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Background: Rheumatic heart disease (RHD) is the most serious complication of heart that comprises inflamma-
tory reactions in heart valves.Many studies have demonstrated the contribution of host genetic factors in suscep-
tibility to RHD and many cytokine gene variants have been linked with susceptibility to RHD. We sought to
determine the role of genetic variants in IL-1β, STAT3, STAT5B and TLR5 genes in conferring risk of RHD in two
cohorts of RHD patients.
Methods: The study included 400 echocardiography confirmed RHD patients and 300 controls fromNorth Indian
Population.We categorized RHD patients into two sub-groups based on involvement of heart valves, mitral valve
lesion alone (MVL), and combined valve lesions including mitral valve (CVL). Genotyping for all the polymor-
phisms was done using TaqMan /PCR-RFLP methods.
Results: Our results showed that the genotypic frequencies of IL-1β, STAT3, STAT5B andTLR5 genes polymor-
phisms were significantly associated with RHD risk. To validate our results, we performed a replication study
in additional 200 cases with similar clinical characteristics and results again confirmed consistent findings
with RHD risk. In subgroup analysis, STAT3 polymorphism remained significant with MVL in RHD patients.
Conclusion: IL-1β, STAT3, STAT5B and TLR5 genes polymorphismmay be useful markers for the identification of
individuals with high risk of RHD in the susceptible population.

© 2019 Published by Elsevier B.V.
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1. Introduction

Rheumatic Heart Disease (RHD) is the most serious consequence of
rheumatic fever (RF) that follows group A streptococcal infection. The
streptococcalM protein shares homologywith human tissues, therefore
molecular mimicry between antigens of the host and Streptococcus
pyogenes has been proposed to trigger the disease [1]. In RHD, the
heart develops calcification and leaflet thickening over time [2]. The
estimated prevalence of RHD is 2.5–3.2cases per 1000 of the population
and affects 15.6–19.6 million people worldwide [3]. The RHD is still
common in developing countries like India. It is a major cause of
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valvular heart disease; the susceptible individuals develop carditis
of varying severity after an acute infection episode of weeks or years
and may damage heart valves. After recovery from the acute stage of
carditis, disease may later advance to chronic RHD [4–6]. It has been
reported that among patients dying of RHD, the mitral valve is most
commonly afflicted either alone or in combination with the aortic and
tricuspid valves [7]. The pathogenic mechanisms involved in the devel-
opment of RF/RHD remain unclear; however, it is evident that an abnor-
mal humoral and cellular immune response occurs. Many studies have
demonstrated the contribution of host genetic factors in susceptibility
to RHD, especially those involved in inflammatory and immune re-
sponses [8,9]. Elevatedplasma levels of the pro-inflammatory cytokines,
such as interleukin-1 (IL-1) had been reported in RF/RHD patients [10].
It is therefore postulated that polymorphisms in cytokine genes maybe
predictive of an individual's predisposition to RHD. Previously, studies
have reported association of many cytokine gene variants [11–13]
with RHD.

The signal transducers and activators of transcription (STATs1–6)
are intracellular effector molecules of cytokine-modulate signaling,
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which play important roles in the development of the human immune
system and hematopoiesis, and are involved in the regulation of T-cell
survival. Several studies reported association of JAK–STAT signaling
dysfunction with many inflammatory and autoimmune diseases such
as Atopic dermatitis (AD) [14], Crohn's disease (CD) [15], multiple
sclerosis and Rheumatic Arthritis (RA) [16]. Role of STAT protein dys-
function in cardiovascular diseases has also been reported [17,18].
To date, the associations between STAT gene SNPs and susceptibility
to autoimmune diseases have been known, and their role in RHD has
also been reported [19].

Toll like Receptors (TLRs) are molecules of the innate immune sys-
tem. The TLR5 gene product, in particular, recognizes bacterial flagellin
[20,21] and is expressed in myelomonocytic cells, gut epithelial cells
[22,23] and small intestine dendritic cells residing in the lamina propria
[24]. Recognition of antigens have key role in innatemucosal immunity.
Various cell surface receptors like TLRs recognize different microbial-
associated molecular patterns (MAMPS), not expressed by the host
but shared by many microbes [25]. R392X is a common (5% allele
frequency) and stop polymorphism of TLR5 gene. It is a point mutation
at nucleotide position 1174 which generates a stop codon rendering
TLR5 inactive [26].

We have carried out the present study in two cohorts (primary
cohort = 400 cases & 300 controls) and (replicative cohort = 200
cases & 300 controls) from North India. Results of primary cohort
were validated in replication cohort and both cohorts' results were
combined to derive combined risk. Genetic risk was also calculated for
disease severity with involvement of only mitral valve lesion alone
(MVL), and multiple valve lesions including mitral valve, combined
valve lesions (CVL). We have chosen common variants among IL-1β,
STAT3, STAT5B and TLR5 genes in the case control association study.

