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Abstract. TAFA chemokine like family member 5 (TAFA5), 
a TAFA family member that encodes small secreted proteins 
in the central nervous system, has been demonstrated to have 
increased expression in human malignancies. However, the 
expression and function of TAFA5 in gastric cancer (GC) 
remains unclear. In the present study, public datasets and human 
GC samples were used to determine the TAFA5 expression 
levels. The results revealed that TAFA5 was upregulated in GC 
when compared with adjacent normal tissues. Overexpression 
of TAFA5 in GC was associated with poor differentiation, and 
worse tumor, nodal and metastasis stages. In addition, high 
TAFA5 expression was correlated with unfavorable patient 
prognoses. In vitro experiments indicated that downregula-
tion of TAFA5 inhibited the proliferation and migration of 
GC cell lines. Finally, the results from gene set enrichment 
analysis using data from The Cancer Genome Atlas revealed 
that TAFA5 expression was significantly correlated with genes 
associated with epithelial‑mesenchymal transition, which was 
further confirmed by western blot analysis. In conclusion, the 
results of the present study suggested that TAFA5 had signifi-
cant effects on GC progression, suggesting that it may serve as 
a potential therapeutic target for GC therapy.

Introduction

Gastric cancer (GC) is one of the most prevalent and lethal 
malignancies worldwide  (1). Although its incidence and 
mortality rates have markedly declined in western countries 
over the last century (2,3), GC remains a serious health burden 
in some parts of the world, such as China and Japan (1,4). 
Surgery is currently the only available radical treatment 
for GC, but patients are often diagnosed at later stages, 
rendering them unfit for radical surgery, or they experience 

postsurgical disease relapse or metastasis, which worsens their 
prognosis  (5). Comprehensive treatment for advanced GC 
remains unsatisfactory. Therefore, elucidation of the molecular 
mechanisms underlying GC invasion and metastasis is of vital 
importance.

TAFA chemokine like family member 5 (TAFA5), also 
known as Family with sequence similarity 19‑member A5 
C‑C motif chemokine like, belongs to the TAFA family, which 
includes 5 members that are predominantly expressed in the 
central nervous system (6). These genes encode small secreted 
proteins named TAFA1‑TAFA5, which are evolutionarily close 
to macrophage inflammatory protein 1A [currently known as 
chemokine C‑C motif ligand 3 (CCL3)], a member of the small 
C‑C chemokine family (6). Under physical conditions, TAFA5 
colocalizes with vasopressin and oxytocin in the hypothalamic 
paraventricular nucleus, and may be involved in fluid homeo-
stasis regulation  (7). In addition, TAFA5 is a downstream 
target of Wnt family member 9 (Wnt9) b and can be activated 
by interactions between c‑Myc and β‑catenin to induce Wnt9b/
β‑catenin‑mediated progenitor renewal in the developing 
kidney (8,9). Furthermore, TAFA5 inhibits osteoclast forma-
tion along with its receptor, formyl peptide receptor 2 (FPR2), 
by stimulating bone marrow‑derived macrophages (10). Using 
a proteomic approach, Janvilisri et al (11) identified TAFA5 
as one of the most increased serum tumor markers that could 
distinguish human cholangiocarcinoma from benign biliary 
tract diseases. In addition, Diaz de Stahl et al (12) analyzed 
50 glioblastoma samples with a high‑resolution tiling‑path 
chromosome 22 array and discovered 2 amplified regions on 
chromosome 22 that were characteristics for patients with 
tumors. Further analysis of these regions revealed two novel 
genes, including TAFA5. As no such variation was identified 
in a series of normal individuals, the authors speculated that 
these genes were involved in glioma tumorigenesis (12). In 
a large‑scale genome‑wide association study, Wu et al (13) 
identified 5 loci associated with susceptibility to pancreatic 
cancer, including one that was located upstream of TAFA5 at 
chromosome 22.

Although an accumulating body of evidence has been 
suggestive of the involvement of TAFA5 in tumorigenesis, its 
role in GC development and progression remains unclear. The 
present study evaluated the clinical and prognostic significance 
of TAFA5 in 90 human GC samples and validated the results 
with data from two public datasets. The present study also 
investigated the in vitro activities of TAFA5 in cultured GC 
cells and characterized the potential underlying mechanisms 
of action.
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Materials and methods

