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Chemotherapy regimen based on sorafenib combined
with 5-FU on HIF-1a and VEGF expression and
survival in advanced gastric cancer patients
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Abstract. The present study investigated the effect of
combined sorafenib chemotherapy on hypoxia-inducible
factor-la. (HIF-1a) and vascular endothelial growth factor
(VEGF) expression and survival time of patients with advanced
gastric cancer. From January 2010 to December 2011,
92 patients diagnosed with advanced gastric cancer were
selected and randomly divided into the treatment group and
control group. The treatment group was treated with sorafenib
chemotherapy combined with 5-fluorouracil (5-FU), and
the control group received 5-FU. The treatment course was
3-4 cycles. During the same period, 46 healthy persons
admitted to the Second People's Hospital of Huaian were
selected as the controls. A volume of 3-4 ml peripheral
blood from each patient and control was collected before and
after treatment. The expression levels of HIF-1a and VEGF
in peripheral blood were measured by ELISA. The survival
time of patients with advanced gastric cancer was followed
and analyzed. Compared with healthy controls, serum levels
of HIF-1a and VEGF were significantly higher in patients
with advanced gastric cancer (P<0.05). After chemotherapy
combined with sorafenib, the peripheral blood levels of
HIF-1a and VEGF decreased significantly in the treatment
group (P<0.05). The 5-year survival rate of patients in the two
groups was followed. Compared with the control group, the
1-year survival rate of the treatment group was significantly
higher (P<0.05). In conclusion, chemotherapy combined with
sorafenib can effectively reduce serum levels of HIF-la and
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VEGF in patients with advanced gastric cancer, and improve
their l-year survival rate and prognosis. Therefore, it has
significant clinical application value.

Introduction

Advanced gastric cancer is characterized by tumors that invade
the muscle layer and serosa of the stomach, regardless of lesion
size and occurrence of metastasis (1). The treatment strategy
for advanced gastric cancer is primarily surgery, assisted by
postoperative adjuvant chemotherapy (2). Because of the poor
targeting ability of traditional chemotherapeutic drugs, normal
tissues are also damaged during inhibition of tumor metas-
tasis. Targeted therapies are drugs that work at the molecular
level, and designed according to specific carcinogenic mole-
cules (including proteins in tumor cells or gene fragments).
These drugs specifically enter tumor cells and selectively bind
carcinogenic molecules and cause tumor cell death without
injuring normal tissue surrounding the tumor (3-5).

Sorafenib is a new multi-target oral drug for cancer treat-
ment. It can be used to treat gastrointestinal stromal tumors
and metastatic renal cell carcinoma for patients who are not
responsive to, or cannot tolerate standard therapies (6). It can
selectively target certain proteins, so as to regulate the growth
and metabolism of tumor cells. Tumor cells can proliferate under
hypoxic conditions. This phenomenon is closely related to the
activation of hypoxia-inducible factor-l1a (HIF-1a) and vascular
endothelial growth factor (VEGF). HIF-1a can enhance the
metabolism of cells under hypoxic conditions and contribute to
activation of VEGF to induce tumor angiogenesis (7-9).

Previous studies have found that because of the hidden
incidence of gastric cancer, many patients are first diagnosed
with advanced gastric cancer, or even with metastasis, and
have therefore missed the optimal time for surgery (4,10,11).
At present, to improve the survival of patients with advanced
gastric cancer, physicians apply neoadjuvant chemotherapy,
which is highly effective (10). Neoadjuvant chemotherapy is
the administration of 3-4 cycles of standard chemotherapy
before surgery, to reduce the tumor scope and achieve the
purpose of surgical resection (11). In the present study, we
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applied chemotherapy regimens based on sorafenib combined
with 5-fluorouracil (5-FU) and explored their impact on the
expression of VEGF and HIF-1a in serum and tumor tissue.

Patients and methods

Patients. From January 2010 to December 2011, we selected
92 patients diagnosed with advanced gastric cancer by means
of imaging and laboratory diagnosis. Patients were randomly
divided into the treatment group and control group. Forty-six
age-matched healthy controls were selected in the Second
People's Hospital of Huaian during the same period.