2. Materials and methods

2.1. Ethics statement

The institutional ethical committee of Sanjay Gandhi Post Graduate Institute of
Medical Sciences (SGPGIMS) approved the study protocol, and the authors followed the
norms of World Medical Association Declaration of Helsinki. All the participants gave
written informed consent for the study.

2.2. Study population

The present study was carried out in two stages, primary and replication stages. In
the primary stage, we studied 400 RHD patients (218 males and 182 females, mean age
35.71±12.68 years) and in the replication stage, further 200 cases (108males and92 females,
meanage33.82±12.19years)were enrolled. All thepatientswere recruited from theDepart-
ment of Cardiology, SGPGIMS, Lucknow, and Uttar Pradesh, India. The diagnostic parameters
used in the primary stage were also applied to the replication stage.

Both the primary and replication cohorts had significant RHD. The diagnosis was
confirmed by echocardiography and severity of valve lesions was graded according to
echocardiographic findings as mild, moderate or severe. The patients were further classi-
fied into MVL and CVL subgroups. In the primary cohort, the MVL group included 216
patients while the CVL group included 184 patients and in the replication cohort, the
MVL group included 144 patients while the CVL group included 56 patients. Only patients
who suffered fromRFwith valve involvementswere included andpatientswith suspected
or proven rheumatic fever RF without valve involvement were excluded from the study.

The control population consisted of 300 healthy controls (178males and 122 females,
mean age 37.36± 13.41 years). Controls had normal echocardiography and no family his-
tory of RHD. In addition, the inclusion criteria for controls were absence of any autoim-
mune disease and cardiac problems. All individuals were of North Indian origin. Both
patient and control were frequency-matched to age, gender and ethnicity. All the partici-
pants gave written informed consent for the study. After obtaining informed consent, all
the individuals' were personally interviewed for information.

2.3. Selected polymorphisms

IL-1β [rs2853550C/T], STAT3 C/G [rs4796793], STAT 5B C/T [rs6503691] and TLR5
(R392X) C/T were selected.

2.4. Genetic analysis

Genomic DNA was isolated from peripheral blood leukocytes according to a standard
salting out method [27]. The polymorphisms of different genes were genotyped using the
PCR-RFLP/TaqMan Allelic Discrimination Assay methods. As a negative control, PCR mix
without DNA sample was used to ensure contamination free PCR product. Samples that
failed to genotype were scored as missing. Genotyping of IL-1β [rs2853550C/T], STAT 5B
C/T [rs6503691] and TLR5 (R392X) C/T was performed by PCR/RFLP method [28,29]
while genotyping of STAT3 C/G [rs4796793]was performed by TaqManAllelic Discrimina-
tion Assay. Laboratory personnel were blinded to the case–control status of the subjects.
The primer sequences of the polymorphism, restriction enzyme and technique used for
the study are given in Supp. Table 1.

A PCR Reaction mixture of 25 μl volume was used for each PCR. We added 10 pmol
of each primer, together with 50 ng genomic DNA into PCR mix (Lucigen Corporation,
Middleton, WI, USA). The genomic DNA was amplified according to PCR conditions
(Supp. Table 2), using the reaction mixture for IL-1β, STAT 5B and TLR5 gene polymor-
phism. Genomic DNAwas amplified in Eppendorf TMMastercycler ep Gradient S thermal
cycler in 96-well format using specific primer sequences (Supp. Table 1). The amplified
PCR product was checked by electrophoresis of 5 μl amplified PCR products on 2% agarose
gel containing ethidium bromide. For detailed information regarding primer sequence,
technique used, restriction enzyme (Fermantas INC, USA), amplification product and frag-
ments size for IL-1β [rs2853550C/T], STAT3 C/G [rs4796793], STAT 5B C/T [rs6503691]
and TLR5 (R392X) C/T please consider Supp. Table 1. Digestion was carried out overnight
at 37 °C. The digested samples were run on 2% agarose gel containing ethidium bromide
(0.5 μg/ml) and electrophoresiswas done at 150 V (constant) for 2–4 h. Gelwas visualized
on UV transilluminator and photographed by Bio-rad GeldocTM Imager.

STAT3 C/G [rs4796793] was genotyped with the ABI TaqMan MGB diallelic discrimi-
nation system, using assay on demand (C_27977213_10, Applied Biosystems, and Foster
City, CA, USA). The reactions were prepared using 2× TaqMan Universal Master Mix,
40× SNP Genotyping Assay Mix, DNase-free water, and10 ng genomic DNA in a final
volume of 10 μl per reaction. The PCR amplification was performed using the ABI 7500
Fast Real-Time PCR system.

