Mepsblt CaHKT-MeTepbyprcknia
rocyAapCTBEHHbIN MeANLNHCKUIA
yHuBepcuteT um. akag. WU.M. Nasnosa

[ucmornoauyeckue u MoneKynapHsle 0cCobeHHOCmuU KOCMmHo20
obMeHa Ha paHHUX cmaousx aKkcnepumeHmasnbHol XBI1

bozdaHoea Es0okusa One208Ha, K.6uos.H.

H.c. nabopamopuu buoxumu4yeckozo comeocmasa
HUU Hegpponozauu HKNL]

«XXIl Cesepo-3anagHana Hepponormnyeckasa wkona PAO»

27 maa 2023
CaHkT-leTepbypr



HR(95% CI)

CepodeyHococyoucmeoie cobbimus aenaromca npeobaadarowiel npu4yuHou
cmepmu nayueHmoes ¢ Xbl1l, e mom yucne C1-3

KDIGO 2012 Clinical Practice Guideline for the Evaluation and Management of THE LANCET
Chronic Kidney Disease Volume 382, Issue 9889, 27 July-2 August 2013, Pages 339-352

CmepTHOCTb VS OHKonorua vs CC

C - " XbMn
MepTHOCTb OT cepaeuHo-cocyaucTbix (CC) cobbiTUiA Ha pasHbIX CTaanAX co6biTst (%) npy XBI

Cardiovascular mortality; eGFR

Proportion of patients (%)

Events (per 100 person-yr)

Stage1-2 Stage3A  Stage3B Stage 4 Stage 5
or RRT

eGFR stages

Bl Al T T

5 60 75 90 105 120
eGFR (mUmin/173n7)

Age-Standardized Rate of Cardiovascular

C Bce @ Pak @@ CC3

K. Matsushita et al., 2011 A. S. Go et al.2004



CoBMeCTHO ¢ pemoaennpoBaHMeM MUOKapAa U cocyaucTon Kanbunpukaumei,
XBIM accoummnpoBaHa ¢ nporpeccMposaHUemM U3SMEHEeHUM cKeneTa
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Modenu kocmHoix HapyweHuil npu X6
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Chronic kidney disease — mineral and bone
disorder

Chranic kidney disease

Kidney transplantation

A bone biopsy with prior tetracycline labeling is the gold standard to diagnose renal osteodystrophy. In cases of
missing tetracycline labels, it is still paramount to gain clinically relevant information from the extracted bone
sample, by evaluating the static histomorphometry. This study investigates the diagnostic performance of static
histomorphometry for the evaluation of high and low bone turnover. Transiliac bone biopsies taken pre- or post-
kidney transplantation, of sufficient quality for a full histomorphometric analysis were included (n = 205). The

cohort was randomly split to provide separate exploration and validation subsets. Diagnostic performance was
evaluated by area under the receiver operator characteristics curve (AUC). All histomorphometric parameters
were significantly different across categories of low (24%), normal (60%), and high (16%) bone mrnover, and all
were significant predictors of both high and low bone turnover (AUC 0.71-0.84). Diagnostic performance was
very good for high turnover, as a combination of static parames~== ==r==tead i mnmmten memd mesitios mesdisdos

values (NPV and PPV) of 80% and 96%, respectively. For low t

71% and NPV of 82%. We conclude that in the absence of tetrac HU3KOO6M€HHble cocmosaHun

acceptable alternative for & diagnosis of bone
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Table 1
Bone histomorphometr
turnover.

