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ARTICLE INFO ABSTRACT

Keywords: Objective: Host genetic factors play an important role in susceptibility to Mycobacterium tuberculosis (MTB) in-
Tuberculosis fection and tuberculosis (TB). Receptor interacting-serine/threonine-protein kinase 2 (RIPK2) is a critical
POIYmOrP_hism . ) adapter protein for signal propagation of NOD2, dysregulation of which leads to defects in bacterial detection.
Receptor-interacting protein To investigate the role of RIPK2 on the susceptibility of tuberculosis, we conducted a large sample size case-
Susceptibility . . .

RIPK2 control study in a Western Chinese Han population.

Methods: Five single-nucleotide polymorphisms (SNPs) within or near to RIPK2 were genotyped in 1359 TB
cases and 1534 controls using the improved multiplex ligation detection reaction method in a case-control study.
Results: Of the five variants, rs39509 was observed to be associated with TB risk in the allelic effects (P = 0.015),
additive (P = 0.020) and recessive model (P = 0.005) after Bonferroni correction. Rs39509 might fall in puta-
tive functional regions and might be eQTL for the RIPK2 and long non-coding RNA RP11-37B2.1 according to the
Genotype-Tissue Expression (GTEx) Project.

Conclusions: Our findings firstly exhibit that the G allele of rs39509 in nearGene-3 region of RIPK2 might serve
as a hazard for TB in this Western Chinese Han population. Further validation studies on a variety of ethnic

populations and function experiments are needed to confirm the roles of the variants identified.

1. Introduction

Tuberculosis (TB) is an ancient infectious disease which plagued
human beings for thousands of years with approximately one billion
deaths in the past two centuries and still remains to be a significantly
serious public health problem in recent years (Dheda et al., 2015) with
a yearly incidences of approximately 10 million cases and a mortality of
1.57 million worldwide according to the World Health Organization
(WHO) 2018 Global TB report (World Health Organization Global tu-
berculosis report, 2018). Because of differences between individuals,
one third of the world's population is infected with Mycobacterium tu-
berculosis (MTB), yet only 5% to 10% develop active clinical TB (Cantini
et al., 2015). Host genetic factors play an important role in suscept-
ibility to mycobacterial infection and tuberculosis (Fitzgerald and
Caffrey, 2014). Moller et al. demonstrated that the contribution of host
genetic factors to the immune response and phenotypic variation in the
population infected with TB ranges up to 71% (Moller and Hoal, 2010).
However, the exact mechanism remains unclear, further study of the
host molecule elements involved in TB infection would considerably
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expanded our understanding of the genetic basis of susceptibility to TB.

Pattern recognition receptors (PRR), such as Toll like receptors
(TLRs) (Akira et al., 2006) or nucleotide binding oligomerization do-
main -like receptors (NLRs) (Franchi et al., 2008), are important for the
initial identification of bacterium. The Nucleotide-binding-oligomer-
ization-domain-containing proteins 2 (NOD2), one of NLRs, can detect
conserved cell wall features of intracellular bacteria such as MTB and
Mycobacterium leprae and trigger a series of downstream signal trans-
duction pathways through their adapter protein the Receptor inter-
acting-serine/threonine-protein kinase 2 (RIPK2) (Kobayashi et al.,
2002). This results in the activation and translocation of nuclear tran-
scription factors kappa B (NFkB) which stimulates the transcription and
expression of inflammatory cytokines (Inohara and Nunez, 2003).
RIPK2 is such an adapter protein that is critical for signal propagation
of NOD2 (Gong et al., 2018). Dysregulation of this signaling pathway
leads to defects in bacterial detection. Therefore, we hypothesized that
variants within NOD2 and RIPK2 genes might also be associated with
susceptibility to mycobacterium infection. In the aspect of leprosy
disease, a genome-wide association study (GWAS) conducted by Zhang
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et al. has demonstrated that variants of genes in the NOD2-mediated
signaling pathway included RIPK2 gene are correlated with predis-
position to infection with Mycobacterium leprae (Zhang et al., 2009). In
the aspect of TB disease, the relationship between NOD2 gene poly-
morphisms have been discussed in many studies and significant dif-
ferences have been observed in several single nucleotide polymorph-
isms (SNPs) within NOD2 gene [Arg587Arg (Zhao et al., 2012),
rs7194886 (Pan et al., 2012), rs2066842, rs2066844, and rs5743278
(Austin et al., 2008)]. However, little studies have examined the cor-
relations between polymorphisms within RIPK2 gene and tuberculosis
predisposition.

