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ARTICLE INFO ABSTRACT

Keywords: Background: High mobility group box 2 (HMGB2) is considered as a biomarker of poor prognosis in various

HMGB2 cancers.This study aims to investigate the effect and mechanism of HMGB2 in gliomas.

Shoma X Methods: With the glioma related on-line and our local hospital databases, the expression differences of HMGB2,
rognosis

Kaplan-Meier survival analysis and COX regression analysis were performed.The correlation analysis between
the clinicopathological features and imaging parameters with the HMGB2 expression had been done. Then GSEA
and PPI networks were carried out to find out the most significant pathway. The pathway inhibitor was applied
to verify HMGB2’s participation. CCK8,EDU assays,y-H2AX immunofluorescence staining and colony formation
assay were conducted to observe effects on glioma cells.

Results: Available datasets showed that HMGB2 was highly expressed in glioma and patients with high expression
of HMGB2 had poorer prognosis and molecular characteristics. Protein level evidence of western blot and
immunohistochemistry from our center supported the conclusions above. Analysis on imaging features suggested
that HMGB2 expression level had an inverse association with ADCpean but positively with the thickness of
enhancing margin. Results from GSEA and PPI network analysis exhibited that HMGB2 was involved in base
excision repair (BER) signaling pathway. Experimental evidence demonstrated that the overexpression of
HMGB2 promoted the proliferation of glioma cells and enhanced the radio-resistance.

Conclusions: HMGB2 could promote glioma development and enhance the radioresistance of glioma cells,
potentially related to the BER pathway, suggesting it may serve as an underlying biomarker for patients with
glioma.

Base excision repair
Radio-resistance

Introduction device with high compliance, and other reasons [7,8].The alternative

treatment options such as targeted therapy and immunotherapy have

Gliomas, originating from glial cells, account for the majority of
primary malignant brain tumors and it occurs in approximately 6 people
per 100,000 each year [1-3]. Despite the continual improvement of the
treatment strategy, the efficacy has not improved significantly. Espe-
cially those with high-grades, the 5-year overall survival rate does not
exceed 5 % [4,5].Although the addition of tumor treating fields
(TTFields) to maintenance temozolomide (TMZ) chemotherapy can in-
crease the overall survival by nearly 5 months in glioma [6], it is not
widely accepted because of high treatment costs, differences in
long-term survival patterns, a burden of patients having to wear the

not yet demonstrated a clear benefit of survival. Thus,the glioma patients
are still exposed to high risks of relapse and mortality.

In most cases, tumors are difficult to remove completely by surgical
excision due to the infiltrating growth. The ionizing radiation and
chemotherapy drugs induce DNA single or double strand breaks in gli-
oma cells, which consequently leads to cell apoptosis and death.
Meanwhile glioma cells initiate a series of DNA repair machineries to
prevent cells death after DNA damage, resulting in high intrinsic radio-
resistance and chemo-resistance [9-12], which may lead to tumor pro-
gression and poor clinical outcome.Therefore, exploring effective
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strategies to reduce the resistance of glioma to chemo-radiotherapy is
imperative.

Among the nonhistone chromosomal proteins, the high mobility
group (HMG) proteins are the most abundant and ubiquitous partici-
pating in several biological processes. The high mobility group box 1
(HMGB1),an prototypical member of HMGs, plays a significant role in
DNA recombination, transcription, replication and repair [13,14]. As a
signal factor, HMGB1 promotes the progression in multiple cancers and
is closely related to tumor drug resistance [15,16].HMGB2 which has
gradually attracted the attention of researchers in recent years has 80 %
homology with HMGB1 and promotes the development of various ma-
lignant tumors like pancreatic cancer, cervical cancer, gastric cancer and
liver cancer [17-21].0nly a previous study using cell experiments found
that HMGB2 might play a role in cells invasion and temozolomide
induced chemotherapy resistance in glioblastoma patients [22], but
whether it is involved in radiotherapy resistance and the specific
mechanism has not yet been reported.The correlations of HMGB2
expression with conventional MRI characteristics and more compre-
hensive clinical biological indicators of glioma patients are not investi-
gated. Therefore, an in-depth study of the role of HMGB2 in the
progression of gliomas is of great significance for the evaluation of
therapeutic efficacy and prognosis monitoring of gliomas.

In this study, the HMGB2 expression and its association with clinical
outcomes and clinicopathological features especially the imaging fea-
tures were investigated. The purpose is to guide clinical treatment and
imaging differentiation diagnosis based the expression of glioma
biomarker.Moreover, it was suggested that HMGB2 might be implicated
in DNA damage repair pathways through potential interactions with
other proteins. Furthermore, in vitro assays, we assessed the effects of
HMGB?2 overexpression and knockdown on glioma cell’s proliferation
and apoptosis, as well as radio-resistance.In conclusion,the role of
HMGB?2 in gliomas was thoroughly dissected, potentially suggesting a
new therapeutic target in glioma therapy.

