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Abstract

Objectives: Endometrial cancer is the most frequent tumor of the female genital tract. Ubiquitin
is a small protein (8.5 kDa) found in all eukaryotic cells, binds to substrate proteins via a three-
phase enzymatic pathway referred to as ubiquitination and plays an important role in cellular
stability. Neural precursor cell-expressed developmentally down-regulated 4-like (NEDDA4L)
functions in the last phase of this enzymatic process. In this study, we investigated NEDD4L
protein expression in endometrial cancer.

Methods: The study participants were divided into patients with benign endometrial pathologies
(Group |, n=23), patients with endometrial hyperplasia (Group 2, n=21) and patients with
endometrial cancer (Group 3, n =20). NEDDA4L expression was detected by immunohistochem-
ical staining and H scores were calculated to standardize staining intensity. Statistical analysis was
performed using SPSS 16.0.

Results: NEDD4L expression levels according to H scores were significantly lower in patients
diagnosed with endometrial cancer compared with those with benign endometrial pathologies.
Conclusion: NEDDA4L is involved in maintaining cell stability, and reduced NEDDA4L expression
as a result of gene mutation may disrupt this balance in favor of tumorigenesis.
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Introduction

Endometrial cancer is the most frequently
detected gynecologic tumor and the fourth
most common cancer overall in women, rep-
resenting a significant threat to women’s
health. However, endometrial cancer mani-
fests symptoms at an early stage, and an
early diagnosis may allow a cure to be
achieved before progression to an advanced
stage, thus minimizing the need for surgical
intervention and adjuvant radiotherapy and
chemotherapy.! The role of unopposed
estrogen in the etiology of endometrial
cancer is widely accepted, and age, parity
and genetic factors are also recognized etio-
logical factors.”? However, although specific
etiological factors in the process of tumori-
genesis have been defined, a role for chronic
inflammation and causative mediators has
also been recognized.' Similarly, cellular sta-
bility and the proteins responsible for main-
taining this stability are also considered to be
important factors.

Ubiquitin was first discovered in 1975
and has since been found in almost
all eukaryotic cells.® It has a molecular
weight of 8.5 kDa, and acts to regulate cel-
lular functions and maintain cellular stabil-
ity.> The process of conjugation between a
ubiquitin molecule and a substrate protein
is called ubiquitination, and ubiquitinated
proteins are found in many cell membranes,
and among cell cycle proteins, transcription
factors and tumor suppressors. The process
of ubiquitination is vital for maintaining
cellular stability, and impairments in the
mechanism of ubiquitination have adverse
effects on cellular functions, resulting in

the development of cancer and other
pathologies.*

Ubiquitination takes place through the
collaborative functions of three different
enzymes: ubiquitin-activating enzyme (El),
ubiquitin-conjugating enzyme (E2) and
ubiquitin protein ligase (E3), all of which
are required for successful ubiquitination
and consequent cellular stability.” The
neural precursor cell-expressed, developmen-
tally down-regulated 4-like (NEDD4L) pro-
tein is a member of the E3 ubiquitin enzyme
family. In cancer genetics, NEDD4L protein
is known to interact with transforming
growth factor-fi (TGF-f) and to affect the
TGF-p, epidermal growth factor receptor
and p53 pathways.®

Although numerous previous studies
have demonstrated that expression of
NEDD4L disrupts cellular stability leading
to the development of cancer, the current
study provides the first evidence for its
role in the ctiopathogenesis of endometri-
al cancer.

Materials and methods

Patient selection

Patients who attended our clinic and who
underwent surgery were divided into three
groups based on the histopathologic diagno-
sis of their endometrial tissues: Group 1,
patients diagnosed with endometrial polyps;
Group 2, patients with endometrial hyper-
plasia; and Group 3, patients with endome-
trial adenocarcinoma. Patient files were
analyzed retrospectively to determine their
demographic characteristics. This study was
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approved by the ethics committee of Inonu
University Medical Faculty (authentication
code: 2016/13). Written informed consent
was obtained from all patients for participa-
tion in the study.

Pathologic diagnosis of
endometrial tissues

Tissue blocks and slides from patients diag-
nosed with benign endometrial lesions,
endometrial hyperplasia or endometrial
adenocarcinoma were selected from the
pathology archives and reexamined.
Lesions with a morphology indicating a
low stroma/gland ratio in the endometrial
sample and patchy areas of cyst formation
were diagnosed as simple non-atypical
endometrial hyperplasia, and lesions with
morphologies showing more marked glan-
dular crowding and more complex glandu-
lar architecture were diagnosed as complex
endometrial hyperplasia.

The presence of complex glandular
architecture combined with papillary and/
or villous structures, cribriform architec-
ture, stromal desmoplasia and cytologically
distinct atypia was also taken into consid-
eration in the diagnosis of endometrial car-
cinoma. Archival slides were reclassified
based on the morphologic diagnostic crite-
ria and tissue blocks suitable for immuno-
histochemical staining were selected.

