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Background: High mobility group box 1 (HMGB1), a versatile protein with intranuclear and 

extracellular functions, plays an important role in a variety of human cancers. However, the 

clinical/prognostic significance of HMGB1 expression in human bladder urothelial carcinoma 

(BUC) remains unclear. The aim of this study was to investigate the HMGB1 expression in 

human BUC with regard to its clinical and prognostic significance.

Patients and methods: HMGB1 mRNA and protein expressions in tumor and paired normal 

bladder tissues were detected in 20 BUC cases by quantitative real-time polymerase chain reac-

tion (qRT-PCR) and Western blot. HMGB1 protein expression in 165 primary BUC tissues 

was evaluated by immunohistochemistry (IHC), and its correlations with clinicopathological 

characteristics and prognosis were also analyzed. Student’s t-test, χ2 test, Kaplan–Meier plots, 

and Cox proportional hazard regression model were performed to analyze the data. 

Results: By using qRT-PCR and Western blot, the upregulated expression of HMGB1 mRNA 

and protein was detected in BUC, compared with paired normal tissue (P,0.05). By using 

IHC, high HMGB1 expression was examined in 84 of 165 (51.0%) BUC cases. High HMGB1 

expression was significantly correlated with poorer differentiation and higher T and N classifica-

tion (all P,0.05). Univariate analysis showed that high HMGB1 expression was significantly 

associated with a shortened patients’ overall survival (OS) and disease-free survival (DFS; 

both P,0.001). In different subgroups of BUC patients, HMGB1 expression was a prognostic 

factor in patients with different histological grades or T classification (all P,0.05), pN− (both 

P,0.001) for OS and DFS, and pT1/pN− (P,0.05) for OS. HMGB1 expression, as well as 

pT and pN status, was an independent prognostic factor for both OS (P=0.001, hazard ratio 

[HR] =2.973, 95% confidence interval [CI] =1.550–5.704) and DFS (P,0.001, HR =3.019, 

95% CI =1.902–4.792) in multivariate analysis. 

Conclusion: Overexpression of HMGB1 may be a new independent molecular marker for the 

poor prognosis of patients with BUC.

Keywords: high mobility group box 1, bladder urothelial carcinoma, clinicopathology, 

prognosis

Introduction
Bladder cancer (BC) is one of the most common and lethal malignancies of the urinary 

tract worldwide.1 Bladder urothelial carcinoma (BUC) is the most common histological 

type of BC, which represents nearly 90% of BCs arising from an epithelial origin.2 

Based on the degree of tumor infiltration to the muscular bladder wall, BUC is divided 
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into non-muscle-invasive BUC (pTa, pTis, and pT1) and 

muscle-invasive BUC.3 Unfortunately, non-muscle-invasive 

BUC has a high incidence of recurrence and a potential risk 

of progression to muscle invasion,4,5 while the clinical out-

come of muscle-invasive BUC is more pessimistic.6 So far, 

the traditional clinicopathological parameters, such as the 

TNM Classification of Malignant Tumors and histological 

grade of tumor, can be used as prognostic markers for treat-

ment decisions and predicting the possible clinical outcome.7 

However, they cannot explain the diverse outcomes of BUC 

within the same TNM stage and/or histological grade, which 

result from the heterogeneity of tumor biology. Recently, 

the advances in genomics have obviously enhanced our 

knowledge about BC development and elucidated a variety 

of driver genetic pathways and alterations that are prime tar-

gets for individual therapeutic trials that are underway. The 

research about integrated genomic and protein expression has 

set the foundation for genomic-based taxonomies anchored in 

intrinsic molecular subtypes of BC.8–10 The diverse heteroge-

neity of BUC biology has necessitated that patients receive 

more invasive treatment and intensive follow-up, which has 

an obvious impact on the quality of afflicted patients’ lives 

and becomes a serious burden of economic expenditure. 

Thus, it is critical to identify a reliable biomarker to predict 

the potential prognosis of patients with BUC after surgical 

resection.

