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Abstract

Background The purpose of this study is to evaluate serum levels of vascular endothelial growth factor (VEGF), pigment
epithelium—derived factor (PEDF), tumor necrosis factor alpha (TNF-x), and progranulin in patients with gastric cancer (GC)
and precancerous lesions (PCL) and to determine the usefulness of these markers as diagnostic biomarkers in these diseases.
Method A total of 32 GC patients, 35 PCL patients, and 23 healthy controls participated in the study. The serum levels of VEGF,
PEDF, TNF-«, and progranulin were measured by enzyme-linked immunosorbent assay (ELISA).

Results The mean serum VEGF levels were 30.6 £ 12.98 pg/mL in GC, 18.2+5.72 pg/mL in PCL, and 17.5+5.59 pg/mL in
controls. GC VEGF levels were significantly higher than both PCL and control groups (p < 0.001). The mean serum PEDF levels
were 1516.1 +993.8 pg/mL in GC, 1039.1 + 1002.3 pg/mL in PCL, and 767.5 = 661.5 pg/mL in controls. The serum PEDF level
in the GC group was significantly higher than that in both PCL and control groups (p = 0.004 and p = 0.038, respectively). The
mean serum TNF-« levels were 46.7 £ 14.82 pg/mL in GC, 38.4+11.89 pg/mL in PCL, and 33.8 £ 12.77 pg/mL in controls.
There was a significant difference between GC and controls (p = 0.022) in TNF-« levels. The mean serum progranulin levels in
GC were 2496.6 £737.8 pg/mL, 2332.0 £482.1 pg/mL in PCL, and 1288.7 + 830.9 pg/mL in controls. Progranulin levels in both
GC and PCL groups were significantly higher than that in the control group (p < 0.001 for both).

Conclusion There were significant differences among patients with GC and PCL and healthy controls in terms of serum VEGF,
PEDF, TNF-«, and progranulin levels.
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Introduction

Gastric cancer (GC) is the fifth most frequently diagnosed
cancer and the third most common cause of death due to
54 Evrim Kahramanoglu Aksoy cancer in the world [1]. The risk factors for GC are

evrims1979@yahoo.com Helicobacter pylori infection, chronic atrophic gastritis, gas-
tric polyps, obesity, deficiency of antioxidants, hypertrophic
gastropathy, high salt intake, genetic alterations of oncogenes
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and intestinal metaplasia (IM) are classified as precancerous
lesions (PCL) [4].

Angiogenesis plays an essential role in the growth, inva-
sion, and metastatic spread of tumors. Vascular endothelial
growth factor (VEGF) is the most important angiogenic factor
in tumorigenesis [5]. In a research study, Ding et al. reported
higher plasma VEGF-A levels in GC patients (p <0.01) [6].
Another study by Vidal et al. showed that higher preoperative
VEGTF levels were associated with advanced disease, reduced
recurrence-free status, and shorter disease specific survival in
GC [7]. Pigment epithelium—derived factor (PEDF) is a mul-
tifunctional molecule which has neuroprotective, anti-oxida-
tive, anti-inflammatory, and endogenous angiogenic inhibitor
activities [8]. Previous studies suggest that PEDF induces ap-
optosis by several pathways and can be useful in tumor treat-
ment. Zhang et al. demonstrated that growth and angiogenesis
of gastric carcinoma were suppressed after PEDF injection in
the xenograft model [9].

Tumor necrosis factor-alpha (TNF-«x) is a pro-
inflammatory cytokine that plays role in tumorigenesis by
mediating gene expressions of cytokines, adhesion molecules,
and pro-angiogenic molecules [10]. Forones et al. reported
that serum TNF-« levels were associated with advanced GC
and poor prognosis [10].

Progranulin, also called granulin-epithelin precursor,
proepithelin, or acrogranin, belongs to a new class of growth
factors that is involved in cell development, cell cycle progres-
sion, cell motility, and tumorigenesis. High expressions of
progranulin and its association with tumor progression and
poor prognosis reported in breast cancer, liver cancer, and
ovarian cancer [11]. Line at al. reported elevated progranulin
levels in GC patients for the first time [12]. Yang et al. dem-
onstrated that higher progranulin expressions are correlated
with lymph node metastasis, lymphatic invasion, and advance
clinical stage [13].

It is crucial to differentiate PCL from normal tissue and
overt cancerous tissue for an early diagnosis. Endoscopic
evaluation and histological examination is the most effective
procedure for this distinction; however, it is an expensive and
invasive procedure with potential complications.