Materials and methods
Data download and differential expression analysis

We analyzed the level of HMGB2 expression in multiple cancers and
their matched normal tissues using GEPIA website based on the Cancer
Genome Atlas (TCGA,https://portal.gdc.cancer.gov/) database. The
GSE 4290,GSE 7696,GSE 50,161 datasets were downloaded from the
Gene Expression Omnibus (GEO, https://www.ncbi.nlm.nih.gov/geo/)
database. Similarly, the different expression of HMGB2 between 257
glioma samples and 20 controls was analyzed based on the data of the
Chinese Glioma Genome Atlas (CGGA,http://www.cgga.org.cn/). We
used GraphPad Prism 8 software to compare the differential expression
level of HMGB2 between glioma samples and normal brain tissues.

Patient samples in our center

This study included 64 patients with glioma who underwent surgical
resection and other comprehensive treatment in the Second Hospital of
Hebei Medical University from January 2016 to March 2021. Western
Blotting was performed in 12 pairs of glioma patients with their adjacent
normal tissues to verify the differential HMGB2 expression between
glioma and non-tumor tissues. The other 52 patients were used to
observe the expression of HMGB2 in tumor tissues by IHC, and the pre-
treatment magnetic resonance images (MRI) data were analyzed. All
those were approved by the Ethics Committee of the Second Hospital of
Hebei Medical University.

HMGB?2 expression and its correlations with clinicopathological features

According to the expression level of HMGB2, 301 cases of mRNA
microarray data from CGGA database were divided into high expression
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group and low expression group. The clinical prognosis of different
groups was analyzed by R software. The mRNA sequencing data of 325
cases in CGGA database were used as internal verification, and the data
of 52 cases in our hospital were used as external verification.The sur-
vival curves of different HMGB2 expression levels were drawn with
"Survival" and "Survivminer" software packages in R version 4.0.5. We
used the “Survival ROC” package with Kaplan-Meier method to calculate
the 1-, 3-, and 5-year receiver operator characteristic (ROC) curves for
HMGB?2. Univariate and multivariate COX regression analysis were used
to predict the prognosis at the significant level of P < 0.001. Then, based
on the CGGA data, we used the "beeswarm" package in R version 3.6.3 to
analyze the correlation between the expression of HMGB2 and clinico-
pathological features.

Relationship between HMGB2 expression and pre-treatment MRI imaging
parameters

In our center,there were a total of 52 patients with full MRI images
which were acquired within 1 week before operation.All these MRI data
included four images:T1-weighted, T1-weighted postgadolinium, T2-
weighted and T2 fluid attenuated inversion recovery (FLAIR).Of
these,11 had diffusion weighted imaging (DWI) and the apparent
diffusion coefficient (ADC) values (ADCpean, ADCmin, ADCax) were
extracted from ADC maps.Two neuroradiologists blinded to clinico-
pathological features analyzed the pre-treatment MRI imaging, if the
opinions were different a consensus decision was made after their dis-
cussion. MRI image assessment mainly consisting of 11 qualitative fea-
tures based on VASARI lexicon: (1)tumor epicenter (left,right); (2)
largest diameter (< = 4.5 cm,>4.5 cm); (3)enhancing margin (smooth,
irregular); (4)non contrast-enhancing tumor (nCET) margin (smooth,
irregular); (5)Proportion Enhancing%(0-33,34-66,67-100); (6)Pro-
portion  necrosis%(0-33,34-66,67-100);  (7)Proportion nCET%
(0-33,34-66,67-100); (8)Thickness of enhancing margin (< = 3 mm,>3
mm); (9)Pial invasion (yes,no); (10)Deep WM invasion (yes,no) and (11)
T1/FLAIR (T1<F,T1<<F,T1 = F). The exact description of these MRI
imaging features can be found at the National Cancer Institute’s Cancer
Imaging Archive <https://wiki.cancerimagingarchive.net/display/Pu
blic/VASARI+Research+Project>. The details are listed in the supple-
mentary file of VASARI MR Feature KEY. Based on these pre-treatment
MRI imaging data, the relationship between HMGB2 expression with
MRI imaging features was analyzed with GraphPad Prism 8 software.

