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Background: High mobility group box 1 protein (HMGB1) is a sort of non-histone protein in
chromatin, which plays an important role in tumor proliferation, invasion, and immune escape.
HMGBI1-RAGE (receptor for advanced glycation end products) interactions have been reported
to be important in a number of cancers.

Methods: CCKS, flow cytometry and qRT-PCR were used to detected cell viability, apoptosis
and gene expression, respectively.

Results: In the present study, we demonstrated that HMGB1/RAGE axis regulated the cell prolifera-
tion, apoptosis, and invasion of the renal cell carcinoma (RCC). Further, we discovered that HMGB1/
RAGE axis increased the expression of autophagic proteins LC3 and Beclin-1 in RCC. Finally, we
used a coculture model of human umbilical vein endothelial cells with RCC cell lines to find out that
HMGBI also increased the expression of VEGF and VEGFR2 in human umbilical vein endothelial
cells. An in vivo study further confirmed that HMGB1 knockdown inhibited RCC tumor growth.
Conclusion: Our results illustrated that HMGB1/RAGE axis mediated RCC cell viability,
apoptosis, invasion, autophagy, and angiogenesis, which provides a novel theoretical basis for
using HMGBI as the target in RCC.
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Introduction

Renal cell carcinoma (RCC) is one of the most common urological malignant tumors
in the world. RCC constitutes about 3% of all human cancers' and is the most common
kidney tumor.? A continuing rise in incidence has been reported with about 64,000
new estimated and 14,400 death cases in the United States in 2017.> RCC is generally
known to be poorly responsive to conventional radiotherapy and chemotherapy.
Furthermore, RCC is usually diagnosed at advanced stages combined with local inva-
sion and systematic metastasis. Therefore, a study on the molecular mechanism of RCC
tumorigenesis, progression, and metastases formation is meaningful and imperative.
Over the past few years, novel oncotargets for RCC have been identified,* which may
be helpful to develop new intervention strategies.

High mobility group box 1 (HMGBI1) proteins are pervasive and abundant nuclear
proteins with a great diversity of functions in the cell. The proteins were purified from
nuclei for the first time in the 1970s.° The HM GBI gene belongs to the high mobility
group protein family, whose protein product contains two 80-amino acid DNA-binding
domains (A-box and B-box) and a negatively charged C-terminus.* HMGBI in the
nucleus functions as a chromatin structural protein, while extracellular HMGB1 acts as
a proinflammatory cytokine.”® HMGBI is also well known by its multi-functionality,
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the disorder of which might cause pathologic conditions
including Alzheimer’s disease,’ arthritis,'® and cancer.!

The overexpression of HMGBI1 has been observed in a
number of human tumor types, and it has been found to play an
important role in cancer progression and prognosis. It associates
highly with invasion and metastasis in several tumors, such as
osteosarcoma,'? hepatocellular carcinoma, ' oral squamous cell
carcinoma,' prostate cancer,' and gastrointestinal cancer.'®
HMGBI overexpression correlates highly with tumor develop-
ment and participates in proliferation, invasion, and migration
of cancer cells."” HMGBI also impairs the sensitivity of cancer
cells to chemotherapeutic drugs in vitro.'® Receptor for advanced
glycation end products (RAGE) is a cell-surface receptor of the
immunoglobulin superfamily with multiple ligands that binds
to HMGBI and other ligands, including amyloids, AGEs, and
S100 proteins.” Moreover, the HMGB1-RAGE signaling
was reported to be involved in several malignancies.”*?! As
a consequence, the release of HMGBI1 was considered as an
inducement for acute antineoplastic inflammation, which was
initiated against the tumor during chemotherapy.” As a result,
HMGBI1 may serve as a biomarker of inflammation, as well
as a prognostic marker for cancer progression.

In this study, we employed the RCC cell lines A498 and
ACHN to investigate the role of HMGB1. We discovered
that HMGBI1 regulated the cell viability, apoptosis, and
invasion of RCC. Furthermore, we investigated the signaling
pathway activated by HMGB1 and identified that p62, LC3,
Beclinl, and VEGF contributed to the regulation of HMGBI1
in RCC autophagy.

