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Fig. 4. Summary of hierarchical clustering analysis of the
immunohistochemical data of 52 neuroendocrine tumor cases. The
branch length represents the similarity between results obtained in
this system. Neuroendocrine tumor cases in the present study were
classified into the following three different groups according to the
results: Cluster I, 18 cases; Cluster lla, 15 cases; Cluster Ib, 17 cases.
Two cases belonging to Cluster I were excluded because of the
branch length. 4EBP1, eukaryotic initiation factor 4-binding protein 1;
ERK, extracellular signal-requlated kinase; IGF-1R, insulin-like growth
factor 1 receptor; mTOR, mammalian target of rapamycin; $6,
ribosomal protein s6; sstr, somatostatin receptor.

p-IGF-1R (P = 0.016) and Ki-67 (P = 0.018) did show signifi-
cant differences among the three clusters above (Table 5). These
results indicated that the Cluster I cases (n = 18) were associ-
ated with expression of the sstr subtypes rather than the proteins
in the intracellular signaling pathways. In contrast, the Cluster II
cases (n = 34) were associated with relative abundance of p-
mTOR, p-4EBP1 and p-S6, compared with the sstr subtypes
above and higher proliferative activities. We then studied the
correlation between clinicopathological features of individual
cases and the clusters above using chi-squared tests, but there
were no significant differences between the clusters of the
patients examined (data not shown).

We subsequently performed chi-squared tests between Cluster
ITa and Cluster IIb. Results showed that the Cluster Ila cases
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Table 5. Summary of scoring of immunohistochemistry between
Cluster 1 and 1l

Cluster | Cluster It
(n=18) (n=34) Pvalue
p-mTOR (Score 0 vs 1, 2) 8 25 0.038
p-4EBP1 (Score 0 vs 1, 2) 12 31 0.026
p-S6 (Score 0 vs 1, 2) 14 13 0.0066
p-ERK (Score O vs 1, 2) 7 11 0.64
sstr1, positive 14 13 0.0066
sstr2A, positive 18 30 0.13
sstr2B, positive 13 7 <0.001
sstr3, positive 15 14 0.0036
sstr5, positive 15 24 0.31
p-IGF-1R, positive 10 28 0.016
Ki-67 LI
<2% 17 22 0.018
22% 1 12

4EBP1, eukaryotic initiation factor 4-binding protein 1; ERK,
extracellular signal-regulated kinase; IGF-1R, insulin-like growth factor
1 receptor; LI, labeling index; mTOR, mammalian target of rapamycin;
S6, ribosomal protein s6; sstr, somatostatin receptor. The bold values
indicate the statistical significance.

Table 6. Summary of scoring of immunohistochemistry between
Cluster lla and Iib

Total Cluster la Cluster llb
(h=32) (=15 (h=17) Fvalue

p-mTOR (Score O vs 1, 2) 25 (78.1%) 12 13 0.81
p-4EBP1 (Score 0 vs 1, 2) 30 (93.8%) 13 17 0.12
p-S6 (Score 0 vs 1, 2) 14 (43.8%) 4 10 0.067
p-ERK (Score O vs 1, 2) 11 (34.3%) 0 11 <0.001
sstr1, positive 13 (40.6%) 10 3 0.0048
sstr2A, positive 29 (90.6%) 15 14 0.087
sstr2B, positive 7 (21.9%) 4 3 0.54
sstr3, positive 12 (37.5%) 8 4 0.082
sstr5, positive 25 (78.1%) 15 10 0.0049
p-IGF-1R, positive 26 (81.3%) 12 14 0.84
Ki-67 LI

<2% 20 (62.5%) 5 15 0.0014

22% 12 (37.5%) 10 2

4EBP1, eukaryotic initiation factor 4-binding protein 1; ERK,
extracellular signal-regulated kinase; IGF-1R, insulin-like growth factor
1 receptor; LI, labeling index; mTOR, mammalian target of rapamycin;
S6, ribosomal protein s6; sstr, somatostatin receptor. The bold values
indicate the statistical significance.

were associated with higher expression of sstrl and 5 and higher
proliferative status evaluated by Ki-67 immunohistochemistry
(Table 6; P = 0.0048, 0.0049 and 0.0014, respectively). How-
ever, the Cluster IIb cases were associated with ERK activation
(P < 0.001). Therefore, we then evaluated the correlation of the
results with the clinicopathological features above and the
results indicated that the status of age and their localization was
significantly ~different between these clusters (Table 7;
P = 0.0078 and 0.0043, respectively).

Effects of mTOR inhibitors on the cell proliferation in NET cell
lines. Because the Cluster II cases were associated with the
expression of p-mTOR and higher proliferative activities, we
examined the effects of mTOR inhibitor, rapamycin, on cell pro-
liferation using two NET cell lines, H727 and COLO. We per-
formed a cell proliferation assay at a range of 10™° to 10™' M
for 9 days (H727) or 3 days (COLO), and the results showed
that there was a significant decrease in the cell number for
9 days in H727 and 3 days in COLO treated with rapamycin in
a concentration-dependent manner (Fig. 5).

doi: 10.1111/j.1349-7006.2010.01657.x
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Table 7. Characteristics of the clinicopathological findings of
individual patients in Cluster lla and lib
Total Cluster Ila Cluster llb
(n=32) (n = 15) (=17  Pvelue
Age (years)
<60 23 (71.9%) 7 16 0.0078
260 9 (28.1%) 8 1
Mean + SD 52.7 + 14.2 56.4+17.4 49.4 + 10.0
Gender
Male 22 (68.8%) 8 14 0.077
Female 10 (31.3%) 7 3
Localization
Foregut 9 (28.1%) 1 0.0043
Midgut 1(3.1%) 1 [¢]
Hindgut 22 (68.8%) 6 16
Lymph metastasis
Presence 3 (9.4%) 3 0 0.053
Absence 29 (90.6%) 12 17
Vascular invasion
Presence 9 (28.1%) 6 : 3 0.16
Absence 23 (71.9%) 9 14

The bold values indicate the statistical significance.
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Fig. 5. Antitumor effects of rapamycin in neuroendocrine tumor cell
lines in a concentration-dependent manner. Rapamycin, 107, 1078,
10”7 M; H727, NCI-H727; COLO, COLO320-DM. All data are shown as
mean (n = 6) £SD. *P < 0.001 (vs Control).

Discussion

1t is true that the main therapy of NET is surgical excision. Neu-
roendocrine tumor patients are generally considered resistant to
traditional cytotoxic agents when they are in an advanced clini-
cal stage.®" In particular, the majority of NET cases arising in
the foregut and hindgut, which were the predominant NET cases
in Japan,® do not manifest clinically detectable endocrine mani-
festations and may be first detected at advanced clinical
stages.® Somatostatin receptor subtypes have been demon-
strated in the great majority of NET cases, including those aris-
ing in the foregut and hindgut, even at advanced clinical
stages.® Octreotide is well known to inhibit the release of hor-
mones and subsequently control symptoms in NET patients.
Recently, a newly developed SOM230 (pasireotide; Novartis, St
Louis, MO, USA), which could react with wider sstr subtypes,
has been reported to be more effective in controlling cell prolif-
eration and symptoms in preclinical studies.® In addition,
some groups, including our laboratories, showed the antitumor
effects of SSA in preclinical and clinical study.***> However,
its clinically effective antitumor activity has not necessarily
been detected with octreotide alone, because the tumor response
rate for octreotide represents <10%,29 and thus, the antitumor
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activities of SSA have been controversial. Therefore, other
modes of medical therapy have been in demand clinically, par-
ticularly for controlling tumor cell proliferation of non-function-
ing NET cases including those arising in the foregut and
hindgut.

