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Abstract: Previous studies have shown that single-nucleotide polymorphisms in the HMGB1 gene contribute to
development of malignant tumors. The association of polymorphisms in the HMGB1 gene with cancer susceptibil-
ity has, therefore, been extensively studied. However, results have been contradictory. To evaluate the associa-
tion between this polymorphism and overall cancer risk, the current study conducted a meta-analysis, with 3,062
cases and 4,217 controls, from 8 eligible studies retrieved from PubMed and Embase databases. The strength of
the connection, using odds ratios (ORs) and 95% confidence intervals (Cls), was assessed under allele contrast,
dominant, recessive, homozygous, and heterozygous models. Pooled risk estimates indicated no significant as-
sociation for polymorphisms rs1045411, rs2249825, rs1412125, or rs1360485 and overall cancer susceptibility,
according to comparisons using all five genetic models. Results of subgroup analysis indicated that rs1045411 was
significantly associated with cancer susceptibility under all genetic models in ligase detection reaction-polymerase
chain reaction (LDR-PCR) studies. In addition, rs1412125 was significantly associated with cancer risk under allele
contrast, dominant, and heterozygous models in hospital-based studies. Despite certain limitations, the current
meta-analysis provides solid statistical evidence of the absence of association between HMGB1 polymorphisms
and cancer risk.
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Introduction cancer development and response to therapy

has increased [2-4]. During tumor development

High mobility group box 1 (HMGB1) protein was
first isolated and characterized in 1973. It was
named based on its electrophoretic mobility in
polyacrylamide gels [1]. The function of HMGB1
depends on its level of expression and subcel-
lular location. In the nucleus, HMGB1 is en-
gaged in many processes involving DNA, such
as DNA repair, transcription, telomere mainte-
nance, and genome stability. In the cytoplasm
or extracellularly, this protein mediates more
complex functions, including regulation of cell
proliferation, autophagy, inflammation, and im-
munity [1-3].

Evidence suggesting that HMGB1 dysfunction
is associated with cancer and contributes to

and in cancer therapy, HMGB1 has been report-
ed to play paradoxical roles in promoting both
cell survival and cell death by regulating multi-
ple signaling pathways. In the nucleus, HMGB1
acts as a tumor suppressor through various
mechanisms, sustaining genome stability. In
the cytoplasm or at the cell surface, it has been
shown to act as either an oncogene or a tumor
suppressor [1, 5].

Extracellular HMGB1 exhibits a variety of func-
tions. It has been found to be a prototypic dam-
age-associated molecular pattern molecule
(DAMP) interacting with several receptors,
including the receptor for advanced glycation
end products (RAGE) and toll-like receptors
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(TLRs). HMGB1 signaling through RAGE medi-
ates increases in migration, invasion, and pro-
liferation of cancer cells [3, 4, 6]. However,
extracellular HMGB1 is also important for the
immunogenic cell death of cancer cells. It stim-
ulates antitumor immunity response during
chemotherapy or radiotherapy [6]. In addition,
HMGB1 is a critical regulator of autophagy
[7-9]. The roles of autophagy in cancer are com-
plex, likely dependent on tumor type, stage,
genetic context, and tumor microenvironment
[10].

Based on these roles in cancer development,
molecular mechanisms contributing to the reg-
ulation of HMGB1 and/or function have been
under intense investigation. Recent studies
have examined the association of specific sin-
gle nucleotide polymorphisms (SNPs) in the
HMGB1 gene with cancer risk. However, the
significance of these findings remains unclear.
Due to insufficient population sizes, the statisti-
cal power of each study, individually, was rela-
tively low. Evidence of the risk associated with
each polymorphism was inconclusive. To in-
crease statistical power, the current study con-
ducted a systematic review and meta-analysis
of published studies, investigating the associa-
tion between HMGBZ1 polymorphisms and can-
cer susceptibility. Present analysis, however,
failed to identify any significant association
between HMGB1 polymorphisms and cancer
types examined.

Materials and methods
Search strategy

A systematic search was performed in PubMed
for studies reporting the association of HMGB1
polymorphisms with cancer risk in any type of
cancer. The search included studies published
in English up to May 18, 2018. Gene-specific
terms (HMGBZ1 or high mobility group box 1)
were combined with polymorphism-(polymo-
rphism or polymorphisms or variation or varia-
tions or variant or variants or mutation or muta-
tions or genotype or genotypes) and disease-
specific terms (cancer or cancers or tumor or
tumors or neoplasm or neoplasms). The search
was performed using the method of free-text
words combined with Medical Subject Headings
(MeSH). The search included the following
search terms: “Neoplasms”, “HMGB1 Protein”,
and “Polymorphism, Single Nucleotide”. A thor-
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ough review of all reference materials within
retrieved studies was also performed, aiming to
identify additional potentially eligible studies.

Inclusion criteria and exclusion criteria

Inclusion criteria: (1) Case-control or cohort
study design; (2) Sufficient data for evaluation
of HMGB1 SNPs in cancer risk; (3) Articles pub-
lished in English; (4) Studies performed on
humans; and (5) In cases of multiple publica-
tions from the same study group, the most
complete and most recent results were used.

Exclusion criteria: (1) Abstracts, reviews, and
animal studies; (2) Useless reported data, such
as genotype number or frequency; and (3)
Articles published in languages other than
English.

