
Citation: Chang, H.K.; Park, Y.H.;

Choi, J.-A.; Kim, J.W.; Kim, J.; Kim,

H.S.; Lee, H.N.; Cho, H.; Chung, J.-Y.;

Kim, J.-H. Nectin-4 as a Predictive

Marker for Poor Prognosis of

Endometrial Cancer with Mismatch

Repair Impairment. Cancers 2023, 15,

2865. https://doi.org/10.3390/

cancers15102865

Academic Editors: Edward J. Pavlik

and Neville F. Hacker

Received: 19 April 2023

Revised: 11 May 2023

Accepted: 19 May 2023

Published: 22 May 2023

Copyright: © 2023 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

cancers

Article

Nectin-4 as a Predictive Marker for Poor Prognosis of
Endometrial Cancer with Mismatch Repair Impairment
Ha Kyun Chang 1,†, Young Hoon Park 2,†, Jung-A Choi 2,3,4,* , Jeong Won Kim 5 , Jisup Kim 6 , Hyo Sun Kim 2,
Hae Nam Lee 7, Hanbyoul Cho 2,3,4 , Joon-Yong Chung 8 and Jae-Hoon Kim 2,3,4,*

1 Department of Obstetrics and Gynecology, Korea University Ansan Hospital, Korea University
School of Medicine, Ansan 15355, Republic of Korea; coolblue23@naver.com

2 Obstetrics and Gynecology, Yonsei University College of Medicine, Seoul 03722, Republic of Korea;
skyblue3691@yuhs.ac (Y.H.P.); khs88@yuhs.ac (H.S.K.); hanbyoul@yuhs.ac (H.C.)

3 Department of Obstetrics and Gynecology, Gangnam Severance Hospital, Yonsei University
College of Medicine, Seoul 06229, Republic of Korea

4 Institute of Women’s Life Medical Science, Yonsei University College of Medicine,
Seoul 03722, Republic of Korea

5 Department of Pathology, Kangnam Sacred Heart Hospital, Hallym University College of Medicine,
Seoul 07441, Republic of Korea; jwkim@hallym.or.kr

6 Department of Pathology, Gil Medical Center, Gachon University College of Medicine,
Incheon 21565, Republic of Korea; jspath@gilhospital.com

7 Department of Obstetrics and Gynecology, Catholic University of Korea Bucheon St. Mary’s Hospital,
Bucheon 14647, Republic of Korea; leehn@catholic.ac.kr

8 Molecular Imaging Branch, National Cancer Institute, Center for Cancer Research,
National Institutes of Health, Bethesda, MD 20892, USA; chungjo@mail.nih.gov

* Correspondence: jachoi@yuhs.ac (J.-A.C.); jaehoonkim@yuhs.ac (J.-H.K.)
† These authors contributed equally to this work and are the first coauthors of this work.

Simple Summary: Endometrial cancer has become increasingly common owing to the recent west-
ernization of diet and lifestyle, with 1.7% of cancer patients dying annually. Furthermore, the 5-year
endometrial cancer survival rate is barely 15%. Nectin-4 has emerged as a possible biomarker and
therapeutic target. Nectin-4 is highly expressed in various cancers. However, no studies have been
conducted to determine the clinical importance of Nectin-4 expression in endometrial cancer. Here,
we examined 320 tissue samples from patients with endometrial cancer to determine the relevance of
Nectin-4 expression in the diagnosis and prognosis of endometrial cancer. Our findings emphasize
the importance of Nectin-4 as a novel diagnostic tool and screening marker for assessing endometrial
cancer and improving the accuracy of approaches used to predict high-risk endometrial cancer.

Abstract: The adhesion molecule Nectin-4 is a new potential therapeutic target for different types
of cancer; however, little is known about its diagnosis significance in endometrial cancer (EC). We
found that Nectin-4 expression was significantly higher in EC tissues than in nonadjacent normal
tissue. The area under the receiver operating characteristic curve value of 0.922 indicated good
diagnostic accuracy for Nectin-4 expression in EC. Furthermore, Nectin-4 expression was associated
with DNA mismatch repair (MMR) protein deficiency. Notably, the high Nectin-4 expression group
of patients with MSH2/6-deficient EC had shorter progression-free survival than that of the low
Nectin-4 expression group. The number of lymphovascular space invasion-positive patients in groups
with MMR deficiency and high Nectin-4 expression was also increased compared with that in the low
Nectin-4 expression group. Bioinformatics analysis revealed that alteration in Nectin-4 and MMR
genes is associated with Nectin-4 expression in EC. To the best of our knowledge, this is the first
study to show that Nectin-4 expression may be a potential biomarker for EC diagnosis and that high
Nectin-4 expression in MMR-deficient patients with EC can predict short progression-free survival,
thus providing clues to identify patients for adjuvant therapy.
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1. Introduction

Endometrial cancer (EC) is the seventh most common cancer in women. EC is becom-
ing increasingly prevalent because of the recent westernization of diet and lifestyle, with
1.7% of women with cancer dying of EC annually [1]. Although most women show signs
following the onset of postmenopausal bleeding and have a good prognosis, 20% of women
have advanced disease, and the 5-year survival rate is only 15% [2]. Therefore, new strate-
gies are required to identify biomarkers for early EC detection and high-risk monitoring.

