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Abstract
Objectives Chronic kidney disease (CKD) is a common condition that can lead to renal dysfunction and is closely
in relation to an increased cardiovascular risk and mortality risk. CKD is an important public health issue, and
recent genetic studies have veri�ed common CKD susceptibility variants. In this research, we examined the
interrelationship between candidate genes polymorphisms of IFNL induction and signaling pathway and CKD.

Methods 92 CKD patients and 330 healthy subjects as control were participated in this research. Replication set
consisting 137 CKD with CGN patients and 446 controls was used for additional analysis. The genotype of SNPs
was determined by the Axiom Genome-Wide Human Assay and SNaPshot assay.

Results The SNPs of IFNL3 and IFNL2 were signi�cantly associated with chronic kidney disease in the
codominant (p = 0.015, p = 0.013, respectively). The SNP of IFNRA2 was signi�cantly associated with chronic
kidney disease in the codominant (p = 0.029). The SNP of TLR9 was signi�cantly associated with chronic kidney
disease in the codominant (p = 0.016), dominant (p = 0.047) and recessive (p = 0.049). The SNP of IL-22 was
signi�cantly associated with chronic kidney disease in the codominant (p = 0.049). No signi�cant associations
involving IFNL3, IFNL2 and IL22 were observed in the replication set whereas concerning the rs187084, in the
TLR9 gene, a signi�cant association was observed pooling the original and the replication sets.

Conclusions This results shows a possibility that IFNL induction and signal pathway genes polymorphisms as a
risk factor for CKD. Secondly, our results seem to TRL9 gene variant may be play a risk factor on CKD with CGN.

Introduction
The prevalence of Chronic kidney disease (CKD) in the world's population is 11–13% [1, 2], which is closely related
with a risk of hospitalizations and even death [3, 4]. In fact, CKD is an economic issue for global healthcare as well
as a medical issue [5]. Diabetes and hypertension are known as the most common major risk factors for CKD
among other factors such as metabolic syndrome, low high-density lipoprotein cholesterol (HDL) and advanced
age [6].

A signi�cant association between a large number of genes and its polymorphisms and CKD development as well
as function of kidney was found in numerous genetic researches. It can be concluded that a strong genetic
component exists in CKD [7, 8]. According to Lu and his colleagues, a relationship between CKD and the T-1237
polymorphism of the Toll-like receptor-9 (TLR-9) gene showed signi�cance among Han Chinese population [9].
Also, the variation of the Transcription factor 7-like 2 gene and cardiovascular problems in advanced kidney
disease patients showed a strong correlation presented by Buraczynska et al. [10]. Multiple loci related to CKD and
eGFR were determined in East Asian and European populations by using Genome-Wide Association Studies
(GWAS) [11, 12]. Gorski et al. [13] proposed that loci polypeptide N-acetylgalactosaminyltransferase 11 and
cadherin related 23 has a role in kidney failure, and indicated a signi�cant link between uromodulin locus and
kidney failure in GWAS meta-analysis which was targeted 63,558 European-born participants. The relationship
between the variation of renin-angiotensin-aldosterone system (RAAS) and progression of CKD was analysed by
Kelly et al [14]. They con�rmed that the RAAS variants are strongly pathway-and gene-based related with the
progression of CKD. The risk of kidney events in chronic kidney disease cohort study showed consistent
relationship with the angiotensinogen and renin binding protein genes [14].
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Also known as type III Interferon (type III IFN) or interleukin (IL)-28 and IL-29, interferon lambda (IFNL) is a�liated
to a cytokine family that has several similarities in functions with type I IFNs family (IFN-α and/or IFN-β, IFN-α/β).
The four IFNL proteins (IFNL1, IFNL2, IFNL3, and IFNL4) and 17 IFN-α/β proteins [13] IFN-α subtypes, IFN-β, IFN-ω,
IFN-ε, and IFN-κ) are encoded by genes inside human [15]. Located in human chromosome 19, genes encoding
IFNL has similar gene structure with the 5-exon gene of IL-10 cytokine family [16].

