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Abstract. Correlation of xeroderma pigmentosum comple-
mentation group F (XPF) expression with gastric cancer
and prognosis was investigated. We randomly selected
76 gastric cancer patients who were admitted to the Second
People's Hospital of Dezhou City and received treatment, and
detected XPF expression in gastric cancer tissues (observa-
tion group) and normal gastric mucosa adjacent to tumor
(control group) via immunohistochemistry. Correlation
between XPF expression and clinicopathological indicators
of gastric cancer was verified via single-factor Chi-square
test. Cox's proportional hazard regression model was used
in the analysis of influencing factors of patient's prognosis,
and Kaplan-Meier was used to analyze the survival rates of
XPF-positive and -negative patients. In the observation group,
the XPF-positive rate was significantly higher than that in
the control group with a statistically significant difference
(P<0.05). Single-factor analysis showed that XPF expression
was correlated with the family history and Laurén classifica-
tion (P<0.05). Kaplan-Meier survival analysis revealed that
the survival time of XPF-positive patients was shorter than
that of XPF-negative patients (P<0.05). Multifactorial anal-
ysis using Cox's hazards model suggested that XPF was an
independent factor affecting the prognosis of gastric cancer
(P<0.05). In conclusion, XPF expression plays an important
role in the occurrence and development of gastric cancer, and
a high expression of XPF suggests a poor prognosis of gastric
cancer patients.

Introduction

Gastric cancer is the most common gastrointestinal tumor
in the world. Variations in the dietary structure have led to
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a gradual increase in the incidence of gastric cancer world-
wide. Both the incidence and mortality rates of gastric cancer
rank behind lung cancer, and are ranked second in malig-
nant tumors (1). Since most patients have a relatively poor
awareness of health care, detection and diagnosis of gastric
cancer occur once the disease has already progressed into the
middle or advanced stage (2).

The causes and pathogenesis of gastric cancer are very
complex, and the occurrence is induced by multiple factors
and procedures as well as progressive development. For
example, helicobacter pylori infection, environment, diet and
genetic factors are of great significance for the occurrence of
gastric cancer (3). Affected by various factors, carcinogens
lead to damage to DNA in human cells and genetic damage
will continuously accumulate without any timely repair,
eventually inducing abnormal proliferation and apoptosis
of cells, thus leading to gastric cancer (4). Nucleotide exci-
sion repair (NER) system is the main and most important
damage-repair pathway of DNA in the human body. As a
kind of NER gene, xeroderma pigmentosum complementation
group F (XPF) can exert a rate-limiting effect in the repair
pathway, which leads to carcinogenesis and resistance to
chemotherapy (5,6). In particular, a high expression of XPF
increases the risk of skin cancer (7).

In this study, we investigated the XPF expression of gastric
cancer patients, and analyzed the correlation of XPF expres-
sion with occurrence and prognosis of gastric cancer.

Patients and methods

General material. We randomly selected a total of 76 patients
who were admitted to the Second People's Hospital of Dezhou
City (Dezhou, China) for treatment. Inclusion criteria for the
study were: i) patients whose diagnosis of progressive gastric
cancer was confirmed by pathological biopsy using elec-
tronic gastroscope, contrast-enhanced computed tomography
(CT) or magnetic resonance imaging (MRI); ii) patients who
received surgical treatment and whose excised lesions were
taken as specimens; iii) patients who signed the informed
consent. Exclusion criteria were: i) patients whose maximal
diameter of tumor was >10 cm; ii) patients with other malig-
nant tumors. Normal gastric mucosa tissues adjacent to the
lesion of gastric cancer were taken as the control group. The
basic characteristics of the patients are shown in Table I.
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The study was approved by the Ethics Committee of the
Second People's Hospital of Dezhou City. Patients signed the
informed consent.

Methods

Collection of specimens. Lesion tissues that were excised
in the surgical treatment of patients and part of the normal
gastric mucosa tissue adjacent to the tumor of gastric cancer
were taken as specimens. Once obtained, fresh specimens
were regularly dehydrated in an ascending series of alcohol
rinses, treated using dimethylbenzene for transparency, and
embedded in paraffin.

Experimental equipments and material. Slicing machine
(Leica, Mannheim, Germany), micropipette (Eppendorf,
Hamburg, Germany), microscope (BX40, Olympus
Corporation; Tokyo, Japan) electrothermostat, centrifuge
tubes in different specifications and autoclave were used.
Experimental reagents included: i) primary rabbit anti-human
polyclonal antibody; ii) secondary goat anti-rabbit polyclonal
antibody; iii) DAB (3,3'-diaminobenzidine) color development
kit (Fuzhou Maixin Biotechnology Co., Ltd.); iv) other assis-
tant reagents: dimethylbenzene, buffer, anhydrous ethanol,
neutral balsam and hydrogen peroxide solution.

