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GCT TCA ACA AAA ACC CCA AAA GGA-3' resulted in the amplifica-
tion of a product containing Xhol and Hindlll restriction enzyme
cleavage sites. After enzymatic digestion the PCR product was sub-
cloned into the pGL3 basic vector (Promega) and the insert identity
was confirmed by sequencing.

2.2. Cell culture, transfection and reporter gene assays

MCF-7 cells were seeded at 3 x 10°/ml in six-well plates and
maintained at no higher than 70% confluence in DMEM (Trace Sci-
entific Ltd., Melbourne, Australia) supplemented with 10% (v/v)
fetal-calf serum (Trace Scientific), 1001U/ml penicillin, 100 p.g/ml
streptomycin, and 200 mM t-glutamine (Life Technologies, Inc,
Auckland, New Zealand). Cells were transfected using the Nucle-
ofector electroporation apparatus (Amaxa) as directed by the
manufacturer. Briefly, 1 x 10° cells were trypsinised, washed and
resuspended in 100 pl Solution V with 2 jug DNA and transfected
using program E-014, with the LKB1prom vector as wellas 10 ng ofa
renilla expression vector as a transfection control. Cells were plated
in 24-well plates and incubated overnight. Prior to treatments,
cells were serum-starved for 24h in phenol-red free medium
containing 0.1% BSA. After serum starvation, cells were treated
with water-soluble 17B-estradiol (Sigma) at the concentrations
indicated. Luciferase reporter assays were carried out using the
Dual-Glo Luciferase Assay System (Promega) as described by the
manufacturer.

2.3. Western blot analysis

Cells were washed in ice-cold PBS and lysed in ice-cold buffer
as previously described [7]. Fifty micrograms of protein was
denatured in buffer containing dithiothreitol, run on 8% poly-
acrylamide gels, and transferred to nitrocellulose for Western
blotting. Western blotting was performed to assay phosphory-
lation of AMPK using antibodies to phosphopeptides based on
the amino acid sequence surrounding Thr172 of the a-subunit
of human AMPK (Cell Signaling, Beverly, MA). The level of phos-
phorylation was normalized to the level of total AMPK (Cell
Signaling). A specific LKB1 antibody (Cell Signaling) was used
to assess LKB1 protein levels. Proteins were visualized with an
Alexa Fluor 680 goat anti-rabbit secondary antibody (Molecular
Probes, Inc., Eugene, OR), and band intensities were quantified
using the Odyssey infrared imaging system (Licor Biosciences, Lin-
coln, NE).

2.4. RT and real-time PCR

The RNeasy Mini kit (Qiagen) was used to extract total RNA and
reverse-transcription was performed using AMV RT and random
primers (Promega) as directed by the manufacturer. Briefly, 1.0 ug
RNA was incubated with 0.5 jug random primers at 70°C for 5 min,
and RT reaction was incubated at 37°C for 1h. Quantification of
human LKB1 and L32 transcript was performed on the RotorGene
(Corbett) using primers hLKB1-F: 5'-GCC GGG ACT GAC GTG TAG
A-3', hLKB1-R: 5'-CCC AAA AGG AAG GGA AAA ACC-3/, hL32-F: 5'-
CAG GGT TCG TAG AAG ATT CAA GGG-3/, hL32-R: 5'-CTT GGA GGA
AAC ATT GTG AGC GAT C-3'. Cycling conditions were one cycle at
95 °C for 5 min, followed by a variable number of cycles of 95 °C for
105, 59°C for 155, and 72°C for 20s. Experimental samples were
quantified by comparison with standards of known concentrations.
All samples were normalised to L32 transcript levels.

2.5. Chromatin immunoprecipitation

ChIP was performed to examine protein binding to the LKB1
promoter after cells were treated with experimental agents

for 45min. Sample preparation was performed as previously
described [7]. Briefly, serum-starved cells were grown to 50%
confluency and treated for 45 min at 37 °C for study of binding of
transcriptional regulators to the LKB1 promoter. Cells were then
cross-linked using 1% formaldehyde for 5 min at room temperature
and collected in PBS containing protease inhibitors. Cells were
lysed and sonicated at 20% max power 6 times for 30s pulses
using a Sonics sonifier. After sonication, one tenth of the total
sample was removed for input. ChIP was performed using the
ChIP-IT express kit (Active Motif) as directed by the manufacturer.
Briefly, 5 g of DNA was immunoprecipitated overnight at 4°C
with 5.0 g antibody (ERa and IgG; Santa Cruz Biotechnology).
Protein/DNA complexes were eluted from the beads and treated
with proteinase K solution at 37°C for 1h. A number of putative
ERa, AP-1 and Sp1 binding sites were identified in the region
2.5kb upstream of the LKB1 promoter transcription start site
using several online tools such as AliBaba2.1 (http://www.gene-
regulation.com/pub/programs/alibaba2findex.html), PROMO
(http://alggen.lsi.upc.es/cgi-bin/promo_v3/promo/promoinit.cgi?
dirDB=TF.8.3) and Prediction of Nuclear Hormone Receptor
Response Elements (http://asp.ii.uib.no:8090/cgi-bin/NHR-~
scan/nhr_scan.cgi). Real-time PCR was performed on the purified
DNA as described above using primers designed —2287 to —2020
(LKB1-ChIP-F: 5'-CTG CCT TCT TCC TGT TIT GC-3’; LKB1-ChIP-R:
5'-TTC TCC TCC TCC TCC TCC TC-3’) for ERa binding to the LKB1
promoter. Images presented are representative of three separate
experiments.

2.6. Breast cancer cases

This research was approved by Ethical Committee of Tohoku
University (Approval number 2010-509). Eighteen cases of treat-
ment naive primary breast cancer cases were retrieved from
pathology files at Department of Pathology, Tohoku University
School of Medicine, Sendai, Japan. Portions of tumour tissues were
carefully dissected at the operation theatre following macroscopic
evaluation of resected specimens and immediately frozen in lig-
uid nitrogen with OCT compound and further stored at —80°C
for Laser Capture Microdissection (LCM) analysis and subsequent
Real-Time PCR (RT-PCR) assay. Portions of the specimens were also
immediately fixed in 10% neutral formalin for 18-36h at room
temperature and embedded in paraffin. 4 uM thick tumour sam-
ple tissue specimens were prepared by the specimens embedded
into OCT compound using cryostat and stained with hematoxylin
for detailed morphological analysis under light microscopy for laser
dissection of each components. Tumour cells were carefully laser
dissected and then collected under light microscopy. The dissected
tumour cells components were then submitted for RNA extrac-
tion and RT-PCR assay with methods as described above. For IHC
or immunohistochemistry, paraffin blocks were cut to 4 uM sec-
tions and deparaffinized. The sections were then submitted for
antigen retrieval with microwave in citrate buffer (pH 6.0) for
20min; following the block with normal goat serum for 30 min
at 4°C, the sections were incubated with a polyclonal anti-LKB1
antibody overnight (1:100 dilution, Cell signaling, USA). Envision
staining system (DAKO Cp Ltd., Denmark) was used for subsequent
staining and LKB1 immunoreactivity was visualized with 3,30-
diaminobenzidine (Dojin Chemical Co. Ltd., Osaka, Japan). Reacted
sections were then counterstained with hematoxylin.

In order to semiquantitate LKB1 immunoreactivity, relative
immunointensity (+, ++) and ratio of immunoreactivity among
carcinoma cells were added to classify the status of LKB-1
immunoreactivity into the following three categories. Tumours
with no staining or <10% of cells with (+) staining were tentatively
scored as 0, tumours with >10% of cells with (+) staining or <20%
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Fig. 1. Estradiol inhibits LKB1 expression and activity. Estradiol treatment of MCF-7 cells resulted in a dose-dependent decrease of LKB1 transcript (A) and protein (B)
expression. (C) Estradiol treatment of MCF-7 cells resulted in a decrease in phosphorylation of AMPK. Graphs presented represent mean =SEM. Single, double, and triple
asterisks indicate statistically significant differences: *p <0.05; **p<0.01; ***p<0.005. vc, vehicle control.

of cells with (++) staining as 1, and tumours with >20% of cells with
(++) staining as 2.

ERa immunostaining status and other clinical parameters were
retrieved from the charts of the patients.

2.7. Statistical analyses

For in vitro analysis, all experiments were performed at least
three times and the data are reported as mean & SEM. Statistical
analyses were performed by two-tailed Student’s t test. Kruskal
Wallis non-parametric analyses were used to test correlations
between LKB1 immunostaining score and different clinical param-
eters, Spearman non-parametric correlation for the analysis of the
correlation between LKB1 and ERa. Immunostaining score. Single,
double, and triple asterisks indicate statistically significant differ-
ences: *p<0.05; *p<0.01; ***p<0.005. GraphPad Prism Version
3.00 was used.

3. Results
3.1. Estradiol decreases the expression of LKB1 in MCF-7 cells

MCF-7 cells are the most common breast cancer cell line
employed to model ER-positive tumour cells. Their proliferation
is largely dependent on the presence of E2, without which these
cells cease to divide. The effect of estradiol on LKB1 expression was
examined in MCF-7 cells after serum starvation. Treatment of MCF-
7 cells with estradiol resulted in a dose-dependent decrease of LKB1
transcript and protein expression (Fig. 1A and B, respectively). This
was accompanied by a similar decrease in phosphorylation of AMPK
at Thr172 (Fig. 1C).

3.2. Estradiol decreases ERw binding to the LKB1 promoter

Chromatinimmunoprecipitation assays performed using MCF-7
cells demonstrate that ERa binds to the LKB1 promoter. Interest-
ingly, ERa binding to the LKB1 promoter is reduced when MCF-7
cells are treated with 10 nM E2 for 45 min (Fig. 2).

3.3. LKB1 promoter activity is decreased in the presence of
estradiol

In order to assess the effect of estradiol on LKB1 promoter
activity, a reporter construct was transfected into MCF-7. Con-
sistent with effects on endogenous expression of LKB1 in MCF-7

Antibody: ERa IgG H20

NTC

E2: - + -+ - +

Fig. 2. ERa binds to the LKB1 promoter in the absence of estradiol. ChIP analysis
demonstrated that ERa binding to the LKB1 promoter was reduced when MCF-
7 cells were treated with 10nM E2. The result is representative of three separate
experiments.

cells, results demonstrate that estradiol caused a dose-dependent
decrease in the activity of the LIKB1 promoter in MCF-7 cells (Fig. 3).

