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Abstract

In the view of side effects and many other problems of conventional 

methods in treating cancer such as chemotherapy or radiotherapy, now a 

days, immunotherapy has appeared as a very important and effective 

factor in combatting cancer.

There have been many attempts to stimulate or regulate the various types 

of immune responses and to manipulate the immunological processes and 

diseases. These modulators for the immune system include products of 

bacteria and viruses and a multitude of chemicals, antigens, antibodies, 

other cellular and natural products, and cells.

The advance in this area has had a revolutionary impact on the thinking 

and practice of cancer research and treatment. Immunotherapy can 

mobilises and utilises the body’s natural factors and processes; 

ultimately, to restore the normal states. Since many biological and 

immunological agents are natural materials and specific for certain 

processes, they may, therefore, be better than conventional drugs in 

leaving the normal cells untouched and far more effective in eliminating 

the defects. Many biological and immunological agents have already 

been used in clinical trials and have been approved for clinical use. 

Already researchers are investigating new approaches to minimize the 

side effects and to maximise the benefits by using different type or 

mixture of biological agents in cancer patients.



Due to the ability of Mycobacterium vaccae (M.vaccae) in stimulating 

and shifting the immune response toward the beneficial one (THl type of 

immune response) in cancer treatment, in this study, M.vaccae has been 

used as an immunotherapeutic agent in patients with advanced melanoma 

and prostate cancer who have failed all other conventional treatments. 

The effects of M.vaccae on these patients have been assessed both 

clinically and immunologically. For immunological evaluation, among 

some other methods which were tried, because of its efficiency, flow 

cytometry has been used as the main immunological evaluation tool in 

this sudy.

During 18 months, all patients were monitored and followed up very 

carefully and many encouraging clinical and immunological results were 

found. Animal models were also used in this study.



Chapter 1

Introduction

A scientist is a searcher after truth, but complete certainty is

beyond his reach’



1-1 Mycobacteria

The genus Mycobacterium constitutes at least 57 separate species. They 

are rod-shaped, Gram-positive, acid and alcohol fast bacteria, non- 

sporing, non-motile, with a complex, waxy cell wall. Mycobacteria are 

mainly obligate aerobic bacteria and are normally cultured on 

Lowenstein-Jensen medium (Pattison et al, 1995).

Mycobacteria can be divided according to their different features such as 

antigenic structure, pathogenicity and growth speed. Their growth may 

take 2 to 12 weeks and on the basis of that they are divided into the rapid 

growers, slow growers and those not yet cultivated in vitro (Grange, 

1996).

One of the most interesting features of mycobacteria is their antigenic 

structure which is mainly a complex of proteins and sugars, and they can 

be divided into soluble and insoluble antigens. Soluble antigens are 

present in cytoplasm whilst insoluble antigens are cell-wall lipid-bound. 

Both of these types of antigens can be used as parameters for categorising 

species and typing strains. Soluble antigens are divided into those which 

can remain in the cytoplasm till released by autolysis or mechanical 

disruption, and those which are actively secreted by living whole cells. 

Amongst cytoplasmic (soluble) antigens, heat-shock proteins (HSPs) 

which are structurally highly conserved and are found in all living cells, 

are believed to give some species of mycobacteria a very important



immunotherapeutic role in the treatment of some diseases such as 

tuberculosis and cancer (Grange, 1996). Conversely, the presentation by 

mycobacteria of both their adjuvants and their version of hsps, may 

provide the initialing stimulus for autoimmunity.

1-2 Mycobacterium vaccae

Mycobacterium vaccae was described by Bonicke and Juhasz in 1965 

(Grange, 1996), was isolated from soil collected around cattle in Europe. 

It is a variably photochromogenic, environmental saprophytic and rapidly 

growing mycobacterium which has never been associated with certainty 

with human diseases. M . v a c c a e  possesses group i common 

mycobacterial antigens and its own group iv species-specific antigens, 

but lacks both slow-grower associated (groupii) and fast-grower 

associated (groupiii) antigens (Stanford and Grange, 1993) (Fig 1). The 

particular strain used as the basis for the immunotherapeutic used in this 

thesis has selected from amongst strain of M.vaccae isolated from the 

Uganda environment (Stanford and Stanford, 1996).



Groups of antigens

Group i Group ii Group iii Group iv

M. tuberculosis ,Siow-growers
M. ulcerans

M. intracellulare

M. fortuitum
Fast growers

M. flavescens

M. phlei

M. vaccae

Non cultivable M. leprae

Fig 1. The antigenic structure of the genus Mycobacterium . Antigens 
common to all species (group i); antigens restricted to the slowly growing 

species (group ii); antigens restricted to the rapidly growing species 
(group iii) and species specific antigens (group iv).



1-3 CANCER

Cancer cornes from the Latin meaning a crab, and tumours are called 

cancers because of swollen veins around the area resembling a crab’s 

limbs. Cancer is a generic term used to describe over 200 individual 

diseases. These diseases progress differently over time but share certain 

characteristics. These include development within any tissue of a 

malignant growth derived from abnormal cells of the host. The abnormal 

cells proliferate autonomously, invade through normal tissue barriers, 

spread to local and distant tissue sites, and reproduce indefinitely. The 

masses of abnormal cells formed and spread in this way lead to the death 

of the host if not eradicated (Love, 1994). However, there are occasional 

descriptions of spontaneous resoloution, even of quite advanced diseasis. 

The explanation for these is unknown.

1-4 The cancer cell

I- Origin and evolution

Under usual circumstances, the immature progenitor cell, or stem cell, 

population in body tissues can undergo one of three changes:

1- Cells can differentiate to mature forms as constituent component cells 

of the tissue of residence.



2- Cells can self- replicate.

3- They can die.

But there is a fourth change which can occur termed mutation, which is a 

reproduction of a new form (Tannock et a l , 1993).

Cancers appear to arise from mutations in single cells. With the growth 

of a cancer, additional mutations occur in daughter cells. Some subclones 

(or subgroups) of malignant cells may dominate, whilst others may die 

(Fig.2) (Love, 1994).

II- Characteristics and properties

Cancer cells show a variety of remarkable characteristics and properties. 

Under the microscope, malignant cells have distinguishing morphological 

features including increased nuclear size, an increased ratio of nucleus to 

cytoplasm, and prominent nucleoli. Many other types of altered cell 

structures also characterise cancer cells. In their interactions with 

adjacent cells, cancer cells show two striking properties:

1) Cancer cells do not exhibit contact inhibition; unlike normal cells, 

which will not grow over each other, malignant cells grow on top of each 

other, continuing to divide. Presumably, in cancer cells a disruption of 

cell-cell comunication allows this loss of contact inhibition.

2) Malignant cells are characterised by anchorage independence. Normal 

cells will not grow without adhering to a substrate. Cancers do not
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exhibit this need for “anchorage”; in vivo , malignant cells grow freely 

along pleural surfaces(Baserga, 1993).

Malignant cells differ further from normal cells in certain tissue culture 

characteristics. They have a reduced need for various growth factors and 

are able to grow in culture in perpetuity, i.e., they are “immortal”. In 

tissue formation, cancer cells usually appear as less-differentiated forms 

of the specific tissue from which they arise. Malignant cells are usually 

not fully differentiated and do not lose their ability to replicate, whereas 

normal differentiated cells do lose their replicative capacity. This 

property has provided a therapeutic target, and researchers are attempting 

to control cancers by causing their cellular differentiation. In their 

undifferentiated state, malignant cells often exhibit properties of 

embryonic tissue. Finally, what most distinguishes cancers is their ability 

to invade surrounding tissues, to metastasise to distant tissues, and to kill 

the host harbouring them if not eradicated(Buick and Tannock 1992).

1-5 Cancers as multistage diseases

The term carcinogenesis is used to describe the cascade of events that 

convert a normal cell into a cancer. Six stages have been described to 

depict the sequential events in carcinogenesis: initiation, growth, 

promotion, conversion, propagation and progression, which is composed 

of the processes of invasion and metastasis (Fig 3) (Bryan 1994, Love 

1994, Tannock and Hill 1993).
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Normal call

Initial translormad call (T-jj

Fig 2. The evolution of a cancer from a single cell. T2, T3, T4, T5 and T6 
represent single or groups (subclones) of tumour cells formed as a result 

of successive mutations. The circles represent cells that have become 
nonviable. Over time in a single cancer, there might be many subclones. 
Those with particular growth property advantages will tend to become

dominant in number.
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I- Initiation

Cancer initiation begins in cells, usually stem cells, through mutations 

following exposure to incomplete carcinogens. Initiating agents are 

capable only of beginning this first stage. Initiating agents are believed 

to change irreversibly the base composition or structure of nuclear DNA 

and this begins the cancer development. Mutated cells exhibit an altered 

responsiveness to the microenvironment and a selective growth 

advantage, in contrast to the surrounding normal cells. The initiation 

stage appear to be rapid, possibly accomplished within fractions of a 

second. Only single steps are required to confer initiation, and the 

process appears to be irreversible. It has been suggested that during the 

course of an individual’s lifetime many of the cells in the body undergo 

the process of initiation, but those initiated cells either do not progress 

further, or are killed or neutralized by immunologic mechanisms.

II- Growth

Following initiation, a stage of growth or selective clonal expansion of 

initiated cells may occur. This can be facilitated by physical alteration of 

the normal microenvironment, chemical agents, microbial agents, or 

other inflammatory processes.
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Progression

Initiation Growth Promotion Conversion Propagation Invasion Metastasis

• Defects in Terminal Differentiation
• D etects in Growth Control
• R esistance to Cytotoxicity

Clinical
Cancer

Clinical
Cancer

iVlrus

• Activation of P roto-oncogenes
• inactivation ol Tumor S uppresso r G en es
• Inactivation of A ntim etastasis G enes

Fig 3. Multistage, temporal model of cancer development. The diagram 
presents six stages of cancer developments and depicts their time of 

occurrence in relationship to progression from a normal cell to a 
malignant clinical cancer. Characteristics of evolving cancer cells and 
crucial molecular events involved in carcinogenosis are shown in the 

boxes, (taken from Love R R 1994).
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III- Promotion

Cancer promotion involves alteration of gene expression, selective clonal 

expansion, and proliferation of initiated cells. The promotion stage 

exhibits characteristics of reversibility, is prolonged in duration, might 

require multiple steps, and appears to be non-additive.

IV- Conversion

This stage permits the entrance or the emergence of potentially reversible 

small nests of cancer cells that begin their irreversible course toward 

clinical malignancy. At present, this stage is hypothetical, for few data 

are available to clearly define it. Some authors have suggested that, in 

contrast to the stages of initiation and promotion, external factors have 

little impact on the conversion stage. In any event, this stage appears to 

signal the presence of an irreversible cancer, although at this time the 

presence of cancer is not detectable in the host.

V- Propagation

Following conversion, the microscopic cancer undergoes a stage of 

propagation. This is characterized by growth of the expanding cluster of 

cancer cells resident in a particular tissue. External environmental factors 

appear to have little influence on this process, and it may be more related

15



to the presence or absence of certain internalized host factors. The time of 

propagation can be as short as a few months or can require many years of 

evolution. During this stage the expanding cancer mass can increase from 

1000 to 1000000 cells in composition, but is still too small to be picked 

up by available analytic methods.

VI- Progression

This stage is characterized by additional enlargement of the primary 

cancer mass, the breaking off of cells from this mass, their movement 

into adjacent tissues and organs, and the penetration of individual cancer 

cells or small clumps of cells into the circulatory system, with transport 

to and entrapment in, distant tissues and organs. These entrapped cancer 

cell clumps often establish residence in the new tissue sites and continue 

to grow, a process known as metastasis (Fig 4). This concludes the 

preclinical phase of cancer development and provides a transition into the 

clinical phase of cancer. If cancers can be diagnosed at this point, prior to 

the formation of generally nondetectable micrometastases, then cures can 

often be achieved by surgery or, where appropriate, radiation therapy. 

However, if micrometastases occur prior to the diagnosis of cancer, then 

cures of such cancers are likely to be much less frequent. Attempts to 

control metastatic cancers must then rely upon systemic forms of therapy, 

including enhancement of host immunologic defense mechanisms, 

immunotherapies, biotherapy, or chemotherapy ( Hill, 1992).
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VII- Molecular mechanisms of tumour progression

Metastasis or tumour dissemination is a complex process where the 

eventual outcome depends on the result of interactions between the 

tumour cells and the host cells. It is apparent that, in concrete terms, 

relatively little is known about exact molecular mechanisms underlying 

tumour spread. In part this is a reflection of the complexity of the 

process and the fact that tumours of all types may not use identical 

mechanisms.

Two broad classes of effector molecules have been repeatedly implicated 

in contributing to metastatic ability: adhesion molecules (CAMs) and 

proteolytic enzymes. An understanding of the contributions of specific 

members of these classes of molecules to steps in metastasis in addition 

to the other effector molecules such as oncogenes, tumour suppressor 

genes, and a range of other genes involved in stimulation or inhibition 

of the growth of metastatic cells, are important in understanding the 

molecular nature of the metastatic process as well as for providing 

reasonable targets for the development of antimetastatic therapy ( 

Chambers and Hill, 1998).

Adhesion molecules, including integrins, cadherins and the ligands that 

bind to these molecules, are the molecular basis for tumour cells 

interacting with each other, host cells or with molecules of the 

extracellular matrix during tumour growth and metastasis. They have 

multiple functions and their presence in the metastatic cells has been
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shown. The formation and breaking of adhesive bonds between tumour 

cells and their environment during steps in metastasis may provide 

information to the cell about its environment and lead to changes in the 

expression of specific genes that determine cell proliferation, invasion 

or other processes (Dedhar et al., 1998).

Under normal physiologic conditions, proteolysis is under strict control 

with the activated proteinases and their inhibitors in balance; but when 

malignant cells invade tissues, this balance is disturbed, allowing 

uncontrolled invasion. Members of all five classes of naturally 

occurring proteinases [serine-, cysteine-, aspartyl-, threonine-, and 

matrix metallo-proteinases (MMPs)] have been associated with increased 

aggressiveness of tumour cells and have been implicated functionally in 

various steps in metastasis (Stetler-Stevenson et al., 1993, Chambers and 

Matrisian, 1997). Concerted action by these and perhaps other enzymes 

is required to degrade the basement membrane and extracellular matrix 

and allow escape of the tumour cell into the interstitial space.

A number of different groups have attempted to identify genes 

controlling metastatic behaviour obtained from pairs of metastatic and 

nonmetastatic cell lines. A small number of genes, some known and 

some novel, have been isolated. Some of them such as nm 23, wdm-1, 

wdm-2, KAI-1 and Kiss-1 are poorly (or not) expressed in the 

metastatic pair of the cell lines from which they were isolated, while the 

others such as plm59, pGm21, Stromelysin (transin), mts-1, st-3
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(stromelysin-3), pMeta-1, Tiam-1 and Osteopontin have increased 

expression in metastatic cells. Many of the genes appear to be associated 

with the growth characteristics of the cells and possibly promote the 

growth of individual or small groups of cells during the early stages of 

metastatic growth. Others appear to be associated with the earlier stages 

of the metastatic process in terms of cell adhesiveness and invasive 

capacity.

One of the most studied metastasis-associated genes is nm 23, a gene 

isolated by Steeg et a/.(1988). There are two similar genes in rodent 

(nm 23-1 and nm 23-2) and human (jim 23-H 1 and nm 23-H 2) cells, 

which encode proteins of about 17-kDa and are about 90 percent 

identical. The gene was initially associated with increased metastatic 

potential, suggesting that the nm 23 gene may be a metastasis suppressor 

gene. Transfection of the gene, under the control of various promoters, 

resulted in the loss of metastatic ability in cell lines with high levels of 

gene expression. It has also been demonstrated that the gene product 

may play a role in the response of cells to TGF-B, in that cells with low 

levels of nm  23 can be stimulated to grow by TGF-B while cells with 

high levels of nm 23 are insensitive to such stimulation. This 

observation indicates that as tumour cells progress to greater 

malignancy, they may switch from being growth-inhibited by TGF-B to 

being growth-stimulated (Chambers and Hill, 1998).
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primary 
tumor .

1)

2)

3)

-1)

/A:""'

m etastasis  \

Fig 4. Various stages of the metastatic processes occurring in vascular 
and lymphatic channels emphasising: 1) cancer cell detachment and 

vascular invasion; 2) transport and survival of cancer cells in circulation 
(evasion of host defense mechanisms); 3) aggregation of cancer cells 

with platelets and fibrin and arrest at new location; 4) cancer cell 
invasion through vascular wall and extravasation into the surrounding 

parenchyma; and 5) establishment of a new cancer cell growth ( 
metastasis) ( Modified from HlQ, 1992).
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1-6 Tumour classification

Tumours from one tissue behave patently differently from those arising 

in another. Identification of common properties between individual 

tumours is invaluable in being able to predict future development and 

prognosis. Aetiology, behaviour, histology and immunophenotype are 

criteria which can be useful in classifying tumour. Among the various 

methods, histogenetic classification is the most useful way of classifying. 

Histogenetic classification divides according to the tissue of origin and 

cell type involved. Sarcoma, carcinoma, osteoma and melanoma are 

some examples of histogenetic classification. According to the important 

role of malignant melanoma in this study, which is described in future 

chapters, more details are given of this tumour (Alison, 1997).

1-7 Melanoma

Malignant melanoma, one of the most rapidly increasing malignancies in 

man can be considered as a disorder of cell differentiation and 

proliferation. Whilst normal melanocytes, stemming from precursor 

melanoblasts, usually undergo a series of differentiation events before 

reaching the final end-cell differentiation state, they can be arrested in 

their differentiation process at any given state of maturation without loss 

of their proliferation capacity (Autier, 1995).

18



Histopathologic and clinical criteria have been used for staging 

melanoma to determine prognosis and treatment (Alison, 1997). The 

traditional system recognises three stages of melanoma. Stage I, localized 

disease without evidence of lymph node involvement; stage II, in which 

melanoma is present in regional lymph nodes; and stage III, which is 

characterized by distant métastasés. A four stage system has been 

recommended by the American Joint Committee on Cancer (AJC) in 

which stages I and II indicate localized growth according to tumour 

thickness, stage III, tumour thickness is greater than 4 mm, presence of 

satellites within 2 cm or involvement of regional lymph nodes; whilst 

stage IV indicates distant métastasés. Within stages I and II, survival 

depends on the level of microinvasion or the measured tumour thickness, 

and is about five years. In general, when tumour thickness or levels of 

microinvasion are increased, the predicted five year survival decreases 

from a 100% curability for melanoma in situ to a 47% five-year survival 

for melanoma of > 4 mm thickness (Beahrs and Myers 1983, Devita et al 

1997).

