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Aim. To determine the pathogenetic role of hepcidin in the development of anemia of inflammation in young children.

Materials and methods. The content of hepcidin, ferritin and erythropoietin was studied in young children. The serum total
iron-binding capacity, the coefficient of saturation of iron in transferring was determined. The main group consisted of children with
acute inflammatory bacterial diseases of the respiratory system: the first subgroup included children with anemia of inflammation,
the second group — without anemia. The comparison group included children with iron deficiency anemia without inflammatory
manifestations. The control group consisted of conditionally healthy children. The studied groups were age- and sex-representative.

Results. Patients with acute bacterial diseases of respiratory tract who developed anemia of inflammation had an elevated level
of hepcidin, doubling the control group indicator (2.09 (1.81; 2.24) ng/ml and 1.07 (0.98; 1.17) ng/ml, respectively, P < 0.05). Its
increase did not depend on the etiological factor of the disease; however, it increased with the disease severity. Low iron content
was found in the first subgroup compared with other groups (P < 0.05), and in the second subgroup, there was an increasing trend
inits content (P > 0.05). A high level of ferritin was detected in both subgroups, the concentration of which was 2 times higher than
in the control group (P < 0.05). A close direct correlation was established between the serum contents of hepcidin and ferritin in
the studied groups of children (r = +0.93, P < 0.01). The coefficient of saturation of iron in transferring was lower in the main group
than in the comparison and control groups (P < 0.05). The level of serum total iron-binding capacity was statistically significantly
decreased in the first subgroup (P < 0.05), and significantly increased in the second subgroup (P < 0.05), while there was only its
downward trend (P > 0.05) in the comparison group. An increase in the content of erythropoietin was observed only in the group
of children who were diagnosed with iron deficiency anemia. Its level was statistically significantly higher than the indicators of
both subgroups of the main and control groups (P < 0.01).

Conclusions. Hepcidin plays a significant pathogenetic role in the development of anemia of inflammation in young children
due to the regulatory effect on iron deposition. The increase in its level in response to the development of a bacterial inflam-
matory process of the respiratory system in young children did not depend on the etiological factor of the disease.

PoAb rencuauHy B NaTOreHETUUHUX MeXaHi3Max po3BUTKY aHeMii 3ananeHHsA
B AiTel paHHbOTO BiKY, AAKi MalOTb rocTpi 3ananbHi 6akTepiaAbHi 3aXBOpPIOBAHHA
opraHiB AMXaHHSA

I. 0. AexeHko, A. O. Morpi6Ha
MeTa po6oTH — BUBYNTW MATOrEHETUYHY PONb rencuamnHy B PO3BUTKY aHEMIT 3anarneHHs B [iTeil paHHbOTO BikY.

Marepianu Ta metogu. Buunnun BMICT rencuamHy, eputuHy Ta epUTPONOETUHY B [iTei paHHbOro Biky. BuaHaumnm 3aranbHy
3ani303B'A3yBanbHy 30aTHICTb CUPOBATKW KPOBI, KOEMILIEHT HAaCU4YEHOCTi TpaHChepuHy 3anizoM. OCHOBHY rpyny YTBOPUAW 4iTU
3 rOCTPUMK 3ananbHUMK BakTepianbHUMK 3aXBOPIOBAHHSIMI OpraHiB AVXaHHS: nepLuy Niarpyny — AiTv 3 aHeMIEro 3ananeHHs,
apyry — 6e3 aHemii. Y rpyny nopiBHAHHS BBIALLNM AiTv 3 3anizoaediunTHOK aHeMieto 6e3 NPOsBIB 3ananeHHs, B KOHTPOMbHY —
YMOBHO 370pOBi AiTW. [Pyni CrocTepexeHHs penpeseHTaTyBHI 3a BIKOM i CTaTTHO XBOPUX.