The mismatch repair (MMR) system plays a critical role in DNA replication by rec-
ognizing and fixing incorrectly paired nucleotides [3]. Thus, disruption of DNA MMR,
which safeguards DNA integrity, is associated with an increased risk of developing several
types of cancer including colon and ECs [3,4]. MMR deficiency is a frequent event in EC,
with reported rates ranging from 20 to 40% [5]. MMR deficiency results from somatic or
germline (inherited) mutations and is most commonly observed in MLH1, MSH2, MSH6,
and PMS2 genes [6]. MLH1, PMS2, MSH2, and MSH6 proteins are mainly detected us-
ing immunohistochemical methods [7]. Although MMR deficiency has been extensively
studied as a predictive and prognostic biomarker of EC, the impact of MMR status on
prognosis remains unclear. MMR deficiency predicts the presence of high-risk features
of the disease, including advanced stages and uterine risk factors [8–14]. Aberrant MSH2
expression is associated with aggressive prostate cancer and more rapid progression to
biochemical recurrence [8]. However, a meta-analysis including all histologic subtypes
suggested no impact of MMR status on the prognoses of ECs [15]. No differences in risk
associations by MMR status have been observed for menopausal hormone use, parity, and
age at menarche [16]. The consistent association between MMR and poor outcomes remains
unknown. Therefore, the association between aberrant MSH2 expression and aggressive
EC is worth noting.

Nectin-4 (PVRL4—poliovirus receptor-related protein 4) is a Ca2+-independent
immunoglobulin-like cell adhesion molecule that has been recently identified as an ep-
ithelial cell receptor for the measles virus [17,18]. Nectin-4 belongs to the Nectin family,
which comprises four members (Nectin-1, -2, -3, and -4) and mediates various cell functions,
such as proliferation, differentiation, migration, and invasion [19]. Recently, Nectin-4 has
emerged as a potential biomarker and a promising target for therapy. Nectin-4 is partic-
ularly overexpressed in various cancers, including bladder [20], lung [21], ovarian [22],
pancreatic [23], and gastric cancers [24]. Nectin-4 has a critical role in cancer cell prolif-
eration and metastasis [23,25–27] via the proliferation of cancer cells by activating the
phosphatidylinositol-3 kinase (PI3K)/Akt pathway [27,28] and epithelial–mesenchymal
transition (EMT)-related signaling, which contributes to the metastasis of tumor cells [29].
Importantly, enfortumab vedotin, an antibody–drug conjugate (ADC) that targets Nectin-
4, has been evaluated as a monotherapy in combination with a checkpoint inhibitor or
chemotherapy in locally advanced and metastatic urothelial carcinoma [30]. However, the
clinical significance of Nectin-4 as a biomarker or targeted therapy according to Nectin-4
expression in EC has not been reported.

Here, we assessed the diagnostic value of Nectin-4 expression for the diagnosis and
prognosis of EC. In addition, we highlighted the clinical significance of the Nectin-4
expression pattern in MSH-deficient ECs.

2. Materials and Methods
2.1. Tissue Specimens

In total, 320 EC, 54 endometrial intraepithelial neoplasia (EIN), and 87 nonadjacent
normal tissue samples were obtained from patients at Gangnam Severance Hospital, Seoul,
South Korea. The tissue microarray paraffin blocks were provided by the Korea Gynecologic
Cancer Bank. Tissue samples were collected from patients after they provided written
informed consent. Table S1 shows the inclusion and exclusion criteria for the retrospective
study. EC stages were assigned according to the International Federation of Gynecology
and Obstetrics (FIGO) classification, and tumors were graded according to the World
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Health Organization grading system. Clinical and pathological records were reviewed to
collect data, including age, surgical procedure, survival time, survival status, tumor grade,
and cell type.

2.2. Tissue Microarray Construction and Immunohistochemistry

Tissue microarrays were produced from archival formalin-fixed, paraffin-embedded
tissue blocks, and representative areas were meticulously selected from hematoxylin and
eosin-stained slides. Tissue cylinders (1.0 mm diameter) were extracted from selected
areas of donor blocks and transplanted into recipient blocks using a tissue arrayer (Beecher
Instruments, Inc., Silver Spring, MD, USA). For immunohistochemical staining, the tis-
sue microarray blocks were cut into serial 5 mm thick sections, deparaffinized in xylene,
and rehydrated through a graded alcohol series to distilled water. Heat-induced antigen
retrieval was performed for 20 min in an antigen retrieval buffer at pH 6 (Dako, Carpin-
teria, CA, USA). The endogenous peroxidase activity was blocked by incubation with 3%
H2O2 for 10 min. Next, the sections were incubated with an anti-Nectin-4 mouse mon-
oclonal antibody (clone no. G-2; Santa Cruz Biotechnology, Dallas, TX, USA) at a 1:200
dilution for 1 h. The antigen–antibody reaction was detected using the EnVision+ Dual
Link System-HRP (Dako) and visualized with 3,3′-diaminobenzidine (Dako). Sections were
lightly counterstained with hematoxylin. Appropriate negative and positive controls were
analyzed concurrently.

Immunohistochemically stained slides were scanned using a NanoZoomer 2.0 HT
(Hamamatsu Photonics K.K., Hamamatsu City, Japan) with a 20× objective magnification
(0.5 µm resolution). The captured digital images were analyzed using Visiopharm software
(version 4.5.1.324; Visiopharm, Hørsholm, Denmark). The intensity of brown staining
(negative, intensity < weak; positive, intensity > weak) was obtained using a predefined
algorithm and optimized settings. The overall immunohistochemical score was calculated
by multiplying the staining intensity by the percentage of positively stained cells.

