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Aim. To determine the pathogenetic role of Toll-like receptors-4 (TLRs-4) in the development of anemia of inflamma-
tion (Al).

Materials and methods. The content of TLRs-4, ferritin and iron in blood serum of 78 children (1.5 + 0.4 years old on the ave-
rage) was studied by enzyme-linked immunosorbent assay. The main group included 46 children with acute inflammatory
bacterial diseases of the respiratory system, which were divided into 2 subgroups: the first subgroup included 24 children with
Al, the second — 22 children without anemia. Depending on the etiological factor, the main group was divided into subgroups:
1a - 12 patients with Al, Streptococcus pneumoniae was detected as the pathogen, 1b — 12 patients with Al, the pathogen —
Haemophilus influenzae, 2a — 11 patients without Al, the pathogen — Streptococcus pneumoniae, 2b — 11 patients without
Al, the pathogen — Haemophilus influenzae. The comparison group included 16 children with iron deficiency anemia without
inflammatory manifestations. Control group included 16 conditionally healthy children. The observation groups were repre-
sentative by age and sex of the children.

Results. It was determined that the content of TLRs-4 in children in the main group depended on the bacterial pathogen.
The content of TLRs-4 in the subgroup where Haemophilus influenzae was the etiological factor exceeded more than 2 times
the results of the control group (P < 0.05), 1.7 times the comparison group, and 2 times relative to their content in the group,
where the disease was caused by Streptococcus pneumoniae (P < 0.05). There was a close correlation between the content of
TLRs-4 in the group of patients whose disease was caused by gram-negative flora and the content of ferritin (r= 0.8, P < 0.05).
The iron in the blood serum of children with anemia of inflammation was significantly lower than in the comparison and control
groups by 1.6 times (8.78 (6.8215.30) ng/ml and 13.88 (12.74-16.52) ng/ml, respectively, P < 0.05).

Conclusions. The development of Al in young children is accompanied by an increase in TLRs-4, primarily in response to
the intrusion of gram-negative microflora (Haemophilus influenzae). The content of ferritin is directly dependent on their level,
which suggests the starting role in the protective mechanism of iron sequestration, which is an important link in the pathogenesis
of the development of Al.

Poab Toll-noai6Hux peuentopis-4 B natoreHe3i po3BUTKY aHeMii 3ananeHHA
B AiT€ PaHHbOrO BiKy

I. 0. AexeHko, A. O. Morpi6bHa
MeTa po60Th — B1BYEHHS MaToreHeTuyHoi poni Toll-noaibHmnx peuenTopis-4 (TMP-4) y po3BuTKy aHeMii 3ananeHHs.

MaTtepianu Ta metoau. Buuunu Bmict TIP-4, hepuTuHy 11 3anisa B cupoBaTLi kpoBi 78 aitei (cepeaHin Bik — 1,5 + 0,4
POKy) MeToAOM iMyHODepMEHTHOTO aHanidy. B ocHOBHY rpyny Bknoumnmv 46 fitei, siki Many rocTpi 3ananbHi 6akTepiansHi
3aXBOPIOBaHHSI OpraHiB AMXaHHs; rpyny noginunu Ha 2 nigrpynu: nepwa — 24 AMTUHU 3 aHEMI€Er0 3ananeHHs, apyra — 22
auTnHn 6e3 aHemii. 3anexHo Big eTionoriYHOro YMHHMKA OCHOBHY rpyny AOCMIMKEHHS NOAINUAM Ha migrpynu: 1a — 12
nauieHTiB 3 aHeMieto 3ananexHs, 3byaHuk — Streptococcus pneumoniae, 1b — 12 pitein 3 aHeMieto 3ananeHHs, 36yaHUK —
Haemophilus influenzae, 2a — 11 xBopux 6e3 aHeMii 3ananexHs, 36yaHuk — Streptococcus pneumoniae, 2b — 11 ocib 6e3
aHewmii 3ananenHs, 30ygHuk — Haemophilus influenzae. Y rpyny nopiBHsSHHA 3anyumnun 16 giten i3 3anisogediunTHO
aHeMieto 6e3 3ananbHKX NPOsIBIB, Y KOHTPOILHY rpyny — 16 YMOBHO 300pOBYMX AiTeN. MPynu CNOCTEPEXEHHS penpe3eHTa-
TMBHI 3a BiKOM i CTATTIO AiTeN.

