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Abstract: Background: Semaphorin 3F (SEMA3F) plays a substantial role in carcinogenesis, because
of its role in inducing angiogenesis, and creating a microenvironment for the developing tumor.

Objective: The purpose of this work was to assess the impact of cisplatin, depending on the concentra-
tion and exposure time on the expression pattern of SEMA3F in an endometrial cancer cell line.

Materials and Methods: Cultures of the Ishikawa endometrial cancer cells were incubated with cispla-
tin with the following concentrations: 2.5uM; S5uM; and 10uM and for the following periods of time:
12; 24; and 48 hours. Cells not incubated with the drug constituted the control in the experiment. To
determine the effect of cisplatin on the expression of SEMAJ3F, the real-time quantitative reverse tran-
scription reaction (RtqPCR; mRNA) was used, as well as the ELISA assay (protein). The statistical
analysis was done with the admission of p<0.05.

Results: The silencing of SEMA3F expression on the transcriptome and proteome levels in a culture
unexposed to the effects of cisplatin in comparison to endometrial cancer cells under the influence of
cisplatin (p<0.05) were noted. Along with an increase in the concentration of the drug used, the num-
ber of copies of the gene transcript, during the shortest incubation period had a gradual increase. Only
for the highest concentration of the drug, substantial statistical differences in the expression of the
SEMAS3F protein between 24 and 48 hour incubation periods (p<0.05) were determined.

Conclusion: Using cisplatin in an endometrial cancer cell culture results in an increased expression of
SEMAS3F, which advantageously affects the normalization of the neoplastic angiogenic process and
lowers the proliferation of the cells making up the mass of the tumor.
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1. INTRODUCTION

Semaphores (SEMA) are a family of proteins, which can
be divided into seven subclasses found in vertebrates. Sema-
phores of classes 1,4,6 and 7 are transmembrane proteins,
members of classes 2 and 3 are characterized as secretory
proteins, during which members of class 7 are proteins an-
chored in glycophosphatidylinositol [1]. Semaphores show
an ability to interact with neuropilin receptors or plexins, the
result of which is the initiation of the mentioned signaling
cascades [2, 3]. They have a significant role not only in pro-
cesses but also mainly in organogenesis, modulating the im-
munological response, maintaining the rate at which new
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blood vessels are created, and conditioning the adhesion of
cells to the foundation [1-3].

The incorrect expression of certain members of the sem-
aphorin family was determined during the neoplastic trans-
formation process and the process of creating new blood
vessels (angiogenesis) and lymphatic vessels (lymphangio-
genesis), which are directly tied but does not allow itself to
be controlled [4, 5]. One of the members of the aforemen-
tioned family of proteins is SEMA3F, the silencing of its’
expression is observed in tumors, which constitutes a disad-
vantageous prognostic marker. It is pointed to that during the
neoplastic transformation process, it leads to a deficiency of
the aforementioned gene, which is located on chromosome
3p [6]. Therefore, also halting the secretion of SEMAS3F re-
sults in excessive proliferation of cells in comparison to

© 2020 Bentham Science Publishers


http://crossmark.crossref.org/dialog/?doi=10.2174/1389201021666200416102540&domain=pdf

1120 Current Pharmaceutical Biotechnology, 2020, Vol. 21, No. 11

apoptosis, increasing the potential for metastasis by the mod-
ified tumor cell [7, 8].

In physiological conditions, SEMA3F is a strong angio-
genic factor, and its effect is caused by competition with the
Vascular Endothelial Growth Factor (VEGF), Transforming
Growth Factor-Beta 1 (TGFB1) for connecting with the neu-
ropilin receptors and continued transduction of signal [9, 10].
The second mechanism through which SEMA3F halts the
creation of new blood vessels is based upon promoting the
apoptosis of endothelial cells [11, 12].

Analysis of the expression profile of SEMA3F not only
in carcinogenesis but also under the influence of the used
treatment has a key meaning for a better understanding of the
molecular foundation of neoplastic changes and monitoring
the effectiveness of therapy [13, 14].

