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GENETIC POLYMORPHISM OF TOLL-LIKE RECEPTOR 4 —
PREDICTOR OF SUSCEPTIBILITY TO RECURRENT COURSE
OF CHRONIC PYELONEPHRITIS IN CHILDREN

Summary. Objective of investigation: to study the role of Toll-like receptor 4 Asp299Gly gene polymorphism in the
implementation of susceptibility to chronic pyelonephritis, to analyze its association with the major manifestations
of the disease and to assess the impact on the synthesis of interleukin-6 in the blood of sick children.

Methods. We examined a group of children aged 1—15 years with chronic pyelonephritis in the active stage
(n = 60). Control group consisted of 95 apparently healthy people.

Results. There were revealed significantly higher prevalence of Toll-like receptor 4 Asp299Gly gene polymorphism
among children with chronic pyelonephritis (n = 60), identified a statistically significant correlation of mutant
genotypes Asp299Gly, Gly299Gly with manifestation of the disease before the age of 3, and frequent episodes of
acute respiratory viral infections, torpid urinary syndrome, unstable remission and increased secretion of interleu-
kin-6 (p < 0.001). Thus, genetically determined Toll-like receptor 4 Asp299Gly gene polymorphism is a marker of
high risk of early manifestation of chronic inflammation in the kidney interstitium and prolonged recurrent clinical

course of the disease in children.
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Pyelonephritis is a classic example of multifactorial pa-
thology which is realized by the interaction of multiple en-
vironmental factors and hereditary predisposition [11, 12].
The reaction of the immune system in pyelonephritis begins
from the moment of contact with the infectious agent anti-
gen (acute inflammation) or after increasing the number of
microbes higher «level breakthrough» (urine microbial count
of higher than 100 000). Ability to recognize microorgan-
isms, which are constantly in contact the human body, is a
key starting mechanism that implements the deployment of
adaptation and adaptive reactions of microorganism [3, 4, 8].

Determination of the important role of innate immunity
came with the identification of distinctive pattern receptors
(pattern recognition receptors — PRR), namely, evolution-
ary conserved family of receptors, known in modern scien-
tific literature as family Toll (Toll-like receptors — TLR),
which play decisive role in the early defense of the body from
pathogens [1, 2, 5]. According to current knowledge, TLR4
isa central element of the structural and molecular multilevel
system image of distinctive receptors as in charge the bind-
ing of molecular patterns of pathogens and the formation ofa
protective response in collaboration with lipopolyssacharide
(LPS) — extracellular component of the outer membrane of
gram-negative bacteria [2, 7].

The molecular structure of TLR4 characterized by vari-
able extracellular N-terminal domain, which consists of

oligopeptide fragments with high leucine repeats, which de-
termines the ability to interact with LPS [1, 7, 9]. TLR4 ac-
tivation starts from the interaction of complex LPS/CD14/
MD-2 [5, 6, 8]. The resulting complex is accompanied by
its conformational changes and starts intracellular cascade
of reactions at the final stage which is the initiation of tran-
scription of genes that regulate the synthesis of proinflam-
matory cytokines [2]. Single nucleotide polymorphisms may
interfere with the regulation of the innate immune response
by the interaction of LPS, which is a key factor imbalance in
the immune system. With the advent of molecular genetic
studies in research laboratories in the United States for the
first time shown that genetic defects are responsible for the
synthesis of PRR, resulting in inadequate functioning of the
database of molecular structures, accompanied by violation
of signal transduction for nuclear factor (NF-xB) and disco-
ordinated synthesis of pro-inflammatory and anti-inflam-
matory cytokines [10, 12, 13]. Therefore, polymorphisms of
genes encoding TLR-4, can determine level of concentra-
tion of inflammatory and anti-inflammatory cytokines and
thus determine degree of expressed inflammatory response
[6, 8]. A similar mechanism may play a crucial role in the
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formation of chronic inflammation and act as a risk factor
for chronic inflammation, such as chronic pyelonephritis
(CP) [2].

