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ABSTRACT

The polymerase chain reaction (PCR) offers a practical m eans of studying 
the clonality and molecular genetic abnorm alities of lymphocyte populations 
in  histological tissue samples. This may provide an im portant tool in the 
diagnosis and characterisation of lymphoproliferative disorders, which are 
often difficult to assess using morphological and immunophenotypic 
techniques.

In  th is thesis, clonality analyses of lymphoid infiltrates, by PCR 
amplification of immunoglobulin heavy chain (IgH) and T-cell receptor 
(TCR) P and y chain genes, were evaluated in  term s of the ir specificity, 
sensitivity and applicability to routinely processed histological samples. 
Lymphomas, benign lymphoid infiltrates and equivocal lesions, particularly  
from extra-nodal sites, were examined.

Optimised PCR procedures were used to study tum our progression and 
clonality of low grade extra-nodal B-cell lymphomas and nodular lymphocyte 
predominance Hodgkin’s disease (NLPHD). The role of PCR detection of the 
lymphoma type specific chromosomal translocations t(14;18) and t(ll;1 4 ), 
in the diagnosis and classification of low grade lymphomas was assessed. 
PCR analysis of clonality, t(14;18), Helicobacter pylori and Epstein B arr 
virus was carried out in a comprehensive study of myoepithelial sialadenitis 
(MESA) and low grade B-cell mucosa associated lymphoid tissue (MALT) 
lymphoma of the parotid.

PCR dem onstration of monoclonality was shown to be useful in 
d is c r im in a tin g  b en ig n  from  m a lig n a n t B- a n d  T -lin eag e  
lymphoproliferations in morphologically equivocal cases, and to be 
applicable to routine tissue samples. PCR analysis showed th a t a single 
clone was involved a t m ultiple sites during progression of a low grade B-cell 
MALT lymphoma. PCR results suggested th a t NLPHD is a  polyclonal B-cell 
disorder, but no clonal relationship between th is disease and subsequent 
high grade lymphoma was demonstrated. T(14;18) and t(ll;1 4 ) chromosome 
translocations were shown to be detectable by PCR in routine specimens 
and were largely restricted to follicular and m antle cell lymphomas 
respectively, bu t the usefulness of the technique in classification m ay be 
lim ited by the absence of characterised translocations in a high proportion 
of cases. PCR analysis of clonality in lymphoid infiltrates of the parotid 
supported previous histological descriptions of the development of low grade 
B-cell lymphoma a t th is site. No strong links between MALT lymphoma of 
the  parotid and t(14;18), Helicobacter pylori and Epstein B arr virus were 
found.
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CHAPTER 1

INTRODUCTION  

1.1 The lym phom as

The lymphomas are neoplastic proliferations of B- or T-lymphocytes or their 

precursors. They comprise about 5% of all malignancies diagnosed in adult 

m ales and about 6% in females.^ Three quarters of lymphomas are Non- 

Hodgkin’s lymphomas (NHL) and the rem ainder Hodgkin’s disease (HD). 

Although the  most common site for lymphomas is the lymph node, a 

significant proportion of cases arise a t extra-nodal sites.^

1.1.1 H odgkin’s disease

Hodgkin’s disease usually arises in the lymph nodes and is characterised by 

the  presence of Hodgkin’s and Reed-Sternberg (HRS) cells.^ The 

m ononuclear Hodgkin’s cells and the binucleate Reed-Sternberg cells are 

large, abnorm al cells. These are surrounded by apparently reactive 

lymphocytes, macrophages, granulocytes and fibroblasts. The disease is 

unusual in th a t the presumed m alignant cells (the HRS cells) comprise only 

a m inority of the total cellular population in the m ajority of cases.^ 

Furtherm ore, the cell of origin of HRS cells, although probably lymphoid,^ 

has not been identified. The nodular lymphocyte predominance subtype of 

HD (NLPHD), is characterised by m alignant cells which differ from classical 

HRS cells called L & H (lymphocytic and histiocytic) cells.® The evidence 

th a t these cells are derived from B-cells is stronger,^ bu t their clonal na tu re  

is controversial.®

1.1.2 Non-Hodgkin’s lymphomas

The non-Hodgkin’s lymphomas generally lack HRS cells and exhibit the 

characteristics of norm al lymphocytes to varying degrees.^ About 60% of the 

non-Hodgkin’s lymphomas arise in the lymph nodes and the rem ainder have 

the ir origins in  a variety of sites including gastro-intestinal tract, lung, 

salivary gland, thyroid and skin.^ The extra-nodal lymphomas have been
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less well studied than  nodal disease, w ith the consequence th a t their 

classification and clinical m anagem ent require refinement.

The various subtypes of lymphoma are thought to represent m alignant 

transform ation of lymphocytes a t different stages of differentiation. For 

example precursor B-lymphoblastic lymphomas are believed to evolve from 

precursor B cells of the bone marrow® while m antle cell lymphomas are 

derived from peripheral B cells of the inner follicle mantle.® However, the 

m alignant phenotype by definition differs from th a t of norm al lymphocytes 

and lymphoma cells may bear little resemblance to their cells of origin, 

especially in high grade tumours.

1.2 C lassifica tion  o f lym phom as

The classification of the lymphomas has proved difficult and controversial.^® 

Since the observation th a t not all lymphomas behave alike and th a t 

survival times vary enormously, the need for clinically relevant 

classification was recognised. The first such classification was th a t of 

Rappaport (1966),^^ based on cell size and tum our architecture. This proved 

clinically useful as, for example, tum ours composed of large cells w ith a 

diffuse growth pa ttern  are more aggressive, and therefore need more potent 

therapy, than  those of small cells w ith a follicular growth pattern . As more 

became known about the immunobiology of tum ours and the norm al 

components of the lymphoid system, attem pts were made to introduce 

functional param eters into classification systems. For example the Lukes 

and Collins (1974)^^ and Lennert (1975)^® systems, which took into account 

lineage of tum our cells. Unfortunately these classifications were difficult to 

follow in practice partly  due to a lack of standardisation of terminology. In 

order to solve these problems, a study was undertaken by the N ational 

Cancer Institu te  in the USA, which led to the publication of a ’Working 

Form ulation for Clinical Use’ which relied solely on morphological criteria 

to divide lymphomas into grades of malignancy. This has been widely 

followed in the USA, whereas European pathologists have generally 

preferred the alternative, ’Updated Kiel’ classification,^® which is sim pler
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and incorporates features of tum our biology. The la test classification 

system, which takes into account the most recent advances in our 

knowledge of immunological and molecular biological features of 

lymphomas, and represents a consensus of European and N orth American 

opinion, has been devised by an International Lymphoma Study Group. 

This system will be used where possible throughout th is thesis, although 

well established terminology will be m aintained (for example mucosa 

associated lymphoid tissue [MALT] and enteropathy associated T-cell 

lymphoma [EATL]), as these term s are better understood a t present. 

Lymphoma types described in th is thesis and the ir most common synonyms 

are shown in Appendix 1.

1.3 D iagn osis o f  lym phom as

U ntil recently, the diagnosis of lymphomas depended alm ost entirely  on 

microscopic exam ination of tissue sections. Now, as our understanding  of 

the  biochemistry and molecular genetics of the imm une system has 

improved and techniques to study these features have been developed, a 

more broadly based approach to lymphoma diagnosis has evolved. W hilst 

histological exam ination of diseased tissues rem ains the m ost im portant 

aspect,^® immunophenotyping^^ and molecular genetic analysis^® now play 

an  im portant role in refining the diagnosis.

1.3.1 Histology

A proportion of lymphomas present little challenge to the histopathologist, 

showing distinctive m alignant features such as m arked cellular atypia and 

effacement of norm al tissue architecture.^^ In  these cases, routine 

haem atoxylin and eosin (H & E) stained sections are sufficient for diagnosis 

of a m alignant neoplasm, although separation of tum ours of different 

lineage may require further analysis. Some lymphomas are more difficult, 

particularly  low grade tum ours a t an early stage of their development, 

because the cells appear morphologically normal, are m ay be mixed w ith 

norm al lymphocytes and other inflamm atory cells and show m inim al or no
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invasive properties.^^ The separation of low grade lymphomas from benign 

inflam m atory or reactive conditions, especially a t extra-nodal sites, rem ains 

one of the most difficult and im portant problems of lymphoma pathology.^ 

Furtherm ore, there is considerable overlap in the histological appearances 

of different subtypes of lymphoma which fall into different prognostic 

groups and require appropriate m anagem ent. Some of these problem cases 

can now be resolved using immunohistochemistry^® or molecular genetic 

analysis.^®’̂® Areas of particular difficulty, involving the distinction between 

chronic inflamm atory conditions and malignancy, are low grade B-cell 

gastric mucosa associated lymphoid tissue (MALT) lymphoma,^^ enteropathy 

associated T-cell lymphoma (EATL) of the boweF^ and cutaneous T-cell 

lymphoma (CTCL).®® These are described in more detail in section 1.4.1.

1.3.2 Immunohistochemistry

Immunohistochemical (IHC) techniques involve the use of antibodies, which 

bind to specific protein moieties, as reagents to identify cell types in tissue 

sections.^® In lymphoma pathology, antibodies which perm it lymphomas as 

a group to be distinguished from anaplastic non-lymphoid tum ours such as 

carcinomas, melanomas and sarcomas, for example anti-CD45 (which 

recognises the leucocyte common antigen), have been very useful.®^ This has 

resulted  in improved patient m anagem ent and prognostic accuracy. 

Num erous antibodies have now been raised to surface molecules which 

define lymphocyte sub-types and differentiation stages.^® This has allowed 

B- and T-lymphocytes to be distinguished and the cell of origin and 

differentiation stage of many lymphoproliferations to be identified.^®’®®’®® 

Staining of lymphoid tissue samples w ith antibodies to B-cell specific 

(CD20, CD79a)®® and T-cell specific (CDS)®® antigens allows definition of 

lineage. B-cell lymphomas can be fu rther characterised using antibodies to 

CDS, CDIO, CD23, CD43 and the various Ig heavy chain isotypes {section 

1.4.1).^'^ Similarly, classification of T-cell lymphomas is aided using 

antibodies to CD2, CDS, CD4, CDS, CD7, CDS, CDS6, CDS7 and T-cell 

receptor (TCR) m o le c u le s .In  Hodgkin’s disease, antibodies to CDIS, CDSO
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(both usually positive on Reed-Sternberg cells) and CD45 (usually negative) 

are useful.

One of the most im portant uses of imm unohistochemistry, however, has 

been dem onstration of immunoglobulin light chains which perm its detection 

of monoclonal populations of B-cells and can therefore be used to 

distinguish between reactive and neoplastic B-cell p r o l i f e r a t io n s ,T h is  is 

described further in section 1.5.2.

1.3.3 Molecular genetics

The discovery th a t cancers are acquired genetic diseases and the 

identification of the m utations underlying specific tum our types has 

provided a new m eans of studying and diagnosing ly m p h o m a s .F o r  

example, characteristic chromosomal translocations have been found in 

various lymphoma types such as t(8;14) in B urkitt’s lymphoma,^^ t(14;18) 

in  follicular lymphoma^^ and t(ll;14 ) in m antle cell ly m p h o m a .T h e  genetic 

basis for the generation of diversity of immune receptors (immunoglobulin 

and T-cell receptor proteins) is now understood and th is knowledge can be 

used to identify expanded clones of B- or T-cells.^°’̂ ’̂̂® This promises to be 

of great importance in the diagnosis of lymphoproliferative disorders. The 

development of techniques to study clonality and to identify genetic 

alterations, and their applications to the diagnosis of lymphomas are 

discussed in sections 1.7 and 1.8.

1.4 P rob lem s o f d iagn osis and c lassifica tion

In  a proportion of cases, m alignant lymphoid tum ours are extremely 

difficult to distinguish from reactive c o n d itio n s .F u rth e rm o re , m any 

lymphomas, particularly low grade tum ours, cannot be confidently assigned 

to the ir appropriate s u b g ro u p .T h e s e  are im portant distinctions as 

lymphomas, and different lymphoma types, require specific and prom pt 

intervention. Additional tools are required to aid the histological diagnoses 

in  these problem cases.

A lthough m any lymphomas can be defined by their immunophenotype in
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term s of their normal counterparts, the biological relationships between 

lymphomas of different histological types (for example MALT, follicular and 

m antle cell lymphomas) and to related, putatively neoplastic, conditions 

such as myoepithelial sialadenitis and lymphocyte predominance Hodgkin’s 

disease are poorly understood.^®’̂®

1.4.1 Differential diagnosis between lymphomas and reactive or chronic 

inflamm atory conditions

In  mucosal sites, such as the gut, skin and lung, areas of injury caused by 

infection or other environm ental factors, lead to chronic inflam m ation and 

acquired lymphoid tissue, which can predispose to lymphom a/^ However, 

early stage lymphoma is extremely difficult to identify in this background. 

Extra-nodal sites a t which lymphomas and chronic inflam m ation are 

difficult to resolve histologically are considered below.

1.4.1.1 Low grade MALT lymphoma and gastritis

About ha lf of extra-nodal lymphomas occur in the gastrointestinal tract,'^^ 

m any of which are low grade B-cell MALT lymphomas. MALT differs 

functionally and structurally  from other organised lymphoid tissue such as 

the  lymph node. Its specific purpose is to protect mucosal surfaces directly 

exposed to the external environment. The best described components of 

MALT are the Peyers patches of the term inal ileum.^^ These consist of sub- 

epithelial follicles w ith follicle centres surrounded by narrow  B-cell m antle 

zones and broad B-cell m arginal zones. Intra-epithelial B-cells are present 

in  the domes which cover the nodules and T-cell areas, equivalent to 

paracortical T-zones of lymph nodes, are situated towards the serosal side.^^ 

MALT may accumulate in organs and tissues normally devoid of organised 

lymphoid tissue such as the stomach, salivary glands and thyroid as p art 

of a chronic inflamm atory response, often w ith associated autoimmunity.^^ 

Low grade lymphomas w ith a MALT like structure were characterised by 

Isaacson and W right in 1983, who coined the term  MALT lymphoma.^^ 

These were shown to differ histologically from nodal lymphomas and to
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exhibit an  indolent clinical course, tending to rem ain localised a t the site 

of origin for long periods"^^ but eventually to colonise other mucosal sites. 

Im portantly, they were found to respond well to surgical excision and to 

represent a prognosis group distinct from the nodal lymphomas.^

The stomach is the most common site for MALT lymphoma and most 

frequently affects the elderly, although cases in younger patien ts have been 

reported."^^ Diagnosis depends on recognition of neoplastic cells which are 

centrocyte-like, monocytoid or small lymphocytic and may be accompanied 

by occasional blasts (CD20^, CD79a^ [pan B], often CD43^ and surface Ig^ 

[IgM, IgA or IgG], CD5', CDIO CD23 ) and may show differentiation to 

plasm a c e lls .In f il tra te s  may be diffuse, restricted to the m arginal zones 

of reactive follicles (which are always present), or follicular as a resu lt of 

colonisation of reactive follicles by tum our cells (’follicular colonisation’).̂ ® 

Lymphoepithelial lesions, in which tum our cells invade mucosal glands, are 

usually  present.

G astric MALT is thought to be acquired as a result of Helicobacter pylori 

infection,"^® and it has been proposed th a t MALT lymphomas arise by 

transform ation of B-cells w ithin acquired MALT, which are initially 

dependent on H. pylori specific T-cell help.^® At this stage eradication of H. 

pylori may lead to regression of the tum our clones.®® Continued stim ulation 

by H. pylori antigens is thought to m aintain  the abnorm al clones which 

accum ulate further genetic changes (possibly including t(l;14))®^ which 

render them  T-cell independent and finally high grade (Figure 1.1). At an 

early stage the distinction between lymphoma and florid chronic gastritis 

cannot be confidently made using morphological criteria alone (Figures 5.1 

and 5.2). In such cases a diagnosis of lymphoma is dependent on the 

application of supplem entary techniques to confirm monoclonality.
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p53? ^
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F igure 1.1 Proposed genetic changes and immunological stimuli responsible for the 

evolution o f gastric MALT lymphoma. RER  =  replication error phenotype (genetic 

instability

1.4.1.2 Cutaneous T-cell lymphoma and chronic inflamm ation 

E arly stage cutaneous T-cell lymphomas (CTCL) are often extremely 

difficult to diagnose histologically.^^ CTCL (which include mycosis fungoides 

[MF] and the leukaemic variant, Sezary syndrome), are neoplastic 

proliferations which usually show the phenotype of helper T-cells (CD2^, 

CDS'", CD4"", CDS"").^ ’̂®̂ The disease shows a typical course in  which 

cutaneous patches and plaques are followed by overt lymphoma which
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dissem inates to lymph nodes and in ternal organs.^"^ However the tim e 

between presentation and histological diagnosis averages six years and may 

require several b io p s ie s .M a n y  inflamm atory lesions mimic CTCL 

including persisten t superficial derm atitis, lichen planus, pityriasis rosea, 

drug induced eruptions and actinic reticuloid.^’̂® Thus, the distinction 

betw een CTCL and reactive conditions is often very difficult on clinical 

appearance and histology (Figure 5.3). IHC may be helpful in  dem onstrating 

the lineage of the infiltrating lymphocytes and to distinguish between CTCL 

and B-cell lymphomas, but cannot be used to determ ine clonality. In 

common w ith other T-cell lymphomas {section 1.6.2) CTCL carry monoclonal 

TCR gene rearrangements.^^ Thus gene rearrangem ent studies may help to 

resolve difficult cases.

1.4.1.3 E nteropathv associated T-cell lymphoma and chronic inflam m ation 

of the  small intestine

A group of prim ary in testinal lymphomas which arise preferentially in 

patien ts w ith a history of coeliac disease has been recognised for some 

time.®® Originally thought to be of histiocytic origin,®® immunophenotyping 

and genotyping has now shown these to be derived from T-cells.^® They are 

now term ed ’enteropathy associated T-cell lymphomas’ (EATL), although not 

all arise in a  background of proven coeliac disease. Indeed, some authors 

take the view th a t the malignancy may be responsible for the enteropathy 

ra th e r th an  the other way round.®® Prom pt diagnosis is im portant in th is 

disease as prognosis is poor due to a high frequency of in testinal 

perforation. Histological appearances are extremely diverse and a florid 

inflam m atory component in some cases makes diagnosis difficult (Figure 

5.4). Most tum our cells show a phenotype (CD3^, CD7^, CD4', CDS', CD103^) 

consistent w ith an origin from intra-epithelial lymphocytes, and show 

clonally rearranged TCR genes.^® EATL is often accompanied by small bowel 

ulcers which are sometimes seen in patients, especially those w ith coeliac 

disease, w ith no evident lymphoma. This condition, known as ulcerative 

jejunitis (UJ), is generally considered benign.®^ However, it has been
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proposed th a t U J in patients with coeliac disease is indicative of EATL and 

th a t in  m ost cases a thorough exam ination of m ultiple biopsies will reveal 

m alignant c e l l s .T h i s  is supported by the observation th a t subsequent 

EATL occurs in a proportion of patients w ith UJ.^® However the precise 

relationships between coeliac disease, U J and EATL rem ain to be elucidated 

and the disease spectrum rem ains a diagnostically difficult area.

1.4.1.4 Mvoepithelial sialadenitis and MALT lymphoma of the parotid gland 

Chronic inflamm ation and acquired MALT in the parotid, usually associated 

w ith Sjogren’s syndrome, is known as myoepithelial sialadenitis (MESA; 

Figure 9.1). The histological characteristics resemble those of Peyer’s 

patches, w ith epimyoepithelial islands, which are residual ducts, in filtrated  

by B-cells and surrounded by mixed inflamm atory cell populations.®^ An 

association between MESA of the parotid gland and subsequent B-cell 

lymphoma has been observed®^ ®® and it has been suggested th a t MESA m ay 

be a low grade B-cell lymphoma in evolution.^ However, precise criteria  for 

the diagnosis of early lymphomas w ithin a background of MESA have not 

been defined and diagnosis rem ains problematic.®^ To date, MESA has 

generally been considered benign, but a proportion of patien ts have suffered 

recurren t or dissem inated low grade MALT lymphoma several years after 

diagnosis.®^

In common with gastric MALT lymphoma, which appears to be driven by

H. pylori antigens via interaction w ith T-cells {section 1.4.1.1), it is possible 

th a t low grade B-cell MALT lymphomas of the salivary gland are dependent 

on an equivalent infective agent, possibly in association w ith autoim m unity. 

Candidates are EBV, which has been reported to have a  close association 

w ith Sjogren’s syndrome®® and H. pylori itself, which has been isolated from 

the oral cavity and may be able to survive in the salivary ducts under some 

conditions.®®’®̂

The establishm ent of precise histological criteria for diagnosis of low grade 

B-cell MALT lymphoma of the parotid and an investigation of the 

associations w ith Epstein B arr virus, H. pylori and t(14;18) form the
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subjects of C hapter 9.

1.4.2 Differential diagnosis between low grade B-cell lymphomas o f different 

types

In some cases, B-cell lymphomas may be difficult to classify even after 

establishm ent of lineage and clonality. Studies of morphology and 

phenotype resolve the majority of cases (Table 1.1),̂ ® however a m inority 

rem ain which cannot be classified by histological and immunohistochemical 

means. In the absence of accurate classification, precise prognosis and 

im plem entation of the most appropriate therapy are impossible. Extra- 

nodal, low grade lymphomas present particular problems as these have heen 

less well defined than  nodal lymphomas.^

Classification of low grade B-cell lymphomas involves correlation of the  

clinicopathological evidence and use of IHC to define the m alignant cells 

phenotypically. In some cases lymphomas can be separated on the basis of 

histological features alone. For example, FL show a characteristic follicular 

growth pa ttern  (Figure 8.1), MC lymphomas typically invade the m antle 

zone (Figure 8.2) and MALT lymphomas exhibit a m arginal zone growth 

pattern , lymphoepithelial lesions and occasional follicular colonisation 

(Figure 5.2).^^’̂  However each class of lymphoma exhibits a spectrum  of 

changes which may overlap, resulting in an  equivocal morphological picture. 

Tumour cells of B-CLL, MALT and MC lymphomas may show sim ilar 

cytology, and morphological differences may not be apparent in biopsy 

specimens. Immunohistochemical demonstration of tum our cell antigens can 

assist the diagnosis. Differential diagnosis depends on staining of tissue 

sections using antibodies to CDS, CDIO, CD23, CD43, bcl-2 and cyclin D1 

(see Table 1.1).^  ̂ Even after histological exam ination of m ultiple biopsies 

and use of a panel of antibodies, some cases present difficulties of 

classification. The identification of tum our specific molecular genetic 

abnorm alities may provide a m eans of resolving difficult c a s e s .P o te n t ia l  

targets are discussed in section 1.8.
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Table 1.1 Phenotype of low grade B-cell lymphomas

LYMPHOMA CDS CDIO CD23 CD43
Cyclin

D1 IgM IgD

MC + -/+ + + + +
FL - +/- +/- - - + +/-
MZC* - - - -/+ - + -

MALT* - - - -/+ - + -

B-CLL + - + + - + +/-

* These two categories o f lymphoma have identical phenotypes and 
probably represent a single entity.

1.4.3 Characterisation o f nodular lymphocyte predominance Hodgkin*s 

disease and associated large cell lymphoma

The nodular lymphocyte predominance subtype of Hodgkin’s disease 

(NLPHD) is a distinct disease entity  to classic HD, having different 

morphology and phenotype.^^ The putative m alignant cells of NLPHD 

(lymphocytic and histiocytic or L & H cells) are polylobated cells w ith small 

nucleoli and little cytoplasm / Extensive immunohistochemical investigation 

by a variety of laboratories has provided compelling evidence for a B-cell 

lineage, but the clonality is unclear. Poppema®® showed positive stain ing in  

L & H cells for K and X light chains, although passive uptake was not ruled 

out. Poppema®® and Stein®® showed expression of J-chain in L & H cells. As 

J-chain is only synthesised by B-cells, th is confirms a B-cell lineage. This 

conclusion has been reinforced by la ter studies which showed expression of 

CD20 and other B-lineage specific antigens^® and CD79a or mb-1.^^’̂  ̂Thus, 

consensus has been reached th a t L & H cells are of B-cell origin. However,
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several features of NLPHD are unusual. Firstly, in common w ith classic 

HD, the proposed m alignant (L & H) cells of NLPHD usually comprise a 

sm all fraction of the total cells w ithin the lesion. Secondly, no group has 

been able to provide convincing evidence th a t these cells are monoclonal. 

Several attem pts have been made to show monoclonality using 

immunohistochemical demonstration of light chain restriction. Early 

researchers reported expression of light chains of both isotypes suggesting 

polyclonality of L & H cells.®® The adoption of more sensitive 

immunohistochemical techniques applied to paraffin processed sections 

showed staining of L & H cells with kappa (K) light chains only in a 

m ajority of cases, suggesting a monoclonal origin.^® This in terpretation  has 

not been universally accepted as it is unusual for B-cell tum ours to be 

represented solely by cells expressing a single light chain and because the 

staining is difficult to assess due to high background and m ay be m isleading 

due to passive uptake of Ig.

O ther workers have attem pted to dem onstrate monoclonality using in situ 

hybridisation to show the presence of light chain mRNA in the L & H 

c e l l s .S o  far the results have been inconclusive, possibly due to low levels 

of expression of light chain mRNA in the targe t cells, although 

enhancem ent of sensitivity may lead to more conclusive data.

3 to 5% of patients w ith NLPHD develop large cell lymphomas (LCL) of B- 

cell lineage which are presumed to be clonally linked to the NLPHD, 

although this has not been proved. "̂̂ '̂ ®

Direct confirmation of monoclonality a t the DNA level using Southern blot 

gene rearrangem ent analysis has failed in the m ajority of cases, although 

isolated tum ours have shown rearrangem ent of Ig heavy chain or T-cell 

receptor g e n e s .H o w e v e r a negative Southern blot resu lt in the analysis 

of NLPHD does not rule out clonal gene rearrangem ent, as the proportion 

of m alignant cells may be below the sensitivity of the  Southern blot 

technique (1-5%). It is hoped th a t PCR will offer a more sensitive tool for 

determ ination of clonality and in studying the link between NLPHD and 

subsequent LCL.
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1.4.4 Sum m ary

Sections 1.4.1-1.4.3 have described some of the lymphoproliferative 

conditions which either present diagnostic difficulties or are of uncertain  

malignancy. The following section describes genetic characteristics of 

m alignant cells and means of dem onstrating them , which m ay help to 

resolve current problems.

1.5 C lonality

It is currently  understood th a t cancers develop by sequential acquisition of 

genetic abnorm alities which confer selective growth advantage, and the 

ability to invade and m etastasise, to m alignant cells. Evidence from a 

variety  of sources supports the view th a t the vast m ajority of cancers are 

of unicellular origin and are therefore m onoclonal.S everal techniques have 

been described which allow detection of monoclonal cell populations which 

can help distinguish m alignant from benign conditions.®^ These techniques 

are therefore of great importance in diagnostic pathology; the most useful 

m ethods are described below.

1.5.1 X-linked clonality analysis

Methods for dem onstration of monoclonality in tum ours of females have 

been developed which determine patterns of expression or inactivation of X- 

linked alleles a t the protein or gene level. Examples include electrophoretic 

q u a n tita tio n  of the  polymorphic enzyme glucose-6-phosphate 

dehydrogenase®^ and gene amplification of the androgen receptor locus 

following restriction digestion using a m éthylation sensitive enzyme.®® Both 

techniques yield tw in products in polyclonal cell populations and single 

products in pure monoclonal populations. U nfortunately these techniques 

are of lim ited value in lymphoma pathology as they are applicable only to 

females, the sensitivity is low, necessitating relatively pure tum our cell 

populations, and skewed X-chromosome inactivation pa tterns occur in some 

benign cell populations in some individuals.®'^
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1.5.2 Immunohistochemical demonstration o f light chain restriction 

Phenotypic m arkers of monoclonality can be exploited specifically in B-cell 

lymphoproliferative disease. B-cells express immunoglobulin molecules, 

which either contain K or X light chains. A norm al immune response 

involves polyclonal B-cells w ith m ultiple antigen specificities which express 

e ither K or light chains at a characteristic ratio of approxim ately two K 

to one However, m alignant clones of B-cells express a  single light chain, 

e ither K or X. The development of antibodies which can be used to sta in  B- 

cells in tissue sections has provided the first specific m arker of malignancy 

in lymphoma pathology.^^’®® The methodology has been refined for paraffin 

embedded m aterial and may identify up to 80% of B-lineage lymphomas. 

However, light chain imm unostaining can be difficult to in terpret, due to 

the passive uptake of immunoglobulins throughout tissue sections or to 

suboptimal fixation and processing. Further difficulties may resu lt from 

adm ixture of tum our cells w ith reactive B-cells or lack of light chain 

expression by the tum our cells. Some of these problems may be overcome 

by the use of tum our specific anti-idiotype antibodies,®^ but are 

inappropriate for routine use as each case requires production of a new 

reagent. Unfortunately, no reliable immunophenotypic m arkers of 

monoclonality exist for the study of T-cell populations.

1.5.3 Gene rearrangement analysis

The discovery th a t the genes for the immune recognition molecules (the 

immunoglobulins and T-cell receptors) in lymphocytes undergo somatic 

rearrangem ents which are unique to a given lymphocyte and its progeny,®® 

has provided a novel approach to clonality analysis in lymphoproliferative 

disease of both B- and T-cell lineages. In difficult cases of 

lym phoproliferative disorder, in  which the  histological and  

immunophenotypic picture is suggestive of m alignancy but no conclusive 

diagnosis can be made, clonality analysis by molecular genetic m eans is 

potentially of crucial importance.^®’®® Antigen receptor gene rearrangem ents, 

and the application of techniques which exploit them  to determ ine
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monoclonality of lymphocyte populations, are discussed in  detail below.

1.6 A n tigen  recep tor  genes

Antigen receptors are expressed by both B- and T-lympbocytes. These 

comprise immunoglobulins (Ig) expressed by B-cells and T-cell receptors 

(TCR) expressed by T-cells.®^’®° The function of both of these classes of 

proteins involves interaction w ith a m ultitude of foreign molecules. To m eet 

th is challenge, complex processes of gene rearrangem ent have evolved to 

provide the  required diversity. These rearranging processes provide 

im portant genetic m arkers of clonality and lineage which can be used to aid 

the diagnosis and study of B- and T-cell lymphomas.

1.6.1 Imm unoglobulin genes

Immunoglobulin molecules are composed of two identical heavy and two 

identical light chain proteins. Each B-cell expresses a heavy chain in 

combination w ith either a K or molecule. Studies of K light chain genes 

in embryonic cells and myelomas in  mice showed th a t th is gene undergoes 

somatic rearrangements.®^ Later experiments showed th a t X light chains 

and heavy chains also rearrange and th a t the hum an genes behave in  a 

sim ilar fashion.®^ The gene encoding the hum an heavy chain gene is located 

on chromosome 14 a t q32,®  ̂while the two light chain genes are located a t 

2p l2  (K)®"̂  and 2 2 q ll (X).®̂  The inherited Ig genes are composed of m any 

non-identical gene segment repeats which m ust rearrange into a functional 

un it prior to transcription and production of the protein. The Ig heavy chain 

gene consists of clusters of V (>100), D (about 30) and J  (6) regions (Figure

1.2). R earrangem ent of the gene involves excision of DNA between the D 

and J  clusters resulting in D-J joining followed by a second excision 

between the  D and V cluster resulting in V-DJ joining (Figure 1.2). The 

VDJ un it becomes the coding sequence for the variable p art of the Ig 

protein, which is expressed in conjunction w ith constant (C) region exons. 

Variable num bers of untem plated nucleotides (N regions) are inserted a t the 

junctions between the V, D and J  segments. Diversity of Ig structure  is
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achieved by unique combinations of different V, D and J  regions 

(recombinatorial diversity), by variability in precise joints between the 

segm ents (junctional diversity) and by somatic point m utations. The la tte r 

are introduced into the variable regions of fully assembled genes as p a rt of 

an  "affinity m aturation" process in follicle centres in which antibody binding 

is enhanced during the immune re s p o n se .T h e  K and X light chain genes 

have equivalent structures to the heavy chain gene and also undergo 

somatic rearrangement.®^’®̂

1.6.2 T-cell receptor genes

The T-cell receptor (TCR), by which T-cells in teract w ith processed antigen, 

was originally identified by use of T-cell clonotypic antibodies to 

im m unoprecipitate a heterodimeric protein from T-cells.®®’̂®® The two 

components of th is molecule were term ed the a  and p chains of the TCR. 

The receptor was found to associate with the CD3 complex of proteins, and 

to be responsible for antigen recognition.^®^ A further heterodim eric TCR 

has since been discovered (y/ô chains), which is expressed a t an  earlier 

stage of T-cell differentiation. Thus there are four TCR proteins, a , P, y and 

Ô, which give rise to two types of heterodimeric T-cell receptors, the o/p and 

y/ô heterodim er s. ̂ ®̂ The genes encoding these molecules are potential 

m arkers of T-cell clonality and have been used as targets for detection of 

tum our clones using Southern hybridisation.^® The m urine TCR-a and TCR- 

p genes were cloned in 1984 using subtraction hybridisation to isolate 

mRNA species expressed in T-cells but not in B-cells.^®®’̂®'̂  Clones were 

found which hybridised with genes which showed somatic rearrangem ent 

in  T-cell DNA and which showed nucleic acid sequences equivalent to those 

predicted from the amino acid sequences of the TCR proteins. Mouse 

sequences were used as probes to screen hum an libraries and the structure 

of the hum an genes determined.^®® The hum an TCR-a chain and TCR-P 

chain genes were found to be located at 14qll^®® and 7q34,^®  ̂ respectively. 

Both genes have considerable sim ilarity to Ig genes, being composed of
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m ultiple segments in the germline which rearrange to form functional 

variable regions which combine w ith constant regions. The TCR-a chain 

gene has 50-100 V segments, 50-100 J  segments and one constant region. 

The TCR-p gene has 75-100 V segments along w ith two arrays composed of 

a single D segment, 6 or 7 J  segments and a constant region (Figure 1.3). 

N regions are added a t the junctions in both TCR-a (V-J) and TCR-p (V-D 

and D-J) chain genes. Somatic m utations have been reported in the TCR-a 

chain gene bu t th is work has not yet been confirmed.

The TCR-y chain gene was identified as an Ig like gene expressed in  T-cells 

by Saito (1984) during cloning of the TCR-a and TCR-p chain g e n e s . T h e  

protein, was la ter found to be expressed in a sub-set of T-cells as a 

heterodim er w ith the TCR-Ô c h a i n . T h e  y/0 heterodim er was found to 

be associated w ith the CDS complex on the surface of CD4 /CD8 T-cells. The 

function of these lymphocytes is unclear. The TCR-y chain gene was 

mapped to chromosome 7 by hybridisation w ith heterohybrids^^^ and to 7p l5  

by in situ  h y b r id is a t io n .T h e  locus contains 11 active V segments, which 

can be divided into four families (I-IV) by sequence homology, and five J  

segm ents in two clusters (Figure 1.4). N regions are found a t the  V-J 

j u n c t i o n s , b u t  no evidence of somatic hyperm utation has been reported. 

As rearrangem ents have been observed in all T-cell types, including those 

expressing TCR-a/p chains, the TCR-gamma gene is a  potentially useful 

m arker of clonality in lymphomas.

The delta chain gene is situated a t 1 4 q ll w ithin the TCR-a chain gene.̂ ®® 

It is composed of 4 V segments, 2 D segments, 3 J  segm ents and one 

constant region. One of the V segments is located 3’ of the constant region 

and is in  reverse orientation to the other V segments. Variable N regions 

are found a t the V-D and D-J junctions, but somatic m utations have not 

been reported.
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Vl-Vh D1-D30 J1-J6

F igure 1.2 Immunoglohulin heavy chain gene rearrangement The germline configuration 

o f multiple segments (above) rearranges by D-J followed by V-DJ joining with insertion of 

N  regions at each junction to form the coding sequence for the variable region (below). A  

single constant region (C) is shown.

J1-J6 Cl D2 C2

Figure 1.3 TCR-^ gene rearrangement. The germline configuration (above) rearranges by 

D-J followed by V-DJ joining with insertion of N  regions at each junction to form the 

coding sequence for the variable region (below).
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VI V2 V3 V4 V5 V5P V6 V7 V« VA V9 VIO VB VU JP l JP J1

Figure 1.4 TCR-y gene rearrangement. The germline configuration of multiple gene 

segments is shown at the top and a possible functional rearrangement, involving Vy8 and 

JP2, below. Cl and C2 are the constant regions and N  denotes nucleotides inserted at the 

V-J junction during rearrangement.

1.6.3 Summ ary

As immune receptor gene rearrangem ents are specific for a given 

lymphocyte or clone of lymphocytes, they can be used as m arkers of 

clonality and tumour identity. Rearrangement of Ig or TCR genes can also 

be used as m arkers of tumour lineage, although in some instances tumours 

carry apparently inappropriate gene rearrangements.^^®

1.7 M ethods for gene rearrangem ent analysis

1.7.1 Southern blot analysis

Southern blot analysis is used to determine gene structure by restriction 

fragment size a n a l y s i s . H i g h  molecular weight DNA is extracted from 

unfixed tissue samples. The DNA samples are digested with restriction 

enzymes, which cleave DNA at specific sites, and the DNA fragments are 

size separated on agarose gels. The DNA is transferred from the gels to 

nylon membranes which are hybridised to ' radioactive DNA probes which 

will bind to their complementary sequences. The membranes are washed 

under stringent conditions so that the probes bind specifically, and exposed
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to X-ray films which are developed to reveal the sites of hybridisation. 

Stable genes show bands on the autoradiograph which are of characteristic 

size for a given gene and restriction enzyme (or a range of sizes in different 

individuals if the locus is polymorphic). Genes which contain deletions, 

insertions, rearrangem ents (such as translocations or inversions) or point 

m utations in restriction sites yield bands of different sizes as the relative 

positions of restriction sites are altered.

Application of Southern blot analysis to the detection of monoclonal 

populations of B-cells in lymphomas was first published by Arnold (1983).^^ 

The technique involves the use of a probe which hybridises to the Ig heavy 

chain V region (usually J^, see Figure 1.2) and detects a germline band of 

predictable size in DNA from non-B-cells which do not carry rearranged Ig 

heavy chain genes. Rearrangem ent of the gene generates restriction 

fragm ents of different sizes. Monoclonal populations of B-cells carry 

identical Ig heavy chain (IgH) gene rearrangem ents, and therefore Southern 

blot analysis of tum our DNA results in a hybridising fi^agment (or two 

fragm ents if  both alleles are rearranged) of different size to the germline. 

Typical clinical samples, containing both tum our and other cells, yield both 

a germline band and novel rearranged fragm ents (Figure 3.2). Tumour 

sam ples m ust contain a t least 5% of tum our cells to allow a confident 

in terpretation  of monoclonality. Polyclonal B-cells contain m any different 

IgH gene rearrangem ents whose restriction fragm ents do not hybridise 

sufficiently w ith the probe to be detectable on the autoradiograph. Thus 

benign lymphoid infiltrates yield only germline fragm ents. The K and X 

light chain genes can be analysed in the same way.^^^’̂ ^̂  Gene 

rearrangem ent analysis of B-cell populations by hybridisation w ith heavy 

or light chain genes has been used for d ia g n o s is ,l in e a g e  assignment^^^ 

and to determ ine clonal identity.

The use of probes to TCR genes allows clonality assessm ent of T-cell 

lymphomas. The TCR-a,'"' TCR-p,'"' TC R -f"' and TCR-Ô'"" genes have all 

been targeted, although the TCR-p and TCR-y have been the most 

frequently used (Figures 1.3 and 1.4). Studies of the TCR-a and TCR-5
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chain genes have been less frequent because blotting of the  TCR-a gene 

resu lts in complex germline patterns^° and the TCR-5 chain gene is deleted 

by rearrangem ent of the TCR-a chedn gene and therefore DNA extracted 

from such clones does not hybridise with the p r o b e . T C R  gene 

rearrangem ent analysis has been used for assessm ent of clonality and 

lineage assignm ent.

Although clonality analysis by Southern blot has proved an  im portant 

diagnostic tool, there are several lim itations. The m ethod is tim e 

consuming, expensive, requires radioactive isotopes and m ay be difficult to 

in terpret. False negative results may occur due to low tum our cell num bers 

or because the tum our cells have deleted antigen receptor genes. False 

positives may resu lt from polymorphisms which yield apparently  non- 

germ line fragm ents, partial restriction digest of DNA which m ay cause 

spurious bands or contam inating DNA in the probe or sample which m ay 

resu lt in the appearance on the autoradiograph of non-antigen receptor 

rela ted  bands. However the most im portant lim itation of Southern blot 

analysis in diagnostic histopathology is the requirem ent for fresh or frozen 

tissue samples which are only available in a m inority of cases. A ttem pts 

have been made to use DNA extracted from formalin fixed, paraffin 

embedded tissues but the results have been u n r e l i a b l e . P C R  m ay 

provide a suitable method for clonality analysis which can be applied to 

routinely processed, paraffin embedded samples.

1.7.2 Polymerase chain reaction

The polymerase chain reaction (PCR) was first described in practice by 

Saiki e t al (1985)^^^ who amplified specific p-globin gene fragm ents from 

genomic DNA. PCR has since become one of the most widely used analytical 

tools in  molecular genetics as it perm its rapid in vitro amplification of 

specific DNA sequences from m inute, complex and even degraded nucleic 

acid sources and is technically simple. Amplified DNA can be readily 

exam ined for structural changes. These features are of particu lar 

im portance in histopathology because PCR allows molecular genetic
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analysis of formalin fixed, paraffin embedded biopsies in  which the nucleic 

acid is highly degraded and present in small q u a n t i t i e s F u r t h e r m o r e ,  

PCR has enormous potential as a diagnostic tool as results can be achieved 

rapidly and costs are relatively low.

PCR is a single tube reaction which relies on a therm ostable DNA 

polymerase (usually Taq polymerase)^^® to duplicate DNA sequences from 

a tem plate using oligonucleotide prim ers which flank, and specifically bind 

to, the DNA region of interest. Amplification is achieved by m ultiple 

repetition (30-40 times) of cycles of tem perature changes, in which each 

cycle is composed of three stages (Figure 1.5). These are 1) dénaturation of 

tem plate a t 90-95°C, 2) annealing of prim ers to their complementary 

sequences a t each end of the target gene fragm ent a t 50-60”C, 3) new strand  

polymerisation by extension from the primers a t 72°C. Prim er extension 

occurs in a 5’ to 3’ direction only, so only DNA between the prim ers is 

amplified. The consequence of a single cycle of PCR is a doubling of specific 

double stranded DNA sequence (Figure 1.5). Thus specific ta rge t fragm ents 

increase exponentially upon repetition of the c y c l e . C o m p u t e r  controlled 

heating blocks allow autom ated tem perature cycling and precise control of 

reaction conditions.

Increased sensitivity and specificity can be achieved using nested PCR, 

which involves two rounds of amplification (Figure 1.6).̂ ^® An initial 

amplification of the test DNA using "outer primers" is followed by 

amplification of an aliquot from the first round of PCR using "inner 

primers". Typically 20-30 cycles are used in each round.

PCR products can be analysed using agarose (AGE) or polyacrylamide gel 

electrophoresis (PAGE).^^^ This allows confirmation of the presence of target 

tem plate DNA, and shows the size of the DNA fragm ent under study. Any 

gross changes such as deletions or insertions can be identified. Restriction 

analysis of PCR products can be carried out to search for m utations or 

polymorphisms. For sequence related analysis tem perature gradient or 

denaturing gradient gel electrophoresis (DGGE),̂ "^® or single strand  

conformational polymorphism (SSCP) analysis^'^^ may be employed.
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Applications include prenatal diagnosis of genetic d i s e a s e s , p a t h o g e n  

d e t e c t i o n , m u t a t i o n  detection in oncogenes^^"  ̂ and clonality analysis of 

l y m p h o m a s , w h i c h  is described in the next section.

•5'

1 93° C

5’

■■5’

2  ̂ 5 5 ° C
5’

5'
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■5’

5’
72° C

Figure 1.5 A  cycle of PCR showing the three steps of dénaturation (1), primer annealing 

(2) and primer extension (3), which result in a doubling of the target sequence. Primers are 

shown as short bars, target sequences as long bars.
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Figure 1.6 Nested PCR, in which inner primers (grey) are used in a second round of PCR 

(right) to amplify the products of the first round (left), thus generating smaller fragments.

1.7.2.1 Application of PCR to clonality analysis of lymphomas

PCR promises to be an important tool in lymphoma pathology by replacing 

the cumbersome Southern blot technique for clonality analysis in B- and T- 

cell populations.

1.7.2.1.1 B-cell populations

In 1990 two groups reported amplification of IgH V regions, as a means of 

detecting monoclonal B-cells in lymphoproliferative d i s e a s e . B o t h  

strategies involved amplification of the framework three (FR3) part of the 

V region to the J  region, thus spanning the highly variable junctional 

regions (Figure 1.2, 3.1). PCR products were run on agarose gels and 

monoclonality was shown as one or two discrete bands, representing the 

rearranged alleles from the tumour clone, whereas polyclonal B-cell 

populations yielded a smear, representing many rearrangem ents of different
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sizes. Using th is approach, monoclonality was detected in 19 of 23^^  ̂and 8 

of 10̂ ®̂ B-cell malignancies. The sensitivity of detection of a  monoclonal 

population mixed with polyclonal lymphoid cells was 2 to 5%, which is 

sim ilar to th a t of Southern blot a n a l y s i s . D e a n e  and Norton^^^ reported 

amplification of the IgH V region from the Vg251 framework one (FR l) 

segm ent to the J  region and analysed the PCR products on denaturing  

polyacrylamide sequencing gels. The disadvantage of th is protocol was th a t 

only a subset of rearrangem ents were targeted. The first report of successful 

clonality analysis using DNA extracted from paraffin embedded sam ples 

was th a t of W an et al who amplified from FR3 to JH  using a  sem i-nested 

PCR protocol which offered increased sensitivity and specificity.^^® In  all 

studies a proportion of cases of B-cell lymphoma, in which there  was 

independent evidence of monoclonality, were PCR negative. This prom pted 

appraisal of alternative strategies which used different consensus V region 

prim ers, including a panel of F R l primers^^® and a single FR2 primer^^® 

(Figure 3.1). These authors reported improved detection rates, though a 

proportion of false negatives remained. Im portantly, no false positive resu lts 

in  reactive lymphoid populations occurred. In addition to clonality and 

lineage assignm ent, PCR amplification of the IgH V region has been used 

to detect minimal residual disease using tum our specific prim ers.

1.7.2.1.2 T-cell populations

PCR approaches for determination of clonality in T-cell lymphoproliferations 

have been devised which amplify across the junctional V regions of 

rearranged TCR genes. The TCR-(3,̂ ®̂  TCR-^^®'^^  ̂(Figures 1.3, 1.4, 4.1, 4.2) 

have been the favoured targets for detection of monoclonal T-cells due to the 

complexity of the TCR-a gene and to frequent deletion of the TCR-Ô chain 

gene in m ature T-cells.

