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To date, epidemiological studies have assessed the association between Toll-like receptor 2 (TLR2) gene polymorphisms
and cancer risk. However, the results of these studies remain controversial. We aimed to examine the associations between
three SNPs (Delta22, rs3804099 and rs3804100) of TLR2 gene and cancer risk by conducting a meta-analysis of case-control
studies. A total of eight studies eligible for TLR2 Delta22 polymorphism (2,061 cancer cases and 3,490 controls), six studies
for rs3804099 polymorphism (1,681 cases and 1,996 controls), and five studies for rs3804100 polymorphism (3,131 cases
and 2,969 controls) were included in this meta-analysis. Our results suggested that Delta22 represented a risk factor on can-
cers (del-allele versus ins-allele, OR=1.35, 95% CI: 1.05-1.72; del/del versus ins/ins, OR=1.91, 95% CI: 1.03-3.56; del/del +
del/ins versus ins/ins, OR=1.33, 95% CI: 1.02-1.73; del/del versus del/ins + ins/ins, OR=1.79, 95% CI: 1.02-3.13), especially
in Caucasian population and among population-based studies. For TLR2 rs3804099 polymorphism, we found a decreased
cancer risk associated with CC/CT genotype only in Asians compared with TT genotype. TLR2 rs3804100 polymorphism
was significantly associated with an elevated cancer risk in overall analysis (CC versus CT, OR=1.70, 95% CI: 1.20-2.42; CC
versus CT/TT, OR=1.61, 95% CI: 1.15-2.25). In a stratified analysis, a statistically significant correlation was also observed
in non-Caucasian population and population-based studies. In conclusion, the Delta22 and rs3804100 polymorphisms in
TLR2 are risk factors for cancer susceptibility while the TLR2 rs3804099 dominant genotype is a protective factor, especially
in Asians. Further large and well-designed studies are needed to confirm these conclusions.
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Cancer is a major public health problem worldwide. It
is a multistep process resulting from complex interactions
between genetic and environmental factors [1]. Host genetic
factors may play a critical role in the pathophysiology of many
human cancers [2]. The genetic susceptibility to cancer is
multifactorial, with some factors known to function in the
cell cycle, apoptosis, or cell differentiation. In addition, the
risk may also comprise additional factors that are related
to the activation of the immune system and inflammation.
Consequently, common single nucleotide polymorphisms
(SNPs) of a series of low penetrance alleles, modified during
the above-mentioned processes, are likely to play an important
role in cancer susceptibility.

Toll-like receptors (TLRs) constitute a family of receptors
directly recognizing a wide spectrum of exogenous and endog-
enous ligands playing the key role in realization of innate and
adaptive immune response, and participating in the processes

of cell proliferation, survival, apoptosis, angiogenesis, tissue
remodeling and repair [3-5]. There are 10 TLRs expressed in
human beings [6], and Toll-like receptor 2 (TLR2) is one of the
most actively investigated TLRs. Dysregulation of the TLR2
signaling owing to SNPs may shift balance between pro- and
anti-inflammatory cytokines, modulating the risk of infection,
chronic inflammation and cancer. The human TLR2 gene is
located on chromosome 4q32 and is composed of 2 non-cod-
ing exons and 1coding exon [7]. Genetic studies on the TLR2
gene have identified a number of polymorphisms which have
been shown to affect host defense and disease progression [8,
9]. A 22-bp nucleotide deletion at position -196 to -174 of
the untranslated 5’-region is associated with reduced TLR2
transcriptional activity compared to the wild type allele in
luciferase reporter assays [10]. This polymorphism has already
been shown to be associated with an increased risk of noncar-
diac gastric cancer and susceptibility to cervical cancer [11,
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12]. Another 2 polymorphisms within the TLR2 exon region,
namely, it has been reported, that TLR2 rs3804099 T/C and
rs3804100 T/C can alter the risk of hepatocellular carcinoma
development [13].

Despite a series of molecular epidemiological studies
aiming to examine the association between these three poly-
morphisms and the susceptibility of different cancer types,
the available results remain conflicting. Therefore, it is highly
necessary to perform a quantitative and systematic investiga-
tion with rigorous methods. To further evaluate the association
between TLR2 polymorphisms (-196 to 174 del/ins, rs3804099
and rs3804100) and the risk of cancer, a meta-analysis was
conducted on all eligible published studies in current study.

