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Heat shock protein HSPA13 promotes hepatocellular carcinoma
progression by stabilizing TANK
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HSPA13, an important member of the heat shock protein family, plays an essential role in the oncogenesis of many organs, but the
mechanism and function in hepatocellular carcinoma (HCC) is still unclear. In the present study, we found that HSPA13 was highly
expressed in HCC and predicted poor clinical prognosis. Upregulation of HSPA13 was significantly associated with vascular invasion
in HCC patients. Functionally, knockdown experiments demonstrated that HSPA13 promoted HCC proliferation, migration, and
invasion. Mechanistic investigation showed that HSPA13 could interact with TANK to inhibit its ubiquitination and degradation. In
addition, the expression of HSPA13 and TANK were positively correlated in HCC tissues. To conclude, the present study uncovers
the oncogenic function of HSPA13 in the progression of HCC by regulating the stability of TANK. These findings suggest that
HSPA13 and TANK may serve as promising targets for the diagnosis and treatment of HCC.
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INTRODUCTION
Hepatocellular carcinoma (HCC) is a kind of highly malignant
tumor and causes ~830,000 deaths per year, ranked third in tumor
mortality [1] Although there are numerous treatments available
for HCC, such as radical resection, targeted therapy, transarterial
chemoembolization (TACE), the mortality rate of HCC patients is
still increasing 2–3% per year, and the situation is still not
optimistic [2, 3]. Therefore, it is urgent to actively study the
mechanism of HCC oncogenesis to provide clinical direction for
treatment.
Heat shock 70 kDa proteins (HSP70s) are essential molecules

for the folding and remodeling of cellular proteins and are
extremely important in maintaining proteostasis [4, 5]. Previous
studies have shown that HSP70s are highly expressed in a
variety of cancers, such as breast, pancreatic, colorectal and
prostate cancers [6–9]. HSPA13, a member of the HSP70 family,
encodes a conserved ATPase structural domain and is capable
of interacting with Receptor-interacting protein 1 (RIP1) to
regulate TNFα signaling [10]. HSPA13 promotes antibody
secretion by plasma cells [11]. In addition, HSPA13 induces
prion diseases, implying that HSPA13 may be associated with
abnormal protein folding diseases [12]. Despite some studies
claiming that HSPA13 is highly expressed in gastric and colon
cancer and associated with the recurrence of oral cancer, there
is still a lack of research on its role and mechanism in HCC
[13–15]. As such, the current understanding of HSPA13 in HCC
remains unclear.
TANK (tumor necrosis factor receptor (TNFR) associated

factor (TRAF) family member associated NF-κB activator), is a

type of TRAF-binding protein. TRAF, a multifunctional family of
adaptor proteins, binds to surface receptors and forms signal
transduction complexes with various other proteins, playing a
crucial role in cell proliferation, differentiation, and stress
response [16–18]. TANK participates the development of
multiple diseases as a scaffolding protein [19]. In addition,
TRAF is also referred to as TARF interacting protein (I-TRAF) and
exhibits both stimulatory and inhibitory properties in regulat-
ing NF-κB activation [20, 21]. TANK transduces upstream RIG-I-
like receptor (RLR) signaling to TANK-binding kinase 1 (TBK1),
which induces phosphorylation of interferon regulatory factor
3 (IRF-3) [22–24]. IRF-3 phosphorylation and subsequent
dimerization induces IRF-3 nuclear translocation, and IRF-3
subsequently binds interferon-stimulated response elements
(ISRE), leading to type I interferon gene expression [25].
Moreover, binding of TANK to TBK1 and TRAF2/6 induces
downstream NF-κB-mediated transcription [26, 27]. Prior
research has demonstrated that aberrant expression of TANK
can trigger activation of the AKT signaling pathway in
glioblastoma and is correlated with tumor grade [28, 29].
Nevertheless, the role of TANK in HCC development has not
been investigated.
In this study, we examined the expression levels of HSPA13

in HCC tissues and investigated the correlation between
HSPA13 expression and clinicopathological features as well as
prognosis. Furthermore, we explored the functional role and
underlying mechanism of HSPA13 in HCC. Our findings suggest
that HSPA13 could serve as a promising therapeutic target
for HCC.

