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Abstract

Objectives: Hepatocellular carcinoma (HCC) is a primary liver tumor that exhibits significant resistance to conventional chemo-
therapeutic treatments. Phenethyl isothiocyanate (PEITC), a phytochemical derived from Cruciferae plants, has emerged as a prom-
ising therapeutic candidate. We aimed to assess the effects of PEITC on cell proliferation and migration in the SNU-449 HCC cells.
Methods: To evaluate the effect of PEITC (2.5-100 pM) on cell viability and migratory rate in SNU-449 cells, MTT, Sulforhodamine B
(SRB), colony formation and wound healing assays were analyzed. All data are presented as the median and interquartile range (IQR).
Results: The results indicated that cell viability in response to PEITC began to decrease at 10 uM after 72 hours, with absorbance
values of 0.431 (IQR: 0.458) for the 10 uM treatment and 0.67 (IQR: 0.049) for the control group, respectively (p<0.05). The SRB as-
say results for PEITC-treated and control groups were 0.581 (IQR: 0.789) and 0.381 (IQR: 0.365), respectively (p>0.05). The surviving
fraction of cells treated with PEITC was 19.35% relative to untreated controls. Wound closure percentages in the PEITC and control
groups were 10.35% (IQR: 10.3) and 59.75% (IQR: 15.4), respectively (p<0.05).

Conclusion: Our results suggest that PEITC may be beneficial in ameliorating hepatocellular carcinoma. Further comprehensive
studies are planned to elucidate the molecular mechanisms underlying the antitumoral effect of PEITC.
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Hepatocellular carcinoma (HCC) is recognized as a sig-
nificant global health issue, particularly in regions with
a high diffusiveness of chronic hepatitis B and C infections.
M The mortality rates associated with HCC are alarmingly
high.2 WHO predicts that liver cancer will cause over a mil-
lion deaths by 2030.% HCC is the most prevalent form of
primary liver cancer, responsible for approximately 90% of
all cases.” Current treatment approaches for HCC include
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surgery, liver transplantation, immunotherapy, chemo-
therapy, radiotherapy, and targeted molecular therapies.
56 However, challenges such as limited effective treatment
options in advanced stages, HCC heterogeneity, and resis-
tance to conventional therapies remain. This necessitates
the exploration of new and targeted therapeutic strategies
to improve patient outcomes and survival rates.”? Due to
the involvement of various cells and critical factors in the
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development and resistance of HCC treatment, the use of
drugs in combination with therapeutic agents or adjuvants
is considered an interesting approach to reduce treatment
resistance.® Phytochemicals, which are naturally occur-
ring compounds derived from plants, have attracted sig-
nificant interest due to their potential antitumor effects.
These compounds mediate their effects through multiple
mechanisms, including anti-proliferative, anti-angiogenic,
and immunomodaulatory activities.”? Phytochemicals, valu-
able bioactive compounds found in numerous vegetables,
fruits, and plants, have fascinated the scientific community
due to their remarkable biological properties and potential
health benefits.l'o™

Phenethyl isothiocyanate (PEITC) is a naturally occurring
compound identified in cruciferous vegetables of the Bras-
sicaceae family.'? Key compounds in this family include
watercress, cabbage, cauliflower, turnip, horseradish, broc-
coli, and Brussels sprouts.'>' PEITC possesses important
bioactive properties, such as anti-inflammatory, antioxi-
dant, antimicrobial, and anticancer activities."” Among
its biological effects, PEITC has garnered particular inter-
est due to its strong chemopreventive and anticancer
mechanisms. Research has demonstrated that PEITC exerts
anti-cancer effects by modulating key survival and signal-
ing pathways, promoting apoptosis, inducing cell cycle
arrest, and influencing the activity of drug-metabolizing
enzymes.'¥ Numerous studies have demonstrated the
role of isothiocyanates (ITCs) in reducing HCC growth and
metastatic potential.'”'® In addition, it has been revealed
that ITCs can augment the anticancer efficacy of various
confirmed chemotherapeutic agents and have the poten-
tial for repurposing in the therapy of non-small cell lung
cancer, breast cancer, and gastric cancer.'*2" Ongoing
studies are exploring the inhibitory efficacy of PEITC on the
carcinogenic progression of several cancer cell types. How-
ever, limited data exist regarding its impact on HCC, and
the precise mechanisms by which PEITC modulates HCC
activity remain unclear. Emerging evidence suggests that
the inhibitory effects of natural compounds, such as PEITC,
may differ based on the specific HCC cell subtypes. Previ-
ously, anticancer properties of PEITC were demonstrated in
HCC cell lines such as SK-Hep1, Huh7.5.1, and HepG2.12%24
However, information regarding the anticancer effects of
PEITC on SNU-449 HCC cells and the underlying mecha-
nisms remains unclear. The current study aims to investi-
gate the antiproliferative and migratory properties of PEITC
in SNU-449 HCC cells. Our findings suggest that PEITC can
significantly suppress proliferative activity and migratory
potential. Our results indicated that PEITC may be a favor-
able potential remedial agent for HCC.
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Methods