Pesynktatu. Y fiteit, ski MaroTh rocTpi 6akTepianbHi 3aXBOPIOBaHHS OpraHiB AUXaHHs! i B IKUX PO3BUHYNACs aHEMIs 3ananeHHs,
BW3HAYMINM NiABULLEHWIA PiBEHb rencuamHy, Wo Bbys yaidi HinbLwnMm 3a nokasHuk rpynu koHTporio (2,09 (1,81; 2,24) vr/mn i 1,07
(0,98; 1,17) Hr/mn BignosiaHo, p < 0,05). Moro HapocTaHHs He 3anexano Bif eTionori4HOro hakTopa 3aXBOPKBAHHS, OAHaK 36inb-
LLyBanocs 3 ycknagHeHHsM nepebiry 3axBoptoBaHHs. Hu3bkuii BMICT 3anisa NOPIBHSHO 3 iHLUMMY rpynamMy BCTaHOBUIW B NEPLUIiA
nigrpyni (p < 0,05), y Apyrii nigrpyni BU3Ha4nnm TeHAEHL;to [0 1oro niasuerHs (p > 0,05). Bucokuit piBeHb hepuTHy BUSIBIATW
B 060X niArpynax, oro KoHLeHTpaLlis 6yna Bagivi 6inbLLO, HX y rpyni koHTponio (p < 0,05). BcTaHoBMMM TICHUIA NpsIMUIA 3B'130K
MiXX BMICTOM rencuayHy Ta oepuTiHy B CUpOBaTLL KPOBI AiTew i3 rpyn gocnimkeHns (r = +0,93, p < 0,01). KoedilieHT HacnyeHHs
TpaHcdepyHy 3ani3oM B OCHOBHIN rpyni ByB HXYMM, HiX Y rpynax NopiBHAHHS Ta KOHTPonto (p < 0,05). 3HWKeHHS piBHSA 3aranbHOI
3ani303B's13yBanbHOI 30aTHOCTI CMPOBATKYM KPOBI BYNO CTaTUCTUYHO 3HaYyLLWM B nepLuiv nigrpyni (p < 0,05), BiporigHe nigsuLLeHHs
LIbOro NokaaHuka Bu3Haumnu B nigrpyni 2 (p < 0,05); y rpyni NOPIBHSIHHSA BUSIBUNN Tifbkn TEHAEHLiIO A0 Ti 3HWKeHHs (p > 0,05).
MinBULLEHHS PIBHS EPUTPOMOETUHY COCTepirank Tinbki Y rpymi AiTel, B AKUX AiarHocToBaHa 3anisofediumTha aHemisi. Moro
piBEHb CTATUCTUYHO 3HAYYLLO NepeBULLYBaB MOKa3HMKI OCHOBHOI Ta KOHTPOMbHOI rpyn (p < 0,01).

BucHoBku. lencuavH Bigirpae BaxnmBy NaToOreHETUYHY PoMb Y PO3BUTKY aHeMii 3ananeHHs B AiTeN paHHbOro BiKy BHACMILOK
perynoBasnbHOro BNMBY Ha NpoLec AenoHyBaHHA 3aniaa. MiABULLEHHS Oro piBHA y BiANOBIAb HA PO3BUTOK BakTepianbHOro
3ananbHOro NPoLEeCy B OpraHax AvxaHHs B AiTeN paHHbOro BiKy HE 3anexano Bif eTionoriYHoro haktopa 3axBoproBaHHS.
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PoAb rencuavHa B naToreHeTUYECKUX MeXaHM3MaxX pa3BUTUA aHeMUU BOCNAAeHUSA
y AeTeu paHHero Bo3pacrta, 60AbHbIX 0CTPbiMU BOCNAAUTEAbHbIMH 6aKTepMaI\beIMM
3aboneBaHMAMM opraHoB AblXaHUA

I. A. AexeHko, A. A. MorpebHasn

Lienb paﬁOTbl = U3Yy4NTb NATOreHETUYECKYIo ponb renckmHa B passnTnn aHeMun BocnaneHua y neten paHHero so3pacrta.

Martepuanbi v MeTogbl. V3yunnu conepxaHue rencuamnHa, peppuTiHa 1 3puTponoaTuHa y AeTer paHHero Bospacta. Onpenenunu
00LLLYI0 Kene30CBA3bIBAOLLYH0 CTOCOBHOCTb ChIBOPOTKY KPOBM, KO3(MLIMEHT HACHILLIEHHOCTM TpaHCdepprHa xene3oM. OCHOBHYO
rpynMy CoCTaBuIv AETU C OCTPbIMM BOCIanuTENbHbIMM GakTepuansHbIMv 3a60neBaHNsIMM OPraHoB AbIXaHWS: B NEPBYHO MOArpynny
BKIMKOYEHbI AETW C aHeMueli BocnaneHus, BO BTOpyto — 6e3 aHemuu. B rpynny cpaBHeHWst BOLLNW AeTH C kene3onednumTHOR
aHemuert 6e3 BocnanuTenbHbIX MPOSIBNEHMIA, B KOHTPOMbHYHO — YCIIOBHO 340poBble AeTW. [pynnbl HabrnioaeHns penpeseHTaTBHbI
1o BO3pacTy 1 Nony BoMbHBIX.