One of the most common gynecological tumours diagnosed
is endometrial cancer [15], which in advanced forms is treat-
ed with cisplatin [16], the mechanism of which is connected
with the induction of damaged DNA, the endoplasmic reticu-
lum as well as mitochondria. In the molecular aspect, the
activity of cisplatin strongly influences the pathways con-
nected with apoptosis and oxidative stress [17].

One of the useful models of in vitro endometrial cancer
used to evaluate changes on the molecular level is the Ishi-
kawa cell line, it was obtained from a well-varied human
endometrial adenocarcinoma

The purpose of this work was to assess the impact of cis-
platin depending on concentration and exposure time on the
expression pattern of SEMAJ3F in Ishikawa endometrial can-
cer cells. Moreover, this evaluation may be helpful to indi-
cate the usefulness of SEMA3F as a supplementary molecu-
lar marker in endometrial cancer diagnosis and therapies.

2. MATERIALS AND METHODS
2.1. Cell Culture

In this study, the Ishikawa endometrial cancer cell line
was used as a material. These cells were exposed to cisplatin
at concentrations of 2.5 uM, 5 uM and 10 uM for 12, 24 and
48 hour periods. The untreated cells constituted the control
in this work. The cells were routinely grown in the Minimum
Essential Medium (MEM) supplemented with 2 mM gluta-
mine, 1% Non-Essential Amino Acids (NEAA), and 5%
Fetal Bovine Serum (FBS) according to the manufacturer's
protocol. Cultures were incubated under conditions of a con-
stant temperature of 37°C and a 5% CO, enriched atmos-
phere. Reagents used in this part of this study were bought
from Sigma Aldrich, St Louis, MO, USA. Three replicates of
each time and concentration were performed. After 24 hours,
cisplatin was added to the culture of cells in six-well plates.
The control culture was carried out separately for each time,
i.e., for 12, 24 and 48 hours in three replicates.

2.2. XTT Assay

In the first step of this study, proliferation and cell viabil-
ity of the Ishikawa endometrial cancer cell line under differ-
ent concentrations of cisplatin and exposure time of the cells
to the drug by XTT assay was evaluated (/n Vitro Toxicolo-
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gy Assay Kit, XTT based; Sigma-Aldrich, St Louis, MO,
USA) according to the manufacturer's protocol.

2.3. Invasion Assay

Invasion of Ishikawa endometrial cancer cells under cis-
platin treatment was evaluated by using a 24-well Transwell
chemotaxis chamber (Costar, USA) with an 8mm pore size
membrane coated with BD Matrigel'"Matrix (BDBioscienc-
es, USA). First, the control cells (cells unexposed to cispla-
tin) and the Ishikawa cultures treated with 2.5 uM, 5 uM,
and 10 uM of cisplatin for 12, 24 and 48 hours were sus-
pended in 200 ml serum-free DMEM medium, then these
cells were filled in the upper chamber. Next, 600 ml of com-
plete medium was added and incubated for 12 hours. Hema-
toxylin was used to stain cells and they were microscopically
counted.

2.4. Apoptosis Analysis

The Annexin V-FITC/PI apoptosis detection kit (Sigma
Aldrich, Product no. APOAF-20TST) was used for analyz-
ing the influence of cisplatin on cell apoptosis. The Annexin
V-FITC kit allows for the fluorescent detection of annexin V
that is bound to apoptotic cells and additionally quantitative
determination through flow cytometry. The AnnexinV-FITC
kit uses annexin V conjugated with Fluorescein Isothiocya-
nate (FITC) in order to label phosphatidylserine sites on the
membrane surface. This kit includes Propidium Iodide (PI)
for the labeling of cellular DNA in necrotic cells when their
cell membrane has been completely compromised. This
combination allows for differentiation between early apop-
totic cells (annexin V positive, PI negative), necrotic cells
(annexin V positive, PI positive), and viable cells (annexin V
negative, PI negative).

