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SUMMARY

Cancer stem cells play an essential role in resistance ro therapy,
invasion, metastasis, and recurrence. CD44 is one of the well-known
surface markers for hepatocellular carcinoma, and its expression
level is related to poor survival and a high recurrence rate. The effect
of phenethyl isothiocyanate (PEITC) on SNU449 hepatocellular
carcinoma cell line cancer stem cells is not known. The goal of
the present study was to investigate whether PEITC regulates the
cancer stem cell phenotype of SNU449 cells. Cell viability, colony
Jformation, and wound healing assays were performed to determine
proliferative and migratory characteristics. Caspase 3, CD44, Ak
mTOR, and p38/STAT3 protein expression levels were measured
by Western blotting. Compared to control confluence, gap fill, and
migration rate were increased while half gap time was decreased in
PEITC-treated cells. Compared to control-treated cells, CD44 (3.2-
Jold) and p-STAT3 (2.44-fold) protein expressions were upregulated
in PEITC-treated cells. Results of this study suggest that STAT3-
mediated upregulation of CD44 leads to the gain of cancer stem cell
phenotype of PEITC-treated SNU449 cells.
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Fenetil izotiyosiyanat  SNU449  hepatoseliiler  karsinom
hiicrelerinin kanser kok hiicre fenotipini STAT3-CD44 yolu ile
diizenler

0z

Kanser kok hiicreleri tedavi direnci, invazyon, metastaz ve niikste
onemli rol oynar. Hepatoseliiler karsinom icin bilinen  yiizey
belirteglerinden biri olan CD44’ iin ekspresyon seviyesi hayatta
kalma siiresinin kisalmas: ve yiiksek niiks oranz ile iligkilidir. Fenetil
igotiyosiyanatin (PEITC) SNU449 hepatoseliiler karsinom hiicre
hattr kanser kik hiicreleri iizerindeki etkisi bilinmemektedir. Bu
calismanin amac, PEITCnin SNU449 hiicrelerinin kanser kik
hiicre fenotipini nasil diizenledigini arastirmatktrr. Cogalma ve gi¢
ozelliklerini belirlemek igin hiicre canlilik, koloni olusum ve yara
iyilesme testleri gerceklestirilmistir. Kaspaz 3, CD44, Akt/mTOR ve
p38/STAT3 protein ekspresyonlars Western blotlama ile olgiilmiistiir.
PEITC wygulanan hiicrelerde hiicre yogunlugu, bosluk doldurma
ve gi¢ hizi artarken, yar: bosluk zamaninin azaldigr bulunmugtur.
PEITC wygulanan hiicrelerde, CD44 protein seviyesi 3.2 kar ve
p-STAT3 protein seviyesi 2.4 kat daha yiiksek bulunmustur. Bu
¢alismanin sonuglars, PEITC wygulanan SNU449 bhiicrelerinin
kanser kok biicre fenotipini kazanmasina STAT3-aracily olarak artan
CD44 seviyelerinin neden oldugunu gistermektedir.
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INTRODUCTION

Liver cancer ranks 6 among the malignancies of
the individuals; however, it ranks 3" among the can-
cer-related deaths worldwide after lung and colorectal
cancers (Sung et al., 2021). Hepatocellular carcinoma
(HCC) is the most common type of primary liver
cancer, and chronic liver disease, and cirrhosis are the
two major risk factors. HCC accounts for 75-85% of
global cases and is followed by cholangiocarcinoma
(Sayiner, Golabi, & Younossi, 2019; Sung et al., 2021).
HCC is an invasive tumor that grows rapidly, infil-
trates blood vessels, and spreads to distant organs via
the bloodstream (B. Yang et al., 2018).

