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PE3HOME

Uenb: cuctematndauns yHAAMEHTANbHbIX, KTMHUYECKIX 11 3NUAEMUONOTNYECKUX JaHHBIX O NPOTUBOOMYX0NEBOM AENCTBUM XOHLPOMNPOTEK-
TOPOB XOHAPOUTUHA cynbgara (XC), rmoko3ammnHa (B T.4. MOKo3amuHa cynbara, ['C) n HeaeHatypupoBaHHoro konnarena Il una (HK-1).

Marepnan n metogsl. NpoBEAEH CUCTEMATUYECKIIA KOMMbIOTEPHDIV aHanna 6176 nyénunkaumin no s3anmocssaan XG/TC/HK-II u onyxoneBbix
3a60/eBaHNiA, HallAeHHbIX No 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. bbinin B3TbI BCE
cTatby nto6oro dpopmarta ¢ 1900 r. no HacTosLLee Bpems, A1 KOTOPbIX UMENNCh NOMHbIe a6CTPaKTbI. ICnonb30BaH TONOAOTYECKMIA NOAX0A,
K aHann3y faHHbIX.

Pesynpratbl. KpynHomacLuTabHble KMHUKO-3NUAEMUON0rMYECKINe UCCef0BaHMA U MeTaaHann3bl NokKasanu, 410 perynspHoe ynotpetne-
Hue XC/TC CHXaeT pUCK PasBUTMS paka TONICTON KWWK U paka Nerkux, a Takke CMePTHOCTM OT 0nyXoneBbIx 3a6oneBaHuin. MexaHu3mbl
npoTuBoonyxosnesoro Aeictans XC/MC ocyLLeCTBASAIOTCS NyTeM WHIMOMPOBAHWS MPOBOCNANIMTENIbHOMO Kackafa (hakTopa Hekpo3a onyxosu
anba, peuentopa CD44 v agepHoro dhaktopa kanna B, a Takxe MHMLMALMK anonTosa onyxosnesbix knetok. Mogynupys peuentop CD44
1 cneumdmyeckoe O-rnKo3npoBaHne BHYTPUKNETOUHbIX 6e51K0B, ['C MHrMbupyeT NpoBocnanuTenbHble 3PMEKTbI Kackaja apaxunLoHoBO
KNCcnoTbl, HTepnenknHos WI1-6, NJ1-8, nponudpepatnsroro nytu PISK/AKL, LMKNH3aBMCUMMBIX KMHA3. [TpOBEAEHbI NEpPBble NOCTTEHOMHbIE
nccnenoBaHna npotueoonyxonesbix addekToB XC/T'C, BKNtoYas ncecneaosaHns Mukpoobrnoma. JononHutensHo XC cnoco6CcTBYET MHIMOUPO-
BaHMI0 3(DEKTOB (haKTOpa pocTa JHAOTENNS COCYL0B U MATPUKCHBIX METN0NPOTEMHA3, Y4aCTBYIOLNX B METACTa3pOBaHUN 11 UHBA3WUK
onyxoneii. [ToTeHuransHo MpoTuBOONYyxosesble apdekTsl XC/IC MOryT ycunuatbes npoTuBOBOCNANUTENbHbIM feidcTBemM HK-II.

3aknroyenne. Xonaponpotektopbl XC 1 rmoko3amuH (B T.4. ['C) nposBnsoT npoTuBoonyxonesble 3ddekTbl. MpumeHerne XC n I'C coBmecT-
HO CO CTaHLapTU3UpOBaHHbIMK hapmaveBTuyeckumu popmamu HK-1l MoxeT ycunusarb UX NpOTUBOBOCMANUTENIbHOE U UMMYHOMOZYIU-
pyloLLee LelicTBue:

KJTHO4EBBIE CJIOBA

Onyxonesble 3a6051eBaHMs, HYTPULIMONONAS, aHanu3 60NbLUINX faHHbIX, XoHaporapg TPUO.
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KoHthnukT nHTEpecos
ABTOpbI 3aABNIAIOT 06 OTCYTCTBMM HEOOXOAMMOCTI PACKPbITUA KOH(DNNKTA MHTEPECOB B OTHOLLIEHUN AaHHON Ny6nnKaLmu.

Bknap asTopoB
Bce aBTOpbI cAenany aKBUBANEHTHbIN BKNaM B NOATOTOBKY Ny6nnKaLui.

[ns yuTUpoBanus

Topwun WN.10., YyyanuH A.T., Tpomosa 0.A. O npoTrBoONyX0neBbix 3pdeKTax XOHAPONPOTEKTOPOB: MIOKO3aMIHA, XOHAPOMTMHA Cynbdara
1 HefeHaTypupoBaHHoro konnareHa Il tuna. @APMAKOSKOHOMUKA. CopemeHHas (hapmMakoIKOHOMUKA U hapMakoanuaemuosnoris.
2023; 16 (4): xxx—xxx. https://doi.org/10.17749/2070-4909/farmakoekonomika.2023.132.
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SUMMARY

Objective: to systematize fundamental, clinical, and epidemiological data on the antitumor 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 antitumor 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 antitumor 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
antitumor effects may be enhanced by the anti-inflammatory effect of UC-II.

Conclusion. The CS and glucosamine (including GS) chondroprotectors exhibit antitumor effects. The use of CS and GS together with UC-II
standardized pharmaceutical forms can enhance their anti-inflammatory and immunomodulatory effects.
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BBELEHWE /NNNTRODUCTION TUYECKUM B3aMMOJENCTBUAM B MUKPOOKPYXeHUN onyxonu, CSPG

UrpatoT KIKOYEBYHO PONib B POCTE 11 MHBA3WM onyxoneii [1].

OHJOreHHbIe NPOTEOrNNKAHbI HA OCHOBE MOJIEKYN XOHAPOUTUHA
cynbara (XC) npecTaBnstoT co60i MaKpOMOSEKYITbI, HE06X0ANMbIE
ONs Pa3BNUTWA KIETOK, NieYeHns 3a601eBaHNii YeNoBeKa 1 3n0Ka4e-
CTBEHHbIX HOBOOOPA30BaHNIA. B 4aCTHOCTW, XOHAPOUTUHCYNb)aTHbIE
npoTeornukanbl (aHrn. chondroitin sulfate proteoglycan, CSPG) Ha-
KannueawTca B CTPOME OMyxonu. YNpasnisis MHOXECTBEHHbIMW NPO-
OHKOT@HHbIMUN CUTHANTbHBIMM MYTAMM OMYX0JEBbIX KNETKOK (Kackagbl
peLenTopHOi TUPO3MHKIMHA3LI (aHrN. receptor tyrosine kinase, RTK),
MUTOreH-aKTUBMPYEMbIX NPOTENHKNHA3 (aHr. mitogen-activated
protein kinase, MAPK), WHTerpuMHOB, KHa3bl (POKaNbHON aaresnu
(aHrn. focal adhesion kinase, FAK), BHEKNETO4HbIX KWHA3 (aHMN.
extracellular signal-regulated kinases, ERK1/2)) u cnoco6etays kpu-