¢ _variables of

remodeling a

cross categories of bone

Low (n = Normal (n =) High (n = p
49) 123) 33)
Bone formation rate, 31(1;52)" | 209 (137; 830 (606; <0.001
pm?/mm?/day 379) 1176)"
Adjusted apposition rate 0.1 (0.0; 0.3(0.2;0.6)§ 0.6 (0.4; <0.001
pm/day 0.3) 1.3)’
Mineralization lag time, 80 (24; 27 (14; 46) 15(9; 27) <0.001
days 139)"
Mineral apposition rate, 0.6 (0.5; 0.8(0.7;1.0)f 1.1 (0.9; <0.001
pm/day 0.9) 1.4)"
Osteoid/bone area, % 0.9 (0.4; 2.8(1.3;55) ) 5.4(3.4; <0.001
2.0)" 10.4)"
Osteoid/bone perimeter, 9.3 (4.6; 224 (12.1; 43.4 (23.3; <0.001
% 19.9)" 39.1) 56.3)'
Osteoid width, pm 5.5(4.8; 8.3 (6.4; 10.7 (8.0; <0.001
6.5) 10.5) 13.6)'
Fibrosis, any, n (%) 1(2.0) 12 (9.8) 25 (75.8) <0.001
Fibrosis 5%, n (%) 0(0.0) 3(2.4) 15 (45.5) <0.001
Eroded/bone perimeter, | 1.3 (0.6; 3.3(1.3;6.0)] 6.9(4.7; <0.001
% 2.6) 11.1)°
Osteoblast/bone 0.6 (0.0; 3.0 (0.5; 12.2 (5.9; <0.001
perimeter, % 1.7) 10.2) 27.3)
Osteoblast/osteoid 7.0 (0.0; 16.7 (0.0; 33.3 (23.9; <0.001
perimeter, % 18.1)' 33.4) 54.7)'
Osteoclast/bone 0.0 (0.0; 0.5(0.0;1.5) 2.00(1.1; <0.001
perimeter, % 0.7)" 3.0)"
Osteoclast/eroded 0.0 (0.0; 18.3 (0.0; 28.8 (16.9; 0.005
perimeter, % 32.1) 30.7) 34.4)"

Data are median (IQR)

Jations rank
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[Mpedcka3aHHbIe 83aumodelicmeua Mmexcoy npodyKmamu 2eHO08-peaynamopo8 KOCMHo20 obmeHa

Accession G0:0001503
Ontology biological_process
Name bone biosynthesis, bone formation, osteogenesis

Biological process (Gene Ontology)

Positive regulation of osteoblast differentiation Regulation of bone mineralization o Down-regulated genes
) Regulation of osteoblast differentiation Regulation of ossification
g e B + + 3 Edge Confidence
" Osteoblast differentiation ) Negative regulation of ossification )
. . Phosphate ion tr b tr t e highe'st (0.900)
@ Osteoclast differentiation osphate ion transmembrane transpol high (0.700)
@ Regulation of osteoclast @ Calciumion homeostasis medium (0.400)
low (0.150)

Figure S4. Predicted interaction between studied genes products (STRING Database: https://string-db.org/); a network for studied
gene profile: genes products are involved in major biological processes of bone regulation, including osteoblasts and
osteoclasts differentiation, bone mineralization, and ossification, phosphorus transport, and calcium homeostasis; red circles
indicate the down-regulated genes involved in regulation of cell differentiation, bone mineralization, ossification, calcium and
phosphorus homeostasis;

Slc20a1 - solute carrier family 20 member 1 (Pit-1), Slc20a2 - solute carrier family 20 member 2 (Pit2), Xpr1 - pic and polytropi irus receptor 1,
Ankh - ANKH PPi transport regulator, Mapk3 — mitogen activated protein kinase 3 (Erk1), Mapk1 — mitogen activated protein kinase 1 (Erk2), KL - Klotho,
Fgf23 - fibroblast growth factor 23, Fgfr2 - fibroblast growth factor receptor 2, Ctnnb1 - catenin beta 1, Sfrp2 - secreted frizzled-related protein 2, Fzd2 -
frizzled class receptor 2, Wnt10b — Wnt family member 10B, Sost — sclerostin, Dkk1 — dickkopf 1, Vdr — vitamin D receptor, Cyp27b1 — cytochrome P450,
family 27, subfamily b, polypeptide 1 (1-alpha{OH)ase), Tnfrsf11B — TNF receptor superfamily member 11 B (OPG), Tnfsf11 — TNF superfamily member 11
(RANKL), Lgr4 - leucine-rich repeat-containing G protein-coupled receptor 4, Sp7 - Sp7 transcription factor (osterix), Bmp4 — bone morphogenetic protein 4,

Dmp1 — dentin matrix acidic phosphoprotein 1, Gapdh - glyc yde-3-phosphate deh
Bogdanova E. et al. JMS 2023
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[MonyyeHHblIe modenu XpoHu4ecKol OuCyHKYUU noyexk coomeemcmaeosasnu
XBl1 C1-2
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HeopaaHu4eckul ¢pocgpam u e2o peaynamopebl 8 nosny4eHHbIX MoOesnax