Accumulating body of evidence suggests that re-
sistance to chemo- and radiotherapy, invasion, me-
tastasis, and recurrence can be attributed to cancer
stem cells (CSCs) and it has been demonstrated in
many tumors such as pancreatic, colon, gastric, and
glioblastoma (Askan et al., 2021; X. P. Xie et al., 2022;
Yao et al.,, 2020; Zhang, Wang, Lu, Zhang, & Zheng,
2019). Non-CSCs cancer cells do not have the ability
of self-renewal and differentiation properties; CSCs
are prerequisites for the formation, progression, and
maintenance of tumor phenotype (Ayob & Rama-
samy, 2018). Conventional cancer treatment focuses
mainly on reducing the tumor bulk, and it does not
explicitly target the CSC in the tumors. For this rea-
son, the efficacy of conventional chemotherapy has
been limited (Song et al.,, 2021). CSCs and related
pathways must be included in the list of targets to at-
tain the desirable results.

Cluster of differentiation 44 (CD44), one of the
most essential CSC markers, along with CD133 and
epithelial cell adhesion molecule are highly specif-
ic markers for HCC (Koyama et al., 2020). CD44 is
a glycoprotein that is located on the surface of the
cells and it takes part in cell-cell interaction and ad-
hesion. In HCC, CD44 expression has been reported
to be overexpressed and patients who have upregu-
lated expression of CD44 showed significantly poor
overall survival and cumulative recurrence risk (P.
Xie et al., 2022). The expression level of CD44 can
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be regulated through signaling pathways, including
phosphatidylinositol-3-kinase/Akt serine threonine
kinase/mechanistic target of rapamycin (PI3K/Akt/
mTOR) and Janus kinase/Signal transducer and ac-
tivator of transcription 3 (JAK/STAT3). CD44 levels
have been reduced by blocking the PI3K/Akt/mTOR
pathway with mTOR inhibitors, while the activation
of the STAT3 pathway has resulted in the expansion
of CD44-positive HCC CSCs (Kim, Jiang, Badawi, &
Schmittgen, 2017; Wan et al., 2014).

Glucosinolates are a well-known dietary compo-
nent of cruciferous vegetables such as watercress and
broccoli, and they are a rich source of sulfur-contain-
ing compounds. Upon hydrolysis, glucosinolates give
a variety of isothiocyanates, like phenethyl isothio-
cyanate (PEITC) (Yun et al., 2017). PEITC exerts its
cancer-chemopreventive effect mainly by inducing
the expression of Phase II drug-metabolizing enzyme,
which results in the rapid elimination of xenobiot-
ics, cell cycle arrest, and apoptosis (Shin, Lim, Cho,
& Nho, 2021)However, the impact of PEITC on CSC
phenotype in the Human hepatocellular carcinoma
cell line SNU449 HCC cell line has not been inves-
tigated.

In the present study, the impact of PEITC on CSCs
has been evaluated by examining proliferative capac-
ity, migratory characteristics, and protein expression
of CD44, mTOR, and STAT?3 pathways.

MATERIAL and METHODS

Cell culture

Human hepatocellular carcinoma cell line SNU449
from American Type Tissue Collection (ATCC, CRL-
2234) was cultured in Roswell Park Memorial Insti-
tute 1640 Medium (RPMI-1640, Sigma) medium
containing 10% heat-inactivated Fetal Bovine Serum
(FBS, Sigma) and 1% Penicillin-Streptomycin-Neo-
mycin (Sigma) at 37 °C with 5% CO, under a humid-
ified atmosphere.

Cell viability assay

SNU449 cells were resuspended in RPMI-1640
and seeded at a density of 10000 cells/well in 96-well

cell culture plate, incubated overnight, and treated
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with the serial concentrations of cisplatin (Kocak Far-
ma, Turkey) (1, 2, 5, 10, 20, 50, 100, and 200 pg/mL)
and PEITC (Sigma;) (1, 2, 5, 10, 20, 50, 100, 200, 500,
and 1000 pg/mL) in RPMI-1640 for 24 h. 3-(4,5-di-
methylthiazol-2-yl)-2,5-diphenyl-2H-tetrazolium
bromide (MTT, Sigma) solution (5 mg/mL in phos-
phate-buffered saline (PBS) was added to each well
and incubated for four h. In the following step, 100
uL dimethyl sulfoxide (DMSO, Merck) was added and
shaken for 10 min to dissolve purple formazan crys-
tal. Then, absorbance was measured at 570 nm using
a microplate reader (Biotek, Synergy Hlm), and me-
dian inhibition concentration (IC50) was calculated.