Interleukin (IL)-6 is one of the mediators of sub acute
and chronic inflammation [9, 11]. In recent studies analysis
of cytokine uroepithelium potential and its realization is de-
voted to a series of works, mainly of experimental nature. For
example, the experimentally induced pyelonephritis on mice
demonstrated that cytokines are produced in response to bac-
terial infection by local cells, not just filtered. There are works
in which the authors propose to use the definition of the level
of IL-1 and IL-6 at children with acute pyelonephritis as an
early test of nephrosclerosis, and to assess the dynamics of the
inflammatory process, the adequacy of therapy and the need
for continued uroseptic therapy after discharge from hospital
[14—16]. There are studies that indicate a compelling need
to identify 1L-6 and 1L-8 among children with CP as labo-
ratory criteria for the formation of fibrotic processes in the
kidney and reflux nephropathy. Although the clinical signifi-
cance of interleukin-6 is being finalized existing work make it
possible to assume that the level of cytokines among patients
with Parkinson’s disease may be associated with the severity
of local inflammation.

There are studies that suggest that the presence of mutant
alleles of genes TLR4 Asp299Gly increased risk of acquir-
ing uric genital infections for adults and lead to asymptom-
atic bacteriuria among children [2, 5, 6]. There is a proven
correlation heterozygous (Arg753GlIn) by the mutant al-
lele genotype Toll-like receptor 2 with high sensitivity to
Escherichia coli and increased sensitivity to key intracellular
pathogens among children with chronic pyelonephritis [4].
Similar studies among children in our country have not been
conducted. Therefore, a more detailed understanding of the
genetic structure of susceptibility to chronic pyelonephritis
is reasonable to study the prevalence of missense mutations
among pediatric patients.

The aim of our research has also included studies the role
of gene polymorphisms Asp299Gly TLR4 in the implemen-
tation of susceptibility to chronic pyelonephritis, analyze its
association with major manifestations of the disease and to
evaluate the impact on the synthesis of 1L-6.

Material and Methods

A clinical and laboratory examination of 60 children aged
between 1—15 years with chronic pyelonephritis who were
hospitalized in the pediatric ward Ne 2, Poltava Regional
Children Clinical Hospital. Survey was carried in the active
stage of the disease. The diagnosis of chronic pyelonephri-
tis installed in accordance with the recommended criteria
on the basis of general clinical, laboratory and instrumental
examination of children by order of the Ministry of Health
from 11.03.2008 Ne 627 «On approval of the treatment pro-
tocol for children with urinary tract infections and tubuloin-
terstitial nephritis» [12].

The control group amounted to 95 healthy individuals
with genetic base of samples of Institute of Genetic and im-
mune basics of pathology and pharmacokinetics of Ukraini-
an Medical Stomatological Academy. From all patients we
received voluntary written consent to participate in research,
which was conducted with the permission of the Commis-

sion on Bioethics by Ukrainian Medical Stomatological
Academy.

Material for the study was peripheral venous blood. Ge-
notyping polymorphic areas Asp299Gly conducted by poly-
merase chain reaction (PCR) using oligonucleotide primers.
Amplification was performed onthermocyclers Tertsyk (DNA
Technology, Moscow). Polymorphic area of the gene Asp-
299Gly Toll-like receptor 4 was amplified by PCR in a 25 ml
reaction mixture. Determination of IL-6 in serum of children
with CP was conducted by enzyme immune-assay (ELISA).
The material research was peripheral venous blood sampling
which was conducted cube vein in sterile vacuum containers.
The study was conducted using a set of reagents for ELISA de-
termination of the concentration of 1L-6 in serum and urine
of man interleukin-6 ELISA-Best (JSC Vector-Best, Russia).
Research made on the Research Institute for Genetic and im-
munological basis of disease and pharmacogenetics by Ukrai-
nian Medical Stomatological Academy (Poltava).

Mathematical treatment of the data carried out us-
ing the program Statistica for Windows 7.0 (StatSoft Inc)
and spreadsheets MS Excel. The distribution of genotypes
in the investigated polymorphic loci tested for compliance
with Hardy-Weinberg equilibrium using the criterion 2. To
compare allele frequencies between the groups under study,
using Pearson’s y? test corrected for Yates continuity when
the number of degrees of freedom, which is equal to 1. Com-
parison of genotype frequencies between groups studied,
performed by analysis of interface tables using Fisher’s exact
test. For comparison, the frequency of choices in unrelated
groups calculated the odds ratio (OR) with 95% confidence
interval (CI). For all types of analysis considered differences
statistically significant at p < 0.05 at 0.05 < p <0.1 noted a
trend towards differences.

