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Abstract

Purpose: To evaluate the synergistic cytotoxicity of sodium dichloroacetate (DCA) in combination with
cisplatin (CIS) against human cervical cancer cell lines.

Methods: Cervical cancer SiHa and Hela cells and normal cells (Hek-293, Vero, peripheral blood
mononuclear and human erythrocytes) were treated in vitro with DCA and CIS individually or their
combination. Cell viability was determined by 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide (MTT) method while hemolytic activity was evaluated from the released hemoglobin. Half-
maximal inhibitory concentration (IC50) of DCA or CIS was obtained.

Results: The combination of DCA + CIS decreased the cell viability of SiHa, Hek-293, Vero, and PBMC
cells, but not of Hela cells (p < 0.05). Furthermore, the individual treatments alone or in combination did
not cause significant hemolysis (p < 0.05).

Conclusion: The combination of DCA + CIS increases the damage caused by CIS alone on SiHa cells.
It also decreases the cell viability of Hek-293 and Vero without affecting peripheral blood mononuclear
and human erythrocyte integrity. The results suggest that the combination of DCA and CIS can induce
synergistic antitumor effect in different types of cancer cell lines. However, further studies are required
to determine the biological effects of the combination of DCA and CIS in vivo.
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INTRODUCTION representing 7.5 % of female mortality due to
malignant tumors. Cervical cancer occurs in

Cervical cancer is a disease of high prevalence, women of all ages, and sexual transmission of

incidence, and mortality. According to the World human papillomavirus subtypes (HPV-16 and

Health Organization (WHO) in 2018, this disease = HPV-18) are the primary etiologic agent [1,2].

caused 570 000 new cases of which

approximately 270,000 women died, Cis-diamminedichloroplatinum (IlI) (cisplatin or
cisplatinum) is a platinum-based compound that
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has been used in the clinical treatment of several
malignancies, such as cervical, ovarian, lung,
bladder, head, neck and testicular cancers [3,4].
However, long-term clinical treatment causes
collateral effects such as nephrotoxicity,
neurotoxicity, and myelosuppression, affecting all
hematopoietic population and development of
chemoresistance, leading to therapeutic failure
[5]. For this reason, different compounds have
been evaluated in combination with cisplatin.
Some of these include Bithionol that potentiated
the cytotoxicity induced by cisplatin on human
ovarian cancer cell lines (A2780 and IGROV),
caffeic acid in combination with CIS significantly
inhibited cell proliferation of HeLa and CaSki
cervical cancer cells. However, these
combinations have not been effective in the
clinical phase [6].

On the other hand, DCA is a pyruvate
dehydrogenase kinase inhibitor that provokes
cell death by apoptosis by a shift in metabolism
from aerobic glycolysis to glucose oxidation [7] in
some cancer cells such as breast, prostate,
colorectal, and lung cancers [8,9]. Previously, we
showed that DCA combined with CIS-induced a
synergistic cytotoxic effect on B16F10 murine
melanoma [10]. In this study, we investigated the
cytotoxic effect of DCA in combination with CIS
in human cervical cancer cells as well as toxicity
in peripheral blood mononuclear cells and
erythrocytes.

EXPERIMENTAL
Sodium dichloroacetate and cisplatin

The DCA was purchased from Sigma Aldrich (St
Louis, MO, USA) and CIS (Blastolem RU®) was
purchased from Medical Pharmacy MD
(Monterrey, N.L., Mexico). Subsequently, all
drugs were filtered and dissolved in Dulbecco’s
modified Eagle's medium (DMEM/F-12) (Life
Technologies Gibco, Grand Island, NY, USA).

Cell culture

The human cervical cancer cell lines, SIHA
(Squamous  cervical carcinoma, HPV-16
positive), HeLa (Cervical adenocarcinoma, HPV-
18 positive), and normal cell lines, Hek-293
(Human embryonic kidney cells) and VERO
(African green monkey kidney cells), were
purchased from American Type Culture
Collection (ATCC, Manassas, VA, USA) and
maintained in DMEM/F12 supplemented with 10
% fetal bovine serum and 1 % streptomycin-
amphotericin B solution (Sigma-Aldrich, St
Louis, MO).

Isolation of peripheral blood mononuclear
cells (PBMC)

All volunteers signed an informed consent
agreement before participating in the study which
was approved (protocol no. 102/2017) by the
Ethics Committee of the Autonomous University
of Coahuila, Mexico. Blood from healthy human
volunteers was obtained with EDTA tubes, and
followed the guidelines of Helsinki Declaration
[11]. The blood was centrifuged with Ficoll-
Histopaque (Sigma, St Louis, MO, USA) at 1500
rpom at 25 °C for 30 min. The interphase layer
consisted of PBMC, and it was washed twice
with DMEM/F12.

