mRNA are observed in 

tumour culture 34DA Tuc and tumour cell line GCT27.
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Figure 3.48 MCC mRNA levels in TGCT cultures, cell lines and primary 

tumours relative to that in normal testicular tissue from 23MA. Increased levels 

(>1 ) are observed in the primary tumour from 42AN and tumour culture 4DA Tub. 

Near normal level (1) is observed in tumour cell line Susa CP. Reduced levels of 

MCC mRNA (<1) are observed in tumour cell lines Teral, GCT27, 833K, Susa 

and tumour cultures KDK, 34DA Tuc, 34DA Tuj and seminoma (S^) from 30BI.
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Figure 3.49 Reduced levels of H-ras mRNA (<1) in TGCT cultures, cell lines

and primary tumours relative to that in normal testicular tissue from 23MA. Teral,

GCT27, 833K and Susa CP are tumour cell lines. 34DA Tuc, 34DA Tuj, 4DA Tub

and KDK are aneuploid cultures. 42AN refers to the primary tumour (seminoma) 

of the patient and (S^) refers to the seminoma component of the tumour from

30BI.
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Figure 3.50 N-ras mRNA levels in TGCT cultures, cell lines and primary 

tumours relative to that in normal testicular tissue from 23MA. Near normal levels 

are observed in tumour culture KDK and tumour cell line Susa CP. Reduced 

levels of N-ras mRNA (<1) are observed in the primary tumour from 42AN, 

seminoma (8 )̂ from 30BI, tumour cultures 34DA Tuc, 34DA Tuj, 4DA Tub and

tumour cell lines Teral, GCT27, 833K and Susa.
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3.7 Investigation of K-ras gene mutations

DNA from 13 matched normal and tumour pairs, two individual tumours and 

three testicular tumour cell lines was analysed for possible mutations at the 1 st 

position of codon 1 2  using the polymerase chain reaction and mutation-specific 

oligonucleotide hybridization. The l l lb p  PCR product is shown in figure 3.51. 

Results of the dot blots from the patients and cell lines used in this study are 

shown in figure 3.52. All samples hybridized to the wild type oligonucleotide 

probe (figure 3.52A) thus demonstrating that at least one of the K-ras alleles in 

each DNA sample does not harbour mutations at codon 12. The duplicate filter 

hybridized to the mutant cocktail is shown in figure 3.52B. All samples showed 

positive hybridization after the first non-stringent wash (i) thereby demonstrating 

the hybridization reaction had been successful. Following the second high 

stringency wash all positive signals were removed (ii) indicating none of the 

amplified DNA samples has a mutation at position 1 of codon 12.
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K-ras (exon1) amplification

1 2 3 4 5 6 7 8 9

- I l l  bp product

Figure 3.51 Agarose gel showing the 111 bp product resulting from PCR 

amplification around codon 12 in the 1st exon of the K-ras gene. 30 cycles were 

carried out on 1 pg of DNA.

1. %123bp marker ladder

2. 6 KI(N)

3. 6 KI (KDK)

4. 34DA{N)

5. 34DA(T)

6 . 32GA(N)

7. 32GA(T)

8 . 37PA(N)

9. 41 DO (T)

T=tumour DNA, N=normal DNA.
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A. K-ras wild type B. K-ras 12.1 mutant cocktail

IV4kO)

27LY

BE (T) 40BY

29HU (T) 16MU

37PATeral

42AN

41 DO

31 BL

14PA

.34DA

0 0  32GA

(ii)

#

0  0  35WA

Figure 3.52 Allele specific oligonucleotide analysis of K-ras exon 1 amplified DNA from TGCT patients and and cell lines. A. Dot blot filters hybridized to K-ras 
codon 12 wild type probe and washed to high stringency (2x10 minutes at room temperature, followed by 2xSSPE ; 0.1%SDS SOminutes at 65“C in TMAC). B. (i) 
Duplicate filters hybridized to K-ras12.1 mutant cocktail. Only the first two non-stringent washes in 2xSSPE;0.1%SDS were carried out. (ii) the same filter as (i) 
washed further to high stringency in TMAC. Autoradiography was carried out overnight in each case. T= tumour DNA, N= corresponding normal DNA.



4 Discussion

Before entering into a discussion of the results it is appropriate at this point to 

consider the mechanisms by which LOH may be acheived in TGCTs. These 

tumours are unusual in the sense that an early step in the tumorigenic pathway 

is polyploidization leading to a doubling of the chromosome complement. If we 

consider that A and B are two alleles at a homologous locus then 

polyploidization will result in two copies of A and two of B thus:

A B -------------------P-AABB

Now if one chromosome is sunbsequently lost at random then the different 

resulting situations will be:

AAB B------------- —ABB ie 50% A BB (or B>A)
A BB 50% AA B (or A>B)
AAB
AAB

In other words the loss of a single chromosome from a tetraploid complement 

will not lead to LOH but will result in an imbalance of alleles with A>B or B>A 

occuring with equal probability. If however two chromosomes are lost at random 

during tumour progression then the combination of alleles left will be:

AA BB-------------—AA
BB
AB
AB
AB
AB

In other words LOH will occur in two out of 6  (or one third of) cases where two 

chromosomes are lost at random. In the remaining two thirds of cases 

heterozygosity will be retained with the presence of a single copy of each allele. 

The important message therefore is that a certain amount of allele loss can be 

expected to occur at random as a result of chromosome loss during tumour 

progression.
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4.1 chromosome 1

Rearrangements of chromosome 1 are a common feature of TGCTs. Deletions of 

1p and duplication of 1q are the most frequently found (Wang et al., 1980; 

Delozier-Blanchet et al., 1987; Farrington et al., 1987). As chromosome 

rearrangements may lead to gene loss chromosome 1 has been examined for 

LOH using markers on both the short and long arms. From a total of thirty seven 

informative individuals where tumour extract was examined (including both 

isozyme and DNA RFLP markers) LOH on the short arm of chromosome 1 was 

demonstrated in the tumours of only two patients; 46SM and 4DA. These losses 

account for 5% of cases. LOH on Ip  was also seen in tumour cultures 4DA Tua, 

Tub, KDK and 16MU Tue all of which enough tumour extract was not available to 

study informative markers. The seminoma from 46SM exhibited allele loss with 

the pPGDHI probe located at 1p36.3-p36.13. The NSGCT and two separate 

tumour cultures derived from 4DA demonstrated LOH at the PGM1 locus 

(1p22.1). KDK demonstrated LOH at the FUCA and >.MS1 loci. 16MU Tue also 

exhibited allele loss at the A,MS1 locus. These results are consistent with the 

cytogenetic findings in these cultures which demonstrate loss of one of the 

chromosome Ip  homologues (Farrington et ai, 1987).

Nine tumours exhibited an even pattern of bands with two or more probes on 

chromosome Ip  whereas only 5 tumours demonstrated an uneven pattern. The 

number of tumours exhibiting a discordant pattern of bands with two or more 

probes on Ip  was four. These results suggest that in the majority of tumours 

there is an equal number of homologous copies of the region 1p36-1p34 and that 

rearrangements affecting chromosome 1 may involve the whole of the short arm. 

In those tumours exhibiting a discordant pattern of bands there was no 

preference for the more distal probe to exhibit allelic symmetry or asymmetry 

compared to the more proximal probe.

The low level of allele loss on the short arm of chromosome 1 in our series of 

tumours is in agreement with the findings of other investigators. Using the YNZ2 

probe (which has not been mapped to a specific locus on Ip) Lothe et al. (1989)
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found no LOH in the tumours of 17 informative patients (the tumours comprised 

11 seminomas and 6  NSGCTs). Rad ice et al. (1989) examined chromosome 1 

for LOH using the NGF-p probe, which has not been assigned to a specific locus 

on Ip, and the L-myc probe located at 1p32. Allele loss was demonstrated at 

the NGF-p locus in only one tumour which accounts for 9% of the 11 

informative cases. If cultures where no tumour extract was available were 

included the incidence of LOH on Ip  in our series is higher but this may reflect 

an ability of tumours with chromosome 1 rearrangements to establish more easily 

in culture. The 1 p32-36 region has previously been found to be a non-random 

site of chromosome rearrangements in NSGCTs (Sameniego at a/., 1990; 

Rodrigues at a/., 1992). The 1p22 region has been identified as a non-random 

site of chromosome rearrangements associated with yolk sac tumours 

(Rodriguez at a/., 1992).

Of 34 individuals informative for one or more probes on the long arm of 

chromosome 1 LOH was demonstrated in the tumours of three individuals; 31BL, 

34DA and 3107MI. These losses account for 9% of cases. Allele loss studies on 

the long arm of chromosome 1 have not been reported previously in TGCTs. The 

three tumours retained heterozygosity for all Ip  markers thus ruling out loss of a 

whole chromosome 1 homologue as the mechanism of allele loss. The NSGCT 

from 31 BL and combined tumour from 34DA exhibited LOH with all informative 

probes on 1q thus suggesting loss of an entire 1q arm. The MTI from 3107MI 

demonstrated LOH with PUM24P but retained heterozygosity with ^MS32 thus 

suggesting this was an interstitial deletion. Cultures 34DA Tua, Tuf, Tug and Tuj 

also demonstrated LOH for all informative markers on 1q. However 34DA Tuc 

and Tud retained heterozygosity for all 1q markers thus demonstrating that the 

original tumour was made up of at least two different clones. The results also 

suggest that the loss of 1 q material is a relatively late event in tumorigenesis. 

Fluorescence in situ hybridization (FISH) studies carried out by Suijkerbuijk at si. 

(1993) have revealed the translocation of 12p sequences onto the terminal 

region of two identical copies of 1q in 34DA Tuc see figure 3.13. The relatively
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uneven intensity of alleles for all probes on 1q in 34DA Tuc and Tud is 

consistent with the cytogenetic findings which demonstrate an unequal number 

of 1q homologues. In addition 12p sequences were translocated onto the 

terminal region of 1 p and 1 q of the rearranged chromosome number 1 with the 

large heterochromatic region in 34DA Tuj as well as onto the same 1q region of 

the other normal looking homologue. These translocations can partly account for 

the LOH on 1q in cultures 34DA Tua, Tuf, Tug and Tuj but there are 

discrepancies. Not enough is known about the exact nature of the translocations 

to explain the results fully.

KDK and 16MU Tue retained heterozygosity for all informative markers on 1q. 

The retention of heterozygosity for 1q markers in these cultures indicates that 

the formation of the dup 1 q and i1 q and markers in these cultures respectively 

(see figure 3.1 and 3.2) follows chromosome doubling. However in KDK the 

relative intensity of alleles for all probes on 1q was uneven. This is inconsistent 

with the presence of two copies of each 1 q homologue and suggests that 

additional (invisible) rearrangements leading to gain or loss of 1 q sequences 

have occured. The relatively even intensity of PUM24P and XMS32 alleles in 

16MU Tue supports the mechanism of isochromosome formation depicted by 

Parrington et al. (1987) in which the 1q marker chromosome is made up of two 

copies of the same homologue. Altogether four different chromosome 1 

rearrangemenets were found among the seven karyotypically abnormal cultures 

derived from 16MU. The variety of chromosome 1 rearrangements suggest that 

they are later events which may be important to tumour development. The high 

frequency of chromosome 1 markers in our tumour cultures may be a reflection 

of an increased ability of cells with chromosome 1 rearrangements to establish in 

culture (Parrington eta!., 1994).

The additional bands seen with ^MS32 in tumours from 30BI and 31 BL are 

probably a result of the high somatic mutation rate seen with this type of probe 

(Jeffreys at a/., 1989). The identical sized novel fragment in the seminoma (S^)

and less differentiated component of the tumour ($2 ) provides strong evidence
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for a common origin of both components thus supporting the monoclonal theory 

of TGCT development.

The relative intensity of alleles with two or more probes on 1q was even in ten 

tumours thus suggesting the presence of an equal number of both parental 1 q 

arms in these tumours. In six tumours the relative intensity of alleles for two or 

more markers on 1 q was uneven indicating an imbalance in the number of 1 q 

homologues. In six tumours the relative intensity of alleles was discordant at two 

or more loci on 1 q implying more complex rearrangements have occured on the 

long arm of chromosome 1 in these cases.

Chromosome 1 rearrangements are a common feature of other neoplasms. LOH 

on 1 p is frequently seen in breast, hepatocellular, gastric and colon carcinomas, 

melanoma, neuroblastoma and multiple endocrine neoplasia type 2 a (reviewed 

by Seiziner et a/., 1991). Rearrangements giving rise to trisomy of all or part of 

1 q are a common finding in haematologic disorders, childhood tumours, 

colorectal tumours and breast carcinomas (Rowley at a/., 1977; Reichman at a/., 

1984; Rodgers at a/., 1984; Douglass at a/., 1985). The frequent and non

specific occurence of chromosome 1 rearrangements in human tumours 

suggests they are important during the later stages of tumour development. 

Allele loss on Ip  for instance has been significantly correlated with the presence 

of lymph node métastasés, large tumour size and DMA non-diploidy in breast 

tumours (Borg at a/., 1992) and LOH on 1q has also been associated with 

progression of gastric carcinomas (Fey at a/., 1989). In contrast the deletion of 

material from the short arm of chromosome 1 particularly the 1p36 region has 

recently been found to occur as an early premalignant event in intestinal 

tumorigenesis (Bardi at a/., 1993). A recent study by De Graaff at a/. (1993) 

failed to demonstrate any relationship between the number of structural 

abnormalities of chromosome 1 and clinical stage in NSTGCTs. Human 

chromosome 1 has been shown to be essential for suppression of carcinogen- 

transformed BHK cells indicating that loss of normal genes on this chromosome 

may be important in allowing a malignancy to become established (Stoler and
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Bouk 1985). The existence of a tumour suppressor gene in the 1p36 region has 

recently been demonstrated by the introduction of chromosome 1 into a colon 

carcinoma cell line. It was found that hybrid cells containing only the region of 

1p36-p34, as well as those containing intact chromosome 1, exhibited 

suppression of the tumour phenotype (Tanaka et al., 1993). Furthermore several 

revertants were found to have lost the 1p36 region from the introduced 

chromosome 1. In vitro studies have also shown that the absence of a Ip  gene is 

important for the immortalization of cultured cells (Paraskeva at a!., 1989). 

Oncogenes which have been assigned to chromosome 1 include N-ras and 

L-myc. Activated N-ras oncogenes have been reported in TGCTs by Mulder at 

at. (1989) and Ganguly atal. (1990). A rearrangement of chromosome 1 material 

can result in specific repositioning of oncogenes as in CML and Burkitts 

lymphoma. However a direct relationship between oncogene activation and 

rearrangement on chromosome 1 has yet to be established.

The analysis of N-ras mRNA levels in eight TGCT cultures (34DA Tuc, 34DA 

Tuj, 4DA Tub, KDK, GCT27, 833K Susa and SusaCP) and two tumours from 

3GBI and 42AN demonstrated near normal levels in the two cultures KDK and 

SusaCP and decreased levels in the remaining samples (see figure 3.49). 

Although KDK has been shown to have lost one of the 1 p homologues the (near) 

normal level of expression in this culture could be accounted for by duplication 

of the remaining Ip  homologue. The difference in N-ras mRNA levels between 

SusaCP (1.2) and Susa (0.28) could be due to changes resulting in resistance of 

SusaCP to cisplatinum or may represent random events occuring during the 

culture period. The difference in levels between 34DA Tuc (0.43) and Tuj (0.67) 

cannot be explained by differences in the number of Ip  arms in these cultures 

since Tuc which has five copies of Ip  (one copy with a large C-band and four 

copies with a small C-band) demonstrated a lower level of expression than that 

seen in Tuj which has only three copies of Ip  (two copies with a large C-band 

and one with a small C-band) see figure 3.13. It is possible there is a mutation in 

the chromosome with the small C-band leading to decreased expression and / or
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decreased transcript half-life. As none of the samples exhibited any significant 

increase in N-ras mRNA levels this would suggest the decreased levels could 

play a role in tumorigenesis. It is also interesting that the only other study looking 

at expression of N-ras mRNA reported a lack of expression in all eight testicular 

teratocarcinoma cell lines (Tesch et al. 1990).

