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ABSTRACT

Breast cancer is a common, devastating disease with an enormous impact on society. It has
a complex hiology, perhaps more cornplex than other tumour types, at least in part due to its
hormonal control. While this complex biology poses an enormous challenge to researchers
investigating breast cancer, it conversely offers the hope of additional interventions, not
feasible with other tumours that may have a beneficial impact on outcomes. Important in
choosing patients for such interventions are the definition of prognostic indicators that allow
the tailoring of therapy to patients, limiting toxic treatments to those patients in whom they
may be beneficial. Another potential approach is the modulation of tumow biology to

circumvent drug resistance, either constitutional or acquired.

The studies included in this thesis have attempted to translate preclinical Lypotheses into
clinical investigations and ultimately new management. Hormone receptors, growth factors
(TGF-B, PDGF) and markers of growth (Ki67) and oestrogen action (P24) have been
demonstrated to have prognostic relevance in the clinic. Proof of principle of the modulation
of breast cancer behaviour both in the preclinical and clinical settine has been attempted.
These studies include an examination of the effects of oestrogen, givan wrior to cytotoxic
chemotherapy. Biologic effects have been demonstrated although o th. ..unic a beneficial
effect on survival was not seen. [n addition, the studies demonsirate that (nterferon (IFN),

given prior to tamoxifen treatment modulates cell behaviour and recep:ur expression,
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potentially improving clinical outcomes. Interferon also modulates multidrug resistance, at
least in an in-vitro model and may have clinical relevance. The real clinical import of these
observations however awaits definitive clinical study, and the development of more effective

modulators of drug resistance.
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CHAPTER 1 - INTRODUCTION

1.1 Epidemiology

Breast cancer is the second most common cencer in women worldwide, and is the most
common cancer in women in developed countries. One million new cases per year are
anticipated by the year 2000, an increase of nearly 40% compared to the 719,000 cases per
year reported in 1985 (1). By the year 2000, breast cancer is expected to account for 420,000
deaths per year, with more than 8 million years of life lost per year due to premature death
from breast cancer. The incidence of breast cancer r*zes wiili increasing age and is uncommon
in women younger than 20 years of age. The apparent increase in the worldwide incidence
of breast cancer may be related in part to the aging of the population, as well as to earlier
diagnosis as a result of mammographic screening, especially in developed countries. Age
specific incidence rates vary between developed and developing countries because of
variations in population profiles, with age standardised rates in Southern Africa reported as
28.7 per 100,000 compared to 84.8 per 100,000 in North America. Direct medical costs of
breast cancer are anticipated to be nearly 8 billion dollars. Breast cancer therefore represents

an enormous public health and socioeconomic burden worldy de.

1.2 Background

In the past century, understanding of the biology of breast cancer has evolved dramaticaily.

While initially considered a disease amenable to, and best treated by, surgery, Beatson’s



description of the dependency of both breast tissue and breast tumours on ovarian function (2)
paved the way for appreciation of the comnlex biology of breast cancer, and the development

of models of the hormonal control of tumour growth.

Beatson’s seminal observations led to the use of hormonal intervention for the management
of breast (as well as prostate cancer), initially by surgical cast ation. Although radiation
induced ovarian ablation soon replaced surgical oophorectomy, the search for non-operative
therapies led to the discovery of testosterone and dicthyl-stilboestrol in the 1940's, the
definition of the hypophyseal-pituitary axis, the isolation of oestrogen receptors (ER) and
progesterone receptors (PR), and, uitimately, the development of anti-oestrogen therapies for

breast cancer.

Discovery of the prosence of specific hormonal receptors in breast cancer cells, coupled with
the demonstration of regression of tumours after oestrogen withdrawal or after similar
hormonal manoeuvres allowe.. the development of a simplistic model of hormonal controt of
breast cancer. Patients who were ER positive, especially postmenopausal patients, were
predicted to and in many instances did, respond to hormonal treatrr ats. Notwithstanding
these observations, many patients who had demonstrable ER failed to respond to hormonal
therapy, or became resistant to treatment, suggesting that the biologic control of the growth
of breast tumours was more complex than originally envisaged. Mechanism of inherent or
acquired resistance may include loss of ER due to malignant progression of cells, selection of

ER negative clones, or the presence of mutated and abnormal ER among others. Potential



strategies to overcome inherent or acquired resistance to hormonal therapies might include
pharmacologic modulation of malignant cells and or manipulation of the expression or

function of hormone receptors,

Cytotoxic chemotherapy plays an important role in the management of both early and
advanced breast cancer. Pivotal studies have demonstrated the beneficial effects of adjuvant
chemotherapy, as well as the palliative benefits of chemotherapy in advanced disease. Despite
these advances, it is clear that drug resistance, both inherent and acquired, represents a
significant barrier to further progress, as patients frequently either relapse after achieving
apparently good response to chemotherapy, or develop disease progression whilst still
receiving chemotherapy. Strategies to overcome drug resistance might include further
elucidation of the mechanism of drug resistance, including resistance modulated by the efflux
pump P-glycoprotein (PGP), the development of drugs capable of overcoming drug
resistance, increases in the dosage of drugs in an attfempt to overcome drug resistance, or
attempted modulation of cellular pharmacology in an attempt to overcome or subvert drug

resistance.

A further important strategy for the optimal treatment of breast cancer would be the
identification of prognostic factors, or surrogate markers of response to treatment, in an
attempt to select patients most likely to respond to specific types of therapy, as well as to gain
a better understanding of the biology of the disease., Such prognostic markers might include

hormonal receptors (ER and PR), growth factors (transforming growth factor (TGF)-f3, platelet




derived growth factor (PDGF), epidermal growth factor (EGFY), oncogenes (c-erbB-2),
oestrogen related proteins (P24), markers of growth (Ki67, S-phase, plvidy), and markers of

drug resistance (PGP).

Despite the significant advances in the understanding and management of breast cancer, major
challenges remain, Further elucidation of the biologic behaviour of breast cancer and better
understanding of the complex control of growth and interactions between growth factors
would hopefully facilitate the development of improved models in which the behaviour of
tumour cells is pharmacologically modulated, with the aim of improving therapeutic
outcomes. Further, better understanding of the mechanism of intrinsic and acquired drug
resistance might define novel means of modulation and reversal of resistance and ultimately,

improved therapeutic outcomes.

1.3 Aims of the Research

This research project was undertaken with the following specific aims

i. to develop the laboratory methodology to examine potential prognostic indicators

ii. to perform tissue biopsies where possible on patients enrotled into clinical trials to
provide a bank of available specimens to validate these potential prognostic indicators
as surrogates of prognosis or response

iii, to confirm in-vitro the predictions made from laboratory models using clinical
material collected during clinical studies

iv, to examine wnether the anti-tumour effects of chemotherapy and tamoxifen (TMX)



could be beneficially mosttiuisd, both in thi clinic and in laboratory models

a.

to examine the role of occtrogens in cell cycle cynchronisation as a modulator

of

chemotherapy efficacy in a clinical study with bLoth clinical and
translational endpoints

to examine the role of interferon (IFN) as a modulator of TMX both in the
clinic and in a laboratory model

to examine the role of [FN and TMX as modulators of drug resistance

mediated by PGP




CHAPTER 2 - MATERIALS AND METHODS

2.1 Background

This thesis is based on investigations performed and published as papers between 1990 and
1997. Although the papers were published individually the overall aim of the research was
to develop a clearer understanding of breast cancer biology. The main themes of the

investigations can be sub-divided into three sections :

Chapter 3: Developm :nt of Methodology and Predictors For Qutcome

Chapter 4: Clinicel Modulation and Predictors For Qutcome

Chapter 5: Translational Studies Correlating Clinical Observation.

Each paper is numbered and referred to in subsequent #iscussion and sections as Paper 1, 2

ete.

2.2 Tissue and specimen acquisition and storage

Human tissue for the studies performed was accessed as part of approved clinical research
protocols developed by the author. Fine needle aspirates, Menghini needle biopsy or
dermatological punch biopsies were obtained under local anaesthesia. Glass slides for
immunocytochemistry were preparcd immediately for samples collected by fine needle
aspirate, fixed in picric-acid-formaldehyde and stored in storage medium (sucrose/DMSO) at

-10°C until used. Fine needle aspirates intended for flow cytometry were collected into alcohol



and stored until use. Tissue cores and punch biopsies were immediately frozen at 135°C after
transport in liquid nitrogen. In some early studies, tissue was also obtained from formal

surgical biopsy. Tissues for pathology re" ..+ ere accessed from pathology archives.

2.3 Immunocytochemistry

2.3.1 Preparation and fixation

Multiple glass slides were prepared from each sample either using cytospin, or by teasing
tumour samples onto the slide. Slides were then fixed in picric-acid-formaldehyde for 15
minutes and dehydrated with ethanol. Picric-acid-formaldehyde proved a superior fixative for
the range of assays performed, compared to more conventional fixing techniques. Slides were
checked for cellularity, and stored until used in a ‘specimen storage medium’ of sucrose and

DMSO at -10°C

2.3.2 Development of methodology

When this research was undertaken, only the assay for ER was commercially available in a kit
form. For all the other assays, the antibody was obtained from other researchers, or from
commercial source, and the methodology for the assay developed. This involved defining and
preparing suitable positive and negative controls, titrating concentrations of primary and
secondary antibodies and other reagents. For simplicity, the ABC vectastain system was used

where possible.



2.3.3 Reading ana scoring
All slides were read and scored by the author, where published using published and validated
scoring methods. For assays under development, a scoring system was developed and these

are described in the individual published papers.

2.3.4 Specific Assays

Specific methodology for the assays are described in detail in the individual published papers.

° Oestrogen and Progesterone Receptors
° Transforming growth factor-f

. P24

. C-erbB-2

. Platelet Derived Growth Factor

. Ki67

. PGP

2.4 Tissue culture

Standard techniques were used for all tissue culture and were performed by the author.

2.5 Flow Cytometry
Samples included either tissue accessed from fine needle aspirates and stared in alcohol, or
fresh frozen tissue stored at 132°C. Tissue was minced and dissociated using standard

techniques. Precise methodology is described in detail in the published papers.
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3.1 Paper1

ESTIMATION OF PR AND ER BY IMMUNOCYTOCHEMISTRY IN BREAST CANCER. COMPARISON
WITH RADIOLIGAND BINDING METHODS.
I.. Seymour, K. Meyer, J. Esser, P. MacPhail, A. Behr, W.R. Bezwoda.

American Journal of Clinical Pathology 94(Suppl 1): S35-540.1990.
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Forefronts

Estimation of PR and ER by Immunocytochemistry

in Breast Cancer

Comparison with Radioligand Binding Methods

LESUIE SEYMOUR, F.C.P. (SA). KAREN MEYER, B.SC., JAN ESSER, M.B.B.CH., A. PATRICK MACPHAIL, PH.D.,
ANTHONY BEHR, F.F.PATH. (SA), AND WERNER ROBERT BEZWODA, Pr.D.

Immunocytochemical assays for progesteroune receptor (PR) us-
ing monoclonsai antirabbit PR antibodies (PR-ICA) and for es-
trogen receptor (ER) (ER-ICA) were compared with radioligand
binding (dextran—coated charcosl [DOC]) methods for receptor
determination in patieats with brerst cancer. Immuaocytochem-
ical staining for PR was exclusively nuoclear in locafization. In
this regard, PR staining is similar to previous findings for ER;
PR-ICA showed = sensitivity of 89% and specificity of 100%.
ER-ICA was zlso 89% sensitive and similarly specific. There
was good ootrelation betvreen the degree and intensity of staining
and quantitstive binding of radiotigand. Receptor-positive tumors,
however, show considerable variation of immunocytochemical
staining, suggesting heterogeneity of celiular PR coatent. The
availability of an immusocytochemical assay for PR increases
the discriminatocy potential foc these methods of receptor de-
termination. (Key words: Estrogen receptor; Progesterone re-
ceptor; lmmanocytochemistry; Breast cancer) Am J Clio Pxthol
1990;54(Suppl 1):S35-S40
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ESTROGEN (ER) AND PROGESTERONE (PR) recep-
tors are widely used to predict of hormone responsive-
ness™ 193 and for prognostication in breast can-
cer 3515192832 padioligand binding (RLBA), using cither
dextran-coated charcoal (DCC) or density gradient sedi-
mentation to separate bound and free ligand, has until
recently been the most frequently used technique for re-
ceptor determination.>** These methods, however, usc
relatively large amounts of tissue, need immediate col-
lection and storage of samples in liquid nitrogen, and re-
quire facilities for bandling radioactive materials. Fur-
thermore, radioligand binding methods measure only re-
ceptors that have been solubilized. Tightly bound or
occupied receptors may thus not be detected. For these
reasons, immunochemicai methods have been devel-
oped to study ER in normal and ncoplastic tis-
sues, 1314202129333 ER determination by immunocyto-
chemical methods (ER-ICA) has been shown to correlate
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well with results obtained by RLBA %122 [mmunocy-
tochemical methods have the advantage that they can be
performed on cytologic preparations such as those ob-
tained by fine-needle aspiration®?*?! and can thus be ob-
tained before the operation or on deep-seated tumors not
casily accessible to biopsy. Immunocytochemical methods
have also led to an appreciation of the heterogeneity of
ER expression among different cells constituting the tu-
mor. Although immunologic methods for determining
ERs appear to be becoming well established, there are
fewer data on PR determination by immunocytochem-
istry (PR-ICA).

A number of monoclonal antibodies against rabbit PR
have recently become available.'™? Two of these mono-
clonal antibodies to rabbit PR (LET 126 and LET 64
clones) cross-react strongly with human PR.'® In a small
series of 27 patients with breast cancer, good correlation
between PR-ICA and PR as measured by ligand binding
was reported.2® We have developed a modification of this
technique for immunocytochemical detectioa and local-
ization of PR that can be performed with the use of cy-
tologic aspirates. Because of the ease with which samples
can be obtained, this technique can be applied to repeated
studies of ER and PR content of tumcrs during the course
of treatment.

Patients and Methods

Thirty-three patients with locally advanced and/or
metastatic breast cancer were studied. Cytologic prepa-
rations and/or needle biopsies as well as surgical biopsies
from primary tumors or soft tissue metastases were ob-
tained before any therapy. The patients ranged in age from
28 t0 71 years. Surgical biopsies were trimmed of fat and
macroscopically uninvolved tissue. Portions from multiple
quadrants of the biopsy specimen were removed for his-
tologic examination. [mmediately thereafter, material to
be used for ER and PR assay by RLBA was placed in
liquid nitrogen. Cytologic preparations were assessed by
routine cy’omorphologic methods, as well as by immu-
nocytochemistry. Histologic grading of biopsy specimens
of the tumors was performed according to the method of
Bloom and Richardson.!

Immunocytochemistry for PR and ER

The monoclonal antibody to PR was obtained from
Transbio (Transbio, Paris, France). Avidin-biotin reagent
(Vectastain® ABC Kit) was obtained from Vector (Vector
Laboratories, Burlingame, CA). Normal mouse immu-
noglobulin was purchased from Sigma (Sigma Chemical
Company, St. Louis, MO).

For PR immunocytochemistry, material obtained by
fine-needle aspiration or needle biopsy was ejected or
teased onto HC!—ethanol-cleaned slides. Slides were im-

SEYMOUR ET AL.
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mediately fixed in 4% formalin (10 minutes), rinsed in
phosphate-buffered saline {PBS), dipped sequentially ip
ice-cold methanol 20d acetone, and thea rinsed ona: moge
in PBS. Endogenous perotidase activity was blocked with
methanol-hydrogen peroxide. The slides were again rinsed
in PBS and then incubatei (30 minutes, 18 °C) with nor.
mal horse serum followe. by incubation (for three hours,
18 °C) with the monoclonal antiprogesterone (primary
antibody) at a concentration of 5 pg/mL. This antibody
concentration had been found by prior titration to give
optimum immunostaining. Biotinylated secondary aatj-
body was applied at a 1:200 dilution. The reaction was
developed with diaminobenzidine, and the slides were
counterstained with Meyer’s hematoxylin, serially dehy-
drated, mounted with coverslips, and examined at 400
magnification. A negative control following all the steps
outlined above but using normal (nonimmune) mouse
immunoglobulin instead of specific primary antibody was
included with each assay. Positive controls included MCE-
7 cells originally obtained from American Type Culture
Collection (ATCC) and grown in our laboratories under
optimal conditions for hormone receptor expression, as
well as strongly PR-positive tumor specimens.

Estrogen receptor immunocytochemistry was per-
formed with the use of the Abbott (Abbott Laboratorics)
ERICA® kit according to the manufacturer’s instructions.
The ERICA kit contains both positive and negative con-
trols. The intensity of immunostaining for both ER and
PR was graded according to the recornmendations for the
ERICA. Both intensity of staining and the number of cells
stained are included in the assessment. All cells oa the
slides were evaluated, but specimens had to contain a
minimum of 20 intact tumor cells to be deemed evaluable.

Ligand binding assays for ER and PR content were
performed with the use of modifications'® of the DCC
method as described by McGuire and co-workers.?? ER-
positive tumors were those with > 10 frmol estrogen bind-
ing/milligram protein plus KD > 12. For the PR assay,
positives are those samples with > 30 fmol progesterone
binding/milligram protein. This laboratory participates
in the Eastern Co-operative Oncology Group (ECOG)
quality assurance program for hormone receptor deter-
mination.

Statistical analysis included chi-square analysis and
paramelric as well as nonparametric correlation statistics.

All patients who participated in the study gave informed
consent, and the study was approved by the Committee
for Ethics of Human Experimentation of the University
of the Witwatersrand.

Results

Figure 1 shows the pattern of positive staining Vfith
monoclonal PR antibody. This staining pattern was sum-
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Table 1. immunocytochemical and Radioligand
Binding Mcthods of Hormonal Receptor
Determination in Breast Cancer

PR-ICA
Number of o
Tumors Visitive Negative
PR councentration
{fol/mg protein)
<10 (negative) 23 0 23
10-30 (borderdine) { [4} 1
>30 (positive) 9 8 1
Scusitivity 89%; Specificity 100%
ER-ICA
Number of
Tumors Positive Negative
ER concentration
(fmol/mg protein)
<3 (negative) 17 [} 17
3-10 (borderline) 0 0 0
> 10 (positive) 16 14 2

Sensitivity 89%; Specificity 100%

ilar for all positive specimens. PR staining was exclusively
nuc!~-1, with staining intensity showing considerable het-
e, coeity within the same sample.

Thirty-three breast cancers were examined (Table 1.
Ten of the 33 samples were positive for PR by DCC, with
PR concentrations ranging from 15 to 345 fmcl/mg pro-
tein. Twenty-three had PR concentration < 10 fmol/mg
protein. Sixteen were ER positive by DCC. Eight of the
pine specimens definitely positive for PR by DCC were
also positive by ICA. One patient with 2 borderline PR
value (15 fmol/mg protein) was PR-ICA negative. Al-
though this patient was ER positive by DCC (with a value
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. FIG. 2. Quaatitation of hormone receplors in breast cancer by radio-
ligand bind.ng and immunocytochemical assays. Progesterone receptor,
Q, represents tumors that were receptor negative by both methods.
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FIG. 3. Quantitation of bormone receptors in breast cancer by radio-
\igand binding and immunocytochemical assays. Estrogen receptor, O,
represents tumors that were receptor negative by both methods.

of 75), ERICA was also negative, suggesting either a sam-
pling error or nonreceptor binding. The other tumor that
was PR-ICA negative with positive PR binding assay (75
finol/mg protein) was ER negative by DCC and also EK-
ICA negative. All 23 patients negative by DCC were also
PR-ICA negative. If a value of 30 fmol/mg protein is taken
as being definitely PR positive, then 32 of 33 specimens
were concordant for PR,

Fourteen of 16 specimens with positive results for ER
by DCC were positive for {CA, All 17 patients negative
for ER by DCC were also ER-ICA negative. Thus, 31 of
33 specimens were concordant for ER. Quantification of
receptors by ICA compared with RLBA is shown in Fig-
ures 2 and 3 and Tab'e 2.

All 33 tumors were infiltrating duct carcinomas. Two
tumors were of histologic grade [, {2 were graded as grade
2, and the rest? were grade 3. Correlation between tumor
grade and hormone receptor status as measured either by
DCC or immunocytochemistry is shown in Table 3. The
better-differentiated tumor grades (grades | and 2) were
significantly more frequently PY positive (by either
method of assessment) than poorly differentiated (grade
3) tumors.

Table 2. Correlation Between Hormone Receptor
Quantitation by Immunocytochemical and
Radioligand Binding Methods

ER~ICA PR PR-ICA

ER 0.84 0.57 0.63
ER-ICA P o000 : =O?§<;oo4 7 =of)£oo l
o P=00W4 P ‘0?,;3°°‘
P = 0.0001
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Follow-up data are available for 30 of the 33 patients
studied, All 30 patients had advanced disecase. Twenty-
three have died, and 7 remain alive with a follow-up time
of up to 24 months, Survival was significantly related to
receptor status (Fig. 4). Median duration of survival for
ER-positive patients was 12 months (confidence limits,
10-18 months), whereas for ER-negatiy ¢ patients the me-
dian duration of survival was 4 months (confidence limits,
2-6 months). For PR-positive patients the median du-
ration of survival has not been reached but will be in
excess of 12 months, whereas for PR-negative patients the
median duration of survival was 4 mouths. In view of the
concordance between RIBA and immunocytochemical
methods of determining receptor status, the survival
graphs using the two methods of assessment are almost
superimposable.

Histologic grade was not as accurate as receptor deter-
mination in distinguishing prognostic groups. The median
duration of survival of patients with grade | and 2 tumors
was ten months, whereas that of patients with grade 3
tumors was between six and eight months. These differ-
ences were not statistically significant.

Discussion

The present study confirms the potential usefuiness of
PR-ICA for determination of hormonal status in patients
with breast cancer, with a sensitivity of 89% and specificity
of 100% (as compared w'th the DOC assay). In addition,
we have confirmed the exclusively nuclear localization of
PR-ICA as previously described.>“!” We have also dem-
onstrated positive staining for PR in the MCF-7, a hor-
monally responsive human breast cancer cell line that has
previously been shown to express PR by RLBA.

Because the presence of PR in addition to ER adds
significantly to the predictive value of horinonal receptor
assays in breast cancer,” the development of accurate PR-
ICA methods is an important step in extending the use-
fulness of the immunocytochemical techniques for the
investigation of patients with potentially hormone-re-
sponsive tumors. The overall correlation of combined re-

Table 3. Correlation of Histologic Grade
with Receptor Status

Grades Grades
1&2 3&4
ER+ 9 7
ER- 4 12
ER-ICA+ 8 6
ER-ICA- 5 1
PR+ 2 2
PR ¢ " P <0.05
PR-ICA+ 6 2
PR-ICA~ 7 18 £ <005
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FIG. 4. Actuarial survival by hormooe receptor status. A (upper). Es-
trogen, O ER positive: O ER negative. B (lower). Progesterone receptor,
[ PR positive; 3 PR negative.

ceptor determinations by the two methods lends further
validity to ICA as a means {or receptor determination.

Although ICA and RLBA assays show good correlation,
the heterogeneity of PR staining in the same tumor (a
phenomenon previously observed with ER immunocy-
tochemistry) may help to further elucidate reasons for the
failure of hormone treatment. Such treatment failures still
occur in approximately 20% of patients who are ER and
PR positive by RLBA. The adaptation of the PR-ICA
technique 1o fine-needle aspiration and necdle biopsy as
well as to histologic section makes this method useful for
sampling decp-seated tumors and for repeated study of
the same patients. 1n the future, combined clinicopath-
ologic studies using such immunocytochemical techniques
should give further insight into hormonal control of breast
cancer,
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Response to Second-Line Hormone Treatment
for Advanced Breast Cancer
Predictive Value of Ploidy Determination

Leslie Seymour, FCP, Werner Robert Bezwoda, FCP, PhD,
and Karen Meyer, BSc

Twenty-two palients who previously responded to first-line hormonal therapy were
evaluated for factors which would predict for response te second hormonal
manipulation. Investigations performed al progression after initial hormone
response included immunocytochemical estimation of estrogen and progesterone
receptors as well as flew cylometric analysis of tumor ploidy. Approximaltely 50%
of palients were found still to be estrogen receplor positive at relapse from first-line
hormone treatment. Progesterone receptor had, however, usually become negative.
Nine of the 22 patients responded to second-line hormonal therapy. Second
hormone responses occurred with equal {requency among hormone receptor-
positive and hormone receptor-negative patients, Tumor ploidy, as determined by
flow cytometric study did, however, predict for response. Eight of 12 patients with
dipleid tumors responded to second-line hormone therapy whereas only one of len
with aneuploid tumors responded. Flow cytometric analysis appears to be a
promising technique for prediction <f second hormone response after relapse from

first-line hormone manipulation. Cancer 65:2720-2724, 1990,

T HERE IS LITTLE INFORMATION regarding the predic-
tive value of hormone receptor determination at the
time of relapse from first-line hormonal manipulation.
Although there is a fairly good correlation between the
hormone receptor status of primary tumors and of si-
multancously occurring lymph node metastases, as well
as between synchronously occurring metastases in the
same patient, discrepant results have been described in
as many as 20% of cases.’~” When the results of receptor
determinations from primary tumors and in subsequently
occurring metastases are compared about one third are
found to be discordant, even without intervening therapy.
After hormonc treatment receptor status appears alter
even more frequently, 2> the change usually being from
receptor posilive to receptor negative. However, relapse
from primary hormone treatment is not invariably as-
sociated with a loss of receptor® indicating that loss of
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hormone responsiveness in not invariably due to emer-
gence of a receptor-negative tumor cetl population.

Since clinical data indicates that initial response to hor-
mone treatment, particularly if the response has been rek
atively prolonged, is a positive indicator for response (0
further hormone manipulation, it is of some interest 10
cstablish the value of hormone receptor determination al
relapse from primary hormone treatment, as well to de-
lineate other factors which may help to predict for re
sponse to second-line hormonal manipulation.

Patients and Methods

The study poputation consisted of 22 post mcnopﬂUS"J
patients with advanced breast cancer attending the Breast
Clinic of the Johannesburg Hospital, Johannesburg, Sql{lh
Africa, between January 1987 and January 1989. Atiniti
presentation with recurrent/metastatic discase the 22 p¥
tients were cither estrogen receptor (ER) positive of ER
unknown. All 22 had cither shown an initial objecti¥®
response to treatment including hormone manipu.lallon
or had remained stable for at least 3 months while of
hormone therapy (Tables | and 2). Seventeen of the
patic s had received hormone therapy only whereas five
patients had received combined hormone therapy piv
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TABLE 1. Paticnt Population
No. Percent
prior hormone therapy for
metastatic discase 22 100
Tamoxifen 9 4]
Aminoglutethimide 6 27
Medroxyprogesterone acetate 7 22
Initia! hormone receptor status
ER + PR+ 10 45.5
ER+ PR~ 1 4.5
Unknown It 50
Disease-frec interval {(median) 4.7 yr
Time to treatment failure
(median) 9 mo
Metastatic sites
Soft tissue 22 100
Pleura 5 23
Bone 12 55
Mean no. of metastatic sites
per patient 1.9 0.6

ER: estrogen receptor; PR: progesterone receptor; —: negative; +: pos-
itive.
Patient population age: 58.3 + 12.3 years (mean + SD).

chemotherapy (cyclophosphamide, methotrexate, 5-flu-
orouracil [CMF]). The initial hormone receptor deter-
minations were performed on tumor cytosol using dex-
tran-coated charcoal (DCC) ligand binding methods.'®
At the time of entry into the current study all 22 patients
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were restaged by means of clinical examination, chest ra-
diographs, bone scans, hepatic ultrasound and computed
tomography (CT) scans and hematologic and biochemical
investigations including blood count and automated bio-
chemical profile including liver and renal functiori tests.
All 22 had evidence of disease progression with dominant
soft tissue and/or bone disease. However, because of initial
hormone responsiveness, the favorable sites of recurrent
disease and the slow rate of progression, a trial of alternate
hormone manipulation was considered justified. At time
of entry into the study all 22 patients had at least one site
of measurable disease and all 22 had soft tissue metastases
accessible for biopsy.

Hormone receptor determination at relapse was per-
formed using immunocytochemical techniques. This was
in an attempt to obviate the potential problems of receptor
occupancy or nuclear binding when using cytosol ligand
binding methods for receptor determination, particularly
among patients who had been receiving tamoxifen (TAM).

Specimens were obtained either by surgical biopsy or
needle biopsy of accessible tumors. Biopsy specimens were
transported on ice and either processed immediately or
stored at —135°C until analyzed. Only sections of ade-
quate cellularity, immediately adjacent to areas histolog-
ically involved with tumor were used for analysis. Estrogen
receptor determination was performed using the Abbott

TABLE 2. Response to Second Hormone Therapy: Clinical and Laboratory Determinants

Initial evaluation and treatment

Evaluation at relapse and second therapy

Hormonal Duration Hormonal
ER* PR* agent Response (mo) ERt PR} Ploidy agent Response
TAM PR 14 210 0 A AG NR
W7 12 TAM PR 9 400 0 A AG NR
TAME SD 5 100 0 A AG Pr
TAM PR 14 320 230 A AG NR
TAM} PR 17 125 0 D MPA Pr
325 154 TAM ) 7 225 100 D MPA Pr
162 12 TAM$ SD 4 0 0 D MPA NR
m 54 TAM4$ PR 12 0 25 A MPA NR
30 10 TAME PR 3 320 0 D MPA NR
AG ) 7 0 0 A TAM NR
AG sD 8 0 0 D TAM Pr
1o 65 AG SD 16 190 0 A MPA NR
94 54 AG PR 7 275 0 D TAM NR
AG PR 9 0 0 D TAM NR
AG PR 14 0 ] D TAM NR
83 54 MPA PR 7 40 ] A TAM Pr
34 45 MPA sD 18 0 0 D TAM Pr
410 96 MPA PR 21 275 0 D AG CR
MPA PR 13 0 0 A TAM NR
MPA PR 14 0 0 D AG Pr
67 39 MPA sD 4 0 0 D AG Pr
MPA PR 13 0 0 A AG NR

TAM: tamoxifen; AG: aminoglutethimide; MP/ : medroxyprogester-
one; CR: complete response; SD: stable discase; Pr: partial response; NR:
% response; A: ancuploid tumor; D: diploid tumor as determined by

cytomectric analysis of DMA distribution; ER: estrogen receptor;
PR progesteronc receptor.

* Values are in fmol/mg.

t Values arc in histocytochemical scores.

1 Patients received cyclophosphamide, methotrexate, and S-fluoro-
uracil {CMF) in addition to hormone therapy.
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ER-ICA kit (Abbott Laboratories, North Chicago, IL) ac-
cording to the manufacturer’s instructions.

Progesterone receptor (PR) determination was per-
formed according to previously described methods using
a monoclonal antibody to rabbit PR which cross reacts
with human PR and has been shown to be highly specific
for the receptor.!'=!3 A previous study from this institution
has shown a linear correlation (r = 0.90) between the PR
estimations as performed by DCC assay and immunoassay
methods.'* Results of the immunocytochemical assays are
expressed as a score based on the percentage of positive
cells'* and intensity of staining, the histocytochemical
score.

Flow cytometric analysis was performed using a Coulter
Epics cytometer (Coulter Electronics, Hialeah, FL) after
enzymatic digestion of minced fresh or frozen tissue frag-
ments. DNA distribution was measured after staining with
propidium iodide. Aneuploid tumors were defined as
those with DNA indices higher or lower than 1.0 to 1.1
as compared ".vith the standard of human lymphocyte nu-
clei freshly prepared in similar fashion to the tissuc fag-
ments.

Second-line hormone manipulation was with either
TAM (20 mg/day), aminoglutethimide (AG, 1000 mg/
day) or medroxyprogesterone acetate (MPA, 500 mg/day).
Second-line hormone treatment was randomly assigned
by an allocation technique adjusted so as to exclude the
first-line hormone therapy received by that patient, Pa-
tients were followed by means of monthly measurements
of measurable tumors and 3-month radiographs and bone
scans. Response criteria were those proposed by the East-
ern Cooperative Oncology Group (ECOG)."

