
Abstract. Background: The aim of the study was to
analyze the expression of nuclear receptor interacting
protein 1 (NRIP1) and its partner ligand-dependent nuclear
receptor co-repressor (LCOR) in endometrioid endometrial
cancer and to investigate their association with estrogen
receptor (ER), progesterone receptor (PR), Ki-67,
clinicopathological parameters and patient survival.
Materials and Methods: Immunohistochemical evaluation
was carried out to investigate the subcellular expression of
NRIP1 and LCOR in endometrioid endometrial cancer
samples. Statistical analysis was used to identify the
correlations of NRIP1 and LCOR expression with
clinicopathological variables and to estimate the survival
rates. Results: Endometrial cancer tissues exhibited higher
expression of NRIP1 and LCOR in comparison with the
normal tissues. Cytoplasmic LCOR expression was
positively associated with ER and PR expression, while
cytoplasmic NRIP1 expression was positively associated
with ER expression. Moreover, cytoplasmic expression of
NRIP1 was positively associated with Ki-67. Conclusion:
Our study demonstrated that high cytoplasmic expression of
LCOR may predict a longer overall survival of patients with
endometrioid endometrial cancer. Patients with tumors
expressing low levels of LCOR showed a worse survival
compared to those expressing high levels.

Endometrial cancer is the sixth most common cancer among
females worldwide and the fourth leading cause of cancer
(1). It is considered as the most common gynecological
malignancy, accounting for 7% of all female cancer (1). Two
broad pathogenetic types of endometrial carcinoma have
been recognized: Type I tumors are endometrioid carcinomas
and type II are non-endometrioid, including serous and clear-
cell carcinomas (2). Most cases (90%) of endometrial
carcinomas occur in women older than 50 years of age, with
a median age of 62 years at diagnosis, and are detected in
early stages [80% in International Federation of Obstetrics
and Gynecology (FIGO) stage I] (2, 3). 

Recent studies have focused on the involvement of nuclear
receptor interacting protein 1 (NRIP1/RIP140) and Ligand-
dependent nuclear receptor co-repressor (LCOR) in tumor
development through complex regulation of pathogenetic
pathways (4). NRIP1 is a co-regulator which consists of four
inhibitory domains that recruit C-terminal binding proteins,
and one of histone deacetylase (HDAC) (5-8). It acts
primarily as a co-repressor through binding to nuclear
receptors of other co-factors in a ligand-dependent manner
to limit their transactivation (9-12). Intriguingly, NRIP1
interacts with E2F transcription factors, suppressing their
transcriptional function and also suppresses proliferator
activated receptor gamma (PPARG) through receptor
coactivator 1 (NCOA1), thereby inhibiting cell proliferation
(13). This kind of dysregulation may affect other signaling
pathways, such as NOTCH, p53, Hedgehog and Hippo,
resulting in up-regulation of their expression on cancer cells
(14). According to many studies, NRIP1 is engaged in the
development and progression of solid tumors (15-18).
Ferreira et al. showed that NRIP1 to be the most frequently
mutated gene in endometrial cancer cell lines and to be
associated with microsatellite instability, dysregulating the
gene expression of estrogen receptor (ER) pathway (19).
NRIP1 is considered an essential transcriptional co-factor for
estrogen signaling (11, 20). It has been found that it interacts
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mainly with ERβ and may also act as a tumor suppressor in
ovarian and colonic cancer (14, 21). Specifically, in ovarian
cancer NRIP1 may be involved in the suppression of ERα
activity through ERβ (21). In colonic cancer, NRIP1 has a
negative effect on the WNT signaling pathway by reducing
gene expression and thereby inhibiting colonic cancer cell
proliferation (14). Similarly, high expression of NRIP1 in
chronic lymphocytic leukemia has a favorable prognostic
significance (15). Importantly, the NRIP1 expression level
was higher in the nucleus of breast cancer cells, whereas it
was higher in the cytoplasm of stromal cells in benign
tumors (10, 22). 