Materials and methods

Literature search and data extraction. PubMed, Embase,
China National Knowledge Infrastructure, and Chinese
Biomedicine Database were searched (the last search update
was October 20, 2012) using the following query: (‘toll-like
receptor 2’ or “TLR2’) and (‘cancer’ or ‘tumor’ or ‘neoplasm’
or ‘malignancy’ or ‘carcinoma’) and ‘polymorphism’ by two
independent investigators (XP Wang and J Li). All published
papers without language restrictions matching the eligible
criteria were retrieved. Additional studies were identified by
a manual search of references of original or review articles on
this topic. Studies included in our meta-analysis have to meet
the following criteria: (a) evaluated the relationship of the
TLR2 polymorphisms TLR2 -196 to 174 del/ins (Delta22) or
rs3804099 or rs3804100 and cancer risk; (b) in a case-control
study design; (c) contained available genotype frequency; (d)
excluded benign tumors, precancerous lesions. Major reasons
for exclusion of studies were (a) only case population; (b) the
study did not have the outcomes of comparison reported or
it was not possible to determine them; (c) duplicate of previ-
ous publication.

Data extraction. Two of the authors (XP Wang and W Xie)
extracted all data independently using a standardized extrac-
tion form and reached a consensus on all items. In the present
study, the following information was extracted: first author,
year of publication, country, ethnicity, cancer type, numbers
of cases and controls, source of control groups (population- or
hospital-based controls), genotyping methods and evidence
of Hardy-Weinberg equilibrium (HWE). Meanwhile, gastric
cancer was regarded as an independent cancer type in Delta22
analysis; cervical cancer, gallbladder cancer, prostate cancer
and hepatocellular carcinoma were merged into the “other
cancers” group.

Statistical analysis. Firstly, the strength of the association
between the TLR2 polymorphisms (Delta22, rs3804099 and
rs3804100) and cancer risk was measured by ORs with 95%
confidence intervals (Cls). The statistical significance of the
OR was determined using the Z test. Statistical heterogeneity
between studies was assessed with the x*-based Q test and I?,
heterogeneity was considered significant when P<0.05, and I

was used to quality variation in OR attributable to heterogenei-
ty. When heterogeneity was not an issue, fixed effect model with
Mantel-Haenszel method was used [14]. Otherwise, a random
effect model with inverse variance method was used. Generally,
we first evaluated the risks of variant allele versus wild-type
allele (del-allele vs. ins-allele for Delta22; C allele vs. T allele
for rs3804099 and rs3804100). As to genotype comparison, the
risks of the heterozygote and variant homozygote compared
with the wild-type homozygote was estimated (del/ins vs.
ins/ins and del/del vs. ins/ins for Delta22; CT vs. TT and CC
vs. TT for rs3804099 and rs3804100), respectively. Then we
evaluated the risks of the dominant and recessive effects of the
variant allele (del/del + del/ins vs. ins/ins and del/del vs. del/ins
+ ins/ins for Delta22; CC+CT vs. TT and CC vs. CT+TT for
rs3804099 and rs3804100), respectively. In addition, we also
performed stratification analyses on cancer type (divided into
gastric cancer and other cancers for TLR2 Delta22) and eth-
nicity, as well as source of control. Publication bias was tested
graphically by using funnels plots, in which the standard error
was plotted against the log (OR) to form a simple scatter plot,
and the funnel plot asymmetry was assessed by the method of
Egger’s test. Asymmetric plots could indicate potential existing
publication bias. The statistical analyses were performed using
Stata Statistical package (version 11.0; Stata Corp., College
Station, TX) and Review Manager (Version 4.2, the Cochrane
Collaboration). All P values were two-sided.

