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ABSTRACT. This study aimed to explore some useful biomarkers to focus
on the diagnosis and therapy response judgment in esophageal squamous
cell carcinoma in Xinjiang. We used enzyme-linked immunosorbent
method and immunohistochemistry to detect the expression of VEGF,
EGFR, ES, HER-2, and NF-kBp in the serum and tissue with esophageal
squamous cell carcinoma, and to analyze the relationship between
biomarkers and clinical pathology and curative effects. Our findings were
as follows: 1. The serum levels of VEGF and ES in Han patients were
obviously higher than those of Uygur and Kazakh patients (P < 0.05). The
VEGF positive rate in patients at a later clinical stage was higher than
that of the patients at an earlier clinical stage (stages II-IV were 14.29,
50.00, and 50.00%, respectively, P < 0.05), meanwhile it was higher than
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that of patients without lymph node metastases (78.13 vs 25.00%, P <
0.05). The curative effective rate of patients with negative expression of
VEGF was higher than that of patients with positive expression of VEGF
(74.67 vs 41.40%, P < 0.05). 2. The expression of EGFR protein in male
patients was higher than that of female patients (69.77 vs 35.29%, P <
0.05). Before treatment, the serum EGFR level in patients was higher than
the normal group (P < 0.05). 3. The serum ES level in patients before
and after treatment was significantly higher than in the normal group (P <
0.05). 4. The HER-2 positive rate in higher differentiated tumor tissue was
lower than that in lower differentiated tumor tissue. (The positive rate of I,
11, I1I grade was 70.00, 30.00, and 20.00%, respectively, P < 0.05). 5. The
NF-xB positive rate in patients with lymph node metastases was higher
than that of patients without lymph node metastases (65.63 vs 39.27%, P
< 0.05), meanwhile median survival in the latter group was higher than
that of the former group (P < 0.05). Our data suggest that the expression
of VEGF and ES were different in Uygur, Han, and Kazakh patients in
Xinjiang. The combined detection of tumor markers in serum and tissue is
of direct significance for tumor therapy.

Key words: Esophageal cancer; Biomarkers; Curative effect;
National difference

INTRODUCTION

In the early 1970s, a study in the former Soviet Union first reported that the incidence
of esophageal cancer in Kazakhs was high (Kairakbaev, 1978). In the late 1970s, a cancer
census report showed that the incidence of esophageal cancer in Kazakhs in Northwest China
was high, and among them, the incidence of esophageal cancer of the Tory family in Tuoli
County of the Kazakh Autonomous Prefecture in Xinjiang was the highest in the world (Fig-
ure 2; 150/10 million). The second highest was 90/10 million in Xinyuan County. Less than
500 miles south of the Tarim Basin, Tianshan, in the Uygur residence (here after referred to
as Uighurs), the incidence rates of esophageal cancer were 11/10 million and 13/10 million in
Uighurs and Han. Esophageal cancer is a serious disease affecting the health of ethnic minori-
ties in Xinjiang, resulting in poverty.

Esophageal cancer is a frequent malignancy and cannot be detected early. The sur-
vival rate of patients with advanced stage is low (5-year survival, 0-26%). Because of the lack
of early diagnosis, 80% esophageal cancer patients are at advanced stage when the disease is
diagnosed, and they lose the opportunity of radical resection, even if the 5-year survival rate
of the patients with surgery (R0O; negative surgical margins) is only 15-20% and the median
survival time of the patients is 18 months (Jemal et al., 2004; Ychou et al., 2011). Combination
therapy involving radiotherapy and chemotherapy exerts important effects in the comprehen-
sive treatment of esophageal cancer. In treatment, there are “bottleneck™ problems at home
and abroad; the therapeutic effects of various treatments cannot currently be predicted and
they make the treatment of majority of patients with esophageal cancer into a “procedural”
or “menu-type” treatment modality and not real individualized treatment protocols (Liu et al.,
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2011a). In recent years, research on esophageal cancer in minorities in Xinjiang has focused
on the pathogenesis, clinical characteristics, and epidemiology of the disease, and has led to
some meaningful results (Lin et al., 2011b).

