14

15

20

21

22

23

24

25

26

27

Bernardes JR Jr, Seixas MT, Lima GR, Marinho LC, Gebrim LH. The
effect of tamoxifen on PCNA expression in fibroadenomas. Breast J 2003;
9: 302-6.

Vogel VG. Recent results from clinical trials using SERMs to reduce the risk
of breast cancer. Ann N Y Acad Sci 2006; 1089: 127-42.

Suzuki T, Miki Y, Nakamura Y ef al. Sex steroid-producing enzymes in
human breast cancer. Endocr Relat Cancer 2005; 12: 701-20.

Pasqualini JR. Estrogen sulfotransferases in breast and endometrial cancers.
Ann N Y Acad Sci 2009; 1155: 88-98.

Pasqualini JR, Cortes-Prieto J, Chetrite G, Talbi M, Ruiz A. Concentrations
of estrone, estradiol and their sulfates, and evaluation of sulfatase and
aromatase activities in patients with breast fibroadenoma. Int J Cancer
1997; 70: 639-43.

Sato R, Suzuki T, Katayose Y eral. Steroid sulfatase and estrogen
sulfotransferase in colon carcinoma: regulators of intratumoral estrogen
concentrations and potent prognostic factors. Cancer Res 2009; 69: 914-22.
Miki Y, Suzuki T, Tazawa C ef al. Aromatase localization in human breast
cancer tissues: possible interactions between intratumoral stromal and
parenchymal cells. Cancer Res 2007; 67: 3945-54.

Suzuki T, Miki Y, Nakata T efal. Steroid sulfatase and estrogen
sulfotransferase in normal human tissue and breast carcinoma. J Steroid
Biochem Mol Biol 2003; 86: 449-54.

Suzuki T, Nakata T, Miki Y eral. Estrogen sulfotransferase and steroid
sulfatase in human breast carcinoma. Cancer Res 2003; 63: 2762-70.

Shibuya R, Suzuki T, Miki Y er al. Intratumoral concentration of sex steroids
and expression of sex steroid-producing enzymes in ductal carcinoma in situ
of human breast. Endocr Relat Cancer 2008; 15: 113-24.

Rosen PP. Rosen’s Breast Pathology, 3rd edn. Philadelphia: Lippincott
Williams & Wilkins, a Wolters Kluwer business, 2009.

van Landeghem AA, Poortman J, Nabuurs M, Thijssen JH. Endogenous
concentration and subcellular distribution of estrogens in normal and
malignant human breast tissue. Cancer Res 1985; 45: 2900-6.

Pasqualini JR, Chetrite G, Blacker C er al. Concentrations of estrone,
estradiol, and estrone sulfate and evaluation of sulfatase and aromatase
activities in pre- and postmenopausal breast cancer patients. J Clin Endocrinol
Metab 1996; 81: 1460-4.

Zhang H, Varlamova O, Vargas FM, Falany CN, Leyh TS. Sulfuryl transfer:
the catalytic mechanism of human estrogen sulfotransferase. J Biol Chem
1998; 273: 10888-92.

2292

28

29

30

31

32
33

34

35

36

37

38

39

40

Hui Y, Yasuda S, Liu MY, Wu YY, Liu MC. On the sulfation and methylation

of catecholestrogens in human mammary epithelial cells and breast cancer

cells. Biol Pharm Bull 2008; 31: 769-73.

Miki Y, Nakata T, Suzuki T er al. Systemic distribution of steroid sulfatase

and estrogen sulfotransferase in human adult and fetal tissues. J Clin

Endocrinol Metab 2002; 87: 5760-8.

Falany JL, Macrina N, Falany CN. Regulation of MCF-7 breast cancer cell

growth by beta-estradiol sulfation. Breast Cancer Res Treat 2002; 74: 167-76.

Fu J, Weise AM, Falany JL er al. Expression of estrogenicity genes in a

lineage cell culture model of human breast cancer progression. Breast Cancer

Res Treat 2010; 120: 35-45.

Cole P, Mark Elwood J, Kaplan SD. Incidence rates and risk factors of benign

breast neoplasms. Am J Epidemiol 1978; 108: 112-20.

Lellé RJ, Heidenreich W, Stauch G, Wecke I, Gerdes J. Determination of

growth fractions in benign breast disease (BBD) with monoclonal antibody

Ki-67. J Cancer Res Clin Oncol 1987; 113: 73-7.

Lagiou A, Lagiou P, Vassilarou DS, Stoikidou M, Trichopoulos D.

Comparison of age at first full-term pregnancy between women with breast

cancer and women with benign breast diseases. Int J Cancer 2003; 107: 817-

21.

Miyoshi Y, Ando A, Shiba E, Taguchi T, Tamaki Y, Noguchi S. Involvement

of up-regulation of 17beta-hydroxysteroid dehydrogenase type 1 in
i e of i oral high estradiol levels in postmenopausal breast

cancers. Int J Cancer 2001; 94: 685-9.

Shaaban AM, Sloane JP, West CR, Foster CS. Breast cancer risk in usual

ductal hyperplasia is defined by estrogen receptor-alpha and Ki-67 expression.

Am J Pathol 2002; 160: 597-604.

