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Abstract. Chronic inflammation is associated with increased 
risk of gastric cancer (GC), and GC risk is significantly associ-
ated with lifestyle. The aim of the present study was to explore 
the association between serum inflammatory cytokines and 
lifestyle factors in GC. A total of 20 serum inflammatory 
cytokines were measured in a hospital‑based case‑control 
population with 142 GC patients and 98 healthy controls. 
Controls without the selected healthy lifestyle factors were 
regarded as baseline, and correlation analysis was conducted 
to establish the association between serum inflammatory 
cytokines and lifestyle factors. The results demonstrated that 
several lifestyle factors (including eating fried and salty foods, 
eating quickly, smoking and drinking) could increase the risk 
of GC, while only eating fresh fruits could decrease the risk of 
GC. Correlation analysis revealed that increased serum inter-
leukin (IL)‑12/IL‑23P40 levels was associated with GC risk as 
significant differences were observed in all lifestyle factors. 
Increased serum IL‑8 was closely associated with smoking 
in GC patients, while increased IL‑17α and IL‑8 levels were 
associated with GC patients who ate salty foods. Increased 
IL‑10 and decreased TGF‑β levels were also associated with 
GC patients who ate fresh fruits. In conclusion, GC risk was 
strongly affected by lifestyle factors, which may regulate the 
expression of inflammatory cytokines and promote gastric 
carcinogenesis.

Introduction

Gastric cancer (GC) is one of the common leading cancers 
in the world (1). Especially in China, GC is still one of the 

most common causes of death though the age‑standardized 
death rates (per 100,000 people) fell significantly from 1990 
to 2013 with the onset of rapid economic growth. Gastric 
carcinogenesis is a multi‑stage, multi‑factorial process. GC risk 
was closely related to many factors such as environmental 
Helicobacter pylori (Hp) infection and heredity, and involved 
a variety of immune and molecular mechanisms. Since 
accumulating evidences suggest that chronic inflammation 
is an important component of the tumor microenvironment 
and represents the 7th hallmark of cancer (2), more attention 
was paid on the inflammatory characteristics during the 
progression of GC development.

The cancer‑related immune response was modulated by 
the inflammatory environment, which included tumor cells, 
epithelial/endothelial cells, leukocytes, and cytokines. Of 
them, cytokines were a crowd of heterogeneously soluble 
polypeptides/glycoproteins, and they could regulate tumor 
growth and metastasis, cause discomfort symptoms and 
potentially influence the tumor prognosis (3). Many studies 
had examined the associations among GC and the expression 
of inflammatory cytokines [vascular endothelial growth 
factor (VEGF), interleukin (IL)‑1β, IL‑8, IL‑10, IL‑6, 
and granulocyte‑macrophage colony‑stimulating factor 
(GM‑CSF)] (4‑7), or the genetic variation of inflammatory 
cytokines [(IL‑1β, IL‑12p40 and tumor necrosis factor‑α 
(TNF‑α)] (8,9).

Many epidemiological literatures had demonstrated that 
lifestyle was the most important etiological factor implicating 
in gastric carcinogenesis in the previous review (10) because 
lifestyle could deeply affect the body metabolism, for example, 
alcohol consumption and cigarette smoking were observed to 
be closely related to low plasma levels of ascorbic acid and 
vitamin E in the GC patients (11). Furthermore, previous inves-
tigation showed that the GC‑risk‑related lifestyle still remain 
unchanged in the east China during the past decades (12). 
Namely, GC risk was closely correlated to high intake of salted 
or fried foods, dried fish and meat, eating fast, smoking and 
drinking, while fresh fruits and tea played a protective role in 
the high incidence area of east China. Some studies suggested 
that lifestyle factors play an important role in triggering 
the development of GC, such as preferring to salty foods, 
smoking and drinking (13,14). These results indicated that 
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lifestyle shape the human metabolism and inflammation, for 
instance, a nationwide case‑control study showed that lifestyle 
related inflammation was associated with an increased risk of 
oesophageal cancer, regardless of histological type (15).

However, the linking mechanism between lifestyle and GC 
risk was still unknown. Thus, the present study investigated 
the relationship between 20 serum inflammatory cytokines 
and lifestyle factors in a population of GC patients, and the 
results will provide some valuable clues for the underlying 
inflammatory mechanism between GC risk and lifestyle.

Materials and methods

Samples from patients and controls. This study was performed 
in accordance with Good Clinical Practice, followed applicable 
patient privacy requirements, and conformed to the Declaration 
of Helsinki. The research protocol was approved by the Ethics 
Committee of Jiangsu Province Hospital of Traditional Chinese 
Medicine (TCM) (Jiangsu, China) (no. 2015NL‑016‑01). All 
subjects were genetically unrelated ethnic Han Chinese. A total 
of 142 GC patients were consecutively recruited in Jiangsu 
province, eastern China, from January 2015 to December 2016. 
At the same time, 98 volunteers were recruited as healthy 
controls at Jiangsu Province Hospital of TCM. A standard 
questionnaire was administered by trained interviewers to 
obtain clinical and demographic information. After signing 
informed consent documentation, a venous blood sample 
(3‑5 ml) was collected from each subject on an empty stomach. 
Serum was obtained by centrifugation at 3,000 x g for 10 min 
and then stored at ‑80˚C.

Inclusion criteria were as follows: i) Age >30 years; ii) Han 
Chinese ethnicity (self‑reported); iii)  resident of Jiangsu 
Province; iv)  lack of previous malignant tumors in other 
organs; v) no severe heart failure, pulmonary insufficiency, or 
kidney disease; and vi) willing to cooperate. The following 
were excluded: i) Aged <30 years; ii) not resident in Jiangsu 
Province; iii) not Han Chinese (self‑reported); iv) other malig-
nant tumors; v)  severe cardiovascular disease, pulmonary 
insufficiency, or kidney disease; vi) severe digestive system 
diseases (self‑reported); and vii) unwilling to cooperate.

