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Abstract. It was shown previously on in vivo studies that proteinuria-induced effects
play a crucial role in renal damage in chronic kidney disease (CKD). However, an
initial mechanism of irreversible kidney damage in pediatric diseases characterized by
chronic proteinuria, i.e. nephrotic syndrome, remains to be unclear.

The aim of our work was to study the initial mechanism of kidney cells apoptosis
development in nephrotic children.

Methods. An examination of renal biopsies of 53 patients (aged 10 to 15 years) with
nephrotic syndrome hospitalized in Pediatric Nephrology unit of the Children Clinical
Hospital N7 (Kyiv, Ukraine) done. In vitro studies of albumin toxicity performed on
rat proximal tubular cells in primary culture (RPTC).

Results. Our study showed that albumin overload in nephrotic children leads to high
levels of apoptosis. Its distribution and level varies regarding the level of focal segmental
glomerulosclerosis (FSGS). The progression of sclerosis as a sign of irreversible kidney
damage is accompanied by gradual increase in expression of proapoptotic factor Bax.

In vitro studies on rat proximal tubular cells in primary culture (RPTC) showed that
excessive albumin uptake into rat primary renal cells causes an almost immediate
mitochondrial accumulation of the apoptotic factor Bax. We hypothesize that this might
be initial pathway leading to kidney cells apoptosis in childhood nephrotic syndrome.

Conclusions. We show that overexpression of apoptotic factor Bax has a place in children
with nephrotic syndrome. Thus, chronic influence of albumin is a factor predisposing
disturbances in system controlling apoptosis in this cohort of patients. Our data demonstrate
that there is a dependence between the Bax overexpression level and the stage of CKD. We
show the topologic difference between the Bax levels and FSGS degree. This is an indication
that development of glomerular and tubule-interstitial disorders under the influence of
proteinuria occurs in specific range. In vitro data demonstrate that albumin overload
causes mitochondrial Bax translocation that could be an initial factor in apoptotic pathway
activation.
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AnonTo3 gK MeXaHi3M iHIYKOBAHOIro a1b0YMiHOM NOIIKOMXKEHHSI HUPOK NpH
He()POTUYHOMY CHHIPOMI Yy JiTeil

'"Hanionansauii Megmannit yaisepcuteT iM. O.0O. boromoubist, Kuis
2 1Y»Inctutyt Hedposorii HalioHaabHOI akageMii MeIMYHUX HayK YKpaiHu», M. KuiB

Pestome. Paniwe y docaioxcennsx in vivo 6yno nokazamo, ujo epekmu, UKAUKAHI npomeinypicio, gidieparoms
BUPIUANBHY DPOb 8 NOWKOONCEHHI HUPOK NpU XPOHIMHOMY 3axeopiosanti Hupox (X3H). Oduax iniyianvHuii Mexauizm
HEe360pPOMH020 NOWKOONCEHHS HUPOK y Oimell npu 3axX60PI08AHHSX, W0 CYNPOBOONCYIOMbCS XPOHIUHON NPOMeiHypI€io,
30KpemMa npu He@pOMuUHy CUHOPOMI, 3aNUUAEMBCS He 3DO3YMINUMU.

Memoio nawioi pobomu 6y10 6usueHHS IHIUIANbHORO MEXAHIZMY PO3GUMKY anonmo3y y dimeil 3 HeqhpomuuHum
CUHODOMOM.

Memodu. IIposedero obcmencenus bionmamise Hupox y 53 xeopux (sixom 6id 10 do 15 pokie) 3 neghpomuunum
CUHOPOMOM, 20CHiManizoéanum 0o giodinenHs dumsuoi Heghposoeii dumsuoi Kainiunoi aikapui No7 (m. Kuie, Ykpaina).
Excnepumenmanvni docaioxncenns mokcuuHocmi anbOyminy, nposederi Ha nepeuHHIl Kyabmypi RpoKCcUMAaAbHO-MYy0yAsap-
Hux Kaimunax nupok wypie (IITKHIII).

Pezynvmamu. Hawe docrioncenns, npogedere nHa Gionmuunomy mamepiani MKaHuH HUPOK dimeil 3 Hegppomue-
HUM CUHOPOMOM, NOKA3GA0, W0 XPOHIMHUL 6NAUG ANbOYMIHY Npu3800ums 00 8UCOK020 pigHs anonmo3y. Hoeo po3nodin
ma pigembp 3anexncums i pieHs GoKarbHoeo ceemenmapro2o nomepynockaeposzy (DCI'C). Ilpoepecysarnus ckaeposy, K
03HAKU HE360POMHO20 NOUKOONCEHHS] HUPOK, CYNPOBOONCYEMbCS NOCMYNOBUM 30i1bUeHHAM eKcnpecii npoanonmo3Hoeo
¢axmopa Bax.