Immunohistochemical analysis

Formalin-fixed and paraffin-embedded sec-
tions (5 pm) were mounted on Superfrost
Plus slides (Thermo Fisher Scientific Inc.,
Rockford, IL, USA). Tissue sections were
deparaffinized and rehydrated in graded con-
centrations  (50%-99.9%) of ethanol.
Sections were rehydrated and antigen retriev-
al was performed using citrate buffer (boiled
at 121°C) and cooled to room temperature.
Endogenous peroxidase was blocked in 3%
H,0, in methanol for 10 minutes, followed

by protein block for 5 min in 0.5% casein in
phosphate-buffered saline. The slides were
then incubated with primary antibody (anti-
NEDD4-2, 1:500 dilution, Abcam plc.,
Cambridge, UK) for 1 hour followed by
streptavidin peroxidase for 10 minutes.
Finally, the preparations were developed in
3-amino-9-ethylcarbazole chromogen, coun-
terstained with hematoxylin and mounted
with aqueous mounting medium.

All sections were examined systematically
under an Eclipse Ni-U light microscope with
a DS-Fi2 Camera and analyzed using NIS-
Elements Documentation Image Analysis
System (Nikon Corporation, Tokyo, Japan).

The degree of anti-NEDD4-2 immunore-
activity of the endometrial tissues was
determined using the H-score method.
This semi-quantitative method calculated
the H score based on the percentages of
positively stained cells multiplied by a
weighted intensity of staining: H score = X
Pi (i+1), where Pi is the percentage of
stained cells in each intensity category
(0%-100%).” The intensity of specific stain-
ing was characterized as not present
(0), weak but detectable above control (1),
distinct (2) and very strong (3).

Statistical analysis

Statistical analysis was carried out using
SPSS 15.0 (SPSS Inc., Chicago, IL, USA).
Values were expressed a mean =+ standard
deviation where appropriate, and categorical
variables were reported as number and per-
cent. Normally distributed variables were
compared by one-way ANOVA, non-
normally distributed variables were compared
between groups by Kruskal-Wallis tests, and
comparisons among multiple groups were
made by Tukey’s and Conover tests.

Results

The study participants were distributed
based on the histopathological architecture
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of their lesion. Patients in Group 1 (n=23;
mean age 42.87 + 8.143 years) all had benign
endometrial pathologies, including endome-
trial polyps (n=20), secretory endometrium
(n=2) and proliferative endometrium
(n=1). Patients in this group underwent dila-
tation and curettage (D&C) (n=16) or hys-
teroscopy and total abdominal hysterectomy
and bilateral salpingo-oophorectomy
(TAH+BSO) (n=06) to obtain endometrial
tissue specimens. Group 2 (n=21; mean age
54.90+12.3 years) consisted of patients with
hyperplasia with and without atypia. Patients
in this group underwent TAH+BSO (n = 14),
D&C (n=5), TAH (n=1) and vaginal hys-
terectomy plus anteroposterior colporrhaphy
(VAH+CAP) (n=1). Group 3 (n = 20; mean

- el

age 60.7+9.8 years) all had malignant pathol-
ogies, including endometrial adenocarcinoma
(n=18) and endometrial serous cancer
(n=2). Thirteen patients underwent TAH-+
BSO+ pelvic-paraaortic lymphadenectomy-
+omentectomy and seven patients underwent
TAH+BSO+pelvic lymphadenectomy.
Immunohistochemical analysis of paraffin
blocks revealed the weakest NEDD4L
staining in Group 3 and the highest level of
staining in patients in Group 1 with benign
pathologies (Figures 1-3). The median H
scores in Groups 1, 2 and 3 were 90
(20-240), 60 (20-280) and 20 (1-270), respec-
tively. The H score in the endometrial cancer
group was significantly lower than that in
Group 1 (P=0.019) and was also lower

Figure |. Immunohistochemical analysis of NEDDA4L staining intensity grades in endometrial lesions.

(2) Benign group: positive anti-NEDD4-2 immunoreactivity in endometrium (arrow), staining intensity
grade = 3, x4. (b) Benign group: positive anti-NEDD4-2 immunoreactivity in endometrium (arrow),
staining intensity grade = 3, x 10. (c) Benign group: positive anti-NEDD4-2 immunoreactivity in endome-

trium (arrow), staining intensity grade = 2, x20

@ (b)

Figure 2. Immunohistochemical analysis of NEDDA4L staining intensity grades in endometrial lesions. (a)
Hyperplasia group: positive anti-NEDD4-2 immunoreactivity in endometrium (arrow), staining intensity
grade = 3, x4. (b) Hyperplasia group: positive anti-NEDD4-2 immunoreactivity in endometrium (arrow),
staining intensity grade = |, X 10. (c) Hyperplasia group: positive anti-NEDD4-2 immunoreactivity in
endometrium (arrow), staining intensity grade = 2, x20
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Figure 3. Immunohistochemical analysis of NEDDA4L staining intensity grades in endometrial lesions. (a)
Cancer group: no anti-NEDD4-2 immunoreactivity in endometrium (arrow), staining intensity grade = 0,
x4. (b) Hyperplasia group: positive anti-NEDD4-2 immunoreactivity in endometrium (arrow), staining
intensity grade = |, x10. (c) Cancer group: positive anti-NEDD4-2 immunoreactivity in endometrium

(arrow), staining intensity grade = |, x20

Table 1. Calculated H scores in three groups.

