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ABSTRACT

Introduction. Cancer is a leading cause of mortality. Hepatocellular cancer is one of the malignancies associated with poor
outcome and resistance to pharmacotherapy. Cancer stem cells (CSCs) contribute to resistance to therapy and hence lead to
the treatment failure of tumors.

Aim. This study aims to explore the expression of CSCs in response to cisplatin treatment in HepG2 hepatocellular cancer cell line.
Material and methodes. Cell proliferation test, CCK-8, was used to evaluate the cell proliferation following cisplatin treatment
for 72 hours. The expressions of CSC markers CD44, CD90, and CD133 were assessed by flow cytometric analysis.

Results. The results showed a dose-dependent decrease in cell proliferation and increased expression of CSC markers CD44
and CD90 in response to cisplatin.

Conclusion. Understanding the roles of CSC markers may point to new targets and therapeutic strategies to predict and over-
come cisplatin resistance.
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Introduction

Cancer is a leading cause of mortality despite evolving
strategies to treat. The mainstream treatment approach is
surgery, radiotherapy, and/or pharmacotherapy. Non- re-
sponse to pharmacotherapy might be associated with drug
resistance, which contributes to failure in the treatment.
Drug resistance is a multifactorial phenomenon that in-
volves patient-related factors, tumor-related factors, and

surrounding factors.! Intrinsic factors or acquired factors
during the pharmacotherapy may alter drug response.?

Cisplatin (CIS) is the first metal-based antineo-
plastic drug, which is still one of the most widely used
platinum-based anticancer agents in various types of
solid cancers.> Co-administration of cisplatin with oth-
er drugs has clinical importance due to the decreased
toxicity and drug resistance.*
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Hepatocellular cancer (HCC), the most frequent
type of primary liver cancer, is one of the neoplasms as-
sociated with poor outcomes, especially for its non-sur-
gically removable advanced stage. Poor outcome is
mainly due to the potential resistance to tumor pharma-
cotherapy.® Therefore, different administration routes
are applied to increase the efficacy of the treatment and
decrease systemic toxicity. CIS is within the therapeu-
tic approaches with direct hepatic arterial infusion.® CIS
is still explored for combination therapies with other
drugs to ameliorate the efficacy in HCC.

Increasing evidence supports the presence of a small
subset of cancer cells with self-renewal and differentia-
tion properties, the so-called cancer stem cells (CSCs).
In the liver, CSCs show tumorigenicity and metastasis.
Surface molecules; MDR, CD13, CD44, CD45, CD90,
CD105, CD133, CD24, EPCAM are linked to CSC traits
in HCC.”® CD44, a transmembrane glycoprotein, is the
most commonly observed CSC marker.” Tumorigenic
capacity, an important feature of cancer cells, is associ-
ated with CD90 presence in HCC cell lines.!* Further-
more, cisplatin resistance is highly associated with the
biomarker CD133 in various cancers."* Overexpression
of the CSC markers has been reported to be associated
with poorer response to treatment in HCC patients and
might have a role in the prediction of drug response."

Aim
This study aimed to investigate the roles of CD44, CD90
and CD133 markers in cisplatin response in HCC by
exploring their dose-dependent expression in HepG2
cells.

Material and methods

Cell culture

Human hepatocellular carcinoma cell line HepG2
(American Type Culture Collection) was cultured in
10% fetal bovine serum (PAN-Biotech GmbH, Germa-
ny), and 1% antibiotics (streptomycin 10 mg/ml, pen-
icillin 10.000 U/ml, PAN-Biotech GmbH, Germany)
containing Dulbecco’s Modified Eagle’s Medium (Bio-
sera LM-T1720/100, France). Cells were incubated at
37°Cina CO, incubator (5%). When they reach 70-80%
confluency, they are subcultured with trypsinization.

