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Background: The association of high mobility group box 1 (HMGBI1) expression with
clinicopathological significance and prognosis in Asian patients with colorectal carcinoma (CRC)
remains controversial. The purpose of this study was to conduct a meta-analysis and literature
review to identify the role of HMGBI in the development and prognosis of CRC in Asians.
Methods: All eligible studies regarding the association between HMGBI1 expression in tissue
with clinicopathological significance and prognosis in Asian patients with CRC published
up to January 2015 were identified by searching PubMed, Web of Science, Chinese National
Knowledge Infrastructure, and WanFang database. Analysis of pooled data was performed,
while odds ratio (OR) or hazard radio with 95% confidence interval (CI) was calculated and
summarized to evaluate the strength of this association in fixed- or random-effects model.
Results: The expression level of HMGB1 in CRC tissues was much higher than normal col-
orectal tissues (OR =27.35, 95% CI 9.32—80.26, P<<0.0001) and para-tumor colorectal tissues
(OR =10.06, 95% CI 4.61-21.95, P<<0.0001). There was no relation between the HMGBI1
expression and sex, age, clinical T stage, tumor size, and location (colon or rectum cancer).
However, a significant relation was detected between the HMGBI1 expression and clinical
stage (American Joint Committee on Cancer 7), lymph node metastasis, distant metastasis,
tumor invasion depth, and differentiation rate (P=0.002, P=0.0001, P<<0.0001, P<<0.0001, and
P=0.007, respectively). Patients with higher HMGB1 expression had shorter overall survival
time, whereas patients with lower level of HMGBI1 had better survival (hazard ratio =1.40,
95% CI 0.98-1.82, P<<0.0001).

Conclusion: In this meta-analysis, our results illustrated the significant relationship of HMGB1
protein overexpression in tissues with clinicopathological characteristics and prognosis of CRC.
Thus, HMGB1 may be a promising marker in predicting the clinical outcome of patients with
CRC. However, more well-designed studies of large sample size are warranted to validate the
findings of current study.
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Introduction

Colorectal carcinoma (CRC) is the third most frequently diagnosed carcinoma and
cancer-related death globally.' In the People’s Republic of China, CRC ranks fifth in
overall deaths as a result of cancers, and the incidence of CRC has been increasing all
the time.? Although in recent decades, mortality from CRC has dropped greatly, possibly
due to new technologies available for earlier diagnosis and better treatment modalities
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such as molecular targeting agents against vascular endothelial
growth factor and epidermal growth factor receptor, there
are still an estimated 50,830 people dying of CRC annually.!
The invasive carcinoma development process from normal
colon epithelium takes between 7 and 12 years.*> During this
progression, many genetic and epigenetic factors may play an
important role in a series of sequential and interrelated steps.**
There have been a lot of studies concerning the mechanism
of the progression of CRC.

The high mobility group box 1 (HMGB1), which is gen-
erally known as a kind of nucleosomal nonhistone protein,
is widely expressed and highly conserved in all metazoans
and plants. A series of studies have reported that HMGB1
might be associated with almost every tumor type, particu-
larly epithelial neoplasms.®'° In addition, the association of
HMGBI overexpression and grim clinical outcome has been
demonstrated in a variety of human malignancies, such as
prostate, esophageal, pancreatic, hepatocellular, and non-
small-cell lung cancers.''!

Accumulating evidence indicated that HMGB1 was a
crucial factor implicated in CRC growth, progression, angio-
genesis, invasion, and metastasis. Although existing studies
suggested that HMGB1 might be a potential biomarker to
predict the prognosis of CRC, some conflicting results have
been reported.'*?” Whether the discrepancy in these data
was the result of real heterogeneity or simply due to limited
statistical power was still indistinct. In order to settle these
controversial issues, we reviewed current knowledge with
respect to the relationship between HMGBI expression in
tumor tissues and clinicopathological parameters, as well as
survival of Asian patients with CRC and performed a meta-
analysis to identify the role of HMGBI1 during the develop-
ment of CRC and as a potential diagnostic and therapeutic
target in future treatment.

