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Background: Hepatocellular carcinoma (HCC) is one of the most serious malignancies. The
main features of HCC are vascular invasion and drug resistance. Ferroptosis is a novel cell
program that is involved in several diseases, such as cancer. Heat shock protein beta 1
(HSPB1) is a major component of heat shock proteins. A recent study showed that HSPB1
could be a new therapeutic target for colorectal cancer with 5-fluorouracil-acquired resis-
tance. However, the functional role of HSPB1 in HCC remains unclear.

Aim: The aim of this study is to clarify HSPBI expression in HCC and its potential
therapeutic and prognostic value.

Methods: We collected data on HSPB1 expression levels in HCC and normal liver tissues
from The Cancer Genome Atlas and Gene Expression Omnibus databases. We then validated
it using immunohistochemistry (IHC). Receiver operating characteristic and Kaplan—Meier
survival curves were used to investigate the role of HSPB1 in the prognosis analysis of HCC.
Further, we used the online Search Tool for the Retrieval of Interacting Genes/Proteins
website, Gene Ontology, and Kyoto Encyclopedia of Genes and Genomes to conduct
enrichment analysis and identify the predictive signaling pathways. Meanwhile, we used
the TIMER and GSVA package of R (v3.6.3) to analyze the association between HSPB1 and
immunocyte infiltration.

Results: Compared to normal tissues, there was differential expression of HSPB1 in pan-
cancers. HSPB1 expression was higher in HCC tissues than in normal tissues (p<0.05). There
was an evident significant difference between HSPB1 mRNA levels and histologic grade,
vascular invasion, and alpha-fetoprotein level (all p values<0.05). Univariate analysis indi-
cated that HCC patients with high HSPB1 levels had shorter overall survival rates than those
with low HSPBI levels (»p<0.05). MAPK14, HSPAS, MAPKAPK3, MAPKAPKS, and
MAPKAPK?2 are essential proteins that interact with HSPB1. There was a significant
correlation between HSPB1 expression levels and immune cell infiltration, including CD4"
T cells (#=0.203, p<0.05).

Conclusion: High HSPB1 expression is closely associated with a worse prognosis in HCC
patients, and HSPB1 may be a target of immunotherapy in HCC.

Keywords: hepatocellular carcinoma, ferroptosis, HSPB1, immune cells infiltration,

bioinformatics analysis

Introduction
As one of the most serious malignant tumors, primary liver cancer was the third
most frequent cause of cancer-associated deaths worldwide in 2020.'

Hepatocellular carcinoma (HCC) comprises 75-85% of primary liver cancer
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cases. The risk factors for HCC include chronic hepatitis
B virus (HBV) infection, aflatoxin-contaminated foods,
heavy alcohol intake, and diabetes. The major risk factors
for HCC in China are chronic HBV infection and aflatoxin
exposure.” Because the onset of HCC in the early stage is
insidious, approximately half of the patients with HCC are
diagnosed in the late stage. The prognosis of HCC is poor.
The 5-year survival rate of HCC is approximately 3—
5%.>* Therapeutic approaches for HCC include operation,
chemotherapy, and radiotherapy. Among these, surgical
resection can only be performed in early-stage HCC
patients. Application of immunotherapy in malignant
tumors has been used to treat liver cancer.’ However,
current immune checkpoint inhibitors for liver cancer
therapy are limited. Hence, there is an urgent need to
seek more effective treatments, especially for late-stage
patients.

Ferroptosis is different from apoptosis and other pro-
death. It is
accumulation.”® Studies have shown that ferroptosis has

gramed cell iron-ion-mediated lipid
been employed as a new approach to treat many diseases,
including HCC.” "2

As a type of molecular chaperone, heat shock proteins
(HSPs) play vital roles in regulating primary cellular activ-
ities in many physiological and pathological processes,
such as heat shock and hypoxia. Heat shock protein beta
1 (HSPBI) is a class of small HSPs, also referred to as
human HSP27 or mouse HSP25. One study showed that
HSPB1 could serve as a novel anticancer therapy via
ferroptosis.'*'* In order to seek new therapeutic target,
we aim to clarify HSPBI expression in HCC and its

potential therapeutic and prognostic value.

