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Ret finger protein (RFP) is a nuclear protein with transcriptional
repressive activity thatis highly expressed in a variety of human and
rodent tumor cell lines. We examined the expression of RFP in human
endometrial cancer and assessed its clinical significance. Formalin-
fixed, paraffin-embedded sections from endometrial cancer tissues
were immunostained with the RFP antibody, and the staining intensity
was evaluated. The clinicopathological factors examined were age,
International Federation of Gynecology and Obstetrics stage, tumor
grade, myometrial invasion, and pelvic lymph node metastasis. Overall
survival (OS) and progression-free survival (PFS) were evaluated using
the Kaplan—Meier method, and multivariate analysis was performed
using the Cox proportional hazard analysis. Of the 119 cancer tissues,
57 (47.9%) cases were positive for RFP immunoreactivity. RFP expres-
sion was not associated with any of the clinicopathological parameters
examined. However, positive RFP expression significantly predicted
poorer OS and PFS compared with negative expression (OS, P=
0.0011; PFS, P < 0.0001). In the multivariate analyses, positive RFP
expression was an independent prognostic factor for survival in this
study. RFP knockdown significantly impaired cancer cell migration
and invasion in vitro with concomitant decreases of integrins 1 and
a2. Positive RFP expression is a predictive marker for an unfavorable
clinical outcome in patients with endometrial cancer. (Cancer Sci 2009;
100: 1895-1901)

E ndometrial cancer is the most common gynecologic malign-
ancy in the United States.’) In Japan, its incidence has
dramatically increased over the past decade. Patients with deep
myometrial invasion, poorly differentiated tumors, serous or clear
cell histology, or extension of their disease to other organs or
lymph nodes within the pelvis are at higher risk for disease
recurrence.® Several molecular markers have been reported to
predict disease outcome of prognosis of endometrial cancer,®
although few have been translated into widespread clinical use.
Additional prognostic indicators will improve care in that patients
at a higher risk of relapse or death from their disease may be
identified early enough to benefit from aggressive treatment.

Ret finger protein (RFP) was originally identified as a fusion
protein with RET receptor tyrosine kinase.” RFP contains a
tripartite motif consisting of a RING finger, a B-box zinc finger,
and a coiled-coil domain. RFP exhibits transcriptional repressive
activity, and is associated with and colocalizes with Enhancer of
Polycomb 1, Mi-2f, and histone deactylase 1 (HDAC1) in the
nucleus.®® RFP mRNA is highly expressed in a variety of human
and rodent tumor cell lines. In addition, RFP protein is detecta-
ble in male germ cells and is present at a low level in peripheral
and central neurons, hepatocytes, and adrenal chromaffin cells.5”
However, in cancer patients, the exact function of RFP remains
unclear.

The fact that RFP is strongly expressed in a variety of human
cancer lines suggests that it may be involved in tumor develop-
ment and/or progression. If this is indeed the case, RFP, in
addition to being a prognostic indicator, may represent a novel
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molecular target for chemotherapeutics. In the present study, we
performed an immunohistochemical analysis of RFP expression
in endometrial cancer tissues to determine whether RFP expres-
sion correlated with clinicopathological factors or clinical out-
comes in endometrial cancer patients.

Materials and Methods

Patients and tissue samples. A total of 119 samples were obtained
from patients with endometrial endometrioid adenocarcinoma
who underwent surgical treatment at Nagoya University Hospital
between 1992 and 2007. All patients provided informed consent.
The age of the patients ranged from 28 to 86 years with a median
age of 57 years. None of these patients had undergone neo-
adjuvant chemotherapy. All patients underwent a total abdominal
or radical hysterectomy plus bilateral salpingo-oophorectomy.
At the time of laparotomy, peritoneal fluid samples were obtained
for cytologic testing. Systemic pelvic lymphadenectomy was
performed in 92 (77.3%) patients. All patients were staged
according to the 1988 International Federation of Gynecology
and Obstetrics (FigO) criteria: 72 were stage I, 16 were stage 1,
24 were stage III, and seven were stage IV. Histologic grade was
assigned according to the World Health Organization classification:
50 were G1, 51 were G2, and 18 were G3. All tissue samples
were fixed in 10% formalin, embedded in paraffin and routinely
stained with hematoxylin—eosin for histological examination. In
this study, all patients with FigO stage IC and higher received
postoperative chemotherapy with six cycles of either cisplatin/
doxorubicin/cyclophosphamide or cisplatin/etoposide from 1992
to 1999 and paclitaxel/carboplatin after 2000. Patients who
received postoperative radiation therapy or any preoperative
treatment were excluded from this study as the number of patients
in this subset was too few to analyze. Patients with tumor
recurrences were treated with chemotherapy, local radiation
therapy, or surgical resection, when possible.