Methods
Search strategy

Relevant articles up to January 2015 were searched via the
following electronic databases: Web of Science, PubMed,
Chinese WanFang, and Chinese National Knowledge Infra-
structure database. We searched for articles containing the
following terms: high motility group box 1, HMGBI, or
HMG-1, and colon cancer, rectal cancer, colorectal cancer,
colon carcinoma, rectal carcinoma, colorectal carcinoma or
CRC. The search results were confined to human popula-
tions, as well as to articles written in English or Chinese. If
the same data or data subsets were found in more than one
article, only the publication most recently reported or with
the largest sample size was included.

Selection criteria

The inclusion criteria included: 1) the articles that evaluated
the association between HMGBI (protein/mRNA) expression
and the clinicopathological significance of CRC patients;
2) patients included had to be of Asian origin; 3) the articles
investigated the relationship between HMGB1 expression
and the prognosis of patients with CRC; 4) the studies had
utilized immunohistochemistry to detect the expression
level of HMGBI in tumor tissues. The exclusion criteria
included: 1) repetitive publications; 2) patients included
were not of Asian origin; 3) articles that did not present the
usable data in detail; 4) reviews, case reports, and case-only
reports; 5) studies of cell culture models in vitro; 6) animal
experiment studies.

Data extraction and study assessment

For each study, the following data: first author’s name, country
of origin, year of publication, sample size, clinicopathological
characteristics of patients, and the expression of HMGB1 in
tissues were extracted independently by two reviewers. The
results were compared, and any discontent was discussed and
eventually resolved by a consensus among all authors.

Statistical analysis

STATA statistical software (version 12.0, StataCorp LP,
College Station, TX, USA) was used to conduct all data
analyses. Heterogeneity between studies was assessed by
Q-test and I index. According to the heterogeneity results
(PP=50%, fixed effect model; I?>50%, random-effect
model), mean differences combined with 95% confidence
intervals (CI) were calculated by using a fixed or random
effect model. Meta-analysis was performed to compare
HMGBI expression in CRC with that in normal tissues and
para-tumor tissues. The effect of HMGBI on pathological
factors and survival of CRC patients was considered as sta-
tistically significant if the corresponding 95% CI for pooled
hazard radio (HR)/odds ratio (OR) did not overlap 1. All
P-values in this study were two-sided. Funnel plots were
used to detect publication bias. The result stability was
assessed through a sensitivity analysis by removing one
study at a time.

Results

Study characteristics

A total of 321 articles were screened by titles and abstracts.
According to the inclusion criteria, 20 articles with full
text were selected for further examination. Four articles
were excluded due to not presenting usable data; one with
mean HMGBI1 concentration in CRC tissues,?® one with
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321 articles identified through
Web of Science, PubMed, CNKI, and
WanFang database

Excluded, n=301 Articles excluded on screening of

titles and/or abstracts

v

20 articles for full review

One with mean HMGB1 concentration
» One with no complete data
Two HMGB1 expression in serum

Excluded, n=4

v

16 full-text articles assessed for eligibility|

Excluded, n=4

A 4

Four duplicated studies

A

12 studies included in meta-analysis

Figure | Flow chart for selection of included studies.

Note: Reasons for exclusion and number of studies excluded are shown.
Abbreviations: CNKI, Chinese National Knowledge Infrastructure; HMGBI, high
mobility group box I.

no complete data,?” and two with only HMGBI1 protein
expression in serum.’®3! Furthermore, four articles were
removed due to duplication.’*** Twelve articles were chosen
for full review in detail and meta-analysis.'®?” The following
items were extracted from each study: first author’s name,
publication year, number of patients, tumor stage, detecting
methods, HMGBI1 expression level and patient prognosis.
The flow chart of study selection is shown in Figure 1.

Table | Main characteristics of included studies

The total of 12 studies with 1,123 cases is summarized
in Table 1.