Integral scores of lifestyle factors. Since it is scarcely possible to 
collect individuals without any unhealthy lifestyles as controls, 
and GC patients are not likely to have all kinds of unhealthy 
lifestyles, here tried to use the lifestyle score to assess the real-
istic effect of lifestyle factors on GC risk. The GC‑protective 
lifestyle factors were marked as minus one point, while the 
GC‑risky lifestyle factors were marked as one point. And each 
individual got an integral score of lifestyle factors.

Measurement of inflammatory cytokines. Measurement of 
inflammatory cytokines was performed in strict accordance 
with the kit instructions, as previously described (16). In brief, 
stored serum samples were allowed to stand for 30 min at 
room temperature (~23˚C) and then assayed in a single batch 
using Meso Scale Discovery (MSD, Gaithersburg, MD, USA) 
multiplex cytokine measurement techniques. Cytokine levels 
in serum were measured using the MSD Sector Imager 2400 
(MSD), which allows up to ten cytokines to be measured 
simultaneously and with high sensitivity in specially coated 

96‑well plates. The technology is similar to a sandwich 
enzyme‑linked immunosorbent assay (ELISA) in that a 
spot on the base of each plate is pre‑coated with a capture 
antibody specific for each cytokine. When serum samples are 
incubated in the multi‑spot plate, each cytokine binds to its 
corresponding capture antibody. A cytokine‑specific detection 
antibody labeled with a light‑emitting moiety is then added 
and cytokine levels are quantified using a charge coupled 
device camera. A pre‑literature research indicated that many 
cytokines show significant changes in GC patients, and two 
kits were selected: The Pro‑inflammatory Pane l 1 (human) 
(cat. no. N05049A‑l; MSD) kit, which detects IFN‑γ, IL‑1β, 
IL‑2, IL‑4, IL‑6, IL‑8, IL‑10, IL‑12p70, IL‑13, and TNF‑α, and 
the Cytokine Panel 1 (human) (cat. no. N05050A‑ l;MSD) kit, 
which detects GM‑CSM, IL‑1α, IL‑5, IL‑7, IL‑12/23 p40, IL‑15, 
IL‑16, IL‑17α, TNF‑β, and VEGF. To guarantee the sensitivity 
and reliability of each measurement, each assay included six 
spots that comprised a standard concentration gradient, along 
with one blank spot and one negative spot. A self‑parametric 
fitting algorithm was used to calculate the concentration of 
each cytokine using software supplied with the MSD Sector 
Imager 2400. To guarantee the data's reliability, three samples 
were randomly tested in duplicate; inter‑assay coefficients of 
variation for the 20 cytokines were 2‑15%.

Statistical analysis. Data was presented by mean  ±  stan-
dard deviation if data was normally distributed such as age. 
Chi‑square test was used for the rank data such as sex and 
lifestyle factors. Since the cytokine levels were not normally 
distributed, the median (interquartile) was presented. Data of 
serum cytokines was preprocessed as previously described (17) 
non‑parametric test and logistic regression analysis were 
conducted for data processing. All statistical analyses were 
conducted using SPSS software, version 21.0 (IBM Corp., 
Armonk, NY, USA). All P‑values were two‑sided. P<0.05 was 
considered to indicate a statistically significant difference.

Results

Common characteristics of the study subjects. The demo-
graphic characteristics between GC patients and controls 
were well matched by sex and age (Table  I). Five lifestyle 
factors (i.e., prefer to fried foods, to salty foods, to eating fast, 
to smoking, to drinking and to fresh fruits) were significantly 
correlated to GC risk (P<0.05), but here did not observe signifi-
cant correlation between preferring to tea and GC risk (P>0.05).

The differences of serum inflammatory cytokines between the 
GC patients and controls. The rates of detectable concentra-
tions of the 20 inflammatory cytokines were as following: 
GM‑CSF (227/240, 94.6%), IL‑1α (149/240, 62.1%), IL‑5 
(171/240, 71.3%), IL‑7 (239/240, 99.6%), IL‑12/IL‑23P40 
(239/240, 99.6%), IL‑15 (240/240, 100%), IL‑16 (240/240, 
100%), IL‑17α (240/240, 100%), TNF‑β (240/240, 100%), 
VEGF (240/240, 100%), IFN‑γ (240/240, 100%), IL‑1β 
(135/240, 56.3%), IL‑2 (223/240, 92.9%), IL‑4 (177/240, 
73.8%), IL‑6 (240/240, 100%), IL‑8 (240/240, 100%), IL‑10 
(240/240, 100%), IL‑12p70 (211/240, 87.9%), IL‑13 (195/240, 
81.3%), TNF‑α (240/240, 100%). Undetectable concentrations 
were recorded as zero. Non‑parametric test showed that the 
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serum seventeen inflammatory cytokines were significantly 
different between GC patients and controls (P<0.05), and the 
exceptions were IL‑16, IL‑4, and IL‑13 (P>0.05; Table II). 
Logistic expression analysis adjusted by age and sex presented 
the significantly increased serum IL‑12/IL‑23P40, IL‑15, IL‑8 
and IL‑10 in GC patients compared with healthy controls 
(P<0.05). However, stratified analysis showed that the levels 
of serum inflammatory cytokines were not correlated to 
the status of surgery (Table SI) or the Lauren classification 
(P>0.05) in the GC patients (Table SII). The results hinted that 
the expressed levels of serum cytokines be affected by GC 
development and the responding factors.

Relationship between integral score of lifestyle factors and 
serum inflammatory cytokines. As everyone knows, lifestyle 

played an important role in the GC development. Here tried to 
preliminarily analysis the correlation between holistic lifestyle 
and GC risk. According to the present and previous results (12), 
five common lifestyle factors (preferring to fried foods, to 
salty foods, to eating fast, to smoking and to drinking) were 
regarded as risky factors which could increase the GC risk, 
while preferring to fresh fruits were regarded as protective 
factor which could decrease the GC risk. After the integration 
of the above six lifestyle factors, the results presented that the 
GC patients had a significantly higher integral score of life-
style factors than the healthy controls (P<0.001; Table SIII), 
which were unanimous to Table I. The results further demon-
strated that unhealthy lifestyle factors played a key role in GC 
development. And serum IL‑12p70 was observed to be slightly 
correlated to the score of lifestyle factors in the controls 

Table I. Characteristics of GC patients and controls.

