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PE3IOME

Lenp: cnctematnsauns yHaaMeHTabHbIX, KNUHUYECKUX WU 3NUAEMUONIOTNYECKIX AaHHbIX 00 OHKOMPOTEKTUBHOM [ECTBUN XOHLPONPOTEK-
TOPOB XOHApPOUTUHA cynbgata (XC), roko3amiHa (B T.4. MoKo3amMuHa cynbara, [C) u HegeHaTypuposaHHoro konnarena Il tuna (HK-11).

Marepunan n metogsl. NpOBEAEH CUCTEMATUYECKIUIA KOMNbIOTEPHDI aHanu3 6176 ny6nukauui no szaumocssasn XGC/TC/HK-I n onyxonesbix
3a60/1eBaHuMi, HalaeHHbIX Mo 3anpocy «(glucosamine OR chondroitin OR ((“Collagen Type II” OR “type Il collagen”) AND pharmacology))
AND (Cancer OR cancers OR tumor OR tumors OR tumour*) NOT tumor necrosis» B 6a3ax AaHHbix PubMed n Embase. bbinn B3sTbI BCE
crarbu ro6oro popmara ¢ 1900 r. no HacToALLee Bpems, 411 KOTOPbIX MMENUCh NOJSTHble a6CTPAKTLI. VICN0Ib30BaH TONONOMMYECKUIA NOAXO0L,
K aHanm3y LaHHbIX.

Pesynbrarel. KpynHomacLUTabHble KNUHUKO-3NUAEMUOTOrMYEeCKNe UCCefoBaHus U MeTaaHanuabl nokasanum, 4to perynapHoe ynorpebne-
Hue XC/TC CHKaeT puCK pa3BUTUSA paka TONICTOM KULIKW 1 paka NIErknx, a TakKe CMEPTHOCTI OT OMyXO0/eBbiX 3a60neBaHui. MexaHn3mbl
oHKonpoTekTueHoro aeictens XGC/TC ocywlecTBASIOTCA MyTeM MHrMOMPOBAHUS NPOBOCMANINTENBHOMO Kackafa (hakTopa HeKpo3a omyxonu
anba, peuentopa CD44 n agepHoro chakTopa kanna B, a Takke nHMLMaumm anontosa onyxonesbix knetok. Mogynupys peuentop CD44
1 cneyndhuyeckoe O-rnKo3MAMpOBaHUe BHYTPUKETOUHbIX 6enKoB, [C nHrnbupyet npoBocnanutenbHble 3G MeKTbl Kackaaa apaxmaoHoBON
Kucnotel, Htepnenkutos WI1-6, W/1-8, nponudepatnsHoro nytu PI3K/AKL, LMKNMH3aBucUMbIX KiHa3. [poBefeHbl NepBble NOCTreHOMHbIe
1CCNEA0BaHNS OHKONPOTEKTUBHbIX 3phekToB XC/TC, BKNoYas ncenegosaHus mukpobuoma. ononHutensHo XG cnoco6CTByeT MHrMb1Upo-
BaHM0 3(PheKTOB (hakTopa poCcTa JHAOTENNS COCYAOB U MATPUKCHbIX METANI0NPOTENHA3, Y4aCTBYIOLLMX B METACTA3MPOBAHUM 1 UHBA3UN
onyxonei. MoTeHunanbHO OHKONPOTEKTMBHbIE 3dpekTbl XC/MC MOryT ycunneatbcs npoTuBOBOCNANNUTENbHbIM AeiicTBuem HK-II: nobasne-
Hue B komnnekce XG/TC BewecTa HK-1l no3BONSET CHINKATL ayTOMMMYHHYH BETBb MaTOreHe3a He TOMbKO NPy NepBUYHOM, HO 1 NPy BTO-
puiHom OA, peBMaTOULHOM apTpuTe.

3aknroyerne. XonaponpotekTopbl XC 1 rnoko3amuH (B T.4. [C) NposBASOT OHKONPOTEKTUBHbIE 3G deKTbl. MpumeneHne XC n I'C coBMECTHO
CO CTaH4APTU3MPOBAHHbIMK (hapmaueBTudeckumn opmamu HK-Il MOXXeT ycunmeatb MX MPOTWBOBOCMANNTENIbHOE U MMMYHOMOAY/N-
pytoLLee fencTeue.

KJHO4EBbBIE CJIOBA

OnyxoneBble 3a60M1€BaHNSA, HYTPULIMONOTUSA, aHaNN3 60NbLINX AaHHbIX, XoHaporapaTPUO.

WH®OPMALIA 0 CTATE
Moctynuna: 05.04.2023. B popa6otaxHom Buge: 10.08.2023. Mpuusata k nevatu: 15.09.2023. Ony6nukoBaHa onnaith: 12.12.2023.

KoHdhnukT uHTepecos
ABTOPbI 329BAAIOT 06 OTCYTCTBUM HEOOXOAMMOCTM PACKPbITUS KOHOIMKTA MHTEPECOB B OTHOLIEHWUI JAHHON My6nunKaLumum.

Bknap aBTopos
Bce aBTOpbI CAeNanu 3KBMBaNEHTHbI BKNAL B NOATOTOBKY My6nukawuuu.

Ans uUTMpPOBaHMA

Topwnn N.K0., Yyyanuu A.T., Tpomosa 0.A. 06 OHKONPOTEKTUBHbIX 3PEKTaX XOHAPONPOTEKTOPOB: MMHOKO3aMUHA, XOHAPOUTIHA CyNbdaTa
1 HepeHatypuposaHHoro konnareHa Il tuna. ®APMAKOSKOHOMUKA. CoBpemeHHasi ghapMakoIKOHOMUKA 1 (hapmMakodanungemuonoris.
2023; 16 (4): 681-698. https://doi.org/10.17749/2070-4909/farmakoekonomika.2023.182.
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SUMMARY

Objective: to systematize fundamental, clinical, and epidemiological data on the oncoprotective effects of chondroprotectors: chondroitin
sulfate (CS), glucosamine (including glucosamine sulfate, GS), and undenatured type Il collagen (UC-II).

Material and methods. A systematic computer analysis of 6176 publications on the relationship between CS/GS/UC-II and tumor diseases
found by the query “(glucosamine OR chondroitin OR ((“Collagen Type II” OR “type Il collagen”) AND pharmacology)) AND (Cancer OR
cancers OR tumor OR tumors OR tumors OR tumour™) NOT tumor necrosis)” in PubMed and Embase databases was performed. All articles
of any format from 1900 to the present day with full available abstracts were taken. A topological approach to data analysis was used.

Results. Large-scale clinical and epidemiological studies and meta-analyses showed that regular consumption of CS/GS reduced the risk of
colorectal cancer and lung cancer, as well as mortality from tumor diseases. The mechanisms of oncoprotective action of CS/GS are through
inhibition of the pro-inflammatory cascade of tumor necrosis factor alpha, CD44 receptor and nuclear factor kappa B, and initiation of tumor
cell apoptosis. By modulating the CD44 receptor and specific 0-glycosylation of intracellular proteins, GS inhibits the pro-inflammatory
effects of arachidonic acid cascade, interleukins IL-6, IL-8, the PI3K/Akt proliferative pathway, and cyclin-dependent kinases. The first post-
genomic studies of CS/GS oncoprotective effects, including microbiome studies, was performed. Additionally, CS contributes to the inhibition
of the effects of vascular endothelial growth factor and matrix metalloproteinases involved in tumor metastasis and invasion. Potentially,
CS/GS oncoprotective effects may be enhanced by the anti-inflammatory effect of UC-II: the addition of NC-II substance to CS/GS complex
makes it possible to reduce the autoimmune branch of pathogenesis not only in primary, but also in secondary OA and rheumatoid arthritis.

Conclusion. The CS and glucosamine (including GS) chondroprotectors exhibit oncoprotective effects. The use of CS and GS together with
UC-II standardized pharmaceutical forms can enhance their anti-inflammatory and immunomodulatory effects.

KEYWORDS
Tumor disease, nutritional science, big data analytics, ChondroguardTRIO.
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TWYECKMM B3aUMOAENCTBUAM B MUKPOOKPYXeHun onyxonu, GSPG
UrPaoT KIH0YEBYH POfb B POCTE M MHBa3Wn onyxonei [1].

BBEJJEHWE / INTRODUCTION

OHZIOTeHHbIE NPOTEOrNNKaHbI HA OCHOBE MOJIEKYST XOHAPOUTUHA
cynbara (XC) npeAcTaBnsT co60i MaKpOMOIEKYITbI, HE06X0ANMbIE
LNS pa3BUTUSA KNETOK, NeveHns 3a60neBaHNil YenoBeka u 3nokaye-
CTBEHHbIX HOBOOOPA30BaHWIA. B 4aCTHOCTW, XOHAPOUTUHCY/Tb(ATHbIE
npoTeornukaubl (aHrn. chondroitin sulfate proteoglycan, CSPG) Ha-
KannuBarTCca B CTPOME OMyxonu. YNpasniis MHOXECTBEHHbIMU NPO-
OHKOT@HHbIMMW CUrHANIbHBIMU MYTAMY OMYX0NEBbIX KIETKOK (Kackampl
peLenTopHOIi TMPO3UHKKMHA3bI (aHrn. receptor tyrosine kinase, RTK),
MUTOreH-aKTUBMPYEMbIX NPOTEUHKNHA3 (aHrn. mitogen-activated
protein kinase, MAPK), WHTErpuHOB, K1HA3bl (DOKANbHOM afre3nn
(anrn. focal adhesion kinase, FAK), BHEKNETO4HbIX KWHA3 (aHMN.
extracellular signal-regulated kinases, ERK1/2)) u cnoco6cTsys kpu-

B yactHocTu, XC-npoTeornnkaH CSPG4 — TpaHCMeMOpaHHbIii 6e-
nok | Tmna, cBA3aHHbIN C POCTOM W NMPOrPECCUPOBAHNEM OMYXOJel.
B3anmopeicTBys ¢ KOMNOHEHTaMW BHEKIETOYHOIO MaTpuKca, BHe-
KNETOYHbIMU NUTaHfaMu, pelentopamn hakTopoB pocTa, BHYTPU-
KneTouHbIMu doepmerTamu, CSPG4 perynupyet Murpaumio KneTok
1 nepegady nponudepaTmBHbIX CUrHanoB. AGHOPMANTbHO MOBbILLEHHASA
akcnpeccus CSPG4 onyxoneBbIMy KneTKamu, NepuBackynsapHbIMu
KneTkamu u KneTkamu-npeaLecTBeHHNKAMM B IMNOMax yKasbiaeT
Ha ponb atoro XC-npoTteornukaHa B (pOpMUpOBaHNN, NPOrPeCCUpo-
BaHWW 1 HeoaHrmoreHese onyxoneit. Moatomy CSPG4 asnsetca nep-
CMEKTUBHOW TEPaneBTUYECKON MULLEHbIO NPK NIEYEHUN ONYXOMeBbIX
3a6onesanni [1].
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O0630pHbIE MyOIMKALIMU

QApNRO3ROTONIRY

OCHOBHbIE MOMEHTbI

Y10 yXe U3BECTHO 06 3TOH Teme?