Colony formation assay

SNU449 were seeded to 6-well plates at a density
of 1000 cells/well, incubated overnight, and treated
with cisplatin and PEITC, 50 ug/mL and 200 pg/mL,
respectively, for 24 h. Then, the medium was replaced
with fresh RPMI-1640 and changed every 2-3 days.
Cultures were washed with PBS and, cell colonies
were fixed with methanol:acetic acid (3:1) for 5 min,
stained with 0.5% crystal violet in methanol for 15
min, and washed with water. Colonies counted under
a microscope (Leica, DMi8), plate efficiency (PE), and
surviving fraction (SF) were calculated with the fol-
lowing formulas.

PE = (number of colonies formed/number of cells
seeded)*100

SE = (PE of cisplatin or PEITC-treated cells/PE of
control cells)*100

Wound healing assay

SNU449 cells were seeded in a 60 mm cell culture
petri dish and cultured until 80% confluence. The cell
monolayer was scratched with a sterile 100 uL pipette
tip and washed twice with PBS to remove cell debris.
Cells were treated with 50 ug/mL cisplatin or 200 pg/
mL PEITC for 24 h and, scratch images were captured
at specified time points using a cell imager (Leica,
Paula). Confluence, gap fill, migration rate, and half
gap time values at each time point were obtained from

the software of the cell imager.

Western blotting

After treating cells with cisplatin or PEITC, the
medium was removed, cells were washed with ice-cold
PBS twice, and the wash buffer was removed. Ice-cold
radioimmunoprecipitation assay buffer (RIPA, Sig-
ma) containing 1% protease and phosphatase inhib-
itors (Sigma) was added and incubated at 4 °C for 5
min. The cell culture flask was scraped to remove and
lyse residual cells, collected in a microcentrifuge tube,
and kept at 4 °C for 30 min. Tubes were centrifuged at
16000xg at 4 °C for 20 min and, supernatant was col-
lected. Total protein concentrations were measured
by using a Pierce™ BCA Protein Assay Kit (Thermo
Fisher Scientific, catalog no. 23225). Equal amounts
of protein were loaded onto 4-20% Mini-PROTE-
AN’ TGX™ Precast Protein Gel (Bio-Rad, 4561093)
and transferred onto polyvinylidene fluoride (PVDEF)
membrane by using Trans-Blot Turbo RTA Mini
0.2 um PVDF Transfer Kit (Bio-Rad, 1704272) and
Trans-Blot Turbo™ Transfer System (Bio-Rad, catalog
no. 1704150). After blocking PVDF membranes with
EveryBlot (Bio-Rad, catalog no. 12010020) at room
temperature for 5 min, membranes were probed with
primary antibodies overnight at 4 °C. Akt (Cell Sig-
naling, catalog no. 4691), p-Akt (Cell Signaling, cat-
alog no. 13038), mTOR (Cell Signaling, catalog no.
2983), p-mTOR (Cell Signaling, catalog no. 5536),
p38 (Cell Signaling, catalog no. 8690), p-p38 (Cell
Signaling, catalog no. 4631), STAT3 (Cell Signaling,
catalog no. 8768), p-STAT3 (Cell Signaling, cata-
log no. 9145), Caspase3 (Cell Signaling, catalog no.
14220), Cleaved Caspase3 (Cell Signaling, catalog
no. 9664), CD44 (Santa Cruz, catalog no. sc7297)
and B-Actin (Cell Signaling, catalog no. 4970). Then,
incubated with HRP-conjugated secondary antibod-
ies, Anti-rabbit IgG, HRP-linked Antibody (Cell Sig-
naling, catalog no. 7404) or m-IgGk BP-HRP (Santa
Cruz, catalog no. sc516102) at room temperature for 1
h. Bands were visualized by using a Clarity Max West-
ern ECL Substrate (Bio-Rad, catalog no. 1705062) and
gel imaging system (Bio-Rad, ChemiDoc) and, band
quantification was performed using the Bio-Rad Im-

age Lab software Version 6.1.0 build 7.
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Statistical analysis

Kolmogorov-Smirnov test was used for the nor-
mality tests of the continuous variables. The contin-
uous variables were expressed as median (IQR). The
protein expressions were given as fold changes con-
cerning the untreated control. The continuous vari-
ables were compared using a pairwise Kruskal-Wal-
lis test (multiple groups). Any p-value less than 0.05
was considered as significant. All statistical analyses
were performed using Statistical Software Package for
Social Sciences version 27 (SPSS27, IBM).