Materials and methods

Cell culture and reagents

RCC cell lines, including Caki-1, A498, and ACHN, were
purchased from the American Type Culture Collection (ATCC,
Manassas, VA, USA). Human umbilical vein endothelial cells
(HUVEC) was also provided by ATCC. The cells were cultured
in culture media as recommended by the ATCC, supplemented
with 10% fetal bovine serum. The cells were grown in a humidi-
fied atmosphere containing a 95% air, 5% CO, mixture at 37°C.
Anti-p62 (ab91526), anti-LC3I/II (ab128025), anti-Beclinl
(ab62557), anti-RAGE (ab3611), and anti-HMGB1 (ab79823)
antibodies were purchased from Abcam (Cambridge, UK),
and anti-VEGF (AF5131), anti-VEGFR2 (AF6281), and
anti-f-actin (AF7018) antibodies were obtained from Affin-
ity Biosciences (Cambridge, UK). Anti-RAGE neutralizing
antibody (SRAGE) was provided by Abcam.

Gene silencing and overexpression in the
A498 and ACHN cell lines

The cells were seeded into 6-well plates (2.5x10° cells/well)
and were allowed to adhere for 24 h before transfection.
Using Lipofectamine 2000 (Thermo Fisher Scientific,
Waltham, MA, USA), the cells were stably transfected
with siRNAs directed against HMGB1 (HMGB1-siRNAs;
GenePharma, Shanghai, China) or nontargeted control siRNA
(GenePharma). Vector control and pcDNA3.1-HMGBI1
plasmid were stably transfected into A498 and ACHN cells
using Lipofectamine 2000 (Thermo Fisher Scientific) accord-
ing to the manufacturer’s instructions. After 6 h transfection,
culture media containing the reagent mixture were removed
and replaced with fresh complete medium, and then the cells
were used for further experiments.

RNA extraction and real-time quantitative
reverse-transcription PCR (qRT-PCR)

Trizol reagent was used to extract total RNA from the
cell samples. cDNA was synthesized using reverse tran-
scriptase (Thermo Fisher Scientific) following the manu-
facturer’s instructions. qRT-PCR was performed using
SYBR Green qPCR kit (Thermo Fisher Scientific). The
relative levels were calculated with the 27447 method.
Sample C, values were normalized to C, values of B-actin
RNA, all of which were calculated from triplicate reac-
tions. The following primer pairs were used: HMGBI,
5’-AGTGCTCAGAGAGGTGGA-3" and 5’-TTTGGGA
GGGATATAGGT-3’; Beclinl, 5-CTGCCGTTAT
ACTGTTCT-3" and 5-TGTCTTCAATCTTGCCTT-3’;
RAGE, 5'-GTGTCCTTCCCAACGGCTC-3" and
5’-ATTGCCTGGCACCGGAAAA-3"; LC3, 5-AACAT
GAGCGAGTTGGTCAAG-3" and 5-GCTCGTAGATG
TCCGCGAT-3’; and B-actin, 5-TGATCCACATCTGCT
GGAAGGT-3’ and 5-GACAGGATGCAGAAGGAGA
TTACT-3".

CCK8 assay

The transfected cell suspension (3,000 cells/well, 100 uL)
was dispensed in 96-well plates and incubated in an incubator
for 24, 48, and 72 h (humidified atmosphere, 37°C, 5% CO,).
Subsequently, the cells were then incubated with 10 uL of
CCK8 (Dojindo Laboratories, Kumamoto, Japan) per well
at 37°C for 4 h in the incubator. The absorbance at 460 nm
(A460) was then examined using a scanning multiwell spec-
trophotometer (Thermo Scientific).
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Flow cytometry Annexin V/FITC binding

assay
Flow cytometry Annexin V/FITC Binding Assay (Dojindo
Laboratories) was used to detect apoptosis. The transfected
cell suspension (3,000 cells/well, 100 uL) was dispensed in
96-well plates and incubated in the incubator for 48 h. The
cells were separated with 0.25% trypsin and centrifuged
at 1,000 rpm for 5 min. Then, the cells were washed and
resuspended with binding buffer in a microfuge tube. Five
microliter FITC-conjugated Annexin V and 10 puL of PI
were added to the tubes. The mixture was then incubated
at dark for 10 min. The percent of early apoptotic, late
apoptotic, and necrotic cells were determined using the flow
cytometry (Beckman Gallios, Brea, CA, USA). The results
were representative of three independent experiments with
triplicate samples.

