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Abstract
AIM: To evaluate the prognostic value of high-mobility 
group box 1 (HMGB1) expression in intrahepatic 
cholangiocarcinoma (IHCC) and the possible underlying 
mechanism.

METHODS: Tissue microarray was constructed 
from 65 IHCC patients. Immunohistochemistry was 
performed to validate expression of HMGB1 and 
Vascular endothelial growth factor C (VEGF-C). Real-
time PCR and Western blot analyses were used to 
study transcript and protein levels. The interaction 
between HMGB1 and VEGF-C was evaluated by siRNA, 
real-time PCR, and enzyme-linked immuno assays. 
The correlation between HMGB1 expression and other 
clinicopathologic parameters was analyzed by χ 2 test, 
and the univariate as well as multivariate analyses 
were accomplished by Kaplan-Meier method and Cox-
regression model, respectively.

RESULTS: Overall, overexpression of HMGB1 was 
found in 38/65 (58.8%) IHCCs, whereas VEGF-C 
overexpression was present in 30/65 (46.2%) cases. 
Overexpression of HMGB1 was significantly correlated 
with lymphatic microvessel density (P = 0.031, r  = 
0.268) and VEGF-C expression (P = 0.041, r  = 0.254). 
With univariate analysis, both HMGB1 (P = 0.001) and 
VEGF-C (P  = 0.004) were identified to be significantly 
associated with overall survival rate. Multivariate 
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analysis indicated that HMGB1 could be served as an 
unfavorable independent prognostic factor in IHCCs 
(P  = 0.005). siRNA knockdown of HMGB1 inhibited 
transforming growth factor-β-induced epithelial-
mesenchymal transition (EMT) by elevating E-Cadherin 
expression and reducing expression of N-Cadherin, 
Vimentin and Snail in RBE cells. Further in vitro  study 
revealed that HMGB1 silencing significantly decreased 
the level of VEGF-C, whereas the recombinant HMGB1 
increased the VEGF-C level in RBE cells (both P  < 0.05), 
which suggested that HMGB1 could promote lymphatic 
microvessel density, and subsequently lymphatic 
invasion, via  promoting VEGF-C expression.

CONCLUSION: Our results define an important role of 
HMGB1 in the progression of cholangiocarcinoma, and 
HMGB1 may serve as a prognostic marker for IHCC 
patients.

Key words: Epithelial-mesenchymal transition; High-
mobility group box 1; Intrahepatic cholangiocarcinoma; 
Lymphatic microvessel density; Vascular endothelial 
growth factor C
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Core tip: Cholangiocarcinoma is a lethal malignancy of 
the biliary tract, for which novel biomarkers are urgently 
needed for its management and treatment. This 
study shows that high-mobility group box 1 (HMGB1) 
is an independent prognostic factor in intrahepatic 
cholangiocarcinoma that positively correlates with 
lymphatic microvessel density and vascular endothelial 
growth factor C expression. Furthermore, HMGB1 
enhances the secretion of vascular endothelial growth 
factor C and promotes epithelial-mesenchymal transition 
of RBE cells. Together, these results define an important 
role of HMGB1 in the progression of cholangiocarcinoma, 
which may serve as a prognostic marker for intrahepatic 
cholangiocarcinoma patients.
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INTRODUCTION
Cholangiocarcinoma (CCA) is the second most common 
cancer after hepatocellular carcinoma, and accounts 
for approximately 7%-10% of all primary hepatic 
cancers[1]. CCA is characterized by poor responsiveness 
to chemotherapy and radiotherapy in the majority of 
cases[2]. So far, surgical resection is the only potentially 
curative option. The morbidity and mortality of CCA, 

especially intrahepatic cholangiocarcinoma (IHCC), 
have been increasing worldwide in recent years[3]. 
IHCC is characterized by silent clinical signatures, early 
regional invasiveness, distant metastasis, and a poor 
prognosis[4]. Therefore, new insights into the biologic 
process of IHCCs and identification of novel biomarkers 
are urgently needed for cancer management and 
treatment.