1-8 Cancer and the immune system

I- Cancer and escaping from host immune system

The structure of the human immune system enables it to distinguish 

between non self and self, and to clear nonself from the host. Until 

recently, the general belief was that a cancer cell could escape from the
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host immune system because it was recognised as a self cell rather than 

as a foreigner. However, more recent studies based on advances in 

cellular and molecular immunology, have demonstrated convincingly that 

many human cancer cells express antigens which can be recognised, 

specifically or non-specifically, by the immune system. In the other 

words, a cancer cell can be different from its normal counterpart in two 

ways. Firstly, it differs in function, which is the essential difference 

between a normal cell and a cancer cell. Loss of control of cell division 

or of apoptosis are the main functional differences. Secondly, cancer cells 

may be differentiated from normal ones by the cell surface antigens. As 

figure 5 shows, some antigens only appear on cancer cells ( unique 

tumour specific antigen), whilst some are found on cancer cells and also 

some normal cells ( tumour associated determinants), but with 

differences in their quantitative and/or composite expression on the 

normal and cancer cells (Urban and Schreiben 1992, Tizzard 1995 and 

Greenberg 1997).

Thus, if there are sufficient differences between cancer cells and normal 

ones, immune system components should be able to attack the cancer 

cells and play their defensive role, which may lead to cancer eradication 

and clearance from the host. Unfortunately, however, there are several 

mechanisms by which the immune system may fail to reject cancer 

(Tizzard, 1995).
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Tumor-specific
antigens

Abnormal cell antigens

Antigens 
normally found 
on other tissues

Blood group 
antigens

Tissue-specific
antigens

H is to c o m p a t ib i l i ty
antigens

Virus-related
antigens

Developmental antigens

Fig 5. Some of the antigens that can develop on the surface of cancer 
ceils and provoke an immune response.

Immunoselection, is one of these mechanisms based on the differences 

amongst cells which form a tumour. These differences can be 

morphological or in surface phenotype, and can be cell cycle dependent 

or caused by random mutations due to genetic factors. If, as a results of a 

decrease in either the number or the expression of antigens to the 

immune system on some tumour cells occurs (antigen modulation), the 

cells derived from this clone may be able to escape from the host defence
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mechanisms and, after several divisions result in tumour growth, since no 

immune response to these changed cells may have developed. Antigenic 

modulation is one type of immunoselection mechanism generating a 

group of cells without any antigen expression so that the tumour will be 

ignored by the host immune system. In this case, antigen reexpression 

can occur, and an immune response can be generated by methods such as 

immunotherapy (Greenberg, 1997).

Debility in presenting the antigen to the immune system is another 

mechanism which makes some cancer cells, even with high immunogenic 

proteins, escape from the host defensive network (Restifo et al., 1993 

and Greenberg, 1997).

Some tumours can grow and escape from the immune surveillance, 

because they do not provide sufficient stimulus to trigger an immune 

response. After sometime, the tumour reaches that size which can not be 

controlled by the host immune response (Tizzard, 1995). 

Immunosuppression is another mechanism by which the cancer cells can 

grow and are hiden from the immune response. Blocking antibodies, 

suppressor or cytotoxic cells, and some released soluble factors like 

prostaglandins, are the most important immunosuppressive factors which 

can enhance the survival of cancer cells (Tizard, 1995 and Greenberg 

1997).
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II Immunological components which operate against cancer

It is generally accepted that the immune system plays an important role in 

preventing the development of cancer through immune survillance and 

may also help to eliminate established disease (Fig 6 ).

All components of the immune system may be effective in combatting 

cancer. It is very difficult, and may be impossible, to determine the role 

of different parts of immune system in controlling cancer and indeed, 

anti-cancer activity of the immune system is an outcome of a network all 

of whose different parts act in concert rather than in isolation (Vile et al, 

1996).

The most important response against this uninvited guest, cancer, is the T 

cell response. Two subsets of T cells are involved in anti-cancer 

reactions. Class I-restricted T cells, which are mainly CD8 cytotoxic T 

cells (Tc), exert their effect mostly by direct killing of cancer cells. The 

other subset of T cells are class II restricted T cells mainly CD4 helper T 

cells (Th) which cannot lyse the cancer cell directly and mediate their 

effect by cytokine production. Th cells can be effective only when cancer 

antigens are presented to them in association with class II molecules. 

After presentation, these T cells secrete cytokines, some of which may 

lyse the cancer cells directly, whilst others may activate Tc cells, 

macrophages, NK cells and B cells (Tizard 1995, and Greenberg 1991 

Greenberg 1997).
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B cells may also be important in anti-cancer immune defence by antibody 

production. Antibodies exert their effect in cancer cell lysis through two 

major mechanisms. The first is the antibody-dependent complement 

m ediated (ADCM) mechanism, in which antibodies bind to the 

membrane of the cancer cell and enhance the attachment of complement 

components to the membrane. This attachment makes pores in the in the 

membrane, leading to cancer cell disruption by loss of their osmotic and 

biochemical integrity.

The second humoral mechanism is antibody-dependent cellular 

cytotoxicity (ADCC), in which antibodies act as a determinant on the 

cancer cells and act as a connector between the cancer cell and immune 

cells such as NK and killer cells, macrophages,and granulocytes, which 

can mediate cancer cell lysis (Dillman 1994, Greenberg 1997).

The most important anti-cancer role for antibodies is when they have 

specificity for tumour antigens. Moreover, monoclonal antibodies may 

bind to the cancer cells and in result, promote cancer cell lysis by 

complement macrophages or NK cells (Greenberg 1997).

Natural killer cells (NK) are another group of lymphocytes which can 

attack and kill a wide range of cells infected by virus and target tumour 

cells very efficiently.

The exact mechanism by which NK cells do their lytic job against cancer 

cells has not been completely defined, but it has been shown that cells

24



Chemical
carcinogens

Anttxxfes
NK-ceUs

maaopnages

r^Ü ncontidi^
cell division

-------------
'  Loss of

tfifferentiatioo

Radiation'
(radloacfivity
andUVHghQ malignant

mmated"
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with reduced expression of class I MHC can be recognised and attacked 

by NK ceils. The cytotoxic activity of NK cells can be aggravated by 

cytokines, including interleukin-2 (IL2) and interferon. Thus, T cells can 

amplify the efficiency of NK cells against cancer cells. Lymphokin- 

activated killer cells (LAK) are NK cells which have been activated by a 

high dose of IL2. LAK cells can kill a wider spetrum of target cells than 

do non-activated NK cells. There are some additional cytotoxic effector 

cells against cancer called natural cytotoxic cells (NC), which are very 

similar to NK cells. NC cells have a wider range of target cells and can 

be differenciated from NK cells by both their resistance to 

glucocorticoids and their response to interleukin-3 (Fearon et al. 1990 

and Greenberg 1997).

Macrophages also play an important role in immunity against cancer as 

antigen presenting cells (APC) forming the basis for T cell anti-cancer 

activities which are the main part of tumour immunity. Recently, it has 

been shown that macrophages may have direct cytolytic effects when 

activated by macrophage activating factor (MAP). The complete 

mechanism for this feature of macrophages is not well defined and still 

needs more investigation (Boon et al. 1994, Greenberg 1997).

1-9 Cancer Immunotherapy

Attempts to modify the course of disease by inducing immune responses, 

so-called immunotherapy, dates back to the last century. Indeed, the first

26



rational attempts to treat cancer, as well as infectious diseases, by 

immunotherapy coincided with the discovery of antibody and cell- 

mediated immunity in the 1880s. in the early 20th century, a huge 

amount of effort was devoted to immunotherapeutic procedures and, in 

the United Kingdom, a foremost exponent was Sir Almroth Wright at 

St. Mary’s Hospital, London who is immortalised as Sir Ralph 

Bloomfield Bonington in George Bernard Shaw’s Play The Doctor's 

Dilemma, with his cry of “Stimulate the phagocytes” (Grange 1990). In 

fact, the theme of this play is the use of a supposed antiserum for the 

therapy of tuberculosis and may have been based on the work of 

Spahlinger, a Swiss doctor who worked in London and who numbered 

several celebrities, including President Nehru among his patients.
- - r  t

Immunotherapy for infectious disease went into decline following the 

discovery of antibiotics and Sir Almroth Wright acquired the rather 

unkind nickname of Sir Almost Right. Ironically, the first antibiotic, 

penicillin, was discovered by Alexander Fleming while working in 

Wright’s laboratory at St. Mary’s.

Observations that acute bacterial infections could lead to spontaneous 

regressions of cancers date back to the 18th century and such anecdotes 

represent the beginnings of the practice of immunotherapy, although its 

theory is relatively recent. It was not until the late nineteenth century 

that we see theoretical concepts similar to those of modern 

Immunotherapy emerge. In 1813, Vautier gave the example of cancer
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regression following natural or induced ‘gangrenous’ infection. In 1839, 

The french dermatologists Cazenave and Schedel tried to induce 

erysipelas as a therapeutic manoeuver for a variety of skin diseases. In 

Germany, Busch (1866) deliberately produced erysipelas in a woman 

with an inoperable malignancy which was affecting the lymph glands of 

her neck and was probably a lymphoma. After attacks of erysipelas, 

swelling in patient’s neck virtually disappeared although she quickly 

relapsed (Gore and Riches, 1996).

In 1883 a surgeon in Wurzburg, Frederick Fehleisen (1854-1924), 

isolated the bacterium that causes erysipelas {Streptococcus [erysipelatis] 

pyogenes) and he observed a case involving a woman whose breast 

carcinoma disappeared after erysipelas infection (Gore and Riches, 

1996).

The first serious attempt to utilise bacterial products as 

immunotherapeutic agents for cancer, rather than relying on the chance 

occurrence of infection or taking the risky step of inducing one, was 

made by a New York surgeon, William Coley. Following the death of 

his first cancer patient, a woman aged 19, Coley studied the hospital 

records for clues to factors that would beneficially affect the outcome of 

surgery and found a report of a patient who had developed recurrences 

of a sarcoma of the neck after three operations but after the fourth 

operation he developed the streptococcal infection erysipelas and 

disappearance of the tumour. Realising the serious risks involved in
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inducing streptococcal infections, he endeavoured to use heat-killed 

sreptococci. This preparation was, however, inert but an active agent 

was developed by including Serratia marcescens, then termed Bacillus 

prodigiosus (Coley 1891). Use of this agent led to the complete cure of a 

young man with an inoperable sarcoma involving the pelvis and bladder: 

the patient lived for a further 26 years and died of a myocardial 

infarction.

Many further successes were reported, particularly in cases of sarcomas 

of bone and soft tissue but also cases of carcinoma of the breast, colon 

and kidney. In cases that were not cured, considerable palliation of 

symptoms and prevention of metastatic spread was observed. Of 

particular relevance was the fact that patients with sarcoma of the limbs
 T

who were treated by conservative surgery and Coley’s toxins did better 

than those who underwent amputation but did not receive the toxins 

(Nauts 1986).

Interestingly, the beneficial effects of Coley’s toxins seemed to decrease 

with time and Coley’s daughter, Helen Nauts, postulated that some 

patients might respond better than others due to prior sensitisation by 

bacteria and that better responses might be expected in populations still 

exposed to more infections (Nauts 1986). Perhaps for this reason, and 

also because of the febrile side effects, in 1963, American Food and 

Drug Administration refused to licence it. Subsequently the use of 

Coley’s toxins has virtually been abandoned. According to Nauts (1986)
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the denial of this therapy to thousands of cancer patients may be “one of 

the greatest tragedies in medical history”.

By the early part of this century, a large variety of other biological 

materials were being used to treat cancer. For example. In 1903, after 

isolation of Micrococcus neoformans and preparing a serum against it 

by Schmidt, this serum was used by Glenton Myler in London at 

Middlesex Hospital to treat nine cancer patients, but no effect was seen. 

In 1905, following a report by Doyen that 53 out of 242 patients were 

cured by his horse serum, it was tested at the Brompton Cancer Hospital 

(Royal Marsden) by Paine and Morgan but again no responses were 

seen.

Other forms of bacteria-based inununotherapy for cancer were
-  - - T  ,4,

introduced by other workers. For example, following the report by 

Huth (1958) that acute infections increased the survival time of patients 

with acute leukaemia, Clarkson and colleagues (1975) demonstrated that 

use of an immunotherapeutic agent prepared from Pseudomonas 

aeruginosa maintained chemotherapy-induced remissions of leukaemia 

for much longer than drugs alone. In patients with melanoma there were 

many examples of objective improvements in response to bacterial 

toxins, smallpox or rabies vaccination and after infections (Fowler 

1969). Bacille Calmette-Guerin (BCG) has been used extensively in the 

treatment of human melanoma (Morton et a i, 1974, McCulloch et al 

1975).
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The effect of previous or concurrent tuberculosis on cancer is 

contraversial. Some authors, such as Levin in 1910, observed an 

antagonism while others did not. Tromp (1954) suggested that the 

relation between tuberculosis and cancer might vary from region to 

region and from one ethnic group to another. In this context, the 

protective efficacy of BCG vaccine also varies from region to region, 

probably as a result of prior environmental sensitisation (Fine 1995). 

Also, in this context, BCG vaccination has been reported to lower the 

risk of subsequent leukaemia and some solid cancers but only when it is 

given neonatally and in regions where such neonatal vaccination protects 

against tuberculosis (Grange and Stanford 1990).

These fascinating observations have led to the suggestion that there
■   T ,4

might be similarities between the protective mechanisms  ̂ against 

tuberculosis and cancer (Grange et aL, 1995) and led indirectly to the 

work undertaken for this thesis. However, BCG has been used 

empirically as an anti-cancer agent and one of its principal advocates 

was Mathe who used it to treat lymphoblastic leukaemia in 1969 (Mathe 

et al., 1969). The results were rather variable, as were those of attempts 

to use it for the treatment of renal cell carcinoma and melanoma - two 

cancers known to be affected by immune reactions (Grant et al., 1974; 

Morales and Edinger 1976). Though largely abandoned for general use, 

intravesical instillation of BCG is a treatment of choice for superficial 

bladder cancer. It is, however, not entirely clear whether this action of

27d



BCG is due to induction of specific immune responses or to a strong, 

non-specific, irritant effect.

In recent years, advances in molecular biological techniques and in our 

understanding of immune mechanisms and immunogenetics have led to a 

resurgence in interest in cancer immunotherapy. These advances have 

progressed in four main directions:

1) The use of cancer antigens with or without adjuvants. Although the 

results obtained by the use of BCG alone as an immunotherapeutic agent 

for cancer have been unimpressive, other workers have used this 

vaccine as an adjuvant for tumour antigens in the hope of eliciting 

specific cytolytic immune responses (Morton et al., 1974; Morton 

1986).

2) The characterisation of cytokines involved in protective immune 

responses and the production of these, by molecular cloning techniques, 

for clinical use. These are discussed in section 1-13.

3) The genetic modification of cancer cells, thereby enhancing their 

ability to ehcit immune responses and rendering them non-malignant. 

Lukacs et al. (1993) found that a macrophage like tumour cell line 

(J774) transfected with the gene for the 65 kDa heat shock protein 

(hsp65) of Mycobacterium leprae lost its tumourgenicity and immunised 

mice against the same tumour (see also Section 1-14). Subsequently, 

Silva et al. (1996) found that this genetically modified tumour cell line
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also immunised mice against tuberculosis, further suggesting a similarity 

between responses effective against these two diseases.

4) Using adjuvants to enhance and qualitatively change the host’s 

immune responses to the cancer. This is the approach taken in this study.
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1-10 Immunology of Melanoma

Immune factors appear to be more involved in the progression of 

melanoma than in many other cancers. Although malignant melanoma 

represents less than 1 percent of cancer deaths, it accounts for 11 percent 

of cases of spontaneous cancer regression (Everson and Cole 1996).

There is much immunological evidence taken together with the finding 

that melanoma shows more frequent responses to immunotherapy 

regimes than other solid tumours, which has fostered this belief that 

melanoma is one of the more immunogenic human tumours. Despite this, 

many melanoma’s grow progressively, metastasise, and eventually kill 

the host. Several mechanisms have been described whereby tumour cells 

may evade the host defences and grow progressively. These include 

reduction in frequency, changes in or loss of expression of antigens at the 

cell surface, immunological tolerance, and immunosuppression (Autier 

1995 and Vile et a l 1996).

There is strong evidence that patients who develop melanoma can 

generate humoral and cell-mediated immune responses to their tumour. A 

number of melanoma-associated antigens have been identified. Murine 

and human monoclonal antibodies to these antigens are proving useful 

for the detection of minimal tumour deposits. Certain antibodies to 

melanoma have been shown to cause regression of localized disease.

The reason for progression of melanoma in the face of immunity are not 

clear. A number of tumour products such as gangliosides have been
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shown to have immunosuppressive properties and their shedding may 

lead to blocking or inactivation of locoregional responses. Changes in 

certain cell-adhesion molecules participating in the generation of immune 

responses, appear to correlate well with tumour progression and may be 

functionally relevant to the ability of the tumour to metastasise. Class II 

molecules on metastatic cells seem unable to generate the same 

lymphocyte responses as they can when expressed on primary tumours. 

The mechanisms of this apparent paradox have not been elucidated 

(Dalgliesh and Souberbielle 1996). Attempts at immunotherapeutic 

intervention in melanoma have been more successful than in other 

cancers, at least in dealing with individual tumour deposits. It has already 

been shown that when interleukin-2 (IL-2) is given along with 

lymphokine activated killer (LAK) cells to patients with a variety of 

tumours, most responses occur in those with malignant melanoma or 

renal cell carcinoma (Rosenberg et al 1987, Dalgliesh and Souberbielle 

1996 ) (before going to 1-11, please see 29a and 29b).