Results

Characteristics of studies. According to the searching
strategy, 58 papers were found. We reviewed the titles, abstracts
and the full texts of all retrieved articles through defined
criteria. Finally, 15 studies including a total of 5,443 cancer
cases and 6,793 controls were selected in our meta-analysis
[11-13, 15-26] (Figure 1). The characteristics of the selected
studies are listed in Table 1. Among these studies, Delta22
polymorphism was investigated in eight studies with 2061
cases and 3490 controls, whereas six studies were included
into rs3804099 polymorphism analysis, with 1681 cases and
1996 controls and five studies into rs3804100 polymorphism
analysis, with 3131 cases and 2969 controls. The distribution
of genotypes in the controls was consistent with the Hardy-
Weinberg equilibrium for all selected studies, except for two
studies [20, 26] for rs3804099 polymorphism.

Meta-analysis. The evaluation of the association between
these three polymorphisms and cancer risk is presented in
Table 2. In the overall analysis, significant association could
be observed between cancer risk and the variant genotypes of
TLR2 Delta22 polymorphism in different genetic models (del-
allele versus ins-allele, OR=1.35, 95% CI: 1.05-1.72; del/del
versus ins/ins, OR=1.91, 95% CI: 1.03-3.56; dominant model,
OR=1.33, 95% CI: 1.02-1.73; recessive model, OR=1.79, 95%
CI: 1.02-3.13) (Table 2 and Figure 2). In a stratified analysis by
specific cancer type, no association was found among studies
of gastric cancer in all genetic models. However, a significant
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to Oct 20, 2012 (n=59)

Potentially relevant studies identified through PubMed,
Embase, CNKI and Chinese Biomedicine Database up

Excluded n=34

8-Not related with TLR2 gene polymorphism
20-Not related with cancer risk

A 4

1-Not case-control study

5-Letters, reviews or editorial articles

Evaluate the association between TLR2 gene
polymorphisms and cancer risk (n=25)

Excluded n=10

1-Without sufficient data for extraction

A 4

9-Not examine the TLR2 Delta22, rs3804099 and
rs3804100 polymorphisms

Studies included (n=15)

Study investigated Delta22

Study investigated rs3804099

Study investigated rs3804100

n=8 n=6 n=>5
Figure 1. Study flow chart for the process of selecting the final 15 publications.
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Figure 2. Forest plot of overall cancer risk associated with TLR2 -196 to 174 del (Delta 22) polymorphism for homozygote comparison (del/del vs.

ins/ins) and dominant genetic model (del/del + del/ins vs. ins/ins).

association was found in other cancer types. In the subgroup
analysis by ethnicity, Delta22 polymorphism had a significant
increased risk of cancer in Caucasian population in all genetic
models (del-allele versus ins-allele, OR=1.97, 95% CI: 1.27-
3.08; del/del versus ins/ins, OR=4.07, 95% CI: 1.78-9.29; del/del
versus del/ins, OR=2.41, 95% CI: 1.03-5.63; dominant model,
OR=2.01, 95% CI: 1.25-3.23; recessive model, OR=3.53, 95%

CL: 1.55-8.01) (Table 2), but not in Asian population. Mean-
while, in the stratified analysis by source of controls, we found
elevated risk among studies from population-based controls
in all genetic models.

For rs3804099 polymorphism, in the overall analysis, no
association was found in any genetic models (data not shown).
In the stratified analysis by ethnicity, we found a decreased



X. WANG, J. LI, W. XIE, W. ZHANG, Y. CHANG

462

ssnaa O snnedoy ADH fewounied renypoojeday OOH ‘erwayna] onsejqoydwA| aynoe “TTy d[qeosrdde
jou “yN ‘s[o1uod jo wnriqiba Sroquiop -ApreH ‘g MH paseq-[endsoy ‘qH ‘paseq-uonendod ‘g cwsrydiowkjod yySusy syuswdery uoryornsaI-uoroeal ureyd aserdowi[od qTII-gDd SUONRIAIQQY

PA[[0IUD d1oM DDH PAULIFUOD

001F08¢s1 TETYIIT SHA BWIOUIOIR) stsouSerp A[[eorurayoo1q pue [[eatdojorper

660708€51 7€YY SHA  rempoojedoy 10UsdeNs  Loruyig dd  “reordojoyyed yym pasouserp syusned 11¢ ueIsy eUIYD  710C a1fun(
PR[[0IUD 2I9M ISOUED [}III0[0D

