
CIHRT Exhibit P-3118       Page 1

LONG COURSE, IMMUNOHISTOCHEMISTRY

Immunohistochemistry in Tumor Prognosis

Hector Battifora, M.D.
Clinical Professor of Pathology
University of Southern California
School of Medicine
2011 Zonal Ave. HMR 302A
Los Angeles, CA 90033

e-mail: hbattifora@usa.net



CIHRT Exhibit P-3118       Page 2



CIHRT Exhibit P-3118       Page 3

Table of contents

INTRODUCflON

ESTROGEN RECEPTOR
Clinical significance ofER-ICA
Improvements in ER-ICA

ONCOGENES
ral' p21
Epidermal Growth Factor Receptor (EGFR).
HER-21neu.
Bcl-2

TUMOR SUPPRESSOR GENES
p53 Twnor Suppressor Gene
Retinoblastoma Susceptibility (Rb) Gene

TUMOR ANGIOGENESIS

lNVASION ASSOCIATED FACfORS
CathepsinD

REFERENCES

2

3
4
5

6
7
7
7

10

11
11
12

13

14
14

15



CIHRT Exhibit P-3118       Page 4



CIHRT Exhibit P-3118       Page 5

Immunohistochemistry in tumor prognosis

Hector Battifora, M.D. Page 2

IMMUNOHISTOCHEMISTRY IN TUMOR PROGNOSIS
With emphasis on breast cancer

INTRODUCTION

The discovery of the role played by oncogenes and tumor suppressor genes in the
genesis and progression ofmany cancers opened opornmities to explore their
possible role as predictors oftumor behavior. However, at the present time most of
these have limited clinical decision making impact, and are still generally regarded
as research procedures. Nevertheless, new therapeutic approaches aimed at
genetically controlled cell proliferation mechanisms are now being actively
investigated at many cancer centers. Ifthese prove successful, the detection, and
perhaps the quantification ofthese genetic events may assist the clinician in
selection ofa more rational therapy.

Immunohistochemistry plays an important and expanding role in the'stUdy of
some ofthese alterations of cell control mechanisms. However, correct utilization
of the procedure necessitates keen awareness ofits pitfalls and limitations. This
presentation will discuss some ofthe accepted and putative markers ofprognostic
value amenable to inununohistochemical assay and focusing principally on breast
cancer.

Breast cancer is an important health problem throughout the world. In the United
States currently it affects one ofevery eight women during their lifetime.
Emphasis in early diagnosis has resulted in prolonged survival but the overall
mortality for breast cancer has not improved significantly over the last 20 years.
Prophylactic adjuvant chemotherapy may improve the survival ofpatients with
early-stage breast cancer. However, because ofthe potentially toxic effects of such
therapy, it is important to carefully select those patients who should receive
treatment and those who should be spared. Although several reliable prognostic.
indicators have been established, clearly others are still necessary for more
accurate prediction of the biological behavior ofbreast cancers For the above
reasons, many studies exploring the identification ofnovel markers ofprognostic
significance have been directed to the study ofbreast cancer.

Many ofthe new markers that have been studied to date have yielded controversial
results and their routine application is still uncertain. The reasons for the
discrepancies in the literature are many. In some instances they can be ascribed to
the size of the patient sample. Many series are too small to reveal statistical
significance. Other times the studies have bias in patient selection or in the method
ofstatistical analysis employed. For example, it is possible to show value ofany
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given marker as a prognosticator if, in the multivariate analysis, the comparison
does not include time-proven yardsticks such as histological and nuclear grade, or
if these parameters are incorrectly determined, Additionally, the method employed
to collect the data may have a major influence in the results, For example, many
have reported that determination of cathepsin-D in tumor homogenates are of
prognostic value in breast cancer. Many others, using immunohistochemistry have
found this analyte to be ofno prognostic significance, The contribution of stromal
cells to the total value of the analysis may have a role in explaining the
disagreement in this instance.

Among the molecules that have received intense attention in the
immunohistochemical literature are: hormone receptors, oncogenes, tumor
suppressor genes, cell proliferation-associated molecules, tumor angiogenesis, and
cell invasion-associated molecules. The role ofimmunohistochemistry in the
study ofsome of these markers will be now discussed.