High mobility group box 1 (HMGB1), a highly conserved 

and evolutionarily ancient protein, is a nonhistone nuclear 

protein that binds DNA in chromatin structure and expresses 

in almost all eukaryotic cells.11 Within the nucleus, the func-

tion of HMGB1 is not only to stabilize nucleosomes by means 

of binding to the minor groove of DNA, which facilitates 

the binding of several transcriptional protein assemblies on 

specific DNA targets, such as p53, p73, nuclear factor-κB 

(NF-κB), and steroid hormone receptors, but also to facilitate 

the recognition of DNA damage in the process of mismatch 

repair.12–16 Besides its nuclear role, HMGB1 can be passively 

released from necrotic cells and actively secreted by inflam-

matory cells, such as mature dendritic cells, neutrophils, 

macrophages, and natural killer cells, acting as an extracel-

lular damage-associated molecular pattern (DAMP) molecule 

that binds with several surface receptors, including receptor 

for advanced glycation end products (RAGE) as well as 

Toll-like receptor (TLR)-2, TLR-4, and TLR-9 to mediate 

late systemic inflammation, cell differentiation, cell migra-

tion, and tumor progression.17,18 In addition, high HMGB1 

expression has been detected in many kinds of tumor and 

predicted a poor prognosis.19–21

However, the correlations between the expression 

dynamics of HMGB1 and its clinicopathological and prog-

nostic significance in human BUC are not very clear. In the 

present study, the HMGB1 expression in BUC was evaluated 

by using quantitative real-time polymerase chain reaction 

(qRT-PCR), Western blot, and immunohistochemistry (IHC). 

Meanwhile, its clinicopathological and prognostic implica-

tion in BUC was also investigated.

Patients and Methods
Patients and tissue samples
For qRT-PCR and Western blot analysis, 20 paired fresh BUC 

and normal bladder tissues adjacent to tumors (at .2.0 cm 

distance from tumor edge) from the consecutive patients with 

BUC who underwent surgery were collected at the Depart-

ment of Urology, The Second Xiangya Hospital, Central 

South University (Changsha, People’s Republic of China), 

between August 2012 and February 2013. Meanwhile, a 

cohort of 165 formalin-fixed, paraffin-embedded specimens 

of BUC diagnosed between 2005 and 2008 at our department 

were used for immunohistochemical assay. The criteria for 

study enrollment were distinctive histological diagnosis 

of BUC; undergoing curative resection for tumor without 

prior general or local chemotherapy, immunotherapy, and 

radiotherapy; no history of other malignancy; and avail-

ability of follow-up data. For the use of the tissue samples 

and clinical records for research purposes, written informed 

consent from the patients and the approval of study protocol 

from the Ethics Committee of the Second Xiangya Hospital 

were obtained. 

Table 1 describes the main clinicopathological character-

istics of all patients in detail. In brief, the 165 patients included 

129 men and 36 women with a median age of 66 years 

(mean ± standard deviation [SD] =64.9±12.2, range =20–88). 

The median follow-up time for overall survival (OS) was 

70.0 months (mean ± SD =66.9±19.9, range =6.0–110.0) 

for patients at the time of analysis. Of these, 69 patients 

underwent radical cystectomy, and 96 patients underwent 

transurethral resection of bladder tumor. The tumor grade and 

stage of each patient were classified or reclassified according 

to the World Health Organization 1973 criteria for grade and 

the 2002 TNM classification system of the American Joint 

Committee on Cancer.

qrT-Pcr
Total RNA was isolated from the 20 pairs of BUC and normal 

bladder tissues using TRIzol™ reagent (Thermo Fisher 

Scientific, Waltham, MA, USA). RNA was reverse-transcribed 
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to cDNA using the RevertAid™ H Minus First-Strand 

cDNA Synthesis Kit (Thermo Fisher Scientific, Vilnius, 

Lithuania) according to the manufacturer’s instructions. 

The qRT-PCR assay was performed by using SYBR Green 

PCR Master Mix (Applied Biosystems, Foster City, CA, 

USA) in a total reaction volume of 25 μL on the ABI PRISM 

7900HT Sequence Detection System (Applied Biosystems) 

as follows: denaturation for 5 minutes at 95°C, 40 cycles 

each of denaturation for 20 seconds at 94°C, annealing for 

20 seconds at 61°C, extension for 20 seconds at 72°C, and 

final extension for 5 minutes at 72°C. The specificity of 

amplified products was determined by melting curve analysis. 

The relative expression levels of mRNA were calculated 

with 2−ΔΔCt method22 and expressed as RQ value normalized 

to β-actin. The experiments were repeated in triplicate. The 

primers used in this study were as follows: HMGB1 forward 

(5′-AGAAGTGCTCAGAGAGGTGGA-3′) and reverse 

(5′-CCTTTGGGAGGGATATAGGTT-3′); β-actin for-

ward (5′-CATTAAGGAGAAGCTGTGCT-3′) and reverse 

(5′-GTTGAAGGTAGTTTCGTGGA-3′).

