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uccnedoeaHusi amol 2unome3bl MosyYeHbl 3anucu NoMeHyuasnos, cesizaHHbIx ¢ cobbimusimu (IMCC), Npu ebiMosIHEHUU UcnbiMmyeMbIMU 3Mo20 me-
cma. UcnbimyembiMu 6b11U cCEMePO MYXXYUH, npaeswu, 8 eo3pacme 20 * 1,13 nem. Hau6onee uHghopmamueHbIM oka3anocb omeedeHue Cz, dns
Komopozo nosty4yeHbl kKomnoHeHmMbl N450 u no30Huli no3umusHbIli komnnekc (LPC) npu cmumynupoeaHuu HEKOH2PY3HMHbLIMU CMuMyiamu ¢ npa-
eoli cmopoHbl. KomnoHeHm N450 cesizabiearom ¢ akmueHoCcmbio nepedHeli NosicHOU KOpbl U cHUumarom HadeXxXHbIM MapKepoM KOHGIUKmMa, umerouje-
20cs 8 aKkcnepuMeHmarsnbHolU napaduame daHHo20 mecma. LPC, eeposimHo, siefissemcsi KOMIMOHEHMOM, crieyuguyeckum Onsi 3adaHusi Cmpyna, u
coomeemcmeyem ypoeHIo KoOHghsiukma cmumyinoe. 3anuck [1ICC ¢ yeHmpanbsHo20 omeedeHusi He no3eosisiem onpedenums 8 aHHOM crly4Yae uc-
MoYHuUK ux npoucxoxdeHusi. O0Hako cornocmassieHue [1CC npu HeKOHa2pPy3HMHbLIX CIMUMYSILUSIX Cripasa U c/ieea yKka3bigaem Ha Hanu4yue pasnuqull
8 peakuyuu Ha cmumysbl, npedcmassieHHble U3 Pa3HbIX MOJI08UH 3KpaHa. [losieneHue 0aHHLIX KOMMOHEHMO8 Onsi HEKOH2PY3HMHbIX CMUMYIIO08,
npedcmaensieMbix ¢ npasoli CMOPOHbI IKPaHa, 8€POSIMHO, 03HaYyaem ux accoyuayuro ¢ (hyHKYUusIMU sieeo20 rnosywapusi, u noomeepxoaem eblo8u-
Hymyo paHee 2uriome3y o MemakoHmposie sieebiM MosywapueM npu ebIMosIHeHUU 0aHHO20 muna Ko2HUmMueHol 3adayu.

Knrodeenie cnoea: kombuHupoeaHHbIli mecm Cmpyna, nomeHyuanbl, cesi3aHHble C cO6bimusiMu, MexnosiywapHoe a3zaumodelicmeaue,
MemaKoHmposb.
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STUDY OF INTERHEMISPHERIC INTERACTION BY THE INDICES OF EVENT-RELATED POTENTIALS

The study used a combined Stroop test involving a spatial feature. Stimuli (the words "green”, "red”, "blue” and "yellow", written in relevant or
irrelevant color) were presented to the right or left of the center of the screen. In the case of coincidence of the color of the word and its semantic
meaning, it was necessary to press the button with the ipsilateral hand (answer "yes", congruent stimulus), discrepancies — with the contralateral
hand (answer "no", incongruent stimulus).

According to the results obtained earlier, it was suggested that it is easier to transfer information from the left hemisphere to the right than in the
opposite direction, and the dominance of the left hemisphere when performing this type of cognitive task. To study this hypothesis, records of event-
related potentials (ERP) were obtained when subjects performed this test. The subjects were 7 men, right-handed, aged 20 * 1,13 years. The most
informative was the registration from Cz, for which the components N450 and late positive complex (LPC) were obtained when stimulated by
incongruent stimuli from the right side. The N450 component is associated with anterior cingulate cortex activity and is considered a reliable marker
of conflict present in the experimental paradigm of this test. LPC is probably a component specific to the Stroop task and corresponds to the level of
conflict of stimuli. Recording ERPs from the central lead does not allow to determine in this case the source of their origin. However, a comparison
of ERP of incongruent stimuli from the right and left indicates differences in response to stimuli from different halves of the screen. The appearance
of these components for incongruent stimuli exposed on the right side of the screen probably means their association with the functions of the left
hemisphere, and confirms the previous hypothesis of metacontrol by the left hemisphere in this type of cognitive task.

