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Abstract
Understanding the specific and co-driving mechanisms of carcinogenesis in human 
tumors is indispensable for cancer research and can guide the development of effective 
treatment methods for tumors. High mobility group box 1 (HMGB1) participates in a 
variety of physiological processes of the body and has an inseparable relationship with 
tumors. In this study, The Cancer Genome Atlas, Gene Expression Omnibus database, 
Human Protein Atlas, and bioinformatic tools were used to conduct pan-cancer analysis of 
HMGB1 in various cancers so as to elucidate its role in human tumorigenesis. We analyzed 
and evaluated the expression of HMGB1 in tumors, and discovered that overexpression 
of HMGB1 usually indicated poor overall survival of adrenocortical carcinoma (P < 0.01) 
and lung adenocarcinoma (LUAD) (P < 0.05). High HMGB1 expression is also associated 
with unfavorable disease-free survival for patients with adrenocortical carcinoma (P < 
0.001), cervical squamous cell carcinoma and endocervical adenocarcinoma (P < 0.01), 
head and neck squamous cell carcinoma (P < 0.05), LUAD (P < 0.05), and sarcoma (P < 
0.05). The potential mechanism of HMGB1-mediated tumorigenesis is also discussed. 
In conclusion, our pan-cancer analysis offers a comprehensive description of the 
carcinogenic roles of HMGB1 in a variety of human cancers.
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1. Introduction
In view of the complexity of tumorigenesis, it is vital to conduct a pan-cancer analysis 
of the significant genes to evaluate their relevance to possible molecular mechanisms 
and clinical prognosis. Cancer genome repositories and databases, such as The 
Cancer Genome Atlas (TCGA) and Gene Expression Omnibus (GEO), offer access to 
many tumor-associated functional genomic datasets that can be used for pan-cancer 
analysis[1-3].

Situated on chromosome 13q12, the high mobility group box 1 (HMGB1) gene 
encodes and produces the HMGB1 protein[4], which is a highly conserved nuclear 
protein belonging to the group of nonhistone chromatin-related protein. It was first 
extracted from the bovine thymus in 1973[5]. HMGB1 consists of two DNA-binding 
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HMG-box domains (N-terminal A and center B), 
which constitute the non-specific DNA binding region 
of HMGB1 and an acidic C-terminal tail[6]. In general, 
HMGB1 exists in the nucleus and helps maintain the 
stability of the nucleus as a DNA chaperone. It plays a 
key role in DNA replication, V(D)J recombination, 
transcription and chromatin remodeling. However, 
the expression of HMGB1 has also been found in 
mitochondria, cytosol, and cell surface membranes, and 
the protein can be released into the extracellular space[7]. 
Cytoplasmic HMGB1 participates in immune responses 
by regulating mitochondrial function, inhibiting 
apoptosis, and increasing autophagy[8]. On the membrane, 
HMGB1 can activate platelets, promote neurite growth 
and axonal sprouting, and induce cell migration. HMGB1 
can be secreted into the extracellular environment as a 
cytokine, and participates in many immune reactions 
by promoting the maturation and activation of immune 
cells and the production of cytokine[9]. In addition, 
extracellular HMGB1 is able to interact with chemokines 
to advance immune responses[10]. In a word, HMGB1, as 
a multifunctional protein, plays different biological roles 
under different circumstances, and more investigations 
are required to illustrate the potential effects. In pan-
cancer analysis, to probe the expression profile of 
HMGB1 in different tumor types, databases (TGCA 
and GEO) were used. Except for comparing HMGB1 
expression profiles in different tumor types, a number of 
factors such as survival status, genetic alteration, protein 
phosphorylation, and related cellular pathways were 
also taken into account. This comprehensive analysis 
uncovers potential molecular mechanism of HMGB1 in 
the pathogenesis and clinical prognosis of a variety of 
human cancers.

2. Materials and methods
2.1. Gene expression analysis

To observe HMGB1 expression differences between tumor 
and adjacent normal tissues, we put HMGB1 into the 
“Gene_DE” section of tumor immune estimation resource, 
version2 (TIMER2) web (http://timer.cistrome.org/). With 
regard to some tumors without corresponding adjacent 
normal tissues as a control (e.g., TCGA-Mesothelioma 
[MESO], TCGA-Sarcoma [SARC]), the “Expression 
analysis-Box plot” plate of the Gene Expression Profiling 
Interactive Analysis, version  2 (GEPIA2) web server 
(http://gepia2.cancer-pku.cn/#analysis)[11] was used to 
obtain box plots of the Genotype-Tissue Expression 
(GTEx) database, with log2FC (fold change) cutoff = 1, 
P-value cutoff = 0.01, and “Match TCGA normal and GTEx 
data.” HEPIA2 was applied to analyze HMGB1 expression 
in different pathological stages of all TCGA cancers. The 

expression data transformed by log2 (TPM [Transcripts 
per million] + 1) were used for violin or box plots.

The UALCAN (http://ualcan.path.uab.edu/analysis-
prot.html) was used to analyze cancer omics data, 
allowing us to analyze the protein expression of the 
Clinical Proteomic Tumor Analysis Consortium (CPTAC) 
dataset[12]. We investigated the expression level of HMGB1, 
either total protein or phosphoprotein, between primary 
tumor or normal tissues.

