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Objective: This study aimed to investigate the effect of high mobility group protein Bl
(HMGB1) on chemoresistance and radioresistance in nasopharyngeal carcinoma (NPC).
Materials and Methods: HMGB1-knockout HK1 cell lines were generated using clustered
regularly interspaced short palindromic repeats/CRISPR-associated protein 9 (CRISPR/
Cas9) system. Western blotting was used to evaluate the protein expression level of
HMGBI1. DNA repair efficiency of non-homologous end joining (NHEJ) and homologous
recombination (HR) was monitored through NHEJ and HR reporter assay. Cellular protein—
protein interaction between HMGB1 and NHEJ apparatus was determined by immunopreci-
pitation. Direct protein—protein interaction was examined by affinity capture assay with
purified protein. Protein-DNA binding was evaluated by chromatin fractionation assay.
Cell viability assay was employed to measure cell sensitivity to ionizing radiation (IR) or
cisplatin.

Results: HMGBI1-knockout NPC cells showed significant decrease in NHEJ efficiency.
HMGBI1 immunoprecipitated NHEJ key factors in NPC cells and promoted DNA-binding
activity of Ku70. Mutational analysis revealed that serine 155 of Ku70 was required for its
direct interaction with HMGB1. HMGB1 was highly expressed in radio- and chemoresistant
NPC cells. Deficiency of HMGBI1 sensitized wild-type (WT) and resistant NPC cells to IR
and cisplatin. Glycyrrhizin, which is HMGBI inhibitor, impaired DNA binding of HMGBI1
and exhibited excellent synergy with IR and cisplatin.

Conclusion: HMGBI1 promotes NHEJ via interaction with Ku70 resulting in resistance to
IR and cisplatin. Inhibition of HMGB1 by glycyrrhizin is a potential therapeutic regimen to
treat cisplatin and IR resistant NPC patients.
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Introduction

Nasopharyngeal carcinoma (NPC) has a particularly high incidence in southern
China, especially in the Cantonese region. The disease is relatively rare globally.'
The annual incidence is approximately 30 cases per 100,000 persons' in Asia.
While the incidence is less than 1 case per 100,000 persons in Europe and the US.?
Several risk factors, such as Epstein—Barr virus infection, host genetics, and
environmental exposures, have been shown to be associated with the etiology of
NPC.> NPC is one of the most challenging head and neck squamous cell carci-
nomas because most patients are diagnosed at advanced stages.® The front-line
treatment for NPC is radiation therapy. Recently, intensity-modulated radiation
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therapy (IMRT) was incorporated in clinical radiotherapy
to minimize the radiation doses.” Radiation therapy is
commonly given in combination with chemotherapeutic
drugs for advanced NPC, such as cisplatin, carboplatin,
and doxorubicin.® Therefore, radioresistance and chemore-
sistance are the major obstacles for NPC treatment.
Unfortunately, the mechanisms underlying radio- and che-
moresistance for NPC remain unclear.’

High mobility group protein B1 (HMGB1), is a member of
the high-mobility group protein superfamily and is highly
abundant in cells. The importance of HMGB1 is demonstrated
by its detection in variety types of cancer in which upregulated
expression of HMGBI is associated with proliferation and
metastasis.'®"® Recently, overexpression of HMGBI has
been found to be correlated with cell proliferation and poor
prognosis in human NPC.'*'* HMGBI nparticipates in
a variety of cellular processes, including chromatin structure
and transcriptional regulation, differentiation, DNA repair, and
inflammation.'® The well-established role of HMGBI1 was
described as a DNA-binding protein. It induces DNA bending
and facilitates assembly of DNA-binding proteins.'” "
HMGBI participates in nucleotide excision repair, base exci-
sion repair, mismatch repair, and non-homologous end-joining
(NHEYJ), indicating that HMGB1 might contribute to DNA
repair-related radioresistance and chemoresistance.*