Received: 20 September 2023 Revised: 12 November 2023 Accepted: 21 November 2023

1Department of Hepatobiliary Surgery, Xiamen Key Laboratory of Liver Diseases, Xiamen Hospital of Traditional Chinese Medicine, Beijing University of Chinese Medicine, Xiamen,
Fujian Province, China. 2Xiamen Translational Medical Key Laboratory of Digestive System Tumor, Fujian Provincial Key Laboratory of Chronic Liver Disease and Hepatocellular
Carcinoma, Zhongshan Hospital of Xiamen University, School of Medicine, Xiamen University, Xiamen, Fujian Province, China. 3Department of Emergency, The Second Hospital of
Jiaxing, The Second Affiliated Hospital of Jiaxing University, Jiaxing, Zhejiang Province, China. ✉email: xiecr@xmu.edu.cn; yinzy@xmu.edu.cn; wangfq@xmu.edu.cn

www.nature.com/cddiscovery

Official journal of CDDpress

1
2
3
4
5
6
7
8
9
0
()
;,:

http://crossmark.crossref.org/dialog/?doi=10.1038/s41420-023-01735-0&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41420-023-01735-0&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41420-023-01735-0&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41420-023-01735-0&domain=pdf
http://orcid.org/0000-0002-1656-4324
http://orcid.org/0000-0002-1656-4324
http://orcid.org/0000-0002-1656-4324
http://orcid.org/0000-0002-1656-4324
http://orcid.org/0000-0002-1656-4324
https://doi.org/10.1038/s41420-023-01735-0
mailto:xiecr@xmu.edu.cn
mailto:yinzy@xmu.edu.cn
mailto:wangfq@xmu.edu.cn
www.nature.com/cddiscovery


RESULTS
HSPA13 is highly expressed in HCC tissues and its expression
correlates with poor prognosis
By analyzing The Cancer Genome Atlas (TCGA) database (http://
ualcan.path.uab.edu/ analysis.html), we found that the mRNA
expression level of HSPA13 was higher in HCC than in
paraneoplastic tissues (Fig. 1A). Besides, through the analysis
of Kaplan–Meier Plotter online tool, the patients with high
expression of HSPA13 had a poorer prognosis compared to
those with low HSPA13 expression (Fig. 1B). Meanwhile, we
examined HSPA13 mRNA levels in 35 pairs of HCC and
paraneoplastic tissues and found that HSPA13 expression was

higher in 68.7% (24/35) of HCC tissues than in para-cancerous
tissues (Fig. 1C). Afterwards, we conducted an investigation into
the levels of the HSPA13 protein in HCC and paraneoplastic
tissues of 65 patients using immunohistochemical (IHC) stain-
ing. The results revealed that HSPA13 was predominantly
expressed in the cytoplasm and in 80% (52/65) of the patients,
HSPA13 expression was higher in HCC tissues than in para-
tumor tissues (Fig. 1D, E). Furthermore, survival analysis
demonstrated that high expression of HSPA13 was inversely
correlated with overall and tumor-free survival (Fig. 1F). There-
fore, HSPA13 could serve as a significant prognostic indicator
for HCC patients.