Other modes of intracellular signaling pathways have been
reported to be involved in NET cases and among these path-
ways, in particular, mTOR activities have been shown to
increase in NET cells, as a result of mutations of the tumor sup-
pressor genes in the PI3K/Akt/mTOR pathway, rather than the
genes encoding mTOR. For instance, the loss of heterozygosity
of the NFI gene led to constitutive mTOR activation.®” Neuro-
fibromatosis type 1 (NF-1) is an autosomal dominant disorder
clinically characterized by the presence of cutaneous and subcu-
taneous neurofibromas, café-au-lait spots and Lisch nodules.
Neurofibromatosis type 1 appears to play a role as a tumor sup-
pressor gene to function the Ras pathway.® Tumors associated
with NF-1 include not only neurogenic neoplasms such as neu-
rofibromas and neurofibrosarcomas, but also pheochromocyto-
mas and NET, suggesting a broader role for NF-1 as a tumor
suppressor gene. However, the GI NET harboring NF-I genetic
abnormalities often occurs in duodenal, ampullary NET and
somatostatinomas. In addition, the presence of NF-1 mutations
in NET was reported in only 1-2% of cases.'%% However, it
also awaits further investigations to clarify the possible involve-
ment of NF-1 genetic abnormalities in patients with NET. The
overactivation of IGF-1R is also reported to be correlated with
activation of the PI3K/Akt/mTOR pathway in NET cells.('*3%
von Wichert er al.®® demonstrated that low-grade NET co-ex-
pressed IGF-1 and IGF-1R, and BON, a human pancreatic NET
cell line, expressed functionally active IGF-1R and secreted
IGF-1, which all suggest an autocrine action of this growth fac-
tor in NET. In addition, a Phase II clinical trial in which the
IGF-1R monoclonal antibody is used for NET patients is in
progress.®? However, the immunohistochemical study of
p-IGF-1R in human NET cases has not been previously
reported. In addition, correlation of the sstr subtypes with the
IGF-1R signaling pathway has also not been reported.

Therefore, in this study, we evaluated sstr subtypes, key fac-
tors in major signaling pathways under RTK and a potential
therapeutic targeted RTK in NET cases using immunohisto-
chemistry combined with hierarchical clustering analysis. Neu-
roendocrine tumors have been reported to be associated with
specific patterns of sstr expression and sstr2 and sstr5 were pre-
dominant subtypes reported in Japanese NET patients.®
Somatostatin receptor 1 and sstr3 are expressed less frequentl
and sstr4 is rarely expressed in NET as described above.('™'®
Results of our present immunohistochemical study were also
consistent with those reported previously, and in particular,
sstr2A and sstr5 were the most frequently detected sstr subtypes
in these GI NET.*® In addition, results of our present study
also showed that the NET cases were basically classified into
two different groups, Cluster I and II, and Cluster II was then
further sub-classified into Cluster Ila and IIb. Between Cluster I
and II, Cluster I was associated with a higher expression of the
sstr subtypes, but there were no significant differences between
these two clusters in the expression of sstr2A and sstr5. In addi-
tion, all Cluster Ila cases expressed sstr2A, but not Cluster IIb.
Therefore, the status of the proliferative activity and lymph node
metastasis was indeed associated with that of sstr2A and sstr3
expressions regardless of the status of p-IGF-1R immunoreactiv-
ity in the cases examined.

Shah er al." also demonstrated a relative high abundance of
p-endothelial growth factor receptor (p-EGFR) and p-ERK in
NET cases using immunohistochemistry. In our present study,
phosphorylated factors in the PI3K/Akt/mTOR pathway were
also detected in many of the NET cases examined, but the cases
associated with activated ERK were relatively low in number.

Cancer Sci | October 2010 | vol. 101 | no. 10 | 2283
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Possible reasons for the discrepancy between the report of Shah
et al. and our present study might be due to differences of the
sensitivities of the primary antibodies, or the majority of the
localization (midgut vs hindgut) of the cases examined. In addi-
tion, results of our present study demonstrated that the cases
belonging to Cluster IIb were associated with PI3K/Akt/mTOR
and MEK/ERK pathways related to IGF-1R. These cases were
associated with a relatively low proliferative status but may be
treated with mTOR inhibitors/IGF-1R antagonists combined
with MEK inhibitors, but further investigation is required for
clarification.

Mammalian target of rapamycin inhibitors are macrolide anti-
biotics with potent immunosuppressive and antitumor activities.
These agents bind immunophilin FK506-binding protein 12
(FKBP12), and this complex subsequently binds to mTOR,
which inhibits downstream signaling pathways.(32’33’ Recently,
the antitumor activities of mTOR inhibitors have been exten-
sively studied, and treatment of the mTOR inhibitors such as
temsirolimus (CCI-779; Wyeth, Philadelphia, PA, USA) and
everolimus (RADOO1; Novartis, Basel, Switzerland) for
advanced renal cell carcinoma after vascular endothelial growth
factor receptor (VEGFR)-targeted therapy have been approved
in Europe, the USA and Japan.®*3> In NET patients, the effects
of mTOR inhibitors have also been evaluated in both preclinical
and clinical studies.®®*” In the present study, we performed an
in vitro study using NET cell lines in order to evaluate whether
this classification has any relationship with sensitivity to the
molecular target therapy. We examined the antitumor effects of
rapamycin in NET cell lines, in which the PI3K/Akt/mTOR
pathway was shown to be activated,®>*? which suggests that
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the cases associated with overexpression of p-mTOR may be
treated with mTOR inhibitors.

We subjected the results of the immunohistochemistry into
hierarchical clustering analysis. This analysis is one of the mul-
tivariative statistical methods that identifies groups of samples
that behave similarly or show similar characteristics.?® There-
fore, hierarchical clustering analysis following immunohisto-
chemistry of different molecules may contribute to a potential
new classification method according to biological features.
Results of the present study revealed that NET cases were basi-
cally classified into the *‘sstr subtypes expressing predominant’’
group (Cluster I) and the ‘‘activating signaling pathways pre-
dominant’’ group (Cluster II), and the latter group was further
sub-classified into the ‘‘sstr expression with higher proliferative
status predominant’ group, or Cluster Ila, and the ‘‘activating
ERK cascade predominant’” group, or Cluster IIb.

In conclusion, we are first to demonstrate the application of a
novel classification method for non-functioning NET patients
using hierarchical clustering analysis based on the immunohisto-
chemical data of sstr subtypes, factors of a major signaling path-
way under RTK and major RTK and clinicopathological factors
of individual patients. It will be important to evaluate which
group the cases with non-functioning NET belong to, and to
determine the treatment of adequate drugs for individual NET
patients.
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Abstract Sex steroids play important roles in the develop-
ment of human breast carcinoma. Androgen receptor (AR)
is expressed in a majority of breast carcinoma tissues.
However, the significance of androgen actions remains
largely unclear in breast carcinoma, differing from estrogen
actions. Therefore, in this review, we summarized recent
studies on androgens in breast carcinoma. Concentration of
a potent androgen, Sa-dihydrotestosterone (DHT), was sig-
nificantly higher in breast carcinoma tissue than in plasma,
and DHT is considered to be locally produced from circu-
lating androstenedione by 17B-hydroxysteroid dehydroge-
nase type 5 and Sa-reductase. On the other hand, aromatase
was recently reported as a negative regulator for intratu-
moral DHT production by possibly reducing the precursor
testosterone. Androgens predominantly show antiprolifera-
tive effects in breast carcinoma cells, but association between
AR status and the clinical outcome of the patient remains
controversial, perhaps partly because AR status does not
necessarily reflect androgenic action in breast carcinoma.
Recently, molecular apocrine breast carcinoma was identi-
fied by microarray analysis. Molecular apocrine carcinoma
was characterized by being estrogen receptor (ER) negative
and AR positive and by being associated with increased
androgen signaling and apocrine features. Therefore, andro-
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genic actions may also be involved in apocrine features in
breast carcinoma.

