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The aim of the present study was to determine whether High mobility group box 1 (HMGB1)
polymorphism was associated with cancer susceptibility. PubMed, Embase, and ISI Web of
Science were extensively searched without language restriction. Data were extracted using
a standardized data collection sheet after two reviewers scanned studies independently.
The association between HMGB1 polymorphism and cancer risks was indicated as odds
ratio (OR) along with its related 95% confidence interval (95%Cl). Meta-analysis was con-
ducted via RevMan 5.3 software. A total of ten studies comprising 4530 cases and 5167
controls were included in our study. Meta-analysis revealed no statistical association be-
tween rs1045411, rs1360485, rs1412125, or rs2249825 polymorphisms in HMGB1 gene
and risk of cancer, either did subgroup analysis of rs7045411 stratified by cancer types and
ethnic groups. Our results revealed no statistical association between current four polymor-
phism loci and cancer risks, suggesting that the attempt of applying HMGB1 variants as a
therapeutic target or a prognosis predictor might still require a second thought. However,
HMGB/1 is deemed to play pleiotropic roles in cancers, we strongly call for large-scale stud-
ies with high evidence level to uncover the exact relationship between HMGB1 gene variants
and cancer progression.

Introduction

High mobility group box 1 (HMGBL1), also known as HMG1 [1], is a highly conserved, ubiquitously
expressed single polypeptide in all mammalian eukaryotic cells [2,3]. It is located in the nucleus, act-
ing as a DNA chaperone, chromosome guardian, autophagy sustainer, and protector from apoptotic cell
death [4,5]. Meanwhile it also has the ability to shuttle to cytoplasma and activate autophage through in-
teracting with Beclin-1 [6], as well as to translocate to the extracellular medium to act as a prototypic
damage-associated molecular pattern (DAMP) molecule when passively released from dead, dying or in-
jured cells, or when actively secreted from immune cells or cancer cells in response to exogenous and
endogenous stimuli, thus is deemed to play a significant role in an impressive number of medical condi-
tions [7,8].

Till now, studies have correlated the HMGBI protein to cancer progression, especially invasion and
metastasis [9]. In the experimental setting, inhibition of HMGBI release diminish ATP production and
retard tumor growth [10]. Overexpression of HMGBI in tumor tissue and increased HMGB1 serum level
are near-universal in virtually every examined type of cancer, including colon carcinoma [11-13], hep-
atoma [14,15], breast cancer (BC) [16], pancreatic cancer [11], melanoma [17], ovarian cancer [18], and
mesothelioma [19,20], indicating a carcinogenic role of HMGBI.
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retinoblastoma protein (Rb), nuclear factor-kB (NF-«B), and the estrogen receptor [21]. The overexpression of
HMGBI inhibits Rb-positive BC cells growth in vitro, also preventing growth in in vivo tumor models [22,23]. Cur-
rent knowledge is that HMGB1 may play paradoxical roles in cancer, although its exact mechanism and physiological
meaning still remain to be further investigated.

Cancer development is a multistep progress. Chromosomal instability, which could be driven by complex genetic
and physiological variations as well as environmental factors, is considered to be central to the pathogenesis of ma-
lignancies [24,25]. Loss of HMGBI could reduce telomerase activity, decrease telomere length, and increase chromo-
somal instability [4,5,26]. Thus, understanding the molecular bases might be important for exploring the exact role
of HMGBI in cancer, as well as developing new diagnostic biomarkers and identifying new therapeutic targets.

Although flourishing numbers of researches have demonstrated that the existence of HMGB1 polymorphism made
it possible for affecting the susceptibility [27-36], prognosis [15,37,38] as well as treatment response of malignancies
[39], the correlation between HMGB1 polymorphism and risks of cancer remains controversial. Hence, we conducted
a comprehensive study based on current research to better understand the association between HMGB1 gene poly-
morphisms and cancer risks.

Materials and methods

This systematic review was conducted in accordance with the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines [40].