2.5. Statistical analysis

2.5.1. Single locus analysis
Descriptive statistics were presented asmean and standard deviation [SD] for contin-

uous measures while absolute value and percentages were used for categorical measures.
For observed genotype frequencies of all the polymorphisms in controls, the chi-square
goodness of fit test was used for any deviation from Hardy Weinberg Equilibrium. Chi-
square analysis or two-sided Fisher's exact test was used to compare the differences in
demographic variables and genotype distributions of the polymorphisms between cases
and controls. In addition, binary logistic regression was used to analyze the association
between studied genes polymorphism and significant risk factors of variants, odds ratio
(OR) and 95% confidence interval (CI) adjusted for age and gender. A p-value b .05 were
considered statistically significant. The association between gene polymorphism and sig-
nificant risk factors of RHD were analyzed using binary logistic regression. A two-tailed
p-value of b.05 was considered a statistical significant result. All statistical analyses were
performed using SPSS software version 16.0 (SPSS, Chicago, IL, USA).

3. Results

3.1. Patient characteristics

Demographic profile of Controls is shown in Supp. Table 3. Clinical
characteristics of RHD patients – primary, replication and combined
cohorts of study – are shown in Supp. Table 4. In combined cohort,
there was no significant difference in the mean age of RHD patients
and controls. The male/female ratio was comparable in both RHD
cases as well as in controls. On evaluation of the valvular lesion in the
combined cohort showed that 60% RHD patients were affected with
MVL and 40% with CVL. All the values in primary stage matched to rep-
lication stage and there was no significant difference in the values of
three stages of the study.

3.2. Single locus analysis of all studied polymorphisms

3.2.1. Influence of IL-1β C/Trs2853550, STAT3C/Grs4796793 & STAT 5BC/
Trs6503691 and TLR5 (R392X) C/T on RHD

The genotypic distribution of IL-1β [rs2853550C/T], STAT3C/
Grs4796793 & STAT 5BC/Trs6503691 and TLR5 (R392X) C/T between
RHD patients (Primary, Replication and Combined stages) and controls
are shown in Table 1. Distributions of genotypes of IL-1β [rs2853550C/T],
STAT3C/Grs4796793 & STAT 5BC/Trs6503691 and TLR5 (R392X)
C/T in controls were in accordance with Hardy-Weinberg equilibrium
(p = .98).

Our results suggested significant association of IL-1β C/Trs2853550
genotype frequency with RHD patients (both stages) and controls



Table 1
Different Gene Polymorphism's genotype and allelic frequencies in controls and RHD patients
(Primary cohort; patients = 400, replication cohort; patients = 200 & combined group = 600).

Genotypes HC (300) RHDa (400) RHDb (200) RHDc (600) p-Value p-Value p-Value

N (%) N (%) N (%) N (%) (95% CI)a OR (95% CI)b OR (95% CI)cOR

IL-1β C/Trs2853550
TT 126 (42.00%) 138 (34.50%) 68 (34.00%) 206 (34.3) Ref. Ref. Ref.

CT 147 (49.00%) 193 (48.25%) 97 (48.50%) 290 (48.3)
0.28
(0.86–1.65)1.19

0.02
(0.27–0.89)0.49

0.21
(0.89–1.62)1.20

CC 27 (9.00%) 69 (17.25%) 35 (17.50%) 104 (17.3) b0.01
(1.40–3.86)2.33

0.20
(0.72–4.41)1.79

b0.01
(1.46–3.79)2.35

STAT3C/Grs4796793

CC 125 (41.7%) 127 (31.75%) 60 (30.00%) 187 (31.2%) Ref. Ref. Ref.

CG 135 (45.0%) 200 (50.00%) 103 (51.50%) 303 (50.5%)
0.03
(1.01–2.01)1.44

0.01
(1.16–3.78)2.10

b0.01
(1.10–2.03)1.50

GG 40 (13.3%) 73 (18.25%) 37 (18.50%) 110 (18.3%)
0.01
(1.12–2.81)1.78

b0.01
(1.39–7.18)3.16

b0.01
(1.20–2.81)1.83

STAT 5BC/Trs6503691
CC 150 (50.00%) 133 (33.25%) 66 (33.00%) 199 (33.2%) Ref. Ref. Ref.

