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Abstract
Objective: This study aimed to explore the clinical relevance of heat shock protein fam-
ily A member 6 (HSPA6) in gastric cancer (GC) and its effect on GC cell proliferation.
Methods: HSPA6 mRNA and protein levels were analyzed by bioinformatics, RT-qPCR, 
western blot and immunohistochemistry. HSPA6 was correlated with clinicopatholog-
ical variables by the Chi-square test. Kaplan–Meier survival analysis and the univari-
ate and multivariate Cox models were used to assess the prognostic value of HSPA6. 
Nomogram was used to predict overall survival in patients with GC. Knockdown or 
over-expression of HSPA6 in GC cell lines was constructed by lentiviral transduction. 
EdU and CCK-8 assay were used to detect cell proliferation. In vivo mouse tumor 
models were performed to evaluate the effects of HSPA6 on GC growth.
Results: HSPA6 were significantly upregulated in the GC tissues compared to the nor-
mal stomach epithelium and were associated with Ming classification (p < 0.001) and 
tumor size (p = 0.002). Patients with high expression of HSPA6 showed worse survival 
compared to the low expression group. HSPA6 was identified to be an independent 
prognostic biomarker for GC. HSPA6 was functionally annotated with the cell cycle, 
G2M checkpoint and Hippo pathway. Knockdown of HSPA6 suppressed XGC-1 cell 
proliferation both in vitro and in vivo. Overexpression of HSPA6 in AGS cells increased 
proliferation rates, increased the levels of cyclinB1 and YAP and decreased that of 
phosphorylated YAP. HSPA6 knockdown in the NUGC2 cells had the opposite effect.
Conclusions: HSPA6 promotes GC proliferation by the Hippo pathway, as a novel 
prognostic biomarker and potential therapeutic target.
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1  |  INTRODUC TION

Gastric cancer (GC) is also named stomach cancer, which ranked the 
fourth most commonly diagnosed malignancy and third in terms of 
mortality in the world.1 It is divided into infiltrative GC (IGC) and 
expanding GC (EGC) according to Ming classification, which is re-
lated to Bormann classification (protrusion and ulcer type), Lauren 
classification (intestinal and diffuse type) and WHO classification 
(papillary adenocarcinoma, adenosquamous carcinoma, squamous 
cell carcinoma, carcinoid, etc.).2 The incidence of IGC is 61.5% and 
its prognosis is worse compared to EGC.3 Despite considerable 
advances in molecular diagnosis and immunotherapy,4,5 the mech-
anisms of the genesis and progression in GC remain unclear. In re-
cent years several genes and non-coding RNAs playing a vital role 
in GC development have been identified.6 The heat shock protein 
family A member 6 (HSPA6) gene is located on chr1:161,524,540-
161,526,894(GRCh38/hg38).7 HSPA6 is an autosomal recessive 
candidate protein with the function of the VATER/VACTERL malfor-
mation spectrum.8 Overexpression of HSPA6 inhibited the growth, 
migration and invasion of cells in triple-negative breast cancer.9 
HSPA6 exhibits to inhibit tumorigenesis and tumor progression 
in some types of cancers but promotes in others.10 Even though 
HSPA6 research has increased, its exact roles and mechanisms in GC 
are still unclear. Here, we aim to investigate the clinical relevance of 
HSPA6 and its biological role in GC. Firstly, we used RT-qPCR, west-
ern blot and immunohistochemistry (IHC) methods to detect HSPA6 
expression in GC. Secondly, we used the Chi-square test to evaluate 
its correlation with clinical relevance and Kaplan–Meier method to 
evaluate its association with overall survival (OS). To demonstrate 
the clinical value of HSPA6 in GC, nomogram including HSPA6 was 
used to predict OS in patients with GC. Thirdly, to further explore 
the function of HSPA6 in GC, we performed an integrated transcrip-
tomic analysis and predicted the molecular functions through bioin-
formatics. At last, HSPA6 was knocked down or overexpressed in GC 
lines to explore its biological function. The effects of HSPA6 on GC 
proliferation were performed by EdU assay in vitro and mouse tumor 
models in vivo. In the mechanism of HSPA6, cyclinB1 and YAP were 
detected by western blot. In all, this study would reveal HSPA6 is a 
novel prognostic biomarker and promotes tumor progression in GC.