IFNL has several biologic features, which starts with the effectiveness of IFNL. The e�cacy of IFNL is most
pronounced in epithelial cells, speci�cally speaking, it strengthens the immune systems that protect the surface of
the upper skin where exposed to general and pathogenic microorganisms at all times. Second, considering the
nature of IFNL signaling effect, there is a possibility that IFNL has similar effect in therapeutic aspect as in IFN-α/
β. Third, researches in genome-wide association identi�ed the interrelationship between several IFNL
polymorphisms and removal of hepatitic C virus infection, furthermore, the possibility to improve other viral
infections such as hepatitis B virus and herpes simplex virus 1 [17–19]. The immunologic roles of IFNL, however,
go beyond congenital anti-viral responses. A growing evidence is argued that ) IFNL forms an adaptive immune
response to virus infection, ) changes anti-tumor responses, and ) affects autoimmune properties such as
autoimmune arthritis and allergic asthma [20].

After Host detection of pathogenic-related molecular patterns by certain pattern recognition receptors (PRRs), IFN
representation takes place. Transcription factors activated downstream of PRR signaling include interferon
regulatory factors (IRFs) and nuclear factor kappa B subunit (NF-κβ). Early characteristic distinguishing of
promoter areas at upstream of interferon lambda 1 (IFNL1) and IFNL3 veri�ed combine elements for IRF-1, IRF-3,
IRF-7, and NF-κβ. Also, for maximum gene induction, combining IRFs and NF-κβ was requested. IFNL (type III
IFNs) combines to a unique heterodimeric receptor, interferon lambda receptor (IFNLR). IFNLR is comprised of a
subunit shared with another IL-10 family cytokine and a seconds for IFN-λ [21–24].

Toll-like receptors (TLRs) was veri�ed as a major element of pathological recognition process in the human
in�ammatory responses to infectious diseases. TLR3 and TLR7 for viruses, TLR9 for bacteria are displayed by
plasmacytoid dendritic cells. Microorganisms activating the immune mechanism by Toll-like receptor ligation can
cause or deteriorate glomerular disease. Hyper-activation of TLRs is related to the acute rejection of renal
transplantation, acute infection of tubulointerstitium in kidney, acute kidney injury and ischemic kidney damage
[25, 26].

Since an anti-in�ammatory cytokine secreted by various cell types, IL-10, these immune suppression effects
involve inhibiting the proliferation of T cells, inhibiting the production of co-stimulatory protein expression on
antigen-presenting cells, and restricting the production of pro-in�ammatory cytokine. IL-10 receptor (IL-10R),
composed of two α subunits, encoded by interleukin 10 receptor subunit alpha (IL-10RA) and two β subunits,
encoded by interleukin 10 receptor subunit beta (IL-10RB), activates Janus kinase 1 (JAK1) and tyrosine kinase 2
(TYK2) resulting in phosphorylation and nuclear translocation of signal transducer and activator of transcription 3
(STAT3) and gene transcription. IL-10RB is situated in a class II cytokine receptor gene cluster along with
interferon alpha receptor 1 (IFNAR1), interferon alpha receptor 2 (IFNAR2), and interferon gamma receptor 2
(IFNGR2) on chromosome 21q22 [27].

This research examined the association between IFNL induction and signaling pathway candidate genes such as
IFNL3, IFNL2, IFNAR2, TLR9, IL-22, IL-10RB, interferon receptor alpha (IFNRA), IRF7, JAK2, and STAT3
polymorphisms and CKD.
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Materials And Methods

Study Subjects
A total of 92 CKD patients distributed by the Keimyung Human Bio-Resource Bank in 2012 and 330 control
subjects with no clinical evidence for cancer, hypertension, diabetes mellitus, dyslipidemia, Cardiovascular
diseases, who had took health check-up program in health promotion center, from July to October 2008.
Replication set consisting 137 CKD with CGN patients and 446 controls was used for additional analysis. 137
CKD with CGN patients samples were consecutively distributed by the Keimyung Human Bio-Resource Bank in
2018 and controls were collected at the health promotion center of Keimyung University Dongsan Medical Center.
Written informed consent was provided to all subjects. Institutional review of board, Keimyung University Dongsan
Medical Center approved protocol was used for this study (IRB No. 2018-02-029).

Clinical characteristics and Biomedical Measurement
Clinical characteristics such as systolic blood pressure (SBP), diastolic blood pressure (DBP) of participants were
measured. The body mass index (BMI) is calculated by weight divided by square of the height (kg/m2).