Fig. 1 HSPA13 is highly expressed in HCC tissues and its expression correlates with poor prognosis. A UALCAN online tool was used to
analyze the mRNA expression of HSPA13 in HCC and normal liver tissues from the TCGA database. B Kaplan–Meier Plotter tool was used to
analyze overall survival rates of HCC patients with high or low HSPA13 expression. C The mRNA level of HSPA13 in paired HCC tissues were
detected by qPCR. (n= 35). D Representative IHC staining images of HSPA13 in paired HCC tissues. (n= 65). E The IHC scores from (C) and
different expressions of HSPA13 were analyzed by Wilcoxon’s test. (n= 65). F Kaplan–Meier survival analysis of overall survival and tumor-free
survival in HCC patients. (n= 65, *p < 0.05, ****p < 0.001).
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In order to investigate the clinical significance of HSPA13 in
more depth, we analyzed the relationship between pathological
factors and HSPA13 expression. As shown in Table 1, high
expression of HSPA13 was significantly associated with vascular
invasion (P= 0.03). However, the association with other factors
was not obvious. Taken together, HSPA13 may facilitate the
development of HCC as a proto-oncogenic molecule.

HSPA13 promotes the proliferation, migration, and invasion
of HCC cells
Based on our observation of high expression of HSPA13 in HCC
tissues, the function of HSPA13 in HCC cells was explored. The
expression of HSPA13 in HCC cell lines and a normal liver cell line
THLE-2 cells was firstly examined. HCC cell lines expressed higher
HSPA13 levels than THLE-2 cells did (Fig. 2A). Considering the
endogenous expression levels and knockdown efficiency, we
selected Huh-7 and SK-Hep-1 cells for knocking down experiments
(Fig. 2B). CCK-8 assay and colony formation assay revealed that
knockdown of HSPA13 inhibited the proliferation and survival of
HCC cells (Fig. 2C, D, Supplementary Fig. 1). Then, transwell assay

verified that knockdown of HSPA13 significantly inhibited the
migration and invasion of HCC cells (Fig. 2E).
To detect the role of HSPA13 in vivo, control and HSPA13

knockdown Huh-7 cells were injected subcutaneously on the left
and right side of nude mice, respectively. After 24 days, we found
that the final isolated tumors showed that HSPA13-deleted tumors
were significantly smaller in volume and weight than the control
group (Fig. 2F, G). The knockdown efficacy was also verified by IHC
staining (Fig. 2H). Ki67 is a nuclear protein expressed throughout
the cell cycle except the G0 phase [30]. This protein is mainly
expressed in proliferating cells and considered to be the marker of
cell proliferation [31]. By IHC staining, we observed that Ki67
expression was significantly downregulated in xenograft tumors
with knockdown of HSPA13 (Fig. 2H). Thus, these results
demonstrate that HSPA13 promotes the growth of HCC.

HSPA13 inhibits the ubiquitination and degradation of TANK
in HCC cells
To further investigate the mechanisms by which HSPA13 regulates
HCC progression, the HSPA13-interacting proteins were predicted
by HitPredict tool. We selected 15 proteins with the highest scores
and reviewed literatures to screen the proteins that may closely
associated with HSPA13. Eventually, HYOU1, FBX6, and TANK
(TRAF family member-associated NF-kappa-B activator) were
found to be potential interacting proteins of HSPA13 (Supple-
mentary Fig. 2A). However, through co-IP assay, it was verified that
only TANK could bind to HSPA13 (Fig. 3A, Supplementary Fig. 2B
and C). It has been reported that TRAF family proteins display
abnormal expression patterns in a diverse range of cancers and
are linked to proliferation and differentiation processes [32, 33]. To
investigate the regulatory role of HSPA13 on TANK, we conducted
a western blot analysis to assess the protein expression level of
TANK. Our results revealed that the protein level of TANK was
significantly reduced upon knocking down HSPA13 in Huh-7 and
SK-Hep-1 cells (Fig. 3B).
Next, we conducted a CHX pulse-chase assay to investigate the

impact of HSPA13 knockdown on endogenous TANK protein
stability. The results revealed that HSPA13 knockdown expedited
the degradation of TANK protein in SK-Hep-1 and Huh-7 cells
(Fig. 3C). To elucidate the mechanism of TANK degradation, HCC
cells were treated with the proteasome inhibitor MG132. The
decrease of TANK mediated by HSPA13 downregulation could be
rescued by MG132 treatment (Fig. 3D). Furthermore, we employed
the ubiquitination assay to determine whether HSPA13 regulates
the ubiquitination level of TANK. Our findings indicated that
HSPA13 knockdown significantly increased the ubiquitination
level of TANK (Fig. 3E). In summary, these results demonstrate that
HSPA13 knockdown accelerates TANK degradation through the
ubiquitin-proteasome pathway.