Both IR and cisplatin target DNA in cancer cells resulting
in DNA double-strand breaks (DSB), which lead to cell death.
NHEJ is one of the main DSB repair (DSBR) pathways in
human, which does not require sister chromatid as the homo-
logous template.”' Therefore, NHEJ can be incorporated
throughout the whole cell cycle. While the other main DSBR
pathway, homologous recombination (HR), repairs DSB accu-
rately in a template-dependent manner.?* Core factors of NHEJ
include Ku70/80 heterodimer, DNA-protein kinase catalytic
(DNA-PKcs), XLF, and XRCC4/Ligase IV
complex.”’ NHEJ also requires accessory factors for more

subunit

efficient and accurate repair, such as DNA end processing
factors and polymerase.”> 2’ HMGBI has been implicated in
NHEJ via stimulating ligation in vitro even without compatible
DNA ends.”®**’ NHEJ repairs DSB with incompatible ends,
which are often generated by ionizing radiation.*® Therefore,
we hypothesize that HMGBI participates in NHEJ and radio-
resistance in human NPC cells. In this study, we observed that
HMGBI promotes efficient NHEJ via interaction with NHEJ
core factor Ku70. The mutational analysis of Ku70 showed
that serine 155 is essential for protein—protein interaction
between Ku70 and HMGBI. Importantly, we found that
HMGBI deficiency or inhibition significantly sensitize both

WT and resistant NPC cells to IR and cisplatin, suggesting
targeting HMGB1 can potentially improve radio- or che-
motherapy for NPC patients.

Materials and Methods

Cell Lines and Cell Cultures

HK1 (Hong Kong NPC AoE Cell Line Repository,
a kindhearted gift from George Tsao of University of
Hong Kong, the use of the cell line was approved by China-
Japan Union Hospital of Jilin University.) Cells were cultured
at 37°C in 5% CO, atmosphere in RPMI-1640 medium
(Gibco, NY, USA) with 10% fetal bovine serum for less than
2 months. HK1-IRR cells were generated by exposing HK1-
WTcells to 1-4 Gy of IR once per week for 3 months. In detail,
HK1-WTcells were exposed to 1 Gy of IR and allowed recover
for a week. This procedure was repeated for another 2 weeks.
The cells were subsequently exposed to 2 Gy, 3 Gy, and 4 Gy of
IR for another 3 weeks/dose. Similarly, HK1-CR cells were
generated by exposing HK1-WT cells to 5-10 uM of cisplatin
for 3 months. In detail, HK1-WT cells were exposed to 5 uM of
cisplatin for 2 days and released in drug-free medium for 5
days. This procedure was repeated for another 5 weeks. The
cells were subsequently exposed to 10 uM of cisplatin for
another 6 weeks.

Cell Viability Assay

Cells were seeded at 5x10° cells/well in 96-well plate and
cultured for overnight to allow adherence. Cells were exposed
to IR and recovered for 72 h or incubated with drug for 72
h before performing the cell viability assay. Cell viability was
detected by using Sulforhodamine B (SRB) assay. Briefly, cells
were fixed by 10% trichloroacetic acid at 4°C for 1 h. The plate
was washed with water and air-dried at room temperature.
Cells were stained by 0.02% SRB for 1 h at room temperature.
Plates were washed for 3 times with 1% acetate acid and air-
dried. Tris buffer (10 mM tris-HCI, pH 10.5) was used to
extract SRB and the absorbance was measured at 510 nm by
microplate reader (MTX Lab Systems).

Generation of HMGBI -Deficient HK|

Cell Line by Using CRISPR/Cas9

Cas9 along with HMGBI1 guide RNA plasmid was con-
structed by ligating oligonucleotide duplexes, which tar-
gets exonl of HMGBI, into BbsI cut pX330-U6-Chimeric
~BB-CBh-hSpCas9 (Addgene #42230). The plasmid was
transfected into HK1-WT cells and selected by using pur-
omycin. Cells were harvested and seeded in 96-well plate

4190

Dove

OncoTargets and Therapy 2020:13


http://www.dovepress.com
http://www.dovepress.com

Dove

Zhu et al

at 100 cells/mL and incubated for 14 days. Induvial clones
were screened for HMGBI1 expression.

