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Abstract
Background: C-X-C motif chemokine 17 (CXCL17), a newly identi�ed chemokine, and its possible receptor, G-
protein coupled receptor 35 (GPR35) were potential proteins involved in carcinogenesis; nevertheless, their
involvement in gastric cancer (GC) initiation and development, which we aimed to evaluated in this study,
remains unde�ned.

Methods and materials: CXCL17 and GPR35 expressions in normal gastric gland of non-atrophic gastritis (NAG-
NOR), intestinal metaplasia of atrophic gastritis (AG-IM), IM adjacent to GC (GC-IM), and GC tissues was
determined by immunohistochemistry. Their possible roles were analyzed by the Cancer Genome Atlas (TCGA)
data mining and western blot.

Results: Either CXCL17 or GPR35 showed a strongest expression in GC-IM among the four types of tissues:
CXCL17: GC-IM vs. AG-IM (P < 0.001), GC-IM vs. GC (P < 0.001); GPR35: GC-IM vs. AG-IM (P < 0.001), GC-IM vs.
GC (P < 0.01). Their expressions were positively correlated in GC tissues (Spearman r = 0.2933, P < 0.001).
CXCL17 expression was negatively correlated with the depth of tumor invasion (P = 0.015) and tumor maximum
diameter (P = 0.003). Higher CXCL17 expression independently predicted for better survival in GC patients. TCGA
analysis suggested CXCL17 expression was positively correlated with the transcriptional level of gastric
mucosal maturation indicators TFF1, TFF2, PGC and MUC5AC, but negatively with the dedifferentiation
indicators CDX1 and SFRP family members. Protein-protein interaction (PPI) revealed the potential connection
of GPR35-CXCL17-CCL20. Overexpressing CXCL17 in HGC27 cell line downregulated SFRP2 and CDX1, but
upregulated CCL20 expression.

Conclusion: CXCL17 and GPR35 may play a vital role in GC initiation and development, especially in the IM to
GC process. A higher CXCL17 expression independently predicted for better survival in GC patients, with a
possible role in maintaining gastric mucosa maturation.

Introduction
Gastric cancer (GC) is one of the most common cancers and its death rate ranks third among tumors
worldwide1. Patients with GC often have a poor prognosis because of low early diagnostic rate and limited
therapeutic options2. The initiation of GC is a stepwise process: under the synergistic effect of environmental
and genetic elements, individuals sequentially develop gastric mucosal atrophy and/or intestinal metaplasia
(IM), and GC. During this process, cell atypia degree gradually increases with the gradual accumulation of
oncogenic molecular events3-5. 

Chemokines are a group of small chemotactic cytokines known for their roles in recruiting and activating
immunologic effectors. Evidence suggested that they play pivotal roles in in�ammatory or immune related
diseases and carcinogenesis6,7. C-X-C motif chemokine 17 (CXCL17) is a newly characterized chemokine
reported to be constitutively and inductively expressed in mucosal tissues and function in anti-in�ammatory and
anti-microorganism processes8-10. The role of CXCL17 in carcinogenesis probably depends on speci�c tumor
context. Breast, hepatocellular, and colon cancers had high CXCL17 production, with a contribution to poor
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survival; whereas CXCL17 exerted a protective role in pancreatic cancer through stimulating anti-tumor immune
responses 11-15. Nevertheless, its involvement in GC initiation and development remains uncertain.

G-protein coupled receptor 35 (GPR35) is a member of the G protein-coupled receptors. These receptors are
membrane proteins structurally characterized by seven membrane-spanning helices and responsible for
transducing signaling induced by extracellular component change. In the report from José L. Maravillas-Montero
et al., transfection of GPR35 into Ba/F3 cells, which are originally non-responsive to CXCL17 and don’t express
GPR35, could render them responsive to CXCL1716. Furthermore, downregulation of GPR35 was found in the
lungs of Cxcl17-/- mice in their study16. Based on these observations, GPR35 was de�ned as a possible receptor
of CXCL17. Studies have associated GPR35 with several pathological processes like hypoxia, in�ammation,
pain transduction and tumorigenesis17,18. The upregulation of GPR35 and its correlation with poor prognosis in
lung and colon cancer tissues was reported11,19. Activation of the GPR35 pathway can directly promote
epithelial cell proliferation and coordinate macrophages' ability to create a tumor-permissive environment20. It
can also mediate chemoresistance partially via β-arrestin-2/Akt signaling and inhibition of this signaling could
overcome chemoresistance19. However, its expression and involvement in gastric cancer initiation and
development remains unde�ned.

