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APPROACH TO THE EVALUATION OF CLINICAL AND METABOLIC FACTORS

INTERACTION IN CHILDREN WITH NEPHROTIC SYNDROME

Ye. A. Burlaka, I. O. Mityuryayeva

Bogomolets National Medical University, Kyiv, Ukraine

Nephrotic syndrome (NS) is the most common glomerular kidney disease in childhood.
The limited success of existing therapeutic strategies in slowing the progression of
chronic kidney disease requires the study of new ways of assessing and interpreting levels
of chronic intracellular hypoxia relative to basic clinical data and indicators of kidney
function in children with NS.

The purpose of the work — to investigate the main clinical and laboratory indicators,
the state of the transcription factor and the marker of intracellular hypoxia HIF-1alfa
as possible factors of cluster division and stratification according to the severity of
damage in children with NS, to evaluate the peculiarities of the relationship of the above-
mentioned markers in the selected cluster groups of children.

Materials and methods. 37 children with hormone-sensitive NS were examined. The
intracellular hypoxia marker HIF-1alfa, creatinine, cholesterol in blood plasma samples,
general blood analysis data, glomerular filtration rate (GFR), proteinuria level were
determined. For multiple comparisons and testing the significance of differences, the
ANOVA method was used followed by the Kruskal-Wallis post-hoc test. The correlation
between the studied factors was determined by the Pearson test. GraphPad Prism 9.0
Software was used. Two-stage cluster analysis was performed using Statistica 10.0
software. P values <0.05 were considered statistically significant.

The results. Four cluster groups of children with NS were formed, which differed in the
level of HIF-1alfa. It was established that the increase of HIF-1 alpha to 189.2+1.37 units.
associated with a decrease in GFR. Further increase of HIF-1alfa to 200.2+3.02 units.
associated with a decrease in GFR, an increase in inflammatory status, and a decrease
in cholesterol. HIF-1alfa at the level of 214.4+1.81 units. associated with the most
significant decrease in GFR, level of proteinuria, inflammatory phenotype.

Conclusion. The increase of HIF-1 alpha to 189.2+1.37 units and more in children with
NS can be used as a starting point for specific antihypoxic therapeutic measures.
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MIJAXIA 1O OLIHKHU B3AEMO/IIi KJITHIYHUX I METABOJITYHUX ®AKTOPIB
V JITEX I3 HEGPOTUYHUM CUHIPOMOM

€. A. Bypnaka, 1. O. Mimwpsaeea-Kopniiiko

Hauionanbauii mequunmii ynisepeuret imeni O. O. boromoubus, Kuis, Ykpaina

Hegpomuunuii cunopom (HC) € Haulbinbu nowupenum eromepyisipHum 3ax60pio6anHim
HUpoK 'y oumsuomy eiyi. OOmedxceHull ycnix ICHYIOUUX MepanesmudHux cmpamezil
YV CNOGINbHEHHI NpOpecyBaHHs XPOHIYHOI XBOPOOU HUPOK BUMALAE GUEUEHMSI HOBUX
WLIAXT6 OYIHKU [ MPAKNYBAHHSA PIGHIE XPOHIUHOI BHYMPIUHbOKIITMUHHOT 2INOKCTT 8IOHOCHO
OCHOBHUX KITHIYHUX OAHUX MA NOKA3HUKIE (yHKyii Hupox y oimetl i3 HC.

Mema — docnioumu 0CHOBHI KNIHIUHI, 1aO0PAMOPHI NOKA3HUKU, CIMAH MPAHCKPURYINO020
¢axmopa i maprepa eHympiuiHbokAiMunHOI 2inokcii HIF-1alfa six moocnusi paxmopu
KnacmepHozo nodiny ma cmpamugixayii 3a msicKicmio nowkoodicenv y oimeu i3
HC; oyinumu ocobnusocmi 63aemo36’A3Ky 3A3HAUEHUX Suuje MApKepie y 6UOLIeHUX
KIacmepHux zpynax dimeil.