660708¢ST TLT/061 ON I90ued [B}2910]00 d1I-9Dd  I9puen gH pourtojuod AfeorSojoyyed yym syuaned ¢gT - ueIseone)) [eSmuIod 7107 SOUNN-[IUSWI]
Pa[0IUd dToM
eUIOUIdIRD DDH paienosse-ADH PpawIguod A[ped

PP ¥41- 01 961~ 1¥€/681 SHX  Iemypoojedoy  YDJowm-[edy  xas dy dqd -15ojoyred yym pasouderp syuenjed £gT ueiseone)  Auewen z10g MBYISIN
Ppa[oIuD a1oM
Ayoru stsougerp 1ooued 2)e3s01d Jo UORULIUOD

PP ¥L1- 03 961- 0ST/S61 SHX  1ooued 3jeIsoIq ¥Od -y 98y qH  [eor30[03s1y yam syuaned payoyew ade g6 ueIsy ®IpU]  710C [epuEN
aod PA[[0IUD 2I19M I9oUED dL1)sed

PP ¥£1- 03 961~ 80T/¥L1 SAX I90URD OLI)SED) syads-apaqy By qd pourgyuod Aresrdojoyred yym syuened 41 uerseone)) nzeig 710¢ BIIDAI[Q 9P
PA[[0IUD dToM IooUED JLI)sed

PP FL1- 01 961~ 96¥/8%C SHA  19ouBD dLISED) dTIMDd  Xos 98y qH pawiyuod ApesrSofoyed yim syuaned gz uersy eury) 1107 7-8uaz
Pa[[oIud a19M stsouSerp 1aoued o113sed jo

66070881 967/87C SHX  1o0ouRd OLISED dTI4Y0d  X9s 98y gH uonewyuod [e1sofolsty ym siuaned gz uersy vurgD  110C Suaz
00TF08€ST €81/681 SHA uOd P3[[0IUD 219M TTY PAWIFUOD

660708€ST 8L1/781 ON TIV  dywadg-apry VN qH Afreor3ojoyyed yym pasouSerp sjuened 761 uelseIN®) SPURMLSYIRN  110C RWAPAIN
00TH08¢S1 £99/00L SHA BWOUB[IW Keires PA[[0IUS AI9M BWOUEB[IW SOSUEBIND

660708¢ST 6TL/19Z SAX jueuSIejN  -SeJy wouanbag VN gH pauugyuod A[esidooisiy im sjuanjed ¢9/  ueiseone)  Auewnion [10C jsen)
PoqjoIrus
I20Ued a1oM 190oUED Jappe[q[[ed pauryuod A[[ed

PP ¥L1- 03 961~ LST/EET SdA 1PPE[QI[ED d1A4-YDd  Xos 98y dd -13o[oyredolsry yirm S[eNpIAIpUT £€T ueIsy BIPUL  0T0T BAR)SBALI§
PO[[OIUD 21oM I2OUED dLIIsed

9P ¥L1- 03 961~ 9€91/£8S SHX  I9dued dInsen AOd  xos 98y gH  pasouderp Areordofoisiy yym syuanred €8¢ uersy uede( 0107 BpIYSIH
Ppoqjorus
ewoyduA] Kesse ased1| a1om sjuaned ewoydwA] unydpoy-uou

001%08¢s1 86L1/T¥61 SdA UD[SPOH-UON  2p1oa[NUodIO By dd pouyuod A[[ed130[03sIy 1961 JO [e30} PXIN vSn 600T Inping
papnput
Ayoru 9IOM 19OUED [BJIAIDD PIUWLIUOD A[[esrsof

PP ¥41- 03 961~ 0ST/0ST SHA  J19dued [BJIAID)) dTII-4Dd -y 98y VN -oyjedoisty yim pasouSerp sjuorjed g1 ueIsy BIPU]  600C Aopueg
Pa109[3s 1M
001708¢s1 68/68 SHA sisougerp A[reorwayporq pue £[esrdof