Biochemical markers were measured using samples in the fasted state. The levels of fasting blood sugar (FBS),
triglyceride (TG), total cholesterol (TC), low density lipoprotein (LDL) cholesterol, high density lipoprotein (HDL)
cholesterol, aspartate aminotransferase (AST), alanine aminotransferase (ALT), albumin, blood urea nitrogen
(BUN), creatinine, and uric acid were measured by auto analyzer (ADVIA®2400 Chemistry System, Siemens
Healthcare Diagnostics Inc., Tarrytown, NY, USA). The estimated glomerular �ltration rate (eGFR) was calculated
with the use of the simpli�ed prediction equation derived from the chronic kidney epidemiology collaboration
(Modi�cation of Diet in Renal Disease) : estimated GFR = 175 × standardized Scr− 1.154 × age− 0.203 × 0.742 [if
female], where GFR is expressed as mL/min/1.73 m2 of body surface area and Scr is expressed in mg/dl [28].

SNPs selection and genotyping of the Interferon Lambda-
Related gene SNPs
17 SNPs in the (IFNL3 gene 2SNPs, IFNL2 gene 2SNPs, IFNAR2 gene 2SNPs, TLR9 gene 2SNPs, IL-22 gene
2SNPs, IL10-RB gene 2SNPs, IFNARA gene 1SNP, IRF7 gene 1SNP, JAK2 gene 1SNP and STAT3 gene 1SNP) of
interferon lambda-related gene were selected based on database searches (http://ncbi.nlm.nih.gov/SNP). SNPs
with < 0.05 minor allele frequency (MAF), < 0.1 heterozygosity and unknown genotype frequencies in Asian
populations were excluded. Human genomic DNA was extracted from peripheral blood samples using the Qiagen
DNA extraction Kit (Qiagen, Tokyo, Japan) and then stored at 20℃. The SNPs of IFNL3, IFNL2, IFNAR2, TLR9, IL-
22, IL-10RB, IFNRA, IRF7, JAK2, and STAT3 genes were genotyped by direct sequencing, respectively. The following
primers for the seventeen SNPs were used to ampli�er genomic DNA (Table 1). Polymerase chain reaction (PCR)
conditions included 32 cycles at 92 ℃ for 30 sec, 60 ℃ for 50 sec, and 70 ℃ for 40 sec. PCR products were
identi�ed on 1.5% agarose gel by electrophoresis. To analyze the genotypes of each SNP, PCR products were
sequenced by the DNA analyzer (ABI Prism 3730XL, Applied Biosystems, Foster City, CA, USA) and the genotypes
were determined using SeqManII software (DNASTAR Inc., Madison, WI, USA).
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Table 1
PCR Primers of Single Nucleotide Polymorphisms in the Interferon Lambda-Related genes

Gene SNP Forward Reverse Product
Size

IFNL3 rs148543092 5'-GAGGATATGGTGCAGGGTGT-3' 5'-CTCTATCCTCCTCCCCCAAC-
3'

201 bp

IFNL3 rs150748693 5'-GAAGGGTCAGACACACAGGT-3' 5'-GAGCCCAGAACCCAGACAG-
3'

152 bp

IFNL2 rs8103362 5'-CCCTCACCTGCTCTTTCTCA-3' 5'-GAGGATATGGTGCAGGGTGT-
3'

163 bp

IFNL2 rs59746524 5'-CCCACAGATCCAGCCTCAG-3' 5'-TGTAGGGAGGAGGGGATGG-
3'

183 bp

IFNAR2 rs2229207 5'-CAAAGATGCTTTTGAGCCAGA-3' 5'-
TTGCTTTCCACTTAACTCCTGA-
3'

208 bp

IFNAR2 rs1051393 5'-
TTGATCACCTAATGTTGATTTCAGA-
3'

5'-AGGGTGGTACTGGGTCCTCT-
3'

234 bp

TLR9 rs187084 5'-GCTGGGTGTACATAATTCAGCA-3' 5'-GAGCTCCTTTGCCTGGTCTA-
3'

220 bp

TLR9 rs5743836 5'-GGGGTGGGAGGTTTGTAAGA-3' 5'-CTGTTCCCCTGAGTGCTCT-3' 217 bp

IL-22 rs2227513 5'-CTTCTACCTTCCCCGTCACA-3' 5'-GGTCCCCATAAGGAAAGAGC-
3'

218 bp

IL-22 rs2227484 5'-
GATATATTTACTTCTGCCTTAATTG-
3'

5'-
GGACCCATGTCCTATATCCTC-3'

220 bp

IL-22 rs2227485 5'-TCCGTGACCAAAATGCTTACTC-3' 5'-ACGTCACTATTAGAGCCCGG-
3'

