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Abstract: Background: Gastric cancer (GC) is one of the most common diagnosed cancer with poor prognosis. 
Solute carrier (SLC) family 39 genes encode membrane transport proteins, which control the influx of zinc and may 
play important roles in human disease including cancer. However, the prognostic value of individual SLC family 39 
gene in gastric cancer patients remain unclear. Methods: Genetic alteration frequency and mRNA expression level 
of SLC family 39 genes in GC were first assessed by using many online databases including cBioportal for Cancer 
Genomics, Oncomine, UCSC Xena browser and Ualcan database. The prognostic value of individual SLC family 
39 gene in GC patients were further investigated via Kaplan-Meier plotter. Results: The analytic results of genetic 
alteration frequency showed that mRNA deregulation was one of the most important single factors for alteration in 
different kinds of gastric cancer. Compared with normal gastric tissues, 14 SLC family 39 genes were all significantly 
upregulated in GC tissue in Ualcan database, and SLC39A4, SLC39A5, SLC39A6, SLC39A10 mRNA expression 
were also higher in Oncomine database. The survival analysis indicated that most members of SLC family 39 genes 
were closely related with prognosis of GC patients, SLC39A7, SLC39A11, SLC39A14 were significantly associated 
with favorable overall survival (OS), the rest of SLC family 39 genes were importantly correlated with unfavorable OS 
except SLC39A10. Conclusion: Our analysis identified that 14 SLC family 39 genes are potential prognostic biomark-
ers of GC patients, and may offer effective and new strategies for GC therapy.
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Introduction

Gastric cancer (GC) is the second leading cause 
of cancer-related mortality worldwide [1], with 
about 90% of new cases of noncardiac gastric 
cancer are due to chronic infection of H. pylori 
bacteria [2]. As surgery can be a curative treat-
ment in early stage, however, there are still a lot 
of patients being first diagnosed at advanced 
stage. Moreover, the median survival is only 
about 1 year in metastatic patients [3]. There- 
fore, it is extremely meaningful to success- 
fully seek potential prognostic biomarkers for 
improving outcomes of GC patients [4].

The solute carrier (SLC) group of membrane 
transport proteins have 65 families, which par-
ticipate in physiological processes ranging and 
may offer novel therapeutic targets for human 

disease [5, 6]. Zinc transporters are one of 
membrane transport proteins of the solute car-
rier family including solute carrier family 30 
(SLC30) and solute carrier family 39 (SLC39) [7, 
8]. The SLC family 39, or Zrt- and Irt-like protein 
(ZIP), which controls the influx of zinc, takes 
part in many signal pathways, plays a critical 
role in human diseases including tumor [9-11]. 
Besides, multiple studies have highlighted the 
key functions of SLC family 39 genes in differ-
ent kinds of cancer, like lung cancer [12], 
esophageal carcinoma [13], prostate cancer 
[14], hepatocellular carcinoma [15], colorectal 
cancer [16]. Recent studies have demonstrated 
that part of SLC family 39 genes may be related 
with patient’s survival in some types of cancer 
and could serve as cancer diagnostic or prog-
nostic biomarkers. For example, by comparing 
surgical and endoscopic ultrasound guided fine 
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needle aspiration (EUS-FNA) specimens, Xu et 
al. have found that ZIP4 is a potential prognos-
tic and diagnostic marker in pancreatic cancer 
[17]. In addition, Kagara, N et al. demonstrated 
that ZIP10 participates in migratory activity in 
metastatic breast cancer cells, indicating that 
ZIP10 can be utilized as a biomarker in meta-
static phenotype of breast cancer and may 
offer a novel treatment strategy [18]. However, 
to our knowledge, studies regarding the expres-
sion pattern and prognostic values of the total 
SLC family 39 genes are still absent. In this 
article, we first focused on the expression pat-

tern of individual SLC family 39 genes in GC, 
then explored the prognostic roles of these 
genes in GC. This study may provide a new 
insight into of SLC family 39 genes in GC and 
may be propitious for diagnosis, treatment and 
prognosis of patients with GC. 

Materials and methods

cBioportal for cancer genomics

The relationship between SLC family 39 genes 
in GC patients and alteration frequency were 
analyzed through using data from cBioportal 

Figure 1. Alteration frequency and mRNA expression of SLC family 39 in GC. A. Alteration frequency analysis of 
SLC family 39 genes in GC. The analysis was performed using uBioPortal database. (1-6 means different types 
of gastric cancer, 1-Papillary Stomach Adencarcinoma, 2-Tubular Stomach Adencarcinoma, 3-Mucinous Stomach 
Adencarcinoma, 4-Stomach carcinoma, 5-Diffuse Type Stomach Adencarcinoma, 6-Signet Ring Cell Carcinoma of 
the Stomach). B. Partly mRNA expression of SLC family 39 genes (SLC39A4, SLC39A5, SLC39A6, SLC39A10) dif-
ferences between cancer and normal tissues in GC using Oncomine, others are not measured. C. 14 SLC family 39 
genes expression differences in GC using UCSC Xena browser.
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for Cancer Genomics (http://www.cbioportal.
org/), choose “Stomach Adenocarcinoma (TC- 
GA, Provisional)”, and results were shown in the 
Cancer Types Summary webpage. 

