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Abstract. – OBJECTIVE: To investigate the
effects of nimotuzumab (h-R3) with cisplatin
(DDP) or fluorouracil (5-FU) on human
esophageal squamous cell carcinoma (ESCC)
EC1 cells.

MATERIALS AND METHODS: The assignment
included blank control, h-R3 alone, DDP alone, 5-
FU alone, h-R3 combined with DDP, and h-R3
combined with 5-FU. The cell proliferation in
each group was measured by MMT method 48 h
post dose. The effect on the cell cycle was deter-
mined by flow cytometry, and the effect on cell
apoptosis was determined by flow cytometry
and TUNEL test 48 h post dose.

RESULTS: The inhibitory effect of h-R3 on the
proliferation of EC1 cells was weak. The maxi-
mum inhibition rate was 10.10 ± 0.58% 48 h post
dose, and the difference in the inhibition rate be-
tween the h-R3 with chemotherapeutic agents
and the chemotherapeutic agent alone was not
statistically significant (p > 0.05). Flow cytometry
demonstrated no obvious change in the EC1
cells after h-R3 treatment (p > 0.05). Flow cytom-
etry and TUNEL test demonstrated that the dif-
ference in the apoptosis rate between h-R3 com-
bined with chemotherapeutic agents and blank
control was not statistically significant (p >
0.05).

CONCLUSIONS: h-R3 had no significant effect
on human ESCC EC1 cells in vitro, with or with-
out the combination of chemotherapeutic
agents.

Key Words:
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carcinoma.

Introduction

Esophageal cancer has a high incidence in
China, where new cases of esophageal cancer ac-
count for half of the total cases worldwide1.
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However, 70% of the cases are in the advanced
phase at diagnosis. Therefore, various anti-tumor
therapies, such as chemotherapy are needed. This
is an important approach to treat advanced
esophageal cancer. Amongst others, the combina-
tion of DPP and 5-FU (FD option) has been the
standard treatment for concurrent chemoradio-
therapy in advanced ESCC patients 2. However,
the partial response rate and 1-year survival rate
is < 40%. The median survival is only 6
months3,4. It is, therefore, necessary to identify
new agents that can improve the chemotherapeu-
tic efficacy.
Epidermal growth factor receptor (EGFR) is a

member of tyrosine kinase growth factor receptor
family. Its ligands includes EGF and TGF-α, etc.
These ligands bind to the ectodomain of EGFR,
and produce biological effects through
RAS/RAF/MEK/ERK pathway, PI3K/AKT path-
way, PLCγ/PKC pathway, SRC kinase, STAT
pathway and the corresponding crosstalk, leading
to the regulation of cellular proliferation, sur-
vival, apoptosis, invasion and metastasis5,6.
Therefore, EGFR plays an important role in the
pathogenesis and progression of the tumor. Many
studies demonstrated the overexpression of the
EGFR in various human epithelial tumors. The
expression rate was up to 80-100% in the head
and neck squamous cell carcinoma, 70-80% in
colorectal cancer, 40-60% in non-small cell lung
cancer, and 30-90% in human esophageal cancer.
The overexpression of EGFR usually indicates
bad prognosis, rapid progress and resistance to
chemoradiotherapy in tumor patients.
Nimotuzumab (h-R3) is a monoclonal antibody

that binds specifically to the ectodomain of the
EGFR. It is obtained by transferring the comple-
ment-determining domain of the mouse mAb
IgG2a into the human antibody in a computer
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model with the assistance of genetic recombina-
tion and monoclonal antibody technology. The
molecular weight of h-R3 is 150 kDa, the human-
ization rate is > 90%. H-R3 is also characterized
by long half-life, high selectivity and degree of hu-
manization6-8. Many studies demonstrated the anti-
tumor effects of h-R3 in the head & neck tumor,
breast cancer and non-small cell lung cancer9-11. A
few studies explored the anti-tumor role of h-R3 in
esophageal cancer, but the evidence was limited.
This study examined the anti-tumor effects and the
mechanisms of h-R3 alone or h-R3 combined with
cisplatin or fluorouracil agents in two human ES-
CC cells with different expression of the EGFR,
and provided theoretical foundation for the target-
ed therapy of esophageal cancer.

Materials and Methods

Cell Culture
Human ESCC EC1 cells were provided by Tu-

mor and Reverse Transcription Molecular Biolo-
gy Laboratory, Xinxiang Medical College. The h-
R3 agents were provided by Baitai Biological
Pharmaceutical Co., Ltd. EC1 cells were cultured
in RPMI-1640 culture medium, supplemented
with 10% (v/v) fetal bovine serum, 100 U/mL
penicillin and 100 µg/mL streptomycin, and in a
5%CO2 incubator at 37°C. The culture medium
was replaced every 24 h, and the cells were sub-
cultured every 48 h.