M cCarthy et al, used six sets of TCR-p prim ers to dem onstrate 

monoclonality in 13 of 17 (76%) cases of T-cell lymphoma or leukaemia.^^^ 

Goudie used a m ulti prim er approach to show monoclonality and germ line 

segm ent usage of TCR-y in 8 of 10 l y m p h o m a s . B o u r g u i n  developed a
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PCR technique for amplification of TCR-y genes w ith analysis of products 

by denaturing  gradient gel electrophoresis (DGGE). "̂^® McCarthy^^^ and 

Lorenzin^®^ used simpler TCR-y approaches which amplified sm aller 

fragm ents, applicable to paraffin embedded m aterial, to confirm 

monoclonality in 14 of 20 (70%) and 7 of 12 (58%) lymphomas respectively. 

Neale and colleagues used both TCR-6 and TCR-P amplification of T-ALL 

clones to generate clone specific probes which were used to m onitor patients 

for minim al residual disease and were helpful in the prediction of relapse.^®® 

TCR-y chain gene is theoretically the most informative as the locus is less 

frequently involved in chromosome translocations w ith oncogenes in 

lymphomas and leukaem ias than  TCR-a, TCR-p, TCR-ô loci^^  ̂and because 

biallelic TCR-y chain gene rearrangem ents are com m on .A dd itiona lly , the 

TCR-y locus is simpler th a t TCR-p, as there are no D regions and only 

sm all num bers of V segments, perm itting design of prim ers w ith near 

perfect fit to all target sequences {section 1.7.2).

1.7.3 Sum m ary

PCR can be used to assess B- and T-cell clonality, but a t present it is not 

known how PCR performs in comparison w ith Southern blot analysis nor 

w hether the techniques are reliable when applied to a wide range of 

lymphoma types and when applied to DNA extracted from routinely 

processed tissue sources. Furtherm ore the most appropriate prim er 

combinations have not been identified.

1.8 T um our sp ecific  gen etic  abnorm alities

In  addition to analysis of normal antigen receptor gene rearrangem ent to 

detect abnormally expanded clones, tum our associated genetic abnormalities 

m ay be detected w ith PCR as well as by cytogenetics and Southern blot 

an a ly sis .C h ro m o so m al abnormalities, point m utations, gene fusions, gene 

amplifications, deletions and insertions, have all been associated w ith 

l y m p h o m a s . O f  these, the gross chromosomal abnorm alities are best 

understood, following their characterisation by cytogenetic analysis.
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1.8.1. S tructu ra l chromosomal abnorm alities

Cytogenetic studies of lymphomas have revealed frequent struc tu ra l 

chromosomal abberations.^®^ These take the form of translocations, 

inversions or large deletions. Translocations involve exchange of m aterial 

between different chromosomes and inversions are the resu lt of 

reorientation of m aterial between two breakpoints on a single chromosome. 

Translocations in lymphomas often involve the antigen receptor genes 

(Table 1.2). For example t(8;14), t(14;18) and t(ll;1 4 ) in B-cell lymphomas 

all involve the  Ig heavy chain gene a t 14q32 {section 1.8.1.2), while t(10;14) 

in T-ALL involves TCR-a or TCR-ô a t 1 4 q ll and t(7,9) in T-ALL has a 

breakpoint in  the TCR-|3 gene a t 7q35. In these instances it  is assum ed th a t 

translocation results from a m istake in V-D-J joining such th a t a spurious 

chromosomal region is joined into the antigen receptor gene. A mechanism  

for th is process has been proposed in which sim ilar sequences to the 

heptam er-nonam er signals of the antigen receptor gene a t the reciprocal 

breakpoint cause inappropriate aligning of genes prior to recombinase 

m ediated strand  breakage and rejoining. In some cases putative 

heptam er/nonam er-like sequences have been f o u n d , t h o u g h  other 

m echanism s exist as th is is not always the case.^®^

Gross chromosomal abnorm alities are useful m arkers of malignancy, and 

have lead to a better understanding of the m echanism s of m alignant 

transform ation. It is unclear a t present how im portant the presence of 

translocations and other cytogenetic abnorm alities will be as prognostic 

indicators, though there is some evidence th a t particu lar aberrations 

correlate w ith prognostic groups.

Close exam ination of genes a t the chromosomal breakpoints have uncovered 

a series of putative oncogenes. These are genes (known as proto-oncogenes 

in their untransform ed configurations) which play a direct role in the 

unrestricted  growth phenotype of m alignant c e l l s . I t  is thought th a t 

rearrangem ent of these genes into the Ig and TCR loci causes abnorm al 

expression of their products which contributes to the m alignant phenotype. 

Examples of translocations which are im portant in B- and T-cell lymphomas
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and their associated proto-oncogenes are shown in Table 1.2.

1.8.1.2 Translocations

In  addition to conventional cytogenetic techniques which are time 

consuming and require viable cells, several more recently developed 

methods can be applied to the detection of translocations. Southern blot 

analysis can be used to show rearrangem ents a t breakpoint loci and 

translocation confirmed by co-migration of breakpoint fragm ents from both 

c h r o m o s o m e s . H o w e v e r  this method is also time consuming, requires 

use of radio-isotopes and fresh tissue samples. PCR can be used to directly 

amplify translocated DNA fragm ents using prim ers which span the 

b r e a k p o i n t s . T h i s  is potentially the most widely applicable technique in 

histopathology as it is rapid, relatively inexpensive and can be applied to 

paraffin embedded tissue samples. T(8;14), t(14;18) and t(ll;1 4 ), the non- 

random  translocations most frequently encountered in lymphomas, are 

discussed in  more detail below. O ther examples include a heterogeneous 

group found in a proportion of FL and involving the bcl-6 locus
a t band 3q27̂ '̂ 2,i79,i8o t(10;14) in T-ALL which introduces a homeobox

gene (H O X ll) a t 10q24 into the TCR-ô locus on 14qll.^^^ These 

abnorm alities, although probably tum our type specific, may be too sporadic 

for use as diagnostic m arkers.
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T able  1,2 Translocations in B- and T-cell malignancies.

MALIGNANCY TRANSLOCATION GENES INVOLVED

B urk itt’s lymphoma t(8;14)(q24;q32) c-myc/IgH“ ’
t(2;8)(pl2;q24) IgK/c-myc*®’
t(8;22)(q24;qll) c-myc/IgX^®’

Follicular lymphoma t(14;18)(q23;q21) IgH/bcl-2^®*
M antle cell lymphoma t(ll;14)(ql3;q32) bcl-l/Igff®®
B-CLL t(14;19)(q32;ql3.1) IgH/bcl-3"'’
pre-B-ALL t(5;14)(q31;q32) IL 3/IgH "'
DLCL t(3;14)(q27;q32) bcl-6/IgH"^
T-ALL t(ll;1 4 )(p l5 ;q ll) Ttgl/TCR-5"^
T-ALL t(10;14)(q24;qll) HOXll/TCR-8""
T-ALL t(7;9)(q34;q34) TAL-2/TCR-p"^

DLCL= diffuse large cell lymphoma, ALL= acute lymphoblastic leukaemia, CLL= chronic 
lymphocytic leukaemia.

1.8.1.2.1 T(8;14), t(2;8) and t(8;22) in B urk itt’s lymphoma 

Translocation t(8;14), t(2;8) or t(8;22) is found in alm ost all cases of 

B urk itt’s lymphoma (BL) which occurs in the m alarial areas of Africa 

(endemic BL which is EBV associated) or sporadically e l s e w h e r e . I n  each 

translocation the c-myc locus a t 8q24 is aligned w ith one of the Ig loci 

(heavy chain a t 14q32, K light chain a t 2pl2  or X light chain a t 22q ll). 

T(8;14) is by far the most common. In  most cases the breakpoint w ithin the 

Ig heavy chain gene occurs in the region, reflecting a m istake in Djj-Jjj 

j o i n i n g , a l t h o u g h  translocations a t the switch regions have been reported 

in sporadic BL reflecting translocation a t a la ter differentiation stage, 

during class switching. C urrent da ta  suggest th a t c-myc translocation into 

the Ig loci causes activation of the c-myc proto-oncogene. The abnorm al 

allele frequently contains numerous somatic m utations, particularly  a t the 

3’ end of exon 1.̂ ®̂  This is thought to contribute to abnorm al transcription
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of the gene and to oncogenesis. Insertion of c-myc constructs containing 

strong enhancers into mice induces B-cell tum our formation, providing 

strong evidence for the oncogenic potential of deregulated c-myc.

Diagnosis of BL, a high grade tum our with striking clinical features, is 

generally made w ithout recourse to molecular genetic techniques. However, 

analysis of the translocation using Southern blot analysis,^®® PCR̂ ®® and 

sequencings®^ techniques has provided im portant information about the 

m olecular genetics of this tum our, which constitutes a paradigm  for 

translocation induced lymphomagenesis.

1.8.1.2.2 T(14:18)

T(14;18) is the most common chromosome abnorm ality detected in low grade 

B-cell lymphomas, and is strongly associated with follicular lymphoma, w ith 

a reported incidence by chromosome analysis of 75-85% of c a s e s .  

translocation aligns the bcl-2 gene on chromosome 18 w ith the region of 

the IgH gene on chromosome 14, resulting in deregulation of bcl-2 protein. 

This is thought to confer a growth advantage to cells bearing the 

translocation by inhibition of apoptosis.^®® Thus the oncogene works by 

enhancing cell survival ra ther th an  by promoting cell proliferation as w ith 

m ost oncogenes. Translocation is thought to resu lt from a m istake in 

recombinase m ediated V-D-J rearrangem ent in conjunction w ith an S I 

nuclease sensitive DNA binding m otif present on chromosome 18.̂ ®"̂  The 

translocation probably occurs as a result of an  error during D^-Jh joining 

in  most instances^®®’̂®̂ although translocations a t the Vg-D^ stage have been 

found in Japanese follicular l y m p h o m a s . S o u t h e r n  blot analysis shows 

rearrangem ent of bcl-2 gene in 30-90% of c a s e s . T h e  wide range m ay 

be due to geographic or methodological factors. The close clustering of m ost 

breakpoints on chromosome 18 to two small regions (major breakpoint 

[MBRl and minor breakpoints [MGR]) allows amplification using the 

polymerase chain reaction (Figure 1.7).̂ ®®’̂®® Thus paraffin sections are  a 

potential source of DNA, vastly increasing the num ber of cases which can 

be analysed. Some PCR positive cases of non-Hodgkin’s lymphomas other

44



th an  follicular lymphoma and Hodgkin’s disease, (17 of 53 cases)̂ ®® have 

been reported and some workers have amplified the translocation in 

follicular hyperplasia and norm al peripheral blood lymphocytes/^^

F u rth e r study is necessary to determ ine the frequency of PCR detectable 

t(14;18) in FL, other lymphoma types and in non-neoplastic lymphoid tissue, 

particularly  using paraffin embedded tissue. This forms the subject of 

C hapter 8.

1.8.1.2.3 T (ll:14)

In  1979 t( ll;1 4 ) was identified as a recurring abnorm ality in 

lymphoproliferative disease.^®® The breakpoints were a t l l q l 3  and the IgH 

locus a t 14q32. The breakpoint was cloned in 1984 and the chromosome 11 

region nam ed "bcl-1".^^® It was assum ed th a t the bcl-1 region would harbour 

an  oncogene in the  same m anner as c-myc a t the t(8;14) breakpoint and bcl- 

2 a t t(14;18). However no likely coding sequences were found for several 

years despite extensive screening of the breakpoint region. In  1989 a clonal 

chromosome 11 inversion was reported in parathyroid a d e n o m a s . T h e  

rearranged loci were l l p l 5  (parathyroid hormone gene) and l l q l 3  (i.e. close 

to bcl-1). The breakpoint was cloned and a gene identified a t l l q l 3  nam ed 

PRADl, which was over-expressed in parathyroid adenomas. The predicted 

protein sequence of PRADl was found to be homologous to members of the 

cyclin family. Cyclins are proteins which act as stage specific regulators of 

the cell cycle. On the basis of its sequence, PRADl was assigned to a new 

family of cyclins.^®^ PRADl was localised to w ithin llO kb of the bcl-1 locus 

and found to be over-expressed in B-cell tum ours carrying t(ll;14 ). 

Therefore it was deduced th a t PRADl (now known as cyclin D l) is the bcl-1 

oncogene. Investigation of th is locus may establish fu rther the links 

betw een cell cycle regulation and oncogenesis.

T (ll;14 ) has been reported in 29%-57% of m antle cell l y m p h o m a s . T h e  

wide range of detection rates is due to m ultiple translocation breakpoints 

sites covering a t least 120kb of the bcl-1 r e g i o n . T h e  m ajority of 

breakpoints, however are thought to occur w ithin the major translocation
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cluster (MTC) region.^®  ̂ The wide scattering of breakpoints necessitates 

pulsed-field gel electrophoresis or multiple probe Southern blot analysis for 

detection of all t rans locat ions , though the MTC region may be amplifiable 

using PCR in a high proportion of cases (Figure However, some

reports suggest tha t t(ll;14) may be present in lymphoma types other than  

mantle cell l y m p h o m a s . P C R  amplification of t(ll;14 ) in routine tissue 

samples and the incidence of the translocation in B-cell lymphomas are 

assessed in Chapter 9.

MBR m g r

V

>50kb >20kb

Figure 1.7Bcl-2 breakpoint regions on chromosome 18. MBR denotes the major breakpoint 

region which contains most breakpoints, MCR the minor cluster region. The coding 

sequences are shown as closed boxes, the untranslated regions as open boxes.̂ "*̂  T(14;18) 

Joins the bcl-2 locus to the Ig heavy chain gene (Figure 1.2)

MTC mTC-l mTC-2 Cyclin Dl

120kb

Figure 1.8 Bcl-1 breakpoint region on chromosome 11. The breakpoint clusters are shown 

as solid boxes and the cyclin Dl gene as an open box. T (ll; 14) Joins the bcl-1 locus to the 

Ig heavy chain gene (Figure 1.2).̂ '̂*
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1.9 A im s

The general aims of this study were to assess the role of PCR in the 

characterisation and diagnosis of lymphomas. Specific aims were-

a) to establish and evaluate PCR analysis of B- and T-cell clonality in 

histological samples.

b) to evaluate PCR clonality analysis of conditions in which malignancy is 

difficult to distinguish from chronic inflammation.

c) to study the clonal relationship between tum our clones in a gastric MALT 

lymphoma which recurred after resection and dissem inated to lip and bone 

marrow.

d) to examine the clonal nature  of L & H cells of NLPHD and to determ ine 

the relationship between large cell B-lymphoma and preceding NLPHD.

e) to evaluate the role of PCR detection of t(14;18) and t(ll;1 4 ) in the 

diagnosis and classification of low grade B-cell lymphomas.

f) to correlate monoclonality w ith the histological pa ttern  in lesions of the 

parotid showing MESA and MLALT lymphoma, and to investigate the 

influence of t(14;18), Epstein B arr virus and Helicobacter pylori.

In  th is report a general methods section (Chapter 2) is followed by 

evaluation of PCR amplification of IgH and TCR genes as m eans of 

assessing clonality (Chapters 3 and 4). Application of PCR approaches to 

problems of lymphoma pathology forms the subjects of Chapters 5-9. Future 

directions are discussed in Chapter 10.
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CHAPTER 2

MATERIALS AND METHODS 

2.1 R eagen ts and buffers

Sources of all reagents and constitution of buffers and solutions used are 

listed in Appendices 2 and 3.

2.2 T issue sam ples

2.2.1 Sources

The m ajority of tissue samples were obtained from the archives of the 

D epartm ent of Histopathology, University College London Medical School; 

these included referred m aterial. Additional series of specimens were 

supplied by other institu tes, as indicated in the m aterials and  methods 

sections of the relevant chapters.

2.2.2 Tissue storage and handling

Fresh, unfixed samples were snap frozen in liquid nitrogen and stored a t - 

70°C in screw top micro-tubes. Paraffin blocks processed a t UCL Medical 

School were fixed in unbuffered formol saline and paraffin wax embedded 

using a standard  protocol.^^° Tissue samples referred from other laboratories 

were fixed and processed by unknown methods. In some cases from which 

no tissue blocks were available, cut unstained or stained sections were used 

as sources of DNA. Methods were developed to extract DNA suitable for 

PCR from these sources {section 2.4.2).

2.3 H isto log ica l exam in ation

Histological sections were stained using haem atoxylin and eosin (H & E), 

special stains and immunohistochemistry where appropriate and examined 

by the pathology staff (usually Professor PG Isaacson, Dr A W otherspoon 

and Dr M Ashton-Key) a t the D epartm ent of Histopathology, University 

College London Medical School.
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2.4 DNA ex traction

To avoid cross-contamination, tissue samples were m anipulated w ith  clean, 

sterile, disposable scalpel blades or forceps. Microtome or cryostat blades 

were cleaned meticulously before use and between specimens.

2.4.1 Fresh!frozen tissue

High molecular weight DNA was extracted from fresh or frozen, unfixed 

tissue samples as follows

H & E stained cryostat sections of frozen tissue blocks were examined by 

a pathologist to confirm the diagnosis and to select the region of the block 

containing the lesion of interest. Selected blocks, or discrete parts  of blocks, 

were minced finely with sterile scalpel blades in clean petri dishes and 

incubated w ith 2-5ml (according to the am ount of tissue) of proteinase-k 

digestion buffer-I a t 45°C for three hours or a t room tem perature overnight. 

Equal volumes of phenol/chloroform were added, tubes rotated  gently for 10 

m inutes and spun a t 2000rpm for 10 min. Upper, aqueous phases were 

removed and re-extracted with phenol/chloroform until clean interfaces were 

achieved (usually two or three repeats). Single extractions w ith chloroform 

alone were performed in the same way. One ten th  volumes of 3% sodium 

acetate and 2.5 volumes of absolute ethanol a t -20°C were added to the final 

aqueous extracts and the tubes gently inverted for 80s. DNA pellets were 

transferred  into 10ml of clean 70% ethanol a t -20°C using sterile pipette 

tips. After gentle inversion for l-2m in the pellets were transferred  to 1.5ml 

microtubes, allowed to dry and 0.2-1ml of sterile TE buffer added, the 

volumes being determ ined by the sizes of the pellets. The DNA sam ples 

were allowed to dissolve overnight a t 4°C (or for up to three days) and 5pl 

aliquots removed for estim ation of DNA concentration. The optical densities 

were m easured a t 260 and 280nm using a spectrophotometer. Samples w ith 

a  260/280 ratio of 1.6-2 were considered suitable for fu rther analysis and 

those w ith ratios outside this range were re-extracted. The DNA 

concentrations were calculated by the equation-

DNA concentration (pg/ml) = ODggg X 50.
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DNA samples were stored a t -20°C.

2.4.2 Paraffin embedded tissue

M ethods for extraction of DNA from paraffin embedded m aterial were 

evaluated and modified to suit the available m aterial. The following method 

was employed for extraction of DNA from unstained and stained paraffin 

m ateria l (adapted from W right and Manos^^®):-

One to five (depending on the size of the block) 5pm sections were cut from 

tissue blocks and placed into clean micro tubes. U nstained or stained cut 

sections were scraped from slides, after removal of coverslips and m ountant 

using xylene if  necessary, and placed into microtubes. 400pl of xylene were 

added, the tubes mixed for 1-2 m inutes and spun a t full speed on a 

microcentrifuge for 5 minutes. The supernatan ts were removed using 

pipettes, 400 pi of absolute ethanol added to the pellets and the tubes mixed 

briefly. The tubes were spun a t full speed for 5min and the supernatan ts 

removed as described above. The pellets were allowed to dry completely a t 

room tem perature before addition of 50-200pl proteinase-k buffer-II. 

Digestion was carried out at 37°C overnight, or for three hours a t 55°C after 

which the tubes were heated at 95°C for 5min to destroy proteinase-k 

activity. After briefly spinning, l-5pl of the resulting solutions were used in 

the  PCR reactions, or stored a t -20°C.

2.5 Sou th ern  b lot analysis

2.5.1 S tandard  method

The Southern blot procedures employed were adapted from established 

protocols.^^^ In itial investigations confirmed published reports th a t paraffin 

processed samples were unsuitable for this procedure, and analysis was 

confined to high molecular weight DNA extracted from fresh/frozen tissue 

samples. In each experiment test DNA samples were studied in parallel 

w ith  control samples extracted from hum an placenta, lymph node or EBV 

positive cell line.

lOpg of high molecular weight DNA were digested using 40 units of each
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restriction enzyme (in separate reactions), using the buffers supplied by the 

m anufacturer. For each DNA sample two to four appropriate restriction 

enzyme digestions (Table 2.1) were carried out a t 37°C for 7-16 hours in a 

volume of 30pl. After completion of digestion, 6pl of electrophoresis loading 

buffer were added to each sample before loading on to 0.8% agarose gels. 

Electrophoresis was carried out a t 50V for approximately 16 hours until the 

bromopbenol blue m arker bad m igrated to w ithin 3cm of the end of the gels. 

The gels were viewed under UV light and photographed using a Polaroid C5 

camera, to provide a record of the DNA load and the success of restriction 

digestion in each sample. If insufficient DNA was loaded or poor digestion 

of DNA occurred, the digestion and electrophoresis steps were repeated. The 

gels were transferred  to plastic trays containing 0.25M hydrochloric acid 

and agitated gently for 15-20 m inutes to reduce the average DNA fragm ent 

size. Gels were rinsed in u ltra  pure water, transferred to 0.4M NaOH and 

agitated gently for 30min to denature the DNA. After dénaturation, gels 

were inverted and placed on a filter paper wick (W hatman No 1) suspended 

in a reservoir of 0.4M NaOH. Gels were covered in a layer of cling film, a 

window the size of the area to be blotted cut and folded back to allow 

positioning of a sheet of Hybond-N^ nylon m embrane, cut precisely to size. 

Four sheets of filter paper cut to the size of the m em brane and soaked in 

0.4M NaOH were placed on top of the mem brane and a  4cm thick pile of 

green paper tissues placed above the filter papers followed by a plastic p late 

and a 0.5kg weight. Blotting was allowed to proceed for 16 hours. After 

blotting the m em branes were retrieved by removal of filter and tissue 

papers, the gel inverted w ith the mem brane in place and well positions 

m arked w ith a pencil. The gels were discarded and m em branes rinsed in  2 

X SSC for Im in, dried briefly on filter paper, wrapped in cling film and 

stored a t 4°C prior to hybridisation.

M embranes were separated by sheets of nylon mesh, rolled up and placed 

in  glass bottles containing 10-20ml of hybridisation buffer and ro tated  in a 

hybridisation oven a t 65°C for a t least Ih. Buffer was decanted and replaced 

w ith 10-20ml of fresh buffer containing 25ng of denatured DNA probe
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(Table 2.1), oligo-labelled w ith 25]iCi ^^P-dCTP. Tubes were replaced in the 

oven and rotated for 16h. Membranes were removed from the tubes and 

w ashed in two changes of 500ml of 2 X SSC/0.1% SDS a t 65°C for 5min 

followed by 500ml of 0.1 X SSC/0.1% SDS a t 65°C for lOmin. M embranes 

were m onitored using a Geiger counter, calibrated for use w ith ^^P. If 

background counts were significantly over 10 counts per second (cps) a t 1cm 

the m em branes were replaced in buffer for fu rther periods of w ashing until 

counts were reduced to appropriate levels. M embranes were wrapped in 

cling film and exposed to X-Ray film in light proof cassettes with 

intensifying screens for 3-7days before development using an autom atic 

machine. For m ultiple analyses, radioactive probe was stripped from 

m em branes between hybridisations by washing in boiling 0.5% SDS.

2.5.2 Interpretation o f autoradiographs

All autoradiographs in which clear bands of the appropriate molecular 

weight were seen in control DNA extracts, w ith a clean background, were 

considered suitable for analysis. If  these bands were not seen due to high 

background the m em branes were stripped of radioactive probe and 

rehybridised; if this was unsuccessful the Southern blots were repeated. If 

weak bands were seen due to poor hybridisation or transfer of DNA, the 

exposure tim e was increased (up to 14 days) and if th is failed to yield 

adequate results, hybridisation or Southern blotting were repeated.

After hybridisation w ith J^, TCR-(3, bcl-1 and bcl-2 probes, the presence of 

non-germline fragm ents, clearly seen in two or more restriction digests were 

in terpreted  as evidence of clonal rearrangem ent. W eak non-germline bands 

seen in  a single restriction enzyme digest were considered equivocal.

Due to the lim ited diversity of the TCR-y chain gene, polyclonally 

rearranged T-cell populations give rise to a predictable ladder of bands in 

addition to germline fragm ents which are clearly seen following digestion 

w ith EcoRI or H ind lll and hybridisation w ith the pH60 probe (Table 2.1). 

Samples which showed the presence of one or two bands distinctly stronger 

th an  the other rearranged fragm ents w ith two or more restriction digests
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were scored as positive and those which showed only a germline or typical 

polyclonal ladder were recorded as negative.

Table 2.1 Probes and restriction enzymes used for Southern blot analysis.

TARGET CODE SIZE RESTRICTION ENZYMES

C76R51A^^^ 2.5 EcoRI, H indlll, BamHI, Bglll
TCR-p pUCCb"^" 0.6 EcoRI, H indlll, BamHI
TCR-7 p H 6 0 " s 0.7 EcoRI, Hindlll, BamHI
Bcl-1 p R H lli9 9 2.1 EcoRI, Hindlll, Bcl-1
Bcl-2-MCR p F L 2^ s 2.8 EcoRI, H indlll, BamHI
Bcl-2-MBR pFL3"'® 2.8 EcoRI, Hindlll, BamHI

2.6 P o lym erase  ch a in  reaction

PCR experim ents were carried out using modifications of the method 

described by Saiki e t al (1988).^^® Reactions were optimised carefully for 

m axim um  specific yield. MgClg concentration, annealing tem perature and 

cycling param eters were varied from published data  when necessary to 

reduce non-specific amplification or to improve specific yield.

2.6.1 S tandard  PCR method

The following general method was applicable to amplification reactions 

using all prim er combinations. [Variable conditions such as the MgClg 

concentration and cycling param eters, which were applied to each specific 

target, are detailed in Tables 2.3 and 2.4.]

The following reagents were added to 500pl micro tubes:- 5pl 10 X PCR 

buffer, 0.4pl dNTP (final concentration 200pM each dNTP), 125-250ng each 

prim er (Table 2.2), 50-100ng high molecular weight DNA or 2-5pl of 

paraffin embedded tissue extract {section 2.4.2), 1.5-9 mM MgClg, dHgO to 

46pl and 50pl m ineral oil.

Tubes were spun briefly and placed on a therm al cycling machine which 

was program m ed to heat to 95°C for 7 m inutes followed by incubation a t the
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annealing tem perature selected for each prim er set ("Hotstart").^^^

W hilst a t the annealing tem perature, 0.25-1 un it of Taq polymerase was 

added to tubes in a volume of 4pl and repetitive cycling carried out using 

the  param eters indicated below. After completion of 20-40 cycles, a final 

prim er extension step a t 72°C for 5min was carried out. Products were 

analysed using appropriate polyacrylamide or agarose gel electrophoresis 

{section 2.7). All product analyses were performed in a  separate  room to 

PCR set-up and DNA extraction to reduce the risk  of cross-contamination.

2.6.2 Immunoglobulin heavy chain gene

The immunoglobulin heavy chain gene V region was targeted for 

determ ination of B-cell clonality. Semi-nested amplification using FR3/J h^̂® 

and FR2/Jjj '̂^® prim ers were employed (Figures 1.2, 3.1). In itial experiments 

confirmed th a t these methods were more sensitive and reproducible than  

single step PCR.^^^ In prelim inary experiments, F R l/J^  prim ers worked 

inefficiently using paraffin embedded tissue extracts,^^® so further 

experim ents were restricted to FR2/Jjj and FR3/Jjj. Optim isation of PCR 

was carried out using high molecular weight DNA extracted from the Raji 

B-cell line and from B-cell lymphoma samples (B-CLL) as monoclonal 

controls, and DNA from reactive tonsillar tissue as a polyclonal control. 

Reactions were optimised for amplification of products in the predicted 

(approximate) size ranges of 240-280bp for FR2/Jy and 70-120bp for FR3/Jg. 

The MgClg concentrations were found to be critical in m inim ising non

specific amplification. The annealing tem peratures were kept as low as 

possible to reduce the selective effect of amplification of tem plates w ith 

be tter fit to the consensus prim er sequences.^^® FR3/Jg products were run  

on 10% and FR2/Jjj products on 6% polyacrylamide gels.

2.6.3 T-cell receptor genes

PCR amplification of TCR-p and TCR-y chain genes was used for clonality 

analysis of T-cell populations.
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2.6.3.1 TCR-B chain gene

PCR amplification of the TCR-P chain gene was carried out using five 

separate  reactions with prim ers designed by M cCarthy et al (Figures 1.3 

and 4.1)}^^ Prim ers were combined as follows:- V p-Jpl, Vp-jp2, D p i-Jp l, 

D p l-jp2 , Dp2-Jp2. Optimisation was performed using DNA extracted from 

Ju rk a t T-cell line, T-cell lymphomas and reactive tonsil.

Products (lOpl) were run  on 10% polyacrylamide minigels.

2.6.3.2 TCR-y chain gene

TCR-y chain gene was amplified using the method described by M cCarthy 

(Tables 2.3 and 2.4, Figures 1.4 and 4.2) using two reactions w ith prim ers 

Vyl+ V y III/IV +  J jy 2 (product sizes approximately 70-95 base pairs) and 

Vyl+ V y III/IV +  JPYi/2  (product sizes 80-110 base pairs). As these prim ers 

do not target rearrangem ents involving the Vyll or JP  segm ents, ex tra  

prim ers were employed to cover most theoretical rearrangem ents (Tables 

2.3, 2.4, Figures 1.4 and 4.2). Additional prim er combinations VyII+

Vyll-i- JPYi/2 , Vyl+ VyIII/IV+ JPy were used. Optimisation was carried out 

using the samples indicated for TCR-p amplification.

Products (lOpl) were run  on 10% or 6% (VyII+ Jŷ /g and VyII+ JPyi/2 ) 

polyacrylamide minigels.

2.6,4 T(14;18) major and minor breakpoint regions

PCR amplification of major breakpoint (MBR) translocations were carried 

out using prim ers designed by Crescenzi et al (Figures 1.7 and 8.3).̂ ^® The 

m inor cluster region (MCR) translocations were amplified using  the bcl-2 

MCR prim er described by Horsmann et al.̂ ^® Lymphomas carrying t(14;18) 

a t the MBR and MCR were used as positive controls for in itial optim isation 

and non-m alignant lymphoid samples as negative controls. Positive cases 

of FL were subsequently used as controls. Reactions were optimised for 

amplification of tum our specific MBR/Jg (115bp) or MCR/Jh (300bp) 

products.

lOpl of MBR or MCR products were run  on 7.5% polyacrylamide gels, or on
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2% agarose gels prior to blotting (see below).

For confirmation of specificity, MBR/Jg products were blotted on to nylon 

m em branes, before hybridisation to radiolabelled chromosome 18 probe 

pFL3 (MBR) and exposure to X-ray film {section 2.5).

2.6.5. T (ll;14)

Amplification of t(ll;1 4 ) was performed using a previously published 

chromosome 11 prim er (MCL-2)^°® targeted to the major translocation 

cluster region (MTC) in conjunction w ith a prim er (Figures 1.8 and 8.4). 

An additional bcl-1 prim er (MCL-3) was designed from published sequences 

which perm itted amplification of shorter fragm ents in  order to be better 

suited to degraded paraffin tissue extracts (Figure 8.4). A m antle cell 

lymphoma shown by Southern blot analysis to have bcl-1 rearrangem ent 

was used as a positive control and reactive tonsillar DNA as a negative 

control. Amplifications were optimised for discrete fragm ents of 420bp 

(MCL-2/Jfj) and 220bp (MCL-3/J h). Products (4-lOpl) were ru n  on 3% 

agarose or 5% polyacrylamide gels.

2.6.6 Epstein-Barr Virus

Prim er sequences published by Brocksmith et al,^^  ̂ which amplify the 

BamHIW  repeat sequences, were employed. Reactions were optimised for 

maximum yield of 314 base pair fragm ents using Raji B-cell line as a 

control. Products (5pl) were run  on 3% agarose or 5% polyacrylamide gels.

2.6 .7 Helicobacter pylori

PCR amplification of H. pylori urease A gene was carried out using the 

prim ers designed by Clayton et al.^^  ̂PCRs were optimised for amplification 

of a  411bp product using DNA extracted from gastric biopsies w ith 

histologically identified H. pylori and from an H. pylori lysate (a gift from 

Dr Jo Spencer). 5pl of products were run  on 3% agarose gels.
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2.6.8 Clone specific primers

B-cell lymphoma clone specific primers were used in conjunction w ith  FR2 

or FR3 IgH prim ers as described in Chapter 7. Reactions were optim ised for 

amplification of the predicted DNA fragm ent from the specific lymphoma. 

Products were run  on 10% or 6% polyacrylamide gels.

2.6.9 Cloning vector

PCR amplification of cloned products was carried out using vector prim er 

sequences (T7 and SP6)^^^ to confirm successful insertion into the vector and 

to provide a tem plate for sequencing. Products were run  on 2-3% agarose 

gels.
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Table 2.2 Sequences and sources of primers used.

PRIMER SEQUENCE (5’-3’) REFERENCE

Ig-FR3 ACACGGC[C/T] [G/C]TGTATTACTGT Trainor^^^
Ig-FR2 TGG[A/G]TCCG[C/A]CAG[G/C]C

[T/C][T/C]CNGG Ramasamy^^®
Ig-LJH TGAGGAGACGGTGACC Trainor^^^
Ig-VLJH GTGACCAGGGTNCCTTGGCCCCAG Trainor^^^
TCRP-Vp TGTATCTCTGTGCCAGCAG McCarthy^®^
TCRP-DPI CAAAGCTGTAACATTGTGGGGAC McCarthy^^^
TCRP-DP2 TCATGGTGTAACATTGTGGGGAC McCarthy^®^
TCRP-JPI ACAGTGAGCCGGGTTCC McCarthy^^^
TCR|Î-Jp2 AGCACCGTGAGCCTGGTGCC McCarthy^®^
TCRy-Vyl TCTGGG/AGTCTATTACTGTGC McCarthy^®^
TCRy-Vylll/IV TCACACTCC/TCACTTC McCarthy^"''
TCRy-Jyi/2 CAAGTGTTGTTCCACTGCC McCarthy^®"^
TCRy-JPy 2̂ GTTACTATGAGCT/CTAGTC McCarthy^®^
TCRy-Vyll GAAAGGAATCTGGCATTCCG Short*
TCRy-JP TTGTTCCGGGACCAAATACC Belleaneau *
T(14;18)-MBR TTAGAGAGTTGCTTTACGTG Crescenzi^®®
T(14;18)-JH ACCTGAGGAGACGGTGACCAGGGT Crescenzi^®®
T(14;18)-MCR ACAGCGTGGTTAGGGTTAGGTCGTA Horsmann^^°
T(ll;14)-MLC-2 TCAGGCCTTGATAGCTCG Molot"°"
T(ll;14)-MLC-3 GGATAAAGGCGAGGAGCATA Chapter 8
T(11;14)-JH ACCTGAGGAGACGGTGACCAGGGT Crescenzi^^®
H.PYLORI-1 GCCAATGGTAAATTAGTT Clayton^^^
H.PYLORI-2 CTCCTTAATTGTTTTTAC Clayton^^^
EBV-1 AAAGCGGGTGCAGTAACAGGTAAT Brocksmith^^^
EBV-2 TTGACTGAGAAGGTGGCCTAGCAA Brocksmith^^^
CSPl CAAAAGCATGCATCTCGTCT Chapter 7
CSP2 TCGAGACCCACTTTTACCCT Chapter 7
CSP3 CCGTATTTATGTTGGGCAGT Chapter 7
CSP4 TATCCTTGGTCACCAGTAAG Chapter 7
CSP5 CAGTAGTCAAAGTGATTA Chapter 7
CSP6 CAGAGATTAAAAGAATCGTA Chapter 7
T7 AATACGACTCACTATAG Clark"""
SP6 CATACGATTTAGGTGACACTATAG Clark"""

* Personal communications from Mike Short (University o f Leeds) and Genevieve Belleaneau  
(Bordeaux).
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Table 2.3 PCR reaction conditions.

PRIMERS MgClg Primer-1 Primer 2 Primer 3 Taq
(mM) (ng) (ng) (ng) (u)

FRS/Jn-lst^ 9 FR3-250 LJH-250 0.25
FR3/JH-2nd^ 3.5 FR3-250 VLJH-250 - 0.25
FR2/Jjj-lsf^ 4.5 FR2-250 LJH-250 - 0.25
FR2/JH-2nd^ 2.5 FR2-250 VLJH-250 - 0.25
TCR-P 1-1.5 l*-250 2*-250 - 1
TCR-yl 1.5 3*-125 4*-125 5*-250 0.5
TCR-72 1.5 6*-250 5*-250 - 0.5
BCL-2-MBR 7.5 MBR-250 J h-250 - 0.5
BCL-2-MCR 1 MCR-250 J h-250 - 0.5
MCL-2 1 MCL2-250 J h-250 - 0.5
MCL-3 1.5 MCL3-250 J h-250 - 0.5
EBV 1.5 EBVl-250 EBV2-250 - 0.5
H.PYLORI 1.5 HPl-250 HP2-250 - 0.5
CSP1/FR2-3 1.5 CSPl-250 FR2/3-250 - 0.5
CSP2/FR3 1.5 CSP2-250 FR3-250 - 0.5
CSP3/FR3 1.5 CSP3-250 FR3-250 - 0.5
CSP4/FR2-3 1.5 CSP4-250 FR2/3-250 - 0.5
CSP5/FR3 1.5 CSP5-250 FR3-250 - 0.5
CSP6/FR3 1.5 CSP6-250 FR3-250 - 0.5
T7/SP6 1.5 T7-50 SP6-50 - 1

N ested PCR; 1*:- Prim ers VP, Dpi or DP2; 2*:-■ Prim ers J ^ l or JP2; 3*-.-Primer Vyl ;
4*:- Prim er Vylll/FV; 5*:- Prim er - or Jpy^/ 2 or JPy; 6*:- Prim er Vyll.
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Table 2.4 PCR cycling parameters.

DENATURATION ANNEALING EXTENSION
PRIMERS °C/s "C/s "C/s CYCLES

FR3/Jjj-lst 93/40 50/45 72/110 25-30
FR3/JH-2nd 93/40 50/45 72/110 20
FR 2/JH -lst 93/40 50/45 72/110 30
FR2/JH-2nd 93/40 50/45 72/110 20
TCR-p 94/60 55/60 72/60 40
TCR-yl 93/60 55/60 73/60 40
TCR-y2 93/60 55/60 73/60 40
BCL-2-MBR 93/40 61/45 72/110 35-40*
BCL-2-MCR 93/40 55/45 72/110 35-40*
MCL-2 93/40 55/45 72/110 35-40*
MCL-3 93/40 55/45 72/110 35-40*
EBV 94/60 67/60 72/60 30-35*
H.PYLORI 93/40 50/45 72/60 35-40*
CSP1/FR3 93/40 55/45 72/110 40
CSP1/FR2 93/40 50/45 72/110 40
CSP2/FR3 93/40 55/45 72/110 40
CSP3/FR3 93/40 55/45 72/110 40
CSP4/FR3 93/40 55/45 72/110 40
CSP4/FR2 93/40 55/45 72/110 40
CSP5/FR3 93/40 55/45 72/110 40
CSP6/FR3 93/40 55/45 72/110 40
T7/SP6 94/45 48/45 72/60 40

The higher cycle number was used for paraffin  tissue extracts, the lower for high  
m olecular weight DNA samples.
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2.7 E lectrop h oresis o f PCR products

The method used for PCR product analysis was dependent on product size 

and the resolution required. Polyacrylamide gels were used for clonality 

analysis using IgH or TOR gene amplification, in which product sizes 

ranged from 55-280bp and high resolution was required. Analysis of 

products over 250bp in experiments not requiring high resolution, agarose 

gels were used.

2 .7.1 Polyacrylamide gel electrophoresis

Minigel apparatus was used for polyacrylamide gel electrophoresis of PCR 

p r o d u c t s . T h e  protocol for polymerisation of acrylamide (to m ake a 10% 

gel) was:-

Reagents were mixed as follows- 13ml HgO, 5ml Acrylagel 5, 2ml 10 X TBE, 

200pl 10% ammonium persulphate, 20pl TEMED. The gel m ixture was 

im m ediately loaded between the glass plates and well-forming combs slotted 

into place. After 15min the combs were carefully removed and the sample 

wells rinsed three times with 1 X TBE buffer. The apparatus was assembled 

according to the m anufacturers recommendations, using 1 X TBE buffer. 4- 

10 pi of the PCR products were mixed w ith 1-2.5 pi of loading buffer before 

loading into wells. The gels were run  a t the appropriate voltage, usually 

150V, for 45min- Ih. The gels were removed from the glass plates, stained 

in  ethidium  bromide (Ipg/ml) for 10-15min and viewed under ultra-violet 

light. Polaroid photographs were taken to provide a perm anent record of the 

results.

2.7.2 Agarose gel electrophoresis

Minigel apparatus was used for agarose gel electrophoresis of PCR products. 

P reparation  of a 3% agarose gel was undertaken as follows:- 3g of agarose 

were dissolved in 100ml of 1 X TBE buffer (containing O.lpg/ml ethidium  

bromide) by boiling. 25ml of agarose were poured into the minigel 

apparatus and the comb added. When the gel was solid the comb was 

carefully removed and 1 X TBE buffer (containing O.lpg/ml ethidium

61



bromide) added to cover the gel. 4-lOpl of the PCR products were mixed 

w ith 1-2.5pl of loading buffer before loading into wells. The gels were run  

a t 100-150V for 30min. The gels were removed from the minigel apparatus 

and viewed under ultra-violet light. Polaroid photographs were taken  to 

provide a perm anent record of the results.

2.8 In terp retation  o f PCR resu lts

2.8.1 Immunoglobulin and T-cell receptor genes

Samples which gave rise to a total of one or two clearly visible, discrete 

fragm ents w ithin the expected size ranges {section 2.6) and of the same size 

in both amplifications, were scored as positive (monoclonal); those which 

gave rise to a sm ear of products or an inconsistent, weak "ladder" p a tte rn  

of amplification were scored as negative ( p o l y c l o n a l ) . I f  no products 

were seen, the reactions were presumed to have failed and were repeated.

2.8.2 T(14;18) and t(ll;14)

As variable product sizes were amplified from these translocations, 

specificity of amplification was confirmed by Southern transfer and 

hybridisation w ith breakpoint probes or by comparison of PCR products 

derived from m ultiple p r i m e r s . A l l  t(14;18) PCR products w ith clearly 

visible and reproducible bands in the appropriate size ranges were Southern 

blotted to nylon m embranes and hybridised with radio-labelled chromosome 

18 (pFL2 for MCR and pFLS for MBR) breakpoint probe (see section 2.5).̂ ^® 

Only PCR products which hybridised to the appropriate probe were 

in terpreted  as positive. Sizes of t(ll;1 4 ) PCR products derived from 

amplification w ith MCL-2/Jjj and MCL-S/J^ prim ers were compared to 

confirm specificity of amplification.

2.8.3 Epstein Barr Virus and Helicobacter pylori

Amplification of a fragm ent of the appropriate size, 314bp for EBV and 

411bp for H. pylori, was interpreted as positive.
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2.8.4 Clone specific IgH  amplification

Amplification of products of the sizes predicted by sequencing of clone 

specific IgH V regions was in terpreted as positive and sequencing carried 

out to confirm this.

2.8.5 Cloning vector amplification

Amplification of products of the sizes predicted by addition of the insert to 

vector sequence was in terpreted as successful cloning and sequencing was 

subsequently carried out {section 2.9).

2.9 S eq u en cin g

PCR products were run  on agarose gels to check th a t fragm ents of the 

appropriate sizes were amplified. If  necessary, appropriate bands were cut 

from gels to elim inate non-specific or biallelic products and re-amplified. 

PCR products were then  sequenced as described below.

2.9.1 Cloning*

Several methods of cloning and sequencing were employed according to the 

availability of kits w ithin the departm ent, the most frequently used 

protocol, based on the ’Original TA cloning k it’ (Invitrogen), is described.

PCR products were purified by centrifugation a t 3500rpm for 2min through 

Sephacryl-400 columns. The eluted DNA was stored a t -20°C. Purified PCR 

products were ligated into pCR-II vector by incubation of the following 

m ixture for 4-6h a t 14°C:- l-4pl of purified PCR products, 2pl vector, Ip l 

lOX buffer, Ip l T4 DNA ligase and dHgO to m ake a final volume of lOpl. 

2pl 0.5M (3-mercaptoethanol were added to 50pl pre-prepared ’One shot’ 

com petent cells on ice followed by l-2pl of ligated DNA samples and the 

m ixtures left on ice for 30min. The bacteria were heat shocked a t 42°C for 

30s, followed by 2min on ice. 450pl of preheated SOC medium were added 

to the  bacteria and incubated for Ih  a t 37°C w ith gentle shaking. 100 and 

200pl of transfected bacteria were placed onto LB agar plates, previously

63



spread w ith 40pl of 40mg/ml X-gal. After overnight incubation a t 37°C, 

w hite colonies were transferred  to new agar plates and grown overnight a t 

37°C. Individual white colonies were picked into 0.2ml of LB broth 

containing 20pg/ml ampicillin and grown overnight a t 37°C. Boiled Ip l 

aliquots of each preparation were checked using PCR amplification w ith 

vector targeted  prim ers (T7 and SP6) to confirm the presence of an  insert 

of the  correct size. PCR reaction conditions were as shown in section 2.6 and 

Tables 2.3 and 2.4, and products run  on 2% agarose gels. If  the correct sized 

fragm ents were amplified, sequencing reactions were carried out from the 

PCR products as described below.

2.9.2 Sequencing reaction 

(Based on Sequenase kit, USB)

5pl of PCR product were added to Ip l of exonuclease 1, incubated a t 37°C 

for 15min and heated to 85°C for 5min to inactivate the enzyme. Ip l of 

shrim p alkaline phosphatase was added and m ixtures incubated a t 37°C for 

15min followed by 5min a t 85®C. 3pl T7 prim er (30pmol; Table 2.2) or SP6 

prim er (30pmol; Table 2.2) were added and the tubes heated  to 99°C for 

5min, placed on ice for 5min and spun. A total of 7.5pl of sequencing 

reagent m ixtures (2pl reaction buffer, Ip l O.IM DTT, 0.2pl deaza-dGTP, 

0.4pl Sequenase enzyme, 1.6pl enzyme buffer, 0.5pl ^^SdATP and 1.8pl 

dHgO) were added to each DNA preparation. Tubes were spun and left a t 

room tem perature for 5min. 3.5pl of each preparation were added to 2.5pl 

each of ddATP, ddCTP, ddGTP, ddTTP in separate tubes and incubated a t 

37°C for 5min. 4pl of stop solution were added to each tube and samples 

were heated to 95°C for 2min prior to loading onto gels from ice.