Materials and Methods
RNA-Sequencing Data and Bioinformatics
Analysis

We extracted the data of 424 samples, including 50 para-
carcinoma tissues and 374 tumor tissues, from The Cancer
Genome Atlas (TCGA). Transcripts per kilobase million
were used for further assays. Data from HCC patients were
collected from TCGA database. All participants have been
informed why the research is being conducted, whether or
not anonymity is assured, and how the data they are
collecting is being stored. Ethics approval from ethics
committee of Second Hospital of Dalian Medical
number 2021-059) have been
obtained prior to conducting study. After approval by the

University (approval

Medical Ethics Committee, consent was obtained by the
study participants prior to study commencement. And
pathological tissues were obtained from the Second
Hospital of Dalian Medical University. Written informed
consents were obtained from all participants. This study
was conducted in accordance with the Declaration of
Helsinki. In addition, the gene expression profiles of
GSE60502 and GSE62232 datasets were collected from
the Gene Expression Omnibus (GEO) database to validate
the HSPB1 expression level. We used IHC to validate
HSPB1 gene expression in HCC and normal liver tissues
(antibody A16332, 1:200, ABclonal).

Multiple Models on Prognosis Analysis
First, receiver operating characteristic (ROC) and Kaplan-
Meier survival curves were used to analyze the diagnostic
and prognostic values of HSPB1 in HCC patients. Second,
univariate, and multivariate regression analyses were per-
formed to illustrate the association between HSPBI
expression and overall survival (OS) rates of HCC
patients. When p<0.05, the Cox regression analysis was
statistically significant.

Protein-Protein Interaction (PPI)
Network Construction and Functional

Enrichment Analysis

We constructed a PPI network of HSPB1 using the Search
Tool for the Retrieval of Interacting Genes/Proteins
(STRING) database to explore HSPBI-related proteins.
We then analyzed the prediction pathway of HSPB1 and
its associated proteins via Gene Ontology (GO) and the
Kyoto Encyclopedia of Genes and Genomes (KEGG).

Correlation Analysis of Immune Cell

Infiltration

We used Tumor Immune Estimation Resource (TIMER) and
single sample Gene Set Enrichment Analysis (ssGSEA) to
evaluate the relationships between HSPB1 and tumor purity,
as well as several immunocytes, including B cells, neutro-
phils, macrophages, CD4'T cells, and CD8'T cells.
Spearman correlation analysis was used to study the correla-
tion between HSPB1 and immune cell infiltration.

Statistical Analyses

Statistical significance was set at p<0.05. We calculated
the data using R software (v.3.6.3). Both the Chi-square
test and Fisher’s exact test were used in the clinical
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information analysis. Furthermore, the Wilcoxon rank sum
test was used.

Results

Clinical Characteristics

The clinical histories of 374 patients were obtained from
TCGA, including age, sex, race, TNM stage, pathologic
stage, adjacent hepatic tissue inflammation, vascular inva-
sion, and alpha-fetoprotein (AFP) level. The details are
presented in Table 1. Clinical information was calculated
using data filtering.

HSPBI Expression in HCC Was Elevated

Differential expression of HSPB1 was analyzed in pan-
We observed that the mRNA level of
HSPBI1 increased in adrenocortical carcinoma, breast

cancer cells.

cancer, cervical squamous carcinoma, cholangiocarci-
noma, lymphoid neoplasm diffuses large B-cell lym-
phoma, glioblastoma multiforme, kidney chromophobe,
kidney renal clear cell carcinoma, kidney renal papillary
cell carcinoma, HCC, lung adenocarcinoma, lung squa-
mous cell carcinoma, ovarian serous cystadenocarci-
noma, pancreatic adenocarcinoma, stomach
adenocarcinoma, testicular germ cell tumors, or thy-
moma. Compared to normal tissue, HSPB1 expression
level was higher in HCC tissues (p<0.05). The correla-
tion analysis revealed that there was a statistical differ-
ence between HSPB1 and histologic grade (p<0.05),
vascular invasion (p<0.05), and AFP level (p<0.05).
There was no statistically significant difference in age
(p=0.36) and T stage (p=0.32) (Figure 1). HSPBI expres-
sion was validated in GSE60502 and GSE62232
(p<0.001). Further analysis showed homology with IHC

results (Figure 2).