Transcriptome analysis for pathway identification

The data were divided into high and low groups based on the median
HMGB2 expression by the mRNAseq_325 and mRNA-array_301 glioma
data downloaded from CGGA database.In order to explore the signal
pathway involved in HMGB2, Gene set enrichment analysis (GSEA)
website was used to analyze the data of high expression group and low
expression group of HMGB2. The top twenty significant enrichment
pathways of Kyoto Encyclopedia of Genes and Genomes (KEGG) were
exhibited on the basis of |[NES| (net enrichment score)>1,NOM p < 0.05,
and FDR q < 0.25.0n the basis of KEGG enrichment pathways, the
interaction between HMGB2 and pathway proteins was established by
STRING website (https://string-db.org/) website, and the correlation
among these proteins was analyzed by Cytoscape (https://cytoscape.
org/).

Western blot

Cells and tissues were lysed in RIPA buffer containing protein
phosphatase inhibitor. After denaturation, protein extracts were sepa-
rated by 10 % SDS-polyacrylamide gel and then transferred to PVDF
membrane (Millipore). Then the membranes were incubated with pri-
mary antibodies (HMGB2: Proteintech, 1:1000; HMGB1: ZENBIO,
1:1000; GAPDH: Proteintech, 1:8000) overnight at 4 °C. In the second
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day, they were incubated with secondary antibodies bound to HRP and
imaged with an enhanced chemiluminescence (ECL) system (BIO-RAD,
USA).ImageJ software was used to analyze the images.

Immunohistochemical staining and analysis

The paraffin-embedded blocks were cut into slices of 4 mm thickness.
Antigen repair is accomplished by boiling water in Tris-EDTA buffer (pH
9.0) for 60 minutes. Then the tissue slides were incubated with an anti-
human rabbit HMGB2 (14,597-1-AP Proteintech,1:200) antibody. All
immunohistochemical sections were evaluated and scored by two pa-
thologists who did not know the clinical parameters with a semi-
quantitative scoring system [23] containing the staining intensity (-:no
staining; +:weak staining; ++:moderate staining; ++:strong staining)
and the percentage of stained cells (0: < 5 %; 1:5 %-25 %,; 2:26 %-50 %);
3:51 %-75 %; 4:>75 %). The staining intensity scores and the percentage
of positive cells scores were then multiplied for each case [24]. All cases
were categorized into high expression group and low expression group
based on the immune response score.

Cell culture and Irradiation

In this study, the human glioma cell lines U87MG and U251MG were
used for functional study which were obtained from the national cell line
resource infrastructure of China. All cells were cultured in Dulbecco
modified Iger medium (DMEM) supplemented with 10 % fetal bovine
serum and 1 % penicillin/streptomycin with a 37 °C moist environment
containing 5 % CO2. 5SMW X-ray linear accelerator (Elekta Synergy,
England Elekta Limited) was used to irradiate the cells with 2 Gy,4 Gy,6
Gy and 10 Gy.

Gene silencing and overexpression

The small interference RNA (siRNA), the overexpression vector (OE)
for HMGB2 and the negative controls were provided by GenePharma
(Shanghai, China). Using Lipofectamine 3000 kit (Thermo Fisher Sci-
entific) according to the manufacturer’s instructions, the siRNAs of
HMGB2 were respectively transfected into U251MG and the over-
expression vectors were respectively transfected into U87 MG cells.
After incubated in DMEM for 48 hours, the protein expression of HMGB2
was verified, and then the cell experiments were carried out. The se-
quences of HMGB2-siRNA were CUGAACAUCGCCCAAAGAUTT (sence)
and AUCUUUGGGCGAUGUUCAGTT (anti-sence).

RNA extraction and quantitative PCR

Total RNA was extracted from glioma cells using TRIzol (Invitrogen)
reagent, then the complementary DNA (cDNA) was synthesized from
RNA samples with reverse transcription kit (Thermo Fisher Scientific,
Waltham,MA,United States). Quantitative PCR analysis was performed
with YESEN (Shanghai, China) PCR kit using a qPCR system (Bio-Rad,
United States). The HMGB2 primer sequences were as follows
CCGGACTCTTCCGTCAATTTC (forward primer sequence) and GTCA-
TAGCGAGCTTTGTCACT (reverse primer sequence). An internal control
was conducted using GAPDH.

EDU Assay

The cells were maintained in 96-well plate at the density of
8000-10,000/well and incubated for 24 hours at 37 °C Celsius with 5 %
CO2. Then the EdU reagent (Ribobio,Guangzhou,China) was added to
the cells. Two hours later, the cells were fixed with 4 % para-
formaldehyde for 30 minutes, and then punched with 0.2 % Triton X-
100 for 20 minutes. Finally, the cells were stained by 1 x Apollo® 488.
We used fluorescence microscope (Leica, Wetzlar, Germany) to observe
the experimental results and the proportions of cell proliferation were
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the ratio of EdU-positive cells to DAPI-positive cells.
CCK-8 assay

According to the instructions we used the cell counting kit 8 to detect
the proliferation of U251 and U87 cells after 0 Gy or 6 Gy irradiation. A
seeding density of 2000-3000 cells per well was applied to 96-well
plates and there were three duplicate holes in each group. The cells
were incubated in the medium containing CCK-8 reagent (0.5 mg/mL) at
37 °C for 1 h, then the sample’s absorption was measured at 450 nm by
using a microplate reader (BioTek) at the same time each day for 7 days.