CT 121 (40.30%) 207 (51.75%) 105 (52.50%) 312 (52.0%)
b0.01
(1.39–2.66)1.92

0.01
(1.12–3.59) 2.01

b0.01
(1.44–2.61)1.94

TT 29 (9.70%) 60 (15.00%) 29 (14.50%) 89 (14.8%)
b0.01
(1.40–3.83)2.31

0.12
(0.83–4.46)1.93

b0.01
(1.44–3.70)2.31

TLR5(R392X) C/T
CC 288 (96.0%) 363 (90.8%) 182 (91.0%) 545 (90.8%) Ref. Ref. Ref.

CT 11 (3.7%) 33 (8.2%) 16 (8.0%) 49 (8.2%)
0.01
(1.14–4.67)2.31

0.06
(0.94–4.89)2.15

0.01
(1.16–4.47)2.27

TT 1 (0.3%) 4 (1.0%) 2 (1.0%) 6 (1.0%)
0.28
(0.36–29.79)3.30

0.36
(0.27–4.20) 3.07

0.29
(0.37–26.11)3.12

RHD= rheumatic heart disease; HC = healthy control; N = number of controls and cases; RHDa = number of patients in primary cohort.
RHDb = number of patients in replication cohort; RHDc = number of patients in combined group.
p-Value/(95% CI) a OR = p value and Odds Ratio adjusted with 95% class interval of Healthy Control vs. Primary Cohort.
p-Value/(95% CI) b OR = p value and Odds Ratio adjusted with 95% class interval of Healthy Control vs. Replication Cohort.
p-Value/(95% CI) cOR = p value and Odds Ratio adjusted with 95% class interval of Healthy Control vs. Combined Group.
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[Table 1 {Primary cohort; CC; p value b .01; OR (95% CI) = 2.33 (1.40–
3.86) and Replication cohort; CT; p value = .02}] The frequency of
rs2853550 in Combined RHD patients was also significantly higher
[p value b .01; OR (95% CI) = 2.35 (1.46–3.79); Table 1] than controls.
Table 2
Genotype and allelic frequencies of IL-1β C/Trs2853550in MVD and CVD subgroups
[Primary Cohort (N = 400), Replicative cohort (N = 200) and Combined Group (N = 600)].

Genotype Controla

N = 300 (%)
RHD patients

MVDb CVDc

Primary Cohort (Total = 400;MVD = 216, CVD = 184)
TT 126 (42.0%) 69 (31.9%) 69 (37.5%)

CT 147 (49.0%0) 107 (49.5%) 86 (46.7%)

CC 27 (9.0%) 40 (18.5%) 29 (15.8%)

Replicative cohort (Total = 200; MVD = 144, CVD = 56)
TT 126 (42.0%) 48 (33.3) 20 (35.7)

CT 147 (49.0%) 66 (45.8) 31 (55.4)

CC 27 (9.0%) 30 (20.8) 5 (8.9)

Combined Group (N = 600; MVD = 360, CVD = 240)
TT 126 (42.0%) 117 (32.5%) 89 (37.1%)

CT 147 (49.0%) 173 (48.1%) 117 (48.8%)

CC 27 (9.0%) 70 (19.4%) 34 (14.2%)

Significant values are shown in BOLD.
MVL — Mitral Valve Lesion, CVL — Combined Valve Lesion.
a — Frequencies of control, b — Frequencies of MVL subgroup and c — Frequencies of CVL subg
a&b — Analysis between controls and MVL subgroup.
a&c — Analysis between controls and CVL subgroup.
b&c — Analysis between MVL and CVL subgroup.
STAT3C/Grs4796793 & STAT 5BC/Trs6503691 genotype frequencies
showed significant association between RHD and controls in both
cohorts [Table 1; STAT3C/Grs4796793; Primary Cohort {CG; p value =
.03; OR (95% CI) = 1.44 (1.01–2.01) and GG; p value = .01;
p-Value p-Value p-Value