1

3.4. Correlation between LKB1 and ER status

The results are summarized in Tables 1 and 2. There was
no significant correlation between LKB1 IHC score/mRNA and
other clinicopathological parameters examined in these cases
(Tables 1 and 2, respectively). In addition, there were no significant
correlations between LKB1 IHC score and ER Allred score as demon-
strated by Spearman non-parametric test (r=-0.186, P=0.460).
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Fig. 3. Estradiol inhibits LKB1 promoter activity. A reporter construct containing
3003bp of the LKB1 promoter was transfected into MCF-7. Results demonstrate
that promoter activity was significantly decreased with increasing doses of estradiol
in MCF-7 cells. Graphs presented represent mean £ SEM. Single, double, and triple
asterisks indicate statistically significant differences: *p <0.05; **p<0.01. v¢, vehicle
control.
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Table 1
LKB1 IHC in primary breast cancer tissues.
Parameters n Cases of different LKB1 scores Pvaluet
0 1 2

Age
<50 6 4 1 1 0.205
>50 12 3 7 2

Nuclear grade
1 8 3 3 2 0.068
Il 5 4 1 0
il 5 3 0

Nottingham grade
1 0 0 0 0 0.317
1 12 7 3 2
m 2 0 2 0

ER state?
Negative 2 0 2 0 0.543
Positive 16 7 6 3

PgR stateP
Negative 6 2 4 4} 0.761
Positive 12 5 4 3

HER-2 state®
Negative 14 6 5 3 0.954
Positive 4 1 3 0

t Kruskal Wallis non-parametric test was used for comparing LKB1 immunostain-
ing score among different groups.

2 The specimens with ER allred score <2 were classified into ER negative group,
those with ER allred score > 2 were classified into ER positive group.

b The specimens with PgR allred score < 2 were classified into PgR negative group,
those with PgR allred score > 2 were classified into PgR positive group.

¢ The specimens with HER-2 scored 0 and 1 were classified into HER-2 negative
group, those with ER scored 2 and 3 were classified into ER positive group.

4. Discussion

The regulation of LKB1 in various tissues has previously been
examined (reviewed in [8,9]). The majority of these studies have
focussed on the regulation of LKB1 phosphorylation by PKC{ and
its resultant action on AMPK, leaving few indices as to the tran-

Table 2
LKB1 mRNA expression in primary breast cancer tissues.
Parameters n Relative LKB1 mRNA level Pvalue’
(%, Mean £ SE)

Age
<50 6 1.876 0496 0.407
>50 12 3.672+£1.449

Nuclear grade
1 8 3.395+1.699 0.657
1l 5 1.604+0.402
m 5 4,029+2.411

Nottingham grade
I 0 . 0.211
i 12 2.791+1.147
11 2 7.372+£6.054

ER state?
Negative 2 2.721+£1.039 0.904
Positive 16 3.118+1.108

PgR state®
Negative 6 3.935+1.957 0.553
Positive 12 2.643+1.154

HER-2 state®
Negative 14 2.560+0.988 0.345
Positive 4 4.871:£2.929

iANOVA was used for comparing relative LKB1 mRNA expression among multi-
groups; independent Student’s t test was used for comparing relative LKB1 mRNA
expression between two groups.

3 The specimens with ER allred score <2 were classified into ER negative group,
those with ER allred score >2 were classified into ER positive group.

b The specimens with PgR allred score < 2 were classified into PgR negative group,
those with PgR allred score > 2 were classified into PgR positive group.

< The specimens with HER-2 scored 0 and 1 were classified into HER-2 negative
group, those with ER scored 2 and 3 were classified into ER positive group.

scriptional regulation of the STK11 gene. Results presented herein
are therefore the first to describe the transcriptional regulation of
LKB1 by estradiol and to identify ERo as a direct modulator of LKB1
promoter activity.

ChIP analysis in MCF7 cells showed binding of ERa to the STK11
promoter, however consistent with the effects of 173-estradiol on
LKB1 expression, ERa binding to the STK11 promoter was reduced
inthe presence of 173-estradiol. It remains to be determined which
site of the STK11 promoter is involved in the ligand-independent
binding of ERa to DNA and whether binding occurs in a similar
manner in untransformed cells. Considering recent evidence identi-
fying LKB1 as a tumour suppressor by virtue of its direct interaction
with p53 [2,10,11}], our results provide an additional mechanism by
which estradiol can promote cell cycle progression in cells with a
wild-type TP53 gene.

LKB1 protein expression and pAMPK are decreased in primary
breast tumours compared to normal breast epithelium [12,13].
Interestingly, we examined LKB1 mRNA and IHC score in primary
tumours obtained from 18 Japanese patients with breast cancer.
Results of this evaluation revealed no significant correlations of the
LKB1 status with ER status in these patients. This is consistent with
previous findings demonstrating that LKB1 and pAMPK IHC had no
association with ER status [2,13]. Considering the effect of estradiol
to inhibit LKB1 expression and activity in MCF-7 cells, the present
study is the first to offer a mechanism whereby LKB1 expression is
low in both ER-positive and ER-negative primary tumours, and why
there is a discrepancy between untreated cell lines and primary
tumours.

In parallel with this process, the inhibition of the LKB1/AMPK
pathway will likely also result in the stimulation of de novo lipo-
genesis within the breast cancer cells, which is also an important
factor contributing to breast cancer cell proliferation [14], and will
prevent AMPK from inhibiting cancer cell proliferation through
direct phosphorylation of TSC2 and mTORC1 (mammalian target
of rapamycin complex 1), thereby preventing it from effectively
shutting down protein synthesis and counteracting the stimula-
tory effects of Akt [15]. Furthermore, LKB1 has also been shown
to negatively regulate aromatase [7], the enzyme responsible for
converting androgens to estrogens. Consistent with these find-
ings, it has been shown that metformin, a known LKB1-dependent
stimulator of AMPK, inhibits proliferation of breast cancer cells in
culture [16,17], aromatase expression in breast stroma [18] and
inhibits spontaneous tumours from developing in PTEN deficient
mice [19-21].
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Retinoids regulate cell proliferation and differentiation in
normal and neoplastic tissue. These effects are mainly
mediated by two types of nuclear retinoid receptors, retinoic
acid receptors (RAR) and retinoid X receptors (RXR). RXR
have been demonstrated to play important roles in esoph-
ageal carcinoma, but the expression of RXRp and RXRy has
not been examined in esophagus. Therefore, we examined
the immunoreactivity of all subtypes of RAR and RXR in 53
non-neoplastic esophageal epithelium and 74 esophageal
squamous cell carcinoma tissues. In non-neoplastic epithe-
lium RARP immunoreactivity was marked in the basal layer
and weak in the suprabasal layer, but immunoreactivity of
other retinoid receptors was detected in both of layers. In
addition, the status of RARB and RXRB immunoreactivity
inversely correlated with that of lymph node metastasis (P=
0.0477 and P=0.0034, respectively); decreased RXR immu-
noreactivity of carcinoma cells was positively associated
with adverse clinical outcome of the patients (P = 0.0187).
These findings all indicate the important roles of retinoid
receptors, especially, RXR in the esophageal squamous cell
carcinoma.

Key words: esophageal cancer, immunohistochemistry, meta-
stasis, retinoid receptors

Clinical outcomes of patients with esophageal carcinoma still
remain poor, despite the recent advances of therapeutic
techniques and perioperative management. Retinoids are
known to inhibit cell proliferation in a wide range of normal

Correspondence: Fumiyoshi Fujishima, MD, Department of Pathol-

ogy, Tohoku University Hospital, 1-1 Seiryo-machi, Aoba-ku, Sendali,

Miyagi-ken 980-8574, Japan. Email: fujishima-heya@m5.gyao.ne.jp
Received 24 June 2010. Accepted for publication 21 February

2011.

© 2011 The Authors

Pathology International © 2011 Japanese Society of Pathology and

Blackwell Publishing Asia Pty Ltd

and neoplastic tissues in vitro.'"® Retinoids suppress or
reverse the process of epithelial carcinogenesis and prevent
the development of invasive cancers, including squamous
cell carcinoma, arising in the skin, lung and oral cavity in
animal models.” In addition, the incidence of cancer in a
group of patients with severe esophageal squamous dyspla-
sia treated by the synthetic retinoid N-4-(ethoxycarbophenyl)
retinamide was reported to be much lower than that of a
group treated with placebo.?

The effects of retinoids are mainly mediated via two differ-
ent classes of nuclear retinoid receptors, retinoic acid recep-
tors (RAR)*™ and retinoid X receptors (RXR),'2"® both of
which belong to the steroid/thyroid hormone receptor super-
family. Retinoid receptors are known to function as het-
erodimers of RAR and RXR, or as RXR homodimers, and to
activate transcription in a ligand-dependent manner by
binding to retinoic acid responsive elements (RARE) located
in the promoter region of various target genes.™ Both RAR
and RXR are composed of three subtypes, o, B and v. Pat-
terns of these retinoid receptor subtypes status or combina-
tion are considered to regulate the expression of distinct
target genes and the actions of retinoids in various tissues at
both physiological and pathological status.™

Resulis of previous studies have demonstrated that
the loss of RARPB expression and upregulation of both
RARoa and RXRo expression are detected in esophageal
squamous cell carcinoma by in situ hybridization or
immunohistochemistry.#'%'® In addition, esophageal squa-
mous carcinoma cell lines that did not express RARP were
resistant to retinoic acid treatment and could form colonies
in soft agar.*® These findings suggest that retinoids may
play important roles in esophageal squamous cell carci-
noma. However, the status of RXRB and RXRy has not
been examined in esophageal squamous cell carcinoma
tissue, and the biological and clinical significance of
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retinoids has remained unclear. Therefore, in this study, we
examined the expression of all six retinoid receptor sub-
types in 74 cases of esophageal squamous cell carcinoma
using immunohistochemistry and correlated these findings
with various clinicopathological parameters of the patients.

MATERIALS AND METHODS
Patients and tissue samples

In this study 74 surgical pathology specimens of esophageal
squamous cell carcinomas were retrieved from surgical
pathology files of the Department of Pathology, Tohoku Uni-
versity Hospital, Sendai, Japan. These specimens were
obtained from patients who underwent esophagotomy from
1994 to 1999. All the patients examined received neither
irradiation nor chemotherapy prior to surgery. Potentially
curative resection was defined as the absence of distant
metastasis, the removal of all gross tumors, and the histo-
Jogically confirmed absence of tumor tissue at the surgical
margins of the resected specimens. Each patient underwent
cervico-thoraco-abdominal (three field) lymph node dissec-
tion.222 The mean follow-up time for patients was 71 months
(range 8121 months). Non-neoplastic squamous epithelium
was also available for examination in all 74 cases. The speci-
mens had been all routinely processed (10% formalin-fixed
and paraffin-embedded). The Ethics Committee at Tohoku
University Schoo! of Medicine approved the research proto-
col for this study.