Literature search strategy

We systemically searched PubMed, Embase, and ISI Web of Science (from their commencements to May 2018) with
no language restrictions, for studies in humans of correlations between HMGB1 polymorphisms and cancer risks.
The following terms were used for English online databases: (Single Nucleotide Polymorphism or polymorphism or
SNP or SNPs or ‘Polymorphism, Single Nucleotide’[Mesh]) and (HMGB1 or high mobility group box 1 or HMG-1).
To broaden our search, references of related reviews were also manually scrutinized.

Inclusion and exclusion criteria
In this meta-analysis, publications were eligible if they fulfilled the following criteria: (i) case—control study or cohort
study design; (ii) evaluated the association of the genetic polymorphisms of HMGBI1 with the risk of cancer; (iii)
displayed outcomes in the form of odds ratio (OR) with 95% confidence interval (95%CI) or provided sufficient
genotypic and/or allelic information for estimating OR with 95%CI.

The exclusion criteria included: (i) duplicated studies using the same population or overlapping database; (ii)
non-human research; (iii) studies that were case reports, editorials, reviews, letters, and comments.

Quality assessment of included studies

The Newcastle-Ottawa Scale (NOS) [41] for assessing the quality of non-randomized studies was employed to judge
the included studies on three broad perspectives: the selection of the study groups; the comparability of the groups;
and the ascertainment of either the exposure or outcome of interest for case—control or cohort studies, respectively.
On a scale from 0 to 9, studies scoring 0-3 points, 4-6 points, or 7-9 points were considered to have a high, mod-
erate, or low risk of bias, respectively. Two reviewers (X.-y.L. and C.-h.L.) assessed the risk of bias amongst studies
independently and compared the results of quality assessment afterward. In case of discrepancy regarding the quality
assessment, consensus was reached through discussion with a third reviewer (J.-m.Z.).

Data extraction

Study selection was achieved by two investigators independently based on the pre-decided inclusion criteria, any
dispute was solved by discussion. Data from the selected studies were collected using a standard data collection sheet
including first author and year of publication, SNP loci, country and ethnicity of participants, sample size, source of
cases, number of cases and controls for each genotype, and Hardy—-Weinberg equilibrium (HWE).

Statistical analysis

Deviation from HWE was evaluated by using Chi-square test to assess goodness-of-fit in control subjects of each
included study. The magnitude of association between HMGB1 polymorphisms and risk of cancer was expressed
as OR along with the associated 95%CI. In order to avoid an inflated Type I error rate, we did not perform any
prior assumptions about the genetic model of inherence in advance. The most plausible genetic model for HMGB1
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polymorphisms in the risk of cancer was identified by a model-free approach recommended by Thakkinstian et al.
[42]. If A variant was the gene of interest that could possibly result in an increased or decreased risk of cancer, then
ORI, OR2, and OR3 were calculated for genotypes AA compared with aa, Aa compared with aa, AA compared with
Aa for each polymorphism to capture the magnitude of genetic effect and to decipher the most plausible genetic
model. Then the most reasonable genetic model of inherence was ascertained according to the associations between
the three pairwise comparisons as follows:

(1) Recessive model: if OR1 = OR31 and OR2 = 1;

(2) Dominant model: if OR1 = OR21 and OR3 = I;

(3) Complete over-dominant model: if ORI = 1, OR2 = 1/OR31;

(4) Codominant model: if OR1 > OR2 > 1 and OR1 > OR3 > 1, or OR1 < OR2 < 1 and OR1 < OR3 < 1.

After that the underlying genetic model was confirmed, the counts of each genotype were collapsed into two cate-
gories to obtain the merged results. The between-study heterogeneity was assessed using the Q-statistical test and I
test. The random-effect model and fixed-effect model were used for data combination in the presence (P<0.1, I’ >
50%) or absence of heterogeneity (P>0.1, I? < 50% indicates acceptable heterogeneity), respectively [43].

In case of statistically significant heterogeneity across studies, subgroup analyses by ethnicity, type of cancer were
performed to find the possible source of heterogeneity. The Leave-one-out sensitivity analysis was conducted by re-
moving each study in turn and reassessing the resulting effect on the overall effect. Egger’s regression test and Begg’s
rank correlation test [44] were used to estimate the publication bias (Stata version 12.0, Stata Corp LP, U.S.A.). Forest
plots and funnel plots were generated using RevMan 5.3 software (Copenhagen: The Nordic Cochrane Centre, The
Cochrane Collaboration, 2014).