Key words Androgen - Androgen receptor - Aromatase -
Breast cancer - Estrogen receptor - 50-Reductase

Introduction

It is well known that sex steroids play important roles in the
development of hormone-dependent human breast carci-
noma. Among these sex steroids, estrogens immensely con-
tribute to growth of breast carcinoma through binding with
estrogen receptor (ER). A majority of breast carcinoma
tissues express ER, and estrogen deprivation is an effective
treatment for breast carcinoma as an endocrine therapy.
Therefore, antiestrogens such as tamoxifen, aromatase
inhibitors, or luteinizing hormone-releasing hormone
(LH-RH) agonists are currently used in breast carcinoma
patients to block intratumoral estrogen action. Androgen
receptor (AR) is also expressed in a majority of human
breast carcinoma tissues,”™ suggesting important roles of
androgens in human breast carcinomas. However, the clini-
cal and/or biological significance of androgen actions in
breast carcinomas remains largely unclear, in contrast to
estrogen actions. Therefore, in this review, we summarized
results of recent studies on androgens in breast carcinoma
tissues.

in situ production of androgens in breast carcinoma

Among the androgens, 5o-dihydrotestosterone (DHT)
binds with the highest affinity to AR, and together with
testosterone promotes AR transcriptional activity.” Plasma
concentrations of DHT are very low in normal woman and
in breast cancer patients.S However, DHT concentrations
were significantly (threefold) higher in breast carcinoma
tissues than in plasma,” and the tissue concentration of
DHT was threefold higher in ductal carcinoma in situ of the
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breast (DCIS) than in the nonneoplastic breast," suggesting
possible local production of DHT in breast carcinomas.
Figure 1 summarizes a representative pathway of in situ
production of DHT in breast carcinoma tissue that is cur-
rently postulated. A high concentration of circulating inac-
tive steroid androstenedione is converted to DHT by
androgen-producing enzymes, such as 17B-hydroxysteroid
dehydrogenase type 5 (178-HSDS5: conversion from andro-
stenedione to testosterone) and So-reductase (So-Red:
reduction of testosterone to DHT). Therefore, it is very
important to examine these enzymes in breast carcinoma
tissues to obtain a better understanding of the significance
of androgens in breast carcinomas.

178-HSD5

17B-HSDs are key enzymes that catalyze reversible inter-
conversions between biologically active and inactive sex
steroids. The removal of the hydrogen at position 17 of
steroid skeletons by oxidative 178-HSDs inactivates the
steroids, whereas hydrogenation by reductive 173-HSDs
results in activation of androgens and estrogens." To date,
14 isozymes of 17B-HSD have been cloned, and 17f-reduc-
tion (17B-HSD1, -3, -5, -7, etc.) or oxidation (173-HSD2, -4,
-6 etc) of estrogens and/or androgens is catalyzed by differ-
ent 17B-HSD isozymes."” Among these isozymes, 178-HSD3
biosynthesizes testosterone from androstenedione and is
expressed in testicular Leydig cells. However, testicular
Leydig cells provide approximately 50% of the total amount
in men, and the rest of the amount is converted from cir-
culating androstenedione in peripheral tissues.® This enzy-
matic reaction is catalyzed by different enzymes, namely
17B-HSD5." 17B-HSDS5 is a member of the aldo-keto reduc-
tase (AKR) superfamily and is formally termed AKR1C3."

mRNA expression of 178-HSD5 was detected in
65%-83% of breast carcinoma tissues.™" Vihko et al.”
reported that 17B-HSDS mRNA expression was signifi-
cantly higher in breast tumor specimens than in normal
tissues, and they also demonstrated that the group of
patients with overexpression of 173-HSDS5 mRNA had a
worse prognosis than other patients. 17f-HSDS immuno-
reactivity was positive in 53%-56% of invasive breast
carcinomas™"” and 71% of DCIS." Immunoreactivity of
17B-HSDS5 was significantly associated with that of Sa-Red
type 1 (50-Red1),” but it was not significantly associated
with other clinicopathological factors.>*

17B-HSDS also possesses 30-HSD and 200-HSD activi-
ties.* The 30-HSD and 200-HSD activities are involved in
the inactivation of progesterone.”” However, the signifi-
cance of 17B-HSDS5 for these activities in breast carcinoma
remains unclear.

So-Red

5a-Red catalyzes the conversion of testosterone to a potent
androgen, DHT, and is considered as an important regulator
of local actions of androgens. So-Red activity was elevated
four- to eightfold in breast carcinoma tissues compared to

nontumorous breast tissues.”? Two isoforms of 5a-Red (e.g.,
5a-Redl and 50-Red2) have been cloned and characterized
in mammals. Immunoreactivity for Sa-Redl was detected
in 58% of breast carcinomas, whereas that of 50-Red2 was
detected only in 15% of breast carcinomas,'® suggesting that
5a-Redl may mainly determine 5o-Red activity in the
breast carcinoma. 5o-Redl immunoreactivity was signifi-
cantly correlated with AR and inversely associated with
histological grade or tumor size in breast carcinoma tissues."
S5a-Redl immunoreactivity was also detected in 63% of
DCIS and, interestingly, 5o-Redl immunoreactivity was
positively associated with the Van Nuys classification, Ki-67,
and increased risk of recurrence of DCIS patients."

Sa-Red metabolizes progesterone to So-dihydroproges-
terone (50-DHP), suggesting that this enzyme is also
involved in local regulation of progesterone actions. Wiebe
et al.”* reported that 5a-DHP stimulated proliferation and
detachment of breast cell lines in vitro, which was blocked
by the 5o-Red inhibitor dutasteride.

Aromatase as a negative regulator of in situ DHT
production in breast carcinoma

Aromatase catalyzes the aromatization of androgens
(androstenedione or testosterone) to estrogens (estrone or
estradiol) (Fig. 1). Aromatase is a key enzyme in the estro-
gen biosynthesis, and aromatase inhibitors (e.g., anastrozole,
letrozole, and exemestane) are currently used in postmeno-
pausal patients with breast carcinoma as an estrogen-

dione

__Aromatase

Testosterone

Breast carcinoma

Fig. 1. Scheme representing in situ production of Su-dihydrotestoster-
one (DHT) in breast carcinoma tissue. Biologically active DHT is
locally produced from circulating androstenedione by 17B-hydroxys-
teroid dehydrogenase type 5 (173-HSDS) and So-reductase (50-Red)
and acts on the breast carcinoma cells through androgen receptor
(AR). In contrast, estradiol is synthesized by aromatase, steroid sul-
fatase (STS), and 178-HSD1, then acts on the breast carcinoma cells
through estrogen receptor (ER). Androstenedione and testosterone
are not only precursors of DHT production but also precursors of
estradiol synthesis. (Adapted from Suzuki et al.” with permission)



deprivation therapy. Approximately 70% of breast
carcinoma specimens had aromatase activity comparable
with or greater than that found in other tissues, and aroma-
tase mRNA levels were significantly increased in breast
carcinomas compared to those in nonmalignant tissues.”

The substrates of aromatase, androstenedione, and tes-
tosterone are not only precursors of estradiol synthesis but
also precursors of DHT production (see Fig. 1). DHT itself
is nonaromatizable. Intratumoral concentration of DHT
was significantly associated with that of testosterone in the
breast carcinoma tissue,”” suggesting that DHT level in
breast carcinoma is greatly influenced by amounts of pre-
cursor. Previously, Spinola et al.*® showed that treatment
with an aromatase inhibitor markedly elevated intratu-
moral testosterone concentrations in dimethylbenz(a)
anthracene (DMBA)-induced rat mammary tumors, and
Sonne-Hansen and Lykkesfeldt” reported that aromatase
preferred testosterone as a substrate in MCF-7 breast car-
cinoma cells. Recently, we” have demonstrated that aroma-
tase expression was inversely associated with intratumoral
DHT concentration in breast carcinomas, and that aroma-
tase suppressed DHT production from androstenedione in
coculture experiments of MCF-7 cells and intratumoral
stromal cells isolated from breast carcinoma. Therefore, aro-
matase is suggested a negative regulator for intratumoral
DHT production in breast carcinoma by possibly reducing
concentrations of the precursor testosterone.