In  some cases, direct sequencing of PCR products, w ithout cloning, was 

carried out using the specific prim ers which had been used to generate the 

products in place of the vector targeted primers.

2.9.3 Electrophoresis^^^

0.5ml 10% ammonium persulphate and 50pl TEMED were added to the gel
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mix (49ml diluent, 7 lOX buffer, 14ml acrylamide), which was poured into 

the  gel assembly and the comb inserted with the flat side down. After 

setting, combs were removed from the gels, the tops washed w ith  buffer to 

remove excess u rea  and combs replaced, teeth down. 4pl of sam ples were 

loaded into each well and gels run  at 60W for 2-3 hours depending on the 

size of the fragm ents to be sequenced. After electrophoresis gels were 

w ashed in 10% acetic acid/methanol for 10-15 min, rinsed w ith  distilled 

w ater, transferred  to filter paper, dried and exposed to X-ray film for 2-5 

days.

* Assistance in sequencing was provided by Drs Ming Du, Langxing Pan and 

H uaizheng Peng.

2.10 C om puter an a lysis o f sequences

Com puter analyses of the DNA sequences obtained were carried out using 

the sequence analysis software package of the Genetics Com puter Group, 

(GCG; Madison, Wisconsin, USA) to search EMBL and Genbank databases.

2.11 Im m unohistochem istry*

3-5pm sections were cut from paraffin blocks on to Vectabond coated 

microscope slides. Sections were dried at 56°C overnight. Sections were 

deparaffinised using two changes of xylene and taken  to absolute alcohol. 

Slides were incubated in 0.5% hydrogen peroxide in  m ethanol for lOmin (to 

block endogenous peroxidase activity). Slides were rinsed thoroughly in  tap  

w ater. Two methods of imm unostaining were used for poly- and monoclonal 

antibodies as follows.

2.11.1 Polyclonal antibodies- anti- CD3 and  K and X light chains^^^

After rehydration of sections as described above, slides were placed in 

O.OIM sodium citrate buffer (pH 6) and heated in a microwave oven (750 

W atts) a t full power for 22min.^^® Slides were rinsed w ith TBS and 

incubated w ith a 1/10 dilution of normal swine serum  for lOmin, followed
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by a  1/500 dilution of polyclonal K or 1 antibody, or a 1/100 dilution of anti- 

CD3, for 40min. The antisera were removed by gentle w ashing in TBS and 

incubated w ith a 1/200 dilution of biotinylated swine anti-rabbit for 30min. 

A fter washing in TBS, slides were incubated in avidin/biotin complex for 

30min. Slides were washed in TBS and incubated in  freshly prepared DAB 

solution for 5-lOmin followed by thorough washing in  tap  w ater and light 

counterstaining in haematoxylin. Sections were dehydrated w ith alcohol, 

taken  to xylene and mounted.

2.11.2 Monoclonal antibodies- anti-CD20 and CD79a^^^

After rehydration of sections as described above, slides were placed in 

O.OIM sodium citrate buffer (pH 6) and heated in a pressure cooker for 

2m in a t full p r e s s u r e . S l i d e s  were rinsed w ith TBS and incubated w ith 

a 1/200 dilution of monoclonal CD20 or 1/2 dilution of monoclonal CD79a 

antibody for 40min. The an tisera were removed by gentle w ashing in  TBS 

and incubated w ith a 1/200 dilution of biotinylated bridge reagent for 

30min. After w ashing in TBS, slides were incubated in avidin/biotin 

complex for 30min. Slides were washed in TBS and incubated in freshly 

prepared DAB solution for 5-lOmin followed by thorough w ashing in tap  

w ater and light counterstaining in haematoxylin. Sections were dehydrated 

w ith  alcohol and taken  to xylene before m ounting in Ralmount.

Im m unostaining was carried out by Eileen Jessop, P. M unson and J. 

P reston of the Immunohistochemistry D epartm ent a t UCL Medical School, 

under the direction of Mr K. Miller.

2.11 M icrodissection*

Microdissection was carried out using the method of Pan.^^^ Sections of 

NLPHD {Chapter 7) were imm unostained using anti-CD79a or CD20 

antibodies to highlight L & H cells for separation. C lusters of cells from 

areas of in terest were removed using drawn-out glass pipettes in  the 

presence of 20% ethanol under a microscope. The microdissected fragm ents
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were placed into solutions of 10% ethanol on a clean slide where L & H cells 

were fu rther separated from surrounding cells using draw n out glass 

pipettes. After separation, cells in solution were allowed to dry and DNA 

extracted as described in Section 2.4.2.

* Microdissection of L & H cells was carried out by Dr L. Pan  {Chapter 7).
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CHAPTER 3

B-CELL CLONALITY ANALYSIS

3.1 In trod u ction

Dem onstration of monoclonality a t the gene level is of great importance in 

distinguishing low grade B-cell lymphomas from reactive lymphoid lesions, 

w here the morphological and immunophenotypic features may be difficult 

to in te rp re t {section 1.4.1). Southern blot analysis of Ig genes^^° is the 

established method for molecular genetic dem onstration of monoclonality 

bu t is slow, complex and requires fresh or frozen tissue sam ples {section

1.7.1). I t  has been proposed th a t use of PCR can overcome these lim itations 

and offer the rapid and simple detection of B-cell m o n o c l o n a l i t y T h e  

PCR approach is based on amplification of the variable region of the 

rearranged  IgH gene in lymphoid tissue samples, followed by size analysis 

of products on an electrophoretic gel {section 1.7.2). Monoclonal populations 

of B-cells give rise to one or two dom inant PCR products w hereas polyclonal 

populations produce a range of product sizes which appear as a broad sm ear 

or ladder on the gel. Most techniques use consensus prim ers directed to one 

of the framework regions of the V segment and to the joining region of the 

IgH gene (Figure 3.1). Fram ework three (FR3) is the most frequently used 

prim er, and has been successfully used for the dem onstration of 

monoclonality^^^’̂ '̂ ®’̂ ®̂ and the detection of m inimal residual disease. Some 

reports suggest th a t a significant m inority (20-30%) of monoclonal cases of 

B-cell proliferation are not d e t e c t e d . A m p l i f i c a t i o n  using framework one 

(FRl)^^^ and framework two (FR2)^^® prim ers has been achieved, and it has 

been shown th a t some cases not amplified using a FR3 prim er can be 

amplified using these primers. I t is unclear which prim er combination or 

combinations are required to provide the necessary sensitivity and it is not 

known how PCR detection of monoclonality compares w ith Southern blot 

analysis, the "gold standard" technique for clonality assessm ent a t the 

genetic level, when applied to a wide range of B-cell lymphomas. Most 

previous work has concentrated on amplification of DNA extracted from
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fresh tissue samples, from which high purity  and high m olecular weight 

DNA can readily be extracted. However, for diagnostic work in the 

histopathology laboratory a protocol which works efficiently on fixed, 

paraffin processed tissue is required. This is more dem anding as fixation 

and processing can cause degradation and other changes to DNA.^^^ 

Successful amplification of the IgH gene on m aterial extracted from paraffin 

embedded samples has been reported,^^^’̂ ^̂  hu t few follow-up studies have 

been published confirming the reliability of the technique. In  th is Chapter, 

PCR amplification of IgH gene has been investigated using the  optimised 

methods described in section 2.6.2.

The aims were: a) to evaluate the sensitivity and specificity of B-cell 

clonality analysis using PCR.

h) to evaluate PCR detection of monoclonality in a range of low grade B-cell 

lymphoma types.

c) to compare amplification using both FR2/Jg and FRS/Jg prim ers.

c) to compare PCR w ith Southern blot analysis.

d) to assess the applicability of PCR to routinely fixed, processed and 

stained tissue samples.

3.2 M aterials and m eth ods

3.2.1 Tissue samples

High molecular weight DNA samples were extracted from fresh tissue 

samples of B-cell lymphomas {section 2.4.1). 101 cases of B-cell lymphoma 

which had been classified by morphological and immunophenotypic criteria, 

w ith available fresh/frozen tissue samples, were selected for study by 

Southern blot analysis and PCR. These comprised 51 cases of MALT 

lymphoma, 26 follicular (FL), 11 B-CLL, 6 m antle cell (MCL), 4 

lymphoplasmacytic (LPL) and 3 m arginal zone cell (MZCL) lymphomas. In 

each case the same DNA extract was used for both Southern blot and PCR 

analyses. Positive control DNA samples were extracted from the Raji B-cell 

line (monoclonal control) and from 25 cases of reactive lymphoid tissue (10 

lymph nodes and 15 tonsils) as polyclonal controls.
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Unbuffered formaldehyde fixed, routinely processed paraffin blocks and 

haem atoxylin and eosin (H & E) stained and mounted sections from 42 of 

the  above lymphoma cases (5 B-CLL, 10 FL, 2 LPL, 22 MALTL, 2 MCL and 

1 MZCL) and twelve reactive lymphoid tissue samples (nine tonsils, three 

lym ph nodes) were analysed and the products directly compared w ith those 

from the fresh tissue samples.

3.2.2 Southern blot analysis

Southern blot and hybridisation using Ig heavy chain Jjj probe was carried 

out using high molecular weight DNA extracted from 101 low grade B-cell 

lymphomas {section 2.5.1). H um an placenta and reactive lymph node 

sam ples were used as controls.

3.2.3 Polymerase chain reaction

Two sem i-nested PCR protocols were used for amplification of the IgH gene 

using a FR2 prim er or a FR3 prim er in conjunction with the same nested 

p a ir of J  region prim ers {section 2.6.2; Figure 3.1).

Each sample was amplified a t least twice on separate occasions to confirm 

the reproducibility of the techniques and to guard against sporadic false 

positive results. In each experiment, test lymphomas were run  in parallel 

w ith a monoclonal (Raji B-cell line), a polyclonal (reactive tonsil) and a 

negative (no tem plate DNA) control.

Products were run  on 10% (FR3/Jg) or 6% (FR2/Jg) polyacrylamide gels. 

PCR products from different tissue sources from the same cases were run  

in  adjacent lanes on the gels.
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F igu re 3.1 Diagram to show the prim er binding sites on the rearranged V-D-J region of 
the IgH gene. The products from F R 2U ^ and FR3 amplifications are shown below. The 
highly variable junctions between the V-D and D -J segments, which include the TsT regions 
and provide the high diversity of product sizes, are shaded.

3.2.3.1 Sensitivity and specificity

To evaluate the sensitivity of the techniques in detecting a monoclonal 

population of B-cells against a polyclonal background, FR2/Jjj and FRS/Jg 

PCR was performed on samples of B-cell tumour DNA (B-CLL) diluted with 

DNA extracted from a sample of reactive tonsil. Dilutions containing 50, 25, 

10, 5, 1 and 0.5% of tumour DNA were examined.

Specificity of amplification was investigated by sequencing of products from 

two cases of B-cell lymphoma {section 2.9). Sequences were compared with 

published IgH sequences using GCG software (Madison, Wisconsin).
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3.3 R esu lts

3.3.1 Southern blot analysis

Clonal IgH gene rearrangem ent was detected in 94 cases (93%), 2 showed 

an equivocal p a tte rn  of hybridisation of a weak non-germline band in  one 

enzyme digest only, the rem aining 5 cases showed a germline p a tte rn  

(Table 3.1; Figure 3.2). Of the 7 cases which did not show unequivocal 

evidence of clonal rearrangem ent, 4 were MALT lymphomas and 3 were FL.

3.3.2 Polymerase chain reaction

PCR resu lts for all high molecular weight DNA samples are shown in Table 

3.1. Using either the  FR2/J h or FR3/Jh primers, PCR amplification of DNA 

extracted from Raji B-cell line produced a single, reproducible discrete 

fragm ent on the gel, representing clonal rearrangem ent of the IgH gene, 

w hereas amplification of reactive lymphoid tissue samples produced sm ears 

of products. Lymphoma samples gave rise to one or two discrete bands 

w ithin the expected size ranges (240-280 w ith FR2/Jg and 65-120 w ith 

FR3/Jjj primers), w ith or w ithout a background sm ear (monoclonal pattern) 

or to a sm ear w ith no apparent dom inant bands (polyclonal pattern) 

(Figures 3.3 and 3.4).

One case of LPL produced a weak ladder of products w ith the FR3/Jg 

prim ers which varied in size distribution w ith repeat amplification; th is 

pa tte rn  was in terpreted  as amplification of rare  polyclonal B-cells coexisting 

w ith a tum our clone which failed to a m p l i f y A  single product was 

consistently seen using the FR2/Jjj prim ers in  th is case.

PCR amplification using the FR3/Jn primers, showed a monoclonal p a tte rn  

in  76 of 101 (75%) lymphomas while 25 produced a polyclonal pattern . 

Monoclonality was dem onstrated in all cases of B-CLL, MCL and MZCL and 

in th ree of four LPL, bu t in only 73% of MALT lymphomas and 62% of FL, 

(Table 3.1 and Figure 3.3).

Using the  FR2/Jjj prim ers, 80 of the 101 lymphomas (79%) produced one or 

two discrete bands on the gel (Table 3.1 and Figure 3.4). All cases of B-CLL 

and MZCL, 3 of 4 LPL and 5 of 6 MCL were positive, while 78% of MALTL
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and 69% of FL showed a monoclonal pattern .

Although the FR2/Jjj prim ers successfully amplified a slightly higher 

proportion of cases th an  FR3/Jjj (79% compared w ith 75%), six out of tw enty 

one samples which gave a polyclonal pa ttern  with FR2/Jjj showed a 

monoclonal pa ttern  using the FR3/Jjj combination. Therefore, the use of 

both methods improved the  detection rate  to 85% (Table 3.1). This including 

all cases of B-CLL, MCL, LPL and MZCL but only 82% of MALTL and 77% 

of FL.

Com parative PCR results for cases analysed using unstained and stained 

paraffin  embedded extracts, in addition to high molecular weight DNA, are 

shown in Table 3.2. Following amplification w ith FR3/Jg prim ers an 

identical monoclonal pa ttern  was seen in 34 of 42 (81%) cases of lymphoma 

using both fresh/frozen and unstained paraffin embedded tissue extracts. 

The rem aining 8 cases gave rise to a sm ear of products. Using H & E 

stained  sections, 32 of 42 (76%) extracts produced a monoclonal pa ttern , 8 

cases produced a sm ear (the same cases as above) and two yielded no 

products (Table 3.2, Figure 3.5). All reactive controls gave rise to a smear. 

After FR2/Jjj amplification of fresh tissue extracts, 36 of 42 (86%) cases 

showed a monoclonal p a tte rn  of one or two discrete bands of the appropriate 

size, while 6 produced a smear. With unstained paraffin embedded samples 

28 of 42 (67%) were monoclonal, 2 produced a sm ear and 12 were negative 

(no amplification). Using H & E stained m aterial, 15 of 42 (36%) were 

monoclonal, one case yielded a smear, 24 were negative and 2 showed a 

w eak pa ttern  of several bands which varied on repeat amplification, 

suggesting an inadequate extract (Table 3.2, Figure 3.6). A part from these 

two cases, all discrete bands amplified from a given lymphoma case w ith 

each prim er set were of the same size (Figures 3.5 and 3.6), and were 

reproducible on repeat amplification. Eleven of twelve reactive lymphoid 

tissue sam ples showed a polyclonal pa ttern  of amplification from unstained 

paraffin  embedded tissue, and ten  of twelve H & E stained sections also 

produced a smear. The rem ainder were negative.

W hilst only a small reduction in  yield of PCR product was seen following
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FR3/Jh amplification from paraffin embedded and stained samples when 

compared with the fresh/frozen extracts, the intensity of bands on the gels 

were often significantly reduced after FR2/Jh amplification from paraffin 

embedded and stained tissues (Figures 3.5 and 3.6).

3.3.2.1 Sens i t i v i ty  a n d  specificity

Results of PCR analysis of tumour DNA diluted with polyclonal DNA are 

shown in Figure 3.7. The tumour clone was detected down to 1% using 

FR3/Jh primers and down to 5% using FR2/Jy primers (although on ideal 

gels the FR2/Jfj tumour products were sometimes weakly visible at 1%). 

FR2/Jh and FRd/J^ sequences derived from products of two cases of B-cell 

lymphoma (Table 3.3) were all shown to be derived from IgH variable 

regions. In the single case in which both FR2/Jh and FRd/J^ sequencing was 

performed, the overlapping regions were almost identical.

M 1 2 3 4  5 6 7

I W  -|Q

^  W  ^ kB
KB

kI-'

Figure 3.2 Southern blot analysis of low grade B-cell lymphomas. DNA sam ples were 
digested with EcoRI and hybridised with Lanes M- molecular weight markers; 1- 
placental DNA; 2 to 7- B-cell lymphomas. (DNA from different biopsies from the same 
MALT lymphoma were loaded into lanes 3 and 4). Lanes 2,3,4 and 7 show rearrangement 
of Ig heavy chain gene.
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M N R T 1 2 3 4  M 5 6 7 8 9  1011

Figure 3.3 Ethidium  bromide stained 10% polyacrylamide gel of FRS/Jfj  PCR products 
from DNA sam ples as follows. Lanes M- <s>XIHinfl molecular weight markers (the 100 base 
p a ir  fragment is indicated); lane N- negative control; lane R- Raji B-cell line; lane T- 
reactive tonsillar DNA; lanes 1 to 11- lymphoma samples (lanes 1 to 4 and 9- B-CLL; 5, 6, 
10, 11- FL; 7 and 8- MALT type lymphoma). The FL sample in lane 10 shows a polyclonal 
pattern, while the other lymphomas show a monoclonal pattern.

M N T  1 2 3 4  5 M 6 7 8 9  10 11 12

Figure 3.4 Ethidium  bromide stained 5% polyacrylamide gel of FR2Uj^ PCR products. 
Lanes M- <i;)X/Hinfl molecular weight markers (the 249 base pa ir  fragment in indicated); 
lane N- negative control; lane T- reactive tonsillar DNA; lanes 1 to 12- lymphoma samples 
(lanes 1 and 2- MC lymphomas; lanes 3, 5, 7 and 8- MALT type lymphomas; lanes 4, 6, 9, 
12- FL; lane 10- B-CLL; lane 11- MZC lymphoma). The MALT lymphomas illustrated in 
lanes 3 and 8 show a polyclonal pattern, while the remainder show a monoclonal pattern.
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Figure 3.5 Polyacrylamide gels showing FRS/Jff PCR products. Lanes M- is^XIHinfl 
markers, F- fresh / frozen tissue extract, P- unstained paraffin embedded tissue extract, H- 
H  & E stained tissue extract for two cases of MALT lymphoma.

M N C

249
BP

Figure 3.6 Polyacylamide gels showing FR2/Jj^ PCR products. Lane M- ^X /H infl 
markers, N- negative control (no DNA), C- monoclonal control (B cell lymphoma). F- 
fresh! frozen tissue extract, P- unstained paraffin embedded tissue extract, H- H  & E stained  
tissue extract for lymphoma cases as follows: 1- MALT lymphoma, 2 and 3- FL lymphomas.
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Figure 3.7 Polyacrylamide gels showing a) FRS/Jf^ and b) F R 2U ^ amplification o f B-cell 
tum our DNA diluted with tonsillar DNA. Lanes M- molecular weight markers, 1- no 

2- 50% J- 25%, 70%, 5- 5%, 0- 7%, 7- 0.5% .
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Table 3.1 Southern blot and PCR results using FR2Ujj and FRSU jj primers to show 
monoclonality in B cell lymphomas. The numbers shown are positive cases!total tested 
(percentage positive).

LYMPHOMA S. BLOT PCR-FR3/Jh PCR-FR2/Jh PCR-FR2+3

MALT 47/51 (92%) 37/51 (73%) 40/51 (78%) 42/51 (82%)
FL 23/26 (88%) 16/26 (62%) 18/26 (69%) 20/26 (77%)
B-CLL 11/11 (100%) 11/11 (100%) 11/11 (100%) 11/11 (100%)
MC 6/6 (100%) 6/6 (100%) 5/6 (83%) 6/6 (100%)
LP 4/4 (100%) 3/4 (75%) 3/4 (75%) 4/4 (100%)
MZC 3/3 (100%) 3/3 (100%) 3/3 (100%) 3/3 (100%)

TOTAL 94/101 (93%) 76/101 (75%) 80/101 (79%) 86/101 (85%)

Table 3.2 Summary o f monoclonality detection rates using FR2iJjj and 
FR3 i Jjj primer sets in lymphoma DNA samples extracted from each tissue 
source.

TISSUE SOURCE FR2/JH FR3/JH FR2+3/JH

FRESH/FROZEN 36/42 (86%) 34/42 (81%) 38/42 (90%)

PARAFFIN EMBEDDED-

UNSTAINED 28/42 (67%) 34/42 (81%) 37/42 (88%)

H & E  STAINED 15/42 (36%) 32/42 (76%) 35/42 (83%)
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Table 3.3 Sequences of FR2/Ju and FR3/J„ PCR products derived from B-cell lymphomas low grade MALT (type). The homologous region 
between the F R 2U „ and FRSIJf^ products in case 1 are shown in italics. Further IgH sequences derived from B-cell lymphomas are shown in 
Chapters 6 and 7.

LYMPHOMA SEQUENCE (5’-3’) HM IGGY

1- FR2 TGGGTCCGACAGCCTTCGGGGAGGGGGCTGGAGTGGATTGGGAGTATCTATTATAGTGGGG
ACACCTACTATAATTCGTCCCTCAAGAGTCGAGTCACCATATCAATAAACACGTCCAAGAA
TCAGTTCTCCCTGAAGGTGAATTTTGTGACCGCCGCGGACACGGCCATGTATTACTGTGCG
ACACGACAATATGGTGCGACCTATCCGGTATGGTTCGACCCCTGGGGCCAAGGAACCCTGT
CAC V-N-J5

1- FR3 GCGACACGACAATATGGTGOGACCTATCCGGTATGGTTCGACCCCTGGGGCCAAGGGACCCT
GGTTCAC V-N-J5

2- FR3 GCGAGAGGCAGGTAAGGATAGCAGCAGCTGCCCCATTAGGAAACCATGATTGGTTTTGATAT V-DN1-J3



3.4 D iscu ssion

PCR dem onstration of monoclonality in a variety of B-cell lymphomas has 

been assessed using FR2/J h and FR3/Jn prim ers directed to the IgH 

variable region. Both protocols were shown to be rapid, specific and 

reproducible, though not all rearranged alleles present in B-cell lymphomas 

were successfully amplified.

Southern blot analysis using the Jg probe was able to detect monoclonality 

in 93% of low grade B-cell lymphomas, confirming th a t the technique is 

successful in most B-lineage tumours.^^’̂ ’̂̂ '̂̂

U sing high molecular weight DNA from 101 cases of B-cell lymphoma, 75% 

were PCR positive using FR3/Jjj prim ers, 79% were positive using FR2/J h 

prim ers and 85% were positive using both. The finding of a false negative 

ra te  of 25% using a FR3 prim er is sim ilar to published data.^^^’̂ '̂ ® These 

resu lts also support the findings of Ramasamy and c o l l e a g u e s , w h o  

reported th a t some cases which were negative using the FR3 prim er gave 

a positive result w ith the FR2 oligonucleotide. In addition, six cases were 

found to amplify using the FR3 prim er which were negative using FR2. 

The da ta  suggest a disease difference in the efficiency of PCR amplification. 

All cases of B-CLL, MCL, LPL and MZCL were successfully amplified using 

a combination of both methods, whereas only 81% of cases of MALTL and 

FL were monoclonal. It is necessary to analyse further cases (especially of 

MCL, MZCL and LPL) to draw firm conclusions, but the resu lts support the 

proposal of Deane et aP"̂  ̂ th a t some lymphoma types are less likely to 

support amplification than  others.

There are several possible explanations for the Southern blot positive/PCR 

negative cases. This discrepancy is unlikely to be due to the presence of 

insufficient tum our cells in the samples, as these findings and those of 

others^^^ suggest th a t the PCR approach is usually a t least as sensitive as 

Southern blot analysis, and in this study the same DNA extracts were used 

in both tests. There are several rearranged IgH gene configurations which 

are detectable by Southern blotting, but not by th is PCR method, including 

partia l rearrangem ent (D-J), chromosome translocation into the  locus
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(such as t(14;18) or t(ll;14); section 1.8.1.2 and Chapter 8) and other 

abnorm al rearrangem ents which do not correctly align a V segm ent to the 

D-J sequence {1.6.1). Most tumours, however, would be expected to contain 

a norm al IgH gene rearrangem ent. Another possibility, addressed by Deane 

and co-workers,^^® is th a t deletion or point m utation of prim er target 

sequences m ay prevent primers binding to their targets. By sequencing the 

variable region using an upstream  prim er they were able to show th a t FR3 

sequences were deleted, or were sufficiently different to consensus 

sequences to cause mispriming in two cases of B-lineage non-Hodgkin’s 

lymphoma. Indeed, a relatively high somatic hyperm utation ra te  in the 

variable region, including FR3, has been noted in fl/48,235,236 jg thought 

to reflect sensitivity of the lymphoma to antigen drive, and may also be a 

feature of MALT lymphomas {see Chapter 6). This m ay provide an 

explanation for the observation of disease differences in the efficiency of th is 

method. It is possible th a t tumours such as MALTL and FL are more prone 

to somatic m utations and therefore PCR failure because they are subject to 

antigen drive^^® whereas tumours such as B-CLL are not.^^^ However, some 

false negatives in MALTL and FL may reflect lower relative num bers of 

tum our cells in the samples.

Two Southern blot negative lymphomas were PCR positive, one using 

FR3/Jjj and one using FR2/J h primers. This may be due to improved 

sensitivity of the PCR analysis in these cases, or because rearranged bands 

were obscured on the Southern blots due to co-migration w ith germline 

fragm ents.

No false positives were seen in amplification of 25 reactive lymphoid tissue 

sam ples, although these have been reported ( see Chapter 5).̂ ^®

W hen amplifying DNA from routinely formalin fixed, processed samples 

w ith FR3/Jjj prim ers the technique was shown to be alm ost as efficient 

using stained (76% detection) and unstained paraffin embedded samples 

(81%) as high molecular weight extracts (81%). This is im portant as 

fresh/frozen tissue samples are often unavailable and in some cases stained 

sections provide the only source of DNA. However, using FR2/Jjj prim ers.
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considerable loss of sensitivity was experienced using unstained paraffin 

sections (67% detection) and, particularly, stained sections (36%) when 

compared w ith high molecular weight DNA samples (86%). No apparent 

artefacts, except for the negative results, were introduced as a resu lt of 

tissue processing or staining, as all reproducible discrete bands amplified, 

using each procedure, were of identical size for a given patient. Thus 

positive results using paraffin embedded m aterial were reliable, but 

uninform ative negative results were frequent when amplifying w ith FR2/Jjj 

prim ers.

The reduction in efficiency of PCR amplification using FR2/Jjj prim ers was 

m ost probably due to DNA degradation in fixed, processed and stained 

tissue s a m p l e s . T h e  FR2/Jy target sequence is a t least twice the length 

of the  FR3/Jh product {section 2.6.2). It is also possible th a t the FR2/Jjj 

prim ers are generally less efficient and are compromised by an  impure 

tem plate.

A single 5pm section of lymphoid tissue of around 0.5cm^ was normally 

sufficient for a t least ten  analyses, although extraction efficiency was found 

to vary  between samples. Use of a range of volumes of tissue extract was 

found to be necessary in order to achieve successful amplification in some 

cases, as inhibitory factors appear to be present in variable am ounts in 

extracts from paraffin embedded and stained sections. Repetition of 

amplification and direct comparison of products perm itted the recognition 

of inadequate DNA samples which may have given a false positive, or 

apparently  oligoclonal, resu lt by amplification of rare  polyclonal B-cells.^^® 

The methods were shown, as previously reported, to have a sim ilar 

sensitivity to Southern blotting^^®’̂ '̂ ® in the detection of monoclonal 

populations of 1-5% of tum our cells in a polyclonal background. However 

the resu lts obtained were approximate as the precise cellular compositions 

of the  tum our and polyclonal lymphoid samples used were not known. The 

FR3/Jjj combination gave a higher sensitivity th an  FR2/Jjj prim ers (1% 

compared w ith 5%), probably because sm aller fragm ents provide better 

resolution on higher concentration polyacrylamide gels. A lternative methods
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of product analysis such as DGGE^^^ or use of fluorescence labelled prim ers 

combined with genescanning technology^^^ m ay increase the sensitivity of 

detection of expanded clones.

In  addition to FR2 and FR3 sequences, FRl^^® and leader^^® prim ers have 

been successfully applied to the amplification of IgH genes. U nfortunately, 

targeting  the framework one region is complex as sequence heterogeneity 

necessitates the use of seven primers. This m akes optim isation and quality 

control of PCR more difficult. Furthermore, FR l/Jjj products are larger and 

PCR is more likely to be compromised by DNA degradation in paraffin 

embedded sam ples {section 2.6.2). Leader sequences are sim ilarly variable 

and the  distance between th is region and the J  region m ay m ake PCR less 

efficient, and require the use of mRNA as tem plate.

I t seems likely th a t PCR will not permit detection of all rearrangem ents 

due to a combination of the effects of germline sequence heterogeneity, 

somatic m utations, deletions and translocations. Use of a panel of prim ers 

m ay improve detection of monoclonality. Amplification using FRS/Jg 

prim ers was shown to be the most sensitive and easy to in terp ret method 

which gave efficient amplification from all tissue sample types, including 

unstained  and stained paraffin sections, as the target sequence is small, 

allowing amplification of highly degraded samples. A suitable strategy m ay 

involve initial screening w ith the FRS/Jy technique followed by use of FR2 

or F R l prim ers (particularly if high molecular weight DNA is available) in 

negative cases.

I t has been reported th a t monoclonality can be dem onstrated in about 80% 

of low grade B cell lymphomas using immunohistochemistry to show light 

chain restriction.^® However, this technique can be difficult to carry out and 

to in te rp re t and some lymphomas do not express light chains. PCR m ay be 

able to overcome these lim itations by perm itting clonality analysis in 

phenotypically equivocal cases {Chapters 5 and 9).

The ability to amplify IgH sequences from stained tissue sections allows 

selection of specific anatomical areas and cell types prior to PCR 

amplification, thus facilitating the study of aspects of tum our biology, such
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as onset, dissem ination and recurrence {Chapter 7).

Despite the problems associated w ith false negativity, PCR detection of 

monoclonality represents a valuable tool in the diagnosis and study of a 

wide range of B-cell lymphoproliferative disorders. Routinely fixed and 

processed and stained histological samples can be used as sources of DNA, 

a significant advantage over Southern blot analysis. Use of a panel of PCR 

prim ers can increase the efficiency of the tes t and improvements in prim er 

design may enhance detection in the future.

3.5 C on clusions

PCR amplification using FR2/Jjj and FRS/Jg prim ers yielded specific 

products. The sensitivities of detection of a monoclonal population of B-cells 

in a polyclonal background were approximately 1% using FRS/J^ and 1-5% 

using FR2/Jjj prim ers, which are sim ilar to those of Southern blot analysis. 

Use of both FR2/Ju and FR3/Jjj prim ers perm itted detection of 85% of 

lymphomas (compared w ith 93% using Southern blot analysis), although 

FR3/Jfi prim ers were more successful than  FR2/Jh in amplification of 

stained and unstained formalin fixed, paraffin embedded tissue extracts. No 

false positives were seen in amplification of reactive lymphoid tissue 

samples. Despite the false negatives, PCR detection of monoclonality should 

be of use in distinguishing chronic inflamm atory conditions from low grade 

B-cell lymphomas {Chapter 5).
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CHAPTER 4

T-CELL CLONALITY ANALYSIS

4.1 In trod u ction

The distinction between benign and m alignant T-cell lymphoproliferative 

disease can be difficult using morphological criteria. Low grade T-cell 

lymphomas presenting in the skin, for example, can be indistinguishable 

from reactive conditions, even w ith the aid of imm unophenotyping {section

1.4.1)?^^ The best available m arker of T-cell malignancy is monoclonality of 

T-lymphocytes, which is rarely encountered in non-neoplastic disease. 

However, monoclonality of T-cells, unlike th a t of B-cells, cannot be reliably 

deduced by immunophenotype. Studies of gene rearrangem ent using 

Southern blot analysis of restriction fragm ents of T-cell receptor (TOR) -a, - 

p, -y or -Ô chain genes allow identification of monoclonal populations of T- 

cells.^® U nfortunately, these techniques are time consuming, use radioactive 

isotopes and depend on the availability of fresh/frozen tissue samples, and 

thus have not progressed from the research laboratory to the diagnostic 

service. A lternative approaches based on the amplification of TCR genes 

using the polymerase chain reaction (PCR) have been devised which can 

also detect monoclonal populations of T-cells but are rapid, use no radio

isotopes and can be applied to paraffin embedded tissue samples {section 

PCR amplification of TCR-p and TCR-y chain genes are 

the most appropriate as the TCR-ô chain gene is frequently deleted in 

m ature  T - c e l l s , a n d  the TCR-a locus is complex {section 1.7.1). At p resent 

it  is unclear w hether targeting the TCR-P or the TCR-y chain gene offers 

the m ost efficient means of dem onstrating monoclonality in 

lymphoproliferative lesions and w hether PCR offers a viable alternative to 

Southern blot analysis. In order to help pathologists select the most 

appropriate techniques, PCR protocols for amplification of TCR-p and -y 

chain genes have been evaluated. In cases where frozen, unfixed tissue 

sam ples were available. Southern blot analysis has been carried out, using 

probes to the TCR-P and -y chain genes, in order to compare PCR w ith the
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"gold standard" technique.

Detection of clonal antigen receptor gene rearrangem ent can also be used 

to determ ine lineage of lymphoproliferation.^^® Some lymphomas, however, 

are reported to carry inappropriate  an tigen  receptor gene 

rearrangements,^"^^ prompting an assessm ent of PCR amplification of the 

IgH gene in addition to TCR genes.

In  th is chapter clonality analysis using PCR amplification of TCR genes as 

optimised in section 2.6.3 has been assessed.

The aim s were:

a) to evaluate the sensitivity and specificity of T-cell clonality analysis using 

PCR.

b) to evaluate PCR detection of monoclonality in a  range of T-cell lymphoma 

types.

c) to compare amplification of both TCR-P and TCR-y chain genes.

c) to compare PCR w ith Southern blot analysis.

d) to assess the applicability of the PCR methods to routinely fixed, 

processed and stained tissue samples.

4.2 M aterials and m ethods

4.2.1 Tissue samples

DNA extracts from frozen, unfixed tissue samples and from paraffin blocks 

were carried out as described {section 2.4). DNA samples from 55 cases of 

T-cell lymphoma were analysed, which were diagnosed using morphological 

and immunophenotypic criteria. 28 were frozen tissue samples, comprising 

11 cases of enteropathy associated T-cell lymphoma (EATL), 12 peripheral 

T-cell lymphomas (PTCL), 2 precursor T-lymphoblastic lymphomas (PTLL), 

1 anaplastic large cell lymphoma (ALCL) and 2 cutaneous T-cell lymphomas 

(CTCL). 27 paraffin embedded tissue samples, provided by the BNLI, were 

of 9 PTCL, 4 PTLL, 8 ALCL, 1 CTCL, 4 angioimmunoblastic T-cell 

lymphomas (AITCL) and 1 unclassified T-cell lymphoma (necrotic). Also 

studied were 25 frozen tissue samples of B-cell lymphoma w ith PCR 

detectable IgH gene rearrangem ents (5 small lymphocytic (B-CLL), 5 MALT
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type, 5 m antle cell, 5 follicular and 5 large cell), the T-cell lines Ju rk a t and 

CEM-CCRF^'^^ and the Raji B-cell line. 21 non-neoplastic controls comprised 

1 0  paraffin sections of hyperplastic tonsil and 1 1  peripheral blood 

lymphocyte (PEL) samples (7 from healthy donors, 3 from individuals w ith 

infectious mononucleosis and 1  from a patien t w ith a post-splenectomy 

lymphocytosis).

4.2.2 Polymerase chain reaction

4.2.2 . 1  TCR-B chain

Amplification of the TCR-p chain gene was carried out using five separate 

reactions w ith prim er combinations V p+ jp i, Vp+jp2, D p i+ Jp l, D pl+Jp2, 

Dp2-kJp2 as described in section 2.6.3.1. Prim er binding sites are shown in 

Figure 4.1. Products were run  on 10% polyacrylamide gels, stained w ith 

ethidium  bromide and viewed under UV light. All samples were studied in 

duplicate.

4.2.2.2 TCR-y chain

TCR-y chain genes were amplified as described in section 2.6.3.2 using the 

prim er combinations VyI+VyIII/IV+Jyi/2 , Vyl+Vylll/IV+JPyyg as originally 

described by McCarthy^^^ ("PCRyl") w ith three extra sets VyII+Jyl/2, 

VyII+JPyl / 2  and Vyl+Vylll/IV+JPy ("PCRy2"). Prim er binding sites are 

shown in Figure 4.2. Analysis of the products of duplicate reactions was 

carried out as described above for TCR-P amplification.

4.2.2.3 Immunoglobulin heavv chain gene

Amplification of the IgH gene using FR3/Jjj prim ers was carried out as 

described in section 2.6.2.

4.2 .2.4 Sensitivitv and specificitv

The sensitivity of detection of a T-cell tum our clone w ithin a polyclonal 

lymphoid background was assessed as follows. Serial dilutions were made 

of high molecular weight DNA extracted from a T-cell line (CEM-CCRF)
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w ith biallelic rearrangem ents of TCR-y which are amplifiable using 

VyI+VyIII/IV+Jyi2 primers, with high molecular weight DNA extracted 

from a reactive tonsil specimen (Figure 4.6). PCR amplification of TCR-y 

was carried out on each dilution and products analysed as described above. 

Specificity of amplification was investigated by sequencing of products 

{section 2.9) amplified from three specimens (two T-cell lymphomas and one 

benign colonic biopsy; Table 4.5) using Vyl-kVylll/IV+Jyi2  prim ers. 

Sequences were compared with sequences in the Genbank and EMBL 

databases using GCG software (Madison, Wisconsin).

[Investigation of the sensitivity and specificity of TCR-y PCR was performed 

as th is technique was adopted for subsequent studies in preference to TCR- 

p PCR.]

4.2.3 Southern blot analysis

High molecular weight DNA extracts from the 28 fresh/frozen samples of T- 

cell lymphoma were digested with restriction enzymes EcoRI, H in d lll and 

BamHI, blotted to nylon membranes and hybridised sequentially to TCR-p, 

TCR-y and IgH probes (Cp, pH60 and J^) as described in section 2.5. 

Autoradiographs were interpreted according to the criteria described in 

section 2.5.2.
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F igu re  4.1 Primer binding sites on the germline (top) and rearranged (bottom) TCR-^ 
chain gene. Only rearranged genes can support amplification, as the prim ers are too far 
apart on the germline. The Vp and Dpi prim ers are used with both of the jp  prim ers and  
the D^2 prim er with  jp2/^^ (See Figure 1.3)

V -y lV

v-rHi 

v-^Q

VI V2 V3 V4 VS V5P V6 V7 VI VA V9 VIO VB VII JPl Jp JI JP2 J2 C2

V-Y-I

m j

F ig u re  4.2 Organisation of the germline TCR-y chain gene (top). V  and J  segments 
targeted by PCRyl prim ers are shown as open boxes. Vyl prim er binds to all Vyl fam ily  
members; the V ylll/T V  prim er binds to VIO and V I1 (families III and TV); Jy^/z is 
complementary to J y l and Jy2; JPYj/2 binds to J P l and JP2. A dditional segments 
targeted by PCRy2 prim ers are shown as solid boxes; V yll binds to V9 and the JP  prim er  
binds to JP. Pseudogenes, VA and VB are shown as shaded boxes (not targeted) and the 
constant region clusters (C l and C2) shown as large shaded boxes. A  rearranged TCR-y 
chain gene (bottom) shows the prim er positions which allow amplification ofV -N -J regions. 
(See Figure 1.4).
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4.3 RESULTS

4.3.1 Southern blot and polymerase chain reaction

4.3.1.1 TCR-B

24 of 55 (44%) cases of T-cell lymphoma analysed using TCR-p PCR showed 

a monoclonal pa ttern  of one or two discrete bands and the rem ainder 

showed a polyclonal p a ttern  of a sm ear of PCR products (Tables 4,1 and 4.2, 

Figure 4.4). In the frozen tissue extracted cases, 12 of 28 (43%) were 

positive compared w ith 82% positive by Southern blot analysis (Figure 4.3); 

the  five Southern blot negative cases were also PCR negative. 1 2  of 27 

(44%) paraffin extracted samples were PCR positive. In 12 of 24 Southern 

blot rearranged samples, clonal bands were seen w ith only one of three 

restriction enzymes. In the fresh tissue extracts prim er pairs Vp-kJpl, 

Vp4-Jp2, D p i+ Jp l, Dpl4-Jp2 and Dp2-f-jp2 all produced a t least one positive 

resu lt, w ith Dp2-kjp2 being the most useful set (9 of 12 positives; see Table

4.2). In four cases a total of three bands were seen, bu t in each case an 

identically sized fragm ent was amplified w ith Dpl+Jp2 and Dp2-i-Jp2, 

suggesting th a t the two D primers sometimes cross-react. All cases which 

showed a germline Southern blot were PCR negative. T-cell lines, Ju rk a t 

and  CEM-CCRF, were both positive, whereas Raji B-cell line was negative. 

Using PCR, 25 B-cell lymphomas and 21 non-neoplastic lymphoid tissue 

extracts all showed a polyclonal pattern . Occasional, apparently  non-specific 

(Dr A Dogan, personal communication), PCR products of 97bp were seen 

using Dp2-i-Jp2 primers. These were not in terpreted as evidence of clonal 

rearrangem ent of the TCR-p chain gene.
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Figure 4.3 Southern blot analysis of the TCR-^ chain gene showing rearranged, germline 
and equivocal patterns of hybridisation. DNA samples were digested with EcoRI (lanes 1-4), 
H in d lll  (lanes 5-8) and BamHI (lanes 9-12) and hybridised with C*P probe. Lanes M- 
molecular weight markers; 1, 5, 9- placenta; 2,6,10- T-cell lymphoma-A; 3,7,11- T-cell 
lymphoma-B; 4,8,12- T-cell lymphoma-C. Lymphoma A shows rearranged band(s) with each 
digest; case B shows rearrangement with EcoRI only, suggesting partia l digestion and 
therefore there is no evidence of an expanded clone; case C shows a germline pattern.

M 1

Figure 4.4 Polyacrylamide gel of TCR-() PCR products (D2-J2 primers). Lane M: PhiX- 
H infl molecular weight markers (100 base pa ir fragment is arrowed); lane 1: negative 
control (no DNA); 2: hyperplastic tonsil; 3: B cell lymphoma; 4 and 5: intestinal T-cell 
lymphomas; 6:peripheral T-cell lymphoma; 7: angioimmunoblastic T- cell lymphoma. Lanes 
4 and 5 were interpreted as positive (monoclonal), lanes 6 and 7 as negative (polyclonal).
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4.3.1.2 TCR-y

U sing P C R y l 42 of 55 (76%) cases of T-cell lymphoma were monoclonal 

(Table 4.1, Figure 4.5). Occasional cases gave rise to variable ladders ra th e r 

th an  sm ears of products. Of the 28 frozen tissue cases, 19 (6 8 %) were 

monoclonal by PCR compared w ith 93% by Southern blot. In 9 of 26 

Southern blot positive cases rearranged bands were seen in only one 

restriction enzyme digest. Both samples which were Southern blot negative 

were also PCR negative. 23 of 27 (85%) paraffin cases were PCR positive. 

Supplem enting the PCR analysis of TCR-y using prim ers Vyll and JPy 

(PCRy2) increased the overall detection ra te  of TCR-y PCR from 76% to 

78%. Although five cases showed a monoclonal pa ttern  using these prim ers 

(Tables 4.1 and 4.2), only one of these was negative w ith PCRyl. Both T-cell 

lines were positive (using Vyl+Vylll/IV+Jŷ /g primers) and the B-cell line 

negative. One of 25 B-cell lymphomas (a large cell tumour), though none of 

21 non-neoplastic lymphoid samples, showed a dom inant band. Use of both 

TCR-p and TCR-y PCRs together perm itted detection of 82% of T-cell 

lymphomas (Table 4.1).

4.3.1.3 Immunoglobulin heavv chain gene

5 of 55 (9%) T-cell lymphomas showed clonal rearrangem ent of the IgH 

gene, as determ ined by PCR, the rem ainder produced a sm ear of products. 

The monoclonal samples comprised one EATL, two PTLL and two AITCL 

cases. All genotypic data  for these cases are shown in Table 4.3. Of 28 

frozen tissue cases analysed, 2 were PCR positive, one of which was Jjj 

rearranged by Southern blot analysis.

PCR results for each disease group are shown in Table 4.4.
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M 1 2 3 4 5 6 7

Figure 4.5 A) Polyacrylamide gel of TCR-y PCR products (PCRyl V yl-IIl!PV-J^ 2  

primers). Lane M: PhiX-Hinfl molecular weight markers (100 base pa ir  fragm ent is 
arrowed); lane 1: negative control (no DNA); 2: hyperplastic tonsil; 3: B cell lymphoma; 4: 
intestinal T-cell lymphoma; 5: mycosis fungoides; 6: peripheral T-cell lymphoma; 7: 
angioimmunoblastic T-cell lymphoma. Lanes 4, 5 and 6 were interpreted as positive 
(monoclonal), lane 7 as negative (polyclonal).

M 1 2 3 4 5 6 7

Figure 4.5 B) Polyacrylamide gel of TCR-y PCR products (PCRyl V yl-lllU V -JP j ,2  

primers). Lane M: PhiX-Hinfl molecular weight markers (100 base pa ir  fragment is 
arrowed); lane 1: negative control (no DNA); 2: hyperplastic tonsil; 3: B cell lymphoma; 4 
and 5: intestinal T-cell lymphomas; 6: peripheral T-cell lymphoma; 7: angioimmunoblastic 
T-cell lymphoma. Lanes 4, 5 and 6 were interpreted as positive (monoclonal), lane 7 as 
negative (polyclonal).
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4.3.1.4 Sensitivitv and specificitv

T-cell line specific products were visible, using TCR-y primers, to a cell line 

proportion of 1%, although one of the two dominant bands was amplifiable 

only down to 5% (Figure 4.6).

Sequences of T-cell lymphoma derived PCR products using TCR-y 

(Vyl+III/IV-i-Jyig) primers were shown to be derived from the appropriate 

rearranged TCR genes following analysis using the GCG database (Table

4.5).