Antibodies

Polyclonal antibodies for RARa (sc-551), RARy (sc-550)
were purchased from Santa Cruz Biotechnology (Santa Cruz,
CA, USA), monoclonal antibody for RARB was purchased
from Lab Vision Corporation (NeoMarkers, Fremont, CA,
USA). Polyclonal antibodies for RXRo, RXRB and RXRy
were raised against synthetic peptides containing the follow-
ing mouse RXR amino acid residues: RXRo, 92-109; RXRB
78-93; RXRy 35-54. The characterization of the RXR anti-
bodies was confirmed by immunoblotiing and immunopre-
cipitation as described previously, and use of these
antibodies for immunohistochemistry has been reported pre-
viously.?? Monoclonal antibodies for Ki-67 (MIB1) and p53
were purchased from Immunotech (Marseille, France) and
Chemicon (Temecula, CA, USA), respectively. The optimal
dilution and pretreatment methods for immunostaining are
summarized in Table 1.

Immunohistochemistry

Immunohistochemical analysis was performed as follows.?
Serial 3 um thick sections were prepared. Tissue sections

Table 1 Summary of primary antibodies

Antibodies Dilution Antigen retrievalt
RARa: (polyclonal) 1:500 Autoclave
RARB (monoclonal) 1:1 (predilution) Autoclave
RARYy (polyclonal) 1:500 Autoclave
RXRa (polyclonal) 1:3500 Autoclave
RXRp (polyclonal) 1:1500 Autoclave
RXRy (polyclonal) 1:1500 Autoclave
Ki-67 (monoclonal) 1:50 Autoclave
P53 (monoclonal) 1:50 Autoclave

tAutoclave for 5 min at 121°C in 0.01 mol/L sodium citrate buffer
(pH 6.0).

RAR, retinoic acid receptor; RXR, retinoid X receptor.

were deparaffinized in xylene and dehydrated in a gradient of
ethanol. An antigen retrieval method was then employed. The
slides were heated in an autoclave at 121°C for 5 min in citric
acid buffer (2 mM citric acid and 9 mM trisodium citrate dehy-
drate, pH 6.0). Sections were then incubated with 10%
normal goat serum for the polyclonal antibody, or normal
rabbit serum for the monoclonal antibody to reduce nonspe-
cific background immunostaining. Tissue sections were incu-
bated for 12 h at 4°C with primary antibodies, except for
RARB, which was incubated for 30 min at room temperature.
The dilutions of primary antibodies used are summarized in
Table 1. Thereafter intrinsic peroxidase activity was blocked
with 0.3% hydrogen peroxide in methanol for 30 min at room
temperature. The sections were then incubated with biotiny-
lated goat antirabbit IgG (Histofine Kit; Nichirei, Tokyo,
Japan) and with horseradish peroxidase-conjugated strepta-
vidin (Nichirei). Reacted sections were developed with
3,3’-diaminobenzidine (DAB) and counterstained with hema-
toxylin. As a negative control, sections were incubated with
normal rabbit IgG instead of primary antibodies. No specific
immunoreactivity was detected in these tissue sections.

Scoring of immunoreactivity

All immunolabeled cells were evaluated as positive, regard-
less of the immunointensity. For evaluation of retinoid recep-
tors, Ki-67 and p53, scoring in proliferative lesions were
evaluated independently by two of the authors (FF and TS) in
high-power field (x400) using light microscopy. In each lesion
at least 500 cells were counted and the percentage of immu-
noreactivity (i.e. labeling index; LI), was determined.?52®
Cases that were found to have p53 Li 2 50% were considered
p53-positive esophageal carcinomas according o a previous
report.?” In non-neoplastic epithelium, two different layers of
epithelium (basal and suprabasal) were histologically identi-
fied and evaluated separately. In each region 200-500 cells
were counted, and LI was subsequently obtained.

© 2011 The Authors
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Statistical analyses

Values for LI for retinoid receptors were summarized as a
mean * SD. An association between the LI of retinoid recep-
tors and clinicopathological parameters between the values
in the absence or presence of Hx630 was evaluated using a
one-way ANOVA and Bonferroni’s test. The correlation analy-
sis among different parameters with continuous variables
was assessed with a correlation coefficient (1) and regression
equation. Overall survival curves were generated according
to the Kaplan—Meier method, and statistical significance was
calculated using the log—rank test. Univariate analyses were
evaluated by Cox proportional hazards regression model. A P
value less than 0.05 was considered significant.

RESULTS
Non-neoplastic epithelium of the esophagus

Immunoreactivity of all six retinoid receptor subtypes was
detected in the nuclei of non-neoplastic squamous epithelium
(Fig. 1a—f). In basal layer of non-neoplastic squamous epi-
thelium of the esophagus, immunoreactivity of RARB, RXRB
and RXRy was abundant (L1 > 50) (RARBL! = 56.9, RXRpLI =
53.1 and RXRyLl = 65.4), while that of RARo, BARy and

RXRo was present (RARo LI = 22.7, RARy LI = 39.3 and

RXRoa LI = 438.7) in a less abundance. In suprabasal layer,
immunoreactivity of RARy and RXRao, B, vy was abundantly
present (RARyLl=56.5, RXRo LI =59.3, RXRB LI =59.2 and
RXRy LI = 58.4), and that of RARo. was detected (RARo. LI =
31.4) in a less abundance. RARp immunoreactivity was neg-
ligible in the suprabasal layer (LI = 6.6). RARp LI was signifi-
cantly decreased in suprabasal layer compared with basal
layer (P < 0.0001) (Fig. 2).

Esophageal squamous cell carcinoma

Immunoreactivity of RARq, 8, yand RXRaq, B, y was detected
in the nuclei of carcinoma cells (Fig. 1g-I). Immunoreactivity
of RARy and RXRo, B, y was abundant (LI > 50; RARy LI =
55.9; RXRo. LI = 53.3; RXRp LI = 64.4; and RXRy Ll = 54.1),
and that of RARo. was detected in less abundance(Ll = 41.0),
RARp LI was significantly lower (LI = 15.1) in these cells
(Fig. 3). Among the immunoreactivities of retinoid receptor
subtypes examined, statistically significant correlations were
detected between RARo. LI and RXRy LI (P=0.0438), RARB
LI and RARy LI (P = 0.0275), RARB LI and RXRo. LI (P =
0.0304), RARB LI and RXRp LI (P = 0.0084), RARy LI and
RXRo. LI (P =0.0391), RARy LI and RXRB LI (P = 0.0120),
RXRa LI and RXRJ LI (P <0.0001) and RXRo. LI and RXRy
LI (P = 0.0057) (Table 2).
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Association of RAR and RXR immunoreactivities with
clinicopathological features and clinical outcome of the
patients

Association between the status of retinoid receptor immu-
noreactivity and the clinicopathological features of patients
is summarized in Tables 8 and 4. There was a significant
inverse correlation between the status of RARB immunore-
activity and lymph node metastasis in the patients (P =
0.0477), but no significant association was detected
between RARo or RARy immunoreactivity and the clinico-
pathological features of the patients examined in this study
(Table 3).

As shown in Table4, RXRo immunoreactivity was
inversely associated with the depth of invasion (P=0.0184),
and tumor, node, metastasis (TNM) stage (P = 0.0329).
RXRB immunoreactivity was inversely associated with
patients’ lymph node metastasis status (P = 0.0034) and the
expression of p53 (P=0.0315). In addition, RXRB immunore-
activity was also inversely associated with depth of invasion
(P =0.0388), and therefore TNM stage (P = 0.0137). RXRy
immunoreactivity was low in T1b stage carcinomas, but no
other significant association was detected in this study.

Table 5 summarizes the results of the univariate analysis of
the clinical outcome of esophageal carcinoma patients
according to the status of immunoreactivity of retinoid recep-
tors. RXRB immunoreactivity was significantly associated
with a better prognosis (P = 0.0187), but no significant asso-
ciation was detected in other retinoid receptor subtypes. TNM
stage also turned out to be a significant prognostic factor for
overall survival in this study (P = 0.0087). As shown in Fig. 4,
RXRB immunoreactivity was significantly associated with
improved clinical outcome in 74 esophageal squamous cell
carcinomas (P = 0.0368).

DISCUSSION

To the best of our knowledge, this is the first report demon-
strating immunolocalization of all six retinoid receptor sub-
types in patients with esophageal carcinoma and non-
neoplastic esophageal epithelium. In the non-neoplastic
squamous epithelium of the esophagus, RARp immunoreac-
tivity was mainly detected in the basal layer, which demon-
strated different immunolocalization patterns from other
retinoid receptors. Previously, Crowe et a/.?® and Schon and
Rheinwald® independently reported that RARB mRNA
expression was correlated with mRNA levels of K19
expressed in the basal cells of non-keratinizing epithelium,
but not in keratinizing epithelium. Therefore, RARB has been
considered to play an important role in squamous differen-
tiation in the esophageal epithelium by retinoids. Consider-
ing that RARB was expressed in normal non-keratinizing

Pathology International © 2011 Japanese Society of Pathology and Blackwell Publishing Asia Pty Ltd



404  F. Fujishima et al.

Bar=100pM

© 2011 The Authors
Pathology International © 2011 Japanese Society of Pathology and Blackwell Publishing Asia Pty Ltd



Figure 1
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Immunohistochemistry for retinoic acid receptor (RAR) and retinoid X receptor (RXR) in non-neoplastic epithelium and esophageal

carcinoma. In non-neoplastic epithelium of the esophagus, RAR« (a), RARY (¢), RXRo (d), RXRp (e), RXRy (f) immunoreactivity was detected
both in the basal (arrowheads) and suprabasal layers (both arrows), while RARP (b) immunoreactivity was detected mainly in the basal layer.
In esophageal carcinoma, carcinoma cells were frequently positive for RARa (g), RARYy (i), RXRa (j), RXRB (k) and RXRy (1), while RARp
immunoreactivity was weak (h). The labeling index (LI) of the pictured non-neoplastic epithelium were RARc. basal 42, RAR« suprabasal 53,
RARB basal 65, RARB suprabasal 0, RARy basal 45, RARy suprabasal 60, RXRa basal 58, RXRa suprabasal 70, RXRp basal 75, RXRp
suprabasal 61, RXRy basal 63 and RXRy suprabasal 79. In the esophageal carcinoma LI pictured were RARc: 57, RARR 46, RARy 68, RXRo.

