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Aim. Determine the activity of apoptosis processes in young children with anemia of inflammation acquired on the background ~ Key words:

of acute bacterial diseases of respiratory organs. infants, respiratory
tract diseases,
caspase-7,
caspase-9, anemia
of inflammation.

Material and methods. The content of caspase-7 and caspase-9 was identified in blood serum of 87 kids by the method of
immunoenzyme assay. Main group included 57 kids with acute bacterial diseases of the respiratory tract (38 patients had
acute bacterial bronchitis, 19 — pneumonia).

The main group was divided into two subgroups. The first subgroup included 27 children with developed anemia of inflammation
acquired on the background of acute bacterial disease of the respiratory tract. Second subgroup - 30 children with acute bacterial  pathologia
diseases of the respiratory tract without anemia. Experimental group — 10 children with iron deficiency anemia without symptoms ~ 2019; 16 (2), 177-181

of inflammatory diseases of the respiratory system. The control group was represented by 20 conditionally healthy children. 0.

10.14739/2310-1237.

Results. The presence of pneumonia in children was accompanied by the highest numbers of caspase-9 (14.8 + 1.8 ng/ml), 2019.2.477112

which was almost 3 times higher than the control group (5.82 + 0.58 ng/ml). The levels of the studied enzyme were 1.6 times

lower in patients with bacterial bronchitis (8.34 + 0.90 ng/ml), which was significantly higher (P < 0.05) than in the control ~ *E-mail:
group. genalezh@gmail.com

The content of caspase-7 in the experimental group and the 2" subgroup of the main group did not differ from the control
group (P > 0.05) (0.38 + 0.03 ng/ml and 0.32 + 0.02 ng/ml), and children of the 1% subgroup (0.27 + 0.02 ng/ml) showed its
significant decrease.

Conclusions. Anemia of inflammation in children with acute bacterial diseases of respiratory organs is accompanied by
the activation of apoptosis, which, obviously, is inefficient due to the nature of the active necrotic processes acquired on
the background of acute inflammation.

BmicT meaiaTopiB anonTo3y B Aited 3 aHEMI€IO 3anaAeHHS, L0 BUHUKAA Ha TAi TOCTPUX Kntouogi croea:

6aKTepiaAbHUX 3aXBOPIOBaHb OPraHiB AUXaHHSA ATTH, 3aXBOPIOBAHA
ANXaAbHUX LUAAXIB,

Kacnasa-7,
Kacnasa-9, aHemia
MeTa po60TH — BU3HAYEHHS aKTUBHOCTI NPOLIECB AnonTo3y B AiTel paHHLOrO BiKY 3 aHEMIEto 3ananeHHs Ha Tni rocTpux — 3ananeHHs.
6akTepianbHUX 3aXBOPIOBaHb OPraHiB AMXaHHS.

I. 0. AexxeHko, A. B. Abpamos, A. O. MorpibHa

. . . . P . . . . Natonoris. - 2019. -
Matepianu Ta metoau. BuaHaunnu BMICT kacnasu-7, kacnasu-9 y cupoBsartLi kposi 87 fiTei BikoM Big 2 MicsLiB [0 3 pokiB T. 16, Ne 2(46). -

(cepepHiii Bik nauienTis — 1,6 + 0,3 poky) MeTonom iMyHodepmeHTHoro aHanisy. OCHOBHY rpyrny CTaHOBWMM 57 AiTER i3 roCTpUMA ¢ 177-181
GakTepianbHUMM 3aXBOPHOBAHHSIMM PECTPATOPHOTO TPAKTY, cepes HiX Y 38 nauieHTiB giarHOCTyBanu rocTpuii baktepiansHuii
6poHxiT, a B 19 AiTeit — NHEBMOHIlO.

[MauieHTiB OCHOBHOI rpynu NOAINUNM Ha ABI Niarpynu: nepLua — 27 fitei, B AKX Ha Ti rocTporo 6akTepianbHOro 3aXxBopoBaHHS
pecnipaTopHOro TPaKTy PO3BMHYNACk aHeMisi 3ananeHHs; apyra — 30 giten i3 rocTpumy GakTepianbHUMK 3aXBOPIOBAHHAMM
pecnipatopHoro TpakTy 6e3 nposiBis aHeMii. pyna nopisHsHHs — 10 aiTel i3 3anisonediuuTHO aHeMieto Be3 NposiBiB 3anarb-
HIX 3aXBOPIOBaHb OpraHiB AnxaHHs. KoHTponbHa rpyna npeactaeneHa 20 yMOBHO 300pOBUMM AiTbMU. [Pynu CNOCTEPEXEHHS
penpe3eHTaTVBHI 3a BIKOM i CTaTTIO AiTel.