Oncomine

Some mRNA expression level data of SLC fam-
ily 39 genes (SLC39A4, SLC39A5, SLC39A6, 

Figure 2. mRNA expression of SLC 
family 39 genes varied in primary 
tumor and in corresponding normal 
tissues in GC patients using Uaclan 
database. A-N. All solute carrier fam-
ily 39 genes show high expression in 
gastric tumor tissues compared with 
gastric normal tissues. 
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Figure 3. OS analysis of SLC 
family 39 genes in GC patients 
using Kaplan-Meier plotter.
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SLC39A10) in gastric cancer and in corres- 
ponding normal tissues were downloaded  
from Oncomine (http://www.oncomine.org/). 
Choose “Cancer VS. Normal analysis” and 
“Gene Summary View”, set p-value = 1E-4, fold 
change = 2, data type = mRNA and top 5% gene 
rank.

UCSC Xena browser

Different mRNA expression of SLC family 39 
genes in primary STAD (TCGA Stomach Cancer, 
n = 591) were performed by UCSC Xena brows-
er (http://xenabrowser.net/), analyzed the data 
from the Cancer Genome Atlas (TCGA).

Ualcan database

UALCAN is a web resource which provides a 
comprehensive cancer transcriptome data [19] 
(http://ualcan.path.uab.edu/). The whole sol-
ute carrier family 39 genes expression at mRNA 
level in gastric cancer tissues and in corre-
sponding normal gastric tissues were assessed 
by using UALCAN database. 

Kaplan-Meier plotter

In order to assess the potential prognostic  
values of SLC family 39 genes in GC, the rela-
tionship between expression level of SLC family 
39 genes and survival analysis including OS, 
FP, PPS of GC patients were obtained by the 
Kaplan-Meier plotter (http://kmplot.com/analy-
sis/index.php?p = service & cancer = gastric). 
Next, we further analyzed SLC family 39 genes 
prognostic values associated with relatively 
clinicopathological features also performed by 
this database.

Results

Relative mRNA expression and genetic altera-
tion differences of SLC family 39 genes in GC

To explore the roles of SLC family 39 genes in 
GC, genetic alteration data of 14 SLC family 39 
genes in GC patients from uBioPortal database 
were analyzed. Results showed that mRNA 
deregulation was one of the most important 

Figure 4. The correlation between GC 
patients OS, FP (First Progression), 
PPS (Post Progression Survival) and 
SLC family 39 genes expression.
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single factors for alteration in different kinds of 
gastric cancer (Figure 1A). We further com-

CI: 1.17-1.67], P = 0.00017; SLC39A9, HR 1.54 
[95% CI: 1.28-1.85], P = 4.6e-06; SLC39A12, 

Table 1. The association between SLC family 39 genes expres-
sion and treatments of GC patients
Gene Treatments Cases HR (95% CI) p-value
SLC39A1 Surgery alone 380 0.8 (0.59-1.08) 0.15

5-FU based adjuvant 153 1.36 (0.96-1.93) 0.085*
Other adjuvant 76 1.59 (0.53-4.77) 0.4008

SLC39A2 Surgery alone 380 1.51 (1.1-2.07) 0.01*
5-FU based adjuvant 153 1.4 (0.98-2) 0.066

Other adjuvant 76 0.74 (0.3-1.8) 0.5
SLC39A3 Surgery alone 380 1.4 (1.01-1.92) 0.041*

5-FU based adjuvant 34 2.41 (0.67-8.61) 0.16
Other adjuvant 76 0.4 (0.17-0.98) 0.037*

SLC39A4 Surgery alone 380 1.26 (0.91-1.73) 0.16
5-FU based adjuvant 153 1.64 (1.14-2.35) 0.0073*

Other adjuvant 76 0.41 (0.17-1.01) 0.044*
SLC39A5 Surgery alone 380 1.41 (1.03-1.94) 0.032*

5-FU based adjuvant 34 1.44 (0.58-3.61) 0.43
Other adjuvant 76 0.35 (0.1-1.2) 0.082

SLC39A6 Surgery alone 380 1.34 (1.01-1.8) 0.044*
5-FU based adjuvant 34 0.5 (0.18-1.41) 0.18

Other adjuvant 76 0.26 (0.06-1.13) 0.053
SLC39A7 Surgery alone 380 0.72 (0.51-1) 0.052

5-FU based adjuvant 153 0.68 (0.46-1.02) 0.062
Other adjuvant 76 0.34 (0.14-0.81) 0.011*

SLC39A8 Surgery alone 380 1.38 (1.03-1.85) 0.032*
5-FU based adjuvant 153 1.42 (0.93-2.18) 0.1