CCKS8 cell proliferation test

The effect of cisplatin (Glentham Life Sciences, UK) on
cell proliferation was determined with Cell Counting
Kit-8 (CCK8, Abbkine, USA). CIS concentration ranged
between 30-4 uM with a 3/4 dilution ratio. Cells were in-
cubated for 72 hours after treatments. The optical densi-
ty of soluble CCK-8 material in each sample is measured
with a Synergy Microplate Reader (BioTek, Japan). Each
concentration was repeated four times within the plate
and three independent experiments were performed.

Determination of cancer stem cell marker expressions
by flow cytometry

Following incubation with CIS for 72 hours, drug ad-
ministered cells and control group were harvested
and incubated with BB515 labeled-CD44 (1: 100 di-
lution), PE-labeled CD133 (1:50 dilution), and APC
labeled-CD90 (1:50 dilution) (BD Pharmingen, BD Bio-
sciences, USA). After 30 minutes of incubation at RT,
cells were washed with PBS. The pellet was resuspended
in PBS and the measurements were carried out in a BD
AccuriCé + flow cytometer (BD Biosciences, USA). At
least 20.000 events were collected. The results were an-
alyzed using BD Accuri C6 + software and depicted as
dot plots and overlay histograms.

Statistical analysis

All data are the mean of the three independent experi-
ments. CCKS8 cell proliferation test results are shown as
mean + standard deviation (SD). Results of CSC mark-
er expression are shown as mean + standard error of the
means (SEM). One-way ANOVA and posthoc Tukey
tests were used to identify statistical significance among
the groups. GraphPad Prism V.8.2.0 was used for con-
ducting the statistical tests and creating the figures.

Results
Effect of cisplatin on the proliferation of HepG2 cells
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Fig. 1. Effect of treatment with increasing cisplatin doses
(UM) for 72 h on HepG2 cell proliferation (%). Statistical
evaluation was carried out by one-way ANOVA and post-hoc
Tukey analyses were performed. *P<0.05; **P <0.01; ***P<
0.001, ****P< 0.0001 compared with proliferation at 4 uM CIS.

The incubation with decreasing doses of CIS (30-4 uM)
for 72 hours exerted antiproliferative effects when com-
pared to the control group (Figure 1). The inhibition was
dose-dependent. The effect of the lowest administered
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dose, 4 uM, was compared with that of the increasing
doses. CIS at 5.3 uM and 7.1 uM did not exert a signif-
icant decrease in cell proliferation when compared with
CIS at 4 uM. Starting with a dose of 9.5 uM, CIS inhibit-
ed cell proliferation significantly in comparison to 4 pM.

Administration of 4 pM, 5.3 uM, and 7.1 uM CIS
resulted in 84.5%, 80.6%, 72.9% viability respectively.
The highest dose (30 uM) exerted %17 viability.

Effect of cisplatin on CD133, CD44 and CD90 expres-
sions in HepG2 cells

CIS was administered to HepG2 cells at the doses be-
tween 7.1 pM and 22.5 pM for 72 hours and the ex-
pressions of the CSC markers were analysed by flow

cytometry. After treatment with 30 uM CIS, cells were
not enough in number for assessing flow cytometric
analysis. Representative dot plots for gating of HepG2
cells and CSC marker expressions are given in Figure
2. Representative overlay histograms and bar graphs
demonstrating changes in expressions of CSC markers
as fold changes are shown in Figure 3.

CD 44 expression increased in response to the cis-
platin doses from 7.1 uM to 22.5 uM following incuba-
tion for 72 h. The highest CD44 expression was obtained
after treatment with 16.9 uM CIS. A more significant
increase in comparison to the control group was ob-
served at 12.7 uM and 16.9 uM CIS treatments than 7.1
uM and 9.5 uM CIS treatments.
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Fig. 2. Representative dot plots illustrate the gating of HepG2 cells (a) and expression of CSC markers (b and c).
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Fig. 3. Representative overlay histograms (a) and bar graphs (b-d) demonstrate the changes in the expressions of CSC
markers. Median fluorescence values were obtained with flow cytometric analysis and fold changes were calculated.
Statistical evaluation was carried out by one-way ANOVA and post-hoc Tukey analyses were performed. *P<0.05; **P<0.01;

***¥P<0.001, ****P< 0.0001 compared with control group.
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CD 90 expression significantly increased after treat-
ment with CIS at various doses. The groups did not
differ significantly and the increase was not dose-de-
pendent.

