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Abstract: Recent studies have shown that SULT1A1 rs9282861 polymorphism was associated with many types of
cancer risk. While there was no meta-analysis on SULT1A1 rs9282861 polymorphism would lead to increase the
risk of digestive tract cancer. In order to better understanding the association between this snp and digestive tract
cancer risk, we summarized available data and performed this meta-analysis. The pooled odds ratios (ORs) with
their 95% confidence interval (95% Cls) were calculated to assess the associations. Beggs funnel plots was used to
evaluate publication bias. A total of 22 studies including 7397 cancer patients and 10378 controls were analyzed.
Overall, this meta-analysis revealed SULT1A1 rs9282861 polymorphism was associated with an increased risk of
digestive tract cancer under dominant model (GA+AA vs GG OR=1.08, 95% CI=1.02-1.15, P=0.013), allelic model:
(A vs G OR=1.20, 95% CI=1,07-1.33, P=0.001). In subgroup analyses, significant associations were observed be-
tween SULT1A1 rs9282861 polymorphism and upper aero digestive tract (UADT) cancer under dominant model
(GA+AA vs GG OR=1.32, 95% Cl=1.14-1.52, P=0.010), recessive model (AA vs GA+GG OR=1.63, 95% CI=1.19-2.23,
P=0.002), homozygous model (AA vs GG OR=1.60, 95% CI=1.20-2.15, P=0.001), allelic model: (A vs G OR=1.53,
95% Cl=1.07-2.00, P=0.002). While no associations were detected between SULT1A1 rs9282861 and crectal can-
cer. To sum up, this meta-analysis indicated that SULT1A1 rs9282861 (Arg213His) polymorphism was associated
with digestive cancer, indicating that SULT1A1 rs9282861 polymorphism may serves as a digestive tract cancer tu-
mor susceptibility marker. In subgroup analysis, it contributed to UADT (upper aero digestive tract) cancer, whereas
no association were found between SULT1A1 rs9282861 polymorphism and colorectal cancer.
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(CRC) UADT( upper aero digestive tract) cancer

unds including thyroid and steroid hormones,
neurotransmitters, drugs and pro-carcinogens
[5, 6]. There are many isoforms of the SULTs

Introduction

Digestive tract cancers (including esophageal,

gastric and colorectal cancers), well known as
the most common malignant tumours globally,
include upper aero digestive tract and colorec-
tal cancers [1-4]. Esophageal, gastric and colo-
rectal cancers are the leading causes of can-
cer-related death in Eastern Asian countries [2,
3].

Sulfotransferase (SULT) enzymes catalyze the
sulfate conjugation of a broad range of sub-
strates and play an important role in metabo-
lism of endogenous and exogenous compo-

supergene family, each with different amino
acid sequence identity and substrate specificity
[7]. The SULT1A1 gene is located on chromo-
some 16p12.1-p11.2 [8]. SULT1A1 is expres-
sed in the liver, as well as in many extrahepatic
tissues (e.g colonic mucosa), and is a compo-
nent in the detoxification pathway of nume-
rous xenobiotics [9]. Recent study has demon-
strated a G to A transition at nucleotide 638 in
SULT1A1 gene causes an Arg to His substitu-
tion associated with a low enzymatic activity,
which leads to individual's susceptibility to can-
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Figure 1. Forest plot on the association between SULT1A1 rs9282861 poly-
morphism and digestive tract cancer risk in dominant model.

cer [10, 11]. Many studies have demonstrated
that this polymorphism played a significant
role in the susceptibility to several cancers. A
meta-analysis has revealed the association
between SULT1A1 rs9282861 polymorphism
and the risk of UADT cancer [12]. Another stu-
dy investigated the association between SU-
LT1A1 rs9282861 polymorphism and colorec-
tal cancer risk showed that SULT1A1 rs92-
82861 polymorphism lacks of association with
colorectal cancer [13]. Whereas there was no
meta-analysis about the association between
SULT1A1 rs9282861 and digestive tract can-
cer. Thus we wounder that whether SULT1A1
rs9282861 polymorphism would increase or
decrease digestive tract cancer risk. So as to
better understand the association, we perfor-
med this Meta-analysis to explore the overall
relationship between this polymorphism and
digestive tract cancer risk.