Preparation of SNU449 Cell Culture

Augmented with 10% heat-inactivated fetal bovine se-
rum (FBS, Sigma-Aldrich) and 1% Penicillin-Streptomycin-
Neomycin (Sigma-Aldrich), Roswell Park Memorial Institute
(RPMI) medium-1640 was used for culture of the SNU449
human hepatocellular carcinoma cell line (American Type
Tissue Collection ATCC, CRL 2234). The cells were kept in a
humidified incubator (at 37°C in 5% CO,).

Cell Viability Assay

SNU-449 cells were resuspended in the RPMI-1640 medium.
They were seeded into 96-well plates at a density of 10,000
cells per well followed by overnight incubation. PEITC (Sig-
ma-Aldrich, Germany) (2.5, 5, 10, 20, 50, and 100 pM) was
exposed for 24, 48, and 72 hours in RPMI-1640 medium
after incubation. Then, 3-(4,5-dimethyl-2-thiazolyl)-2,5-
diphenyl-2H-tetrazolium bromide (MTT, Sigma-Aldrich,
Germany) solution (5 mg/ml in phosphate-buffered saline
(PBS)) was added and incubated for 4 hours. After the addi-
tion of 100 uL Dimethyl sulfoxide (DMSO, Merck, Germany)
the plate was gently shaken. Absorbance was then record-
ed at 570 nm (Biotek, Synergy H1m).

Sulforhodamine B (SRB) Assay

Cytotoxicity was assessed on the SNU-449 cell lines using
SRB assay. PEITC (5, 10, and 20 uM) was exposed to SNU-
449 cells, plated at 10,000 cells per well in 96-well plates
containing RPMI-1640 medium for 48 hours. Then cells
were fixed with ice-cold 50% trichloroacetic acid (TCA) and
stained with 0.04% SRB (Sigma-Aldrich, Germany). The SRB-
bound dye was solubilized using 10 mM Tris-base, and after
the addition of 100 uL DMSO (Merck, Germany) the absor-
bance was measured at 510 nm.

Colony Formation Assay

SNU-449 cells were seeded into 6-well plates at a density
of 1,000 cells per well. After incubation overnight, the
cells were exposed to 10 uM PEITC for 48 hours. The me-
dium was replenished with RPMI-1640 every two days
for 14 days. Colonies were fastened with a methanol:
acetic acid (3:1) mixture and stained with 0.5% crystal
violet. Colonies were enumerated using a microscope
(Leica, DMi8).

The plate efficiency (PE) and surviving fraction (SF) were
calculated using the following formulas:

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

SF = (PE of PEITC-treated cells / PE of control cells) x 100
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Wound Healing Assay

SNU-449 cells were plated in 60-mm cell culture dishes.
They were grown to 80% confluence. A scratch was made
in the cell monolayer, and the cells were washed twice with
PBS to eliminate any cellular debris. Then 10 uM PEITC was
treated for 96 hours. Images of the wound area were taken
at predetermined time points using a cell imaging system
(Leica, Paula). The wound healing area and percentage of
wound closure were quantified.

