UDC 616.12-008.318-089.168-053.9
DOI: 10.14739/2310-1237.2022.2.259894

The level of antimicrobial peptides in different clinical forms
of urinary tract infections in children

H. 0. Lezhenko®*AEF N, A, Zakharchenko28P

Zaporizhzhia State Medical University, Ukraine

OpwuriHaAbHI AOCAIAKEHHSA

A - research concept and design; B - collection and/or assembly of data; C - data analysis and interpretation; D - writing the article;

E - critical revision of the article; F - final approval of the article

The aim. To study the content of antimicrobial peptides in the serum of children with urinary tract infections depending on
the clinical form of the disease and to establish their pathogenetic role in the development of various clinical forms of pathology.

Materials and methods. The study groups consisted of 84 children (mean age — 10.0 + 1.3 years). The main group was
divided into subgroups: the first subgroup — 17 children with acute pyelonephritis, the second subgroup — 21 patients with
chronic pyelonephritis, the third subgroup — 16 patients with acute cystitis, the fourth subgroup — 10 patients with unspecified
urinary tract infections. The control group consisted of 20 relatively healthy children. The study of the content of cathelicidin,
hepcidin and lactoferrin was performed by enzyme-linked immunosorbent assay.

Results. The development of urinary tract infection was accompanied by a statistically significant increase in the content of
cathelicidin (P < 0.05). The highest level of serum cathelicidin was registered in children of the first (P <0.05) and third sub-
groups (P < 0.05). In the other two subgroups, the level of LL-37 had only a trend towards increasing (P > 0.05). The level of
hepcidin in the main study group was statistically lower than in the control group (P < 0.05).

The development of chronic pyelonephritis and acute cystitis occurred amid a statistically significant decrease in hepcidin levels
by 2.5 and 1.7 times (P < 0.01 and P < 0.05, respectively). The level of lactoferrin in the general group was within the control
group figures (P > 0.05), however, there was a statistically significant decrease in serum lactoferrin in a subgroup of children
with unspecified urinary tract infections (P < 0.05).

We determined a relationship between hepcidin and lactoferrin levels in the investigated groups and found a clear direct
relationship in a subgroup of children diagnosed with chronic pyelonephritis (r = 0.58, P < 0.01).

Conclusions. Each nosological form of urinary tract infection has its own configuration of antimicrobial peptides. The analysis
of the relationship between hepcidin and lactoferrin, the antimicrobial peptides that limit the access of the pathogens to serum
iron, indicates the synchronization of the body’s defense mechanisms aimed at eliminating the pathogen.

PiBeHb aHTUMiIKpPOOHMX NENTHAIB NpPK Pi3HUX KAIHIYHMX Ppopmax
iHpeKLil cevoBUBIAHOI CUCTEMMU Y AiTeH

I. 0. AexxeHko, H. A. 3axapueHko

MeTa po6oTu — fOCNIAMTM BMICT aHTUMIKPOOHUX NENTUAIB y CMPOBATLi KPOBI AiTed, XBOPKUX Ha iH(EKLi Ce4OBMAINbHOI
CUCTEMMU, 3aNEXHO Bif KNIHIYHOI (DOPMU 3aXBOPIOBAHHS, @ TaKOX BCTAHOBMUTY iXHIO NAaTOreHETUYHY POSib Y PO3BUTKY Pi3HUX
KniHiYHMX chopm naTororii.

Matepianu Ta meTogu. Y gocnimkerHs 3anyunnm 84 autuHm (cepegHin Bik — 10,0 £ 1,3 poky). OCHOBHy rpyny noginunu Ha
nigrpynu: 1 — 17 XBOpUX Ha rocTpun NienoHedpuT; 2 — 21 NaLieHT i3 XPOHIYHUM nienoHedputoMm; 3 — 16 AiTel, XBopux Ha
rocTpuit LmcTuT; 4 — 10 ocib i3 HeYTOYHEHUMU IHEDEKLIAMM CEHOBMAINBHOI cucTeMu. KOHTporbHy rpyny cknamu 20 yMOBHO
300pOBYX AiTen. BMIiCT kaTeniunamnHy, rencuamHy Ta naktogepuHy B CMpOBATLi KPOBI MaLlieHTiB, 3any4eHnX Y AOCTIMKEHHS,
BMBYaN METOLOM iMyHOEPMEHTHOTO aHari3y 3a 4OMOMOro KOMEPLIHUX HabopiB.