TUNEL assay

The TUNEL apoptosis assay kit (KeyGEN BioTECH, China) was used
to detect the apoptotic cells according to the manufacturer’s in-
structions. We fixed all cells with 4 % paraformaldehyde for 30 min,
followed by permeabilization with 0.2 % Triton X-100 for 20 min. Then
these cells were stained with terminal deoxynucleotidyl transferase
(TDT) reaction mixture for 60 min. Nuclei of the cells were counter-
stained with DAPI for 10 min. Finally, the proportion of apoptotic cells
was determined as the ratio of TUNEL positive cells to DAPI positive
cells.

Clonogenic survival assay

Appropriate numbers of cells were seeded in 6-well plates and left to
adhere overnight. Then exposed the cells to 0, 2, 4, 6, 8 and 10 Gy of X-
rays respectively and cultured them for another two weeks. After that
the cells were fixed with anhydrous ethanol containing 1 % methyl vi-
olet for 20 minutes and the number of surviving colonies (defined as
those with > 50 cells) could be counted. SF was calculated using prism
9.0 software (Graphpad software,Inc.USA) based on the multitarget/
single-hit model (SF = 1-[1-e—D/DO]IN). The extrapolation number
(N), the average lethal dose (DO), and the quasi-threshold dose (DQ)
were also calculated.

y-H2AX Immunofluorescence Staining

After receiving the X-ray irradiation (5 Gy) the cells were seeded on a
24-well plate and incubated at 37 °C for 24 hours. At 0.5h, 2 h, 6 h and
24 h after the irradiation, 4 % paraformaldehyde was applied to all cells
for 30 minutes, followed by 0.2 % Triton X-100 for 20 minutes.Then
these cells were incubated with anti-y-H2AX antibody (Cell Signaling
Technology,1:200) for 2 hours and stained with secondary antibodies
(Abcam, 1:200) for 1 hour at room temperature. The nuclei were stained
with DAPI (Solarbio) for 30 minutes. Finally, the fluorescence micro-
scope was used to visualize the images.The y-H2AX fluorescent spots in
the nucleus were counted by Image J software.

Statistical analysis

The statistical analyses were carried out using R software (version:
4.0.1, http://www.r-project.org/), and Prism 8 (GraphPad Software,
Inc). Significant differences between two groups were compared by
Student’s t test or x2 test. To calculate the statistical significance of
differences between experimental groups, one-way ANOVAs with mul-
tiple comparison tests were used.The correlation between HMGB2
expression levels and ADC values was calculated with Spearman’s cor-
relation coefficient. P < 0.05 was considered statistically significant.

Results
HMGB?2 is highly expressed in gliomas

Fig. 1 shows the design flow chart of the study. According to the pan-
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Fig. 1. Study flow diagram.

cancer analysis of HMGB2 gene with TCGA datasets by Gene Expression
Profiling Interactive Analysis (GEPIA), the HMGB2 expression levels
were significantly higher in lower-grade gliomas (LGG) and glioblas-
toma multiforme (GBM) than non-tumor tissues (Fig. 2A). The similar
results were verified by CGGA and GEO database (Fig. 2B-E). We
selected 12 pairs of gliomas in our center and their para-cancerous tis-
sues for WB analysis and the paired-sample T-test result showed that the
expression of HMGB2 in gliomas was remarkably higher than that in
corresponding adjacent tissues (p < 0.0001)(Fig. 2F-G), and the HMGB2
expression was greatly higher in Grade 4 gliomas than in LGG (Fig. 2H).
Two GBM patients of IHC images revealed that HMGB2 was expressed in
the nucleus (Fig. 2I).

