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Abstract

Background: The HSP70 family of heat shock protein plays a critical role in protein synthesis and transport to main-
tain protein homeostasis. Several studies have indicated that HSP70s are related to the development and occurrence
of various cancers.

Methods: The relationship between the overall survival rate of hepatocellular carcinoma patients and the expres-
sion of 14 HSP70s from multiple databases, such as TCGA, ONCOMINE, cBioPortal was investigated. Western Blot and
PCR were used to evaluate HSPA4 and HSPA14 expressions in various HCC cells to identify suitable cell lines for further
experiments .Wound-healing assays, Transwell assays and EdU assays were used to verify the effects of HSPA4 and
HSPA14 on the function of hepatocellular carcinoma cells, and statistical analysis was performed.

Results: Hepatocellular carcinoma tissues significantly expressed the 14 HSP70s compared to the normal samples.
Besides, the high HSPATA, HSPA1B, HSPA4, HSPA5, HSPA8, HSPA13, and HSPAT4 expressions were inversely associated
with the overall survival rate of patients, tumor grade, and cancer stage. A PPl regulatory network was constructed
using the 14 HSP70s proteins with HSPAS and HSPAS at the network center. Univariate and multivariate analyses
showed that HSPA4 and HSPA14 could be independent risk factors for the prognosis of hepatocellular carcinoma
patients. Cell experiments have also confirmed that reducing HSPA4 and HSPA14 expressions can inhibit the invasion,
metastasis, and proliferation of hepatocellular carcinoma cells.

Conclusions: Therefore, the HSP70s significantly influence the occurrence and development of hepatocellular carci-
noma. For instance, HSPA4 and HSPA14 can be novel therapeutic targets and prognostic biomarkers for hepatocellular
carcinoma.
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Introduction

Hepatocellular carcinoma (HCC) is a common and
deadly cancer. About 800,000 new cases and over
700,000 HCC-associated deaths are reported yearly [1].
Surgical treatment, including hepatectomy and liver
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transplantation (LT), is the main HCC treatment. Moreo-
ver, sorafenib is the only systematic therapy for HCC [2].
Despite significant progress in hepatocellular carcinoma
treatment in the past, Its prognosis remains poor odue to
its high invasiveness and metastasis rate. Moreover, the
molecular characteristics of HCC are unknown. Under-
standing the potential pathogenesis and etiology of HCC
can help find advanced biomarkers for HCC treatment
and diagnosis, thus improving the prognosis and individ-
ualized patient treatment.

Increased conformational unstable proteins cause
continuous proliferation and genetic instability of
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cancer cells. Also, excessive protein synthesis and
metabolism lead to a stress state in cancer cells that
must be permanently compensated. Therefore, tumor
cells depend on the maintenance of protein homeo-
stasis via the molecular chaperones. HSP70s are ubiq-
uitous molecular chaperones essential for folding and
remodeling of all cellular proteins. HSP70s help mis-
folded proteins to fold and refold correctly. HSP70s are
essential in all protein synthesis and degradation stages,
thus important in maintaining protein homeostasis
[3]. Cancer cells can release HSP70s, which influence
malignant characteristics via receptor-mediated signal
transduction [4]. Therefore, HSP70s can influence HCC
occurrence and development via several mechanisms.
Some studies have revealed that the HSP70 expression
is upregulated in some human malignant tumors, such
as liver, breast, pancreatic, colorectal, and prostate can-
cers [5—9]. Therefore, a comprehensive study of vari-
ous HSP70s in HCC is needed to clarify the molecular
mechanisms involved in HCC development, providing
potential therapeutic targets and prognostic markers of
HCC.