660708¢ST 68/68 SAX I90UeD JseaIg aDd/uenber,  xos 98y gH -orpel y3m sjuanjed 10ued JseaIq (O¢] UBISEONED) BIROID)  600C 2gaY01g
Pa[0IUd d1oM
aod 120ued O1ysed pauriyuod A[esrdo[oisiy

PP #41- 01 961~ 9F1/68¢ SAX 190UeD JLI)SeD) syads-apaqy VN gH YIm pasouderp axom oym sjuaned 687 ueISy uede( 2007 BIRUE],

spotjowx BLIILID sjonuod
QUID) 7T, S[O1IU0D/SISB)) IAMH ad4y 190uE) Surdfjouary Suryojey jo 2oImog sased Jo 2omog  Aydruyyg Anyunopn  1edx Ioyne IsILy

st 1doued pue swsrydiowdjod aual gy T, U9aM)9q SISA[eUe-LJoUI ) UT PIPNIUT SIINJRINI] JO SONSLIdORIRY) T d[qR],



463

TLR-2 POLYMORPHISMS IN CANCER RISK

"PapNOUT S1oM BWIOUIDTRD Te[n{[ad0jeday pue 19oued s1e)sold Tooued 1appe[q[[es Tooued [ed1ATS)) 4 "SI 190Ued pue [opowr paredwod usam)aq sduedyIu
-81s sem 219Y],, {PIS SeM [9POUL $109JJa-PIXY DSIMIYIO OT°0 S 159} A110U03019)9Y 10J dN[BA J UIYM PIST SEM [9POTU S)IIL-WOPURY, 183} A)19U3013)9Y 10§ 159)-) JO IN[BA J, ‘SuosLredurod Jo 1quiny,