2.2. Survival analysis

To gain significant map data for overall survival (OS) 
and disease-free survival (DFS) of HMGB1 in overall 
TCGA tumors, GEPIA2 was used in the analysis. Cutoff-
low (50%) and cutoff-high (50%) values were used as 
expression thresholds to separate low and high expression 
cohorts[11]. The log-rank test was used in the hypothesis 
testing. Through the “Survival Analysis” plate of GEPIA2, 
survival plots were obtained.

2.3. Genetic variation analysis

Using the cBioPortal (https://www.cbioportal.org/) web[13-15], 
we collected the protein structure data, including 
variation frequency, mutated site information, mutation 
type, three-dimensional (3D) structure, and copy 
number alteration (CNA) in overall TCGA tumors. 
We also obtained survival data, including progression-
free survival, OS, disease-specific survival, and DFS 
differences for the overall TCGA cancer types, regardless 
of whether there is HMGB1 genetic variation.

2.4. Immune infiltration analysis

TIMER2 was used to observe the relationship between 
HMGB1expression and immune infiltrates among TCGA 
tumors. Cancer-associated fibroblast was selected for 
detailed analysis. The EPIC, MCPCOUNTER, XCELL, and 
TIDE algorithms were used for estimations. The data was 
visualized as heatmaps and scatter plots.

2.5. HMGB1 enrichment analysis

STRING (https://string-db.org/) web was used for protein-
protein interaction network analysis. We set the following 
main parameters: minimum required interaction score 
(“low confidence [0.150]”), meaning of network edges 
(“evidence”), maximum number of interactors to be 
displayed (“no more than 50 interactors” in first shell), and 
active interaction sources (“experiments”).

On the basis of the datasets of all TCGA tumors and 
normal tissues, GEPIA2 was used to obtain the top 100 
HMGB1-related genes. We performed a pairwise Pearson’s 
correlation analysis between HMGB1 and selected 
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genes. The P-values and correlation coefficient (R) were 
calculated and displayed in figures. In addition, TIMER2 
was applied to obtain heatmap data of selected genes, 
including P-values and partial correlation (cor) in the 
purity-adjusted Spearman’s rank correlation test.

Jvenn[16] was used for cross-analysis to compare the 
HMGB1-binding and interacted genes. We integrated 
these two sets of data for Kyoto Encyclopedia of Genes 
and Genomes (KEGG) pathway analysis. The “tidyr” 
and “ggplot2” R packages were applied to show the 
enrichment pathway. Besides, the “clusterProfiler” R 
packages were applied to conduct Gene Ontology (GO) 
enrichment analysis. The R language software (R-4.1.0, 
64-bit; https://www.r-project.org/) was applied to this 
analysis. Two-tailed P < 0.05 was considered statistically 
significant[17]. A simple list of methods and corresponding 
tools is shown in Table 1.

3. Results
3.1. Gene expression analysis

TIMER2 was used to study HMGB1 expression among 
different TCGA tumor types. The results demonstrated 
that HMGB1 expression was significantly higher in 
cholangiocarcinoma (CHOL), colon adenocarcinoma 
(COAD), esophageal carcinoma (ESCA), head and 
neck squamous cell carcinoma (HNSC), lung squamous 
cell carcinoma (LUSC), stomach adenocarcinoma 
(STAD), liver hepatocellular carcinoma (LIHC), rectum 
adenocarcinoma (READ) (P < 0.001), bladder urothelial 
carcinoma (BLCA), and glioblastoma multiforme (GBM) 
(P < 0.01) than in the control group. Obviously, there 
were also some tumor types showing undifferentiated 
expression (e.g., kidney renal clear cell carcinoma [KIRC], 
cervical squamous cell carcinoma and endocervical 
adenocarcinoma [CESC], thyroid carcinoma [THCA], 
and pheochromocytoma and paraganglioma [PCPG]). 

However, compared with the control group, HMGB1 
expression in kidney chromophobe (KICH), lung 
adenocarcinoma (LUAD) (P < 0.001), and prostate 
adenocarcinoma (PRAD) (P < 0.05) were relatively low 
(Figure 1A).

We used the GTEx dataset to obtain normal tissue data 
as a control, and further evaluated the HMGB1 expression 
differences between the tumor and normal tissues. The 
results showed that HMGB1 was highly expressed in CHOL, 
COAD, lymphoid neoplasm diffuse large B-cell lymphoma 
(DLBC), GBM, brain lower grade glioma (LGG), READ, 
pancreatic adenocarcinoma (PAAD), STAD, and thymoma 
(THYM) (Figure 1B, P < 0.05).

In addition to transcription, CPTAC was used to 
evaluate HMGB1 at the protein level. As displayed in 
Figure  1C, we found that the total protein expression of 
HMGB1 in COAD, GBM, LIHC, ovarian cancer (OV) 
was significantly higher than that in normal tissues 
(all P < 0.001). However, the HMGB1 protein expression 
in the breast cancer (BRCA) (P < 0.01), uterine corpus 
endometrial carcinoma (UCEC), LUAD, and PAAD 
(P < 0.001) was decreased.

By using GEPIA2 tool, we probed the relationship 
between HMGB1 expression and tumor pathological stage, 
including adrenocortical carcinoma (ACC), LIHC, skin 
cutaneous melanoma (SKCM), and THCA (Figure 1D, all 
P < 0.05).