Downregulation of TANK suppresses HCC cells proliferation,
migration, and invasion
Based on the finding that HSPA13 regulates TANK, we next
detected the function of TANK in HCC cells. First, we examined the
knockdown efficacy of TANK at the protein level (Fig. 4A).
Meanwhile, CCK-8 and clone formation assays implied that
knockdown of TANK significantly suppressed the proliferation of
HCC cells (Fig. 4B, C). Furthermore, transwell assays revealed a
significant reduction in the migration and invasion ability of HCC
cells following TANK knockdown (Fig. 4D). These results strongly
suggest that TANK functions as a proto-oncogene in HCC.

HSPA13 exerts oncogenic effects partially through TANK
Expanding upon our above findings, we delved deeper into the
pivotal role of the HSPA13-TANK axis in HCC cells. To this end, we
conducted a rescue experiment wherein HSPA13 was knocked
down following TANK overexpression in HCC cells (Fig. 5A). Our
data further revealed that overexpression of TANK partially

Table 1. Association between HSPA13 expression and
clinicopathologic characteristics in HCC.

Clinicopathological characteristics HSPA13
Expression

p

High Low

Age

≥60 22 4 0.45

<60 30 9

Gender

Female 12 1 0.44

Male 40 12

Tumor size

≤5 cm 12 4 0.72

>5 cm 40 9

Differentiation level

High/Middle 45 13 0.33

Low 7 0

AFP (ug/L)a

<200 30 9 0.54

≥200 21 4

Vascular invasion

Without 20 10 0.03*

With 32 3

HBV DNAb

<1000 13 4 0.08

≥1000 22 9

Satellite foci

Without 38 9 0.74

With 14 4

Liver cirrhosisc

Without 9 1 0.67

With 40 11

AFP Alpha-fetoprotein, HBV Hepatitis B virus.
*p < 0.05, **p < 0.01.
a1 missing data points.
b17 missing data points.
c4 missing data points.
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Fig. 2 HSPA13 promotes the proliferation, migration and invasion of HCC cells. A HSPA13 protein levels were determined in HCC cell lines
and a normal liver cell line THLE-2 by western blot. B Huh-7 and SK-Hep-1 cells were infected with lentiviral particles expressing
HSPA13 shRNAs and the knockdown efficacy was validated by western blot. C CCK-8 assay was performed to detect the proliferative capacity
of control and HSPA13 silenced HCC cells. D Colony formation assay was used to verify the proliferative capacity of control and shHSPA13 HCC
cells. E The representative images of migration and invasion for control and shHSPA13 cells. Five random fields were selected for cell counting
under 100× microscopes. F Control and shHSPA13 HCC cells were injected on the left and right sides of nude mice, respectively. The images
and growth curve of xenograft tumors were shown. G Tumor weight was used to measure the effects of HSPA13 on proliferation in vivo. H The
efficiency of knocking down HSPA13 and its effect on Ki67 were confirmed by IHC staining. (**p < 0.01, ***p < 0.001).
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Fig. 3 HSPA13 inhibits the ubiquitinated degradation of TANK. A Co-immunoprecipitation of endogenous HSPA13 and TANK in Huh-7 and
SK-Hep-1 cells. B Detection of protein levels of TANK by western blot after knocking down HSPA13. C The control and knockdown HSPA13
cells were treated with CHX (100 μg/ml) for the indicated time gradients. Western blot was used to detect levels of protein (left panel). TANK
protein levels were quantified by ImageJ (right panel). D The control and HSPA13 knockdown Huh-7 and SK-Hep-1 cells were pre-treated with
DMSO and Mg132 (25 µM) for 10 h. Then protein levels of HSPA13, TANK, and GAPDH were measured via western blot. E Control and
shHSPA13 Huh-7 and SK-Hep-1 cells was incubated with Mg132 (25 µM) for 10 h. And then the ubiquitination levels of TANK were detected by
western blot.
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reversed the decrease in proliferation, migration, and invasion of
HCC cells caused by HSPA13 downregulation (Fig. 5B–D). These
findings unequivocally demonstrate that HSPA13 regulates the
progression of HCC, in part, through its interaction with TANK.