Material and methods
Identification of eligible studies

Electronic searches of Pubmed, PMC, and CNKI
were performed for all publications on the
associations of SULT1A1 rs9282861 and

2913

culating odds ratio (OR) with
95% confidence interval (95%
Cl) (3) all of the cases and con-
trols SNPs conformc to the
Hardy-Weinberg equilibrium (HWE). We exclu-
ded studies overlapping with other studies or
overlapping with data from the same authors.

Data extraction

Two authors (Zhu and Liu) independently ex-
tracted the data. For each case, if there was
disagreement, the two authors debated until
the agreement was reached on all items. The
following information was collected: the first
author’s name, year of publication, cancer type,
ethnicity, numbers of cases and controls, sou-
rce of the study population. If a study included
many tumor types, genotype data were extract-
ed separately according to tumor type.

Statistical analysis

We calculated the odds ratio (OR) with 95%
confidence interval (Cl) to access the associa-
tion between the SULT1A1 rs9282861 poly-
morphism and digestive tract. The hetero-
geneity was assessed by the Chisquare based
Q statistics and I? test. Heterogeneity was con-
sidered significantly at either a P value of <0.10
or 1°>50%. When heterogeneity was detected
among the studies, the random-effects (the
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Figure 2. Forest plot on the association between SULT1A1 rs9282861 poly-
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morphism and digestive tract cancer risk in recessive model.
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Figure 3. Forest plot on the association between SULT1A1 rs9282861 poly-

I
72.7

morphism and digestive tract cancer risk in homozygous model.

DerSimonian and Laird method) model instead
of the fixed-effects model (the Mantel-Haenszel
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method) was applied to esti-
mate the pooled OR.

Publication bias and sensitiv-
ity analysis

We used Beggs funnel plots to
evaluatey the publication bias
of this studies. What we can
see from the picture (Figure 6)
shows that the studies includ-
ing in this meta-analysis indi-
cate no publication bias. We
removed each study repea-
tedly to measure the sensitivi-
ty analysis. The corresponding
pooled ORs were not chan-
ged significantly, indicating
that our results were statisti-
cally valid.

Results
Characteristics of studies

In this meta-analysis, 22 stud-
ies from 20 articles Figure 7
[13-32] were identified to eva-
luate the relationship betw-
een SULT1A1 rs9282861 po-
lymorphisms and risk of dig-
estive tract cancer, and a to-
tal number of 7397 cases and
10378 controls were included
[14-33]. There are 13 studies
on colorectal cancer, 5 stud-
ies reported information on
UADT, 2 studies on gastric
cancer and esophagus can-
cer respectively. The relevant
characteristics of studies we-
re listed in Table 1.

Overall meta-analysis results

Table 2 lists the main conse-
quences of the pooled analy-
ses. Overall, As you can see
from Table 2, the SULT1AL rs-
9282861 polymorphism wa-
sassociated withan increased
risk of digestive tract cancer
under dominant model Figure
1 (GA+AA vs GG OR=1.08,

95% CI=1.02-1.15, P=0.013), recessive model
Figure 2 (AA vs GA+GG OR=1.17 95% CI=0.96-
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Figure 4. Forest plot on the association between SULT1A1 rs9282861 poly-
morphism and digestive tract cancer risk in heterozygous model.
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Figure 5. Forest plot on the association between SULT1A1 rs9282861 poly-

morphism and digestive tract cancer risk in allelic model.
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1.44 P=0.122), homozygous
model Figure 3 (AA vs GG
OR=1.16 95% CI=0.97-1.39
P=0.099), heterozygous mo-
del Figure 4 (GA vs GG OR=
1.11 95% CI=0.99-1.23 P=
0.067) and allelic model Fig-
ure 5 (A vs G OR=1.20, 95%
Cl=1,07-1.33, P=0.001).

