
ORIGINAL ARTICLE

Genetic variants in the ITGB6 gene is associated with the risk
of radiation pneumonitis in lung cancer patients treated
with thoracic radiation therapy
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Abstract The αvβ6 integrin is a cell surface adhesion mole-
cule that plays critical roles in the injury and inflammation
processes. We hypothesized that polymorphisms in αvβ6
integrin genes (ITGAVand ITGB6) might be associated with
the risk of radiation pneumonitis (RP) in lung cancer patients
treated with thoracic radiation.We genotyped three potentially
functional αvβ6 integrin single-nucleotide polymorphisms
(rs1839123 and rs4129787 in ITGAV, and rs4665162 in
ITGB6) and found that the genotypes of rs4665162 single-
nucleotide polymorphisms were predictors of RP develop-
ment (for grade ≥2 RP, HR=1.505, 95 % CI 1.069–2.119,
P=0.019; for grade ≥3 RP, HR=3.006, 95 % CI 1.431–
6.313, P=0.004). Our results showed that AG/GG genotypes
of ITGB6 rs4665162 gene were associated with a higher risk
of RP in patients with lung cancer receiving radiotherapy and
thus may serve as a reliable predictor of RP. Further studies
will be needed to confirm these findings.
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Introduction

Lung cancer is one of the most common cancers and the lead-
ing cause of cancer-related deaths worldwide [1]. Radiation
therapy, alone or in combination with sequential or concurrent
chemotherapy, plays a critical role in the treatment of lung
cancer [2]. Nevertheless, radiation pneumonitis (RP), which
is known as a significant dose-limiting complication in tho-
racic irradiation, can occur in the inflammation process of
normal lung tissues induced by irradiation, with an incidence
about of 15 % for severe RP [3]. Previous studies have con-
firmed that multiple patient-related and therapeutic factors,
such as pulmonary function, dosimetric parameters, previous
treatment, smoking status, and sex, are related to the risk of RP
[4]. Additionally, some genetic variants, for instance, single-
nucleotide polymorphisms (SNPs) of multiple genes, can be
used as biomarkers to predict RP risk, suggesting that genetic
factors might have an impact upon the development of RP
[5–7].

Theαvβ6 integrin is a cell surface adhesionmolecule com-
posed of αv and β6 subunits that has been suggested to play
critical roles during developmental and pathological processes
[8–11]. αvβ6 can be induced by inflammation process and
injury. For example, αvβ6 mRNA is highly expressed in re-
sponse to acute injury within 5 h, and αvβ6 protein can be
detected in the airway epithelial cells of patients with various
inflammatory lung diseases [12–14]. Additionally, the expres-
sion of αvβ6 is significantly elevated in the radiation-induced
lung injury model. Indeed, mice lacking integrin αvβ6 do not
develop radiation-induced lung fibrosis (RILF), which occurs
at the late stage of RP [15].

Previous researches, including genome-wide association
studies, have demonstrated that the αvβ6 integrin gene
(ITGAV and ITGB6 genes) polymorphisms were associated
with rheumatoid arthritis [16], chronic hepatitis [17], type 2
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diabetes [18], and amelogenesis imperfect [19] susceptibility.
However, no evidence showed that ITGAV and ITGB6 gene
polymorphisms were related to RP risk in lung cancer patients
undergoing irradiation treatment. Since αvβ6 integrin may
have a significant effect on the inflammation process caused
by radiation, we hypothesized that SNPs of the ITGAV and
ITGB6 genes were related to RP risk in patients with lung
cancer and therefore could serve as biomarkers predicting
RP susceptibility of lung cancer patients who received radio-
therapy. Therefore, we evaluated the associations between
polymorphisms in ITGAVand ITGB6 genes and the develop-
ment of severe RP in lung cancer patients treated with
radiotherapy.

Materials and methods

Patients

For our prospective study, data were obtained from a dataset
of 301 patients with histopathologically confirmed lung can-
cer who were treated with radiation at Tongji Hospital,
Huazhong University of Science and Technology (Wuhan,
Hubei province, China) between 2009 and 2014. Among
these 301 patients, 261 patients having a radiation dose at least
45 Gy, KPS>60, and a life expectancy of at least 6 months
were included for the final genotyping analysis. Patients with
previous thoracic irradiation or severe cardiopulmonary dis-
eases were excluded from our study. Samples from 169 pa-
tients were first used to genotype the two candidate SNPs by
MassArray to screen for the RP susceptibility variants. The
significant SNP was then genotyped by Sanger Sequencing in
the remaining 92 patients. This investigation was approved by
the Review Board of Tongji Hospital. Written informed con-
sent was obtained from all patients for the use of their clinical
information and for obtaining their blood and DNA.