Pe3ynraTti. BUHUKHEHHS! IHGhEKLLiI CEHOBMAINBHOI CUCTEMM CYMPOBOAKYBAIOCS CTATUCTUYHO 3HAYYLLMM 36iMbLLIEHHSM BMICTY
kareniyuanHy (p < 0,05). HaneuLmin piseHb CPOBATKOBOIO KaTeniLmanHy 3apeecTpysanu B fiteit nepLuoi (p < 0,05) i TpeTboi
niarpyn (p < 0,05). Y ABox iHwwx nigrpynax piseHb LL-37 MaB nuile TeHaeHUito 4o 3pocTanHs (p > 0,05). PiBeHb rencugmHy
B OCHOBHII rpyni AOCNIIKEHHS CTAaTUCTUYHO HIMKYMIA 3@ NMOKa3HMK KOHTPOIbHOI rpymu (p < 0,05).

P03BUTOK XpOHIYHOTO NIENOHEMPUTY Ta FOCTPOTO LMCTUTY BUSHAYANN Ha THi CTaTUCTUYHO 3HAYYLLIOMO 3HUKEHHS! PIBHSA rencuanHy
B2,5Ta 1,7 pasa(p<0,01ip <0,05 BignosigHo). PiBeHb nakToepunHy B CMpOBATLi KPOBI AiTEN 3 OCHOBHOI rpynu BignoBinas
nokasHWkam rpynum koHTponto (p > 0,05), ane BUABUNM CTAaTUCTUYHO 3HAYYLLE 3HWKEHHS PIBHSA CMPOBATKOBOTO MaKTO(epuHy
B Miarpyni 4iten, XBopux Ha HeyTo4HeHI iHdekuii cevoBmainbHoi cuctemu (p < 0,05).

BcTaHoBMnM B3aEMO3B'A30K MiX PIBHAMM rencuanHy Ta naktoepuHy B nigrpynax o6cTexeHnx aiteit. Bussunm yitky npamy
3anexHICTb y nigrpyni A4itew i3 AiarHOCTOBaHNM XPOHIYHUM nienoHedputom (r = 0,58, p < 0,01).

BucHoBku. KoxHili HO30moriuHiA hopMi iHeKLii ce40BMBIgHMX LUNSXIB NpUTaMaHHa CBOSt KOHADIrypaLlist BMICTY aHTUMIKpOb-
HUX nenTuaiB. AHania B3aeMO3B'si3ky MiX rencuanHOM i NakToepuHoOM, TO6TO aHTUMIKPODHUMM NenTuaamu, WO 0OMEXyYHTb
[OCTYN NaToreHiB 4O CMPOBATKOBOrO 3as1i3a, BKa3ye Ha CMHXPOHI3aLi0 3aXMCHUX MEXaHi3MiB OpraHiamy, CnpsiMoBaHy Ha
enimiHaLito 36yaHuMKa.
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The problem of urinary tract infections (UTIs) in children,
despite the progressive development of science, remains
relevant. Among the bacterial diseases of pediatric pa-
tients, UTIs occupy a leading position [5] and, according to
data [4], accounts for 5 % to 14 % of all visits to the pedi-
atrician and has a clear gender orientation. Thus, in girls,
inflammation of the urinary system is more common and
is up to 7 years — 7.8 %, and up to 16 years — 11.3 %,
while in boys — 1.7 % and 3.6 %, respectively. The high
frequency of recurrences, which is 30-50 %, causes some
embarrassment [13].

Usually, the recurrent episode of the disease is
caused by the same strain of the bacterium as the pri-
mary, i. e. pathogenic microorganism persists in the host,
despite etiotropic therapy [14]. Combined with rapidly
increasing antibiotic resistance, a significant problem in
the treatment of infection in the future is growing, which
encourages the search for alternative treatments and/or
protection of the body.

The innate immune system plays an important role in
protecting the urinary tract from infections, both directly
and by activating the adaptive immune system. Compared
to the adaptive, the innate immune system has a faster
response to the penetration of microbial agents [5]. Local
defense mechanisms such as the bladder wall and uro-
epithelium are also important in limiting the attachment
and penetration of pathogens [13].

Antimicrobial peptides (AMPs) are a significant com-
ponent of the innate immune system, produced by im-
mune cells and expressed by epithelial cells throughout
the body. These are short, positively charged oligopep-
tides that have a variety of structures and functions [2].
They provide instant protection due to their antimicrobial
activity against a wide range of pathogens, as well as
promote immunomodulation or alternative effects on
the pathogens [14]. Although AMPs are quite common
in the human body, they are quite limited in the urinary
tract and the kidneys. Spencer J. D. et al. (2013) in their
work indicates that the antimicrobial peptides described
in the urinary tract include defensins, cathelicidin (LL-
37), hepcidin and ribonuclease 7 as well as proteins
that have antimicrobial properties — Tamma—Horsfall
protein, lactoferrin and a leukocyte secretory protein-
ase inhibitor. Bacteria, in turn, have already developed
mechanisms to counteract the antimicrobial effect of
endogenous antibiotics, but resistance to these AMPs
is still ineffective [14].