Transwell invasion assays

Evaluation of cell migration and invasion was examined
using Transwell Permeable Supports (Corning Inc., Corning,
NY, USA). Briefly, the transfected cells were allowed to
grow to confluence. About 10° cells/well were resuspended in
100 puL serum-free medium and plated onto 8 um Transwell
filter inserts of 24-well plates coated with Matrigel (10 mg/L,
BD Biosciences, San Jose, CA, USA) for 24 h in triplicate
for invasion assays. The lower chambers contained 500 UL
chemoattractant, which was the medium containing 10% fetal
bovine serum. After the experiment, the cells in the upper
chamber were removed with a cotton swab. The invasive cells
at the bottom of the membrane were fixed with methanol and
then stained with 0.1% crystal violet for 20 min. Finally, the
number of invasive cells was counted.

Western blot analysis

About 5x10°¢ cells were gathered after transfection for
48 h and lysed in RIPA buffer (Cell Signaling Technology,
Danvers, MA, USA) in the presence of protease inhibitor
(PMSF) and phosphatase inhibitor (Na-orthovanadate and
NaF). The whole cell extracts were analyzed by SDS-PAGE
and transferred to a nitrocellulose membrane using a trans-
fer apparatus according to the manufacturer’s protocols
(Bio-Rad). After incubation with 10% nonfat milk in TBST
(10 mM Tris, pH 8.0, 150 mM NacCl, 0.1% Tween 20) for
1 h, the membrane was washed twice for 10 min with TBST
and incubated with antibodies against p62 (1:1,000), LC3
(1:1,000), Beclinl (1:2,000), RAGE (1:2,000), HMGBI
(1:1,000), VEGF (1:1,000), VEGFR2 (1:2,000), or B-actin

(1:2,000, affinity biosciences) at 4°C overnight. Membranes
were washed three times for 10 min and incubated with a
1:5,000 dilution of horseradish peroxidase-conjugated anti-
mouse or anti-rabbit antibodies for 1 h. Blots were washed
with TBST 3 times for 10 min and developed with the ECL
system (Millipore, Darmstadt, Germany) according to the
manufacturer’s protocols. Results were normalized to the
internal control B-actin.

Animal study

Seven to eight weeks old BALB/c-nu mice were provided
SLAC (Shanghai, China) and housed in barrier facilities on a
12 h light/dark cycle. The mice were subcutaneously injected
with A498 (5x10° cells/mouse). The tumor-bearing mice
were randomly divided into 2 groups when the tumor volumes
reached about 200 mm?*. HMGBI1 control or HMGB1 siRNA2
(twice a week) was intratumorally injected into the mice. The
equation (length x width?)/2 was used to calculate the tumor
volumes in mice weekly. All animals were sacrificed using
CO, after a 4-week treatment. The animal study protocol was
fully approved by the Committee on the Ethics of Animal
Experiments of The First Affiliated Hospital of Wenzhou
Medical University. In addition, we strictly followed the
recommendations in the Guide for the Care and Use of
Laboratory Animals of the National Institutes of Health.

Statistical analysis

Statistical analysis was conducted using SPSS 19.0 (IBM
Corporation, Armonk, NY, USA). Bar graphs were drawn
using GraphPad Prism 7 (GraphPad Software, Inc., La Jolla,
CA, USA). All the data are expressed as mean values = SD.
A paired Student’s #-test was used to assess differences
between 2 groups. P<<0.05 was used to indicate statistical
significance. All experiments were performed in triplicate.