Pesynkratu. BectaHosunu, wo Bmict TMNP-4 B aiteit ocHOBHOI rpynu 3anexas Big 6akTepiansHoro 36yaHvka. Bmict TMNP-4 B
nigrpyni, ae eTionoriyHnm chaktopom byna Haemophilus influenzae, Ginbl HixX yABiIYi NepeBuLLyBaB pedynbTaTh rpyni KoH-
Tponto (p < 0,05), B 1,7 pasa — rpynu NOPiBHSHHS, BABIYI — LLIOAO BMICTY Y rpyni, i€ 3aXBOPIOBaHHS 3yMOBNEHO Streptococcus
pneumoniae (p < 0,05).

BcraHoBunmn TicHUi NpsiMuin kopensauinHWiA 38’A30K MiX KoHUEHTpaLieto TIP-4 y rpyni nauieHTiB, 3aXBOPIOBAHHS SKMX Crpu-
YMHEHE rpamMHeraTuBHoO Gropoto, Ta BMicToM deputuHy (r = 0,8, p < 0,05). BMmicT 3anisa B cMpoBaTLi KpOBi AiTel 3 aHeMieto
3ananeHHs 6yB BipOrigHO HYKYMM, HiXX MOKA3HUKM rpyn NOpiBHSHHS Ta kKoHTponto B 1,6 pasa (8,78 (6,82—15,30) Hr/mn i 13,88
(12,74-16,52) Hr/mn BignosigHo, p < 0,05).

BucHoBku. Po3BMTOK aHeMii 3ananeHHs B iTeN paHHLOTO BiKy CynpOBOMKYETLCA MiABULLEHHSAM piBHs TIP-4, nepeaycim y
BiAMNOBIAb Ha rpamHeraTmBHy Mikpodonopy (Haemophilus influenzae). BMicT hepuTuHy NpsiMo 3anexuTb Bif IXHbOTO PiBHS,
LU0 Aae NiacTaBy ANs NpUnyLLeHHs WoAo nyckosoi poni TIP-4 B 3aXMCHOMY MexaHi3Mi CekBecTpaLlii 3anisa, Skun € HanBax-
NUBILLIOO NTAHKOIO B NATOreHesi PO3BUTKY aHeMil 3ananeHHs.
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Poab Toll-noa0o6HbIX peuenTopoB-4 B naTtoreHe3e pa3BUTUA aHEMUU BOCNAAEHUA
y AeTel paHHero Bo3pacTta

I. A. AexxeHko, A. A. NorpebHas
Llenb paboTbl — n3yyeHne natoreHeTudeckon ponu Toll-nogo6Hbix peuentopos-4 (TINP-4) B pa3BuTM aHeMnm BOCNaneHus.

Matepuansi u metogbl. V3yunnu conepxane TINP-4, cheppuTiHa v xxenesa B CbIBOPOTKE KPOBW 78 AeTelt (CpeaHui Bo3pacT —
1,51 0,4 rona) METOAOM MMMYHOPEPMEHTHOTO aHanm3a. B 0CHOBHytO rpynny BKIoUMnv 46 AeTeit C OCTPbIMW BOCNIANUTENbHBIMM
6akTepuanbHbIM1 3a60MeBaHNSMU OPraHOB [bIXaHus, KOTOPbIX NOAENUIM Ha 2 NOArpyNMbl: nepsast — 24 pebeHka ¢ aHemMuen
BocnaneHusi, BTopas — 22 pebeHka 6e3 aHemuun. B 3aBUCMMOCTY OT 3TMONOrMYECKOro hakTopa OCHOBHYHO rpynny Uccneao-
BaHWS pasgenuny Ha noarpynnel: 1a — 12 nauneHToB ¢ aHeMuen Bocnanexus, Bo3byautens — Streptococcus pneumoniae,
1b — 12 6onbHbIX C aHeMuelt BocnaneHusi, Bo3dyautens — Haemophilus influenzae, 2a — 11 peteit 6e3 aHemumn BocnaneHms,
B0o30OyauTenb — Streptococcus pneumoniae, 2b — 11 nauveHToB 6e3 aHemun Bocnanenus, Bo3byautens — Haemophilus
influenzae. Tpynny cpaBHeHUs cocTaBunu 16 geten c xenesoneuunTHON aHemMmel 6e3 BOCnanuTENbHbLIX NPOSBNEHUNA,
KOHTpOIbHYIO rpynny — 16 yCrnoBHO 3[0poBbIX AeTel. [pynnbl HabnioaeHUs penpeseHTaTBHbI MO BO3pacTy W nony AeTei.