2.3. Public Databases

mRNA levels of Nectin-1, -3, and -4 genes in normal and EC tissues from the cteru2
dataset (Oncomine; Compendia Bioscience, https://www.oncomine.org, accessed on 27
November 2021) were obtained. No further normalization of the derived beta values was
performed. Alteration frequency of Nectin-4, MLH1, MSH2, MSH6, and PMS2 genes and
the correlations between these genes were determined by analyzing The Cancer Genome
Atlas (TCGA) PanCancer Altas studies and gene status, especially whether they were
amplified, using the cBioPortal for cancer genomics (http://www.cbioportal.org, accessed
on 28 January 2022).

2.4. Statistical Analysis

The Mann–Whitney U test was used to compare protein expression levels between
groups. For survival analysis, expression values were dichotomized (high vs. low), with
cutoff values showing the most discriminative power (3.258 for Nectin-4). Survival dis-
tributions were estimated using the Kaplan–Meier method with a log-rank test. A Cox
multivariate proportional hazards model was used to identify independent predictors
of survival. Statistical analysis was performed using SPSS version 23.0 (SPSS, Chicago,
IL, USA) and GraphPad Prism 7 (GraphPad Software, Inc., La Jolla, CA, USA). Results
are expressed as the mean ± SD based on the control. Receiver operating characteristic
(ROC) curve analysis was performed using MedCalc statistical software version 20.019
(MedCalc Software Ltd., Ostend, Belgium). In all cases, p-values < 0.05 were considered
statistically significant.

https://www.oncomine.org
http://www.cbioportal.org
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3. Results
3.1. Nectin-4 Is Overexpressed in EC Tissues Compared with Normal Endometrial and EIN Tissues

To elucidate the association between the nectin family (Nectin-1,-3, and -4) and EC,
we first analyzed the expression of nectin isoforms in EC in a public database (TCGA
Uterus2 dataset). Among them, only the copy number of Nectin-4 was markedly elevated
in EC compared with that in the endometrium (Figure 1A). Next, we assessed the clinical
relevance of Nectin-4 in archival tumor tissues from patients with EC (n = 320) and EIN
(n = 54) and nonadjacent normal tissue (n = 87) using immunohistochemical staining.
Detailed clinicopathological characteristics are shown in Table 1. Strong Nectin-4 expression
was found in the cytoplasm and membrane of EC tissues compared with that in normal and
EIN tissues (Figure 1B). Immunohistochemistry scoring was performed using automated
digital image analysis. Box plot analysis revealed that Nectin-4 expression increased
with tumor progression from normal epithelium to EC tissues (Figure 1C), with almost
no detection in nonadjacent normal tissue (Figure 1B,C). Our histological-type analysis
showed strong Nectin-4 expression in serous and endometrioid EC tissues (Figure 1D)
compared with that in EIN tissues. No significant expression was observed in clear-cell EC.

We assessed the implication of Nectin-4 expression via clinicopathological parameters
in patients with EC. Box plot analysis revealed that Nectin-4 expression levels were asso-
ciated with patients with Grade II EC compared with those with Grade I EC (Figure 1E;
p < 0.05). There were no differences in the association between Nectin-4 expression and
EC stage (Figure 1F). These results suggest that Nectin-4 is overexpressed in EC and is
correlated with high tumor grade.

We examined the relationship between Nectin-4 expression and PFS outcomes. Pa-
tients with EC were categorized into high- (Nectin-4High) and low-expression (Nectin-4Low)
groups according to their 25th percentile cutoffs (cutoff value, 3.258%) of the percentage
of Nectin-4-positive cells. The Kaplan–Meier plots revealed that the Nectin-4High group
showed a shorter PFS than that of the Nectin-4Low group in the entire EC, but there was no
statistical significance (Figure 1G; HR = 1.938, p = 0.1154). The Nectin-4High group in Grade
I EC showed no difference in PFS period compared with the Nectin-4Low group (Figure 1H).
In Grade II and III patients with EC, the Nectin-4High group exhibited a shorter PFS than
that of the Nectin-4Low group (Figure 1I,J; HR = 3.840, HR = 1.521; p = 0.0676, p = 0.5215,
respectively), but there was no statistical significance. These results suggest that high
Nectin-4 expression may be associated with short PFS in Grade II and III EC. Altogether,
our results suggest that Nectin-4 is overexpressed in EC, correlates with high-grade tumors,
and is associated with the aggressive behavior of EC.

3.2. Nectin-4 Is a Powerful Diagnostic Marker of EC

To investigate the diagnostic value of Nectin-4 in EC, its relevance was assessed using
ROC curve analysis. The ROC curve showed that patients with EC could be distinguished
from those with normal epithelium according to the optimal cutoff value of 0.7822 of Nectin-
4-positive cells, with an area under the curve (AUC) value of 0.922 (95% CI, 0.895–0.946)
(Figure 2, Table 2). Nectin-4 had higher specificity (95.40%) and sensitivity (82.81%) with
high positive predictive value (PPV; 98.5%) and negative predictive value (NPV; 60.1%)
(Table 2), indicating that Nectin-4 is a superior diagnostic EC marker. Next, we calculated
the odds ratio (OR), which defines the relationship between potential biomarkers and EC
diagnosis. The OR was 79.01 (95% CI = 30.60–203.99, p < 0.0001) for EC tissues (Table 3).
These data demonstrate that Nectin-4 is a potential diagnostic and screening EC marker.
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Figure 1. Nectin-4 is overexpressed in endometrial cancer tissues. (A) Comparison of the expression 
of nectin family genes between EC and endometrium tissue. Data on the mRNA expression of Nec-
tin-1, -3, and -4 were obtained from the Oncomine database (http://www.oncomine.com). The 
Mann–Whitney U test was used to evaluate statistical significance. (B,C) Representative images of 
immunohistochemical staining of Nectin-4 expression in tissues from patients with EC and EIN and 
nonadjacent normal tissue ((B); Scale bar: 250 µm). A box plot depicting immunohistochemical 
staining (C). The intensity of brown staining (negative, intensity < weak; positive, intensity > weak) 
was obtained using a predefined algorithm and optimized settings. The overall immunohistochem-
ical score was calculated by multiplying the staining intensity by the percentage of positively stained 
cells. The Mann–Whitney U test was used to compare protein expression levels between groups. (D) 
Box and whisker plots showing Nectin-4 expression in tissues from patients with different histolog-
ical subtypes of EC. A one-way ANOVA test was used to evaluate statistical significance. (E,F) Box 
and whisker plots showing Nectin-4 expression according to grade (E) and FIGO stage (F) in the 
tissues of patients with ECs. A one-way ANOVA test was used to evaluate statistical significance. 
(G–I) Kaplan–Meier curves were used to evaluate the progression-free survival (PFS) in patients 
with entire (G), Grade I (H), and Grade II/III (I) ECs. Patients were classified based on high (Nectin-
4High; >25th percentile) and low (Nectin-4Low; <25th percentile) Nectin-4 expression. HR, hazard ratio; 
95% CI, 95% confidence interval; n, number of patients. 