ESTROGEN RECEPTOR

The value ofthe biochemical estrogen receptor (ER) assay to predict breast cancer
response to therapy and overall survival has been firmly established by an
extensive literature on this subject over more than two decades. Most of it was
based on the ligand-binding assay using tissue homogenates. However, sampling
error, delays in tissue processing, sparsely cellular tumors, contamination with
non-neoplastic, receptor-rich normal tissues; and analytical error, are well
recognized causes ofinaccuracy ofsuch cytosol-based assays (25,74,95).
Nonetheless, the cytosol-based estrogen binding assay is generally regarded as the
standard against which new methods are measured. In this presentation I focus on
ER but much of the technical and interpretative data discussed here can be
extended to progesterone receptor (PR) as well.

The presence or absence ofER & PR in breast cancer as determined by steroid
binding assays is widely employed to predict response to endocrine therapy. It is
also well known that such cytosol-based methods are subject to variation due to
sampling error, delays in tissue processing, and diversity in stroma/tumor ratio as
well as errors in assay of total cytosol protein (25,64), Moreover, another possible
source of discrepancy may be error in the interpretation ofScatchard plots because
ofthe presence of type II receptor molecules in some samples, leading to false
positive results (64). Intrinsic estrogen bound to ER in premenopausal women is
another source offalse negative results ofligand-binding assays. Properly
controlled ER immunocytochemical assay (ER-ICA), on the other hand, is
unlikely to yield falsely positive nuclear stains (64,73,74,95,97,100). Nonetheless,

I '
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falsl:neg~tiveERHCAdueto inadequate fixatidn may be impossible to
distinguish from true negative immunostains, particularly ifno positive nonnal
breast tissue is present in the slide to provide an "internal control". Moreover, such
internal control is helpful only when positive. Absence ofstai11i11g ofnonnal ducts
may be due to absence of the receptor or inadequate fixation. Avoidance of
overfixation (over 24 hours) in fonnalin, is imperative to reduce false negative
ER-ICA.

Due to improvements in the early detection ofbreast cancer, the amount oftumor
tissue available for study has decreased, while additional tests are required from
every tumor sample. Immunocytochemical methods ofassay require minimal
amounts of tissue and are not compromised by dilutional effects due to stroma, an
obvious advanmge over cytosol-based biochemical assays.

Clinical significance of ER·ICA

In an earlier study we compared the results ofthe dextran-eoated charcoal estrogen
receptor assay (DCC) with the ER-ICA on routinely fixed, paraffm-embedded
tumor samples from 166 patients with breast cancer (19). The results were
analyzed for concordance between methods as well as for their individual
predictive value for overall survival (OS). Analysis of OS for this series revealed
that both methods provide statistically significant discrimi11ation between a high
and a low risk group. These results cbnfinn previous studies suggesting that the
immunohistochemical method, when perfonned in adequately fixed, paraffm
embedded tissue is at least as accurate as the ligand-binding assay.

Despite the well-acknowledged inaccuracies ofthe biochemical assay it has been
suggested that the higher levels ofER as detenni11ed by the DCC assay are
associated with longer disease-free interval (112). These results are supported by
semi-quantitative ER immunocytochemical assay (ER-ICA) showing that the
higher ER-ICA histo-score correlate with longer survival (38,97,102). Moreover,
ER-ICA has the potential ofyielding more accurate measurement ofER than the
biochemical assay ifadequate controls for antigen~e due to fixation and
processing are included prospectively (17). Additionally, in premenopausal
women the DCC assay may give low or false negative resl\lts because the receptor
sites may be occupied by endogenous estrogen. On the other hand, a mutated,
non-fimctional receptor molecule may still be detectable by ER-ICA. If this were a
common event one would predict that fimctional assays like the DCC would be
better predictors ofresponse to honnonal therapy than the ER-ICA. Current data
seems to indicate precisely the opposite. Additionally, recent data from the
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literature suggest that only I% ofprimary breast cancers have point mutations in
the ER gene (l07).

Numerous literature reports show convincing evidence that immunohistochemical
methods, particularly when performed on frozen tissue, are as good or better
predictors ofresponse to hormone therapy, or as, than cytosol-based methods
(3,75,102). Due to recent improvements in the methodology for ER-ICA in
routinely processed tissues, the same can now be stated about ER-ICA in paraffin
embedded tumors (6-8,38,100,113).

