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Chicken ovalbumin upstream promoter transcription factors (COUP-
TF) are orphan members of the nuclear receptor superfamily and
consist of COUP-TFI and COUP-TFIl. COUP-TFI was reported to be
overexpressed in human breast cancer and to promote estrogen-
independent transcriptional activity of estrogen receptor a. COUP-
TFIl, however, has not been examined in the breast. Therefore, we
carried out immunohistochemical analysis of COUP-TFIl in human
breast cancer in order to clarify its biological and clinical significance.
We immunolocalized COUP-TFIl in 119 human breast cancers and
correlated the findings with various clinicopathological parameters.
Fifty-nine percent of the cases were immunohistochemically
positive for COUP-TFIl. COUP-TFII positivity was correlated with
poor clinical outcome, and a statistically significant correlation was
detected between COUP-TFII and the following clinicopathological
parameters: clinical stage, lymph node status, histological grade,
and estrogen receptor a status. In addition, short interfering RNA-
mediated knockdown of COUP-TFII in the breast carcinoma cell line
MCF-7 decreased the level of vascular endothelial growth factor-C
mRNA expression, which is a known inducer of lymphangiogenesis
and lymph node metastasis. These results suggest that COUP-TFII
is involved in the development of advanced human breast cancer.
(Cancer Sci 2009; 100: 639-645)

Chicken ovalbumin upstream promoter transcription factors
are orphan members of the nuclear receptor superfamily.”
They belong to the steroid and thyroid hormone superfamily of
nuclear receptors and are involved in regulating the expression
of various genes.” COUP-TF were initially characterized in
chick oviduct® and HeLa extracts,”® where they bind as dimers
to the COUP element of the ovalbumin gene promoter to activate
transcription.? COUP-TF were therefore initially characterized
as transcriptional activators of the chicken ovalbumin gene but
are currently also considered as repressors of the transcriptional
activity of other nuclear hormone receptors® such as retinoic
acid receptor, thyroid hormone receptor, peroxisome proliferator-
activated receptor, and vitamin D receptor, via direct interaction,
competing for their DNA binding sites, or by heterodimerization
with retinoid X receptor.*® There are two COUP-TF genes
reported in mammals, COUP-TFI and COUP-TFII. These two
COUP-TF genes are closely correlated, with an overall amino
acid identity of 87%. They are evolutionarily conserved in the
DNA binding domain as well as the ligand-binding domain,
which suggests that they are relatively primordial members of
the nuclear receptor family and have important biological
functions.”
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In human breast cancer, the expression of COUP-TFI was
reported to be increased in carcinoma cells compared with normal
cells and to promote estrogen-independent transcriptional activity
of ERa..®” Therefore, the expression of COUP-TFI in ERo-
positive breast cancer is reasonably postulated to be involved
in its progression. In addition, high amounts of COUP-TFII
expression were reported in invasive lung carcinoma cell lines'?
and in dedifferentiated endometrial’” and ovarian cancer cell
lines.!"» All of these reporteds findings suggest that COUP-TFII
expression may affect breast cancer cell progression through
modulation of other nuclear receptors such as ERa, as well as
COUP-TFI, or through other pathways. However, the clinical
significance of COUP-TFII in breast carcinoma remains virtually
unknown.

Therefore, in the present study, we examined the immunolo-
calization of COU-TFII in 119 cases of human breast carcinoma,
and correlated these findings with various clinicopathological
parameters in order to clarify the biological and clinical signi-
ficance of this orphan nuclear receptor in human breast cancer
progression. In addition, we examined the potential regulation
of VEGF-C mRNA expression by COUP-TFII using the breast
carcinoma cell line MCF-7 and the siRNA-mediated knockdown
method.

Materials and Methods

Patients and tissue preparation. 119 specimens of invasive
ductal carcinoma of the breast were retrieved from the
pathology archives of the Department of Surgery, Tohoku
University Hospital, Sendai, Japan. Breast tissue specimens were
obtained from female patients with a mean age of 53.2 years
(range 22-81 years) who underwent mastectomy from 1988 to
2000. The patients did not receive chemotherapy or irradiation
prior to surgery. 67 of the patients received tamoxifen therapy
after surgery. The median follow-up time was 94 months (range
3—-151 months). The histological grade of each specimen was

5To whom correspondence should be addressed.