Data extraction

Two researchers, independently, selected stud-
ies and extracted the following data from each
study: First author’s surname, publication year,
ethnicity, cancer types, numbers of cases and
controls, and genotype distributions of cases
and controls. All authors of this meta-analysis
participated in data extraction. A consensus
was reached after discussion. Study design
was stratified into population-based studies
and hospital-based studies.

Quality assessment

The Newcastle-Ottawa Scale and Agency for
Healthcare Research and Quality (http://www.
ohri.ca/programs/clinical_epidemiology/oxfo-
rd.asp, maximum score = 9 points) was used
to evaluate methodological quality. This syst-
em scored studies according to the selection
of patients, comparability of the groups, and
quality of the sampling process. Generally,
studies scoring > 5 points are considered high-
quality studies.

Statistical analysis

The current meta-analysis assessed associa-
tion between polymorphisms and cancer risks
under allele contrast, dominant, recessive, ho-
mozygous, and heterozygous models. Odds ra-
tios (ORs) with 95% confidence intervals (Cls)
were used to estimate the strength of associa-
tion. Heterogeneity among included studies
was evaluated using Chi square-based Q statis-
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Relevant articles from Pubmed based on the
search strategy (n = 145)

4,217 controls; rs2249825, 8
case-control studies, includ-
ing 6 different cancer types,
with 2,927 cases and 4,217

Articles excluded for no relevance by controls; rs1412125, 7 case-
reviewing the titles and abstracts (n = 132)

control studies, including 6

Articles included for further full text
assessment (n = 13)

different cancer types, with
2,834 cases and 4,117 con-
trols; and rs1360485, 4 case-
control studies, including 4

1,530 cases and 2,579 con-

Articles excluded after full text assessment J different cancer types, with
(n=5)

\ Articles included in this meta-analysis
(n=8)

Figure 1. Flowchart of selection of studies included in the current meta-anal-
ysis for the correlation between HMGB1 polymorphisms and overall cancer

susceptibility.

tic. A fixed-effects (Mantel-Haenszel method)
or random-effects model (DerSimonian-Laird
method) was used to calculate pooled effect
estimates in the presence (P < 0.05) or absence
(P > 0.05) of heterogeneity. Sensitivity analysis
was conducted by sequentially excluding one
study at a time. Begg's tests and Egger’s tests
were performed to assess publication bias. If
any possible bias was observed, the trim and
fill method was used to identify and adjust for
those studies. Data analysis was carried out
using Stata software, version 11.0 (Stata
Corporation; College Station, TX, USA). P-values
< 0.05 indicate statistical significance.

Results
Study characteristics

After applying inclusion and exclusion criteria
(Figure 1), 8 publications were eligible for the
meta-analysis. They included a total of 3,062
cancer patients and 4,217 controls, with 6 dif-
ferent cancer types [11-18]. Main characteris-
tics of the eligible studies are listed in Table 1.
All studies scored a value of 7 or above, as
determined in the Newcastle-Ottawa Scale,
and individuals therein were of Chinese or
Caucasian descent. The following is a break-
down of the number of studies, including can-
cer types, cases, and controls, meeting eligibil-
ity criteria for each polymorphism evaluated:
rs1045411, 8 case-control studies, including 6
different cancer types, with 2,927 cases and
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trols (Table 1).
Quantitative synthesis

Results of the association of
HMGB1 SNPs with general
risks for cancer, including data
for all individuals, are shown
in Table 2. Overall, pooled risk
estimates indicated that no significant associa-
tion existed for polymorphisms rs1045411,
rs2249825, rs1412125, or rs1360485 and
overall cancer susceptibility, according to com-
parisons using all five genetic models (Figures
2-5).

Subgroup analysis

Stratified analysis based on ethnicity (Chinese
or Caucasian), genotyping method (Tagman or
LDR-PCR), source of controls (hospital-based or
population-based), and Hardy-Weinberg equi-
librium, in controls, was only performed on
polymorphism rs1045411 (Table 3). In eth-
nicity subgroup analysis, polymorphism rs10-
45411 was not significantly associated with
cancer susceptibility for Chinese populations.
The magnitude of association in hospital-based
studies was not significantly changed. When
stratification analysis was conducted based
on genotyping method, rs1045411 was si-
gnificantly associated with cancer suscepti-
bility under all genetic models in LDR-PCR stud-
ies, but not in TagMan studies. Pooled ORs
were not significantly changed under stratifica-
tion based on Hardy-Weinberg equilibrium
(Figure 2).

Stratified analysis based on ethnicity, genotyp-
ing method, source of controls, and Hardy-
Weinberg equilibrium, in controls, was only per-
formed on polymorphism rs2249825 (Table 4).
In ethnicity subgroup analysis, polymorphism
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Table 1. Characteristics of studies on association between HMGB1 single nucleotide polymorphisms and cancers