Improvements in ER·ICA

Recently better monoclonal antibodies to estrogen receptor and progesterone
receptor, usually using recombinant DNA techniques to prepare immunogens,
have been made commercially available. Some ofthese antibodies recognize ER
epitopes that are more resistant to formalin fixation than previously available
antibodies. For example, in our laboratory we now use the antibody ERI-D5
(lmmunotech, Dako) coupled with heat induced epitope retrieval, in citrate buffer
(24,127)( for method, see appendix). With this new approach a significant increase
in the sensitivity ofthe ER-ICA has been noted, and a greater proportion ofcases
show up as positive. 1bis has raised concerns about the need to establish a treshold
for the interpretation ofwhat is a positive result. However, in our laboratory
experience, without altering our interpretation method, the improved ER-ICA
sensitivity yields a more robust statistical significance in terms ofas and disease
free survival (DFS) than previously attainable by ER-ICA with antibody H222
(Abbott's) (31,96) or by DCC assay.

Moreover, recent data from our laboratory indicates that when ER-ICA performed
in archival tumor samples is quantitated by computerized image analyzers a
stronger correlation with DFS and as is obtainable than when the analysis is by
simple visual examination (31,47-49).

One problem with the interpretation ofhormone receptor assays (or any
immunostain) is the negative stain when no normal positive control is present
within the tumor being analyzed. 1bis is a common problem particularly with
metastatic tumors. In these instances a false negative stain cannot be excluded
even if when the external controls were satisfactory as one cannot be sure of the
preservation ofthe tissue being assayed. 1bis problem can be avoided by
providing a total control such as the Quicgel (Quantitative Immunocytochemistry
gel), a method routinely used in our laboratory. This consists of a heavy
suspension of cells-grown in tissue culture and expressing known amounts ofthe
receptor-in an agar gel. A fragment of this gel (kept frozen until use) is placed
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along with the fresh tissue in the tissue processing cassette and is processed
through fixation, dehydration, clearing, embedding, sectioning and staining
together with the analyte it controls for all of these procedures. Thus, on every
procedure the intensity of the immunostaining of the cells within the Quicgei is
checked first. When it is found to be satisfactory a negative result in the sample
being analyzed becomes more reliable. Moreover, measuring the optical density of
the Quicgei and comparing with that of the tumor cells facilitates quantitation
because it simultaneously controls all the steps ofthe assay.

ONCOGENES

Cancer is a genetic disease. It is caused by the occurrence ofat least one and
virtually always numerous alterations in different genes. Most ofthe involved
genes are called cellular oncogenes or tumor suppressor genes. These genes
generally carry out normal cellular functions, often in relation to the control ofcell
proliferation.

Oncogenes, when activated, drive the cell to divide faster, tumor suppressor genes
do the opposite. Activation ofoncogenes is generally the result ofpoint mutations
or increases in the number ofthe gene copies per cell (gene amplification).
Deletion or mutation may alter the "braking" effect of tumor suppressor genes in
the process ofcell division. Detectability ofa gene activation by
immunohistochemistry is best when the mechanism is amplification as it leads to
detectable increases ofthe gene product. Mutation may increase the detectability
of some ofthese molecules by increasing the half-life ofthe gene product as is the
case with most mutations ofthe p53 oncogene.