B yacTtHocTn, XC-npoTeornukad CSPG4 — TpaHCMeMOpaHHbIii 6e-
NoK | TMna, cBA3aHHbIA C POCTOM U NPOrPECCUPOBAHUEM OMYXOMen.
B3aumopeiicTByst C KOMMNOHEHTaMI BHEKJIETOYHOIO MaTpUKCa, BHe-
KNEeTOYHbIMU NUTraHZaMu, peLentopamu hakTopoB pocTa, BHYTpU-
KNneTo4HbIMn doepmenTammn, GSPG4 perynupyet Murpaumio KneTtok
11 nepeavy nposndepatuBHbIX CUrHanoB. AGHOPManbHO NOBbILLIEHHAS
akcnpeccus CSPG4 onyxoneBbiMU KneTKamu, NepusackynsapHbIMu
KNeTkamu n Knetkamu-npesecTBeHHKaMN B rNOMax yKasblBaeT
Ha ponb atoro XC-npoTeornvkaHa B hOpMMpOBaHNN, NPOrPeccMpo-
BaHWM 1 HeoaHrnoreHese onyxonen. Moatomy CSPG4 asnsetcs nep-
CMEKTUBHOM TEPaneBTUYECKON MULLEHbIO NMPW NEYEHUN ONyXOMeBbIX
3a6onesaHnil [1].
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OCHOBHbIE MOMEHTbI

Y10 yXe u3BecTHO 06 3TON Teme?

» XoHgpoutuHa cynbar (XC) u rmioko3ammtHa cynbat (FC) noBcemMecTHO
1CMONb3YIOTCA B Tepanuu O0CTe0apTpuTa Kak natou3nonornyeckue
CpeAcTBa JIe4eHNs (XOHAPONPOTEKTOPbI)

»> 3/10Ka4ecTBEHHbIE HOBOOOPA30BaAHMS CBA3AHbI C HApyLUEHUAMI MeTabo-
nn3ma 3HAoreHHbIX XC

» 9HaoreHHble XC-NpoTeorninkaHbl — NepCneKTUBHbIE TapreTHble 6eKn npu
NeYeHNn onyxosesbix 3a60N1eBaHN

Y10 HOBOrO faet cTaTba?

> lNokasaHo, 410 XC v ['C nposiBNSIOT 0TYET/IMBOE MPOTUBOOMYX0/NEBOE Aeil-
CTBYWE NpU Pa3HbIX BUAAX OMyxonen

» [lonroBpemeHHass HyTpuULEBTMYECKas NOALepXka mocpeactsom XC/IC
TOPMO3WT Pa3BUTHE BOCMANEHUS B OMYXOAN 1 METACTa3MpOBaHMe, CTUMY-
NMpyeT ayTodharnio onyXoneBbIX KNeToK

» Mexannambl npoTueoonyxonesoro Aenctsus XC/I'C BKMOYaT MHrM6Mpo-
BaHne NF-xB, nponudpepartusHoro nytu PI3K/AKT, umknnHsasucumbix
KMHas3, aktopa pocTa 3HAOTENUS COCYAO0B W MATPUKCHbIX METannonpo-
TEWHa3, a Takxxe BO3AENCTBIUE HA MUKPOGMOM KILLIEYHMKA

Kak 3T0 MOXET NOBNUATbL Ha KNMHUYECKYHO NPAKTUKY B 0603pumom byaywiem?

» PerynsapHoe ynotpe6nenne XC/FC MOXeT CHXKaTb PUCK Pa3BUTUS paka
TONCTOI KULLIKN 1 paka JIerkux, a Takxxe CMepTHOCTM OT BCEX BUAOB paka
(0co6eHHO 0T paka MoyKK, paKa Nerkoro 1 paka TOCTOM KILLIKK)

» lpumeneHne XC n 'C COBMECTHO CO CTaHAAPTU3NPOBAHHLIMM (hapma-
LLeBTMYECKUMMN hOpMaMM HeLleHaTypUpoBaHHOro Konnarexa Il Tuna mo-
XKET YCUNNBaTh X NPOTUBOBOCMANMUTENLHBIA U UMMYHOMOAYANPYIOLNIA
3hhekTbl

> [penapatbl Ha OCHOBE (hapMaLeBTU4ECKI CTaHAAPTM3NPOoBaHHbIX XC n [C
Ha3Ha4aloTCa Npu 3a60/1eBaHUAX CYCTABOB 1 MPUHMMAIOTCA NaLMeHTaMu
LNUTENbHO (B TEYEHNE MHOTUX NET), YTO BXHO ANSi OHKONPOUNAKTIKM

Perynauus addektos aHA0reHHbIX XC-NpoTeornnKaHoB BO3MOXHA
NOCPeLCTBOM MCMONb30BAHNS 3K30reHHbIX XC 1 rMK03amMuHa Cynb-
thara (I'C), NpoABNAKLMX LWUPOKUA KPYT NPOTUBOBOCNANMTENbHbIX
1 NPOTMBOONYX0MEBbIX 3dhdhekToB. Hanomuum, 410 XC/TC nosce-
MECTHO MCMONbL3YITCA B TEpaniy 0CTe0apTPMTa U HA3bIBAIOTCS XOH-
AponpoTeKTopamu (T.e. npenapaTtamit Ans NpounakTuKI u neYeHns
[lereHepaTMBHO-ANCTPOUYECKIUX 3a60J1eBaHMI CYCTaBOB 1 MO3BO-
HOYHMKA), CUMNTOMATNYECKNMM NIEKAPCTBEHHBIMI CPECTBAMM 3a-
meanenHoro genctemus (C/1C3[) (anmn. symptomatic slow acting drug
for osteoarthritis, SYSADOA), 601€3Hb-MOAMGULMPYIOLLMI Npena-
patamu npoTuB ocTeoapTputa (aHrn. disease-modifying osteoarthritis
drug, DMOAD) n 7.n. [2].

C TOYKM 3peHMs MONEKYNAPHOIA hapMakonorunm BbiICOKOOUMLLEH-
Hble (hapmaueBTuyeckue hopmbl XC/T'C, B3anmMoAaeiicTys ¢ peuen-
Topamu CD44, Tonn-nofo6HbiMu peuentopamu 4 (aurn. toll-like
receptor 4, TLR4) n monekynamu Kneto4Hor agresuu 1 (anrn. inter-
cellular adhesion molecule 1, ICAM1) Ha NOBEPXHOCTM Pa3NNYHbIX
KJTETOK, WHIMOUPYIOT NPOBOCNANUTENbHbIA TPAHCKPUNLMOHHBINA
AfepHbIt akTop kanna B (aHrn. nuclear factor kappa B, NF-«kB)
11 LMTOKWNHOBBIIA curHanbHblii nyTs JAK/STAT'. Moatomy XC/T'C aemoH-
CTPUPYIOT BbIP@XXEHHOE NPOTMBOBOCNANUTENLHOE U aHANbIeTUYECKOEe
peiicteue [3].

lMpoTtusoonyxonesoe aencteue XG/IC 06ycnoBneHo, B 4aCTHOCTH,
TEM, YTO OHUM CMOCO6CTBYIOT CHUXKEHUIO XPOHWUYECKOro Bocnasne-
HWA, B T.4. ONOCPESOBAHHOI0 (HAKTOPOM HEKpO3a onyxonen anbma
(PHO-0). MepBble paboTbl NO NPOTUBOONYXO0EBLIM 3DGEKTAM TH0-
K03amuHa 6binu nposefeHbl 6onee 70 net Hasap [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 antitumor 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

» The mechanisms of CS/GS antitumor action.include inhibition of NF-kB,
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 prdctice in the foreseeable future?

