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Abstract

Background: Most studies have found that osteopontin (OPN) expression level is

related to the poor prognosis of gastric cancer. However, few studies have

examined the relationship between OPN expression and gastric precancerous

diseases, and the potential role of OPN in the formation and development of GC.

We investigated the relationships between serum OPN levels and the risks of

gastric cancer (GC) and its precancerous disease, to explore the diagnostic efficacy

of serum OPN level for GC and atrophic gastritis and its influencing factors.

Methods: A total of 1,452 patients were enrolled, including 609 with mild superficial

gastritis (SG), 594 with atrophic gastritis (AG) and 249 with GC. The levels of serum

OPN and serum Helicobacter pylori IgG antibody were detected by enzyme-linked

immunosorbent assay.

Results: Serum OPN levels increased from mild SG (1.99¡1.91 ng/ml) to AG

(2.37¡2.27 ng/ml) to GC (5.94¡4.52 ng/ml) (P#0.002), along with increasing

severity of gastric disease. OPN levels were significantly higher in patients with GC

compared with the non-cancer population (2.17¡2.10, P,0.0001). Serum OPN

level was positively correlated with age and was higher in men than women, but

was not correlated with H. pylori infection status. The area under the receiver

operating characteristic curve was 0.805, the optimal cutoff was 2.56 ng/ml and the

sensitivity and specificity were 74.3% and 71.8%, respectively, for the ability of

serum OPN to discriminate GC.

Conclusions: Serum OPN expression was closely related to the risks of GC and

AG, and it might be a useful marker for the discrimination of GC. OPN level was
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positively correlated with age and male sex, but was not affected by H. pylori

infection, and it was promoted by smoking and drinking, in patients with mild SG.

Introduction

Gastric cancer (GC) is thought to occur via a stepwise progression from normal

mucosa, through superficial gastritis (SG) and atrophic gastritis (AG) to

carcinoma. During this process, AG and its possible accompanying changes, such

as intestinal metaplasia and dysplasia, have been identified as gastric precancerous

disease or precancerous lesions [1]. In some cases, the transition from

precancerous disease to cancer is relatively reversible [2, 3], and early detection

and treatment might therefore prevent the development of precancerous lesions

into cancer, or allow the eradication of early cancers. However, the transition

from precancerous disease to cancer is often hard to detect because of the

inconspicuous symptoms, and most cancers are diagnosed at an advanced stage,

making them hard to control or eradicate.

Valid screening and monitoring techniques for GC and precancerous diseases

are thus urgently needed to decrease mortality, increase survival rates, and

improve the prognosis of GC. Cancer screening and early diagnosis currently

depend largely on barium X-ray examination, gastroscopic biopsies, and

serological detection of tumor markers [4]. Detection of serum tumor markers

has the advantages of being convenient, fast, and non-invasive, and has the

potential to detect small changes before they become evident by imaging, or

through the appearance of clinical symptoms. Serum tumor marker levels may

also change according to the progression of the disease, and are thus able to played

important roles in tumor screening, early diagnosis, surveillance and prognosis

evaluation. However, the diagnostic performances of most serological tumor

markers in terms of sensitivity and specificity are not ideal, which limits their

clinical application and generalization. The identification of more effective

serological tumor markers has thus become a major goal for GC screening and

early diagnosis.

Osteopontin (OPN) is a secreted phosphorylated glycoprotein encoded by the

SPP1 gene located on human chromosome 4q22.1. OPN is widely expressed in a

variety of tissues, including bone, cartilage, kidney, blood vessels, skin and other

tissues, and is also synthesized by various cell types, including macrophages,

lymphocytes, and mammary epithelial cells, and can be detected in serum, urine,

bile and milk [5–8]. OPN is a multifunctional protein, the major biological

activities of which include regulating cell adhesion and chemotaxis, controlling

cytokine expression, participating in cellular signal transduction, stimulating the

cellular immunologic response and accelerating tissue remodeling [9–11]. OPN

has recently been shown to be a component of the extracellular matrix, which

plays a crucial role in tumor invasion, metastasis, apoptosis and angiogenesis
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[12–14], and high levels of OPN have been shown to correlate with higher clinical

stage in many tumors [15, 16].

The relationship between OPN and GC has recently become a focus of interest.