E-mail: hsasano@patholo2.med.tohoku.ac.jp

Abbreviations: ANG, angiopoietin; COUP-TF, chicken ovalbumin upstream promoter
transcription factor; DFS, disease-free survival; ER, estrogen receptor; HER, human
epidermal growth factor receptor; LI, labeling index; OS, overall survival; PR,
progesterone receptor; RT, reverse transcription; PCR, polymerase chain reac-
tion; SDS-PAGE, sodium dodecylsulfate—polyacrylamide gel electrophoresis; siRNA,
short interfering RNA; VEGF, vascular endothelial growth factor; VEGFR, vascular
endothelial growth factor receptor.

CancerSci | April2009 | vol.100 | no.4 | 639-645



evaluated based on the method of Elston and Ellis."® All of the
specimens had been fixed with 10% formalin and embedded in
paraffin wax. The research protocols for this study were
approved by the Ethics Committee at Tohoku University School
of Medicine (approval number 2004-146).

Antibodies. Mouse monoclonal antibody for COUP-TFII
(H7147), ERo (1D5), PR (MAB429), and Ki-67 (MIB1) were
purchased from Perseus Proteomics (Tokyo, Japan), Immunotech
(Marseille, France), Chemicon (Temecula, CA, USA) and Dako
(Copenhagen, Denmark), respectively. Rabbit polyclonal antibody
for HER-2/neu (A0485) was purchased from Dako.

Immunohistochemistry. A Histofine Kit (Nichirei, Tokyo, Japan),
which uses the streptavidin—biotin amplification method, was
used for immunostaining in this study. Antigen retrieval for
COUP-TFII, ERo, PR, Ki-67, and HER-2/neu was carried out
by heating the slides in an autoclave at 120°C for 5 min in citric
acid buffer (2 mM citric acid and 9 mM trisodium citrate
dehydrate, pH 6.0). The dilutions of the primary antibodies used
in this study were as follows: COUP-TFII, 1/250; ERa., 1/50;
PR, 1/30; Ki-67, 1/100; and HER2/neu, 1/200. The antigen—
antibody complexes were visualized with 3,3’-diaminobenzidine
solution (1 mM, in 50 mM Tris-HCl buffer, pH 7.6, and 0.006%
H,0,), and counterstained with hematoxylin. Adrenal gland was
used as a positive control for COUP-TFII. As a negative control,
normal, rabbit, or mouse IgG (subclass-matched) was used instead
of the primary antibodies.

Scoring of immunoreactivity. Immunoreactivity for COUP-TFII,
ERo, PR, and Ki-67 was detected in the nucleus. Immuno-
reactivity was evaluated in more than 1000 carcinoma cells, and
moderately or highly immunostained cells were counted for all
of the antigens examined. The percentage of immunoreactivity
(i.e. LI) was subsequently obtained. For ERa, PR, and Ki-67,
cases with a LI of more than 10% were determined to be
positive.*'9 For the analysis evaluating the possible correlation
between COUP-TFII status and clinical outcome, the cases were
classified into three different groups according to COUP-TFIL
LI (++, >50% LI, +, 10-49% LI; and -, 0-9% LI).
Subsequently, survival curve analysis according to the Kaplan—
Meier method and univariate or multivariate analyses were
carried out. HER2 score was also evaluated as follows: 0, none;
1+, faint and focal membrane staining of the tumor; 2+, moderate
membrane staining of >10% of the tumor; and 3+, intense
membrane staining of >10% of the tumor. Cases of 3+ were
considered positive in the present study.

Cell culture. The human breast carcinoma cell line MCF-7 was
provided by the Cell Resource Center for Biomedical Research,
Tohoku University (Sendai, Japan). MCF-7 cells were cultured
in RPMI-1640 (Sigma-Aldrich, St Louis, MO, USA) with 10%
fetal bovine serum (JRH Bioscience, Lenexa, KS, USA).