In the present study, we detected the expression of CXCL17 and GPR35 in the normal gastric gland of non-
atrophic gastritis (NAG-NOR), intestinal metaplasia of atrophic gastritis (AG-IM), intestinal metaplasia adjacent
to GC (GC-IM), and GC tissues, aiming to reveal their expression during GC initiation and development and the
clinical signi�cance. We also explored the potential mechanism by which they participate in GC development.

Materials And Methods

Patients and tissue specimens
NAG-NOR (CXCL17, n = 30; GPR35, n = 30), AG-IM (CXCL17, n = 74; GPR35, n = 60), GC-IM (CXCL17, n = 88;
GPR35, n = 91), and GC (CXCL17: n = 260; GPR35, n=227) tissues were collected from October 2012 to June
2019 in the First A�liated Hospital of China Medical University. Samples were obtained from surgical operations
or endoscopic biopsies. Patients with unavailable tissue samples or uncertain diagnosis were excluded. Clinical
characteristics of patients were obtained from electronic medical record. Survival information was obtained
from 111 patients in the CXCL17 group and 103 patients in the GPR35 group, respectively. The last follow-up
date was November 25, 2019.

The study was approved by the Institute Research Medical Ethics Committee of the First A�liated Hospital of
China Medical University and informed consent was waived by the committee because of the di�culty for
contacting the patients and that the patient's privacy was fully protected.

Immunohistochemistry
Formalin-�xed and para�n-embedded gastric tissues were cut into 4-μm-thick sections and subjected for
immunohistochemistry using biotin-avidin complex method at room temperature. Brie�y, after depara�nizing
and rehydrating, the sections were heated in boiled EDTA buffer for antigen retrieval. Then successive incubation
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with primary and secondary antibodies was performed and DAB (DAB-0031, maxim Inc., Fujian, China) was used
for staining. Anti-CXCL17 antibody (catalog number: MAB4207; R&D Systems, Inc.) was used at a concentration
of 10 ug/ml and anti-GPR35 antibody (cytoplasmic domain ab 188949; Abcam) was used at a concentration of
7 ug/ml, respectively. For quality control, negative controls were run in parallel, and PBS was used instead of the
primary antibody.

Evaluation of immunohistochemistry
Semi-quantitative scoring method was utilized to assess the expression level of CXCL17 and GPR35. The
percentage of stained cells (S) and immunostaining intensity (I) were evaluated. The percentage score ranged
from 0 to 4 (0% - 5% scores 0; 5%–25% scores 1; 25%–50% scores 2; 50%–75% scores 3; 75%–100% scores 4)
and the intensity score ranged from 0 to 3 (0, no staining; 1, weak; 2, moderate; 3, strong). All �elds under the
microscope were viewed. Different pathological lesions were distinguished and scored by two experienced and
highly quali�ed pathologists independently. The �nal IS score was obtained by multiplying the percentage of
stained cells (S) with intensity (I), which ranged from 0 to 12. 

TCGA data mining
GEPIA2 (http://gepia2.cancer-pku.cn/#index) website was used to compare the mRNA expression of CXCL17
and GPR35 in stomach adenocarcinoma (STAD) vs. corresponding normal tissues by matching TCGA normal
and GTEx data21. R software (R 4.0.3) was applied for co-expression (volcano plots) and correlation analysis
(correlation plot) utilizing TGCA data normalized by the log2 [TPM (Transcripts per million) +1] transformation. R
package “limma” was used to identify the differential expression genes (DEGs) after dividing the TCGA samples
into two groups according to the expression level of CXCL17 and GPR35, respectively. The DEGs shared by
CXCL17 and GPR35 were used for PPI network construction using the “multiple protein” module of STRING,
with the edges indicating both functional and physical protein associations  (https://string-db.org/cgi/input?
sessionId=bJl0ekoEqcJ1&input_page_show_search=on). Then the PPI result was import into Cytoscape
software for visualization and disconnected nodes in the network were hidden.

