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Abstract. Esophageal cancer is one of the leading causes of
mortality worldwide. Although, surgery, radio- and chemo-
therapy are used to treat the disease, the identification of new
drugs is crucial to increase the curative effect. The aim of the
present study was to examine the chemotherapeutic sensitizing
effect of nimotuzumab (h-R3) and cisplatin cytotoxic drugs
cisplatin (DDP) and 5-fluorouracil (5-FU) on esophageal carci-
noma cells with two different epidermal growth factor receptor
(EGFR) expressions. The expression of EGFR was detected in
the human EC1 or EC9706 esophageal squamous cell carci-
noma cell line using immunohistochemistry. The inhibitory
effect of DDP and 5-FU alone or combined with h-R3 on EC1
or EC9706 cell proliferation was detected using an MTT assay.
Flow cytometry and the TUNEL assay were used to determine
the effect of single or combined drug treatment on cell apoptosis.
The results showed that the expression of EGFR was low in EC1
cells but high in EC9706 cells. The inhibitory effect of the single
use of h-R3 on EC1 or EC9706 cell proliferation was decreased.
The inhibitory effect between single use of h-R3 alone and
combined use of the chemotherapy drugs showed no statistically
significant difference (P>0.05) on the ECI cell growth rate, but
showed a statistically significant difference (a=0.05) on EC9706
cell growth rate. The results detected by flow cytometry and
TUNEL assay showed that the difference between single use
of h-R3 alone and the control group was statistically significant
with regard to the EC1 apoptosis rate effect (P<0.05), but not
statistically significant for EC9706 (P>0.05). However, statisti-
cally significant differences were identified in the apoptotic rate
of EC9706 cells between the h-R3 combined chemotherapy
group and single chemotherapy group (P<0.05), but not on
in the EC1 chemotherapy group (P>0.05). In conclusion, the
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sensitization effect of h-R3 on chemotherapy drugs is associ-
ated with the expression level of EGFR in EC1 or EC9706 cells.
The cell killing effect of the combined use of h-R3 with DDP
and 5-FU showed no obvious synergistic effect compared to the
single-drug group, but only an additive effect.

Introduction

Esophageal cancer is ranked the sixth leading cause of
cancer mortalities worldwide (1). China has a high incidence
of esophageal cancer, with 50% of new primary esophageal
cancer patients being reported annually (2). In addition, 70%
of patients were diagnosed at advanced stage. The patients
primarily underwent radio- and chemotherapy where surgery
was not a feasible option. FD regimen treatment is the
combined use of cisplatin (DDP) and 5-fluorouracil (5-FU) and
constitutes the standard regimen for patients with advanced
esophageal cell cancer (3). However, the partial remission rate
is <40% (4,5). Identification of new drugs to increase the cura-
tive effect of chemotherapy is therefore crucial.

Epidermal growth factor receptor (EGFR) is a member
of the tyrosine kinase growth factor receptor family (6).
Epidermal growth factor is overexpressed in many tumors.
The overexpression of epidermal growth factor is associated
with the genesis, metastasis, and poor prognosis of the tumor.
EGFR inhibitor nimotuzumab (h-R3) has been shown to be
effective in patients with non-small-cell lung cancer, colon
cancer or head and neck cancer (7,8). The results of related
investigations on esophageal cancer demonstrate that h-R3
can increase the sensitivity of radiotherapy for esophageal
carcinoma patients and increase the chemotherapy sensitivity
of paclitaxel (9).

Another common scheme of FD for esophageal carcinoma
was used in the present study to determine whether there
are universal sensitization effects of h-R3 on chemotherapy
drugs. Investigation on two cell types with different expression
levels of EGFR was also performed to examine the correlation
between the h-R3 effect and the expression level of EGFR.