All of the above was the motive that prompted us to
conduct this study.

Aim

To study the content of antimicrobial peptides in the se-
rum of children with urinary tract infections depending
on the clinical form of the disease and to establish their

pathogenetic role in the development of various clinical
forms of pathology.

Materials and methods

Our study included 84 children aged 6 to 14 years (mean
age 10.0 + 1.3), who were hospitalized in the Zaporizhzhia
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Regional Children’s Clinical Hospital during 2018-2020.
The main study group consisted of 64 children with
primary urinary tract infections. Patients with urinary
tract abnormalities, as well as patients who started an-
tibacterial therapy before the study, were excluded from
the study. The division of children into groups took place
in accordance with the classification and taking into ac-
count the criteria for the diagnosis of UTI in accordance
with EUA guidelines, 2021 (level of evidence 1, 2) [8] and
in accordance with the order of the Ministry of Health of
Ukraine No. 627 from 03.11.2008 [18].

The main group (children) was divided into four
subgroups: the first included 17 children with acute
pyelonephritis, the second — 21 patients with chronic
pyelonephritis, the third — 16 patients with acute cystitis,
the fourth — 10 patients with urinary tract infections un-
specified. The control group included 20 relatively healthy
children, representative by sex and age, without signs of
inflammation of the urinary system.

The study of the content of cathelicidin, hepcidin and
lactoferrin in the serum of patients included in the study
was performed by enzyme-linked immunosorbent assay
(ELISA) using commercial kits Hycult Biotech, LL-37,
Human, ELISA (Netherlands), Hepcidin-25 (human)
(H — 8r, pl) Enzyme Immunoassay Kit: Extraction Free,
(USA) and Human LTF/LF (Lactoferrin) ELISA Kit, Elab-
science, (USA), respectively. The studies were conducted
on the basis of the Training Medical and Laboratory Center
of the Zaporizhzhia State Medical University (the Head is
professor A. V. Abramov).

The obtained results were processed by the
method of variation statistics using statistical pack-
ages EXCEL and Statistica 13.0 (StatSoftinc., No.
JPZ8041382130ARCN10-J). The method of correlation
analysis with the calculation of Spearman’s rank cor-
relation coefficient was applied. The non-parametric
Mann-Whitney test (U) was used to assess differences
in performance. Differences were considered significant
atP <0.05.

All human studies complied with the ethical standards
of the Institutional and National Research Committee
and the 1964 Declaration of Helsinki and its subsequent
amendments or comparable ethical standards. Informed
consent was obtained from all individual participants
included in the study. A complete set of data on children,
their parents and physicians confirming the results of
this study was not publicly available due to limited initial
ethics approvals.

Results

The results of the study, which consisted in determining
the levels of cathelicidin, hepcidin and lactoferrin in the se-
rum of children with urinary tract infections depending on
the form of the disease, are shown in Table 1.

As can be seen from the data shown in Table 1,
the development of urinary tract infection was accompa-
nied by a statistically significant increase in the content
of cathelicidin (P < 0.05) in the serum of the patients
under our supervision. At the same time, our attention
was drawn to the rather high coefficient of variability of
the indicator studied in the main group, which indicated
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Table 1. The content of LL-37, hepcidin and lactoferrin in the serum of the children with urinary tract infections who were under observation

OpwuriHaAbHI AOCAIAKEHHSA

Indicator, units of Control group, Main group, Subgroup 1, Subgroup 2, Subgroup 3, Subgroup 4,
measurement n=20 n =64 =17 n=21 =16 =10

LL-37, ng/ml 1.34 (1.18; 1.66) 1.65 (1.33; 2.03)"
oV, % 8.3 437

Hepcidin, ng/ml 17.3(7.4;23.4) 11.3 (5.5; 21.0)*
oV, % 62.7 80.9
Lactoferrin, ng/ml 10.93 (8.90; 11.4) 9.1 (6.5; 11.6)
oV, % 20.4 408

1.84 (1.52; 2.35)" 1.58 (1.31; 1.90) 1.9 (1.35; 2.19)*
16.2 (7.6; 22.4) 6.8 (3.0; 12.7)™* 9.9 (5.3; 16.4)"
9.7 (6.8; 11.9) 10.3 (7.7, 11.2) 8.6 (6.3; 11.7)

*: P < 0.05, the significance of the difference compared to the control group; **: P < 0.01, the significance of the difference compared to the control group.

the heterogeneity of the group. In our opinion, this was
primarily due to the different location of the lesion and
the duration of the process. Therefore, further analysis
of the content of cathelicidin in the serum was performed
taking into account the clinical form of the disease. As can
be seen from the data in Table 1, the highest level of se-
rum cathelicidin was registered in children of the first and
third subgroups, i. e. in children with acute pyelonephritis
(P < 0.05) and acute cystitis (P < 0.05). In the other two
subgroups, the level of LL-37 had only a trend towards
increasing (P > 0.05).