Pe3ynktathl. YcTaHoBneHo, Yto cogepxanue TIP-4 y aetelt B OCHOBHOM rpynne 3aBuceno ot BaktepuanbHoro Bo3dyau-
Tens. Copepxanue TMP-4 B nogrpynne, rae atnonorudeckum aktopom 6ein Haemophilus influenzae, npesbiwano Gonee
YyeM 2 pasa pesyrnbTatbl rpynnbl koHTpons (p < 0,05), B 1,7 pasa — rpynnbl cpaBHeHUs!, B 2 pa3a borbLUe OTHOCUTENBHO MX
cogepxaHusi B rpynne, rae 3abonesanue 6bino obycnosneHo Streptococcus pneumoniae (p < 0,05). OTMeyeHa TecHas
npsiMas KOPPENsALMOHHas CBA3b Mexay cofepxarnem TIP-4 B rpynne naumeHToB, 3ab60neBaHne KOTOPbIX BbI3BAHO rpam-
oTpuuaTensbHol criopol, 1 cogepxannem cepputuHa (r = 0,8, p < 0,05). ComepkaHue xenesa B CbIBOPOTKE KPOBU AETEN C
aHeMvieli BocrarneHus ObIno JOCTOBEPHO HMKe NMokasaTtenem rpynn cpaBHEHUS v koHTpons B 1,6 pasa (8,78 (6,82—15,30) Hr/mn
1 13,88 (12,74-16,52) Hr/mMn coOTBETCTBEHHO, p < 0,05).

BbiBoAbI. Pa3BuTie aHeMuy BocnaneHus y AeTei paHHero Bo3pacrta ConpoBOXAaeTCs noBbilleHneM yposHs TIP-4, npexae
BCETO0 B OTBET Ha BHeAPEHWe rpamoTpuLaTensHomn Mukpodnopsl (Haemophilus influenzae). Copepxanue epputiHa Haxo-
ANTCS B NPSIMOIA 3aBUCUMOCTU OT UX YPOBHS1, YTO NO3BOIISIET NPEANONOXMUTL MycKOBYt0 ponb TIP-4B 3aLUTHOM MexaHu3me

CeKBeCTpaLmm xenesa, KOTOprVI SBNSETCA BAXHENLLMM 3BEHOM B naToreHe3e pa3BuUTUA aHEMK BOCNaneHus.

Toll-like receptors (TLRs) are important mediators of the in-
flammatory response and the corresponding activation of
immune cells in response to the development of the infec-
tious process and tissue damage. They are expressed on
macrophages, neutrophils, natural killers, dendritic cells
and recognize highly conserved type molecules charac-
teristic for entire groups of microorganisms, the so-called
“pathogen-associated microbial patterns”. Components of
bacterial walls can serve as examples of such structures:
lipopolysaccharides of gram-negative bacteria, peptido-
glycans and lipoteichoic acids of gram-positive bacteria,
flagellin, viral nucleic acids [1]. However, despite the very
wide variety of receptors in this family, it was found that
TLRs-4 bind predominantly to bacterial antigens [2].

It is known that in response to the inflammatory pro-
cess, an increase in hematopoiesis is observed, which
is due to the satisfaction of a high need for an immune
response. Signaling of Toll-like receptors is involved in
the regulation of hematopoiesis by inducing proliferation
and differentiation of cells of myeloid origin in response to
the inflammatory process in the body [3], and its violation
can lead to a disorder in normal hematopoiesis [4].

Hemoglobin released during erythrocyte lysis can
initiate TLRs-4-dependent signaling and trigger NF-«kB
activation in surrounding cells [5]. The role of TLRs-4 has
been proven in the implementation of hemophagocytosis,
which occurs in response to their recognition of bacterial
pathogens, by inducing macrophages [6].

Given the study of anemia of inflammation (Al), of
particular interest are the studies of Paula G. Fraenkel
(2016), which demonstrate the activation of TLRs-4
signaling in response to the release of lipopolysaccha-
ride due to bacterial infection, which, in turn, leads to
increased production of pro-inflammatory cytokines
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inducing the production of the main protein of iron depot
in the reticuloendothelial system — ferritin [7-9].

Aim
To determine the pathogenetic role of Toll-like receptors-4
(TLRs-4) in the development of anemia of inflammation.