Keywords: combined Stroop test, event-related potentials, interhemispheric interaction, metacontrol.
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A SORAFENIB INDUCED MODEL
OF GLOMERULAR KIDNEY DISEASE

Glomerular damage and proteinuria are important pathophysiological signs of chronic kidney disease. This study provides
data obtained using a model developed based on the use of the anti-cancer drug sorafenib. Sorafenib is a tyrosine kinase inhibitor
that acts through the signaling pathway associated with vascular endothelial growth factor and is widely used to treat various
types of cancer. Sorafenib, on the other hand, causes serious side effects in patients, including the development of chronic kidney
disease. This study was aimed at using the nephrotoxic properties of sorafenib to model chronic kidney disease in rats. We showed
that rats treated with sorafenib for 8 weeks along with a diet high in salt (8% NaCl) develop hypertension with high systolic blood
pressure of 80 mmHg, proteinuria with an increase in protein content of 75% higher , and a 4-fold increase in glomerular damage
compared to the control group. In case of damage to the renal glomeruli caused by sorafenib, the level of transcripts that are
involved in the synthesis of key glomerular proteins such as nephrine, podocin, synaptopodin and subplanin is significantly
reduced. Also, when studying this model, activation of the endothelial-mesenchymal transition is observed. In the group of rats
treated with sorafenib, the mRNA level for the WT-1 endothelial cell marker was reduced by 20%, while the concentration of the Col Ili,
FSP-1, a-SMA and vimentin mesenchymal cell markers increased by 2-3 times. Thus, we developed a preclinical model of chronic
kidney disease, expressed in damage to the renal glomeruli. We also demonstrated that glomerular damage in this model is
associated with decreased expression of key structural glomerular proteins and activation of the endothelial-mesenchymal
transition of the kidneys.

Keywords: sorafenib, vascular endothelial growth factor, glomerular injury.

Introduction. Angiogenesis inhibition is a cancer metastatic renal cell carcinoma (mRCC) and several other

chemotherapeutic approach utilizing either monotherapy or
combination chemotherapy and has become a standard
treatment for several types of cancers. Anti-angiogenic
drugs are particularly effective against solid tumors, such as
metastatic renal cell carcinoma (mRCC), non-small cell lung
carcinoma, gastrointestinal stromal tumors (GIST), and
colorectal carcinoma [20]. One of the main angiogenic
growth factors that is targeted to treat cancer is vascular
endothelial growth factor (VEGF) and VEGF receptors [6].
Several multi-targeted kinase inhibitors (MTKIs) sorafenib,
sunitinib, and pazopanib were approved for the treatment of

cancers [14, 20]. MTKIs are small molecules that target the
VEGF receptor VEGFR-2, the platelet-derived growth factor
(PDGF) receptor, RAS, and c-KIT [4].

MTKI medications have expanded to many different
solid tumors, with ongoing clinical trials with newer
formulations [8]. Although very effective in treating mRCC,
GIST and non-small cell carcinoma, the MTKIs such as
sorafenib have several limiting serious side effects. The
most common and serious side-effects of VGEF-targeted
therapies are hypertension including salt-sensitive
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hypertension, kidney dysfunction with
glomerular and renal tubular injuries [4].

In the present study, we have investigated the MTKI
sorafenib on the kidney and glomerulus. We demonstrate
that sorafenib in combination with a high sodium diet (8%
NaCl) causes marked glomerular injury that is associated
with a decrease in key glomerular proteins essential for
glomerular structure and function. Our data also
demonstrate a critical contribution for endothelial-to-
mesenchymal transition (EndoMT) in sorafenib-induced
kidney and glomerular injury. We propose that sorafenib can
be utilized as a glomerular kidney disease model to study
pathophysiology during progressive chronic kidney disease.

proteinuria,

Figure 1

Material and methods. All experiments in this study
were approved and carried out according to the guidelines
of the Institutional Animal Care and Use Committee,
Medical College of Wisconsin, Milwaukee, USA. Eight-
twelve weeks old male Sprague-Dawley rats weighing
200-225 g (Charles River, MA, USA) received an 8% NaCl
diet and administered vehicle or sorafenib (20mg/kg/d, p.o.)
for 8 weeks. The sorafenib dose was chosen based on a
previous rat study [21]. A schematic of the experimental
protocol is shown in Figure 1.