2  |  MATERIAL S AND METHODS

2.1  |  Patients and tissue samples

A total of 146 paired GC and normal stomach epithelial tissue sam-
ples were collected from patients underwent surgical resection at 
the Jiangnan University Hospital and Zhongshan Hospital of Xiamen 
University between March 2015 and January 2017. Freshly resected 
tissue from 20 patients were snap-frozen in liquid nitrogen and other 
specimens from 146 patients were fixed in formalin and embedded 
in paraffin. This study was approved by the Ethics Committee of 

Jiangnan University Hospital and Zhongshan Hospital of Xiamen 
University. All patients involved in this study provided informed 
consent. The patients who received chemotherapy or radiotherapy 
before surgery were excluded. The mean time of follow-up dura-
tion ranged from 0.12 to 7.3 years was 4.6 years. According to the 
guidelines of the American Joint Committee on Cancer (AJCC), the 
classification of GC tumor stage was determined by more than two 
pathologists who were blinded to the patients' data.

2.2  |  Bioinformatics analysis

The HSPA6 expression in mRNA levels from the GC and normal 
stomach epithelial tissue samples were analyzed by the integrated 
analysis of Coexpedia (www.coexp​edia.org),11 Oncomine (www.
oncom​ine.org)12 and UALCAN (http://ualcan.path.uab.edu/index.
html)13 databases. The entire transcriptome data of 443 human 
GC tissue samples were downloaded from TCGA-STAD datasets 
(https://www.cancer.gov/) and that of human-derived GC cell 
lines from CCLE datasets (https://porta​ls.broad​insti​tute.org/ccle). 
The HSPA6-associated pathways and gene clusters were identi-
fied by Gene set enrichment analysis (GSEA) version 3.0 based on 
hallmark gene sets from the Molecular Signatures Database v7.4. 
Furthermore, enrichment analysis was performed by false discov-
ery rate < 0.05 as the criteria for significantly enriched genes with a 
random combination number of 1000.14 The gene sets of HSPA6hi 
and HSPA6low groups were classified based on the median expres-
sion of HSPA6.

2.3  |  Cell culture

XGC-1 had been successfully established from GC patients di-
agnosed with IGC by Ming classification.15 The XGC-1, AGS and 
NUGC2 cell lines (Cell Bank of the Chinese Academy of Sciences) 
were cultured in RPMI-1640 (Thermo Scientific) supplemented with 
10% fetal bovine serum (Thermo Scientific) at 37°C with 5% CO2 and 
90%–95% humidity.

2.4  |  RNA isolation and RT-qPCR

Total RNA was extracted by Trizol reagent (Invitrogen) accord-
ing to the manufacturer's instructions, and reversely transcribed 
by the Prime Script RT-PCR kit (Takara). The cDNA template was 
amplified by the Prime Script RT-qPCR on an ABI 7500 RT-PCR 
(Applied Biosystems) with SYBR Green Master Mix (Takara), 
and normalized to β-actin levels. The primers were as follows: 
HSPA6 forward 5′-GATGTGTCGGTTCTCTCCATTG-3′ and re-
verse 5′-CTTCCATGAAGTGGTTCACGA-3′, β-actin forward 
5′-CCTGTGGCATCCACGAAACT-3′ and reverse 5′-GAAGCATT​
TGCG GTGGACGAT-3′. All reactions were performed three times.

http://www.coexpedia.org
http://www.oncomine.org
http://www.oncomine.org
http://ualcan.path.uab.edu/index.html
http://ualcan.path.uab.edu/index.html
https://www.cancer.gov/
https://portals.broadinstitute.org/ccle
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2.5  |  Western blotting