1 2 3 4 5 6 7

Figure 4.6 TCR-y PCR sensitivity. CEM-CCRF cell line was diluted with tonsillar DNA  

and each sample amplified using Vyl-IllIIV-Jyji2 primers. Lane 1- 0.5% tumour, 2- 1%, 

3- 5%, 4- 5- 25%, 6- 50%, 7-700%.
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Table 4.1 Southern blot and PCR results, shown as numbers of monoclonal cases.

CD

N TCR-p
BLOT

TCR-P
PCR

TCR-y
BLOT

TCR-y
PCRl

TCR-y
PCR2

IGH
BLOT

IGH
PCR

TCL FT 28 23 (82%) 12 (43%) 26 (93%) 19 (68%) 4 (14%) 1 (4%) 2(7%)
TCL PET 27 NA 12 (44%) NA 23 (85%) 1 (4%) NA 3 (11%)
TCL (TOTAL) 55 - 24 (44%) - 42 (76%) 5 (9%) - 5 (9%)
BCL 25 - 0 (0%) - 1 (4%) 0 (0%) 25/25* 25/25*
CONTROLS 17 - 0 (0%) - 0 (0%) 0 (0%) - 0 (0%)

TCL- T-cell lymphoma, BCL- B-cell lymphoma, FT- Frozen tissue, PET- Paraffin embedded tissue. 
* These cases were selected on the basis o f rearranged Ig heavy chain gene.



Table 4.2 Total numbers o f T-cell lymphoma cases and alleles amplified by each 
primer set.

TCR GENE PRIMER SET TUMOURS ALLELES

P vp+jpi 1 1
P Vp+Jp2 8 8
P D pi+jpi 3 3
P D(31+J132 4 4
P Dp2+J|32 18 18
Y (PCRyl) VyI+VyIII/IV+Jyiy2 25 34
Y (PCRyl) VyI+VyIILaV+JPYi/2 23 26
y (PCRy2) VyII+Jyi/2 3 3
y (PCRy2) VyII+JPYi/2 1 1
y (PCRy2) Vyl+Vylll/IV+JPy 1 1
IgH FR3+Jjj 5 5
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Table 4.3 PCR and Southern blot results of T-cell lymphomas with clonal IgH gene rearrangement.

CD

CASE DIAGNOSIS TCR-p
BLOT

TCR-P
PCR

TCR-y
BLOT

TCR-y
PCR

IgH
BLOT

IgH
PCR

1 EATL R G G -H
2 PTLL R - R - R +
3 PTLL ND - ND - ND 4-
4 AITCL ND - ND + ND 4-
5 AITCL ND - ND ND 4-

G- Germline 
R- Rearranged
EATL- Enteropathy associated T-cell lymphoma 
PTLL- Precursor T-lymphoblastic lymphoma 
AITCL- Angioimmunoblastic T-cell lymphoma 
ND- Not done.



Table 4.4 PCR results for each T-cell lymphoma sub-type studied.

LYMPHOMA TCR-P TCR-y' IgH

EATL 5/11 (45%) 6/11 (55%) 1/11 (9%)
PTCL 8/21 (38%) 18/21 (86%) 0/21 (0%)
PTLL 2/6 (33%) 4/6 (67%) 2/6 (33%)
ALC 4/9 (44%) 7/9 (78%) 0/9 (0%)
CTCL 2/3 (67%) 3/3 (100%) 0/3 (0%)
AITCL 2/4 (50%) 4/4 (100%) 2/4 (50%)
UNCLASS 1/1 (100%) 1/1 (100%) 0/1 (0%)

TOTAL 24/55 (44%)*" 43/55 (78%)*" 5/55 (9%)

PCRyl + PCRy2
PCi2-(3 and PCR-y together 45/55 (82%)

EATL- enteropathy associated T-cell lymphoma, PTCL- peripheral T-cell 
lymphoma, PTLL- precursor T-lymphoblastic lymphoma, ALC- anaplastic 
large cell lymphoma, CTCL- cutaneous T-cell lymphoma, AITCL- 
angioimmunoblastic T-cell lymphoma, UNCLASS- unclassified T-cell lymphoma.
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Table 4.5 Sequences of cloned TCR-y gene PCR products (primer sequences not shown).

CO
CO

CASE
SEQUENCING
PRIMER SEQUENCE (V-J) HOMOLOGY

1* (PTCL) Vyl CACCTGGGATTGG V
GGAAGT (N)
AGTGATTGGAT J

2 (REACTIVE) Vyl CACCTGGGACAGG V
TCTGAGGT (N)
NCACTGGTTGGATCANGATATTTGCTGAAGGG J

3 (EATL) Vyl CACTTGGGA V
GGCGGGACCC (N)
AGTGATTGGATCAAGACGTTTGCAAAAG J

Direct sequencing was used and incomplete sequence information was obtained.



4.4 D iscu ssion

Previous PCR-based investigations have shown monoclonality in 50-76% of 

T-cell lymphomas using TCR-p primers^^^’̂ '̂  ̂ and in 58-100% using TCR-y

However, these studies have assessed few cases, or 

have analysed a single disease entity  (mycosis fungoides),^^^ a single TCR 

or have presented no Southern blot data.^^^ The present 

study provides a direct comparison between detection of TCR-p and TCR-y 

rearrangem ents using both PCR and Southern blot analysis in a range of 

lymphoma types.

PCR analysis of 55 cases of T-cell lymphoma, allowed detection of 

monoclonality in 44% of cases with TCR-p and 78% w ith TCR-y prim ers. 

Thus TCR-p PCR was significantly less sensitive in dem onstrating 

monoclonality th an  TCR-y PCR. This may be because the TCR-p prim ers 

are consensus sequences targeted to a large num ber of diverse germline 

s e g m e n ts ,w h e re a s  the TCR-y prim ers fit closely to a lim ited num ber of 

t a r g e t s . I t  is also possible th a t a higher proportion of m alignant T-cell 

clones carry TCR-y chain gene rearrangem ents than  -p, a view supported 

by Theodorou et al.̂ ^® This finding is also consistent w ith the currently  

accepted model for sequential rearrangem ent of TCR genes in which TCR- 

y/0 rearrangem ents precede TCR-o/p rearrangem ents {Section 1.6.2)^'^^ A 

further disadvantage of TCR-P PCR is the requirem ent for five prim er pairs 

in the analysis, although a single set (Dp2+Jp2) detected 75% of the TCR-p 

positive cases. Use of alternative prim ers may result in improved 

monoclonality detection rates in future. '̂^®

Both TCR-P and TCR-y PCR results using paraffin embedded tissue 

samples were comparable to those obtained using frozen, unfixed tissue, 

confirming th a t these techniques are suitable for routinely processed 

specimens.

Monoclonal bands were not seen in B-cell lymphomas using TCR-p PCR. 

This suggests th a t the technique can help to define lymphocyte lineage in 

histological m aterial, although the high incidence of false negatives and 

possibility of lineage infidelity will reduce its usefulness. A single case of B-
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cell lymphoma showed clonal rearrangem ent of the TCR-y chain gene. 

Previous studies have shown th a t a proportion of B-lineage tum ours carry 

rearranged  TCR-y chain genes, notably in B-lymphoblastic disease.^"^®

No false positive TCR-p or TCR-y PCR results were seen in 21 non

neoplastic lymphoid tissue samples although an unexpected reproducible 

dom inant band has been observed following TCR-y amplification in one of 

th ree  cases of hepatitis w ith no evidence of involvement by lymphoma (Dr 

C Schmid, personal communication). Analysis of in testinal in traepithélial 

lymphocytes from patients w ith non-lymphomatous, non-inflamm atory 

disease have shown th a t dom inant TCR-ot/p expressing clones are present 

w ithin T-cell subsets, presumably responding to restricted num bers of 

a n t i g e n s . H o w e v e r ,  so far no sim ilar expanded clones of y/ô T-cells have 

been reported.^^^ Such monoclonal or oligoclonal populations m ay be 

detectable in small gastrointestinal biopsies or other tissues in which 

relatively small num bers of non-neoplastic T-cells are present. Monoclonal 

populations of T-cells have also been described in peripheral blood 

specimens of elderly individuals.^®^ Although results to date suggest th a t 

PCR detectable monoclonality is rare  in non-neoplastic T-cell disease, 

fu rther studies are necessary to clarify th is issue (see Chapter 5). I t is 

evident th a t the presence of a dom inant T-cell clone does not necessarily 

equate to malignancy, therefore close correlation of PCR analysis w ith 

standard  histological assessm ent is essential to minimise the risk  of m is

diagnosis. The frequency of apparent false positive results is investigated 

fu rther in Chapter 5.

The addition of extra prim ers (PCRy2 ) to the originally published TCR-y 

analysis^®^ did not significantly increase the detection ra te  (76% to 78%). 

F u rth e r refinem ent of PCR techniques for amplification and analysis of 

TCR-y chain genes may perm it detection of a higher proportion of 

rearrangem ents. This may be achieved by mixing m ultiple prim ers 

targeting  all predictable rearrangem ents in single tube reactions or by the 

use of GC-clamped prim ers to enhance separation on denaturing gradient 

gels.^®  ̂ However, improvements in sensitivity by alternative m ethods of
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product analysis m ay more frequently lead to detection of expanded clones 

which do not correspond to neoplasia. Such methods may therefore be more 

appropriate during follow-up ra ther than  a t diagnosis. However, it m ay be 

necessary to include quantitative criteria in the definition of dom inant 

clones, ra th e r th an  relying on the sensitivity of the methodology to provide 

the threshold. Using the current method, sensitivities of 1-5% tum our DNA 

in polyclonal lymphoid DNA were achieved using TCR-y gene amplification, 

a sim ilar sensitivity to Southern blot analysis. It has been argued th a t 

rearranged TCR-y V regions yield insufficient heterogeneity of product size, 

as the locus contains only one N region, which m ay result in false positives 

or low sensitivity.^®^ However, the data  presented suggest adequate 

sensitivity and low incidence of false positives; use of two sets of prim ers 

decreases the polyclonal background and amplification of small fragm ents 

perm its high resolution on polyacrylamide gels.

The finding of IgH gene rearrangem ent in 9% of T-cell lymphomas is 

perhaps surprising. Mis-diagnoses on morphology and immunophenotype 

are a  possibility, although, in all but one case, T-cell receptor gene 

rearrangem ent was also shown by PCR and/or Southern blot analysis (Table

4.3). In  the light of previous reports in which IgH gene rearrangem ents 

have been observed in precursor and angioimmunoblastic T-cell 

lymphomas,^^®’̂®® it is evident th a t IgH rearrangem ents in these tum ours 

are not uncommon. Four of the five IgH rearrangem ents observed here were 

in these lymphoma sub-types. A further possibility is th a t m inor dom inant 

B-cell clones were present in these samples, although in one of the two 

Southern blot analysed cases a Jjj rearrangem ent was dem onstrated, 

confirming the presence of a major IgH rearranged clone. These 

observations reinforce the view th a t a T- or B-cell phenotype cannot be 

inferred from a single antigen receptor amplification, although the presence 

of a TCR or IgH rearrangem ent in the absence of the other m ay be regarded 

as strong evidence of a T- or B-cell lineage respectively.

Southern blot analysis was more successful in the detection of TCR-p or -y 

rearrangem ents than  PCR, presum ably because failure of prim er binding
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caused false negative PCR in a  proportion of cases. However, as the 

Southern blot technique may present problems of interpretation^^® and 

cannot be applied to paraffin embedded m aterial, the PCR approach is of 

more practical use in  histopathology.

4.5 C on clusions

PCR amplification using TCR-p and TCR-y prim ers yielded specific 

products, w ith sensitivities comparable to those of Southern blot analysis. 

Both techniques successfully amplified formalin fixed, paraffin embedded 

tissue samples. The false negative rate  was significantly lower using TCR-y 

PCR compared w ith TCR-p, although Southern blot analysis of each locus 

w as more successful. No false PCR positives were observed, although these 

have been reported. TCR-y PCR should be the method of choice for clonality 

analysis of T-cell lymphoproliferations in paraffin embedded tissue samples, 

as it is sim pler and allows amplification of a higher proportion of m alignant 

clones th an  TCR-p PCR. The application of clonality analysis by TCR-y PCR 

to diagnostically difficult lymphoproliferative lesions and the  incidence of 

false positives are addressed in Chapter 5.
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CHAPTER 5

THE DISTINCTION BETWEEN LYMPHOMAS 

AND CHRONIC INFLAMMATORY CONDITIONS 

5.1 In trod u ction

By exam ining cases w ith a clear cut diagnosis of lymphoma, it was shown 

in Chapters 3 and 4 th a t PCR amplification of IgH and TCR-y genes can be 

used to identify dom inant clones of B- and T-cells in routine histological 

sam ples in about 70% of cases. Dominant lymphocyte clones were not 

detectable in reactive lymphoid populations. However, it rem ains unclear 

w hether clonality analysis by PCR is a reliable m eans of distinguishing 

m alignant lymphoproliferations from chronic inflammatory conditions, when 

the histological and immunophenotypic data  are equivocal. In order to 

address th is question the following areas of diagnostic difficulty were 

examined-

a) gastritis and low grade gastric B-cell MALT lymphoma.

b) chronic inflamm ation of skin and cutaneous T-cell lymphoma.

c) chronic ulcerative jejunitis and enteropathy associated T-cell lymphoma. 

[The application of clonality analysis to myoepithelial sialadenitis and low 

grade MALT lymphoma of the parotid is addressed in Chapter 9, as p a rt of 

a more extensive study.l

5.1.1 Gastritis and low grade B-cell M A LT lymphoma

Gastric MALT lymphoma arises from MALT acquired as a resu lt of H. 

pylori gastritis {section 1.4.1.1). Early MALT lymphoma is extremely 

difficult to distinguish from gastritis, due to the benign appearance of the 

neoplastic cells and the frequent lack of evidence of invasion or spread 

(Figures 5.1 and 5.2).^ The presence of lymphoepithelial lesions and 

dem onstration of light chain restriction using IHC are im portant indicators 

of lymphoma, but the former may not be readily evident and the la tte r  m ay 

be difficult to in terpret due to adm ixture of reactive B-cells w ith tum our 

cells or to high background staining or lack of staining w ithin the tum our.
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Refinement of the histological criteria for a diagnosis of m alignancy and 

application of PCR to the dem onstration of monoclonality m ay improve 

diagnostic accuracy.^

Therefore, a system of grading of gastric biopsies on the basis of histological 

features has been devised by Wotherspoon and Isaacson.^° This describes a 

spectrum  of appearances of gastric lymphoid infiltrates from mild 

infiltration to MALT lymphoma (Table 5.1). Here, the presence of PCR 

detectable dom inant B-cell clones has been correlated w ith histological 

p a tte rn  as defined by this system, in  order to evaluate the role of PCR.

5.1.2 Inflam m atory skin lesions and cutaneous T-cell lymphoma  

Cutaneous T-cell lymphomas (CTCL) may be difficult to distinguish from a 

variety  of chronic inflammatory cutaneous conditions {section 1.4.1.2).^’̂ '̂ ’ 

Immunohistochemical staining for CD20 and K and X light chains can 

determ ine B-cell lineage and clonality, while staining for CD3, CD4 and 

CDS can identify T-cell infiltrates and may be suggestive of monoclonality. 

However, CD4 cannot be reliably dem onstrated using paraffin embedded 

sections. Early diagnosis of cutaneous T-cell tum ours is particularly  difficult 

due to a lack of unequivocal features of malignancy (Figure 5.3).

Weiss et al (1985)^^ showed monoclonal rearrangem ent of the TCR-p chain 

gene in  14 patients w ith CTCL and in histologically ’uninvolved’ lymph 

nodes from 7 of 9 patients, suggesting th a t molecular genetic m ethods may 

be more sensitive than  morphological examination. However, other studies 

have suggested th a t Southern blot analysis offers no advantage over 

histological criteria.^^^’̂ ®̂’̂ ^̂  Recently, PCR has been applied to clonality 

analysis by amplification of TCR-p^®° and TCR-7 ^̂ ’̂̂ ®̂ chain genes in CTCL 

and perm itted detection of monoclonality in 52-80% of cases. The high 

sensitivity of PCR analysis may be of benefit to the m anagem ent of CTCL, 

particularly  by perm itting earlier diagnosis and thus increasing the 

probability of cure.^®  ̂However, apparently false positive monoclonal results 

have been reported by amplification of TCR-y gene of non-m alignant 

lymphoid populations (Professor R. Goudie, personal communication.
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Chapter 4)?^^

The aims were to assess the role of PCR in the diagnosis of CTCL and to 

determ ine the incidence of false positives in benign cutaneous tissue 

samples. The analysis was carried out on skin lesions classified as CTCL, 

borderline CTCL or reactive and on a series of pre-lymphomatous lesions 

from patien ts who subsequently developed CTCL.

5.1.3 Inflam m atory and ulcerative disease o f the sm all intestine and  

enteropathy associated T-cell lymphoma

E nteropathy associated T-cell lymphoma (EATL) and ulcerative jejunitis 

(UJ), which has been considered a benign process, usually arise in patien ts 

w ith coeliac disease {1.4.1.3; Figure 5.4).^®’̂®'̂  In almost all cases EATL is 

accompanied by areas of ulceration which are indistinguishable from UJ. 

This raises the possibility th a t U J may be a m anifestation of EATL.®® PCR 

clonality analysis may shed light on the relationship between U J and EATL 

and help in the diagnosis of difficult cases.

Cases of EATL, w ith and without associated areas of ulceration, U J and a 

range of control in testinal samples have been analysed for T-cell clonality, 

in  order to evaluate the role of PCR in dem onstrating m alignant T-cell 

clones in each condition and to determine the ra te  of false positives, if  any, 

in  non-lymphomatous controls.

5.2 M aterials and m ethods

5.2.1 Tissue samples and histological review

5.2.1 . 1  Gastric biopsies

70 paraffin embedded gastric biopsies showing florid lymphoid infiltration, 

in association w ith H. pylori infection, were obtained from the Ospedale S. 

Orsola Fatebenefratelli, Brescia, Italy. The histology was reviewed by Dr A. 

W otherspoon and Professor P. Isaacson and graded according to the criteria 

shown in  Table 5.1.
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5.2.1.2 Cutaneous biopsies

85 cutaneous biopsies showing chronic derm atitis, CTCL or borderline 

CTCL were selected from the files a t UCLSM, and from cases referred from 

The Royal Sussex County Hospital, Brighton and from the Ospedale di 

Belluno, Italy. A total of 18 sequential biopsies from nine patien ts w ith 

CTCL which included "pre-lymphomatous" lesions were also analysed. The 

histology was reviewed by Drs M. Ashton-Key, E. Maori, C. Doglioni and 

Professor P. Isaacson, and lesions classified as CTCL, borderline (suspicious 

histologically and/or clinically) or reactive.

5.2.1.3 In testinal lesions

A to tal of 92 biopsies from 30 patients w ith a diagnosis of EATL, w ith or 

w ithout associated ulcers and U J were examined. The histology was 

reviewed by Dr M. Ashton-Key and Professor P. Isaacson. 10 biopsies from 

patien ts w ith a diagnosis of uncomplicated coeliac disease, one from a 

pa tien t w ith coeliac disease which was unresponsive to treatm ent, 9 norm al 

colonic biopsies, 25 biopsies from 12 cases of Crohn’s disease and 20 sections 

of uninvolved mucosa from 1 0  cases of colonic carcinoma were selected as 

controls.

5.2.4 Clonality analysis

DNA was extracted from paraffin embedded tissue blocks as described in 

section 2.4. Gastric biopsies were analysed using PCR amplification of IgH 

gene using the optimised protocol for FR3/Jh prim ers {section 2.6.2), as 

these were most efficient when applied to paraffin embedded samples 

{Chapter 3). Cutaneous and small bowel lesions were examined for T-cell 

clonality by amplification of the TCR-y chain gene {section 2.6.3.2), as data  

presented in Chapter 4 and elsewhere^^® indicate th a t analysis of the TCR-y 

locus is the most effective m eans of dem onstrating monoclonality in T-cell 

lymphomas.

Each sample was analysed in duplicate and products ru n  on 10% 

polyacrylamide gels. Results were scored as monoclonal, oligoclonal or
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polyclonal according to the criteria described {section 2.8.1). In terpreta tion  

of the PCR results was carried out w ithout prior knowledge of the 

histological classification.

5.3 R esu lts

5.3.1 Histology

5.3.1 . 1  Gastric biopsies

G rading of gastric biopsies is shown in Table 5.2, a single case was 

unclassifiahle due to crush artefact (Figures 5.1 and 5.2).

5.3.1.2 Cutaneous biopsies

Cutaneous lesions were classified as CTCL (35), borderline CTCL (25) and 

reactive derm atitis (12) (Table 5.3, Figure 5.3). Sequential biopsies in nine 

patien ts who subsequently developed CTCL were classified as shown in 

Table 5.4.

5.3.1.3 In testinal lesions

On review, 27 of the EATL/UJ patients were classified as EATL and 3 as 

ulcerative jejunitis (Figure 5.4). 8  of the EATL cases were accompanied by 

a to tal of 45 biopsies showing ulceration; in 3 the tum our and ulcers were 

concurrent, in 3 the tum our arose subsequently to ulceration and in  2 the 

tum our preceded ulceration (Table 5.5).

5.3.2 Polymerase chain reaction

5.3.2.1 Gastric biopsies

PCR products w ithin the predicted size range were seen in all cases; 

polyclonal sm ears showed a three base pair ladder (Figure 5.5) confirming 

the specificity of amplification.^^^ Polyclonal PCR products were seen in 60 

cases and monoclonal products in 10 (Figure 5.5). Correlation of histological 

grading w ith PCR is shown in Table 5.2.
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5.3.2.2 Cutaneous biopsies

Monoclonality was dem onstrated in 21 of 35 (60%) cases of CTCL, 6  of 25 

(24%) w ith a borderline histology, 0 of 12 cases of reactive derm atitis and 

0 of 13 norm al skin biopsies (Table 5.3, Figure 5.6 and 5.7). 6  of 9 CTCL 

w ith preceding biopsies, which did not show unequivocal features of 

malignancy, produced a dom inant band (Table 5.4). Of these 6  informative 

cases, 5 bad  one or more positive biopsies which preceded diagnosis of 

CTCL, one of which was histologically reactive and five were borderline 

(Figure 5.8).

No dom inant bands of different size to those amplified from the CTCL 

extracts in each case, were seen. No dom inant bands were seen in the 

lesions preceding three PCR negative cases of CTCL (Table 5.4).

5.3.2.3 In testinal lesions

Of 27 specimens examined with a histological diagnosis of EATL, 20 (74%) 

were shown to be monoclonal by amplification of TCR-y chain gene (Figure 

5.9; Table 5.5). Of the 8  EATL cases with associated ulcers, tissue was 

available for PCR analysis in six cases, of which four were positive (Table

5.6). A proportion of ulcers from each of these cases was positive and in all 

four the  dom inant bands were of the same size, and were amplified by the 

same prim er set, as those amplified from the EATL sample. In  two cases in 

which no EATL sample was available for PCR analysis, a proportion of 

ulcers were shown to be monoclonal (Table 5.5, Figure 5.9). Three patien ts 

w ith U J, w ith no other evidence of malignancy, showed positivity in  5 of 14, 

4 of 9 and in 2 of 4 ulcers, respectively (Table 5.6).

All Crohn’s biopsies were polyclonal, but 2 of 10 uncomplicated coeliac 

biopsies yielded one or two weak reproducible dom inant bands, and 1 of 9 

norm al colonic biopsies and a single case of unresponsive coeliac disease 

gave rise to a clearly visible band (Figure 5.10).
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Table 5.1 Histological grading for diagnosis of MALT lymphomas. 50

GRADE DESCRIPTION HISTOLOGICAL FEATURES

Normal

Chronic active gastritis

Chronic active gastritis 
with florid lymphoid follicle 
formation.
Suspicions lymphoid infiltrate 
in lamina propria, probably 
reactive.
Suspicious lymphoid infiltrate 
in lamina propria, probably 
lymphoma.
Low grade B-cell lymphoma 
of MALT

Scattered plasma cells in lamina propria. No 
lymphoid follicles.
Small clusters of lymphocytes in lamina propria 
No lymphoid follicles. No LELs.
Prominent lymphoid follicles with surrounding 
mantle zone and plasma cells. No LELs.

Lymphoid follicles surrounded by small lymphocytes 
that infiltrate diffusely in lamina propria and 
occasionally into epithelium.
Lymphoid follicles surrounded by CCL cells that 
infiltrate diffusely in lamina propria and into 
epithelium in small groups.
Presence of dense diffuse infiltrate of CCL cells 
in lamina propria with prominent LELs.

CCL = centrocyte-like, LEL  = lymphoepithelial lesion.
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Figure 5.1 H. pylori gastritis. A) Low power B) High power. (H & E).
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F ig u re  5.2 Gastric MALT lymphoma. A) Low power B) High power. (H & E).
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Figure 5.3 A) Chronic dermatitis. B) Borderline cutaneous T-cell lymphoma. C) Cutaneous 
T-cell lymphoma (overleaf). ( H  & E).
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F igure 5.3 C) See previous page for legend.

Figure 5.4 A) Coeliac disease. Overleaf- B) Ulcerative jejunitis. C) Enteropathy associated  
T-cell lymphoma. (H & E).
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Figure 5.5 IgH PCR products (FR3 / from gastric biopsies. A) PCR positive cases. Lanes 
M- molecular weight markers; 1- no template; 2- positive control FL; 3-7 gastric biopsies 
showing grade 5 histology, except the sample loaded into lane 5 which was grade 3. B) PCR 
negative cases. Lanes M- molecular weight markers; 1- no template; 2- positive control FL; 
lanes 3-7 gastric biopsies showing histological grades 5,3,2,3,2 respectively.
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Figure 5.6 TCR-y PCR products from skin biopsies diagnosed as CTCL. Lanes M- 
molecular weight markers; 1- positive control T-cell lymphoma; 2- no template; 3-7 
cutaneous T-cell lymphomas. Lanes 4,6 and 7 show evidence of monoclonality.

M 1 2 3 4 5 6 7

100
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Figure 5.7 TCR-y PCR products from skin biopsies showing reactive histology. Lanes M- 
molecular weight markers; 1- positive control T-cell lymphoma; 2 no template; 3-7 reactive 
cutaneous lesions.
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Figure 5.8 TCR-y PCR products from sequential skin biopsies from a patien t who 
developed CTCL (Case S6 in Table 5.4). Lanes M- molecular weight markers; 1- positive  
control T-cell lymphoma; 2- no template; 3-7 sequential biopsies from patien t S6. Biopsies 
in lanes 3 and 4 showed a borderline histology, while those in lanes 5-7 showed the 
histological features of CTCL.

M 1 2 3 4 5 6 7

100* .

Figure 5.9 TCR-y PCR products from sequential biopsies in a case of EATL. Lanes M- 
molecular weight markers; 1- positive control T-cell lymphoma; 2- no template; 3-7 
sequential biopsies showing the histological features of ulcerative jejunitis (no tumour mass 
available for analysis.
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Figure 5.10 TCR-y PCR products from intestinal lesions showing no histological evidence 
o f lymphoma. Lanes M- molecular weight markers; 1- positive control T-cell lymphoma; 2- 
no template; 3-7- biopsies showing coeliac disease. The sample in lane 6 was taken from a 
patien t who did not respond to a gluten free diet.
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Table 5.2 Histological grade and PCR results for gastric biopsies.

GRADE MONOCLONAL POLYCLONAL TOTAL

1 (None selected)
2 1 (2%) 42 (98%) 43
3 1(8%) 12 (92%) 13
4 3 (43%) 4 (57%) 7
5 4 (67%) 2 (33%) 6
UNGRADED* 1 0 1

TOTAL 10 (14%) 60 (86%) 70

Crushed biopsy.

Table 5.3 T-cell clonality analysis o f skin lesions.

DIAGNOSIS NO. CASES PCR (NO. POSITIVE)

CTCL 35 21 (60%)
BORDERLINE 25 6 (24%)
REACTIVE 25 0

TOTAL 85 27 (32%)

1 2 0



Table 5.4 Sequential skin lesions analysed from CTCL patients.

PATIENT DIAGNOSIS PCR
INTERVAL
(YEARS)

SI BL 0
CTCL + 4

82 BL +(W) 0
CTCL + 1

S3 BL 0
BL + 1
CTCL + 2

S4 BL + 0
CTCL + 0
CTCL + 3

S5 REACT + 0
BL + NK
CTCL + NK

S6 BL 0
BL + 4
CTCL + 4
CTCL + 4
CTCL + 4

S7 REACT 0
REACT - 8
CTCL - 8

S8 REACT 0
REACT - 0
BL - 0
BL - 0
CTCL - 0

S9 BL 0
BL - 0
CTCL - 0

REACT= reactive, BL= borderline, CTCL= cutaneous T-cell lymphoma, W= weak 
amplification. NK= not known.
All bands amplified from a given case were o f the same size.
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Table 5.5 Intestinal biopsies analysed using TCR-y PCR.

DIAGNOSIS
NO. BIOPSIES 
(CASES) PCR (POSITIVE)

EATL 27 (27) 20 (74%)
EATL ASSOCIATED
ULCERS 38 (8) 25 (66%)*
U J 27 (3) 11 (41%)^
COELIAC DISEASE 11 (11) 3 (27%)
CROHN’S DISEASE 24 (12) 0
CARCINOMA 20 (10) 0
NORMAL COLON 9 (9) 1 (11%)

TOTAL 156 (78) 60 (38%)

All bands amplified from a given case were o f the same size.
 ̂A ll three cases contained PCR positive ulcers (see Table 5.6). 

* See Table 5.6.
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Table 5.6 PCR analysis of TCR-y chain gene in ulcers of EATL and UJ patients.

PATIENT ULCERS* POSITIVE TUMOUR MASS

EATL-
E1 3 3 (100%) +
E2 7 3 (43%) +
E3 4 0 -

E4 9 5 (56%) NA
E5 13 13 (100%) +
E6 5 4 (80%) NA
E7 1 1 (100%) +
E8 3 0 -

TOTAL 45 29 (64%) 4

UJ-
U1 14 5 (36%) NONE
U2 4 2 (50%) NONE
U3 9 4 (44%) NONE

TOTAL 27 11 (41%) NONE

* All fragments amplified from ulcers were the same size as those from the tumour mass o f 
a given patient.
NA= tumour mass not available for analysis.

5.4 D iscu ssion

5.4.1 Gastric biopsies

Specific products were seen in all cases, confirming th a t PCR amplification 

of IgH gene using FRS/Jg primers is reliable in the analysis of form alin 

fixed, paraffin embedded biopsy specimens {Chapter 3).

Monoclonality was dem onstrated by PCR in 10 of 70 (14%) gastric biopsies. 

67% (4 of 6 ) of those with a confident diagnosis of MALT lymphoma (grade 

5) were monoclonal. This is a sim ilar ra te  of detection to MALT lymphomas 

generally {Chapter 5),̂ ®̂  and confirms the relatively high false negative ra te  

of the technique. 20% (4 of 20) of biopsies suspicious for lymphoma (grades
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3 and 4) were monoclonal. In these cases, PCR detectable monoclonality 

supports a diagnosis of lymphoma, especially in the grade 4 group in which 

the histological picture is highly suggestive of lymphoma. In the negative 

cases, the PCR result is unhelpful due to the high false negative ra te  of 

amplification. Of 43 biopsies w ith no histological suggestion of m alignancy 

(grade 2 ) a single case was PCR positive (2%). I t is unclear w hether th is 

represents a false positive, or an example of a histologically occult 

lymphoma. Contam ination of the DNA sample was ruled out by repeat DNA 

extraction and PCR, which yielded the same sized band. The PCR products 

are currently being sequenced to confirm th a t the dom inant band on the gel 

represents true monoclonality ra ther than  a preponderance of products of 

sim ilar sizê ®®’̂®̂ and the patien t is being followed up. I t has been shown 

th a t gastric low grade B-cell MALT lymphomas are multifocaP®® and may 

be extremely difficult to recognise a t sites representing early spread. I t is 

possible therefore th a t this patien t harboured a low grade MALT 

lymphoma. False positive dom inant B-cell clones in gastric biopsies showing 

H. pylori gastritis have been reported by Calvert and colleagues^^® using 

more sensitive methods (fluorescent labelling of prim ers and product 

analysis using Genescanning technology). At present it is unclear w hether 

the discrepancies between the results of Calvert and those presented here 

are due to differences in methodological sensitivity or of in terpretation  or 

to the presence of dom inant clones in some reactive biopsies. Comparative 

studies are underway to resolve this question. The results presented here 

and elsewhere^^^’̂®® suggest th a t false positive results are rare  using the 

methodology and criteria for monoclonality described. However, it is 

im portant th a t PCR results be interpreted w ithin the clinicopathological 

context in each case, and th a t PCR dem onstration of monoclonality be 

regarded as a single strand of evidence ra ther th an  as proof of malignancy. 

Thus, PCR positivity in histologically highly suspicious biopsies m ay be 

regarded as confirmation of lymphoma, while PCR positivity w ith less 

strong supporting evidence should prompt a search for fu rther diagnostic 

clues.
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A single case was PCR positive which was uninterpretable histologically, 

due to crush artefact. W hilst this resu lt is suggestive of lymphoma, a repeat 

biopsy is required to confirm this.

5.4.2 Cutaneous biopsies

60% of biopsies w ith a diagnosis of CTCL were PCR positive, confirming 

th a t  the technique can successfully amplify monoclonal populations of T- 

cells bu t w ith a relatively high false negative rate. I t may be possible to 

reduce the false negative rate  as discussed in  section 4.4. 24% of 

histologically borderline biopsies were shown to contain a dom inant T-cell 

clone. In  these cases a diagnosis of CTCL would be appropriate, however it 

is likely th a t several of the negative borderline biopsies also harboured an 

expanded T-cell clone, which was not amplified by the prim ers used. No 

false positives were seen in the 25 samples of reactive skin, suggesting th a t 

expanded T-cell clones are rare  in benign cutaneous conditions.

The dem onstration of monoclonal populations of T-cells in early biopsies in 

pa tien ts who subsequently developed CTCL, shows th a t a positive PCR 

resu lt can support a diagnosis of CTCL in borderline lesions. The PCR 

products amplified were of the same size as those amplified from the 

subsequent tum our in each case. No dom inant bands were amplified from 

biopsies preceding CTCL which yielded no discrete PCR products. These 

findings, in agreem ent w ith previous research,^®^’̂®̂’̂ ®̂ suggest th a t PCR 

detectable dom inant bands are indicative of an existing or emerging CTCL. 

PCR clonality analysis is therefore of practical use in the  diagnosis of 

histologically equivocal cutaneous T-cell lymphoproliferations. Histological 

assessm ent rem ains the most im portant technique, bu t PCR, when 

in terpreted  w ithin the complete clinicopathological context^^^ is able to 

accompany immunophenotyping as a supplem entary technique in difficult 

cases.

5.4.3 Intestinal lesions

74% of cases of EATL were monoclonal by amplification of TCR-y chain
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gene, showing a similarly high false negative rate  to T-cell lymphomas 

generally {Chapter 4, section 5.4.2). The finding of monoclonal T-cell clones, 

yielding the same sized PCR products as the corresponding tum our samples, 

in  a proportion of ulcers in 4 of 6  EATL cases, suggests th a t PCR analysis 

is more sensitive than  histological exam ination and also supports the 

hypothesis th a t dom inant T-cell clones detected by PCR represent emerging 

EATL. All three cases of U J showed evidence of monoclonality in  a 

proportion of ulcers and in each the dom inant bands amplified were of the 

sam e size. This resu lt needs to be confirmed by sequencing of PCR products 

and further clinicopathological correlation, but supports suggestions th a t U J 

is a  m anifestation of EATL.^® M urray et aP^^ used an identical strategy to 

analyse EATL and associated mucosae and found dom inant T-cell clones in 

morphologically uninvolved tissue in 11 of 14 cases. In alm ost all cases the 

PCR products amplified from the tum our were the same size as those from 

the surrounding bowel, supporting the present findings th a t PCR offers 

more sensitive detection of neoplastic clones than  morphological 

exam ination.

No false positives were found among the Crohn’s disease and colonic 

carcinoma samples. However, 3 cases of coeliac disease (2 uncomplicated 

and one which was unresponsive to treatm ent) and 1 of 9 norm al colonic 

biopsies showed evidence of a dom inant clone, although in  two of the four 

cases the  bands were barely visible. As variable minor products were seen 

on duplication of PCR, it is possible th a t analysis of the norm al colonic 

biopsy represented amplification of several clones w ith the same sized TCR- 

Y chain gene rearrangem ent from a restricted population of T-cells. 

Prelim inary experiments, in which the sequences of four clones derived from 

the TCR-y PCR products in this case were found to be different, suggests 

th a t the  problem is one of in terpretation and th a t no dom inant T-cell clone 

was amplified. F u rther analysis is required to confirm this, but it is evident 

th a t false positives m ay occur using th is methodology. It is possible th a t 

analysis of samples containing relatively sparse lymphoid populations m ay 

be more likely to yield discrete PCR products by sampling error.^^^ The
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p a tte rn  seen on the gels in the cases of coeliac disease of dom inant bands 

w ith  a background sm ear suggests expanded clones, however the 

significance of very weak bands such as those seen in two cases is unknown. 

O ther dom inant T-cell clones in non-m alignant tissue samples reported 

include 2 of 9 positive cases of ulcerative colitis/pernicious a n a e m i a , a n d  

in  a single case of hepatitis {Chapter 4) detected by TCR-y PCR, and in 

peripheral blood of elderly individuals by analysing TCR-Vp subsets.^®^ The 

single case of unresponsive coeliac disease analysed which showed the 

presence of a dom inant T-cell clone, may represent an  emerging m alignant 

clone, although th is is speculative a t present. Previous data  suggest th a t 

analysis of lymphoproliferative lesions carries a low risk  of false 

positivity,^^^’̂ ^̂ ’̂®®’̂ ^̂  although more study is required to resolve this. In  view 

of occasional false positives, PCR detected monoclonality is not definitive 

proof of m alignancy (see section 5.4.2), though a clearly visible dom inant 

band in a appropriate histological setting is strong evidence for lymphoma.

5.5 C onclusions

Clonality analysis by PCR amplification of IgH and TCR-y chain genes can 

help to resolve histologically suspicious lymphoproliferative lesions of skin 

and gastro-intestinal tract, although the false negative ra te  is relatively 

high. Amplification of dom inant clones was rare  in samples showing no 

suspicion of lymphoma, although occasional gastro-intestinal biopsies w ith 

coeliac disease, gastritis or normal histology were in terpreted as positive. 

Therefore it is im portant for PCR results to be in terpreted  w ithin a 

complete clinicopathological context. It is possible th a t PCR clonality 

analysis of sparse populations of lymphocytes may be problematic due to 

false positives resulting from sampling error or amplification of locally 

expanded minor clones. Sequencing of PCR products may help to resolve 

equivocal results.
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CHAPTER 6

TRACING A B-CELL MALT LYMPHOMA 

CLONE IN SEQUENTIAL BIOPSIES  

6.1 In trod uction

Low grade B-cell lymphomas of MALT, which occur in  the stomach, sm all 

intestine, salivary gland, lung and thyroid, are indolent neoplasms th a t are 

characterised by a prolonged clinical course and persistence of disease a t 

the site of origin {section 1.4.1.!)}^ The mechanisms by which the neoplastic 

cells rem ain committed to a single site, the presence or absence of 

neoplastic cell traffic or homing, and the specific dissem ination of MALT 

lymphomas to other mucosal sites are recognised properties of these 

lymphomas which are poorly understood/® Investigation of these features 

has been ham pered by the absence of a tum our cell specific m arker w ith 

which to examine the progression of the tum our in sequential biopsy 

specimens. The presence of a neoplastic clonal population of B-lymphocytes 

can be inferred from the detection of K or À Ig light chain restriction in 

tissue sections.^® However this technique cannot prove a clonal relationship 

between neoplastic cells in serial biopsy specimens. Rearranged IgH 

variable region sequences are unique to a given B-cell clone and are 

therefore suitable m arkers of tum our clones {section 1.6.1). PCR 

amplification of IgH genes {Chapter 3) perm its such analysis to be carried 

out using formalin fixed, paraffin embedded tissue samples. Thus the 

progress of a neoplastic B-cell clone can be followed in serial archival 

biopsies.

The aims were to use PCR to determine the clonal relationship of B-cell 

lymphoproliferative lesions in sequential formalin fixed, paraffin embedded 

biopsies from the stomach, lip and bone m arrow in a pa tien t w ith a  prim ary 

low grade gastric B-cell MALT lymphoma and Sjogren’s syndrome.

6.2 C ase report

The patien t was a 79 year old female who presented w ith a dry m outh. A
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lip biopsy showed the histological features of Sjogren’s syndrome. Eleven 

years previously she had undergone a partial gastrectom y w ith a 

histological diagnosis of benign peptic ulcer. Two years after the lip biopsy 

she reported weight loss, and a biopsy of the gastric rem nant showed a low 

grade B-cell MALT lymphoma. Staging procedures revealed bone m arrow 

involvement, but no other detectable sites of disease.

6.3 M aterials and m ethods

6.3.2 Histology

H & E stained sections from formalin fixed paraffin embedded tissue from 

the  original gastrectomy specimen and subsequent biopsies from the lip, 

stom ach and bone marrow were reviewed (by Professor PG Isaacson).

6.3.3 Immunohistochemistry

Paraffin  sections from all specimens except the bone m arrow were 

im m unostained using the technique described in section 2.11 w ith 

antibodies to K and X Ig light chains.

6.3.4 Polymerase chain reaction

DNA was extracted from paraffin embedded tissue {section 2.4.2) and 

amplification of the IgH gene carried out using semi-nested amplification 

w ith  FR3/Jjj prim ers {section 2.6.2). Test samples were run  in parallel w ith 

a polyclonal control (reactive tonsil), a monoclonal control (Raji B cell line) 

and a negative control (no tem plate DNA). Extractions from each specimen 

were carried out a t different times and duplicated to minimise the risk  of 

m isinterpretation due to cross-contamination. Products were analysed on 

1 0 % polyacrylamide gels, stained w ith ethidium  bromide and viewed under 

ultraviolet light.

6.3.5 Cloning and sequencing

FR3/Jjj PCR products derived from the gastric resection, the subsequent 

endoscopic gastric biopsy and the lip biopsy were electrophoresed on a 1 0 %
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polyacrylamide gel and a sample from the larger of the two bands from each 

case re-amplified using FR3ATLJH primers {section 2.6.2) to enhance for th is 

sequence. These PCR products were cloned and sequenced as described 

{section 2.9). A minimum of six clones from each sample were examined. 

Analysis of the DNA sequences obtained was carried out using the GCG 

software and by comparison w ith published sequences.^^®’̂ ®̂

6.4 R esu lts

6.4.1 Histology

Sections from the original gastrectomy specimen showed an  ulcer overlying 

a heavy lymphocytic infiltrate. Both this specimen and the subsequent 

gastric biopsy specimen showed the histological features of low grade gastric 

B-cell lymphoma of MALT type (Figures 6.1 and 6.2). Reactive B-cell 

follicles were surrounded by a diffuse infiltrate of centrocyte-like (CCL) cells 

th a t invaded gastric glands, forming lymphoepithelial lesions; these were 

m ost obvious in the gastric biopsy. The lip biopsy specimen (Figure 6.3) 

contained several discrete minor salivary glands, in each of which there was 

a chronic inflam m atory infiltrate composed of small lymphocytes and 

scattered larger cells and plasm a cells. There was some infiltration of duct 

epithelium, but the appearance was not suggestive of lymphoma. The 

infiltrate was strikingly confined to the glands and did not spread into the 

surrounding tissues. The bone marrow specimen revealed paratrabecular 

deposits of low grade B-cell lymphoma (Figure 6.4).

6.4.2 Immunohistochemistry

Immunohistochemical analysis showed K light chain restriction in the CCL 

cells of both the original gastrectomy specimen and the subsequent gastric 

biopsy. There was an excess of cells expressing K light chain in the  lip 

specimen, but no clear-cut evidence of light chain restriction.

6.4.3 Polymerase chain reaction

Two dom inant PCR products, most probably representing biallelic IgH gene
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rearrangem ent, were seen in samples of te s t DNA from each of the biopsy 

specimens. Repeat reactions using digested m ateria l from fu rther sections 

produced identical results. The positive control cell line yielded a single 

dom inant band, the polyclonal control gave rise to a sm ear of products and 

the negative control showed no products (Figure 6.5).

6.4.4 Cloning a n d  sequencing

Following cloning and sequencing of the PCR products, four identical 

sequences were obtained in each case from the original gastric resection and 

the subsequent biopsies from the lip and stom ach (Table 6.1). Com puter 

analysis showed th a t each sequence was a rearranged IgH gene containing 

the D N l and J3  regions^^^’̂ ®̂ and alm ost identical N regions. Differences in 

DNA sequence between products from the three tissue sam ples involved 

four point m utations and one insertion.

Sc
Figure 6.1 Section of the ulcer from the original gastrectomy specimen showing a dense 
lymphocytic infiltrate. A  reactive follicle (arrows) is surrounded by CCL cells which invade 
glands (arrowhead). (H and E).

131



•5» « s i ï î »

F igu re  6.2 Gastric biopsy showing infiltration by CCL cells which are invading glands 
forming a lymphoepithelial lesion. (H & E).

siSi

1
Figure 6.3 Lip biopsy showing chronic inflammation confined to a minor salivary gland. 
(H & E).
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Figure 6.4 Bone marrow biopsy showing lymphoid infiltrate. A) low power and B) high 
power. (H & E).

M C R T 1 2 3 4

118
BP

Figure 6.5 Ethidium  bromide stained polyacrylamide gel showing PCR products. Lanes: 
M  - molecular weight markers; C - negative control (no DNA template); R - monoclonal 
control (Raji cell line); T - polyclonal control (reactive tonsil); 1 - initial gastric resection; 
2 - lip biopsy; 3 - bone marrow biopsy; 4 - subsequent gastric biopsy.
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Table 6.1 Sequences of PCR products (excluding primers) obtained from gastric resection, gastric biopsy, and lip biopsy. Sequence differences 

are shown as lower case letters.

