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Pe3iome

Tpanchopmupyromuii  paktop pocra-f (TGF-B) — sro rpynma cxoxux 1o
CTPYKType MHOTO(YHKIHOHAIBHBIX PErYISITOPHBIX OENKOB, MPOSBISIOLINX
IUIEHOTPONHOCTh B PA3JMUYHBIX TKAaHSAX OpTraHM3Ma. YUHUTHIBas, 4TO H30(OPMBI
TGF-f mposBAAIOT TPOMHOCTh K Pa3jWYHBIM KJIETKaM, a MpPU JAUAOCTHYECKOU
pPETUHONATUH OJTHOBPEMEHHO MOTYT PEaIM30BBIBATHCS KaK HEUPOIereHEPATUBHBIM
poliecc, TaKk U MOBPEKIEHNE MUKPOCOCYOB, CHUTAEM, UTO U3yUYECHHUE COACPKAHUS
TGF-Bl, TGF-B2, TGF-B3 y mnauMeHTOB C pPa3IUYHBIMU TPOSIBICHUIMU
nuabetndeckoit peruHomatuu (IIP) sBisiercst aktyanbHbIM. [lenb nccnenoBanus —
onpenenuts ypoBau 1 GF-B1, TGF-B2, TGF-3 B cbIBOpOTKE KPOBH y MAIMEHTOB C
HEHUPOJETeHEPATUBHBIMU U COCYAMCTBHIMU  NPOSBICHUSMHU  JHa0eTHUYEeCKON
peTHHONaTUM Ha (oHe caxapHoro nuabera 2 Tuma. B ucciegoBaHWU NPUHSIH
yuactue 80 manuMeHToB C JUArHO30M caxapHbli auader 2 tuna u 30 mpakTU4YecKu
310pOBbIX J00poBoOJibLieB. Ha ocHOBaHMM O(TaTbMOCKONMU M ONTHYECKOU
korepeHTHOM ToMorpaduu (OKT) mamueHTsl ¢ caxapHbIM AMa0eTOM 2 TUMa ObLIN
paszaencHbl Ha 4 Tpynmbl: 1 rpynmna (N=12) — nareHTsl 0€3 COCYIUCTHIX CHMITOMOB
JIP na rnaznom ane u 6e3 OKT-npuszHakoB HelipoaereHepaun ceT4aTKy; 2 rpyIina
(n=28) — marueHThl 6€3 COCYTUCThIX cUMITOMOB JIP Ha ria3HOM JHE M HATUYHEM
OKT-npusHakoB HelpoaercHeparuu cetdatku; 3 rpynma (N=10) — manueHTs ¢
COCYIUCThIMH cumnToMamu HenpoiudepatuBaon [P u 0e3 OKT-nmpusnakos
Heliponerenepanuu cetdatku; 4 rpynma (N=30) — HamMeHThl ¢ COCYTUCTBIMH
cumnromamu  HenponudeparuBHor JIP u Hammumem  OKT-mpusHakoB
Helpogerenepanuu cetdatku. CeiBopoTouHoe conepkanue [GF-Bl1 Bo Bcex
rpynnax ObuIO B IMpeaenax peQepeHCHBIX 3HAUYEHWH Ha MPOTSKEHUH BCETO
uccinenoBanus. CeiBopoTouHasi KoHmeHTpamus |GF-B2 Bo Bcex rpymmax Obuia
BBHIIIIE B CPAaBHEHHH ¢ KOHTpoJibHOU Tpynmoil. Comepskanne TGF-B3 B chiBOpoTKE
KpOBU TMAalIMEHTOB C HEWPOJETEHPATUBHBIMU TMPOSABICHHUIMHU JHA0ETUYECKON
petuHonatuu (2 U 4 rpynnbl) ObUT TOCTOBEPHO HMXKE pe(EPEeHCHBIX 3HAUYCHMI.
bonee BeIpakeHHBIN 1e@UIUT oT™Mevaics B 4 rpyImie, NaueHThl KOTOPO UMEeNn
KaK COCYAMCTbIE, TaK W HeupozaereHpatuBHble npusHaku J[P. IIpencraBienHoe
MCCJICIOBAHKE TTOKA3aJI0 HAJTMIKE CUCTEMHOTO qucOananca yposuei TGF-B1, TGF-
B2, TGF-B3 mpu cocyAaucCTBhIX M HEWPOHATBHBIX MPOSBICHUSX AUAOCTHUECKOMN
petuHonatuu. llomydeHHble pe3ynbTaThl MOATBEPKAAIOT AaHHBIE O TOM, YTO
W3MEHEHUE TPOJYKIMA IMTOKMHOB u3 cemeiictBa [GF-f mnpu omHOM
MATOJIOTMYECKOM IMPOIECCE MOKET UMETh Pa3HOHAIIPABICHHBINA XapaKTep.

