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cells via the p-38MAPK pathway
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Abstract. - OBJECTIVE: To investigate the
function of HMGB2 in renal tumor ACHN cells
in vitro and in vivo and to study the underlying
molecular mechanisms.

PATIENTS AND METHODS: Kaplan-Meier
analysis was used to study the relationship
between expression of HMGB2 and prognosis
of renal tumor. MTT assay was employed to
examine cell proliferation and flow cytometry
analysis was used to study the role of HMGB2 in
cell apoptosis in ACHN cells. Transwell assays
were used to explore the migration and invasion
of ACHN cells. The effect of HMGB2 on tumor
growth was investigated in vivo. Western blot
was performed to evaluate the expression levels
of p-JNK, p-ERK and p-p38MAPK.

RESULTS: HMGB2 was upregulated in renal
tumor and correlated with worse overall sur-
vival in renal tumor patients. Down-regulation
of HMGB2 suppressed ACHN cells prolifera-
tion, invasion and migration in vitro. Moreover,
down-regulation of HMGB2 inhibited tumor
growth in vivo and HMGB2 exerts the oncogene
function partly via the inhibition of p-p38MAPK
activation.

CONCLUSIONS: Our results provide novel in-
sights into neuropathic pain and help to explore
therapeutic targets in the treatment.
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Introduction

Renal tumor is one of the common urinary
system tumors, and surgery is considered the only

effective treatment for primary kidney tumor. In
recent years, renal tumor has been increasingly
common and has a poor prognosis, for the drug
resistant gene, insensitivity of radiotherapy or
chemotherapy'?. It is significant to research the
molecular mechanism and the targeted therapy
to specific gene for the improvement of clinical
prognosis**. The high mobility group box protein
2 (HMGB?2) belongs to the HMGB protein fami-
ly, which comprises numbers of non-histone nu-
clear proteins that play important roles in cells’.
The HMGB family consists of HMGB1, HMGB2,
HMGB3 and HMGB4. And that HMGB?2 is eighty
percent homologous to HMGBI and possesses in-
distinguishable biological features®*. Campana et
al’ showed that HMGBI acted as an oncogene and
played a significant part in tumor cell viability,
cell proliferation, as well as cell metastasis. The
expression of HMGBI/RAGE proteins in renal
cancer increased and was closely related to the
clinical prognosis of patients'’. However, com-
pared with HMGBI, relatively little is known re-
garding the biological function of HMGB?2.

In the present study, we performed RNA inter-
ference (RNAI) to knock down the expression of
HMGB2 in ACHN cells to investigate the effects
of HMGB2 inhibition on proliferation, apoptosis,
migration, invasion, and further test the phos-
phorylation levels of JNK, ERK and p38MAPK
in the downstream MAPK pathway. This study
aims to explore the mechanism of HMGB?2 inhib-
iting the biological behavior of ACHN cells, and
provide a reliable basis for HMGB2 targeted ther-
apy for renal cancer.
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Patients and Methods

Patients and Clinical Samples

A total of 15 metastatic and 15 non-meta-
static tissues were collected from patients who
underwent surgery for renal tumor at People’s
Hospital of Yichun City. Two independent geni-
tourinary pathologists confirmed diagnoses. No
anticancer treatments had been conducted before
surgery in the study. These tissues were frozen
in liquid nitrogen immediately after surgery and
subsequently stored at —80°C until analyzed. Tu-
mor staging was assessed in accordance with the
2009 TNM system and criteria of WHO. Over-
all survival (OS) was defined as the interval be-
tween the dates of surgery and death or date of
last contact. Written informed consent was ob-
tained from all individual participants included in
the study. This investigation was approved by the
Ethics Committee of People’s Hospital of Yichun
City. 15 paired samples were tested by RNA se-
quencing. The data were compared to determine
differentially expressed HMGB2. The differen-
tially expressed HMGB2 were identified with
the Bioconductor R package limma. The p-value
was adjusted for multiple testing using the false
discovery rated (FDR) method (FDR<0.05), and
[log2 fold change|>2.0 and adjusted p-value < 0.05
was considered to indicate a statistically signifi-
cant difference.

Microarray Analysis

A processed HMGB2 expression data in renal
tumor from TCGA database was acquired from
FRKM database and analyzed with the limma
package of R. Overall survival (OS) was defined
as the interval between the dates of surgery and
death or date of last contact.