CO

SITE SEQUENCE

GASTRIC RESECTION

V N DNl N J3 

S’-GCGAGAGGCAGGTAaGGATAGCAG.CAGCTGCCCCATTAGcraAACCATGATTGeTTTTGATAT-S’

GASTRIC BIOPSY 5’-GCGAGAGGCAGGTAffGGATAGCAGtCAGCTGCCCCATTAGacAACCATGATTGcTTTTGATAT-3’

LIP BIOPSY 5’-GCGAGAGGCAGGTAaGGATAGCAG.CAGCTGCCCCATTAGeaAACCATGATTGcTTTTGATAT-3’



6.5 D iscu ssion

The finding of dom inant PCR products of identical size in biopsy m aterial 

from the stomach, lip and bone m arrow implied th a t the same neoplastic 

clone was present a t each site. Sequencing of one of the PCR products from 

the gastric resection, gastric biopsy and lip biopsy specimens confirmed th a t 

rearranged IgH CDRIII regions were amplified in each case; furtherm ore, 

the  close sim ilarity in the DNA sequences showed th a t the dom inant B-cell 

population a t each site was derived from a common clone. The sequences 

amplified from each site differed by a t least one nucleotide, so it is unlikely 

th a t the  PCR products resulted from cross-contamination. I t  is possible, 

however, th a t some of the differences observed arose during the 

amplification reactions, since Taq polymerase lacks a 3’-5’ proofreading 

function.^^^

PCR analysis of the sequential biopsy specimens in  th is case has perm itted 

tracing of the neoplastic clone fi^om its first m anifestation as a gastric 

MALT lymphoma, which was probably incompletely resected,^®® through its 

involvement in the development of Sjogren’s syndrome 11 years later, to its 

fu rther m anifestation as recurrent gastric lymphoma w ith dissem ination to 

the bone marrow. These studies confirm the indolence of low grade gastric 

B-cell lymphomas of MALT type and provide evidence th a t eventual 

dissem ination is not necessarily associated w ith major genetic a ltera tion  in 

the IgH variable region.

The short p a rt of the immunoglobulin variable region sequenced showed 

accumulation of four point m utations and a single base insertion between 

the two gastric specimens. This represents significant accumulation of 

somatic m utations during the progression of the disease.^^® This finding has 

been confirmed in subsequent studies of MALT lymphomas using PCR 

amplification of IgH variable regions^^®’̂®° which places MALT lymphomas 

in the same proposed category as follicular lymphomas^^^'^^^ and hairy  cell 

l e u k a e m i a s , i n  which somatic m utations in the CDR regions occur during 

clonal evolution. This feature suggests th a t MALT lymphomas have a 

germ inal centre phase during their evolution and are responsive to antigen
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drive.^^® O ther B-cell lymphomas, such as B-CLL^®  ̂ and do not

generally show somatic m utations in the IgH variable regions and are 

thought to be derived from naive B-cells. However, a  recent report by 

Hashimoto et al,̂ ®̂  in which somatic m utations were found in IgG 

expressing B-CLL clones, suggests th a t pa tterns of somatic m utation are 

closely associated w ith Ig class switching events, ra th e r th an  simply w ith 

lymphoma type.

MALT lymphomas a t sites other than  the stomach, including the  salivary 

gland, lung and thyroid, exhibit sim ilar clinical behaviour and the results 

suggest th a t the presence of monoclonal B-cell proliferations a t these sites, 

in an appropriate histological setting, is good evidence of lymphoma 

{Chapter 5)®̂  ra th e r than  a prelymphomatous lesion as others have 

suggested.^®

The significance of involvement of the neoplastic B-cell clone in the  lesion 

responsible for Sjogren’s syndrome in this pa tien t is unclear. I t  is 

conceivable th a t th is syndrome was an unusual m anifestation of secondary 

salivary gland lymphoma thus providing a good illustration of the  tendency 

of MALT lymphomas to dissem inate to other mucosal sites. The histological 

appearance of the salivary gland lesion, however, is in keeping w ith the 

participation of the clone in a chronic inflamm atory response. This would 

imply th a t the neoplastic cells were still functionally capable of recognising 

immunological signals, a property for which there is evidence in MALT 

lymphomas in the form of orderly plasmacytic differentiation,'*^ follicular 

colonisation^® and response of immunoproliferative small in testinal 

disease,^®® and probably gastric MALT lymphoma,®® to antibiotics. The 

presence of the neoplastic clone in the salivary glands m ight also argue in 

favour of a common immune system involving lymphocytes committed to 

mucosal sites. ®̂®

6.6 C onclusions

In tracing the course of this disease over a 13 year period it has been shown 

th a t PCR is a powerful tool w ith which to identify lymphoma populations
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in sequential biopsies. Using gel and sequencing analysis of PCR products, 

the behaviour and mode of dissem ination of B-cell lymphomas can be 

accurately investigated in paraffin embedded biopsies.

In th is case, consensus PCR amplification of the IgH gene was of sufficient 

sensitivity to detect the lymphoma clone a t each site. However, in cases 

w here the B-cell tum our clone comprises a small proportion of the total B- 

cell population (less th an  1%), more sensitive methods are required. The use 

of highly sensitive clone specific IgH prim ers to study the origins of B-cell 

lymphomas is discussed in Chapter 7.
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CHAPTER 7

CLONALITY OF NODULAR LYMPHOCYTE PREDOMINANCE  

HODGKIN’S DISEASE AND ITS RELATIONSHIP TO LARGE CELL 

LYMPHOMA

7.1 In trod uction

The clonality of nodular lymphocyte predominance Hodgkin’s disease 

(NLPHD) and its relationship to subsequent large cell lymphoma (LCL) are 

contentious {section 1.4.3).

Southern hlot analysis has failed to produce unequivocal evidence of 

monoclonal rearrangem ents of the IgH g e n e s , t h o u g h  two recent PCR 

based investigations, which examined whole tissue sections^®® and single L 

& H c e l l s d e m o n s t r a t e d  monoclonal IgH gene rearrangem ents. However, 

in  another study which employed PCR to analyse single L & H cells, 

polyclonal IgH gene rearrangem ents were amplified.^®^ Clonality analysis 

using Southern blot or PCR amplification w ith consensus prim ers depend 

on the presence of a clone of B-cells of a t least 1-5% {section 3.3.2.1) to 

perm it detection. Most NLPHD lesions contain a sm aller proportion of L & 

H cells, m aking interpretation difficult. Enhancem ent of L & H cell 

populations by microdissection may be able to overcome th is lim itation and 

perm it clonality assessment. More sensitive PCR techniques have been 

developed which target B-cells carrying a  specific IgH gene rearrangem ent 

ra th e r th an  B-cells generally. These have the potential to detect rare  

ta rge t cells in a polyclonal background, bu t require prior knowledge of clone 

specific IgH CDRIII sequences.

Here, consensus PCR amplification of IgH genes {Chapters 2 and 3) has 

been combined w ith microdissection of cell populations to examine the 

clonality of L & H cells. Monoclonally rearranged IgH variable regions 

amplified from LCL have been cloned and sequenced. Clone specific PCR 

prim ers targeting tum our cell specific IgH variable region sequences have 

been employed to search for the LCL clone in preceding NLPHD.

The aims were to determ ine the clonality of L & H cells in NLPHD and the
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clonal relationship between LCL and preceding NLPHD.

7.2 M aterials and M ethods

7.2.1 Tissue samples

Paraffin-embedded blocks or unstained tissue sections from 33 cases of 

NLPHD were retrieved from the archives of the Histopatbology 

D epartm ent, University College London Medical School, or obtained by 

referral from other centres. Fifteen of the cases bad  complicating high grade 

B-cell lymphomas (LCL), 5 of which developed sim ultaneously (including 

case 6), 5 developed 1 to 5 years after diagnosis of NLPHD (including cases 

3 and 4) and 5 after more than  10 years (including cases 1, 2 and 5). H & 

E stained sections of all cases were reviewed.

7.2.2 Immunohistochemistry

Tissue sections were cut and stained with antibodies to CD20, CD3 and 

CD79a {section 2.11).

7.2.3 Microdissection and DNA preparation

DNA was prepared from whole tissue sections {section 2.4.2) and from 

microdissected L & H cells {section 2.12). A t  least 50 L & H cells w ith no 

visible small imm unostained B-cells were collected from each nodule or 

pooled from several nodules in cases w ith sparse L & H cells. W ash 

solutions were collected as negative controls. Cells were transferred  into 

micro-tubes, dried and DNA extracted as described {section 2.12).

7.2.4 Consensus PCR amplification o f Ig heavy chain gene 

Amplification of IgH gene was performed using FR3/Jh and FR2/Ju prim ers 

{section 2.6.2). All LCL samples and extracts from 25 NLPHD cases 

(including all of the LCL associated cases) were analysed using both sets of 

prim ers. The rem aining 8 NLPHD cases and microdissected samples were 

analysed using FR3/Jjj primers alone due to lim ited am ounts of DNA. All
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samples were amplified in duplicate and run  in parallel w ith positive (DNA 

from a monoclonal follicular lymphoma) and negative (microdissection w ash 

solutions and no DNA) controls. Products were run  on 10% (FRS/Jg) or 6% 

(FR2/Jjj) polyacrylamide gels, stained w ith ethidium  bromide and viewed 

under UV light.

7.2.5 Cloning and sequencing

IgH PCR products were cloned and sequenced as described {section 2.9).

7.2.6 Clone specific prim er design and PCR amplification

Clone specific prim ers (CSP) were designed using the  unique CDRIII 

sequences based on N regions of six LCL cases. (Sequences of rearranged 

IgH V regions from LCL cases 1-6 are shown in Table 7.1). Suitability of 

prim ers for PCR was confirmed using the GCG software package. Clone 

specific prim ers were used w ith FR2 (cases 1 and 4) or FR3 prim er (cases 

1-6), and each optimised for specific amplification of the relevant LCL 

{section 2.6.9; Table 7.2). Sensitivity of cases 1-4 and 6 in comparison w ith 

consensus PCR was estim ated using specific LCL DNA diluted w ith 

polyclonal DNA extracted from hyperplastic tonsil (Table 7.2, Figure 7.6) 

and specificity determ ined for each case using non-LCL lymphoid DNA as 

tem plate. Insufficient LCL DNA from case 5 rem ained for estim ation of 

sensitivity. Optimised clone specific PCR was applied to a t least tw enty 

aliquots of DNA (containing lO-lOOng of DNA) extracted from complete 

sections of preceding NLPHD in cases 1-6 and also from microdissected L 

& H cells in cases 1-4.

7.3 R esu lts

7.3.1 Histology

Each case of NLPHD showed characteristic histological features w ith 

variable num bers of L & H cells w ith large polylobated nuclei, small 

nucleoli, and a small am ount of cytoplasm. Among the 15 cases of LCL, 9 

were characterized by cells bearing a close resemblance to typical L & H
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cells, 4 by large centroblast like cells and one by large cells w ith typical 

features of B urk itt’s lymphoma. In one case the morphology was obscured 

by necrosis.

7.3.2 Immunohistochemistry

L & H cells in each case of NLPHD were clearly defined by im m unostaining 

w ith antibodies to CD20 or CD79a. These cells were usually present w ithin 

nodules composed of small B-cells and variable num bers of T-cells and were 

surrounded by rosettes or large clusters of T-cells, defined by CD3 

positivity. In all cases there were larger concentrations of L & H cells, 

sometimes outside the B-cell nodules, usually separated by intervening T- 

cells. These concentrations of L & H cells were preferentially selected for 

microdissection (Figure 7.1).

7.3.3 PCR amplification with consensus primers

Using FR3/Jh prim ers, all extracts from 33 complete NLPHD sections and 

microdissected L & H cells from 12 cases of NLPHD gave rise to a sm ear 

or variable ladder of PCR products (Figure 7.2). FR2/Ju prim ers yielded a 

sm ear or ladder of products in 16 (including cases 1-6) of the 25 NLPHD 

cases, w hereas 9 were not amplifiable. Thus no monoclonal populations of 

B-cells were detected in  the NLPHD samples. Of 15 cases of LCL, 8 gave 

rise to a  reproducible dom inant band when amplified using FR3/Jjj prim ers 

(Figure 7.3), 4 (cases 1-4) of which showed a dom inant band using FR2/J h. 

The rem aining 7 cases showed a sm ear of PCR products. Thus 

monoclonality was confirmed in 53% of LCL cases. Comparison of PCR 

products from the LCL cases with those from the corresponding cases of 

NLPHD, including microdissected L & H cells showed no m atching 

dom inant bands to the clone in the LCLs (Figure 7.4). PCR reactions w ith 

w ater (no tem plate) and samples from microdissection w ash solutions 

showed no products, whereas the positive control gave rise to the expected 

dom inant band in each reaction.
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7.3.4 Cloning and sequencing

IgH PCR products (cases 2-4 from FR2 to JH  region; cases 1, 5 and 6 from 

FR3 to Jh  region) from 6 cases of LCL were cloned. At least 6  clones from 

each case were sequenced. Sequence analysis showed th a t all clones 

contained combinations of variable (V), diversity (D) and joining (J) 

fragm ents and had  a variable num ber of N nucleotides a t the V-D (Nl)  and 

D-J (N2) junctions (Table 7.1). None of the N region sequences from any one 

case was sim ilar to those from other cases or showed high homology to any 

sequence in the GCG database.

7.3.5 Clone specific PCR

All six clone specific prim ers, in conjunction w ith the FR2 or FR3 prim er, 

gave rise to products of the predicted size when applied to the specific LCL 

extract, bu t no products were seen from other lymphoid tissue samples. 

Efficiency of clone specific detection varied between cases and different 

fram ework prim ers (Table 7.2). Using FR2 w ith the clone specific prim ers, 

sensitivities of specific PCR increased by a factor of 5 (case 1) to 100 (case 

4), w hen compared w ith consensus PCR (Figure 7.6). Using FR3 as the 

second prim er, the sensitivities ranged from identical (case 4) to 1000 tim es 

more sensitive. No products of the appropriate size were seen using CSP on 

extracts of complete sections or microdissected L & H cells from NLPHD 

cases 1-5, which preceded specific LCL (Figure 7.5). Two of tw enty extracts 

from the NLPHD sample from case 6 yielded products which co-migrated 

w ith the 52bp LCL tum our clone specific products. A fu rther three extracts 

were made from sections of the NLPHD and CSP PCR carried out on 52 

aliquots to confirm this result. No appropriately sized products were 

amplified, though three samples gave rise to products of different size. 

Sequencing of the two products derived from the first extract of NLPHD in 

case 6 was performed. The sequencing reaction was unsuccessful using one 

extract while the other yielded a sequence which differed from th a t derived 

from the LCL clone (Table 7.3).
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Figure 7.1 NLPHD tissue section stained with CD79a. A) Left - Clusters ofL  & H  cells and  
B-cell follicles are strongly stained. Right - high magnification of an L & H  cell cluster 
showing clear separation o f L & H  cells from each other and from sm all B-cells by CD79a 
negative lymphocytes. B) The same area as that shown in A) after microdissection. The 
cluster o fL  & H  cells has been removed prior to further separation ofCD 79a positive large 
cells from negative cells (not shown).
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1 0 0 * .

Figure 7.2 PCR amplification of whole tissue sections of NLPHD using F R SU ^ primers. 
Lanes M- molecular weight markers, 1- monoclonal control FL, 2- no template, 3-7 different 
cases of NLPHD. (Lane 5- case 1, lane 7- case 3).

M1  2 3 4 5 6 7 8

100
BP

Figure 7.3 PCR amplification of LCL using FR3 IJ„ primers. Lanes M- molecular weight 
markers, 1- monoclonal control FL, 2- no template, 3-8 different cases of LCL. (Lane 4- case 
1, lane 5- case 3, lane 7- case 4).
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Figure 7.4 PCR amplification of LCL and microdissected L&H cells using consensus 
primers (FR3 f JH).. Lanes M- PhiXIHinfl molecular weight markers (the 100 base pair  
fragment is indicated), P- positive control follicular lymphoma, N- negative control without 
DNA, A- LCL extract from Case 2, B- microdissected L&H cells from case 2, C- LCL extract 
from Case 1, D- microdissected L&H cells from case 1.

M 1 2 3 A B C

Figure 7.5 PCR amplification using clone specific primers. Products were run on 10% gels. 
Lanes M- PhiXI Hinfl molecular weight markers (the 100 base pa ir  fragment is indicated); 
Case 3: 1)- LCL extract, 2)- NLPHD, 3)- microdissected L&H cells; Case 2: A)- LCL extract, 
B)- NLPHD, C)- microdissected L&H cells.
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Figure 7.6 Sensitivity of detection of tumour clone from Case 4 diluted with polyclonal 
tonsillar DNA using consensus primers (FRSIJf^ 10% gel; top) and clone specific 
amplification (FR2 / CSP 6% gel; bottom). 1)- 50% tumour extract, 2)- 5%, 3)- 0.5%, 4)- 
0.05%, 5j- 0.005%.
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Table 7.1. Sequences between the FR3 and VLJH primer regions o f rearranged Ig VH genes amplified from LCL are shown. 
Oligonucleotide sequences taken from the deduced unique N  regions which were selected as targets for clone specific 
primers (CSP) are shown in bold capitals.

CASE SEQUENCE

NÏ

1 gccagagatg gAGACGAGAT GCATGCTTTT Gatatctggg gccaaggaac c

N l D N2

2 gcgcgagata agaagtcaat tatttctttc agggatttAG GGTAAAAGTG GGTCTCGAct g

N l D ? N2

3 tcgagagata agttgtttat tatgattagg ggcgtaatta tattagggga gtaACTGCCC AACATAAATA CGGtatggac gt

N l D N2

4 gcgagagggg gggatCTTAC TGGTGACCAA GGATActgta gtggtggtat ctattgttct gtctttgact a

N l D N2 J4

5 gcgaaatccgacgacgaTAATCACTTTGACTACTG

N l D N2 J3

6 tgtgcgataagaataTACGATTCTTTTAATCTCTGgggccaa



Table 7.2. CSP-PCR: Reverse sequences complementary to the clone specific sequences shown in Table 7.1 were used in conjunction 
with FR2 or FR3 primers for PCR amplification. Sensitivity of the CSP-PCR is compared with that of consensus primer PCR.
ND= not done.

CASE CSP SEQUENCE 2ND PRIMER PRODUCT SIZE SENSITIVITY

1 5’-CAAAAGCATGCATCTCGTCT-3’ FR2; FR3 214; 51 5x; lOx
2 5’-TCGAGACCCACTTTTACCCT-3’ FR3 78 lOx
3 5’-CCGTATTTATGTTGGGCAGT-3’ FR3 93 lOOOx
4 5-TATCCTTGGTCACCAGTAAG-3' FR2; FR3 218; 55 lOOx; Ix
5 5’-CAGTAGTCAAAGTGATTA-3’ FR3 55 ND
6 5’-CAGAGATTAAAAGAATCGTA-3’ FR3 52 50x



Table 7.3 Comparison o f the clone specific sequence obtained by FRSU jj 
amplification o f LCL case 6 and the sequence derived from clone specific 
(FR3 / CSP) amplification o f the NLPHD lesion o f the same case (HD-6).
The FR3 primer sequence is underlined and the CSP sequence is shown in bold.

SAMPLE SEQUENCE (5’-3’)

LCL-6 ACACGGCCGTGTATTACTCTgcgataagaataTACGATTCTTTTAATCTCTGgggccaa 

HD-6 ACACGGNCGTGTATTACTGTattcttctgcctTACGATTCTTTTAATCTCTG

7.4 D iscu ssio n

Southern blot and PCR analyses for Ig gene rearrangem ents have failed to 

dem onstrate monoclonality in NLPHD in the m ajority of studies.79,267,287,288 

This failure may have been due to the paucity of L & H cells in tissue 

sam ples and the relative insensitivity of the techniques used. However, 

T am aru and colleagues dem onstrated monoclonality in over 60% of NLPHD 

cases w ithout prior microdissection.^®® Monoclonality was also shown in 

single L & H  cells microdissected from a single case of N L P H D . I n  th is 

study, no clonal IgH gene rearrangem ents were detected using two semi

nested PCR reactions (FR2/Jh and FR3/Jh). In  contrast, polyclonal pa tterns 

of PCR products were consistently seen in microdissection-enriched L & H  

cells. The reasons for these disparities are unclear. I t is possible th a t the 

polyclonal PCR products were amplified from contam inating sm all B-cells 

ra th e r th an  from L & H  cells in the microdissected samples. However, th is 

is unlikely as no visible CD20 or CD79a positive small cells were seen in 

the selected populations. It is possible th a t only a proportion of cases of 

NLPHD are monoclonal, and th a t cases in other studies were preselected 

for high num bers of L & H cells.

Polyclonal IgH gene rearrangem ents have also been reported in L & H cells 

from 2 cases of NLPHD by Delabie et aP®̂  using PCR and single cell 

isolation techniques. Polyclonal rearrangem ents of IgH genes are known to 

occur in tum ours of precursor B-cells, such as acute lymphoblastic
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leukaem ia, due to ongoing VH gene replacements w ithin the tum our 

clone.^®  ̂However, L & H cells have a m ature B-cell p h e n o ty p e ,a n d  it is 

unlikely th a t secondary IgH gene rearrangem ents occur in NLPHD as 

sequence analysis in previous studies showed no VH replacem ents among 

the clones obtained from the L & H c e l l s . F a l s e  negatives due to 

failure of prim er binding are unlikely in such a  large series of cases. 

Polyclonal pa tterns of light chain expression have been observed in  L & H 

c e l l s , a l t h o u g h  Schmid et al̂ ® were able to dem onstrate K light chain 

restriction in 18 out of 19 NLPHD cases. This finding was supported by two 

in situ  hybridization studies in which monotypic Ig K mRNA was detected 

in the  L & H cells in 50 to 80% of NLPHD c a s e s . T h e s e  resu lts conflict 

w ith the PCR data  presented here for reasons which are unknown. F u rth e r 

studies are needed to resolve this ambiguity.

A proportion of patients w ith NLPHD develop sim ultaneous or subsequent 

large cell B-lymphomas (LCL).^^’̂® In many cases the tum our cells of LCL 

bear morphological and phenotypic sim ilarities to L & H cells, 

suggesting, bu t not proving, a clonal link between L & H cells and 

complicating LCLs. In this series of 15 cases of LCL which followed 

NLPHD, monoclonal rearrangem ents of IgH genes were detected in  53% of 

cases, a sim ilar detection rate  to other high grade B-cell lymphomas 

confirming the B-cell lineage and monoclonality of the tum ours. However, 

no evidence for a clonal link with associated NLPHD was found in  six cases 

using highly sensitive, LCL clone specific PCR analysis on microdissection- 

enriched L & H cells, the same strategy widely used for detection of 

m inim al residual disease in lymphoid m a l ig n a n c ie s .In  five cases no LCL- 

clone specific amplification was achieved in  preceding NLPHD and in a 

single case PCR products amplified from a NLPHD extract using CSP were 

found by sequence analysis to be non-specific. The failure to trace the LCL 

progenitors in six cases of NLPHD could be explained by derivation of the 

LCLs from transform ed B-cell progenitors which have the ability to 

differentiate into polyclonal L & H cells, but which require fu rther genetic 

alterations before emergence of a monoclonal high grade lymphoma. I t is
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possible th a t the clones responsible for the LCLs were present in  the 

NLPHD tissue samples, but were undetectable by the clone specific prim ers 

due to somatic point m utations w ithin the N regions or to scarcity of target 

cells. However, previous studies have shown th a t the accumulation of 

somatic point m utations during tum our progression usually involves only 

a  few nucleotides in the IgH variable region.^®^’̂®®’̂®® Such a ra te  should not 

be sufficient to abolish PCR amplification of the variable region in  six cases. 

Furtherm ore, the inclusion of thymidine a t the 3’ end of th ree  of the six 

clone specific prim ers makes them  more to lerant to m ism atch a t the  3’ 

end.^°^ Therefore, the most probable explanation of the negative clone 

specific PCR results in NLPHD is th a t the tum our clones were not present 

or were extremely rare  in th a t phase of the disease. Recently, W ickert et 

aP®̂  used LCL derived clone specific prim ers to analyse five cases of 

NLPHD and found evidence of the LCL clone in the NLPHD of two cases. 

If  confirmed, these findings would imply th a t LCL clones are p resent in 

some cases during the NLPHD phase of the disease, probably as m inor 

subsets of polyclonal L & H cell populations. The previous observation of Ig 

light chain restriction in some nodules of NLPHD^° and dem onstration of 

monoclonal Ig gene rearrangem ent in microdissected single L & H cells^^° 

m ay reflect development from polyclonal to oligoclonal and finally 

monoclonal disease. Although the present results do not confirm th is 

hypothesis, they do not rule out the possibility th a t the LCL are derived 

from fu rther transform ed L & H cells.

Additional studies are required to resolve the conflicting results concerning 

the clonality of NLPHD and to clarify the na tu re  of the relationship 

betw een NLPHD and subsequent LCL.

7.5 C on clusion

PCR analysis suggests that, in some cases a t least, L & H cells harbour 

polyclonal IgH gene rearrangem ents. No evidence th a t L & H cells evolve 

directly into LCL was found. The experiments do not rule out the possibility 

th a t ra re  cells representing the LCL clone were present during the NLPHD
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phase, nor th a t the  disease process responsible for the L & H cells also gave 

rise to the LCL clone. F urther studies using clone specific PCR or m arkers 

of clonality other than  IgH genes may show w hether the L & H cells of 

NLPHD are p a rt of the same disease process as la ter LCL. The m echanism s 

driving proliferation of polyclonal L & H cells in  NLPHD and the factors 

which cause development of LCL rem ain to be elucidated.
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CHAPTER 8

DETECTION OF T(14;18) AND T (ll;14)

8.1 In trod u ction

As low grade B-cell lymphomas sometimes prove difficult to classify and to 

resolve from reactive conditions, tum our specific genetic abnorm alities m ay 

provide diagnostic m arkers {section 1.8). Follicular and m antle cell 

lymphomas are each associated w ith specific translocations which m ay be 

detected in histological tissue samples using PCR {section 1.8.1.2).

8.1.1 Follicular lymphoma

The m ost common diagnostic problem associated w ith follicular lymphoma 

(FL) is separation of tum our from reactive follicular hyperplasia. 

Im m unohistochem istry (IHC) can resolve some cases by dem onstration of 

monoclonality using light chain staining or by dem onstration of elevated 

bcl-2 protein le v e ls .C lo n a lity  analysis by PCR {Chapters 3 and 5) m ay be 

used, bu t the false negative rate  is high in FL. I t may also be difficult to 

d istinguish FL from other low grade B-cell lymphomas, for example MC or 

MALT lymphomas, which sometimes exhibit a follicular pattern . FL have 

been shown to carry t(14;18) in a high proportion of cases. Published 

detection rates are variable, for example 75-85% of cases by cytogenetics^^® 

and 30-89% by Southern blot a n a l y s i s . P C R  strategies for amplification 

of t(14;18) have been devised^®®’̂®®’®®̂ which have been used to detect the 

translocation in 39-60% ofFL.®°®'®®̂  Thus PCR dem onstration of t(14;18) m ay 

be able to assist in distinguishing FL from reactive lymphoproliferations 

and from other lymphoma types. However, the translocation has been 

reported in other B-cell lymphoma types, including diffuse,®®® centroblastic 

and immunocytic®®® and in follicular hyperplasia®®®’®®̂ and norm al peripheral 

blood cell populations.^®^ At present the significance of PCR detectable 

t(14;18) in follicular and other low grade B-cell lymphomas and in  reactive 

or norm al lymphoid tissue is unclear.
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8.1.2 M antle cell lymphoma

M antle cell (MC) lymphomas may show sim ilar histological features to 

follicular, lymphocytic, MALT and m arginal zone cell (MZC) lymphomas. As 

MC lymphomas follow a more aggressive clinical course, accurate diagnosis 

is very im portant. Dem onstration of monoclonality by light chain restriction 

or PCR can rule out reactive conditions, and staining for cyclin D1 protein 

or mRNA, which is over-expressed in MC lymphomas, can support the 

d ia g n o s is .D e m o n s tra tio n  of t(ll;14 ), a frequent cytogenetic finding in 

MCL,̂ ®®’̂°® may be able to resolve difficult cases. Use of Southern blot 

analysis can detect rearrangem ent of bcl-1 in up to 57% of c a s e s , b u t  

requires high molecular weight DNA samples. Although t( ll;1 4 ) 

breakpoints in MC lymphomas are widely distributed w ithin the bcl- 1  locus, 

a m ajority have been reported w ithin a 2 kb region designated the major 

translocation cluster (MTC; Figure 8.4). I t is therefore possible th a t a 

simple PCR strategy amplifying breakpoints w ithin the MTC region, m ay 

be able to detect the translocation in a high proportion of cases.

8.1.3 A im s  

The aims were:-

1) To evaluate PCR detection of t(14;18) and t(ll;1 4 ) in term s of sensitivity 

and specificity and in comparison w ith Southern blot analysis.

2 ) To determ ine the PCR detection rate  of t(14;18) in follicular lymphomas 

and of t( ll;1 4 ) in m antle cell lymphomas using fresh/frozen and paraffin 

embedded samples.

3) To determ ine the ra te  of occurrence of the translocations in other 

lymphomas and in non-neoplastic lymphoid samples.

8.2 M aterials and m ethods

Lymphoma samples and control tissues were selected from the archives of 

the D epartm ent of Histopathology, UCL Medical School, London (Tables 8.3 

and 8 .6 ). DNA was extracted as described {2.4).
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8.2.1 T(14;18)

DNA extracts from 70 cases of FL (twenty fresh tissue and 50 paraffin 

embedded samples; Figure 8.1), and from other low grade B-cell lymphomas 

and  control tissues were examined (Table 8.3).

8 .2 .1 . 1  Southern blot analysis

H igh molecular weight DNA samples from tw enty cases of FL w ith  a 

previously detected Ig rearrangem ent were Southern blotted and 

hybridised w ith the bcl-2 probes pFL2 (MCR) and pFL3 (MBR) as described 

in  section 2.5. Previously characterised follicular lymphomas carrying 

t(14;18) a t the MBR and MCR were used as positive controls and hum an 

placental DNA as a germline control.

8.2.1.2 Polymerase chain reaction

PCR amplification was carried out on lymphomas and control tissue 

extracts using prim ers directed to t(14;18) MBR and MCR regions and to 

the  J  region of the IgH gene (MBR/J^ and MCR/Jg- section 2.6.4; Figure 

8.3). The same twenty fresh tissue extracts of FL used for Southern blot 

analysis were PCR amplified with both prim er sets for direct comparison of 

the  techniques. DNA samples of both fresh and formalin fixed, paraffin 

embedded tissue from five MBR/Jg positive cases, were examined. 

Sensitivity was estim ated by dilution of t(14;18) MBR positive tum our DNA 

w ith reactive tonsillar DNA (Table 8.7) prior to amplification w ith MBR/Jg 

prim ers followed by electrophoresis on 3% agarose or 7.5% polyacrylamide 

gels. To confirm specificity, and to enhance sensitivity, of amplification, 

MBR/Jjj products were Southern blotted and hybridised using chromosome 

18 MBR region (pFL3) probe. Sequencing of products (MBR/J^) from a 

single case of FL was performed {section 2.9). DNA extracts from paraffin 

embedded samples of FL, other lymphomas and controls tissue samples 

(Table 8.3) were screened using MBR/J^ primers. All positive cases were re

amplified from m ultiple aliquots of DNA (3-5) to investigate consistency of 

amplification and each case classified as reproducibly or sporadically
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positive. Follicular lymphomas were analysed using FRS/J^ prim ers to 

assess clonality {section 2.6.2). After amplification w ith the MCR/Jjj prim ers 

of tw enty fresh tissue extracts of FL and an additional 8  cases extracted 

from paraffin embedded m aterial no further screening was carried out, as 

only a single positive case was found.

8.2.2 T(ll;14)

DNA was extracted from 20 cases of MC lymphoma ( 6  fresh tissue and 14 

paraffin  embedded specimens; Figure 8.2), and from fresh tissue samples 

of 54 other low grade B-cell lymphomas, 2 cases of HD and 16 reactive 

lymphoid tissue samples (Table 8 .6 ).

8.2.2 . 1  Southern blot analvsis

Six high molecular weight DNA samples of MC lymphoma, which all 

showed clonal rearrangem ent of the IgH gene, were Southern blotted and 

hybridised w ith the hcl- 1  probe as described in section 2.5.1. A previously 

characterised MC lymphoma carrying t(ll;1 4 ) was used as a positive control 

and hum an placental DNA as a germline control.

8 .2.2.2 Polymerase chain reaction

Twenty MCL, including the six high molecular weight samples used for 

Southern hybridisation, and high molecular weight extracts from other low 

grade B-cell lymphomas and control tissues, as shown in Table 8 .6 , were 

analysed using two sets of prim ers which amplify from the MTC region of 

hcl-1 to the IgH gene. The MLC-2 prim er designed by Molot,^°® which is 

362bp upstream  of the SstI site and a novel prim er sequence (MLC-3), 

180bp upstream  of the SstI site, were used w ith a consensus prim er 

(Figure 8.4) using the conditions described in section 2.6.5. Both fresh tissue 

and paraffin embedded extracts from two positive cases were exam ined to 

compare amplification from high molecular weight and degraded DNA 

samples.

Sensitivity was estim ated by dilution of t(ll;1 4 ) positive tum our DNA w ith
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reactive tonsillar DNA (Table 8.7) prior to amplification w ith MLC-2/Jg or 

MLC-3/Jh prim ers followed by electrophoresis on 3% agarose or 6 % 

polyacrylamide gels. Specificity was confirmed by comparison of MCL-2/JH 

and MCL-3/JH product sizes and by sequencing {section 2.9). All positive 

cases were re-amplified using 3-5 further aliquots of DNA.
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Figure 8.1 Follicular lymphoma. (H & E).
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Figure 8.2 Mantle cell lymphoma. (H & E).
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Figure 8.3 A) Relative positions on the bcl-2 locus of DNA probes used for Southern blot 

analysis. Primer sites are shown as small bars. B) Strategy for amplification oft(14;18) at 

the major breakpoint. Primers are shown as small bars.

MCL-1 MCI^3 Ssü

11 14

JH
250 bp

450 bp

Figure 8.4 Strategy for amplification of t(ll;14). Primers are shown as small bars and 

approximate product sizes given below (see Figure 1.8).
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8.3 R esu lts

8.3.1.1 Southern blot analvsis

Ten of tw enty cases of FL, pre-selected for clonal rearrangem ent of the Ig 

heavy chain gene, showed clonal rearrangem ent of the bcl-2 gene in  two or 

more restriction digests, eight a t the MBR and two a t MCR (Table 8.1). The 

control follicular lymphomas showed appropriate rearrangem ent of either 

MBR or MCR, and placenta showed only germline fragm ents (Figure 8.5).

1 7 ^  

KB

P 1 2 3 4
V r . . . .

r

Figure 8.5 Southern hlot analysis of follicular lymphoma. DNA samples were digested with 

BamHI and hybridised with chromosome 18 (bcl-2) minor breakpoint probe pFL2. Lanes 

P- placental DNA; 1-4 different cases of FL. Lanes 2 and 4 contain rearranged bands.
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8.3.1.2 Polymerase chain reaction

Nine of tw enty (45%) high molecular weight DNA FL samples were 

reproducibly positive using prim ers. Two cases were sporadically

positive, one of which was consistently positive with the MCR/Jjj prim er set 

and  positive w ith the MBR/Jjj prim ers on a single amplification only (Figure

8 .6 ). Seven of eight MBR Southern blot positive FL were MBR PCR positive; 

two of twelve MBR Southern blot negative cases were MBR PCR positive. 

One of two MCR Southern blot positive cases was MCR PCR positive, 

however both showed sporadic positivity w ith MBE PCR and were MBR blot 

negative (Table 8.1). A single case showed strong hybridisation to pFL3 

despite a  lack of a visible band on the gel. A band was subsequently seen 

on repeat amplification.

Four of five t(14;18) MBR cases which were positive using fresh tissue 

extracts yielded an identically sized fragment when paraffin embedded 

extracts were analysed (Figure 8 .6 ). The fifth case was negative using the 

paraffin  embedded tissue extract.

D ilution experiments using MBR/Ju prim ers shoved th a t t(14;18) could be 

detected using 5ng of tum our DNA by gel electrophoresis and 0.05ng using 

blotting of PCR products, in Ipg  polyclonal tonsillar DNA (Table 8.7; Figure

8.7). The sequence of MBR/Jjj PCR products from a FL are shown in Table 

8 .8 . Searching the Genbank and EMBL databases using the sequences 

betw een the prim ers confirmed th a t BCL-2/Jg regions had  been amplified. 

PCR results obtained after screening of B-cell lymphomas and control 

benign lymphoid tissue specimens using the MBR/J^ prim ers are shown in 

Tables 8.2 and 8.3. T(14;18) was detected in 17 of 50 (34%) paraffin 

embedded samples of FL (Table 8.2). In total, 32 of 424 (8 %) samples were 

consistently positive for t(14;18) a t the MBR. 26 of 70 (37%) FL, 2 of 155 

(2%) MALT lymphomas, 1 of 21 (5%) MCL, 1 of 21 (5%) unclassified low 

grade B-cell lymphomas and 2 of 7 (29%) centroblastic lymphomas were 

positive. Two cases of FL, and one case each of MALT, B-CLL, NSHD, 

LPHD, MZCL and LP lymphomas gave a positive result which could not be 

reproduced on repeat PCR or extraction (Table 8.3).
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Figure 8.6 MBR/Jf^ PCR products. Lanes M- molecular weight markers; 1- previously 

characterised positive control FL; 2- no template; 3-7 extracts from cases of FL (lanes 5 and 

6 contain products amplified from fresh tissue and paraffin embedded tissue extracts, 

respectively, from a single case). All strong bands present on the gel, but none of the weak 

background products, hybridised to pFLS.

1 2 3 4 5 6 7 8  9101112

Figure 8.7 Southern blot of MBR PCR products amplified from the following amounts

of FL DNA mixed with Igg of placental DNA. Lane 1- lOOOng, 2- lOOng, 3- 50ng, 4- lOng, 

5- 5ng, 6- Ing, 7- 0.5ng, 8- O.lng, 9- O.OSng, 10- O.Olng, 11- O.OOSng, 12- O.OOlng.
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Table 8.1 PCR amplification oft(14;18) and IgH gene, and Southern blot detection of rearrangement of bcl-2 and IgH genes in FL.

CASE SOUTHERN BLOT^ PCR

MBR MCR MBR+MCR MBR MCR MBR+MCR FR3/JH

FLl - - - + - + +
FL2 + - + + - + +
FL3 - - - - - - +
FL4 - - - - - - +
FL5 - - - - - - +
FL6 + - + + - + +
FL7 - - - + - + -
FL8 + - + + - + +
FL9 - + + SP - SP +
FLIO - - - - - - -

FLU - - - - - - +
FL12 - - - - - - +
FL13 + - + + - + +
FL14 - - - - - - +
FL15 + - + + - + +
FL16 + - + + - + +
FL17 - - - - - - -

FL18 + - + + - + +
FL19 + - + - - - +
FL20 - + + SP + + +

TOTAL 8/20 2/20 10/20 9/20* 1/20 10/20 17/20
(40%) (10%) (50%) (45%) (5%) (50%) (85%)

cn
CO

SP= sporadically positive.  ̂Preselected for rearrangement of the IgH gene. * Not including two sporadically positive cases.



Table 8.2 PCR detection of t(14;18) and clonality analysis of fresh ! frozen and paraffin 
embedded follicular lymphoma samples.

SOURCE MCR/Jh MBR/Jh FR3/Jh MBR+FR3/Jh

FT 1/20 (5%) 9/20 (45%) 17/20 (85%) 18/20 (90%)
PT 0/8 17/50 (34%) 23/50 (46%) 33/50 (66%)

TOTAL 1/28 (4%) 26/70 (37%) 40/70 (57%) 51/70 (73%)

FT= fresh!frozen tissue samples preselected for IgH chain gene rearrangement detected by 
Southern blot.
PT= paraffin embedded tissue, unselected cases.
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Table 8.3 PCR detection of t(14;18) at the MBR in B-cell lymphomas, Hodgkin’s disease 
and non-malignant specimens. A single case of FL was positive using MCR/Jjj  primers.

DIAGNOSIS REPRODUCIBLE SPORADIC
POSITIVE POSITIVE

LOW GRADE LYMPHOMAS
FL 26/70 (37%) 2/70 (3%)
MALT 2/155 (1%) 1/155 (1%)
B-CLL 0/24 1/24 (4%)
MC 1/21 (5%) 0/21
MZCL 0/9 1/9 (10%)
IPSID 0/4 0
LP 0/1 1/1 (100%)
IC 0/1 0/1
UNCLASSIFIED 1/21 (5%) 0/21

TOTAL 30/306 (10%) 6/306 (2%)

HIGH GRADE LYMPHOMAS
CB 2/7 (29%) 0/7
IB 0/2 0/2
LB 0/1 0/1
UNCLASSIFIED 0/12 0/12

TOTAL 2/22 (9%) 0/22

HODGKIN’S DISEASE
NLPHD 0/10 1/10 (10%)
NSHD 0/18 1/18 (6%)
MCHD 0/11 0/11

TOTAL 0/39 2/39 (5%)

REACTIVE
PAROTID 0/9 0/9
LN 0/10 0/10
TONSIL 0/17 0/17
PBL 0/10 0/10
OTHER* 0/11 0/11

TOTAL 0/57 0/57

OVERALL TOTAL 32/424 (8%) 8/424 (2%)

5 skin, 4 conjunctiva, 1 bone, 1 orbit. 1
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8.3.1.1 Southern blot analvsis

Four of six cases of MC lymphoma showed rearrangem ent of the bcl-1 gene 

in  two or more restriction digests (Table 8.4). The control m antle cell 

lym phom a was rearranged and placenta showed only germ line fragm ents 

(Figure 8.8).

M 1 2 3 4 5 6 7

KB

7 7- 
KB

F igu re  8.8 Southern blot analysis of mantle cell lymphomas. DNA samples were digested 

with EcoRI and hybridised with bcl-1 probe. Lanes M- molecular weight markers; 1- 

placental DNA; 2 and 3- FL, 4-7 MCL. Samples in lanes 5 and 7 show rearranged bcl-1.

8.3.1.2 Polymerase chain reaction

Three of six high molecular weight DNA samples of MC lym phom a were 

PCR positive using both MCL-2/J h and MCL-3/J h (Figure 8.9), all of which 

showed rearrangem ent using Southern blot. D ilution experim ents using
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MLC-2 /Jh prim ers showed th a t the translocation could be detected using a 

m inim um  of 50pg of tum our DNA; a strong signal was seen down to 5ng 

(Table 8.7; Figure 8 .1 0 ). Comparison of MCL - 2  and MCL-3/Jh products from 

each positive MC lymphoma showed a size difference of the predicted 182bp 

(Figure 8.9). A sequence derived from a MC lymphoma using MLC-2/Jjj 

prim ers is shown in Table 8 .8 . Comparison of the sequence between the 

prim ers w ith the databases using GCG software confirmed th a t a BCL-l/Jjj 

region had been amplified.

2  of 14 (14%) paraffin extracts of MCL were positive w ith MCL-2/Jjj prim ers 

and 3 of 14 (21%) w ith MCL-3/Jjj prim ers (Table 8.5). The two cases 

examined using both fresh and paraffin embedded tissue extracts gave rise 

to identically sized fragm ents from each source, although the yield of PCR 

products amplified from the paraffin samples was significantly reduced in 

one case and abolished in the other using MCL-2 /Jjj prim ers (Figure 8.9). 

Of a total of 20 cases of MC lymphoma analysed 5 (25%) were positive w ith 

MCL-2/Jh and 6  (30%) w ith MCL-O/J^ prim ers (Table 8.5).

No positive samples were found after screening of other low grade B-cell 

lymphomas and benign lymphoid tissue specimens using the MLC-2/Jjj and 

MLC-3/Jh prim ers (Table 8 .6 ).
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Figure 8.9 MCL-2 U H  and MCL-3IJH PCR products amplified from a case of mantle cell 

lymphoma. Lanes M- molecular weight markers; 1- no template; 2 to 4- MCL-2 / J^ products 

from a fresh tissue extract (2) and two paraffin extracts (3 and 4); 5 to 7- MCL-3 Uf^ 

products from a fresh tissue extract (5) and two paraffin extracts (6 and 7).

M 1 2 3 4 5 6 7

200* .

Figure 8.10 MCL-3 U H  PCR products amplified from translocation t(ll;14) positive MCL 

diluted with Igg polyclonal tonsillar DNA. Lanes M- molecular weight markers; 1- lOOng 

tumour; 2- 50ng; 3-5ng; 4- 0.5ng; 5- O.lng; 6- 0.05ng; 7- O.Olng.

168



Table 8.4 PCR amplification oft(ll;14) and IgH chain gene, and Southern blot detection 
o f rearrangement o f bcl-1 gene and Ig heavy chain in MC lymphoma. PCR product sizes 
are shown in base pairs.

CASE
BLOT
BCL-1

BLOT PCR PCR PCR 
MLC-2 MLC-3 FR3/JH

MCLl + + +
MCL2 + 4- +(420) +(220) +
MCL3 + + +(470) +(270) +
MCL4 - + - - +
MCL5 - + - - +
MCL6 + + +(370) +(180) +

TOTAL 4 6 3 3 6
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Table 8.5 Detection o ft(ll;14) in MC lymphomas using DNA extracted from  
fresh and paraffin embedded tissue samples.

TISSUE
SOURCE

SOUTHERN
BLOT

PCR
MCL-2/Jh

PCR
MCL-3/Jh

FRESH/FROZEN 4/6 (67%) 3/6 (50%) 3/6 (50%)

PARAFFIN - 2/14 (14%) 3/14 (21%)

TOTAL* - 5/20 (25%) 6/20 (30%)

The overall detection rate using Southern blot and PCR was 35%. (7120).

Table 8.6 PCR detection o ft(ll;14) in low grade B-cell lymphomas and 
control specimens. All positive cases were reproducible.

DIAGNOSIS MLC-2 MLC-3

LOW GRADE LYMPHOMAS
MC 3/20 (15%) 6/20 (30%)
MALT 0/17 0/17
FL 0/12 0/12
MZCL 0/10 0/10
B-CLL 0/10 0/10
LP 0/3 0/3
PC ND 0/3
HCL 0/1 0/1
UNCLASSIFIED 0/1 0/1

TOTAL 3/74 (4%) 6/77 (8%)

REACTIVE
TONSIL 0/9 0/9
LN 0/5 0/5
SPLEEN 0/1 0/1
CONJUNCTIVA 0/1 0/1

TOTAL 0/16 0/16

OVERALL TOTAL 3/90 (3%) 6/93 (6%)
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Table 8.7 Sensitivity o f PCR for detection of t(14;18) MBRUfj  and t(ll;14) 
MCL-3 U jj using gel electrophoresis and hybridisation o f products (t(14;18) 
only). Aliquots o f tumour DNA were mixed with Ipg tonsillar or placental 
DNA.

AMOUNT OF 
TUMOUR (ng)

t(14;18)
GEL

t(14;18)
BLOT

t(ll;14)
GEL

1000 + + +
100 + + +
50 + + +
10 + + +
5 + + +
1 W+ + +
0.5 - W+ +
0.1 - W+ W+
0.05 - w+ W+
0.01 - - -
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Table 8.8 Sequences of translocation breakpoint PCR products derived from B-cell lymphomas (The MCL-3 primer sequence is underlined and 
the Jjj primer sequence double underlined).

to

LYMPHOMA PRIMERS SEQUENCE (5’-3’) HOMOLOGY

MCL2 MCL-2/Jh
Sequenced
f r o m  J j j

ATCTTCTTTT TTACAACTAA CAAAACCACT TTTTAGAAAG CTAAATCACA 
GTCTACCGAT ATGCAGTGCA GCAATTATGC TCCTCGCCTT TATCCAAAGG 
AGTTGAGACG TCCACGCAAA 
CCTGCACACC

Bcl-1 

J h J4?