Another transcriptional co-repressor, LCOR functions
similarly to the aforementioned mechanisms of NRIP1,
using C-terminal binding proteins and HDAC domains (8,
23). Several studies demonstrated that NRIP1 and LCOR
may play a key role in tumorigenesis (14, 24-26). It has
been shown that NRIP1 directly interacts with LCOR, and
that both proteins co-localize in the nucleus of human breast
cancer cells (24). The physiological role of LCOR is poorly
understood, although it may participate in homeostasis of
liver and in prostate cancer (27, 28). Of importance, LCOR
interacts with ERα and drives repressive activity in breast
cancer cells (8, 11). In breast cancer cells, proliferation is
suppressed by LCOR through down-regulation of gene
expression mediated by estrogens (22). This is the result of
the strong regulation of LCOR expression by NRIP1 (11).
Interestingly, LCOR interacts with a subunit of tripartite
motif containing 28 (TRM28), kruppel-like factor 6 (KLF6)
and PPARG (29, 30). Moreover, NRIP1 and LCOR act
synergistically, recruiting co-factors involved in
transcriptional co-repression or recognizing the same
coactivator binding domains in ligand binding domains of
nuclear receptors (24, 26). In cervical cancer, low levels of
NRIP1 and LCOR are associated with better survival
outcome (25). Furthermore, LCOR was found to be an
attenuator of progesterone-regulated gene expression in
breast cancer, and inhibits prostate cancer growth through
co-repression of activated androgen receptor in murine
models (23, 27). Other studies demonstrated the relevance
of LCOR with inhibition of mammary cancer cell activity
(23, 27, 31).

Conducting this retrospective study, we aimed to examine
the specific role of nuclear and cytoplasmic NRIP1 and
LCOR expression in endometrial cancer type I. To our
knowledge there are no data about the expression of NRIP1
and LCOR in endometrial carcinomas in the international
literature. For this purpose, we analyzed the
immunohistochemical expression of NRIP1 and LCOR in a
cohort of 93 patients who had undergone total or radical
hysterectomy for endometrioid endometrial cancer and
evaluated the correlation between their expression and
clinicopathological features, as well as with patient outcomes. 

Materials and Methods
Patient characteristics. Representative paraffin-embedded tissue
samples were selected from 93 patients with endometrioid
endometrial carcinoma, who were treated with total or radical (when
appropriate) hysterectomy and bilateral salgingo-ophorectomy at the
Department of Obstetrics and Gynecology, University Hospital of
Ioannina, Ioannina Greece during the period of 2008-2015. All
tumors were classified using the 2018 FIGO classification (IA-B II,
IIIA-B/C1-2, IVA-B) (32), myometrial invasion and the presence or
absence of metastases was determined by computed tomography
(33). Patient data, such as age, pathology reports, status of
metastasis, local recurrence, record of adjuvant therapy after
surgery, radiotherapy treatment and outcome were retrieved from
the clinical database of the Departments of Pathology and Obstetrics
and Gynecology of University Hospital of Ioannina, Ioannina,
Greece. In order to compare our findings with normal tissues,
samples were collected from 23 patients who had undergone total
hysterectomy for benign uterine tumors (leiomyomas). All patient
data were fully anonymized, and all diagnostic procedures had
already been fully completed when samples were collected for the
study. Authors were blinded from the clinical information during the
experimental analysis. The study was approved by the Ethics
Committee of the National and Kapodistrian University of Athens,
Athens, Greece (approval number 095, 25/02/2019).

