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Abstract Several studies investigating the association be-
tween heat shock protein beta-1 (HSPB1) polymorphisms
and radiation-induced damage in lung cancer patients admin-
istrated with radiotherapy have derived conflicting results.
This meta-analysis aimed to assess the association between
the HSPB1 genes’ (rs2868370 and rs2868371) polymor-
phisms and the risk of radiation-induced damage in lung can-
cer patients. After an electronic literature search, four articles
including six studies were found to be eligible for this meta-
analysis. No association was observed between rs2868370
genotypes and radiation-induced damage risk. However,
rs2868371 showed a statistically increased risk of radiation-
induced damage under CC vs. CG/GG model (OR=1.59,
95 % CI=1.10–2.29). Subgroup analysis by ethnicity showed
that the genotypes of rs2868371 were also associated with a
significantly increased risk of radiation-induced damage in
CC vs. CG/GG model (OR=1.86, 95 % CI = 1.21–2.83)
amongmixed ethnicities which are mainly comprised of white
people. When the data was stratified by organ-damaged, a
significant association was only observed in the esophagus
group (OR=2.94, 95 % CI=1.35–6.37, for CC vs. CG/GG
model). In conclusion, the present study demonstrated that the
rs2868371 genotypes of HSPB1 might be associated with
radiation-induced esophagus damage risk, especially in
Caucasians but not in the Asian population.
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Introduction

Lung cancer has been one of the most prevalent cancers and
the primary cause of cancer-related death in the world [1–3].
To improve survival of lung cancer patients, various treatment
options are applied on them. Radiotherapy, with the progress
in technique, attributes to better treatment outcome and higher
local control rate for stage I nonsmall cell lung cancer [4]. For
the extensive-stage small cell lung cancer, radiotherapy was
proved to effectively improve long-term survival [5].
Palliative radiotherapy is used widely to relieve symptoms
causing from tumors in the patients [6]. Although radiothera-
py is effective to control lung cancer, notable toxicity induced
by radiation could not be ignored. Lung and esophagus are
two common organs easily damaged by the radiation, limiting
the wide administration of radiotherapy [7, 8]. Radiation-
induced lung damage includes two main stages, radiation
pneumonitis as the early stage and radiation fibrosis as the
advanced stage [9]. Currently, the risk assessment of
radiation-induced pneumonitis relies on some factors includ-
ing usage of chemotherapy, gross tumor volume, radiation
fraction schedule, radiation dose, and patients’ status [10,
11]. During radiotherapy for nonsmall cell lung cancer, radia-
tion dose distributed to the esophagus and the esophagus vol-
ume exposed to radiation are both risk factors associated with
radiation-induced esophageal toxicity [12–14]. However, lung
cancer patients with similar chemotherapy plan, tumor vol-
ume, radiation dose and schedule and body status always re-
sult in huge differences in radiation-induced damage in clini-
cal practice. So, it is possible that some individual biology
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characteristics may play a critical role in patients’ response to
radiation.

Expression of some cytokines is always associated with ra-
diotherapy. Tests have been done to identify specific cytokines
as predicting biomarkers for radiation-induced damage risk.
Heat shock protein (HSP) 27, encoded by heat shock protein
beta-1(HSPB1), is an adenosine triphosphate-independent mo-
lecular chaperone which can facilitate the repair or degradation
of damaged proteins to protect against protein aggregation in
stressed cells [15, 16]. Furthermore, HSP27 can relieve the
toxic effects of oxidized proteins and enhance the antioxidant
defense capacity of cells [7, 17]. The characteristic of HSP27
may be of particular importance in the process of radiotherapy,
because reactive oxygen species are important in the induction
of apoptosis of cells exposed to radiation [18]. It has been
suggested that HSP27 works as a radioresistant protein and
may be involved in radioresistance in nasopharyngeal cancer
[19]. As HSP27 expression is under control of HSPB1, located
on chromosome 7 at q11.23, containing three exons and two
introns, HSPB1 genotypes may be connected with the function
of HSP27 during the radiation-induced damage [20].