RNA interference-mediated knockdown of endogenous COUP-TFII.
siRNA oligonucleotides of COUP-TFII were used for the
knockdown of endogenous protein expression using Silencer
Pre-designed siRNA (Ambion, Austin, TX, USA), and Silencer
Negative Control#1 siRNA (Ambion) was used as a negative
control. The siRNA sequences against COUP-TFII are summarized
as follows: ID 5922, sense 5-GGCCAUAGUCCUGUUCACCtt-3
and antisense 5-GGUGAACAGGACUAUGGCCtt-3’; ID 139844,
sense 5-GGAACCACAUAUAACACUUtt-3" and antisense
5’-AAGUGUUAUAUGUGGUUCCTtc-3’. siRNA (10 nM) was
transfected using HiperFect transfection reagent (Qiagen, Hilden,
Germany) according to the instruction manual.

Immunoblotting. The cell protein was extracted using M-PER
Mammalian Protein Extraction Reagent (Pierce Biotechnology,
Rockford, IL, USA) with Halt Protease Inhibitor Cocktail
(Pierce Biotechnology) 3 days after siRNA transfection. The
protein concentrations were determined using a protein assay kit
(Wako Pure Chemical Industries, Osaka, Japan). The whole-cell
extracts (20 ug of the protein) were subjected to SDS-PAGE
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(10% acrylamide gel). Following SDS-PAGE, proteins were
transferred onto Hybond P polyvinylidene difluoride membranes
(GE Healthcare, Buckinghamshire, UK). The blots were then
blocked in 5% non-fat dry skim milk for 1 h at room temperature,
and were subsequently incubated with a primary antibody for
COUP-TFII or B-actin (Sigma-Aldrich) for 24 h at 4°C. The
dilutions of primary antibodies used were as follows: COUP-
TFII, 1/1000; B-actin, 1/1000. After incubation with anti-mouse
IgG-horseradish peroxidase (GE Healthcare) for 1 h at room
temperature, antibody—protein complexes on the blots were
detected using ECL-plus western blotting detection reagents
(GE Healthcare). The protein bands were then visualized using
an LAS-1000 image analyzer (Fuji Photo Film, Tokyo, Japan).

Reverse transcription-polymerase chain reaction analysis. Total
RNA was extracted using TRIzol Reagent (Invitrogen Carlsbad, CA,
USA) 3 days after siRNA transfection, and cDNA was synthesized
using a QuantiTect reverse transcription kit (Qiagen). Real-time PCR
was carried out using the LightCycler System and FastStart DNA
Master SYBR Green I (Roche Diagnostics, Mannheim Germany).
The PCR primer sequence of VEGF-C and the ribosomal protein
L13A (RPL13A) used in the present study were as follows:
VEGF-C (NM_005429), forward 5-CAAGGCCCCAAACCAGTA-
3’ and reverse 5-GTCTTGTTCGCTGCCTGA-3"; RPL13A
(NM_012423), forward 5-CCTGGAGGAGAAGAGGAAAGAGA-3’
and reverse 5-TTGAGGACCTCTGTGTATTTGTCAA-3". cDNA
of known VEGF-C concentration, and the housekeeping gene
RPLI3A were used to generate standard curves for real-time
quantitative PCR in order to determine the quantity of target
cDNA transcript. The mRNA level in each case was represented
as a ratio of RLP13A and was evaluated as a ratio (%) compared
with the control.

Statistical analysis. Statistical differences were examined using
StatView 5.0 J software (SAS Institute, Cary, NC, USA). In the
comparison study between COUP-TFII immunoreactivity and
several clinicopathological parameters, COUP-TFII LI was used
because no rational thresholds were presented so far, and the
value was demonstrated as the mean = SEM. The statistical
analyses of COUP-TFII LI between dichotomous groups, such
as menopausal status, tumor size, lymph node status, ERo status,
PR status, Ki-67 status, and HER?2 status, were carried out using
the Mann—Whitney U-test. ANOvA and Fisher’s Protected Least
Significant Difference (PLSD) test were also used for multiple
comparisons of COUP-TFII LI among each group of different
clinical stages and histological grades, and the P-values obtained
were subjected to Bonferroni’s correction. OS and DFS curves
were generated according to the Kaplan—-Meier method by
classifying all of the patients into ‘++’ and ‘- or +’ groups, and
statistical significance was calculated using the log-rank test.
Cox’s proportional hazards model was used for univariate and
multivariate analyses using the dichotomous groups of COUP-
TFII LI described above. A value of P <0.05 was considered
statistically significant.