Immunohistochemistry. Experimental procedures were:
i) Histological section: Serial sectioning was performed using
the slicing machine to cut the paraffin-embedded tissues into
6-8 sections with a thickness of 4-5 ym; ii) Dewaxing: After
sections were heated in an electrothermostat for 45 min at
70°C, 5 ml of dimethylbenzene was added onto the sections
twice (5 min each time) followed by swing in slow motion;
then the sections were rinsed by cool anhydrous ethanol twice
(5 min each time); when there was no up-floated floccules in
the solution, ethanol in different concentrations (95, 85 and
75%) was sequentially added into the solution followed by
5 min of standing, respectively; and slices were then rinsed
using distilled water; iii) Phosphate-buffered saline (PBS)
rinsing and incubation: Sections were taken out and placed
in an incubator, in which 5 ml of PBS was added for rinsing
3 times. After the PBS was fully removed, 50 pl hydrogen
dioxide solution (3%) was added onto each section followed by
incubation for 10 min at 20°C in an electrothermostat to block
the activity of endogenous peroxidase. The sections were then
washed using 5 ml PBS (3 min each time), after which the
PBS was removed, 50 ul primary rabbit anti-human polyclonal
antibody (1:300; cat. no. 13465; Cell Signaling Technology,
Inc.; Danvers, MA, USA) was added onto each section that
was later incubated overnight at 4°C in a refrigerator, and the
next day, sections were rinsed using PBS 3 times. Secondary
goat anti-rabbit polyclonal antibody (1:1,000; cat. no. 7074;
Cell Signaling Technology, Inc.) was also added onto each
section for 15 min of incubation at 20°C in an incubator, and
the sections were washed using PBS three times. For color
development: DAB Kkit, and reagents A, B and C (each 50 ul)
were used to prepare the DAB color development solution.
After the extra water on each section was cleaned, 50 ul of
color development solution was added to each section, and
the section was observed under a microscope (Olympus
Corporation). After color development, the section was
rinsed by purified water to terminate the color development.
Finally, re-dyeing (30 sec each time) was carried out twice
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Table I. General characteristics of the patients.

Item Case Ratio (%)
Sex
Male 42 55.26
Female 34 4474
Age (years)
<60 36 47.36
=60 40 52.64
Degree of differentiation
Highly differentiated adenocarcinoma 36 47.36
Moderately differentiated adenocarcinoma 27 3552
Poorly differentiated adenocarcinoma 13 17.11
Tumor size
<3 cm 27 35.53
3-5cm 30 3947
>5 cm 19 25.00

using hematoxylin, and the sections were sealed using neutral
balsam.

XPF expression was detected by immunohistochemistry.
Under high magnification (x400), we randomly selected
8 non-overlapping visions of high magnification of each
section, and 100 cells were selected in each vision. According
to the proportion of positive cells in each section, we performed
evaluation via semi-quantitative scoring method using the
following criteria: i) O point for section with the ratio of positive
cells <5%; ii) 1 point for section with the ratio of positive cells
between 5 and 25%j; iii) 2 points for section with the ratio of
positive cells between 26 and 50%; iv) 3 points for section with
the ratio of positive cells between 51 and 75%; v) 4 points for
section with the ratio of positive cells >75%. Staining degree of
cells was: i) 0 point for cells without any color; ii) 1 point for
cells in fine granule shape and canary yellow; iii) 2 points for
cells in coarse granule shape and brown yellow; iv) 3 points
for cells in small mass shape and dark brown. The total points
of the above two indexes were taken as the total score. In
terms of expression evaluation, expressions with a total score
<3 points were considered low expression, total score between
4 and 5 points moderate expression, and total score =6 was
considered high expression. In the evaluation of the results, a
total score <3 points was considered a negative result, and a
total score >3 points was a positive result.

Statistical analysis. Data analysis was performed using
SPSS 19.0 software (Chicago, IL, USA). Correlation between
the XPF expression and clinicopathological indexes of gastric
cancer was verified via single-factor Chi-square test. The Cox
proportional hazards regression model was used in the analysis
of influencing factors of patient prognosis. The Kaplan-Meier
was used to analyze the survival rates of XPF-positive and
-negative patients. Inspection results were analyzed using the
log-rank, Breslow and Tarone-Ware tests. P<0.05 indicated
that the difference had statistical significance.
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Table II. Comparison of XPF expression between the two
groups.