The observation that activated oncogenes were found in as many as 30% of
human cancers led to the concept that alterations in single or multiple cellular
oncogenes could lead to malignant transformation. This concept has been
supported by the observation that many ofthe important cellular oncogenes code
for growth factors, growth factor receptors, signal transducers, protein kinases and
transcriptional activators. Abnormal functional activity of these genes might lead
to uncontrolled cell proliferation. Some oncogenes are altered in invasive breast
cancers and, therefore, have the potential to playa role in its pathogenesis. Gene
amplification is the alteration most frequently observed in human breast
carcinoma. The oncogene point mutations detected in human breast carcinomas
are primarily those in the ras family ofgenes, but these mutations are rare
(26,105).
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The ras genes are another family ofrelated oncogenes, including H-ras, K-ras, N
ras and c-ras. The ras genes encode and intracellular membrane protein called
p21. The gene product is a GTPase involved in signal trasduction. The major
mechanism of activation of this gene is by point mutation leading to an aminoacid
substitution in p21. As stated above, mutations ofthis oncogene are rare in breast
cancer although elevations in p21 have been reported. In contrast activation ofras
is rather common in GJ. and pancreatic carcinoma In the latter up to 90% have
been shown to have mutations of this gene. Because ras activation is through the
production ofan abnormal protein, not necessarily increased in amount,
immunohistochemistry is not very effective in demonstrating such activation.
Nonetheless, the early inununohistochemicalliterature abounds with studies
purporting to reveal increased expression ofthis molecule in breast cancer as well
as cancers from other origins, often with alleged prognostic value (52,61,93). It
seems now clear that many of these studies were flawed because ofbinding to
other proteins by the monoclonal antibody RAP-5 the most commonly used
reagent (I 10). In my own experience, membrane staining is rarely seen with
antibodies to ras, even though this is a membrane-based molecule. However when
cells transfected with multiple copies ofthe gene (and overexpressing ras) are
examined by immunohistochemistry the expected membrane pattern of staining is
observed.

Epidennal Growth Factor Receptor (EGFR).

EGFR (c-erb B), is the cellular homologue ofthe v-erb B oncogene and a
membrane protein which binds epidermal growth factor, transforming growth
factor (TGF)-alpha, and amphiregulin (42). Expression ofEGFR in invasive
breast cancer is associated with a shorter DFS and OS ofthe patient (91).
Amplification of the EGFR gene accompanied by increased expression has been
reported in breast cancer cell lines and in approximately 3% ofinvasive breast
carcinomas (120).

HER-21neu.

Slamon et al. (120) found an increase in the number ofcopies of the proto
oncogene c-erbB-2 (also known as HER-2 and neu) in 30% of 189 patients with
primary breast carcinoma whom they followed for 2 to 7, years and they reported
that this amplification was of greater value than were most other prognostic factors
as a predictor oftime to relapse in patients with lymph-node positive disease
(120,121). Subsequent studies by other researchers have supported Slamon's
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observations, (58,126,135,149) although some have not (2,15,129,133,148)
Interestingly, it has been recently reported that breast cancers which overexpressed
neu had significantly longer DFS and OS when assigned to a high dose regimen of
adjuvant chemotherapy (90). This study concluded that overexpression ofneu may
be a useful marker to identify patients most likely to benefit from high doses of
adjuvant chemotherapy.

The proto-oncogene neu encodes a 185- kilodalton trans-membrane glycoprotein
(P185) with tyrosine kinase activity and partial homology to EGFR. For
convenience, we refer to this gene hereafter as neu and its product as p185.

Gene amplification results in increased synthesis of the encoded protein. Because
the gene product is ultimately responsible for the biological activity ofthe gene, it
appears reasonable that direct measurement of the protein, for example, by
Western blotting, or by immunohistochemical methods would be at least as
relevant clinically as is the measurement ofthe number ofgene copies.
Immunohistochemical study has the advantage over Western blotting that the
random dilutional effect ofstroma and other non-neoplastic tissues is eliminated.

Whether determined on frozen sections or on paraffin-embedded tissues, tumors
overexpressing neu show a distinct membrane pattern ofstaining. This is in
agreement with the known transmembrane location ofpl85. Moreover, it is now
generally agreed that any amount ofcytoplasmic staining should be disregarded in
the interpretation ofneu immunostains.

By immunohistochemistry, overexpression ofneu oncoprotein has been found in
as many as 10% ofbreast tumors that have a single copy of the gene as determined
by Southern blotting (58,121). However, recent evidence using fluorescence in
situ hybridization (FISH), suggests that these were false negative results ofthe
Southern blots probably due to dilution ofthe tumor DNA by contaminating non
neoplastic cells (Dr. Michael Press, personal communication). Thus, amplification
seems to be the mechanism underlying the activation ofneu in the vast majority-of
breast cancer patients and immunohistochemistry is an acceptable mode ofassay
for this oncoprotein. However, preliminary studies in our laboratory have revealed
several cases ofbreast cancer in which numerous copies ofthe neu gene were
demonstrable in the tumor cells by FISH without a concordant membrane staining
by immunohistochemistry. We are not sure ofthe significance of this finding and
additional studies are now under way.