Pesynerartbl. Y getelt, 60mbHbIX OCTpbIMM HakTepuanbHbIMY 3a00neBaHNSIMU OPraHOB [bIXaHus, Y KOTOPbIX pa3Bunacb aHemmus
BOCMareHns, OTMEYeH MOBbILLIEHHbIN YPOBEHb rencuanHa, KOTOpbIN MPeBbILIan nokasarenu rpynmbl KOHTpons B 2 pasa (2,09
(1,81; 2,24) wr/mn v 1,07 (0,98; 1,17) Hr/mn cootBeTcTBeHHO, p < 0,05). Ero HapacTaHue He 3aBKCENo OT STMONOMUYECKOrO
¢hakTopa 3aboneBaHsl, 0QHaKO YBENUYMBANOCh NPU NOBBILLEHUN TSKECTU TeYeHNs 3aboneBanns. H13koe cogepxanme xenesa
B MEPBOW NOArpynne YCTaHOBMEHO MO CPaBHEHMIO € ApyrimMu rpynnamm (p < 0,05), Bo BTOpOIt noarpynne oTMeveHa TeHaeHumst
k ero nosbiLweHmto (p > 0,05). OTMeYeH BbICOKWIA YPOBEHb heppuTHHa B 0Benx Noarpynnax, ero KoHLEeHTpauys obina B 2 pasa
BblLLe, Yem B rpynne koHTpons (p < 0,05). YcTaHoBNeHa TecHas NpsiMas CBA3b MEXAY CoAepKaHWeM rencuauHa u hepputuHa
B CbIBOPOTKE KPOBY AeTeit 13 rpynn uccnegosanus (r = +0,93, p < 0,01). KoadpdmumeHT HacbilieHns TpaHceppuHa Xenes3om B
OCHOBHO rpynne Hke, YeM B rpynnax cpaBHeHUst 1 KoHTpons (p < 0,05). CTaTucTuyecky 3Ha4YMMOoe CHIKEHUE YPOBHS o6LLel
Xene3ocBs3bIBatoLLel cnocobHOCTY 0TMEYEHO B NepBoi noarpynne (p < 0,05), a ee 4OCTOBEPHOE NOBbILLIEHVE — B Noarpynne 2
(p < 0,05); B rpynne cpaBHEHWS yCTaHOBMEHA NNLLb TEHAEHLMS K ee CHkeHmto (p > 0,05). MNMoBbILLeHWe YpOBHS 3pUTPONOaTUHA
Habnoganu Mvwb B rpynne AETeR, Y KOTOPbIX AMArHOCTUpOBaHa xenesoaeduuntHas aHemusi. Ero ypoBeHb CTaTUCTUYECKN
3HaYMMO MpeBbILLan Nokasaternb OCHOBHOM W KOHTponbHo rpynn (p < 0,01).

BbiBoabl. lencuanH urpaet 3HA4YMMYH0 NaToreHeTU4eCKyo porb B Pa3BUTUN aHEMUU BOCNaneHus y [ETEN paHHero Bo3pacta
3a CYET perynupytoLLero BnSHWUS Ha NpoLecc AenOHUPOBaHNS Xernesa. HapacTtaHve ero ypoBHS B OTBET Ha pa3BuTie bak-
TepuanbHOro BocnanuTernbHOro npouecca B opraHax AblXxaHusa 'y aere PaHHEero Bo3pacTta He 3aBuCerio OT 3TUON0rM4eCcKoro

(hakTopa 3abonesaHus.

The problem of infectious and inflammatory diseases
remains one of the most actual in modern pediatrics, due
to the high frequency with which this pathology occurs in
young children [1]. Continuous improvement in the methods
of inflammatory diseases treatment necessitates an in-depth
study on various forms of this pathology pathogenesis in
order to provide adequate mechanisms of anti-infection
protection in patients [2].

Anemia of inflammation (Al) is considered the second
most common anemia in the world (after iron-deficiency
anemia (IDA)). According to experts, up to 40 % of all
anemias can be considered as Al or combined anemia with
a significant role of Al. These data indicate that the spec-
trum of diseases in which inflammation contributes to
the development of anemia has expanded in recent years
[2]. Despite its prevalence, the pathogenesis of Al has not
been fully studied, but scientists suggest that Al can be
regarded as a marker of the severity and progression of
the disease [3].

The leading mechanism for the development of Al is
the limitation of iron availability for pathogenic bacteria and
macroorganisms in general [4]. In response to inhibition of
iron uptake by microorganisms, the growth of a wide range
of pathogens is suppressed, and sensitivity to the elimina-
tion mechanisms of antibacterial agents action is increased
[5]. In this regard, indicators that allow predicting the devel-
opment of Al in the body deserve attention.

A discovery of hepcidin at the turn of the 20"-21¢
centuries added considerably to the existing concept of
inflammation and mechanisms of an organism'’s resistance
in response to infection. It plays a polymodal role in iron
metabolism. Hepcidin internalizes and degrades ferroportin,

a carrier of iron from enterocytes, macrophages, hepato-
cytes, and placental cells into blood plasma [5]. Disruption
of erythropoiesis leads to a suppression of the iron transfer
into blood plasma, which is accompanied by a decrease
in the degree of transferrin saturation — the plasma iron
transporter — and insufficient supply of iron for hemoglobin
synthesis in maturing erythroblasts, thus realizing a protec-
tive function in reply to the mechanisms of bacterial activity
responsible for iron absorption [6]. The above pathogenetic
links initiate Al manifestation.