Some studies have been performed to investigate the rela-
tionship between the risk of radiation-induced damage and
HSPB1 genetic polymorphisms among patients with lung can-
cer, but the results are conflicting [7, 20–22]. Patients from
different ethnicities were analyzed, and in particular, some of
the studies had a small sample size, so some results could not
be replicated. Therefore, we, using all published data, take a
meta-analysis to increase the statistical power and confirm

whether the HSPB1 rs2868370 or rs2868371 genotypes in-
crease the risk of radiation-induced damage.

Materials and methods

Literature search strategy

A systematic electronic literature search of the PubMed,
EMBASE, Web of Science, BIOSIS Previews databases,
China National Knowledge Infrastructure (CNKI), and
Chinese Biomedical database (CBM) for articles published
until 18 August 2015 was performed to identify all of the
relevant studies. The search strategy included the following
keywords: (Bhspb1^ or BHeat shock protein^) and (rs2868370
or rs2868371 or Bsingle nucleotide polymorphism^ OR
BSNP^ OR Bgenetic variation^ OR Bgenetic polymorphism^)
AND (Blung cancer^ OR Blung neoplasms^ OR Blung
tumor^). Additionally, references of relevant articles we re-
trieved were also checked to identify other potential eligible
publications. If the same case series were used in more than
one article, we only select one of them. The languages were
limited to English and Chinese.

Selection criteria

The inclusion criteria were as follows: (1) studies exploring the
HSPB1 rs2868370 or rs2868371 polymorphisms and the risk
of radiation-induced damage in lung cancer patients; (2) using

Fig. 1 Study flow diagram
illustrating the literature search
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the case-control design; and (3) being able for examining an
odds ratio (OR) and 95 % confidence interval (CI). The exclu-
sion criteria were as follows: (1) some essential information
was not reported; (2) the reviews, abstracts, and comments;
and (3) same cases were reported in two or more papers.

Data extraction

Data extraction from all the eligible publications were con-
ducted by two investigators independently according to the
selection criteria listed above, the consensus was achieved
for all the data. The following information was extracted: first
author’s name, year of publication, country, ethnicity, organ-
damaged, and total number of cases and controls with the
HSPB1 rs2868370 or rs2868371 polymorphisms.

Statistical analysis

The strength of the correlation between the HSPB1 polymor-
phisms and the risk of radiation-induced damage was mea-
sured by ORs with 95 % CIs. To evaluate the association of
rs2868370 and radiation-induced damage, pooled ORs of GG
vs. AG/AA contrast model was calculated. For rs2868371, the
CC vs. GG, CC vs. CG/GG, GG vs. CG/CC, and CG vs. CC
models were performed. Subgroup analysis was conducted
according to ethnicity or organ-damaged. The Hardy-
Weinberg equilibrium (HWE) in control groups were tested

using the chi-squared (χ2) test when available. Heterogeneity
was evaluated by the χ2 test or Fisher exact test. When
P<0.10 or I2 >50 % indicated an obvious of the between-
study heterogeneity, the random-effects model was used.
Otherwise, the fixed-effects model was used. Begg’s funnel
plot and Egger’s test were used to assess the publication bias,
P<0.05 was considered statistically significant. All analyses
were performed using the STATA package version 11.0 pro-
gram (Stata Corporation, College Station, TX, USA).

Results

One hundred twenty-five articles were identified at the initial
search. Through screening the titles, abstracts, reading the full
articles, and removing the replications, four eligible articles
(three in English and one in Chinese) were included in this
meta-analysis. The study selection process is described in
Fig. 1. Because two articles [7, 21] contained two studies
respectively, and each study has different samples and differ-
ent radiation technique compared with another, so the total
studies in the meta-analysis is 6. Details of each study estimat-
ed are summarized in Tables 1 and 2.