Branchini G, Schneider L, Cericatto R, Capp E, Brum IS. Progesterone

receptors A and B and estrogen receptor alpha expression in normal breast

tissue and fibroadenomas. Endocrine 2009; 35: 459-66.

Horwitz KB, McGuire WL. Estrogen control of progesterone receptor in

human breast cancer. Correlation with nuclear processing of estrogen receptor.

J Biol Chem 1978; 253: 2223-8.

Kastner P, Krust A, Turcotte B et al. Two distinct estrogen-regulated

promoters generate transcripts encoding the two functionally different human

progesterone receptor forms A and B. EMBO J 1990; 9: 1603-14.

Shekhar MP, Nangia-Makker P, Wolman SR, Tait L, Heppner GH, Visscher

DW. Direct action of estrogen on sequence of progression of human

preneoplastic breast disease. Am J Pathol 1998; 152: 1129-32.

doi: 10.1111/j.1349-7006.2010.01673.x
© 2010 Japanese Cancer Association



The official journal of the Japanese Cancer Association

Novel classification based on immunohistochemistry
combined with hierarchical clustering analysis in
non-functioning neuroendocrine tumor patients

Shinya lida,’ Yasuhiro Miki,' Katsuhiko Ono," Jun-ichi Akahira,' Takashi Suzuki,' Kazuyuki Ishida,?

Mika Watanabe? and Hironobu Sasano'%3

1Department of Pathology, Tohoku University Graduate School of Medicine, Sendai, Miyagi; 2Department of Pathology, Tohoku University Hospital,

Sendai, Miyagi, Japan

(Received February 22, 2010/Revised June 22, 2010/Accepted June 22, 2010/Accepted manuscript online June 28, 2010/Article first published online August 2, 2010)

Somatostatin analogues ameliorated many symptoms caused by
neuroendocrine tumors (NET), but their antitumor activities are
limited especially in non-functioning cases. An overactivation of
signaling pathways under receptor tyrosine-kinase (RTK) has been
recently demonstrated in some NET patients, but its details have
remained largely unknown. Therefore, in this study, we immuno-
localized therapeutic factors and evaluated the data to study the
clinical significance of the molecules in non-functioning Japanese
gastrointestinal NET. Fifty-two NET cases were available for exami-
nation in this study and expression of somatostatin receptor (sstr)
1, 2A, 2B, 3 and 5, activated form of mammalian target of rapamy-
cin (mTOR), eukaryotic initiation factor 4-binding protein 1
(4EBP1), ribosomal protein s6 (S6), extracellular signal-regulated
kinase (ERK) and insulin-like growth factor 1 receptor (IGF-1R) was
evaluated using immunohistochemistry. We then studied the cor-
relation among the immunohistochemical results of the individual
cases using hierarchical clustering analysis. Results of clustering
analysis demonstrated that NET cases were basically classified into
Cluster 1 and Il. Cluster | was associated with higher expression of
sstr1, 2B and 3 and Cluster Il was characterized by an activation of
the PI3K/Akt pathway and IGF-1R and higher proliferative status.
Cluster Il was further classified into Cluster lla and Ilb. Cluster lla
was associated with higher expression of sstr1 and 5 and higher
proliferative status and Cluster llb was characterized by ERK acti-
vation. Hierarchical clustering analysis of immunoreactivity of the
therapeutic factors can classify NET cases into three distinctive
groups and the medical treatment may be determined according
to this novel classification method for non-functioning NET
patients. (Cancer Sci 2010; 101: 2278-2285)

astroenteropancreatic endocrine tumors or neuroendocrine
tumors (NET) are generally classified into two groups in
terms of their localization: gastrointestinal (GI) NET or endo-
crine tumor and pancreatic NET.®"” Both of these tumors are
considered to arise from neuroendocrine cells and are histologi-
cally characterized by positive reactions to various neuroendo-
crine markers, including chromogranin A, neuron specific
enolase (NSE), synaptophysin, and so on. In Japan, the number
of GI NET patients is far more than that of pancreatic NET®
and the great majority of these cases are clinically non-function-
ing NET. A GI NET is often slow-growing and indolent, and
may not become clinically apparent until the manifestation of
metastatic spread,®* especially those occurring in the foregut
and hindgut, the most prevalent GI NET in Japanese popula-
tion.”” Therefore, it has become clinically important to manage
these non-functioning advanced NET cases using medical
therapy.
We previously reported that somatostatin receptor (sstr) sub-
types have been recently demonstrated in the great majority of

Cancer Sci | October 2010 | vol. 101 | no. 10 | 2278-2285

GI NET.® In addition, somatostatin analogues (SSA) such as
octreotide that interact with sstr subtypes are the most widely
used therapeutic option for NET. They are generally well toler-
ated and highly effective in reducing various hormone-related
symptoms caused by NET, but are not necessarily so in control-
ling cell proliferation of tumor cells, especially in clinically
non-functioning NET cases.® Therefore, it has become impor-
tant to examine the mechanisms related to cell proliferation,
especially those related to intracellular signaling pathways, other
than the somatostatin pathway in individual NET patients, in
order to further explore effective antitumor agents.

