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Resume. Hepcidinis a 25-amino acid peptide, which is a key systemic regulator of iron metabolism. As considered, overproduction
of hepcidin in the liver is controlled by high levels of proinflammatory cytokines. Is it known that interleukin-6 play a key
role in the development of anemia in patients with juvenile idiopathic arthritis (JIA). However, IL-6 blockers itself may provoke
the onset of Macrophage Activation Syndrome (MAS), manifesting, particularly, also with anemia. In view of the fact that
macrophages involved in MAS express CD163 — a scavenger receptor that binds hemoglobin-haptoglobin complexes — and
activate the pathways which are important for adaptation to oxidative stress induced by free iron, we can consider hepcidin
as a welcome challenge to predict the development of MAS early in the course of the disease. During the study of 35 patients
with JIA treated with biological disease-modifying drugs (tocilizumab and golimumab), direct relations between the level of
hemoglobin and hepcidin were not found. However, it was found that the mean corpuscular hemoglobin level is associated with
hepcidin concentration in patients with JIA. It was found that concentration of serum hepcidin may be used for early differential
diagnosis of anemia and MAS in patients with JIA. High probability of evolution of anemia to MAS was found when concentration of
hepcidin was <140 ng/mL and ferritin >160 g/L. The following combinations were associated with high probability of evolution
of slight anemia to a severe form, but not to MAS: 1. hepcidin >200 ng/mL and ferritin <140 g/L; 2. hepcidin >140 ng/mL and
soluble transferrin receptor <1.6 mg/L; 3. hepcidin >140 ng/mL and total iron binding capacity >46 mcmol/L. Misclassification

should be assessed during further studies.
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INTRODUCTION

Anemia of chronic disease, the anemia that is the
second most prevalent after anemia caused by iron defi-
ciency, occurs in patients with acute or chronic immune
activation [15]. It is believed that anemia in patients
with chronic illness can significantly worsen the prog-
nosis and quality of life of these patients.

For the first time this condition was described by
Cartwright G.E, Wintrobe M.M. in 1952 [3]. However,
the key pathogenic moment became clear after the dis-
covery of the peptide hepcidin in 2000 [19]. The name of
the new peptide was formed by abbreviation of the Latin
word hepar (lat. — liver — the site of synthesis of pep-
tide) and cidin (lat. — destroy — emphasizing antibacte-
rial properties of this peptide). It was shown that hepcidin
synthesis occurs in renal tubules. In addition, low levels
of expression were found in other cells, tissues and or-
gans, including macrophages, adipocytes, and brain cells,
which may indicate the important role of hepcidin in the
autocrine and paracrine control of iron metabolism at the
local level [12]. Hepcidin is encoded as an 84-amino acid
prepropeptid. The active form of the hormone circulates in
plasma and can bind to a,-macroglobulin [20]. The main
route of elimination of hepcidin is renal clearance.

Currently, hepcidin is known to be the main regulator
of systemic iron metabolism in the organism [7]. Hep-
cidin reduces dietary iron absorption by reducing iron
transport across the gut mucosa, it reduces iron exit
from macrophages, which is the main site of iron stor-

age and it reduces iron exit from the liver. Hepcidin acts
by modulating of ferroportin-mediated iron transport.
Ferroportin — is a receptor of hepcidin and is the only
known cellular iron exporter in vertebrates [4]. Hep-
cidin injected into mice causes a significant reduction
of iron in serum within just 1 hour. Even though usu-
ally hepcidin is rapidly eliminated from plasma, the ef-
fect of a single dose lasts for up to 72 hours. Probably,
this time is required for the re-synthesis of sufficient
amounts of the hepcidin receptor — ferroportin [21].
Hepcidin synthesis rapidly increases during infection
and inflammation. Interleukin-6 (IL-6) is a major in-
ductor of hepcidin and acts through STAT3-dependent
transcriptional mechanism. In volunteers urinary hep-
cidin excretion increased several times and serum iron
levels decreased in 2 hours after infusion of IL-6 [17].