Cell viability assessment

SiHa, Hela, Hek-293, Vero cells lines (5x10°
cells/well) and PBMC (1x10°% cells/well) were
seeded in 96 and 6 flat-bottom well plates,
respectively. The cells were incubated at 37 °C
overnight in 5% CO2 atmosphere. The culture
medium was discarded, and DCA was used in a
concentration range from 3.66 x 10* to 3.66 x 10°
MM and CIS in a concentration range of 0.16 to
1.28 pM. Cells were incubated for 72 h, and was
added MTT (Sigma, Saint. Louis, MO, USA).
After 4 h of incubation, the supernatants were
removed, and dimethyl sulfoxide (DMSO) was
added to each well to dissolve formazan crystals.
Absorbance was measured at 540 nm using a
Microplate Spectrophotometer (BioTek
Instruments, Inc., Winooski, VT, USA). Finally,
cell viability (V) was calculated as in Eq 1.

V (%) = (AYAC)100 ............... )

where At and Ac are the absorbance of treated
and control cells, respectively. The results were
used to plot a concentration-response curve by
linear regression to determinate the I[Cso of
treatments with DCA or CIS.

Evaluation of the effect of DCA plus cisplatin
in cervical cancer and normal cell lines

Concentrations ranging from 0.16 to 3.66 x 10°
UM were used for the single-drug treatment.
Thus, to determine the pharmacological
interaction of DCA in combination with CIS,
cancer and normal cells were seeded as
described above, then the ICso of DCA was
added simultaneously with the ICso of CIS and
incubated for 72 h. For the case of PBMC, the
ICs0 of DCA was used in combination with 1.28
UM of cisplatin, because an ICso was not
obtained on PBMC treated only with cisplatin.
Finally, the cell viability was evaluated by MTT
assay.
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Optical microscopy

For morphological analysis, SiHa, HelLa, Hek-
293 and Vero cells treated with DCA, CIS alone
or in combination were observed in the culture
plates using an inverted optical microscope
(Leica DMIL, USA) and photographs were taken
with an attached camera.

In vitro hemolysis assay

The hemolysis assay was performed using
human whole blood from healthy donors. The
volunteers signed an informed consent
agreement. Blood was collected in EDTA tubes,
and centrifuged at 2500 rpm for 4 minutes at
4°C. The pellet was washed three times with
Alsever’'s solution. Then, 150 upL of this
suspension was exposed to DCA or CIS. Finally,
to evaluate whether DCA+CIS induced
hemolysis, 3.66 x 10% uM of DCA with 1.28 uM of
CIS were added to human erythrocyte culture
and incubated at 37°C for 24 hours. The
Alsever's solution and deionized water were
used as negative and positive control,
respectively. The samples were centrifuged at
2500 rpm for 4 min and free hemoglobin in the
supernatant was determined
spectrophotometrically at 415 nm (Spectronic,
model Genesis 5). Hemolysis was calculated
using Eq 2.

H (%) = {(As — An)/(Ap — An)[100 ...............
where As, An and Ap are the absorbance of
sample, negative control and positive control,
respectively.
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Statistical analysis

All experiments were performed in triplicate and
data are presented as mean * standard deviation
(SD). Statistical analysis was carried out by
analysis of variance (ANOVA) followed by
Dunnett’s tests, using GraphPad Prism 5. The
results were considered statistically significant if
p < 0.05.

RESULTS

Single-agent effects on cervical cancer and
normal cell viability

The results demonstrated that DCA significantly
decreased the viability of SiHa cells in a
concentration-dependent manner, finding a 98 %
decrease in viability in concentrations of 2.56 x
105 to 3.66 x 10° yM. Similarly, Hek-293 and
HelLa cells DCA caused a 100 % reduction in
viability from the concentration of 2.93x10% uM.
However, in Vero and PBMC, treatment with
DCA decreased cell viability by 91 and 57 %,
respectively, at concentration of 3.66 x 105 uM
(Figure 1 A and B). Therefore, SiHa was more
sensitive than HelLa to DCA. On the other hand,
in the SiHa cells, cisplatin induced a reduction on
viability of 62.32 % and 99 % in Hela cells
(Figure 1 C). Similarly, cisplatin reduced the
viability of Hek-293 (100 %), Vero (86 %) and
PBMC (30 %) at the concentration of 1.28 uM
(Figure 1 D).
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Figure 1: Cell viability of cervical cancer and normal cell lines treated with DCA or CIS. Cancer and normal cells
were treated with DCA or CIS and incubated for 72 h at 37 °C. Thereafter, an MTT assay was performed. Data
represent the means of triplicate samples with £ SD indicated. All the concentrations of DCA or CIS evaluated
showed significant differences (p < 0.05) with respect to the untreated cells.
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PBMC were the least sensitive to DCA or CIS
compared to the rest of the cell lines evaluated.
The ICso were determined and shown in Table 1.