Results of large multicenter trials demonstrated the
superior efficacy of aromatase inhibitors compared to anti-
estrogen tamoxifen. Although this result might be caused
by the agonistic effects of tamoxifen in an estrogen-deprived
environment,” it may be possible to speculate that aroma-
tase inhibitor therapy caused increased androgen actions
with estrogen deprivation. However, intratumoral concen-
tration of androgens has not been reported in breast carci-
nomas treated with aromatase inhibitor, and further
examinations are required to clarify the clinical importance
‘of androgenic actions in association with a response to aro-
matase inhibitors in breast cancer patients.

When we compared aromatase mRNA expression and
intratumoral DHT concentration levels between invasive
ductal carcinoma (IDC) and DCIS, the expression levels of
aromatase mRNA in both carcinoma cells and intratumoral
stromal cell components were significantly higher in IDC
than those in DCIS (17 fold in the carcinoma cell compo-
nent and 100 fold in the stromal cell component), whereas
the intratumoral concentration of DHT was significantly
lower (0.5 fold) in IDC than in DCIS."® Subsequent cocul-
ture experiments demonstrated that aromatase activity was
significantly increased under coculture with MCF-7 cells
and intratumoral stromal cells isolated from breast carci-
noma tissue compared to that found in each single culture.”
Previous in vitro studies demonstrated that breast carci-
noma cells secrete various factors that induce aromatase
expression in adipose fibroblasts, including prostaglandin
E,, interleukin (IL)-1, IL-6, IL-11, and tumor necrosis fac-
tor-o.™ On the other hand, it has been also reported that
exogenous growth factors such as epidermal growth factor,
transforming growth factor, and keratinocyte growth factor
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stimulated aromatase activity in MCF-7 cells.* Therefore,
aromatase expression may be, at least in part, regulated by
tumor-stromal interactions in breast carcinoma, which may
be promoted by invasion of the carcinoma cells into the
stroma.

Androgen action in breast carcinoma cells

Various studies have demonstrated that androgens predom-
inantly exerted antiproliferative effects on the mitogenic
effects of estrogens in breast carcinoma cell lines.”*” These
antiproliferative effects were partly independent on the
presence of estrogens and were associated with an increase
in a proportion of cells in Gy/G, phase in MCF-7 cells*
DHT also caused accumulation of cyclin-dependent kinase
inhibitor p27 in CAMA-1 cells,” and DHT treatment
resulted in a rapid fall in tumor volume of ZR75-1 cells
injected into athymic mice. Proapoptotic effects of DHT
were also reported in breast carcinoma cells, and expression
of antiapoptotic protein bcl-2 was strongly inhibited by
DHT through AR.*¥ However, it is also true that some
divergent findings have been reported. For instance, Birrell
et al.® showed that both DHT and the synthetic nonme-
tabolizable androgen mibolerone increased cell prolifera-
tion of MCF-7 and MDA-MB-453 cells. In addition, Zhang
et al.¥ reported that DHT-bezonate (DHT-B) induced
growth of mouse mammary ductal cells, although its effect
is much weaker than that of estradiol, and that treatment
with both estradiol and DHT-B caused more pronounced
hyperplasia of mammary ducts and alveoli compared to
treatment with each hormone alone. Androgen-responsive
genes are not characterized well in breast carcinomas in
contrast to estrogen-responsive genes, and detailed mecha-
nisms of androgenic actions in breast carcinomas remain
largely unclear.

AR is expressed in 70%-90% of breast carcinomas, and
the frequency is comparable to, or higher than, that of
ER** Ogawa et al.® examined AR immunoreactivity in 227
Japanese breast carcinomas and showed that the AR posi-
tive rate was significantly higher in smaller carcinomas,
tumors with negative lymph node metastasis, scirrhous-type
tumors, tumors of low histological grade, and p53-negative
tumors. Several groups have examined the correlation
between AR status and clinical outcome of breast carci-
noma patients, but the results were not necessarily consis-
tent. Previously, Bryan et al.* found a significant association
between AR status evaluated by AR assays and overall
survival of the patients, and Peters et al.” demonstrated that
AR immunohistochemical status was significantly associ-
ated with better prognosis in ER-positive breast carcinoma,
when AR immunoreactivity was categorized into two
groups according to the median value. On the other hand,
Soreide et al.' did not detect any significant correlation
between AR status and relapse-free survival. In our study,
effects of DHT primarily exist in breast carcinoma tissues
positive for both AR and 50-Redl, and AR status alone
does not necessarily reflect androgenic actions.” Therefore,
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inconsistent results regarding the correlation between AR
status and prognosis in previous studies may partly be
caused by the different ratios of breast carcinomas positive
for both AR and 50-Redl examined.

Possible interaction of AR and ER functions was pro-
posed by several groups. For instance, Panet-Raymond et
al.® reported that coexpression of ER with AR decreased
AR transactivation by 35%, and demonstrated that both
AR and ER can interact directly using yeast and mamma-
lian two-hybrid systems. In addition, Lanzino et al.* showed
that an AR-specific coactivator ARA70 also increased ER
transcriptional activity and modulated functional ER-AR
interplay in MCF-7 cells. Recently, Peters et al.” showed
that AR potently inhibited ER-o. transactivation activity
and estradiol-stimulated growth of breast carcinoma cells
through binding of the AR to an estrogen-responsive
element. On the other hand, when we examined interaction
of AR and ER functions in T-47D breast carcinoma cells,
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Fig. 2. Effects of estradiol on DHT-mediated prostate-specific antigen
(PSA) mRNA expression by real-time polymerase chain reaction
(PCR) analysis. T-47D breast carcinoma cells were treated with DHT
(10 nM) and indicated concentrations of estradiol for 24 h. Relative
PSA mRNA level was summarized a ratio (%) compared with the
ribosomal protein L13A mRNA level. Data are presented as mean *
SD (n = 3),respectively; *P < 0.05, *** P < 0.001 vs. treatment with DHT
alone (second column)

DHT-mediated expression of prostate-specific antigen
(PSA) mRNA was dose dependently suppressed by estra-
diol (Fig. 2). Therefore, androgen actions may be, at least in
part, suppressed in breast carcinoma by predominant estro-
gen actions, even if the carcinoma cells expressed AR and
intratumoral DHT reached a significant level. Results of
studies regarding effects of androgens on breast carcinoma
cells are not necessarily consistent, which may be the result
of different experimental conditions including the specific
cell line used, the androgen used and its dose, and estrogen
status.

ER status in DCIS was inversely associated with the
histological differentiation or nuclear grade.”* However,
AR status was not correlated with ER status in DCIS,” and
a significant number of poorly differentiated DCIS was
reported to be ER negative but AR positive.” Recently, we
reported that So-Redl immunoreactivity was significantly
associated with Ki-67 and the Van Nuys classification in
DCIS cases, and it was associated with an increased risk of
recurrence in DCIS patients."” Therefore, DHT might be
involved in the development of DCIS. However, no infor-
mation is currently available on the effects of androgens in:
DCIS, and further examination is required to clarify the
significance of androgens in DCIS.