Single Nucleotide Polymorphisms ~ Author  Year  Ethnicity —Cancers Genotyping - Quality Cases Controls Source of f’for HWE Cases Controls
Method Score Controls incontrols wWw WM MM WW WM MM
rs1045411 Wang 2017 Chinese HCC LDR-PCR 7 540 540 HB > 0.05 349 158 33 405 127 8
rs1045411 Lin 2017 Chinese 0scc TagMan 8 772 1200 PB > 0.05 438 274 60 649 457 94
rs1045411 Hu 2017 Chinese LC TagMan 7 372 379 HB > 0.05 130 54 6 109 71
rs1045411 Yue 2016 Chinese BC LDR-PCR 7 524 518 HB > 0.05 373 138 13 389 124 5
rs1045411 Wu 2016 Chinese UCN TagMan 7 197 305 HB > 0.05 117 69 11 204 91 10
rs1045411 Wang J 2016 Chinese CRC PCR-RFLP 7 240 480 HB <0.05 144 82 14 268 194 18
rs1045411 WangB 2016 Chinese HCC TagMan 7 324 695 HB >0.05 223 89 12 425 239 31
rs1045411 Supic 2015 Caucasian 0ScC TagMan 7 93 100 HB > 0.05 48 40 5 64 30 6
rs2249825 Wang 2017 Chinese HCC LDR-PCR 7 540 540 HB >0.05 349 158 33 405 127 8
rs2249825 Lin 2017 Chinese 0scc TagMan 8 772 1200 PB >0.05 438 274 60 649 457 94
rs2249825 Hu 2017 Chinese LC TagMan 7 372 379 HB >0.05 130 54 6 109 71
rs2249825 Yue 2016 Chinese BC LDR-PCR 7 524 518 HB >0.05 373 138 13 389 124 5
rs2249825 Wu 2016 Chinese UCN TagMan 7 197 305 HB > 0.05 117 69 11 204 91 10
rs2249825 Wang J 2016 Chinese CRC PCR-RFLP 7 240 480 HB <0.05 144 82 14 268 194 18
rs2249825 Wang B 2016 Chinese HCC TagMan 7 324 695 HB > 0.05 223 89 12 425 239 31
rs2249825 Supic 2015 Caucasian 0scc TagMan 7 93 100 HB > 0.05 48 40 5 64 30 6
rs1412125 Wang 2017 Chinese HCC LDR-PCR 7 540 540 HB > 0.05 273 216 51 290 205 45
rs1412125 Lin 2017 Chinese 0scc TagMan 8 772 1200 PB > 0.05 438 274 60 649 457 94
rs1412125 Hu 2017 Chinese LC TagMan 7 372 379 HB > 0.05 109 70 11 107 69 11
rs1412125 Yue 2016 Chinese BC LDR-PCR 7 524 518 HB > 0.05 281 213 30 300 193 25
rs1412125 Wu 2016 Chinese UCN TagMan 7 197 305 HB >0.05 83 97 17 173 114 18
rs1412125 Wang J 2016 Chinese CRC PCR-RFLP 7 240 480 HB <0.05 126 103 11 270 195 15
rs1412125 Wang B 2016 Chinese HCC TagMan 7 324 695 HB >0.05 173 130 21 374 275 46
rs1360485 Lin 2017 Chinese 0scc TagMan 8 772 1200 PB >0.05 452 273 a7 682 440 78
rs1360485 Hu 2017 Chinese LC TagMan 7 372 379 HB >0.05 124 56 10 107 68 12
rs1360485 Wu 2016 Chinese UCN TagMan 7 197 305 HB >0.05 111 73 13 183 110 12
rs1360485 WangB 2016 Chinese HCC TagMan 7 324 695 HB >0.05 192 188 14 399 257 39

HCC: hepatocellular carcinoma. OSCC: oral squamous cell carcinoma. LC: lung cancer. BC: breast cancer. UCN: uterine cervical neoplasia. CRC: colorectal cancer. PB: population-based. HB: hospital-based. PCR-RFLP: polymerase chain
reaction-restriction fragment length polymorphism. LDR-PCR: ligase detection reaction-polymerase chain reaction. HWE: Hardy-Weinberg equilibrium.
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Table 2. ORs and 95% Cls for cancers and HMGB1 single nucleotide polymorphisms under different

genetic models

Genetic models N OR [95% Cl] P (OR) (rrveiﬁilj) I-square (%) P (H) (B:gg) (EgI;er)
rs1045411
Allele contrast 8 1.079[0.874-1.333] 0.477 R (D-L) 81.4 <0.001 1.000 0.651
Dominant model 8 1.046[0.826-1.325] 0.710 R (D-L) 79.2 <0.001 0.902 0.676
Recessive model 8 1.429[0.941-2.171] 0.094 R (D-L) 58.2 0.019 0.386 0.328
Homozygous model 8 1.432[0.900-2.278] 0.130 R (D-L) 65.4 0.005 0.386 0.305
Heterozygous model 8 1.005 [0.808-1.250] 0.967 R (D-L) 73.3 <0.001 1.000 0.633
rs2249825
Allele contrast 8 1.066[0.826-1.375] 0.622 R (D-L) 84.0 <0.001 0.711 0.940
Dominant model 8 1.105[0.824-1.482] 0.503 R (D-L) 84.5 <0.001 0.902 0.673
Recessive model 8 1.070[0.783-1.460] 0.672 F(M-H) 18.9 0.281 0.386 0.248
Homozygous model 8 1.122[0.821-1.534] 0.471 F (M-H) 41.2 0.104 0.711 0.318
Heterozygous model 8 1.123[0.841-1.499] 0.433 R (D-L) 82.9 <0.001 0.711 0.538
rs1412125
Allele contrast 7 1.070[0.989-1.157] 0.093 F (M-H) 46.2 0.084 0.368 0.167
Dominant model 7 1.118[0.961-1.301] 0.148 R (D-L) 53.5 0.044 0.368 0.132
Recessive model 7 1.107 [0.911-1.344] 0.307 F (M-H) 0.0 0.910 0.230 0.185
Homozygous model 7 1.137[0.932-1.387] 0.206 F (M-H) 0.0 0.596 0.230 0.160
Heterozygous model 7 1.074[0.968-1.190] 0.177 F (M-H) 47.9 0.074 0.548 0.130
rs1360485
Allele contrast 4 1.016[0.914-1.129] 0.765 F (M-H) 57.3 0.071 0.734 0.996
Dominant model 4 1.042[0.794-1.368] 0.765 R (D-L) 72.5 0.012 0.734 0.945
Recessive model 4 0.904[0.684-1.196] 0.480 F(M-H) 24.4 0.265 1.000 0.856
Homozygous model 4 0.922[0.694-1.226] 0.577 F (M-H) 7.5 0.356 1.000 0.789
Heterozygous model 4 1.049[0.775-1.420] 0.758 R (D-L) 76.0 0.006 0.734 0.872