Most studies have found that OPN expression in GC tissues was significantly

higher than in normal gastric tissues [14, 16–20], while serum OPN levels were

also elevated in patients with GC [16]. There is strong evidence to indicate that

higher levels of OPN expression in GC are associated with aggressive invasion,

extensive metastasis and poorer prognosis [19, 21, 22]. However, few studies have

examined the relationship between OPN expression and gastric precancerous

diseases, and the potential role of OPN in the formation and development of GC.

In addition, the factors influencing OPN expression remain unclear. It is therefore

difficult to draw any firm conclusions about the relationship between serum OPN

and the risk of GC and precancerous diseases. Furthermore, the efficiencies of

serum OPN in discriminating gastric precancerous diseases and GC is uncertain.

In the present study, we measured serum OPN levels in a large population from

northern China in order to explore the relationships between serum OPN and the

risks of GC and precancerous diseases, and to clarify the factors affecting serum

OPN levels. We also analyzed the values of serum OPN in discriminating GC and

its precancerous diseases. These results will provide a valuable reference for the

application of serum OPN in the discrimination of GC.

Materials and Methods

Subjects

This was a case-control study based on a population from northern China. A total

of 1,452 patients with various gastric diseases was enrolled in the study. All

subjects were recruited from GC screening of the general population in the

Zhuanghe area of Liaoning Province, and from patients who were histologically

certificated at the First Affiliated Hospital of China Medical University from 2002

to 2010. The diagnosis of GC was established by upper gastrointestinal endoscopic

examination and confirmed by histopathology. Histopathologic findings were

assessed according to the consensus on chronic gastritis formulated at the national

symposium, or in combination with the visual analog scale of the updated Sydney

System [23]. GC was diagnosed according to the WHO GC diagnosis criteria and

the Lauren classification. Information on sex, age and other factors was obtained

by means of a questionnaire administered to each patient. This study was

approved by the Human Ethics Review Committee of the First Affiliated Hospital

of China Medical University (Shenyang, China), and written informed consent

was obtained from all patients, in accordance with the Declaration of Helsinki and

its later revision.

Serum samples were collected from patients diagnosed with complete clinical

pathology who agreed to provide blood samples, and for whom information on

gender, age and relevant clinical data were available for analysis. Fasting blood

serum was separated and stored at 220 C̊.
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Information on smoking and alcohol consumption was collected by means of

the questionnaire. A history of smoking was defined as daily smoking §1

cigarette for §1 year. A history of drinking was defined as an average daily

alcohol intake §50 g and continued for §1 year.

Detection of serum OPN

Approximately 5 ml fasting blood was collected from each participant and kept at

4 C̊ for 24 h. The blood was centrifuged at 35006g for 10 min and serum

aliquots were stored immediately at 220 C̊, and then moved to 270 C̊ prior to

determination of various parameters. Serum OPN concentrations were measured

by enzyme-linked immunosorbent assay (ELISA) using OPN ELISA kits (Wuhan

Boster Biotechnology Company, Wuhan, Hubei, China), according to the

manufacturer’s protocol.

Detection of serum Helicobacter pylori IgG antibody

Serum concentrations of H. pylori IgG were determined by ELISA (H. pylori-IgG

ELISA kit, BIOHIT Plc, Helsinki, Finland), according to the manufacturer’s

protocol. Samples were considered positive when the serum H. pylori IgG

antibody value was §34 units; other samples were considered negative.

Statistical analysis

All statistical analyses were performed using SPSS 13.0 software (SPSS Inc.,

Chicago, IL, USA). Serum OPN expression was represented as mean ¡ standard

deviation, and differences in serum OPN levels among groups, as well as in the

stratified analysis, were compared by independent-sample t-tests and analysis of

variance. Pearson’s correlation coefficient was used to estimate the correlations

between age, and H. pylori infection, and serum OPN levels. Receiver operating

characteristic (ROC) curves and the area under the ROC curve (AUC) were used

to evaluate the diagnostic effects of serum OPN and to determine appropriate cut-

off points. A two-sided P value,0.05 was considered statistically significant.