Quantitative data synthesis

HMGBI expression in CRC tissues and normal/para-
tumor colorectal tissues

HMGBI protein expression in CRC tissues was much
higher than normal tissues.?'** The pooled OR for HMGB1
expression of CRC tissues versus normal colorectal tissues
was 27.35 (95% CI 9.32-80.26, P<<0.0001, heterogeneity
I’=0.76%, Figure 2A). The pooled OR for HMGB1 expres-
sion in CRC tissues versus para-tumor colorectal tissues
was 10.06 (95% CI 4.61-21.95, P<<0.0001, heterogeneity
I’=63%, Figure 2B).

Relationship between clinicopathological features
and HMGBI expression in CRC

Meta-analysis of all studies assessing the relationship between
clinicopathological features and HMGB1 expression are
summarized in Table 2.

HMGBI overexpression and clinical stage of human CRC

There were seven studies reporting the HMGBI expression
in patients with different clinical stages,'®-!7:1%2123:2627 of which
four studies'®!”1*23 used Dukes classification for histopatho-
logical staging,® one study®**’ used American Joint Committee
on Cancer (AJCC) 7, and one* used AJCC 6 cancer staging.3
In order to conduct a meta-analysis of relationship between

Study Year Country Sample Cancer Comments
size type

Kuniyasu et al'® 2003  Japan 19 Colorectal Coexpression of RAGE and amphoterin is closely associated with
invasion and metastasis of colorectal cancer

Kuniyasu et al'” 2004  Japan 42 Colon HMGBI expression is associated with clinical stage of colon cancer
patients

Lietal'® 2006  People’s Republic of China 70 Colon HMGBI is associated with clinicopathological features in patients
with colon cancer

Yao et al' 2010  People’s Republic of China 192 Colorectal  High expression of HMGBI predicts poor prognosis for CRC

Peng et al® 2010  People’s Republic of China 72 Colon The distribution patterns of HMGBI might contribute to the
progression of colon cancer

Shi et al?! 2012 People’s Republic of China 70 Colorectal  Detection and clinical significance of HMGBI in CRC patients

Sun et al® 2012 People’s Republic of China 127 Rectal HMGBI is associated with clinicopathological features in patients
with rectal cancer

Liu et al® 2013  People’s Republic of China 66 Rectal Prognostic research of HMGBI protein expression in rectal cancer

Zhu et al* 2015  People’s Republic of China 40 Colorectal HMGBI mediates processes of tumor metastasis

Ueda et al®® 2014 Japan 140 Colorectal HMGBI expression may be a predictor of postoperative lymph
node metastasis and prognosis in CRC

Siren et al*® 2014 Turkey 110 Colorectal  The role of high HMGBI in CRC

Hongo et al”’ 2015  Japan 75 Rectal HMGBI plays a role in the development of carcinogenesis and

chemoresistance

Abbreviations: CRC, colorectal carcinoma; HMGBI, high mobility group box |; RAGE, receptor for advanced glycation endproducts.
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HMGB1 expression %
A Study ID (CRC vs normal tissue) OR (95% ClI) weight
Shi et al?' (2012) ——-— 54.89 (6.85,439.83) 23.69
Sun et al??(2012) _— 18.80 (5.22, 67.75) 76.31
Overall (/=0.0%, P=0.384) <> 27.35(9.32, 80.26) 100
[ [
0.00227 1 440
HMGB1 expression %
B Study ID (CRC vs para-tumor tissue) OR (95% CI) weight
Zhu et al**(2015) ——=—— 21.00 (6.11, 72.18) 30.00
Shi et al?' (2012) — 5.37 (1.85, 15.54) 70.00
Overall (/?=63.0%, P=0.100) @ 10.06 (4.61, 21.95) 100

|
0.0139 1

|
72.2

Figure 2 Forest plots of HMGBI expression in CRC and normal colorectal tissues/para-tumor tissues.

Notes: (A) HMGBI expression level in CRC tissues was significantly higher than normal colorectal tissues (OR =27.35, 95% ClI 9.32-80.26, P<0.0001). (B) HMGBI
expression level in CRC tissues was significantly higher than para-tumor tissues (OR =10.06, 95% Cl 4.61-21.95, P<<0.0001).

Abbreviations: Cl, confidence interval; CRC, colorectal carcinoma; HMGBI, high mobility group box I; OR, odds ratio.

