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Effect of GDF11 on proliferation and apoptosis of esophageal cancer cells
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Abstract: This study was aimed at investigating the effect of growth differentiation factor 11 (GDF11) on the proliferation and apoptosis of esophageal cancer

cells. Serum levels of GDF11 in esophageal cancer patients were determined with ELISA kits, and the correlation between serum GDF11 and pathological features
of esophageal cancer were determined. The effect of recombinant GDF11 on the growth of esophageal cancer cells was measured by CCK6 method. In order to
investigate the effect of recombinant GDF11 on the proliferation and apoptosis of esophageal cancer cells, the expression of apoptosis-promoting protein Bax
and proliferative-associated protein Bcl-2 in esophageal cancer cells were determined using western blot. Moreover, GDF11 was used to treat esophageal cancer
cells, and its effect on proliferation and apoptosis was determined with MTT assay and flow cytometry, respectively. The serum content of GDF11 was much less
in esophageal cancer patients than in the control group. Esophageal GDF II in cancer patients was correlated with cancer differentiation: the higher the degree of
differentiation, the higher the content of GDF11. GDF11 inhibits proliferation and apoptosis of esophageal cancer cells.
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Introduction served. Following treatment of a culture of older mouse
myocytes with rtGDF11, the number of mitochondria in-
Esophageal cancer is one of the most fatal malignan- creased, and the multinucleated muscle fibers represen-
cies of the gastrointestinal tract. In the past two decades, ting the syncytial of myoblasts began to form (10, 11).
there has been little change in poor prognosis of patients Thus, it was presumed that rGDF11 not only induces
with esophageal cancer which 5-year survival is still far mitochondrial reaction but also promotes mitochondrial
below 20 % (1). However, within the same period, the defects to remove muscle fibers in old mice.
relative frequencies of two major histological types of This study determined the content of GDF11 in blood
esophageal cancer have undergone profound changes. of esophageal cancer patients, and determined cellular
Thus, although the incidence of esophageal squamous activity, expression of proliferation and apoptosis-re-
cell carcinoma has decreased significantly, that of eso- lated proteins, and expression of cytokines after trea-
phageal adenocarcinoma has increased more than twice ting esophageal cancer cells with recombinant GDF11.
since 1975 (2, 3). GERD3 has been confirmed as a Through determination of cell activity, proliferation and
strong risk factor for esophageal cancer (4). Over 40 % apoptosis, the effect of GDF11 on the proliferation and
of adult Americans have common symptoms of GERD apoptosis of esophageal cancer cells was assessed.
(5). In some individuals, chronic esophageal inflamma-
tion induced by GERD leads to intestinal metaplasia, a Materials and Methods
condition known as Barrett's esophagus. The metaplas-
tic epithelium is prone to malignancies, and majority Experimental materials
of esophageal adenocarcinomas are considered to be The chemicals and assay kits used in this study were
derived from Barrett's esophagus (6). fetal bovine serum (FBS, Gemini Biologicals, Calaba-
Growth differentiation factor 11 (GDF11), a protein sas, Canada); glutamine (Life Technologies, Inc., Gai-
of transforming growth factor f (TGFp), superfamily thersburg, USA); Amphotericin (Life Technologies,
has a significant protective effect on cardiovascular and Inc., USA); GDF11 ELISA kit (R&D Systems, USA);
nervous systems (7, 8). The protective effects of GDF11 SDS-PAGE pre-cast gel, and nitrocellulose membrane
on heart and muscle are related to its regulation of se- (Bio-Rad, Hercules, Canada). Others were goat anti-
veral signaling pathways, including the MAPK-p38- human mAb Bax and Bcl-2 antibodies, horseradish
mioglianin pathway (9). In vitro studies have enhanced oxidase-labeled secondary antibodies (Santa Cruz Bio-
understanding of mechanisms behind the changes ob- technology, Santa Cruz, Canada), Chemiluminescence
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assay kit (Pierce, Rockford, IL, USA), and Cell death
ELISA assay system (Boehringer Mannheim, Indiana-
polis, IN); Spectramax M5 microplate reader (Molecu-
lar Devices, Canada).