HR and NHE] Reporter Assay

A total of 10 pg of HR or NHEJ reporter plasmid was linear-
ized by restriction enzyme Nhel in 50 pL reaction for 6 h in
a 37°C water bath. Linearized DNA were separated from non-
linearized DNA by using gel extraction kit (QIAGEN). One
microgram of linearized plasmid was transfected into HK1
cells by using Lipofectamine 2000 (ThermoFisher) according
to manufacturer’s protocol. The linear DNA will be integrated
into the chromosomal DNA in HK1 cells through HR. The
plasmid contains geneticin-resistant gene. Therefore, cells with
successfully integrated reporter (stable transfected cells) were
selected by 1 mg/mL geneticin for 14 days. Stable transfected
cells were seeded at 3x10° cells/mL in a 6-well plate. The
plasmid contains GFP gene that is disrupted by insertion
flanked by I-Scel restriction sites. Thus, the insertion was
removed and one DSB was generated by transfecting 2 pg of
I-Scel plasmid in stable transfected cells and incubating for 48
h. Successful DSBR will result in restoration of GFP expres-
sion that can be used to quantify DSBR efficiency. The green
fluorescent intensity was measured by plate reader (MTX Lab
Systems).

lonizing Radiation

A total of 1x10° cells were resuspended in 10 mL medium
and exposed to ionizing radiation by Gammator 50 137Cs
source irradiator. IR-treated cells were then seeded for
further cell viability assay.

Affinity Capture Assay

Fifty micrograms of GST-HMGB1 was bound to 50 pL of
glutathione agarose in 300 pL binding buffer (50 mM tris-
HCI pH 7.4, 100 mM KOAc, | mM EDTA, 1 mM DTT,
1x protease inhibitor) at 4°C with gentle mix for 1 h. The
agarose was collected by centrifugation at 4°C, 1000xg for
1 min and washed three times with 1 mL binding buffer.
The agarose was incubated with 50 pg of His-Ku70 or
His-Ku70-S155A in 500 puL binding buffer at 4°C with
gentle mix for 3 h. The agarose resin was washed three
times with 1 mL binding buffer and the agarose was
retained. Agarose-bound protein was eluted by using 50
puL of elution buffer (50 mM Tris-HCI, pH 8.0, 10 mM
glutathione) for 15 min at 4°C. The supernatant was col-
lected by centrifugation at 1000xg for 1 min. Agarose-
bound protein was detected by using SDS-PAGE and
visualized by using Western blot assay.

Chromatin Fractionation Assay

A total of 3 x 10° cells were harvested and washed with ice-
cold PBS, and extracted by using CSK buffer (100 mM NaCl,
300 mM sucrose, 3 mM MgCl2, 0.7% Triton X-100, 10 mM
PIPES, pH 7.0) supplemented with 1x protease inhibitor,
0.3 mg/mL RNase A at4°C for 10 min. Cells were then washed
3 times in ice-cold PBS and harvested in SDS loading buffer
for analysis by SDS-PAGE and followed with Western
Blotting assay.’'

siRNA Interference and Transfection
ON-TARGETplus HMGBI1 siRNA was purchased from
Dharmacon (L-018981-00-005). siHMGBI1 was trans-
fected into HK1 cells using Lipofectamine RNAIMAX
(Thermo Fisher Scientific) according to the manufacturer’s
instructions. siGL2 was incorporated as negative control.

For transfection, HMGB1 plasmid (Addgene #31609)
was transfected into HK1 cells using Lipofectamine 3000
(Thermo Fisher Scientific) according to the manufacturer’s
instructions. For complementation of HMGBI, transfec-
tion was performed 24 h after siRNA interference.

Statistical Analysis

Graphpad Prism 7 (Graphpad Software Inc., USA) was
used for all statistical analysis. Results shown are the
mean+ SD from 3 independent experiments. Student’s
t-test was used to analyze differences between groups.
P <0.05 was considered statistically significant.