Table 1: ICso values for DCA or CIS, against cancer
and normal cells

Celltype _ DCA M (£SD) __ CIS uM (* SD)
SiHa 879x10°+220  0.99%0.85
Hela 1.98x105£3.25  0.27 + 3.42
Hek-293  9.09x10°+0.40  0.45%0.25
Vero 855x10°+0.90  0.41%1.05
PBMC 3.63x 105+ 1.58 >1.28

ICs0 Values were determined using linear regression
(R?>0.9). Data are the mean + SD (n = 3)

Effect of DCA combined with CIS in cervical
cancer and normal cells

Cervical cancer and normal cells were simultane-
ously treated with 1Cso of DCA and the ICso of
CIS. In SiHa cells, the combinations of DCA+CIS
caused a greater decrease on cell viability,
maintaining only 30.69 %, whereas that of HelLa
cells was 47.03 % of live cells, compared to the
single treatments (Figure 2).

On the other hand, the arrows in Figure 3 A and
3 D show pyknotic cells and a decrease in HelLa
proliferation to untreated cells (Figure 3 B).
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Figure 2: Effect of DCA in combination with CIS on cancer and normal cell lines. Cells were incubated with
DCA+CIS for 72 h. Finally, an MTT assay was performed. *p < 0.05 as compared with untreated cells

A

Untreated DCA+CIS

Untreated DCA+CIS

c

Untreated DCA+CIS

Untreated DCA+CIS

Figure 3: Morphological changes in cancer and normal cells. Cancer and normal cell lines were treated with
DCA, CIS or DCA+CIS. A) SiHa cells, B) HelLa, C) Hek-293 and D) Vero cells
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Figure 4: Hemolytic activity in human erythrocytes. A) DCA, B) CIS and C) DCA + CIS. Representative images of
the results obtained are shown. Data are presented as mean * SD, *p < 0.05. Negative control (NC) and Positive

control (PC)

With respect to Hek-293 and Vero, viability of the
cells was 26 %, contrast to PBMC that
maintained the viability of 64.53 % (Figure 2).
These results show that the combination of DCA
and CIS has a synergistic effect on SiHa, Hek-
293, Vero, and PBMC cells but not in HelLa cell
line maintaining about 50 % cell viability

Hemolysis

No significant hemolytic effects were found with
the different concentration of DCA, CIS or DCA
plus CIS compared to the negative control
(Figure 4). The lack of hemolysis in the negative
control and 100 % of hemolysis in the positive
control confirmed the accuracy of the assay.

DISCUSSION

There are more than 60 chemotherapeutic
agents for the treatment of cervical cancer,
among them CIS [12,13]. Its mechanism of
action consists of the inhibition of DNA synthesis
by cross-linking within and between DNA
strands, causing cell death. Previous studies
have found an ICso value of CIS for breast cancer
cell line MDA-MB-231 and SiHa cells to be 25.28
UM and 4.49 uM, respectively [14].

In this investigation, SiHa cell line was more
sensitive to CIS compared with MDA-MB-231. It
has been shown that CIS induces an ICso in the
concentrations of 12 yM and 13 uyM on HelLa and
SiHa, respectively [6,15]. Contrary to the
literature, the results obtained show that CIS at

concentrations of 0.27 yM and 0.99 uM were the
ICs0 on HelLa and SiHa cells, respectively. This
could be due to the difference in cell
concentration and incubation times of the
research protocols.

However, the SiHa cell line was more susceptible
than Hela cells to treatment with CIS at 1.28 uM,
decreasing the viability by 99 %. On the other
hand, CIS induced an ICso at concentrations of
0.41 pM and 0.45 uM, for Vero and Hek-293
cells, respectively. Therefore, these cell lines
were more sensitive to CIS compared to SiHa
cells. Also, an ICso of CIS has been reported at
18 uM on Vero cells [6]. However, in this work,
the maximum concentration of CIS used (1.28
pUM) induced 70.34 % of PBMC viability without
affecting the integrity of human erythrocytes.
However, an investigation conducted in 2013
concluded that CIS at concentrations of 1, 50
and 100 uM did not affect the viability of PBMC
in a period of 2 h of incubation [16]. In a previous
investigation, we found that CIS induced 8 % of
hemolysis in murine erythrocytes, with 1.28 uM
[10]. However, other investigations have found
that CIS at 0.33 yM did not cause damage to
human erythrocytes [3].