Results

Immunohistochemical analysis of COUP-TFIl in 119 human breast
carcinomas. COUP-TFII immunoreactivity was detected in the
nuclei of carcinoma cells (Fig. 1¢,d). COUP-TFII immunoreactivity
was also detected in scattered foci of normal epithelial cells
adjacent to the carcinoma but its relative immunointensity was
markedly low compared to in carcinoma cells (Fig. 1b). The
number of cases with immunopositive COUP-TFII in each
group was summarized as follows: —, 49 cases (41.2%); +, 44
cases (37.0%); and ++, 26 cases (21.8%).

Correlation between COUP-TFIl immunoreactivity and clinical
outcome in the 119 patients. DFS and OS curves for the three
groups of patients according to COUP-TFII status (-, +, and ++)
demonstrated a positive correlation between COUP-TFII status
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Fig. 1. Representative illustrations of chicken
ovalbumin upstream promoter transcription factor
(COUP-TF) Il immunohistochemistry in invasive
ductal carcinomas of the breast. (a) Adrenal gland
was used as a positive control for immuno-
histochemistry. (b) Immunoreactivity for COUP-TFII
was detected in a few normal epithelial cells but
its relative immunointensity was low compared
to that in carcinoma cells. (c,d) Marked COUP-TFII
immunoreactivity was detected in carcinoma cells
of invasive ductal carcinoma. Low (c) and High (d)
magnification.

and adverse clinical outcomes (Supporting Information Fig. 1).
However, the tendency of the two groups ‘~’ and ‘+° were
relatively similar. The data from these two groups were
subsequently merged and the prognostic analysis above was
carried out using dichotomous data on the basis of classification
into two patient groups, ‘— or +’ and ‘++’. The DFS and OS
curves in these analyses are shown in Figure 2. The statistical
analysis demonstrated that high COUP-TFII status (++) in
breast carcinoma cases was significantly associated with poor
survival or adverse clinical outcome (log-rank test: DFS,
P =0.0224; OS, P =0.0183). The results of univariate analysis
(Tables 1,2) demonstrated that lymph node status (DFS,
P <0.0001; OS, P=0.0001), histological grade (DFS, P =0.0043;
OS, P =0.0019), tumor size (DFS, P = 0.0048; OS, P = 0.0143),
COUP-TFII status (DFS, P =0.0266; OS, P =0.0234), and
HER?2 status (DFS, P =0.0172) were all significant prognostic
factors for DFS and OS in the 119 patients examined. A
subsequent multivariate analysis, however, revealed that lymph
node status (DFS, P <0.0001; OS, P =0.0044), histological
grade (OS, P=0.0161), and HER2 status (DFS, P =0.0231)
were independent prognostic factors for DFS and OS in these
patients, but COUP-TFII status was not (DFS, P =0.8974; OS,
P =0.4020) (Tables 1,2).

Correlation between COUP-TFII LI and clinicopathological variables
in 119 breast carcinoma patients. The associations between COUP-
TFII LI and the clinicopathological variables in 119 breast
carcinomas are summarized in Table 3. COUP-TFII LI was
significantly associated with clinical stage (I vs IV, P =0.0222),
lymph node status (P =0.0369), histological grade (1 vs 3,
P =0.0222), and ERo status (P =0.0050). No significant
correlations were detected between COUP-TFII LI and menopausal
status (P = 0.7616), tumor size (P = 0.582), PR status (P = 0.2964),
Ki-67 status (P =0.1157), or HER2 status (P = 0.8364).

Knockdown of COUP-TFII protein and downregulation of VEGF-C
mRNA expression. Decreased amounts of COUP-TFII protein
were also detected by immunoblotting analysis 3 days following
the transfection of specific siRNA (Fig. 3a). VEGF-C mRNA
expression was decreased (Fig. 3b) in both COUP-TFII-knockdown
cell lines compared to the cells transfected with non-specific
siRNA.
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Fig. 2. (a) Disease-free and (b) overall survival of 119 patients with
breast carcinoma according to the status of chicken ovalbumin
upstream promoter transcription factor (COUP-TF) Il immunoreactivity
of carcinoma cells (Kaplan—-Meier method). Cases were classified into
two groups according to COUP-TFII labeling index (LI): ++, >50% LI; +,
10-49% LI; and —, 0-9% LI. COUP-TFII status was significantly associated
with an increased risk of adverse clinical outcome.
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Table 1. Univariate and multivariate analysis of disease-free survival in 119 breast cancer patients examined
Univariate Multivariate