Total protein extracted by RIPA lysis buffer (Thermo Scientific) 
was determined with an enhanced bicinchoninic acid assay kit 
(CWBio). The protein from each sample was separated by sodium 
dodecyl sulfate-polyacrylamide gel electrophoresis and transferred 
to polyvinylidene difluoride membranes (CWBio). The membranes 
blocked with 5% non-fat milk for 1 h at room temperature (RT) later 
were incubated the whole night with primary antibodies targeting 
HSPA6 (1:2000, ab212044, Abcam), Cyclin B1 (1:3000, ab32053, 
Abcam), YAP1 (1:5000, ab56701, Abcam), p-S127-YAP1 (1:3000, 
ab226760, Abcam) and β-actin (1:5000, ab8226, Abcam) at 4°C. 
The membranes were washed three times with tris-buffered saline 
with Tween 60 (TBST) and probed with horseradish peroxidase-
conjugated secondary antibody (1:5000) for 1.5  h at RT. Protein 
bands were exposed by a chemiluminescence system, and the 
membranes were visualized by X-ray films (Bio-Rad). Densitometric 
analysis was performed by image software (Media Cybernetics). 
The relative protein expression levels of proteins measured in this 
study were normalized to β-actin.

2.6  |  Immunohistochemistry

Tissue specimens used in this study were fixed, dehydrated, em-
bedded and then cut into 5 μm-thick sections. IHC was performed 
using a kit as per the manufacturer's protocol. Following antigen 
retrieval in hot citrate buffer, those sections were incubated the 
whole night with anti-HSPA6 primary antibody (1:200, ab212044, 
Abcam) at 4°C. Each section of those was washed three times with 
TBST for 5 min, and incubated with a rabbit secondary antibody at 
RT for 1 h. The staining intensity of HSPA6 and the percentage of 
positively stained cells in tissues were scored by three independent 
pathologists in a blinded fashion. Based on the percentage of posi-
tively stained cells, the samples were graded as 4 (>76%), 3 (51%–
75%), 2 (26%–50%), 1 (6%–25%) and 0 (≤5%). The staining intensity 
was graded as strong, 3 moderate, 2 weak 1 and negative (0). The 
total scores were calculated by multiplying the staining intensity 
score with that of the percentage of positive cells and ranged from 
0 to 12.16 Subsequently, the samples were stratified as HSPA6high 
and HSPA6low based on scores ranging from 6 to 12 and 0 to 4, 
respectively.

2.7  |  Lentiviral transduction

The XGC-1, AGS and NUGC2 cells were plated in dishes with 80% 
confluence 24 h prior to transfection. HSPA6 and control lentiviral 
vectors were transfected into the AGS cells, and HSAP6-shRNA 
(GenePharma, Shanghai, China) into XGC-1 and NUGC2 cells. The 
stably transfected cells were selected with 5  μg/mL puromycin, 

and HSAP6 expression was verified by RT-qPCR and Western 
blotting.

2.8  |  EdU assay

5-Ethynyl-20-deoxyuridine (EdU) cell proliferation assay was con-
ducted to detect the proliferation of cell lines. According to EdU 
kit instruction (Beyotimes, China), HSPA6-shRNA-XGC-1 cells and 
vector-shRNA-XGC-1 cells were inoculated into a well from 24-well 
plate at a density of 1 × 105 cells and cultured for 6 h, then incubated 
with 200 μl of 100 μl EdU solution for 2 h, fixed in 4% formaldehyde, 
photographed under a Zeiss fluorescence microscope (Zeiss).

2.9  |  Cell Counting Kit-8 (CCK-8) assay

The proliferation rates of cells were detected by the CCK-8 (Dojindo 
Laboratories). The suitably treated cells were seeded into 96-well 
plates at the density of 2 × 103 cells per well, and 10 μl CCK-8 solu-
tion was added at the 0, 24, 48, 72, 96 and 120 h time points. After 
incubating for 2 h, the absorbance at 450 nm was recorded by a mi-
croplate reader (BioTek).

2.10  |  Mouse tumor models assay

The animal study and the experimental protocol were approved 
by the Xiamen University Experimental Animal Care Commission. 
BALB/c nude mice were purchased from the Animal Research Center 
of Xiamen University and fed according to institutional policies. 
Vector or HSPA6-shRNA transfected XGC-1 cells were collected in 
PBS, then injected into the mice for subcutaneous xenograft tumor 
models (5 × 106 cells/mouse, n = 3/group). The animals were exam-
ined every 3 days for the development of tumors.