» XoHgponTtuHa cynbhat (XC) u rmioko3amuHa cynbaar (FC) noBcemecTHO
1CMONb3YIOTCA B Tepanuu O0CTe0apTpuTa Kak natothm3vonornyeckue
CPefCTBa JIeYeHNs (XOHAPONPOTEKTOPbI)

> 31n0Ka4eCcTBEHHbIE HOBOOOPA30BAHNSA CBA3AHbI C HAPYLLEHNAMYU METab0o-
nn3ma 3HAoreHHbIX XC

> 9HporeHHble XC-NpoTeornnKaHbl — NepeneKTUBHbIE TAPreTHbIe 6eNku Npu
NeYeHMM 0nyxoNeBbIxX 3a60NeBaHN

Y10 HOBOrO faeT cTaTbs?

» MokasaHo, 410 XC 1 [C NposiBNSIOT OTHETINBOE OHKOMPOTEKTUBHOE Aeii-
CTBWE NPU Pa3HbIX BUAAX OMyXonei

» [lonroBpeMeHHas HyTpuULeBTMYECKas Noanepxka nocpeactsom XC/I'C top-
MO3MT pa3BuTIE BOCMANIEHUS B OMYXONI 1 MeTacTa3npoBaHme, CTUMYNNpPY-
T ayTocharuio OnyxoneBbIX KNEeTOK. /X npuMeHeHne COBMECTHO C HefieHa-
TypupoBaHHbIM KonnareHom Il Tuna (HK-Il) MoxeT noBbicuTb akTMBHOCTb
B OTHOLLIEHWV BOCMANNTENbHOr0 KOMMOHEHTA naToreHe3a 3a60Nesaxus

» MexaHn3mbl OHKOMPOTEKTUBHOrO AeilcTBNA XC/I'C BKAKYAKOT MHIMGMPO-
BaHue NF-xB, nponudpepatnsHoro nytu PI3K/AKT, LMKNNH3aBUCUMBIX
KMHa3, (hakTopa pocTa SHAOTENMS COCYAO0B M MATPUKCHbIX METaNonpo-
TeNHa3, a TakxKe BO3AENCTBIE HA MUKPOBMOM KNLLIEYHMKA

Kak 3To0 MoXeT NoB/UATb Ha KNMHMYECKYHO NPAKTUKY B 0603pumom bynywiem?

» PerynapHoe ynotpe6neHue XC/IC MOXET CHWXaTb pUCK PasBWUTWS paka
TONCTOI KIMLIKN 1 paka NIerkux, a Takxxe CMepPTHOCTI OT BCEX BUAOB paka
(0C06EHHO OT paka MoyKmM, paka ferkoro 1 paka TonCcTon KNLLIKK)

» lNpumeneHne XC n F'C COBMECTHO CO CTaHAAPTU3MPOBaHHbIMI hapma-
uesTnyeckumn dpopmamn HK-Il MoXeT ycunneatb nx npoTMBOBOCNANM-
TeNbHbIA 1 UMMYHOMOZYANPYIOLLNTA 3CDAEKTbI

> [Npenapatbl Ha 0OCHOBE hapMaLleBTUYECKM CTaHAAPTM3NPOBaHHbIX XC n I'C
Ha3Ha4atoTcs Npu 3a60/1EBaHUAX CYCTABOB U MPUHUMAIOTCS NaLMeHTaMu
LNUTENbHO (B TEYEHNE MHOTWX NET), YTO BXHO AN OHKOMPOMUNAKTUKM

Perynauus adpdekToB aHA0reHHbIX XC-NpoTeornnKaHoB BO3MOXHA

nocpeAcTBOM UCNOJIb30BAHUA 3K30ME€HHbIX XC 1 rmoko3amuHa Cynb-

¢hara (I'C), NpoABNAOLLMX LWIMPOKMIA KPYr NPOTUBOBOCNANNTENbHbIX

1 OHKONPOTEKTUBHbIX 3d)hekToB. Hanomuum, 4to XG/I'C noscemecT-
HO WUCMONb3YIOTCA B Tepanui 0CTe0apTpMTa U Ha3bIBAKTCA XOHAPO-

npoTekTopamu (T.e. Npenapatamii Ans NpounakTuK u neveHus

[lereHepaTnBHO-ANCTPOPUYECKIMX 3a60S1eBaHNII CYCTaBOB U MO3BO-
HOYHMKA), CUMNTOMATUYECKUMU JIEKAPCTBEHHbIMU CPELCTBAMU 3a-

meaneHHoro gerctaus (CI1IC3[) (anrn. symptomatic slow acting drug

for osteoarthritis, SYSADOA), 6001e3Hb-MOAGULUPYIOLLUMI Npena-

patamu npoTuB ocTeoapTputa (aHr. disease-modifying osteoarthritis
drug, DMOAD) n 7.n. [2].

C TOYKM 3peHUs MONeKYNApHOA hapMakonorum BbICOKOOUMLLEH-
Hble dhapmaueBTuyeckne opmbl XC/IC, B3aumMoAaeiicTBys ¢ peLen-

Topamu CD44, Tonn-nofo6HbiMu peuentopamu 4 (aHrn. toll-like

receptor 4, TLR4) n monekynamu kneto4yHon agresuu 1 (aHrn. inter-

cellular adhesion molecule 1, ICAM1) Ha NOBEPXHOCTU PaA3NYHbIX
KNETOK, MHTMOUPYIOT NMPOBOCNANNTENbHbIA TPAHCKPUNLMOHHBIN
A0epHbI pakTop kanna B (aHrn. nuclear factor kappa B, NF-kB)

I LMTOKNHOBBI curHanbHbli nyts JAK/STAT'. Moatomy XC/FC nemoH-

CTPUPYIOT BbIP@XXKEHHOE NPOTUBOBOCNANNUTENbHOE 11 aHANbreTUYeCcKoe
Jericteue [3].
OHkonpoTekTneHoe aeictane XC/TC 06ycnoBneHo, B H4aCTHOCTH,

TEM, 4TO OHM CNOCO6CTBYIOT CHUXEHMIO XPOHUYECKOro Bocnasne-

HWA, B T.4. ONOCPES0BAHHOM0 (DAKTOPOM HEKpo3a onyxonen anbma

(PHO-a). MepBble paboTbl N0 OHKONPOTEKTUBHLIM 3hHeKTaM k-

Ko3ammuHa 6binn nposefeHbl 6onee 70 net Hasag [4-6].

What is already known about the subject?

> Chondroitin sulfate (CS) and glucosamine sulfate (GS) are widely used in
the treatment of osteoarthritis as pathophysiological treatments
(chondroprotectors)

» Malignant neoplasms are associated with impaired metabolism of
endogenous CS

» Endogenous CS-proteoglycans are promising target proteins in the
treatment of tumor diseases

What are the new findings?

> It was shown that CS and GS had a distinct oncoprotective effect in
different types of tumors

» Long-term nutraceutical support through CS/GS inhibits the develop-
ment of inflammation in tumor and metastasis, stimulates tumor cells
autophagy. Their use in combination with undenatured type Il collagen
(NC-I1) may increase activity against the inflammatory component of the
disease pathogenesis

» The mechanisms of CS/GS oncoprotective action include inhibition of
NF-xB, the PI3K/AKT proliferative pathway, cyclin-dependent kinases,
vascular endothelial growth factor and matrix metalloproteinases, as well
as effects on the intestinal microbiome

How might it impact the clinical practice in the foreseeable future?

» Regular use of CS/GC can help to reduce the risk of colon and lung cancer,
as well as mortality from all types of cancer (especially kidney, lung and
colon cancer)

» The use of CS and GS together with standardized pharmaceutical forms of
NC-II can enhance their anti-inflammatory and immunomodulatory effects

> Preparations based on pharmaceutically standardized CS and GS are
prescribed for joint diseases and are taken by patients for a long time (for
many years), which is important for cancer prevention

XemopeakTOMHbIA aHanu3 mMonekynsl [C nokasan, 4T0 OHKOMPO-
TeKTUBHbIE 3dekTbl [C TakKe MOryT 6biTb OCHOBAHbI HA PErynaLum
BOCMaNeHns Yepes npocTarnaHanHbl/nenkotpuensl, ®HO-o. u apyrue
LMTOKNHBI, MaTPUKCHbIE METaNIonpoTenHassl [7]. BoigBneHo nps-
MO€ BO3/EIICTBME HA CHVKEHWNE TPAHCKPUMLMAN TEHOB, BOBNEYEHHbIX
B NMPOBOCNANMUTENbHbIA CUrHaNbHbIA kackag NF-kB, BHYTpUKNETO4HYHO
nepefadyy CUrHana OT PeLenTopoB LNTOKMHOB, MPOLECCHl nponude-
pauuu knetok [8].

PesynbTatbl hyHAAMEHTANbHLIX UCCNIE40BAHNNA, YKa3blBaOLLMeE
Ha NepcrneKTUBHOCTb NPUMEHEHNS (hapMaLeBTUHeCKN CTaHaapTh-
3upoBanHbIX hopm XC/TC B npodhunakTuke/Tepanum onyxonesbix
3a60N1eBaHNI, NOATBEPXKAAKTCA A0KA3ATENbHBIMI UCCIEL0BAHNAMU.
Hanpumep, B KpynHomacLUTabHOM KOropTHOM uccnegosaHun I'C cHu-
XXan puCcK KoNopeKTanbHoro paka Ha 20% (oTHoLweHue waxcos (OLL)
0,80; 95% poseputenbHblii uHTepsan (AN) 0,67-0,95) [9]. MeTaaHa-
nu3 npumeHenns I'C n XC B npodnunakTinke paka BKAKYUN Pe3ynbraThl
13 uccneposanuii (n =1 690 918, 55 045 cny4aes paka). Mpuem XC
n/mnan TC accoummpoBaH ¢ 6051ee HU3KUM PUCKOM KOJOPEKTaNIbHOro
paka (OL 0,91; 95% LW 0,87-0,94) n paka nerkux (OLL 0,84; 95%
1 0,79-0,89) [10].

CTaHfapTu3nMpOoBaHHbIe 3KCTPAKTbI HELJeHATYPUPOBAHHO0 Konnare-
Ha Il Tuna (HK-Il) aBnsat0TCA 0CHOBOI COBPEMEHHbIX XOHAPONPOTEK-
TOPHbIX npenapatos. [ericTene HK-II cBA3aHO ¢ mMogynaumen mexa-
HW3MOB BPOX/EHHOTO 1 NPUOBPETEHHOr0 UMMYHUTETA, CHUDKEHNEM
AKTUBHOCTW NPOBOCNANMTENbHBIX LUTOKWHOB W NPOCTarnaHLMHOB.
Moatomy oHkonpoTekTuBHbIe achdhekTbl XC 1 F'C MoryT yeunnearbes
npotusosocnanuTensHeiM gerictenem HK-11 [11].

"JAK (aHrn. janus kinase) — fiHyc-kuHasa; STAT (awrn. signal transducer and activator of transcription) — npeo6pasoBatenb curHana u akTusatop

TPAHCKPUMLMMA.
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MATEPWAN W METO/1bl / MATERIAL AND METHODS

Crpaterus noucka / Search strategy

[TpoBefeH cMcTeMaTyeCcKniA aHan3 OHKOMPOTEKTUBHbIX 3dhdhek-
T0B XG/T'C n HK-II. Maccus ny6nnkaumit no AaHHOMY BONPOCY A0-
CTaTO4HO O6LUMPEH: HaNpUMep, TONbKO Mo 3anpocy «(glucosamine
OR chondroitin OR (("Collagen Type II" OR "type Il collagen”) AND
pharmacology)) AND (Cancer OR cancers OR tumor OR tumors OR
tumour*) NOT tumor necrosis» B 6a3ax [aHHbIX 6UOMELULNHCKNX
nyénukaumin PubMed n Embase HaitaeHo 6176 MCTOYHUKOB (B T.4.
no I'C — 3168). bbinu B3ATHI BCe cTaTby Nto6oro popmara ¢ 1900 r.
Mo HacTosLLEee BPEMS, AN KOTOPbIX MMENIACh MOJIHbIE aBCTPaKTbI.