Llocaioncenus in vitro, npogedene Ha NePBUHHIN KYAbMYDPI NPOKCUMANbHO-MYOYAAPHUX KAIMUH HUPOK WYpie, no-
Ka3ano, wo 8NAU8 UCOKUX PIGHI6 arbOYMIHY HA Ui KAIMUHU, BUKAUKAE Malidce HeealiHe HAKONUYeHHS NPOANnomo3H020
gaxmopa Bax Haskono mimoxouopianvuux membparn. Mu npunyckaemo, wo ye moxce Oymu iHiyianbHUM RPOUECcoOM Wiasi-
XOM, KUl 6ede 00 anonmosy KAIMuH HUPOK Npu He@hpomuuHomy cunopomi y dimei.

Bucnoexu. Buseneno, akmusauis excnpecii npoanomo3snoeo ¢hakmopa Bax mae micue y dimeii 3 Heghpomuunum
cunopomom. Taxkum 4uHoOM, XPOHIMHUT 6NAUE ANLOYMIHY € YUHHUKOM, W0 BUKAUBAE NOPYULEHHS 8 CUCMEMI, W0 KOHMp-
ont0e anonmo3 y uiil koeopmi xeopux. Buseneno 3anexcricmo mivc pienem naomiproi excnpecii Bax ma cmadicio X3H.
Bcmanoeneno mononoeciuny pisnuyro mioc pisHamu Bax ma cmynenem okasvHo-ceemeHmapHo2o 210mepya0cKaepo3y
(DCIC). Lle 6xazye Ha me, w0 GOPMYBAHHS 2AOMEPYAAPHUX Ma MYOYA0-iHMEPCMUUITIHUX NOUWKOOXNCeHb Ni0 GNAUGOM
npomeinypii idbysacmocs y nesnomy nopsaoky. [ani in vitro céiduamo, uio nepeeanmaicerts anbOyMiHOM BUKAUKAE
MImMoxoHOpianvHy mpanciokayiro Bax, wo moxce 6ymu nouamkosum haKkmopom aKkmueauii anonmo3Hoeo CUSHANbHO20
WAsXY.

KmouoBi ciioBa: negppomuunuii cundpom, arvOymin-indykosana moxcuunicms, mpanciokauis Bax.

Introduction. Chronic kidney disease (CKD) is
a significant global public health problem with poor
prognosis and elevated health care costs [1-3] Recent
clinical guidelines on CKD incorporate albuminuria
and the estimated glomerular filtration rate (¢GFR) to
define and stage CKD [2,3] CKD results from a variety
of causes, including diabetes, glomerulonephritis, hy-
pertension, infections and polycystic kidney disease [4].
Most forms of CKD are progressive and are character-
ized by disrupted glomerular perm-selectivity, glomer-
ular sclerosis, progressed albuminuria, loss of podocytes
and glomerular tubular disconnection [4, 5].

Ievgeniia Burlaka
evgbur1982@gmail.com

In was shown in vitro and in vivo that main patho-
morphological outcomes that apply to kidney damage
in CKD are glomerulosclerosis, vascular sclerosis, tu-
bular-interstitial fibrosis. Adaptive changes of nephrons
after the primary injury which can no longer be com-
pensated with time, ultimately lead to irreversible dis-
orders - scarring, sclerosis and further loss of nephrons
leading to the end-stage CKD (ES-CKD) formation.
Inflammation plays an important role in the develop-
ment and progression of chronic kidney pathologies
and is the primary and persistent violation, which un-
derlies the pathogenesis of others [6]. All mentioned
above pathophysiological violations might be accompa-
nied by apoptosis. Apoptosis is programmed cell death
that occurs when kidney disease has a place and plays
an important role in their physiology. Harmful effects
of apoptosis are in fact a source of a large number of
kidney cells lost during and/or renal inflammation,
scarring, loss of kidney function [7]. The molecular
mechanisms of albumin-induced apoptosis and their
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outcomes in nephrotic children are not studies substan-
tially.

The aim of our work was to study the initial mecha-
nism of kidney cells apoptosis development in nephrot-
ic children.