2.11  |  Statistical analysis

The performed statistical software was an R software (version 
3.5.3). Student's t test was used to compare differences in HSPA6 
expression between tumor and normal samples. The associations 
between HSPA6 and the clinicopathological features in GC were as-
sessed by Fisher's exact test or Chi-square test when appropriate. 
A nomogram was constructed based on the results of the multivari-
ate analysis with rms package in R version 3.5.3 (http://www.r-proje​
ct.org/). The OS curve was plotted using the Kaplan–Meier. The uni-
variate and multivariate analyses containing factors of TNM stage, 
HSPA6 and Ming classification were performed by Cox proportional 
hazard regression model. All P values were two-tailed and consid-
ered statistically significant as p < 0.05.

http://www.r-project.org/
http://www.r-project.org/


4 of 10  |     ZHANG et al.

3  |  RESULTS

3.1  |  HSPA6 is overexpressed in GC tissues

Screening of the Oncomine database revealed that HSPA6 is over-
expressed in kidney cancer, brain and CNS cancers, leukemia and 
lymphoma, breast cancer, cervical cancer, colorectal cancer and GC 
(Figure 1A). In addition, the significantly higher expression levels of 
HSPA6 in GC tissues were also confirmed through previously pub-
lished studies (Figure 1B) as well as the GEPIA and UALCAN data-
bases (Figure 1C,D). Consistent with previous reports, we found that 
the HSPA6 expression in mRNA level was significantly up-regulated 
in the GC tissues compared to the normal gastric epithelial tissues 
(Figure 1E). The HSPA6 protein was also significantly up-regulated 
in the GC tissues compared with the normal gastric epithelial tis-
sues (Figure 1F,G). These findings suggest that HSPA6 is a potential 
oncogene in GC.

3.2  |  HSPA6 overexpression is related to poor 
prognosis and IGC

Based on the IHC staining score of HSPA6 (Figure 2A,B), the GC 
samples were stratified into the HSPA6high and HSPA6low groups by 
the best cutoff score point at 6 scores (Figure 2D). The expression 
of HSPA6 was significantly correlated with tumor size (p =  0.002, 
Table 1) and Ming classification (p < 0.001, Table 1) but not with age, 
gender, tissue grading and N-phases (p > 0.05, Table 1). The corre-
lation of HSPA6 expression with Ming classification was intuitively 
displayed by Sankey diagram (Figure 2C). HSPA6high in the IGC group 
showed more significantly poor survival rates compared to that in 
HSPA6low in the EGC group (p < 0.01, Figure  2E). In addition, uni-
variate and multivariate COX analyses identified TNM stage and 
HSPA6 as independent prognostic factors of GC (p < 0.05, Table 2). 
The nomogram model for the prediction of 3 or 5 years survival rate 
was developed based on multivariate logistic regression (Figure 2F). 
The goodness-of-fit of the nomogram model was evaluated by the A 
Hosmer–Lemeshow test and was ideal (Figure 2G). The area under 
the ROC curve (AUC) was used to measure the discrimination per-
formance. The AUC for 3 and 5 years were 0.906 and 0.894, respec-
tively (Figure 2H). Those results indicated that the model was a good 
performance.

3.3  |  Knocking down HSPA6 suppressed GC 
proliferation both in vitro and in vivo

To further assess the molecular function of HSPA6 in GC, we ana-
lyzed the gene set associated with HSPA6 using the STAD transcrip-
tome data from the TCGA database. The top 10 genes correlated 
with HSPA6 in STAD are outlined in the heatmap (Figure  3A). 
Furthermore, the results from GSEA showed that the significantly 
enriched KEGG pathway and hallmark function of these genes 

were cell cycle (Figure 3B) and G2M checkpoint (Figure 3C) respec-
tively, indicating that HSPA6 is relevant to the proliferation of GC 
cells. In vitro assay, Edu incorporation was markedly lower in the 
HSPA6-knockdown XGC-1 cells relative to the controls (Figure 4D). 
Consistent with this in vivo assay, mouse tumor models showed that 
the weight of the HSPA6-knockdown XGC-1 cells (0.40 ± 0.28 g) was 
significantly lower than that of the respective controls (1.72 ± 0.77 g, 
Figure 4E).