1-11 Prostate cancer and the immune system

As a result of increasing in life expectancy, prostate cancer, a disease of 

older males, is gradually appearing as an important cause of male 

mortality, especially in western countries. Prostate cancer is a hormone 

related disease, and for this reason hormone therapy can be very useful in

29



I- Melanoma Associated Antigens (MAA)

Several classes of melanoma associated antigens (MAA) have been 

identified. MAA were first identified in melanoma cell membrane and 

cytoplasm using sera of patients suffering from malignant melanoma 

(Morton et al., 1968, Lewis et a l, 1969) and from spent culture medium 

of human malignant melanoma cell lines (Gupta et al., 1979, Gupta and 

Morton, 1984).

Of particular interest in melanoma are the ganglioside antigens. The 

oncofetal antigen (OFA-I), a tumour-associated fetal antigen, described 

by Trie et al. in 1979, was later identified as a ganglioside. The OFA-I 

antigen is present on a variety of malignant cells in addition to 

melanoma (Morton and Wells, 1981). Tumour tissues of malignant 

melanoma have a high content of gangliosides compared to other 

tumours, and their ganglioside profile is different from that of normal 

tissues. Normal melanocytes express predominantly GM3, whç/eas 

melanomas express mainly GD3. There is evidence that circulating 

gangliosides may induce immune suppression in tumour-bearing hosts. 

They are capable of binding to lymphokines, such as IL2, and have 

inhibitory effects on both B and T cell proliferation in vitro (Farzad et 

1994).

Other antigens that have been described on melanoma cells include high 

molecular weight antigens (Kageshita et al., 1989, Schligemann et al..
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1990), neuroglandular antigen and Hanganutziu-Deicher antigen. HLA- 

classll antigens are frequently expressed on melanoma cells as they are 

on melanocytes in the early phases of differentiation (Houghton et a l, 

1986). Tyrosinase and MART-1 melanoma antigens are two well- 

characterized tumour associate antigens (TAAs) that are HLA-II 

restricted.

Another antigen, P 3.58, which is homologous to intracellular-adhesion 

molecule 1 (ICAM-1) appears to be associated with tumour progression. 

This antigen is consistently expressed on advanced malignant melanoma, 

but rarely found on €arly melanomas or benign nevi (Johnson et a/., 

1989).

The first gene encoding a melanoma TAA was identified in 1991 and 

called MAGE-1.

The expression of MAGE-1 is almost exclusive to tumours, making it 

suitable target for immunotherapy of patients bearing the HLA-I allele 

(DeVita et al., 1997).

These antigens maybe the T-cells targets for immunotherapeutic effects, 

as may be stress proteins, and probably as yet unrecognized 

carbohydrates.
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its treatment. Localized prostate cancer may be curable and metastatic 

cases are controllable (Carter and Coffey 1990, Kirby et al. 1996).

The aetiology of prostate cancer is not still clear. Many different factors 

such as genes, life style, nutrition, occupation and sexual activities are 

some of the factors which are considered to be involved in prostate 

cancer aetiology.

Prostate cancer is usually categorized as a poorly immunogenic type of 

cancer, and there is some evidence which can account for this. Studies 

have shown both deficiency and abnormalities in antigen presentation in 

prostate cancer, which may explain its escape from immune surveillance 

(Sanda et al. 1995 and Blades et al 1995).

Moreover, low numbers of tumour infiltrating lymphocytes (TIL) have 

been shown in some prostate cancer patients by Vesalainen et al. Also, in 

a study including 42 patients with prostate cancer, a remarkable increase 

in survival has been shown by using BCG vaccine in addition to routine 

hormone therapy (Guinan et al. 1982). All this evidence suggests that 

despite being “non-immunogenic”, immunotherapy may help to promote 

the host immune system to combat prostate cancer.

1-12 Heat-shock or Stress proteins

All cells contain groups of highly conserved proteins (Grange, 1996) that 

increase rapidly in concentration when they are exposed to environmental 

stresses. The most studied stress is a temperature 5-10°C higher than the
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optimal for the growth of the cell being studied, and thus these proteins 

are often called heat-shock proteins (hsps) (Lindquist and Craig 1988, 

Craig and Gross 1991). However, the same set, or in some cases a subset, 

of these proteins increases in amount when cells are subjected to a whole 

range of other insults, including oxidants, transition series metals, 

ethanol, pathogenic microorganisms, amino acid analogues, metabolic 

poisons such as arsenite and azide, glucose starvation and calcium 

ionophores, as well as in disease states such as cancer, fever, ischaemia, 

cardiac hypertrophy, and oxidant injury. There is much indirect evidence 

that these proteins have a protective function, allowing cells to recover 

from the inducing stress, and to survive subsequent stronger stresses that 

would otherwise be lethal. This common cellular defense mechanism is 

now referred to as the stress response, and the proteins that accumulate 

are called stress proteins which are broadly the same as the heat-shock 

proteins (Schlesinger 1990, Welch 1992 and Ellis 1996).

1-13 Cytokines and their role in cancer therapy

Cytokines are a broad class of protein cell regulators that have been 

variously termed monokines, lymphokines, and interleukines. Some were 

first discovered for the role they play in immunity and inflammation and 

some others were identified first as mediators of cellular differentiation 

and embryogenesis, or by their ability to render cell resistant to viruses 

and other intracellular parasites. Cytokines often regulate cell growth and
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some have been discovered because of their growth inhibitory or 

cytotoxic properties, another group can be considered primarily as 

growth factors, able to stimulate the proliferation of various cell types. In 

fact, there are numerous similarities in action between cytokines and 

positive growth factors such as epidermal growth factor, and many 

consider that they belong to a single class of protein cell 

regulators (Balk will 1995).

Cytokines have many characteristics in common and properties which are 

distinct from proteins such as hormones. All cytokines are low (less than 

80 KDa) molecular weight polypeptides, often glycosylated; they 

generally act at short range in an autocrine (i.e. on the cells that produce 

them) or a paracrine (i.e. on cells nearby) rather than an endocrine 

fashion( acting on cells in a distant organ), and they are all involved in 

the regulation of the amplitude and duration of the immune response 

(Balkwill 1995). Cytokines interact with high-affinity cell surface 

receptors specific for each cytokine or cytokine group. Through some 

pathways they make alterations in the cell which lead to changes in cell 

behaviour, e.g. proliferation, growth inhibition, enhanced ability to kill 

tumour cells, enhanced production of antibodies, etc. Cytokines have 

multiple, overlapping, and sometimes contradictory functions, that are 

dependent on their local concentration, cell type, and the other regulatory 

influences to which a cell is exposed (Hamblin 1993 and Balkwill 1995). 

In the body, an individual cell is exposed to a range of cytokines, growth

32



factors, hormones, and other external mediators. The ultimate response of 

a cell to an individual cytokine will depend on the context of the other 

signal molecules present (Kunhel and Remich 1992, Hamblin 1993). 

Cytokines themselves are not produced in isolation. They form part of a 

complex network where production to one cytokine influences 

production of, or response to, other cytokines (Balkwill 1995).

Because of their natural role in immune response, purified cytokines 

administered therapeutically have obvious potential in combatting 

infectious disease, but why consider using them against cancer? They are 

powerful modulators of diverse cell functions mainly, but not 

exclusively, within the immune system. As a result of this property, their 

use represents an attractive approach to the management of cancer. 

There are, in fact, a number of ways in which these proteins could be 

used to treat cancer, and these different actions reflect their numerous 

biological activities (Balkwill 1995).

Cytokines could act as direct regulators of cancer cell growth either by 

exerting a cytostatic/differentiative force on the cancer cells themselves, 

or by inducing other members of cytokine network in vivo that can act as 

growth regulators. One group of them will kill only some tumour cells 

but not normal cells. In addition, cytokines may perturb the host/tumour 

relationship by acting on tumour vasculature and supply of nutrients. 

Cytokines may also stimulate a host immune response against a tumour. 

(Kunhel and Remich 1992, Balkwill 1995).
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With the advent of recombinant DNA technology, pure cytokines became 

available in large amounts, which allowed their use in the clinical 

settings. Some cytokines currently have an established role in cancer 

therapy (Hansen and Borden 1992, Rosenberg 1992 and Rubin 1993). 

Cytokines have been assessed in this thesis, are those which have been 

used alone or in combination with other modalities of biological therapy 

or in association with chemotherapy.

One of these cytokines is interferon gamma (IFN-y). Interferon (IFN), 

generally was first described as a product of virus-infected cells that 

induces an antiviral state in other cells (Isaacs and Lindenmann 1957). 

Interferon comprises a series of different proteins that can be grouped 

into three families: IFN-a, IFN-|3 and IFN-y. IFN -a and IFN-P are 

usually induced by virus infections; leukocytes produce IFN-a, and 

fibroblasts and epithelial cells produce IFN-p (Kurzrock et al, 1991). In 

contrast, IFN-y is usually the product of activated T lymphocytes after 

contact with specific antigens or after polyclonal stimulation with 

mitogens (Epstein and Gupta 1981, Chang et a l, 1983). IFNs, mainly 

IFN-y, display immune-enhancing properties, which include increased 

antigen presentation, as well as macrophage, natural killer (NK) cells, 

and cytotoxic T-lymphocyte activation (Kurzrock et a l, 1991).

The other important cytokine in cancer therapy which the main 

concentration of this thesis is on that, is Interleukin-2 (IL-2). IL-2 is 

produced by activated T cells, and has a wide variety of actions and plays
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a central role in immune regulation (Smith 1988). The primary action of 

IL-2 is its ability to stimulate the growth of activated T cells that bear IL- 

2 receptors, although IL-2 has a variety of other actions on T cells, B 

cells, macrophages, epidermal Langerhans cells, and oligodendroglia 

(Morgan et al. 1976, Waldmann et al. 1984, Hancock et al. 1987, Steiner 

et al. 1986, Benvensite and Merrill 1986).

Many of the actions of IL-2 suggested that this molecule might be of 

value in cancer therapy (Rosenberg et al., 1988). IL-2 causes lymphoid 

proliferation and, in some cases, reverses immunodeficiency in vitro and 

in vivo (Merluzzi et al. 1981, Clason et al 1982, Rook et al., 1983). 

Lymphoid cells incubated with IL-2 develop a capacity to lyse fresh 

tumour cells. This generation of LAK cells occurs in vitro and in vivo 

and has served as the basis for trhe development of adoptive 

immunotherapies for the treatment of cancer in humans. Moreover, the 

direct administration of IL-2 to tumour-bearing animals mediates the 

regression of established hepatic, pulmonary, and subdermal métastasés 

in several murine tumour models (Rosenberg et al. 1985, Lafreniere and 

Rosenberg 1985, Papa et al. 1986, Rosenberg 1986). Other actions of IL- 

2 that suggest an ability to alter tumour growth include its augmentation 

of the therapeutic effect of the adoptive transfer of lymphoid cells and its 

effects on the emigration of lymphoid cells from the peripheral blood 

(Donohue et al. 1984, Ettinghausen et al. 1985, Shu et al. 1987). 

Administration of IL-2 causes the in vivo release of other lymphokines
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and hormones that mediate physiologic effects, often in concert with IL-2 

(Lotze et al. 1985). Both IFN-y and IL-2 are categorized as the TH l type 

cytokines.

TNF-a is another cytokine which may have an important role in cancer 

therapy. Stimulation of T cell proliferation, enhancement of NK activity, 

induction of macrophage tumouricidal activity, direct cytotoxic effects on 

some tumour cells, enhancement of expression of MHC class I and class 

II molecules, stimulation of other cytokines production, induction of 

cytokines receptor expression and septic shock and inflammation are 

some of the TNF-a biologic effects (Pennica et al. 1985, Wang et al. 

1985, Spriggs 1991). Some evidence have shown that TN F-a can be 

necrotic if the tissues and cells have been sensitised to necrosis by either 

TH2 or mixture of THl and TH2 type of cytokine priming. Cytokines 

from a pure THl T cell population do not prime the tissues for necrosis 

(Hernandez-Pando and Rook 1994, Hemandez-Pando et al. 1995). 

Interleukin-12 (IL-12) is another TH l type cytokine. IL-12 is a 

heterodimeric cytokine that promotes cell mediated immunity through its 

effects on natural killer cells and T cells. IL-12 is produced in response to 

various microbial agents and may play a role in the response to infection. 

IL-12 is produced by activated macrophages and may direct the 

development of a TH l type of T cell immune response from naive T 

cells. Administration of IL-12 to mice has been shown to have dramatic 

effects on some tumours and to alter the host response to some
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intracellular pathogens (Trinchieri 1994, Tahara and Lotze 1995). IL-12 

can induce the cytolytic activity of human lymphocytes against 

autologous tumour cells in vitro and may have other potentially 

beneficial immunomodulatory effects, including inhibition of graft- 

versus-host disease in mice (DeCesare et al. 1995, Sykes 1995). 

Interleukin-4 (IL-4) is a TH2 type cytokine produced by some activated T 

lymphocytes which has many effects on the immune system. It might 

have some direct antitumour activity which more experiments are needed 

to confirm that. IL-4 administration is associated with fever, fluid 

retention, malaise, and fatigue (Gilleece et al 1992, Margolin et al. 

1994). Congestion (Margolin et al. 1994), gastrointestinal toxicity and 

bleeds are some of the other side effects of IL-4 (Rubin and Lotze 1992) 

(Fig7).
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Fig 7. Potential actions of cytokines against cancer
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1-14 Limitations of modem treatment for melanoma

It is clear that severe limitations still exist in many of the traditional 

methods for treating cancer. Treatment of metastatic disease with 

chemotherapy is disappointing, the response rate being less than 20% for 

most single agents and the response rarely lasting longer than six months. 

M elanoma is said to be relatively radioresistant, although useful 

palliative responses are not uncommon following chemotherapy or 

immunotherapy.

Recently, there has been a trend to give high dose combination therapy, 

including cisplatinum, carmustine, dacarbazine and tamoxifen, and in 

some cases interleukine-2 (IL-2) and interferon alpha (IFbfd) as well 

(Blair et al. 1991, Hamblin et al. 1991, Khayat et al. 1993). Such therapy 

can increase the response rate to over 50%. However, these regimens are 

extremely toxic, and the poor quality of life is unlikely to be worthwhile 

(Atkins et al. 1994). Survival is not increased overall, although 

occasional long term survivors are seen. The depressing lack of long term 

response to any of these treatments, coupled with occasional spontaneous 

remissions and response to immunomodulatory treatments, has led to 

more immune based treatments being focused on melanoma than on ' 

virtually any other cancer (Dalgleish and Souberbielle, 1996). In fact, 

after Coley’s observation (described at 1-9), many efforts have been 

made to find a proper immune based way to treat the cancer and along
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the way, there have been many peaks and troughs (Browning and 

Dalgleish, 1996). Using mycobacteria, particularly BCG, and their 

products have been a part of these efforts which have had very variable 

results. There is some evidence showing a direct relation between 

efficacy of BCG in protection against tuberculosis and cancer. 

Independent studies in different countries show that neonatal BCG 

vaccination can give some protection against leukaemia and other 

childhood cancers but only where it also protects against tuberculosis 

(Grange et a l ., 1995).

There are two types of immune reaction in killing cancerous cells 

produced by BCG. The first type is a tissue-destructive mechanism as has 

been shown by the regime used by Koch (against TB) and Coley (against 

cancer) and with TN Fa therapy. In addition to a necrotic reaction and 

some severe skin reaction, this type of reaction can be effective against 

tumours of mesodermal origin. The reaction is a mixed Thl/Th2 or 

mainly Th2 response (Mosmann et a l, 1986) . The second type is based 

on the immune recognition of the tumour cells themselves and should be 

effective against all kind of tumours. Indiscriminate necrosis does not 

occur and enhanced Thl regulated selective destruction of tumour cells is 

promoted (Grange et al 1995).

On the other hand, immunogenecity of tumours results from the sum total 

of a number of immunogens, among them the heat-shock proteins, 

representing the total antigenic complexity of cancers. These hsps may
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offer a unique opportunity for vaccination against human cancers 

independent of the structural analysis of the immunogenic antigens of 

individual tumours. Mycobacterial heat-shock proteins show extensive 

amino acid sequence homology with those of all other living organisms’ 

including man (Grange et a l , 1995). In murine model, it has been shown 

that using mycobacterial 65 KDa heat-shock protein has led to a loss of 

tumourgenecity and to immunisation against the parent tumour via 

cytotoxic CD4 and CD8 T cells (Lukacs et al. 1993).

The work on cytokines, immunotherapy and imply that if mycobacteria 

are used in a way that avoids induction of the Koch phenomenon, it may 

be possible to prime recognition of stressed autologous cells via heat- 

shock protein epitopes, leading to selective cancer cell elimination.

Several studies have shown that using M.vaccae can either shift the Th2 

response to Thl response or produce Thl response (Stanford, 1997).

1-15 Motive and aim

Considering the above section, my motive is to improve on the existing 

treatment. The aim of this study is to investigate the efficiency of a heat- 

killed form of Mycobacterium vaccae in cancer immunotherapy, in 

particular, to determine whether it is possible to generate Thl recognition 

of common epitopes whilst suppressing the Th2 part of the Koch 

phenomenon. This would combine the great advantages of minimal side 

effects as well as regulation of the toxic effects of circulating TNF. As
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the first step in achieving this aim, I have evaluated modern 

immunological assessments of cytokines production in volunteer patients 

receiving repeated injection of M.vaccae . Pilot studies have been carried 

out on stage III/IV melanoma and in hormone resistant carcinoma of the 

prostate.

41a



Chapter 2

Materials and methods

“Though this be madness, yet there is method in’t”
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2-1 Foreword

Cancer is a very wide ranging and multi-factorial disease which differs 

from one case to another. Investigating a new immunotherapeutic and 

assessing the changes it produces in cancer patients, in addition to 

novelty, has considerable complexity. Thus, to find and establish a 

suitable method of assessment, many preliminary experiments needed to 

be done before entering the main part of this study.

First I tried to obtain some basic immunological information about the 

cancer patients concerned and secondly, a comparison of some routine 

immunological methods, enabled me to choose the most suitable method 

for carrying out the last and main part of my study which was to monitor 

the changes in selected immunological parameters in patients who had 

received M.vaccae immunotherapy .