Results
HMGBI Contributes to Efficient NHE] in

Human NPC Cells

Although HMGBI stimulating ligase IV activity in vitro has
been reported28, whether HMGBI1 regulates NHEJ efficacy
in vivo has not yet been demonstrated. To investigate the
role of HMGBI1 in NHEJ in human NPC cells, we used
CRISPR/cas9 to generate HMGBI1-knockout HK1 (KO)
cells. We randomly selected two clones and we observed
that both KO1 and KO2 lack detectable HMGBI1 protein
expression (Figure 1A). We next used a robust NHEJ repor-
ter assay to examine NHEJ efficiency in HMGB1-KO cells.
We found that HMGBI1 deficiency resulted in 45% and 37%
decrease of NHEJ efficiency in HK-KO1 and HK-KO2,
respectively, as compared to that in HKI-WT cells
(p<0.001) (Figure 1B). NHEJ and HR are two major
DSBR pathways that often collaborate or compete in eukar-
yotic cells.*> Since HMGBI affects NHEJ efficiency in
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NPC cells, we then evaluated HR efficiency using HR
reporter assay. As shown in Figure 1C, HMGBI1 deficiency
did not significantly alter HR efficiency versus WT cells.
These results suggest that HMGB1 maintains NHEJ effi-
ciency but not potentially impacts pathway choice between
NHEJ and HR.

HMGBI Interacts with Ku70 and
Promotes DNA-Binding Activity of Ku70

in NHE]
To elucidate how HMGBI1 affects NHEJ, we first used
immunoprecipitation assay to determine whether HMGB1
interacts with NHEJ core factors. As shown in Figure 2A, we
detected that HMGBI1 forms protein—protein interactions
with Ku70, DNA-PKcs, and Ligase IV in HK1 cells. Since
the most well-known function of HMGBI is bending DNA
structure by DNA binding, we hypothesized that HMGBI1
regulates DNA binding of NHEJ core factors. Using chro-
matin fractionation assay, we found that Ku70-DNA inter-
action significantly decreased in HMGBI1-deficient HK1 cell
(Figure 2B), indicating that HMGBI participates in NHEJ by
facilitating Ku70-DNA binding.

Since interaction between HMGBI1 and Ku70 in
Figure 2A could be mediated by DNA or other proteins,
we further determined whether HMGBI directly interacts
with Ku70 in vitro using purified GST-tagged-HMGBI1
(GST-HMGB1) and HIS-tagged-Ku70 (HIS-Ku70). GST-
HMGBI binds to glutathione agarose that is used to
exclude non-GST-tagged protein or non-HMGBI1-binding
protein. Using this affinity capture assay, we found that
HIS-Ku70 was retained by GST-HMGBI on glutathione
agarose (Figure 2C, lane 1), demonstrating HMGB1 and
Ku70 have direct protein—protein interaction. Fell et al
showed that serine 155, which is located in vWA domain
of Ku70, can be phosphorylated after IR-induced DNA
double-strand breaks.*® Interestingly we found that Ku70-
S155A failed to interact with HMGBI in vitro (Figure 2C,
lane 2), suggesting HMGB1-Ku70 interaction could
involve in DNA damage response generated by IR.

HMGBI Deficiency Sensitizes NPC Cells
to IR

Given that NHEJ is the major pathway for re-joining incom-
patible DNA ends, which are often a result from IR, we
hypothesized that HMGBI1 expression is affected in response
to IR. We treated HK1-WT cells with 0—4 Gy of IR, recov-
ered the cells for 48 h and evaluated HMGBI protein
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Figure | HMGBI contributes to efficient NHE] in human NPC cells. (A) Western
blotting of HMGBI expression in HKI-WT, HKI-HMGBI-Knockout clone | (HKI-
KOI) and HKI-HMGBI-Knockout clone 2 (HKI-KO2). (B) Quantification of GFP
events generated by NHEJ in HKI-WT, HKI-KOI, and HK-KO2 cell lines. The GFP
events were normalized to that in HKI-WT cell line. Each result represents 3 indepen-
dent experiments. Data are represented as mean * SD. *** P<0.001. (C) Quantification
of GFP events generated by HR in HKI-WT, HK1-KOI, and HK1-KO2 cell lines. The
GFP events were normalized to that in HKI-WT cell line. Each result represents 3
independent experiments. Data are represented as mean + SD. ** P<0.001.