Results
HMGBI regulated the cell viability of
A498 and ACHN

Many studies have revealed that extracellular HMGB1
stimulated and induced responses in several cancer cell
lines, related to inflammation, proliferation, and migration. '
In order to investigate the function of HMGBI in RCC,
siRNA and anti-RAGE neutralizing antibody were used to
knockdown HMGBI1 and RAGE expressions, respectively.
Since the expressions of HMGB1 and RAGE were much
higher in A498 and ACHN than in Caki-1, these 2 cell lines
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Figure | HMGBI knockdown decreased the viability of A498 and ACHN cells.

Cell proliferation

Notes: (A) The RAGE and HMGBI proteins in RCC cell lines were detected by Western blot. (B) The cells were treated with control siRNA, HMGBI siRNAI, siRNA2, or
siRNA3 for 48 h, and then, HMGB| mRNA levels in cells were tested by qRT-PCR. (C) A498 and ACHN cells were transfected with pcDNA3.1-HMGBI plasmid or control,
and then, HMGBI mRNA levels in cells were tested by qRT-PCR after 48 h incubation. (D) The A498 and ACHN cells were transfected with control siRNA, HMGBI
siRNA-3 HMGBI-Vec, or sSRAGE were seeded into the 96-well plate, then cell proliferation was measured by CCK8 assay. Data are presented as mean + SD from three
independent experiments. *P<<0.05, **P<<0.01 vs Con-siRNA group; *P<<0.05 vs Con-Vec group; "P<<0.05 vs sSRAGE group.

Abbreviations: Con, control; HMGBI, high mobility group box | protein; RAGE, receptor for advanced glycation end products; RCC, renal cell carcinoma; qRT-PCR,

quantitative reverse-transcription PCR; siRNA, small interfering RNA.

were selected for further experiments (Figure 1 A). As shown
in Figure 1B, HMGB1 siRNA-2 exerted the best effect in
suppressing HMGBI1 expression in A498 and ACHN cells.
Thereby, the HMGB1 siRNA2 was chosen for the subsequent
experiments. In addition, plasmid pcDNA3.1-HMGB1 was
transfected into RCC cells to upregulate the expression
of HMGBI1 (Figure 1C). We next examined the effect of
HMGBI knockdown on RCC cells viability using CCK8
assay. Compared to control groups, HMGB1 siRNA2 signifi-
cantly decreased cell viability, whereas the overexpression
of HMGBI1 promoted the cell viability (Figure 1D). More-
over, SRAGE suppressed cell viability compared to control
groups, while HMGB1-siRNA attenuated the suppression

(Figure 1D). All these results indicated that HMGB1 and
RAGE were involved in cell proliferation in RCC cancer.

HMGB| knockdown induced the apoptosis
of RCC cell lines

To further examine the antiproliferation effect of HMGB1
on RCC cells, the Annexin V-FITC/PI staining assay was
performed. As shown in Figure 2A and B, HMGB1-siRNA or
sRAGE significantly induced RCC cell apoptosis, which could
be reversed by HMGB-1 overexpression. In addition, both Con-
siRNA and HMGBI1-Vec had very limited toxicity to A498
and ACHN cells. These results suggested that suppression
of HMGB1/RAGE axis induced apoptosis of RCC cell lines.
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Notes: (A) Apoptosis in A498 cells transfected with HMGBI-shRNA, Con-shRNA, and the indicated vectors were analyzed by flow cytometry. (B) Apoptosis in ACHN
cells transfected with HMGBI-siRNA, Con-siRNA, and the indicated vectors were analyzed by flow cytometry. The results are representative of 3 separate experiments.

*#*P<0.01 vs Con-siRNA group; *P<<0.05 vs sSRAGE group.

Abbreviations: Con, control; FITC, fluorescein isothiocyanate; HMGB, high mobility group box | protein; RAGE, receptor for advanced glycation end products; RCC, renal

cell carcinoma; siRNA, small interfering RNA.

HMGBI knockdown suppressed the

invasion of RCC cell lines

Many studies have suggested that HMGBI acts as an
important regulator during the invasion of cancer cells.?
In order to determine whether HMGBI plays a direct role
during the motility of RCC, matrigel invasion assays were
performed. The results indicated that transfection with
HMGBI siRNA or sSRAGE significantly reduced the num-
ber of A498 cells that invaded through the Matrigel-coated
membrane (Figure 3A and B). Nevertheless, overexpression
of HMGBI prompted the invasive ability of the A498 cells.
As shown in Figure 3C and D, similar results were observed
in the ACHN cells. These data indicated that inhibition of

HMGBI1/RAGE axis decreased the invasive ability of the
RCC cells.