Mammalian target of rapamycin (mTOR) is a serine/threo-
nine kinase working as a central regulator of many biological
processes that are essential for cell proliferation, translation and
cell metabolism.” It is regulated by upstream, phosphatidyl-
inositol 3-kinase (PI3K)/Akt/mTOR signaling pathway."®? An
activation of this pathway has been commonly detected in vari-
ous tumor types,*? and may be caused by an overactivation of
insulin-like growth factor 1 receptor (IGF-1R) in NET cells.!'?
In addition, a previous study demonstrated an overexpression of
activated (phosphorylated) extracellular signal-regulated kinase
(ERK) in NET cases.'® However, the correlation among these
pathways and of those with sstr-mediated pathways has not been
reported at all in NET cases.

Therefore, in our present study, we first evaluated sstr sub-
types, those involved in the signaling pathway under receptor
tyrosine-kinase (RTK) (PI3K/Akt/mTOR and MEK/ERK path-
ways) and a major therapeutic targeted RTK (IGF-1R) in 52
clinically non-functioning Japanese NET cases using immuno-
histochemical methods. We then examined the correlation
among these factors above and that with the clinicopathological
factors of individual patients using hierarchical clustering analy-
sis, an established effective method for analyzing high-volume
immunohistochemical data, which was recently applied to an
analysis of leiomyosarcoma and breast carcinoma cases.('*!
We then added the in vitro experiments in order to further evalu-
ate the antitumor activities of rapamycin, one of the mTOR
inhibitors.

Materials and Methods

Tumor tissues. Fifty-two Japanese cases of GI NET or endo-
crine tumors were retrieved from the surgical pathology files at
the Department of Pathology, Tohoku University Hospital and
Sendai Red Cross Hospital (both in Sendai, Miyagi, Japan).
Review of the charts of individual patients showed that none of
the cases examined had demonstrated any clinical evidence of
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endocrine abnormalities prior to surgery and all tumors were
diagnosed as non-functional GI NET. The specimens had all
been fixed in 10% formalin and embedded in paraffin. The clini-
copathological features are summarized in Table 1. We classi-
fied the status of age (years) into <60 or 260 based on the
reported average year of NET patients in Japan. Epidemiolog-
ical studies in Japanese patients of GI NET demonstrated that
the frequency of MENI genetic abnormalities was only 1%.%19
However, further investigation is required for clarification.
Research protocols for this study were approved by the Ethics
Committee at the Tohoku University School of Medicine (2008-
122) and Sendai Red Cross Hospital (No. 32).
Immunohistochemistry. Tissue specimens were immuno-
stained using a biotin-streptavidin method with a Histofine kit
(Nichirei Co. Ltd, Tokyo, Japan: phospho-ribosomal protein
[p-S6], phospho-eukaryotic initiation factor 4-binding protein 1
[p-4EBP1], p-ERK, sstr subtypes and Ki-67) and an EnVision
method (Dako, Kyoto, Japan: p-mTOR and p-IGF-1R). In the
present study, we did not evaluate the immunoreactivity of sstr4,
because sstr4 was rarely reported in NET cells.'”'® The char-
acteristics of antibodies used in our immunostaining are summa-
rized in Table 2. Antigen retrieval for p-mTOR, p-S6, p-4EBP1,
and p-ERK analyses was performed by heating the slides in a
microwave at 500 W for 15 min in citric acid buffer (2 mM ci-
tric acid and 9 mM trisodium citrate dehydrate, pH 6.0). Anti-
gen retrieval for Ki-67 and sstrs was performed by heating the
slides in an autoclave at 121°C for 5 min in citrate acid buffer.
No treatment for antigen retrieval was performed in immuno-
staining for p-IGF-1R. These slides were further incubated with
primary antibodies for 3648 h in a moist chamber at 4°C. The
antigen-antibody complex was then visualized with 3,3’-diam-
inobenzidine (DAB) solution (1 mM DAB, 50 mM Tris-HC1
buffer, pH 7.6 and 0.006% H,0,) and counterstained with hema-
toxylin. Immunoreactivity for p-mTOR, p-4EBP1, p-S6 and
p-ERK was detected in the cytoplasm of tumor cells, and classi-
fied into three groups as follows: score 0, negative; score 1,
weakly positive; score 2, strongly positive (Table 3). Immuno-
reactivity for sstr subtypes was detected in the membrane or
cytoplasm of tumor cells. An evaluation of immunoreactivit
of sstrs was performed as previously reported (Table 3).

Table 1. Summary of clinicopathological findings in 52 non-
functioning neuroendocrine tumor cases examined in the present

study

No. cases (n = 52)

Age (years)
<60 35 (67.3%)
260 17 (32.7%)
Mean + SD 513+ 154
Gender
Male 32 (61.5%)
Female 20 (38.5%)
Localizationt
Foregut 15 (28.9%)
Midgut 2 (3.8%)
Hindgut 35 (67.3%)
Lymph metastasis
Presence 3 (5.8%)
Absence 49 (94.2%)
Vascular invasion
Presence 14 (26.9%)
Absence 38 (73.1%)

tDetails of localization are as follows: foregut, 15 (lung, 5; stomach,
4; bronchus, 2; duodenum, 2; liver, 1; middle ear, 1); midgut, 2
(appendix, 2); hindgut 36 (rectum, 35; sigmoid colon, 1).

lida et al.