Results

Characteristics of the study subjects

This study enrolled a total of 1,452 patients with various gastric diseases, including

GC (n5249), AG (n5594) and mild SG, as a control (SG, n5609). AG vs. mild

SG: mean age 54 years; range 17–85 years; male/female 633/570; GC vs. mild SG:

mean age 56 years; range 17–85 years; male/female 462/396. The rate of H. pylori

infection was higher in AG (61.3%) and GC (54.6%) than SG (21.2%). The

detailed baseline characteristics of the cases and controls including

age,gender,smoking,drinking,H. pylori infection in our study are shown in

Table 1.
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Correlations between serum OPN and gastric diseases

Serum OPN levels tended to increase from mild SG (1.99¡1.91 ng/ml) to AG

(2.37¡2.27 ng/ml) to GC (5.94¡4.52 ng/ml) (P#0.002), in line with increasing

severity of the gastric diseases. Serum OPN levels in AG were significantly higher

than in mild SG (P50.002), were significantly higher in patients with GC

compared with non-cancer subjects (2.17¡2.10 ng/ml, P,0.0001). There were

no significant differences in serum OPN levels between intestinal and diffuse-type

GCs (P50.802) (Table 2).

Influence of age, sex, H. pylori infection, smoking and drinking on

serum OPN

Patients were stratified by age, sex or H. pylori infection status (Table 3, Figure 1).

In any group, the correlation coefficient for OPN and age (R1) was significantly

above the 0 level (P,0.016), and the correlation coefficient for OPN and gender

(R2) was significantly lower than the 0 level (P,0.049), Serum OPN level was

increased with the age of the patients, and was higher in male sex than female sex.

While there was no definite correlation between H. pylori infection and serum

OPN, for the correlation coefficients for OPN and H. pylori (R3) were discrepant

(P.0.108). Comparisons of serum OPN levels between men and women and

between patients aged #50 years and .50 years in each disease group (Table 4)

showed much higher serum OPN levels in men than women (P,0.013), and in

the .50 year-old group compared with the #50 year-old group (P,0.024).

However, there were no significant differences between the H. pylori IgG (+)

group and the H. pylori IgG (2) group (P.0.113). Furthermore, serum OPN

Table 1. Characteristics of the study subjects.

Variables Mild superficial gastritis Atrophic gastritis P* Gastric cancer P**

Total n5609 n5594 n5249

Age(years): Mean¡SD 53.10¡9.86 55.03¡8.94 0.000 58.40¡11.42 0.000

Range 17–85 28–82 26–85

Gender 0.006 0.000

Female 313(51.4%) 257(43.3%) 83(33.3%)

Male 296(48.6%) 337(56.7%) 166(66.7%)

Smoking 0.719 0.001

Smoker 131(28.9%) 143(30.0%) 56(44.4%)

Non-smoker 323(71.1%) 333(70.0%) 70(55.6%)

Drink 0.336 0.000

Drinker 90(19.8%) 107(22.5%) 48(38.4%)

Nondrinker 364(80.2%) 369(77.5%) 77(61.6%)

H. pylori infection status 0.000 0.000

HP(+) 129(21.2%) 364(61.3%) 136(54.6%)

HP(2) 480(78.8%) 230(38.7%) 113(45.4%)

P*: atrophic gastritis vs. mild superficial gastritis, P**: Gastric cancer vs. mild superficial gastritis.

doi:10.1371/journal.pone.0114005.t001
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levels were elevated in smokers and drinkers (P,0.001, and P50.002,

respectively) in the mild SG group compared with non-smokers and non-

drinkers, but this discrepancy was not found in either the AG or GC group.

Serum OPN in gastric diseases, adjusted for age and sex

Stratification analysis showed that, even after adjusting for age (50 years) and sex,

serum OPN levels still tended to increase along with the seriousness of the gastric

diseases from mild SG to AG to GC. However, the difference in serum OPN levels

between the mild SG and AG groups were less evident in most subgroups, except

for the #50-year-old men subgroup (P50.009). Meanwhile, serum OPN levels in

the GC group were obviously higher than in the mild SG and AG groups

(P#0.002 and #0.004, respectively) (Table 5).

Efficiency of serum OPN for discriminating AG

ROC curves were plotted for serum OPN to discriminate gastric diseases from

normal stomach. Overall, the efficiency of serum OPN for discriminating AG was

weak; although the value was significant (P50.002), the AUC was 0.555 and the

best cut-off point for serum OPN was 1.33 ng/ml, with corresponding validity

parameters of 61.6% sensitivity and 49.4% specificity. Stratification analysis

showed that the efficiency of serum OPN for discriminating AG was only

Table 2. Levels of serum OPN (mean¡SD) between different gastric disease groups.