Agents
Dipeptidyl peptidase-4 inhibitor (DDP) (Yun-

nan Biological Valley Dengzhanhua Pharmaceu-
tical Co., Ltd.), h-R3 (Baitai Biological Pharma-
ceutical Co., Ltd); MTT (Beijing Jingxinke Bio-
science Ltd.); cell apoptosis kit (Haimen Biyunt-
ian Biotechnology Institute); TUNEL agents
(Roche Diagnostics, Penzberg, Germany).

Materials and Methods

The study included five groups: blank control,
h-R3 alone, DDP alone, 5-FU alone, h-R3 com-
bined with DDP, h-R3 combined with 5-FU. EC1
cells in log phase were digested, spun and sub-
ject to cell count, and inoculated in 96-well plate
at a cell density of 5 × l03 cells (100 µl)/well. The
cells were cultured in a 5% CO2 incubator at
37°C. After 24 h of culture, the plate was re-
moved and the various dose of agents were added

into each group as follows: h-R3 alone, 12.5, 25,
50, 100, 200, 400 µg/ml; DDP alone, 0.25, 0.5, 1,
1.5, 2, 2.5 µg/ml; 5-FU alone, 0.5, 1, 2, 4, 6, 8
µg/ml; blank control, no agents added. After 48 h
of culture, the plate was removed, 20 µl MTT so-
lution (5 mg/mL) was added into each well. After
that, the cells were incubated at 37°C for 4 h.
Then, we removed the culture medium, washed
with PBS, added DMSO and vortex the mixture
for 10 min, measured the light absorption (OD
value) in each well at 492 nm and recorded the
readings. The experiment was repeated for three
times, and the mean measurements were calculat-
ed from sextuplicate samples.
The cell-growth inhibition rate (%) was calcu-

lated as 1- (mean OD value in treatment
group/OD value in control group) × 100%. The
concentrations of DDP and 5-FU when 30% of
the cells were inhibited (IC30) and could be cal-
culated according to the curve. We used as the
concentrations in combined administration, and
the concentration of h-R3 was chosen to be 100
µg/mL. The agent concentration – the inhibition
rate curve was plotted with the agent concentra-
tion as a horizontal axis and the inhibition rate as
a vertical axis. The cytotoxicity of the combina-
tion of two agents were calculated according to
Jin Zhengjun equation: q = E (AB)/[EA+ (1-EA)
× EB], with q value representing the interaction
index, EA and EB representing the inhibition rate
of DDP alone and 5-FU alone, respectively. A q
value within 0.85 to 1.15 showed added effects
of the two agents, a q value > 1.15 indicated syn-
ergism of the two agents, and a q value < 0.85 in-
dicated antagonism of the two agents.

Detection of Cell Cycle and Apoptosis by
Flow Cytometry
The cells were digested and inoculated into 6-

well plate for culture. Twenty-four hours after the
inoculation, the cells were treated with 100
µg/mlh-R3 and the corresponding control. After
the culture for 48 h, the cells were collected and
spun at 1500 rpm × 5 min. We then discarded the
supernatant and washed the cells with PBS. Then
the cells were fixed at 4°C for 24 h, spun at 1000
rpm x 5 min. The fixation solution was removed,
the cells were washed with PBS. The supernatant
was then discarded, and the cells were digested
with RNaseA in 37°C water bath for 30 min. We
then added 1 mL PI of staining solution (1
mg/mL), mixed and stained at 4°C in the dark for
30 min. The cell cycle was detected with flow
cytometry.
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Detection of Cell Apoptosis by
Flow Cytometry
The digested cells were placed in log phase

and inoculated in 6-well plate at a density of 1 ×
105 cells/ml. Twenty-four hours after inoculation,
the cells were treated with 100 µg/mL h-R3, 0.5
µg/mL DDP, 1 µg/mL 5-FU, 100 µg/mL h-R3
combined with 0.5 µg/mL DDP, 100 µg/mL h-R3
combined with 1 g/mL 5-FU, and the same
amount of culture medium was added into the
control well. The cells were cultured in a 5%
CO2 incubator at 37°C for 48 h. Then the cells
were collected and the supernatant was discard-
ed. The cells were washed with PBS, spun at
1000 rpm × 5 min and the supernatant discarded.
We then resuspended the cells with V-FITC bind-
ing buffer, incubated the cells in the dark at room
temperature for 10 min, spun at 1000 rpm × 5
min. Then, we discarded the fixation solution, re-
suspended the cells with V-FITC binding buffer,
then added PI staining solution and mixed, incu-
bated in an ice bath and in the dark for 5 min.
The cell cycle was detected with flow cytometry.