Aim
To determine the pathogenetic role of hepcidin in the de-
velopment of Al in young children.

Materials and methods

A total of 80 children aged between 1 month and 3 years
(with an average age of 1.2 + 0.4 years) were examined.
The main group consisted of 40 children with acute bac-
terial diseases of the respiratory tract. In the main group,
bronchitis was diagnosed in 32 (79 %) children, pneumo-
nia—in 8 (21 %) children. Among pathogens, Haemophillus
influenzae prevailed in 19 (46.6 %) children, Streptococcus
pneumoniae —in 12 (30 %) children, Klebsiella pneumo-
niae—in4 (10 %). Other pathogens were identified in solitary
instances. Given the hematological picture, the main group
was divided into two subgroups. The first subgroup included
20 children with Al, which was determined 4-5 days after
the disease onset. The second subgroup consisted of
20 children without anemia. The comparison group was
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Table 1. Some indicators of iron metabolism in the examined children (Me (Q25-Q75))

Indicators, units The main group, n =40 Comparison group, n =20 | Control group, n = 20
Subgroup 1, n =20 Subgroup 2,n =20
) ( )

Hemoglobin, g/l 100 (97; 107)* *129 (119.0; 136.5) 101 (95; 106 125 (119; 132
Serum iron, mmol/ *8.78" (6.82; 15.30) *9.85" (7.55; 12.50) 1310 (9.74; 17.22) 13.88 (12.74; 16.52)
Total iron-binding capacity, mmol/ 41.7* (38.9; 49.0) *51.46* (49.30; 53.10) 43.8 (37.35; 48.05) 46.80 (41.02; 52.25)
*21.01* (17.53; 31.22) *19.14* (15.63; 23.54) 29.91 (26.08; 35.84) 29.65 (31.05; 31.61)
2.09* (1.81; 2.24) 1.89* (1.48; 2.28) 1.91% (1.33; 2.37) 1.07 (0.98; 1.17)
45 (4.2, 6.8) 4 5.(3.50; 5.75) 23.5* (14.0; 29.5) 39(3.3;7.8)

*56.5% (48.0; 63.0) *52* (45; 78) 435 (23.0; 48.0) 29 (16; 50)

Coefficient of saturation of iron in transferrin, %
Hepcidin, ng/ml

Erythropoietin, ng/ml

Ferritin, ng/ml

()*: P < 0.05 — the significance of differences compared with the control group indicators; ()**: P < 0.01 — the significance of differences compared with the control group indicators;
*(): P < 0.05 - the significance of differences compared with the comparison group indicators; **(): P < 0.01 — the significance of differences compared with the comparison group

indicators.

represented by 20 children with IDA without inflammatory
manifestations. The control group included 20 conditionally
healthy children. The studied groups of children were age-
and sex-representative.

Blood serum hepcidin, erythropoietin, and ferritin levels
were measured by enzyme-linked immunosorbent assay
(ELISA) using commercial kits: Human Hepc (Hepcidin)
ELISAKIit (Elabscience, USA), EPO (Erythropoietin) ELISA
(Biomerica, Germany), Ferritin ELISA (ORGENTEC Diag-
nostika GmbH, Germany).

The measuring serum total iron-binding capacity was
carried out by a biochemical method on a Midray BS-200
analyzer using a commercial kit CORMAY IBC (PZ CORMAY
S.A., Poland).

The coefficient of saturation of iron in transferrin was
calculated by the formula:

Coefficient of saturation of iron in transferrin =

Fe* x 100

Total iron — binding capacity
where Fe®* — the serum iron content.

Statistical analysis of the data was performed us-
ing the statistical packages EXCEL and Statistica 13.0
(StatSoft Inc No. JPZ8041382130ARCN10-J). Normality
of the data was checked using the Shapiro-Wilk test. We
used the method of correlation analysis with the Spearman
correlation coefficient calculation. Measurement data of a
non-normal distribution and non-linear dependence were
expressed as a median and quartile (Me (Q25; Q75)). To
assess the differences in indicators, the nonparametric
Mann — Whitney U-test was calculated as a nonparametric
analogue of the Student criterion. Differences were consid-
ered at a significance level of 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 Declaration of Helsinki and its later amend-
ments or comparable ethical standards. An informed con-
sent was obtained from all individual participants included
in the study. The full data set of children, their parents,
and physician that support the findings of this study were
not publicly available due to the restrictions of the ethics
approval originally obtained.

Zaporozhye medical journal. Volume 22. No. 4, July — August 2020

Results

Taking into account the fact that pathogens mostly require
iron for survival in the development of bacterial inflammatory
process of the respiratory organs, we studied some indica-
tors of iron metabolism in the groups of examined children.
The results of the study are shown in Table 1.