Methods
Case sources and cell culture

A total of 86 serum samples from 43 esophageal can-
cer patients and 43 healthy persons from XXX hospital
were collected and used in the study. It is known that
large differences exist in the content of GDF11 in people
as a function of age. In order to reduce interference from
age on the results, esophageal cancer patients or healthy
individuals aged from 35 to 45 years were selected for
the study (mean age = 41 years). The esophageal ade-
nocarcinoma cell line ECa9706 was obtained from the
Clinical Cancer School of Wuhan University. The cells
were cultured in DMEM containing 10 % FBS, double
antibody, 1-glutamine and amphotericin, and placed in
an incubator containing 5 % CO, at 37 °C.

Determination of GDF11 content in serum

The level of GDFI11 protein in serum of patients
with clinical esophageal cancer was determined using
a commercial GDF11 ELISA kit. Whole blood samples
from clinical cases stored in disposable tubes contai-
ning pyrogen and endotoxin were centrifuged at 30
°C for 30 min, and the supernatants were collected.
The principle of GDFI11 detection in this kit is based
on double antibody sandwich ELISA. First, clinical
serum samples and standards were added to the mi-
crotiter plate for reaction to take place. The unbound
fraction was then rinsed off with a wash solution, and
anti-human GDF11 antibody was reacted with the hor-
seradish peroxidase-labeled biotinylated secondary
antibody. Washed free fraction was added to the TMB
chromogenic substrate solution for color development.
Finally, the stop solution was added and absorbance
was measured at a wavelength of 450 nm in a micro-
plate reader. The concentration of GDFI11 in the test
sample was calculated from standard calibration curve.

Determination of cell activity

Cells in logarithmic phase of growth were counted
and their density was adjusted to 6x10* cells/ml. Then,
100 ul of the cell suspension was added into each well in
a 96-well plate and cultured for 24 h. Subsequently, the
medium was changed and replaced with 200 uL of se-
rum-free medium. After 6 h, the medium was discarded.
About 100 uL of serum-free medium was added to the
experimental group and the control group. After cultu-
ring for 24 h, 48 h and 72 h, the cells were incubated
with CCKS kit reagent for 2 h, and the absorbance was
read in a fully automatic microplate reader.

Western bolt

Cell lysate was prepared with lysis buffer for 20 min,
centrifuged at 4 °C, and the supernatants were collec-
ted. After measuring the protein concentration of the
supernatant, the protein (100 pg) from the esophageal
cancer cell line was separated on a 10 % SDS-PAGE
(precast gel) overnight. The separated proteins were
transferred to a nitrocellulose membrane, and incuba-
ted with 1:2000 dilution of goat anti-human monoclonal

antibody Bax or Bcl-2 antibodies. A horseradish peroxi-
dase-labeled secondary antibody was used at a 1:5000
dilution, after which the bands were determined with
chemiluminescence using the SuperSignal West Fento
assay kit according to the manufacturer's instructions.
All experiments were repeated.

Determination of cell proliferation

Live cell uptake and the ability to convert soluble
MTT to formazan crystals were assessed with MTT as-
say. The cells were seeded in 96-well plates at an initial
density of 5 x 10° cells/well, treated with rtGDF11 and
a negative control, and cultured and maintained for a
scheduled time. Then, MTT (0.2 mg/ml) was added to
the culture, and the culture was further incubated for
2 h. The medium was replaced with acidified isopro-
panol (0.04 N HCI in isopropanol) and the plates were
incubated for 1 h at room temperature, after which the
absorbance of the samples were read in a Spectramax
MS plate reader. All experiments were performed in tri-
plicate and repeated at least three times.