HMGBI expression and clinical CRC stage, we made AJCC 7
cancer staging a standard for histopathological staging, and
all patients in these seven studies were staged according to
AJCC 7. The statistical analysis revealed that the positive
rate of HMGBI expression tended to be significantly higher
in CRC tissues with clinical III/IV stage than with I/II stage

(OR =4.01, 95% CI 1.69-9.50, P=0.002, heterogeneity,
P=63%, Figure 3A). Although no significant relationship was
found between the HMGBI1 expression and clinical T stage of
tumor, CRC tissues of T3—4 tended to have a higher HMGB1
expression compared with T1-2 (OR =2.41, 95% C1 0.96-6.06,
P=0.06, heterogeneity, ’=4.40%, Figure 3B).

Table 2 Summary of the meta-analysis data between the HMGBI and clinicopathological characteristics

Clinical factor Studies OR Heterogeneity
included in the Summary OR P-value I* score (%) P-value
analysis (n) (95% ClI)

Clinical stage (IlI/IV vs I/11) 7 4.01 (1.69-9.50) 0.002 63.00 0.013

Clinical T stage (T3/T4 vs T1/T2) 2 2.41 (0.96-6.06) 0.06 4.40 0.306

LNM (positive vs negative) 8 3.03 (1.79-5.13) <0.0001 55.70 0.027

DM (positive vs negative) 5 3.81 (2.12-6.84) <0.0001 4.00 0.384

Differentiation rate (moderate/bad vs good) 9 2.13 (1.23-3.70) 0.007 57.80 0.015

Invasion of serosa (positive vs negative) 4 3.43 (2.17-5.44) <0.0001 32.60 0.217

Tumor location (colon vs rectum) 2 1.40 (0.85-2.32) 0.189 0.10 0.317

Sex (female vs male) 7 1.16 (0.83—1.62) 0.392 0.00 0.731

Age (<60 vs >60 years) 5 0.80 (0.52—1.23) 0.303 27.90 0.236

Tumor size (<5 vs >5 cm) 2 0.75 (0.45-1.28) 0.293 0.00 0.667

Abbreviations: Cl, confidence interval; DM, distant metastases; HMGBI, high mobility group box I; LNM, lymph node metastases; OR, odds ratio.
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HMGBI overexpression and migration in human CRC

A significant relationship was also detected between the
HMGBI1 expression and lymph node status (P<<0.0001,
Figure 3C) as well as distant metastases (DM) status
(P<<0.0001, Figure 3D) at diagnosis. Meta-analysis of eight
studies revealed that HMGB1 expression levels in patients
with lymph node metastases (LNM) were much higher

than those with no LNM (OR =3.03, 95% CI 1.79-5.13,
P<<0.0001, heterogeneity, ’=55.70%, Figure 3C).!81921-23.2527
When the analysis was stratified by DM status, five studies
summarized that the usable data and immunoreactivity were
observed more frequently in patients with DM than in non-
metastatic cases (OR =3.81, 95% CI 2.12-6.84, P<<0.0001,
heterogeneity, ’=4%, Figure 3D).!6:19:21.25.26

A

Figure 3 (Continued)