3.2. Survival analysis

On the basis of the expression level of HMGB1, cancer 
cases were divided into low expression group and high 
expression group. Then, we used TCGA and GEO datasets 
to explore the correlation between HMGB1 expression 
and prognosis of patients with different tumor types. As 
displayed in Figure 2A, the high expression of HMGB1 was 
related to poor OS in ACC (P < 0.01) and LUAD (P < 0.05) 
cancers. On the contrary, the low expression of HMGB1 
was related to poor OS in KIRC (P < 0.05) and THYM 
(P < 0.05). DFS analysis displayed that the high expression 
of HMGB1 was associated with the poor prognosis in ACC 
(P < 0.001), CESC (P < 0.01), HNSC (P  <  0.05), LUAD 
(P < 0.05), and SARC (P < 0.05) (Figure 2B).

3.3. Genetic variation analysis

Cancer in humans occurs as a result of an accumulation 
of genetic changes. We researched the HMGB1 genetic 
variations among different tumor samples in the TCGA 
list. From our analysis, we found that the frequency 
of HMGB1 variation (>4%) was the highest in DLBC 
tumors, mainly including “mutation” and “deep deletion” 
types. Colorectal cases have the highest frequency in the 

Table 1. Methods and corresponding tools

Methods Tools

Gene expression analysis TIMER2, GEPIA2, UALCAN, TCGA, 
GTEx, CPTAC

Survival analysis GEPIA2, TCGA, GEO

Genetic variation analysis cBioPortal, TCGA

Immune infiltration analysis TIMER2, TCGA

Gene enrichment analysis STRING, TCGA, GEPIA2, TIMER2, 
Jvenn, R language 

TCGA: The Cancer Genome Atlas; TIMER2: Tumor immune 
estimation resource, version 2; GTEx: Genotype‑tissue expression; 
CPTAC: Clinical Proteomic Tumor Analysis Consortium;  
GEPIA2: Gene Expression Profiling Interactive Analysis, version 2; 
GEO: Gene Expression Omnibus; Jvenn: An interactive Venn diagram viewer.
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“amplification” type of CNA, with a frequency of about 
~4% (Figure  3A). It is worthwhile noting that all ACC 
cases with genetic variation (about ~1% frequency) had 
HMGB1 copy number deletion (Figure  3A). Figure  3B 
shows the types, sites and number of cases of HMGB1 
gene variation. We have not distinguished the main 
types of genetic changes, and their locations appear to be 
sporadic, with some belonging to the HMG-box domain. 
For example, a truncating mutation, R163*/Q alteration, 
in the HMG-box domain, was only detected in 2  cases 
of UCEC and 1 case of GBM. The R163*/Q site is in the 

3D structure of HMGB1 protein (Figure  3C). Besides, 
we searched the underlying association between certain 
genetic variations of HMGB1 and the clinical survival 
prognosis of patients with different cancer types. We 
studied and collected information of various tumor types, 
and the data in Figure  3D showed that UCEC patients 
with HMGB1 variation had better prognosis in terms 
of progression-free survival (PFS) (P <  0.05) than those 
without HMGB1 variations. However, no significant 
differences were observed in OS (P = 0.0505), disease-
specific survival (DSS) (P > 0.05), and DFS (P > 0.05).

Figure 1. Expression and protein level of HMGB1 in human tumors. (A) Expression level of HMGB1 in TCGA tumors versus adjacent tissues (if available) 
as visualized by TIMER2. *P < 0.05; **P < 0.01; ***P < 0.001. (B) Box plot representation of HMGB1 expression level comparison in CHOL, COAD, DLBC, 
GBM, LGG, PAAD, READ, STAD, and THYM (TCGA project) relative to the corresponding normal tissues (GTEx database). *P < 0.05. (C) Total protein 
level of HMGB1 in normal tissue and primary COAD, GBM, LIHC, OV, BRCA, UCEC, LUAD, and PAAD. Protein data was extracted and analyzed using 
CPTAC. **P < 0.01; ***P < 0.001. (D) Stage-dependent expression level of HMGB1. Major pathological stages (stage Ⅰ, stage Ⅱ, stageⅢ , and stage Ⅳ) of 
ACC, LIHC, SKCM, and THCA were assessed and compared using TCGA data. Expression levels are expressed in Log 2 (TPM + 1).
HMGB1: High mobility group box 1; TCGA: The Cancer Genome Atlas; TIMER2: Tumor immune estimation resource, version 2; CHOL: Cholangiocarcinoma; 
COAD: Colon adenocarcinoma; DLBC: Diffuse large B-cell lymphoma; GBM: Glioblastoma multiforme; LGG: Lower grade glioma; PAAD: Pancreatic 
adenocarcinoma; READ: Rectum adenocarcinoma; STAD: Stomach adenocarcinoma; THYM: Thymoma; GTEx: Genotype-tissue expression; LIHC: Liver 
hepatocellular carcinoma; SKCM: Skin cutaneous melanoma; THCA: Thyroid carcinoma; BRCA: Breast cancer; UCEC: Uterine corpus endometrial 
carcinoma; LUAD: Lung adenocarcinoma; CPTAC: Clinical Proteomic Tumor Analysis Consortium.
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3.4. Protein phosphorylation analysis
Phosphorylation is one of the key processes for protein 
to exert biological effects, and phosphorylation state 
(e.g., phosphorylation and dephosphorylation) is known 
to be critical in the occurrence of tumor. Therefore, the 
differences of HMGB1 phosphorylation levels between 
normal tissues and primary tumor tissues were compared. 

CPTAC dataset was used to analyze three kinds of tumors 
(BRCA, lung cancer and UCEC) in details. As shown in 
Figure 4A, we observed that S35 phosphorylation level of 
HMGB1 in primary tumor tissues of BRCA, lung cancer 
and UCEC was significantly reduced. At the same time, we 
found that the S100 phosphorylation level of BRCA and 
lung cancer was low (Figure 4B–D).