» Regular use of CS/GC can helpto 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
undenaturedcollagen type Il 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

XemMopeakTOMHbIA aHanu3 monekynsl ['C nokasan, 4To NpoTUBO-
onyxonesble 3pekTbl [C TakKe MOryT 6bITb OCHOBAHbI HA PErynaLun
BOCNANIeHNs Yepes npocTarnaHanHbl/nenkotpuensl, ®HO-o n apyrue
LIMTOKWUHbI, MAaTPUKCHbIE METannonpoTenHassbl [7]. BoigsneHo nps-
MO€ BO3/ECTBME HA CHUDKEHIE TPAHCKPUMLWUIA TEHOB, BOBMEYEHHbIX
B MPOBOCNANUTENbHbIA CUrHaNbHbIA kackag NF-kB, BHYTpUKNETOYHYHO
nepefayy curHana OT peLenTopoB LUTOKWHOB, NPOLECCH nponnde-
pauuu knetok [8].

PesynbTtathl (OyHAAMEHTANbHbIX UCCIIEL0BAHUN, YKa3blBaKOLLNE
Ha NepCneKTUBHOCTb NMPUMEHEHNS (hapMaueBTUYeCKU CTaHAapTu-
3npoBaHHbIX hopm XC/TC B npodhunakTnke/Tepanuu onyxonesbix
3a60neBaHNii, NOATBEPXKAAIOTCA 0KA3ATENbHBIMU NCCNES0BAHNSMN.
Hanpumep, B KpynHomacltabHOM KOropTHoM uccnefosasun G cHu-
XXan PUCK KONOpPeKTanbHOro paka Ha 20% (oTHoLweHue waHcos (OLL)
0,80; 95% poseputenbHblii nHTepBan (ON) 0,67-0,95) [9]. MeTaaHa-
nn3 npumeHenns I'C n XC B npocunakTnke paka BKNOYMA pe3ynbrathbl
13 uccneposannii (n =1 690 918, 55 045 cny4aes paka). Mpuem XC
n/mnn TC accoumnpoBaH ¢ 605ee HU3KUM PUCKOM KONIOPEKTaNlbHOro
paka (Ol 0,91; 95% [ 0,87-0,94) n paka nerkux (OLL 0,84; 95%
11 0,79-0,89) [10].

CTaHLapTM3NPOBaHHbIE 3KCTPAKTbI HEIEHATYPUPOBAHHOMO Konnare-
Ha Il Tuna (HK-II) aBns10TCA OCHOBOI COBPEMEHHbIX XOHAPONPOTEK-
TOpHbIX npenapatos. [encteue HK-II cBg3aH0 ¢ mogynaumen mexa-
HU3MOB BPOXJEHHOTO M NPUOBPETEHHOr0 MMMYHUTETA, CHIDKEHNEM
aKTWBHOCTU NPOBOCNANUTENbHBIX LWTOKMHOB U NPOCTArNaHANHOB.
Moatomy npoTtusoonyxonesble 3pdexTbl XC 1 I'C moryT ycunusarbes
npoTusosocnanuTensHeimM fenctanem HK-1I [11].

"JAK (aHrn. janus kinase) — fHyc-kuHa3a; STAT (aHrn. signal transducer and activator of transcription) — npeo6pa3oBaTenb CurHana 1 akTuBatop

TPAHCKPUNLUA.
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QApNRO3ROTONIRY

MATEPWAIN W METO/1bl / MATERIAL AND METHODS

Crtparerus noucka / Search strategy

[MpoBeaeH CMCTeMATUYECKMIt aHanM3 NPOTMBOOMYXOJEBbIX 3¢)-
dhekto XC/T'C n HK-II. Maccus ny6nukauuii no gaHHoMy BOnpocy
[0CTaT04HO 06LLMPEH: HanpuUMep, TOMbKO 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 6UOMEANLUHCKIUX
ny6nukaumin PubMed n Embase HainfeHo 6176 UCTOYHNUKOB (B T.4. N0
I'C — 3168). bbinu B3aTbI BCe cTaTby Nto6oro hopmara ¢ 1900 r. no
HacTosLLee BPeMS, Ans KOTOPbIX UMENNCH NOSTHbIE aB6CTPAKTBI.

Tononoruyeckuit ananu3 / Topological analysis

[ng aHanmsa [aHHO BbIGOPKN BblIN NPUMEHEHbI METOLbl TOMO-
NOTUYECKOro aHanmaa fanHblx [12-14]. MHOXecTBa npeLeseHTOB
BKITIOMAIOT ONUCAHNA 0OBLEKTOB (TEKCTOB HAY4YHOW ny6bnukaumm), co-
CTOALLE W3 MPU3HAKOBOrO OMUCAHNS (CNOB W CIIOBOCOYETAHWI TEKCTa)
1 MHGhOPMALMK O NPUHAANEXHOCTU 9TOM0 06bLEKTA K TOMY MW UHOMY
knaccy (Hanpumep, knacc K1 — «ny6nukauuu no teme», knacc K2 —
«KOHTPO/IbHas BbI6OPKa» W T.A.). 3aTeM UCCelyeTCcs PaspeLunmocTb
MOCTaBEHHON 33a4M KNacCMMKaLMN TEKCTOB (T.6. HENMPOTUBOPEYN-
BOCTb MHOXECTB NPeLeeHTOB NPy 3aaHHOM NPU3HAKOBOM OMUCAHMK).
[ns adheKTMBHOrO YCTaHOBNEHMS BbIMONHUMOCTM ycnosus (1) BBO-
JNTCS HEKOTOPbIA (OYHKLMOHAN MHAPOPMATUBHOCTI KaXK0ro Npu3Haka
OTHOCUTeNbHO KnaccoB K1/K2 [12]. Bbi4ucneHune ycnosus paspeLun-
MOCTM Ha MHOXECTBE NPELEJEHTOB W NEXNUT B OCHOBE 1CMO/b30BaH-
HOro MeToja Knaccudmkaumn TeKCToB. B pesynbrare BbluUCTEHUS
0T6MpatoTCca Hanbonee MHPOPMATMBHBIE NMPUSHAKK, rapaHTUpyoLLme
paspewmnmMocTb 3afa4qn Knaccugukauuy, 3ateM NpoBOAUTCS aHanu3
METPUYECKOI Anarpammsl, Ha KOTOPOI 0TOBPaXKeHb! 3TV NPU3HAKM,

PE3YNIbTATbI U OBCYXXAEHWUE / RESULTS AND DISCUSSION

PesynbTartbl cUCTEMaATHYECKOro aHanu3a / Results of systematic
analysis

CnctemaTnyecknii KOMNbIOTEPHBIA aHANN3 BKIKYUI CPABHEHUE
6176 ny6nukaumin no s3ammocsaan XG/I'G/HK-Il-n onyxonesbix 3a-
6051€BaHNN C Ny6IMKALUAMI B KOHTPOMbHOM Bbi6opKe (6170 cTa-
Tei, cny4ainHo BblbpaHHbIX 13 5 388 383 HailfieHHbIX MO 3anpocy
«(Cancer OR cancers OR tumor OR tumors OR tumour OR tumours)
NOT glucosamine NOT chondroitin» B 6a3e faHHbIX PubMed).

