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Abstract. Objectives: the objective of this paper was to study the levels of cellular hypoxia,
apoptosis controlling factors in children with steroid-sensitive and steroid-resistant
nephrotic syndrome.

Background: patients with steroid-resistant nephrotic syndrome (SRNS) represent
a challenging subset of patients with nephrotic syndrome who often fail standard
immunosuppression and have a higher likelihood of progressing to end-stage renal disease.
The search of the biochemical markers undergoing the steroid-resistance is under urgent
need.

Methods: an examination of kidney biopsies and blood of 56 patients (aged 10 to
15 years) with nephrotic syndrome was done. Conventional clinical investigations,
immunohistochemistry, immunoblotting were used in this study.

Results: patients with steroid-resistant nephrotic syndrome show an increased level of HIF-
1 alfa (a marker of cellular hypoxia) as compared to the control group and children with
steroid-sensitive nephrotic syndrome. Patients with steroid-resistant nephrotic syndrome
show a down-regulation of anti-apoptotic marker BcL-xL as compared to the control group
and children with steroid-sensitive nephrotic syndrome.

Conclusion: hypoxia-induces disorders and apoptosis activation markers are considered
to be included in the complex scheme predicting steroid-resistance in nephrotic children.

Keywords: treatment, nephrotic syndrome, HIF- 1o, BcL-xL, steroid-resistance.
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MouneKyJIsIpHi MapKepH, IO € NpeIUKTOPAMH CTEPOia-Pe3UCTEHTHOCTI
y AiTei 3 He()pOTHIHMM CHHIAPOMOM

'"Hanjionanbpauit Meagmunuuii yaisepcuret iMmeHi O.0. Boromonblist, Kuis, Ykpaina
2I1Y “Incrutyt Hedpoaorii HAMH Ykpainn”, Kuis Ykpaina

Pestome. Mema: memoro darnoi pobomu 0yn0 usuenHs pieHie KAIMUHHOI 2INOKCIl, hakmopie KoHmpoao anonmo-
3y y dimeli i3 cmepoid-uymausumu ma cmepoio-pe3ucmeHmHUM He@pomuHHUM CUHOPOMOM.

Axmyanvricms: nayicumu 30 cmepoio-pesucmenmuum Hegpomuunum curdpomom (CPHC) npedcmasnsioms
CKAQOHY nidepyny nayieumis, aKi 4acmo He MAiomv A0eK8amHoi mepanesmu4Hoi 8ionoeioi Ha cmandapmuy iMyHOCynpe-
CUBHY mepaniro i Maomo GinbuLy UMOBIPHICMb NPoPecy8ants 00 MepMIiHaAbHOI cmadii XPOHIYHO20 3aX60PHEAHHS HUPOK .
THowyk 6ioximiunux mapkepie, uio € npeduKmopamu cmiikocmi 0o cmepoioie, € Ha2anbHOW HeOOXIOHICMIO.

Memodu: npogederno docaioncennss bionmamie Hupox ma kpogi 56 nauienmie (y 6iui 6id 10 do 15 pokis) 3 He-
pomuunum cunopomom. Y ybomy 00CAIONCEHHT BUKOPUCTOBYBAAUCH 36UHALIHI KAIHIUHI 00CAIONCEHHS, IMYHORICMOXIMIS,
imyHobr0muHe.

Pezynvmamu: y nayicumie 3i cmepoio-pe3ucmeHmnum HeppomuuHUM CUHOPOMOM CROCMEPIeAEMbCS NIOBUUeHUL
pisenv HIF-1 anvpa (mapkep KaimuHHOI 2inoKcii) NOPIGHAHO 3 KOHMPOALHOI ePYNOI0 ma OiMvMU 3 UYMAUBUM 00 cmepo-
i0ie neghpomuunum cunopomom. Y nauienmie 3i cmepoio-pe3ucmeHmHuUM He@pOMUUHUM CUHOPOMOM CROCMEPIeAEMbCs
SHUJICEHHS PIBHIB eKcnpecii anmuanonmo3noeo mapkepa BeL-xL nopieusano 3 KOHMPOAbHOIO epynoio ma dimemu i3 cme-

POio-uymausum HehpomMuUHUM CUHOPOMOM.