In the present study, we aimed to firstly investigate five SNPs of
RIPK2 to explore the association between them and susceptibility to TB
in a Western Chinese Han population.

2. Methods
2.1. Subjects

All participants were consecutively recruited between October 2014
and October 2017 from West China Hospital of Sichuan University for
our case-control study. All of the TB patients included were confirmed
according to the following criteria: 1) for the Han population; 2)
clinically diagnosed by two independent experienced respiratory phy-
sicians according to standard criteria recommended by WHO (World
Health Organization, 2009); 3) without evidence of immunodeficiency
diseases and other lung problems. Finally, cases group included
1359 TB patients in the same population of cases. At the same time, we
recruited the 1534 control subjects from healthy blood donors who
have no positive TB-related examinations, no history of TB, and absent
symptoms of active TB disease. Healthy individuals with evidence of
immunodeficiency diseases and other lung problems were also ex-
cluded.

The study was approved by the Committee on Human Research,
Publications, and Ethics, West China Hospital, Sichuan University
(Reference no. 198; 2014), and informed consent was obtained from all
participants before blood sampling.

2.2. Genetic molecular analyses

We obtained genetic variation data of the entire RIPK2 gene and its
upstream and downstream intergenic regions from the dbSNP database
(http://www.ncbi.nlm.nih.gov/projects/SNP/) and comprehensively
searched candidate SNPs for this study. We selected SNPs with a minor
allele frequency > 0.20 in the East Asian population according to the
1000 Genomes Project. Finally, a total of five SNPs (rs10956271,
rs39509, rs7015630, rs2697668, and rs989384) were chosen for the
next analyses. A 2 to 3mL EDTA-anticoagulated peripheral blood
sample was taken from each participant in the morning before break-
fast. Genomic DNA was extracted from whole blood samples by the
QIAamp® DNA Blood Mini Kit (Qiagen, Hilden, Germany) and stored at
-80 x for subsequent genotyping. The genotype used was an improved
multiplex ligation detection reaction (iMLDR) method (Genesky
Biotechnologies Inc., Shanghai, China) (Liu et al., 2013). Experienced
technicians who didn't know the status of cases and controls performed
genotyping. After genotyping, we randomly selected 10% of the total
samples for re-genotyping as quality controls and the concordance rate
is 100%.

2.3. Statistical analysis

For the demographic characteristics, differences between two
groups were evaluated by the chi-square test (for categorical variables)
and the Student t-test or Mann-Whitney U test (for continuous vari-
ables) using SPSS20.0(IBM, Chicago, USA). The PLINK version 1.07 was
used for polymorphisms analysis (Purcell et al., 2007). The Hardy-
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Weinberg equilibrium (HWE) of each SNP was tested using the good-
ness-of-fit chi-square test for controls. Associations between TB sus-
ceptibility and candidate genetic allele using the chi-square test. Un-
conditional logistic regression models were used to examine the
association between the genetic models (additive, dominant, and re-
cessive model) and TB risk while adjusting for gender and age. We
calculated the sample size using Quanto Version 1.2.4. The sample size
with a minimum of 1400 cases and 1400 controls had a statistical
power of > 80% to identify an association with an OR of 1.20 or greater
at a p value of < 0.05 for variants with a MAF of no < 0.20 under an
additive model. The linkage disequilibrium (LD) was estimated by
calculating the pairwise 1 coefficient using Haploview software version
4.2, which employed the expectation-maximization clustering algo-
rithm. All tests were two-sided, and a P value of < 0.05 was considered
to be statistical significance; a Bonferroni P was canculated to correct
for multiple testing.