The study was performed according to the Principles
of the Declaration of Helsinki and was approved by the
Ethics Committee of the University of the Witwatersrand.

Results

Eleven of the 22 patients were found to be ER positive
at relapse after first-line hormone therapy. Of the I 1 pa-
tients whose initial ER status was known to be positive,
seven were still ER positive as determined by immu-
noassay at the time of relapse from first-line hormone
therapy. Progesterone receptor positivity was, however,
significantly less frequent at relapse than was the case for
ER. Only two paticnts had PR values > 30 [mol/mg pro-
tein at reevaluation and only onc of the ten patients known
to be PR positive at initial evaluation remained PR pos-
itive at reevaluation.

Nine patients responded to second-line hormone treat-
ment with one complete and ecight partial remissions. Re-
sponses were seen with all three second-line hormone
treatments (AG, four of eight; TAM, three of cight; MPA,
one of six) with no significant differences between the
response to individual second-line hormonal therapies.
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Responses were seen at all sites of involvement including
bone but objective evidence of response of bone metastaseg
occurred later than measurable response at soft tissue siteg,

Hormone receptor status alone did not discriminate
for response to second hormone manipulation. Responseg
occurred with equal frequency among hormone receptor.
negative (five of ten) and hormone receptor-positive pa.
tients (four of 12),

Tumor ploidy, however, offered better discrimination,
Eight of 12 patients with diploid tumors responded to
second-line hormone treatment whereas only one of ten
patients with aneuploid tumors responded (chi-square
= 5.26, P = 0.02). It should be noted, however, that the
one patient with the aneuploid tumor who did respond
was ER positive. No patients with aneuploid and receptor.
negative tumors responded (Table 3),

Time to progression after second-line hormonal treat-
ment was 9 = 2 months with no significant differences
between receptor-positive and receptor-negative patients,

Discussion

There is considerable evidence to show that initial re-
sponse to hormone therapy corrclates with the presence
of tumor ER and even more closely with the presence of
PR in addition to ER.'*-'® Despite a high initiai response
rate to hormone treatment in patients with ER-positive,
PR-positive tumors, most show further progression of the
disease after a variable period of control. One hypothesis
regarding escape from initial hormone responsiveness is
that growth suppression of a receptor-positive and hor-
monally dependent tumor cell population allows for the
emergence of hormone-insensitive subclones.!” Whereas
a number of investigators have shown that ER content
decreases during hormone therapy>® Taylor and co-
workers® demonstrated that hormone receptor content
tends to rise at relapse from hormonal treatment and that
loss of receptor is not an invariable feature at relapse.

The current study investigates the hormone receptor
status at relapse of a group of patients who had demon-
strated clinical responsiveness to hormone manipulation
and determines whether response to second-line hormone

TasLE 3. Response to Second Hormone Treatment: Predictiv:
Value of Tumor Ploidy and Hormone Receplor Determination

No. with CR/Pr No. with PD

Receptor status

at relapse No. Diploid Ancuploid Diploid Ancuploid
ER+ PR+ 2 1 —_ — |
ER+ PR- 9 2 [ 2 3
ER- PR+ | — — — 1
ER- PR- 10 5 — 2 3 _

ER: estrogen receptor; PR: progesteronc receptor, +: posi(iyc: - nege
ative: Pr: partial response; CR: complete response; PD: progressive disease:
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therapy could be predicted by receptor determination or
py other tumor parameters at relapse,

The results indicate that a significant proportion of tu-
mors retained ER at the time of relapse from initial en-
docrine therapy. Although the initial ER status of the en-
tirc patient group was not known it should be pointed
out that as these patients had previously demonstrated
clinical response to hormone manipulation, the inference
would be that the majority, if not all, were initially receptor
positive. At relapse from initial hormone treatment 50%
were found to be ER positive. Data from the subgroups
of patients whose ER status was determined both initially
and at relapse showed that seven of 11 initially ER-positive
tumors remained ER positive at relapse.

The proportion of PR-positive tumors at relapse was,
however, very much lower (one of 11, 9%) than was the
case at initial evaluation (nine of 11, 82%). These results
are consistent with the findings of Waseda and co-workers
who described a reduction in PR in patients receiving
jong-term treatment with TAM.?' It should, however, be
pointed out that not all patients who became PR negative
after first-line hormone therapy were receiving TAM and
that loss of PR appeared to be common 1o a number of
different hormonal therapies.

Although a considerable proportion of patients re-
mained ER positive at relapse the hormone receptor status
at relapse was a poor predictor for response to second-
line hormone manipulation. Response to second-line
hormone treatment was observed with equal frequency
in receptor-negative as well as in receptor-positive patients.
The addition of ploidy data on the other hand was a sig-
nificant discriminating factor predicting for second-line
hormone response.

A number of hypotheses need to be considered as pos-
sible explanations for these findings. The first is related
to the technical aspects of the hormone receptor deter-
minations and the possibility of false-negative determi-
nations, Immunocytochemical techniques have previously
been shown to be a highly sensitive method for hormone
receptor determination.?*?® Immunocytochemical tech-
niques were employed for determination of hormone re-
ceptor status at relapse in order to minimize the theoretical
problem of receptor occupancy, particularly by TAM
which is known to have a prolonged tissue half-life.524%
Furthermore, the use of immunocytochemical study with
analysis of sections immediately adjacent to those histo-
logically involved with tumor makes it less likely, than
with DCC methods, that the receptor-negative patients
who responded to second-line hormone therapy were, in
fact, false-negative because of sampling error due to lack
1o tumor in the specimen analyzed. In this regard the
findings of Taylor and co-workers® are of interest since
thev nninted out that the decrease in ER content ol tumors

s AAnA
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be explained on the basis of decreased cellularity of the
specimens analyzed. In the current investigation only sec-
tions of adequate celiularity were analyzed.

Although it remains possible that functional ER was
present at a level below the limits of detection by the
immunocytochemical technique, the hypothesis that
mechanisms other than ER-mediated pathways were re-
sponsible for the responses observed needs to be consid-
ered. Whereas some of the second-line hormone treat-
ments, e.g., progestogens, act through mechanisms other
than ER, there appear, however, 10 be no differences in
response according to the nature of second-line hormone
treatment. The response of the ER-negative patients to
TAM thus requires some explanation. In this regard it
should be pointed out that although ER-negative patients
have a low response rate to hormonal therapy, Vogel and
co-workers have described what appears to be a signifi-
cantly higher response rate to TAM among ER-negative
patients when a subgroup with clinical features favorable
for hormone responsiveness was considered.?® The pa-
tients in this study, i.e., previous hormone therapy re-
sponders, appear also to be a favorable subgroup for fur-
ther hormone therapy.

Of interest in this regard is the finding that a high pro-
partion of diploid tumors remained sensitive to hormonal
growth control. Aneuploid tumors, on the other hand,
particularly when receptor negative in addition, were
largely nonresponsive to hormone manipulation. Whereas
a relationship between tumor growth fraction and tumor
ploidy on the one hand and hormone receptor status on
the other has been described, recent investigations indicate
that flow cytometric analysis of ploidy and growth fraction
are independent predictors of prognosis.?’2 Flow cyto-
metric analysis of tumor ploidy appears, in addition, to
be useful in defining a group of paticnts responsive to
second-line hormone treatment.
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therapy could be predicted by receptor determination or
py other tumor parameters at relapse.

The results indicate that a significant proportion of (u-
mors retained ER at the time of relapse from initial en-
docrine therapy. Although the initial ER status of the en-
tire patient group was not known it should be pointed
out that as these patients had previously demonstrated
clinical response to hormone manipulation, the inference
would be that the majority, if not all, were initially receptor
positive. At relapse from initial hormone treatment 50%
were found to be ER positive. Data from the subgroups
of patients whose ER status was determined both initially
and at relapse showed that seven of 11 initially ER-positive
tumors remained ER positive at relapse.

The proportion of PR-positive tumors at relapse was,
however, very much lower {one of 11, 9%) than was the
case at initial evaluation (nine of !1, 82%). These results
are consistent with the findings of Waseda and co-workers
who described a reduction in PR in patients receiving
long-term treatment with TAM.?' It should, however, be
pointed out that not all patients who became PR negative
after first-line hormone therapy were receiving TAM and
that loss of PR appeared to be commeon to a number of
different hormonal therapies.

Although a considerable proportion of patients re-
mained ER positive at relapse the hormone receptor status
at relapse was a poor predictor for response to second-
line hormone manipulation. Response to second-line
hormone treatment was observed with equal frequency
in receptor-negative as well as in receptor-positive patients.
The addition of ploidy dala on the other hand was a sig-
nificant discriminating factor predicting for second-line
hormone response.

A number of hypotheses need to be considered as pos-
sible explanations for these findings. The first is related
te the technical aspects of the hormone receptor deter-
minations and the possibility of false-negative determi-
nations. Immunocytochemical techniques have previously
been shown to be a highly sensitive method for harmone
receptor determination.?® Immunocytochemical tech-
niques were employed for determination of hormone re-
ceptor status at relapse in order to minimize the theoretical
problem of receptor occupancy, particularly by TAM
which is known to have a prolonged tissue half-life, 6243
Furthermore, the use of immunocytochemical study with
analysis of sections immediately adjacent to those histo-
logically involved with tumor makes it less likely, than
with DCC methods, that the receptor-negative patients
who responded to second-line hormone therapy were, in
fact, false-negative because of sampling error due to lack
to tumor in the specimen analyzad. In this regard the
findings of Taylor and co-workers® are of intcrest since
thau nninted out that the decrease in ER content of tumors
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be explained on the basis of decreased cellularity of the
specimens analyzed. In the current investigation only sec-
tions of adequate cellularity were analyzed.

Although it remains possible that functional ER was
present at a level below the limits of detection by the
immunocytochemical technique, the hypothesis that
mechanisms other than ER-mediated pathways were re-
sponsible for the responses observed needs to be consid-
ered. Whereas some of the second-line hormone treat-
ments, e.g., progestogens, act through mechanisms other
than ER, there appear, however, to be no differences in
response according to the nature of second-line hormone
treatment. The response of the ER-negative patients 1o
TAM thus requires some explanation. In this regard it
should be pointed out that although ER-negative patients
have a low response rate to hormonal therapy, Vogel and
co-workers have described what appears to be a signifi-
cantly higher response rate to TAM among ER-negative
patients when a subgroup with clinical features favorable
for hormone responsiveness was considered.?® The pa-
tients in this study, i.e., previous normone therapy re-
sponders, appear also to be a favorable subgroup for fur-
ther hormone therapy.

Of interest in this regard is the finding that a high pro-
portion of diploid tumors remained sensitive to hormonal
growth control. Aneuploid tumors, on the other hand,
particularly when receptor negative in addition, were
largely nonresponsive to hormone manipulation. Whereas
a relationship between tumor growth fraction and tumor
ploidy on the one hand and hormone receptor status on
the other has been described, recent investigations indicate
that flow cytometric analysis of ploidy and growth fraction
are independent predictors of prognosis.??® Flow cyto-
metric analysis of tumor ploidy appears, in addition, to
be useful in defining a group of patients responsive to
second-line hormone treatment.
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Detection of P24 protein in human breast cancer: influence of receptoy

status and oestrogen exposure

L. Seymour, W.R. Bezwoda, K. Meyer & C. Behr
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Sumeary The expression of ocstrogen regulated protein, P24, was investigated in 69 breast cancers. A, it
evaluation P24 protein was detected significantly more frequently and was present in significantly l‘i!;:
conceniration n oe¢strogen feceptor positive than in receptor negative tumours. There was, howeves I
correlanon between P24 staining and progesterone re- ~tor, tumour ploidy or proliferative index N"‘C.ln:n
patients recerved 2 short course of treatment with dicth, . itboestrol. Following treatment with Ocstrogen, Py
staining became positive in 713 tumours previously negative for P24, including six tumours which wep
oestrogen teceplor negative. Ocstrogen administration also caused an increase of the profferauon ndey in
12/19 tumours, including 5/7 that were ocstrogen receptor positive and 7/12 that were oestrogen receptos
negative. In some instances ocstrogenic stimulation of prolifcration occuried together with increased py
expression; in other instances proliferation index increased without induction of P24 synthesis. The 5 ving
effects of oestrogen in clinical breast cancer thus appear to show dissociation between enhancement of proteis

synthesis and celiular proliferation.

Oestrogenic effects in hormone responsive tissues such as the
breast incluae induction of protein synthesis as well as in-
creased proliferation. In addition, ocstrogens appear 10 play
an important role in the development, maintenance and
growth of breast tumours. The currently held hypothesis is
that these oestrogenic cffects are mediated through the
interaction of hormone and specific nuclear oestrogen recep-
tor (ER). While the presence of specific oestrogen and pro-
gesterone (PP) receptors appears to be an important deter-
minant of response to hormone treatment (Whitlifl, 1983;
Cant er al., 1985; Vollenweider-Zerargul et al., 1986; Wil-
liams er al., 1987), in breast cancer not all receptor positive
tumours are amenable to hormonal manipulation. However,
absence of receptor is associated with a low probability of
response 1o hormone therapy.

Apart from the utility of receptors as predictors for res-
ponse to hormonal treatment an important pathopysiological
consideration in breast ¢cancer is the influence of endogenous
hormones on tumour genesis, promotion and growth. These
cffects are also thought to be mediated through the receptor
mechanism. Steroid receptors are, however, demonsirated
only in a proportion of breast cancers (Allegra er al., 1979;
Mohla et al., 1982; McGuire e1 al., 1984). Whether recepto-
negative tumours are independent of hormonal influence
requires elucidation.

Recently two oestrogen regulated proteins, P24 (Edwaids
el al., 1981; Ciocca et al., 1982, 1984; Adams er al., 1983;
Adams & McGuire, 1985) and P52 (Vcith ef al., 1983; Garcia
et al., 1984, 1985; Rochefort er al., 1987) have been de-
scribed. The study of such oestrogen regulated proteins may
give irsight into the mechanisms of hormone action in breast
cancer,

In the MCF 7 breast cancer cell line P24 expression
appears 10 be constitutive but with only low levels of P24
being produced in the absence of exogenous oestrogenic
stimulation. However, in this experimental modce! oestrogen
cxposure results in both new mRNA expression as well as
increased P24 protein synthesis, suggesting that the gene is
oestrogen inducible. Whether such cflcets are secen in vivo is
at preset unknown. We have thus chosen to siudy P24
expression in hormonal regulation of a mode! of the protein
synthesis in human breast cancer.

Correspondence: W.R. Berwoda
Received 31 July 1989, and in revised form 28 November 1989

Materials and methods

Monoctonal 1gG antibody to P24 was a gencrous gift from
Dr W. McGuire (University of Texas Health Sciet.ce Centre),
Avidin-biotin reagent (Vectastain ABC Kit) was obtained
from Vector (Vector Laboratories, Burlinghame, CA, USA).
Non.immunc mouse 1gG and DAB were purchased from
Sigma (Sigma Chemical Co., St Louis, MO, USA).

Specimens were obtained by either surgical biopsy or nee-
dle biopsy (Truecut), under local anaesthetic, of accessabk
tumours, Most were metastatic tumours at cutaneous sites of
primary breast tumours. The specimens were transporied on
ice and cither processed immediately or stored at — [35°C for
later use. All specimens werc examined for the presence of
tumour by routine hacmatoxylin and cosin stained sections.
Sections immediately adjacent to those histologically involved
with tumour were used for immunocytochemical determina-
tions.

P24 immunocytochemistry

Frozen sections were placed on HCl-ethanol cleancd slides.
Specimens were fixed by immeision in 3.7% formalia for 10
minutes followed by ice cold methanol for 4 minutes and
then in ice cold acetone for 1~2 minutes. Slides were rinsed
with cold phosphate-buffered saline (PBS) and immersed ib
H,0; -methanol (to block endogenous peroxidasc) and then
rinsed again. Thercafter slides were incubated for 3 hours
with monoclonal anti-P24 antibody (Sug ml~") (Ciocea ef al
19834) at 20°C. Biotinylaicd secondary anlibody was applicd
at a 1:400 dilution. The reaction was developed with DAB.
Slides were counterstained with Meyer's Hacmatoxylin.
serially dehydrated with graded alcohols and xylene and then
mounted with coverslips. All assays were performed vt
negative controls, substituting non-immune mous” 1gG for
primary antibody, and with a positive contro} unitis 3 MCF-
7 cells grown under optimal conditions for hermone rcccpw:
and P24 expression.  Slides were examined "‘I
400 x magnification. Assessment  of immunocylochcm'_c‘?
staining used for the following scoring system: 0, negattves »
weak staining, present in 1-10% of cells; 2, moderale Sli"[‘n
ing, present in 11-50% of cells; 3, intense staining. pr:sceﬂ‘ :) ‘
$1-90% of cells; 4. intense staining. preseat in 91 -100%
cells,

Immunocytochemical staining for ER and PR
[mmunocytochemical staining for ER was performed l;!;g})h;

the Abbot ER-ICA kit (King er al.. 1985; Thorpe.



(Abbot Laboratories) according to the manufacturers' ins-
tructions. Immunocytochemical staining for PR was [.2r-
formed accordiag 1o previously described methods (Logeat er
ol.. 1983; Perrot-Applanat, 1985, 1987) using an monoclonal
antibody to rabbit PR which cross-reacts with human PR
and has been shown 10 be highly specific for the recepter.
Assessment of immunocytochemical staining for ER and PR
used the same scoring system as for P24,

All immunocytochemical assays were performed analysing
3 miniumum of 10 fields and counting at least 100 cells per
field to give an overall score, Only tumour cells were counted
for the estimation of degree of positivity. When serial biop-
sies were performed they were performed [rom the same
umour area.

Flow cytometric analysis »f tumour cell ploidy and proliferative
index

Flow cytometry was perforined using a Coulter Epics
cytometer alter enzymatic digestion of minced fresh or frozen
tissue (ragments and staining with propidium iodide. DNA
distriv ation was compared to a standard of human lym-
phocyte nuclei as well as normal breast tissue freshly
prepared in similar fashion to the tissue fragments. Ancu-
plotd tumours were defined as those with DNA indices lower
or higher than 1.0~ 1.1 Proliferative index (PI) was calcufated
by summation of cells in S and G,M. All estimations were
performed in triplicate. Only studies where the coefficient of
variation was <5% were considered analysable. Significant
stimulation of PI following oestrogen exposure was defined
as a rise in P >10% [rom the pretreatment value.

Patients

A total of 74 patients were studied. Of the 74 patients, 20
were caucasian and 54 were black. All patients had locally
advanced primary disease or metastatic discase with tumours
accessable for biopsy. The initial evaluations were performed
before any hormone therapy or chemotherapy. Sixty-ninc
paticnts had evaluable results for all parameters i.e. ploidy,
receptor status and P24 staining before therapy.

Apart from the pretreatment investigations 24 patients
were investigated serially during the course of a randomised
ongoing study of the effects of hormone priming before
chemotherapy. Patients were eligible for this study whether
ER + or ER— and were rundomly allocated to receive either
hormone  priming  followed by chemotharapy or
chemotherapy alone. Nineteen of the 24 patients had been
randomised to the hormone priming arm and were evaluated
following a shori exposure to oestrogen {given as diethylstil-
boestrol Smgday~' x 5 days). Biopsies were performed
immediately before and immediately after hormone adminis-
tration. Five patients were cvaluated before and after
chemotherapy without any prior hormonral priming.

The study was approved by the Ethics Committee of the
University of the Witwatersrand and was carried out in
accordance with the principles of the Declaration of Helsinki.

Results

The results using the histocytochemical assays were highly
reproducible. Inter and intra-observer variation was minimal
with a correlation coefficient of >0.9 for single biopsy speci-
mens. When multiple simultaneous biopsics were carried out
on the same patient (19 patients had multiple simultancous
biopsies) the overall scores, taking into account 10 ficlds
fromm cach biopsy sample, were also consistent with & correla-
tion coeflicient >09.

Approximately 50% of samples obtained before therapy
showed positive staining for P24 (Table ). There were no
significant differences in the proportion showing P24 staining
when black or white patients, those with aneuploid or diploid
tumours, or PR positive and PR negative tumours were
compared. P24 staining was, however, found to be
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Table I Pretreatruent iminunocytochemical statning for P24 protein
Paient P2 staining intensiey Total
characteristics 0 i 2 3 4 positive (%)
Premecnopausal 0 7 1 3 0 1412 (52)
Post-menopausal 25 8 9 5 ! 23/48  (48)
Black 27 12 ] 6 1 24/51 (47
White 8 3 5 2 Q 10718 (55)
Diploid 19 7 4 4 | 16/35  (46)
Ancuploid 16 8 6 4 0 1834 (53)
ER + PR+ 3 2 ! 2 1 6/9 (6C)
ER + PR- 5 4 2 4 0 10/15  (66)
ER- PR + ! { 0 0 0 12 (50)
ER- PR- 26 8 7 2 0 17143 (39)
Grades t and 2 8 9 s 2 | 17/125  (68)
Grades 3 and 4 27 i0 5 2 0 17/44 1
Locoregional

(stage 1)

disease 5 2 1 h) 1 712 (58)
Melastatic

disease 30 13 9 5 ] 2257 (4N

significantly, more frequent in ER positive tumours (16/24;
67%) when compared to ER negative tumours (18/45; 40%)
(x} = 4.50, P<0.05). Furthermore, the intensity of P24 stain-
ing correlated significantly with ER content (Spearman cor-
relation 0.434, P = 0.001).

Histological grade also correlated significantly with P24
expression with 17/25 grade | and 2 tumours showing P24
pasitivity, while oaly 11/44 grade 3 tumours were P24
positive {x?= 5.5, P<<0.05).

Results following hormone treatment (DES Smgday™ x 5
days) are shown in Tables I and III. Of the six tumours that
were P24 positive belore oestrogen exposure four remained
P24 positive and two became P24 negalive following treat-
ment with DES (Table II). Of the I3 tumours that were P24
negative before hormone treatment seven became positive for
P24 after oestrogen administration. P24 induction was noted
in 6/9 ER negative as well as 1/4 in ER pasitive tumours,

Oestrogenic stimulation of cell growth (as defined by an
increase of proliferative index >10% [rom base line values)
was seen in 12/19 patients given a short course of diethylstil-
boestrol. The 12 tumours which showed an increase of pro-
liferation index after oestrogen treatment included 5/7 that
were ER positive and 7/12 that were ER negalive before
hormone administration.

The relationships between P24 expression and alteration of
proliferation index were also complex. Proliferation index
increased in 3/6 tumours that were initially P24 positive and
in 9/13 that were initially P24 negative. Among the tumours
that were initially P24 positive, two showed increased pro-
liferation together with loss of P24 expression while one
remained p24 positive within increased proliferation f{ollow-
ing oestrogen. On the other hand, among the nine tumours
that were initially P24 negative and which showed an in-
crease in proliferation index, six had P24 induction with
increased pro' zration while three showed an increase in
proliferation with P24 remaining negative. In two instances
there was a significant decrease of proliferation index follow-
ing 5 days of diethylstilboestrol therapy. Both were tumours
that were ER + and PR- and in both instances PR was
induced by oestrogen exposure together with the decrease of
proliferation index. In addition P24 expression was also
induced ir. one of these tumours.

The eflects of oestrogen administration on hormone recep-
tor expression are shown in Table 1. Following diethylsul-
boestrol ER was no longer detectable in 6/7 previously ER
positive tumours while in the one tumour that remained ER
positive there was a sigaiicant decrease in the ER content.
Al the same time PR either increased in concentration or
became positive. In those tumours that were jnitially ER
negative there was, however, no change of cither ER or PR
status following dicthylstilboestrol.

No significant changes in P24, or hormone receptor expres-
sion were observed in tumours from ihose patients who
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Toble 1§ Effect of oestrogen {dicthylstylboestrol) and of chemotherapy on in in P24
expression and cell proliferation

Pretreatment After oestrogen administration
P24 expression Proliferative index*
Hoarmane Remained Became
receptors Positive positive negative Up Oown  NC
ER+ PR+ I 1 [ 0 0 1
ER + PR- 2 l [ 2 0 0
ER- PR- 3 2 1 I ! !
Total 6 4 2 3 { 2
Remajned Became
Negative negafive positive ur Down  NC
ER + PR + 2 | I 2 0 0
ER + PR- 2 2 0 i 0 1
ER~ PR+ 1 | 0 I 0 0
ER- PR~ 3 2 6 5 1 2
Tolal 13 6 7 9 | 3
Pretreatment After chemotherapy
P24 expression Proliferative index
Hormone Remained Became
receptors Poritive positive negative Up Down NC
ER+ PR+ ! 1 0 0 0 1
ER + PR~ i ! ¢} o} ! 0
ER~ PR~ ! | 0 0 [ 1
Total 3 3 1] 0 i 2
Remained Became
Negative negative positive ur Down  NC
ER- PR- 2 0 1 !

*Up. increase in proliferative index >10%: down, decrease in proliferative index

>210%; no change in prolifcrative index.

Table I Effects on oestrogen (dicthylstitboestrol) and of chemotherapy on in vive
hormone receplor expression

Hormone receptors ER+ PR+ ER+ PR~ ER- PR+ ER~ PR~

Pretreatment After vestrogen administration

ER+ PR+ 3 1 4] 2 0

ER + PR~ 4 Q Q k] ]

ER- PR + 1 0 0 t 0

ER~ PR~ I} 1] ] 0 i

Total 19 1 1 6 12

After chematherapy

ER+ PR+ | 1 [1} 0 0

ER + PR~ 1 0 ! 0 0

ER- PR- 3 0 0 0 hi

Total 5 1 I 0 3

reccived chemotherapy only. Furthermore no instances of
increase in proliferation index were observed following
chemotherapy.

Discussion

The 24,000 Da protein, P24, was first detected in MCF-7
cells and appears from protein studies 1o be an oestrogen
regulated (Edwards et al., 1981) secretory protein (Ciocca et
al., 1982; Adams et af,, 1983). Following these initial inves-
tigations P24 has also bsecn found in other ocstrogen receptor
positive cell lines (Ciocca et al., 1983b) as well as in highly
ocstrogen responsive target tissues such as human decidua
(Ciocca et al., 1983c) and in certain cells of the female genital
tract (Ciocca er al., 1983b). Recent DNA sequencing studics
have shown that the P24 protein is identical with a human
heat shock protein, designated as hsp27, which was first
detected in Hebla cclls (Fuqua er ol., 19590). P24 is generally
not found in normal or hyperplastic breast tissue.

While the synthesis of P24 appears to be constitutive in
MCF-7 cells, both mRNA expression and synthesis of the
protein arc sclectively increased in MCF-7 by oestrogenic
stimulation. Recent investigations have shown that heat
shock can alsa induce P24 synthesis in MCF-7 cells (Hickey
et al., 1986). While the function of P24/hsp27 is unknown,
the selective tissue expression and s apparent control by

oestrogen suggested that P24 might be a useful marker for
the study of oestrogen action in breast cancer, both as an
indicator of endogenous hormonal action and possible as a
predictor of hormone responsivencss.

The correlation between initial oestrogen receptor status
and P24 cxpression and between histological grade and P24
expression suggest that the expression of these biological
tumour markers is in some way linked. In this regard the
comparison between black and white patients is of some
interest. Previous studies have suggested a lower frequency of
receptor positive tumours among black women than among
caucasian women (Savage et al., [980; Mohla et al.. 1982;
Pegoraro ef al., 1986). A previous study rom this institution
(Dansey et al, 1988) demonstrated, however, that black
patients with breast cancer have a significantly younger age
distribution, thus raising the possibility of ER masking by
cndogenous oestrogens when ER estimations are perfonned
by ligand binding methods, The study of P24 might thus
offer a means of establishing the presence of cndogenous
hormone action in apparently ER— tumours. Consistent
with this hypothesis the present study sho'«.d no significant
differences between black and white subjects in regard to P24
cxpression. It should be pointed out, however, that in the
present study, where immunocytochemical methods were
used for ER and PR estimation, there were also no
significant differences in ER o- PR status between the two
racial groups.

.



While the correlation between bascline P24 and ER status
was significant, P24 expression was by no means confined to
ER positive tumours, The presence of P24 in ER ~ tumours
could be due to constitutive production of the protein by
wmour cells or the induction of synthesis by ocstrogen in the
absence of detectable ER. In this regard the results following
exposure o oestrogen have to be taken into account. Follow-
jng ocstrogen administration P24 induction was noted in 7/13
wmours previously negative for P24. There was, however, no
correlation, in vivo, between ER content and oestrogen
induced synthesis of P24,

The influence of dicthylstibocesterol on cell proliferation
appeared also to be independent of ER with both ER + and
ER— tumours, showing an increase of proliferation as
assessed by flow cytometric analysis. The validity of the flow
cytometric measurements was conflirmed by clinical observa-
tions which showed a highly significant correlation belween
clinical tumour flare and an increase in the proliferative index
(' =174, P<0.0001). Tumour flarcs following oestrogen
administration occurred in ER- as well as in ER+
fatients,

The changes observed in hormone receptar expression fol-
lowing oestragen cxposure, on the other hand, did follow a
pattern precicted by in vitro models, i, reduction of ER
content and induction of PR expression (Nardulli ef al.,
1988), which occurred only in ER positive tumours.

That these results were due to the administered oestrogen
and not to sampling error is shown by the findings in thosc
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patients recciving chemotherapy only. There were no changes
in cither P24 or hormone receplor cxpression following
chemotherapy without hormone priming. Furthermore, *'.erc
was no instance of an increasc in proliferation index follow-
ing chemotherapy alone.

The patterns of response following in vivo oestroger
cxposure were thus variable and included: (a) induction of
new protein synthesis; (b) induction of new protein synthests
together with stimulation of proliferation; (c) stimulation of
proliferaticn occurring without induction of new protein syn-
thesis. While some of these effects, e.g. induction of PR
synthesis, appear to be dependent on the presence of specific

irogen receptor, increased proliferation of P24 synthesis

i be induced by ocstrogens in the apparent absence of
specific ER. In this regard it should be pointed out that since
receptor status was determined by demonstration of ER pro-
tein by means of immunological rather than hgand binding
methods these results are unlikely to be due to receptor
masking by high cndogenous steroid leveis (Thorpe, 1987)

While it remains possible that oestrogenic effects were due
to the presence of receptor at concentrations not detectable
by current immunological techniques the possibility should
be considered that oestrogens can exert significant effects in
clinical breast cancer by mechanisms other than binding to
specific ER.
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Tumor Factors Predicting for Prognosis

in Metastatic Breast Cancer

The Presence of P24 Predicts for Response to

Treatment and Duration of Survival

L. Seymour, MBBCh, FCP, W. R. Bezwoda, FCP, PhD,

and K. Meyer, BSc

Fifty-one patients with metastatic breast cancer were investigated to determine
tumor parameters with prognostic significance. Investigations included
determinations of P24 content by immunocytochemical means using a monoclonal
antibody o P24 protein; immunocytochemical analysis of estrogen and progesterone
receplors; ploidy analysis by flow cytometry, and histologic grading. There were
significant correlations between the presence of P24 and estrogen receptor, between
histologic grade and P24 expression, and between estrogen and progesterone
receptors. Of the tumor factors investigated ouly P24 protein was, however, of
prognostic significance. Patients with P24-positive tumors had a significantly higher
rate of response to treatment as well as more prolonged duration of response and. —
duration of survival from diagnosis of metastatic disease. None of the other
variables investigated were significantly prediciive of outcome. P24 protein may be

a useful predictor of prognosis in metastatic breast cancer.

Cancer 66:2390-2394, 1990.