Materials and methods

Cell culture. Human EC1 and EC9706 esophageal squamous
cell carcinoma cells were provided by the Cancer Retroviral
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Molecular Biology Laboratory, Xinxiang Medical University
(Xinxiang, China). The experimental h-R3 drug was a gift
from Baitai Biological Pharmaceutical Co., Ltd. (Beijing,
China). The cells were cultured in RPMI-1640 medium
containing 10% (v/v) FBS, 100 U/ml penicillin and 100 g/ml
of streptomycin in an incubator at 37°C with 5% CO,. The
medium was changed every 24 h and the cells were passaged
every 48 h. The primary reagents were: DDP (Yunnan
Biological Valley Breviscapin Pharmaceutical Co., Ltd.,
Yunnan, China), h-R3 (Baitai Biological Pharmaceutical
Co., Ltd.), MTT assay (Beijing Xinjingke Biotechnology Co.,
Ltd., Beijing, China), apoptosis kit (Haimen City Pik Natural
Technology Research Institute, Haimen, China) and TUNEL
assay (Roche Diagnostics GmbH, Mannheim, Germany).

Detection of the expression of EGFR by immunohisto-
chemical analysis. EC1 and EC9706 cells in the logarithmic
growth phase were digested with trypsin after the cells
were counted. The cells were suspended on a slide and then
seeded at a concentration of 0.01 mol/1. PBS (0.01 mol/l) was
applied in and around the slide to prevent liquid evaporation.
Approximately 3% H,O, was used to eliminate the peroxidase
after 24 h. Antigen retrieval was achieved using a microwave
oven. Goat serum was used for blocking. The primary anti-
body (rabbit, 1:50, ab2430, Abcam, Cambridge, UK) dilution
was incubated overnight at 4°C. The secondary antibody (goat,
1:500, ab97051, Abcam) was added and stained with DAB.
Cell membrane expressions of EGFR in the two groups were
observed under a microscope (IE 2000U Nikon Corporation,
Tokyo, Japan). Nuclear staining was considered as positive for
EGFR. The intensity of the staining was scored as: (+), (++),
(+++) scores with 1-25%, 25-50% and >50% cells showing
positive staining, respectively.

Detection of the inhibitory effect of MTT assay on esopha-
geal carcinoma cells. The cells were divided into the control,
h-R3, DDP, 5-FU groups, as well as h-R3 combined with DDP
group, and h-R3 combined with 5-FU group. EC1 cells in the
logarithmic growth phase were digested and centrifuged for
cell counting. The cells were seeded in a 96-well plate at a
density of 5x10% cells and 100 gl of medium (DMEM) was
placed in each well and cultured at 37°C with 5% CO, for 24 h.
Different doses of the drug were added in each group. The
concentration of a single use of h-R3 was 12.5, 25, 50, 100,
200 and 400 pug/ml, respectively; while that of DDP was 0.25,
0.5, 1, 1.5,2 and 2.5 pg/ml, respectively; and 5-FU was 0.5, 1,
2,4, 6 and 8 ug/ml, respectively. The blank group was added
without any drug.

The cells were cultured for 48 h. Subsequently, 20 ul MTT
(5 mg/ml) assay was applied and the cells were inoculated at
37°C for 4 h. The medium was removed, washed with PBS, and
DMSO was added prior to 10-min agitation. The optical density
(OD) value for each well was detected using an enzyme-linked
immune monitor at the wavelength of 492 nm, and the results
were recorded. The experiments were conducted with six
parallel wells, repeated three times, and an average was applied.

The cell growth inhibition rate (%) was calculated as: 1
(the OD value of experimental group/control group) x 100%.
The 30% inhibitive concentration (IC30) of the drug combi-
nation of the DDP and 5-FU was calculated according to the
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concentration curve. It was used for the drug concentration
of the combined drug therapy. The h-R3 concentration in the
combined drug therapy was 100 pg/ml. Given that the drug
concentration was the abscissa axis and the cell inhibition rate
the vertical axis, the drug concentration cell inhibition rate
curve with the experimental results was drawn.