Other adjuvant 76 0.56 (0.2-1.55) 0.26
SLC39A9 Surgery alone 380 0.78 (0.56-1.06) 0.11

5-FU based adjuvant 153 1.48 (1.02-2.15) 0.038*
Other adjuvant 76 2.38 (0.91-6.21) 0.067

SLC39A10 Surgery alone 380 1.2 (0.9-1.6) 0.21
5-FU based adjuvant 34 6.83 (2.3-20.31) 9.6e-05*

Other adjuvant 76 5.23 (1.21-22.54) 0.013*
SLC39A11 Surgery alone 380 0.74 (0.55-0.99) 0.044*

5-FU based adjuvant 34 0.74 (0.3-1.84) 0.51
Other adjuvant 76 0.24 (0.09-0.66) 0.0027*

SLC39A12 Surgery alone 380 1.24 (0.9-1.7) 0.18
5-FU based adjuvant 34 0.42 (0.14-1.28) 0.12

Other adjuvant 76 1.79 (0.74-4.29) 0.19
SLC39A13 Surgery alone 380 1.39 (1.04-1.86) 0.026*

5-FU based adjuvant 34 3.53 (1.26-9.87) 0.011*
Other adjuvant 76 3.76 (1.53-9.22) 0.0019*

SLC39A14 Surgery alone 380 0.6 (0.44-0.82) 0.0011*
5-FU based adjuvant 153 1.39 (0.98-1.97) 0.067

Other adjuvant 76 0.23 (0.1-0.57) 0.00044*
The * is mean significant p value.

pared the mRNA expression 
between different SLC family 39 
genes in GC. In Oncomine data-
base, only SLC39A4, SLC39A5, 
SLC39A6, SLC39A10 mRNA 
expression were measured in 
GC, all revealed significant 
upregulation in GC tissues than 
in corresponding normal tissues 
(Figure 1B). Besides, the mRNA 
level varied between 14 SLC 
family 39 members in stomach 
adenocarcinoma (STAD) by using 
UCSC Xena Browser, the mRNA 
expression of SLC39A12 was at 
lowest level, while the SLC39A14 
mRNA level was the highest one 
(Figure 1C). As the result from 
Uaclan database, all the genes 
of solute carrier family 39 genes 
show high expression in gastric 
tumor tissues compared with in 
corresponding normal tissues 
(Figure 2).

SLC family 39 genes have high 
prognostic values in GC patients 
using Kaplan-Meier plotter

Then we using Kaplan-Meier plo- 
tter to investigate the potential 
prognostic values of SLC family 
39 genes in GC. As shown in 
Figure 3, most of those genes 
showed a positively relation be- 
tween high expression and sig-
nificantly worse OS in GC pati- 
ents, including SLC39A1, SLC- 
39A2, SLC39A3, SLC39A4, SLC- 
39A5, SLC39A6, SLC39A8, SLC- 
39A9, SLC39A12, SLC39A13 
(SLC39A1, HR 1.24 [95% CI: 
1.02-1.49], P = 0.027; SLC39A2, 
HR 1.75 [95% CI: 1.46-2.1], P = 
7.8e-10; SLC39A3, HR 1.34 
[95% CI: 1.07-1.68], P = 0.0093; 
SLC39A4, HR 1.39 [95% CI: 
1.17-1.64], P = 0.00014; SLC- 
39A5, HR 1.28 [95% CI: 1.01-
1.62], P = 0.042; SLC39A6, HR 
1.49 [95% CI: 1.2-1.85], P = 
3e-04; SLC39A8, HR 1.4 [95% 
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HR 1.32 [95% CI: 1.04-1.67], P = 0.022; 
SLC39A13, HR 1.8 [95% CI: 1.45-2.24], P = 
7.4e-08). In contrast, high mRNA levels of 
SLC39A7, SLC39A11 and SLC39A14 showed 
favorable OS (SLC39A7, HR 0.63 [95% CI: 0.53-
0.74], P = 6.3e-08; SLC39A11, HR 0.7 [95% CI: 
0.56-0.87], P = 0.001; SLC39A14, HR 0.53 
[95% CI: 0.43-0.65], P = 4.4e-10). SLC39A10 
was the only one which has no significance with 
OS in GC patients. (SLC39A10, HR 1.16 [95% 
CI: 0.9-1.49], P = 0.26).