Immunohistochemical analysis. Formalin-fixed paraffin-embedded
tissue sections were retrieved from the Department of Pathology,
University of Ioannina, Ioannina, Greece. A hematoxylin-eosin
evaluation round was employed for obtaining representative tissue
samples for immunohistochemical analysis. Immunohistochemistry
was performed on 2.5 μm-thick tissue sections, which were
consecutively incubated with the following primary antibodies to
NRIP1 (HPA046571, 1:400 in phosphate-buffered saline polyclonal
rabbit IgG; Sigma Aldrich, St. Louis, MO, USA) and anti-LCOR (C-
6) sc-377019 (1:200 in phosphate-buffered saline mouse polyclonal
IgG; Santa Cruz Biotechnology, Dallas, TX, USA). The staining
procedures were performed by the avidin-biotin technique using
LSAB2 System-HRP (Dako Omnis, Glostrup, Denmark). Appropriate
tissues (placenta and salpinx) were used as positive controls, while
omission of primary antibodies was used as a negative control. For all
tumor cases, immunostaining of ER, progesterone receptor (PR) and
Ki-67 proteins was performed by using antibodies to ER (6F11, 1:40
in phosphate-buffered saline mouse monoclonal IgG1; Leica
Biosystems Newcastle, Newcastle Upon Tyne, UK), PR (686, 1:150
in phosphate-buffered saline mouse monoclonal IgG1; Dako Omnis)
and anti-Ki-67 M7240 (1:150 mouse monoclonal IgG1; Dako Omnis).
All tissue slides were reviewed by two experienced pathologists using
a digital microscope (Nikon Eclipse 80; Nikon, Tokyo, Japan) whilst
blinded to patient clinicopathological and survival data. Images were
captured using appropriate software (CellSens Entry Imagine
Software, Olympus, Tokyo, Japan).

In order to differentiate the distribution and intensity patterns for
LCOR, NRIP1 as well as ER, PR and Ki-67, in our endometrial
cancer tissues, the semi-quantitative immunoreactive score (IRS)
was used. The IRS assessed the percentage of positively stained
cells (0=no staining, 1≤10% of cells, 2=11-50% of cells, 3=51-80%,
and 4≤81% of cells) multiplying the score by the intensity of cell
staining (graded as 0=none, 1=weak, 2=moderate, and 3=strong).
Therefore, the maximum IRS score was 12. Two independent
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examiners evaluated doubtful cases, and the final IRS was assigned
by consensus (24, 25).

Statistical analysis. The correlations presented were obtained by
calculating Spearman’s rho correlation coefficient (ρ). Mann-
Whitney U non-parametric test was used to detect significant
differences between two groups, whilst Kruskal-Wallis H non-
parametric test was used to detect significant differences between
three or more groups. Patients were monitored for a period of 60
months from the time of surgery. For comparison of survival,
Kaplan-Meier curves were generated, and Mantel-Cox (log-rank)
test was performed to compare survival curves. Multivariate forward
likelihood ratio Cox regression analysis was also performed to test
which histopathological variables out of age, FIGO classification,
differentiation grade, myometrial invasion and IRS scores for
cytoplasmic LCoR, cytoplasmic NRIP1, nuclear NRIP1, Ki67, PR
and ER were independent prognosticators for overall survival (OS).
Additionally, for the current study, the ideal cut-off values for
assigning patients to groups with low and high NRIP1 and LCOR
IRS scores were determined by receiver operating characteristic
curve analysis in accordance with maximal differences of specificity
and sensitivity (25). Statistical analysis was performed using SPSS
21 (IBM-SPSS Statistics, IBM Corp., Armonk, NY, USA). The level
of statistical significance was set to 5% (p=0.05). 

Results

Patient and tumor characteristics. For the entire cohort, the
median age of the patients was 64 years (mean±standard
deviation=64±8.5 years, range=43-82 years). The follow-up
of patients was at least 5 years. In our study, most tumors
were FIGO stage I and II (86%); the basic tumor
characteristics are shown in Table I. 

