
Imag

Ove
with
Hep

Jung-
Seok
Jae-W

Abst

Hep
mon
hepat
nant
endem
incide
HCC
rarely

Author
Scienc
Daejeo
Insuran
and De
Sungky

Note: S
Resear

J-H. Kw

Corres
Pohang
790-78
E-mail:
Samsu
Seoul 1
6396; E

doi: 10

©2010

www.a

Published OnlineFirst September 17, 2010; DOI: 10.1158/1078-0432.CCR-10-0825 
Clinical

Cancer
esearch
ing, Diagnosis, Prognosis

rexpression of High-Mobility Group Box 2 Is Associated
Tumor Aggressiveness and Prognosis of

R

atocellular Carcinoma

Hee Kwon1, Jongmin Kim2, Jin Young Park2, Sun Mi Hong1, Chang Wook Park1,

Joo Hong2, Sun Young Park2, Yoon Jung Choi3, In-Gu Do4,

on Joh5, Dae Shick Kim4, and Kwan Yong Choi1
ract
Pur

hepat
Exp

transc
HMG
of HM
Res

ous su
overex
and p
overal
decrea
and e
Con

is resista
amenabl

s' Affiliation
e and Tech
n, South K
ce Corpora
partments o
unkwan Un

upplementa
ch Online (h

on and J.

ponding Au
University

4, South Ko
kchoi@post
ng Medical
35-710, So
-mail: onco

.1158/1078-

American A

acrjourna

Downloa
pose: We investigated the expression of high-mobility group box 2 (HMGB2) in patients with
ocellular carcinoma (HCC) and its clinical effects with underlying mechanisms.
erimental Design: HMGB2 mRNA levels were measured in 334 HCC patients by real-time reverse
ription-PCR and HMGB2 protein levels in 173 HCC patients by immunohistochemical studies. The
B2 expression levelwasmeasured byWestern blotting for threeHCCcell lines. To clarify the precise role
GB2 on cell proliferation, we did in vitro analysis with expression vectors and small interfering RNAs.
ults: HMGB2 mRNA and protein expression were significantly higher in HCC than in noncancer-
rrounding tissues (P < 0.0001) and showed a positive correlation (ρ = 0.35, P < 0.001). HMGB2
pression was significantly correlated with shorter overall survival time, both at mRNA (P = 0.0054)
rotein level (P = 0.023). Moreover, HMGB2 mRNA level was an independent prognostic factor for
l survival in a multivariate analysis (P = 0.0037). HMGB2 knockdown by small interfering RNAs
sed cell proliferation, and overexpression of HMGB2 by expression vectors diminished cisplatin-
toposide-induced cell death.
clusions: Our clinical and in vitro data suggest that HMGB2 plays a significant role in tumor de-
velopment and prognosis of HCC. These results can partly be explained by altered cell proliferations by
HMGB2 associated with the antiapoptotic pathway. Clin Cancer Res; 16(22); 5511–21. ©2010 AACR.
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atocellular carcinoma (HCC) is the fifth most com-
cancer worldwide and the most common primary
ic malignancy, being responsible for 80% of malig-
tumors in adult livers (1). HCC is known for its
ic prevalence in Asia and Africa, and an increasing
nce of HCC is reported in Western countries (2, 3).
nt to conventional chemotherapy and is
e to radiotherapy (1), leaving this disease
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o effective therapeutic options and a very poor prog-
Although the major etiologic agents have been iden-
the molecular pathogenesis of HCC remains unclear
is therefore important to clarify the molecular path-
sis of HCC and identify molecular targets to develop
diagnostic, therapeutic, and preventive strategies.
h-mobility group box (HMGB) proteins are ubiqui-
bundant nuclear proteins and have diverse functions
cell. HMGB1 andHMGB2 are highly conserved (with
amino acid identity) and have indistinguishable

gical properties such as binding to DNA without
nce specificity (5–7). As an extracellular component,
B1 has been linked to diseases such as sepsis, arthritis,
ancer (8). HMGB1 overexpression has been reported
ariety of human cancers, including melanoma (9),
eatic cancer, prostate cancer (10), colorectal cancer
and breast cancer (12). More importantly, HMGB
ins preferentially bind to cis-platinum(II)diamine-
ride (cisplatin)–modified DNA or to misincorpo-
nucleoside analogues and consequently inhibit
otide excision repair, which could be of great value
cer treatment (13, 14). Despite extensive characteriza-
f the diverse roles of HMGB1 in cancer, much less is

n of the signaling pathways of HMGB2, especially its
nce in carcinogenesis. Recently, the overexpression of
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Translational Relevance

