Monitoring of Genetic Polymorphisms in Toll-Like Receptors 2, 4,5 and 9

42

RATIONALE: Toll-like receptors (TLRs) constitute a family of transmembrane proteins that
play a crucial role in the innate immune system by differentially recognizing pathogen-
associated molecular patterns (PAMPs) through an extracellular domain and initiating
inflammatory signaling pathways through an intracellular domain. Due to the central role of
TLRs in the innate immune response, genetic variation in this gene family is predicted to
alter susceptibility to infections in a PAMP-specific manner based on the ligand recognition
of the individual TLR. METHODS: Real-time PCR assays were developed to enable rapid
genotyping of the following TLR polymorphisms: TLR2 (Arg753GIn), TLR4 (Asp299Gly and
Thr399lle), TLR5 (Arg392STOP) and TLR9 (-1237). The distribution of these
polymorphisms within a population of 40 healthy control subjects was determined based on
melting peak analysis. RESULTS: The frequency of individuals in this study who were
heterozygous for polymorphisms was observed to be 10% for TLR2 (Arg753GIn) and TLR4
(Asp299Gly and Thr399lle), 18% for TLR5 (Arg392STOP) and 20% for TLR9 (-1237). The
only variant homozygote was found for TLR9 (-1237) at a frequency of 2.5%. These
polymorphic frequencies are in general concordance with other larger genetic studies.
CONCLUSIONS: In this study, we developed real-time PCR assays to genotype
polymorphisms in TLRs that have been associated with increased risks for staphylococcal
infections (TLR2), a higher risk for sepsis from gram-negative bacteria (TLR4),
susceptibility to infection from flagellated bacteria (TLR5) and an increased risk for asthma
(TLR9). Monitoring of these TLR polymorphisms will be potentially important in the
evaluation of individuals with unexplained or recurrent infections.

BACKGROUND

While less than 10 years have passed since the identification of the Drosophila protein
Toll, research into human Toll-like receptors (TLRs) has guided the field of innate
immunity to its present era of accelerated advancement. TLRs are germline-encoded

with Real-Time PCR Assays

Jeff D. Hester & John F. Halsey
IBT Reference Laboratory, Lenexa, KS 66219

Figure 1. Human TLRs with their corresponding PAMPs
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TLR GENETICS

TLR2: The Arg753GIn polymorphism is associated with increased risk of sepsis
caused by gram-positive bacteria such as Streptococcus pneumoniae. A second
polymorphism Arg677Trp is located in the intracellular domain of human TLR2 and
leads to the inability to mediate mycobacterial signaling. In addition, this polymorphism
has been shown to be associated with lepromatous leprosy in the Asian population.