70, RXRP 79 and RXRy 23, respectively.
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Figure 2 Immunohistochemistry of retinoic acid receptor (RAR)
and retinoid X receptor (RXR) in 53 non-neoplastic epithelium of
esophagus. RAR labeling index (LI) was significantly decreased in
the suprabasal layer compared with the basal fayer (P < 0.0001).
Data are presented as mean + SD.
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Figure 3 Immunohistochemistry of retinoic acid receptor (RAR)
and retinoid X receptor (RXR) in 74 esophageal squamous cell
carcinomas. RARP labeling index (LI) was significantly more
decreased than the other retinoid receptors. Data are presented as
mean * SD. *; P < 0.001 vs. RARB LI by ANOVA followed by a
Bonferroni’s adjustment.

epithelium such as oral®® and esophagal,*'®'® but not in
normal keratinizing epithelium, like skin,® squamous differ-
entiation by retincids may be regulated by different retinoid
receptor subtypes according to tissue.
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Figure 4 Overall survival of 74 patients with esophageal carcinoma
according to retinoid X receptor B (RXRB) immunoreactivity (Kaplan-
Meier method). RXRp immunoreactivity was significantly associated
with better prognosis (P = 0.0368). Immunoreactivity was separated
into three groups (0-30, 31-64, 65—100%).

In the esophageal squamous cell carcinomas, RXRp
immunoreactivity was inversely associated with the status of
lymph node metastasis of patients, which was also signifi-
cantly associated with better clinical outcomes of the
patients. Biological and clinical significance of RXRpB has
been examined in a variety of carcinoma tissues. Brabender
et al. reported that using real-time polymerase chain reaction
analysis amounts of RXR mRNA expression were decreased
in non-small-cell lung cancer compared with matching normal
lung tissue (RXRa, 67%; RXRB, 55%; RXRy, 89%) and the
patients whose tumors exhibited high RXRpB expression
levels had statistically significant better overall survival.® In
addition, using immunohistochemistry, Alfaro et al. demon-
strated that diminished RXR{ expression may be related to
prostate cancer progression.® Ariga et al. reported that the
RXRB protein level was significantly lower in ductal carci-
noma fn situ than in intraductal proliferative lesions.?® Tamoto
et al. reported that in the esophagus the resulis of gene
expression profile data were correlated with the status of
lymph node metastasis in 36 esophageal squamous cell
carcinoma tissues using cDNA array.® These results demon-
strate that RXRp gene expression is diminished in carcinoma
cases with lymph node metastasis. Results of our present
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Table 2 Association among immunoreactivity of RAR and RXR in 74 esophageal carcinoma tissues

Immunoreactivity RAR B RAR vy RXR a RXR B RXR vy

RAR o 0.9269 (r=-0.011) 0.7429 (r=0.039) 0,0700 (r=0.212) 0.0637 (r=0.217) 0.0438 (r=0.253)
RAR B 0.0275 (r = 0.256) 0.0304 (r = 0.252) 0.0084 (r= 0.304) 0.9779 (r=-0.003)
RAR v 0.0391 (r = 0.240) 0.0120 (r= 0.291) 0.5132 (r = -0.077)
RXR o <0.0001 (r=0.514) 0.0057 {r=0.319)
RXR B 0.8180 (r= 0.027)

P < 0.05 was considered significant, and highlighted in bold.
RAR, retinoic acid receptor; RXR, retinoid X receptor.

Table 3 Summary of P-values for correlation between LI of RAR and the clinicopathological parameters in 74 esophageal carcinoma patients

Characteristics n RAR o P RAR B P RAR y P

Age
<60 years 19 42.8 (£16.0) 0.6269 14.4 (£15.4) 0.7967 56.9 (+18.4) 0.7661
261 years 55 40.4 (+19.5) 15.4 (+13.8) 55.5 (£18.6)

Sex
Men 62 39.9 (£19.4) 0.2499 14.3 (£13.3) 0.2204 57.1 (+17.8) 0.1772
Women 12 46.7 (£12.9) 19.8 (+17.7) 49.3 (321.1)

Histological grade
Well 11 43.3 (18.1) 0.553 13.0 (£12.9) 0.2703 47.4 (+20.9) 0.05
Moderate 48 39.3 (+18.4) 14.0 (+13.7) 59.6 (+16.4)
Poor 15 44.8 (+20.0) 20.4 (£16.1) 49.9 (+20.3)

Depth of tumor
Tla 15 42.4 (+15.5) 0.9228 22.2 (£13.7) 0.0927 61.8 (+13.0) 0.1705
Tib 43 41.0 (#20.5) 13.6 (+14.8) 56.2 (+18.7)
T2 16 39.7 (+16.6) 12,7 (+11.1) 49.4 (+20.9)

TNM stage
| 47  41.3 (£20.7) 0.87089 17.6 (£15.7) 0.0529 56.8 (+18.8) 0.577
] 27 405 (£14.6) 11.0 (£9.9) 54.3 (+18.0)

Lymph node metastasis
Positive 19 36.0 (x17.8) 0.1765 9.6 (£8.0) 0.0477 51.7 (+19.7) 0.2621
Negative 55 42.7 (£18.7) 17.1 (£15.3) 57.3 (+17.9)

ps3t '
Positive 37 40.6 (x15.4) 0.8672 14.4 (x13.1) 0.6542 53.8 (+19.4) 0.3446
Negative 37 41.4 (£21.5) 15.9 (£15.2) 57.9 (£17.5)

Ki-67 0.0931 (r=0.197) 0.4375 (r=-0.092) 0.3973 (r=-0.100)

Data are presented as mean + SD.
P < 0.05 was considered significant, and highlighted in bold.
fPositive cases were those stained over 50%.%

RAR, retinoic acid receptor; TNM, tumor, node, metastasis; r, correlation coefficient.

study were consistent with those of these previous reports.
Therefore, RXRB is considered to play an important role in
the inhibition of esophageal carcinoma development and pro-
liferation.

Previous in vivo studies demonstrated the presence of
RAR/RXR heterodimers such as RARo/RXRo,* RARY/
RXRa,® RARB/RXRo,¥ RARYRXRB,*® and RARB/RXRB® in
several cancer cell lines. In neuroblastoma cells, RARyY/
RXRp was the predominant heterodimer in the absence of
9-cis retinoic acid, whereas the balance shifted in favor of
RARPB/RXRB in the presence of ligands.®® There are no
reports of the biological functions of retinoid receptor dimer-
ization in human esophageal carcinoma, but results of our
present study demonstrated a significant association of
immunoreactivity between RARo/RXRy, RARB/RARY, RARB/

RXRo, RARB/RXRP, RARYRXRo, RARYRXRB, RXRo/
RXRpB and RXRo/RXRy. Therefore these dimerizations may
play important roles in the mediation of retinoid actions in the
esophageal carcinoma. Results of our present study also
demonstrated that RARP and RXRp immunoreactivity were
inversely associated with the status of lymph node metasta-
sis in patients. Therefore, the RARB/RXRB heterodimer may
play an important role in the development of esophageal
carcinoma.

In the present study, there are significant correlations
among not only RAR/RXR but also RXR/RXR. These data
suggest that RXR homodimers are present in cancerous
tissues and play a role in esophageal carcinoma. There are
no reported studies regarding RXR homodimers and the
actions of the RXR agonist in esophagus. However if RXR
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Table 4 Summary of P-values for correlation between LI of RXR and the clinicopathological parameters in 74 esophageal carcinoma patients

Retinoid receptors in esophageal cancer

Characteristics n RXR o P RXR B P RXR vy P

Age
<60 years 19 60.6 (23.2) 0.1361 62.7 (£21.1) 0.6516 57.5 (+22.8) 0.448
261 years 55 50.8 (+24.7) 64.9 (+17.4) 52.9 (+22.0)

Sex
Men 62 52.9 (£23.9) 0.7383 64.6 (£19.8) 0.7563 54.3 (£22.0) 0.8963
Women 12 55.5 (+28.9) 62.8 (£19.8) 53.3 (+23.8)

Histological grade
Well 11 59.6 (#24.1) 0.5542 64.5 (+20.8) 0.3536 49.8 (£24.0) 0.7134
Moderate 48 51.2 (¥23.6) 62.5 (£19.5) 54.2 (£21.6)
Poor 16 555 (+28.5) 70.3 (+£11.0) 51.7 (£23.7)

Depth of tumor
T1a 15 66.7 (+18.4) 0.0184 72.5 (£14.2) 0.0388 67.6 (+17.3) 0.0093
T1b 43 52.8 (+24.0) 64.6 (+18.1) 48.2 (£22.8)
T2 16 42.2 (+26.4) 55.9 (£19.4) 57.3 (x18.9)

TNM stage
] 47 57.9 (£23.2) 0.0329 68.3 (+16.4) 0.0137 53.3 (+24.2) 0.6897
I 27 453 (#25.3) 57.5 (£19.7) 55.5 (£18.4)

Lymph node metastasis
Positive 19 46.9 (+26.6) 0.1873 53.9 (£22.1) 0.0034 57.8 (+16.3) 0.3985
Negative 55 555 (+23.7) 67.9 (£15.4) 52.8 (+23.9)

P53t
Positive 37 53.9 (£25.9) 0.8551 59.8 (£20.9) 0.0315 55.1 (+20.3) 0.702
Negative 37 52.8 (+23.5) 68.9 (£14.1) 53.1 (+24.1)

Ki-67 0.8710 (r=0.019) 0.8499 (r=-0.022) 0.7838 (r=-0.032)

Data are presented as mean + SD.

P < 0.05 was considered significant and highlighted in bold.
tPositive cases were those stained over 50%.2®

RXR, retinoid X receptor; TNM, tumor, node, metastasis.

Table 5 Univariate analysis of overall survival in 74 esophageal
carcinoma patients examined

Covariate P-value Relative risk (95% Ci)
RAR « LI (0-90)t 0.2167 1.02 (0.989-1.052)
RAR B LI (0-53)t 0.2063 1.037 (0.98-1.096)
RAR y LI (0-81)t 0.3996 1.013 (0.984—1.042)
RXR o LI (0-91)t 0.1392 1.018 (0.994-1.043)
RXR B LI (0-92)1 0.0187 1.036 (1.006-1.068)
RXR vy LI (0-89)t 0.5509 0.991 (0.962-1.021)
TNM state (li/1) 0.0087 7.972 (1.691-37.587)
Ki67 LI (73-9)t 0.8811 1.003 (0.96-1.048)
p53 (Positive/Negative) 0.4309 1.663 (0.469-8.896)
Age (<61/261) 0.6219 1.477 (0.313-6.958)

tData were evaluated as continuous variables in the univariate analy-
ses. All other data were evaluated as dichotomized variables.