Recently, the prediction of efficacy and prognosis of diseases at a molecular level has
become a hotspot (Luthra et al., 2006; Hildebrandt et al., 2009; Geldart and Astras, 2011). In
this study, the expression of epidermal growth factor receptor (EGFR), vascular endothelial
growth factor (VEGF), human endothelial cell inhibin (ES), human nuclear factor-xB (NF-
kB), and epidermal growth factor receptor 2 (HER-2), all of which are related to the pro-
liferation, invasion, angiogenesis, and metastasis of esophageal cancer, was detected by the
co-enzyme-linked immunosorbent assay method combined with immunohistochemical detec-
tion to explore the relationship between these tumor markers and clinical pathology and the
therapeutic effects of esophageal squamous cell carcinoma.

MATERIAL AND METHODS
Clinical data

Tissue and blood samples of 128 patients with a definite pathological diagnosis of
esophageal squamous cell carcinoma from 2007-2006 to 2010-2011 in the First Affiliated Hos-
pital of Xinjiang Medical University were collected. Patients from Han nationality (44 cases),
Uygur (38 patients), and Kazakh (46 patients) were included. The patients included had a simi-
lar clinical stage II-IV stage, and distribution of population data (age, gender, race gender,
clinical stage, histological type, and general condition score) (P > 0.05). Eight-six men and
42 women were enrolled. The median age of patients was 55.8 years. The tumor was in the
cervical segment and upper thoracic segment in 48 cases, and in the thoracic middle segment
and inferior segment in 80 cases. Stage I 24 cases, stage Il 62 cases, stage 111 42 cases in the
pathological differentiation stage. In clinical stage, stage II 32 cases, stage 111 32 cases and stage
IV 64 cases. The clinical staging of esophageal cancer was set according to the AJCC staging
standard. We included 60 healthy volunteers of all nationalities in the normal control group.

Experimental methods

Blood collection

We collected 5 mL venous blood samples of each patient before and after treatment.
After centrifugation, the samples were put into a -80°C refrigerator. The levels of expression
of S-EGFR, S-ES, S-VEGF, S-HER2, and S-NF-kB of patients with esophageal squamous
cell carcinoma and the normal control group were detected by enzyme-linked immunosorbent
assay (ELISA), and the experiment was performed in accordance to the method in the instruc-
tions. Finally, the values of S-VEGF, S-EGFR, S-ES, S-HER2, and S-NF-kBp were calculated
according to the standard curve.

Immunohistochemical SP method

Phosphate buffer (0.01 M PBS), instead of primary antibody, was used as the negative
control, and known positive tissue sections were used as the positive control.

Genetics and Molecular Research 13 (3): 5413-5425 (2014) ©FUNPEC-RP www.funpecrp.com.br



L. Zhang et al. 5416

Judgment of immunohistochemical results

Positive staining for EGFR, HER-2, and ES protein was observed in the cell mem-
brane, while positive staining for VEGF and NF-kB protein was observed in the cytoplasm.
Under a light microscope, 5 high-power fields of each slice were randomly selected, 200 tu-
mor cells in each field of vision were counted, and the number of positive cells was counted to
analyze the immunohistochemical expression of EGFR in 1000 tumor cells. When the number
of positive cells in the visual field exceeded 5%, the expression was expressed as positive (+).
Otherwise, it was considered to be negative (-).

Evaluation criteria of treatment and therapeutic effect

Chemotherapy design: bigeminy chemotherapy based on platinum (NP = navelbine
+ cisplatin/carboplatin, TP = docetaxel/paclitaxel + cisplatin/carboplatin), once every 3-4
weeks, 4-6 times. Radiotherapy: 3-dimensional conformal irradiation, DT50-66GY/25-33f
(prophylactic irradiation, 50 GY; radical irradiation, 60-66 GY).

Studying short-term therapeutic effect included data about complete remission (CR),
partial remission (PR), stability (NC), and progress (PD). CR + PR suggested that the treat-
ment was effective and NC + PD suggested that it was inefficient. The median survival time
was also calculated.