Mamepianu ma memoou. Obcmedceno 37 oimetl i3 eopmon-uymausum HC. Busnauanu
mapkep HympiwHbokAimunnol einokcii HIF-1alfa, kpeamunin, xonecmepun y 3paskax
NIasmMu Kposi, NOKA3HUKY 3a2AIbHO20 AHAI3Y KPOGI, WEUOKICIb KYOOuUK080I (itbmpayii
(LLIK®), pisenv npomeinypii. /st MHONICUHHUX NOPIGHAHbL MA NEPesipKu 3HAYYUWOCMi
siominnocmeti gukopucmano memoo ANOVA 3 nodanvuwium post-hoc mecmom Kpackana-
Yonnica. Kopensyito misic docnioscenumu pakmopamu suznauanu 3a kpumepiem Ilipcona.
Buxopucmano noepamne 3abesneuenns GraphPad Prism 9.0 Software. /[soemannuii
KIacmepHuil aHAli3 6UKOHAHO 3a OONOMO2010 npocpamHozo 3abesneuenns Statistica 10.0.
3nauennsa P <0,05 egadicanu cmamucmuuno 3HAYYWUMU.

Pesynomamu. Chopmosano womupu kracmepni epynu oimetl i3 HC, ski 6iopisnsniucs
3a pienem HIF-1alfa. Bcmanoeneno, wo niosuwenns HIF-1 arvgpa 0o 189,2+1,37 y.o0.
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acoyitiosane 3i 3uudicenusim LLIKD. Tooanvue 30invuennss HIF-1alfa 0o 200,243,02 00.
nog sizawe 3i snuscennsm LIIK®, napocmanHam 3ananbHo20 cmamycy, 3HUNCEHHSIM Pi6Hs.
xonecmepuny. HIF-1alfa na pieni 214,4+1,81 y.00. acoyitoemovcs 3 HAUbibW Cymmesum
suuocenusm LLIK®, pisnem npomeinypii, 3ananvhum ¢peHomunom.

Bucnosok. 3pocmanns HIF-1 anegha 0o 189,2+1,37 y.00. i 6invwe y odimeu i3 HC
MOJICHA BUKOPUCTOBYB8AMU 5IK BIONPABHY MOYKY OISl CREYUDIUHUX AHMUSITIOKCUYHUX

mepanesmuiHUx 3axoois.

Introduction

Functional impairment in chronic kidney disease
is correlated with tubulointerstitial fibrosis, which is
characterized by inflammation, extracellular matrix
accumulation, tubular atrophy, and alterations in the
peritubular capillaries. The loss of microvasculature
suggests that hypoxia is present and may play a significant
impact. The most frequent glomerular condition in
children is nephrotic syndrome (NS) [1]. In Western
Europe, the reported incidence in children ranges from
1.2 to 3.5 per 100,000 per year, while globally it is 4.7
per 100,000 per year [2]. Various aspects, such as the
pathomorphological type of disease (focussed segmental
glomerulosclerosis, or FSGS) as the most common
lesion, genetic markers, and metabolic factors, have been
studied in relation to the course of NS.

While studies in rodent models more directly support
a causative involvement, recent data show lower renal
oxygenation in chronic kidney disease. Hypoxia has
been also linked to the maintenance of the inflammatory
response, the recruitment, retention, and differentiation
of circulating progenitor cells towards a pro-fibrotic
phenotype, and the modification of intrinsic stem cell
populations’ functions in chronic kidney disease [5].
Chronic kidney diseases (CKDs) of various etiologies are
characterized by renal fibrosis, a hallmark of which is the
deposition of extracellular matrix (ECM) that disturbs
normal tissue architecture and eventually leads to organ
failure and renal dysfunction [6].