Patients and specimens. A total of 18 paired human GC 
samples and their matched gastric normal tissues (NTs) were 
collected at the time of surgical resection at the Fifth People's 
Hospital of Shanghai, Fudan University (Shanghai, China) 
between February 2017 and February 2018. These samples 
were from 13 males and 5 females, with a median age of 64 
(range 52‑86). Patients were included in the study if they were 
initially diagnosed with GC, underwent the surgery and had 
complete clinicopathological information. Those who had 
extensively metastatic tumors, suffered from life‑threatening 
diseases such as severe cardiovascular disease or had other 
types of tumors besides GC were excluded from the study. 
Samples were snap‑frozen in liquid nitrogen and stored at ‑80˚C. 
Paraffin‑embedded tissues were retrieved from the Tissue Bank 
of the Fifth People's Hospital of Shanghai, Fudan University, 
and 4‑µm tissue sections were prepared by the Department of 
Pathology of the same hospital. The present study was approved 
by the Institutional Ethics Committee at the Fifth People's 
Hospital of Shanghai, Fudan University (ethical approval form 
no. 2017‑097) and adhered to the principles in the Declaration 
of Helsinki. Written informed consent was obtained from each 
patient prior to tissue collection for experimentation.

Tissue microarray and immunohistochemistry (IHC). 
Microarray sections of GCs and neighboring NTs were 
prepared by Shanghai Outdo Biotech Co., Ltd. These sections 
contained 90 paired GC and NTs from patients [the tissue 
microarray (TMA) cohort] and the clinicopathological 
characteristics of these patients are summarized in Table I. 
Following deparaffination, rehydration in graded ethanol, 
antigen retrieval with citrate buffer pH 6.0 (1:300 dilution; 
cat. no. ZLI‑9065; OriGene Technologies, Inc.) and blocking 
with goat serum (1:20 dilution; cat. no. C0265; Beyotime 
Institute of Biotechnology) at room temperature for 1 h, slides 
were stained with a rabbit polyclonal antibody against human 
TAFA5 (1:50 dilution; cat. no.  13948‑1‑AP; ProteinTech 
Group, Inc.) at 4˚C overnight. Normal rat immunoglobulin G 
(1:50 dilution; cat. no. D110504; Sangon Biotech Co., Ltd.) 
instead of the primary antibody was used as a control. 
Subsequently, after washing with PBS, a horseradish peroxi-
dase (HRP)‑conjugated secondary antibody (1:2,000; goat 
anti‑rabbit, cat. no. A0208 and goat anti‑rat, cat. no. A0192; 
Beyotime Institute of Biotechnology) was added and incubated 
at room temperature for 1 h. Then, these sections were stained 
with 3,3'‑diaminobenzidine (1:25 dilution; cat. no. GK500705; 
Gene Tech Co., Ltd.) at room temperature for 5 min and coun-
terstained with 100% hematoxylin (cat. no. C0107; Beyotime 
Institute of Biotechnology) at room temperature for 2 min. A 
modified H‑score system was used to semi‑quantitate TAFA5 
expression, as previously described (14). Briefly, the maximal 
intensity of staining (0, negative; 1, weak; 2, moderate; and 
3, strong) was multiplied by the percentage of positive tumor 
cells (0‑100%) to generate the modified H‑score (range: 0‑300). 
TAFA5 staining was categorized as high or low expression 
using the median H‑score.

Access to public datasets. The mRNA expression of TAFA5 in 
GC tissues and normal mucosae was acquired from Oncomine 

(www.oncomine.org) and Gene Expression Omnibus (GEO; 
accession no. GSE79973). The Cancer Genome Atlas (TCGA) 
Stomach Adenocarcinoma (STAD) RNA‑sequence data and 
corresponding phenotype data were downloaded from UCSC 
Xena (https://xenabrowser.net/datapages/). The results in the 
present study are in whole or part based upon data generated 
by the TCGA Research Network (cancergenome.nih.gov). The 
expression of TAFA5 in TCGA STAD was further validated 
by two online analyzing tools specifically designed for TCGA 
data analysis (gepia.cancer‑pku.cn/detail.php?gene=FAM19A5 
and ualcan.path.uab.edu/cgi‑bin/TCGAExResultNew2.
pl?genenam=FAM19A5&ctype=STAD). The original data 
for the prognostic analysis of TAFA5 were downloaded from 
Kaplan‑Meier Plotter (www.kmplot.com) and UCSC Xena 
(xenabrowser.net/heatmap/).

Cell lines. A gastric epithelial cell line (GES‑1) and GC cell lines 
(AGS, HGC27, NCI‑N87, MGC803 and SNU‑1) were obtained 
from the Type Culture Collection of the Chinese Academy of 
Sciences. All of the cells were validated by short tandem repeat 
DNA profiling and were confirmed negative for Mycoplasma 
contamination. Cells were cultured in RPMI‑1640 (BBI Life 
Sciences Corporation) or F12K medium (Zhong Qiao Xin Zhou 
Biotechnology Co., Ltd.) supplemented with 10% fetal bovine 
serum (cat. no. E600001; Sangon Biotech Co., Ltd.), 100 µg/ml 
penicillin, and 100 mg/ml streptomycin at 37˚C with 5% CO2 in 
a humidified incubator (Thermo Fisher Scientific, Inc.).