Materials and methods. Patients. An examination
of renal biopsies of 53 patients (aged 10 to 15 years)
with nephrotic syndrome hospitalized in Pediatric Ne-
phrology unit of the Children Clinical Hospital No7
(Kyiv, Ukraine) was done. All patients were treated ac-
cordingly with the local protocols. Among all patients
24 (45.28%) were with hormone-sensitive type of ne-
phrotic syndrome, others — 29 (54.72%) showed hor-
mone-dependent type of nephrotic syndrome. Complex
examination other than conventional methods (inspec-
tion, monitoring blood pressure, general and biochemi-
cal blood tests, determination of daily proteinuria, uri-
nary sediment study and concentration ability of the
kidneys, ultrasound of the abdomen etc.), immunohis-
tochemical assessment of apoptosis-dependent glomer-
ular and tubule-interstitial damage were done.

Immunohistochemistry. Renal tissue (3-um sec-
tions) was deparaffinized and rehydrated prior to pro-
cessing. Antigen retrieval was carried out by boiling in
Citrate Buffer (10mM Citric Acid, 0.05% Tween20, pH
6.0) for 20 min. Sections were treated with Triton X-100
0.3% (Sigma-Aldrich NV/SA, Bornem, Belgium) in
PBS for 20min. After three PBS washes, sections were
incubated with blocking buffer (5% bovine serum albu-
min and Triton X-100 0.1% in PBS) for 1 hour. The
rabbit polyclonal anti-Bax antibody (Santa Cruz, CA,
USA) was applied at a dilution of 1:50 in 5% bovine se-
rum albumin in PBS overnight at 4 C. Following three
PBS washes, sections were incubated with a secondary
Alexa Fluor 488 goat anti—rabbit IgG (1:500) for 1h
at room temperature. Nuclei were counterstained with
DAPI. All samples were stained for an identical length
of time and under identical conditions. All record-
ings for each staining were done during one day using
identical gain settings. Sections were mounted in Im-
mu-Mount (Thermo Shandon, Midland, Canada) and
observed with Leica TCS SP inverted confocal scan-
ning laser microscope using 25X/0.8NA oil-immersion
objective. Image analysis was performed using ImageJ
software (NIH Image, Baltimore, MD, USA). Three
areas in each section were analyzed [8].

Detection of apoptotic cells: Terminal Deoxynu-
cleotidyl (TdT)-Mediated dUTP Nick-End Labeling
(TUNEL) assay. An ApopTag Red In Situ Apoptosis
Detection kit (Chemicon International, USA) was used
to determine the A, according to the manufacturer’s
instructions. The kidney tissue cells were mounted in
Immu-Mount (Thermo Shandon, Midland, Canada),
and the images were recorded with a Zeiss LSM 510 la-
ser scanning confocal microscope using a 25X/0.8NA
oil-immersion objective. TUNEL stain was detected
using 488 nm excitation and a 510-550 nm band-pass
filter. ApopTag was detected using 561nm excitation
and a 575 nm long pass filter. Cells were considered

apoptotic when they exhibited ApopTag Red staining
and characteristic apoptotic morphology. The Al was
calculated as the percentage of TUNEL-positive cells.
In each preparation, eight to ten randomly selected ar-
eas were examined, and in each area, between 100 and
200 DAPI-stained cells were counted [9].

Cells. RPTC were prepared from kidneys of
20-day-old male Sprague-Dawley rats as described
previously. The studies performed in Sweden followed
the Karolinska Institutet regulations concerning care
and use of laboratory animals and were approved by
the Stockholm North ethical evaluation board for ani-
mal research. The kidneys were removed and placed
in 0.9% NaCl at room temperature. The cortical lay-
ers were dissected and placed in Hank’s balanced salt
(Invitrogen, Grand Island, USA) solution at 37°C and
gently mixed using a fire-polished Pasteur pipette. The
reaction was stopped by washing the cells twice in a so-
lution containing 1% trypsin inhibitor. After washing,
equal volumes of cell suspension were plated on 12-mm
glass coverslips in 24-well Petri dishes. The cells were
cultured for 3 days in supplemented DMEM (20 mM
HEPES, 24 mM NaHCO3, 10 pg/ml penicillin, 10 pug/
ml streptomycin, and 10% FBS) on glass coverslips in
5% CO, at 37°C. On day two in vitro, when the cells
have been shown to maintain most of their proximal tu-
bule characteristics, the cells were exposed to the 0, 5,
10, or 20 mg/mL of fatty acid and endotoxin-free bo-
vine albumin alone (Sigma-Aldrich, St.Louis, USA),
with ouabain (Sigma-Aldrich, St.Louis, USA) or with
vehicle (PBS) for 8 or 18 h [9].

