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 Introduction
Cancer is a term that collectively describes a group of 

apparently unrelated conditions that have common immune 
response related pathways leading to various tissue damage (1). 
Although each of these cancer types has distinctive molecular 
background and pathophysiology, the dysregulated immune 
response is believed to be pivotal to diseases’ pathogenesis. 
High-mobility group box 1 (HMGB1), a member of the HMG 

protein family, is one of the damage-associated molecular patterns 
(DAMPs) which are danger molecules released from damaged 
cells and activate the innate immune system components (2-4). 
Innate immune system is the first defense mechanism against 
the pathogenic microorganisms such as viruses, bacteria, 
and parasites. DAMPs have a dual role by contributing host’s 
defense and promoting pathological inflammatory responses 
(5,6). Experimental studies have demonstrated that inflammatory 
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signaling pathway was induced and inflammatory cytokines 
including interleukin 6 (IL-6), interleukin 1 (IL-1), tumor necrosis 
factor (TNF) were produced by releasing of HMGB1 molecule 
to the extracellular region (6,7). HMGB1 is a crucial molecular 
target for infectious diseases, ischemia, immune diseases, 
neurodegenerative diseases, metabolic diseases and cancer 
(2,4,8). HMGB1 has many biological activities in normal and 
cancerous cells and regulates many basic molecular events 
such as transcription, replication, recombination, DNA repair, 
genomic stabilization and TLR4 activation (5,8,9). In the 
coordination of the cell’s stress response, not only in intracellular 
functions such as chromosome protector, autophagy, and 
apoptotic cell death inhibitor, but also outside the cell, it plays 
a critical role as the DAMP prototype (6,9). The interplay of 
DAMP and other factors releases cytokine, chemokine, and 
growth factor activity and manages inflammation and immune 
response. The global public health is novel coronavirus [Severe 
acute respiratory syndrome-Coronavirus-2 (SARS-CoV-2) – also 
known as 2019-nCoV], the RNA virus that causes Coronavirus 
disease-2019 (COVID-19) (10,11). It is important to understand 
the role of HMGB1 and associated cellular mechanism including 
transcription, methylation, immune response, prognosis in 
hypothetically infection with SARS-CoV-2 in various tumor 
tissues and healthy tissue. In humans, SARS-CoV-2 infection 
results in a diversity of clinical manifestations. While several 
genetic and epigenetic factors associated with COVID-19 have 
been identified, pathogenesis of COVID-19 in cancer patients 
is still poorly understood. There is strong evidence implicating 
the involvement of the immune reaction in the progression to 
COVID-19, tumor infiltrating immune cells playing a role (12,13). 
For this reason, higher HMGB1 expression in cancer patients 
increases the risk for developing infectious diseases. In this 
study, we mainly discuss our own data on the analysis of the 
intratumoral infiltrates in human cancers, their relationship with 
HMGB1 expression, the respective importance in view of their 
prognostic value and interaction with possible SARS-CoV-2 
infection. To illustrate the general characteristic of the host 
HMGB1 expression-SARS-CoV-2 interactions, eight examples of 
the human tumors will be analyzed by using bioinformatics tools. 
Finally, we will propose some new insights on which tumor cells 
may express HMGB1, which is also COVID-19 target molecule 
to treatment and protection from possible SARS-CoV-2 infection.

Methods

Subjects 

This study was carried out by using The Cancer Genome 
Atlas (TCGA) data sets of 33 different cancer types.