High-mobility group box 1 (HMGB1) is a proinfla
mmatory cytokine and chromatin-binding molecule[5], 
and is involved in a variety of biologic processes, inclu
ding transcription, DNA repair, differentiation, and 
extracellular signal transduction[6]. Emerging data have 
suggested that HMGB1 could promote tumor progression 
via promoting proliferation and invasiveness of cancer 
cells[7]. Clinically, overexpression of HMGB1 has been 
reported in multiple malignancies including melanoma[8], 
gastric cancer[9], colorectal cancer[10], prostate cancer[11], 
and nasopharyngeal carcinoma[12]. However, to the 
best our knowledge, there has been no study so far to 
investigate the role of HMGB in IHCC.

Vascular endothelial growth factor C (VEGF-C) is 
a key mediator of lymphangiogenesis, acting via its 
receptors VEGF-R2 and VEGF-R3. Multiple studies have 
suggested that increased levels of VEGF-C correlate 
with lymphangiogenesis and distant metastasis[13]. 
Interestingly, Moriwaka et al[14] demonstrated a 
link between HMGB1 expression and lymph vessel 
density as well as VEGF-C expression in colon cancer. 
Additionally, HMGB1 has been suggested to promote 
lymphangiogenesis and invasive capacity of tumor cells 
through a VEGF-C-related pathway in oral squamous 
cell carcinoma[15].

Epithelial-mesenchymal transition (EMT), an 
early embryonic development program in which cells 
convert from the epithelial to the mesenchymal state, 
has been shown to play a critical role during cancer 
progression and metastasis[16]. During this process, the 
epithelial cancer cells lose epithelial characteristics and 
acquire mesenchymal properties resulting in reduction 
of adhesions and improvement of motility, thus pro
moting invasion and metastasis[17]. HMGB1 has been 
reported as a key regulator in the EMT process in 
mesothelial cells[18]. However, the link between HMGB1 
and the EMT process remains unclear in the context of 
IHCC progression.

In this study, for the first time, we evaluated the 
expression and prognostic significance of HMGB1 in 
IHCCs. The roles of HMGB1 in EMT processes of IHCC, 
as well as the relationship between HMGB1 expression 
and VEGF-C were also investigated.

MATERIALS AND METHODS
Patients and follow-up
Our study consisted of specimens from 65 IHCC patients 
(32 male; 33 female) who underwent surgical resections 
between 2005 and 2011 at the Qilu Hospital of Shandong 
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University (Jinan, China). Detailed clinicopathologic 
profiles were obtained from medical records. The 
specimens were reviewed by two pathologists (Han B 
and Yang XQ). Tumor staging and histologic classification 
were assessed according to the 7th edition of American 
Joint Committee on Cancer/Union for International 
Cancer Control (AJCC/UICC) classification. The mean 
age of the patients was 56.9 ± 10.9 years (range, 28-83 
years). Follow-up data were available for 57 patients, 
ranging from 3 to 96 mo (mean: 27.6 ± 27.3 mo). This 
study was approved by the Institutional Review Board 
at the School of Medicine of Shandong University and 
written consent was obtained from all patients.

Tissue microarray construction and 
immunohistochemistry (IHC)
The tissue microarray was constructed as previously 
described[19]. Two cores (1.0 mm in diameter) were 
taken from the representative areas of each tumor 
block and re-embedded into the recipient block. IHC 
was performed as previously described[20]. Briefly, 4 μm 
sections were deparaffinized and rehydrated. Sections 
were submerged into antigenic retrieval buffer (pH 6.0 
citric acid) for heat-mediated retrieval by microwave 
for 15 min. The slides were incubated with primary 
antibodies for HMGB1 (GTX101277, 1:500; GeneTex 
Inc., Irvine, CA, United States) and VEGF-C (ab9546, 
1:500; Abcam, Cambridge, United Kingdom) overnight 
at 4 ℃, then visualized using 3, 3-diaminobenzidine 
tetrahydrochloride as the chromogen. Slides incubated 
without primary antibody were considered as the 
negative control. The slides were then evaluated by 
two independent observers (Han B and Yang XQ) 
who were blind to the clinicopathologic data. The 
expression of HMGB1 and VEGF-C were evaluated 
with a semiquantitative scoring system based on 
intensity and distribution of positive-stained cells[21-23]. 
Briefly, the staining intensity (range, 0-3) and the 
percentage of positive cells (0, 0%-10%; 1, 11%-25%; 
2, 26%-50%; 3, 51%-75%; 4, 76%-100%) were 
multiplied. Overexpression and non-overexpression 
were designated by a score of ≥ 8 or < 8, respectively.