Statistical methods

The SPSS13.0 statistical software was used for data processing; of them, #-test or
analysis of variance was applied for data measurement, chi-square test was applied for data
numeration, and survival rates are calculated by the Kaplan-Meier method for survival analy-
sis. The size of test was o = 0.05 and P < 0.05 was considered to be statistically significant.

RESULTS

Serum levels of molecular markers of patients with esophageal squamous cell
carcinoma before and after treatment

VEGF levels in the serum of patients with esophageal squamous cell carcinoma be-
fore the treatment were higher than that of the normal group (P < 0.05). There was no signifi-
cant difference between the VEGF levels in the serum of patients with esophageal squamous
cell carcinoma after treatment and that of the normal group (P = 0.062), while ES levels in the
serum of patients with esophageal squamous cell carcinoma before and after treatment were
higher than that of the control group (P < 0.05). EGFR levels in the serum of patients with
esophageal squamous cell carcinoma before treatment were higher than that of the normal
control group (P < 0.05) (Table 1). VEGF and NF-kB levels in the serum of patients with
esophageal squamous cell carcinoma after treatment showed no difference compared to that
of patients before treatment (data not shown in the table). The levels of serum tumor markers
of patients after treatment also showed no significant difference compared to that of patients
before treatment (P > 0.05) (Table 1).
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Relationship between the serum molecular markers of patients with esophageal
squamous cell carcinoma and nationality

Serum levels of VEGF and ES in Han patients were obviously higher than
those in Uygur and Kazakh patients (258.48 £+ 39.38 and 27.88 + 43.22 ng/L, P <
0.05), while those of Uygur patients were the lowest (106.00 £ 28.76 and 8.59 + 2.63
ng/L) (Table 2).

Relationship between tissue protein expression of molecular markers of patients
with esophageal squamous cell carcinoma and clinical pathology

As Table 3 shows, the positive rate of VEGF expression of patients at a later
clinical stage was higher than that of patients at an earlier clinical stage (stages II-1V
werel4.29, 50.00, 50.00%, respectively, P < 0.05). The positive rate of VEGF expression
in patients with lymph node metastases was higher than that of patients without lymph
node metastases (78.13 vs 25.00%, P < 0.05).

The expression of EGFR in the tumor tissue of male patients was higher than that
of female patients (69.77 vs 35.29%, P < 0.05). The positive rate of HER-2 expression in
higher differentiated tumor tissue was lower than that of HER-2 expression in lower dif-
ferentiated tumor tissue (the positive rate of I, I, III grade was 70.00, 30.00, and 20.00%,
respectively, P < 0.05). The positive rate of NF-kBp expression in patients with lymph
node metastases was higher than that of patients without lymph node metastases (65.63 vs
39.27%, P < 0.05). HER-2 expression in the serum had no significant relationship com-
pared to other clinical pathological factors (P > 0.05) (Figure 1).

Relationship between tissue protein expression of molecular markers of patients
with esophageal squamous cell carcinoma and short-term therapeutic effect

There were 53 cases (41.4%) with VEGF-positive expression and 23 cases (43.4%)
with effective chemoradiotherapy. There were 75 cases (58.59%) with VEGF-negative
expression and 56 cases (74.67%) with effective chemoradiotherapy. The curative effec-
tive rate of patients with VEGF-negative expression was higher than that of patients with
VEGF-positive expression (74.67 vs 41.40%, P < 0.05) (Table 4).

Relationship between NF-kBp expression and median survival time (MST). The
MST of patients with negative expression of NF-kBp was higher than that of patients with
positive expression of NF-xBp (26 months, 20 months, P < 0.05) (Figure 2).
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Figure 1. Tissue expressions of tumor molecular markers in the human esophageal squamous cell carcinoma tissues.
1. Esophageal squamous cell carcinoma stained positive for EGFR, located in the cytoplasm and cell membrane,
SP stain 200X; 2. ES-positive expression in esophageal squamous cell carcinoma, located in the cell membrane, SP
stain 200X; 3. NF-kBp esophageal squamous cell carcinoma staining, located in the cell membrane, SP stain 200X
4. esophageal squamous cell carcinoma stained positive for HER-2, located in the cell membrane, SP stain 200X;
5. esophageal squamous cell carcinoma stained positive for VEGF, located in the cell membrane, SP stain 200X.

