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Abstract

This study examined the relation of soy intake with hormonal and proliferation markers in benign
and malignant breast tissue using tissue microarrays (TMAS). TMAs with up to 4 malignant and 4
benign tissue samples for 268 breast cancer cases were constructed. Soy intake in early life and in
adulthood was assessed by questionnaire. The TMAs were stained for ERa, ERp, PR, HER2/neu,
PCNA, and Ki-67 using standard immunohistochemical methods. Logistic regression was applied
for statistical analysis. A higher percentage of women showed positive marker expression in
malignant than in benign tissue. With one exception, HER2/neu, no significant associations between
soy intake and pathologic markers were observed. Early life soy intake was associated with lower

HER2/neu and PCNA staining of malignant tissue. In benign tissue, early life soy intake showed
higher ER and PR expression, but no difference in proliferation markers. The results of this
investigation provide some assurance that soy intake does not adversely affect markers of
proliferation. TMAs were shown to be a useful tool for epidemiologic research.
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Evidence from epidemiological studies supports the hypothesis that soy intake protects against
breast cancer, possibly due to an anti-estrogenic or anti-proliferative effect of isoflavones (1,
2). It is well known that breast cancer development is strongly determined by endocrine
conditions (3,4). On the histopathologic level, it has been shown that the most differentiated
structures in breast tissue, the mature ducts and lobules, show less epithelial proliferation and
fewer estrogen and progesterone receptors and are less susceptible to the development of cancer
than the more undifferentiated structures such as terminal end buds and developing terminal
ductal lobular units (4). Because estrogen exposure early in life appears to induce protection
against cancer development (5), the weak estrogenic effects of isoflavones in soy beans, if
consumed early in life, may accelerate differentiation of breast tissue and prevent tumor
development later in life. In contrast, the effects of soy consumption during adulthood in the
presence of endogenous estrogens may be more anti-estrogenic (6,7).

Estrogen receptor alpha (ERa) is the classical steroid hormone receptor acting as a
transcriptional factor mediating the actions of endogenous and exogenous estrogens on breast
tissue. Progesterone receptor (PR) expression is a sensitive indicator of estrogenic effects (8).
The function of ER is not fully understood, but isoflavones are more likely to bind to ERB
than ERa (9). Proliferation of tumor cells is an important prognostic indicator. Ki-67 provides
a snapshot of cell proliferation; its staining peaks in the S phase of the cell cycle with a half-
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life of 1 hour. Proliferating cell nuclear antigen (PCNA) assesses cumulative proliferative
activity and is more abundant in cells than Ki67 because it may persist for hours to days after
the cell has left the cell cycle (10,11). The proto-oncogene human epidermal growth factor
receptor 2 (HER-2/neu) is a member of the epidermal growth factor receptor family and plays
a key role in proliferation and survival of tumor cells in breast tissue (12). The aims of this
study were to examine the relation of soy intake at different periods within the lifespan with
markers of hormonal receptivity and function (ERa, ERp, and PR), proliferation markers
(PCNA and Ki-67) and the prognostic marker HER2/neu in breast cancer patients with
Caucasian, Japanese, and other ethnic backgrounds and to explore the use of tissue microarrays
(TMA) as a source for malignant and benign breast tissue in an epidemiologic study. Our
hypothesis for this project was that women with high soy intake throughout life would show
lower proliferation in normal breast tissue than women with low soy intake due to the protective
effects from soy.

Study population and data collection

The study was conducted with approval from the Institutional Review Board at the University
of Hawaii and Wake Forest University School of Medicine. For this investigation, 607 breast
cancer cases who had participated in the Multiethnic Cohort (MEC) (13) and in a nested case-
control study (NCC) of mammographic densities were recruited (14). All subjects had
completed a 26-page self-administered questionnaire that included a dietary history, as well as
information about demographics, body weight and height, and medication history (13).
Through a linkage to the data base of the Tissue Repository (TR) within the Hawaii Tumor
Registry (HTR), part of the Surveillance, Epidemiology, and End Results (SEER) program,
we identified women with available pathologic blocks (15). Recruitment letters and lifetime
soy questionnaires (LTSQ) were mailed to the remaining 430 subjects; 177 women were not
contacted because their tissue was located at non-participating hospitals or because they were
deceased. We received 323 consent forms and 311 LTSQ (75%). Another 12 women could be
included because they were deceased and had tissue blocks available in the TR. Among these
335 women with available tissue blocks, 56 subjects did not have sufficient tissue to create
TMASs leaving 279 women for tissue sampling.