W HILE HOST-RELATED FACTORS, including perfor-
mance status as well as the extent of distribution
of metastases,"? are clearly of prognostic importance in
patients with metastatic breast cancer, there has been only
limited investigation of tumor-specific markers as guides
to prognosis. A previous investigation from this institution
showed that elevated CEA (carcinoembryonic antigen)
and/or serum ferritin levels at initial assessment were as-
sociated with a poorer prognosis.’ However, the prognostic
significance of these markers probably relates to tumor
bulk rather than to tumor biology. While hormone re-
ceptor content correlates with response to hormone ther-
apy, the predictive value of this investigation is greatest
+hen excluding patients whose tumors are receptor neg-
ative from hormone treatment.*'® Labelling index ap-
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peared, in one study, to predict for response to
chemotherapy'! but this finding was not confirmed in an-
other investigation.'? Hormone receptor content was .
shown in one study'? to correlate with response to che- -
motherapy but again this finding was not confirmed in a
aumber of other investigations.'*'¢

Since approximately 50% of patients with breast cancer
will ultimately develop metastases, the definition of tumor
factors with prognostic significance is of some importance.
Previous investigations from this laboratory have dealt
with the relationship of a number of tumor factors and
the response of metastatic disease to hormone manipu-
lation.'™*® The present study aimed to address this ques-
tion in relation to chemotherapeutic treatment by the in-
vestigation of a number of tumor parameters including
hormone receptors, tumor ploidy, and detection of P24
protein'®* at the time of diagnosis of metastatic disease.

Patients and vlethods

The study population consisted of S| patients with
metastatic breast cancer attending the Breast Clinic of the
authors’ institution between January 1987 and January
1988, Metastases were confirmed by histologic or cytologic
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examination of accessible tumors. None of the patients
had prior chemotherapy for metastatic disease. Adjuvant
chemo- or hormone therapy, when given, had been dis-
continued at least 2 years prior to entry into the study.
All patients included in the study had at least one area of
measurable disease and all patients had tumors accessible
to biopsy. All patients entered into this study had 2 per-
formance status = 2 (ECOG). Further patient details are
given in Table 1.

In addition to routine histelogic/cytologic investiga-
tions, biopsy (either needle or surgical biopsy) specimens
were obtained for determination of estrogen receptor (ER)
and progesterone receptor (PR) content as well as DNA
distribution by flow cytometric analysis and for P24
expression. ER, PR, and P24 estimations were performed
by immunocytochemical methods as detailed below.

. ~cimens for immunocytochemical and flow cytometric
.ostigations were transported on ice and were either
processed immediately or stored at —{35°C for later use.

Monoclonal antibody to P24 was donated by Dr. W.
McGuire (University of Texas Health Science Center).
Avidin Biotin (Vectastain ABC Kit) was obtained from
Vector (Vector Laboratories, Burlingame, CA). Non-
immune mouse IgG and diaminobenzidine (DAB)
were purchased from Sigma (Sigma Chemical Co., St.
Louis, MO).

Immunocytochemical Staining for ER and PR

fmmunocytochemical staining for ER?' was performed
using the Abbott ER-ICA kit (Abbott Laboratories, Chi-
cago, [L) according to the manufacturer's instructions.
Immunocytochemical staining for PR was performed ac-
cording to previously described methods using a mono-

TABLE 1. The Influence of P24 on Breast Cancer Prognosis
Variable Patients Na. %
Metastatic 51 100
Frmale 51 100
ER+ 20 40
ER- 3t 60
PR+ il 2t
PR~ 40 79
Prior adjuvant hormone
treatment {(tamoxifen) 20 40
Prior adjuvant chemotherapy 3 21
Histologic grade
[ and 2 19 37
k) 32 63
Tumor cell DNA content
(ploidy)
Diploid 30 58
Ancuploid 21 42
Mecaa Sb
Age 47.6 8.4
Number of metastatic sites 17 0.9

ER: estrogen reccptor, PR: progesterone receptor,
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clonal antibody to rabbit PR that cross reacts with human
PR and has been shown to be highly specific for PRs 2~

P24 Protein Immunocytochemistry

Frozen sections were placed on HCl—<thanol-cleaned
slides. Specimens were fixed by immersion in 3.7% for-
malin tor 10 minutes followed by ice-cold methanol for
4 minutes, and then ice cold acetone for [ 10 2 minutes,
Slides were rinsed with cold phosphate-buffered saline,
immersed in H,O;-methanol (1o block endogenous per-
oxidase), and then nused again. Thereafter slides were
incubated tor 3 hours with monoclonal anti-P24 antibody
(5 pg/ul) at 20°C. The reaction was developed with DAB,
slides were counterstained with Meyer's hernatoxylin, se-
rially deliydrated with graded alcohols and xylene, and
mounted with coverslips. All assays were performed with
negative controls substituting non-immune mouse [gG
for primary antibody and with a positive control using
MCF 7 cells grown under optimal conditions for hormone
receptor expression and P24 expression. Slides were ex-
amined at X400 magnification.

P24 staining was considered positive if more than 10%
of cells showed cytoplasmic staining in an assay with ap-
propriate findings for positive and negative controls. The
scoring system used for assessment of P24 staining has
previously been reported'’ and is based on that used for
ER-ICA detection. All biopsy specimens were examined
by routine histologic methods for the presence of tumor
cells. Immunocytochemical assays were performed using
sections adjacent to histologically involved areas, and only
identifiably tumor cells were counted for immunocyto-
chemical estimations. At least 100 cells were counted per
field and at least tet “.-ids were examined.

Flow Cytometric Analysis

Flow cytometric analysis was performed using a Coulter
Epics cytometer (Coulter Electronics, Hialeah, FL) after
enzymatic digestion of minced fresh or frozen tissue sam-
ples and staining with propidium iodide. DNA distribu-
tion was compared to a standard of human lymphocyte
nuclei freshly prepared in similar fashion to the tissue
fragments. Ancuploid tumors were defined as those with
DNA indices higher or lower than 1.0 to 1.1, while for
diploid tumors the DNA indices fell within this range. All
specimens were analyzed in duplicate. Only assays where
the coefficient was less than 5% were regarded as analyz-
able.

Tumor grade was assessed after the method of Bloom
and Richardson.*

Clinical assessment prior to treatment included, apart
from history and physical examination, chest x-ray, bone
scan, CT scan of the liver, full blood count, and automated
biochemical profile. Measurable lesions were recorded as
the product of the largest bidimensional diameters.
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All patients were treated by means of a three-drug
combination chemotherapy regimen coansisting of mito-
xantrone (12 mg/m?), cyclophosphamide (600 mg/m?),
and vincristine (1.4 mg/m?). All drugs were given intra-
venously every 3 weeks. Details of this chemotherapy
schedule have been published previously,® and the treat-
ment regimen gives a response rate and response duration
comparable with other combination therapies for meta-
static breast cancer, ER-positive patients in addition re-
ceived tamoxifen (20 mg/day).

Re-evaluation of measurable disease was performed on
day | of each treatment cycle and included three weekly
radiologic examination of the chest and repeat bone scan
and CT scan of the liver after every third cycle of treatment
where bone or liver lesions were being followed. Assess-
ment of response was as recommended by the Task Force
on Breast Cancer of the UICC.?’

Statistical methods included chi-square analysis, Stu-
dent’s ! test, survival analysis using the log rank® and
Kaptan-Meier methods, and multivariate analysis using
Cox proportional hazards model.

All patients gave informed consent prior to biopsy, and
the study was performed with the approval of the Ethics

TasLE 2. Influence of P24 Expression on Breast Cancer Prognosis:
Correlation Between P24, Receptor Status,
Tumor Ploidy, and Histologic Grade
Varable P24+ P24~ P value
ER+ 14 6 0.05
ER~- 12 9
PR+ 6 s NS
PR~ 20 20
Ploidy
Ancuploid 12 10 NS
Diploid 14 15
Histologic grade
land 2 14 5 0.02
3 12 20
Vanable ER+ ER-
PR+ 10 | 0.001
PR~ ] 29
Ploidy
Ancuploid 9 13 NS
Diploid 12 17
Histologic grade
{and 2 10 9 NS
3 1 21
Variable PR+ PR
Ploidy
Aneuploid 4 18 NS
Diploid 7 22
Histologic grade
land 2 6 13 NS
3 5 27

ER: estrogen receptor: PR progesterone receptors NS: not significant.
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TasLe 3. The lnfluence of P24 Expression on
Breast Cancer Prognosis: Response Rate
No. CR + PR* No response P value
P24+ 28 20 [ 0.0t
P24- 25 10 5
ER+ 20 13 38 NS
ER- 3t 17 13
PR+ tl 6 5 NS
PR- 40 23 17
Diploid 30 20 10 NS
Aneuplotd 21 10 1l
Grades | and 2 19 13 6 NS
Grade 3 n 7 15

CR: complete response; PR*: partial response; ER: estrogen receptor:
PR: progesterone ceceptor; NS: not significant,

Committee of the University of the Witwatersrand in ac-
cordance with the principles of the Declaration of Hel-
sinki.

Results

Correlations between the tumor variables examined are
shown in Table 2. Positive staining for P24 was signifi-
cantly more frequent in ER-positive as compared to ER-
negative tumors. P24 positivity was also significantly more
frequent in Grade 1| and ? tumors as compared to his-
tologic Grade 3 tumors. The only other significant cor-
relation was between ER and PR.

Response to treatment is shown in Table 3. Prior ad-
juvant therapy did not affect the response rate to treatment
for metastatic disease. The response rate {or patients who
had prior adjuvant tamoxifen, (1 of 20 (55%), and the
response rate for those receiving pror adjuvant chemo-
therapy. 7 of 11 (64%), was similar to the overall response
rate, 30 of 52 (59%). The response to CNYV (cyclophos-
phamide, mitoxantrone, vicristine) alone, 17 of 31 (55%).
aor CNV plus tamoxifen (for ER-positive patients), {3 of
20 (65%), was aiso not significantly different.

Patients with P24-positive tumors showed a signifi-
cantly higher rate of response to treatment for metastatic
disease than those with P24-negative tumors. There were
no significant differences in regard to clinical determinants
including performance status, number of metastases, and
anatomic site of metastases between P24-positive and P24-
negative tumors (Table 4). [n a multivariate analysis in-
cluding P24, ER. PR, tumor ploidy, and histologic grade,
only P24 significantly correlated with response.

Duration of response is shown in Figure 1. The response
duration of P24-positive tumors (median, 12 £ 3 moaths)
was significantly longer than that of P24-negative tumors
(median. 3 £ 2 months; P < 0.05). Duration of survival
was stmilarly longer for paticnts with P24-positive tumors
(median, 20 = 3 months) 2 compared to those with P24-
negative tumors (mediar, 15 * 2 months). Neither ER
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status nor PR status correlated with duration of response
or with overall survival.

Discussion

A number of tumor-related factors including nodal sta-
tus, 32 receptor content,’** ploidy and proliferative in-
dex,*™* tumor size,* and histopathology?**>** predict
for treatment outcome in early breast cancer. Much less
is known, however, about tumor factors that may be
prognostic in patients with metastatic breast cancer.

The 24KD g-otein designated P24 is an estrogen-reg-
ulated secretory protein first detected by Edwards and co-
workers in MCF 7 cells.'*?® P24 protein has also been
found in other ER-positive cell lines as well as in highly
estrogen-responsive target tissues such as human decidua
and in certain cells of the female genital tract.*>*¢ P24 is
generally not detectable in normal or hyperplastic breast
tissue. While the synthesis of P24 appears to be consti-
tutive in MCF 7 cells, both mRNA expression and syn-
thesis of the protein are selectively increased by estrogenic
stimulation. It has therefore been suggested that the pres-
ence of P24 protein might serve as a cellular marker of
estrogen action.

In the present study, cytoplasmic P24 protein was found
to be significantly correlated with ER and with histologic
grade. but not with PR. While these correlations suggest
that P24 expression may be related to ER status, the in-
duction of P24 synthesis and PR synthesis may follow
different pathways.

Recent DNA sequencing studies have shown that the
P24 protein appears to be identical’’ with a human heat
shock designated hsp 27, which was first detected in He
La cells,*® and that heat shock can also induce P24 in
MCF 7 ceils. P24 protein may thus be one of a series of
proteins responsive to environmental stress, of which es-
trogen stimulation may be only one factor.

TaBLE 4, Tumor Factors Predicting for Response to Chemotherapy
in Metastatic Breast Cancer: Correlation Between
P24 Status and Patient Determinants

P24+ P24 P value

Age (mean + SD) 44,8 £9.3 48.4 £ 10.1 NS
Performance status

Qand ) 14 13 NS

2 15 15
No. of metastases 1.7 08 1.6 £ 0.9 NS

(mean * SD)

Metastatic sites

Bone 10 9

Soft tissue 12 "

Lungs and pleuras 7 8

Liver 7 s

k]

Other 3

NS: aot significant.
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FiG. 1. Influence of P24 expression or survival of patients with met-
astatic breast cancer treated by chemotherapy.

While the function(s) of the P24/hsp 27 proteins is un-
known, it appears to have clinical significance. A recent
investigation has demonstrated that the presence of hsp
27 in primary breast cancer is a factor predicting for earlier
relapse.*? The present study suggests that the finding of
P24 protein in tumor cells predicts both response to treat-
ment and duration of response in patients with metastatic
breast cancer. While celis that express these proteins may
thus have increased metastatic potential and/or growth
advantage, such cells appear more sensitive during ther-
apy. Further clinical and biochemical studies may help
to further elucidate the significance of P24/hsp proteins
as markers of cell behavior,
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status nor PR status correlated with duration of response
or with overall survival.

Discussion

A number of tumor-related factors including nodal sta-
tus, 32 receptor content,*>* ploidy and proliferative in-
dex,"*% tumor size.*' and histopathology®*>* predict
for treatment outcome in early breast cancer. Much less
is known, however, about tumor factors that may be
prognostic in patients with metastatic breast cancer.

The 24KD protein designated P24 is an estrogei-reg-
ulated secretory protein first detected by Edwards and co-
workers in MCF 7 cells.'™#® P24 protein bas also been
found in other ER-positive cell lines as well as in highly
estrogen-responsive target tissues such as human decidua
and in certain cells of the female genital tract.***¢ P24 is
generally not detectable in normal or hyperplastic breast
tissue. While the synthesis of P24 appears to be consti-
tutive in MCF 7 cells, both mRNA expression and syn-
thesis of the protein are selectively increased by estrogenic
stimulation. It has therefore been suggested that the pres-
ence of P24 protein might serve as a cellular marker of
estrogen action.

[n the present study, cytoplasmic P24 protein was found
to be significantly correlated with ER and with histologic
grade. but not with PR, While these conelations suggest
that P24 expression may be related to ER ‘status, the in-
duction of P24 synthesis and PR syathesis may follow
different pathways.

Recent DNA sequencing studies have shown that the
P24 protein appears to be identical®’ with a human heat
shock designated hsp 27, which was first detected in He
La cells,”® and that heat shock can also induce P24 in
MCF 7 cells. P24 protein may thus be one of a series of
proteins responsive to environmental stress, of which es-
trogen stimulation may be only one factor.

TasLeE 4, Tumor Factors Predicting for Response to Chemotherapy
in Metastatic Breast Cancer: Correlation Between
P24 Status and Paticnt Determinants

P24+ P24 P value

Age (mean + SD) 448 93 48.4 + 10,1 NS
Performance status

Oand | 14 13 NS

2 15 s
No. of metastases 1.7+£08 1.6 £0.9 NS

{mean + 3D)

Metastatic sites

Bone 10 9
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FiG. 1. Influence of P24 expression or survival of paticnts with met-
astatic breast cancer treated by chemotherapy.

While the function(s) of the P.” . /hsp 27 proteins is un-
known, it appears to have clinical significance. A recent
investigation has demonstrated that the presence of hsp
27 in primary breast cancer is a factor predicting for earlier
relapse.* The present study suggests that the finding of
P24 protein in tumor cells predicts both response to treat-
ment and duration of response in patients with metastatic
breast cancer. While cells that express these proteins may
thus have increased metastatic potential and/or growth
advantage, such cells appear more sensitive during ther-
apy. Further clinical and biochemical studies may help
to further elucidate the significance of P24/hsp proteins
as markers of cell behavior.
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Abstract

Plasma levels of platelet-derived growth factor (PDGF) were measured in 58 female patients with breast
cancer and in 9 normal female control subjects by means of a specific radioimmuncassay. Levels in normal
control subjects were all below the lower limits of detection by the assay (1.56 fmol/100 g plasma). Two of 17
(12%) patients with stage 2 breast cancer had detectable plasma levels. Among patients with Stage 4 breast
cancer 13/41 (32%) had significantly elevated levels (> 2 times the lower limit of sensitivity of the assay).
Patients with elevated PDGF levels had a significantly greater degree of metastatic involvement and
significantly shorter survival. Apart from being a marker of aggressive high bulk breast cancer, PDGF may
be involved in the acceleration of growth of some metastatic breast tumors.

Inwroduction

The production and secretion of polypeptide
growth factors is an impostant mechanism in the
growth and differentiation of a numb. -~ of cell types
[1-3]. These growth factors exer. their effects on
cells by interaction with specific receptors on the
cell surface. The genes coding for a number of
these growth factors or their receptors have been
id_ntified as being cellular oncogenes [4-7]. While
the regulated production and secretion of such
growth factors is a normal physiologic feature,
aberrant production of growth factors has been
identified in a number of tumor tissues and cell
lines {8-10]. Autocrine and/or paracrine stimula-
tion of cell proliferation by such tumor derived
growth factors is thought to be an important mech-
anism in tumor growth and progression [2].

Breast cancer cell lines have been shown in vitro
to produce and to be able to respond to a number of
growth factors including transforming growth fac-
tor a and B (TFG a and TGF B} [11-13] as well as
platelet-derived growth factor (PDGF) [14, 15]. in
vivo studies which suggest that growth factor activ-
ities may be important for tumor growth are the
studies demonstrating tiie prognostic importance
of EGF receptor expression [16, 17] by breast can-
cers and the observation that increased levels of
HER-2/neu oncogene expression are also associ-
ated with a worse prognosis [18]. The protein prod-
uct of this oncogene has recently been identified as
a growth factor receptor [19].

While the mechanism of autologous growth stim-
ulation in tumor cells does not always involve ex-
tracellular transport of putative growth factors {1},
it is known that in breast cancer cell lines a number
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Abstract

Plasina levels of platelet-derived growth factor (PDGF) were measured in 58 female patients with breast
cancer and in 9 normal female control subjects by means of a specific radioimmunoassay. Levels in normal
control subjects were all below the lower limits of detection by the assay (1.56 fmol/100 pl plasma), Two of 17
(12%) patients with stage 2 breast cancer had detectable plasma levels. Among patients with Stage 4 breast
cancer 13/41 (32%) had significantly elevated levels (>2 times the lower limit of sensitivity of the assay).
Patients with elevated PDGF levels had a significantly greater degree of metastatic involvement and
significantly shorter survival. Apart from being a marker of aggressive high bulk breast cancer, PDGF may
be involved in the acceleration of growth of some metastatic breast tumors.

Introduction

Tne production and secretion of polypeptide
growth factors is an important mechanism in the
growth and differentiation of a number of cell types
[1-3]. These growth factors exert their effects on
cells by interaction with specific receptors on the
cell surface. The genes coding for a number of
these growth factors or their receptors have been
identified as being cellular oncogenes [4-7]. While
the regulated production and secretion of such
growth factors is a normal physiologic feature,
aberrant production of growth factors has been
identified in a number of tumor tissues and cell
lines [8-10]. Autocrine and/or paracrine stimula-
tion of cell proliferation by such tumor derived
growth factors is thought to be an important mech-
anism in tumor growth and progiession [2].

Breast cancer cell lines have been shown in vitro
to produce and to be able to respond to a number of
growth factors including transforming growth fac-
tor a and B (TFG o and TGF ) [11-13] as well as
plaielet-derived growth factor (PDGF) [14, 15]. In
vivo studies which suggest that growth factor activ-
ities may be important for tumor growth are the
studies demonstrating the prognostic importance
of EGF receptor expression [16, 17] by breast can-
cers and the observation that increased levels of
HER-2/neu oncogene expression are also associ-
ated with a woi.e prognosis [18]. The protein prod-
uct of this oncogene has recently been identified as
a growth factor receptor {19].

While the mechanism of autologous growth stim-
ulation in tumor cells does not always involve ex-
tracellular transport of putative growth factors [1},
it is known that in breast cancer cell lines a number
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of the growth factors are indeed secreted and that
in turn such cells can respond to exogenously added
growth factors [20, 21]. The ability to measure
growth factors in the minute concentrations pre-
sent in the plasma has added a new dimension to
our potential understanding of the mechanisms
regulating breast cancer growth. The aim of this
investigation was to determine whether growth fac-
tor activities could be detected in the plasma of
patients with malignancies. The present study con-
centrates on the detection of PDGF activity in pa-
tients with breast cancer.

Patients and methods

The study population consisted of 58 patients with
histologically proven breast cancer attending the
Breast Clinic of the Johannesburg Hospital. Seven-
teen of the patients had Stage 2 breast cancer and
were either receiving or had completed adjuvant
chemotherapy following primary treatment for lo-
cal disease. Forty-one patients were suffering from
Stage 4 metastatic breast cancer for which they
were being treated either by means of chemother-
apy or by hormone therapy. Bload for PDGF esti-
mation was taken at the \ime of diagnosis of meta-
static diz: -nse. Further patient details are shown in
Tables 1 and 2. In addition to the patients with
breast cancer, 8 normal individuals were studied in
order to provide an internal control for the assay.
PDGF should be undectabie in the plasma of nor-
mal individuals. These 8 control subjects were all
female and the age range was similar to that of the
patient population.

Blood samples for PDGF estimations were
drawn at 08h00 into vacutainer tubes containing
sodium citrate (0.105 M) which had been prechilled
to 4°C. Blood samples were rapidly separated by
centrifugation at 10,000 g for 30 minutes, and the
platelet-poor plasma was stored at —20°C until
analysis. Plasma PDGF estimations were perform-
ed by means of a commercially obtainable immu-
noassay (Amgen Biologicals, Amersham I[nterna-
tional, Amersham, U.K.) which utilises a high spe-
cific activity '"®[-PDGF (C-sis, recombinant) tracer
together with a highly specific and sensitive anti-

serum. Separation of the antibody-bound from the
free fraction is achieved by addition of a donkey
anti-sheep second antibody/PEG mixture followed
by centrifugation. This assay system was used ac-
cording to manufacturer’s instructions and is capa-
ble of detecting PDGF in a range of 1.56-200 fmol
per tube. All samples were assayed in duplicate
using separate blood samples obtained at the same
phlebotomy, and only samples that agreed within
5% of each other were considered as valid. The
intra-assay coefficient of variation for the purified
standards was <2%. Percentage cross-reactivity
of this assay for other growth factors is as follows:
PDGF B-B homodimer 79%; PDGF human puri-
fied 61%; EGF (human) < 0.0004%, TGFB g (hu-
man) <0.08%; B thromboglobulin (human)
< 0.03%; platelet factor 4 (human) <0.06%.

All patients included in the study were staged
according to accepted criteria. Minimum staging
procedures included history and full physical exam-
ination, chest x-ray, radioisotope bone scan, to-

Table 1. Patient details, Stage 2 discase

Number %

Pathology

Infiltrating duct cancer 15 88

Other 2 12
Primary

TI 7 41

T2 10 58
Nades (aumber positive)

0 i 6
1-3 7 41

>3 9 53
Hormone receptor status

ER + 3 17

ER - 4 24

ER unknown 10 59
Treatment

Prior CMF 7 41

Currently Recurring CMF 9 53

Hormonal therapy L 6
Age

mean * SD 42 + 11

range Kl
Platelet count

mean * SD 222 = 49

range g2 -~ 34




gether with x-rays of any areas of increased isotope
uptake, hepatic ultrasound, and automated bio-
chemical profile analysis (Technikon 18/60) includ-
ing electrolytes, calcium, and hepatic function
tests. Patients who were suspected of having hepat-
ic metastases either by clinical examination, by
ultrasonography, or because of biochemical ab-
normalities had the presence of metastases con-
firmed by computerised tomography of the liver.
Blood counts including hemoglobin estimation,
white cell count, and differential count and platelet
counts were performed at the same time as phlebo-
tomy for PDGF estimation.

Details of previous and present therapy, prior
hormone receptor determinations on primary or
metastatic tumors, and clinical course of the dis-
ease were abstracted from the clinical records. Ini-
tial hormone receptor determinations were per-
formed by means of the ligand-binding dextran-
coated charcoal (ER DCC) methods after
McGuire and co-workers. In addition a number of

Tabie 2. Patient details, Stage 4 disease

Number %

Pathology

Infiltrating duct cancer 34 83

Other 7 17
Metastatic sites involved

Skin and soft tissue 26 63

Bone 23 56

Lung & pleura 19 46

Liver 18 44

Q*er 9 22
Hormone receptor status

ER + 8 20

ER - 12 29

ER unknown 21 51
Treatment

Chemotherapy 32 78

Hormone treatment 9 22
Age

mean * SD 47 + 14

range 29 - 170
Platelet count (x 10%1)

mean * SD 212 + 47

range 78 - 327
Metastatic sites/paticnt

mean £ SD 1.6 + 04

Platelet-derived growth factor in breast cancer 13

patients who had metastatic Jdisease accessible for
biopsy had needle biopsies performed at the time
of PDGF assay, for histologic examination as well
as for hormone receptor determination by immu-
nocytochemistry using previously described meth-
ods.

Disease-free survival (from time of original diag-
nosis to first evidence of metastases) and survival
from diagnosis of metastatic disease werc calculat-
ed according to the log rank method of Peto and
Pike. Other statistical tests included Students t test
and y? analysis.

The study was performed in accordance with the
principles of the Declaration of Helsinki. All pa-
tients participating in the study gave informed con-
sent, and the study was approved by the Commit-
tee on Ethics of Human Research of the University
of the Witwatersrand.

Results

None of the normal sera contained measurable
(> 1.56 fmol) levels of PDGF in plasma. In Stage 2
breast cancer, 2 patients were found to have levels
of PDGF above the lower limit of measurability for
the assay (Fig. 1). Data from these two patients was
reviewed at latest follow-up 4 months from the time
the assay was performed. One of the two had a
strong family history of breast cancer, but both are
still classified as having Stage 2 disease.

Among patients with Stage 4 breast cancer, 13 of
the 41 patients had PDGF values > 3.2 fmol (2 X
greater than the lower limit of detection of the
assay); the highest level was 7.8 fmol (Fig. 1). Dis-
case-free survival (from time of original diagnosis
to first detection of metastatic disease) was signif-
icantly shorter (DFS 13 months) for patients with
PDGF values > 3.2 fmol than for patients with
stage 4 disease who had PDGF values <3.2 (DFS
40 months).

There was no specific pattern of metastasis that
was related to PDGF value. Metastatic involve-
ment at all sites was seen in patients with PDGF
values <3.2 fmol as well as among those with
PDGF values > 3.2 fmol. Patients with PDGF val-
ues >3.2 fmol did, however,.have significantly
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Fig. 1. Distribution of plasma PDGF values in patients with
breast cancer. The value of 1.56 fmol/100 ! plasma represents
the lower limit of detection of the assay. The upper dotted line
(3.2fmol/100 ! plasma) is 2 X the lower limit of sensitivity of
the assay.

more metastatic involvement (median number of
metastatic sites involved per patient =4) than
those with PDGF values of < 3.2 fmol (median
number of metastases per patient =2) (p < 0.05)
(Table 3).

There was no correlation between PDGF value
and platelet count or other hematologic indices.
Three of the patients with metastatic disease and
one patient receiving CMF chemotherapy had mild
elevation of fibrin degradation products (FDP) in
the serum. These did not, however, correlate with
elevated PDGF values. The PDGF values for these
patients were 2.3, 2.3, 3.4, and 2.2{mol respec-
tively.

Seven of 13 patients with PDGF values >3.2
fmol have died during the 4 month observation
period since the assays were done, as compared to
3/28 deaths amongst patients with PDGF values of
<3.2 fmol (x* 8.95, p< 0.01). Survival from the
time of diagnosis of metastatic involvement was
significantly shorter (p < 0.05) for patients with
PDGF values >3.2 fmol than for patients with
PDGF values < 3.2 fmol (Fig. 2).

Discussion

Platelet-derived growth factor (PDGF) is a fainily
of cationic glycoproteins initially identified as a
platelet product [22]. PDGF is found in the gran-
ules of platelets and can be released from these
cells on exposure to thrombin and collagen. PDGF
is a potent mitogen and has been shown to stim-
ulate proliferative activity of untransformed fibro-
blasts and glial cells, and as such may be invalved in
normal tissue repair processes after injury [23].

Mitogenically active PDGF is a dimer of two
polypeptide chains which have been identified as
PDGFA (or PDGF-1) and PDGFB (or PDGF-2)
linked together by disulphide bonds. Mitogenic ac-
tivity appears to reside mostly in the B chains, since
both PDGF AB and PDGF BB are highly mitogen-
ic, while PDGF AA has only low mitogenic activity
[24]. The biologic effects of PDGF are mediated by
specific cell surface receptors with an extracellular
domain and intracellular tyrosine kinase activity
[25].

Under normal circumstances, the in vivo mito-
genic activity of PDGF is confined to sites of injury
or repair. Normal human plasma does not contain
detectable levels of PDGF. Secreted PDGF is
quickly bound to circulating binding proteins such
as B2-macroglobulin [26, 27], and such binding in-
hibits the interaction of PDGF and its receptor.

Table 3. Relationship of plasma PDGF values with clinical and
pathological variables

Number PDGF PDGF P
< 3.2 fmol >3.2 fmol valuc
Totals 28 13
Pathology
Infiltrating duct cancer 22 10 NS
Other 4 3
Hormone cceptor status
ER + 6 0 NS
ER - 3
ER unknown 17 10
Number of metastatic sites
<2 23 5 <0.05
>2 5 8
Mecdian diseasc-free interval
{months) 13 40 <0.05




Elevated levels of PDGF have, however, been
found in a number of disease states including mye-
loproliferative disorders [28]. In the present in-
vestigation, elevated levels of PDGF were found in
a significant proportion of patients with advanced
breast cancer, particularly those with more exten-
sive metastatic involvement.

The association of efevated levels of PDGF with
high bulk tumors suggests either production and
secretion of PDGF from tumor cells themselves, or
production and release of PDGF by tumor associ-
ated elements such as stroma or even by circulating
platelets which have in some way been activated by
the presence of tumor [29]. It should be noted at
this point that none of the patients with markedly
elevated PDGF levels had evidence of dissemi-
nated intravascuiar coagulation (DIC) or other pla-
telet related abnormalities. Whatever the origin,
the association of elevated PDGF levels with more
aggressive disease suggests that PDGF may play a
role in tumor progression.

While PDGF synthesis and secretion was initial-
ly found in platelets, other cell types such as mono-
cytes/macrophages, endothelial cells, vascular
smooth nauscle cells, embryonic cells, and mega-
karyocytes (2, 3] have been found to produce this
growth factor. PDGF synthesis and refease has also
been found in a number of leukemic cell lines and
in HTLV-infected lymphocytes [30-32]. The find-
ing that the simian sarcoma virus (S5V) encoded
V-sis protein is homologous to the f$-chain of
PDGF has led to the suggestion that PDGF may be
intimately involved in the process of retrovirus-
induced neoplasia [5]). More recently it has been
suggested that the cellular C-sis homolog may play
asimilar role in non-virally induced neoplasia. Pro-
duction of PDGF has also recently been found in a
number of malignant non-hemopoietic cell lines
including meenthelioma, Wilms tumor, melanoma,
and prostrat. and ovarian cancer, as well as in
breast cancer cell lines [33-36]. PDGF has been
shown in a number of these in vitro systems to be
mitogenic for neoplastic cell lines [37]. I other
instances, PDGF appears to sensitize cells to the
growth stimulatory effects of EGF.