Tononoruyeckuit ananu3 / Topological analysis

[ng aHanusa JaHHoN BbIGOPKW ObINU MPUMEHEHbI METOAbl TOMO-
NOTUYecKoro aHanuaa fauHblx [12-14]. MHoXecTBa npeLeLeHToB
BK/OYAIOT ONMCaHNA 06beKTOB (TEKCTOB HAy4HOI ny6nmkaumm), co-
CTOALLME U3 NPU3HAKOBOIO OMICAHMA (CIOB U CIOBOCOYETAHWI TEKCTa)
1 MHChOPMALMN O NPUHAZNEXHOCTN 3TOr0 06bEeKTa K TOMY UK MHOMY
knaccy (Hanpumep, knacc K1 — «ny6nukauum no Teme», knacc K2 —
«KOHTPOMbHAA BbI6OPKa» W T.4.). 3aTeM UCCNeayeTcs PaspeLunmocTb
MOCTABNEHHOI 33a4M KraccmukaLlmm TeKCTOB (T.e. HENPOTUBOPEYU-
BOCTb MHOXECTB NpeLeeHTOB NPy 3aaHHOM NPU3HAKOBOM ONMUCAHMUK).
[1ns 9 heKTMBHOrO YCTaHOBEHNS BbIMOSHUMOCTM ycnoBusa (1) BBO-
ANTCS HEKOTOPbINA PYHKLMOHAN MHKDOPMATUBHOCTI KaXXA0r0 NpU3HaKa
OTHOCUTENbHO KnaccoB K1/K2 [12]. Bbl4ucneHune ycrnosus paspeLun-
MOCTM Ha MHOXXECTBE NMPELEeEeHTOB 1 NIEXUT B OCHOBE MCMOMb30BaH-
HOro MeToAa Knaccudmkaluy TeKCTOB. B pesynbrare Bbl4UCIIEHMS
oT6MpatoTca Hanbosee MHHOPMATUBHBIE MPU3HAKW, FapaHTUPYyIOLLne
paspeLnMmMocTb 3afa4n Knaccudgukauum, 3atemM NpoBOANUTCH aHanus
METPUYECKON [narpammbl, Ha KOTOPOI 0TOGPaXEHbI 3T NPU3HAKK.

PE3YJIbTATbI U ObCYXXAEHME / RESULTS AND DISCUSSION

PesynbTartbl cucTemaTuyeckoro aHanusa / Results of systematic
analysis

Cuctematnyecknii KOMNbIOTEPHBIA aHANN3 BKIOYN CPABHEHUE
6176 ny6nukaumit no s3aumocsasn XG/I'G/HK-Il n onyxonesbix 3a-
6onesaHunin ¢ ny6nuKaLuamn B KOHTPOSIbHOW BbliGopke (6170 cTa-
Teil, cryqainHo BblGpaHHbIX 13 5 388 383 HailieHHbIX MO 3anpocy
«(Cancer OR cancers OR tumor OR tumors OR tumour OR tumours)
NOT glucosamine NOT chondroitin» B 6a3e faHHbIX PubMed).

B xofe cucteMatnyeckoro aHanuaa nutepatypbl BbiiBNEHO 29
Hanbonee WHMOPMATUBHBIX TEPMUHOB, NO3BOMAIOLMX OTIMYATH
CTaTby N0 OHKOMpoTekTUBHOMY feicTButo XC/TC/HK-II oT KoHTpons,
1 NPOBEAEH UX JKCMEePTHbIA aHanua [15]. CNMCOK 3TUX TEPMUHOB
ykasbiBaeT Ha y4actue XGC/I'C/HK-Il B 06pa3oBaHun NpoTeorimnka-
HOBbIX 11 KONMAreHOBbIX KOMIOHEHTOB BHEKIIETOYHOr0 MaTpukca co-
eLIMHUTENbHON TKaHW, B MPOLLECCaXx afre3nn KNeTok, (popmMupoBaHmu
1 MeTacTasnpoBaHuM HOBOOGPa3oBaHMit. G MOneKynsapHo-Mapmako-
NOrN4YeCKON TOYKM 3peHus dk3oreHHble XC/I'C npmMBOASAT K anonTosy
NUHUIA 0NYXONEBbIX KNETOK NOCPeACTBOM akTuBauuu peuentopa CD44
1 nHrnémposanus NF-«B, achcpektoB ®HO-a, UNKNMH3ABUCUMBIX
kunHa3 (aHrn. cyclin-dependent kinase, CDK), perynuposaHus akc-
NPECCUN TEHOB U MMNKO3NANPOBAHUS BHYTPUKNETOUHbIX 6enkoB. XG
noAaBnseT PoCT paka ToNCTON Kulkn yenoseka HCT-116 Kak in vitro,
TaK W in vivo, nHrnbmpys nponudepaunio n MHAYLMpys anontos. MH-
JYKUUS anonto3a NpoMCXo4uT 3a CHET aKTUBauuu MUTOXOHLpUANb-
HOTO NyTW, CBA3AHHOIO ¢ cemeiictBom Bel-2 [16]. C knuHuyeckon
TOYKM 3peHus Hapylenns o6meHa XC/TC n HK-II accoummpoBaHbi
C MHOMQYMCIIEHHbIMMW OMYXO0MEBbIMU NaTonornamMu (pue. 1).

Hwxe npefcrasneHbl pesynsratbl (OyHAAMEHTANbHbLIX U KNUHU-
YECKMX MCCIEe0BaHNII MEXaHII3MOB OHKOMPOTEKTUBHOMO [eiCcTBuMs
XC/TC npu nepopanbHOM UCMONIb30BAHUM, NOCTFEHOMHbIX 3(h(PEKTOB
XC/TC Ha onyxoneBble TKaHN (B T.4. BO3AENCTBUE HA MKPOOMOTY Xe-
nypao4Ho-kuwweyHoro tpakta (XKKT)), KNMHUKO-3NnAeMUO0rn4eckux
ncenegosanuin adhdektos XC/T'C Ha 3a601eBaeMOCTb PakOM U CMEpT-
HOCTb. PaccMoTpeHbl NepCneKTUBbI UCCEA0BAHNIA OHKOMPOTEKTUBHBIX
apekTos akcTpakToB HK-II.

TapreTHoe HakonneHue XC/I'C B onyxonesoii Tkanu // Targeted
accumulation of CS/GS in tumor tissue

IKCNEepUMEHTaSTbHbIE U KNNHUYECKME NCCNEA0BAHNA NOKa3anu, 4To
YNOMSIHYTbIE BbILLE OHKONPOTEKTUBHbIE AW (PEKTbI MONEKYN 3K30reH-
HbIX XC/I'C (anonTo3, nHruéuposanne NF-«kB, CDK, rnukosunmposaHus
6enKoB 1 Ap.) COMPOBOXAAIOTCA TapreTHbIM HakonneHnem C u XC
B TKaHAX onyxonei. BcneacTeme 3Toro YHMKanbHOro CBOMCTBA MO-
nekynbl XC/TC uccnepytotcs Kak BCMOMOraTenbHble BELLeCTBa Npu
TapreTHON [OCTaBKe NIEKapCTB 1 NpW NPOBEAEHUI JUArHOCTUKM C NO-
MOLLbHO MarHMTHO-Pe30HaHCHOM ToMorpadgum (MPT).

B yacTHoCTH, HaHoYacTMUbl XC C MHKANCYNMPOBAHHBLIM B HUX Me-
TOTPEKCATOM BCNEACTBUE Cneunduiecknx B3anmMoaencTsuii ¢ peuen-
Topom CD44 cyuieCTBEHHO YBEAUYMBANK PACTBOPUMOCTL U 3dhdek-
TUBHOCTb JJOCTaBKM Xumuonpenapara k onyxonu [17]. iccnepoaHue
in vitro nokasano, 4To HaHo4acTuLUbl Ha 0cHoBe XC MOryT OfHOBpe-
MEHHO [0CTaBNIATb KBEPLETUH (XeMOCeHCUOMnu3arop), xnopuH E6
(hoTOCEHCMOUNI3ATOP) U NAKNUTAKCEN (XMMUOTEpaneBTUYecKoe
CpencTB0) B pamkax XMMUOOTOANHAMUYECKOI Tepanuu, yny4Liaw-
LLet NpOTUBOOMYXONEBYIO 3PMEKTUBHOCTb NAKNUTAKCENA N0 OTHO-
weHno K knetkam MCF-7/ADR [18].

ConcTBo I'C f0303aBUCUMO HaKanMBaTbCS B OMyXOMsAX Hapsgy
C KpaitHe HU3KOWM TOKCUYHOCTBHO MOXET ObITb UCMONb30BAHO 1A
ynyyLleHns BU3yannuaauuu onyxonei npu nposegeHun MPT. 310 6bin0
NPOAEMOHCTPUPOBAHO B 3KCMEPUMEHTE HA MbILLIAX C MOZESb0 0MyX0-
NN MONOYHOI Xenesbl (puc. 2) [19].

MokazaHa nepcrneKTUBHOCTb KNUHUYECKOr0 UCMONb30BaHUS [IH0-
Ko3amuHa ana ynydwenus kayectea MPT. B 4acTHOCTK, y NaLMEHTOK
C He[laBHO AMArHOCTUPOBAHHBLIMU OnyxonsamMu (n=12) 6bina ocyLle-
CTBJIEHA BM3yanuaauus onyxoseit MoSIO4YHOM XXenesabl NoCPeSCTBOM
MPT ¢ xumuyeckum nepeHocom rinoko3amuHa (aurn. chemical
exchange saturation transfer, CEST). Mpoueaypa CEST-MPT Bbi-
ABUNA 601€€ BbICOKYK) MHTEHCUBHOCTb CUrHana B TKAHU OMyxX0nu no
CPABHEHWIO C OKPYXaIOLLel TKaHbio MONOYHON Xenesbl (8,12+4,09%;
p=0,0022), npu4em ¢ NOCTENEHHbIM YBEMYEHNEM 32 CHET MOrNOLLe-
HUA rNoKo3amuHa (Ha 3,41+0,79%; p=0,02). NocnenHee COOTBETCTBY-
eT YTO4YHEHNIO NoKanuaauum onyxonu [20].

MonekynspHble MexaHU3Mbl OHKONPOTEKTUBHOIO AencTeua I'C /
Molecular mechanisms of GS oncoprotective action

B untonornyeckux akcnepuMeHTax Hu3KoMonekynapHoiin XC Topmo-
31N POCT KNETOK paka TONCTOM KMLWIKK [21] u onyxonu MO4eBoro ny-
3bIps [22]. Mpuem onuromepos I'C u N-auetun-D-rmoko3amuHa per os
TOPMO3WA POCT OMYXO0MU HAa MOJENN KONOPEKTaNbHOro paka y MblLUei
[23]. HuskomonekynspHblit XC 13 xpsiLia 0CETPOBbIX Pbib Npu npueme
per 0S TapreTHO HaKanIMBaeTCs B ONYXONAX W CYLLECTBEHHO CHUXXAET
POCT KCEHOTPAHCMaHTaTa KoNopeKTanbHON aieHOKapLMHOMbI (KNeT-
Kn nuHum HT-29), nHrnéupys nponuepauuio KNeTok, UHayLupys
anomnTo3 1 He 0Ka3blBas OTPULIATENbHOMO BO3LENCTBUS HA HOpPMalib-
Hble TKaHu [24].