HSPA13 positively correlates with TANK expression in HCC
tissues
To evaluate the pathological significance of HSPA13 and TANK
protein expression levels, we proceeded to analyze the protein
expression of these two factors in 20 HCC tissues through western
blotting (Fig. 6A). Pearson’s correlation analysis demonstrated a
positive correlation between the protein levels of HSPA13 and
TANK in HCC tissues (Fig. 6B). In summary, our findings suggest
that the upregulation of HSPA13 and TANK may serve as
promising prognostic indicators for patients with HCC.

DISCUSSION
The current study demonstrated that HSPA13 was involved in the
growth and metastasis of HCC and may serve as an indicator of
poor prognosis. HCC patients with high expression of HSPA13
have shorter overall survival and tumor-free survival rates.
Clinically, high expression of HSPA13 is associated with vascular
invasion in patients with HCC. The invasion and metastasis of
cancer are critical factors that contribute to poor clinical
outcomes. Epithelial-mesenchymal transition (EMT) is a crucial
process that impacts tumor metastasis. Previous studies have

indicated that HSP70s in colon cancer can enhance EMT and affect
key indicators such as slug, snail, E-cadherin, smad2/3, and twist
[34, 35]. In lung cancer, high expression of HSP70s has been found
to promote SUMO modification of hypoxia-inducible factors-1α
(HIF-1α) and consequently promote EMT in tumor cells. Moreover,
the expression of HSP70s has been found to be negatively
correlated with E-cadherin [36]. Based on these findings, we
speculate that HSPA13 may promote tumorigenesis by affecting
key molecules of EMT, such as decreasing E-cadherin expression
and promoting vimentin expression, which in turn promotes EMT
and the metastasis of tumor cells.
Previous studies have reported upregulation of HSPA13 in HCC,

but the underlying mechanism and phenotype have not been
thoroughly investigated [4, 14]. Our study aimed to fill this gap
and found that HSPA13 promotes the proliferation, migration, and
invasion of HCC cells in vitro, and facilitates tumor growth in vivo.
HSPA13 has been recognized as a proto-oncogene in various
cancers, including colon cancer, breast cancer, and cutaneous
melanoma. For example, in colon cancer, knockdown of HSPA13
accelerates apoptosis and necrosis, facilitating ubiquitination of
RIP1 in response to TNFα induction [10, 14]. In addition to this,
HSPA13 promotes invasion and metastasis of breast cancer cells
by regulating angiogenesis and nutrient supply [37]. Moreover,
HSPA13 is a risk gene in cutaneous melanoma and is associated
with poor patient prognosis [38]. Collectively, these studies, along
with our findings, support the notion that HSPA13 expression
positively regulates tumorigenesis. In addition, A previous study