Hepatocellular carcinoma (HCC) is highly refractory
to conventional chemotherapy and radiation therapy,
and less than one third of patients are eligible for cura-
tive surgery. The current study showed for the first time
through large-scale real-time reverse transcription-PCR
and immunohistochemistry that high-mobility group
box 2 (HMGB2) expression is significantly associated
with prognosis of HCCpatients. Moreover, in vitro study
indicated that altered HMGB2 level affects cell prolifer-
ation as well as cisplatin- and etoposide-induced cell
death. Therefore, on the basis of our findings that
HMGB2 may contribute to cell survival through the
antiapoptotic pathway, HMGB2 could be an important
factor in determining therapeutic strategies for HCC.
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B proteins in rat and human HCC tissues was re-
d, and knockdown of HMGB2 expression in a rat
cell line by RNA interference reportedly inhibited cell
h (15). However, only a small number of human
tissues have been analyzed in relation to HMGB2 ex-
on and the prognostic significance of HMGB2 expres-
emains to be elucidated.
present study investigated the clinicopathologic
cance of HMGB2 expression in a large number of
by quantitative real-time reverse transcription-PCR
CR) and immunohistochemistry. Furthermore, we
zed in vitro the effects of HMGB2 knockdown on
rowth and HMGB2 overexpression on cisplatin-
toposide-induced cell death. Our studies suggest
MGB2 expression has implications for predicting
l outcome and choosing treatment modalities for
patients, even if the precise role of HMGB2 in tu-

ell growth is as yet not entirely clear and requires were b
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rials and Methods

ts and tissue samples
C tissues and corresponding noncancerous hepatic
s were obtained with informed consent from 350
ts who had undergone curative hepatectomy for
ry HCC between 2001 and 2005 in the Department
gery, Samsung Medical Center in South Korea. The
protocol was approved by the Institutional Review
of Samsung Medical Center. Complete clinical data
vailable in all 350 cases. The mean age of patients
8.2 years (ranging from 20 to 80 years). All patients
equate liver function reserve and had survived for at
months after hepatectomy (median follow-up, 51.2

hs; range, 2.7–95.6 months). Recurrence or death
valuated from medical records of patients. We de-

recurrence as evidence of an overt new growing
in the remaining liver or as distant metastasis in

contro
CT of

ancer Res; 16(22) November 15, 2010
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logic studies including computed tomography or
etic resonance imaging. None of the patients had
ed treatment prior to surgery such as transarterial
oembolization or radiofrequency ablation. Clinico-
logic features of the 334 HCCs analyzed by RT-PCR
73 HCCs analyzed by immunohistochemistry (157
mly selected samples from tumors analyzed by RT-
nd 16 additional independent cases) in the current
are summarized in Table 1. Immediately after hepa-
y, fresh tumors and background livers were partly

frozen in liquid nitrogen and stored at −80°C and
artly embedded in paraffin after fixation in 10% for-
for histologic diagnosis. All available H&E-stained
were reviewed. The tumor grading was based on
iteria proposed by Edmondson and Steiner (I, well
ntiated; II, moderately differentiated; III, poorly dif-
iated; and IV, undifferentiated; ref. 16). The conven-
tumor-node-metastasis system outlined in Cancer
g Manual (6th edition) published by the American
Committee on Cancer was used in tumor staging.
mor size was obtained from the pathology reports.

extraction and cDNA synthesis
A extraction and cDNA synthesis were carried out as
bed previously (17, 18). Briefly, total RNA was ex-
from cancerous and surrounding noncancerous fro-
sues using an RNeasy minikit (Qiagen). The integrity
tested total RNA samples was verified using a Bioana-
100 (Agilent Technologies). DNase I treatment was
ely included in the extraction step. Samples contain-
g of total RNAwere incubatedwith 2μL of 10 μmol/L
d(T)18 primer (Genotech) at 70°C for 7 minutes and
on ice for 5minutes. After adding the enzymemix to
nealed total RNA sample, the reaction was incubated
minutes at 42°C prior to heat inactivation of reverse
riptase at 80°C for 10 minutes. The cDNA samples
rought up to a final volume of 400 μL by addition
thylpyrocarbonate-treated water.