Immunohistochemical analysis of NRIP1 and LCOR protein
expression. Cytoplasmic LCOR and nuclear and cytoplasmic
NRIP1 IRS were evaluated in all studied cases. The IRS
values were higher in carcinomas compared to control tissues
for cytoplasmic LCOR (median IRS 1.0 and 0.0 for cancer
and control tissues, respectively, U=486, p<0.0001), nuclear
NRIP1 (median IRS 1.0 and 0.0 for cancer and control tissues
respectively, U=806, p=0.046) and cytoplasmic NRIP1
(median IRS 2.0 and 0.0 for cancer and control tissues,
respectively, U=701, p=0.008). A slight positivity of NRIP1
expression was observed not only in cancer tissue, but also
in some stromal cells of the endometrium (Figure 1). 

Correlations of LCOR and NRIP1 protein expression with
clinicopathological parameters. Spearman’s ρ correlation test
was applied for the analysis of correlation of LCOR and
NRIP1 IRS with other parameters i.e., patient age, Ki-67, PR
and ER IRS. The analysis showed that the IRS for cytoplasmic
LCOR was positively correlated with that for ER (Spearman’s
ρ=0.351, p=0.001) and PR (Spearman’s ρ=0.289, p=0.005).
The IRS for cytoplasmic NRIP1 was positively correlated with
that for nuclear NRIP1 (Spearman’s ρ=0.481, p<0.0001), ER

(Spearman’s ρ=0.328, p=0.001) and Ki-67 (Spearman’s
ρ=0.464, p<0.0001). Age was not correlated with cytoplasmic
LCOR IRS nor with nuclear or cytoplasmic NRIP1 IRS
(p>0.05 for all three scores) (Table II).

The associations between the depth of myometrial
invasion (patients with 50% or more vs. patients with less
than 50%) and the expression of the studied proteins were
tested with Mann-Whitney U-test. Myometrial invasion was
correlated statistically significantly with nuclear NRIP1 IRS
(U=716, p=0.004) and cytoplasmic NRIP1 IRS (U=755.50,
p=0.012). Specifically, both nuclear and cytoplasmic NRIP1
IRS were higher in tumors invading 50% or more of the
myometrium than those invading less than half (Table III).
However, myometrial invasion was not correlated with
cytoplasmic LCOR IRS (U=1040, p=0.896). 

Significant differences between LCOR cytoplasmic,
NRIP1 nuclear, NRIP1 cytoplasmic IRS scores, grade and
FIGO stage were tested with Kruskal Wallis H- test. The
cytoplasmic LCOR IRS was correlated statistically
significantly with tumor grade (p=0.021) as higher grades
were associated with lower cytoplasmic LCOR IRS (Table
IV and Figure 2). In contrast, nuclear and cytoplasmic
NRIP1 IRS did not show any statistical correlation with
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Table I. Descriptive table of clinicopathological characteristics of study
patients (n=93).

Characteristic Subgroup Frequency

FIGO stage Ι 56 (60.2%)
ΙΙ 24 (25.8%)
ΙΙΙ 10 (10.8%)
IV 3 (3.2%)

Grade 1 29 (31.2%)
2 50 (53.8%)
3 14 (15.1%)

Myometrial invasion <50% 44 (47.3%)
>50% 49 (52.7%)

ER Negative 14 (15.1%)
Positive 79 (84.9%)

PR Negative 8 (8.6%)
Positive 85 (91.4%)

Ki-67 Negative 8 (8.6%)
Positive 85 (91.4%)

Cytoplasmic LCOR Negative 38 (40.9%)
Positive 55 (59.1%)

NRIP1 
   Nuclear Negative 46 (49.5%)
   Positive 47 (50.5%)
   Cytoplasmic Negative 32 (34.4%)
   Positive 61 (65.6%)

ER: Estrogen receptor; FIGO: International Federation of Obstetrics and
Gynecology; Ki-67: proliferative marker Ki-67; LCOR: ligand-
dependent nuclear receptor corepressor; NRIP1: nuclear receptor
interacting protein 1; PR: progesterone receptor. 



grade (p=0.902 and p=0.509, respectively). No significant
differences were found according to FIGO stage (p>0.05 for
all protein scores) (Table IV). 