As can be seen from the table, in children with bacte-
rial respiratory diseases who developed Al, there was an
increased level of hepcidin, which was apparently linked to
the protective and antimicrobial properties of this peptide
[4]. The level of hepcidin in the studied groups depending
on the pathogens was subsequently analyzed (Fig. 7).

The content of hepcidin in the blood serum in children
of the main group, where the causative agent was Hae-
mophilus influenzae, was 1.95 (1.33; 2.40) ng/ml, Strepto-
coccus pneumoniae — 1.92 (1.50; 2.37) ng/ml, Klebsiella
pneumoniae —1.92 (1.65; 2.10) ng/ml, however, there was
no statistically significant difference (P > 0.05) in the data
obtained. The median hepcidin concentrations were 2 times
(P <0.05) significantly increased in children with Al as com-
pared to the control group results. When comparing these
data with the results obtained in the blood serum of children
in the second subgroup and the comparison group, no
statistically significant difference was found (P > 0.05). The
revealed suppressive effect of IDA on hepcidin production
may be due to requirements for increased iron utilization in
the bone marrow for hemoglobin synthesis [8,9].

At the same time, the hepcidin content in the blood
serum of the main group children varied depending on
the disease severity, which is clearly seen in the figure
below (Fig. 2).

The serum level of hepcidin was increased in children
of the first subgroup with the severe disease in comparison
with the subgroup of children with the moderately severe
disease (2.40 (2.24; 2.58) and 1.82 (1.33; 2.26) ng/ml re-
spectively, P < 0.05). In children of the second subgroup
with severe disease, the hepcidin level was 2 times higher
than in children with moderate severity of the disease
(1.93 (1.91; 2.41) ng/ml and 0.92 (0.87; 1.50) respectively,
P <0.05).

Given the iron-regulatory role of hepcidin [7,9], of
particular interest was the analysis of iron metabolism in
the examined children (Table 7).

Anegative correlation was found between hepcidin and
serum iron (r = -0.74, P < 0.05). In the first subgroup, low
iron content was found compared with other groups. Thus,
the median iron content in the control group was 1,6 times
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Fig. 1. The content of hepcidin in the blood serum depending on the pathogens.

1: Haemophilus influenzae; 2: Streptococcus pneumonia; 3: Klebsiella pneumonia; 4: the control

group.
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Fig. 2. The content of hepcidin in the blood serum depending on the disease severity.
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higher than that in the first subgroup (P < 0.05), and 1.5
times (P < 0.05) — in the comparison group. The level of
iron in the second subgroup did not differ statistically signifi-
cantly from that in the first subgroup, although an upward
trend was evident (P > 0.05). However, we noted that in
the second subgroup, similar to the first, the iron content
was significantly lower than in the comparison and control
groups (P < 0.05). The presence of an inverse correlation
between hepcidin and serum iron, apparently, testified to
the negative effect of hepcidin on the iron release from blood
plasma stores, which is probably another manifestation
and realization of anti-infection protection by hepcidin: this
peptide restricts the availability of iron for bacterial growth
[9]. In patients without anemia, hepcidin probably exhibits
milder ferrostatic properties (less pronounced accumulation
of serum ferritin and a decrease in iron levels), adequate-
ly adapts the amount of circulating iron to the needs of
the organism, primarily to the needs of erythropoiesis, and
thereby ensures the maintenance of normal hemoglobin
concentrations. The absence of an indicative iron deficiency

in children from the comparison group, we suggest, can
be explained by the planned therapeutic prescription of
iron-containing drugs.

We found a close direct correlation between the serum
content of hepcidin and ferritin in the studied groups of chil-
dren (r=+0.93, P <0.01). Ahigh level of ferritin was revealed
in the main group without statistically significant difference
between subgroups (P > 0.05). The median concentrations
of ferritin in the main group were 2 times (P < 0.05) signifi-
cantly higher than the data obtained in the control group.
The difference in the results was not statistically significant
in the comparison group (P > 0.05).

Anegative correlation was found between hepcidin and
coefficient of saturation of iron in transferring (r = -0.59),
which seemed logical, taking into account the level of
serum iron in the studied groups. Thus, a low coefficient
of saturation of iron in transferring in the second subgroup
demonstrated a latent iron deficiency development. Its
value was 1.5 times (P < 0.05) lower than in the comparison
and control groups. The coefficient of saturation of iron in
transferring did not differ statistically significantly (P > 0.05)
between subgroups of the main group. It became apparent
that inadequate delivery of the trace element to the bone
marrow and iron-deficient erythropoiesis resulted from
the decrease in serum iron saturation of transferrin. Thus,
one of the mechanisms for the development of Al is the iron
deficiency of redistributive origin [10].