Expression and Correlation Analysis 

Gene Expression Profiling Interactive Analysis (GEPIA) 
is a web server that allows the evaluation of RNA expression 

of normal tissue samples as a control group and tumor tissue 
samples on a wide scale obtained within the scope of TCGA 
and GTEx projects. To identify HMGB1 gene expression profile, 
we compared box plot from 33 different cancer tissue samples 
and healthy tissue samples to GEPIA database (14). In addition, 
overall survival analysis was performed based on the Log-rank 
test with a 95% confidence interval in order to create survival 
graphs. The p values were calculated automatically by the tool 
and p values under 0.05 were considered significant. HMGB1 
expression profile screening was performed in 33 different 
cancer tissues [adrenal cancer, bladder and urothelial cancers, 
breast cancer, cervix cancer, colorectal cancer, lymphoma, 
esophageal cancer, glioblastoma, head and neck cancer, renal 
cancer, leukemia, liver cancer, lung cancer, ovarian cancer, 
stomach cancer, pancreatic cancer, prostate cancer, brain 
tumor, uterine cancer, mesothelioma, melanoma, sarcoma, 
thyroid cancer, thymoma (THYM), uterine cancer]. A statistically 
significant difference was found in terms of HMGB1 gene 
expression in 8 tumor tissues including colon adenocarcinoma 
(COAD), lymphoid neoplasm diffuse large B-cell lymphoma 
(DLBC), glioblastoma multiforme (GBM), brain lower grade 
glioma (LGG), pancreatic adenocarcinoma (PAAD), rectum 
adenocarcinoma (READ), stomach adenocarcinoma (STAD), 
THYM among these cancer types. Further analyses were 
performed on these samples.

Analysis of Promoter Methylation Levels

UALCAN is an interactive open-access web page for the 
analysis of OMICS data (http://ualcan.Path.uab.edu/index.html). 
This database is built on PERL-CGI and can be used in about 
6000 different gene methylation levels (15). So, the promoter 
methylation level of HMGB1 gene was evaluated with this 
database in different cancer tissues.

Comprehensive Analysis of Tumor-infiltrating Immune 
Cells

TIMER is a comprehensive open access online database 
that can analyze immune invasion levels and differences in gene 
expression levels in different tumor tissues (16). Correlation 
between HMGB1 expression and immune infiltrating cells [B 
cells, CD4+ T cells, CD8+ T cells, neutrophils, macropages, 
and dendritic cells (DCs)] was analyzed by using the TIMER 
database.

Statistical Analysis 

We used the GEPIA database to examine the statistical 
significance (p<0.05) by analyzing all parameters. Five statistical 
methods including Kaplan-Meier curves, log-rank test, Pearson 
test, Spearman’s correlation, and Student’s t-test were used in 
overall survival, comparison of low and high groups, correlation 
analyses, evaluation of HMGB1 with immune infiltration, and 
comparison of two independent samples, respectively. 
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Results

Results of Expression and Correlation Analysis

Initially, gene expression profile belonging to the 33 different 
cancer tissues was compared with healthy tissues and evaluated 
separately in terms of HMGB1 expression profiles using the 
GEPIA online tool in order to investigate changes in the gene 
expression level of HMGB1 in the cancer tissue (Figure 1). As 
a result of our analysis, it was determined that the expression 
profile of HMGB1 was statistically significant in 8 different 
cancer tissues (COAD, DLBC, GBM, LGG, PAAD, READ, STAD 
and THYM). Therefore, 8 different tumor tissues were included 
in all analyses made thereafter. In our study, HMGB1 was found 
to have a statistically significantly higher expression level in 
these 8 different tumor tissues when compared to healthy tissue 
samples (Figure 2, p<0.05). Then, the same datasets were 
used in order to analyze the overall survival of 8 different cancer 
patients according to HMGB1 expression (Figure 3). According 
to the results of survival analysis, HMGB1 high expression 
levels were found to be associated with good prognosis in 
cancer patients with THYM (p<0.05). No statistically significant 
difference was found between low and high expression levels 
for other types of cancer.

Analysis of the Promoter Methylation Levels 

DNA methylation is an important case in the epigenetic 
modification of the genome and is closely related to the 

development process of cancer. Hypo methylation may cause 
genome instability and activate the related genes. It was 
determined that HMGB1 expression profile had high levels of 
expression in 8 different cancers. According to the results of 
our analysis, we performed using the UALCAN online tool in 
order to determine the level of DNA methylation, the promoter 
methylation level of HMGB1 was found to be lower than healthy 
tissues (hypo methylation) (Figure 4). GBM and LGG were 
not included in the analysis as the UALCAN database did not 
provide access to their comparison with healthy tissues.