XPF expression

Ratio of
N Negative Positive  positive
Group (case) cases cases  cases (%)
Observation group 76 22 54 71.05
Control group 76 48 28 36.84
% 16.551
P-value <0.0001

XPF, xeroderma pigmentosum complementation group F.

Results

In comparison of XPF expression, we found that the positive
expression rate (71.05%) in the observation group was obvi-
ously higher than that (36.84%) in the control group, and the
difference in the intergroup comparison had statistical signifi-
cance (P<0.05) (Table IT and Fig. 1).

XPF expression was significantly correlated with the
family history and Laurén classification and the difference
had statistical significance (P<0.05); XPF expression was not
correlated with patient's age, sex, tumor site, quantity of mass,
diameter of tumor, smoking, quantity of metastatic lymph
nodes, infiltration depth and tumor node metastasis (TNM)
staging, and the differences were not statistically significant
(P>0.05) (Table III).

Factors affecting patient prognosis were analyzed using the
Cox hazards model. The results suggested that XPF expres-
sion and TNM staging were independent factors affecting the
prognosis of gastric cancer (P<0.05) (Table IV).

Kaplan-Meier survival analysis showed that the survival
time of XPF-positive patients was shorter than that of
XPF-negative patients. Inspection results using 3 different
statistics were basically the same, and the differences were
statistically significant (P<0.05) (Fig. 2 and Table V).

Discussion

In human cells, DNA in normal metabolism can be damaged
due to the influences of various external factors, and such
damage can often be accumulated, finally inducing a variety
of cancers (8). In the human body, there are several different
pathways for genetic repair, among which NER plays a major
role. XPF gene, i.e., xeroderma pigmentosum complementa-
tion group, can encode XPF protein, a rate-limiting molecule
in NER pathway; XPF protein, with the key effect in NER
repair, can identify damaged 5' end in DNA repair (9,10). A
variety of studies (11) have shown that XPF gene is correlated
with the occurrence of various cancers, such as colon cancer,
lung cancer, breast cancer and bladder cancer.

Significance of XPF expression in gastric cancer. Genetic
damage will cause cell apoptosis, and sometimes, a minor
damage can even induce cell apoptosis (12). However,
the encoded product of XPF gene, a key enzyme in NER
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Figure 1. Xeroderma pigmentosum complementation group F (XPF)-positive
cells in the observation group.
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Figure 2. Kaplan-Meier survival analysis.

pathway, plays a critical role in anticancer activity, and, with
the enhanced functions, can not only induce the antagonistic
effect of gastric tumor cells on the platinum-based chemo-
therapy drugs, resulting in drug resistance and failure in
chemotherapy, but also give rise to the abnormality in the
repair of damaged DNA, leading to a significantly increased
risk of carcinoma (13,14). The activity of XPF gene is rela-
tively high when the capability of cell repair is in a relatively
high level; due to the stimulation generated by damage, NER
will be activated to induce the XPF expression and increase
the activity (15). According to the relevant study (16), XPF
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Table III. Correlation between XPF expression and each clinicopathological index.

XPF expression

Clinicopathological indexes Cases Negative case ~ Positive case  Positive rate (%) a P-value

Sex
Male 42 12 30 7142 0.002 0.956
Female 34 9 25 73.35

Age (year)
<60 36 11 25 69.44 0.001 0.968
=60 40 11 29 72.50

History of liver cancer in immediate

family members
Yes 32 7 25 78.12 9.949 0.014
No 44 23 21 52.27

Tumor site
Gastric body 25 18 72.00 0.094 0.954
Gastric antrum 36 11 25 69.44
Gastric cardia + gastric fundus 15 4 11 73.33

Quantity of mass
1 35 10 25 7142 0.007 0.929
>2 41 11 30 73.17

Diameter of tumor (cm)
<5 51 15 36 70.58 0.049 0.823
=5 25 6 19 76.00

Laurén classification
Diffuse-type 31 18 13 4193 12.420 0.002
Mixed-type 17 2 15 88.23
Intestinal-type 28 7 21 75.00

Smoking
Yes 31 7 24 7742 0.309 0578
No 45 14 31 68.89

Lymphatic metastasis (lymph nodes)
<5 46 13 33 71.74 0.012 0912
>5 30 8 22 73.33

Infiltration depth
Mucosa and submucosa 17 5 12 70.58 0.404 0.817
Muscular layer 35 9 26 74.28
Serosal or subserosal 24 8 16 66.67

TNM staging
I 21 6 15 7143 0.167 0.982
I 24 6 18 75.00
I 18 5 13 72.22
v 13 3 10 76.92

XPF, xeroderma pigmentosum complementation group F.

expression in tumor tissues is obviously higher than that in the
tissues adjacent to the tumors. In this study, we analyzed XPF
expression in the gastric cancer tissues of 76 gastric cancer
patients, and found that XPF expressions in the gastric cancer
tissues were significantly higher than those in the tissues adja-
cent to the tumors (P<0.05).