Treatment

All patients received radiotherapy with 6-MV X-rays
from a linear accelerator (Elekta Synergy, Elekta,
Sweden). The median total radiation dose was 54 Gy
(range, 45 to 66 Gy), with 1.5 to 2 Gy administered
per radiation treatment. Intensity-modulated radiation
therapy (IMRT) was administered to 62.1 % of patients
(n=162). Computed tomography simulation (CT/e, GE,
Fairfield, CT, USA) was performed before the radiother-
apy (RT) treatment was planned. The target volumes and
critical normal organs were delineated by the three-
dimensional planning system (Pinnacle Version 9.2).
The baseline clinical characteristics and treatment details
of the patients are shown in Table 1.

Evaluation of RP

All patients included in this investigation were examined dur-
ing and 1 month after radiation therapy. Patients were follow-
ed every 3 months for the first year and every 6 months there-
after. Radiographic examination by chest X-ray or CT was
performed at each follow-up visit. RP was graded by two
radiat ion oncologis ts according to the Common
Terminology Criteria for Adverse Events 4.0 as follows: grade
0, no change; grade 1, asymptomatic and diagnosed by radio-
graphic findings only; grade 2, symptomatic, not interfering
with daily activities; grade 3, symptomatic, interfering with
daily activities or oxygen required; grade 4, assisted ventila-
tion required; or grade 5, fatal.

Genotyping

Genomic DNAwas extracted with a PureLink Genomic DNA
Mini Kit (Invitrogen, K1820-01) from peripheral blood. The
DNA purity and concentration were determined by spectro-
photometric measurement of absorbance at 260 and 280 nm,
respectively.

We searched the National Institute of Environmental
Health Sciences Genome Program geneSNPs database,
Ensembl, and HapMap HCB data to identify functional
SNPs of the ITGAV and ITGB6 genes with a minor allele
frequency more than 0.05 in the Chinese population. One
SNP of the ITGAV gene locating in the 3′-untranslated region
and two SNPs of the ITGB6 gene locating in the enhancer or
promoter flanking region were selected. For the three candi-
date SNPs, genotypes were first determined using the
MassARRAY system (Sequenom iPLEX assay, San Diego,
USA). The sample DNA was amplified by a multiplex PCR
reaction, and the PCR products were then used for a locus-
specific single-base extension reaction. Finally, the resulting
products were desalted and transferred to a 384-element
SpectroCHIP array. The alleles were discriminated by mass
spectrometry (Sequenom, San Diego, USA). After that, the
RP susceptibility SNP rs4665162 was genotyped by Sanger
Sequencing method in the remaining 92 patients. The primer
p a i r s f o r r s 4 6 6 5 1 6 2 w e r e F 5 ′ -
CACAAATCCATGACAAGCTAAC-3 ′ and R 5 ′ -
GGGGTATGTACCACTTCCACTC-3′. The PCR products
were then subjected to DNA sequencing to detect mutations.

β6 integrin expression

Immunohistochemical analysis was performed on formalin-
fixed, paraffin-embedded specimens of lung tissues from 42
patients. The concentration of the sheep monoclonal antibody
against integrin beta 6 (R&D systems, AF4155) was 200 mg/
mL and working dilution was 1:50. The secondary antibody
was donkey anti-sheep antibody (ZSGB-BIO, PV9000).
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Table 1 Patient characteristics and associations between patient-, tumor-, and therapy-related characteristics and grade ≥3 RP (n=261)