The pathogenesis of CKD is common to both
glomerulosclerosis and tubulointerstitial ~ fibrosis,
regardless of the initial insult. It is well known that
tubulointerstitial fibrosis is the strongest predictor of the
development of end-stage illness. Numerous distinctive
characteristics are observed in tubulointerstitial fibrosis
[6, 7].

The growing body of evidence points to persistent
hypoxia as the last common mechanism leading to end-
stage of renal disease. These new pathways of chronic
hypoxia in relation to fundamental clinical data and
kidney function (GFR level) need to be investigated
because the efficacy of current therapies to delay chronic
kidney disease is limited [8].

In order to determine potential markets for staging
and stratification in children with NS and varying levels
of kidney function impairment, this study looked into
basic clinical factors such as age and disease duration,
as well as basic clinical factors such as serum creatinine,
serum cholesterol, complete blood count data, GFR,
and proteinuria. Additionally, it evaluated the unique
relationships between the aforementioned markers in
clustering groups of children with nephrotic syndrome.
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The purpose of the work

To investigate the main clinical and laboratory
indicators, the state of the transcription factor and the
marker of intracellular hypoxia HIF-lalfa as possible
factors of cluster division and stratification according to
the severity of damage in children with NS; to evaluate the
peculiarities of the relationship of the above-mentioned
markers in selected cluster groups of children.

Material and methods

The study was conducted on 37 selected patients with
NS. A written consent was obtained from the parents of all
participants. The study was approved by the local ethical
committee of Bogomolets National Medical University
(Protocol Ne 142) and the research is complied with
Helsinki Declaration.

Plasma samples were used to measure marker
intracellular hypoxia HIF-lalfa by means of western
Blotting method. In addition, creatinine, cholesterol
in blood plasma samples, indicators of general blood
analysis, glomerular filtration rate (GFR), proteinuria
level were determined by generally accepted methods.

Patients inclusion criteria were those fulfilled
the NS triad of, i.e. heavy proteinuria (>3 gm/ day),
hypoalbuminemia, and edema. Other than nephrotic
causes of proteinuria were excluded in all patients
recruited to the study.

The data expressed as means = SEM and as
frequencies and percentages when appropriate. ANOVA
followed by the post hoc Kruskal-Wallis test for multiple
comparisons used to test significance of differences.
Pearson correlation was run to study the correlation
between factors. Data were processed using GraphPad
Prism 9.0 Software for Windows (USA, San Diego,
CA). Two-step clustering was done using Statistica 10.0
software. P values < 0,05 were considered statistically
significant.

Results and their discussion

The study was carried out during the period over
24 months. 37 patients with steroid-sensitive NS were
included in to the study. Basic clinical data of patients
are given in Table 1.

The clustered results based on nine variables:
HIF-lalfa, disease course, age, proteinuria level,
glomerular fliltration rate (GFR), serum creatinine
(S-Cr), serum cholesterol, white blood cells count
(WBC), erythrocytes sedimentation rate (ESR) were
shown as 4 subgroups.

Cluster groups named — Group 1, Group 2, Group 3,
Group 4. Cluster groups are described in Table 2.
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Table 1
Clinical characteristics of the patients with NS
Characteristics Nsl\/?iaggli;[so(?g/fﬂ
Boys 21 (55,3 %)
Girls 16 (44,7 %)
Age, years 12,25+0,85
Disease duration, years 7,65+0,33
BMI 21,8+0,73
Hypertension 17 (45,9 %)
Edema 37 (100 %)
WBC count, 10°L 7,45. 10°L
ESR, mm/h 9,14 mm/h
Note: WBC — white blood cells; ESR — erythrocytes blood cells.
Table 2
Clustering groups characteristics
. . Serum
Parameters, |HIF-1alfa,| Age, Disease Prot.em— GFR, mL/ S-Cr, choles- WBC ESR,
Mean a.u. years course, una, min/1.73 m2| mcMol/L terol, co%nt, mm/h
years mg/24h mMol/L 10°/L
Group 1 187,4 12,25 6,750 9,213 120,4 46,13 11,49 4,975 | 7,500
Group 2 189,2 11,44 6,667 8,633 75,62 70,89 10,69 6,282 | 6,667
Group 3 200,2 9,000 8,143 6,929 87,75 57,14 8,824 8,273 | 10,00
Group 4 2144 12,00 7,667 9,700 66,95 92,33 10,24 11,44 10,17
Note: WBC — white blood cells; ESR — erythrocytes sedimentation rate; GFR — glomerular filtration rate; S-Cr — serum
creatinine.