Variables	 GC patients (n=142), n(%)	 Controls (n=98), n(%)	 t/χ2	 P‑value

Age, mean ± SD (years)	 63.9±9.5	 63.6±10.8	 0.205	   0.838
Sex
  Male	 115 (81.0)	 78 (80.4)	 0.012	   0.912
  Female	 27 (19.0)	 19 (19.6)
Surgery
  No	 39 (27.5)	 ‑
  Yes	 103 (72.5)	 ‑
Lauren classification
  Intestinal type	 78 (54.9)	 ‑
  Diffuse type	 45 (31.7)	 ‑
  Unknown	 19 (13.4)	 ‑
Preference for fried food
  No	 119 (85.0)	 93 (95.9)	 7.183	    0.007
  Yes	 21 (15.0)	 4 (4.1)
Preference for salty foods
  No	 71 (50.7)	 81 (83.5)	 26.785	 <0.001
  Yes	 69 (49.3)	 16 (16.5)
Preference for eating fast
  No	 76 (54.3)	 79 (81.4)	 18.676	 <0.001
  Yes	 64 (45.7)	 18 (18.6)
Preference for smoking
  No	 70 (50.0)	 77 (79.4)	 21.001	 <0.001
  Yes	 70 (50.0)	 20 (20.6)
Preference for drinking alcohol
  No	 85 (60.7)	 74 (77.9)	 7.634	    0.006
  Yes	 55 (39.3)	 21 (22.1)
Preference for fresh fruits
  No	 85 (60.7)	 32 (33.0)	 17.620	 <0.001
  Yes	 55 (39.3)	 65 (67.0)
Preference for tea
  No	 71 (50.7)	 39 (41.1)	 2.122	   0.145
  Yes	 69 (49.3)	 56 (58.9)

GC, gastric cancer; SD, standard deviation.
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https://www.spandidos-publications.com/10.3892/mco.2019.1804
https://www.spandidos-publications.com/10.3892/mco.2019.1804


SUN et al:  INFLAMMATORY CYTOKINES AND LIFESTYLE404

Ta
bl

e 
II

. D
iff

er
en

t s
er

um
 le

ve
ls

 o
f i

nfl
am

m
at

or
y 

cy
to

ki
ne

s b
et

w
ee

n 
G

C
 p

at
ie

nt
s a

nd
 h

ea
lth

y 
co

nt
ro

ls.

C
yt

ok
in

es
	

C
on

tro
ls

 (n
=9

8)
	

G
C

 p
at

ie
nt

s (
n=

14
2)

	
Z 

(P
)	

C
ru

de
 O

R
 (9

5%
 C

I)
	

A
dj

us
te

d 
O

R 
(9

5%
 C

I)

G
M

‑C
SF

	
0.

07
8 

(0
.0

40
,0

.1
59

)	
0.

13
0 

(0
.0

70
,0

.1
92

)	
2.

70
5 

(0
.0

07
)	

1.
02

6 
(0

.8
01

,1
.3

15
)	

1.
02

5 
(0

.8
00

,1
.3

13
)

IL
‑1

α	
0.

27
5 

(0
.0

00
,1

.0
67

)	
0.

06
2 

(0
.0

00
,0

.8
45

)	
2.

22
7 

(0
.0

26
)	

0.
95

6 
(0

.9
04

,1
.0

10
)	

0.
95

6 
(0

.9
04

,1
.0

10
)

IL
‑5

	
0.

37
2 

(0
.11

0,
0.

63
8)

	
0.

18
1 

(0
.0

00
,0

.6
89

)	
2.

44
9 

(0
.0

14
)	

0.
94

6 
(0

.6
97

,1
.2

84
)	

0.
94

0 
(0

.6
89

,1
.2

82
)

IL
‑7

	
15

.1
26

 (1
0.

47
4,

18
.4

81
)	

12
.3

68
 (8

.5
45

,1
7.

32
7)

	
2.

53
7 

(0
.0

11
)	

0.
97

1 
(0

.9
38

,1
.0

05
)	

0.
97

3 
(0

.9
39

,1
.0

07
)

IL
‑1

2/
IL

‑2
3P

40
	

12
4.

39
0 

(8
7.1

94
,1

58
.7

32
)	

15
6.

74
9 

(1
17

.7
02

,2
16

.7
79

)	
4.

21
6 

(0
.0

00
)	

1.
00

7 
(1

.0
03

,1
.0

11
)	

1.
00

7 
(1

.0
03

,1
.0

11
)

IL
‑1

5	
2.

43
1 

(2
.0

07
,2

.7
99

)	
2.

57
6 

(2
.18

0,
2.

96
9)

	
2.

25
1 

(0
.0

24
)	

1.
59

7 
(1

.0
76

,2
.3

72
)	

1.
59

7 
(1

.0
73

,2
.3

77
)

IL
‑1

6	
19

9.
82

5 
(1

55
.4

70
,2

75
.2

96
)	

19
3.

10
8 

(1
27

.6
28

,2
85

.0
28

)	
0.

68
7 

(0
.4

92
)	

1.
00

0 
(0

.9
99

,1
.0

02
)	

1.
00

0 
(0

.9
99

,1
.0

02
)

IL
‑1

7α
	

1.
90

7 
(1

.3
45

,2
.9

95
)	

3.
16

1 
(2

.14
4,

4.
95

0)
	

6.
11

4 
(0

.0
00

)	
1.

07
4 

(0
.9

86
,1

.17
0)

	
1.