titative real-time PCR
l-time PCR amplifications were done as described
usly (17, 18). Briefly, using ABI PRISM 7900HT
ments (Applied Biosystems), real-time PCR analysis
one in a total volume of 10 μL with the following
fication steps: an initial denaturation step at 95°C
minutes, which was followed by 45 cycles of dena-
n at 95°C for 15 seconds and elongation at 60°C
minute. The primer and probe sequences were de-
using Primer Express 3.0 software (Applied Biosys-

, and all probe sequences were labeled with FAM at
end and with TAMRA at the 3′ end (Supplementary
S1). The mRNA levels of HMGB2 were measured
hreshold cycle, CT) in triplicate and then normalized
e to a set of reference genes (B2M, GAPDH, HMBS,
1, and SDHA) by subtracting the average of the
levels of the five reference genes as an internal
l (19). Using the ΔCT values (HMGB2 CT − average
reference genes), the mRNA copy number ratio was
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Clinicopathologic parameters (n = Im mis

gh H
(n =

w H
(n =

P gh H
(n =

w H
n =

Age 1 2
<55 8 13 2 5
≥55 4 7 3 5

Gende 4 2
Mal 9 16 4 9
Fem 3 3 1 1

HBV 33 6
Abs 1 5 1 3
Pres 11 15 4 7

HCV 7 0
Abs 12 19 6 10
Pres 1

Liver c 52 5
Abs 5 11 3 5
Pres 7 9 3 5

Tumor 1 2
I 3 8 2 5
II 6 8 2 4
III a 3 3 1 1

AFP le 25 8
<10 6 12 3 6
≥10 7 8 2 4

Vascu 4 4
Abs 4 8 2 5
Pres 8 12 4 5

Tumor 3 9
Sing 10 15 5 9
Mul 2 4 1 1

Tumor 0 4
<5 c 7 12 3 6
≥5 c 5 8 2 4

Edmon 25 7
I
II
II

NOT
Abbrevations: AFP, α-fetoprotein; HBV, hepatitis B virus; HCV, hepatitis C virus.
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ated as 2−ΔCT. Standard curves were constructed
the results of simultaneous amplifications of cDNA
es diluted serially.

nohistochemical analysis
unohistochemical stainingwas done on 4-μm-thick,
lin-fixed, paraffin-embedded tissue sections. Tissue
ns were deparaffinized three times in xylene for a total
minutes and subsequently rehydrated. Antigen re-

l was done by boiling in Tris-EDTA buffer (pH 9.0)
a microwave for 5 minutes twice. Slides were then

was c
HMG
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ated with antihuman HMGB2 mouse monoclonal
dy (M03), clone 3C7 (Abnova), for 1 hour at room
erature with an antibody dilution of 1:280. The
n-antibody reaction was detected using the DAKO
Detection System (LSAB+) K5001 (DAKO). Counter-
g was done with Mayer's hematoxylin.
the immunohistochemically stained sections were
ted in a semiquantitative fashion by two patholo-
as previously described (20). Nuclear staining
1. Relations between HM
 2 mRNA and protein levels and clin
onsidered positi
B2, 10 fields w

Clin C

18. © 2010 Ame
athologic features in HCC
RT-PCR
 334)
 munohistoche
ve. To evaluate t
ithin the tumor

ancer Res; 16(22) N

rican Association
try (n = 173)
he expressions o
showing nuclea

ovember 15, 2010

 for Cancer
Hi
 MGB2 Lo
 MGB2
 Hi
 MGB2 Lo
 MGB2 P

130)
 204)
 64) (
 109)
0.8
 0.4

y
 6
 1
 8
 6

y
 4
 3
 6
 3

r
 0.2
 0.1

e
 8
 6
 7
 2

ale
 2
 8
 7
 7
0.0
 0.6

ent
 9
 1
 6
 2

ent
 1
 3
 8
 7
0.3
 0.9

ent
 7
 4
 0
 4

ent
 3
 0
 4
 5

irrhosis
 0.0
 0.6

ent
 7
 3
 1
 8

ent
 3
 1
 3
 1

stage
 0.2
 0.1
9
 0
 2
 3

1
 6
 8
 2
nd IV
 0
 8
 4
 4

vel
 0.0
 0.5

0 ng/mL
 0
 1
 7
 9

0 ng/mL
 0
 3
 7
 0

lar invasion
 0.1
 0.1

ent
 1
 2
 3
 3

ent
 9
 2
 1
 6

number
 0.5
 0.9

le
 4
 6
 2
 0

tiple
 6
 8
 2
 9

size
 0.9
 0.3

m
 6
 2
 5
 9

m
 4
 2
 9
 0

dson grade
 0.0
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E: Cutoff value for HMGB2 mRNA copy number ratio was 0.145, and cutoff value for HMGB2 histoscore was 30.
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g in low-power view (40×) were selected, and the
B2 expression was evaluated in 10 high-power fields
). Intensities were classified as 0 (no staining), 1
staining), 2 (moderate staining), and 3 (strong

ng). For each stained section, a value-designated
hemical score (histoscore) was obtained as follows:
core = Σ(i × Pi), where i and Pi represent the inten-
d percentage of cells that were stained at each inten-
espectively.

