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 Background: SEMA3B is known as an inhibitor of angiogenesis and cell proliferation. During carcinogenesis, the loss of 
SEMA3B function is observed, which results in the progression of neoplastic changes. The aim of this study 
was to evaluate the expression profile of SEMA3B in endometrial cancer (G1-G3) in comparison to the control 
group and to assess whether the observed changes in expression could become a molecular marker in endo-
metrial cancer.

 Material/Methods: The study group consisted of 45 patients diagnosed with endometrial cancer (G1, 17; G2, 15; G3, 13). The con-
trol group included 15 patients. SEMA3B expression was assessed using the immunohistochemical method. 
Statistical analysis was carried out using the Statistica 12 PL program (StatSoft, USA). It included the Kruskal-
Wallis test and post hoc Dunn’s test (p<0.05).

 Results: Statistically significant differences in the level of SEMA3B expression were observed between all analyzed groups. 
The expression pattern of SEMA3B was as follows: cancer cells G1>G2>G3; endothelial cells: G3>G1>G2; stro-
mal cells: G2>G1>G3.

 Conclusions: Analysis of the SEMA3B expression profile shows the complexity of neoplastic transformation, which confirms 
the different expression of SEMA3B in endometrial cancer cells and endothelial cells. The present results and 
data in the literature data suggest that SEMA3B expression indicates the progression of carcinogenesis in the 
context of endometrial cancer.
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Background

Semaphorins (SEMA) belong to a group of membrane or secre-
tory proteins that influence proliferation, cancer cell migration, 
angiogenesis, and occurrence of drug resistance [1]. Among 
the semaphorin family, 8 subgroups can be distinguished, and 
the occurrence of 3–7 subgroups has been confirmed in verte-
brates. The SEMA domain, common to all semaphorins, is key 
in signal transduction and is responsible for binding sema-
phorins to receptors [2,3]. Semaphorin 3B (SEMA3B) is a tu-
mor growth suppressor. The biological activity of SEMA3B re-
sults from its interaction with neuropilin receptors (NRP1 and 
NRP2), which leads to reduced secretion of vascular endothelial 
growth factor and inhibition of formation of new blood ves-
sel networks through which nutrients and oxygen are supplied 
to the tumor mass [4,5]. The abnormal expression pattern of 
SEMA3B has been reported in breast cancer [4], ovarian can-
cer [6], hepatocellular carcinoma [7], lung cancer [8], and endo-
metrial cancer [9]. Recent studies indicate that SEMA3B plays 
an important role in osteoporosis, where its reduced level is 
observed. It is therefore suggested that SEMA3B is a promis-
ing new therapeutic target for osteoporosis caused by estro-
gen deficiency [10]. In stomach cancer, the relationship be-
tween SEMA3B level and prognosis, as well as the severity of 
clinical symptoms, has been reported [11].

Modern forms of diagnostics and therapy focus on molecu-
lar targets, enabling detection of abnormalities at an early 
stage, when the chances of successful therapy are greatest. 
It is also possible to quickly and early observe the loss of re-
sponse to treatment before phenotypic changes occur. Thus, 
the chosen therapeutic strategy can be revised in a timely 
manner, which significantly increases the chances of inhibit-
ing pathological processes [12–14]. Despite intensified studies 
of SEMA3B, based on the available literature, the relationship 
between SEMA3B expression and overall survival rate in pa-
tients with endometrial cancer has not yet been determined. 
Observations of Huang et al. on the expression of SEMA3B and 
overall survival rate (OSR) in patients with pancreatic cancer 
showed that the OSR was 19 months in patients with low lev-
els of SEMA3B, while in patients with high SEMA3B expression, 
OSR was 41 months. The authors did not find a correlation be-
tween expression of SEMA3B and metastatic potential [15]. 
Tang et al. indicated that reduced SEMA3B expression in pa-
tients with esophageal cancer was associated with a higher 
OSR (41 months) compared to patients with normal levels of 
SEMA3B (19 months). Their results also suggest that as the 
degree of tumor cell differentiation decreases, the reduction 
in SEMA3B expression gradually increases [16].