165 bp

IL-
10RB

rs8178562 5'-TCAGAAGTTGGCCACTGAGA-3' 5'-CGCCATCATGCCTAGCTAAT-
3'

231 bp

IL-
10RB

rs2834167 5'-
CTCTCTACCTCTTCCGCCGTCTACA-
3’

5'-GGTCCCCATAAGGAAAGAGC-
3'

223 bp

IFNRA Affx-
52347487

5'-GAGAAACTGGGGGTCCCCCA-3' 5'-GCTCCGGTGGTAAGGTGC-3' 104 bp

IRF7 Affx-
52325648

5'-GCTACACGGAGGAACTGCTG-3' 5'-GCCTCACTGACCTTGGAAGA-
3'

218 bp

JAK2 rs77375493 5'-AGCAAGTATGATGAGCAAGCT-3' 5'-
ACCTAGCTGTGATCCTGAAACT-
3'

163 bp

STAT3 rs113994139 5'-TTCCTTCCCATGTCCTGTGA-3' 5'-CTGGCCGACAATACTTTCCG-
3'

203 bp
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Genotyping of replication SNP was screened using single base primer extension assay using ABI PRISM
SNaPShot Multiplex kit (ABI, Foster City, CA, USA) according to manufacturer’s recommendation. Analysis was
carried out using Genemapper software (version 4.0; Applied Biosystems)

Statistical Analysis
The window version 24.0 of statistical package for SPSS (SPSS Inc., Chicago, IL, USA) and R version 3.2.2 were
used for statistical analysis. The results were considered statistically signi�cant when p < 0.05. Continuous
variable comparison between the two groups were used for Student’s t-test. Continuous variable were presented as
mean ± standard deviation. Categorical variable comparison between the two groups were used for chi-square (χ2)
test and were presented as frequency and percentage and odds ratio (OR) and 95% con�dence interval (CI) were
calculated. For the estimation of Hardy–Weinberg equilibrium (HWE) and analysis of logistic regression for the
genetic data were used for SNPStats (http://bioinfo.iconcologia. net/index.php) and SPSS 24.0. The Allele
frequencies comparison between the two groups were used for chi-square (χ2) test. The associations between
SNPs and CKD were estimated by computing the OR and their 95% CI with logistic regression analyses, adjusted
for age and gender as covariates. In the CKD patients group, Multivariate logistic regression analysis of gene data
and clinical variables was used with R version 3.2.2. age, gender, BMI, hypertension, diabetes mellitus, and
dyslipidemia were adjusted as covariates in multivariate logistic regression.

Result

Demographic and clinical characteristics of participants
The demographic characteristics and clinical parameters of the study subjects are summarized in Table 2. Three
hundred and thirty control subjects included 165 male and 165 female with a mean age of 47.0 ± 13.3 years. The
CKD group was composed of 92 adults and included 44 male and 48 female with a mean age of 49.9 ± 
11.9 years. The distribution of gender of the subjects was not signi�cantly different in the two groups. The levels
of BMI, SBP, DBP, BUN, creatinine, uric acid, FBS, and TG in the CKD group were signi�cantly higher than those of
the control group (p < 0.05). The levels of eGFR, total protein, albumin, total cholesterol, HDL cholesterol, and LDL
cholesterol in the CKD group were signi�cantly lower than those of the control group (p < 0.05). Estimated
glomerular �ltration rate (eGFR) < 60 was found 18 controls (5.5%) and 90 CKD patients (97.8%). In the control
and CKD group, the genotype distribution of the seventeen polymorphic SNPs were in the Hardy-Weinberg
equilibrium (HWE) (p > 0.05).
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Table 2
Demographic characteristics and clinical parameters for the study population

  Control CKD p-value

(N = 330) (N = 92)

Age (years) 47.0 ± 13.3 49.9 ± 11.9 0.02

Male 47.3 ± 10.5 51.8 ± 9.5  

Female 46.7 ± 10.1 48.2 ± 13.5  

Gender      

Male / Female n (%) 165 (50.0) / 165 (50.0) 44 (47.8) / 48 (52.2) 0.725

Etiology      

Diabetes Mellitus n (%)   28 (30.4)  

Hypertension n (%)   4 (4.3)  

CGN n (%)   58 (63.0)  

Others n (%)   2 (2.2)  

LVH n (%)   18 (19.6)  

