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Background: Hepatocellular carcinoma is a malignant liver tumor constituting greater than 90% of liver primary tumors. Most of
chemotherapeutic drugs used nowadays are cytotoxic, which rise the necessity to find newer agents with anticancer activity and
better safety profiles against normal cells. Sitagliptin, a dipeptidyl peptidase 4 inhibitor, has been shown to have antitumor properties
through specific suppression of dipeptidyl-peptidase 4, a glycoprotein produced in many tissues that have been thought to promote
metastasis and tumorigenesis. Objectives: This study aims to assess the anticancer activity of sitagliptin on liver cancer (HepG2) cell
line. Materials and Methods: Five groups of cell lines were included in the study: Control group (untreated HepG?2 cells), cisplatin-
treated HepG2 group, sitagliptin-treated HepG2 group, cisplatin plus sitagliptin-treated group which received combination of different
concentrations of cisplatin plus sitagliptin (250 pg/mL), and the fifth group treated with a combination of different concentrations of
sitagliptin plus cisplatin (25 pg/mL). After exposure period, these groups were incubated for 48 h and then were used for performing
3-(4,5-dimethylthiazol-2-y1)-2,5-diphenyl-2H-tetrazolium bromide (MTT) assay for evaluating cells viability and cytotoxicity. Data
were finally collected and analyzed statistically. Results: MTT assays findings indicated that sitagliptin significantly reduced the
viability of HepG2 cells and it produced important cytotoxic effect against this cancer cells. Moreover, sitagliptin plus cisplatin
combination showed significant reduction in HepG?2 viability in addition to greater cytotoxicity for this cell-line in comparison with
sitagliptin or cisplatin alone. Conclusion: Sitagliptin revealed anticancer properties against HepG2 cancer cell-line based on MTT
assay, which would probably indicate its cytotoxic effect against this cell-line.
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showed that treatment of hepatoma cells with cisplatin
for 24 and 48h resulted in a dose-related decrease in cell
viability as measured by the 3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyl-2H-tetrazolium bromide (MTT) assay in
Hep3B, Huh7, and HepG2.™

INTRODUCTION

Hepatocellular carcinoma (HCC) is a malignant liver
tumor accounting for greater than 90% of the liver
primary tumors of the liver. HCC results in up to 85%
of individuals with liver cirrhosis. Cytological features

depend on the differentiation of hepatocytes from well-  Cisplatin uptake in yeast and humans is mediated by

differentiated to poorly differentiated HCC.! HCC is
the seventh most common cancer globally and second
leading cause of death due to cancer. Indeed, it accounts
for approximately 75% of all instances of liver cancer
worldwide.” In Iraq in 2020, the estimated incidence rate
was 713, and the number of new deaths was 686.

The primary treatment modalities of HCC are surgery,
ablation,  trans-arterial chemoembolization, and

chemotherapies including cisplatin. A recent study
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the copper transporter copper transporter-1.57 When
cisplatin enters a cell, it becomes active. In order to induce
cell death by apoptosis, cisplatin interacts with DNA in
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the cell nucleus. When it comes into contact with DNA,
especially guanine (G) and adenine (A), it forms adducts
that significantly disrupt the molecule’s double helix shape,
degrade DNA in tumor cells, preventing proliferation and
leading to apoptotic cellular death.®

Cisplatin is a cytotoxic drug that is not specific only to
cancer cells but also affects normal cells; hence it may
be harmful to the normal cells in the body and has
several warnings, including gastrointestinal toxicity,
myelosuppression, neurotoxicity, nephrotoxicity, ocular
toxicity, and ototoxicity.”