Inclusion criteria of the treatment group. The inclusion
criteria included (6): i) Diagnosis of gastric cancer that can be
made by imaging, pathology, physical examination, or labora-
tory examination; ii) advanced gastric cancer; and iii) age over
18 years. This study was approved by the Ethics Committee
of the Second People's Hospital of Huaian. Signed written
informed consents were obtained from all participants before
the study.

Exclusion criteria of the treatment group. The exclusion
criteria included (7): i) Malignant tumors of other systems;
ii) diagnosis could not be clearly made by imaging, pathology,
physical examination, or laboratory examination; iii) cogni-
tive impairment or mental illness; iv) failure to obtain patient
samples; v) patients or their family members could not coop-
erate with the examination; vi) withdrawal of patients from
the study; and vii) patients who gave up treatment or refused
surgery.

Reagents. Sterile double distilled water, anti-phosphorylated
VEGEF (anti-p-VEGF) (1:1,000; Cell Signaling Technology,
Inc., Danvers, MA, USA), B-actin antibody (1:5,000; Invitrogen
Life Technologies, Carlsbad, CA, USA), phosphorylated VEGF
(1:1,000), phosphorylated HIF-1a (1:1,000) and anti-phosphor-
ylated HIF-1a (1:1,000) (all from Cell Signaling Technology,
Inc.), 0.9% sterile saline (Otsuka Pharmaceutical Factory, Inc.,
Tokushima, Japan) and TRIzol (Invitrogen Life Technologies).

Instruments. PCR amplification instrument and gel imaging
instrument (both from Bio-Rad Laboratories, Inc., Hercules,
CA, USA), electrophoresis apparatus (Beijing Liuyi Instrument
Factory, Beijing, China), centrifuge and micro liquid transfer
device (both from Eppendorf, Hamburg, Germany), Haier ice
machine, Western Blot electrophoresis apparatus (Bio-Rad
Laboratories, Inc.), -80°C refrigerator (Thermo Fisher
Scientific, Inc., Waltham, MA, USA), 5 and 10 ml syringes
(Tianjin Hanaco Medical Co., Ltd., Tianjin, China), profes-
sional experimental animals surgical instruments (Beijing
Medical Equipment Factory, Beijing, China), NanoDrop 2000
spectrophotometer (Thermo Fisher Scientific, Inc.), EP tubes
(Eppendorf), water bath (Beijing Medical Equipment Factory)
and pathological slice machine (Leica Microsystems GmbH,
Wetzlar, Germany).

Blood collection. A total of 3 ml venous blood was collected
from the elbow vein in the morning and placed in ordinary
plastic tubes. A total of 1.8 ml was then transferred to
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Table I. Analysis of general clinical data of patients in the
control group and treatment group (mean = SD).

Cases Age BMI Disease course
Groups (n) (years) (kg/m?) (months)
Control 46 538484 21.7x14 9.2+1.1
Treatment 46 552492 202438 10.8+2.3
T-value - 0.78 0.32 044
P-value - 0.25 0.75 0.58

anticoagulation tubes containing 0.2 ml 3.8% sodium citrate.
Specimens were centrifuged at 1,000 x g for 10 min within 1 h
after collection. Serum or plasma were separated and stored in
0.5 ml EP tubes after extraction, and stored at -30°C until use
within 1 month.

Measurement of serum VEGF and HIF-1a by enzyme-linked
immunosorbent assay (ELISA). VEGF and HIF-1a ELISA
diagnostic kits were purchased from Beijing Kangwei Century
Biotech Co., Ltd. (Beijing, China) and used according to the
manufacturer's instructions.

Treatment methods. We treated both groups of patients with
3-4 cycles of chemotherapy before elective surgery was
performed. Treatment group: Sorafenib (0.2 mg/kg) + 5-FU
(0.5 mg/kg) + vincristine (1 mg/kg) for 7 days comprised one
course of treatment. Control group: Single 5-FU (0.5 mg/kg)
chemotherapy. Elective subtotal gastrectomy was performed
after chemotherapy.