Correlationbetween X PF expressionandclinicopathological
indexes of gastric cancer. The results of this study showed
that XPF expression was correlated with Laurén classification
and family history; higher positive expression of XPF gene
were found in the patients with immediate family history
of liver cancer, and in mixed- or intestinal-type of Laurén
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Table I'V. Analysis of factors affecting the prognosis of gastric cancer via the Cox hazards model.
Related factors B SE Wald OR (95% CI) P-value
Sex 0.042 0013 0.543 0.567 (0.726-0.936) 0.436
Age (years) 0.028 0.009 0.332 0.964 (0.824-1.137) 0.202
Smoking -0.038 0.037 0.237 1.035 (0.228-1.425) 0.113
Tumor site -0.043 0.084 1.143 0.937 (0.425-1.948) 0.223
Tumor size 0.036 0.032 0.217 1.046 (1.035-1.876) 0.535
Laurén classification 0.015 0.042 1.085 0.875 (0.532-1.452) 0.247
TNM staging 0.485 0.052 5012 2.025 (1.023-3.627) 0.003
XPF expressions 0.463 0.026 6.015 3.564 (1.143-5.835) 0.017
Infiltration depth 0.516 0.037 0437 0.875 (0.532-0.952) 0.124
Lymphatic metastasis -0.028 0.141 0.767 1.025 (0.623-1.627) 0.215

XPF, xeroderma pigmentosum complementation group F; TNM, tumor node metastasis.

Table V. Comparison of inspection results using 3 different
statistics for survival analysis.

Type y*value df  P-value
Log Rank (Mantel-Cox) 9.205 1 0.002
Breslow (Generalized Wilcoxon) 8.196 1 0.004
Tarone-Ware 8.772 1 0.003

classification, and the difference had statistical significance
(P<0.05); XPF expression was not correlated with patient's
sex, age, smoking habit, tumor site, diameter and quantity of
tumor, infiltration depth, quantity of lymphatic metastasis
and TNM-staging (P>0.05). Due to the genetic susceptibility
of gastric cancer, many gastric cancer patients have a family
history of gastric cancer; a relevant study (17) showed that
incidence rate of gastric cancer of members with the family
history of gastric cancer is 1.5-3 times higher than that of
members without family history of gastric cancer. In history,
the family of Napoleon was a typical example illustrating
the genetic susceptibility in the family with the history
of gastric cancer. Among those patients with the family
history of gastric cancer, gene defect or mutation may be the
major cause for canceration, and the risk of gastric cancer
will be increased due to the inheritance of susceptibility
gene (18). In Laurén classifications, non-tumor mucosal
atrophy has been scarcely found in peripheral tissues of
diffuse-type gastric cancer, but intestinal metaplasia and
extensive atrophy are often associated with the intestinal-
and mixed-type gastric cancer. Thus, damage to gene in
varying degrees may induce the translation of XPF proteins
in different activity, which will lead to the differences in
rates of positive expression (19).

Association between XPF expression and prognosis of gastric
cancer. Currently, exact pathogenesis of gastric cancer has not
been fully clarified; but many studies have shown that repair
gene is not only correlated with the occurrence and develop-
ment of gastric cancer, but also closely associated with the

prognosis (20). In this study, we performed survival analysis
for XPF-positive and -negative patients with gastric cancer,
and the results showed that the survival time of XPF-negative
patients was longer than that of XPF-positive patients
(P<0.05); we selected clinicopathological indexes according
to the prognostic factors of gastric cancer patients, performed
regression analysis using Cox's hazards model, and results
suggested that XPF was an independent prognostic factor.
This suggested that positive expression of XPF gene, in addi-
tion to its critical effect on the formation of gastric cancer,
exerts a larger effect on the distant metastasis or recurrence
of tumor in the progressive stage. Thus, XPF can serve as
an important index affecting the prognosis of gastric cancer
patients (21).

In conclusion, increased XPF expression plays an important
role in the occurrence, development and prognosis of gastric
cancer, and can serve as an index for evaluating the prognosis
of gastric cancer. This study was limited by sample size, and
in-depth investigation into the XPF expression in tissues of
human are expected.
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