Univariate analysis Multivariate analysis

Characteristic No. of patients % HR 95 % CI P value HR 95 % CI P valuea

Sex

Male 198 75.9 1.000 1.000

Female 63 24.1 0.581 0.243 to 1.394 0.224 0.679 0.217 to 2.126 0.507

Age, years

<58 121 46.4 1.000 1.000

≥58 140 53.6 2.121 1.048 to 4.292 0.037 2.185 1.021 to 4.678 0.044

KPS

80–100 197 75.5 1.000 1.000

<80 64 24.5 1.158 0.561 to 2.393 0.691 1.119 0.518 to 2.418 0.775

Stage

I, II 26 10.0 1.000 1.000

III, IV 235 90.0 0.700 0.273 to 1.797 0.459 0.703 0.250 to 1.981 0.505

Histology

SCLC 87 33.3 1.000 1.000

NSCLC 174 66.7 1.062 0.534 to 2.114 0.864 2.107 0.922 to 4.816 0.077

Smoking status

Non-smoker 102 39.1 1.000 1.000

Smoker 159 60.9 1.586 0.784 to 3.210 0.200 1.116 0.429 to 2.903 0.822

Surgery

Yes 136 52.1 1.000 1.000

No 125 47.9 0.600 0.311 to 1.156 0.127 0.611 0.268 to 1.394 0.242

COPD

Yes 23 8.8 1.000 1.000

No 238 91.2 1.274 0.451 to 3.597 0.647 1.141 0.379 to 3.437 0.822

Chemotherapy

Yes 251 96.2 1.000 1.000

No 10 3.8 0.635 0.153 to 2.642 0.533 0.689 0.151 to 3.149 0.631

Radiation dose, Gy

<54.0 115 44.1 1.000 1.000

≥54.0 146 55.9 1.940 0.958 to 3.925 0.066 1.381 0.641 to 2.978 0.410

MLDb, Gy

<13.0 119 45.6 1.000 1.000

≥13.0 142 54.4 2.401 1.162 to 4.960 0.018 2.661 1.163 to 6.092 0.021

V20,%

<24.0 120 46.0 1.000 1.000

≥24.0 141 54.0 2.393 1.158 to 4.984 0.018 2.823 1.271 to 6.267 0.011

IMRT

Yes 162 62.1 1.000 1.000

No 99 37.9 0.560 0.294 to 1.067 0.081 0.456 0.226 to 0.920 0.028

CRT

Yes 69 26.4 1.000 1.000

No 192 73.6 1.560 0.794 to 3.064 0.197 1.849 0.882 to 3.874 0.104

P<0.05 are presented in italics

HR hazard ratio, CI confidence interval, CRT concurrent chemoradiation,MLD mean lung dose, V20 volume of normal lung receiving 20 Gy or more
radiation, COPD chronic obstructive pulmonary disease, KPS Karnofsky performance status
aMultivariate analyses were adjusted for all factors listed in the table
b Either MLD or V20 was used in multivariate analyses, but not together
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Quantification was performed using Image-Pro Plus 6.0.
Images were analyzed by a person blinded to groups and t test
was used to assess the differences between two groups.

Statistical analysis

Patients were grouped according to their genotypes.
Statistical analysis was performed using SPSS 20.0 statis-
tical software (SPSS Inc., Chicago, IL). Cox proportional
hazards analysis was performed to calculate the hazard
ratio (HR) and confidence interval (CI) to evaluate the
influence of genotypes on RP risk. In addition, multivar-
iate Cox regression was performed to adjust for other
covariates. The cumulative incidence of RP was estimated
using the Kaplan-Meier method. All statistical tests were
done with a two-sided P<0.05 level.

Results

Patient’s characteristics and risk of RP

Table 1 lists the characteristics of the 261 patients. This
study included 198 men and 63 women, with a median
age of 58 years (range, 29 to 79 years). Among them,
60.9 % were current or former smokers, 90.0 % had stage
III/IV disease, and 96.2 % were treated with a combination
of chemotherapy and radiotherapy. The median values for
radiation dose, mean lung dose (MLD), and volume of
normal lung receiving 20 Gy (V20 or more radiation) were
54.0 and 13.5 Gy and 24.2 %, respectively. Thus, for this
study, 54.0 and 13.0 Gy and 24.0 % were used as cutoff
points for radiation dose, MLD, and V20, respectively, to
define patient subgroups for further analysis. Of all the 261
patients, 37 (14.2 %) developed RP of grade 3 or higher,
107 (41.0 %) developed grade 2 RP, and 117 (44.8 %)
grade 1 or lower.

Table 1 also shows the associations between patient-, tu-
mor-, and therapy-related characteristics and RP grade ≥3 by
univariate and multivariate analyses. MLD, V20, and age had
statistically significant associations with RP by both univari-
ate and multivariate analyses, while the IMRTwas marginally
related with RP risk by univariate analysis and significantly
associated with RP risk by multivariate analysis. However,
neither KPS nor smoking status was associated with RP risk
in this population. The same analyses were performed for RP
grade ≥2, and similar results were observed (Online
Resource).