Detection of Cell Apoptosis by TUNEL Test
We then prepared single cell suspension, inoc-

ulated the cells (1 × 105/mL) into the petri dish
containing the slide. We, then, performed the as-
signment and treatment as 3.3.2 when the cells
were attached. Forty-eight hours after the culture,
we removed the slide, washed with PBS for three
times, fixed in 4% paraformaldehyde for 40 min,
washed with PBS for 3 × 3 min. Blocked the
slide at room temperature for 10 min, washed
with PBS for 3 × 3 min, placed at 4°C for 3 min,
washed with cold PBS for 2 × 5 min, added la-
beling mixture, incubated in a dark and wet envi-
ronment at 37°C for 60 min, washed with PBS
for 3 × 5 min, added 50 µl transformation solu-
tion, incubated in a dark and wet environment at
37°C for 30 min, washed with PBS for 3 × 5 min
again. We then added DAB, and observed the
staining under a microscope. The slide was re-
stained with haematoxylin, dehydrated, transpar-
entized and mounted on a microscope for obser-
vation. The percentage of apoptosis cells were
calculated.

Statistical Analysis
The statistical methods used in this study in-

cluded: normality test and homogeneity test of
variance, paired t test, variance analysis (normal
distribution and variance homogeneity) or rank-
sum test. The data was represented by mean ±
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Agents Treatment duration
concentration (48 h)

(µg/ml) EC1

12.5 1.15 ± 0.04
25 5.12 ± 0.48
50 8.83 ± 0.75
100 9.09 ± 0.48
200 9.34 ± 0.72
400 10.10 ± 0.58

Table I. The inhibition rate of human ESCC cells treated
with various concentration of h-R3 alone (%, x– ± s, n = 6).

SD (x– ± s). The statistical analysis was per-
formed with SPSS 17.0 software (SPSS Inc.,
Chicago, IL, USA), with the level of significance
α = 0.05.

Results

MTT Test Result
MTT test showed no significant inhibitory ef-

fect on tumor growth 48 h after EC1 cells being
treated with various dose of h-R3 alone. The in-
hibition rate was not significantly changed when
the concentration of h-R3 increased to 100 g/ml.
The maximum inhibition rate of 400 µg/mlh-R3
alone was only approximately 10% (Table see I).
The difference in the inhibition rate between h-
R3 combined with chemotherapeutic agent and
chemotherapeutic agent alone was not statistical-
ly significant (p > 0.05), showing no synergism
between h-R3 and chemotherapeutic agents (see
Table II).

Analysis of Cell Cycle by Flow Cytometry
No significant change of cell cycle was noted

in the cells treated with 100 µg/ml h-R3 alone
compared with EC1 cell control (see Table III).

Analysis of Cell Apoptosis by
Flow Cytometry
The difference in the apoptosis rate between

EC1 cell control and h-R3 alone was not statisti-
cally significant (p > 0.05); the differences in the
apoptosis rate between DDP alone, 5-FU alone
or h-R3 combined administration and control
were statistically significant (p < 0.05); the dif-
ference in the apoptosis rate between combined
administration and chemotherapeutic agent alone
was not statistically significant (p > 0.05) (see
Table IV).
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Analysis of Cell Apoptosis by TUNEL Test
The cell apoptosis was detected with the

TUNEL test. Under a microscope (400 ×), there
were brown granules precipitated in the nucleus
of the apoptotic cells, aggregating around the
nucleus. The nuclei of non-apoptotic cells were
blue.
The difference in the apoptosis rate between

EC1 cell control and h-R3 alone was not statis-
tically significant (p > 0.05). The differences in
the apoptosis rate between DDP alone, 5-FU
alone or h-R3 combined administration and
control were statistically significant (p < 0.05)
(see Table V).

Discussion

Esophageal cancer is one of the most com-
mon malignancies in China. Chemotherapy-
based combined therapy is the most important
treatment option for ESCC patients, especially
for those patients who cannot tolerate surgical
excision. With the occurrence of chemo-resis-
tance, the prognosis of esophageal cancer pa-
tients may become bad, with 5-year survival of
only 19%12. Therefore, it is necessary to devel-
op new treatment options that can improve the
efficacy in esophageal cancer patients and pro-
duce no additional toxicity to normal tissues.

Inhibition rate after 48h (%)

Treatment h-R3a DDP/5-FUb Combination vsc p qc

h-R3/DDP EC1 8.50 ± 1.13 36.07 ± 3.25 35.88 ± 3.89 0.930 0.86
5-FU/h-R3 EC1 8.50 ± 1.23 31.19 ± 3.60 30.99 ± 2.28 0.909 0.85

Table II. The inhibition rate of human ESCC cells treated with h-R3 alone, h-R3 combined with DDP or 5-FU (%, x– ± s, n = 6).