I'C nHrMbmpyet aKcnpeccuto umknookcurerasol 2 (LIOr-2) u nposoc-
nanutenbHoro WJ1-8 B knetkax nuHum MCF-7 paka MONOYHOIA XXenesbl
yenoseka. AkTueauus akcnpeccun renos LIOM-2 u J1-8, Bbizbiaemas
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D27 [lobpoka4ecTBEHHOE HOBOOOPA30BaHUe ANYHUKA /  mm

D27 Benign neoplasm of ovary

D29.1 [Jo6poKa4ecTBeHHOE HOBOOOPA30BaHIe NpeacTaTeNbHOI Xenesbl /
D29.1 Benign neoplasm of prostate

D24.9 lo6poka4ecTBeHHOE HOBOOGPa30BaHWE MOJIOYHOM Xenesbl /
D24.9 Benign neoplasm of breast

D47 [pyrue HOBOOBPA30BaHUS HEONPESENEHHOr0 NN HEM3BECTHOMO XapakTepa /
D47 Other neoplasms of undetermined or unknown behaviour

D26 [pyrue Lo6pOKavecTBEHHbIE HOBOOOPA30BaHMs MATKM /
D26 Other benign neoplasms of uterus

D21 [pyrue Lo6poKavecTBEHHbIE HOBOOOPA30BaHWS COEAUHUTENBHON U APYrUX TKaHel /
D21 Other benign neoplasms of connective and other soft tissue

D23 [pyrue Lo6pOKa4eCcTBEHHbIE HOBOOOPA30BAHNS KOXN /
D23 Other benign neoplasms of skin

D49 Hecneumndpuyeckme Heonnasmbl / D49 Neoplasms of unspecified behavior

C61 3noka4ecTBeHHOE HOBOOOPA30BAHME NPEACTATENbHOI Xenesb! /

(61 Malignant neoplasm of prostate

(49 3noKayecTBeHHOE HOBOOOPA30BaHIE APYriX TUMOB COEAMHUTENBHON

1 markux Tkadeii / C49 Malignant neoplasm of other connective and soft tissues
(18 3nokayecTBeHHOE HOBOOGPa30BaH1e 060404HON KULIKM /

(18 Malignant neoplasm of colon

G50 3nokayecTBeHHOE HOBOOGPA3OBAHNE TKAHI MOJIOYHOI Xenesbl /

(50 Malignant neoplasm of breast

(78.0 BTopuHoOe 310Ka4eCTBEHHOE HOBOOGPA30BaHNE JIETKoro /

(78.0 Secondary malignant neoplasm of lung

C79 Bropun4Hoe 3/10Ka4eCcTBEHHOE HOBOOOPA30BAHME APYTIAX NOKANN3ALMIA /
G79 Secondary malignant neoplasm of other specified sites

C90 MHOXECTBEHHas MUENoMa 1 3M10Ka4eCTBEHHbIE NIa3MOKIIETOHbIE
HoBoo6pa3oBaHus / C90 Multiple myeloma and malignant plasma cell neoplasms
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m My6nukaumu no XC/TC/HK-II // Publications on CS/GS/NC-II

3000

PucyHok 1. iccreoBanns no Jo6poKayecTBEHHBIM (@) 1 310Ka4ecTBeHHbIM (b) ONyXx0neBbIM NaToNorMAM, JOCTOBEPHO ACCOLMMPOBAHHBIM C HAPYLIEHUSIMU 06MEHA XOHAPOUTUHA
cynbepara (XC), rntokozamuHa cynsara (FC) n HegeHaTypupoBaHHoro konnarena Il tuna (HK-I1)

Figure 1. Studies on benign (a) and malignant (b) tumor pathologies significantly associated with abnormalities in chondroitin sulfate (CS), glucosamine sulfate (GS), and

undenatured type Il collagen (UC-II) metabolism

npotenHknHazon G, ocnaénserca I'C yepe3 peuentop CD44 n cur-
HanbHbI NyTb NF-kB (pue. 3) [25]. AHanornyHble peaynstatbl Gblin
nosy4eHsl ans untokuHos UI1-1B u NJ1-8 Ha kneTkax onyxonei npes-
cTaTenbHol xenesbl (MuHun DU-145, PC-3 paka) [26].

OHKOMpPOTEKTUBHAA aKTUBHOCTL G OCYLLECTBNAETCA NpW BO3eN-
CTBWUU Ha N-rmnKo3unnMpoBaHne — NOCTTPAHCAALNOHHYIO MOANN-
Kauuo 6enKOB, ONPeAensIOLLy0 BPEMS X XU3HU B KNETKe U Kpyr
61010rN4ecKMX posieid. B LMTONOrM4ecKoM UccnefoBaHNN KNeTok
KapL1HOMbI NPeACcTaTenbHO Xenesabl yenoseka (nuHua DU145) noka-
3aH0, 410 peuentop WJ1-6 noasepraetcs N-rnuko3ununposauto, a FC
TOPMO3NT N-rN1KO3MNNPOBAHNE PELENTOPOB, TEM CaMblM CHUXAS
nonynsaunio onyxonesbix knetok [27]. ViHakTueupys 6enok STAT3
yepes N-rnukosunuposanue, I'C TOPMO3UT POCT OMYXOMEBbIX KNETOK
MOJI04HOM Xenesbl [28]. Ha kneTkax paka nerkux B Kynetype (NuHus
Ab49) oHkonpoTekTBHOE fencTBue ['C peann3oBanocs NOCPeACTBOM
moandmkaumn O-rmmko3unmnpoBaHus 6enKoB NPOTeOMa, 4To NPUBOAL-
N0 K MHIMOUPOBAHMIO aKTUBHOCTW CUrHANbHLIX NyTeil FoxO/PI3K/Akt
n FoxO/MAPK [29].

[JononHutensHo MC uHrMbupyeT MeTabonu3M TUMUANHA (Henocpes-
CTBEHHO BO3[eNCTBYS Ha TUMMANHKNHA3Y [30]), HAYLMPYET 3KCnpec-
Cuio 6enka-cynpeccopa onyxonemn (MHru6MTOp CepUHOBON NpOTeasbl
Maspin) [31], cTumynupyeT rubesib 0nyxoneBbIX KNETOK NOCPEACTBOM
NHrM6NpoBaHua npoteacom (4epe3 O-rmuko3unupoBaHue 6enKoB

[32]), MHaKTMBMPYET peLenTop aHAPOreHOB B OMYXOSEBbIX KNeTKax
[33], Topmo3uT nponudepaLnio NocpeacTBOM WHIMOUPOBAHUSA CUT-
HanbHoro 6enka p70S6K u ycunueaeT adeKTbl Creundu4eckoro
MHrMéuTopa 6enika — MULLEHN panamMmuLnHa Y MIEKOMUTAIOLLNX (aHr.
mammalian target of rapamycin, mTOR) [34], ctTumynupyeTt anontos
KNneTok onyxonen nerkoro (nocpeactesom daktopa TRAIL? u akTu-
Bauum 6enka DR-5, 4T0 aKkTMBMPYET NpoanonToTMYECKYH Kacnasy-8
yepes O-rnukosunuposaHue 6enkos [35]).

'C n XC MoryT HenocpeacTBEHHO BO3ENCTBOBATbL Ha LMK KNETOY-
Horo aeneHns B ase GO/G1. AHTunponudpepatusHoe aeicteme C
B OMyXOJIEBbIX KNETKAX CBA3AHO C OCTAHOBKOW LWKNA KNETOYHOrO fie-
neHunsa B pase GO/G1. I'C £0303aBNCUMO MHTMOUPOBAN Nponndepaunio
0nyXoneBbIX KNeToK NuHuin 786-0 1 Caki-1 paka no4ku n CTUMynupo-
BaJ1 aNONTO3 OMYXO0MEBbIX KNETOK (PUC. 4). IKCNPEeccus perynaTopHbIX
6enkos Cyclin D1, CDK4 n CDK6, KoTopble cnoco6CTBYOT (Da3oBoMy
nepexody G1/S Bo Bpems nponudpepaunn, 6bin1a 3Ha4UTENTbHO NOAAB-
neHa Ha ()OHe NOBbILLEHUS YPOBHEN MHTMBUTOPOB KNETOYHOrO LMKNa
p21 n p53 [36].

MokasaHo BnusHue XC Ha uHruéuposaxue CDK npu KonopekTans-
HOM pake. YpoBHu akcnpeccun reHoB CDK1, CDK4 n CDK6 name-
HAKOTCS HA pasHbiX CTaAusAX 3a60NEBAHNA 1 PACCMATPUBAIOTCA Kak
He3aBUCUMble (haKTOPbI pUCKa 3a60NeBaHNS. IKCNEPUMEHTbI Ha Ni-
HumM onyxonesbix knetok HCT-116 noateepannu, 4to XC nHrubupyet

2TRAIL (aHrn. tumor necrosis factor related apoptosis inducing ligand) — nurang, nHAyLMpYIOLLMA anonTo3, CBA3aHHBIA C (PaKTOPOM HEKpO3a OMyXonu.

DGAPMAKOIKOHOMWUKA. CospemeHHas thapmakoakoHoMuka 1 hapmakoanuaemuonorus. 2023; Tom 16, No 4
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PuCYHOK 2. Pe3ynbTaThl MarHUTHO-pe30HaHcHOM Tomorpacun (MPT) Mbilei ¢ onyXonsmMu MON0YHON xenesbl (Mogenb 4T1) (no ganHbim [19]):
a—1300paXeHNe MbILLN C OMYX0J1bl0 MOMIOYHON Xene3bl 40 BBeeHNA rmoko3amnHa cynbata (FC); b — MPT-usobpaxenne nepen npuemom 'C; ¢ — MPT-n3obpaxenne yepes
48 muH nocne npuema 'C B go3e 1,1 r/kr; d — Ha ructorpamMmme nokasasa cpefjHas koHTpacTHocTb MPT yepe3 14 nocne npuema 'C per 0s

Figure 2. Magnetic resonance imaging (MRI) results for mice with mammary tumors (model 4T1) (after [19]):

—image of mouse with mammary tumor before glucosamine sulfate (GS) administration; b — MRI image before GS administration; ¢ — MRl image 48 min after GS administration
atadose of 1.1 g/kg; d - histogram shows mean MRI contrast 1 h after GS administration per 0s
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Pucynok 3. Mmioko3amuHa cynbat (I'C) nHrubupyeT curHanbHbli kackag agepHoro haktopa kanna B (aHrn. nuclear factor kappa B, NF-xB), y4acTsylownii B 3kcnpeccum reHoB
LIMKNOOKCUTeHasbl 2 1 MHTEPNeNKNHA-8 Npu NOCpeACcTBe Kackaaa npoTenHkHasol C B onyxonesbix knetkax nuHun MCF-7 (pak Mono4Hoil xenesbl). Knetku npeasaputensHo
o6pabatbizany 10 MM I'C B TeqeHne 30 MuH ¢ nocnedytoLuein 06pa6oTkoii 20 Hr/mMn akTueatopa npoTenHkHasel C — 12-0-TeTpagekanomndop6on-13-auerara (aHrn.
2-0-tetradecanoylphorbol 13-acetate, TPA) (no aaHHbIM [25]):

a - aktunsauus cyobeanHuLbl p65 NF-kB Yepes 12 4 Bu3yanuanposaHa ¢ noMoLLbio UMMYHOMIYOPECLLEHTHON MUKPOCKONNUK (MacluTab 5 MKM); b — konuyecTBeHHas oLueHka
aktusHocTn NF-kB npu ucnonb3osannn FC no faHHLIM UMMYHOMTYOPECLEHTHOR MUKPOCKONUK.