Cell culture and transfection
HGC-27 (RRID: CVCL_1279) cell line was purchased from the cell bank of Chinese Academy of Medical Science
(Beijing, China). It had been authenticated using STR pro�ling and were mycoplasma-free. Cells were cultured in
RPMI 1640 medium (Solarbio, China) containing 10% foetal bovine serum (Biological industries, Israel) and
placed in a 37℃ incubator with 5% CO2. For transfection, 60 to 80% con�uent cells in a 6-well plate were
transfected with CXCL17 overexpressing or empty plasmid (Gene, China) according to the jetPRIME® DNA
transfection protocol. Twenty-four hours later, cells were lysed with TRIzol reagent (Tiangen, China) and the total
RNA was extracted, reversed into cDNA and subjected to real-time �uorescence qPCR as indicated. β-Actin was
applied for normalization. Program is set as 95 ℃ for 3min, and 45 cycles of 95 ° C for 10s, 60 ° C for 20s and
72 ° C for 30s. The 2− ΔΔCT method was adopted for calculation. The primer sequence of CXCL17 was as
follows: forward 5’-TGCTGCCACTAATGCTGATGT-3’ and reverse 5’-CTCAGGAACCAATCTTTGCACT-3’.

http://gepia2.cancer-pku.cn/#index
https://string-db.org/cgi/input?sessionId=bJl0ekoEqcJ1&input_page_show_search=on
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Western blot
Total proteins were isolated from cells 48 hours after transfection using RIPA Lysis Buffer (Beyotime)
supplemented with protease inhibitors on ice for 30 min, following by centrifugation, quanti�cation with a BCA
protein assay kit (Beyotime) and denaturation by boiling. Then the proteins were separated by SDS-PAGE and
transferred onto a PVDF membrane. The membrane was blocked with QuickBlock™ Blocking Buffer (Beyotime)
for 15 minutes followed by incubation with primary antibodies overnight at 4°C. After washing with TBST for 3
times, the membrane was incubated with goat anti-rabbit or goat anti-mouse secondary antibodies (Abcam) at
room temperature. The chemiluminescent signal was detected by an ECL method. The antibodies and
dilutions applied in this study were CXCL17 (MAB4207, R&D): 1:1000, β-Tubulin (100109-MM05T,
SinoBiological): 1:8000, CDX1 (204876-T08, SinoBiological): 1:2000, SFRP2 (ab92667, Abcam): 1:500 and
CCL20 (10485-T24, SinoBiological): 1:2000.

Statistical analysis
All statistical analyses were conducted using SPSS software (version 26.0, Chicago, IL) or R software (R 4.0.3).
Between-group comparisons of protein expression levels were analyzed by non-parametric test and quantitative
data were presented as mean ± SD. The relationship between CXCL17 and GPR35 protein expressions was
assessed by Spearman correlation analysis. Chi-square test was used to assess the associations of these two
proteins’ expressions with clinical parameters. Univariate survival analysis was performed by log-rank test and
cox proportional hazards model was used for multivariate survival analysis adjusted by variables that had P <
0.05 in the univariate analysis (Supplemental Table S1). The median of IS score was used to identify the high
and low expression groups. An IS score less than or equal to the median score was evaluated as low expression
and higher than that score was identi�ed as high expression. In cancerous cases, the median score was 3 and 6
in CXCL17 and GPR35 cohort, respectively. Reported P values were two-sided, and the signi�cance level was set
at 0.05 for all analyses.

Results

Expression of CXCL17 and GPR35 in different pathological
lesions
The expression of CXCL17 in NAG-NOR vs. AG-IM was not signi�cant (P > 0.05). CXCL17 expression was
signi�cantly higher in GC-IM than AG-IM or GC (both P < 0.001) (Fig.1A). Likewise, the expression of GPR35 in
NAG-NOR vs. AG-IM was not signi�cant (P > 0.05), while it was signi�cantly upregulated in GC-IM in comparison
to AG-IM or GC (P < 0.001 and P < 0.01, respectively) (Fig.1B). The representative immunostaining pictures were
displayed in Fig.1C, with CXCL17 mainly expressed in the cytoplasm of gastric epithelial cells and GPR35 in the
cell membrane of GC-IM and GC cells.

Correlation between CXCL17 and GPR35 expressions
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The expression correlation between CXCL17 and GPR35 was assessed according to different pathological
lesions (Fig.2). They had a signi�cantly positive correlation in GC tissues (Spearman r = 0.2933, P < 0.001)
(Fig.2A) rather than in the NAG-NOR, AG-IM or GC-IM tissues (each P value > 0.05) (Fig.2B-D).