YIF0  (CTH-TT0) 9610 S980  (8ET-6L0)FOT  90F0 (FTHITO)¥60 91F0  (€THCT0)960 €580  (9€T-08'0) F0'T 6€6/8L6 €  paseq-[endsoy
IF0  FETLIT) ST £8T0  (6TT1-060)80T  16T0 H(€STETT)ILT 9190 (¥6T-650)L0T 720  (SET-00T)9T'T 0£07/€STC T Ppaseq-uonemdog
S[OIJUO0D JO IDINOS
IF0  FETLIT) ST (870  (6TT1-060)80T 1670 H(€STETT)ILT 9190 (W6T-650)L0T  TTT0  (SH1-L60) ST'T 0€07/€STC T weIsedne)-uoN
VIF0  (TTP-TT0) 960 5980 (8E€T-6L0)F0T  90F0 (FTHITO)F60 91F0  (€THCC0)960 €580  (9€T-08°0) ¥0'T 6£6/8L6 ¢ uersedne))
Aprugg
¥€90  H(STTSTTI9T S€8°0 (#FT1-260) LOT T80 p(THT-0TT)0LT  SI80  (€8T1-090)S0T 0890 (6TT1-660)€T'T 696T/1€1¢€ S [el0L,
od (ID %S6) 4O o (ID %S6) 4O od (1D %S6) 4O d (1D %S6) 0 od (1D %S6) 4O (D<) 001%08¢-s1
sjonuod/sase) N Sa[qeLIep
(9A1889091) I,.I/ID SNSIADD)  (JueUuIwWOp) 1,1, SNSIdA 1D/DD 1D sns1ADD LI Sns1dAD) J3[[e- T, SNSIdA d[3[e-D)
2000 ~(95'T-9%0) ¥8°0 €50 (OFT-960)STT 8190 (IF1-880)2I'T €180 (T91-£60)9TT 7890 (LT1-660) 17T 8971/2TT1 id uesedne)
8000  ~(¥8T-9%0) ST'T 6560  p(060-150)890  FI00 H(OT'€HS0) IET  £LT0  (60T-HF0)690 2000 ~(9LT-550) 660 8TL/6SY T ueisy
Ayprugpg
0000  -(87'1-29°0) 96°0 00 H(TT1990)060 9S00 H(PLT-160)9TT TL10 (SET-L80)60T €100 ~(LTT-¥80)€0'T 9661/189T 9 [®10L,
o (1D %S6) 4O o (ID %S6) 4O od (1D %S6) O od  (10%S6) 40 od  (I0%S6) 4O (0<1) 660%08€-s1
&obccu\mumanu N SI[qeLIep
(9A1889021) II/ID SNSIAD)  (Jueurwiop) I,I, SNSIdA 1D/DD 1D sns1A D) LI SnsIdoA)) J3[[e-], SNSIA dd[[e-D)
1000 5(657-59°0) 0T G000 H6VT1-LL0)L0T 60000 5(LET890)LTT 0000 -(6£C-090)6TT 0000 +(€5T-280)TI'T 8TST/SIET ¥ paseq-endsoy
€160  p(F9STHT) €8T €600 po(6VTTTDFLT  €LLO0 H(STFO00T)F0T  1LF0 o(879-T9T)ETE  THOO po(THT-STT) 69T T18/965 ¢ paseq-uonemdoq
S[OI)UO0D JO IDIN0S
€50 p(108-SS'T) €5°¢ PITO  p(€TEST 0T 0980 H(€9G-€0T) IFT  ¥870 »(6T68LT)L0F €600 po(80°€-LTT) L6'T §55/£9¢ (4 uesedne)
€000  ~(#97T-080) S¥'T 9000  H(6VT1-060)9TT  TTO0 -(0€T6L0)SET 1000 -(06T-LLO)6VT 0000 ~IST-€60)6T'T SE6T/869T 9 ueisy
Ayprugpg
9890  (9TF€TT) 67T Se60  HT8TITT)SFT  SOL0 (LEEF60)8LT  S890 pLLFLET)SST  S6L0 p(ELT-TTT)SHT v001/L9L ¥ ,$adby 19O
31 C]
0000  5(ZF€-1£0) LS'T 0000  H(T6T-LL0)TTT  SO00 S(I8TTLO)THT 0000 -(06€99°0) 09T 0000 (€67 1-¥8°0) LT'T 98YT/F6TT id I0ue) dLsen 1P %«3 WMN
sadAy, 10ue)
1000 po(€ET°€-T0T) 64T 0000 po(ELT-TOT)EET 92000 (6T HE0)0ST 0000 p(9S€-€0T) 6T 0000 po(CLT-SOT) SE'T 06¥€/190C 8 [®10L
od (ID %S6) 4O od (IO %S6) YO od (1D %S6) O d (1D %S6) 40 od (1D %S6) 4O
(2A1889391) I1/1 SNSIoA O (yueurwop) 1 SnsIaA Iq/Ad I/ snsiAa q/d snsIA (/A J[3[[e-] SNSIAJP[[e-(] S[oNU0d/sse) N sojqerrey  swstydiowdjoq

yst1 1adued pue swsiydiowdjod susg 711, 9Y) Jo sasd[eue pagnens g d[qel,



464

X. WANG, J. LI, W. XIE, W. ZHANG, Y. CHANG

del/del vs. ins/ins + del/ins

Begg's funnel plot with pseudo 95% confidence limits
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Figure 3. Begg’s funnel plots to examine publication bias for reported comparisons of TLR2 -196 to 174 del (Delta 22) polymorphism. Plots are shown
with pseudo 95% confidence limits. S.E., standard error. Each point represents a separate study for the indicated association.

cancer risk associated with CC/CT genotype only in Asians
compared with T'T genotype (OR=0.68, 95% CI: 0.51-0.90),
but not in Caucasian population (Table 2). Six studies reported
rs3804099 polymorphism in the overall analysis, only one for
population-based controls and the other five for hospital-
based. Source of controls subgroup analysis was not performed
due to limited studies.

For rs3804100 polymorphism, the overall analysis showed
significant increased risk in heterozygous comparison (CC
versus CT, OR=1.70, 95% CI: 1.20-2.42). This association was
observed in recessive model (OR=1.61, 95% CI: 1.15-2.25)
(Table 2). When evaluating the effect of the polymorphism by
different source of control, we found that rs3804100 signifi-
cantly increased cancer risk in heterozygous comparison and
recessive model among population-based studies. Because of
the inadequate sample populations available for Asian and
mixed groups, different ethnicities were categorized as Cau-
casian and non-Caucasian. We also performed sub-analysis

Table 3 The results of Begg’s and Egger’s test for publication bias

stratified by ethnicity and found that rs3804100 polymorphism
increased the cancer risk in non-Caucasians.