Correlation Analysis of Prognosis

The area under the ROC curve was 0.944. This result
suggested that HSPB1 was able to distinguish between
normal and tumor tissues. The Kaplan-Meier survival
curve shows that high HSPBI1 levels are associated
with poor prognosis (Figure 3). Figure 4 shows that
high HSPB1 levels (p=0.035) are associated with high
T stage, tumor status, and pathologic stage in OS events
in the univariate Cox model (p<0.01). In the multivari-
ate Cox model, only tumor status was an independent

Table | Clinical Characteristics of the LIHC Patients Based on
TCGA

International Journal of General Medicine 2021:14

Characteristic Low High p
Expression Expression
of HSPBI of HSPBI
n 187 187
Age, n (%) 0.133
<60 81 (21.7%) 96 (25.7%)
>60 106 (28.4%) 90 (24.1%)
Gender, n (%) 1.000
Female 6l (16.3%) 60 (16%)
Male 126 (33.7%) 127 (34%)
Race, n (%) 0.022
Asian 68 (18.8%) 92 (25.4%)
Black or African 8 (2.2%) 9 (2.5%)
American
White 106 (29.3%) 79 (21.8%)
T stage, n (%) 0.498
Tl 95 (25.6%) 88 (23.7%)
T2 47 (12.7%) 48 (12.9%)
T3 38 (10.2%) 42 (11.3%)
T4 4 (1.1%) 9 (2.4%)
N stage, n (%) 1.000
NO 120 (46.5%) 134 (51.9%)
NI 2 (0.8%) 2 (0.8%)
M stage, n (%) 0.623
MO 130 (47.8%) 138 (50.7%)
MI 1 (0.4%) 3 (1.1%)
Pathologic stage, 0.851
n (%)
Stage | 88 (25.1%) 85 (24.3%)
Stage Il 43 (12.3%) 44 (12.6%)
Stage Il 39 (11.1%) 46 (13.1%)
Stage IV 2 (0.6%) 3 (0.9%)
Tumor status, n (%) 0.083
Tumor free 111 (31.3%) 9l (25.6%)
With tumor 69 (19.4%) 84 (23.7%)
Adjacent hepatic 0.630
tissue inflammation,
n (%)
None 67 (28.3%) 51 (21.5%)
Mild 52 (21.9%) 49 (20.7%)
Severe Il (4.6%) 7 (3%)
AFP(ng/mL), n (%) < 0.001
<400 120 (42.9%) 95 (33.9%)
>400 20 (7.1%) 45 (16.1%)
(Continued)
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Table | (Continued).

Characteristic Low High p
Expression Expression
of HSPBI of HSPBI
Child-Pugh grade, n (%) 0.733
A 112 (46.5%) 107 (44.4%)
B 12 (5%) 9 (3.7%)
C | (0.4%) 0 (0%)
Fibrosis ishak score, 0.085
n (%)
0 48 (22.3%) 27 (12.6%)
12 12 (5.6%) 19 (8.8%)
3/4 13 (6%) 15 (7%)
5/6 45 (20.9%) 36 (16.7%)
Vascular invasion, n (%) 0.063
No 115 (36.2%) 93 (29.2%)
Yes 48 (15.1%) 62 (19.5%)

Note: Cases with detailed clinical information were retained through data filtering.

factor related to the OS of HCC patients (p=0.005;
Figure 4).

PPl Networks and Enrichment Analysis

In this study, we constructed a network of HSPB1 and its
related genes using the STRING tool. HSPA4-related
genes included MAPKAPK2, DAXX, MAPKI4,
MAPKAPKS, CYCS, HSPAS, CDCS5L, HSPAIA,
MAPKAPK3, and ESRI1. Their scores were greater than
0.9. The details are shown in Figure 5. In combination
with enrichment analysis via GO/KEGG, we found that
HSPB1, MAPK14, MAPKAPK3, and MAPKAPK?2 are
enriched in the vascular endothelial growth factor

(VEGF) signaling pathway (Figure 6).

Correlation Analysis of Immune Cell

Infiltration

Liver cancer is considered an immunogenic tumor,
which is closely associated with viral infection and the
inflammatory environment. Data from TIMER suggests
statistical significance between HSPB1 and B cells,
CD4" T cells, macrophages, and dendritic cells (both
p< 0.05), whereas there is no statistically significant
difference between B cells and neutrophils (p>0.05;
Figure 7A). The correlation between HSPB1 and other
immunocytes was determined using the GSVA package
(Figure 7B).

