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Abstract

Background: Cancer is a major health concern with high morbidity and mortality rates, necessitating new treatment
strategies. Despite the effectiveness of chemotherapy, drug resistance and side effects pose significant challenges. In
recent years, the drug repurposing approach has emerged as a promising strategy for new therapeutic options. SGLT2
inhibitors, originally developed for diabetes treatment, have gained attention for their potential anticancer effects. In
this study, the cytotoxic effects of empagliflozin on Caco-2 (colorectal adenocarcinoma), A2780 (ovarian carcinoma), and
LNCaP (prostate adenocarcinoma) cell lines were investigated.

Methods: In this study, the A2780, LNCaP, and Caco-2 cell lines were utilized. Each cell line was exposed to empaglifloz-
in at varying concentrations of 1, 5, 25, 50, and 100 uM for a duration of 48 hours. The 3-(4,5-dimethylthiazol-2-yl1)-2,5-di-
phenyltetrazolium bromide (MTT) assay was employed to evaluate changes in cell viability following treatment. From
the cytotoxicity data, the half-maximal inhibitory concentration (IC50) and logIC50 values of empagliflozin were deter-
mined to assess its inhibitory effects on cell viability.

Results: Empagliflozin significantly reduced cell viability in Caco-2, A2780, and LNCaP cell lines. The most pronounced
cytotoxic effect was observed in LNCaP cells, followed by Caco-2 and A2780 cell lines, respectively.

Conclusion: These findings suggest that Empagliflozin exhibits cytotoxic effects in certain cancer cell lines and may

have potential as an anticancer agent.
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INTRODUCTION

According to data from the World Health Organization,
approximately 20 million new cancer cases were diag-
nosed worldwide in 2020, and nearly 10 million people
lost their lives due to this disease. Cancer is considered
one of the most significant contributors to the global
disease burden today. This burden is expected to in-
crease further in the coming years, particularly due to
the aging population, environmental factors, and life-
style changes (1). Current chemotherapeutics have ex-
tended the lifespan of cancer patients; however, factors
such as treatment-related side effects, varying tumor re-
sponses, and drug resistance necessitate the discovery
of new strategies and compounds for cancer treatment
(2). The traditional drug development process involves
preclinical research and clinical trials, typically taking
10-15 years to complete. This process is highly costly,
with an estimated expense of approximately $1-2 bil-
lion. Moreover, only a very small fraction (<1%) of drug
candidates successfully reach clinical trials and gain
market approval (3). Drug repurposing offers a solution
by investigating the use of approved drugs for the treat-
ment of new diseases, thereby reducing both the cost
and duration of drug development (4). Notably, this ap-
proach is frequently adopted in cancer research, where
the antiproliferative, pro-apoptotic, or anti-metastatic
effects of existing drugs are evaluated to identify novel
therapeutic options (5). In this context, the oncological
potential of certain drugs originally developed for dia-
betes treatment is also being investigated. In particular,
sodium-glucose cotransporter 2 (SGLT2) transporters
have attracted attention in cancer cell biology due to
their effects on metabolic processes (6). SGLT2 is pri-
marily expressed in the first and second segments of the
proximal convoluted tubule in the kidney and plays a
crucial role in glucose reabsorption from urine, driven
by the sodium concentration gradient (7). SGLT2 inhib-
itors lower blood glucose levels by reducing glucose
reabsorption in the kidney. Initially developed for the
treatment of type 2 diabetes mellitus (T2DM), SGLT2 in-
hibitors such as dapagliflozin, empagliflozin, and can-
agliflozin have gained attention over time due to their
beneficial effects on cardiovascular and renal health.