Sorafenib (20 mg/kg/d, p.o.) + 8% NaCl Diet

|
Day 0

1 1
28 56

Blood pressure, urine, kidney tissue (terminal collection)

Figure 1. A schematic depicting the experimental protocol used in the study

Blood pressure and urine collection were done at
baseline and then on days 28 and 56 of the experimental
protocol. Urine samples were used for biochemical analysis
to measure protein and creatinine. Blood and kidney tissues
were collected at the end of the 56 day protocol. Kidney
tissues were processed for histology and gene expression
analysis. Systolic blood pressure measurements of vehicle
and sorafenib administered rat groups were carried out by
tail-cuff plethysmography (IITC Life Science Inc., Woodland
Hills, CA, USA). Blood pressure measurement was done at
baseline, day 28, and day 56 of the experimental protocol.
Urine samples collected at baseline, day 28, and day 56
were used for protein measurement using a commercially
available kit (Cayman, Ann Arbor, MI, USA). Creatinine
levels in urine were measured using a commercially
available kit from Cayman (Ann Arbor, MIl, USA). Urinary
protein and creatine values were used to calculate their
urinary excretion over a 24-hour period. The ratio for urinary
protein and creatinine excretion was calculated as a
proteinuria index. At the end of the 8-week experimental
protocol, rats were killed for kidney tissue collection. The
kidney was removed, decapsulated, cut into sections and
immersion fixed in 10% neutral buffered formalin for 48
hours. Fixed kidney samples were embedded in paraffin and
cut into 4um sections. Paraffin embedded kidney slices were
finally de-paraffinized, rehydrated, and stained with Periodic
Acid Schiff (PAS) staining. A semi-quantitative evaluation of
glomerular injury was obtained from the PAS stained kidney
sections. For each kidney sample, 100 glomeruli were
examined to obtain the glomerular injury score as previously
described [13]. Each glomerulus was graded from 1 to 4 as
follows; grade 1, normal glomerulus identified by light
microscopy; grade 2, involvement of sclerosis in up to 1/3 of
the glomerulus; grade 3, involvement of sclerosis in 1/3 to
2/3 of the glomerulus; and grade 4, 2/3 involvement or global
sclerosis. The extent of glomerular injury is expressed as
glomerular injury index [13]. Kidney cortical mRNA
expression for several glomerular proteins (nephrin,
podocin, synaptopodin, and podoplanin) were carried out
using Real Time-PCR (RT-PCR). RT-PCR was also used to
determine the gene expression for endothelial cell marker

Wilms Tumor 1 (WT-1) and several mesenchymal markers
fibronectin, collagen Il (Col Ill), a-smooth muscle actin (o-
SMA), fibroblast specific protein-1 (FSP-1) and vimentin.
Messenger RNA (MRNA) was prepared from each kidney
cortical sample using RNeasy Mini Kit (QIAGEN, CA, USA).
The mRNA samples were quantified spectrophotometrically
and cDNA was synthesized from 1ug of total RNA using
iScript™ Select cDNA Synthesis Kit (Bio-Rad, Hercules, CA,
USA). Gene expression was quantified by iScript One-Step
RT-PCR Kit with SYBR green using the MyiQ™ Single Color
RT-PCR Detection System (Bio-Rad Laboratories,
Hercules, CA, USA). Dissociation curve analysis was
carried out with iQ5 Optical System Software, Version 2,1
(Bio-Rad Laboratories, Hercules, CA, USA), and each
amplified sample analyzed for homogeneity. During
RT-PCR, the denaturation of the cDNA was done at 95°C
for 2 min followed by 40 cycles used at 95°C for 10s and
at 60°C for 30s. All mMRNA samples were run in triplicate
and fold change in gene expression was compared to
controls determined by comparative threshold cycle (Ct)
method. Expression levels of the gene of interest were
determined by normalizing Ct values to two housekeeping
genes. All data are expressed as mean + S.E.M. GraphPad
Prism® Version 4?0 software was utilized statistical
analysis (GraphPad Software Inc, La Jolla, CA, USA).
Two-tailed unpaired Student's t-test was applied to
determine statistical significance between groups. P value
of < 0,05 was deemed significant.

Results and discussion Hypertension is the most
common cardiovascular event that occurs with
VEGF-signaling pathway inhibitors [2]. Sorafenib induces
hypertension in around one-quarter of the patients [27]. In
agreement with this finding, data in the present study
demonstrate that sorafenib treatment along with a high salt
diet resulted in a marked hypertension. Systolic blood
pressure increased by 80 mmHg in rats administered
sorafenib compared to normal control-vehicle rats by the
end of the 8-week protocol (Figure 2A).
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Figure 2. Systolic blood pressure in different experimental groups (A).
Proteinuria expressed as the ratio of urinary protein to creatinine excretion in different experimental groups (B)
*P vs. Normal Control-Vehicle. All data are expressed as mean +/-SEM, N = 6