(95% CI) (a&b) OR (95% CI)(a&c) OR (95% CI)(b&c) OR

Ref. Ref. Ref.
0.16
(0.89–1.94) 1.32

0.73
(0.72–1.59) 1.07

0.44
(0.54–1.31) 0.84

b0.01
(1.56–4.90) 2.76

0.03
(1.07–3.56) 1.95

0.32
(0.41–1.34) 0.74

Ref. Ref. Ref.
0.33
(0.48–1.27) 0.79

0.29
(0.74–2.69) 1.41

0.72
(0.57–2.21) 1.12

0.82 (0.58–1.96) 1.06
0.33
(0.20–1.71) 0.58

0.09
(0.13–1.17) 0.40

Ref. Ref. Ref.
0.88
(0.59–1.55) 0.96

0.84
(0.56–2.03) 1.06

0.51
(0.61–1.27) 0.88

0.86
(0.57–1.92)1.05

0.47
(0.25–1.90) 0.69

0.07
(0.38–1.04) 0.63

roup.
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OR (95% CI)= 1.78 (1.12–2.81)}; Replication cohort {CG; p value= .01;
OR (95% CI) = 2.10 (1.16–3.78) and GG; p value b .01; OR (95% CI) =
3.16 (1.39–7.18)} & STAT 5BC/Trs6503691; Primary Cohort {CT;
p value b .01; OR (95% CI) = 1.92 (1.39–2.66) and TT; p value b .01;
OR (95% CI) = 2.31 (1.40–3.83)}; Replication cohort {CT; p value =
.01; OR (95% CI) = 2.01 (1.12–3.59)}]. The frequency of STAT3C/
Grs4796793 & STAT 5BC/Trs6503691polymorphism in Combined RHD
patients was also significantly higher [Table 1; STAT3C/Grs4796793;
{CG; p value b .01; OR (95% CI) = 1.50 (1.10–2.03) and GG; p value b

.01; OR (95% CI) = 1.83 (1.20–2.81)} & STAT 5BC/Trs6503691; {CT;
p value b .01; OR (95% CI) = 1.94 (1.44–2.61) and TT; p value b .01;
OR (95% CI) = 2.31 (1.44–3.70)}].

On comparison of genotype frequency of TLR5 (R392X) C/T between
RHD patients and controls we found significant association of heterozy-
gous variant CT with RHD [Table 1; Primary cohort; p value = .01; OR
(95% CI) = 2.31 (1.14–4.67); Combined cohort; p value = .01; OR
(95% CI) = 2.27 (1.16–4.47)].
Table 3
Genotype and allelic frequencies of JAK-STAT Pathway Gene Polymorphism in MVD and CVD s
[Primary Cohort (N = 400), Replicative cohort (N = 200) and Combined Group (N = 600)]

Genotype Controla

N = 300 (%)
RHD patient

MVDb N (%) CVDc N (%)

Primary Cohort (Total = 400; MVD = 216, CVD = 184)
STAT3C/Grs4796793

CC 125 (41.7%) 60(27.8%) 67(36.4%)

CG 135 (45.0%) 114(52.8%) 86(46.7%)

GG 40 (13.3%) 42(19.4%) 31(16.8%)

STAT 5BC/Trs6503691
CC 150(50.00%) 72(33.3%) 61(33.2%)

CT 121(40.30%) 112(51.9%) 95(51.6%)

TT 29 (9.70%) 32(14.8%) 28(15.2%)

Replicative cohort (Total = 200; MVD = 144, CVD = 56)
STAT3C/Grs4796793

CC 125 (41.7%) 42(29.2%) 18(32.1%)

CG 135 (45.0%) 70(48.6%) 33(58.9%)

GG 40 (13.3%) 32(22.2%) 5(8.9%)

STAT 5BC/Trs6503691
CC 150(50.00%) 48(33.3%) 18(32.1%)

CT 121(40.30%) 75(52.1%) 30(53.6%)

TT 29 (9.70%) 21(14.6%) 8(14.3%)

Genotype Controla

N = 300 (%)
RHD patient
MVDb N (%)

p-Value
CVDc N (%)

Combined Group (N = 600; MVD = 360, CVD = 240)
STAT3C/Grs4796793

CC 125 (41.7%) 102(28.3%) 85(35.4%)

CG 135 (45.0%) 184(51.1%) 119(49.6%)

GG 40 (13.3%) 74(20.6%) 36(15.0%)

STAT 5BC/Trs6503691
CC 150(50.00%) 120(33.3%) 79(32.9%)

CT 121(40.30%) 187(51.9%) 125(52.1%)

TT 29 (9.70%) 53(14.7%) 36(15.0%)

Significant values are shown in BOLD.
MVL — Mitral Valve Lesion, CVL — Combined Valve Lesion.
a — Frequencies of control, b — Frequencies of MVL subgroup and c — Frequencies of CVL subg
a&b — Analysis between controls and MVL subgroup.
a&c — Analysis between controls and CVL subgroup.
b&c — Analysis between MVL and CVL subgroup.
3.2.2. Association of IL-1β C/Trs2853550, STAT3C/Grs4796793 & STAT 5BC/
Trs6503691 and TLR5 (R392X) C/T with MVD and CVD subgroups

To find out whether IL-1β C/Trs2853550 associates with disease
severity, we compared genotype frequencies of controls and patient
subgroups i.e. MVD and CVD in Primary, Replication and Combined
cohort (Table 2). Our results suggested that in Primary cohort,
CC showed significant association with MVL and CVL subgroups
[p value b .01; OR (95% CI) = 2.76 (1.56–4.90) and p value = .03;
OR (95% CI) = 1.95 (1.07–3.56) Table 2].