TLR4: Two polymorphisms Asp299Gly and Thr399lle affect the extracellular domain of
TLR4 and are associated with hyporesponsiveness to LPS (gram-negative bacteria)
which leads to enhanced risk of sepsis but reduced risk for carotid atherosclerosis.
Furthermore, recent reports have linked both Asp299Gly and Thr399lle polymorphisms
to Crohn's disease and ulcerative colitis.
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Figure 2. TLRs 2, 4, 5 and 9 polymorphism-specific melting peaks
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pattern-recognition receptors (PRRs) that directly recognize invariant molecular _ ) Table 1. The distribution of TLRs 2, 4, 5 and 9 polymorphisms
structures called pathogen-associated molecular patterns (PAMPS) that are shared by TLRS: The polymorphism Arg392STOP prematurely truncates TLRS in the within 40 healthy control subjects
|arge groups of microbial pathogens (bacteria, fungi’ prOtOZOa and VirUSeS). TLRs eXtraCe!IUIar‘dOma|n, Wh|Ch re‘SUItS |n the loss of the tl’ansmembrane‘ dOmaJn-and the Real-time PCR assays were deve|0ped to enable rapid genotyping of the
expressed on cells of the innate immune system recognize PAMPs on invading microbes entire signaling cytoplasmic tail. This polymorphism prevents flagellin signaling _ following TLR polymorphisms: TLR2 (Arg753GIn), TLR4 (Asp299Gly and
and activate signaling pathways that launch immune and inflammatory responses to through TLRS in a dominant fashion and is associated with susceptibility to pneumonia Thr399lle), TLR5 (Arg392STOP) and TLR9 (-1237). The distribution of
destroy the microbial invaders. To date, ten human TLRs (1-10) have been identified. caused by Legionella pneumophila. these polymorphisms within a population of 40 healthy control subjects was
TLRs represent a family of homologous proteins that are characterized by extracellular : e : : determined based on melting peak analysis (Figure 2). As shown in Table 1,
leucine-rich repeat domains and intracellular cytoplasmic domains that are homologous TLR9: A polymorphism located within the putative promoter region of TLR9 (-1237) the frequency of individuals in this study who were heterozygous for
to those of the IL-1 receptor (Toll-IL receptor (TIR) domain) and responsible for signal may influence transcriptional regulation of the TLR9 gene. Additionally, this polymorphisms was observed to be 10% for TLR2 (Arg753GIn) and TLR4
transduction. While most TLRs exist as homodimers and recognize a discrete set of polymorphism has been associated with increased risk of asthma. (Asp299Gly and Thr399lle), 18% for TLR5 (Arg392STOP) and 20% for
ligands (e.g. TLR4:LPS; TLR3:dsRNA), other TLRs form heterodimeric complexes with TLR9 (-1237). The only variant homozygote was found for TLR9 (-1237) at
other TLRs or accessory proteins to broaden their repertoire of microbial stimuli (e.g. a frequency of 2.5%. These polymorphic frequencies are in general
TLR1:TLR2 and TLR2:TLR®). concordance with other larger genetic studies. In this study, we developed
While effective microbial detection relies on each TLR to sense a distinct repertoire of real-time PCR assays to genotype polymorphisms in TLRs that have been
PAMPs, effective TLR signaling relies on commonality with each TIR using either one or a associated with increased risks for staphylococcal infections (TLR2), a
combination of four shared signal transduction pathway adapter proteins. These adapter higher risk for sepsis from gram-negative bacteria (TLR4), susceptibility to
proteins are heavily studied and are known as MyD88, MAL/TIRAP, TRIF, and TRAM. infection from flagellated bacteria (TLR5) and an increased risk for asthma
Upon TLR activation, the TIR domain binds to an adapter protein(s), which in turn, (TLR9). Monitoring of these TLR polymorphisms will be potentially
through a series of phosphorylation reactions, causes nuclear translocation of NF-KB and important in the evaluation of individuals with unexplained or recurrent
transcription of immune response genes and the production of proinflammatory cytokine infections.
such as IL-1, TNF-a and IL-6. The release of these signaling molecules results in the
rapid marshalling of neutrophils, monocytes, macrophages, complement factors,
antimicrobial peptides and acute-phase proteins in a complex and highly regulated
response against the infection. Since TLRs are germline-encoded pattern-recognition
receptors that play a central role in the innate immune response, genetic variation in this
gene family has been shown to alter susceptibility to infections in a PAMP-specific
manner based on the ligand recognition of the individual TLR. Furthermore, while not
discussed here, polymorphisms within the genes of the various components of the TLR
signaling pathway have been reported and are of great importance since the majority of
TLRs utilize a common signaling pathway.
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ProGenotyper TLR 2, 4, 5 and 9 Real-Time PCR Assays

Each TLR polymorphism-specific PCR assays was performed in a reaction volume
of 10 pL containing TLR polymorphism-specific primers and probes as well as
MgCI2, LightCycler-DNA Master Hybridization Probes Reaction Mixture (Roche
Diagnostics Corp. Indianapolis, IN), 2.5 ug of bovine serum albumin Fraction V
(Sigma-Aldrich Co., St. Louis, MO) and 20 ng of genomic DNA template (Qiagen
Inc., Valencia, CA). PCR was performed with a Roche LightCycler with PCR cycling
conditions consisting of 10 min at 95°C, followed by 50 cycles of 95°C for 10 sec,
55°C for 11 sec and 72°C for 10 sec. Melting curve analysis was performed by
slowly ramping the temperature from 40-75°C at 0.1°C/sec with continuous
fluorescence monitoring.
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