Pe3ynkraTi. BcTaHoBWnK, WO HAsBHICTL MHEBMOHIi B AiTEN CynpoBOAKyBanacs HanBULLYMM NMOKasH1KamMmM BMICTY kacnasu-9
(14,8 £+ 1,8 Hr/mn), WO Marxe BTPUYi NepeBuLLyBaB NOKa3HUKM KOHTPonbHOI rpymu (5,82 + 0,58 Hr/mn). BogHouac piBHi fo-
CIiKyBaHOro (hepPMEHTY Y XBOPUX i3 GakTepianbHm 6poHxiTom 6ynm B 1,6 pasa Huxymmm (8,34 + 0,9 Hr/mn), WO BiporigHO
GinbLwe (p < 0,05), HiX y KOHTPOMbHIN rpyni.

BwmicT kacnasu-7 y cupoBaTLi KpOBi AiiTel i3 rpynu NOPIBHAHHSA Ta 3 APYroi MiArpynu OCHOBHOI rpyni He BiAPI3HABCS Bif NMOKas-
HUKIB KOHTpOnbHOI rpynu (0,38 + 0,03 Hr/mn i 0,32 + 0,02 Hr/mn BignoeiaHo, p > 0,05), a B AiTen nepLwoi Nigrpyny BUSBUNN
1oro BiporigHe 3HmxeHHs (0,27 + 0,02 Hr/mn).

BucHoBku. AHeMisi 3ananeHHst B AjiTei, siki XBOpi Ha rocTpi GakTepianbHi 3aXBOPIOBaHHS OpraHiB AvxaHHs1, CynpoBOMKyBanacs
aKTMBALLiEW anomnTosy, sIkM, O4EBUAHO, MaB HeeEKTUBHUIA XapaKTep Yepe3 akTUBHI HEKPOTUYHI MpoLiecy, Lo Binbysanucs
Ha TNi rocTPOro 3ananeHHs.
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CoaepXXaHue MeAWaTOPOB anonTo3a y AeTel ¢ aHeMUeN BOCNaneHus,
BO3HUKLUEN Ha POHe OCTPbIX 6aKTepUaAbHbIX 3ab0AeBaHWUI OPraHoOB AbIXaHUA

I. A. AexxeHKo, A. B. Abpamos, A. A. MorpebHasn

Llenb pa6oTbl — onpefeneHne akTUBHOCTY NPOLIECCOB anonTos3a y AeTeN paHHEro Bo3pacta C aHeMMEN BOCManeHns Ha
dhoHe ocTpbIx GakTepuanbHbIX 3a6oneBaHuii OpraHoB AbIXaHKs.

MaTtepuanbl n metoabl. Onpegenunu cogepxaHne kacnasbl-7, kacnasbl-9 B CbIBOPOTKE kpoBw 87 aeTen B Bo3pacTe OT
2 mecsiueB [0 3 neT (cpegHui BospacT nauneHTos — 1,6 + 0,3 rona) MeTogoM MMMYHODEPMEHTHOrO aHanm3sa. OCHOBHYHO
rpynny coctaBunu 57 getei ¢ ocTpbiMy BakTepuanbHbIMU 3a60neBaHNSMY PECTIMPATOPHOTO TPakTa, Cpeayn KoTopbix y 38
NaLWeHTOB AWNarHOCTMPOBaH OCTPbIN BakTepuanbHbIn GpoHXUT, a y 19 feTei — THEBMOHMS.

lMavmeHTLl OCHOBHOW rpynnbl pa3aeneHbl Ha ABe NOArpynnbl: nepsas — 27 AeTel, Y KOTopbIX Ha hoHe 0CTporo 6akTepuansHOro
3aboneBaHnsa pecnMpaTopHOro TpakTa pasBunack aHemust BocnarneHus; BTopas — 30 AeTen ¢ ocTpeiMu GakTepuanbHbeIMm
3ab0oneBaHNsMI pecnMpaTopHOro TpakTa be3 nposisneHuii aHemuu. Mpynny cpaBHeHus cocTaumm 10 aeteit ¢ xenesogedu-
LIMTHOI aHemuen 6e3 NposIBNEHUI BOCMANUTENbHbIX 3ab0neBaHWii OpraHoB AbixaHus. KoHTponbHasa rpynna npeacraeneHa
20 ycnoBHO 340poBbIMY AeTbMU. [Pynnbl HabNAEHNs penpe3eHTaTMBHbI MO BO3PACTy U Moy AeTeN.

