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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 
chemotherapy1,2. It is significant to research the 
molecular mechanism and the targeted therapy 
to specific gene for the improvement of clinical 
prognosis3,4. The high mobility group box protein 
2 (HMGB2) belongs to the HMGB protein fami-
ly, which comprises numbers of non-histone nu-
clear proteins that play important roles in cells5. 
The HMGB family consists of HMGB1, HMGB2, 
HMGB3 and HMGB4. And that HMGB2 is eighty 
percent homologous to HMGB1 and possesses in-
distinguishable biological features6-8. Campana et 
al9 showed that HMGB1 acted as an oncogene and 
played a significant part in tumor cell viability, 
cell proliferation, as well as cell metastasis. The 
expression of HMGB1/RAGE proteins in renal 
cancer increased and was closely related to the 
clinical prognosis of patients10. However, com-
pared with HMGB1, relatively little is known re-
garding the biological function of HMGB2. 

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 HMGB2 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-O, 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% CO2 
at 37°C. The cells were divided into four groups, 
blank control group (blank), empty vector trans-
fected group (shRNA-NC), HMGB2 transfected 
group (shRNA-HMGB2), and HMGB2 re-ex-

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*10^4/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-HMGB2) and negative control shRNA 
(shRNA-NC) were designed and synthesized by 
Jikai Company (Shanghai). The following shR-
NA sequences were used: shRNA-HMGB2, 
5’-CACCGTCTGCTAAAGAGAAAGGAAAT-
T C A AG AG AT T T C C T T T C T C T T TAG -
CA-GACTTTTTTG-3; shRNA-NC, 5’-UU-
CUCCGAACGUGUCACGUTT-3’; HMGB2, 
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 (qRT-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 HMGB2 was calculated using the 2-DDCT method. 
qRT-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 µL. Then, they were incubated in an in-
cubator (37°C and 5% CO2) 24 hours later, 100 
µL MTT solution (5 mg/mL) was added to each 
well, and then incubated at 37°C and 5% CO2 for 
another 4 hours. Then, we removed the medium 
and added 150 µL 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-
µm 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 (5×10^4 cells) were 
suspended in 100 μL serum-free 1640 medium, 
and then inoculated in the upper chamber. Then, 
600 μL RPMI-1640 medium containing 10% FBS 
were added into the lower chamber and then cells 
were cultured in 37°C and 5% CO2 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 μg 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 β-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 µl of PBS pre-mixed 
with 50 µl of Matrigel matrix. When the tumor 
size reached 5 mm in length, they were surgically 
removed, cut into 1-2 mm3 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/ 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 t-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, HMGB2 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 (HK2) 
and in five renal tumor cell lines (786-O, Caki-1, 
769-P, OS-RC-2, ACHN). The data showed that 

HMGB2 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 HMGB2 (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 HMGB2 
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).

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 HMGB2 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).

A B

C D E
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HMGB2 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 shRNA-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 vs. 7.983±0.7731, 
p>0.05, Figure 2A). Thus, the expression of 
HMGB2 mRNA decreased significantly in ACHN 
cells transfected by shRNA-HMGB2.

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 shRNA-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 shRNA-HMGB2 group 

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 shRNA-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-HMGB2, 
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.

A

C
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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-JNK, p-ERK and p-p38 MAPK between 
the shRNA-NC and blank control groups. 

HMGB2 Knockdown Inhibits Renal
Tumor Cell Invasion and Migration

Migration and invasion are important biologi-
cal behavior of malignant tumors11. 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 a result, 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 shRNA-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%, 
p<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.

HMGB2 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 HMGB1 
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 HMGB2 knockdown may suppress the in 
vivo tumor growth of human renal tumor cells. 

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 number of migrated cells in each high-power field (magnification: 
X200) was recorded (**p<0.01).

A
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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 cells12.

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 patients13,14. The transwell 
invasion assay can mimic the tumor invasion en-
vironment and reflect the ability of the cell to pen-
etrate the extracellular matrix15. Transwell assay 
results showed that the ACHN cells transfected 
with shRNA-HMGB2 significantly decreased cell 
migration and invasion compared to shRNA-NC 
and the blank control group, which indicate that 
inhibition of HMGB2 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 cells16,17, which con-
sistent with our study.

To further explore the main mechanism for the 
effect of HMGB2 on the behavior of ACHN, we 
examine the level of MAPK. The MAPK family 
includes three main members of ERK, JNK and 
p3818. MAPK plays an important part in the devel-
opment of tumors that clarified in previous stud-
ies19,20. Corona et al21 showed that the MEK in-
hibitor PD98059 inhibited ERK phosphorylation 
and the level of cyclin D1 (Cyclin D1) in colon 
cancer cells, resulting in inhibiting the prolifer-
ation of tumor cells. McCubrey et al22 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 cells23,24. In 
present study, Western blot assay showed the de-
crease level of HMGB2 protein and p-p38MAPK 

Figure 4. The effects of HMGB2 knockdown in tumor growth in vivo. A, The average volume of tumors in shRNA-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-HMGB2 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.
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protein in shRNA-HMGB2 transfecting ACHN 
cells. When HMGB2 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 HMGB2. Since there is no significant 
difference between expression levels of p-JNK 
and p-ERK, indicating HMGB2 did not activate 
proteins of JNK and ERK. Uzgare et al25 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 different25-28. In 
present study, the inhibition of HMGB2 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

HMGB2 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.
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