Cell Lines and shRNA Transfection

Renal tumor cell lines (including 786-0, Ca-
ki-1,769-P, OS-RC-2, ACHN) and normal kid-
ney epithelial cells (HK2) were purchased from
the Type Culture Collection (Shanghai, China).
ACHN cells were previously preserved in our
lab. All cell lines were cultured in Roswell Park
Memorial Institute-1640 (RPMI-1640) medium
supplemented with 10% fetal bovine serum (FBS;
Hyclone, South Logan, UT, USA), and incubat-
ed in a humidified incubator containing 5% CO,
at 37°C. The cells were divided into four groups,
blank control group (blank), empty vector trans-
fected group (sShRNA-NC), HMGB?2 transfected
group (ShRNA-HMGB2), and HMGB2 re-ex-
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pression group (HMGB2). ACHN cells in loga-
rithmic growth phase were collected, digested
and transferred into a 6-well culture plate with
a concentration of 5*1074/mL. Lipofectamine
2000 Transfection Reagent (Invitrogen, Carls-
bad, CA, USA) was used for cell transfection ac-
cording to the manufacturer’s instructions. The
short hairpin RNA (shRNA) against HMGB2
(shRNA-HMGB?2) and negative control shRNA
(shRNA-NC) were designed and synthesized by
Jikai Company (Shanghai). The following shR-
NA sequences were used: shRNA-HMGB?2,
5’-CACCGTCTGCTAAAGAGAAAGGAAAT-
TCAAGAGATTTCCTTTCTCTTTAG-
CA-GACTTTTTTG-3; shRNA-NC, 5-UU-
CUCCGAACGUGUCACGUTT-33; HMGB?2,
5’-GTCCGAATTCACCACCATGGGCAAAG-
GAGATCCTAA-3’ (forward) and 5°-CGCCGC-
GGCCGCTTATTCATCATCATCATCTT-3" (re-
verse). The blank control group was transfected
with liposomes.

Quantitative Real Time-Polymerase
Chain Reaction (gRT-PCR)

TRIzol® kit (Thermo Fisher Scientific Inc.,
Waltham, MA, USA) was employed to extract to-
tal RNA, according to the manufacturer’s protocol.
The optical density (OD) at 260 nm and 280 nm was
recorded with an ultraviolet/visible spectrophotom-
eter, and the concentration and purity of the total
RNA were measured. Reverse transcription was
performed using PrimeScript RT reagent Kit (Ta-
KaRa, Dalian, Liaoning, China). Quantitative re-
al-time PCR analyses were performed by Applied
Biosystems (Foster City, CA, USA, 7500 system)
using SYBR Premix Ex Taq™ (TaKaRa, Dalian,
Liaoning, China) according to the manufacturer’s
instructions. Glyceraldehyde-3-phosphate dehydro-
genase (GAPDH) was used as the internal control.
The primers were as follows: the upstream and
downstream primer sequences of HMGB2 gene
were 5-TATGGCAAAAGCGGACAAGG-3’ and
5-CTTCGCAACATCACCAATGGA-3(196  bp);
the upstream and downstream primer sequences
of GAPDH gene, 5 ‘-GAGAGGGAA ATCGTG
CGTG AC-3 ‘ and 5 * -CATCTGCTGGAAGGT-
GGACA-3’(452 bp). The relative expression level
of HMGB?2 was calculated using the 2-24T method.
gRT-PCR assay was performed three times for each
sample. The cDNA obtained by RT was stored at
-20°C. PCR program was as follows: pre-denatur-
ation at 95°C for 5 min and a total of 35 cycles of
denaturation at 94°C for 30 sec, annealing at 52°C
for 30 sec following extension at 72°C for 30 sec.
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Cell Viability by MTT Assay

MTT assay was used to examined cell viabili-
ty after knocking down of HMGB2. In the Eagle’s
minimum essential medium (Eagle’s MEM) con-
taining 10% FBS, U251 and U-87MG cells were
collected and suspended and then seeded in the
96-well plates with a density of 2,000 cells/well
in 200 pL. Then, they were incubated in an in-
cubator (37°C and 5% CO,) 24 hours later, 100
puL MTT solution (5 mg/mL) was added to each
well, and then incubated at 37°C and 5% CO, for
another 4 hours. Then, we removed the medium
and added 150 pL dimethyl sulfoxide (DMSO)
to each well. Then, we shook plates warmly on
shaker for 10 min to dissolve the crystals entirely.
A wavelength of 570 nm was used to examine the
OD value.