Evidence indicates that VEGF inhibition causes
hypertension as a consequence of decreased nitric oxide
production [11]. Another proposed mechanism by which
VEGF-signaling pathway inhibition leads to hypertension is
that inhibition of the VEGF-signaling pathway increases
the production of endothelin-1, a potent vasoconstrictor [2].
It is important to note that sorafenib is known to cause salt-
sensitivity [26], hence, it is very likely that the placing the
sorafenib treated rats on high salt diet is also played an
important pathophysiological role in the development of
hypertension and kidney injury assessed from proteinuria.
In relation a role of salt sensitivity in VEGF inhibition
associated hypertension and kidney injury, in
normotensive Sprague-Dawley (SD) rats, the tyrosine
kinase inhibitor SU5416 induced salt-sensitive
hypertension and kidney injury. In a study performed in
normotensive Wistar—Kyoto rats exposed to a low dose of
sunitinib, a similar VEGF inhibitor like sorafenib, it is found
that a high salt diet augmented the rise in blood pressure
and proteinuria [16]. Different mechanisms may account
for the salt sensitive hypertension during VEGF inhibition.

As suggested by Gu et al, the VEGF inhibition—-induced
decrease in NO production by renal proximal tubular cells
may impair the pressure-natriuresis response because of
impaired vasodilatation in the vasa recta [10]. Additionally,
it is suggested that the VEGF inhibition can activate
endothelin system and contribute to salt-sensitive
hypertension [19].

In the present study, our data demonstrate that the
sorafenib treated rats develop marked proteinuria with a
40-fold higher urinary protein excretion compared to normal
control-vehicle rats (Figure 2B). Like hypertension,
development of proteinuria is another common side effect
associated with VEGF inhibitors including sorafenib [5, 12].
Other findings substantiate that VEGF inhibition by drugs
like sorafenib causes damage to the glomerular filtration
system and leads to proteinuria [12]. In the present study,
we demonstrate that rats administered sorafenib in
combination to a high sodium diet develop marked 4-fold
higher glomerular injury characterized by glomerular
sclerosis, mesangiolysis, and glomerular capillary injury
(Figure 3A, 3B).
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Figure 3. Glomerular injury index in different experimental groups (A).
A representative photomicrograph depicting glomerular injury in normal control-vehicle and rats administered sorafenib (B).
Kidney cortical expression of several glomerular proteins in different experimental groups (C-F)
*P vs. Normal Control-Vehicle. All data are expressed as mean +/-SEM, N = 6

These findings corroborate those of several earlier
studies that described glomerular injury during VEGF
inhibition [3, 22]. Not only others, in an earlier study, we
demonstrated that sorafenib treatment along with high salt
diet caused marked glomerular injury in rats [21]. The
glomerulus is a highly specialized filtration apparatus with
selective permeability that allows free passage of water and
solutes, but not protein. The permselectivity of the
glomerular filtration barrier restricts protein passage into
Bowman's space. Glomerular barrier breakdown and loss of
permselectivity leads to proteinuria, which is common in
renal diseases. The current study found increased urinary
protein and glomerular barrier breakdown in rats
administered sorafenib. Although the details of glomerular
filtration permselectivity and barrier remain unknown, it is
clear that the glomerular epithelial cell and podocyte are
important glomerular filtration barrier components. Podocyte
injury is frequently involved in the pathogenesis of
glomerular diseases [24]. Podocyte damage can be the
result of changes in individual podocyte-associated proteins
including those that assemble and stabilize the slit
diaphragm and those that anchor the foot process to the
glomerular basement membrane. In the present study, we
evaluated kidney cortical mRNA expression of these
proteins including nephrin, podocin, synaptopodin, and
podoplanin. Our findings demonstrate that in rats
administered sorafenib there is 20-80% lower mRNA
expression of glomerular proteins compared to normal
control-vehicle rats (Figure 3C-F). It has been proposed that
decreased expression of glomerular proteins could be linked
to decreased VEGF signaling that occurs with sorafenib
administration. Indeed, VEGEF is crucial to the maintenance
of normal renal function, and both VEGF over- and under-

expression can disrupt normal glomerular function. The
interaction between VEGF generated by podocytes and
VEGFR-2 on glomerular endothelial cells is necessary to
maintain glomerular slit diaphragm barrier integrity [8, 9,15].
Several studies underscored the importance of VEGF
signaling in kidney health. Selective depletion of one VEGF
allele in podocytes in mice leads to down regulation of the
slit-diaphragm protein nephrin, resulting in proteinuria and
structural and functional glomerular damages [7, 25].

