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In 2a attempt to avoid this, some murine antibodies have
been humanized.

As with the Rhesus antigens, it i1s difficult to isolate
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AET aminoethylisothiouronium bromide
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SUMMARY

Evidence of antigen recognition and an anti-tumour
immune response has been sought in patients with breast
carcinoma since a lymphocytic infiltrate was first noted
in the primary tumours and found to correlate with an
improved prognosis 384,

A variety of methods have been used to study immune
competence but, with greater understanding of lymphocyte
function, a clearer picture can be obtained by analysing
the phenotypic proportions present in any lymphocyte
population.

The activation status of lymphocytes can also be deduced
from their expression of activation markers and
receptors, while the presence of surface IgG on the
membrane of B cells is indicative of a mature humoral

response.

The aims of this study were:

1) To seek evidence of antigen recognition and an

anti-tumour immune response in patients with breast

cancer.
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2) To assess the contribution of the axillary lymph
nodes to any humoral or cellular immune response and the
extent to which any response remains loco-regional at

the time of clinical presentation.

In this study, fluorescent monoclonal antibodies were
used to stain the phenotypic and activation markers and
flow cytometry was used to analyse the lymphocytes
harvested from the primary tumours of 31 patients, the
axillary lymph nodes of 40 patients and the peripheral
bloocd of 39 patient. These were analysed with regard to
the proportions of CD4+ helper T cells, CD8+
suppressor/cytotoxic T cells and B cells.

We also looked at the proportion of each cell type
carrying the activation marker HLA DR, the class II
major histocompatibility (MHC) antigen, and the
receptors for interleukin 2 (IL-2) and transferrin
(Trf). In the case of the B lymphocytes, we stained
surface membrane IgG.

These parameters were also studied on the lymph node and
peripheral blood lymphocytes of 7 control subjects
undergoing vascular surgery or organ donation.

The tumour cells themselves were stained for the
expression of the class I and class II MHC antigens and
for membrane bound IgG.

The phenotypic proportions and activation status of the

17



tumour infiltrating lymphocytes (TILs) were correlated
with the tumour cell expression of class I and class II
MHC antigens and with the common prognostic indicators
of tumour stage, histological tumour grade and ocestrogen
receptor status.

The composition and activation status of the lymph node
and peripheral blood lymphocytes were correlated with

tumour stage.

PRIMARY TUMOUR

TILs were found in 85% of the primary breast tumours
studied and, in 60%, the infiltrate was sufficient to
allow analysis of both the phenotypic and activation
markers.

T cells made up the bulk of the infiltrate with few B
cells. CD8+ suppressor/cytotoxic T cells predominated
overall, although CD4+ helper T cells were in the
majority in 7 tumours with a strong infiltrate. The
size of the CD8+ T cell population increased with
histological grade (p<0.05) and tumour cell expression
of the class I MHC complex (p<0.01).

A large proportion of the CD8+ T cells were found to
carry HLA DR and again this proportion increased with
histological grade (p=0.003) and the tumour cell

expression of both the class I and class II MHC

18



complexes (p<0.001). These findings suggest that
activated CD8+ suppressor/cytotoxic T cells are being
attracted by surface antigen, on poorly differentiated
tumours, when this is presented along with the class I
MHC complex. This latter is necessary for antigen
recognition by CD8+ T cells.

A similar pattern was seen with the CD4+ helper T cells
but to a slightly lesser degree.

However, a higher proportion of the CD4+ T cells than
CD8+ T cells bore the receptors for interleukin 2
(p<0.0001) and transferrin, suggesting there is greater
turnover or expansion of this cell type.

There appears therefore to be some evidence, within the
primary tumour, of the recognition of antigen and a

cellular immune response to it.

AXILLARY LYMPH NODES

Lymph nodes from breast cancer patients were found to be
large and engorged, with higher cell counts than nodes
from control subjects.

The nodes from patients with breast cancer had a higher
proportion of CD4+ helper T cells (p=0.003) with
CD4+/CD8+ T cell ratios ranging as high as 16:1 and
averaging 5:1 (p=0.02).

