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Abstract

Background/Aim: Toll-like receptor 4 (TLR4) is one of the regulators of the innate immune
response. Genetic variations in TLR4 have been associated with inflammatory diseases, includ-
ing type 2 diabetes. However, to our knowledge, there are no reports on the role of variations
in TLR4 in chronic kidney disease susceptibility. The objective of this study is to determine
whether the genetic variants in TLR4 are associated with the estimated glomerular filtration
rate (eGFR), a measure of renal function. Methods: To evaluate the association between TLR4
variants and eGFR, we used data obtained from 434 Mexican American participants from the
San Antonio Family Diabetes/Gallbladder Study. GFR was estimated using the Modification of
Diet in Renal Disease formula. The Asp(299)Gly (rs4986790) and Thr(399)lle (rs4986791) vari-
ants of TLR4 were genotyped using the TagMan assay. Association analyses between geno-
types and eGFR were performed using the measured genotype approach. Results: Of the two
genetic markers examined for association, only the Asp(299)Gly variant of TLR4 exhibited a
nominally significant association with eGFR (p = 0.025) after accounting for the covariate ef-
fects of age and sex terms, diabetes, duration of diabetes, systolic blood pressure, body mass
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index, and antihypertensive treatment. Carriers of Gly299 had significantly decreased eGFR
values. Although, the Thr(399)Ile variant failed to exhibit a statistically significant association
with eGFR, the carriers of Ile399, however, showed a trend towards decrease in eGFR. Conclu-
sion: We show for the first time that Asp(299)Gly variants of TLR4 are associated with decrease
in renal function in Mexican Americans. © 2016 S. Karger AG, Basel

Introduction

Chronic kidney disease (CKD), defined as reduction in estimated glomerular filtration
rate (eGFR), affects about 15% of the US population. The incidence and prevalence rates of
CKD are increasing worldwide, mirroring a substantial global disease burden, given that the
risk for end-stage renal disease, cardiovascular morbidity, and overall mortality increases
with declining GFR [1]. While CKD susceptibility is known to be influenced by traditional risk
factors, such as age, hypertension, diabetes, and dyslipidemia, emerging evidence indicates
that nontraditional risk factors, such as chronic inflammation-mediated activation of the
innate immune system, also contribute to the pathogenesis of CKD and diabetic nephropathy
(DN) [2, 3].

Toll-like receptor 4 (TLR4) is one of the key components of the mammalian innate
immune system. Binding of exogenous and endogenous ligands activates TLR4, which in turn
triggers a signaling cascade, leading to initiation of an adaptive and innate immune response.
Genetic variations in TLR4 are thought to alter the ligand-binding capacity and contribute to
the chronic inflammation-mediated pathogenesis of many diseases [4]. Particularly, the
Asp(299)Gly and Thr(399)lle variants that are located in the extracellular domain of TLR4
have been extensively examined for their association with inflammatory diseases [5, 6]. The
Asp(299)Gly and Thr(399)lle variants of TLR4 have been demonstrated to cause conforma-
tional changes in the vicinity of the mutation area and affect its folding efficiency, cell surface
expression, protein stability, as well as interaction with downstream signaling proteins [7].
These mutations also cause a 2-fold reduction in the expression level of TLR4 [8]. This
reduction is further increased to 10-fold in the absence of myeloid differentiation factor 2 that
forms a complex with TLR4 and lipopolysaccharide [8, 9]. Furthermore, it has been shown
that the Asp(299)Gly variant in TLR4 interferes with TLR4 interaction with the myeloid
differentiation primary response 88 and other downstream signaling proteins [10].

To our knowledge, there are no reports on the frequencies of these two polymorphisms
in the Mexican American population and their association with eGFR, a measure of renal
function. Therefore, the aim of the present study is to assess whether the Asp(299)Gly and
Thr(399)lle variants in TLR4 are associated with eGFR in Mexican Americans, a minority
population in the US at high risk for type 2 diabetes (T2DM) and its complications, including
nephropathy.