Sensitivity analyses and publication bias. Sensitiv-
ity analysis excluding two studies [20, 26] (for rs3804099
polymorphism) that did not reach HWE in control group,
the estimated pooled OR still did not change the results ap-
preciably, indicated that the final results of this meta-analysis
were relatively stable and reliable. Begg’s and Egger’s test were
conducted to evaluate publication bias. These different test
methods have come to the same conclusion. Both of them
revealed no statistical significance for publication bias in all
comparison models in this meta-analysis, and the results were
shown in Figure 3 and Table 3.

Discussion

Toll-like receptors (TLRs) are involved in innate immunity
defence against microorganisms. The ability to properly re-

Polymorphism Comparison type Begg’s test Egger’s test
Z value P value t value P value
TLR2 Delta22 del vs. ins 1.61 0.108 1.93 0.102
del/del vs. ins/ins 0.87 0.386 1.70 0.139
del/del vs. del/ins 0.87 0.386 1.60 0.162
del/del +del/ins vs. ins/ins 1.61 0.108 1.57 0.168
del/del vs. del/ins +ins/ins 0.87 0.386 1.82 0.118
TLR2 rs3804099 Cvs. T 0.24 0.806 -0.41 0.712
CCvs. TT 0.24 0.806 -1.22 0.311
CCvs. CT -0.24 1.000 0.11 0.918
CC/CTvs. TT 0.73 0.462 -1.09 0.355
CCvs.CT/TT 1.50 0.133 -1.28 0.269
TLR2 rs3804100 Cvs. T 0.24 0.806 0.36 0.746
CCvs. TT 0.34 0.734 0.33 0.771
CCvs.CT 0.34 0.734 -0.93 0.449
CC/CT vs. TT 0.24 0.806 -0.83 0.469
CCvs. CT/TT 0.34 0.734 -0.84 0.490
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spond to TLR ligands may be impaired by SNPs within TLR
genes, causing an altered susceptibility to disease. Aberrant
signaling in TLR pathway activation is involved in the patho-
genesis of autoimmune, chronic inflammatory, infectious
diseases [6, 27], and even more seriously involved in cancers.
Among TLRs, TLR2 is a central player in response to infection
by Gram-positive bacteria and thus an important candidate
inflammatory gene. The importance of TLR2 polymorphisms’
impact on multiple types of cancer has been a concern in re-
cent years; the most intensively concerned ones are Delta22,
rs3804099 and rs3804100, however, the existing data were
contradictory. Hence, it is necessary to provide a quantitative
approach for combining the results of various studies, and for
estimating and explaining their diversity. To the best of our
knowledge, this is the first meta-analysis associating TLR2
polymorphisms with cancer risk.

We specifically conducted a systematic search of the lit-
eratures and combined the available results concerning on
these three potentially functional TLR2 polymorphisms for
elucidating genetic factors in cancer. Finally, the present meta-
analysis included a total 5,443 cancer cases and 6,793 controls
from 15 case-control studies. In the overall analysis, significant
association was observed between cancer risk and the variant
genotypes of TLR2 Delta22 and rs3804100 polymorphism in
different genetic models, however, no association was found
in any genetic models of rs3804099 polymorphism. Despite
a noteworthy risk effect, the association studies on Delta22
and rs3804100 polymorphism and cancer risk were relatively
limited (8 studies for Delta22; 5 studies for rs3804100). In the
future study, Delta22 and rs3804100 should be paid far more
attention as a most interesting TLR2 polymorphism.