07
7 

(0
.9

86
,1

.17
6)

TN
F‑

β	
0.

23
0 

(0
.16

7,
0.

28
9)

	
0.

18
2 

(0
.14

0,
0.

22
2)

	
3.

87
3 

(0
.0

00
)	

0.
57

5 
(0

.1
55

,2
.1

35
)	

0.
58

0 
(0

.1
55

,2
.17

2)
V

EG
F	

15
5.7

68
 (1

02
.16

8,
22

5.7
89

)	
11

8.
12

4 
(8

2.
55

1,
20

2.
47

8)
	

2.
10

9 
(0

.0
35

)	
0.

99
9 

(0
.9

97
,1

.0
01

)	
0.

99
9 

(0
.9

97
,1

.0
01

)
IF

N
‑γ

	
5.

43
2 

(3
.8

69
,8

.16
5)

	
7.

27
2 

(5
.1

92
,11

.2
21

)	
3.

82
0 

(0
.0

00
)	

1.
01

7 
(0

.9
93

,1
.0

43
)	

1.
01

7 
(0

.9
92

,1
.0

43
)

IL
‑1

β	
0.

00
0 

(0
.0

00
,0

.2
63

)	
0.

23
4 

(0
.0

00
,0

.9
04

)	
2.

74
7 

(0
.0

06
)	

1.
01

3 
(0

.9
79

,1
.0

48
)	

1.
01

3 
(0

.9
79

,1
.0

48
)

IL
‑2

	
0.

18
3 

(0
.0

82
,0

.3
23

)	
0.

29
7 

(0
.18

1,
0.

47
4)

	
3.

88
9 

(0
.0

00
)	

1.
62

7 
(0

.8
81

,3
.0

04
)	

1.
60

4 
(0

.8
71

,2
.9

56
)

IL
‑4

	
0.

01
0 

(0
.0

02
,0

.0
19

)	
0.

00
6 

(0
.0

00
,0

.0
19

)	
1.1

96
 (0

.2
32

)	
36

.4
95

 (0
.0

09
,1

46
.4

27
)	

40
.2

63
 (0

.0
09

,1
80

.9
06

)
IL

‑6
	

0.
79

1 
(0

.4
99

,1
.5

55
)	

1.7
39

 (0
.9

27
,3

.7
25

)	
5.

32
1 

(0
.0

00
)	

0.
99

6 
(0

.9
87

,1
.0

05
)	

0.
99

6 
(0

.9
87

,1
.0

05
)

IL
‑8

	
42

.3
01

 (2
3.

69
8,

11
0.

84
8)

	
10

5.
24

3 
(4

7.
51

0,
25

9.
50

4)
	

4.
87

6 
(0

.0
00

)	
1.

00
0 

(1
.0

00
,1

.0
01

)	
1.

00
0 

(1
.0

00
,1

.0
01

)
IL

‑1
0	

0.
38

0 
(0

.2
61

,0
.5

05
)	

0.
57

1 
(0

.3
81

,0
.8

65
)	

5.
18

9 
(0

.0
00

)	
2.

71
1 

(1
.3

17
,5

.5
79

)	
2.

69
3 

(1
.3

06
,5

.5
54

)
IL

‑1
2p

70
	

0.
10

9 
(0

.0
39

,0
.17

0)
	

0.
19

8 
(0

.0
89

,0
.3

72
)	

4.
30

4 
(0

.0
00

)	
1.

37
6 

(0
.8

58
,2

.2
06

)	
1.

37
2 

(0
.8

58
,2

.1
94

)
IL

‑1
3	

0.
68

4 
(0

.16
3,

1.
65

3)
	

0.
86

6 
(0

.2
94

,1
.3

90
)	

0.
56

1 
(0

.5
75

)	
1.

04
4 

(0
.8

91
,1

.2
24

)	
1.

04
2 

(0
.8

89
,1

.2
21

)
TN

F‑
α	

3.
12

6 
(2

.4
91

,3
.9

61
)	

4.
34

7 
(3

.3
42

,5
.7

88
)	

5.
49

5 
(0

.0
00

)	
1.

01
6 

(0
.9

78
,1

.0
55

)	
1.

01
5 

(0
.9

78
,1

.0
54

)

D
at

a 
fo

r t
he

 s
er

um
 c

on
ce

nt
ra

tio
ns

 o
f i

nfl
am

m
at

or
y 

cy
to

ki
ne

s 
ar

e 
pr

es
en

te
d 

as
 th

e 
M

ed
ia

n 
(P

25
, P

75
) p

g/
m

l. 
Th

e 
O

R
 v

al
ue

s 
w

er
e 

ad
ju

st
ed

 b
y 

ag
e 

an
d 

se
x.

 G
C,

 g
as

tr
ic

 c
an

ce
r; 

G
M

‑C
SF

, g
ra

nu
lo

-
cy

te
‑m

ac
ro

ph
ag

e 
co

lo
ny

‑s
tim

ul
at

in
g 

fa
ct

or
; I

L‑
, i

nt
er

le
uk

in
; T

N
F‑

α,
 tu

m
or

 n
ec

ro
sis

 fa
ct

or
‑α

; V
EG

F,
 v

as
cu

la
r e

nd
ot

he
lia

l g
ro

w
th

 fa
ct

or
; I

FN
‑γ

, i
nt

er
fe

ro
n‑

γ.



MOLECULAR AND CLINICAL ONCOLOGY  10:  401-414,  2019 405

Ta
bl

e 
II

I. 
A

ss
oc

ia
tio

n 
be

tw
ee

n 
sm

ok
in

g 
st

at
us

 a
nd

 th
e 

se
ru

m
 le

ve
ls

 o
f i

nfl
am

m
at

or
y 

cy
to

ki
ne

s.