We further used Kaplan-Meier plotter to gather 
the correlation between GC patients OS, FP 
(First Progression), PPS (Post Progression 
Survival) and SLC39A family genes expression, 
showed by forest plot (Figure 4).

found to be promising favorable prognosis  
factors in both HER2-negative and HER2-posi- 
tive patients. However, SLC39A2, SLC39A4, 
SLC39A6, SLC39A8, SLC39A9, SLC39A12, 
SLC39A13 were significantly associated with 
unfavorable prognosis in HER2-negative pati- 
ents and SLC39A2, SLC39A3, SLC39A6, SLC-
39A8, SLC39A13 were related with poor prog-
nosis of HER2-positive patients. The following 
differentiation analysis indicated that high 
mRNA expression of SLC39A1, SLC39A4, SLC- 
39A7, SLC39A10 were contributing to unfavor-
able OS in poorly differentiated GC patients. 
Meanwhile, SLC39A2, SLC39A3, SLC39A4, 
SLC39A10, SLC39A11 high expression were 
associated with shorter OS in moderately dif-
ferentiated GC patients. In addition, SLC39A8, 

Table 2. The association between SLC family 39 genes 
expression and HER2 status of GC patients
Gene HER2 status Cases HR (95% CI) p-value
SLC39A1 Negative 532 1.21 (0.96-1.52) 0.1

Positive 344 1.23 (0.94-1.62) 0.14
SLC39A2 Negative 532 1.76 (1.39-2.39) 2.6e-06*

Positive 344 1.78 (1.33-2.39) 8.2e-05*
SLC39A3 Negative 429 1.32 (1-1.75) 0.053

Positive 202 1.64 (1.07-2.53) 0.022*
SLC39A4 Negative 532 1.56 (1.23-1.97) 0.00021*

Positive 344 0.84 (0.64-1.09) 0.19
SLC39A5 Negative 429 1.29 (0.98-1.7) 0.064

Positive 202 0.68 (0.45-1.01) 0.055
SLC39A6 Negative 429 1.55 (1.19-2.03) 0.0012*

Positive 202 1.71 (1.08-2.71) 0.021*
SLC39A7 Negative 532 0.57 (0.46-0.72) 7.8e-07*

Positive 344 0.72 (0.54-0.94) 0.017*
SLC39A8 Negative 532 1.44 (1.13-1.82) 0.0028*

Positive 344 1.45 (1.11-1.88) 0.0053*
SLC39A9 Negative 532 1.56 (1.22-1.99) 0.00031*

Positive 344 1.26 (0.96-1.65) 0.091
SLC39A10 Negative 429 0.85 (0.62-1.16) 0.3

Positive 202 1.5 (0.98-2.31) 0.061
SLC39A11 Negative 429 0.66 (0.51-0.86) 0.0021*

Positive 202 0.64 (0.44-0.93) 0.019*
SLC39A12 Negative 429 1.56 (1.18-2.05) 0.0015*

Positive 202 0.7 (0.48-1.03) 0.068
SLC39A13 Negative 429 1.72 (1.32-2.24) 4.8e-05*

Positive 202 1.99 (1.32-2.99) 0.00078*
SLC39A14 Negative 532 0.5 (0.39-0.64) 9.6e-09*

Positive 344 0.68 (0.51-0.93) 0.013*
The * is mean significant p value.

Association prognostic values of SLC 
family 39 genes in GC with different 
clinicopathological features

To further understand the significant 
roles of SLC family 39 genes in prog- 
nosis of patients with GC, we investi-
gated the relationship between SLC 
family 39 genes and different kinds of 
clinicopathological features, such as 
different treatments, status of human 
epidermal growth factor receptor 2 
(HER2), differentiation, Lauren classi- 
fication and clinical stages. As shown 
in Table 1, SLC39A2, SLC39A3, SLC- 
39A5, SLC39A6, SLC39A8, SLC39A13 
high expression were significantly re- 
lated with worse OS in surgery alone 
patients. SLC39A1, SLC39A4, SLC39- 
A9, SLC39A10, SLC39A13 were asso-
ciated with worse OS in 5-FU based 
adjuvant patients. And high mRNA 
expression of SLC39A10, SLC39A13 
were also found to be correlated with 
worse OS in patients choose other 
adjuvant treatments. While SLC39A11, 
SLC39A14 high expression were relat-
ed with better OS in both surgery alone 
and choose other adjuvant treatments 
patients. Besides, SLC39A3, SLC39A4, 
SLC39A7 were modestly correlated 
with better OS in patients choose other 
adjuvant treatments. HER2 infection is 
an important risk factor contributing 
the progress of GC [2]. From Table 2, 
SLC39A7, SLC39A11, SLC39A14 were 
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SLC39A9 were correlated with longer OS in 
poorly differentiated GC patients and SLC39A4, 
SLC39A14 were related with longer OS in well 
differentiated GC patients (Table 3). In terms of 
Lauren classification, GC patients can be divid-
ed into three subtypes: intestinal, diffuse, or 
mixed type. From Table 4, GC patients with 
intestinal type, high SLC39A2, SLC39A3, SLC- 
39A4, SLC39A6, SLC39A8, SLC39A9, SLC39- 
A13 expression were strongly associated with 
worse OS while SLC39A7, SLC39A11, SLC39- 