Unlike CD44 and CD90, the expression of CD133
was comparable with the control group. Although there
was an increase in CD133 treatment after CIS treatment,
the change was not significant. The effects of the varying
doses were comparable with each other.

Discussion
In our study, CIS decreased proliferation in a dose-de-
pendent manner and induced the expressions of CD44
and CD90 but not that of CD133 significantly in he-
patocellular cancer cells. These results support that
CSCs may play a role in the viability of HCC cells af-
ter CIS treatment. CIS was previously shown to increase
the fraction of CSCs in head and neck cancer and the
researchers suggested the emergence of CSCs as the
underlying mechanism for CIS resistance.” In hepa-
toblastoma, a childhood liver cancer, it was clinically
shown that increased expression of CSC markers CD44,
CD90, and CD133 contributes to reduced survival.*
HCC cells demonstrated increased expression of
CD44 in response to CIS in a dose-dependent manner.
In the lung cancer cells, CIS resistance was decreased
with the CD44 knockdown approach.”® With a parallel
aspect, Yin et al. reported that downregulation of CD44
inhibits lung cancer cells and the inhibition is more pro-
nounced when combined with CIS.* In another study
on HCC cell line, Huh7, the CD44 knockout cells
demonstrated that CD44 is involved in the maintenance
of CSCs. CD44 seems to be a possible target to over-
come CIS resistance also in HCC.’
CIS treatment at different doses led to an increase in
CD90 expression independent of the dose. Within many
CSC markers, CD90 is pronounced as the liver stem cell
marker.”” Wang et al. obtained chemoresistant cancer
cells by applying a variety of drugs including cisplatin as
single agents or in combination. The researchers showed
that CD90 expression increases with drug resistance in
PLC, another hepatocellular cancer cell line."” Clinically,
CD90 expression is significantly associated with rapid
recurrence and poor survival in HCC.'® Moreover, poor
response to sorafenib is associated with CD90 overex-
pression in HCC patients.’> CD90 is suggested to be a
predictor biomarker for therapy.
CD133 expression did not increase significantly follow-
ing the CIS administration. On the other hand, Zhang et
al. induced ALDHI and CD133 expressions in HepG2
cells using 0-5 ug/mL CIS.” Although we observed an
increase in CD90 expression, in our study this increase
was not found significant. In gastric cancer stem cells,
CD133 was found to induce CIS resistance by increas-
ing cell proliferation, anti-apoptosis, and autophagy

abilities." In laryngeal cancer, CD133 suppression with
curcumin induces CIS sensitivity.” Suetsugu et al. ex-
amined CSC markers in three hepatocellular cell lines.
While HepG2 or Hc cell lines were not stained with an-
ti-CD133 antibody, expression was detected in Huh-7
cells.! Our results show the tendency for a change in
CD133 expression, yet this trend did not reach statisti-
cal significance.

Subpopulations that correspond to CSCs were shown in
HCC cell lines including Huh7 and PLC/PRE/5 cells.”
Cells with CSC properties were detected in several cis-
platin resistant cell lines.”*** The present study presents
increased expression for CSC markers CD44 and CD90
after treatment with cisplatin. Studies on cultured cells
isolated from primary tumors would be beneficial to
further clarify the role of CSCs in tumorigenicity.

Conclusion

Accumulating evidence prompts the use of the CSCs
as an important therapeutic target in HCC. Drug resis-
tance is an important obstacle in pharmacotherapy es-
pecially in HCC and exploring drug-resistance related
to CSC may lead to new targets. Highlighting the un-
derlying mechanisms is beneficial for the development
of novel therapies and might provide a strategy to pre-
dict the drug response and overcome the non-response
cisplatin treatment.
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