UPI/Cr, mmol/mmol

uPi/Cr: KW-H(4;41) = 17,2383; p = 0,1798|

0 T % et
B . b

] 1 L
4

2

8502 506 Nx2 Nx6

— Median [J 25%-75% T Mon-Outlier Range & Raw Data

P B KocTW, r/kr

120

P bone, g/kg: KW-H(4,;39) = 3,3217; p = 0,5055

100

an
- ? ===
40

20

0
502 506 Nx2 Nx6

— Median [J 25%-75% T Man-Outlier Range & Raw Data

NTr, nr/mn

200

180

2020 PTH, pg/ml: KW-H(4;41) = 0,9376; p = 0,9191] |

160
140 ¢
120 ¢

100

80 T o - —

B0 &
40 - & 4
&l i —=h—
0
802 806 Nx2 Nx6

— Median [] 25%-75% 1 Mon-Outlier Range & Raw Data

HeopraHnueckuia hocaT B ChIBOPOTKE,
MMOMb/N

2,6

(o]

2,4

2.2 @
20 s

18 % -

16 .
1,4 al
12

1,0 sPi mmone/n: KW-H(4;41)=254773;p = 0,00004|

0,8 - - ‘
S02 SO6 Nx2 Nx6

— Median [] 25%-75% 1 Mon-Outlier Range &4 Raw Data

FGF23, nr/imn

2000

1800 ‘ FGF23: KW-H(4;40) = 0,3489; p = 0,9864
1600 T °
1400
1200
1000 I T T
&
= - z s
600 a -
A & &
400 e
200 ﬁL Jﬁi‘ ﬂ; a1
]
20 s s s s
s02 S06 Nx2 Nx6

— Median[] 25%-75% T Non-Qutlier Range &~ Raw Data

Klotho B chiBopoTre, nr/mn

7000
[ sKlotho: KW-H(4;40) = 10,41; p = 0,0341

6000 _T_
5000 E
4000
3000 — e
2000f | A T )
1000 A,

0

502 506 Nx2 Nx6

— Median []25%75% T Mon-Outlify Range & Raw Data

Bogdanova E. et al. UMS 2023



[MonyyeHHble Mooenu XpoHu4Yeckol OUCyHKYUU MNoYek coomseemecmaosarnu

XbllC1-2
Uccnepayemble napameTpbl SO2 Q SO6 Q Nx2 Nx6 Q
A
Cucronunueckoe apTepuanbHoe gaBieHne, MM pT. CT. ™ ™ T ™
KnupeHc kpeatuHuHa, ma/muH/100r x4 & 429% 429%
AnbbymunHypusa, mr/mr KpeaTMHUHa L g X6 x8 x12
MHTepcTMuManbHbii GUbPO3 Nouku, % x4 x4 10% 20%
Klotho B cbiBOpOTKE, Nr/mn g J J J
docdart B cbiBOPOTKE, MMOAb/N L3 g L xd < 1t
JKcKkpeuua ¢ocdata, mr/mr KpeaTUHUHA x4 < L x4 L 3xd
MHTaKTHbIN NapaTUpPEoUaHbIA FOPMOH, nr/mn 4 < < <
NHTaKTHbIN daKTop pocTta pmnbpobnacros 23, nr/mn x4 x4 & x4

MpeacTtasnerbl pasnnuma - SO2 vs WKY2, SO6-Nx6 vs SO2

Crapguum, akBuBaneHtHble XbI C1-2
A0 nosbiweHnAa yposHeu FGF23, PTH




lMcToNornyecKkme n moneKkynapHblie
nccnenoBaHMA KOCTU

MLUP-PB (Ouagu3 6onbwebepyosoli kocmu 6e3 KOcmHo20 Mmo32a)
dopmuposaHue KocTu 1 perynaumua octeobnacros - Sp7, Ctnnb1, Bmp4, Dmp1
Wnt-nyTb 1 ero perynauua - Wnt10b, Dkk1, Sost, Sfrp2, Fzd2, K|
VDR/OPG/RANKL, perynauusa ocreoknacrtos - Vdr, Cyp27b1, Tnfrsf11B, Tnfsf11, Lgr4
TpaHcnopTt u ceHcuHr pocdara - S/Ic20al, Slc20a2, Xprl, Ankh, Fgf23, Fgfr2, Mapk3, Mapk1

fucmonozua kocmu, aucmomopd)omempun u umMmmyHo2ucmoxumus

(OucmanobHbIli memadghu3 u duagus 6onbwebepyosoli Kocmu)




1) lucmomopgpomempua Kocmu

Mnowaab TpabekynapHoit Koctn (B.Ar%T.Ar) — cpegHee 3HavyeHMe NAoWaaun aNA Tpex ouMPPOBaHHbIX CTEK/IONPENAPATOB A/1A KAXKA0r0
XUBOTHOrO; KONMYeCcTBO UamepeHu Bcero N=96, n=8 gna rpynnbl

