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Abstract
Background/Objectives: At present, there are few biomarkers used to predict the 
prognosis of uterine serous carcinoma (USC). Netrin-1 may be a promising biomarker 
candidate. We investigated netrin-1 expression in USC tissues and healthy endome-
trial tissues to determine its relevance to disease prognosis.
Materials and Methods: Netrin-1 expression was examined in the tissues of 48 
patients with USC and 30 patients with healthy benign endometrial tissues via 
immunohistochemistry.
Results: None of the healthy tissues were stained with netrin-1. In tumor tissues, the 
overall positivity rate of netrin-1 was 75%, detected as high expression in 17 patients 
(35%) and low in 19 (40%). Patients who had tumors with no netrin-1 expression (n = 12) 
had a median overall survival (OS) of 60.0 months (95% confidence interval [CI], 47–98), 
whereas patients who had tumors with low to strong netrin-1 expression (n = 33) had a 
lower median OS of 50 months, but the difference was not statistically significant (95% 
CI, 58–108; P = 0.531). Disease-free survival (DFS) was not statistically significant be-
tween the groups (95% CI, 67.7–115.9; P = 0.566). Patients with a tumor diameter ≥2 cm 
had higher netrin-1 expression than those with a tumor diameter of 2 cm (P = 0.027). We 
did not find any difference in overall and DFS when age, tumor stage, histology, tumor 
diameter, p53 status, lymphovascular space invasion, myometrial invasion, and lymph 
node metastasis were compared according to netrin-1 expression (P > 0.05).
Conclusion: Netrin-1 was expressed in USC but not in healthy tissues. Its expression 
was not associated with OS or DFS.

K E Y W O R D S
biomarker, immunohistochemistry, netrin-1, prognosis, uterine serous carcinoma

1  |  INTRODUC TION

Estimates from GLOBOCAN 2020 showed that endometrial uter-
ine carcinoma is the fifth most common malignancy in women in 

Turkey and the most common gynecological tumor worldwide.1 
Uterine serous carcinoma (USC) is a highly aggressive endometrial 
cancer (EC); it accounts for 5% to 10% of all endometrial malignan-
cies. Although patients with USC are more likely to be diagnosed 
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at an earlier stage of the disease than those with the endometrial 
subtype, they have a higher tendency to experience recurrence 
and have poor overall prognosis.2 Accounting for only a small per-
centage of EC cases, USC is responsible for almost 40% of disease-
related deaths.3,4 Despite maximal surgery, adjuvant radiation, and 
chemotherapy, patients usually die because of distant metastasis.5 
If the disease recurs, there is no effective chemotherapy or tar-
geted therapies with proven efficacy other than carboplatin and 
paclitaxel.6 Furthermore, there is an extremely low number of prog-
nostic biomarkers identified in the literature.7

Biomarkers are powerful tools for determining cancer status 
and progression as well as efficacy and safety of new treatments.8 
If used to monitor drug response, they could provide important 
therapeutic benefits in clinical oncology. However, very few 
biomarkers are used for the clinical diagnosis and prognosis pre-
diction of EC.9 Furthermore, most of these biomarkers have low 
sensitivity and specificity and cannot be used effectively. They 
may also be nonspecifically elevated in noncancerous diseases. 
Therefore, the development of effective biomarkers for EC diag-
nosis and therapy is urgently needed.

Netrin-1 is an important biomarker candidate for predicting cancer 
prognosis and improving therapy.10 It is a laminin-related protein that 
functions as neuronal guidance during nervous system development. 
Netrin-1 exerts its biological effects by binding to two familial recep-
tors belonging to the DCC (deleted in colorectal cancer) and UNC5H 
(uncoordinated-5 homolog) families. Studies have reported that netrin-1 
expression is not limited to the nervous system. It also plays a role in 
the developmental pattern of epithelial tissues in organs such as the 
mammary glands, pancreas, and lungs by regulating adhesion, motility, 
proliferation, and apoptosis.11,12 Moreover, it regulates inflammation, 
angiogenesis, and apoptosis. Netrin-1 is highly expressed in many can-
cer tissues, and inhibition (downregulation) of its expression results in 
the progression of tumor cell apoptosis, leading to tumor regression.13

At present, there are no data in the literature regarding netrin-1 
expression in USC tissue. We hypothesized that netrin-1 expression 
is associated with patient survival. Therefore, we investigated ne-
trin-1 expression in USC and analyzed its relevance as a prognostic 
marker for future studies.