Immunoreactivity for p-IGF-1R was classified into two
groups as follows: score 0, negative; score 1, positive. Represen-
tative illustration of immunohistochemistry is shown in
Figure 1. Ki-67 immunoreactivity was evaluated in more than
1000 cells and the percentage of immunoreactivity (i.e. labeling
index [LI]) was subsequently obtained. We scored the Ki-67 LI
followed by the histopathological grade in NET recently defined
by the European Neuroendocrine Tumor Society (ENETS) as
follows: score 0, <2%; score 1, 2-20%; score 2, >20%
(Table 3).%®) Two of the authors (S.I. and Y.M.) independently
evaluated immunoreactivity and the cases of interobserver
differences of more than 5% were re-evaluated together
using double-headed light microscopy. Intraobserver differences
were <5%.

Cell culture and reagents. NCI-H727 (H727), a human bron-
chial NET cell line, was purchased from the American Type
Culture Collection (Manassas, VA, USA). COLO320-DM
(COLO), a human colon NET cell line, was purchased from The
Health Science Research Resources Bank (Osaka, Japan). These
cell lines were maintained in RPMI-1640 medium (Sigma
Aldrich Co., St Louis, MO, USA) supplemented with 10% fetal
bovine serum (FBS; Nichirei Co. Ltd, Tokyo, Japan). Cells were
maintained at 37°C, 95% relative humidity and 5% CO,. Rapa-
mycin was purchased from Wako (Osaka, Japan).

Cell proliferation assay. The status of cell proliferation of
H727 and COLO cells was determined using WST-8 (2-
[2-methoxy-4-nitrophenyl]-3-[4-nitrophenyl]-5-[2, 4-disulfophe-
nyl]-2H-tetrazolium monosodium salt) method (Cell Counting
kit-8; Dojindo Inc., Kumamoto, Japan). Cells were seeded in 96-
well plates at a density of 5000 cells/well. After 24 h of incuba-
tion, different concentrations of rapamycin were added into the
medium. Compound was added with the exchange of medium
every 3 days and measured for 3, 6 and 9 days (H727) or 1, 2
and 3 days (COLO). The medium including reagents was chan-
ged every 3 days. A volume of 10 pL of 5 mM WST-8 was
added and the plates were then incubated for 1-4 h at 37°C in
95% relative humidity and 5% CO,. The resulting optical densi-
ties (OD; 450 nm) were obtained using a Model 680 microplate
reader (Bio-Rad Laboratories, Hercules, CA, USA). The status
of cell proliferation (%) was calculated according to the follow-
ing equation: (cell OD value after treatment with test materi-
als/vehicle control cell OD value) x100.

Statistical analysis. We used hierarchical clustering analysis
to sort the results of the immunohistochemistry and to further
evaluate the correlation of immunohistochemical data with clini-
copathological findings of individual NET cases. Hierarchical
clustering analysis attempts to identify homogeneous subgroups
of the cases examined are as reported by Eisen ez al."”” The cor-
relation between individual cases and cell signaling factors is
depicted graphically as a dendrogram in which branch length is
determined by the distance between the results of the immuno-
histochemistry. Data were subjected to hierarchical clustering
analysis and visualization using Cluster and TreeView, respec-
tively (downloaded from the Eisen Lab, Barkley, CA, USA).
Chi-squared tests were used to determine which markers con-
tributed to the formation of individual clusters. The statistical
analysis on the results of cell proliferation was analyzed with
Sheffe test (STATVIEW ver. 5.0, SAS institute, Cary, NC, USA).
A P-value < 0.05 indicated the statistical significance in this
study.

Results

Immunoreactivity in cell-signaling molecules in NET cases. Results
of immunohistochemical staining of sstr subtypes, activated
(phosphorylated) forms of intracellular signaling factors
(mTOR, 4EBPI1, S6 and ERK) and IGF-1R examined are sum-
marized in Table 4 and Figures 2 and 3. Immunoreactivity for
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Table 2. Antibodies and their conditions of immunostaining

Primary antibody Dilution Source Antigen retrieval Positive control
p-mTOR 1/50 Cell Signaling Technology MW Rectum
p-4EBP1 1/50 (Beverly, MA, USA)
p-S6 1/100
p-p44/42 MAPK (p-ERK) 1/100
sstr1, 2A, 2B, 3,5 1/1000 Gramsh Laboratories MW Pancreas
(Schwabhausen, Germany)
p-IGF-1R 1/100 Abnova (Taipei, Taiwan) No treatment Breast carcinoma
Ki-67 1/100 Dako Cytomation (Glostrup, AC Tonsil
Denmark)

AC, autoclave treatment; 4EBP1, eukaryotic initiation factor 4-binding protein 1; IGF-1R, insulin-like growth factor 1 receptor; MAPK, mitogen-
activated protein kinase; mTOR, mammalian target of rapamycin; MW, microwave treatment; $6, ribosomal protein s6; sstr, somatostatin

receptor.