KonunuectBo akTUBHbIX ocTeobnactos (N.Ob/ B.Pm) — B 10 nonsx 3peHns gas o4HOro rmcTonpenapaTta oT KaxKAoro *KMBOTHOMO; KOJIMYECTBO
namepenmn scero N=320, n=80 ana Kaxkgow rpynnbl

Konunuectso octeouutos (N.Ot/T.Ar) - Konmyectso namepenui scero N=261, n(SO2)=72, n(SO6)=74, n(Nx2)=73, n(Nx6)=72

Konunuectso octeoknarocs (N.Oc/B.Pm) - konnuectso nsmepeHunii scero N=299, (502)=74, n(S06)=76, n(Nx2)=72, n(Nx6)=77

Nepumertp pe3opbunmn (E.Pm%B.Pm) - konnyectso namepenuii scero N=320, n=80 ana rpynnbl

2) UmmyHo2ucmoxumusa Kocmu
Proportion of Dickkopf-1-positive Ot (N.OtPkk1*/N.Ot) - N=160, n=40 for each group
Proportion of Sclerostin-positive Ot (N.Ot5°st*/N.Ot) - N=160, n=40 for each group

Dna nokasarenent N.Ob/ B.Pm, N.Ot/T.Ar, N.Oc/B.Pm, E.Pm/B.Pm N.OtDkk1+/N.Ot, N.OtSost+/N.Ot, 3HaueH1A KaxXA0ro nona 3peHna bblan UcNnonb3oBaHbl ANA
CTaTUCTUYECKUX TECTOB

1 - Histomorphometry in Rodents. Bone Research Protocols. Methods in Molecular Biology (2019)
2 - Standardized nomenclature, symbols, and units for bone histomorphometry: a 2012 update of the report of the ASBMR Histomorphometry Nomenclature
Committee




M3M€,DEHU€ Kosu4yecmea aKmueHbix ocmeobnacmos:

AKTuBHbIe ocTteobnactbl (N.Ob) KneTtku, BbicTUnaoLWme KOCTHYIO 6anKy = Nepumetp Koct (B.Pm)

Konunyectso octeobnactos = N.Ob/B.Pm (no/mm)

N.Ob — KonnyecTBo akTUBHbIX OCTE0H6/1aCTOB Ha MOBEPXHOCTU BaNKK;
B.Pm — nepumeTp NoBepxHOCTM KOCTHOM BanKku

AHanns n3obparxkeHunit BbINOAHAAM C ucnosb3oBaHmem Orbit Image Analysis Version 3.64
Bogdanova E. et al. UMS 2023



Konuyecmao akmueHbix ocmeoba1acmos U 3KCrpeccus 2eHo8 ouggepeHUUpPOB8KU HUMXE 8

mooenax XbIl
Osteoblast number (Mp)
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Konnuectso octeobnactos B metaduse (N.Ob/B.Pm, no/mm; N=320, n=80 gna Kaxka0M rpynnbi)

BogdanovaE. et al. IJMS 2023



Pezynayusa oughgpepeHyuposku ocmeobnacmose

Comn]itment Prulifriration Matrix Maturation Minerallisation
Mesenchymal [ \f I L I collins F. Microbiology Spectrum 2018
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UmmyHomopdghonozuyeckoe uccnedosaHue akcnpeccuu Dickkopf -1 u cknepocmuHa 8 Kocmu

Skcnpeccusa Dickkopf -1 e kocmu

A — 3Kcnpeccus B XpsALe, B — akcnpeccms B KOCTHOM MO3re M 3HA0TeNnM cocyos, C — aKkcnpeccus B ocTeoumTax gnadusa

Bogdanova E. et al. UMS 2023




dkcnpeccus Dickkopf-1 8 ocmeoyumax u KOHYeHMpPayus 8 cbieOPOMKe No8bIWAOMCA 8 MoOenax paHHeli
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JKcnpeccua cKnepocmuHa 8 ocmeoyumax U KOHYyeHmpayusa e cbieopomke rnosblWaromcsa 6 mooensx

paHHeli XbI

MmmyHomopdonormueckoe uccnegoBaHme IKCNPECCUN CKNEPOCTUHA

Sost+ osteocytes (Dp)
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N3mepeHue Konuyecmea ocmeouumos:

CTpenku — ocTeouuTbl

Konunuectso octeoumtos = N.Ot/T.Ar (n/mm?)