Pesynkrathbl. YCTaHOBMEHO, YTO Hanuuve NMHEBMOHUW Y ieTel CONPOBOXAANOCh Hanboree BbICOKUMY Lidypami kacnasbl-9
(14,8 + 1,8 Hr/mn), 4To NpakTMYecky B 3 pasa NpeBbILLANOo nokasarenu koHTporbHon rpynnbl (5,82 + 0,58 Hr/mn). YposeHb
13y4aemoro epmeHTa y 60mnbHbIx ¢ 6akTepuanbHeiM GpoHxMToM Obin B 1,6 pasa Huxe (8,34 + 0,9 Hr/Mn), YTO LOCTOBEPHO
6onbLe (p < 0,05), 4em B KOHTPOMNLHOM rpynne.

CopepxaHue Kkacnasbl-7 B CbIBOPOTKE KPOBM AeTel rpynnbl CPABHEHWS W 2 MOArPYMMbl OCHOBHOM rPyMMbl HE OTAMYANoCh OT
nokasarenev koHTponbHow rpynnbl (0,38 + 0,03 Hr/mn 1 0,32 + 0,02 Hr/mn cooTBeTcTBEHHO, p > 0,05), @y AeTeit 1 noarpynnbl
OTMeYeHO ero focToBepHoe cHkenue (0,27 £ 0,02 Hr/mn).

BbiBoabl. AHemMust BocnaneHust y feteit, 60nbHbIX OCTpbIMU GaKTepI/IaJ'IbeIMVI 3aboneBanuaMn OpraHoB AblXaHus, conpo-
BOXJAETCH aKTVBaLMel anonTosa, KOTOprI;I, 0o4YeBMaHO, HOCUT HeSCbeeKTI/IBHbIVI XapakTep 3a CHET aKTUBHbIX HEKDOTUYECKUX

npoueccos, NpouCXoadALLunX Ha (hOHe OCTpOro BocnarneHus.

Apoptosis is a complex form of programmed cell death.
First of all, it has a fundamental role in morphogenetic
processes and in regulated control over the correct
number of cells over the entire ontogeny of the organism.
Apoptosis includes three phases that are independent of
each other: the initiation phase, the effector phase, and
degradation [1]. Apoptosis processes are transformed by
activation of cysteine caspases — members of the central
link of the proteolytic system, which are both initiators
and implementers of cell death. Caspase-2, caspase-8,
caspase-9 are among the activators of apoptosis.
Caspase-3, caspase-6, caspase-7 are among caspases
with effector function. In turn, the function of caspase-1,
caspase-4, caspase-5 is to provide processing and acti-
vation of cytokines, in particular, interleukins IL-18, IL-18.
Carrying out the cell death through caspase activity means
the breakdown of intracellular proteins, which leads to DNA
fragmentation and cell destruction. However, caspase-9
initiates the mitochondrial process of cell death [2].

At the present stage caspases are studied in terms
of oncological processes, the leading factor of which is
the inhibition of apoptosis [3]. The same reason is leading
in the pathogenesis of atopic and autoimmune diseases
[4]. In turn, increased apoptosis in excess of the norm is
observed in neurodegenerative, dysplastic processes and
ischemic organ damages [5]. Violation of the implemen-
tation of apoptosis is the basis for the chronic infectious
diseases formation. Despite the fact that the mechanism
of necrosis has a leading role in inflammatory process,
during the elimination of activated immune system cells,
which performed their functions, - apoptosis comes into
play in the final stages. In this regard, the variability of its
values may reflect the course of the immunopathological
process [6].
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Studies in the field of cell death in pediatrics are not
numerous. In particular, questions of apoptotic activity
through the activity of caspase-7 and caspase-9 in young
children with acute inflammatory diseases of the respira-
tory organs have not been studied.

Aim
The objective is to determine the activity of apoptosis
processes in young children with anemia of inflammation

acquired on the background of acute bacterial diseases
of respiratory organs.

Materials and methods

87 kids at the ages from 2 months to 3 years (the ave-
rage age of patients was 1.6 £ 0.3 years) were under
the supervision. Main group included 57 kids with acute
bacterial diseases of the respiratory tract, among which
38 patients were diagnosed with acute bacterial bron-
chitis, and 19 children had pneumonia. The study of
the microbial spectrum of biomaterial from the mucous
membranes of the oropharynx was performed prior to
the appointment of antibacterial therapy on the 2%-3
day of the disease using the bacteriological analyzer
VITEK 2 COMPACT (BioMerieux, France) using the AES
software: Global CLSI-based + Phenotypic. Causative
agents of acute bacterial bronchitis were dominantly Hae-
mophillus influenza - 18 (47.4 %) kids and Streptococcus
pneumoniae - 12 (31.6 %) kids. Etiology of a pneumonia
in supervised children groups most often included Strep-
tococcus pneumoniae — 10 (52.6 %) kids, Klebsiella
pneumoniae — 3 (15.7 %) patients and Haemophillus
influenzae—3 (15.7 %) kids. Atiter of a bacterial pathogen
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Table 1. The content of serum markers of apoptosis in examined children