The present study investigated the differences in SEMA3B ex-
pression depending on the degree of endometrial cancer differ-
entiation (G1–G3) in comparison to controls. We also assessed 

the role of SEMA3B in endometrial cancer and angiogenesis 
as related to cancer processes.

Material and Methods

The study was approved by the Bioethics Committee of 
the Medical University of Silesia in Katowice (KNW/0022/
KB/237/16).

The evaluation of SEMA3B expression at the protein level was 
carried out in the study group, consisting of 45 patients diag-
nosed with endometrial cancer (G1, 17; G2, 15; G3, 13), and 
in a control group of 15 patients without neoplastic changes 
who were sampled during routine gynecological examinations. 
Exclusion criteria for the study group were: non-endometrioid 
endometrial cancer, diagnosed endometriosis or adenomyosis, 
co-existing cervical cancer, BMI >40, and hormone replacement 
therapy within 24 months prior to surgery.

The analysis of SEMA3B level changes was performed based 
on the immunohistochemical reaction with rabbit polyclonal 
anti-SEMA3B antibody (Novus Biological). The Laboratory of 
Pathomorphology of Beskid Center of Oncology in Bielsko-Biała 
provided paraffin blocks from which slides were prepared. They 
were incubated in citrate buffer (pH 6, 30 min at 95°C) in a wa-
ter bath to retrieve antigen, then treated with 3% (v/v) H2O2 
in water for 10 min to block endogenous peroxidase activity. 
To block non-specific binding (30 min at room temperature), 
1% BSA solution in PBS was used. The next step was incuba-
tion with anti-SEMA3B antibody in a humidified chamber (20 h 
at 4°C). The avidin-biotin complex (ABC) method was used ac-
cording to the manufacturer’s instructions (Vectastain Elite ABC 
Kit, Vector Laboratories). Diaminobenzidine (DAB) was used to 
visualize the bound antibodies. The slides were stained with 
Gill’s hematoxylin, dehydrated, and coverslipped. Negative 
control was performed by replacing the primary antibody with 
rabbit IgG. An Eclipse E200 light microscope with DS-Fi1 dig-
ital camera (Nikon) was used to prepare photographic docu-
mentation (15 photos for each paraffin block, 200× magnifi-
cation). To assess the optical density of a reaction product in 
fields where a positive reaction occurred, the NIS-AR (Nikon) 
program was used.

Statistical analysis was performed using the Statistica 12 PL 
program (StatSoft, USA). It was carried out at the statistical sig-
nificance level p<0.05. The first step was to check the normal-
ity of the distribution of the obtained data with the Shapiro-
Wilk test. On its basis, observing that the distribution of data 
does not meet the normal distribution assumptions (p>0.05), 
further statistical analysis was carried out using nonparametric 
methods. The results of changes in SEMA3B level in analyzed 
groups are presented as median (Me), lower quartile (Q1), and 
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upper quartile (Q3). The Kruskal-Wallis test (nonparametric al-
ternative to the analysis of variance) was performed to indi-
cate statistically significant differences in SEMA3B expression 
between data in independent groups (C, G1-G3). To determine 
groups in which differences in expression were statistically sig-
nificant, a post hoc Dunn’s test was performed.

Results

SEMA3B expression was observed in the membrane of uterine 
gland cells in samples from patients in the control group, but 
such expression was not observed in the endometrial cancer 
samples. On the other hand, within the tumor cells, SEMA3B 
expression was observed regardless of the degree of endo-
metrial cancer differentiation (G1>G2>G3). We demonstrated 
that the optical density of the immunohistochemical reaction 
product of this protein in G1 cancer cells was similar to that 
in the membrane of uterine gland cells of the control group. 
Analyzing the level of SEMA3B in G2 endometrial cancer cells, 
we found that it was slightly lower than in grade 1 (about 85% 
of its level). In addition, we showed that the optical density of 

the reaction product of SEMA3B was the lowest in G3 sam-
ples, reaching 70% of that in the control group.