Results

The analysis of the frequency distribution of genotypes in
the studied gene TLR4 Asp299Gly in groups of observations
isgiven in Table 1.

Asshown in the table, «wild-type» of genotype TLR4 met
in 96.84 % of healthy individuals, the frequency of heterozy-
gous genotype was 3.16 %, GG mutant was not found. While
among children with chronic pyelonephritis frequency of
heterozygous genotype AG almost 3 times the performance
of control group (11.67 % and 3.16 %, respectively), and one
child was identified mutant genotype GG.

The study of the prevalence of normal and mutant al-
leles of the gene 299Gly Toll-like receptor 4 in the surveyed
groups (Table 2) showed that the mutant allele Gly more
than 4 times frequently detected among children with chron-
ic pyelonephritis (7.5 %) compared with the control group
(1.58 %) (> = 4.576; OR = 1.059, CI = 0.9989—1.122,
p=10.049).

Genetic markers may determine susceptibility to disecase
in general, or to be associated with specific pathogenesis sig-
nificant features. Therefore, as part of our work is an impor-
tant step was to investigate the influence of single nucleotide
polymorphisms Asp299Gly TLR4 gene on the course and
characteristics of clinical manifestations of chronic pyelo-
nephritis in children. To solve this problem, we formed two
groups of children: one — patients with heterozygous and
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homozygous for the mutant allele genotype (Asp/Gly, Gly/
Gly), and the second included children with normal distri-
bution allele (Asp/Asp). Analyzing the parameters of the
disease, we found probable differences among patients with
different variants of genotypes (Table 3).

Analyzing these data, we found that genotypes Asp/Gly
and Gly/Gly in children with CP were associated with early
manifestation of the disease up to 3 years of age (y*> = 12.31;
p < 0.05), whereas in pediatric patients with normal TLR4
allele distribution was observed later debut CP (x> = 3.92,
p <0.001). Comparing the clinical data, found that all chil-
dren with mutant genotype dominated by frequent episodes
of acute respiratory infections (3> = 4.03; p < 0.05), torpid
urinary syndrome (x> = 6.19; p < 0.001) and non-remission
(o2 = 17.98; p < 0.001), while a «wild-type» was character-
ized debut CP after 5 years and a short bladder syndrome.
It should be noted that children with genotype Asp/Asp and
Asp/Glywas characterized by significantly more pronounced
leucocyturia according to the analysis of urine by Nechypo-
renko during hospitalization and was 44156.25 £ 101.70 per
1 ml, in contrast to children with normal distribution of al-
leles where this figure is more than a factor of 2 was lower
(17861.70 % 89.69 per 1 ml, p < 0.05).

It should be noted that the output level of all pediatric
patients IL-6 had a great range of values, and the average
was 10.58 * 2.40 pg/ml. Therefore, an important step was
the analysis of 1L-6, depending on the genotype of TLR 4.
Index level of IL-6 healthy donors was taken by conventional
norm for this population, and according to a set of instruc-
tions reagents averaged 2 pg/ml with a range of 0—10 pg/ml.
Analyzing the results, it should be noted that children with
genotype Asp/Asp and Asp/Gly output level IL-6 was 1.56
times higher than the normal of genotype carriers of TLR4
(12.70 £ 4.34 and 8.01 = 1.44, respectively, p < 0.02). Thus,
the interaction with uropathogen strains epithelial cells of
children with heterozygous and homozygous for the mutant
allele genotypes correspond to faster production of pro-in-
flammatory cytokines, including I11.-6.

Whereas the regulation of immune and inflammatory re-
sponses by using cytokines, which on the one hand, the pro-
tective function, on the other — are involved in the pathogen-
esis of the disease, increasing the value of IL-6 in the group
of children from heterozygous and homozygous allele of
genotype may reflect severity of microbial activity in tubules
inflammatory processes, interstitial renal tissue. Proof of this
appeared correlation was found between the concentration of

Table 1. The distribution of genotype frequencies TLR4 Asp299Gly gene polymorphism among healthy
individuals and children with pyelonephritis, % (n)

Genotype Control group, n = 95 Children with CP, n = 60 P*
AA 96.84 (92) 86.67 (52) 0.0385
AG 3.16 (3) 11.67 (7)
GG 0(0) 1.67 (1)

Note: * — the level of significance, test the resulting 2.