Cell Apoptosis by Flow Cytometry

ShRNA-HMGB2, shRNA-NC and liposome
cells after transfection for 48 h were collected to
the final concentration of 1% 10"6/ml and rinsed
twice with phosphate-buffered saline (PBS). The
Annexin V-FITC Apoptosis Kit (BD Bioscience,
San José, CA, USA) was used to assay the apop-
tosis ratio.

Cell Invasion Assay

The invasive ability of HMGB2 on ACHN
cells were determined using transwell assay (8-
um pore size polycarbonate filter) coated with
Matrigel (Corning, MA, USA). Briefly, each group
(ShRNA-HMGB2 group, shRNA-NC group and
blank control group of cells (5x10"4 cells) were
suspended in 100 pL serum-free 1640 medium,
and then inoculated in the upper chamber. Then,
600 uL RPMI-1640 medium containing 10% FBS
were added into the lower chamber and then cells
were cultured in 37°C and 5% CO, for another 24
hours. After that, cells on the surface of the upper
chamber were removed using sterile cotton swab
and cells that had invaded the lower surface of the
basement membrane were stained with 4% para-
formaldehyde for 10 min and following stained
with 0.1% crystal violet. Stained cells were count-
ed in five randomly selected fields under a light
microscope (magnification, x40).

Western Blot Analysis

ShRNA-HMGB2, shRNA-NC and liposome
cells after transfection for 48 h were collected.
Radio immunoprecipitation assay (RIPA) lysis
buffer (Beyotime, Haimen, Jiangsu, China) was
used to extract cell protein. The protein concen-

tration was examined with the bicinchoninic acid
(BCA, Beyotime, Haimen, Jiangsu, China). Then,
20 pg of each protein was added to per lane of
10% sodium dodecyl sulfate gel electrophoresis
(SDS-PAGE). After the proteins were separated,
they were transferred onto a polyvinylidene di-
fluoride (PVDF) membrane (Millipore Company,
Bedford, MA, USA). The membranes were then
blocked with 5% non-fat milk for 2 h at room tem-
perature and incubated with primary antibodies
against HMGB2, phospho-ERK1/2 (1:1000), phos-
pho- JNK1/2/3 (1:1000), p-p38MAPK (1:1000,
Cell Signaling Technology, Danvers, MA, USA),
and B-actin antibody (1:200) overnight at 4°C.
Followed by incubating with the corresponding
horseradish peroxidase (HRP)-conjugated sec-
ondary antibodies (Abcam, Cambridge, MA,
USA) for 1 hour at room temperature. Enhanced
chemiluminescence (ECL) reagent was used to
detect the signal on the membrane under Las4000
Luminescent Imaging Analyzer (Bio-Rad, Hercu-
les, CA, USA).

Subcutaneous Tumor Model
and Gene Therapy

All animal experimental procedures were
carried out according to the Institutional Animal
Care and Use Committee Protocol Guidelines of
People’s Hospital of Yichun City. Six-week-old
female immune-deficient nude mice (BALB/c-nu)
were maintained at the laboratory animal facility
(People’s Hospital of Yichun City, Yichun, Chi-
na), and were housed individually in microisola-
tor ventilated cages with free access to water and
food. Two mice were injected subcutaneously with
1x10"8 ACHN cells in 50 ul of PBS pre-mixed
with 50 ul of Matrigel matrix. When the tumor
size reached 5 mm in length, they were surgically
removed, cut into 1-2 mm? pieces, and reseeded
individually into other mice. The mice were ran-
domly assigned as shRNA-HMGB2 group, shR-
NA-NC group and blank control group at the time
tumor size was about 5 mm in length. The tumor
volume was measured every three days with a
caliper, calculated by the following formula: vol-
ume = (length * width)% 2.

Statistical Analysis

Data are expressed as the mean + standard
deviation (mean + S.E.). Differences between the
two groups were analyzed using a Student’s #-test.
The significance between different samples was
analyzed by one-way ANOVA or Tukey’s multi-
ple comparison test. Repetitive measurement data
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were analyzed by repeated measure of ANOVA.
Analysis of OS followed the Kaplan-Meier meth-
od and comparisons were made using Log-rank
tests. Statistical analyses were performed with
GraphPad Prism 6.0 (GraphPad Software, San
Diego, CA, USA). p<0.05 was considered to indi-
cate a statistically significant difference.