Correlations with patient survival. For this analysis, patients
were categorized based on IRS for LCOR and NRIP1.
Optimized IRS cut-off values were used (IRS ≤2 for low
expression and IRS>2 for high expression) (24, 25). OS for
patients with cancer with low expression was compared with
those with high expression using Kaplan-Meier analyses with
log-rank test (Table V). Patients with low cytoplasmic LCOR
expression had a significantly worse OS than those with high
expression (mean OS 47.6±2.2 vs. 52.8±2.9 months,
p=0.029) (Figure 3 and Table V). However, OS was not
significantly correlated with nuclear or cytoplasmic NRIP1
IRS (p=0.502 and p=0.452, respectively) (Table V). 

Multivariate Cox regression analysis was performed to
test which histopathological variables were independent
prognosticators for patient survival (Table VI).
Cytoplasmic LCOR IRS score (p=0.003), ER IRS
(p=0.014), FIGO stage (p=0.004) and tumor grade
(p=0.001) were independent prognosticators for patient
survival. The risk of death was reduced by 34.8% for each
unit increase of cytoplasmic LCOR IRS (Exp(B)=0.652,
p=0.003). The hazard ratio increased by a factor 1.17 of
for each unit increase of ER IRS (p=0.014). Patients with
FIGO stage III had a 2.65-fold increased probability of not
surviving compared to those with stage I (p=0.043).
Patients with grade 3 tumor had 4.3-fold increased
probability of not surviving compared to grade 1
(p=0.007). No significant effect was seen for the other
variables (p>0.05).
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Figure 1. A and B: Representative immunohistochemical staining of nuclear receptor interacting protein (NRIP1) in endometrioid endometrial
cancer: High immunohistochemical expression of NRIP1 in both the nucleus and cytoplasm is apparent. Slight immunohistochemical positivity of
NRIP1 in stromal cells is also demonstrated (original magnification: ×200). C and D: Immunohistochemical staining for ligand-dependent co-
repressor (LCOR) in endometrioid endometrial cancer; high expression is depicted. In our study, LCOR was expressed only in the cytoplasm of
cancer cells (original magnification: C×100 and D×200).



Discussion

In our study, both NRIP1 and LCOR proteins were expressed
in most of the endometrioid endometrial cancer cases (Figure
1). Overall, these proteins were moderately expressed
predominantly in the cytoplasm. The IRS values for
cytoplasmic and nuclear NRIP1 were not correlated with that
of cytoplasmic LCOR (data not shown). LCOR was
expressed only in the cytoplasm in cancer and control tissues,
whereas NRIP1 was distributed in both the cytoplasm and
nucleus with a predominant expression in the nucleus (Figure
1). Thus, tumors were characterized by a low nuclear/high
cytoplasmic IRS for NRIP1 and high IRS for cytoplasmic
LCOR for cancer tissues compared to normal tissues. 

According to the statistical analysis, we found that
cytoplasmic NRIP1 expression was positively correlated
with nuclear NRIP1 expression. Interestingly, the expression
of NRIP1 and LCOR follows a parallel pattern of expression
in cancer tissues as both were up-regulated in cancer tissues
compared to control tissues. Hence, their overexpression may
take part in triggering tumorigenesis, but further
overexpression of cytoplasmic LCOR may demonstrate a
protective role. The majority of tumors expressed both
proteins, whereas only a small proportion of cases was
negative for both. 