KuioueBble ciaoBa: TpaHchopmupyromuii (Gaktop pocra, auadeTuydeckas
peTUHONAaTHs, CaXapHblid [UabeT, HelpoaereHeparusl.
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Abstract

Transforming growth factor-p (TGF-B) is a group of structurally similar
multifunctional regulatory proteins that exhibit pleiotropy in various tissues of the
body. Considering that TGF-f isoforms show tropism to various cells, and in
diabetic retinopathy both a neurodegenerative process and damage to microvessels
can be simultaneously realized, we believe that the study of the content of TGF-$1,
TGF-B2, TGF-B3 in patients with various manifestations of diabetic retinopathy
(DR) is relevant. The aim of the study was to determine the levels of TGF-1, TGF-
B2, TGF-B3 in the blood serum in patients with neurodegenerative and vascular
manifestations of diabetic retinopathy against the background of type 2 diabetes
mellitus. The study involved 80 patients diagnosed with type 2 diabetes mellitus and
30 healthy volunteers. Based on ophthalmoscopy and optical coherence tomography
(OCT), patients with type 2 diabetes mellitus were divided into 4 groups: Group 1
(n=12) — patients without vascular symptoms of fundus DR and without OCT signs
of retinal neurodegeneration; Group 2 (n=28) — patients without vascular symptoms
of fundus DR and the presence of OCT signs of retinal neurodegeneration; Group 3
(n=10) — patients with vascular symptoms of non-proliferative DR and without OCT
signs of retinal neurodegeneration; Group 4 (n=30) — patients with vascular
symptoms of non-proliferative DR and the presence of OCT signs of retinal
neurodegeneration. The serum content of TGF-f1 in all groups was within the
reference values throughout the study. The serum concentration of TGF-B2 in all
groups was higher in comparison with the control group. The content of TGF-33 in
the blood serum of patients with neurodegenerative manifestations of diabetic
retinopathy (groups 2 and 4) was significantly lower than the reference values. A
more pronounced deficiency was observed in group 4. whose patients had both
vascular and neurodegenerative signs of DR. The presented study showed the
presence of a systemic imbalance in the levels of TGF-B1, TGF-p2, TGF-3 in
vascular and neuronal manifestations of diabetic retinopathy. The results obtained
confirm the data that changes in the production of cytokines from the TGF-3 family
in one pathological process can be multidirectional.

Keywords: transforming growth factor, diabetic retinopathy, diabetes
mellitus, neurodegeneration.
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1 BBenenue
Tpauchopmupyromuii  paktop pocta-f (TGF-B) — 310 rpymma CXOXHX IO
CTPYKTYpe MHOTO(QYHKIIMOHATBHBIX PETYJISATOPHBIX OETKOB, TMPOSBIISIONINX
IUIEHOTPONTHOCTD B Pa3NMYHBIX TKaHAX opranu3ma [8]. Cpeau OCHOBHBIX (PYHKIIMIA
TGF-3 MOXHO BBIACIHUTH CICAYIOIINE: BIUSIHUE HA elieHue, TUd)EepeHITMPOBKY 1
BBDKMBAHHUE KJIETOK, ydacTue B Mop¢oreHese, aHTHMOTE€HE3e, PEeMOCINPOBAHUU
TKaHEd W  BOCHAICHUM, Tmojjaep:kanue romeoctaza [4]. OcCHOBHBIMU
npencraButenssMu cynepcemerictea 1GF-B sBustorcs tpu uzodopmsr TGF-fB1,
TGF-B2, TGF-B3, koTtopsie, HECMOTPS Ha CXOXYI CTPYKTYPY, MPH Pa3IUUYHBIX
NATOJIOTUYECKUX M (PU3MOJIOTUYECKUX TPOIEccax peann3yloT HEOJUHAKOBBIC

s dexTsr [8].