In conclusion, SLC39A1 high expression was 
closely related with worse OS in 5-FU based 
adjuvant treatment, poorly differentiated and in 
stage III GC patients, while better OS in stage IV 
GC patients. SLC39A2 high expression was sig-
nificantly correlated with poor OS in surgery 
alone treatment, HER2 positive or negative, 
moderately differentiated, three Lauren classi-
fication subtypes including intestinal, diffuse, 
or mixed type, and in stage II/III GC patients. 
High expression of SLC39A3 indicated shorter 

Table 3. The association between SLC family 39 genes expression 
and differentiation of GC patients
Gene Differentiation Cases HR (95% CI) p-value
SLC39A1 Poorly differentiated 165 1.67 (1.01-2.76) 0.042*

Moderately differentiated 67 1.72 (0.89-3.32) 0.1
Well differentiated 32 0.68 (0.26-1.75) 0.42

SLC39A2 Poorly differentiated 165 1.23 (0.74-2.06) 0.42
Moderately differentiated 67 2.02 (1-4.09) 0.046*

Well differentiated 32 2.44 (0.71-8.34) 0.14
SLC39A3 Poorly differentiated 121 0.73 (0.43-1.23) 0.24

Moderately differentiated 67 2.28 (1.17-4.43) 0.013*
SLC39A4 Poorly differentiated 165 2.48 (1.46-4.21) 5e-04*

Moderately differentiated 67 1.97 (1-3.89) 0.047*
Well differentiated 32 0.16 (0.04-0.53) 0.00079*

SLC39A5 Poorly differentiated 121 1.3 (0.8-2.13) 0.29
Moderately differentiated 67 0.57 (0.29-1.11) 0.096

SLC39A6 Poorly differentiated 121 0.78 (0.47-1.29) 0.33
Moderately differentiated 67 0.56 (0.29-1.1) 0.091

SLC39A7 Poorly differentiated 165 1.54 (1.03-2.31) 0.036*
Moderately differentiated 67 0.63 (0.32-1.22) 0.17

Well differentiated 32 0.6 (0.25-1.46) 0.26
SLC39A8 Poorly differentiated 165 0.52 (0.31-0.87) 0.011*

Moderately differentiated 67 1.54 (0.81-2.95) 0.19
Well differentiated 32 1.65 (0.7-3.92) 0.25

SLC39A9 Poorly differentiated 165 0.68 (0.45-1.03) 0.069
Moderately differentiated 67 0.61 (0.3-1.24) 0.17

Well differentiated 32 1.49 (0.54-4.08) 0.44
SLC39A10 Poorly differentiated 121 1.7 (1.05-2.75) 0.03*

Moderately differentiated 67 2.01 (0.99-4.08) 0.049*
SLC39A11 Poorly differentiated 121 0.85 (0.51-1.4) 0.52

Moderately differentiated 67 2.04 (1.06-3.92) 0.029*
SLC39A12 Poorly differentiated 121 0.77 (0.45-1.33) 0.36

Moderately differentiated 67 0.73 (0.37-1.44) 0.36
SLC39A13 Poorly differentiated 121 1.4 (0.79-2.49) 0.25

Moderately differentiated 67 1.96 (0.85-4.49) 0.11
SLC39A14 Poorly differentiated 165 1.35 (0.89-2.04) 0.16

Moderately differentiated 67 0.62 (0.3-1.28) 0.19
Well differentiated 32 0.39 (0.16-0.99) 0.04*

The * is mean significant p value.

A14 were related with better 
OS. High mRNA expression 
level of SLC39A2, SLC39A3, 
SLC39A6, SLC39A10, SLC39- 
A12, SLC39A13 were found 
to be unfavorable prognosis 
factors in diffuse type GC 
patients. Nevertheless, SLC- 
39A7, SLC39A9, SLC39A11, 
SLC39A14 were correlated 
with better OS. Moreover, 
high expression of SLC39A2, 
SLC39A5 were contributing 
to poor OS while SLC39A6, 
SLC39A10 were contributing 
to favorable OS in mixed type 
patients. As the results in 
Table 5, increased the mRNA 
expression of SLC39A3, SLC-
39A6, SLC39A12, SLC39A13 
were indicated poor OS in 
stage III/IV GC while SLC39- 
A11, SLC39A14 were associ-
ated with better OS in stage 
III/IV GC. Besides, high SLC- 
39A5, SLC39A8 and SLC39- 
A2, SLC39A10 expression 
were related with worse OS in 
stage I/II GC, respectively. 
SLC39A1, SLC39A2, SLC39- 
A4, SLC39A8, SLC39A9 were 
only associated with poor 
prognosis in stage III GC 
patients. Furthermore, the 
better OS for stage IV GC 
patients, the higher expres-
sion of SLC39A1, SLC39A7, 
SLC39A10. In addition, SLC- 
39A11 was a good prognos-
tic factor for stage II GC 
patients. Besides, SLC39A13 
was also significantly with 
poor OS in stage I GC. 
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OS in surgery alone treatment, HER2 positive, 
moderately differentiated, intestinal and diffu- 
se subtypes, stage III/IV GC patients. Further- 