While it is tempting to ascribe the elevated
PDGEF levels found in these patients to release by
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Fig. 2. Survival from diagnosis of metastatic discase. O PDGF
< 3.2 fmol/100 ul plasma, ® PDGF > 3.2 fmol/100 i plasma.

tumor cells themselves and to speculate on a role

for PDGF as an autocrine/paracrine growth factor,

there is at pres<nt no clear proof that PDGF was
involved in the mechanism of the progression. A
clearer understanding of these findings may well
come from future studies of the PDGF and PDGF
receptors in breast tumor tissue.
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Letters

Hormone Priming in Breast Cancer:
Oestrogen Priming Has a Detrimental
Effect on Response in Oestrogen
Receptor-negative Patients

Lesley Seymour, Karin Meyer and
Werner R. Bezwoda

POTENTIAL THERAPEUTIC benefits from hormonal recruitment of
neoplastic cells into the cell cycle has been suggested in a number
of preclinical observarions and has also been reported in clinical
studies {1-4). Results have, however, not been uniformly
favourable [5, 6). We underrook a randomised controlled trial
cornparing treatment with combination chemotherapy with or
without diethylstitbestrol (DES) priming. Eligibility criteria
included pre- and postmenopausal patients with histologically
documented recurrent or progressive breast cancer with at least
one measurable site of disease. Oestrogen receptor-positive
(ER+) and oestrogen receptor-negative (ER~—) patients were
included in the study. Receptor status was determined at the
start of the study by biopsy of accessible metastatic lesions
(usually cutaneous), the determinations being carried out immu-
nochemically using acommercially available kit (ER-ICA, Abbot
Laboratories) according to the manufacturer’s instructions.
Additional histological material was utlised for determination
of progesterone receptor, proliferative index (PI), assessed by
fluorescence-activated cell sorter, and the expression of the
proliferation-associated antigen Ki67 [7-9]. Patients with
accessible tumour were rebiopsied at the end of oestrogen
priming and again at the end of the first cycle of chemotherapy.

The chemotherapy regimen used in both arms of the study was
identical and consisted of a combination of cyclophosphamide
600 mg/m?, mitoxantrone 12 mg/m? and vincristine 1.4 mg/m?
given intravenously (iv) once every 28 days (CNV). Patients
randomised to the hormone priming arm (DES-CNV) received
DES § mg orally daily for 5 days starting on day 1 of cach
chemotherapy cycle. Postmenopausal patients on the hormone
priming arm received, in wddition, aminoglutethimide 250 mg
twice daily orally throughout the entire treatment period. Ran-
domisation was by the random number closed envelope tech-
nique and all patients gave informed consent. The study was
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Table \. Hormone priming in breast cancer. Patients’ characteristics

Letters

Table 2. Hormone priming in breast cancer: response 1o treatment

DES-CNV CNV DES-CNV CNV
No. patients entered 23 25 Response rate 5(26%) 11(55%)
Mean age (range) 48 (29-69) 47 (28-71) Complete response 2(10%) 5(25%)
Inevaluable 4 5 Partial response 3(16%) 6 (30%)
Reason for inevaluability for No response 14 (74%) 9 (30%)
response
Death prior to initiation of treat 1 2
ment
Lost after 15t dose of treatment 3 k)
Evaluable patients 19 20
Premenopausal 11719 9/20
ER positive 5/19 5/20
ER aegative 14719 15/20 Reasons for the . verse effect of oestrogen priming need to be
Meastatic sites considered. While the DES dose used was relatively large and
Soft tissue only 3 6 the duration of oestrogen treatment (5 days) was somewhat
Bone and local 3 6 . . s e .
Viscera and local 12 10 longer than that dcscx_'jbed in other studxc.s, it should be pomtf:d
Inflamematory 5 3 out that one of the objects of oestrogen priming, namely recruit-
ment of cells into the growth cycle, as evidenceu vy increase in

approved by the Ethics Committee of the University of Witwat-
ersrand and was carried out in accordance with the principles of
the Declaration of Helsinki.

A 1otal of 48 patients were eligible and randomised. 9 (19%)
patients defaulted from treatment during the first course and
were considerd to be unevaluable for response and time to
treatment prograssion. Survival analysis, however, includes
these patients .y to the = of [ast folfow-up. Further patient
details are shown in Tab;.

Of the 19 evaluable patients who received DES-CNV, § (26%)
achieved a response with 2 (11%) complete responses. In the
CNV treatment arm the objective response rate was 11/20 (55%)
with 5 (25%) complete responders (Table 2). This difference in
overall response rate approached statistical significance
(P = 0,06) and was significant for the subgroup of ER - patients
(P = 0,02), with 8/15 (53%) of ER~patients responding to
CNV alone vs. 2/14 (14%) responding to DES-CNV. Among the
patients receiving CNV alone, there was no significant difference
in response rate according to ER status. Premenopausal patients
had a significantly higher response to CNV (7/9, 77%) than did
postmenopausal patients (4/11, 36%) (P = 0.05).

Neither progesterone receptor, tumour ploidy or percentage
positivity foc the praliferation-associated antigen Ki67 had any
impact on response rate. Both ER+ (4/6, 67%) as well as ER—
(10/14, 71%) patients who were rebiopsied after DES priming
showed an increase in Pl and Ki67 expression.

Time to treatment failure (median 200 days for paticnts
reeciving DES-CNV, 300 days for patients receiving CNV), as
well as overall survival (median 410 days, DES-CNV and 450
days, CNV), were not significantly different between the two
treatment groups.

The present study showed a significantly lower responsc rate
among ER - paticnts receiving DES-CNV. That this difference
is dfm to the oestrogen priming is suggested by the lack of
significant differences in response to chemotherapy alone when
ER+ and ER - patients are compared.

PI and Ki67 expression, was in fact achieved with this regimen,
irrespective of ER. A number of previous studies have shown
that pharmacological doses of oestrogen can increase the prolifer-
ation of tumour cells even in the absence of specific receptor
protein. It may well be the ability of oestrogen to stimulate ER -
breast tumours that was responsible for the adverse effect on
response rate since there is no evidence to suggest that oestrogens
have any effect on chemotherapy drug uptake or effiux.

The results of this study suggest that hormanal recruitment is
unlikely to play « major role in improving resuits of chemo-
therapy for advanced breast cancer and in ER — subgroups inay
well have a deleterious effect.
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Interferon plus tamoxifen treatment for advanced breast cancer: in vivo
biclogic effects of two growth modulators

L. Seymour & W.R. Bezwoda

Division of Clinical Hematology and Medical Oncology, Department of Medicine, University of the Win  ersrand, South Africa.

Summary The effects of interferon-a (IFN) plus tamoxifen (TMX) in the treatment of advanced breast cancer
were assessed. Changes of in vivo biologic determinants including hormone receptors, P24 protein, Ki-67 and
growth factor expression were cvaluated. Seven patients with advanced, heavily pretreated, breast cancer with
accessible disease, underwent biopsy prior to and after sequential treatment with IFN and IFN plus TMX.
Clinically 4/7 patients responded 10 treatment with one complete and three partial remissions. Apart from the
favourable response rate the sequential in vive changes in expression of tumour variables were of constderable
interest.

[FN treatment consistently increased the expression of the estrogen receptor (ER) and of the estrogen
regulaled protein P24 while decreasing the expression of the proliferation associated antigen Ki-67. Addition
of TMX on the other hand resulted in a reduction of ER cxpression to pre-lFN levels and a rise in
progesterone receptor (PR) expression.

When the effect of either IFN or TFN plus TMX on the expression of two growth factors was assessed they
were found to be somewhat variable. While PDGF expression tended to be suppressed, there was ne clinical
correlation with response to therapy. TGFB expression was found in all patients prior to treatment and while
all non-respenders showed reduction of TGFB following treatment, the alterations were variable amongst
responders (including two patients with increased expression, one with no change, and one with decreased
cxpression).

It is concluded that both IFN and TMX cxert multiple effects on the expression of tumour biologic
variables and that while the study confirmed some of the predictions from in viiro models, the in vivo cffect are
more complex than has been appreciated from the models. From the clinical point of view, it might be
expected that treatment which eahances the expression of ER in tumours should have a positive effect on the

response to TMX.

Patients with advanced or metastatic breast cancer continue
to pose major therapeutic dilemmas for the practising
oncologist. Despite advances in the detection and treatment
of carly stage discase, patients with advanced breast cancer
almost invariably die of the iliness despite fairly frequent
responses 1o various treatment modalities (Henderson, 1987).
Additions to and substitutions of one or other
chemotherapeutic agent/s in conventional dose combination
chemotherapy has morcover failed to produce any further
substantial improvement in either response rate or response
duration (Coates er ai., 1987).

Since the aim of treatment (or patients with metastatic
disease is palliative, an important consideration is therapy
related toxicity. Amongst the patliative therapies, there is no
doubt that hormonal manipulation remains the approach
with the least treatment related morbidity and mortality.
Hormonally based treatment is however limited both as 1o
the proportion of patients responding and the duration of
response (Byer er al., 1979; Powles ¢f al.. 1984; Bezwoda er
al., 1991). While a number af new hormonal agents have
become available over the last few years it seems unlikely
that there will be major differences among any of them in
regard to ecither of these limitations. It would seem
reasonable however to explore approaches which might inc-
rease the effectiveness of hormone based treatment from
cither the response rate or response duration point of
view. .

Although interferon appears to have limited clinical effect
as a single agent it has interesting in vitro cffects on various
breast car zer derived, esiropen responsive, cell lines including
MCF7 and ZR 75 cells. Alpha interferon has been shown to
increase estrogen receptor (ER) expression, und to have a
synergistic effect together with tamoxifen (TMX) in inhibiting
MCF-7 cell growth (Bezwoda & Meyer, 1990). Other authors

Correspondence: W.R., Bezwoda, Depariment of Mediaine, Umversity
of the Witwatersrand Medical School. York Road. Parkiown 2193,
Johannesburg, South Africa.

Reccived 13 October 1992; and in revised form 11 March 1993,

have reparted similar effects with a interferon using the ZR
75 cell line (Van den Berg er al., 1987) and with B-intetferon
using other breast cancer derived cell lines (Sica et al.,
1987).

In view of the potentially favourable effects of alpha-
interferon on both ER expression and response to tamoxifen
we performed a small pilot tria) wilising interferon with
tamoxifen in patients with locally advanced metastatic breast
cancer. This study gave the opportunity to examine the
effects of these agents on in vivo tumour biology.

Methods

Premenopausal and postmenopausal patients were considered
eligible for entry to the trial il they had informed consent,
had evaluable discase, metastatic skin or soft tissuc lesions
suitable for biopsy, had failed conventional cytotoxic
chemotherapy, and had no prior exposure to hormonal
manipulation. Recruitment began in June 1990 and ended 12
months later,

All patients underwent initial biopsy by means of a der-
matological punch biopsy or cytologic cxamination by fine
needle aspiration and were then started on interferon« 2b
{latian A Scherag S.A.; IFNa) 3 million units sub-
cutaneously three times per week. Fourtcen days later
patienls upderwent a second biopsy, and tamoxifen 20 mg
per day by mouth was added to the treatment. Fourteen days
later a third biopsy was performed.

Response was assessed on the basis of criteria proposed by
the Eastern Co-operative Oncology Group (Hayward er al.,
1979). Toxicity assessment was by WHO criteria. Therapy
with both agents was continued until treatment failure occur-
red.

Biopsy specimens were flash frozen and stored at — 135°C
until use. ER immunocytochemistry. using the Abbot (Abbot
Luaboratories) ER-ICA kit was performed according to the
manulucturers instructions, The monaoclonal antibody to PR
was obtained from Transbio (Transbio, Paris, France), P24
antibody was a kind gift from Dr W. McGuire, San Antonio,



INTERFERON PLUS TAMOXIFEN IN BREAST CANCER 353

Texas. The methods used and specificity of the staining reac-
tions have been previously described (Seymour et al., 1990a;
Seymour et al.. 19905; Seymour er al., 199Cc).

Monoclonal antibody to platelet derived growth factor bb
(PDGF BB) was obtained from Promega (Promega Labora-
tories, Madison Wis., USA). The anti-PDGF aa antibody
was a monospcecific, polyclonal antibody (British Biotech-
nology, Abingdon, UK).

The antibody against TGFa was a polyclonal antibody
(British  Biotechnology) which has neutralising activity
against TGFp,, and TGFB, and which reacts with both
isoforms of this growth factor on Western blotting. This
antibody has been shown in our laboratories o give consis-
tent staining of MCF7 cells (with the intensity of the staining
increasing on exposure of the cells 10 tamoxifen). The neu-
tralising activity of this anti-TGFP antibody has also been
confirmed in our laboratories and hence staining is thought
to represent an active form of TGFB. This antibody does not
show any cross reactivity with acidic or basic fibroblast
growth factors (FGFs), platelet derived growth factor
(PDGF) or epidermal growth factor (EGF).

The immunocytochemiral techniques used a standard
avidin-biotin technique (ABC kit, Vectastain Laboratories).
All immunocytochemical determinations were performed in a
single run, using picric acid-formaldchyde fixed preparations.
Positive controls included tissues processed in the same man-
ner as the experimental tissue and known to stain positively
for the appropriate determinant. Negative controls followed
all the steps used for the immunocytochemical determina-
tions but substituting normal (non-immune) immunoglobulin
from the appropriate species for the primary antibody.

Specimens were examined by light microscopy and scored
according to number of cells positive and intensity of stain-
ing. The scoring system used for ER, PR and P24 was the
H-score method as recommended by the manufacturers of
the ER-ICA kit. TGFB and PDGF bb were graded on a scale
of 0-5, and PDGF aa on a scale of 0-500. Ki 67 was
expressed as a percentage of cells showing positive stain-
ing.

In all cases there was concordance between multiple speci-
mens from the same tumour area. Repent biopsies were
carried out from the same anatomical area as the original
biopsy, w.oiding, however, the site previously subjected to
biopsy induced trouma.

Results

Seven patients were eligible for entry to the trial. Six patients
were premenopausal and had previously failed conventional
cytotoxics, and three of the six had failed second line
chemotherapy as well. One patient was post menopausat and
was deemed suitable for primary hormonal manipulation.

(14%) was a complete response. Two of the four responders
had early minor responses to IFN prior to addition of TMX
to the treatment regimen. The response duration ranged from
4 weeks to 32 wecks. Three patients had no initial response
to therapy. Toxicity from IFN was minimal at the doses used
(Table ). Flu-like symptoms and fever when they occurred
were readily controfled with the use of paracetamol.

At baseline evaluation 5/7 patients were ER positive and
four were PR positive as well. All of the responses occurred
among the ER positive patients, although one patient who
was both ER and PR positive failed to respond. All of the
ER positive patients, including the non-responder, showed an
increase in the intensity of ER staining after [FNe. Of the
three responders who were PR positive, one increased, one
decreased and one showed no chailge in PR expression after
interferon, but all increased PR expression after TMX (Table
).

All of the responding patients were also initially P24
positive and all showed an increase in P24 immunostaining
after interferon administration. Two of the non-responders
showed positive immunostaining for P24 prior to [FN
therapy, and both became negative after IFN.

Two of the four responders had elevated Ki 67 levels
(18-25%), which decreased to low levels after the initiation
of IFNe therapy. Of the three non-responders, only one had
an elevated Ki 67 (19%), whicit faijed to decrease after either
interferon or tamoxifen. This patients was both ER and P24
negative.

Although immunostaining for TGFB could be demonstrat-
ed in all patients, levels in ER positive patients were higher
(mean 2,7) than those in ER negative patients (mean 1,5}, Of
the four responders, three had no change and one decreased
the degree of staining. All the non-responders decreased
TGFB levels after interferon and or tamoxifen (Table V).

All of the patients showed positive staining (or PDGF aa,
but there was no clear pattern of change after either
interferon or tamoxifen that was corcelated with response.
Only two patients had clear positive immunostaining for
PDGF bb, and both of these were responders (IPR, {CR).
Respunding patients thus had a significantly higher level of
PDGF bb than non-responders (1,02 vs 0,2) (Table 1V).

When all the variables were examined for an association
with response to treatment only pretreatment ER positivity
and an increase in P24 expression after IFN treatment cor-
related significantly with response (Table V).

Discussion

In vitro studies suggest that the interferons should be useful
in the treatment of breast canzer, modulating both tumour

The mean age of the patients was 44 years with range 25-53 Table 11 Toxicity from [FNa and IFNa plus tamoxifen
years. All patients had locally recurrent disease, usuvally
extensive and four had concurrent bone metastases. One Worst grade
patient had extensive hepatic metastases. No patient had any ar any e
significant drug related symptoms or morbidity related to  ___ Number _ Per cen (WHO)
biopsies. Further patient details and tumour biologic Flu-ike symptoms 2 29 I
variables at baseline assessment are shown in Table 1. Fever ! 14 1
Four of the seven patients (57%) responded, of which one Hematologic 0 0 v
Table I Patient and biologie determinants and response to treatment with 1F! and TMX
PR PDGF aa K l:r—..'?e;paruc to
Age ER  Hescore P24 TGFB score PDGT bb % treatment
| 25 0 0 100 2 150 0 1 »IR
2 19 100 a 100 2 300 2,5 18 PR
k) 40 130 125 200 5 400 0 6 PR
4 18 0 0 0 [ 150 0 19 NR
5 45 130 30 100 2 250 1.5 15 CR
6 46 1o 110 120 k) 250 0 | NR
7* 53 125 150 200 2 100 0 ! PR

*Postmenopausal.
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Table [l /n vivo effcct of IFN and TMX on tumour ER and PR cxpression by
immunocylochemical assay (ICA)
After [FN After addition of TMX
Increase  Decrcase  No change  Increase  Decrease  No change
Responders
ER-ICA 4 0 { 0 2 2
PR-ICA ' 1 2 3 0 !
Non-responders
ER-ICA 1 0 2 0 t 2
PR-ICA 0 1 2 | 0 2

Table IV {n vivo effect of IFN and TMX on tumour cell expression. The estrogen
regulated protein P24, the proliferation associated antigen K 67 and of two growth
factors

After IFN After addition of TMX
Increase  Decrease  No change  Increase  Decrease  No change
Responders
P24 4 4] 0 0 3 i
Ki 67 0 2 2 0 ! k)
TGFp 0 | 3 1 l 2
PDGF 2 1 [4} 1 2 t
Non-responders
24 0 2 1 { 4 2
Ki 67 0 0 3 0 0 3
TGF8 0 2 1 0 | 2
PDGF 1 0 2 0 | 2

Table V  /n vitro biologic predictors of response to treatment with

IFN and TMX
Responders Non-responders
Pretreatment
ER + 4/4 /3
Post therapy
p24® 4/4 0/3

*Significant at 0,05 Fishers exact probability test). ®Increase
occurring after IFN administration,

cell growth as well as the expression of a number of func-
tional proteins (such as hormone receptors), the expression of
which may, in turn, offer opportunities for the more effective
use of other growth modulating drugs. In this pilot investiga-
tion, alterations in the expression of ER, the estrogen
regulated protein P24, and the proliferation associated
antigen Ki 67, as well as that of two growth factors, PDGF
and TGFB were studied. The changes observed were related
to predictions {rom in vitro models (Knabbe ef al., 1987), as
well as to clinical results.

Serial biopsies showed that ER expressisn consistently in-
creased after IFN administration. This increase was expected
on the basis of in vitro models (Van den Berg ef al., 1987;
Bezwoda & Meyer 1990). In addition the expression of tne
estrogen regulated protein P24 [which has been found to
have prognostic importance in breast cancer (Seymour ef al.,
1990¢)] also showed consistently increased expression in
tumour cells of responding patients alter IFN administration,
P24 has been shown to be an estrogen regulated secretory
protein (Edwards er al., 1981; Adams ¢r al., 1983; Ciocca et
al., 1984) expressed in hormone receptor positive cell lines as
well as in estrogen responsive target tissues. Because of its
regulation by estrogens it was thought that investigation of
P24 would provide an additional index of the hormone
receptor -new protein synthesis pathway. Although the func-
tional significance of P24 is not fully understood it is thought
to be related to the heat shock protein, hsp 27 (Fuqua et al.,

1990). Whethe. the alteration in P24 expression was directly
related to IFN therapy or a consequence of increased ER
expression is not certain. Interferons have previously been
reported to directly influence the production of other est-
rogen regulated proteins, e.g. PS 2/BCEJ (Solary et al., 1991)
although in this instance the effects of IFNa are to cause a
reduction of the rate of synthesis of this protein.

In addition to showing the effects of drug treatment on
tumour preteins the present study confirmed the relationship
between P24 and ER. P24 staining was moreover, equivalent
to ER in predicting response, the same patients demons-
trating increments of both ER and P24 and response to
treatment.

The addition to showing the effects of drug treatment on
tumour proteins the present study confirmed the relationship
between P24 and ER. P24 staining was moreover, equivalent
to ER in predicting response, the same patients demons-
trating increments of both ER and P24 and response to
treatment.

The alterations induced by IFN pretreatment on the ex-
pression of the proliferation associated antigen Ki 67, which
‘s nreviously bren shown to correlate with mitotic index, 'S’
ruove fraction aad prognosis in breast cancer (Barnard er al.,
1987 Valker & Camplejohn, 1988), were those which were
piedrs -0 {rom the in vitro anti-proliferative effects of [FN.
{ib .- >atients who had initial high Ki 67 expression,
showe. sigaificant reduction after IFN and both responded
ro therapy.

The in vivo demonstration of PDGF in breast cancer cells
was alvo of some interest. The presence of both PDGF and
its recepiny in a number of soft tissue tumours suggest that
PDGF r,-, have an auto-stimulatory role in the growth of
these can.'rs (Perosio & Brooks, 1989). PDGF occurs in
three isefu: s While the bb isoform has the most mitogenic
activity, the 1a isoform is most commonly observed in
tumours. We ha » previously demonstrated that increased
plasma levels of PDGF are of prognostic importance in
breast cancer, and that ¢'evated levels correlate with tumour
bulk (Ariad ef al., 199i}. PDGT az staining was found to be
positive prior to treatment [n the majority of breast cancers




studied in this investigation, although no correlation could be
found between level of expression and any other variable,
including response to treatment in this small study. PDGF
bb, however, was positive in only 2/7 patients, both of whom
were ER positive and hoth of whom responded to therapy.
Neither patient showeu any significant change in PDGF bb
immunostaining after IFN or IFN and TMX. Although
PDGF has previously been detected in breast cancer cell lines
(Perosio & Brooks, 1989), the present study appears to be the
first in whic}l PDGF has been demonstrated n clinical breast
cancer specimens,

The in vivo pattern of TGFB expression was the most
difficult to reconcile with the predictions from the in vitro
models. TGFf has been extensively studied using the hor-
monally responsive MCF-7 cell line as a mode. In the MCF
7 model TMX has been shown to induce both the synthesis
as well as secretion of TGFB, which then acts as an autocrine
growth inhibitor. Although TGFB has mostly been charac-
terised as an inhibitory growth factor (Knabbe et al., 1987;
Arrick er al., 1990), there is evidence which suggests that
TGFB may also be growth stimulatory to cells derived from
mammary epithelium (Welch er al., 1990). It should also be
pointed out that the majority of patients investigated here
showed easily detectable TGFB immunostaining prior to
rreatment. The question thus arises as to why tumours which
semonstrated the presence of an apparently inhibitory
growth factor (TGFf) have such aggressive and clinically
progressive disease, as had the patients in this study. While it
is possible that f{unctionally active TGFp levels may not
correlate with TGF-beta immunostaining [since TGF has
been shown to exist in a precursor form (Wakefield et al.,
1989), and the mere presence of TGFB immunostaining in
cells does not necessarily indicate the presence of active or
secretable growth factor], it should be pointed out that the
antibody used for dection of TGFB has neutralising activity
and that in our hands, changes in TGFf immmus ostaining
have correlated with the expected increase in syn.: esis and
secretion of TGFP in MCF 7 cells followiiig treatnmnnt with
TMX. It is thus believed that an active form of TGFB is
being detected although, because of cross reactivity were
unable to distinguish between the TGFB,, and TGFB,
isoforms. While the changes in TGF immunostaining fol-
lowing treatment were variable (Table IV), it might be
pointed out that the non-responders all decreased staining
after IFN and/or TMX.

[t would appear that for both TGFB and for PDGF, the
relationship between the presence of growth factor in tumour
cells and the influence on tumour growth is probably more
complex than has been appreciated from in viire studies. The
possibility of multiple interactions between malignant cells
and stromal cells which can both respond to, and in turn
produce their own growth controlling signals (many of which
are probably as yet unidentified) makes it prebable that the
end result is a balance between multiple interactions.

From the clinical point of view, it is difficult to draw
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Tissue platelet derived-growth factor (PDGF) predicts for shortened
survival and treatment failure in advanced breast cancer
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Abstract

In a study of plasma and tissue platelet derived growth factor (PDGF) concentration in patients with breast
cancer, elevated levels of plasma PDGF were found in a significant proportion, 11/37 (30%), of patients.
Sixteen patients (43%) had tumors which expressed PDGF-AA and 6 patients had tumors which in addition
expressed the BB isoform of PDGF. All patients with elevated plasma levels of platelet derived growth factor
had tumors which expressed the growth factor on immunohistochemical staining of tumor cells. Furthermore
there was a significant correlation between plasma levels of platelet derived growth factor and the inlensity of
tissue staining. Patients with stage four breast cancer with tumors which were positive for platelet derived
growth factor had a significantly lower response rate to chemotherapy as well as significantly shorter duration
of survival. In addition, patients with stage four breast cancer who had elevated plasma PDGF levels had a
significantly shorter survival. These results indicate that elevated plasma levels of platelet derived growth
factorin patients with breast cancer are derived from the tumor cells and suggest that platelet derived growth
factor may play a significant role in control tumor cell growth.

been found in various cancers, including colon car-
cinomas [3] and mesenchymal and glial tumors [4,
Growth factors, especially those with homology to 5].

cellular oncogenes, have attracted extensive re-
search in an attempt to understand both tumorige-
nesis as well as the biologic control of cancer cell
growth. One such growth factor is platelet derived
growth factor (PDGF) which has been implicated
both in virus induced tumorigenesis [1} as well as

Introducticn

Little is known, however, of the role that PDGF
plays in breast cancer. Although breast cancer cell
lines have been shown in vitro to produce PDGF
(6], clinical correlates are unavailable. However, we
have recently described that elevated plasma
PDGF levels predict shorter survival times in pa-

autocrine control of tumors [2].

In addition to being a potent mitogenic and che-
motactic factor for fibroblasts, platelet derived
growth factor as well as receptors for PDGF have

tients with breast cancer and may be a marker of
patients with aggressive or high bulk disease [7]. In
this study we have extended our previous investiga-
tion by examining tissue expression of various iso-
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forms of PDGF in patients with breast cancer in an
attempt to elucidate \he role PDGF plays, if any, in
the biologic control of breast cancer.

Methods

Representative sections from the histological speci-
mens of 37 patients in whom plasma PDGF levels
had been measured previously [7] were cbtained.
The method used for plasma PDGF assay has been
described in a previous publication [7], and mea-
sures plasma levels of PDGF in a range of 1.56-
2.00 fmol. PDCF is undetectable in normal plasma
using this method. All patients had had a histologic
diagnosis of breast cancer and all had been staged
according 1o accepted criteria.

The sections were examined for PDGF-AA and
PDGF-BB expression using standard immunohis-
tochemical techniques. Briefly, sections were de-
waxed and rehydrated, endogenous peroxidase was
blocked by immersion in methanol/peroxide, and
then blocking antibody, primary antibody, and sec-
ondary antibody were scquentially layered onto the
sections. Monoclonal anti-PDGF-BB (Promega)
and polycional anti-PDGF-AA (British Biotech-
nology) was used, and the Vectastain-ABC kit
(Vector Lab Burlingame) was used for visualisa-
tion. The slides were then dehydrated and mounted
with coverslips, and examined under light micros-
copy for the presence of staining, which was scored
according to both the intensity of staining and the
number of tumor cells showing staining. PDGF-A A
was scored by assessing both intensity (i) of staining
(i=0-4)and degree of staining (%), and calculating
AA-score {~om the formula AA = [1 +1) x % posi-
tive cells]. PDGF-BB was scored in a similar fash-
ion, except that the BB-score was divided by 100.

Statistical analysis was performed using SAS
software (release 6.03). Survival curves and statis-
tics were computed using SAS.STAT and the life-
test procedure.

Resulis

Tissue was available {or examination in 37 patients

who had had plasma PDGF levels measured. 1 pa-
tient had an adenosquamous histology, 2 patients
lobular carcinoma, 1 patient medullary, and the re-
maining 33 patients had histological findings consis-
tent with a diagnosis of infiltrating ductal carcino-
ma. The mean age of the patients was 50 years
(range 33-79 sd + 12.6). Further clinical details of
the patients studied are shown in Table 1.

At the time of sampling for plasma PDGF, 11
(309 ) patients had stage 2 disease, and 26 (70%)
had stage 4 disease. 24 of the 26 patients with stage 4
disease received primary combination chemother-
apy consisting of a standard 3 drug combination
chemotherapy regimen; CNV (cyclophosphamide,
mitoxantrone, vincristine). Only 2 patients received
hormonal treatment. Both were negative for plas-
ma and for tissue PDGE

Of the 37 patients 11 (30%) had elevated plasma
levels of PDGF and 16 (43 %) had significant tissue
expression of PDGF-AA. These 16 tissue PDGF-
AA positive patientsinciuded all 13 who had elevat-
ed plasma levels of PDGE Six (16%) patients
showed significant tissue expression of PDGF-BB.
Agerin all PDGF-BB positive patients showed con-

Table 1. Platelet-derived growth factor in breast cancer: patient
characteristics

Number Percentage

Stage

Two [t 30

Four 16 70
ER

Positive 3 8

Negative 6 16

Unknown 28 75
Menopausal status

Pre 22 59

Post 15 41
Disease sites

Local 6 20

Lung 3 10

Liver ) 13

Bone and local 3 10

Widely disseminated 10 33

Bone 4 13
Treatment for metastatic disease

Chemotherapy 24 92

Hormone therapy 2 8
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Fig. 2. Impact of tissue PDGF-AA on survival in stage 4 breast cancer.

comitant expression of PDGF-AA and elevated
plasma levels. Both PDGF-AA and PDGF-BB ex-
pression was confined to tumour cells, connective
tissue and stromal cells being uniformly negative.
Staining was moreover cytoplasmic in {ocalisation.

There was a significant correlation between plas-
ma PDGF and tissue PDGF-AA levels as well as
between tissue PDGF-AA and PDGF-BB levels
using regression analysis (Figs 1a and 1b, Table 2).
Amongst the patients with stage 4 disease, those
with bulky disease had significantly higher tissue
levels of PDGF-AA (172 vs 40) and PDGF-BB (0.6
vs 0.1).

In addition, patients who had stage 4 disease at
sampling had a significantly shorter survival when
immunostaining for PDGF-AA was detected [Ta-
ble 4 & Fig. 2, (log rank p = 0.02, Wilcoxon p =
0.05)]. Furthermore, only 1 patient out of 11 with

Tes!c * Coirelation between plasma and tissue PDGF in breast
Cenvir .y OIS

stage 4 disease who had positive tissue PDGF-AA
expression responded to chemotherapy, whereas a
response rate of 7/13 was seen in those patients who
did not express PDGF-AA (p = 0.019 [Fishers ex-
act] Table 4).

The prognostic significance of plasma PDGF was
further confirmed in the group of patients with
stage 4 breast cancer, as elevated levels of plasma
PDGF had a significant negative impact on survival
(log rank p = 0.03, Wilcoxon p = 0.05) (Fig. 3).

Discussion

Platelet derived growth factor (PDGF) is a 30 kilo-
dalton cationic glycoprotein composed of disulfide
bonded dimers of A and B peplide chains. A and B

Tahle 3. Survival in stage 4 breast cancer: correlation with plasma
and tissue PDGF

Median survival months

Correlation p-value

coefficient Negative  Positive p-value
PDGF-plasma: tissue PDGF-AA 0413 0.0122 Plasma PDGF 1.6 6.7 0.03
PDGF-plasma: tissuc PDGF-BB  0.37448 0.0244 Tissue PDGF-AA 13.7 7.9 0.023
Tissue pdgf-aa: tlissue PDGF-BB  0.58387 0.0002 Tissue PDGF-BB 11.9 1.7 0.41




chains have 60% sequence homology anc
forms are thus possible [8]. The AA isofor"
been predominantly isoiated from tumors, while
AB and BB are isolated predominantly from alpha
granules of platelets and are a major mitogenic con-
stituent of plasma.

PDGF has two distinct forms of receptors which
are cell surface receptors between 175 and 185 kilo-
daltons. a-receptors recognise all 3 isoforms of
PDGF with high affinity, whereas B-receptors rec-
ognise BB with higher affinity than AB or AA [9].

PDGF-BB is homologous to p28v-sis, and is the
normal cellular homologue of the simian sarcoma
virus protein. As v-sis leads to the formation of me-
senchymal and glial tumors when injected into new-
born marmosets [1] it is postulated that v-sis may
bind to PDGF receptors and activate the process
leading to neoplasia. Its normal cellular homologue
C-sis may play a similar role in non-virally induced
cancer.