Main group, n = 57 Experimental group, n = 10 Control group, n = 20
Subgroup 1, n =27 Subgroup 2, n =30

Caspase-7, ng/ml 0.27 £0.02'* 0.32+0.02 0.38+£0.03 0.32+0.01
Caspase-9, ng/ml 13.26 + 1.962 9.88 +£0.87" 10.31 + 0.69? 5.82+0.58
K-9/K-7, relative units 49.11 + 2.50%° 30.87 £ 1.03" 27.13+0.81 18.18 £ 0.62

1: P < 0.05, the significance of differences compared with the control group indicators; 2: P < 0.01, the significance of differences in comparison with the indicators of

the control group indicators; 3: P < 0.05, the significance of differences compared with the indicators of the experimental group.

over 10° was considered diagnostically significant. Other
causative agents were in single-shot suits. Depending on
the hematological picture, the main group patients were
divided into two subgroups. The first subgroup included
27 children with developed anemia of inflammation
acquired on the background of acute bacterial disease
of the respiratory tract. Infants were included in the first
subgroup of the main group showed deterioration in their
general condition 3—4 days after hospitalization, the com-
plete blood test showed the presence of leukocytosis and
neutrophilia. Second subgroup included 30 children with
acute bacterial diseases of the respiratory tract without
anemia. Experimental group included 10 children with
iron deficiency anemia who did not have symptoms of
inflammatory diseases of the respiratory system. The
control group was represented by 20 conditionally healthy
children. Observation groups were representative by age
and sex of children.

The content of caspase-7 and caspase-9 in blood
serum was determined by EIA method using commercial
kits: RayBio Human CASP7 ELISA Kit (RayBiotech,
USA), Human Caspase-9 ELISA Kit (Bender MedSys-
tems GmbH, Austria). Statistical data analysis was
performed using the statistical packages “Excel” and “Sta-
tistica 13.0” (StatSoftinc., JPZ8041382130ARCN10-J)
with the calculation of the standard error of the arith-
metic mean (M) and standard deviation (o). To assess
differences of the indicators in the compared groups,
Student’s t-test was used. Differences were considered
significant at P < 0.05.

All procedures performed in studies involving hu-
man participants were in accordance with the ethical
standards of the institutional and national research
committee and with the 1964 Helsinki declaration and
its later amendments 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

Analysis of the data showed that the development
of inflammatory bacterial diseases in children came
amid apoptosis increasing that manifested a two-fold
increase (P < 0.01) of caspase-9 in the blood serum,
which serves as an activator of the caspase cascade. The
results obtained are logical, taking into account the fact
that bacterial endo- and exotoxins act as inducers of
programmed cell death.
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Taking into consideration the fact that the study group
included children with bacterial bronchitis and pneumonia,
the levels of caspase-9 were additionally studied with
account of the nosological form of the disease. It was
established that the presence of pneumonia in children
was accompanied by the highest numbers of caspase-9
(14.8 £ 1.8 ng/ml), which was almost 3 times higher than
in the control group. At the same time, the levels of the stu-
died enzyme in patients with bacterial bronchitis were 1.6
times lower (8.34 £ 0.90 ng/ml), which, nevertheless, was
significantly higher (P < 0.05) than in the control group.

Analyzing the content of caspase-9 against the pre-
sence of inflammation anemia in children from the main
group (Table 1), it was established that the highest level of
caspase-9 was in the 1%t subgroup of children, significantly
exceeding the indicators of the control group (P < 0.01).
At the same time, the content of the key marker of apop-
tosis (caspase-9) in the 2™ subgroup did not significantly
differ from the results obtained in the experimental group,
although it was statistically higher than in the control
group (P < 0.05).

Thus, as a result of performed comparisons, it was es-
tablished that both in the main group and the comparison
group, activation of the first link of the apoptosis process
was observed, i.e. there was its initialization.