Variable

P-value Relative risk (95% Cl) P-value Relative risk (95% Cl)
Lymph node status (positive/negative) <0.0001 9.561 (4.162-21.963) <0.0001 7.934 (3.272-19.241)
Histological grade (3/1,2) 0.0043 2.640 (1.357-5.139) 0.0708 1.919 (0.946-3.893)
Tumor size (2.5 cm/<2.5 cm) 0.0048 3.117 (1.415-6.869) 0.2603 1.621 (0.699-3.758)
COUP-TF status (++/-, +) 0.0266 2.205 (1.096-4.436) 0.8974 1.051(0.491-2.254)
Estrogen receptor o status (positive/negative) 0.2571 0.673 (0.339-1.336)
Ki-67 status (positive/negative) 0.7724 0.906 (0.464-1.770)
HER2 status (positive/negative) 0.0172 2.306 (1.160-4.585) 0.0231 2.278 (1.119-4.634)

Data considered significant (P < 0.05) in the univariate analysis are shown in bold, and were examined in the multivariate analysis. Cl, confidence
interval; COUP-TF, chicken ovalbumin upstream promoter transcription factor; HER, human epidermal growth factor receptor.

Table 2. Univariate and multivariate analysis of over-all survival in 119 breast cancer patients examined

Univariate Multivariate

Variable

P-value Relative risk (95% Cl) P-value Relative risk (95% Cl)
Lymph node status (positive/negative) 0.0001 6.204 (2.458-15.660) 0.0044 4.338 (1.582-11.897)
Histological grade (3/1,2) 0.0019 3.719 (1.623-8.521) 0.0161 2.888 (1.217-6.850)
Tumor size (>2.5 cm/<2.5 cm) 0.0143 3.427 (1.278-9.187) 0.2413 1.860 (0.659-5.254)
COUP-TF status (++/—, +) 0.0234 2.605 (1.138-5.964) 0.4020 1.467 (0.599-3.596)
Estrogen receptor o status (positive/negative) 0.1679 0.565 (0.251-1.272)
Ki-67 status (positive/negative) 0.2209 1.734 (0.718-4.184)
HER2 status (positive/negative) 0.0644 2.184 (0.954-4.996)

Data considered significant (P < 0.05) in the univariate analysis are shown in bold, and were examined in the multivariate analysis. Cl, confidence
interval; COUP-TF, chicken ovalbumin upstream promoter transcription factor; HER, human epidermal growth factor receptor.

Fig. 3. Short interfering RNA (siRNA)-mediated
knockdown of endogenous chicken ovalbumin
upstream promoter transcription factor (COUP-
TF) Il protein in MCF-7 cells. Knockdown cells
were subjected to immunoblotting and reverse
transcription-polymerase chain reaction analysis
3 days after transfection of siRNA. (a) COUP-TFII
immunoreactivity was detected in the protein
extracts of cells transfected with non-specific
siRNA (lane 1). COUP-TFIl immunoreactivity
was decreased in the cells treated with COUP-
TFll-specific siRNA (lanes 2 and 3). Vascular
endothelial growth factor (VEGF)-C mRNA
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Discussion

To the best of our knowledge, this is the first report to
demonstrate immunolocalization of COUP-TFII in human
breast carcinoma. Our results demonstrated that 59% of the
cases examined had moderate (+, 37.0%) or high (++, 21.8%)
positivity in the nuclei of carcinoma cells. The rate of COUP-
TFII-positive cases was relatively high compared with the
number of cases positive for ERa (69.7%) and PR (65.5%) in
our present study. The prognostic analyses in our present study
indicated that a relatively high abundance of COUP-TFII in
breast carcinoma cells was significantly associated with poor or
adverse clinical outcome. The results of multivariate analysis
demonstrated that a relatively high abundance of COUP-TFIL
was not necessarily an independent prognostic factor, but in the
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expression was also repressed in the cells treated
with COUP-TFII-specific siRNA compared to cells
treated with non-specific siRNA in the reverse
transcription—polymerase chain reaction analysis.