Clinical stage %
Study ID (I/IV vs I/l stage) OR (95% ClI) weight
Kuniyasu et al' (2003) —_t 8.90 (0.45, 176.26) 6.37
Kuniyasu et al'” (2004) ————————— 19.96 (1.02, 389.24) 6.42
Yao et al'® (2010) —— 1.90 (1.07,3.38)  24.04
Shi et al?' (2012) e 5.60 (1.61,19.42) 17.27
Liu et al®* (2013) —— 1.07 (0.39,2.94)  19.72
Siiren et al** (2014) { ———=——— 57.00 (6.46, 503.14) 9.91
Hongo et al?” (2015) — 3.24 (0.84,12.42) 16.28
Overall (?=63.0%, P=0.013) <> 4.01(1.69,9.50) 100
T * T
0.00199 1 503
T stage %
Study ID (T3/4 vs T1/2) OR (95% Cl) weight
Siiren et al® (2014) : 9.61 (0.48, 193.20) 6.83
Hongo et al?” (2015) = 1.89(0.69, 5.14)  93.17
'
Overall (12=4.4%, P=0.306) O 2.41(0.96,6.06) 100
| ,
0.00518 1 193
Lymph node metastases %
Study ID (positive vs negative) OR (95% CI) weight
Li et al'8 (2006) ————— 3.75(1.24,11.31)  11.76
Yao et al' (2010) — 202(1.13,3.62) 1875
Sun et al2(2012) S — 3.15(1.19,8.37) 1325
Shi et al?' (2012) e 5.95(1.23,28.70) 7.68
Liu et al® (2013) —_— 1.07 (0.39,2.94)  12.90
Ueda et al?>(2014) —— 2.00(1.02,3.93)  17.40
Siiren et al** (2014) i ———=—17.89(5.32,60.18) 10.62
Hongo et al?” (2015) S R 3.50(0.72,17.00)  7.63
Overall (12=55.7%, P=0.027) 3.03(1.79,5.13) 100
1

T
0.0166
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D Distant metastases %
Study ID (positive vs negative) OR (95% CI) weight
Kuniyasu et al'' (2003) : 1.31(0.07,26.53) 5.98
Yao et al'® (2010) ——— 2.44(1.07,5.58)  57.14
Shi et al?' (2012) —H-— 6.00 (1.25,28.74)  12.59
Ueda et al?s (2014) —-— 3.30 (0.85,12.73)  19.20
Siren et al*® (2014) —‘-—-— 18.60 (2.30, 150.63) 5.10
Overall (/2=4.0%, P=0.384) <> 3.81(2.12,6.84) 100

T : T
0.00664 1 151

E Differentiation rate %
Study ID (moderate/bad vs good) OR (95% ClI) weight
Li et al'® (2006) —_— 0.72(0.23,2.19)  10.99
Yao et al' (2010) e 1.18(0.62,2.22)  15.91
Peng et al®® (2010) —_ 0.81(0.21,3.16)  9.02
Sun et al2(2012) S 1.76 (0.77,4.00)  13.92
Shi et al*' (2012) ———— 3.78(1.19,12.06) 10.63
Liu et al* (2013) —_— 3.51(1.24,9.89) 1175
Ueda et al*s (2014) e 1.55(0.42,5.74)  9.39
Siiren et al** (2014) | ——e——3 11.81(3.09, 45.21) 9.16
Hongo et al?” (2015) —_—— 5.29 (140, 20.02) 9.24
Overall (12=57.8%, P=0.015) <> 2.13(1.23,3.70) 100

T ' |
0.0221 1 45.2

F Invasion of serosa %
Study ID (positive vs negative) OR (95% Cl) weight
Sun et al2(2012) _— 4.15(1.70,10.10)  21.90
Shi et al?' (2012) — e 7.03(2.20,22.43) 10.30
Liu et al?*(2013) —.—-— 5.68 (1.64,19.70)  11.86

Ueda et al® (2014) 2.01(0.99,4.09)  55.93

Overall (/?=32.6%, P=0.217) 3.43(2.17,5.44) 100

T T
0.0446 1 22.4

Figure 3 Forest plots of HMGBI expression and clinicopathological characteristics.

Notes: (A) The relationship between HMGBI expression and clinical stage of CRC patients. HMGB | expression was related to clinical stage (OR =4.01, 95% CI 1.69-9.50, P=0.002).
(B) The relationship between HMGBI expression and T stage of CRC patients. HMGBI expression was not related to clinical stage (OR =2.41, 95% Cl 0.96—6.06, P=0.06). (C) The
relationship between HMGBI and status of lymph node. HMGBI expression was related to lymph node metastases (OR =3.03, 95% CI 1.79-5.13, P<<0.0001). (D) The relationship
between HMGBI and distant migration. HMGBI protein expression was related to distant migration (OR =3.81, 95% Cl 2.12-6.84, P<0.0001). (E) The relationship between
HMGBI and tumor differentiation rate. HMGBI expression was related to tumor differentiation rate (OR =2.13, 95% CI 1.23-3.70, P=0.007). (F) The relationship between HMGBI
and tumor depth. HMGBI expression was related to tumor depth (OR =3.43, 95% Cl 2.17-5.44, P<<0.0001). Weights are from random effect analysis.