Presently, 14 HSP70s members have been identi-
fied (HSPA1A, HSPA1B, HSPAI1L, HSPA2, HSPA4,
HSPA4L, HSPA5, HSPA6, HSPAS8, HSPA9, HSPA12B,
HSPA12A, HSPA13 and HSPA14). HSP70s have criti-
cal roles in tumor cells [10, 11]. Some studies have
found abnormal expression of some HSP70s and
their prognostic value. For instance, HSPA1A pro-
motes hepatoma cell proliferation through TLR2 and
TLR4 signaling pathways[12], and HSPA1L/HIF-1 a/
GP78 significantly influences tumor progression [13].
HSPA1B (HSP70-2) down-regulation can reduce cell
proliferation and tumor growth [14]. HSPA2 overex-
pression is associated with tumor angiogenesis, inva-
sive progression, and poor prognosis [15, 16]. Previous
studies showed that HSPA5 (GRP78) increases FAT10
expression via NF-kB pathway to promote HCC pro-
liferation [17]. HSPA5 also accelerates HCC invasion
and metastasis by activating the Wnt pathway via the
LRP6 [18]. Similarly, HSPA4 [19], HSPA8 [20, 21],
HSPA9 [22, 23], and HSPA12B [24, 25] are associated
with tumor occurrence and development. However, the
role and relationship of various HSP70s in HCC occur-
rence and development are unknown. Several DNA
and RNA data have been produced due to the continu-
ous progress in microarray technology. Several gene
expressions or copy number variations published in
the online database can be analyzed to test whether the
expression of various HSP70 proteins is related to clini-
cal parameters, such as the OS of HCC patients, and
explore the function of HSP70s in HCC occurrence and
development.
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Materials and methods

ONCOMINE database

ONCOMINE database (www.oncomine.org) is a com-
prehensive online cancer microarray database for DNA
or RNA sequence analysis that facilitates discovery from
the gene-wide expression analyses [26]. Transcriptional
expressions of 14 HSP70s in various cancer tissues and
their corresponding adjacent normal control samples
were obtained from ONCOMINE database.

UALCAN

UALCAN (http://ualcan.path.uab.edu) is an interactive
web resource based on level 3 RNA-seq and clinical data
of 31 cancer types from the TCGA database [27]. UAL-
CAN was used to analyze the mRNA expressions of 14
HSPA70s in HCC tissues and their relationship with
clinicopathologic parameters. Students’ t-test was used
to compare the transcriptional expression difference.
P <0.01 was considered statistically significant.

cBioPortal

cBioPortal (www.cbioportal.org) is an online open-
access website resource. It is used to explore, visualize,
and analyze multidimensional cancer genomics data [28].
The genomic profiles of 14 HSP70s, including mutations,
putative copy-number alterations from GISTIC, and
mRNA Expression z-Scores (RNASeq V2 RSEM) with a
z-score threshold £ 1.8 were analyzed.

The Cancer Genome Atlas (TCGA) database

TCGA [29] is a coordinated and comprehensive tool that
ameliorates diagnostic methods and treatment criteria
for cancer prevention. Over 30 human tumor sequencing
and pathological data can be analyzed on TCGA. Tran-
scriptional group RNA sequencing data of HCC samples,
including the transcriptional group data and corre-
sponding clinical information of 377 HCC patients, were
downloaded from the TCGA (https://cancergenome.nih.
gov/). A total of 89 patients with less than three months
overall survival, or inadequate clinical information, or no
RO surgery in the TCGA database were not excluded to
avoid the impact of non-related confounding factors. The
data of the remaining 288 patients were used for univari-
ate and multivariate analyses. The results are shown in
Table 1.