expression using Western Blotting. As shown in Figure 3A,
HMGBI expression was significantly induced by IR, sug-
gesting HMGBI1 participates in radioresistance in NPC cells.
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Figure 2 HMGBI interacts with Ku70 and promotes DNA-binding activity of Ku70 in NHE]. (A) Western blotting of NHE] core factors immunoprecipitated by Flag-tagged-
HMGBI (Flag-HMGBI) in HKI cells. (B) Western blotting of chromatin-bond Ku70 in HKI1-WT, HKI-KOI, and HK1-KO2 cells. (C) Western blotting of His-Ku70 or His-

Ku70-S155A retained on glutathione agarose by GST-HMGBI.

To examine the role of HMGBI in radio-sensitivity, we
measured cell viability of HMGBI1-deficient NPC cells.
Compared to HK1-WT cells, HMGBI1 deficiency significantly
increased cell sensitivity to IR (Figure 3B). To exclude the
possibility that improved sensitivity to IR in HMGB1-deficient
cells could be masked by compensatory changes, we over-
expresssd HMGB1 in HKI-WT cells (Figure 3C). As
expected, overexpression of HMGBI rescued IR resistance
to similar level to IR-resistant HKI cells (HKI-IRR)
(Figure 3B). Notably, HMGBI1 expression level in HK1-IRR
cells was higher than in HK1-WT cells. In addition, we also

overexpressed HMGBI1 in HK1-WT-KO cells and observed
similar result that HMGB restored IR resistance in HMGBI1-
deficient cells (Supplementary Figure 1A and C). These find-
ings suggest that HMGB participates in IR resistance in NPC.
To directly test whether HMGB1 contributes to IR resistance,
we monitored cell viability in HMGB 1-knockdown HK1-IRR
cells. Improved sensitivity was confirmed in cell viability assay
in which IR sensitivity in HMGB1-knockdown HK1-IRR cells
was 3-fold higher than in control HK1-IRR cells (Figure 3D
and E). Complementation of HMGB1 in HMGB1-knockdown
HKI1-IRR cells rescued IR resistance (Figure 3D) furthermore
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Figure 3 HMGBI deficiency sensitizes NPC cells to IR. (A) Western blotting of HMGBI expression in HKI-WT cells treated with IR. Doses of IR, 0 Gy, 2 Gy, and 4 Gy. (B)
Cell survival of HKI-WT, HMGBI-knockout HKI-WT (HKI-WT-KO!| and HKI-WT-KO2), HMGBI overexpressed HKI-WT (HKI-WT+HMGBI) and HKI-IRR cells
treated with IR. Doses of IR, 0 Gy, | Gy, 2 Gy, 4 Gy, and 8 Gy. Each result represents 3 independent experiments. Data are represented as mean * SD. (C) Western blotting
of HMGBI expression in cells examined in (B). (D) Cell survival of control (HKI-IRR+siGL2), HMGBI-knockdown HKI-IRR (HKI-IRR+siHMGBI-I and HKI-IRR
+siHMGBI-2), HMGBI overexpressed HK|-IRR+siHMGBI-1, and HK|-IRR+siHMGBI-2 cells treated with IR. Doses of IR, 0 Gy, | Gy, 2 Gy, 4 Gy, and 8 Gy. Each result
represents 3 independent experiments. Data are represented as mean * SD. (E) Western blotting of HMGBI expression in cells examined in (D).

confirmed that HMGBI1 deficiency indeed sensitizes NPC cells
to IR.