As a result, these drugs have been utilized not only for

T2DM treatment but also in managing heart failure and
chronic kidney disease (8, 9). Studies have shown that
certain tumor cells express SGLT2 transporters (10). Kaji
et al. demonstrated that the pharmacological inhibition
of SGLT2 transporters suppressed the proliferation of
liver cancer cells by reducing glucose uptake, lactate
production, and intracellular ATP levels (11). Similarly,
it has been reported that empagliflozin exhibits cytotox-
ic effects in breast cancer (MCF-7), lung cancer (A549)
(12), and cervical cancer (HeLa) cell lines (13). Based on
these findings, we analyzed the cytotoxicity of empagli-
flozin against human cancer cell lines, including Caco-2
(colorectal adenocarcinoma), A2780 (ovarian carcino-
ma), and LNCaP (prostate adenocarcinoma), using the
3-(4,5-dimethylthiazol-2-y1)-2,5-diphenyltetrazolium
bromide (MTT) assay.

MATERIALS AND METHODS
Cell Culture

To evaluate the anticancer potential of empagliflozin,
LNCaP (American Type Culture Collection [ATCC]),
A2780 (ATCC), and Caco-2, (ATCC) cancer cell lines
were used. Initially, cells retrieved from the liquid ni-
trogen tank were seeded into 75 cm? culture flasks un-
der appropriate culture conditions to ensure adaptation
and proliferation. For optimal proliferation, LNCaP and
A2780 cells were grown in Roswell Park Memorial Insti-
tute 1640 medium, whereas Caco-2 cells were cultured
in Dulbecco's Modified Eagle Medium /Nutrient Mix-
ture F12 medium. To enhance cell growth and viability,
all media were supplemented with 10% fetal bovine se-
rum, 100 U/mL penicillin, and 0.1 mg/mL streptomy-
cin. The cells were incubated at 37°C in a humidified
environment containing 5% CO2 (14). When the cells
reached 80-90% confluence, trypsin-ethylenediamine-
tetraacetic solution was applied to detach adherent cells
from the flask surface. Following the preparation of the
cell suspension, staining was performed using 0.4%
trypan blue, and cell viability was analyzed under an
inverted microscope (SOIF, XDS-1B). Cells with a via-
bility rate above 90% were included in the experimental
phase (15).
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Determination of Cell Viability

The MTT assay is a commonly employed colorimetric
technique to evaluate cell viability and proliferation.
This method relies on the conversion of MTT tetrazoli-
um salt into insoluble purple formazan crystals by mi-
tochondrial dehydrogenase enzymes, reflecting cellular
metabolic activity. Since this biochemical conversion
occurs exclusively in metabolically active mitochondria,
the amount of formazan formed is directly correlated
with cellular metabolic activity and, consequently cell
viability (16). In the experimental procedure Caco-2,
A2780, and LNCaP cells were seeded into 96-well cul-
ture plates at a density of 15.000 cells per well and in-
cubated under standard conditions. Subsequently, the
cells were exposed to media containing 1, 5, 25, 50, and
100 uM empagliflozin and incubated for 48 hours at
37°C with 5% CO2. At the end of the incubation peri-
od, the culture medium was removed from each well,
and the cells were incubated with 50 uL of MTT solution
(0.5 mg/mL) (M2128, Sigma-Aldrich, USA) prepared in
phosphate-buffered saline. The cells were maintained
under dark conditions in an incubator at 37°C for 3
hours. After incubation, the supernatant was removed,
and 100 uL of dimethyl sulfoxide (DMSO) was added
to each well to dissolve the formed formazan crystals.
The absorbance was then recorded at 570 nm using a mi-
croplate reader (BioTek Synergy-HTX, USA) (17). Con-
trol cells were maintained in culture medium under the
same conditions as treated cells, without empagliflozin
or vehicle. Empagliflozin stock solutions were initially
prepared in DMSO and subsequently diluted to the re-
quired concentrations. The obtained data were analyzed
by comparing each experimental group with its respec-
tive control group to evaluate the potential cytotoxic ef-

fects of empagliflozin on different cell lines (18, 19).