Functional enrichment analysis

STRING v11 database (https://string-db.org/) was used
to identify 30 frequently neighbor genes of HSP70s.
DAVID database (https://david.ncifcrf.gov/summary.jsp)
was then used to analyze the function of HSP70s and the
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Table 1 Basic characteristics of 288 HCC patients

Variables HCC patient number
Overall Survival Status (Alive/Dead) 194/94

Age (<65/>65) 187/101
Gender (Female/Male) 96/192
Tumor Status (With Tumor/Tumor free) 90/182
Pharmaceutical Therapy (No/Yes) 190/9
Ablation embolization (No/Yes) 189/12
Neoplasm Histologic Grade (I/1I/11I/1V) 42/135/96/11
T Stage (1/2/3/4) 145/72/60/8
N Stage (NO/N1-NX) 207/80

M Stage (MO/MI-MX) 217/71
Neoplasm Disease Stage (I/1I/111/1V) 138/67/64/2
Vascular Invasion (None/Micro/Macro) 161/72/13
Child pugh classification grade (A/B/C) 182/20/1
Adjacent hepatic tissue inflammation extent 102/85/14

type (None/Mild/Severe)

30 genes significantly related to HSP70s, such as cellular
components (CC), biological processes (BP), molecular
functions (MF), and KEGG analysis.

Cell culture and transfection

HCC human cell lines, including HCCLM3, Huh-7,
SMCC7721, and MHCC97H, were sourced from the
Institute of Biochemistry and Cell Biology, Chinese Acad-
emy of Sciences (Shanghai, China). Cell Bank confirmed
the cells using short tandem repeat profiling. The Cells
were cultured as previously described. Lipofectamine "
3000 Transfection Reagent (Invitrogen, Carlsbad, USA)
was used for transfection [17].

Western blot analysis and Real-time quantitative
polymerase chain reaction (qRT-PCR)
Western blotting and qRT-PCR were performed as ear-
lier mentioned [30]. The specific primers used for PCR
amplification are shown in Additional file 1: Table S1.

Wound-healing assays

Use the marker pen to draw a horizontal line evenly
on the back of the 6-well plate, about every 0.5-1 cm,
across the well. The cells were cultured in 6-well plates
to 80-90%. Scratched the horizontal line perpendicular
to the back with the pipette tip. Washed the cells gen-
tly with PBS for 3 times and added serum-free medium.
Continue culturing in incubator at 37 ‘C. Observed and
took pictures at the time point of 0 h, 24 h, 48 h [30].

Transwell assays
5 x 10* cells were suspended in serum-free medium and
placed in the upper chamber. After 24 h of culture, the
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unmigrated cells on the upper surface of the membrane
were carefully removed with cotton swabs, the cells on
the lower surface of the membrane were fixed and stained
with 0.1% crystal violet, observed and photographed [18].

EdU assay

The cells were treated with 150 ul 5-ethynyl-20-deox-
yuridine (EdU) (Ribobio, Guangzhou, China) for 2 h.
Washed the cell with PBS for three times. After cells were
treated with 2 mg/ml glycine and 0.5% TritionX-100
in turn,the cells were stained with 300 pl of 1xApollo®
reaction cocktail for 30 min. Then, the cells were stained
with 300 upl of Hoechst 33,342 (5 pg/ml) for 30 min.
Washed the cells with PBS after each step. Observed and
took pcitures [31].

Statistical methods

R v3.6.1(https://www.r-project.org/) and SPSS 26.0(SPSS
Inc., Chicago, IL) were used for all statistical analyses.
Univariate Cox algorithm was used to analyze and evalu-
ate the effects of clinical parameters and HSP70s mRNA
expression on the survival of HCC patients. Those with
P<0.1 were used for follow-up analysis. A Multivari-
ate Cox algorithm was used to analyze the relationship
between HSP70s mRNA expression and patient sur-
vival. P<0.05 was considered statistically significant.
Each experiment was repeated thrice. All values were
expressed as an average of &£ SD. T-test was used to ana-
lyze all experimental results, * P<0.05,** P<0.01 and ***
P <0.001.