The LTSQ asked for the frequency of intake for usual serving sizes of four soy foods (tofu,
soy beans and sprouts, soy milk and drinks, other soy products) during childhood, adolescence,
early adulthood, and late adulthood (16). In a previous investigation (16), we had compared
results for 356 women who had completed the LTSQ twice; the k values indicated substantial
agreement during childhood and adolescence (0.61 and 0.62) and during early and late
adulthood (0.55 and 0.46). Based on 8 frequency categories and 3 serving sizes, mean intake
of soy foods during early life (up to age 20) and adulthood (20+ years) was estimated.

Tumor Microarrays

We created TMAS because this method allows high throughput and yields maximal use of
limited tissue resources (17). Several archived tissue blocks from a given tumor (generally up
to ten) were first grossly inspected by a surgical pathologist (JK) to identify 1-2 blocks with
sufficient tissue. A single hematoxylin and eosin (H&E) slide was prepared from each of these
blocks. On this slide, the same pathologist separately marked representative areas of malignant
and benign tissue. The H&E slide was aligned with the corresponding “donor” block and a 0.6
mm cylindrical tissue specimen was taken from the selected area and transferred to a
“recipient” (empty) paraffin block using a tissue-arraying instrument (Beecher Instruments,
Sun Prairie, WI). Each tissue sample was mapped to a TMA grid with a unique ID number for
reference (18). Up to 4 malignant cores and 4 benign cores per patient were placed in one of
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six blocks. Out of the 2,232 tissue samples to be placed, 12% of malignant and 29% of benign
specimens could not be added because not enough tissue was available. Therefore, 1,773 tissue
samples (79.4%) were arrayed along with samples from liver, spleen, and normal breast as
quality controls. Sections of the TMA blocks (5 um) were prepared and mailed vacuum-sealed
to Wake Forest University for immunohistochemistry.

Immunohistochemistry

The TMAs were stained for the following markers: ERa, ERp, PR, and PCNA (Clones 6F11,
EMRO02, 1A6, and PC10, respectively; all from Novocastra Labs, Newcastle-upon-Tyne, UK),
Ki-67 (Clone SP6, Labvision NeoMarkers, Fremont, CA), and HER2/neu 1 (rabbit polyclonal,
DAKO Corporation, Carpinteria, CA). The basic staining procedure used a avidin-biotin-
alkaline phosphatase method, modified for antigen retrieval from paraffin-embedded tissue
using the procedure of Shi et al (19). Following overnight incubation with the primary
antibodies at 4°C, tissue sections were sequentially incubated with a biotinylated secondary
antibody and a streptavidin-alkaline phosphatase conjugate at 37°C for 20 minutes respectively
(Biogenex, San Ramon, CA, USA) and then visualized using the chromogen/substrate Vector
Red (Vector Laboratories, Burlingame, CA, USA). Sections were counterstained with Mayer’s
hematoxylin, dehydrated, cleared through p-Xylene and coverslipped. Appropriate positive
and negative controls were included for each antibody.

Pathologic Evaluation

Once stained, a trained pathologist (JMC) evaluated all tissue specimens for the presence of
epithelial tissue, malignancy, and tumor grade (Figure 1). About 7-9% of the samples had
fallen off the slides during the staining process. The number was similar across epithelial
markers, but twice as many benign as malignant samples were missing. During the pathologic
evaluation, 118 breast tissue samples were re-categorized as benign or malignant and 550-600
tissue cores could not be evaluated for epithelial staining because the quality of dye was poor
or because the core contained only connective or fat tissue, i.e., the tissue area of interest had
been missed. As a result, approximately 80% of malignant and 40% of benign tissue samples
were included in the analysis corresponding to 780 malignant and 270 benign cores per marker.
On average, 3.1 malignant tissue samples and 1.7 benign specimens per woman were available.
For 268 women at least one tissue sample was available (253 women with at least one malignant
and 159 women with at least one benign specimen). Quantification of immunostaining was
done on individual TMA core sections at a magnification of 20x, using a Nikon Labophot 2
microscope, a 3 megapixel digital camera (Infinity 2-3, Lumenera Inc., Ottawa, Ontario), and
color imaging software (Image Pro Plus, Media Cybernetics, Bethesda, MD). The area of all
nuclei in the core section was measured by a color selection corresponding to hematoxylin (A).
The area of positively immunostained tissue was measured by a color selection corresponding
to the Vector Red chromogen (B) after manually excluding artifacts by tracing them out of the
image mask. For the nuclear stains, the percentage of positive staining was expressed as B/A
x 100. In the event that a TMA core intended to include benign tissue actually represented
malignant tissue or vice versa, classification of the core was amended to reflect the tissue
actually present in the section.