Junabetnueckas pETUHOIIATHS (11P) - MHOTOKOMITOHEHTHOE,
HEHPOMUKPOCOCYIUCTOE, CIEIM(PUIECKOE MOPAKEHUE CETYATKHU IJ1a3HOTo sS0JI0Ka,
BO3ZHHKAIOIIEE Y MAIMEHTOB C caxapHbIM nuadetom [1]. [Tarorenes nuabeTndeckoro
MOBPEXACHUS MUKPOCOCY/IOB U HEPBHBIX KJIETOK CETYATKH SIBISIETCS CIOKHBIM U
MyIbTU(AKTOPHBIM, B KOTOPOM HapylleHHe OalaHca MEXIy pPa3lIUuyHbIMU
OMOJOTMYECKHA aKTUBHBIMU MOJIEKYJIAMHU UTPAET KIIFOUEBYIO POJIb [2].

YuureiBas, uto uzohopmsl T GF- mposBISIIOT TPOMHOCTH K Pa3IMYHBIM KJIETKaM, a
npy 1uabeTH4ecKkoil peTHHONATHH OJHOBPEMEHHO MOTYT PEaM30BBIBATHCS Kak
HelpoJiereHepaTuBHBIN MPOIECC, TAK U MOBPEKACHNE MUKPOCOCYI0B, CIUTAEM, UTO
uzyuenue coxaepxkanusi 1GF-B1, TGF-B2, TGF-B3 y mauueHToB ¢ pa3IUuyHbBIMU
NPOSIBICHUSIMU THA0CTHUECKON PETUHOMATUH SIBIISIETCS AKTYyaJIbHBIM.

[ens uccnenoanus — onpenenutb ypoBau T GF-B1, TGF-B2, TGF-B3 B ceiBopoTKe
KPOBU y TIAIIMEHTOB C HEUPOJETEHEPATUBHBIMU U COCYAMCTBHIMU TMPOSBICHUSIMU
TMa0ETUIECKOW peTHHONATHHN Ha (JOHE caxapHOTro nuadera 2 THUIIa.

2 Marepuaja u MeTObI

B cooTBeTcTBHM C 3aMJIaHUPOBAHHBIM JTU3aHOM (0A00PEH JIOKAIbHBIM 3TUYECKUM
komutetoM 1npu O®I'BOY BO TI'MY Munzgpaa Poccum mnporokosn Ned ot
16.12.2019) u kpuTepusMH BKJIIOUEHHUS/UCKIIIOUEHUS, B MCCIEAOBAHUN MPHUHSIIN
yuactue 80 manueHTOB C JUArHO30M caxapHblil quadet 2 Tuna u 30 mpakTHuecKu
3I0POBBIX JOOPOBOJIBLIEB. JIMIaM KOHTPOJIBHON U OCHOBHOM TpyMIl ObUT MPOBEACH
CTaHIapTHBIA O(TaIbMOJOTHYECKHI OCMOTP W O0CIEIOBaHHE HAa ONTHYECKOM
korepeatHoM Tomorpadge RTvue-100 (Optovue, USA). Cpenmuuii BO3pact
NalKreHTOB OCHOBHOM rpymiibl coctaBuia 60,8 (54; 68) rona, MmeauaHa JJIUTEIbHOCTH
caxapHoro auabera paBHsu1ach 6,5 (3,25; 10) net, Bce manueHThl HAOIIOAATUCH Y
Bpaya-3HJOKPUHOJIOTa, KOHTPOJIb TJIMKEMUU OCYHIECTBISUIM TPU  MOMOIIU
NepopaibHbIX CAXapOCHIKAIOMIMX MpenapaTtoB. KIMHUKO-MHCTpYMEHTAIbHOE
o0OcneoBaHUE KOHTPOJIBHOW TPYNIbl HE BBISIBWIO MATOJIOTMYECKUX H3MEHEHUMU
oprana 3penus. Ha ocHoBaHuM 0OQTanbMOCKONUU W ONTHYECKOH KOTE€PEeHTHOU
tomorpaduu (OKT) manueHTsl ¢ caxapHbIM JuabeToM 2 TUIa ObLIN pa3/iesIeHbl Ha
4 rpynnsl: 1 rpynma (N=12) — mamnueHTbl 0€3 COCYAHCTBIX cHMMNTOMOB JIP Ha
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rina3HoM jaHe U 6e3 OKT-npu3HakoB HelpoaereHepaluu ceTyatku; 2 rpymma (N=28)
— MalMeHThl 6e3 cocyaucThix cuMnToMoB JIP Ha rinasHom nHe n Hanmuuuem OKT-
NPU3HAKOB HelponereHepannu cerdyatkd; 3 rpymna (N=10) — mnamweHTsl C
cocyaucTteiMi cumnTomamu HenposupepatuBHoi J[P m 6e3 OKT-mpusnakos
Helponerenepanuu cetdatku; 4 rpymma (N=30) — ManuMeHTHl ¢ COCYAMCTHIMH
cumntomamu  HemponudeparuBuon  JIP um  Hammumem  OKT-mpusnakos
HEHUPOAECTEHEPALIMN CETYATKH.