Table 2. The distribution of allele frequencies TLR4 Asp299Gly gene polymorphism among healthy individuals

and children with CP
Frequency in Frequency in Pearson 2 o "
D control group | children with CP df=1 i) i
A 98.42 % (187) 92.5% (111) 4.576 1.059 (0.9989-1.122) 0.049
G 1.58 % (3) 7.5%(9)
Note: * — the level of significance, test the resulting 2.
Table 3. Analysis of correlation of genotypes with clinical manifestations of Parkinson’s disease
L. ) ) ) Number of patients
Clinical manifestations of chronic Yates corrected 2 P
pyelonephritis s elly eLyeLy e OR (95% Cl)
(8 patients), n (%) patients), n (%)
Debut of CP till 3 years Yes 6 (75) 9(17.31) 12.31 <0.05%
No 2(25) 43 (82.69) 14.33(2.48-82.83) :
Debut of CP after 3 years Yes 2 (25) 23(44.23) 1.58 - 0.05
No 6 (75) 29 (55.77) 0.47(0.07-2.4) '
Debut of CP after 5 years Yes 0 (0) 20 (38.46) 3.92 N
No 8(100) 32 (61.54) 0.0001 (1.03-0.003) | < 0.001
Torpid urinary syndrome Yes 8(100) 15 (28.85) 6.19 0.001*
Frequent acute respiratory Yes 7(87.5) 17 (32.69) 4.03 «
infections No 1(12.5) 35 (67.31) 9.87 (1.27-103.7) <0.05
Unstable remission Yes 7 (85.7) 11(23.9) 7.98 <0.001%
No 1(14.3) 35(76.1) 13.9(2.0-80.6) ’

Note: * — the level of significance, test the resulting x2.
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IL-6 levels at leukocyturia (r = 0.86, p < 0.05) and relapse af-
ter treatment (r=0.59, p < 0.05) in the data of patients.

Conclusions

Thus, the TLR4 gene polymorphism is misens-mutation
that alters the extracellular domain of the receptor, resulting
in the loss of opportunities to communicate with bacterial
LPS, leads to disruption of transmission of the activation sig-
nal to NFkB, followed by immune imbalance that covers all
aspects of the immune system and is characterized by long-
term recurrent chronic inflammatory process in the kidneys
with increased synthesis of IL-6 levels.

Polymorphisms Asp299Gly TLR4, commits mechanisms
regulating innate immune response, defines the changing na-
ture of the course and severity of clinical manifestations of the
disease. As a result of the research and analysis of the results,
we can suppose the presence of at least one association of mu-
tant genotypes (Asp/Gly, Gly/Gly) or allele (Gly) TLR4 gene
with increased risk of chronic pyelonephritis among children.
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FTEHETUMECKMU NOAUMOP®U3M TOLL-NOAOBHOIO
PELIENTOPA 4 — NPEANKTOP CKAOHHOCTU
K PELMAUBUPYIOLLEMY TEHEHMIO XPOHUYECKOIO
MAEAOHEDPUTA Y AETEU

Pe3siome. Llenp ucciaenoBanus: U3y4nTh POJIb MOJIMMOpGU3Ma
Asp299Gly rena Toll-nmogo6Horo peuenrtopa 4 B peaauszaluu
CKJIOHHOCTH K XpOHUUYECKOMY TTHEJIOHE(DPUTY, TPOAHATUZUPO-
BaTh €r0 acCOLMALIMIO C OCHOBHBIMU MTPOSIBJIEHUSIMU 3a00J1eBa-
HUSI ¥ OLIEHUTh BIMSIHUE HA CUHTE3 MHTEePJIEHKUHA-6 B KPOBH
OOJIbHBIX JIETEI.

Mertoapl. OOcieoBaHa rpynmna JaeTeil ¢ XpOHUYECKUM IHe-
JIOHe(PUTOM B aKTMBHOI cTamuu B Bodpacte 1—15 jet (n = 60).
['pyrimy KOHTPOJISt COCTaBMIN 95 PaKTUUYECKU 3MOPOBBIX JIFOICH.