Clinical signi�cance of CXCL17 and GPR35 expressions in GC
Clinical information, including gender, age, H.pylori infection status, tumor location, histological type, tumor
stage, the presence of lymph node metastasis, perineural invasion, and vessel carcinoma embolus, and tumor
growth pattern, on 141 patients in the CXCL17 group and 134 patients in the GPR35 group were obtained,
respectively (Table 1). Incomplete data were noted with superscript. CXCL17 expression was negatively related
to tumor invasive depth (P = 0.015) and maximum diameter (P = 0.003). In�ltrative growth pattern was more
common in GC cases whose tumor tissues lowly expressed CXCL17. The expression level of GPR35 was
associated with age and tumor histological types: patients over 60 years old or whose tumors were
adenocarcinoma tended to have higher GPR35 expression. No signi�cance was shown for other clinical
parameters.

Prognostic signi�cance of CXCL17 and GPR35 expressions in
GC
111 and 103 GC cases were included for prognostic analysis in the CXCL17 and GPR35 groups, respectively.
Patients with higher CXCL17 expressions had better survival in comparison to those with lower expressions
(median OS: not reached vs. 31 months; log-rank P = 0.031) (Fig 3A). The median OS of patients with high
GPR35 expression was 42 months, which was longer than the 36 months of patients with low GPR35
expression, but the difference was not signi�cant (P = 0.616) (Fig 3B). Besides, multivariate survival analysis
suggested that the high expression of CXCL17 independently predicted for a better overall survival in GC
patients (P = 0.027; HR = 0.484, 95%CI = 0.255-0.919) (Table 2).

Identi�cation of DEGs by TCGA analysis
Comparison of the transcriptional levels of CXCL17 and GPR35 in stomach adenocarcinoma (STAD) vs.
corresponding normal tissues exhibited that CXCL17 was downregulated while GPR35 was upregulated in
STAD (Fig.4A and 4B).

TCGA samples were divided into two groups according to the expression level of CXCL17 and GPR35,
respectively. DEGs were identi�ed based on |logFC| ≥ 0.5 and adjust P value ≤ 0.05 (Fig 4C and 4D). The top 20
positively or negatively regulated genes were visualized in the correlation plot (Fig.4E and 4F). The expression of
CDX1 was negatively correlated with CXCL17 but positively correlated with GPR35; SFRP2 expression was
negatively correlated with both CXCL17 and GPR35. Notably, CXCL17 expression was positively correlated with
the expression of gastric mucosal maturation indicators TFF1, TFF2, PGC and MUC5AC, but negatively
correlated with the dedifferentiation indicators CDX1 and SFRP family members, suggesting the involvement of
CXCL17 in gastric cell differentiation and its potential contribution to gastric epithelial cell maturation.
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PPI network construction
The DEGs shared by CXCL17 and GPR35 were used for PPI network construction and the results showed that
CXCL17, GPR35 and CCL20 might be functionally associated (Fig.5A and 5B). 

Regulatory roles of CXCL17 in HGC27 cell line
Given that CXCL17 may contribute to GC differentiation, we selected the poorly differentiated GC cell line HGC27
for further validation by Cancer Cell Line Encyclopedia (CCLE) analysis (Fig 6A). The �uorescent photograph
(Fig.6B), qPCR (Fig.6C) and western blot (Fig.6D) veri�ed the successful overexpression of CXCL17 in HGC27
cell line. Overexpressing CXCL17 signi�cantly downregulated the expression of CDX1 and SFRP2 (Fig.6D).
CCL20 expression was signi�cantly upregulated after overexpressing CXCL17 (Fig.6D).

Discussion
CXCL17 is a newly discovered mucosal chemokine known to recruit macrophages and likely to play both a
harmful and protective role in human health and disease22. Different types of cancer may utilize CXCL17 in
totally distinct ways. Nevertheless, the expression pattern of CXCL17 during GC initiation and development, in
other words, the dynamic process of gastric lesion aggravation, remains unde�ned. We detected the protein
expression of CXCL17 and its possible receptor, GPR35, in NAG-NOR, AG-IM, GC-IM, and GC tissues, and
evaluated their clinical signi�cance as well as prognostic value. The potential regulatory and biological roles of
CXCL17 were further explored through TCGA data mining and in vitro experiment.