As to the cancer-subgroup analyses, our results suggested
that Delta22 was a risk effect on other cancer types but not on
gastric cancer. The role of the TLR2 Delta22 polymorphisms
in genetic susceptibility to gastric cancer has been intensively
investigated. Unexpectedly, data obtained from these studies
[12, 17,21, 23] are contradictory. According to the investiga-
tion of Noguchi et al. [10], the del allele of the indicated SNP
reduced the transcriptional activity of the TLR2 gene, and,
because the TLR2-mediated immune response is important
for the response against Helicobacter pylori (HP) infection
[28], it may be associated with increased risk of such infection
and with severe HP-related disease. Thus, it is interesting that
this polymorphism was not associated with the risk of HP
infection. Possible explanations may include the following:
(i) a different prevalence of HP infection in study samples
can occur even in the same population if it is large, like the
Japanese population (Delta22 may be associated with higher
cancer risk only or more strongly in the presence of HP be-
cause it correlates with the outcome of HP infection but does
not correlate with the risk of such infection); (ii) Tahara et
al. [12] recruited patients with noncardia gastric cancer only,
and Hishida et al. [17] recruited cases with all types of gastric
cancer, which could lead to discrepancies in the results of these
2 studies because the role of HP infection in the etiology of

cardia gastric cancer is less significant than in the case with
noncardia gastric cancer, according to many studies [29, 30];
and (iii) chance or any unknown bacterial, host, or environ-
mental factor. It is also possible that this SNP is associated with
the risk of gastric cancer independently of HP infection, which
is partially proven by the results of Tahara et al. [12], and other
bacteria or endogenous ligands (possibly damage associated
molecular patterns such as heat shock proteins or extracellular
matrix fragments) may also play a role in a correlation with
gastric cancer risk. In addition, the del allele of the Delta22
polymorphism correlated with a higher gallbladder cancer risk
in the study of Srivastava et al. [18] and with increased cervical
cancer risk in the study of Pandey et al. [11]. This SNP seems
to be significantly associated with the risk of many cancer
types, which was partially consistent with our present analysis
results. However, what plays a major role in this risk-modulat-
ing effect/impairment of TLR2-mediated immune response to
pathogen-associated molecular patterns or certain alterations
in TLR2-endogenous ligands interaction is unclear.

Different ethnicities may have different genetic backgrounds,
which influence the association between polymorphism and
cancer susceptibility. We also conducted stratified analysis
by ethnicity, positive relationship between Delta22 and
cancer risk was found in Caucasian population. Meanwhile,
we found rs3804100 polymorphism increased cancer risk
in non-Caucasian population. However, the sub-analysis of
rs3804099 revealed a decreased risk of cancer in Asian popula-
tion. There are significant geographic and ethnic differences
in the intercontinental incidence of Delta22, rs3804099 and
rs3804100 polymorphisms. The ethnic differences in the allele
frequencies may be a result of natural selection, or balance to
other related genetic variants. So, further investigations are
warranted to validate ethnic difference in the effect of these
functional polymorphisms on cancer risk especially in Asians
and Caucasians in the future.

Our results indicated that all genetic models of Delta22
and CC versus CT, as well as CC versus CT/TT genotypes
of rs3804100 increased cancer risk among population-based
studies but not among hospital-based studies. This reason may
be that hospital-based studies have a high risk of producing
unreliable results because hospital-based controls may not
always be truly representative of the general population.
Therefore, a methodologically preferable design, such as using
a proper and representative population-based study, is crucial
to avoid selection bias.

Some limitations of the present meta-analysis should be
addressed. First, the controls were not uniformly defined. Both
healthy individuals and patients without cancers in hospital
were included in the control group. Thus, the controls may
not always be truly representative in the underlying source
populations, especially when the polymorphism is also ex-
pected to affect the risk of other diseases. Second, the lack of
the original data on genotypes and environmental risk factors
of the included studies limited our evaluation on the potential
gene—environment interaction. Third, our meta-analysis was
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based on unadjusted estimates, adjusted ORs for age and sex
ought to be pooled to provide exact summary estimates if more
individual data of studies are available.

In conclusion, this meta-analysis provided evidence of
the association between the TLR2 Delta22, rs3804099 and
rs3804100 polymorphisms and cancer risk, especially in
Caucasians and Asians. However, further large, well-designed,
comprehensive studies in various populations; with more
detailed individual data are needed to confirm our results.
Moreover, to have a better, in-depth understanding of the
association between TLR2 polymorphisms and cancer risk,
sophisticated gene-gene and gene-environment interactions
should also be considered in future analysis.
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