HMGBI regulated the expression of

RAGE and autophagic proteins in human
RCC cell lines

HMGBI in the extracellular milieu could act as a paracrine/
autocrine factor through interaction with its receptors,
especially RAGE.!® Therefore, the expression of RAGE
and autophagic proteins were also detected by Western blot
analysis. As shown in Figure 4A and B, knockdown of the
HMGBI dramatically inhibited the expression of RAGE and
autophagic proteins (LC3II and Beclinl). On the contrary,
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Abbreviations: Con, control; HMGBI, high mobility group box | protein; RAGE, receptor for advanced glycation end products; RCC, renal cell carcinoma; siRNA, small

interfering RNA.

overexpression of HMGB1 upregulated the levels of RAGE,
LC3II, and Beclinl in RCC cells and downregulated the
level of p62 in the cells (Figure 4A and B).

HMGBI regulated the RCC-stimulated
VEGF and VEGFR2 expression in HUVEC

The induction of angiogenesis can be mediated by a variety
of molecules released by tumor cells. Vascular endothelial
growth factor (VEGF) is generally confirmed to be one of
the most important stimulators. The VEGF pathway is also
identified as a key angiogenic signal. Exogenously added
HMGBI1 was found to play a positive role in promoting
tumor angiogenesis, with the evidence of increased VEGF
expression.?* The interaction between the cancer cells and
endothelial cells has been implicated in tumor angiogenesis
and metastasis.?® Therefore, a coculture model of HUVEC
with RCC cell lines was established to study the effect
of HMGBI on the expression of VEGF and VEGFR2 in

HUVEC. As indicated in Figure 5A and B, HMGBI1 siRNA2
or SRAGE downregulated the mRNA expression of VEGF
and VEGFR2 in HUVEC. In contrast, overexpression of
HMGBI in RCC cell lines upregulated the mRNA levels
of VEGF and VEGFR?2 in HUVEC. In addition, the protein
expressions of VEGF and VEGFR2 in HUVEC were also
detected by Western blot analysis. Consistent with the
qRT-PCR results, the HMGB1 siRNA2 and sSRAGE down-
regulated the proteins of VEGF and VEGFR2 in HUVEC,
while the overexpression of HMGBI upregulated the same
(Figure 5C and D).

HMGBI| knockdown inhibited RCC tumor

growth in vivo

A RCC A498 xenograft model was established in order to
further evaluate the role of HMGBI in vivo. After 4 weeks of
treatment, HMGB1 knockdown significantly inhibited RCC
tumor growth in vivo (Figure 6A). Meanwhile, the tumor
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Figure 4 HMGBI regulated RAGE and autophagic protein expressions in human RCC cell lines.

Notes: (A) The expression and quantification of HMGBI, RAGE, LC3, and Beclin| in the A498 cell line were analyzed by Western blot analysis. (B) The expression and
quantification of HMGBI, RAGE, LC3, and Beclin| in the ACHN cell line were analyzed by qRT-PCR. Data are presented as mean + SD from three independent experiments.
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quantitative reverse-transcription PCR; siRNA, small interfering RNA.

weight in the HMGB1 knockdown group was 0.37 g, which
was much less than that of the control (Figure 6B and C).
During the process of in vivo study, no loss in body weight
was detected in these 2 groups (Figure 6D). These results
were consistent with in vitro data, which confirmed the
antiapoptosis effect of HMGBI in RCC.

Discussion

RCC is the most common solid cancer in the adult kidney,
which accounts for about 90% of kidney neoplasms and 3%
of all adult malignancies.?® RCC acts as a challenge for the
clinicians since one-third of the RCC patients are diagnosed
with metastasis, while the remaining 20%—40% of patients
will also develop metastasis as time goes by. Detecting
new RCC biomarkers can provide future directions for

interventional therapeutic targets of RCC and improve a
patient’s prognosis.