Bcem ydacTHMKaMm uccIeIOBaHHS MPU TEPBUYHOM OCMOTPE MPOBOAMICS 3a00p
BCHO3HOW KpPOBH C TOCIAEAYIOMUM IEHTPUPYTUPOBAHUEM I  TOJTYUYEHUS
ceiBopoTKU. Omnpenenenue konnentpanuu 1GF-B1, TGF-B2, TGF-3 B chiBopoTKE
KpoBH mpoBoauwian mpu mnomom HMdA-ananuzaTopa (Multiscan, Finland) u
crienuduueckux peakTuBoB kommnanuu R&D Diagnostics Inc. (USA), 3HaueHus
BbIpaXani B Hr/mi wiu nr/mi. [lo ucredennn 6 mecsieB MaMeHTHl OCHOBHOM
rpynmbl OB TPHIJIANIEHB HAa TIOBTOPHOE KIMHUKO-MHCTPYMEHTAJIbHOE W
JabopatopHoe 00cIeIOBaHKE.

CraTUCTHUECKUN aHAIHU3 PE3yIbTATOB MPOBOIWIH MPU TTOMOIIH mporpammbl SPSS
Statistics v. 23 (IBM, USA). Pe3ynbratel npeactaBisiid B Bujae meauan (Me),
HkHero (Q25) u Bepxuero (Q75) kpaptuiieil. Micnosib3oBany HelmapaMeTpUIeCKue
KPUTEPUH, PA3TNIHS MKy TPyIIaMH CUYUuTa)Id 3HaYMMbIMu Tipu P<0,05.

3 Pe3yabTaTsl u 00Cy:KIeHHE
[Toxazarenu ceiBopoToYHOTO YpoBHS M30popM TGF-P npeacrapnens: B Tabnuie 1.

CeiBopoTouHoe copaepxkanue [GF-B1 Bo Bcex rpymnmax ObUIO B Mpeaesax
pedepeHCHBIX  3HAYEHWH HAa  MPOTSHKEHWHM  BCEr0  HcciaenoBaHus. B
AKCTIIEPUMEHTAIIbHBIX HCCIIEOBAHUIX TMOKa3aHO, 4To JaHHas uzodopma TGF-3
MPUHUMAET ydyacThe B SMOpUOreHe3e, BaCKyJIOreHe3e, reMaTonod3e U Mo/1aBlIeHuN
BOCHAJIMUTENBHBIX peakuui [§]. OnHaKo CyIEeCTBYIOT JaHHbIE, TOKA3BIBAIOLIUE POJIb
TGF-B1 B monuduxanuu (QpyHKIHOHAIBHON AKTUBHOCTH MHUKPOTJIMUA CETYATKH,
KOTOpasi 3aKJIF0YaeTCsl B MojaBiieHnn ux TpaHchopmamuu B M1 denotun [6]. H.
Chen ¢ coasr. (2020) B cBO€i padoTe MPOAEMOHCTPUPOBAIN criocoOHOCTh TGF-1
NOBBIIIATh PE3UCTEHTHOCTh TaHIJIMO3HBIX KIETOK CETYaTKH B  YCJIOBHSX
runepriukemun [4]. Takum oGpazom, TGF-B1, xoTa u He sBIsETCS Beayllen
n30(opMOIl TaHHOTO CEeMENCTBA B TJIa3HOM A0JIOKE, HO YYMTBIBas €ro CBOMCTBA
MOXHO TIPEAMNOJIOKUTh, YTO YpoBeHb [ GF-B1, cpaBHUMBIN ¢ KOHTPOJIEM, SBISETCS
HEJOCTAaTOYHBIM B YCJIOBUAX CaxapHOTo auabera, 4yTO MOXKET WrpaTrh poOjib B
pa3BUTUU TUA0ETHUYECKON PETUHOMATHH.