Bucnoeok: nopywenus, wo sunuxaromo Ha ori KAimuHHOI 2inokcii, ma mapkepu akmusayii anonmosy, 0oUinbHO
BKAHOUAMU 8 KOMNACKCHY CXeMY OUIHKU NPOCHO3Y8AHHS cilikocmi 0o cmepoidi y dimeil 3 HehpomuuHUM CUHOPOMOM.
Kmouosi ciioBa: aixysanns, neppomuunuii cunopom, HIF-1a, BeL-xL, cmepoio-pezucmenmuicmo

Introduction. Nephrotic syndrome is a clinical
condition characterized by proteinuria, hypoalbumin-
emia, edema, and hyperlipidemia. Nephrotic syndrome
represents the most common primary glomerular dis-
ease in children and affects ~2 per 100,000 children
aged <16 years in Europe and the USA [1, 2].

There are many specific causes of nephrotic syn-
drome. These include kidney diseases such as minimal-
change nephropathy, focal glomerulosclerosis, and
membranous nephropathy. Nephrotic syndrome can
also result from systemic diseases that affect other or-
gans in addition to the kidneys, such as diabetes, amy-
loidosis, and lupus erythematosus [3].

At the time of the first presentation, ~80% of chil-
dren achieve complete remission within 4 weeks of
corticosteroid therapy and are classified as having ste-
roid-sensitive nephrotic syndrome (SSNS). However,
60%—70% of the patients initially classified as steroid
sensitive have >1 relapse. Among children who relapse,
30% will be further classified as having frequently re-
lapsing nephrotic syndrome or steroid-dependent ne-
phrotic syndrome [4].

Ievgeniia Burlaka
evghur1982@gmail.com.

Steroid resistance, defined as the absence of remis-
sion despite 4 weeks of therapy with daily prednisone
at a dose of 2 mg/kg/d, encompasses an even smaller
proportion of patients. Despite representing a smaller
proportion of nephrotic syndrome cases, patients with
steroid-resistant nephrotic syndrome (SRNS) have
proven more difficult to treat, with 36%—50% progress-
ing to end-stage renal disease within 10 years [5].

Main pathomorphological outcomes that apply to
kidney damage in nephrotic syndrome are glomerulo-
sclerosis, vascular sclerosis, tubule-interstitial fibrosis
[6]. Inflammation plays an important role in the devel-
opment and progression of chronic proteinuric kidney
pathologies and is the primary and persistent violation,
which underlies the pathogenesis of others. Renal his-
tology in chronic renal pathologies including nephrotic
syndrome is characterized by typical signs of inflamma-
tion i.e. infiltration with white blood cells, hyperemia,
fibrosis etc. In addition to inflammation, fibrosis has a
role in nephrotic syndrome. These disorders are accom-
panied by activation of the renin-angiotensin-aldoste-
rone system, oxidative stress, endothelial dysfunction
and others [6, 7, 8]. All mentioned above pathophysi-
ological violations might be accompanied by apoptosis.

Patients with steroid-resistant nephrotic syn-
drome (SRNS) represent a challenging subset of pa-
tients with nephrotic syndrome who often fail stan-
dard immunosuppression and have a higher likelihood
of progressing to end-stage renal disease. Appropriate
treatment of SRNS requires an adequate understand-
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ing of the historical treatment, renal histopathology,
and genetics associated with the disease.

The aim of this study is to analyze biochemical
markers related to cellular hypoxia and apoptosis ac-
tivation in children with SRNS.

Materials and methods. Patients. An examina-
tion of renal biopsies of 56 patients (aged 10 to 15 years)
with nephrotic syndrome hospitalized in the Pediatric
Nephrology Unit of the Children Clinical Hospital Ne7
(Kyiv, Ukraine) was done. All patients were treated ac-
cordingly to the national protocols. Among all patients
26 (46,4%) were with steroid-sensitive nephrotic syn-
drome, others — 30 (54,7%) showed steroid-resistant
nephrotic syndrome. Complex examination other than
conventional methods (inspection, monitoring blood
pressure, general and biochemical blood tests, deter-
mination of daily proteinuria, urinary sediment study
and concentration ability of the kidneys, ultrasound of
the abdomen etc.) done. The level of kidney function
impairment (stage of Chronic Kidney Disease, CKD)
was assessed by the value of glomerular filtration rate
(GFR). GFR was calculated by the Schwartz formula.
Patients with GFR<30 mL/min/1,73 m? were excluded
from the study.