Western blot
Total proteins from the 20 pairs of BUC and normal bladder 

tissues were extracted by using Total Protein Extraction 

Kit (ProMab Biotechnologies, Inc., Richmond, CA, USA) 

in accordance with the manufacturer’s protocols. The total 

protein concentration was determined by using Bradford 

method. Equal amounts of proteins were electrophoretically 

separated by 12% sodium dodecyl sulfate–polyacrylamide 

gel electrophoresis and then electrotransferred to polyvi-

nylidene fluoride membranes (Millipore, Bedford, MA, 

USA). After being blocked with 5% nonfat dried milk in PBS 

at 37°C for overnight, the membranes were then incubated 

at 37°C for 2 hours with mouse HMGB1 antibody (Santa 

Cruz Biotechnology, Santa Cruz, CA, USA; 1:500 dilution) 

or mouse β-actin antibody (Santa Cruz Biotechnology; 1:800 

dilution). After washing, the membranes were incubated with 

horseradish peroxidase-conjugated anti-mouse IgG (1:2,000 

dilution) for 1 hour at room temperature and visualized using 

enhanced chemiluminescence method. Following expos-

ing and scanning the film, the band intensity was analyzed 

with Gel-Pro Analyzer Software 4.0 (Media Cybernetics, 

Bethesda, MD, USA) to calculate integral optical density 

(IOD). The relative levels of HMGB1 protein were repre-

sented as the IOD ratio versus β-actin.

ihc
Serial sections (3 μm) from formalin-fixed, paraffin-embedded 

material were dewaxed in xylene and rehydrated with etha-

nol arranged a graded concentration. They were immersed 

in 0.01 mol/L citrate buffer (pH =6.0) and heated at 100°C 

for 20 minutes; then, endogenous peroxidase activity was 

blocked by incubating the sections in methanol containing 

3% hydrogen peroxide for 10 minutes. Following pretreat-

ment with 10% normal goat serum at room temperature for 

15 minutes, the sections were incubated with rabbit poly-

clonal HMGB1 antibody (Abcam, Cambridge, MA, USA; 

1:200 dilution) overnight at 4°C. Subsequently, horseradish 

peroxidase-conjugated secondary antibody was used to 

incubate the sections at room temperature for 30 minutes. 

Finally, the sections were stained with 3,3-diaminobenzidine, 

counterstained with hematoxylin, dehydrated, and mounted. 

A negative control was obtained by replacing the primary 

antibody with PBS. Known immunostaining positive slides 

were used as positive control.

ihc evaluation
Each section was evaluated independently by two patholo-

gists. The expression of HMGB1 was scored according 

Table 1 correlation between hMgB1 expression and clinico-
pathological characteristics of BUc patients

Variables n HMGB1 protein 
expression

P-value*

Low, n (%) High, n (%)

age (years) 0.398
#65# 78 41 (52.6) 37 (47.4)

.65 87 40 (46.0) 47 (54.0)

gender 0.902
Male 129 63 (48.8) 66 (51.2)
Female 36 18 (50.0) 18 (50.0)

Tumor multiplicity 0.579
Unifocal 86 44 (51.2) 42 (48.8)
Multifocal 79 37 (46.8) 42 (53.2)

Tumor size (cm) 0.316
#3.0$ 79 42 (53.2) 37 (46.8)

.3.0 86 39 (45.3) 47 (54.7)

histological grade ,0.001

g1 58 42 (72.4) 16 (27.6)
g2 55 25 (45.5) 30 (54.5)
g3 52 14 (26.9) 38 (73.1)

pT classification 0.001
pTa/pTis 60 41 (68.3) 19 (31.7)

pT1 43 19 (44.2) 24 (55.8)
pT2–pT4 62 21 (33.8) 41 (66.1)

pN classification 0.001

pn− 151 80 (53.0) 71 (47.0)

pn+ 14 1 (7.1) 13 (92.9)