Materials and methods

We observed 78 young children: the average age of
the patients was 1.5 + 0.4 years. The main group included
46 children with acute inflammatory bacterial diseases of
the respiratory organs: acute bronchitis was diagnosed
in 35 patients, pneumonia — in 11 children. Taking into
account the hematological picture, the patients of the main
group were divided into two subgroups: the first subgroup
consisted of 24 children with Al, which was diagnosed
4-5 days after the onset of the disease, the second — 22
children with acute bacterial diseases of the respiratory
tract without manifestations of anemia. The dominant
pathogens of acute bacterial bronchitis were identified:
Haemophilus influenzae —in 18 (50 %) children, Strepto-
coccus pneumoniae —in 16 (44 %); pneumonia — Strepto-
coccus pneumoniae —in 7 (58.3 %) children, Haemophilus
influenzae —in 5 (41.6 %). Depending on the etiological
factor, the main group of the study was divided into four
subgroups: subgroup 1a consisted of 12 patients with Al,
Streptococcus pneumoniae was identified as a pathogen,
subgroup 1b consisted of 12 patients with Al, the patho-
gen — Haemophilus influenzae, subgroup 2a included
11 patients without Al, the pathogen — Streptococcus
pneumoniae, subgroup 2b included 11 patients without
Al, the pathogen — Haemophilus influenzae.

KnaloueBble cnoBa:
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Table 1. The TLRs-4 content in the blood serum of the observation groups

(Me(Q25; Q75))
Mam group, n = 46 Comparison Control group,
Subgroup 1, Subgroup 2, group,n=16 | n=16
n=24 n=22
TLRs-4, ng/ml 0.16 (0.10; 0.14 (0.19; 0.14 (0.12; 1(0.09; 0.12)
0.25) 0.20) 0.16)
Coefficient of 58.50 40.90 19.30 14.04
variation (Cv), %
*: P < 0.05 the significance of differences compared with the control group indicators.
0.6
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Fig. 1. Diagram of variation of TLRs-4 content in the blood serum of the observation groups.

1: the first subgroup; 2: the second subgroup; 3: comparison group; 4: control group.

The comparison group consisted of 16 children
with iron deficiency anemia without manifestations of
inflammatory diseases of the respiratory system. The
control group was represented by 16 conditionally healthy
children. The observation groups were representative by
age and sex of the children.

The study of the microbial spectrum of biomaterial
from the mucous membranes of the oropharynx was
carried out before antibiotic therapy was prescribed
on the VITEK 2 COMPACT bacteriological analyzer
(BioMérieux, France) using AES software: Global
CLSI-based + Phenotypic.

An enzyme-linked immunosorbent assay (ELISA)
determined the content of TLRs-4 and ferritin in the blood
serum of children of the observation groups. For the study,
the following kits were used: ELISA Kit for Toll-Like Re-
ceptor 4 (TLR4) (Cloud-Clone Corp., USA), Ferritin ELISA
(ORGENTEC Diagnostika GmbH, Germany).

Statistical analysis of the data was performed using
the statistical packages Excel and Statistica 13.0 (Stat-
Softinc. No. JPZ8041382130ARCN10-J). The coefficient
of variation Cv was calculated by the formula:

o
C,= o x 100 %, where

o — standard deviation, M — arithmetic mean.

With Cv over 20 %, it was considered that the variation
series has a large variety, at 10-20 % it is average, and
with a coefficient of less than 10 % the diversity is weak.
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The normality check was carried out by the Shap-
iro-Wilk test. We used the method of correlation analysis
with the calculation of the Spearman correlation coeffi-
cient. With an uneven distribution of characters and a
non-linear character of the dependence, the median and
quartiles were used (Me (Q25; Q75)). To assess the dif-
ferences in indicators, the nonparametric Mann—Whitney
U-test was calculated as a nonparametric analogue
of the Student criterion. Differences were considered
significant at P < 0.05.

All procedures performed in studies involving human
participants were in accordance with the ethical standards
of the institutional and national research committee and
with the 1964 Helsinki declaration and its later amend-
ments or comparable ethical standards. Informed consent
was obtained from all individual participants included in
the study. The full data set by children, their parents,
and physician that support the findings of this study are
not publicly available due to the restrictions of the ethics
approval originally obtained.

Results

The results of the study of the TLRs-4 content in the blood
serum of children under observation are presented in
Table 1.