4.2 Chromosome 3

Chromosome 3 has generally been found to be overrepresented in TGCTs both 

in our series (Parrington et al., 1994) and that of De Jong at ai. (1990). Allele 

loss on the short arm of this chromosome has been reported in one previous 

study (Lothe at al. 1989). chromosome 3 was examined for LOH using two 

probes one on each chromosome arm. Of 18 individuals informative for the 3p 

probe (H3H2) allele loss was demonstrated in two cases; 46SM and 48MI. Both 

individuals were uninformative for the 3q probe HS3. The only other loss on 3p 

was demonstrated in tumour culture KDK, the corresponding normal DNA was 

uninformative for the 3q marker. This loss suggests that the two copies of 

chromosome 3 in this culture may be derived from the same homologue. 

Alternatively one of the homologues may have undergone a submicroscopic 

interstitial deletion.

Of eight individuals informative for the 3q marker LOH was demonstrated in only 

one tumour; the differentiated teratoma from 44RO. The patient was 

uninformative with the 3p probe so it was not possible to determine whether this 

loss was part of a much larger deletion involving the short arm of chromosome 3. 

The frequency of allele loss on 3p in our samples (11%) is somewhat lower than 

the 28% previously been reported by Lothe at al. (1989). One possible 

explanation for this difference is that the markers used by Lothe at al. (which 

have not been assigned to specific loci) may be closer than the H3H2 probe to 

the putative tumour suppressor gene on 3p. It is interesting that the tumours 

exhibiting allele loss on 3p in our series are both seminomas since an increased 

tendency among seminomas to lose 3p alleles has been reported by Lothe at al.
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(1989). In contrast to our findings and those of Lothe et al. (1989) Radice et al.

(1989) and Peltomaki at al. (1990) reported no consistent changes in tumour 

DNA examined with the DRNSS2 (3p21) and H3H2 probes respectively. 

Although Peltomaki do not report on how many of their 11 TGCT patients were 

constitutionally heterozygous at the 3p locus, the number of informative 

individuals in the study by Radice et al. (six) is too small to exclude this 

chromosome arm as a potential site of allele loss in TGCTs.

The relative intensity of alleles at the 3p locus was uneven in the majority of 

tumours rather than even (10 versus 6 ). This finding is consistent with the 

overrepresentation of chromosome 3 in TGCTs. However with the probe on 3q 

the relative intensity of alleles was even in five tumours and uneven in two. In 

three cases (34DA, 42AN, and 3106LY) the relative intensity of alleles was 

concordant at both loci on chromosome 3. This may be a reflection of the 

number of chromosome 3 copies in these tumours. Discordant results were 

obtained from the tumour of 35WA in which the relative intensity of alleles on 3p 

was uneven but even on 3q perhaps suggesting a difference in the number of 

short and long arms. The overall results of allele intensities would suggest that a 

gene dosage effect on 3p may be more important than on 3q.

The tumour cultures derived from 34DA exhibited an imbalance in the relative 

intensity of alleles at both 3p and 3q loci. This is consistent with the presence of 

an odd number of chromosome 3 copies in each culture. The original tumour 

demonstrated the same pattern as the cultures as would be expected if the 

tumour was made up of a mixture of the two modes. 16MU Tue demonstrated a 

relatively even intensity of alleles on 3p which suggests that the two copies of 

chromosome 3 in this culture are homologous rather than identical. However the 

relatively even intensity of alleles in 16MU Nd(fb) is inconsistent with the 

presence of three copies of chromosome 3 in this culture. Q-banding has shown 

this culture to be heteromorphic for chromosome 3 (Parrington at a/., 1987). The 

results therefore suggest the presence of an interstitial deletion on the 

homologue which is duplicated.
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LOH on the short arm of chromosome 3 has been reported in a number of human 

malignancies including small cell lung carcinoma (Yokota et al., 1987), non small 

cell lung cancer (Horio at al., 1993), renal cell carcinoma (Morita at al., 1991), 

cancer of the uterine cervix (Yokota at al., 1989), ovarian (Ehlen at al., 1990) and 

breast cancer (Sato at al., 1991) thus suggesting a significant role for a putative 

tumour suppressor gene(s) on 3p in the development of human cancer. It is 

possible that the same recessive gene is involved in these tumours or it may be 

that different genes for each type of tumour are located on the same region of 

3p. According to Hibi at al. (1992) upto three putative tumour suppressor genes 

may be located on 3p. Additional evidence to support the notion that a tumour 

suppressor gene(s) exist on this chromosome arm is provided by balanced 

translocations with breakpoints in chromosome 3p 13-21 in cases of hereditary 

renal cell carcinoma (Cohen at al., 1979; Pathak at al., 1982) and by mapping of 

the Von-Hippel Lindau disease, which carries a high risk of renal cell carcinoma 

to chromosome 3p24-ter (Seizinger at al., 1988). Also the most common fragile 

site in humans is at 3p14 (Smeets atal., 1986).

A high degree of allele loss on 3q has recently been reported in osteosarcomas 

(Yamaguchi at al., 1992). This finding strongly suggests the existence of a 

tumour suppressor gene on this chromosome arm. Such a high degree of allele 

loss on 3q has not been reported in any other tumour type. The single tumour 

exhibiting allele loss on 3q in our series accounts for 13% of informative 

individuals. This percentage is slightly higher than the 11% loss on 3p but the 

number of informative patients on 3q is a lot less (eight as opposed to eighteen). 

Although no other study of allele loss on 3q in TGCTs has been carried the 

importance of a tumour suppressor gene on this chromosome arm in testicular 

tumour pathogenesis cannot be excluded.

4.3 Chromosome 4

LOH studies on chromosome 4 have not previously been carried in TGCTs. The 

marker VC63 which has not been assigned to a specific locus on chromosome 4
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was used to look for allele loss in TGCTs. Of ten informative cases LOH was 

demonstrated in the tumour of only one patient; the MTI from 3101 KO. This loss 

represents 10% of informative cases. It is difficult to assess the significance of 

this loss at this stage. The loss may be a random event or may suggest the 

existence of a tumour suppressor gene on chromosome 4 that is involved in 

testicular tumorigenesis. In the latter case the relatively low level of allele loss 

may be a result of the marker being situated far from the putative tumour 

suppressor gene. More loci on chromosome 4 will have to be examined in 

TGCTs before any conclusions are reached on the importance of this 

chromosome in TGCT pathogenesis.

The tumour cultures derived 34DA retained heterozygosity at the VC63 locus 

and the relative intensity of alleles was even in all cases. These results suggest 

that the two copies of chromosome 4 in cultures 34DA Tua, Tuf, Tug and Tj are 

homologous and that the four copies of chromosome 4 in cultures 34DA Tuc and 

Tud consist of a pair of each homologue. The relative intensity of alleles was 

also even in all tumours in which it could be assessed. This result is compatible 

with the finding that chromosome 4 is generally underrepresented in TGCTs both 

in our series and that of others (Castedo et a/., (1989) a, b; De Jong at al., 1990; 

Parrington eta!., 1994).

Chromosome 4 has not been implicated in any specific cancer. However 

frequent LOH on this chromosome has been reported in hepatocellular 

carcinomas particularly on the long arm and might represent an early event in 

these tumours (Wang and Rogler 1988; Buetow at al., 1989, Fujimori at al., 

1991 ). Could the significance of the 4q+ marker chromosome in tumour cultures 

from 34DA be the loss of 4q sequences? Deletions on chromosome 4 have also 

been reported in ovarian, colorectal and breast cancers (Vogelstein at al., 

1989; Sato at al., 1990; Dutrilaux at al., 1990; Sato at al., 1991; Cliby at al. 

1993). However in these cases the level of allele loss on this chromosome was 

relatively low compared to losses on other chromosomes and are thus likely to 

be late events associated with tumour progression. In addition the level of loss in
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these tuomours was found to be higher on the short arm than on the long arm 

thus suggesting the existence of an additional tumour suppressor gene on the 

short arm of this chromosome.

4.4 Chromosome 5

Chromosome 5 rearrangements have rarely been reported in TGCTs. Rodriguez 

et al. (1992) described a del 5q13 chromosome and a marker (5) chromosome in 

two separate NSGCTs. A chromosome 5 pericentric inversion, inv 5 (p13q14) 

which was present as a constitutional rearrangement in patient 6 KI has 

previously been reported by Parrington at al. (1987). Chromosome 5 has 

generally been found to be underrepresented in TGCTs (Castedo at al., 1989 a, 

b; De Jong at al., 1990; Rodriguez at al., 1992; Parrington at al., 1994). It has 

been suggested that underrepresented chromosomes may be more likely to 

harbour tumour suppressor genes which might play a part in the progression of 

TGCTs (Parrington ef a/., 1994).

LOH on chromosome 5 was examined using six different probes four of which 

(71227, C l lp l l ,  ECB27, YN5.48 and A,MS8 ) are clustered in the region 5q14-q21 

which is closely linked to the APC and MCC genes. Of 34 TGCTs and eight 

tumour cultures derived from three patients (6 KI, 16MU and 34DA) LOH on 5p 

was demonstrated in only one case; the MTU from 38ZE. However this loss is 

probably part of a much larger deletion involving a whole chromosome 5 

homologue since the tumour also exhibited allele loss with all informative 

markers on 5q. The only other unusual finding at the 5p locus (cMS621) was the 

three-banded pattern exhibited in both constitutional and tumour DNA derived 

from 23MA on digestion with Hinfl. Since a normal two-banded pattern was seen 

on digestion of the DNA with Alul enzyme the extra band probably arose as a 

result of a germ line rearrangement leading to the creation of an additional Hinfl 

site within one of the alleles. This rearrangement is therefore different from the 

mutations normally seen with this type of probe which result in alterations in the 

number of minisatellite repeat units (Armour at al., 1990).
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Allele loss on the long arm of chromosome 5 was demonstrated in the tumours of 

six patients; 25HE, 38ZE, 39CA, 42AN, 3104KU and 3108PE. However the 

tumour from 39CA was a metastatic immature teratoma from a patient who had 

prior chemotherapy. The deletion therefore may have occured as a result of 

treatment. Apart from the tumour from 38ZE LOH for all informative markers on 

5q was demonstrated in the tumours of four other patients; 25HE, 39CA, 3104KU 

and 3108PE thus suggesting loss of an entire 5q arm. Three of these; 25HE, 

42AN and 3108PE were informative and retained heterozygosity for the 5p 

marker cMS621 thus ruling out loss of an entire chromosome 5 homologue. The 

only interstitial deletion was seen in the tumour from 42AN which exhibited allele 

loss at the ECB27 locus but retained heterozygosity for all other informative 

markers on 5q; 71227, YN5.48 and A.MS8 ). Our results on chromosome 5 are 

similar to those of Peltomaki et al. (1990) who reported LOH in at least three 

tumours (one seminoma and two NSGCTs) from a total of 11 tumours examined. 

In one case the whole of the long arm appeared to be involved and in two cases 

the deletion involved the entire chromosome. In contrast Radice at al. (1989) did 

not detect allele loss on chromosome 5. However the only locus examined by 

these workers (D54) is at a considerable distance (5q31) from the APC/MCC 

locus (5q21) and the number of informative individuals (5) was too small to 

exclude such a loss.

Aberrations involving loss of chromosome material from the long arm of 

chromosome 5 are frequently found in a variety of hematological malignancies 

(Trent at al., 1989). LOH from the 5q21 region has been identified in over 40% of 

sporadic colorectal carcinomas (Ashton-Rickardt at al., 1989, Laurent-Puig at al.,

1992) and is thought to be an early event in colorectal neoplasia (Vogelstein at 

al,. 1988). LOH from 5q21 has also been noted in 21-40% of non small cell lung 

carcinomas (Ashton-Rickhart at al. 1991; D'Amico at al., 1992), 80% of SCLCs 

(D'Amico at al., 1992), 77% of oesophageal cancers (Boynton at al., 1992) and 

28% of breast carcinomas (Thompson at al., 1993). These data suggest that 

APC and/or MCC may be involved in the pathogenesis of a broader spectrum of
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human tumours than familial adenomatous polyposis and colon cancer. LOH 

directly involving APC or MCC has so far been reported only in colorectal, lung 

and oesophageal cancers (Ashton-Rickhardt et al., 1991; D'Amico at a/., 1992; 

Boynton at a!., 1992). The relatively high levels of allele loss on chromosome 5 

in our series (18%) suggests these losses may be non-random. The commonest 

chromosome defect responsible for APC loss in colorectal cancer has been 

found to be interstitial deletion (Ashton-Rickardt at a!., 1989). Mitotic 

recombination or partial arm loss were less frequent. This suggests that the 

percentage of TGCTs demonstrating allele loss on chromosome 5 in our series 

may be an underestimate of the true frequency. The tumours exhibiting LOH 

comprised an equal number of seminomas and NSGCTs. According to the 

monoclonal theory of TGCT pathogenesis this finding could suggest that 

deletions on chromosome 5 are a relatively early event in TGCT development. In 

addition the common region of deletion is between 71227 and YN5.48 which 

encompasses the APC and MCC genes. This strongly suggests that one or both 

of these genes are the targets of deletion. It will be necessary to examine both 

APC and MCC genes directly to determine their role in testicular tumour 

pathogenesis . Also as the probes used in our series did not cover a very large 

region on chromosome 5 the importance of other genes on this chromosome in 

testicular tumorigenesis cannot be excluded.

The observation that colorectal carcinomas exhibiting chromosome 5q deletions 

frequently express elevated levels of c-myc mRNA (Erisman 1989; Maestro

1991) is an interesting one since increased levels of the c-myc protein have also 

been demonstrated in TGCTs (Sikora at al., 1985; Watson at al., 1986). In 

addition a recent study has demonstrated that deregulated c-myc expression in 

colon carcinoma cell lines may be suppressed by introduction of a normal 

chromosome 5 by microcell fusion (Rodriguez-Alfageme at al., 1992). 

Unfortunately however no results were obtained from our examination of c-myc 

mRNA levels in TGCTs and tumour cultures.
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The majority of tumours and cultures demonstrated a relatively even intensity of 

alleles at all loci on chromosome 5. This is compatible with reports of 

chromosome 5 being underrepresented in TGCTs. (Castedo et al., 1989 a, b; 

De Jong at a!., 1990; Rodriguez eta!., 1992; Parrington at a!., 1994). In the case 

of tumour cultures from 6 KI and 34DA this is consistent with the presence of an 

even number of chromosome 5 copies in these cultures.The tumours of five 

patients (4DA, 47HA, 3103BA, 3105BA and 3107MI) demonstrated an imbalance 

in the relative intensity of alleles at all informative loci on the short and long arm 

of chromosome 5 thus suggesting the presence of more than two copies of 

chromosome 5 in each of these tumours. The only disparity in allele dosage 

between the short and long arm was exhibited by the tumour from 37PA (which 

exhibited a relatively even intensity of alleles with cMS621 and an imbalance in 

the intensity of A,MS8  alleles) and tumour culture 16MU Tue (which exhibited a 

relatively uneven intensity of cMS621 alleles and a relatively even intensity of 

XW\S8 alleles). The results with cMS621 in 16MU Tue are compatible with the 

presence of three copies of chromosome 5 in this culture but the relatively even 

intensity of A.IVIS8  alleles suggests further loss or duplication of 5q sequences 

following chromosome duplication.

Increased levels of MCC mRNA levels were exhibited by the tumour from 42AN 

and tumour culture 4DA Tub (figure 3.47). It is possible that LOH on the long arm 

of chromosome 5 in the tumour from 42AN does not involve the MCC locus. 

Alternatively it is possible that one of the MCC alleles has been deleted while the 

other has undergone duplication or a mutation resulting in deregulated 

expression. Deregulated expression may account for the increased levels of 

MCC mRNA in 4DA Tub. This culture, which expressed nearly one and a half 

times the normal level of MCC mRNA, has two copies of chromosome 5 and 

retained heterozygosity for all markers on chromosome 5. The rest of the 

samples demonstrated mRNA levels of between 0.15 times the normal level in 

the tumour from 30BI to just over the normal level in SusaCP. Those samples 

which had been examined with DNA RFLP markers (30BI, 34DA Tuc, 34DA Tuj,
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4DA Tub and KDK) retained heterozygosity for all informative markers on 5q. 

Since the levels of expression were less than half the normal level in some cases 

this would suggest that gene loss alone cannot account for reduced expression. 

Tumour cultures 34DATuc and SusaCP demonstrated twice the levels of MCC 

mRNA seen in 34DA Tuj and Susa respectively. In the case of 34DA the 

difference in mRNA levels between the two cultures cannot be accounted for by 

the number of chromosome 5 copies in these cultures. The difference in MCC 

mRNA levels between Susa and SusaCP may be due to changes which play a 

part in tumour progression or due to random events occuring during the culture 

period. Differences in the levels of MCC mRNA levels between samples may be 

reflect changes in gene copy number, deregulated expression or mutations 

which lead to increased or decreased transcript half-life. These changes may be 

random events occuring as a result of tumorigenesis or may play a role in tumour 

pathogenesis. It may be that the absolute levels of MCC mRNA are not as 

important as the relative dosage of normal and mutant transcript. It has recently 

been shown that truncated mutant APC proteins can associate with the wild type 

APC in vivo and perhaps inactivate it in a dominant negative manner (Su et al.