The results of our study demonstrate that overexpression
of NRIP1 in the nucleus and the cytoplasm was strongly
correlated with advanced myometrial invasion, indicating its
possible role in tumor aggressiveness (Figure 1). Evaluating
correlations between the patients’ clinicopathological
features and NRIP1 and LCOR IRS values, it was revealed
that cytoplasmic LCOR expression was positively correlated
with ER and PR expression, while cytoplasmic NRIP1
expression was strongly correlated with nuclear NRIP1
expression, ER and Ki-67. These findings indicate
transactivation of estrogen and progesterone signaling
pathways from the interaction of both NRIP1 and LCOR co-

regulators, implying a possible role in the biology of
endometrioid carcinomas (18, 34). Additionally, cytoplasmic
LCOR IRS was significantly associated with tumor grade, as
lower cytoplasmic LCOR expression was associated with
higher grade (Figure 2), suggesting that higher expression of
LCOR may play a role in tumor aggressiveness. According
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Table II. Spearman’s rho (ρ) correlation analysis. 

NRIP1 ER PR Ki-67 

Protein Nuclear Cytoplasmic Nuclear  Nuclear Nuclear  Age

LCOR, cytoplasmic ρ 0.162                           0.183 0.351 0.289 0.077 0.01
p-Value 0.121                           0.079 0.001 0.005 0.461 0.92

NRIP1
   Nuclear ρ                               0.481 0.133 −0.025 0.171 0.03

p-Value                           <0.0001 0.202 0.811 0.101 0.79
   Cytoplasmic ρ                                0.328 −0.035 0.464 0.03

p-Value                                0.001 0.739 <0.0001 0.76

ER: Estrogen receptor; Ki-67: proliferative marker Ki-67; LCOR: ligand-dependent nuclear receptor corepressor; NRIP1: nuclear receptor interacting
protein 1; PR: progesterone receptor.

Table III. Immunoreactive score (IRS) for expression of ligand-
dependent nuclear receptor corepressor (LCOR) and nuclear receptor
interacting protein 1 (NRIP1) according to myometrial invasion.

Protein Myometrial N Median Mean Sum of p-Value
invasion IRS rank ranks

Cytoplasmic <50% 43 1.0        46.86      2062         0.896
LCOR >50% 48 1.0        46.17      2216           

Nuclear <50% 43 0.0        38.77      1706         0.004
NRIP1 >50% 48 2.0        53.58      2572           

Cytoplasmic <50% 43 1.0        39.42      1734.5     0.012
NRIP1 >50% 48 2.0        52.99      2543.5

Table IV. Immunoreactive score (IRS) for expression of ligand-
dependent nuclear receptor corepressor (LCOR) and nuclear receptor
interacting protein 1 (NRIP1) according to tumor grade.

Protein Grade N Median Mean p-Value
IRS rank

Cytoplasmic LCOR 1 29 2.0            57.05 0.021
2 50 1.0            44.37
3 14 0.0            35.57

Nuclear NRIP1 1 29 0.0            45.5 0.902
2 50 1.0            48.08
3 14 0.5            46.25

Cytoplasmic NRIP1 1 29 1.0            43.19 0.509
2 50 1.0            47.55
3 14 2.0            52.93



to Fu et al. (35) and Alber et al.(36), nucleo-cytoplasmic
shuttling or a higher transcriptional activity, followed by
transcriptional and post-trascriptional modifications
(acetylation, SUMOylation or phosphorylation) of LCOR
may explain the cytoplasmic increase in our endometrioid
endometrial cancer specimens. Nucleo-cytoplasmic shuttling
seems to play a significant role in protein function, transport
carriers, regulation of signal transduction, and thereby, in
tumor growth (35, 37). No association was observed between
subcellular NRIP1 expression and tumor grade.

We also observed that NRIP1 was expressed in some
stromal cells in many of our cases (Figure 1). We
hypothesize that NRIP1 expression may have a potential role
in carcinogenesis through the interaction of stromal and
epithelial cells, but further studies are undoubtedly needed.
Furthermore, Kaplan-Meier analysis demonstrated that high
cytoplasmic LCOR expression was associated with longer
OS of patients with endometrioid endometrial cancer
compared with patients whose tumors expressed low levels
(Figure 3). Strikingly, by using multivariate Cox regression
analysis, cytoplasmic LCOR expression was found to be an
independent positive prognostic biomarker in endometrioid
endometrial cancer.