We analyzed by immunohistochemistry 245 early-stage primary breast cancers
from patients treated at the City ofHope (COH) between the years 1970 and 1987
patients with stage I (110 patients) and stage II (174 patients) (18). Follow-up
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periods ranged from 24 to 214 months, with a mean of72 months. The study was
performed on archival paraffin-embedded tumors using a commercially available
antiserum (Triton Laboratories, Alameda CA).

Cell membrane staining was present in54 cases in our series (22%). Probability of
disease-free survival (DFS) and overall survival (OS) was compared based on
neu-positivity and other prognostic factors. Overall, DFS and OS did not different
significantly among neu-positive and neu-negative cases. However when cases
with favorable nuclear grade were analyzed, OS and DFS were significantly lower
in neu-positive cases, with a 9-fold increase in risk ofdeath and a 3-fold increase
ofrisk ofrelapse. We concluded from this study that the immunohistochemical
assay ofneu oncoprotein may help to define patients at higher risk among low
stage/low-nuclear-grade patients with breast cancer. This is ofimportance since
this group tends to be considered as having a good prognosis. Unfortunately only a
small proportion ofpatients with breast cancer fall into this category.

Our finding of a high proportion ofneu positivity in cases associated·with ductal
carcinoma in situ ofthe comedo type, and not with other forms ofcarcinoma in
situ, confrrms the observations of others (59,133) who found increased expression
ofplS5 in a higher percentage ofductal carcinomas in situ than of invasive ductal
carcinomas. The reasons for this disparity between iUvasive and in situ cancer are
not clear. At any rate, our observations and those ofothers, (133) suggest that
amplification ofneu is an early event in the process ofneoplastic transformation.

The association ofneu amplification with other parameters known to be linked to
poor prognosis, such as lymph node metastases, absence ofestrogen and
progesterone receptors, and high nuclear grade, imply that neu may also playa
role in tumor progression (35). Our [mdings further indicate that these associations
with well-established, strong predictive factors may be responsible for diminishing
the clinical significance ofneu immunostaining as an independent predictor in our
series. Indeed, in our study each one ofthese readily obtained parameters proved
to be a stronger predictor than the oncoprotein. Moreover, previous investigators
have reported an association ofneu amplification with nodal status,
(21,36,111,120,126,135) and an inverse relationship between neu amplification
and ER-PR levels, (39,54,63,126,145,147) and nuclear grade, (21,54,103,139,145)
as well as aneuploidy (103), and tetraploidy, (10) and mitotic activity (63), all of
which are independent predictors.

However, because our series was made up exclusively of stage I and II cancers-
the group most likely to benefit from prophylactic adjuvant chemotherapy-a low
rate ofrecurrence and death is expected, and a weak predictor may not be readily
detected unless a larger series is studied.
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Nonetheless, our study in common with those ofothers, showed that when
stratification centered on those tumors of low nuclear grade the presence ofneu
amplification identified a group at significantly higher risk for the development of
metastatic disease (94).

Ofpossible therapeutic interest, antibodies directed to the extracellular domain of
neu protein have been shown to have a profound inhibitory effect on the growth of
neu transformed cells in vitro and in vivo. Thus, they may have a possible role as
therapeutic agents (43,44,65). Ifso, immunohistochemistry may play an important
role in the selection ofpatients for immunotherapy with antibodies to neu protein
or with drugs blocking its ligand (136). As stated earlier, neu expression may also
be helpful to determine which patients with breast cancer are likely to respond to
high dose chemotherapy (90).

Bcl-2

The molecular mechanisms involved in programmed cell death have received a
great deal ofattention in recent years and are beginning to be better understood.
Apoptosis, the series ofcell changes leading to cell death is the morphological
manifestation ofthe normal process oftissue regulation. Bcl-2 is now recognized
as a leading gene involved in cell death. It codes for a protein which accumulates
in the mitochondria and appears as punctate cytoplasmic staining on adequately
stained specimens. Monoclonal antibodies capable ofeffectively demonstrating
the expression ofbcl-2 gene product in formalin-fixed tissues are fortunately
available. Normally the gene inhibits cells from undergoing apoptosis (37,69,98).
Overxpression ofthe gene thus may give cells a survival advantage.