Body Mass Index (kg/m2) 22.5 ± 2.6 23.8 ± 3.6 0.002

Systolic Blood Pressure (mmHg) 109.0 ± 7.2 139.2 ± 25.6 < 0.001

Diastolic Blood Pressure (mmHg) 68.7 ± 5.9 83.8 ± 12.5 < 0.001

Blood Urea Nitrogen (mg/dl) 14.1 ± 3.7 64.6 ± 29.9 < 0.001

Creatinine (mg/dl) 0.9 ± 0.2 7.2 ± 3.7 < 0.001

eGFR (mL/min/1.73 m2) 75.6 ± 12.0 12.5 ± 15.5 < 0.001

eGFR < 60 (mL/min/1.73 m2, %) 18 (5.5) 90 (97.8) < 0.0001

Uric acid (mg/dl) 4.6 ± 1.3 8.3 ± 2.5 < 0.001

Fasting blood sugar (mg/dl) 85.8 ± 6.6 128.4 ± 63.8 < 0.001

Total protein (g/dl) 7.4 ± 0.4 6.3 ± 0.8 < 0.001

Albumin (g/dl) 4.4 ± 0.2 3.5 ± 0.5 < 0.001

AST (IU/l) 21.6 ± 5.2 19.1 ± 14.7 0.115

ALT (IU/l) 17.8 ± 7.0 19.2 ± 22.4 0.558

Total Cholesterol (mg/dl) 186.1 ± 25.6 170.9 ± 48.0 0.004

p, Categorical variable is summarized as count (%) with statistical comparison using Chi-square

Continuous variables are summarized as mean ± Standard Deviation with statistical comparison using T-test

p value for different between non-obese and obese group
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  Control CKD p-value

(N = 330) (N = 92)

Triglyceride (mg/dl) 88.6 ± 36.0 127.11 ± 77.8 < 0.001

HDL Cholesterol (mg/dl) 55.4 ± 11.1 44.7 ± 16.4 < 0.001

LDL Cholesterol (mg/dl) 113.0 ± 25.4 102.0 ± 38.1 0.031

p, Categorical variable is summarized as count (%) with statistical comparison using Chi-square

Continuous variables are summarized as mean ± Standard Deviation with statistical comparison using T-test

p value for different between non-obese and obese group

Genotype and Allele Frequencies of IFNL3, IFNL2, IFNAR2, TLR9, IL-10RB, IL-22, IFNRA, IRF7, JAK2, and STAT3
Genes SNPs

The SNPs of IFNL3, rs148543092 (T > C) were signi�cantly associated with CKD in the codominant and dominant
model (T/T vs. T/C and T/T vs. T/C + C/C, p = 0.013, OR = 2.50, 95% CI = 1.21–5.15). The SNPs of IFNL2,
rs8103362 (A > G) were signi�cantly associated with CKD in the codominant, dominant and log-additive model
(A/A vs. A/G, p = 0.013, OR = 2.50, 95% CI = 1.21–5.15; A/A vs. A/G + G/G, p = 0.018, OR = 2.37, 95% CI = 1.16–4.86;
A/A vs. A/G vs. G/G, p = 0.036, OR = 2.14, 95% CI = 1.07–4.28, respectively). The SNP of IFNRA2, rs1051393 (G > T)
was signi�cantly associated with CKD in the codominant and log-additive model (G/G vs. T/T, p = 0.029, OR = 
2.10, 95% CI = 1.08–4.09; G/G vs. G/T vs. T/T, p = 0.026, OR = 1.45, 95% CI = 1.04–2.02, respectively). The SNP of
TLR9, rs187084 (T > C) was signi�cantly associated with CKD in the codominant model (T/T vs. C/C, p = 0.016,
OR = 2.26, 95% CI = 1.16–4.40), dominant model (T/T vs. T/C + C/C, p = 0.047, OR = 1.77, 95% CI = 1.01–3.10) and
log-additive model (T/T vs. T/C vs. C/C, p = 0.015, OR = 1.50, 95% CI = 1.08–2.09). The SNP of IL-22, rs2227484
(G > A) was signi�cantly associated with CKD in the codominant model (G/G vs. G/A, p = 0.040, OR = 1.95, 95% CI 
= 1.03–3.69), dominant model (G/G vs. G/A + A/A, p = 0.046, OR = 1.91, 95% CI = 1.01–3.62) (Table 3). There was
no signi�cant difference of genotype and allele frequencies between control and CKD in the IL-10RB gene
polymorphisms (rs8178562 G > A, rs 2834167 A > G) and IRF7 gene polymorphism (A�x-52325648 T/del). There
were no polymorphisms but only major allele homozygotes in the IFNRA (A�x-52347487), JAK2 (rs77375493),
and STAT3 (rs113994139) (data not shown).
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Table 3
Distribution of frequencies of Interferon Lambda-Related Genotype in controls and CKD patients in model of