Endothelial-to-mesenchymal transition (EndoMT) is a
subtype of epithelial-mesenchymal transition. EndoMT is a
novel source for myofibroblasts and contributes importantly
to fibrosis and chronic kidney disease progression. During
EndoMT, endothelial cell progressively changes their
endothelial phenotype into a mesenchymal phenotype
resulting in the loss of specific endothelial markers like WT-
1 and gain in mesenchymal markers, such as a-SMA or
FSP-1[1, 23]. Previous findings indicate that EndoMT plays
a critical role in glomerular injury and results in albuminuria
during diabetic nephropathy. The findings described in this
study and several other studies demonstrate a role EndoMT
in causing podocyte damage leading to glomerular injury
[17, 18, 28]. In the present study, we demonstrate that
sorafenib administration caused proteinuria and glomerular
injury in rats. Considering a role of EndoMT in glomerular
injury we investigated if EndoMT contributes to sorafenib-
induced glomerular injury. The current findings reveal that
sorafenib administration to rats decreased renal cortical
endothelial cell marker WT-1 mRNA expression by 20 %
and increased mesenchymal marker Col Ill, FSP-1, a-SMA
and vimentin mRNA expression by 2—-3 fold when compared
to normal control-vehicle rats (Figure 4 A—F).
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Figure 4. Kidney cortical expression of an endothelial cell marker, WT-1 (A),
and several mesenchymal markers (Col lll, a-SMA, FSP-1 and vimentin) in different experimental groups (B-E)
*P vs. Normal Control-Vehicle. All data are expressed as mean +/-SEM, N = 6

These results indicate a potential contribution for
EndoMT on glomerular endothelial cells to glomerular injury
caused by sorafenib.

Conclusion. VEGF signaling inhibition by sorafenib
administration resulted in hypertension and kidney injury.
Sorafenib administration induced glomerular injury was
associated with increased EndoMT and decreased
glomerular barrier proteins. Accordingly, our findings
establish sorafenib administration as a glomerular disease
model in which glomerular injury is associated with
decreased key glomerular structural proteins and activated
kidney EndoMT.
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MOLENb KNYBEOYKOBOI XBOPOBWU HUPOK,
IHOYKOBAHA COPA®EHIEOM

IMowkodxeHHs1 Kny6o4Kie i npomeiHypisi € saxnueumu namodgiziono2iYHUMU O03HaKaMu XPOHi4YHO20 3axX80PIO8aHHSI HUPOK. Y cmammi HadaHo
OaHi, ompumMaHi 3 sukopucmaHHsIM MoOerli, po3pobrIeHOi Ha OCHOBI 3acmocyeaHHs aHmMupakogoz20 fnpenapamy copageHi6. CopagheHib — iH2i6imop
mupo3uHkKiHa3u, ujo die Yepe3 cu2HabHUl Wrsix, Noe'si3aHul i3 cyOuHHUM eHOomenianbHUM ¢hakmopoM pocmy i WUPOKO eUKOpucmMoeyemucsi Ons
niKyeaHHs1 pi3Hux eudie paky. 3 iHwozo 60Ky, copagheHi6 suknukae ceplio3Hi NobiyHi egpekmu e nayieHmis, ceped sIKUX i PO38UMOK XPOHI4HO20
3axeoproeaHHsI HUPOK. 3a3HavyeHe 0ocideHHs 6y10 cnpsiMoeaHe Ha 8UKOPUCMaHHSI HeghpOMOKCcUYHUX elacmueocmeli copagheHiba onsi modernto-
B8aHHS1 XPOHIYHO20 3ax80pPIO8aHHSI HUPOK y wypis. lMoka3aHo, wjo y wypis, siki ompumyeanu copagheHi6 npomsizom 8 muxHie pa3om i3 diemoro 3
aucokum ymicmom coi (8 % NaCl), pozeusaembcsi 2inepmoHisi 3 nidsuwyeHUM apmepiasibHUM MUCKOM cucmoJsiu Ha 80 MM pm. cm., npomeiHypis 3i
36inbweHHsAM ymicmy 6inka Ha 75 %, | 4-kpamHuM 36inbUI€HHSIM 2/10MePY/ISIPHO20 MOWKOO)KEHHS1 MOPI@HSHO 3 KOHMPOJILHOI 2pynoto. [lpu nowko-
OXeHHi HUpKoeux Kily604Kie, UKITUKaHUX copagheHiboM, 3HaYHO 3HUXYEMbCS pieeHb MpaHcKpunmie, ujo 6epyms y4acme y cuHmMe3i makux Kio-
4oeux as1oMepynsipHuUx 6inkie, sik HeghpuH, NOOOYUH, CUHanNmMonoduH i nodonnaHid. Takox npu docnidxeHHi yiei Mmodeni cnocmepiecaembcsi akmu-
eayisi endomerianbHO-Me3eHXiManibHO20 nepexody. Y epyni wypie, o ompumasnu copageHib, pieeHs MPHK Onsi mapkepa eHOomenianbHUX KnimuH
WT-1 6ye 3HuxeHul Ha 20 % i 00HO4Yac KOHUeHmMpauisi Mapkepie me3eHximanbHux knimux Col lll, FSP-1, a- SMA i eimenmuHy 36inbwyseanacs y 2—
3 pa3u. Omxe, Hamu po3po6ieHo NpekiHiYHy Modeslb XPOHIYHO20 3aX80PHO8aHHSI HUPOK, U0 8UPAaXaEMbCS 8 YWKOOXKEeHHI HUPKoaux Kiy6o4kKie.
Takox npodeMOHCMPOBaHO, W0 MOWKOOXEHHS Kiyb6o4Kie y yili Modesi noe'a3aHo 3i 3HUXEHHSIM eKCpPecil K/Tl4Y08UX CMPYKMYPHUX 2510MepyJIsip-
Hux 6inkie U akmueayieto eHdomernianbHO-Me3eHXiMasIbHO20 rnepexody HUPOK.