N.Ot — Konn4yecTBo OCTEOUUTOB;
T.Ar — nnowaab KOCTHOM TKaHU

AHanus nsobparkeHunit BbinonHAAM ¢ ucnonbsobaHuem Cell profiler, Orbit Image Analysis
Version 3.64



Moodenu XBbIM C1-2 xapakmepu308aauUcb CHUXEHHbIM KOAU4Yecmaom ocmeoyumos

Osteocyte number (Dp)
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PenpeseHTaTUBHbIE MUKpPOdOTOrpadmm Aas rmcToNorMYeckoro naTrepHa
(H&E)

Konnyectso octeoumtos B anaduse (N.Ot/T.Ar, no/mm?; N=291, n(SO2)=72, n(S06)=74, n(Nx2)=73, n(Nx6)=72)
*p<0.010 vs SO6, Nx2, Nx6

Bogdanova E. et al. UMS 2023



Ponb Dmp-1 8 pe2ynayuu ocmeoyumoes

Comn]itment Prolifel'ration Matrix Maturation
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Dussold C. et al., Bone Res 2019



N3mepeHue naowadu mpabexkynapoHoU Kocmu:

Konnyectso octeoumtos = B.Ar/ T.Ar (%)

B.Ar — nnowaab TpabeKkynapHom Koctu
T.Ar — nnowaab KOCTHOM TKaHU

Hano»keHne macoK BbINOJNHEHO B nporpamme aHa/in3a M306pa>KeHMl71

Orbit Image Analysis Version 3.64
Bogdanova E. et al. I/MS 2023



Maowade mpabekynapHoli Kocmu cHuxceHa 8 moodenax XbI1 C1-2

Bone area (Mp)
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Bogdanova E. et al. I/MS 2023




Peaynayusa dughcgepeHyuposKu ocmeoKaacmoes

Committment Fusion Activation
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Konuyecmeo ocmeoKnacmoe He pa3nu4anoce 8 mooenax HavyanoHou XbI1 u KoHmpone

Osteoclast number (Mp)
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.
0 2

0.6

= bone perimeter

Konnuectso octeoknactos (N.Oc/B.Pm, no/mm; N=299, n(S02)=74, n(S06)=76, n(Nx2)=72, n(Nx6)=77) n
penpeseHTaTUBHbIE MUKpodoTorpadumn (H&E), aHannsa nsobparkeHni BbINoIHEH ¢ Ucnosib3oBaHnem Orbit Image

Analysis Version 3.64

Bogdanova E. et al. I/MS 2023



N3mepeHue nepumempa pe3opbyuu:

| MNMepumeTtp KoCTH

MepumeTp yuacTkoB pesopbumnm

MNepumeTp pe3opbuumn = E.Pm/ B.Pm (%)

E.Pm — nepumeTp pe3opbumm
B.Pm — nepumeTp NOBEPXHOCTM KOCTHbIX Basiouek, nepumeTp

TpabeKynapHoM Koctun
AHanuns nsobparxkeHuit BbinonHeH B Orbit Image Analysis Version 3.64

Bogdanova E. et al. I/MS 2023



Mepumemp pe3opbyuu Hux3ce 8 mooenu Nx6

Eroded perimeter (Mp)
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PenpeseHTaTUBHbIE MUKpPOdOTOrpadmm aas rmcToNorMYeckoro naTrepHa
(H&E)

MNepumeTp pe3opbumm (E.Pm%B.Pm; N=400, n=80 ans Kaxaou rpynnobl);

Bogdanova E. et al. I/MS 2023




HeopzaHuyeckul ¢poccham Kak cueHan?

PPi, Protein-P

Matrix vesicle
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Differentiation/mineralization-related genes™T
(eg., Opn, Dmp1, Ank, Enpp1)
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Michigami et al., 2018
Beck et al., 2020



Npednonazaemeoliii mexaHu3m cu2HanNbHOU MpaHcoOyKyuu

FGFR NP b D

- ce-ransporter Mvvl ||||H
ah / ® I

@ S 1 fMEK/ERK Akt
. pathway pathway

GTP GDP

|
ﬁ

Gene expression

Q Mucleus

. S

Michigami et al., 2018
Beck et al., 2020

Bon N. et al. 2018:
1) PiT1/PiT2 cBa3aHbl ¢ ERK1/2

2) o6a PiT1 1 PiT2 Heobxoanmbl ans
nepegayn curHana Pi

3) cBasbiBaHue Pic PiT (a He TpaHcnopT
Pi), MOXeT 6bITb KNtoYEBbIM COBbITUEM
B nepegave curHanos Pi




BnusHue eHeKnemo4yHoz20 ¢gpocgpama Ha duchgpepeHyupoeKy ocmeobnacmoe u npogunu
3KCnpeccuu 2eHos8

CxemaTnuecKan guarpamma Tpex OCHOBHbIX cTaauii anddepeHUUpoBKM PaHHuUue 9 nosaHue reHbl

ocTeo61acTOB U reHoB, peryampyembix ¢pochatom cornacHo George R.