2-2 Immunoassay

An immunoassay is a technique for measuring the presence of a 

substance using an immunological reaction. Immunoassays include 

simple precipitation of antibody-antigen complexes, agglutination, 

e lec tro p h o res is , rad io  im m unoassay  (RIA ) and enzym e 

immunoassay(EIA) (Avram et al., 1983).

43



2-3 Enzyme immunoassay(EIA)

EIA is a quantitative immunologie method by which antigen-antibody 

complexes can be measured by enzyme activity. EIA is categorized into 

homogeneous and heterogeneous groups (Voiler and Bidwell, 1986).

2-4 Enzyme Linked Immunosorbent Assay (ELISA)

ELISA is a heterogeneous EIA in which the enzyme activity is measured 

by its ability to produce fluorescence or colour from a colourless 

substrate (Voiler and Bidwell, 1986). ELISA can be done in different 

ways but one of its components (Ag or Ab) has to be fixed on a solid 

phase. ELISA has a number of advantages, namely sensitivity, 

specificity, versatility, rapidity, quantification, cheapness, availability of 

materials, lack of the radioactivity danger and the possibility of testing 

many samples at the same time (Coligan et a l, 1994).

Generally, ELISA can be done in six different ways (Voiler and Bidwell 

1986, Coligan et a l  1994) which are:

1-Indirect ELISA to detect specific antibodies (Fig 8).

2-Direct competitive ELISA to detect soluble antigens.

3-Antibody-sandwich ELISA to detect soluble antigens (Fig 9).

4-Double antibody-sandwich ELISA to detect specific antibodies(Fig 10)

5-Cellular ELISA to detect cell-surface antigens.

6-Cellular ELISA to detect antibodies specific for surface antigens.
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Fig 8. Indirect ELISA to detect specific antibodies. Ag=antigen; Ab=
antibody; E= enzyme.
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Fig 9. Antibody-sandwich ELISA to detect antigen. Ag= antigen; Ab=
antibody; E= Enzyme.
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Fig 10. Double antibody-sandwich ELISA to detect specific antibodies. 
Ag=antigen; Ab= antibody; E= enzyme.
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All of these have very similar mechanisms. The indirect ELISA is the 

simplest one which has been used many times in this study (in addition to 

other types of ELISA). Using this method, antibodies can be measured 

easily in any biologic liquid (Coligan et al., 1994). First of all, antibodies 

in the samples are allowed to react with the antigens which have already 

been fixed on the plate. At the second stage, after the washing step, 

enzyme conjugated-antibodies to human immunoglubolins are added to 

the plate, time allowed for reaction, and the excess is washed off. Finally, 

the enzyme substrate is added to estimate the amount of antibody present 

in the sample (Voiler and Bidwell 1986, Coligan et al. 1994).

Antibody-sandwich ELISA is the other form which has been used in this 

study. In this assay antigens in samples are captured by antibodies bound 

to the plate. A second enzym e-labelled antibody to human 

immunoglubolins is used as a detector. Speed and easiness are two 

advantages of this method (Avram et al. 1983, Coligan et al. 1994)

I- Indirect ELISA to detect antibody

To obtain a general idea of the level of antibody in patients with cancer, 

the response of their sera to different antigens was measured. The first 

group of antigens tested were carbohydrates. These experiments together 

with the essential preliminary information about antibody levels in the
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cancer patients, allowed us to optimize the ELISA technique best suited 

to assessment of the immune system within this study.

Materials

-Antigens: different carbohydrates including mannan, mannose and 

galactose diluted in coating buffer.

- Coating buffer:

A : 8.4 g NaHC03/100 ml H 20 

B : 10.6 g Na2C03/100 ml H20

45.3 ml A should be mixed with 18.2 ml B and then 1 litre of of water 

added. The pH should be 9.6

-Washing buffer:0.05% Tween 20 in phosphate buffered saline (PBS), 

pH 7.4

PBS: NaCl + KH2P04 + Na2HP04, 2H20 + KCl

- Blocking and diluent buffer: 1% BSA in washing buffer.

-Samples including the sera of breast cancer patients which were 

provided by UCL Surgery department.

-Anti human IgG,.

-Substrate : 2,2- AZIN0-bis(3-ETHYL BENZ-THIAZOLINE-6-

SULFONIC ACID) (ABTS)

Substrate solution: ABTS + Hydrogen peroxide(20 vol) + Citrate 

Phosphate Buffered (CPB).

-96-well ELISA plates.
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Method (Coligan et al. 1994)

- The plate was coated by 100 pl/well of 500 |ig/ml of antigen (different 

carbohydrates including mannan, mannose and galactose) diluted in 

coating buffer and incubated overnight at 4°C. In all the stages of this 

technique, the plate should be in the damp box during incubation.

(The best concentration of antigen, 500 p^g/ml , was determined by 

ELISA).

- On the second day, the plate was washed three times, leaving the plate 

with washing buffer for three minutes each time. Washing was carried 

out either by aspiration with a plastic tip or by striking the plate on a firm 

surface.

- 200 ml of blocking buffer was added to the wells to block the unbound 

sites. After incubation for 2 hour at 37°C, the plate was washed as 

described.

- Samples, standards, sera of patients and healthy individuals were 

diluted in diluent buffer (1:100) and added to the plate (100 |ig/well). 

Washing was done as previously after incubating for 2 hour at 37° C. 

(The serum dilution was determined by ELISA with different dilutions of 

sera)

- 100 p,l/well of 1/1000 conjugated anti-human IgG antibody was added 

to the plate. Plate was incubated for 2 hour at 37° C and washed as 

above.
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- 100 |il of substrate solution was added to the wells and then, the plate 

was incubated for 20 to 60 minutes at 37°C.

- Absorbance was read at 405 nm on an ELISA reader (Dynatech 

MR5000)

II- Indirect ELISA for measuring antibody after absorption

For this stage, mannose was added to the patient’s sera before adding 

samples to the plate. Diluted sera contained different concentrations of 

mannose (400mM, lOOmM, 25mM, 6.25mM, OmM). The procedure was 

the same as described at 2-4-1-2.

III- Indirect ELISA for measuring antibody of patients with both 

cancer and Helicobacter pylori infection

The sera of cancer patients who had also Helicobacter pylori infection, 

were compared to the sera of both normal individuals and individual 

patients only with cancer. The procedure was the same as described 

before under method in this section.

2-5 Agalactosyl IgG assay

Agalactosyl IgG assay, 0 (0) , is the name used for measurement of 

immunoglobolin lacking galactose in the oligosaccharide chain 

(Rademacher 1991). After observing the difference between carbohydrate
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composition of immunoglobulin G (IgG) in normal individuals and 

patients with rheumatoid arthritis(RA), tuberculosis or Crohn’s disease 

(Parekh et a l 1988, Rook et al. 1989, Rademacher 1991), we decided to 

follow this in cancer patients.

The difference reported in carbohydrate of IgG in RA patients related to 

the presence or absence of the galactose in the oligosaccaride chains 

(Rademacher 1991).

Each molecule of IgG has two pairs of carbohydrate chains called G1 if 

one of them and G2 if two of them terminated in galactose (Rademacher 

1991). Those without galactose are called G(0) that is when the chain 

ends in N-acetylglucosamine instead of galactose galactose (Rademacher 

1991). G(0)% is higher in patients with diseases previously mentioned 

than in normal individuals (Parekh et a l, 1988).

Several reports have shown that the oligosaccharide composition and 

galactosylation of IgG are age related parameters and in some diseases 

like RA, it is suggested that this age related carbohydrate variation of IgG 

can be the main reason for disease (Parekh et a l, 1988).

All these findings led us to assess IgG galactosylation in breast cancer 

patients of different ages.

I- Procedure of G(0) assay for cancer patients

The G(0) assay is a modified ELISA assessing G(0)% values for different 

groups of individuals. In 1976, Mulinax et a l showed that the
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carbohydrate composition of antibody molecules in healthy individuals 

is different from that of patients with rheumatoid arthritis (Rademacher 

1991). This suggested that a comparison of G(0)% in cancer patients and 

healthy individuals might be interesting.

Materials

- Protein A extracellular (Sigma P-6031)

-Washing buffer: PBS (pH 7.4), Tween 20 

-ELISA 96-well plate (Nunc- Immunoplate)

-Diluent buffer(magic buffer): glycine (Sigma G-7126), NaCl and pure 

water (pH 7 for human sera and pH 8 for mouse sera, adjusting the pH 

with IN NaOH)

-Blocking buffer: PBS, Tween 20 and BSA 1%

-Anti-GlcNac solution: this solution (biotinylated N -acetylglucosamine) 

was kindly supplied by Professor G.A.W. Rook.

-Streptavidin-HRP (DAKO).

-ABTS (substrate) solution: for one plate, 12.5mg of 2 ,20 Azino-di-(3- 

ethyl benzthiazoline sulfonic acid)(Sigma A -1888), 25ml of Citrate 

Phosphate Buffer (CPB, pH 4.1,0.1M) and 8.75 |il of Hydrogen peroxide 

(H202, 20 Vol)

-Stop solution: 96 mg of NaF (Sigma S-1504) in 50 ml of pure water 

(fresh solution).
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Method (Van Zeben 1994)

-The ELISA plate was coated by protein A at a concentration of 2.5 

|ig/ml in PBS (pH7.4) adding 50 pi was added to each well. The plate 

was left at 4 C overnight in a damp box.

- On the second day, Standards and Samples which were going to be 

tested were diluted in diluent buffer (1:100).

-The protein A, in the plate, was poured off and 100 pi of blocking buffer 

was added to each well. The plate was left at 37°C for an hour.

-After blocking, the blocking buffer was poured off and the plate was 

washed three time. Each time the plate was left with washing buffer for 

three minutes.

-After washing, 50 pi of diluted standard and samples were added to each 

well. Magic buffer was added to the blanks and the plate was left for two 

hours at 37°C.

-After incubation, washing was done as previously described. For the last 

washing, PBS without tween 20 was used.

-After washing, 50 pi of PBS was added to each well and the plate was 

placed a pre-warmed water bath at 85°C. Extra care was taken to prevent 

any bubbles under the plate in the water bath. After seven to eight 

minutes of dénaturation, the plate was cooled down for one minute in 

cold water.

-The plate was left for 15 minutes to cool down to room temperature and 

the PBS was poured off.
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-Anti-GlcNac solution was diluted in blocking buffer (2 ftg/ml) and 50 |il 

was added to each well. The plate was left overnight at 4°C in the damp 

box.

-On the third day, after washing as described above, streptavidin-HRP 

(enzyme) was diluted in blocking buffer at 1 lag/ml and 50 p.1 added to 

each well. The plate was left at 37°C for one hour in the damp box.

-After incubation and washing, the plate (50 |ll per well) was incubated 

with ABTS for 15 to 20 minutes at 37°C in the dark.

-Absorbance was read by ELISA reader (DYNATECK MR5000) at 

490/630 nm.

-Stop solution was added at 50 jil/well.

2-6 Whole blood assay

Assessment of any change in selected immunological parameters of 

patients is the main subject of this study. Because of the repetition of 

bleeding from each patient, we had to use a method using minimal 

volumes of blood for monitoring and at the same time, devisethe best 

conditions for assessment.

With regard to this and some disadvantages of conventional Lymphocyte 

Transformation Tests (LTT), a whole blood assay was chosen to find out 

whether it could replace LTT with seperated cells.
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I- Materials and method

For the whole blood assay, each heparinized blood sample was diluted 

1:10 in RPMI (Weir et al., 1994). In a 96-well ELISA plate, a serial 

dilution of M.vaccae (lOOpl/well of 0.001 to 10 pg/ml in RPMI) was 

prepared and 100 pi of diluted blood samples was added to each well 

((Weir et al., 1994). Blood samples were taken from 10 healthy 

individuals with different ages (>21 years old) and from both sexes. 

After 6 days incubation at 37°C, the supernatant was collected and 

remaining cells were pulsed with 1 pCi of [methyl- 3 H] thymidine 

(Amersham International,Amersham, UK) cells were harvested after 

incubating for 6 to 15 hours at 37°C. Cell prolifration was measured by 

liquid scintillation spectroscopy.

In another experiment, we modified our stimulation method and a second 

dose of M.vaccae in two concentrations , 5 and 25 pg/ml in RPMI, was 

added to the plate which had been already loaded with whole blood and 

M.vaccae. The collected supernatants were used for measurements of 

IFNg produced by M.vaccae stimulation.
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II- Human IFN-y ELISA 

Materials (Coligan et a l, 1994)

- Capture- monoclonal antibody l-DIK(ams biotechnology Europe Ltd) 

-Detector-monoclonal antibody 7-B6-1-Biotin (ams biotechnology 

Europe Ltd)

-Streptavidin-ALP(ams biotechnology Europe Ltd)

-PBS

-Washing solution: PBS - Tween 20 

-Blocking buffer: PBS-BSA 2%-Tween 20

-Substrate solution: P -nitrophenyl phosphate 1 mg/ml in 10% 

diethanolamine buffer containing 0.5 mM MgC12, pH 9.8 

-96-well ELISA plate

Method

1- Capture-monoclonal antibody(l-DIK) was diluted to 1 pg/ml in PBS 

and added to the plate (50 pl/well) which was incubated overnight at 4°C.

2- The plate was washed twice with washing solution (each time the plate 

was left with washing solution for 3 minutes) and blocked by adding 150 

pi of blocking solution.

3- 50 pi samples of supernatant of whole blood incubated with M.vaccae 

or standards were added to each well and incubated for 1 hour at 37°C.
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4- Washing was done three times and 50 |ll of detector monoclonal 

antibody 7-B6-1-Biotin (1 |ig/ml in PBS and Tween 20) was added to 

each well and incubated for 1 hour at 37 °C.

5- Washing was done as in the last step and 50 |il of Streptavidin-ALP, 

diluted 1:1000 in PBS and Tween 20, added to each well and incubated 

for 1 hour at 37°C.

6- After washing, 50 |Ltl of substrate solution was added to each well and 

incubated for 30 to 60 minutes at 37°C.

7-Spectrophotometrical absorbance was measured in an ELISA reader 

(DYNATECH-5000) at 405 nm.

2-7 Cytokine assessment after immunotherapy

Regarding the aim of this study, this following part was designed to 

assess and develop a method for prospectively monitoring the cytokine 

responses of patients undergoing immunotherapy with SRL172 (an 

immunotherapeutic agent contains heat killed suspension of M.vaccae ). 

On the view of this, we compared some practical method to find the most 

proper one for monitoring the cytokine response.
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I- The Enzyme-Linked ImmunoSpot (ELISPOT) assay 

The ELISPOT or ELISA-plaque technique was simultaneously 

introduced in 1983 by both Czerkinsky and Sedgwick independently 

(Voiler and Bidwell 1986, Coligan et al. 1994). The solid phase 

Enzyme-Linked Immunospot assay (ELlSPOT)-another form of ELISA- 

has been used in this study. This modified ELISA technique, using the 

principle of the diffusion-in-gel ELISA and allows localized Ag~Ab 

reactions to be visualised. It is referred to as the best method for detection 

of single antibody secreting cells. Coating of antigen on a solid phase, 

incubation of antibody producing cells and detection of the Ag-Ab 

complex formed at the site of the active antibody secreting cell are the 

steps of the ELISPOT (Coligan et al. 1994).

Nowadays, ELISPOT is known as one of the most practical techniques 

with a wide range of usage in both the detection of single antibody 

secreting cells and detection of cytokine-secreting cells. Some reports 

suggest that it is the best substitution assay for the plaque forming cell 

method (Coligan et al. 1994).

Stability , specificity and variation of antigens, determination of different 

secreted antibodies at the same time and the possibility of detection of 

single antibody-secreting cells in tissue are some of the ELISPOT 

advantages.

Regarding effects of M.vaccae on the immune system and its elements 

such as lymphocytes, in order to have an idea about the stimulatory effect
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of M .vaccae  on cells, we decided to try ELISPOT as method for 

detection of cytokine secreting cells in a part of our study.

Materials

-Cytokine specific primary antibody,purified 

- coating buffer:

A : 8.4 gr NaHC03/100 ml H 20 

B : 10.6 gr Na2C03/100 ml H 20

45.3 ml A should be mixed with 18.2 ml B and made to 1 litre of water 

added. The pH is adjusted to 9.6 

-Washing solution: PBS containing 0.25% Tween 20 

-Phosphate Buffered Saline (PBS).

-Blocking buffer (freshly prepared): PBS plus 5% BSA.

-ELISPOT dilution buffer: PBS containing 1% BSA.

-Cytokine secreting cells: In this study, blood mononuclear cells of 

normal individuals are used.

-Lymphocyte Separation Medium (EICOL), ICN Biomedicals(16 922 54) 

-Concanavalin A (Con A):

-Solution of M.vaccae in proper concentration and Con A which are 

used as stimulators of cells.

-Complete medium culture: RPMI Medium 1640, Imperial (1-545-14) 

-Labelled secondary cytokine specific antibody in ELISPOT dilution 

buffer
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-Detecting antibody or protein appropriate for cell type.

-Gel substrate (if using polystyrene plate) or soluble substrate(if using 

nitrocellulose membrane), for horseradish peroxidase (HRPO) or alkaline 

phosphatase-conjugated antibody.

Method (Coligan et al. 1994)

1- The plate was coated by 50 |il/well of 15 |ig/ml purified cytokine 

specific primary antibody and incubated for 2 hours at 37°C or overnight 

at 4°C.

We considered this ELISPOT assay as a pilot study to establish 

experimental conditions for the ELISPOT assay, therefore, due to 

availability of IL-4 specific antibody in our lab, this cytokine was tested.

2-The plate was washed three times with washing buffer and each time 

left with washing buffer for three minutes.

3-Blocking was done by adding 200 \x\ of blocking buffer per well and 

after that the plate was incubated at 37°C for 30 minutes.

4-The plate was washed as a second step and then 100 pl/well of RPMI 

was added and incubated for 10 minutes at room temperature. RPMI 

dilutes any remaining Tween 20 and prepares the plate for cell 

incubation.

5-100 pi of cytokine secreting cells were added to the well of the plate. 

The peripheral blood mononuclear cells (PBMC) were the source of 

lymphoid cells which were our cytokine secreting cells. Before this stage.
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in order to stimulate the production of cytokine (IL-4), some of the cells 

had been incubated with different concentrations of M.vaccae sonicated 

antigen (1,3, 5 and 10 |ig/ml) and others with Con A(20 and 25 |ig/ml) 

for 48 hours at 4°C (the time of incubation depends upon the type of cells 

and the nature of the stimulus).