Construction of TAFA5‑targeting short hairpin (sh)‑RNAs 
and packaging of lentiviruses. Two targeting shRNAs 
(shTAFA5‑1 and shTAFA5‑2) and a nontargeting scrambled 
RNA (scramble) were subcloned into the GV248 lentivirus 
vector by Shanghai GeneChem Co., Ltd. The shTAFA5‑1 
target sequence was 5'‑CGC​AAG​AAT​CAT​CAA​GAC​CAA‑3', 
and the shTAFA5‑2 target sequence was 5'‑CAC​CTG​TGA​
GAT​TGT​GAC​CTT‑3'. Lentiviral stocks were prepared, as 
previously described (15).

RNA extraction and reverse transcription‑quantitative PCR 
(RT‑qPCR). Total RNA was isolated from cell cultures or from 
snap‑frozen tissues from patients with GC using RNAiso Plus 
(Takara Bio, Inc.), according to the manufacturer's instructions, 
and reverse transcribed with HiScript Q Select RT SuperMix 
(cat. no.  R132‑01; Vazyme Biotech Co., Ltd.), according 
to the manufacturer's protocol. qPCR was performed with 
SYBR Green Master Mix (cat. no. Q131‑02; Vazyme Biotech 
Co., Ltd.) and quantified using the 2‑ΔΔCq method (16). The 
thermocycling conditions were as follows: 95˚C for 30 sec, 
followed by 40 cycles of 95˚C for 10 sec, 60˚C for 32 sec, 95˚C 
for 15 sec, 60˚C for 60 sec and 95˚C for 15 sec. Each sample 
was assayed in duplicate. All PCR products were confirmed 
by 2.0% agarose gel electrophoresis. The sequences of the 
primers were as follows: TAFA5, forward 5'‑GTG​AGT​TTG​
GCC​ACT​CCG​TA‑3' and reverse 5'‑GAA​TGG​ACA​GAT​GGC​
TGG​CA‑3'; and GAPDH, forward 5'‑GTC​AAG​GCT​GAG​
AAC​GGG​AA‑3' and reverse 5'‑AAA​TGA​GCC​CCA​GCC​TTC​
TC‑3'. Experiments were repeated three times in duplicate.

Western blotting. Total protein was extracted from cell 
cultures or homogenized tissues from patients with GC 
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using radioimmunoprecipitation assay lysis buffer (Beyotime 
Institute of Biotechnology) containing phenylmethylsulfonyl 
fluoride (Beyotime Institute of Biotechnology) and proteinase 
inhibitor cocktail solution (Roche Diagnostics), and quantified 
via the bicinchoninic acid assay method, as recommended by 
the manufacturer. Western blotting was performed according to 

standard methods as previously described (17). Briefly, proteins 
(30 µg) were separated by 10% SDS‑PAGE and then trans-
ferred onto a polyvinylidene fluoride membrane. Subsequently, 
the membranes were blocked with 5% fat‑free dry milk at 
room temperature for 1 h. Then, the blots were incubated with 
a rabbit polyclonal antibody against TAFA5 (1:1,000 dilution; 
cat. no. 13948‑1‑AP; ProteinTech Group, Inc.) and monoclonal 
antibodies against E‑cadherin, N‑cadherin, Vimentin and 
ZEB‑1 (1:1,000 dilution; cat. nos. 3195, 13116, 5741 and 3396, 
respectively; Cell Signaling Technology, Inc.) overnight at 
4˚C. GAPDH (1:2,000; rabbit anti‑human; cat. no. AF1186; 
Beyotime Institute of Biotechnology) or β‑actin (1:2,000; 
mouse anti‑human; cat. no. AF0003; Beyotime Institute of 
Biotechnology) were detected as the loading controls. The 
membranes were washed with TBST and incubated with the 
respective HRP‑conjugated secondary antibodies (1:2,000; 
goat anti‑mouse cat. no. A 0216 and goat anti‑rabbit cat. 
no. A0208; Beyotime Institute of Biotechnology) at room 
temperature for 1 h. The proteins were finally visualized using 
an enhanced chemiluminescence system (cat. no. P0018AS; 
Beyotime Institute of Biotechnology). The grayscale values of 
protein bands were analyzed using ImageJ software (National 
Institutes of Health).