Statistical Analysis

All statistical analyses were carried out using IBM SPSS
software. The Shapiro-Wilk test was employed to assess
the normality of the data distribution. Comparisons
across groups were conducted using the Kruskal-Wal-
lis H test. Post hoc analyses were then performed using
the Mann-Whitney U test with Bonferroni correction

applied. Descriptive statistics are presented as mean

+ standard deviation, and a p-value of less than 0.05
was considered statistically significant. Additionally,
dose-response relationships were analyzed by calculat-
ing the half-maximal inhibitory concentration (ICso) and
LoglIC50 values using nonlinear regression modeling in
GraphPad Prism, based on MTT assay data.

RESULTS

Empagliflozin inhibited the proliferation of Caco-2 cells
in a dose-dependent manner. At lower concentrations (1
uM: 88.0 + 8.1%; 5 uM: 77.9 + 9.2%; 25 uM: 74.7 + 8.1%),
the reduction in cell viability was not statistically signif-
icant. However, treatment with 50 uM (56.3 + 6.1%) and
100 uM (46.2 + 4.3%) resulted in a significant decrease
compared to the control group (p < 0.05, Figure 1).

Empagliflozin inhibited the proliferation of LNCaP
cells in a concentration-dependent manner. Cell viabil-
ity gradually decreased with increasing concentrations
(1 uM: 90.2 + 8.7%; 5 uM: 84.9 + 6.9%), and a statisti-
cally significant reduction was first observed at 25 yM
(61.7 £7.8%) and 50 uM (53.7 + 7.1%) compared with the
control group (p < 0.05). The strongest inhibitory effect
was detected at 100 uM (42.2 + 4.8%), which was also
significantly lower than both 25 and 50 uM groups (p <
0.05, Figure 2).

In A2780 cells, empagliflozin showed minimal effects
at lower concentrations (1 uM: 90.4 + 6.1%; 5 uM: 92.2
+ 5.5%; 25 uM: 88.8 + 4.6%; 50 uM: 81.0 + 5.7%), with
no statistically significant differences compared to the
control group. A significant reduction in cell viability
was observed only at 100 uM (57.5 + 4.2%) (p < 0.05,
Figure 3).

Table 1 presents the calculated ICso and LogICso values
for A2780, LNCaP, and Caco-2 cells following empagli-
flozin treatment. Among the tested cell lines, LNCaP
cells exhibited the greatest sensitivity, with the lowest
ICso value (52.32 uM, LoglICso = 1.719), indicating the
most pronounced reduction in cell viability. Caco-2 co-
lon cancer cells showed intermediate sensitivity (ICso =
67.63 M, LogICso = 1.830), while A2780 ovarian cancer
cells were the least sensitive, with the highest ICso value
(156.5 uM, LogICso = 2.195).
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Table 1. LogICso and ICso (uM) values of the Empagliflozin in A2780, LNCaP, and Caco-2 cell lines

LogIC50/IC50 (uM)
A2780 LNCaP Caco-2
2,195/156,5 1,719/52.32 1,830/67,63
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Figure 1: Cell viability results in the Caco-2 cell line after 48 hours of incubation with Empagliflozin. Data are expressed as
mean * standard deviation (SD). Different letters indicate statistically significant differences **p<0.05.
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Figure 2: Cell viability results in the LNCaP cell line after 48 hours of incubation with Empagliflozin. Data are expressed as
mean + standard deviation (SD). Different letters indicate statistically significant differences **<p<0.05.
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Figure 3: Cell viability results in the A2780 cell line after 48 hours of incubation with Empagliflozin. Data are expressed as mean
+ standard deviation (SD). Different letters indicate statistically significant differences **p<0.05.
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DISCUSSION

Hyperglycemia is a significant risk factor for cancer, and
studies have shown that elevated blood glucose levels
can promote tumor volume and growth. Indeed, T2DM
is associated with a significantly increased risk of certain
cancers, including liver, endometrial, breast, and blad-
der cancers (20). In patients with T2DM, hyperinsuline-
mia elevates insulin-like growth factor-1 levels, promot-
ing tumor cell proliferation, survival, and metastasis.
Additionally, it exacerbates oxidative stress and inflam-
mation, creating a tumor-promoting microenvironment
(21). These pathophysiological processes contribute to
DNA damage and cellular dysfunction, facilitating can-
cer development. However, maintaining glucose levels
under control may mitigate oxidative stress and inflam-
mation, thereby preventing DNA damage and inhibit-
ing uncontrolled cell proliferation, ultimately reducing
cancer risk (22, 23).