RESULTS and DISCUSSION

The Determination of Cisplatin and PEITC Cy-
totoxicity in SNU449 Cell Line

MTT assay was performed to determine the effect
of cisplatin and PEITC on SNU449 cell viability. A con-
centration-dependent viability decrease was observed.
For cisplatin, the cell viability at 20 ug/mL, 50 ug/mL,
and 100 pg/mL was found to be 69.61%, 40.08%, and
17.47%, respectively. For PEITC, the cell viability at 200
pg/mL, 500 pg/mL, and 1000 pg/mL was found to be
52.38%, 30.49%, and 25.46%, respectively (Figure 1).

Figure 1. Cell viability of cisplatin and PEITC-treated SNU449 cells was determined by MTT assay. Re-

sults were expressed as median + interquartile range.

IC50 values were calculated by plotting cell viabili-

with treatment dose, the morphology of SNU449 cells

ty versus concentration; 200 pg/mL for PEITC and 50  was observed under an inverted light microscope and

pg/mL for cisplatin were selected as treatment doses.

At the end of 24 h exposure to PEITC and cisplatin

subsequently photographed, as shown in Figure 2.

Figure 2. The morphology of SNU449 cells treated with cisplatin and PEITC at the end of 24 h treatment.
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PEITC Affects the Proliferative Capacity of
SNU449 Cells

The colony formation ability of SNU449 cells
treated with PEITC and cisplatin was determined by

implementing a colony formation assay. Plate efficien-

cy and survival fraction for PEITC and cisplatin were
calculated based on the number of colonies formed
(Figure 3). For PEITC and cisplatin, plate efficiencies
were found to be 2.7% and 0%, and survival fractions

were found to be 21.77% and 0%, respectively.

Figure 3. The proliferative capacity of SNU449 cells was evaluated by counting the formed cell colonies at
the end of 24h treatment with cisplatin and PEITC.

PEITC Promotes the Migratory Characteristics
of SNU449 Cells

The results of the Wound healing assay were sum-
marised in Figure 4a. Confluence was 17.6%, 1.7%,
and 31.75%; gap fill (um?) was 107.49, 28.3, and

247.72 (Figure 4b); migration rate (%/h) was 1.5, -0.1,
and 1.6, and migration rate (um/h) were 4.4, -0.2, and
5.5 (Figure 4c), for control, cisplatin, and PEITC, re-
spectively. Half gap time (h) were 41.03 and 27.97 for
control and PEITC.

Figure 4a.
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*p=0,034

Figure 4b.

Figure 4c.
Figure 4. At the end of 24h treatment with Cisplatin and PEITC, migratory characteristics of SNU449 cells
were evaluated by wound healing assay (Figure 4a). Following scratch at the initial time point, the migration
of SNU449 cells was photographed using a cell imager. Migratory characteristic parameters such as confluence

and gap fill in the scratch area were illustrated in Figure 4b, and migration rates were represented in Figure 4c.
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PEITC Regulates Akt-mTOR and p38-STAT3
Pathways in SNU449 Cells

Protein expression levels were determined by
semi-quantitative Western blotting analysis to investi-
gate the impacts of the cisplatin and PEITC treatment
on caspase 3, cleaved caspase 3, and CD44 protein
levels in control, cisplatin- and PEITC-treated cells.
Caspase 3 protein level was downregulated (0.47-fold

change) in cisplatin-treated cells and upregulated

Control
Cisplatin
PEITC

Caspase 3 e e e
Cleaved Caspase 3 - = g ==
CD44 smiam

B-Actin - g s

(1.86-fold change) in PEITC-treated cells compared
to control-treated cells. Cleaved caspase 3 protein
level was upregulated in both cisplatin-treated cells
(6.89-fold change) and PEITC-treated cells (1.09-fold
change) compared to control-treated cells. CD44 pro-
tein level was downregulated in cisplatin-treated cells
(0.54-fold change) and upregulated in PEITC-treated
cells (3.2-fold change) compared to control-treated
cells (Figure 5a and 5b).