CeiBopotounast konueHnTpamus T GF-2 Bo Bcex rpynmax Obljia BbIle B CPABHEHUU
C KOHTpOJIbHOM Tpynmnoi. Jta uzopopma TGF-f, aie apyrux oOHapyUBaeTCs B
HEPBHOI CHCTEME U OpraHax 4yBCTB, KaK IPU (PU3HOJIOTMUYECKUX COCTOSHUAX, TaK
W mpu martojiorndeckux mporeccax [8]. Hexortopweie aBTOphl 3adukcupoBanu
BbICOKHE KOHIeHTpauuu 1GF-B2 B CTEKIOBUAHOM TeNe Yy TMAlMEHTOB C
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npoiudepaTUBHON 1Ma0ETUYECKON peTUHONATHEHN, YTO, BO3MOXKHO, CBSI3aAHO C €r0
nposindepaTuBHON U GUOPUHOIIIACTUIECKON aKTUBHOCTHIO [3,5]. Takke mokazaHa
Ba)KHas CIOCOOHOCTh A3TOTO POCTOBOrO (pakTOpa CTUMYIHUPOBATH CEKPEIHUIO
HelpoTpopudeckux (HakTOPOB, KOTOPHIE UTPAIOT KIFOUEBYIO POJIb B MOACPKAHUN
KU3HEICITeIIbHOCTH HEUPOHOB [4]. BepositHo, moBbiienne TGF-B2 y marueHToB ¢
caxapHbIM JUAa0ETOM MOKHO pACIIEHUBaTh, KaK KOMIIEHCATOPHBIA OTBET Ha
XPOHUYECKOE BOCHAJICHHE, OJIHAKO NMEPMAHEHTHO BBICOKWW CUCTEMHBIA YPOBEHB
JAHHOTO LIUTOKMHA CIOCOOEH MPUBOAUTH K TMIEPAKTUBAIMUM UMMYHHBIX KJIETOK U
yCyryOmsiTh TeUeHue 1MadeTUYECKON PETUHOIATHH.

Conepxanue TGF-B3 B ChIBOpOTKE KpOBU MAIMEHTOB C HEHWPOJETCHPATHUBHBIMU
MPOSIBIICHUSIMU  TUA0eTHIeCKo peTuHomnatuu (2 u 4 rpynmbl) ObUT JTOCTOBEPHO
HIKe pedepeHCHbIX 3HaueHH. bonee BeIpaxkeHHbIH AePUIUT oTMevaics B 4
rpynie, NaueHThl KOTOPOH UMENH KaK COCYIUCThIE, TaK U HEHPOJAEreHpaTUBHbIE
npusHaku JIP. BbIsBICHHYI0O 3aKOHOMEPHOCTH MOXHO OOBSCHUTH TEM, YTO
cHmwkenne ypoBHa TGF-B3 MokeT NpuUBOAUTH K YMEHBIICHUIO CEKPEelHu
HelpoTpopuyeckux (HakTOpOB, YTO CTUMYIUPYET HEWpOAereHepaTUBHBIN Mpoliecce
[4]. Panee Obuia ycTaHOBIIEHa CHOCOOHOCTH 3TOr0 IMTOKHMHA MpPenOTBpallaTh
MOBPEXJIEHUE COCYJIMCTOM CTEHKM Yy OOJIbHBIX CaXapHbIM JMa0eTOM uepes
YTHETEHUE CEeKpeIUH TUIAlleHTapHOro (akTopa pocta U (HakTopa pocTa SHAOTENUS
cocynoB [8]. Takum o6pazom nedummur TGF-B3 MOXKET MOTEHIIUPOBATH PA3BUTHE
MHUKPOCOCYAUCTBIX U HEMPOHAJIBHBIX NpOsiBIeHUU JIP.