The chromosomal translocation t(l4;18) is seen in most cases offollicular
lymphomas and it juxtaposes the bcl-2 gene on chromosome 18 with the heavy
chain gene on chromosome 14. As a result the bcl-2 gene product is
overexpressed. In fact, immunohistochemical demonstration of such
overexpression is a very useful means ofdistinguishing follicular lymphoma from
reactive lymphoid hyperplasia.

A large proportion ofbreast cancers show immunopositivity with antibodies to
bcl-2. The intensity and distribution of the reactivity correlates well with the
presence ofestrogen receptors and low histological grade (22,40,70,81,88,115).
Thus bcl-2 expression is associated with factors indicating a favorable prognosis.
However, immunohistochemical assay for bcl-2 has not shown to be an
independent prognostic factor in multivariate analysis (5,70,115).

However, we have found that determination ofbcl-2 in metastatic carcinoma may
be helpful in identifying breast origin when the differential diagnosis is between
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gastric or lung prirruuy origin as these tumors are rarely positive and ifpositive
they stain weakly and focally (5).

TUMOR SUPPRESSOR GENES

Although overexpressed or otherwise altered "dominant acting" cellular
oncogenes play important roles in the neoplastic process, it was found that fusion
ofmalignant cells with normal cells yielded hybrid cells that were
nontumorigenic. This phenomenon of"tumor suppression" by a gene or genes
from a normal cell suggests that defective functional activity in the tumor cell can
be reversed by introducing genes with normal functional activity. Genes having
this property, referred to as tumor suppressor genes or "antioncogenes", are being
identified with increasing frequency. Tumor suppressor gene inactivation can be
produced by various genetic alterations including deletion ofthe whole gene, point
mutation offunctionally important domains, small deletions or rearrangements in
the gene. Inactivation may also be caused by complexing ofthe p53 protein with
viral proteins or other cellular proteins.

p53 Tumor Suppressor Gene

p53 is currently the most studied of the tumor suppressor genes with p53 deletions
implicated in more thail50% ofinvasive breast carcinomas (62). p53 gene codes
for a protein whose exact function is still uncertain, but is associated with control
ofthe cell cycle and the transcription ofmultiple genes. p53 is a 375 amino acid
nuclear phosphoprotein first identified as a cellular protein that became complexed
to the large T antigen following SV40 viral infection. Adenovirus EIB protein
and human papilloma virus E6 protein also bind p53 in host cells (78). p53 gene,
originally considered to be an oncogene, is now known to be a tumor suppressor
gene. Confusion developed because the p53 gene first identified and cloned was a
mutant p53 (11,12). Wild-type p53 is present at low levels in normal cells, largely
because ofits short half-life. The p53 gene does not appear to be essential for cell
viability; it induces cell cycle arrest in response to DNA damage and allows for
DNA repair. Moreover in the absence ofDNA repair p53 plays an important role
in inducing apoptosis (82). Thus, if functional p53 is absent, progressive DNA
mutations and rearrangements may develop, ultimately leading to the production
ofmalignancies.

Inactivation ofp53 may be caused by mutation or deletion. Most mutations occur
in exons 5 through 9 (82). The most common way to assess p53 mutations is by
polymerase chain reaction (PCR) on exons 5 to 9 followed by SSCP (single
stranded conformation polymorphism), and direct sequencing of any abnormal
band. Clearly, mutations occurring outside exons 5-9 will be missed by this
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approach. Immunohistochemistry will detect many of the mutant proteins because
they tend to accumulate in the cell nuclei on account of their longer half-life (53).
Several monoclonal antibodies that react with either mutant or wild type p53
protein are currently available. It is important to keep in mind that some non
neoplastic cells, particularly cells undergoing DNA repair and rapidly proliferating
cells, may have immunodetectable levels ofwild p53 protein and p53 proteins
detected by immunohistochemistry are not allways mutant (16,80,84).