Antibodies. The rabbit polyclonal RFP antibody has been
described previously.?” Other antibodies used in this study included
integrin B1 (ITGB1) monoclonal antibody, integrin a2 (ITGA?2)
monoclonal antibody, integrin oV (ITGAV) monoclonal antibody,
integrin a5 (ITGA5) monoclonal antibody, integrin 33 (ITGB3)
monoclonal antibody (BD Biosciences, San Jose, CA, USA) and
[-actin monoclonal antibody (Sigma, St. Louis, MO, USA). BHA2.1
monoclonal antibody that specifically recognizes the o2B1 integrin
complex was purchased from Chemicon (Temecula, CA, USA).

Immunohistochemistry. Immunihistochemical analysis was
performed as described previously.® Formalin-fixed, paraffin-
embedded sections from endometrial cancer patients were
deparaffinized and rehydrated. Slides were rinsed thoroughly

“To whom correspondence should be addressed. E-mail: mtakaha@med.nagoya-u.ac.jp

Cancer Sci | October2009 | vol.100 | no.10 | 1895-1901



with Protein Blocking Agent (UltraTech HRP Streptavidin—Biotin
Detection System; Beckman Coulter, Fullerton, CA, USA) and
endogenous peroxidase was blocked in 3% hydrogen peroxide.
Antigen retrieval was performed by autoclaving at 121°C for
10 min in 0.1 mol/L citrate buffer (pH 7.0) with 0.5% NP-40
(Sigma-Aldrich, St. Louis, MO, USA). The sections were
incubated with rabbit polyclonal RFP antibody (1 pg/mL) for
60 min and followed by incubation with the secondary
biotinylated goat polyvalent antibody (Beckman Coulter) for
10 min. The samples were incubated with peroxidase-conjugated
streptavidin for 10 min and the reaction products were
visualized using 3,3’-diaminobenzidine tetrahydrochloride and
H,O,. Counterstaining was performed using hematoxylin. When
greater than 10% of the tumor cells were stained with the
antibody regardless of staining intensity, the specimen was
categorized as positive for RFP expression. Each specimen was
scored twice by two independent observers who were blinded to
the clinical parameters and other prognostic factors.

Cell culture. The human endometrial adenocarcinoma cell line
HECS50, the human cervical adenocarcinoma cell line HeLa, and
the human breast adenocarcinoma cell line MDA-MB-231 were
maintained in RPMI with 10% fetal bovine serum (FBS) and
penicillin-streptomycin. These cells were incubated at 37°C in a
humidified atmosphere of 5% CO,.

RNA interference. RFP, ITGBI1, ITGA2 and control siRNA were
purchased from Qiagen (Valencia, CA, USA). The siRNAs were
transfected into cell lines using Lipofectoamine 2000 (Invitrogen,
Carlsbad, CA, USA) according to the manufacturer’s instructions.
The target sequences were RFP, 5’-GGUACAUCGACUUCCU
CUATT-3"; ITGBI1, 5'-GAGGATATTACTCAGATCCAA-3’; and
ITGA2, 5'-CCCGAGCACATCATTTATATA-3".