Results

HSP70 expressions in the HCC and normal tissues
ONCOMINE and TCGA databases were used to analyze
the mRNA expression of HSP70s to explore the different
prognosis and potential therapeutic value of HSP70s in
HCC patients. ONCOMINE database datasets showed
that the mRNA expression of HSPA4/41./13/14 was sig-
nificantly higher in liver cancer tissues. Roessler Liver 2
dataset showed significant HSPA4/13/14 overexpression
in HCC tissues compared with the normal tissues with
multiple changes of 2.202 times (p=1.9E—72), 2.119
times (p=9.4E—49), and 2.099 times (p=7.76E—58),
respectively. Wurmbach dataset observed that the mRNA
expressions of HSPA4 and HSPA4L increased 2.053 times
(p=3.49E—06) and 5.204 times (p=5.26E—07), respec-
tively in HCC samples. Roessler dataset revealed that the
mRNA expression of HSPA4 increased 2.492 times in
HCC tissues (p=1.21E—08) (Fig. 1; Table 2). The expres-
sion profile data of LIHC patients in the TCGA data-
base were also analyzed. The mRNA expression level of
HSP70s was significantly upregulated in HCC tissues (all
p<0.05) (Fig. 2).
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Table 2 There was a significant change in the expression of HSP70s at the transcriptional level of (ONCOMINE) between

hepatocellular carcinoma and normal liver tissues

Types of HCC VS. Liver Fold change P value t-test Ref
HSPA4 Hepatocellular Carcinoma 2.202 1.90E-72 22.549 Roessler Liver 2
Hepatocellular Carcinoma 2492 1.21E—08 7.023 Roessler Liver
Hepatocellular Carcinoma 2.053 3.49E—-06 5.635 Wurmbach Liver
HSPA4L Hepatocellular Carcinoma 5204 5.26E—07 7.269 Wurmbach Liver
HSPA13 Hepatocellular Carcinoma 2119 9.40E—49 17614 Roessler Liver 2
HSPA14 Hepatocellular Carcinoma 2.099 7.76E—58 19.057 Roessler Liver 2
HSPAlA HSPA1B HSPAIL HSPA2 HSPA4 HSPA4L HSPAS HSPAG6 HSPAS HSPA9 HSPAI2A HSPA12BHSPAl3 HSPAl4
Cancer Cancer Cancer Cancer Cancer Cancer Cancer Cancer Cancer Cancer Cancer Cancer Cancer Cancer
VS, Vs VS, VS Vs, Vs, VS. Vs, VS. VS, Vs VS VS, VS,
Normal Normal | Normal Normal Normal | Normal Normal Normal Normal | Normal Normal Normal Normal Normal
Analysis Type by Cancer
Bladder Cancer 1 2
Brain and CNS Cancer 1
Breast Cancer 1 2 1 1
Cervical Cancer 1 1
Colorectal Cancer &
Esophageal Cancer
Gastric Cancer
Head and Neck Cancer -
Kidney Cancer
Leukemia 1 1 1
Liver Cancer
Lung Cancer
Lymphoma -
Melanoma 2
Myeloma
Other Cancer 1 - -

Ovarian Cancer
Pancreatic Cancer

Prostate Cancer

Sarcoma
Significant Unique Analyses 13 | 15] 6 4 S 6 3 7120 9 9 8 6 12 3 15 4 |17 2 33 18 | 18 1 6 6
Total Unique Analyses 433 421 438 254 440 413 407 390 427 417 406 273 438 381
1 5 10 10 5 1
EEE0OOEN
——— Y —

Fig. 1 The transcriptional level of HSP70s in Oncomine dataset of different types of cancer

Prognostic value of differentially expressed HSP70s

in hepatocellular carcinoma patients

The correlation between HSP70 expressions in HCC
patients and the overall survival of HCC patients in
the TCGA database was further analyzed. The mRNA
expression of nearly half of HSP70s was associated with
the prognosis of HCC patients. HSPA1A (p=0.048),
HSPA1B (p=0.038), HSPA4 (p=0.019), HSPA5
(p=0.016), HSPA8 (p=0.011), HSPA13 (p=0.018) and
HSPA14 (p=0.00069)were associated with shorter OS.