  

Figure 1. Nectin-4 is overexpressed in endometrial cancer tissues. (A) Comparison of the expression
of nectin family genes between EC and endometrium tissue. Data on the mRNA expression of
Nectin-1, -3, and -4 were obtained from the Oncomine database (http://www.oncomine.com). The
Mann–Whitney U test was used to evaluate statistical significance. (B,C) Representative images
of immunohistochemical staining of Nectin-4 expression in tissues from patients with EC and EIN
and nonadjacent normal tissue ((B); Scale bar: 250 µm). A box plot depicting immunohistochemical
staining (C). The intensity of brown staining (negative, intensity < weak; positive, intensity > weak)
was obtained using a predefined algorithm and optimized settings. The overall immunohistochemical
score was calculated by multiplying the staining intensity by the percentage of positively stained cells.
The Mann–Whitney U test was used to compare protein expression levels between groups. (D) Box
and whisker plots showing Nectin-4 expression in tissues from patients with different histological
subtypes of EC. A one-way ANOVA test was used to evaluate statistical significance. (E,F) Box
and whisker plots showing Nectin-4 expression according to grade (E) and FIGO stage (F) in the
tissues of patients with ECs. A one-way ANOVA test was used to evaluate statistical significance.
(G–I) Kaplan–Meier curves were used to evaluate the progression-free survival (PFS) in patients with
entire (G), Grade I (H), and Grade II/III (I,J) ECs. Patients were classified based on high (Nectin-4High;
>25th percentile) and low (Nectin-4Low; <25th percentile) Nectin-4 expression. HR, hazard ratio; 95%
CI, 95% confidence interval; n, number of patients.

http://www.oncomine.com
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Table 1. Correlation between Nectin-4 expression and clinicopathological characteristics of patients
with endometrial cancer.

Characteristic

Nectin-4 Expression

Nectin-4High Nectin-4Low
p-Value

n (%) n (%)

Diagnosis 0.000 *
Nonadjacent normal tissue 2 (2.3%) 85 (97.7%)

EIN 28 (51.9%) 26 (48.1%)
Cancer 240 (75.0%) 80 (25.0%)

Age 0.098
≥50 179 (74.6%) 52 (65.0%)
50< 61 (25.4%) 28 (35.0%)

FIGO stage 0.900
I 173 (72.1%) 55 (68.8%)
II 14 (5.8%) 6 (7.5%)
III 40 (16.7%) 15 (18.8%)
IV 6 (2.5%) 3 (3.8%)

Recurrence 6 (2.5%) 1 (1.3%)
Unclassified 1 (0.4%) 0 (0%)

Differentiation 0.059
Grade I 97 (40.4%) 37 (46.3%)
Grade II 83 (34.6%) 21 (26.3%)
Grade III 56 (23.3%) 17 (21.3%)

Mix 0 (0%) 2 (2.5%)
Unclassified 4 (1.7%) 3 (3.8%)

Histology 0.076
Endometrioid 206 (85.8%) 68 (85.0%)

Serous 10 (4.2%) 1 (1.3%)
Clear 2 (0.8%) 5 (6.3%)
Mix 14 (5.8%) 4 (5.0%)
ETS 7 (2.9%) 2 (2.5%)

Unclassified 1 (0.4%) 0 (0.0%)

CA125 (U/mL) 0.559
≥35 167 (69.6%) 58 (72.5%)
35< 60 (25.0%) 20 (25.0%)

Unclassified 13 (5.4%) 2 (2.5%)

MSH2 status 0.001 *
Deficient 16 (6.7%) 16 (20.0%)
Proficient 63 (26.3%) 12 (15.0%)

Unclassified 161 (67.1%) 52 (65.0%)

MSH6 status 0.003 *
Deficient 19 (7.90%) 16 (20.0%)
Proficient 54 (22.5%) 9 (11.3%)

Unclassified 167 (69.6%) 55 (68.8%)
n, number of patients; N/A, not applicable; FIGO, Federation of Gynecology and Obstetrics. * p < 0.05.

Table 2. ROC curve analysis for Nectin-4 in patients with endometrial cancer.