Figure  2. Correlation between the expression level of HMGB1 and patient survival in TCGA tumors. GEPIA2 was used to evaluate the relationship 
between HMGB1 gene expression and overall survival (A) and disease-free survival (B) in all TCGA tumors. Positive results of survival diagram and 
Kaplan–Meier curves are presented.
HMGB1: High mobility group box 1; TCGA: The Cancer Genome Atlas; GEPIA2: Gene Expression Profiling Interactive Analysis, version 2.
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3.5. Immune infiltration analysis

As a significant part of tumor microenvironment, 
tumor-infiltrating immune cells are closely related 
to the development, occurrence and metastasis of 
tumors[18-20]. Cancer-associated fibroblasts in tumor 
microenvironment matrix can take part in regulating the 
function of various tumor infiltrating immune cells[21-23]. 
In this study, EPIC, MCPCOUNTER, XCELL, and TIDE 
algorithms were used to seek the potential relationship 

between different infiltration levels of immune cells and 
HMGB1 gene expression across different TCGA tumor 
types. After analysis, we found that HMGB1 expression 
was positively related to the estimated infiltration value 
of cancer-associated fibroblasts of BRCA-LumA, HNSC-
HPV-, MESO, and testicular germ cell tumors (TGCT), 
but THYM was negatively correlated (Figure  5). The 
scatterplots of the above-mentioned tumors are shown in 
Figure 5.

Figure 3. Mutation status of HMGB1 in TCGA tumors. Mutation status of HMGB1 in TCGA tumors was analyzed using the cBioPortal tool. The alteration 
frequency with mutation type (A) and mutation site (B) is displayed. (C) Mutation site (R163*/Q) within the HMG-box domain is shown in the 3D 
structure of HMGB1. (D) Analysis of the correlation between mutation status and PFS, OS, DSS, and DFS of UCEC using the cBioPortal tool.
HMGB1: High mobility group box 1; TCGA: The Cancer Genome Atlas; PFS: Progression-free survival, OS: Overall survival, DSS: Disease-specific 
survival; DFS: Disease-free survival; UCEC: Uterine corpus endometrial carcinoma.
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3.6. HMGB1 enrichment analysis

To further research the molecular mechanism of HMGB1 
gene in the occurrence and development of tumor, the 
HMGB1-interacting proteins and HMGB1 expression-
related genes were screened by enrichment analyses. STRING 
was used to get a total of 50 HMGB1 interacting proteins 
which were verified in the experiments. The relationships 
of these proteins are displayed in Figure  6A. GEPIA2 was 
applied to combine all tumor expression data of TCGA 
to obtain the top 100 genes that are related to HMGB1 
expression. The expression level of HMGB1 was positively 
related to that of heterogeneous nuclear ribonucleoproteins 
A2/B1 (HNRNPA2B1) (R = 0.68), heterogeneous nuclear 

ribonucleoprotein D0 (HNRNPD) (R=0.61), heterogeneous 
nuclear ribonucleoprotein R (HNRNPR) (R = 0.63), KH 
domain-containing, RNA-binding, signal transduction-
associated protein 1  (KHDRBS1) (R =  0.61), replication 
factor C subunit  3  (RFC3) (R = 0.63), and structure-
specific recognition protein 1 (SSRP1) (R =  0.55) genes 
(all P  <  0.001, Figure  6B). The corresponding heatmap 
indicated that HMGB1 was positively correlated with the 
above six genes in most cancer types (Figure  6C). The 
interaction analysis of the above groups displayed that 
there were four common members, namely, SSRP1, SRSF1, 
SUPT16H, and high mobility group box 2 (HMGB2) 
(Figure 6D).

Figure 4. Tumor-associated protein phosphorylation of HMGB1. Comparison of HMGB1 phosphorylated protein levels (S35 and S100 sites) in normal 
and selected primary tumor tissues. (A) Phosphorylated protein sites detected in HMGB1 based on the CPTAC dataset are shown in the figure. (B–D) Box 
plots representation of HMGB1 phosphorylated protein levels in BRCA, UCEC and lung cancer.
HMGB1: High mobility group box 1; UCEC: Uterine corpus endometrial carcinoma; CPTAC: Clinical Proteomic Tumor Analysis Consortium; 
BRCA: Breast cancer.
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KEGG and GO enrichment analyses were used to 
analyze the above two datasets which we combined. In 
Figure  6E, KEGG data revealed that “spliceosome” and 
viral carcinogenesis maybe involved in the influence of 
HMGB1 on the pathogenesis of tumors. GO enrichment 
analysis data showed that most of these genes are related 
to DNA state, such as catalytic activity acting on DNA, 
chromatin DNA binding, single-stranded DNA binding, 

telomeric DNA binding, and helicase activity (Figure 6F). 
A  simple list of expression/mutation of HMGB1 among 
different tumor types and its function is shown in Table 2.