Androgens in ER-negative breast carcinoma

Although AR is frequently coexpressed in a majority of
ER-positive breast carcinoma, it is also detected in approxi-
mately 50% of breast carcinomas negative for ER.*** AR
immunoreactivity was shown to be associated with a good
prognosis in ER-negative carcinomas,’ and loss of AR was
associated with a poor prognosis in lymph node-positive
ER/HER2-negative breast cancers.”” These findings are
consistent with cell-based assays as already described and
suggest that AR also initiates a growth inhibitory signal in
ER-negative breast carcinoma.™

Breast carcinoma is a heterogeneous group of diseases
that includes a wide range of histological types. Recent
DNA microarray profiling studies on breast carcinoma have
identified five distinct subtypes of breast carcinomas that
were associated with different clinical outcomes,™*>* and
subsequent investigations revealed that these subtypes
substantially overlapped with the immunohistochemical
features summarized in Table 1 in clinical specimens.* In

Table 1. Association between intrinsic subtypes based on gene expression profiling and their

immunohistochemical definitions

Microarray-based intrinsic subtypes

Immunohistochemical definitions

ER-positive groups
Luminal A
Luminal B

ER-negative groups
HER2

Basal-like
Normal-like

ER and/or PR: +; HER2: —
ER and/or PR: +; HER2: +

ER: —; PR: -, HER2: +
ER: —; PR: —; HER2: —, CK5/6 and/or EGFR: +
Negative for all markers

PR, progesterone receptor; CK, cytokeratin; EGFR, epidermal growth factor receptor



addition, Farmer et al.”® identified a discrete subset of breast
carcinomas by microarray analysis, characterized by ER~
and AR+, and termed “molecular apocrine.” Molecular apo-
crine carcinomas encompass tumors that share ER-negative
groups and were found to represent 8%—-14% of the breast
carcinomas.™ Apocrine cells are generally ER negative and
AR positive in the breast tissue, and AR is suggested to be
implicated in apocrine morphogenesis, rather than the pro-
gression of the apocrine lesion.” Previously, Miller et al.®
reported that breast carcinoma in which apocrine charac-
teristics significantly increased conversion to DHT from
testosterone. Also, Farmer et al.*® demonstrated that molec-
ular apocrine breast carcinoma was characterized by
increased androgen signaling and associated with apocrine
features. Although these molecular apocrine carcinomas
were not necessarily classified into classical apocrine carci-
noma, which corresponds to 0.5%-3% of all invasive breast
carcinomas,” these data suggest that androgen actions may
be involved in the apocrine features in ER-negative and
AR-positive breast carcinomas, in addition to the growth
inhibition.

Invasive apocrine carcinoma is a histological variant of
invasive breast carcinoma. Previous studies reported that
invasive apocrine carcinoma had a similar prognosis to
IDC not otherwise specified (IDC-NOS), but Japaze et al.®
demonstrated that pure invasive apocrine carcinoma
represented a distinct clinicopathological entity with a
less aggressive behavior than IDC-NOS and might be
regarded as an independent prognostic factor in early breast
cancer.

Recent studies have demonstrated some specific apo-
crine biomarkers, including 15-hydroxyprostaglandin dehy-
drogenase, 3-hydroxymethylglutaryl coenzyme A reductase,
and cyclooxygenase 2, and some of these are known
therapeutic targets with pharmacological agents already
available. Therefore, it may be possible to speculate that
ER-negative and AR-positive breast carcinoma might
benefit from a different therapeutic regimen, and further
studies are required.
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Down regulation of Heat Shock Protein 70 (HSP-70)
correlated with responsiveness to neocadjuvant aromatase
inhibitor (AI) therapy in breast cancer patients
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Abstract. Background: Aromatase inhibitor (Al) has been
established as an effective endocrine therapy in estrogen
receptor (ER)-positive postmenopausal breast cancer
patients. Our recent proteomic analysis demonstrated that
ten proteins were significantly altered in their expression
levels before and after the therapy in the patients receiving
neoadjuvant Al. Among these newly identified proteins, heat
shock protein 70 (HSP-70) was the most significantly
correlated with both clinical and pathological responses.
Therefore, in this study, we further evaluated the significance
of this HSP-70 alteration using immunohistochemistry.
Materials and Methods: A total of 32 patients treated with
neoadjuvant exemestane or letrozole in whom pre- and post-
treatment tumor tissues were available were included.
Immunohistochemical evaluation of ER, progesterone
receptor (PgR), Her-2, Ki-67 and HSP-70 was performed.
Results obtained were compared to both clinical and
biological responses of the patients. Results: The majority of
the patients responded to treatment (16 patients with partial
response, 14 with stable disease and 2 with progressive
disease). The means of ER, Ki-67 and HSP-70 were
significantly different between treatment responders and non-
responders. Decrement of HSP-70 and Ki-67 after Al
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treatment and pretreatment Ki-67 LI of >10% tumor cells
were significantly associated with clinical responsiveness to
Al treatment (p<0.0001). There was a significant positive
correlation between changes of HSP-70 and Ki-67 before
and after the therapy. Conclusion: Decrement of HSP-70 in
breast carcinoma cells plays important roles in therapeutic
mechanisms of Als through suppressing tumor cell
proliferation in breast cancer patients.

Aromatase inhibitor (AI) has become a gold standard of
endocrine therapy for estrogen receptor (ER)-positive post-
menopausal women with breast cancer (1-5). Breast cancer
patients have been in general presenting at earlier clinical
stages due to a wide availability of screening programs and
increased breast cancer awareness among the general
population, but it is also true that there are patients who
manifest with advanced clinical stages on their first visit to
clinicians (6-7). Neoadjuvant therapy aiming for tumor
shrinkage could allow the choice of breast conservative
surgery for these advanced breast cancer cases (8). In these
neoadjuvant settings, chemotherapy has been frequently used
but adverse effects and complications are quite common
among the patients. Therefore, the ideas of using endocrine
therapy in these neoadjuvant settings have evolved, at least
for ER-positive breast cancer patients. However, the
determination of objective therapeutic effectiveness in
neoadjuvant endocrine therapy has not been well established,
with the possible exception of alterations of Ki-67 labeling
index (LI) before and after the treatment (9). In addition, the
alterations of carcinoma cell biology following the therapy
have not been well studied compared to those of
chemotherapy, with the exception of recent studies of
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microarray analysis reported by Miller et al. (10) and
Mackay et al. (11). We have recently demonstrated that ten
proteins had different expression profiles after three months
of neoadjuvant Al compared to those before the therapy
using proteomic approach in ER-positive postmenopausal
breast cancer patients (12). Among these proteins, heat-shock
protein 70 (HSP-70) was most significantly correlated with
both clinical and biological responses of the patients.
Therefore, in this study, we further examined the potential
role of HSP-70 in therapeutic effectiveness of neoadjuvant
Al therapy using immunohistochemistry and correlated the
findings with clinicopathological features and biological
responses of these patients.

Materials and Methods

Patients. A neoadjuvant clinical, trial termed Celecoxib Anti-
Aromatase Neoadjuvant trial (CAAN trial), was conducted on post-
menopausal breast cancer patients and its details were previously
reported (13). Briefly, all the patients were postmenopausal women
with invasive ductal breast carcinoma and positive ER/PgR status
determined by immunohistochemistry. These patients either suffered
from local advanced breast cancer, in which the purpose of
neoadjuvant treatment was to downstage the cancer for a better
chance of subsequent surgical complete resection, or they were
anticipated to have high operative risks due to advanced age or co-
morbidities that prevented them from upfront surgical treatment.
The treatment duration was three months of Al and all the patients
were randomized into three different treatment groups: group A
patients received combined treatment of exemestane 25 mg daily
and celecoxib 400 mg twice daily; group B received exemestane 25
mg daily; and group C received letrozole 2.5 mg daily. As reported
previously, there were no significant differences in term of clinical
and pathological responses among these three different treatment
groups [13]. Therefore, the responses toward Al were not influenced
by the use of celecoxib.