Discussion
High HSPBI1 expression is necessary to maintain the
malignant characteristics of tumor cells, including
uncontrollable invasion, resistance to chemotherapy
and radiation, persistent angiogenesis, and metastasis.
HSPBI1 is considered a promising potential target for

119 HSPBI-induced

therapy, as chemora-
diotherapy resistance properties in malignancies have

cancer
been confirmed.”® However, there have been few stu-
dies on HSPBI1 expression in HCC. Therefore, it is
important to clarify HSPB1 expression in HCC and
its potential therapeutic and prognostic value. First,
we investigated the differential expression of HSPBI
in pan-cancer and HCC in this study. We discovered
that the level of HSPB1 was higher in HCC tissues
than in normal liver tissue. HSPBI mRNA levels were
markedly distinct based on histologic grade, vascular
invasion, and AFP level. Next, we verified the correla-
tion using the GEO database and IHC. We performed
ROC and Kaplan—Meier survival analyses to confirm
the association between HSPB1 and survival rate in
HCC patients. We further evaluated HSPB1 expression
and other clinicopathological factors associated with
OS in HCC via
regression analyses. All results indicate that high

univariate and multivariate
HSPBI expression is associated with worse prognosis,
and HSPB1 could be used as a good predictor of
prognosis in HCC.

In this study, the PPI network was used to identify the
co-regulatory proteins of HSPB1. We found that HSPB1-
related genes (Figure 6), including MAPKI4,
MAPKAPK3, and MAPKAPK2, were enriched in the
VEGF signaling pathway. As a type of chaperone,
HSPB1 can serve as an inhibitor signaling pathway,
which is related to cell death. Thus, when HSPBI is
elevated in cancer cells, it could indirectly stimulate
tumor cell growth.?' Several studies have demonstrated
that HSPB1 released from tumor cells can bind to its
receptors, stimulating VEGF transcription and exerting
pro-angiogenic effects.”? Extracellular HSPB1 promotes
angiogenesis via direct interaction with VEGF.*® It has
been reported that HSPB1 expression also favors invasion

and metastasis>>?

triggered by hepatocyte growth
factors.**

Furthermore, HSPB1 could negatively regulate ferrop-
tosis by reducing the production of reactive oxygen species
(ROS) mediated by iron."* Although iron is an essential

element in cell survival, excessive iron accumulation
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Figure | HSPBI expression levels in cancers. (A) The expression levels of HSPBI were different in various cancer tissues compared to their corresponding normal tissues.
(B) Compared to the normal tissue, the expression level of HSPBI was significantly increased in LIHC tissues (p<0.01). (C-E) The association between HSPBI and clinical
manifestation in LIHC. It showed that higher HSPB| expression was associated with higher histologic grade, vascular invasion, and AFP level (p<0.01) (p=0.01) (p<0.01). (F)
The difference in ages was not statistically significant (p=0.36). (G) There was no statistically significant difference between HSPBI mRNA levels and T stage (p=0.32).

inevitably leads to cell death.”®*® Ferroptosis is confirmed
to be caused by the iron-dependent accumulation of ROS,
which provides a novel mechanism for the prevention of
tumor development.?® Recent studies on HSPB1,"**° which
could serve as an important regulator in the ferroptotic
process of tumor cell death, have provided promising
insights into the mechanism of ferroptosis, as well as
a theoretical foundation for combinational therapy targeting
both HSPB1 and ferroptosis.

In addition, liver cancer is closely associated with viral
infection and the inflammatory environment.>'** Studies
have shown that ferroptosis participates in tumor
immunoregulation.”** Ferroptosis plays a vital role in
anti-tumor immunotherapy. However, there are few studies
on the association between HSPB1 and immunocytes in
HCC. In this study, the correlation between HSPB1 and
immunocyte infiltration was calculated using TIMER and