inheritance
Gene SNP number Model of Inheritance

Co-dominamt
genetic model

Dominamt genetic
model

Recessivet
genetic model

Log-Additivet
genetic model

OR (95%
CI)

p-
value

OR (95%
CI)

p-
value

OR
(95%
CI)

p-
value

OR
(95%
CI)

p-
value

IFNL3 rs148543092 2.50
(1.21–
5.15)

0.013 2.50
(1.21–
5.15)

0.013        

Thr108Ala -              

IFNL2 rs8103362 2.50
(1.21–
5.15)

0.013 2.37
(1.16–
4.86)

0.018     2.14
(1.07–
4.28)

0.036

Thr112Ala -              

IFNAR2 rs1051393 1.52
(0.86–
2.69)

0.147 1.68(0.98–
2.87)

0.057 1.61
(0.93–
2.79)

0.094 1.45
(1.04–
2.02)

0.026

Phe10Ile 2.10
(1.08–
4.09)

0.029            

TLR9 rs187084 1.56
(0.86–
2.83)

0.147 1.77
(1.01–
3.10)

0.047 1.69
(1.00-
2.86)

0.052 1.50
(1.08–
2.09)

0.015

T-1486C 2.26
(1.16–
4.40)

0.016            

IL-22 rs2227513 3.72
(0.96–
14.47)

0.058 3.72
(0.96–
14.47)

0.058        

T-111C -              

rs2227484 1.95
(1.03–
3.69)

0.04 1.91
(1.01–
3.62)

0.046     1.82
(0.98–
3.39)

0.065

G-701A -              

p, Chi-square test p value; OR, odds ratio; CI, con�dence interval

p value for different between control and CKD group

Replication of IFNL3, IFNL2, TLR9, and IL-22 Genes SNPs

The comparison of genotypic frequencies between cases and controls for all the SNPs analysed achieved a
nominal signi�cant value in four polymorphisms located in four different genetic regions. Although none of them
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withstand Bonferroni correction, we tried to replicate associations involving IFNL3, IFNL2, TLR9 and IL22 using a
second sample set (Table 4).

Table 4
Distribution of frequencies of TLR9 Genotype in replication

TLR9 Original set* Original set**   Replication set#

rs187084 CKD Controls CKD with CGN Controls   CKD with CGN Controls

Genotype (N = 92) (N = 330) (N = 58) (N = 330)   (N = 137) (N = 446)

TT 19 (20.6) 102 (30.9) 10 (17.2) 102 (30.9)   29 (21.2) 141 (31.6)

TC 45 (48.9) 157 (47.6) 31 (53.4) 157 (47.6)   72 (52.5) 210 (47.1)

CC 28 (30.4) 71 (21.5) 17 (29.3) 71 (21.5)   36 (26.3) 95 (21.3)

TC + CC genotype

*: p = 0.047 OR = 1.77 95% CI 1.01–3.10; **: p = 0.018 OR = 2.27 95% CI 1.10–4.70;

#: p = 0.017 OR = 1.71 95% CI 1.08–2.71.

p, Categorical variable is summarized as count (%) with statistical comparison using Chi-square

No signi�cant associations involving IFNL3, IFNL2 and IL22 were observed in the replication set. Regarding the
rs187084, in the TLR9 gene, a signi�cant association was observed pooling the original and the replication sets (p 
= 0.017 OR = 1.71 95% CI 1.08–2.71) (Table 4).

Association of TLR9 SNP with clinical characteristics

After adjustment for age, gender, BMI, hypertension, diabetes mellitus, and dyslipidemia as covariates whether
examined the genotype distribution of TLR9 gene polymorphism rs187084 is associated with clinical
characteristics (creatinine, eGFR, uric acid, total protein, and albumin) in both original and replication set of CKD
group.