Thus, there is a need to identify new anticancer medicines
with a reduced potential for side effects in healthy tissues.
Significant anticancer effects of dipeptidyl peptidase
4 (DD4) inhibitors in cancer cells have been observed.
In particular, the antidiabetic medication named
sitagliptin was approved by the United States Food and
Drug Administration in 2006 an inhibitor of (DPP4).
Glucagon-like peptide-1 (GLP-1) and glucose-dependent
insulinotropic polypeptide are incretin hormones that are
deactivated by the enzyme DPP-4. The hormone incretin
increases insulin secretion from beta cells while decreasing
glucagon secretion from beta cells.®! Since sitagliptin
blocks DPP-4 activity, it also extends the effects of
incretin hormones. Consequently, significant postprandial
augmentation of insulin secretion and reduction of
glucagon secretion is observed.P! In addition to antidiabetic
action, sitagliptin has been shown to improve the prognosis
of several types of cancers, including breast,!? kidney,!!!
ovarian,'? and colon.”) In accordance with that, our study
attempts to assess the anticancer activity of the DPP-4
inhibitor (Sitagliptin) in HepG2 cell-line and compare
the resultant activity with the standard chemotherapeutic
agent used in anticancer protocols, cisplatin.

MarteriaLs AND MEeTHODS
Study design

This study was performed on HepG2 cell-line utilizing a
previously mentioned protocol.'¥ In detail, the cells were
cultured into a (96-well) plate and then incubated for
24h to promote the formation of a cellular monolayer
(80% growth phase). The old medium was discarded,
and 200 pL of medium containing the test medicines was
added. Four primary groups were utilized in addition to the
control group, which are: cisplatin-treated HepG2 group,
sitagliptin-treated HepG2 group, cisplatin plus sitagliptin-
treated group which received combination of different
concentrations of cisplatin plus sitagliptin (250 pg/mL), and
the fourth group treated with a combination of different
concentrations of sitagliptin plus cisplatin (25 pg/mL).
The plates were then kept in an incubator for 48h. After
exposure to drugs, the medium was discarded, and the wells
were washed with phosphate-buffered saline. Formazan
conversion was detected using a blank control. To achieve
the final target concentration of MTT (0.5mg/mL), 10.8 mL

of medium was combined with 1.2mL of stock-MTT
solution (5mg/mL). Next, 200 pL of the resultant MTT
solution was applied to each well. After 3 h in the incubator,
the plate had intracellular-purple formazan crystals, easily
observed using an inverted microscope. The supernatant
was discarded, and 100 pL of Dimethylsulfoxide was added
to each well to dissolve the formed-formazan crystals. After
30 min in a room-temperature incubator, the cells had lysed,
and the crystals had disintegrated. Using a microplate
reader set to 570nm to determine absorbance. Data were
finally collected and analyzed statistically. This study was
performed at the Cell Culture Lab in the Department of
Pharmacology and Toxicology, Faculty of Pharmacy,
University of Kufa, and it lasted about 2 months in total.

Statistical analysis

The data were gathered and analyzed using “Microsoft
Office Excel 2019” (Microsoft Corporation, Redmond,
WA, USA) and “IBM SPSS Statistics” (IBM, Chicago,
IL, USA) version 20. Means were compared using one-
way ANOVA (Post-Hok-Tukey), and probability less
than 0.05 (P < 0.05) or lower was regarded as statistically
significant.

Ethical approval

The study was conducted in accordance with the ethical
principles that have their origin in the Declaration of
Helsinki. The study protocol was reviewed and approved
by a local ethics committee according to the document
number 1127 dated August 20, 2022.

ResuLts

The impact of sitagliptin on HepG2 cell-line

The results showed a significant decrease in cell viability
of HepG2 cell-line which is directly proportional with
increasing the sitagliptin concentration (P < 0.001) as
shown in Figure 1. In addition, sitagliptin further showed
significant cytotoxicity against the corresponding cell-line
(P <0.001) for all concentrations in comparison with the
control group, as listed in Table 1.
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Figure 1: The impact of sitagliptin on cell viability of HepG2 cell-line.
*** P <(.001
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Inhibitory concentration (IC50) value of sitagliptin
against HepG2 cell-line

As shown in Figure 2, the IC50 of sitagliptin was
determined to be 1440 pg/mL.