Assessment of lymphatic microvessel density
The quantitative vessel counts were performed according 
to the method described by Weidner et al[24]. Lymphatic 
microvessel density (LMVD) of the tumor was deter
mined by using the D2-40 antibody (ab77854, 1:500; 
Abcam); the methodology and validation criteria were 
in compliance with the international consensus on 
evaluation of angiogenesis quantification in solid human 
tumors[25]. Regions with the highest LMVD were initially 
selected with low magnification (× 100) scanning, and 
then five “hotspot” fields in the corresponding area were 
selected and observed at a magnification of × 200. Any 
brown-stained, separated endothelial cell cluster was 
considered a single, countable lymphatic microvessel. 
The average amounts of lymphatic microvessels in the 

three fields were recognized as the value of LMVD[26]. The 
average score of LMVD of all samples was selected as 
the cut-off. The cut-off of LMVD was 12.7 and separated 
LMVD into high and low group[27].

Cell culture and reagents
The IHCC cell line RBE and perihilar cholangiocarcinoma 
cell line QBC939 were purchased from Cell Bank of 
the Chinese Academy of Sciences (Shanghai, China), 
The IHCC cell line HUCCT-1 was obtained from RIKEN 
Bioresource Center (Japan). All lines were cultured 
in RPMI-1640 medium supplemented with 10% FBS 
(Gibco of Thermo Fisher Scientific, Waltham, MA, 
United States). Human recombinant HMGB1 (rHMBG1) 
was purchased from Sino Biological Inc., Beijing, China 
(Cat No. 10326-H08H).

siRNA-mediated HMGB1 knockdown
Small interfering RNA (siRNA) was used to knockdown 
HMGB1 expression. Three specific siRNAs were 
designed and synthesized by Songon (Shanghai, 
China). The most effective single siHMGB1 
(sense, 5’-CCUGUCCAUUGGUGAUGUUTT-3’; anti-
sense, 5’-AACAUCACCAAUGGACAGGTT-3’) was 
used for further experiments. A scrambled siRNA 
(scHMGB1) sequence was used as a control: sense, 
5’-UUCUCCCAACGUGUCACG-3’; anti-sense, 5’
-ACGUGACACGUUCGGAGAATT-3’.

Real-time PCR
Total RNA was extracted from the RBE cells and 
cDNA was synthesized by reverse transcription. 
A SYBR Green Realtime PCR Master Mix (Toyobo 
Co., Osaka, Japan) and ABI Prism 7700 Sequence 
Detection System (Applied Biosystems of Thermo 
Fisher Scientific) were used in this experiment. 
The primers of HMGB1 were as follows: sense, 5’
-TTTAGATCTATGGCAAAGGAGATCCTAAGAAG-3’; 
anti-sense, 5’-TTTGAATTCTTATTCATCATCAT
CATCTTCTTCTTCATCT-3’. The relative HMGB1 
expression was normalized to GAPDH (sense 5’
-GAGTCAACGGATTTGGTCGT-3’; anti-sense, 5’
-TTGATTTTGGAGGGATCTC-3’). PCR assays were 
performed in triplicate, and fold induction was calculated 
using the 2-ΔCT method[4].

Western blot
Cells were lysed and protein was extracted as pre
viously described[20]. After SDS-PAGE, proteins were 
transferred to nitrocellulose membranes (BioTrace NT 
Nitocellulose; Pall Corp., Port Washington, NY, United 
States). The membrane was incubated with primary 
antibodies overnight at 4 ℃: Anti-HMGB1 (1:500), and 
antibodies against E-cadherin, N-cadherin, vimentin, 
slug, snail, claudin-1, ZO-1 and β-catenin (1:1000, 
#9782; Cell Signaling Technology Danvers, MA, United 
States). The secondary anti-rabbit antibody (Beyotime 
Company, China) was used at a dilution of 1:10000 
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and the blot was developed with RapidStep ECL 
Reagent (Millipore Corp., Billerica, MA, United States). 
For the EMT assay, RBE cells were stimulated with 10 
ng/mL transforming growth factor (TGF)-β for 72 h, 
and the cells were lysed and protein was extracted for 
further analysis.