H-score
median

Group (min—max) P

Group | (benign 90 (20-240*  0.019

endometrial lesions)

Group 2 (endometrial 60 (20-280)
hyperplasia)

Group 3 (endometrial 20 (1-270)*
cancer)

than in the hyperplasia group, though the dif-
ference was not significant (P =0.054) (Table
1 and Figure 4).

Discussion

NEDD4L is a member of the ubiquitin
protein ligase (E3) family encoded by
the NEDD4L gene on chromosome 18
(18g21), with known functions in cellular
stability.® Its best-known task in achieving
cellular stability and homeostasis is realized
through regulating the functions of epithe-
lial sodium channels (EnaCs).® EnaC is a
proteinaceous ion channel consisting of
three subunits («, f and y), two transmem-
brane regions, an extracellular loop and
intracellular N and C terminals. It is a
transmembrane protein mostly located in

the kidney, distal colon, lungs, skin and
trachea.'® Although it exerts various
organ-specific functions, many studies have
demonstrated that ENaC in renal tissue is
responsible for controlling sodium balance
in the body and for gas exchange in the
alveoli of the lungs.* Increased intracellular
sodium concentrations prevent NEDD4L
binding to the ENaC receptor and entry of
sodium into the cell.'' Recent studies dem-
onstrated that NEDDA4L protein not only
regulated ion channel functions in cellular
homeostasis, but also interacted with intra-
cellular mediators to cause the development
of cancer.

NEDDA4L apparently exerts its effects via
TGF-p, which plays key roles in tumorigen-
esis, invasion, angiogenesis and metastasis
development. NEDD4L prevents tumor
development by inhibiting the TGF-f signal-
ing pathway.'> However, previous studies
have demonstrated different results regard-
ing NEDDA4L expression, especially in pros-
tate cancer patients. Hu et al. found lower
NEDD4L expression levels in 56 patients
with prostate cancer compared with patients
with a diagnosis of prostate hyperplasia,'?
while Hellwinkel et al. detected higher
levels of NEDD4L expression in patients
diagnosed with prostate cancer relative to
the control group.'* This apparent
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Figure 4. H scores in patients with benign endometrial pathologies, endometrial hyperplasia and endo-

metrial cancer

discrepancy could be explained by the pleio-
tropic effect of the TGF-f gene in oncogen-
esis; TGF-f acts as a tumor suppressor gene
in normal and precancerous cells, but as an
oncogene during cancer progression.'’
Relevant  studies  revealed increased
NEDDA4L expression in non-small cell lung
cancer, gastric cancer, glioma and colorectal
cancers,'® " while a similar immunohisto-
chemical study in 41 patients with cutaneous
T-cell lymphoma detected increased levels of
NEDDA4L expression.””

Within this context, Yang et al
conducted the first study of NEDDA4L
expression in patients with gynecological
malignancies. NEDD4L expression was
significantly lower among 72 patients with
epithelial ovarian cancer compared with
those diagnosed with benign and mucinous

borderline ovarian tumors (P<0.005).
Furthermore, lower NEDD4L expression
was associated with increased disease stage
and grade and increased number of lymph
node metastases.'”> To the best of our
knowledge, the current study was only the
second to investigate NEDD4L expression
in gynecological cancers, and the first to
compare benign endometrial pathologies
and endometrial cancers. The results
showed that NEDD4L expression levels
were reduced in patients with endometrial
cancer compared with benign endometrial
pathologies.

In conclusion, this study provides the
first evidence of NEDD4L protein expres-
sion in endometrial cancer tissues under
in vivo conditions. The results showed that
NEDDA4L expression was reduced in cancer
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tissues, in accordance with previous stud-
jes. 01315 Notably, however, numerous stud-
ies have demonstrated increased NEDD4L
expression in cancer tissues, and this dis-
crepancy may be due to the pleiotropic
effects of the NEDD4L-interacting factor
TGF-f in oncogenesis.'”'® The current
results suggest that regulation of NEDD4L
expression may play a key role in the etiol-
ogy of endometrial cancer. However, the
interaction of this protein with intracellular
pathways remains unclear, and further com-
prehensive studies of NEDD4L may lead to
the discovery of new proteins, gene regions
and pathways as potential therapeutic tar-
gets in endometrial cancer.
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