The impact of cisplatin on HepG2 cell-line

The results showed a significant decrease in cell viability
of HepG2 cell-line (P < 0.001) after exposure to cisplatin,
and this reduction increases gradually as the concentration
of cisplatin increase, see Figure 3. Furthermore, cisplatin
produced significant cytotoxic effect on the corresponding
cell-line (P < 0.001) at all concentrations in comparison
with the control group, as listed in Table 2.

Table 1: Cytotoxic effect of sitagliptin against HepG2 cell-line

Sitagliptin concentration (ug/mL) Cytotoxicity %
Control 00
31.125 13.69+1.97
62.25 13.83+3.05
125 23.96+2.97
250 25.731£0.44
500 34.60£2.64
1000 45.00£3.43
Sitagliptin IC50= 1440 pg/ml
50 -
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Figure 2: 50% inhibitory concentration value of sitagliptin against
HepG2 cell line
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The impact of combination of cisplatin plus sitagliptin on
HepG2 cell-line

In this part of the study, cells of HepG2 cell-line were
exposed to different concentrations of cisplatin in
combination with a fixed concentration of sitagliptin
(250 pg/mL). Results showed a significant decrease in cell
viability of HepG2 cells (P < 0.001) at all concentrations
tested as shown in Figure 4. Moreover, a significant
cytotoxic effect (P <0.001) was detected on cells of HepG2
after exposure to different concentrations of cisplatin plus
sitagliptin in comparison with the control group as listed
in Table 3.

The impact of combination of sitagliptin plus cisplatin on
HepG2 cell-line

Series of combinations have been used to evaluate cell
viability of HepG2 cell-line, these combinations include
different concentrations of sitagliptin plus a fixed
concentration of cisplatin (25 pg/mL). The results showed
a significant decrease in the studied cell viability of HepG2
cell-line (P < 0.001), as the level of sitagliptin increase,
lower cell viability was reported as shown in Figure 5.

Table 2: Cytotoxic effect of cisplatin against HepG2 cell-line

Cisplatin Cytotoxicity %
Concentration (ug/mL)

Control 0+0
3.125 28.52+3.29
6.25 46.64+2.19
12.5 58.94+1.32
25 66.17+1.32
50 76.56+0.22
100 78.33+1.97
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Different Cisplatin Concentrations (ng/ml) + Sitagliptin (250

ug/ml)

Cisplatin Concentration (ng/ml)

Figure 3: The impact of cisplatin on the cell viability of HepG2 cell-line.
*** P <(.001

Figure 4: The impact of combinations of different concentrations of
cisplatin plus sitagliptin (250 ug/mL) on the cell viability of HepG2 cell-
line. *** P <0.001
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Table 3: Cytotoxic effect of combinations of different
concentrations of cisplatin plus sitagliptin (250 ug/mL)
against HepG2 cell-line

Cisplatin concentration (ug/mL) Cytotoxicity %
Control 0+0
3.125+250 62.31%1.19
6.25+250 72.16£0.57
12.5+250 73.11£1.31
25+250 79.55+0.98
50+250 80.89+3.30
100 +250 84.95+1.65
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Figure 5: The impact of combinations of different concentrations of
sitagliptin plus cisplatin (25 pg/mL) on cell viability of HepG2 cell-line.
*** P <(.001

Table 4: Cytotoxic effect of combinations of different
concentrations of sitagliptin plus cisplatin (25 ug/mL)
against HepG2 cell-line

Sitagliptin concentration (ug/mL) Cytotoxicity %
Control 0+0
31.25+25 55.94+2.13
62.5+25 57.72+2.72
125+25 58.47+0.31
250425 59.15+0.47
500+25 61.82+1.54
1000+25 66.19+1.77

In addition, a significant increase in cytotoxicity (P <
0.001) was seen after exposure to higher concentrations
of sitagliptin compared with the control group, as listed
in Table 4.