2.4. Functional annotation

We identified the SNPs (r> > 0.9) in strong linkage disequilibrium
(LD) with the SNPs associated with TB risk in our correlation analysis
according to data from the 1000 Genomes Project (The 1000 Genomes
Project Consortium, 2012).We analyzed positive loci and their linked
SNPs about regions promoter or enhancer activity, DNAse I hy-
persensitivity, proteins bound and transcription factor binding motifs
using the Encyclopedia of DNA Elements tool HaploReg (v4.1) (Ward
and Kellis, 2012). In addition, we examined genome-wide eQTL data in
multiple tissues from the Genotype-Tissue Expression (GTEx) Project
(Carithers et al., 2015) and the Multiple Tissue Human Expression
Resource Project (Grundberg et al., 2012). eQTL is a region of the
chromosome that can specifically regulate mRNA or protein expression
levels. eQTL can serve as a bridge between genetic mutations and
phenotypes, providing new ideas for explaining the association between
mutations and phenotypes.

3. Results

Ultimately, 1359 TB patients for cases group and 1534 healthy in-
dividuals for controls group were included in our case-control study.
The mean age ( = standard deviation) of cases group (42.90 + 18.12)
was higher than control group (37.96 + 11.07) in Table 1 (P = 0.001).
Among 1359 TB cases, 809 (59.5%) were males and 550 (40.5%) were
females while control group was composed of 821 (53.5%) males and
713 (46.5%) females in Table 1 (P < 0.001).

We typed 1359 TB patients and 1534 healthy controls from the same
region and ethnic group for five selected SNPs (rs10956271, rs39509,
rs7015630, rs2697668, and rs989384) within RIPK2 gene or its up-
stream and downstream intergenic regions. We summarized the de-
tailed information of candidate SNPs, including chromosomal locations,
functional annotations, minor allele frequencies (MAFs), and P values
for Hardy-Weinberg equilibrium (HWE) test in control subjects in

Table 1
The demographic data of all study subjects.
Variables Cases Controls P
N = 1359 N = 1534
N % N %
Gender
Male 809 59.5 821 53.5 0.001
Female 550 40.5 713 46.5
Age, years
Mean * SD 42.90 + 18.115 37.96 + 11.074 < 0.001
Median(Quartile) 42(27, 57) 36(29, 45) < 0.001
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Table 2
Genotype distributions of polymorphisms of TB cases and healthy controls.
SNP Case n(%) Control n(%) OR (95% CI) P.. Pby Case n(%) Control n(%) P, Pb¢
1510956271 609(22.47) 728(23.76) 0.93(0.82,1.05) 0.247 1.000 AA 73(5.39) 82(5.35) 0.326 1.000
G>A 2101(77.53) 2336(76.24) AG 463(34.17) 564(36.81)
GG 819(60.44) 886(57.83)
1s39509 1348(49.74) 1404(45.85) 1.17(1.05,1.30) 0.003 0.015 GG 356(26.27) 324(21.16) 0.005 0.025
A>G 1362(50.26) 1658(54.15) GA 636(46.94) 756(49.38)
AA 363(26.79) 451(29.46)
157015630 608(23.00) 761(25.52) 0.87(0.77,0.99) 0.028 0.140 GG 75(5.67) 102(6.84) 0.092 0.460
A>G 2036(77.00) 2221(74.48) GA 458(34.64) 557(37.36)
AA 789(59.68) 832(55.8)
152697668 1319(48.67) 1550(50.59) 0.93(0.84,1.03) 0.146 0.730 GG 329(24.28) 390(25.46) 0.259 1.000
A>G 1391(51.33) 1514(49.41) GA 661(48.78) 770(50.26)
AA 365(26.94) 372(24.28)
15989384 810(29.85) 899(29.36) 1.02(0.91,1.15) 0.687 1.000 AA 128(9.43) 133(8.69) 0.780 1.000
G>A 1904(70.15) 2163(70.64) AG 554(40.83) 633(41.35)
GG 675(49.74) 765(49.97)

SNP = single-nucleotide polymorphism; OR = odds ratio; CI = confidence interval.

* P was calculated by Chi-square test.
T P was calculated after Bonferroni correction.

Table 3

Comparison of polymorphisms in relation to TB risk in Chinese Han population in the genetic models (additive, dominant, and recessive model).