6-The plate was washed extensively (6 times). Removing the cells from 

the plate is critical. If cells are left, a high background will result and 

detection of real spots will be very difficult.

7- 50 |xl labelled (biotin-labelled) cytokine (IL-4) specific secondary 

antibody diluted in dilution buffer (25 p,g/ml) was added to each well and 

incubated for 2 hr at room temprature.

8- After washing, 50 pi of horseradish peroxidase (HRPO) or Alkaline 

phosphatase (Alk.Ph)-labeled detecting antibody or protein (e.g.,avidin, 

streptavidin, or goat anti-rabbit IgG) was added to each well and 

incubated for 2 hr at room temprature. With Alk.Ph-labelled antibody a 

different substrate must be used.

9-The plate was washed as in the previous steps but finally it should be 

washed once in PBS without tween 20.

10- Because our plate was polystyrene (instead of nitrocellulose), the 

plate was coated with 50 pl/well of gel substrate and left for 5 minute 

until gelling was completed. Brown-black spots(depending on the type of 

substrate, the spots can also be blue) started to appear after 20 minutes 

(the optimum time for ELISPOT formation is between 5 and 20 hour).
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Substrate preparation:

Agarose solution:

Agarose/distilled water: 12 mg agarose/ml water, melted and kept at 

46°C.

Agarose/PBS: Agarose was melted in a microwave oven. PBS to 1% 

final concentration was added. The solution cooled to 46°C in a water 

bath and maintained at that temperature.

HRPO substrate: 50 mg 1,4-p-phenylenediamine free base ( PPD; Sigma) 

was diluted in 2 ml methanol and just before use, 50 |il of 30% H 202 and 

100 ml agarose/PBS from 46°C water bath were added.

- Polystyrene microtiter plates ( 24, 48, or 96-well), Nunc immunoplate 

or Becton & Dickenson multiwell plate) or nitrocellulose membranes in 

96-well Millititer HA plates (Millipore #STHA096NS) or equivalent.

Peripheral Blood Mononuclear cells (PBMC) isolation (Voiler and 

Bidwell 1986, Coligan et al. 1994)

1- 20 ml of blood was taken and was added to a universal containing 200 

ql of heparin.

2- Blood was centrifuged at 3000 rpm / 8 mins.(without the brake )

3- The supernatant serum was collected in a universal with a sterile 

pasteur pipette (Avoiding RBC).

4- The blood cells were split and divided equally between two universals 

and RPMI was added to each, to a total volume of 18 ml.
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5- This solution (blood + RPMI) was then gently added to Ficol (9 ml in 

each of 2 universals).

6- The solution was spun by centrifuge (Heraeus christ) at 1700 rpm for 

28 minutes.

7- The lymphocytes were collected from the interface, using sterile 

pasteur pipette and added to a universal which contains 10 ml of RPMI.

8- The solution (lymphocyte + RPMI) was spun at 1500 rpm for 10 

minutes.

9- Supernatant was poured off and 20 ml of RPMI was added after 

flicking the cell pellet to suspend it.

10- 20 to 50 p.1 of cell solution was removed for counting in a 

haemocytometer.

11- After counting, 500 |il of autologous serum was added to the cell 

solution. The suspension was centrifuged at 1100 rpm for 10 minutes 

and the supernatant was poured off.

12- The cell pellet was flicked and (according to the cell concentration, 

step 11), the appropriate volume of RPMI was added to give a cell 

concentration of 10 6 cells/ml. Finally the autologous serum was added 

(20% of final volume).

13- The cells were ready to use as the cytokine secreting cells.
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II- ELISA assay using prepared ELISA KITS ( commercial kits)

This assay employed the quantitative sandwich enzyme immunoassay 

technique. A monoclonal antibody specific for IL-2, IFN-y , IL-4, IL-13 

and TNFa had been pre-coated onto a microtiter plate. Standards and 

samples were pipetted into the wells and any cytokine present was bound 

by the immobilized antibody. After washing away any unbound 

substances, an enzyme-linked polyclonal antibody specific for each 

cytokine was added to the wells. Following washing to remove any 

unbound antibody-enzyme reagent, a substrate solution is added to the 

wells and colour developed in proportion to the amount of cytokine 

bound in the initial step. The colour development was stopped and the 

intensity of the colour was measured. For TN F-a and IL-4 high 

sensitivity reagent kits ( Quantikine HS immunoassay Kit) were used. 

The Quantikine HS immunoassay Kit uses an amplification system in 

which the alkaline phosphatase reaction provides a cofactor that activates 

a radox cycle leading to the formation of a coloured product (Self 1985, 

Stanley et a l 1985). A schematic of the reaction is shown in the figure 

11. In this amplification system, alkaline phosphatase dephosphorylates 

the reduced form of nicotinamide adenine dinucleotide phosphate, 

NADPH, NADH. The NADH subsequently serves as a specific cofactor 

that activates a redox cycle driven by the secondary enzyme system 

consisting of alcohol dehydrogenase and diaphorase (Amplifier). In the 

reaction catalyzed by diaphorase, NADH reduces a tétrazolium salt (INT-
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violet or iodonitrotetrazolium violet) to produce an intensely coloured 

formazan dye and NAD+. NAD+ in turn is reduced by ethanol, in an 

alcohol dehydrogenase-catalyzed reaction, to regenerate NADH which 

can then re-enter the redox cycle. The rate of reduction of the tétrazolium 

salt and thus the amount of coloured product formed are directly 

proportional to the amount of TNF-a or IL-4 bound in the initial step.

NADPH

Pi J Alkaline
Phosphatase

Acetaldehyde

Alcohol 
Dehydrogenase

Ethanol

t

NADH

INT-Violet

Diaphorase

I
Formazan*

NAD +

* Colored end product

Fig 11. A simple diagram of alkaline phosphatase amplification 
procedure in HS Quantikine ELISA kit.
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Materials

-Cytokine Microtiter plate, 96 well polystyrene microtiter plate coated 

with a murine monoclonal antibody against different cytokines.

- Cytokine Conjugate, 21 ml of polyclonal antibody against different 

cytokines, conjugated to horseradish peroxidase, with preservative.

- Cytokines Standard, 10 ng of recombinant human cytokine in a buffered 

protein base with preservative, lyophilized.

- Assay Diluent RDI A, 11 ml of a buffered protein base with 

preservative.

-Calibrator Diluent RD6E, 21 ml of animal serum with preservative.

- Washing Buffer Concentrate, 21 ml of a 25-fold concentrated solution 

of a buffered surfactant with preservative.

- For kits with normal sensitivity:

* Colour Reagent A, 12.5 ml of stabilized hydrogen peroxide.

^C olour R eagent B, 12.5 ml of s tab ilized  cbrom ogen( 

tetrametbylbenzidine).

- For high sensitivity kits:

* Substrate, lyophilized NADPH with stabilizers.

* Substrate Diluent, 7 ml of buffered solution with stabilizers.

* Amplifier, lyophilized amplifier enzymes with stabilizers.

* Amplifier Diluent 7 ml of buffered solution containing ethanol and 

INT-violet with stabilizers.
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- Stop solution, 6 ml of 2N sulfuric acid.

Method

- 100 pi of Assay Diluent RDI A was added to each well.

- 100 pi of standard or sample was added per well and the plate was 

incubated for 2 hours at room temperature.

-Each well was aspirated and washed three times. For washing each well 

was filled by washing buffer ( 400pl) using multi-channel pipette. 

Complete removal of liquid at each step was essential to good 

performance. After the last wash, any remaining washing buffer was 

removed by inverting the plate and blotting it against clean paper towel.

- 200 pi of cytokine conjugate was added to each well and plate was 

incubated for 2 hours at room temprature.

- Aspiration and washing were repeated as mentioned above.

- 200 pi of Substrate Solution was added to each well and the plate was 

incubated for 20 minutes at room temperature.

- 50 pi of Stop Solution was added to each well and optical density was 

determ ined within 30 minutes using a m icrotiter plate reader 

(DYNATECH 5000).
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Ill- Flow cytometry

Flow cytometry is simply a technique that is useful in certain fields of 

science, there is, at the same time, something special about it. Few other 

techniques involve specialists from so many backgrounds. Electronics 

and computer experts, mathematicians, laser technologists, and organic 

chem ists rub shoulders with biologists, physicians, surgeons, 

immunologists and microbiologists around the flow cytometer bench. 

Flow cytometry, like most scientific developments, has roots firmly 

grounded in history. In particular, flow technology finds its intellectual 

antecedents in microscopy, in blood cell counting instruments, and in the 

ink jet technology that was, in the 1960s, being developed for computer 

printers. It was the coming together of these three strands of effort that 

provided the basis for the development of the first flow cytometers 

(Givan 1992).

Flow cytometry might be broadly defined as a system for measuring and 

then analysing the signals that result as particles flow in a liquid stream 

through a beam of light. Flow cytometry is a widely used method for 

analysing the expression of cell surface and intracellular molecules ( on 

a per cell basis), characterizing and defining different cell types in 

heterogeneous populations, assessing the purity of isolated 

subpopulations, and analysing cell size and volume. This technique is 

predominantly used to measure fluorescence intensity produced by 

fluorescent-labeled antibodies or ligands that bind to specific cell-
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associated molecules. Moreover, the method is semiquatitative, fast, 

reliable and reproducible.

Antibodies, particularly monoclonal antibodies, are frequently used in 

flow cytometry because of their specificity and ease of prepration. The 

antibodies are covalently conjugated to a fluorocbrome such as FITC and 

excess free fluorocbrome is discarded. The labeled antibody is then 

incubated with the cells of interest. Flow cytometers are equipped to 

measure non fluorescent parameters such as cell volume or light scattered 

by the cell as it passes through the excitation beam.

The common elements in all flow cytometers are a light source; an 

optical bench to focus and direct that light; fluid lines and controls to 

direct and regulate the flow of a liquid stream containing particles 

through the focused light beam; an electronic network for measuring the 

intensity of light signals and recording them ( and also, if the instrument 

has sorting capability, for initiating sorting decisions to charge and 

deflect particles); and a computer system for analysing these light signals 

by correlating them with each other (Fig 12).
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Fig 12. Components on the optical bench of a generahzed four parameter 
flow cytometer. Figure adapted from Becton Dickinson 

immunocytometry system.

71



IV- Multi-Colour staining of intracellular cytokines and cell surface 

antigens for Flow Cytometric analysis using both whole blood(WB) 

and peripheral mononuclear cells(PBMC).

Multi-colour analysis allows for simultaneous detection of three cell 

markers on a single cell. Usually staining for flow cytometric analysis 

involves making a single cell suspension from peripheral blood, 

successive binding steps in which cells are incubated in tubes or 

microtiter plates with fluorescent labeled antibodies, and wash steps 

using excess buffer to remove unbound antibodies.

V- Setting of proper method

Before entering the main study and doing any assessment of patients’ 

bloods using flow cytometry, some experiments bad to be done to find 

out the best method of preparing the samples for flow cytometry 

assessment. Due to this reason, blood was taken from the normal 

individual and used in the setting up procedure.

Materials

-Blood sample: 10 ml fresh blood( for WB assay) and 20 ml blood (for 

PBMC) were taken from normal individuals.
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-Anti-human monoclonal antibodies FITC (Fluorescein isothiocyanate), 

R-PE (R-Phychoerythrin) or R-PE-CY5 (R-Phychoerythrin-Cy Chrome) 

conjugated for surface markers antigen or cytokines provided by Becton 

Dickinson (BD), DAKO and Pharmingen 

-Lysing buffer (BD)

- Eixing buffer (BD)

-Permeabilising buffer : two types of permeabilising buffer were used, 

the first one was commercial and already prepared by BD company, the 

second one was prepared in our lab which contained PBS, BSA 1%, 

0.1% sodium azide and 0.1% Saponin (Sigma cat no; S-7900), adjusted 

buffer pH to 7.4-7.6 and filtered.

-Washing buffer (PBS, BSA1%, Sodium azide 0.1%)

-Phorbol 12-Myristate 13-Acetate(PMA), Sigma (No: P8139)

-lonomycin. Sigma (No: 10634)

-Monensin, Sigma (No: M 5273)

-Complete medium culture: RPMI Medium 1640, Imperial (1-545-14) 

-Lymphocyte Separation Medium (FICOL), ICN Biomedicals (16 922 

54)

-Sterile universal tubes ( 5 ml, 20 ml and 100 ml)

-Flow cytometry tubes (Falcon 2054)
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Method (manufacturai instructions)

a) Whole blood(WB) assay:

The volume of 10 ml of fresh blood taken from normal individuals( 

n=10) was incubated in two ways:

1- incubated with monensin 3 \lM  for 5 brs at 37°C in the dark (Sander et 

al. 1991, Jung et al., 1993, Prussin and Metcalfe 1995., Elson et al. 

1995).

2- incubated with monensin 3|LtM, PM A 10 ng/ml and lonomycin 4ng/ml 

for 5 brs at 37°C in the dark (Assenmacber et al. 1994, Vikingson et al. 

1994 and Elson et al. 1995).

After this incubation period, 100 pi of blood was incubated for 30 

minutes at 4°C in the dark with the fluorocbrome-conjugated monoclonal 

antibody specific for a cell surface antigen including CD3, CD4 and 

CDS. The sample was then mixed with 2 ml of lysing buffer, diluted 1 in 

10 in distilled water, and stood for 10 minutes at room temperature in the 

dark. The sample was then centrifuged at 600g for 5 minutes and the 

supernatant was discarded. 250pl of fixing buffer was added to those 

tubes which contained the cells that bad been stained only for three 

surface markers (CD4, CDS and CD3) and these were kept at 4°C in the 

dark to be run by Flow cytometry machine (FACS machine). For the rest 

of the tubes the protocol was different due to the type of permeabilising 

buffer which was used.
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1-In the case of commercial permeabilising buffer (from BD), The cells 

were treated by the addition of 500 pi of this buffer, diluted 1 in 10 in 

distilled water, and allowed to stand in the dark for 10 minutes at room 

temperature. Cells were then washed with 2 ml of washing buffer and 

then centrifuged for 5 minutes at 600g and the supernatant discarded.

2- Using the permeabilising buffer prepared in the laboratory, firstly cells 

were first washed twice with washing buffer and pelleted by 

centrifugation (5min, 600g). Supernatant was discarded and cells then 

thoroughly resuspended and fixed by 100 pi of fixation buffer for 20 

minutes at 4°C. Cells may be kept overnight in fixation buffer at 4°C. 

Cells then were washed twice in permeabilisation buffer (2ml/tube) and 

centrifuged (600g for 5 min). Supernatant was discarded and cells were 

thoroughly resuspended in 100 pi of permeabilising buffer.

After this stage, the protocol was the same. Anticytokine antibodies to 

IL-2, IFN-y and IL-4 were then added and stood for 30 minutes at room 

temprature. The control consisted of staining the target cells with an 

Isotype-matched immunoglobulin of irrelevant specificity at the same 

concentration as the antibody of interest. Cells were then washed as 

before and resuspended in 250 pi of fixing buffer. The samples were 

either run immediately or left overnight at 4°C. The samples were run and 

analysed by a flow cytometry machine, FACScalibur, using CellQuest 

software package running on an Apple Macintosh computer.
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b) PBM C assay (manufacturai instructions)

This employed the volume of 20 ml of fresh blood taken from normal 

individuals (n=10). PBMC isolation was done as described in the 

Agaloctosyl IgG method. Isolated PBMC have incubated in two ways:

1- incubated with monensin 3 \lM  for 5 brs at 37°C in the dark.

2- incubated with Monensin 3)LiM, PM A 10 ng/ml and lonomycin 4)Lig/ml 

for 5 brs at 37°C in the dark.

After this incubation period, 10 6 cells were incubated for 30 minutes at 

4°C in the dark with the fluorocbrome-conjugated monoclonal antibody 

specific for a cell surface antigen including CD3, CD4 and CDS. Cells 

were then washed with 2 ml of washing buffer and then centrifuged for 5 

minutes at 600g and the supernatant discarded. Cells were thoroughly 

resuspended in 100 pi of fixation buffer for 20 minutes at 4°C in the dark. 