Results

HMGB2 Was Upregulated
In Human Renal Tumor Tissues
and Predicted Poor Prognosis

In an attempt to investigate whether HMGB2
was involved in renal tumor, HMGB?2 protein ex-
pression in 15 paired renal tumor samples and ad-
jacent non-tumor tissue were analyzed. As shown
by Figure 1A, the HMGB2 of renal tumor samples
was markedly higher than pair-matched normal
tissues. The expression level of HMGB2 was then
assessed in normal kidney epithelial cells (HK?2)
and in five renal tumor cell lines (786-0, Caki-1,
769-P, OS-RC-2, ACHN). The data showed that

HMGB?2 expression significantly increased in
renal tumor cell lines compared with HK-2 cells
(Figure 1B).

A processed HMGB2 expression data in renal
tumor from TCGA database was acquired from
FRKM database. We analyzed the expression of
HMGB2 in 70 paired renal cancer tissues and
their corresponding noncancerous tissues. The
preliminary screening showed HMGB2 was sig-
nificantly upregulated in these 70 paired renal tis-
sues (Figure 1C). HMGB2 expression in renal tu-
mor tissues was then dichotomized as low group
(n = 397) or high group (n = 131) determined by
the median value of HMGB?2 (of which is 25.48).
Kaplan-Meier analysis and log-rank test were per-
formed to investigate the effects of HMGB2 ex-
pression and clinicopathological factors on OS in
renal tumor patients. The results showed that pa-
tients with high expression level of HMGB2 had
reduced OS compared to those with low HMGB?2
expression level (Figure 1D). Correlation regres-
sion analysis indicated that expression level of
HMGB2 was in a significant positive correlation
with the TNM stage (p = 0.039, Figure 1E).
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Figure 1. HMGB2 was upregulated in renal tumor and correlated with worse overall survival in renal tumor patients. A,
Expression of HMGB2 was significantly higher in renal tumor tissues compared with the pair-matched adjacent normal tissues
(**p<0.01). B, The level of HMGB2 was elevated in renal tumor cell lines than in HK-2 cells line (**p<0.01). C, Relative ex-
pression of HMGB?2 in 70 pairs of renal tumor tissues and their normal tissues in TCGA database (*p<0.05). D, Kaplan-Meier
overall survival curves of renal tumor patients according to the expression level of HMGB2 in TCGA database (p<0.01, log-
rank). E, Correlation regression analysis between the expression of HMGB2 and TNM stage of patients (p<0.05).

4732



Knockdown of HMGB2 inhibits proliferation and invasion of renal tumor cells via the p-38MAPK pathway

HMGBZ2 Knockdown Inhibits Renal
Tumor Cell Proliferation

We knock-down the expression of HMGB2
by transfecting specific shRNA-HMGB2 into
ACHN cells. There were three groups including
the shRNA-HMGB2 group, shRNA-NC group
and blank control group. At 48 h, five fields of
sight were randomly selected, and transfection
efficiency (number of fluorescent cells/total num-
ber of cells) was determined using a fluorescence
microscope. The highest transfection efficiency
of HMGB2-shRNA transfecting into ACHN cells
was 65% at 48 h examined by real-time PCR (RT-
PCR) assay. The results revealed that the expres-
sion level of HMGB2 mRNA in ACHN cells was
significantly down-regulated in sShIRNA-HMGB2
group (7.686%1.833 vs. 0.9143+0.2268, p<0.05;
7.983+0.7731 vs. 0.9143+0.2268, p<0.01, Figure
2A), compared to shRNA-NC group and blank
control group. But there was scarcely any differ-
ence between the shRNA-NC group and blank

control group (7.686+1.833 wvs. 7.983+0.7731,
p>0.05, Figure 2A). Thus, the expression of
HMGB2 mRNA decreased significantly in ACHN
cells transfected by shRNA-HMGB?2.

To further study the effects of knockdown of
the HMGB2 on ACHN cells proliferation, we
transfected cells with shRNA-HMGB2 and then
examined cell viability using MTT assay at 24,
36, 48, 72, and 96 hours. Compared with the
shRNA-NC and liposome group, the viability of
ACHN cells (p<0.01) was significantly inhibited
in sShRNA-HMGB2 cells time dependently (Fig-
ure 2B). With the transfection time went on, the
peak proliferation inhibition efficiency was at 72
h. There was scarcely any significant difference
between the shRNA-NC and blank control groups
(p>0.05).