Analyzing the results, we noted an increase in
the content of TLRs-4 in children with Al. A significant
difference between the content of TLRs-4 in the blood
serum of children under observation was observed only
between the main group and the control group (P <0.05).
A tendency to increase without a statistical difference
(P > 0.05) was revealed between the main group and
the comparison group. However, taking into account
the high coefficient of variation in the main group, we
determined a significant variation in the results in the main
group of the study (Fig. 7).

As shown in Fig. 1 in children of the first and second
subgroups a wide variability in the content of TLRs-4
(0.10-0.25 ng/ml and 0.10-0.20 ng/ml, respectively) in
the blood serum was demonstrated. Despite the fact that
there was no significant difference between the content
of TLRs-4 in the blood serum of patients of the main
group and the comparison group, in contrast to the main
group, the scatter of results in children with iron deficien-
cy anemia was not significant. The smallest variability
in the results of the content of TLRs-4 was observed in
the control group.

Taking into account the significant variability in
the content of TLRs-4 in the blood serum of patients of
the main group, which indicated its heterogeneity, we
ranked the results depending on the etiological factor.
The data obtained confirmed the logic of the assumption
made. A statistically significant increase in the level of
TLRs-4 in the blood serum of patients whose diseases are
caused by gram-negative flora (Haemophilus influenzae)
was established (Table 2).

The data obtained indicate that the development of
Al that manifested against the background of a disease
caused by Haemophilus influenzae was accompanied by
a statistically significant increase in the level of TLRs-4
in the blood serum more than 2 times in comparison with
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Table 2. The TLRs-4 content in the blood serum of the observation depending on the etiologic pathogen (Me(Q25; Q75))

m Main group, n = 46 Comparison group, n =16 | Control group, n =16

Streptococcus pneumoniae Subgroup 1a, n =12
0.10 (0.07; 0.10)*
Subgroup 1b, n =12

0.24 (0.23; 0.25)*#1

Haemophilus influenzae

Subgroup 2a, n = 11 0.14 (0.12; 0.16)
0.10 (0.10; 0.10)*
Subgroup 2b, n =11

0.2 (0.18; 0.20)*#2

0.10(0.09; 0.12)

*: P < 0.05 the significance of differences compared with the control group indicators; #: P < 0.05 the significance of differences compared with the comparison group
indicators; :: P < 0.05 the significance of differences compared with the subgroup 1a; % P < 0.05 the significance of differences compared with the subgroup 1b.

Table 3. Some indicators of iron metabolism in the observation groups (Me (Q25; Q75))

Main group, n = 48
Subgroup 1, n =26 Subgroup 2, n =22

Hemoglobin, g/L 100 (97; 107)*

RBC, T/L 3.7(3.40; 4.01)*
Ferritin, ng/mL 56.5 (48; 63)**
Iron, mol/L 8.78 (6.82; 15.30)**

101 (95; 106)

4.0 (3.50; 4.40)
435 (23; 48)*
13.1 (9.74; 17.22)

129 (119; 136.5) *
4.49(3.94; 5.04)*
52 (45; 78)#

9.85 (7.55; 12.50)*#

Comparison group, n =15 Control group, n =15

125 (119; 132)

47 (4.31;5.10)

29 (16; 50)

13,88 (12.74; 16.52)

*: P < 0.05 the significance of differences compared with the control group indicators; #: P < 0.05 the significance of differences compared with the comparison group indicators.

the control groups (P < 0.05), and 1.7 times relative to
the comparison group (P < 0.05). The content of TLRs-4
in the group of children with acute bacterial inflammatory
diseases without Al caused by Haemophilus influenzae
was 2 times higher than in the control group (P < 0.05) and
1.5 times higher than the results in the comparison group
(P < 0.05). In the group of children where Haemophilus
influenzae was the etiological bacterial pathogen, the level
of TLRs-4 was 2.4 times higher in the 1b subgroup and
2 times in the 2b subgroup compared with the indicators
of the subgroups 1a and 2a, in which the infection was
caused by Streptococcus pneumoniae. The content of
Toll-like receptors-4 in the blood serum of the main group,
the main disease in which was caused by Streptococcus
pneumoniae, did not differ from that in the control group,
and was 1.4 times lower than in the comparison group
(Table 2, Fig. 2).

Diagram of variation of the content of TLRs-4 in
the blood serum showed no scatter in subgroup 2a. The
smallest range of results was noted in both subgroups
of the main group, where Haemophilus influenzae was
the etiological factor.