In the cancer nodes, a higher percentage of the T cells

19



bore HLA DR (p<0.0001) and, in the case of the CD8+ T
cells this correlated with tumour stage (p=0.02). This
again reinforces the association of this marker with the
direct interaction of CD8+ T cells with antigenic tumour
cells, in this instance, within nodal metastases.

The IL-2 receptor was present on a greater proportion of
the lymph node lymphocytes (LNLs) in the breast cancer
patients (p=0.006) and, as in the TILs, this receptor
was present on more CD4+ than CD8+ T cells,

Although the transferrin receptor was found on more
lymphocytes in the nodes of breast cancer patients this
was not statistically significant.

Almost double the number of B cells were found to carry
surface IgG in the breast cancer nodes as in the control
nodes (p=0.03).

There is evidence of helper T cell expansion and a
humoral immune response in the axillary lymph nodes of
patients with breast cancer. The CD8+ T cells appear

more activated in patients with nodal metastases.

PERIPHERAL BLOOD

Apart from a slightly smaller B cell population, there
was little difference in the phenotypic proportions of
peripheral blood from patients with breast carcinoma and

normal subjects.
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HLA DR was found on a much greater proportion of the T
cell population, of both phenotypes, in the peripheral
blood of breast cancer patients compared to controls
(p<0.0001).

While more of the CD8+ T cells in the blood of cancer
patients bore the IL-2 receptor (p<0.03), the increase
in the expression of this marker within the CD4+ T cell
population was even greater (p=0.006). And it was again
found on more CD4+ T cells than CD8+ T cells.

The cancer patients also had a larger I1gG bearing B cell
population (p=0.003) than the controls.

When the different lymphocyte sources were compared, the
axillary nodes were found to be the major site of the
CD4+ helper T cells (p<0.03) and the B cells (p<0.001)
while the primary tumour appeared to be the most
relevant source of the CD8+ suppressor/cytotoxic T cells
(p<0.001). Although the peripheral blood lymphocytes of
cancer patients showed some activation, when compared
with controls, the immune response still appeared to be
largely loco-regional at the time of presentation.

The peripheral blood was found to reflect the T cell
subset proportions (p<0.001) and the size of the IgG
bearing B cell population (p<0.001), within the axillary
nodes and analysis of peripheral blood might give some

indication of the immune status of the axillary nodes.
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HUMAN MONOCLONAL ANTIBODIES

In an attempt to characterize the IgG produced by the
nodal B cells, in many patients with breast cancer, we
tried to immortalize them using EBV transformation, cell
fusion or a combination of the two.

While we did detect some immunoglobulin binding on
sections of autologous tumour, we had no success in
producing human monoclonal antibodies and detailed study
of this humoral immune response was therefore not

possible.

CONCLUSION

This study provides some evidence of antigen recognition
and a loco-regional immune response, both cellular and
humoral, in many patients with breast carcinoma. This
is particularly evident in those patients with a
malignancy of high histological grade and tumour cell
expression of the class I major histoccmpatibility

complex.
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CHAPTER 1: INTRODUCTION AND AIMS

In mamillis saepe vidimus tumorem forma ac figura
cancro animalil exquisite consimilem. Nam
quemadmodum in isto pedes ex utraque parte sunt
corporis, ita in hoc morbo venae distenduntur, ac
figuram omnio similem cancro representant.

Galen: De Art. Curat. Ad Glaucon.

Lib. 2, Cap. 10

The term "Cancer" was coined by the Roman physician
Galen around the year 200 A.D. and was derived from his
description of locally advanced breast carcinoma in
which the radial congested skin veins around the tumour
appeared like the legs of a crab. From this time until
the second half of the nineteenth century cancer was
considered a systemic disease caused by melancholia, an
excess of black bile, for which there was no cure.