Cells may be kept overnight in fixation buffer at 4°C in the dark. 250pl of 

fixing buffer was added to those tubes which contained the cells that had 

been stained only for the three surface markers (CD4, CDS and CD3) and 

were kept at 4°C in the dark to be run on the Flow cytometry machine 

(FACS machine). For the rest of the tubes which were going to be stained 

intracellularly for cytokines, depending on the type of permeabilising 

buffer, the procedure was the same as described in this section before.
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VI- Protocol for the main clinical study

After trying different methods, the most proper one was chosen and 

applied in two pilot trials which were the main part of this study. One of 

these trials was immunotherapy of malignant melanoma, and the other 

one was immunotherapy of advanced prostate cancer. As a comparison 

option, simultaneously with these two pilot studies, a group of melanoma 

patients who were going to receive a polyvalent melanoma cell vaccine 

(MCV) was chosen to be monitored in the same way as the melanoma 

patients in this study. The method was based on using whole blood and 

the procedures were as follows:

Patients and treatment schedule

a- Melanoma study: A suspension of heat-killed M.vaccae for clinical 

use (SRL172) was prepared under Good Manufacturing Practice by the 

Centre of Applied Microbiology Research (CAMR), Porton Down. The 

standard injection dose of lOOjil contained 1 mg wet weight, 

corresponding to 109 bacilli, suspended in borate buffer. Blood for base 

line biochemistry and for cytokine analysis was obtained from the 

patients on day 0. Subsequently a half dose, 50pl, of SRL172 was 

adm inistered intraderm ally in the proximal upper arm. Further 

vaccinations at full dose (lOOpl) were administered on days 15, 30, 60 

and 90 when blood for cytokine analysis was also obtained. This 

schedule constituted the priming period. The initial protocol stipulated
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maintenance treatment on a 2-3 monthly basis for further 9 months 

following priming. It was found, however, that those patients who did not 

make a cytokine response within the priming period did not do so with 

continued administration. Subsequently, further injections were only 

given to those patients who had made a cytokine response within the 

priming period (Non-responder were entered into a continuing study 

involving alternative means of co-stimulation). This protocol was 

approved by the ethics committee of St George’s Hospital Medical 

School. From December 1995 to June 1997, 36 patients, 22 female and 

14 male with an median age of 51 years, aged 22-80, with histologically 

proven advanced stage melanoma (111 and IV) were entered into the 

study. Written informed consent was obtained from all patients. Patients 

were monitored at each follow-up for signs of cutaneous reaction to the 

vaccine and toxicity.

b- Comparative parallel melanoma study: A polyvalent melanoma cell 

vaccine (MCV) was administered to 15 stage 111 A and IV (AJCC), 8 male 

and 7 female aged 25-75, melanoma patients. Polyvalent MCV consists 

of three allogenic melanoma cell lines that are known to contain high 

concentrations of melanoma-associated antigens (MAA). These MAA are 

immunogenic in melanoma patients and include three gangliosides (GD2, 

GM2, and O-acetyl GD3) (Cahan et al. 1982, Tai et al. 1983, Cheresh et
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al. 1984, Livingston et al. 1987, Ravindranath et al. 1989) and three 

protein antigens [a lipoprotein M-TAA (Gupta and Morton, 1984) and 

two glycoproteins: M-fetal antigen (Gupta and Morton, 1983) and M- 

urinary antigen (Euhus et al. 1989) ]. These antigens are located on the 

cell surface and immunization of patients with polyvalent MCV 

containing these antigens is going to induce specific immune responses to 

them. This polyvalent MCV has been made and improved by Dr D L 

Morton et a l, at John Wayne Institute in California. The protocol for 

using MCV in this group of melanoma patients in our study was 

approved by the ethics committee of St George’s Hospital Medical 

School. Patients who were eligible for polyvalent MCV therapy were 

with regional (AJCC stage IIIA) or remote soft tissue or visceral 

métastasés (AJCC stage IV). Patients were either NED after excisional 

biopsy or resection of their metastatic lesions or had objectively 

measurable disease (AWD) at the start of therapy. Patients with prior 

immunotherapy, chemotherapy, or radiation therapy were deemed 

ineligible until 30 days after the last therapy. Patients with brain 

métastasés were not considered unless their métastasés had been resected, 

or brain radiation had been com pleted, and they were off 

immunosuppressive steroid medications for treatment of brain edema for 

at least 30 days.

The MCV was thawed and washed three times in phosphate-buffered 

saline before administration. Melanoma cell vaccine (MCV) was injected
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intradermally in axillary and inguinal regions on a schedule of every 2 

weeks * 3, then monthly for 1 year. For the first two treatments, MCV 

was mixed with BCG (Glaxo, England) (24 * 106 organisms/vial).

c- Prostate cancer study : This protocol was also approved by St 

George’s Hospital Ethics Committee and all patients gave written 

informed consent. Ten male, aged 45-83 (mean age 68.9), with hormone 

refractory prostate cancer were recruited. The tumour was judged to be 

hormone refractory when the PSA (prostate specific antigen) was 

elevated more than 50% above the nadir value (minimum 15 |ig/l). 

Standard practice was to withdraw non steroidal antiandrogen therapy in 

patients on maximal androgen blockade. Other interventions were 

performed for symptomatic relief. Except the PSA measurement. All 

other stages of protocol was the same with melanoma study. PSA was 

determined by St George’s Hospital Medical School, Biochemistry 

Department, using the 1235 Auto DELFIA fluoroimmunoassay system 

(Wallac GY).

Materials

-Blood sample: 10 ml fresh blood was taken from patients with malignant 

melanoma or prostate cancer( depending on the study), at the out patient 

clinic of St George’s hospital.
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-Anti human monoclonal antibodies FITC, PE or RPE-CY5 conjugated 

for surface markers antigen or cytokines provided by Becton 

Dickinson(BD), DAKO and Pbarmingen.

-Lysing buffer (BD)

- Fixing buffer (BD)

-Permeabilising buffer (BD)

-Washing buffer (PBS, BSA1%, Sodium azide 0.1%)

-Pborbol 12-Myristate 13-Acetate (PMA), Sigma (No: P8139) 

-lonomycin, Sigma (No: 10634)

-Monensin, Sigma (No: M 5273)

-Complete medium culture: RPMI Medium 1640, Imperial (1-545-14) 

-Lymphocyte Separation Medium (FICOL), ICN Biomedicals (16 922 

54)

-Sterile universal tubes (5 ml, 20 ml and 100 ml)

-Flow cytometry tubes (Falcon 2054)

Method

The volume of 10 ml of fresh blood were taken from all patients before 

any injection of M  .vaccae and each time they come back to have 

received next injections of M.vaccae. An extra 5 ml blood was taken in a 

special gel vaccuum tube to obtain serum. The staining procedure for 

flow cytometry assay was the same as described in this section before. 

The commercial permeabilising buffer was used for intracellular cytokine
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staining due to some advantages which were not found in the lab- made 

permeabilising buffer.

VII- Statistics

The statistical programme used was SPSS for windows 6.0. The method 

of constructing a control chart for each individual patient was adopted 

and a probability value of 0.005 was used. A control chart helps 

differenciate between random variations and variations with an 

assignable cause, in this case a vaccination programme. This method 

allowed individual assessment of the vaccine effect or lack of effect on 

the patient over time. The upper and lower control limits are stablished as 

the average of sequential measurements +3 standard deviations.

2-8 The melanoma animal models

Many animal tumour models are used to improve and develop protocols 

for combatting cancer. In melanoma, there are different cell clones with 

different immunological and metastatic properties. The B16 melanoma 

originally arose spontaneously from C57BL/6J mice and many B16 

clones with different grade of stringency have been derived from the 

original tumour cell line. B16-F10 is a very metastatic and aggressive 

clone with lung tropism, but, with a poor immunogenicity (Fidler 1975). 

K1735-M2 is a clone, derived from K1735 melanoma which is less 

aggressive than B16-F10.
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There are very few tumour associated antigens fully characterised in the 

B16 melanoma. One of them is B700 antigen which is expressed on 

human melanoma cells is related to serum albumin (Gersten and Hearing 

1992). Some of the melanoma antigens including B700, are shared by 

B16 and K1735 (Deleo et al., 1991).

I- Practical protocol and design

There are two main vaccination protocols:

1- Prevention experiments in which the vaccine is given before the live 

tumour cell challenge.

2- Treatment experiments in which the vaccine is given after the live 

challenge (fig 13).

In each step of these methods, tumour cells are washed extensively 

(3times) in serum free PBS in order to eliminate the possibility of 

recognition of serum proteins present in the culture medium where the 

cells are grown in vitro .

a- Prevention experiment

Groups of C57BL/6J black mice (n=10 /group) received different vaccine 

protocols as shown in table 1.

Some groups were primed with M .vaccae  by feeding for a month 

starting on day -47 ( minus means before challenging day or starting 

day), by injecting 5x108 M.vaccae bacilli into the water bottle of the
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animal cage twice weekly, and then giving plain water for a week before 

immunisation. Immunisation consisted of subcutaneous injections into 

the tail base and at 2 inguinal sites on day -10 of 5x10^ irradiated B16- 

FIO cells with or without M.vaccae.

M .vaccae  was provided by Stanford Rook Ltd, London, England. 

M .vaccae  (NCTC 11659 strain) was cultivated on sauton’s medium 

solidified with 1.5% agar. The bacterial growth was scraped off the 

medium at the end of the logarithmic phase of growth and was suspended 

in M/15 borate buffered saline (pH 8.0) at a concentration of 10 mg wet 

weight/ml. This corresponds to 10^ bacilli in 0.1 ml. The suspension was

autoclaved at 121°C for 15 minutes to ensure sterility and was 

subsequently stored in the dark at +4°C. Prior to immunisation; B16-F10 

cells were harvested with 0.02% Ethylene Diamine Tetra-acetic Acid 

(EDTA) in Phosphate Buffer Saline (PBS), washed three times with PBS 

and resuspended in PBS at the specific concentration and subjected to 

7000 rads of gamma- irradiation. On day 0, all groups of mice were 

challenged on the left flank by subcutaneous injection of 5x10^ live wild

type B16-F10 cells. Surprisingly, 4 mice in the control group A were still 

tumour free after day 40. On day 44 the surviving mice were 

rechallenged on the left flank with 5x10^ wild type B16-F10 cells

without additional immunisation. Survival and tumour growth was 

recorded every 3 days for a period of 3 months and subcutaneous tumour
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diameter was measured using callipers. Mice were killed when tumour 

diameter exceeded 15mm or when the tumour ulcerated.

Tablé 1- Immunisation schedules

Group Priming Immunisation

5x10^ irradiated B16-F10cells

5x10^ irradiated B16-F10 cells

5x10^ irradiated B16-F10 cells plus 10^M.vaccae

5x10^ irradiated B16-F10 cells plus 10^M.vaccae 

5x10^ irradiated B16-F10 cells pluslO^M.vaccae 

5x10^ irradiated B16-F10 cells plus lO^M. vaccae

A No

B Yes

C No

D Yes

E No

F Yes
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Prevention Experiment Treatment Experiment

V a c c i n e

Turn o u r  c c U s

Turn o u r  < e l l s

V a c  c m e

A c T I V n  V A C T I V I T Y n o  A C T I V I T Y

Fig 13. Schematic representation of the two main animal models of 
tumour vaccination: the preventative model and the therapeutic model.
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b- Treatm ent experim ent

Groups of C57BL/6J black mice (n=10/ group, 10 mice/ cage) received 

different vaccine protocols on day 4 as shown in table 2 after the 

subcutaneous live challenge of 5x10"  ̂ B16-F10 cells on the left flank at

day 0. The B16-F10 cells used in this experiment were grown from a 

fresh vial and had not been in culture for more than 2 weeks. In addition, 

only new culture flasks were used to passage the cells. The immunisation 

consisted of subcutaneous injections into the tail base and at two inguinal 

sites. Prepration of M.vaccae was the same as described in this section 

before. Prior to immunisation, B16-F10 cells were harvested with 0.02% 

EDTA in PBS, washed 3 times with PBS and resuspended in PBS at the 

specific concentration and subjected to 7000 rads of gamma-irradiation. 

Survival and tumour growth was recorded every 3 days and subcutaneous 

tumour diameter was measured using calipers. Mice were killed when 

tumour diameter exceeded 15 mm or when the tumour ulcerated.
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Table 2- Immunisation schedules

Group Priming Immunisation (day 4)

A NO 5x10^ irradiated E l6 -F 10 cells

B NO
n

10 M.vaccae

C NO 10^ M.vaccae

D NO 5x10^ irradiated E l 6-F 10 cells plus 10^ M.vaccae

E NO 5x10^ irradiated E l 6-F 10 cellsplus M.vaccae
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Chapter 3

Results

I know why there are so many people who love chopping wood. 

In this activity, one immediately see the results.
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3-1 Indirect ELISA for measuring antibody without 

absorption

The figures 14,15 and 16 show the ELISA results for humoral response 

(IgG) of patients with cancer and healthy individuals to carbohydrates. 

Patients were categorized into two groups. One group had benign 

tumours and the other was of cancer patients with non-benign tumours.

In response to different carbohydrates, within all three groups, healthy 

individuals (H; n=10), patients with benign tumour (B; n=IO) and 

patients with widespread breast cancer (NB; n=10), all behaved similarly. 

There was a significant difference (p< 0.05) between the optical density 

(showing the IgG level) of groups H and NB in response to all three 

carbohydrates used in this assay. Although the optical density for group 

H was higher than group B, the difference was not significant. Also, no 

significant difference could be observed between the optical densities of 

groups B and NB in response to all three carbohydrates used in this 

assay.

3-2 Indirect ELISA for measuring antibody with 

absorption

Apart from adding different concentrations of mannose to the sera before 

testing them against the antigens (Mannose), all procedures for this 

experiment are the same as mentioned before for 3-1. As figure 17
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shows, a significant difference was observed between the patients group 

with non-benign tumour and normal individuals in tbeir antibody 

responses to carbohydrate ( p<0.05). But, the level of this response 

(optical density) was much lower than the response obtained without 

absorption.

3-3 Indirect ELISA for measuring antibody of 

patients with both cancer and Helicobacter pylori 

infection

Three groups’ sera including normal individuals (N; n=12), patients with 

cancer (C; n=12), patients with both cancer and belicobacter infection 

(C&H; n=12) and patients with only belicobacter infection (HE; n=16) 

were tested against carbohydrate antigen (mannan), and antibody 

response (IgG) was measured The procedure was the same as in section

3-1.

As the figure 18 shows, the antibody response to mannan, in the group 

C&H is much higher than in the other groups and there is a significant 

difference (p<0.05) between response of C&H group and all other three 

group ( C, N and HE).
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Fig 14. IgG response to Mannan
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Fig 15. IgG response to Galactose
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Fig 16. IgG response to Mannose
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Fig 17. IgG response to Mannose after absorption
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3-4 Agalactosyl IgG, 0(0), assay

Figure 19 shows the G(0)% of 20 breast cancer patients and 4 normal 

individuals. Only four patients (20% patients) showed abnormal G(0) 

ratio. Most of them (80% of the patients) had normal G(0)% which is 

less than 10%. No signifiant difference between the patients and normal 

individuals was observed.
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Fig 19. G(0)% in b rea s t  c anc e r  pa t i en t s  
and  normal individuals.
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3-5 Whole Blood Assay

The figures 20 and 21 present two major results. First, they show the role 

of M .va cc a e  as a stimulator of lymphocytes proliferation and 

lymphocyte secretion of IFNy. Secondly, it can be concluded that whole 

blood can be used instead of seperated PBMC for the Lymphocyte 

Transformation Test (LTT) in this study.

Results are presented as the Stimulation Index which is the mean counts 

per minute (CPM) of test wells / mean CPM of control wells. Two types 

of response are shown for the stimulatory effect of M .vaccae on cell 

proliferation (figs 20 and 21). In one type (type A), a sigmoid curve with 

two, or sometimes more, peaks can be seen(fig 20).

The other type (type B) has only one peak and it is not of sigmoid form 

(fig 21).

All 10 normal individuals whose bloods were tested in this assay had 

already been skin tested with mycobacterial antigens months earlier. 

Stimulatory effect of M .vaccae  is clearer when a second dose of 

M.vaccae is added to the cells, 24 hours after incubation with the first 

dose of M.vaccae.

3-6 Human IFN-y ELISA (using whole blood )

That M. vaccae can make lymphocytes produce IFNy was proved by 

ELISA. Very interestingly, two types of curves resulted, as seen in the
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proliferation assay. In one type, the graph has only one peak and in the 

other has two, or more than two peaks.

3-7 Cytokine assessment assays

I- ELISA assays using prepared commercial ELISA kits

These series of assays were done at the last stage of the study to detect 

cytokines including IL-2, IL-4, IFN-y, TNF-a and IL-13 in the sera of 

malignant melanoma patients who had been vaccinated by several doses 

of SRL172 ,a suspension of heat killed M.vaccae , (minimum 6 doses) 

and had been followed up for 18 months. For each cytokine, in addition 

to the standards (n=6) and normal individuals (n=3), three groups of 

patients including responders to M.vaccae (n=6), non responders (n=3) 

and a stable group (n=4) were investigated. For each patient, 3 serum 

samples included one from before the final vaccination, one from 6 

weeks after three or more vaccinations and one sample after the latest 

vaccination were tested. Among all tested sera, IL-2, IL-4 and IFN-y 

were hardly detectable and only in one non responder patient could an 

increase in IL-4 be seen. TN Fa was simply detectable but no difference 

amongst groups were observed. Apart from one responder patient who 

showed a decrease in IL-13, there was no significant difference in the 

levels of IL-13 before or after vaccination. However IL-13 was more 

readily detectable than was IL-4.
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Fig 20. Mean WB proliferation of normal 
individuals(type A, with more than one 
peak) su b jec ts  to different co n cen tra t io n  
of M.vaccae
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Fig 21. Mean WB proliferation of normal 
individuals (type B, with only one peak) 
su b jec ts  to different concen tra tion  of 
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II- Enzyme-Linked Immunospot (ELISPOT) assay

Only the cells which were incubated with Con A (both concentrations) 

developed brown-black spots on the gel after 12 hours. The spots were 

granular and darker at the centre. After 24 hours, the spots became more 

distinct and were not further affected by time. No spot was observed 

within the cells which were incubated with M.vaccae or alone.

III- Flow cytometry

Flow cytometric dot plot of normal individuals are shown in figure 22 

(a and b).

Apart from the practical and technical differences which led to choosing 

the whole blood technique ( mentioned in chapter 3), both methods, 

whole blood and PBMC, could produce the same picture of cytokine 

secreting cells.

Regarding cytokine producing cells including IFNy, IL-2 and IL-4, no 

normal individual could show more than the 2% of whole lymphocyte 

population cytokine producing cells spontaneously (without stimulation 

with PM A, lonomycin and Monensin). More details on flow cytometry 

data will be shown later in this chapter after mentioning some clinical 

results.

102



a) '"o

.g
0 C \ J  I  o
s

°o

CD4+CD3+
cells

■; CD3+

/ • ’
10' 10 10̂  

FL1-Height
10" 10

b)

CD3+IL2-hceils

•' CD3-~ C8ÜS

2 ‘■’■""'310'̂  10̂
rrrT
10'

FL1-Height

Fig 22. Flow cytometric dot plot of normal individuals: a) surfce antigens 
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3-8 Clinical data

I- Melanoma study

Data from all patients receiving three or more doses have been analysed; 

two patients, both male, were excluded from analysis as they received 

only 2 doses. 25 patients completed the whole priming schedule; 4 

patients received 3 doses and 5 patients received 4 doses. Table 3 shows 

the clinical staging of disease in these patients. All stagesIII males had 

metastatic disease in regional lymph nodes, 3 stage III female patients 

had in-transit métastasés of a lower limb. Twenty stage IV patients (12 

females and 8 males) had visceral métastasés (IVb) while the rest had 

soft tissue métastasés (Iva).

II- Comparative parallel melanoma study

Data from all patients receiving three or more doses have been analysed. 

In total, 15 patients received MCV; 4 patients received 3 doses, 6 patients 

received 4 doses, 2 patients received 5 doses, 2 patients received 6 doses 

and I patient received 7 doses vaccine. All of the patients were classified 

as stage IV (AJCC) before receiving vaccine.