Table 3. Summary of scoring of immunoreactivity used in the
present study

Primary antibody Score 0 Score 1 Score 2
p-mTOR Negative Weakly Strongly
p-4EBP1 positive positive
p-S6

p-ERK

Ki-67 LI <2% 2-20% >20%
sstr1, 2A, 2B, 3,5 Negative Positive

p-IGF-1R

4EBP1, eukaryotic initiation factor 4-binding protein 1; IGF-1R, insulin-
like growth factor 1 receptor; LI, labeling index; mTOR, mammalian
target of rapamycin; S6, ribosomal protein s6; sstr, somatostatin
receptor.

p-mTOR, p-4EBP1, p-S6 and p-ERK was detected in the cyto-
plasm of tumor cells in 33 (63.5%), 43 (82.7%), 27 (51.9%) and
18 (34.6%) of 52 NET cases examined, respectively. Immunore-
activity for sstrl, 2A, 2B, 3, 5 and p-IGF-1R was detected in the
membrane or cytoplasm of tumor cells in 27 (51.9%), 48

Score 0 A
(Negative)

(92.3%), 20 (38.5%), 29 (55.8%), 39 (75.0%) and 38 (73.1%) of
52 cases examined, respectively.

Hierarchical clustering analysis of immunohistochemical results
in individual clusters. Hierarchical clustering analysis was
applied to results of the immunohistochemistry in NET cases
and the correlation was subsequently displayed graphically
using the computer program, Cluster and TreeView (down-
loaded from Eisen Lab; Fig. 4). The patterns of each sstr sub-
types obtained were nearly identical in terms of staining patterns
in the great majority of tumors, that is, co-expressing all or none
of these markers, especially in those of sstr2A and 5. In addition,
there was an almost identical scoring pattern among p-IGF-IR,
p-mTOR and p-4EBP1 and also between p-ERK and p-S6,
respectively, which indicated that activation of S6 was corre-
lated more with the MEK/ERK pathway rather than the
PI3K/Akt pathway in GI NET cases.

The results showed that the 52 NET cases examined were
basically classified into two clusters, Cluster I (18 cases) and
Cluster II (34 cases), and Cluster II was further sub-classified
into Cluster ITa (15 cases) and Cluster IIb (17 cases) according
to the branch length, which represents the correlation of the
scoring data (Fig. 4). Two cases belonging to Cluster II were
eliminated because of the branch length.

Score 2
(Strongly positive)

(Positive)

Fig. 1. Representative illustrations of immunohistochemistry. Results of immunohistochemistry were evaluated according to Table 3. (a) p-4EBP1
(score 0, negative); (b) p-4EBP1 (score 1, weakly positive); (c) p-4EBP1 (score 2, strongly positive); (d) somatostatin receptor 1 (sstr1) (score 0,

negative); (e) sstr1 (score 1, positive). (a-e) Original magnification, x100.
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Table 4. Summary of scoring of immunohistochemistry in the present study of neuroendocrine tumor cases

Total (n = 52) Score 0 Score 1 Score 2 Total (n = 52) Score 0 Score 1
p-mTOR 19 (36.5%) 29 (55.8%) 4 (7.7%) sstri 25 (48.1%) 27 (51.9%)
p-4EBP1 9 (17.3%) 33 (63.5%) 10 (19.2%) sstr2A 4 (7.7%) 48 (92.3%)
p-S6 25 (48.1%) 24 (46.2%) 3 (5.8%) sstr2B 32 (61.5%) 20 (38.5%)
p-ERK 34 (65.4%) 18 (34.6%) 0 (0.0%) sstr3 23 (44.2%) 29 (55.8%)
Ki-67 39 (75.0%) 12 (23.1%) 1(1.9%) sstr5 13 (25.0%) 39 (75.0%)
p-IGF-1R 14 (26.9%) 38 (73.1%)

4EBP1, eukaryotic initiation factor 4-binding protein 1; IGF-1R, insulin-like growth factor 1 receptor; mTOR, mammalian target of rapamycin;

$6, ribosomal protein s6; sstr, somatostatin receptor.

Fig. 2. Representative illustrations of immuno-
histochemistry of (a) p-mTOR, (b) p-4EBP1, (c) p-S6
and (d) p-ERK. Immunoreactivity of all signaling
factors was detected in cytoplasmic of tumor cells.
(a—d) Original magnification, x100.

Fig. 3. Representative illustrations of immunohistochemistry of somatostatin receptor (sstr) subtypes and p-IGF-1R. Immunoreactivity of all sstr
subtypes was detected in the membrane or cytoplasmic of the tumor cells. (a) sstr1; (b) sstr2A; (c) sstr2B; (d) sstr3; (e) sstr5; (f) p-IGF-1R. (a-f)

Original magnification, x100.

Multivariate analysis of clusters of immunoreactivity and
clinicopathological characteristics of NET cases examined. We
performed chi-squared tests in order to define the features of
each clusters regarding the patterns of immunoreactivity of the
factors examined. We first defined the features between Cluster

lida et al.