Cl, confidence interval; RAR, retincic acid receptor; RXR, retinoid X
receptor; TNM, tumor, node, metastasis.

homodimers exist in the esophagus, RXR agonists, which
are associated with fewer side-effects than the RAR agonist,
could become useful in clinical settings but further investiga-
tions are required to clarify the role of heterodimers
and homodimers in the human esophageal cancer and its
pathology.

In summary, we immunolocalized all six retinoid receptor
subtypes in non-neoplastic epithelium and squamous cell

© 2011 The Authors

carcinoma of esophageal tissues and demonstrated that
RXR were widely distributed. Among these receptor sub-
types, RXRB immunoreactivity was inversely associated with
the status of lymph node metastasis of patients and was
significantly associated with a better clinical outcome. The
results of our present study indicate that retinoid receptors
play important roles in esophageal squamous cell carcino-
mas and, especially RXRB, is a prognostic factor of patients.

REFERENCES

1 Ki Hong W, Lippman SM, Hittelman WN, Lotan R. Retinoid
chemoprevention of aerodigestive cancer: From basic research
to the clinic. Clin Cancer Res 1995; 1: 677-86.

2 Lee PP, Lee MT, Darcy KM, Shudo K, Ip MM. Modulation of
normal mammary epithelial cell proliferation morphogenesis,
and functional differentiation by retinoids: A comparison of the
retinobenzoic acid derivative RE80 with retinoic acid. Endocri-
nology 1995; 136: 1707-17.

3 Toma §, Isnardi L, Riccardi L, Bollag W. Induction of apoptosis
in MCF-7 breast carcinoma cell line by RAR and RXR selective
retinoids. Anticancer Res 1998; 18: 935-42.

4 Xu X-C, Liu X, Tahara E, Lippman SM, Lotan R. Expression and
up-regulation of retinoic acid receptor-§ is associated with ret-
inoid sensitivity and colony formation in esophageal cancer cell
lines. Cancer Res 1999; 59: 2477-83.

Pathology International © 2011 Japanese Society of Pathology and Blackwell Publishing Asia Pty Ltd



408

5

10

11

12

13

14

15

16

17

18

19

20

21

22

F. Fujishima et al.

Zou CP, Clifford JL, Xu XC et al. Modulation by retinoic acid
(RA) of squamous cell differentiation, cellular RA-binding pro-
teins, and nuclear RA receptors in human head and neck squa-
mous carcinoma cell lines. Cancer Res 1994; 54: 5479-87.
Campbell MJ, Park S, Uskokovic MR, Dawson MI, Koeffler HP.
Expression of retinoic acid receptor-f sensitizes prostate cancer
cells to growth inhibition mediated by combination of retinoids
and a 19-nor hexafluoride vitamine D3 analogue. Endocrinology
1998; 139: 1972-80.

Moon RC, Mehta RG, Rao KVN. Retinoids and cancer in experi-
mental animals. In: Sporn MB, Roberts AB, Goodmann DS, eds.
The Retinoids, Biology, Chemistry, and Medicine, 2nd edn. New
York: Raven Press, 1994; 537-96.

Han J. Highlights of the cancer chemoprevention studies in
China. Prev Med 1993; 22: 712-22.

Petkovich M, Brand NJ, Krust A, Chambon P. A human retinoic
acid receptor which belongs to the family of nuclear receptors.
Nature 1987; 330: 444-50.

de The H, Marchio A, Tiollais P, Dejean A. A novel steroid
thyroid hormone receptor-related gene inappropriately
expressed in human hepatocellular carcinoma. Nature 1987;
330: 667-70.

Brand N, Petkovich M, Krust A et al. Identification of a second
human retinoic acid receptor. Nature 1988; 332: 850~53.
Mangelsdorf DJ, Ong ES, Dyck JA, Evancs RM. Nuclear recep-
tor that identifies a novel retinoic acid response pathway. Nature
1990; 345: 224-9.

Mangelsdorf DJ, Borgmeyer U, Heyman RA ef al. Characteriza-
tion of three RXR genes that mediate the action of 9-cis-retinoic
acid. Genes Dev 1992; 6: 329-44.

Leid M, Kastner P, Chambon P. Multiplicity generates diversity
in the retinoic acid signalling pathways. Trends Biochem Sci
1992; 17: 427-33.

Chambon P. A decade of molecular biology of retinoic acid
receptors. FASEB J 1996; 10: 940-54.

Qiu H, Zhang W, El-Naggar AK efal. Loss of retinoic acid
receptor-beta expression is an early event during esophageal
carcinogenesis. Am J Pathol 1999; 155: 1519-23.

Zhang W, Rashid A, Wu H, Xu XC. Differential expression of
retinoic acid receptors and p53 protein in normal, premalignant,
and malignant esophageal tissues. J Cancer Res Clin Oncol
2001; 127: 237-42.

Xu M, Jin YL, Fu J et al. The abnormal expression of retinoic
acid receptor-beta, p53 and Ki67 protein in normal, premalig-
nant and malignant esophageal tissues. World J Gastroenterol
2002; 8: 200-2.

Kumar A, Kaur J, Chattopadhyay TK, Mathur M, Ralhan R.
Differential expression of retinoic acid receptors in normal and
malignant esophageal tissues. J Exp Ther Oncol 2004; 4: 1-8.
Li M, Song S, Lippman SM et al. Induction of retinoic acid
receptor-beta suppresses cyclooxygenase-2 expression in
esophageal cancer cells. Oncogene 2002; 21: 411-8.

Kato H, Tachimori Y, Watanabe H, Igaki H, Nakanishi Y, Ochiai
A. Recurrent esophageal carcinoma after esophagectomy with
three-field lymph node dissection. J Surg Oncol 1996; 61: 267—
72.

Lerut T, Nafteux P, Moons J et al. Three-field lymphadenectomy
for carcinoma of the esophagus and gastroesophageal junction
in 174 RO resections: Impact on staging, disease-free survival,
and outcome: A plea for adaptation of TNM classification in
upper-half esophageal carcinoma. Ann Surg 2004; 240: 962-
74.

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

Sugawara A, Yen PM, Qi Y, Lechan RM, Chin WW. Isoform-
specific retinoid-X receptor (RXR) antibodies detect differential
expression of RXR proteins in the pituitary gland. Endocrinology
1995; 136: 1766-74.

Miki Y, Nakata T, Suzuki T ef al. Systemic distribution of steroid
sulfatase and estrogen sulfotransferase in human adult and
fetal tissues. J Clin Endocrinol Metab 2002; 87. 5760-68.
Suzuki T, Moriya T, Sugawara A, Ariga N, Takabayashi H,
Sasano H. Retinoid receptors in human breast carcinoma: Pos-
sible modulators of in situ estrogen metabolism. Breast Cancer
Res Treat 2001; 65: 31-40.

Ariga N, Moriya T, Suzuki T, Kimura M, Ohuchi N, Sasano H.
Retinoic acid receptor and retinoid X receptor in ductal carci-
noma in situ and intraductal proliferative lesions of the human
breast. Jpn J Cancer Res 2000; 91: 1168-76.

lkeguchi M, Oka S, Gomyo Y, Tsujitani S, Maeta M, Kaibara
N. Combined analysis of p53 and retinoblastoma protein
expressions in esophageal cancer. Ann Thorac Surg 2000, 70:
913-7.

Crowe DL, Hu L, Gudas LJ, Rheinwald JG. Variable expression
of retinoic acid receptor (RAR beta) mRNA in human oral and
epidermal keratinocytes; relation to keratin 19 expression and
keratinization potential. Differentiation 1991; 48: 199-208.
Schon M, Rheinwald JG. A limited role for retinoic acid and
retinoic acid receptors RAR alpha and RAR beta in regulating
keratin 19 expression and keratinization in oral and epidermal
keratinocytes. J Invest Dermatol 1996; 107: 428-38.
Chakravarti N, Mathur M, Bahadur S, Shukla NK, Rochette-Egly
C, Ralhan R. Expression of RARo. and RARP in human oral
potentially malignant and neoplastic lesions. Int J Cancer 2001;
91: 27-31.

Xu XC, Wong WY, Goldberg L et al. Progressive decreases in
nuclear retinoid receptors during skin squamous carcinogen-
esis. Cancer Res 2001; 61: 4306-10.

Brabender J, Danenberg KD, Metzger R et al. The role of ret-
inoid X receptor messenger RNA expression in curatively
resected non-small cell lung cancer. Clin Cancer Res 2002; 8:
438-43.

Alfaro JM, Fraile B, Lobo MV, Royuela M, Paniagua R, Arenas
MI. Immunohistochemical detection of the retinoid X receptors
alpha, beta, and gamma in human prostate. J Androl 2003; 24:
113-9.

Tamoto E, Tada M, Murakawa K et al. Gene-expression profile
changes correlated with tumor progression and lymph node
metastasis in esophageal cancer. Clin Cancer Res 2004; 10:
3629-38.

Minucci 8, Leid M, Toyama R et al. Retinoid X receptor (RXR)
within the RXR-retinoic acid receptor heterodimer binds its
ligand and enhances retinoid-dependent gene expression. Mo/
Cell Biol 1997; 17: 644-55.

Gianni M, Tarrade A, Nigro EA, Garattini E, Rochette-Egly C.
The AF-1 and AF-2 domains of RAR gamma 2 and RXR alpha
cooperate for triggering the transactivation and the degradation
of RAR gamma 2/RXR alpha heterodimers. J Biol Chen 2003;
278: 34458-66.

Pogenberg V, Guichou JF, Bourguet W. Purification and crys-
tallization of the heterodimeric complex of RARbeta and RXRal-
pha ligand-binding domains in the active conformation. Acta
Crystallogr D Biol Crystallogr 2004; 60: 1170-72.

Rana B, Veal GJ, Pearson AD, Redfern CP. Retinoid X recep-
tors and retinoid response in neuroblastoma cells. J Cell
Biochem 2002; 86: 67—78.