Flow cytometry assay was used to examined
cell apoptosis in shRNA-HMGB2, shRNA-NC
and liposome ACHN cells after transfecting for 48
h. Results showed that the sSiIRNA-HMGB?2 group

HMGE? (W s = | R
Blank e R ——
B-actin |—- R " -=shNC
~ 107 1.0 ; -+ shHMGB2 p-p38 | W a— -
8 8 0.8
%fg 3 »  p-ERK — WW—
5 & 6] g 06 — — —
= () .
g3 4 o o4 PINK | Gl i el
28 02
[O=a e
§- 21 o . B-actin -ﬁ
" o e R Oh 24h 48h 72h 96h & o 9
an S S|
N b
Y O
6‘&
blank shRNA-NC shRNA-HMGB2 60-
Ao i . *x
=1 - s
- ey 3 Ry =
e ;,)‘{.);._’,f’ VSE o1 !%; S 40-
o] Q1{ Q2" o : @
| * 4 o3 : 2
Ne_: % ‘“‘E,_: oA § 20
g o | W , : <
- S U Al ||Iu- TTT 2 TTTIN a L (LD PR PRALLL SRR |
- e e e TR e e " w0100 100 10t 10 0-
- > Blank shNC  shHMGB2
C Annexin V

Figure 2. HMGB2 knockdown inhibits renal tumor cell proliferation. A, The mRNA and protein level of of HMGB2 was de-
tected by RT-PCR and Western blot assay (**p<0.01). B, ACHN cells were transfected with siIRNA-HMGB2, shRNA-NC and
liposome for 24, 48, 72 and 96 h, and the cell viability was measured by MTT Assay (**p<0.01). C, ACHN cells were transfect-
ed with shRNA-HMGB2, shRNA-NC and liposome for 48 h and the apoptosis was measured by flow cytometry. A represen-
tative gating strategy for apoptosis was analyzed by flow cytometry. The frequency of the apoptosis cells in shRNA-HMGB?2,
shRNA-NC, and blank control groups. D, ACHN cells were transfected with shRNA-NC, sh-HMGB2 and liposome for 48 h,
p-ERK, p-JNK and p-p38MAPK expression level was examined by Western blot assay.
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had significantly larger proportion of apoptotic
ACHN cells than the shRNA-NC group (12.7£2.83
vs. 43.57+4.412, p<0.01, Figure 2C). Therefore, the
inhibition of HMGB2 may promote the apoptosis of
ACHN cells. Additionally, Western blot assay was
performed to examine the expression of MAPK
for further studying the molecular mechanisms of
HMGB2. As shown in Figure 2D, p-p38MAPK
protein levels were downregulated in ACHN cell
lines with low-expression of HMGB2. There was
no difference between p-ERK, and p-JNK protein
levels. The result showed that there existed scarce-
ly any significant difference in the protein expres-
sions of p-JINK, p-ERK and p-p38 MAPK between
the sShRNA-NC and blank control groups.

HMGBZ2 Knockdown Inhibits Renal
Tumor Cell Invasion and Migration
Migration and invasion are important biologi-
cal behavior of malignant tumors''. We performed
the transwell assay to detect the effect of HMGB2
on the invasion and migration. The invasive and
migratory ability of shRNA-HMGB2, shRNA-NC
and liposome cells were determined by the trans-
ferring number of cells. As aresult, the average in-
vading cells treated by HMGB2 shRNA-infection
were much more than those of non-infected and
blank control cells (Figure 3). No significant dif-
ferences were found between non-infected treat-

ment and blank control treatment. The invasive
effect of sSAIRNA-HMGB2, shRNA-NC and lipo-
some on cells was determined by the transferring
number of cells. As a result, the average invading
cells treated by HMGB2 shRNA-infection were
much fewer than those of non-infected and blank
control cells (16.0%+2.68% vs. 39.0%=4.95%,
<0.05; 16.0%+2.68% vs. 40.13%=+5.35%, p<0.05,
Figure 3A). Similarly, the average migrating cells
treated by of HMGB2 shRNA-infection were
much fewer than those of non-infected and blank
control cells (26.1%+6.55% vs. 66.80%=6.161%,
p<0.05, 26.1%=+6.55% vs. 62.60+7.662%, p<0.05,
Figure 3B). HMGB2 knockdown inhibited the in-
vasion and migration abilities of the ACHN cells.