After this time the theory of breast cancer development
changed and it was thought that tumours began locally,
possibly due to obstruction or inflammation of a duct or
gland, and then spread in an orderly fashion, via
lymphatics, to the regional lymph nodes which acted as
filters and from there to other organs 442. Blood borne

metastases were not considered to contribute greatly to
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the spread of disease. It was upon these principles
that the rationale for radical mastectomy, as advocated
by Halsted 175, was based (Fig. 1). This theory of
cancer progression, and the surgical management it
endorsed, continued until the second half of this
century, since when it has been challenged, and once
again breast cancer is considered to be systemic quite
early in the disease process, though developing from a
local tumour rather than leading to one. The surgical
management has therefore also been challenged, both by
those who felt the morbidity of such radical surgery was
unacceptable and of little benefit and by those who
believed that the destruction of the axillary lymph
nodes might actually be detrimental if they were the

seat of an anti-tumour immune response.

One of the major arguements against the existence of an
anti-tumour immune response is that no definitive tumour
antigen has ever been identified and, as oncogenic
products are largely intracellular, there may not be any
surface antigen to be detected by the immune system.
Alternatively, the tumour growth and antigen
presentation may develop so slowly as to induce
tolerance in the host 351,

While tumours of viral origin are more frequent among

patients who are immunosuppressed, due to aquired immune
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Breast excised along with Pectoral muscles,
fascia, and all draining lymph nodes.

ﬂ94 The Halsted mastectomy was based on the principal that
breast cancer spread in a progressive fashion up through
the lymph node chains before any distant metastasis
occured.



deficiency syndrome (AIDS) or long term
immunosuppressive therapy after organ transplant, there
is no increase in the common malignancies such as breast

carcinoma 153, 327,

The possible existence of a host anti-tumour immune
response is, however, supported by the long term
survival of some patients known to have residual
malignant disease after therapy !3?3 or those who develop
recurrence, many years after the initial presentation,
during some time of great stress, such as bereavement,
which appears to depress the immune system 2°. 223, 372,
The question of whether or not patients with breast
cancer mount an immune response to their tumour is
important for three main reasons.

If some patients mount an effective immune response
against their tumours this could be expected to improve
their survival and therefore evidence of that immune
response might be an important prognostic indicator.
Secondly, the presence of a response and its anatomical
site would have to be considered when planning adjuvant
therapy which affects the immune system. If that
response were regionally based it would be destroyed by
loco-regional therapy such as surgery or radiotherapy
while a centralised immune response would be depressed

by cytotoxic chemotherapy.
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Lastly, if an effective immune response could be
identified and the mechanisms of it understood it might
be possible to enhance that response, where present, and
develop methods of immunotherapy or stimulation for

those patients not mounting a response.

1) To seek evidence of antigen recognition and an

immune response in patients with breast cancer.

This was done by studying the phenotypic subsets and
surface activation markers of lymphocytes infiltrating
the primary tumour of breast cancer patients and
correlating these results with the degree of tumour
differentiation, as represented by histological tumour
grade and oestrogen receptor status with tumour cell
expression of the class I and class II major
histocompatibility molecules which are required for the
presentation of antigenic material to the immune system
and with the stage of tumour spread.

The phenotypic and activation markers were also studied
on lymphocytes from the axillary lymph nodes and
peripheral blood of patients with breast cancer,

correlated with tumour stage and compared with lymph
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node and peripheral blood lymphocytes from normal

subjects.

2) To assess the contribution of the axillary lymph
nodes to any humoral or cellular immune response in
patients with breast cancer and the extent to which any
response remains loco-regional at the time of clinical

presentation.

The phenotypic subsets and surface activation markers on
lymphocytes from the primary tumours, axillary lymph
nodes and peripheral blood of individual patients with
breast carcinoma were compared to assess the relative
contribution of the axillary lymph nodes to any response
and to consider the effect on this of the current
management of breast cancer.

Correlation between the blood lymphocyte markers and
those in the other tissues was sought as a guide to the

immune status in the region of the tumour.
3) To consider the possibility of developing
immunotherapeutic approaches to the management of breast

cancer.