Materials and Methods

The recruitment of Mexican American family members and data collection procedures of the San
Antonio Family Diabetes/Gallbladder Study (SAFDGS) were reported previously [11]. In brief, probands
were low-income Mexican Americans with T2DM, and all first, second, and third degree relatives of probands
were invited to participate in the study. A variety of anthropometric, demographic, metabolic, and hemody-
namic variables were collected from the participants. Blood samples were obtained after a 12-hour fast and
collected again 2 h after a standard oral glucose load of 75 g for the assessment of plasma glucose levels.
Diabetes was defined as fasting glucose levels >126 mg/dl and/or 2-hour glucose levels >200 mg/dl. Partic-
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Table 1. Clinical characteristics

of the SAFDGS participants with Phenotypes HEEE Iy @
genotypic and phenotypic data Age, years 46.9+15.9
used for this study (n = 434) Female gender 61
T2DM 29
Duration of diabetes, years 7.9+9.4
Hypertension 34
Systolic blood pressure, mm Hg 128.5+18.4
Diastolic blood pressure, mm Hg 71.3+9.7
Body mass index 31.3+7.1
GFR-MDRD, ml/min/1.73 m? 89.0£18.9

Table 2. Model-derived mean values of eGFR by the genotype class of TLR4 variants

303

Trait rs4986790 (GAT to GGT)? rs4986791 (AGC to AAC)®
Asp(299)Gly Thr(399)lle
Asp/Asp Asp/Gly Gly/Gly p Thr/Thr Thr/Ile lle/Ile p
(n=400) (n=30) (n=1) value (n=403) (n=30) (n=1) value
GFR-MDRD
(ml/min/1.73 m?) 86.94+1.76 79.56+3.40 72.18+6.37 0.025 86.67+1.76 82.01+3.45 77.34+6.49 0.224

2 GAT to GGT: major allele = A (96.4%) and minor allele = G (3.6%); ® AGC to AAC: major allele = G (96.5%) and minor al-
lele = A (3.5%).

ipants who did not meet these criteria but reported to be under treatment with either oral antidiabetic agents
or insulin and who gave a history of diabetes were also considered to have T2DM. GFR was estimated by the
four-variable Modification of Diet in Renal Disease (MDRD) equation [12]. For the present study, we used the
eGFR and TLR4 variant data available for the 434 participants.

Genotyping of Asp(299)Gly (rs4986790) and Thr(399)lle (rs4986791) variants of TLR4 was performed
using the TagMan assay (Applied Biosystems, ABI, USA). Allelic discrimination PCR was carried out on a
GeneAmp PCR system 9700 (ABI), and fluorescent signals were detected on an ABI PRISM 7700 sequence
detector (ABI).

Statistical genetic association analysis was performed using the program SOLAR. Briefly, the genotypic
data were checked for Mendelian consistency using the program SimWalk2 [13]. Allele frequencies were
estimated using maximum likelihood techniques, which account for pedigree structure. The quantitative
transmission disequilibrium test was carried out to examine hidden population stratification [14]. Associ-
ation analysis was performed using the measured genotype approach within the variance components
analytical framework implemented in SOLAR [15].

Results

Table 1 shows the clinical characteristics of the 434 genotyped individuals in this study.
A total of 29% of the study participants (mean age = 46.9 years, females = 61%) had T2DM.
The association results of the genotyped SNPs are presented in table 2. The allele frequencies
of A and G of the rs4986790 variant of TLR4 were 96.4 and 3.6%, respectively. With respect
to rs4986791, the allele frequencies of G and A were 96.5 and 3.5%, respectively. Genotypic
data were in Hardy-Weinberg equilibrium. There was no evidence for hidden population
stratification in the data as tested by the quantitative transmission disequilibrium test. Of the
two SNPs in TLR4 examined for their association, the A to G substitution at codon 299 changing
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the amino acid from aspartic acid to glycine [Asp(299)Gly] with minor allele (G) frequencies
0f 3.6% exhibited significant association with eGFR (p = 0.025) after adjusting for the covariate
effects of age, sex, body mass index, diabetes, duration of diabetes, systolic blood pressure,
and use of antihypertensive medications. The model-derived mean eGFR values by genotype
categories are shown in table 2. The carriers of the Gly299 variant had significantly decreased
eGFR values. In addition, the G to A substitution at codon 399 changing the amino acid from
threonine to isoleucine [Thr(399)lle], with minor allele (A) frequencies of 3.5%, failed to
show an association with eGFR. The carriers of 11e399 indicated a trend towards a decrease
in eGFR (table 2).