Four case-control studies [7, 21] with 150 cases and 410
controls were evaluated for the association between
rs2868370 polymorphism and radiation-induced damage risk.
The summary OR for GG vs. AG/AA was 0.87 (95 % CI

Table 2 Characteristics of the included studies on the association of rs2868371 polymorphism and radiation-induced damage risk

Authors Year Ethnicity Country Organ Case Control

GG CC CG CG/GG Total GG CC CG CG/GG Total

Lopez Guerra [7] etc. 2011 Mixed USA Esophagus – 15 – 4 19 – 56 – 44 100

Lopez Guerra [7] etc. 2011 Mixed USA Esophagus – 20 – 5 25 – 86 – 63 149

Pang [21] etc. 2012 Mixed USA Lung – 43 – 22 65 – 43 – 31 74

Pang [21] etc. 2012 Mixed USA Lung – 26 – 14 40 – 46 – 38 84

Xu [20] etc. 2015 Asian China Lung 14 4 14 28 32 50 19 59 109 128

Liu [22] etc. 2015 Asian China Lung 14 5 14 28 33 54 20 63 117 137

Mixed: more than one ethnicities; – not shown in the original study

Table 1 Characteristics of the included studies on the association of rs2868370 polymorphism and radiation-induced damage risk

Authors Year Ethnicity Country Organ Case Control

GG AG/AA Total GG AG/AA Total

Lopez Guerra [7] etc. 2011 Mixed USA Esophagus 12 7 19 70 31 101

Lopez Guerra [7] etc. 2011 Mixed USA Esophagus 19 5 24 110 41 151

Pang [21] etc. 2012 Mixed USA Lung 48 18 66 56 18 74

Pang [21] etc. 2012 Mixed USA Lung 25 16 41 58 26 84

Mixed: more than one ethnicities
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Fig. 3 Forrest plot of association
between the risk of radiation-
induced damage and rs2868371
polymorphism for CC vs. CG/GG
model using a fixed-effects mod-
el, subgroup analysis by ethnicity
(a) or organ-damaged (b) was al-
so performed

Fig. 2 Forrest plot of association
between the risk of radiation-
induced damage and rs2868370
polymorphism for GG vs. AG/
AA using a fixed-effects model
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0.56–1.33), which suggested that no association was existed
(Fig. 2). As the heterogeneity was not significant among these
studies (P>0.05), so the fix-effects model was used.

As for the rs2868371 polymorphism, six studies [7, 20–22]
including 214 cases and 672 controls were analyzed with fix-
effects model. The pooled ORs yielded for the contrast models
were 1.59 (95%CI 1.10–2.29) for CC vs. CG/GG, 0.86 (95%
CI 0.37–1.98) for CC vs. GG, 1.17 (95 % CI 0.68–2.03) for
GG vs. CC/CG, and 0.99 (95 % CI 0.43–2.29) for CG vs. CC.
These results showed that lung cancer patients with the CC
genotype of rs2868371 were associated with a higher risk of
suffering from radiation-induced damage compared with pa-
tients having CG or GG genotype. However, when stratified
by ethnicity, the significant association was not found in
Asians, but found in the mixed ethnicities which were mostly
comprised of Caucasians [7, 21] (CC vs. CG/GG: OR=1.86,
95 % CI=1.21–2.83, Fig. 3a). Subgroup analysis by organ-
damaged showed that the significant association existed in
esophagus group (CC vs. CG/GG: OR = 2.94, 95 %
CI=1.35–6.37, Fig. 3b). The controls were consistent with
HWE in two studies [20, 22] (P>0.05).

The publication bias was assessed by Begg’s funnel plot
and Egger’s test for GG vs. AG/AA (rs2868370) and CC vs.
CG/GG (rs2868371) models. As shown in Figs. 4 and 5, the
funnel plots appear to be basically symmetric. Additionally,
Egger’s test showed no publication bias existing (P>0.05).