HMGBI Deficiency Sensitizes NPC Cells
to Cisplatin

Cisplatin is commonly used as chemotherapy strategy follow-
ing radiation treatment in NPC. We then investigated whether

HMGBI related to cell survival in response to cisplatin treat-
ment. Similar to the response to IR, HMGB1 expression level
also increased with cisplatin treatment in HK1 cells (Figure
4A). Importantly, HMGBI1 deficiency sensitized both HK1-
WT and HK1-cisplatin resistant (HK1-CR) cells to cisplatin
(Figure 4B-E, Supplementary Figure 1B and C), indicating

HMGBI1 contributes to chemoresistance in human NPC.
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Figure 4 HMGBI deficiency sensitizes NPC cells to cisplatin. (A) Western blotting of HMGBI expression in HKI-WT cells treated with cisplatin. Concentrations of
cisplatin, 0 uM, 5 pM, and 10 uM. (B) Cell survival of HKI-WT, HMGBI-knockout HKI-WT (HKI-WT-KO| and HKI-WT-KO2), HMGBI overexpressed HKI-WT (HKI-
WT+HMGBI), and HKI-CR cells treated with cisplatin. Cisplatin concentrations are 0 uM, 5 pM, 10 pM, 20 pM, and 40 pM. Each result represents 3 independent
experiments. Data are represented as mean + SD. (C) Western blotting of HMGBI expression in cells examined in (B). (D) Cell survival of control (HKI-CR+siGL2),
HMGB | -knockdown HKI-CR (HKI-CR+siHMGBI-1 and HKI-CR+siHMGBI-2), HMGBI overexpressed HKI-CR+siHMGBI-I, and HKI-CR+siHMGBI-2 cells treated
with cisplatin. Cisplatin concentrations are 0 uM, 5 uM, 10 pM, 20 pM, and 40 pM. Each result represents 3 independent experiments. Data are represented as mean + SD.

(E) Western blotting of HMGBI expression in cells examined in (D).

Glycyrrhizin Inhibits DNA Binding of
HMGBI and Sensitizes NPC Cells to IR and
Cisplatin

Natural compound glycyrrhizin (GL) (Figure 5A), which is
the major constituent of glycyrrhiza glabra (liquorice) root,
has been demonstrated to directly bind HMGBI1.**
Importantly, GL binds to the DNA-binding concave of

HMGB1* and disrupts HMGB1-DNA interaction.* Since
HMGBI participates in NHEJ and contributes to radio- and
chemoresistance in NPC, we next examined the effect of GL
on HMGBI in NPC cells. Although 1 uM of GL did not
induce HMGBI1 degradation (Figure 5B), it impeded
HMGBI1 chromatin binding stimulated by IR (Figure 5C)

or cisplatin (Figure 5D) in HK1 cells, leading us to question
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Figure 5 Glycyrrhizin inhibits DNA-binding of HMGBI and sensitizes NPC cells to IR and cisplatin. (A) Chemical structure of Glycyrrhizin (GL). (B) Western blotting of
HMGBI expression in HKI-WT cells treated with GL. Concentration of GL, | yM. (C) Western blotting of chromatin-bound HMGBI in HKI-WT cells treated with IR
followed by GL. Concentration of GL, | uM. Dose of IR, 2 Gy. (D) Western blotting of chromatin-bound HMGBI in HKI-WT cells treated with cisplatin followed by GL.
Concentration of GL, | pM. Concentration of cisplatin, 5 uM. (E) Quantification of GFP events generated by NHE] in HKI-WT, HKI-KOI, and HK1-KO?2 cell lines. The GFP
events were normalized to that in HKI-WT cell line. Each result represents 3 independent experiments. Data are represented as mean + SD. Concentration of GL, | pM. **,
P<0.01. ** P<0.001. (F) Cell survival of HKI-WT and HKI-IRR cells treated with GL followed by IR. Cisplatin concentrations are 0 pM, 5 uM, 10 uM, 20 pM, and 40 uM.
Concentration of GL, | uM. Each result represents 3 independent experiments. Data are represented as mean * SD. (G) Cell survival of HKI-WTand HK|-CR cells treated
with GL followed by cisplatin. Doses of IR, 0 Gy, | Gy, 2 Gy, 4 Gy, and 8 Gy. Concentration of GL, | pM. Each result represents 3 independent experiments. Data are
represented as mean * SD.