Notes: *χ2 test; #mean age; $mean size.
Abbreviations: BUc, bladder urothelial carcinoma; hMgB1, high mobility group 
box 1.
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to the staining intensity and extent. The staining intensity 

was ranked into four categories: 0 (negative), 1 (weak), 

2 (medium), and 3 (strong). Then, the extent of staining 

was graded into the following five categories: 0 (0%), 1 

(1%–25%), 2 (26%–50%), 3 (51%–75%), and 4 (76%–

100%), according to the percentages of positive staining 

areas in relation to the entire tumor-involved area or the entire 

section of normal bladder tissue. The final staining score 

for HMGB1 expression was obtained by multiplying the 

intensity and extent scores (0–7). For the statistical analysis, 

tumors with a final staining score $3 were defined as having 

HMGB1 high expression and those with a final staining score 

,3 were classified as having low expression. This evaluation 

standard was described previously by Wu et al.23

statistical analysis
Statistical analysis was performed by using SPSS Version 17.0 

software for windows (SPSS Inc., Chicago, IL, USA). 

Comparisons between the two groups were performed by 

Student’s t-test for continuous variables and χ2 test for 

categorical variables. The correlation between HMGB1 

expression and clinicopathological variables was assessed by 

χ2 test. The OS and disease-free survival (DFS) were further 

tested with univariate and multivariate survival analyses 

using the Cox proportional hazard regression model. Data are 

statistically expressed in terms of mean ± SD and frequencies 

(the number of cases). Differences resulting in a P-value 

of ,0.05 were considered statistically significant.

Results
increased hMgB1 mrna and protein 
expression in BUc tissue
The expressions of HMGB1 mRNA and protein were 

evaluated by qRT-PCR and Western blot in all fresh tissues 

from 20 BUC patients. The qRT-PCR results showed that 

HMGB1 mRNA expression level was significantly higher 

in tumor tissue, compared with that in paired normal 

bladder tissue (5.1±2.3 vs 2.5±1.4, P,0.001; Figure 1). 

Western blot analyses also showed that HMGB1 protein 

expression was significantly higher, compared with that 

in paired normal tissue (0.88±0.43 vs 0.45±0.36, P=0.001; 

Figure 1; Table S1).

expression of hMgB1 in BUc samples 
as determined by ihc
To further investigate the subcellular location of HMGB1 pro-

tein, we performed IHC analysis on a series of 165 BUC tumor 

samples and the available 30 specimens of normal bladder 

tissues. Based on the criteria described previously, the 

high expression of HMGB1 protein was detected in 51.0% 

(84 of 165; Table S2) of BUC samples. However, the HMGB1 

staining was much weaker in normal tissues. IHC staining 

Figure 1 qrT-Pcr was performed to evaluate the levels of hMgB1 mrna in 20 paired fresh BUc and normal bladder tissues adjacent to tumor. Overexpression of hMgB1 
protein was detected by Western blot in 20 BUcs and paired normal bladder tissues. expression levels were normalized with β-actin (T: BUc tissue; n: paired normal 
bladder tissue) (A–C). Representative immunohistochemical staining of HMGB1 in tumor and normal bladder tissues (original magnification, ×200). extensive expression 
of hMgB1 is found in BUc tissues (D). low expression of hMgB1 is evident in some BUc tissues (E). hMgB1 staining is much weaker in the majority of normal bladder 
tissues (F). *P,0.05.
Abbreviations: BUc, bladder urothelial carcinoma; hMgB1, high mobility group box 1; qrT-Pcr, quantitative real-time polymerase chain reaction.

β

β

β

Powered by TCPDF (www.tcpdf.org)

www.dovepress.com
www.dovepress.com
www.dovepress.com
https://www.dovepress.com/get_supplementary_file.php?f=155745.pdf
https://www.dovepress.com/get_supplementary_file.php?f=155745.pdf


OncoTargets and Therapy 2018:11 submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

2115

hMgB1 contributes to poor prognosis of BUc

showed that the positive staining of HMGB1 was predomi-

nantly observed in the nuclei of cells (Figure 1).

correlation of hMgB1 protein 
expression with BUc patients’ 
clinicopathological variables
As shown in Table 1, high expression of HMGB1 was sig-

nificantly correlated with higher T classification (P=0.001), 

histological grade (P,0.001), and N classification (P=0.001), 

respectively. However, no significant difference in HMGB1 

protein expression was found with age, gender, tumor mul-

tiplicity, and size (P.0.05).

correlation of hMgB1 protein 
expression, clinicopathological variables, 
and BUc patients’ survival: univariate 
survival analysis
In univariate survival analysis, cumulative survival curves 

of OS and DFS were calculated using Kaplan–Meier method 

and the differences compared by log rank test (Tables 2 

and S3; Figures 2 and S1). As shown in Table 2, the OS 

was directly impacted by tumor size (P=0.018), histological 

grade (P,0.001), T classification (P,0.001), N classifica-

tion (P,0.001), and the expression of HMGB1 (P,0.001). 