OS for GC patients in surgery alone and other 
treatments, HER2 positive or negative, intes- 
tinal and diffuse type, stage II/III/IV, while 

Table 4. The association between SLC family 39 genes expres-
sion and Lauren classification of GC patients
Gene Lauren classification Cases HR (95% CI) p-value
SLC39A1 Intestinal 320 1.35 (0.97-1.87) 0.071

Diffuse 241 1.41 (0.98-2.01) 0.061
Mixed 32 2.76 (0.86-8.87) 0.077

SLC39A2 Intestinal 320 2.09 (1.51-2.88) 4.5e-06*
Diffuse 241 1.43 (1-2.05) 0.048*
Mixed 32 4.83 (1.08-21.58) 0.023*

SLC39A3 Intestinal 269 1.68 (1.17-2.42) 0.0047*
Diffuse 240 1.5 (1.06-2.11) 0.02*
Mixed 29 2.38 (0.52-10.86) 0.25

SLC39A4 Intestinal 320 1.63 (1.18-2.26) 0.0028*
Diffuse 241 1.46 (0.96-2.21) 0.075
Mixed 32 2.74 (0.93-8.12) 0.058

SLC39A5 Intestinal 269 1.31 (0.89-1.93) 0.17
Diffuse 240 1.4 (0.95-2.08) 0.09
Mixed 29 5.57 (1.64-18.9) 0.0021*

SLC39A6 Intestinal 269 2.29 (1.59-3.31) 5.4e-06*
Diffuse 240 1.55 (1.08-2.22) 0.015*
Mixed 29 0.34 (0.11-1.03) 0.045*

SLC39A7 Intestinal 320 0.48 (0.35-0.66) 5.4e-06*
Diffuse 241 0.6 (0.4-0.9) 0.013*
Mixed 32 0.4 (0.11-1.41) 0.14

SLC39A8 Intestinal 320 1.57 (1.15-2.16) 0.0048*
Diffuse 241 1.25 (0.89-1.75) 0.2
Mixed 32 0.56 (0.18-1.78) 0.32

SLC39A9 Intestinal 320 1.88 (1.35-2.61) 0.00013*
Diffuse 241 0.64 (0.45-0.91) 0.012*
Mixed 32 0.55 (0.15-1.94) 0.34

SLC39A10 Intestinal 269 0.78 (0.54-1.12) 0.18
Diffuse 240 1.57 (1.11-2.21) 0.0097*
Mixed 29 0.28 (0.07-1.08) 0.0498*

SLC39A11 Intestinal 269 0.62 (0.43-0.89) 0.0084*
Diffuse 240 0.64 (0.44-0.93) 0.018*
Mixed 29 1.87 (0.49-7.14) 0.35

SLC39A12 Intestinal 269 0.79 (0.53-1.15) 0.22
Diffuse 240 1.63 (1.16-2.29) 0.0045*
Mixed 29 2.53 (0.83-7.7) 0.092

SLC39A13 Intestinal 269 2.75 (1.91-3.97) 1.5e-08*
Diffuse 240 1.68 (1.1-2.55) 0.014*
Mixed 29 2.11 (0.7-6.34) 0.18

SLC39A14 Intestinal 320 0.39 (0.29-0.54) 2.6e-09*
Diffuse 241 0.5 (0.34-0.73) 0.00027*
Mixed 32 2.55 (0.87-7.44) 0.077

The * is mean significant p value.

more, overexpression of SLC- 
39A4 was revealed worse OS  
in 5-FU based adjuvant treat-
ment, HER2 negative, two dif-
ferentiations including poorly 
differentiated and moderately 
differentiated, intestinal sub-
type and in stage III GC patients, 
however, better OS in well dif-
ferentiated and other adjuvant 
treatment of GC patients. SLC- 
39A5 high expression was sig-
nificantly related with poor OS 
in surgery alone, mixed type 
and in stage I GC patients. 
Besides, low SLC39A6 expres-
sion was correlated with longer 
OS in surgery alone treatment, 
HER2 positive or negative, 
intestinal, diffuse, or mixed 
type and in stage III/IV GC 
patients. High expression level 
of SLC39A7 was found to be rel-
evant to favorable OS in other 
adjuvant treatment, HER2 posi-
tive or negative, intestinal and 
diffuse types, stage IV GC pati- 
ents, on the contrary, poor OS 
in poorly differentiated GC pati- 
ents. GC patients with high ex- 
pression of SLC39A8 was asso-
ciated with better OS in poorly 
differentiated, while worse OS 
in surgery alone treatment, HE- 
R2 positive or negative, intesti-
nal type and stage I/III. Up- 
regulation of SLC39A9 was de- 
creased the OS for GC patients 
in 5-FU based adjuvant treat-
ment, HER2 negative, intestinal 
type and stage III, whereas in- 
creased the OS for GC patients 
in diffuse type. As for SLC39- 
A10, the higher expression, the 
shorter OS in 5-FU based ad- 
juvant and other treatments, 
poorly differentiated and mod-
erately differentiated, diffuse 
type and stage II GC patients. 
SLC39A11 high expression was 
significantly indicated longer 
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Table 5. The association between SLC family 39 genes 
expression and stages of GC patients
Gene Stage Cases HR (95% CI) p-value
SLC39A1 I 67 0.71 (0.26-1.95) 0.5