	
C

on
tro

ls
	

G
C

 p
at

ie
nt

s
	

‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑



















































	

‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑



















































	

O
R

 (9
5%

 C
I)

‑n
on

‑s
m

ok
er

s	  
  O

R
 (9

5%
 C

I)
‑G

C
 p

at
ie

nt
s

C
yt

ok
in

es
	

N
o 

(n
=7

7)
	

Ye
s (

n=
20

)	
N

o 
(n

=7
0)

	
Ye

s (
n=

70
)	

(G
C

 p
at

ie
nt

s v
s. 

co
nt

ro
ls)

	
(sm

ok
er

s) 
vs

. t
he

 b
as

el
in

e

G
M

‑C
SF

	
0.

07
9 

(0
.0

39
,0

.1
51

)	
0.

07
4 

(0
.0

38
,0

.17
9)

	
0.

14
5 

(0
.0

70
,0

.1
97

)	
0.

11
4 

(0
.0

63
,0

.1
92

)	
0.

81
7 

(0
.3

49
,1

.9
14

)	
1.

08
2 

(0
.7

98
,1

.4
67

)
IL

‑1
α	

0.
27

0 
(0

.0
00

,0
.8

26
)	

0.
48

0 
(0

.0
13

,1
.9

94
)	

0.
08

0 
(0

.0
00

,0
.8

48
)	

0.
04

1 
(0

.0
00

,0
.7

93
)	

0.
91

7 
(0

.8
32

,1
.0

10
)	

0.
97

5(
0.

91
0,

1.
04

4)
IL

‑5
	

0.
39

3 
(0

.1
09

,0
.6

22
)	

0.
30

1 
(0

.11
9,

0.
80

4)
	

0.
23

0 
(0

.0
00

,0
.6

96
)	

0.
15

7 
(0

.0
00

,0
.6

62
)	

1.
05

3 
(0

.7
22

,1
.5

36
)	

0.
79

4 
(0

.4
99

,1
.2

65
)

IL
‑7

	
15

.2
90

 (1
0.

40
8,

18
.4

81
)	

14
.2

36
 (1

1.
26

5,
18

.3
44

)	
11

.16
7 

(8
.4

81
,1

5.
94

9)
	

12
.8

96
 (8

.4
43

,1
8.

14
3)

	
0.

95
2 

(0
.9

05
,1

.0
01

)	
0.

97
0 

(0
.9

24
,1

.0
19

)
IL

‑1
2/

	
12

6.
33

9 
(8

9.
53

1,
15

7.1
32

)	
10

3.
89

1 
(6

2.
82

1,
17

1.
49

0)
	

16
0.

94
5 

(1
28

.5
71

,2
21

.1
98

)	
14

8.
93

0 
(1

08
.0

40
,2

17
.4

82
)	

1.
01

0 
(1

.0
04

,1
.0

16
)	

1.
00

8 
(1

.0
03

,1
.0

14
)

IL
‑2

3P
40

IL
‑1

5	
2.

32
7 

(1
.9

43
,2

.6
99

)	
2.

77
6 

(2
.11

0,
2.

93
7)

	
2.

61
5 

(2
.18

1,
2.

99
5)

	
2.

47
9 

(2
.16

4,
2.

95
4)

	
2.

31
5 

(1
.2

48
,4

.2
94

)	
1.7

25
 (1

.0
26

,2
.9

00
)

IL
‑1

6	
19

9.
28

7 
(1

54
.2

54
,2

74
.7

60
)	

20
8.

23
8 

(1
45

.6
99

,2
83

.3
31

)	
18

8.
70

1 
(1

23
.75

8,
28

1.7
01

)	
19

4.
09

7 
(1

40
.2

69
,2

85
.0

28
)	

1.
00

1 
(0

.9
99

,1
.0

02
)	

1.
00

1 
(0

.9
99

,1
.0

02
)

IL
‑1

7α
	

1.
95

1 
(1

.2
76

,2
.9

97
)	

1.7
29

 (1
.4

67
,3

.1
24

)	
3.

42
6 

(2
.18

2,
5.

11
1)

	
3.

07
1 

(1
.9

42
,4

.6
37

)	
1.

03
3 

(0
.9

72
,1

.0
98

)	
1.

02
0 

(0
.9

63
,1

.0
81

)
TN

F‑
β	

0.
24

2 
(0

.16
4,

0.
30

6)
	

0.
20

0 
(0

.1
55

,0
.2

51
)	

0.
19

0 
(0

.14
4,

0.
23

7)
	

0.
17

1 
(0

.1
30

,0
.2

09
)	

0.
88

3 
(0

.2
50

,3
.11

3)
	

0.
01

9 
(0

.0
00

,0
.8

97
)

V
EG

F	
15

4.
21

5 
(1

03
.3

60
,2

37
.8

50
)	

16
5.

30
5 

(7
7.

49
9,

21
7.

89
7)

	
10

9.
98

9 
(8

3.
05

3,
17

3.
17

7)
	

12
1.

95
0 

(7
3.

66
8,

21
8.

34
9)

	
0.

99
7 

(0
.9

93
,1

.0
00

)	
1.

00
0 

(0
.9

98
,1

.0
03

)
IF

N
‑γ

	
5.

41
1 

(3
.7

64
,7.

82
1)

	
6.

15
7 

(4
.3

75
,1

2.
16

6)
	

8.
41

2 
(5

.3
67

,11
.3

84
)	

6.
86

4 
(4

.9
16

,1
0.

97
3)

	
1.

02
1 

(0
.9

91
,1

.0
53

)	
1.

00
8 

(0
.9

82
,1

.0
35

)
IL

‑1
β	

0.
00

0 
(0

.0
00

,0
.2

34
)	

0.
12

5 
(0

.0
00

,0
.3

91
)	

0.
04

9 
(0

.0
00

,0
.6

69
)	

0.
28

7 
(0

.0
00

,1
.0

96
)	

1.
02

5 
(0

.9
59

,1
.0

96
)	

1.
02

7 
(0

.9
74

,1
.0

84
)

IL
‑2

	
0.

18
5 

(0
.0

82
,0

.3
25

)	
0.