In this study, we aimed to evaluate serum levels of VEGF,
PEDF, TNF-«, and progranulin in patients with GC and PCL
and to determine the usefulness of these markers as diagnostic
biomarkers in these diseases.

Materials and Methods
Study Population
The study included 32 GC and 35 PCL patients (IM and/or

GA) and 23 healthy controls. Patients were diagnosed based
on endoscopic and histopathological findings at Kecioren
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Training and Research Hospital Gastroenterology Clinic be-
tween January 2018 and December 2018.

Patients younger than 18 years old, patients with a history
of abdominal surgery, systemic disease, patients receiving
proton-pump inhibitors or antibiotics for the last 6 weeks were
excluded from the study.

This study was approved by the Institutional Review Board
of Kecidren Training and Research Hospital and signed in-
formed consent was obtained from all patients.

Endoscopic and Histopathological Evaluation

Endoscopic and histopathological evaluation was carried out
by a trained gastroenterologist and pathologist. GA, IM, and
Helicobacter pylori infection were described according to the
updated Sydney System Classification. The operative link on
gastric atrophy (OLGA) and operative link on gastric intesti-
nal metaplasia (OLGIM) stages were recorded for the patients
with precancerous lesions.

Laboratory Tests

Peripheral fasting blood samples were collected from all pa-
tients and centrifuged at 5000 ppm, and serum samples were
stored at — 80 °C until analysis. The serum concentrations of
VEGF, PEDF, TNF-«, and progranulin were measured by
enzyme-linked immunosorbent assay using commercially
available kits according to the manufacturer’s instructions
(ELISA, Boster Immunoleader, USA). Serum VEGF, PEDF,
TNF-«, and progranulin levels were presented as pg/mL. The
intra-assay and inter-assay coefficient of variations were less
than 10%.

Statistical Analysis

Statistical analyses were performed using the computer pro-
gram Statistical Package for the Social Sciences (SPSS) 22.0
(IBM, USA). Kolmogorov-Smirnov and Shapiro-Wilk tests of
normality were used to test the distribution of variables. One-
way ANOVA was used for comparison of group means.
Relationship between inflammatory markers and gastric can-
cer diagnosis was assessed using with regression analysis,
odds ratio (OR), and 95% confidence interval (CI). Cut-off
values for each marker were assessed using a receiver operat-
ing characteristic (ROC) curve and sensitivity and specificity
were presented. Data were presented as means + standard
deviation or number and percentage. Differences were consid-
ered significant at p <0.05.

Ethical Procedure

All procedures performed involving human participants were
in accordance with the ethical standards of the institutional
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research committee (Kegioren Training and Research Hospital
with reference number 01.2018/1601) and with the 1964
Helsinki declaration and its later amendments or comparable
ethical standards. Informed consent was obtained from all
individual participants included in the study.

Results
Patient Characteristics

Thirty-two patients with GC, 35 patients with PCL, and 23
healthy control subjects were enrolled in this study. There was
no difference between groups in terms of age, gender, and
Helicobacter pylori presence. Helicobacter pylori infection
was 50% in the GC group and 51.4% in the PCL group. All
of the GC patients had adenocarcinoma. In the PCL group,
OLGIM stages were stage 11 for 60% and stage IV for 40% of
patients, and OLGA stages were stage III for 45.7% and stage
IV for 54.3% of patients (Table 1).

Serum VEGF, PEDF, TNF-a, and Progranulin Levels
of Patients

The mean serum VEGF levels were 30.6 +12.98 pg/mL in
GC, 18.2+5.72 pg/mL in PCL, and 17.5£5.59 pg/mL in
controls. GC VEGF levels were significantly higher than both
the PCL and control groups (p <0.001 for both); however,
there was no significant difference between the PCL and con-
trol groups (p > 0.05). The mean serum PEDF levels were
1516.1 £993.8 pg/mL in GC, 1039.1 +1002.3 pg/mL in
PCL, and 767.5+661.5 pg/mL in controls. GC PEDF levels
were significantly higher than both the PCL and control
groups (p=0.038 and p =0.004, respectively), meanwhile
there was no significant difference between the PCL and con-
trol groups (p >0.05). The mean serum TNF-x levels were
46.7+ 14.82 pg/mL in GC, 38.4+11.89 pg/mL in PCL, and
33.8+12.77 pg/mL in controls. GC TNF-« levels were sig-
nificantly higher than the control group (p = 0.022). The mean
serum progranulin levels were 2496.6 + 737.8 pg/mL in GC,
2332.0+482.1 pg/mL in PCL, and 1288.7 + 830.9 pg/mL in
controls. Both GC and PCL group progranulin levels were
significantly higher than the control group (p <0.001 for
both); however, there was no difference between the GC and
PCL groups (p > 0.05) (Table 2).