Based on the results of the above studies, potential

methods of immune enhancement were considered. In
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particular, the feasability of developing human
monoclonal antibodies from patients with breast cancer
were assessed as, if this were successful, it might
allow the isolation and study of tumour antigens and
provide useful tools for the diagnosis and therapy of

breast cancer.
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CHAPTER 2: EVIDENCE OF ANTIGEN PRESENTATION AND AN

IMMUNE RESPONSE IN PATIENTS WITH BREAST CANCER

INTRODUCTION

The initial question to be answered was whether any
patients with breast cancer show evidence of an immune
response against their tumours.

As no tumour specific antigens have been identified or
characterized, it has been suggested that there are no
membrane tumour antigens to be recognized by the immune
system and particular attention was therefore paid to
evidence of tumour antigenicity or antigen presentation
and recognition.

Lymphocytes from the axillary lymph nodes and peripheral
blood of patients with breast cancer were compared with
those obtained from normal subjects to demonstrate
whether the breast cancer patients showed evidence of

immune stimulation or suppression.
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HISTORICAL REVIEW

HISTOLOGICAL STUDIES OF TUMOUR INFILTRATING LYMPHOCYTES

The first suggestion that cancer patients might mount an
immune response to their tumours came in the early years
of this century when Handley !30 found that the
spontaneous regression of malignant skin melanomata was
associated with a round cell infiltrate and Da Fano °¢,
from his animal studies, suggested that this
infiltration of tumours by plasma cells and lymphocytes
might represent an immune response as part of the host's
tumour defences. This theory was supported by MacCarty
& Mahle 203 who observed an improved survival among
patients suffering from gastric cancer who had an
inflammatory infiltrate in their tumours and
demonstrated a similar survival advantage in both breast
384 and colon cancer 24, This finding appeared to be
supported by the study of medullary carcinoma which has
a particularly good prognosis and often has a marked
lymphocytic infiltrate ¢34. 3. 48, 344, However, as
Richardson 341 pointed out, medullary tumours have a
better prognosis, even when the lymphocytic infiltrate
13 absent, due to their poor stroma formation and

consequent inability to form viable metastatic deposits.
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This was confirmed in the study by Ridolfi 344 when
patients with medullary carcinoma were found to have the
same 10 year survival rate rega:dless of whether or not
they had a prominent lymphocytic infiltrate although
this infiltrate was again associated with improved
survival in patients with non-medullary carcinoma.
Although the positive correlation between the presence
of an inflammatory tumour infiltrate and improved
survival was rather weak in these original studies,
interest in it continued and in the first half of this
century many studies were carried out looking at the
effect of this infiltrate on survival prognosis.
Eighteen studies looked at this phenomenon in breast
cancer patients and thirteen of these found an improved
survival rate among patients with an inflammatory
infiltrate in their tumours 384, 167, 35, 27, 197, 7.
177, 92, 94, 48, 434, 38, 344, while five groups found
no survival advantage for such patients o9. 237. v,
358, 139, Two of these latter even suggested that an
inflammatory infiltrate was associated with a poor
prognosis 353, 139,

Taking solid tumours as a whole, the great majority of
studies found the presence of an inflammatory infiltrate
to be associated with a better prognosis. Controversy
continued, however, over whether this infiltrate was

evidence of a host anti-tumour response ¢»4. 384, 123 or
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secondary to tumour necrosis which was in itself due to
other factors 167. 207. 99, Asg a prognostic factor,
inflammatory infiltrats did not appear to be as strong
as histological tumour grade or stage and so its
relevance remained unclear 45. 4s. 47, 73,

These early studies merely noted the presence or absence
of lymphocytes within the tumour, using conventional
haematoxylin and eosin stains, but were unable to

differentiate the cell types involved.