GC seldom develops from the normal gastric mucosa, but where originally lies a pathological lesion, such as the
precancerous lesion IM. Most GCs had experienced the process of IM before the occurrence of gastric cancer.
We found that CXCL17 expression gradually increased from NAG-NOR, AG-IM to GC-IM, but dramatically
downregulated in GC tissues. This implied the loss of CXCL17 may be a key molecular event contributing to GC
development. A prior study evaluated the expression of CXCL17 in 22 different rat tissues and found it had
highest expression in stomach; furthermore, treating the primary gastric cells isolated from rat glandular
stomachs with bacteria-derived LPS signi�cantly increased CXCL17 expression in a dose-dependent manner9.
These suggested CXCL17 exhibited stable gastric mucosa expression under physiological conditions. Stimuli
like bacterial materials can promote its expression probably for resisting harmful responses.  Consistent with the
above conjecture, we observed the frequent and sequentially increased expression of CXCL17 in NAG-NOR, AG-
IM and GC-IM tissues. We speculate that this was also the result of cells stimulated by gastric environment
during the development of gastric lesions and may protect gastric cells from cancer cell transformation.

Clinically, low expression of CXCL17 indicated deeper invasive extent, tendency of in�ltrative tumor growth
pattern, and larger tumor volume as suggested from our analysis. The low expression also independently
predicted for better prognosis for GC patients. These results supported our speculation that CXCL17 may play an
inhibitory role during GC development, though the underlying mechanism needs further studies to clarify.

Studies have identi�ed the upregulation of GPR35 in lung and colon cancers and its association with poor
prognosis19,23. A more recent study reported the dual role of GPR35 in promoting colon cancer, where it could
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directly augment proliferation of epithelial cells, and facilitated tumor-permissive environment formation via
macrophages20. Nevertheless, its expression in different gastric lesions and clinical signi�cance in GC needed
study to illustrate. We ascertained the absent expression of GPR35 in NAG-NOR and AG-IM, and high expression
in GC-IM and GC. This result proved that the upregulation of GPR35 was initiated in the process of IM to
GC. Additionally, GC tissues exhibited signi�cantly lower expression of GPR35 in comparison to GC-IM.
Combining these results, we speculated GPR35 exhibited a two-stage regulation pattern during GC initiation and
development and a more complex role which needs to be proved by further in-depth experiments.

The binding of CXCL17-GPR35 was identi�ed due to the ability of GPR35 to render responsibility to CXCL17 in
Ba/F3 cells and their similar expression patterns in mucosa tissues16. However, two later studies showed the
speci�city of their binding was not strong and there might be other receptors distinct from GPR3524,25. We
evaluated the correlation between the expressions of CXCL17 and GPR35 in different pathological lesions. The
strength of association observed here (a spearman r of 0.2933) in GC tissues was similar to that reported (a
spearman r of 0.295) in colon cancer13. However, the pre-cancerous lesions didn’t exhibit this association. These
results may indicate that GPR35 was probably not a bona �de receptor for CXCL17, as suggested by Nurul A S
Binti Mohd Amir et al24. And this might also indicate that the binding of CXCL17 to GPR35 was not strong, and
of tissue speci�c, which of course, required further research con�rmation.

To further explore the potential roles of CXCL17 and GPR35 in GC development, we performed TCGA data
mining and preliminary concluded that CXCL17 may be associated with the process of gastric mucosal
epithelium maturation based on the observation that its expression was positively associated with TFF1, TFF2,
PGC and MUC5AC expressions, and negatively associated with CDX1 and SFRP family members
expressions. TFF1, TFF2 and MUC5AC were proved to play an important role in maintaining the integrity and
barrier function of gastric mucosa against bacterial colonization and the development of chronic
in�ammation26-29. Their loss of expression is closely related to the occurrence of GC 30,31. We suggested that
CXCL17 may have a similar effect on gastric mucosa. CDX1 is a DNA binding protein related to the intestinal
phenotype of gastric epithelial cells and may also be involved in the development of Hp-related GC 32,33. SFRP2,
whose full name is secreted frizzled related protein 2, can directly bind to Wnts to regulate Wnt signaling
participating in cell growth and differentiation34-37. On the basis of TCGA data mining, we veri�ed that
overexpressing CXCL17 in HGC27, a poorly differentiated GC cell line, downregulated the expression of CDX1
and SFRP2. The regulation of CXCL17 on CDX1 and SFRP2 may be one of the possible mechanisms by which
CXCL17 participates in the differentiation of gastric epithelial cells. In addition, we found that overexpressing
CXCL17 signi�cantly upregulate CCL20, a chemokine with chemotaxis to dendritic cells and regulatory T cells.
Like CXCL17, CCL20 was reported to play an important role in mucosal immunity in homeostasis or
in�ammation stutas38-40. Our results suggest that CXCL17 and CCL20 may have a synergistic effect.