2.5. Expression of SEMAZ3F and of TGFB1 and VEGF (as
SEMA3F- Related Genes) on mRNA and the Protein
Level

To determine the changes in the expression of SEMA3F,
and related genes, such as TGFf1 and VEGF under cisplatin
treatment, the real-time quantitative reverse transcription
reaction (RTqPCR) and the ELISA assay, were performed.

In the RTqPCR assay, SensiFAST SYBR No-ROX One-
Step Kit (Bioline, London, UK) was used, as recommended
by the manufacturer. The thermal profile of this reaction was
as follows: reverse transcription (45°C for 10 min), polymer-
ase activation (95°C for 2 min), 40 cycles including denatur-
ation (95°C for 5 s), annealing (60°C for 10 s), elongation
(72°C for 5 s). As an endogenous control, - actin (ACTB)
was used.

The second stage of this experiment was associated with
indicating the influence of cisplatin on the expression profile
of SEMAJ3F on the protein level through the ELISA assay.

The SEMA3F (Cat.No MBS161003, MyBioSource, San
Diego, CA 92195-3308, USA) kit was used. The assay was
performed at room temperature after all necessary reagents,
standard solutions and previously used samples were pre-
pared. Standards containing the biotinylated antibody were
added to each well at 50pl. In turn, 10 ml of the anti-
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SEMAS3F antibody was added to the wells with the intro-
duced samples in the amount of 40 pl, followed by 50 pl of
streptavidin-HRP solution. The entirety was incubated for 60
minutes at 37°C, after which the wells were washed 5 times
with a wash buffer (60 seconds/wash). In the next step, 50 pl
of substrate A solution per well was added, followed by the
addition of 50 pl of substrate solution B per well and again
incubated for 10 minutes at 37°C in the dark. After this time,
50 ul of stopping solution was added, which resulted in a
change in the color of the well contents from blue to yellow.
In the last step, the optical density was determined for each
sample at 450 nm and the concentration of SEMA3F was
determined depending on the dose of cisplatin and the time
of incubation of the cells with the drug.

2.6. Analysis if Cisplatin Exerts its effect via SEMA3F
Signaling Pathways

The last step of our study was associated with assessing
if cisplatin exerts its effect via SEMA3F signaling pathways
by using target-specific 19-23 nucleotide siRNA oligo du-
plexes designed to knock down SEMA3F expression (SE-
MA3F siRNA Human; Catalog # MBS8213103, MyBio-
Source, San Diego, CA, USA) and 21 nucleotide siRNA
Negative Control (Catalog#t MBS8241404, MyBioSource,
San Diego, CA, USA). Both untreated and exposed to cispla-
tin endometrial cancer cells were transfected by SEMA3F
siRNA according to instruction. In order to confirm the in-
fluence of cisplatin on SEMA3F- related paths, the expres-
sion of SEMA3F via RTqPCR and the ELISA assay were
assessed.

2.7. Statistical Analysis

The licensed version of Statistica 13.0 PL (StatSoft, Cra-
cow, Poland) was used in the statistical analysis of data re-
lated to changes in the expression profile of SEMA3F.

As the Shapiro-Wilk test (p<0.05) confirmed the nor-
mality of the data distribution, the next steps of analysis were
made by using parametric tests. The ANOVA variance test
was also conducted, and the analysis indicated that the dif-
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ferences in the results were statistically significant and the
posthoc Tukey test was also performed (p<0.05).

3. RESULTS

To assess the XTT assay results, the absorption value
observed in the control cell (untreated endometrial cancer
cells to cisplatin) cultures was assumed to be 100%. It was
used as a comparison value for the cells exposed to the drug.
The results showed that regardless of the concentration of
cisplatin used in the experiment, the number of viable cells
decreases as the incubation time increases. It can be ob-
served that cisplatin in the concentration of 5 uM causes the
death of about 50% of endometrial cells incubated with it
(half maximal inhibitory concentration; IC50). Statistically
significant differences were showed between the cells treated
with cisplatin in comparison to the control cell culture (Fig.
1; p<0.05).