ANIMAL STUDIES

In an attempt to confirm the antigenicity of tumours and
the existence of an anti-tumour immune response, many
workers turned to animal models. The commonest
experimental tumours were those induced in female
C3H/HeN mice either chemically, using methylcholanthrene
to produce sarcomata !¢. 17. 18, 198, or virally, using
the mouse mammary tumour virus (MMTV) 250. 290,

In all these animal experiments, using chemically or
virally induced tumours, a host versus tumour immune
response was detected. After excision of the primary
tumour the animal was protected, to some degree, against
the establishment of a second inoculum of tumour cells

454, 291 and this protection was lost after splenectomy
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17, Billingham et al 3! coined the term "adoptive
immunity", in their study of skin homografts, to
describe the continued function of lymphoid tissue or
cells after transfer from an immunized animal to an
unimmunized host. Adoptive immunity was shown to be
conferred by transferring lymphocytes or splenocytes
from a tumour immunized animal to a second host, prior
to a tumour challenge, resulting in the rejection of the
tumour 101, 4e7, 1°8, 141, 17, 18, The major flaw in
these animal studies was that the tumours were either
chemically or virally induced, which made them
particularly antigenic 31! and when they were compared
with truly spontaneous lesions it was notable that, in
the latter, there was little evidence of an immune
responsgse 34¢, 189, Indeed it appeared that the closer
conditions in these animal studies simulated the
situation in humans the less evidence there was of an

immune response to cancer 335,

DELAYED HYPERSENSITIVITY

The limited relevance of animal experiments caused a
return to the study of the human immune system and its
function in patients with breast carcinoma.

The most commonly used in vivo study of the immune
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system in breast cancer patients was the test of delayed
hypersensitivity. This was performed by injecting
intradermally either dinitrochlorobenzene (DNCB), or a
similar chemical irritant, to test de novo sensitization
279, 302, 349, 3°3, 447 or an extract of autologous
tumour to test specific hypersensitivity 3e. 37. 396, 4,
40, Those who used the first method detected no
difference between patients with breast cancer and
normal controls nor was any difference seen at different
stages of the disease apart from a reduced response in
patients who were terminally ill. In these patients,
Stein 392 found that tumour dissemination preceded
impairment of the patient's immune response, suggesting
it might be the cause rather than the result of the
impairment.

Studies in which autologous tumour was inoculated,
demonstrated a markedly greater response in tumour
patients than in those with benign lesions. Patients
with stage II disease also had a greater response
compared to stage I patients 3c. 39%6. 43, There was
disagreement, however, over whether or not this delayed
hypersensitivity reaction represented an advantageous
immune reaction associated with a good prognosis 40. 4

or was indicative of a poor prognosis 39¢,
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FUNCTIONAL IN VITRO STUDIES

BLASTOGENESIS ASSAYS

One of the standard in vitro assays of immunocompetence
was the blastogenesis assay. This assessed the ability
of the patient's lymphocytes to respond to mitogen
stimulation. The commonest mitogen used was
phytohaemagglutanin (PHA) and the uptake of tritiated
thymidine (3HT) by the cells was measured as an
indicator of cell turnover in response to it. The
majority of groups found the lymphoproliferative
response to PHA to be depressed in breast cancer
patients, particularly with advancing disease 1., 402,
302, 393, 447, 212, 272, 271, although two groups found
a greater response in breast cancer patients compared
with normal controls 128, 201, Fisher et al !.3 studied
lymph node lymphocytes from both patients and controls
and found no difference in the thymidine uptake before
stimulation with PHA, but found a wide variation between
patients and between nodes within the same patient.

This variability may explain some of the conflicting

results and the difficulty in interpreting them.
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CYTOTOXICITY ASSAYS

The vast majority of these were performed using the
chromium release assay whereby tumour cells are cultured
in medium containing chromiums! which is taken up by
them and later released upon destruction or damage of
the cells. This damage may be due either the cytotoxic
effect of the mononuclear cells under study or to
spontaneous cell death and therefore a control
preparation is used to assess the background signal.
Groups using this method to study tumour infiltrating
lymphocytes (TILs) have again produced conflicting
results with some showing evidence of specific
cytotoxicity 427, 24, 38e¢, while others found TILs to
have low levels of cytotoxicity against autologous
tumour 444. 15, These cytotoxicity assays have several
limitations. The indirect method of measuring cell
death makes it a rather crude assay in which small
variations in cytotoxicity are not detectable and the
spontaneous cell death among the tumour cells gives a
very high control reading. As breast cancer cells cycle
slowly and do not grow well in tissue culture it is
difficult to obtain large numbers of viable autologous

tumour cells containing the chromium.
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SURFACE MARKER EXPRESSION