4 BpIBOBI

W3yyenue BKiIaa pa3InvyHbBIX MMMYHHBIX (DaKTOPOB B MATOTE€HE3 AHAOETUUECKON
PETUHOMATHH SBJISIETCSI HEOTHEMIIEMOM YacThIO MOMCKA (DyHIAMEHTATHHBIX OCHOB
caxapHOro nuabeTa u ero ocjaoxkHeHui. [IpencraBneHHOe UCCIeI0OBaHNE TOKA3aJI0
HajnuuMe cucteMHoro mucOamanca yposHeit TGF-Bl, TGF-f2, TGF-B3 npu
COCYIUCTBIX W HEHUPOHAJIBHBIX NPOSBICHHUIX JAUA0CTHUYECKOW PETHHOIATHH.
[ToydeHHBIE pe3yabTaThl TOJATBEPXKIAIOT JaHHBIE O TOM, 4YTO HM3MCHCHHE
NPOAYKIIMM IIMTOKUHOB W3 cemeiictBa TGF-f mpu oaHOM MaTOJIOrHYECKOM
poIecce MOXKET HMMETh Pa3HOHANMpAaBIEHHBIN Xapaktep. Tpebyercss u3ydeHue
JIOKAJTbHBIX YPOBHEW MCCIEIYEMBIX POCTOBBIX (DaKTOPOB y TAIMEHTOB C
Pa3IMYHBIMY MPOSIBJICHUSAMHU THA0CTUYECKONW PETHHOINATUN HA PAaHHUX W MO3THUX
CTagusX.
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TABJINLbBI

Tadaumuma 1. Copepxanue TGF-B1l, TGF-2, TGF-3 B CcHBOpPOTKE KpOBHU

nanueHToB rpymnm 1-4 u y aun kouTpoiasHou rpymnmnsl (TGF-B1- ar/mu, TGF-B2,
TGF-B3- or/mn).

Table 1. TGF-B1, TGF-B2, TGF-3 in the serum of patients of groups 1-4 and in
control patients (TGF-B1-ng/ml, TGF-p2, TGF-f3-pg/ml).

N3odopma | Koutponshas | ['pynma 1 | I'pynna 2 | I'pynma 3 | I'pynimna 4
TGE-B, | rpymna, Groupl |Group2 |Group3 | Group4
TGF-B Control

Isoform group

Me (Q25-

Q75)

TGF-B1 36,81 (34,3-]35.2 36,19 36,12 36,36
nepsuyHo, | 43,01) (29,38- | (30,93- (34,16- (27,79-
TGF-p1 38,5) 43,22) 39,72) 42,49)
primary

TGF-B1 34,5 36,44 35,89 36,45
uepes3 6 (29,57- | (29,97- (33,19- (28,89-
MECSILIEB, ) 40,81)  |42,21) 39,98) 42,51)
TGF-B1

after 6

months

TGF-2 | 116,9 142,86 142,75 139,76 141,25
nepsuuno, | (103,87- (127,06- | (122,59- |(120,55- |(118,93-
TGF-p2 | 150,41) 185,34)* | 183,7)F | 175/43)* |172,43)
primary

TGF-p2 142,63 144,02 140,18 137,21
gepes 6 (124,96- | (123,23- (125,68- (125,68-
MeCSIIIEB, ) 181,31)* |182,97)* |177,31)* |177,66)
TGF-p2

after 6

months
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TGF-B3 119,49 132,24 69,8 118,31 49,8
nepsuuHo, | (66,09- (59,14- (37,54- (64,73- (35,68-
TGF-B3 196,64) 191) 118,5)*> | 188,45) 71,87)3¢d
primary

TGF-B3 123,33 75,89 116,48 50,33
yepes 6 (63,23- (38,23- (64,21- (34,13-
MECSIIEB, ) 190,8) 122,6)*° | 186,43) 76,34)2cd
TGF-B3

after 6

mobths

Ipumeuanue: a — 10CTOBEpHAas pa3Huiia ¢ kKoutpojem (p<0,05); b — nocroBepHas
pasnmna mexay rpynmamu 1 u 2 (p<0,05); ¢ — mocToBepHas pazHUIIA MEXKIY

rpynmnamu 3 u 4 (p<0,05); d — nocroBepHas pa3Huila MeXXAy TPYIIION 4 U IrpyImaMu
1-3 (p<0,05).