B xofe cucTemaTmyeckoro aHanmsa nutepatypbl BbiiBNEHO 29
Han6onee MHGOPMATNBHBIX TEPMUHOB, NO3BONSIOLLMX OTIINYATL CTa-
TbU N0 npoTuBoonyxonesomy aeictanto XG/F'C/HK-II oT koHTponS,
1 NPOBEAEH WX AKCMEPTHbIA aHanua [15]. CAMCOK 3TUX TEPMUHOB
ykasbiBaeT Ha y4actue XC/T'C/HK-Il B 06pa3oBaHum npoTeornmka-
HOBbIX 1 KOMNAreHOBbIX KOMNOHEHTOB BHEKIIETOYHOIO MaTpukca co-
e[IHUTENIbHON TKaHW, B NMPOLIECCax aare3nn KneTok, popMupoBaHui
1 METacTasnpoBaHuu HoBo06pa3oBaHuii. C MonekynsapHo-apmako-
NIOTNYECKON TOYKN 3peHus ak3oreHHble XC/I'C npuBoaaT K anonTosy
JINHWIA ONYX0NEBbIX KNETOK NOCPeACTBOM aKTuBaLum peuentopa CD44
n nHrunénposanns NF-«xB, acpdpektoB ®HO-a, LNKANH3ABUCUMBIX
kuHas (aHrn. cyclin-dependent kinase, CDK), perynupoBaHus akc-
NPeccun reHoB 1 rMUKO3UNNPOBAHNS BHYTPUKNETOYHbIX 6enkoB. XC
noAaBnseT PoCcT paka TONCToli Kk vyenoseka HCT-116 kak in vitro,
TaK W in vivo, nHrubupys nponudepaunio n NHAYLMpYs anonTos. M-
JyKUMS anonTo3a NpouCX0ANT 32 CYET aKTUBALMN MUTOXOHAPMAITb-
HOTO NyTW, CBA3AHHOTO ¢ cemencTeoM Bcl-2 [16]. C knuHMyeckoi
TOYKM 3peHus HapylweHus obmeHa XG/TC n HK-II accoyumpoBanbl
C MHOTOY/CNIEHHbIMI ONYyX0NeBbIMY naTonorusiMu (puc. 1).

Hwxe npeacTasneHbl pe3ynbratbl OyHAAMEHTANbHBIX W KIUHUYE-
CKMX UCCNEeL0BaHN MEXaHU3MOB NPOTUBOONYXONEBOr0 AEACTBNA
XC/I'C npu nepopanbHOM MCMNONb30BAHNM, NOCTTEHOMHbIX 3(h(PEKTOB
XC/TC Ha onyxoneBble TKaHW (B T.4. BO3JENCTBME HA MUKPOOMOTY
XKENyLoYHO-KNLLeYHOro TpakTa (XKKT)), KNMHUKO-3nuaemMuonoruye-
Ckux nccnepoBanuii agdpexktos XC/IC Ha 3a601eBaeMOCTb pakom
1 CMEPTHOCTb. PaccMOTpeHbl NepcneKTMBLI NCCEA0BAHNIA MPOTHNBO-
onyxosesbix 3PdeKToB 3KCTPakToB HK-II.

TapreTtHoe Hakonnenue XC/I'C B onyxoneBoii Tkanu // Targeted
accumulation of CS/GS in tumor tissue

JKCNepUMeHTaNbHbIE U KUHWYECKMEe NCCNEA0BaHNSA NoKasan, 4To
YNOMSIHYTbIe BbILIE NPOTUBOOMYX0EBbIe 3GhEKTbI MOJTEKY 3K30-
reHHbIx XC/T'C (anonTo3, uHrnéuposanue NF-«xB, CDK, rnnko3unupo-
BaHMs 6eNIKOB W Ap.) CONPOBOXAAKTCA TapreTHbIM HakonneHuem G
1 XC B TKaHsIX omyxonei. BcneacTsne 3T0ro YHUKaNbHOro CBOICTBA
monekynbl XG/T'C ncenefytotcs Kak BCNOMOraTenbHble BeLecTsa npu
TapreTHOI JOCTaBKe IEKapCTB 1 NpU NPOBEAEHNN JNArHOCTUKM C MO-
MOLLbIO MarHUTHO-Pe30HaHCHOM ToMorpadum (MPT).

B yacTtHoCTM, HaHovacTuubl XG C MHKANCynMpPOBaHHbIM B HUX Me-
TOTPEKCATOM BCMEACTBUE CELNMDUYECKNX B3aUMOJECTBIIA C peLen-
Topom GD44 cyuiecTBEHHO yBEANYMBANN PACTBOPUMOCTL U 3pdpek-
TWBHOCTb J0OCTaBKM XxumMuonpenapara k onyxonu [17]. ccnenoBaHue
in vitro nokasano, 4T0 HaHo4acTuLbl Ha ocHoBe XC MOryT OfHOBpe-
MEHHO [0CTaBNIATb KBEPLETUH (XeMOCeHcMbunusarop), xnopuH E6
(dhoTOCEHCMOMAU3ATOP) M NAKNUTAKCEN (XMMUOTEpaneBTUYeckKoe
CPEACTBO) B pPaMKax XUMMOGOTOAMHAMUYECKON Tepanui, yny4Liato-
LLie/i NPOTUBOOMYX0/1EBOBYO 3(PEKTUBHOCTL NAKIMTAKCENA NO OTHO-
weHnto K knetkam MCF-7/ADR [18].

CeoiicTBo I'C 40303aBUCUMO HAKanMBaThCS B OMyXONsX Hapsgy
C KpanHe HU3KOW TOKCUYHOCTbIO MOXET OblTb UCMOMb30BAHO ANf
ynyyLIeHns Bu3yanusaumm onyxonei npu nposeaeHun MPT. 370 66110
NPOAEMOHCTPUPOBAHO B 3KCMEPUMEHTE HA MbILLIAX C MOAESIbIO 0NyX0-
I MOJIOYHON XXenesbl (puc. 2) [19].

[TokaszaHa NepcnekTUBHOCTb KMUHUYECKOr0 UCMONb30BaHUS [I1H0-
Ko3amuHa n1q yny4wenus kadectea MPT. B 4acTHOCTH, Y NaUWeHTOK
C He[laBHO [MarHoCTUPOBAHHbIMK onyxonsamu (n=12) 6bina ocylle-
CTBNEHA BM3yanu3auus onyxosieil MOSIOYHON XKene3bl NOCPeACTBOM
MPT ¢ xumu4eckum nepeHocom rnoko3amuHa (aurn. chemical
exchange saturation transfer, CEST). Mpouenypa CEST-MPT BbI-
fBuna 601ee BbICOKYH MHTEHCWBHOCTb CUTHANa B TKaHX OMyX0nu no
CPABHEHWIO C OKPYXXAIOLLIE TKAHbKO MOMOYHOM Xenesbl (8,12+4,09%;
p=0,0022), npuyem ¢ NOCTENEHHbIM YBENNYEHNEM 32 CHET NOrNoLLe-
HUA rnioko3amuHa (Ha 3,41+0,79%; p=0,02). NocneaHee COOTBETCTBY-
€T YTOYHEHNIO noKanusauum onyxonu [20].