16
3 

(0
.0

67
,0

.3
87

)	
0.

27
0 

(0
.17

8,
0.

42
1)

	
0.

31
0 

(0
.1

93
,0

.4
91

)	
1.

07
6 

(0
.5

10
,2

.2
69

)	
1.

57
3 

(0
.8

16
,3

.0
35

)
IL

‑4
	

0.
00

8 
(0

.0
02

,0
.0

17
)	

0.
01

4 
(0

.0
03

,0
.0

23
)	

0.
00

4 
(0

.0
00

,0
.0

14
)	

0.
00

9 
(0

.0
00

,0
.0

27
)	

0.
00

9 
(0

.0
00

,8
92

.7
65

)	
11

6.
69

8 
(0

.2
10

,6
48

.7
00

)
IL

‑6
	

0.
71

5 
(0

.4
86

,1
.2

67
)	

1.
27

3 
(0

.6
49

,2
.8

87
)	

1.
53

6 
(0

.7
77

,2
.6

17
)	

2.
10

1 
(1

.0
93

,4
.5

40
)	

0.
99

2 
(0

.9
73

,1
.0

11
)	

0.
99

9 
(0

.9
89

,1
.0

10
)

IL
‑8

	
42

.0
29

 (2
3.

41
3,

11
2.

47
3)

	
39

.4
27

 (2
4.

67
6,

11
9.

33
7)

	
97

.8
81

 (4
5.

06
6,

19
6.

22
6)

	
12

6.
27

6 
(4

9.
67

6,
30

9.
29

9)
	

1.
00

0 
(1

.0
00

,1
.0

01
)	

1.
00

0 
(1

.0
00

,1
.0

01
)

IL
‑1

0	
0.

35
3 

(0
.2

60
,0

.5
23

)	
0.

38
5 

(0
.2

54
,0

.5
08

)	
0.

57
4 

(0
.3

57
,0

.8
25

)	
0.

56
3 

(0
.3

79
,0

.9
28

)	
2.

37
6 

(0
.9

52
,5

.9
30

)	
1.

99
3 

(0
.9

64
,4

.11
9)

IL
‑1

2p
70

	
0.

10
7 

(0
.0

38
,0

.16
2)

	
0.

11
5 

(0
.0

40
,0

.2
34

)	
0.

20
5 

(0
.0

77
,0

.3
55

)	
0.

17
6 

(0
.1

04
,0

.3
84

)	
2.

10
4 

(0
.8

26
,5

.3
60

)	
1.7

35
 (0

.74
5,

4.
04

3)
IL

‑1
3	

0.
76

9 
(0

.16
3,

1.
68

1)
	

0.
63

1 
(0

.1
02

,1
.5

37
)	

0.
82

0 
(0

.3
41

,1
.3

44
)	

0.
93

7 
(0

.3
39

,1
.4

53
)	

1.
00

0 
(0

.7
67

,1
.3

04
)	

1.1
08

 (0
.8

92
,1

.3
78

)
TN

F‑
α	

3.
12

5 
(2

.4
75

,3
.8

66
)	

3.
34

2 
(2

.6
32

,4
.2

42
)	

4.
21

5 
(3

.2
12

,5
.6

34
	

4.
42

6 
(3

.4
28

,6
.5

03
)	

1.
02

2 
(0

.9
64

,1
.0

83
)	

1.
02

6 
(0

.9
72

,1
.0

83
)

Th
e 

se
ru

m
 c

on
ce

nt
ra

tio
n 

of
 in

fla
m

m
at

or
y 

cy
to

ki
ne

s 
is

 p
re

se
nt

ed
 a

s 
th

e 
M

ed
ia

n 
(P

25
, P

75
) p

g/
m

l. 
A

ll 
O

R
s 

ar
e 

ad
ju

st
ed

 fo
r a

ge
 a

nd
 s

ex
. G

C
, g

as
tr

ic
 c

an
ce

r; 
G

M
‑C

SF
, g

ra
nu

lo
cy

te
‑m

ac
ro

ph
ag

e 
co

lo
ny

‑s
tim

ul
at

in
g 

fa
ct

or
; I

L‑
, i

nt
er

le
uk

in
; T

N
F‑

α,
 tu

m
or

 n
ec

ro
sis

 fa
ct

or
‑α

; V
EG

F,
 v

as
cu

la
r e

nd
ot

he
lia

l g
ro

w
th

 fa
ct

or
; I

FN
‑γ

, i
nt

er
fe

ro
n‑

γ.

https://www.spandidos-publications.com/10.3892/mco.2019.1804
https://www.spandidos-publications.com/10.3892/mco.2019.1804
https://www.spandidos-publications.com/10.3892/mco.2019.1804
https://www.spandidos-publications.com/10.3892/mco.2019.1804


SUN et al:  INFLAMMATORY CYTOKINES AND LIFESTYLE406

population (Pearson correlation coefficient =0.250, P=0.014). 
However, the results could not tell the relationship between 
the lifestyle factors and the inflammation. Thus, correlated 
analysis of the lifestyle factors was conducted as the following.

Relationship between risky lifestyle factors and serum 
inflammatory cytokines. The present study reconfirmed that 
the unhealthy lifestyle factors could significantly increase GC 
risk, i.e., prefer to fried foods, to salty foods, to eating fast, to 
smoking and to drinking. Due to the serious imbalance of the 
lifestyle factors disturbance, the controls with healthy lifestyle 
factors were regarded as baseline to examine the effect of the 
lifestyle factors on the serum inflammatory cytokines and 
GC‑risk‑related lifestyle factors, and the GC patients were 
divided into two groups with healthy or unhealthy lifestyle 
factors. Logistic expression analysis adjusted by age and sex 
was conducted between the GC patients and the controls.