4. Discussion

Many studies have shown that HMGB1 has many 
biological functions across different cell types and 

Figure 5. Correlation between HMGB1 expression level and infiltration of cancer-associated fibroblasts. (A) EPIC, MCPCOUNTER, XCELL, and TIDE 
algorithms were applied to analyze the correlation between the level of cancer-associated infiltration of fibroblasts and the level of HMGB1 gene expression 
in all TCGA tumors. Red color indicates a positive correlation (0–1), and blue color represents a negative correlation (−1–0). P < 0.05 is considered 
statistically significant. Values with no statistically significant correlation are marked with crosses. (B) The associated results of scatter plots of BRCA-LumA, 
HNSC-HPV-, MESO, TGCT, and THYM are listed.
HMGB1: High mobility group box 1; TCGA: The Cancer Genome Atlas; BRCA: Breast cancer; HNSC: Head and neck squamous cell carcinoma; 
MESO: Mesothelioma; TGCT: Testicular germ cell tumors; THYM: Thymoma.
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plays a critical role in many diseases such as cancer and 
inflammatory diseases[24-27]. Studies have shown that 
HMGB1 is a highly conservative protein in different 
species, and its functions in the nucleus are very 
complex, including stabilizing nucleosome formation, 
promoting the DNA bending, and increasing DNA 
transcription, repair, replication, etc[28,29]. Although 
studies have reported the functions of HMGB1 in many 
physiological processes, whether HMGB1 is involved 
in the pathogenesis of different tumor types remains 
unclear. Therefore, we conducted a pan-cancer analysis 
of HMGB1. The methods include exploring HMGB1 

gene expression in 33 different tumors based on TCGA 
data, collecting and integrating protein and phosphor-
protein data, as well as gene mutations, and other 
molecular characteristics by making use of GEO and 
CPTAC databases.

From our results, the expression level of HMGB1 
in CHOL, ESCA, HNSC, LIHC, STAD, LUSC, COAD, 
READ, BLCA, and GBM tumor tissues is higher than 
that of control tissues, but low expression was observed 
in KICH, LUAD, and PRAD. These results are similar to 
those found in other studies on STAD, COAD, LIHC, 
and LUAD[30-33]. The differential expression of HMGB1 

Figure 6. HMGB1 enrichment and pathway analysis. (A) STRING protein network diagram of experimentally determined HMGB1-binding proteins. 
Colored nodes represent the individual proteins identified. (B) GEPIA2 was used to determine the expression correlation between representative genes 
(HNRNPA2B1, HNRNPD, HNRNPR, KHDRBS1, RFC3, and SSRP1) of the top HMGB1-related genes and HMGB1 in TCGA tumors. (C) The expression-
related data between HMGB1 and HNRNPA2B1, HNRNPD, HNRNPR, KHDRBS1, RFC3, and SSRP1 in TCGA tumors are shown by heatmap. (D) The 
common members found by the interaction analysis of the HMGB1-binding and correlated genes. (E and F) KEGG and GO analyses based on the 
HMGB1-binding and interacted genes.
HMGB1: High mobility group box 1; TCGA: The Cancer Genome Atlas; GEPIA2: Gene Expression Profiling Interactive Analysis, version 2; KEGG: Kyoto 
Encyclopedia of Genes and Genomes; GO: Gene Ontology; HNRNPA2B1: Heterogeneous nuclear ribonucleoproteins A2/B1; HNRNPD: Heterogeneous 
nuclear ribonucleoprotein D0; HNRNPR: Heterogeneous nuclear ribonucleoprotein R; KHDRBS1: KH domain-containing, RNA-binding, signal 
transduction-associated protein 1; RFC3: Replication factor C subunit 3; SSRP1: Structure-specific recognition protein 1.
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in different tumors may suggest different potential 
mechanisms and functions. We also found that high 
HMGB1 expression may predict the poor OS for patients 
with ACC and LUAD. These results indicate that HMGB1 
can be used as a biomarker to predict the prognosis of 
tumor patients.

We discovered that the low expression of HMGB1 was 
related to poor OS in some TCGA tumors, such as KIRC 

and THYM. This is similar to what other studies have 
found[34]. However, Huang et al. revealed that HMGB1 
overexpression was significantly correlated with poor 
prognosis of patients with BLCA[35]. These findings may 
suggest that HMGB1 expression is not the same across 
various kinds of tumors. Based on the characteristics 
of each tumor, high or low expression of HMGB1 may 
provide a useful reference for the clinical treatment of 
tumor patients.

Table 2. Expression/mutation of HMGB1 among different tumor types and its function

Cancer 
types

Gene expression Survival Genetic variation Protein phosphorylation Immune infiltration