MonekynsipHble MexaHu3Mbl NPOTUBOONYX0NEBOro aeictsns IC /
Molecular mechanisms of GS antitumor action

B uutonornyeckux akcnepuMeHTax HU3KoOMosnekynspHblil XC Topmo-
31N POCT KNETOK paka TONCTO KULWKKM [21] 1 onyxonu MO4YeBOro ny-
3bips [22]. Mpuem onuromepos 'C u N-aueTtun-D-rmoko3amnHa per 0s
TOPMO3UA POCT ONYXONU HA MOZEN!N KONOPEKTANbHOI0 paka y MbllLei
[23]. HuskomonekynspHblit XG 13 xpsLia 0CETPOBbIX Pbib Npu npueme
per 0S TapreTHO HakanIBaeTCs B OMYXONAX W CYLLECTBEHHO CHUXAeT
POCT KCEHOTpaHCNNAHTaTa KONMOPEKTalbHON afleHOKapLMHOMBbI (KNeT-
Kn nuHun HT-29), narubupys nponndepauuio KNeTok, UHayLuupys
anonTo3 1 He 0Ka3blBas OTPULATENLHOMO BO3LENCTBUA HA HOPMallb-
Hble TKaHu [24].

I'C MHrMbmpyeT aKcnpeccuio Lmknookeurenassl 2 (LIOr-2) u nposoc-
nanutenbHoro WJ1-8 B kneTkax nuHun MGCF-7 paka MONOYHOIA XKenesbl
yenoeka. AkTuBauna akcnpeccun redos LIOM-2 u 11J1-8, Bbi3biBaemast
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D27 [1o6poka4ecTBeHHOE HOBOOOPAa30BaHWe ANYHUKA /  mm
D27 Benign neoplasm of ovary

D29.1 Jo6poka4ecTBEHHOE HOBOOOPA30BaHMe NpeaCcTaTeNbHOI Xenesbl /
D29.1 Benign neoplasm of prostate

D24.9 [lo6pokayecTBeHHas Heornnasma MOSIO4YHON Xenesbl /
D24.9 Benign neoplasm of unspecified breast

D47 [pyrue HOBOOOPA30BaHWUA HEOMPEAENEHHOr0 NN HEU3BECTHOIO XapakTepa /
D47 Other neoplasms of undetermined or unknown behaviour

D26 [pyrue Lo6pOKa4eCcTBEHHbIE HOBOOOPA30BaHUS MaTKK /
D26 Other benign neoplasms of uterus

D21 Opyrue Lo6pOKa4eCcTBEHHbIE HOBOOOPA30BAHNS COEAMHUTENBHON U APYIUX TKaHel /
D21 Other benign neoplasms of connective and other soft tissue

D23 [pyrue [o6poKavecTBEHHbIE HOBOOOPA30BaHMS KOXM /
D23 Other benign neoplasms of skin

D49 Hecneundpuyeckue Heornasmbl / D49 Neoplasms of unspecified behavior
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C61 3noka4ecTBeHHOE HOBOOGPA30BAHME NPEAiCTATENbHOI XeNesbl /

C61 Malignant neoplasm of prostate

(49 3noka4ecTBEHHOE HOBOOGPA30BaHIE APYriX TUMOB COEAMHUTENLHON

1 markux Tkaneit / C49 Malignant neoplasm of other connective and soft tissues
(18 3nokayecTBeHHOE HOBOOGPa30BaHI1e 060104HOI KMLLIKK /

(18 Malignant neoplasm of colon

C50 3roka4ecTBeHHOE HOBOOOPA30BAHME TKaHN MOJIOHHON Xenesbl /

(50 Malignant neoplasm of breast

(78.0 Bropu4Hoe 3/10Ka4eCTBEHHOE HOBOOGPA30BaHHe N1erkoro /

(78.0 Secondary malignant neoplasm of lung

C79 BTopu4Hoe 3/10Ka4eCTBEHHOE HOBOOOPA30BaHMe APYrX NoKanusaunin/  m
(79 Secondary malignant neoplasm of other specified sites

C90 MHoXeCTBEHHas MUENIOMa 1 3710Ka4ECTBEHHbIE NNIa3MOKIIETOHbIE
HoBOOGpa3oBaHus / C90 Multiple myeloma and malignant plasma cell neoplasms
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PucyHok 1. iccneaoBaHns no 406pOKa4eCTBEHHbIM (a) U 3N0Ka4eCcTBEHHbIM (b) ONYX0NeBbIM NATONOrMAM, AOCTOBEPHO aCCOLMUPOBAHHBIM C HAPYLLEHUAMIN 06MeHa XOHAPOUTIHA
cynsara (XC), rnoko3amuna cynoara (FC) u HeaeHatypuposaHHoro koanarena Il una (HK-11)

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

undenatured type Il collagen (UC-I1) metabolism

npotenHkuHasoii G, ocnabnsetca I'C 4epe3 peuentop CD44 n cur-
HanbHbI NyTb NF-kB (pue. 3) [25]. AHanornyHble pesynsrarbl 6biin
nosyyeHbl ans uutokuHoB UJ1-1B n AJ1-8 Ha knetkax onyxonei npes-
cTatenbHol xenessl (MuHun DU-145, PC-3 paka) [26].

MpoTnBoonyxonesas akTMBHOCTb ['C OCyLLeCTBAAETCSA NpU BO3-
AencTBUM Ha N-rIMKO3UANPOBaHME — NOCTTPAHCNALNOHHYI0 MOAU-
thrkaunio 6eN1KOB, ONPEAENAOLLYI0 BPEMS UX XKU3HU B KNETKE 1 KPyr
61onornyeckux posieii. B uMTONOrM4ecKoM UccnefoBaHnn Knetok
KapLMHOMbI NPeACTaTenbHON Xerneabl yenoseka (nuuus DU145) noka-
3aHo, 410 peuentop WJ1-6 nogsepraetcs N-rnukosunuposauuto, a I'c
TopmMo3nT N-FAnKo3unupoBaHue peLenTopoB, TeM CaMbIM CHUXXas
nonynsALuio onyxonesbix kNetok [27]. VHakTusnpys 6enok STAT3
yepes N-rnukosunuposanue, C TOPMO3UT POCT ONYXOMEBbIX Kie-
TOK-MOJIOYHOW >Xenesbl [28]. Ha KneTkax paka erkux B Kynbtype
(nmHusa A549) npoTusoonyxonesoe Aeiictaue I'C peanu3osanoch no-
cpeacTsoM mopgudukauum O-rmmko3unmMpoBaHus 6enKoB NpoTeoma,
4TO NPUBOAWNO K MHTMOMPOBAHMID aKTUBHOCTU CUTHANIbHbIX NyTei
FoxO/PI13K/Akt n FoxO/MAPK [29].