In conclusion, CXCL17 and GPR35 may play a vital role in GC initiation and development, especially in the IM to
GC process. A higher CXCL17 expression independently predicted for better survival in GC patients, with a
possible role in maintaining gastric mucosa maturation.
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Table 1

 Associations of CXCL17 and GPR35 protein expressions with clinicopathological parameters in GC.

    CXCL17 expression     GPR35 expression  

Variables Cases Low
 n(%)

High
 n(%)

P value Cases Low
 n(%)

High
 n(%)

P value

Total 141       134 74 60  

Gender                

Male 108 61(56.5) 47(43.5)   99 56(56.6) 43(43.4)  

Female 33 23(69.7) 10(30.3) 0.176  35 18(51.4) 17(48.6) 0.599

Age(years)                

>60 76 40(52.6) 36(47.4)   71 33(46.5) 38(53.5)  

<=60 65 44(67.7) 21(32.3) 0.069  63 41(65.1) 22(34.9) 0.031

H.pylori infection1                

Positive 71 43(60.6) 28(39.4)   63 36(57.1) 27(42.9)  

Negative 30 20(66.7) 10(33.3) 0.563  31 14(45.2) 17(54.8) 0.274

Tumor location                

Body only 22 11(50.0) 11(50.0)   22 12(54.5) 10(45.5)  

Antrum only 73 42(57.5) 31(42.5)   72 37(51.4) 35(48.6)  

Others 46 31(67.4) 15(32.6) 0.345 40 25(62.5) 15(37.5) 0.525

Histological type                

Adenocarcinoma 112 65(58.0) 47(42.0)   104 52(50.0) 52(50.0)  

Absolute signet ring
cell carcinoma

8 6(75.0) 2(25.0)   8 8(100.0) 0(0.0)  

Mixed carcinoma 19 11(57.9) 8(42.1)   20 13(65.0) 7(35.0)  

Lymphoepithelioma-
Like Carcinoma

2 2(100.0) 0(0.0) 0.516 2 1(50.0) 1(50.0) 0.038

Stage                

Early 9 4(44.4) 5(55.6)   10 8(80.0) 2(20.0)  

Advanced 132 80(60.6) 52(39.4) 0.485 124 66(53.2) 58(46.8) 0.184

Invasive extent1                

T1 10 3(30.0) 7(70.0)   11 8(72.7) 3(27.3)  

T2 23 10(43.5) 13(56.5)   19 10(52.6) 9(47.4)  

T3 17 8(47.1) 9(52.9)   17 9(52.9) 8(47.1)  
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T4 90 62(68.9) 28(31.1) 0.015 86 46(53.5) 40(46.5) 0.671

TNM stage1                

29 17(58.6) 12(41.4)   28 16(57.1) 12(42.9)  

30 16(53.3) 14(46.7)   28 15(53.6) 13(46.4  

79 50(63.3) 29(36.7)   75 40(53.3) 35(46.7)  

1 0(0.0) 1(100.0) 0.489 1 1(100.0) 0(0.0) 0.810 

Lymph node
metastasis1

               

Positive 98 61(62.2) 37(37.8)   93 51(54.8) 42(45.2)  

Negative 40 21(52.5) 19(47.5) 0.290  38 21(55.3) 17(44.7) 0.965

Perineural invasion1                

Positive 113 69(61.1) 44(38.9)   110 57(51.8) 53(48.2)  

Negative 25 12(48.0) 13(52.0) 0.230  20 14(70.0) 6(30.0) 0.133

Vessel carcinoma
embolus1

               

Positive 85 51(60.0) 34(40.0)   79 41(51.9) 38(48.1)  