Group Youden
Index J

ROC–AUC
(95%CI)

Sensitivity
(95%CI)

Specificity
(95%CI)

PPV
(95%CI)

NPV
(95%CI)

Nectin-4 0.7821 0.922
(0.892–0.946)

82.81
(78.2–86.8)

95.40
(88.6–98.7)

98.5
(96.2–99.4)

60.1
(54.2–65.8)

ROC–AUC, receiver operating characteristics–area under the curve; PPV, positive predictive value; NPV, negative
predictive value.
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Figure 2. Receiver operating characteristic (ROC) curves of the promising endometrial cancer (EC)
diagnostic biomarker. ROC curves were used to confirm the diagnostic value of Nectin-4 expression
for identifying EC.

Table 3. Odds ratios for endometrial cancer risk of Nectin-4.

Group Odds Ratio (95% CI) p-Value

Nectin-4 > 0.7821% 79.01 (30.60–203.99) <0.0001

3.3. Nectin-4 Is Associated with MMR Deficiency

To elucidate the relationship between Nectin-4 and EC risk factors, including genetic
factors, we analyzed MMR deficiency-related genes (MLH1, MSH2, MSH6, and PMS2),
p53, p16, hormone receptor status, and lymphovascular space invasion (LVSI). Box plot
analysis revealed that compared with MSH2- or MSH6-proficient patients, MSH2- or MSH6-
deficient patients with EC showed impaired Nectin-4 expression, whereas MLH1 and PMS2
status did not affect Nectin-4 expression (Figure 3A). There were no differences between
Nectin-4 expression and other factors, including p53, p16, ER/PR status, microsatellite
instability (MSI), and LSVI (Figure 3B–E). When both MSH2 and MSH6 were deficient,
Nectin-4-positive cells were fewer than when both MSH2 and MSH6 were proficient
(Figure 3F). These results suggest that Nectin-4 expression is correlated with MSH2/MSH6
deficiency in EC.

3.4. Alteration Frequency of MMR Is Associated with Nectin-4 Expression in EC

To elucidate the alterations in MMR in EC, we assessed the alteration frequency
of MMR in patients with EC from TCGA. Our bioinformatics analysis using a public
database revealed that alterations in genes, such as MLH1, MSH2, MSH6, and PMS2,
are the strongest in EC among various cancer types (Figure 4A). We found that Nectin-4
expression negatively correlated with the expression of MLH1, MSH2, MSH6, and PMS2
in EC (Figure 4B). Notably, the alteration frequency of Nectin-4 was 8% in EC (Figure 4C;
mutation, 4%; structure variant, 1%; amplification, 4%). Next, to confirm the relationship
between mutant Nectin-4 and the alteration of MMR genes, we analyzed the alteration
frequency of the Nectin-4 group via the MMR status in EC (TCGA, PanCancer Atlas). The
mutation frequency of Nectin-4 was higher than that of the unaltered MMR gene group
(Figure 4D). Furthermore, we observed significantly lower Nectin-4 mRNA expression in
the group with Nectin-4 mutation than that in the group without Nectin-4 mutation, which
was statistically significant (Figure 4E; p < 0.0005).
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Figure 3. MSH2- and MSH6-deficient EC tissues display impaired Nectin-4 expression. (A–E). Box
plot analysis showing Nectin-4 expression via expression status of MMR protein (A), p53 (B), hormone
receptor (C), MSI (D), and LVSI (E) using immunohistochemistry. The Mann–Whitney U test was
used to evaluate statistical significance. (F) Box plot analysis showing Nectin-4 expression via the
status of MSH2 and/or MSH6 in tissues from patients with EC.

Finally, EC data from TCGA were analyzed to obtain tumor mutational burden (TMB)
and MSI profiles. We assessed the correlation between the TMB and MSI sensor score
and the alteration frequency of Nectin-4, MSH2, and MSH6. EC tumors with alterations
in MSH2 and MSH6 had higher MSI (median; 2.1 vs. 0.09, 2.6 vs. 0.0, respectively) and
TMB (median; 166.9 vs. 1.5, 192.3 vs. 1.5, respectively) rates compared with those of the
unaltered group. The Nectin-4 alteration groups showed higher MSI (median; 0.97 vs. 0.09)
and TMB (median; 15.4 vs. 1.5) proportions than those of the unaltered groups (Table 4).
Thus, these data suggest that Nectin-4 alteration is associated with TMB and MSI scores.
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Figure 4. Alteration frequency of MMR is associated with Nectin-4 expression in EC. (A) Gene
alteration frequency of MMR proteins in TCGA PanCancer Atlas Studies was analyzed using the
cBioPortal tool. Uterine corpus endometrial cancers is marked with * (B) Correlation between mRNA
expression of Nectin-4 and MMR genes in endometrial cancer (EC) tumors from TCGA PanCancer
Atlas Studies using the cBioPortal tool. The expression value is presented as the Z-score fold-change
in RNA-seq expression (v2 RSEM). The Spearman’s co-relation rank for each comparison is shown,
and significance is shown using the p-value. (C) Gene alteration frequency of Nectin-4 proteins in
TCGA PanCancer Atlas Studies was analyzed using the cBioPortal tool. (D) Mutation frequency (%)
of Nectin-4 in the altered and unaltered groups of MMR in patients with EC. Data were analyzed
using the cBioPortal tool. (E) Correlation between mRNA expression and mutation of Nectin-4.



Cancers 2023, 15, 2865 10 of 17

Table 4. Correlation between tumor mutational burden and MSI sensor score via the alteration
frequency of Nectin-4, MSH2, and MSH6.