OononHutenbHo MC uHrMbupyeT MeTabonu3M TUMUANHA (Henocpes-
CTBEHHO BO3[ENCTBYA Ha TUMUANHKNHA3Y [30]), HAYLMPYET 3KCnpec-
Ccuto 6enka-cynpeccopa onyxonen (MHrM6UTop CepruHOBOI NpOTeasbl
Maspin) [31], ctumynupyet rubenb 0nyXosneBbIX KNETOK NOCPEACTBOM
MHrMOUpOBaHMa npoteacom (4epe3 O-rmuko3unupoBaHme 6enKoB

[32]), MHaKTUBMpPYET peLenTop aHAPOreHOB B OMYXOJNEBbIX KIeTKax
[33], Topmo3nT nponudepaumno NoCpeacTBOM UHIMOUPOBAHNUS CUT-
HanbHoro 6enka p70S6K n ycunueaet 3dhdekTbl cneunduyeckoro
NHrM6MTopa 6enka — MULLEHN panaMmuLMHa Y MIEKONUTAIOLLNX (aHTT.
mammalian target of rapamycin, mTOR) [34], cTumynupyeT anonTo3
KNeToK onyxonen nerkoro (nocpeacteom caktopa TRAIL? u akTu-
Bauuu 6enka DR-5, 4To aKTMBMpYeT NpoanonToTMYeCKY Kacnasy-8
yepes O-rnukosunuposanne 6enkos [35]).

'C n XC moryT HenocpeACTBEHHO BO3AENCTBOBATbL HA LINKN KNETOY-
Horo peneHus B pase GO/G1. AHTunponudepatusHoe aeiicteue C
B OMYX0JEBbIX KNETKaX CBA3AHO C OCTAHOBKOI LMK KNETOYHOr0 fie-
neHus B hade GO/G1. [C 10303aBUCMMO MHIMOKUPOBAN NponndepaLnio
0nyxoneBbixX KNeTok NnHuin 786-0 n Caki-1 paka noykn n cTUMynnpo-
Bas1 anonTo3 OMyXO0NeBbIX KNETOK (pUC. 4). IKCpeccus perynsaTopHbIX
6enkos Cyclin D1, CDK4 n CDKG, KoTopble cnoco6CTBYOT (hazoBomy
nepexogy G1/S Bo Bpems nponudepauuu, 6bina 3HAYMTENIbHO NOAAB-
NeHa Ha hOHe MOBbILIEHNS YPOBHEN UHTMOUTOPOB KNETOYHOIO LMKNa
p21 n p53 [36].

MokasaHo BnusHue XC Ha uHrnéuposanue CDK npn konopekTans-
HOM pake. YpoBHu akcnpeccuu reHoB CDK1, CDK4 n CDK6 nsme-
HAKOTCS HA pasHbIX CTaAuAX 3a60NeBaHNs 1 PaccMaTpUBaKOTCS Kak
He3aBUCUMble (PAKTOPbI prcKa 3a60MeBaHUs. JKCNEPUMEHTbI Ha n-
HuKM onyxonesbix kneTok HCT-116 noaTeepaunm, 410 XC nHrnéupyet

2 TRAIL (aHrn. tumor necrosis factor related apoptosis inducing ligand) — nuraxg, nHayunpytowmin anonTos, cBA3aHHbIA ¢ (DaKTOPOM HeKpo3a OnyXonu.
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PucyHoK 2. PeaynbTathl MarHTHO-pe3oHaHcHoit Tomorpachun (MPT) Ans MblLLeit ¢ 0nyxonsmu MOM0YHOM Xenessl (Mofenb 4T1) (no aanHbiM [19]):
a—11306paxeHue MbILLK C OMYX0JbI0 MOMIOYHOI Xene3bl 0 BBEAEHUA roko3amiHa cynbdara (FC); b — MPT-ngebpaxenue nepeg npuemom I'C; ¢ — MPT-n3obpaxeHne yepes
48 muH nocne npuema 'C B go3e 1,1 r/kr; d — Ha rucTorpamme nokasaHa cpefHas KoHtpactHocts MPT 4epe3 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= MRFimage before GS administration; ¢ — MRI image 48 min after GS administration
atadose of 1.1 g/kg; d — histogram shows mean MRI contrast 1 h after GS administrationperos
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Pucynok 3. Inioko3amuna cynbat (I'C) nHrmbupyeT curHanbHblil Kackad anepHoro daktopa kanna B (aHrn. nuclear factor kappa B, NF-xB), y4acTBytowuii B akcnpeccui reHoB
LMKNOOKCUTeHasbl 2 1 MHTepneiknHa-8 npn nocpecTBe Kackaaa npoTenHkmHasel G B 0nyxonesbix knetkax nuHun MCF-7 (pak Mono4Hoi xeneabl). KneTku npeABapuTenbHO
o6pabatbieanu 10 MM 'C B Tevenne 30 MuH ¢ nocnenytoLeit 06pa6oTkoi 20 HI/Mn akTUBaTopa NpoTenHkuHassl C — 12-0-TeTpagekaHonndopbon-13-auerata (aHrn.
2-0-tetradecanoylphorbol 13-acetate, TPA) (no gaxHbIM [25]):

a - akTuaums cybbefnHuLbl p65 NF-kB 4epes 12 4 BU3yannanpoBaHa ¢ noMOLLbI0 UMMYHOMNYOPECLIEHTHON MUKPOCKONUK (MacluTab 5 MKkM); b — konmyecTBeHHaA oLeHKa
aktusHocTu NF-kB npu ncnonbaosanuu 'C nNo faHHbIM UMMYHOMYOPECLEHTHOR MUKPOCKOMMW.

DAPI (aurn. 4',6-diamidino-2-phenylindole) — kpacutens 4',6-AnamMunanHo-2-eHnnnHL0N.

* p<0,05 N0 cpaBHEHIIO C KOHTPONBHOI rpyNMoN; ** p<0,05 N0 CpaBHEHMIO C rpynnoi, NonyyasLuen TobKo TPA

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-xB subunit after 12 h visualized by immunofluorescence microscopy (scale 5 ym); 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
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Mpokpawnsanue anonToTuyeckux knerok / Staining of apoptotic cells

PucyHok 4. BnusHue rntoko3amMmmHa Ha anonTo3 onyxonesbix KNeTok nuHuin 786-0 u Caki-1 npu pa3HbiX KOHLEHTPALKUAX FIl0Ko3aMiuHa cynbgara. MpoBefeHo NpoKpalnBaHme
anonToTMYECKIMX KNETOK KpacuTenem aHHeKcH-V-FITC, a nornbuinx kKneTok — kpacutenem nponuauym iiogung (aHrn. propidium iodide, Pl). AnoNToTUYECKMMM CHUTANNCH KNETKM,

OKpaLUEHHbIe Ha aHHeKCUH V, HO He Ha Pl (aganTuposano u3 [36])

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

YPOBHM aKcnpeccuu reHoB 1 6enko CDK4 n gpyrux CDK, yBenu4nsas
COOTHOLLEHNe anonToTu4eckux knetok HGT-116 (4yepe3 perynauuio
curHanbHbix nyteil MAPK) (puc. 5) [37].