amount OPN(ng/ml) P-value

non-cancer 1203 2.17¡2.10

mild superficial gastritis 609 1.99¡1.91

atrophic gastritis 594 2.37¡2.27 0.002*

gastric cancer 249 5.94¡4.52 0.000$#¥

intestinal gastric cancer 85 5.58¡3.80

diffuse-type gastric cancer 110 5.74¡5.02 0.802&

P *: atrophic gastritis vs. mild superficial gastritis, P $ # ¥: Gastric cancer vs. mild superficial gastritis, atrophic gastritis and non-cancer respectively P &:
diffuse -type gastric cancer vs. intestinal cancer.

doi:10.1371/journal.pone.0114005.t002

Table 3. Correlation between serum OPN levels and age, gender as well as H.pylori infection.

correlation coefficient mild superficial gastritis (609) atrophic gastritis (594) gastric cancer (249)

R1 for OPN and age 0.115 0.135 0.154

p 0.004 0.001 0.016

R2 for OPN and gender 20.09 20.081 20.171

P 0.027 0.049 0.007

R3 for OPN and H.pylori 0.023 20.066 0.086

p 0.567 0.108 0.238

doi:10.1371/journal.pone.0114005.t003
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significant in patients 50 years or under (#50-year-old men, P50.001; #50-year-

old women, P50.024) (Table 6).

Efficiency of serum OPN for discriminating GC

ROC curves indicated that serum OPN showed significant efficiency for

discriminating GC (P,0.001) (Table 7). In total, the AUC was 0.805 and the best

cut-off point for serum OPN was 2.56 ng/ml, with corresponding validity

parameters of 74.3% sensitivity and 71.8% specificity. In stratification analysis,

serum OPN also showed significant ability to recognize GC in all subgroups

(P,0.001). The AUC in the #50-year-old men group was 0.746, and the best cut-

off point for serum OPN was 2.43 ng/ml, with corresponding validity parameters

of 71.8% sensitivity and 66.7% specificity. The equivalent AUC in the .50-year-

old men group was 0.833, and the best cut-off point for serum OPN was 2.68 ng/

ml, with corresponding validity parameters of 84.3% sensitivity and 68.4%

specificity. The AUC in the #50-year-old women group was 0.786, and the best

Figure 1. Scatter plots for the correlation between serum OPN and gender, age, H. pylori infection, in gastric cancer group. A, Gender; B, Age; C,
H.pylori infection.

doi:10.1371/journal.pone.0114005.g001

Table 4. Serum OPN expression in different gender, age, H. Pylori status, smoking and alcohol drinking.

mild superficial gastritis (609) atrophic gastritis (594) gastric cancer (249)

OPN(ng/ml) p OPN(ng/ml) p OPN(ng/ml) p

gender male(296) 2.19¡2.06 0.011 male (337) 2.57¡2.26 0.013 male (166) 6.49¡4.69 0.006

female(313) 1.79¡1.74 female(257) 2.10¡2.27 female(83) 4.83¡3.98

age #50y(238) 1.60¡1.47 0 #50y(195) 2.01¡1.59 0.002 #50y(63) 4.83¡4.26 0.024

.50y(371) 2.24¡2.11 .50y(399) 2.54¡2.53 .50y(186) 6.31¡4.56

HP HP+ (129) 2.13¡1.93 0.352 HP+ (364) 2.33¡2.36 0.639 HP+ (136) 6.35¡4.77 0.113

HP- (480) 1.95¡1.90 HP- (230) 2.42¡2.13 HP- (113) 5.44¡4.17

smoking Smoker(131) 2.33¡2.14 0 Smoker(143) 2.44¡2.01 0.185 Smoker(56) 7.65¡4.43 0.393

Non (323) 1.51¡1.36 Non (333) 2.16¡2.19 Non (70) 6.98¡4.36

drinking drinker(90) 2.35¡2.17 0.002 drinker(107) 2.31¡1.92 0.706 drinker(48) 7.98¡4.66 0.164

Non (364) 1.60¡1.48 Non (369) 2.22¡2.20 Non (77) 6.85¡4.20

doi:10.1371/journal.pone.0114005.t004
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cut-off point for serum OPN was 1.71 ng/ml, with corresponding validity

parameters of 83.3% sensitivity and 68.8% specificity, and the equivalent AUC in

the .50-year-old women group was 0.762, the best cut-off point for serum OPN

was 2.48 ng/ml, and the corresponding validity parameters were 72.9% sensitivity

and 70.0% specificity (Table 7, Figure 2).