Gene
Altered Group Unaltered Group

Max. 75% Median 25% Min. Max. 75% Median 25% Min. p-Value

Nectin-4

Tumor mutation
burden

(nonsynonymous)
748.4 300.6 15.4 2.1 0.9 38.7 16.4 2.4 1.5 0 <0.0001

MSIsensor Score 23.17 9.49 0.97 0.37 0 26.4 10.65 0.41 0.09 0 0.0431

MSH2

Tumor mutation
burden

(nonsynonymous)
758.8 325.1 166.9 36.1 1.1 33.0 14.1 2.3 1.5 0 <0.0001

MSIsensor Score 35.7 16.0 2.1 0.35 0.0 24.4 9.83 0.4 0.09 0 <0.0001

MSH6

Tumor mutation
burden

(nonsynonymous)
763.9 325.1 192.3 32.6 1.1 27.1 11.7 2.2 1.5 0 <0.0001

MSIsensor Score 34.8 14.3 2.6 0.7 0 22.8 9.1 0.3 0.0 0 <0.0001

3.5. High Expression of Nectin-4 in MSH2 Deficiency Caused a Short PFS in EC

We examined the relationship between Nectin-4 expression levels and PFS. First, we
monitored the effect of PFS via the statuses of MSH1, MSH2, MSH6, and PMS2. MMR status
did not affect the PFS period in patients with EC (Figure 5A). The patients were categorized
into high- (Nectin-4High) and low-expression (Nectin-4Low) groups according to their 25th

percentile cutoffs (3.58%). Kaplan–Meier plots revealed that patients with MSH2 deficiency
in the Nectin-4High groups exhibited a shorter PFS period (HR = 9.025, p = 0.0286) than those
in the Nectin-4Low group. By contrast, patients with MSH2 proficiency in the Nectin-4High

group exhibited a longer PFS period (HR = 0.0816, p = 0.0088) than those in the Nectin-4Low

group (Figure 5B–E). Similar results were obtained for MSH6 (Figure 5B–E). However,
Nectin-4 expression did not affect PFS in patients with MLH1 and PMS2 deficiency or
proficiency (Figure 5B–E). Detailed clinicopathological characteristics are shown in Table 5.
These results suggest that high expression of Nectin-4 is a predictive marker for poor
prognosis in MSH2/6-deficient patients with EC.

Table 5. Expression of Nectin-4 in relation to the clinicopathological characteristics via MSH2/6
status of endometrial cancer patients.

Clinicopathologic Variables

MSH2 Status MSH6 Status

Deficiency Proficiency p-Value Deficiency Proficiency p-Value
n = 32 n = 75 n = 35 n = 63

Age 0.091 0.604
≥50 20 (62.5%) 58 (77.3%) 25 (71.4%) 48 (76.2%)
<50 12 (37.5%) 17 (22.7%) 10 (28.6%) 15 (23.8%)

FIGO stage 0.077 0.317
I/II 23 (71.9%) 54 (72.0%) 23 (65.7%) 50 (79.4%)
III/IV 9 (28.1%) 14 (18.7%) 10 (28.6%) 9 (14.3%)
Recurrence 0 (0%) 6 (8.0%) 2 (5.7%) 3 (4.8 %)
Unclassified 0 (0%) 1 (1.3 %) 0 (0 %) 1 (1.6%)

Differentiation 0.580 0.335
Grade I 10 (31.3%) 28 (37.3%) 11(31.4%) 27 (42.9%)
Grade II/III 21 (65.6%) 42 (56.0%) 21 (60.0 %) 34 (54.0%)
Unclassified 1 (3.1 %) 5 (6.7%) 3 (8.6 %) 2 (3.2%)

CA125 (U/mL) 0.493 0.739
≥35 11 (34.4%) 27 (36.0%) 13 (37.1 %) 20 (31.7%)
<35 20 (62.5%) 41 (54.7%) 20 (57.1%) 37 (58.7%)
Unclassified 1 (3.1%) 7 (9.3%) 2 (5.7%) 6 (9.5%)
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Table 5. Cont.

Clinicopathologic Variables

MSH2 Status MSH6 Status

Deficiency Proficiency p-Value Deficiency Proficiency p-Value
n = 32 n = 75 n = 35 n = 63

Lymphovascular invasion 0.089 0.129
Absent 19 (59.4%) 41 (54.7%) 20 (57.1%) 37 (58.7%)
Present 13 (40.6 %) 24 (32.0 %) 14 (40.0%) 17 (27.0%)
Unclassified 0 (0%) 10 (13.3%) 1 (2.9%) 9 (14.3%)

Nectin-4 expression 0.000 * 0.001 *
High 16 (50%) 63 (84.0%) 19 (54.3%) 54 (85.7%)
Low 16 (50%) 12 (16.0%) 16 (45.7%) 9 (14.3%)

Chi-square test was used to test the association between clinicopathological parameters and the status of MSH2
and MSH6. * p < 0.05.
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Figure 5. High expression of Nectin-4 in MSH2-deficient patients with EC is correlated with a short
progression-free survival (PFS). (A) Kaplan-Meier curves were used to evaluate PFS in patients with
EC, and the MMR status was determined using immunohistochemistry. (B–E) Kaplan–Meier curves
were used to determine the effects of PFS on the MLH1 (B), MSH2 (C), MSH6 (D), and PMS2 (E)
statuses in patients. Patients were classified into high (>25th percentile) and low (<25th percentile)
Nectin-4 expression groups according to their 25th percentile of Nectin-4 expression. HR, hazard
ratio; 95% CI, 95% confidence interval; n, number of patients.
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3.6. Increase in LVSI-Positive Patients in the MSH2-Deficient/Nectin-4High Group