ulture
man HCC cell lines SK-Hep-1, SH-J1, and Hep3B
used in this study. SK-Hep-1 and Hep3B were
ned from the American Type Culture Collection,

H-J1 was kindly provided by Dr. Dae-Ghon Kim of
onbuk National University Medical School (21). All

plasm
SH-J1

ancer Res; 16(22) November 15, 2010

Research. 
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were cultured in DMEM supplemented with 10%
ovine serum at 37°C under 5% CO2. For the setting
l death, cells were treated with 30 μmol/L cisplatin
a-Aldrich), or 20 μmol/L etoposide (Sigma-Aldrich)
hours.

silencing and overexpression
small interfering RNA (siRNA) transfection, the 19-nu-
e siRNA duplexes (5′-CUGAACAUCGCCCAAAGAU-
th a 3′-dTdT overhang, targeting the HMGB2 gene or
gative control duplex (5′-CCUACGCCACCAAUUUC-
′), were synthesized (Bioneer). HMGB2-expressing
id (HMGB2-pcDNA3.1+) has been previously
bed (22). These siRNA duplexes (100 nmol/L) and
Fig
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and whisker plot for HMGB2
levels as determined by
e RT-PCR. The box is
by the first and third
with the median marked by
line. The whiskers extend to
st extreme data point, which
ore than 1.5 times the
artile range from the box.
sentative strong (a, b) and
, d) HMGB2-positive
s at 40× (a, c) and 400× (b, d)
ication. Background livers,
d in top right corners of a
showed negative
2 staining. The
onding H&E staining are
in a' to d'. C, box and
r plot for HMGB2
ion levels determined
unohistochemistry.
cancerous liver; T, all HCC;
ondson grade I;
ondson grade II; E3 + E4,

dson grade III or IV; I,
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in 24-well plates for
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urs or as indicated in Fig. 3 using Lipofectamine 2000
ogen) according to the manufacturer's instructions.

iability assay and fluorescence-activated cell
g analysis
determine cell viability, a cell proliferation assay kit
iter 96 AQueous One Solution; Promega) containing
TS reagent was used according to the manufacturer's
cols. The change of absorbance at 492 nm was
ored using a microplate reader (Spectrafluor Plus;
). To assess apoptotic cell death, flow cytometric
is was done (FACSCalibur; BD Biosciences). Cells
ixed with ethanol at −20°C for 1 hour, washed with
BS three times, and then incubated with propidium
and RNase A at room temperature in the dark for

inutes. Apoptotic cells were estimated with sub-G1

n of cells gated to distinguish singlet from aggregat-
ls. These results were analyzed with CellQuestPro
re.

rn blot analysis
ls were lysed in the radioimmunoprecipitation
buffer on ice for 15 minutes. The whole-cell
s were clarified by centrifugation at 15,000 × g
minutes at 4°C, and the protein concentration

e supernatant was determined by the Bradford
d. Equal amounts of lysates were resolved on
AGE. Proteins on gels were then transferred to
embrane (Whatman). The transferred membranes

locked with 4% skim milk for 1 hour and incubated
rimary antibodies for 2 hours at

OS. A

GB2 histoscores (n = 64).

acrjournals.org

Research. 
on July 18, 20clincancerres.aacrjournals.org Downloaded from 
incubation with horseradish peroxidase–conjugated
dary antibodies (Zymed) for 1 hour at room temper-
the immunoblots were visualized by SuperSignal
Pico Luminol/Enhancer solution (Thermo Fisher
ific). Polyclonal rabbit antibodies against human
B2 (Abcam) and anti-actin polyclonal goat anti-
s (Santa Cruz Biotechnology) were used for immu-
t analyses. The intensity of each protein band was
ed using NIH Image J program.