High HMGB2 expression predicted poor prognosis in gliomas

Kaplan-Meier survival analysis of CGGA-mRNA-array 301 and
CGGA-mRNAseq_325 datasets showed that high expression of HMGB2
was associated with poor overall survival of gliomas (p < 0.001, Fig. 3 A,
B).The ROC curves revealed that HMGB2 was a predictive marker for 1-,
3-and 5-year survival with the AUC values greater than 0.7 (Fig. 3D, E).
Similarly, with the clinical information of 52 glioma patients in our
center, the same results were verified. The survival time of these patients
with high HMGB2 expression was shorter than the low expression (p =
0.013, Fig. 3C).The areas under the curves of OS are 0.656 for 1 year and
0.773 for 3 year (Fig. 3F). All the training, internal validation, and
external validation datasets indicated that HMGB2 expression was an
independent prognostic factor of OS in gliomas with univariate (P <
0.01) and multivariate (P < 0.01) cox regression analysis (Fig. 3G-L).
According to the WHO 5th brain tumor classification,similar results
were obtained for the LGG subgroup and Grade 4 glioma subgroup (see
Supplement Fig. B.1).The clinicopathological data of patients were lis-
ted in Table 1.

The association between HMGB2 expression and clinicopathological
features or imaging characteristics

Based on the CGGA-mRNA-array_301 and CGGA-mRNAseq_325 on-
line datasets, we found that the expression of HMGB2 was related to
some clinicopathological features (Fig. 4A-D, E-J).Simultaneously the
HMGB2 expression of IDH mutant status was lower than that of IDH
wildtype (P < 0.001)(Fig. 4B, F) and higher HMGB2 expression indi-
cated higher tumor grade (P < 0.001)(Fig. 4A, H) and older age (P <
0.05)(Fig. 4C,E). According to 52 glioma patients in our center it was
found that the higher HMGB2 expression was associated with poor
progression-free survival (PFS) (Fig. 5A) which means higher HMGB2
expression had a higher risk of relapse.We analyzed the clinical and
imaging characteristics of these patients and it was identified that the
expression of HMGB2 was related to apparent diffusion coefficient mean
(ADCpean)(Fig. 5B) and thickness of enhancing margin (Fig. 5C). The
expression of HMGB2 was higher in patients with the lower ADCpean (P
= 0.044,r = -0.63) and the larger thickness of enhancing margin (P =
0.042). Comparison of the imaging characteristics of HMGB2 between
high expression group and low group were shown in Table 2. Fig. 5D-E
shows the features of IHC and MRI from two representative cases of
glioma.

Gene set enrichment analysis,protein—protein interaction network and the
application of pathway inhibitor

GSEA analysis showed that HMGB2 was both enriched in the base
excision repair (BER),nucleotide excision repair (NER),mismatch repair
(MMR),homologous recombination (HR) pathways according to the
datasets of CGGA-mRNA-array_301(Supplement Fig.A.1A) and CGGA-
mRNAseq 325 (Fig. 6A). In order to further clarify the pathway
HMGB2 involved in, the interactions between protein HMGB2 and BER,
NER,MMR,HR pathways related proteins were analyzed. The proteins
with P> 0.7 were screened and visualized by Cytoscape. The results
showed that the proteins with the strongest correlation with HMGB2
were apurinic/apyrimidinic endodeoxyribonuclease 1(APEX1) and
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Fig. 3. The effect of HMGB2 expression on survival and prognosis of patients with glioma.(A-C) Overall survival analysis of HMGB2. (D-F) Survival ROC curve of
HMGB?2 at 1,3,and 5 years. (G-I)Univariate analysis of HMGB2. (G-L) Multivariate analysis of HMGB2.

HMGB]1 (Fig. 6B).Through gene co-expression analysis, it was found that
HMGB2 was closely related to APEX1 and HMGB1(Fig. 6C-D). Moreover
in gliomas, the expression of APEX1 and HMGB1 in tumor tissues was
significantly higher than that in adjacent tissues (Fig. 6E-F), and the high
expression of APEX1 and HMGB1 has shorter survival time (Fig. 6G-H).
There are seven different glioma cell lines were selected and their
HMGB?2 expression levels were detected by western blotting analysis.
The highest expression level of HMGB2 was in U251 cells and the lowest
was in U87 cells (Fig. 6I).So U251 cells were transfected with siRNAs for
HMGB2 knockdown study and HMGB2 overexpression plasmids were
constructed and introduced into U87 cells for gene overexpression
study. Which were both verified by WB (Fig. 6J-K) (Supplement Fig.
A.1B) and qPCR (Supplement Fig.A.1C). According to the genes involved
in KEGG DNA damage repair (DDR) pathways proposed by GSEA web-
site, both APEX1 and HMGB1 are only involved in BER pathway, so a
BER pathway inhibitor (olaparib 5pM [25]) was applied to the HMGB2

overexpression glioma cells. The results showed that the expression of
HMGB?2 decreased greatly after the application of olaparib, (Fig. 6L-M).
In the glioma cells experiments, it was found that the content of HMGB1
protein increased in HMGB2 overexpression cells (Fig. 6N-O) and
decreased in HMGB2 knockdown cells (Fig. 6P-Q), but this phenomenon
was not verified in APEX1, indicating a close relationship between
HMGB2 and HMGB1.