SNP Additive model Dominant model Recessive model

OR (95% CI) P, PPy OR (95% CI) P, Py OR (95% CI) P, P>
rs10956271G > A 0.92(0.82,1.05) 0.211 1.000 0.89(0.77,1.04) 0.142 0.710 0.98(0.71,1.36) 0.911 1.000
rs39509A > G 1.16(1.05,1.29) 0.004 0.020 1.14(0.96,1.34) 0.134 0.670 1.33(1.12,1.59) 0.001 0.005
1s7015630A > G 0.88(0.77,0.99) 0.036 0.180 0.85(0.73,0.99) 0.042 0.210 0.83(0.61,1.14) 0.250 1.000
1s2697668A > G 0.93(0.84,1.03) 0.162 0.810 0.87(0.73,1.03) 0.112 0.560 0.94(0.79,1.12) 0.487 1.000
1s989384G > A 1.01(0.90,1.13) 0.877 1.000 1.01(0.90,1.13) 0.877 4.385 1.06(0.82,1.37) 0.663 1.000

SNP = single-nucleotide polymorphism; OR = odds ratio; CI = confidence interval.

* P was adjusted by age and gender.
T P was calculated after Bonferroni correction.

Appendix A Table A.;. The genotype distributions of the tested SNPs did
not deviate from in the control group (HWE-P > 0.05). The association
between the five SNPs and TB risk was studied. Initially, two poly-
morphisms (rs39509 and rs7015630) were observed to be significantly
associated with susceptibility to TB before Bonferroni correction
(P = 0.003 and 0.028 respectively) in the allelic effects (Table 2). After
Bonferroni correction, the correlation between rs39509 and tubercu-
losis susceptibility was still statistically significant (P = 0.015,
OR =1.17, 95%CI = 1.05-1.30), while rs7015630 was not
(P = 0.140). The G frequency of rs39509 among cases (49.74%) was
higher than among controls (45.85%). We then estimated the correla-
tion of polymorphisms and TB risk under the three genetic models
(additive, dominant, and recessive model). Rs39509 was significantly
associated with TB susceptibility both in additive (P = 0.020,
OR = 1.16, 95%CI = 1.05-1.29) and recessive model (P = 0.005,
OR = 1.33, 95%CI = 1.12-1.59) after adjusted by age and gender and
Bonferroni correction (Table 3). The results suggested that the GG
genotype of rs39509 might serve as a hazard for TB. Moreover, there
was a weak correlation observed between rs7015630 and the suscept-
ibility of TB in the additive (P = 0.036) and dominant (P = 0.042)
model adjusted by age and gender. However, after Bonferroni correc-
tion, the correlation was no longer statistically significant. All five
variants in/near to the RIPK2 gene were analyzed whether were in a
linkage disequilibrium block according to the threshold of pairwise
r? > 0.5. As presented in Appendix A Figure A.;, the LD between
rs2697668 and rs989384 in our studies is weak (r?> = 0.42), and the
other three SNPs selected were considered independent r? < 0.3).
Rs39509 which was associated with TB susceptibility is in a
nearGene-3 region, 873bp 3’ of RIPK2. Eight SNPs were identified
strong linked ? > 0.9) with rs39509 according to the data form the

1000 Genomes Project (Appendix A Table A.,). Three of them map to
intronic region of the RIPK2 gene and the remaining five SNPs are in
intergenic region near to 3’ of RIPK2. According to data from the
Encyclopedia of DNA Elements Project, rs40247, rs40453, rs400411,
rs39509, rs383592, rs201720542, rs411279, and rs51331 might be
located in a region with strong promoter or/and enhancer activity;
15400411, rs39509, rs383592, rs411279, and rs51331 might be located
in a region with DNAse I hypersensitivity site; rs51331 might be located
in a region of transcription factor binding; rs40247, rs40453, rs400411,
rs39509, rs383592, rs201720542, rs411279, and rs416324 might be in
the regulatory motif (Appendix A Table A.,). Except for rs201720542,
the GTEx Project shows that the eight SNPs are eQTLs for the RIPK2 and
RP11-37B2.1 and associated with an increase in RIPK2 and a decrease
in RP11-37B2.1 (Appendix A Table A.3).

4. Dissussion

RIPK2 is an adapter protein that is critical for signal propagation of
NOD2 (Inohara and Nufiez, 2003). The NOD2 system is specialized in
identifying bacteria with actively disrupt host membranes and is
especially sensitive to mycobacteria (Pandey et al., 2009). The re-
lationship between NOD2 gene polymorphisms and TB susceptibility
has been discussed in many studies and significant associations have
been observed in several single nucleotide polymorphisms (SNPs)
within NOD2 gene [Arg587Arg (Zhao et al., 2012), rs7194886 (Pan
et al., 2012), rs2066842, rs2066844, and rs5743278 (Austin et al.,
2008)]. However, little studies have examined the correlations between
polymorphisms within RIPK2 gene and tuberculosis predisposition.
Therefore, we carry out the first association study to clarify the effect of
polymorphisms within or near to RIPK2 gene on TB risk in a Western
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Chinese Han population.