Western blot analysis. Cells were washed twice with ice cold
PBS and treated with lysis buffer (50 mM Tris-HCl [pH 7.4],
120 mM NaCl, 5 mM MgCl,, 0.8% Nonidet P-40, 10% glycerol,
1 mM DTT, and 1 mM PMSF) containing Complete Protease
Inhibitor Mixture (Roche, Basel, Switzerland). The lysates were
briefly sonicated. Western blotting was performed as previously
described.®

Northern blot analysis. Total RNAs from HEC50, MDA-MB-
231, and HeLa cells were isolated using Trizol (Invitrogen) and
separated on 1% agarose—formamide gels with formaldehyde
and transferred onto Hybond-XL nylon membranes (Amersham
Biosciences, Milwaukee, WI, USA). Human ITGA2, ITGBI1, RFP,
and f-actin cDNA fragments were labeled with [*?P] dCTP
(Perkin Elmer, Waltham, MA, USA) using the High Prime
DNA-labeling system (Roche Diagnostics, Basel, Switzerland)
and used as probes for northern hybridization at 65°C for 20 h.
Signals were detected on Fuji X-ray films (Fuji, Tokyo, Japan)
after exposure for an appropriate time.

Quantitative RT-PCR. Pre-designed primers and probes for RFP,
ITGB1, and ITGA2 cDNAs were purchased from Nippon EGT
(Toyama, Japan). All of the real-time quantitative RT-PCR
reactions were performed using the TagMan PCR Core Reagents
Kit and the ABI Prism 7700 Sequence Detection System (Applied
Biosystems, Foster City, CA, USA). Amplification of 18S rRNA
was used as the normalization control.

Cell proliferation assay. The cell proliferation assay was performed
as described previously.® Cells were seeded in triplicate in 96-
well plates at a density of 2000 cells in a volume of 200 pl of
RPMI-1640 containing 10% FCS, and cultured for 1-5 days.
Cell viability was assayed by a modified tetrazolium salt 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide assay
using a Cell Titer 96 Aqueous One Solution Cell Proliferation Assay
kit (Promega, Madison, WI, USA) according to the manufacturer’s
instructions. Absorbance was measured at 492 nm using a micro-
plate reader (Multiskan Bichromatic; Vienna, VA, USA).

In vitro cell migration assay. Tumor cell migration was evaluated
using 24-well transwell chambers (Corning, Corning, NY, USA)
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containing filters (6.5 mm in diameter) with an 8.0-um pore size.
HEC50, MDA-MB-231, and HeLa cells were suspended at a final
concentration of 2.5 x 10%/mL in serum-free medium in the upper
chamber, and 800 UL of 1% FBS medium was added to the
lower wells. To inhibit a2B1 integrin, 10 ug/mL BHA2.1
(Chemicon) was added to the upper wells. After 8-h incubation,
the remaining tumor cells on the upper surface of filters were
removed by wiping with cotton swabs, and the cells which had
invaded though to the lower surface were visualized with May—
Grunward Giemsa. The number of cells was counted under a
microscope at a magnification of X100 or x200. Data were obtained
from three independent experiments performed in triplicate.

In vitro invasion assay. Tumor cell invasion was evaluated using
24-well Matrigel invasion chambers (24 wells; BD Biocoat
Matrigel invasion chamber; BD Biosciences). The cells were plated in
the same manner as in the migration assay and incubated for 16 h.

Statistical analysis. The association between negative versus
positive RFP expression and clinicopathological parameters was
evaluated using the y>-test. The RFP expression was used for
further analysis regarding overall survival (OS) and progression-
free survival (PFS). The univariate survival analysis was based
on the Kaplan—-Meier method. Comparison between the survival
curves was analyzed using the log-rank test. The OS was defined
as the time between the date of surgery and the last date of
follow-up or the date of death owing to endometrial cancer. The
PFS was defined as the time interval between the date of surgery
and the date of progression/recurrence or date of last follow-up.
The prognostic significance of positive RFP expression concerning
other pathological variables was assessed using multivariate Cox’s
proportional hazard’s analysis. Stat View software version 5.0
(SAS Institution, Cary, NC, USA) was used for all statistical
analyses and a P-value of <0.05 was considered significant.
Statistical analyses for in vitro migration and invasion assays were
performed using the unpaired Student’s z-test. Differences were
considered significant at P < 0.05.