2  |  MATERIAL S AND METHODS

2.1  |  Study design and patients

We retrospectively analyzed patients pathologically diagnosed 
with USC (both serous and mixed serous) who underwent surgery 
between January 2009 and December 2021 at Kocaeli University 
Hospital (Kocaeli, Turkey). The USC diagnosis was confirmed by 
three expert pathologists (B.Y.B., C.V., and E.B.T.). The same pa-
tients' healthy endometrial tissues were chosen to serve as the 
control group. Netrin-1 did not stain the healthy endometrial tissue 
in those patients. We also established a control group with healthy 

endometrial tissue found by biopsy but who did not have a cancer 
diagnosis in order to increase consistency.

Patients with FIGO (the International Federation of Gynecology & 
Obstetrics) stage I to III EC were included, whereas those with stage IV 
EC at the time of diagnosis were excluded. The study protocol was ap-
proved by the institutional review board of Kocaeli University School 
of Medicine (ethics approval number: KU GOKAEK-2022/03). The re-
quirement for informed consent was waived due to the retrospective 
nature of the study. Clinical information was obtained from existing 
medical records, including demographic, surgical, and pathological de-
tails (e.g. histology, FIGO stage, tumor diameter, p53 status, lympho-
vascular space invasion [LVSI], myometrial invasion [MI], and pelvic and 
para-aortic lymph node status) and follow-up data. Overall survival 
(OS), local recurrence, distant metastasis, and disease-free survival 
(DFS) were calculated from the date of surgery.

2.2  |  Immunohistochemistry

An immunoreaction kit was used for the streptavidin–biotin–peroxi-
dase complex (Leica Biosystems). Paraffin-embedded tissues were 
divided into 4-mm-thick sections, which were subsequently de-
waxed in xylene and dehydrated in varying degrees of ethanol. The 
normal method was followed for antigen retrieval. To inhibit endog-
enous peroxidase activity, the sections were chilled and submerged 
in 0.3% hydrogen peroxide solution for 15 min. Subsequently, the 
sections were washed with phosphate-buffered saline for 5 min. 
Incubation with 5% bovine serum albumin at room temperature 
for 30 min prevented nonspecific labeling. Then, the sections 
were incubated with primary rabbit anti-human antibody against 
netrin-1 (bs-1858R Ntn1/netrin-1 antibody, diluted in 1:200; BIOSS 
Antibodies Inc.) at 4°C overnight, washed with phosphate-buffered 
saline, and then incubated with a secondary goat anti-rabbit IgG 
antibody conjugated to horseradish peroxidase. This antibody was 
developed using peroxidase-conjugated streptavidin and diamin-
obenzidine. The sections were stained with hematoxylin and then 
dehydrated and clearly sealed. Subsequently, they were examined 
under a microscope using the known positive sections as positive 
control and the phosphate-buffered saline as negative control in-
stead of the primary antibody.

2.3  |  Scoring system

For the double-blind pathological and clinical data, two pathologists se-
lected the visual fields and recorded the proportion of positively stained 
cells relative to the total number of tumor and normal cells. Separate 
calculations were made, and the ultimate confirmation of the results 
came from the discussion. In each patient sample, five high-power fields 
(×400) were randomly selected, and the staining intensity and propor-
tion of positive cells were used as the reference indices by the relevant 
references.14–16 The staining intensity was scored as follows: 0 for no 
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coloring; 1 for pale yellow; 2 for brown yellow; and 3 for brown; the 
proportion of positive cells was graded as follows: 0 for <10%; 1 for 11% 
to 25%; 2 for 26% to 50%; and 3 for >50% (Figure 1). The basis for judg-
ment was the sum of the two scores. A value >3 indicates high expres-
sion, whereas a value ≤3 indicates low expression.