tical analysis
statistical analyses were done with the open source
ical programming environment R. Significant differ-
between gene and protein expression levels were
ated by a Student's t test. Spearman's correlation
cient was calculated to show the correlation in the
sion of HMGB2 mRNA and protein. Receiver oper-
characteristic (ROC) curves for death within 5 years
used to find cutoff values of HMGB2 mRNA level
istoscores. Correlation between gene expression
linicopathologic variables was evaluated using a χ2

aplan-Meier survival curves were calculated using
r recurrence (defined as the first appearance of a
r at any site following definitive treatment) or death
end points. The difference of the overall survival
curve, disease-free survival (DFS) curve, or time-
urrence curve was examined by log-rank test. In
on, the Cox proportional hazard regression model
sed to identify independent prognostic factors for

two-tailed P value test was used with a P value of
room temperature. <0.05 considered statistically significant.
Kaplan-Meier curves for
DFS of patients with high
HMGB2 expression levels
rgery. A and B, patients
h HMGB2 mRNA levels
; copy number ratio) had a
antly shorter OS time
054). However, no
ant difference in DFS time
served (P = 0.55). Broken
atients with low HMGB2
levels (n = 204); thin lines,
with high HMGB2 mRNA

n = 130). C and D, patients
h HMGB2 histoscores
ad a significantly shorter
e (P = 0.023) and tended
a shorter DFS time
84). Broken lines, patients
HMGB2 histoscores

9); thin lines, patients with
Clin Cancer Res; 16(22) November 15, 2010 5515
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lts

xpression of HMGB2 in HCC
did real-time RT-PCR forHMGB2mRNA from frozen

samples derived from334 patients withHCC. A total HMG

nt; ETO+, etoposide treatment). The sub-G1 DNA contents were measured as an
dent experiments (*, P < 0.05). NC, negative control siRNA; EV, empty vector; C

ancer Res; 16(22) November 15, 2010

Research. 
on July 18, 20clincancerres.aacrjournals.org Downloaded from 
ed by real-time RT-PCR. Expression ofHMGB2mRNA
easured in triplicate andwas then normalized relative
expression of a set of reference genes (B2M, GAPDH,
, HPRT1, and SDHA) as an internal control (19).

B2 mRNA was significantly higher in HCC than in
HCCs and 109 noncancerous hepatic samples were noncancerous hepatic tissues (0.154 versus 0.057; mean

ffects of HMGB2 levels on cell survival in the HMGB2 knockdown and HMGB2 transfection experiments. A, expression of HMGB2 in three HCC cell
as detected by immunoblot using β-actin as a loading control. B, HMGB2 siRNA-transfected cells showed efficient silencing as shown by
blot analysis 48 h after transfection. Significant reduction of cell viability by HMGB2 knockdown was confirmed by MTS assay 72 h after
tion. C, cells were cultured for 36 h in the absence or presence of 30 μmol/L cisplatin 24 h after transfection (CP-, no cisplatin treatment; CP+,
n treatment). All cells showed significant reduction of viability on cisplatin treatment, but overexpression of HMGB2 increased cisplatin resistance in
-1 and SH-J1 cells. For histograms in B and C, the final cell survival (%) values were calculated relative to the value at the time of transfection,
as set to be 100%. D, cells were cultured for 36 h in the absence or presence of 20 μmol/L etoposide 24 h after transfection (ETO-, no etoposide
apoptotic fraction. Data shown are mean values ± SD of three
P, cisplatin; ETO, etoposide.
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62.1%
sensit
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HMG
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Table sis fo

Variable OS emist

HR ( P HR ( P

Age (< .76 (0 0.2 .18 (0 0.60
Gende .82 (0 0.4 .99 (0 0.97
Edmon .98 (1 0.0 .27 (0 0.12
HBV (a .68 (0 0.0 .41 (0 0.36
HCV (a .47 (0 0.4 .67 (0 0.40
AFP le .46 (1 1.6 × .43 (0 0.25
Liver c .35 (0 0.1 .14 (0 0.67
Vascu .59 (3 1.6 × .65 (2 9.2 ×
Tumor .29 (2 <1 × .90 (2 3.5 ×
Tum
Tum
HM