Determination of cell apoptosis

The same amount of cells was seeded in a 6-well
DMEM plates containing 10 % FBS, 100 units/ml
penicillin G, 100 pg/ml streptomycin, and 12.5 pg/ml
amphotericin. Tumor cell lines were incubated with
rGDF11 (10 ng) for 36 h. Tumor cells incubated in the
vehicle only were used as negative controls. Apoptosis
ratios were determined using a cell death ELISA assay
kit according to the manufacturer's instructions.

Statistical analysis

All data were processed by software GraphPad 5 and
expressed as mean + SD. Statistical analysis was per-
formed using Student’s #-test. Values of p < 0.05 were
considered statistically significant.

Results

Plasma GDF11 content in esophageal cancer patients
and the control group

The GDF11 content of clinical samples was deter-
mined using ELISA kit. The results showed that the
content of GDF11 was 0.76 = 0.05 mg/L in plasma of
patients with esophageal cancer, while the GDF11 in
the control group plasma was up to 1.02 + 0.18 mg/L.
Thus, the content of GDF11 was much lower in the eso-
phageal cancer patients than in the control group, sug-
gesting that GDF11 is lowly expressed in patients with
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Figure 1. Plasma content of GDF11 in esophageal cancer patients

and control. *p < 0.05.
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esophageal cancer (Figure 1).

Correlation between GDF11 content in esophageal
cancer patients and their pathological features
Correlation analysis showed that GDF11 was cor-
related only with the degree of differentiation. The
contents of GDF11 in low, moderate and high differen-
tiation stages were 0.65 + 0.08, 0.84 + 0.19 and 1.07
0.21 mg/L, respectively. The higher the degree of diffe-
rentiation, the higher the content of GDF11 (Figure 2).
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Figure 2. Correlation between plasma GDF11 content of esopha-
geal cancer patients and degree of differentiation. *p < 0.05.
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Figure 3. Activity of recombinant GDF11-treated esophageal can-
cer cells *p <0.05.
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Figure 4. Effect of GDF11 on the expressions of proliferation-rela-

ted protein Bcl-2 and apoptosis-related protein Bax in esophageal
cancer patients. **p < 0.01.

ECa9706 activity of recombinant GDF11-treated
esophageal cancer cells

The activity of esophageal cancer cells treated with
recombinant GDF11 was determined by CCKS. The
results revealed that cell activity was significantly re-
duced in esophageal cancer cells treated with recombi-
nant GDF11, when compared to the control group (p <
0.05) (Figure 3).

Effect of recombinant GDF11 treatment on prolife-
ration-related and apoptosis-related proteins

In order to investigate the effect of recombinant
GDF11 on the proliferation and apoptosis of esophageal
cancer cells, cell proliferation-related protein Bel-2 and
apoptosis-related protein Bax were determined with
western blot. The expression of Bax was increased after
treatment with recombinant GDF11. The ratio of Bax/
Bcl-2 represented the effect of recombinant GDF11 on
cell proliferation and apoptosis: the higher the ratio, the
stronger the apoptosis-inducing effect, and the lower the
ratio, the stronger the proliferation-promoting effect.
In this study, the ratio of Bax/Bcl-2 was significantly
higher in patients with esophageal cancer than in the
control group. Thus, recombinant GDF11 could pro-
mote apoptosis of esophageal cancer cells (Figure 4).

Proliferation of recombinant GDF1l-treated eso-
phageal cancer cells

The proliferation of recombinant GDF11-treated
esophageal cancer cells was determined with MTT
assay. The formazan products of the cells at 0, 24, 48,
72 and 96 h after recombinant GDF11 treatment were
quantified colorimetrically. The results revealed that
the cell proliferation of the recombinant GDF11-treated
group was not obvious: the proliferation was signifi-
cantly inhibited, when compared with the control group
(Figure 5).