In addition, activation of these oncogenes has
been postulated to result in autostimulation of cell
growth, and may thus play a role in the clinical pro-
gression of tumors as well as in the development of
cancer. Certainly PDGF and its receptors may play
a role in autocrine control of soft tissue tumors [2].

In breast cancer cell lines, growth factors and
their receptors (such as TGF-o. and TGF-B) are be-
lieved to play an important role in the control of
growth [10] and may have a role in the control of

Table 4. Impact of PDGF on response to chemotherapy for stage
4 breast cancer

Response to chemotherapy

Complete & Noresponse p-value
partial (%)
response (%)

Tissue PDGF-AA

positive 1(4) 10 (42) 0.019
negative 7(29) 6 (25)
Tissue PLGF-BB
positive 1(4) 3(13) 0.6
negative 7(29) 13 (54)
PDGF-plasma
positive 4 (17) 4(17) 0.27
negative 4(17) 12 (50)
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Fig. 3. Impact of plasma PDGF on survival in stage 4 breast cancer.

clinical breast cancer. Little is known about PDGF
in breast cancer. /n-vitro studies indicate that while
PDGF is secreted by a number of breast cancer cell
lines, PDGF receptor has not been identified in
these systems, leading to the suggestion that any ef-
fects resulting from PDGF synthesis and secretion
may be paracrine rather than autocrine [6, 11].
While interaction of growth factors with tumour
stroma may we'l be important, no information was,
however, previously available as to the presence or
absence of PDGF or its receptor in in-vivo breast
cancer.

Our previous study of plasma PDGF levels [7] in
patients with breast cancer suggested that high lev-
els of circulating PDGF correlated both with bulk
of disease and prognosis in these patients. In that
study the source of the increased levels of PDGF in
plasma was not identified and may have been due
either to production of PDGF by the tumor cells
themselves, production b surrounding stromal
cells, or PDGF released from platelets activated by
contact with tumor cells [13].

The present study eatends our previous findings
in a number of important ways. Firstly, the signif-
icant correlation between plasma PDGF and ex-
pression of PDGF in tumor cells suggests that the
origin of the elevated blood levels is probably the
tumor cells. Furthermore, the {inding that PDGF
expression by tumour cells has an adverse effect on
response to chemotherapy and on survival suggests
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that PDGF may be implicated as a resistance factor
as well as affecting the growth and progression of
breast cancer. Whether the biologically more ag-
gressive behaviour of thosc tumours that express
PDGF is mediated via an effect on stroma (by a pa-
racrine mechanism) or via the tumor cells them-
selves (through an autocrine mechanism) requires
further elucidation.

The present study also set out to investigate the
tissue expression of the various forms of PDGF by
using antibodies specific for each of the isoforms.
Not surprisingly PDGF-AA expression was found
to occur more frequently than BB since previous
studies have shown that AA is the isoform found
most commonly in tumor cells [5]. The lack of pre-
dictive value (either in terms of disease bulk, re-
sponse to therapy or prognosis) of PDGF-BB may
be due to the low frequency of expression of this
isoform or to a lower niitogenic activity of PDGF-
BB. It should however be pointed out thatina num-
ber of tumors expressing PDGF-A A there was con-
current expression of PDGF-BB while in no in-
stance was there expression of PDGF-BB alone.
What the function of PDGF-BB in those tumors ex-
pressing both isoforms is could not be elucidated in
the present study.

In conclusion, the present study confirms and ex-
tends our previous study and extends our previous
observations on PDGF in breast cancer and sug-
gests a possible role for therapy aimed at inhibition
of the activity of this growth factor.
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Brief comunication

Positive immunostaining for platelet derived growth factor (PDGF)
is an adverse prognostic factor in patients with advanced breast cancer

L. Seymour and W.R. Bezwoda
Division of Clinical Haematology and Medical Oncology, Department of } *~dicine, University of the Wit-

watersrand, Johannesburg, South Africa

Key words: platelet derived growth factor, PDGF, breast cancer, immunchistochemistry, prognosis

Abstract

Previous studies suggest a prognostic role for PDGF in patients with breast cancer, with patients with high
plasma PDGF levels or positive response to therapy. We have examined a further 58 patients with advanced
breast cancer for the presence of tissue PDGF immunostaining. Patients displaying positive tissue immuno-
staining for PDGF had a highly significant shorter survival (p = 0.002) than patients with no immunostaining.
In addition PDGF positive patients treated with combination chemotherapy had a significantly lower re-
sponse rate (p = 0.05) than PDGF negative patients. These results confirm our previous findings that PDGF
may be an important indicator of shortened survival and treatment failure in patients with advanced breast
cancer.

prognostic indicator in patients with advanced and
early stage breast cancer {1, 2]. We present here fur-
ther data which confirms the prognostic import of
PDGF in advanced breast cancer.

Introduction

PDGF is a ubiquitous growth factor comprising
three isoforms (AA, AB and BB) and has specific
dimeric receptors (PDGFR’s) on target cells.
PDGF shares 90% homology with the transforming
protein of the simian sarcoma virus (P28v-sis) and
may play a role as a cellular oncogene in tumourige-
nesis. In addition it may play a role in growth con-
trol of certain tumours either by means of an au-

Methods

Material and methods

tocrine loop {11}, or by complex paracrine inlerac-
tions between stromal and mesenchymal cells.

The role of PDGF in breast cancer is still contro-
versial, While some investigators have found both
PDGF and PDGFR’s in human breast cancer cell
lines [25], others {ind either no mitogenic activity of
PDGF, or fail to find PDGFR.

We have previously described PDGF to be a

The study population comprised 38 patients with
advanced breast cancer. Tissue was obtained by
dermatological punch biopsy of accessible cutane-
ous lesions under local anaesthesia prior to initia-
tion of treatment for recurrent or metastatic dis-
ease. Specimens were [lash frozen and stored at
- 135° until assay. Frozen sections were fixed in pi-
cric-acid-paraformatdehyde, and then immunos-

Address for offprinis: W.R. Bezwoda, Department of Medicine, University of the Witwatersrand Medical School, 7 York Road, Park-

town, 2193, Johannesburg, South Africa
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tained for PDGF-AA utilising a polyclonal anti-
PDGF-AA antibody (British Biotechnology) and
for PDGF BB (monoclonal anti-PDGF-BB anti-
body ~ Promega) and the Vectastain-ABC kit (Vec-
tor Lab Burlingame). Both the method and scoring
system have been described in a previous publica-
tion [3]. PDGF-AA scores of =300 were deemed
strongly positive. Specimens were also examined
for the presence of oestrogen (ER) and progester-
one receptors (PR) and the presence of P24 (an oes-
trogen regulated protein), TGF-B, and Ki67 accord-
ing to previously described methods {4, 5}.

Response criteria

Response was assessed on the basis of criteria pro-
posed by the Eastern Cooperative Group [6].

Ethical considerations

Informed consent was obtained prior to enrollment
in all patients. The study was approved by the Com-
mittee on Ethics of Human Research of the Uni-
versity of the Witwatersrand and was carried out in
accordance with the principles of the declaration of
Helsinki.

Results
Patient characteristics

58 patients with advanced breast cancer were eval-
uated. The mean age of the patients was 46 years
(sd +£10.26, range 24-71 years). Twenty four (41%)
patients were postmenopausal. 43 (74%) received
combination chemotherapy as their initial treat-
ment, while 15 (26 %) received hormonal manipula-
tion. Further patient details are shown in Table 1.

PDGF immunostaining

14 (24%) tumours expressed strong PDGF-AA im-
munostaining, while 13 (25%) expressed PDGF-BB.

viwie was no correlation between expression of
FDGF-AA anu ER (p = 0.16), PR (p = 0.46), P24
{=0.7), TGF-B (p = 0.4), Ki67 (p = 0.5), menopau-
sal status (p =0.2), or PDGF-BB expression (p =0.1).

Response to treatment

Thirty three (57%) of patients showed no response
to therapy, 9 (16%) achieved a complecte response
(CR), while 15 (26%) had a partial response (PR).
PDGF-AA expression was not predictive (p =0.22)
for response when the entire study population was
analysed. However, on subset analysis, patients
who were PDGF positive and who received combi-
nation chemotherapy had a significantly poorer re-
sponse rate (20%) to this form of treatment than
patients who were negative for PDGF (RR = 54%;
p = 0.05). The presence of PDGF immunostaining
had no effect on response in patients who received
hormonal therapy.

Survival
Median survival of the group was 8 months. The

Table I. Patient details

Number  Percentage

Site of discase

Loco-regional 25 43%

Lung 11 19%

Bone 8 14%

Hepatic 7 12%
[nflammatory breast cancer

Menstrual status

Post menopausal 24 41%

Pre menopausal 34 59%
Oestrogen receptor

Positive 20 35%

Negative 38 64%
Progesterone receptor

Positive 16 28%

Negative 41 70%

Unknown l 2%
Treatment

Chemotherapy 43 4%

Hormonal 15 26%




presence of PDGF-AA immunoslaining had a
highly significant negative impact on survival {p =
0.0023, Fig. 1). The median survival of PDGF-AA
positive patients was 4.9 months versus [1.9 months
for patients displaying no immunostaining. The
presence of PDGF-BB had no impact on survival.

Discussion

Platelet Derived Growth Factor (PDGF), a homo
or heterodimer of disulfide linked A or B chains,
has three possible combinations, i.e. A4, AB, and
BB. The different isoforms have differing activities
dependent on the presence of specific receptors on
target cells. In a similar fashion PDGF receptors
(PDGFR’s) exist as dimers of either ¢ or B subunits.
PDGF-AA binds only aa receptors, BB activates
all three receptors, while AB is capable of activa-
ting both oo and af receptors [7]. 'n addition there
is some evidence that PDGF-AB can bind to B re-
ceptors with high affinity via the B chain [8].
PDGF may be an important growth factor in the
initiation and control of malignant tumours. Cellu-
lar oncogene products have been identified in a
number of human tumours {9}, and may play a role
in tumourigenesis. P28v-sis (the tranzforining pro-
tein of the simian sarcoma virus) is 90% homolo-
gous to the B chain of PDGF and is able to induce

Table 2.
Number Percentage

PDGF-AA expression

Positive 14 24%

Negative 44 76%
PDGF-BB expression

Positive 22 38%

Negative 30 52%

Unknown 6 10%
p24 expression

Positive 35 60%

Negalive 23 40%
TFG-B expression

Positive 48 83%

Negative 10 17%
Ki67 expression

>20% 29 50%

<20% 29 50%
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Fig. I. Relationship of positive tissue immunostaining for PDGF
to survival of patients with advanced breast cancer.

tumours and transf .n cells which express
PDGFR’s [10].

The precise role of PDGF in malignancy is, how
ever, difficult to define as it is an ubiquitous growth-
factor, found not only in a range of tumours, but al-
so in stromal and mesenchymal cells, suggesting a
complex regulatory system. Some cffects of PDGF
are thought to be mediated by an autocrine loop,
with cells oth producing PDGF and expressing
PDGER. pleming and co-workers {11] elegantly de-
scribe activated PDGFR’s in cell lines in which no
exogenous ligand is present, suggesting the pres-
ence of an activated PDGF autocrine pathway. Def-
inition of the action of PDGF is further complicated
by the demonstration of internal autocrine path-
ways for PDGF, with active PDGF present in cells
together with receptors (PDGFR's) which are,
however, not expressed on the surface membrane
[12,13]. Such autocrine loops may also be co-regu-
lated by other growth factors, such as Transforming
Growth Factor-B (TGF-8), which has beenshown to
mediate its growth stimulatory effects on cultured
smooth muscle cells via a PDGF autocrine loop
[14]). Similar relationships between TGF-B and
PDGF autocrine loops have also been demonstrat-
ed in other cell lines [15).

While it is clear that PDGF also has functional
activity in various malignant cells such as melan-
oma and mesothelioma cell lines [16, 17, 18] the pre-
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cise role of PDGF in breast cancer is as yet unde-
fined. Animal models suggest a role for PDGF [19,
20]. However, Bronze+t and co-workers [21{ demon-
strated growth inhibition of normal human mam-
mary cells by TGF-B, with a concomitarnt increase in
PDGF mRNA and secretion, while Lippman and
co-workers described an oestrogen regulated
PDGF-like molecule in breast cancer cells lines sug-
gesting a possible paracrine role for PDGF in breast
cancer, but failed to demonstrate PDGFR’s [22,23).

Other workers have demonstrated intracellular
PDGFR in cell lines previously thought to be
PDGFR negative [24]. In addition, Ginsburg and
Vonderhaar demonstrated a mitogenic action of
PDGF on T47D and MCEF cell lines as well as the
presence of specific PDGFR in T47D cells [25], and
suggest that previous investigators may have seen
the mitogenic effects of PDGF when utilising cul-
ture systems with non-charcoal stripped bovine or
foetal calf serum, both of which contain high levels
of endogenous PDGF.

We have previously described a significant corre-
lation between high plasma levels of PDGF and dis-
ease bulk and prognosis in patients with advanced
and early stage breast cancer [26], and shortened
survival in patients with advanced breast cancer
who demonstrate tissue immunostaining for PDGF
{2). The present study examines a further S8 pa-
tients, and confirms the highly significant correia-
tion between PDGF-A A immunostaining and sur-
vival in patients with breast cancer, with survival of
PDGF positive patients being only 4.9 months,
compared to 11.9 months for PDGF negative pa-
tients (p = 0.002). In addition, the presence of posi-
tive PDGF immunostaining predicted for lack of
response to chemotherapy (p = 0.05).

While these findings confirm our previous obser-
vations that PDGF expression appears (o be an im-
portant prognostic factor in breast cancer, it is still
unclear precisely how PDGF exerts its cffect, i.c.
whether it acts in a paracrine or autocrine fashion.
We have confirmed that cells such as MCF-7’s and
other human tumour cell lines displaying positive
PDGF-AA immunostaining are also positive for
PDGF mRNA when examined by in-situ hybridisa-
tion (unpublished data). However, this does not clar-
ify the site of action of PDGF in clinical breast cancer.

It is possible that PDGF produced by breast tu-
mours not only acts in an autocrine loop, but also ex-
erts paracrine eifects on stromal cells, including fi-
broblasts, which are known to express PDGFR’s [27]
and which may in turn produce other growth factors,
with potential growth stimulatory effects on tumour
cells such as fibroblast growth factor (FGF) and in-
sulin-like growth factor (IGF). Fibroblast growth
factors (FGFs) may be important mediators of an-
giogenesis and growth regulation in tumours [28).

PDGF is also produced by stromal mesenchymal
cells, and PDGF effects on stromal tissue surround-
ing tumours may play a role in growth regulation
[29]. Stroma contains, in addition to cells, extracel-
lular matrix consisting of proteins such as collagen
and fibronectin as well other glycoproteins and pro-
teoglycans which may modulate the effects of
growth factors [30, 31, 32].

Further studies are required to elucidate the pre-
cise function of PDGF in breast cancer including a
search for PDGFR’s (both internal and cell surface
expressed) in tumour specimens. The possible pa-
racrine interactions between tumour and stroma
will also need to be investigated using sophisticated
in vitro tissue culture methods, and may be more
difficult to define.
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Solutle c-erbB-2 fragment in serum correlates with disease stage and
predicts for shortened survival in patients with early-stage and advanced

breast cancer

H. Kandl, L. Seymour & W.R. Bezwoda

Division of Clinical Haemaiology and Medical Oncology, Department of Medicine, University of the Winwatersrand,

Johannesburg, South Africa.

Summary

Seventy-mine patients with advanced breast cancer were tested for the presence. in serum. of a

110 kDa soluble. c-erbB-2 fragment. Thirty-nine patients were seropositive. There was no correlation between
seropositivity and menopausal status, or with oestrogen status. In addition, no correlation could be found
between tissue c-erhB-2 immunostaining for the external damain of the c-erbB-2 receptor and the presence of
soluble c-erbB-2 1n serum. The presence of serum soluble c-erbB-2 . however. had a significant impact on
survival of pavents with advanced disease. supgesting that this test may become a useful independent

prognostic ndicalor

Breast cancer is 2 major health problem, affecting one in nine
women in western countries. A particularly important goal is
the early identification of poor-risk patients who may benefit
from ageressive intervention with intensive chemotherapy.

Whiie many tumour factors, including hormone receptor
status, ploidy and growth fraction. and the expression of
various oncogenes and proto-oncogenes by the tumour cells
have been proposed as prognostic indicators. the results. 10
date, have been equivocal in a number of instances. Recent
invastigations into the role of amplification of the c-erbB-2
gene, the product of which is a trapsmembrane protein with
extensive homology to the epidermal growth factor (EGF)
receptor, have also appeared to give somewhat contradictory
resuits. Gene amplification and increased c-erbB-2 expression
have been reported in approximately 20% of patients with
primary breast cancer (Clark & McGuire, 1991). Both gene
amplification and increased expression of the gene product
have been associated with a poorer prognosis in some
studies. The discriminant power may, however, be confined
to specific subsets of patients. Moreover, in 2 number of
studies the prognostic significance of c-erbB-2 expression
appears to be lost 5 or more years from diagnosis.

There has also been considerable interest, of late, in solu-
ble forms of ceff-surface receptors. Circulating sofuble recep-
tors include soluble forms of the insulin receptor and of the
interleukin 2 receptor. Serum levels of soluble interleukin 2
receptor (IL-2R) can be shown to correlate with disease
activity in autoimmune disorders (Rubin & Nelson, 1990)
and with tumour bulk in certain lymphomas. A soluble,
100 kDa. c-erbB-2 fragment has been detected in the serum
and effusions of patients with breast cancer (Mori et al..
1990; Leitzel er of.. 1992 and may provide prognostic inform-
ation in this disease.

We have undertaken a study of 79 patients with both
early- and advanced-stage breast cancer in an attempt to
evaluate the prognostic significance of clevations of serum
soluble c-erhB-2.

Materials and methods

Methods

Blood samples were obtained from 79 patients attending the
Breast Clinic of the Johannesburg Hospital between 1986 and
1993, Serum was stored at —20°C until assay. Sampling was

Correspondence: W.,R. Bezwoda, Department of Medicine, Univer-
sity of the Witwatersrand Medical School. York Roud, Parktown
2193 Johannesburg, South Africa.
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performed at the time of diagnosis of recurrent or metastatic
disease. The 110 kDa, serum, sotuble ¢-erbB-2 fragment was
measured using a serum c-erbB-2, enzyme-linked immuno-
assay kit (Triton Diagnostics. Alameda. CA. USA). Briefly,
monoclonal anti-c-erbB-2 antibody conjugates were added ta
aliquots of serum, incubated for 2 h, followed by addition of
linking sofution and then chromogen substrate. Absorbance
was read in @ spectrophotometer at 450 nm. Control and
calibrator samples were run with each assay. Controls
included samples from 24 healthy women falling into the
same age range as the patients with breast cancer. The
amount of c-erbB-2 protein was calculated from a standard
curve. Results are expressed as units per ml of serum. Serum
levels =10uml-' were deemed positive. This level was
chosen as being twe standard deviations above the mean for
healthy women and was also the upper limit for the negative
controls supplied with the kit. The antibody has no signi-
ficant cross-reactivity with epidermal growth facior (EGF),
and reacts only with the exiernal domain of the c-erbB-2
molecule. Western blotting of samples with elevated levels
confirmed the presence of a 100 kDa protein in serum which
showed reactivity with this antibody.

Oestrogen receptor (ER) status and tissue c-erbB-2 were
also determiaed when suitable specimens were available. ER
was measured using the ERICA kit (Abbott Laboratories}
method according to the manufacturer’s instructions. Tissue
c-erbB-2 determination was by means of immunohistochemis-
try using a monoclonal antibody to the external domain of
c-orbB-2 (Triton Diagnostics) and a standard avidin-biotin
procedure. Bricfly, endogenous peroxidase was blocked using
methanolic peroxide, and then blocking antibody, primary
and control antibodies. secondary antibody, ABC (Vecta-
stain) and diaminobenzidine (DAB) were layered on sequen-
tially. Specimens were deemed positive if clear membrane
immunostaining was observed. Suitable positive and negative
controls were incorporated wnto each assay procedure.

Statistical analysis

Disease-free  survival, overall survival and survival {rom
disease progression were analysed using SAS statistical soft-
ware. Additionat variables analysed included age. sex. site of
disease. initial stage of disease, menopausal status and ER
status (where available). Survival curves were generated using
the method of Kaplan and Meier (1958). and were compared
using the log-rank stauistic.

Ethical considerations

All patients gave informed consent prior®to entry wnla the
study. The study was approved by the Commuttee on Ethics
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of Human Research of the University of the Witwatersrand
and was carried out in accordance with the principles of the
Declaration of Helsinki.

Results

Patient ~haracteristics

Forty-four out of 79 (56%) patients were post-menopausal at
time of diagnosis. The mean age at presentation was 51.4 &
13.1 (range 24-85) years. Further patient characteristics are
shown in Tables I and II.

Serum soluble c-erbB-2

Serum levels of the soluble fraction of c-erbB-2 ranged from
2 to 278 with a mean of 35% 57.6 uml™'. Intra- and inter-
assay variation was <2%. Intra-patient variation of serum
c-erbB-2 levels, when levels were tested in blood samples
from 17 patients who had clinically stable disease and who
had two or more separate blood samples taken at intervals of
14 10 €42 days, was also <2%.

Thirty-nine patients (49%) had serum soluble c-erbB-2
levels of 2 10 uml~'. There was no correlation between the
presence of elevated serum soluble c-erbB-2 level and men-
strual status (P =0.66). There was, however, a significant
correlation between serum level and the type of treatment
chosen for patients with stage IV disease [27 of 42 (64%)
patients receiving chemotherapy were seropositive compared
with 11 of 32 (34%) receiving hormona! therapy) (Table ).
There was no correlation between the presence of raised
serum soluble c-erbB-2 level and any specific site of relapse.

Tissue c-erbB-2 immunostaining

Twenty-four patients had contemporaneous tumour tissue
and serum samples available for c-erbB-2 determination. Tis-

Table [ Serum soluble c¢-erbB-2: patient characteristics and
serapositivity rate
Patient charac- Soluble c-erbB-2
teristics Positive Negative
Number (%} Number (%) Number (%} P-value
Menopausal status
Pre 35 {44) 17 {49) 18 {5h NS
Post 44 (56) 22 (50) 22 (50)
Stage at presentation
I (5) b9 3 (15
] 3 39 1 (35) 20 (65)
11 19 (24) 10 (53) 9 (47
v 25 (32) 17 (68) 8 (32)

Stage at sampling
A4 74 (94) 39 49) 40 (51
ER status
Pasitive 15 20) 1 “7n 8 (53)
Negative 25 (33) 12 (48) 13 (52) NS
Unknown 39 47) 20 (5Y) 19 (49)

NS, not significant.

sue immunostaining did not correlate with the presence of
soluble c-erbB-2 in serum (Table HI). The presence of posi-
live tissue immunostaining had no impact on overall survival,
time to relapse or on survival from progression {P = 0.26),

Oesirogen recepior levels

There was no significant correlation between oestrogen recep-
tor expression among 37 patients of known receptor status
and serum soluble c-erbB-2 levels (P = 0.6).

Survival and time 10 relapse

The median overall survival of this cohort of patients from
time of initial diagnosis was 44 7.4 months (range |-254
months). Among the 74 patients who either presented with or
who had progressed Lo stage IV disease, the median survival
ume {rom progression was 19 3 24.7 months (range 1-158).
The presence of soluble c-erbB-2 fragment in serum at the
time progression was diagnosed had a significant impact on
overall survival of these patients. Seropositive patients had a
median survival of 21 months vs 64 months for seronegative
patients (P = 0.03) (Figure 1). The prognostic impact of solu-
ble c-erbB-2 on survival was lost when the analysis was
confined to ER-positive patients, possibly because of the low
number of such patients.
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Figure 1 Influence of the presence of soluble c-erbB-2 fragment

In the serum on prognosis of patients with breast cancer. Ovcra}l
survival. @, Patients with serum soluble c-erbB02 <I10uml™"
O, patients with serum soluble c-erbB-2 22 10u mi-'.

Table Il Breast tumour tissue cxpresson of c-erbB-2 protein and the
presence of serum soluble c-erfB-2 fragment
Serum soluble
c-erbB-2 negative

Serum soluble
c-erbB-2 positive

Tissuc immunostaining

c-erbB-2
positive 6 4
negative 6 8

Table II - Scrum soluble c-erhB-2: patient charactensics and response to therapy for
stage IV discase

Solubly c-erb8-2
Posttive Negative

Nuntber (%) Numiher (%) Number (%) P-value

Treatment for slage 1V diseuse
Hormonal 32 (42)
Chemotherapy 4?2 (48)

Response to first-line therapy
Complete and partal
response 40 (52)
No response 34 (43)

N 20 (68
a0 (s U5 ey D005

20 (50 20 (50) NS
18 (53) 16 (47

NS, not sigaificant.
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Response 1o therapy

Serum soluble c-¢rbB-2 had no influence on response to
either initial (P =0.64) or salvage treatment for stage IV
disease (P =0.78).

Discussion

The c-erbB-2 protein is a 185 kDa transmembrane protein
_with tyrosine kinase activity. It comprises both an extracel-
lular and an intracellular domain. While the extracellular
domain has ligand-binding activity, the ligand has yet to be
clearly defined (Maguire & Green, 1989), but is thought 1o
act as a growth factor (Perez er al., 1993). Antibodies to
c-erbB-2 have been shown to inhibit both anchorage-depen-
dent and anchorage-independent growth in vivo (Xu er al..
1993).

c-erbB-2 has been found to be amplified in 20-30% of
primary breast cancers, and gene amplification correlates
with oncoprotein overexpression. c-erbB-2's impact on prog-
nosis is, however, somewhat controversial. A number of
investigators have reported a correlation between c-erbB-2
amplification and survival in node-positive primary breast
cancer (Tandon er al,, 1989; Borg er al., 1990). However,
both Zhou er al. (1989) and Toikkanen er al. (1992) failed to
demonstrate any impact of c-erbB-2 expression on survival in
node-positive patients. Conflicting results have also been
reported in node-negative patients (Wright e: al., 1989; Pater-
son ef al., 1991). Allred er al. (1992) found a highly signi-
ficant correlation between disease-free survival and c-erbB-2
expression, but only in specific subsets of patients (siaall
tumour size, ER positive and no significant in situ compo-
nent), so-called ‘low-risk patients’. Furthermore, while
Gusterson er al. (1992) found c-erbB-2 immunostaining to
have an overall prognostic impact only in patients with node-
positive disease, c-erbB-2-positive, node-negative patients
receiving adjuvant chemotherapy fared less well in their study
than those who were c-¢rbB-2 negative. These findings tended
to suggest that, whatever influence the presence of c-erbB-2
expression has on the biology of breast cancer, this effect is
confined to the earlier clinical phases of the illness.

In addition, it has been suggested that c-erbB-2 amplifica-
tion and protein expression correlate both with poor histo-
logical grade and lack of ER expression (Cline et al., 1987;
Schroeter et al., 1992). Poller er al. (1991} demonstrated that
overexpression of c-erbB-2 is significantly correlated with
S-phase and proliferative index in ductal carcinoma in situ
(£=0.001), as well as in early invasive duct carcinoma
(P =0.04).

There is also evidence to suggest that c-erbB-2 overexpres-
sion may be preferentially associated with certain histological
subtypes of breast cancer. Van de Vijver er al. (1988) des-
cribed a high incidence of c-erbB-2 overexpression in large-
cell, comedo-type ductal carcinoma in situ as compared with
invasive ductal carcinoma, suggesting either that the invasive
ductal carcinomas that are c-erbB-2 positive are derived from
a specific type (large-cell comedo) of ductal carcinoma in situ
or that c-erbB-2 expression may be lost during tumour inva-
sion and progression. Evidence supporting the first theory is
provided by Maguire et al. (1992), who found that while
tumours with c-erbB-2-negative in  sitv components had

References

ALLRED, D.C.. CLARK, G.M., TANDON, A K.. MOLINA, R.. TOR-
MEY, D.C., OSBORNE, C.K., GILCHRIST, K. W., MANSOUR, EG.
ABELOFF, M., EUDY, L. & MCGUIRE, W.L. (1992). HER-2/ncu n
node negative breast cancer: prognostic significance of overex-
pression infiuenced by the presence of in-situ carcinoma J. Clin
Oncol., 10, 10491056,

BORG, A. TANDON, A K., SIGURDSSON, i1, CLARK. G.M . FERNO.
M., FUQUA, S.A. KILLANDER. D. & MCGUIRE. W.L (1990)
HER-2/neu amplification predicts poor survival in node-positive
breast cancer. Cancer Res., 50, 4332-4337.

immunonegative invasive components, tumours with immuno-
positive comedo-type in situ components had immunopositive
invasive ductal carcinoma. It should be pointed oui. how-
zver, that the immunostaining was [requently more intense in
the in situ components than in the invasive carcinomas.

Soluble forms of the c-erbB-2 protein have been reported
tn the serum of patients with breast cancer, and in addition
have been shown to correlate with disease bulk as well as
with tissue overexpression in an animal model (Langton et
al., 1991). No reports have. however, been published to date
on the prognostic significance of soluble c-erbB-2 in patients
with breast cancer.

The present study examined a group of 79 women with
advanced breast cancer. The method us d in this study mea-
sured 2 100 kDa c-erbB-2 antigen fragment, which is not
detected in the serum of normal controls or in patients with
benign breast disease (Teramoto er al., 1991). A surprisingly
fugh [requency of elevated serum soluble c-erbB-2 levels was
found, possibly because this study included mainly patients
with aggressive disease, with 25 patients presenting with
advanced breast cancer and all but five of the remainder
having progressed to stage IV disease. In addition, there was
a statistically significantly higher incidence ol seropositivity
in patients given chemotherapy as first-line therapy for pro-
gressive disease — indicative of the perception that these
patients were <uffering (rom aggressive disease. In addition,
the presence of serum soluble c-erbB-2 fragment concentra-
tions of >10uml~' had a significant impact on overall
survival from diagnosis of metastatic disease.

The lack of correlation between seropositivity and lissue
expression of c-erbB-2 raises some interesting possibilities.
While the lack of correlation may be due to low saraple
number, definiie tissue staining was demonstrated in 10 of
the 24 patients with tumour samples available for examina-
tion. This frequency wis, again, a relatively high rate of
c-erbB-2 expression. While it may be argued that lack of
tissue immunostaining is related to the sensitivity of the
method, both tissue-positive and serum-ngetaive as well as
tissue-negative and serum-positive cases were found. Among
the serum soluble c-eréB-2-negative patients with negative
tissue expression there were three patients with extremely
high serum levels (range 120~160 u ml~') and with extensive
disease, while all four patients with negative serum soluble
c-erbB-2 tissue and positive tissue staining demonstrated
strong positive staining and also had extensive disease. Since
both the serum and tissue assays were performed using a
monoclonal antibody specific for the external domain of
c-erbB-2, these findings suggest the possibitity that loss of
tissue expression may result from proteolytic cleavage, with
relzase of the external domain and transfer into the blood.
rendering the tissue negative to reaction with the antibody
used. or that the serum component represents an alterna-
tively spliced variant lacking the membrane domain. This
question will be addressed in future studies by using anti-
bodies to both the internal domain as well as to the external
domain of the c-erbB-2 molecule,

Whatever the pathophysiological explanation. assay for
soluble c-erbB-2 in serum is a relatively simple test. requiring
only a blood sample rather than tissue. Soluble c-erbB-2 may
offer prognostic information with seropositivity being a pre-
dictor of shorter survival in patients with breast cancer.

CLARK. G.M. & MCGUIRE. W.L. (1991). Follow-up study of HER-2/
neu amplification in primary breast cancer. Cancer Res.. 51,
944 -948.

CLINE. M.J.. BATTINFORA, H. & YOKOTA. J. (1987). Proto-oncogene
abnormalities in human breasl cancer: correlaticn with anatonuc
features and clinical course of disease. J. Clin. Oncol. 7, 999



Tz H KANDL er af

GUSTERSON. B.A. GELBER, R.D.. GOLDHIRSCH, A. PRICE. K N.
SAVE-SODERBORGH, J.. ANBAZHAGAN, R.. STYLES, J. RUD-
ENSTAM. C.M. GOLOUH. R. & REED. R. (1992). Prognostic
importance of c.erhB-2 expression in breast cancer. J. Clin.
Oncal., 10, 599-605.