When studying the data characterizing total iron-binding
capacity, we revealed a statistically significant decrease
in the level of blood serum total iron-binding ability only in
a subgroup of children with Al (P < 0.05), in the group of
children with IDA, only a downward tendency was noted
(P > 0.05). At the same time, in the subgroup of children
without Al, we noted a significant increase blood serum
total iron-binding ability (P < 0.05). Taking into account
a statistically significant decrease (P < 0.05) relative to
healthy children serum iron, transferrin saturation by iron
and an increase in serum iron concentration at normal total
iron-binding ability, the obtained data indicate the state of
functional iron deficiency in patients. These changes in
iron metabolism were significantly (P < 0.05) pronounced
in patients with Al.

When analyzing the data given in Table 1, we noted
the increased level of erythropoietin only in the group of chil-
dren who were diagnosed with IDA. Its level was statistically
significantly higher than the indices of both the main and
control groups (P < 0.01). A significant increase in the se-
rum content of erythropoietin in patients with IDA may be
associated with hemic and tissue hypoxia [4]. There was no
significant difference in the level of erythropoietin between
the main and control group (P > 0.05).

Discussion

As aresult of the study, it was demonstrated that Alin young
children with acute bacterial diseases of the respiratory
system was accompanied by the high level of hepcidin. The
increase in hepcidin values did not depend on the etiology
of the inflammatory process, which, to some extent, is
consistent with the data of Nemeth E. (2006), who showed
that hepcidin synthesis was induced exclusively by pro-in-
flammatory cytokines, in particular IL-6, independently of
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the infectious pathogen [7]. At the first stage of our study, a
relative iron deficiency state was revealed, apparently due to
the iron deposition, as evidenced by the twofold increase in
the content of ferritin. Ferritin may not have been sufficiently
low in the face of Al, as it reflects iron stores in the organism
given the protective mechanism of deposition [10]. Pigeon
et al. (2001) discovered that hepcidin mMRNA expression in
hepatocytes was increased in response to iron overload
[11]. The iron deposition found as a result of the study was
probably due to the need for its sequestration in response
to invasion of bacterial agents, which are known to use
iron for growth and action [12]. In the implementation of
this mechanism, hepcidin has a direct coordinating effect.
Increased hepcidin secretion in response to induction of
the pro-inflammatory cytokines leads to a decrease in iron
absorption by enterocytes, export from macrophages and
a decrease in the plasma iron concentration with further
development of Al [1]. The occurrence of a relative iron de-
ficiency state is a protective mechanism aimed at localizing
the inflammatory process and slowing down the growth and
activity of bacterial agents [13,14]. The decrease in hepci-
din values in IDA patients is consistent with the literature
[13,15], and is understandable in terms of hepcidin role in
iron metabolism and an organism’s attempt to replenish its
reserves to ensure normal process of hemoglobin synthesis.
These data are consistent with the opinion of Nemeth et al.
[7] on the interaction between pro-inflammatory cytokines
and hepcidin, which ultimately leads to a decrease in mi-
crobial growth. In conditions of Al, a functional deficiency
of iron occurs, the consequence of which is a decrease in
hemoglobin synthesis. Hepcidin inhibits biologic activity of
erythropoietin through hypoxia-inducible-factor 1, erythro-
ferrone, matriptase-2, growth differentiation factor-15, or
platelet-derived growth factor-BB [16,17]. The importance of
this pathogenetic link is to facilitate iron transit during eryth-
ropoiesis intensification. Despite the fact that the number
of erythropoietin receptors seems to remain unchanged in
patients with Al [4], our study has demonstrated a decreased
effect of erythropoietin in children with Al. A comparative
analysis of the serum erythropoietin content in children
with IDA is indicative. In this condition, an increase in its
content was logical due to the need to increase it in order
to stimulate erythropoiesis. Activation of erythropoiesis
increased the need for sufficiently active transportation of
iron to the bone marrow for hemoglobin synthesis, which in
turn, was ensured by optimizing the absorption of this trace
element in the intestine or by mobilizing it from stores under
the control of hepcidin level [7].

Conclusions

1. Hepcidin plays a significant pathogenetic role in
the development of anemia of inflammation in young
children due to the regulatory effect on the iron deposition.

2. The increase in hepcidin level in response to
the development of a bacterial inflammatory process in
the respiratory system in young children did not depend
on the etiological factor of the disease.

Conflicts of interest: authors have no conflict of interest to declare.
KoHOAIKT iHTepeciB: BiACyTHIl.

Zaporozhye medical journal. Volume 22. No. 4, July — August 2020

Original research

Funding
The study was conducted with financing from Zaporizhzhia State
Medical University.