HMGB2 promotes cell proliferation and inhibits apoptosis in glioma cells

The results of EDU showed that the proliferation rate of HMGB2
overexpression cells was significantly higher than that of control and
blank groups, while HMGB2 knockdown cells was lower than that of
control and blank ones (Fig. 7A,C,D).The same cellular proliferation
results were confirmed by CCK-8 assay.Glioma cells with higher
expression of HMGB2 were found to have stronger proliferative ability
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Table 1
Clinicopathological features of gliomas.
Characteristics CGGA- CGGA-mRNA- Our
mRNAseq_325 array_301 center
Gender Male 158 146 33
Female 95 111 19
Age <42 120 123 11
>42 133 134 41
Radiotherapy Yes 195 222 46
No 51 35 6
NA 7 0 0
Chemotherapy Yes 146 124 46
No 96 133 6
NA 11 0 0
WHO grade I 85 93
111 31 51 17
v 137 113 29
IDH mutation Yes 155 115 11
No 98 142 21
NA 0 0 20
1p19q codeletion  Yes 51 14 7
No 199 67 20
NA 3 176 25
MGMT Yes 128 90 9
methylation No 111 167 8
NA 14 0 35

both under 0 Gy and 6 Gy doses of irradiation (Fig. 7G-J).The TUNEL
results illustrated that the apoptosis rate of HMGB2 overexpression cells
was greatly lower than that of control group and blank group, while the
HMGB2 knockdown cells were higher (Fig. 7B,E,F). All above results
were reported as statistically significant at p < 0.05.
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HMGB2 promoted colony formation and enhanced radiation resistance of
glioma cells

Compared with the control groups,the number of colonies and the
y-H2AX foci at 0.5 h, 2 h, 6 h and 24 h after 5 Gy radiation formed in
gliomas in response to HMGB2 overexpression was significantly
increased (Fig. 8B,H).On the contrary, Knockdown of HMGB2 reduced
colony formation in soft agar and radiation-induced y-H2AX foci in
U251 cells versus the control group. (Fig. 8A,G). The values of SF2, DO,
Dq and N decreased while the SER increased, indicating the increased
radiosensitivity of glioma cells with HMGB2-SI (P < 0.05)(Fig. 8C,E). In
HMGB2-OE group, the radio-resistance increased with the decreased
SER and the increased SF2,N,DO as well as Dq (P < 0.05)(Fig. 8D,F). The
detailed values were displayed in Table 3.The numbers of y-H2AX foci in
the HMGB2-SI group were much more than that in the control groups at
0.5h, 2 h, 6 h and 24 h after irradiation (Fig. 81) and in the HMGB2-OE
group were significantly less than that in the control groups (Fig. 8J). It
was indicated that the DNA damage repair of HMGB2 overexpression
cells was obviously activated, and the sensitivity to radiation of these
cells decreased and the radio-resistance increased.

Discussion

HMGB?2 is an important nuclear protein, which is up-regulated in
many tumors.Previous studies have found that HMGB2 has been iden-
tified as a biomarker for the diagnosis of gastric cancer.The knocking-
down of HMGB2 could inhibit the proliferation and glycolysis of cells
[20]. In the breast and cervical cancer, the expression of HMGB2 in
cancer cells was higher than in adjacent normal tissues, which promoted
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thickness of enhancing margin. The patient’s PFS was 325 days.

Table 2
The imaging parameters based on HMGB2 expression in our center.
Characteristics High Low P value
group (n) group (n) (@)

Tumor Epicenter left 11 12 >0.999
right 15 14

Largest diameter <= 10 14 0.404
4.5cm
>4.5cm 16 12

Enhancing margin Smooth 16 19 0.538
Irregular 9 6

noncon-trast-enhancing Smooth 18 11 0.093

tumor (nCET) margin Irregular 8 15

Proportion Enhancing % 0-33 23 22 >0.999
34-100 3 4

Proportion necrosis% 0-33 20 20 >0.999
34-100 6

Proportion nCET % 0-33 11 14 0.307
34-66 10
67-100 5

Thickness of enhancing <=3mm 8 16 0.042

margin >3mm 15

Pial invasion Yes 4 5 >0.999
No 22 21

Deep WM invasion Yes 3 3 >0.999
No 23 23

T1/FLAIR T1<F 14 12 0.784
T1<<F 5
Tl =F 7 7

the tumor progression.HMGB2 promoted proliferation by activating
AKT signaling pathway and inhibited the expression of p21 and p27 in
cervical cancer. And by regulating the Warburg effect in breast cancer