OR: odds ratio. Cl: confidence intervals. N: number of included studies. R: random-effects model. D-L: DerSimonian-Laird
method. F: fixed-effect model. M-H: Mantel-Haenszel method. P (H): P-value for heterogeneity.

rs2249825 was not significantly associated
with cancer susceptibility for Chinese popula-
tions. The magnitude of association in hospital-
based studies was not significantly changed.
When stratification analysis was conducted
based on genotyping method, no significant
correlation between rs2249825 and cancer
susceptibility was found in LDR-PCR studies or
in TagMan studies. Pooled ORs were not signifi-
cantly changed under stratification using Hardy-
Weinberg equilibrium (Figure 3).

Stratified analysis based on genotyping meth-
od, source of controls, and Hardy-Weinberg
equilibrium, in controls, was only performed on
polymorphism rs1412125 (Table 5). The mag-
nitude of association in LDR-PCR studies or in
TagMan studies was not significantly changed.
When stratification analysis was conducted
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based on source of controls, rs1412125 was
significantly associated with cancer risk under
allele contrast, dominant, and heterozygous
models in hospital-based studies. Pooled ORs
were not significantly changed under stratifica-
tion using Hardy-Weinberg equilibrium (Figure
4).

Heterogeneity and sensitivity analysis

Significant between-study heterogeneity was
observed under some models (Table 1).
Therefore, a random-effects model was adopt-
ed to generate wider Cls. Examining the influ-
ence of individual data sets on pooled ORs,
single studies were sequentially excluded from
analysis. Pooled ORs were not significantly
altered, indicating that meta-analysis results
are stable and reliable.

Int J Clin Exp Med 2019;12(7):8197-8213
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A Study % B  Study %

ID OR (95% CI)  Weight ID OR (95% CI)  Weight

LDR-PCR i LDR-PCR f

Wang (2017) | —— 1.71(1.36,2.16)13.56 Wang (2017) H —_— 164 (1.26, 2.14513.81

Yue (2016) -—E—v— 1.25 (0.98, 1.60)13.23 Yue (2016) - 1.22 (0.93, 1.61)13.60

Subtotal (I-squared = 70.7%, p = 0.065) T s 147 (1.08, 2.0026.79 Subtotal (I-squared = 57 2%, p = 0.126) s 1.42 (1.06, 1.9007 42

TagMan | TagMan i

Lin (2017) —— 0.93 (0.81, 1.08)14.99 Lin (2017) — 0.90 (0.75, 1.08)15.16

Hu (2017) —_— 0.71 (0.50, 1.02)11.00 Hu (2017) —_— 0.64 (0.42, 0.98)10.88

Wu (2016) _T_°_ 1.35(0.99, 1.84)11.93 Wu (2016) -—:—-— 1.38 (0.95, 2.00)11.81

Wang B (2016) _— 0.76 (0.60, 0.97)13 36 Wang B (2016) —_—s 0.71 (0.54, 0.94)13.50

Supic (2015) ; 1.38 (0.86, 2.21)8.96 Supic (2015) : 1.67 (0.94, 2.97B.37

Subtotal (I-squared = 68.9%, p = 0.012)=<__ == 0.96 (0.77, 1.2060.24 Subtotal (I-squared = 72.5%, p = 0.006) =<<__| o= 0.95 (0.71, 1.26)59.73

PCR-RFLP E PCR-RFLP E

Wang J (2016) —_— 0.94 (0.73, 1.22)12.98 Wang J (2016) —_— 0.84 (0.62, 1.15)12.86

Subtotal (I-squared = %, p =) {:} 0.94 (0.73, 1.22)12.98 Subtotal (I-squared = .%, p=.) <:::;==— 0.84 (0.62, 1.15)12.86
1 1

Overall (l-squared = 81.4%, p = 0.000) <j> 1.08 (0.87, 1.33)100.00 Overall (l-squared = 79.2%, p = 0.000) <> 1.05 (0.83, 1.32)100.00

NOTE: Weights are from random effects analysis : NOTE: Weights are from random effects analysis :

T T T T
452 1 221 4 1 3
C Study % D Study %

D OR (95% Cl) Weight ID OR (95% Cl) Weight

LDR-PCR | LDR-PCR f

Wang (2017) | ———%——— 433(1.98,9.46) 1296 Wang (2017) | ———=—> 479(2.18,10.50) 13.10