Kpome Bo3neicTBus Ha CDK XG/I'C TopMO3AT UMK [eNeHuns ony-
XONEBbIX KIETOK 1 N0 APYrM CMEXHbIM MeXaHU3MaMm:

— aKTMBALMS 3KCMPECCUN TeHA, KOLMPYIOLLEro UHrMeuTop LIMKITUH-
3asucumoit knnassl N1 (CDKN1);

— YBeJIM4eHue anonTo3a (MocpeLCcTBOM akTUBaLMN Kacnasbl-3);

—ayTodharns 0nyXoneBbIx KNeTOK NOCPeLCTBOM CTUMYNALMM CTPEC-
Ca B 9HA0M1A3MATUYECKOM PETUKYNyMe (MHAYKLMS 9KCNPEecCui reHoB
BiP, IRE1, dyoccho-elF2A)° [38];

— NoJaBrieHMe aKcnpeccun hakTopa pocta IHAOTENNS COCYAO0B
(aHrm. vascular endothelial growth factor, VEGF);

— YBENNYeHNe IKCNPeccun TKAHeBOro NHrMbuTopa MeTannonpo-
TenHasbl-1 (aurn. tissue inhibitor of metalloproteinase 1, TIMP-1),
NOAABNAOLLEr0 MATPUKCHbIE METaNNONPOTENHASI.

9tn adpchekTbl XC/T'C cONpOBOXAAIOTCA 3HAYUTENBHBIM UHIUOUPO-
BaHueM curHansHoro nyt NF-kB [39].

DopmMMpOBaHME HETKOW IPaHNLLbl ONYXO0JIEBbIX Y3NI0B (MHKANCYNA-
umus) — 6osbluas npobnema NpoTUBOONYXONEBON Tepanuu, 0CO6eH-
HO B Cry4ae OrnyxoneBblX 3a6071€BaHUA MO3ra U MeTacTa3upoBaHus.
Mpouecc nHkancynauuu onyxonemn Hepa3pbliBHO CBA3AH C COCTOAHUEM
MUKDOOKPYXXEHMA 0MyX0Nu, Npexae Bcero ¢ cuHte3om XGC-npoteo-

TJIMKAHOB 1 APYTX KOMMOHEHTOB coefuHUTeNbHOI TKaHu [40]. Co-
CTOSIHIE MUKPOOKPY)XEHMS ONYyX0Nu onpefiensieT, 6yayT nn npouecchl
610CHHTE3a COELNHNTENbHON TKAHW NPUBOAUTL K METaCcTa3MpOBaHNI0
unn XGC 6ynet cnoco6CTBOBATb WHIMOMPOBAHMIO WHBA3WUM OMYXONN.
113B€CTHO, 4TO MOBbILEHHAA akcnpeccust XC-NpoTeornnkaHoB B MO-
Jensx Onyxonei Mo3ra Bbi3bIBA€T aCTPOrMNOTUYECKYH NHKAMCYIA-
uuio onyxonu [41]. 1 Ha060pOT, MEXaHN4ECKOe NMOBPEXAEHNE CTEHKM
kancynbl n3 XC-npoTeornnKaHoB CO3JaeT YCoBNSA A1 pOCTa U MeTa-
cTasuposaHus onyxonen [40].

Cnenyet 0TMeTUTb, 4TO NpoTuBoONyxonesbie 3hdekTbl XC 3a-
BUCAT OT xapakTepa Cynb(aTMpoBaHns MONEKYN XOHAPOUTUHA. 3TO
06YCOB/IEHO TEM, 4TO PacnonoXeHne OTPULATENTbHO 3aPSKEHHbIX
CyNnbcaTHbIX rPynn B NPOCTPAHCTBEHHON CTPYKTYpe XG CyLIeCTBEHHO
BNMSET Ha NPUKPENEHNe N MHBA3NIO ONyXO0MeBbIX KNeTok. OTMeTUMm,
YTO NpW MEeTacTa3MpoBaHUM 3HA0reHHbIe XC-CTPOMbI XapakTepusy-
tOTCS YMEHbLUEHNEM OTHOLLEHMS KONNYECTB AepMataHcynbara u XG
Ha (hoHe HapyLeHnii npoueccos cynbatupoBanus XG [42]. Cucte-
MaTU4eCcKnii chapmakonornyecknit aHanna addexkTos 16 narTepHoB
cynbatupoBaHus XC Ha KneTkax onyXxonn MOMOYHOIA XKenesbl (M1HUS
knetok MDA-MB-231) nokasan JoCTOBEPHOE YCUIEHIE anonTo3a npu
06paboTke an- n TpucynbaTmpoBaHHbIMK aucaxapuaamu XC. B yacT-
HOCTW, XOHAPOUTUHA-4,6-CyNnbpaT CHUXan NOABMXHOCTb OMYX0JeBbIX
KNETOK 11 MHrNBUpoBan NPOOHKOreHHbI Kackag Wnt/kaTeHuH [43].

3 BiP (anrn. binding immunoglobulin protein) — caa3biBatowmii 6enok ummyHorno6ynus; IRE1 (anrn. inositol-requiring enzyme 1) — doepmeHT, TpebytoLuuit
nHosutona 1; elF2A (aurn. eukaryotic translation initiation factor 2A) — aykapuoTuieckuii hakTop MHULMALMY TPAHCAALNN.
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PucyHok 5. LinknnH3asmcumble KMHasbl (aHra.
cyclin-dependent kinases, CDK) perynupytotcs
XOHApouTUHA cynbdaTtom (XC) B kneTkax
KonopekTanbHoro paka nuxiun HCT-116 B KynbType.

Kontponb XC (80 mkr/mn) //
CS control (80 pg/ml)

YposHu 6enkos: a — CDK1; b — CDK2; ¢ — CDK4;

d— CDK6 (no pauHbim [37]).

* p<0,05 no cpasHeHuto ¢ nnaue6o; ** p<0,1 no
CPaBHEHNIO € NNaLe60o (OLeHNBanN ¢ NoOMOLLbH
t-kputepus CTblofeHTa)

Figure 5. Cyclin-dependentkinases (CDK) are
regulated by chondroitin‘sulfate (CS) in colorectal
cancer cell line HCT-116.in culture. Protein levels:
a-CDK1; b - CDK2; e~ CDK4; d — CDK6 (after [37]).
* p<0.05 compared to placebo; ** p<0.1 compared
to placebo (evaluated by Student’s t-criterion)
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Mpotuoonyxonesbie athcpekTbl XC/I'C: nocTreHoMHbIe
uccneposanus // Antitumor effects of CS/GS: postgenomic studies

[10303aBNCUMbIi XeMOKMHOMHbIA aHanu3 acpdekToB I'C Ha akTuB-
HOCTb 297 (hepMEHTOB KWHA3 (KMHOM 4enoBeka) nokasan, 4to ['C mo-
XKET MHTMOMPOBaTh aKTUBHOCTb 31 KMHA3b! 4EN0BEKA CO SHAYEHUAMN
KOHCTAHT UHrnounposanus (EC50) B cybMUKPOMONSPHOM AnanasoHe.
MopasneHne akTusHocTn KuHas MAP3K3, PDPK1, IKBKE* cooTBeT-
cTByeT uHrnéuposanuto NF-«xB. NHrubupys aktusHocts CDK4, CDK6
n ap., FC TopmMo3uMT runepnponngepaTnBHbie NPOLECChI, @ UHTMOUPO-
BaHue kuHa3 GHEK1, Src u PRKCD® ctumynupyer anonTto3 onyxone-
BbIX KNETOK. VIHrmbuposaHme aaHHOM BbIGOPKU KIMHA3 CNOCOBCTBYET
CHUKEHUIO M3BbITOYHOrO aHTNOreHe3a, NPensaTCTBYeT Pa3BUTUIO Me-
TacTa3anpoBaHWs N PE3NCTEHTHOCTN K XumioTepanuu [44].