Subgroup meta-analysis re-
sults

Table 3 showed that SULT1A1
rs9282861 is not linked with
colorectal cancer under domi-
nant model (GA+AA vs GG
OR=1.03, 95% CIl=0.96-1.11,
P=0.013), recessive model
(AA vs GA+GG OR=1.05, 95%
Cl=0.84-1.30 P=0.684), ho-
mozygous model (AA vs GG
OR=1.04, 95% CI=0.97-1.12,
P=0.655), heterozygous mo-
del (GA vs GG OR=1.04 95%
Cl=0.97-1.12 P=0.297), allelic
model: (A vs G OR=1.04, 95%
Cl=0.96-1.12, P=0.325). Ta-
ble 4 shows SULT1A1 rs-
9282861 was statistically sig-
nificant with increased risk of
UADT cancer under dominant
model (GA+AA vs GG OR=1.32,
95% Cl=1.14-1.52, P=0.010),
recessive model (AAvs GA+GG
OR=1.63, 95% CI=1.19-2.23,
P=0.002), homozygous model
(AA vs GG OR=1.60, 95% ClI=
1.20-2.15, P=0.001), hetero-
zygous model (GA vs GG
OR=1.26 95% CI=0.93-1.72
P=0.137), allelic model: (A vs
G OR=1.53, 95% CI=1.07-
2.00, P=0.002).

Discussion

To the best of our knowledge,
this is the first meta-analysis
about the association be-
tween SULT1A1 rs9282861
polymorphism and digestive
tract cancer. This meta-analy-
sis including 7506 cases and
11044 controls from 22 stud-
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Beggd's funnel plot with pseudo 95% confidence limits
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revealed that SULT1A1 rs92-
82861 polymorphism contrib-
ute to digestive tract cancer
under dominant model, allelic
model.

SULT1A1 enzyme encoded by
SULT1A1 gene plays an impor-
tant role in xenobiotic metabo-
lism. Previous studies have de-
monstrated that SULT1A1 is
an important member of the
sulfotransferase family involv-
ing in the pathogenic process

o

s.e. of: logor

Figure 6. Beggs funnel plot with pseudo 95% confidence limits.

I of various cancers [7, 33, 34].
First, SULT1A1 is known to
catalyze the sulfation of not
only dietary carcinogens such
as the heterocyclic aromatic
amines (HAAs), but also that of

205 records identified from Pubmed

PMC and CNKI

6 records identified from searching

the reference of the cligible articles

several dietary chemopreven-
tives such as catechins [35].
In addition, Previous study

indicated that A functiona Ipo-
lymorphism in exon 7 of the
SULT1A1 gene, with a G—A
substitution, results in a chan-

109 records after duplicates removed

ge in the amino acid sequence
from arginine to histidine, le-
ading to a decrease in enzy-

matic activity [33, 36]. Car-
riers of the GG and GA allele of

89-records:do not-have available-

data-or-reach- HWE

SULT1A1 are defined as hav-
ing normal enzyme activity,
the AA allele as having de-

creased activity which is asso-

20 articles accessed for this analysis

ciated with susceptibility to
several cancers [36]. However
the mechanism of SULT1A1

rs9282861 polymorphism in-

2 articles have 2 studies

creasing digestive tract can-
cersisunclearsofar. Therefore

we performed this meta-analy-
sis to explore the association
between the SULT1A1 rs92-

22-studies included in this analysis

82861 polymorphism and di-
gestive tract cancers risk.

Figure 7. Processes of study selection.

ies, explored the association between the
SULT1A1 rs9282861 polymorphism and diges-
tive tract cancer risk. Our meta-analysis
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There are many studies focus-
es on the association between
SULT1A1 rs9282861 polymor-
phism and digestive tract can-
cers. Boccia [20] and Feng [26] indicated that
the strongly positive association between
SULT1A1 rs9282861 polymorphism and UADT.