© 2011 The Authors

Pathology International © 2011 Japanese Society of Pathology and Blackwell Publishing Asia Pty Ltd



HORM CANC (2011) 2:73-81
DOI 10.1007/s12672-010-0062-2

Increased Soc-Reductase Type 2 Expression in Human Breast
Carcinoma following Aromatase Inhibitor Therapy:
The Correlation with Decreased Tumor Cell Proliferation

Niramol Chanplakorn - Pongsthorn Chanplakorn - Takashi Suzuki - Katsuhiko Ono -
Lin Wang - Monica S. M. Chan - Loo Wing - Christopher C. P. Yiu -

Louis Wing-Cheong Chow - Hironobu Sasano

Published online: 21 December 2010
© Springer Science+Business Media, LLC 2010

Abstract Tumor cell proliferation and progression of
breast cancer are influenced by female sex steroids.
However, not all breast cancer patients respond to aroma-
tase inhibitors (AI), and many patients become unrespon-
sive or relapse. Recent studies demonstrate that not only
estrogens but also androgens may serve as regulators of
estrogen-responsive as well as estrogen-unresponsive hu-
man breast cancers. However, the mechanism underlying
these androgenic actions has remained relatively unknown.
Therefore, in this study, we evaluated the effects of AT upon
the expression of enzymes involved in intratumoral androgen
production including 17f-hydroxysteroid dehydrogenase
type 5 (17BHSDS), Sc-reductase types 1 and 2 (SoRedl
and 5«Red2) as well as androgen receptor (AR) levels and
correlated the findings with therapeutic responses including
Ki67 labeling index (Ki67). Eighty-two postmenopausal
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invasive ductal carcinoma patients were enrolled in CAAN
study from November 2001 to April 2004. Pre- and post-
treatment specimens of 29 cases were available for this study.
The status of 17BHSDS5, 5aRedl, 5¢Red2, and Ki67 in pre-
and post-treatment specimens were evaluated. The significant
increments of SaRed2 as well as AR were detected in
biological response group whose Ki67 LI decreased by more
than 40% of the pre-treatment level. This is the first study
demonstrating an increment of 5Red2 and AR in the group
of the patients associated with Ki67 decrement following Al
treatment. These results suggest that increased 5oRed2 and
AR following Al treatment may partly contribute to reduce
the tumor cell proliferation through increasing intratumoral
androgen concentrations and its receptor.

Keywords Breast cancer- Androgen - Androgen
receptor - Sa-reductase - Aromatase inhibitor - Ki67

Introduction

Breast cancer is the most common malignancy among
women worldwide and the leading cause of cancer-related
death in many countries [1, 2]. Hormones, especially sex
steroid hormones, play a pivotal role in endocrine-mediated
tumorigenesis and have been demonstrated to influence
carcinoma cell growth and progression [3, 4]. Among these
sex steroids, estrogens, especially estradiol or E2, a
biologically potent estrogen, has been demonstrated to play
pivotal roles in cell proliferation, development, and inva-
sion of these hormmone-dependent breast carcinoma cells
[4, 5]. Aromatase inhibitors (AI) have been demonstrated to
be more effective and to have fewer side effects in estrogen
receptor (ER)-positive breast cancer patients than the
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conventional anti-estrogen tamoxifen [6-8]. However,
some patients did not respond to this therapy or
developed clinical resistance during the course of this
therapy [9]. Therefore, it becomes very important to
evaluate the mechanisms of these clinical resistances to
Al therapy in estrogen receptor positive breast cancer
patients. Results of several previous studies demonstrated
that androgens exert opposing effects upon the growth and
development as well as upon an inhibition of the
proliferation of breast carcinoma cells [10, 11], although
some controversies existed [12]. In addition, estrogens and
androgens have been both reported to be locally produced
in breast carcinoma tissue in an intracrine manner [13, 14].
Androgen receptor (AR) is commonly expressed in human
breast carcinoma tissues [15]. These data of in situ
production of androgen and the presence of AR in breast
carcinoma suggest potentially important roles of andro-
gens in breast carcinomas. In particular, androgen producing
enzymes, such as 17f3-hydroxysteroid dehydrogenase type 5
(17BHSD5; conversion from circulating androstenedione to
testosterone) and So-reductase types 1 and 2 (SxRedl and
5Red2, respectively; reduction of testosterone to Sa-
dihydrotestosterone (DHT)) have been reported to be abun-
dantly expressed in breast carcinoma tissues [16]. Especially,
in situ production of DHT has been reported in breast cancer
tissues [17]. This locally produced DHT then binds with the
highest affinity to AR and promotes AR transcriptional
activity [16].

We have previously demonstrated an association be-
tween the status of intratumoral androgenic enzymes,
5«Redl, and DHT concentration in the breast carcinoma
tissue and an inverse correlation between intratumoral DHT
concentration and aromatase expression in cell culture
experiments [17]. Results of our previous study above
indicated that aromatase, whose substrates include testos-
terone, may act as a negative regulator for in situ
production of DHT in breast carcinoma tissue. Therefore,
the alterations of these in situ androgen metabolisms
following Al treatment can provide very important infor-
mation toward a better understanding of the changes of
local endocrine environment associated with estrogen
depletion. Especially, the comparison of the specimens
between pre- and post-Al treatment in neoadjuvant therapy
may provide important information as to the changes of
intratumoral intracrine environment caused by Al. We have
recently reported significant increment of the enzymes;
estrogen sulfatase and 17@3-hydroxysteroid dehydrogenase
type 1, the enzymes also involved in intratumoral estrogen
production, following Al therapy, which may represent the
compensatory response of breast carcinoma tissues to
estrogen deprivation state [18]. In addition, Takagi et al.
has also recently demonstrated the increment of intratumoral
DHT concentration and173-hydroxysteroid dehydrogenase
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type 2 (17RHSD2) expressions in breast carcinoma tissues
following exemestane treatment and further reported that
17BHSD2 expression was induced by both DHT and
exemestane in a dose dependent fashion in their in vitro
studies [19]. However, to the best of our knowledge, the
alterations of major androgen producing enzymes such as
17BHSDS5, 5cRedl, and 5aRed2 before and after Al
treatment of breast cancer patients have not been reported
at all (Figs. 1 and 2).

Therefore, in this study, we evaluated the alterations of
these enzymes including 178HSDS5, 5aRed! and SoRed2,
and AR expression in breast carcinoma tissue before and
after the neoadjuvant Al treatment using the immunohisto-
chemistry (IHC). We then correlated the obtained findings
with the alteration of Ki67 of individual patients and the
changes of ER, progesterone receptor (PgR), and human
epidermal growth factor receptor type 2 (Her2) in breast
carcinoma tissues before and after the therapy in order to
further understand these changes of intratumoral androgen
producing pathways. In particular, we evaluated the clinical
and biological significance of intratumoral androgenic
enzymes, especially 5aRed2, in association with the
decreased Ki67 from estrogen depletion caused by Al
therapy.

Materials and Methods
Breast Carcinoma Cases

The specimens available for examinations in this study
were pre- and post-treatment samples obtained from
Celecoxib Anti-aromatase Neoadjuvant trial (CAAN trial).
This was a neoadjuvant clinical trial conducted, from
November 2001 to April 2004, at The University of Hong
Kong and Queen Mary Hospital, Hong Kong [20]. The
study design had been reported previously [20] but, in brief,
all 82 patients enrolled in this neoadjuvant study were
postmenopausal women with histological proof of invasive
ductal breast carcinoma and positive ER/PgR status
determined by the IHC analysis [20]. Informed consents
had been obtained from all the patients prior to their
enrollment into this trial, which had been approved by the
local ethics committee. In CAAN ftrial study, it was
conducted to investigate the efficacy and safety of neo-
adjuvant therapy combining Al with COX-2 inhibitor.
According to the protocol of CAAN trial, the patients were
randomly assigned to receive exemestane 25 mg daily and
celecoxib 400 mg twice daily (group A, n=30), exemestane
25 mg daily (group B, n=24) and letrozole 2.5 mg daily
(group C, n=28), respectively. Each patient was treated for
3 months and surgery was performed within 7 days after the
treatment. As reported previously, there were no significant
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Fig. 1 Representative illustra-
tions of immunohistochemistry:
17BHSDS (a), S5oRed] (b),
SaRed2 (c), and AR (d) in one
case of invasive ductal
carcinoma. Immunoreactivity of
17BHSDS5, SaRedl, and
SaRed2 were detected in the
cytoplasm of invasive ductal
carcinoma cells while those of
AR in the nucleus. Original
magnification, x200

differences in term of clinical and pathological responses
among these three different treatment groups [20]. There-
fore, the responses toward Al therapy were by no means
influenced by the concurrent use of celecoxib.

The pre- and post-treatment specimens of 29 patients
were available for this pathological response and IHC
evaluation study. According to the protocol of CAAN
trial, these 29 patients were randomly assigned to receive
the treatment as follows (group A, n=10; group B, n=8;
and group C, n=11). Their mean age was 74.6 years
(range, 51-93 years).

Pathological Response

Tissue sections of the same tumors from pre-treatment core
needle biopsies and final surgical specimens were obtained
and assessed for the changes in cellularity and degree of
fibrosis in hematoxylin—cosin-stained slides. Pathological
response was categorized, using the modified criteria
described by Miller et al. [21] and assessed as follows:
complete when there was no evidence of carcinoma cell at
the original tamor site; partial response when histological
decrement in cellularity and/or increment in fibrosis was

Fig. 2 Demonstration of the
mean value of the intratumoral
androgenic enzymes before and
after the Al treatment grouped
by the Ki67 LI response.

Error bar represents +2 standard
error of measurement (SEM).
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detected; or no change/nonresponse, by two of the authors
above (NC and MC).

Immunohistochemistry

All immunohistological investigations were performed on
the pre-treatment core needle biopsies and final surgical
specimens. One 4-um section of each submitted paraffin
blocks of pre- and post-treatment specimens were stained
with hematoxylin—eosin to verify an adequate number of
invasive breast carcinoma cells and the quality of fixation
in order to determine the suitability of further IHC analysis.
In brief, serial tissue sections (4-um) were prepared from
selected blocks and IHC was performed to immunolocalize
ER, PgR, Her2, Ki67, AR, 17BHSDS5, 5aRedl, and
5aRed2, as described previously [17, 22]. A Histofine Kit
(Nichirei, Tokyo, Japan), which employs the streptavidin-
biotin amplification method, was used for IHC staining.
The lists of primary antibodies used in our present study,
the working dilutions of individual antibodies, the details of
antigen retrieval methods, the sources of antibodies and the
details of positive and negative controls were all summa-
rized in Table 1. The antigen—antibody complex was
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 hematdxylin.