However, HSPA1L, HSPA2, HSPA4L, HSPA6, HSPA9,
HSPA12A, and HSPA12B mRNA expressions were not
associated with the prognosis of HCCC patients (Fig. 3).
Therefore, the expression levels of HSPA1A, HSPA1B,
HSPA4, HSPA5, HSPAS, HSPA13, and HSPA14 are sig-
nificantly associated with the prognosis of HCC patients
and can be used as potential biomarkers to predict
prognosis.
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Relationship between HSP70 expressions

and clinicopathological parameters in HCC patients

The relationship between HSP70expressions (novel
prognostic markers) and clinicopathological parameters

of HCC patients, including individual tumor grade and
cancer stage, was further analyzed. The expression of
seven HSP70s with prognostic value was significantly
associated with the individual cancer stage and tumor
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grade. Furthermore, the HSP70 mRNA expression levels
were higher at the high cancer stage (Fig. 4). The tumor
grade increased with the increased mRNA expression.
HSPA4 and HSPA14 expressions were significantly
associated with various tumor grades (Fig. 5). Therefore,
the mRNA expression of seven HSP70s with prognos-
tic value is positively correlated with clinicopathological
parameters.

HSP70s correlation analysis and gene mutation

The interaction between 14 HSP70s was also ana-
lyzed by assessing HSP70expressions to understand
their relationship. HSPA1A and HSPA1B, HSPA4 and
HSPA8, HSPA4 and HSPA9, HSPA6 and HSPAIA,
HSPA6 and HSPA1B, HSPA13 and HSPA1l4 were
significantly correlated (Fig. 6A). The genetic varia-
tion of HSP70s was then analyzed. HCC patients had
a high mutation rate of HSP70s. A total of 202 of the
345 sequenced HCC patients showed genetic varia-
tions (58.55%). The mutation rates of HSPA1L, HSPA4,
HSPA6 and HSPA9 were more than 10%. High and
Multiple Alterations were the most common mutations
(Fig. 6B).

Construction of an interaction network of HSP70s

and 30 related genes and prediction of their functions

and pathways

HSP70 correlation analysis showed that 30 neigh-
bor genes were significantly related to HSP70s in the
STRING database (Fig. 6C). Cytoscape 3.7.1 was used
to visualize the PPI results via the inter-gene connectiv-
ity (Fig. 6D). HSPA8 and HSPAS5 played a central part in
this network, and the HSP90 and HSP70 families were
closely related. Analysis, annotation, visualization, and
comprehensive discovery of GO and KEGG enrichment
in the DAVID database were used to predict the func-
tion of HSP70s and explore 30 adjacent genes. The 30
genes were significantly related to HSP70s and their
potential molecular mechanisms. “Protein folding’,
“U2-type catalytic step2 spliceosome” and “Unfolded
Protein binding” are the most common biological
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terms in biological processes, molecular functions, and
cellular components. Most genes were upregulated in
Spliceosome and Protein processing pathways in the
endoplasmic reticulum (Fig. 6F).

Independent prognostic value of HSP70 expressions

in HCC patients

Independent prognostic value evaluation of HSP70
mRNA expression and OS in HCC patients showed
HSPA1A, HSPA1B, HSPA4, HSPA5, HSPA8, HSPA13,
and HSPA14 were significantly associated with HCC
prognosis. Univariate analysis indicated that the TNM
stage, Pathological stage, Child pugh classification grade
with higher Tumor status, Pharmaceutical Therapy
were associated with shorter OS in HCC patients. The
higher mRNA expression of HSPA4L, HSPA4, HSPAS,
HSPA12A, and HSPA14 was associated with shorter OS
in HCC patients (Fig. 7A). Further multivariate analysis
revealed that the higher mRNA expression of HSPA4 and
HSPA14 was associated with shorter OS in HCC patients
(Fig. 7B). Therefore, the expression levels of HSPA4 and
HSPA14 are independent prognostic factors of OS in
HCC patients.