[19,26].HMGB2 was overexpressed in head and neck squamous cell
carcinoma (HNSCC), and the silencing of HMGB2 increased the sensi-
tivity of HNSCC cell lines to cisplatin and 5-FU [27].HMGB?2 is necessary
to protect cells from DNA damage and effective DNA repair, which is
related to poor response to preoperative radiotherapy and chemo-
therapy in patients of colorectal cancer [28].In gliomas, only a few
studies described the increased expression of HMGB2 in GBM. A simple
verification was conducted in vitro cellular experiments that high
expression of HMGB2 could make glioblastoma cells resistant to TMZ
[22].However, the correlation between HMGB2 and radiosensitivity and
related mechanisms in glioma patients, as well as the relationship be-
tween HMGB2 and clinical biology and imaging manifestations, has not
been reported.Whether HMGB2 is a factor with targeted therapeutic
value closely related to the key biological behaviors and treatment re-
sponses in glioma needs to be further explored.In our study the differ-
ence of HMGB2 expression and clinical prognosis between glioma
tissues and normal tissues were analyzed. According to the mechanism
analysis and in vitro experiments, it was first found that HMGB2 pro-
moted the radiation resistance of glioma. The relationship between
HMGB2 and MRI imaging features was compared for the first time
including precontrast TIWI, contrast-enhanced T1WI, T2WLT2-FLAIR
and DWL

By analyzing the databases of TCGA, GEO and CGGA, it was found
that the HMGB2 expression levels in glioma tissues are significantly
higher than those in adjacent normal tissues and the expression of
HMGB2 was closely related to tumor grade (P < 0.001) and IDH status (P
< 0.001). Therefore, with the data resources in our center a compre-
hensive analysis of clinical biology was performed. Firstly, by comparing
the HMGB2 expression of 12 pairs isolated tissues of glioma patients
with WB, it was discovered that the expression level of HMGB2 was
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Table 3
The results of colony formation.
U251Blank U251NC U251SI U87Blank U87Vector U870E
K 0.6934 0.7132 0.7773 0.6355 0.6239 0.4986
N 2.188 2.59 2.041 2.143 2.153 2.055
DO 1.442169 1.402131 1.286505 1.573564 1.602821 2.005616
Dq 1.129201 1.334349 0.917844 1.199381 1.229143 1.444597