Discussion

Most studies have found that OPN expression level is related to the poor

prognosis of gastric cancer. However, few studies focused on the potential role of

OPN in the formation of GC. In the present study, we investigated the

relationship between serum OPN level and the risks of gastric cancer (GC) and its

precancerous disease to further explore the diagnostic efficacy of serum OPN level

for GC and atrophic gastritis and its influencing factors. Our results revealed that

serum OPN expression was closely related to the risks of GC and AG, and was

positively correlated with age and male, and was promoted by smoking and

Table 5. Serum OPN expression in gastric diseases, adjusted for age and gender.

gender age Gastric disease amount OPN(ng/ml) p

mild superficial gastritis 94 1.79¡1.39

#50y atrophic gastritis 89 2.42¡1.84 0.009*

male gastric cancer 39 5.39¡4.69 0.000$#

mild superficial gastritis 202 2.38¡2.28

.50y atrophic gastritis 248 2.62¡2.40 0.272*

gastric cancer 127 6.83¡4.65 0.000$#

mild superficial gastritis 144 1.47¡1.51

#50y atrophic gastritis 106 1.67¡1.26 0.275*

female gastric cancer 24 3.91¡3.34 0.002$, 0.004#

mild superficial gastritis 169 2.07¡1.87

.50y atrophic gastritis 151 2.40¡2.73 0.196*

gastric cancer 59 5.20¡4.18 0.000$#

P*: atrophic gastritis vs. mild superficial gastritis, P$ #: gastric cancer vs. mild superficial gastritis, atrophic gastritis respectively.

doi:10.1371/journal.pone.0114005.t005

Table 6. Efficiency of serum OPN in discriminating atrophic gastritis.

gender age best cut-off sensitivity specificity YD area under curve P

(ng/ml)

total 1.33 0.616 0.494 0.11 0.555 0.002

male #50y 1.33 0.694 0.606 0.3 0.648 0.001

.50y 1.906 0.516 0.576 0.092 0.533 0.24

female #50y 0.521 0.934 0.283 0.217 0.591 0.024

.50y 1.41 0.608 0.479 0.087 0.52 0.548

doi:10.1371/journal.pone.0114005.t006
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drinking in patients with mild SG. To the best of our knowledge, the current study

provides the most explicit report indicating that serum OPN level may play an

important role not only in the gastric cancer progression, but also in its

formation, and serum OPN level may have potential usefulness as a screening or

diagnostic factor for early gastric cancer.

Table 7. Efficiency of serum OPN in discriminating gastric cancer.

gender age best cut-off sensitivity specificity YD area under curve P

(ng/ml)

total 2.56 0.743 0.718 0.461 0.805 0.000

male #50y 2.427 0.718 0.667 0.385 0.746 0.000

.50y 2.68 0.843 0.684 0.527 0.833 0.000

female #50y 1.71 0.833 0.688 0.521 0.786 0.000

.50y 2.48 0.729 0.7 0.429 0.762 0.000

doi:10.1371/journal.pone.0114005.t007

Figure 2. ROC curve for serum OPN levels to discriminate gastric cancer. a, total; b, #50y male group; c, .50y male group; d, #50y female group; e,
.50y female group.

doi:10.1371/journal.pone.0114005.g002
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As many studies have revealed, OPN status was significantly associated with

gastric cancer development, invasive phenotypes, shorter survival time and poor

prognosis [14, 16, 24]. Nevertheless, the clinical significance of serum OPN

expression in estimating gastric cancer risk remains unclear. Atrophy gastritis has

been identified as a major gastric precancerous lesion [25]. Early detection of this

precancerous lesion may therefore help to prevent gastric cancer. Up to now, few

studies have concerned on the usefulness of serum OPN expression in atrophy

gastritis [26]. We measured the serum OPN expression by ELISA in a large

population from northern China, and found that serum OPN level increased with

worsening of gastric diseases, from mild SG to AG to GC. Serum OPN level in the

GC group remained obviously higher than in the mild SG and AG groups. To

clarify the clinical application value of serum OPN levels in gastric diseases, we

explored its efficacies for discriminating GC and AG. Based on ROC curves,

serum OPN demonstrated significant efficacy for recognizing GC. The AUCs, cut-

off points for serum OPN, and the sensitivity and specificity were compatible with

its use for discriminating GC, both in the overall population and in patients

stratified according to age (50 years) or sex. Our results thus suggested that serum

OPN level was an indicator of severity in gastric diseases, and serum OPN may be

a sensitive biomarker for monitoring and predicting GC risk.