Results

Immunohistochemical detection of RFP in endometrial cancer tissues.
When greater than 10% of the tumor cells were stained with the
RFP antibody, it was categorized as positive (Fig. 1). RFP expres-
sion was almost undetectable in the tumor stroma and normal
endometrial glands (Fig. 1g). The clinical characteristics of the
patients are summarized in Supplementary Table S1. Of the 119
endometrial cancer specimens examined in this study, 57 (47.9%)
cases were positive for RFP immunoreactivity. No significant
association was found between RFP immunoreactivity and any
of the clinicopathological parameters tested: age, FigO stage,
tumor grade, myometrium invasion, and pelvic lymph node
metastasis (Table 1); however, the percentage of RFP-positive
cases was greater in the patients with pelvic lymph node metastasis
(69%) than in those without metastasis (45%) (P =0.073).

Correlation of RFP expression with survival of endometrial cancer
patients. The median OS of the patients was 55 months (range,
1-160). At the end of the follow-up period, 104 (87.4%) patients
were alive, 15 (12.6%) patients died from their disease, and nine
(7.6%) patients were alive with disease. None of the patients
were lost to follow-up. During the follow-up period, the total
number of cases in which death and progression/recurrence were
observed was 24 (20%). The 5-year OS rates of patients who
were negative (n = 62) and positive (n = 57) for RFP expression
were 96.7 and 72.5%, respectively (Supplementary Table S2). In
the univariate analyses, FigO stage, myometrial invasion, pelvic
lymph node metastasis, and positive RFP expression were signifi-
cant predictors of poor OS (Supplementary Table S2). For PFS,
FigO stage, tumor grade, myometrial invasion, pelvic lymph
node metastasis, and RFP expression were significant factors
(Supplementary Table S2).
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Fig. 1. Immunohistochemical analysis of Ret finger
protein (RFP) in endometrial cancer. (a,b) Strongly
positive, (c) moderately positive, (d) weakly positive,
and (e) negative cases. (f) No primary antibody.
(9) Normal endometrium. When greater than 10%
of the cancer cells were stained with the RFP anti-
body regardless of staining intensity, the specimen
was categorized as positive for RFP expression.

Table 1. Association between Ret finger protein (RET) expression and
clinicopathologic factors in patients with endometrial cancer

Variables No.' of RFP. Expre.s§ion P-values
patients negative positive

Age (years)
<60 70 39 31 0.346
260 49 23 26

FigO stage
| 71 39 32 0.453
-1V 48 23 25

Grade
1 50 29 21 0.273
2,3 69 33 36

Myometrial invasion
<1/2 74 4 33 0.355
21/2 45 21 24

Pelvic lymph node metastasis
No 103 57 46 0.073
Yes 16 5 11

FigO, International Federation of Gynecology and Obstetrics.

Tsukamoto et al.

Figure 2 shows the OS and PFS curves with respect to RFP
expression. Both OS and PFS in patients with positive RFP
expression were significantly lower than those in patients with
negative RFP expression (OS, P = 0.0011; PES, P < 0.0001). We
further divided all cases into two groups according to FigO stage
(stage I and stage II-1V). As expected, there was a significant
difference in OS between RFP-negative and -positive groups
(stage I, P =0.0232; stage [I-IV, P =0.0194, respectively) (Fig. 2).
Additionally, there was a significant difference in PFS between
the two groups (stage I, P = 0.0045; stage II-1V, P = 0.0005,
respectively) (Fig. 2). Similarly, all cases were stratified according
to tumor grade (grade I and grade II/IIT). The expression of RFP
was a significant prognostic factor in the grade II/III group. (OS;
P =0.001, PFS; P <0.0001, respectively) (Supplementary Fig. S1).

Furthermore, we asked whether OS and PFS were affected by
the surgical procedures (total hysterectomy vs radical hysterec-
tomy; systemic pelvic lymphadenectomy [-] vs [+]). Interest-
ingly, both the OS and PFS of RFP-positive patients, but not of
RFP-negative patients, were significantly improved by radical
hysterectomy or pelvic lymphadenectomy (Supplementary Figs
S2 and S3). These findings suggest that RFP expression profiles
in endometrial cancer patients may provide useful information
for making a choice of the surgical procedures.

Multivariate analysis of prognostic variables in endometrial cancer
patients. In the multivariate OS analyses, age, FigO stage, tumor
grade, myometrium invasion, pelvic lymph node metastasis, and
RFP expression were entered into the Cox proportional hazard
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analysis. The relative risk (RR) for positive RFP expression was
6.767 (95% confidence interval, 1.494-30.641; P =0.013). Further-
more, in the multivariate analysis for PFS including the same
factors, the expression of RFP retained its significance as an
independent prognostic factor of poor PFS. The relative risk
(RR) for positive RFP expression was 9.361 (95% confidence
interval, 2.761-31.742; P = 0.0003).