Figure 5. a. Protein expression changes of caspase 3 and CD44 determined by Western blotting in SNU449

cells following cisplatin and PEITC treatment for 24 h. b. Relative protein expression levels.

Furthermore, Akt-mTOR and p38-STAT3 signal-
ing pathways proteins were investigated in control,
cisplatin- and PEITC-treated cells. In cisplatin-treat-
ed cells compared to corresponding control-treated
cells, protein levels of Akt, p-Akt, mTOR, p-mTOR,
STAT3, and p-STAT3 were downregulated, while p38
and p-p38 were upregulated (Figure 6a). Fold changes
were 0.75, 0.68, 0.75, 0.86, 0.59, and 0.0 for Akt, p-Akt,
mTOR, p-mTOR, STAT3, and p-STAT3, respective-
ly, and 1.69 and 1.24 for p38 and p-p38 (Figure 6b).
In PEITC-treated cells compared to corresponding
control-treated cells, protein levels of p-Akt, mTOR,
p-mTOR, p38, p-p38, and p-STAT3 were upregulat-
ed, while Akt and STAT3 were downregulated (Fig-

ure 6a). Fold changes were 1.21, 1.42, 1.39, 1.69, 2.25,
and 1.66 for p-Akt, mTOR, p-mTOR, p38, p-p38,
and p-STATS3, respectively, and 0.83 and 0.68 for Akt
and STAT3 (Figure 6b). Also, p-Akt/Akt, p-mTOR/
mTOR, p-p38/p38, and p-STAT3/STAT3
were calculated. p-Akt/Akt ratio was 0.9, p-mTOR/
mTOR ratio was 1.15, p-p38/p38 ratio was 0.73, and
p-STAT3/STATS3 ratio was 0.0 in cisplatin-treated cells
compared to the corresponding control-treated cells.
p-Akt/Akt ratio was 1.45, p-mTOR/mTOR ratio was
0.98, p-p38/p38 ratio was 1.33, and p-STAT3/STAT3
ratio was 2.41 in PEITC-treated cells when compared

ratios

to the null treated control group (Figure 6¢).
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Figure 6a.

Figure 6b.

Figure 6¢.

Figure 6. a. Protein expression changes of Akt/mTOR and p38/STAT3 pathways determined by Western
blotting in SNU449 cells following cisplatin and PEITC treatment for 24 h. b. Relative protein expression levels
c. The ratios of the phosphorylated state to the native state of Akt, mTOR, p38, and STAT3.
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In the present study, the effect of PEITC on the
cancer stem cell characteristic of the SNU449 HCC
cell line was investigated. As a cancer stem cell mark-
er, CD44 protein expression level was increased, and
Akt-mTOR and p38-STAT3 signaling pathways were
upregulated with PEITC treatment. Also, PEITC has
promoted the migratory and proliferative properties
of SNU449 cells. Based on results, PEITC modulated
cancer stem cell phenotype by increasing CD44 ex-
pression through mainly the STAT3 pathway.

Evidence reveals that CSCs lead to treatment re-
sistance, tumor progression, recurrence, and metas-
tasis by affecting crosstalk between CSCs and the
tumor microenvironment (Lv, Chen, Du, Zhou, &
Tang, 2021). CD44 is not only one of the well-known
cancer stem cell markers for HCC, but also for gastric,
colorectal, and breast cancers (Koyama et al., 2020).
In a study supported with clinical samples, CD44
expression levels have been reported to be positively
correlated with the invasiveness degree of HCC cells,
and this has been attributed to the metastasis-pro-
motive effect of CD44. Also, CD44 correlates with
tumor size, AFP level, and overall survival (P. Xie et
al,, 2022). In this study, following PEITC treatment,
a roughly three-fold increase in the CD44 protein ex-
pression levels was measured. In line with the CD44
protein upregulation, PEITC affected the migration
and proliferation characteristics of SNU449 cells. As
an indicator of proliferation, the percentage of gap fill
increased, while half-gap time decreased. Moreover,
PEITC caused an increment in the overall migration
rate of SNU449 cells. The cleaved caspase 3 to caspase
3 ratio, an apoptotic index, remained unchanged with
PEITC treatment, while the ratio reached 15 in re-
sponse to cisplatin exposure. These data suggest that
PEITC promoted proliferative and migratory charac-
teristics of SNU449 cells through CD44 upregulation.
The novelty of the present study comes from the fact
that it is the first study to show the CSC-promoting
effects of PEITC in HCC cell line SNU449.