Negative 55 32(48.0) 23(41.8) 0.831  54 32(59.3) 22(40.7) 0.402

Growth pattern                

super�cial
spreading

2 1(50.0) 1(50.0)   3 3(100.0) 0(0.0)  

In�ltrative 118 76(64.4) 42(35.6)   112 64(57.1) 48(42.9)  

Nested/cloddy 21 7(33.3) 14(66.7) 0.027 19 7(36.8) 12(63.2) 0.074

Maximum
diameter(cm)1

               

>4.5 84 58(69.0) 26(31.0)   83 42(50.6) 41(49.4)  

<=4.5 55 24(43.6) 31(56.4) 0.003 49 31(63.3) 18(36.7) 0.157

   1 Incomplete information
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Table 2

 Univariate and multivariate analysis of survival in gastric cancer patients

Variables Cases Univariable
Analysis

  Multivariable Analysis

P value   Hazard Ratio (95%
CI)

P value

CXCL17 expression (Low vs. high) 111 0.031   0.484(0.255-0.919) 0.027 

GPR35 expression (Low vs. high) 103 0.616    1.005(0.563-1.794) 0.986

TNM stage (I+II vs. III+IV) 111 0.005   1.787(0.917-3.481) 0.088

Perineural invasion (No vs. yes) 111 0.003   4.938(1.156-21.086) 0.031

Vessel carcinoma embolus (No vs.
yes)

111 0.047   1.073(0.557-2.065) 0.834

Maximum diameter (<=4.5 vs.
>4.5cm)

111 0.008   1.865(0.892-3.897) 0.098

Invasive extent and lymph node metastasis were not included for analysis because they are closely related to
TNM stage
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Figure 1

The protein expression of CXCL17 and GPR35 in NAG-NOR, AG-IM, GC-IM and GC. A. Comparison of CXCL17
expression; B. Comparison of GPR35 expression; C. Representative images of CXCL17 and GPR35
immunostaining, respectively. Magni�cation: ×200. Abbreviations: NAG-NOR, normal gastric gland of non-
atrophic gastritis; AG-IM, intestinal metaplasia of atrophic gastritis; GC-IM, intestinal metaplasia adjacent to
gastric cancer; GC, gastric cancer.
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Figure 2

Correlation between CXCL17 and GPR35 expressions. A. GC; B, GC-IM; C, AG-IM; D. NAG-NOR. Abbreviations:
NAG-NOR, normal gastric gland of non-atrophic gastritis; AG-IM, intestinal metaplasia of atrophic gastritis; GC-
IM, intestinal metaplasia adjacent to gastric cancer; GC, gastric cancer.
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Figure 3

CXCL17 and GPR35 expressions with GC prognosis. A. K-M curve for CXCL17; B. K-M curve for GPR35
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Figure 4

Identi�cation of DEGs by TCGA analysis. A. The mRNA level of CXCL17 and GPR35 in STAD vs. normal tissues;
B. The mRNA level of GPR35 in STAD vs. normal tissues; C. Volcano plot of the DEGs in CXCL17-high vs.
CXCL17-low; D. Volcano plot of the DEGs in GPR35-high vs. GPR35-low; Red color is indicative of upregulated
genes and green color of downregulated genes; E. Correlation plot of the top 20 up- and down- regulated genes
of CXCL17; F. Correlation plot of the top 20 up and down- regulated genes for GPR35; Red dots indicate positive
correlations and blue dots indicate negative correlations. Abbreviations: DEGs, differentially expressed genes.
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Figure 5

PPI construction. A. Eighty-nine genes were identi�ed shared by CXCL17 and GPR35; B. These eighty-nine genes
were used for PPI construction following visualization by Cytoscape with disconnect nodes discarded.
Abbreviations: PPI, protein-protein interaction
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Figure 6

TCGA validation. A. CXCL17 expression in different gastric cell lines by CCLE analysis; B. Fluorescent
photograph after transfection of CXCL17 into HCG27 cell line; C. The relative mRNA expression of CXCL17 in
CXCL17 CON vs. CXCL17 OE after CXCL17 transfection; D. The regulatory role of CXCL17 on CDX1, SFRP2 and
CCL20 in HGC27 cells. Abbreviations: CCLE, Cancer Cell Line Encyclopedia; CON, control; OE, overexpression
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