Results

Literature search results

An initial search yielded 239 potential citations, amongst which 64 from PubMed, 83 from Embase, and 92 from
IST Web of Science, respectively. Eighty citations were deleted because they were duplicates. After screening titles
and abstracts, thirteen studies were selected and retrieved for full-text assessment based on predetermined inclusion
criteria, amongst which one included unavailable data, one was conference abstract, and one was unrelated. Finally,
a total of ten studies [27-36] were considered eligible for inclusion in this meta-analysis. The literature screening
proceed was presented in Figure 1.

Study characteristics
As Table 1 included main characteristics of included ten studies, nine [27-35], six [27,28,30,33,35,36], nine
[27,28,30-36], nine [27-35] studies were respectively identified for investigating relationships between rs1045411,
rs1360485, rs1412125, rs2249825 polymorphism and risks of cancers, covering patients of lung cancer (LC) [27,36],
oral squamous cell carcinoma (OSCC) [28,29], hepatocellular carcinoma (HCC) [30,31], colorectal cancer (CRC)
[32], uterine cervical cancer (UCC) [33], and BC [34,35], amongst which nine studies included Han patients
[27,28,30-36] and one focussed on Caucasian cases [29]. The sample sizes of included studies ranged from 193 to
1972, and all the included studies were published between 2015 and 2018. A total number of 4530 cases and 5167
controls were included in this meta-analysis.

The risk of bias amongst studies was assessed using NOS scale (Table 2). Studies included in this work were con-
sidered to be of moderate to high quality, amongst which four [27,28,30,35], three [29,34,36], three [31-33] studies
gained 5, 6, 7 stars, respectively.

Meta-analyses

Before combining data from each individual study included, we made testable hypotheses about the most appro-
priate genetic model of inherence. For the association between rs1360485 in HMGBI1 and cancer risks, OR1 (1.02,
95%CI: 0.80, 1.28; P=0.90), OR2 (1.07, 95%CI: 0.94, 1.22; P=0.31), and OR3 (1.08, 95%CI: 0.92, 1.62; P=0.36) were
all statistically insignificant, which suggested no potential association between rs1360485 and risk of cancer. Null
associations were also found for rs1412125 (OR1: 1.16, 95%CI: 0.98, 1.38; OR2: 1.08, 95%CI: 0.98, 1.19; OR3: 1.10,
95%CI: 0.96, 1.25), rs2249825 (OR1: 1.11, 95%CI: 0.82, 1.50; OR2: 1.07, 95%CI: 0.96, 1.20; OR3: 0.84, 95%CI: 0.65,
1.08) polymorphisms and cancer risks. However, in terms of rs1045411, the estimated OR1 (CC/TT: 0.77, 95%CI:

(© 2018 The Author(s). This is an open access article published by Portland Press Limited on behalf of the Biochemical Society and distributed under the Creative Commons Attribution 3
License 4.0 (CC BY).



o = PORTLAND
09 rress

PubMed=64
EMBASE=83
ISI Web of Science=92

Y

Totally identified
(n=239)

Bioscience Reports (2018) 38 BSR20180658
https://doi.org/10.1042/BSR20180658

Y

Records after the duplicates were removed

(n=159)

A 4

Full-text articles

A

Duplicates
(n=80)

assessed for eligibility

(n=13)

A 4

Studies included in
qualitative synthesis
(n=10)

Figure 1. Flowchart of literature search
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Hu WH, 2017 184
Huang BF, 2018 290
Lin CW, 2017 733
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Wang B, 2016 312
Wang D, 2017 507
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Figure 2. Forest plot of rs1045411 in HMGB1 gene and risk of cancer using a dominant model

Subgroup analysis and publication bias
In the subgroup analysis by the type of malignancies, no obvious differences in tumor risks could be found in HMGB1
rs1045411 polymorphism amongst any cancer type except for BC. The pooled ORs were 1.19 (95%CI: 0.39, 3.62;