Statistical analysis. SPSS 15.0 statistical software (SPSS, Inc.,
Chicago, IL, USA) was used for data analysis. Measurement
data are presented as mean + standard deviation. Comparisons
between groups were by independent sample t-test. Enumeration
data are presented as case or constituent ratio, and a ¥* test was
used for comparisons. P<0.05 was considered to indicate a
statistically significant difference.

Results

Comparison of general clinical conditions of patients. We
collected and analyzed the general clinical data of patients
with gastric cancer in the two groups including, age, weight and
course of disease. Most patients were aged from 50 to 60 years,
and there were no statistically significant differences in age,
body weight or course of gastric cancer among patients in the
two groups (P>0.05) (Table I).

Measurement of serum levels of VEGF and HIF-1o before and
after neoadjuvant chemotherapy. VEGF and HIF-1a expres-
sion levels in peripheral blood of patients and healthy controls
were measured by ELISA. We found that compared with
healthy controls, the serum levels of VEGF and HIF-1a were
significantly higher in both the treatment group and the control
group before neoadjuvant chemotherapy (P<0.05),and no statis-
tical differences were found between the two groups (P>0.05).
Compared with the control group, the serum levels of VEGF
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Table II. Measurement of serum VEGF and HIF-1a levels before and after neoadjuvant chemotherapy.
Before neoadjuvant After neoadjuvant
Items Groups Cases (n) chemotherapy chemotherapy T-value P-value
VEGEF (ng/ml) Control 46 58.8+8.4%¢ 31714 4.24 0.02
Treatment 46 65.2+9.2° 16.2+3.8¢ 7.39 0.01
Healthy control 46 82+3.2 - - -
HIF-1a (ng/ml) Control 46 72.3+12.1 35.3+10.6 549 0.02
Treatment 46 78.5+16.4 18.5+11.7 8.39 0.01
Healthy control 46 92+34 - - -

Compared with the healthy control group, the serum level of VEGF was significantly higher in the control group before neoadjuvant chemo-
therapy, “P=0.02; the level of VEGF in the treatment group significantly increased, "P=0.01; there was no statistical difference of VEGF level
between the control group and treatment group, P=0.39; after neoadjuvant chemotherapy, VEGF in the treatment group significantly increased
compared with control group, P<0.001. VEGF, vascular endothelial growth factor; HIF-10, hypoxia-inducible factor-1a.
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Figure 1. (A) Magnification (x400) of inverted microscopy. (B) Statistics on the percentage of positive area showed that compared with the control group,
the levels of VEGF and HIF-1a of tumor tissue in the treatment group were significantly lower (P<0.05). VEGF, vascular endothelial growth factor;

HIF-1a, hypoxia-inducible factor-1a.
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Figure 2. The 5-year survival rate of patients in the two groups. Compared
with the control group, the 5-year survival rate of the treatment group was
significantly higher (P<0.05). A, treatment group; B, control group.

and HIF-1a in the treatment group were significantly lower
after neoadjuvant chemotherapy (P<0.05) (Table II).

Immunohistochemical staining of VEGF and HIF-1o.. The
levels of VEGF and HIF-la in the postoperative gastric
cancer tissue of the two groups of patients were detected by
immunohistochemistry. The results showed that compared
with the control group, the levels of VEGF and HIF-1a. in the
treatment group were significantly lower (Fig. 1) (P<0.05).

Survival curve. The 5-year survival rate of patients in the two
groups were followed. Compared with the control group, the
S5-year survival rate of the treatment group was significantly
higher (P<0.05) (Fig. 2).
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Discussion

Gastric cancer has one of the highest mortality rates in cancer.
Increasing numbers of patients with advanced gastric cancer
achieve good therapeutic effects because of several recent
advances in treatment and the development of targeted thera-
peutic agents. However, because of hidden clinical symptoms,
patients are usually first diagnosed with advanced gastric
cancer, with poor prognosis and the median overall survival
period is <12 months (12). Therefore, prolonging survival time
and improving survival rate of patients with advanced gastric
cancer are key to treatment (13).