Immunohistochemical staining for p53 in invasive breast carcinomas has been
interpreted by some to be an independent poor prognostic factor
(4,9,14,46,68,114,130). Others (our own data included) find a strong correlation of
p53 immunostaining and other classical prognosticators, particularly histological
grade and absence ofestrogen receptor. Probably for this reason the multivariate
analysis ofp53 is often not found to be an independent prognostic indicator of
breast cancer (23,28,83,85). Moreover, evidence is beginning to mount that
immunohistochemistry may not be as accurate as cDNA sequencing for the
detection ofp53 mutations. A high percentage ofdiscrepancy between
complementary DNA sequencing and immunohistochemistry has been recently
reported in a large series ofbreast cancers (118).

Since mutations can result in the introduction ofa stop codon with premature
peptide termination and frame-shift mutations resulting in nonsense protein,
immunohistochemistry is expected to identify the vast majority but not all mutant
P53s. Nonetheless, some authors have reported excellent correlation between
immunohistochemistry and mutation by DNA analysis in breast cancer patients.
In addition, mutations in exons I, 2, 3 and 4 do occur, and are not identified by
genetic screening ofexons 5-9 alone. Therefore, a small proportion ofmutant p53
may be missed with either SSCP or immunohistochemistry screening alone.
Moreover, many examples of immunoreactivity in tumors not known to harbor
p53 gene mutations have now been described. There is clearly a need to establish a
meaningful threshold for the interpretation ofpositive results ofp53 immunostiins
(16,34,60,146).

Retinoblastoma Susceptibility (Rb) Gene

Studies ofretinoblastoma, a malignant neoplasm of the retina in children, provided
the first evidence that genetic loss was important in naturally occurring human
(76) cancers. Since Rb appears to playa critical role in the cell cycle, inactivation
ofRb may be important in the pathogenesis ofneoplasms other than
retinoblastoma Indeed, the finding ofdeletions as well as point mutations within
the Rb gene in tumor cells from both retinoblastomas and several bone and soft



CIHRT Exhibit P-3118       Page 16

Immunohistochemistry in tumor prognosis

Heetor Battifora, M.D. Page 13

tissue tumors have expanded the possible role of this gene in the causation of
human neoplasms (20,51,77,86,123).

The Rb gene is very large, 27 exons spanning 200 kb ofgenomic DNA, and its 4.7
kb transcript is expressed in essentially all tissues examined. Rb protein, a
phosphoprotein located in the cell nucleus, plays a regulatory role in the cell cycle.
Unphosphorylated Rb is found in GO-GI with progressively more phosphorylated
Rb found in S and G2/M. Rb protein appears to act as a negative regulator ofcell
division with the unphosphorylated fonn ofRb preventing cells from entering S
phase and synthesizing DNA. Rb was confirmed as a tumor suppressor gene by
introducing a retroviral construct containing full-length wild-type Rb cDNA to
Rb-deficient retinoblastoma and osteosarcoma cells. Expression of the wild-type
gene suppresses both growth and tumorigenicity ofthe cells (20,77,123).

Approximately 25% of invasive breast carcinomas show a loss ofheterozygosity
ofchromosome 13q, the location ofRb gene. Structural alterations in Rb have
been reported in 22% ofhuman breast cancer cell lines and in 19% ofinvasive
breast carcinomas (79,134).

The role ofimmunohistochemistry in the detection of abnOImaiities ofRb is at
present unclear. Several antibodies are available that detect Rb-gene product.
These antibodies give nuclear staining ofvirtually all cells in well fixed
preparations or in frozen sections. Because deletion or inactivation ofthis gene
will lead to absence ofinununostaining, it is mandatory to have clear positivity of
the non-neoplastic cells in every tumor sample. In my experience, to date no
antibodies guarantee this important caveat, even after heat-induced epitope
retrieval. Recently published data from other laboratories report similar results
(119). Thus many false-negative results preclude a reliable retrospective study of
this gene in paraffin-embedded material at the present time.

TUMOR ANGIOGENESIS

The initiation, growth and metastatic spread ofcancer depends in great part of the
responses of the nonnal host tissues. Important interactions with the non
neoplastic vasculature must develop to facilitate metastases. The tenn tumor
angiogenesis (TA) refers to the growth ofnew vessels toward and within the
tumor and is mediated by factors secreted by the tumor cells and/or tumor
associated infIanunatory cells.