There were also changes in SEMA3B concentration in the vas-
cular endothelium and stromal cells, both in control and G1-
G3 endometrial cancer samples. In the case of the vascular 
endothelium, the dependence of SEMA3B expression was 
G3>G1>G2>C, and for the stromal cells the differences in pro-
tein level were G2>G1>G3>C. In grade 1, we observed that the 
optical density of the SEMA3B reaction product in endothelial 
cells was about 20% higher than in the control group. In grade 2, 
the expression of SEMA3B was similar to that observed in G1, 
whereas in G3 samples, the optical density was higher than 
in the other groups. The optical density of the SEMA3B reac-
tion product in G1 stromal cells was 40% higher than in the 
control group and about 50% higher in G2 than in the control 
group. In contrast, in G3, the level of SEMA3B expression in 
stromal cells was at the level observed in G1 (Figure 1, Table 1). 
The arrows in Figure 1 show the places where the expression 
of SEMA3B was observed.

Figure 1.  Immunohistochemical localization of SEMA3B in different grades of endometrial cancer. C – control; G – grade of endometrial 
cancer. 200× magnification.
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The exact values of SEMA3B expression (Me, Q1, Q3) are pre-
sented in Table 1 according to the structure in which its ex-
pression was observed, along with an indication of statisti-
cal significance of differences between the compared groups.

Discussion

The present study focused on the analysis of changes in the 
expression pattern of SEMA3B in 45 samples of endometrial 
cancer depending on the degree of its differentiation. The de-
tection was based on immunohistochemical staining. In or-
der to determine whether the observed changes in SEMA3B 
expression are characteristic of endometrial cancer, the level 
of this protein was also evaluated in the control group. This 
study is also a valuable addition to our previous observations. 
Analysis of the SEMA3B expression using microarrays showed 
the following direction and fold change in the transcriptional 
activity of this gene: G1 vs. C=+1.3; G2 vs. C=+1.50; G3 vs. 
C=+1.25. Regardless of the cancer grade, SEMA3B was over-
expressed, but in the case of G3 endometrial cancer, the ex-
pression of the transcript begins to approach the level ob-
served in grade 1 [17].

We found that SEMA3B was expressed in cancer cells, in stro-
mal cells, and within the vascular endothelium. However, 
the expression profile of the analyzed protein in a given grade 
differed depending on the localization: G1>G2>G3 in tumor 
cells, G3>G1>G2 in vascular endothelium, and G2>G1>G3 in 
tumor stromal cells. In the stromal cells, the same direction of 
SEMA3B expression was observed as in the microarray analysis. 

Evaluation of the mRNA expression indicated that the lowest 
level of SEMA3B was in G3 endometrial cancer, as was also 
found for cancer cells and stromal cells. Combining analyses 
at the transcriptome and proteome levels allowed us to ob-
tain an overall expression profile of the analyzed gene/protein.

Using SEMA3B in vitro, the proliferative capacity was reduced, 
while the process of programmed death of breast, lung, and 
ovarian cancer cells was induced [4,6,18]. Ferrira et al. analyzed 
changes in SEMA3B expression in samples of endometrial can-
cer in the proliferative and secretory phase of the menstrual 
cycle. They observed a relatively higher level of SEMA3B in 
biopsies obtained from patients in the proliferative phase of 
the cycle, although the differences were statistically insignif-
icant [19]. In the present study, the lowest SEMA3B expres-
sion was noted in G3 endometrial cancer, which confirms its 
role as a tumor growth suppressor [1,4,20]. In grade 3, can-
cer cells lacking the regulatory role of SEMA3B undergo the 
most severe, uncontrolled proliferation. The observed level of 
expression may also result from the significant de-differentia-
tion of endometrial cells in G3 [21], which may lead to the ac-
tivation or inhibition of signaling pathways that show the op-
posite activity under physiological conditions. This indicates 
the complexity and pleiotropic nature of the processes asso-
ciated with neoplastic transformation [22–24]. In relation to 
endometrial cancer, a close link is suggested between the ac-
tivity of SEMA3B and VEGF165, which significantly reduced the 
pro-apoptotic and antimitotic effects of SEMA3B. SEMA3B 
acts as an inhibitor of VEGF165, an autocrine survival factor [4]. 
Nguyen et al. found a reduction in the level of SEMA3B and 
SEMA3F in endometrial cancer depending on its severity. 

