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A new target for the treatment of endometrium cancer by succinic acid
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Abstract: Endometrium cancer is the most common invasive gynecologic malignancy in developed countries. Succinic acid (CO,HCH,-CH,CO,H) is a type of

dibasic acid that has uncolored crystal. Succinic acid is used in bakery products and aromatized products. It is naturally found in some vegetables. Succinic acid has
no adverse effects because it is metabolized by body cells and has a role in the tricarboxylic acid cycle (TCA) as a cycle media component. The TCA cycle and its
enzyme components have some crucial roles for basal cell metabolism. Any mistakes, concentration differences in product, or enzyme deficiencies are important
within the cell this cycle. In this proposal project, we aimed to investigate the effect of succinic acid at different doses and at different times in an endometrial cancer
cell line. The study was performed using methods that determine for apoptosis (for cytotoxicity, WST-1, for caspase enzyme activity, Caspase 3/BCA; apoptotic
determination using flow cytometry; Annexin V; to understand mitochondrial membrane potential; JC-1). The results showed that 5 and 10 uM concentration of
succinic acid resulted in apoptosis in endometrium cancer; no such effect was seen in the control cell line, which comprised healthy lung cells. According to our re-

sults, it is thought that succinic acid would be effective for the treatment of endometrial cancer cell lines, thus providing new data for other areas of cancer research.

((ey words: Endometrial cancer; Succinic acid; Anticancer.
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Introduction bakery products and aromatized products. It is naturally
found in some vegetables (3-5). Succinic acid has no
Cancer is one of the main causes of death worldwide, adverse effects because it is metabolized by body cells
especially in industrially developed countries. Endome- and has a role in the tricarboxylic acid cycle (TCA) as a
trial cancer is the most frequent of the gynecologic can- cycle media component. The TCA cycle and its enzyme
cers; it is fourth among all cancers. components have some crucial roles for basal cell me-
Endometrial cancer generally occurs in women aged tabolism (6).
around 61 years, although histologic grade, myometrial Any mistakes, concentration differences in product,
invasion, stage, cervical emission, presence of metas- or enzyme deficiencies are important within the cell this
tasis are considered as prognostic factors. Depending cycle.
on these factors, treatment options become considerably In our research, we aimed to investigate the effect of
adjuvant in addition to surgical options (1, 2). succinic acid in different doses and at different times on
The endometrial cancer process begins with the an endometrial cancer cell line for the first time, using
deformation of balance between cell proliferation and methods that determine for apoptosis (for cytotoxicity,
absence of cell apoptosis, and tumor suppression gene WST-1, for caspase enzyme activity, Caspase 3/BCA;
or oncogene activation impairment/loss. apoptotic determination using flow cytometry; Annexin
Whatever the reason for endometrium cancer, regu- V; to understand mitochondrial membrane potential;
lations of the diagnosis and treatment options are impor- JC-1).
tant for women’s health.
Researchers have focused on finding new and spe- Materials and Methods
cific options for the effective treatment of endometrial
cancer. In accordance with this aim, despite chemothe- Cell culturing components
rapy and radiotherapy, daily and herbal products have The endometrium cancer cell line CRL-2923 and
been targeted and are being investigated. healthy lung fibroblastic cell line MRC-5 were obtai-
In recent years, herbal and animal-origin products ned from ATCC (American Type Culture Collection,
have been investigated and results from vegetables Manassas, VA). The CRL-2923 cell line was cultured
showed some noteworthy effects against the progres- in RPMI-1640 medium containing 1% penicillin/strep-
sion of cancer. Consequently, succinic acid has been tomycin and 10% fetal bovine serum and also DMEM
studied as an antiproliferative agent but its effect has not medium was used for culturing MRC-5 cell lines in the
yet been investigated in many cancer types, including condition of at 37°C in 5% CO,.
endometrial cancer.
Succinic acid (CO,HCH,-CH,CO,H) is a type of Cytotoxicity
dibasic acid that has uncolored crystal, and is used in After succinic acid treatment on CRL-2923 and
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MRC-5 cell lines, WST-1 cell proliferation assay was
performed to find its role on cell viability. Increasing
concentrations of succinic acid was obtained on 1x10*
cells/well, then incubated at 37°C in 5% CO, for 24, 48,
and 72 hrs. When the incubation was completed, 10 pl
of WST-1 was treated on cells to measure color change
levels. Multiscan ELISA reader (Thermo Fisher Scien-
tific, Germany) was used at 450 nm wavelengths for
color development.