Institutional Ethical Committee approval of this analysis was
obtained from The University of Hong Kong and Queen Mary
Hospital, Hong Kong. Informed consent of participation in the trial
were obtained from all the patients before enrollment into the trial.
During the treatment period, participating patients were monitored
serially with both clinical and radiological assessments for the
responses to treatments and potential adverse effects. After
completion of 3-month treatment, standard surgical treatments were
offered to the patients. The responses to Al treatment were measured
according to RECIST scales in the outpatient clinics at the Queen
Mary Hospital, The University of Hong Kong (14).

Inmmunohistochemistry. Mouse monoclonal antibodies for ER, PgR
and HER2 were purchased from Roche Diagnostics, Switzerland.
Mouse monoclonal antibody for Ki-67 was purchased from DAKO
Cytomation (Glostrup, Denmark). Mouse monoclonal antibody for
HSP-70 (HSPA2) was purchased from ABNOVA (Taipei, Taiwan).
The dilutions of primary antibodies were as follows: ER, PgR and
HER?2 ready for use; Ki-67, 1:100; HSPA2, 1:200. ER, PgR and
HER2 were stained by auto-immunohistochemical system
BENCHMARK® XT (Roche Diagnostics). Ki-67 and HSPA2 were
immunostained by a biotin-streptavidin method using Histofine kit

Table 1. Demographic data of the studied patients.

Total no. of patients: 32

Mean age (years) 71.049.3 (51-93)
Pre-treatment mean (range) tumour size (cm)
Clinical assessment
USG assessment

Treatment arm

4.1+1.2 (2.0-8.0)
3.0+0.9 (1.2-5.5)

A 12 (37.5%)
B 10 (31.3%)
C 10 31.3%)
RECIST response

CR 0 (0.0%)
PR 16 (50.0%)
SD 14 (43.8%)
PD 2 (6.3%)

Objective treatment response

Responder (size reduction) 28 (87.5%)

Non-responder (size increment) 4 (12.5%)
Biological treatment response

Group 1 (increase) 8 (25.0%)

Group 2 (no change) 5 (15.6%)

Group 3 (decrease) 19 (59.4%)

CR: complete response; PR: partial response; SD: stable disease; PD:
progressive disease.

Table 11. Data on the biological markers of the studied patients.

ER (mean Allred’s score)

Pre-trcatment 7.0+1.6

Post-treatment 74+1.2
PgR (mean Allred’s score)

Pre-treatment 6.7+1.7

Post-treatment 52423
Her-2 (IHC score, no. of patients)

Pre-treatment (0-1+, 2+, 3+) 15,11,6

Post-treatment (0—1+, 2+, 3+) 18,9, 5
Ki-67

Pre-treatment (mean %) 17.6+14.0

Post-treatment (mean %) 10.049.3

High pre-treatment Ki-67 index* (no. of patients)

Yes 22 (68.8%)

No 10 (31.2%)
HSP-70

Pre-treatment (mean H score) 85.9+42.6

Post-treatment (mean H score) 56.1430.4

Change of HSP-70 after AT treatment (no. of patients)

Down-regulation 24 (75%)

Up-regulation 8 (25%)

*Pretreatment Ki-67>10% is considered as having high proliferative
index. Results expressed in mean+SD. ER: Estrogen receptor; PgR:
progesterone receptor; Her-2: human epidermal growth factor receptor
type 2; Ki-67: Ki-67 protein; HSP-70: heat-shock protein 70.



(Nichirei Co. Ltd, Tokyo, Japan). Antigen retrieval for Ki-67
analysis was performed by heating the slides in an autoclave at
121°C for 5 min in citric acid buffer (2 mmol/l citric acid and 9
mmol/l trisodium citrate dehydrate, pH 6.0). These slides were
further incubated with the primary antibodies for 12-18 h in a moist
chamber at 4°C. The antigen-antibody complex was then visualized
with 3,3’-diaminobenzidine (DAB) solution (1 mM DAB, 50 mM
Tris-HCI buffer, pH 7.6, and 0.006% H,0,), and counterstained
with hematoxylin. Immunohistochemical H-score was calculated by
adding the sum of 100x of 1+ (weak), 24+(moderate) and 3+(strong)
of staining intensity. All THC stained slides were evaluated
independently by two authors (CY and NP).

Biological response as determined by Ki-67 alterations. There has
been no consensus on the absolute value of the pretreatment Ki-67
level at which the definition of high proliferative index is set at this
juncture (15-32). However, several investigators reported that setting
the cut-off Ki-67 level of >10% as the definition of high proliferative
index was associated significantly with poorer disease free survival
(DFS) and overall survival (OS) regardless of the nodal status in breast
cancer patients (16, 28-29). Therefore in our study, pretreatment tumor
specimens with Ki-67 level of >10% were tentatively defined as the
highly proliferative group. In addition to the RECIST criteria, the
responses to Al treatment were also graded according to their change
in proliferative index as the biological response. The changes of Ki-
67 were also tentatively classified into three groups using the criteria
reported by Ellis et al. (33), Miller et al. (34) and Chanplakorn et al.
(35), in which the significant changes were defined as more than 40%
of the original measurement: group 1, the increased group (Ki-67
increment more than 40%); group 2, the unchanged group (increment
or reduction of Ki-67 less than 40%); and group 3, the decreased
group (Ki-67 level reduction more than 40%).

Statistical analysis. The software SPSS 150 (Inc, Chicago, IL,
USA) was used. Independent student s-test was used to test the
correlation of parametric variables while Pearson Chi-square test
was used to test the correlation between non-parametric variables.

Results

Clinicopathological features of the patients. Clinical and
pathological findings of the patients are summarized in Table
1. Patients were evenly distributed into three treatment arms
described above. There was no complete response (CR)
achieved in the study, and 2 patients were found to have
progressive disease (PD). Together with the 2 patients who
had stable disease (SD) associated with size increment
during the course of treatment, in all, 4 patients had a size
increment after this 3-month neoadjuvant treatment.
Therefore, the proportion of objective responders was 87.5%
(n=28), while that of non-responders was 12.5% (n=4).

Immunohistochemistry. The great majority of the patients
(n=22) had high Ki-67 level before treatment (Ki-67>10%;
Table IT). There were 23 and 24 patients who demonstrated
significant decrement in proliferative index and HSP-70
expression respectively after treatment. There were no
significant differences in both clinical and biological

Table I11. Comparison of the mean differences of various factors among
objective treatment responders (with size reduction) and non-responders
(with size increment).

Responders Non-responders p-Value
Age 7136 +9.75 69.00+5.72 0.643
ER 0.185+1.11 2.000+2.71 0.019*
PgR —~1.864+1.83 0.250+4.11 0.097
Her-2 -3.214+0.86 0.500+1.00 0.090
Ki-67 -9.861+12.74 8.875+15.31 0.012*
% change of Ki-67 —42.20+61.24 272.55+392.35 <0.0001*
HSP-70 -36.961+48.91 20.025+61.82 0.043*

Data shown as mean+SD; independent sample f-test used for
comparison of means between responders and non-responders. ER:
Estrogen receptor; PgR: progesterone receptor; Her-2: human epidermal
growth factor receptor type 2; Ki-67: Ki-67 protein; HSP-70: heat-shock
protein 70. *p-Value <0.05 is considered as statistically significant.

Table IV. Correlation of treatment response with different factors.

Objective treatment response

Responders Non-responders p-Value
(no. of pts) (no. of pts)
Pre-treatment Ki-67 level 2177 1/3 <0.0001
(high/low)*
Change in Ki-67 after 23/5 1/3 <0.0001
treatment (decrease/ increase)
Change in HSP-70 after 23/5 1/3 <0.0001

treatment (decrease/ increase)

Pearson Chi-square test used, p-value<0.05 considered as statistically
significant. *Pretreatment Ki-67>10% is considered as high. Other
factors with non-significant correlations are not shown.