Currently, it is known that solid tumors have
overregulation of aerobic glycolysis for ATP
molecules generation and thus have enough
energy to proliferate constantly. The glycolytic
phenotype inhibits apoptosis of tumor cells and
resistance of several anticancer agents.
Targeting this phenomenon opens a way for
development to new therapeutic strategies
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against cancer, which, individually or in
conjunction with conventional chemotherapeutic
agents achieve to reduce tumor growth and
decrease the dose of chemotherapeutic agents
which may lead to a reduction in drug toxicity and
increase antitumor response [17].

Some investigations have  demonstrated
cytotoxic  effect  against neuroblastoma,
metastatic breast, prostate, colon, endometrial
and ovarian cancer cell lines [18-21]. For this
reason, we examined the effect of DCA alone on
the viability of HeLa and SiHa cells. The results
showed that DCA exhibited an ICso on HelLa and
SiHa cells at 1.98 x 10* uM and 8.79 x 10* uM,
respectively. Although both cell lines are from
cervical cancer differences in the effectiveness of
treatments may be due to differences in the
proteome of the HelLa and SiHa cell lines.
Recently, similarities have been found in the
expression of human leukocyte antigen class
proteins, actin, cathepsin D, gelsolin, keratin [22].
They also found that only SiHa expresses
cathepsin B and glyceraldehyde 3 phosphate
dehydrogenase (G3PDH), the latter actively
participates in the glycolysis pathway. Therefore,
the results indicate that SiHa line was more
susceptible to DCA, this could be probably due to
the SiHa line overexpressing G3PDH which is a
therapeutic target for DCA, managing to inhibit
glycolysis and consequently the proliferation of
this tumor line, compared to HelLa that does not
express G3PDH.

The results indicate that SiHa, Hek-293, and
Vero were similarly sensitive to the DCA.
However, PBMC were resistant to DCA and the
ICs0 was 3.63 x 10° uM; with this concentration in
Hela, SiHa and Hek-293 only 1 % of live cells
were observed and in Vero only about 10 % cell
viability without affecting the integrity of human
erythrocytes. In 2011 it was reported that DCA at
of 2x10% uM to 1.6 x10* uyM decreased Hela
viability with a reduction of 25 % of viable cells in
the highest concentration [15]. Contrarily, in
another investigation, it was determined that
DCA at 1x10* uM only moderately inhibited the
growth of Hek-293 cell line [7].

It has been reported that the ICso values of DCA
in HeLa and SiHa were 7.98x10* uM and 8.95
x10* uM [23]. Similar to our results, the DCA at
3x10% uM to 3x10* uM moderately decreased the
PBMC viability [24, 25]. Therefore, DCA showed
an antitumor effect in patients with glioblastoma
and no hematological, renal, hepatic or cardiac
toxicity related to the administration was
observed [26]. To reduce the high doses of CIS
that have been associated with the appearance
of side effects, coadjuvant therapy has been

suggested. This involves the use of two drugs at
lower doses, and their combination will potentiate
the antitumor effects of the individual drug. Thus,
combination with several anticancer agents may
result in a synergistic, additive or antagonistic
effect. The advantage of synergism is to increase
the effectiveness of the therapy and reduce the
dose of the agents, reducing the toxicity of the
drugs.

Therefore, based on the promising antitumor
activity of DCA, we evaluated the combination
with DCA + CIS on the cervical cancer cell lines.
Similar to our results, a formulation denominated
mitaplatin (consisting of DCA + CIS) killed tumor
cells by mitochondrial damage mediated by DCA
and CIS inhibited DNA synthesis on A549 lung
cancer cell line at a concentration of 10 uM [27].
It has been found that the combination of DCA
and CIS showed evidence of synergy in A427
and HCC-827 human lung cancer cell lines.
However, the combination of DCA and CIS did
not enhance the antiproliferative action in A549
and SKLU-1 human lung cancer cell lines at
concentrations of 1x10* uyM and 2x10% uM,
respectively [9].

The results obtained show that DCA + CIS
combination demonstrated a synergistic effect in
SiHa, Hek-293, and Vero cells, significantly
decreasing cell viability. Hek-293 and Vero are
cell lines are widely used as controls for normal
cells but may be more sensitive to experimental
treatments due to the lack of differentiation
events and phenotypic differences between
species.

CONCLUSION

The findings of this study show that DCA acts
synergistically with CIS on SiHa cells, but not on
HelLa. The combination of DCA and CIS also
significantly decreased the viability of Hek-293
and Vero normal cell lines. However, cytotoxic
effects were slight in PBMC and absent in human
erythrocytes. Therefore, there is a need for
further investigations, clinical studies, to
determine if DCA + CIS combination is a good
candidate for use as an adjuvant therapy against
cervical cancer.
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