Results of the invasion assay showed that cisplatin in the
range of concentrations used statistically significantly inhib-
ited Ishikawa cell invasion when compared to a control cul-
ture (p<0.05; Fig. 2). The fastest progressive decline in inva-
sive cells was observed in the culture exposed to 5 uM cis-
platin (from 61.9% after 12 hrs by 42.6% after 24 hrs to
41.02% of invasive cells after 48 hour-long incubation time
with the drug). The obtained results also showed that the
percentage of non-invasive cells was increasing with drug
concentration and incubation time with it (Fig. 2).

The next stage of our work was to evaluate endometrial
cancer cell apoptosis induced by cisplatin. As shown in Fig.
(3), cisplatin increased the percentage of apoptotic cells in a
dose and in a time-dependent manner in endometrial cancer
cells compared to the control culture (p<0.05).

In turn, Table 1 presents changes in the expression of the
SEMA3F mRNA; the gene coded by this protein depending
on the dose of cisplatin; time of exposure of the endometrial
cancer cell to the effect of the drug.

First of all, it should be noted that not only on the tran-
scriptome level but also on the proteome level, a decrease in
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Fig. (1). The results of cytotoxicity and proliferation XTT assay in Ishikawa endometrial cancer cells under cisplatin treatment. (4 higher
resolution/colour version of this figure is available in the electronic copy of the article).
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Fig. (2). The effect of cisplatin on Ishikawa endometrial cancer cells invasion. (4 higher resolution/colour version of this figure is available
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Fig. (3). The proapoptotic influence of cisplatin treatment in Ishikawa cells. (4 higher resolution/colour version of this figure is available in

the electronic copy of the article).

the expression of SEMA3F in the unexposed to cisplatin
culture was observed, when compared to the endometrial
cancer cells under the effect of the chemotherapeutic agent
(p<0.05).

Concerning the matter of the concentrations of cisplatin
used, it can be observed that alongside the elongated expo-
sure time of the cells to the drug, the expression on the
mRNA level increases successively, similarly to what hap-
pens on the protein level. Nonetheless, for the concentration
of 5 uM, it can be determined that the exposition lasting an
entire day causes a decrease in expression in comparison to
the 12-hour incubation, wherein extending the amount of
time the drug affects the endometrial cancer cells to 48 hours
caused an increase in the transcriptional activity of SE-
MAJ3F.

Based on the obtained results, it can also be observed that
with an increase in the concentration of the drug used, the
number of the transcription gene copies increases, with the

shortest amount of incubation time, it is subjected to a grad-
ual increase.

Also, on the protein level, it can be determined that cis-
platin induces changes on the SEMA3F level, no matter the
length of time or dosage of the drug used (p<0.05). Statisti-
cal analysis indicates that there were statistically significant
changes between the level of SEMA3F between certain in-
cubation times, which are induced at the same concentration
of cisplatin. However, only for the highest concentration of
the drug, substantial statistical differences in the expression
of SEMA3F between the times of 24 and 48 hours of incuba-
tion (p<0.05) were determined, for the other concentrations
in this comparison, this wasn’t the case (p>0.05).

In turn, the last step of the molecular analysis was to
make sure that cisplatin exerts an effect via SEMA3F de-
pendent signal pathways. The results of the expression pro-
file of mRNA TGFpI and VEGF under cisplatin treatment
were presented in Table 2.



Differences in the Expression Pattern of mRNA Protein SEMA3F

Current Pharmaceutical Biotechnology, 2020, Vol. 21, No. 11 1123

Table 1. The expression profile of SEMA3F depending on the concentration and the amount of exposure time of endometrial can-
cer cells when undergoing cisplatin treatment.
Concenraionot | Time | SArCR(Com Namberal | RIGPCK (Copy Nember of | g115A Assay SEMASF ngil
Cisplatin [pM] [Hours]
Mean Standard Deviation Mean Standard Deviation Mean Standard Deviation
0 12 2579974 52669 72770 1012 7.991 0.026
0 24 2461323 45863 64139 694 7.715 0.058
0 48 2349829 71402 15083 745 6.71 0.066
12 3732235° 335561 72403 968 9.230" 0.06
2.5 24 2703216*° 54062 12655 1002 10.688*"° 0.019
48 51446251 156403 61875 1058 10.830*¢ 0.036
12 9371474* 1670092 132600 786 10.960° 0.053
5 24 6967012*° 174888 150900 30012 11.377° 0.020
48 8740369 ¢ 265717 128500 21000 11.487*¢ 0.021
12 19974217* 399464 77825 985 11.524° 0.007
10 24 174913193 *° 27104177 38083 1047 11.523*¢ 0.006
48 19319607 *<¢ 403948 180306 698 12.103%4 0.012