Table V. Comparison of the mean differences of various factors among
biological responders and non-responders in terms of % change of Ki-67.

Biological Biological p-Value
responders non-responders
(% decrease in (% increase in
Ki-67240%) Ki-67240%)
Age 70.58+9.86 74.60+8.41 0414
ER 0.111x1.21 1.60+2.51 0.073
PgR -23142.15 0.40+2.88 0.034%
Her-2 -0.42+0.96 0.20+1.10 0.224
HSP-70  -46.56+44.19 16.22+73.10 0.022*

Data shown as mean+SD; independent sample #-test used for
comparison of means between responders and non-responders. ER:
Estrogen receptor; PgR: progesterone receptor; Her-2: human epidermal
growth factor receptor type 2; Ki-67: Ki-67 protein; HSP-70: heat-shock
protein 70. *p-Value <0.05 is considered as statistically significant.
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responses among these three treatment groups (p=0.202 and
0.057 respectively in Pearson Chi-square test, results not
shown in table).

Changes of ER, Ki-67 and HSP-70 expression were
statistically significant among objective treatment responders
and non-responders (p-value=0.019, 0.012 and 0.043
respectively) (Figure 1, Table III). The clinical treatment
response was significantly correlated with the biological
response (42.2% mean Ki-67 reduction in the responder
group and more than 2-fold Ki-67 increment (272.55%) in
the non-responder group, p<0.0001). Results of Allred’s
score of ER in tumor cells were similar before and after
treatment in responders (0.185+1.11), while an increment of
Allred’s score of 2.000+2.71 was detected in non-responders.

Immunoreactivity of Ki-67 and HSP-70 demonstrated both
significant and consistent reductions among treatment
responders. Table IV summarized significant factors associated
with treatment responses including the pretreatment high
proliferative index determined by Ki-67 LI and post-treatment
decrement of Ki-67 and HSP-70. The pretreatment Ki-67 was
also significantly associated with decrement of HSP-70
(p<0.0001 on Pearson Chi square test, data not shown in table).
Representative illustrations of immunoreactivity of HSP-70
before and after the treatment are demonstrated in Figure 2.

Factors associated with biological response of the patients.
A total of 19 patients (59.4%) had significant decrement of
Ki-67 level following the treatment, i.e. they were biological
responders, and the biological non-responders were 5
patients (15.6%). The remaining 8 patients (25%) did not
have significant alterations of Ki-67 LI after completion of
treatments. Table V summarizes the changes of biological
markers before and after the treatment among the three
subgroups of patients. Using the changes of Ki-67 level as a
marker for biological response, the down-regulation of HSP-
70 still represented a significant predictor for Al response
(p=0.022) (Figure 3). Change in PgR expression was also
found to be a significant factor (p=0.034).

Discussion

Al has been established an effective treatment for ER
positive postmenopausal breast cancer but the problem of de
novo resistance has remained the major clinical obstacle. It is
also very important to evaluate the changes of carcinoma
tissues following AT treatment in order for us to have a better
understanding of the mechanisms of AI actions on breast
carcinomas. Various alterations of histopathological features
following Al treatment have been reported in the literature,
which included decreased cellularity, increased interstitial
fibrosis, decreased histological grading and others (34, 36)
but it is also true that there have been no histological
parameters following neoadjuvant Al therapy which are able
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Figure 1. Changes (mean difference) of HSP-70 (A) and Ki-67 (B)
among the clinical objective responders (R) and non-responders (NR).

to predict clinical outcome of the subsequent adjuvant Al
treatment at this juncture.

Chen et al reported significant reduction of PgR and Ki-67
levels following the letrozole neoadjuvant trial (37).
Decrement in Ki-67 after Al treatment was also reported by
Ellis et al. (38). Among these factors, an alteration of Ki-67
has been probably the most consistent finding among
different studies. Dowsett et al. reported the serial changes
of Ki-67 level among 330 post-menopausal breast cancer
women taking neoadjuvant anastrozole at the 2nd week and
12th week in the IMPACT trial (39). The change of Ki-67
level was more substantial in the anastrozole-treated group
than in the tamoxifen-treated or combined groups and the
degrees of such changes were also more pronounced at the
2nd week of treatment (93% of patients showed a certain
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Figure 2. Representative illustrations of HSP-70 THC staining (400x magnification). Figure 2a (pre-treatment) and 2b (posi-treatment) showed
down-regulation of HSP-70 in patient #71 (responder), figure 2¢ (pre-treatment) and 2d (post-treatment) showed up-regulation of HSP-70 in patient

#100 (non-responder).

degree of reduction) than at the 12th week. The suppression
of Ki-67 LI with the use of Al (anatrozole) was also reported
to be correlated with a better recurrence-free survival (9).
Results of our present study also demonstrated that the
reduction of Ki-67 predicted the observed response to
treatment with neoadjuvant AI, which is consistent with
those in the previously reported studies. The pretreatment
cut-off values of Ki-67 level have been in dispute but those
of 10% appear to be widely accepted. The pretreatment high
Ki-67 level of carcinoma, defined as >10%, was associated
with decrement of Ki-67 and HSP-70 after completion of
treatment, which was also found to be a significant predictor
for treatment response of the patients as well. Results of
these findings also suggest that endocrine therapy may still
be effectively used in ER-positive cases associated with high
cell proliferation but this awaits further investigations for
clarification.

It is also important to evaluate wide-scale alterations of
proteins or genes before and after neoadjuvant Al therapy. The
expression patterns of various proteins underwent various
changes following Al treatment: Ki-67, aromatase, ER-alpha,
ER-beta, PgR, cyclin D1, p53, phosphorylated form of ER-
alpha Serll8, ER-alpha Serl67, and p44/42 MAPK
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Figure 3. Mean differences of HSP-70 among different categories of
biological responders (p=0.22 between non-responders and
responders).

Thr202/Tyr204 expression were all decreased, while that of
expression of STAT 5 and IFBP5 were increased after 6 months
of treatment (9, 40-41). The alterations of gene profiles after 2
weeks of letrozole were also reported (11). In this study, there
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were extensive changes in both up- and down-regulated gene
profiling even after a short period of Al treatment. These data
clearly indicated that ER-positive carcinoma cells developed
extensive adaptive changes under estrogen depletion caused by
Al treatment. Such adaptive changes are also reasonably
considered partly to protect carcinoma cells from cellular
apoptosis and render them to develop into phenotypic resistant
strain. The recent demonstration of significant alterations of the
enzymes estrogen sulfatase (STS) and 17f-hydroxysteroid
dehydrogenase type 1 (178-HSD1), other than aromatase being
involved in intratumoral estrogen production, has also been
considered in the spectrum of these adaptive cellular alterations
responding to estrogen depletion (35). These adaptive changes
may-ultimately result in development of de novo resistance to
Al Normanno et al. also suggested that these adaptive changes
are developed in a stepwise manner toward different types of
endocrine therapies (42). In addition, these phenotypic changes
have been usually considered to be derived from a series of
protein interactions. It is therefore important to evaluate the
changes of these proteins after exposure to endocrine therapy in
the following two aspects. The first is to elucidate the
mechanism of de novo resistance, which may provide novel
therapeutic approaches. Secondly, the results may lead to an
availability of potential predictors for subsequent adjuvant Al
treatment, which is obviously of enormous help in determining
the clinical management strategy.