1993). Detailed studies of 5q21 in colorectal cancer suggest that APC or MCC 

can be the targets for deletion (Nishisho at a!., 1991; Kinzler at a/.; 1991) It has 

recently been speculated that APC and MCC could operate on the same 

molecular pathway (Nishisho at a/., 1991) and may even interact (Bourne at a/., 

1991; Groden at a/., 1991; Joslyn at a!., 1991). The inactivation of either one of 

these genes therefore could be sufficient to bring about the same end result.

4.5 Chromosome 6

LOH on chromosome 6  was examined with the isozyme markers GL01 (6p21.3- 

p21) and PGM3 (6q12). Although 6  patients were informative with PGM3 the 

contribution of this enzyme in most tissues is very small and consequently the 

corresponding tumours when examined gave no detectable PGM3 activity or the 

signal was too weak to be typed. The only tumour to give a result with PGM3 was
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the MTI from 4DA which exhibited the heterozygous pattern of bands thus ruling 

out LOH at this locus. Six patients were informative for GL01 none of which 

demonstrated LOH in their tumours. However in three cases (38ZE, 39CA and 

46SM) the relative intensity of the two isozymes was uneven thus suggesting the 

presence of an additional copy of chromosome 6 . This result is in agreement 

with the cytogenetic data which has shown chromosome 6  to be generally 

overrepresented in TGCTs both in our series (Parrington et al., 1987,1994) and 

that of De Jong et ai. (1990). Cultures 4DA Tua and KDK also retained 

heterozygosity for GL01 but in the case of 4DA Tua the relative intensity if 

isozyme 1 was greater than isozyme 2. This culture also demonstrated an 

imbalance in the relative intensity of isozymes with PGM3. An imbalance of 

PGM3 isozymes was also seen in culture 2K0 Tuc. These imbalances are 

probably due to a dosage effect resulting from the extra copy of chromosome 6  

in both 2KO Tuc and 4DA Tua. The other culture derived from 4DA (Tub) also 

retained heterozygosity with PGM3 but in this case the relative intensity of both 

isozymes was even which is compatible with the presence of only two copies of 

chromosome 6  in this culture. This imbalance was not noted in the original 

tumour from 4DA which suggests that the majority of tumour cells may also have 

only two copies of chromosome 6 .

Delozier Blanchet ef al. (1987) reported chromosome 6 q to be one of the 

regions affected most frequently by structural alterations in TGCTs and observed 

cells with a deletion or translocation involving 6 q in three testicular tumours. It is 

noteworthy that the myb oncogene has been localized to the distal portion of 

chromosome 6  (q22-q23). However Peltomaki ef al. (1991) found no consistent 

dosage changes in TGCT DNA with the myb oncogene probe.

The genes for the MHC including the HLA genes have been mapped to the short 

arm of chromosome 6  (6p21.3). There have been a number of studies which 

show that patients with testicular cancer have a different distribution of HLA 

antigens compared with control populations (De Wolf ef al., 1979; Pollack ef al., 

1982; Oliver ef al., 1986 a, b; Diekman and Keyserlingk 1988; Kratzik ef al.
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1989). However a recent study by Forman et al. (1992) found that the level of 

haplotype sharing among familial cases was not significantly different from the 

expected numbers and concluded it was unlikely there was*^ major gene 

associated with TGCT predisposition within or linked to the MHC complex. 

Radice at al. (1989) examined the HLA locus for LOH in TGCTs but found no 

loss in the tumours of 11 informative individuals. Using a genomic probe (4c11 ) 

which hybridizes in the region between the centromere and HLA Rukstalis at al.

(1989) identified tumour associated DNA deletions in 3/14 testicular 

teratocarcinoma. In addition one of the teratocarcinomas demonstrated complete 

homozygous loss of the 4c11 region. This result was interpreted as being 

consistent with the existence of a tumour suppressor gene close to HLA which is 

involved in the pathogenesis of TGCTs. These finding however do not contradict 

those of ours and Radice at al. (1989) since chromosome 6  sequences flanking 

the area of DNA loss were conserved thus demonstrating the neoplasms had not 

undergone a gross deletion of chromosome 6 . In addition Rukstalis at al. (1989) 

found no losses on Bp in three seminomas, three embryonal carcinomas and one 

choriocarcinoma thus suggesting the deletions were associated with tumour 

progression. Losses on Bp have been reported in around 20% of renal cell 

carcinomas (Rukstalis at al., 1989; Morita at al., 1991 a, b) and B2% of ovarian 

tumours (Cliby at al., 1993) but have not been found in a variety of other tumour 

types (Rukstalis at al., 1989). These results are compatible with those of 

Mitelman and Levan (1981) who In a survey of 1,871 cases of human neoplasms 

pointed out that the B was one of the chromosomes least frequently involved in 

abberations. However chromosome B is frequently linvolved in structural 

alterations in malignant melanoma. Over 80% of malignant melanomas or cell 

lines have been reported to possess a marker involving chromosome B, the most 

frequent alteration being a deletion of the long arm (Pathak at al., 1983) A 

deletion of Bq or its translocation has also been reported in ovarian 

adenocarcinoma (Kusyk at al., 1981). Furthermore alterations of chromosome Bq 

have been observed in various solid tumours eg lung and cervix, as well as
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several hematopoietic malignancies eg acute and chronic myelogenous 

leukemia (Sandberg et al., 1990). LOH on 6 q has been reported in 57% of 

ovarian tumours (Cliby at al., 1993) and 30-40% of renal cell carcinomas (Morita 

at al. 1991 a, b). The endowment of chromosome 6  with tumour suppressor 

properties has been demonstrated by microcell hybridization experiments; 

Chromosome 6  was demonstrated to reverse the tumorigenic phenotype when 

introduced into malignant melanoma cells. Furthermore loss of the chromosome

6  from these melanoma microcell hybrids resulted in reversion to tumorigenicity 

(Trent ef a/., 1990).

4.6 Chromosome 7

LOH on chromosome 7 was examined using the markers 1MS31 and pXg3 

located at 7p22-pter and 7q33-qter respectively. Of 27 informative individuals 

allele loss on the short arm of this chromosome was demonstrated in the tumour 

of only one patient; the seminoma from 25HE which accounts for 4% of cases. 

The patient was uninformative with the 7q marker so that loss of a whole 

chromosome 7 homologue could not be ruled out. One tumour, the MTI from 

39CA," exhibited rearrangement of one allele at the A.MS31 locus. Additional 

bands with ÀMS31 were seen in the DNA from 3 tumours; 30BI, 31 BL and 42AN. 

These novel bands are probably a result of the high somatic mutation rate seen 

with this type of probe. In the case of 30BI the size of the new fragment was 

different in the seminoma (S^) and less differentiated component of the tumour 

(S2 ). Thus the mutations must have occured late in the evolution of this tumour, 

and $ 2  also exhibited differences in the relative intensities of alleles with

pkg3 thus providing additional evidence for development of the two components 

along separate lines. With the 7q marker allele loss was demonstrated in 

tumours from two patients 14PA and 48MI. This accounts for 9% of the 22 

informative individuals. 48MI was uninformative for the 7p marker but 14PA 

retained heterozygosity with A,MS31 thus ruling out loss of a whole chromosome

7 homologue as the mechanism of allele loss.
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Chromosome 7 has been examined for LOH by other workers; Peltomaki ef al.

(1990) analysed six different loci on 7p and 7q but reported no allele loss in any 

of their 1 1  TGCTs and Radice ef al. (1989) found no allele loss at two loci on 7q 

in tumours of nine informative individuals. Chromosome 7 has generally been 

found to be overrepresented in TGCTs of our series (Parrington ef al., 1987,

1994) and that of others (Castedo ef al., 1989 a, b; De Jong ef al., 1990). The 

losses on chromosome 7 as well as not having been reported previously would 

seem to be discordant with the cytogenetic data. However Atkin and Baker 

(1993) recently described karyotypically visible deletions on the long arm of 

chromosome 7 in four testicular tumours (3 seminomas and 1 NSGCT). 7q- 

chromosomes were also detected in other tumours including those of the 

prostate and rectum. The breakpoints varied from q11 to q34. As well as the 7q- 

chromosome these tumours had one or more additional copies of a normal 

chromosome 7. The deletions were taken as evidence for the existence of a 

tumour suppressor gene on the long arm of chromosome 7.

The relative intensity of alleles on 7p and 7q was found to be concordant in 8  

tumours. In 5 cases the relative intensity of alleles was even and in three cases 

the relative intensity of alleles was imbalanced at both loci on chromosome 7 

thus suggesting the presence of an equal number short and long arms in these 

tumours. In 3 tumours the relative intensity of 7p and 7q alleles was discordant 

thus suggesting the presence of a different number of short and long arms. It is 

possible that chromosome 7 is overrepresented not only in those tumours 

exhibiting an imbalance in the relative intensity of alleles but also in those 

tumours where the relative intensity of alleles was even. This is illustrated well in 

tumour cultures from 34DA and 36ER where the relative intensity of alleles at 7p 

and 7q were even. At least 4 copies of chromosome 7 were present in all tumour 

cultures from these two individuals and in the case of 34DA Tuc and Tud at least 

six copies of chromosome 7 were visible. In addition trisomy of chromosome 7 

has been reported in tumours with no molecular genetic evidence of gain or loss 

of this chromosome (Ransom et al. 1992). In tumour culures KDK and 16MU Tue
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the relative intensity of chromosome 7 alleles was uneven. This is consistent with 

the presence of three copies of chromosome 7 in these cultures.

The relative intensity of alleles on 7p were imbalanced in ten tumours and 

balanced in eight tumours. On 7q the number of tumours exhibiting an imbalance 

in the relative intensity of alleles was only four and the number of tumours 

exhibiting an even intensity of alleles was 14. These results suggest that a gene 

dosage effect may be more important on 7p than on 7q. Rearrangements leading 

to extra copies of chromosome 7p in TGCTs have been reported by Atkin and 

Baker (1985) and Delozier-Blanchet et al. (1987) reported that 7p is frequently 

affected by structural aberrations. The short arm of chromosome 7 contains the 

epidermal growth factor receptor {EGFR) gene and platelet derived growth factor 

receptor A {PDGFA) gene. Peltomaki at al. (1991) found increased dosages of 

PDGFA, and EGFR DNA in TGCTs compared to normal DNA from the same 

patient. The signal enhancement in these cases exceeded that resulting from 

apparent aneuploidies of the 7p arm. However as the tumours did not reveal 

enhanced expression of PDGFR or EGFR in RNA dot-blot assays the 

significance of the amplifications remains unknown. The long arm of 

chromosome 7 harbours the MET proto-oncogene. Enhanced signal of this 

proto-oncogene has also been reported in TGCTs (Peltomaki at al., 1991) but in 

this case the increment reflected increased 7q dosages in general and was not 

indicative of specific amplification (Peltomaki at al., 1991).

Trisomy of Chromosome 7 is involved in many types of malignancies including 

bladder tumours (Hopman at al., 1991), brain tumours (Rey ef al., 1987), renal 

cell carcinomas (Casalone at al., 1992), lung cancer (Lee at al., 1987) and 

malignant melanoma (Balaban at al., 1984) as well as premalignant lesions such 

as colonic villous adenomas (Bardi at al., 1991) and non-neoplastic tissue 

obtained from placenta (Delozier-Blanchet at al., 1988), lung (Lee at al., 1987) 

brain (Heim at al., 1989) and kidney (Casalone at al., 1992; Emanuel at al.,

1992). This strongly supports the idea that an extra copy of chromosome 7 may 

play a crucial role in the early stages of tumorigenesis by conferring a
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proliferative advantage on the cells in which it occurs. Structural or numerical 

alterations of chromosome 7. often accompanied by enhanced expression of the 

EGF receptor or PDGFA chain, have been correlated with invasiveness and 

metastatic potential in a variety of tumours (Koprowski et al. 1985; Neal at a!., 

1985; Sainsbury at a!., 1987; Yasui at a!., 1988; Steele at a!., 1990). The 

existence of a metastasis gene on chromosome 7 has been suggested by 

somatic cell fusion studies. Chromosome 7 has been associated with the 

aquisition of invasiveness in mouse-human T-cell hybrids studied by Collard at 

al. (1987). It was concluded that one or several genes on human chromosome 7 

are necessary for the establishment and maintenance of invasive and metastatic 

capacities.

Monosomy 7 and partial deletion of the long arm are observed frequently in 

acute myeloid leukemia and myeloproliferative syndromes (LeBeau at al., 1986; 

Yunis at al., 1986). Deletions on the long arm of chromosome 7 have been 

reported in 50% of tumours of the head and neck (Osella at al., 1992) and also in 

over 40% of breast cancer patients where it has been associated with poor 

prognosis (Bieche atal., 1992). Deletions of 7p have been observed in a number 

of leukemias (Russo at al., 1991) and LOH on 7p has been reported in 36% of 

ovarian tumours (Cliby at al., 1993). These findings suggest that a tumour 

suppressor gene may reside on both the short and long arm of chromosome 7.

4.7 Chromosome 9

Chromosome 9 was examined for LOH using the marker EFD126.3 located at 

9q34. Of 19 informative individuals allele loss was demonstrated in the 

seminoma from one patient (48MI). This loss accounts for only 5% of cases. LOH 

was also exhibited in tumour culture KDK. This may be a localised deletion or 

could suggest that the two copies of chromosome 9 in this culture are derived 

from the same homologue. The only other loss on chromosome 9 has previously 

been reported in the tumour cultures (Tua and Tub) derived from 4DA 

(Parrington at al., 1987). This individual was constitutionally heterozygous for
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chromosome 9 by C-banding but the two tumour cultures demonstrated loss of 

one of the C-bands and duplication of the other thus suggesting loss of an entire 

chromosome 9 and duplication of its homologue. The different cultures derived 

from 34DA exhibited an imbalance in the relative intensity of alleles. This is 

consistent with the presence of five copies of chromosome 9 in cultures 34DA 

Tuc and Tud and with the presence of 3 copies in cultures 34DA Tua, Tuf, Tug 

and Tuj. In tumour culture 16MU Tue the relative intensity of alleles was even 

despite the presence of a t(9;20) marker in addition to two intact copies of 

chromosome 9. This suggest that the 9q34 region has been deleted as a result 

of the translocation.

The relative intensity of alleles was uneven in eight tumours and even in eight 

tumours of our series. This is in agreement with the findings of Peltomaki et al. 

(1990, 1991) who reported no consistent dosage alterations at the ABL 

oncogene locus (9q34) in DNA from 14 TGCTs. The results also suggest that a 

dosage effect in this region of chromosome 9 may not be important to 

tumorigenesis.

The ploidy data reported for chromosome 9 has been variable; DeJong at al.

(1990) reported chromosome 9 to be generally underrepresented in TGCTs and 

Castedo at al. (1989a, b) reported a non random gain of chromosome 9. Our 

results however are in agreement with those of Rodrigues at al. (1992) who 

found no significant preference for gain or loss of chromosome 9 in their series 

of TGCTs. Nevertheless this does not rule out a possible role for chromosome 9 

in testicular tumorigenesis. Delozier-Blanchet at al. (1987) showed the 

chromosome regions most affected by cytogenetic changes included 9q. 

Deletions on 9q have recently been reported in over 50% of ovarian cancers 

(Cliby at al., 1993) and over 65% of bladder tumours (Tsai at al., 1990; Olumi at 

al., 1990; Cairns at al., 1993 a, b) thus signifying the possible existence of a 

tumour suppressor gene on this chromosome arm. The losses on chromosome 9 

in our series may be part of a much larger deletion possibly involving an entire 

homologue. Monosomy of chromosome 9 has been reported in bladder tumours

268.



(Gibas et al., 1984; Hopman et al., 1991) and in renal cancer (Berger et al.

1986). The targeted site of gene loss in these cases may be the 9p22 region 

which has been shown to be deleted in acute lymphoblastic leukemia, non- 

Hodgkins lymphomas, gliomas, melanomas and lung cancer (Bigner et al., 1986; 

Carrol et al., 1987; Cowan et al., 1988; Poliak and Hagemeiger 1987; Diaz et al., 

1990; Lukeis et al., 1990; James et al., 1991; Olopade et al., 1992, 1993). 

