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Abstract. In the present study, the in vitro cytotoxic effect
of a novel transforming growth factor-p receptor inhibitor,
LY2109761, was investigated in the human cervix carcinoma
HeLa cell lines. For the purpose of the present study, cell
index values obtained using the xCELLigence Real-Time
Cell Analysis DP instrument, and mitotic, labelling and
apoptotic index analysis were used. The results of the present
study indicated that LY2109761 affected the cytoskeleton of
HeLa cells, decreased the mitotic and labelling index values
of the HeLa cell line, and increased the apoptotic index
values. Significant differences were observed between the
control group which was not treated with LY2109761 and the
experimental groups, which were treated with LY2109761
(P<0.01). The results of the present study suggest that
LY2109761 may serve as a promising treatment option for
cervix carcinoma.

Introduction

Transforming growth factor (TGF)-f receptors, a family of
polypeptides, have been reported to serve a role in regu-
lating various biological functions, including proliferation,
migration, survival, angiogenesis, immune-surveillance,
and embryonic stem cell maintenance and differentia-
tion (1). It has been demonstrated that a dysregulation in
the signalling of the aforementioned factors is associated
with tumour development and metastasis (2). It has been
reported that the TGF-f3 pathway possesses anti- and
pro-tumour activities (3,4), promoting cell cycle arrest
and apoptosis at the beginning of tumorigenesis (5-7). In
contrast, the TGF-f pathway has been reported to promote
cancer cell motility, invasion, epithelial-to-mesenchymal
transition and cell stemness following progression to
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more advanced tumour stages (5-7). Therefore, the TGF-f§
pathway has been demonstrated to serve an important role
in tumour progression and metastasis. The aforementioned
phenomenon is known as the first “TGF-f3 paradox’ (8). The
TGF-f signalling pathway has attracted increasing atten-
tion over the past three decades and has become a popular
drug development target for oncologists (9). As a result
of the wide variety of effects of TGF-f§ on tumorigenesis,
blockade of TGF-f and its signalling pathway provides
multiple therapeutic opportunities. Anti-TGF-f§ compounds
have been developed, and through preclinical studies and
clinical trials, their efficacies have been demonstrated (10).
Therefore, it has been suggested that TGF-f3 signalling
inhibition may serve as a promising strategy for regulating
tumour progression, including metastasis (10).

Materials and methods

Cell culture. HeLa cells were obtained from the American
Type Culture Collection (Manassas, VA, USA). The
cell lines were cultured in Dulbecco's modified Eagle's
medium-199 (Sigma-Aldrich; Merck KGaA, Darmstadt,
Germany) containing 10% (v/v) fetal bovine serum (Gibco;
Thermo Fisher Scientific, Inc., Waltham, MA, USA) and 1%
penicillin-streptomycin. Cells were cultured at 37°C with
5% CO,. HeLa cells were treated with 25, 50 and 75 yM of
LY2109761 between 0 and 72 h and subsequently analyzed
and evaluated.

TGF-f receptor inhibitor (LY2109761) concentrations.
LY2109761 (Tocris Bioscience, Bristol, UK) concentrations
used. A total of 1 mM stock solution was prepared, and from
that three different concentrations of 25, 50 and 75 uM of
LY2109761 were prepared.

Measurement of cytotoxicity

Cell index (CI). Experiments were performed using the XCEL-
Ligence Real-Time Cell Analysis (RTCA) DP instrument
(Roche Diagnostics GmbH, Mannheim, Germany) at 37°C
with 5% CO,. In order to measure the cytotoxic response of
HeLa cells in real-time, cells were seeded on gold micro-
electrodes embedded at the bottom of 16 well microplates
(E-plates; Roche Diagnostics, Basel, Switzerland) at a density
of 6.0x10° cells/well for HeLa cells. The impedance was
recorded at 15 min intervals. 25, 50 and 75 M of LY2109761
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were added to the culture 20 h subsequent to seeding. All incu-
bations were performed at a volume of 200 pl between 0 and
72 h. ICy, values were evaluated by the RTCA-DP software
(Roche Diagnostics GmbH) using the sigmoidal dose-response
curves.

Mitotic index (MI). HeLa cells were plated on coverslips at a
density of 2x10* cells/well and treated with Dulbecco's modi-
fied Eagle's medium-199 medium (Sigma-Aldrich; Merck
KGaA) containing 10% (v/v) fetal bovine serum (Gibco;
Thermo Fisher Scientific, Inc.) and 1% penicillin-strep-
tomycin for the control group and with LY2109761 for the
experimental group between 0 and 72 h. The cells were
subsequently fixed using Carnoy fixative at a dilution of
3:1 ethanol and acetic acid at room temperature for 10 min.
The MI was determined using the Feulgen method, where
cells were treated with 1N of HCI at room temperature for
1 min and then hydrolized with 1N of HCI for 10.5 min at
60°C. Slides were subsequently treated with Feulgen for
1 hour and were rinsed for 3 min in distilled water. Cells
were subsequently stained with 10% Giemsa stain solution
(pH 6.8) at room temperature for 3 min and washed twice in
PBS. Finally, the MI was evaluated by counting cells with a
light microscope (magnification, x100) in different phases of
mitosis for each tested inhibitor concentration and control,
and a minimum of 3.0x103-3.5x10° cells were examined
from each slide for MI calculations. The MI percentage (%)
was scored using the following formula: (Cells in mitotic
phases/total cell number) x100.