The OR levels for all biomarkers confirmed that elevated
serum VEGF, PEDF, TNF-« and progranulin levels were risk
factors for GC (Table 3). Furthermore, we determined cut-off
values for each cytokine using ROC analysis, which showed
moderate values for the areas under the curve. There was no
significant difference between PCL and controls or GC. The
only significant difference was between the GC and control
groups. Optimal cut-off point for VEGF is 18.9 pg/ml with

94% sensitivity and 64% specificity (ROC area under the
curve, 0.858; p <0.001). Optimal cut-off point for PEDF is
707.9 pg/ml, with 88% sensitivity and 59% specificity (ROC
area under the curve, 0.729; p <0.001). Optimal cut-off point
for TNF-« is 33.1 pg/ml with 81% sensitivity and 52% spec-
ificity (ROC area under the curve, 0.714; p =0.001). Optimal
cut-off point for progranulin is 1682 pg/ml with 90% sensitiv-
ity and 42% specificity (ROC area under the curve, 0.685; p =
0.004) (Fig. 1).

Discussion

We analyzed serum levels of VEGF, PEDF, TNF-«, and
progranulin levels for GC and PCL patients and healthy con-
trols. We found significantly increased levels of VEGF and
PEDF in the GC group compared with the PCL group.
Although VEGF, PEDF, and TNF-« levels were similarly
lower in the PCL and control groups compared with GC,
progranulin levels were significantly higher both in the GC
and PCL groups compared with healthy controls.

In scientific literature, there are copious amounts of data on
the relationship between overall survival and tumor angiogen-
esis, local invasion, and distant metastasis. Not all tumors are
angiogenic at the beginning of their developmental stages. It is
crucial to detect the disease in the stage where angiogenic
factors are secreted from the tumor microenvironment.

Wang et al. observed a significantly increased VEGF ex-
pression in tissues with gastritis, atrophy, dysplasia, and gas-
tric stromal tumor compared with normal gastric mucosa of
animal models [14]. The expression of VEGF in tissue with
dysplasia was higher than that in tissue with inflammation and
atrophy (10.8 £1.96 pg/mL vs. 7.62 +0.25 pg/mL, p =0.029;
10.8+1.96 pg/mL vs. 6.26 +0.76 pg/mL, p =0.033, respec-
tively); the expression of VEGF in tissue with gastritis and
atrophy was not significantly different (p > 0.05) [14]. Feng
et al. demonstrated that the positive immunostaining rate for
VEGF was very low in chronic atrophic gastritis, slightly in-
creased in IM and dysplasia, and significantly increased in
GC. There were significant differences between GC and both
chronic atrophic gastritis and IM. There was no significant
difference between dysplasia and GC [15]. Yakut et al. found
no significant difference in VEGF levels between
Helicobacter pylori positive chronic non-atrophic gastritis,
chronic atrophic gastritis, intestinal metaplasia, and dysplasia
groups [16]. We had no patients with dysplasia. But our find-
ings were similar with the existent reports.

Zhang et al. studied the effect of PEDF on gastric carcino-
ma. They showed that growth and angiogenesis of gastric
carcinoma were suppressed after PEDF injection by downreg-
ulating hypoxia-inducible factor-1x and VEGF [9]. In the
present study, serum VEGF and PEDF levels showed similar
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Table 1 Demographic

characteristics of patients GC (n=32) PCL (n=35) Control (n=23) p
Age (years) (mean + SD) 59.9+9.94 57.3+9.49 58.6+8.72 p>0.05
Sex % (M/F) 59.4/40.6 37.1/62.9 56.5/43.5 p>0.05
Hp (+) (n, %) 16 (50.0) 18 (51.4) - p>0.05
Location (n, %)
Corpus 10 (31.3) - -
Cardia 7 (21.9) - -
Antrum 15 (46.9) - -
OLGIM (n, %)
I - 21 (60.0) -
v - 14 (40.0) -
OLGA (n, %)
I - 16 (45.7) -
v - 19 (54.3) -
Severity of intestinal metaplasia (1, %)
++ — 13 (37.1) -
+++ - 22 (62.9) -
Gastric atrophy (n, %)
+ - 8(22.9) -
++ - 26 (74.3) -

Hp, Helicobacter pylori; GC, gastric cancer; PCL, precancerous lesion

trends between groups. We believe that PEDF levels increased
in response to the increase in VEGF levels.