Additional evidence for the existence of a tumour suppressor gene on 

chromosome 9 comes from somatic cell hybridisation work; Chromosome 9 is 

preferentially lost from tumorigenic lines of hybrid cells prepared by fusing 

transformed mouse cells and human fibroblasts and mouse chromosome 4 

which contains syntenic regions to human chromosome 9p has been shown to 

suppress tumorigeniciy in many mouse tumorigenic cell lines (Klinger 1982). 

Thus the same tumour suppressor gene that is conserved throughout evolution 

may be involved in diverse types of tumours. The deletions on 9p often include 

the entire interferon gene cluster (IFN). This has led to speculation that the IFN 

genes themselves may be involved in the development of these seemingly 

unrelated forms of cancer. However the shortest region of overlap of deletions in 

ALL and gliomas (Olopade et al., 1992) and melanomas (Fountain et al., 1992) 

has been shown to exclude the IFN gene cluster.

4.8 Chromosome 11

Normal copies of chromosome 11 have been reported by a number of workers to 

be underrepresented in both seminomas and NSGCTs (Atkin and Baker 1985, 

De Jong et al., 1990). In addition deletions and rearrangements affecting 

chromosome 11 have been noted in cytogenetic analyses (Parrington et al., 

1987; Sameniego et al., 1990). The present study has demonstrated allele loss 

of DNA sequences on chromosome 11 in six of 34 TGCTs (18%). Four of the 

tumours were seminomas and two were NSGCTs. LOH for markers on both the 

short and long arm of chromosome 11 was demonstrated in two cases (25HE 

and 37PA) thus suggesting loss of an entire chromosome 11 homologue.
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However it must be taken into consideration that the tumour from 47HA was a 

para-aortic lymph node secondary from a patient who had previously undergone 

radiotherapy and chemotherapy so the possibility of the deletion occuring as a 

result of treatment cannot be ruled out. Two tumours (47HA and 3108PE) 

exhibited allele loss at one locus on 1 1 p but retained heterozygosity with the 1 1  q 

marker. The remaining two tumours (35WA and 3105BA) showed LOH on 11q 

but not on l ip .  In the tumour cultures LOH was demonstrated with all informative 

markers on l i p  and l l q i n  KDK. This suggests that the normal chromosome 11 

and the 1 1 q+ marker chromosome in this culture are both derived from the same 

homologue. Alternatively one of the chromosome 11 homologues may have 

undergone a submicroscopic deletion on l i p  while the other homologue has 

undergone loss of the distal end o f l l q  due to formation of the 1 1 q+ marker. 

Tumour culture 16MU Tue retained heterozygosity for probes on both l i p  and 

1 1 q and in each case the relative intensity of alleles was even thus suggesting 

the two copies of chromosome 11 in this culture are homologous. All tumour 

cultures derived from 34DA retained heterozygosity with all probes on l i p  (this 

patient was uninformative for the 11 q probe). However in cultures 34DA Tuc and 

Tud the relative intensity of pEJ6 . 6  and SMUC41 alleles was even whereas in 

34DA Tua, Tuf and Tuj there was an imbalance in the relative intensity of alleles 

at both loci. This result is consistent with a dosage effect resulting from the even 

number of l i p  arms in cultures 34DA Tuc and Tud and the odd number of l i p  

arms in cultures 34DA Tua, Tuf and Tuj. The original tumour from this patient 

demonstrated a relatively uneven intensity of alleles with SMUC41 as would be 

expected if the tumour was made up of a mixture of the different clones. LOH on 

chromosome 11 in TGCTs has been reported by other workers. Radice et al. 

(1989) found allelic loss of DNA sequences on chromosome 11 in four of 14 

TGCTs (one seminoma, two NSGCTs and one combined tumour). In three cases 

markers on both the short and long arm of chromosome 11 were deleted. LOH 

on l i p  has also been reported in 40% (12/30) of TGCTs by Lothe at al. (1989,

1993). Two regions on l i p  (11 p i3 and 11 p i5) were identified as sites of allele
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loss thus suggesting the involvement of more than one tumour suppressor gene 

on chromosome 11 in testicular tumorigenesis. These findings are in contrast to 

those of Peltomaki et al. (1990) who reported no consistent changes in tumour 

DNA from 14 TGCT patients using RFLPs for chromosome 11.

Deletions on the short arm of chromosome 11 are considered as a common and 

important event in the development and / or progression of many cancers 

including Wilms Tumours (Reeve at a/., 1989), ovarian tumours (Viel at a!.,

1992), bladder carcinomas (Fearon atal., 1985), cervical tumours (Scrable at al.,

1987), breast carcinomas (Ali at al., 1987), lung cancer (Ludwig at al., 1991), 

rhabdomyosarcomas (Scrable at al., 1987), Hepatoblastomas (Koufos at al., 

1985) and adrenocortical carcinomas (Henry at al., 1989). LOH on 11q has been 

reported in multiple endocrine neoplasia (MEN) type 1 (Larsson at al., 1988). 

The conclusive evidence that a normal chromosome 11 is indeed involved in 

tumour suppression has come from cell hybrid and microcell transfer 

experiments. Studies on somatic cell hybrids between tumorigenic HeLa cells 

and diploid human fibroblasts have shown that the tumorigenic phenotypes of 

the hybrids is suppressed in cells which have retained the diploid number of the 

fibroblast derived chromosome 11. Microcell transfer of a single copy of a normal 

chromosome 11 into tumorigenic HeLa cells and a Wilms tumour line converted 

them to a non-tumorigenic state (Saxon at al., 1986, Weissman at al., 1987). 

Chromosome 11-specific RFLP were used to localize the putative tumour 

suppressor gene to the 11q13-q23 region in Hela cells (Misra at al., 1989). In a 

subset of Wilms tumours the tumour suppressor gene involved in the LOH at 

11 pi 3 has been identified. However linkage analysis and deletion mapping 

studies on l i p  suggested the presence of another critical Wims tumour gene on 

11 p i5.5 (Koufos at al., 1989; Reeve at al., 1989; Wady at al., 1990) but the 

putative WT2 gene has not yet been identified. The 11 pi 3 and 11 pi 5.5 regions 

have also been identified as hot-spots of deletions in ovarian tumours and lung 

carcinomas thus suggesting that deletion and inactivaton of the same growth 

regulating genes could also contribute to the malignant phenotype in other
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cancers. The WT1 gene encodes a putative transcription factor implicated in 

nephrogenesis and gonad development (Pritchard-Jones et al., 1990; Pelletier et 

a!., 1991). The LOH on l i p  in TGCTs has been taken to suggest that a common 

molecular pathway may act in germinal and Wilms tumours (Radice et a/., 1989). 

This hypothesis is supported by the association of genitiurinary malformation and 

Wilms tumour in the WAGR syndrome. However as TGCTs are rarely 

associated with Wilms tumour it is unlikely that deletions on l i p  are involved in 

the initiation of testicular neoplasms.

Other than the WT genes the other targeted site of allele loss on the short arm of 

chromosome 11 may be the H-ras oncogene. It has recently been shown that the 

introduction of a mutant H-ras gene into Rat-1 -fibroblasts does not cause 

transformation when the mutant and normal alleles are expressed equally 

(Finney et a/., 1993). Instead spontaneously transformed cells arose from the 

heterozygotes at low frequency and the majority of these had amplified the 

mutant allele. Thus it was demonstrated that a single point mutation in H-ras is 

not in itself sufficient for neoplastic transformation of even established cell lines; 

at least one additional event such as gene amplification is required. Other 

independent events may also suffice eg loss of the normal H-ras copy may 

facilitate transformation by the mutant product. Although the losses on l i p  

reported by Lothe et ai. (1989, 1993) and Radice et ai. (1989) have included the 

H-ras /ocus in the majority of cases these were part of much larger deletions. 

The only loss at the H-ras locus in our samples occured in culture KDK but this 

too was part of a much larger deletion. These findings coupled with the fact that 

in most tumours the relative intensity of H-ras alleles was even suggests that the 

tumorigenic effect of a mutant allele brought about by its amplification or loss of 

the normal H-ras copy is not operable in testicular tumour pathogenesis. This is 

further supported by the fact that no mutated H-ras genes have been reported in 

TGCTs although mutant N-ras and K-ras genes have been found (Mulder et ai. 

1989; Ganguly ef a/., 1990; Moul eta!., 1992) .
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Our analysis of H-ras mRNA has revealed decreased levels in nearly all 

testicular tumours and cultures examined. The tumour from 42AN expressed 

near normal levels of H-ras mRNA. This tumour retained heterozygosity at the 

H-ras locus and in addition the relative intensity of alleles was even thus 

suggesting expression from both copies of the gene. The decreased expression 

in culture KDK to just under half the normal level is consistent with LOH at this 

locus. The retention of heterozygosity in the tumour from 30BI and tumour 

cultures 34DA Tuc, 34DATuj, 4DA Tub and 833K suggests a decrease in the 

level of transcription and / or half-life of H-ras mRNA. However since the mRNA 

from only one normal testis was used to compare expression levels in the 

tumours and tumour cultures these results do not take into account possible 

variations in H-ras mRNA expression levels that may exist between individuals 

as have been described for the K-ras oncogene (Peltomaki et al., 1991).

4.9 Chromosome 12

Allele loss on the short arm of chromosome 12 was examined using the K-ras

probe P640. LOH was demonstrated in only one case, the less differentiated 

component of the tumour from 30BI ($2 ). Although this accounts for 13% of

heterozygotes the total number of informative individuals was only eight. LOH on 

the short arm of chromosome 12 has not been reported previously. The retention 

of heterozygosity with the K-ras probe in the seminoma component of the tumour 

from 30BI (S^) provides strong evidence for the development of $ 2  from thus

supporting the tumour progression model proposed by De Jong at al. (1990) in 

which less differentiated tumours result from progression of seminoma owing to 

loss of chromosomal material. It also means that LOH at this locus is not an 

important event in tumorigenesis. Loss of 12p material could lead to the 

unmasking of a tumour suppressor gene or an activated K-ras gene on the 

homologous chromosome. A normal ras allele has been shown to suppress the 

tumorigenic phenotype of rat fibroblasts transfected with an activated ras 

oncogene (Spandidos and Wilkie 1988). Point mutational activation of the K-
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ras gene in TGCTs has been demonstrated by Mulder et al. (1989) and Mou! et 

al. (1992). It is interesting that the larger K-ras allele which is lost in $ 2  is 

amplified in S .̂ (Such a strong increase in signal was not observed in any of the

other tumours) This is the opposite of what one might expect assuming that the 

deleted allele in 8 2  represented a wild type copy of K-ras or some other gene.

However the short arm of chromosome 12 could contain several genes important

to tumorigenesis some of which contribute to the tumorigenic phenotype by 

deletion and some by amplification. The amplification seen in may represent

duplication of the short arm of chromosome 1 2  through i(1 2 p) formation or a 

different abnormality of chromosome 12. (Virtually all 12p abnormalities have 

been shown to involve [almost] the entire short arm of chromosome 12).The 

resulting dosage effect may lead to overexpression of a gene or genes on 1 2 p 

which contributes to tumour progression. An increasing 12p copy number has 

been observed during clonal karyotypic evolution in a TGCT (Suijkerbuijk et al.,

1993). Alternatively the amplification could be a localized event leading to 

activation of the K-ras oncogene through overexpression. The importance of 

gene dosage has been demonstrated in the tumorigenic cell line HT1080 which 

has two mutant and two normal ras alleles. Non-tumorigenic revertants of this 

cell line were found to have lost one of the mutant alleles and the tumorigenic 

derivatives of these revertants were found to have gained one or two mutant 

alleles (McKay et al., 1986). Amplification of K-ras has been reported in male 

germ cell tumours and TGCT cell lines (Tobaly-Tapiero, 1986; Wang et al., 

1987; Dmitrovsky et al., 1990). Increased copies of K-ras have been found to 

result primarily from extra 12p copies (Dmitrovsky et al., 1990). However low 

level DMA amplification of K-ras beyond that which is seen by chromosomal 

analysis could not be completly excluded.

The i(12)p positive tumour culture 16MU Tue demonstrated an imbalance in the 

relative intensity of P640 alleles. This culture contains one i(12p) a 12q- marker 

chromosome as well as three copies of a normal chromosome 12. The allelic 

imbalance therefore is probably a result of the extra copies of the 1 2 p arm rather
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than gene amplification although this could not be ruled out. The other i(12p) 

positive tumour culture KDK was uninformative with the P640 probe. However 

this cell line has been examined by Sinke et al. (1993) who demonstrated a 

marked imbalance in the relative intensity of 12p alleles with at least three 

different DMA RFLP markers. It was concluded that both short arms of the i(12p) 

are of identical parental origin and as a consequence the i(12p) most likely 

originates from a misdivision of the centromere rather than a translocation or 

non-sister chromatid exchange as suggested by Mukhergie et el. (1991). 

Although the i(12p) negative cultures TT34DA Tuc, Tud, Tua, Tug and Tuj were 

informative with P640 it was not possible to assess the relative intensities of the 

two alleles. However Sinke etal. (1993) have shown an imbalance in the relative 

intensity of alleles with probes on 12p in 34DA Tuc and Tuj. Furthermore 

flourescence in situ hybridisation (FISH) has demonstrated the presence of 

additional chromosome 12 sequences translocated to different regions of 

chromosome 1 in cultures 34DA Tuc and Tuj (Suijkerbuijk et al., 1993). DMA from 

the short arm of chromosome 12 in 34DA Tuj has been shown to be inserted into 

the same region, 1q42, of the two different homologues of chromosome 1 which 

can be distinguished by C-band polymorphisms (figure 3.13). The chromosome 

region receiving the 12p DMA could be very important for alteration of 

oncogenes and / or inactivation of tumour suppressor genes (Farrington et al.,

1994). These findings can also partly explain the LOH observed with markers on 

the long arm of chromosome 1 in cultures 34DA Tua, Tuf, Tug and Tuj. Since 

only one of the chromosome 1 homologues has 12p material inserted into it in 

cultures 34DA Tuc and Tud this also explains the retention of heterozygosity for 

all 1q markers in these two cultures. The presence of two additional intact 

copies of each homologue in cultures 34DA Tuc and Tud shows that the 

insertion of chromosome 12p sequences into 1q is a relatively late event which 

must have occured after chromosome 1 duplication. The results also suggest 

that the 63/64 clone must have been derived from the 106/108 clone by 

chromosomal loss in keeping with the tumour progression model. Sinke et al.

275



(1993) and Geurts Van Kessel et al. (1993) have demonstrated that the 

additional 12p sequences in 34DA Tuc and Tuj appear to be of uniparental 

origin. This observation which has also been made in KDK and other TGCT 

cultures might indicate that one of the 12p arms confers a selective advantage 

over the other in human germ cell tumours and either by i(12p) formation or by 

some alternative mechanism may lead to preferential outgrowth. Genomic 

imprinting has been ruled out as an underlying mechanism by the observation of 

both maternal and paternal origins of allelic fragments exhibiting increased 

intensity (Peltomaki et a/., 1992). The relative intensity of P640 alleles was 

uneven in three tumours and even in one. These results suggest that an 

imbalance in the number of parental 12p copies does not occur in all tumours. 

Although the aquisition of multiple copies of these 12p sequences has been 

correlated with a greater likelihood of treatment failure (BosI et a/., 1989), a more 

recent study by De Graaff et al. (1993) found that the number of copies of i(12p) 

and the total number of copies of 12p did not correlate with clinical stage in 

TGCTs. It was therefore suggested that prognostic significance of the number of 

copies of 12p was related to therapy responsiveness rather than inherent 

aggressiveness of the NSGCTs (De Graaff et a/., 1993).

The retention of heterozygosity at all informative 12q loci has been reported by 

other workers (Radice et a/., 1989; Guerts Van Kessel et al., 1989; Peltomaki et 

al., 1990; Mukherjee et al., 1991) and supports the deduction that i(12p) 

formation is preceded by polyploidization. In contrast Murty et al. (1992) have 

identified two regions on 12q (one at 12q13 and the other at 12q22) which 

demonstrate frequent loss of heterozygosity (>40%). In addition one tumour 

exhibited a homozygous deletion of region 12q22. It is postulated these deletions 

identify sites of candidate tumour suppressor genes specific to germ cell 

tumours. The MGF gene which encodes the ligand for the Kit protooncogene 

has been mapped to 12q13. Deregulated expression of MGF and KIT genes was 

observed in both seminomas and NSGCTs. 12q13 is also a common breakpoint
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associated with adipose tissue tumours such as lipomas (Turc-Carel et al., 1988) 

and liposarcomas (Mertens eta!., 1987).