Haaifwaa po pepakuii / Received: 24.02.2020
Nicas poonpavoBakHs / Revised: 03.03.2020
MpuitHato po Apyky / Accepted: 20.03.2020

Information about authors:

Lezhenko H. 0., MD, PhD, DSc, Head of the Department of
Hospital Pediatrics, Zaporizhzhia State Medical University,
Ukraine.

ORCID ID: 0000-0003-0851-4586

Pogribna A. 0., MD, PhD Student of the Department of Hospital
Pediatrics, Zaporizhzhia State Medical University, Ukraine.

BipomocrTi npo aBTOpiB:

NexeHKko I. 0., A-p MeA. Hayk, npodecop, 3aB. Kad. rocnitanbHOI
neaiatpii, 3anopisbkuit AepXaBHUI MEAUYHWIA YHIBEPCHTET,
YkpaiHa.

Morpi6Ha A. 0., PhD acnipaHT kad. rocnitabHoi neaiatpii,
3anopi3bk1i AepXXaBHWUIA MeAUYHWI YHiBepcuTeT, YkpaiHa.

CeeaeHus 06 aBTopax:

NexeHko I A., A-p Mea. Hayk, Npodeccop, 3aB. kad. rocnuTaAbHOM
nea1aTpuu, 3anopoXcKUi rocyAaPCTBEHHbBIN MEAULIMHCKUIA
yHWBepcuTeT, YKpaunHa.

Morpe6Has A. A., PhD acnupaHT Kad. rocnmutarbHON NeanaTpuu,
3anopoXCKUiA rOCYAAPCTBEHHBIA MEAWMLIMHCKIIA YHUBEPCUTET,
YkpauHa.

References

[1] Nemeth, E., Valore, E. V., Territo, M., Schiller, G., Lichtenstein, A., &
Ganz, T. (2003). Hepcidin, a putative mediator of anemia of inflamma-
tion, is a type Il acute-phase protein. Blood, 101(7), 2461-2463. https:/
doi.org/10.1182/blood-2002-10-3235

[2] Babitt, J. L., Huang, F. W., Xia, Y., Sidis, Y., Andrews, N. C., & Lin, H. Y.
(2007). Modulation of bone morphogenetic protein signaling in vivo
regulates systemic iron balance. The Journal of clinical investigation,
117(7), 1933-1939. https://doi.org/10.1172/JCI31342

[3] Babitt, J. L., Huang, F. W., Wrighting, D. M., Xia, Y., Sidis, Y., Sa-
mad, T.A., Campagna, J.A., Chung, R. T., Schneyer, A. L., Woolf, C. J.,
Andrews, N. C., & Lin, H. Y. (2006). Bone morphogenetic protein sig-
naling by hemojuvelin regulates hepcidin expression. Nature genetics,
38(5), 531-539. https://doi.org/10.1038/ng1777

[4] Weiss, G., Ganz, T., & Goodnough, L. T. (2019). Anemia of inflammation.
Blood, 133(1), 40-50. https://doi.org/10.1182/blood-2018-06-856500

[5] Nemeth, E., Tuttle, M. S., Powelson, J., Vaughn, M. B., Donovan, A.,
Ward, D. M., Ganz, T., & Kaplan, J. (2004). Hepcidin regulates cellular
iron efflux by binding to ferroportin and inducing its internalization. Sci-
ence, 306(5704), 2090-2093. https://doi.org/10.1126/science. 1104742

[6] Jelkmann, W. (2011). Regulation of erythropoietin production. The
Journal of physiology, 589(Pt. 6), 1251-1258. https://doi.org/10.1113/
jphysiol.2010.195057

[7] Nemeth, E., & Ganz, T. (2009). The Role of Hepcidin in Iron
Metabolism. Acta Haematologica, 122(2-3), 78-86. https://doi.
0rg/10.1159/000243791

[8] Yoon, D., Pastore, Y. D., Divoky, V., Liu, E., Mlodnicka, A. E., Rai-
ney, K., Ponka, P., Semenza, G. L., Schumacher, A., & Prchal, J. T.
(2006). Hypoxia-inducible factor-1 deficiency results in dysregulated
erythropoiesis signaling and iron homeostasis in mouse development.
The Journal of biological chemistry, 281(35), 25703-25711. https:/doi.
0rg/10.1074/jbc.M602329200

[9] Ganz, T. (2003). Hepcidin, a key regulator of iron metabolism and
mediator of anemia of inflammation. Blood, 102(3), 783-788. https:/
doi.org/10.1182/blood-2003-03-0672

[10] Kim,A., Fung, E., Parikh, S. G., Valore, E. V., Gabayan, V., Nemeth, E.,
& Ganz, T. (2014). Amouse model of anemia of inflammation: complex
pathogenesis with partial dependence on hepcidin. Blood, 123(8), 1129-
1136. https://doi.org/10.1182/blood-2013-08-521419