HMGBZ2 Knockdown Inhibits Growth
of In Vivo Xenograft Tumors

The above experiments in vitro corroborated
that the suppression effect of HMGB2 knock-
down on tumor growth of ACHN cells. Fur-
thermore, we investigated the effect of HMGBI
knockdown on xenograft tumor growth in vivo.
The volume and weight of xenograft tumor in
shRNA-HMGB2 group exhibited a significant
reduction compared with shRNA-NC and blank
control groups (Figures 4A and 4B). The data in-
dicated HMGB?2 knockdown may suppress the in
vivo tumor growth of human renal tumor cells.
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Figure 3. HMGB2 knockout inhibited ACH cell invasion and migration. A, The number of invaded cells in each high-power

field (magnification: X200) was recorded (**p<0.01). B, The
X200) was recorded (**p<0.01).
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Figure 4. The effects of HMGB2 knockdown in tumor growth in vivo. A, The average volume of tumors in siRNA-HMGB2
group was significantly smaller than tumors in the NC group and blank control ones (**p<0.01). B, The average weight of
tumors in ShRNA-HMGB?2 group was significantly lighter than tumors in the NC group and blank control groups (**p<0.01).
C, The p-ERK, p-JNK and p-p38MAPK expression was detected by Western blot in xenograft tumor.

Western blot assay was also performed to ex-
amine the expression of MAPK in xenograft tu-
mor. As shown in Figure 4C, p-p38MAPK protein
levels were downregulated in shRNA-HMGB2
group. There was also no difference between
p-ERK, and p-JNK protein levels. There was
no significant difference in the protein levels of
p-JNK, p-ERK and p-p38 MAPK between the
shRNA-NC and blank control groups.

Discussion

It was found that HMGB2 was upregulated in
renal tumor tissues and cell lines using RNA se-
quencing technique. We also identified that high
expression was closely correlated to the aggres-
sive clinicopathologic features and unfavorable
prognosis in renal tumor patients.

In this study, a lot of function experiments
were performed to clarify the function of HMGB2
in ACHN cells, showing that knockdown of
HMGB2 by shRNA inhibits cell proliferative ac-
tivities and invasive potential, and reduced xeno-
graft tumor growth. RT-PCR assay exhibited that
the expression level of HMGB2 was decreased
significantly in ACHN cells transfected by shR-
NA-HMGB2 and the peak transfection efficiency
was at 24 h. MTT assay exhibited that down-reg-
ulation of the HMGB2 on ACHN cells inhibited
proliferation, and the peak inhibition efficiency
was at 72 h. In conclusion, down-regulation of
HMGB2 in ACHN cells could induce the apopto-
sis of tumor cells, suggesting that HMGB2 is an
important molecular target of renal tumor cells'.

The invasive and metastatic behaviors are the
main biological characteristics of the malignant

tumors, and also the major cause of treatment fail-
ure or death in cancer patients'>!*. The transwell
invasion assay can mimic the tumor invasion en-
vironment and reflect the ability of the cell to pen-
etrate the extracellular matrix'’. Transwell assay
results showed that the ACHN cells transfected
with shRNA-HMGB?2 significantly decreased cell
migration and invasion compared to shRNA-NC
and the blank control group, which indicate that
inhibition of HMGB?2 inhibited migration and in-
vasion of ACHN cells. Knockdown of HMGB2
expression significantly decreased proliferation
and invasiveness in human gastric cancer cells
and hepatocellular carcinoma cells'®!"”, which con-
sistent with our study.

To further explore the main mechanism for the
effect of HMGB?2 on the behavior of ACHN, we
examine the level of MAPK. The MAPK family
includes three main members of ERK, JNK and
p38". MAPK plays an important part in the devel-
opment of tumors that clarified in previous stud-
ies'*?. Corona et al*' showed that the MEK in-
hibitor PD98059 inhibited ERK phosphorylation
and the level of cyclin D1 (Cyclin DI) in colon
cancer cells, resulting in inhibiting the prolifer-
ation of tumor cells. McCubrey et al??> found Ras
mutations result in abnormal activation of down-
stream MEK and ERK, in various malignant tu-
mors such as melanoma, ovarian cancer, and co-
lon cancer, which caused abnormal proliferation
of tumor cells. The activation of MAPK signaling
pathway plays an important role in the tumorigen-
esis, progression and invasion of renal cell car-
cinoma, and the depression of MAPK activation
promotes apoptosis in renal cancer cells**. In
present study, Western blot assay showed the de-
crease level of HMGB?2 protein and p-p38MAPK
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protein in shRNA-HMGB?2 transfecting ACHN
cells. When HMGB?2 was re-expressed in ACHN
cells by transgenic technology, the p38MAPK
protein level also returned to normal, which in-
dicated that p38MAPK is an important down-
stream of HMGB?2. Since there is no significant
difference between expression levels of p-JNK
and p-ERK, indicating HMGB?2 did not activate
proteins of JNK and ERK. Uzgare et al*® found
p38 activation tissues was significantly higher in
early highly differentiated prostate cancer than
normal tissues, while ERK and JNK activation
was significantly increased in the study of trans-
genic models for prostate cancer, which indicated
the relative activation and roles of p38, ERK and
JNK in different tissues may be different**. In
present study, the inhibition of HMGB?2 induced
the decrease of downstream p-p38MAPK protein
level but did not affect the activation of JNK and
ERK, suggesting that p-p38MAPK is an import-
ant target of HMGB2.