Immunoblotting for detection of HIF-1a, BcL-
xL. Proteins solubilized in Laemmli sample buffer were
resolved in polyacrylamide gels by SDS-PAGE and
transferred to a polyvinylidene difluoride membrane.
Membranes were then blocked in 5% non-fat milk in

TBS-T (136 mM NaCl, 10 mM Tris, 0.05% Tween
20) and immunoblotted using the Mouse anti-Human
HIF-1alfa Ab (BD Transduction Laboratories, USA),
ta Mouse anti-Bcl-xL Ab (Cell Signaling, USA) and
actin mouse mAb (BD, Lexington KY, USA) for 1 hour
at room temperature. The actin mouse mAb was used as
a loading control. After three washes with TBS-T, the
membranes were incubated with secondary anti-rabbit
or anti-mouse antibodies labeled with horseradish per-
oxidase for 1 hour at room temperature. Membranes
were washed three times with TBS-T. The protein
bands were visualized by chemiluminescent substrate
ECL. Quantification of the protein content was done
by densitometric analysis.

Control values were obtained at the survey of 20
relatively healthy children (“Control group” later). In
this group, immunoreactivity to HIF-1 alfa and Bcl-xL
levels was taken as 100%.

Statistics. Statistical analysis was done using the
method of variation statistics (STATISTICA 6.0), Ex-
cel and nonparametric statistical approaches (Mann-
Whitney test). Results are presented as Mean = SEM.
P<0.05 was considered statistically significant.

Results. A total of 56 patients (aged 8 to 15 years)
with nephrotic syndrome were hospitalized in the Pedi-
atric Nephrology Unit of the Pediatric Clinical Hospi-
tal No7 (Kyiv, Ukraine) done. All patients were treated
accordingly with the national protocols. Characteristics
of patients are included into the given in Table 1.

Table 1
Group characteristics for participating patients
Characteristics Value

Age. years 12.29 £3.06
Body mass index 225+ 1.3
Sex (male/female) 29/27
Normal BP/AH 24/32
Steroid-sensitive type of nephrotic syndrome/ steroid-resistant

. 26/30
type of nephrotic syndrome
Average disease course, years 8.09 +2.26

BP — blood pressure, AH - arterial hypertension.

Previously, we reported the level of cellular hy-
poxia in children with nephrotic syndrome. HIF-1 alfa
is used as a marker of cellular hypoxia. We found in-
creased HIF-1 alfa in blood serum of all patients with
nephrotic syndrome as compared to the control group.
Moreover, dependence between the levels of renal in-
sufficiency (assessed by GFR) and cellular hypoxia has
been documented. The levels of HIF-1a in the group
with CKD I st. was detected at a level over excided the
control group value by 28.6% (p<0.01 compared to the
control group) and by 41,3% (p<0.01 compared to the
control group) in patients with CKD II-111I st. [9, 10].

In the current study, we analyzed HIF-1 alfa in
subgroups of patients with steroid-sensitive and steroid-
resistant nephrotic syndrome. The general level of HIF-
1 alfa exceeded the HIF-1 level of the control group by
36,02% (<0.01). Control group value set as 100. Com-
parison of steroid-sensitive and steroid-resistant groups
show that HIF-1 alfa is higher in the steroid-sensitive
group as compared to control by 25.7 % (<0.01). In the
steroid-resistant group HIF-1 alfa was detected at a lev-
el that is higher than the control group value by 40.1%
(<0.01) (Fig. 1, A-B).
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Fig. 1. Level of HIF-1a in plasma of patients with nephrotic syndrome and control group patients (A).
Level of HIF-1a in plasma of patients with steroid-sensitive and steroid-resistant nephrotic syndrome (B).

In our previous study, we evaluated the condition
of the apoptosis controlling system in children with
nephrotic syndrome. BcL-xL level as a marker of anti-
apoptotic defense used. We found a reduction of anti-
apoptotic protection in all children with nephrotic
syndrome and dependence on CKD level evaluated. In
nephrotic children with CKD, st 1. Bcl-xL expression
was reduced to 75.1% as compared to the control group,
and to 60.1% in the group with CKD st II-III (p<0.01
and p<0.001, respectively) [9, 10].
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In the current study, we analyzed BcL-xL in
subgroups of patients with steroid-sensitive and steroid-
resistant nephrotic syndrome. The total level of BcL-xL
was down-regulated in nephrotic children as compared to
the control group by 30.9% (p<0.01). Control group value
set as 100. Comparison of steroid-sensitive and steroid-
resistant groups show that BcL-xL expression was lower
in the steroid-sensitive group as compared to control by
27.8 % (p<0.01). In the steroid-resistant group, BcL-xL
was detected at a level that is lower than the control group
value by 41.1% (p<0.01) (Fig. 2, A-B).