Pe3yabtaTsl. BoisiBieHa 1ocToBepHO 00Jiee BbICOKAs pacripo-
cTpaHeHHOCTh nojumopdusma reHa TLR4 Asp299Gly cpenu
JeTell ¢ XpOHWYEeCKUM muesoHehpuToM (n = 60), ompenene-
Ha CTaTUCTUYECKM 3HAYMMas CBSI3b MYTAHTHBIX T€HOTHUIIOB
Asp299Gly, Gly299Gly ¢ maHudecrauueit 3adbojeBaHUsT 10
3-JIeTHETO BO3pacTa, YacThIMU SMU30JaMU OCTPOii pecrimpa-
TOPHOI BUPYCHOM MH(MEKIINHU, TOPITUIHBIM MOUYEBBIM CUHAPO-
MOM, HECTOMKO PEMUCCUEN U MOBBIILIEHUEM CEKPELIMU UHTEP-
neiikuHa-6 (p < 0,001). Takum 0O6pa3oM, TeHETHUECKH JIETeP-
MUHUPOBaHHbIN monumMopdusM Asp299Gly Toll-nmomobHoro
peuenrTopa 4 SIBAsSETCS MapKepoM, OIpPEAesISIONIMM BbICOKUI
pUCK paHHel MaHudecTaluyu XpOHUYECKOTO BOCMATUTEIbHOTO
npoliecca B UHTEPCTULIMU TOYEK U 3aTSKHOE PelUAMBUPYIO-
liee Te4eHue 3a00JeBaHuUs Y AeTel.
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FTEHETUYHUWN MOAIMOP®I3M TOLL-MOAIBHOIO
PELIENMTOPA 4 — NMPEAUKTOP CXUABHOCTI
AO PELMAMBYIOHOTO MEPEBINY XPOHIYHOTO
MIEAOHEDPUTY B AITEU

Pesiome. Mera AOCHKEHHS: BUBYMTU POJIb TOJIMOpPdi3-
My Asp299Gly rena Toll-nonibHoro peuentopa 4 y peantizatii
CXUJIbHOCTI IO XPOHIYHOTO Mi€JIOHe(PPUTY, TpoaHalizyBaTu iMoro
acolriallito 3 OCHOBHUMU TPOsIBAMU 3aXBOPIOBAHHSI 1 OLLIHUTHU
BILUTMB Ha CMHTE3 iHTePJIEHKiHY-6 Y KPOBi XBOPHX IiTEH.

Metomu. O0cTexxeHa rpyma J1iTei i3 XpoHiuHUM miesioHedpu-
TOM B aKTUBHIl cTazii Bikom 1—15 pokiB (n = 60). I'pymny KoHTp-
OJIIO CTAHOBWJIX 95 MPaKTUYHO 3M0POBUX JTIO/IEH.

PesyabraTi. BusiBieHo BipOrimiHO BUILY MOLIMPEHICTh IO-
snimopdizmy reHa TLR4 Asp299Gly cepen aiTeit i3 XpOHIYHUM
niesoHedpuToM (n = 60), BUBHAYEHO CTATUCTUYIHO 3HAYMMMIA
3B’SI30K MyTaHTHUX TeHOTUIIiB Asp299Gly, Gly299Gly 3 maHi-
(ecTaiiero 3aXBOprOBaHHs 10 3-piyYHOro BiKy, YaCTUMMU €ITi-
30/IaMH TOCTPOI PecIipaTOpHOI BipyCHOI iH(MEeKIIii, TOPIiTHIM
repediroM CeYoBOro CUMHAPOMY, HECTIKOIO peMici€ro i miaBu-
LIEHHSIM cekpellil iHnTepieiikiny-6 (p < 0,001). Takum yuHOM,
T€HETUYHO JAeTepMiHOBaHUI moniMopdisMm Asp299Gly Toll-
MoaiOHOro perenTopa 4 € MApKepPOM BUCOKOTO PU3UKY PAaHHBOIL
MaHidecTalii XpOHIYHOTO 3aMajJbHOTO MPOLECY B iHTEPCTULLIT
HUPOK i TPUBAJIOTO PELMAMBYIOUOTO Mepediry 3aXBOploBaHHS B
TiTei.

KirouoBi ciioBa: reH, rmosiMmopdism, Toll-momiOHMIT perentop
4, XpOHiuHUIi TieoHeDPUT, AiTU.
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