Relationship between RFP expression and cancer cell migration.
To investigate the mechanism by which RFP expression associates
with poor prognosis, we evaluated the effects of knockdown of
RFP expression on cancer cell migration and proliferation. RFP
siRNA was transfected into HEC50, MDA-MB-231, and HelLa
cells. RFP knockdown resulted in a significant impairment of
cell migration in vitro (Fig. 3a,b). In the cell proliferation assay,
RFP siRNA transfection significantly decreased proliferation of
HeLa cells, but not of the other two cell lines (Fig. 3c).

Decrease of integrins 1 and o2 expression by RFP siRNA transfection.
To determine which cellular components were affected by RFP
siRNA transfection, expression of integrins, matrix metallopro-
teinases (MMPs), and E-cadherin, which were involved in cell
migration and invasion, were analyzed by western blotting. The
expression levels of E-cadherin, MMP2, MMP7, and MT-MMP-1
were not significantly changed by RFP knockdown (data not
shown). In contrast, integrin B1 (ITGB1) and integrin 02 (ITGA?2)
expression were significantly decreased by RFP siRNA transfection
in the three cell lines (Fig. 4a). Changes in the expression levels
of the other integrins (ITGAV, ITGAS, and ITGB3) were variable
depending on the cell lines.

Since RFP is involved in gene transcription,”® we next inves-
tigated whether RFP affected ITGB1 and ITGA2 mRNA levels.
In northern blotting, expression of ITGB1 mRNA, but not of
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(upper panel), stage | cases (middle panel), stage
II-1V cases (lower panel).

ITGA2 mRNA, was significantly decreased by RFP knockdown
(Fig. 4b), suggesting the possibility that expression of ITGB1
and ITGA?2 proteins is regulated by different mechanisms.

Roles of ITGB1 and ITBA2 in cancer cell migration and invasion.
Finally, to confirm the importance of ITGB1, ITGA2, and RFP
in cancer cell migration and invasion, siRNA for ITGB1, ITGA2
or RFP was transfected into cancer cells. Knockdown of ITGBI1,
ITGA2, and RFP expression was confirmed by quantitative RT-
PCR (Supplementary Fig. S4). As shown in Figure 5(a,b), knock-
down of these gene expressions markedly decreased cancer cell
migration and invasion. Moreover, cancer cell migration and
invasion were impaired by the addition of 021 integrin antibody
(BHAZ2.1) (Fig. 5¢,d).

Discussion

In the present study, we evaluated the expression of RFP in
endometrial cancer using 119 surgical specimens and found that
RFP expression in cancer cells was correlated with poor clinical
outcome. This is the first report to demonstrate the detailed
clinicopathological and prognostic impact of RFP expression in
human endometrial cancer.

To elucidate the mechanism by which RFP expression con-
tributed to the clinical outcome of endometrial cancer patients,
we investigated the effect of RFP knockdown on cell prolifera-
tion and migration using three cancer cell lines. RFP knockdown
affected the proliferation of HeLa cells but not of the other two
cell lines (HESO and MDA-MB-231 cells). This finding implies
that RFP may regulate the expression of different genes involved
in cell proliferation between three cell lines. In contrast, cell
migration of these three cell lines was markedly impaired by
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RFP knockdown. In addition, among the proteins involved in cell Tumor invasion and metastasis are complex, multistep pro-
migration (E-cadherin, MMPs, and integrins), we found that ITGB1  cesses requiring the dynamic interaction of tumor cells with the
and ITGA?2 expression significantly decreased in RFP knockdown  host environment.!” Integrins are known to be crucial regulators
cells, suggesting the importance of these integrins in progression  of tumor cell interactions with the microenvironment. There are
of endometrial cancer. an increasing number of reports in the literature implicating
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ITGBI1 in tumorigenesis, both in vitro and in vivo.!'""® ITGB1
has been studied extensively in the biology of solid tumors, and
its expression has been shown to correlate with poor prognosis
in cancers of the lung," pancreas,"> and cutaneous melanoma.'®
ITGB1 has also been implicated in the progression and metasta-
sis of human breast cancer.!'"!'® Moreover, increased expression
of the a2P1 integrin heterodimer has been observed in melanoma
and gastric cancer, and this integrin species is thought to be a
predictive marker for metastatic disease."*-2" Our findings also
suggest that the o231 integrin heterodimer may play a crucial
role in the progression of endometrial cancer.