Abbreviations: Cl, confidence interval; CRC, colorectal carcinoma; HMGBI, high mobility group box I; OR, odds ratio.

HMGBI overexpression and pathological characteristics HMGBI expression and the risk of poor differentiation
of human CRC (P=0.007, Figure 3E) and deep invasion cancer (P<<0.0001,
Stratification based on the tumor differentiation rate and  Figure 3F). Six studies compared the HMGB1 expression of
invasion depth showed significant associations between  moderate/poor and good differentiation tumor tissue. 8232527
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Overall survival

%

Study ID (HMGB1 positive vs negative) HR (95% CI) weight
Yao et al® (2010) 1.56 (1.02,2.40)  36.86
Peng et al*® (2010) 1.11(0.61,1.99)  37.24
Ueda et al?s (2014) 1.59 (1.00,2.65)  25.90

Overall (/?=0.0%, P=0.570)

o

1.40 (0.98, 1.82) 100

I
—2.65 0

Figure 4 Forest plot of HMGBI expression and survival of CRC patients.

Notes: Patients with positive expression of HMGBI exhibited a shorter overall survival than those with negative expression (HR =1.40, 95% CI 0.98-18.2, P<<0.0001).
Abbreviations: Cl, confidence interval; CRC, colorectal carcinoma; HMGBI, high mobility group box |; HR, hazard ratio.

The meta-analysis result revealed that moderate/poor tumor
tissues had a higher HMGB1 expression positive rate
(OR =2.13, 95% CI 1.23-3.70, P=0.007, heterogeneity,
P=57.80%, Figure 3E). In the subgroup analysis on tumor
invasion depth, the meta-analysis of four studies found that
the HMGBI expression level in CRC with direct extension
through the serosa was significantly higher than those without
(OR =3.43, 95% CI 2.17-5.44, P<<0.0001, heterogeneity,
’=32.6%, Figure 3F).2%? No difference was found in
HMGBI expression of CRC tissues between tumor size <5
and =5 cm (OR =0.75, 95% CI 0.45-1.28, P=0.293, hetero-
geneity, ’=0.0%).!%2!

HMGBI overexpression and basic clinical characteristics
of human CRC

In the subgroup analyses onsex,'s 22027 age, 182023 and tumor
location (colon or rectal cancer),'”?! no differences were
observed in the HMGBI1 expression in females and males
(OR =1.16, 95% CI 0.83-1.62, P=0.392, heterogene-
ity, ’=0%), age <60 years and =60 years (OR =0.80,
95% CI 0.52—-1.23, P=0.303, heterogeneity, ’=27.90%),
colon and rectal cancer (OR =1.40, 95% CI 0.85-2.32,
P=0.189, heterogeneity, =10.0%).

Relationship between survival and HMGBI expression

in CRC

Furthermore, we found that patients with positive expression
of HMGBI exhibited a shorter overall survival than those
with negative expression (HR =1.40, 95% CI 0.98-18.2,
P<0.0001, Figure 4).19-2025

Sensitivity analyses and publication bias
The stability of these results was assessed by sensitivity
analysis by excluding every study individually. The omission

of any single study did not change the statistical significance.
Funnel plot was carried out to evaluate the potential publica-
tion bias in the available literature and no evidence of obvious
asymmetry existed.