Impact of cisplatin alone versus combination of cisplatin
plus sitagliptin on HepG2 cell-line

As demonstrated in Figure 6, cisplatin concentrations
plus sitagliptin (250 pg/mL) combinations after they have
been exposed to HepG2 cells, they significantly reduced
cell viability of HepG2 cells (P < 0.001) in comparison
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Figure 6: Impact of cisplatin alone versus combination of cisplatin plus
sitagliptin on the viability of HepG2 cells. ** P < 0.01, *** P < 0.001

Table 5: Comparison between the cytotoxic effect of cisplatin
alone and the combination of cisplatin with sitagliptin against
HepG2 cell line

Cisplatin concentrations Cytotoxicity (%)

(ng/mL) Cisplatin alone Cisplatin plus sitagliptin*
Control 00 00
3.125+250 28.52+3.29 62.31%1.19
6.25+250 46.64%2.19 72.16%0.57
12.5+250 58.94+1.32 73.11£1.31
254250 66.17+1.32 79.55+0.98
50+250 76.56+0.22 80.89+3.30

100+ 250 78.33+1.97 84.95+1.65

*Refers to different cisplatin concentrations plus fixed concentration of
sitagliptin (250 pg/mL)

with cells exposed to cisplatin alone. Interestingly, high
significant differences were reported at low cisplatin
concentrations, particularly 3.125, 6.25, 12.5, and 25 ng/
mL. However, 50 pg/mL + 250 pg/mL combination,
although it produced lower cell viability, no statistically
significant results were reported. Similarly, the same
combinations precipitated higher cytotoxicity on the
corresponding cell-line versus that seen with cisplatin
alone, see Table 5.

Impact of sitagliptin alone versus combination of
sitagliptin plus cisplatin on HepG2 cell-line

After 48h incubation, HepG2 cells showed significantly
lower cell viability when exposed to all sitagliptin plus
cisplatin combinations in comparison with sitagliptin alone
(P £0.001), as demonstrated in Figure 7. Furthermore, a
very high significant increase in cytotoxicity percent (P <
0.001) for all concentrations, compared with the sitagliptin
alone administered group as listed in Table 6.

Discussion

The two main challenges of treating malignant disorders
are drug side effects and treatment resistance. Through
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Figure 7: Impact of sitagliptin alone versus combination of sitagliptin
plus cisplatin on the viability of HepG2 cells. *** P < 0.001

Table 6: Comparison between cytotoxic effect of sitagliptin
alone and the combination of sitagliptin with cisplatin
against HepG2 cell line

Sitagliptin concentrations

Cytotoxicity (%)

(pg/mL) Sitagliptin alone  Sitagliptin plus
cisplatin*
Control 0+0 0+0
31.25+25 13.69%1.97 55.94+2.13
62.5+25 13.83%3.05 57.7242.72
125+25 23.96+2.97 58.47+0.31
250+25 25.73%0.44 59.1540.47
500+ 25 34.60£2.64 61.82£1.54
1000+ 25 45.00%3.43 66.19£1.77

*Refers to different sitagliptin concentrations plus fixed concentration
of cisplatin (25 pg/mL)

a combination of treatments, researchers try to solve
these issues.'¥ Combination therapy may improve drug
therapeutic effects!'™ while lowering drug side effects of
anticancer medications by lowering drug dose.!'"]

This study aimed to evaluate the potential anti-tumor
activity of sitagliptin in HepG2 cancer cell-line. To
perform this study, we utilized sitagliptin alone as well as
in combination with cisplatin to investigate the impact of
combination therapy on the anti-tumor efficacy.