2.4  |  Statistical analysis

The main primary outcome of the study was to show netrin-1 ex-
pression in USC but not in healthy tissue. A semiquantitative evalu-
ation scale was developed based on the percentage of endometrial 
netrin-1 expression and was therefore classified as having no (<10%), 
low (11%–50%), or high (>50%) expression. The other primary out-
come was to investigate the relationship of netrin-1 expression 
with OS and DFS. The OS and DFS were defined as the time from 
surgery until the patient's last clinic visit. Comparing clinicopatho-
logic features with netrin-1 expression was the secondary outcome. 
These features were age, stage, tumor size, p53, LVSI, MI, and pel-
vic and para-aortic lymph node status. For statistical analysis, the 

conformity of the variables to the normal distribution was examined 
using the Kolmogorov–Smirnov test. Descriptive statistics are ex-
pressed as mean, standard deviation, median, and minimum–maxi-
mum. Categorical variables are expressed as frequencies (numbers) 
and percentages. To compare categorical variables, χ2 test was em-
ployed. OS and DFS were analyzed using the Kaplan–Meier method. 
Furthermore, the median survival times were compared using log-
rank test. Data were analyzed using SPSS version 20 software (IBM), 
and P < 0.05 was considered to indicate statistical significance.

3  |  RESULTS

A total of 54 consecutive patients diagnosed with serous or mixed 
USC who underwent primary surgery at our institution between 
January 2009 and December 2021 were analyzed. Among them, 
48 whose pathology specimens were available for immunohisto-
chemistry (IHC) analysis and 30 with resected healthy endome-
trial tissue, used as the control group, were included in the study. 
Patient and treatment characteristics are summarized in Table 1.

F I G U R E  1  Light microscopy images of immunohistochemical staining for netrin-1 detected in endometrial serous carcinoma cells (a) with 
a staining intensity score of 0 (×400); (b) with a staining intensity score of 1 (×400); (c) with a staining intensity score of 2 (×400); and (d) with 
a staining intensity score of 3 (×400).
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3.1  |  Survival data and relationship with 
netrin-1 expression

The median follow-up was 45 months (range, 6–182 months). The 3- 
and 5-year OS rates were 60% and 43.9% and the DFS rates were 

52.8% and 44.8%, respectively. According to the FIGO stage, the 
3- and 5-year OS rates for the early stage (stages I or II) were 69.7% 
and 51.1% and the DFS rates were 65.5% and 56.1%, respectively. 
For stage III, the 3- and 5-year OS rates were 44.4% and 31.7% and 
the DFS rates were 33.3% and 27.8%, respectively. The median OS 
(60 vs 33 months, P = 0.05) was lower in stage III than in the early 
stages (Figure 2). The median DFS was not reached in stages I and 
II, whereas the median DFS was lower in stage III and at 18 months 
(standard error [SE], 7.42 [95% CI, 3.44–32.55]). This difference was 
significant for DFS (P = 0.03) (Figure 2).

In the control group, it was observed that netrin-1 did not show 
any staining in healthy endometrial tissues (Figure 3). The overall 
positivity rate of netrin-1 in USC tissues was 75%, detected as high 
expression in 17 patients (35%) and low expression in 19 (40%). 
Patients with high and low expression intensities were pooled 
together, and two groups (netrin-1 expressed and not expressed) 
were established for statistical comparison. Patients who had 
tumors with no netrin-1 expression (n = 12) had a median OS of 
60.0 months (95% CI, 47–98), whereas patients who had tumors 
with low to strong expression (n = 36) had a lower median OS of 
50 months, but the difference was not statistically significant (95% 
CI, 70.3–114.6 [P = 0.531]). No significant difference was observed 
between the groups in terms of DFS rates (95% CI, 67.7–115.9; 
P = 0.566). The survival curves are shown in Figure 4. Furthermore, 
no significant difference in OS and DFS was observed when age, 
tumor stage, histology, tumor diameter, LVSI, MI, p53 status, lymph 
node metastasis, and adjuvant chemotherapy were compared ac-
cording to netrin-1 expression (P > 0.05).

3.2  |  Clinical and treatment characteristics of the 
patients and relationship with netrin-1 expression

The mean age of the patients was 63.8 years (range, 34–84 years). 
FIGO staging was performed. More than half of the patients (63%) 
were classified as having early-stage EC (FIGO stage IA–B/II). The 
median tumor diameter was 4.5 cm (±2.47; 1–12 cm). The tumor his-
tology was serous in 37 patients (77%) and mixed serous in 11 (23%). 
Furthermore, LVSI was present in 12 patients (25%) and MI in 20 
(42%). Lymph node metastasis was detected in 18 patients (37%). 
Most of the patients were given adjuvant chemotherapy (65%), and 
all of them underwent adjuvant radiotherapy. Local and distant re-
currence was detected in five and 24 patients, respectively.