I and Cluster II. Results of this analysis demonstrated that
immunoreactivity of p-ERK, sstr2A and sstr5 did not show any
significant differences among the three groups above, but that of
p-mTOR (P = 0.038), p-4EBP1 (P = 0.026), p-S6 (P = 0.0066),
sstrl (P = 0.0066), sstr2B (P < 0.001), sstr5 (P = 0.0036),
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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 llb, 17 cases.
Two cases belonging to Cluster Il were excluded because of the
branch length. 4EBP1, eukaryotic initiation factor 4-binding protein 1;
ERK, extracellular signal-regulated kinase; IGF-1R, insulin-like growth
factor 1 receptor; mTOR, mammalian target of rapamycin; S6,
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

2282

Table 5. Summary of scoring of immunohistochemistry between
Cluster 1 and Il

Cluster | Cluster Il

(n=18) (n = 34) P-value

p-mTOR (Score 0 vs 1, 2) 8 25 0.038
p-4EBP1 (Score 0 vs 1, 2) 12 31 0.026
p-56 (Score 0 vs 1, 2) 14 13 0.0066
p-ERK (Score 0 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 lib

Total Cluster lla Cluster llb

(h=32) (n=15 (n=17) Pvalue

p-mTOR (Score O vs 1, 2) 25 (78.1%) 12 13 0.81
p-4EBP1 (Score O vs 1, 2) 30 (93.8%) 13 17 0.12
p-56 (Score 0 vs 1, 2) 14 (43.8%) 4 10 0.067
p-ERK (Score O vs 1, 2) 11 (34.3%) 0 1" <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

4AEBP1, 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 107 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 llb
Total Cluster lla Cluster llb
(n=32) (n=15) (=17  Pvalue
Age (years)
<60 23 (71.9%) 7 16 0.0078
=60 9 (28.1%) 8 1
Mean = SD 52.7 + 14.2 56.4 +17.4 49.4 x+ 10.0
Gender
Male 22 (68.8%) 8 14 0.077
Female 10 (31.3%) 7 3
Localization
Foregut 9 (28.1%) 8 1 0.0043
Midgut 1(3.1%) 1 0
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,
1077 M; H727, NCI-H727; COLO, COLO320-DM. All data are shown as
mean (n = 6) SD. *P < 0.001 (vs Control).

Discussion

It is true that the main therapy of NET is surgical excision. Neu-
roendocrine tumor patients are generally considered resistant to
traditional c)ytotoxic 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 controlhng 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.‘ (5:2425 However,
its clinically effective antitumor activity has not necessarily
been detected with octreotide alone, because the tumor response
rate for octreotide represents <10%,%?® and thus, the antitumor

lida et al.

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 heterozyg051ty
of the NF1 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 p]ay 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-I as a tumor
suppressor gene. However, the GI NET harboring NF-1 genetic
abnormalities often occurs in duodenal, ampullary NET and
somatostatinomas. In addmon, 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 corre]ated w1th
activation of the PI3K/Akt/mTOR pathway in NET cells.">*®
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-IR 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. (17.18)
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 IIa 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 sstr5
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.®>** 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 (RADQO1; 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.®5>” 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

References

Kloppel G, Perren A, Heitz PU. The gastroenteropancreatic neuroendocrine
cell system and its tumors: the WHO classification. Ann NY Acad Sci 2004;
1014: 13-27.

Ito T, Sasano H, Tanaka M efal Epidemiological study of

gastroenteropancreatic neuroendocrine tumors in Japan. J Gastroenterol 2010;

45: 23443,

3 Robertson RG, Geiger WJ, Davis NB. Carcinoid tumors. Am Fam Physician

2006; 74: 429-34.

Schnirer II, Yao JC, Ajani JA. Carcinoid — a comprehensive review. Acta

Oncol 2003; 42: 672-92.

Ono K, Suzuki T, Miki Y et al. Somatostatin receptor subtypes in human non-

functioning neuroendocrine tumors and effects of somatostatin analogues

SOM230 on cell proliferation in cell line NCI-H727. Anticancer Res 2007; 27:

2231-40.

Arnold R, Simon B, Wied M. Treatment of neuroendocrine GEP tumours with

somatostatin analogues. Digestion 2000; 62: 84-91.

Bjornsti MA, Houghton PJ. The TOR pathway: a target for cancer therapy.

Nat Rev Cancer 2004; 4: 335-48.

Wullschleger S, Loewith R, Hall MN. TOR signaling in growth and

metabolism. Cell 2006; 124: 471-84.

Pouysségur J, Dayan F, Mazure N. Hypoxia signaling in cancer and

approaches to enforce tumour regression. Nature 2006; 441: 437-43.

10 Manning BD, Cantley LC. United at last: the tuberous sclerosis complex gene
products connect the phosphoinositide 3-kinase/Akt pathway to mammalian
target of rapamycin (mTOR) signaling. Biochem Soc Trans 2003; 31: 573-8.

11 Osaki M, Oshimura M, Ito H. PI3K-Akt pathway: its functions and alterations

in human cancer. Apoptosis 2004; 9: 667-76.

von Wichert G, Jehle PM, Hoeflich A et al. Insulin-like growth factor-I is an

autocrine regulator of chromogranin A secretion and growth in human

neuroendocrine tumors cells. Cancer Res 2000; 60: 4573-81.

13 Shah T, Hochhauser D, Frow R, Quaglia A, Dhillon P, Caplin ME. Epidermal
growth factor receptor expression and activation in neuroendocrine tumours.
J Neuroendocrinol 2006; 18: 355-60.

14 Meijinen P, Perterse JL, Antonini N, Rutgers EJTh, van de Vijver MJ.
Immunohistochemical categorization of ductal carcinoma in situ of the breast.
Br J Cancer 2008; 98: 137-42.