Pearson correlation ran to correlate principal factors
found to be those defining clustering groups in children
with NS. In Group 1 significant positive correlation was
observed between HIF-1alfa and S-Cr levels (r = 0.9242,
95 % CI 0,6295 to 0,9864, R? = 0,8541, p=0,001) (Fig.
1A). In Group 2 significant positive correlation was
observed between HIF-lalfa and WBC count levels
(r = 0.7211, 95 % CI 0,1093 to 0,9366, R*> = 0,0284,
p=0,0284) (Fig. 1B). In Group 3 significant negative
correlation was observed between HIF-lalfa and GFR
levels (r =-0,9691, 95 % CI —0,9956 to —0,7996, R* =
0,9392, 0,0003) and significant positive correlation
between HIF-lalfa and S-Cr levels (r = 0,9140, 95 %
CI 0,5165 to 0,9874, R? = 0,8355, 0,004) (Fig. 1C). In
Group 4 significant positive correlation was observed
between HIF-1alfa and Proteinuria (r = 0,6023, 95 % CI
0,04346 to 0,8741, R? = 0,3628, p= 0,0382) (Fig. 1D).

Given that hypoxia plays a major role in renal
fibrosis, pharmacological control of the hypoxic response
may be helpful in halting or reducing the progression
of the condition. Correction of anemia, normalization
of vascular tone and intrarenal microvascular
perfusion, preservation, repair, and stabilization of the
tubulointerstitial microvasculature, stabilization of HIF
in the tubulointerstitium, and manipulation of hypoxia-
induced cell homing are some strategies to lessen the
effects of hypoxia-mediated profibrotic changes [8,9].

The adaptive response to hypoxia is largely regulated
by HIF [10]. Prolyl hydroxylase 2 and factor inhibiting
HIF-1, respectively, hydroxylate proline and asparagine
residues in an oxygen-dependent manner that controls the
stability and activity of the a-subunit in normoxia. HIFa
proteins stable under hypoxia, dimerize with HIFp, and
attach to hypoxia-responsive elements found in target
genes’ regulatory areas [10,11].
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HIF-1a builds up in tubules and papillary interstitial
cells in the hypoxic kidney, while HIF-2q is activated in
fibroblasts and peritubular endothelial cells. By switching to
the synthesis of interstitial collagen and suppressing matrix
breakdown, hypoxia modifies PTE matrix metabolism and
promotes the formation of extracellular matrix. Fibrosis is
increasingly linked to EMT. While prolonged exposure to
hypoxia causes mitochondrial damage and death associated
with the loss of tubular cells in vivo, exposure of PTE to
hypoxia induces a myofibroblastic phenotype [12-14].

In order to determine potential markets for staging
and stratification in children with NS and varying levels
of kidney function impairment, this study looked into
basic clinical factors such as age and disease duration,
as well as basic clinical factors such as serum creatinine,
serum cholesterol, complete blood count data, GFR, and
proteinuria. It also looked into transcriptional factors and
the marker of intracellular hypoxia, HIF-1alfa.