Another picture was found in the study of the level
of hepcidin in the serum of children with inflammatory
diseases of the urinary system. As can be seen from Ta-
ble 1, the level of hepcidin in the main group of the study
was statistically lower than in the control group (P < 0.05),
which according to O. E. Abaturov et al. (2018) is associ-
ated with a high risk of infection. Against this background,
high indicators of the coefficient of variability attracted
attention — a feature that was studied in the main group
and, in contrast to the previous indicator, in the control
group. The discovered fact emphasized the role of hep-
cidin in many processes in the body and its significant
biological role. Accordingly, we analyzed its content in
the serum of children taking into account the clinical form
of UTI, and found a fundamentally different picture. We
found a downward trend in the indicator studied. Thus,
the development of chronic pyelonephritis and acute
cystitis occurred against the background of a statistically
significant decrease in hepcidin levels by 2.5 and 1.7
times (P < 0.01 and P < 0.05, respectively). In the other
two subgroups, the level of the specified antimicrobial
peptide in the serum of children under our supervision did
not differ significantly from the control group.

The next step in our work was to analyze the data
obtained on the content of lactoferrin in the serum of
children who were included in the study. As can be
seen from Table 1, the level of lactoferrin in the serum
of children who were included in the general group was
within the control group figures (P > 0.05). However,
the coefficient of variability indicated certain heterogeneity
of the group. The analysis of lactoferrin content taking
into account the clinical form of the pathology revealed
that this was due to a statistically significant decrease in
the level of serum lactoferrin in a subgroup of children
with unspecified UTls (P < 0.05).

Then we determined the relationship between hep-
cidin and lactoferrin levels in the subgroups of children
studied. The analysis of the relationship between these
AMPs showed its absence in the first subgroup of children
(r=0.13, P>0.05), the presence of inverse interdepend-
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ence, although weak, in the third and fourth subgroups
(r=-0.38,P <0.05and r=-0.37, P < 0.05, respectively)
and the presence of a clear direct relationship in a sub-
group of children diagnosed with chronic pyelonephritis
(r=0.58, P <0.01).

Discussion

Antimicrobial peptides occupy a leading position in
the chain of non-specific mechanisms of the innate im-
mune system. It has been proven that some AMPs have
a level of antibacterial activity that exceeds antibacterial
drugs due to instantaneous synthesis in response to
pathogen expansion and a wide range of action [9].
Therefore, research aimed at studying AMP is relevant
and promising in the areas of disclosure of pathogenetic
mechanisms of infectious pathology and the development
of new therapeutic measures.

The study emphasized that the development of bac-
terial inflammatory processes in the urinary tract occurs
against the background of different changes in the content
of AMP in the serum of sick children.

The world literature in most sources describes a
significant increase in the level of cathelicidin in the se-
rum of the patients with urinary tract infections [3,10,12].
Thus, according to |. H. Babikir et al. (2018), the highest
level of cathelicidin was observed in the patients with
upper UTI (i. e. pyelonephritis). The data of our work
also confirm this. We found that the development of
acute inflammatory processes in the urinary tract, pri-
marily topically localized, leads to a significant increase
in the level of LL-37. The growth pattern of LL-37 is
aimed at inactivating the bacterial agent. Today, this
peptide is considered the main biologically active anti-
microbial peptide, especially if we take into account its
direct microbicidal, immunomodulatory and antibiofilm
activity [1]. The antibiotic activity of LL-37 is indicated
by J. Krahulec et al. (2010), Y. Kai-Larsen et al. (2010).
The authors showed that LL-37 has an inhibitory effect
on E. coli biofilms due to the interaction of AMP with
CsgA — the main subunit of fimbriae. Due to the binding
of LL-37 to monomeric CsgA AMP inhibits polymerization
and, consequently, reduces the formation of biofilms [10].