Furthermore, HMGB1 expression was demonstrated to 

be a prognostic factor for OS in BUC patients having G1 

(P=0.017), G2 (P=0.018), G3 (P=0.03), pTa/pTis (P=0.008), 

pT1 (P=0.001), pT2–pT4 (P=0.025), and pN− (P,0.001), 

respectively (Table 2; Figure 2). In subgroup analysis, high 

expression of HMGB1 was merely associated with adverse 

OS of pT1 BUC patients without lymph node metastasis 

(pT1/pN−, n=41, P=0.001; Figure 2).

Similarly, univariate analysis demonstrated that the 

DFS was significantly influenced by tumor size (P=0.032), 

histological grade (P,0.001), T classification (P,0.001), 

N classification (P,0.001), and the expression of HMGB1 

(P,0.001; Table 2). Meanwhile, HMGB1 expression was 

also confirmed as a prognostic factor for DFS in BUC 

patients having G1 (P,0.001), G2 (P=0.023), G3 (P,0.001), 

pTa/pTis (P,0.001), pT1 (P=0.009), pT2–pT4 (P,0.001), 

and pN− (P,0.001), respectively (Table 2; Figure 2).

Multivariate analysis using cox 
proportional hazard regression model for 
independent pronostic factors
The clinicopathological variables that were significant in 

univariate analysis, such as tumor size, histological grade, 

T classification, N classification, and HMGB1 expression, 

were further analyzed in multivariate analysis using Cox 

proportional hazard regression model. The results showed 

that the expression of HMGB1 was an independent prog-

nostic factor for both OS (hazard ratio [HR] =2.973, 95% 

confidence interval [CI] =1.550–5.704, P=0.001; Table 2) 

and DFS (HR =3.019, 95% CI =1.902–4.792, P,0.001; 

Table 2). With regard to other variables, histological 

grade (HR =2.556, 95% CI =1.705–3.832, P,0.001, vs 

HR =1.960, 95% CI =1.484–2.589, P,0.001), T classification 

(HR =3.108, 95% CI =2.023–4.775, P,0.001, vs HR =2.709, 

95% CI =2.012–3.646, P,0.001), and N classification 

(HR =3.192, 95% CI =1.521–6.700, P=0.002, vs HR =2.628, 

95% CI =1.340–5.153, P=0.005) were shown to be indepen-

dent prognostic factors for both OS and DFS (Table 2).

Discussion
Currently, conventional prognostic evaluation is mainly 

based on tumor stage and histological grade.9,24 However, the 

clinical outcomes of patients with the same stage and/or grade 

show substantial variability.8–10 Therefore, the inaccurate 

estimates of survival outcome based on clinicopathological 

stage and grade may have limited their application as prog-

nostic tools for patient counseling and treatment strategies. 

Recent studies have suggested that molecular and cellular 

characteristics of primary tumor lead to the large heteroge-

neity of prognosis even with the same stage and/or grade. 

Robertson et al analyzed 412 muscle-invasive bladder 

cancers characterized by multiple analytical platforms of The 

Cancer Genome Atlas. In their study, clustering by mRNA, 

long noncoding RNA, and miRNA expression converged to 

identify subsets with differential histologic features, carci-

noma in situ scores, epithelial–mesenchymal transition status, 

and survival. Meanwhile, clustering by mutation signature 

identified a high-mutation subset with 75% 5-year survival.9 

Hedegaard et al conducted a multiplatform analysis of non-

muscle-invasive bladder cancer and established two major 

classes (basal-like and luminal-like) with different clinical 

characteristics and biological processes.10 Thus, there is an 

urgent need to identify new reliable strategies to effectively 

and accurately predict patients’ prognosis.