0.61, 0.97; P=0.03) and OR2 (CT/TT: 0.69, 95%CI: 0.54, 0.89; P=0.004) were both statistically significant, whereas
the estimated OR3 (CC/CT: 1.07, 95%CI: 0.97, 1.18; P=0.20) was insignificant, suggesting that the dominant model
was the most plausible genetic model for meta-analysis. When using the dominant model, the counts of genotypes of
CC and CT groups were combined together and compared with TT groups. Since there was moderate heterogeneity
amongst included studies (P=0.02, I? = 54%), the random-effect model was used for statistical analysis. The com-
bined ORs showed that there was no statistically significant association between rs1045411 in HMGBI1 gene and risk
of cancer (OR 0.70, 95%CI: 0.47, 1.02; P=0.07) (Figure 2).
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Table 1 Main characteristics of included studies
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Sample size Source of

Study Polymorphism Country Ethnicity (case/control) cases Case Control HWE
WT HT MT WT HT MT

HuW.(2017)[27]  rs1045411 (C>T)  China Han 372/379 LC 130 54 6 109 71 0.542
Huang B.F. (2018)  rs1045411 (C>T)  China Han 313/217 BC 200 9 23 132 75 10 0.988
(39]
Lin C.W. (2017) [28]  rs1045411 (C>T)  Taiwan Han 1200/772 0SCC 507 226 39 723 411 66 0.753
Supic G. (2015) [29]  rs1045411 (C>T) Belgrade  Caucasian 93/100 0OSCC 48 40 5 64 30 6 0.632
Wang B. (2016) [30]  rs1045411 (C>T)  Taiwan Han 324/695 HCC 223 89 12 425 239 31 0.939
Wang D. (2017) [31]  rs1045411(C>T)  China Han 540/540 HCC 349 158 33 405 127 8 0.859
Wang J.X. (2016)  rs1045411(C>T)  China Han 240/480 CRC 144 82 14 268 194 18 0.057
[32]
WU H.H. (2016)[33]  rs1045411 (C>T)  Taiwan Han 502/305 uce 17 69 11 204 91 10 0.999
Yuel. (2016)[34]  rs1045411(C>T)  China Han 524/518 BC 373 138 13 389 124 5 0.359
HuW. (2017)[27]  rs1360485 (T>C)  China Han 372/379 LC 124 56 10 107 68 12 0.964
Huang B.F. (2018)  rs1360485 (T>C)  China Han 313/217 BC 191 99 23 131 71 15 0467
(39]
Jiang M. (2018) [36]  rs1360485 (T>C)  China Han 850/733 LC 579 245 26 464 238 31 0.998
Lin C.W. (2017) [28]  rs1360485 (T>C) ~ Taiwan Han 1200/772 0SCC 452 273 47 682 440 78 0826
Wang B. (2016) [30]  rs1360485 (T>C)  Taiwan Han 324/695 HCC 192 188 14 399 257 39 0961
WU H.H. (2016) [33]  rs1360485 (T>C)  Taiwan Han 502/305 ucc 111 73 13 183 110 12 0662
HuW. (2017)[27]  rs1412125(T>C)  China Han 372/379 LC 109 70 11 107 69 11 0.999
Huang BF. (2018)  rs1412125(T>C)  China Han 318/217 BC 172 122 21 132 70 15 0412
(35]
Jiang M. (2018) [36]  rs1412125 (T>C)  China Han 850/733 LC 511 296 43 396 290 47 0.439
Lin CW. (2017) [28]  rs1412125(T>C)  Taiwan Han 1200/772 0SCC 438 274 60 649 457 94 0.560
Wang B. (2016) [30]  rs1412125 (T>C)  Taiwan Han 324/695 HCC 173 130 21 374 275 46 0.892
Wang D. (2017) [31]  rs1412125 (T>C)  China Han 540/540 HCC 273 216 51 200 205 45 0.594
Wang J.X. (2016)  rs1412125 (T>C)  China Han 240/480 CRC 126 103 11 270 195 15 0015
(32]
WU H.H. (2016)[33]  rs1412125 (T>C)  Taiwan Han 502/305 uce 83 o7 17 173 114 18 0.991
YueL.(2016)[34]  rs1412125(T>C)  China Han 524/518 BC 281 213 30 300 193 25 0.693
HuW. (2017)[27]  rs2249825 (G>C)  China Han 372/379 LC 142 46 2 133 50 4 0.962
Huang B.F. (2018)  rs2249825 (G>C)  China Han 313/217 BC 214 91 8 163 48 6 0.573
(39]
Lin C.W. (2017) [28]  rs2249825 (G>C)  Taiwan Han 1200/772 0SCC 573 183 16 852 316 32 0917
Supic G. (2015) [29]  rs2249825 (G>C)  Belgrade  Caucasian 93/100 0SCC 63 27 3 66 26 8 0.096
Wang B. (2016) [30]  rs2249825 (G>C)  Taiwan Han 324/695 HCC 235 83 6 521 163 11 0.911
Wang D. (2017) [31]  rs2249825 (G>C)  China Han 540/540 HCC 349 168 23 354 170 16 0716
Wang J.X. (2016)  rs2249825 (G>C)  China Han 240/480 CRC 131 94 15 364 08 18 0.005
[32]
WU H.H. (2016) [33]  rs2249825 (G>C)  Taiwan Han 502/305 ucc 128 63 6 227 73 5 0.952
Yuel. (2016)[34]  rs2249825(G>C)  China Han 524/518 BC 462 61 1 432 83 3 0.899
Abbreviation: WT/HT/MT, number of genotype of wild-type, heterozygote, and variant (mutant).