CHOL ↑

COAD ↑

ESCA ↑

HNSC ↑ ↑ ↑

LIHC ↑

LUSC ↑

READ ↑

STAD ↑

BLCA ↑

GBM ↑

KIRC ‑‑ ↓

THCA ‑‑

PCPG ‑‑

CESC ‑‑ ↑

KICH ↓

LUAD ↓ ↑ ↓

PRAD ↓

DLBC ↑

LGG ↑

PAAD ↑ 

THYM ↑ ↓ ↓

OV ↑

BRCA ↓ ↓ ↑

UCEC ↓ ↓ ↓

ACC ↑

SARC ↑

MESO ↑

TGCT ↑

↑: Tumor‑promoting effect; ‑‑ : Insignificant correlation; ↓: Tumor‑suppressing effect.
CHOL: Cholangiocarcinoma; COAD: Colon adenocarcinoma; ESCA: Esophageal carcinoma; HNSC: Head and neck squamous cell carcinoma; 
LUSC: Lung squamous cell carcinoma; STAD: Stomach adenocarcinoma; LIHC: Liver hepatocellular carcinoma; READ: Rectum adenocarcinoma; 
BLCA: Bladder urothelial carcinoma; GBM: Glioblastoma multiforme; KIRC: Kidney renal clear cell carcinoma; CESC: Cervical squamous 
cell carcinoma and endocervical adenocarcinoma; THCA: Thyroid carcinoma; PCPG: Pheochromocytoma and paraganglioma; KICH: Kidney 
chromophobe; LUAD: Lung adenocarcinoma PRAD: Prostate adenocarcinoma; DLBC: Diffuse large B‑cell lymphoma; LGG: Lower grade glioma 
PAAD: Pancreatic adenocarcinoma; THYM: Thymoma; OV: Ovarian cancer; BRCA: Breast cancer; ACC: Adrenocortical carcinoma; UCEC: Uterine 
corpus endometrial carcinoma; MESO: Mesothelioma; SARC: Sarcoma; TGCT: Testicular germ cell tumors
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As for lung cancer, our research found that high expression 
of HMGB1 was correlated with poor OS (P < 0.05), and poor 
DFS (P < 0.05) in LUAD, but not in LUSC. In fact, many 
studies have shown that HMGB1 can promote the occurrence, 
proliferation, and metastasis of lung cancer[36,37], but the 
molecular mechanism and signaling pathway involving 
HMGB1 still need to be further clarified.

Compared with the corresponding control tissues, 
the total protein expression level of HMGB1 in BRCA 
tumor tissues was relatively lower. Studies have shown 
that HMGB1 has a close relationship with BRCA. The 
majority of the BRCA studies have reported that HMGB1 
can promote the migration and invasion of BRCA[38,39]. 
MiR-142-3p can enhance the chemosensitivity of BRCA 
and inhibit autophagy by targeting HMGB1[40]. Our findings 
are contradictory to the literature reports. We consider that 
these may be linked to the dual role of HMGB1 in tumors. 
These results also indicate that HMGB1 may play a crucial 
role in the treatment of BRCA.

In addition to ACC and LUAD, our survival analysis 
data also indicated that the high expression of HMGB1 in 
CESC, HNSC, and SARC was associated with poor DFS. 
Li et al. and Xu et al. suggested that HMGB1 expression 
was a predictor of shorter OS and DFS in patients with 
cervical cancer[41,42]. Liu et al. also indicated that HMGB1 
was upregulated in human HNSC and overexpression 
of HMGB1 was significantly related to the malignant 
progression and poor survival rate of HNSC patients, 
suggesting that HMGB1 might be a potential therapeutic 
target of HNSC[43].

In this study, our results showed that HMGB1 
expression was positively correlated with the level of 
cancer-associated fibroblast immune infiltration in certain 
tumors, including BRCA-LumA, TGCT, HNSC-HPV-, and 
MESO. Nevertheless, the relationship between HMGB1 
expression and THYM was reversed.

5. Conclusions
Our pan-cancer analysis of HMGB1 demonstrates that the 
expression of HMGB1 is associated with clinical prognosis, 
protein phosphorylation and immune cell infiltration in 
various human tumors. These findings are very helpful 
to decipher the role of HMGB1 in tumorigenesis and to 
further uncover the functions of HMGB1 in tumors.

Acknowledgments
None.

Funding
None.

Conflict of interest
The authors declare that they have no competing interests.

Author contributions
Conceptualization: Hongnu Yu, Lin Wang
Investigation: Wenqing Long, Jiaqi Li, Hao Shi, Lijun Zhang
Methodology: Wenqing Long, Jiaqi Li, Hao Shi, Lijun Zhang
Formal analysis: Wenqing Long
Writing – original draft: Wenqing Long
Writing – review & editing: Wenqing Long, Liqun Yang, 

Zhuoyan Jiang, Lei Xia, Lin Wang, Hongnu Yu

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Availability of data
The datasets in this study are available in online repositories, 
TCGA datasets (https://www.cancer.gov/about-nci/organiza-
tion/ccg/research/structural-genomics/tcga), GTEx datasets 
(https://www.genome.go-v/Funded-Programs-Projects/
Genotype-Tissue-Expression-Project), and GEO databases 
(https://www.ncbi.nlm.nih.gov/geo/).

References
1.	 Blum A, Wang P, Zenklusen JC, 2018, SnapShot: TCGA-

Analyzed tumors. Cell, 173(2): 530. 

	 https://doi.org/10.1016/j.cell.2018.03.059

2.	 Tomczak K, Czerwińska P,Wiznerowicz M, 2015, The 
cancer genome atlas (TCGA): An immeasurable source of 
knowledge. Contemp Oncol (Pozn), 19(1a): A68–A77. 

	 https://doi.org/10.5114/wo.2014.47136

3.	 Clough E, Barrett T, 2016, The gene expression omnibus 
database. Methods Mol Biol, 1418: 93–110. 

	 https://doi.org/10.1007/978-1-4939-3578-9_5

4.	 Ferrari S, Finelli P, Rocchi M, et al., 1996, The active gene 
that encodes human high mobility group 1 protein (HMG1) 
contains introns and maps to chromosome 13. Genomics, 
35(2): 367–371. 

	 https://doi.org/10.1006/geno.1996.0369

5.	 Goodwin GH, Sanders C, Johns EW, 1973, A new group of 
chromatin-associated proteins with a high content of acidic 
and basic amino acids. Eur J Biochem, 38(1): 14–19. 

	 https://doi.org/10.1111/j.1432-1033.1973.tb03026.x

6.	 Li J, Kokkola R, Tabibzadeh S, et al., 2003, Structural basis 
for the proinflammatory cytokine activity of high mobility 

https://doi.org/10.36922/gpd.301


Volume 2 Issue 1 (2023)	 12� https://doi.org/10.36922/gpd.301

Gene & Protein in Disease A pan-cancer analysis of HMGB1

group box 1. Mol Med, 9(1–2): 37–45.