HMGB1, a nonhistone DNA-binding protein, is abun-

dantly expressed in almost all eukaryotic cells, and plays dual 

roles as both a chromatin-associated nuclear protein and an 

extracellular DAMP molecule.11 Within the nucleus, it serves 

as a structural component to facilitate the assembly of site-

specific DNA-binding protein.13–15 In addition to its nuclear 

role, HMGB1 can be actively secreted by inflammatory cells 
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Table 2 Univariate and multivariate analyses of overall and disease-free survival for 165 patients with BUc

Variables Univariate analysis Multivariate analysis

HR (95% CI) P-value HR (95% CI) P-value

Overall survival
age (years) 0.864

#65# 1
.65 1.045 (0.631–1.729)

gender 0.355
Male 1
Female 1.318 (0.734–2.369)

Tumor multiplicity 0.269
Unifocal 1
Multifocal 0.751 (0.452–1.248)

Tumor size (cm) 0.018 1.334 (0.756–2.354) 0.319
#3.0$ 1
.3.0 1.872 (1.115–3.144)

histological grade ,0.001 2.556 (1.705–3.832) ,0.001
g1 1
g2 18.189 (4.312–76.734)
g3 31.785 (7.620–132.584)

pT classification ,0.001 3.108 (2.023–4.775) ,0.001
pTa/pTis 1

pT1 7.896 (2.263–27.550)
pT2–pT4 25.599 (7.931–82.629)

pN classification ,0.001 3.192 (1.521–6.700) 0.002

pn+ 1

pn− 7.209 (3.732–13.925)
hMgB1 ,0.001 2.973 (1.550–5.704) 0.001

low expression 1
high expression 5.102 (2.759–9.437)

Disease-free survival
age (years) 0.067

#65# 1
.65 1.451 (0.974–2.163)

gender 0.555
Male 1
Female 0.860 (0.522–1.419)

Tumor multiplicity 0.953
Unifocal 1
Multifocal 0.988 (0.667–1.465)

Tumor size (cm) 0.032 1.088 (0.709–1.670) 0.701
#3.0$ 1
.3.0 1.547 (1.038–2.306)

histological grade ,0.001 1.960 (1.484–2.589) ,0.001
g1 1
g2 2.267 (1.300–3.953)
g3 5.987 (3.550–10.098)

pT classification ,0.001 2.709 (2.012–3.646) ,0.001
pTa/pTis 1

pT1 1.896 (1.021–3.520)
pT2–pT4 8.318 (4.893–14.141)

pN classification ,0.001 2.628 (1.340–5.153) 0.005

pn+ 1

pn− 5.006 (2.738–9.151)
hMgB1 ,0.001 3.019 (1.902–4.792) ,0.001

low expression 1
high expression 4.303 (2.772–6.680)

Notes: #Mean age; $mean size.
Abbreviations: BUC, bladder urothelial carcinoma; CI, confidence interval; HMGB1, high mobility group box 1; HR, hazard ratio.
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and passively released from necrotic cells into extracellular 

milieu, acting as an extracellular signaling molecule and 

binding with high affinity to some receptors, including RAGE 

as well as TLR-2, TLR-4, and TLR-9 during inflammation, 

cell differentiation, cell migration, and tumorigenesis.17,18 

Overexpression of HMGB1 has been reported in a variety of 

human cancers, such as prostate cancer, renal cell carcinoma 

(RCC), hepatocellular carcinoma (HCC), lung cancer, 

Figure 2 (Continued)
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colorectal cancer, and gastric cancer, which may suggest 

the potential oncogenic role of HMGB1 in various human 

cancers.20,25–29 Similarly, our study first detected the expres-

sion of HMGB1, in both mRNA and protein levels, in BUC 

and paired normal bladder tissues by qRT-PCR and Western 

blot, respectively. The results revealed that HMGB1 was 

overexpressed in BUC tissue compared with the paired 

normal tissue in both mRNA and protein levels. Meanwhile, 

the expression dynamics of HMGB1 protein was evaluated 

by IHC in a cohort of consecutive 165 previous untreated 

BUC patients and 30 normal bladder tissues. The results not 

only confirmed the similar pattern of HMGB1 mRNA and 

protein expression, but also showed that the positive immu-

nostaining of HMGB1 protein was predominantly observed 

in the nuclei, which coincided with its function as a nuclear 

protein. These findings are consistent with the findings of 

previous studies in other human cancers.23,25,29–31

Many previous studies have demonstrated that elevated 

HMGB1 expression is closely associated with more aggres-

sive clinicopathological variables and poorer prognosis in 

many human cancers.19–21,23,32 Li et al analyzed 168 primary 

prostatectomy tissue samples using IHC and tissue microar-

ray technique.32 Positive expression of HMGB1 was observed 

in 60.1% (101 of 168) of the cases, and the expression of 

HMGB1 was correlated with T stage (P=0.011), Gleason 

score, preoperative prostate-specific antigen concentration, 

and biochemical recurrence (BCR), respectively (P,0.001). 