To elucidate the correlation between LVSI and short PFS in MSH2- and MSH6-
deficient/Nectin4High groups, we evaluated LVSI-positive cells to determine the effect
of high Nectin-4 expression on MSH2- and MSH6-deficient patients with EC. MSH2 or
MSH6 deficiency did not affect the proportion of LVSI-positive cells (Figure 6A,B). Patients
in the Nectin-4High group were more likely to have LVSI than those with MSH2-proficient
tumors (65.4% vs. 53.4%) (Figure 6C, Table 6). In these groups, the advanced-stage popula-
tion is higher than the MSH2-proficient/Nectin4High group (Table 7). Similar results were
obtained for MSH6 (Figure 6D). These results suggest that the number of LVSI-positive
patients increased in the Nectin-4High group, indicating that Nectin-4 overexpression is a
poor prognostic marker in MSH2- and MSH6-deficient patients with EC.
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Figure 6. LVSI-positive patients increase in MSH2-deficient/Nectin-4High groups. (A,B) Percentage of
patients with LVSI-positive MSH2- (A) and MSH6-deficient (B) EC. (C,D) Percentage of LVSI-positive
patients in MSH2- (C) and MSH6-deficient (D) EC. The Mann–Whitney U test was used to evaluate
statistical significance (one-tailed test).

Table 6. Percentage of LVSI-positive patients along Nectin-4 expression pattern in MSH2/6-deficient EC.

Groups LVSI-Positive % LVSI-Negative % Total p-Value

MSH2_deficient Nectin-4High 56.3% (9/16) 43.8% (7/16) 16 0.072
Nectin-4Low 25% (4/16) 75% (12/16) 16

MSH2_proficient Nectin-4High 40.7% (22/54) 59.3% (32/54) 54 0.158
Nectin-4Low 18.2% (2/11) 81.8% (9/11) 11

MSH6_deficient Nectin-4High 52.6% (10/19) 47.4% (9/19) 19 0.203
Nectin-4Low 31.3% (5/16) 68.8% (11/16) 16

MSH6_proficient Nectin-4High 35.6% (16/45) 64.4% (29/45) 45 0.149
Nectin-4Low 11.1% (1/9) 88.9% (8/9) 9
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Table 7. Correlation between advanced stage and Nectin-4 expression in MSH2-deficient EC patients.

Clinicopathologic
Variables

MSH2 Deficient MSH2 Proficient

Nectin-4High Nectin-4Low
p-Value Nectin-4High Nectin-4Low

p-Value
n = 16 n = 16 n = 57 n = 11

FIGO stage 0.694 0.158
I/II 11 (68.8%) 12 (75.0%) 47 (82.5%) 7 (63.6%)
III/IV 5 (31.3%) 4 (25.0%) 10 (17.5%) 4 (36.4%)

Chi-square test was used to test the association between advanced stage and Nectin-4 expression in MSH2-deficient
EC patients.

3.7. Decrease in CD8-Positive Patients in the MSH2-Deficient/Nectin-4High Group

Because MSI/MMR status is the common denominator for immunotherapy treatment
of patients with several solid tumors, we analyzed the ratio of CD8-positive patients with
MSH-deficient EC in Nectin-4High and Nectin-4Low groups (Table S2). The population
of MSH2-deficient patients with CD8-positive cells was 13.6% compared with 86.4% of
their MSH2-proficient counterparts. Similar results were observed in MSH6-deficient
and MSH6-proficient patients with EC. The percentage of CD8-positive patients in the
MSH2-deficient/Nectin-4High group was lower than that in the MSH2-deficient/Nectin-
4Low group (16.7% vs. 83.3%, respectively) and that in the MSH2-proficient/Nectin-4High

group was higher than that in the MSH2-proficient/Nectin-4Low group (78.9% vs. 21.2%,
respectively). Similar results were obtained in the MSH6 group. These results suggest the
possibility that MSH-dependent Nectin-4 expression is associated with different levels of
infiltrating CD8-positive cell migration in ECs.

4. Discussion

DNA MMR impairment occurs in EC; however, its therapeutic implications remain
uncertain. In this study, we demonstrate that Nectin-4 is a good diagnostic and prognostic
marker in EC. Furthermore, we highlighted that high expression of Nectin-4 in MSH2-
or MSH6-deficient patients with EC indicated short PFS as a poor predictive marker in
EC. Compelling evidence has emerged in recent years supporting a new tumor biomarker,
Nectin-4, in several different carcinomas [21–24,26,31–33]. The expression level of Nectin-4
is significantly associated with cancer cell differentiation, lymph node metastasis, advanced
TNM stage, and poor patient prognosis [34]. Abnormal expression of both membranous
and soluble forms of Nectin-4 has been found in human breast cancer tissues and sera, and
the levels of both forms of Nectin-4 can be used as important biomarkers and prognostic
predictors in patients with breast cancer [29,34,35]. However, few studies have shown that
Nectin-4 expression is a good prognostic biomarker [21,30,36], while accumulating studies
have shown that Nectin-4 plays a critical role in tumorigenesis [37–39] and lymphangiogen-
esis [40]. Furthermore, Nectin-4 as a stem cell marker induces WNT/beta-catenin signaling
via the PI3K/Akt axis [27]. Therefore, Nectin-4-targeted therapy is a potent strategy for
treating cancers with high Nectin-4 expression. Recently, enfortumab vedotin, an ADC tar-
geting Nectin-4, has been approved for treating patients with bladder cancer with Nectin-4
overexpression [31]. However, despite the recent evidence of Nectin-4 overexpression
in cancer and its therapeutic efficacy, the biological significance of Nectin-4 in EC and
its clinical potential value as a therapeutic target remain unknown. Here, we found a
high expression of Nectin-4 in EC, whereas it was not expressed in the adjacent normal
endometrium. ROC analysis showed that a cutoff value of 0.782 for Nectin-4-positive cells
displayed a high AUC (>0.922) with high specificity and sensitivity, suggesting that high
Nectin-4 expression can help distinguish EC tissues and nonadjacent normal tissue. Thus,
Nectin-4 is a novel diagnostic tool and screening marker for assessing EC and can enhance
the accuracy of the methods used to predict high-risk EC.