Proliferation assay. Stably infected AGS and HGC‑27 cells 
(2x103 cells/well) were seeded in 96‑well plates and cultured 
for 24, 48, 72 or 96  h. Then, 10  µl Cell Counting Kit‑8 
(CCK‑8) reagent (10% v/v in serum‑free RPMI‑1640 medium; 
Beyotime Institute of Biotechnology) was added to each well 
and incubated at 37˚C for 1 h. Absorbance was measured at 
450 nm using a microplate reader (BioTek Synergy 2; BioTek 
Instruments, Inc.).

Migration assay. A Transwell migration assay was performed 
as previously reported  (18). Briefly, cells (4x105 cells/ml) 
were seeded in serum‑free RPMI‑1640 or F12K medium in 
the top chamber of the Transwell insert. Medium containing 
20% FBS in the lower chamber served as chemoattractant. 
Following incubation for 24 h at 37˚C, the cells on the top 
side of the membrane were removed with a cotton swab, 
and the migrated cells on the bottom side were fixed with 
methanol for 20 min and then stained with crystal violet 
(0.1% in PBS) for 15 min. A total of 6 randomly selected 
fields per well were imaged under an inverted microscope 
(Leica Microsystems GmbH) using the ImageScope software 
(Leica Microsystems GmbH) with a magnification of x200. 
Then cells were manually counted and analyzed by Excel 
2010 (Microsoft Corporation) and the number of migrated 
cells was counted.

Scratch wound healing assay. A monolayer scratch wound 
assay was employed to evaluate cell migration, as previously 
described (19). Briefly, cells (4x105 cells/well) were seeded in 
12‑well plates and grown to nearly 100% confluence in 10% 
FBS‑containing medium, before being washed with PBS and 
transferred to serum‑free medium for 24 h. Then, a scratch 
wound was generated with a 200 µl pipette tip. Wound closure 
was imaged at 0, 24 and 48 h under an inverted microscope 
(Leica Microsystems GmbH) using the ImageScope software 
(Leica Biosystems GmbH) with a magnification of x40. Then 

Table I. Clinical and pathologic features of patients with 
gastric cancera (n=90).

Feature	N umber of patients (%)

Sex	
  Male	 69 (76.7)
  Female	 21 (23.3)
Age	
  <70	 45 (50)
  ≥70	 45 (50)
Differentiation	
  G2	 28 (31.1)
  G3	 62 (68.9)
Tumor size (cm)	
  <5	 35 (38.9)
  ≥5	 54 (60.0)
  NA	 1 (1.1)
TNM stage	
  I	 12 (13.3)
  II	 27 (30.0)
  III	 49 (54.5)
  IV	 2 (2.2)
Tumor stage	
  T1	 5 (5.6)
  T2	 15 (16.7)
  T3	 46 (51.1)
  T4	 24 (26.6)
Nodal stage	
  N0	 24 (26.7)
  N1	 15 (16.7)
  N2	 23 (25.5)
  N3	 28 (31.1)
Vessel invasion	
  No	 74 (82.2)
  Yes	 16 (17.8)
Nerve invasion	
  No	 74 (82.2)
  Yes	 15 (16.7)
  NA	 1 (1.1)
Expression of TAFA5	
  Low	 41 (45.6)
  High	 49 (54.4) 

aData shown here may be duplicated with those from other published 
resources that are based on the same commercial tissue microarray 
cohort. NA, information not available.
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the wound closure rates were analyzed by ImageJ (v1.8.0; 
National Institutes of Health).

Gene set enrichment analysis. The Gene set enrichment 
analysis (GSEA) is developed by the Broad Institute website 
(http://www.broadinstitute.org/gsea/index.jsp). All GSEA 
analyses were performed using the GSEA 2.2.2 software. 
The TCGA STAD RNA‑seq data were loaded into GSEA 
and run with the latest version of Hallmarks gene sets. The 
number of permutations was set at 1,000, and patient data 
were divided into TAFA5 high and low groups by the median 
of TAFA5 expression. Then GESA was performed according 
to the default weighted enrichment statistics and genes were 
ranked by the Pearson method. Gene sets were considered 
significantly enriched if P<0.05 and FDR < 0.25. Those gene 

sets that were significantly enriched in the TAFA5 high group 
were designated as TAFA5‑positively related gene sets, while 
those that were significantly enriched in the TAFA5 low group 
were designated as TAFA5‑negatively correlated gene sets.