II 140 1.55 (0.82-2.94) 0.17
III 305 1.62 (1.17-2.25) 0.0038*
IV 148 0.66 (0.44-0.99) 0.041*

SLC39A2 I 67 1.96 (0.63-6.11) 0.23
II 140 2.32 (1.25-4.31) 0.0058*
III 305 1.8 (1.32-2.45) 0.00014*
IV 148 1.42 (0.91-2.23) 0.12

SLC39A3 I 62 2.12 (0.69-6.53) 0.18
II 135 1.73 (1.16-2.59) 0.19
III 197 1.73 (1.16-2.59) 0.0065*
IV 140 1.68 (1.13-2.51) 0.01*

SLC39A4 I 67 2.69 (0.86-8.42) 0.076
II 140 0.7 (0.38-1.26) 0.23
III 305 1.51 (1.13-2.01) 0.0045*
IV 148 0.81 (0.54-1.22) 0.31

SLC39A5 I 62 4.07 (0.9-18.38) 0.048*
II 135 2.38 (0.93-6.11) 0.062
III 197 1.39 (0.93-2.07) 0.11
IV 140 1.46 (0.98-2.18) 0.063

SLC39A6 I 62 3.36 (0.9-12.49) 0.057
II 135 1.74 (0.84-3.58) 0.13
III 197 1.91 (1.31-2.78) 0.00068*
IV 140 2.17 (1.43-3.3) 0.00021*

SLC39A7 I 67 0.36 (0.12-1.06) 0.055
II 140 0.66 (0.35-1.22) 0.18
III 305 0.78 (0.57-1.06) 0.11
IV 148 0.51 (0.33-0.78) 0.0014*

SLC39A8 I 67 4.12 (0.93-18.14) 0.042*
II 140 1.62 (0.87-3.01) 0.13
III 305 1.39 (1.05-1.85) 0.022*
IV 148 0.69 (0.46-1.03) 0.066

SLC39A9 I 67 2.08 (0.75-5.82) 0.15
II 140 1.37 (0.72-2.58) 0.34
III 305 1.49 (1.1-2.03) 0.01*
IV 148 0.83 (0.56-1.22) 0.35

SLC39A10 I 62 0.5 (0.16-1.55) 0.22
II 135 1.97 (1.05-3.72) 0.032*
III 197 0.8 (0.55-1.16) 0.23
IV 140 0.66 (0.43-1.03) 0.064

SLC39A11 I 62 0.43 (0.14-1.32) 0.13
II 135 0.52 (0.27-1) 0.048*
III 197 0.64 (0.43-0.98) 0.037*
IV 140 0.66 (0.43-0.99) 0.041*

SLC39A12 I 62 5.23 (0.68-40.26) 0.076
II 135 0.52 (0.27-1.01) 0.05
III 197 2 (1.37-2.92) 0.00028*

shorter OS in moderately differentiat- 
ed. Downregulation of SLC39A12 was 
strongly associated with poor OS in 
HER2 negative, diffuse type, stage III/IV 
GC patients. Low expression level of 
SLC39A13 was found to be related with 
favorable OS for GC patients in different 
treatments including surgery alone, 
5-FU based adjuvant, other adjuvant, 
HER2 positive or negative, intestinal 
and diffuse type, stage I/III/IV. What’s 
more, SLC39A14 high expression was 
closely correlated with favorable OS for 
GC patients in surgery alone and other 
adjuvant treatments, HER2 positive or 
negative, well differentiated, intestinal 
and diffuse types and stage III/IV.

Discussion

Notably, Zinc acts as a tumor suppres-
sive agent. Moreover, the solute carrier 
family 39 (SLC39), or Zrt- and Irt-like pro-
tein (ZIP), controls the afflux of zinc into 
the cytoplasm from vesicles and from 
outside the cell. Previous studies have 
reported that SLC39A9, a member of 
subfamily I in vertebrates, could regu-
late zinc homeostasis in the secretory 
pathway [20]. Yu Y et al. proved that 
Zip11 acted as a cellular zinc transport-
er, which expression was partially regu-
lated by zinc through hMTF-1 binding to 
MREs of the Zip11 promoter. Besides, 
murine Zip11 mRNA is highly expressed 
in the stomach [21]. The downregulation 
of ZIP protein negatively regulated EGFR 
pathway, thereby participating in cell 
proliferation, migration and progression 
in breast carcinoma [22]. Hence, SLC39 
genes may play complicated roles in  
the pathogenesis and progression of 
cancer. 