Localization C G1 G2 G3

The membrane of uterine 
gland cells

Me 162.26

Q1 151.77

Q3 172.22

Cancer cells

Me 159.09 140.52b,d 105.44c,e,f

Q1 149.32 132.74 100.21

Q3 170.37 149.67 111.78

Vascular endothelium

Me 117.89 141.79a 140.54b 154.77c,e,f

Q1 108.52 132.18 133.09 147.72

Q3 126.07 150.66 148.42 164.74

Stromal cells

Me 131.33 179.38a 198.82b,d 177.67c,f

Q1 122.32 166.97 189.73 163.39

Q3 145.29 189.49 215.13 186.69

Table 1. The optical density of the reaction product of SEMA3B in control and different grades of endometrial cancer.

Symbols indicate statistically significant changes at p<0.05 between: a – control and G1 endometrial cancer; b – control and G2 
endometrial cancer; c – control and G3 endometrial cancer; d – G1 and G2 endometrial cancer; e – G1 and G3 endometrial cancer; 
f – G2 and G3 endometrial cancer.
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With the increase in the aggressiveness of changes, the ac-
tivity of these 2 semaphorins decreased [25]. These observa-
tions are consistent with ours. Osada et al. also demonstrated 
the association of the neoplastic process with SEMA3B expres-
sion. They observed a significantly lower expression of SEMA 
in stage IV carcinomas and concluded that the reduction of 
SEMA3B is an unfavorable prognostic marker [26]. This agrees 
with the study by Joseph et al., who indicated that the decrease 
in SEMA expression could be used as a molecular marker for 
the progression of neoplastic lesions. They also emphasize that 
gonadotropins and estrogens are involved in the control of an-
giogenesis and the metastatic potential of ovarian cancer with 
SEMA [27]. This is also important for our research because en-
dometrial cancer is estrogen-dependent [28,29].

In the present study, the opposite situation was observed for 
SEMA3B concentration in the vascular endothelium than in 
tumor and stromal cells. The highest expression of SEMA3B 
was reported in G3 endometrial cancer. SEMA3B also plays 
a very important role in inhibiting angiogenesis [30]. Therefore, 
the changes in the level of SEMA3B in the vascular endothe-
lium of tumor biopsies found in this work indicate that with 
the increase of endometrial cancer grade and cell de-differ-
entiation, the processes of neovascularization are intensi-
fied [31–35]. Moreover, considering the pro-apoptotic role of 
the analyzed protein in the context of tumor angiogenesis, it is 
possible that there is a reduction in the percentage of normal 
vascular endothelial cells in endometrial cancer, with the si-
multaneous promotion of cell proliferation with accumulated 
mutations [4,5].

It should not be forgotten that SEMA3B affects the expres-
sion of interleukin 8 (IL-8), which helps in the influx of mac-
rophages to the tumor microenvironment, promoting the 
metastatic activity of cancer. Elevated levels of IL-8 addition-
ally suppress the anti-angiogenic properties of SEMA3B [36]. 
As a consequence, there is an uncontrollable, self-perpetuat-
ing process allowing further tumor growth and promoting its 
aggressiveness [37]. Therapy aimed at restoring the normal 
expression pattern of semaphorins, including SEMA3B, war-
rants further research [38].

Conclusions

The results of the present study, in comparison with the ob-
servations of other researchers, indicate that in, endometrial 
cancer, SEMA3B activity is deregulated compared to the phys-
iological state. We found that with the increase of the endo-
metrial cancer grade, the SEMA3B level within the tumor and 
stromal cells was reduced, whereas in the vascular endothelium 
it was elevated. This indicates a close link between metasta-
sis and angiogenesis and emphasizes the complexity of pro-
cesses and interactions occurring in carcinogenesis. Moreover, 
the SEMA3B expression assay is simple and imposes no addi-
tional burden on the patient. Our results and data reported in 
the literature suggest that SEMA3B expression indicates in-
creased carcinogenesis in endometrial cancer. A better under-
standing of the various signaling mechanisms associated with 
the actions semaphorins is crucial for better understanding of 
carcinogenesis and endometrial cancer.
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