Statistical analysis. Analyses were performed using Microsoft 
Excel 2010 (Microsoft Corporation), GraphPad Prism7 
(GraphPad Software, Inc.), and SPSS version 22 (IBM Corp.). 
Student's t‑test was used for statistical comparisons between 
two groups, while statistical comparisons among multiple 
groups were performed by one‑way analysis of variance 
followed by Bonferroni's post hoc test. Pearson's χ2 test and 
Fisher's exact test were used for categorical comparisons. 
Survival analyses were conducted using the Kaplan‑Meier 
method. Univariate and multivariate survival analyses were 

Figure 1. TAFA5 is upregulated in GC. (A) TAFA5 expression was upregulated in GC tissues compared with NTs (n=10 per group) in the GSE79973 database. 
(B) TAFA5 expression was upregulated in GC (n=415) when compared with NTs (n=35) in TCGA cohort. (C) A logarithmic 2‑ΔΔCq scale was used to represent 
the fold‑changes in TAFA5 mRNA expression in the microarray datasets from the Oncomine Cho gastric and (D) Derrico gastric databases. The cases were 
grouped as follows: 1, no value; 2, gastric intestinal type adenocarcinoma; 3, gastric mixed adenocarcinoma; 4, diffuse gastric adenocarcinoma; and 5, gastric 
adenocarcinoma. (E and F) TAFA5 mRNA expression levels in 18 paired GC tissues and their adjacent NTs. (G and H) Representative blots and quantification 
of TAFA5 protein expression levels from the 18 paired GC tissues and their adjacent NTs. The average TAFA5 expression was normalized to the expression of 
GAPDH. A total of 3 replicates were conducted for each experiment. TAFA5, TAFA chemokine like family member 5; GC, gastric cancer; NT, normal tissue; 
TCGA, The Cancer Genome Atlas; NS, not significant.
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Figure 2. TAFA5 overexpression in GC is associated with poor patient survival. (A) Immunohistochemical staining of TAFA5 in GC tissues and NTs. (A‑a) 
Immunoglobulin G negative control. (A‑b) Positive staining of TAFA5 in GC tissue (magnification, x400). (A‑c) TAFA5 staining in NT (magnification, x200). 
(A‑d) TAFA5 staining in NT (magnification, x400). (A‑e) TAFA5 staining in GC tissue (magnification, x200). (A‑f) TAFA5 staining in GC tissue (magnifica-
tion, x400). (B) H‑scores of TAFA5 staining in NTs and GC. (C) Kaplan‑Meier plots for the OS of patients in the TMA cohort. (D) Kaplan‑Meier plots for OS 
and (E) RFS in TCGA cohort. (F) Kaplan‑Meier plots for OS and (G) RFS in the Kaplan‑Meier Plotter cohort. P‑values were obtained using the log‑rank test. 
Censored data are indicated by the + symbol. Patients were stratified into low and high TAFA5 expression groups according to TAFA5 mRNA expressions 
(<median vs. ≥median) in the TCGA and Kaplan‑Meier Plotter cohorts, or H‑scores of TAFA5 staining (<median vs. ≥median) in the TMA cohort. TAFA5, 
TAFA chemokine like family member 5; GC, gastric cancer; NT, adjacent normal tissue; OS, overall survival; RFS, recurrence‑free survival; TCGA, The 
Cancer Genome Atlas; TMA, tissue microarray.
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conducted with the Cox proportional hazards regression 
model. All statistical tests were two‑sided. P<0.05 was consid-
ered to indicate a statistically significant difference.

Results

TAFA5 is upregulated in GC. By analyzing the TAFA5 
expression profile data from a GEO GC dataset (GSE79973), 
the present study revealed that TAFA5 was upregulated in GC 
tissues compared with NTs (n=10 pairs; P<0.001; Fig. 1A). 
RNA sequencing data from TCGA STAD also revealed an 
increase in TAFA5 expression in GC tissues (n=415) compared 
with in NTs (n=35; P<0.001; Fig. 1B), which was further 
validated by online analysis tools Gepia and Ualcan (data not 
shown). Two additional GC datasets [Derrico gastric(GEO: 
GSE13911), n=69; and Cho gastric(GEO: GSE13861), n=90]
(20,21) with Lauren's classification in the Oncomine database 
indicated that TAFA5 was generally overexpressed in each 
cancer group when compared with the control group, although 
the differences were not significant in three cases with smaller 

samples (Fig. 1C and D). To further validate these observa-
tions, the present study measured TAFA5 expression in 18 
GC tissues and their matched NTs by RT‑qPCR and western 
blotting. The results indicated that TAFA5 mRNA and protein 
expression levels were increased in GC tissues compared with 
NTs (Fig. 1E‑H). Taken together, these results indicated that 
TAFA5 was upregulated in GC.

Overexpression of TAFA5 in GC correlates with unfavorable 
prognosis. To test the hypothesis that TAFA5 protein abun-
dance in GC contributes to increased malignancy, the present 
study examined the TAFA5 expression levels in primary GC 
tissues of a TMA cohort by IHC. As shown in Fig. 2A, TAFA5 
was mainly expressed in the cytoplasm of cancer cells, and 
its expression was stronger in GC tissues than in NTs. The 
H‑score was then used to quantitate TAFA5 staining in these 
tissues, which revealed that TAFA5 expression was signifi-
cantly increased in GC compared with NTs (Fig. 2B). The 
associations between TAFA5 expression and clinicopatho-
logical variables are summarized in Table II. High TAFA5 

Table II. Association between TAFA5 expression and clinicopathological variables in gastric cancer (n=90).