HMGBI is a kind of non-histone protein in chromatin,
found abundantly in eukaryotic cell nuclei. Recently, some
studies demonstrated that HMGB1 was highly expressed in
a variety of solid tumors, including melanoma, breast cancer,
colorectal cancer, cervical cancer, and bladder cancer.?’?
HMGBI was also found to promote the proliferation and devel-
opment of RCC.? It is reported that the suppression of HMGB1
expression could attenuate autophagy and potently enhance
apoptosis in bladder cancer cells.’® In line with the previous
reports, the present results showed that the suppression of
HMGB1/RAGE axis resulted in a declined RCC cell viability.
The Annexin V-FITC assay also showed that the knockdown
of HMGB1/RAGE axis induced the apoptosis of RCC cells.
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Figure 5 The effects of HMGBI on RCC-stimulated VEGF and VEGFR2 expressions in HUVEC.

Notes: (A, B) The effects of HMGBI/sRAGE on RCC-stimulated VEGF and VEGFR mRNA expressions in HUVEC were analyzed by qRT-PCR. (C, D) The effects of
HMGBI/sRAGE on RCC-stimulated VEGF and VEGFR2 proteins expression in HUVEC were detected by Western blot analysis. *P<<0.05, **P<0.01 vs Con-siRNA group;
#P<0.01 vs Con-Vec group; “P<<0.01 vs sSRAGE group.

Abbreviations: Con, control; HMGBI, high mobility group box | protein; HUVEC, human umbilical vein endothelial cells; RAGE, receptor for advanced glycation end
products; RCC, renal cell carcinoma; qRT-PCR, quantitative reverse-transcription PCR; siRNA, small interfering RNA; VEGF, vascular endothelial growth factor; VEGFR2,
vascular endothelial growth factor receptor 2.

Autophagy plays an important role during the major  an important part in autophagy, DNA damage repair, and
recycling and was an important way of cell component deg-  chemoresistance.** Previous reports suggested that HMGB1
radation.’! Multiple pathological conditions are triggered by ~ regulated chemotherapeutics-induced autophagy.’® In the
the dysfunction of autophagy.’! HMGB1 was reported to play  current report, we found that the knockdown of HMGB1/RAGE
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(weekly). (B, C) The mice were sacrificed using with CO, after 4 weeks of treatments, and the tumors were isolated and weighted. (D) The body weights of mice were

monitored weekly. *P<<0.01 vs control group, n=6.

Abbreviations: Con, control; HMGBI, high mobility group box | protein; RCC, renal cell carcinoma; siRNA, small interfering RNA.

axis regulated the autophagic proteins p62, LC3, and Beclin-1,
which play important roles in the autophagy process.

The interaction between HMGB 1 and RAGE was reported
to promote the proliferation and invasion of tumor cells.'?
In line with the previous reports, our results showed that the
knockdown of HMGBI could suppress the invasion of RCC
cells. Invasion and angiogenesis are the two hallmarks of
cancer.* One of the most well-known angiogenesis induc-
ers is VEGF. The results of our study are in accordance
with the previous reports which show*” that the suppression
of HMGBI could downregulate the expression of VEGF
and VEGFR2. Vijayaraghavan et al*® reported a novel and
promising therapeutic strategy to inhibition of CDK4/6 and
autophagy to treat breast. Similar to this novel strategy, inhibi-
tion of autophagy and angiogenesis by blocking of HMGB1/
RAGE axis might be a promising way to treat patients with
RCC. Meanwhile, DeVorkin et al*’ found that inhibition of
autophagy could increase the efficacy of sunitinib in clear
cell ovarian carcinoma. Therefore, our findings may provide
a future direction for combination of HMGBI inhibition
with other therapeutic treatments for RCC. However, the

interaction between autophagy and angiogenesis mediated
by HMGB1/RAGE axis in RCC is still unclear, and further
studies need to be done to explore this.

In this study, we concluded that HMGBI proteins act as
key regulators in the progression and angiogenesis of RCC
carcinoma and hence could serve as potential diagnostic and
therapeutic targets.
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