DAPI (aurn. 4',6-diamidino-2-phenylindole) — kpacutens 4',6-AnamMmnanHo-2-eHnnnHLoN.

* p<0,05 no cpaBHEHMIO C KOHTPONBHOI TPYNNOR; ** p<0,05 N0 CpaBHEHMIO C rpynnoil, nony4asLuei Tonbko TPA

a

Figure 3. Glucosamine sulfate (GS) inhibits nuclear factor kappa B (NF-kB) signaling cascade involved in cyclooxygenase 2 and interleukin-8 gene expression mediated by protein
kinase C cascade in MCF-7 (breast cancer) tumor cell line. Cells were pretreated with 10 mM GS for 30 min followed by treatment with 20 ng/ml of the protein kinase C activator
12-0-tetradecanoylphorbol 13-acetate (TPA) (after [25]):

a - activation of p65 NF-«B subunit after 12 h visualized by immunofluorescence microscopy (scale 5 pm); b — quantification of NF-xB activity using GS by immunofluorescence
microscopy.

DAPI -4’ 6-diamidino-2-phenylindole.

* p<0.05 compared to the control group; ** p<0.05 compared to the group receiving TPA alone

o, ‘01je. 1SR [HIN / % ‘LdINl 9190HLIRdLHOY
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MpokpawmsaHue anonToTUYeckux Knetok / Staining of apoptotic cells

PucyHok 4. BnusiHue rniok03ammHa Ha anonTo3 onyxoneBsbix KNeTok nuHuin 786-0 n Caki-1 npu pa3HbiX KOHLEHTPALMsAX F0K03amMuHa cynbdara. NposefeH0 NpoKpalunBaHne
anonToTUYeCKNX KNETOK Kpacutenem aHHekcH-V-FITC, a norn6Lumx kneTok — kpacutenem nponuanym iwoaug (aurn. propidium iodide, Pl). AnonToTMYECKMMM CHUTANNCH KNETKM,

OKpaLUEHHbIe Ha aHHeKCWMH V, Ho He Ha Pl (apanTuposano n3 [36])

Figure 4. Effect of glucosamine on apoptosis of tumor cells of 786-0 and Caki-1 lines at different concentrations of glucosamine sulfate. Apoptotic cells were stained with
annexin-V-FITC dye and dead cells were stained with propidium iodide (PI) dye. Cells stained with annexin V but not with Pl were considered apoptotic (adapted from [36])

YPOBHN 3Kkcnpeccum reHoB 1 6enkos CDK4 n gpyrux CDK, yBenuunsas
COOTHOLLEHMe anonToTudeckux knetok HCT-116 (4epes perynauuto
curHanbHblx nyteit MAPK) (pue. 5) [37].

Kpome Bosaenctaust Ha CDK XG/I'C TopmMO3AT UMK [AeNeHus ony-
XO0NeBbIX KNETOK W N0 APYTM CMEXHbIM MeXaHU3MaMm:

— aKTWUBALMSA 3KCNPECCUN TeHa, KOAMPYIOLLEro UHrMGMTOP LIMKINH-
3aBucumoit knHadbl N1 (CDKN1);

— YBe/M4eH1e anonTosa (NocpeLcTBOM aKTUBaLNUK Kacnasbl-3);

—ayTodharus onyxonesbIX KNeTOK NOCPELCTBOM CTUMYNALMUM CTPeC-
Ca B 9H[0MNNA3MaTNYECKOM PETUKYNYME (MHAYKLMS 3KCPEecCui reHoB
BiP, IRE1, dhocdho-elF2A)* [38];

— NOAABMEHNE 3KCMpeccun (hakTopa pocTa 3HAOTENUs COCYAoB
(anrn. vascular endothelial growth factor, VEGF);

— YBENIMYEHNe 3KCMPeccun TKaHeBOro MHrMGUTOPa MeTannonpo-
TenmHasbl-1 (aurn. tissue inhibitor of metalloproteinase 1, TIMP-1),
NOAABMALLEr0 MATPUKCHbIE METaNN0NPOTENHASbI.

9tn acpchextbl XC/TC CONPOBOXKAAIOTCH 3HAYUTENBHBIM UHTMOUPO-
BaHueM curHansHoro nyt NF-kB [39].

DopMMpoBaHNe YETKOM rpaHmMLbl ONyX0mneBblX Y3M0B (MHKancyna-
uus) — 6onbluas npobnema nNpoOTUBOONYXONEBON Tepanuu, 0CO6EH-
HO B C/ly4ae ONyxonieBblx 3a60MeBaHNi MO3ra 1 MeTacTa3npoBaHu.
[Mpouecc nHKancynauum onyxonen HepaspbiBHO CBA3AH C COCTOSHUEM
MUKPOOKPY)XEHMS OMyX0Nu, Npexae Bcero ¢ cuHteaom XC-npoteo-

TMNKAHOB 1 APYrUX KOMMNOHEHTOB COeAMHUTENbHOI TkaHn [40]. Co-
CTOSIHUE MUKPOOKPYXXEHMS ONyxonu onpeaensiet, 6yayT N npoLeccsl
610CMHTE3a COBANHUTENbHON TKaHW NPUBOAUTL K METAacTa3npPOBaHNI0
unu XG 6yaet cnoco6cTBOBaTh UHIMOGMPOBAHUIO HBA3UM ONYXOMN.
113B€CTHO, 4TO NOBbILEHHAA 3Kcnpeccus XC-NpoTeornnKaHoB B MO-
Jensx OMyXoneil Mo3ra Bbi3bIBAET aCTPOrNNOTUYECKYH NHKAMCYNS-
uuto onyxonu [41]. Y Ha060pOT, MEXaHNHECKOE NOBPEXAEHUE CTEHKM
kancynsl n3 XC-npoTeornnkaHoB co3faeT YCNoBuUs Ans pocta n MeTa-
cTasuposaHus onyxonei [40].

CnenyeT 0TMETUTb, 4TO OHKONPOTEKTUBHbIE 3hhekTbl XC 3aBu-
CAT OT XapakTepa Cynb(aTupoBaHNS MOJIEKYNT XOHAPOMTIUHA. ITO
06YCIOBIEHO TEM, Y4TO PacnonoXeHue OTPULATENbHO 3aPsKEHHbIX
Cynb(aTHbIX FPYNn B NPOCTPAHCTBEHHOM CTPYKTYpe XC CyLLECTBEHHO
BNNSAET HA NPUKPENIEHNE U MHBA3WIO ONYXO0MeBbIX KNeToK. OTMeTUMm,
YTO MPM METacTa3MpOBaHUM 3HAOTeHHble XC-CTPOMbI XapakTepnay-
I0TCS YMEHbLLEHNEM OTHOLLIEHUS KONNYeCTB AepmataHcynbgara u XGC
Ha (hoHe HapyLleHnii npoueccos cynbatupoBanus XC [42]. Cucte-
MaTu4eckuin papmakonormyecknii aHanna agekTos 16 naTTepHoOB
cynbatnposaHus XC Ha KNneTkax onyXoam MOMOYHOIA Xenesbl (MUHUS
knetok MDA-MB-231) nokasan JOCTOBEPHOE YCUNeHMe anonTosa npu
06paboTke an- n TpucynbaTMpoBaHHbIMK ancaxapuaamu XC. B yact-
HOCTW, XOHAPOUTUHA-4,6-CyNbat CHIKaN NOABMXHOCTb OMYX0J1eBbIX
KNETOK 1 MHrM6MpoBas NPOOHKOreHHbI Kackag Wnt/kateHnH [43].

® BiP (aHrn. binding immunoglobulin protein) — cBa3biBatoLLmii 6enok ummyHorno6ynus; IRE1 (aHrn. inositol-requiring enzyme 1) — dpepmeHT, TpedytoLLmii
nHosutona 1; elF2A (anrn. eukaryotic translation initiation factor 2A) — aykapnoTndieckuii hakTop MHULMALNIA TPAHCAALNN.

DGAPMAKOIKOHOMWUKA. CospemeHHas thapmakoakoHoMuka 1 hapmakoanuaemuonorus. 2023; Tom 16, No 4
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X0HApOMTMHA cynbdatom (XC) B kneTkax
0 0 KONopekTanbHoro paka nuHun HCT-116 B KynbType.
Koutpons / XC (80 mkr/mn) // Koutpons / XC (80 mkr/mn) // KPOBBMK(?G"KOB: a- CD?;; b-CDK2; ¢ - CDK4,
a CS control CS control (80 pg/ml) b CS control CS control (80 pg/ml) ~ CDKE (no aaiein [37)).
* p<0,05 no cpasHeHuio ¢ nnaue6o; ** p<0,1 no
CPaBHEHMIO C Nnaue6o (OLeHUBANN C NOMOLLbHO
t-kpuTepus CTblogeHTa)
2,0 2,04 ) . )
* % Figure 5. Cyclin-dependent kinases (CDK) are
regulated by chondroitin sulfate (CS) in colorectal
; 1,54 ; . 1,54 cancer cell line HCT-116 in culture. Protein levels:
= 3 = 3 { a - CDK1; b — CDK2; ¢ — CDK4; d — CDKG6 (after [37]).
E B E B * p<0.05 compared to placebo; ** p<0.1 compared
8 21,01 8 21,04 to placebo (evaluated by Student’s t-criterion)
a = a =
Tz @ T o
2s 25
2% 0,54 S & 0,5
> >
0,0 0,0
c Kontponb / XC (80 mkr/mn) // d Koutponb / XC (80 mkr/mn) //
CS control CS control (80 pg/ml) CS control CS control (80 pg/ml)

OnkonpotekTuBHble 3htpekTbl XC/I'C: nocTreHOMHble UCenef0Banus //
Oncoprotective effects of CS/GS: postgenomic studies

[0303aBMCUMbIIi XeMOKMHOMHbINA aHann3 agdhekToB I'C Ha akTMB-
HOCTb 297 (DEPMEHTOB KIHA3 (KWHOM 4YenoBeka) nokasan, 4to [C mo-
XKET UHTNBUPOBaTh aKTUBHOCTb 31 KMHA3bl HENI0BEKA CO 3HAYEHUAMM
KOHCTaHT uHrnéuposanus (EC50) B cybMUKPOMONAPHOM AnanasoHe.
MopasneHne akTueHocTu KuHad MAP3K3, PDPK1, IKBKE* cooTBeT-
cTByeT MHrnoéuposanHunio NF-xB. NHrnéupys aktusnocts CDK4, CDK6
1 ap., FC Topmo3uT runepnponugepatneHble NPOLECCHI, @ UHTMOMPO-
BaHue kuHa3 CHEK1, Src m PRKCD® ctumynupyeT anonto3 onyxone-
BbIX KNETOK. IHrMbnpoBaHue AaHHOM BbIGOPKN KMHA3 CNOCOGCTBYET
CHVKEHUIO M3BbITOYHOTO aHTMOreHesa, NPensaTCTBYeT PasBUTUIO Me-
TacTasMpoBaHWs 1 PE3UCTEHTHOCTN K XumuoTepanuu [44].