L-link AVir | Delayed L-link AVG | Intermed. | L-link [ NG | Late L-link AV ]
13655 | 13.0 | Eree 13874 | 144 | Eg3 13655 | 124 | Sppl 20750 | 111
Beck, Jr. (2003) 13653 | 122 | Serpinel | 18787 | 140 | Eerl 13653 | 80 | lizab 603 |91
153570 | 10.8 | irll 17082 | 9.0 | Hmgad 15364 | 83 | Hmpa? 15364 |88
12227 |78 | Cigf 14219 | 78 | Prkg2 19092 | 635 [ege—— 20393 |76
13654 |68 | et 15937 | 7.1 | Dusph 67603 | 63 | Slcatal | | 20515 | 6.5
R E 20393 | 67 | Szk 20395 |57 | Dmp]| 13406 | 63
4381 |66 | F 14066 | 66 | Sppl 0750 |57 el SR
15037 |61 | Timpl 31857 | 66| ligab 16403_| 55 | Hmeal 15361 55
Serpincl | 18787 | 6.0 | Duspb 67603 | 6.1 | KIfIO 31847 [ 53 | Prks? 19092 [ 53
Cyril 16007 |51 | les 15939 | 57| Timpl 31857 |52 | Fus 53618 |50
Slamit | 30925 [45 | Odcl 18263 |49 | Erex 138714 |50 | Timpl 2851 |47
Riin 246102 |43 | Ezr2 13654 |43 | Foxc2 14334 |49 | Rasal 318397 |47
Sk 20393 [43 | Pigs2 19235 |43 | Hmgal 15361 | 44| Dusph 57603 |46
lingrl 15979 |39 | Hbegf 15200 | 4.0 | lers 15937 |43 | Ank 1732 |45
[ Pras2 19225 |34 | Infrsfiza | 27279 | 4.0 | Foxm2 14235 | 3.7 | Anxal 16952 43
Fairlop2 | 67520 |33 | Naphl 18231 |39 | Csfl 13977 |34 | Banf 13061 |42
Akps TI650 |33 | ligah 16403 |39 | FPema 18538 |33 |1l 17082 |40
Clefl 14219 |33 | Prke2 19092_| 39 | Bral 12189 |32 | Ercz 351436
Sle2da2 | 76376 |30 | Bg? 12227 |38 | Rasal 318397 | 3.2 | Lbn T7E89 | 34
Zip36_ | 22695 30 ND 36| Cdc20 107995 | 32| Eprs 13655 [ 33
Folr2 14276 |29 14284 | 34| Cdeb 23834 | 30 | Egrl 13653 [ 33
Duspb | 67603 |29 6007 | 3.0 | Odel 18363 | 3.0 | Mmpl3 17386 |29
Gnas 13683 |28 30515 |20 | E2n 13555 |30 [ Csn 3077 |29
e . OP N ssssnaasnsias e Phidal | Phidal |28 19252 | 28 | Cenb2 12442 | 28 | Hgf 1524 |28
_______ OSCernee- [ Dakz 104418 |27 20807 |28 | lers 15939 | 28 | Odel 18263 [ 27
Fosl2 4284 |27 | osh 12977 | 2.6 | Cenbl 53415 |27 | Epr? 1365427
Cs3 12085 |26 | Es2 23872 | 2.6 | Runxl 12394 |26 | InfsfiZa | 27279 |27
[Sost] 74499 |35 | Cavl 12389 |25 | Hess 5207 [ 26 |lers 957 27
I'Iponml)epau,ml -> d)OpMMpOBaHVIe ManMKca'> MUHepanaunsauma [ 17082 |24 | Slamit | 30925 | 2.5 | Tnfrsfida | 27279 | 25 | Vegla ND 15
Thbsl | 21825 |24 | Anxal 16952 | 24 | Vegfa ND 24 | Pema 18538 |24
gfl 16000 |24 | Sost | 74499 |24 | Ecml 13600 | 24 | Eeml 3601 22
Sef 20807 |23 | wps 11650 |23 fFeld 14276 | 24 | Prkea w750 |21
Feiz (6112 |31 [ Ef 13555 [ 23 || Sost| T4 [ 21 | Lpl 16971 71
Fafd 14175 |20 | Nfeai 18024 |22 | lighs 16419 |21 | Akapd 13121 20 -
Decrease j—
Hoxel2 [ 15421 [02 | Myoh 17920 |03 | Skolad | 28350 |02 | Mest I
MoBbilEeHNE KOHLLEHTPALLMKM HeopraHuyeckoro docdarta Teals,  [32034 |03 | Rhbpd | 10636 |03 | Tibkm 6151 (07 [ Npmt a2 |03
Sledad | 54403 [ 03 | Csirl 12078 | 0.4 | Rbbpd 19646 | 02| Aspn 66336 |03
AqpT 11832 |03 | F2d3 14065 | 04| Myob 17920 | 03| Ogn 18295 03
Pighn | 19221 |03 | TnN8 | 240873 |04 | Tmfb 20034 | 03 | Neald 53589 03
OPN Rbbpt | 19646 |03 | Syt 30979 |04 | Virc2d | 171197 |02 | Den 3179 |03
Uss2 24111 |03 | Csnkle | 27373 |04 | Aspn 56336 |03 | Camklz | 215303 |03
A170 Cartl 716285 |03 | Vir2d | 171197 | 0.4 | Fabps 16592 |03 | Enpep 3R {03
Pin 19226 |03 | Apocs 11814 _| 04 | Opn 18295 | 04| Fmod 1426404
Nrf2 HMGA1 & 2 Tef2 21410 [ 04| Pteim 1922105 | Ihsp 156891 | 04 |[Fai2 14183 04
i Fabps | 16592 [04 | 1r 16197 | 0.5 | Npat 114249 | 0.4 21825 04
Fra-2 Calcyclmcyg:' dg: 53 Thrombospondin il 12978 (04 |1l 6% 05 | Pih 19226 | 04 | Cacnb2 17296 |04
. . B Crebl 1291204 | Cign 13745 |05 | Agp? 11852 | 04| Posin S0706 |04
Annexin V_ Pit-1 Periostin  Perlecan Bel2 1243 |04 | Tnsd 2017169 | 0.5 | Tef2 2410 |04 |[Brpd] 12159 04
[Ibsp 15891 |05 | Ace 11421 | 0.5 | Csirl 12978 |05 —= 1282405
117 16197 |05 | Pih 19226 | 0.5 | Myft 17878 | 0.5 | Collal 17842 |05 |