Comprehensive Analysis of Tumor-infiltrating Immune 
Cells

When we analyzed the correlation between m-RNA 
expression level of HMGB1 and immune infiltration profile in 
different cancers, the correlation was detected between HMGB1 
expression and immune infiltration in COAD, DLBC, GBM, 
LGG, PAAD, READ, THYM cancer types according to TIMER 
database uploaded data. HMGB1 expression was positively 
correlated with B cell (r=0.11, p<0.05), CD8+ T cell (r=0.208, 
p<0.0001), macrophage (r=0.112, p<0.05) infiltration in COAD; 
B cell (r=0.688, p<0.05) in DLBC; B cell (r=0.124, p<0.05), 
CD8+ T cell (r=0.25, p<0.001), macrophage (r=0.144, p<0.001), 
neutrophil (r=0.136, p<0.001) in GBM; macrophage (r=0.109, 
p<0.05) in LGG; B cell (r=0.282, p<0.001), CD8+ T cell (r=0.298, 
p<0.0001), macrophage (r=0.298, p<0.00001), neutrophil 
(r=0.285, p<0.0001), DCs (r=0.351, p<0.0001) in PAAD; CD8+ T 

Figure 1. HMGB1 in different cancers compared to normal tissues in the Gene Expression Profiling Interactive Analysis database
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cell (r=0.191, p<0.05), neutrophil (r=0.187, p<0.05) in READ; B 
cell (r=0.71, p<0.0001), CD8+ T cell (r=0.566, p<0.0001), CD4+ 
T cell (r=0.723, p<0.0001), macrophage (r=0.6, p<0.0001), DCs 
(r=0.781, p<0.0001) in THYM patients’ tumor samples compared 

to healthy samples. However, in silico analysis results showed 
that limited or weak correlation was detected between CD4+ T 
cell and HMGB1 expression level in all studied tumor tissues 
except THYM tumor samples (Figures 5a, 5b).

Figure 2. Comparative analysis of the tissue-specific differential expression of HMGB1 gene in different cancer tissues using GEPIA (*indicates 
p<0.05)

Figure 3. Comparison of Kaplan-Meier survival curves of the high and low expressions of HMGB1 in different cancer tissues
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Discussion
It has been shown that HMGB1 may support tumor 

development and progression by inducing chronic inflammation 
and, in contrast, this molecule may inhibit tumor progression 
(17,18). A number of studies have reported pathophysiological 
roles of HMGB1 in various diseases, including infectious diseases 
and cancer (3,5,17,18). It is noteworthy that the up-regulation of 
HMGB1 in cancer is due to the fact that cancer cells are exposed 
to different stress parameters such as acidosis, hypoxia and 
inflammation. A number of studies reported anti-tumor immune 
stimulatory roles of extracellular-HMGB1 (19,20). Treatment 
based on HMGB1 can be useful against cancers and viral 
infection. Extracellular-HMGB1 released from damaged cells 
as a danger signal can stimulate DCs, followed by the release 
of pro-inflammatory cytokines (9,21). Moreover, some analysis 
results showed that expression of HMGB1 could promote the 
cross-presentation of peptide antigens to major histocompatibility 
complex class 1 in DCs, activating cytotoxic T lymphocytes 
(CTLs) (2,4,9,22). From the aspect of this mechanism, the roles 
of extracellular HMGB1 activating both innate immunity and 
adaptive immunity may be an important molecular mechanism 
in response to viral infection including SARS-CoV-2 for cancer 
patients (23,24). Andersson et al. (23) reported that extracellular 
HMGB1 might be therapeutic target in COVID-19. Based on this 
information, which cancer types expressed this danger molecule 
and what is the relationship between HMGB1 and immune cells? 
Here, we evaluated this in silico analysis on the role of HMGB1 
in various cancer tissues including COAD, DLBC, GBM, LGG, 
PAAD, READ, STAD and THYM and healthy samples and 
the m-RNA expression of HMGB1 was higher in eight cancer 
types according to the results of expression analyses. We also 