	 TAFA5 expression
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Clinicopathological feature	N umber of patients	L ow (41)	 High (49)	 P‑value

Sex				  
  Male	 69	 32 (46.4)	 37 (53.6)	
  Female	 21	 9 (42.9)	 12 (57.1)	 0.488
Age				  
  <70	 45	 22 (48.9)	 23 (51.1)	
  ≥70	 45	 19 (42.2)	 26 (57.8)	 0.336
Histological grade				  
  G2	 28	 18 (64.3)	 10 (35.7)	
  G3	 62	 23 (37.1)	 39 (62.9)	 0.015
Tumor size (cm)				  
  <5	 35	 18 (51.4)	 17 (48.6)	
  ≥5	 54	 22 (40.7)	 32 (59.3)	 0.220
Tumor stage				  
  T1/T2	 20	 17 (85.0)	 3 (15.0)	
  T3/T4	 70	 24 (34.3)	 46 (65.7)	 0.001
Nodal stage				  
  N0	 24	 16 (66.7)	 8 (33.3)	
  N1‑N3	 66	 25 (37.9)	 41 (62.1)	 0.014
TNM stage				  
  I/II	 38	 24 (63.2)	 14 (36.8)	
  III/IV	 52	 17 (32.7)	 35 (67.3)	 0.004
Vessel invasion				  
  No	 74	 34 (45.9)	 40 (54.1)	
  Yes	 16	 7 (43.8)	 9 (56.2)	 0.548
Nerve invasion				  
  No	 74	 35 (47.3)	 39 (52.7)	
  Yes	 15	 6 (40.0)	 9 (60.0)	 0.410 

Bold type indicates significance.
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expression was significantly associated with poor differentia-
tion, and worse tumor, nodal and metastasis stages.

Next, the present study determined the association between 
TAFA5 expression and patient outcomes. Kaplan‑Meier 
survival analysis of the TMA cohort revealed that patients with 
high TAFA5 expression exhibited a shorter overall survival 
(OS) compared with those with low expression [estimated 
mean OS 30.5 months with 95% confidence interval (CI) 
22.9‑38.1 months vs. OS 53.0 months with 95% CI 44.5‑61.6 
months; log‑rank test, P=0.001; Fig. 2C]. To further confirm 
the adverse prognostic role of TAFA5 in patients with GC, the 
present study downloaded and analyzed TAFA5 transcription 
data from TCGA and Kaplan‑Meier Plotter datasets. The results 
demonstrated that high TAFA5 expression was correlated with 
worse OS and recurrence‑free survival (RFS) in both patient 
cohorts (Fig. 2D‑G). Multivariate analysis using a Cox propor-
tional hazards model revealed that TAFA5 overexpression was 
significantly associated with shorter OS [hazard ratio (HR), 
1.90; 95% CI, 1.04‑3.44; P=0.036], following adjustments for 
tumor size, tumor stage and nodal stage (Table III). Taken 
together, these results indicated that TAFA5 was a prognostic 
marker in GC that was associated with unfavorable prognoses.

TAFA5 promotes the proliferation and migration of cultured 
GC cells. To gain insight into the potential role of TAFA5 in 
GC progression, the present study first examined the intrinsic 
expression levels of TAFA5 in a normal gastric epithelial 

cell line, GES‑1, and in five GC cell lines, via RT‑qPCR and 
western blotting. The results indicated that TAFA5 expres-
sion was markedly increased in GC cells when compared 
with GES‑1 cells (Fig. 3A and B). TAFA5 expression was 
then silenced in HGC‑27 and AGS cells with lentiviruses 
carrying two TAFA5‑specific shRNAs (Fig. 3C and D). In 
cultured GC cells, CCK‑8 assays revealed that knockdown 
of TAFA5 expression significantly inhibited proliferation 
(Fig. 4A and B). In addition, knockdown of TAFA5 expres-
sion decreased cell migration in the scratch wound healing 
assay (Fig. 4C and D) and in the Transwell migration assay 
(Fig.  4E  and  F). Collectively, these results indicated that 
TAFA5 promoted the proliferation and migration of GC cells.