Ill- Prostate cancer study

The mean age of patients was 68.9 ( range 45-83). Nine patients had 

metastatic disease and one patient had advanced local disease. All of the
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patients had prior androgen ablation therapy and showed biochemical 

signs of relapse. The mean PSA at entry was 283 (range 16-989). At the 

time of writing of this text, 8 patients had died and two patients were 

alive, one with the rising PSA indicating disease progression, but at a 

slower rate than was expected. The other had a PSA which continued to 

fall. The median survival of those who died was three months (range 1- 

7). The two surviving patients have been in the study for 7 and 14 months 

respectively. The mean number of doses of SRL 172 received was 4.9 

(range 2-8).

3-9 Toxicity data

I- Melanoma study

Mild local inflammation at the site of injection was regularly observed. 

About 20% of patients developed a pustule with subsequent discharge 

and crusting. Only three patients had lesions which were still discharging 

on the day of the next follow up. Reduction of dose to 50% was sufficient 

to correct this in two patients. The third had a further florid reaction, even 

to a 1 in 15 dilution. This patient also developed a lesion on her elbow 

while on treatment. This was biopsidse revealing a granuloma annulare 

which subsided spontaneously. Malaise and flu-like symptoms were 

rarely noted and when they were lasted for about 24 hours after the 

injection, mainly after the first one or two administrations. One patient
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complained of persistent post-inoculation vomiting lasting 36-48 hours 

only after the first injection.

II- Prostate cancer study

Adverse events were confined to minor redness and swelling of 5-8 mm 

diameter at the site of administration in most patients and were no worse 

after repeated vaccinations. One patient reported a fever lasting for 5 

days after the third vaccination. There were no serious adverse events 

attributable to M.vaccae.

III- PSA responses in prostate cancer patients

In five patients there was no PSA reduction following vaccination with 

M.vaccae. In five patients there was a decline in the PSA level on two 

consecutive occasions. In two patients the fall in PSA followed palliative 

raditherapy to hone métastasés and a further patient had the antiandrogen 

flutamide withdrawn before entry into the trial. Two patients showed a 

fall in the PSA and had no change of therapy apart from the introduction 

of M .vaccae  (Figure 23). One remains clinically asymptomatic 14 

months after his first vaccination and his PSA, which initially stabilised, 

is now rising at a slower rate than prior to vaccination. The other had a 

reduction in serum PSA from 454 to 278 pg/1.
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Fig 23. Two patients showed a fall in the PSA and had no change of 

therapy apart from the introduction of M.vaccae.
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3-10 Cytokine response data (Flow cytometry 

analysis)

I- Melanoma study

Figure 24 (a and b) shows the percentage of the cells secreting IL-2 and 

IFN-y respectively in the peripheral blood of the responding patients, 

plotted against days since the first dose. The numbers of responding 

patients are shown in table 4. The accepted typical profile of a Thl 

response was found in about a quarter of patients (27%) following one or 

more injection of M.vaccae. A  change in the percentage of cytokine- 

secreting T cells was noted in 63% of patients. Forty one percent of 

patients had an increase in the percentage of IL-2 secreting cells, which 

in 27% of patients was accompanied by an increase in the percentage of 

IFN-y secreting cells. A further two patients (6%) had an isolated 

increase in cells secreting IFN-y interestingly 19% of the patients 

manifested a decrease in cells secreting IL-2 or both cytokines. No 

isolated decrease in IFN-y secreting cells was noted.

Figure 25 (a-c) gives examples of each of the cytokine responder 

categories presented in table 4. It became obvious during the study that 

patients who failed to mount a sustained response after three 

administrations, i.e. by the time they were seen for their fourth vaccine 

(day 60) were unlikely to respond to further administrations. Figure 25d 

represents the profile of non-responders.
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A flow cytometric scattergram in which the percentage of cells secreting 

IL-2 increased from 3% to 21% following 3 injections of SRL 172 is 

shown in figure 26 and similar rise for IFN-y production is shown in 

figure 27a. These changes are accompanied by a significant rise in CD4+ 

cells (figure 27b).

II- Comparative parallel melanoma study

Following three or more (3-7) injections of MCV, only two patients 

(13.3%) showed a significant increase in their IFN-y secreting cells 

whereas no difference was found in IL-2 producing cells. Interestingly, 

seven patients (47%) showed a significant increase in their IL-4 

producing cells.

III- Prostate cancer study

The mean of lymphocytes percentage which were producing IL-2, IFN-y 

and IL-4 at entry into the study were 2% (n=10), 3% (n=10) and 16% 

(n=3) respectively and the changes over the period of M.vaccae therapy 

are shown in figure 28.

All five “ PSA non responder” showed no increase in the percentage of 

IL-2 or IFN-y secreting cells following injection of M.vaccae above the 

baseline levels. An increase in the IL-2 from baseline level, which was 

sustained over a number of weeks, occurred in two patients who showed 

fall in serum PSA level in response to M.vaccae (Figure 23) and in the

109



patient who had concomitant antiandrogen withdrawal. There was no 

clear correlation of IFN-y and serum PSA. The proportion of IL-4 

producing cells was reduced from baseline levels in all three patients in 

whom it was measured, two of whom had a reduction in serum PSA.
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3-11 Animal model results

I- Protection experiment results

Group F showed delayed tumour growth when compared to the control 

group A ( p=0.003). Total protection was also conferred and was long 

lived (3 months) and sustained in 40% of the mice of group F (figure 

29a). Compared to the control group A, the survival curves of group B 

(figure 29b ) and E (figure 29c) were significantly prolonged ( p=0.023, 

and p=0.036 respectively). The increased survival of the groups of mice 

which received a tumour vaccine regimen containing 10 M.vaccae

bacilli ( group C and D) did not reach statistical significance compared to 

the survival curve of group A (p=0.073 and p=0.1 respectively, fig 29d).

Further observation

After the live tumour challenge (around day 5 to 10), all the mice in 

group F developed fur changes characterised by fur greying and fur loss. 

At the time of live tumour challenge, a limited area of the left flank of 

each mouse was shaved. The mice from group F did not regain their fur 

in the shaved area whereas in the other groups the fur of the mice grew 

again. This is seen on figure 30 in which the 2 mice on the left are long 

term protected mice from group F and the two mice on the right are the 

mice which were long term protected from group C. The fur loss 

extended to the other parts of the body, especially the back and the other 

flank. Localised patches of fur greying were noticed in group F in most
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of the mice. For example, the 2 mice on the left show a localised patch at 

the base of their tail and the mouse at the far left shows a white patch on 

its left flank. No direct systemic or local toxicity from the vaccine was 

recorded apart from this loss of fur. Histopathological analysis of the 

skins of the mice which developed fur changes were performed 3 months 

after the initial fur changes ( the main purpose of the experiment was to 

follow survival and therefore we decided not to kill the mice for 

histopathological reason until the completion of survival curves). 

Absence of the hair follicle was recorded in the surviving mice in group 

F compared to the surviving mice in group C (figure 31). But no 

inflammatory reaction was detected at this time.

II- Treatment experiment results

Group E (the mice receiving the therapeutic vaccine B16-F10 cells plus 

M.vaccae 10^) showed delayed tumour growth when compared to the

control group A (p=0.0345) although at the end of the experiment all the 

mice in this group developed tumours. The other groups did not show 

any significant delay in tumour growth. No mice in this experiment 

produced fur changes.
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Fig 3 0  l lie 2 mice on the lell liuiid side aie 2 long term piolecled mice liom  

group F and the 2 mice on the right hand side arc 2 long term protected mice iiom group C. I his 

picture shows the leU Hank of the mice where a patch was shaved at the silo ol (lie live tumour 

cell cliallenge.
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Fig 31 Section of the skin of a long-term survivor from group F (panel on the 

left). Section of the skin of u long term survivor from group C (panel on (he ligiil)
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Chapter 4

Discussion

Whatever opposition there might be was tested in action, on the very

spot if we had had more time for discussion, we should probably

have made more mistakes
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4-1 Antibody response to carbohydrates in cancer 

patients

It is now clear that carbohydrates play an important role in antigenic 

structure of breast tumours. Their linkage to the proteins or lipids in 

many breast tumours, has given them very high priority in cancer 

immunology. There is also much evidence that most of the tumour cells 

are characterized by changes in carbohydrate composition and structure 

from their progenitors, irrespective of the causal agent and mechanism of 

oncogenic transformation. Thus, carbohydrate chains could be uniquely 

immunogenic and recognizable as a discrete antigen if they are organized 

in a distinctive way at the cell surface.

All these together with easy accessability, cheapness and safety of 

carbohydrates on one hand and the fact that immune responses to most 

carbohydrates are classically referred to as T-independent. They can 

apparently trigger B cells to produce antibody in the absence of Th cell 

activity and also inhibit immune response by Ts cells on the other hand. 

This made us to consider, and seek to measure, the likely humoral 

response to carbohydrate antigens in patients with breast cancer. 

According to the ELISA results, a significant difference was shown 

between the antibody response of the patients with breast cancer and 

those of normal individuals or patients with benign tumours. There was a 

suppression of breast cancer patients’ response to carbohydrates.
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This suppression is multi factorial and may be either primary and patient 

related or tumour induced in advanced metastatic breast cancer. The 

immunosuppressive role of tumour mass has been indirectly shown by 

regression of both tumour and metastatic residuals in cancer patients after 

removal of main tumours (Greenberg, 1997).

Density and the crypticity of carbohydrate chains on the cell surface, in 

addition to the uniqueness of carbohydrate structures, are dominant 

factors affecting expression of the antigens to the immune system. As a 

result recognition of carbohydrates can be very determinative for the 

immune response to the tumour.

Result of ELISA after absorption shows the same profile of antibody 

response but with a lower level of antibody which has an inversedirect 

correlation with the concentration of carbohydrates used for absorption. 

As the concentration of absorbant carbohydrates is increased, the level of 

antibody is decreased. This finding is a strong indicator for specificity of 

the antibodies measured by our ELISA assay. In other words, it shows 

that the antibodies produced in our cancer patients have specific binding 

sites for some of the carbohydrates used in this study.

Considering all this findings, a possible explanation for suppression of 

antibodies responses is that after repetitive presentation of carbohydrates 

to the immune system in this group of patients, the host immune system 

enters phase of a tolerance. As a result, suppression of antibody response 

is seen in those patients. If by any means, this consequence of repetative
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carbohydrate presentation to the immune system can be ended or changed 

by for example radiotherapy or biological therapy, and then the host 

immune system might be triggered or boosted by immunotherapy 

(specifically or non specifically). By this means, a break-through may be 

achieved in the progress of the disease. Cytotoxic and suppressor T cell 

activities can indirectly affect the humoral response as may blocking 

antibodies which can mask the tumour surface and its antigens. 

Radiotherapy and chemotherapy may be considered as the other reasons 

for low level of total immunoglobulins but, there is unlikely that only 

these two factors alone can cause such a remarkable difference between 

the patients and normal individuals antibody levels and secondly if even 

they are the main reasons, again it shows the importance of immune 

system in controlling the cancer invasion.

It is important to remember that any immunoassay of this kind can be 

problematic because of variable antigen density from tumour cell to 

tumour cell and from individual to individual.
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4-2 IgG immune response to carbohydrate in 

patients with hoth gastric cancer and Helicobacter 

pylori infection

A Strong systemic and mucosal antibody response to the Helicobacter 

pylori infection has been already shown (Crabtree 1993). There is also 

an antibody response to the cancer which may not be as strong and 

permanent as that to the H.pylori infection.

As our result shows, there is an IgG response to mannan in different 

groups of individuals. Results show significant differences between the 

groups with H.pylori infection in association with gastric cancer, healthy 

individuals, patients with gastric cancer alone and patients with H.pylori 

infection without cancer.

The most important point in this finding is the presence of immune 

response in all groups which has been remarkably amplified in the group 

with gastric cancer associated with H.pylori infection. In other words, 

when there are two disorders in the body, immune response activity 

becomes significantly greater than when there is only one driving cause. 

This suggests that there is an immune response to gastric cancer, but that 

suppression of this response or escaping from the immune system, 

happens when the cancer has sufficiently progressed. Moreover, it can be 

concluded that immunotherapy may be very effective in reboosting the 

immune system during cancer invasion, contributing to cancer therapy.
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4-3 Agalactosyl IgG, G(0), assay

As mentioned before in chapter 2, agalactosyl IgG (GO) is defined as IgG 

molecules bearing two paired Fc associated oligosaccharides both 

completely lacking galactose, terminating in GlcNAc (Radermacher et al, 

1988). It is now well established that the levels of agalactosyl IgG are 

raised in a specific diseases including rheumatoid arthritis(RA), 

tuberculosis, Crohn’s disease and leprosy during erythma nodosum 

leprosum (ENL) (Filley et al. 1989, Dube et al. 1990).

It has been shown the levels of agalactosyl IgG correlate with disease 

activity in both adult and juvenile onset rheumatoid arthritis (Parekh et 

al, 1988), during pregnancy of arthritic women (Rook et al, 1991) and 

some other disease in human and animals ( McCulloch et al. 1995, 

Tomana et al, 1992 &1994). Besides an association with disease activity, 

agalactosyl IgG has been found to have a predictive clinical value. Raised 

GO has been demostrated prior to clinical onset of rheumathoid arthritis, 

and can be considered a risk factor for the development of the disease( 

Schrohenloher et al, 1991). GO can also be used as an aid to differential 

diagnosis in early synovitis (Young et al, 1991).

All these, together with an important role of carbohydrate antigens in 

breast cancer, led me to measure GO in sera of patients with breast 

cancer. As the results show in this preliminary study, there was no 

significant difference in GO between normal individuals and patients.
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This finding can be used as a confirmation of the hypothesis suggesting 

that the diseases where raised agalactosyl IgG are found are either known 

to be caused by mycobacteria or suspected to have mycobacterial 

aetiology. The levels of GO have been shown to be normal in several 

human viral infections ( Rademacher et al, 1988).

Altough the sera of breast cancer patients of different ages were tried in 

this study of GO, other variables such as stage and degree of 

dissemination were not investigated, and probably merit further study.

If reproducible differences could be defined, GO might prove a useful 

indicator of disease progression.

4-4 Comparison of using whole blood (WB) with 

using peripheral blood mononuclear cell (PBMC) in 

immunological and clinical trials

There is no doubt that at the present time, PBMC are the main source of 

cells for the lymphocyte transformation test (LTT) used in medical 

research worldwide. Provision of remarkable numbers of pure 

lymphocytes is of the greatest advantage to LTT and has made this 

method a powerful investigative technique. In view of this, it might seem 

unnecessary to replace PBMC with an alternative. In long term clinical 

trials in which patients need to be followed up carefully and often, 

repeatedly taking the large volume of blood needed for PBMC extraction
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becomes unacceptable. Thus I have compared a simple whole blood 

assay with studies using PBMC in an attempt to overcome an anticipated 

problem.

As the results show, no important differences between these two methods 

were found and in fact I found the whole blood (WB) in some ways more 

effective and useful than PBMC.

The first outstanding advantage of WB is the smaller volume of blood 

required in comparison with that needed to extract PBMC. Whereas at 

least 20 ml of blood is needed to have enough cells to run a PBMC 

method, the total volume of 5 ml is the maximum amount of blood 

needed for the WB assay.

The other important advantage of WB is that different components of 

blood can be monitored and there is no missing part of blood as can be 

seen in PBMC. The blood cells are more intact than PBMC and because 

reduced handling and the cells are in a more physiological condition., 

cells are in the more similar condition and media than they are in PBMC. 

These notable advantages in addition to the short procedure and the time 

saved, led me to use WB as the main source of cells in different stages of 

our study rather than PBMC.
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4-5 Cytokine assessment

I- The Enzyme-Linked Immunospot (ELISPOT) assay

Using ELISPOT, enabled us to observe the spots of cytokines on the gel. 

1L4 spots were easily visible under the microscope in brown-black colour 

which were more distinct after 24 hours.

Despite some advantages such as correlation between the number of 

spots and the number of cells placed on the plate, ELISPOT has some 

disadvantages which made us stop using it as a prefered method for 

cytokine.

One of the main problems with ELISPOT is the emergence of very small 

and dark artifact spots on the gel which are not real cytokine spots. 

Although these artifactual spots are smaller and darker than real spots, it 

is very difficult to differenciate them under the microscope.

Diffuse darkening of the plate membrane and gel, particularly when a 

large number of cells are in each well, make it more difficult and more 

experience is veagoas to detect cytokine secreting cells. This is another of 

the basic problems of ELISPOT which made us look for other alternative 

methods.
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II- Enzyme-Linked Immunosorbent Assay (ELISA)

Since their first description in 1971 by Eng vail and Perlman, ELIS As 

have become the system of choice when assaying soluble antigens and 

antibodies.

Sensitivity, lack of radioactivity, speed and ease of reproducibility, long 

shelf life of reagents, cheapness of the reagents in comparison with many 

other methods, and the variety of ELISA formats that can be generated 

with a few well chosen reagents are some of the chief advantages of 

ELISA. Moreover, ELISA does not need any sophisticated equipment 

beyond a plate reader, which makes it applicable almost anywhere. 

Requiring antibodies with high affinity and high specificity to prevent 

unwanted cross reactions are some of the main problems with the 

technique.

Despite all these advantages and the fact that ELISA has been used in 

different parts of my study, it was not sensetive enough to be the chosen 

method for cytokine assessment in patients’ sera.

As results showed in chapter 3, no cytokine could be detected in sera of 

the patients by ELISA, whereas cytokine production was shown by flow 

cytometry in the same patients on specimens taken at the same time. 

Short half life of cytokines in the serum and levels of sensitivity of the

131



ELISA kits are two main reasons which may explain the inability of 

ELISA to detect cytokines in patients’ sera.

Ill-  Flow cytometry

Flow cytometry was chosen to be the main tool in our clinical study to 

assess the immunological changes in the patients. In addition to be a semi 

quantitative, rapid, reliable, non radioactive and reproducible method, 

flow cytometry can simultaneously analyze the individual cells for 

several different characteristics or parameters such as size, granularity 

and cytokine production.

Three colour staining allows cell populations to be examined by three 

seprate reagents, each individually tagged with a different fluorochrome. 