Thus, IL-6 plays a significant role in the pathogen-
esis of juvenile idiopathic (rheumatoid) arthritis (JIA)
and anemia. Production of IL-6 is known to be signifi-
cantly increased in patients with JIA. It correlates with
the degree of disease activity [ 18] and is associated with
anemia. The level of serum pro-hepcidin in patients with
rheumatoid arthritis is significantly higher being com-
pared to patients with systemic lupus erythematosus
and healthy control group [11]. In addition, serum pro-
hepcidin was significantly lower in patients with iron
deficiency anemia than in patients with rheumatoid ar-
thritis and anemia without iron deficiency, and in a con-
trol group of healthy volunteers [10].
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Anemia in rheumatoid arthritis is a typical example
of the anemia of chronic disease [14]. The main mech-
anism of this kind of anemia is a disturbance of iron
utilization in the bone marrow triggered by hepcidin,
whose expression is increased due to overproduction
of IL-6 [16]. Anemia is highly prevalent among patients
with ineffective treatment of rheumatoid arthritis. Stud-
ies performed in 1966-2003 showed the prevalence of
anemia in patients with rheumatoid arthritis ranged from
33.3 t0 59.1% [22]. According to a multicenter study of
patients with rheumatoid arthritis, the prevalence of ane-
mia in the first year after onset of the disease was 5%, 3
years — 11%, 5 years —13%, 7 years — 16%, 10 years
— 7% [23]. In another study, the prevalence of anemia
was 16.7 % and was associated with the severity of rheu-
matoid arthritis [6]. In a placebo-controlled trial of in-
fliximab anemia was observed in 39% of patients [9].

Treatment of anemia in rheumatoid arthritis requires
understanding of pathogenic mechanisms underlying
the development of anemia. The best way to correct
anemia in a patient with rheumatoid arthritis is to con-
trol the systemic disease with corticosteroids and dis-
ease-modifying drugs [2, 13]. Combined therapies of
rheumatoid arthritis with infliximab and methotrexate
as a rule result in increase of hemoglobin level in blood
right up till its normalization in 43 % of anemic pa-
tients [5]. Tocilizumab selectively binds to and inhibits
both soluble and membrane IL-6 receptor (sIL-6R and
mlL-6R). In clinical trials of tocilizumab hemoglobin
level increased by 17 g/L after 2 weeks of treatment in
patients with rheumatoid arthritis and anemia [8].

OBIJECTIVES OF THE STUDY

To determine the prevalence of anemia in patients
with JIA receiving treatment with biological disease-
modifying drugs and estimate the dependence of hemo-
globin level in this group of patients upon the level of
hepcidin and other indices describing the iron metabo-
lism.

MATERIALS AND METHODS

35 children (12 boys and 23 girls) with juvenile id-
iopathic arthritis were enrolled in the study. 19 chil-
dren had the diagnosis polyarticular juvenile arthritis
(polylJIA), 16 — system onset JIA (soJIA).

All patients have been treated with biological dis-
ease-modifying drugs. Of these, 25 patients received
tocilizumab — recombinant humanized IgGl class
monoclonal antibodies to human IL-6 receptor Ten
patients received golimumab — recombinant human-
ized IgG1 class monoclonal antibody, forming high-af-
finity stable complexes “antigen-antibody” with soluble
and transmembrane bioactive forms with tumor necro-
sis factor alpha (TNF-a), preventing binding of TNF-a

to its receptors. The study was approved by the Ethics
Committee, prior to study the patients and their parents
signed informed consent.

Together with clinical signs of JIA activity, the dy-
namics of the following laboratory parameters Have
been monitored (number of samples): hemoglobin con-
centration (n=554), red blood cells count (n=554), re-
ticulocytes count (n=135), mean corpuscular volume
(n=236), mean corpuscular hemoglobin (n=241), mean
corpuscular hemoglobin concentration (n=191), white
blood cells count (n=554), platelets count (n=543),
absolute neutrophils count (n=192), eosinophils count
(n=191), monocytes count (n=192), basophils count
(n=192), lymphocytes count (n=192), erythrocyte sed-
imentation rate (n=554), the level of C-reactive protein
(n=383), soluble transferrin receptor concentration,
sTFR (n=35), total serum iron concentration (n=76),
ferritin concentration (n=154), total iron binding ca-
pacity of serum, TIBC (n=60), the level of serum hep-
cidin (n=25).

Anemia was diagnosed and classified according to
the WHO criteria.