In our study, rs39509 was observed to be associated with TB risk
and showed an eQTL effect on the RP11-37B2.1 and RIPK2 according to
the data from The GTEx Project (Appendix A Table A.;). RP11-37B2.1,
located at chromosome8: 89,609,409-89,757,727, adjoining RIPK2, is a
newly discovered long noncoding RNA. A genome-wide association
study (GWAS) of TB disease conducted by Thye T et al. (Thye et al.,
2010) has demonstrated that the SNP rs160441 within the IncRNA
RP11-37B2.1 gene is significantly associated with genetic predisposi-
tion to TB in a Ghanaian population as well as in an independent
Gambian population. Rs160441 also showed an eQTL effect on the
RP11-37B2.1 and RIPK2 according to the data from the GTEx Project.
We speculated that rs39509 and rs160441 may affect Mycobacterium
tuberculosis infection through similar mechanisms. However, in our
previous study, rs160441 was not found to be associated with tu-
berculosis susceptibility in a Western Chinese Han population (Song
et al., 2019). RIPK2, a protein-coding gene, encodes a member of the
receptor-interacting protein (RIP) family of serine/threonine protein
kinases which is a part of signaling complexes in both the innate and
adaptive immune pathways. SNPs of RIPK2 gene has been observed
associated with relevant immunological diseases, such as systemic
lupus erythematosus (SLE) (Li et al., 2012) and with the severity of
childhood atopic asthma (Nakashima et al., 2006), and neoplastic dis-
eases, such as gastric cancer (Ota et al., 2018) and urothelial bladder
cancer (Guirado et al., 2012). On the other hand, RIPK2 is one of
adapter proteins for PRRs which play a key role in fighting infection of
intracellular bacteria. Rs383592 linked with rs39509 (r?> = 1) was ob-
served to be associated with leprosy (P = 1.56 X 107%%) (Liu et al.,
2015). In addition, a GWAS has demonstrated that the SNP rs42490
within the RIPK2 gene is significantly associated with predisposition to
leprosy (Zhang et al., 2009) and a replicate study conducted in a
Vietnamese population showed that rs42490 was significantly asso-
ciated with leprosy which also is a strong link locus with rs39509
(r2 = 0.75, D' = 0.99) according to the 1000 Genomes Project in Chi-
nese Southern Han population. Moreover, a research suggests that de-
ficiency of NOD2 and RIPK2 increase the vulnerability to M. tubercu-
losis infection of mice (Divangahi et al., 2015). RIPK2 polymorphisms
were previously associated with leprosy, which is also a mycobacterium
infection, we speculate that RIPK2 may has a similar mechanism for
affecting tuberculosis and leprosy susceptibility or tolerance.

There are several limitations to this study. First, the control samples
are from healthy people. However, TB is an infectious disease and pa-
thogens are the important factors that affect an individual's suscept-
ibility to TB. Adding a latent TB group might show more clues on how
polymorphisms of RIPK2 affects Mycobacterium tuberculosis infection.
Second, RIPK2 is critical for signal propagation of NOD1 and NOD2°.
The genetic variants in or near to RIPK2 we studied are not independent
risk factors for susceptibility to TB, and we did not further perform the
gene-gene or gene-environment interaction analyses in our study due to
the uncorrelated-TB risk among these SNPs.

5. Conclusions

In conclusion, we firstly identified that rs39509 873 bp 3’ of RIPK2
might be a predisposing factor for TB risk, and G alleles of rs39509
might serve as a hazard for TB. Rs39509 and its strong LD SNPs as-
sociate an increase in RIPK2 and a decrease in RP11-37B2.1. The results
of our research strongly suggest that the studied loci around 3’ of RIPK2
may be novel molecules which plays a decisive role in susceptibility or
resistance TB to development in a Western Chinese Han population.
Therefore, replications in other independent populations and function
experiments are urgently needed.
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