FL18 MBR/Jh GGGGCTTTCTCATTGGCTGTCCTTTAG Bcl-2
Sequenced TTTGGCAGCCC N?
f r o m  bcl-2 TAGCAGCAGCTGGTAC

GGGTTGCTCCACTCACATTCCA
ACTGGTTCGACCCCTGGGGCCAGGGAACCCTGGTCACCGTCTCGTCAGGT

J h DNI
N?
J h J5



8.4 D iscu ssion

8.4.1 T(14;18)

PCR amplification of t(14;18) was shown to be highly sensitive and yielded 

specific products. Southern blotting and hybridisation to chromosome 18 

breakpoint probes confirmed specificity of t(14;18) amplification in each 

positive case and sequencing of products in one case confirmed amplification 

of expected hybrid sequences. Blotting and hybridisation also made 

in terpretation  much easier as weakly amplified non-specific products 

sometimes seen on gels did not hybridise to the probe. The sensitivity of 

detection achieved (5ng target DNA by gel electrophoresis, O.OSng by 

hybridisation of products) is easily sufficient for analysis of suspicious 

lymphoproliferative lesions a t diagnosis. However sensitivities in different 

cases would be expected to vary according to the size of the targe t fragm ent 

and the quality of the DNA.

In th is sm all series of pre-selected, IgH rearranged FL, PCR (50% detection 

using MBR and MCR primers) was equally successful in detecting t(14;18) 

as Southern blot analysis. However, in a larger study using high molecular 

weight DNA samples. Turner et aP̂ ® detected t(14;18) in 68% of 72 FL 

using Southern blot and in 49% using PCR, suggesting th a t the false 

negative ra te  is higher w ith PCR. Here, the detection ra te  was found to be 

lower (34%), when using MBR/Jjj prim ers to analyse unselected, paraffin 

embedded blocks. Amplification was successful in 4 of 5 paraffin extracts 

from cases in which fresh tissue was available for comparison, confirming 

th a t a proportion of translocations will be missed due to degradation of 

DNA in paraffin embedded samples. O ther workers detected the 

translocation in 35%-64% of cases using methods of comparable 

s e n s i t i v i t y . P o s s i b l e  reasons for the wide range of detection rates 

are sm all num bers of cases analysed, case selection and geographical 

differences. The true frequency of t(14;18) in follicular lymphomas is 

probably higher th an  the estim ates derived from molecular genetic studies, 

as breakpoints are known to occur outside the m ain cluster regions. A
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combination of cytogenetics, Southern blot, PCR and PFGE perm itted 

detection of the translocation in 90% of 40 cases of

Screening of low grade B-cell lymphomas confirmed the ra rity  of t(14;18) in 

tum ours other than  FL. However, 2% of MALT lymphomas and a single 

case each of B-CLL, MC and MZC lymphoma were consistently PCR 

positive. These results may represent either a) rare  instances of these 

lymphoma types carrying the translocation, b) amplification of 

translocations present in  cells unrelated to the tum our, c) mis-diagnoses on 

histology and immunophenotype or d) false positives due to contamination. 

Re-extraction of DNA and repeat PCR are required to rule out 

contam ination in each case, and further analysis and review of the histology 

are necessary to investigate the rem aining possibilities.

Sporadic positivity of MBR was observed in two cases of FL and in single 

cases of MALT lymphoma, B-CLL, MZCL, LP lymphoma, LPHD and NSHD. 

Poor reproducibility of amplification was unlikely to have been due to DNA 

degradation as each sample was extracted from fresh/frozen tissue and DNA 

integrity  was implied by successful Southern blot analysis and PCR 

amplification of IgH gene. In both cases of FL, showing sporadic positivity 

of t(14;18) MBR, Southern blot analysis indicated rearrangem ent of t(14;18) 

a t the MCR, but not a t the MBR. The case of MALT lymphoma which was 

PCR positive had previously been analysed by cytogenetics and by Southern 

blot analysis and found to be t(14;18) n e g a t iv e .T h e s e  findings suggest 

th a t the positive results represented amplification of rare  clones w ithin the 

tissue samples, ra the r than  of the m ain tum our clones, or th a t sporadic 

false positives due to contamination had occurred.

The ra rity  of t(14;18) in MLALT lymphoma confirms th a t the translocation 

is not a  feature of th is tum our and supports the proposal th a t the tum our 

is a distinct disease entity  from FL.^^^

No unequivocal evidence of t(14;18) was found in 39 cases of HD. This 

finding is in agreem ent w ith A than et al ( 0  of 34 positive)^^^ and Said (0 of 

30 positive)^®® who found no evidence of t(14;18) in FL using PCR. In 

contrast, Stetler-Stevenson and co-authors^®® found the translocation in 32%
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of cases of HD. Contamination in th is series is unlikely as the analysis was 

carried out independently a t two centres. It is possible th a t the ir positive 

signals represent non-specific amplification resulting from inadequate 

optim isation of PGR reaction conditions or amplification of ra re  cells 

unrelated  to the HD clones. These interpretations, in the light of the  other 

conflicting reports, would suggest th a t the m alignant cells of HD do not 

carry t(14;18) and are not derived from follicle centre B-cells.

In common w ith the results presented, t(14;18) has been detected in  CB 

lymphomas by Kneba et aP°^ who studied 165 cases of non-Hodgkin's 

lymphoma and found the translocation only in FL (39%), CBL (6 %) 

immunocytic lymphomas (8 %), Therefore the translocation is not a 

w idespread feature of B-cell lymphomas, and appears to he very ra re  in low 

grade B-cell lymphomas other than  FL.

Despite reports of t(14;18) in hyperplastic and norm al lymphoid 

t i s s u e , n o  such samples were positive in th is study, despite use of a 

sensitive FOR and hybridisation strategy. Segal et aP̂ ® also found no 

t(14;18) using MBR PGR in 111 samples of reactive follicular hyperplasia. 

The studies in  which t(14;18) was amplified from non-neoplastic sam ples 

were designed to pick up rare cells carrying the translocation. For example, 

Lim pens et aP^^ used a nested PGR and blotted and hybridised the  products 

w ith chromosome 14 and 18 probes and found evidence of the translocation 

after analysis of large amounts of DNA (5-7pg) extracted from blood 

sam ples from 6  of 9 healthy donors. In the present study approxim ately 

200-400ng DNA of 57 non-neoplastic samples were analysed and all were 

negative using the adopted technique. Very weak hybridisation signals were 

seen in  occasional cases after prolonged exposure of Southern blots of PGR 

products. I t is impossible to in terpret such signals as positive w ith 

confidence, though they are consistent w ith the presence of the 

translocation a t a low frequency in a proportion of individuals w ithout 

lymphoma. The method chosen for detection of the translocation therefore 

needs to he of an appropriate sensitivity. The data  presented here suggest 

th a t single step PGR with blotting and hybridisation will rare ly  detect
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translocations in normal lymphoid samples and th a t the false negative ra te  

resulting from inadequate sensitivity will be low.

The higher ra te  of detection of sporadic positives in lymphoma samples th an  

in  reactive lymphoid tissue, w ith alternative evidence th a t the tum our 

clones did not carry the translocation, m ay be due to predisposition of these 

patien ts to translocations or an im paired ability to inhibit proliferation of 

such aberran t cells. However, further studies are necessary to confirm these 

resu lts and to investigate other interpretations.

Only one of twenty eight cases of FL was positive using MCR/Jh prim ers 

suggesting th a t MCR translocations are relatively rare  or are not am enable 

to PCR amplification. Results presented by Ngan et al,̂ ^® who amplified 

PCR products ranging from 550-1000bp, suggest th a t MCR breakpoints are 

less closely clustered than  those of the MBR and may not be amplifiable 

from degraded DNA samples. For these reasons, extensive screening of 

lymphomas for t(14;18) was carried out using MBR/Jg primers.

Although PCR detection of t(14;18) may be of benefit to the diagnosis in  a 

proportion of cases of FL, the technique is limited by the high false negative 

ra te  and the possibility of amplifying rare  cells harbouring the 

translocation. To an extent th is possibility can be overcome by performing 

m ultiple amplifications and by lim iting the sensitivity of the PCR. C urren t 

reports suggest th a t immunohistochemical dem onstration of bcl- 2  protein 

is the most useful technique to aid the diagnosis of difficult follicular 

ly m p h o p ro life ra tio n sa lth o u g h  PCR may be helpful in cases in  which the 

im m unostaining is equivocal. A combination of clonality analysis and 

dem onstration of t(14;18) may be helpful in distinguishing FL from reactive 

conditions in difficult cases.

8.4.2 T (ll;14)

PCR amplification using prim ers directed to the t(ll;1 4 ) breakpoint was 

shown to be highly sensitive and specific. Comparison of PCR product sizes 

using two chromosome 11 targeted prim ers confirmed specificity of t( ll;1 4 )
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amplification in each positive case and sequencing of products in a single 

case confirmed amplification of appropriate translocation sequences. 

Amplification followed by gel electrophoresis provided high sensitivity with 

m inim al non-specific products, thus precluding the need for blotting and 

hybridisation of products.

U nfortunately, only six fresh tissue specimens of MC lymphoma were 

available for analysis. Of these, four (67%) were shown by Southern blot 

analysis to have rearrangem ent of the bcl-1 locus using a single MTC region 

probe. This compares with detection rates using Southern blot analysis of 

29-53%.^°^’̂ ^̂  Williams et al̂ ®̂  used a more comprehensive Southern blotting 

strategy  w ith four probes to different regions of the bcl- 1  locus and showed 

bcl-1 rearrangem ent in 52% of cases. These more extensive studies suggest 

th a t  about ha lf the cases of MC lymphoma do not carry Southern blot 

detectable t(ll;14 ).

Three cases, all rearranged by Southern blot, were positive using PCR 

amplification of the MTC region w ith MLC-2/Jjj and MLC-3/Jjj prim ers. 

Thus only 75% of MC lymphomas w ith rearrangem ent a t the MTC, and 

therefore most probably carrying t(ll;14 ), were PCR amplifiable.

Of 14 paraffin embedded tissue samples, three were PCR positive (21%), 

suggesting th a t the incidence of the translocation in these cases was low or 

th a t  degradation of DNA resulted in false negatives. In two cases positivity 

w as seen in both fresh tissue and paraffin-embedded tissue extracts using 

MCL-3/Jjj prim ers, but one failed to amplify using the MCL-2/Jh prim ers. 

Therefore the MCL-3/Jh combination, which generates sm aller fragm ents 

(about 2 0 0 bp) is better suited to paraffin embedded m aterial.

O ther authors reported detection rates of 36%-39% in high molecular weight 

DNA samples of unselected MCL^°®’̂ ®̂ and in 94% of selected cases w ith 

proven MTC breakpoints,^®^ using prim ers which amplified fragm ents of 

betw een 300 and 650bp. These data  confirm th a t a high proportion of MCL 

will not be amenable to PCR amplification using MTC directed prim ers 

alone.

O ther lymphoma types (B-CLL, FL, MZC and MALT lymphoma) were
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uniformly negative for t(ll;1 4 ) using high molecular weight DNA, 

suggesting th a t the translocation is rare  or absent in these tum ours. 

T (ll;14 ) has occasionally been detected in other tum our types, including B- 

CLL,^^^ m ultiple myeloma,^^° prolymphocytic leukaemia^®® and in  15% of 

splenic lymphomas w ith villous lymphocytes (SLVL), which is thought to 

represen t the same disease entity  as MZCL.^^® However de Boer et al̂ ^̂  

reported no rearrangem ents in the MTC by Southern blot analysis in 78 

cases of B-CLL, 27 cases of FL and 8  cases of extra-nodal lymphoma. 

L u th ra  et aF̂ ® found no positives in FL and diffuse large cell lymphomas 

using PCR. W hilst it is necessary to analyse more cases to draw  firm 

conclusions, it appears th a t t(ll;1 4 ) is rare  in lymphoma types other th an  

MCL, furtherm ore some of the cases previously reported as positive may 

represen t mis-diagnosed MCL.^°®

At p resen t the use of t(ll;1 4 ) PCR as a diagnostic tool is lim ited by the high 

false negative rate. The most effective techniques for detection of the 

translocation are cytogenetics and PFGE,^^^ which require viable cells or 

fresh tissue samples. It may be possible to design m ultiple prim ers to 

increase the detection rate, but wide scattering of the breakpoints w ithin 

the bcl-1 locus may make th is d i f f i c u l t . T h e  most useful diagnostic 

adjunct appears to be immunohistochemical dem onstration of cyclin D l, 

which is positive in almost all MCL.̂ ®®

8.5 C on clusions

PCR provides a sensitive and specific m eans of detecting t(14;18) and 

t( ll;1 4 )  in histological samples. T(14;18) and t(ll;1 4 ) are rarely  detectable 

in  low grade B-cell lymphomas other than  FL and MC lymphomas, 

respectively. However, negative results, due to absence of translocation, 

scattering  of breakpoints and DNA degradation, are frequent and 

amplification of rare  cells unrelated to tum ours may occur. Therefore PCR 

amplification of these translocations may play only a minor role in  the 

diagnosis of low grade B-cell lymphomas, as negative resu lts are unhelpful
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and positive results cannot be regarded as proof of tum our type. PCR 

amplification of these translocations and other molecular genetic 

aberrations, however rem ain im portant tools in the characterisation and 

understanding of lymphomas generally.
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CHAPTER 9

MYOEPITHELIAL SIALADENITIS AND LOW GRADE 

B-CELL MALT LYMPHOMA OF THE PAROTID GLAND

9.1 In trod uction

PCR techniques, applicable to paraffin embedded tissue samples, bave been 

established for B-cell clonality analysis {Chapters 3 and  5), tracing of 

specific tum our clones {Chapter 6) and for dem onstration of chromosome 

translocations {Chapter 8) and infectious a g e n t s . T h e s e  perm it 

comprehensive study of the behaviour and molecular genetic associations 

of B-cell lympboproliferative disorders.

MALT lymphomas of the parotid gland arise in a background of 

myoepithelial sialadenitis (MESA), also term ed benign lymphoepithelial 

lesion, usually in association w ith Sjogren’s syndrome (SS).®^’̂ '̂̂  The 

emergence of MALT lymphomas in th is setting is analogous to th a t of 

gastric MALT lymphomas from H. pylori gastritis {section 1.4.1.1 and  

Chapter 5). In common with gastric MALT lymphoma, the histological 

features which define the onset of lymphoma w ithin MESA have not been 

precisely defined. The criteria necessary for the crucial distinction between 

benign and m alignant lymphoproliferation rem ain contentious.

It has been argued th a t B-cell monoclonality in a lympboproliferative lesion 

of the parotid gland heralds the onset of m alignant lymphoma.^ '̂^^ '̂^^ '̂^^  ̂

O thers, however, have taken the view th a t B-cell monoclonality is 

insufficient evidence of lymphoma and indicates a t best a  prelymphomatous 

condition or " p s e u d o l y m p h o m a " . B -c e l l  monoclonality can be determ ined 

indirectly by dem onstration of light chain restriction using 

immunohistochemistry, w ith the advantage th a t th is can often be achieved 

using formalin fixed, paraffin embedded t i s s u e . L i g h t  chain staining, 

however, cannot be used to determine the clonal relationship between 

lesions removed from different sites, or a t different tim es during the course 

of a disease. This requires Ig gene rearrangem ent studies using Southern 

blot analysis^^° or PCR {section 1.7.2.1.1).^^^ The advantage of PCR is tha t,
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as shown in Chapter 3, it can be performed on paraffin embedded tissue 

and  th is greatly augm ents the num ber of cases available for analysis. 

Previous histological and immunohistochemical investigations of 

lympboproliferative lesions of the parotid gland have described a spectrum  

of disease between uncomplicated MESA, monoclonal B-cell lesions and 

overt lymphoma.^ '̂^^ '̂^^ '̂^^  ̂ These studies suggested th a t an expansion of 

centrocyte-like (COL) B-cells around lymphoepithelial islands was indicative 

of lymphoma. The finding of identical light chain restriction pa tterns in 

these  parotid lesions and subsequent dissem inated lymphomas in such 

cases fu rther suggested a clonal relationship between the two lesions. 

Chromosome translocation t(14;18) has been observed a t relatively high 

frequency in lymphomas arising in the salivary glands^^®’̂ ^̂  and Epstein 

B arr v irus (EBV) has been associated w ith several subtypes of lymphoma 

and  w ith  the development of SS.®® Helicobacter pylori antigens have been 

shown to play a stim ulatory role in the development of low grade gastric B- 

cell MALT lymphoma (Russell, section 1.4.1.1). As H. pylori has been 

dem onstrated in the hum an oral cavity,®®’®̂ it is possible th a t the  organism 

can survive in the salivary gland ducts and hence play a sim ilar role in the 

development of MALT lymphoma a t th is site.

The aim s were:-

a) to use a combination of PCR and im m unohistochem istry to assess 

clonality in  lympboproliferative lesions of the parotid, in order to define 

precisely the histological features which accompany monoclonality.

b) to determ ine the clonal relationship between early and recurren t 

lymphom a by PCR amplification of IgH genes in sequential biopsies of 

recu rren t parotid gland lesions and extra-parotid lymphoma.

c) to investigate the putative associations of t(14;18), EBV and H. pylori 

w ith MALT lymphomas of the parotid.

9.2 M ateria ls and m ethods

Sam ples were obtained from the surgical pathology files of the departm ent 

of Histopathology, University College London Medical School or from the
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E astm an  Dental Hospital, London. All available formalin fixed, paraffin 

embedded blocks of parotid biopsies w ith a diagnosis of either MESA or low 

grade B-cell lymphoma of MALT type were selected for study (N=45). 31 

cases were originally diagnosed as MESA (including all 26 cases received 

before 1988) and 14 as low grade B-cell lymphoma of MALT type. The sex 

ratio  was 6  females to 1 male and the age range from 26 to 84 years, w ith 

an average of 52.

Blocks from sequential biopsies of parotid or dissem inated disease were 

available in seven patients (Table 9.1). Extra-parotid sites of disease 

included the subm andibular salivary gland, minor salivary gland, stomach 

and lymph nodes. Two of these patients (1 and 2) have been previously 

described.®"^

9.2.1 Histology and immunohistochemistry

In all cases the histology was reviewed (by Professor P Isaacson) and 

representative sections stained w ith antibodies to K and X light chains and 

CD20 pan B-cell m arker {section 2.11).

9.2.2 Polymerase chain reaction

Paraffin embedded tissue samples were prepared for PCR as described 

{section 2.4.2). Each extract was analysed by PCR for clonal rearrangem ent 

of the IgH gene, chromosome translocation t(14;18), the presence of EBV 

and of H. pylori {section 2.6). Each experiment was duplicated and 

accompanied by an appropriate positive control, as described below, and a 

negative control containing no tem plate DNA.

9.2.2 . 1  Immunoglobulin heavv chain gene

Amplification of the IgH gene was carried out using FR3/Jjj prim ers {section 

2.6.2). DNA extracted from paraffin sections of a FL was used as a 

monoclonal control. Products were analysed on 10% polyacrylamide gels and 

those from sequential biopsies were run  in adjacent lanes to allow direct 

size comparison.

182



9.2.2.2 T(14:18)

T(14;18) was amplified using prim ers directed against the major breakpoint 

region (MBR) of the bcl-2 gene and to the J  region of the IgH gene (J^) and 

products run  on 2% agarose gels, blotted to nylon m em branes and 

hybridised w ith bcl-2 MBR probe, pFL3 (sections 2.6.4 and 8.2.1.2). A  

positive control was provided by DNA extracted from paraffin sections of a 

follicular lymphoma, previously shown to carry PCR-amplifiable t(14;18).

9.2.2.3 Epstein-Barr virus

Prim ers to the BamHIW repeat of EBV (EBVl and EBV2) were used to 

detect the virus and products run  on 3% agarose gels (section 2.6.6). EBV 

positive cells from the Raji B-cell line were used as a control.

9.2.2.4 Helicobacter pvlori

H. pylori urease A gene was PCR amplified using the protocol described in 

section 2.6.7\ an H. pylori positive gastric biopsy extract was used as a 

positive control.

9.3 R esu lts

9.3.1 Histology

On review of the histology, 9 cases were characterised by a lymphoid 

in filtrate  consisting of reactive B-cell follicles surrounded by a diffuse mixed 

polymorphic lymphoid population, and the presence of lymphoepithelial 

islands (Figure 9.1A). According to previously suggested criteria these cases 

were classified as histologically benign MESA.^^"  ̂In 36 of the parotid lesions 

there  was an  expanded population of CCL cells which in its least extent 

formed a "halo" around lymphoepithelial islands (Figure 9. IB) and in  its 

greatest extent occupied most of the gland, displacing and destroying the  

reactive follicles (Figure 9.1C). These 36 cases fulfilled the criteria  

previously suggested as indicative of lymphoma.^^"^
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9.5.2 Immunohistochemistry and PCR

O f 45 parotid infiltrates analysed using imm unohistochem istry 25 showed 

light chain restriction (LCR), 15 showed no LCR and in five cases the 

stain ing  was unsatisfactory.

PCR analysis showed a monoclonal pa ttern  in 25 of the parotid  samples 

(Figures 9.2 and 9.3) and a polyclonal sm ear of products in 19. An 

oligoclonal pa ttern  of three discrete bands was seen in one case. All positive 

and negative controls showed appropriate products in all PCR reactions 

performed (Figure 9.2 and 9.3).

Monoclonality was detected w ith both IHC and PCR in 18 cases, w ith PCR 

alone in 8  and with IHC alone in 8 . Overall, monoclonality w as detected in 

34 of 45 cases, 10 cases were polyclonal and one sample was oligoclonal 

(Table 9.2).

9.3.3 Correlation o f histology with immunohistochemistry and PCR

All 34 cases which were monoclonal by either im m unohistochem istry or 

PCR, showed an expanded population of CCL cells around lymphoepithelial 

lesions. Of the eleven cases in which monoclonality was not detected by 

e ither technique, two cases showed an expanded population of CCL cells 

and nine cases did not. In each of 36 cases w ith an expanded population of 

CCL cells a B-cell phenotype was confirmed by CD20 positivity.

9.3.4 Sequential biopsies

PCR studies of sequential biopsies showed persistence of the  same sized 

PCR product in all biopsies taken  throughout the course of the  disease in 

six patien ts (Figures 9.2 and 9.3) and in the seventh no amplifiable DNA 

was extracted from the first biopsy (Table 9.1).

9.3.5 PCR amplification oft(14;18), E B V  and H. pylori

PCR amplification of t(14;18), major breakpoint region was negative in all 

45 parotid  samples analysed although the positive control follicular 

lymphoma gave rise to the expected 115bp fragm ent which hybridised to
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pFL3. 3 of 45 parotid samples were positive for EBV by PCR am plification 

of the BamHIW  fragment. All 45 specimens were negative for H. pylori, 

although the positive control yielded the expected 411bp fragm ent (Figure 

9.4).

Figure 9.1 A) Section of parotid gland from a case of MESA with no evidence of B-cell 
monoclonality. Overleaf-
B) Parotid lymphoid infiltrate which showed B-cell monoclonality. There is a halo-like 
expansion of CCL cells around lymphoepithelial islands.
C) Established low grade B-cell MALT lymphoma of the parotid.
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Figure 9.1 B) and C) See previous page for legend.
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M l  2 3 4 5 6

Figure 9.2 PCR products amplified from extracts of sequential biopsies from case 1. Lane 
M- p h iX / H infl molecular weight markers (the 100 base pair fragment is indicated on the 
left), 1- negative control (no template DNA), 2- positive control (Raji B-cell line), 3- parotid  
1981, 4- bone marrow 1989, 5- gastric biopsy 1989, 6- retroperitoneal LN  1989. Two discrete 
fragments of the same size have been amplified from each biopsy (except the bone marrow  
sample which failed to support PCR) suggesting involvement of the same B-cell clone.

M l  2 3 4 5 6

Figure 9.3 PCR products amplified from extracts of sequential biopsies from case 3. Lane 
M- ph iX !H infl molecular weight markers (the 100 base pa ir fragment is indicated on the 
left), 1- positive control (Raji B-cell line), 2- polyclonal control (hyperplastic tonsil), 3- 
negative control (no template DNA) 4- parotid 1974, 5- minor salivary g land 1992, 6- 
cervical L N  1993. One discrete fragment of the same size has been am plified from each 
biopsy suggesting involvement of the same B-cell clone.

187



1 2 3 4 5 6 7

M 1 2 3 4 5 6 7
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M 1 2 3 4 5 6 7

Figure 9.4 PCR amplification of t(14;18), EBV and H. pylori. Lanes M- molecular weight 
markers; 1- no template; 2- positive controls; 3-7 parotid lesions all diagnosed as MALT  
lymphomas. A) H ybridisation of t(14;18) [M B R IJ J  PCR products with pFLS, B) 
polyacrylam ide gel of EBV products, C) polyacrylamide gel of H. pylori PCR products. All 
control samples are positive and all test samples, with the exception of sam ples in lanes 5 
and 7 for EBV, are negative.
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TABLE 9.1 Clonality analysis o f sequential biopsies using PCR and 
immunohistochemistry. U = unsatisfactory result (a failure o f the DNA sample to 

support PCR amplification or uninterpretable staining for light chains). The 
figures in brackets show the number of dominant PCR fragments amplified from  
each sample. K = kappa light chain restriction. LN  -  lymph node.

CASE BIOPSY PCR IHC

Case 1 Parotid 1981 + (2) + (K)
Bone marrow 1989 U + (K)
Gastric 1989 + (2) + (K)
Retroperitoneal LN 1989 + (2) + (K)

Case 2 Parotid 1980 + (1) + (K)
Cervical LN 1989 + (1) U

Case 3 Parotid 1974 + (1) + (K)
Minor salivary gland 1992 + (1) + (K)
Cervical LN 1993 + (1) + (K)

Case 4 Right parotid 1983 + (1) + (K)
Left parotid 1986 + (1) + (K)

Case 5 Right parotid 1986 + (1) + (K)
Left parotid 1993 + (1) + (K)

Case 6 Left parotid 1983 U U
Left parotid 1991 + (1) U

Case 7 Parotid 1985 + (1) + (K)
Submandibular gland 1991 + (1) + (K)
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TABLE 9.2 Immunohistochemical and PCR determination o f clonality 
in parotid gland biopsies.

CLONALITY IHC PCR IHC + PCR

MONOCLONAL 25 25 34*
POLYCLONAL 15 19 10**
OLIGOCLONAL -

1*.. 1***
UNINTERPRETABLE 5 - -

All biopsies were characterised by an expansion o f CCL cells around 
lymphoepithelial islands.

An expansion o f CCL cells was present in 2 cases.
Three PCR fragments amplified.

9.4 D iscu ssion

Under ideal conditions of formalin fixation and paraffin embedding 

immunohistochemical staining for Ig light chains will show light chain 

restriction in approximately 80% of B-cell l y m p h o m a s s i m i l a r l y ,  PCR can 

detect monoclonality in about 80% of low grade B-cell lymphomas {Chapter 

265 the heterogeneous nature  of the m aterial used in  th is study, which

consisted of paraffin embedded tissue fixed by unknown methods and stored 

for periods up to 22 years, it is not surprising th a t the efficiency of both 

methods was reduced. By combining the results from both techniques it is 

likely th a t the m ajority of monoclonal cases were identified but a small 

num ber of false negative cases cannot be excluded. The results confirm 

previous suggestions th a t the presence of a population of CCL cells around 

lymphoepithelial islands is indicative of the emergence of a monoclonal B-cell 

population. This appearance was observed in all monoclonal cases and in only 

two polyclonal cases in which a false negative resu lt cannot be excluded. 

PCR products of identical size were amplified from the early parotid lesion and 

from la te r more advanced disease in six of seven cases, including 

subm andibular disease in one patien t and extra-salivary lymphoma in three 

patients. This is good evidence th a t the same clone was involved in the early
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and late phases of the disease in each patien t (although sequencing of 

dom inant fragm ents is required to prove a clonal link in each case). This 

in terpretation  supports the argum ent th a t the emergence of a monoclonal B- 

cell population in the context of MESA heralds the onset of lymphoma. I t does 

not exclude the possibility th a t further, unidentified genetic changes m ay 

precede progression and dissemination. Until such factors are identified, 

however, patients w ith monoclonal B-cell infiltrates of the parotid should, a t 

least, be kept under regular surveillance. There is no way of predicting the 

likely tim e course of low grade MALT lymphomas following the first diagnostic 

biopsy. In th is series of cases the interval between initial biopsy diagnosis and 

dissem ination varied from 3 to 19 years; sim ilarly long intervals have been 

reported for other MALT lymphomas {Chapter 6). Oligoclonal B-lymphocyte 

populations have been detected in salivary gland biopsies of SS patients,^^^ and 

in terpreted  as evidence of a prelymphomatous state. Oligoclonality was 

observed in only one case in th is series, which did not show the histological 

features associated w ith monoclonality. The significance of oligoclonality thus 

rem ains unclear. The adoption of more sensitive m eans of PCR analysis of IgH 

variable regions, including radio- or fluorescence-labelling of products 

combined w ith high resolution electrophoresis,^^® m ay perm it more precise 

assessm ent of expanded minor clones, which m ay or m ay not he clinically 

significant.

PCR analysis failed to dem onstrate t(14;18) in any of the biopsies. This 

contrasts w ith the findings of Kerrigan et al®̂® who detected the translocation 

in 3 of 7 cases of salivary gland lymphoma using Southern blot analysis and 

P isa e t al®®® who found 5 of 7 positive SS associated lymphomas of the salivary 

gland using Southern blot and PCR analysis of major and m inor breakpoint 

regions. As minor cluster region PCR was found to identify few translocations 

and to work poorly on paraffin tissue extracts {Chapter 8),̂ ®® prim ers directed 

only to the major breakpoint region were used. However, th is m ethod detects 

t(14;18) in 34-64% of cases of follicular lymphoma {Chapter 8) and if th is 

translocation was characteristic of salivary gland lymphoma it should have 

been detectable in a significant num ber of these cases.®®® In the study of
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K errigan et the cases w ith t(14;18) appear to have been follicular 

lymphomas of in traparotid  lymph nodes while the negative cases arose in the 

parotid parenchym a and are more likely to have been MALT lymphomas. The 

study by Pisa et aP̂ ® contains too few histological da ta  for in terpretation. 

Only three of the 45 cases (all diagnosed as lymphomas) were positive for EBV 

using PCR. This incidence of EBV positive cases (3 of 36 lymphomas or 8%) 

is sim ilar to figures published for other lymphoma t y p e s . T h i s  suggests th a t 

EBV is not strongly associated w ith the pathogenesis of lymphoma of the 

parotid. It is consistent w ith involvement of EBV in the development of 

lymphoma in a m inority of cases, or w ith the hypothesis th a t EBV is a 

’passenger’, and plays no direct role in carcinogenesis. No evidence of H. pylori 

was found by PCR analysis of the 45 samples, suggesting th a t th is organism 

is not directly involved in the development of MALT lymphoma a t th is site. 

W right speculated however,^^^ th a t H. pylori m ay influence development of 

MESA by induction of autoreactivity of B-lymphocyte clones to salivary gland 

ducts, thus acting indirectly. F urther studies are needed to clarify the role of 

H. pylori and other infectious or auto- antigens a t th is site.

9.5 C onclusions

The finding of monoclonal populations of B-cells in th is series of parotid 

lesions with expanded populations of CCL cells around lymphoepithelial 

islands, supports previous evidence th a t th is histological appearance is 

indicative of lymphoma.

Identically sized IgH PCR products were amplified in early, recurrent and 

extra-parotid phases in six of seven parotid lymphomas. This shows th a t a 

single B-cell clone was expanded in each patien t and suggests th a t detection 

of dom inant clones of B-cells in lympboproliferative lesions of parotid supports 

a diagnosis of lymphoma.

T(14;18) and H. pylori were not detected in these parotid lesions, and EBV 

DNA was dem onstrated in only three cases, suggesting th a t the translocation 

and these infective agents are not involved, or are rarely  involved, in the 

development of MALT lymphomas of the parotid.
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CHAPTER 10

GENERAL DISCUSSION AND FUTURE DIRECTIONS

The application of PCR to histopathology represents a major advance which 

perm its molecular genetic analysis of routinely fixed and processed tissue 

samples. In  th is study, it has been shown th a t PCR can be used in 

lymphoma pathology to assess clonality in B- and T-cell proliferations 

{Chapters 3, 4, 5 and 9) and to detect tum our specific chromosome 

translocations {Chapter 8). These investigations have diagnostic applications 

and may be used to complement other histological techniques such as 

im m unohistochem istry {Chapter 9). They also provide sensitive m arkers 

w ith which to study aspects of tum our biology such as aetiology, 

dissem ination and recurrence {Chapters 6, 7 and 9)

Refinement of strategies for amplification of antigen receptor genes and 

translocations by improved prim er design and methods of product 

analysis,^^®’̂ ^̂  and introduction of quantitative criteria,^^^ will perm it more 

accurate diagnostic application of PCR in the future. The development of 

autom ated and rapid cycling methods may also improve reproducibility and 

reduce the tim e and cost of analysis.

In  addition to assessm ent of clonality, PCR amplification of IgH genes can 

be used to study somatic m utations in the variable regions of B-cell tum ours 

{Chapter 6). A picture is now emerging of the patterns of m utation in B-cells 

a t specific stages of differentiation and in their m alignant counterparts.^®® 

This provides clues to the differentiation stage of the cell of origin and 

subsequent history of m alignant clones, and a m eans of categorising B-cell 

tum ours of unknown origin.^®® Amplification and sequence analysis of Ig and 

TCR genes allows study of germline segment usage in norm al lymphocytes 

and tumours.®®® This information may provide clues to the immunological 

signals which drive lymphoma development.®®^
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PCR m ay be applied to any genetic target and provides the tool for the 

discovery and rapid analysis of further genetic lesions associated with 

lymphomagenesis. The influences of oncogenes, such as c-myc and bcl-2, 

tum our suppressor genes, such as p53 and DNA repair genes^^°

and infectious agents,^^^ are now under close scrutiny. I t is likely th a t 

fu rther diagnostic and prognostic m arkers will be identified which will 

allow more precise molecular classification of lymphomas and lead to a 

be tter understanding of these tumours. This should resu lt in improvements 

in diagnosis, prognosis and patien t care.

For the histopathologist, the major disadvantage of standard  PCR is th a t 

the cellular origin of the DNA amplified cannot be identified. This prevents 

precise correlation of molecular genetic information w ith histology. To some 

extent th is lim itation can be overcome by microdissection of groups of cells 

or single cells of in terest {Chapter 7).̂ ^̂  However, these techniques are 

technically dem anding and may suffer from contamination problems. In situ 

PCR, in which the amplification process is carried out on in tact sections, is 

now under development.^^^ This promises to be the next major advance for 

m olecular genetic pathology. Potential targets include infectious organisms 

and chromosome aberrations such as translocations. Successful in situ 

amplification of several nucleic acid targets, particularly viral sequences, 

has been reported.^^^ Problems rem ain with the methodology, particularly  

those related to diffusion of PCR products from cells carrying the tem plate 

DNA. '̂^  ̂ If  these can be resolved, in situ PCR will be a major research and 

diagnostic tool in histopathology.
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APPENDIX

A l C lassifica tion  o f lym phom as

Table A1 Classification of lymphomas described in this thesis and their common synonyms.

LYMPHOMA SYNONYMS

Low g rade  B-cell
B-CLL B-lymphocytic, small lymphocytic
Follicular Centroblastic/centrocytic
IPSID Mediterranean lymphoma
Lymphoplasmacytic Lymphoplasmacytoid, immunocytoma
MALT Small lymphocytic
Mantle cell Centrocytic
Marginal zone cell Monocytoid
Plasmacytoma Myeloma/plasmacytic

H igh grade  B-cell
Burkitt’s
Centroblastic
Immunoblastic
Lymphoblastic Precursor B-lymphoblastic
(Large cell)

T-cell
Angioimmunoblastic Diffuse mixed, small and large cell
Anaplastic large cell Large cell immunoblastic
Cutaneous Mycosis fungoides, Sezary

syndrome, small cell cerebriform.
Enteropathy associated Intestinal T-cell
Peripheral
Precursor T-lymphoblastic

H odgkin’s disease
Mixed cellularity (MCHD)
Nodular lymphocyte predominance (NLPHD)
Nodular sclerosis (NSHD)
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A2 R eagen ts and supp liers

ITEM SOURCE

Acetone Merck
Agarose

Normal BioRad
Low melting temperature Sigma

Ammonium persulphate Sigma
Ampicillin Sigma
Antibodies and related reagents-

Anti-CD3 Dako
Anti-CD20 (monoclonal) Dako
Anti-CD79a (monoclonal) D. Mason, Oxford
Anti-K (polyclonal) Dako
Anti-X (polyclonal) Dako
Biotinylated swine anti rabbit Dako
Biotinylated bridge reagent Dako

Bactoagar Difco
P-mercaptoetbanol Sigma
Boric acid Merck
Bromopbenol blue Sigma
Camera C5 Polaroid
Chloroform Merck
DAB Sigma
Dextran sulphate Pharmacia
Dimethyl formamide Sigma
dNTP Promega
EDTA Sigma
Ethanol Merck
Ethidium bromide Sigma
Filter paper (No. 1) Merck
Glucose Sigma
Hybond N^ hybridisation membrane Amersham
Hydrochloric acid Merck
Hydrogen peroxide Sigma
Iso-amyl alcohol Sigma
Klenow enzyme Pharmacia
Lambda/Hindlll markers Pharmacia
Magnesium chloride Sigma
Magnesium sulphate Sigma
Methanol Merck
Mineral oil Sigma
Mini Protean II mini-gel. Bio-Rad
Normal swine serum Dako
Nylon hybridisation mesh Hybaid
Oligolabelling kit Pharmacia
^"P-dCTP Amersham
PCR buffer Promega
pCR Script SK^ cloning kit Stratagene
Phenol Sigma
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Reagents- continued

ITEM SOURCE

PhiX/Hinfl markers Pharmacia
Polaroid 667 film Polaroid
Polyacrylamide Merck
Potassium chloride Sigma
Primers Oswel
Proteinase k Sigma
Ralmount Merck
Restriction enzymes 

BamHI Pharmacia
Bglll Pharmacia
EcoRI Pharmacia
H indlll Pharmacia
PstI Pharmacia

"®S-dATP Amersham
®®S-molecular weight markers (22 - 0.4kb) Amersham
Salmon sperm DNA Sigma
Saran wrap Genetic Research

Sequenase sequencing kit
Instrumentation (GRI) 
United States

Sodium acetate
Biochemical
Sigma

Sodium chloride Merck
Sodium citrate Merck
Sodium dodecyl sulphate Merck
Sodium hydroxide Merck
Sucrose Sigma
TA cloning kit Invitrogen
Taq polymerase Promega
Taq polymerase buffer Promega
TEMED Sigma
Tris (Trizma base) Sigma
Triton- X I00 Sigma
Tryptone Difco
Tween Sigma
Vectabond Vector Laboratories
W ater (HPLC pure) Sigma
Wizard kit Promega
Xylene Merck
X-ray film GRI
Xylene cyanol Sigma
Yeast extract Difco
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Suppliers

Amersham
BioRad
Dako
Difco
Genetic Research Instrumentation
Hybaid
Invitrogen
Oswel
Merck
Pharmacia
Polaroid
Promega
Sigma
Stratagene
United States Biochemical 
Vector Laboratories

Amersham, UK 
Hemel Hempstead, UK 
High Wycombe, UK 
Detroit, Michigan, USA 
Felsted, UK 
Teddington, UK 
San Diego, CA, USA 
Southampton, UK 
Poole, UK 
St Albans, UK 
St Albans, UK 
Southampton, UK 
Poole, UK 
La Jolla, CA, USA 
Cleveland, OH, USA 
Bretton, Peterborough, UK

A3 Buffers and solutions

DNA extraction 

Phenol/chloroform

49% phenol, 49% chloroform, 2% isoamyl alcohol.

Proteinase K digestion buffer-1

0.5 X SSC, 0.5% SDS, 5mM Tris, 0.5mM EDTA, lOOmg/ml proteinase k.

Proteinase K digestion buffer-11

lOmM Tris pH 9, 50mM KCl, 0.1% Triton X, 200pg/ml proteinase k.

TE buffer

ImM Tris-HCl pH 7.5, O.lmM EDTA

Southern blot analysis 

Electrophoresis loading buffer

0.25% bromophenol blue, 0.25% xylene cyanol, 6 X TBE, 40% sucrose.

20 X SSC

876.5g NaCl, 441g NaCi, distilled water to 5 litres.

10 X TBE

lOSg Tris, 55g boric acid, 9.3g EDTA, distilled water to 1 litre.

Hvbridisation buffer

6 X SSC, 1% SDS, 10% dextran sulphate, 50pg/ml sonicated and denatured salmon sperm 

DNA.
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Polym erase chain reaction 

10 X PCR buffer

lOOmM Tris pH 9, 500mM KCl, 1% Triton X-100.

Im m unohistochem istry  

TBS (0.005M)

80g NaCl, 6.05g Tris, 44ml of IM HCl, 10 litres dH20. pH adjusted to 7.6 with IM HCl 

or 0.2M Tris. (0.05% Tween added).

DAB buffer

5mg DAB, 10ml Tris-HCl buffer (0.05M Tris, 0.05M HCl, pH 7.6), 0.1 ml H^Og (N%).

Sequencing 

SOC medium

4g tryptone, O.lg NaCl, Ig yeast extract, 4ml 20% glucose in 200ml HgO.

LB agar

2g tryptone, 2g NaCl, Ig yeast extract, 3.5g bacto agar in 200ml containing 0.8ml 

ampicillin (5mg/ml in IM MgSO^), 0.8ml IPTG (24mg/ml stock [IM], 160plX-gal (50mg/ml 

in dimethyl formamide).
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BRIEF REPORT: A SINGLE NEOPLASTIC 
CLONE IN SEQUENTIAL BIOPSY 

SPECIMENS FROM A PATIENT WITH 
PRIMARY GASTRIC-MUCOSA-ASSOCIATED 

LYMPHOID-TISSUE LYMPHOMA AND 
SJOGREN’S SYNDROME

T im o t h y  C. D is s ,  M .Sc., H u a i z h e n g  P e n g ,  M B., 
A n d r e w  C. W o t h e r s p o o n ,  M B., B.Ch ., 

L a n g x in g  P a n , M B., P h .D . ,

P a u l  M. S p e i g h t ,  B.D .S., Ph .D.,
AND P e t e r  G. I s a a c s o n ,  D M., F.R .C.Path ., D .Sc.

LOW -GRADE B-cell lymphomas o f mucosa-associ- 
J  ated lymphoid tissue (M ALT) that occur in the 

stomach, small intestine, salivary gland, lung, and 
thyroid are indolent neoplasms characterized by a 
prolonged clinical course and persistent disease at the 
site o f origin.* The mechanism by which the neoplas
tic cells remain committed to a single site, the presence 
or absence of neoplastic-cell traffic or homing, and the 
specific dissemination of M ALT lymphomas to other 
mucosal sites^ are all properties o f these lymphomas 
that are poorly understood. Investigation o f these fea
tures has been hampered by the absence o f a tumor
cell-specific marker with which to examine the pro
gression of the tumor in sequential biopsy specimens. 
The presence of a neoplastic clonal population of 
B lymphocytes can be inferred from the detection of 
the restriction o f kappa or lambda immunoglobulin 
light chains in tissue sections.^ However, this tech
nique cannot easily detect small neoplastic clones in a 
reactive lymphoid population, nor can it establish a 
clonal relation between neoplastic cells in serial biopsy 
specimens. Recent success in using the polymerase 
chain reaction (PCR) to demonstrate clonal immuno- 
globulin-gene rearrangement has made it possible to 
detect small monoclonal B-cell populations in paraf
fin-embedded tissue.'* This has provided a marker 
with which to follow the progress o f a neoplastic B-cell 
clone in serial archival biopsy specimens. In this study 
we used PGR to analyze sequential formalin-fixed, 
paraffin-embedded specimens from the stomach, lip, 
and bone marrow of a patient with a primary low- 
grade gastric B-cell M ALT lymphoma and Sjogren’s 
syndrome.

C a s e  R e p o r t

The patient was a 79-year-old woman who presented with a dry 
mouth. A lip biopsy revealed the histologic features of Sjogren’s 
syndrome. Eleven years before, she had undergone a partial gastrec
tomy, with a histologic diagnosis of benign peptic ulcer. Two years 
after the lip biopsy, she reported weight loss, and  a biopsy of the

From the Department o f Histopathology, University College London Medical 
School (T.C .D ., H .P ., A .C .W ., L .P ., P .O .I.), and the Department of Oral 
Pathology, Institute of Dental Surgery, Eastman Dental Hospital (P.M .S.), both 
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gastric rem nant showed a low-grade B-cell M A LT lymphoma. 
Staging procedures revealed bone m arrow involvement, bu t no o th 
er detectable sites of disease.

M e t h o d s

W e reviewed sections of formalin-fixed, paraffin-embedded tissue 
from the original gastrectomy specimen and subsequent biopsies of 
the lip, stom ach, and bone marrow that were stained with hem atox
ylin and eosin.

Immunohistochemical Anaiysis

Paraffin sections from all specimens except the bone m arrow  
were im m unostained by the streptavid in-bio tin-im m unoperoxi- 
dase technique, including previous digestion with trypsin when re
quired, with antibodies to kappa and lam bda immunoglobulin light 
chains. Sections of formalin-fixed, paraffin-embedded hyperplastic 
tonsils were used as positive controls, and omission of the prim ary 
antiserum  served as a negative control.

PCR Analysis

W e prepared paraffin-embedded tissue for PCR, using the m eth
od of W right and Manos,^ and amplified rearranged beavy-chain 
genes using the seminested PCR method of W an et al.,‘‘ in which 
primers are directed to the joining region (first-round primer, 
5'TG A G G A G A C G G TG A CC 3'; nested second-round prim er, 5'G- 
TG A CCA G G G TN CCTTG G CCC CA G 3 ' ) and to the conserved 
fram ework-three segment o f the variable region (5'ACACGGC- 
[C /T ][G /C ]T G T A T T A C T G T 3 '). Test samples were run in paral
lel with a polyclonal control (reactive tonsil), a monoclonal control 
(Raji B-cell line), and a negative control (no tem plate DNA). Ex
tractions from each specimen were undertaken at different times 
and performed in duplicate to minimize the risk of cross-contam ina
tion. Products were analyzed on 10 percent polyacrylamide gels, 
stained with ethidium  bromide, and viewed under ultraviolet radi
ation.