Despite the presence of only two intact copies of 12q in culture KDK an 

imbalance was demonstrated in the relative intensity of all alleles on 12q. 

However it must be stated that earlier passages of KDK contained three copies 

of chromosome 12 so it it seems that loss of one copy of chromosome 12 has 

occured during the culture period. The relative intensity of alleles was 

concordant for two or more probes on chromosome 12q in 12 tumours, (a 

discordant pattern of allelic bands was seen in only two tumours). In eight cases 

the relative intesity of all alleles was even and in four cases imbalanced. These 

results suggest the presence of an equal number of both paternal and maternal 

copies of the long arm of chromosome 12 in the majority of tumours.

The novel band exhibited at the Col2A1 locus in culture 16MÜ Tue may have 

resulted from an additional Hindin site within one of the alleles or may represent 

partial duplication of an allele. The individual from whom this culture was derived 

was not informative at this locus on BamHI digestion so it was not possible to 

distinguish between these two possibilities. In addition the new band was more 

intense than the two allelic bands thus suggesting it may have been an early 

rearrangement occuring prior to polyploidization. The novel fragment however 

was not present in the original tumour and therefore may have arisen in culture 

or may represent a minor subclone which grew from the tumour.

The dot blot assay used to screen for K-ras mutations is a highly sensitive 

technique detecting mutations present in only 5% of the amplified DMA (Albino at 

a!., 1989). Although no positive mutants were identified the results cannot be 

considered reliable without suitable controls samples. For this reason a better 

method to use is direct sequencing of PCR products which has the advantage of 

displaying the complete sequence of the entire amplified portion of the gene so 

that novel mutaions can be detected. However its main disadvantage is that the 

mutation needs to be present in at least 10-15% of the DMA preparation (Barelli 

at a/., 1989). A non-radioactive and quicker method of screening for mutations is
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the technique of single-strand conformational polymorphism which detects 

mutations as shifts in electrophoretic mobility (Orita et a/., 1989) and requires 

only normal DNA as a control. However its main disadvantage is that it does not 

identify the base-pair change and some mutations may not appreciabley alter 

mobility.

Our results on chromosome 12 support the view that formation of the i(12p) 

marker does not involve loss of 12q material and so must occur after 

polyploidization. It is therefore not the initiating event. Generation of the i(12p) 

chromosome is not essential as other abnormalities of 12p may occur instead. 

The role of chromosome 12 abnormalities in malignant transformation may be 

through genetic transposition (misplacing of a gene) or a gene dosage effect 

(multiplication of a gene). An increased copy number of the K-ras gene or other 

genes on 12p represents a significant step in the development of TGCTs. 12p 

may contain genes important for germ cell differentiation.

4.10 Chromosome 13

4.10.1 LOH studies

LOH on the long arm of chromosome 13 was examined using the isozyme 

marker ESD (13q14.1-q14.2) and the two hypervariable DNA probes cMS604 

and CMS626 which have not been assigned to specific loci. Of 18 individuals 

which were informative for one or more of these markers allele loss was 

demonstrated in the tumours of three patients; the seminoma from 3108PE and 

the two NSGCTs from 39CA and 3101 KO (however it must be noted that the 

tumour of 39CA was a secondary tumour and the patient had prior chemotherapy 

so the possibility of this loss occuring as a result of treatment cannot be ruled 

out). These losses account for 17% of cases. In contrast Peltomaki at a/. (1990) 

reported no consistent changes in testicular tumour DNA using two different DNA 

RFLP markers on the long arm of chromosome 13. However deletions on 

chromosome 13q have previously been described in a single seminoma (Lothe 

at a/., 1989) and NSGCT (Radice at a/., 1989). The lower level of losses in
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these two studies (representing 9% and 11 % of informative cases respectively) 

may be due to differences in the loci examined.

The relative intensity of alleles in the majority of tumours was even rather than 

uneven. This is consistent with findings of chromosome 13 being 

underrepresented in TGCTs both in our series and that of others (Atkin and 

Baker 1985; DeJong etal., 1989; Farrington etal., 1994).

The significance of the 13p+ rearrangement which was present in the two tumour 

cultures from 32GA and 36ER may be the loss of 13p sequences. 13p11 is 

mentioned as a nonrandom breakpoint in germ cell tumours by Rodriguez et al. 

(1992). Break points at 13q11 and 13q22 have been described in short term 

cultures derived from 42AN and 51 PA and may also be nonrandom. The 

relatively high level of allele loss in our series would suggest that a tumour 

suppressor gene on this chromosome may play a role in testicular tumorigenesis. 

An obvious candidate is the retinoblastoma tumour suppressor gene located at 

13q14 which will be discussed in the following section. Recently a new tumour 

suppressor locus DBM (disrupted in B-cell malignancy) which is located at least 

530Kb telomeric to RB1 gene was identified in human B-cell neoplasia (Brown et 

al., 1993). The contribution of this putative tumour suppressor gene in TGCTs 

and other neoplasms is yet to be determined.

4.10.2 Retinoblastoma results

The retinoblastoma susceptibility gene has been implicated in the tumorigenic 

pathway of many different solid tumours including retinoblastoma, osteosarcoma, 

soft tissue tumours, breast carcinoma, glioblastoma, lung cancer and bladder 

cancer as well as haematologic malignancies (reviewed by Bookstein and Lee

1991). Many of these cancers however have no known epidemiologic 

relationship to retinoblastoma. Using the 0.9Kb and 3.8kb cDNA probes which 

represent the 4.7kb RB transcript we have analysed DNA from 34 TGCT patients 

and nine different tumour cultures by southern blot analysis to investigate 

possible involvement of the RB locus in TGCT pathogenesis. No homozygous
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internal deletions or total deletions were detected in any of the samples tested 

with the 3' 3.8kb probe. The only structural rearrangements of the RB gene were 

demonstrated in the tumour from 27LY, blood from 47HO and tumour culture 

16MU Tue. The rearrangement in 27LY is the first example of an RB gene 

rearrangement in a germ cell tumour. However it is not known whether the DNA 

available from the tumour of 27LY was extracted from the primary tumour or from 

the secondary tumour in which case the rearrangement may have arisen as a 

result of treatment received by this patient. The appearance of a normal pattern 

of bands in the tumour from 47HO suggests that amplification of the 4.7kb band 

in the blood of this patient may also have occurred as a result of treatment. The 

abnormal pattern of bands in culture 16MU Tue suggests partial amplification 

and / or deletion has occured on one of the RB alleles. The original tumour from 

which this culture was derived demonstrated the normal pattern of bands thus 

suggesting either that the abnormality was present in a minor subclone of the 

tumour or that the rearrangement had arisen during the culture period. The latter 

is likely to be the case as a parallel culture of 16MU Tue was shown to exhibit 

the normal pattern of bands. The low level of stuctural rearrangements at the RB 

locus in our samples is in agreement with the findings of Strohmyer et al. (1991) 

who found no gross alterations of the RB gene on southern blot analysis of DNA 

from 67 TGCT patients. However structural rearrangements at the 5' portion of 

the gene cannot be ruled out in our case as no results were obtained with the 5' 

0.9kb probe. It is also possible that the RB gene may be altered in subtle ways 

(such as point mutations and small deletions or insertions) that are not 

detectable by southern blotting since only gross structural changes of the exon- 

containing restriction fragments would be detectable using the cDNA probes. 

Furthermore non-coding sequences, introns that make up more than 95% of the 

gene or regulatory sequences may be affected by mutations. Only an estimated 

15-30% of retinoblastomas have substantial genomic rearrangements (eg 

deletions, translocations or duplications) of RB detectable by southern blotting 

with DNA probes (Freind at a/., 1986; Lee at a/., 1987; Fung at a/., 1987). More
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sensitive techniques such as PCR or ribonuciease protection assays have 

identified microdeletions and point mutations in a number of tumours that had 

normal RB banding patterns on southern blot analysis (Dunn et al., 1988; 

Horowitz et al., 1989; Yandell et al., 1989). All mutations found so far show no 

preferential localization that could indicate a mutation hot-spot in the gene 

therefore it is necessary to screen all 27 exons and adjacent intronic sequences. 

Northern blot analysis of RB mRNA from nine different tumour cell cultures 

revealed no abnormal sized transcripts. Slot blot analysis however revealed 

decreased levels (3 to 33 fold) of RB mRNA from six of these cultures as well as 

the seminoma from 42AN. Regulation of transcription and / or transcript half-life 

may therefore provide an additional mechanism of controling RB activity within 

the cell. Culture 34DA Tuc expressed about twice as much RB mRNA as 34DA 

Tuj. This difference can only partly be accounted for by the difference in the 

number of copies of chromosome 13 relative to the number of copies of 

chromosome 7 present in these cultures. Since normal testis RNA from only one 

one individual was available for comparison with tumour RNA it was not possible 

to assess interindividual vaiations in mRNA levels. However Srohmyer et al. 

(1991) reported similar results ie decreased expression of a normal-sized 

transcript in TGCTs compared to corresponding normal testis RNA. A 1.5 to 15 

fold decrease in expression of the RB transcript was found in all histologic 

varieties of TGCTs examined. Interindividual variations in normal testis RNA 

were not reported. In addition the RB protein could not be detected by 

immunohistochemical analysis in the undifferentiated cells of any TGCTs 

whereas the differentiated malignant cells expressed the protein. It was 

suggested that changes in transcript levels rather than mutations of the gene 

may be responsible for the aberrant or decreased expression in human germ cell 

tumours since reappearance of the protein in the more differentiated teratoma 

areas of the same tumours could not be explained if the gene were structurally 

damaged.
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Decreased expression of RB mRNA with concomitant increase of H-myc RNA 

has been demonstrated in a single seminoma by Saskela et al. (1989). Similar 

results on elevated expression of the L-myc and N-myc genes and lack of RB 

mRNA have been reported in SCLC lines (Saskela at a!., 1989). It is speculated 

that these two phenomena may somehow be related perhaps by potentiating 

each others oncogenic effect.

Homozygous inactivation of the RB gene has been proposed as the initial event 

in retinoblastoma and as an initial or early event in osteosarcoma and breast 

cancer (Freind at a!., 1986; Lee at a!., 1987; Fung at a/., 1987; T'Ang at a!., 

1988). Evidence suggests that loss of the RB gene occurs as a late event in 

glioblastoma, lung cancer and bladder cancer (James at a/., 1988; Harbour at a/., 

1988; Horowitz at a/., 1989, Cairnes et al., 1991). Absence of the RB protein in 

CIS cells indicates that RB inactivation may be a relatively early event in TGCT 

pathogenesis. Reappearance of the protein in the more differentiated teratomas 

suggests it may play a role in differentiation. However since germ cell tumours 

are rare secondary malignancies in patients with previous heritable 

retinoblastoma (Abramson at a/., 1984; Meadows at a/., 1985) it is unlikely that 

decreased RB expression is the only event responsible for the development of 

TGCTs.

4.11 Chromosome 14

Allele loss on chromosome 14 has not previously been investigated in TGCTs. 

The long arm of chromosome 14 in our series of TGCTs was examined for LOH 

using the hypervariable minisatellite probe pMS627. Of 23 informative 

individuals allele loss was demonstrated in the tumours of only two patients; the 

NSGCT from 39CA and the seminoma from 48MI. This accounts for 9% of cases. 

However the tumour from 39CA was a secondary tumour so the possibility of 

allele loss occuring as a result of treatment cannot be ruled out. LOH was also 

demonstrated in tumour culture 16MU Tue. This loss suggests that the two 

copies of chromosome 14 in this culture may be identical. Unfortunately no
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result was obtained from the original tumour so the possibility of this loss 

occuring during the culture period cannot be ruled out. It is interesting that the 

other tumour culture derived from 16MU (Tub) has a 14p+ marker chromosome. 

The relative intensity of alleles was imbalanced in ten tumours and even in eight 

tumours thus suggesting an overrepresentation of chromosome 14 in a small 

majority of the tumours. In addition the majority of tumours exhibiting an even 

intensity of alleles were NSGCTs whereas the alleles in seminomas were more 

often imbalanced. This is consistent with the findings of De Jong et al. (1989) 

who reported a tendency for chromosome 14 to be underrespresented in 

NSGCTs and overrepresented in seminomas. It is possible therefore that 

chromosome 14 harbours a gene(s) which plays a part in the transition of 

seminoma to NSGCT. This hypothesis needs to be tested further by the use of 

more probes on chromosome 14.

Deletions on the long arm of chromosome 14 have been reported to occur at 

high frequencies (around 50%) in neuroblastomas (Suzuki et a/., 1989) and 

ovarian carcinomas (Cliby et a/., 1993). A moderate level of allele loss (20%) on 

chromosome 14q has also been demonstrated in colorectal carcinomas 

(Vogelstein et a/., 1989) and loss of 14q occurs at a relatively high frequency in 

astrocytomas (Ransom et a!., 1992). These findings provide strong evidence for 

the existence of a tumour suppressor gene on this chromosome arm. However 

only low levels of loss on chromosome 14q have been reported in other tumours 

such as Wilms tumour, hepatocellular, esophageal and breast carcinomas (Sato 

et a/., 1990; Fujimori et a/., 1991; Wagata et a/., 1991; Maw et a/., 1992) thus 

implicating the putative tumour suppressor gene on this chromosome arm only 

in certain tumour types.

4.12 Chromosome 15

Chromosome 15 has not previously been examined for LOH in TGCTs. Using the 

hypervariable minisatellite probe cMS620 which has been mapped to the long 

arm of chromosome 15 allele loss was demonstrated in the tumours of two
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patients; the seminoma from 37PA and combined tumour from 51 FI. These 

losses account for 9% of the 22 informative cases. De Jong et al. (1989) 

reported chromosome 15 to be overrepresented in seminomas but 

underrepresented in NSGCTs. In addition Oosterhuis et si. (1993) found the 

number of copies of chromosome 15 to be lower in CIS adjacent to 

nonseminoma than in CIS adjacent to seminoma which was also true for the 

adjacent seminoma and nonseminoma. Thus one might have expected to find 

deletions on chromosome 15 in the NSGCTs rather than the seminoma.

The relative intensity of alleles was even in the majority of tumours, both 

seminomas and NSGCTs. This is not necessarily discordant with the findings of 

De Jong et al. (1989) since an even pattern of bands may result from 

chromosome diploidy or tetraploidy. This is appropriately illustrated in tumour 

cultures KDK and 34DA Tuc and Tud which contain two and four copies of 

chromosome 15 respectively. However in cultures 34DA Tua, Tuf, Tug and Tuj 

which have three copies of chromosome 15 the relatively even intensity of alleles 

suggests additional loss or duplication of chromosome 15q material.

LOH on chromosome 15 has rarely been reported in tumours. However a 

relatively high frequency of allele loss on chromosome 15q has recently been 

observed in ovarian cancers (Cliby et al., 1993) and osteosarcomas (Yamaguchi 

et al., 1992) thus suggesting the presence of a tumour suppressor gene on the 

long arm of this chromosome. It has been speculated that chromosome 15 may 

contain genes important for germ cell differentiation and that loss of these 

chromosomes may be crucial for a seminoma stage cell to evolve into a NSGCT 

(Castedo et al., 1989a, b; De Jong et al., 1990). The existence of such a gene 

needs to be investigated further by an examination of more loci on chromosome 

15 for LOH in TGCTs.

4.13 Chromosome 16

LOH on chromosome 16 was examined using the polymorphic enzyme marker 

PGP (16p13) and the minisatellite DNA probe pa3'HVR.64 (16p13.3). This
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chromosome arm has not previously been examined for allelic deletions in 

TGCTs. Of 24 individuals informative for at least one of these markers LOH was 

demonstrated in three tumours; the seminoma from 35WA and the NSGCTs from 

38ZE and 47HO. These losses which were all demonstrated with the 

pa3'HVR.64 probe account for 13% of cases. However the teratoma from 47HO 

was a secondary tumour and the patient had received prior radiotherapy and 

chemotherapy so the possibility of allele loss occuring as a result of treatment 

cannot be ruled out in this case.

All cultures examined retained heterozygosity for 3a'HVR.64 (16p13.3) In 

cultures KDK, 34DA Tuc and 34DATud the relative intensity of alleles was even. 