Statistical analysis was performed by means of Sta-
tistica for windows (ver. 6) package. We used common
methods of statistical description, statistical hypothesis
testing and multivariate exploratory techniques.

RESULTS

The prevalence of anemia in JIA patients treated
with biological disease-modifying drugs was 60.0%
(23.8% of them mild, 61.9% — moderate, 14.3%
-severe) (Fig.1). The prevalence of anemia in patients
with polyJIA was 42.1 %, and in patients with soJIA —
81.3% (Table 1).

Table 1
Prevalence of anemia in JIA patientsYakutia in total [3]
Anemia No anemia Total
polyJIA (prevalence, %) 8 (42,1 %) 11 19
sollA (prevalence, %) 13 (81,3%) 3 16
Total (prevalence, %) 21 (60,0 %) 14 35
Severe anemia Mild anemia

14.3% 23.8%

Moderate anemia
61.9%

Fig. 1. Frequency of various degrees of anemia in JIA patients
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To distinguish anemia in MAS from common ane-
mia multivariate analysis was performed and the deci-
sion rules were formed. The best prognostic value had
the combinations of concentrations of hepcidin, ferritin
and soluble transferrin receptor. The response surfaces
presented on figures 2—4 show non-linear patterns with
ridges which make possible to predict evolution of ane-
mia to MAS. It was found that concentration of serum
hepcidin may be used for early differential diagnosis
of anemia and MAS in patients with JIA. High prob-
ability of evolution of anemia to MAS was found when
concentration of hepcidin was <140 ng/mL and ferritin
>160 g/L. The following combinations were associated
with high probability of evolution of mild anemia to a se-
vere form, but not to MAS: 1. hepcidin >200 ng/mL and
ferritin <140 g/L; 2. hepcidin >140 ng/mL and soluble
transferrin receptor <1.6 mg/L; 3. hepcidin >140 ng/mL
and total iron binding capacity >46 mcmol/L.

Misclassification, particularly sensitivity and speci-
ficity, should be assessed during further studies.

CONCLUSIONS

Anemia is an often find among patients with JIA eligi-
ble for treatment with biologics It can be explained by the
fact that this group includes patients with severe polyJIA
and soJIA, in which routine therapeutic programs have
been proved to be ineffective. That is why the prevalence
of anemia in this group is even higher than in patients
with polyJIA and soJIA receiving routine treatment [1].

Anemia in JIA is a multifactorial disorder that devel-
ops as a result of hepcidin overproduction and difficul-
ties of iron reutilization complicated with iron restricted
erythropoiesis. Severe cases of anemia are associated
with iron deficiency and/or with the MAS.

In order to assess the iron metabolism in patients
with JIA in addition to standard indicators such as the
level of serum iron, TIBC, transferrin saturation and
ferritin levels, it is necessary to determine the level of
plasma hepcidin and sTFR.