3.4  |  HSPA6 promotes GC proliferation via 
activating the Hippo pathway

The transcriptome data of multiple GC cell lines were downloaded 
from CCLE and showed that HSPA6 was downregulated in AGS 
cells and highly expressed in NUGC2 cells (Figure 4A). To experi-
mentally determine the biological role of HSPA6 in GC, we overex-
pressed HSPA6 in the AGS cells and inactivated it in the NUGC2 
cells using siRNA (Figure  4B–D). Overexpression of HSPA6 sig-
nificantly increased the proliferation of AGS cells compared to the 
control group, while HSPA6 silencing had the opposite effect in the 
NUGC2 cells (Figure 4E), thereby confirming the bioinformatics find-
ings. Furthermore, the genes associated with high and low HSPA6 
expression were also identified from the transcriptome data of GC 
cell lines. The top 20 genes are shown in the heatmap in Figure 4F. 
GSEA revealed that the Hippo signaling pathway was significantly 
enriched in the HSPA6-related genes, indicating that HSPA6 might 
promote the proliferation of GC cells through the Hippo signaling 
pathway (Figure 4G). Therefore, we detected the expression levels 
of cyclin B1, YAP and p-YAP proteins in the AGS and NUGC2 cells. 
Overexpression of HSPA6 in the AGS cells significantly increased 
the expressions of cyclin B1 and YAP, and decreased that of p-YAP. 
Knocking down HSPA6 in the NUGC2 cells led to opposite changes 
(Figure 4H,I). Taken together, HSPA6 promotes the proliferation of 
GC cells by activating the Hippo pathway.

4  |  DISCUSSION

Currently, GC is treated through surgery, radiotherapy and chem-
otherapy.4 In addition, the identification of novel molecular mark-
ers of GC, such as genes,17 miRNAs,18 lncRNAs19 and cirRNAs,20 in 
recent years has accelerated the development of precision thera-
pies. HSPA6 belongs to the HSP70 family and appears evolution-
ary unique as it is not conserved in rodents. HSPA6 expression 
is not detectable in most cells under normal conditions.10 Recent 
studies have found that HSPA6 exhibits to inhibit tumorigenesis 
and tumor progression in some types of cancers but promotes it 
in others. However, HSPA6 expression and its exact roles in GC 
are still unclear. We found that HSPA6 is aberrantly expressed in 
the GC tissues compared to normal stomach epithelium through 
integrated transcriptome analysis as well as direct analysis of pa-
tient samples from GEPIA and UALCAN databases. Furthermore, 
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F I G U R E  1 HSPA6 is up-regulated in GC. (A) The expression of HSPA6 in different cancers from the Oncomine database. (B–D) The 
expression of HSPA6 in STAD from (B) Oncomine database, (C) UALCAN and (D) GEPIA. (E) HSPA6 mRNA levels in STAD and normal tissues. 
(F) Immunoblot showing expression of HSPA6 protein in STAD and normal tissues and (G) the relative expression levels.
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F I G U R E  2 HSPA6 overexpression predicts poor survival in GC. (A, B) Representative images showing (A) low and (B) high in situ 
expression of HSPA6 in GC tissues; (C) Sankey diagram of TNM stage, HSPA6 expression and Ming classification; (D) restricted cubic splines 
for best cutoff point; (E) Kaplan–Meier overall survival curves of HSPA6high and HSPAlow in EGC and IGC groups; (F) prognostic nomogram 
for GC based on HSPA6 expression and clinicopathological variables; (G, H) straight line graph (G) and time-dependent receiver operating 
characteristic (ROC) curves (H) for evaluating the predictive power of the nomogram.
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demarcation of the patients on the basis of in situ HSPA6 expres-
sion indicated that overexpression of HSPA6 correlated signifi-
cantly with larger tumors and IGC. The OS of the HSPA6high group 

was also worse compared to that of HSPA6low patients, indicating 
that high expression of HSPA6 in GC tissues portends a poor prog-
nosis. The results of COX analyses confirmed that HSPA6 is an 

Characteristics No. cases

HSPA6 expression

χ2 p ValueLow High

Age

<=60 83 56 27 0.11 0.739

>60 63 45 18

Gender

Female 84 56 28 0.34 0.559

Male 62 45 17

T stage

T1–T2 73 55 18 2.05 0.152

T3–T4 73 46 27

N stage

N0 64 40 24 1.86 0.173

N1–N3 82 61 21

TNM stage

I–II 46 37 9 3.25 0.071

III–IV 100 64 36

Histological grade

Poor and middle 73 47 26 1.15 0.282

Well 73 54 19

Tumor size

<=4 cm 65 54 11 9.47 0.002

>4 cm 81 47 34

Ming classification

EGC 70 66 4 37.53 <0.001

IGC 76 35 41

Bold face indicates statistical significance.