This permits discrimination of cells reacting with one, two or all three of 

the reagents. Rare subpopulations can be easily and precisely detected by 

flow cytometry which is very difficult with other conventional methods. 

Powerful software which improves day by day, makes flow cytometry 

more enjoyable and useful for research on markers and products of a 

single cell.

We found flow cytometry to be a very effective technique to close 

monitor patients’ immune changes in clinical studies. Using small 

amounts of blood, a proper practical, quick and precise protocol, 

producing results suitable for analysis, are some of the important 

advantages of flow cytometry.
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Similar to all other methods being used in medical research, flow 

cytometry has some problems related to either operator or equipment and 

reagents which should be considered. Adding wrong or expired 

antibodies to the tubes, using unsuitable samples, wrong machine 

settings, using incorrect incubation times or tempratures are some of the 

operator-dependent problems. Lack of signaling, poor precision and 

blocking in the machine may occur which can be avoided by routine 

maintenance. One of the most important and critical consideration in any 

type of flow cytometry assay is using isotype matched, nonstaining 

negative control antibodies which can monitor nonspecific staining. 

Using all possible other controls, in addition to the isotype antibodies, 

such as staining cells intracellularly without permeabilising them or 

blocking the binding sites of the cells with gamma globulin showed flow 

cytometry to be a powerful and specific method for immunological 

assessment.

4-6 Clinical studies

I- Malignant melanoma study

Tumour immunotherapy is currently undergoing a revival of interest. The 

identification of surrogate end-points that may represent a particular type 

of immune response to a given challenge and the increase in our 

understanding of how tumours may not only evade an immune response, 

actively manipulate it by inducing anergy (Townsend and Allison, 1993)
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or apoptosis in the cells primed to attack them (Strand et al, 1996; Hahne 

et al, 1996) have been major stimuli for current research. Nevertheless, 

clinical approaches based on the newly identified tumour antigens have 

met with limited success (Rosenberg et al, 1993). The enhancement of 

specific anti-tumour responses by ex-vivo transfection of cytokine genes 

into autologous tumour cells (Golumbek et al, 1991; Jaffe et al, 1995) or 

ex-vivo expansion of tumour infiltrating lymphocytes (TIL) or 

lymphokine activated killer (LAK) cells and reinfusion with IL-2 

coadministration have not been impressive (Rosenberg et al, 1988). 

Experiments in animal tumour systems have revealed that one of the 

most powerful anti-tumour responses is induced by tumour cells 

transfected with genes for GM-CSF (Dranoff et al, 1993) or IL-2 

(Schmidt et al, 1995). This increases recruitment of non-specific 

inflammatory cells as well as antigen presenting cells. It is therefore 

possible that the success of tumour specific approaches may depend to a 

significant degree on the non-specific immune responses, existing or 

elicited.

In this study I have demonstrated that the intradermal administration of 

M.vaccae (SRL 172) can induce cytokine production in circulating T- 

cells. In 15 of the 35 melanoma patients studied (43%), one or both of the 

assayed cytokines showed a significant and sustained increase. The 

cytokine profile that has come to be associated with a Thl type of 

activation of CD4 T-cells, i.e. increase in IL-2 and IFN-y, was clearly
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demonstrated in about a quarter of the patients. It must be borne in mind 

that cytokines were assayed 15 days following the first two injections and 

this, together with the evidence of sustained elevation over subsequent 

measurements, indicates an ongoing process. Patients that are going to 

respond can be identified by a single assay on day 60. A repeat assay can 

be undertaken 4 to 6 weeks later to establish whether elevated cytokine 

levels are sustained. The question as to whether three injections suffices, 

or whether further injections are beneficial in the responders has not been 

answered. Thus, patients not responding to three doses may be unlikely 

to respond to further administration but whether cytokine profiles remain 

sustained in the responders without further vaccination needs to be 

established.

From the results presented it is evident that the toxicity of the repeated 

doses of M.vaccae (SRL 172) is minimal. When compared to experience 

with BCG adm inistration, the constitutional symptoms, when 

experienced, were mild and lasted for less than 48 hours. The dermal 

responses at the site of administration noted at follow-up were minimal 

and actual ulceration was seen only in two patients although about 20% 

of patients reported crusting and weeping of the injected site over the 

following few days. This is in marked contrast to BCG where ulceration 

and discharge is seen at the inoculation site in almost all the patients 

receiving induction therapy for allogeneic vaccines in my colleagues 

practice. Our patients may actually be primed to react more floridly than
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in other countries due to extensive use of BCG vaccination in the UK. 

This is suggested by the fact that over 70% of the treated patients had a 

clear history or scar indicating previous BCG vaccination and the other 

30% remembered receiving the vaccine or, as in the case of three of our 

patients, had a history of treatment for active tuberculosis or prophylactic 

isoniazid administration. Despite this, no severe dermal reactions were 

seen in the patients. Finally, no correlation between dermal reaction and 

the cytokine response was noted. As shown in the results, 40-60 days 

may elapse before changes in the cytokine profile occur while the dermal 

responses are often noted by the second injection and almost uniformly 

by the third (30 days).

This is the first study to our knowledge where cytokine responses to a 

mycobacterium-based vaccine have been systematically assayed in 

patients being treated in a prospective manner. We postulate that the 

methodology we have presented, together with similar assays for 

production of other cytokines, will be a significant advance in monitoring 

patient responses and will help both in assessing efficacy and designing 

further immunotherapy. We have clearly demonstrated that even in 

patient with advanced (stage III or IV) melanoma a Thl response or an 

IL-2 dominant response can be induced in some patients although others 

remained non-responders. An interesting observation was that there was a 

higher level of both IFN-y and IL-2 before starting vaccination than is 

found in normal, healthy individuals. This shows that an immunological
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challenge has already started against the cancer, but that for some reason, 

it has been suppressed. There is no clear-cut reason why 40% of the 

patients concluding the vaccine protocol had no significant change in 

levels of any cytokine. Most patients treated had stage IV disease but, 

within this group, there were no obvious clinical differences between 

cytokine-responders and non-responders. Patients with voluminous 

disease may have a decreased ability to mount a response and, were the 

study to be repeated in earlier stage disease, the results might be 

different. Five of eight (62%) stage III patients had a predominant IL-2 

response which is clinically better (p=0.1) than the percentage seen for 

the stage IV patients (30%). These data seem to corroborate the view that 

patients with less extensive disease are capable of making a favourable
-  * - - r

Thl type of response while patients in a preceding Th2 state induced by 

an excessive burden of tumour are unable to switch to a Thl cytokine 

response. The question as to whether other cytokines were induced or 

pre-existed in these patients, e.g. IL-4, or whether some of the patients, 

although not demonstrating any change in the Thl profile had reduction 

in pre-existing Th2 responses, remains unanswered. We could, however 

show that the level of IL-4 in this group of patients is higher than in 

normal individuals or in even in some patients with other diseases. 

Although, we could see later a downregulation of IL-4 in some of our 

patients with prostate cancer or melanoma following SRL 172, the 

technique for measurement of IL-4 production was not developed until
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many patients had already entered the study. Thus, Th2 cytokine 

measurement was not done from the starting point for my group of 

patients, and it is not possible to assess any overall change that might 

have occured. Our Th2 response assays are now quite reproducible and 

have been both developed and refined for flow cytometry assay of future 

studies.

As the assessment of clinical responses was not the objective of this 

study, restaging procedures to identify the extent of disease at follow-up 

were not undertaken. Likewise the study was not designed to identify 

correlation of the clinical course of melanoma and surrogate cytokine 

markers, pre-existing or induced. Nevertheless, apart from the 

observation that stage III patients were more likely to manifest a 

predominantly IL-2 response profile, the impression was found that in 

stage IV disease a predominant or solitary increased IL-2 response 

correlated with relatively slow progression, stability of existing 

metastatic lesions and at least 2/35 patients became disease-free. 

Conversely an isolated increase of IFN-y or a decrease in IL-2 seemed to 

correlate with a progressing disease process.
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Stage Females Males Total

III 5 3 8

IV 16 11 27

Total 21 14 35

Table 3- All stage III males had metastatic disease to regional lymph nodes, 3 stage 

III female patients had in transit métastasés of a lower limb. Twenty stage IV 

patients (12 females and 8 males) had visceral métastasés (IVb) while the rest had 

soft tissue métastasés (IVa).

Response male female stage IV stage III Total Percent

IFN-y +IL-2 increase 2 7 5 4 9 26

IL-2 increase 2 2 3 1 4 11

IFN-y increase 1 1 2 2 6

IFN-y-f IL-2 fall 1 3  4 - 4 11

IL-2 fall - 2 1 1 2 6

Table 4- Profile of the patients that had a cytokine response by stage and sex. 

Change in cytokine activity was noted in 60% of patients. Thirty seven percent of 

patients had an increase in IL-2 of which 26 percent was accompanied by an increase

in IFN-y. A further 2 patients (6%) had an isolated increase in IFN-y. Interestingly

17% of the patients manifested a decrease in IL-2 or both cytokines. No isolated

decrease in IFN-y levels was noted.
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II- Comparative parallel melanoma study

As described before in chapter 2, patients who were eligible for 

polyvalent MCV therapy were those with regional (AJCC stage III A) or 

remote soft tissue or visceral métastasés (AJCC stage IV). Patients were 

either NED after excisional biopsy or resection of their metastatic lesions 

or had objectively measurable disease (AWD) at the start of therapy. 

Patients with brain métastasés were not considered unless their 

métastasés had been resected, or brain radiation had been completed, and 

they were off immunosuppressive steroid medications for treatment of 

brain edema for at least 30 days.

Despite all these considerations to make MCV more efficient in helping 

the immune system against cancer, especially by increasing the ability of 

the immune system in producing the cytokines which are effective 

against cancer (mainly Thl response including IL-2 and IFN-y in this 

study), no remarkable increase or change was observed in the Thl 

cytokine profile after using MCV in this group of patients. The only 

significant increase was observed in Th2 cytokine production (IL-4 in 

this study).

Up to this stage, no significant changes in either the clinical or the 

immunological situation of patients receiving MCV has been found, 

which is not encouraging if it is to be used as an efficient vaccine against 

cancer. An increase in Th2 type cytokine production alone, and 

especially of the levels observed, is not the desired response. It is very
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important to remember that because of time limitations, this study on 

MCV effects is not complete. Some changes might be seen if the patients 

could be followed up until they completed the course of MCV 

vaccination.

Ill- Prostate cancer study

M .vaccae  was well tolerated and there were no withdrawls due to 

adverse effects. This safety profile is particularly impressive because 

each patient received several vaccination at regular intervals. The fact 

that M.vaccae is heat killed, that it suppresses necrotising reactions and 

causes minimal reactions at the site of injection even in strongly 

tuberculin positive persons, gives it a safety advantage over BCG.

The high entry PSA levels indicate that the burden of metastatic, disease 

was high in this cohort of patients, many of whom did not survive long 

enough to receive even five doses. Therefore this was a challenging 

cohort in which to elicit a response through immunotherapy. Although 

five patients had a fall in their PSA at some points during the trial, only 

in two patients was there no other possible explanation for this response 

apart from vaccination with M.vaccae.

Our results indicate that patients with advanced prostate cancer tend to 

have a predominantly Th2 cytokine profile with a low proportion of cells 

producing IFNy and IL2 and a higher proportion of cels secreting IL4. 

Others have reported lower levels of IFNy in mitogen stimulated blood
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cell cultures in patients with metastatic prostate cancer than in controls or 

patients with localised disease.

The proportion of IL-4 secreting cells was reduced following vaccination 

in all three patients in whom this was measured but this did not, in 

isolation, correlate with a reduction in the serum PSA. SRL 172 induced 

IL-2 production in circulating T cells in three out of ten patients, all of 

whom demonstrated some reduction in their serum PSA levels. Although 

the lack of a similar rise in IFNy is not completely consistent witha Th2 

to Thl switch, others have found similar divergence whereby increased 

IL2 mRNA in PBMCs is predective of remission following intravesical 

BCG for superficial bladder carcinoma but IFNy mRNA is not. A 

favourable cytokine response followed after the first or second 

vaccination and was durable.

Our results suggest that in patients with hormone refractory prostate 

cancer failure to switch from a Th2 to Thl cytokine profile in response to 

vaccination with SRL 172 seems to be associated with a poor prognosis. 

Whether switching the predominant Th2 pattern to Thl can usefully 

prolong survival in advanced prostate cancer can not be answered 

without performing a randomised trial. But the finding that the two 

patients who had the largest increase in the proportion of IL2 producing 

cells, had both reduction and stabilisation in the serum PSA, encourages 

one to believe that the fall in PSA may have been related to an immune 

effect.
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The ability to assess the responsiveness of cancer to immunotherapy 

would be a valuable tool and would allow treatment to be altered to other 

modalities in cytokine non responders. Flow cytometry assay of selected 

intracellular cytokines may prove to be just such a useful early marker 

and IL2 in particular appears to be inversely linked to PSA as a surrogate 

marker of response.

4-7 Animal models

Our results show that heat killed M.vaccae is effective in the B16-F10 

model when combined with irradiate cells. Taking into account the 

aggressiveness and the poor immunogenecity of the B16-F10 model, this 

implies that M.vaccae , when mixed with an antigen, is a very, powerful 

immunological adjuvant.

Causing no local or systemic toxicity in mice, and only minor side effects 

in man, is an important factor in favour of M.vaccae in comparison with 

other adjuvants such as incomplete Freund adjuvant. Moreover, 

considering the fact that the M .v a c c a e  is heat killed before 

administration, makes it as a superior product even to BCG.

There is no clear explanation for the fur changes in protected mice in our 

prevention experiment. Cross reaction between the melanoma cells in the 

vaccine and the hair follicles is one possibility since melanoma cells 

share antigens with the normal melanocytes of the hair follicles e.g. 

tyrosinase ( and gp 75), gp 100 and MelanA/Mart-1 antigen. It has been
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shown also that colour changes of hair/fur and skin can happen after 

immunotherapy of melanoma associated with good prognosis in humans 

(Rosenberg et al, 1996) (Slater et al, 1995) and in mice (Hara et al, 

1995). Even after 3 months from the starting time of fur changes, no 

inflammatory reaction was seen which may be due to the fact that after 

such a time, the immune cells may have circulated out of the skin. The 

other possible explanation for this fur change is telogen effluvium which 

is a condition assumed to be drug induced and characterised by acute loss 

of hair (not by hair greying). This possibility was not confirmed by the 

biopsies.
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Chapter 5

Conclusion

Perhaps we are at the end of the begining of the search for successful

immunotherapy of cancer
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It is now far more than a century that the temptation to treat cancer with 

immunotherapy became an obssession for medical scientists.

Coley, the american surgeon, noted that some of his cancer patients 

showed spontaneous cures when they became septicemic as a result of 

bacterial infection in the 1890’s.

Since that time, many efforts have been made to find out how this 

tormenting guest can escape from host immune survillance and how the 

immune system can be used against cancer in the best and most efficient 

way. Even, time to time it has been questioned whether there is any role 

for the immune system in combatting cancer!

Despite all this time and many attempts, advances continue to be made 

in our understanding of cancer and anti cancer immune components and 

responses. It is now generally accepted that the immune system is the 

frontline of active protection against the development of cancer. This 

survillance could only be circumvented if the immune system was 

depressed by im m unosuppressive treatm ents or by increased 

aggressiveness with which tumour cells grow in vivo. There is also 

clinical evidence suggesting a role for the immune system in an anti 

cancer protective role, some tumours undergoing spontaneous regression, 

albeit vary rarely, associated with detectable immune activity 

(Rosenberg, 1991).
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In this study, Mycobacterium vaccae (SRL 172), has been used as an 

immunotherapeutic agent in an open trial for patients with advanced 

malignant melanoma who had failed all conventional therapy.

There are some common points between Mycobacterium vaccae and 

Coley’s toxin, ! such as both of them are killed suspension of bacteria and 

injected intradermally. But, there are also some essential differences 

between these two vaccines which make Mycobacterium vaccae more 

applicable and reliable in cancer treatment than was Coley’s toxin or 

most of the new generation developing from it. The difference depends 

on the nature of the adjuvant activity. M.vaccae is predominantly a Thl 

adjuvant whereas Coly’s toxin is predominantly a Th2 adjuvant.

In this study, it is demonstrated that intradermal administration of 

Mycobacterium vaccae to the patients with melanoma in an extended 

vaccine protocol is absolutely safe and no severe persisting reaction, 

fever or other side effects were seen as are usually observed with most 

other bacterial anti-cancer vaccines. Feeling very well and confident were 

the only side effects claimed by patients after receiving M. vaccae.

There is no claim that M. vaccae. is the perfect and final soloution in 

cancer immunotherapy and much needs to be done before M. vaccae 

could become the gold standard in cancer immunotherapy, but, in this 

study, in addition to other evidence, it was demonstrated that heat killed 

suspension of Mycobacterium vaccae has got the potential to be a very 

powerful agent in cancer immunotreatment.

147



There is no doubt that some modification in Mycobacterium vaccae 

composition or the protocol for its use or in our understanding of its 

mechanism are needed to perfect it as an immunotherapeutic agent for 

cancer. It was shown for the first time in this study that cytokine 

responses, a key points in immunotherapy of cancer, can be induced and 

sufficiently long lived to be detectable in the blood 30 to 45 days after 

vaccination. Recently in another study, it has been confirmed that CD8+ 

T cells with a cytokine secretion profile of the Tel class may themselves 

maintain the dominance of a Thl type cytokine response following 

immunization with M.vaccae (Skinner et a l,  1997).

Using M. vaccae in both patients with malignant melanoma and 

carcinoma of the prostate, it has been possible to induce the Thl type of 

cytokines in a very simple, non expensive and extremely safe way. This 

is highly desirable in cancer treatment. Many investigators around the 

world are trying to produce the same response, but most techniques are 

complicated, expensive and sometimes very toxic for the patients.

This study showed for the first time that cytokine production can be used 

as an indicator of clinical changes in patients with cancer which can be 

helpful in the treatment method and further clinical decisions. Moreover, 

using flow cytometry technique to monitor the patients and their induced 

immunogenical changes, proved that this technique is a very reliable, 

practical, reproducible and effective method. At the moment, there is no 

other technique other than flow cytometry which can provide all these
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data with a small volume of blood, used in whole blood method 

described in this study.
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