Univariate and multivariate survival analyses showed that 

prostate cancer patients who underwent radical prostatectomy 

(RP) with positive HMGB1 expression had a poorer BCR-

free survival rate at 5 years (6.0% vs 54.0%, P,0.001), 

and HMGB1 expression was an independent prognostic 

factor for BCR-free survival after RP (HR =2.348, 95% 

CI =1.373–6.361, P=0.001). Liu et al evaluated 11 paired 

fresh HCC, para-tumor, and normal tissues using reverse 

transcription PCR and Western blot.21 The results showed 

that the levels of HMGB1 mRNA and protein were signifi-

cantly higher in HCC compared with para-tumor (P,0.001) 

and normal tissues (P,0.001). In addition, their study also 

demonstrated that high HMGB1 expression was signifi-

cantly associated with advanced TNM stage and incomplete 

tumor encapsulation. Furthermore, the multivariate analysis 

revealed that high expression of HMGB1 predicted poorer OS 

and DFS for patients with HCC after curative hepatectomy. In 

the present study, we further demonstrated that high HMGB1 

expression was significantly associated with not only histo-

logical grade, but also T and N classification. Importantly, 

HMGB1 was inversely correlated with OS and DFS of BUC 

patients, as demonstrated by the Kaplan–Meier curves and 

Cox proportional hazard regression analysis. Thus, HMGB1 

may serve as a potential biomarker to estimate the risk 

of BUC progression and indicate clinical outcomes after 

surgical resection, and it may be very useful in optimizing 

individual BUC therapy strategies. 

Overexpression of HMGB1 has been implicated in all cen-

tral hallmarks of cancer, including apoptosis, angiogenesis, 

invasion, metastasis, and inflammatory microenvironment.11 

Our findings indicated the potentially crucial role of HMGB1 

Figure 2 Kaplan–Meier survival analysis of hMgB1 expression in 165 BUc patients (log rank test).
Abbreviations: BUc, bladder urothelial carcinoma; hMgB1, high mobility group box 1.
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in the biological mechanism involved in tumorigenesis and 

tumor progression. Knockdown of HMGB1 expression by 

lentivirus-mediated short hairpin RNA in nude mice could 

significantly inhibit the growth of subcutaneous tumor 

and lung metastasis.33 Moreover, HMGB1 could regulate 

the expression of vascular endothelial growth factor C in 

the development of HCC partly through NF-κB signaling 

pathway, which indicated its potential roles in angiogenesis 

and lymphangiogenesis of HCC.34,35 Furthermore, HMGB1 

could stimulate caspase-1 activation with a series of multiple 

inflammatory mediators via RAGE and TLR-4 signaling 

pathways, which led to HCC invasion and metastasis.36 

Meanwhile, HMGB1 binding to RAGE initiated MEK/ERK 

signaling pathway, which, in turn, promoted gene expres-

sion, protein synthesis, growth, migration, and invasion of 

RCC.26 HMGB1 is also considered as a marker of necrotic 

cell death. Previous study has demonstrated HMGB1 release 

by the BUC cell lines in response to Bacillus Calmette–

Guerin (BCG). The level of HMGB1 release significantly 

correlated with BCG dose and exposure time in T24 and 

253J cell lines.37 Although our study revealed some associa-

tions between HMGB1 expression and prognosis of BUC, 

the precise mechanisms of HMGB1 involved in oncogenic 

processes of BUC still requires further study in vitro and 

in vivo.

Conclusion
Our study revealed, for the first time, the overexpression of 

HMGB1 mRNA and protein in human BUC fresh tissue. 

High expression of HMGB1 was significantly correlated with 

aggressive clinicopathological variables and poor prognosis 

of patients with BUC. Furthermore, HMGB1 is an indepen-

dent prognostic factor for both OS and DFS in BUC patients 

after surgical resection. Thus, our findings suggested that 

HMGB1 may serve as a new crucial biomarker to predict 

clinical outcomes and optimize individual therapy strategy 

for BUC patients undergoing surgical resection.
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