Fig. 4 Downregulation of TANK inhibits the proliferation, migration, and invasion of HCC cells. A Phosphorylation levels of AKT were
measured via western blot after TANK was knocked down. B The proliferative capacity of control and shTANK HCC cells were examined by
CCK-8 assays. C Colony formation assays were used to detect the clonogenic ability of control and TANK-deleted HCC cells. D The
representative images of migration and invasion for control and shTANK HCC cells. (*p < 0.05, **p < 0.01, ***p < 0.001).
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Fig. 5 HSPA13 exerts oncogenic effects partially through TANK. A The effect of reintroducing TANK into HCC cells with stable shHSPA13
was assessed by western blot. B TANK partially abolished the proliferation inhibition induced by HSPA13 knockdown in Huh-7 and SK-Hep-1
cells as confirmed by CCK-8 assay. C TANK partially abolished the colony formation capability inhibition induced by HSPA13 knockdown in
Huh-7 and SK-Hep-1 cells as confirmed by colony formation assay. D TANK partially abolished the migration and invasion inhibition induced
by HSPA13 knockdown in Huh-7 and SK-Hep-1 cells as confirmed by transwell assay. (*p < 0.05, **p < 0.01, ***p < 0.001).
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has reported that TANK could be phosphorylated by IKKbeta in
response to TNFα stimulation, leading to the activation of NF-κB
[39]. As a scaffold protein, TANK participates in the assembly of the
TBK1-IKKepsilon complex and is subject to lipopolysaccharide
(LPS) and TBK1-IKKepsilon-mediated Lys(63)-linked polyubiquiti-
nation [40]. TANK has also been reported to be aberrantly
expressed in cervical cancer and is associated with apoptosis in
osteosarcoma [41, 42]. Our research revealed that TANK promotes
the malignant behavior and progression of HCC, which is
consistent with previous studies. In summary, TANK is also a
pro-oncogene in HCC.
HSP70s play a dual role in protein degradation, acting as both

inhibitors and promoters. They facilitate the degradation of
misfolded proteins while also stabilizing certain proteins, such as
tumor necrosis factor receptor-associated factor 6 (TRAF6) [43, 44].
Previous studies have shown that HSP70s promote the progression
of gastric cancer by stabilizing S phase kinase-associated protein 2
(SKP2) [45]. Similarly, in gliomas, overexpression of HSP70s greatly
maintains the stability of activating transcription factor 5 (ATF5),
preventing its degradation through protease-dependent and
caspase-dependent processes. While we discovered that TANK
could interact with HSPA13, the relationship between HSPA13 and
TANK and their mechanism in HCC has not been reported. Our
research revealed that knockdown of HSPA13 accelerated the
degradation of TANK. Furthermore, deletion of HSPA13 significantly
increased the ubiquitination of TANK, suggesting a potential
mechanism underlying the relationship between HSPA13 and TANK
in HCC. Interestingly, a recent study showed that HBP21, a member
of HSP70s, could promote interferon regulatory factor 3 (IRF3)
phosphorylation and facilitate the formation of the TBK1-IRF3
complex [46]. Meanwhile, TANK and TBK1 can stabilize each other in
malignant glioma, with TBK1 being crucial to TANK’s function [28].
Therefore, we suspect that HSPA13 may have a similar function and
stabilize TANK by regulating TBK1.
In summary, our study reveals that the overexpression of

HSPA13 is a predictor of unfavorable prognosis in patients with
HCC. Furthermore, the stabilization of TANK by HSPA13 and the
activation of AKT contribute to the growth and metastasis of HCC.
These findings highlight promising targets for the treatment of
HCC and offer new avenues for clinical therapy.

MATERIALS AND METHODS
Specimen collection
65 pairs of human HCC tissues and paracancerous tissues as well as
pathological and follow-up information were provided by Zhongshan
Hospital of Xiamen University. All cases were collected from 2016 to 2020.

The study was approved by the Ethics Committee of Zhongshan Hospital,
Xiamen University, and all patients signed an informed consent form.