The immunostained slides were independently evaluated
by two of the authors (NC and TS), blinded to clinical
outcome of individual patients. 17fHSD5, SxRedl and
5xRed? immunoreactivity were evaluated using a semi-
quantitative method as follows: score 2, >50% positive
cells; score 1, 1-50% positive cells; and score 0, no
immunoreactivity, as previously described by Suzuki et al.
[23]. Evaluation of Ki67 was performed by counting of
1,000 carcinoma cells or more from each cases and the
percentage of immunoreactivity was subsequently deter-
mined as a labeling index (LI) [24].

In addition, the Ki67 LI was then subclassified, using the
criteria reported by Miller et al. [21], into three different groups
according to the percentage of Ki67 alterations after treatment
as follows: groupl; increased group, the Ki67 LI in this group
was associated with an increment after therapy, group2; no
change group, the Ki67 LI demonstrated unchanged or
reduction for less than 40% of the pre-treatment level, group3;
decreased group, the Ki67 LI demonstrated the reduction for
more than 40% of the pre-treatment level. ER, PgR, and AR
immunoreactivity were scored by assigning proportion and
intensity scores, according to Allred’s procedure [25]. In brief,
a proportion score represented the estimated proportion of
immunopositive tumor cells as follows: 0 (none), 1 (<1/100),
2 (1/100 to 1/10), 3 (1/10-1/3), 4 (1/3 to 2/3), and 5 (>2/3).
An intensity score represented the average immunointensity of
the positive cells as follows: 0 (none), 1 (weak), 2 (interme-
diate), and 3 (strong). Any nuclear discernible immunoreac-
tivity in breast carcinoma cells were counted toward both
proportion and intensity scores. The proportion and intensity
scores were then added to obtain a total score that could range
from 0 to 8.The membrane staining pattern was estimated in
Her2 IHC and scored on a scale of 0 to 3 [26].

Statistical Analysis

The Kruskal-Wallis test was used to compare the pre-
treatment IHC scores of all biological markers according to
three groups of Al treatment in individual patients. The
Wilcoxon matched-pairs signed ranks test was employed in
order to determine the mean differences between pre- and
post-treatment IHC scores of individual biological markers
in relation to the pathological responses status and the
alterations of Ki67 LI. The correlations among intratumoral
androgenic enzymes (17fHSD35, 5aRedl, and 5xRed2)
before and after Al treatment were analyzed using Spear-
man’s rank nonparametric correlation test. Logistic regres-
sion analysis was conducted to determine whether the

Table 1 The list of antibodies employed for immunostaining in this study

Biological markers  Dilution Pre-treatment method for antigen retrieval Providers Positive and negative controls
AR 1:50 Autoclave in citrate buffer Dako, Denmark Prostate gland

173HSDS 1:200 Not required Sigma Testis

SaRedl 1:2,000 Not required -2 Liver

SoRed2 1:1,000 Not required -8 Liver

Ki67 1:100 Autoclave in citrate buffer Dako, Denmark Breast cancer

ER Undiluted  Pre-treatment by heat in automated machine  Roche diagnostic, Germany  Breast cancer

PgR Undiluted  Pre-treatment by heat in automated machine  Roche diagnostic, Germany  Breast cancer

Her2 Undiluted  Pre-treatment by heat in automated machine  Roche diagnostic, Germany  Breast cancer

AR androgen receptor, 173HSDS 17(3-hydroxysteroid dehydrogenase type 5, SaRedl Soreductase type 1, S5aRed2 Sareductase type 2, Ki67 Ki67
protein, ER estrogen receptor, PgR progesterone receptor, Her2 human epidermal growth factor receptor type 2

2Kindly provided by Dr. D.W. Russell (University of Texas Southwestern Medical Center, Dallas, Texas)
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Table 2 The alterations of biological markers before and after the aromatase inhibitors treatment

Biological markers Pre-treatment value (mean (SEM)) Post-treatment value (mean (SEM)) Mean difference (95% CI) p value
17fHSD5 1.138 (0.128) 1.207 (0.135) —0.06879 (-0.3165, 0.1786)  0.6221
SaxRedl 1.552 (0.106) 1.689 (0.087) —0.1379 (-0.3811, 0.1052) 0.3394
SaxRed2 1.552 (0.106) 1.655 (0.114) —0.1034 (-0.3971, 0.1902) 0.5771
AR 6.103 (0.295) 6.862 (0.242) ~0.7586 (-1.3210, —0.1959)  0.0127*
ER 7.034 (0.202) 7.586 (0.105) —0.5517 (-0.9780, —0.1255)  0.015*
PgR 6.965 (0.195) 5.862 (0.321) 1.103 (0.3967, 1.810) 0.0017*
Her 2 1.758 (0.146) 1.586 (0.168) 0.1724 (-0.1163, 0.4661) 0.2958
Ki67 16.352 (1.902) 12.162 (1.754) 4.19 (0.1332, 8.246) 0.0439%*

Data showed by mean (standard error of measurement (SEM) of the IHC score of the pre- and post-treatment values; mean difference (pre- and
post-treatment values) with 95% confidence interval (lower and upper values) p value calculated by Wilcoxon’s matched-pairs signed-rank test

17BHSDS 17B-hydroxysteroid dehydrogenase type 5, SaRed! Soreductase type 1, 5aRed2 Sareductase type 2, AR androgen receptor, ER

estrogen receptor, PgR progesterone receptor, Her2 human epidermal growth factor receptor type 2, Ki67 Ki67 protein

*p value<0.05

changes in androgenic enzymes, especially 5aRed2, pre-
dicted for decreased Ki67 LI or response group. The
statistically significance was considered the p value<0.05.

Results

Biopsies from 29 patients who had been treated with
exemestane and celecoxib (group A, n=10), exemestane
(group B, n=38), or letrozole (group C, n=11), were available
for evaluation of pathological response assessment and IHC
studies. Pathological responders and nonresponders were 7
(24.1%) and 22 cases (75.9%), respectively.

Immunohistochemistry

The median of pre-treatment individual biological markers
were compared but demonstrated no statistical significance

(Nonparametric ANOVAs; Data not shown). We then
analyzed the changes of THC scores of all biological markers
after the treatment. The statistically significant reduction in
PgR expression and Ki67 LI were detected (p=0.0017 and
p=0.0439, respectively), as previously reported in letrozole
[21], anastrozole [27], and exemestane [22] neoadjuvant
treatment but the expression levels of both ER and AR were
increased (p=0.015 and p=0.0127, respectively). In addi-
tion, the expressions of intratumoral androgenic enzymes
were increased but theses increments did not reach statistical
significance (Table 2).

An Association of Alterations of Intratumoral Androgenic
Enzymes and Ki67 LI

Differences of the individual enzymes and other biological
markers between pre- and post-treatment were evaluated
according to those categories of Ki67 LI described above.

Table 3 The changes in biological markers after the aromatase inhibitors treatment grouped by the changes of Ki67 labeling index

Biological ~ Ki67 increased (n=11) Ki67 unchanged (n=6) Ki67 decreased (n=12)
markers

Mean difference (95% CI) p value  Mean difference (95% CI) pvalue  Mean difference (95% CI) p value
17BHSDS5 0.0909 (—0.3798, 0.5616) 0.655 ~0.1667 (—0.9568, 0.6234) 0.564 —~0.1667 (-0.5335, 0.2002) 0.317
SaRedl 0.0909 (-0.2714, 0.4532) 0.564 —0.1667 (—0.9568, 0.6234) 0.564 —0.3333 (=0.7472, 0.08051) 0.102
SoRed2 0.2727 (—0.3349, 0.8804) 0.276 —0.1667 (—0.9568, 0.6234) 0.564 —0.4167 (—0.7438, —0.08949) 0.025%*
AR —-0.8182 (—1.935, 0.2986) 0.164 —0.3333 (—1.604, 0.9378) 0.625 —0.9167 (—1.8730, 0.0396) 0.039%
ER —0.6364 (—1.257, —=0.01537) 0.053 —1.000 (-2.878, 0.8776) 0.197 -0.250 (-0.8003, 0.3003) 0.317
PgR 0.000 (—0.6008, 0.6008) 1.000 1.000 (-0.3277, 2.328) 0.098 2.167 (0.7633, 3.570) 0.005%*
Her 2 0.000 (—0.5203, 0.5203) 1.000 0.3333 (—0.2087, 0.8753) 0.157 0.250 (—-0.3003, 0.8003) 0.317

Data demonstrated by mean difference (pre- and post-treatment values) with 95% confidence interval (lower and upper values); p value calculated
by Wilcoxon’s matched-pairs signed-rank test

n sample in each group, /7BHSD5 17f-hydroxysteroid dehydrogenase type 5, SaRed] Sxreductase type 1, SaRed2 Soreductase type 2, AR
androgen receptor, ER estrogen receptor, PgR progesterone receptor, Her2 human epidermal growth factor receptor type 2. Ki67 Ki67 protein