To our knowledge, this is the first study reporting that the
down-regulation of HSP-70 is significantly associated with
treatment response of mneoadjuvant AI in ER-positive
postmenopausal breast cancer patients. Heat-shock proteins
(HSPs) belong to a group of inducible proteins under various
cellular stresses such as heat shock, chemotherapy and other
anticancer therapies or other lethal conditions (43-44). HSPs
are usually classified according to their molecular weights,
such as HSP100, HSP90, HSP70, HSP60 and small HSPs.
‘While the main cellular function of HSP is usually considered
ATP-dependent protein chaperoning, HSP is also considered
important in the process of post-translational protein-folding,
keeping the proteins in correct configurations for their
stability. This generally protects carcinoma cells from
apoptosis [45]. Under stressful cellular conditions, elevated
HSP-70 levels allow the celis to cope with increased levels of
unfolded and denatured proteins. HSP-70 is therefore
generally considered important in maintaining several house-
keeping functions such as an import of proteins into cellular
compartments; folding of proteins in the cytosol, endoplasmic
reticulum and mitochondria; degradation of unstable proteins;
dissolution of protein complexes; control of regulatory
proteins; refolding of misfolded proteins; and translocation of
precursor proteins into mitochondria (44). Thanner et al.
demonstrated the correlations of HSP-70 expression with
overall survival and survival after recurrence in node-negative
breast cancer patients (46). Koshiyama ef al. also reported that

HSP-70 expression was related to either hormonal regulation
of cell proliferation and/or down-regulation of sex steroid
receptors in estrogen dependent human endometrium (47).
Down-modulation of HSP-70 by anti-sense construct was also
reported to have chemosensitizing and even cytotoxic
propetties in vitro (48-50). An inhibitor, ADD70 (AIF-derived
decoy for HSP-70), was reported to demonstrate promising
results in animal models for colon cancer and melanoma (51).
In particular for breast cancer under the state of estrogen
deprivation, ERs can be activated by non-ligand binding
manner via cross-talk mechanisms by various signal
transduction pathways, which at least includes Akt, MAPK
and PI3K (42). One of the common sites for
hyperphosphorylation by these kinases is Ser-118 loci of the
ER (52). Since HSP-70 is closely related to Akt, the use of a
novel HSP-70 inhibitor was reported to decrease Akt
expression in a cell line study (53). This has explained the
potential roles of HSP-70 in the cross-talking to ER under the
stress of estrogen depletion.

In our present study, decreased levels of of HSP-70 in
patients following the neoadjuvant therapy were associated
with clinical and biological response to Al It is unlikely that
Al can directly down-regulate the expression of HSP-70 but
those carcinoma cells unable to change the expression of
HSP-70 to chaperone an increasing load of unfolded proteins
and accommodate the need to stabilize the proteins involved
in cross-talk mechanisms to ERs would have a greater
chance of undergoing apoptosis; but further investigations
are required to test this hypothesis.
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Runx2 has been proposed as one of the pivotal factors in the
process of osteogenesis and metastasis in human malignancies
including breast cancer, but its details have not been evaluated.
Therefore, in this study, we evaluated its expression in human
breast cancer using immunohistochemistry. One hundred and
thirty-seven formalin-fixed and paraffin-embedded breast cancer
specimens were used in this analysis of immunohistochemical
study. Immunoreactivity was evaluated using the labeling index
(LI). Runx2 immunoreactivity was detected in both carcinoma and
stromal cells, as well as non-pathological ductal cells. The nuclear
LI of Runx2 in carcinoma cells was associated with the clinical
stage, histological grade and HER2 status of the patients exam-
ined. In addition, among the patients not associated with distant
metastasis, those with high Runx2 LI demonstrated a significantly
worse clinical outcome than those with a low LI. This was more
pronounced in the group of estrogen receptor (ER)-negative cases.
In addition, both univariate and multivariate analyses demon-
strated that the Runx2 Ll in breast carcinoma cells turned out an
independent prognostic factor. Results of our present study dem-
onstrated that Runx2 plays very important roles in the progression
of breast cancer, especially in those of ER-negative cases. (Cancer
Sci 2010; 101: 2670-2675)

B reast cancer is one of the most common malignancies in
women worldwide. Recently, the potential association of
breast cancer with its bone metastasis has been evaluated from
different perspectives and, in particular, the process of osteolysis
itself in its metastatic sites has been proposed to facilitate breast
cancer progression.”? It is also well known that breast carci-
noma cells themselves secrete parathyroid-hormone-related
peptide (PTHrP), which stimulates osteoblasts in the microenvi-
ronment of bone metastatis.® Osteoblasts at the sites of metas-
tasis are also considered to secrete a receptor activator of NFkB
ligand (RANKL) to facilitate the process of transition from
mesenchymal cells into functional osteoclasts, which subse-
quently resorb bone."” In normal human adult skeleton, bone
is constantly renewed or maintained through the coordinated
activities of both osteoclasts and osteoblasts.™ Metastatic breast
carcinoma cells are seeded into the bone microenvironment,
which results in the maturation of osteoclasts.”” These subse-
quently formed osteolytic foci are associated with bone resorp-
tion, which eventually leads to the release of growth factors
including transforming growth factor- B (TGF-f) and several
insulin-like growth factors (IGF) from the collapsed bone
matrix.'%!" These factors are considered to subsequently medi-
ate tumor cell proliferation at the sites of bone metastasis.

The Runt-related transcription factors 1-3 (Runxsl-3) have
been shown to be required for the process of organogenesis, and
mutations in these genes have been reported to be linked to sev-
eral types of cancer development."? For instance, Runx1 and
Runx3 mutations were reported to promote leukemia®>' and
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gastric cancers,™ respectively. Among these Runx families,

Runx2 plays a pivotal role in the process of bone formation or
osteogenesis''*' and deregulation of Runx2 itself is associated
with the development of osteosarcoma.®®?" Runx2 was also
reported to be highly expressed in both prostate and breast carci-
noma cell lines, which can metastasize to bone in various trans-
planted models.®>** Loss of function of the Runx2 gene in the
mouse was also reported to result in increased cell proliferation
of ex vivo skeletal lineage cells.**?® Expression of Runx2 was
also reported in mammary epithelial cells of the mouse.®”*® In
addition, aberrant Runx2 expression has been reported in breast
and prostate primary tumors.®>?>) Runx2 was reported to be
involved in the regulation of a mammary-gland-specific f-casein
gene and osteopontin.?>?%% In regard to its potential roles at
the sites of breast carcinoma metastasis to the bone, Runx2 was
reported to regulate PTHrP expression of metastatic breast carci-
noma cells in the microenvironment of bone metastasis and the
cell cycle of carcinoma cells themselves.®® Runx2 was also
shown to modulate several factors, which can contribute to facil-
itating the process of metastasis including vascular endothelial
growth factor (VEGF),®? several matrix metalloproteinases
(MMP)@®*32) and bone sialoprotein.(33) However, to the best of
our knowledge, its roles in the early stage of breast cancer
patients have not been studied at all. In addition, the correlation
of Runx2 nuclear immunoreactivity in breast carcinoma cells
and histopathological features of breast cancer were reported,®®
but the correlation between Runx2 expression and prognosis has
still remained unknown.

Among the anti-estrogen therapies available in cases with
estrogen receptor (ER)-positive breast carcinoma, the administra-
tion of selective estrogen receptor modulator (SERM) or aroma-
tase inhibitor (AI) has been considered the gold standard.®%39
However, it is well known that ovarian suppression and adminis-
tration of Al frequently results in osteoporosis.®*>% The sup-
pression of estrogenic actions in osteoclasts results in inhibition
of their apoptosis and enhancement of their maturation. 3¢9
Therefore, both suppression of estrogenic actions and elevated
Runx2 expression in metastatic breast carcinoma cells might
enhance the development of osteoporosis in these patients.

Therefore, in the present study, we evaluated the status of
nuclear Runx2 immunoreactivity in breast carcinoma cells and
correlated the findings with stage, histological grade, ER status
and HER?2 expression of the patients in order to study its clinico-
pathological significance.

Materials and Methods
Breast carcinoma cases. One hundred and thirty-seven cases

of invasive ductal carcinoma of the breast were retrieved from
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