Note: a — a significant difference with the control (p<0.05); b — a significant
difference between groups 1 and 2 (p<0.05); ¢ — a significant difference between
groups 3 and 4 (p<0.05); d — a significant difference between group 4 and groups 1-
3 (p<0.05).
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KuwueBble caoBa: TpaHcpopmupyromuii  ¢akTop pocTta, auabeTHdecKas
pPETUHOIIATHS, CaXapHbIN quabeT, HelpoaereHeparusl.

Keywords: transforming growth factor, diabetic retinopathy, diabetes mellitus,
neurodegeneration.

OO0beuHeHHBI UMMYHOJIOTHYeCKUi dhopyMm 2024.
KonuyecTBo crpanun tekcra — 3,

KomumuectBo Tabmum — 1,

KonuuectBo pucynkos — 0.

21.03.2024



10.46235/1028-7221-16613-S10

CIIMCOK JIMTEPATYPBI
IHopsiakoBbI
i HOMep
CCLLIIKH

ABTOpBI, Ha3BaHHE MY0JIUKAIIUH U
HCTOYHMKA, I/Ie OHA ONY0JIHKOBAaHA,

IHonHbIi MHTEPHET-aApec
BbIXO/HbIE IaHHbIE

(URL) uurupyemon
cTaThbu wiu ee doi.

®UO, HazBaHUe MYOJIUKAIIUMA U
HCTOYHHMKA HA aHIJIHHCKOM

Henos N.N., lllectrakoBa M.B.,
Maiiopos A.1O., MokpsimeBa H.I'.,
Anppeesa E.H., besnenknua O.b., Dedov I., Shestakova M., Mayorov A.,
Ilerepxosa B.A., Apremosa E.B,, Mokrysheva N., Andreeva E., Bezlepkina
bapatoros I1.C., betmesa J1./1., 0., Peterkova V., Artemova E., Bardiugov
bonpapenxo O.H., bypymkyrosa P., Beshlieva D., Bondarenko O.,
©.®., Bukynosa O.K., Bonesoas Burumkulova F., Vikulova O., Volevodz
H.H., T'anctau I'.P., 'omosa U.C., N., Galstyan G., Gomova I., Grigoryan O.,
I'puropsia O.P., Jlxxemumnosa 3.H., Dzhemilova Z., Ibragimova L.,
W6parumosa JLU., Kanauukos  ajashnikov V., Kononenko I., Kuraeva T.,
B.IO., Kononetixo 11.B., Kypaesa Laptev D., Lipatov D., Melnikova O.,
T.JL, Jlanres JI.H., Jlumaros I.B., \rikhina M., Michurova M., Motovilin O.,
Menphukosa O.I'., Muxuna M.C.,  Njikonova T., Rozhivanov R., Smirnova O.,
Muuyposa M.C., Morosumnn O.I, giarsting E., Surkova E., Sukhareva O.,
Huxonosa T.B., Poxusanos P.B., Tiselko A., Tokmakova A., Shamkhalova
CwmupnaoBa O.M., Crapoctuna E.I'.,

M., Shestakova E., Jarek-Martynowa | https:/fwww.dia-
Cypxosa E.B., Cyxapesa O.10., Yaroslavceva M. Standards of Specialized endsjigy&gg;{gllj?#r/;ggCIe/
Tracensko A.B., Tokmakosa A1O., Diabetes Care. 11th Edition. Diabetes PaL
Ulamxanosa M.LIL, Mecrakosa E.A.,  a|fitus. 2023, Vol. 26, Ne2S, pp. 1-157.  [https://doi.org/10.14341/D
1 Spex-MapreiHosa 1.51., SIpocnaBuesa (In Russ.)
M.B. Anroputmsl

M13042]



10.46235/1028-7221-16613-S10

CIIEUUATTU3UPOBAHHON MEIULIMHCKOU
MOMOIIM OOJBLHBIM CaxapHbIM
nuaderom. 11-i Beimyck // CaxapHblit
nnaoet. — 2023. — T. 26, Ne2S. - C. 1-
157.