Mitochondrial membrane potential

Mitochondrial membrane potential (MMP) is one of
the significant sign for apoptosis. That is the reason we
have examined the level of losing MMP in response to
succinic acid treatment for 48h in CRL29-23 and MRC5
cells. JC-1 Mitochondrial Membrane Potential Detec-
tion Kit (Cayman Chemicals, USA) was used to deter-
mine the loss of the MMP.

First of all, the cells (5x10° cells/2 mL) were trea-
ted by succinic acid for 48 hrs. Than, kit procedure was
done. Finally, 20 pl of JC-1 dye was added onto the
cells and after incubation, the values were calculated to
determine the changes in MMP using flow cytometry.

Caspase-3 enzyme activity

We have examined the changes in cellular caspase-3
enzyme activity which is one other important apoptosis
sign by using a caspase-3 colorimetric assay kit (BioVi-
sion Research Products,USA).

the chromophore p-nitroanilide (pNA) after cleavage
from the labeled substrate DEVD-pNA was measured,
spectrophotometricly. After incubation of reaction mix
and cells, the mixture was read under 405 nm wave-
lengths on an Elisa reader (Thermo Electron Corpo-
ration Multiskan Spectrum, Finland). The absorbance
values are normalized to protein concentrations and
determined using a Bradford assay.

Phosphatidylserine exposure and cell permeability

It is a well-known outcome that when the cell death
occurs by apoptosis, phosphatidylserine (PS) compo-
nents change its location through the cell surface. This
information makes PS as an early apoptotic marker for
cell death. For this purpose, the level of PS can be detec-
ted by staining with the green fluorescent dye Annexin
V-FITC (BD Pharmingen, Germany).

After cells and dyes were suspended in 250 pl buffer
and incubation, cells mixture were analyzed immedia-
tely using flow cytometry.

Statistical analysis

Results are expressed as the mean standard error of
the mean (SEM). The data were analyzed using one-
way ANOVA.

Results

Succinic acid and endometrium carcinoma cell line
in a time- and dose-dependent manner

Due to the determination of antiproliferative effects
for succinic acid on CRL-2923 and MRC-5 healthy cells,
the cells were incubated with increasing concentrations
(0,5, 1,2,5,5, 10, 25, 50, and 100 uM) of succinic acid
for 24, 48, and 72 h using WST-1 cell proliferation assay.

According to results of WST-1 assay, important changes
was found decreasingly in cell proliferation level in the
endometrium cancer cell line as compared with controls
(*p<0.05) (Figure 1). Moreover, there were no impor-
tant changes in the healthy cell line.

Succinic acid induces the loss of mitochondrial mem-
brane potential

To determine the loss of MMP, CRL-2923 and
MRCS cells were exposed to 5 uM and 10 uM succinic
acid for 48 h and JC-1 MMP assay was performed. The
results of this assay showed that there was a 2.47-fold
increase in loss of MMP in response to 5 uM succinic
acid for 48 h CRL-2923 cells, as compared with untrea-
ted cells (*p<0.05)(Figure 2). There was no change
in MMP potential of the MRC-5 cells under the same
conditions (Figure 2).