Statistical Analysis

All statistical analyses were carried out using Statistical Pack-
age for the Social Sciences software version 27 (SPSS v.27)
(IBM, Armonk, NY, USA). The Shapiro-Wilk test was employed
to evaluate the normality of the data. Continuous variables
are presented as medians with interquartile ranges (IQR).
The colony formation assay was analyzed as described pre-
viously. To compare continuous variables across multiple
groups, a pairwise Kruskal-Wallis test was performed. A p-
value below 0.05 was regarded as statistically significant.

Results

The MTT assay demonstrated that the antitumor effect of
PEITC was evident starting at a concentration of 10 uM
after 72 hours. The absorbance values for the 10 uM and
control groups were 0.431 (IQR: 0.458) and 0.67 (IQR: 0.049),
respectively (p<0.05) (Fig. 1). Given that this represented
the lowest effective dose of PEITC, this concentration was
selected for subsequent experimental procedures.

We analysed the effects of PEITC on SNU449 cell survival us-
ing the SRB assay. We tested null (untreated), 5 uM, 10 pM,
and 20 pM doses. The SRB assay demonstrated no statistical-
ly significant difference in cell viability between cells treated
with various PEITC doses and the untreated control group
(0.581 [IQR: 0.789] vs. 0.381 [IQR: 0.365]; p>0.05) (Fig. 2).

Journal of Inonu Liver Transplantation Institute

The migratory characteristics of SNU449 cells were deter-
mined via a wound healing assay after 96 hours of 10 uM PEITC
treatment. The wound areas of PEITC-treated cells and the
control group were 1,982,061 (IQR: 269,014) um” and 528,861
(IQR: 523,150) um’, respectively (p<0.05) (Fig. 3).Wound clo-
sure rate was 10.35% (IQR:10.3) in PEITC-treated cells after
96 hours. The wound closure rate in the control groups was
59.75% (IQR:15.4) (p<0.05) (Fig. 4). The figure 5 shows the
changes in the streak width of PEITC and control groups.

Figure 2. Summary of the results of the SRB assay.

Figure 3. Wound surface area is shown.

Figure 1. Efficacy of PEITC on cell viability of SNU449 HCC cells.

Figure 4. Wound closure rates are summarized.
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The colony formation ability of SNU449 cells treated with
PEITC was assessed using a colony formation assay. Plate ef-
ficiency and survival fraction following PEITC treatment were
determined based on the number of colonies formed (Fig. 6).
The survival fraction in the colony formation assay of PEITC-
treated cells was 19.35% relative to that of untreated cells.

Discussion

Epidemiological research has supported that the consump-
tion of cruciferous plants in the diet assists in reducing the
likelihood of malign tumours and that this effect is primar-
ily ascribed to isothiocyanates (ITCs), which are hydrolysis
products of glucosinolates.?” One of the most studied ITCs,
PEITC, has been broadly explored for its effects on cancer
cells both in vitro and in vivo. The molecular targets of
PEITC encompass several hallmark features of cancer, such
as apoptosis, proliferation, invasion, and metastasis. A sig-
nificant advantage of PEITC is its selective action against
cancer cells compared to normal cells.?® This characteris-
tic makes it an attractive candidate for clinical application
with minimal side effects. PEITC has been shown to be se-
lectively cytotoxic against various cancer cell types.?”!

In the current research, we examined the effects of PEITC
on cell viability, colony formation ability, and migration ca-
pacity in SNU449 liver carcinoma cells. Our findings suggest
that PEITC can impact various cancer pathways, including
those involved in cell survival, migration, and colony forma-
tion. These results show that while PEITC reduces specific
cancer-related markers, it also induces apoptosis. Addition-
ally, using a wound healing assay for cell migration, PEITC
significantly suppressed the migration of SNU449 cells. Ex-
posure to PEITC strongly reduced the survival of cell lines
in a dose-dependent way. Cell viability was remarkably
reduced in a concentration—and time-dependent way for
each PEITC exposure, with more significant cytotoxic effects
observed. Research by Crowley E et al. investigated the an-
ticancer effects of natural and synthetic ITC derivatives. The
results showed that all ITC derivatives reduced cell viability
in a dose- and time-related manner in HepG2, DU145, and
22Rv1 cell lines. The researchers demonstrated that the en-
hancement exposure period resulted in a more pronounced
cytotoxic effect in all cell lines studied. In this study, PEITC,
which had the longest carbon chain length, significantly
decreased cell viability after exposure to higher concentra-
tions in all cell lines.?® The carbon chain length affects the
chemopreventive activity.”” The chemical features of PEITC
allow it to remain stable in the cell microenvironment and
be effectively absorbed and used by liver cells, as a result of
that, augmenting its goal assault on HCC cells.B® Therefore,
PEITC holds notable potential for the treatment of HCC.
However, the complete therapeutic effects and underlying