Senthilkumar et al. reported overexpression of TNF-« in
chronic gastritis, intestinal metaplasia, dysplasia, and gastric
adenocarcinoma patients. [17]. Sanchez-Zauco et al. found no
significant difference in TNF-« levels between GC patients
and controls [18]. Ertiirk et al. found that the baseline serum
TNF-o concentrations of the GC patients were significantly
higher (p =0.001) than controls [19]. Our findings were sim-
ilar with these data. For TNF-« levels, only significant differ-
ence was between the GC and control groups.

Yang et al. defined expression levels of progranulin in gas-
tric cancer tissues with immunohistochemistry, and high ex-
pression of progranulin was correlated with lymph node me-
tastasis, lymphatic invasion, advanced clinical stage, and poor
prognosis [13]. Loei et al. detected that granulin is expressed

in GC tissues but not in normal gastric epithelial cells. They
observed a progressively increased expression with inflamma-
tion, metaplasia, dysplasia, and GC. They also showed in-
creased serum granulin levels of GC patients compared with
healthy controls. Increased expression of granulin in the pre-
cancerous stage implies that it may have an important role in
GC initiation [20]. Our results were in concordance with these
studies where GC and PCL patients had a higher progranulin
level compared with healthy controls; however, there were no
clear difference between GC and PCL groups.

The major limitation of our study is the absence of patients
with dysplasia and the lack of evaluation of these biomarker
expression levels in the gastric mucosa. There were significant
differences between GC patients and healthy controls in terms
of serum VEGF, PEDF, TNF-«, and progranulin levels. Serum
VEGF, PEDF, and TNF-«x levels did not significantly differ

Table 2 Serum VEGF, PEDF, TNF-«, and progranulin levels of patients (pg/mL)

GC (n=32) PCL (n=35) Control (n=23) p
VEGF 30.6+12.98 18.2+5.72 17.5+5.59 p*<0.001, p°>0.05, p°<0.001
PEDF 1516.1+993.8 1039.1+1002.3 767.5+661.5 P =0.038, p°>0.05, p°=0.004
TNF-« 46.7+14.82 38.4+11.89 33.8+12.77 P*>0.05, p”>0.05, p°=0.022
Progranulin 2496.6 +737.8 2332.0+482.1 1288.7 +830.9 P*>0.05, p®<0.001, p°<0.001

GC, gastric cancer; PCL, precancerous lesion; p?, difference between GC and PCL groups; p”, difference between PCL and control groups; p¢,

difference between GC and control groups
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Table 3  Logistic regression analysis for inflammatory marker
associated with the risk of gastric cancer
OR 95% C1 p
VEGF 0.807 (0.733-0.888) <0.001
PEDF 0.999 (0.999-1.000) 0.011
TNF- 0.975 (0.951-0.999) 0.039
Progranulin 0.999 (0.998-1.000) 0.003
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Fig. 1 ROC analyses for GC patients. a For VEGF, ROC area under the
curve 0.858, p <0.001, optimal cut-off point 18.9 pg/mL, 94% sensitivity
and 64% specificity. b For PEDF, ROC area under the curve 0.729,
p<0.001, optimal cut-off point 707.9 pg/mL, 88% sensitivity and 59%

between the PCL and control groups; however, they showed an
increasing trend in PCL groups. Furthermore, progranulin
levels were significantly higher in the PCL compared with the
control group, which might imply that progranulin levels can be
used in PCL diagnosis. The lack of difference in progranulin
levels between the PCL and GC groups might be due to the role
of progranulin in the early stage of carcinogenesis. VEGF and
PEDF seem to contribute to carcinogenesis at the late stages or
after the cancer formation.
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specificity. ¢ For TNF-, ROC area under the curve 0.714, p=0.001,
optimal cut-off point 33.1 pg/mL, 81% sensitivity, and 52% specificity.
d For progranulin, ROC area under the curve 0.685, p =0.004, optimal
cut-off point 1682 pg/mL, 90% sensitivity, and 42% specificity
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