‘H-thymidine labelling index (LI) analysis. *H-thymidine
labelling index analysis is used to determine cells in the
S phase. For the *H-thymidine LI analysis, a medium
containing 1 xCi/ml *H-thymidine was applied to the control
and test groups for 20 min at room temperature. Subsequent
to labelling, the cells were fixed with Carnoy's fixative (3:1,
ethanol and acetic acid) at room temperature for 10 min and
the remaining radioactive material was washed twice with
2% perchloric acid at 4°C for 30 min. Coverslips were coated
with K.2 gel emulsion (Ilford Photo, Cheshire, UK). Following
exposure time autoradiograms were bathed with D-19 b devel-
oper (Kodak, Rochester, NY, USA) and Fixaj B (Kodak). The
cells were subsequently stained with Giemsa at room tempera-
ture for 3 min. Cells were considered *H-thymidine labelled
when they contained a minimum of five discrete silver grains.
Over 3x10° cells from each coverslip were examined with
light microscope (magnification, x100). The LI percentage
was scored using the following formula: (Cells in synthesis
phase/total cell number) x100.

Apoptotic index (AI). Cells were seeded in 6-well
plates (3x10* cells/ml) and were trypsinized with 0.25%
Tyripsin-EDTA (Gibco; Thermo Fisher Scientific, Inc.) ~37°C
for 3 min and were fixed at room temperature using 1:1
methanol and PBS, respectively, and pure methanol for 3 min.
Following fixation, the nucleus of HeLa cells was stained
using 1 pg/ml of DAPI labelling solution (Sigma-Aldrich;
Merck KGaA) for 20 min at room temperature and washed
once with PBS. Cells were analysed with fluorescent micros-
copy (magnification, x1,000). The AI percentage was scored
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using the following formula: (Apoptotic cell number/total cell
number) x100.

Statistical analysis. All experiments were repeated three times.
Statistical analysis was performed using SPSS statistics 17.0
software (SPSS, Inc., Chicago, IL, USA). Statistical analysis
of AI, LI and MI was performed using a two-tailed Student's
t-test, in order to determine significance. All values are
expressed as the mean =+ standard deviation. Values obtained
from all experimental groups were analysed using one-way
analysis of variance with Dunnett's multiple comparison post
hoc test. P<0.01 was considered to indicate a statistically
significant difference.

Results

LY2109761 affects the proliferation and cytoskeleton of HeLa
cells. CI values obtained from xCelligence RTCA system
indicated that LY2109761 concentrations had an evident anti-
proliferative effect on HeLa cell line. The values also indicated
that all LY2109761 concentrations affected the cytoskeleton of
HeLa cells (Fig. 1). As indicated in Fig. 2, the ICs, value for
HeLa cells was determined as 39 yuM LY2109761, according
to the data analysis performed using xCelligence DP software.
Therefore, 39 uM LY2109761 was used in the subsequent
experiments performed in the present study.

LY2109761 decreases the rate of mitotic cells in HeLa cell
culture. The M1 values at a LY2109761 concentration of 39 uM
are presented in Table I and Fig. 3. According to the presented
data, the MI values of HeLa cells treated with LY2109761
started to exhibit a significant decline at 24 h (P<0.01), and
continued to significantly decline (P<0.01) for up to 72 h
compared with the control. The decrease in the mitosis param-
eter at these rates is of considerable value in terms of cancer
prognosis. A decrease in mitotic rate of cells may assist to
prevent the progression of the cancer, allowing the treatment
to be carried out successfully.

LY2109761 reduces the proportion of cells in the synthesis
phase in HeLa cell cultures. Table II and Fig. 4 present the LI
values. The LI parameter, which determines the ratio of cells
in the synthesis phase, was evaluated. The decrease in the rate
of labelling, particularly at 72 h, indicated that the cells were
blocked at the synthesis phase. The decrease in the number of
HeLa cells following exposure to 39 uM LY2109761 concen-
tration was statistically significant compared with control
(P<0.01).

LY2109761 increases the rate of apoptotic cells in HeLa
cell culture. The Al values of HeLa cells treated with 39 uM
LY2109761 are presented in Table III and Fig. 5. The signifi-
cant increase in Al values indicated that HeLa cells activated
the apoptotic death pathway (P<0.01), suggesting that they may
serve an important role in cancer treatment and prognosis.