From the point of view of early differential diagno-
sis of anemia and MAS the most promising is the com-
bination of declining hemoglobin concentration associ-
ated with high ferritin and low hepcidin levels in serum.
We found this condition to be the most probable early
marker of MAS in JIA patients.
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ONDDEPEHUUANIBHOW AUATHOCTUKU MAPKEP
AHEMUU U CUHAPOMA MAKPO®ATAJIbHOM
AKTUBALUU Y LETEN C OBEHUIbHbIM
MOANONATUYECKUM APTPUTOM
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#Resume. lencnanH — 25-aMUHOKMCNOTHBIM NENTUA, ABNSIOWMNIACS
K/OYEBbIM PErynsTopom cUcTeMHoro Metabonmsma xenesa. [nep-
NpoAyKUmMs rencuamnHa, 0bycioBneHHas BAMSIHUEM MPOBOCMANUTENb-
HbIX LIUTOKMHOB, B MEPBYIO O4epeab MHTepnenkmHa-6 (M1J1-6), npuso-
[T K epepacnpeneneHuio xenesa u3s LMpKyasaLumm B XpaHUIULLA U,
KaK CnencTBue, K OrPaHUYEHMIO Xenesa Ans 3puTponoasa. JaHHbli
MEXaHW3M NIeXXMT B OCHOBE MaToreHe3a aHeMuW NMpU XPOHUYECKMX
6onesHax (AXB), B TOM ymcie v Npu IOBEHUIbHOM MAOUMNATUHECKOM
aptpure (OMA). OpgHako nekapcTBeHHble CpeacTsa, bnokupytolme
W-6, MOryT camn nNpoBOLMPOBATb Pa3BUTME CMHAPOMA Makpoda-
ranbHon aktneaummn (MAC), KOTOpbIN NMPOSBASETCS, B TOM YnC/Ie U TS-
Xenon aHemunen. Kpome Toro, 66110 NokasaHo, YTo Makpodaru, dpu-
rypupytowme B MAC, akcnpeccvpytoT Ha cBoelt noBepxHoctn CD163
(peuenTop CBSA3bIBAKOLMIA KOMMIEKC FeMOrNoBUH-ranTornotuH)
M Y4aCTBYHOT B MEXAHU3MAX afanTaLMmn K OKUTIUTENbHOMY CTpeccy,
MHOYLUMPOBaHHOMY CBOOOAHbIM >ene3oM. B cBA3M € 3TUM MOXHO
paccMaTpuBaTh rencuamH CbIBOPOTKM Kak npeamkTop pa3sntus MAC
y’Ke Ha paHHel cTagmu 3aboneBaHus. B xoae uccnenoBaHus, B Ko-
Topoe 6binn BKNtoUeHbl 35 aeteit, ctpagatowmx FOMA 1 nonyyato-
wmx Guonormyeckyto 601e3Hb-MOANMULMPYIOLLYIO Tepanuio (Touu-
nunsymab m ronnMymab), HenoCpeaCTBEHHOM CBSA3M KOHLEHTPaLMM
reMornobmHa 1 CbIBOPOTOYHOTO rencuamHa He obHapyeHo. BMecte
€ TeM 6bl10 06HAPYXKEHO, YTO XapaKTePUCTUKOW, B HanbobLLel cTe-
MEHW CONPSYKEHHOM C KOHLIEHTpaLMel rencuamnHa B nnasme, Senset-
€9 cpefiHee coaepkaHue remMornobuHa B 3puTpoLuTe. TO SIBUIOCh
OCHOBAHMEM /i1 MOMbITKM MCMOMb30BaHUS KOHLEHTPaLMK rencu-
[MHa B KayecTBe Mapkepa, NpurogHoro ans auddepeHumanbHom
AuarHoctukmn aHemum npu KOWMA. MHorodakTopHoe MoaennpoBa-
HWe No3BonN0 ChOpPMYNMPOBATb PeLLAtoLLMe NPaBUNA, MPUrOAHbIE
ons paHHen guddepeHumanbHoM AMarHocTukn aHemmn n MAC no
COYETAHMIO KOHLEHTPALMIA rencuamHa, GepputmHa U reMornobuHa,
rencuamHa, TIBC u remornobuHa, rencuauna, STFR 1 remornobu-
Ha. B yactHocTH, BbiCOKas BEpOSTHOCTb 3BOMOLUMKM aHeMun B MAC
BbISIB/IEHA NPU KOMOMHALMKM KOHLEHTPaLMiA B MiasMe rencuamHa
<140 ng/mL n depputnHa >160 g/L. Beicokas BepoSTHOCTb 3BO-
Nounn NIEerkon aHeMUM U aHEMUM Cpe,U,HeVI TAXKECTU B TAXKENYIO aHe-
Muio, HO He B MAC BbisiBNieHa Npw cieayoLmx kombuHaumsx: 1) ren-
cnpmH >200 ng/mL u dpepputuH <140 g/L; 2) rencuamnn>140 ng/mL
1 pacTBOPUMBIN peuenTop K TpaHcheppuHy <1,6 mg/L; 3) rencuamH
>140 ng/mL n obwas xene3ocBa3blBaroLLAs CNOCOOHOCTb CbIBO-
potku >46 mcmol/L. Owmbku NporHo3a nNpu UCNoab30BaHUU 3TUX
peLLatoLLMX NPaBUA NPeACTOUT ONpefenuTb B X0 AANbHENLLMX UC-
cnenoBaHUN.

¢ Key words: rencuauH; aHeMusi; CMHAPOM MakpodaranbHoW ak-
TMBALMU; IOBEHUIIbHBIN MAMONATUYECKUIA APTPUT.
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