In the present study, we analyzed the 
expression profile of SLC family mem-
bers in GC and explored their associa-
tions with survival outcomes in patients 
with GC by using available databases. 
Our results showed that SLC39A1, 
SLC39A2, SLC39A3, SLC39A4, SLC39- 
A5, SLC39A6, SLC39A8, SLC39A9, SLC- 
39A12, SLC39A13 were significantly 
higher in GC tissues than in correspond-
ing normal tissues, and indicated worse 
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OS in GC patients. However, high expression of 
SLC39A4, SLC39A5, SLC39A6, SLC39A10 in 
GC tissues indicated favorable OS in GC 
patients, and SLC39A10 has no significance 
with survival outcomes in GC patients. Colle- 
ctively, these data suggest that SLC39A1, 
SLC39A2, SLC39A3, SLC39A4, SLC39A5, SLC- 
39A6, SLC39A8, SLC39A9, SLC39A12 and 
SLC39A13 show better prospect for utilizing as 
prognostic biomarkers in patients with GC. All 
those members have a close relationship with 
clinicopathological features including status of 
human epidermal growth factor receptor 2 
(HER2), differentiation, Lauren classification 
and clinical stages. 

Recent studies have reported that SLC39A1, 
SLC39A2, SLC39A3 were downregulated in 
prostate cancer, as well as decreased the ex- 
pression level of Zinc, that delayed the progres-
sion of the prostate cancer [23, 24]. Besides, 
the expression of SLC39A1 was decreased the 
malignant potential of the cell renal cell carci-
noma [25]. Moreover, in the early stage of pan-
creatic adenocarcinoma, SLC39A3 expression 
was obviously downregulated [26]. While SLC- 
39A4 expression was upregulated in pancreat-
ic adenocarcinoma tissues compared with in 
corresponding normal tissues, and ZIP4 could 
suppress apoptosis and promote invasiveness 
in hepatocellular carcinoma (HCC), as a poor 
prognosis factor in HCC patients after liver 
transplantation therapy [27, 28]. In addition, 
higher SLC39A4 expression was associated 
with shorter OS and disease-free survival (DFS) 
in non-small cell lung cancer [29]. SLC39A5 
and SLC39A6 both impose poor effects during 
the progression of esophageal squamous-cell 
carcinoma (ESCC), and higher SLC39A6 protein 
expression was found to be significantly related 
with worse survival in patients with advanced 
ESCC [30-32]. Knockdown the expression of 
SLC39A8 inhibited neuroblastoma metastasis 

It is obviously to see that dysfunction of SLC 
family 39 genes are closely correlated with the 
progression of many different types of cancer, 
and many of them may be strongly involved in 
the prognosis of patients with cancer, while at 
present litter is known about its potential 
mechanism, function and prognostic value in 
gastric cancer, more studies about of SLC fam-
ily 39 genes are need to be further mined for 
GC therapy. 

Conclusion

We evaluated the prognostic values of SLC  
family 39 genes in GC patients by using bio- 
informatic analysis. We identified that high 
mRNA expression level of SLC39A7, SLC39A11, 
SLC39A14 were associated with better OS, 
while SLC39A1, SLC39A2, SLC39A3, SLC39A4, 
SLC39A5, SLC39A6, SLC39A8, SLC39A9, 
SLC39A12, SLC39A13 were significantly relat-
ed with worse OS in GC patients. Besides, the 
analysis between SLC family 39 genes expres-
sion and clinicopathological characteristics in 
GC indicated that SLC family 39 genes are 
promising prognostic biomarkers in GC pati- 
ents, may offer novel targets for GC therapy. 
But the research of SLC family 39 genes func-
tion in GC is still insufficient. More trials need to 
be further launched in the future. We believe 
that SLC39 family genes will be effective prog-
nostic factors for GC patients.
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IV 140 1.58 (1.04-2.4) 0.032*
SLC39A13 I 62 327998284.34 (0-Inf) 0.03*

II 135 1.78 (0.93-3.41) 0.076
III 197 2.6 (1.67-4.04) 1.2e-05*
IV 140 1.88 (1.23-2.87) 0.0031*

SLC39A14 I 67 0.4 (0.15-1.11) 0.071
II 140 0.55 (0.29-1.03) 0.056
III 305 0.48 (0.34-0.7) 5.8e-05*
IV 148 0.45 (0.28-0.73) 0.00091*

The * is mean significant p value.

and progression in vitro [33]. In addition, 
study has shown that SLC39A9 expres-
sion was upregulated in malignant pros-
tate and breast tissues, suggesting that 
it may offer a novel target for prostate 
and breast cancer therapy [34]. 
SLC39A14 was reported to be an inde-
pendent and important factor for recur-
rence-free survival analysis of prostate 
cancer patients [35]. However, research-
es about SLC39A12, SLC39A13 in can-
cer are limited. 
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