Discussion

HMGBI is a highly conserved nuclear protein, generally
considered a chromatin-binding factor, which bends DNA
and promotes access to transcriptional protein assemblies
on specific DNA targets.’** Previous studies have revealed
that HMGBI is a dual-role protein. Apart from its nuclear
role, HMGBI can also act as an extracellular signaling
molecule during a variety of activities, including inflamma-
tion, cell differentiation, migration, tumor metastasis, and
so on.*¥*! In this study, we performed a comprehensive
literature search in different available databases and included
additional studies, which allowed for a greater number of
subjects (12 studies, including 1,123 cases in total) and more
risk evaluation, to verify the role of HMGBI in the growth,
progression, invasion metastases, and survival of Asian
patients with CRC. Previous studies conducted in non-Asian
patients with CRC have also found a significant relationship
between HMGB1 expression and CRC. But considering the
lack of such experiments and relatively small sample size
of the existing data, we only included studies about Asian
patients with CRC.

Our data showed that the expression level of HMGB1 was
significantly higher in CRC tissues compared with normal
tissues, which suggested the possible important role played
by HMGBI in the development of CRC. The study conducted
by Shi et al has found a significant difference in HMGBI1
expression between CRC and normal tissues (P<<0.0001),
CRC and para-tumor colorectal tissues (P<<0.0001), implying
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that HMGBI1 expression levels in CRC were dramatically
increased compared with those in normal tissues and
para-tumor colorectal tissues, respectively.?! All of these
results suggested that HMGB1 might be a key mediator dur-
ing the development and progression of tumor.

Furthermore, the results of meta-analysis showed that the
overexpression of HMGBI in tissues was associated with
clinical stage, depth of invasion, LNM, and DM in CRC
patients. In the study conducted by Siiren et al, a significant
relationship was determined between HMGB1 and perineural
invasion, lymphovascular invasion, and lymphocytic response
(P<0.001, P<<0.001, and P<<0.001, respectively).?¢ Kusume
et al also reported that nodal metastasis-positive patients
showed higher HMGBI1 concentrations in both primary tumor
and regional lymph node tissues than metastasis-negative
cases.?® Studies in head—neck, hepatocellular carcinoma, ovar-
ian and esophageal squamous cell cancer have demonstrated
similar results.'>*** These findings support the hypothesis
that HMGBI1 has, at least, facilitating effects on LNM, DM,
and increasing effects on the depth of tumor invasion in CRC.
Nevertheless, HMGB1 expression levels were not associated
with clinical T stage as well as tumor size in our study. For
tumor development, tumor cells have to go through a multistep
process (a series of sequential and selective events). Therefore,
our results might be influenced by other cytokines or signaling
molecules besides HMGBI that contribute to tumor growth.

The clinicopathological factors, including sex, age, and
tumor location, did not have close relationships with the expres-
sion of HMGBI, which was in accordance with studies of
other solid tumors.”2#4 Thus, it was plausible that HMGBI,
isolated from effects of basic characteristics of patients, could
serve as a promising biochemical marker of tumor. In addition,
Lee et al have reported that, for stage I CRC patients, the diag-
nostic accuracy of HMGB1 in serum was dramatically higher
than that of carcinoembryonic antigen in serum (sensitivity,
41.2% vs 5.9% and specificity, 96% vs 90.7%), which was
the most commonly used serum marker for early diagnosis of
CRC 3% Progression of cancer is associated with enhanced
deregulation of key signaling pathways, thus different stages of
cancer might trigger different genes or proteins.* The combina-
tion of several highly specific biomarkers may prove effective
in making clinical decision, such as referral for colonoscopy
or other noninvasive detections, or potentially may assist in
diagnosing or treating recurrent disease.*®

Three studies selected for this meta-analysis provided
original survival data in detail, and the result of meta-analysis
showed that HMGBI1 overexpression might be closely linked
to poorer clinical outcome of CRC patients. In the study