B
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Fig. 2. Level of BcL-xL in plasma of patients with nephrotic syndrome and control group patients (A).
Level of BcL-xL in plasma of patients with steroid-sensitive and steroid-resistant nephrotic syndrome (B).

Discussion. While comprising a small minority
of the patients presenting with nephrotic syndrome
(8%—15%), patients with SRNS prove a particularly
challenging set of patients to manage and treat.
Currently, there are data regarding many of the
candidates predisposing to the phenomenon of the
steroid-resistance in nephrotic children.

The presence ofacirculating serum factorassociated
with SRNS has long been sought. In a seminal paper by
Savin et al [11], the association between a circulating

factor and disease activity was evaluated in patients
with recurrent FSGS. Serum samples were analyzed
in patients with FSGS pre-and postrenal transplant to
evaluate if the serum samples of patients with recurrent
FSGS increased glomerular-capillary permeability to
albumin. A permeability value was assigned to each
sample, with the lower permeability values indicating
poor glomerular-capillary permeability to albumin
and higher permeability values indicating increased
glomerular-capillary permeability to albumin [12].

YKPATHCBKUI XKYPHOA HEDPOAOTIT Ta AlaAidy N22 (70) 2021

OpUriHOABHI HOYKOBI POBOTU 35



Original Papers

Ukrainian Journal of Nephrology and Dialysis, 2 (70)’2021

More recently, many factors, i.e., Vitamin D—
binding protein (VDBP), alpha-1 acid glycoprotein 1
(AGP1), alpha-1 acid glycoprotein 2 (AGP2), alpha-
1-B glycoprotein (A1BG), fetuin-A, prealbumin, thy-
roxine-binding globulin and hemopexin, and alpha-2
macroglobulin were measured and combined with urine
neutrophil gelatinase—associated lipocalin (NGAL),
were discussed as a players in development of steroid-
resistant typy of nephrotic syndrome [13]. However,
too few data about the quantification of the apoptosis
and apoptosis-related disorders in children with ste-
roid-resistat type on nephrotic syndrome.

It is accepted that proteinuria is a hallmark of glo-
merular disease, and the magnitude of proteinuria is an
adverse prognostic factor in varied nephropathies includ-
ing nephrotic syndrome. There is evidence that protein-
uria is a mechanism of kidney disease progression. A re-
duction in proteinuria is associated with a slower decline
in GFR. Enhanced albuminuria leads to the secondary
pathologycal prosecces — inflammation, hypoxia, fibro-
sis. Ischemia as a result of peritubular capillary loss or
hypoperfusion is also considered a major factor for the
progression of tubulointerstitial damage, which is closely
associated with impairment of renal function. Renal tis-
sue hypoxia induces profibrogenic responses and tubu-
lointerstitial injury, which includes degeneration, dedif-
ferentiation, cell death [14-16].

Moreover, hypoxia has been shown to induce
apoptosis, where HIF-1 plays a complex role. It has
also been demonstrated that the expression of HIF-1a
significantly correlated with apoptosis. This finding has
been shown in in vitro models [16].

References:

Conclusions. Here we show that HIF-1a is up-
regulated and anti-apoptotic factor BcL-xL is down-
regulated in children with nephrotic syndrome mean-
ing that chronic hypoxia is a factor predisposing distur-
bances in the system controlling apoptosis in this cohort
of patients. Our current data are in line with previous
results showing a dependence between the level of hy-
poxia, pro-apoptotic factor Bax and anti-apoptotic fac-
tor BcL-xL and stage of CKD.

Further study of the molecular markers, predicting
the steroid-resistance in nephrotic children, in
particular markers of the apoptosis controlling system
has proved critical in unraveling the pathophysiologic
mechanisms of disease and in guiding therapeutic
options. With further research in the field, it is likely
that new mechanisms will be implicated in the
pathophysiology of SRNS and further treatment options
can be elucidated to optimize treatment of this disease.
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