Statistical Analysis

All statistical analyses were performed using the SAS software 9.1 (SAS Institute Inc., Cary,
NC). We computed means of percent staining for each subject separately for benign and for
malignant tissue before classifying ERa, ERB, PCNA, and HER2/neu into two categories: no
stain or less than 10% staining vs. positive (>10% staining). Due to their strong left skew, PR
and Ki-67 were classified into no vs. any stain. Because of the small sample size, early life and
adult soy intake were categorized into <1 serving/week and >1 serving/week. We computed
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intraclass correlation coefficients (ICC) to evaluate the agreement of repeat core samples
within-person and the kappa (i) statistic to compare receptor results as reported by HTR and
as assessed in our study. The relation of soy intake with marker expression was examined using
logistic regression; odds ratios (OR) and 95% confidence intervals (95% CI) are presented.
The models were adjusted for ethnicity, age, BMI, and hormone replacement therapy (HRT)
use because of its well-known effect on epithelial markers. Log-likelihood tests indicated that
energy intake and reproductive factors did not contribute to the models. Due to the exploratory
nature of this investigation, we did not correct for multiple comparisons.

The 268 women with at least one tissue sample available had comparable characteristics to
participants of the NCC study of mammographic densities (Table 1). The major discrepancy
was that women in our study were slightly younger than women of the original study and,
therefore, also more likely to be premenopausal. The majority of women in this study had early-
stage disease consisting of either ductal carcinoma in situ (21%) or invasive ductal carcinoma,
stage 1 or stage 2 (66%). Most malignancies (58%) were ER and PR positive, 16% were
negative for at least one receptor, and the remaining 26% had no results recorded in the HTR.
The ICCs across the malignant specimens varied between 0.45 and 0.74 depending on the
marker, whereas those for benign tissue were lower (0.20-0.42). The associations between
ERa and PR as reported by the HTR and as assessed in the TMAs were k = 0.39 (95% ClI:
0.17-0.62) and « = 0.34 (95% CI: 0.16-0.52), respectively, for subjects with three or more
malignant cores. For 66% of subjects, at least three malignant cores were available, whereas
only 10% of women had three or more benign cores. The median soy intakes during early life
and adulthood were 0.3 (inter quartile range (IQR) = 1.3) and 1.2 (IQR = 2.0) servings per
week, respectively. For 118 women, soy consumption was less than one serving per week
during early life and during adulthood, whereas it was one serving or more during both periods
for 69 women. Only 8 women reported high intake early in life and low intake during adulthood,
while 73 were low during early life and high during adulthood.

Epithelial marker expressions differed between malignant and benign breast tissue, except for
ERB, for which the respective proportions of positive staining in malignant and benign tissue
were 28% and 29% (Figure 2). For ERa, PR, HER2/neu, PCNA, and Ki-67, malignant samples
were considerably more likely to be in the higher category than benign samples. The respective
percentages were 23% and 67% for ERa, 51% and 72% for PR, 33% and 76% for HER2/neu,
41% and 90% for PCNA, and 60% and 86% for Ki-67. ERa staining in malignant tissue was
approximate three times as high as for ERp (67% vs. 23%). The proportions stained did not
differ significantly between Caucasian and Japanese subjects for any marker. The largest
differences were for ERa in malignant tissue with 61% in Caucasians and 71% in Japanese
(p = 0.15), for PR in malignant tissue with 68% and 76% (p = 0.25), and Ki-67 in benign tissue
with 67% vs. 56% (p = 0.23).