Enzyme-linked immuno assay detection of secreted 
VEGF-C
RBE cells cultured in 12-well plate at a density of 
2.5 × 104 cells per well were treated with scHMGB1, 
siHMGB1, or RPMI-1640 supplemented with 2 μg/mL 
rHMBG1. Cells treated with Lipofectamine 2000 alone 
served as a mock transfection group. The supernatants 
from each group were collected and centrifuged at 
1000 rpm for 3 min after 48-h transfection/incubation. 
The levels of VEGF-C were detected using the human 

VEGF-C ELISA kit (Boster Systems Inc., Pleasanton, 
CA, United States) according to the manufacturer’s 
instructions. Absorbance at a wavelength of 450 nm in 
every well was measured in spectrophotometer.

Statistical analysis
All the statistical analyses were performed by SPSS 
17.0 software (SPSS, Chicago, IL, United States). 
The associations between HMGB1 expression and 
clinicopathologic parameters were assessed by a χ 2 
test. Spearman’s Rank correlation coefficient was used 
to identify the correlation between HMGB1 and LMVD. 
Cumulative overall survival rates were calculated by 
the Kaplan-Meier method and survival curves were 
compared by a log-rank test. For multivariate analysis, 
factors from univariate analysis were selected with a P 
= 0.20 cutoff[28]. Forward stepwise multivariate analysis 
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Figure 1  Representative immunohistochemistry in intrahepatic cholangiocarcinoma. A: Negative staining for high-mobility group box 1; B: Strong staining 
for high-mobility group box 1 was mainly localized in the nucleus, and effused to cytoplasm and extra milieu in inflamed or necrotic areas; C: Negative staining for 
vascular endothelial growth factor C; D: Strong staining for vascular endothelial growth factor C in cytoplasm; E: Representative staining for D2-40 in lymphatic 
endothelial cells. A cancer embolus in lymph-vessel is shown; magnification, × 200.
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Table 1  Association of high-mobility group box 1 and vascular endothelial growth factor with clinicopathologic parameters in 
patients with intrahepatic cholangiocarcinoma  n  (%)

was used to identify independent prognostic factors. P 
< 0.05 was considered as significant.

RESULTS
Expression of HMGB1 and VEGF-C and correlations 
with clinicopathologic parameters
HMGB1 expression was mainly identified in the nucleus 
with slight penetration to cytoplasm or extracellular 
milieu, and the penetration tendency was manifest 
especially in area adjacent to necrosis. Overall, HMGB1 
was overexpressed in 38/65 (58.8%) patients with 
IHCCs. VEGF-C expression was identified in the cytoplasm 
and overexpression was found in 32/65 (49.2%) IHCC 
cases. Representative IHC images of HMGB1 and VEGF-C 
are shown in Figure 1.

The relationship between HMGB1 overexpression 

and various clinicopathologic parameters are demon
strated in Table 1. Overall, overexpression of HMGB1 
was significantly associated with lymph node metastasis 
(P = 0.011). No significant correlation was identified 
between HMGB1 overexpression and age, gender, 
tumor size, histologic classification, or microvascular or 
perineural invasion. Similarly, VEGF-C overexpression 
correlated with histologic classification (P = 0.016) and 
lymph node metastasis (P = 0.007).

Correlations of HMGB1 with LMVD and VEGF-C
The LMVD values of the 65 specimens ranged from 4 
to 37 (mean: 12.7 ± 5.9), and tumors below or equal 
to 12.7 were classified as the low LMVD group (n = 
26) and tumors above 12.7 were classified as the high 
LMVD group (n = 39). HMGB1 overexpression in high 
and low LMVD groups was compared by a χ 2 test, and 
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Parameters HMGB1 P value VEGF-C P  value