For STAT3C/Grs4796793 & STAT5BC/Trs6503691, genotype fre-
quencies between controls and MVD& CVD subgroups were com-
pared in Primary, Replication and Combined cohorts (Table 3).
We observed in Primary cohort, STAT3C/Grs4796793 & STAT5BC/
Trs6503691 showed significant association with MVL subgroup
[Table 3; rs4796793{CG; p value b .01; OR (95% CI) = 1.75 (1.18–
2.61) and GG; p value b .01; OR (95% CI) = 2.18 (1.28–3.72)}
& STAT 5BC/Trs6503691{CT; p value b .01; OR (95% CI) = 1.92
ubgroups

p-Value p-Value p-Value

(95% CI)(a&b) OR (95% CI)(a&c) OR (95% CI)(b&c) OR

Ref. Ref. Ref.
b0.01 0.39 0.08
(1.18–2.61) 1.75 (0.79–1.77) 1.18 (0.43–1.05) 0.67
b0.01 0.19 0.17
(1.28–3.72) 2.18 (0.83–2.51) 1.44 (0.37–1.19) 0.66

Ref. Ref. Ref.
b0.01
(1.31–2.82) 1.92

b0.01
(1.29–2.88)1.93

0.99
(0.64–1.90) 1.00

b0.01
(1.29–4.08) 2.29

b0.01
(1.30–4.32)2.37

0.91
(0.56–1.90) 1.03

Ref. Ref. Ref.
0.06
(0.98–2.42) 1.54

0.09
(0.91–3.16) 1.69

0.77
(0.38–2.05) 0.88

b0.01
(1.33–4.25) 2.38

0.79
(0.30–2.48) 0.86

0.04
(0.06–0.97) 0.24

Ref. Ref. Ref.
b0.01
(1.25–2.99) 1.93

0.02
(1.099–3.88) 2.06

0.85
(0.53–2.12) 1.06

b0.01
(1.18–4.33) 2.26

0.07
(0.91–5.78) 2.29

0.97
(0.38–2.70) 1.01

p-Value
(95% CI)(a&b) OR

p-Value
(95% CI)(a&c) OR

Genotype

Ref. Ref. Ref.
0.42
(0.49–1.35) 0.81

0.24
(0.76–2.86) 1.47

0.08
(0.49–1.04) 0.71

0.91
(0.51–1.81) 0.96

0.42
(0.21–1.90) 0.64

b0.01
(0.30–0.83) 0.50

Ref. Ref. Ref.
0.98
(0.62–1.60) 1.00

0.84
(0.54–2.08) 1.07

0.93
(0.70–1.46) 1.01

0.96
(0.50–1.90) 0.98

0.94
(0.62–1.71) 1.03

0.90
(0.62–1.71) 1.03

roup.



Table 4
Genotype and allelic frequencies of TLR5 (R392X) C/Tin MVD and CVD subgroups.
[Primary Cohort (N = 400), Replicative cohort (N = 200) and Combined Group (N = 600)].

Genotypes Controla

N = 300 (%)
RHD patients p-Value

(95% CI)(a&b) OR
p-Value
(95% CI)(a&c) OR

p-Value
(95% CI)(b&c) OR

MVDb N (%) CVDc N (%)

Primary Cohort (Total = 400; MVD = 216, CVD = 184)
CC 288 (96.0%) 197 (91.2%) 166 (90.2%) Ref. Ref. Ref.

CT 11 (3.7%) 17 (7.9%) 16 (8.7%)
0.04
(1.03–4.92) 2.25

0.02
(1.14–5.56) 2.52

0.75
(0.54–2.30) 1.12

TT 1 (0.3%) 2 (0.9%) 2 (1.1%)
0.38
(0.26–32.46) 2.92

0.31
(0.31–38.55) 3.47

0.77
(0.18–9.72) 1.33

Replicative cohort (Total = 200; MVD = 144, CVD = 56)
CC 288 (96.0%) 128 (88.9%) 54 (96.4%) Ref. Ref. Ref.

CT 11 (3.7%) 14 (9.7%) 2 (3.6%)
0.01 0.96 0.16
(1.26–6.48) 2.86 (0.20–4.49) 0.97 (0.07–1.54) 0.33

TT 1 (0.3%) 2 (1.4%) 0 (0.0%)
0.22
(0.40–50.07) 4.50

1.00 0.99
(0.00–0.00) 0.00 (0.00–0.00) 0.00

Combined Group (N = 600; MVD = 360, CVD = 240)
CC 288 (96.0%) 325 (90.3%) 220 (91.7%) Ref. Ref. Ref.