Yue (2016) -—%—0— 261(092,7.37) 9862 Yue (2016) T 2.71(0.96,768) 10.20

Subtotal (l-squared = 0.0%, p = 0.445) | e == 360(193,673) 2258 Subtotal (I-squared = 0.0%, p = 0.392) | === 3090(208,729) 2330

TagMan ! TagMan |

Lin (2017) —«— 0.99(0.71,1.39) 20.53 Lin (2017) —=— 0.95(0.67,1.34) 1878

Hu (2017) —_— 0.84(0.28,254) 888 Hu (2017) —_— 072(023,220) 944

Wu (2016) — 174(0.73,4.19) 1162 Wu (2016) —_ 192(0.79,465) 11.89

Wang B (2016) —_— 082(042,163) 1457 Wang B (2016) —_— 0.74(0.37,1.46) 14.38

Supic (2015) ; 0.89(0.26,3.02) 7.84 Supic (2015) ; 1.11(0.32,386) 836

Subtotal (-squared = 0.0%, p = 0.736) <> 1.00(0.76,1.31) 63.44 Subtotal (I-squared = 0.0%, p = 0.521) <> 0.96(0.73,1.27) 6285

PCR-RFLP PCR-RFLP

Wang J (2016) — 1.59(0.78,3.25) 13.98 Wang J (2016) —_— 145(070,3.00) 1384

Subtotal (I-squared =.%, p =) ~ 1.59(0.78,3.25) 13.98 Subtotal (l-squared = %, p =) -=::J> 1.45(0.70,3.00) 1384
1 1

Overall (I-squared = 58.2%, p = 0.019) <> 1.43(0.94,2.17) 100.00 Overall (I-squared = 65.4%, p = 0.005) -=<1'> 1.43(0.90,228) 100.00

NOTE: Weights are from random effects analysig 1 NOTE: Weights are from random effects analysig v

T T T T
106 1 946 0952 1 105
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E Study %
D OR (95% Cl) Weight
LDR-PCR . . . .
Wang (2017) 1.44(110,1.90) 14.08 Figure 2. Forest plot of cancer risk associated with
Vue (2016) N 116 (0.88,154) 1392 HMGBl. polymorphism rle.45.4ll using different
Sublotal (-squared = 15.8%, p = 0.276) <> 1.30 (1.05, 1.61) 28.00 genotyping methods. Association of the polymor-
phism with cancer development was analyzed in the
TagMan following models: (A) Allele contrast; (B) Dominant;
Lin (2017) — 0.89(0.73,1.08) 15.86 (C) Recessive; (D) Homozygous; and (E) Heterozy-
Hu (2017) —_— 064 (0.41,0.99) 10.51 gous. Each square represents a study and the area
Wu (2016) —_ 1.32(0.90,1.95) 11.54 of each square is proportional to the weight of the
wang B (2016) _— 0.71(0.53,095) 1366 study. The diamond represents the summary OR and
Supic (2015) 1.78(0.97.325) 7.59 95% Cl. OR: odds ratio; Cl: confidence interval.
Subtotal (l-squared = 70.6%, p = 0.009) -<:>- 094 (0.71,125) 59.16
PCR-RFLP
Wang J (2016) —_— 0.79 (0.57,1.09) 12.84
Subtotal (-squared = %, p =) = == 0.79 (0.57.1.09) 12.84
Overall (I-squared = 73.3%, p = 0.000) <> 1.00 (0.81, 1.25) 100.00
NOTE: Weights are from random effects analysis
T T
308 1 325
A Study % B Study %
D OR (95% Cl) Weight D OR (95% CI) Weight
Wang (2017) —-:-— 1.07 (0.87, 1.33) 14.01 Wang (2017) —-—l— 1.04 (0.81,1.34) 13.90
Lin (2017) — 0.86 (0.72, 1.03) 14.42 Lin (2017) —_— 0.85 (0.69, 1.04) 14.39
Hu (2017) —’—-;— 0.83 (0.55, 1.24) 11.10 Hu (2017) —0——%— 0.83(0.53, 1.31) 11.27
Yue (2016) —_— . 0.68 (0.49, 0.95) 1225 Yue (2016) —_— ; 0.67 (0.47, 0.96) 12,65
Wu (2016) ;—o— 1.49 (1.06, 2.10) 12.15 Wu (2016) ..—.— 1.57 (1.06, 2.32) 12.15
Wang J (2016) —_— 2.15(1.63,2.82) 13.18 Wang J (2016) ———=—— 261(1.88,363) 12.94
; ‘
Wang B (2016) —-:w— 1.12 (0.86, 1.46) 13.28 Wang B (2016) __‘._ 1.13(0.84, 1.53) 13.33
Supic (2015) —._-'_ 0.81(0.49, 1.35) 961 Supic (2015) —.__._ 0.92 (0.51, 1.68) 9.38
Overall (l-squared = 84.0%, p = 0.000) <:> 1.07 (0.83, 1.38) 100.00 Overall (l-squared = 84.5%, p = 0.000) <:> 1.11(0.82, 1.48) 100.00
NOTE: Weights are from random effects analysis E NOTE: Weights are from random effects analysis i
T T T T