Abbreviations: HR, hazard ratio; CI, confidence interval.
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number ratio, P < 0.0001; Fig. 1A). HMGB2 mRNA
significantly increased according to tumor differenti-
(Edmondson grade I versus II, I versus III and IV, P <
Edmondson grade II versus III and IV, P = 0.059). On
her hand, the averageHMGB2mRNA levels increased
ing to clinical stage (I < II < III and IV), but the differ-
were not statistically significant (Fig. 1A). The average
2 mRNA level was higher for tumors with vascular
on, but the difference was not statistically significant
versus 0.16, P = 0.11). No difference was found
GB2 mRNA level after categorization by tumor size
or number (Supplementary Fig. S1A–C). HMGB2

n expression was evaluated by immunohistochemis-
173HCC specimens (157 randomly selected samples
tumors analyzed by RT-PCR and 16 additional inde-
nt cases). Immunostaining revealed that HMGB2was
sed much higher in HCC than in noncancerous he-
issues, which was observed primarily in the nucleus
B). The averageHMGB2histoscores increased accord-
tumor differentiation (Edmondson grade I < II < III
) and clinical stage (I < II < III and IV), but the differ-
were not statistically significant (Fig. 1C). The
B2 histoscore was significantly higher for tumors with
ar invasion (P = 0.045) and tended to be higher for
tumors (P = 0.063), but no difference was found in
B2 histoscore by tumor number (Supplementary
1D–F). There was a significant positive correlation
en HMGB2 mRNA level and histoscore (ρ = 0.35,
001; data not shown).

lation between mRNA and protein levels of
2 and clinicopathologic features
a better understanding of the significance of
B2 expression in HCC, mRNA and protein expres-
evels were correlated with the major clinicopatho-

sion (
(Fig.
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features. The cutoff values of HMGB2 mRNA and
in levels were determined as the points that dis-
nate between patients with good prognosis and
prognosis from the ROC curves for death within
rs (Supplementary Fig. S2). As shown in Table 1,
HMGB2 mRNA expression was correlated with
infection (P = 0.033), high α-fetoprotein (AFP)
(P = 0.025), and Edmondson grade (P = 0.025).
ver, no correlation was observed between the
B2 histoscore and clinicopathologic parameters by
test (Table 1).

of tumor HMGB2 mRNA and protein levels
ognosis
ring the follow-up observation period of up to 95.6
hs, locoregional recurrence or distant metastases
ed in 208 patients (59.4%) and death was confirmed
patients (29.7%). To assess the prognostic signifi-

of HMGB2 expression, ROC curve for death within
rs was constructed (Supplementary Fig. S2). The
nder the curve of the ROC curve of HMGB2 mRNA
as 0.594 (P = 0.006), and the area under the curve
e ROC curve of HMGB2 histoscore was 0.594
0.038). The cutoff values of HMGB2 mRNA level
0.145; 53.7% sensitivity, 65.1% specificity, and
accuracy) and HMGB2 histoscore (θ = 30; 50.0%

ivity, 66.7% specificity, and 63.0% accuracy) were
n based on accuracy. The prognostic significance of
B2 expression was further analyzed using the
n-Meier method. At the 5- and 7-year follow-up,
and 72% of the patients with low HMGB2 expres-
(<0.145; copy number ratio) survived, whereas
and 46% of the patients with high HMGB2 expres-
2. Univariate Cox regression analy
 r OS
≥0.145; copy number
2A). The log-rank tes
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MGB2 mRNA levels had a significantly shorter OS
P = 0.0054). However, no significant difference in
ime (Fig. 2B) or time to recurrence (Supplementary
3A) was observed. Similarly, patients with high
B2 histoscores (≥30) had a significantly shorter OS
(P = 0.023; Fig. 2C) and tended to have a shorter
me (P = 0.084; Fig. 2D). However, no significant dif-
e in time to recurrence was observed (Supplementary
B).
thermore, subgroup analysis indicated that significant
ences in OS time were found between groups with
nd low HMGB2 mRNA levels after categorization
following variables: single tumor (P = 0.00046),

rately differentiated tumor (P = 0.020), tumor stage
0.040), low AFP level (P = 0.00041), and large tumor
.0057, log-rank test; Supplementary Fig. S4). Signifi-
ifferences in OS time were found between high and
MGB2 histoscore groups after categorization by the
ing variables: single tumor (P = 0.029), low AFP level
.020), and small tumor (P = 0.034, log-rank test;
ementary Fig. S5).
nivariate Cox regression analysis was used to identify
tant prognostic factors of OS. For the 334-patient
t analyzed by RT-PCR, a high HMGB2 mRNA level
.006), high Edmondson grade (P = 0.018), high
evel (P = 1.6 × 10−5), large tumor size (P = 2.5 ×
vascular invasion (P = 1.6 × 10−8), tumormultiplicity
× 10−12), and high tumor stage (P < 1 × 10−12)