Low High Low High
Age (yr)
   < 60    18 (42.9)    24 (57.1)    25 (59.5)    17 (40.5)
   ≥ 60      9 (39.1)    14 (60.9) 0.771    10 (43.5)    13 (56.5) 0.056
Gender
   Male    15 (46.9)    17 (63.6)    15 (46.9)    17 (53.1)
   Female    12 (36.4)    21 (63.6) 0.390    18 (54.5)    15 (45.5) 0.536
Tumor size (cm)
   < 5      8 (36.4)    14 (63.6)    10 (45.5)    12 (54.5)
   ≥ 5    19 (44.2)    24 (55.8) 0.545    23 (53.5)    20 (46.5) 0.540
Histologic classification
   Well      8 (47.1)      9 (52.9)    12 (70.6)      5 (29.4)
   Moderate    10 (32.3)    21 (67.7)    10 (32.3)    21 (67.7)
   Poor      9 (52.9)      8 (47.1) 0.329    12 (70.6)      5 (29.4) 0.016
Tumor stage
   Ⅰ + Ⅱ    21 (41.2)  30 (8.8)    25 (49.0)    26 (51.0)
   Ⅲ + Ⅳ      6 (42.9)      8 (57.1) 0.910      8 (57.1) 6 (42.9) 0.590
Node stage
   Negative 25 (50) 25 (50)    30 (60.0)    20 (40.0)
   Positive      2 (13.3)    13 (86.7) 0.011      3 (20.0)    12 (80.0) 0.007
UICC stage
   Ⅰ + Ⅱ    18 (48.6)    19 (51.4)    21 (56.8)    16 (43.2)
   Ⅲ + Ⅳ      9 (32.1)    19 (67.9) 0.181    12 (42.9)    16 (57.1) 0.267
Microvascular invasion
   Negative    20 (39.2)    31 (60.8)    26 (51.0)    25 (49.0)
   Positive      7 (50.0)      7 (50.0) 0.458      7 (50.0)      7 (50.0) 0.948
Perineural invasion
   Negative    22 (38.6)    35 (61.4)    30 (52.6)    27 (47.4)
   Positive      5 (62.5)      3 (37.5)  0.2601      3 (37.5)      5 (62.5)  0.475a

Satellite nodular
   Negative    24 (44.4)    30 (55.6) 27 (50) 27 (50)
   Positive      3 (27.3)      8 (72.7) 0.292      6 (54.5)      5 (45.5) 0.783
HBV infection
   Negative    24 (42.1)    33 (57.9)    30 (52.6)    27 (47.4)
   Positive      3 (37.5)      5 (62.5)  1.0001      3 (37.5)      5 (62.5)  0.475a

Calculus
   Negative    23 (40.4)    34 (59.6)    29 (51.8)    27 (48.2)
   Positive      4 (50.0)      4 (50.0)  0.7121      3 (37.5)      5 (62.5)  0.708a

LMVD
   Low    15 (57.7)    11 (42.3)    18 (69.2)      8 (30.8)
   High    12 (30.8)  27 (9.2) 0.031    15 (38.5)    24 (61.5) 0.015

1Analyzed by Fisher's exact test. HBV: Hepatitis B virus; LMVD: lymphatic microvessel density. HMGB1: High-mobility group box 1; VEGF-C: Vascular 
endothelial growth factor.
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Table 3  Multivariate analysis of prognostic factors in patients 
with intrahepatic cholangiocarcinoma

the difference were statistically significantly (P = 0.016) 
(Figure 2).

In Spearman’s Rank correlation coefficient analysis, 
HMGB1 overexpression positively correlated with LMVD 
(P = 0.031, r = 0.268) and VEGF-C (P = 0.03, r = 0.268) 
(Table 2).

Prognostic value of HMGB1 expression in IHCC
Univariate analysis revealed that HMGB1 was an 
unfavorable prognostic factor (P = 0.001). Additionally, 
tumor size (P = 0.022), lymph node metastasis (P < 
0.001), LMVD (P = 0.016), and VEGF-C (P = 0.004) 
were also significantly associated with overall survival. 
In a multivariate analysis, HMGB1 overexpression 
remained an independent prognostic factor (hazard 
ratio = 4.517, 95%CI: 1.458-13.992; P = 0.009) 
(Table 3). Notably, the IHCC patients who showed co-
expression of HMGB1 and VEGF-C had the poorest 
survival compared with other subgroups when analyzed 
by the Kaplan-Meier method (Figure 3).

HMGB1 expression in CCA cell lines
Western blotting was utilized to determine the ex
pression levels of HMGB1 in a panel of CCA cell lines. 
As shown in Figure 4A, the protein expression level of 
HMGB1 was substantially higher in RBE cells compared 
with HUCCT-1 and QBC939 cells.