Bax translocation assessment. RPTC were cultured
as described previously. On day two in vitro, when they
have been shown to maintain most of their proximal
tubule characteristics, the cells were exposed to the
mitochondria-targeted green fluorescent protein Cell-
Light® Mitochondria-GFP BacMam (Life Technolo-
gies, Grand Island, USA) overnight in the incubator.
On day three in vitro, RPTC were incubated with 0, 2.5
or 10 mg/mL of albumin with or without ouabain (5
nM) or vehicle (PBS) for 0-8 h. In another set of exper-
iments, the cells were treated with 10 mg/mL albumin
for 0, 15, 30 or 45 min. For Bax immunostaining, the
cells were fixed in 4% PFA, washed once with cold PBS
and treated with Triton X-100 (Sigma-Aldrich NV/SA,
Bornem, Belgium). The mouse monoclonal anti-Bax
[6A7] Ab primary antibodies (Abcam, Cambridge, UK)
were applied overnight at 4°C. The controls were sub-
jected to the same treatment, but the primary antibody
was omitted. The secondary Alexa Fluor 546 goat anti-
mouse IgG IgG (Invitrogen, Grand Island, NY, USA)
was applied for 1 h at room temperature. The cells were
mounted and observed using a Zeiss LSM 510 laser
scanning confocal microscope and a 63X/1.4NA oil
objective. Analysis of the Bax translocation to the mi-
tochondria was performed with the Matlab image pro-
cessing toolbox.

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

Results. Patients characteristics. Characteristics
for participating patients given in Table 1.

Table 1
Group characteristics for participating patients
Characteristics Value

Age, years 11.09 £ 3.46
Body mass index 21.5+1.3
Sex (male/female) 29/24
Normal BP/AH 21/32
Hormone-sensitive type of nephrotic
syndrome,/ hormone-dependent type 24/29
of nephrotic syndrome
Average disease course , years 9.09 +£2.16

BP — blood pressure, AH - arterial hypertension.

DAPI

Merge

Bax

FSGS HI

FSGS -V

* - glomeruli, * p < 0.05.
Fig. 1. Topical characteristic of the Bax expression in d

Proapoptotic factor Bax expression in kidney tissue
of patients with nephrotic syndrome. We have analyzed
the levels of expression and localization of proapoptotic
factor Bax in patients with morphological variant of ne-
phrotic syndrome — focal segmental glomerulosclerosis.
Stages of FSGS were determined by level of glomerular
sclerotic area. Level of sclerosis corresponding to <25%
of the glomerular area was assumed as I stage of FSGS,
II stage of FSGS - 25-50%, 111 stage — 50-75% and 1V
stage — 75-100%. Analysis of Bax expression in kidney
biopsies from children with focal segmental glomeru-
losclerosis show the presence of high level of Bax ex-
pression in both glomerular and tubule-interstitial seg-
ments. Higher level of immune signal was recorded in
glomeruli as compared to tubule-interstitial segment in
FSGS I-II stages (43.57 = 0.88 a.u. vs 24.9 = 0.41 a.u.,
P <0.01). When complete glomerular sclerosis presents
a high level of Bax was documented in the surrounding
tubule-interstitial segment (13.7 *+ 0.42 a.u. vs 22.5 =
0.65a.u., P<0.01) (Figure 1).

* *
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Glomeruli Tubule- Glomeruli Tubule-
interstitial interstitial
segment segment
FSGS Il FSGS -V

ifferent stages of FSGS. DAPI: visualization of nuclei;

Bax: Bax immune signal in kidney tissue.

Apoptosis level in kidney tissue of nephrotic chil-
dren. Results of the apoptosis level analysis in kidney
sections of biopsy material of nephrotic children with
morphological form of chronic glomerulonephritis fo-
cal segmental glomerulosclerosis revealed the presence
of high level of apoptotic cells. Moreover, it is shown
that in sclerotic glomeruli with the level of glomerulo-
sclerosis I-11 st. the majority of apoptotic cells localized
in glomeruli. In case of glomerulosclerosis IV st. a high

=\ -

level of apoptosis detected in surrounding tubule-inter-
stitial segment (Fig. 2, A).