identified as important risk factors for OS. For the
atient cohort analyzed by immunohistochemistry, a
MGB2 protein level (P = 0.026), large tumor size
.0024), vascular invasion (P = 9.2 × 10−5), tumor
plicity (P = 3.5 × 10−5), and high tumor stage (P =
10−10) were identified as important risk factors for
able 2). Because the cohort analyzed by immuno-
hemistry had more patients older than 55 years
ared with the cohort analyzed by RT-PCR (Supple-

ry Table S2), the multivariate Cox model included
well as all the important risk factors from univariate

tion
transf

ancer Res; 16(22) November 15, 2010
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sis. In a multivariate Cox analysis, high HMGB2
expression (P = 0.0037), vascular invasion (P =

7), large tumor size (P = 0.0073), and high tumor
(P = 0.0006) were found to be independent poor
ostic factors for OS in the patient cohort analyzed
-PCR. However, vascular invasion (P = 0.026) and
umor stage (P = 0.0016) were found to be indepen-
oor prognostic factors for OS in the patient cohort
zed by immunohistochemistry (Table 3). Because
r stage uses information from other variables
lar invasion, tumor size, and tumor number), we
nalyzed a multivariate Cox model without tumor
(Supplementary Table S3). HMGB2 mRNA expres-
remained an independent prognostic factor (P =
5); however, HMGB2 histoscore was still not an
endent prognostic factor (P = 0.068). When the
oup of 157 patients included in both RT-PCR
mmunohistochemistry cohorts were analyzed by
variate Cox model, both HMGB2 mRNA expression
0.035) and HMGB2 histoscore (P = 0.043) were
endent prognostic factors after controlling for vas-
invasion, tumor number, and tumor size (Supple-
ry Table S4).

ssion of HMGB2 in HCC cell lines
selected three HCC cell lines, SK-Hep-1, SH-J1, and
B, to investigate their HMGB2 expression levels as
ined by Western blot analysis. High expression
GB2 was observed in SK-Hep-1 and SH-J1, where-
p3B showed the lowest level of HMGB2 protein
A).

of HMGB2 knockdown on cell viability
investigated whether modulating the HMGB2 level
affect cell viability. Toward this end, these HCC cells
ubjected to the gene knockdown studies. Cell survi-
ere determined by MTS assay following the transfec-
3. Multivariate Cox regression ana
 r OS
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GB2 expression, as judged by immunoblot analysis
B). In cell viability assay, all HCC cell lines showed
cant reduction of cell viability byHMGB2 knockdown
ared with negative control group (Fig. 3B), suggesting
MGB2 contributes to the survival of HCC cells.

of HMGB2 overexpression on cisplatin- and
side-induced cell death
further characterize the function of HMGB2 in
cell survival, we investigated the effects of HMGB2
pression. HMGB2 overexpression had no signifi-
ffect on cell viability under normal culture condi-
(Fig. 3C). These observations raised the possibility
MGB2 might affect the antiapoptotic pathway in
Therefore, cell death was induced in all HCC cells
atment with cisplatin, a well-known inducer of ap-
is, concomitant with the overexpression of HMGB2.
own in Fig. 3C, SK-Hep-1 and SH-J1 cells were
resistant to the cisplatin-induced cell death when
B2 was overexpressed. However, Hep3B did not
a significant difference in cell viability. To further
re the role of HMGB2 on chemotherapeutic drug
ent, etoposide was used to induce apoptosis in
cell lines. In the presence of etoposide, the

ntage of apoptotic cells (sub-G1 fraction) were
1.4% in SK-Hep-1 transfected with empty vector,

as only 8.2 ± 3.9% of SK-Hep-1 cells transfected
MGB2 were apoptotic as quantified by flow cyto-
(Fig. 3D). SH-J1 also showed lower sub-G1 frac-
32.75 ± 1.6%) when HMGB2 was overexpressed
ared with cells transfected with empty vector
± 4.1%). These results suggest that HMGB2 inhi-

ell apoptosis in some HCC cell lines.