96hour

0hour

Control PEITC

Figure 5. Migratory characteristics of SNU449 cells control and
PEITC-treated were evaluated by wound healing assay. It is presented
the changes in the streak width of the study groups.

Figure 6. The results of the colony formation assay are summarized.
Proliferative potency of SNU449 cells with the PEITC-treated and con-
trol group was shown.

mechanisms of PEITC on HCC have not yet been fully elu-
cidated. Rose P et al. found that PEITC inhibited DNA syn-
thesis in HepG2 cells. The G2/M phase of the cell cycle was
arrested, which was associated with changes in the protein
levels of cyclin B1 and p34cdc2 by PEITC. These results in-
dicate that PEITC effectively triggered apoptosis and cell
cycle arrest in HepG2 cells.”? Another study conducted on
HepG2 cells demonstrated that PEITC could stimulate ROS
formation and impact microtubule depolymerization, re-
sulting in apoptotic and necrotic cancer cell death."
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The induction of apoptosis through ROS production in
carcinoma cells, as revealed by PEITC, may explain some
of the molecular mechanisms underlying its anticancer
potency in various cancers, including liver cancer. PEITC
treatment produces ROS and initiates both intrinsic and
extrinsic apoptotic pathways, eventually leading to cas-
pase-3 activation.B? Both previous studies and the cur-
rent investigation have demonstrated that PEITC exhibits
anti-proliferative, anti-migratory, and pro-apoptotic ef-
fects in HCC cells.

Translating promising results from in vitro studies to clini-
cal settings remains a considerable challenge. Future in-
vestigations must focus on the in vivo therapeutic poten-
tial and safety of PEITC using preclinical animal models,
alongside the initiation of early-phase human clinical tri-
als to evaluate its efficacy and safety in human subjects.
Moreover, given the limitations associated with PEITC's
bioavailability and metabolic dynamics, exploring the im-
provement of innovative nano-formulated drug delivery
systems could serve as a crucial direction for advancing
the treatment of HCC.

One of the limitations of our study is that it is an in vitro
study. While in vitro studies serve as a crucial preclinical
step in the evaluation of potential therapeutic agents, they
inherently lack the complexity of the tumor microenviron-
ment. Specifically, these models fail to recapitulate the in-
teractions between cancer cells and the surrounding stro-
mal, immune, or vascular constituents, which are critical
for tumor progression and response to therapy. As such, in
vitro models cannot fully mimic the dynamic conditions of
a living organism. To complement these findings, it is im-
perative to conduct in vivo research using animal models
to estimate the efficacy, pharmacokinetics, and toxicity
of promising candidates in a physiological context. An-
other limitation of our study is the absence of mechanis-
tic investigations into the molecular pathways involved in
apoptosis. Further investigation is required to elucidate the
precise mechanisms by which the treatment induces cell
death, thereby enhancing the understanding of its thera-
peutic potential.

In conclusion, Our study offers promising preliminary data
that support the potential use of PEITC in the treatment
of HCC. However, further research is necessary in order to
have a full understanding of its therapeutic potential and
clinical limitations. Through continued investigation, we
would like to advance research in the progress of less toxic
therapeutic alternatives for HCC, thereby offering patients
enhanced treatment options.
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Conclusion

The findings from this study indicate that PEITC notably
inhibits the viability and migratory potential of liver carci-
noma cells. Considering these results, along with evidence
from multiple studies, it is reasonable to hypothesize that
PEITC may offer therapeutic benefits in slowing the onset
or progression of liver carcinoma.
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