P=0.76), 1.10 (95%CL: 0.75, 1.61; P=0.64), 0.54 (95%CI: 0.10, 2.74; P=0.45), 0.63 (95%CIL: 0.31, 1.29; P=0.20), 0.57

(95%CI: 0.24, 1.38; P=0.21), and 0.52 (95%CI: 0.28, 0.96; P=0.04) in LC, OSCC, HCC, CRC, UCC, and BC respec-

tively (Figure 3). As for ethnicity, our results demonstrated that rs1045411 polymorphism was not associated with

risks of cancer amongst Hans (OR 0.67; 95%CI: 0.44, 1.01; P=0.06; Figure 4).

We also performed the leave-one-out sensitivity analysis, and found that Wang et al. study [31] might contribute to

the significant between-study heterogeneity. After the removal of Wang et al. study, the resulting heterogeneity across

studies diminished from moderate heterogeneity (t* = 0.22; x*> = 17.19; df = 7; P=0.02; I’= 59%) to low (T*= 0.01;

x* =7.51;df = 7; P=0.38; I’ = 7%; Figure 5). The funnel plot was visually symmetrical (Figure 6), the results of Begg’s

test (z = 0.73, P=0.466) and Egger’s test (t = —1.18, P=0.276) also indicated no statistically significant publication

bias.
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Table 2 Quality assessment of included studies

Huang Wang

Hu W. B.F. Jiang M. Lin C.W. Supic G. WangB. WangD. J.X. WuH.H. Yuel.

(2017) (2018) (2018) (2017) (2015) (2016) (2017) (2016) (2016) (2016)
ltem/study [27] [35] [36] [28] [29] [30] [31] [32] [33] [34]
Adequate definition of cases * * * * * * * * * *
Representativeness of cases - - - - - - - R *
Selection of control subjects - - - - - - - - *
Definition of control subjects * * * * * * * * « N
Control for important factor or - - * R * _ wox ox R *
additional factor
Exposure assessment * * * * * * * B * *
Same method of ascertainment * * * * * * * * * "

for all subjects
Non-response rate

A study could be awarded a maximum of one star (*) for each item except, ‘Control for important factor or additional factor’.
The definition/explanation of each column of the NOS is available from http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp.

Discussion

To the best of our knowledge, this is the first systemic review and meta-analysis performed to access the correla-
tion between HMGBI1 polymorphism and cancer occurrence. Our study revealed no correlations between HMGB1
rs1045411, rs1360485, rs1412125, or rs2249825 polymorphisms and cancer risks. Thereafter, we went further by
conducting subgroup analysis of rs1045411 based on cancer type and ethnicity stratification, which also indicated
no correlations with cancer risks amongst all cancer types included except BC. No association was observed in the
group of Hans or Caucasians.