In vitro effect of HMGB1 on EMT
We firstly confirmed the decreased mRNA and protein 
expression levels of HMGB1 in siHMGB1-treated RBE 
cells when compared with those of control groups (Figure 
4B, C). As shown in Figure 4D, knockdown of HMGB1 
suppressed the TGF-β-induced EMT, as indicated by 

decreased protein expression of N-cadherin, vimentin, 
snail, and E-cadherin. By contrast, no significant change 
was identified in the protein expressions of claudin-1, 
ZO-1, β-catenin, or slug after si-HMGB1 treatment.

Modulation of VEGF-C by HMGB1 in conditioned 
supernatants
The level of VEGF-C in conditioned medium was 
significantly decreased in the siHMGB1 group compared 
with the control groups (P < 0.005). In the rHMGB1-
treated group, the VEGF-C level was significantly 
increased compared with the control (P < 0.001) (Figure 
5).

DISCUSSION
Although the pathogenesis of CCA is poorly understood, 
a number of risk factors have been identified, including 
primary sclerosing cholangitis, liver fluke, biliary 
calculus, and chronic infection of hepatitis C virus[29]. 
Chronic inflammation induced by these risk factors 
together with partial bile obstruction form a complex 
tumor-promoting microenvironment. Within the tumor 
microenvironment, cytokines, chemokines, and reactive 
oxygen species induce the recruitment of inflammation-
mediating immune cells and lead the necrosis of 
biliary epithelial cells, resulting in active secretion 
and/or passive releasing of HMGB1 to the extracellular 
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Figure 2  Distribution of lymphatic microvessel density categorized by 
high-mobility group box 1 expression. aP < 0.05 vs high expression. LMVD: 
Lymphatic microvessel density; HMGB1: High-mobility group box 1.

HMGB1 LVD P value r VEGF-C P  value r

Low High Negative Positive
Negative 15 12 0.031 0.268 18   9 0.03 0.268
Positive 11 27 15 23

Table 2  Correlations of high-mobility group box 1 with lymphatic microvessel density and vascular endothelial growth factor C in 
patients with intrahepatic cholangiocarcinoma

Parameters HR 95%CI P  value

Node stage
   Negative 1.000
   Positive 3.166 1.108-9.046 0.031
Tumor size (cm)
   < 5 1.000
   ≥ 5 4.212 1.429-12.420 0.009
Microvascular invasion
   Negative 1.000
   Positive 2.730 1.088-6.850 0.032
HMGB1
   Negative 1.000
   Positive 4.517 1.458-13.992 0.009
VEGF-C
   Negative 1.000
   Positive 3.003 1.016-8.875 0.047

HMGB1: High-mobility group box 1; HR: Hazard ratio; VEGF-C: Vascular 
endothelial growth factor C.
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milieu. In turn, release of HMGB1 further stimulates 
inflammatory responses, hence, a feed-forward cycle 
of inflammation exists in the tumor microenvironment 
of CCA[30]. In the current study, HMGB1 expression was 
also identified in extracellular milieu, which suggests 
that HMGB1 can be actively secreted or passively 
released into extracellular space in the CCA.

Extracellular HMGB1 binding to its receptors 
(RAGE and Toll-like receptors) subsequently initiates a 
signaling cascade involving mitogen-activated protein 
kinase, nuclear factor-κB, phosphoinositide 3-kinase, 
and Cdc42 in the setting of cancer, may lead to tumor 
cell survival, expansion, and metastasis[31]. Elevated 
expression of HMGB1 has been reported in carcinomas 
of the stomach[32], liver[30], breast[33], and prostate[34]. 
Univariate and multivariate analyses revealed that 
HMGB1 overexpression is a poor prognosis factor in 
IHCC. Our results suggest that HMGB1 contributes to 
the development and progression of CCA.