With one exception, we observed no statistically significant association between soy intake
and marker expression (Tables 2 and 3). Therefore, emphasis was placed on general
consistency and direction of results. Looking at malignant breast tissue (Table 2), women with
a soy intake of >1 serving/week during early life were slightly more likely to have elevated
expression of PR and Ki-67 than women with low soy intake. In contrast, women with high
soy consumption during early life were less likely to have HER2/neu and PCNA staining.
Women with high soy intake in adulthood were less likely to show HER2/neu staining (OR =
0.46; p = 0.03) and more likely to show ERp staining (OR = 1.24; p = 0.49) in their tumors.
Otherwise, there was little association of adult soy consumption with any of the other markers
in malignant tissue. Women were slightly less likely to have tumors with a higher grade for
higher soy intake in childhood (OR =0.72; p =0.32) or adulthood (OR =0.79; p = 0.44). When
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we repeated the analyses for Caucasian and Japanese women separately, we observed divergent
results for the association of adult soy intake with PR, Ki-67, and tumor grade. The respective
ORs for Caucasians were 2.49 (95%Cl: 0.71-8.77), 2.24 (95%CI: 0.46-10.9), and 0.52 (95%
Cl: 0.17-1.54), whereas they were 0.64 (95%Cl: 0.23-1.77), 0.59 (95%ClI: 0.15-2.33), and
1.43 (95%CI: 0.61-3.36) for Japanese women. However, the numbers were very small, all of
the 95% Cls overlapped, and the interaction terms were not statistically significant.

None of the associations in benign breast tissue was significant (Table 3). In terms of trends,
women with high soy intake early in life were 30-50% more likely to be in the high expression
category for ERa, ERp, PR, and HER2/neu, but the ORs for PCNA and Ki-67 were very close
to one. High soy intake during adulthood was not associated much with any marker. After
stratification by ethnicity, Caucasian and Japanese women had divergent ORs for ERf and
Ki-67. They were 2.61 (95%CI: 0.57-11.95) and 1.87 (95%CIl: 0.46-7.56) for Caucasians and
0.69 (95%CI: 0.20-2.36) and 0.32 (95%CIl: 0.10-1.11) for Japanese.

When we examined the proliferation markers in combined soy intake categories, we found no
elevated expression of markers for women with low intake in early life and high intake during
adulthood. In benign tissue, the ORs for PCNA and Ki-67 were 0.85 and 0.73 as compared to
low intake throughout life. The respective values for malignant tissue were 1.04 and 0.91. The
ORs for PCNA and Ki-67 in women with high vs. low intake throughout life were also not
significant (1.24 and 0.76 in benign; 0.64 and 1.01 in malignant tissue).

Discussion

Using TMAs from a population-based TR, we were able to obtain results for 268 of 442 (61%)
subjects that had been contacted. Contrary to our hypothesis, we observed no significant
associations between soy consumption and epithelial markers in breast tissue samples with the
exception of adult soy intake who were less likely to have HER2/neu expressed in malignant
tissue, probably a chance finding. Overall, a higher percentage of breast cancer patients showed
positive marker expression in malignant tissue than in benign tissue except for ER; this finding
is consistent with the putative role of ERp in maintaining the differentiated phenotype of the
breast (20). As to non-significant trends, women with early life soy intake had lower HER2/
neu and PCNA staining in malignant tissue and women with high soy intake early or late in
life had lower grade tumors. In benign tissue, early life soy intake suggested higher ERa,
ERB, PR, and HER2/neu expression. As indicated by ICCs, the agreement between tissue
specimens was considerably higher for malignant than for benign tissue.

Our findings agree with previous reports showing that 10-20% of epithelial cells in benign
breast tissue express ERa (21). However, the results do not support the concern raised by
several small interventions in women that had noted an increase in some measure of cell
proliferation after short-term soy intake (22-25). They also disagree with an observation of
higher ERa expression for monkeys exposed to soy that may have been a chance finding
(26). The relatively high percentage of positives Ki-67 staining is due to the use of “any
staining” as a cut-off, but this cut-off for Ki67 is reasonably close to the 2.7% cutoff used by
others in the development of prognostic models for breast cancer outcomes (27).

This project had a number of limitations. Despite the population-based TR maintained by the
HTR (15), we were not able to include all breast cancer cases from our previous study because
not all hospitals participate in the TR to the same degree (28). Furthermore, close to 10% of

specimens fell off during staining and another 30% could not be evaluated because they did