Apoptosis of recombinant GDF11-treated esopha-
geal cancer cells

The effect of GDF11 on apoptosis on esophageal
cancer cell group and the control group were measu-
red by flow cytometry. The results revealed that the
percentage of apoptosis was as high as 13.4 £ 1.7 % in
the esophageal cancer group, while the mean apoptosis
was 4.5 + 0.5 % in the control group. Thus, percentage
of apoptosis was significantly higher in the esophageal
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Figure 5. Effect of GDF11 on proliferation of esophageal cancer
cells.
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Figure 6. Effect of GDF11 on apoptosis of esophageal cancer cells.
*p <0.05.

cancer group than in the control group (p < 0.05). This
shows that recombinant GDF11 promotes apoptosis in
esophageal cancer cells (Figure 6).

Discussion

More than 400,000 people died of esophageal mali-
gnant cancers worldwide in 2005 (12). Indeed, esopha-
geal cancer ranks eighth amongst the most common
cancers in the world, and accounts for more than 80 %
of all deaths in developing countries (13). There were
over 490,000 new cases of esophageal cancer world-
wide in 2005. The incidence of many other types of
cancer is expected to decline over the next 10 years,
while that of esophageal cancer is expected to increase
by 140 % (12). According to the National Cancer Insti-
tute, there were approximately 17,990 new cases of eso-
phageal cancer, and 15,210 esophageal cancer deaths in
2013 (14). Notwithstanding the numerous advances in
diagnosis and treatment, the 5-year survival of patients
diagnosed with esophageal cancer is between 15 and 20
% (15).

Growth differentiation factor 11 (GDF11) was disco-
vered 20 years ago. Its recombinant analog rGDF11 is
a disulfide-bonded dipolymer with a molecular weight
of 25 kDa. Each polypeptide chain of this dipolymer
contains 109 amino acid residues. Studies have shown
that rtGDF11 protected nerves, and also enhanced the
functional activity of skeletal muscle in mice (16 -18).

It has been reported that GDF11 cytokines blocked
erythrocyte maturation in the erythrocyte phase and
gave rise to early apoptosis in patients with fthalassemia
(19). This is due to an autocrine amplification loop
that produces oxidative stress and leads to the precipi-
tation of alpha globulin. The expression of GDF11 is
increased in the spleen erythrocytes of thalassemia mice
and in serum of patients with beta thalassemia. Inacti-
vation of GDF11 reduces oxidative stress and the depo-
sition of membrane protein a globin, thereby enhan-
cing erythropoiesis (20). Currently, scientists are trying
to unravel the mechanisms involved in the protective
effect of GDF11 in mice. However, extant literature
suggests that GDF11 has neuro-protective property and
can activate the function of heart and skeletal muscle
(12, 22). Consequently, the significant improvement
in cognitive function resulting from GDF11 treatment
may be associated more with recovery of synaptic plas-
ticity than the enhancement and development of nerve
cells. A few hours after its administration, GDF11 is
able to alter the expression of 4,700 genes, including
the expression of cell cycle genes. Besides, GDF11
inhibits genes involved in the regulation of the cytos-
keleton, such as fascin, LIM, and SH3 region protein
1 (LASP1) (23). Moreover, GDF11 is considered as a
regulator of tissue senescence which was established in

and MAPK nuclear protein, and the latter can activate
mammalian myostatin (18). Hence, GDF11, apart from
preventing cardiomegaly by activating p38-MAPS cas-
cade reaction and regulating nucleolus function, can
also protect other tissues from aging. However, in mice,
myostatin occurs mainly in the skeletal muscle, while
GDF11 is widely expressed in various tissues. Although
the highest expression level of GDF11 is observed in
the spleen, skeletal muscle is the most abundant tissue
in the organism, accounting for 40 to 50 % of the body
mass (25).

To date, studies on the relationship between GDF11
and the proliferation and apoptosis of esophageal can-
cer cells are limited. The results obtained in the present
study have established the inhibitory effect of GDF11
on the proliferation of esophageal cancer cells, and its
enhancing effect on their apoptosis.
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