A statistically significant correlation was observed only between 
tumor diameter (≥2 cm) and netrin-1 expression. The other correla-
tion results between netrin-1 expression and clinicopathological 
characteristics are shown in Table 2.

4  |  DISCUSSION

USC is an aggressive and rare subtype of EC. However, the best adju-
vant treatment for this disease has not yet been established, particularly 

TA B L E  1  Clinicopathological and treatment characteristics of 
patients with USC.

Characteristic No. of patients Percentage

Age at surgery (year)

Mean ± SD 63.87 ± 9.55

Range 34–84

≤60 21 44

>60 27 56

Tumor stage (FIGO)

1A 15 31

1B 7 15

2 8 17

3A/B 6 12

3C 12 25

Tumor diameter

<2 cm 19 40

≥2 cm 29 60

Lymphovascular invasion

Yes 12 25

No 36 75

Myometrial invasion

Yes 20 42

No 28 58

p53 Status

Mutant 24 50

Wild 24 50

Positive lymph nodes

Pelvic 6 13

Paraaortic 12 25

Adjuvant treatment

Chemotherapy+EBRT 6 13

Chemotherapy+EBRT+VBT 25 52

Only EBRT+VBT 14 29

Only EBRT 3 6

Local recurrence

Yes 5 10

No 43 90

Distant recurrence

Yes 24 50

No 24 50

Abbreviations: EBRT, external beam radiation therapy; FIGO, the 
International Federation of Gynecology & Obstetrics; USC, uterine 
serous carcinoma; VBT, vaginal brachytherapy.
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for early-stage carcinoma, because of inadequate clinical trial results. 
These trials are retrospective, and USC constitutes a minority of pa-
tients, thus leading to inconclusive results.17,18 In a National Cancer 
Database Study including 7325 patients, although the use of chemo-
therapy and vaginal brachytherapy was associated with decreased 
mortality among patients with stage IB and II tumors, patients with 

stage IA tumors did not benefit from adjuvant treatment.19 Regardless 
of these results, multimodal treatment with surgery, radiotherapy, and 
chemotherapy is usually administered because of the propensity of 
these tumors for distant spread and local recurrence. At our center, 
most patients with USC usually receive adjuvant chemotherapy after 
surgery and always receive radiotherapy. Despite the given multimodal 

F I G U R E  2  Kaplan–Meier overall survival and disease-free survival analysis curve of patients with uterine serous carcinoma according to 
disease stage grouping (stages 1 and 2 vs stage 3).

F I G U R E  3  Netrin-1 showing negative staining in normal endometrial tissue: (a) ×100 and (b) ×200.

 18793479, 0, D
ow

nloaded from
 https://obgyn.onlinelibrary.w

iley.com
/doi/10.1002/ijgo.15513 by T

urkey C
ochrane E

vidence A
id, W

iley O
nline L

ibrary on [12/04/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



6  |    UCUNCU KEFELI et al.

F I G U R E  4  Kaplan–Meier overall survival and disease-free survival analysis curve of patients with uterine serous carcinoma according to 
netrin-1 expression.

TA B L E  2  Correlations between netrin-1 expression in tumor tissue and clinicopathologic characteristics.

Characteristic

No. of events (netrin-1 expression) Test of significance

No expression Expression χ
2 P Value

Age at surgery (year)

≤60 5 16 0.028 0.867

>60 7 20

Tumor stage (FIGO)

1–2 8 22 0.119 0.731

3 4 14

Tumor diameter

<2 cm 8 11 4.907 0.027*

≥2 cm 4 25

Tumor histology

Serous 10 27 0.354 0.552

Mixed serous 2 9

p53 Status

Mutant 5 19 0.000 0.991

Wild 7 17

Lymphovascular invasion

Yes 5 7 2.370 0.124

No 7 29

Myometrial invasion

Yes 5 15 0.01 0.919

No 7 21

Positive lymph nodes

Pelvic 2 4 0.119 0.731

Paraaortic 2 10

Abbreviation: FIGO, the International Federation of Gynecology & Obstetrics.
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treatments, the 5-year DFS rates of patients with early-stage USC were 
relatively low (44.8%), according to the literature.