First of all, smoking and drinking were the two most 
famous factors correlated to GC risk throughout the world. 
Non‑parametric test (Mann‑Whitney  U  test) was used to 
explore the correlation between the lifestyle factors and serum 
cytokines in the healthy controls, and the results showed that 
smoker had a higher level of serum IL‑15 than non‑smoker 
(Z=2.015, P=0.044), but no differences were observed 
between drinkers and non‑drinkers (P>0.05). Comparison 
with the baseline, three serum inflammatory cytokines 
(IL‑12/IL‑23P40, IL‑15, IL‑8) distinctly increased while 
serum TNF‑β distinctly decreased in smoking GC patients 
(P<0.05; Table III). Comparison with the baseline, increased 
serum IL‑12/IL‑23P40, IL‑15 and decreased serum IL‑7 were 
observed in non‑drinking GC patients, while increased serum 
IL‑12/IL‑23P40, IL‑8 and decreased serum TNF‑β were 
observed in drinking GC patients (P<0.05; Table IV).

Secondly, preferring to fried foods and preferring to salty 
foods were the two characteristic factors which could increase 
GC risk especially in eastern China. In the healthy controls, 
preferring to fried foods correlated to the lower levels of 
VEGF (Z=2.740, P=0.006) and TNF‑α (Z=2.340, P=0.019) 
by non‑parametric test (Mann‑Whitney U test). Comparison 
with the baseline, increased serum IL‑12/IL‑23P40, IL‑10 
and decreased serum IL‑7 were observed in GC patients 
without preferring to fried foods, while increased serum 
IL‑12/IL‑23P40, IL‑15 were observed in GC patients preferring 
to fried foods (P<0.05; Table V). Compared with the baseline, 
five serum inflammatory cytokines (IL‑12/IL‑23P40, IL‑15, 
IL‑17α, IL‑8, IL‑10) significantly increased in the two GC 
groups (P<0.05), but serum IL‑7 was significantly decreased 
in the GC patients preferring to salty foods (P<0.05; Table VI).

Finally, preferring to eating fast could rapidly increase 
the pressure of the stomach, and cause gastric mucosa injury. 
Therefore, preferring to eating fast was an important GC risk 
factor, particularly in the healthy controls, it was observed to 
be associated with higher concentrations of six serum cyto-
kines including GM‑CSF (Z=2.372, P=0.018), IL‑1α (Z=2.492, 
P=0.013), IL‑1β (Z=2.207, P=0.027), IL‑4 (Z=3.119, P=0.002), 
IL‑8 (Z=2.069, P=0.039), IL‑12p70 (Z=3.572, P<0.001) based 
on the non‑parametric test. Compared with the baseline, 
five inflammatory cytokines (IL‑12/IL‑23P40, IL‑17α, IL‑2, 
IL‑8, IL‑10) presented to be outstandingly increased in the 
two GC groups (P<0.05), the GC patients without eating fast 

had significantly lower serum IL‑7 and TNF‑β, and the GC 
patients eating fast had significantly increased serum IL‑15, 
IL‑1β, and TNF‑α (P<0.05; Table VII). The results indicated 
that preferring to eating fast play an important role in the GC 
development.

Relationship between the protective lifestyle factor and 
serum inflammatory cytokines. Preferring to fresh fruits was 
a famous protective factor for GC risk. In the healthy controls, 
higher level of serum IL‑17α was closely related to the indi-
viduals who preferring to fresh fruits (Z=1.983, P=0.047). 
Compared with the baseline, increased serum IL‑12/IL‑23P40 
was observed in the two GC groups (P<0.05). However, the 
relationships between GC risk and six serum inflammatory 
cytokines (IL‑7, IL‑15, TNF‑β, VEGF, IL‑8, IL‑10) were 
distinctly heterogeneous in the two GC groups, the increased 
serum IL‑8, IL‑10 and decreased serum IL‑7, TNF‑β were 
observed in the GC patients without preferring to fresh fruits 
(P<0.05), while increased serum IL‑15 and decreased serum 
VEGF were observed in the GC patients preferring to fresh 
fruits (P<0.05; Table VIII).

Discussion

In general, the present data showed that GC patients had 
higher serum levels of IL‑12/IL‑23P40, IL‑15, IL‑8 and IL‑10 
than the controls. The results agreed with the previous data, 
for examples, one prospective study showed that increased 
circulating levels of plasma IL‑8 may indicate increased GC 
risk in a Chinese population with high GC incidence and 
Hp prevalence  (6), another small scale study showed that 
the high plasma level of IL‑8 were significantly associated 
with large tumors, deep invasion, lymph node metastasis and 
shorter disease‑free survival  (18). In particular, the serum 
level of IL‑12/IL‑23P40 significantly increased in the GC 
patients with protective or risky lifestyle factors compared 
with the baseline. The results indicated that increased serum 
IL‑12/IL‑23P40 be an indifferent helmet of GC‑risk because 
the significant differences were observed in all lifestyle 
factors. IL‑12/IL‑23P40 is an important pro‑inflammatory 
cytokine, and animal experiment found that IL‑12/IL‑23P40 
significantly increased during acute schistosomiasis or 
lipopolysaccharide‑stimulation, and arginase  I could 
promote IL‑12/IL‑23p40‑driven gut inflammation, which 
may promote disruption of the mucosal barrier and leakage 
of intestinal bacteria and/or LPS into the blood  (19). It is 
well‑known that almost all the gut bacteria are gram‑negative, 
and lipopolysaccharide is their famous pathogenic factor. 
Previous investigation proved the linkage between gut 
microbial dysbioses and abnormal production of inflammatory 
cytokines (20). The results indicated that expression level of 
serum IL‑12/IL‑23P40 may correlate to gut microbiome at 
least in GC patients, which was consistent with the opinion 
that lifestyle exert important influence on gut microbiome 
during carcinogenesis (21).