*— statistically significant differences in expression of SEMA3F between cells exposed to cisplatin vs control p<0.05.

®_ statistically significant differences in expression of SEMA3F between 12 vs 24 hours exposition of cisplatin p<0.05.

¢ — statistically significant differences in expression of SEMA3F between 24 vs 48 hours exposition of cisplatin p<0.05.
4_ statistically significant differences in expression of SEMA3F between 12 vs 48 hours exposition of cisplatin p<0.05.

Table 2. The expression profile of 7TGFf1 and VEGF depending on the concentration and exposure time of endometrial cancer cells
when undergoing cisplatin treatment.
Concentration of Time RTqPCR (Copy Number of TGFf1/1ng of Total RNA | RTqPCR (Copy Number of VEGF/1ng of Total RNA
Cisplatin [uM] [Hours] Mean Standard Deviation Mean Standard Deviation
0 12 30890 1269 2146342 36584
0 24 30785 5844 21106342 42105
0 48 31025 5478 2136342 35896
12 37169° 4985 546980° 61259
2.5 24 37573 3654 444356 12586
48 421534 3568 426187+ 25698
12 46078" 36526 83747° 12569
5 24 88714%° 27542 79753 36058
48 918174 25697 594344 41252
12 333500° 20145 41116" 2569
10 24 757429 14371 42404 2485
48 1024154 125869 40265 2369

*— statistically significant differences in expression between cells exposed to cisplatin vs. control p<0.05.

®_ statistically significant differences in expression between 12 vs. 24 hours exposition of cisplatin p<0.05.

©— statistically significant differences in expression between 24 vs. 48 hours exposition of cisplatin p<0.05.

4_ statistically significant differences in expression between 12 vs. 48 hours exposition of cisplatin p<0.05.

It can be observed that cisplatin changes the expression
profile of SEMA3F-related genes on the transcriptome level.
The analysis showed that TGFfI! was upregulated, while
VEGF was down regulated in the cell cultures exposed to
cisplatin. The effect of the drug on the expression of selected
genes was confirmed by more visible changes with a higher

dose of cisplatin and a longer exposure time. Statistical anal-
ysis showed that differences in the expression pattern of
mRNA TGFf1 and VEGF between Ishikawa endometrial
cancer cell line cultures incubated with cisplatin compared to
a control culture constituting of untreated cells are statistical-
ly significant (p<0.05; Table 2).
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Table 3. The expression profile of SEMA3F after transferred to cell culture SEMA3F siRNA.
RTqPCR (Copy Number of o . ELISA Assay SEMA3F | | .
] . SEMA3F/1pg of Total RNA % of Silencing in the [ng/ml] % of Silencing in Expres-
The Concentration | Time Expression of SEMA3F sion of SEMA3F between
of Cisplatin [uM] | [Hours] SEMAJ3F siRNA between Absent vs. Present SEMAJ3F siRNA Absent vs. Present of
of siRNA Cell Culture siRNA Cell Culture
Absent Present Absent Present
0 12 2579974 618162 76,04 7.991 0.90 88.72
0 24 2461323 615331 75,00 7.715 0.87 88.72
0 48 2349829 563959 76,00 6.71 0.76 88.72
12 3732235 665084 82,18 9.23 1.04 88.72
2.5 24 2703216 378450 86,00 10.688 1.21 88.72
48 5144625 703219 86,33 10.83 1.22 88.72
12 9371474 1780580 81,00 10.96 1.24 88.72
5 24 6967012 1372432 80,30 11.37 1.28 88.72
48 8740369 1660670 81,00 11.487 1.30 88.72
12 19974217 4194586 79,00 11.524 1.30 88.72
10 24 174913193 30434896 82,60 11.523 1.30 88.72
48 19319607 3477529 82,00 12.103 1.37 88.72