At present, the transcriptional mechanism that regulates ITGB1
and ITGA2 expression in cancer cells remains elusive. As RFP
is known to be a transcriptional regulator,>® we postulated that
RFP knockdown down-regulated the expression of ITGB1 and
ITGA2 mRNA. Northern blot analysis revealed that RFP knock-
down significantly decreased the ITGB1, but not ITGA2, mRNA
level. This finding suggested that ITGB1 expression is regulated
at a transcriptional level whereas ITGA2 could be regulated at a
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post-transcriptional level including the degradation pathway.
Alternatively, heterodimer formation of ITGA2 and ITGB1 may
stabilize the ITGA2 protein. Further investigation is necessary
to elucidate the mechanisms of down-regulation of ITGB1 and
ITGAZ2 proteins by RFP knockdown.

We have recently demonstrated that RFP complexes with HDAC1
and transcription factor NF-Y. We found that this protein com-
plex confers the resistance to anticancer drugs by decreasing the
expression of thioredoxin binding protein-2 (TBP-2).?» TBP-2
inhibits thioredoxin,®? a scavenger of ROS, and sensitizes cells
to oxidative stress and cisplatin.®?® Interestingly, HDAC inhi-
bitors sensitize cancer cells to oxidative stress by inhibition of the
HDACI1/RFP/NF-Y complex, which results in re-expression of
TBP-2.%? Thus, it is also possible that RFP expression is asso-
ciated with the poor clinical outcome of endometrial cancer by
regulating cancer cell resistance to oxidative stress.

In conclusion, we demonstrated here that RFP expression cor-
related with poor prognosis in endometrial cancer patients. RFP
was an independent prognostic factor for PFS and OS. In addition,
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Additional Supporting Information may be found in the online version of this article:

Fig. S1. The Kaplan—Meier survival curves of Ret finger protein (RFP) expression stratified by grade. (a,b) Overall survival: grade I and grade 11/
III; (c,d) progression-free survival: grade I and grade II/III.

Fig. S2. The Kaplan—Meier survival curves of 119 patients with endometrial cancer with respect to surgical procedure. Left panel, overall survival;
right panel, progression-free survival. (a,b) The Kaplan—-Meier survival curves of radical hysterectomy versus total hysterectomy in all cases. (c,d)
The Kaplan—Meier survival curves of radical hysterectomy versus total hysterectomy in Ret finger protein (RFP)-negative patients. (e,f) The Kaplan—
Meier survival curves of radical hysterectomy versus total hysterectomy in RFP-positive patients.

Fig. S3. The Kaplan—Meier survival curves of 119 patients with endometrial cancer with respect to systemic pelvic lymphadenectomy. Left panel,
overall survival; right panel, progression-free survival. (a,b) The Kaplan—Meier survival curves of lymphadenectomy (+) versus lymphadenectomy (-)
in all cases. (c,d) The Kaplan—-Meier survival curves of lymphadenectomy (+) versus lymphadenectomy (-) in Ret finger protein (RFP)-negative patients.
(e,f) The Kaplan—Meier survival curves of lymphadenectomy (+) versus lymphadenectomy (-) in RFP-positive patients.

Fig. S4. Quantitative real-time PCR (qRT-PCR) analysis for evaluating the effect of siRNA. SiRNAs for Ret finger protein (RFP), integrin o2
(ITGA?2), or integrin 1 (ITGB1) were transfected into HeLa (a), MDA-MB-231 (b), or HEC50 (c) cells. Pre-designed primers for each cDNA were
purchased from Nippon EGT and used for qRT-PCR. Values represent mean + SD of three independent experiments.

Table S1.  Clinicopathologic characteristics of endometrial cancer patients
Table S2. Univariate analysis of various clinicopathologic parameters in relation to survival of patients with endometrial cancer
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