L-Link: Locus Link., AVG: average ratio across time points, ND=No data



BausaHue 8HeKnemo4yHoz20 ¢pocgpama Ha dughghepeHyupoeKy ocmeobnacmoe u npogunu
3KCcnpeccuu 2eHo8

Alpl, Enpp1, Spp1, Slc20a1, Slc20a2, Bglap, u Runx2 B octeobnactax B OTBET Ha Bo3gencTaume Pi (1-5 mM)
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PaHHAaa XBI1 xapakmepulyemca nooasneHuem 2eHos,
CB8A3AHHbLIX C MPAHCMOPMOM U CU2HAAUH20M Pi 8 Kocmu

XbI1 _Sfrp2 . Wnt10b

SO2 Nx2 Nx6

Lgrd
Slc20al (PiT-1)

Mmnopt/ skcnopT Pi Slc20a2 (PiT-2)
L Xprl
3kcnopT PP Ankh
Npeanonaracuas Fafr2
:s;:ig;:z’;ﬂ ~— Mapk3 (Erk1)
Mapk1 (Erk2) 2l

— 0.026 ¢ /
p<0. nkh Slc20al
p<0.021 d 0

Xpril
[ |
0 5 15

Slc20a1, solute carrier family 20 member 1, SIc20a2, solute carrier family 20 member 2, Xpr1, xenotropic and polytropic retrovirus receptor 1, Ankh, ANKH pyrophosphate transport
regulator, Fgfr2, fibroblast growth factor receptor 2, Mapk3, mitogen activated protein kinase 3, Mapkl, mitogen activated protein kinase 1

Ic20a2

Bogdanova E. et al. I/MS 2023



[UcToNnornyeckme n moneKkynapHole UsMmeHeHuA KOCTHOM TKaHwu
NnponopunoHasibHbl CTeneHn XpoHNU4YeCKoro nospexaeHnAa novyek npu paHHEﬁ
XBI1

Mcrtomopdpomertpusn
KOCTU

TpabekynapHaa KocTb

OcTeouuTbl

AKTUBHbIe ocTeobnacTbl

Nepumetp pe3opbunn

OcTeoknacrbl

NMpodunb akcnpeccuun

reHos
Sp7, Ctnnb1, Bmp4, Vdr,
Slc20a1, Sic20a2, Xpr1, Ankh,
Fgfr2, Mapk1/3




3aKkn4vyeHue:

XbMN C1-2

AnbbymunypuaP x6-12
Klotho B cbiBOopoTKe
MHTepcTULMANbHbIN
$unbpo3 nouek 1<30%
KnupeHc
KpeaTuHuHa\, <30%
docoar B cbiBOpoTKE & P
FGF23¢&>

PTH&

Dickkopf-1 B cbiB &P
Sclerostin B cbis &© 1

KocTHbit 06meH .