TpaHCKPUNTOMHBIA 1 NPOTEOMHbIA aHanu3 XC Ha KneTkax Komo-
peKTaibHOro paka (MuHus HT-29) B cpaBHEHUN C HOPMAbHbIMU 3MK-
TennanbHbIMI KneTkamu ToncToil kuwkn (nuHus NCM460) Bbisiun
HECKO/bKO BEKOB — MULLIEHE OHKOMPOTEKTUBHOMO AeicTBns. XC He
0Ka3blBasl CYLLECTBEHHOMO BIIMSHUSA HA NPOUSIbL IKCNPECCUN FeHOB
1 6e5K0B B HOpManbHbIX knetkax NCM460. XC uHrubuposan poct
0NyX0neBbIX KNETOK NMHUN HT-29 1 n3bupatenbHO perynuposan
akcnpeccuto 188 rexos, yqactsyrowmx B penaukauun JHK, knetoyHom
LMKAe 1 anonTo3e onyxonesbix Knetok. MapannensHo XC npusogun
K CHUDKEHWIO YPOBHEil NPOBOCNANUTENbHbIX UUTOKUHOB (pUC. 6) [45].

TPaHCKPMNTOMHBIA 1 NPOTeOMHbIA aHanu3 XC no3sonun cdopmy-
NNPOBATb MEXaHWU3M peanu3aunin OHKONPOTEKTUBHbIX 3dhdekToB XC
npw BO3AENCTBUN Ha KYTbTYPY KNETOK KOMOPEKTaNbHOro paka (MuHus
HT-29) (puc. 7). XC cHuxaeT nponudepaunto onyxonesbix KIeToK
nyTem WHrM6UpoBaHNs peLenTopHoro 6enka HSPG2® Ha kneTou4HoiA
MeMOpaHe, akTUBALMM 3KCMPECCUN TeHOB/GENKOB B CUrHAMbHbIX MYTAX
PI3K-Akt, ycuneHns akcnpeccui reHoB, CBA3aHHbIX ¢ anonTo3om (Bad)
1 6NIOKNPYIOLLMX KNETOYHbIA uukn (P21, CDK2, CCNET n MCM2) [45].

OHkonpotekTuBHbIE 3thchekTbl XC/I'C Yyepe3 Hopmanusaumio
mukpo6uoTsl XXKT // Oncoprotective effects of CS/GS through
gastrointestinal microbiota normalization

XC MOXEeT He TONbkO 3hheKTUBHO OCTaHABNNBATb POCT KOMOPEK-
TabHbIX OMYyXOMEBbIX KNETOK, NEePECAXEHHbIX MOLENbHbIM XXUBOT-
HbIM, HO 11 3HAYUTESIbHO U3MEHATb MUKPOBUMOM KUMLLEYHMKa. prem
CTaHAPTU3MPOBAHHOIO 3KCTpakTa XC XpsLla BOCCTaHaBNMBanN 6anaHc
KMLLIEYHON MUKPOBUOTbI Y MbILLE C MOLENbI KOJIOPEKTaNIbHOM0 paKa.
Hanpumep, nameHeHune ypoBHeii Lactobacillales, Gastranaerophilales,
Ruminiclostridium 5 v Ruminiclostridium 6 npuBeno K yBenu4yeHunto
HEKOTOPbIX MeTab0nmToB (Hanpumep, Phe, Tyr n Gly). XC 3Ha4uTeNbHO
CHMXan konuyectso Phe, Pro, Ala, Tyr n Leu, npucyTCTBYHOLWMNX B he-
Kanusx. Takum 06pa3om, XC MOXeT UHTMBUPOBATb POCT KOJTOPEeKTaslb-
HOrO paka, Moaynmpys MUKpPOOUOM KMLLEYHMKA U U3MEHSS BbIPabOTKY
OnpefeneHHbIX aM1MHoKNUCnoT (puc. 8, 9) [46].

XC kak npe6buoTuK TaKkxKe NpOSBNAN NPSMOe OHKONPOTEKTUBHOE
[eNCTBIE B OTHOLLEHWUW KIETOK paka TONCTOM KMLLIKK YeNl0BeKa: 06pa-
60TaHHble XC KneTkn HT-29 geMoHcTpupoBanu gparMeHTaLmio agep
c nocregytoLmm anontosom (pue. 10) [21].

B pesynbrate NpoBeAeHNS XeMOMUKPOOUOMHOIO aHanmaa MoNeKysbl
I'C 6b111 oLeHeHbl npochunu Bo3aencTams ['C, npe6UOTUKOB (NaKTO3bI,
(PpyKTO3bI) 1 PSAA HECTEPOUAHBIX MPOTUBOBOCNANMTESbHBIX Npenapa-
TOB Ha MUKPOOBUOM 4enoBeka (38 GakTepuit-kOMMEHCaoB) 1 Ha Bbl-
60opky 120 601e3HETBOPHbLIX 6aKTepuid. B cpeHem no BbIGOPKe HOPMO-
MUKPOOUOTHI NPotunib AeiicTus 'C Ha MUKPOGUOM Bbli NPAKTUHECKU
WLEHTUYEH NpouIIio AeCTBUSA NaKTO3bI (MOLLALb NOA KPUBOIA (aHTT.
area under curve, AUC) 0,23+0,18). AHann3 MUHUMANbHbIX UHTMBUPYIO-
LMX KOHLEeHTpauwnii (aHrn. minimum inhibitory concentrations, MIC)
nokasas, 4to ['C B MeHbLLUei CTeneHn NOAAEPXKUBaT POCT NATOreHHO
dnopbl (MIC 16+1,5 mkr/mn), yem auknodeHak (MIC 35+1,4 mkr/mn)
n aueTuncanuuymnosas kucnota (MIC 23+2,2 mkr/mn). NIHrubnposanne

4 PDPK1 (anrn. 3-phosphoinositide dependent protein kinase 1) — 3-hocchonHoantuazasncumas npotenHkuxasa 1; IKBKE (anrn. inhibitor of nuclear factor
kappa B kinase subunit epsilon) — uHrnéutop cy6beanHULbI ALEPHOro drakTopa Kanna B KuHasbl 3ncunoH.

5 CHEK1 (aHrn. checkpoint kinase 1) — kuHa3a 1 KOHTpONbHOI TO4YKN KneTouHoro uukna; PRKCD (awrn. protein kinase C delta) — npoTemHkuHasa C genbra.

8 HSPG2 (aHrn. heparan sulfate proteoglycan 2) — renapaHcynbar npoTeornnkax 2.
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Pucynok 6. BrivsiHne xonaponTtuHa cynbara (XC) Ha nponndepaumnio KNeTok paka TonCToN KUK N HOPMANbHOTO 3NNTENNA KULLIEYHINKA (MO AaHHBIM [45]):
a— KNeTku paka ToncToii kuwku (nuammn HT-29, Caco-2, HCT-116, SE480, LS-174-T) 1 kneTki HopMansHoro kuwwe4Horo anutenus NCM460 o6pa6atbiBany pa3nuyHbIMmn
KOHLeHTpaumsamu (50, 100, 200, 400, 800 1 1000 mkr/mn) XC B Te4eHNe 24 4, X3HECNOCOBHOCTb KNETOK N3MEPSNN C MOMOLLbI0 HAa6opa Ans nofcyeTa KNeTok 8 (aHr.

Cell Counting Kit-8, CCK8), pe3ynbTatbl BbIpaxxanu B BUAe CTENEHN MHTNGMPOBAHIS N0 CPABHEHWIO C HEOGPAaBOTaHHbIMI KNeTKami; b — ypoBHI NpoBOCNanuTeNbHbIX LUTOKUHOB

J10303aBUCUMO CHUKAnuch noa snusHuem XC.

T
Koutponb / Mopenb / Huskas/ Cpepuss/ Bbicokas /

High

OHO-o — thakTop Hekpo3a onyxonu ansa; U1 - uHtepneinkny. Huskas nosa — 200 mr/kr/cyT, cpefiHas fo3a — 400 mr/Kr/cyT, Bbicokas o3a — 800 mMr/Kr/cyT. BykBbl HaA
cTon6uamn Ha puc. b yKasbIBarOT Ha CTAaTUCTUYECKM AOCTOBEPHbIE pa3nuyns (p<0,05) no cpaBHeHuIO C Mo60W Apyroi rpynnoi

Figure 6. Effect of chondroitin sulfate (CS) on proliferation of colon cancer cells and normal intestinal epithelium (after [45]):

a—colorectal cancer cells (HT-29, Caco-2, HCT-116, SE480, LS-174-T cell lines) and NCM460 normal intestinal epithelial cells were treated with different concentrations (50, 100,
200, 400, 800, and 1000 pg/ml) of CS for 24 h, cell viability was measured using Cell Counting Kit-8 (CCK8), the results were expressed as the degree of inhibition compared to
untreated cells; b — pro-inflammatory cytokine levels were dose-dependently decreased by CS.

TNF-a - tumor necrosis factor alpha; IL — interleukin. Low dose was 200 mg/kg/day, medium dose was 400 mg/kg/day, and high dose was 800 mg/kg/day. Letters above the bars in
Figure b indicate statistically significant differences (p<0.05) compared to any other group
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PucyHok 7. CpaBHUTENbHbIA aHANN3 1BYX HAOOPOB JaHHbIX (TPAHCKPUNTOMHbIA aHanu3 0nyxonesbix kneTok HT-29 1 HOpMOU3MONOrNYECKMX KNETOK ANUTENNS KNLIEYHNKA
NCM460) no3sonun cchopmMynmpoBaTh PerynaTopHyto CETb FEHOB, ONUCHIBAIOLLYI0 OHKONPOTEKTUBHbIE 3DAEKTLI XOHAPOUTUHA CynbdaTa (XC) Ha KneTo4Hoi Moaenu

KONIOPEKTaNbHOro paka (afantuposaxo us [45]):
a—o6Las cxema; b — getanusauns mexaHnama.

TNF-a (anrn. tumor necrosis factor alpha) — paktop Hekpo3sa onyxonu anbda; IL (aurn. interleukin) —

nHTEpnenkuH; JHK — 1e3oKcupnboHyKnenHoBas Kncnota

Figure 7. Comparative analysis of two datasets (transcriptome analysis of HT-29 tumor cells and normophysiological NCM460 intestinal epithelial cells) allowed to formulate
aregulatory network of genes describing the oncoprotective effects of chondroitin sulfate (CS) in a cellular model of colorectal cancer (adapted from [45]):

a - general scheme; b — detail of the mechanism.
TNF-a - tumor necrosis factor alpha; IL — interleukin; DNA — deoxyribonucleic acid

60N1e3HETBOPHbIX 6akTepuit Mukpobroma monekynoil I'C cnoco6etayet
CHWKeHuIo Bocnanenus B anutenun XKT 1, COOTBETCTBEHHO, CHUXE-
HWO OMYX0NEBbIX PUCKOB [47].

Knuunyeckue uccnegosanus appektos XC/I'C no oTHOLIEHUIO
K pa3nuyHbiM TUNam onyxoneii // Clinical studies of CS/GS effects
in relation to various types of tumors

MposoamsLueecs B TeyeHne 10 NeT aNuAemMuonoruieckoe nceneso-
BaHWe N0 OLEHKe 0MyxoneBbIx puckos (aHrn. Cancer Prevention Study
Il Nutrition Cohort, n =113 067, 1440 cny4aeB) npoLeMOHCTPUPOBANO,

410 noTpe6neHne I'C Ha perynapHoOil OCHOBE YMEHbLUIAET PUCK paka
TONCTOrO KULWeyHnKa Ha 17% (oTHoweHne puckos (OP) 0,83; 95%
A 0,71-0,97) [48].