7.	 Kang R, Zhang Q, Zeh HJ 3rd, et al., 2013, HMGB1 in cancer: 
Good, bad, or both? Clin Cancer Res, 19(15): 4046–4057. 

	 https://doi.org/10.1158/1078-0432.Ccr-13-0495

8.	 Huebener P, Gwak GY, Pradere JP, et al., 2014, High-mobility 
group box 1 is dispensable for autophagy, mitochondrial 
quality control, and organ function in vivo. Cell Metab, 
19(3): 539–547. 

	 https://doi.org/10.1016/j.cmet.2014.01.014

9.	 Vargas TR, Apetoh L, 2017, Danger signals: Chemotherapy 
enhancers? Immunol Rev, 280(1): 175–193. 

	 https://doi.org/10.1111/imr.12581

10.	 Gao Q, Wang S, Chen X, et al., 2019, Cancer-cell-secreted 
CXCL11 promoted CD8(+) T cells infiltration through 
docetaxel-induced-release of HMGB1 in NSCLC. 
J Immunother Cancer, 7(1): 42. 

	 https://doi.org/10.1186/s40425-019-0511-6

11.	 Tang Z, Kang B, Li C, et al., 2019, GEPIA2: An enhanced web 
server for large-scale expression profiling and interactive 
analysis. Nucleic Acids Res, 47(W1): W556–W560. 

	 https://doi.org/10.1093/nar/gkz430

12.	 Chen F, Chandrashekar DS, Varambally S, et al., 2019, Pan-
cancer molecular subtypes revealed by mass-spectrometry-
based proteomic characterization of more than 500 human 
cancers. Nat Commun, 10(1): 5679. 

	 https://doi.org/10.1038/s41467-019-13528-0

13.	 Gao J, Aksoy BA, Dogrusoz U, et al., 2013, Integrative 
analysis of complex cancer genomics and clinical profiles 
using the cBioPortal. Sci Signal, 6(269): pl1. 

	 https://doi.org/10.1126/scisignal.2004088

14.	 Jiao XD, Qin BD, You P, et al., 2018, The prognostic value of 
TP53 and its correlation with EGFR mutation in advanced 
non-small cell lung cancer, an analysis based on cBioPortal 
data base. Lung Cancer, 123: 70–75. 

	 https://doi.org/10.1016/j.lungcan.2018.07.003

15.	 Cerami E, Gao J, Dogrusoz U, et al., 2012, The cBio 
cancer genomics portal: An open platform for exploring 
multidimensional cancer genomics data. Cancer Discov, 
2(5): 401–404. 

	 https://doi.org/10.1158/2159-8290.Cd-12-0095

16.	 Bardou P, Mariette J, Escudié F, et al., 2014, jvenn: An 
interactive Venn diagram viewer. BMC Bioinformatics, 
15(1): 293. 

	 https://doi.org/10.1186/1471-2105-15-293

17.	 Cui X, Zhang X, Liu M, et al., 2020, A pan-cancer analysis 
of the oncogenic role of staphylococcal nuclease domain-
containing protein 1 (SND1) in human tumors. Genomics, 
112(6): 3958–3967. 

	 https://doi.org/10.1016/j.ygeno.2020.06.044

18.	 Fridman WH, Galon J, Dieu-Nosjean MC, et al., 2011, 
Immune infiltration in human cancer: Prognostic significance 
and disease control. Curr Top Microbiol Immunol, 344: 1–24. 

	 https://doi.org/10.1007/82_2010_46

19.	 Steven A, Seliger B, 2018, The role of immune escape and 
immune cell infiltration in breast cancer. Breast Care (Basel), 
13(1): 16–21. 

	 https://doi.org/10.1159/000486585

20.	 Domingues P, González-Tablas M, Otero Á, et al., 
2016, Tumor infiltrating immune cells in gliomas and 
meningiomas. Brain Behav Immun, 53: 1–15. 

	 https://doi.org/10.1016/j.bbi.2015.07.019

21.	 Chen X, Song E, 2019, Turning foes to friends: Targeting cancer-
associated fibroblasts. Nat Rev Drug Discov, 18(2): 99–115. 

	 https://doi.org/10.1038/s41573-018-0004-1

22.	 Kwa MQ, Herum KM, Brakebusch C, 2019, Cancer-
associated fibroblasts: How do they contribute to metastasis? 
Clin Exp Metastasis, 36(2): 71–86. 

	 https://doi.org/10.1007/s10585-019-09959-0

23.	 Biffi G, Tuveson DA, 2021, Diversity and biology of cancer-
associated fibroblasts. Physiol Rev, 101(1): 147–176. 

	 https://doi.org/10.1152/physrev.00048.2019

24.	 Kumari T, Kumar B, 2018, High-mobility group box  1 
protein (HMGB1) gene polymorphisms and cancer 
susceptibility: A  comprehensive meta-analysis. Clin Chim 
Acta, 483: 170–182. 

	 https://doi.org/10.1016/j.cca.2018.04.042

25.	 Tang D, Kang R, Zeh HJ 3rd, et al., 2010, High-mobility group 
box 1 and cancer. Biochim Biophys Acta, 1799(1–2): 131–140. 

	 https://doi.org/10.1016/j.bbagrm.2009.11.014

26.	 Sims GP, Rowe DC, Rietdijk ST, et al., 2010, HMGB1 and 
RAGE in inflammation and cancer. Annu Rev Immunol, 
28: 367–388. 