This is consistent with the presence of an even number of copies of chromosome 

16p in these cultures (two and four respectively). Cultures 34DA Tua, Tuf, Tug 

and Tuj displayed an imbalance in the relative intensity of alleles which is 

consistent with the presence of three copies of chromosome16p in these 

cultures. However culture 16MU Nd(fb) which has only two copies of 

chromosome 16 also demonstrated an imbalance in the relative intensity of 

alleles thus suggesting the presence of cryptic chromosome 16p material 

elsewhere in the genome.

In our series the relative intensity of alleles was uneven in ten tumours and even 

in eight which suggests an overrepresentation of chromosome 16 in a small 

majority of the tumours.

Chromosome 16 has been implicated in the tumorigenic pathway of only a few 

tumour types. LOH on 16p has been observed at relatively low frequencies in 

osteosarcomas (Yamaguchi et al., 1992) and renal cell carcinomas (Morita at a/.,

1991). Frequent losses on 16p as well as 16q have recently been observed in 

ovarian carcinomas (Sato at a!., 1991; Cliby at a/., 1993). Rearrangements 

leading particularly to loss of 16q have been reported in Wilms tumour (Kondo at 

a/., 1984; Wang-Wuu at a/., 1990) and breast tumours (Dutrillaux at a!., 1990). 

Furthermore LOH on 16q has been shown to occur at high frequencies in breast, 

prostate and hepatocellular carcinomas as well as Wilms tumours (Carter at a/..
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1990; Tsuda et al., 1990; Sato et al., 1990, 1991; Fujimori ef al., 1991; Maw et 

al., 1992). The common region of deletion seems to be16q22-q24 (Kondo et al., 

1984; Sato et al., 1990; Tsuda et al., 1990; Fujimori et al., 1991; Maw et al.,

1992) thus suggesting the involvement of a single tumour suppressor gene in all 

of these cancers. In hepatocellular and breast carcinomas LOH on 16q has been 

found to occur more frequently in advanced tumours and has therefore been 

associated with tumour progression rather than initiation.

Although the long arm of chromosome 16 was not examined for LOH it is 

possible that those losses occuring on 16p are part of much larger deletions 

involving the long arm as well. A cytogenetically visible deletion chromosome 

16q has previously been reported in the two cultures derived from 4DA 

(Farrington et al., 1987) and a 16q+ marker chromosome was visible in all 

tumour cultures derived from 34DA. However the long arm of chromosome 16 

has been examined for LOH by Radice et al. (1989) who reported no allele loss 

at the 16q22 locus in six informative tumours, in addition Peltomaki et al. (1990) 

reported no consistent changes in DNA from 11 TGCTs at the D16S7 locus 

(16q22-q24).

4.14 Chromosome 17

Chromosome 17 has been reported by some workers to be non-randomly gained 

in TGCTs (Castedo et al., 1989 a, b: Samaniego et al., 1990). A relative 

deficiency of chromosome 17 in seminomas and an over representation in 

NSGCTs was reported by De Jong et al. (1990). It has been suggested that 

chromosome 17 may contain genes responsible for a more malignant phenotype 

(Castedo et al., 1989 a, b). LOH on the short arm of this chromosome was 

examined using two probes P144D6 and cMS228 located at 17p13.3 and 17p13- 

pter respectively. Twenty three individuals were informative for one or both 

probes on 17p but none exhibited LOH in their testicular tumour. These findings 

are similar to those of Peltomaki et al. (1990, 1991) who reported no consistent 

dosage change in tumour DNA from 14 TGCTs examined with the p144D6 and
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p53 probes. However using probe YNZ22 and three probes at the p53 locus 

Lothe etal. (19Ü9) and Heimdal etal. (1993) demonstrated allele loss in three of 

24 TGCTs (two seminomas exhibited LOH at the YNZ22 and one combined 

tumour showed allele loss at the p53 locus).

Allelic deletions on the short arm of chromosome 17 have been reported in a 

wide variety of human malignancies; upto 61% of breast carcinomas (Mackay et 

al., 1988), 73% of osteosarcomas (Toguchida et al., 1989), 75% of colonic 

carcinomas (Vogelstein et al., 1988), 50-60% of ovarian carcinomas (Ecoles et 

al., 1990, Russel et al., 1990), 55% of brain tumours (Fults et al., 1989) and 63% 

of bladder carcinomas (Tsai et al., 1990). In most cases the loss has been shown 

to be associated with mutations of the p53 gene on the remaining chromosome 

17p (Nigro et al., 1989). The retention of heterozygosity at 17p in all TGCTs in 

our series would therefore suggests that genetic alterations on 4he short arm of 

chromosome 17 are not important in TGCT pathogenesis. This is futher 

supported by the work of Heimdal et al. (1993) and Peng et al. (1993) who failed 

to show any germ-line or somatic mutations within the conserved region of the 

p53 gene in familial, bilateral and sporadic TGCT patients. In addition none of 

the tumours exhibited increased expression of the p53 protein which is indicative 

of a mutant product (Heimdal et al., 1993). These findings however are in 

disagreement with those of Wei et al. (1993), who found mutant p53 genes in 

four of seventeen seminomas (23%), and Bartkova et al. (1991) who reported 

aberrant accumulation of the p53 protein in all major histologic types of TGCT as 

well as carcinoma in-situ. Nevertheless the majority of tumours described by 

Bartkova et al. (1991) had positive immunostaining in < 5% of the cells. Heimdal 

et al. (1993) suggest that the screening method used by them (constant 

denaturing gel electrophoresis technique or CDGE) may not pick up mutations if 

they are present in <10-15% of the cells. Still this doesn't explain the 

discrepancy with the results of Bartkova et al. (1993). It is possible that p53 

mutations may be present in a region not covered by the screening method of 

Heimdal etal. (1993), exons 5, 6 , 7 and 8 . However Peng et al. (1993) screened
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areas of the gene less frequently associated with mutations (exons 2,4, 10 and 

11) and still failed to detect mutations. It has been suggested that presence of 

p53 protein in testis tumours may reflect an increased half-life and /or increased 

transcription (Peng et a/., 1993). The failure to demonstrate LOH on 17p in our 

series of TGCTs would lend support to the hypothesis that p53 mutations may be 

relatively unimportant in the genesis of testis tumours.

The relative intensity of alleles was even in the majority of tumours with both 

probes on chromosome 17p. Six tumours exhibited a symmetrical pattern of 

bands at both loci thus suggesting an equal number of parental copies in this 

region. Two tumours exhibited an uneven pattern at both loci thus suggesting an 

imbalance in the number of parental copies in this region. The consistently even 

pattern of alleles observed in the majority of tumours is discordant with the 

finding of at least three copies of chromosome 17 in all tumours karyotyped in 

our laboratory. The results suggest further alterations in 17p sequences which 

are not visible karyotypically may occur resulting in the deletion or addition of 

cryptic 17p sequences. FISH studies using a chromosome 17p paint probe 

should throw light on this.

The levels of p53 mRNA in the seven TGCT cultures (KDK, 4DA Tub, 34DA Tuc, 

34DA Tuj, GCT27, 833k and SusaCP) and single tumour from 42AN was shown 

to be variable as compared with normal testis RNA from 23MA. Increased levels 

were exhibited by the seminoma from 42AN and cultures 4DA Tub and and KDK. 

The increased level of p53 mRNA in 4DA Tub to just over one and a half times 

the normal level may be explained by the presence of an additional copy of 17p 

as compared with only two copies of chromosome 7 on which the p-actin probe 

resides (Parrington et al., 1987). However the increase in KDK to over two and a 

half times the normal level cannot be explained by chromosome numbers and 

suggests an increase either in the level of p53 mRNA transcription and / or 

message half-life. No karyotypic data are available for the seminoma of 42AN 

but this tumour demonstrated an imbalance in the relative intensity of P144D6 

alleles thus suggesting the increment in this sample could be a result of some
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extra 17p material. Cultures GCT27 and 34DA Tuc exhibited near normal levels 

of p53 mRNA. However culture 34DA Tuj demonstrated only one third of the 

normal level of p53 mRNA. The difference in levels between 34DATuc and Tuj 

cannot be explained by the relative number of copies of chromosome 17 in these 

cultures and suggests additional regulation of p53 mRNA levels by a decrease in 

the level of transcription and / or message half-life in Tuj. This might also explain 

the lower levels of p53 mRNA in cultures 833k and SusaCP. It is possible that 

the differences in p53 mRNA levels may be contributed to by only a fraction of 

the cells in our samples. This would not be unusual since Bartkova et al. (1991) 

demonstrated heterogenous expression of the p53 protein in an EC cell line as 

well as tumour samples.

Since the p53 gene is able to act both as a tumour suppresssor and an 

oncogene it is difficult determine the effects, if any, that different levels of 

expression have on tumour phenotype. For instance a tumorigenic effect may be 

acheived either by decreased expresssion of a wild type allele, thus exposing a 

mutant allele, or by overexpression of a mutant allele whose product exerts a 

dominant negative effect by entering into oligomeric complexes with the wild type 

product thus blocking its normal function. It is possible that both mechanisms are 

operable in testicular tumour pathogenesis and that the different mechanisms of 

expression and their timing may determine progression of the tumour along 

different lines possibly helping to give rise to the diversity of histologies seen in 

TGCTs. This is suggested by reports of a higher percentage of positive cases 

and a higher proportion of p53 over-expressing nuclei in embryonal carcinomas 

as compared with seminomas (Bartkova at a/., 1991). Alternatively the changes 

may be a consequence of tumorigensis rather than a cause. However the exact 

role of p53 in TGCT pathogenesis remains speculative.

4.15 Chromosome 18

Chromosome 18 has been found by us and by others to be underrepresented in 

TGCTs (Parrington at a!., 1994; De Jong at al., 1990). The only study of allele
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loss on chromosome 18 in TGCTs has been carried out by Peltomaki et al. 

(1990). Using the probe CRI-L261 (D18S6) no consistent changes in tumour 

DNA were found in any of the eleven TGCTs examined. In our series LOH on 

chromosome 18 was examined using the marker L2.7 located at 18p11-pter and 

two other markers on 18q; OS-4 and cMS440 located at 18q23.1 -qter and 18q23 

respectively. Only one of five informative patients (35WA) demonstrated allele 

loss on 18p. However this loss is probably part of a much larger deletion 

involving the whole of a chromosome 18 homologue as the tumour also 

demonstrated LOH with both markers on 18q. The only other loss on 18q was 

exhibited by the tumour from 34DA which showed a much reduced intensity of 

the smaller allele with cMS440. Unfortunately this patient was uninformative for 

L2.7 and no result was obtained with the OS-4 probe so the extent of deletion 

could not be assessed. The two separate modes of tumour culture derived from 

34DA demonstrated disparate results; cultures 34DA Tuc and Tud retained 

heterozygosity with both OS-4 and cMS440 and in each case the relative 

intensity of alleles was uneven. This is consistent with the presence of three 

copies of chromosome 18 in each of these cultures. In contrast cultures 34DA 

Tua, Tuf, Tug and Tuj demonstrated allele loss with cMS440 and LOH at the 

OS-4 locus was also exhibited in cultures 34DATua and Tuj. This loss is 

consistent with monosomy of chromosome 18 in these cultures. Since the 

CMS440 allele which is reduced in intensity in the original tumour from 34DA is 

the same as that which is lost in cultures 34DA Ta, Tuf, Tug and Tuj this 

strongly suggests that the tumour is made up of a mixture of the two different 

clones. KDK exhibited LOH with L2.7 and OS-4 but was uninformative with 

CMS440. The loss with OS-4 is consistent with the presence of one intact 

chromosome 18 and an 18q- marker chromosome but the loss with L2.7 

suggests an interstitial deletion on 18p.

LOH on 18q has been reported in upto 73% of colon carcinomas (Vogelstein at 

al., 1988), 64% of osteosarcomas (Yamaguchi at al., 1992), 60% of ovarian 

cancers (Chenevix-Trench at al., 1992), 33% of renal cell tumours (Bergerheim
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et al., 1989), 11% of lung cancers (Yokota et al., 1987), 69% of breast cancers 

(Cropp et al., 1990). The presence of tumour suppressor genes on chromosome 

18q is supported by chromosome transfer experiments which showed that the 

introduction of normal chromosome 18 into a colorectal cancer cell line changed 

its morphology and reduced its tumorigenicity (Tanaka et al., 1991). A candidate 

tumour suppressor gene termed DCC (deleted in colorectal cancer) was isolated 

by Fearon et al. (1990) by mapping the allelic deletion of chromosome 18q21.3 

in colorectal carcinomas. This gene, which codes for a transmembrane 

phosphoprotein with sequence homology to neural cell adhesion molecules, is 

frequently altered by LOH, homozygous deletions, point mutations and 

insertional mutations in colorectal tumours (Fearon et al., 1990). LOH at the DCC 

locus has been demonstrated in 71% of sporadic colorectal cancers (Vogelstein 

et al., 1988; Fearon et al., 1990), 61% of gastric cancer (Uchino et al., 1992), 

45% of prostatic carcinomas (Gao et al., 1993) and 27% of breast cancers 

(Thompson et al., 1993). The relatively low level of allele loss on chromosome 

18 in TGCTs (7%) would suggest the DCC gene does not play an important role 

in testicular tumorigenesis. However alterations at the DCC gene may occur 

without allele loss; LOH does not seem to be necessary for loss of DCC mRNA 

expression (Kikuchi-Yanoshita et al., 1992) and in prostatic carcinoma cells the 

frequency of reduction in DCC expression was found to be two times higher than 

the frequency of LOH at the DCC locus (Gao et al., 1993). DCC mRNA 

expression has been shown to be reduced in 8 6 % of prostatic carcinomas (Gao 

et al., 1993) and complete extinction has been observed in 50% of pancreatic 

cancers and 73% of pancreatic cell lines (Hohne et al., 1992). DCC expression 

seems to be inversely correlated with tumour progression; in colorectal 

carcinoma the progression from early stage to advanced stage accompanies the 

inactivation of the DCC gene through LOH and other mechanisms (Kikuchi- 

Yanoshita et al. 1992). In pancreatic carcinomas reduced expression of DCC 

was found in all undifferentiated pancreatic tumour cell lines whereas DCC 

expression was conserved in the more differentiated cell lines (Hohne et al..
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1992). In addition LOH on 18q also appears to be associated with the more 

aggressive breast tumours (Cropp et al., 1990). LOH on chromosome 18q in 

cultures 34DA Tua, Tuf, Tug and Tuj but retention of heterozygosity in cultures 

34DA Tuc and Tud suggests this loss is not important in the initial stages of of 

testicular tumorigenesis.

The majority of tumours exhibited an even banding pattern with probes on 18q. 

The relative intensity of alleles at both loci on 18q was uneven in three cases 

(31BL, 41 DO and 42AN) thus suggesting the presence of more than two copies 

of 18q in these tumours. Interestingly these cases were all seminomas. In the 

case of 41 DO the relative intensity of alleles on 18p was also uneven thus 

suggesting the presence of more than two copies of chromosome 18 in this 

tumour. In four cases the relative intensity of alleles at both loci on 18q was even 

(32GA, 46SM, 47HA,3101KO). Three of these were NSGCTs. These results are 

consistent with the tumour progression model proposed by De Jong et al. (1990) 

in which NSGCTs arise from seminomas through net loss of chromosomes.

4.16 Chromosome 20

Chromosome 20 has not previously been examined for LOH in TGCTs. The 

hypervariable minisatellite probe cMS617 which has been mapped to the long 

arm of chromosome 2 0  was used to search for allele loss in our series of 

TGCTs. LOH was demonstrated in the tumour of just one patient; the seminoma 

from 35WA. This loss accounts for only 4% of the 26 informative cases and 

therefore may be a random event occuring as a result of general genomic 

instability in the tumour. These findings along with reports of chromosome 20 

being overrepresented in TGCTs (De Jong et al., 1989) suggest that losses on 

this chromosome do not play a major role in testicular tumour pathogenesis. So 

far there is little evidence to suggest that a tumour suppressor gene is located on 

chromosome 20; LOH on this chromosome has rarely been reported in tumours. 

However more data is needed on chromosome 20 regarding allele loss in TGCTs
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before it is excluded as a candidate chromosome harbouring tumour suppressor 

genes.

4.17 General discussion

Carcinogenesis is considered to be a highly complicated process in which 

accumulative mutations in oncogenes and tumour suppressor genes are required 

for transformation of a normal cell to a malignant cell. LOH studies have led to 

the discovery and isolation of a number of tumour suppressor genes including 

the RB gene in retinoblastomas, WT1 gene in Wilms tumours, ARC MCC and 

DCC in colorectal carcinomas and the p53 gene which is implicated in a wide 

variety of human tumours.