Discussion

Genome-wide linkage and association analyses have been employed to localize suscepti-
bility genes influencing renal dysfunction [16, 17]. However, genetic variants underlying this
susceptibility have not been fully identified. In an effort to resolve this issue as a comple-
mentary approach, the present study investigated the influence of genetic variants of TLR4
on renal dysfunction and identified that the Asp(299)Gly variant in TLR4 is associated with a
decrease in eGFR.

TLR4, a key member of the innate immune system, binds to the exogenous ligands, such
as hyaluronan, heparan sulfate, or fibrinogen, and promotes renal injury by increasing
inflammation [2]. Chronic inflammation-mediated activation of the innate immune system
has been implicated in the pathogenesis of CKD/DN [2, 3]. In diabetes, TLR4 may sense high
glucose, free fatty acids, and advanced glycation end products as signal molecules and trigger
the inflammatory signaling cascade to contribute to DN [3]. In DN patients, TLR4 expression
was found to be upregulated in glomeruli with a subsequent decline in eGFR [3]. TLR4
expression was associated with increased expression of TGF-f1 in kidney biopsies from
patientswith CKD/DN [3, 18].Insummary, itis evidentthat TLR4 activation likely contributes
to DN.

Genetic variants in TLR4, particularly the Asp(299)Gly and Thr(399)lle, have been asso-
ciated with inflammatory diseases, including obesity, insulin resistance, T2DM, and the meta-
bolic syndrome [5, 6]. However, the frequencies and role of these variants in regulating eGFR,
a measure of renal function, have not been investigated in the Mexican American population.
In this study, we observed a minor allele frequency of about 3.5% for both the Gly299 and
[1e399 variants in our Mexican American population, which is lower than those observed in
Mexican and Caucasian populations. In the Mexican population, the minor allele frequencies
of Gly299 and 11e399 were 5.9 and 6.3%, respectively [19]. With respect to Caucasians, the
minor allele frequencies of Gly299 and 11e399 were 7.9 and 11%, respectively [20]. Ethnic
differences in the occurrence of genetic variants at the TLR4 locus may relate to the ethnic
specific predisposition to inflammation-mediated pathogenesis of disease.

Of the two variants examined, this study observed a significant association between
Asp(299)Gly and eGFR after accounting for the covariate effects. Interestingly, the carriers of
Gly299 had significantly decreased eGFR. Although the functional significance of the associ-
ation of the Gly299 variant of TLR4 with reduced renal function needs to be examined, the
Gly299 variant of TLR4 may alter the ligand-binding capacity and its activation, balance
between pro- and anti-inflammatory cytokines, and thereby may contribute to the chronic
inflammation-mediated loss of renal function. In support of this statement, STZ-induced
diabetic and uninephrectomized TLR4~/~ mice displayed a significant reduction in renal
function, renal cortical NF-kB activation, tubular CCL-2 expression, and interstitial macro-
phage infiltration compared to wild-type animals [21].
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There are some limitations concerning the findings of this study. The GFR estimated by
MDRD has not been validated in Mexican Americans. Our data are cross-sectional in nature
and the eGFR was estimated using a single random blood sample for serum creatinine concen-
tration. Therefore, a prospective study could be useful to precisely assess the effect of the
Gly299 variant of TLR4 on the decline of renal function over time. Another major limitation
of this study is the relatively small sample size. Given the sample size available for this study,
there was 80% power to detect genetic influences that account for 2.2% of the phenotypic
variation in eGFR at a significance level of 0.05. However, the observed association with
rs4986790 explained 1.04% variation, in turn indicating the chances of finding this associ-
ation was approximately one in two. Therefore, additional validation studies with increased
sample sizes in ethnically diverse populations coupled with animal models could add addi-
tional strength to our current association finding. Apart from these, this study, for the first
time, provides the evidence that the Asp(299)Gly variant in TLR4 associates with a decrease
in eGFR in Mexican American participants of the SAFDGS, although it is a nominally statisti-
cally significant finding.
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