Additionally, we show that overexpression of HMGB1 
is associated with VEGF-C expression and high LMVD 
levels. Of note, VEGF-C is a prognostic factor and 
more importantly, the subset of IHCC patients with co-
overexpression of HMGB1 and VEGF-C had the worst 
cancer-related survival. Previously, Chuangui et al[35] 
reported that the expression of HMGB1 is associated 
with lymph node metastasis and poor prognosis in 
esophageal squamous cell carcinoma. We thus speculate 
that HMGB1 playa a role in lymphangiogenesis through 
interaction with VEGF-C signaling pathways[36]. Further 
in vitro analysis showed that levels of VEGF-C in 

supernatants are significantly decreased with HMGB1 
knockdown, and increased with rHMGB1 treatment. This 
indicates that HMGB1 expression in RBE cells promotes 
the secretion of VEGF-C. Alternatively, it is possible that 
HMGB1 binding to its receptors activates transduction 
signals such as Ras/mitogen-activated protein kinase 
and nuclear factor-κB, which stimulate the expression 
of VEGF-C, thereby, promoting lymphangiogenesis[37].

Metastasis is a central hallmark of malignancy 
during which cancer cells disseminate from the original 
site and transfer to distant organs[38]. EMT is considered 
as a critical step in this process[39]. The main molecular 
characteristic of EMT is the down-regulation of epithelial 
markers and the up-regulation of mesenchymal 
markers[40]. In the current study, for the first time, our 
data suggest that HMGB1 overexpression promotes 
EMT of RBE cells, and HMGB1 might endow CCA cells 
with the ability to metastasize via induction of EMT.

There are several limitations in our study. First, 
the IHCC cohort is relatively small. CCA is a rare 
malignancy, with only approximately 9760 new cases 
diagnosed annually in the United States[41], and 
IHCC only occupies about 20% of these cases[42]. 
Moreover, the majority of patients are diagnosed at 
an unresectable stage, which makes it difficult to 
obtain samples and perform a large randomized trial. 
Another limitation is the lack of in vivo data to further 
characterize the role of HMGB1 in IHCC. Although we 
have found that HMGB1 is an independent prognostic 
factor in IHCC, and HMGB1 expression is associated 
with lymph node metastasis, the underlying molecular 
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Figure 3  Survival curves of high-mobility group box 1 and vascular endothelial growth factor C in intrahepatic cholangiocarcinoma. Kaplan-Meier method 
univariate analyses of HMGB1 (A); VEGF-C (B); Survival curves of intrahepatic cholangiocarcinoma patients with and without expression of HMGB1 and VEGF-C co-
expression (C). VEGF-C: Vascular endothelial growth factor C; HMGB1: High-mobility group box 1.
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mechanism of how HMGB1 contributes to faster CCA 
progression still remains unclear. More experiments 
are needed to elucidate the receptor and downstream 
signaling pathways initiated by HMGB1, as well as 
the entire signaling network of HMGB1. In addition, 
animal models are an essential tool to study the role 
of biomarkers in cancer progression. We hope that our 
results in vitro trigger further investigation on the role 
of HMGB1 in IHCC in vivo.

In summary, this is the first study to systematically 
characterize HMGB1 expression in an IHCC cohort. 
HMGB1 is shown to be an independent poor prognostic 
factor in IHCC, and our data suggest a link between 
HMGB1 and VEGF-C in IHCC. That is, overexpression 

of HMGB1 might promote lymphangiogenesis through 
a VEGF-C-related pathway. On the other hand, HMGB1 
overexpression promotes progression of IHCC by 
promoting angiogenesis and EMT.
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Cholangiocarcinoma (CCA) is a lethal malignancy of the biliary tract with 
very few treatment options. CCA is characterized by poor responsiveness 
to chemotherapy and radiotherapy in the majority of cases. So far, surgical 
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worldwide in recent years. IHCC is characterized by silent clinical signatures, 
early regional invasiveness, distant metastasis, and a poor prognosis.
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This study, for the first time, showed that HMGB1 is an independent prognostic 
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suggests that HMGB1 enhances the secretion of VEGF-C and promotes 
epithelial-mesenchymal transition of RBE cells.
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This results defined an important role of HMGB1 in the progression of 
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patients. These findings suggested that HMGB1 could be a potential molecular 
target in cholangiocarcinoma.
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Additionally, mechanistic studies were performed investigating a presumed 
functional link between HMBG1 and epithelial-mesenchymal transition and 
VEGF-C-dependent lymphangiogenesis. This study deals with an interesting 
topic; some of the findings herein have not been reported in this particular 
setting and may indeed give some new insights.
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