This study was initiated primarily with the aim of investigating the role of tumour 

suppressor genes and oncogenes with respect to testicular tumorigenesis. 

Initially highly polymorphic enzymes were examined for LOH in testicular 

tumours. However the amount of information that can be extracted from a single 

tumour using this approach is very limited. The use of highly polymorphic DNA 

RFLP markers allows the examination of a greater number of loci in a single 

tumour. The probes used were chosen primarily on the basis of level of 

polymorphism, location (ie LOH in other tumours or near regions of interest) 

ease of reading results and availability. A total of 23 chromosome arms were 

examined for LOH by analysis of seven polymorphic enzymes and 42 DNA RFLP 

markers. The percentage LOH was found to be in the range 0% to 20%. It is 

difficult to define the level of allele loss that can be considered significant. The 

closeness of the probes used to the putative tumour suppressor gene will 

determine if LOH is seen and there is an element of luck in finding LOH. It has 

been suggested that markers spread <30cm on each chromosome be used 

ideally (Sato et al., 1990). One could argue that since gene loss occurs following 

polyploidization in TGCTs that all losses should be considered significant. On 

the other hand since some tumours may have chromosome numbers in the 55-65
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range, a certain amount of allele loss may occur at random if two whole 

chromosomes are lost.

Allelic deletions can be difficult to detect in DNA prepared from whole tumour 

because most solid tumours contain a significant amount of nonneoplastic 

stromal and inflammatory cells. It has been reported to be difficult to detect allele 

loss reliably with RFLPs if the nonneoplastic population is greater than 30% 

(Vogelstein et al., 1988). In our tumour samples LOH was demonstrated with at 

least one marker in 21 of 40 tumours so it can be ascertained that over half the 

tumours are relatively free of normal tissue. In those tumours exhibiting no LOH 

the possibility of high levels of normal tissue contamination cannot be excluded 

without histological examination.

TGCTs are heterogenous neoplasms and a mixture of different histologies are 

usually found in the majority of tumours. The analysis on DNA extract will 

therefore fail to reveal genomic differences among different subclones of tumour 

cells. This fact is illustrated well in the tumour from 34DA from which two 

different aneuploid cultures were established. Without knowledge of the 

existence of these two subclones the interpretation of partial allelic losses in this 

case could simply have been attributed to the presence of contaminating normal 

tissue. Tumour cultures have the advantage of being free of normal tissue 

contamination but a potential danger is the loss of genetic material and selection 

of certain fast growing subpopulations. The possibility of divergence of cell lines 

from the original tumour with time is also present.

Combined tumours in which the different components can be separated are 

invaluable for unravelling tumour progression events eg the appearance of a 

novel and identical fragment in the two tumour components and $ 2  from 30BI

with A,MS31 is evidence that this is a relatively early event in tumour

pathogenesis whereas differences between the two components such as LOH 

with P640 in $ 2  but not is evidence that this event must have occured late in

tumour pathogenesis. Primary and secondary tumours from the same patient are 

also useful for determining progression events.
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Most tumours exhibit consistent LOH on more than one chromosome eg 

deletions on chromosomes, 3, 13 and 17 in SCLC, 9,11 and 17 in breast cancer 

and 5, 17 and 18 in colon cancer. That specific mutations commonly occur 

together is probably a reflection of the contribution of the different mutations to 

the malignant phenotype. In some cases LOH at a particular chromosomal 

region, may occur in several different tumour types eg LOH on 17p occurs in 

disparate tumours, whereas some losses are confined to a single tumour type 

such as LOH on 12q in gastric cancer (Fey et a/., 1989). This type of loss may 

imply existence of tissue specific tumour suppressor genes. It is likely that more 

than one tumour suppressor gene may also contribute to the malignant 

phenotype in TGCTs.

An allelotype study is necessary for achieving a broader perspective on 

prevalence of LOH during development of a tumour. Intriguingly the mean PAL in 

the seminoma samples was found to be higher than in the NSGCTs. This is quite 

the opposite of what one might expect from the tumour progression model 

proposed by De Jong et al. (1989). Although this difference was statistically not 

significant it is interesting that Lothe et ai. (1989) reported a borderline 

significance for seminomas to lose chromosomal sequences more frequently 

than nonseminomas.

The examination of allelic intensity is one which has not been considered 

previously. Although the assessment of allelic intensities was qualitative it is 

clear that some chromosomal regions demonstrated a significant trend towards 

allelic symmetry. For chromosomes 4, 5 11 and 13 this is not particularly 

surprising since these chromosomes have already been shown to be 

underrepresented in TGCT. The results do however substantiate the idea that 

loss of chromosomal material from a tetraploid CIS cell occurs nonrandomly. It 

would be interesting to examine allelic intensities in seminomas and NSGCTs 

separately in a much larger group of patients to look for any consistent patterns 

which could give clues to tumour progression events. Determination of allelic 

intensities by densitometric analysis would give more quantitative results but
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would require the autoradiographs to have minimal background signals, what 

has not been found in this study is a region which shows a very high level of 

LOH. However this may occur on the chromosomal regions which have not been 

examined.

One of the limitations of using DNA RFLP markers is the fact that point 

mutations, and small deletions / insertions are unlikely to be detected and 

tumours examined may harbour other DNA level changes than those detected. 

This problem also applies to the examination of RNA fragment size on northern 

blots.

It has already been mentioned in the RNA expression studies that the use of 

normal testis RNA from one patient only is not optimal for comparison with 

tumour RNA from different patients since this does not take into account 

interindividual variations in mRNA expression. In addition since the normal testis 

tissue was not examined for CIS the presence of this preinvasive lesion cannot 

be ruled out. However the proportion of CIS cells compared to normal cells 

should be small. Ideally one should compare mRNA from normal and tumour 

pairs from the same individual and the same filter used for probing for the gene 

of interest should be used to probe with p-actin in order to avoid possible 

variations in loading.

Over 63 oncogenes have been identified so far located on 20 different 

chromosomes (Trent et al., 1989). The oncogenes examined in our series of 

TGCTs are some of the best studied and have been implicated in a wide variety 

of tumours but there is no reason to suppose that they are more likely to be 

involved in TGCTs. With the advent of PCR technology it is now possible to cast 

a much wider net in search of genes important to tumorigenesis.

4.18 Conclusions and future work

LOH at levels of 10% or more have been observed on chromosomes 3p, 3q, 4, 

5q, l ip ,  11q, 12p, 13q, 16p and 18p. These chromosomes could harbour tumour 

suppressor genes which may be important to the development and/or
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progression of TGCTs and should therefore be considered as areas requiring 

further LOH studies. Much more rapid and nonradioactive techniques which 

utilize PCR are now available for examination of allele loss.

The targeted site of allele loss on chromosome 5 may be the APC gene or MCC 

gene. It would be interesting to examine both MCC and FAR genes directly for 

mutations.

The retention of heterozygosity for all informative markers on the long arm of 

chromosome 1 2  supports the deduction that i(1 2 )p formation occurs after 

polyploidization.

The lack of allele loss on chromosome 17p suggests that unlike most other 

tumour types alterations at the p53 locus do not play an important role in 

testicular tumorigenesis. This is supported by the lack of any consistent change 

in p53 mRNA expression levels in our tumour samples and also by two recent 

reports which failed to demonstrate germline or somatic muations at the p53 

locus in familial and bilateral TGCT patients.

Rearrangement of the RB gene has been demonstrated for the first time in a 

germ cell tumour. Further investigation of the RB gene using more sensitive 

techniques such as PCR or ribonuciease protection assays may reveal 

additional alterations which are not detectable by southern blotting.

Reduced levels of RB mRNA have been demonstrated in all tumour samples 

analysed. This finding has been confirmed by other workers and suggests 

regulation of RB transcription and/or transcript half-life may play a role in TGCT 

pathogenesis.

The results from the tumour of 30BI provide evidence at the molecular level of a 

common origin for a seminoma and less differentiated tumour component thus 

supporting the tumour progression model proposed by De Jong et al. (1989) in 

which all the different histological varieties of TGCTs arise from an intermediate 

seminoma stage. A study of the separate components in tumours composed of 

more than one histological type could lead to the identification of genes which 

are important to tumour progression.
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The inferences drawn from this thesis need to be confirmed in a larger study. 

Correlation of the genetic changes found with patient age, tumour size, stage 

and histology could lead to more meaningful conclusions. An understanding of 

the events occuring during TGCT development may result in a more accurate 

predicton of patient outcome and allow a more appropriate treatment program to 

be implimented especially in those patients who relapse as well as giving insight 

into a highly curable malignancy.
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APPENDIX

A1 Standard buffers

TE 1mM Tris

0.1 mM EDTApHS

STB 150mM NaCI 

lOmM Tris pH8  

lOmM EDTA

20xSSC 3M NaCI 

0.3M Na^citrate

lOxTAE 0.4 M Tris

0.2M NaoAc 

0.02M NagEDTA

equilibrated to pH7.9-8.1 with glacial acetic 

acid

Sucrose blue 

loading buffer

40% sucrose

0.025% w/v bromophenol blue 

0.025% w/v xylene cyanol

Salmon sperm DMA salmon sperm DMA (Sigma type III) 

lOmg/ml in ddH2 0  dissolved by boiling then

sheared by passing through a 1 .1 mm needle 

and syringe, stored at -20°C

299



A2 Tissue culture solutions and media

Hanks Balanced salt (BSS) stock solution
g/_EÛQmJjdH2Ü

NaCI(1.825M) 64

KCI (72mM) 3.2

NagHPO^ (2mM) 0.29

KH2P04(6mM) 0.48

glucose (74mM) 8 . 0

Phenol red 0.16

Hanks BSS working strength solution

1080ml ddHgO

90ml Hanks B stock solution

divided into 100ml aliquots, autoclaved and stored at 4°C 

Adjusted to pH 7.0-7.2 with 6 % NaHCO^ before use.

1M HEPES buffer

1M HEPES 

0.5M NaOH

adjusted to pHB.O with ION NaOH, divided into 20ml aliquots, autoclaved 

and stored at 4°C.

1M NaOH solution

sterilized by filtration through 0 .2 2 pm membrane, divided into 1 0 0 ml 

aliquot, stored at 4°C.

1.4% NaHCOa

14g NaHCOs dissolved in 1 litre of deionized H2 O then divided into 20ml 

aliquots and autoclaved. stored at 4°C.
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5.3% NaHCOj

53g NaHCOs dissolved in 1 litre of deionized H2 O sterilized by filtration 

through 0 .2 2 fjm millipore filter, divided into 1 0 0 ml aliquots and stored at 

4°C.

NaHCOj/NaoH

1 litre 5.6% NaHCOg 

60ml 10M NaoH

Mixed together and sterilized by membrane filtration, stored in 100ml 

aliquots at 4°C.

Versene solution

0.2g EDTA per litre of Hanks BSS working strength solution, divided into 

1 0 0 ml aliquots, autoclaved and stored at 4°C.

Trypsin

5ml of 2.5% trypsin (Gibco)

1 0 0 ml versene

1.4% NaHCOg to colour (pink)

Glycerol medium

72ml ddh2 0

10ml glycerol (BDH)

mixed together and autoclaved. The following is then added to the sterile 

bottle:

8 ml EMEM 

1ml HEPES (1M)

2 0 ml foetal calf serum

adjusted to pH7.2 with 0.25-2.5ml NaHCO^/NaOH

aliquoted into 5ml Bijou bottles, incubated at 37°C for 4 days to test 

sterility, stored at -20°C.
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Epidermal growth factor (EGF)

100[jg EGF diluted in 20ml Hanks BSS to give Spg/ml stock solution, 

stored at -70°C.

Glutamine, Penicillin and streptomycin (GPS)

1 0 0  ml glutamine 

600mg penicillin (BP)

1g streptomycin (BP)

divided into 1 ml aliquots, stored at 4°C

Dulbeccos minimal essential medium (DMEM) for use with 8% CO2

74ml ddH2 0  

7ml 5.3% NaHCOs

9ml (1 Ox) DMEM

1 0 ml foetal calf serum

0.5 -1ml 1M NaOH to colour (pink)

1 ml GPS

Eagles Minimal essential medium (EMEM)
8 ml ddH2 0

9ml EMEM (lOx)

1ml HEPES buffer (1M)

10ml Foetal calf serum

adjusted to pH7.2 with 0.25ml-2.5ml NaHCO^/ NaOH, incubated for 4

days at 37°C to test sterility, stored at 4°C.

1 ml GPS added before use

Leibovitz L15 medium

1ml HEPES 

1 ml GPS 

10-15ml serum

made upto 100ml with Leibovitz LI 5 medium.
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Collagenase

100mg Worthington collagenase (approximately 150U/mg)

40ml Hanks BSS

dissolved and filtered through 0.45pm membrane. Stored in 5ml aliquots 

at -20°C. For use diluted 1:1 with medium (200U/ml)
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A3 Mycoplasma test solutions

Phenol red solution 0.16g phenol red 

600ml dHgO

stored at 4®C.

Phenol red I PBS 7.7ml Phenol red solution 

9.9ml lOxPBS (GIBCO) 

equilibrated to pH7 with NaOH 

stored at 4°C

Hoechst stock solution 

(40pg/ml)

4mg Hoechst 33258 

1 0 0 ml ddH2 0

stored in a dark bottle at 4°C

Hoechst working strength 

solution (0.1pg/ml)

200pl Hoechst stock solution 

80ml phenol red solution 

stored in a dark bottle at 4®C

Citrate phosphate buffer 22mM Citric acid 

56mM Na2 HP0 4 l 2 H2 0
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A4 Solutions for starch gels and isoelectric focussing

TEMM buffer pH7.4 g/ Slitres dH2p

O.IMTris 60.5

0.01 M EDTA (Nag salt) 8.5

O.OIIVIIVIgClz GHgO 10.2

Maleic anhydride* 49

adjusted to pH 7.4 with NaOH, stored at

4°C.

*  dissolved by heating in a small volume of dH2 0  before adding to the 

solution.

GLO staining buffer

K2HPO4

KH2PO4

MgCl2

adjusted to pH7 with NaoH

g/litre

17

13.6

2

Acid molybdate solution 2.5% ammonium molybdate 500ml

8 NH2 SO4  250ml

dH2 0  250ml

stored in dark bottle

Acrylamide/Bis

33ml of ddH2 0  added to 30g of premixed, preweighed acrylamide/Bis

(29:1) from BIO-RAD to give a 50%T polyacrylamide gel solution. The 

final gel is made to a concentration of 5%T.
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A5 Bacterial culture media

L-broth

Bactotryptone 

Bacto yeast extract 

NaCI 

Glucose

flZi

10

5

5

1

L-agar Qli
10

5

5

15

Bactotryptone 

Bacto yeast extract 

NaCI

Bacto agar noble

The above mixture was autoclaved and allowed to cool slightly at room 

temperature. The appropriate antibiotic was then added and the solution 

poured into 9cm petri dishes. When the agar had set the dishes were 

covered, sealed with parafilm and stored at 4°C.

Antibiotic

Ampicillin

stock conc.

25mg/ml

Tetracyclin* 12.5mg/ml

solvent working conc

H2 O 35-50pg/ml

ethanol/H2 0  (50%v/v) 12.5-15pg/ml

*light sensitive wrapped in foil

Stock solutions were sterilized by filtration and stored at -20°C.
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AG Transformation solutions 

KMES

0.5M IVIES (2 [N-morpholino] ethone sulphonic acid) equilibrated to pH6.3 

with concentrated KOH sterilized by filtration through 0.22pm membrane, 

stored at -20°C.

Standard

transformation buffer

1Q0mM KCI 

45mM MnCI 4 H2 O 

1GmM CaCl22H20 

3mM HAC0 CI3

10mMK-MES pH6.3 

The above were mixed together, sterilized by filtration through 0.22pm 

membrane and stored at 4°C.

amount/litre

7.4

8.9

15

0.8

20ml 0.5M stock
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A7 Solutions for large scale plasmid preparation

Lysozyme buffer 50mM glucose 

25mM Tris pH8  

10mM EDTA

filtered through 0 .2 2 |jm membrane, 

stored at 4°C

Solution 11 18ml dH2 0  

0.15-0.2g NaOH 

2 ml 10%SDS 

made up fresh

Solution 111 3M KoAc

11.5% (v/v) glacial acetic acid
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A8 Solutions for genomic DNA extraction

Phenol 1kg solid phenol

1 litre 0.1 M EDTA 

0 .1 % (w/w) hydroxyquinolone 

The above were melted together at 65°C. The resulting solution was 

shaken vigorously to form an emulsion then left to stand at room 

temperature until the aqueous and organic layers had separated.The top 

aqueous layer was discarded and the remaining phenol solution was 

extracted once with 1 litre of 0.1M Tri ;10mM EDTA and once with 1 litre 

of lOmM Tris;ImM EDTA. Finally the phenol solution was saturated with 

100ml of TE buffer and stored in a dark bottle.