concluded the possibility of HMGB1 as therapeutic targets for 
COVID-19. In cases where cancers including COAD, DLBC, 
GBM, LGG, PAAD, READ, STAD and THYM are high, HMGB1 
is the treatment option for these cancer patients infected with 
SARS-CoV-2. From this study, it can be concluded that hypo 
methylation of HMGB1 triggers the expression of this molecule, 
resulting in the release of HMGB1 into extracellular region. To 
confirm the role of HMGB1 and SARS-CoV-2 infection with 
pathogenesis of cancer, further studies are required. 

Immune cells have receptors such as toll like receptors 
(TLR) for HMGB1. Immune cells such as natural killer (NK) 
cells, CTLs, NKT cells which have cytotoxic functions can 
recognize extracellularly released HMGB1 from tumor cells 
(8,9,19,23,25). Elevated levels of HMGB1 have been detected 
in patients with COAD, DLBC, GBM, LGG, PAAD, READ, STAD 
and THYM cancer (17,18). We have reported that the HMGB1 
expression levels were correlated with the immune infiltration 
in studied eight cancer types. In humans, it is well known that 
tumors may behave differently in terms of survival. We did a 
survival analysis based on the HMGB1 expression of different 
tumors in relation to immune infiltration through the tumor 
microenvironment using the Kaplan-Meier plotter. An immune 
control is responsible for carcinogenesis in human, and is also 
a research field in terms of providing novel prognostic markers 
as well as new therapeutic area. In this context, some studies 
showed the role of HMGB1 expression in various cancer such 
as gastric, colorectal, pancreatic, esophageal, prostate, bladder, 
lung cancer and hepatocellular carcinoma (17,18,26). When in 
silico analysis of intra tumoral immune cells became available in 
association with HMGB1 expression in studied 8 cancer types, 
our data show that HMGB1 expression was positively correlated 

Figure 4. The promoter methylation level of HMGB1 in different cancer tissues
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with B cell, CD8+ T cell, macrophage infiltration in COAD; B cell 
and DCs in DLBC; B cell, CD8+ T cell, macrophage, neutrophil 
in GBM; macrophage in LGG; B cell, CD8+ T cell, macrophage, 
neutrophil, DCs in PAAD; CD8+ T cell, macrophage, neutrophil 

in READ; B cell, CD8+ T cell, CD4+ T cell, macrophage, DCs in 
THYM patients tumor samples compared to healthy samples. 
Recent studies have reported that lymphocytes infiltration in the 
primary tumor usually correlates with a better clinical outcome in 

a)

b)

Figure 5. Correlation between HMGB1 expression and immune infiltration in different cancer tissues using TIMER algorithm (a, b)
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cancer patients (27). Our data supported that especially CD8+ 
cytotoxic T cell infiltration was detected in five tumors of studied 
eight tumor samples, neutrophil and DCs immune infiltration 
levels of prostate cancer. Additionally, the level of macrophage 
in cancer may be related to worst prognosis (28). Our data show 
that interplay of high expression HMGB1 and CD4+ T helper 
cell filtrated tumor tissue was very limited or not. The formation 
of lymphoid structure composing of T and B cell was widely 
detected in cancer patients with highly expressed HMGB1 
tissue samples according to our results. Other researchers 
reported that T and B lymphocytes infiltration to tumor tissue 
was associated with their prognostic value in cancer (29).

Therefore, these results reported herein should be considered 
in the light of some limitations. One of these limitations is in 
silico design and lack of experimental study. The other limitation 
concerns the demographic statistics such as gender and age 
for healthy group, which could not be downloaded from the 
database. 

Conclusion
In conclusion, some HMGB1-targeted anti-cancer and anti-

viral drugs, inhibitors, RNA interference gene silencing are 
promising in both cancer therapy and also COVID-19 therapy 
for upregulated HMGB1 cancer types including COAD, DLBC, 
GBM, LGG, PAAD, READ, STAD and THYM.
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