Pyuxkun M.II., Mapxkenosa E.B.,

@enames I'A., FOmyk B.H. Porb py,chkin M.P., Markelova E.V., Fedyashev
[IMTOKMHOB, HEUPOIICIITUIOB 1 G.A., Yushchuk V.N. Role of cytokines,
ManHK;‘;i’;r:;ggrO;pe‘ie“Ha3 B neuropeptids and matrix metalloproteinases
. in the immunopathogenesis of retinal : - - :
HCHPOJICTCHCPALMH CCTHATKM HIPM oy rodegeneration in diabetic retinopathy. https.//rctizll?i;nvv/nl.;%/%our/artl
AMabETHIECKO’ peTUHONATHH // By jeqian Journal of Immunology/Rossiyskiy
Poccuickiii IMMMYHOIOTHECKHH Immunologicheskiy Zhurnal, 2022, Vol.  [https://doi.org/10.46235/10

Kypran. - 2022. - T.25,Ne 4 - C. 25, no. 4, pp. 515-520. (In Russ.) 28-7221-1157-ROC]
515-520.
Yepueix /1.B., Topbenko O.M,, Chernykh D.V., Gorbenko O.M., Shvayuk

[lsatox A.IL, O6yxosa O.0., Hepubix A p " Ohukhova 0.0., Chernykh V.V,
Tparcd B.B. Tpynos g‘H Trunov A.N. Transforming beta growth
PaHCQOPMUPYIOIHUH GAKTOP POCTA  factor and some cytokinea in vitreous body : :
. : : RN https://jsms.elpub.ru/jour/art
OeTa 1 HEKOTOPHIC LIATOKKHBI B of patients with proliferative diabetic PS4 b J
CTCKIIOBUTHOM TCIIC HAIUCHTOB € retinipathy. Journal of Siberian Medical

MpoIH(EpaTHBHON MabeTeCkoli  grjances. 2015, Vol. 1, pp. 31. (In Russ.) [doi:xer]
peTuHomaTHel // MenunuHa u

icle/view/32



10.46235/1028-7221-16613-S10

obpazoBanue B Cubupu. — 2015. —
Nel. - C. 31.

Chen H., Ho Y., Chou H., Liao E.,
Tsal Y., Wei Y., Lin L., Lin M., Wang

Y., Ko M., Chan H. The role of o https://www.mdpi.co
transforming growth factor-beta in m/1422-
retinal ganglion cells with 0067/21/18/6482
hyperglycemia and oxidative stress.
Int. J. Mol. Sci., 2020, Vol. 21, no. 18, ) [doi:
pp. 6482 10.3390/ijms21186482]

Deuchler S., Schubert R., Singh P.,
Chedid A., Brui N., Kenikstul N.

Vitreous expression of cytokines and https://journals.plos.org/plos
growth factors in patients with one/article?id=10.1371/jour
diabetic retinopathy — An nal.pone.0248439

investigation of their expresson based
on clinical diabetic retinopathy grade.
PLoS ONE, Vol. 16, Ne5, ¢02488439.

[https://doi.org/10.1371/jour
- nal.pone.0248439]

Li X., YuZ., LiH. YuanY., Gao X., https://pubmed.ncbi.nlm.nih
Kuang H. Retinal microglia .qov/33934736/
polarization in diabetic retinopathy. [https://doi.org/10.1017/509
Visual neuroscience, 2021, Vol. 38, i 52523821000031]
e006.



https://www.mdpi.com/1422-0067/21/18/6482
https://www.mdpi.com/1422-0067/21/18/6482
https://www.mdpi.com/1422-0067/21/18/6482
https://doi.org/10.3390/ijms21186482
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0248439
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0248439
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0248439
https://pubmed.ncbi.nlm.nih.gov/33934736/
https://pubmed.ncbi.nlm.nih.gov/33934736/

10.46235/1028-7221-16613-S10

Pan W., Lin F., Fort P. The innate
Immune system in diabetic retinopathy.
Progress in retinal and eye research,
2021, Vol. 84, 100940.

Schlecht A., Vallon M., Wagner N.,
Ergun S., Braunger B. TGFpB-
neurutrophin interactions in heart,
retina and brain. Biomolecules, 2021,
Vol. 11, 1360.

https://www.sciencedirect.c
om/science/article/abs/pii/S
135094622100001X?via%3
Dihub

[https://doi.org/10.1016/j.pr
eteyeres.2021.100940]

https://www.mdpi.com/2218
-273X/11/9/1360

[https://doi.org/10.3390/bio
m11091360]



https://www.sciencedirect.com/science/article/abs/pii/S135094622100001X?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S135094622100001X?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S135094622100001X?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S135094622100001X?via%3Dihub
https://www.mdpi.com/2218-273X/11/9/1360
https://www.mdpi.com/2218-273X/11/9/1360