sSGSEA. Our results suggest that there is a significant
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Figure 2 Overexpression of HSPBI was in LIHC. (A and B) HSPBI expression was verified higher than the normal tissue in GSE 60502 and GSE 62232 (p<0.001). (C and
D) The level of HSPBI protein in LIHC was higher than that in normal tissues (Antibody CAB 004439).
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Figure 3 ROC and Kaplan-Meier survival curve of HSPBI. (A) ROC analysis showed HSPBI| was an accurate ability to identify tumor from normal tissue. The AUC was
0.944. (B) The Kaplan-Meier survival curve displayed high level of HSPBI with a poor prognosis of patient with LIHC.
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A Characteristics Total(N) HR(95% Cl) Univariate analysis P value Univariate analysis
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1
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Tumor status (Tumor free vs. With tumor) 354 0.432 (0.296-0.629) E - <0.001
AFP(ng/ml) (<=400 vs. >400) 279 0.930 (0.569-1.521) E —e—— 0.772
Histologic grade (G1&G2 vs. G3&G4) 368 0.917 (0.639-1.314) E —— 0.636
Vascular invasion (No vs. Yes) 317 0.744 (0.491-1.127) E —o—i 0.163
Age (<=60 vs. >60) 373 0.830 (0.585-1.176) E —o—i 0.295
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— T
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1
Pathologic stage (Stage 1&Stage Il vs. Stage 11&Stage V) 349 0.679 (0.094-4.920) :I-O—l 0.701
Tumor status (Tumor free vs. With tumor) 354 0.559 (0.373-0.838) E » 0.005
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Figure 4 HSPBI| expression and other clinicopathologic factors with OS in LIHC were calculated via univariate and multivariate regression analysis. (A) The forest plot of
univariate regression analysis. Among of the factors, T stage, Pathologic stage and Tumor status were identified as statistically significantly associated with likelihood for OS in
univariate analysis. (B) The forest plot of multivariate regression analysis.

Gene symbol Annotation Score
MAPKAPK?2 MAP kinase-activated protein kinase 2 0.993
DAXX Death domain-associated protein 6 0.991
MAPK 14 Mitogen-activated protein kinase 14 0.99

MAPKAPKS MAP kinase-activated protein kinase 5 0.984
CYCS Cytochrome ¢ 0.984
TISPA8 ITeat shock cognate 71 kDa protein 0.984
CDCSL Cell division cycle 5-like protein 0.98

HSPAIA Heat shock 70 kDa protein 1A 0.979
MAPKAPK3 MAP kinase-activated protein kinase 3 0.974
ESR1 Estrogen receptor 0.957

Figure 5 Protein-protein interaction comprehensive analysis of HSPBI. (A) A network of HSPBI and its potential co-expression genes was analyzed by STRING tool. The
results were visualized in a bubble chart. (B) The detailed information of HSPA4-related genes was listed.
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Figure 7 Correlation of HSPBI expression with immunocyte infiltration in LIHC. (A) The association of HSPBI expression with tumor purity and six types of immunocytes
was analyzed by the TIMER database. (B) The correlation between HSPBI and other immunocytes was calculated via ssGSEA.
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difference between HSPB1 and B cells, CD4'T cells,
macrophages, and dendritic cells. However, there were
some limitations in this study, such as, the number of
normal samples from TCGA database was relatively
small, and the hypothesis was not validated using animal
models. Certainly, these factors need to be validated in
further studies. Therefore, we will generate cell and animal
models in the future to further prove our conclusions
through experiments.

Conclusion

In conclusion, our investigations demonstrated the distinct
prognostic roles of HSPB1 expression levels in HCC
patients, and there was a significant correlation between
HSPB1 expression levels and immune cell infiltration.
Thus, our results suggest that HSPB1 expression may
have a distinct prognostic value in HCC patients, and it
might be a potential target for immunotherapy in HCC.

Data Sharing Statement
The datasets TCGA for this study can be found in the
https://www.cancer.gov/about-nci/organization/ccg/

research/structural-genomics/tcga. And the datasets GEO

can be found in the https://www.ncbi.nlm.nih.gov/geo/.

Acknowledgments

We would like to acknowledge the contributions of col-
leagues, institutions, or agencies that aided the efforts of
the authors.

Author Contributions

Jun Chen and Bingbing Shang conceived the study and
wrote the manuscript; Baohui Song, Fang Peng, Liang
Wang and Shengyi Long conducted the experiments and
contributed to the analysis of data. Fang Peng, Shengyi
Long collected clinical sample data. Baohui Song, Peng
Fang, Jun Chen, Bingbing Shang revised the manuscript.
All authors read and approved the final manuscript. All
authors contributed to data analysis, drafting or revising
the article, gave final approval of the version to be pub-
lished, agreed to the submitted journal, and agree to be
accountable for all aspects of the work.

Disclosure

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that
could be construed as a potential conflict of interest.

Contribution to the Field Statement
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in HCC patients, and it might be a potential target for
immunotherapy in HCC.
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