HMGBI is widely convinced as one of the most cancer-specific genes [45]. As a matter of fact, overexpression
of HMGBI is associated with each of the hallmarks of cancer as described by Hanahan and Weinberg [46], namely
unlimited replicative potential, ability to develop blood vessels (angiogenesis), evasion of programmed cell death
(apoptosis), self-sufficiency in growth signals, insensitivity to inhibitors of growth, inflammation, tissue invasion and
metastasis [7]. Despite the fact that it is up-regulated in nearly every examined tumor, HMGBI1 actually acts as a
tumor suppressor and an oncogenic factor in tumorigenesis and cancer therapy, depending on complex conditions
such as its diverse locations (namely, nuclear, cytosolic, membrane and extracellular HMGBI1), binding partners,
microenvironment, and different stages. Though complex, its role in cancer is indubitable.

The rs1045411 polymorphism resides in the 3'-flanking region, suggesting a role in mRNA stability as miRNAs
can bind the 3’-UTR regions of mRNA transcripts and inhibit gene expression at the post-transcriptional level [31].
Meanwhile, probably due to a putative miR-505 binding site, rs1045411 and rs1360485 3'-UTR region variants
showed strong linkage and were synergistically involved in the etiopathogenesis [28], which might explain why only
rs1045411 was connected with cancer risks in OR1 and 2 models in the current meta-analysis. We did not find statisti-
cally significant differences in cancer risks amongst carriers of this SNP variant compared with non-carriers, whether
it was covered up by the counterbalance of its pleiotropic roles in cancer progression or reflected in diversified sta-
tistical strategies requires further investigation. However, there were trends toward an association with lower cancer
susceptibility, which might become more apparent with a larger sample size.

Of note, studies included led to highly discrepant findings, as five of which revealed a protective role of CC+CT
genotypes of rs1045411 in cancer susceptibility [31-35], while the other four studies failed to replicate the initial
findings [27-30]. This might be probably because of different geographical distributions of subjects, as all studies
conducted amongst northern Hans [31,32,34] indicated the association between mutant alleles of rs1045411 and an
increased risk of malignancies, which was likely owing to environmental, lifestyle, or dietary factors. Since rs1045411
polymorphism was closely correlated with an altered binding of miR-505-5P in the 3’-UTR of mRNA transcripts,
HMGBI gene polymorphisms could emerge as a crucial player in cancer development through a post-transcriptional
mechanism. However, when all available studies were combined together, the pooled ORs showed no association
between rs1045411 and risk of cancer in general (OR: 0.70, 95%CI: 0.47, 1.02; P=0.07), and the marginal overall
effect is possibly due to limited number of studies included and number of subjects recruited in our selected studies.
Therefore, we strongly call for additional studies with larger sample sizes and different ethnicities to confirm our
findings.
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Experimental Control Odds Ratio Odds Ratio

study or Subaroup

1.1.1 Lung cancer

Hu WH, 2017 184 190 180 187 7.8% 1.19[0.39, 3.62]
Subtotal (95% CI) 190 187  7.8% 1.19 [0.39, 3.62]
Total events 184 180

Heterogeneity: Not applicable
Test for overall effect: Z = 0.31 (P = 0.76)

1.1.2 Oral squamous cell carcinoma

Lin CW, 2017 733 772 1134 1200 17.6% 1.09 [0.73, 1.64] N
Supic G, 2015 88 93 94 100 6.9% 1.12[0.33, 3.81]

Subtotal (95% CI) 865 1300 24.5% 1.10 [0.75, 1.61] "*
Total events 821 1228

Heterogeneity: Tau® = 0.00; Chi* = 0.00, df = 1 (P = 0.97); ? = 0%
Test for overall effect: Z = 0.47 (P = 0.64)

1.1.3 Hepatocellular carcinoma

Wang B, 2016 312 324 664 695 13.1% 1.21[0.62, 2.40] B
Wang D, 2017 507 540 532 540 11.5% 023[0.11,050] —

Subtotal (95% CI) 864 1235 24.6% 0.54 [0.10, 2.74] e ———
Total events 819 1196

Heterogeneity: Tau® = 1.25; Chi® = 9.94, df = 1 (P = 0.002); # = 90%
Test for overall effect: Z = 0.75 (P = 0.45)