TA B L E  1 The correlation between 
HSPA6 expression and clinicopathological 
variables in GC.

Characteristics

Univariate analysis Multivariate analysis

HR (95%CI) p value HR (95%CI) p value

Age (>60 vs ≤60) 0.784(0.531–1.155) 0.218

Gender (male vs female) 1.29(0.886–1.879) 0.184

Size (>4 cm vs <4 cm) 1.173(0.794–1.733) 0.424

Histological grade (poorly vs 
well/moderately)

1.141(0.776–1.677) 0.502

T stage (T3–T4 vs.T1–T2) 0.746(0.511–1.09) 0.130

N stage (N2–N3 vs.N0–N1) 0.919(0.631–1.337) 0.658

TNM stage (III–IV vs.I-II) 1.654(1.124–2.434) 0.011 1.999(1.323–
3.02)

<0.001

HSPA6 (high vs low 
expression)

2.28(1.34–3.86) 0.002 2.23(1.31–
3.78)

0.003

Ming classification (IGC vs 
EGC)

1.596(1.067–2.385) 0.023 1.198(0.749–
1.915)

0.450

Bold face indicates statistical significance.

TA B L E  2 The prognostic factors of GC 
through univariate and multivariate COX 
regression analysis.
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independent prognostic factor for GC. Finally, The nomogram was 
constructed HSPA6 and clinical stage with a high performance of 
prediction. Those results indicated HSPA6 is a potential prognos-
tic marker as well as an oncogene.

To further determine the functional relevance of HSPA6 in GC, 
we used GSEA to identify the pathways enriched in the genes cor-
related with HSPA6 expression levels in GC from the TCGA data-
base. The cell cycle, G2M checkpoint and Hippo pathway were 
significantly enriched, which suggested that HSPA6 likely promotes 
the proliferation of the GC cells by activating the Hippo pathway. 
Indeed, knocking down HSPA6 suppressed cell proliferation in 
vitro and tumor growth in vivo. What's more, ectopic expression of 
HSPA6 in the HSPA6low AGS cell line significantly increased prolif-
eration rates, whereas gene silencing in the HSPA6high NUGC2 cells 

inhibited growth. Consistent with our findings, overexpression of 
HSPA6 in the bladder cancer21 and lung cancer22 cells upregulated 
cyclin B1 and YAP and decreased the levels of phosphorylated YAP 
(p-YAP). Cyclin B1 drives cell cycle progression through the G2/M 
checkpoint,23 and its high levels in GC cells are associated with ac-
celerated G2/M transition.24 The transcriptional coactivator YAP of 
the Hippo signaling pathway associated with cell proliferation and 
organ size is an established oncoprotein in GC.25,26 Taken together, 
HSPA6 promotes the proliferation of GC cells via activating the 
Hippo pathway.

There are several limitations in this study that ought to be con-
sidered. First, the number of samples was limited and the study de-
sign was retrospective. Secondly, the mechanistic basis of HSPA6 
action was also unclear. Therefore, our findings would be validated 

F I G U R E  3 HSPA6 is associated with the proliferation of GC. (A) Heatmap showing the top 10 genes correlated to HSPA6 in the TCGA-
STAD dataset. (B) The significantly enriched KEGG pathways of HSPA6-related genes. (C) The significantly enriched Hallmark functions of 
HSPA6-related genes. (D) The proliferation of cells between the control and sh-HSPA6 group was measured by 5-ethynyl-20-deoxyuridine 
(EdU). (E) Representative images of tumor tissues in each group were shown.
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on a larger patients' cohort. In addition, pulldown, protein MS and 
Co-IP experiments will be needed to clarify the molecular mecha-
nism of HSPA6.

5  |  CONCLUSION

Our study demonstrates that HSPA6, a novel prognostic biomarker 
and promising therapeutic target for GC, is overexpressed in GC and 
promotes proliferation via the Hippo pathway.
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