Measuring the density of the microvasculature in and around tumors has been
found to correlate with the presence of metastases and survival in various types of
tumors. Again, breast cancer has been the most studied among these
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(27,50,56,67,132,140,141). In some ofthese studies such quantitation has been
found to be an independent marker ofprognostic value (132,140).

Initial studies used immunostains with antibodies to factor VIII-related antigen to
facilitate identification ofvessels (141). Later studies have relied on more sensitive
vascular markers such as CD34 and CD31. It is critical to carefully select fields for
measurement. The areas showing the highest estimated density ofvessels should
be chosen for the assay. Some subjectivity enters when counting tangles ofclosely
apposed tnicrovessels. We, and others have explored the possibility ofusing
computer assisted image analysis systems to quantitate the tnicrovasculature and
reduce such subjectivity (13,116,138).

We immunostained 178 invasive breast carcinomas (stage I and II, mean follow
up 71 months) for the presence ofCD34 and quantitated vascular surface area
within five 20x fields. Vascular surface area was prognostically significant
(p=O.004) in univariate analysis ofDFS and as, as were stage ofthe disease,
tumor size, nodal status and combined histologic grade. High grade carcinomas
contained greater vascular surface area than low grade carcinomas (p=0.0001).
Manual vessel count were significant for as only. In multivariate analysis,
vascular surface area, but not vessel enumeration, remained as an independent
predictor for as but only for lymph node-negative patients. We concluded that
total vascular area, as objectively evaluated by image analysis, was the only
independent prognostic indicator for as in patients with lymph node-negative
invasive breast carcinoma (116,117).

INVASION ASSOCIATED FACTORS

CathepsinD

Cathepsin D is a lysosomal protease documented to be present in a wide
variety of tissues (101,109). The enzyme was fITst described in breast cancer in .
1979 by Westly and Rochefort (144) as a 52 kilodalton (kd) estrogen-inducible
protein in the MCF-7 breast cancer cell line. lbis protein was also shown to be
mitogenic (137), and to be inhibited in certain breast cancer cell lines by the
antiestrogen tamoxifen (143). Subsequent studies revealed that the 52 kd protein
was the precursor form ofthe protease cathepsin D (89).

The in-vitro characteristics ofcathepsin D have been well studied.
Overexpression of cathepsin D protein and mRNA has been documented in breast
cancer by immunoradiometric or immunoenzymatic assays and Northern blot
analysis (55, I04). Cathepsin D gene expression in ER positive breast cancer cell
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lines is known to be induced by estrogens (32,142); however, in ER negative
breast cancer cell lines the mRNA is produced constitutively (104). Cathepsin D
gene expression is also induced by growth factors (epidennal growth factor,
insulin, insulin-like growth factor I, and basic fibroblast growth factor) (33).
Briozzo et al. have shown that through autoactivation in acid pH, the 52 kd
cathepsin D in vitro degrades extracellular matrix, suggesting a role of the enzyme
in facilitating metastasis (29).

Because ofthe apparent overexpression ofcathepsin D in breast cancer, its
association with mitogenic activity, and its possible role in metastasis, several
studies have been undertaken to determine whether cathepsin D can be used as an
supplementary prognostic indicator in breast cancer patients. Thus far, a majority
ofthese studies have involved assay ofcathepsin D on cytosol preparations from
breast carcinomas. These studies have shown, in general, a shorter disease free or
overall survival period in cases with high cathepsin D levels
(30,45,57,87,122,124,125,131). In contrast, inununohistochemical studies, have
shown that positive cathepsin D staining in breast cancer is associatiated with a
longer survival in ER positive or lymph node positive patients (66), or-including
our own study(72)-with no independent prognostic value (1,41,41,99,108,128).

Thus, there is a marked discrepancy in cytosol-based assays and
inununohistochemical assays. A possible explanation is that in most
inununohistochemical studies only tumor cathepsin D expression was evaluated.
When macrophages and other stromal cells are taken into account a better
correlation with cytosol assay has been reported (106). Indeed, recent
inununohistochemical studies in which that the expression ofcathepsin D by
stromal cells is measured has been reported to be a useful prognostic indicator
(71,92). Clearly the story of cathepsin D is still unfolding.
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