NRIP1 and LCOR are involved in various pathways that
are relevant to the development of breast and cervical cancer,
such as ER signaling (3, 11, 25, 38). Indeed, increased
estrogen levels (through obesity, long-term usage of oral
contraceptives or repeated parity) can lead to an increased
risk of breast, cervical and endometrial cancer development
(18, 20, 25). NRIP1 directly interacts with HDACs and it has
been suggested that this interaction may carry HDACs away

from their binding regions, explaining the up-regulation of
gene expression from NRIP1 when transcription is regulated
by SP1 (9, 39). LCOR may act dependently on or
independently from HDAC modes of function and suppress
agonist-activated hormonal (ER and PR) receptor signaling
(23, 40, 41). HDAC6 has been found to promote endometrial
cancer through the phosphatase and tensin homolog/AKT
serine/threonine kinase 1/mechanistic target of rapamycin
kinase/signaling pathway (42). Hence, the interaction of
HDACs with NRIP1 and LCOR may reveal a potential
mechanism of tumor development. 

Moreover, NRIP1 has a confirmed influence on the ER
pathway, as it inhibits the encoding of EF2 transcription co-
regulators (43). EF2 co-regulators is assumed to regulate
several genes that are involved in cervical and breast cancer
(13). Docquier et al. described new subtypes of breast cancer
through the different levels of expression of NRIP1 and
E2F1 (13). Ηigher expression of NRIP1 represses the
transactivation of EF2-targeted genes, leading to reduction
of cell proliferation (reduction of cells in S-phase of the cell
cycle) (13, 42, 43). In endometrial cancer, it has been
demonstrated that E2F proteins were significantly
overexpressed compared to normal endometrium, except for
E2F4 (42). Consequently, this overexpression of E2F
proteins was associated with tumorigenesis, drug resistance
and clinical outcome (40, 42). Further analysis should be
conducted to examine the interaction of E2F family proteins
with NRIP1 and LCOR in this malignancy and to identify
potentially therapeutic targets.

It has been reported that patients with breast cancer whose
tumors expressed high levels of nuclear NRIP1 had a better
survival rate (22, 24, 38). Significant correlations of nuclear
NRIP1 expression with N-cadherin and CD133 expression
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Figure 2. Boxplot of the immunoreactive score (IRS) for cytoplasmic
expression of ligand-dependent co-repressor (LCOR) according to
tumor grade in patients with endometrioid endometrial cancer (please
also see Table IV).

Table V. Overall survival for patients with endometrioid endometrial
cancer according to the immunoreactive score (IRS) for expression of
ligand-dependent nuclear receptor corepressor (LCOR) and nuclear
receptor interacting protein 1 (NRIP1).

Mean, months

Protein                      Estimate SE 95% Confidence p-Value
                                 interval
                                         
Cytoplasmic      Overall 49.3 1.8 45.8-52.7 0.029
LCOR                IRS≤2 47.6 2.2 43.2-52.0
                            IRS>2 52.8 2.9 47.1-58.4
Nuclear              Overall 49.3 1.8 45.8-52.7 0.502
NRIP1               IRS≤2 49.0 2.1 44.9-53.1
                            IRS>2 50.2 3.4 43.6-56.8
Cytoplasmic      Overall 49.3 1.8 45.8-52.7 0.452
NRIP1               IRS≤2 49.0 2.2 44.7-53.2
                            IRS>2 50.1 3.3 43.8-56.5

SE: Standard error.