TAFA5 may function by modulating epithelial‑mesenchymal 
transition (EMT) in GC. To characterize the potential mecha-
nism of TAFA5 in promoting tumor progression, the present 
study used the RNA‑seq data for GC samples from TCGA to 
conduct gene set enrichment analysis (GSEA) (22,23). The results 
revealed that TAFA5 expression was positively correlated with 
genes involved in EMT, but not with those in the Wnt/β‑catenin 
signaling pathway (Fig. 5A). Furthermore, as shown in Fig. 5B, 
TAFA5 expression was moderately positively correlated with 
snail family transcriptional repressor (SNAI) 1, SNAI2, twist 
family bHLH transcription factor (TWIST) 1, TWIST2, zinc 
finger E‑box binding homeobox (ZEB) 1, ZEB2, Vimentin, 
N‑cadherin, Wnt9a and Wnt9b, and weakly correlated with 

Figure 3. Silencing of TAFA5 in GC cells. (A) TAFA5 mRNA and (B) TAFA5 protein expression levels in a normal gastric mucosa cell line (GES‑1) and in 
five GC cell lines. (C and D) HGC‑27 and AGS cells were infected with lentiviruses carrying shTAFA5‑1, shTAFA5‑2 or scrambled control shRNA, then 
underwent validation by reverse transcription‑quantitative PCR and western blot analysis. TAFA5, TAFA chemokine like family member 5; sh, short hairpin 
RNA; GC, gastric cancer.
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SNAI3, E‑cadherin and β‑catenin (data not shown). In addition, 
protein expression levels of the epithelial marker E‑cadherin 
were increased, while the mesenchymal markers N‑cadherin 
and Vimentin, and the EMT‑associated transcription factor 
ZEB1 were decreased, following TAFA5 silencing in GC cells 
(Fig. 5C). Taken together, these results suggested an active role 
for TAFA5 in promoting tumor aggressiveness via EMT in GC.

Discussion

Due to effective early screening and Helicobacter pylori eradi-
cation, great achievements have been made in controlling the 
prevalence and mortality rates of GC (1). However, GC remains 
a serious health threat in some parts of the world, such as 
China, due to early metastasis and postsurgical relapse (4,5). 

Comprehensive therapy is often ineffective in patients at 
later stages; thus, a better understanding of the mechanisms 
underlying disease progression, and identification of potential 
therapeutic targets, would be clinically and scientifically benefi-
cial. In the present study, TAFA5 was upregulated in GC tissues 
and cell lines. High expression of TAFA5 was significantly 
associated with worse clinical characteristics and unfavorable 
prognosis in patients with GC. The prognostic value of TAFA5 
was validated using data from TCGA and Kaplan‑Meier Plotter 
databases. Knockdown of TAFA5 expression inhibited the 
proliferation and migration of cultured GC cells. Taken together, 
the present results indicated that TAFA5 may be a novel prog-
nostic marker in patients with GC and that it may have a crucial 
role in promoting tumor progression via the regulation of cell 
proliferation and migration.

Table III. Univariate and multivariate Cox proportional hazard models for overall survival in patients with gastric cancer (n=90). 

	U nivariate analysis	 Multivariate analysis
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑-‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Clinicopathological features	 HR (95% CI)	 P‑value	 HR (95% CI)	 P‑value

Sex				  
  Male	 1 (Reference)			 
  Female	 0.60 (0.30‑1.18)	 0.137		
Age				  
  <70	 1 (Reference)			 
  ≥70	 1.67 (0.99‑2.82)	 0.055		
Histological grade				  
  G2	 1 (Reference)			 
  G3	 1.51 (0.85‑2.69)	 0.162		
Tumor size (cm)				  
  <5	 1 (Reference)		  1 (Reference)	
  ≥5	 3.38 (1.83‑6.22)	 0.001	 2.48 (1.28‑4.77)	 0.007
Tumor stage				  
  T1/T2	 1 (Reference)		  1 (Reference)	
  T3/T4	 4.08 (1.75‑9.56)	 0.001	 1.61 (0.62‑4.22)	 0.330
Nodal stage				  
  N0	 1 (Reference)		  1 (Reference)	
  N1‑N3	 3.27 (1.55‑6.93)	 0.002	 1.94 (0.88‑4.29)	 0.100
TNM stage				  
  I/II	 1 (Reference)			 
  III/IV	 3.46 (1.90‑6.29)	 0.001		
Vessel invasion				  
  No	 1 (Reference)			 
  Yes	 1.05 (0.53‑2.08)	 0.888		
Nerve invasion				  
  No	 1 (Reference)			 
  Yes	 1.02 (0.50‑2.07)	 0.963		
TAFA5 expression				  
  Low	 1 (Reference)		  1 (Reference)	
  High	 2.63 (1.51‑4.58)	 0.001	 1.90 (1.04‑3.44)	 0.036 