CT 11 (3.7%) 31 (8.6%) 18 (7.5%)
0.53
(0.60–2.66) 1.26

0.21
(0.08–1.72) 0.38

0.61
(0.46–1.57) 0.85

TT 1 (0.3%) 4 (1.1%) 2 (0.8%)
0.66
(0.21–11.06) 1.53

0.99 0.72
(0.13–4.06) 0.73(0.00–0.00) 0.00

Significant values are shown in BOLD.
MVL — Mitral Valve Lesion, CVL — Combined Valve Lesion.
a — Frequencies of control, b — Frequencies of MVL subgroup and c — Frequencies of CVL subgroup.
a&b — Analysis between controls and MVL subgroup.
a&c — Analysis between controls and CVL subgroup.
b&c — Analysis between MVL and CVL subgroup.
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(1.31–2.82) and TT; p value b .01; OR (95% CI) = 2.29 (1.29–4.08)}].
STAT5BC/Trs6503691 also showed significant association between
controls and CVL subgroup [Table 3; {CT; p value b .01; OR (95% CI) =
1.93 (1.29–2.88) and TT; p value b .01; OR (95% CI) = 2.37 (1.30–
4.32)}]In Replication Cohort, rs4796793 showed significant association
with MVL subgroup [Table 3; rs4796793 {GG; p value b .01; OR (95%
CI) = 2.38 (1.33–4.25)}]; also with MVL & CVL subgroup [Table 3;
rs4796793 {GG; p value = .04}] whereas for STAT 5BC/Trs6503691
significant association was found between controls and MVL subgroup;
controls and CVL subgroup[Table 3 {CT; p value b .01; OR (95% CI) =
1.93 (1.25–2.99) and TT; p value b .01; OR (95% CI) = 2.26 (1.18–
4.33)} & {CT; p value = .02; OR (95% CI) = 2.06 (1.099–3.88)}]. In
Combined cohort STAT3C/Grs4796793 [Table 3; {GG; p value b .01}]
showed significant association with MVL and CVL subgroup.

On comparison of genotype frequencies of TLR5 (R392X) C/T
between controls and MVD & CVD subgroups in Primary, Replication
and Combined cohort (Table 4) significant association was found be-
tween controls and MVL; controls and CVL subgroups [Table 4; Primary
cohort; {controls and MVL; p value = .04; OR (95% CI) = 2.25 (1.03–
4.92) & controls and CVL; p value = .02; OR (95% CI) = 2.52 (1.14–
5.56)} and Replication cohort {controls and MVL; p value = .01; OR
(95% CI) = 2.86 (1.26–6.48)}].

4. Discussion

Using single analytic strategywith a panel of genetic polymorphisms
involved in inflammatory and autoimmunity pathways, we have re-
examined the associations of IL-1β, STAT3, STAT5B and TLR5 polymor-
phismswith RHD susceptibility. In single-locus analysis, these polymor-
phisms showed significant association with RHD susceptibility in both
cohorts (Primary and Replication).

RHD is a complex disease with multiple pathways. It is well
established that RHD, is an inflammatory, autoimmune disease; occur-
ring as a consequence of group A streptococcal infection complicated
by RF. An inappropriate immune response is the central signature
tune to the complex pathogenesis of RHD. Genetic studies on RHD
have provided evidences that genes associated with inflammatory
pathways (TGF beta 1, TNF-alpha, IL-1 Ra, IL-4, IL-6, IL-10, CTLA-4,
TLRs, and MBL etc.) impact the risk of disease initiation, progression,
and severity. It is now proven that cytokines have critical roles in regu-
lating immunity and inflammation. The STATs, including STATs 1–6 are
intracellular effector molecules of cytokine-modulated signaling, which
play important roles in the development of the human immune system
and hematopoiesis, and are involved in the regulation of T-cell survival.
Therefore based on these evidences, in the present study we have
selected genetic variants (SNPs) from genes of inflammatory pathway
as well as JAK–STAT signaling pathway in conferring risk of RHD.

In the present study, IL-1β rs2853550 showed significant association
with RHD susceptibility and severity in Primary, Replication and Com-
bined cohorts in North Indian population. Previously, Gupta et al. [30],
showed IL-1β rs2853550 to confer significantly higher susceptibility
for RHD in North Indian population. However Chou et al. [31] found
no association between the IL-1β gene polymorphisms and RHD in
Chinese population. In a meta-analysis study by Bhatt et al. [32], signif-
icant association was found between RHD risk and IL-1β gene polymor-
phism, in subjects with Asian ethnicity.