2 1 3 276 1 363
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Study %
C Study % D
D OR (95% Cl) Weight
D OR (95% CI) Weight
i Wang (2017) — 146(0.76,2.81)  20.51
Wang (2017) —— 1.46 (0.76, 2.79) 20.09 !
i Lin (2017) — 074(040,137) 3302
Lin (2017) — 0.77 (0.42, 1.42) 3218 !
Ho (2017) ! 049 (0,09, 269) 523 Hu (2017) : 0.47(0.08,260) 551
Yoe (2016) : 033 (008, 347) 295 Yue (2016) : 0.31(0.03,3.01) 421
Wu (2016) _ 1.88 (0.57, 6.26) 499 Wu (2016) _ * 213(064,7.11) 477
Wang J (2016) __’_,_ 171 (085, 346) 1476 Wang J (2016) —*— 232(1.13,473) 1217
Wang B (2016) — 147 (0.43, 3.20) 901 Wang B (2016) —_— 121(044,331) 91
Supic (2015) _ 0.38(0.10, 1.49) 979 Supic (2015) —°—‘— 0.39(0.10,1.55)  9.81
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Table 3. Subgroup analyses for HMGB1 rs1045411 and cancers under different genetic models

Model

Genetic models N OR [95% ClI] P (OR) (method) I-ssquare (%) P(H) P (Begg) P (Egger)
Allele contrast
Overall 8 1.079[0.874-1.333] 0.477 R (D-L) 81.4 <0.001 1.000 0.651
Chinese 7 1.053[0.842-1.318] 0.650 R (D-L) 83.5 <0.001 - -
LDR-PCR 2 1.468[1.076-2.003] 0.015 R (D-L) 70.7 0.065 - -
TagMan 5 0.962[0.770-1.202] 0.735 R (D-L) 68.9 0.012 - -
HB 7 1.108[0.858-1.430] 0.434 R (D-L) 82.2 <0.001 - -
HWE > 0.05 7 1.102[0.866-1.402] 0.431 R (D-L) 83.7 <0.001 - -
Dominant model
Overall 8 1.046[0.826-1.325] 0.710 R (D-L) 79.2 <0.001 0.902 0.676
Chinese 7 1.002[0.785-1.280] 0.985 R (D-L) 80.5 <0.001 - -
LDR-PCR 2 1.420[1.062-1.898] 0.018 R (D-L) 57.2 0.126 - -
TagMan 5 0.948[0.715-1.259] 0.714 R (D-L) 72.5 0.006 - -
HB 7 1.076[0.807-1.435] 0.618 R (D-L) 80.6 <0.001 - -
HWE > 0.05 7 1.081[0.828-1.410] 0.567 R (D-L) 81.3 <0.001 - -
Recessive model
Overall 8 1.429[0.941-2.171] 0.094 R (D-L) 58.2 0.019 0.386 0.328
Chinese 7 1.494[0.949-2.352] 0.083 R (D-L) 63.5 0.012 - -
LDR-PCR 2 3.605[1.930-6.732] <0.001 R(D-L) 0.0 0.445 - -
TagMan 5 1.001[0.764-1.311] 0.996 R (D-L) 0.0 0.736 - -
HB 7 1.568[0.958-2.566] 0.073 R (D-L) 53.9 0.043 - -
HWE > 0.05 7 1.413[0.869-2.296] 0.163 R (D-L) 63.2 0.012 - -
Homozygous model
Overall 8 1.432[0.900-2.278] 0.130 R (D-L) 65.4 0.005 0.386 0.305
Chinese 7 1.471[0.886-2.443] 0.136 R (D-L) 70.3 0.003 - -
LDR-PCR 2 3.895[2.081-7.292] <0.001 R (D) 0.0 0.392 - -
TagMan 5 0.964[0.732-1.270] 0.796 R (D-L) 0.0 0.521 - -
HB 7 1.574[0.908-2.729] 0.106 R (D-L) 62.4 0.014 - -
HWE > 0.05 7 1.111[0.320-3.857] 0.190 R (D-L) 70.1 0.003 - -
Heterozygous model
Overall 8 1.005[0.808-1.250] 0.967 R (D-L) 73.3 <0.001 1.000 0.633
Chinese 7 0.959[0.772-1.192] 0.707 R (D-L) 73.2 0.001 - -
LDR-PCR 2 1.298[1.048-1.607] 0.017 R (D-L) 15.8 0.276 - -
TagMan 5 0.940[0.706-1.251] 0.672 R (D-L) 70.6 0.009 - -
HB 7 1.031[0.789-1.347] 0.825 R (D-L) 75.8 <0.001 - -
HWE > 0.05 7 1.043[0.819-1.328] 0.735 R (D-L) 75.3 <0.001 - -

OR: odds ratio. Cl: confidence intervals. N: number of included studies. R: random-effects model. D-L: DerSimonian-Laird
method. P (H): P-value for heterogeneity. HB: hospital-based. LDR-PCR: ligase detection reaction-polymerase chain reaction.
HWE: Hardy-Weinberg equilibrium.