The last part of this work confirmed the effect of cispla-
tin via SEMAJ3F - signaling pathways by evaluating changes
in the expression of SEMA3F on mRNA and the protein
levels. According to the obtained results, presented in Table
3, it can be observed that the transfected endometrial cancer
cells via SEMA3F siRNA resulted in a decrease in the ex-
pression of SEMA3F on the transcriptome and proteome
level of about 75-88% of the expression level observed in the
cell culture without the SEMA3F siRNA vector (Table 3).

4. DISCUSSION

The continual development of molecular biological
methods and techniques creates the ability to come to know
the molecular foundations of illnesses, which is also incredi-
bly vital because of the introduction of new drugs to medi-
cine, these are made from substances which specifically in-
teract with factors that are key to the process and the signal-
ing pathways which are activated by them [17].

SEMAS3F has a negative effect on the phenomenon of
new blood vessels being created, through which oxygen and
other substances are delivered to the tumor. This indicates
that SEMA3F also has a regulatory role in the context of
lymphomagenesis, as well as a direct effect on the prolifera-
tion of changed tumor cells, which should be directed down
the path of apoptosis. However, during the process of neo-
plastic transformation, it is observed that SEMA3F has a
lowered activity, through which the tumor gains an oppor-
tunity for further development and gaining metastatic poten-
tial [4, 11, 12].

Beuten et al. observed that, in a group of 789 men with
prostate cancer, a higher concentration of SEMA3F and
SEMA3B were characteristic of patients in whom the effec-
tiveness of therapy was smaller than the expected value.
Similarly, these authors also acknowledged that the expres-

sion of SEMA3F and SEMA3B could be markers that sug-
gest a negative prognosis of disease remission duration [18].
In turn, Li et al. indicated that in a group of 198 patients, the
expression of SEMAJ3F in the group of patients with a low-
and intermediate-risk of localized prostate cancer was not
significantly different in the assessed groups and did not
correlate with experience. The materials used for this study
were biopsies obtained during a radical prostatectomy [19].
An interesting observation regarding the relationship be-
tween the expression of SEMA3F and the intensification of
cancerous changes as well as regarding the answer to treat-
ment were made by Drenberg et al., together with the inten-
sification of the severity and advancement of changes in the
duration of ovarian cancer they determined an ever lower
expression of SEMA3F, and in some of the patients a com-
plete silencing of expression. Simultaneously they indicated
that only the severity of the tumor correlated with a de-
creased concentration of SEMA3F and advancement of the
disease [20]. However, there is a lack of research regarding
the effects of cisplatin on the expression of SEMA3F in the
in vivo model.

Bearing in mind the cited results of research [18-20] to-
gether with the observations cited in our own study, it seems
that the level of expression of SEMA3F is dependent not
only on the aggressiveness of cancer but also on its location.
It is important to keep in mind the observations made by
Beuten et al., which contrast with the generally accepted role
of SEMAS3F [6-12]. This could indicate that SEMA3F could
be an advantageous or disadvantageous marker of survival or
response to treatment depending on the biological context, as
is in the case of, for example, Transforming Growth Factor-
Beta 1 (TGF-B1) [21].

Therefore, the carried-out treatment should also have a
regulatory effect on genes and proteins with a key role in the
neoplastic process and lead to the opening of their expression
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on the same or close to the physiological level. Due to this,
in the case of this work, we decided to assess the changes in
the expression of SEMA3F under the influence of cisplatin,
as well as to analyze if the molecular effect, measured by the
changes in expression of SEMA3F, of cisplatin is deter-
mined by its’ dosage or by the amount of time it was ex-
posed to the drug. By using the commercially available en-
dometrial cancer cell line Ishikawa [22], we were able to
analyze the direct effect of the drug, isolated from the effects
of the outside factors, on the expression profile of SEMA3F,
not only on the transcriptome but also proteome level.