Knroyoei cnoea: copagheHib, gpakmop pocmy eHdomenianbHUX CyOUH, YWKOOKeHHsI Kiyb6o4Kie.
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COPA®EHUB-MHAOAYLUUPOBAHHAA MOLESb
KNYBOYKOBOW BONE3HU NOYEK

lMoepexdeHue ky604K08 U MPomMeuHypus sI8NISIIOMCS 8aXHbIMU MamoguU3uoI02UYeCKUMU MPU3HaKaMu XPOHUYecKo2o 3abosieeaHusi novek. B
cmamse npedocmaesieHbl 0aHHbIe, MoJly4eHHbIe C UCMosib308aHuUeM Modesu, pa3pabomaHHol Ha OCHOEe NMPUMeHeHUs aHmupaKoeo20 npernapama
copagpeHu6. CopagheHU6 — uHaubumMop MupPoO3uHKUHa3bl, Komopbil delicmeayem 4Yyepe3 cuzHalbHbIlU Mymb, C8si3aHHbIU C cOCyOucmbIiM 3HOome-
NuanbHbIM haKmopoM pocma U WUPOKO ucrosib3yemcsi Onsl ie4eHusl pasfiuyHbix eudoe paka. C dpyzoli cmopoHbl, copagheHub ebi3bigaem
cepbe3Hble No6o4HbIe 3ghghekmbl y NayueHmMoes, 8KkIoYasi pazsumue XpoHU4Yeckozo 3aboseeaHus noyek. fJaHHoe uccnedoeaHue 6b110 HanpaesieHo
Ha ucrnonb3oeaHue Heghpomokcuveckux ceolicme copagpeHuba Arnsi MmodeniupoeaHusi XPOHU4ecKo20 3abosieeaHusi novyek y Kpbic. [lokazaHo, ymo y
KpbIC, nosyyaswux copagheHub 8 meyeHue 8 Hedeslb eMecme ¢ duemoul ¢ 8bICOKUM codepxkaHuem conu (8 % NaCl), paseusaemcsi 2unepmoHusi ¢
noebiweHHbIM CUCMOIUYeCKUM apmepuanbHbiM OaseneHueM Ha 80 MM pm. cm., MPOMeUHypusi ¢ yeesuvyeHueM codepxaHusi 6enka Ha 75 %, u
4-KpamHbIM yeeniuyeHUeM 2J710MepyssiPHO20 M08PEXOEHUs] MO0 CPasHEHU ¢ KOHmMposbHoU 2pynnol. [pu noepexdeHuu noyvyeyHbix Kiy6o4kos,
8bI38aHHbIX copagheHU6oM, 3HaYumesIbHO MOHUXXaemcsl ypoeeHb MPaHCKPUINMO8, y4acmeyrujux 8 CUHMe3e MaKux K/1o4esbiX 2J1I0Mepy IsiPpHbIX
6enkoe, KaKk HeghpuH, MoGoyuH, cuHanmonoduH u nodonnaHuH. Takxke npu uccnedosaHuu amoli modesnu Habnodaemcsi akmueayusi sHGome-
JNuasibHO-Me3eHXuMaslbHo20 nepexoda. B 2pynne Kpbic, nony4yuswux copageHub, ypoeeHb MPHK onsi mapkepa aHOomenuanbHbix kinemok WT-1
6bin1 cHWXeH Ha 20 % u o0HoBpeMeHHO codepiaHue MapKepoe Me3eHxumasbHbix knemok Col lll, FSP-1, a-SMA u eumMeHmuHa ysenuyusanacb
8 2-3 pa3a. Takum o6pa3omM, Mbl pa3pabomanu MPeKTUHUYECKYr0 MOOeslb XPOHUYECKO20 3abosiesaHusi MoYekK, NposiesisiloWyocsi 8 noepexoeHuu
noyeyHbix Kiy6o4ykoe. Mbl makxe npodeMoHcCmMpupoearu, 4mo rnoepexadeHue Kiy604koe e amoli Modesiu cesi3aHO CO CHUXXEeHUEM 3KCIpeccuu Kilo-
4eebIx CMPYKMYPHbIX 2/10MepPYspHbIX 6es1koe u akmueayueli 3HGomesnuanbHO-Me3eHXUMaslbHo20 rnepexoda rMoYex.