Immunohistochemical staining (IHC)
Specimens were formalin-fixed and embedded in paraffin, followed by
dewaxing of 4 μm sections. Rehydration was performed in the order of
100–70% alcohol. Antigen repair was performed with citric acid repair solution
at high temperature and pressure, blocked with hydrogen peroxide and then
closed for one hour, followed by overnight incubation with anti-HSPA13
antibody (1:2000, 12667-2-AP, Proteintech). Secondary antibody incubation
with goat anti-rabbit IgG at room temperature for 30minutes. Finally, they
were stained with diaminobenzidine (DAB, Maixin Biotechnology, Fuzhou,
China) and hematoxylin (Maixin Biotechnology). All sections were reviewed by
two pathologists. We counted 100 cells randomly at 200 × microscopic fields
and classified them into four groups according to the percentage of positive
staining cells in HCC tissues as follows: 0 = negative; 1= 1–35% (weakly
stained); 2= 36–70% (moderately stained); 3å 70% (strongly stained). The
score obtained was considered positive if it was greater than 1.

Cell culture
Human HCC cell lines, SK-Hep-1, Huh-7, PLC/PRF/5, MHCC-97L, MHCC-7H,
and Hep-3B, are purchased from Cellcook Biotechnology Company
(Guangzhou, China) and cultured at 37 °C in 5% CO2 with high glucose
Dulbecco’s modified Eagle medium (DMEM; Gibco) containing 10% fetal
bovine serum (FBS; Vivacell). A normal liver cell line THLE-2 was obtained
from MeisenCTCC Company (Hangzhou, China) and cultured with Bronchial
Epithelial Cell Growth Medium B (BEGM) containing 10% FBS (Vivacell).

Construction of stable cells
For stable knockdown, short-hairpin RNA (shRNA) sequences were inserted
into the pLV-shRNA-puro plasmid. The target sequences of shRNA were
shown as follows: ShHSPA13-1: 5’-GTGGGATATGAAAGCGTAG-3’;
ShHSPA13-2: 5’-GCCGTCAAGTCATTCAAGAG-3’; ShTANK: 5’-GCCTATA-
CAGTGTACGGATAA-3’). Lentiviral particles were produced in
HEK293T cells according to the standard protocol. After 48 h, Lentiviruses
were collected and used to infect HCC cells with 8 μg/L of polybrene
(Solarbio, Beijing, China). The stable cells were screened by exposing them
to 1 μg/ml of puromycin (Solarbio, Beijing, China) for a duration of 7 days.

Overexpression of TANK
The vector and TANK overexpression plasmid were purchased from the
Public Protein/Plasmid Repository (PPL, Nanjing; Jiangsu Province, China).
Plasmids were transfected into the cells by using Lipofectamine™ 3000
(Thermo Fisher Scientific) according to the instructions. 24 h later, cells
were collected for further experiments.

Western blot
The collected cells were lysed with RIPA reagent (Beyotime; Beijing, China)
and centrifuged for 10min, then the protein solution was collected and

Fig. 6 HSPA13 positively correlates with TANK protein expression in HCC tissues. A The protein expressions of HSPA13 and TANK in HCC
tissues were detected by western blot. B Spearman’s test was performed to analyze the correlation between HSPA13 and TANK (R= 0.5624,
P= 0.0098).
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measured by BCA protein assay kit (Thermo Fisher Scientific). For western
blotting, protein samples were isolated by sodium dodecyl sulfate-
polyacrylamide gel (SDS-PAGE) and transferred onto polyvinylidene
difluoride (PVDF) membranes (Millipore), followed by 1 h closure with
skim milk and overnight incubation with anti-HSPA13 antibody (12667-2-
AP, Proteintech), anti-β-actin (3700, Cell Signaling) or anti-GAPDH antibody
(Proteintech, 60004-1-Ig) at 4 °C. The following day, the membranes were
washed with TBST and incubated with secondary antibody at room
temperature for 1 h. Finally, the protein bands were visualized using an ECL
detection system (Millipore). The original images of western blots were
shown in Supplementary Fig. 3.