Interfering with the expression of HSPA4 or HSPA14
inhibits the proliferation, invasion and metastasis

of hepatoma cells

The high HSPA4 expression was associated with vascu-
lar invasion, while the high HSPA14 expression with the
higher T stage of the tumor (Fig. 8A and B). Therefore,
the high HSPA4 and HSPA14 expressions are associ-
ated with tumor proliferation, invasion and metastasis,
indicating that their high expressions could influence
the prognosis of HCC patients by accelerating tumor
proliferation, invasion, and metastasis of tumor. Cell
function experiments were used to confirm the con-
jecture. Western Blot and qPCR were used to evalu-
ate HSPA4 and HSPA14 expressions in normal liver
cells (HL-7702) and HCC cells. The results revealed
that HCCLM3 cells demonstrate relatively high lev-
els of HSPA4 and HSPA14 expression (Fig. 8C and D).

(See figure on next page.)

Fig. 3 Prognostic value of different HSP70s mRNA expression in hepatocellular carcinoma. The mRNA levels of HSPATA (A), HSPA1B (B), HSPA4 (E),
HSPAS (G), HSPAS (1), HSPA13 (M), HSPA14 (N) were negatively correlated with the shorter OS in patients with HCC. However, the expression levels
of HSPATL (C), HSPA2 (D), HSPA4L (F), HSPA6 (H), HSPA9 (J), HSPA12A (K) and HSPA12B (L) mRNA were not related to the prognosis of patients with

HCC (p>0.05)
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Fig. 4 The relationship between the level of 7 HSP70s and neoplasm histologic grade of patients with HCC. With the increase of mMRNA expression,

their tumor grade tended to be higher. HSPA4 and HSPA14 were most significant among different histologic grade
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Therefore, HSPA4 and HSPA14 expressions in HCCLM3
cells were knocked down via interference fragments. PCR
and Western blotting results revealed that HSPA4 and
HSPA14 expressions significantly decreased in HCCLM3
cells (Fig. 8E-H). The NC group was the negative con-
trol group. A scratch experiment was then conducted
using HCCLM3 cells. The scratch spacing significantly
decreased in the NC group after 48 h, but there was no
significant change in HSPA4 and HSPA14 knockdown
groups, indicating that the migration ability of hepatoma
cells decreased (Fig. 9A and B), similar to the migration
and invasion assays. (Fig. 9C and D) Besides, Edu prolif-
eration assays suggested that cell proliferation ability was
significantly decreased after HSPA4 and HSPA14 expres-
sion interferences(Fig. 10A and B).

Discussion

HCC is a serious malignant tumor in the world due
to its complex molecular and cellular heterogeneity.
Besides, HCC incidence continues to increase [32]. Over
200 genes related to HCC proliferation, invasion and
metastasis have been reported. However, the specific
prognostic biomarkers and therapeutic targets are insuf-
ficient [33]. Therefore, the screening of HCC molecular
biological markers could improve prognosis and reduce
mortality.

HSP70s are conserved and inducible heat shock pro-
teins essential in protein homeostasis [34]. HSP70s
inhibit non-specific protein aggregation and help pro-
teins to obtain normal structure. HSP70s also have anti-
apoptotic properties and are involved in many processes
such as tumor cell proliferation, invasion, metastasis,
and death [35]. HSP70s helps cells maintain protein
homeostasis. The functional enrichment analysis showed
that HSP70s are mainly involved in protein folding and
unfolded protein reactions. Related HCC research
showed that some HSP70s play a crucial role. However,
it is necessary to determine the several roles of HSP70s in
HCC. This is the first study to systematically investigate
the expression, mutation, and prognostic value of various
HSP70s in HCC.