significantly increased in both low-grade glioma and glioblastoma, and
the higher the tumor grade, the higher the HMGB2 expression level.
Then a total of 52 glioma patients were selected for HMGB2 immuno-
histochemistry staining.Prognostic analysis was carried out according to
different expression levels. It was observed that the OS and PFS were
poor in patients with high expression of HMGB2. Univariate and
multivariate analysis showed that HMGB2 was a risk factor for overall
survival of glioma patients. At the same time, the correlation between
the HMGB2 expression level by immunohistochemistry and the corre-
sponding preoperative MRI images was analyzed for the first time. The
results showed that the expression level of HMGB2 was significantly
correlated with ADCpean (P = 0.044) and enhanced tumor edge thick-
ness (P = 0.042). The expression of HMGB2 was higher in gliomas with
lower ADC value and thicker marginal enhancement. Finally, the cell
experiments showed that HMGB2 promoted the proliferation and
inhibited the apoptosis of glioma cells, and the radiation resistance of
glioma cells with high HMGB2 expression was significantly increased.
To sum up, our study strongly showed that HMGB?2 is a prognostic factor
of gliomas, the possible mechanism is worthy of further discussion.
Previous studies have found that wild-type p53 can inhibit the tran-
scription of the HMGB2 gene [28,29]. The P53 gene status of the U251
and U87 cell lines is mutant and wild-type [30,31]. In this study,
HMGB?2 is downregulated in U87 cells (P53-wild type) and upregulated
in U251 cells (mutant), which reflects the role of P53 in inhibiting
HMGB2. This further confirms the pivotal role of HMGB2 in gliomas.
Several factors can lead to DNA damage,cells have evolved a variety
of mechanisms to detect and repair DNA damage [32,33].These mech-
anisms called DNA damage repair (DDR) which can be divided into a
series of different but functionally intertwined pathways includes BER,
NER, MMR, HR, and non-homologous end joining (NHEJ) and so on
[34-38]. Tumor cells can also repair their own DNA through the above
pathway to avoid apoptosis and increase invasiveness. Previous studies
have found that glioblastoma contains stem cell-like subsets, showing
high expression of DNA damage response factors, resulting in thera-
peutic resistance and disease recurrence [39].At present, the clinical
trials of DDR inhibitors in gliomas are very popular, and the therapeutic
targets include:PARP/ DNA-PK/Chk1/ATM [40]. However, there is no
targeted drugs with clear benefits have been found so far, we speculate
that it may be because the specific DDR pathway inhibitors were not
selected for treatment based on the corresponding high expression
biomarkers. According to the GSEA analysis of two CGGA glioma da-
tabases, it was found that HMGB?2 is enriched in multiple DDR pathways,
including BER, NER, MMR and HR. It is suggested that HMGB2 promotes
tumor progression through abnormal DNA damage repair in gliomas.
Then, through PPI network analysis, it was discovered that HMGB2 is
closely related to HMGB1 and APEX1 in all DDR proteins. According to
the DDR pathways gene data of KEGG in GSEA, HMGB1 and APEX1 were
both confirmed to be involved in BER pathway (Supplement Table A.1).
After that, the experiments of mutual expression relationship were
carried out in vitro and the results indicated that the expressions of
HMGB1 were decreased in HMGB2 knockdown group and increased in
HMGB2 overexpressed cells, but this result was not found in APEX1. This
suggests that HMGB2 may potentially play a role, possibly through
HMGB], in the BER pathway.PARP1 is a single strand break receptor
protein, which is recruited to the site of DNA strand breaks at very early
time.PARP1 interacts with various nuclear components of the BER
complexes, and plays a key role in DNA break repair. PARP-1 regulates
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the metabolism of DNA through physical binding or polymerization
(ADP- ribosyl) with partner proteins, including histones, HMG proteins,
BER factors and multiple transcription factors [41,42].Olaparib is an
effective PARP inhibitor which can inhibit the activity of BER pathway
[43-45].So finally, olaparib was added to the HMGB2 overexpressed
glioma cells. It was found that after BER pathway was inhibited the
HMGB2 expression level significantly decreased, indicating that HMGB2
might be implicated in BER pathway to some extent which has not been
reported in previous studies.It has been reported in previous literature
that HMGB2 overexpression enhances the chemotherapy resistance of
GBM [22]. However, it is not reported whether HMGB2 enhances the
glioma cells’ resistance to radiation. Through the experiment with gli-
oma cells, it was found that HMGB2 could promote the proliferation of
glioma cells and reduce apoptosis. After radiation, the number of cell
colonies and y-H2AX foci of HMGB2 overexpression glioma cells was
significantly higher than that of the control group, indicating that the
DNA damage repair was significantly activated, and the sensitivity of
these cells to radiation decreased. With the clinical analysis of 52 gli-
omas patients in our hospital, it was demonstrated that the patients with
high HMGB2 expression had shorter local recurrence time and higher
recurrence rates, which proved that the effect of radiotherapy with high
HMGB2 expression was relatively poor and the radiotherapy resistance
was obvious. This suggests that in order to reduce the risk of progression
in gliomas, we could appropriately expand the radiotherapy target area,
increase the radiation dose and temozolomide administration time for
patients with high HMGB2 expression. Therefore, HMGB2 is a very
important prognostic factor for glioma which can guide the treatments
of glioma according to its expression level.

Magnetic resonance imaging is widely used in the diagnosis and
treatment of gliomas, and the functional imaging and imaging radiomics
have developed rapidly in recent years. MRI imaging analysis has been
reported in preoperative diagnosis of glioma, prediction of common
gene expression and evaluation of curative effect. In this study, the
differences and correlation between MRI imaging features before sur-
gery and HMGB2 expression in 52 patients with glioma were analyzed.It
was found that the patients with lower ADCyean Score and larger
thickness of enhancing margin had higher expression of HMGB2, sug-
gesting that these patients had a higher degree of malignancy and a
poorer prognosis. Similarly, previous researches showed that lower ADC
values of glioma tumor indicated the worse prognosis [46,47]. Our study
showed that according to the correlation between some usual charac-
teristics of nuclear magnetic resonance imaging and biomarkers, the
biological behavior of tumor could be evaluated, the recurrence and
progress status could be predicted. On the other hand, when the MR
imaging metrics of tumor progression are not clear, the expression level
of HMGB2 can be used as a reference to distinguish between disease
recurrence and pseudo-progression. This is a new research direction,
and the clinical value is worthy of in-depth exploration. Therefore, it is
necessary to increase the sample size for further summary and analysis.

In conclusion, it was found that HMGB2 was related to the pro-
gression of glioma and its overexpression led to a worse OS and PFS in
glioma patients. The overexpression of HMGB2 could promote cells
proliferation and radio-resistance. For the first time, HMGB2 was sug-
gested to be somewhat related to the BER pathway, possibly in associ-
ation with the HMGB1 protein, and it may improve radiation resistance
by enhancing the repair ability of DNA damage.
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