Angiogenesis is the basis of proliferation, invasion and
metastasis of advanced gastric cancer. VEGF can induce the
proliferation of vascular endothelial cells, promote endothe-
lial cell survival of the newly formed vessels, and increase
vascular permeability (5), which contribute to metastasis and
invasion of tumor cells. Our results showed that serum levels
of VEGF and HIF-la were both significantly increased in
advanced gastric cancer patients (P<0.05). These observations
were consistent with previous studies (5,14). We believe that
5-FU combined with sorafenib can significantly reduce the
expression of VEGF in gastric cancer tissue. Therefore, drugs
targeting VEGF and its receptor will ideally help to suppress
tumor proliferation, invasion and metastasis. In addition, a
previous study illustrated that there is a phenomenon in most
cancer cells known as the ‘“Warburg effect’, which refers to
tumor cells in hypoxic or anoxic conditions that can proliferate
by increasing the rates of glycolysis and lactic acid fermenta-
tion (15). The rates of glycolysis and lactic acid fermentation
of tumor cells can also increase significantly under normoxic
conditions. Hypoxia is a common feature of solid tumors in
the middle and late stage. Hypoxia will stimulate a series of
adaptive responses such as tumor angiogenesis, increased drug
resistance and enhanced metastasis ability (16). The transcrip-
tion factor, HIF-1a, plays a central role in these processes. The
expression of HIF-1a can increase significantly under hypoxic
conditions, and it improves the cell's tolerance to hypoxia. It
has therefore become a potential anticancer target as well (17).
Our study showed that in addition to the increase of serum
VEGF in patients with advanced gastric cancer, HIF-1a
level was also significantly higher than in healthy controls.
Immunohistochemical staining of tumor tissue showed that
HIF-1a level in tumor tissue was significantly increased
compared with adjacent normal tissue. This demonstrates that
HIF-1a overexpression occurs in advanced gastric tumor tissue.
We believe that increased HIF-1a expression level can further
enhance tumor tissue survival in the hypoxic environment and
promote anaerobic metabolism of tumor tissue. Yu ef al (18)
found that in this process, the transcription factor c-Jun blocked
proteasome-mediated degradation of HIF-1a and stabilized
HIF-1a protein. In addition, c-Jun reduced HIF-1a ubiquity-
lation and increased its stability, which resulted in enhanced
VEGF transcription and increased VEGF secretion by tumor
cells, which promoted angiogenesis. The above results showed
that c-Jun exerted a molecular barrier function by binding
to the ODD domain of HIF-1a, prevented its ubiquitination
and degradation, stabilized HIF-1a protein, and consequently
promoted transcription and mediation of tumor angiogenesis.
Sorafenib is a new oral multi-target drug for cancer treatment.

CHENG et al: SORAFENIB COMBINED WITH 5-FU ON HIF-1a. AND VEGF EXPRESSION

The primary goal during its development was to treat gastro-
intestinal stromal tumors and metastatic renal cell carcinoma
for patients who are not responsive to, or cannot tolerate
standard therapies. It selectively targets certain protein
receptors which act as molecular switches in the process of
tumor growth. Previously, drug monotherapy was commonly
used for the treatment of hepatocellular carcinoma (19), renal
clear cell carcinoma (20), and colorectal cancer (21) and good
therapeutic effects were obtained. Through the evaluation of
S5-year survival rate among patients in the 2 groups, we found
that when chemotherapy based on sorafenib combined with
5-FU was used, the postoperative 5-year survival rate was
significantly increased, thus demonstrating that this combina-
tion chemotherapy has clinical value.

In conclusion, we believe that VEGF and HIF-1a have
important clinical value for the evaluation of proliferation and
metastasis of advanced gastric cancer patients. When neoad-
juvant chemotherapy is employed and its clinical efficacy is
observed, VEGF and HIF-1a can be used as new observational
indices of the efficacy of neoadjuvant chemotherapy.
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