Page 10 of 17

Bioinformatics analysis indicated that 14 HSP70s
are significantly increased in HCC. The high expression
levels of HSPA1A, HSPA1B, HSPA4, HSPA5, HSPAS,
HSPA13, and HSPA14 were significantly negatively cor-
related with overall survival. However, their high expres-
sion was positively associated with higher tumor grade
and cancer stage. Some studies have shown that HSPA1A
can enhance the apoptosis resistance of H22 cells to
promote tumor growth [12] by activating NF- «B, and
HSPA1A of extracellular to the endogenous ligand of
TLR4 and TLR2 [12]. Garg et al. [36] did IHC analysis and
RT-PCR and showed that HSPA1B (HSP70-2) is overex-
pressed in 86% of tumor tissues. Also, down-regulated
HSP70-2 expression substantially inhibited cell growth,
colony formation, migration, and invasion in vitro and
inhibited tumor growth in vivo. Nirmala Jagadish et al.
[14] also used RT-PCR and IHC to detect the high HSP
70-2 expressions in 78% of CRC patients. The decreased
HSP 70-2 expression causes growth inhibition, colony
formation, migration, and CRC cells invasion. Moreover,
reduced HSP 70-2 expressions significantly decreased
the tumor growth in the COLO205 human transplanted
tumor model in mice. Little research has been conducted
on the relationship between HSPA13 (STcH) and tumors.
Zongguo Yang et al. [37] indicated that HSPA13 is over-
expressed in tumor tissues. While HSPA1A, HSPA1B,
and HSPA13 were negatively correlated with the overall
survival of patients, they were highly expressed in HCC.
The higher HSPA1A, HSPA1B, and HSPA13 expressions
were positively correlated with higher cancer stage and
tumor grade.

In this study, HSPA5 and HSPAS8 were highly expressed
in HCC, and their high expression was negatively asso-
ciated with the overall survival of patients. HSPA5 and
HSPAS8 were in the center of the PPI network, suggesting
that they are involved in the occurrence and development
of hepatocellular carcinoma via several mechanisms.
Therefore, HSPA5 and HSPA8 can be prognostic bio-
markers in HCC diagnosis and treatment. A previous
study showed that HSPA5 regulates FAT10 expression by
modulating the NF- k B pathway and directly activating

(See figure on next page.)

Fig. 6 Analysis of correlation among HSP70s, gene mutation and functional enrichment analysis of HSP70. A HSPATA and HSPA1B, HSPA4 and
HSPA8, HSPA4 and HSPA9, HSPA6 and HSPATA, HSPA6 and HSPA1B, HSPA13 and HSPA14 had very significant correlation (correlation coefficient > 0.3).
B The mutation rate of HSP70s gene was 58.55%. the mutation rates of HSPATL, HSPA4, HSPAG6 and HSPA9 are all higher than 10%, mRNA High and
Amplification are the most common mutation types. C Thirty neighbor genes significantly related to HSP70s were found through STRING database.
D Using Cytoscape 3.7.1 to display PPI results through inter-gene connectivity, we found that HSPA8 and HSPAS played a central role in this
network. Then, through the analysis, annotation, visualization and comprehensive discovery of GO (E) and KEGG (F) analysis in DAVID database
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Fig. 7 Univariate and multivariate Cox regression analyses of the association between clinicopathological factors (including HSP70s) and overall
survival of patients