KAPLAN, E.L. & MUIER, P. (1958). Non-parametric estimations from
incomplete observations. J. Am. Siar. Soc., 53, 457-481.

LANGTON. B.C. CRENSHAW. M.C.. CHAO, L.A.. STUART. §.G..
AKITA, R.W. & JACKSON, LE (1991). An antigen immunologic-
ally refated to the external domain of gp 185 is shed from nude
mouse tumaurs overexpressing the c<rbB-2 (HER-sfneu) onco-
gene. Cancer Res., 51, 2593-2598.

LEITZEL. K.. TERAMOTO. Y.. SAMPSON, E. MAUCERI, J., LANG-
TON, B.C.. DEMERS. 1. PODCZASKS, E. HARVEY. H.. SHAM.
BAUGH. S. VOLAS, G. WEAVER, S. & LIPTON. A (1992)
Elevated soluble c-erbB-2 antigen levels in the serum and
cfusions of a proportion of breast cancer patients. J. Clin
QOncol., 10, 1436-1441,

MAGUIRE. H.C. & GREEN, M [. (1989). The neu (c-crbB-2) oncogene.
Semin. Oncol., 16, 148158,

MAGUIRE. H.C. jr, HELLMAN, M.E.. GREENE. M.l. & YEH. 1 {1992).
Expression of c-erbB-2 in in-situ and in adjacent invasive ducsal
adcnocarcinomas of the female breast. Pathobiology, 60, 117-
121.

MORIL. S.. MORL, Y., MUKAIYAMA. T. YAMADA, Y., SONOBE, Y.,
MASUSHITA, H., SAKAMOTO. G.. AKIYAM, T.. CGAWA. M. &
SHIRAISHI. M. (1990). In-vitro and in-vivo release of soluble
erbB-2 protein from human carcinoma cells. Jpn. J. Cancer Res..
£, 489-494,

PATERSON, M.C.. DIETRICH. K.D.. DANY LUK. J.. PATERSON, A.H..
LEES, A.W.. MAJIE, N., HANSON, J., JENKINS, H.. KRAUSE, B.E.
& MCBLAIN, W.A, {1991}, Correlation between c-erbB-2 amplifi-
cation and risk of recurrent disease in node negative breast
cancer. Cancer Res., 51, 556-567.

PEREZ. C.. CHO, C.. NERIL, C.. LIPPMAN, M.E. & LUPU. R. (1993).
Characterization and ¢loning of the gp30 ligand for the c-erbB-2
ceceptor, {rom human breast cancer cells (abstract). Proc, Aas.
Assor. Cancer Res., 34, 9.

POLLER. D.N., GALEA. M., PEARSON, D., BELL, 1. GULLICK. W.J,
ELSTON, C.W.. BLAMEY. R.W. & ELLIS, 1.0. (1951). Nuclear and
flow cytometric characteristics associated with overexpression of
the c-erbB-2 oncoprolein in breast carcinoma. Breast Cancer Res.
Treat., 20, 3-10.

RUBIN. LA & NELSON, DL (1990). The soluble interlcukin-2 recep-
tor: biology. function and clinical application. Ann. Intern. Med.,
113, 619-627

SCHROETER. C.A. Dt POTTER, CR. RATHSMANN, K., WILLIG-
HAGEN, RGJ & GREEP, J C. (1992). C-ti0B-2 positive tumours
behave more aggressively 1n the first years alter diagaosis. 8r. J.
Cancer, 66, T28-734.

TANDON. A K., CLARK, C.M. CHAMNESS. GC.. TANDON, AK,
CLARK. G M., CHAMNESS, G.C., ULRICH. A. & MCGUIRE, W.L
(1989). HER-2/neu oncogene protein and prognosis in breast
cancer. J. Clin. Qacal.. 7, 1120-1128.

TERAMOTO. Y., WALLINGFORD, S. MAUCERL J. & SAMPSON. E
(1991). Serum enzyme immunoassay kit for the detection of
c-erbi-) oncoprotein. Proceedings of the Annual American
Association of Cancer Research Mecting No. 32, 243 (A1446).
Waverly Press: Baltimore.

TOIKKANEN. S. HELIN. H. ISOLA. J & JOENSUU. H. {1992). Prog-
nostic significance of HER-2 oncoprotein expression in breast
cancer: a 30 year follow-up. J. Clin. Oncol.. 10, 1044-1048.

VAN DE VUJVER. MJ. PETERSE, JL. MOOL W], WISMAN, P.
LOMANS, ). DALESIO. O & NUSSE. R. [1988). Neu-protein over-
expresston wn breast cancer. N. Eagl /. Med.. 319, 1239-1245.

WRIGHT. C. ANGUS. &, NICHOLSON., S.. SAINSBURY. J.R., CAIRNS,
1. GULLICK, WJ_ KELLY. P. HARRIS, AL & HORNE, CH
{1989). Expression of c-erbB-2 oncoproitin: 2  prognostic
indicator 1n human breast cancer. Cancer Res.. 49, 2087-2090.

XU. F, LUPU. R. RODRIQUEZ. G.C.. WHITAKER, R.S. BOENTE.
M.P.. BERCHUCK. A.. YU. Y.. DESOMBRE. K.A, BOYER. CM. &
BAST Jr. R.C. {1993). Antibody induced growth inhibition is
mediated through immunochemically and functionally distinct
epitopes on the extracellular domain of the c-erbB-2 (HER-2/meu)
gene product pi8S. fas. J. Cancer, 53, 401 -408,

ZHOU, D1, AHUJA. H. & CLINE, M 1. {1989). Prota-oncogene abnor-
malities in human breast cancer: c-erbB-2 amplification does not
correlate with recurrence of discase. Oncogene, 4, 105-108.



4.6 Paper 11

P-GLYCOPROTEIN IMMUNOSTAINING CORRELATES WITH ER AND WiTH HIGH Ki67
EXPRESSION BUT FAILS TO PREDICT ANTHRACYCLINE RESISTANCE IN PATIENTS WITH
ADVANCED BREAST CANCER.

L. Seymour, W.R. Bezwoda, R.D. Dansey.

Breast Cancer Research and Treatment. 36:61-69.1995,

21



Breast Cancer Research and Treatment 36: 61-69, 1995.
D 1995 Kluwer Academnic Publishers. Printed in the Netherlands.

Report

P-glycoprotein immunostaining correlates with ER and with high Ki67
expression but fails to predict anthracycline resistance in patients with
advanced breast cancer

Lesley Seymour, Werner Robert Bezwoda, Roger Delemere Dansey
Division of Clinical Haematology and Medical Oncology, Department of Medicine, University of the
Wirwatersrand, Johannesburg, South Africa
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Summary

In an attempt to further define the clinical utility of p-glycoprotein immunostaining in breast cancer, we
examined 101 specimens from patients with advanced breast cancer. There was a significant correlation be-
tween estrogen receptor status and p-glycoprotein expression but only for low levels of p-glycoprotein. Pre-
menopausal status appeared to correlate with increased p-glycoprotein expression, but this probably reflects
patient selection as premenopausal patients had higher prior exposure to anthracyclines and were more likely
to have received chemotherapy as initial treatment. P-glycoprotein expression was highly significantly corre-
lated with expression of the proliferation related antigen Ki67, suggesting that p-glycoprotein expression may
well be cell cycle dependent, with overexpression occurring in rapidly cycling cells. These findings may explain
reported findings of modulation of p-glycoprotein expression by agents such as anti-oestrogens. P-glycopro-
tein positive staining did not, however, predict.chemotherapy treatment failure or survival duration.

Introduction

Recurrent or metastatic breast cancer remains an
incurable disease. Although many patients with ad-
vanced breast cancer show clinical response to cyto-
toxic chemotherapy, these responses are often of
short duration. [n addition the clinical course is usu-
ally marked by the development of acquired resist-
ance to previously effective cytotoxic drugs, usually
culminating in refractory or progressive disease
which is ultimately fatal.

This acquired or progressive multidrug resist-
ance may be mediated by overexpression of a trans-
membrane transport protein, p-glycoprotein (1, 2}.

the presence of which cza be evaluated by immuno-
histochemical methods.

The occurrence of p-glycoprotein overexpres-
sion has been linked to the development of drug re-
sistance in some haematologic malignancies such as
acute now-lymphoblastic leukaemia [3). High levels
of expression have also been reported in inherently
drug resistant tumours such as cervix cancer [4]. In
addition, Chan and co-workers [5] found that p-gly-
coprotein positivity is a significant negative prog-
nostic factor in children with soft tissue sarcomas.

The role of p-glycoprotein in human breast can-
cer is unclear. While some workers report that p-
glycoprotein immunostaining in paiients with local
ly advanced breast cancer predicts failure to re-

Address for offprints: W.R. Bezwoda, Department of Medicine, University of the Witwatersrand Medical School. fork Road, Parktown,

2193 Johannesburg, South Africa
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spond to chemotherapy as well as a shortened sur-
vival [6, 7], others have failed to demonstrate any
utility for p-glycoprotein immunostaining [8]. All of
these studies, so far, have involved quite small (20~
40) numbers of patients.

We have undertaken a study of p-glycoprotein
immunostaining in a cohort of 101 patieats with ad-
vanced breast cancer, in an attempt to more clearly
define the prognostic value of this investigation.

Material and methods
Immunohistochemical methods

Tissue was obtained by punch biopsy of ac.ussible,
recurrent/metastatic lesions and flash frozen at
- 135 °C until use. Frozen sections were prepared
and fixed in picric-acid-paraformaldehyde. Speci-
mens were then washed, immersed in methanol-per-
oxide to block endogenous peroxidase, and then rou-
tinely immunostained using the p-glycoCHEK C219
kit (Centocor Diagnostics). This kit uses a mouse
monoclonal antibody directed against an epitope lo-
cated on the inner aspect of the cell membrane, thus
requiring tissue fixation to allow antibody access.
Staining is demounstrated using biotinylated anti-
mouse antibody and an avidin-biotin horseradish
peroxidase staining system. Specimens were ex-

amined under light microscopy for the presence of
immunostaining, and scored for the purposes of this
study as percentage of cells displaying clear mem-
brane immunostaining. Positive controls included
human ovarian cancer cell lines known to express
p-glycoprotein. Negative controls consisted of:
(a) samples where non-immune mouse serum was
substituted for specific C219 antibody
(b) normal non-lactating breast tissue which has, in
our hands, given consistently negative staining.
To be considered p-glycoprotein positive, 2 5% of
malignant cells from a total of 20 high power fields
examined had to show clear membrane staining.
This level was chosen as the cut off value since re-
peated blind assessments showed that inter and in-
tra observer variation was < 5% (range 2—4%). It
was thus considered that 2 5% provided a reliable
index of definite positive staining. While an attempt
was made to assess the intensity of staining, it was
found that staining intensity correlated so closely
with percentage of cells showing staining that the
single index, percentage positive cells, was utilised
for subsequent analyses.

In addition, sections from the same specimens
used for p-glycoprotein assessment were examined
immunochistochemically for oestrogen receptor
(ER), progesterone receptor (PR), and Ki67 using
previously described methods [9, 10]. Data regard-

Table I. P-glycoprotein expressian in advanced breast cancer: patient characteristics at biopsy

Number Percentage
Patients with local recurrence/metastatic disease 101 100%
Menopausal status
Pre 40 40%
Post 57 56%
Male 4 4%
Histology
Inflammatory breast cancer 13 13%
Infiltrating ductal cancer 48 47%
Adenocarcinoma n.o.s. 40 40%
Previously untreated 56 55%
Prior adjuvant treatment 45 45%
Postmenopausal R
Tamoxzifen 32 56
Anthracycline containing adjuvant chemotherapy regimen 4 1%
Premenopausal
32%

Adjuvant tamoxifen + anthracycline containing adjuvant chemotherapy regimen 13
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4g correlations between these variables are thus
coutemporaneous.

Patient characteristics

101 patients with breast cancer were studied at the
time of first recurrence/metastasis (Table 1), Of
these, 57 patients (56%) were post menopausal and
40 patients were premenopausal. There were 4
male patients. 56 patients (56%) were previously
untreated, while 45 patients were receiving adju-
vant tamoxifen treatment at the time of recurrence
and biopsy. Seventeen (38%) of these 45 patients
who were receiving hormonal therapy at the time of
biopsy had in addition had previous exposure to ad-
juvant chemotherapy containing anthracyclines.
Further details of adjuvant therapy are shown in Ta-
ble 1.

Postmenopausal patients had a significantly low-
er prior exposure to anthracyclines (4 of 57, 7%)
than did premenopausal patients (13 0£40,32%.p =
0.01), and were more likely (32 of 57, 56%) to have

received hormonal therapy than premenopausal
patients (13 of 40, 32%, p = 0.02). The 4 male pa-
tients were all previously untreated.

Foilowing the diagnosis of recurrence/metastasis
and biopsy assessment, 90 patients received system-
ic treatment (Table 2). This included systemic che-
motherapy in 52 patients and second line hormonal
treatment in 38. Response to treatment for recur-
rent/metastatic disease was assessable in "4 pa-
tients. Reasons for unassessability were lost follow-
up (2 patients) and no assessable disease after biop-
sy (4 patients).

Response criteria
Response was assessed on the basis of criteria pro-

posed by th. Eastern Co-operative Oncology
Group (11].

Table 2. P-glycoprotein expression in advanced breast cancer: disease sites and treatment

Number Percent Number Percent
responding responding
Assessable patients receiving systemic treatment &4 {00
Prior adjuvant therapy 44 55
Previousty untreated 40 45
Chemotherapy 48 57 20 42
Adrizmycin + Vinca alkaloid 20 24 9 45
v 18 21 8 44
MTF® 6 7 2 kx)
CMF 4 S 1 25
Hormonal therapy 26 43 10 28
Aminoglutethamide 10 12 ) 30
Gestagens 20 24 5 25
Testosterone 6 7 2 33
Sites of recurrence metastasis
Soft tissue 84 100 30 35
Bone 18 2 4 22
Lung 2 14 6 50
Liver 8 10 2 25
CNS? 1 1 - -

* CNV = cyclophosphamide. mitoxantrone, vincristine,
* MTF = mitomycin C, thiotepa, $ fluoro-uracil.
¢ CMF = cyclophosphamide, methotrexate, 5 fluoro-uracil.

¢ CNS = CNS lesion not assessable due to concurrent radiation therapy.
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Table 3. Immunocytochemical detection of p-glycoprotein in patients with advanced breast cancer: degree of staining of malignant celig

Percentage of malignant cells
showing immunostaining

Number of patients

p-glycoprotein phenotype

<5% 45 (45%) negative
5-10 6 (6%)
10-33 6 (6%) }12(12%) low
34-65 28 (28%) midrange
66-100 16 (16%) high
Statistical analyses range (with between 1/3-2/3 of malignant cells

Statistical analyses were performed using SAS sta-
tistical software. Statistical tests employed were ¥
analyses, parametric (Pearson correlation coeffi-
cient) and non parametric correlation analyses
(Mann-Whitney U), and analyses of time to treat-
ment failure and survival. Variables examined for
relationship to p-glycoprotein expression and to
survival included age, sex, site of disease, menopau-
sal status, hormone receptor status, previous anth-
racycline exposure, and subsequent treatment. Sur-
vival curves were generated using the method of
Kaplan-Meier and were compared using the log-
rank statistic.

Ethical considerations

All patients gave informed consent to participation
and biopsy, prior to entry into the study. The study
was approved by the Committee on Ethics of Hu-
man Research of the University of the Witwaters-
rand and was carried out in accordance with the
principles of the Declaration of Helsinki.

Results
P-glycoprotein immunostaining

56 (55%) of the patients studied displayed 2 5%
malignant cells showing immunostaining for p-gly-
coprotein. Further analysis of the distribution of
staining intensity suggested 3 groups of patients
with positive immunostaining for p-glycoprotein:
low positive (< 1/3 of cells showing staining), mid

showing positivity); and high positive (with >2/3
cells showing positive staining). The majority were
mid range positive. Only 16 (16%) of tumours had
> 2/3 positive cells (Table 3), and only 6 had 100%
positive cells.

There was a significant overall correlation be-
tween ER positivity and p-glycoprotein positivity
(p =0.027) (Table 4). There was, however, no corre-

Table 4. Immunocytochemical detection of p-glycoprotein in pa-
tients with advanced breast cancer: overall correlation with pa-
tient determinants

P-glycoprotein p value

positive  negative

Oestrogen receptor

Positive 29 13

Negative 27 32 0027
Menopausat status

Pre 22 18

Post 34 23 0.038
Progesterone receptor

Positive 16 7

Megative 36 35 N.S.

Unknown 4 3
Prior adjuvant anthracyclines

Yes 13 4

No 43 41 NS
Ki67 expression

<20% 37 33

>20% 19 12 NS
Prior adjuvant tamoxifen

Yes 28 17

N.

No 26 30 NS
Histologic type

Infiltrating duct cancer 25 23

Adenocarcinoma n.o.s. 23 17 N.S.

Inflammatory 8 5

N.S. = Not significant.
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lation between the level of p-glycoprotein staining
and ER expression (Table §). There was also no sig-
nificant quantitative relationship between proges-
terone receptor levels and percentage p-glycopro-
tein staining (p =0.12). Premenopausal patients had
a significantly higher frequency of p-glycoprotein
staining than postmenopausal patients (p = 0.038).
interestingly, all 4 male patients displayed no im-
munostaining for p-glycoprotein.

In addition to the findings in the 101 patients at
the time of presentation with recurrent/metastatic
disease, there were 9 patients who were initiaily p-
glycoprotein positive, were treated with hormone
therapy, who had follow-up biopsies which allowed

Table 5. Immunocytochemical detection of p-glycoprotein in ad-
vanced breast cancer: correfatiot. of extent of immunostaining
among p-glycoprotein positive (2 5% cells) tumours and other
patient determinants

QOestrogen receptor p-value
pasitive tegative
P-glycoproteia
positivity
Low 10 2
Mid 12 16 NS
High 7 9
Meuopausal status p-value
pre post
Low 4 8
Mid 13 15 NS
High 7 9
Prior anthracycline
yes no
Low 0 12
Mid 1 27 NS
High . 12 4
Ki67
low (< 20%) high (2 20%)
Low [ 6
Mid 21 7 =0.038
High 4 12

100
o — P glycoprotein nagative
:g 80 - 4 -~ P glycoprotein positive
>
—
=
v 60
© )
=)
5 40
c
3
s 20 1
a.

0 - T

0 10 20 30 40 50 80 70 80

Duration of survival {months)

Fig. 1. Survival duration in metastatic breast cancer: p-

glycoprotein negative; - - — p-glycoprotein positive patieats.

for determination of whether hormone therapy (ta-
moxifen) affected p-glycoprotein staining, In 4 of
these patients (44%) the degree of p-glycoprotein
expression was reduced and in 5 (56%) it remained
the same.

Patients who had been previously exposed to
anthracyclines showed a trend for increased fre-
quency of p-glycoprotein expression (13 of 17
(76%) vs. 43 of 84 (51%) not previously exposed to
anthracyclines but this did not reach statistical sig-
nificance (p = 0.09).

There was no overall correlation between Ki67
levels and p-glycoprotein staining. However, very
high Ki67 (220%) expression ccrrelated signifi-
cantly with high (> 2/3 cells positive) p-glycoprotein
expression (Table 5).

Response to treatment

84 patients were evaluable for response to further
therapy. Post biopsy treatment included chemo-
therapy in 48 patients, including 20 patients treated
with anthracyclines, the others mostly receiving a
combination of cyclophosphamide, mitoxantrone,
and vincristine (CNV; 18 patients), while 6 received
mitomycin C, thiotepa, plus 5 fluoro-uracil, and 4
received cyclophosphamide, methotrexate, and 5
fluoro-uracil (CMF). Thirty six patients received
hormone treatment (aminoglutethamide 20; pro-
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gestogens 10; testosterone 6). Thirty patients (35%)
responded to treatment, of whom 12 (14%) were
complete responders. Response to the chemother-
apy was seen in 20/48 (42%; 7 CR plus 13 PR). Re-
sponse to harmone therapy occurred in 10/36 (28%:
6 CR and 4 PR). P-glycoprotein immunostaining at
any level failed to impact on overall response to
treatment (p = 0.34), or on response to chemother-
apy (p = 0.86) or to hormonal therapy (p = 0.14).
Specifically, p-glycoprotein immunostaining did
not predict failure to respond to anthracycline-con-
taining chemotherapy (p = 0.65). When response to
chemotherapy was analysed according to both ER
status and p-glycoprotein staining the results
showed 9/11 (82%) of ER+, p-glycoprotein positive
patients to be responders whereas /14 (78%)
ER-~, p-glycoprotein positive patients failed to re-
spond (p < 0.01). There was insufficient data on p-
glycoprotein negative patients who received che-
motherapy to determine the influence ot ER status
on response to chemotherapy in this subgroup.

Expression of Ki67 at > 20% correlated signifi-
cantly with failure of response to therapy, with only
3/24 (12.5%) of patients with Ki67 expression
> 20% achieving a response as compared to a 27/60
(45%) response rate in patients with <20% Ki67
expression (p < 0.01).

Survival

The median survival of this cohort of patients was
8.9 months. The presence or absence of p-glycopro-
tein immunostaining had no impact on survival (p =
0.77) (Fig. 1). Further analysis showed no effect on
survival or on time to treatment failure of either
low, intermediate, or high p-glycoprotein staining,
nor did p-glycoprotein staining of any degree influ-
ence the survival of, specifically, those patients who
received cytotoxic combination chemotherapy (p =
0.82), of those who received anthracycline-contain-
ing chemotherapy (p = 0.67), or of those who re-
ceived hormonal therapy (p = 0.92).

Ki67 expression (2 or < 20% had a significant in-
fluence on time to treatment failure (TTF for pa-
tients with Ki67 > 20% = 4.1 months; TTF of pa-
tients with Ki67 <20% = 9.3 months). Ki67 expres-

sion did not, however, significantly influence sur-
vival,

Discussion

Intrinsic and or acquired drug resistance is a major
therapeutic problem limiting the treatment of pa-
tients with advanced or metastatic breast cancer.
While many patients do respond to combination
chemotherapy, the responses are frequently short-
lived, and clinical drug resistance emerges. One of
the causes of this emergence of multidrug resist-
ance may be overexpression of the mdr-1 gene en-
coding p-glycoprotein.

The transmembrane transport protein p-glyco-
protein has ATPase activity, and is thought to act as
a cellular efflux pump for a number of chemother-
apeutic agents as well as for other potentially toxic
subst=nces. Itis encoded in human cells by the mdri
gene [12,13]. Mammalian p-giycoprotein is partially
homologous with other membrane transport relat-
ed proteins such as the gene associated with chloro-
quine resistance in Plasmodium falciparum [14). P-
glycoprotein overexpression mediates classical
multidrug resistance, which is marked by the devel-
opment of resistance to anthracyclines, vinca alka-
loids, and the epipodophyllotoxins.

The precise prognostic role of p-glycoprotein in
human breast cancer remains to be defined. Ver-
relle and co-workers [6] reported that p-glycopro-
tein immunostaining, in patients with locally ad-
vanced breast cancer, predicts failure to respond to
chemotherapy as well as a shortened survival. A
similar prediction of chemotherapy resistance was
reported by Ro and co-workers [7].

However Dixon and co-workers [8] failed to
demonstrate any utility for p-glycoprotein immu-
nostaining in a group of 26 patients with locally ad-
vanced breast tumours because of a failure to find
convincing positive staining in any patient.

While p-glycoprotein can be demonstrated in vit-
ro to be associated with drug resistance, there may
be other potentially important associations, which
may be open to manipulation. For example, p-gly-
coprotein has been reported to be associated with
reduced expression of steroid hormone receptors
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and increased expression of the epidermal growth
factor receptor. Clarke and co-workers [15] found,
however, that while transduction of the mdr-1 gene
into MCF celis result in neither cross resistance to
anti-oestrogens nor loss of steroid hormone recep-
tor expression. Kirk and co-workers [16] report that
anti-oestrogens may partially reverse the multidrug
resistant phenotype in p-glycoprotein positive cell
lines, and Lonn and co-workers [17] report that the
development of mdr-1 overexpression is reduced in
patients receiving anti-oestrogens when compared
1o patients who receive other hormonal manipula-
tion. These findings accord with the clinical results
found in patients treated by means of hormone
therapy in this study. Extensive work has also been
done on the reversal of p-glycoprotein mediated
drug resistance using calcium channel antagonists
(18]. It would thus seem that a therapeutic potential
exists for in vivo manipulation of the raultidrug re-
sistant phenotype using agents such as tamoxifen or
verapamil.

The present study attempted to define the role of
immunostaining for p-glycoprotein expression in
predicting both response to chemotherapeutic
agents (particularly the anthracyclines but also
other agents) as well as the relationship between p-
glycoprotein and other progoostic ¢ vrminants
such as ER, menstrual status, and measures of pro-
liferation.

Of note in this study was the relatively high pro-
portion of patients (55%) who showed positive
staining for p-glycoprotein. This proportion ap-
pears higher than the positivity rates (approximate-
ly 15~20%) found in patients with sarcomas and in
paediatric patients. Such high rates of positive p-
glycoprotein staining may relate to the nature of the
disease being studied. The patients included in this
study were all patients with advanced disease. Botti
and co-workers [20) using the same antibody also
found a high proportion (76% ) of patients with pos-
itive p-glycoprotein staining in patients with locally
advanced breast cancer. Although these workers
used different percentage positive values to define
low, medium, and high p-glycoprotein staining
groups, it should be pointed out that in their study,
paraffin fixed sections were used while the present
study looked at fresh frozen tissue. Qur experience

has been that paraffin fixation reduces the intensity
of positive staining but nol the overall proportion of
patients showing positive p-glycoprotein expres-
sion.

Despite these differences in methods, however,
the proportion of patients with low, medium, and
high frequency positive staining appears to be very
similar in the two studies. Both studies thus show a
high frequency of p-glycoprotein staining in ad-
vanced breast cancer. The difference between the
present study and that of Botti and co-workers is in
the relationship between p-glycoprotein staining
and response to treatment. Botti and co-workers
found an inverse relationship between p-glycopro-
tein staining and response to chemotherapy which
was not found in this study. The present study does,

‘however, suggest that ER negative p-glycoprotein

positive patients fail to respond to chemotherapy.
Since there was no overall correlation between re-
sponse to chemotherapy and P-glycoprotein ex-
pression, the results in this particular subset of pa-
tients would appear to indicale some interaction
between ER expression and P-glycoprotein func-
tion. It should be pointed out in this regard that the
patients of Botti and co-workers were selected for
ER negativity, which possibly introduced a selec-
tion bias.

Somewhat unexpectedly, p-glycoprotein immu-
nostaining was found to show an overall correlation
with the presence of the ER. This correlation ap-
peared to be at variance with the finding that pa-
tients who were postmenopausal at time of biopsy
were significantly less likely to express p-glycopro-
tein than premenopausal patients. One possible ex-
planation of the lower frequency of p-glycoprotein
staining in postmenopausal patients is the fact that
postmenopausal patients are in general less likely
to receive chemotherapy (either as first line or as
adjuvant treatment), and indeed. in this cohort of
patients, postmenopausal women had a significant-
ly lower incidence of previous exposure to chemo-
therapy and in particular to anthracyclines. This
may have led 1o less selection pressure on the tu-
mour cell population. However, while a higher pro-
portion of patients who had previously been ex-
posed to anthracycline therapy expressed p-glyco-
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protein than patients not so exposed, this difference
did not reach statistical significance.

On further analysis, however, the correlation be-
tween p-glycoprotein expression and ER was lost
when the results were expressed quantitatively or
semi quantitatively. The precise significance of the
relationship between low frequency p-glycoprotein
expression and ER is thus unclear.

Another interesting finding was the highly signif-
icant correlation between high levels of p-glycopro-
tein expression in tumours displaying a high Ki67
staining index. Ki67 is a murine monoclonal anti-
body that reacts with a human auclear antigen pre-
sent in proliferating cells. Ki67 antigen is expressed
during G1, S, G2 and mitosis, but not in G0, and rep-
resents the growth fraction of the tumour ceil pop-
ulation [19]. This finding suggests that high expres-
sion of p-glycoprotein in tumour cells may be cell
cycle and growth fraction related. This may be a
possible explanation for the reported finding of re-
duced p-glycoprotein expression in patients treated
with anti-oestrogens, as such agents are known to
reduce the growth fraction of hormone responsive
tumour cells (21].

The question arises as to why there was this lack
of correlation between p-glycoprotein immunos-
taining and any of the clinical parameters of re-
sponse, since there is no doubt that cellular reten-
tion of chemotherapeutic drugs is one of the deter-
minants of chemosensitivity and since moreover a
number of studies using cel] lines have demonstrat-
ed a correlation between p-glycoprotein staining
and accelerated rates of drug efflux. One possible
reason may be the nature of the antibody used. It
should be pointed out, however, that high positive
staining with the C219 antibody does correlate, in
our laboratory, with cell lines showing the multi-
drug resistant phenotype, and p-glycoprotein stain-
ing with C219 was present in cell lines demonstra-
ling more rapid rates of efflux of doxorubicin and
vincristine when tested in vitro. These findings sug-
gest that immunologic demonstration of the pres-
ence of p-glycoprotein by the C219 antibody may
not be suificient to define functional activity in vivo.
Functional activity may well be modulated by addi-
tional influences such as hormonally induced pertu-
bations of the cell membrane as well as the prolifer-

ative state of the cells in question. A number of such
factors probably interact in vivo and these together
with the other factors that modulate chemotherapy
drug sensitivity make the mere immunologic dem-
onstration of p-glycoprotein staining alone an un-
reliable method of assessing the potential response
to treatment.

In conclusion, we have found that while patients
who have had prior exposure to anthracyclines may
have a higher frequency of expression of p-glyco-
protein as detected by immunologic means, p-gly-
coprotein staining per se does not predict treatment
failure, and offers only limited additional prognos-
tic information. When coupled with ER, p-glyco-
protein staining may, however, be more significant,
suggesting that the functional activity of this pro-
tein is affected by hormone receptor status. In addi-
tion, p-glycoprotein immunoreactivity appears to
be cell cycle dependent, with overexpression occur-
ring in rapidly cycling cells. Both of these observa-
tions may explain reported findings of modulation
of p-glycoprotein expression by agents such as anti-
oestrogens.
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Abstract. Tamoxifen and a-interferon have interesting and
complementary biologic effects which may be relevant for
breast cancer growth and regression. The hormone responsive
cell line MCF-7 was used as a model to study the biologic
effects of sequential administration of these two agents,
Interferon had a significant antiproliferative ¢ffect and
increased ER and TGF-8 expression. The combination had at
least additive antiproliferative cifects as well as cffects on
expression of ER, TGF-8, c-erbB-2, P24 and Ki67. u-IFN
modulates TMX induced biologic effects and the sequential
administration of «-IFN and TMX may lcad to potentially
important modulation of biologic endpoints. Further studics
arc appropriate.

Introduction

Advanced breast cancer (ABC) remains a targely incurable
disease, although elfective palliation can frequently be
achieved using either hormonal or comuination cytotoxic
chemotherapy. Nonetheless most patients ultimately progress
and die Irom their discase, Modulation of standard therapy in
an atiempt to improve outcomes is an attractive idea and has
received considerable attention. Earlier altempts at therapeutic
modulation included estrogen/anti-estrogen synchronization
(1,2) and estrogenic recruitment (3-5) to potentiate the effect
of conveational cytotoxic chemotherapy. These approaches
have generally not proven success(ul.