Table 4. Relationship between the expression of tumor molecular markers of the patients with esophageal
squamous cell carcinoma and therapeutic effect.

Molecular markers N Therapeutic effect x P
CR+PR (N, %) NC+PD (N, %)

ES Positive 66 43 (65.15) 23 (34.85) 0.545 0.599
Negative 62 34 (54.84) 28 (45.16)

EGFR Positive 71 52 (67.53) 25 (32.47) 2.303 0.177
Negative 51 25 (49.02) 26 (50.98)

NF-«Bp Positive 68 37 (54.41) 31 (45.59) 0.712 0.44
Negative 60 39 (65.00) 21 (35.00)

HER-2 Positive 43 22 (51.16) 21 (48.84) 1.25 0.28
Negative 85 55 (64.71) 30 (35.29)

VEGF Positive 53 23 (43.40) 30 (56.60) 5.659 0.03
Negative 75 56 (74.67) 19 (25.33)

Survival Functions

1.07 NF-«Bp
7 positive
negative
positive-censored
§ 0.87] negative-censored
E
E
g 0.67]
O
0.47]
0.27]
0.07]
T T T T T
0 10 20 30 40

Life time/months

Figure 2. Comparison of life time between the patients with positive expression of NF-kBp and the patients with
negative expression of NF-xBp.
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DISCUSSION

VEGF is a specific endothelial cell-stimulating factor (Sato et al., 1999). At pres-
ent, some studies suggest that (Poon et al., 2001), to some extent, the serum levels of VEGF
expression reflect the staging and prognosis of patients with esophageal cancer. In this study,
our results showed that the serum levels of VEGF in patients with esophageal cancer were
higher than that of normal controls, the protein expression of VEGF in tumor tissue was
related to lymph node metastasis, and that the TNM stage and therapeutic effect of chemo-
radiotherapy were consistent with the results of relevant reports at home and abroad (Imdahl
et al., 2002; Saintigny et al., 2007). VEGF expression may be one of the indicators reflecting
the progress of esophageal cancer and is a potential predictor of the therapeutic effect. Shih
et al. (2000) detected dynamic changes in the serum levels of VEGF in esophageal cancer
patients who received chemoradiotherapy before operation and found that VEGF expression
levels of patients were significantly higher than that of the control group; whereas 3 months
after the surgery, the serum levels of VEGF of these patients were significantly lower. This
indicated that serum VEGF expression is related to tumor load. Some studies also concluded
that chemoradiotherapy can reduce serum levels of VEGF of patients with esophageal cancer
(Ahn etal., 2002). Shimada et al. (2001) considered that the efficacy of chemotherapy and the
survival time of esophageal cancer patients with low VEGF expression were superior to that
of patients with high VEGF expression. Interestingly, our results found that serum levels of
VEGEF differed in the subjects from different nationalities, and that the levels in Han patients
were higher compared with those in Uygur and Kazakh patients (P < 0.05). However, VEGF
expression in the tumor tissue showed the opposite trend. The expression in Han patients was
lower compared to that in the Uygur and Kazakh patients, without significant statistical dif-
ference (P > 0.05), which suggested that the serum and tissue levels of the same marker may
be inconsistent.

EGFR is an expression product of the proto-oncogene c-erbB1 and a member of the
EGFR family. EGFR is overexpressed in a variety of tumor cells. The overexpression of one
or more of the EGFR family receptors appeared in about 60% of cancer patients, and this
abnormal expression is related to angiogenesis, invasion, metastasis, and anti-apoptosis of
tumors (Nicholson et al., 2001). Our results showed that the serum and tumor tissue expres-
sions of EGFR protein of esophageal squamous cell carcinoma patients were higher than
those of the normal group. EGFR protein expressions in male patients were higher than
that of female patients (P < 0.05), which may be due to the small sample size used in this
study or gender differences in EGFR expression. Our results did not show that the expres-
sion of EGFR had a relationship with nationality, pathological differentiation, clinical stage,
chemoradiotherapy, and other clinical pathological factors. Some results showed that EGFR
protein expression is correlated with the T stage, depth of invasion, lymph node metastasis,
pathological stage, and prognosis of patients (Wang et al., 2007). EGFR is a potential predic-
tor of the effect of chemoradiotherapy on esophageal cancer (Delektorskaya et al., 2009).
However, some results showed that protein expression or mutation in the EGFR gene had no
predictive value for the efficacy of chemoradiotherapy for esophageal cancer (Gibson et al.,
2003). Thus, whether EGFR can be considered as one of the predictors of esophageal cancer
still needs to be further studied.