Wang et al. Cancer Cell Int (2021) 21:286

Page 13 of 17

a HSPA4 (p=0.041) b HSPA14 (p=0.011)
o — L]
© ©
o -
5 " 5
4 — O
[ [
8 % g
o3 S
5 o 5 <
o © o
® ®
O R - o
~ 4
o -
T T T T
None Microscopic&Macroscopic T1-2 T3-4
Vascular Invasion T Stage
c d o 6
A} b ] mm HSPA14
'\’\Qq' \\0111 P o W g; =3 HSPA4 ]
b\ QN\ SRl Y\OO T
29 4
HSPA4 L w— . s 110kDa gi’
52
(2]
HSPA14  « W w— w— =  55kDa I E 27
2
=
GAPDH WSS SIS SIS @mms 36kDa 3 1M FI 1
T T T T
N N Q2 A &
PO A A
© RS ? &
S &
&)
e f s g h s
NC siHSPA4 . kx| NC siHSPA14 - .
b g -
< - <=
oo @ 1.0+
HSPA4 W W 1100, @ 3 5 HSPA14 MR S s55¢Da i’ -
o<
£ 2 : : 0.5
- . T 2=
GAPDH (D 50: ¢ = | GAPDH WM S 02 ¢ °
0- 0.0
NC siHSPA4 NC siHSPA14
Fig. 8 Expression of HSPA4 and HSPA14 in normal liver cells and HCC cells. A The expression of HSPA4 was positively correlated with vascular
invasion. B The expression level of HSPA14 was positively correlated with higher T stage. C and D The results of Western Blot and gPCR revealed that
HCCLM3 cells demonstrate relatively high levels of HSPA4 and HSPA14 expression. E and F The expression of HSPA4 in siHSPA4 is less than that in NC
group, and the expression of HSPA14 was less than that in NC group(p < 0.01), the NC group was the negative control group

the NF- kB pathway. Besides, the study showed that
FAT10 is an anti-tumor suppressor p53 gene [17], and
HSPA5 regulates HCC invasion and metastasis via the
HSPA5-LRP6-HOXB9 axis [18]. Some studies have
shown that HSPA8 (HSC 70, HSP 71, HSP 71, or HSP
73) is overexpressed in endometrial carcinoma. siRNA
of HSPAS8 transfection into endometrial cancer cells sig-
nificantly inhibited cell proliferation and growth and pro-
moted apoptosis. HSPAS is key in the occurrence and

development of endometrial carcinoma [21]. The above
studies have shown that HSP70s promote the occurrence
and development of tumor cells, and their high expres-
sion is associated with the poor prognosis of tumor
patients.

Finally, whether HSP70s can be used as an independ-
ent risk factor to predict the prognosis of hepatocellular
carcinoma patients was analyzed. Univariate and multi-
variate analyses showed that could predict the prognosis
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of HCC patients. High HSPA4 and HSPA14 expressions
were also associated with vascular infiltration and higher
T stage in HCC patients. HSPA4 and HSPA14 expres-
sion interference showed inhibited Cell proliferation,
invasion, and metastasis. Zongguo Yang et al. [37] ana-
lyzed HSPA4 expressions in 220 HCC patients and found
that HSPA4 is overexpressed in tumor tissues. They also

showed that HSPA4 is associated with early HCC recur-
rence. HSPA4 overexpression is associated with the poor
prognosis of breast cancer patients [19]. HSPA4 is a
potential cancer stem cell (CSC) marker for gastric can-
cer [38]. While some studies have shown that HSPA14
(HSP70L1) is associated with the overall survival and
recurrence of cervical cancer [39], siRNA-mediated
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inhibition of HSPA14 can reduce the migration, invasion,
and transformation activity of NBS-1 overexpressed cells
[40]. However, the mechanism of HSPA4 and HSPA14
effect on the occurrence and development of hepatocel-
lular carcinoma is unknown and should be studied.

In conclusion, the differential expression of HSP70s
in HCC and its potential diagnostic and prognostic
value showed that HSP70s are highly expressed in HCC
and are associated with poor prognosis. Further analy-
sis showed that HSPA1A, HSPA1B, HSPA4, HSPAS5,
HSPAS8, HSPA13, and HSPA14 could be used as prog-
nosis biomarkers, and HSPA4 HSPA14 as independ-
ent risk factors to determine the prognosis of HCC
patients. Besides, knockdowned HSPA4 or HSPA14 can
inhibit HCC proliferation, invasion, and metastasis,

indicating HSP70s promote HCC occurrence and
development. Moreover, HSPA4 and HSPA14 can be
novel biomarkers and therapeutic targets for HCC
patients.
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