*  Octeouutbl,

*  AKTUBHbIE
octeobnactbi,
TpabekynapHasn
KocTb,
MepumeTp
pe3opbuunl

JKcnpeccua reHoB Y,

* OcteobnacroreHes
* TpaHcnopTt pocdarta

* CurHanbHas
TPaHCAYKLMUA

—>

Dkk1l+ u Sost+
ocreouyutbl <SP
beTa-KaTeHUH
(Ctnnb1),

1 - TMpu mogenupoBaHun paHHen XbBI, oTBeT cKenerta
npoABnneTca rMCTONOrM4YecKMmm NnpuU3HaKamm,
npegnonararowmumm 6onee HU3KMIM KOCTHBbIM 06MmeH (aenonynauua
0OCTEeoLMTOB U 0cTe0baacToB, CHUXKEHMe naowagmn TpabekynapHou
KOCTH)

2 — W3meHeHMA ruUCTONOrMU COMPOBOXAAKOTCA MNogaBAeHUEeM
3KCNPeccum paja reHoB, YTO MOXKeT BbiTb MONIEKYNAPHOU OCHOBOIA
CHUXXEHHOro OCTeOCUHTEe3a

3 — CHuKeHue 3Kcnpeccum B-KateHuMHa B Koctu (Ctnnbl),
accoumupoBaHo ¢ nosbiweHnem gonu Dkkl- n Sost-no3uTusHbIX
octeouutoB U KoHueHTpauunm Dickkopf-1 u cKnepoctTMHa B
CbIBOPOTKE KPOBM

4 — KnetouyHblh U MOJIEKYNAPHDbIA OTBET KOCTU NMPONOPLMOHANEH
moaenupyemoit cragum XBIM un Bo3HUKaeT Ao dopmupoBaHuA
runepdocparemMmm 1 NOBbILLEHUA KOHUEHTPALUU TPAAULMNOHHbDIX
docdar-perynupyrowmx ¢pakropos (PTH, FGF23)




Cnacubo 3a BHUMaHue

Pabora BbIMO/IHEHA NPV NOAAEPKKe [
POCCUNCKOIo OHAA ®YHOAMEHTANIbHbIX UCCNEAOBAHUU , KHBLL CaHKT-MeTepbypra
N HepaBHOAYLWHbIX kKosner — Cagpikos A.M., 3ybuHa U.M., CemeHosa H.10., BepecHeBa O.H., UBaHoBa I'.T., JobpoHpaBsoB B.A.
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[pynnbl uccnenoBaHUA

Normotensive control (WKY2) for
kidney function in sham SHR with 2-
month follow-up (SO2)

Control (SO2)

W0

Mild CKD-MBD models

© P P

Albuminuria P

Serum Klotho

Renal fibrosis & 1
Creatinin clearance & |
Serum phosphate &
Dickkopf-1,Sclerostiné&> 1
PTH, FGF23 &

JKCnpeccusa reHos

BONE
FORMATION: S02 SO6 Nx2 Nx6
sor oxer [T

_ | BMP signaling

Bmp4 o ~1.n 2
Ctnnb1 (B-catenin) N2 N2

| Canonical WNT signaling

Bone histology:

Bone area (B.Ar/T.Ar) ¢
Osteocytes (N.Ot/T.Ar) |
Osteoblasts (N.Ob/B.Pm)
g

Eroded perimeter
(E.Pm/B.Pm) &\

Footnote: P or | - statistically significant increase or decline,

PHOSPHATE

SENSING AND S0O2 SO6 Nx2 Nx6
SIGNALING:

Slc20a1 (PiT-1) o J N

Pi/PPi transport

Xpri © N2 J

Ankh © N2 N

Mapk3 (Erk1) - 2 v j MAPK signaling
Mapk1 (Erk2) © $ N

OSTEOSYTE

REGULATION: S02 SO6 Nx2 Nx6

Dmp1 L e e el

OSTEOCLAST

REGULATION: SO2 SO6 Nx2 Nx6

Tnfrsf11B (OPG) © ©

Tnfsf11 (RANKL) PxS RS ] OPG/RANKL signaling
Lrg4 (d L4

€ - not significant
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