Publication bias

Begg's and Egger’s tests were performed to
quantitatively evaluate publication bias of in-
cluded studies (Figure 6). No asymmetry was
found in the funnel plots for any of the polymor-
phisms. In addition, results of Egger’s tests did
not suggest any evidence of publications bias.
P-values from the two tests are listed in Table
2.
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Discussion

In the present meta-analysis, involving 3,062
cases and 4,217 controls, the association
between four HMGB1 polymorphisms and can-
cer risks was evaluated. Pooled risk estimates
indicated that no significant association was
identified for polymorphisms rs1045411,
rs2249825, rs1412125, or rs1360485 and
overall cancer susceptibility, according to com-
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Table 4. Subgroup analyses for HMGB1 rs2249825 and cancers under different genetic models

Model

Genetic models N OR [95% Cl] P (OR) (method) l-ssquare (%) P(H) P (Begg) P (Egger)
Allele contrast
Overall 8 1.066[0.826-1.375] 0.622 R (D-L) 84.0 <0.001 0.7111 0.940
Chinese 7 1.097 [0.835-1.442] 0.505 R (D-L) 86.0 <0.001 - -
LDR-PCR 2 0.871[0.558-1.361] 0.545 R (D-L) 80.3 0.024 - -
TagMan 5 1.003[0.804-1.253] 0.976 R (D-L) 59.9 0.041 - -
HB 7 1.103[0.824-1.478] 0.511 R (D-L) 83.5 <0.001 - -
HWE > 0.05 7 0.965[0.809-1.151] 0.692 R (D-L) 60.4 0.019 - -
Dominant model
Overall 8 1.105[0.824-1.482] 0.503 (D-L) 84.5 <0.001 0.902 0.673
Chinese 7 1.126[0.820-1.546] 0.463 (D-L) 86.6 <0.001 - -
LDR-PCR 2 0.853[0.558-1.305] 0.465 (D-L) 74.4 0.048 - -
TagMan 5 1.029[0.812-1.304] 0.813 (D-L) 55.1 0.064 - -
HB 7 1.153[0.821-1.621] 0.411 (D-L) 84.2 <0.001 - -
HWE > 0.05 7 0.971[0.806-1.171] 0.759 (D-L) 55.0 0.038 - -
Recessive model
Overall 8 1.070[0.783-1.460] 0.672 (M-H) 18.9 0.281 0.386 0.248
Chinese 7 1.144[0.829-1.578] 0.412 (M-H) 31 0.402 - -
LDR-PCR 2 1.272[0.690-2.344] 0.441 (M-H) 35.1 0.215 - -
TagMan 5 0.835[0.544-1.283] 0.411 (M-H) 0.0 0.418 - -
HB 7 1.211[0.840-1.745] 0.306 (M-H) 12.9 0.331 - -
HWE > 0.05 7 0.958[0.677-1.357] 0.811 (M-H) 10.0 0.353 - -
Homozygous model
Overall 8 1.122[0.821-1.534] 0.471 F(M-H) 41.2 0.104 0.711 0.318
Chinese 7 1.201[0.870-1.660] 0.266 F (M-H) 35.8 0.155 - -
LDR-PCR 2 1.263[0.682-2.338] 0.457 F (M-H) 39.3 0.199 - -
TagMan 5 0.837[0.544-1.287] 0.417 F (M-H) 12.4 0.335 - -
HB 7 1.316[0.911-1.903] 0.144 F (M-H) 33.9 0.170 - -
HWE > 0.05 7 0.957[0.674-1.357] 0.804 F(M-H) 18.6 0.288 - -
Heterozygous model
Overall 8 1.123[0.841-1.499] 0.433 (D-L) 82.9 <0.001 0.711 0.538
Chinese 7 1.127[0.824-1.540] 0.455 (D-L) 85.4 <0.001 - -
LDR-PCR 2 0.847[0.586-1.224] 0.376 (D-L) 64.6 0.093 - -
TagMan 5 1.045[0.838-1.303] 0.693 (D-L) 45.5 0.119 - -
HB 7 1.174[0.837-1.647] 0.352 (D-L) 82.9 <0.001 - -
HWE > 0.05 7 0.977[0.820-1.164] 0.793 R (D-L) 46.3 0.083 - -

OR: odds ratio. Cl: confidence intervals. N: number of included studies. R: random-effects model. D-L: DerSimonian-Laird
method. P (H): P-value for heterogeneity. HB: hospital-based. LDR-PCR: ligase detection reaction-polymerase chain reaction.
HWE: Hardy-Weinberg equilibrium.

parisons using all five genetic models. Results
of subgroup analysis indicated that rs1045411
was significantly associated with cancer sus-
ceptibility under all genetic models in LDR-PCR
studies. In addition, rs1412125 was signifi-
cantly associated with cancer risk under allele
contrast, dominant, and heterozygous models
in hospital-based studies. These findings are
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consistent with most included studies summa-
rized in the present analysis.

HMGB1 polymorphisms have been the subject
of intense investigations in many cancer sus-
ceptibility studies. Polymorphism rs1045411 is
located in the 3’-untranslated region (3'-UTR) of
HMGB1, consistent with a function in mRNA
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Table 5. Subgroup analyses for HMGB1 rs1412125 and cancers under different genetic models