Knroyeenie cnoea: copagheHu6, pakmop pocma aHoomesusi cocydoes, noespexoeHusi Kiiy604koe.
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OCOBIINBOCTI ®OPMYBAHHA EYBAKTEPIANIBHOINO KOMMNEKCY PU3OCOEPU
MWEHULI O3UMOI (TR/T/ICUM DURUM) 3A PI3HUX CUCTEM YOOBPEHHSA

HocnidxeHo kinbkicHul, skicHUl cknad i MaKCOHOMi4HY cmpykmypy eybakmepiaribHO20 KOMIeKcy y pu3ocgepi nweHuyi
o3umoi npu 3acmocyeaHHi pisHux cucmem ydobpeHHs. Mikpo6ionoziyHumu memodamu eu3Hayanau emicm y puzocgpepi nuweHuyi
03UMOoi MiKpoop2aHi3mie, a MoJIeKyIIPHUMU — MaKCOHOMIYHY cmpyKkmypy ma memazeHomMeybakmepianbHUli KOMI/IEKC MiKpoop-
2aHi3mie. BcmaHoeseHo, ujo Ha eapiaHmax 6ionozi4Hoi cucmemu yO0obpeHHs1 nuieHUyi o3uMoi 3pocmarsa Yacmka MiKpoopaaHi3-
mie poduHu Proteobacteria do 80,3 %, a yucenbHicmb npedcmaeHukie Actinobacteria 3ameHwyeanace do 12,4 %, aHanozi4Hi noka-
3HUKU 3pocmaHHs 6ynu nomiveHi i Ha eapiaHmi ekonozi4Hoi cucmemu yAo6peHHsi. AHani3 poduH rpyHmoeoi Mikpobiomu nokasae,
wjo Ha rnocieax nuweHuUyi 03UMoi 3a 3acmocyeaHHs1 Pi3HuUx eapiaHmie y0obpeHHs1 domiHyroHuMu € npedcmasHuku Alcaligenaceae
ma Pseudomonadaceae. 3a npomucsioeoi cucmemu y0obpeHHs1 Yacmka npedcmaegHukie poduHu Alcaligenaceae 6yna Halisuwjoro,
3a 3acmocyeaHHs 6ios102i4HOI ma ekoslo2iYHOI cucmeM — 3HUWXyeaslacb 0OHOYacHO 3i 3pocmaHHSIM YacmKu rnpedcmaeHukie po-
duHu Pseudomonadaceae. 3acmocyeaHHs1 op2aHiYyHuUx Aobpue, NMopieHsIHO 3 MiHepasibHUMU, CIPUs/IO (hopMy8aHHIO pi3HOMa-
Himms1 6akmepil. Hali6inbwe 3Ha4yeHHs1 iHOekcy LLleHHOHa 6yno 3a 6ionozidvHoi cucmemu ydobpeHHs1 — 4,82.

BcmaHoeneHo, w0 3acmocyeaHHs 6ionozi4Hoi cucmemu y0obpeHHs1 cynposodiyeasocs 36inbuieHHsIM audo8020 pi3HOMa-
Himms rpyHmoeoi mikpobiomu 3a paxyHok ¢pin Acidobacteria, Actinobacteria, Bacteroidetes, Firmicutes, Proteobacteria,
Verrucomicrobia, sukopucmaHHs1 ekonoz2i4yHoi cucmemu y0obpeHHs1 — 3a paxyHok npedcmaesHukie Actinobacteria, Bacteroidetes,
Firmicutesma, Proteobacteria. A6contomyumu domiHaHmamu e docidxeHil rpyHmoeili Mikpobiomi, He3anexHo 8id 3acmocoea-
Hoi cucmemu ydo6peHHs1, 6ynu npedcmasHuku 6akmepianbHux ¢in Proteobacteria — 79,1 % ma Actinobacteria —14,0 %.

Knroyoei cnoea: rpynmoea mikpobioma, cucmemu y0obpeHHsi, Mema2eHoM, nipocekeeHyeaHHsI, pu3ocgepa.