Cloning and Sequencing

PC R  products derived from the gastric resection, the subsequent 
endoscopic gastric biopsy, and the lip biopsy were electrophoresed 
on a 10 percent polyacrylamide gel, and in each case a sam ple from 
the larger of the two bands was reamplified to enhance for the 
sequence. T he products were run on a 4 percent low-melting-tem- 
perature agarose gel, and the appropriate fragment was cut from the 
gel, purified with the M erm aid K it (Bio 101, La Jo lla, Calif.), and 
ligated into Bluescript-SK II phagemid (Stratagene, La Jo lla , C al
if.) before transfection into SURE bacteria (Stratagene). Colonies 
were screened by PCR, as described above, and six recom binants 
from each site th a t yielded a fragment o f an appropriate size were 
selected for sequencing by the Sanger method, with the Sequenase 
kit (U nited States Biochemical, Cleveland). Com puter analyses of 
the resulting DNA sequences were performed on the server of the 
N ational C enter for Biotechnology Inform ation at the N ational L i
brary o f Medicine® and the sequence-analysis software (release 5) 
from the Genetics Com puter G roup.’ T he D and J regions were 
determ ined from published sequences.®’̂

R e s u l t s

Sections from the original gastrectomy specimen  
showed an ulcer overlying a heavy lymphocytic infil
trate. Both this specimen and the subsequent gastric- 
biopsy specimen revealed the histologic features of 
low-grade gastric B-cell lymphoma of M ALT type 
(Fig. 1 and 2). Reactive B-cell follicles were surround
ed by a diffuse infiltrate of centrocyte-like cells that 
invaded gastric glands, forming lymphoepithelial le
sions; these were most obvious in the gastric-biopsy 
specimen. The lip-biopsy specimen (Fig. 3) contained  
several discrete minor salivary glands, in each of 
which there was a chronic inflammatory infiltrate

Reprinted from the New England Journal o f  Medicine 
329:172-175 (July 15), 1993
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composed of small lymphocytes and scattered larger 
cells and plasma cells. There was some inhltration 
of duct epithelium, but the appearance in no way 
suggested lymphoma. The infiltrate was strikingly

Î

B

Figure 1. Section of the Ulcer from the Original Gastrectomy 
Specimen, Showing a Dense Lymphocytic Infiltrate.

In Panel B (xioo), a higher-power view of the lymphoid Infiltrate 
shown In Panel A (x 10), a reactive follicle (arrows) Is surrounded 
by centrocyte-llke cells that have Invaded glands (arrowhead). 

(Hematoxylin and eosln.)

' ,^ iîS Ê % à
Figure 2. Gastrlc-Blopsy Specimen Showing Infiltration by Cen

trocyte-llke Cells That Have Invaded Glands, Forming a 
Lymphoepithelial Lesion (Hematoxylin and Eosln, x400).

confined to the glands and did not spread into the 
surrounding tissues. The bone marrow specimen re
vealed paratrabecular deposits of low-grade B-cell 
lymphoma.

Immunohistochemical analysis revealed kappa- 
light-chain restriction in the centrocyte-like cells of 
both the original gastrectomy specimen and the subse
quent gastric-biopsy specimen. There was an excess of 
cells expressing kappa light chain in the lip specimen, 
but no clear-cut evidence of light-chain restriction.

The results of PCR analysis are shown in Figure 4. 
Two PCR products, representing rearrangement of 
the immunoglobulin-heavy-chain gene in both alleles, 
were seen in samples of test DNA from each of the 
biopsy specimens. Repeat reactions with digested ma
terial from further sections produced identical results, 
and control specimens produced appropriate patterns 
of amplification.

After the cloning and sequencing of the PCR prod
ucts, four identical sequences each were obtained from 
the original gastric-resection specimen and the sub
sequent biopsy specimens from the lip and stom
ach (Fig. 5). Computer analysis showed that each 
sequence was a rearranged immunoglobulin-heavy- 
chain gene containing the DN 1 and J3 regions**’̂  and 
nearly identical N regions. The only differences in 
DNA sequence among the products from the three 
tissue samples were in four nucleotide positions and 
one apparent insertion.

D i s c u s s i o n

The finding of identical PCR products, represen
tative of the rearrangement of both immunoglobu
lin-heavy-chain alleles, in biopsy material from the 
stomach, lip, and bone marrow implied that the 
same neoplastic clone was present in each site. Se
quencing of one of the PCR products from the gastric- 
resection, gastric-biopsy, and lip-biopsy specimens 
confirmed that rearranged immunoglobulin-heavy- 
chain CDRIII regions were amplified in each case; 
furthermore, the close similarity in DNA sequence
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showed that the dominant B-cell population at each 
site was derived from a common clone. The sequences 
amplified from each site differed by at least one nucle
otide, so it is unlikely that the PCR products resulted 
from cross-contamination. It is possible, however, that 
some of the differences observed may have arisen dur
ing the amplification reactions, since the enzyme we 
used {Taq polymerase) lacks a 3 '-5 ' proofreading 
function.'”

Molecular analysis of the sequential biopsy speci
mens in this case enabled us to follow the neoplastic 
clone from its first manifestation as a gastric MALT 
lymphoma, which was probably incompletely resect
ed," through its involvement in the development of 
Sjogren’s syndrome 11 years later, to its further mani
festation as recurrent gastric lymphoma with dissemi
nation to the bone marrow. These studies confirm the 
remarkable indolence of low-grade gastric B-cell lym
phomas of MALT type and provide evidence that 
eventual dissemination is not necessarily associated 
with genetic alteration at the immunoglobulin-heavy- 
chain locus.

The immunoglobulin variable region that was se
quenced showed no notable accumulation of somatic 
mutations during the progression of the disease. 
This is also true in myeloma,"^ B-lineage chronic lym
phocytic leukemia,'^ and precursor B-lineage acute 
lymphoblastic leukemia,'^ but not in follicular lym
phoma'^ and hairy-cell leukemia,'” in which hyper
mutation in the CDR regions has been observed 
during clonal evolution. Other changes at the immu
noglobulin locus have been observed during disease 
progression, among them the secondary rearrange
ments seen in B-lineage acute lymphoblastic leuke
mia'^ and the class switching observed in myeloma'^ 
and hairy-cell leukemia.'” There may be changes in 
the immunoglobulin locus in MALT lymphomas dur
ing the course of the disease, but they have yet to 
be identified. Although our data suggest that the im-

Figure 3. Lip-Biopsy Specimen Showing Chronic Inflammation 
Confined to a Minor Salivary Gland (Panel A, x60) and a Detail of 
the Inflammatory Infiltrate Showing Lymphocytes and Plasma 

Cells Surrounding Acini (Panel B, x400) (Hematoxylin and 
Eosin).

munoglobulin gene is stable in MALT lymphoma, we 
have only sequenced one of the rearranged alleles in a 
single patient.

Figure 4. Polyacrylamide Gel Stained with 
Ethidium Bromide, Showing PCR 

Products.
The lanes contain molecular-weight mark
ers (M); negative control (no template 
DNA) (C): monoclonal control (Raji cell 
line) (R); polyclonal control (reactive tonsil) 
(T); and specim ens from the initial gastric 
resection (1). the lip biopsy (2), the bone 
marrow biopsy (3), and the subsequent 

gastric biopsy (4).

M R 1

118 b p -

72 bp —
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Gastric
resection 5 ' G C G A G A G G C A G G T A a G G A T A G C A G . C A G C T G C C C C A T T A G g a A A C C  A T GA T T Gg  TTTTGATAT3 '

Gastric
biopsy

5 ' G C G A G A G G C A G G T A g G G A T A G C A G t C A G C T G C C C C A T T A G a g A A C C  A T G A T T G c  TTTTGATAT3 '

Lip biopsy 5 ' G C G A G A G G C A G G T A a G G A T A G C A G . G A G C T G C C C C A T T A G g a A A C C  A T G A T T G c  TTTTGATA T3'

N DN1 N J3

Figure 5. S eq u en ces of PCR Products (Excluding Primers) Obtained from Tissue Specim ens.
Differences between seq u en ces are shown as lower-case letters. Regions are indicated below. N regions are denoted by

boldface letters.

M ALT lymphomas of other sites, including the 
salivary gland, lung, and thyroid, exhibit similar clini
cal behavior, and our results suggest that monoclonal 
B-cell proliferations at these sites, in an appropriate 
histologic setting, are good evidence of lym phoma‘® 
rather than a prelymphomatous lesion, as others have 
suggested.

The involvement o f the neoplastic B-cell clone in 
the lesion responsible for Sjogren’s syndrome in this 
patient is intriguing. It is conceivable that this syn
drome was an unusual manifestation of a secondary 
salivary-gland lymphoma, thus providing a good illus
tration of the tendency o f M ALT lymphomas to dis
seminate to other mucosal sites. The histologic ap
pearance of the salivary-gland lesion argued against 
this, however, and was more in keeping with the par
ticipation of the clone in a chronic inflammatory re
sponse. This would imply that the neoplastic cells 
were still functionally capable of recognizing immuno
logic signals, a property for which there is evidence in 
M ALT lymphomas in the form of orderly plasmacytic 
differentiation, ‘ follicular colonization,^® and the re
sponse o f at least one variety (immunoproliferative 
small-intestine disease) to antibiotics.^' The presence 
of the neoplastic clone in the salivary glands might 
also argue in favor o f a common immune system in
volving lymphocytes committed to mucosal sites.

In tracing the course of this disease over a 13-year 
period, we found PCR to be a powerful tool with 
which to identify lymphoma populations in sequential 
biopsy specimens without the need for an amplifiable 
molecular genetic abnormality, such as a bcl-2 gene 
rearrangement. In this way, with sequential biopsy 
specimens, the behavior and mode o f dissemination 
of B-cell lymphomas can be accurately investigated 
without fresh tissue.
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SUMMARY

Detection of B-cell monoclonality using the polymerase chain reaction (PCR) promises the quick and cost-effective 
separation of monoclonal from polyclonal B-cell disease. However, the efficiency of the method has yet to be fully 
assessed, particularly with regard to disease type and selection of PCR primers.

We have evaluated two approaches based on amplification of the immunoglobulin heavy chain gene using frame
work 2 (Fr2) and framework 3 (Fr3) region primers. Frozen tissue samples from 94 cases of low-grade B-cell lymphoma 
were investigated, all of which had previously been shown to be monoclonal by Southern blot analysis. Using a Fr2 
primer, we were able to show monoelonahty in 85 per cent of cases; with Fr3, 80 per cent of cases; and using both 
techniques in separate reactions, 90 per cent of cases.

Thus, a significant false-negative rate exists with either primer which can be reduced by using both. We also found a 
difference in the efficiency of detection in different types of lymphoma; only 87 per cent of mucosa-associated lympho
mas and centroblastic/centrocytic lymphomas were shown to be monoclonal, whereas all of the other lymphoma types 
tested were positive using one or both methods.

We conclude that PCR detection of B-cell monoclonality allows rapid analysis of tissue samples, including paraffin- 
processed material. False-negative results which occur in some types of lymphoma can be reduced by the use of two or 
more primer combinations.

KEY W ORDS—PCR, low-grade B-cell lymphoma, immunoglobulin heavy chain gene, monoclonality, framework two, 
framework three.

INTRODUCTION

The demonstration of monoclonality in B-cell 
populations using the polymerase chain reaction 
(PCR) adds an important extra dimension to lym
phoma diagnosis.’’̂  It is possible to conduct such 
analysis rapidly even on paraffin-processed material.^ 
However, the technique has yet to be fully appraised 
on a wide range of B-cell lymphoproliferative 
diseases.
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PCR detection of B-cell monoclonality is most 
commonly carried out by amplification of immuno
globulin (Ig) heavy chain genes followed by size 
analysis of products.*"^ A monoclonal population is 
indicated by the presence of products of a discrete 
size, whereas a polyclonal population yields a range 
of product sizes. However, recent studies suggest 
that the selection of PCR primers can influence the 
effectiveness of the test."*’̂

Most PCR methods use consensus primers 
directed to one of the framework regions of the V 
sequence and to a conserved sequence from the J 
region of the Ig heavy chain gene. There are three
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Fig. 1— Simplified diagram of the rearranged VDJ region of the 
Ig heavy chain gene to show primer binding sites. Within the V 
segment, the framework regions are unshaded and C D R l and 
CDR2 are shaded. V =  variable, D =  diversity, and J =  joining 
regions

framework regions within the V segment, which are 
all potential priming sites for PCR (Fig. 1).̂  
Framework three (Fr3) is the most frequently used, 
and has been shown to successfully demonstrate 
both monoclonality’’-̂’** and the presence o f minimal 
residual disease.^ However, some reports suggest 
that a significant minority (20-30 per cent) of mono
clonal cases o f  B-cell proliferation are missed.’’̂  
Amplification using framework one (Frl)^ and 
framework two (Fr2)‘̂ primers has also been per
formed, and some cases not amplified by Fr3 can be 
amplified using a Frl or a Fr2 primer.

Demonstration of monoclonality is most import
ant in low-grade B-cell lymphomas which can be 
difficult to distinguish from non-neoplastic lympho
proliferative conditions. We have used two techni
cally simple Fr2 and Fr3-based methods for the 
PCR detection of monoclonality in 94 cases o f low- 
grade B-cell lymphoma in order to evaluate their 
usefulness over a range o f  tumour types.

MATERIALS A N D  METHODS

Tissue samples

High molecular weight D N A  was extracted from 
fresh tissue samples o f B-cell lymphomas obtained 
from the Department o f Histopathology, University 
College London Medical School. Ninety-four cases 
of B-cell lymphoma which had been classified by 
morphological and immunophenotypic criteria and 
shown to contain a dominant clone o f B cells by 
Southern blot analysis for immunoglobulin gene 
rearrangement were selected for study. These com
prised 47 cases o f lymphoma o f mucosa-associated 
lymphoid tissue (MALT), 23 centroblastic/centro
cytic (CB/CC) lymphomas, 11 lymphocytic lympho
mas (B-CLL), 6 mantle cell (centrocytic) (MC) lym
phomas,”’ 4 lymphoplasmacytic (LP) lymphomas, 
and 3 cases o f splenic marginal zone cell (MZC) 
lymphoma.” In each case, the extracted DNA had

been used for Southern blot analysis prior to its 
use for PCR. Control DNA samples were extracteu 
from the Raji B cell line (monoclonal control) and 
from reactive lymphoid tissue (polyclonal controls)

Polymerase chain reaction

Two protocols, each involving two rounds of 
PCR, were used for amplification o f the Ig heaw  
chain gene using a Fr2 or Fr3 V-region primer in 
conjunction with nested primers directed to the J 
region, as described by Ramasamy et al. (Fr2)'* and 
Wan et al. (Fr3),^ with minor modifications. In each 
case, the first round of amplification used primer 
Fr2A (5'-TGG[A/G]TCCG[C/A]CAG[G/C]C[T/Cl 
[T/C]CNGG-3') or Fr3A (5'-ACACGGC[C/TJ 
[G/C]TGTATTACTGT-3) plus a downstream 
consensus primer directed to the joining region 
(LJH: 5 -TGAGGAGACGGTGACC.3 ). The sec
ond used the same upstream primer (Fr2A or 
Fr3A) in conjunction with an inner downstream 
primer (VLJH: 5 -GTGACCAGGGTNCCTTGG- 
CCCCAG-3 ). The primer binding sites on the 
rearranged Ig heavy chain gene are shown in Fig. 1. 
In both rounds, the PCR mixture contained 10 mM 
Tris (pH 8 3), 50 mM KCl, 200 //M each dNTP, 
250 ng o f each primer, 0 001 per cent gelatin, and 0 5 
units o f Amplitaq® (I.L.S., U.K.) in a total volume 
of 50 Jill PCR was optimized for the MgClj concen
tration in each system. First round reactions con
tained 100 ng of test DNA and the second rounds 
contained 1 p\ o f first round product.

Thirty first round and twenty second round cycles 
of 93°C for 45 s, 50°C for 45 s, and 72°C for 110 s 
were carried out on a thermal cycler (Hybaid, 
U.K.). In each round, an initial dénaturation step at 
95°C for 7 min preceded the addition o f enzyme and 
a primer extension step at 72°C for 5 min concluded 
the reaction. Ten pi o f PCR products were run for 
1 h at 125 V on 10 per cent (Fr3) or 5 per cent (Fr2) 
polyacrylamide mini-gels, which were stained with 
ethidium bromide and viewed under UV light.

Strict precautions were taken to minimize the 
possibility o f  sample cross-contamination, and 
product analysis was separated from PCR prep
aration. Each lymphoma sample was amplified on 
at least two separate occasions to confirm the 
reproducibility o f the method and to detect any 
sporadic false-positive results. In many cases, lym
phoma material was available from more than one 
site or from different biopsies; such samples were 
used to confirm a consistent fragment size in each 
patient. In all experiments, lymphomas were run in
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M N R T 1  2 3 4  M 5 6 7 8 9  10 11

Fig. 2— Ethidium bromide-stained 10 per cent polyacrylamide gel o f Fr3 PCR products from D N A  samples as follows. Lanes 
M : ç)X/Hinf 1 molecular weight markers [sizes in base pairs (bp)]; lane N: negative control; lane R: DNA from Raji B cell line; 
lane T; reactive tonsillar DNA; lanes 1-11: lymphoma samples (lanes 1-4 and 9: B-CLL; lanes 5, 6, 10 and 11: CB/CC 
lymphoma; lanes 7 and 8: MALT-type lymphoma). The CB/CC lymphoma sample in lane 10 shows a polyclonal pattern, 
while the other lymphomas show a monoclonal pattern

M N T 1  2 3 4 5 M 6  7 8 9  10 11 12

2 4 9 -

Fig. 3— Ethidium bromide-stained 5 per cent polyacrylamide gel of Fr2 PCR products. Lanes M: (oX/Hinfl molecular weight 
markers [sizes in base pairs (bp)]; lane N; negative control; lane T: reactive tonsillar DNA; lanes 1-12: lymphoma samples (lanes 
1 and 2: MC lymphomas; lanes 3, 5, 7, and 8: MALT-type lymphomas; lanes 4, 6 ,9 , and 12: CB/CC lymphomas; lane 10: B- 
CLL; lane 11: MZC lymphoma). The M ALT lymphomas illustrated in lanes 3 and 8 show a polyclonal pattern, while the 
remainder show a monoclonal pattern

parallel with a monoclonal (Raji cell line), a poly
clonal (reactive tonsil), and a negative (no template 
D N A) control.

RESULTS

Using either the Fr2 or Fr3 primers, PCR amplifi
cation o f Raji B cell line D N A  produced a discrete 
fragment, representing clonal rearrangement o f the 
immunoglobulin heavy chain gene, whereas ampli
fication o f reactive lymphoid tissue produced poly
clonal smears. Lymphoma samples produced one or

two discrete bands within the predicted size ranges 
(240-280 bp with Fr2 and 80-120 bp with Fr3 
primers), with or without a background smear 
(monoclonal pattern) or a smear with no dominant 
bands (polyclonal pattern) (Figs 2 and 3). Results 
were available within a single working day following 
DNA extraction.

One case o f lymphoplasmacytic lymphoma pro
duced a weak ladder o f products with the Fr3 primer 
which varied in size with repeat amplification; 
we interpreted this pattern as amplification o f 
rare polyclonal B cells co-existing with a tumour 
clone which failed to amplify.'^ A single product
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Table I—PCR results using Fr2 and Fr3 primers to show 
monoclonality in B-cell lymphomas. The numbers shown are 
positive cases/total tested (percentage positive)

Lymphoma Fr3 Fr2 Fr2 +  3

MALT 36/47 (77%) 40/47 (85%) 41/47 (87%)
CB/CC 16/23 (70%) 18/23 (78%) 20/23 (87%)
B-CLL 11/11 (100%) 11/11 (100%) 11/11 (100%)
MC 6/6 (100%) 5/6 (83%) 6/6 (100%)
LP 3/4 (75%) 3/4 (75%) 4/4 (100%)
MZC 3/3 (100%) 3/3 (100%) 3/3 (100%)

Total 75/94 (80%) 80/94 (85%) 85/94 (90%)

was consistently seen using the Fr2 primer in this 
case.

As previously reported,’ diluting tumour DNA 
with polyclonal DNA revealed a similar sensitivity 
to Southern blot analysis in the detection of 
monoclonality (1-5 per cent; data not shown).

Using the Fr3 primer, 75 of 94 lymphomas ana
lysed were shown to be monoclonal and 19 produced 
a polyclonal pattern. Monoclonality was demon
strated in all cases of B-CLL, MC, and MZC lym
phoma, but in only 75 per cent of LP lymphomas, 77 
per cent of MALT lymphomas, and 70 per cent of 
CB/CC lymphomas (Table I and Fig. 2).

Using the Fr2 primer, 80 of the 94 lymphomas 
produced one or two discrete bands on the gel 
(Table I and Fig. 3). All cases of B-CLL and MZC 
lymphoma were positive, whilst 83 per cent of MC, 
85 per cent of MALT, 78 per cent of CB/CC, and 75 
per cent of LP lymphomas showed a monoclonal 
pattern.

Although the Fr2 primer successfully amplified a 
slightly higher proportion of cases than Fr3 (85 per 
cent compared with 80 per cent), five out of 14 
samples which gave a polyclonal pattern with Fr2 
showed a monoclonal pattern using the Fr3 primer. 
Therefore, the use of both methods improved the 
detection rate to 90 per cent. This included all 
cases of B-CLL, MC, LP, and MZC lymphoma but 
only 87 per cent of MALT and 87 per cent CB/CC 
lymphomas.

DISCUSSION

We have assessed the PCR demonstration o f 
monoclonality using Fr2 and Fr3 V-region primers 
in a variety of B-cell lymphomas, shown by Southern

blot analysis to be monoclonal. Both primer sys
tems were rapid and reproducible, though not all 
rearranged alleles present in B-cell lymphomas were 
successfully amplified.

Of 94 cases of B-cell lymphoma, 80 per cent 
were PCR-positive using a Fr3 primer, 85 per 
cent were positive using a Fr2 primer, and 90 per 
cent were positive using both. Our finding of a 20 per 
cent false-negative rate using a Fr3 primer is similar 
to published data.® We are also able to support the 
findings of Ramasamy et al.,^ who discovered that 
some cases which were negative using the Fr3 primer 
were monoclonal with the Fr2 oligonucleotide. In 
addition, we found five cases that amplified using 
the Fr3 primer which were negative using Fr2.

Our data suggest a difference in the efficiency of 
PCR amphfication in different types of lymphoma. 
All cases of B-CLL, MC, LP, and MZC lymphoma 
amplified successfully using a combination of 
primers, whereas only 87 per cent of cases of MALT 
and CB/CC lymphoma were positive. It would be 
necessary to analyse a higher number of cases 
(especially of MC, MZC, and LP lymphomas) to 
draw firm conclusions, but our results support the 
conclusion of Deane et al.,^ that some lymphoma 
types are less fikely to support amplification than 
others.

There are several possible explanations for the 
Southern blot-positive/PCR-negative cases. They 
are unlikely to be due to the presence of insufficient 
tumour cells, as our findings and those of others 
suggest that the PCR approach is at least as sensitive 
as Southern blot analysis and in this study the same 
DNA extracts were used in both tests. The appear
ance of smears is due to amplification of polyclonal 
reactive B cells present in the samples. Poor quality 
DNA can also give rise to smears and non-specific
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PCR products; however, the samples used in this 
study were able to support amplification of a 250 hp 
product using primers directed to the ̂ -globin gene. 
There are several rearranged Ig gene configurations 
which are detectable by Southern blot, but not by 
this PCR method, including partial rearrangement 
(DJ), chromosome translocation into the locus 
[such as t(14;18), which is common in CB/CC lym
phoma’ ]̂, and other abnormal rearrangements 
which do not correctly align a V segment to the DJ 
sequence.'* Most tumours, however, would be 
expected to contain a normal Ig heavy chain gene 
rearrangement. Another possibility, addressed by 
Deane et al.,^ is that deletion or point mutation of 
primer target sequences may prevent primer binding. 
By sequencing the variable region using an upstream 
primer, they were able to show that Fr3 sequences 
were deleted, or sufficiently different to consensus 
sequences, to cause mispriming in two cases of B- 
lineage non-Hodgkin’s lymphoma. A relatively high 
somatic hypermutation rate in the variable region, 
including Fr3, has been noted in CB/CC lympho- 
mas.^’*'*’'  ̂This is thought to reflect the sensitivity of 
the lymphoma to antigen drive and may also be a 
feature of MALT lymphomas. This may provide an 
explanation for our observation of disease differ
ences in the efficiency of this method. It is possible 
that tumours such as MALT and CB/CC lympho
mas are more prone to somatic mutations and there
fore PCR failure because they are subject to antigen 
drive,w hereas tumours such as B-CLL are not.’’

In addition to Fr2 and Fr3 sequences, Frl^ 
primers have been successfully applied to the ampli
fication of Ig heavy chain genes. Unfortunately, 
targeting this region is complex as sequence hetero
geneity necessitates the use of seven primers. This 
makes optimization and quality control of PCR 
more difficult.

Thus, it seems likely that no single primer pair 
will allow detection of all rearrangements due to a 
combination of the effects of germline sequence 
heterogeneity, somatic mutations, deletions, and 
translocations, and that a panel of primers will be 
required. We have found the Fr3 approach to be 
easy to interpret and to give efficient amplification 
from all tissue sample types, including paraffin 
material (unpublished data), as the target sequence 
is small, allowing amplification of highly degraded 
samples. A suitable strategy may involve initial 
screening with a Fr3 primer followed by use of a Fr2 
or a Fr 1 primer in negative samples. We are currently 
applying these methods to a range of paraffin-

processed tissue samples to evaluate their usefulness 
in routine histopathological practice.

Despite the problems of false negatives, we pro
pose that PCR detection of monoclonality rep
resents a valuable tool in the diagnosis and study of 
a wide range of B-cell lymphoprohferative dis
orders. The use of a panel of PCR primers increases 
the efficiency of the amplification and improve
ments in primer design may well enhance detection 
in future.
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Abstract
Attns—To evaluate the polymerase chain 
reaction (PCR) demonstration of clonal 
immunoglobulin heavy chain gene re
arrangements using routinely prepared, 
unstained, and stained formalin fixed, 
paraffin wax embedded tissue samples. 
Methods—Extracts from (a) fresh frozen 
tissue samples, (b) unstained, and (c) 
haematoxylin and eosin stained formalin 
fixed, paraffin wax embedded 5 pm. tissue 
sections from 42 cases of low grade B cell 
lymphoma, all shown to be monoclonal 
by Southern blot analysis, were analysed 
using PCR. Two regions of the variable 
segment of the immunoglobulin heavy 
chain gene were amplified (framework 2 
to joining region [Fr2jJH] and framework 
3 to joining region [Fr3/JH]). Twelve 
samples of reactive lymphoid tissue were 
stuped as controls. Products from each 
case were directly compared on polyacry
lamide gels.
Results—Using both primer combina
tions, monoclonality was detected in 38 of 
42 (90%) cases using fresh material, 37 of 
42 (88%) using unstained paraffin wax 
embedded samples, and in 35 of 42 (83%) 
cases using haematoxylin and eosin 
stained sections. No false positive results 
attributable to fixation, processing, or 
staining were identified, although the 
efficiency of amplification using the 
Fr2/JH primers was significantly re
duced.
Conclusions—PCR determination of B 
cell clonality using paraffin wax embed
ded material is sufficiently sensitive and 
reliable for use as a routine diagnostic 
adjunct to conventional morphological 
and immunocytochemical assessment of 
lymphoproliferative disease.

(J  Clin Pathol 1994;47:493-496)

Demonstration of monoclonality at the gene 
level in B cell lymphomas is of great impor
tance in distinguishing low grade lymphomas 
from reactive lymphoid lesions, where the 
morphological and immunophenotypic fea
tures may be difficult to interpret. Southern 
blot analysis of immunoglobulin genes^ is the 
established method for molecular genetic 
demonstration of monoclonality but is slow, 
complex, and requires fresh frozen tissue sam
ples. It has been proposed that use of the

polymerase chain reaction (PCR) can over
come these limitations and offer the rapid and 
simple detection of B cell monoclonality.^^ 
The PCR approach is based on amplification 
of the variable region of the rearranged 
immunoglobulin heavy chain gene in lym
phoid tissue samples, followed by size analysis 
of products on an electrophoretic gel. Mono
clonal B cells give rise to one or two dominant 
PCR products; polyclonal B cells produce a 
range of product sizes which appear as a 
broad smear or ladder on the gel. Most 
techniques use consensus primers directed 
to one of the framework regions of the V 
segment and to the joining region. -̂®

These techniques have been evaluated by 
ourselves and others on a range of lympho
proliferative disorders and have been shown 
to be highly sensitive and specific.^”® Most 
work has concentrated on amplification of 
DNA extracted from fresh tissue samples, 
from which high purity and high molecular 
weight DNA can readily be extracted. 
However, for diagnostic work in the 
histopathology laboratory, a protocol which 
works efficiently on fixed, paraffin wax 
processed tissue is required. This is more 
demanding as fixation and processing can 
cause degradation and other changes to DNA. 
Successful amplification of the immunoglobu
lin heavy chain gene on material extracted 
from paraffin wax embedded samples has 
been reported,^® but further studies are 
required to confirm the reliability of the tech
nique as a diagnostic procedure. We have 
assessed PCR amplification of immunoglo
bulin heavy chain genes using both unstained 
and, as paraffin wax blocks are not always 
available, haematoxylin and eosin stained 
sections of formalin fixed, parafiin wax 
embedded tissue from low grade B cell lym
phomas.

Methods
All material was obtained from the archives 
of the Department of Histopathology of 
University College London Medical School, 
London. Snap frozen, unbuffered formalde
hyde fixed, routinely processed paraffin blocks 
and haematoxylin and eosin stained and 
mounted sections from 42 cases of low 
grade B cell lymphoma (five B-lineage chronic 
lymphocytic leukaemia (B-CLL), 10 centro
blastic/centrocytic (CB/CC), two lympho
plasmacytic (LP), 22 mucosa associated 
lymphoid tissue type (MALT), two mantle
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celP (MC) and one marginal zone cell'® 
(MZC)), all showing clonal rearrangement of 
immunoglobulin heavy chain gene by 
Southern blot analysis, were analysed. The 
snap frozen, unfixed tissue samples had been 
analysed by PCR in a previously published 
study.® Twelve paraffin wax embedded and 
haematoxylin and eosin stained reactive lym
phoid tissue samples (nine tonsils, three 
lymph nodes) were used as controls.

P R E P A R A T IO N  O F  D N A

High molecular weight DNA was prepared 
from snap frozen, unfixed tissue samples 
using standard phenol-chloroform extraction. 
Extracts from unstained formalin fixed, paraf
fin wax embedded samples were made using 
adaptation of a published method." A single 
5 fim section of each case was cut and placed 
into a 0 5 ml microtube using a clean tooth
pick. The blade was cleaned meticulously 
between blocks using xylene and a new tooth
pick was used for each section. Samples were 
dewaxed using xylene, treated with absolute 
ethanol as described," and dried before 
adding 100-200 pil of digestion buffer (10 
mM TRIS (pH 8 3), 50 mM KCl, 200 jug/ml 
proteinase k (Sigma UK), 01%  Triton X- 
100). After overnight incubation at 37°C 
samples were heated at 95°C for 10 minutes 
to destroy protease activity, spun at full speed 
on a microcentrifuge for two minutes, and 
2 pil, 5 /A, and 10 //I of the supernatant fluid 
used in the PCRs.

Haematoxylin and eosin stained paraffin 
wax embedded sections were obtained firom 
the departmental archives, or freshly stained 
from the archival blocks using Harris’s 
haematoxylin and a standard protocol. The 
coverslips and mountant were removed by 
soaking in xylene and the sections taken 
through alcohols to water. After rinsing in dis
tilled water to remove most of the eosin the 
sections were scraped firom the slides using a 
new scalpel blade and placed into 0 5 ml 
microtubes before adding digestion buffer, 
incubation, and heat treatment as described

Table 1 F r3!JH  P C R  results obtained from  frozen, paraffin w ax embedded, and  
haem atoxylin an d  eosin stained m aterial fo r  each lym phom a type

Paraffin Haematoxylin

Lymphoma
No of

Frozen wax and eosin

M P N M P N M P N

M A L T 22 16 6 0 16 6 0 16 6 0
C B /C C 10 8 2 0 8 2 0 7 2 1
B -C L L 5 5 0 0 5 0 0 5 0 0
L P 2 2 0 0 2 0 0 2 0 0
M C 2 2 0 0 2 0 0 2 0 0
M Z C 1 1 0 0 1 0 0 0 0 1
T o ta l 42 34 8 0 34 8 0 32 8 2

M  =  m onoclonal pa tte rn o f  one o r two discrete b ands in the  appropriate size range;
P  =  polyclonal p a tte rn  o f  a sm ear o f  P C R  products; N  = negative (no p roducts).

Table 2  Sum m ary o f monoclonality detection rates using both primer sets in lymphoma 
D N A  samples extracted from  each tissue source

Tissue source Fr2 Fr3 Fr2 +  3

F rozen 36/42 (86%) 34/42 (81% ) 38/42 (90% )
P araffin  w ax em bedded 28/42 (67% ) 34/42 (81% ) 37/42 (88%)
H aem atoxylin  a n d  eosin stained 15/42 (36% ) 32/42 (76% ) 35/42 (83% )

above. Aliquots of 2 fi\, 5 //I, and 10 /il were 
used in the reactions. Extractions from firozen 
tissue, paraffin wax sections, and haema
toxylin and eosin stained sections were made 
at different times to minimise cross-contami
nation.

P O L Y M E R A S E  C H A IN  R E A C T IO N

PCR amplification of both the Fr3 to joining 
region (Fr3/JH) and Fr2 to joining region 
(Fr2yJH) of the immunoglobulin heavy chain 
gene were performed on all samples using the 
semi-nested procedures described before.'* ®

In each case a first round of 30 cycles of 
amplification of the test DNA extracts with 
primers Fr3 (ACACGGC[C/T][G/C]TGT- 
ATT ACTGT) or Fr2 (TGG[A/G]TCCG- 
[C/A]CAG[G/C]C[T/C][T/C]CNGG) with 
LJH (TGAGGAGACGGTGACC) was fol
lowed by 20 cycles of amplification with an 
aliquot of 0 5 fA firom the first round, using 
primers Fr3 or Fr2 with VLJH (GTGACCA- 
GGGTNCC IT GGCCCCAG). Each reac
tion contained 10 mM TRIS (pH 8-3), 50 
mM KCl, 200 //M each dNTP, 250 ng each 
primer, 0T% Triton X-100, and 0 5 units of 
Taq polymerase (Promega UK). For Fr2/JH 
amplification, a magnesium chloride concen
tration of 4 5 mM was used in the first round 
and 2 mM used in the second. For Fr3/JH the 
concentrations were 9 mM and 3 5 mM. 
Products were electrophoresed for one hour at 
150 volts bn 5% (Fr2) or 10% (Fr3) polyacry
lamide gels, stained in ethidium bromide, and 
viewed under ultraviolet light. PCR products 
from the three preparations were run side by 
side on the gels for each lymphoma case to 
confirm that the same sized fragments were 
amplified.

PCR products for analysis were separated 
from the amplification and reagent prepara
tion to reduce the risk of contamination. The 
lymphoma samples and reactive lymphoid 
controls were amplified on at least two sepa
rate occasions, and, in each experiment, were 
accompanied by a monoclonal sample (Raji 
cell line or previously characterised B cell 
tumour), a polyclonal sample (reactive tonsil 
or lymph node), a negative control with no 
template DNA, and a further negative control 
containing the extraction reagents with no tis
sue sample.

Results
Following amplification with Fr3/JH primers, 
a monoclonal pattern of one or two discrete 
bands within the expected size range (65-120 
base pairs) was seen in 34 of 42 (81%) cases 
of lymphoma using both fresh frozen and 
unstained paraffin wax embedded tissue 
extracts. The remaining eight cases gave rise 
to a smear of products. Using haematoxylin 
and eosin stained sections, 32 of 42 (76%) 
extracts produced a monoclonal pattern, eight 
cases produced a smear (the same cases as 
above), and two yielded no products (tables 1 
and 2; fig 1). All reactive controls gave rise to a 
smear.

After Fr2/JH amplification of fresh tissue
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M N C T F P H

Figure 1 Polyacrylamide gels showing FrS/JH P C R  products. Lane M  = Phi XIH infl 
markers (the 100 base pair fragment is indicated on the left); N  = negative control (no 
D N A ); C  = monoclonal control (R aji cell line); T  = polyclonal control (tonsillar D N A ). 
F  = fresh frozen tissue extract; P  = unstained paraffin wax embedded tissue extract;
H  = haematoxylin and eosin stained tissue extract for lymphoma cases as follows:
1 -  C B C C  lymphoma; 2 ,4 , and 5 — M A L T  lymphoma; 3 and 7 -  B -C L L ; 6 = mantle 
cell lymphoma. Samples 3 and 5 show two bands, representing amplifiable rearrangement 
of both alleles.

extracts 36 of 42 (86%) cases showed a mono
clonal pattern of one or two discrete bands 
between 240 and 280 base pairs, while six 
produced a smear. With unstained paraffin 
wax embedded samples, 28 of 42 (67%) were 
monoclonal, two produced a smear, and 12 
were negative (no amplification). Using 
haematoxylin and eosin stained material, 15 
of 42 (36%) were monoclonal, one case 
showed a smear, 24 were negative, and two 
showed a weak pattern of several bands which 
varied on repeat amplification, suggesting an 
inadequate extract (tables 2 and 3; fig 2). 
Apart from these two cases, all discrete bands 
seen from a given lymphoma case with each 
primer set were of the same size (figs 1 and 2), 
and were reproducible on repeat amplifica
tion. Eleven of 12 reactive lymphoid tissue 
samples showed a polyclonal pattern of ampli
fication from unstained paraffin wax embed
ded tissue, and 10 of 12 haematoxylin and

Table 3  F r2iJH  PC R  results obtained from frozen, paraffin wax embedded, and  
haematoxylin and eosin stained material for each lymphoma type

Sample
No of 
cases

Frozen
Paraffin
wax

Haematoxylin 
and eosin

M P N M P N M P N

M A L T 22 18 4 0 17 2 3 10 1 11
C B /CC 10 8 2 0 5 0 5 3 0 7
B -C LL 5 5 0 0 3 0 2 0 0 5
LP 2 2 0 0 1 0 1 0 0 2
M C 2 2 0 0 1 0 1 1 0 1
M Z C 1 1 0 0 1 0 0 1 0 0
Total 42 36 6 0 28 2 12 15 1 26

M  = m onoclonal pattern  o f one or two discrete bands in the appropriate size range. 
P  = polyclonal pattern  o f a sm ear o f P C R  p roducts. N  = negative (no products).

eosin stained sections also produced a smear. 
The remainder were negative.

Only a small reduction in yield of PCR 
product was seen following Fr3/JH amplifica
tion from paraffin wax embedded and stained 
samples when compared with the fresh frozen 
extracts, but the intensity of bands on the gels 
was often noticeably reduced after Fr2/JH 
amplification from paraffin wax embedded 
and stained tissues.

Discussion
By using PCR to detect monoclonality in low 
grade B cell lymphomas with Fr3/JH primers, 
we have achieved equivalent results on 
unstained formalin fixed, paraffin wax embed
ded sections and fresh frozen material (81% 
detection). A similar false negative rate of 
20-30% has been published in several stud
ies,  ̂ although a study of mainly follicle 
centre cell lymphomas showed a negative rate 
of 44%.'  ̂ Our detection rate was slightly 
decreased (76%) when amplification was car
ried out using haematoxylin and eosin 
stained, formalin fixed, paraffin wax embed
ded sections. However, with Fr2/JH primers, 
the rate was significantly reduced from that 
achieved using fresh/frozen extracts (86%) 
when amplification from unstained paraffin 
wax embedded material (67%) and haema
toxylin and eosin stained sections (36%) was 
attempted. Results were improved for all sam
ple types using both primer pairs, to 90% with 
fresh tissue samples, to 88% with unstained 
paraffin wax embedded sections, and to 83% 
with haematoxylin and eosin stained sections. 
Except for the negative results, no apparent 
artefacts were introduced as a result of tissue 
processing or staining. All reproducible dis
crete bands amplified, using each procedure, 
were of identical size for a given patient. Thus 
a positive result using paraffin wax embedded 
material was reliable, but a negative result in 
which no PCR products were seen was 
unhelpful.

The efficiency of PCR amplification using 
Fr2/JH primers was reduced on paraffin wax 
embedded and stained material, in contrast to 
our findings with Fr3/JH. The Fr2/JH target 
sequence (240-280 base pairs) is at least twice 
the l e n ^  of the Fr3/JH product (65-120  
base pairs). This may account for the reduc
tion in sensitivity, as DNA is probably 
degraded by fixation, processing, and stain
ing, although it is also possible that the 
Fr2/JH primers are generally less efficient and 
are compromised by an impure template. 
Even using Fr3/JH primers, we have experi
enced a PCR failure rate (in which no prod
ucts were amplified) of about 20% using 
referred paraffin wax blocks, suggesting that 
fixation or processing factors can inhibit the 
reaction, as reported before.'^

A single 5 pm  section of lymphoid tissue of 
around 0 5 cm  ̂was sufficient for a minimum 
of 10 analyses, although extraction efficiency 
was found to vary between samples. Use of a 
range of volumes of tissue extract was neces
sary to achieve successful amplification in
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M N

Figure 2 Polyacrylamide gels showing Fr2IJH PC R  products. Lane M  = Phi X IH infl 
markers (the 249  base pair fragment is indicated on the left); N  = negative control (no 
D N A ); C  = monoclonal control (previously characterised B  cell lymphoma). F  = fresh 
frozen tissue extract; P  = unstained paraffin wax embedded tissue extract;
H  = haematoxylin and eosin stained tissue extract for lymphoma cases as follows:
1, 4, and 6 — M A L T  lymphomas; 2  and 3 -  C B C C  lymphomas; 5 = B-CLL.

some cases, as inhibitory chemicals seem to be 
present in variable amounts in extracts from 
paraffin wax embedded and stained sections. 
Repetition of amplification and direct com
parison of products permits the recognition of 
inadequate DNA samples which may amplify 
rare polyclonal B cells and give a variable false 
positive result, or apparently oligoclonal 
result.® The analysis of PCR products on 
polyacrylamide, rather than agarose, gels is 
essential to provide sufficient resolution for 
this comparison and it also enhances detec
tion of dominant bands within backgroimd 
smears. Blocks and stained sections up to 10 
years old were successfully amplified in this 
study; we have also achieved amplification 
from paraffin wax blocks up to 30 years old, 
and anticipate that much older material could 
also be analysed in this way.

At present we favour the use of Fr3/JH 
primers, but as these sometimes do not 
amplify tumour sequences® ® an unexpected 
polyclonal result may be followed by use of 
Fr2/JH amplification, although the benefit of 
this approach on haematoxylin and eosin 
stained material may be marginal due to a 
high failure rate. Improvements in sample 
preparation techniques and PCR parameters 
are currently being sought to overcome this 
problem.

It has been reported that monoclonality can 
be demonstrated in about 80% of low grade B 
cell lymphomas using immunocytochemistry 
to show light chain restriction.However, this 
technique can be difficult to carry out and to

interpret, and some lymphomas do nor 
express light chains. PCR may be able 
overcome these limitations. °

The ability to amplify immunoglobulin 
sequences from stained tissue sections means 
that specific anatomical areas and cell type 
can be selected before PCR amplification 
thus facilitating the study of aspects of tumour 
biology, such as onset, dissemination, and 
recurrence. We have also been able to use sec
tions treated with other stains, such as peri
odic acid Schiff and immunocytochemical 
techniques; these slides are therefore a source 
of further material.

The present study has confirmed that PCR 
amplification of immunoglobulin heavy chain 
gene, particularly using Fr3/JH primers, is a 
reliable method for the demonstration of B 
cell monoclonality in extracts from formalin 
fixed, routinely processed, paraffin wax tissue 
samples. Furthermore, haematoxylin and 
eosin stained paraffin wax sections are also a 
suitable source of DNA for assessment of 
clonality, thus allowing analysis in the absence 
of paraffin blocks. The technique described is 
sufficiently simple, reliable, and easy to 
interpret for its introduction as a routine 
procedure for clonal evaluation of B cell lym
phoproliferative disease.

S upported  by grants from the C ancer Research Campaign and 
the Leukaem ia Research F und.

1 Cleary M L, Chao J, W am ke R, Sklar J. Immunoglobulin
gene rearrangem ent as a diagnostic criterion of B-cell 
lym phom a. Proc Natl Acad Sci USA 1984;81:593-7.

2 T ra ino r KJ, Brisco M J, Story CJ, M orley AA.
M onoclonality in B-lymphoproliferative disorders 
detected at the D N A  level. Blood 1990;75:2220-2.

3 D eane M , M cC arthy K P, W iedem ann LM , N orton JD.
An im proved m ethod for detection o f B-lymphoid clon
ality by polymerase chain reaction. Leukemia 1991; 
5:726-30.

4 W an JH , T ra inor KJ, Brisco M J, M orley AA.
M onoclonality in B cell lym phom a detected in paraffin 
wax em bedded sections using the polymerase chain reac
tion. J  Clin Pathol 1990;43:888-90.

5 Ram asam y I, Brisco M , M orley A. Improved PC R  method
for detecting m onoclonal im m unoglobulin heavy chain 
rearrangem ent in B cell neoplasms. J  Clin Pathol 1992; 
45:770-5.

6 D iss T C , Peng H Z , W otherspoon AC, Isaacson PG, 1 an
LX. D etection o f m onoclonality in low-grade B<ell lym
phom as using the polym erase chain reaction is depen
den t on prim er selection and lym phom a type. J  Pathol 
1993;169:291-5.

7 Ling P C , Clarke C E , C orbett W E N , Lillicrap DP-
Sensitivity o f P C R  in detecting m onoclonal B cell prolit- 
erations. J  CZm P a tW  1993;46:624-7. . „

8 Inghiram i G , Szabolcs M J, Yee H T , Co^rradmi ,
Cesarm an E, Knowles D M . D etection 
globulin gene rearrangem ent o f B cell non-HodgKm 
lym phomas and leukemias in fresh, unfixed and m ™  '  
1 in-fixed, paraffin-em bedded tissue by polymerase c 
reaction. L afc/w est 1993;68:746-57. ,, ,

9 Banks P M , C han J, Cleary M L, et al. M antle cell
phom a. A proposal for unification o f morp 
im m unologic and m olecular data. Am J  Surg 
1992 ;16 :637^0 .