Model

Genetic models N OR [95% Cl] P (OR) (method) I-square (%) P (H) P (Begg) P (Egger)
Allele contrast
Overall 7 1.070[0.989-1.157] 0.093 F (M-H) 46.2 0.084 0.368 0.167
LDR-PCR 2 1.129[0.985-1.294] 0.082 F(M-H) 0.0 0.804 - -
TagMan 4 1.024[0.923-1.137] 0.655 F(M-H) 68.5 0.023 - -
HB 6 1.133[1.032-1.244] 0.009 F(M-H) 20.3 0.281 - -
HWE > 0.05 6 1.062[0.977-1.153] 0.157 F(M-H) 53.8 0.055 - -
Dominant model
Overall 7 1.118[0.961-1.301] 0.148 R (D-L) 53.5 0.044 0.368 0.132
LDR-PCR 2 1.161[0.979-1.378] 0.087 R (D-L) 0.0 0.784 - -
TagMan 4 1.106[0.835-1.465] 0.481 R (D-L) 73.5 0.010 - -
HB 6 1.176[1.019-1.358] 0.027 R (D-L) 30.6 0.206 - -
HWE > 0.05 6 1.116[0.937-1.328] 0.218 R (D-L) 60.6 0.027 - -
Recessive model
Overall 7 1.107[0.911-1.344] 0.307 F(M-H) 0.0 0.910 0.230 0.185
LDR-PCR 2 1.166[0.836-1.626] 0.366 F (M-H) 0.0 0.903 - -
TagMan 4 1.044[0.812-1.342] 0.739 F(M-H) 0.0 0.740 - -
HB 6 1.169[0.922-1.483] 0.198 F (M-H) 0.0 0.916 - -
HWE > 0.05 6 1.087[0.889-1.327] 0.416 F(M-H) 0.0 0.909 - -
Homozygous model
Overall 7 1.137[0.932-1.387] 0.206 F (M-H) 0.0 0.596 0.230 0.160
LDR-PCR 2 1.233[0.876-1.735] 0.230 F(M-H) 0.0 0.863 - -
TagMan 4 1.052[0.813-1.360] 0.701 F(M-H) 12.0 0.333 - -
HB 6 1.247[0.977-1.592] 0.076 F (M-H) 0.0 0.713 - -
HWE > 0.05 6 1.114[0.908-1.368] 0.302 F(M-H) 0.0 0.557 - -
Heterozygous model
Overall 7 1.074[0.968-1.190] 0.177 F(M-H) 47.9 0.074 0.548 0.130
LDR-PCR 2 1.148[0.960-1.373] 0.130 F(M-H) 0.0 0.779 - -
TagMan 4 1.022[0.891-1.172] 0.758 F(M-H) 70.8 0.016 - -
HB 6 1.159[1.026-1.310] 0.018 F(M-H) 20.6 0.278 - -
HWE > 0.05 6 1.067[0.957-1.190] 0.244 F (M-H) 56.1 0.044 - -

OR: odds ratio. Cl: confidence intervals. N: number of included studies. R: random-effects model. D-L: DerSimonian-Laird
method. P (H): P-value for heterogeneity. HB: hospital-based. LDR-PCR: ligase detection reaction-polymerase chain reaction.
HWE: Hardy-Weinberg equilibrium.

stability and regulation of gene expression at
the posttranscriptional level [19]. Moreover,
rs1045411 has been identified as an miRNA-
505 binding site [12]. Previous studies have
demonstrated that miRNA-505 acts as tumor
suppressor in cancers, [20, 21] and that it sup-
presses proliferation and invasion in hepatoma
cells by directly targeting HMGB1 [22]. Wu et al.
conducted in silico analysis, confirming that the
minor allele of polymorphism rs2249825 cre-
ates a putative binding site for v-Myb [17]. This
potential v-Myb binding site might function as a
powerful enhancer, causing increased expres-
sion of HMGB1 [23]. Polymorphism rs1412125
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is located-1615 base pairs upstream of the
HMGB1 transcription start site. It may also
have a role in promoting HMGB1 expression
through interference with the binding of the
human Cut homeodomain repressor protein
[24]. Mutant allele C may impair binding and
repression induced by the Cut protein, thereby
contributing to overexpression of HMGBI.
Overexpression of HMGB1 has been observed
in various human carcinomas [25-27]. However,
pooled risk estimates indicated no significant
association for the above polymorphisms and
overall cancer susceptibility in the present
study.
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Figure 6. Begg’'s funnel plots to assess publication bias in eligible studies under the allele contrast model. Begg’s
funnel plots representing publication bias analysis of polymorphisms (A) rs1045411, (B) rs2249825, (C) rs1412125,
and (D) rs1360485. The horizontal line in the figure represents the overall estimated log (OR). The two diagonal
lines indicate the pseudo 95% confidence limits of the effect estimate. Log (OR): log-transformed OR; OR: odds ratio.

The current meta-analysis had several advan-
tages. First, this study pooled the available
data from eligible studies, significantly increas-
ing the statistical power, compared to any sin-
gle study. Second, all eligible studies included
in this meta-analysis were high-quality studies
and met inclusion criterion. Third, no publica-
tion bias was detected. Sensitivity analysis indi-
cated that current results are statistically sta-
ble and robust. However, there were several
limitations to the current study. First, statisti-
cally significant heterogeneity was confirmed
within all genotype models. Stratified analysis
was, therefore, performed to explore the source
of heterogeneity. Between-study heterogeneity
was not dramatically reduced after subgroup
analysis was performed based on ethnicity,
genotyping method, source of controls, and
Hardy-Weinberg equilibrium in controls. Th-
erefore, between-study heterogeneity might be
mainly attributed to various cancer types.
Second, current analysis was limited to Chinese
or Caucasian ethnicities. Therefore, it is uncer-
tain whether present results can be general-
ized to other populations.
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In summary, polymorphisms rs1045411, rs-
2249825, rs1412125, and rs1360485 are
not associated with overall cancer suscepti-
bility, according to comparisons using all five
genetic models. Moreover, larger population-
based case-control studies, as well as well-
designed mechanistic studies, are warranted
to validate current findings.
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