As to other inflammatory cytokines, heterogeneous corre-
lations were observed between inflammatory cytokines and 
lifestyle factors. Thus, the association among lifestyle factors 
and inflammation was focused on discussion as following. 
First of all, smoking and drinking were the two most 
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common risk factors for many cancers including GC (22). 
Previous literatures showed that alcohol could predisposes 
to atrophic inflammation of the gastric mucosa (23) which 
was the herald of GC. A randomized clinical trial found that 
drinking could increase serum IL‑10 while could decrease 
serum IL‑16, monocyte chemotactic protein‑1 and vascular 
cell adhesion molecule‑1  (24). Even alcohol consumption 
could induce GC tissues expressing high levels of transcrip-
tion factor IIB‑related factor 1 and myeloperoxidase‑positive 
cell infiltration, which were identified as independent prog-
nostic factors for overall survival (25). Thus, championing of 
temperance in the high incidence area of GC was necessary. 
However, the real drinking appeared to have changed consid-
erably, which may explain the different results in the present 
GC patients.

On the other hand, chronic smoking is characterized by 
abnormal inflammatory response since the cigarette compo-
nent have many physiological activities. Clinical study showed 
that gingival crevicular fluid IL‑4, IL‑6 and IL‑8 were signifi-
cantly increased in the smoking periodontitis individuals 
compared with non‑smoking periodontitis individuals (26), 
and smokers with ulcerative colitis had higher serum IL‑1β 
and IL‑8 than the non‑smokers with ulcerative colitis (27). 
Experiment in vitro found that cigarette smoke extract (CSE) 
could promote human macrophage‑like cells producing IL‑8 
and TNF‑α (28), and dose‑dependently increased IL‑8 and 
IL‑6 release in primary human airway epithelial cells (29).  
Furthermore, IL‑8 could induce angiogenesis and promotes 
tumor growth, even increased serum IL‑8 level can precede 
the diagnosis of certain cancer (30). These results indicated 
that IL‑8 be closely related to smokers with GC.

Preferring to fried and/or salty foods, eating fast were the 
characteristic GC risk factors in eastern China. Since both 
the fried foods and eating fast could damage the mucous 
membrane of upper digestive tract, this might be the trigger 
of gastric carcinogenesis. Furthermore, previous review 
summarized that fat could activate Toll‑like receptor  4 
(TLR4) signaling pathway and mediate inflammatory events 
in diabetes (31). Activating TLR4 signaling in dendritic cells 
and Th17 could induce chronically inflamed tissues producing 
high levels of IL‑15 (32), which may be the reason that GC 
patients preferring to fried foods had a higher serum IL‑15 
compared with the baseline. In addition, the fried or salty 
foods always contain high concentration of salt which is a 
vital nutrient. However, excess salt intake had been blamed for 
triggering and/or worsening gastric intestinal metaplasia (33). 
For example, the latest review proposed that hypertonic saline 
stimulated overexpression of IL‑1β, IL‑8, TLR3 and TLR4 in 
macrophage (34). And especially the salt could promote the 
significant expression of IL‑17α in CD4 T cells (35). These 
results were consistent to the increased levels of IL‑17α, IL‑8 
in GC patients preferring to salty foods. In addition, high salt 
intake could modulate the gut microbiome by Th17 axis (36), 
which suggested that gut microbiome/IL‑15/TLR4 axis be 
nature of the link between preferring to fried foods and GC 
risk.

Preferring to fresh fruits but not use of vitamins was the 
famous protective lifestyle factor against GC (37). Compared 
with baseline, GC patients lack of fresh fruits had higher 
serum IL‑10, lower serum TNF‑β and IL‑7, however, no 

differences were observed in GC patients preferring to fresh 
fruits. The interesting study showed that proliferating CD4+ 

regulatory T cells in GC mucosa could express high level of 
IL‑10 but little TGF‑β (38), which indicated that preferring 
to fresh fruits affect the biological behavior of local T cells 
in gastric mucosa. It was also presented that increased levels 
of IL‑17α was related to preferring to eating fast in healthy 
controls, and IL‑17α was famous named due to its origin from 
Th17 cells which could produce several effector cytokines 
(such as IL‑17α, IL‑17, IL‑21, and IL‑22) at mucosal sites and 
played a critical role in mucosal immunity to many extracel-
lular pathogens (39). Thus, fresh fruits might play a role in the 
inflammatory response of stomach mucosa.

GC development was a long‑term and multistep histological 
cascade, from chronic non‑atrophic gastritis that progresses 
to chronic atrophic gastritis, intestinal metaplasia, and 
adenocarcinoma. Previous study  (40) showed that serum 
pepsinogen detection could reflect the gastric mucosal status in 
an Indonesia population. A Japanese cohort study presented (41) 
that upper gastrointestinal barium X‑ray radiography was 
positively associated with Hp infection, current smoking, 
age, decreased serum pepsinogen  I/II ratio, and male sex. 
Eradication of Hp but not intake of gastric acid suppressants 
seems to superficially improve UGI‑XR‑based atrophic gastritis. 
Furthermore, negative Hp‑infection status seemed to be an 
indicator of poor prognosis in GC patients and was independent 
of other well‑known clinical and pathologic prognostic 
variables  (42). These results provided advanced trains for 
exploring the effect of lifestyle factors on the GC development, 
especially the relationship between lifestyle and Hp status.

In summary, the main finding was that the lifestyle factors 
were associated with certain serum inflammatory cytokines, 
and provided clues for the linking mechanism between GC 
risk and dietary habits. Of course, since the size of the present 
population was really not enough big because the investigation 
was an exploratory research, and the pilot results provided a 
train of the advanced study, there were still some limitations: 
The first challenge was the self‑reporting lifestyle which was 
not very reliable, the second point was the complex clinical 
characteristics which also affect the results stability, the third 
point was that here did not assay the Hp status because several 
case‑control studies showed reverse association (43,44) which 
indicated that IgG antibodies to Hp contribute little to the 
effect of lifestyle on serum inflammation, and the final point 
was that the results require further validation in larger popu-
lations or other related biomarkers to disclose the potential 
inflammatory mechanism of lifestyle factors in development 
of gastric carcinoma.
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