In both original and replication set, total protein level was signi�cantly higher in homozygous C/C genotype than
T/T + T/C genotype of TLR9 gene, rs187048 (6.57 ± 0.65 vs. 6.16 ± 0.81, p = 0.025: 6.29 ± 0.78 vs. 6.03 ± 0.77, p = 
0.049, respectively). In original set, albumin level were signi�cantly higher in homozygous C/C genotype than T/T 
+ T/C genotype (3.72 ± 0.45 vs. 3.42 ± 0.48, p = 0.009). In replication set, eGFR level was signi�cantly lower in
homozygous C/C genotype than T/T + T/C genotype (7.45 ± 5.13 vs. 10.28 ± 8.89, p = 0.007) (Table 5).
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Table 5
Association of TLR9 SNP with clinical characteristics in replication

SNP Parameter Genotype p-
value*

Genotype p-
value#

rs187084   T/T + T/C (N 
= 64)

C/C (N = 
28)

  T/T + T/C (N 
= 154)

C/C (N = 
46)

 

  Creatinine (mg/dl) 7.17 ± 3.53 7.37 ± 
4.09

0.809 6.96 ± 3.45 8.00 ± 
3.21

0.069

  eGFR
(mL/min/1.73 m2)

12.94 ± 
17.49

11.31 ± 
9.87

0.643 10.28 ± 8.89 7.45 ± 
5.13

0.007

  Uric acid (mg/dl) 8.35 ± 2.26 8.23 ± 
3.12

0.846 8.52 ± 2.58 8.73 ± 
2.94

0.647

  Total protein (g/dl) 6.16 ± 0.81 6.57 ± 
0.65

0.025 6.29 ± 0.78 6.03 ± 
0.77

0.049

  Albumin (g/dl) 3.42 ± 0.48 3.72 ± 
0.45

0.009 3.55 ± 0.55 3.39 ± 
0.52

0.089

*: Original set

#: Replication set

p, Continuous variables are summarized as mean ± Standard Deviation with statistical comparison using T-
test

p value for different between genotype in CKD group

Discussion
This study examined the association between the polymorphisms of IIFNL3 (rs148543092 T > C; rs150748693 G > 
A), IFNL2 (rs8103362 A > G; rs59746524 T > C), IFNAR2 (rs2229207 T > C; rs1051393 G > T), TLR9 (rs5743836 T > 
C; rs187084 T > C), IL-22 (rs2227513 T > C; rs2227484 G > A; rs2227485 G > A) and IL-10RB (rs8178562 G > A;
rs2834167 G > A) with the development among CKD patients as well as their clinical characteristics. Interferon
Lambda have emerged as a new immune control cytokines with a special function controlling damage to
maintain an immune balance and limit immunology. Also IFNλs indicates limiting in�ammation to prevent
damage to the host of chronic illnesses including asthma, auto-immune disease and colitis [20]. Genetic
association of IFNL gene polymorphisms among humans expands to various illnesses, for instance, allergy, non-
alcoholic fatty liver disease and several other viral diseases including that caused by the human
immunode�ciency virus as well as HCV infection only [29]. The difference of expression levels by genotype of
IFNL3 were shown in numerous researches, especially, recent research outcomes also veri�ed this result in ex/in
vivo conditions. These results demonstrate that difference of IFNL3 expression levels by the alleles at the three
functional SNPs (rs28416813, rs4803217, and rs59702201) may have a function in the disease [30–32]. Swiatek-
Koscielna et al. [33] demonstrated that the marker of virological response and relapse was the SNP of IFNL3 in
chronic hepatitis C patients with hepatitis C virus genotype 1. The results of this research did not perform the
polymorphism (rs28416813, rs4803217, and rs59702201) of IFNL3. The result of this research suggests the
possibility of the association between the IFNL3 and IFNL2 polymorphisms (rs148543092 T > C; rs8103362 A > G,
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respectively) with CKD. This study also shows that the C allele of IFNL3 and G allele of IFNL2 was higher in the
CKD group when compared with control group.

Several research reported on SNPs of INFAR2 in hepatitis B virus infection, speci�cally, there is a possibility that
IFNAR2 polymorphisms is involved in chronic HBV infection susceptibility among Thailand population [34] and
involved when determining IFN response and predictive marker of hepatitis B virus infection among Chinese Han
population [35]. Ma et al. [36] reported that the polymorphism of IFNAR2 (rs1051393 G > T) is missense changing
from phenylalanine to valine. This SNP might be important in the risk of HBV infection by in�uencing the
expression of IFNAR2 protein on the surface of the cell resulting in anti-viral response and damaged signal
transduction. This result suggests that the IFNAR2 polymorphisms (rs1051393 G > T) might have association with
CKD. This research found that the T allele of IFNAR2 (rs1051393 G > T) was higher in the CKD group compared
with control group. The interrelationship of this SNP seems to be a codominant effect by inheritance analysis
model (major allele homozygotes vs. minor allele homozygotes). The result of this study indicates that the
mechanism underlying the association between IFNAR2 SNP (rs1051393 G > T) and CKD is to control IFNAR2
expression, which in turn affects type I Interferon effect.