Discussion

Radiotherapy plays an important role in controlling lung can-
cer progression. However, the adverse effects, some of which
are acute or dangerous, existed [9, 23, 24]. Thus, it is neces-
sary finding biomarkers to identify people who are more eas-
ily damaged by radiation among lung cancer patients. HSP27
is an important cytokine that can enhance cellular resistance to

heat shock, oxidative damage, and inflammatory mediators
[25–27]. And, it was also reported that HSP27 participated
in the process of radioresistance [28]. Recently, some re-
searchers focused on HSPB1, the gene of HSP27, and found
a potential relationship betweenHSPB1 and radiation-induced
damage susceptibility. Thus, as the results remain conflicting,
we conducted this meta-analysis. To our knowledge, this is the
first meta-analysis investigating the association ofHSPB1 and
risk of radiation-induced damage.

In this analysis, though no association between rs2868370
gene polymorphism of HSPB1 and the risk of radiation-
induced damage was found, the rs2868371 genotypes were
proved to be associated with an increased radiation-induced
damage (OR=1.59, 95 % CI=1.10–2.29 for CC vs. CG/GG).
Stratified by ethnicity, we found that the association only existed
in the mixed ethnicities in which the white people accounted for
more than 78 %. It suggested that the association mainly existed
in the Caucasians. Subgrouped by organ-damaged, the signifi-
cant association was only found in esophagus group. These re-
sults imply that HSPB1 genotypes may play a pivotal role in
influencing patient susceptibility to radiation-induced damage.

The distribution of single nucleotide polymorphisms (SNP) is
well known to vary among different races. It was reported that
the most common genotype of the rs2868371 SNP in Caucasian
populations was CC [29]; however, it was CG in Chinese [30].
This different distribution of rs2868371 SNP also existed in this
meta-analysis. Thus, differences in the genetic backgrounds of
various races may explain, at least in part, why the association
was only appearing in the mixed ethnicities. One recent study
demonstrated that theHSPB1 rs2868371CCwas associatedwith
a poorer overall survival than other genotypes of HSPB1
rs2868371 in NSCLC patients treated with radiotherapy possibly
by upregulating the expression of Hsp27 protein [29]. Hsp27 can
play antiapoptotic roles by interacting with cytochrome c, Bax,
Akt, and other key apoptotic cytokines [31] and stabilize the
structure of the cytoskeleton through interaction with tubulin

Fig. 4 Begg’s funnel plot analysis of publication bias for rs2868370
polymorphism (GG vs. AG/AA model)

Fig. 5 Begg’s funnel plot analysis of publication bias for rs2868371
polymorphism (CC vs. CG/GG model)

Tumor Biol. (2016) 37:5743–5749 5747



and microfilaments [32] to help cells survive. It was demonstrat-
ed that radiotherapy could cause Hsp27 downregulation [33] and
low Hsp27 expression increased cell sensitivity to radiation re-
ducing DNA repair capacity [30]. Thus, we hypothesize that the
esophagus cells of patients with CC genotype of rs2868371 may
have more Hsp27 downregulation than those carrying CG/GG
genotype after radiotherapy, and therefore, low level expression
ofHsp27 attribute to radiation-induced esophagus damage easily.

Some limitations of this meta-analysis exist. Firstly, though
searching from many databases online, relevant studies are not
enough and only four articles including six studies are eligible;
thus, the bias cannot be ignored. Secondly, some detail infor-
mation limited in original studies prevents us to do an in-depth
and comprehensive analysis. Because of the case numbers of
several genotypes are not shown, the HWE in control groups of
some studies [7, 21] was not tested and some analysis models
were not performed. Thirdly, patients may have more than one
organs injured during radiotherapy, but we could not find the
clear information in the original studies. All the limitations
require us to interpret the results with caution.

Conclusions

Despite the existing limitations, a meta-analysis of the relation-
ship of HSPB1 polymorphisms with the risk of radiation-
induced damage is more powerful than any single study. In
conclusion, the present study demonstrated that the rs2868371
genotypes of HSPB1 may be associated with radiation-induced
damage of esophagus, especially in the Caucasians but not in the
Asian population. Future studies investigating the association
between the HSPB1 polymorphisms and the susceptibility for
radiation-induced damage need to be performed.
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