Co-immunoprecipitation (co-IP)
Proteins from cells were extracted with Cell lysis buffer for Western and IP
(Beyotime, Beijing), and then incubated with anti-HSPA13 antibody (12667-
2-AP, Proteintech) or anti-TANK (1:50, 2141S, Cell Signaling Technology)
antibody or anti-IgG antibody (2729, Cell Signaling Technology) with
Dynabeads Protein G (10001D, Invitrogen) for immunoprecipitation
overnight at 4 °C. Washing the beads for three times with lysates, then
heating at 100 °C for ten minutes. The immunoprecipitated proteins were
harvested for western blot.

Transwell assay
Cells were resuspended with serum-free medium, and a certain amount of
cells were placed in the upper chamber (8-μm pore size, Corning
Incorporated; New York, NY, USA) and DMEM medium containing 10%
FBS was added to the lower layer. The duration of migration and invasion
experiments was 24 and 36 h, respectively. Subsequently, they were fixed
with 4% paraformaldehyde, stained with crystalline violet, and micro-
scopically selected for photographic counting in five consecutive fields
of view.

Cell counting kit-8 (CCK-8) and colony formation assay
For the CCK-8 assay, 2000 HCC cells were seeded into 96-well plates, and
the proliferation of cells was detected by CCK-8 kit (Dojindo; Beijing, China)
at 0, 24, 28, 72, and 96 h, respectively. For the colony formation assay, 2000
cells were cultured in six-well plates for one week, after which they were
fixed with 4% paraformaldehyde for half an hour, stained with crystal violet
and counted.

Protein half-life assay
Stable cells were treated by cycloheximide (CHX) at a concentration of
100 μg/ml. Then, the cells were harvested at 0, 4, 8, 16 h respectively and
analyzed by western blotting.

Ubiquitination assay
HCC cells were treated with 25 µM of Mg132 (Selleck) for 10 h. Then the
collected cells were lysed with RIPA reagent. The obtained protein
solutions were incubated overnight with anti-TANK antibody (2141S, Cell
Signaling Technology) and Dynabeads Protein G (10001D, Invitrogen) for
immunoprecipitation. The enriched TANK proteins were finally detected by
immunoblotting with antibody against ubiquitin (3936, Cell Signaling
Technology).

Animal study
A xenograft mouse model was established using 4-week-old male nude
mice. The control and HSPA13 knockdown Huh-7 cells were injected into
the left and right sides of the mice, respectively. Isolated tumors were
weighed out, then fixed in formalin and embedded in paraffin. The 4 μm
sections were cut and immunohistochemically stained with anti-HSPA13
antibody (12667-2-AP, Proteintech) and anti-Ki67 antibody (27309-1-AP,
Proteintech).

Quantitative real-time PCR (qPCR)
Total RNA was separated from cells or tissues by Trizol reagent (Ambion,
15596018). Complementary DNA (cDNA) was acquired from reverse
transcription of 1 μg of total RNA using HiScript® III All-in-one RT SuperMix
perfect for qPCR (Vazyme, R333-01) based on the instructions. qPCR
experiments were performed with Taq Pro Universal SYBR qPCR Mater Mix
(Vazyme, Q712-02). The primers used for qPCR were listed as follow:
HSPA13-forward: 5’-GTCTTCCACGTCTTGGTGATAG-3’; HSPA13-reverse:

5’-CAGACATTGCTCGGGTTAGAA-3’; GAPDH-forward: 5’-GGTGTGAACCAT-
GAGAAGTATGA-3’; GAPDH-reverse: 5’-GAGTCCTTCCACGATACCAAAG-3’.

Statistical analysis
Graphpad Prism8 and SPSS 25.0 (IBM Corporation, New York, USA) were
used for all experimental data analysis. Differences between samples were
tested by Student t-test. The relationship between HSPA13 and
immunohistochemistry-related pathological factors were analyzed using
Chi-square test. Kaplan–Meier was performed to examine whether the
survival curves were significant. The correlation between HSPA13 and
TANK was detected by Spearman’s correlation analysis. Differences were
considered statistically significant when p < 0.05.

DATA AVAILABILITY
The data support the findings of this study are available from the corresponding
authors upon reasonable request.
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