The results we gained are concurrent with the observa-
tions made by other research teams, as in cells not treated by
cisplatin, the expression of SEMA3F was significantly high-
er than in the culture exposed to the drug [6]. Jiang et al.
indicate that SEMAZ3F in physiological conditions functions
as a suppressor of the carcinogenic induction process [23].
We observed that using the smallest dosage of cisplatin in
this study already caused an increase in the expression of
SEMAS3F which suggests that there is a therapeutic benefit
during treatment even in small doses. The conclusion from
this seems evident when you consider the fact that molecular
changes appear before phenotypic ones [24]. Similarly, not-
ing the changes on the molecular level after a relatively short
time of exposition of the endometrial cancer cells to the drug
indicates that the effects on the phenotypic level will be evi-
dent in a later period. This also shows that it’s valuable to
implement a routine diagnosis and therapy of the molecular
signs, as, based on them appearing first, it is possible to pre-
dict the best treatment available [25]. Therefore, the modern
approach to medicine should also be concentrated on finding
new supplementary molecular markers, determining their
referential range of concentrations and implementation for
in vivo markers,

In our previous studies, we focused on determining the
influence of directed molecular therapy (tumor necrosis fac-
tor - a, TNF- a paths and adalimumab) on the expression
profile of genes of signal pathways with a key role in psoria-
sis pathogenesis [24]. We concluded that along with the in-
crease in incubation time of the cells with the drug, its influ-
ence, expressed by the number of differentiated ID mRNA in
the culture with adalimumab, in comparison with the control,
undergoes a gradual increase. However, when speaking
about the observations made in this study, we did not con-
clude that increasing the exposition time for endometrial
cancer cells to cisplatin resulted in a change in the expres-
sion profile of SEMA3F mRNA and SEMA3F protein to-
wards the one noted for the control culture (cells not treated
by the drug). This observation is also substantial from the
point of view of the aforementioned loss of responsiveness
to the treatment during the use of cisplatin. Galluzi et al.
indicate that the appearance of resistance to cisplatin treat-
ment is characterized by being complex and dependent on
many factors, indicating that genetic and epigenetic factors
have a key meaning. Similarly, in order to fight against the
loss of the therapeutic effect of cisplatin, it would be worth
having a multidimensional strategy [26]. One of the potential
mechanisms which may affect the lack of any resistance to
cisplatin by the cells of cell line Ishikawa being observed
could be connected with the lack of induction by the adapta-

Current Pharmaceutical Biotechnology, 2020, Vol. 21, No. 11 1125

tion mechanisms in answer to adding cytotoxic drugs to the
culture [27, 28]. This observation makes up an important
factor in carrying out a thorough evaluation of the effective-
ness of cisplatin throughout female patients with diagnosed
endometrial cancer. On the other hand, the observed pattern
of expression of SEMA3F also indicates that the therapeutic
influence of cisplatin is spread out over time.

Taking into account the research of Ottes Vasconcelos
et al. carried out on an in vitro model of a melanoma cell line
resistant to cisplatin, a probable factor allowing endometrial
cancer cells used in our study to continue to be affected by
cisplatin is continually having a quite high level of do-
cosahexaenoic acid (DHA, 22:6w-3) and eicosapentaenoic
acid (20:5w0-3) [29].

The observed tendency for the expression levels of the
gene and protein of SEMA3F continuing to increase high-
lights the importance of carrying out therapy in a systematic
way, and the full therapeutic effect will be achieved at a later
time during the therapy. Above all, the noted by us changes
in concentration of SEMA3F no matter the dosage of cispla-
tin highlights the meaningfulness of personalization of
treatment and individual choice of dosage for the patient [30,
31]. Kohei et al. also brings attention to having an individu-
alist approach to the treatment of patients, including onco-
logical patients. A group of 18 patients with a metastatic
urothelial carcinoma who were recommended gemcitabine-
cisplatin therapy were classified depending on the criteria of
drug dosage and also intervals between individual intervals
during therapy. They concluded that it is reasonable to
choose an individual dose and treatment scheme for each
patient based on how the patient responds to treatment [32].
In turn, Yamada et al. based on a carried out randomized
experiment of the III stage on a group of patients with ad-
vanced gastric cancer, also highlights the effectiveness of
cisplatin as a first-choice drug in chemotherapy. They ana-
lyzed if adding docetaxel to the treatment plan using cispla-
tin and S-1 would have a positive influence on the survival
period of the patients. In summary, they concluded that add-
ing another chemotherapeutic agent did not have a substan-
tial effect on the survival period of the patient [33].