TLRs are evolved to recognize components of foreign pathogen and damage-associated molecular patterns [37].
TLR9 were associated with kidney disease including crescentic glomerulonephritis, IgA nephropathy and lupus
nephritis [25, 38, 39]. Romani et al. [40] reported TLR9 promoter (rs187084 T-1486C) genetic variant might affect
the susceptibility to antipsoriatic therapy response in patients with psoriasis and alter its functionality. Meta-
analysis results showed that TLR9 rs187084 polymorphism may increase systemic erythematosus risk among
Asians [41]. Other studies have shown the results that TLR9 SNPs (rs352139 and rs352140) may lead to the
initiation and progression of chronic membranous glomerulonephritis and cervical cancer with human papilloma
virus infection [42, 43]. The results of this research show that the association between TLR9 gene polymorphisms
(rs187084 T-1486C) with the development of CKD.

Both CKD and end-stage kidney disease are featured by increased levels of pro-in�ammatory cytokine and
in�ammatory labeling. Cytokines may control the risk of developing kidney disease [44]. Cytokines induce resident
cells to proliferate, metalloproteinase, bioactive lipids, expression of adhesion receptors, reactive oxygen/nitrogen
species, procoagulant activity of endothelium and aberrant matrix metabolism. These molecules may be the
action mediators of renin–angiotensin system and hemodynamic factors [45–52]. IL-10, a cytokine that is anti to
in�ammation and has numerous functions, is primarily secreted by monocyte and lymphocyte. Also, IL-10
interacts with interleukin 10 receptor. The receptor complex of IL-10 consists of IL-10 receptor 1 (IL-10R1) and IL-
10RB (IL-10 receptor2). First, IL-10 joins to IL-10R1, and induces structural alterations that enables IL-10RB to
communicate with IL-10/IL-10R1 compounds. IL-10RB is also included in one of the constituents of IL-22R, IL-26R
and interferon-λ receptor [53]. Genetic variants of cytokine can affect transcription of gene and cytokine secretion
and modulate the risk of progression of cardiovascular and kidney diseases [44]. Numerous studies have shown
the interrelationship between IL-10RB polymorphism and several diseases. In fact, IL-10RB (rs2834167)
polymorphism can contribute to the high blood pressure at the risk of ischemic stroke [54] and may offer
protection against chronic HBV infections [55]. The results of this research did not show that the association
between IL-10RB gene polymorphisms (rs2834167 and rs8178562) with the development of CKD.

IL-22, an IL-10-related cytokine, activates the upward adjustment of the acute-phase reactor. It also guides
activation of JAK/STAT in several cell line including hepatomas, intestinal epithelial cells and mesangial cells [56].
Meta-analysis outcome has shown that IL-22 gene rs1179251 polymorphism may be a cancer risk factor but not
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rs2227485 polymorphism [57]. The rs2227485 SNP of IL-22 might have connection with the risk and multifocality
of primary thyroid cancer according to Eun et al. [58]. The results of this research did not show that the
association between polymorphisms (rs2227513 T > C; rs2227485 G > A) of IL-22 gene and the development of
CKD, however, showed an association with rs2227484 polymorphism.

Although there are few limitations of this study, which are the small sample size used for comparison within CKD
group, and not including various etiology of CKD such as hypertension and DM, this study have performed genetic
analysis of association between IFNL induction and signal pathway genes such as IFNL3, IFNL2, IFNAR2, TLR9,
IL-22, and IL-10RB and CKD for the �rst time.

We analyzed replicate associations involving IFNL3, IFNL2, TLR9 and IL22 using a second sample set. No
signi�cant associations involving IFNL3, IFNL2 and IL22 were observed in the replication set whereas concerning
the rs187084, in the TLR9 gene, a signi�cant association was observed pooling the original and the replication
sets.

In conclusion, the outcome of this study indicates the possibility of association between polymorphisms of IFNL
induction and signal pathway genes with the CKD. Secondly, Our results seem to TRL9 gene variant may be play a
risk factor on CKD with CGN. Further research is needed in large-scale prospective CKD cohort study.
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