Pociot et al. [33] in a population-based analysis of unrelated individ-
uals with IL-1β polymorphism showed an association between this
polymorphism and IL-1β secretion after lipopolysaccharide stimulation
studied by analyzing the in vitro stimulated monocyte IL-1β response.
Therefore, the possible role of IL-1β gene polymorphismmay influence
RHD susceptibility through regulating IL1β secretion.

Inflammatory cytokines are known to be involved in the pathogen-
esis of a number of autoimmune and multi systemic inflammatory
diseases [34–39]. The cytokinemay be responsible for the increased val-
vular fibrosis and calcification in the pathogenesis of RHD. Rheumatic
involvement is present in 99% of stenotic mitral valves excised at the
time of mitral valve replacement [40]. As the basic rheumatic process
is inflammation anddestruction of connective tissue, the effects of inter-
leukin may be involved in the pathogenesis of RHD.

STATs proteins are part of the JAK-STAT pathway mediating the
transduction of stress signals from the plasmamembrane to the nucleus
[15,41,42] & [43]. STAT1–6 have been identified and are expressed in
the heart, where they are detected in endothelial cells, in smooth
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muscle cells, in cardiacfibroblasts, and in cardiomyocytes [41,44] & [45].
The location of STAT3 rs4796793 is 5upstream region and STAT5B
rs6503691 is intronic region at chromosome 17. Ito et al. [46] observed
significant correlation between STAT3 expression and rs4796793SNP.
They showed that minor allele of rs4796793 SNP had a tendency
for lower STAT3 expression. It is possible that lower expression of
STAT3carriers may result in reduced production of anti-inflammatory
cytokines. Subsequently, low levels of anti-inflammatory cytokines
slowly cause damage to heart valves. The associations between STATs
gene polymorphisms and multiple diseases have been widely studied
[15,17,47–51] & [52]. Denise Hilfiker-Kleiner [53] reported impaired
that down regulation of gp130-mediated STAT3 activation in sub-
acute infarction promotes cardiac inflammation, adverse remodeling,
and heart failure. Peng et al. [18] also stated that reduced STAT3 activa-
tionmay play an important pathophysiological role in the development
of DCM in Chinese population. The present results show that rs6503691
and rs4796793 are associated with RHD in Primary and Replication
cohorts. Since STAT3 polymorphism is involved in severity of RHD as
both MVL and CVL patients are equally affected. Thus, STAT genes may
play important role in initiation and progression of RHD.

TLRs play essential role in pathogen recognition and activation of
innate immune responses. There are currently 11 known mammalian
TLRs. They are transmembrane receptors that are found either on the
cell membrane (TLR1, 2, 4, 5 and 9) or on intracellular organelles
(TLR3, 7 and 8) [54,55]. TLR5 is mapped to chromosome 1q41, contain-
ing 6 exons [56]. R392X is stop polymorphism of TLR5 gene. In human
African and Eurasian populations, the polymorphism is found at low
frequency of 12% [57].

Our results suggested significant association of TLR5 (R392X) with
RHD susceptibility. In a study by Zhu et al. [58] polymorphism in TLR5
gene was associated with RHD among the Chinese Han population. In
a study by Al-Daghri et al. [59] R392Xwas found significantly associated
with type 2 diabetes (T2D) in a Saudi Arabia population. In a North
Indian population based case control study by Meena et al. [60],
R392X polymorphism was found significantly associated with the
Ulcerative Colitis (UC). A study from Jewish population [61] shows
that R392X have 6% and 0.9% heterozygosity in UC and CD (Crohn's dis-
ease) patients as compared to unaffected relatives (5.4%) and unrelated
controls (6.5%). The risk for urinary tract infection in adult women was
associated with R392X as concluded in previous studies [62]. It can
affect lung function in cystic fibrosis patients as well [63].

In conclusion, overall our results suggest that genetic polymor-
phism in IL-1β −511C/T plays major role among inflammatory path-
way genes in predisposition of RHD in north Indian population. We
also demonstrate that STAT gene variants rs4796793 and rs6503691
are associated with an increased risk of RHD. This is the first case-
control study to investigate the association of a common TLR5
(R392X) with RHD in North Indian population. Significant association
between TLR5 (R392X) and RHD is observed. It implies that common
genetic variants of IL-1β, STAT3, STAT5B and TLR5 genes could
increase susceptibility to RHD. These findings add new evidence to
existing data on the linkage between IL-1β, STAT3, STAT5B and TLR5
genes function and genetic predisposition to RHD. Therefore, IL-1β,
STAT3, STAT5B and TLR5 genes polymorphism can be explored as bio-
markers for identification of individuals likely to develop RHD in the
susceptible population.
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