Quantitative analysis showed that in case of FSGS
I-1II st. the apoptosis index (Al) in glomeruli: 22.29 +
0.86%, in tubule-interstitial segment: 9.43 + 0.59% (p
<0.01). At high level of glomerulosclerosis (IV st.) distri-
bution of apoptotic cells was different. High Al found in
tubule-interstitial component: 29.27 + 1.18%, in glomer-
uli Al detected at level 4.7 = 0.54% (p < 0.001) (Fig. 2, B).

Glomeruli

Apoptotic index, Al (%)

Tubule-
interstitial
segment

Glomeruli Tubule-
interstitial

FSGS 11 FSGS IV

Fig. 2. Apoptosis level in kidney tissue of nephrotic children. A: TUNEL staining; B: quantitative analysis of apoptosis.
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Albumin overload induces Bax translocation to
mitochondria. In this study we used an albumin to in-
duce apoptosis in RPTC. To further characterize mi-
tochondrial involvement in albumin toxicity, we per-
formed time sequence studies, monitoring Bax and
mitochondria co-localization in albumin-exposed rat
proximal tubule. Concentration of albumin 2.5 mg/mL

Baclam 2.0

Bax

Albumin, 2,5 mg/mL

1h 2h 4h gh

used in this experiment. The co-localization of immu-
nolabeled Bax and mitochondria expressing GFP was
analyzed in confocal micrographs (Fig. 3). Co-local-
ization increased in a time-dependent manner, and the
increase was significant after 2 hours incubation with
2.5 mg/mL albumin.

=

¥ 50
& 50
(-8

£ 9
2 304
§ 20
[=]

o 1 Ll ] L1 o
h 2h 4h
Albumin, 2,5 mg/mL - + + + +

**p<(.01. Statistical analysis was performed using the Mann-Whitney U test. Experiments were repeated four times

Fig. 3. Immunofluorescence staining of proapoptotic factor Bax (red) in RPTC incubated with 2.5 mg/ml albumin. Cells were
transfected with mitochondrial marker BacMam 2.0 (green). Number of co-localized Bax/mitochondrial peaks was counted.

Discussion. Proteinuria is the hallmark of glo-
merular diseases, and the magnitude of proteinuria is
an established adverse prognostic factor in a variety of
progressive nephropathies [10]. Ongoing proteinuria
has been proposed to lead to tubular injury primarily via
excessive tubular cell uptake of filtered proteins and/or
protein-bound substances such as fatty acids. Albumin,
the most abundant protein in the glomerular filtrate, is
endocytosed by proximal tubule cells and can cause di-
rect tubule cell injury in animals and cell culture mod-
els [10, 11]. Several mechanisms remain under inves-
tigation in these experimental settings, proposed [12].
There is, however, a paucity of mechanistic informa-
tion in pediatric diseases characterized by chronic pro-
teinuria, i.e. nephrotic syndrome.

The relationship between the two cardinal pro- and
anti-apoptotic members of the Bcl2 family of proteins,
Bax and Bcl-xL, plays a crucial role in determining the
balance between cell life and death [13]. We demon-
strated that in vitro cellular uptake of albumin causes
rapid accumulation of Bax around the mitochondria,
resulting in the disabling of the mitochondrial mem-
brane and initiation of the apoptotic process. These in
vitro data may be crucial in further understanding of the
apoptosis initiation in patients.

Here we show that overexpression apoptotic factor
Bax have a place in children with nephrotic syndrome
meaning that chromic influence of albumin is a factor
predisposing disturbances in system controlling apop-
tosis in this cohort of patients. Our data demonstrate
that there is a dependence between the Bax overexpres-
sion level and the stage of CKD. We show the topologic
difference between the Bax levels and FSGS degree.
This is an indication that development of glomerular
and tubule-interstitial disorders under the influence of
proteinuria occurs in specific range.

Conclusions. We show that overexpression of
apoptotic factor Bax has a place in children with ne-
phrotic syndrome. Thus, chronic influence of albumin
is a factor predisposing disturbances in system control-
ling apoptosis in this cohort of patients. Our data dem-
onstrate that there is a dependence between the Bax
overexpression level and the stage of CKD. We show
the topologic difference between the Bax levels and
FSGS degree. This is an indication that development
of glomerular and tubule-interstitial disorders under
the influence of proteinuria occurs in specific range.
In vitro data demonstrate that albumin overload causes
mitochondrial Bax translocation that could be an initial
factor in apoptotic pathway activation. Further study
of the molecular mechanisms, i.e. specific caspases-3,
-8 activation, fibrosis markers levels in children with
nephrotic syndrome has a great importance for under-
standing the nature of the disease progression.

Disclosure Statement. This work was covered by
the grant 0105U 003769.
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