Tamoxifen (TMX) is widely used in the management of
ABC, and appears an attractive agent for modulation because
of its diverse cellular effects. a-interferon (u-IFN) in addition
has been shown to have a number of interesting biologic
effects in hormone responsive breast cancer cell lines (MCF-7,

Correspondence to: Dr L. Seymour, 'Present address: NCIC
Clinical Trials Group, Queens University, 18 Barric Street,
Kingston, Ontario K7L ING, Canada

Key words: breast cancer, tamoxifen, interferon, MCF-7,
modulation, growth factors, estrogen receptor

ZR-75). These include enhancement of TMX induced growth
inhibition as well as an increase in estrogen receptor (ER)
cxpression. Clinical and preclinical (6,7) data suggest that the
combination of a-IFN and TMX may offer a therapeutic
advantage in the treatment of patients with ABC. We have
previously shown that treatment with a-IFN consistently
increased the ER and P24 expression in vive (8). P24, or
hsp27, is an oestrogen related protein that appears to play a
role in thermotolerance and may play a role in drug resistance
(9), as well as predicting for response and survival (10).
TMX and «-IFN have also been reported to have effects on
the expression and function of a diverse number of growth
factors, including transforming growth factor (TGF) u and B
which appear to have relevance for breast cancer growth and
regression,

In the current study the hormone responsive, ER positive
cell line MCF-7 was used as a model to study the biologic
effects of sequential administration of TMX and «-IFN.
Expression of ER, PR, P24, c-erbB-2, TGF-8, PDGF-aa and
Ki67 was measurcd. Ki67 rccognizes a nuclear antigen
expressed in cycling cells. Ki67 expression is absent in
resting cells and is thus a marker of growth {raction, shown
to correlate with S-phase fraction (11), while the expression
of the other factors measured have all been correlated with
outcome and prognosis in ABC and may reflect biologically
significant changes in cell physiology or indeed may them-
selves be suitable targets for therapeutic intervention.

Materials and methods

Maverials. The WiCF-7 ccll line, indicator free (if) RPMI and
fetal calfl serum (FCS) were obtained from Highveld
Biofogicals S.A., TMX {rom ICI Pharmaceuticals, Cheshire,
UK, «-IFN (Intron A) {rom Scherag SA. The ERICA kit was
purchased from Abbolt Laboratorics, the PR monoclonal
antibody from Transbio (Paris, France), the PDGF-aa
polycionat antibody and the TGF-8 monocional antibody
{rom British Biotechnology (Abingdon, UK), the c-erbB-2
monoclonal antibody from Triton Diagnostics (Alameda,
CA), the Ki67 monoclonal antibody from Dakopatts,
(Copenhagen), the p-glycoCHEK C219 kit from Centocor
Diagnostics, The DAB was purchased from Sigma, and the
Yectastain ABC kit from Vector Laboratories, Burlinghame
CA. The P24 monoclonal antibody was a gencrous gift from
the late Dr W. McGuire. :
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Cell culture and harvesting. MCF-7 cells were cultured in if-
RPMI and 3% heat inactivated FCS that had been stripped
(s-FCS) using the dextran coated charcoal method 1o remove
steroid hormones. All cultures were maintained at 37°C in a
humidified atmosphere of 5% CO,. Cultures were fed every 3
days, and passaged when confluent. After 4 weeks, MCF-7
cells were plated into 24-well culture plates at a plating
density of 5x10* cells per well in if-RPMI/3% s-FCS. After
24 h a bascline sample was harvested, and the medium
replaced with either fresh medium alone or with fresh medium
containing a-IFN at a concentration of 100, 500 or 1,000
units/m!. At day 4 the cells were fed again with fresh medium
(% «-IFN) and TMX at 10#M. Control wells with medium
alone, with «-IFN alone and with TMX alone were maintained.
Samples were harvested ac 2 day intervals uatil cither
confluence was attained, or the cells died. All experiments
were conducted in triplicate.

Assay procedures. Harvested cells were counted, and then
washed in sterile normal saline. The triplicate samples were
pooled for immunocytochemical analysis, and cytospun onto
glass slides. The slides were then fixed in picric-acid-
formaldehyde, and frozen at -20°C in a storage medium
containing sucrose and DMSO until analysis. ER, PR, P24,
TGF-8, PDGF-aa, Ki67 assays were performed according to
previously described methods (12-14). Specimens were
examined by light microscopy and scored according to the
intensity of staining and the number of cclls displaying
posilive immunostaining. At least 100 cells per ficld and four
ficlds were examined, Al findings except Ki67 were assigned
a score of 0-500 dependent on the degree and intensity of
staining; Ki67 is presented as percentage of cells showing
positive staining.

c-erbB-2 determination was by means of a similar
immunocytochemical method using a monoctonal antibody
to the external domain of c-erbB-2 and a standard avidin-
biotin procedure. Briefly, the stored specimens were washed
in phosphate buffered saline (PBS), endogenous peroxidase
was blocked using methanolic peroxide, and then blocking
antibody, primary and controt antibodics, secerdary antibody,
ABC (vectastain) and DAB were layered on the specimen
sequentially. Specimens were deemed positive if clear
membrane immunostaining was observed.

Specific analyses were performed in a single run, and
positive (MCF-7, ZR-75, postmenopausat ER positive breast
cancer and AS549 cells) and negative controls (A549) were
included in cach run. All runs included samples in which
non-immune mouse scrum was substituted {or primary
antibody as further negative controls.

Results

Growih kinetics. Cells in the control conditions reached
confluence by day 8; growth was most rapid in the first 4 day
period (logarithmic growth phasc) comparcd to the sccond 4
day period (plateau phase). As shown in Fig. [, TMX and all
concentrations of «-IFN led to a statistically significant
inhibition of growth when compared to controls, There was a
suggestion of a dose-response for a-IFN but the difference
between concentrations did not reach statistical significanee,
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Figure 1. The effect of TMX alonc and «-IFN alone on growth of MCF.7
cells. Cells were plated at 4x10° cells per well in indicator free (i) RPMI
and 3% stripped heat inactivated FCS. At 24 h medium was replaced with
cither fresh if-RPMI and FCS or together with ~arious concentrations of
u-1FN or TMX 104 M. Cells were fed again with cither medium alone or
medium and IFN 2 TMX on day 4,
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Figure 2. The clfect of additicn of a-1FN to TMX (10® M) on growth of
MCF-7 cells. Cells were grown under the conditions described in the text.
«-JFN at concentrations of 100, 500 and 1,000 U/mi were added together
with TMX (10* M) to if-RPMI + 3% SFCS. Cell numbers were calculated
as a percentage of growth following the addition of TMX (10* M) alone.

The elfects of combinations of various concentrations of «-1FN
and TMX, as comparced to TMX alone, are shown in Fig. 2.
The addition of «-IFN at all concentrations to TMX appeared
to result in at least additive growth inhibition. The increased
growth inhibition by the combination was statistically
signilicant when compaied to TMX alone. Again there
appeared to be a trend for increasing effect with increasing
dose of «-IFN. Ki67 expression in the control group pcaked
by day 4, and then decreased substantiatly by day 8, as cells
approached conlluence. Expression of Ki67 was significantly
decreased (Fig. 3) by «-IFN and a-IFN .k TMX. Although
cell growth was inhibited by TMX, Ki67 expression remained
similar in control and TMX cxposed cells, suggesting that
TMX cxposcd cells are still potentially cycling celis.
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Figure 3, The effect of o-IFN (100 Wml) and of TMX (10*M) on Ki67
expression MCF-7 cells.
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Figure 4, Temporal expression of hormone receptur and growth factor levels
during growth of MCF-7 cells in if-RPMI + SFCS. Days 1-4 represent Jog
phase of growth. Cells reach confluence at day 8. Hormone receptor and
growth factor expession were assayed by quantitative i ytochemistry
as described in the text.

Expression of growih factors and estrogen related proteins.
In general all 3 concentrations of «-IFN gave comparable
results in the immunocytochemical analyses. Results are
presented for o-IFN 100 = TMX, and for other concentrations
where differences were observed. Temporal cxpression of
hormone receptors and growth factors in control ceils is shown
in Fig. 4. ER cxpressio, in control cells increased modestly
during the logarithmic growth phase. PR and c-erbB-2
expression appeared to remain largely unchanged. P24 and
TGF-B expression increased during both the growth and
plateau phases of growth, while PDGF-aa cxpression initially
declined and then remained unchanged. Expression of ER,
P24, PDGF-aa and TGF-B appears thus to be cell cycle related.

ER expression was unchanged following exposure to
TMX alone, but was increased by u-IFN & TMX (Fig. 5).
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Figure 5. The effect of TMX (108 M), of «-IFN (100 U/ml), and of the
combination on ER expression in MCF-7 cells.

Figure 6. The effect of TMX (108 M), of «-IFN (100 U/ml), and of the
combination (TMX and u-IFN) on PDGF-aa expression in MCF-7 celis.

MCF-7 cells have high constitutive PDGF-aa expression at
bascline, and the decrease in expression seen in control cells
was potentiated by a-IFN/TMX, but essentially unchanged as
compared to controls when cither agent was used alone
(Fig. 6). Expression of TGF-8 was similar in TMX treated
celfs as compared to controls, while a-IFN *+ TMX resulted
in a modest increase in expression of TGF-8 during the
growth phase (Fig. 7).

c-erbB-2 expression was unchanged as compared to
control cells in the growth phase, while expression was
increased during the platcau phase by TMX as well as «-IFN
4 TMX. There was cvidence of a dose-resnonse effect for
a-1FN (Fig. 8). Somc increasc in P24 was noted after
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Figure 7. The effect of TMX (10 M), of a-IFN (100 U/ml), and of the
combination (TMX and a-IFN) on TGF-B expression in MCF-7 cells.
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Figure 8. The effect of TMX (10% M), of a-1FN (100 U/ml and S00 U/mi) and
of the combinations (TMX and u-IFN) on c-erbB-2 expression in MCF-7 cells.

exposure of cells to either TMX or u-IFN 100 £ TMX. For P24
there was a dose-response effect, with a-IFN 500 + TMX
leading to significant increase in cxpression compared to
controls (Fig. 9). PR was expressed at a low, but constant
level, and no change in expression was observed (data not
presented).

Discussion

TMX is widely used in the management of patients with
breast cancer, and its effects an growth hormone receptors
and the expression of various growth factors and oncogenes
have been well described both in vitre and in vivo. Many of
these effects are presumed to be of potential therapeutic
importance, c.g. increase in TGF-B and alteration of ER
cxpression. Strategies modulating these cffects may thus be
of clinical interest.
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Figure 9. The effect of TMX {10* M), of a-IFN (100 U/m! and 500 U/ml}
and of the combinations (TMX and «-IFN) on P24 expression in MCF-7 cells.

The current studies have largely confirmed the previously
reported effects of TMX on growth and expression of ER.
TMX induced TGF-B expression may be time and cell cycle
related (15), possibly explaining the failure to demonstrate
induction of TGF-B expression in this model. Aliernatively
the failure 1o demonstrate increased intracellular levels of
TGF-B may be due to secretion of this growth factor as
previous studies have demonstrated that conditioned medium
obtained from TMX treated MCF-7 cells is growth inhibitory
1o the same cell line. Interestingly, c-erbB-2 expression was
increased modestly by TMX, an effect not previously
described. Previous studies have demonstrated estrogen
mediated downregulation of c-erbB-2, although clinical
studies examining the cffects of TMX on tissue expression of
c-erpB-2 have shown no obvious changes (16). The
implications of these obscrvations are not clear.

Of note, expression of a number of growth factors,
including TGE-B, P24, ER, and PDGF-aa, appcared to be
related to cell kinetics. The effect of growth and the cell
cycte on ER expression is well described (17,18), TGF-B is
growth inhibitory in MCF-7 cells and has been implicated in
apoptotic cell death induced by TMX (19). Increasing
expression as cells reach confluence is consistent with an
inhibitory autocrine function. Similar effects have been
described for other growth factors such as IGF-1 (20). The
demonstrated changes in c-erbB-2 cxpression as cells
approach confluence is relevant to the inlerpretation of
clinical results, where expression has been shown 1o correlate
with proliferative activity and to inversely correlate with ER
expression (21-23). In vitro, c-erbB-Z is known to be
suppressed by ER/estrogen and our demonstration of declining
levels of c-erbB-2 through the plateau phase, as ER expression
increases, may be consistent with this finding (24).

u-1FN increases ER expression and is antiproliferative.
We have demonstrated a significant antiproliferative effect of
«-IFN, even at low dose, and modest, but interesting increases
in ER and TGF-8 expression, a-IRN thus appears (o be a
potential medulator of TMX induced biologic cffects.
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The combination of these two agents which have similar
and complcmentary effects has been investigated to some
extent in vitro. Both we and other workers have reported (hat
the combination of «-IFN and TMX has at Jeast additive anti-
proliferative effects (25) in vitro although variable effects on
ER expression have been reported (26). The current studies
demonstrate that the effects of TMX or «-IFN alone were
increased by the combination of these two agents following
pretreatment of cells with «-IFN which appears 1o be
indicative of a priming effect. ER and TGF-B cxpression with
the combination was increased, but in addition PDGF-aa
expression was decreased. PDGF expression has been shown to
correlate with vascular counts and micro vessel densily and
may be an important angiogenic factor in clinical breast cancer
(27). In addition, PDGF-aa stimulation of cell proliferation
(28,29) and aromatasc activity in vitre has been demonstrated
(30), c-erbB-2 cxpression, compared to controls was also
increased and may be mediated by effects on transcription (31).

While these in vitro observations arc interesting, as
induction of ER and TGF-0 as well as reduction in proliferation
and PDGF-aa expression would, intuitively, scem to offer
benefit, the question arises as to the clinical relevance of a
model based on in vitro growth of cclls which demonstrate
changes in cxpression of biologic determinants according to
growth phase. In this regard, it should be pointed out that
there is a known heterogeneity of cell cycle distribution and
ER expression in in vivo human breast cancers. Not all cells
may therefc - be susceptible to the effects of these two
growth modulators when administered to paticnts. However no
potentially detrimental interactions have been demonstrated.
Indeed, pilot clinical studies (8) with sequential u-IFN and
TMX in patients with ABC suggested that the combination
does increase ER and TGF-B expression in vivo. The
modulation of TMX appears an attractive stratcgy, and such
in vitro investigations offer insight into the biology and
pharmacology of ABC. It might [urther be pointed out that the
changes in expression of factors influencing cell biology were
secn even with low dose of a-IFN, although there may be
evidence of a dose responsc for effects on proliferation, P24
and c-erbB-2. Given the potential (oxicitics and cost of u-
IFN, low dose «-1FN would appear to be an altractive option
for use in clinical studies. Optimal sequence and timing of
administration of the two agents require further elucidation.
The cyclic administration of these 2 agents in vivo may or may
not be appropriate.

In summary, the sequential administration of u-IFN and
TMX appears to lead to potentially important modutation of
biologic endpoints, and further in vitro and clinical studies
cxamining schedule and sequencing issues, as well as clinical
outcomes, are appropriate,
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SUMMARY

Chemotherapy drug resistance in breast cancer is mediated in part by the MDR-1 gene
product, P-glycoprotein (PGP). Tamoxifen (TMX) is able to to modulate the MDR-1
phenotype in vitro. Interferons modulate other biclogic effects of TMX and may
enhance the effect of TMX on PGP function. We have investigated the effects of
combinations of a-interferon (IFN) and TMX on the MDR-1 phenotype and function in
MCF-7 cells. IFN and TMX were both growth inhibitory to MCF-7 cells. Preincubation
with IFN potentiated the antiproliferative effect of TMX even at low concentrations.
Immunocytochemicaly detected staining for the external domain of PGP was increased
by both TMX and IFN and the effect of the two agents appeared to be synergistic.
Despite the increased expression of the external domain of PGP, in functional studies,
as assessed by inhibition of *H vinblastine (VBL) efflux, TMX partially reversed the
MDR-1 phenotype in both parental MCF-7 and a multidrug resistant subline MCF-7™,
Prolonged exposure to [FN during cuiture, followed by TMX + IFN resuited in a further
and significant decrease of VBL efflux in this cell line as compared to after TMX alone.
TMX and IFN both have antiproliferative as well as anti-PGP functional effects in this
model. Further studies with these two agents in combination, in the setting of clinical

drug resistance, appear to be warranted.

Keywords: breast cancer, MCF-7, in vitro, modulation, MDR, p-glycoprotein, interferon,

tamoxifen.



INTRODUCTION

Although advanced breast cancer (ABC) is frequently chemotherapy sensitive,
resistance to available treatment usually develops and the patient ultimately succumbs
to the disease. In some patients with ABC the tumor is primarily refractory to cytotoxic
agents. Both intrinsic and acquired multidrug resistance (MDR) present a formidable
challenge for the oncologist treating breast cancer. MDR is mediated at least in part
by P-glycoprotein (PGP), a glycosylated transmembrane protein of 170 kDa, encoded
by the MDR-1 gene, which acts as an energy dependent drug efflux pump, decreasing
intracellular drug accumulation'. Overexpression of PGP is associated in vitro, with a
drug resistant phenotype®®. PGP expression and/or function therefore is an attractive

pharmacologic target for modulation.

A number of agents have been shown to affect PGP function in vitro, including calcium
channel blockers?, calmodulin inhibitors® and agents with effects on membrane fluidity,
or APTase function. Many of the currently available MDR modulators are unsuitable
for use in the clinic, being associated with significant toxicity®’, although newer

molecules in early clinical development may have an improved therapeutic index®®.

Tamoxifen (TMX) is an active agent in breast cancer. It is well tolerated and has been
shown to have a number of interesting additional biologic actions apart from hormone
receptor blockade and growth factor modulation. Among these are the demonstration
of a relationship between resistance to TMX and PGP expression'® and the recent
findings that TMX is able to reverse MDR", by interaction with PGP. Reversal of the
MDR-1 phenotype is accompanied by an increase in intracellular chemotherapy drug

accumulation®?.

Alpha-interferon (IFN) has a number of modulatory biologic effects in hormone
responsive breast cancer cell lines (MCF-7, ZR-75) including enhancement of TMX
growth inhibition and increased expression of estrogen receptor (ER)'. Similar effects
are seen in vivo. The administration of IFN in combination with TMX to patients with
ABC increases the expression of tumour ER and of PR as well as that of oestrogen
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regulated proteins such as P24, Both TMX and IFN decrease the expression of the
proliferation related antigen Ki67' . In addition, to these potentially beneficial effects
in vitro studies have suggested that combinations of TMX and IFN have synergistic and
schedule dependent modulatory effects on doxorubicin (DOX) resistance'. Similar
effects have been described with medroxyprogesterone acetate (MPA)™ and for TMX

modulation of mitoxantrone cytotoxicity.*

The present study examines the biologic effects of sequential TMX and IFN on cell
growth as well as PGP expression and function in the hormene responsive, ER positive
breast cancer cell line MCF-7, as a model for PGP modulation by these agents.




MATERIALS AND METHODS

Materials:

The MCF-7 cell line, indicator free (if) RPMI and fetal calf serum (FCS) were obtained
from Highveld Biologicals S.A., TMX from IC! Pharmaceuticals, Cheshire, UK, IFN
(Intron A) from Scherag SA. The Ki67 monoclonal antibody was obtained from
Dakopatts, (Copenhagen) and the p-glycoCHEK C219 kit from Centocor Diagnostic
DAB and *H-vinblastine (VBL) was purchased from Sigma, and the Vectastain ABC kit
from Vector Laboratories, Burlinghame CA.

Cell Culture and Harvesting:

MCF-7™" doxorubicin resistant cells were selected by exposing cells to increasing
concentrations of doxorubicin (DOX), initially using DOX at a concentration of 0.05 pM,
a concentration leading to <10 % inhibition of growth. At subsequent passages the
DOX concentration was doubled until > 50 % growth inhihition was obtained, at which
point the concentration was maintained until growth i on fell to < 25 % . After
further passages (approximately 40) a stable subline emerged in which a concentration
of 20 pM DOX produced < 10 % growth inhibition. The resulting subline is 4 fold
resistant for DOX and 6 fold resistant for vincristine (VCR) and vinblastine (VBL) as
compared to the parent line. MCF-7™" expizss high levels of p-glycoprotein but are
otherwise similar in growth characteristics and response to tamoxifen as wild type MCF-
7. MCF-7 and MCF-7™" cells were cultured in if-RPMi and 3 % heat inactivated FCS
that had been stripped (s-FCS) using the dextran coated charcoal method to remove
steroid hormone. All cultures were maintained at 37°C in a humidified atmosphere of
5 % CO,. Cultures were fed every 3 days, and passage 3 when confluent. After 4
weeks, MCF-7 cells were plated into 24 well culture plates al a plating density of 5 x 10°
cells perwell in i-RPMI/3 % s-FCS. After 24 hours, a baseline sample was harvested,
and the medium replaced with either fresh if-RPMI/s-FCS or with fresiiv medium
containing IFN at 100, 500 or 1000 units/ml. At day 4, the medium was replaced with
fresh (+ IFN) and TMX at 10 M was added. Control wells with medium alone, with IFN
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alone and with TMX alone were maintained. Samples were harvested at 2 day intervals
until either confluence was attained, or the cells died. All experiments were conducted
in triplicate. IFN was diluted in if~-RPMI/3%s-FCS while TMX was initially dissolved in 5ul
methanol before further dilution in if-RPM|/3%s-FCS to achieve a final concentration of

10®M. Culture conditions were otherwise identical between experiments.

Harvested cells were counted, and then washed in sterile normal saline. The triplicated
samples were pooled for ICA analysis, and cytospun onto glass slides. The slides were
then fixed in picric-acid-formaldehyde, and frozen at -20°C in a storage medium

containing sucrose and DMSO until analysis.

ICA Procedures:

All immunocytochemical (ICA) analyses were performed in a single run, and positive
and negative controis (MCF-7, ZR-75, postmenopausal ER+ breast cancer, A549) were
included in each run. In addition, each run included a negative control where non-
immune serum was substituted for the appropriate primary antibody. Specimens were
examined by light microscopy and scored according to the intensity (I) of staining
(O=negutive, 1=weak, 2=intermeciale, 3=strong, 4=intense) and the number of cells
displaying positive immunostaining (Pi 0 - 100 %). Atleast 100 cells per field and four
fields were examined. All findings except Ki67 were assigned a score of 0 - 500
derived by summirig the percentage of cells staining at each intensity (}.Pi {I+1]); Ki67
expression was assessed as percentage of cells staining positively.

ER, Ki67 and PGP assays were perfaormed according previously described methods.??!
Briefly, the stored specimens were washed in phosphate buffered saline (PBS),
endogenous peroxidase was blocked using methanolic peroxide, and then blocking
antibody, primary and control antibodies, secondary antibody, ABC (vectastain) and
DAB were layered on the specimen sequentially.

Functional PGP Assay Procedures:




Functional assays of PGP were performed including uptake and efflux studies in whole
cells and in isolated membrane vesicle preparations, using membrane vesicles
prepared from MCF-7™" cells. Briefly, for uptake studies, cells were expos . 0 *H-VBL
dissolved in RPMI at 37°C, incubated and cooled rapidly to 4 °C at either time 0, 10, 20,
30 and 40 mirutes, cooled rapidly to 4°C at the stated times and then washed to
remove extracellular *H-VBL. Intracellular *H-VBL was measured by scintillation
counting of cytosol preparations. For efflux studies, cells were preincubated with *H-
VBL for 60 minutes, then washed with HBSS and rapidly cooled to 4°C at time 0, 10,
20, 30 and 40 minutes. Intracellular *H-VBL (VBL retention) was measured by
scintillation counting of cytosol preparations. For each experiment corrections were
made for non-specific leakage of *H-VBL from cells maintained at 4°C after VBL
exposure. Studies were performed using either short term (2 hour) exposure to TMX
and IFN, exposure to TMX and/or IFN after preincubation for 48 hours w. 1 TMX, and
exposure to TMX and IFN after preincubation for 48 hours with IFN.

Membrane vesicles were prepared from cells grown with or without {FN (2000 u/mt) for
48 hours. Cells were harvested and suspended in TRIS buffer with
phenylmethylsulphony! fluoride (1 mM), benzamidine (1 mM), aprotinin (1 yg/ml) and
EDTA (1 mM), disrupted by nitrogen cavitation at 1500 ps for 20 minutes, then the
homogenate centrifuged to remave debris. The supernatant was layered overa 35 %
sucrose cushion, vesicles at the interface were collected, diluted in TRIS-buffered saline
(TBS) and then resuspended. The vesicle preparation (40 pg protein/ml) was
suspended in nucleotide buffer with ATP (control - AMP) TMX 107 - 10°® was then
added, followed by *H-VBL (55 mM) and incubated for 60 minutes at 25 °C. lce cold
TBS was added and the vesicle suspension filtered through 0.25 um nitrocellulose
filters. Filters were added to scintillant vials and counted. Results were corrected for

non-specific binding in the presence of a 2000 fold excess of unlabelled drug.

Statistical Methods:




All studies were performed in triplicate. For growth studies and functional PGP assays,
means and standard errors of the mean were calculated for all time points. For ICA
assays, cells were pooled. Statistical comparisons were performed using Students t-
test and analysis of variance and co-variance. The significance level was defined as
p<0.05.



Growth Kinetics:

Cells in control conditions reached confluence by day 8 with growth being most rapid in the
first 4-day period (logarithmic growth phase; doubling time 31.4 hours) compared to the
second 4 day period. Growth kinetics of MCF-7™" were not significantly different with
doubling time during the log phase of 34.6 £ 5.6 hours and confluence being reached at

day 8.

TMX and all concentrations of IFN were growth inhibitory in MCF-7 cells. There was a
trend for increasing doses of IFN to result in increasing inhibition of growth (p = 0.09)
(figure 1). When [FN at any concentration was added to TMX there was a clear and
significant (p < 0.01) potentiation of growth inhibition (figure 2), with evidence of a dose
response with increasing concentrations of [FN (p = 0.03). In parallel with growth inhibition,
expression of Ki67 was decreased, most markedly with IFN and IFN in combination with
TMX (data not shown). ER expression increased modestly during logarithmic growth phase
and appeared to be cell cycle related. White ER expression was not altered by TMX alone,

there was some increase in expression after TMX plus [FN.

Expression of PGP:

The: expression of PGP in control cells appeared to be growth dependent, with expression
decreasing as confluence was approached. The results of ICA analyses for PGP using
{FN 1000 were comparable to the results obtained with IFN500, and resulis are therefore
presented for IFN100 and IFN500 only. PGP expression was increased by TMX and by
all concentration of IFN and IFN + TMX (figure 3). These effects were evident after day 4,
except with both concentrations of IFN + TMX, where the increase in expression peaked
at day 4. In control cells, levels of PGP were highest at baseline with a modest decrease
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as cells approached confluence.

Effects of IFN/TMX on PGP function:

Exposure of MCF-7™* cells to either TMX, IFN, or the combination of TMX and IFN had no
effect on *H-VBL uptake. Short term (2 hours) exposure to TMX however significantly
increased VBL retention (decreased VBL efflux) in the MCF-7™ cell line (p < 0.05) (figure
4). No such effect was seen with short term exposure of the cells to IFN (figure 4) or
following prolonged exposure, during culture, of the cells to either IFN, or to TMX followed
after washing by IFN exposure (data not shown). Short term exposure to the combination
of TMX plus IFN was not significantly different to TMX alone (data not show:). However,
prolonged exposure to [FN during cell culture, followed by TMX + IFN just prior to cytotoxic
drug exposure significantly increased VBL retention in this cell line as compared to TMX
alone (p < 0.01) (figure 5). The effect of IFN preincubation on TMX + IFN induced
modulation of VBL efflux was evident at all concentrations tested (100, 500 and 1000 u/ml),
but were most significant at the 1000 u/ml concentration.

Membrane vesicles prepared from MCF-7™" cells and exposed short term to TMX
demonstrated a dose related reduction in ATP dependent *H-VBL accumulation (figure 6).
Accumulation of ®*H-VBL by isolated membrane vesicles was not affected by short term
incubation with IFN alone. The effect of TMX plus IFN was not significantly different to
TMX alone in this system, at any of the concentrations of IFN and TMX studied. There was
a modest, albeit significant, (p = 0.05) shift of the curve of ®H-VBL accumulation in
membrane vesicles prepared from MCF7™ after exposure to IFN (1000 u) for 48 hours
when these vesicles were incubated with TMX at concentrations from 10° to 10° M. The

shape of the curve was, however, unaffected.
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DISCUSSION

Therapy of ABC is challenging as relentless progression to drug resistance almost
invariably ensue~ despite achievement of meaningful responses with chematherapy.
MDR-1 is believed to play a role in clinical drug resistance. TMX, commonly usnd in the
management of hormone responsive ABC appears at least in vitro, to modulate the MDR-1
phenotype, TMX has recently been shown to be an effective substrate for PGP, and is a
potent activator of PGP ATPase® . These observations are not inconsistent with the role
of TMX as a modulator of multidrug resistance®, since motecules such as steroids which
bind to PGP with high affinity interfere with drug efflux catalysed by PGP'224%  Similar
effects have been reported for medroxyprogesterone acetate®. However, ine efficacy of
TMX as a modulator of drug resistance at clinically achievable concentrations has not been
demonstrated in the clinical setting. It is also not clear whether a complex biologic
phenomenon such as drug resistance will be sufficiently influenced by a single modulator

s0 as to give clinically meaningful results.

IFN modulates a number of biologic effects of TMX and may also modulate the interaction
of TMX and PGP. In the current study, both IFN and TMX were clearly growth inhibitory
to MCF-7 cells. Preincubation with IFN potentiated the growth inhibitory effects of TMX
even at low conceritrations. These effects have been documented previouslv'>'>, |n
addition to the growth modulation obtained, we explored the potential of these two agents
to modulate PGP expression and function. inthis model, membrane bound, ICA ‘etected,
expression of PGP was increased by incubation with either IFN or with TMX alone. The
combination of the two agents appeared to have an additional effect on increasing PGP
expression as compared to either agent alone. However, functional studies demonstrated
that desyite the apparent increase of membrane protein expression, TMX could partially
reverse the MDR-1 phenotype, and that this effect was potentiated by preincubation with
fFN.
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Previous studies which suggests that both IFN and TMX can reverse the MDR phenotype
include those of Kang and Perry'’. These authors noted that while TMX alone was able
to enhance the growth inhibitory effect of doxorubicin in a multidrug resistant Chinese-
hamster ovary cell line, pretreatment of these cells with IFN was even more effective in
reducing PGP mediated MDR. These findings were apparent despite the fact that [FN

alone had no effect on PGP expression.

Both the study by Kang and Perry and the current investigation, suggest that the effect is
schedule dependent. However, a significant difference between the two studies were the
findings in regard to PGP expression as detected by immunocytochemistry. In the current
investigation, the expression of the external domain of PGP increased during prolonged
culture with both TMX and IFN. Kang and Perry failed to detect any such alteration in ICA
detected PGP expression. These differing results are likely multifactorial, and may be due
to use of different cell lines in the two studies, or due to different incubation times with the
respective agents. Furthermore, although the present study demonstrates a difference in
PGP expression after both TMX and IFN treatment, both the magnitude and the timing of
the increase differed for different incubation conditions. IFN exposure appeared to result
in fairly rapid increase in ICA PGP expression, while the same changes occurred only with

relatively prolonged (> 4 days) TMX exposure.

The effect of the two agents on PGP function also differs. TMX treatment was associated
with a rapid modulation of PGP function with increased whole cell retention of VEL after
a 2 hour exposure. The findings from the membrane vesicle studies suggest that the
effects of TMX are due to rapid, direct binding of TMX to PGP. No direct effect of IFN on
VBL retention was demonstrable in the isolated membrane vesicle studies. The changa
noted in membrane vesicles prepared from cells pre-incubated with IFN are cons;stent with
an increased membrane expression of PGP following IFN exposure but no basic alteration
in the mechanism of PGP/TMX interaction. These results as well as the results obtained
with whole cells are consistent with the interpretation that IFN and TMX have independent

effects on PGP function.
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In the studies by Kang and Perry, ER was undetectable both under control conditions and
when treated with modulators. [n the current study, although the cells expressed ER, TMX
had no effect on expression, while IFN and TMX had a modest effect. These data
suggest that the modulation of PGP by IFN and by TMX are not directly related to the
effects of either of these agents on ER expression. Although the mechanisiin of IFN
enhancement of TMX modulation of PGP function has not been fully elucidated it would
appear to be possibly related to perturbation of membrane structure or distribution of PGP
enhancing the ability of TMX to bind to the active ATP binding site.