15 Carvalho JC, Thomas DG, Lucas DR. Cluster analysis of

immunohistochemical markers in leimyosarcoma delineates specific anatomic

and gender subgroups. Cancer 2009; 115: 4186-95.

n

EN

wn

o e N

1

N

2284

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 IIa, 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.

Acknowledgments

The authors appreciate Dr Fumiaki Tezuka (Department of Pathology,
Sendai Red Cross Hospital) for providing NET samples.

16 Toumpanakis CG, Caplin ME. Molecular genetics of gastroenteropancreatic
neuroendocrine tumors. Am J Gastroenterol 2008; 103: 729-32.

17 Papotti M, Bongiovanni M, Valante E et al. Expression of somatostatin
receptor types 1-5 in 81 cases of gastrointestinal and pancreatic
endocrine tumors. A correlative immunohistochemical and reverse-
transcriptase polymerase chain reaction analysis. Virchows Arch 2002;
440: 461-75.

18 Jais P, Terris B, Ruszniewski P er al. Somatostatin receptor subtype gene
expression in human endocrine gastroentero-pancreatic tumours. Eur J Clin
Invest 1997, 27: 639-44.

19 Rindi G, Kloppel G, Alhman H eral. TNM staging of foregut
(neuro)endocrine tumors: a consensus proposal including a grading system.
Virchows Arch 2006; 449: 395-401.

20 Eisen MB, Spellman PT, Brown PO, Botstein D. Cluster analysis and display

of genome-wide expression patterns. Proc Natl Acad Sci USA 1998; 95:

14863-8.

Gardner N. Targeting the mTOR pathway in neuroendocrine tumors. Clin J

Oncol Nurs 2009; 13: 558-63.

22 Yao JC. Molecular targeted therapy for carcinoid and islet-cell carcinoma.
Clin Endocrinol Metab 2007; 21: 163-72.

23 Weckbecker G, Lewis I, Albert R, Schmid HA, Hoyer D, Bruns C.
Opportunities in somatostatin research: biological, chemical and therapeutic
aspects. Nat Rev Drug Discov 2003; 2: 999-1017.

24 Rinke A, Muller HH, Schade-Brittinger C ef al. Placebo-controlled, double-
blind, prospective, randomized study on the effect of octreotide LAR in the
control of tumor growth in patients with metastatic neuroendocrine midgut
tumors: a report from the PROMID study group. J Clin Oncol 2009; 27:
4656-63.

25 Grozinsky-Glasberg S, Franchi G, Teng M et al. Octreotide and the mTOR
inhibitor RAD0O01 (everolimus) block proliferation and interact with the Akt-
mTOR-p70S6K  pathway in a neuro-endocrine tumor cell line.
Neuroendocrinology 2008; 87: 168-81.

26 Arnold R, Trautmann ME, Creutzfeldt ME et al. Somatostatin analogue
octreotide and inhibition of tumour growth in metastatic endocrine
gastroenteropancreatic tumours. Gut 1996; 38: 430-8.

27 Verhoef S, van Diemen-Steenvoorde R, Akkersdijk WI et al. Malignant
pancreatic tumour within the spectrum of tuberous sclerosis complex in
childhood. Eur J Pediatr 1999; 158: 284-7.

28 Basu TN, Gutmann DH, Fletcher JA et al. Aberrant regulation of ras proteins
in malignant tumour cells from type 1 neurofibromatosis patients. Nature
1992; 356: 713-5.

2

—

doi: 10.1111/j.1349-7006.2010.01657.x
© 2010 Japanese Cancer Association



29

30

31

32

33

34

Gutmann DH, Aylsworth A, Carey JC et al. The diagnostic evaluation and
multidisciplinary management of neurofibromatosis 1 and neurofibromatosis
2. JAMA 1997, 278: 51-7.

Hopfner M, Baradari V, Huether A er al. The insulin-like growth factor receptor
1 is a promising target for novel treatment approaches in neuroendocrine
gastrointestinal tumours. Endocr Relat Cancer 2006; 13: 135-49.

Tolcher AW, Rothenberg ML, Rodon J et al. A phase I pharmacokinetic and
pharmacodynamic study of AMG 479, a fully human monoclonal antibody
against insulin-like growth factor type 1 receptor (IGF-1R), in advanced solid
tumors. J Clin Oncol 2007; 25: 3002.

Jayaraman T, Marks AR. Rapamycin-FKBP12 blocks proliferation, induces
differentiation, and inhibits cdc2 kinase activity in a myogenic cell line. J Biol
Chem 1993; 268: 25385-8.

Vilella-Bach M, Nuzzi P, Fang Y ef al. The FKBP12-rapamycin-binding
domain is required for FKBP12-rapamycin-associated protein kinase activity
and G, progression. J Biol Chem 1999; 274: 4266-72.

Motzer RJ, Escudier B, Oudard S et al. Efficacy of everolimus in advanced
renal cell carcinoma: a double-blind, randomized, placebo-controlled phase III
trial. The Lancet 2008; 372: 449-56.

lida et al.

35

36

37

38

39

Hudes G, Carducci M, Tomczak P et al. A phase 3, randomized, 3-arm study
of temsirolimus (TEMSR) or interferon-alpha (IFN) or the combination of
TEMSR + IFR in the treatment of first-line, poor-risk patients with advanced
renal cell carcinoma (adv RCC). J Clin Oncol 2006; 24: 2006.