5922 139844

COUP-TFII
Specific siRNA IDs

multivariate analysis without including the ‘lymph node’ factor,
COUP-TFII status reached statistical significance in terms of an
independent prognostic factor (DFS, P = 00359; OS, P = 0.0356).
Therefore, the COUP-TFII status of carcinoma cells is postulated,
at least partly, to be involved in the process of lymph node
metastasis.

Chicken ovalbumin upstream promoter transcription factor II
LI and lymph node status were significantly correlated, as
expected based on the prognostic analysis described above.
Schafer et al. reported that VEGF-D gene expression is directly
regulated by hepatocyte nuclear factor (HNF)-4a,, COUP-TFI,
and COUP-TFII through binding of these orphan nuclear receptors
to the response element existing in the VEGF-D gene promoter.!”
VEGF-C and VEGF-D were originally discovered as members of
the VEGF family, which is involved in lymphangiogenesis as well
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Table 3. Association between chicken ovalbumin upstream promoter transcription factor (COUP-TF) Il immunoreactivity and clinicopathological

parameters in 119 breast carcinomas

COUP-TFII P-value adjusted

Variable Patient number labeling index (%) P-value by Bonferroni
Menopausal status
pre- 51 249+34
post- 68 27.5+33 0.7616
Stage
| 32 21945
1l 58 22.6+3.0 0.9071 (1 vs 1)
1l 13 26.0+7.6 0.6247 (1 vs 111)
vV 16 448+7.4 0.0037 (I vs IV) 0.0222
Tumor size (cm)
>2.5 65 26.6 £ 3.1
<2.5 54 24.8+3.6 0.582
Lymph node status
Positive 46 34.1+43
Negative 73 20.5+2.6 0.0369
Histological grade
1 (well) 34 15.3+3.3
2 (moderate) 44 28.6 +4.0 0.0231 (1 vs 2) 0.0693
3 (poor) 41 313144 0.0074 (1 vs 3) 0.0222
Estrogen receptor o status
Positive 83 29.8+3.0
Negative 36 16.5+3.6 0.0050
Progesterone receptor status
Positive 78 26.7+2.9
Negative 41 240+4.2 0.2964
Ki-67 status
Positive 72 28.8+3.1
Negative 47 21.1+3.6 0.1157
HER2 status
Positive 27 28.2+55
Negative 92 254126 0.8364

Data are presented as means = SEM. All other values represent the number of cases. P-values less than 0.05 were considered significant, and are

shown in bold.

as angiogenesis"® via binding to VEGFR-2 and VEGFR-3 expressed
on the surface of vascular and lymphatic endothelial cells.!"®
Skobe et al. reported that VEGF-C expression in breast tumor cells
induces intratumoral lymphangiogenesis and enhances metastasis
to the lymph nodes."” Sun et al. also reported that migration of
human lymphatic endothelial cells cocultured with human breast
carcinoma cell line MCF-7 transfected with siRNA against VEGF-C
was significantly suppressed.®” These findings above indicate the
importance of evaluating VEGF-C and VEGF-D regulation by
COUP-TFII in human breast carcinoma cells. In our present study,
the expression of VEGF-C mRNA was markedly suppressed in the
COUP-TFII-knockdown MCEF-7 cells, as expected. The expression
of VEGF-D in MCF-7 cell was extremely low, but decreased
expression of VEGF-D was detected in these circumstances (data
not shown). COUP-TFII LI was also significantly higher in the
tissue of carcinoma cases diagnosed with stage IV compared
with other clinical stages. These findings strongly suggest that
COUP-TFII regulates the expression of VEGF-C or VEGF-D in
breast carcinoma cells and contributes to lymph node or distant
metastasis, which consequently results in poor patient prognosis.

Pereira et al. reported that targeted deletion of the COUP-
TFII gene results in embryonic lethality associated with defects
in angiogenesis and decreased expression of the angiogenesis
factor ANG-1.?Y This result suggests that COUP-TFII regulates
the organized process of angiogenesis during development and that
COUP-TFII accelerates angiogenesis in human breast carcinoma
by inducing ANG-1 expression. However, the results of the
COUP-TFII knockdown assay in our study demonstrated that

Nagasaki et al.

decreased ANG-1 mRNA expression was not necessarily detected
in the RT-PCR analysis because of extremely low ANG-1 expres-
sion in MCF-7 cells. Therefore, the regulatory mechanism of
ANG-1 by COUP-TFII awaits further investigation for clarification.