Therefore, in addition to determining the stage, it is important 
to increase our understanding of molecular biology and examine 
prognostic biomarkers so as to personalize treatment. This study 
demonstrated for the first time that netrin-1 is highly expressed in 
most patients with USC, as detected via IHC. The overall positivity 
rate of netrin-1 in USC tissues was 75% (high expression in 17 [35%] 
and low expression in 19 [40%]). Netrin-1 and DCC expressions 
were first examined by Kato et al. in 2004 both in healthy endome-
trial tissues and tumor tissues via reverse transcription polymerase 
chain reaction and IHC.20 Five of the six cancer cell lines studied had 
preserved netrin-1 expression, whereas all of them lost normal DCC 
expression. Dependence receptors are known to promote tumor 
cell survival by promoting proliferation, angiogenesis, invasiveness, 
and chemoresistance when activated but actively induce apoptosis 
when not bound by ligands.21 The proapoptotic properties of DCC 
and UNC5H receptors in the absence of netrin-1 have led to the 
idea that they are tumor suppressor genes.10 Netrin-1 overexpres-
sion inhibits DCC and UNC5H receptor apoptotic activities in meta-
static cells, providing them with a survival advantage. This has been 
shown in studies on metastatic breast cancer and brain metastasis, 
where it was also correlated with poor prognosis.22,23

Netrin-1 was also overexpressed in 76% of ovarian cancer spec-
imens and correlated with advanced stage and grade.24 Moreover, 
some studies have demonstrated that the presence of netrin-1 in 
human fluids is an important biomarker and a predictor of gastric, 
bladder, pancreatic, and lung cancer recurrence.25–28

This study did not find any difference between netrin-1 over-
expression and OS, which could be due to the low number of pa-
tients with tumor not expressing netrin-1 (25%). We also did not 
detect any relationship between clinicopathologic tumor charac-
teristics (age, stage, histology, p53 status, LVSI, MI, positive lymph 
nodes) except tumor diameter. Netrin-1 expression rises with 
tumor size (≥2 cm), indicating a potential involvement for this pro-
tein in carcinogenesis.

This study also had major limitations. First, the number of pa-
tients included was small (n = 48). Second, only netrin-1 was evalu-
ated via IHC, and the presence of netrin-1 in plasma or other fluids 
and its correlation with USC were not investigated.

In a recent study, a comprehensive analysis of more than 30 
tumor types was conducted to analyze netrin-1 expression, epi-
genetic and pathway relationships, and the correlation between 
the expression of these proteins and drug susceptibility.29 The 
study found that the mutation rates in the netrin family were 
low in pan-cancers, but, among patients who had tumor with 
netrin mutations, most had uterine EC, accounting for 13.6% 
of the cases. Therefore, in this context, patients with EC could 
be an important group for studying drugs that inhibit interac-
tions between netrin-1 and its receptors. Recently, Cassier et al. 
reported that blocking netrin-1 with an anti–netrin-1 antibody 
(NP137) effectively reduced tumor progression in a mouse 

model of EC.30 Furthermore, in a phase I trial including 14 pa-
tients with advanced EC, the best response observed was eight 
stable diseases (57.1%) and one partial response (7.1%). They 
found a 51.16% reduction in target lesions at 6 weeks and up to 
a 54.65% reduction during the following 6 months. To evaluate 
the mechanism of action of NP137, mouse tumor gene profil-
ing was performed. In addition to inducing cell death, NP137 
inhibited epithelial to mesenchymal transition (EMT). EMT has 
been associated with various stages of tumorigenesis, such as 
tumor initiation, progression, and metastasis.31 Evidently, EMT 
can contribute to poor outcomes and treatment resistance.32 
Unfortunately, standard treatments as well as targeted ther-
apy, irradiation, and surgery can promote EMT. Therefore, de-
veloping therapeutic approaches to prevent or reverse EMT is 
crucial to improving patient outcomes. NP137 treatment led to 
decreased EMT features in EC.30

A phase Ib/II study is currently underway to assess the combina-
tion of NP137, which is a humanized neutralizing monoclonal antibody 
against netrin-1, and pembrolizumab and/or chemotherapy for the 
treatment of gynecological cancers (GYNET [Gynecological Cancers 
Treated With Netrin mAbs in Combination With Chemotherapy and/
or Pembrolizumab]; NCT04652076).

5  |  CONCLUSIONS

In the current study, it was discovered that the majority of our pa-
tients with USC expressed netrin-1. While netrin-1 holds immense 
potential as a therapeutic target for numerous cancer types, analysis 
of its expression could yield prognostic biomarkers in USC. As the 
use of molecular-based therapy expands, more studies on EC and 
USC are warranted.
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