Discussion

In the present study, the cytotoxic effects of LY2109761 on
HeLa cells were evaluated. The cell kinetic parameters used
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Figure 1. Cell index values of HeLa cells treated with 25, 50 and 75 M of LY2109761. The values indicate that all LY2109761 concentrations had a significant
cytoskeletal and antiproliferative effect on HeLa cell line. Line 1: Control; Line 2: 25 uM; Line 3: 50 xM; Line 4: 75 uM.
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Figure 2. IC;, values obtained from the xCelligence real-time cell analysis system. 39 M of LY2109761 concentration was determined to be the ICs, value

for HeLa cells.
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Figure 3. Mitotic index (%) values of HeLa cells treated with 39 yM
LY2109761 for 24, 48 and 72 h. LY2109761 started to exhibit a significant
decline at 24 h, and continued to significantly decrease for up to 72 h
compared with the control. 'P<0.01 compared with the control.

in the present study demonstrated significant alterations to the
CI, MI, LI and MI following treatment with LY2109761. The
data of the present study indicate changes in proliferation at

a cellular level, thus providing information on the effects of
LY2109761 on cell activity. The function of TGF-f3 in tumour
metastasis has previously been demonstrated by researchers in
a series of cancer models (11). TGF-f has been reported to be
a significant contributor to bone metastasis (12), and blockade
of the TGF-f signalling pathway with TGF-f§ inhibitor
LY2109761 has been demonstrated to inhibit connective tissue
growth factor production and tumour growth (13).

In a study by Gao et al (14), LY2109761 was indicated
to increase the apoptotic rate of cisplatin-resistant cells. The
combination treatment of LY2109761 and cisplatin demon-
strated an antiproliferative effect, in addition to inducing an
increase in the apoptotic rate compared with the apoptotic rates
following treatment with each drug separately. Furthermore,
this combined treatment has been demonstrated to promote
tumour regression in established parental and cisplatin-resistant
ovarian cancer xenograft models. TGF-f inhibition by various
agents, including LY2109761, SD-208 and trabedersen, has
been demonstrated to reduce pancreatic ductal adenocarcinoma
cell invasion in vitro and metastasis in vivo (15-17).

LY2109761 has also been reported to exhibit anti-tumour
activity against solid and haematological malignancies, and
to suppress pancreatic cancer metastasis to the stomach (16).
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Table I. Mitotic index (%) values of HeLa cells treated with
39 uM of LY2109761 for 24,48 and 72 h.

Mitotic index (%)

Time (h) Control 39 uM

24 5.7+0.03 2.39+0.04*
48 6.8+0.02 1.49+0.02*
72 5.9+0.04 0.98+0.01*

“Statistically significant (P<0.01).

Table II. Labelling index (%) values of HeLa cells treated with
39 uM of LY2109761 for 24,48 and 72 h.

Labelling index (%)

Time (h) Control 39 uM

24 6.7+0.03 3.42+0.06
48 8.9+0.05 2.26+0.04
72 9.7+0.04 1.18+0.01°

*Statistically significant (P<0.01).

Table III. Apoptotic index (%) values of HeLa cells treated
with 39 uM of LY2109761 for 24, 48 and 72 h.

Apoptotic index (%)
Time (h) Control 39 uM
24 3.26+0.03 6.98+0.07°
48 3.48+0.02 10.26+0.08*
72 4.12+0.06 17.82+0.12*

*Statistically significant (P<0.01).

LY2109761 has been indicated to reduce tumour mass and
increase the survival rate of orthotopic murine model of meta-
static pancreatic cancer (16). In another study by Xu et al (18),
LY2109761 was demonstrated to inhibit the survival of
leukaemia cells and the amount of TGF-B1 produced by bone
marrow stromal cells that maintains chemotherapy resistance.
A limitation of the present study is that only tissue culture
experiments were conducted. Animal experiments should be
performed in future studies and the data should be evaluated
to determine whether it is compatible with the present study.
The results of the present study indicated that LY2109761
affected the cytoskeleton of HeLa cells. In addition, while
LY2109761 significantly reduced MI and LI values in the
HelLa cell line, it increased Al values. Therefore, the results
of the present study appear to be concordant with the afore-
mentioned studies. As a result, when the alterations in Al,
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Figure 4. Labelling index (%) values of HeLa cells treated with 39 uM of
LY2109761 for 24,48 and 72 h. The decrease in the rate of labelling, particu-
larly at 72 h, indicated that the cells were blocked at the synthesis phase.
“P<0.01 compared with the control.
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Figure 5. Apoptotic index (%) values of HeLa cells treated with 39 uM of
LY2109761 for 24, 48 and 72 h (P<0.01). The increases in apoptotic index
data indicated that HeLa cells activated the apoptotic death pathway "P<0.01
compared with the control.

CI, LI and MI values were examined, 39 yuM LY2109761
caused regression in proliferation. Changes at a cellular
level suggest that this inhibitor may also regress cancer on a
clinical level in human cervical carcinoma. For this reason,
LY2109761 offers a promising treatment option for cervical
carcinoma.
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