Pereira et al. also reported that COUP-TFII is markedly
expressed in mesenchymal cells that undergo differentiation to
epithelium, but not in terminally differentiated epithelium.*? We
have previously reported that COUP-TFII expression is not
detected in the great majority of glandular epithelium of non-
pathological human adult breast tissue.®® These results are clearly
consistent with our present results in which the expression of
COUP-TFII tended to be more abundant in poorly differentiated
high histological-grade carcinoma cases. COUP-TFII is, there-
fore, considered to be involved in dedifferentiation of cancer
cells in advanced breast cancer.

Riggs et al. demonstrated that treating MCF-7 cells with
estradiol increases COUP-TFII mRNA expression, and transient
transfection of MCF-7 with siRNA against ERa decreases the
expression of COUP-TFII mRNA.?* These results are consistent
with our finding in which the COUP-TFII LI was significantly
higher in the ERo-positive group than in the ERo-negative group.
Therefore, ERo is also considered to be one of the regulatory
factors for COUP-TFII expression, which may explain why a
correlation between COUP-TFII LI and ERa status was detected
in our present study. In this study, the prognostic analysis
indicated that COUP-TFII status was associated with a worse
prognosis or clinical outcome for the patients, and a correlation
between COUP-TFII LI and ER« status was detected. However,
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it is also true that ERa is generally considered to be a modest
but good prognostic factor® in breast carcinoma patients because
it is a potential target of hormone therapy. In fact, the results of
the univariate analysis in our present study demonstrated that
ERa status in carcinoma cells tended to be a good prognostic
factor (ERo-positive patients: DFS, relative risk 0.673; OS,
relative risk 0.565) even though this association did not reach
statistical significance (DFS, P =0.2571; OS: P =0.1679), pos-
sibly due to the relatively small number of cases examined.
More et al. reported that COUP-TFII is present in several ERai-
negative breast cancer cell lines, such as MDA-MB-231, HS-578,
MT-SV1-7, and SK-BR-3.%® In addition, they demonstrated that
epidermal growth factor and transforming growth factor-o., both
of which are well-known growth factors for breast carcinoma
cells,”” induce COUP-TFII mRNA expression in MCF-7 cells.®
Therefore, the expression of COUP-TFII may be considered to
be regulated not only by ERa but also other factors in breast
carcinoma cells. COUP-TFII induced by factors other than ERa
is reasonably postulated not to be affected by hormonal therapy
and to induce aggressive events such as lymphangiogenesis,
which bestows a poor prognosis regardless of the patients’ ERo
status. Indeed, the expression of COUP-TFII was associated
with poor prognosis and adverse clinical outcome in each group
of ERa-positive (n = 83) and ERa-negative (n = 36) patients in
the same fashion in our study (Supporting information Fig. 2).
Riggs et al. reported that COUP-TFII expression is required
for growth inhibition induced by tamoxifen treatment,®® even
though the status of COUP-TFII in breast carcinoma tissue was
not associated with the therapeutic effects of tamoxifene in our
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Supporting Information
Additional supporting information may be found in the online version of this article:

Fig. 1. (a) Disease-free and (b) overall survival of 119 patients with breast carcinoma according to the status of chicken ovalbumin upstream
promoter transcription factor (COUP-TF) II immunoreactivity of carcinoma cells (Kaplan—-Meier method). Cases were classified into three different
groups according to COUP-TFII labeling index (LI): ++, >50% LI; +, 10-49% LI; and —, 0-9% LI.

Fig. 2. Overall survival of patients with estrogen receptor (ER) o (a) negative and (b) positive breast carcinoma according to the status of chicken
ovalbumin upstream promoter transcription factor (COUP-TF) II immunoreactivity (Kaplan—-Meier method). Cases were classified into two groups
according to COUP-TFII LI: ++, >50% LI; +, 10-49% LI; and —, 0-9% LI.
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