ssion

present study highlighted HMGB2, a ubiquitous nu-
egulator of chromatin, as a signature molecule cor-
with the survival of HCC cells in vitro as well as the

osis of HCC patients. To our knowledge, we present
st large-scale study using real-time RT-PCR and im-
histochemistry analyses to examine the prognostic
of HMGB2 expression in HCC for a randomly
d population of HCC patients.
as found that HCC patients with HMGB2 overex-
on were at significantly high risk of short OS. Multi-
e Cox analysis further indicated that the mRNA level
GB2 was an independent prognostic factor along
he well-established factors including tumor vascular
ion, tumor size, and tumor stage. In the current
, although HMGB2 protein level was correlated
he survival of patients, it was not significant in a
ariate analysis. On the other hand, when only the
atients included in both RT-PCR and immunohisto-
istry cohorts were analyzed by multivariate Cox
l, both HMGB2 mRNA level and histoscore were in-

dent prognostic factors after controlling for vascular
on, tumor number, and tumor size, indicating that

trigger
be of
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ifferent prognostic significance of HMGB2 mRNA
rotein level could be due to differences in patient co-
of this study. Subgroup analysis further indicated that
B2 expression was correlated with OS of patients after
rization by several clinicopathologic variables. Both
B2 mRNA level and histoscores were correlated with
patients with single tumor and patients with low se-
FP level. Taken together, our present data suggest that
B2 expression is a significant prognostic factor and
play an important role in the progression of HCC.
s prompted us to examine the biological function
GB2 in greater detail through in vitro analysis of
cell lines. Downregulation of HMGB2 expression
NA could significantly reduce the proliferation of
cell lines. These observations support our conclu-
from our clinical data that HMGB2 overexpression
related with poor prognosis in HCC. Consistent
ur results, HMGB2 inhibition by antisense RNA re-
d cell cycle progression in COS-1 cells (23) and
B2 knockdown by siRNA inhibited cell proliferation
HCC cells (15).
h respect to DNA binding proteins, HMGB1 and
B2 are closely related to the susceptibility of cells
A damage–induced cell death. Platinum therapy
teristically creates DNA adducts reparable by an ex-
repair system. HMG domain motifs bind specifical-
the major platinum DNA dGpG adducts, creating a
against human excision nucleases, signifying its po-
l role in affecting sensitivity and resistance of cancer
24, 25). We showed that a transient expression of
B2 conferred resistance to cisplatin-induced cell
in HCC cell lines, SK-Hep-1 and SH-J1. In addition,
cell lines elicited significantly less apoptosis in re-
e to another chemotherapeutic drug, etoposide, on
xpression of HMGB2. This suggested that HMGB2
diminish apoptotic cell death through cisplatin-
endent mechanism as judged by etoposide treat-
These results indicate that HMGB2 may exert a role
antiapoptotic oncoprotein in HCC. On the other
the introduction of HMGB2 gene into human lung
r cells increased cisplatin sensitivity (26), indicating
he role of HMGB2 might be dependent on types of
r. HMGB2 suppressed the transcriptional activity of
n osteosarcoma (27), whereas HMGB2 enhanced
anscriptional activity of p53 in E6-positive cervical
r, HeLa (22). Because HMGB2 is a DNA-binding
n, HMGB2 may interact with a number of proteins,
ing transcription factors, cofactors, and repressors,
hereby possibly act in a tissue-specific manner. In
ent with our results, HMGB1 has been shown to
regulated in cisplatin-resistant cancer cells (10).
d the involvement of HMGB proteins in the
tin-associated cell susceptibility, HMGBs are also
portance in the antiapoptotic pathway. HMGB1
hown to activate NF-κB to induce an antiapoptotic
c-IAP2, thereby promoting cell viability in apoptosis-

ing conditions (28). Taken together, HMGB2 could
particular relevance to apoptosis pathway in HCC.
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ause HMGB2 is highly homologous to HMGB1, it
ave similar effects with regard to neoplastic devel-
nt. Overexpression of HMGB1 has been observed
eral cancers including HCC (29, 30). Furthermore,
B1 has been shown to stimulate the migration of
th muscle cells and fibroblasts, whereas anti-HMGB1
dies inhibited the migration of neuroblastoma and
a cells (31, 32). HCC tissues have been shown to
press receptors for advanced glycation end products
ould relay HMGB signals (33), indicating a poten-
important function of HMGBs (34). HMGB2 has
reported to interact with steroid receptors (35),
nd p73 (27). In addition, HMGB2 has been re-
to be significantly downregulated by anti-human

mal growth factor receptor 2 antibody through the
athway in breast cancer cell lines (36). Recently,
B2 was shown to potentiate Wnt/β-catenin signaling
culate cartilage (37). These possible functional links
GB2 to other important cellular regulators in the

xt of HCC development and progression warrant
r investigation.
onclusion, we found that HMGB2 expression could

sociated with HCC progression and that HMGB2
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