whether GL compromise NHEJ in NPC cells. Indeed, we
found that GL significantly inhibited NHEJ efficiency in
HK1-WT, HKI1-IRR and HKI-CR cells (Figure SE).
Therefore, we hypothesized that inhibition of HMGBI1 by
GL sensitizes NPC cells to IR and cisplatin. We incubated

NPC cells with 1 uM of GL 24 h prior to IR or cisplatin
treatment. As shown in Figure 5F and G, GL sensitized both
WT and resistant NPC cells to IR and cisplatin, suggesting
GL is a potential leading compound to overcome radio- and
chemoresistance in NPC.
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Discussion

In this study, we elucidated that HMGBI1 contributes to
NHE]J efficiency by inducing Ku70-DNA interaction. We
also observed that HMGBI1 physically interacts with Ku70
and the mutational analysis demonstrated that serine 155
of Ku70 is necessary for Ku70-HMGBI1 interaction.
Importantly, we found that both IR and cisplatin treatment
can induce HMGBI1 expression in NPC cells and HMGB1
knockout significantly sensitizes NPC cells to IR and
cisplatin. We also revealed that glycyrrhizin inhibits
HMGB1 DNA-binding activity and generates excellent
synergy with IR and cisplatin.

HMGBI binds to and bends damaged DNA. However,
the biological consequence of this role remains unknown.
Our group for the first time found that HMGBI deficiency
impairs Ku70-DNA binding, which could result from
failed exposure of damaged DNA. Therefore, HMGBI
may contribute to NHEJ by providing accessible substrates
to NHEJ apparatus. Since Ku-DNA binding has been
demonstrated as the initiation step of NHEJ, HMGBI
could serve at carly stage of NHEJ or DNA damage
response. We believe the role of HMGBI is not limited
to NHEJ because modulating chromatin structure occurs in
almost all DNA repair pathways. Lange et al observed that
HMGBI1 enhances the repair of UVC and psoralen ICL-
induced DNA damage.’® Thus, effects of HMGBI on
DNA repair remain to be explored.

HMGBI plays important roles as both chromatin structural
protein and cytokine. Therefore, it is reasonable that HMGBI
participates in DNA repair and inflammation.'®!'”” Our
future directions include examining HMGBI1 expression in
NPC patients with allergic rhinitis (AR) history, which has
been positively correlated with NPC.*® Secreted HMGB1 may
improve tumor cell survival and invasion because of its multi-
function, such as transcriptional regulation, V(D)J recombina-
tion, chromatin structure, and inflammation. The correlation
between AR and NPC could be mediated by HMGBI1 expres-
sion. The regulatory mechanism of HMGBI in AR or NPC
remains an interesting area to study.

NHEJ has been demonstrated to be correlated with
chemoresistance or radioresistance in a variety of cancer
types, such as colorectal cancer, glioma, pancreatic cancer,
and hepatocellular carcinoma.**** Therefore, HMGBI,
which contributes to NHEJ efficiency in NPC, should be
positively related to radioresistance or chemoresistance.
Our study demonstrated that HMGB1 contributes to ther-

apeutic resistance mechanisms possibly due to its role in

NHEJ. These results provide evidence supporting the
hypothesis that targeting HMGB1 in human NPC may
significantly sensitize the NPC patients to radio- and
chemotherapy.

Conclusions

This study demonstrated that HMGB1 contributes to effi-
cient NHEJ by interacting with Ku70. Knockout or inhi-
bition of HMGBI significantly sensitizes NPC cells to
radio- and chemotherapy.
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homologous recombination; WT, wild type.
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