Conclusions

HMGB?2 is up-regulated in renal tumor tissues
and cells and its overexpression is associated with
poor prognosis in patients. Inhibition of HMGB2
can inhibit ACHN cell viability, which may cause
the inhibition of downstream p38MAPK. The
present study showed that HMGB2 is a hypothet-
ical drug target for renal cancer. Further in vitro
and animal studies are needed to verify this theo-
ry and provide a reliable basis for HMGB2 target-
ed therapy for renal cancer.

Data Availability Statement

The data used to support the findings of this study are avail-
able from the corresponding author upon request.

Funding

The study was supported by National Natural Science
Foundation of China (81660105).

Ethics approval and consent to participate

This study was conducted in accordance with the Helsinki
Declaration II and it was approved by the People’s Hospital
of Yichun City.

Authors' contributions section

Zhi-Hong He, Hui Xiao, Fang Guo and Xiao-Xiong Hu con-
tributed to the study design. Zhi-Hong He, Hui Xiao, Fang
Guo, Zi-Yun Luo and Jian-Wei Yi conducted the literature
search. Zhi-Hong He, Hui Xiao, Fang Guo, Xiao-Xiong Hu
and Zi-Yun Luo acquired the data. All authors wrote the
article. Jian-Wei Yi performed data analysis. All authors
gave the final approval of the version to be submitted. All
authors read and approved the final manuscript.

Conflict of Interest Statement
The authors declare that they have no conflict of interests.

References

1) Tsuzuki T, lwata H, MUrAse Y, TAKAHARA T, OHAsHI A.
Renal tumors in end-stage renal disease: a com-
prehensive review. Int J Urol 2018; 25: 780-786.

2) Oue T, Fukuzawa M, KosHiNAGA T, Okita H, Nozaki M,
CHIN M, KaNEkO Y, TANAKA Y, HARUTA M, TsucHIYA K,
Kuwasiva S, Takimoto T. Management of pediatric re-
nal tumor: past and future trials of the japan wilms
tumor study group. Pediatr Int 2015; 57: 828-831.

3) Lu Q, JN J, YinGg J, Cul' Y, SuN M, ZHaNG L, FaN
Y, Xu B, ZHanG Q. Epigenetic inactivation of the
candidate tumor suppressor gene ASC/TMS1
in human renal cell carcinoma and its role as a
potential therapeutic target. Oncotarget 2015; 6:
22706-22723.

4) RasJERG, M. ldentification and validation of novel
prognostic markers in renal cell carcinoma. Dan
Med J 2017; 64: 10.

5) BiancHi ME, Acrestt A. HMG proteins: dynamic
players in gene regulation and differentiation.
Curr Opin Genet Dev 2005; 15: 496-506.

6) THomas JO. HMG1 and 2: architectural DNA-bind-
ing proteins. Biochem Soc Trans 2001; 29: 395-
401.

7) PaLLiER C, ScAFFIDI P, CHOPINEAU-PROUST S, AGRESTI A,
NorbMANN P, BiancHI ME, MAaRrecHAL V. Association
of chromatin proteins high mobility group box
(HMGB) 1 and HMGB2 with mitotic chromo-
somes. Mol Biol Cell 2003; 14: 3414-3426.

8) Hock R, Furusawa T, Uepa T, Bustin M. HMG chro-
mosomal proteins in development and disease.
Trends Cell Biol 2007; 17: 72-79.

9) CamPANA L, Bosural L, Rovere-Querini P. HMGB1: a
two-headed signal regulating tumor progression
and immunity. Curr Opin Immunol 2008; 20: 518-
523.

10) Qe GQ, WanNG CT, CHu YF, WaNG R. Expression of
HMGB1/RAGE protein in renal carcinoma and its
clinical significance. Int J Clin Exp Pathol 2015;
8: 6262-6268.

11) CHen Y, LN C, Lw Y, Jiang Y. HMGB1 promotes
HCC progression partly by downregulating p21
via ERK/c-Myc pathway and upregulating MMP-
2. Tumour Biol 2016; 37: 4399-4408.