The cytotoxicity induced by the two drugs combined
with application of Jin's formula was calculated. The
interaction index was shown as q, and the formula used
was: q=E(AB)/[EA+(1-EA) x EB], where E(AB) was the
growth inhibition rate of the combined use of the two drugs.
EA and EB were the growth inhibition rate of the single use of
the drug. If the g-value was in the range of 0.85-1.15, it indi-
cated that the effects of the two drug were additive. A g-value
of >1.15 indicated that the two drugs exerted a cooperative
effect. A g-value of <0.85 representing the combination of the
two drugs exerted an antagonistic effect.

Detection of cell apoptosis using flow cytometry. The cells in
the logarithmic growth phase were seeded in a 6-well plate at
a density of 1x10°/ml and were treated with 100 pg/ml h-R3,
0.5 ug/ml DDP, 1 pg/ml 5-FU, 100 ug/ml h-R3 combined with
0.5 pg/ml DDP, and 100 ug/ml h-R3 combined with 1 pg/ml
5-FU, respectively, after 24 h. A corresponding volume of
culture medium was added to the control group, and the cells
were incubated at 37°C with 5% CO, for 48 h. The cells were
collected and the supernatant was discarded. Subsequently, the
cells were washed with PBS, centrifuged at 800 x g for 5 min.
The supernatant was discarded and Annexin V-fluorescein
isothiocyanate (FITC) was added for cell suspension and
incubated in the dark for 10 min at room temperature (25°C),
followed by centrifugation at 800 x g for 5 min. The solution
(fix liquid) was removed, Annexin V-FITC was added for cell
suspenstion, followed by the addition of propidium iodide
staining solution and mixing thereof. The cells were placed in
an ice bath for 5 min for staining in the dark and the cell cycle
was detected using flow cytometry.

Detection of cell apoptosis using the TUNEL assay. Single
cell suspension was prepared and cells were seeded in the dish
containing the slide at a density of 1x10° cells/ml. Cell treatment
was the same as for the flow cytometry following adherence to
the wall of the dish. After 48 h of culture, the slide was washed
with PBS three times, and fixed in 4% paraformaldehyde
for 40 min, washed with PBS for 3x3 min, blocked at room
temperature (25°C) for 10 min, and washed again with PBS
for 3x3 min. The slide was then placed at 4°C for 3 min and
washed with PBS for 3x5 min, prior to 50 1 conversion solution
being added and reaction at 37°C in wet and dark conditions
for 30 min. The slide was again washed with PBS for 3x5 min,
stained with DAB and observed under the microscope (IE
2000U Nikon Corporation). After counterstaining with hema-
toxylin, the cells were dehydrated in alcohol, cleared in H,O
and mounted with paraformaldehyde, and observed under the
microscope (IE 2000U Nikon Corporation). The proportion
of apoptotic cells was calculated. The nuclei of the apoptotic
cells under the microscope (magnification at x400, IE 2000U
Nikon Corporation) had a precipitation of brown yellow gran-
ules, which was accumulated at the nuclear periphery, while
the nuclei of the non-apoptotic cells were blue.
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Figure 1. Low expression of EC1 cells in EGFR. Magnification, x400.

Table I. Cell growth inhibition rate of esophageal squamous
carcinoma with different concentrations of h-R3 treatment
alone (%, mean + standard deviation, n=6).

Figure 2. High EC9706 cell expression in EGFR. Magnification, x400.

Table III. Cell growth inhibition rate of esophageal squamous
carcinoma at different concentrations of 5-FU treatment alone
(%, mean + standard deviation, n=6).

Reaction period, 48 h

Drug concentration, yg/ml EC1 EC9706
12.5 1.15+0.04 3.01+0.11
25 5.12+0.48 10.24+1.23
50 8.83+0.75 17.20+0.98
100 9.09+0.48 26.57+3.34
200 9.34+0.72 27.84+2 .42
400 10.10£0.58 27.35+1.95

h-R3, nimotuzumab.

Table II. Cell growth inhibition rate of esophageal squamous
carcinoma at different concentrations of DDP treatment alone
(%, mean + standard deviation, n=6).