10 Schm id C , Kirkham  N , Diss T , Isaacson P G -^ P l^w
m arginal zone lym phoma. Am J  Surg Pathol >

11 W right D K , M anos M M . Sample preparation from p g ^ '
fin-em bedded tissues. In: Innis MA,

12 M jc a n irK P ^  Sloane JP, W l e d e m ^  LM  RapW ro e lM
for distinguishing clonal from polyclonal B p^thol
tions in surgical biopsy specimens, j  
1990;43:429-32. „K„Hded tissue.13 M ies C. M olecular pathology o f paraffin-emD
C urren t clinical applications. Diagn Mol

14 N orton  AJ, Isaacson PG . D e t a i l e d  p h e n o t^ ic  in
B-cell lym phom a using a panel o f an tiboa pathol
routinely fixed w ax-em bedded tissue. 
1987;128:225-40.



The American Journal of Surgical Pathology 19(5): 531-536, 1995 1995 Raven Press, L td ., New York

B-Cell Monoclonality, Epstein Barr Virus, and 
t(14;18) in Myoepithelial Sialadenitis and 
Low-Grade B-Cell MALT Lymphoma of the 
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Low-grade mucosa-associated lymphoid tissue (MALT) 
type B-cell lymphomas of the salivary gland arise in a 
background of myoepithehal sialadenitis (MESA), usu
ally in association with Sjogren’s syndrome. The distinc
tion between benign MESA and early lymphoma has 
proved difficult using histological criteria alone and the 
significance of B-cell monoclonality in this respect is con
troversial. We have used immunohistochemistry and 
polymerase chain reaction (PCR) amplification of immu- 
noglobuhn heavy-chain VDJ regions to assess clonality in 
biopsies from 45 patients with lymphoid infiltration of the 
parotid. Sequential biopsies spanning 3-18 years were 
available from seven patients, three of whom had devel
oped disseminated nodal B-cell lymphoma. In light of pre
vious studies, each biopsy was additionally analyzed for 
the presence of t(14;18) and Epstein Barr Virus (EBV) 
DNA using PCR. Monoclonality was detected in 34/45 
cases. Comparison of histology with clonahty confirmed 
earlier suggestions that the emergence of an identifiable 
population of centrocyte-like B cells around ducts or ep
ithelial islands correlated with monoelonahty. In six of 
seven patients with sequential biopsies PCR fragments of 
identical size were amplified from each biopsy, suggest
ing that demonstrable monoelonahty in “lymphoepithe- 
lial” lymphoprohferative lesions of the salivary gland is 
indicative of lymphoma. No t(14;18) chromosome trans
locations were identified; EBV sequences were detected 
in three of 45 cases.
Key Words: EBV—Immunoglobulin gene—MALT lym
phoma—Monoclonality—Parotid—PCR—1( 14 ; 18).
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L ow -grade B -cell lym phom as o f m ucosa- 
associated lymphoid tissue.(MALT) of the parotid 
gland arise in a background of myoepithelial sialad
enitis (MESA), also termed benign lymphoepithelial 
lesion, usually in association with Sjogren’s syn
drome (SS) (1,13). The histological features which 
define the onset of lymphoma within MESA have 
not been precisely defined, and the criteria neces
sary for the crucial distinction between benign and 
malignant lymphoproliferation remain contentious.

It has been argued that B-cell monoclonality in a 
lymphoproliferative lesion of the parotid gland her
alds the onset of malignant lymphoma (9,13,15,21). 
Others, however, have taken the view that B-cell 
monoclonality per se is insufficient evidence of lym
phoma and indicates at best a prelymphomatous 
condition or “ pseudolymphoma” (10,12). B-cell 
monoclonality can be determined indirectly by im
munohistochemical (IHC) demonstration of light- 
chain restriction, with the advantage that this can 
often be achieved using formalin-fixed, paraffin- 
embedded tissue (18). This method, however, can
not determine the clonal relationship between le
sions removed from different sites or at different 
times during the course of a disease. This can only 
be achieved by immunoglobulin (Ig) gene rearrange
ment studies using Southern blot analysis (3) or the 
polymerase chain reaction (PCR) (23). The advan
tage of PCR is that, like IHC, it can be performed 
on paraffin-embedded tissue, and this greatly aug
ments the number of cases available for analysis.

Previous histological and IHC investigations of 
lymphoproliferative lesions of the parotid gland 
have described a spectrum of disease between un
complicated MESA, monoclonal B-cell lesions, and
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overt lymphoma (13,15,20,21). These studies sug
gested that an expansion of centrocyte-like (CCL) B 
cells around lymphoepithelial islands was a histo
logical pointer to the emergence of monoclonality. 
The finding of identical light-chain restriction pat
terns in these parotid lesions and subsequent dis
seminated lymphomas in such cases further sug
gested that there was probably a clonal relationship 
between the two lesions (9). In this study we have 
used both IHC and PCR to assess clonality in 45 
lymphoproliferative parotid lesions to define more 
precisely the histological features which accom
pany monoclonality. In seven of these cases se
quential biopsies of recurrent parotid gland lesions 
and/or extraparotid lymphoma have been analyzed 
using PCR to determine the clonal relationship be
tween early and recurrent disease.

Chromosome translocation t(14;18) has been ob
served by some at relatively high frequency in lym
phomas arising in the salivary glands (14,19), and 
Epstein Barr virus (EBV) DNA has been associated 
with several subtypes of lymphoma and with the 
development of SS (11). We used PCR to detect the 
presence of t(14;18) and EBV in this series of pa
rotid lesions in order to examine these associations 
further.

MATERIALS AND METHODS

All samples were obtained from the surgical pa
thology files of the Department of Histopathology, 
University College London Medical School or from 
the Eastman Dental Hospital, London. All available 
formalin-fixed, paraffin-embedded blocks, includ
ing referred cases, of parotid biopsies with a diag
nosis of either MESA or low-grade B-cell lym
phoma of MALT type were selected for study (N = 
45). Thirty-one cases were originally diagnosed as 
MESA (including all 26 cases received before 1988) 
and 14 as low-grade B-cell lymphoma of MALT 
type. The sex ratio was six females to one male and 
the age range from 26 to 84 years, with an average 
of 52.

In seven patients blocks from sequential biopsies 
of parotid or disseminated disease were available 
(Table 1), Extraparotid sites of disease included the 
submandibular salivary gland, minor salivary gland, 
stomach, and lymph nodes. Two of these patients (1 
and 2) have been previously described (9).

In all cases the histology was reviewed and rep
resentative sections stained with antibodies to 
kappa and lambda light chains and CD20 (L26 pan 
B-cell marker) using a streptavidin-biotin method as 
previously described (18). Paraffin-embedded tissue

TABLE 1. Clonal analysis of sequential biopsies 
using PCR and IHC

C ase Biopsy PCR IHC

1 Parotid, 1981 +  {2) +  (K )
B one marrow, 1989 U +  (K)
Gastric, 1989 +  (2) +  (K)
R etroperitoneal LN, 1989 +  (2) +  (fQ

2 Parotid, 1980 +  (1) +  (K)
Cervical LN, 1989 +  (1) U

3 Parotid, 1974 +  (1) +  (K )
Minor salivary gland, 1992 +  (1) +  (K)
Cervical LN, 1993 +  (1) +  (K)

4 Right parotid, 1983 +  (1) +  (K )
Left parotid, 1986 +  (1) +  (K)

5 Right parotid, 1986 +  (1) +  (K)
Left parotid, 1993 +  (1) +  (K)

6 Left parotid, 1983 U U
Left parotid,1991 +  (1) U

7 Parotid, 1985 +  (1) +  (K)
Subm andibular gland, 1991 +  (1) +  (K)

U =  unsatisfactory result (a failure o f the  DNA sam p le to 
support PCR am plification or uninterpretable sta in ing for 
light chains). F igures in p aren theses sh ow  the num ber cf 
dom inant PCR fragm ents am plified from ea ch  sam ple. K = 
kappa light-chain restriction. LN =  lymph node.

samples were prepared for PCR using an adaptation 
of the method of Wright and Manos (24). Single 5 
|im paraffin sections were de waxed with xylene, 
rinsed with ethanol, and dried. PCR buffer (100-200 
|xl; 10 mM Tris pH 9, 50 mM KCl, 0.1% Triton 
X-100; Promega, UK), including 200 |xg/ml protein
ase k (Sigma, UK) was added to each sample before 
incubation at 37°C overnight. Digests were heated 
to 95°C to destroy proteinase activity and the re
sulting supernatants used in the PCR analysis. Each 
extract was analyzed by PCR for clonal rearrange
ment of the Ig heavy-chain gene (23), chromosome 
translocation t(14;18) (5), and the presence of EBV 
(2). Amplification of Ig heavy-chain gene was per
formed using primers directed to the framework 
three part of the V region (Fr3A) and to the J region 
(LJH and VLJH) using the semi-nested protocol as 
previously described (6). DNA extracted from par
affin sections of a centroblastic/centrocytic B-cell 
lymphoma and Raji B-cell line were used as mono
clonal controls and from reactive tonsil as a poly
clonal control. Products were analyzed on 10% 
polyacrylamide gels, and those from sequential bi
opsies were run in adjacent lanes to allow direct 
size comparison.

T(14;18) was amplified using primers directed 
against the major breakpoint region (MBR) of the 
bcl-2 gene and to the J region of the Ig heavy-chain 
gene (JH) and products run on 7.5% polyacryl
amide, or 3% agarose, gels (5). A positive control 
was provided by DNA extracted from paraffin sec
tions of a follicular lymphoma, previously shown to
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carry the translocation by Southern blot analysis. 
Primers to the BamHIW repeat of EBV (EBVl and 
EBV2) were used to detect the virus and products 
run on 3% agarose gels (2). EBV-positive cells from 
a Raji B-cell line were used as a control.

Each experiment was duplicated and accompa
nied by a negative control containing no template 
DNA. The sequences and sources of all primers 
used are hsted in Table 2. All reactions were opti
mized for MgClz concentration and carried out in a 
50 |xl volume with a buffer containing 10 mM tris pH 
9, 50 mM KCl, 250 ng of each primer and 0.1% 
Triton X-100 using 2 and 5 |xl of sample extract (or 
1 |xl of first-round product in the second round of Ig 
heavy-chain PCR). Other reaction parameters for 
each PCR were as previously described (2,5,6).

In situ hybridization for EBER sequences of 
EBV was carried out on a single EBV PCR-positive 
case from which sufficient material was available 
using a published method (16).

RESULTS

Histology

On review of the histology, nine cases were char
acterized by a lymphoid infiltrate consisting of re
active B-cell follicles surrounded by a diffuse mixed 
polymorphic lymphoid population and the presence 
of lymphoepithelial islands (Fig. la). According to 
previously suggested criteria, these cases were clas
sified as histologically benign MESA. In 36 of the 
parotid lesions there was an expanded population of 
CCL cells which in its least extent formed a “ halo” 
around lymphoepithelial islands (Fig. lb) and in its 
greatest extent occupied most of the gland, displac
ing and destroying the reactive follicles (Fig. Ic). 
These 36 cases fulfilled the criteria previously sug
gested as indicative of lymphoma (13).

Immunohistochemistry and PCR on 
Parotid Lesions

Of 45 parotid infiltrates analyzed using immuno
histochemistry, 25 showed light-chain restriction

TABLE 2. Sequences  ( 5 - 3 ' )  and sources of 
primers used

Prim er G ene S eq u en ce R eference

Fr3A IgH ACACGGC[C/T] [G/C]TGTATTACTGT 23
U H IgH TGAGGAGACGGTGACC 23
VLH IgH GTGACCAGGGTNCCTTGGCCCCAG 23
MBR bcl-2 TTAGAGAGTTGCTTTACGTG 5
JH IgH ACCTGAGGAGACGGTGACCAGGGT 5
EBV1 BamHIW AAAGCGGGTGCAGTAACAGGTAAT 2
EBV2 BamHIW TTGACTGAGAAGGTGGCCTAGCAA 2

(LCR; Fig. Id), 15 showed no LCR, and in five 
cases the staining was unsatisfactory.

PCR analysis showed monoelonahty (the pres
ence of one or two discrete products with or with
out a background smear) in 25 of the parotid sam
ples (Figs. 2, 3) and polyclonality (a smear of PCR 
products) in 19. An oligoclonal pattern of three dis
crete bands was seen in one case. All positive and 
negative controls showed appropriate products in 
all PCR reactions performed.

Monoclonality was detected with both IHC and 
PCR in 18 cases, with PCR alone in eight and with 
IHC alone in eight. Overall, monoclonality was de
tected in 34/45 cases, 10 cases were polyclonal, and 
one sample was oligoclonal (Table 3).

Correlation of Histology with IHC and PCR

Ah 34 cases which were monoclonal by either 
IHC or PCR showed an expanded population of 
CCL ceUs around lymphoepithelial lesions. Of the 
eleven cases in which monoclonality was not de
tected by either technique, two cases showed an 
expanded population of CCL cells and nine cases 
did not. In each of 36 cases with an expanded pop
ulation of CCL ceUs a B-cell phenotype was con
firmed by L26 positivity.

Sequential Biopsies

PCR studies of sequential biopsies showed per
sistence of the same-sized PCR product in ah biop
sies taken throughout the course of the disease in 
six patients (Figs. 2, 3), and in the seventh no am- 
plifiable DNA was extracted from the first biopsy 
(Table 1).

PCR Amplification of t(14;18) and EBV

PCR amphfication of t( 14; 18), MBR was negative 
in ah 45 parotid samples analyzed, although the pos
itive control foUicular lymphoma gave rise to the 
expected 115 bp fragment. Three of 45 parotid sam
ples were positive for EBV by PCR amphfication of 
the BamHIW fragment. In the single EBV-positive 
case analyzed using in situ hybridization, a minority 
of ceUs (<5%) within the lymphoid infiltrate was 
shown to contain EBER sequences.

DISCUSSION

Under ideal conditions of formalin fixation and 
paraffin embedding IHC staining for Ig light chains 
wiU show LCR in approximately 80% of B-cell lym
phomas (18); similarly, PCR will detect monoclon- 
ality in about 80% of low-grade lymphomas (7). 
Given the heterogeneous nature of the material
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FIG. 1. (a) Section of parotid  gland from  a case of MESA w ith  no evidence of B-cell 
m onoclona lity. A B-cell fo llic le  is present below, surrounded by a po lym orph ic lym 
phoid in filtra te  w ith in , w h ich is a lym phoepithelia l island; the duct lumen is preserved, 
(b) Parotid lym phoid in filtra te  wh ich showed B-cell m onoclona lity . There is a ha lo-like 
expansion of CCL cells around lym phoepithelia l islands, (c) Low-grade B-cell MALT 
lym phom a of the paro tid  show ing a con fluent in filtra te  of CCL cells around a lym 
phoepithe lia l island, (d) Same case as c im m unostained, left, fo r kappa im m unog lob
ulin ligh t chain and, right, fo r lambda ligh t chain. There is kappa light-chain restric
tion.

used in this study, which consisted o f  paraffin- 
embedded tissue fixed by unknown methods and 
stored for periods o f up to 22 years, it is not sur
prising that the efficiency o f both methods was con
siderably reduced. By combining the results from 
both m ethods it is likely that the great majority of  
monoclonal cases were identified, but a small resid
uum o f false-negative cases cannot be excluded.

The results confirm previous suggestions that the 
presence o f a population o f CCL cells around lym
phoepithelial islands is indicative o f the emergence 
o f B -ce ll m onoclonality . This appearance was 
present in all monoclonal cases and in only two 
polyclonal cases, in which a false-negative result 
cannot be excluded.

Amplification o f PCR products o f identical size 
from the early parotid lesion and from later more 
advanced disease in six o f seven cases, including 
submandibular disease in one patient and extrasal- 
ivary lymphoma in three patients, is good evidence

that the same clone was implicated in the early and 
late phases o f the disease in each patient. This find
ing strongly supports the argument that the emer
gence o f a monoclonal B-cell population in the con
text o f M ESA heralds the onset o f lymphoma. It 
does not exclude the possibility that further, as yet 
unidentified genetic changes may precede progres
sion and dissemination. Until such factors are iden
tified, however, patients with monoclonal B-cell in
filtrates o f the parotid must, at least, be kept under 
constant surveillance. There is no way o f predicting 
the likely time course o f low-grade MALT lympho
mas following the first diagnostic biopsy. In this 
series o f cases the interval between initial biopsy 
diagnosis and dissemination varied from 3 to 19 
years; similarly long intervals have been reported 
for other MALT lymphomas (8).

Oligoclonal B-lymphocyte populations have been 
detected in salivary gland biopsies o f SS patients 
(12) and interpreted as evidence of a prelymphoma-
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M 1 2 3 4 5 6 TABLE 3. IHC and PCR de term ination o f c lona lity  in 
pa ro tid  g land biopsies

FIG. 2. PCR products am plified from  extracts of se
quentia l b iopsies from  case 1. (Lane M) phiX/H infl mo
lecular w e igh t m arkers (the 100 bp fragm ent is ind i
cated on the left), (lane 1) negative con tro l (no tem 
plate DNA), (lane 2) positive con tro l (Raji B-cell line), 
(lane 3) paro tid  1981, (lane 4) bone m arrow 1989, (lane 
5) gastric  biopsy 1989, (lane 6) re troperitonea l lymph 
node 1989. Two discrete fragm ents of the same size 
have been am p lified  from  each biopsy (except the 
bone m arrow  sample w h ich fa iled to support PCR), 
suggesting involvem ent o f the same B-cell clone.

M l  2 3 4 5 6

FIG. 3. PCR products am plified from  extracts of se
quential b iopsies from  case 3. (Lane M) phiX /H infl mo
lecu lar w e igh t m arkers (the 100 bp fragm ent is ind i
cated on the left), (lane 1) positive con tro l (Raji B-cell 
line), (lane 2) po lyclonal con tro l (hyperp lastic tonsil), 
(lane 3) negative con tro l (no tem plate DNA), (lane 4) 
parotid 1974, (lane 5) m inor salivary gland 1992, (lane 
6) cervical lymph node 1993. One discrete fragm ent of 
the same size has been am plified from  each biopsy, 
suggesting involvem ent of the same B-cell clone.

IHC PCR IHC + PCR

M onoclonal 25 25 34=
Polyclonal 15 19 10*
Oligoclonal — r 1 =
Uninterpretable 5 — —

® All b iopsies were characterized by an expansion  of CCL 
cells around lymphoepithelial islands.

^ An expansion of CCL cells w as present in two cases. 
Three PCR fragm ents amplified.

tous state. We observed oligoclonality in only one 
case, which, interestingly, did not show the histo
logical features associated with m onoclonality.

PCR analysis failed to demonstrate t(14;18) in any 
of our biopsies. This contrasts with the findings of 
Kerrigan et al. (14), who detected translocation in 
three o f seven cases o f salivary gland lymphoma 
using Southern blot analysis, and Pisa et al. (19), 
who found five o f seven positive SS-associated lym
phomas o f the salivary gland following Southern 
blot and PCR analysis o f major and minor break
point regions. As we have found minor cluster re
gion PCR to work poorly on paraffin tissue extracts 
(probably due to the relatively large size o f the 
products) (17), we used primers directed only to the 
MBR. H owever, this method detects translocation 
in about 50% o f cases o f follicular lymphoma, and if 
this translocation was characteristic o f  salivary  
gland lymphoma, we would expect to have detected  
it in a significant number of our cases (4). In the 
study o f Kerrigan et al. (14) the cases with t(14;18) 
appear to have been follicular lymphomas o f intra
parotid lymph nodes, while the negative cases arose 
in the parotid parenchyma and are likely to have 
been MALT lymphomas. The study by Pisa et al. 
(19) contains too few  histological data for interpre
tation.

Only three o f our 45 cases (all lymphomas) were 
positive for EBV using PCR. This incidence o f  
EBV-positive cases (3/36 lymphomas or 8%) is sim
ilar to figures published for other lymphoma types 
(22). In combination with the finding that EBER  
sequences were absent from the majority o f tumor 
cells in a single case analyzed, this suggests that 
EBV is not associated with the pathogenesis o f lym
phoma in M ESA. □
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The polymerase chain reaction in the 
demonstration of monoclonality in T cell 
lymphomas

T  C Diss, M  Watts, L X  Pan, M  Burke, D  Linch, P G Isaacson

Abstract
Aim s—To evaluate polymerase chain re
action (PCR) amplification of T cell re
ceptor (TCR) P and y chain genes as a 
means of demonstrating monoclonality in 
T cell lymphomas using histological 
samples; to compare the performance of 
PCR with Southern blot analysis. 
M ethods—TCR-P, TCR-y and immuno
globulin heavy chain (IGH) genes were 
analysed using PCR in 55 cases of T cell 
lymphoma (28 frozen tissue and 27 paraffin 
wax embedded samples), diagnosed using 
morphological and immunohistochemical 
criteria. The 28 frozen samples were sub
jected to Southern blot analysis using 
TCR-p, TCR-y and IGH gene probes. 
Twenty five B cell lymphomas and 21 non
neoplastic lymphoid tissue samples were 
used as controls.
Results—Using TCR-p PCR, mono
clonality was detected in 24 (44%) of 55 T 
cell lymphomas compared with 43 (78%) 
of 55 using TCR-y PCR and in 82% with 
both techniques. Five (9%) of 55 T cell 
lymphomas were IGH PCR positive. None 
of the non-neoplastic lymphoid control 
samples were PCR positive. All B cell 
lymphomas showed a polyclonal pattern 
with TCR-p PCR whUe a single B cell 
lymphoma was positive using TCR-y 
primers. With TCR-p PCR, a monoclonal 
result was seen in 12 (43%) of 28 frozen 
samples of T cell lymphoma, compared 
with 23 (82%) of 28 using Southern blot 
analysis. With TCR-y PCR, 19 (68%) of 28 
frozen tissue samples were positive, com 
pared with 26 (93%) of 28 using Southern 
blot analysis. A single case showed IGH 
rearrangement by Southern blot analysis. 
Conclusion—TCR-y PCR should be the 
method of choice for analysis o f clonality 
in paraffin wax embedded sections of 
lymphoproliferative lesions, as TCR-p 
PCR has a high false negative rate. South
ern blot analysis remains the most suc
cessful technique when sufficient fresh 
tissue samples and resources are available. 
(J C lin  Pathol 1995;48:1045-1050)

Keywords: Monoclonality, PCR, T  cell lymphoma, T  
cell receptor P and y.

Distinction between benign and malignant 
T cell lymphoproliferative disease can be 
difficult using morphological criteria. For ex
ample, low grade T cell lymphomas presenting 
in the skin can be indistinguishable from re

active conditions, even with the aid of immuno- 
phenotyping.' The best available marker of T  
cell malignancy is T  lymphocyte monoclonality, 
which is rarely encountered in non-neoplastic 
disease. However, monoclonality of T  cells, 
unlike that of B cells, cannot be reliably de
duced by immunophenotyping. Studies of gene 
rearrangement using Southern blot analysis of 
restriction fragments of T  cell receptor (TCR) 
a, P, y, or 5 chain genes permit identification 
of monoclonal populations of T  cells.^ Un
fortunately, these techniques are time con
suming, use radioactive isotopes and depend 
on the availability of fresh/frozen tissue 
samples, and thus have not progressed from the 
research laboratory to the diagnostic service. 
Alternative approaches based on the amp
lification of TCR genes using the polymerase 
chain reaction (PCR) have been devised which 
can also detect monoclonal populations of T  
cells and are rapid, do not use radioisotopes 
and can be applied to paraffin wax embedded 
tissue sa m p le s .P C R  methods are based on 
size analysis of amplified variable regions and 
rely on die fact that monoclonal populations 
give rise to PCR products of discrete size rather 
than the wide range of product sizes char
acteristic of polyclonal populations. The TCR- 
(5,’ -ŷ ®̂  or -Ô® genes have been the favoured 
targets for detection of monoclonal T  cells 
as the TCR-a gene is highly complex. For 
evaluation of T  cell lymphomas in general, 
amplification of TCR-(3 and -y  is the most 
promising as the -6 chain gene is frequently 
deleted in mature T  cells.® At present, it is 
unclear whether targeting the TCR-P or the 
-y  chain gene offers the most efficient means 
of demonstrating monoclonality in lympho
proliferative lesions and whether PCR offers a 
viable alternative to Southern blot analysis. In 
order to help the pathologist to select the most 
appropriate techniques, we have extended and 
evaluated previously published PCR protocols 
for amplification of TCR-P and -y chain genes. 
In cases where frozen, unfixed tissue samples 
were available. Southern blot analysis has been 
carried out, using probes to the TCR-P and 
-y chain genes, in order to compare PCR with 
the gold standard technique.

Detection of clonal antigen receptor gene 
rearrangement can also be used to determine 
lineage of lymphoproliferation.'® Some lymph
omas, however, carry apparently inappropriate 
antigen receptor gene rearrangements," 
prompting us to assess PCR amplification of 
the immunoglobulin heavy chain (IGH) gene 
in addition to TCR genes.
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Methods
Tissue samples were obtained from the archives 
of the Histopathology Department at U ni
versity College London Medical School and 
from a Leukaemia Research Fund study fin
anced by the British National Lymphoma In
vestigation (BNLI) based at Mount Vernon 
Hospital, London. D N A  extracts from frozen, 
unfixed tissue samples were made using a 
standard technique and from paraffin wax 
blocks using the method of Wright and 
Manos.^^ D N A  samples from 55 cases of T  
cell lymphoma were analysed, diagnosed using 
morphological and immunophenotypic criteria 
and classified according to the revised Euro- 
pean-American Lymphoma Classification." 
The 28 frozen tissue samples comprised 11 
cases of intestinal T  cell lymphoma, 12 of 
peripheral T  cell lymphoma, two precursor T  
lymphoblastic lymphomas, one anaplastic large 
cell lymphoma, and two cases of mycosis fung- 
oides. The 27 paraffin wax embedded tissue 
samples included nine peripheral T  cell lymph
omas, four precursor T  lymphoblastic lymph
omas, eight anaplastic large cell lymphomas, 
one case of mycosis fungoides, four angio- 
immunoblastic T  cell lymphomas, and one 
unclassified T  cell lymphoma (necrotic). 
Twenty five frozen tissue samples of B cell 
lymphoma with PCR detectable IGH gene re
arrangements (five small lymphocytic (B- 
CLL), five MALT type, five mantle cell, five 
follicular centre, and five large cell), the T  cell 
lines Jurkatt and CEM-CCRF, and the Raji B 
cell line were also studied. Twenty one non
neoplastic controls comprised 10 paraffin wax 
sections of hyperplastic tonsil and 11 peripheral 
blood lymphocyte samples (seven from healthy 
donors, three from subjects with infectious 
mononucleosis and one from a patient with a 
postsplenectomy lymphocytosis).

PO L Y M ER A SE C H A IN  R E A C T IO N  

TCR-§ chain gene
Amplification of the TCR-P chain gene was 
carried out using the technique described by 
McCarthy et af. in five separate reactions with 
the following primer combinations: V-hJl, 
V +J2, D 1+ J1 , D1 -hJ2, D 2 + J 2  (table 1). Re
action mixtures contained 10 mM Tris/HCl 
(pH 9), 50 mM KCl, 0-1% Triton-X 100, 
250 ng of each primer, 200 jiM of each dNTP, 
1 -1 5  m M M gC lz, 100 ng D N A  (or 2 and 5 p i 
of paraffin wax section extract), and 1 unit of

Taq polymerase (Promega, Southampton, UK) 
in a total volume of 5 0 p i. After an initial 
dénaturation step at 95°C for seven minutes 
(“hot-start”), the Taq enzyme was added at 
58°C followed by 40 cycles of one minute at 
93°C, one minute at 58°C, and two minutes 
at 72°C (seven minutes on the last cycle) on 
a thermal cycler (Hybaid, Teddington, UR) 
Products were run on 10% polyacrylamide gels 
stained with ethidium bromide and viewed un- 
der ultraviolet light. All samples were studied 
in duplicate.

Samples giving rise to a total of one or two 
clearly visible, discrete fragments within the 
expected size range (55 to 100 base pairs) and 
of the same size in both amplifications were 
scored as positive (monoclonal); those giving 
rise to a smear of products or an inconsistent, 
weak “ladder” pattern of amplification were 
scored as negative (polyclonal). If no products 
were seen, the reactions were presumed to have 
failed and were repeated.

TCR-y chain
The TCR-y chain gene was amplified using 
the method described by McCarthy et at 
(“P C R yl”; table 1, fig 1) using two reactions 
with primers VyI-l-VyIII/IV+Jyl/2 (product 
sizes approximately 70-95 base pairs) and 
Vyl -I- V yllFIV + JPy 1/2 (product sizes 80-110 
base pairs). As these primers do not target 
rearrangements involving the V yll or JP seg
ments, extra primers were used to investigate 
their usefulness (“PCRy2”; table 1, fig 1). Re
actions were carried out as follows: VyIl4-Jyl/2, 
VyIl4-JPyl/2, Vyl 4- Vylll/IV 4-JPy (product 
sizes approximately 150-180, 160-190 and 
70-95 base pairs, respectively). After dé
naturation at 95°C for seven minutes, Taq 
polymerase was added at 55°C followed by 40 
cycles o f one minute at 93°C, one minute at 
55°C, and one minute at 73°C (seven minutes 
on the last cycle). Otherwise, reaction mixtures, 
analysis o f products and interpretation were 
carried out as for the TCR-|3 analysis with 
the exception that a MgClg concentration of 
1-5 mM was used in all reaction mixtures.

Immunoglobulin heavy chain gene 
Amplification of the IGH gene from the frame
work 3 part o f the V segment to the J region 
was carried out as previously described." Anal
ysis of products and interpretation of results 
were as described above for TCR-P amp
lification.

Table 1 Sequences and sources o f primers

Primer Sequence Reference

TcR-P
V 5 '-T G T A T C T C T G T G C C A G C A G -3 ' 5
D I 5 '-C A A A G C T G T A A C A T T G T G G G G A C -3 ' 5
D 2 5 '-T C A T G G T G T A A C A T T G T G G G G A C -3 ' 5
J1 5 '-A C A G T G A G C C G G G T T C C -3 ' 5
J2 5 '-A G C A C C G T G A G C C T G G T G C C -3 ' 5

T cR -7
V yl 5 '-T C T G G G /A G T C T A T T A C T G T G C -3 ' 6 (V y ll)
V y in /IV 5 '-C T C A C A C T C C /T C A C T T C -3 ' 6 (V ylO l)
Jy l/2 5 '-C A A G T G T T G T T C C A C T G C C -3 ' 6 (Jy l2 )
JP y l/2 5'-GTTACTATGAGCTyCTAGTC-3' 6 (JPy 12)
VyH 5'-G A A A G G A A T C T G G C A T T C C G -3 ' S ho rt M , personal

com m unication
JPy 5 '-T T G T T C C G G G A C C A A A T A C C -3 ' 14

Southern blot analysis
High molecular weight D N A  extracts f r o m  t h e  

28 frozen samples of T  cell lymphoma w e r e  

digested with restriction enzymes E coB d, 
H indlll and BamHL. Digests were s e p a r a t e  

on 0*8% agarose gels and blotted o n t o  

membranes. Blots were hybridised s e q u e n t i a  Y 

to ^̂ P labelled probe CP for TCR-p/^ , 
for TCR-y" and for the IGH gene," w a s h e d  

under stringent conditions and e x p o s e d  t o  

ray film at — 70°C for three to five days. Metd 
branes were stripped of radiolabel by w a s h i n g  i
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V-Y-IV

V-y-III

V-y-II

VI V2 V3 V4 V 5 V 5 P V 6 V 7  V8 VA V9 V10 VB V II  J P 1 J P  J1 Cl JP 2  J 2  C2

V-y-I

N J

Figure 1 (A ) Organisation o f the germline TCR-y chain gene. The V  and J  segments targeted by P C R yl primers are
shown as open boxes. V yl primer binds to all V yl fam ily members; the V y l l l l lV  primer binds to V I0 and V ll  (families 
III and IV ); 112 is complementary to J y l  and Jy2; JP;1I2 binds to J P l  and JP2. Additional segments targeted by 
PCRy2 primers are shown as solid boxes; V y ll binds to V9 and the J P  primer binds to JP. Pseudogenes, VA and VB, 
are shown as shaded boxes (not targeted) and the constant region clusters ( C l  and C2) are shown as large shaded 
boxes.^^ (B ) Rearranged TCR-y chain gene showing the primer positions which permit amplification of V-N-J regions.

Table 2 Southern blot and P C R  results, shown as numbers of monoclonal cases

TCR-ll TCR-y IGH

Blot PCR Blot PCRl PCR2 Blot PCR

T  cell lym phoma 
frozen tissue 
paraffin wax sections 
total 

B cell lym phoma 
Controls

28
27
55
25
17

23 (82% )
N A

12 (43%) 
12 (44%) 
24 (44%) 

0 (0%)
0 (0%)

26 (93% )
NA

19 (68%) 
23 (85% ) 
42 (76% )

1 (4%)
0 (0%)

3 (11%) 
1 (4%) 
4 (7 % ) 
0 (0%) 
0 (0%)

1 (4%) 
NA

25/25*

2 (7% )
3 (11%) 
5 (9%)

25/25*
0 (0%)

* T hese cases were selected on the basis o f a rearranged Ig heavy chain gene.

boiling 0*5% sodium dodecyl sulphate between 
hybridisations. Following hybridisation to C(3 
and Jh probes, cases which showed one or two 
non-germline bands on the radiographs with

IVI

Figure 2 Polyacrylamide gel o f T C R -f PC R  products (D 2 + J 2  primers). Lane M , 
FhiX-Hinfl molecular weight markers (100 base pair fragment is arrowed); lane 1, 
tiegative control (no D N A ); lane 2, hyperplastic tonsil; lane 3, B  cell lymphoma; lanes 4 
and 5, intestinal T  cell lymphomas; lane 6, peripheral T  cell lymphoma; and lane 7, 
angioimmunoblastic T  cell lymphoma. Lanes 4 and  5 were interpreted as positive 
(monoclonal), and lanes 6 and 7 as negative (polyclonal). The weak band visible in lane 
7 was not seen on duplication o f the reaction and therefore did not satisfy the adopted 
criteria for monoclonality.

one or more restriction digests were scored as 
positive (monoclonally rearranged) and those 
showing only germline bands were scored as 
negative. Because of the limited diversity of the 
TCR-y chain gene, polyclonally rearranged T  
cell populations give rise to a predictable ladder 
of bands in addition to germline fragments^® 
which are clearly seen following digestion with 
FcoRI or Hindlll and hybridisation with the 
pH60 probe. Samples which showed the pres
ence of one or two bands distinctly stronger 
than the other rearranged fragments with one or 
more restriction digests were scored as positive 
and those which showed only a germline or 
typical polyclonal ladder were recorded as neg
ative.

Results
TCR-P
After optimisation, which required meticulous 
control of reaction conditions, 24 (44%) of 55 
cases of T  cell lymphoma analysed using TCR- 
p PCR showed a monoclonal pattern of one or 
two discrete bands and the remainder showed 
a polyclonal pattern of a smear of PCR products 
(table 2; fig 2). Of the frozen tissue samples, 
12 (43%) of 28 were positive compared with 
82% positive by Southern blot analysis; the five 
cases negative on Southern blot analysis were 
also PCR negative. Twelve (44%) of the 27 
paraffin wax samples were PCR positive. In 12 
of the 24 samples found to be rearranged on
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Southern blot analysis, clonal bands were seen 
with only one of three restriction enzymes. In 
the fresh tissue extracts primer pairs V + J l,

(B)
F i^ re  3 (A ) Polyacrylamide gel of TCR-y PC R  products (P C R yl V yl-IIIilV-JlIZ  
primers). Lane M , Ph iX -H infl molecular weight markers (100 base pair fragment is 
arrowed); lane 1, negative control (no D N A ); lane 2, hyperplastic tonsil; lane 3, B  cell 
lymphoma; lane 4, intestinal T  cell lymphoma; lane 5, mycosis fungoides; lane 6, 
peripheral T  cell lymphoma; and lane 7, angioimmunoblastic T  cell lymphoma. Lanes 4, 
5 and 6 were interpreted as positive (monoclonal), and lane 7 as negative (polyclonal). 
(B ) Polyacrylamide gel o f TCR-y PC R  products (P C R yl V yI-llIllV -JP ll2  primers). 
Lane M , Ph iX -H infl molecular weight markers (100  base pair fragment is arrowed); 
lane 1, negative control (no D N A ); lane 2, hyperplastic tonsil; lane 3, B  cell lymphoma; 
lanes 4 and 5, intestinal T  cell lymphomas; lane 6, peripheral T  cell lymphoma; and lane 
7, angioimmunoblastic T  cell lymphoma. Lanes 4, 5 and 6 were interpreted as positive 
(monoclonal), and lane 7 as negative (polyclonal).

Table 3 Total numbers o f cases and alleles amplified by 
each primer set

TCR gene Printer set Cases Alleles

P V-Jl 1 1
P V-J2 8 8
P D l-J I 3 3
P D I-J2 4 4
P D2-J2 18 18
Y (P C R yl) V7I-VYIII/IV-JI/2 25 34
Y (P C R yl) VyI-V yIII/IV-JP1/2 23 26
Y (PC R y2) V yII-Jl/2 3 3
Y (PCR y2) V yII-JP l/2 1 1
Y (PC R y2) VYl-VYni/rV-JP 1 1
IG H FR3-JH 5 5

Diss, Watts, Pan, Burke, Linch, Isaacson

V +J2, D l +J1, D l +J2, and D 2+J2 all 
duced at least one positive result, with D2 + j2 
being the most useful set (18 of 24 positive 
results; table 3). In four cases a total of three 
bands was seen, but in each case an identically 
sized fragment was amplified with D1 + J2 
D 2+J2, suggesting that the two D primers 
sometimes cross-react. All cases which showed 
a germline Southern blot were PCR negative 
The Jurkatt and CEM-CCRF T  cell lines were 
both positive, whereas the Raji B cell line was 
negative. Using PCR, 25 B cell lymphomas 
and 21 non-neoplastic lymphoid tissue extracts 
all showed a polyclonal pattern.

T C R - y

TCR-y PCR was easier to optimise and was 
more robust than TCR-P PCR. Using the 
method described by McCarthy et al,  ̂42 (76%) 
of 55 cases of T  cell lymphoma were mono
clonal (table 2; fig 3). Occasional cases gave 
rise to variable ladders rather than product 
smears. Of the 28 frozen tissue samples, 19 
(68%) were monoclonal by PCR compared 
with 93% by Southern blot analysis. In nine 
of 26 Southern blot analysis positive cases a 
rearranged band was seen in only one re
striction enzyme digest. Both samples negative 
on Southern blot analysis were also PCR neg
ative. Twenty three (85%) of 27 paraffin wax 
samples were PCR positive. Supplementing the 
PCR analysis of TCR-y with primers Vyll and 
JPy (PCRy2) increased the overall detection 
rate of TCR-y PCR from 76 to 78%. Although 
five cases showed a monoclonal pattern using 
these primers (table 3), only one was negative 
with PCRyl. Both T  cell lines were positive 
and the B cell line negative. One of the 25 B 
cell lymphomas (a large cell tumour), though 
none of the 21 non-neoplastic lymphoid 
samples, showed a dominant band. Use of both 
TCR-P and -y PCRs together permitted the 
detection of 82% of T  cell lymphomas.

IM M U N O G L O B U L IN  HEAVY C H A IN  G EN E 

Five (9%) of 55 T  cell lymphomas showed 
clonal rearrangement of the IGH gene, as de
termined by PCR; the remainder produced 
a smear of products. The monoclonal cases 
comprised one intestinal, two precursor and 
two angioimmunoblastic T  cell lymphomas. 
All genotypic data for these cases are shown in 
table 4. Of 28 frozen tissue cases analysed, two 
were PCR positive, one of which showed Jh 
rearrangement on Southern blot analysis.

PCR results for each disease group are shown 
in table 5.

Discussion
Previous PCR based investigations have shown 
monoclonality in 50-76% of T  cell lymphomas 
using TCR-P primers’ *̂ and in 58-100% using 
TCR-y primers.'*""'-" However, these studies 
have assessed few cases, or have analysed a 
single disease entity (mycosis fungoides ),  ̂
single TCR gene^” " or have presented no 
Southern blot data. '̂ The present study is ^
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Table 4  Results o f P C R  an d  Southern blot analysis o f immunoglobulin (Ig) heavy chain positive T  cell lymphomas

Case Diagnosis P-blot b-PCR y-blot y-PCR Ig-blot Ig-PCR

1 In testinal T  cell lym phom a R G — G +
2 P recursor T  lym phoblastic lym phom a R R — R +
3 P recursor T  lym phoblastic lym phom a N D N D — N D +
4 A ngioim m unoblastic T  cell lym phom a N D N D + N D +
5 A ngioim m unoblastic T  cell lym phom a N D N D + N D +

R = rea rran g e d ; G = germ line; N D = n o t  done (no fresh tissue available).

first to provide a direct comparison between 
detection o f TCR-P and TCR-y re
arrangements using both PCR and Southern 
blot analysis in a range of lymphoma types.

On PCR analysis of 55 cases of T  cell lymph
oma monoclonality was detected in 44% of 
cases with TCR-P and in 78% with TCR-y 
primers. Thus, TCR-P PCR was significantly 
less sensitive in demonstrating monoclonality 
than TCR-y PCR. This may be because the 
TCR-P primers are consensus sequences tar
geted to a large number of diverse germline 
segments,^ whereas the TCR-y primers fit 
closely to a limited number of targets.® It is also 
possible that a higher proportion of malignant T  
cell clones carry TCR-y chain gene re
arrangements than -P, a view supported by 
Theodorou et a l^  A further disadvantage of 
TCR-P PCR is the requirement for five primer 
pairs in the analysis, although a single set 
(D 2+J2) detected 75% of the TCR-P positive 
cases.

Both TCR-P and TCR-y PCR results using 
paraffin wax embedded tissue samples were 
comparable to those obtained using firozen, 
unfixed tissue, confirming that these techniques 
are suitable for routinely processed 
specimens.^'

Monoclonal bands were not seen in B cell 
lymphomas using TCR-P PCR. This suggests 
that the technique can help to define lympho
cyte lineage in histological material, although 
the high incidence o f false negatives will reduce 
its usefulness. A single case of B cell lymphoma 
showed clonal rearrangement of the TCR-y 
chain gene. Previous studies have shown that 
a proportion of B lineage tumours carry re
arranged TCR-y chain genes, notably in B 
lymphoblastic disease.^^

N o false positive TCR-P or TCR-y PCR  
results were seen in 21 non-neoplastic lymph
oid tissue samples, although we have recorded 
an unexpected reproducible dominant band 
using TCR-y PCR in a case of hepatitis, with 
no evidence of involvement by lymphoma (tm- 
published data). Furthermore, analysis of in
testinal intraepithélial lymphocytes from 
patients with non-lymphomatous, non-infiam- 
matory disease has shown that dominant

Table 5  P C R  results fo r  each T  cell lymphoma subtype studied

Lymphoma TCR-P T C R -f IGH

In testinal T  cell lym phom a 5/11 (45% ) 6/11 (55% ) 1/11 (9%)
P eripheral T  cell lym phom a 8/21 (38% ) 18/21 (86%) 0/21 (0%)
P recursor T  lym phoblastic lym phom a 2/6 (33% ) 4/6 (67% ) 2/6 (33% )
A naplastic large cell lym phom a 4/9 (44% ) 7/9 (78% ) 0/9 (0%)
M ycosis fungoides 2/3 (67% ) 3/3 (100% ) 0/3 (0% )
A ngioim m unoblastic T  cell lym phom a 2/4 (50% ) 4/4 (100% ) 2/4 (50% )
U nclassified T  cell lym phom a I / l  (100%) 1/1 (100%) 0/1 (0%)
Total 24/55 (4 4 % )t 43/55 (7 8 % )t 5/55 (9% )

' P C R y l + P C R y2; fP C R -P  an d  PC R -y together 45/55 (82% ).

clones are present within T  cell subsets, pre
sumably responding to restricted numbers of 
antigens.^® Studies to determine whether such 
clones may be detectable in small gas
trointestinal biopsy specimens using the 
methodology described here are in progress. 
Monoclonal populations of T  cells have also 
been described in peripheral blood specimens 
of elderly subjects.^’ Although results to date 
suggest that PCR detectable monoclonality is 
rare in non-neoplastic T  cell disease, further 
studies are necessary to clarify this issue. It is 
evident that the presence of a dominant T  cell 
clone does not necessarily equate to malig
nancy, therefore close correlation of PCR anal
ysis with standard histological assessment is 
essential to minimise the risk of misdiagnosis.

The addition of extra primers to the TCR-y 
analysis (PCRy2) did not significantly increase 
the detection rate (from 76 to 78%). Further 
refinement of PCR techniques for amplification 
and analysis of TCR-y chain genes may permit 
detection of a higher proportion of re
arrangements. For example, by mixing multiple 
primers targeting all predictable re
arrangements in single tube reactions or by 
the use o f GC-clamped primers designed to 
enhance separation on denaturing gradient 
gels.̂ ® However, improvements in sensitivity by 
alternative methods of product analysis may 
more frequently lead to detection of expanded 
clones which do not correspond to neoplasia. 
Such methods may therefore be more ap
propriate during follow up rather than at diag
nosis. It may be necessary to include 
quantitative criteria in the definition of dom
inant clones, rather than relying on the sens
itivity of the methodology to provide the 
threshold.

Our finding of IGH gene rearrangement in 
9% of our T  cell lymphomas is perhaps sur
prising. Misdiagnoses on morphology and im- 
munophenotype are a possibility, although, in 
all but one case, TCR gene rearrangement was 
also shown by PCR or Southern blot analysis 
or both (table 4). In the light o f previous reports 
in which IGH gene rearrangements have been 
observed in precursor and angioimmunoblastic 
T  cell lymphomas,^^^” it is evident that IGH  
rearrangements in these tumours are not un
common. Four of the five IGH rearrangements 
observed here were in these lymphoma sub- 
types. A further possibility is that minor dom
inant B cell clones were present in these 
samples, although in one of the two cases stud
ied using Southern blot analysis a Jh re
arrangement was demonstrated, confirming the 
presence of a major IGH rearranged clone. 
These observations reinforce the view that a T  
or B cell phenotype cannot be inferred from a
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single antigen receptor amplification, although 
the presence of a TCR or IGH rearrangement 
in the absence o f the other may be regarded as 
strong evidence of, respectively, a T  or B cell 
lineage.

Southern blot analysis was more successful 
at detecting TCR-P or -y rearrangements than 
PCR, presumably because a lack of primer 
binding caused false negative PCR reactions in 
a proportion o f cases. However, as the Southern 
blot technique may present problems o f in
terpretation^^ and cannot be applied to paraffin 
wax embedded material, the PCR approach is 
of more practical use in histopathology.

In conclusion, TCR-y PCR should be the 
method of choice for analysis of clonality of T  
cell lymphoproliferations in paraffin wax em
bedded tissue samples, as it permits am
plification of a higher proportion of malignant 
clones than TCR-P PCR. A simple approach 
using two primer sets is sufficient to detect 
most rearrangements, although extra primers 
may be o f use in a minority of cases. Southern 
blot analysis remains the most successful tech
nique when fresh/frozen tissue samples and 
resources are available.
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