Having assessed the content of caspase-7 in
the groups of children examined, we noted a different trend.
The content of caspase-7 in blood serum of children of
the experimental group and the 2nd subgroup of the main
group did not differ from the control group indicators
(P > 0.05), and children of the 1st subgroup showed its
significant decrease. It means, we observed the absence
of activation of the caspase “cascade” effector link. For
detailing of the above assumption, we calculated the ratio
of caspase-9 to caspase-7 (K-9/K-7), which, in our opinion,
will allow us to assess more fully the activity of various links
of proteolytic cascade of caspases in examined children.
The comparisons confirmed the earlier suggestion. We
observed a statistically significant increase in the coefficient
calculated in subgroups of children from both the main
group and the experimental group. Moreover, we observed
the most significant imbalance in the first subgroup, i.e.
in children who had anemia of inflammation on the back-
ground of acute bacterial diseases of respiratory organs.
On the other hand, the absence of significant activation
of caspase-7 may indicate different involved effector
pathways of inducing apoptosis, particularly, caspase-3.

Discussion

A detailed study of the apoptosis process modified
the concept of cell death. In contrast to necrosis,
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the apoptotic activity is perceived as a natural and
necessary process for the normal functioning of organs
and systems [7]. A growing number of studies support
the fact that the disruption of the apoptosis process leads
to the development of inflammatory diseases, including
infectious etiology [8]. The number of cells involved in
apoptosis is in direct proportion to the balance of pro-
and antiapoptotic factors. The inducers of programmed
cell death are viral and bacterial infections, among
others. The consequence of the infectious process is
associated with the result of opposition to the anti-apop-
totic properties of infectious agents and activation of
the physiological death of an infected cell as an inte-
gral protective mechanism of the body [9]. Therefore,
high indicators of caspase-9 are natural in children of
the main group. Taking into account that caspase-9 is
the initiator of the programmed cell death process, in
the case of an inflammatory process in cells, its activity
will be entirely focused on spreading the signal of cell
death and immediate activation of caspase-3 and, in a
less degree, caspase-7 for the physiological death of
an infected cell as an integral defense mechanism of
the body [10]. This would ensure that cells with active
apoptosome, will continue to die even in the absence of
effector caspases [11].

At the present stage it is needless to say about
the role of iron in the inflammatory process and its active
consumption by pathogens. In this regard, depositing it
in the cells of the reticuloendothelial system and the de-
velopment of relative iron deficiency is acting as defense
mechanism directed to the localization of the inflammatory
process and slowing down the fission pathogen. It is
obvious that available iron deficiency can lead to dys-
function of the mitochondrial respiratory chain, which in
turn will result in inhibition of cell proliferation or induction
of apoptosis [12,13].

According to J. Kovar et al. (1997) iron deprivation
can specifically induce apoptosis. Some cell types are
sensitive to induction of apoptosis during iron deposition,
while other cell types are resistant to it [14]. It was demon-
strated, that most cells that are sensitive to the induction
of apoptosis during iron deprivation have hematopoietic
origin [15].

It is known that, caspase-7 has an effector function
in apoptosis. However, apoptosis plays a special role in
the final stage of inflammation, when the activated cells
of the immune system are eliminated [16]. It is possible
to assume that the relatively low (in relation to caspase-9)
indicators of the content of caspase-7 in blood serum
in children of the main group and, first of all, of the first
subgroup are connected precisely because the disease
was at the stage of clinical height, when cell death
played the leading role due to necrosis, which, possibly,
inhibited the apoptosis process [17]. The ineffectiveness
of the implementation of apoptosis is due to increased
necrotic processes, which arise because of an increase
in the severity of the disease [18]. In turn, the delay in
the implementation of apoptosis enhances the permea-
bility of inflammatory cells and supports the pathological
process. Damage of apoptosis intensity can act as the re-
sult of chronic infection or formation of immunodeficient
states [19].
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Brentnall M. et al (2013) suggest different roles for
caspase-9, caspase-3 and caspase-7 during internal
apoptosis. According to researchers, cell death is more
effective in the presence of caspase-3, which is the main
performer of apoptotic death. In contrast, caspase-7
mainly plays a supporting role in the apoptosis imple-
mentation phase [11]. These data are the evidence that
it is necessary to conduct additional researches to study
the functions and roles of each of the caspases during
internal apoptosis.

Conclusions

1. Anemia of inflammation in children with acute bac-
terial diseases of respiratory organs is accompanied by
the activation of apoptosis, which, obviously, is inefficient
due to the nature of the active necrotic processes acquired
on the background of acute inflammation.

2. With dominant necrotic (inflammatory) process in
patient, apoptosis can be inhibited even in case of high
activity of the initiating caspase.

Prospects for further research. This work does
not reveal the problem of studying the state of apoptosis
in the studied group of children in full. The topic requires
further study, including the content of caspase-3.
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