[11] Pigeon, C., llyin, G., Courselaud, B., Leroyer, P., Turlin, B., Brissot, P., &
Loréal, O. (2001). Anew mouse liver-specific gene, encoding a protein
homologous to human antimicrobial peptide hepcidin, is overexpressed
during iron overload. The Journal of biological chemistry, 276(11),
7811-7819. https://doi.org/10.1074/jbc.M008923200

ISSN 2306-4145  http://zmj.zsmu.edu.ua 477


https://orcid.org/0000-0003-0851-4586
https://doi.org/10.1182/blood-2002-10-3235
https://doi.org/10.1182/blood-2002-10-3235
https://doi.org/10.1172/JCI31342
https://doi.org/10.1038/ng1777
https://doi.org/10.1182/blood-2018-06-856500
https://doi.org/10.1126/science.1104742
https://doi.org/10.1113/jphysiol.2010.195057
https://doi.org/10.1113/jphysiol.2010.195057
https://doi.org/10.1159/000243791
https://doi.org/10.1159/000243791
https://doi.org/10.1074/jbc.M602329200
https://doi.org/10.1074/jbc.M602329200
https://doi.org/10.1182/blood-2003-03-0672
https://doi.org/10.1182/blood-2003-03-0672
https://doi.org/10.1182/blood-2013-08-521419
https://doi.org/10.1074/jbc.M008923200

478

OpurnHanbHble UCCAEAOBAHUA

[12]

[13]

[14]

[19]

[16]

[17]

ISSN 2306-4145  http://zmj.zsmu.edu.ua

Jurado, R. L. (1997). Iron, infections, and anemia of inflammation. Clini-
cal infectious diseases, 25(4), 888-895. https://doi.org/10.1086/515549
Brentnall, M., Rodriguez-Menocal, L., De Guevara, R. L., Cepero, E., &
Boise, L. H. (2013). Caspase-9, caspase-3 and caspase-7 have distinct
roles during intrinsic apoptosis. BMC cell biology, 14, Article 32. https:/
doi.org/10.1186/1471-2121-14-32

Rakba, N., Loyer, P., Gilot, D., Delcros, J. G., Glaise, D., Baret, P,
Pierre, J. L., Brissot, P., & Lescoat, G. (2000). Antiproliferative and
apoptotic effects of O-Trensox, a new synthetic iron chelator, on diffe-
rentiated human hepatoma cell lines. Carcinogenesis, 21(5), 943-951.
https://doi.org/10.1093/carcin/21.5.943

Ludwiczek, S., Aigner, E., Theurl, ., & Weiss, G. (2003). Cytokine-me-
diated regulation of iron transport in human monocytic cells. Blood,
101(10), 4148-4154. https://doi.org/10.1182/blood-2002-08-2459
Theurl, I, Aigner, E., Theurl, M., Nairz, M., Seifert, M., Schroll, A., Son-
nweber, T., Eberwein, L., Witcher, D. R., Murphy, A. T., Wroblewski, V. J.,
Wurz, E., Datz, C., & Weiss, G. (2009). Regulation of iron homeostasis
in anemia of chronic disease and iron deficiency anemia: diagnostic
and therapeutic implications. Blood, 113(21), 5277-5286. https://doi.
0rg/10.1182/blood-2008-12-195651

Atkinson, S. H., Rockett, K. A., Morgan, G., Bejon, P. A., Sirugo, G.,
O’Connell, M. A., Hanchard, N., Kwiatkowski, D. P., & Prentice, A. M.
(2008). Tumor necrosis factor SNP haplotypes are associated with iron
deficiency anemia in West African children. Blood, 112(10), 4276-4283.
https://doi.org/10.1182/blood-2008-06-162008

3anopoxckuii MeguumMHCKni xypHan. Tom 22, Ne 4(121), none — asryct 2020 r.


https://doi.org/10.1086/515549
https://doi.org/10.1186/1471-2121-14-32
https://doi.org/10.1186/1471-2121-14-32
https://doi.org/10.1093/carcin/21.5.943
https://doi.org/10.1182/blood-2002-08-2459
https://doi.org/10.1182/blood-2008-12-195651
https://doi.org/10.1182/blood-2008-12-195651
https://doi.org/10.1182/blood-2008-06-162008

	06_088-20_Lezhenko_Pohribna
	Article info
	UDC
	DOI
	Key words
	E-mail

	Abstract
	Abstract_UA
	Abstract_RU

	Introduction
	Aim
	Materials and methods
	Results
	Discussion
	Conclusions
	Conflicts of interest
	Funding
	Information about authors
	Відомості про авторів
	Сведения об авторах

	References

	Tables
	Table 1. Some indicators of iron metabolism in the examined children (Me (Q25-Q75))

	Figures
	Fig. 1. The content of hepcidin in the blood serum depending on the pathogens.
	Fig. 2. The content of hepcidin in the blood serum depending on the disease severity.