has also been observed in breast cancer (24). Interestingly, in
unifocal breast cancer, LCOR, NRIP1 and ERβ expression
were inversely correlated with OS (22). In cervical cancer,
both NRIP1 and LCOR expression were associated with
worse survival outcome (25). However, low nuclear
expression of LCOR and high nuclear expression of NRIP1
were also associated with higher grade cervical intraepithelial
neoplasia, underlying their role in cancer development (25,
26). The expression of both genes has been found to be
down-regulated in colorectal cancer, while in gastric cancer,
higher levels of these co-regulators were associated with poor
prognosis (14, 44). Triki et al. observed strong correlations
of NRIP1 and LCOR with E-cadherin and cyclo-oxygenase
2 expression in colorectal cancer (14). Interestingly, in
colorectal cancer, a rather antagonistic activity of LCOR and
NRIP1 has been reported and low expression of NRIP1 had
favorable prognosis, whereas LCOR conferred a dismal
prognosis (14). Moreover, it has been demonstrated that
NRIP1 overexpression in hepatocellular carcinoma inhibited
cell proliferation and migration, whereas down-regulation of
NRIP1 promoted tumor growth (45).

These contradictory findings of the differential impact of
NRIP1 and LCOR expression in different types of cancer and
on patient survival along with our results indicate that these

transcription factors may have much more complex roles and
functions in cell growth, proliferation and tumorigenesis.
Depending on the physiological or pathophysiological
conditions, these co-regulators definitely have a heterogenic
activity, and are able to function either as co-repressors or as
co-activators (46). More thorough research is essential to
decipher their participation in regulation by activating or
suppressing crucial oncogenic pathways such as steroid
receptors pathways, WNT/APC regulator of WNT signaling
pathway/β-catenin, T-cell factor signaling, p53, nuclear factor
kappa B, Hippo and many others which are also involved in
endometrial cancer tumorigenesis (13, 14, 22, 24, 26).
Additionally, mutations or translocations of the
abovementioned genes may have a strong impact on gene
expression and remodel the structure of NRIP1 or LCOR
proteins, resulting in tumor growth, biological aggressiveness
and microsatellite instability (15, 19, 47).

Our study has several limitations derived from its
retrospective nature and the fact that data were collected
from a single center. During the study period, treatments may
have been modified. However, we used a well-characterized
patient cohort and with 5-year follow-up of our patients, we
managed to collect valuable prognostic information through
the present study. 

In conclusion, it is noteworthy to highlight that our study
reports, for first time according to our knowledge, the
nuclear/cytoplasmic expression of NRIP1 and LCOR in
endometrioid endometrial cancer. Correlations of NRIP1
and LCOR protein expression with other clinicopathological
characteristics indicate activation of hormonal signaling
pathways. Most significantly, we suggest that cytoplasmic
LCOR expression may be a potential new independent
prognostic marker and the NRIP1/LCOR axis may become
a new target for novel therapies in endometrial cancer.
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Figure 3. Overall survival for patients with low (≤2) and high (>2)
immunoreactive scores for expression of cytoplasmic ligand-dependent
co-repressor (LCOR). According to a 60-month follow-up, the OS was
longer in patients with high cytoplasmic expression of LCOR. On the
contrary, OS in patients with tumors expressing low cytoplasmic LCOR
had a poor prognosis.

Table VI. Cox regression analysis of significant histopathological
variables.

Variable B SE Wald df Exp(B) p-Value
    
Cyt. LCOR           
    IRS               −0.428         0.142        9.053 1        0.652 0.003
ER                        
    IRS                 0.156         0.063        6.098 1        1.169 0.014
Stage                                                   18.013 3          0.004
    II vs. I             0.515         0.414        1.548 1        1.673 0.213
    III vs. I           0.975         0.482        4.090 1        2.651 0.043
    IV vs. I           3.057         0.736      17.248 1      21.254 <0.0001
Grade                                                  15.195 2          0.001
    2 vs. 1          −0.514         0.424        1.465 1        0.598 0.226
    3 vs. 1             1.465         0.538        7.402 1        4.326 0.007

ER: Estrogen receptor; Cyt. LCOR: cytoplasmic ligand-dependent
corepressor; IRS: immunoreactive score; NRIP1: nuclear receptor
interacting protein.
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