*p value<0.05
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Immunoreactivity of ER, PgR, Her2, AR, 17pHSDS, % E g
5aRedl, and 5oRed2 in pre-treatment specimens were 2 glee
not significantly different among these three different g’ % E a8
groups of Ki67 LI changes (nonparametric ANOVAs; data 2 aln|es
not shown). In group 1 or whose Ki67 LI increased after the g £
therapy and group 2 or whose Ki67 LI unchanged or g 3 -
decreased with less than 40% of the pre-treatment level, no & 8 §
statistically significant difference was detected among any g glgle
of intratumoral enzymes and biomarkers examined between ;j 5 % §
the specimens before and after the treatment. In group 3 or 2 “lals =
whose Ki67 LI decreased with more than 40% of the pre- E\ *g
treatment level, the significant increment of 5oRed2 and ) " -
AR and decrement of PgR expression were demonstrated in %‘ 5 § \go
this study (»=0.025, p=0.039, and p=0.005, respectively), % 9 \2/ 3 3
whereas the expression of other biological markers did not g % ;“.f; § M
show any statistically significances (Table 3). % ’[@ "l o = %
bl I 5
Correlation Among Intratumoral Androgenic Enzymes <§ gﬂ §
Before and After Al Treatment S g :;‘: %
sl |Elsle g
We then examined the cotrelation between IHC scores of = e &
intratumoral enzymes in tumors before and after the g 2183 E
treatment according to the categories of Ki67 LI In pre- % ‘gs
treatment group of the patients, androgenic enzymes % g o
including 17PHSDS, 5aRedl and 5«Red2, were signifi- f g’? z;ﬁ 2 2
cantly correlated with each other (Table 4). Those correla- % wl 88 Té é
tions were, however, changed following Al treatment. In 'g '§ 5 5 s fg)
group 1 or whose Ki67 LI increased after the therapy, o Sl 8|S & fé g
17BHSDS5 was still correlated with SaRed2 (p=0.009) as g L 2 5
well as SoRedl with SaRed2 (p=0.001) but loss of 5| & | 3 g <
correlation between 17BHSD5 and 5aRedl was detected 8 g ;§ g g ‘%
(p=0.067). In group 2 or whose Ki67 LI unchanged or E ERI-N = = <
decreased with less than 40% of the pre-treatment level, g 2% 63 5 % &
only the correlation between 5aRedl and SxRed2 pl&lRlals 5 2
remained significant. The level of statistical significance g ”:5?)‘ g‘)
was not reached in group 3 or those Ki67 LI decreased by § s s | ® =1
more than 40% of the pre-treatment level (Table 4). ,E § § s 3
g gless|lsx
The Relative Importance of Androgenic Enzymes on Ki67 2 o % § g 2§ é
LI Decrement by Al Treatment é U IR B 2 %
We further evaluated the effects of alterations of androgenic 'g g N aac? o
enzymes to determine whether these alterations, especially 73 8 = o =
those of SaRed2, were correlated with the status of response 'g ; 3 § g é
or nonresponse to the Al treatment determined by Ki67 LI s 21%192 g &
changes. The status of each androgenic enzymes in post- 28 milweg e o E
treatment was further subclassified into three different groups § 'i §'
according to the level of their changes after the treatment as S @ o §°
follows: group 1; increased group, the status of the enzymes in § = ‘é -:% “
this group was associated with an increment compared to the é % g .8 P
pre-treatment level. Group 2; no change group, the status of < ,% é = E % \é
the enzymes was the same as that in the pre-treatment level. 2] 2 =2 S EE
Group3; decreased group, the status of enzymes was El @ SE1A <A
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decreased following the therapy. We could not find any
significance among these groups in the logistic regression
analysis (Table 5).

Discussion

Numerous studies have been reported on the possible roles
of androgens in human breast cancer but it is also true that
controversies exist as to clinical or biological significance
of androgens, especially in estrogen dependent breast
cancer [10-14, 17, 19, 22]. Previously, Sonne~Hansen
and Lykkesfeldt reported the presence of a significant
aromatase activity in the MCF-7 cells and this activity was
also reported to be sufficient for the breast carcinoma cells
to aromatize testosterone to estrogen, which resulted in
significant cell growth stimulation [14]. In addition, both
the steroidal and nonsteroidal aromatase inhibitors were
reported to be able to completely abolish the growth-
stimulatory effects of testosterone [14]. However, Macedo
et al. reported that androgens, such as androstenedione and
5c-DHT, inhibited MCF-7 cell proliferation in a low-
estrogen milieu and letrozole treatment did inhibit breast
carcinoma cell proliferation by inhibiting the conversion of
androgens to estrogen, and subsequently making androgens
available to exert their anti-proliferative effects possibly
through up-regulation of AR [10].

We also demonstrated statistically significant AR incre-
ment following the Al treatment, which is consistent with
the results of previous reported studies above, but it is also
true that Yamashita et al. did not detect this change during

Table 5 Odds ratio of each androgenic enzymes related to the Ki67
labeling index alterations following the aromatase inhibitors treatment

Biological Post-treatment Odds ratio (95% CI) p value
markers THC status
173HSD5 Increased 0.368 (0.028, 4.746) 0.443
Unchanged Reference
Decreased 0.696 (0.045, 10.766) 0.795
SaRed1 Increased 1.644 (0.156, 17.359) 0.679
Unchanged Reference
Decreased Cannot be calculated 1.000
SaRed2 Increased 3.739 (0.177, 79.081) 0.397
Unchanged Reference
Decreased 0.000 (0.000, -) 0.999

Data showed the odds ratio of the Ki67 response with (95%
confidence interval) and p value calculated by logistic regression
analysis; post-treatment IHC status means the change in the IHC
scores after the treatment; the unchanged of IHC scores after treatment
were used as reference for the comparison

17pHSDS5 17f-hydroxysteroid dehydrogenase type S, 5aRed! Sore-
ductase type 1, SaRed2 Sareductase type 2, Ki67 Ki67 protein

the exemestane treatment [22]. In addition, Suzuki et al.
recently reported that intratumoral DHT of human breast
carcinoma tissues was mainly determined by the status of
SxRedl and aromatase [28]. In our present study, we
demonstrated the correlation between the effects of Al
treatment and the changes of androgenic enzymes expres-
sion. The significant correlation was also detected between
the decrement in Ki67 LI or biological response of the Al
treatment and the increment of 5aRed2 following Al
administration in breast carcinoma patients.

Locally produced estrogens play a major role in
proliferation of estrogen dependent breast cancer and
androgens are considered to predominantly exert anti-
proliferative effects via AR [15]. Intratumoral estrogens
can be produced from circulating androgens, especially
those derived from the zona reticularis of an adrenal cortex,
catalyzed by the aromatase enzyme in which the neo-
adjuvant Al treatment blocks this enzyme with immense
potency and exquisite specificity [6]. We previously
demonstrated an increment of the intratumoral enzymes
following Al therapy in the compensatory direction toward
increasing intratumoral estrogen production [18]. However,
the alteration of androgen metabolizing enzymes as a result
of the neoadjuvant hormonal breast cancer therapy has not
been examined at all.

Local androgen concentration has been well known to be
significantly increased in breast cancer by Al treatment, as
previously reported in various in vitro studies [10-12, 17,
29]. Takagi et al. recently demonstrated an increment of
DHT concentration in breast carcinoma tissue following the
exemestane therapy as well as the inhibitory effects of DHT
on estradiol-mediated T-47D cells proliferation [19]. These
findings all suggested that Al not only suppress aromatase
enzyme and cause estrogen depletion in consequence, but
also provide additional effects through increasing local
DHT concentration, which may result in decreased cell
proliferation of tumor cells. These findings were consistent
with results of our present study that the statistically
significant increment of SaRed2 enzyme was detected only
in the group associated with reduction of Ki67 LI with more
than 40% of the pre-treatment level or group 3 (p=0.025)
(Table 3). Following Al treatment, an accumulation of in situ
androgens in breast cancer tissues may occur and the
enzyme 5cxRed2 can serve as an important regulator of local
actions of androgens because this enzyme converts testos-
terone into the biologically more active and nonaromatizable
DHT [4, 11, 17]. However, further studies such as the
analysis of much larger number of neoadjuvant treated
patients are required for confinmation of this interesting
hypothesis.

The potent and direct inhibitory effects of DHT on
human breast cancer cell proliferation were first demon-
strated by Poulin et al. in 1988 [30]. Two isoforms of
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50Red have been known to exist, encoded by different
genes: SRD5A1 (chromosome 5p15) and SRD5A2 (chro-
mosome 2p23) [31, 32]. The two types of 5SoRed share
50% amino acid sequence identity and possess similar
substrate specific but have different optimal pH and
sensitivity to inhibitors [32]. 5xRed2 is the major form of
the enzyme expressed in the human prostate [32] but rarely
detected in human breast carcinoma [28]. Both Wiebe et al.
[33] and Suzuki et al. [17, 28] demonstrated the expression
of 5aRedl in several types of human breast cancer cell
lines using semi-quantitative RT-PCR and in human breast
carcinoma tissues using IHC and RT-PCR, respectively. In
addition, significant increment of SaRedl and 5xRed2
genes expression of human breast carcinoma as compared
to normal breast tissue has been illustrated in the semi-
quantitative RT-PCR study [34]. However, the regulatory
mechanisms of 5xRed2 in human breast carcinoma have
remained largely unknown and it awaits further investiga-
tions for clarification.

In our present study, we did not, however, detect the
significant alterations in the enzymes involved in androgen
metabolism in non response groups (groups 1 and 2)
(Table 3). This finding suggests that androgen metabolism
is not influenced by the Al treatment in these groups of
patients with breast cancer or nonresponders. The loss of
correlation of intratumoral androgenic enzymes in breast
carcinoma tissue; 17BHSDS, 5aRedl, and 5xRed2, after
Al treatment (Table 4) as well as the alterations of SoRed1
and S«Red2 enzymes (Table 2) were detected, but these
changes did not reach statistical significance. This may be
due to the relatively small size of the patients examined,
especially the rather limited number of available specimens
in our present study. In addition, the breast carcinoma cases

associated with greater reduction of Ki67 LI tended to be

associated with an increased 5ccRed2, but this correlation
did not reach statistical significance (Table 5).

After menopause, most of the biologically active
androgens (as well as estrogens) are synthesized in
peripheral intracrine tissues, for example in the breast, from
precursors of adrenal origin without release of active
androgens in the extracellular space and the circulation
[4, 11]. In addition, DHT concentrations were demonstrated
to be significantly higher in breast cancer tissues than in
plasma [35]. In addition, both 173-hydrosteroid dehydro-
genase and So-reductases have been considered to act to
increase DHT production by competing with aromatase for
substrates in hormone-dependent breast carcinoma [19, 28].
As mentioned above, SaRed1 is the predominant form of
Sa-reductases at least in human breast cancer [17, 28, 32],
but the results of our present study clearly demonstrate the
importance of SxRed2, which is rarely expressed in breast
cancer but was increased in response group or those
associated with more Ki67 decrement. We therefore
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hypothesized that this rather de novo SaRed2 increment
may be related to the effects of Al other than depleting in
situ estrogens, i.e., the potential increment of the endoge-
nous androgens which may exert their anti-proliferative
effects via the AR, especially in a low-estrogen milieu, as
demonstrated in the breast cancer cell lines study [10] and
possibly to an induction in apoptosis signaling pathways.

* Androgens, androstenedione, and DHT, were reported to

have a proapoptotic effect by strongly reducing Bcl-2
expression in MCF-7 cells, and this androgenic inhibitory
effect was mediated via the AR [10, 36].

In summary, this is the first study which demonstrates an
alteration of the androgen producing enzymes following the
Al treatment, especially a de novo increment of 5aRed2 as
well as of AR may be considered at least one of the
mechanisms to account for the decreased breast carcinoma
cell proliferation after Al therapy through an increment of
local concentrations of androgens and their actions.
However, the regulatory mechanisms of SaRed2 in human
breast carcinoma have remained largely unknown.
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