Note: h-R3, 100 µg/ml; DDP, 0.5 µg/ml; 5-Fu: 1 µg/ml.

Percentage of cell cycle (%, x– ± s, n = 3)

Group G1 G2 S

EC1 control 16.60 ± 0.38 29.34 ± 1.06 54.06 ± 1.32
EC1 h-R3 18.47 ± 1.45 28.34 ± 0.75 53.18 ± 2.17
t -2.167 1.328 0.596
p 0.096 0.255 0.583

Table III. The change of cell cycle in human ESCC cells 48 h after the treatment with 100 µg/ml h-R3:

2.3 Analysis of cell apoptosis by flow cytometry.

Treatment Apoptosis rate (%)
factors EC1

Control 3.54 ± 0.37
h-R3 alone 4.31 ± 0.69
DDP alone 9.88 ± 0.25▲

DDP+h-R3 10.25 ± 1.18▲

5-FU alone 8.09 ± 0.17▲

5-FU+h-R3 8.15± 0.32▲

Table IV. The apoptosis in the groups treated with various
treatments (%, x– ± s, n = 3).

Note: h-R3: 100 µg/ml; DDP: 0.5 µg/ml; 5-FU: 1 µg/ml. ▲In
comparison with control, p < 0.05.

Treatment Apoptosis rate (%)
factors EC1

Control 1.96 ± 0. 14
h-R3 alone 2.02 ± 0.14
DDP alone 6.91 ± 0.83▲

DDP+h-R3 7.01 ± 0.55▲

5-FU alone 5.98 ± 0.24▲

5-FU+h-R3 5.82 ± 0.26▲

Table V. The apoptosis in the groups treated with various
treatments (%, x– ± s, n = 3).

Note: h-R3: 100 µg/ml; DDP: 0.5 µg/ml; 5-FU: 1 µg/ml. ▲In
comparison with control, p < 0.05.
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Currently, molecular targeted therapy is under
the spotlight, particularly the studies focusing
on EGFR. H-R3 was the first established hu-
manized monoclonal antibody to treat malig-
nancy in China, it had entered into the Chinese
version of NCCN Guideline of head and neck
tumors. Recently, some clinical trials have con-
firmed the efficacy and safety of h-R3 in treat-
ing various solid tumors, such as head and neck
tumors, glioma, nasopharyngeal cancer, gastric
cancer. Ling et al13 demonstrated that h-R3
combined with 5-FU or DDP was also effica-
cious in advanced ESCC patients.
This study showed that h-R3 had no signifi-

cant cycle-arrestor proliferation effect in EC1
cells. There was no significant synergism be-
tween the h-R3, DDP and 5-FU noted when the
cellular killing was compared to h-R3 alone,
DDP alone, 5-FU alone and combined adminis-
tration. This differed completely from the result
reported by Ling et al13. We believed that the
anti-tumor effect of the EGFR-specific mono-
clonal antibody was considered to block the
binding of the ligands to the EGFR. This may
influence the activity of EGFR and downstream
the signal pathway, thus inhibit the proliferation
of the tumor cells, arrest the cell cycle, induce
tumor cells apoptosis and inhibit the neovascu-
larization in the tumors. H-R3 is a humanized
monoclonal antibody to EGFR, it can bind sta-
bly to the EGFR receptor on the tumor cell sur-
face14. H-R3 has medium affinity to EGFR, and
high affinity to the tumor cells with high EGFR
expression. It can bind to the surface receptor
stably; while it has low affinity to the tumor
cells with low expression of EGFR or normal
cells. In vitro monolayer cell culture and the
complex cell-cell interactions in the absence of
tumor may be the reason for weak effects of h-
R3 alone in vitro. Many studies15 also confirmed
that the monoclonal antibodies to EGFR could
induce antibody-dependent cytotoxicity (AD-
CC) and complement dependent cytotoxicity
(CDC) in vivo, leading to the lysis of the tumor
cells. Some investigators suggested this may be
the major anti-tumor mechanism of the h-R3,
and this may also attribute to the weak anti-tu-
mor efficacy of h-R3 in vitro.

Conclusions

Neither h-R3 alone nor h-R3 combined with
chemotherapeutic agents had significant effects

on EGFR+ human ESCC EC1 cells in vitro.
This differed totally from theoretical expecta-
tion. EC1 cells had low expression of EGFR,
and the effects of h-R3 in ESCC cells were as-
sociated with EGFR expression. However, the
direct relationship between the anti-tumor ef-
fects of h-R3 on ESCC cells and the expression
density of EGFR on tumor cell surface required
further investigation.
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