Bold type indicates significance. CI, confidence interval; HR, hazard ratio.
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Figure 4. Effect of TAFA5 knockdown in GC cells in vitro. HGC‑27 and AGS cells were infected with lentiviruses carrying shTAFA5‑1, shTAFA5‑2 or 
scrambled control shRNA. (A and B) Cell proliferation was assayed by Cell Counting Kit‑8 assay. (C and D) Scratch wound healing assay (magnification, 
x100). (E and F) Transwell migration assay. Three replicates were conducted for each experiment. **P<0.01, ***P<0.001 vs. the control group. TAFA5, TAFA 
chemokine like family member 5; GC, gastric cancer; OD, optical density.
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As TAFA family members are mainly expressed in the 
central nervous system, the majority of studies have focused 
on the regulation of nerve and hormone homeostasis (24‑27). 
However, TAFA family members encode small secreted proteins 

that are evolutionarily close to CCL3 (6), whose involvement 
in various malignancies has been extensively investigated. For 
example, CCL3 promotes oral carcinogenesis via the induc-
tion of inflammatory and angiogenic pathways, and eosinophil 

Figure 5. Potential involvement of TAFA5 in the regulation of EMT. (A) GSEA enrichment plots indicated that TAFA5 expression was positively correlated 
with the EMT gene signature, but not with the Wnt/β‑catenin signaling pathway. (B) TAFA5 was moderately correlated with several genes associated with 
EMT. (C) Western blotting analysis was used to validate the difference in the expressions of epithelial and mesenchymal markers in GC cells infected with 
shTAFA5 or scramble. GAPDH was used as loading control. TAFA5, TAFA chemokine like family member 5; EMT, epithelial‑mesenchymal transition; 
GSEA, gene set enrichment analysis; GC, gastric cancer; sh, short hairpin RNA; NES, normalized enrichment score; FDR, false discovery rate.
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recruitment (28); it also mediates the cyclophosphamide‑induced 
intratumoral migration of CD4+ T cells and tumor regression in 
hepatic carcinomas (29), suggesting a cell type‑dependent role 
in carcinogenesis. Based on these results, these TAFA family 
members are probably involved in carcinogenesis. In the present 
study, unfavorable prognostic effects of TAFA5 in patients 
with GC were reported and the results were validated with two 
larger patient cohorts. Furthermore, silencing of TAFA5 in GC 
cells in vitro suppressed cell proliferation and migration. These 
results indicated that TAFA5 may promote progression of GC.

In total, 5 consensus Lef/Tcf binding sites are located 
within intron 2 of TAFA5, and at least 2 of these sites have 
been physically associated with β‑catenin. Thus, TAFA5 is a 
downstream target of the Wnt9b/β‑catenin signaling pathway 
in the maintenance of nephron progenitor cell renewal (8,9). 
Furthermore, it has been reported that EMT serves an essential 
role in tumor progression and is involved in the proliferation 
and migration of multiple types of human tumors (30). In the 
present study, GSEA using RNA‑seq data from TCGA revealed 
that TAFA5 expression was positively correlated with genes 
involved in EMT, but not the Wnt/β‑catenin signaling pathway. 
Further correlation analyses using the same data revealed that 
TAFA5 expression was moderately associated with Wnt9a 
and Wnt9b, as well as several EMT‑activating transcription 
factors, and only weakly associated with β‑catenin. Based 
on the complex cross‑talk among pathways, these results 
suggested that TAFA5‑induced GC progression may involve 
multiple pathways. Furthermore, Park et al (10) demonstrated 
that TAFA5 inhibited osteoclastogenesis via the mediation of 
its target receptor, formyl peptide receptor 2 (FPR2). In addi-
tion, Wang et al (31) revealed that TAFA5 was able to inhibit 
postinjury neointima formation through sphingosine‑1‑phos-
phate receptor 2 (S1PR2). Based on these studies, it is possible 
that FPR2 and S1PR2 may be potential target receptors that 
link TAFA5 to the proliferation and migration in GC; this 
hypothesis warrants further investigation.

There are several limitations in the present study. Firstly, 
since most cell lines used in the present study were poorly 
differentiated, it was not possible to determine whether TAFA5 
expression is correlated with the aggressiveness of these cell 
lines. Secondly, as TAFA5 is widespread in serum and has 
been identified as a novel serum biomarker to differentiate 
cholangiocarcinoma from benign biliary tract diseases (11), 
measuring its serum concentration in GC patients may also 
have clinical significance. As the cases are still accumulating, 
data from sera analyses were not included in the current study. 
The above limitations will be addressed in future studies.

In conclusion, the present study identified TAFA5 as a 
novel prognostic marker for GC, which may accelerate tumor 
progression by promoting GC cell proliferation and migration 
via the modulation of EMT‑associated pathways. The present 
results thus highlight the importance of future investigation of 
this putative marker.
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