According to the findings of this study, the cell viability
of HepG2 cells was significantly decreased, and its
cytotoxicity was significantly increased (P < 0.001). These
results are similar to that reported by Amritha et al.,”
who used the MTT assay to compare sitagliptin at varying
concentrations with control and they found that this drug
has significant antitumor properties against colon cancer.

Recent study further showed that GLP-1 has a positive
and protective role in both transplanted tumors and
colon cancer cell-lines, suggesting that blocking the
DPP-4 enzyme would increase the action of GLP-1.01"
According to Pinheiro et al.,'¥ sitagliptin inhibited cell

growth in cultured lymphocytes at 50 pg/mL and greater
concentrations. Cytotoxic effect of sitagliptin is mediated
by the specific suppression of DPP-4, a glycoprotein
produced in many tissues that have been thought to
promote metastasis and tumorigenesis via stimulating
hypoxia-inducing factor-la/vascular endothelial growth
factor signaling.!*]

In addition, the anticancer activity of cisplatin is already
approved and this chemotherapy is considered as one of
the standard medicines widely used for the treatment of
liver cancer. Previous MTT assay results demonstrated
a dose-dependent decrease in cell viability after cisplatin
treatment in HepG2, Hep3B, Huh7, and J7 cells.
However, some cells showed apoptotic signals, suggesting
that the effect is likely concentration-dependent, and
at a dose of 100mg/mL, cisplatin was reported to cause
primary necrosis in Hep3B and HepG?2 cell lines.*

The cytotoxic effects of cisplatin are manifested when the
drug penetrates the cell, links to DNA to form a DNA
adduct, and disrupts DNA replication. It leads to cellular
oxidative stress and reactive oxygen species release. Cell
cycle arrest and alterations in mitochondrial potential at
the membrane result from p53 signaling activation.?!l

In this study, the combination of sitagliptin plus cisplatin
showed a significant decrease in the viability HepG?2 cells
(P < 0.001) when compared with cisplatin alone. This
indicates the synergism between cisplatin and sitagliptin
which may elevate cytotoxicity against cancer cells more
than that obtained when using cisplatin alone. The
synergism between sitagliptin and chemotherapeutic
agents has been mentioned by previous studies and
it was suggested that pharmacological regulation of
cellular transmission pathways could be achieved by this
combination.!"?

Inaddition to cisplatin, the antitumor impact of sitagliptin,
either alone or in combination with doxorubicin, was also
demonstrated in mice model of cancer. Curiously, when
doxorubicin and sitagliptin were taken together, tumor
size reduction was much greater than that achieved with
either medication alone.*

Several clinical trials have shown therapeutic benefits with
the combination of chemotherapy and sitagliptin, adding
support to the use of these two treatments together.?
When treating rat models of clear cell renal cell carcinoma,
the combination of sitagliptin with resveratrol is superior
to either medication used alone. This could be because
of the additive effects of their antioxidant and anti-
inflammatory characteristics.!'!

Sitagliptin inhibits survivin synthesis and upregulates
p53-mediated apoptosis.?*?) P53 is a tumor suppressor
gene product that suppresses BCL-2 expression while
increasing Bcl-2-associated X protein expression.?
Furthermore, sitagliptin has decreased survivin level, an
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apoptosis-inhibiting protein that is, overproduced in a
broad range of malignancies.?” Survivin key roles include
mitotic regulation and apoptosis suppression which are
linked to cancer development.?®

According to that, sitagliptin would probably play a role
as cytotoxic agent in HepG2 cancer cell-line. Finally,
anticancer activity of sitagliptin could enhance the
cytotoxicity of cisplatin which may help in reducing the
dose and subsequently the side effects of cisplatin in
cancer patients.

However, because the MTT assay is a preliminary screening
test. It does not totally confirm the anticancer action.
Finally, additional future research studies are necessary
to determine the influence of sitagliptin on various types
of experimental cancer models and to further confirm
the anticancer activity using other evaluation approaches
such as flow cytometry.
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