Previous studies have shown that the serum OPN levels can be affected by

various factors, including age, sex, infections, smoking and alcohol. However, the

exact natures of these influences remain elusive. In this study, serum OPN levels

were positively correlated with patient age and were higher in patients .50 years,

at all levels of diseases. These results were consistent with those of other studies

[14, 27]. It is likely that the higher OPN levels in elderly patients were mostly

caused by higher expression levels in macrophages, rather than by an increasing

number of infiltrated macrophages. However, in contrast with these results, some

studies failed to find any relationship between OPN levels and age [20, 28], and

more studies are therefore needed to clarify this issue.

We also found a significant difference in serum OPN levels between men and

women; OPN levels were significantly higher in men in the mild SG, AG and GC

groups. Thus, we suspect female hormones may have some effect on OPN

expression. But previous studies indicated that this effect is complex. Estrogen

may play different roles in diverse types of cells [29]. For example, in invasive

breast cancer tissues, estrogen was negatively correlated with OPN expression

[30], but other study suggested estrogen increased OPN level [31]. Furthermore,

different doses of estradiol also exert different effects on OPN levels [32]: low-dose

estradiol may down-regulate the expression of OPN mRNA, while high-dose

estradiol can up-regulate it. Some recent studies [33–35] found that serum OPN

levels had a significant negative correlation with bone mineral density in

menopausal women, and it was considered a negative feedback effect on bone

mediated by OPN through beta-adrenergic signal pathway [36]. These findings

may help us better understand the relationship between serum OPN and age and

sex, though the precise mechanism remains unclear.
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The influence of H. pylori infection on serum OPN levels has rarely been

reported. In this study, we found no significant differences in OPN levels between

H. pylori IgG (+) and H. pylori IgG (2) patients with different gastric diseases.

Researchers in Taiwan [37] found that OPN expression levels were elevated in H.

pylori-infected gastric mucosa compared with non-infected mucosa, and the

heavier the inflammation of the stomach, the higher level of OPN expressed in

gastric mucosa. They further confirmed that the OPN expressed in the gastric

mucosa was produced primarily by monocytes, rather than by gastric epithelial

cells. It has been reported [38] that increased OPN expression was closely related

to infiltration of monocytes macrophages and increased cellular proliferation, in

renal tubules. But it remains unclear whether the relationship between OPN levels

and monocyte infiltration also exists in gastric mucosa. Further studies are

therefore needed to elucidate this relationship.

The results of the current study showed that both smoking and drinking

significantly promoted serum OPN expression, at least in patients with mild SG.

This finding has been supported by many studies [39–42]. It has been proven that

both nicotine and alcohol give rise to elevated OPN level. Several early studies

[43–45] had revealed that smoking and alcohol have some effect on chemokine

mRNA expression, in the progression of chronic gastritis to atrophy. In this study,

we found that the effects of smoking and drinking on OPN expression in patients

with mild SG were not replicated in patients with AG or GC, so we speculate that

the influences of smoking and drinking on GC risk may lie principally in the

process of transition from SG to AG, rather than the subsequent transition from

AG to GC, and OPN may play an important role in the process of chronic gastritis

to atrophy, despite the lack of published evidence. If our hypothesis is confirmed,

it suggests that more emphasis should be placed on smoking and drinking

cessation in patients with gastric diseases prior to the development of AG.

This study had several limitations. First, H. pylori status was only judged by

serum IgG anti-H. pylori rather than using more effective test such as 13C Urea

Breath Test or HpSA in stool. Second,there is no OLGA score available to

determine the risk of development of gastric cancer in the patients with atrophic

gastritis. Third, the relationships between OPN expression and smoking and

drinking were not examined in depth because of inadequate data on cigarette use

and alcohol consumption. We were unable to elaborate on the correlation

between serum OPN levels and different types of GCs, because of limited

information on GCs. In addition, histological samples and OPN tissue expression

were not investigated in this study. Further studies based on more complete data

are therefore warranted to verify and supplement the results of the current study.

In conclusion, the results of this study suggest that serum OPN expression was

closely related to the risks of GC and AG, and it might be a useful marker for the

discrimination of GC. OPN level was positively correlated with age and male, but

was not affected by H. pylori infection, and it was promoted by smoking and

drinking in patients with mild SG. So, close attention should be paid to changes in

serum OPN levels in patients already diagnosed with AG. After adjusting for age

and sex, serum OPN may be an effective reference for the early recognition of GC,
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and may provide a useful guidance for choosing appropriate treatment measures

for patients with gastric diseases.
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