KpynHomacwwtabHoe HabnofartensHoe uccnegosanue (n = 439 393,
CpeaHMIn Bo3pacT 56 net, 53% XeHLUWH) ¢ NocneayoLwmnmM HabnaeHu-
em B Te4eHue 11 neT no3Bonuno BbisBUTL 1971 cryyaii paka nerkoro
(0,45%). Wicnonb3oBaHue rnko3amuHa 6bI10 JOCTOBEPHO CBA3AHO
CO CHVXXEHMEM pucKa paka nierkux Ha 16% (OLL 0,84; 95% W 0,75-
0,92; p<0,001) n cmepTHOCTM OT paka nerkux Ha 12% (0L 0,88; 95%
an 0,81-0,96; p=0,002). bonee cunbHas cBA3b MeXJy UCMONb30Ba-
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PucyHok 8. 3hdhekTbl BO3AENCTBNA BHYTPUKENYA04HOT0 BBEAEHNS XOHAPOUTIHA cynbaTta (XC) Ha MoAenb OMyXonu (annoTpaHcnnanTar kneTok nuHnn HT-29 y mbiiweir)

(apantuposaHo u3 [46]):

a—BnuaHne XC Ha rnyO6uHy KpUNT 3NUTENns TONCTOIR KMLWKK; b — BnaHNe XC Ha KONN4YECTBO aHOMANbHbIX 042r0B KPUMT; € — TUMNYHbIE ANArPamMMbl OKPALLEHHbIX

remMaToKCUINHOM/303MHOM KNETOK B KONOPEKTambHbIX 3NUTeNNanbHbIX TKaHsx ¢ XC (x100).

DDP — uncnnatuu. Huskas gosa — 200 mr/kr/cyT, cpeanss fosa — 400 mr/kr/cyT, Bbicokas fo3a — 800 Mr/kr/cyT. BykBbl Ha puc. a, b yKasbIBalOT Ha CTAaTUCTMYECKN LOCTOBEPHbIE

pasnuunsa (p<0,05) no cpaBHeHMIO C N160A APYroM rpynnoin

Figure 8. Effects of intragastric administration of chondroitin sulfate (CS) on a tumor model (HT-29 cell line allograft in mice) (adapted from [46]):
a—effect of CS on crypt depth of colorectal epithelium; b — effect of CS on the number of abnormal crypt foci; ¢ — typical diagrams of hematoxylin/eosin-stained cells in colorectal

epithelial tissues with CS (x100).

DDP - cisplatin. Low dose — 200 mg/kg/day, medium dose — 400 mg/kg/day, high dose — 800 mg/kg/day. Letters in Figures a, b indicate statistically significant differences (p<0.05)

compared to any other group

HWEM TJTIOKO3aMUHA 1 CHVDKEHWEM pUCKA paka nerkux Habnioganach
npu CemeiitHOM aHamMHe3e paka fierkux [49].

Wceneposanne koropTsl MeanepcoHana (aHrn. Nurses' Health Study,
n =65 000) B Te4eHue 8 f1eT NO3BONNIIO YCTAHOBUTL 672 cry4as paka
TONCTOr0 KuLeyHnka. PerynapHoe notpe6nenue MC accoummpoBaHo
CO CHWXKeHUeM pucka 3abonesanus Ha 21% (OP 0,79; 95% AW 0,63-
1,00), a perynspHo ynotpe6nerue XC — co CHIKEHMEM pucka Ha 23%
(OP 0,77; 95% [l 0,59-1,01) [50].

KpynHomacLitabHoe npocneKTUBHOE KOrOPTHOE MCCNef0BaHune
(n = 453 645) nokasano cBA3b Mexay ynotpebnexunem I'C u 60-
Nee HN3KOW CMEePTHOCTBIO OT PasNUyHbIX BUAOB paka. Y4acTHUKM
B BO3pacTe 3873 feT, y KOTOPbIX He 6blN ANarHOCTUPOBAH paK npu
BXOX[1EHMN B nccnenoBanue, Habnoaanucs ¢ 2010 no 2021 rr. U3

BCeX y4acTHukos 88 224 4enosek (19,4%) coobwwunn o perynsp-
HOM ynoTpe6neHun rnioKo3amMiHa Npu BXOXAEHUN B UCCNeA0Ba-
Hue. 3a 12-neTHU NepuoAa HabMAeHUS 3aperucTpupoBaHo 9366
cMepTeil 0T paka. YCTaHOBJIeH JOCTOBEPHbIA 3(h(heKT rKo3aMuHa
Ha CHWKEHMe CMepTHOCTU Ha 5% Ans Bcex BMAOB paka (OLU 0,95;
95% W 0,90-1,00; p<0,05), ocobeHHO Ans paka noykn (Ha 32%;
0L 0,68; 95% [l 0,49-0,95; p<0,05), paka nerkoro (Ha 16%; OLL
0,84; 95% AW 0,74-0,95; p<0,05) n KoNopekTanbHOro paka (Ha
24%; 0L 0,76; 95% A 0,59-0,98; p<0,05). AHanu3 nogrpynn no-
Kasan, 4To ynotpe6nenne I'C koppenupoBano ¢ 60nee HU3KOM 06LLen
CMEPTHOCTbI0 0T paka, 0CO6EHHO Cpeam Y4aCTHUKOB cTapLue 60 ner,
MY>XHIH, KYPUNbLLKOB, 663 BbICOKOTO YPOBHS XOnecTepuHa u 6e3
oxupeHus (puc. 11) [51].
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®OupHukyTbl / Firnicutes

0 baktepouaetsl / Bacteroidetes

KoHTponb /|
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Mogenb /|
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DPP A
Bbicokasi / |
High

B bakTepuounaHble rpynnbl S24-7 / Bacteroidales S24-7 group

B [lakTobakTepun / Lactobacillaceae
TNaxHocnupauwn / Lachnospiraceae

Bl PukeHennosble / Rikenellaceae

B PyMUHOKOKKM / Ruminococcaceae

B KopuobakTtepun / Coriobacteriaceae

B bakTeponpl / Bacleroidaceae

B [IpesoTennosble / Prevotellaceae

[ CTpenToKOKKOBbIE / Streptococcaceae

I bakTepuonaHble HeknaccuduumposauHble / Bacteroidales unclassified
Knoctpuamansi rpynnsi vadinBB60 / Clostridiales vadinBB60 group
[MopdhupomoHagosele / Porphyromonadaceae
HenzsectHas cembs / Unknown family

m Cembs X/ Family XIII

B bakTepuu HeknaccnuumpoBarHble / Bacteria unclassified
PoxuctoTpuxoBeblie / Erysipelotrichaceae

B AnkanureHoBele / Alcaligenaceae

mm [lecheppubaktepoBbie / Deferribacteraceae

Il JHTepOKOKKOBbIe / Enterococcaceae

B [lecynbhoBn6puroHoBble / Desulfovibrionaceae

Bl Knoctpuamansl HeknaccuduunposanHble / Clostridiales unclassified

55 enTOKOKKOBbLIE HEKYNbTUBNUPYEMbIe / Peptococcaceae uncultured
[ SHTepopxabpyc / Enterorhabdus
bakTkpouabl / Bactcroides
B [TaxHocnupauuy HekynsTUBMpyemsle / Lachnospiraceae uncultured
JlaxHocnmpauun HeknaccuuumpoBaKHble / Lachnospiraceae unclassified
B PukeHennosble rpynnsl RC9 / Rikenellaceae RCY group
B Annonpesotenna / Alloprevotella
B PymuHokokkosble UCG-014 / Ruminococcaceae UCG-014
B Pymunuknoctpuamnym 5 / Ruminiclostridium 5
B bakTepuouaHble HeknaccuduumpoBatHble / Bacteroidales unclassified
Knoctpuamansi rpynnsi vadinBB60 / Clostridiales vadinBB60 group
m Naxnocnupauuy rpynnsl NK4A136 / Lachnospiraceae NK4A136 group
I JNaktobaktepun / Lactobacillus
bakTtepuomngHble rpynnsl S24-7 / Bacteroidales S24-7 group
mm [pesotennosble UCG-001 / Prevotellaceae UCG-001
bakTepuu HeknaccudmumposarHble / Bacteria unclassified
m MonnukyTsl / Mollicutes
[ Pymunuknoctpuguym / Ruminiclostridium
B Pymunuknoctpuguym 9 / Ruminiclostridium 9
JybakTepun KcunanounbsHele / Eubactcrium xylanophilum group
mm JTaxHocnupauuv rpynnsl NK4B4 / Lachnospiraceae NK4B4 group

PucyHok 9. AHanu3 Mukpo6uoma npu n3y4eHun BANSHUA XOHAPOUTUHA cynbdaTa (XC) Ha Mofenb paka TONCTOi KMLLKW (aaanTupoBaHo u3 [46]):

a - [narpamma BeHHa, UnnOCTPUpYIOLLaA CTeNeHb NEPEKPbITUS ONEPaLMOHHbIX TAKCOHOMMYECKIX eANHNL; b — cOCTaB MMKPOGMOTbI HA YPOBHE TUNA; € — HA YPOBHE CEMEICTBA;
d - Ha ypoBHe poja.
DDP - uncnnatux. Boicokas gosa — 800 mr/kr/cyT

Figure 9. Microbiome analysis of chondroitin sulfate (CS) research on a model of colorectal cancer (adapted from [46]):
a—\Venn diagram illustrating the degree of overlap of operational taxonomic units; b — microbiota composition at the type level; ¢ — at the family level; d — at the genus level.
DDP - cisplatin. The high dose — 800 mg/kg/day
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Pucynok 10. Arann3 achekTos xoHAponTuHa cynbata (XC) Ha knetkn HT-29 B kynbType. OKkpalunsanme saep kpacutenem 4',6-anamMmnanHo-2-eHnnneaon

(aHrn. 4',6-diamidino-2-phenylindole, DAPI) ¢ pa3peLienuem x40 (no faHHbIM [21]):

a— KOHTPOSbHbIE HE06pabOTaHHbIE KNETKN; b — KOHTPONbHbIE HE0OPabOTaHHbIE KNETKM, AEMOHCTPUPYIOLLMe cnabyto hnyopecLeHLMo U MeHbLLYIO NPOHNLaeMOoCTb Ans DAPI;
¢ —o06pa6oTanHble 0,5 mr/mn XC KneTkn nog MUKPOCKONOM CO CBET/IbIM M0JIEM, MOKa3bIBAIOLLMM Pa3pyLUeHHY0 MeMOpaHy; d — 06paboTaHHbIe KIeTKW, AeMOHCTPUPYIOLLnE
BbICOKYI0 NPOHMLIAEMOCTb C NoMoLLbio DAPI v aiepHOil KOHAEHCALNN, aHANN3 anonTo3a/HeKpo3a KNeTok HT-29 ¢ NoMOLLbI0 OKpaLLnBaHus aHHekcuHom-V-FITC n nponugnym
noanaom c paspewenuem x40; e, f, g, h —o6paboTanHble 0,5 mr/mn XC knetkn HT-29; i, j — Heo6paboTaHHble KneTkn HT-29

Figure 10. Analysis of the effects of chondroitin sulfate (CS) on HT-29 cells in culture. Nuclei staining with 4’,6-diamidino-2-phenylindole (DAPI) dye at x40 resolution (after [21]):
a - control untreated cells; b — control untreated cells showing weak fluorescence and lower permeability to DAPI; ¢ — 0.5 mg/ml CS-treated cells under a light field microscope
showing disrupted membrane; d — treated cells showing high permeability by DAPI and nuclear condensation, apoptosis/necrosis analysis of HT-29 cells by annexin-V-FITC and
propidium iodide staining at x40 resolution; e, f, g, h— 0.5 mg/ml CS-treated HT-29 cells; i, j — untreated HT-29 cells