Patients with unspecified urinary tract infection and
chronic pyelonephritis did not increase its content, which is
possible, and was a factor in promoting the transformation
and chronicity of the process. In favor of this assumption,
it is evidenced by the knowledge that an important effect
of LL-37 is antibiofilm activity [1], which is a factor that
prevents chronicity. However, this conclusion needs
further study.
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Hepcidin is a small peptide belonging to the defensin
family, also known as hepatic antimicrobial peptide-1 (LEAP-
1), produced in the liver and excreted into the urine. [16].
Despite the fact that the liver is the main site of synthesis of
hepcidin [7], its expression should not be underestimated in
peripheral organs, and especially in the kidneys. Daher R. et
al. (2019) in their in vitro study confirmed the bacteriostatic
activity of renal hepcidin against uropathogenic Escherichia
coli. Also, the authors found that uropathogenic E. coli has
areversible effect on renal hepcidin and weakens its effect.
Based on the above data and in accordance with our results,
we can assume that the lack of increase in the level of hep-
cidin or its quantitative insufficiency is a leading factor that
allows to start a bacterial inflammatory process in the urinary
tract. This assumption is supported by the knowledge that
hepcidin has a broad-spectrum antimicrobial action and
plays an important role in iron homeostasis. Thus, R. Daher,
Z. Karim (2017) in their work showed that hepcidin not only
has a direct bacteriostatic effect on uropathogenic E. coli,
but also effectively stimulates several host kidney protection
systems due to the fact that it promotes the mobilization of
iron and its accumulation including in the epithelial cells of
the kidneys [6]. Against this background, insufficient activity
of the specified AMP or its quantitative insufficiency leads to
free access to serum iron of pathogens that use iron for life
and reproduction, and ultimately contributed to the develop-
ment and chronicity of UTIs. At the same time, J. Yan et al.
(2019)in their work describes the increased level of hepcidin
in the serum of children with UTls, but it should be noted
that the average age of patients in this study did not exceed
3 years, whereas in our study it was 10.0 + 1.3 years [17].

Lactoferrin, like hepcidin, is a protein that is involved
in limiting the availability of iron by chelation. It is a pro-
tective AMP (glycoprotein), which is an important part
of the innate protection of the host, which demonstrates
antimicrobial, anti-inflammatory, antioxidant and immu-
nomodulatory properties [15]. Lactoferrin has a direct
antimicrobial effect due to damage to the membrane of
pathogenic cells, and also affects the growth of bacteria
by eliminating iron from free access for bacterial path-
ogens [16]. Against the background of the above, we
observed no statistically significant changes in the serum
of children with UTIs, except for one subgroup, i. e. in
children diagnosed with unspecified UTls, where we
observed a statistically significant decrease in its content.
Thus, the development of both acute and chronic inflam-
matory bacterial process in the urinary tract in the most
groups of children under our supervision, occurred
against the background of the intact of the specified
antimicrobial peptide. Therefore, we observed a lack
of activation of the body’s protective response aimed
at reducing access to ferric iron, which is necessary for
pathogens to live and reproduce. In addition, D. Kell et
al. (2020) in his work describes that lactoferrin under
certain conditions can be used by bacteria in order to
obtain ferric iron from it [11].

Given that hepcidin and lactoferrin are the proteins
involved in iron restriction, we decided to determine
the relationship between hepcidin and lactoferrin levels
in the subgroups of children studied. Thus, according to
the results of the comparisons, it is possible to say that
each nosological form of UTIs has its own configuration
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of antimicrobial peptides, but the general feature is
the lack of reaction to increase the synthesis of certain
AMP, or its inhibition, which obviously serves as a basis
for pathology.

Conclusions

1. Each nosological form of urinary tract infection
has its own configuration of antimicrobial peptides, but
the general feature is the lack of response to increase
the synthesis of certain AMP, or its inhibition, which, appar-
ently, is a certain basis for the development of pathology.

2. The analysis of the relationship between hepcidin
and lactoferrin, i. e. antimicrobial peptides that limit the ac-
cess of pathogens to serum iron, showed its absence in
children with acute pyelonephritis (r = 0.13, P > 0.05),
the presence of a weak inverse relationship in children
with acute cystitis and unspecified urinary tract infection
(r=-0.38,P<0.05and r=-0.37, P < 0.05, respectively),
and clear direct relationship in children diagnosed with
chronic pyelonephritis (r = 0.58, P < 0.01), which indicates
the synchronization of the body’s defense mechanisms,
aimed at eliminating the pathogen.

Prospects for further research. It should be noted
that the study needs further follow-up to obtain additional
data on the functioning of the mechanisms of the innate
immune system in children with urinary tract infections
and the identification of the factors that contribute to
the chronicity of the pathology.
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