Lysis buffer 0.32M sucrose 

lOmM Tris pH 7.5 

5mM MgCl2

1% Triton

filtered and stored at 4°C

Solution I lOmM Tris pH 7.6 

lOmM KCI 

lOmM MgCl2

Solution II lOmM Tris pH7.6 

lOmM KCI 

lOmM MgCl2

0.5M NaCI 

0.5% SDS 

2mM EDTA

309



A9 Solutions for RNA preparation

Urea solution 0.36M NaCI 

0.05M Tris 

0.001 M EDTA 

0.2% SDS 

42% (w/v) urea

dissolved in dH2 0  at 37°C, sterilized through 

0 .2 2 pm membrane.

10mM HEPES

lOmM HEPES is equilibrated to pH7.4 with NaOH, 0.1% (v/v) 

Diethyl pyrocarbonate (DERG) is added, mixed and left at room 

temperature overnight then autoclaved.

80% HEPES 20mlof lOmM HEPES 

80ml "Aristar" absolute ethanol

Solution D 4M Guanidium isothiocyanate 

25mM NaCitrate 

0.5% Sarcosyl 

0 .1 M p-mercaptoethanol
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A10 Solutions for polyA'*’ RNA

loading buffer A 40mM Tris pH7.4 

IMNaCI 

1mM EDTA

autoclaved then 0 .1 % (w/v) SDS added

Loading buffer B 20mM Tris pH7.4 

0. IMNaCI 

ImM EDTA

autoclaved then 0.1% (w/v) SDS added

Elution buffer lOmM Tris pH7.4 

ImM EDTA

autoclaved then 0.05% (w/v) SDS added

311



A11 Solutions for RNA electrophoresis

10xRE Stock

Tris

NaH2P042H20

EDTA

gl\

43.6

46.8

3.7

equilibrated to pH 7.8 with NaoH

1xRE 100ml lOxRE Stock 

1ml 10%SDS

RE Loading Buffer 1ml lOxRE 

1 ml glycerol 

0.2g Ficoll

0.25g bromophenol blue 

H2 O upto 5ml

lOxMOPS 0.2M morpholinopropanesulphonic acid 

(sodium salt)

0.05M NaoAc 

0.01 M Na2 EDTA

adjusted to pH7 with NaOH 

stored in dark bottle
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RNA loading buffer 50% glycerol

1mM EDTA

0.4% bromophenol blue 

0.4% xylene cyanol

Deionized Formamide

This was prepared by mixing 200ml of formamide with 5g of AG501-X8 

Mixed Bed Resin and stirring for 30 minutes at room temperature. The 

resin was then removed by filtration through Wattman No.1 filter paper.
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A12 Solutions for PCR

lOxPCR Buffer 166mM (NH4)2S04

670mM Tris HCI pH8 . 8  

67mM MgCl2

10mM p-mercaptoethanol 

67pM EDTA 

170pg/ml BSA

Deoxynucleotldes

50mg aliquots from Boerhinger Manheim were dissolved in sterile ddH2 0 , 

neutralized with 0.1 M Tris and made up to the stock concentration:

15mM dATP (FW 589.2) 

15mM dCTP(FW 5111.1) 

15mM dGTP (FW 551.2) 

15mM dTTP (FW 570.2)

50mg in 5.66ml 

50mg in 6.52ml 

50mg in 6.05ml 

50mg in 5.85ml
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A13 PCR dot blots

10xT4 Kinase buffer 0.7M Tris pH8  

0 .1 MMgCl2

50mM Dithiothrietol (Sigma)

Denharts solution g/IQQml

Fraction V BSA (Sigma) 0.4

Polyvinylpyrrolidone (Pharmacia) 0.4

Polyethylene Glycol 400 (Pharmacia) 0.4

20xSSPE 20mM Na2 P0 4  pH7

3.6M NaCI 

20mM Na2 EDTA
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A14 Oligonucleotide sequences

primers K1 (sense)

5 ATG ACT GAA TAT AAA CTT GTG 3'

Complementary to the non-coding strand, bases 1-21

K2 (antisense)

5' GTC TAT TGT TGG ATC ATA TTC..............3'

Complementary to the coding strand bases 90 -111.

Probes Kras exoni codon 12 wild type sequence: 

T TGC CTA GCC AGO AGC TCC 

Complementary to the coding strand

Mutant Cocktail codon 12.1:
A

T TGC CTA GCC è£Q. AGC TCC
T

Complementary to the coding strand
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A15 cell lines used

Cell line Tumour origin Stage Histology Reference

KDK testis Mil

Teral testis lung
metastasis

EC Fogh and Trempe (1975)

GCT27claI testis primary TO Fera et al (1987)

833K testis abdominal
metastasis

T/S/EC/C Bronson et al (1980)

Susa testis primary TO Hogan et al (1977)

SusaCP testis TO
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A16 Details of polymorphic enzymes

Polymorphic Chromosome 
Enzyme location

Alleles 
by ST

Frequency No. of 
variants

Alleles 
by lEF

Fequency No. of 
variants

ESD 13q14.1-q14.2 1 3
2

FUCA1 1p35-34 1 0.74 3
2 0.26

GLO 6p21.3-p21.1 1 0.4 3
2 0.6

PGD 1p36.3-p36.13 A 0.98-0.95 3
C 0.02-0.05

PGM1 1p22.1 1 0.70-0.86 3 1 + 0.62 10
2 0.30-0.14 1- 0.17

2+ 0.14
2- 0.07

PGM3 6q12 1 0.75 3
2 0.25

PGP 16p13 1 0.826 7
2 0.129
3 0.045

ST = starch gel electrophoresis; lEF = isoelectric focussing; ESD = esterase D; FUCA1 = 
a-fucosidase; GL01 = glyoxylase 1; PGD = phosphogluconate dehydrogenase; PGM = 
phosphoglucomutase; PGP = Phosphoglycollate phosphatase.
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A17 Details of DNA probes used

Polymorphic DNA probes

Map
Location

Locus
Symbol

Probe
name

Vector Insert 
Size (Kb)

Site Antibiotic
Resistance

RFLP
Enzyme

Constant 
Bands(Kb)

Allele 
Size (Kb)

Frequency PIC Reference

1p36 PND pJA119 pBR327 2 EcoRI TaqI A1 2.2 0.03 0.06 Nemer et al., (1986)
A2 2.8 0.97

1p36.3- PGD pPGDHI pAT153 0.65 EcoRI BamHI 7.6 A1 11.0 0.75 0.30 Kleyn et al., (1989)
p36 13 4.2 A2 9.0 0.25
1p34 FucAl AF3 PUC18 3.7 EcoRl Pvun 3.0 A1 7.0 0.75 0.30 □arby et al., (1986)

4.5 A2 6.0 0.25
1p35-p33 □187 pXMSI L47.1 4.6 BamHI Hinfl Hypervariable minisattelite, Wong et al., (1987)

alleles range in size from 2 to 22 Kb
heterozygosity ==98%

1q21-q23 AP0A2 pB3 pUC8 1.3 PstI Amp MspI A1 3.0 0.89 0.17 Scott et al., (1985)
A2 3.7 0.11

1q21-q24 PUM24P pUC13 0.28 EcoRI Hinfl Yonezawa et al., (1991)
1q23- AT3 pAT3c pKT218 1.5 BamHI Tet PstI 2.5 A1 10.5 0.5 0.37 Prochownik et al..
q25.1 1.8 A2 5.5, 5.0 0.5 (1983)
1q42-q43 □188 XM832 L47.1 5.9 BamHI Alul minisattelite with at least 50 alleles Wong et al., (1987)

from 2.3-28 Kb
heterozygosity == 97%

3p21 □NF1582 pH3H2 pAT153 2.0 Hindm Amp Hindm many A1 2.3 0.41 Carritt et al., (1986)
A2 2.0 0.59 0.37

3q12 □381 H83 pUC18 2.3 EcoRI/ Amp Hindm A1 26 0.77 Naylor et al., (1984)
BgU A2 15 0.23

4 □48129 VC63 pUC19 1.3 EcoRI Amp TaqI A1 13.0 0.17 0.24
A2 9.0 0.83

5p □58110 CM8621 Charomid 5 BamHI Mbol VNTR with >10 alleles Armour et al., (1990)
9-36 Hinfl Heterozygosity = 0.92

Haein
Alul



Polymorphic DNA probes

o

Map
Location

Locus
Symbol

Probe
name

Vector Insert 
Size (Kb)

Site Antibiotic
Resistance

RFLP
Enzyme

Constant 
Bands (Kb)

Allele 
Size (Kb)

Frequency PIO Reference

5q21 D5S37 71227 7TAN7 0.9 Hindm/ Amp Bstxl A1 2.7 0.3 0.33 Stewart et al., (1987
EcoRI A2 2.3 0.7

PstI B1 4.3 0.75 0.3
B2 3.0 0.25

Mbol 01 0.55 0.44 0.37
02 0.45 0.56

Bell D1 8.6, 1.2 0.2 0.56
D2 3.0 0.37
D3 1.8, 1.2 0.43

5q14-q21 D5S71 C l lp l l pUC8 3.6 EcoRI Amp TaqI 5.7 A1 4.4 0.08 0.14 Bodmer et al..
5.4 A2 3.9 0.92 (1987)

5q15-q21 D5S98 ECB27 pUC18 2.8 Sail Amp Bgin A1 11.9 0.38 0.36 Varesco et al.,
A2 10.5 0.62 (1989)

5q21-q22 D5S81 CYN5.48 pUC18 2.4 TaqI Amp MspI A1 6.0 0.5 0.37 Nakamura et al.,
TaqI A2 3.6 0.5 (1988)

B1 9.0 0.45 0.37
B2 8.0 0.55

5q35-qter D5S43 pMS8 pUC13 1.0 EcoRI/ Amp Hinfl Hypervariable from 2.4-9.5 Kb Wong et al., (1987)
Hindm heterozygosity == 0.90

5q22 MCC MCC40 BS Amp EcoRI Many A1 4.3
A2 4.1

7p22-pter D7S21 >.MS31 L47.1 5.7 BamHI Hinfl VNTR from 3.5-13 Kb Wong et al., (1987)
heterozygosity =: 0.97

7q36-qter D7S22 PXg3 pUC13 7.1 BamHI Hinfl Hypervariable Wong et al., (1987)
9q34 D9S7 pEFD126.3 pUC18 4.2 BamHI TaqI VNTR with > 4 alleles Nakamura et al.,

BamHI from 1.5-2.0 Kb, also detected (1987)
PstI with BgU, MspU and Rsal,
Pvun heterozygosity with Taql=0.66

11p15.5 HRAS1 pEje.a pUC13 6.6 BamHI Amp BamHI A1 8.6 Kronitis et al..
A2
A3

7.6
7.1

(1985)



Polymorphic DNA probes

Map Locus Probe
Location Symbol name

Vector Insert Site Antibiotic RFLP Constant Allele Frequency PIC
Size (Kb) Resistance Enzyme Bands (Kb) Size (Kb)

Reference

11p15.5 INS pHINS310 pBR327 0.879

11p15 SMUC41
11q13 D11S97 pMS51

Bluescript 0.84 
pAT153 3.1

BamHI Amp

EcoRI
BamHI

Pvun
A2 1.1-2.1

Hinfl
Haem

qter
13q (-ter) D13S103 pMS626 Bluescript

KSII"^
BamHI Mbol

Alul

A1 0.6-1.0 
0.02
A3 >2.2

0.74

0.24

0.33

Hypervariable with many alleles 
occuring at low frequency

3.5-16Kb; heterozygosity = 0.94 
Hypervariable, alleles range
from 2.6-6.5 Kb 
heterozygosity = 0.77

Bell eta!., (1981)

Gum et a i, (1989) 
Wong et a i, (1987)

12p12.1 Kras2 p640 pBR322 0.64 EcoRI/ Amp TaqI A1 5.7 0.74 0.31 Barker et a i, (1983)
Hindm A2 3.3 0.26

12q14.3- D12S7 pDL32B pBR322 3.0 Hindm Amp TaqI A1 6.8 0.08 0.53 O’Connell ef a/., (1987)
qter A2 5.1 0.29

A3 4.1, 2.7 0.56
A4 2.7,24 0.07

12q14.3 Col2A1 pgHColHA pBR322 2.0 EcoRI Hindm A1 7.0 0.35 0.35
A2 14.0 0.65 Eng et al., (1985)

BamHI B1 4.8 0.96 0.07
B2 7.2 0.04

EcoRI Cl 3.7 0.99 0.02
C2 7.0 0.01

12q24.3- D12S11 XMS43 L47.1 8.3 BamHI Hinfl Hypervariable with alleles from Wong ef a i, (1987)

Armour et a i, (1990)

13q D13S70 CMS604

14q (-ter) D14S44 pMS627

Charomid 4.5 
9-36

Bluescript
KSn+

BamHI

BamHI

Mbol
Alul
Haeffl
Alul
Hinfl
Haem
Mbol

VNTR with 7 alleles 
from 3.3- 4.5 Kb 
heterozygosity = 0.64 
Hypervariable, alleles range from
1-20Kb
heterozygosity = 96%

Armour et ai, (1990)



Polymorphic DNA probes

Map Locus 
Location Symbol name

Probe Vector Insert Site
Size (Kb) Resistance

Antibiotic RFLP Constant
Enzyme Bands (Kb) Size (Kb)

Allele Frequency PIC Reference

15q D15S86 CMS620 Charomid
9-36

5 BamHI Mbol
Haem
Hinfl
Alul

VNTR with >10 alleles 
heterozygosity = 0.91

Armour et al., (1990)

16p13.3 D16S85 pa’3HVR.64 pSP64 4.0 Hincn Amp Pvun
Rsal
Bgll

VNTR with at least 
30 alleles from 0.5-8Kb

0.91
0.9

Higgs et al., (1986)

17p13.3 D17S34 p144D6 pSP65 5.5 EcoRI/ 
Hindm 
or Sau3A

Amp MspI
Rsal
PstI
TaqI

VNTR with 14 alleles 
from 5.3-1.65 Kb 
frequency from 0.22-0.028

0.86 Kondoleon et al., 
(1987)

17p13.1 pProsp53 pSP65 BamHI/
EcoRI

Amp Bgin A1 12 
A2 10

Hoyheim et al., (1989)

17p13- D17S134 pMS228 pUC13 5.7 BamHI Amp Mbol VNTR, alleles 0.6-5.9 Kb 0.94 Armour et al., (1989)
pter heterozygosity=94%
1 Bpter- D18S6 L2.7 pAT153 1.1 EcoRI PstI A1 7.5 0.68 0.34 Law et al., (1988)
p11

TaqI
A2 10.0 0.32 
B1 5.0 0.95 
B2 6.0 0.05

0.09

18q21.3- D18S5 OS-4 pBR322 1.0 Hindm Amp TaqI A1 8.6 0.81 0.26 Tateishi et a/.,(1986)
qter PstI A2 6.7 0.19 

B1 7.5 0.65 
B2 4.8 0.35

0.35

18q23 D18S31 pMS440 pUC18 6.0 BamHI Amp Mbol
Alul
Haem

VNTR with >10 alleles 
size range = 2.5-7.6Kb 
heterozygosity = 0.72

Armour et al., (1990)

20 D20S26 CMS617 Hypervariable with 8 alleles 
heterozygosity = 79%

Armour et al., (1990)
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Non-polymorphic DNA probes

Map
Location

Locus
Symbol

Probe
name

Vector Insert 
Size (Kb)

Site Antibiotic
Resistance

Enzyme Constant 
Bands(Kb)

Reference

1p13 NRAS CN1 pUC12 3.0 EcoRI Amp EcoRI 8.8 Middleton-Price et al., (1988)
7pter-q22 ACTB p-ActIn Gillespie et al., (1984)
8q24 c-myc pUCCDIA Rabbitts ef al., (1984)
13q14 RB pG3.8M Gemini 3.8 EcoRI Amp Hindlll 9.8 Fung et al., (1987)

7.5 
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