BcTtyn. MikpoopraHiammn FpyHTY € FOMOBHUMW (haKTo-
pamu BMAMBY Ha MiHepanisauito, CUHTEe3 i HaKOMUYEHHS Op-
raHiyHOT pe4OBVHU B arpoLieHo3ax ycix 6e3 BUHATKY CinbCb-
Korocrnogapcbkux KynbTyp [1]. 36anaHcoBaHicTe MikpobioTu
I'PYHTY BM3Ha4ae, nepeaycim, NigTPMMaHHSA eKOmNorivyHoi pi-
BHOBarn ta 36epexeHiCTb IpyHTOBUX arpoekocuctem [2].
JocnigkeHHs BITYN3HAHUX YYEHUX LOBOASATH: Pi3HOMAHITTS
MiKpoOpraHiaMiB r'pyHTYy, iXHS1 CTPYKTypHa OpraHisauis Ta
YNCENbHICTb € TOMOBHMMU (hakTopamu, WO BU3HAYalTb
ocobnmBocTi hopMyBaHHS I'PYHTY, OrO CTPYKTYPHUX ere-
MEHTIB i poatoyocTi [3]. Ak Hacnigok — pisHi 'PyHTW XxapakTe-
PU3yOTbCS BiAMIHHOCTSAMU Y BUAOBOMY PiSHOMAHITTI MIKpO-
opraHiamiB. KinbkicTb pyHKUIOHYOUNX Y FPYHTI MIKpOOHUX no-
nynsauin, Wo MalTb NPUHANEeXHICTb A0 Pi3HUX BUAIB, MOXe
CBiQYATU NPO PiBHOMAHITTS rpyHTOBOI 6ioTM Ta cnpsiMoBa-
HiCTb nepebiry MikpoGionoriYHNxX NPoLEeciB y HboMmy [4, 5].

BannBMM NUTAHHAM BMBYEHHSI I'PYHTOBOI MikpobioTn
3anuwaeTbes igeHTUdiIKauis BUAIB AKi € AOMIHAHTHUMM,
afpKe nepeBaxaHHs NEBHUX MIKpOOpraHiaMiB — BU3Havarnb-
HWA MOKa3HWK ANS XapakTepUCTUKN TUMY arpoeKkocUcTeMm
[6]. BapTo OKpeMo 3ayBaXkuTW, LLO Pi3HOMAHITTS I'PYHTOBMX

MiKpOOpraHiamiB BU3Ha4ae roMeoctas arpoueHo3y Ta nes-
HOIO MipOIO HiBESIOE BNIIMB @HTPOMOr€HHOIO HABAHTAXEHHS.
Cuctema, wo nepebyBae nig TUCKOM aHTPOMOreHHOro Hapa-
HTaXXeHHS1, 3i CBOro OOKy, pearye 3a paxyHOK nepeposnogainy
[OMiHaHTHUX BMAIB MIKpOOpraHismiB, LWo Moxe OyTu iHouka-
TUBHMM MOKA3HNKOM €KOMOTYHOro CTaHy I'pyHTy [7].

KnacnyHi metogn BMBYEHHSA MIKpOBIOTM I'PYHTY MatoTb
CBOI OOMEXEHHS Ta 40O3BONAKTL iAEHTMdIKyBaTU NnLLE Mi-
KpoopraHiamu, 3gaTHi pOCTM Ha BigMOBIOHUX CENEKTUBHUX
cepeposuLiax. 3a pisHMMM NigpaxyHKamMu Taki MikpoopraHi-
3mu ctaHoBnATb Big 0,1 Ao 10 % 3aranbHOro pisHOMaHITTA
MiKpoopraHi3miB r'pyHTy [8, 9].

3acTocyBaHHA MOneKynsipHo-6ionoriyHnx MeToadiB Ans
BMBYEHHS KOMMNMEKCY MIKpOOpraHiaMiB 'PyHTY J0O3BONSE BU-
3HAYMTM 3aKOHOMIPHOCTI nepebiry mikpobionoriyHux npove-
ciB y 6araToKOMMOHEHTHUX E€KOCUCTEMAX, He3anexHo Bia
MOXINUBOCTI KyNbTUBYBaHHS OKPEMWX BWAIB MIKpOOpPraHis-
MmiB [10]. Takuin aHani3 4o3BoNse OBOMI TOYHO iAEHTUDIKY-
BaTW, OKPiM FrONOBHMX, | MIHOPHI (inn MikpobioTn, 3okpema:
OD1, TM7, Thermi, WS3, WYO Ta BU3HaA4YNTW KiNbKiCHi No-
Ka3HWKM NOLUMPEHOCTI NEBHMX TaKCOHIB [11].
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