Some studies confirmed that HER-2/neu gene amplification or overexpression can
occur in about 30% of human malignancies, including breast cancer, stomach cancer, ovarian
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cancer, endometrial cancer, prostate cancer, and other endothelium-derived tumors (Sato-Ku-
wabara et al., 2009). It suggested that the overexpression of the HER-2/neu gene has a certain
relevance to the generation of these tumors. HER-2/neu is one of a few biological predictors
applicable in assessing the clinical efficacy of targeted treatment for cancers such as breast
cancer and gastric cancer (Thompson et al., 2011). NCCN esophageal cancer guidelines in
2011 mentioned that for esophageal cancer patients with local recurrence or distant metasta-
sis, HER-2/neu should be routinely detected, by immunohistochemistry and FISH. The strong
expression of HER-2/neu can be detected by immunohistochemistry and further confirmed by
FISH (Briicher et al., 2006). It has been suggested that the strong expression of HER-2/neu is
an indication for using Mabthera in the treatment (Bang et al., 2010). Therefore, the detection
of HER-2/neu protein and gene can be used to determine the therapeutic effect of esophageal
cancer patients receiving Mabthera treatment. In this study, our results found that the expres-
sion of HER-2 in patients with esophageal squamous cell carcinoma in Xinjiang were nega-
tively correlated with the differentiation of tumor cells, which suggested that HER-2 could be
used to determine the prognosis of esophageal cancer. The results of this study did not show
that it has a relationship with the therapeutic effect of esophageal cancer.

Amicine is a protein that was isolated from the culture supernatants of mouse heman-
gioendothelioma. N-terminal amino acid sequencing showed that the substance is a terminal
fragment of collagen x VII, and is called endostatin. Large numbers of experimental studies
have shown that endostatin has a strong inhibitory effect on tumor growth and metastasis
(Dhanabal et al., 1999). It is expressed in lung cancer, esophageal cancer, and other tumor tis-
sues. We found that the endostatin levels of patients with esophageal cancer among different
nationalities in Xinjiang were different. Endostatin levels in Han patients were higher than
those in Kazakh and Uygur patients, while there was no relationship with the clinical stage,
pathological differentiation, and other clinical pathological factors. Serum levels of endostatin
of patients with esophageal squamous cell carcinoma before and after treatment were higher
than those of the normal group, which suggested that serum levels of endostatin were in-
creased in patients with esophageal squamous cell carcinoma. Whether endostatin can be a
biomarker for the diagnosis of esophageal cancer should be further studied.

NF-kB is a pleiotrophic nuclear transcription factor that is widely present in the hu-
man body. It can induce oncogenesis by upregulating the expression of cyclin DI to result
in infinite cell proliferation and to inhibit the transduction of the cell death signal. A large
number of studies have shown (Schmitt and Lowe, 2002) that NF-kB protein expression has
a relationship with the occurrence and development of a variety of tumors. Some studies sug-
gested that the abnormal expression of NF-kB in esophageal cancer is a potential indicator of
the sensitivity of chemotherapy (Abdel-Latif et al., 2004). The results of this study showed
that the median survival time of patients with esophageal squamous cell carcinoma tissue with
NF-«B protein expression and negative expression was 20 and 26 months, respectively, which
suggested that NF-kBp protein expression may be an indicator to determine therapeutic effect
in case of esophageal squamous cell carcinoma.

At present, the relevant literature on the combined use of ELISA and immunohisto-
chemistry to detect tumor markers is limited. Research suggests that some serum tumor mark-
ers to detect esophageal cancer patients show the clinical significance of treatment, while the
expression of some of the serum tumor markers (VEGF, ES) differ in Han, Uygur, and Kazakh
patients in Xinjiang.
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