Succinic acid decreases caspase-3 enzyme activity

The CRL-2923 and MRC-5 cells were incubated
with increasing concentrations of succinic acid for 48h
and changes in caspase-3 enzyme activities were ana-
lyzed to find the relation for apoptotic way. Compared
with the untreated cells, there was a 0.36-fold decrease
in caspase3 activity in response to 48h incubation with
5 uM, and a 0.18-fold decrease in response to 48h incu-
bation with 10 uM on CRL-2923 cells (*p<0.05)(Figure
3). There was no change in caspase3 activity of MRC-
5 cells under the same conditions (Figure 3). Succinic
acid induced apoptosis in a dose-dependent manner,
which could be related with caspase-7 activity.

CRL-2923 Endometrium Cancer Cell Line
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Figure 1. Succinic acid inhibited proliferation of endometrium
carcinoma cell line in a time- and dose-dependent manner.

300

(3]

w

o
—

[}
[=2
(=}

“CRL2923
=

i
=
S
H
H
H

“MRC5

% Change in Mitocondrial
Membrane Potential
—
w1
(=]

wu
=
i

10 uM

Succinic acid, 48h

Control 5uM

Figure 2. Succinic acid induces the loss of mitochondrial mem-
brane potential on CRL-2923 and MRCS5.
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Figure 3. Succinic acid decreases caspase-3 enzyme activity on

CRL-2923 and has no caspase-3 enzyme activity on MRC-5.

Succinic acid made the PS levels became available
on the cell surface

FITC AnnexinV/PI double staining was performed
in CRL-2923 endometrium cancer cell line and MRC-
5 healthy lung fibroblastic cells, both of which had
been exposed to 5 uM and 10 uM succinic acid for 48
hrs. The results demonstrated that 48hrs incubation of
CRL-2923 cells with succinic acid increased apoptotic
cell death when compared with the untreated control
group (*p<0.05)(Figure 4). Furthermore, there were no
changes in MRC-5 cell line.

Discussion

In this study, apoptotic and necrotic effects of succi-
nic acid was determined for the first time in an endome-
trial cancer cell line. Succinic acid is accessible in daily
bakery products, aromatized products, and in some veg-
etables (3-5).

According to our cytotoxicity test, 5 uM and 10 uM
doses were the most effective doses and 48 hours was
determined the optimum time. 5 uM effected 42.08%,
10 uM effected 68.65% increasingly on apoptotic way,
respectively. This finding shows that our study produced
desired cell death results for apoptosis.

Apoptosis is regulated by programmed genes and
it has the responsibilty to protect the overall homeos-
tasis of the organism, which comprises metabolic and
physiologic reactions (7,8). Increasing in the number of
apoptotic cells means that there can be sufficient apop-
totic death to remove undesirable tissues and cells, as a
control mechanism (9).

Our results suggest succinic acid has important po-
tential for cancer because it was effective on endome-
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Figure 4. Succinic acid caused the apoptosis resulting in the trans-
location of PS on CRL2923.

trial cancer and also because it had no adverse or necro-
tic effect on healthy cells. Succinic acid has no adverse
effects because it is metabolized by body cells and it has
a natural role in the TCA cycle as a media component.
The TCA cycle and its enzyme component have some
crucial roles for basal cell metabolism (6). TH e TCA
cycle and its enzyme system are conventionally known
for their provision of energy, respiratory chain, and
carbon source for metabolism. In addition to this, the
TCA cycle is also a center for important signaling mole-
cules and gene expression. In particular, the relationship
between the TCA caycles and cells under pathologic
conditions should be investigated as an important issue
(10). Metabolic profiling of endometrial cancer cells
showed higher rates of glycolysis and lower glucose
oxidation than their nonmalignant counterparts. Howe-
ver, oxidative metabolism in general was not defective
in endometrial cancer cells (11,12). Although succinic
acid dehydrogenase expression and the succinic acid
signaling pathway have been elucidated, Habano et. al.
2003 and Frederiksen et al. 2003 suggested that they
play a role in the formation of the stomach and colon
cancer (13,14).

As a result of succinic acid’s apoptotic success in
this study on endometrial cancer, succinic acid might
be used as an anticancer treatment agent. This potential
should be researched with further analysis to understand
the underlying mechanism. It might be an important
step in the development of a new targeted therapy in
endometrial cancer.
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