The 48-h drug
inhibition rate, %

The drug concentration, yg/ml EC1 EC9706

0.25 18.44+£1.77  20.26+2.79
0.5 36.04+2.68  36.49+4.60
1 49.52+349  52.62+5.24
1.5 71.31+4.43  74.83+5.34
2 83.29+6.38  84.79+2.09
25 90.37£7.72  92.21+6.86

DDP, cisplatin.

Statistical analysis. Statistical analysis was performed using
the Shapiro-Wilk advanced tests of normality, as well as
homogeneity of variance test, paired t-test, analysis of vari-
ance (normal distribution and homogeneity of variance) or
rank sum test. The experimental data were presented as

The 48-h drug
inhibition rate, %
Drug concentration, pg/ml ECl1 EC9706
0.5 12.00+£1.59  14.01«1.10
1 27.66+3.02  30.17+0.94
2 45.80+3.38  48.23+4.56
4 64.95+2.18  67.14+£5.13
6 74.10£7.27  79.05+3.56
8 89.27+647  90.51+6.11

5-FU, 5-fluorouracil.

mean + standard deviation. The statistical software used to
analyze the data was SPSS 17 (SPSS, Inc., Chicago, IL, USA).
The significance level was a=0.05.

Results

Immunohistochemistry. The ECl-positive cells were
22.45+2.54% (+), suggesting that a low expression of EC1
cells in EGFR. The number of EC9706-positive cells was
91.224+4.65% (+++), indicating that EC9706 cells were highly
expressed in EGFR (Figs.. 1 and 2).

Detection of the human esophageal cancer cell growth inhibi-
tion of the combined drug treatment using the MTT assay.
Detection of the effect of different concentrations of h-R3 on
EC1 and EC9706 cells via the MTT assay showed no obvious
inhibitory action on the tumor cells after 48 h. The highest
growth inhibitory rate on ECI cells in vitro was only 10%
when the single use of h-R3 concentration was <400 ug/ml. By
contrast, the highest growth inhibitory rate on EC9706 cells
in vitro was 30%. A comparison of EC1 with EC9706 showed
that the difference in the growth inhibition rate between the
two cell lines after h-R3 treatment was significant, while the
latter effect was stronger than the former (P<0.01) (Table I).
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Table IV. Cell growth inhibition rate of esophageal squamous carcinoma with single or combined use of DDP and/or 5-FU (%,

mean =+ standard deviation, n=6).

The 48-h drug inhibition rate, %

h-R3 DDP/5-FU combined use P- and g-value
Processing method a b c bvs.c
h-R3/DDP
ECl1 8.50+1.13 36.07+3.25 35.88+3.89 0.930 vs.0.86
EC9706 25.85+2.04 35.93+2.01 47.83+3.07 0.000 vs.0.91
5-FU/h-R3
EC1 8.50+1.23 31.19+£3.60 30.99+2.28 0.909 vs.0.85
EC9706 25.85+2.04 30.97+1.06 46.23+3.16 0.000 vs.0.95

Nimotuzumab (h-R3): 100 pg/ml; cisplatin (DDP): 0.5 pg/ml; 5-fluorouracil (5-FU): 1 pg/ml.

Table V. Detection results of apoptotic cells of the different
treatment groups (%, mean + standard deviation, n=3).

Table VI. Detection results of apoptotic cell of different treat-
ment groups (%, mean +standard deviation, n=3).

Apoptosis rate, %

Apoptosis rate, %

Treatment factors ECl1 EC9706p* P-value  Treatment factors EC1 EC9706p* P-value
(Group) (Group)

Control 3.54+0.37 3.86+0.22 Control 1.96+0.14 2.11+0.32

h-R3 4.31+0.69 5.45+0.63° h-R3 2.02+0.14 3.92+0.87°

DDP 9.88+0.25" 0.92+2.20° DDP 6.91+0.83° 8.00+0.46

DDP+h-R3 10.25+1.18°  17.49+1.04° 0.489¢  DDP+h-R3 7.01+0.55*  12.18+0.50° 0.672¢
5-FU 8.09+0.17°  12.48+2.66° 5-FU 5.98+0.24° 7.32+0.71°