Int J Clin Exp Med 2019;12(3):2912-2920



ULT1A1 rs9282861 polymorphism increases the digestive tract cancer risk

Table 1. Characteristics of the included studies

Genotype Distribution (Case/

First author's name Year Cancer type Ethnicity Sample Size Control)

(Case/Control)

GG GA AA

Sean 2010 Colorectal cancer Caucasian 1164/1292 544/598 502/540 118/154
Michelle 2008 Colorectal cancer  Caucasian 834/1249 396/578 353/523 85/148
Bamber 2001 Colorectal cancer  Caucasian 226/293 96/137 104/124 26/32
Nowell 2002 Colorectal cancer Mixed 130/301 48/101 67/145 15/55
Sache 2002 Colorectal cancer  Caucasian 490/593 217/275 209/255 64/63
Wong 2002 Colorectal cancer  Caucasian 383/402 175/178 179/190 29/34
Wu 2003 UADT East Asians 187/308 135/274 52/34 0/0
Pereia 2005 Colorectal cancer Mixed 42/100 15/45 23/44 4/11
Pereia 2005 UADT Mixed 20/100 10/45 8/44 2/11
Sun 2005 Colorectal cancer  Caucasian 109/666 43/266 27/303  39/97
Boccia 2006 UADT Caucasian 123/247 71/156 44/82 8/9
Lilla 2007 Colorectal cancer  Caucasian 504/603 212/263 225/259 67/81
Cleary 2010 Colorectal cancer  Caucasian 1164/1292 118/154 502/540 118/154
Eichholzer 2012 Colorectal cancer  Caucasian 424/819 183/389 193/354 48/76
Kotnis 2012 UADT India 109/194 60/132 43/60 6/2
Santos 2012 UADT Mixed 202/196 94/94 89/82 19/20
Shen 2006 Colorectal cancer  East Asians 83/343 67/301 15/41 1/1
Feng 2006 UADT East Asians 163/166 109/129 50/32 4/5
Boccia 2007 UADT Caucasian 107/254 57/156  39/85 11/13
IAShah 2015 UADT South Asians 404/404 300/305 81/84 23/15

Dandara 2006 UADT South Africans 236/266 115/132 47/86 74/48
Victorm 2005 Colorectal cancer  Caucasian 293/272 163/160 107/89 23/23

Whereas Santos’s [25] study revealed that
SULT1A1 rs9282861 polymorphism was not
related to UADT. Pereira [18] found that
SULT1A1 rs9282861 polymorphism contribut-
ed to gastric cancer. Boccia draw the same con-
clusion as Pereira. Lilla [21] suggested that
SULT1A1 rs9282861 polymorphism was not
linked with colorectal cancer. Cleary [22] found
that there was also no statistically significant
association between SULT1A1 rs9282861 po-
lymorphism and Colorectal cancer risk. Bamber
[13] found that SULT1A1 rs9282861 polymor-
phism could reduce the risk of colorectal can-
cer. Taken all into consideration, the associa-
tion between SULT1A1 rs9282861 polymor-
phism and digestive tract cancers is unknown.
So we conducted this meta-analysis to explore
the association between SULT1A1 rs9282861
polymorphism and digestive tract cancers.
According to this meta-analysis SULT1A1
rs9282861 polymorphism increased the risk of
digestive tract cancers especially UADT can-
cers. It may due to the fact that the upper aero
digestive tract is exposed to numerous poten-
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tial carcinogens such as phenolic xenobiotics,
polycyclic aromatic hydrocarbons and heterocy-
clic aromatic amines contained in cigarette
smoking, environmental pollutants and some
food, this result manifests that the mutation
within SULT1A1 causes the low SULT1A1 activ-
ity and is associated with high susceptibility to
UADT cancer [12].

While no statistically significant association
was observed between SULT1A1 rs9282861
polymorphism and colorectal cancer risk. Th-
ough Sun [19] found that SULT1A1 rs9282861
polymorphism was associated with colorectal
cancer. Cheng [27] also found that SULT1A1
rs9282861 polymorphism was related to co-
lorectal cancer combing with high intake of red
meat. Conversely, Wong [16] and Eichholzer
[23] hold that SULT1A1 rs9282861 polymor-
phism was not related to colorectal cancer.
Recently, Xiao [12] conducted a meta-analysis
that draw the conclusion and SULT1A1 rs-
9282861 polymorphism was not related to
colorectal cancer. As we know SULT1A1 is the

Int J Clin Exp Med 2019;12(3):2912-2920
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Table 2. Meta-analysis results of the association between SUL-
T1A1 rs9282861 polymorphism and digestive tract cancer