PHENOTYPING

With greater understanding of the immune response and
the function of its component cells, interest has
developed in identifying the lymphocytes that might be
involved in any immune response being mounted by cancer
patients, including those with breast cancer. The
ability of T lymphocytes to rosette sheep red blood
cells (SRBCs) and the presence of surface immunoglobulin
on B lymphocytes was utilized in assessing the
proportions of these cells present within the tumour,
axillary lymph nodes and peripheral blood of breast
cancer patients. T cells were found to be the major
component of the tumour infiltrate !1°9. 1:0. 444,  Of
the groups who compared the peripheral blood of normal
controls and patients with breast cancer, two found no
alteration in the proportion of B and T cells, as
measured by these rosetting techniques !iec. 171, while
two others found a decrease in circulating T lymphocytes
with a concomitant increase in circulating B lymphocytes
222, 182, Eremin et al '1». 117 found a similar
alteration in the phenotypic proportions within the
axillary lymph nodes of breast cancer patients although

they found no alteration in the circulating blood
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lymphocytes. Other groups found no difference in the
circulating lymphocyte proportions between patients with
breast carcinoma and normal controls 171, 1382,
Tsakraklides et al 430 used the rosetting method to
compare the proportion of T and B lymphocytes in the
lymph nodes of patients with stage I and stage II breast
cancer and found an increase in the B cell population in
stage II disease.

Anti-sera against T and B lymphocytes were also used to
phenotype cells. Two studies used this method to study
the tumour infiltrating lymphocytes (TILs) and also
found T cells to predominate 374. 380, At this time it
was not possible to subdivide the T lymphocytes into the
functional helper or suppressor/cytotoxic subsets.

Since the development of monoclonal antibodies to the
surface markers of cell phenotype -+5, it has become
possible to compare the type of cells making up any
given lymphocyte population in both normal subjects and
cancer patients.

This new technology has been applied extensively to the
study of the TILs but little work has been done on the
peripheral blood or lymph node lymphocytes of breast
cancer patients. The studies of the tumour infiltrate
have confirmed that this consists largely of T
lymphocytes but there is controversy over the further

classification of these into subsets. While some
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studies show a predominance of CD4+ helper T cells 453,
le4, 193, 25, 7, 435, 233, 15, others show a
predominence of CD8+ suppressor/cytotoxic T cells 159,
<9, 32, 204, 261, 4060, 410, 476, 30, 24, 300,

One group compared the proportion of T and B lymphocytes
in lymph nodes from breast cancer patients and from
patients with non-malignant disease 52. 1In the latter
case, the nodes were excised because of hypertrophy or
infection and cannot truly be considered as controls.
Two groups used flow cytometry to compare the peripheral
blood and lymph node lymphocytes (LNLs) of patients with
breast cancer but did not include any normal controls
and when they found a large CD4+ helper T cell
population in the nodes were unable to clarify whether
this was due to the lymphocyte source or to the presence
of malignant disease 8%, 322,

Only two groups have compared the phenotypic proportions
of normal lymph nodes with those excised from patients
with breast cancer. KXhuri et al 224 used
immunohistochemical techniques and found an increase in
the CD8+ T cell population in the nodes from breast
cancer patients while Mantovani et al <7¢, using single
colour flow cytometry, found no alteration in the
phenotypic proportions. These studies were small, with
each containing fewer than ten patients.