Zitzmann K, De Toni EN, Brand S et al. The novel mTOR inhibitor RAD001
(everolimus) induces antiproliferative effects in human pancreatic
neuroendocrine tumor cells. Neuroendocrinology 2007; 85: 54—60.

Duran I, Kortmansky J, Singh D etal A phase II clinical and
pharmacodynamic study of temsirolimus in advanced neuroendocrine
carcinomas. Br J Cancer 2006; 95: 1148-54.

Moreno A, Akcakanat A, Munsell MF et al. Antitumor activity of rapamycin
and octreotide as single agents or in combination in neuroendocrine tumors,
Endocr Relat Cancer 2008; 15: 257-66.

Endo H, Murata K, Mukai M et al. Activation of insulin-like growth factor
signaling induces apoptotic cell death under prolonged hypoxia by
enhancing endoplasmic reticulum stress response. Cancer Res 2007; 67:
8095-103.

Cancer Sci | October 2010 | vol. 101 | no. 10 | 2285
© 2010 Japanese Cancer Association



Med Mol Morphol (2010) 43:75-81
DOI 10.1007/s00795-010-0494-3

© The Japanese Society for Clinical Molecular Morphology 2010

SPECIAL REVIEW SERIES: Breast carcinoma and steroid hormones

Takashi Suzuki - Yasuhiro Miki - Kiyoshi Takagi
Hisashi Hirakawa - Takuya Moriya - Noriaki Ohuchi
Hironobu Sasano

Androgens in human breast carcinoma

Received: November 10, 2009 / Accepted: January 6, 2010

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, Soi-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 173-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 - 5a-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, Sa-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.® However, DHT concentrations
were significantly (threefold) higher in breast carcinoma
tissues than in plasma,g 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 (5o-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.

17B-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 178-HSDs
results in activation of androgens and estrogens."” To date,
14 isozymes of 178-HSD have been cloned, and 17B-reduc-
tion (178-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, 173-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-HSD5 is a member of the aldo-keto reduc-
tase (AKR) superfamily and is formally termed AKR1C3."

mRNA expression of 17B-HSD5 was detected in
65%-83% of breast carcinoma tissues.*" Vihko et al.”
reported that 17p-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-HSD5 mRNA had a
worse prognosis than other patients. 17-HSD5 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 5o-Red
type 1 (50-Red1),'® but it was not significantly associated
with other clinicopathological factors.*

17B-HSD5 also possesses 30-HSD and 20a-HSD activi-
ties.” The 30-HSD and 200-HSD activities are involved in
the inactivation of progesterone.” > However, the signifi-
cance of 17p-HSDS5 for these activities in breast carcinoma
remains unclear.

5o0-Red

50.-Red catalyzes the conversion of testosterone to a potent
androgen, DHT, and is considered as an important regulator
of local actions of androgens. 50-Red activity was elevated
four- to eightfold in breast carcinoma tissues compared to

nontumorous breast tissues.”” Two isoforms of 5o-Red (e.g.,
5a-Redl1 and 50-Red2) have been cloned and characterized
in mammals. Immunoreactivity for Sa-Redl was detected
in 58% of breast carcinomas, whereas that of 5o-Red2 was
detected only in 15% of breast carcinomas,'® suggesting that
50-Redl may mainly determine 5c-Red activity in the
breast carcinoma. Sa-Redl immunoreactivity was signifi-
cantly correlated with AR and inversely associated with
histological grade or tumor size in breast carcinoma tissues."®
50-Redl immunoreactivity was also detected in 63% of
DCIS and, interestingly, So-Red1l immunoreactivity was
positively associated with the Van Nuys classification, Ki-67,
and increased risk of recurrence of DCIS patients.”’

5a-Red metabolizes progesterone to 5o-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 So-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-

~ Aromatase

Estradiol

Breast carcinoma

Fig. 1. Scheme representing in situ production of So-dihydrotestoster-
one (DHT) in breast carcinoma tissue. Biologically active DHT is
locally produced from circulating androstenedione by 17B-hydroxys-
teroid dehydrogenase type 5 (17B-HSDS) and 5So-reductase (Sa-Red)
and acts on the breast carcinoma cells through androgen receptor
(AR). In contrast, estradiol is synthesized by aromatase, steroid sul-
fatase (STS), and 17B8-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-0.™ 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 50-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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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 er 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 AI 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).

Immunohistochemistry. 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 II. Data on the biological markers of the studied patients.

ER (mean Allred’s score)

Pre-treatment 70+1.6

Post-treatment 74412
PgR (mean Allred’s score)

Pre-treatment 6.7+1.7

Post-treatment 52+23
Her-2 (THC 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+140

Post-treatment (mean %) 10049.3

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) 56.1+30.4

Change of HSP-70 after Al 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), 2+(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 Chanplakom 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 15.0 (Inc, Chicago, IL,
USA) was used. Independent student #-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 II). 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 III. 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 71.36 +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 r-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 21717 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 0.111+1.21 1.60+2.51 0.073
PgR -231£2.15 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 r-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 35
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 Al treatment in order for us to have a better
understanding of the mechanisms of Al 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