Tun paka / Cancer type Kontponb / Control TG/ GS OLU (95% [AN) / OR (95%CI) p

Bce Buabl / All types 7600 (2,08) 1766 (2,00) . 0,95 (0,90-1,00) 0,05
Mouesoro nysbips / Bladder 224 (0,06) 45 (0,05) = 0,86 (0,62-1,20) 0,38
Moara / Brain 485 (0,13) 127 (0,14) = 1,09 (0,89-1,34) 0,40
MonouHoit xenessl / Breast 365 (0,10) 110 (0,12) . 1,03 (0,82-1,29) 0,79
Tonctoro kuweyHuka / Colon cancer 525 (0,14) 127 (0,14) = 0,90 (0,74-1,11) 0,33
Msrkoit coeimHuTenbHON TKaHy / Soft connective tissue 66 (0,02) 28 (0,03) h——— 1,59 (1,00-2,52) 0,05
Muwwesoga / Esophageal 495 (0,14) 98 (0,11) = 0,94 (0,75-1,17) 0,58
lonosbl 1 wew / Heads and neck 116 (0,03) 16 (0,02) = 0,70 (0,41-1,20) 0,19
Moyek / Kidney 255 (0,07) 43 (0,05) = 0,68 (0,49-0,95) 0,02
JNerkux / Lung 1892 (0,52) 339 (0,38) b= 0,84 (0,74-0,95) 0,00
Jlumcpoma / Lymphoma 718 (0,20) 211 (0,24) - 1,13 (0,96-1,32) 0,15
3nokavecteeHHas menadoma / Malignant melanoma 135 (0,04) 27 (0,03) = 0,84 (0,55-1,28) 0,41
AnyHmukos / Ovarian 317 (0,17) 105 (0,19) ] 1,05 (0,83-1,32) 0,67
Mpoctarsl / Prostate 455 (0,26) 85 (0,25) (2 0, 82 (0,65-1,05) 0,11
IMpsamoit kuwkw / Rectal 410 (0,11) 76 (0,09) = 0,76 (0,59-0,98) 0,04
Koxn / Skin 20 (0,01) 4 (0,00) b—————— 0,97 (0,32-2,93) 0,96
XKenynka / Stomach 271 (0,07) 61 (0,07) = 0,96 (0,72-1,29) 0,81
LLiutoBuaHo xenessl / Thyroid gland 16 (0,00) 4(0,00) T 0,79 (0,26-2,46) 0,69
Martku / Uterine 109 (0,06) 31(0,06) = 0,84 (0,56-1,27) 0,41

| 1T 1 1
000510152025 3,0
PucyHok 11. Peaynbtathl cepun MeTaaHann3os 3 eKToB perynspHoro npuema rntoko3ammHa cynbdara (FC) n cMepTHOCTY OT pa3nnyHbIX BULOB paKa. YTOYHEHHAs MOAeNb
C NONpaBKamu Ha BO3PacT, N0, 3THUYECKYI0 NPUHAANEKHOCTb, A0X0 CEMbU, OXUPEHNE, (OM3NYECKYI0 aKTUBHOCTb, KYPEHE B HACTOSLLEe BPeMS, NOTPebeHne ankorons, npuem
BUTAMWUHHO-MUHEPANbHbIX KOMMIEKCOB, NOTPe6neHne hpyKToB, 0BOLLEN, MsAca, yNoTpebneHne acnpuHa, HeCTepouaHbLIX MPOTUBOBOCMANNTENIbHbIX MPENAPaToB U XOHAPOUTNHA
cynbhara (no faHHeim [51]).
OLU — oTHOWeHMe waHcoB; AU — noBepuTenbHbIil HTEpBaN

Figure 11. Results of a series of meta-analyses of the effects of regular glucosamine sulfate (GS) intake and mortality from various cancers. Refined model with adjustments for age,
gender, ethnicity, family income, obesity, physical activity, current smoking, alcohol consumption, intake of vitamin and mineral complexes, consumption of fruits, vegetables,
meat, use of aspirin, nonsteroidal anti-inflammatory drugs and chondroitin sulfate (after [51]).

OR - odds ratio; Cl - confidence interval
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0 BO3MOXHbIX OHKONPOTEKTUBHbIX 3(h(heKTax IKCTPAKTOB
HefeHaTypupoBaHHoro konnarena Il Tuna / Possible oncoprotective
effects of undenatured type Il collagen extracts

AnNnTonbl HaTMBHOrO KonnareHa B cTpykType HK-Il cnoco6cTBytoT
YMEHbLLEHMI0 ayTOMMMYHHbIX peakuuii. BanmoaeiicTeys ¢ auckoun-
AnHosbIMU peuentopamu, HK-II yckopsieT peKOHCTPYKLMIO COeauHu-
TENbHO TKaHW XpsLia 1 TOPMO3UT NpoBOCNanuUTeNbHbIe 3CDEKTbI
9HLOTEHHbIX KONNAreHoB. JKCNepUMEHTaNbHbIE U KNUHUYECKNE UC-
CNejoBaHNs NoATBEPKAAIOT 3PMEKTUBHOCTb CTAHAAPTUSNPOBAHHBIX
cy6cTaHunii HK-1l ans yckopeHus pereHepauui Xpawa u CHDKeHNs
6071 NpU OCTE0APTPUTE UAN NPU CYOKITMHUYECKON OUCHYHKLMY CY-
ctasos [11]. HK-Il oTnu4aeTcsa kpaitHe HU3Koi Tokcu4yHocTbio (LD50
nopsgka 5000 mr/kr npu npueme per 0S) 1 NONHbIM OTCYTCTBUEM
MYTareHHOCTU B TecTax Ha 6aktepusax S. typhimurium v Ha KneTkax
NUMAOMbI MblLen (nuuug L5178Y) [52].

bonee Toro, MMetoLLMECH [aHHbIe NO3BONSAIOT BbICKa3aTb NPeAno-
noxxenue, 410 HK-1l MOXXeT NposiBNATL OHKONPOTEKTUBHbIE CBONCTBA.
OnHUM 13 OCHOBHbIX MONEKYNAPHO-(HM3NONTOTNYECKNX MEXAHN3MOB
aencteus HK-Il aBnsetcs moaynsums npoLeccos BOCNANEHNs (B T.4.
aKTWBHOCTU NPOBOCMANUTENbHbIX XeMOKUHOB GCL2/7, perynupos-
Kn andepeHunpoBku T-KNeToK, TY4YHbIX KNETOK, AerpaHynaumn
3031HOGuNoB 1 agres3un neitkoumtos). HK-Il Takxe cnoco6beTsy-
€T CHVDKEHUIO aKTUBHOCTU MPOBOCNANIMTENbHBIX MPOCTarfaHANHOB
1 neikotpueHos [11].

Kpome Toro, HK-Il moxet cneundunyeckn cBa3bIiBaTLCA C pe-
LenTopaMn LUCKOWAMHOBBLIX AOMEHOB (aHrn. discoidin domain
receptor) DDR1 1 DDR2, 4T0 npMBOAMT K YCTOMHUBOMN akTUBALMK
3TUX PELieNTOPOB, PErynpyoLLnUX aare3nto, PoCcT, MUrpauuto u ae-
neHue knetok. DDR1 onocpefyeT MHAYLMPOBAHHYIO 3HAOTEHHbLIM
KONNareHoM BOCMANTENbHYI0 aKTUBALIMK0 MUKPOTIM, YBENNYNBAS
akcnpeccuto LIOM-2, maTpuKCHON MeTannonpoTenHasbl-9, peuen-
Topa ®HO-o n NF-xB. Hapywenus perynsunn DDR B opraHusme
4es0BeKa acCcoLUMUpPOBaHbl C HAPYLLUEHUAMU OHKOMPOTEKTUBHOIO
uMmMyHuTeta [93].
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OnmMcaHHble BbllLe MPOLECCHl TaK MW MHA4Ye BOBMEYEHbI B MaTtodin-
310NI0TNK0 OMYXO0MeBbIX 3a60/1eBaHIA. TOPMOXEHME 3TUX NPOLECCOB
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¢ Takumu oHkonpoTekTopamu, kak XC n I'C, MoXeT cnoco6cTBOBaTH
YCUNEHMIO NX OHKONPOTEKTUBHbIX CBOMCTB.

3AKJHOYEHUE / CONCLUSION

MoBbliLeHNe 3P DEKTUBHOCTI NPOGPUNAKTUKM 1 6€30MACHOCTM fie-
YeHUst 0MyX0neBblX 3a60NeBaHNA HEPA3PbIBHO CBA3AHO C UCMOMb30-
BaHMEM [OCTKEHNA KMHUYECKOA HyTpuUmMonorun. HyTpuleBTuKkuy,
NPOSABNAIOLLNE OHKONPOTEKTUBHBIE 3(DEKTbI, OTHOCATCA KO MHOTUM
rpynnam BeLLeCTB: BUTAMUHbI, NONMEHONbI, 61M0(IaBOHOUABI, MU-
KpoanemeHTbl 1 Ap. Kak noka3aHo B HacTosLen ctatbe, XC u C npo-
ABNSIOT OTYETIIMIBOE OHKOMPOTEKTUBHOE AEACTBIE MPU PA3HBIX BUAAX
onyxoneii. Yatue Bcero npenaparbl Ha 0CHOBe (DapMaLieBTUYECKI CTaH-
napTuanposaHHbix XC 1 [C Ha3Ha4aroTCsa npu 3a60neBaHnsX CycTaBoB
1 MPUHUMAIOTCA MALMEHTaMM LIUTENbHO (B TEHEHINE MHOTUX NET).

[lonroBpemMeHHas HyTpuULEBTUYECKas NOAAEPXKKA NOCPEACTBOM
XC/I'C cnoco6CTBYET CHUXEHMIO BOCNANUTESbHBIX MPOLIECCOB B OMyX0-
1, aKTUBALMM NPOTUBOONYXO/1EBOT0 UMMYHUTETA, anONTO3Y U ayToa-
UM OMYyX0NEBbIX KNETOK, NHKANCYNMPOBAHNIO ONYX0Seli 1 0CnabneHnto
npoLecca MeTacTasupoBaHns. KpynHomacluTabHble KNMHUKO-3MnuaemMm-
ONOTVNYeCKNe UCCNEeSOBaHNA U METaaHanm3bl NoKa3anu, 4To perynsp-
Hoe ynoTpe6eHne XC/T'C cHKaeT pUCK PasBUTMS paka TONICTON KULL-
KV 1 paKa nerknx, a Takxke CMepTHOCTI OT BCEX BIULOB paka (0C06eHHO
OT paka No4Ku, paka ferkoro n paka ToncTom Kuwku). MpumeHeHue
XC 1 T'C COBMECTHO CO CTaHAApTM3MPOBAHHbIMU (apmaLeBTUYECKN-
mn dpopmami HK-II MoXeT ycunueatb UX NpOTUBOBOCMANIUTENbHbII
1 UMMYHOMOJYNMPYHOLMIA 3deKTbI, 4TO MOXET CNOCO6CTBOBATH
YNYYLLEHNIO OHKONPOTEKTUBHbIX CBOCTB 3TIX BELLECTB.
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