	 https://doi.org/10.1146/annurev.immunol.021908.132603

27.	 Andersson U, Tracey KJ, 2011, HMGB1 is a therapeutic 
target for sterile inflammation and infection. Annu Rev 
Immunol, 29: 139–162. 

	 https://doi.org/10.1146/annurev-immunol-030409-101323

28.	 Stros M, 2010, HMGB proteins: Interactions with DNA and 
chromatin. Biochim Biophys Acta, 1799(1–2): 101–113. 

	 https://doi.org/10.1016/j.bbagrm.2009.09.008

29.	 Lange SS, Vasquez KM, 2009, HMGB1: The jack-of-all-
trades protein is a master DNA repair mechanic. Mol 
Carcinog, 48(7): 571–580. 

	 https://doi.org/10.1002/mc.20544 

https://doi.org/10.36922/gpd.301


Volume 2 Issue 1 (2023)	 13� https://doi.org/10.36922/gpd.301

Gene & Protein in Disease A pan-cancer analysis of HMGB1

30.	 Zhang QY, Wu LQ, Zhang T, et al., 2015, Autophagy-
mediated HMGB1 release promotes gastric cancer cell 
survival via RAGE activation of extracellular signal-
regulated kinases 1/2. Oncol Rep, 33(4): 1630–1638. 

	 https://doi.org/10.3892/or.2015.3782

31.	 Zhang W, An F, Xia M, et al., 2019, Increased HMGB1 
expression correlates with higher expression of c-IAP2 
and pERK in colorectal cancer. Medicine (Baltimore), 
98(3): e14069. 

	 https://doi.org/10.1097/md.0000000000014069

32.	 Ye L, Zhang Q, Cheng Y, et al., 2018, Tumor-derived 
exosomal HMGB1 fosters hepatocellular carcinoma 
immune evasion by promoting TIM-1(+) regulatory B cell 
expansion. J Immunother Cancer, 6(1): 145. 

	 https://doi.org/10.1186/s40425-018-0451-6

33.	 Zuo Z, Che X, Wang Y, et al., 2014, High mobility 
group Box-1 inhibits cancer cell motility and metastasis by 
suppressing activation of transcription factor CREB and 
nWASP expression. Oncotarget, 5(17): 7458–7470. 

	 https://doi.org/10.18632/oncotarget.2150

34.	 Hou X, Lin S, Liu Y, et al., 2022, Analysis of the tumor 
microenvironment and mutation burden identifies 
prognostic features in thymic epithelial tumors. Am J Cancer 
Res, 12(5): 2387–2396.

35.	 Huang C, Huang Z, Zhao X, et al., 2018, Overexpression 
of high mobility group box 1 contributes to progressive 
clinicopathological features and poor prognosis of 
human bladder urothelial carcinoma. Onco Targets Ther, 
11: 2111–2120. 

	 https://doi.org/10.2147/ott.S155745

36.	 Wang XH, Zhang SY, Shi M, et al., 2020, HMGB1 promotes 
the proliferation and metastasis of lung cancer by activating 
the Wnt/β-catenin pathway. Technol Cancer Res Treat, 19: 
1533033820948054. 

	 https://doi.org/10.1177/1533033820948054

37.	 Ren Y, Cao L, Wang L, et al., 2021, Autophagic secretion 
of HMGB1 from cancer-associated fibroblasts promotes 
metastatic potential of non-small cell lung cancer cells via 
NFκB signaling. Cell Death Dis, 12(10): 858. 

	 https://doi.org/10.1038/s41419-021-04150-4

38.	 Jiao D, Zhang J, Chen P, et al., 2021, HN1L promotes 
migration and invasion of breast cancer by up-regulating 
the expression of HMGB1. J Cell Mol Med, 25(1): 397–410. 

	 https://doi.org/10.1111/jcmm.16090

39.	 He H, Wang X, Chen J, et al., 2019, High-mobility group box 
1 (HMGB1) promotes angiogenesis and tumor migration by 
regulating hypoxia-inducible factor 1 (HIF-1α) expression 
via the phosphatidylinositol 3-Kinase (PI3K)/AKT signaling 
pathway in breast cancer cells. Med Sci Monit, 25: 2352–2360. 

	 https://doi.org/10.12659/msm.915690

40.	 Liang L, Fu J, Wang S, et al., 2020, MiR-142-3p enhances 
chemosensitivity of breast cancer cells and inhibits 
autophagy by targeting HMGB1. Acta Pharm Sin B, 10(6): 
1036–1046. 

	 https://doi.org/10.1016/j.apsb.2019.11.009

41.	 Li P, Xu M, Cai H, et al., 2019, The effect of HMGB1 on 
the clinicopathological and prognostic features of cervical 
cancer. Biosci Rep, 39(5): BSR20181016. 

	 https://doi.org/10.1042/bsr20181016

42.	 Xu Y, Chen Z, Zhang G, et al., 2015, HMGB1 overexpression 
correlates with poor prognosis in early-stage squamous 
cervical cancer. Tumour Biol, 36(11): 9039–9047. 

	 https://doi.org/10.1007/s13277-015-3624-7

43.	 Liu Y, Xie C, Zhang X, et al., 2010, Elevated expression of 
HMGB1 in squamous-cell carcinoma of the head and neck 
and its clinical significance. Eur J Cancer, 46(16): 3007–3015. 

	 https://doi.org/10.1016/j.ejca.2010.07.016 

https://doi.org/10.36922/gpd.301