Our results show that children from Group 2 have
increase in HIF-1 alfa expression and GFR decline absent
in Group 1. Meaning the increase of HIF-1 alfa up to
189.2+1,37 a.u reflects decline of GFR that possibly due
to microvascular disorders and partially due to increase
of inflammatory cells infiltration. In Group 2 WBC count
was somewhat higher as compared to Group 1. Moreover,
in Group 2 significant positive correlation was observed
between HIF-1alfa and WBC count levels

In like with Group 2 results Groups 3 data show that
these patients have average value of HIF-1 alfa 200.2+3.02
a.u. Increase in HIF-1alfalevel associated with GFR decline,
more prominent inflammatory status. In Group 3 significant
negative correlation is observed between HIF-lalfa and
GFR levels and significant positive correlation between
HIF-1alfa and S-Cr levels meaning that hypoxic injury
have direct effect on kidney function impairment.
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Fig. 1. Pearson correlation between principal factors found to be those defining clustering groups in children with
NS and factors co-incidence. Group 1 (A), Group 2 (B), Group 3 (C), Group 4 (D).

The most prominent changes of the mentioned above
parameters were found in Group 4. Also in Group 4
significant positive correlation is observed between
HIF-1alfa and WBC count levels which is a possible sign
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that the source of HIF-1 alfa in this group of patients

might be WBC in parallel with other sources.
Interestingly, the highest level of serum was measured

in Group 1, the lowest in Group 3. It is known that NS
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is accompanied by disordered of lipid metabolism.
The increased synthesis of lipoproteins that coincides
with increased hepatic albumin production as a result
of hypoalbuminemia was the classic explanation
for hyperlipidemia in NS. It has been demonstrated,
meanwhile, that albumin production rates have little bearing
on serum cholesterol levels. Increased hepatic lipoprotein
production could be related to decreased plasma oncotic
pressure. Anomalies in regulatory enzymes, including
lipoprotein lipase, cholesterol ester transfer protein,
and lecithin-cholesterol acyltransferase, also contribute
to the dyslipidemia of NS. Its occurrence is caused by
a complicated mechanism that combines increased hepatic
production of lipoproteins with decreased lipoprotein
clearance from the circulation [15, 16].

We speculate that lower serum levels of cholesterol
accompanied with higher HIF-1alfa levels in Group 2
and Group 3 may be a result of lipids oxidation.

In summary, inflammatory cells that gather at damage
sites use hypoxia as a homing signal. In the context of
chronic hypoxia-ischemic kidney disease (CKD), it may
also excite local immune cells and, as such, be a significant
inflammatory stimulus. In particular, in the absence of
vascular regeneration, chronic hypoxia may intensify
a continuing pro-inflammatory response or obstruct
resolution and promote fibrosis. Furthermore, some
inflammatory cells may be able to develop into fibroblasts
and contribute to the abnormal build-up of extracellular
matrix (ECM). It is an exciting notion that needs to be
investigated if hypoxia might initiate this process.

Assignificant amount of data has been gathered from in
vivo models, in vitro research, and, more recently, human
investigations, placing hypoxia at the core of theories
regarding the mechanisms behind the development of
chronic kidney disease (CKD). A thorough grasp of how
hypoxia functions in fibrosis and how it interacts with
other elements that affect the disease’s growth can lead
to a number of innovative therapeutic approaches that
can be used to stop or slow the advancement of a wide
spectrum of incurable kidney disorders.

Conclusions

Three groups of patients with nephrotic syndrome
with different degrees of risk of GFR reduction were
distinguished according to the following characteristics:
low-risk group: moderate increase in HIF-1 alpha level,
age —teenagers, average duration of the disease — 6 years,
proteinuria — 8-9 g/24 h, moderate increase of S-Cr, low
inflammatory status; group with a moderate degree of
risk: moderate-high increase in the level of HIF-1 alpha,
average childhood age, average duration of the disease —
9 years, proteinuria about 7 g/24 h, moderate increase
in S-Cr, subhigh inflammatory status; high-risk group:
significant increase in the level of HIF-1 alpha, age —
teenagers, average duration of the disease — 7.6 years,
proteinuria about 9 g/24 h, significant increase in S-Cr,
high inflammatory status.
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