In addition to self-renewal capacity and differen-

tiation potential, cancer and normal stem cells both

have some essential regulatory pathways in prolifer-
ation, differentiation, survival, and self-renewal and
immune modulation through the modification of
specific pathways such as Wingless/Int-1 (Wnt)/p-cat-
enin, Notch, nuclear factor kappa B (NF-kB), trans-
forming growth factor beta/small mother against de-
capentaplegic (TGF-p/SMAD) PI3K/Akt/mTOR and
JAK/STAT (Borlongan & Wang, 2023; Karami fath et
al,, 2022). PI3K/Akt/mTOR pathway is involved in
different cellular processes of tumorigenesis, includ-
ing cancer initiation, growth and proliferation, and
migration and metastasis. Inhibition of the PI3K/
Akt/mTOR pathway decreases stemness characteris-
tics of CSCs by suppressing the expression of cancer
stem cell markers, including CD44 in ovarian cancer
and, dual inhibition of the pathway prevents the pro-
liferation of CSCs in colon cancer (Chen et al., 2015;
Deng et al., 2019). In HCC, using an mTOR inhibitor
has reduced CD44 protein expression in SNU423 and
SNU449 cell lines (Kim, Jiang, Badawi, & Schmittgen,
2017). In the presented study, the activated form of
the members of the Akt/mTOR signaling pathway,
p-Akt and p-mTOR were found to be increased in
PEITC-treated cells. Despite the rising levels of the
phosphorylated form of Akt and mTOR, only p-Akt/
Akt ratio was elevated. Due to the accompanying high
expression level in mTOR and p-mTOR, p-mTOR/
mTOR ratio was found unchanged. Therefore, the
regulatory effect of the Akt/mTOR signaling pathway
on CD44 expression in PEITC-treated cells could be
seen at a limited level.

STAT3, a member of JAK/STAT signaling, is re-
sponsible for the immune modulation capability
of CSCs and the formation of a suitable microenvi-
ronment for tumor progression (Owen, Brockwell,
& Parker, 2019)including those that are involved in
tumor cell recognition and tumor-driven immune es-
cape. Antitumor immune responses are largely driven
by STAT1 and STAT?2 induction of type I and II inter-
ferons (IFNs). The continuous active state of STAT3
causes cell survival and maintenance of stemness of

breast cancer cells (L. Yang et al., 2020). Tumor-as-
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sociated macrophages have promoted the expansion
of CD44-positive CSCs by activating STAT3 signaling
in HCC cells (Wan et al., 2014). Contrary to the ob-
servation in the Akt/mTOR signaling pathway, phos-
phorylated forms of p38 and STAT3 but also p-p38/
p38 and chiefly p-STAT3/STAT3 ratios were observed
as increased in PEITC-treated cells. Consistent with
the previous reports, our results imply that CD44 up-
regulation was strongly driven by STAT3.

CONCLUSION

The results of this study unveil that STAT3-me-
diated upregulation of CD44 expression leads to the
gain of cancer stem cell phenotype of PEITC-treat-
ed SNU449 cells. To elicit the exact contribution of
mTOR and STAT3 pathways on the regulation of
CD44 expression, a more comprehensive analysis
with specific inhibitors of mTOR and STAT3 was
needed. To the best of our knowledge, this is the first
paper clarifies that PEITC regulates the cancer stem
cell phenotype of SNU449 HCC cells via the STAT3-
CD44 axis.
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