LT1A1 rs9282861 polymor-
phism can be used as clinical

Model OR (95% Cl)  l-squre (%) p reference, when we clinically
Dominant model (GA+AA vs GG)  1.08 (1.02-1.15)  45.3  0.013 diagnosed digestive system
Recessive model (AAvs GA+GG) 117 (0.96-1.44) 671  0.122 cancer. While we should take
Homozygous model (AAvs GG)  1.16 (0.97-1.39)  53.87  0.099 Z?ﬁ:f;ﬂmegm:ﬁe{ egsn:jn‘ig
Heterozygous model (GAvs GG)  1.41(0.99-1.23)  53.0  0.067 o ¢ yp

) consideration. As is known
Allelic model (A vs G) 1.20 (1.07-1.33) 76.1 0.001

the effect of genetic constella-

Table 3. Meta-analysis results of the association between SUL-

T1A1 rs9282861 polymorphism and colorectal

cancer

tion, the enzymatic activity
can be influenced by environ-
mental factors such as smok-

Model OR (95% CI)

I-squre (%)

Dominant model (GA+AAvs GG) 1.03 (0.96-1.11)
Recessive model (AA vs GA+GG) 1.05 (0.84-1.30)
Homozygous model (AAvs GG) 1.04 (0.87-1.26)
Heterozygous model (GA vs GG) 1.04 (0.97-1.12)
Allelic model (A vs G) 1.04 (0.96-1.12)

0.0
70.0
53.87
0.0
45.8

b ing and diet [38], but also by
gene-gene interactions [39].
0.354
0.684 Despite the strength of our
0.65500 study that yielded enough
0.297 power to implement a compre-
0.325 hensive analysis, there was a

Table 4. Meta-analysis results of the association between SUL-
T1A1 rs9282861 polymorphism and upper aero digestive tract

lot of room for improvement.
First of all, the sample size of
this meta-analysis was rela-
tively small. Furthermore, the

cancer studies included in this meta-
Model OR (95% Cl) I-squre (%) P analysis lack of more detailed
Dominant model (GA+AAvs GG) 1.32 (1.14-1.52)  60.9 0.010 data (such as lifestyle, dietary
Recessive model (AA vs GA+GG) 1.63 (1.19-2.23) 175 0.002 habits), which may lead to pre-
Homozygous model (M vs GG)  1.60 (1.20-2.15)  53.87  0.001 cise result. Besides, we did
Heterozygous model (GAvs GG)  1.26 (0.93-1.72) 73 0.137 not evaluate the interactions
Allelic model (A vs G) 153(1.07-2.00) 789  0.002 of gene-gene and gene-envi-

isoform primarily associated with the conver-
sion of dietary N-OH arylamines to DNA binding
adducts, Studies have indicated that the in-
creased amounts of N-OH arylamines can in-
crease the chance of colorectal cancer devel-
opment [37]. However, our meta-analysis’s re-
sults were consistent with Xiao’s. The result is
difficult to explain. Because there are many fac-
tors may influence the function of the polymor-
phism. One possible reason might be that the
polymorphism plays different role in different
organs or ethnic populations. It may also be
that different parts of digestive tract flora influ-
ence function of the polymorphism. So further
detailed investigation with larger number of
worldwide participants is needed to better
understand the role of this polymorphism in
colorectal cancer risk and ethnicities.

These findings may help us better understand

the SULT1A1 rs9282861 polymorphism in the
etiology of digestive system cancer. The SU-
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ronment in all studies. Addi-
tionly due to the insufficient
sample size used in this meta-analysis, we did
not analyze the association between ethnici-
ties and this polymorphism. Moreover, those
researchs were conducted many years ago,
more updated researchs are required to clari-
fied the association between SULT1A1
rs9282861 polymorphism and digestive tract
cancers.

Conclusion

In conclusion, according to this meta-analysis,
the association between the rs9282861 poly-
morphism in SULT1A1 and digestive tract can-
cer risk was remarkable. Though SULT1A1
rs9282861 polymorphism will increase the risk
of digestive tract cancer, the risk relyes on the
type of cancer. In the future, more studies with
larger sample sizes that further assess the role
of SULT1A1 rs9282861 polymorphism in risk
of digestive tract cancer may help us under-
stand more about the association.

Int J Clin Exp Med 2019;12(3):2912-2920
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