1.1.4 Colorectal cancer

Wang JX, 2016 226 240 462 480 12.5% 0.63[0.31, 1.29] -
Subtotal (95% CI) 240 480 12.5% 0.63 [0.31, 1.29] i
Total events 226 462

Heterogeneity: Not applicable

Test for overall effect: Z = 1.27 (P = 0.20)

1.1.5 Uterine cervical cancer

Wu HH, 2016 186 197 285 305 10.3% 0.57 [0.24, 1.38] -
Subtotal (95% CI) 197 305  10.3% 0.57 [0.24, 1.38] —i——
Total events 186 295
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Figure 3. Forest plot of rs1045411 in HMGB1 gene and risk of cancer using a dominant model: subgroup analysis by cancer
type

Although HMGBI1 gene SNPs were found not related with risk of cancer based on the findings of our current
meta-analysis, some of our included studies indicated that these SNPs could be associated with progression of cancer
and overall survival outcomes. Wang et al. [30] indicated that HCC patients carrying at least one C allele at rs 1412125
showed alow risk of distant metastasis. Supic et al. [29] revealed that rs2249825 and rs3742305 polymorphisms might
be associated with OSCC survival outcomes. Huang et al. [35] reported that patients with one G allele in rs1360485
and rs2249825 were likely to progress to T2 stage tumor and lymph node metastasis. C allele in rs1412125 was
found to be related with cancer progression, since Huang et al. reported that having one C allele increased the risk of
pathologic grade 3 disease in HER2-enriched and triple-negative BC (TNBC). Furthermore, although multivariate
analyses have demonstrated HMGBI1 expression as an independent prognostic indicator of overall survival [47,48],
the haplotype study has a greater statistical power and can be superior to individual SNP analysis for the detection
of an association of the alleles with disease susceptibility [49]. Meanwhile, as more genetic loci are found, it may be
possible to combine them into screening panels that provide more accurate prognostic data than an individual SNP
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alone. Moreover, there may be interactions between our studied locus and other genes involved in cancer progress as
well.

According to the results of leave-one-out sensitivity analysis, research of Wang et al. [31] was found to contribute
to the majority of the heterogeneity in our current study. After carefully scanning the full text, we found out that
percentages of smokers and alcohol drinkers were significantly higher in patients than in controls (P<0.001) in this
study, which might be confounding factors, as both of them were strikingly associated with the risk of HCC. Thus,
the association between rs1045411 and risk of cancer could be overstated because of the higher percentages of smok-
ers and alcohol drinkers in the case group than control group. After eliminating this study, reevaluation of the re-
maining studies still revealed no statistically significant correlations, suggesting the robustness of the results in this
meta-analysis.

Limited to the few scanty studies, our present study does have its limitations. Besides discussed above, as nine out of
ten studies were conducted in Asia, our findings may not be representative of the general population, not to mention
samples of cases recruited in each cancer type. Moreover, the association between SNPs in HMGBI1 and cancer risks
may be affected by other confounders including smoking status, drinking status as well as gender and ages, but we
are currently unable to perform further stratified analysis based on these confounding factors due to the incomplete
raw data reported by included studies. Under such condition, large-scale studies, involving haplotype analysis as well
as adjustments of potential confounding factors, are required to further elucidate the exact role of HMGBI and its
variants in cancer.

Conclusion

Our current systemic review and meta-analysis mainly focussed on associations between HMGBI rs1045411,
rs1360485, rs1412125, or rs2249825 polymorphisms and cancer susceptibility, we went further by conducting sub-
group analysis based on cancer type and ethnic groups of subjects, and revealed no statistical differences between
rs1045411 polymorphism and cancer risk amongst LC, OSCC, HCC, CRC, and UCC. Subgroup analysis by ethnicity
showed no association of rs1045411 and risk of cancer in Hans or Caucasians. Although our results appeared to be
obscure statistically, which might postpone the potential application of HMGBI as a therapeutic target as well as a
prognosis predictor, reasonable confidence should be given to the null association between HMGB1 polymorphisms
and risk of cancer. We strongly call for further investigations to lift the veil of the underlying mechanisms involved
in the relationship between HMGB1 SNPs and cancer risk.
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