EC is currently being studied using a new molecular biological approach in addition
to the traditional cytopathological classification [41,42]. TCGA (2013) proposed the EC
subtypes as ProMisE (Proactive Molecular Risk Classifier for Endometrial Cancer), which
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includes POLE, MMRd, p53 wild-type/copy-number-low, and p53-mutated/copy-number-
high [43]. This molecular categorization leads to better prediction of clinical outcomes than
morphology and traditional risk parameters, such as stage and the presence of LVSI [15].
However, there are several conflicting reports on the association between MMR status
and clinical outcomes [15,44]. In the present study, although we observed the highest
frequency of alteration in MMR genes (MLH1, MSH2, and MSH6), we failed to observe
different PFS periods according to MMR status. Therefore, the clinical value of MMR status
in predicting poor prognosis in patients with EC is urgently required. In the current study,
patients with Nectin-4 overexpression in ECs and MSH2/6 deficiency showed short PFS,
whereas patients with Nectin-4 overexpression in MSH2/6 proficient EC showed long PFS;
these results suggest the differential prognostic diagnostic value for patients with Nectin-4
overexpression according to MSH2/6 status. However, in the case of other MMR proteins,
such as MLH1 and PMS2, overexpression of Nectin-4 did not affect PFS. Therefore, our
results suggest that high expression of Nectin-4 in patients with EC and MSH2 and MSH6
deficiency may help improve the accuracy of EC diagnosis and prognosis.

MSI, a mutation induced by errors in the DNA replication process, may occur due
to the loss of function of the MMR gene. MSI and MMR have important diagnostic and
prognostic implications in colon and gastric cancers and ECs [45]. Approximately 30% of
primary ECs are MSI-high/hypermutated (MSI-H), and 13–30% of recurrent ECs are MSI-H
or MMR protein-deficient (dMMR) [46]. Consistent with these reports, our TMB and MSI
profiles showed a high MSI sensor score and TMB in the alteration frequency of MSH2 and
MSH6. Importantly, Nectin-4 gene alteration groups displayed a high MSI sensor score
and TMB. Thus, we speculated that there is a correlation between MSI, MMR, and Nectin-4
expression. Recently, MSI-H/dMMR solid tumors have been considered immunother-
apy biomarkers [47]. CD8+, Th1, Th2, follicular helper T cells, and T cell markers are
significantly higher in patients with MSI-H/dMMR colorectal cancer than in microsatellite
stable (MSS)/MMR protein-proficient (pMMR) colorectal cancer [48]. Notably, we found
that the number of patients with CD8-positive tumor-infiltrating lymphocytes in Nectin-
4High/MSH-deficient groups is lesser than that in Nectin-4Low/MSH-deficient groups.
These results suggest that Nectin-4 expression in MSH2/6-deficient EC is associated with
different infiltrating CD8+ lymphocytes in ECs. Thus, we speculate that the short PFS ob-
served in the Nectin-4High/MSH2/6-deficient groups may correlate with CD8+ lymphocyte
recruitment in EC.

Our study has several limitations regarding the mechanism underlying the aggressive
role of Nectin-4 in MSH2- and MSH6-deficient EC, despite observing a correlation between
short PFS and the MSH2/6-deficient/Nectin4High groups. Although several studies sug-
gest that the regulation of Nectin-4 expression may be mediated by various transcription
factors, such as ERRα [49] and SP1 [50], the factors modulating Nectin-4 expression in
MSH2/6-deficient ECs remain unclear. Otherwise, a possible mechanism could be crosstalk
between Nectin-4 and the DNA repair system. Nectin-4 cis interacts with many cell surface
membrane receptors, including growth factor receptors [51,52], hormone receptors [53],
and integrins [54]. Nectin-4 activates the PI3K-AKT signaling pathway for DNA synthesis
after cis-interaction with ErbB2, enhancing its homodimerization and activation [55]. Our
public data analysis revealed that Nectin-4 expression positively correlated with ERBB2
and ERBB3 expression in patients with EC (Figure S1; Spearman’s correlation = 0.203, 0.381;
p < 0.0001), suggesting that Nectin-4 plays an important role in DNA repair and synthesis in
MSH2- and MSH6-deficient ECs against aggressive behavior. However, further studies are
required to determine whether this mechanism is responsible for the aggressive behavior
of MSH-deficient ECs.

5. Conclusions

We demonstrated Nectin-4 as an exceptional diagnostic marker for EC. In addition, we
confirmed that in patients with EC and MSH2 or MSH6 deficiency, high levels of Nectin-4
expression predict poor prognosis. Furthermore, the decreased amount of CD8+ tumor-
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infiltrating lymphocytes in patients with EC and MSH deficiency or Nectin-4 overexpression
is thought to provide important clues for screening and monitoring patients responding to
cancer immunotherapy. However, further studies are required to fully understand the role
and clinical significance of Nectin-4 in EC and its potential as a biomarker for diagnosis
and treatment.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/cancers15102865/s1, Figure S1: Alteration frequency of ERBB2
and ERBB3 is associated with Nectin-4 expression in EC; Table S1: Inclusion and exclusion criteria
for retrospective study; Table S2: Ratio of groups of Nectin-4High and Nectin-4Low in CD8-positive
patients with MSH-deficient EC.
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