RP and αvβ6 integrin gene SNPs and genotypes

Tables 2 and 3 list the association of ITGAV (rs1839123) and
ITGB6 (rs4129787, rs4665162) genotypes with the risks of

grade ≥2 and grade ≥3 RP. In general, RP developed more
often in patients exhibiting CT/TT in rs1839123, CT/TT in
rs4129787, or AG/GG in rs4665162 genotypes, with grades
≥3 RP rates of 26.0, 21.0, and 19.6 %, respectively, than in
those having CC in rs1839123, CC in rs4129787, or AA in
rs4665162 genotypes, for which the incidences were 16.8,
18.7, and 8.1 %, respectively. The association was statistically
significant for rs4665162 both in grade ≥2 and grade ≥3 RP
(P=0.019 and P=0.004, respectively). Figure 1 plots the in-
cidence of RP grade ≥2 and grade ≥3 as a function of time for
rs4665162. Development of RP grade ≥2 and grade ≥3 seems
to be delayed, and the incidence remained higher in the AG/
GG genotype in rs4665162 (P=0.029 and P=0.010,
respectively).

Univariate and multivariate analyses

Univariate Cox proportional hazard analyses of the data for
grade ≥2 and grade ≥3 RP showed that AG/GG rs4665162
genotypes were associated with an increased risk of RP devel-
opment (for grade ≥2 RP, HR=1.446, 95% CI 1.036 to 2.018,
P=0.030; for grade ≥3 RP, HR=2.519, 95 % CI 1.219 to
5.204, P=0.013, respectively; Tables 2 and 3). This effect
was virtually unchanged after adjustment for age, histology,
surgery, IMRT, CRT and V20, or MLD by multivariate anal-
ysis (for grade ≥2 RP, HR=1.505, 95% CI 1.069 to 2.119, P=
0.019; for grade ≥3 RP, HR=3.006, 95 % CI 1.431 to 6.313,
P=0.004), suggesting that rs4665162 SNP is an independent
factor for RP risk (Tables 2 and 3).

Dosimetric factors

Figure 2 shows the cumulative RP grade ≥2 and grade ≥3
probability as a function of time according to genotype and
MLD. Patients with AG/GG genotypes in rs4665162 who
received an MLD≥13.0 Gy had a higher RP incidence than
patients with an MLD≥13.0 Gy with AA genotype in
rs4665162 (P=0.015, P=0.034, respectively). We also ana-
lyzed the cumulative RP probability as a function of time
according to genotypes and V20 (Fig. 3). Patients with AG/
GG genotypes in rs4665162 who had V20≥24 % of their
normal lung volume had a higher incidence of RP than pa-
tients with a V20≥24 % with AA genotype in rs4665162 (P=
0.017, P=0.020, respectively). However, this difference was
not significant in patients who received MLD less than
13.0 Gy (Fig. 2) or V20 less than 24 % (Fig. 3), suggesting
that the effect of the dosimetric parameters on RP grade ≥2
and grade ≥3 was independent of genetic predisposition.

Genotypes of rs4665162 and β6 integrin expression

The expression of β6 integrin in lung tissue of RP
patients in AG/GG genotypes and AA genotype was
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detected by immunohistochemical method (Fig. 4). The
AG/GG genotype in rs4665162 was associated with
higher β6 integrin expression in lung tissues as com-
pared with AA genotypes (n=40, P=0.017).

Discussion

Our study demonstrated that patients exhibiting CT/TT in
rs1839123, CT/TT in rs4129787, or AG/GG in rs4665162

Table 2 Associations between different genotypes and grade ≥2 RP

Univariate analysis Multivariate analysis

Polymorphisms and genotypes No. of events No. of total HR 95 % CI P value HR 95 % CI P valuea

ITGAV rs1839123

CC 71 119 1.000 1.000

CT 27 46 0.930 0.597 to 1.448 0.747 0.913 0.580 to 1.439 0.696

TT 1 4 0.317 0.044 to 2.282 0.254 0.279 0.038 to 2.037 0.208

CT or TT 28 50 0.870 0.561 to 1.347 0.531 0.847 0.541 to 1.327 0.468

ITGB6 rs4129787

CC 60 107 1.000 1.000

CT 39 60 1.187 0.793 to 1.778 0.404 1.108 0.730 to 1.682 0.630

TT 0 2 NC NC

CT or TT 39 62 1.129 0.754 to 1.690 0.555 1.048 0.692 to 1.587 0.824

ITGB6 rs4665162

AA 60 123 1.000 1.000

AG 65 108 1.402 0.985 to 1.996 0.060 1.458 1.018 to 2.086 0.039

GG 19 30 1.619 0.965 to 2.717 0.068 1.721 1.005 to 2.946 0.048

AG or GG 84 138 1.446 1.036 to 2.018 0.030 1.505 1.069 to 2.119 0.019

P<0.05 are presented in italics

NC not calculated
aMultivariate analyses in this table were adjusted for age, histology, surgery, IMRT, CRT, and V20