We observed a direct correlation between the content
of TLRs-4 in the group of patients whose disease was
caused by gram-negative bacterial flora and the serum
ferritin content in the children under observation (r=0.8,
P < 0.05). It was noted that the content of ferritin slightly
varied between subgroups of the main group, exceeding
that in the control group (P < 0.05) and comparison
(P <0.05) (Table 3). The serum ferritin content in children
with iron deficiency anemia exceeded that in the control
group by 1.5 times (P > 0.05).

Hemoglobin content in the blood serum of the first
subgroup of the main study group showed a character-
istic laboratory picture for anemia, and corresponded to
the parameters of the comparison group (P < 0.05).

The iron content in the blood serum of children of
the main study group was significantly lower when com-
pared with the indicators of the comparison and control
group (P <0.05), however, its value did not differ between
the subgroups of the main study group, demonstrating
the developing latent iron deficiency in the second sub-
group of the main group. The level of iron in the blood

Pathologia. Volume 17. No. 1, January — April 2020
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Fig. 2. Diagram of variation of TLRs-4 content in the blood serum of the observation groups

depending on the etiologic pathogen.

1a: the first subgroup, the pathogen — Streptococcus pneumoniae; 1b: the second subgroup,
the pathogen — Haemophilus influenzae; 2a: the first subgroup, the pathogen — Streptococcus
pneumoniae; 2b: the second subgroup, the pathogen — Haemophilus influenzae; 3: comparison

group; 4: control group.

serum did not differ between the comparison and control
groups (P > 0.05), which is explained by the planned
administration of iron-containing drugs in children under-
going inpatient treatment for iron deficiency anemia. Our
study demonstrates a pronounced negative correlation
between the content of ferritin and the level of iron in
the blood serum of children who were under observation
(r=-0.8, P <0.05), which looks logical, taking into account
the pathogenesis of Al, the main link which is represented
by sequestration of iron in the depot.

Discussion

Summarizing the data obtained, it can be said that
the development of Al in young children with bacterial
diseases of the respiratory system proceeds against
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the background of a high level of TLRs-4. Additionally, it
was found that the content of TLRs-4 varied significantly
and was statistically significantly increased in cases
where Haemophilus influenzae was the etiological factor
of the disease. The obtained data can be explained by
the structural features of bacterial pathogens. The walls
of gram-negative bacteria contain lipopolysaccharide
endotoxin, which is responsible for the activation of innate
defense mechanisms through TLRs-4. In turn, lipoteichoic
acid, peptidoglycan, and lipoproteins are located on
the walls of gram-positive bacteria, which induce inflam-
matory reactions mainly through TLRs-2 [9].

The results of our study also demonstrate the differ-
ence between high levels of ferritin and the iron content
in the blood serum of children with iron deficiency anemia
compared with a group of relatively healthy children.
We suggest that the administration of iron-containing
medicines to inpatient children was a compensating
factor for iron deficiency in the blood. The studies of F.
Dumler (2003) [5,10] support our assumption. In turn,
the revealed direct correlation between TLRs-4 and
ferritin against the background of a reliably low iron level
in children of the first subgroup and latent iron deficiency
in children of the second subgroup probably indicates
immuno-sequestered iron sequestration in children from
the first subgroup, which is a leading pathogenetic link in
the development of Al. Taking into account the literature
data, we can assume that iron sequestration is the result
of activation of a number of its redistribution mechanisms
by proinflammatory cytokines in case of Al, in particular,
induction of ferritin expression [6,10,12]. The high con-
tent of Toll-like receptors-4 in serum with inflammation
anemia, proportional to the level of ferritin, suggests
their protective role, aimed at inhibiting the transport
of iron in the body. Our assumption is consistent with
studies by Carole Peyssonnaux et al. (2006), in which
the direct role of TLRs-4 in the inhibition of ferroportin
is indicated, which leads to disruption of the transport
of cellular iron into blood plasma [3,8,14]. These data
indicate a coordinated innate immune response of mac-
rophages in response to TLRs-4 signals to a decrease
in iron export by ferroportin at both transcriptional and
post-translational levels [3,15].

Conclusions

1. The development of Al in young children is accom-
panied by an increase in the level of TLRs-4, primarily
in response to the intrusion of gram-negative microflora
(Haemophilus influenzae).

2. The content of the protein complex of ferritin iron
deposition is directly dependent on the level of TLRs-4,
which suggests the role of the latter in the protective
mechanism of iron sequestration, which is an important
link in the pathogenesis of the development of inflam-
mation anemia.
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