TMX is known to have diverse biologic effects among which is inhibition of protein kinase
C (PKC). PKC inhibitors such as staurosporine and dexniguldipine have been shown to
modulate PGP function at least in part through effects on PKC?. PKC may be involved in
the phosphorylation of the multidrug transporter®, and some, but not all inhibitors of PKC
may be substrates of PGP?, Drugs such as dexniguldipine have, however, been shown
to decrease the ICA expression of PGP while decreasing multidrug resistance®,
suggesting that the effects of TMX on PGP are not mediated via PKC.

One further aspect of PGP expression that deserves comment is the issue of the
relationship between PGP expression and cell cycle distribution. Ramachandran and co-
workers®® have demonstrated that PGP mRNA expression is highest while intracellular
accumulation of drugs affected by PGP is lowest during the S-phase of the cell cycle. The
current study demonctrated that ICA detectable PGP increases as cells reached
confluence following exposure to both I{FN and TMX, suggesting that while cell cycle
distribution may have an influence on drug sensitivity, the effects observed after exposure
to the two agents in this model are not merely related to traverse of celis through the cell
cycle.

Clinically, the addition of IFN to T.AX has been investigated in small pilot studies'*"?2,
usually using regimens designed to reverse constitutive or acquired hormone resistance.
These studies have not, however, examined the role of IFN and TMX in the modulation of
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multidrug resistance. The demonstration that TMX can reverse the MDR-1 phenotype, and
that these effects can be substantially potentiated by the addition of IFN, especially when
administered prior to the initiation of TMX, suggests a potential role for these two agents

in the reversal of multidrug resistance.
Clinical studies of MDR-1 reversing agents are challenging in design and the definition of

relevant endpoints: nonetheless further studies with these two agents in combination in the
setting of clinical drug resistance appear to be indicated.
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The effect of TMX and IFN alone on growth of MCF-7 cells. Celis were
plated at 4 x 10° cells per well in indicator free RPMI and 3 % stripped heat
inactivated FCS. At 24 hours medium was replaced with either fresh if-RPM|
and FCS or together with I[FN 100 u/ml (IFN100), IFN 500 u/ml (IFN500), IFN
1000 u/ml (JFN1000) or TMX 10® M (TMX). Cells were fed with medium
alone or medium and IFN or TMX on day 4. All experiments were conducted
in triplicate; mean values are presented. Bars represent standard errors of
the mean.
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Figure 2:
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The effect of addition of IFN to TMX (10°*M) on growth of MCF-7 cells. Cells
were plated at 4 x 10° cells per well in indicator free RPMI and 3 % stripped
heat inactivated FCS. At 24 hours medium was replaced with either fresh if-
RPM! and FCS or together with TMX 10°M alone or with I[FN 100 u/ml
(IFN100/TMX), IFN 500 u/ml (IFN500/TMX), IFN 1000 u/ml (IFN1000/TMX).
Cells were fed again with medium alone or medium and IFN £ TMX on day
4. All experiments were conducted in triplicate; mean values are presented.
Bars represent standard errors of the mean.
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Figure 3:
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The effect of addition of IFN to TMX (10®M) and of IFN alone on the
expression of the external domain of PGP in MCF-7 cells. Cells were plated
at 4 x 10° cells per well in indicator free RPMI and 3 % stripped heat
inactivated FCS. At 24 hours medium was replaced with either fresh if-RPMI
and FCS with TMX 10®M alone (TMX), or together with IFN 100 u/ml
(IFN100/TMX), IFN 500 u/ml (IFN500/TMX), IFN 1000 u/mi (IFN1000/TMX),
or IFN alone at various concentrations (IFN100, {FN500, IFN1000). Cells
were fed again with medium alone or medium and IFN £ TMX on day 4. All
experiments were conducted in triplicate; cells were pooled for ICA analysis.

Data are presented as a percentage of PGP expression in control cells.

220-



Figure 4:
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Inhibition of *H-VBL efflux: The effect of 2 hour exposure of IFN (1000 U/ml)
and TMX 108 on ®*H-VBL retention in MCF-7™" cells. Cells were exposed to
8H-VBL, cooled to 4°C at the times indicated, washed to remove extracellular
SH-.VBL. Retained intracellular *H-VBL was measured by scintillation
counting of cytosol preparations. All studies were performed in triplicate.
Columns and bars represent means + SE's. Corrections were made for non-
specific loss of *H-VBL from cells maintained at 4°C following pre-incubation
with *H-VBL
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Figure 5:
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Inhibition of *H-VBL efflux: The effect of 2 hour exposure to IFN (1000 U/ml)
and TMX 10°® (IFN + TMX) on °H-VBL retention in MCF-7™" cells, after
preexposure to [FN for 48 hours. Cells were exposed to *H-VBL, cooled to
4°C (4C) at the times indicated, washed to remove extracellular *H-VBL.
Retained intracellular ®*H-VBL was measured by scintillation counting of
cytosol preparations. All studies performed in triplicate. Columns and bars
represent rneans + SE's, Corrections were made for non-specific loss of *H-
VBL from cells maintained at 4°C foliowing pre-incubation with *H-VBL.
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Figure 6:  The effect of TMX on ATP dependent °H-VBL accumulation in membrane
vesicle preparations from MCF-7™" cells grown with or without IFN (2000
u/ml) for 48 hours. Bars represent standard errors of the mean.
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CHAPTER 6 - DISCUSSION AND CONCLUSIONS

6.1 Background and biology

Breast cancer is the most common malignancy affecting women in developed countries, and
has enormous public health and sociceconomic effects worldwide. Appreciation of the
complex biology of breast cancer has progressed markedly in the past decades but fuil
understanding remains elusive. Research into the hormonal control of tumour cells has
advanced knowledge substantially, but the challenge remains: the presence of ER does not
necessarily predict for response to hormonal manipulation, nor for sustained response to these
manoeuvres. Similarly, while breast cancer is a chemotherapy sensitive disease, as evidence
by the beneficial effects of cytotoxic chemotherapy in the adjuvant and palliative treatment
of breast cancer, intrinsic and or acquired drug resistance is frequently encountered and

remains a major obstacle to effective therapy.

Clearly, the biologic control of breast cancer growth is complex. The observation that cancer
cells in tissue culture require less exogenous growth facior support than their normal
counterparts, and that conditioned media has growth stimulatory effects, suggests that
malignant cells synthesize, and respond to, endogenous growth factors (3), in addition to
exogenous factors, Factors that normally regulate growth and cellular differentiation appear
to be fundamentally involved in the development and progression of a number of cancers,
including breast cancer (4). Dysregulation of the balance between positive and negative

growth factors may be important in malignant progression (5). Clearer definition of the
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biology of breast cancer is important both in defining prognostic groups as well as the

development of new therapeutic strategies.

6.2 Predictors of response and prognosis

Response to treatment’, and prognosis both in early and advanced breast cancer (ABC) has
been correlated with histologic grade, mitotic index, tumour ploidy, receptor status (both ER
and PR) (6), and a number of growth factors, growth factor receptors and oncogenes,
including c-erbB-2 (7), TGF-P (8) and PDGF. These factors may have prognostic re’evance
in their own right, or may be surrogate markers of tumour biology as the expression of some
appears to be related to the cell cycle”. The assessment of such surrogate or biolog.  inarkers
may have a role not only in furthering understanding of the disease, but also potentially in
predicting treatment outcomes and planning therapy. The ability to measure many of these
markers by immunocytochemistry, on small biopsy or needle biopsy specimens has facilitated

the correlation of these markers with ireatment outcomes.

6.2.1 Oestrogen and Progesterone Receptors
Quantitative measurement of ER has been shown to predict response to endocrine therapy in
patients with breast cancer (9). The reliability of this prediction appears to be enhanced if

progesterone receptors are detectable (10) in addition. The ER has three domains : the N-

'see paper 2 - “Response to Second-Line Hormone Treatment for Advanced Breast Cancer.
Predictive Value of Ploidy Determination”

# see paper 12 - “Sequential Alpha-Interferon and Tamoxifen: in vitro Biologic Effects of Two
Growth Modulators™.
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terminal domain containing a transcriptional activation region, a DNA binding domain and
a C-terminal oestrogen binding domain. Once ligand binding has occurred, the receptor
dimerizes, binds with high affinity to DNA and initiates transcription. Expression may be
related to cell cycle' and to doubling times, with expression most marked in cells in G, and G,,
and in slowly proliferating cells (11). It appears possible to pharmacologically modulate

expression of ER" ™. The detection of hormone receptors and the correlation with clinical

endpoints has been facilitated by the use of immunocytochemical methods of detection”.

6.2.2 Transforming growth factor-f

The TGF-B family of growth factors consists of three isoforms, all highly homologous.
Signalling occurs via type I and 1I receptors, and it appears that both types of receptor are
required for TGF-B activity on cells. These receptors are transmembrane serine/threonine
kinases (12). TGF-P has long been known to be secreted in a biologically active form by
breast cancer cells in culture (13), with secretion being induced by exposure to anti-oestrogens.
We have shown that expressicn may be ceil cycle related”. We have also demonstrated

induction of TGF-§ expressiou in tumour cells by IFN and IFN plus TMX. Similar effects

' see paper 12 - “Sequential Alpha-Interferon and Tamoxifen: in vitro Biologic Effects of Twao
Growth Modulators”

iisee paper 12 - “Sequential Alpha-Interferon and Tamoxifen: in vitro Biologic Effects of Two
Growth Modulators”

i see paper 7 - * Interferon plus Tamoxifen Treatment for Advanced Breast Cancer: in vitro
Rislogic Effects of two Growth Modulators”

¥ see paper 1 - “Estimation of PR and ER by Immunocytochemistry in Breast Cancer. Comparison
...k Radioligand Binding Methods”

v

see paper 12 - “Sequential Alpha-Interferon and Tamoxifen: in vitro Biologic Effects of Twa
Growth Modulators™
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have been noted for anti-progestins such o~ anapristone (14). There is some evidence that
secretion of TGF-P mediates cell death by - ... g apoptosis (15). Siwilar effects, of anti-
oestrogen induced TGF- expression have pcen demonstrated in fibroblasts (16). For the
majority ofhuman breast cancer cell lines, TGF-3 appears to be growth inhibitory (17). TGF-J
however appears to also have a potential role in carcinogenesis and tumour growth (18), and

in some models can be shown to be growth stimulatory and increase metastatic potential (19).

In vivo secretion of TGF-p has also been documented. Most clinical breast tumours appear to
express TGF-B and mRNA can be demonstrated in most breast cancer specimens, although
there may be differences in isoform expression dependent on stage of disease (20). Inkeeping
with in-vitro data, induction of TGF-P expression in stromal cells by anti-oestrogens can be
demonstrated (21). In a small translational pilot study, we found variable effects of IFN and
TMX on TGF-f expression’. Immunohistological studies suggest that the presence of TGF-B
staining in tumour cells may predict for progression of disease (22), or to be associated with
nodal metastases (23). Further evidence of arole for TGF-} in predicti.g treatment outcomes
comes from the observation that elevation in serum levels correlates with response to TMX
(24). Further studies are required to reconcile some of the in-vitro effects with in-vive

findings.

i see paper 7 - * Interferon plus Tamoxifen Treatment for Advanced Breast Cancer : /i vivo Biologic
Effects of Two Growth Modulators™
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6.2.3 P24

Investigators in San Antonio initially 1dentified the presence of a cytoplasmic oestrogen
regulated 24k protein, and its mRNA, in both unstimulated as well as oestrogen stimulated
MCF-7 cells (25), and later developed a monoclonal antibody to this protein (26). P24 is
located in cytoplasmic granules in the apical cytoplasm, and is detected in receptor positive
cell lines, but not receptor negative cell lines (27). P24 can also be demonstrated in normal
oestrogen target organs such as uterus, vagina, oviduct and breast (28) (29). This protein has
subsequently been identified as a heat shock protein - hsp27, The expression of heat shock
proteins may be increased by various forms of stress, but many are constitutively expressed
and may play critical roles in cellular functioning, as well as functioning in protection of the
cell from various stresses such as thermal. Six families of heat shock proteins have been
identified based on molecular weight: hsp100, hsp90, hsp70, hsp60, hsp27, and ubiquitin (30).
Hsp27 expression has been shown to be induced by heat shock, and to induce doxorubicin
resistance, by a mechanism other than mdr-1 (31). Hsp27 also appears to have a role in

mediation of both anchorage dependent and anchorage independent growth (32).

In human tumours, the presence of P24 correlates with the presence of hormone receptors,
especially the ER (33), and may predict for sensitivity to hormonal manipulation (34) . We
have shown that the expression of P24 can be correlated with ER expression, and is increased

after exposure to oestrogens, even in ER negative tumours'. We have also demonstrated that

' see paper 3 - “ Detection of P24 Protein in Human Breast Cancer: Influence of Receptor Status and
Oestrogen Exposure”
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expression may be related to the cell cycle and can be increased in vitro' and in vive' by IFN
plus TMX. The expression of this oestrogen regulated protein has also been shown to be
correlated with increased objective response rates and prolonged duration of response and

overall survival',

P24 therefore appears to be a constitutive oestrogen regulated protein which appears to
function in growth regulation and protection from various insults including exposure to

doxorubicin.

6.2.4 C-erbB-2

The M,185,000 transmembrane receptor tyrosine kinase c-erbB-2 is activated in a third of
human breast cancers, either by gene amplification or overexpression of the protein (35). In
ER positive cells expression of c-erbB-2 appears to be controlled by many factors, including
growth as well as exposure to oestrogens and anti-oestrogens (36) (37). We have
demonstrated that expression can be increased by IFN and TMX". Overexpression of c-erbB-2
appears to be inversely correlated with the expression of both ER and PR (38). In patients the

overexpression of ¢-erbB-2 may be associated with a poor outcome (39) (40) (41) (42),

! see paper 12 - “Sequential Alpha-Interferon and Tamoxifen: in vitro Biologic Effects of Two
Growth Modulators”

# see paper 7 - * Interferon plus Tamoxifen Treatment for Advanced Breast Cancer: /i vivo Biologic
Effects of Two Growth Modulators”

i see paper 4 - “Tumour Factors Predicting for Prognosis in Metastatic Breast Cancer. The Presence
of P24 Predicts for Response to Treatment and Duration of Survival”

" see paper 12 - “Sequential Alpha-Interferon and Tamoxifern: in vitra Biolagic Effects of Two
Growth Modulators”
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expression may be related to the cell cycle and can be increased in vitro' and in vivo" by IFN
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correlated with increased objective response rates and prolonged duration of response and

overall survival™,
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human breast cancers, either by gene amplification or overexpression of the protein (35). In
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" see paper 12 - “Sequential Alpha-Interferon and Tamoxifen: in vitro Biologic Effects of Two
Growth Modulators”

i see paper 7 - * Interferon plus Tamoxifen Treatment for Advanced Breast Cancer: /n vivo Biologic
Effects of Two Growth Modulators”

i see paper 4 - “Tumour Factors Predicting for Prognosis in Metastatic Breast Cancer. The Presence
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although a study conducted by the South West Oncology Group did not confirm this (43). The
presence of the a soluble c-erbB-2 fragment in serum has been shown in this unit to correlate
with both stage of disease and survival', although the presence of serum c-erbB-2 could not
be correlated with tissue expression, and tissue expression showed no correlation with
prognosis. Subsequently, other investigators have confirmed the prognostic importance of
plasma c-erbB-2 (44). Recent studies suggest that overexpression of c-erbB-2 may be
associated with acquired resistance to anti-oestrogens (45), possibly via upregulation of bel-2
and bel-X, and subsequent protection against apoptosis (46), and be associated with increased
tumour invasiveness (47). Innon-small cell lung cancer cell lines, overexpression of c-erbB-2
may be associated with resistance to doxorubicin and etoposide (48). Further, antibodies

targeting c-erbB-2 appear to have antitumour activity in the clinical setting (49).

6.2.5 Platelet Derived Growth Factor

PDGE is a bivalent disulfide linked homo- or hetero-dimer of A and B polypeptide chains,
which exerts its effect by binding to tyrosine kinase surface receptors. Three isoforms exists -
PDGF-AA, PDGF-AB and PDGF-BB, which hind with different affinities to two receptors,
types &, and B, which also dimerise. A chains appear to bind only to « receptors, whereas B
chains appear to bind to either « or § receptors (50). Human breast cancer cell lines secrete

PDGF in response to oestrogenic stimulation (51), and PDGF can be shown to be mitogenic

" see paper 10 - “Soluble c-erbB-2 Fragment in Serum Correlates with Disease Stage and Predicts
for Shortened Survival in Patients with Early Stage and Advanced Breast Cancer”
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in these cell lines (52). Expression may be cell cycle related’. Other than direct autocrine
effects, PDGF may have a paracrine role on stromal tissues, and PDGF receptors have
subsequently been demonstrated in the periepithelial stroma of breast cancer specimens (53).
We have been able to demonstrate that PDGF in the plasma of breast cancer patients has
prognostic significance and cun be correlated to both stage and rate of progression®, and that
patients with detectable serum PDGF have tissue PDGF expression™. Further studies
confirmed the prognostic significance of tissue PDGF in patients with advanced breast cancer,
demonstrating a significant negative correlation with response to cytotoxic chemotherapy and

overall survival®™.

6.2.60 Ki67

Proliferative index and ploidy can be correlates to the »rese ce of hormone receptor, response
to therapy and prognesis in breast cancer (54) (55) (56) (57), although some studies saggest
that ploidy and S-phase fraction may not be independent prognostic variables (58). Ki67 is
a mouse monoclonal antibody which recognises a non-histone nuclear antigen present in
proliferating cells in all phases except G, (59). The amount of antigen detected varies, with

increased expression in G, and M phases. Immunostaining appears to correlate with S-phase

i see paper 12 - “Sequential Alpha-Interferon and Tamoxifen: in vizro Biologic Effects of Two
Growth Modulators™

it see paper 5 - “Platelet Derived Growth Factor in Plasma of Breast Cancer Patients: Correlation
with Stage and Rate of Progression”

il see paper § - * Tissue Platelet Derived Growth Factor (PDGE) Predicts for Shortened Survival and
Treatment Failure in Advanced Breast Cancer”

¥ see paper 9 - * Positive Immunostaining for Platelet Derived Growth Factor is an Adverse
Prognostic Factor in Patients with Advanced Breast Cancer”
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as defined by flow cytomeiry (60), and has been shown to be an independent prognostic
variablein lymphoma (61). Although apparently modestly overestimating the growth fraction,
Ki67 appears to be a reasonable surrogate marker for cell proliferation (62), and we have been
able to demonstrate growth stimulatory effects of oestrogen', the growth inhibitory effects of
IFN % ) a5 well as a correlation of expression of Ki67 with PGP expression, failure of
response to treatment and time to treatment failure, although no impact on overall survival

could be demonstrated ™.

6.2.7 PGP

PGP is a plasma membrane protein of 170 kDa which acts as an energy dependent drug efflux
pump. Itis encoded by the MDR-1 gene, and is expressed in normal human tissues, including
colon, kidney and blood vessels, and has also been described in many malignant tumour types.
In vitro studies suggest that expression may correlate with drug resistance for taxol and
doxorubicin (63). Inacohortof 101 patients, 55% demonstrate PGP immunostaining, which
can be correlated with ER positivity. Premenopausal patients and patients with prior exposure

to anthracycline chemotherapy have a somewhat higher expression of PGP, but the presence

" see paper 6 - ** Hormone Priming in Breast Cancer: Oestrogen Priming has a Detrimental Effect on
Response in Oestrogen Receptor Negative Patients”

i see paper 12 - “Sequential Alpha-Interferon and Tamoxifen: in vitro Biologic Effects of Two
Growth Modulators”

i see paper 7 - ** Interferon plus Tamoxifen Treatment for Advanced Breast Cancer: /i Vivo
Biologic Effects of two Growth Modulators”

¥ see paper 11 - * P-Glycoprotein Immunostaining Correlates with ER and high Ki67 Expression
but Fails to Predict Anthracycline Resistance in Patients with Advanced Breast Cancer”
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of PGP failed to predict for subsequent anthracycline failure'. Other investigators have
confirmed higher expression of MDR-1 in younger, premenopausal patients (64). We have
also demonstrated a similar lack of predictive correlation of PGP in patients with follicular
lymphoma (65). Modulation of drug resistance utilising agents known to reverse MDR-1

phenotype in vitro has yet to demonstrate clinical benefit (66).

6.3 Therapy: the options and the challenges

A number of anti-oestrogens of steroidal or non-steroidal origin have been synthesised and
developed for use in the clinic, the most commonly used one being the triphenylethylene
TMX. Although TMX was initially believed to function purely as an antagonist of oestrogen
function with effects mediated viabinding to the ER, the observation that the anti-oestrogenic
actions of TMX and its metabolites could not be completely reversed by oestrogen suggested
alternative mechanisms of action (67). Subsequently, TMX has been demonstrated to have
a number of alternate effects: reduction in ER expression (68) likely by selection of ER
negative clones (69) (70); modulation of expression of and response to growth factors (71)
(72) and their receptors; modulation of oncogene expression (73) ; and effects on signal
transduction (74) (75). Data showing a beneficial effect of TMX even in patients who are ER
negative in the adjuvant setting (76), further suggest that TMX may mediate some ofits effects
in non-receptor positive cells, including stromal cells and tumour vasculature (77).

Resistance to anti-oestrogens, either primary or acquired, may be related to mutations in the

' see paper 11 - * P-Glycoprotein Immunostaining Correlates with ER and high Ki67 Expression but
Fails to Predict Anthracycline Resistance in Patients with Advanced Breast Cancer”
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ER (78) (79), abnormalities in the activating pathways, loss of ER, alteration in the
expression of growth factors or their receptors, bypassing of signal transduction pathways by
cross-talk, development of predominantly agonist effects (80) or to alterations in the

metabolism (81) or the cellular pharmacology of ER itself (82).

Resistance to cytotoxic chemotherapies also represents a foir: idable challenge. Although
adjuvant chemotherapies confer a survival advantage, many patients so treated subsequently
relapse, presumably because of the failure to eradicate residual tumour cells. Overall response
rates to chemoctherapy administered in the setting of advanced disease are relatively
encouraging, but most, if not all, patients relapse after therapy, or progress on treatment, and
responses to second line chemotherapy are discouragingly low. Few if any patients are cured

of their disease once relapse has occurred.

MDR is one of the most widely studied mech~nisms of anticancer drug resistance. Cells
selected for resistance to doxorubicin, one of the most active and widely used drugs in
combination regimens for breast cancer, are typically cross resistant to other cytotoxic agents.
The MDR-1 gene codes for the efflux pump PGP. PGP transports a wide variety of
hydrophobic drugs out of the cell, including a number of anticancer drugs as well as
cndogenous compounds, including steroids (83).  Another gene product which may be
involved in drug resistance is MRP, an ATP-binding cassette drug transporter (84), also
postulated to play a role in clinical drug resistance. Other potential medi tors of drug

resistance include decreased topoisomerase I1 activity and changes in glutathione levels (85).
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Clin:cal drug resistance thus appears multifactorial. While MDR-1 is only one of a number
of described drug resistance mechanisms, data suggest a role for PGP in the clinical setting,
both in terms of prediction of poor outcome (86) and clinical drug resistance (87) (88).
Further, the emergence of drug resistance mediated by PGP can be circumvented in vitro by
co-administration of MDR-modulators (89). We have shown that the immunocy..chemically
detected expression of P(3P is correlated with Ki67 and may be cell-cycle related. We could
not however demonstrate a correlation between PGP expression and response to anthracycline
chemotherapy or prognosis'. Thus, while preclinical models of drug resistance are persuasive
and well defined, the evidence for a direct correlation of MDR-1/PGP expression with
acquired or intrinsic drug resistance in the clinical setting is less well defined. For endometrial
cancer, the expression of MDR-1 does not appear to correlate with intrinsic drug resistance

in this tumour type (90).

6.3.1 Overcoming resistance

In a laboratory setting, a number of agents have been shown to modulate PGP activity. Agents
such as calcium channel blockers, calmodulin inhibitors, cyclosporin, steroids and anti-
oestregens can be shown to have such activity. Novel molecules such as LY335979 also have
activity and are entering clinical development (91). Steroid hormones and anti-oestrogens

may be substrates of PGP (92), or merely modulate the effects of PGP (73).

' see paper K - * P-Glycoprotein Immunostaining Correlates with ER and high Ki67 Expression but
Fails to Predict Anthracycline Resistance in Patients with Advanced Breast Cancer”
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Indomethacin and D,L-BSO have been demonstrated to reverse MRP mediated drug resistance

and drug efflux in MRP overexpressing cell lines (93) (94).

TMX has been shown to potentiate the cytotoxicity of doxorubicia (95) in doxorubicin
resistant murine leukemia cell lines, an effect mediated by increased retention of doxorubicin,
and to reverse MDR (96). Similar effects have been described for other anti-oestrogens as well
as for medroxyprogesterone acetate (97). IFN has been demonstrated to have similar effects
in human melanoma and colon lines. In addition to the effects of the two agents alone, the
combination of IFN and TMX may have synergistic beneficial effects on the reversal of PGP
mediated doxorubicin resistance (98). We have shown that in addition to the growth
inhibitory effects of TMX and IFN alone', the agents in combination have modulatory effects
on PGP, with an increase in immunocytochemical expression of PGP but partial reversal of
the drug resistant phenotype of multidrug resistant MCF-7 sublines, suggesting a potential

clinical role for the two agents in the clinic".

Experience with modulators of drug resistance in the clinic ishowever limited. Clinical studies
are complicated by the difficulty of achieving effective plasma levels of earlier PGP
modulators and the effects of many modulators of PGP on the pharmacokinetics of

coadministered doxorubicin or other cytotoxic agents; cyclosporin and other PGP modulators

" see paper 12 - “Sequential Alpha-Interferon and Tamoxifen: in Vitro Biologic Effects of Two
Growth Modulators”

i see paper 13-  Sequential a-Interferon and Tamoxifen: in Vitro Reversal of MDR-1 Mediated
Multidrug Resistance in the MCF-7 Cell Line"
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ha 2 been shown to inhibit the clearance of both doxorubicin and doxorubicinol, making
interpretation of data from clinical trials difficult (99). To date, no clear benefit has been
demonstrated in clinical trials examining the effects of first generation modulators (100),
however it must be noted that comparative clinical trials of the more specific and potent PGP

modulators are currently ongoing (79).

6.3.2 Biologic Response Modifiers

Other therapeutic agents such as the biologic response modifiers have been investigated, both
as treatmenis for ABC and modulators of biologic behaviour. Interferons comprise 4 main
families, with 2 types : type I IFN includes a , B and w IFN’s, all of which share some
antigenic similarities and which bind to the same receptor. IFN vy is a type II IFN, and is
produced only by T lymphocytes and NK cells, and has a unique receptor, present on n..rly
all cells. IFN’s are known to have a range of immunomodciatory, anti-proliferative and
biologic actions, including reduction in c-erbB-2 phosphorylation (101), modulation of p53
expression and modulation of drug resistance (102). Although a number of breast and
ovarian cell lines demonstrate growth inhibition to IFN (103), clinical trials using IFN as a
single agent in ABC have been disappointing (104). There appears to be some evidence of

synergism of the effects of retinoids and IFN (105).

In vitro data suggest that IFN (both o and ) and TMX may have synergistic effects on
growth and ER expression (106) (107) (108). In the MCF-7 cell line we have demonstrated

the antiproliferative effects of IFN alone and interesting effects on ER and TGF-P expression
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as well as at least additive effects of the combination of IFN and TMX on growth and the
expression of ER (1), TGF-B (1), P24(1), c-erbB-2 (1) and Ki67 (! )'. The biologic effects
of the combination of IFN and TN X. were confirmed in a translational pilot study suggesting
that the model is a reasonable one. This study demonstrated that IFN increases expression of
ER and P24 while decreasing expression of Ki67, and that the addition of TMX decreases
expression of ER but increased expression of PRY, Variable effects on PDGF and TGF-p were
demonstrated. Other small phase II studies have in some instances confirmed these effects,

although it is currently unclear whether the combination offers a real clinical benefit (109).

6.3.3 Other modulatory strategies

T*- combination of hormonal and cytotoxic trcatment is potentially desirable, as hormonal
agents may selectively kill cells sensitive to hormonal therapy, while cytotoxics may
preferentially kill ER negative cells. However, pharmacologic interactions are an important
consideration. Initial observations on the interactions between these two classes of agents
suggested that some demonstrated pharmacologic interactions might ultimately lead to
beneficial modulation of the biologic behaviour of breast cancer wumours. Conversely, the

potential also exists for antagonism between a cytostatic and a cytotoxic agert.

Actively proliferating cells are thought to be most responsive to the effects of cytotoxic

I see paper 12 - “Sequential Alpha-Interferon and Tamoxifen: in vitro Biologic Effects of Two
Growth Modulators”

i see paper 7 - “Interferon plus Tamoxifen Treatment tor Advanced Breast Cancer: In Vive
Biologic Effects of two Growth Modulators”
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chemotherapy (110). Early in vitro work suggested that breast cancer cells treated with anti-
oestrogens accumulate in early G phase, and that these effects are reversed by oestrogen (111).
Other in vitro studies have demonstrated that growth stimulatory hormones, such as oestrogen,
EGF, insulin and glucocorticoids can improve cell kiil with cytotoxic chemotherapy (112).
These effects of oestrogen were also seen in ER negative cell lines (113). Epstein
demonstrated however that this potentially beneficial effect was not necessarily seen with all

cytotoxic agents of similar class (114).

Nonetheless, these preclinical studies led to the initiation of clinical trials testing the
hypothesis that anti-oestrogen /oestrogen pretreatment of tumours may be associated with
superior efficacy (115). A randomised controlled clinical trial performed in this unit
demonstrated biologic effects of oestrogen, with increases in Ki67 and P24 even in ER
negative patients, but a lower objective response rate in ER negative patients who underwent
oestrogen priming, although this did not ultimately have an adverse effect on survival’, These
stimulatory effects of oestrogen have also been demonstrated in ER negative tumours by other
researchers (116) leading to the hypothesis that this was mediated by a paracrine effect with
secretion of a growth stimulatory growth factor from neighbouring ER positive cells, even if
these ER positive cells were present in infrequent numbers (117). Although biologic effects
are generally demonstrable using this approach, the impact on efficacy outcomes is mixed,

with some studies describing superior efficacy in terms of increases in response rates (118)

! see paper 6 - ** Hormone Priming in Breast Cancer: Oestrogen Priming has a Detrimental Effect on

Response in Oestrogen Receptor Negative Patients”

40




(119) or in certain subsets of patients such as those who had prior adjuvant chemotherapy

(120), with overall, little impact on survival.

In recent years, a number of workers have also demonstrated effects of cytotoxic agents on ER
expression. Yang reported that this downregulation of ER was accompanied by a reduction
in the rate of protein synthesis (121). Others have demonstrated a decrease in ER expression
without any discernable effect on overall piotein synthesis (122). These data suggest that
cytotoxics may have a potentially negative impact on response to hormonal agents. More
sophisticated and relevant preclinical models need to be developed to allow clinical studies
to test robust hypotheses rather than merely testing empiric mixes of hormonal and

chemotherapy approaches.
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6.+ Conclusions

Breast cancer is a cominon but devastating disease with an enormous impact on society. It has
a complex biology, perhaps more complex than other tumour types, given its hormonal
control. While this complex biology poses an enormous challenge to researchers investigating
breast cancer, it conversely offers the hope of additional interventions, not feasible with other
tumours that may have a beneficial impact on outcomes. Such interventions may include the
definition of important prognostic indicators that might allow the tailoring of therapy to
patients, limiting toxic therapies to those patients in whom they are beneficial, or the
modulation of the biology of the tumour to circumvent drug resistance, either constitutional

or acquired.

These studies have attempted to franslate preclinical hypotheses into clinical investigations
and ultimately define new management. Growth factors and markers of growth and oestrogen
action have been demonstrated to have prognostic relevance in the clinic. We have shown
proof of principle in the attempted modulation of breast rancer both in the preclinical and
clinical setting; the ultimate investigation of the real clinical import of these observations
awaits definitive clinical study, and the development of more effective modulators of drug

resistance.
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