5-FU+h-R3 8.15£0.32°  17.51+0.66° 0.833¢  5-FU+h-R3 5.82+0.26°  11.19+£0.33° 0.077¢

Nimotuzumab (h-R3): 100 pg/ml; cisplatin (DDP): 0.5 pg/ml; 5-fluo-
rouracil (5-FU): 1 pg/ml. *p is the comparison of the apoptotic rate
of EC9706 between the combined drug use and chemotherapy drug
alone groups. "Means comparison with the control group, P<0.05.
‘Indicates the comparison of the apoptotic rate between the combined
drug use and chemotherapy drug alone groups, P<0.05.

Nimotuzumab (h-R3): 100 pg/ml; cisplatin (DDP): 0.5 pg/ml; 5-fluo-
rouracil (5-FU): 1 pg/ml. *p is the comparison of the apoptotic rate
of EC9706 between the combined drug use and chemotherapy drug
alone groups. "Means comparison with the control group, P<0.05.
‘Indicates comparison of the apoptotic rate between the combined
drug use and chemotherapy drug alone groups, P<0.05.

DDP and 5-FU treatment of EC1 and EC9706 cells after
different concentrations identified a dose-dependent increase
in the inhibition rate. Cell growth inhibition rates following
treatment with different concentrations of DDP showed a
statistically significant difference (P<0.05). Cell growth
inhibition rates following treatment with different concentra-
tions of 5-FU showed a statistically significant difference
at the same time (P<0.05) (Tables II and III). According
to the gradient changing curve of the relationship between
the inhibitory rate of cell growth and drug concentration,
30% IC30 of DDP on esophageal EC1 and EC9706 carcinoma
cells after 48 h treatment was 0.5 pg/ml. Table II shows the
corresponding drug concentration when the cell inhibitory
rate was 30%, was 0.5 pg/ml, which is in accordance with
results calculated using the equation. The IC30 of 5-FU treat-
ment of esophageal EC1 and EC9706 carcinoma cells after
48 h was 1 pug/ml.

Cell growth inhibitory effect of the combined treatment
on human esophageal cancer. The h-R3, DDP and 5-FU
drugs were used at concentrations of 100 ug/ml, 0.5 pg/ml
and 1 ug/ml, respectively, with a reaction time of 48 h. The
difference of the cell growth inhibition rate between the use
of h-R3 combined with the chemotherapy drug and chemo-
therapy drug alone groups in the EC1 cells was not statistically
significant following the treatment with the given concentra-
tions (P>0.05). By contrast, the differences of the cell growth
inhibition rate between the combined use of the chemotherapy
drug and chemotherapy drug alone groups were statistically
significant (P<0.01) (Table IV).

Cytotoxicity induced by combined application of the two
drugs was calculated using Jin's formula. The interaction index
was represented with as a g-value and the formula used was
q=E(AB)/[EA+(1-EA)XEB]. The g-value of the combined
effect of the two drugs was <1.15, which is in the range
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of 0.85-1.15, indicating that it has a combined effect of the two
drugs (Table IV).

Apoptotic cell analysis using flow cytometry. The apoptotic
rate difference of the EC1 esophageal cancer cells between
the control group and h-R3 group was statistically significant
(P>0.05). The rate of apoptosis between single use of DDP,
5-FU or the combination with h-R3 group with the control
group was statistically significant (P<0.05). The combined
chemotherapy and drug alone groups did not yield any signifi-
cant difference with regard to the apoptotic rate (P>0.05).
However, the EC9706 esophageal carcinoma cell apoptotic rate
between the drug treatment and control groups was statistically
different (P<0.05). The difference between the combined drug
use and chemotherapy alone groups with regard to the drug
apoptotic rate was statistically significant (P<0.05) (Table V).

Apoptotic cell analysis using TUNEL. The TUNEL assay
was used to detect cell apoptosis. The nuclei of the apoptotic
cells under the microscope (magnification at x400, (IE 2000U
Nikon Corporation) had a precipitation of brown yellow gran-
ules, which was accumulated at the nuclear periphery, while
the nuclei of the non-apoptotic cells were blue.