Empagliflozin is a widely used SGLT2 inhibitor in the
treatment of T2DM due to its well-tolerated side effect
profile. In addition to improving plasma glucose control,
it has also been shown to have cardiovascular and renal
protective effects (24). Recent studies have suggested
that SGLT2 inhibitor drugs may have potential effects
not only in the treatment of T2DM but also on cancer
cell metabolism and growth (25). Several studies have
reported that pancreatic and prostate tumors, as well as
glioblastomas, express SGLT2 transporters (10, 26). Fur-
thermore, SGLT2 has been identified as playing a role in
glucose uptake in glioma cells, and it has been shown
that the SGLT2 inhibitor canagliflozin inhibits glucose
uptake in these cells (27). Based on these findings, the
present study investigated the effects of empagliflozin
on cancer cell viability using A2780, Caco-2, and LNCaP
cancer cell lines, and demonstrated notable cytotoxic
activity in all tested cell lines. These findings highlight
a potential role for SGLT2 inhibition in the regulation
of cancer cell survival and proliferation. Consistent
with our current findings, previous studies have also
demonstrated that empagliflozin exhibits cytotoxic and
antiproliferative effects in various cancer cell lines. This
agent has been reported to induce significant cytotoxic
effects in breast cancer (MCF-7) and lung cancer (A549)
cell lines (12). Moreover, nanoparticle formulations have

been shown to exhibit stronger cytotoxicity and increase

cell death rates in A549 lung cancer cells compared to
unencapsulated empagliflozin (28). Additionally, it has
been found to exert synergistic effects with chemothera-
peutic agents. Its combination with doxorubicin signifi-
cantly reduced cell viability in TNBC cell lines, leading
to a more potent anticancer effect compared to mono-
therapies (29). Moreover, other SGLT2 inhibitors such as
dapagliflozin, canagliflozin, and ipragliflozin have also
been reported to exhibit antiproliferative, cytotoxic, and
anti-migratory effects in Caco-2, MCF-7, and prostate
(Du-145) cancer cell lines, further supporting the con-
sistency of our findings with the existing literature (30).
Although the mechanisms underlying these effects are
not yet fully understood, they are likely multifactorial
in the present study. Empagliflozin has been suggested
to interfere with glucose-dependent cancer metabolism
by inhibiting glucose uptake via SGLT2 transporters,
thereby disrupting metabolic homeostasis. In parallel,
activation of pro-apoptotic signaling pathways may fur-
ther contribute to reduced cancer cell viability (11, 13).
Additionally, empagliflozin may modulate the tumor
microenvironment by reducing oxidative stress and
inflammatory signaling, which are known to facilitate
tumor growth and metastasis (31). Also in this study,
analysis of ICso values revealed the greatest reduction in
cell viability in LNCaP prostate cancer cells, followed by
Caco-2 colon and A2780 ovarian cancer cells. These dif-
ferences in cytotoxicity may reflect variations in SGLT2
expression, which has been reported in ovarian, pros-

tate, and colon adenocarcinomas (32-34).

The present study demonstrates that empagliflozin ex-
erts cytotoxic effects in A2780, LNCaP, and Caco-2 cell
lines, suggesting a potential role for SGLT2 inhibition in
cancer therapy. However, further studies are required
to clarify the underlying mechanisms and the relevance

of SGLT2 expression in different tumor types
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