not contain epithelial tissue or the staining was inadequate. These percentages are not unusual;
similar losses have been reported by others (28-30). The small size of cores (0.6 mm) and the
selection of benign tissue aggravated the problem in our study (Dr. Christopher A. Moskaluk,
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University of Virginia, personal communication). Larger size needles may have alleviated
some of the loss because the specimens would have been more likely to include epithelial tissue
and because they may have adhered better to the slides. Unfortunately, the small size of tissue
introduces the problem that the tumor may not be represented well; this explains the « values
of 0.26-0.37 for PR and ERa, but variations in assays conducted in different hospitals may
also contribute to the weak agreement. The morphologic classification and interpretation of
stains are based on findings within one small highly defined tissue area in TMAs (29).
Nevertheless, good agreement between immunohistochemical results for single specimen
slides and TMAs was shown repeatedly (17,31). Although our pathologic evaluation technique
did not account for the intensity of stains, we believe that the use of staining controls, training
of observers, and repeated measurements for assessment of interobserver and intraobserver
variability constitute an improvement over the completely subjective assessments currently
used in clinical practice. A serious issue is the fact that the so-called benign tissue in our study
originates from surgery specimens. Therefore, the tissue may not be truly benign, or may be
affected by paracrine signals from the nearby malignant tissue. On the other hand, the TMA
approach saved tissue and allowed high level standardization for immunohistochemical
staining because all specimens were stained under the same conditions (32).

The validity of the LTSQ is difficult to ascertain. Recall of diet for childhood adds another
layer to the well known issues in dietary assessment (33), but a study in adults who recalled
their adolescent diet after a 4-year period found acceptable agreement (34). Our own
questionnaire indicated moderate reproducibility after 5 years (16). Other reports that have
presented associations between adolescent diet and breast cancer risk also support the idea that
adolescent diet can be assessed with some level of validity (35). Although soy intake prior and
after adolescence would be a more valid comparison, we consider our classification an
appropriate indicator for the presence of soy in the early life diet.

This investigation did not detect evidence for our hypothesized association between soy
consumption and proliferative markers in breast tissue, but provides some assurance that soy
intake does not adversely affect markers of proliferation. Given the widespread publicity about
the health effects of soy foods, it is important to understand if the weak estrogenic effects of
isoflavones have the ability to stimulate cell proliferation under certain conditions (25,36).
Because isoflavones have estrogenic and anti-estrogenic effects, the final effect on
carcinogenesis may depend on the dose and on the time of life when isoflavones were
administered (37). To answer questions about the potential proliferative effect of soy
isoflavones (25), it would be optimal to examine breast tissue from women without breast
cancer. However, given the discomfort of needle biopsies and the ethical issues of biopsying
unaffected women, large numbers of samples for epidemiologic studies cannot be obtained.
Our approach of utilizing pathologic blocks from the HTR enabled us to examine a sizeable
number of specimens for a variety of markers in breast tissue.
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Representative photomicrographs of benign tissue (top row) and malignant tissue (bottom

row).
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*Positive = 210% stain or ERa, ERB, HER2/neu, and PCNA; any stain for PR and Ki-67.
Figure 2.

Percent of women by ethnicity and positive marker expression in malignant and benign tissue*
*Positive = >10% stain or ERa, ERB, HER2/neu, and PCNA,; any stain for PR and Ki-67
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Characteristics of women recruited for the TMA study and the original study”

Table 1

Variable

Original Study TMA study

Sample size (N)
Ethnicity (%)
Caucasian
Hawaiian
Japanese
Other
Age at study entry
Body mass index (kg/m?)
Soy intake
Early life soy intake (svgs/wk)
Adult soy intake (svgs/wk)
Family history of breast cancer (%)
Age at menarche (%)
< 13 years
13 -14 years
> 14 years
Number of children (%)
0-1
2-3
>3
Age at first live birth (%)
<21 years
21 - 30 years
> 30 years
N/A
HRT use at study entry (%)
Never
Current
Past
Menopausal Status (%)
Premenopausal

Postmenopausal

607

185 (30.5)
80 (13.2)
287 (47.3)
55 (9.1)
59.4 + 8.4
251%5.1

17+34
28+43
104 (17.1)

334 (55.0)
218 (35.9)
55 (9.1)

171 (28.2)
309 (50.9)
127 (20.9)

80 (13.2)
377 (62.1)
56 (9.2)
94 (15.5)

218 (35.9)
309 (50.9)
80 (13.2)

99 (16.3)
508 (83.7)

268

92 (34.3)
35 (13.1)
116 (43.3)
25(9.3)
57.6+8.4
248+4.4

14+31
24+37
40 (14.9)

153 (55.4)
97 (35.1)
26 (9.4)

80 (29.9)
137 (51.1)
51 (19.0)

38 (14.2)
163 (60.8)
20 (7.5)
47 (17.5)

105 (39.2)
124 (46.3)
39 (14.5)

91 (34.0)
177 (66.0)

*
Means + standard deviation unless stated otherwise
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