Knockdown of HMGB2 inhibits proliferation and invasion of renal tumor cells via the p-38MAPK pathway

12) Pan C, WaNG Y, Qu MK, WanG SQ, Liu YB, Quan
ZW, Ou JM. Knockdown of HMGB1 inhibits cell
proliferation and induces apoptosis in hemangi-
oma via downregulation of AKT pathway. J Biol
Regul Homeost Agents 2017; 31: 41-49.

13) FrieoL P, Wotr K. Tumour-cell invasion and migra-
tion: diversity and escape mechanisms. Nat Rev
Cancer 2003; 3: 362-374.

14) Liu CA, CHaNG CY, Hsuen KW, Su HL, CHiou TW, LiN
SZ, Harn HJ. Migration/invasion of malignant gli-
omas and implications for therapeutic treatment.
Int J Mol Sci 2018; 19. pii: E1115.

15) Justus CR, LerrLer N, Ruiz-EcHEVARRIA M, YANG LV. In
vitro cell migration and invasion assays. J Vis Exp
2014; (88). doi: 10.3791/51046.

16) Cul G, Cal F, Ding Z, Gao L. HMGB2 promotes
the malignancy of human gastric cancer and in-
dicates poor survival outcome. Hum Pathol 2019;
84: 133-141.

17) Kwon JH, Kim J, Park JY, Hong SM, Park CW/, Honeg
SJ, Park SY, CHoi YJ, Do IG, JoH JW, Kim DS, CHol
KY. Overexpression of high-mobility group box
2 is associated with tumor aggressiveness and
prognosis of hepatocellular carcinoma. Clin Can-
cer Res 2010; 16: 5511-5521.

18) Secer R, Kress EG. The MAPK signaling cascade.
FASEB J 1995; 9: 726-735.

19) WanG Y, HonGg X, WANG J, YIN Y, ZHANG Y, ZHou Y,
Piao HL, LiaNnG Z, ZHANG L, LI G, Xu G, KwIATKOWSKI
DJ, Lw Y. Inhibition of MAPK pathway is essential
for suppressing Rheb-Y35N driven tumor growth.
Oncogene 2017; 36: 756-765.

20) Zuang N, Lu C, CHen L. miR-217 regulates tumor
growth and apoptosis by targeting the MAPK
signaling pathway in colorectal cancer. Oncol Lett
2016; 12: 4589-4597.

21) CoroNA G, DeiANA M, Incani A, Vauzour D, Dessi
MA, Spencer JP. Hydroxytyrosol inhibits the pro-
liferation of human colon adenocarcinoma cells
through inhibition of ERK1/2 and cyclin D1. Mol
Nutr Food Res 2009; 53: 897-903.

22) McCusrey JA, STEELMAN LS, ABrAMS SL, CHAPPELL WH,
Russo S, OVE R, MiLeLLA M, TAFURI A, LUNGHI P, BoONATI
A, StivALA F, NicoLeTTi F, LiBRA M, MARTELLI AM, Mon-
7AlT0 G, Cervelto M. Emerging MEK inhibitors.
Expert Opin Emerg Drugs 2010; 15: 203-223.

23) Sauinas AS. Role of mitogen-activated protein ki-
nase (MAPK) in the sporadic renal cell carcino-
ma. Actas Urol Esp 2012; 36: 99-103.

24) Huang D, DiNG Y, Luo WM, Benper S, Qian CN, Kort
E, ZHANG ZF, VANDENBELDT K, DuesBery NS, Resau JH,
Ten BT. Inhibition of MAPK kinase signaling path-
ways suppressed renal cell carcinoma growth and
angiogenesis in vivo. Cancer Res 2008; 68: 81-88.

25) Uzcare AR, Karian PJ, Greenserc NM. Differen-
tial expression and/or activation of P38MAPK,
erk1/2, and jnk during the initiation and progres-
sion of prostate cancer. Prostate 2003; 55: 128-
139.

26) JIANG J, ZHAo ZM. LncRNA HOXD-AS1 promotes
preeclampsia progression via MAPK pathway.
Eur Rev Med Pharmacol Sci 2018; 22: 8561-
8568.

27) FAN YZ, HuanG H, WaNG S, Tan GJ, ZHang QZ. Ef-
fect of INcRNA MALAT1 on rats with myocardial
infarction through regulating ERK/MAPK  signal-
ing pathway. Eur Rev Med Pharmacol Sci 2019;
23: 9041-9049.

28) Qu CX, SHi XC, B H, Zrnal LQ, YanGg Q. LncRNA
AOCA4P affects biological behavior of gastric can-
cer cells through MAPK signaling pathway. Eur
Rev Med Pharmacol Sci 2019; 23: 8852-8860.