One of the factors that limit the use of cisplatin in oncol-
ogy is the high hepatotoxicity of the drug. As a result of this,
there is a search for the possibility to lower the unfavorable
effect of the chemotherapeutic agent. Mondal ef al. indicate
that the simultaneous application of cisplatin together with
ethanolic extract of Boldo (Peumus boldus) decreases the
hepatotoxic effect of the drug, simultaneously decreasing its
anticancer potential. The assessment was performed on three
cancer cell lines (A549, HeLa and HepG2) as well as on one
correct line (WRL-68) and was exposed to each of the com-
pounds together and separately [34]. Likewise, the observa-
tions of Shen er al. indicate that supplementing cisplatin
treatment through adding to the treatment scheme Yangfei
Kongliu Formula (YKF), a compound Chinese herbal medi-
cine, results in increased effectiveness of therapy. These re-
searchers determined a synergistic effect between cisplatin
and YKF caused mainly by the pathway dependent on TGF-
B1. They observed that each of these drugs has anticancer
potential, but at the same time, their application in the case
of lung cancer resulted in larger changes in the assessed



1126 Current Pharmaceutical Biotechnology, 2020, Vol. 21, No. 11

genes than in the case of using all of these drugs separately.
Shen et al. noted, above all, a decrease in the expression of
TGF-p1, Smad3, interleukin 2 (IL-2) and TNF-a as well as
overexpression of Smad7 in comparison to the control [35].

Proof that the detection of changes in the expression pro-
file of SEMA3F may constitute a promising diagnostic-
therapeutic marker is also constituted by the observations of
Nguyen et al. who confirmed, that a lowered expression lev-
el of SEMAS3F in the cases of endometrial cancer [36] or also
the observations of Scheerer ef al. indicating, that previous
inductions of SEMA3F were through inflammation [37].
Above all, in our previous study, we analyzed the differences
in the expression pattern of SEMA3F in biopsies obtained
from female patients with a diagnosed endometrial cancer at
different stages of its histological advancement and com-
pared to a control. We observed that, in neoplastic samples,
the level of SEMA3F was substantially statistically lower
than in the control [38]. Therefore, the expression pattern of
SEMAS3F noted by us in this study confirms that a beneficial,
expected phenomenon during pharmacotherapy is an in-
crease in the expression of SEMA3F. Based on our observa-
tions, it seems that cisplatin therapy could accompany an
increase in the concentration of estrogens. It was confirmed
that the endometrial cancer cell line Ishikawa shows an abil-
ity to express estrogens [39, 40]. Likewise, it indicates that
estrogens are an essential way to answer for an increase in
SEMAS3F expression [41, 42]. Furthermore, another possible
reason for determining an increase in the expression of SE-
MAZJF during the use of cisplatin can be induced by hormo-
nal drug changes.

Moreover, our observations confirm that not only tran-
scriptomes but also proteomes are dynamic systems, which
react quickly to changes. The performed analysis also con-
firm the apoptotic effect of cisplatin on endometrial cancer
cells and the influence of the drug on SEMA3F- signaling
paths.

CONCLUSION

Analysis of the changes in the expression of SEMA3F on
the mRNA and protein level in endometrial cancer in vitro
model indicates that using cisplatin is an effective therapeu-
tic option in this type of neoplasm. Adding it to a culture, no
matter the concentration, increased the expression of SE-
MAZJF. Our observations highlight the need for personalizing
the approach to therapy and treatment and also form the ba-
sis for further experiments.
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