Four studies have been carried out comparing the
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phenotypic composition of peripheral blood lymphocytes
(PBLs) from normal controls and patients with breast
cancer 2¢°, 260, 325, 27:, The last two of these
studies, utilised flow cytometry to study the phenotypic
and activation markers. Pattanapanyasat et al 3:° found
a greater proportion of CD8+ T lymphocytes in the blood
of breast cancer patients while the others found no
phenotypic alterations in early disease. McCluskey et
al 2¢5, however, did find a marked decrease in the
proportion of circulating CD4+ helper T cells in

patients with advanced breast cancer.

ACTIVATION MARKERS

Some groups have also studied the activation markers
present on the surface of lymphocytes in patients with
breast carcinoma. Studying TILs, Rowe & Beverley 3°o:,
Lwin et al ¢! and Ben-Ezra & Sheibani 25 found HLA DR
on a fairly large proportion of the lymphocytes within
the tumours while Whiteside et al 4:9. 4¢¢ found very
few HLA DR bearing cells. Lwin et al 2¢1 also found
Tac, the 55Kd component of the interleukin 2 receptor
(IL-2R) on 30% of TILs while other groups found few
cells with this receptor 4:°., ¢»o0. 410, 25,

Only one group compared the activation marker expression
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of (LNLs) in breast cancer patients and control
subjects. Mantovani et al 7?7z found more LNLs from
patients with stage I disease to be carrying HLA DR than
from control patients, while fewer lymphocytes from
patients with stage II disease carried this marker.
These differences, however, did not achieve statistical
significance. This group did not study the receptors
for IL-2 or transferrin (Trf), nor the expression of
surface immunoglobulin G (IgG) on lymph node B
lymphocytes.

Pattanapanyasat et al 2:5 and Mantovani et al 77:
studied the expression of HLA DR on the peripheral blood
lymphocytes of breast cancer patients and controls and
found a slight increase in the number of HLA DR bearing
cells in the breast cancer patients. Pattanapanyasat et
al 325 also studied the receptors for I1-2 and
transferrin but found no difference between the cancer
patients and controls.

Most of the studies of TILs were made using
immunohistochemical methods with a monoclonal primary
antibody to the phenotypic surface marker and subsequent
enzyme staining, predominantly peroxidase. The later
studies used immunofluorescent microscopy with directly
labelled monoclonal antibodies while the most recent
have used two colour immunofluorescent monoclonal

antibodies and flow cytometry.
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The use of flow cytometry to study the membrane bound
markers, of phenotype or activation, on TILs has been
applied to the study of other tumours such as malignant
skin melanoma 2¢9%. 73, eye melanoma 108, ovarian
carcinoma 18¢, hepatic tumours 407, oesophageal
carcinoma 4¢¢, and a selection of solid tumours 27:, 15,
Although these last two groups did include some breast
tumours, their numbers were fairly small and they did
not include activation markers in their studies.

By virtue of its ability to collect data on up to 10,000
cells, flow cytometry can make more statistically secure
observations without introducing observer error. The
use of propidium iodide to exclude dead cells from
analysis, avoids non-specific cytoplasmic staining which
can be mistaken for membrane staining in cells with a
large nucleus and little cytoplasm; such as breast
carcinoma cells.

A considerable advantage of flow cytometry is the
ability to carry out accurate double staining
experiments, allowing both the avoidance of cells
registering in more than one phenotypic subgroup and the
detection of surface activation markers as carried by
different cell phenotypes.

An advantage of immunohistochemistry, which is lost in
flow cytometry, is that the relationship of TILs to the

overall tumour architecture can be studied.
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PRESENT STUDY

In this study we analysed the lymphocytes from the
primary tumours of 31 patients, the axillary lymph nodes
of 40 patients and the peripheral blood of 39 patients
with regard to the proportions of CD4+ helper T cells,
CD8+ suppressor/cytotoxic T cells, and B cells. We also
looked at the proportion of each cell type carrying the
activation marker HLA DR, the receptors for interleukin
2 and transferrin and, in the case of the B lymphocytes,
surface membrane IgG. These parameters were also
studied on the lymph node and peripheral blood
lymphocytes of 7 control subjects undergoing wvascular
surgery or organ donation.

The tumour cells themselves were stained for the
expression of