Table 3 Associations between different genotypes and grade ≥3 RP

Univariate analysis Multivariate analysis

Polymorphisms and genotypes No. of events No. of total HR 95 % CI P value HR 95 % CI P valuea

ITGAV rs1839123

CC 20 119 1.000 1.000

CT 12 46 1.583 0.774 to 3.238 0.209 1.627 0.759 to 3.489 0.211

TT 1 4 1.525 0.205 to 11.366 0.681 1.080 0.137 to 8.491 0.942

CT or TT 13 50 1.578 0.785 to 3.173 0.201 1.563 0.745 to 3.277 0.237

ITGB6 rs4129787

CC 20 107 1.000 1.000

CT 13 60 1.170 0.582 to 2.352 0.660 1.164 0.564 to 2.400 0.681

TT 0 2 NC NC

CT or TT 13 62 1.128 0.561 to 2.267 0.736 1.132 0.549 to 2.331 0.737

ITGB6 rs4665162

AA 10 123 1.000 1.000

AG 21 108 2.499 1.177 to 5.307 0.017 2.883 1.340 to 6.204 0.007

GG 6 30 2.590 0.941 to 7.126 0.065 3.608 1.263 to 10.309 0.017

AG or GG 27 138 2.519 1.219 to 5.204 0.013 3.006 1.431 to 6.313 0.004

Multivariate analyses in this table were adjusted for age, histology, surgery, IMRT, CRT, and V20. P<0.05 are presented in italics
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genotypes of the αvβ6 integrin genes had a higher rate of RP
incidence after radiation therapy for lung cancer and signifi-
cantly so with AG/GG in rs4665162. The association between
AG/GG genotypes in rs4665162 polymorphisms and higher
RP risk was independent of MLD or V20. We identified a
group of patients with the highest RP risk (AG/GG genotype
in rs4665162 and V20≥24 % or MLD≥13.0 Gy). Since we
can get access to these information before radiotherapy starts,

the gene detection could be used as a predictive biomarker to
prescribe personalized irradiation treatment apart from dosi-
metric factors. To the best of our knowledge, this is the first
study proving that AG/GG genotypes of rs4665162 predict a
higher RP risk in patients with lung cancer.

Radiation therapy is one of the most commonly used ap-
proaches to inhibit primary tumor to reduce or delay the
chance of local recurrence or metastasis and improve

Time(months)

Time(months)

12.0010.008.006.004.002.00.00

C
um

ul
at

iv
e 

G
ra

de
≥2

 R
P 

(h
az

ar
d)

C
um

ul
at

iv
e 

G
ra

de
≥3

 R
P 

(h
az

ar
d)