The results were similar to the measured results of the
flow cytometry. The apoptotic rate difference of the EC1
esophageal cancer cells between the control and h-R3 groups
was not statistically significant (P>0.05). The apoptotic rate
of DDP and 5-FU single use therapy or combination with the
h-R3 compared to the control group showed a statistically
significant difference (P<0.05). The apoptotic rate between
the combined use drug and chemotherapy drug alone groups
was not significantly different (P>0.05). The difference in the
apoptotic rate of EC9706 esophageal cancer cells between the
control and h-R3 groups was statistically significant (P<0.05).
The apoptotic rate of the single and combinatorial use therapy
groups was statistically significant (P<0.05). The difference of
the combined apoptotic rate of the combination and single drug
groups was not statistically significant (P>0.05) (Table VI).

Discussion

Molecular-targeted therapy has recently become a hotspot,
particularly investigations regarding EGFR. h-R3 is the first
humanized monoclonal antibody used for the treatment of
malignant tumors. It was recommended by the National
Comprehensive Cancer Network (Chinese version) Head
and Neck Tumor of Treatment Guidelines in 2009. Clinical
and basic studies in recent years have confirmed its effect
and safety in the treatment of head and neck cancer, glioma,
gastric cancer, nasopharyngeal carcinoma and other solid
tumors (7,8). Findings of previous studies on esophageal
cancer have identified that h-R3 is capable of increasing the
sensitivity of radiotherapy in esophageal carcinoma as well as
paclitaxel chemotherapy sensitivity (9).

Through comparison of two types of human squamous
cell carcinoma of esophagus, our in vitro experiment results
show that the sensitization effect in EC9706 cells with a high
expression of EGFR is better than that in ECI cells with a
low expression of EGFR. Thus, the antitumor effect of the
EGFR-specific monoclonal antibody occurs by blocking

977

the binding of ligand and EGFR, thereby influencing EGFR
activity and downstream signaling pathway transmission,
inhibiting tumor cell proliferation, arresting cell cycle progress,
inducing tumor cell apoptosis and inhibiting tumor angiogen-
esis. The h-R3 is a humanized EGFR monoclonal antibody,
which can be combined stably in the bivalent form with EGFR
receptors on the cell surface (10). The h-R3 shows moderate
affinity for EGFR, but has a high affinity for tumor cells with
highly expressed EGFR. Thus, it is capable of stabilizing its
surface receptor, while for tumor cells with a low expression
EGFR or normal tissue cells it shows low affinity. This may be
the reason for the sensitizing effect of h-R3 on chemotherapy
drugs resulting in a high expression of EGFR in EC9706 cells
as compared to EC1 cells with a lower expression of EGFR.

However, the cytocidal effect of h-R3 combined with DDP
and 5-FU showed no obvious synergistic effect compared to
the single drug alone treatment, although an additive effect
was evident. Investigation of the EGFR monoclonal antibody
demonstrated that C225 ligand can induce EGFR to migrate
into the nucleus (11). Previous findings (12,13) have confirmed
that C225 is directly associated with chemotherapy resistance,
which means nuclear EGFR is possibly associated with
EGFR-targeted therapy effect. Therefore, EGFR nuclear trans-
location was also associated with the drug resistance of h-R3.
There are also studies (14-16) suggesting that it may be associ-
ated with the decrease of AKT activity mediated by anti-EGFR
antibody and EGFR internalization and degradation disorder.
Thus, the possible mechanisms of current anti-EGFR mono-
clonal antibody combined with chemotherapy drug synergy
effect remain to be determined.

In summary, the results of the present study show that h-R3
can increase the sensitivity of FD scheme chemotherapy for
esophageal carcinoma, and shows no synergistic effect but only
an additive effect. The effect of h-R3 on chemotherapy sensiti-
zation is positively associated with a high expression of EGFR.
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