conducted by Yao et al, the multivariate analysis indicated
that HMGB1 overexpression might be an independent
prognostic indicator for CRC patients.”” Another study,
also conducted in Chinese patients with CRC, reported that
the 5-year survival rate of patients with positive HMGBI1
expression was significantly worse than those with negative
expression (73.3% vs 82.1%, P=0.031).?* In addition, all the
clinicopathological factors, including clinical stage, LNM,
DM, moderate/poor tumor differentiation rate, and deep
invasion, which had been verified by the meta-analysis to
be associated with HMGBI1 overexpression in tumor tissues,
were all major prognostic factors in CRC. This indirectly
verified the strong correlation between HMGB1 expression
and the survival of CRC patients.*” Moreover, Peng et al
demonstrated that the distribution patterns of HMGB1 might
also contribute to the progression of colon cancer.?3
HMGBI as a multifunctional protein possesses diverse
biological activities and the precise mechanism of HMGB-1
in cancer is still obscure.® It is generally believed that
diverse functions of HMGBI are carried out in the nucleus,
cytoplasm, and extracellular milieu. As a nuclear protein,
HMGBI takes part in multiple processes, including tran-
scription, replication, recombination, and DNA repair. In
cytoplasm, HMGBI is associated with cell migration activity,
antiapoptosis, autophagy, and so on. Most of the HMGBI,
which is secreted into the extracellular milieu, plays a role in
cancer progression through the receptor for advanced glyca-
tion endproducts (RAGE).3*%2 HMGB1-RAGE signaling
could result in nuclear translocation of NF-kB, neovascular-
ization, tumorigenesis, and metastasis. In addition, HMGB1-
RAGE also takes part in the following activities: activation
of endothelial cells, migration of smooth muscle cells,
mesangioblast recruitment, migration, and proliferation.>
Moreover, HMGBI plays a critical role in promoting the
invasiveness of cancer cells through the activation of MMP
pathway.?>2* Besides, HMGBI1 could possibly activate other
innate receptors, such as TLR4 and TLR2.854% These find-
ings suggest an autocrine and/or paracrine role of HMGB1 in
cancer progression. Furthermore, HMGB1 has been reported
to play a key role in the immune system by dose-dependent
effects on macrophages: a low level of HMGBI activate
macrophages to secrete inflammatory cytokines’*"’ and a
high level of HMGBI induces apoptosis of macrophages,®
which implies that HMGBI1 has obvious suppressive
effects on anti-cancer immunity. Recent study conducted
by Chiba et al has found that dendritic cell-derived TIM-3
interacted with HMGBI1 to suppress the transport of nucleic
acids into endosomal vesicles, thus attenuating the antitumor
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efficacy of DNA vaccines and cytotoxic chemotherapy by
antagonizing nucleic acid-sensing systems.” This added one
more piece of evidence to support our claim that HMGBI1
might have helped in the development of treatment resistance
through its interaction with other cytokines, molecules that
carry chemical signals between cells.

With the appearance of more and more evidence indicat-
ing that HMGBI targeting is a possibly potential therapeutic
technique against CRC development, progression, and, par-
ticularly, metastasis, many researchers have employed various
methods to control the expression and secretion of HMGBI.
With respect to the essential role of HMGBI in cell activity and
innate immunity, inhibition of HMGB1 might result in heavy
side effects in human. All the experimental procedures have
been limited to animal or cell line sample until now.%-¢?

Limitations

Some limitations should not be ignored in results of the cur-
rent meta-analysis. First, the number of published studies and
patients included was not large enough for a comprehensive
analysis, especially for subgroup analysis according to dif-
ferent clinicopathological factors. Thus, we may mistake the
real relationship between HMGBI1 overexpression and CRC.
In addition, most of the included studies were conducted in
the People’s Republic of China and the results in other Asian
countries may be different. Second, due to the lack of access
to original source data, all our analyses were based on single-
parameter estimates without adjustment for different risk fac-
tors, which may have led to serious confounding bias. Third,
the variable concentrations of antibodies and the inconsistent
definitions of HMGBI1 overexpression used in the included
articles might have some effect on the results of our meta-
analysis. Additional well-designed studies of large sample size
are warranted to validate the findings of the current study.

Conclusion

HMGBI expression level of CRC tissues is significantly
higher than that of normal and para-tumor colorectal tissues.
Overexpression of HMGBI in tissues is significantly relevant
in the prognosis of patients with CRC, and HMGB1 may be
a potential diagnostic biomarker and therapeutic target for
Asian patients suffering from CRC. However, further inves-
tigations with large sample size, multicenter, prospective,
stratified, randomized clinical trials are needed to verify the
current conclusion and clarify the underlying mechanism.
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