1.0

0.8

0.6

0.4

0.2

0.0

P=0.029

AA
AG or GG

rs4665162 

12.010.08.06.04.02.0.0

0.25

0.20

0.15

0.10

0.05

0.00

P=0.010

AA
AG or GG 

rs4665162 

a

b

Fig. 1 Cumulative probability of RP as a function of time from the start
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rs4665162were associatedwith a statistically significant higher incidence
of grade ≥2 (a) and grade ≥3 (b) RP compared with AA genotype
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cumulative incidence of RP grades ≥2 (a) and grade ≥3 (b). Patients with
AG/GG genotypes of rs4665162 and MLD≥13.0 Gy had a statistically
significant higher incidence of RP compared with AA genotype
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prognosis [20, 21]. Nevertheless, it may also cause severe
adverse effects that can limit volumes and radiation doses,
thus restricting the use of irradiation treatment. RP is a dys-
regulated inflammation in response to normal lung tissue in-
jury [2]. Previous studies have demonstrated that higher
values of V20 and MLD could be independent risk factors
related to RP severity [7, 22], and these observations are con-
firmed in our current study. Additionally, we found that
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Fig. 4 β6 integrin immunohistochemical analysis: the low expression of
β6 integrin in lung tissues of AA genotypes (×200 magnification) (a), the
high expression ofβ6 integrin in lung tissues of AG/GG genotypes (×200
magnification) (b), the AG/GG genotypes in rs4665162 were associated
with higher β6 integrin expression in lung tissues as compared with AA
genotype (c)
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patients in the elderly subgroup (age ≥58) were more suscep-
tible to grade ≥3 RP than younger patients. This may be ex-
plained by the factor that the elderly patients were prone to
have chronic underlying lung diseases and inferior physical
status [23]. Furthermore, patients receiving IMRT had lower
risk of grade ≥3 RP, with the incidence of grade ≥3 RP signif-
icantly lower in the IMRT group than in those treated with
conventional radiotherapy (11.1 versus 19.2 %). This is prob-
ably because, compared with other radiation approaches,
IMRT adds fluence modulation to beam shaping, which im-
proves dose conformity around the tumor and spares sur-
rounding normal structures [24]. This has important implica-
tions in that IMRT might be an optimized radiation approach
for patients with inherent high RP risk (AG/GG genotypes of
rs4665162 and age ≥58).

The αvβ6 integrin is an epithelial restricted molecule with
a variety of effects on inflammation, cell proliferation, and
fibrosis. Studies have demonstrated that integrin αvβ6 can
activate the latent form of transforming growth factor-β1
(TGFβ1) [25], which plays a critical role in the progress of
RP [26, 27]. An animal study reported the increased expres-
sion of αvβ6 in alveolar epithelial cells after radiation injury,
and mice lacking integrin αvβ6 do not develop RILF, which
occurs at the later stage of the RP, because of the inactivation
of TGFβ1 [15]. Additionally, multiple studies have reported
the association between SNPs in the TGFβ1 gene and RP risk
in patients with lung cancer [7, 28–30]. Based on the above,
we performed this study to investigate whether the differences
in αvβ6 integrin genotypes are related to RP severity in pa-
tients with lung cancer. We identified an association between
SNP rs4665162 in ITGB6 gene and risk of RP. However, the
SNP genotypes of ITGAV gene are not statistically signifi-
cantly correlated with RP risk in our study. This is possibly
because the αv subunit can dimerize not only with the β6
subunit but also with integrin β subunits β1, β3, β5, and
β8 [31], which have not yet been proved to be associated with
RP, suggesting that the β6 subunit may play a critical role in
RP rather than the αv subunit.

In our current study, ITGB6 rs4665162 was significantly
associated with RP development in lung cancer patients who
received radiation treatment, independent of therapy-related,
patient-related, and tumor-related factors. The different ex-
pression of β6 in the lung tissue of RP patients due to geno-
types of rs4665162 showed that this SNP, which was located
in the promoter flanking region, may play a significant role in
the regulation of ITGB6 gene expression and thus regulate
patient susceptibility to RP. Especially noteworthy were the
remarkable variance in RP risk according to rs4665162 geno-
types when patients were stratified based on V20 and MLD.
This result demonstrates that genetic factors may play an even
more critical role in RP susceptibility in an individual patient
when either a greater volume of lung was exposed to high
doses of radiation or that relatively high doses were delivered.

It is necessary to point out that values of grade ≥2 RP were
more statistically significant than values of grade ≥3 both in
the MLD and V20 stratified analysis. This seems to imply that
once the volume or dose is relatively high, the inherent radio-
sensitivity may potentially override dosimetric factors to play
an even more important role in the progress of RP, especially
of the grade ≥2 RP.

In spite of these positive observations, the current study has
some limitations. Firstly, we applied the method of candidate
polymorphism selection, which let us concentrate on poten-
tially functional SNPs, so that we could not extensively cover
all SNPs in the entire gene and some rare but important SNPs
might not have been included or the observed association
might have been a result of genetic linkages with other
untyped SNPs. In addition, we were not able to investigate
the mechanism by which the ITGB6 polymorphisms lead to
RP in patients with lung cancer and its interaction with other
factors. Finally, it is also necessary to observe the role of these
SNPs playing in disease outcomes.

In summary, the current study identified genetic bio-
markers to predict RP risk for lung cancer patients before
initiation of radiotherapy. We identified that the AG/GG ge-
notypes of ITGB6 rs4665162 were associated with higher RP
risk in patients with lung cancer who received radiotherapy,
suggesting the probability of using these gene polymorphisms
as biomarkers to predict RP susceptibility. Further investiga-
tions are required to validate these findings.
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