TpaHCKPUNTOMHbIA 1 NPOTEOMHbI aHanu3 XC Ha KneTkax Kono-
PEKTaNbHOro paka (1mMHns HT-29) B cpaBHEHMN C HOPMaNbHbLIMI 3MK-
TeNnanbHbIMK KneTkamu ToAcToi Kuwkn (nuHus NCM460) Bbissun
HECKOMNbKO 6ENIKOB — MULLEHEN NPOTUBOOMYXONIEBOBOr0 AENCTBMSA.
XC He OKasblBan CyLIECTBEHHOIO BAMSHMSA HA NPOCUb 3KCIPeCccui
reHoB 1 6enkoB B HopmanbHbix knetkax NCM460. XC nHrubénposan
POCT ONYX0NEBbIX KIETOK NHUM HT-29 1 n3buparenbHo perynuposasn
akcnpeccuto 188 reHos, yyacTaytowwmx B pennukaunn QHK, KneTo4HOM
LMKne 1 anonTo3e OMyxoneBbiX KNneTok. MapannensHo XC npusoaun
K CHVDKEHWIO YPOBHEN NPOBOCNANUTESNbHbIX LUTOKUHOB (pUC. 6) [45].

TPaHCKpPMNTOMHbIA U NPOTEOMHbI aHanu3 XC no3sonun cdopmy-
NINPOBATL MEXAHW3M peann3aLmm npoTMBOONyxoneBblX agdekTos XC
Npu BO3AEACTBIN HA KYNbTYPY KNETOK KONOPEKTNbHOr0 paka (MuHus
HT-29) (puc. 7). XC cHuxaeT nponudepaunto onyxonesbix KeTok
nyTemM MHrM6upoBaHNs peLenTopHoro 6enka HSPG2% Ha KneTouHOIA
MeMOpaHe, akTMBaLMK 3KCMPECCUN FeHOB/6ENKOB B CUTHAMBHbIX MyTAX
PI3K-Akt, ycuneHns akcnpeccui reHoB, CBA3aHHbIX ¢ anonto3om (Bad)
1 610KNPYIOLLMX KNETOuHBIA uukn (P21, CDK2, CCNET w MCM2) [45].

Kontponb XC (80 mkr/mn) //
CS control (80 pg/ml)

MpoTusoonyxonessbie adyhektbl XC/I'C yepes Hopmanu3aaumio
Mukpo6uoTbl XKKT // Antitumor effects of CS/GS through
gastrointestinal microbiota normalization

XC MOXeT He TONbKO 3h(heKTUBHO OCTAaHABNMBATb POCT KOMOPEK-
TaJIbHbIX OMYXO0MEBbIX KNETOK, NepecaKeHHbIX MOJENbHbIM XIUBOT-
HbIM, HO 11 3HAYMTESTbHO U3MEHSATb MUKPOBMOM KuLie4HMKa. Mpuem
CTaHAAPTU3MPOBAHHOIO 3KCTpakTa XC XpsLla BocCTaHaBnmMBan 6anaHc
KNLLIEYHON MUKPOBUOTBI Y MbILLEN C MOZESbI0 KONOPEKTIbHOMO paka.
Hanpumep, nameHenue ypoBHeil Lactobacillales, Gastranaerophilales,
Ruminiclostridium 5 v Ruminiclostridium 6 npuBeno K yBenuyeHuto
HEKOTOPbIX MeTabonuToB (Hanpumep, Phe, Tyr u Gly). XC 3Ha4uTeNbHO
CHWXan konmyectso Phe, Pro, Ala, Tyr n Leu, npucyTCcTBYHOLMX B (he-
Kanusx. Takum 06pa3om, XC MOXET UHTMBUPOBATb POCT KOSTOPEeKTaslb-
HOrO paka, Moaynupys MIKpPOBUOM KNLLIEYHNKA 1 USMEHSAS BbIPABOTKY
OnpefeneHHbIX aMuHoKneoT (puce. 8, 9) [46].

XC Kak npebuoTuK TaKxe NposBAsAn NpAMOoe NpoTUBOONYXOEBOe
[eiCTBIE B OTHOLLEHWUW KITETOK paka TONCTOM KULLIKK YeN0BeKa: 06pa-
6oTaHHble XC knetkn HT-29 geMoHcTprUpoBany oparMeHTaLmio agep
C nocnefytowum anontosom (puc. 10) [21].

B pesynbrate npoBeAeHUs XeMOMUKPOOUOMHOT0 aHanmaa MofeKybl
I'C 66111 OLeHeHbI npoduny Bo3genctaus I'C, npebrnoTUKoB (NakTosbl,
(PPYKTO3bI) 1 PALA HECTEPOUAHBIX MPOTUBOBOCMANUTENBHbIX Npenapa-
TOB Ha MUKPOOKOM YenoBeka (38 GakTepuii-kOMMEHCaNoB) 1 Ha Bbl-
6opky 120 60ne3HeTBOPHbIX 6aKTepuit. B cpesHem no BbIGOPKe HOPMO-
MUKPOBUOTLI NPocnnb aerctns MC Ha MUKPOOGUOM Bblf MPAKTUYECKM
VAEHTUYEH NPOUNIO JeCTBMS NaKTO3bl (MIOLWAfb NOA KPUBOIA (aHM.
area under curve, AUC) 0,23+0,18). AHanm3 MUHUMAITbHbIX UHTNOUPYIO-
LUMX KOHLEeHTpauwii (aHrn. minimum inhibitory concentrations, MIC)
nokasasn, 4to [C B MeHbLUEl CTeneHn NoAAepXK1Ban pocT NaToreHHon
cnopbl (MIC 16+1,5 mkr/mn), yem anknodpeHak (MIC 35+1,4 mkr/mn)
1 auetuncanuumnosas kucnota (MIC 23+2,2 mkr/mn). IHrm6uposaxne

4 PDPK1 (aHrn. 3-phosphoinositide dependent protein kinase 1) — 3-doconHoantuazasncumas npotenHkuHasa 1; IKBKE (aurn. inhibitor of nuclear factor
kappa B kinase subunit epsilon) — uHrM6MTOp Cy6bEANHULLI A8EPHOT0 (PaKTOPa Kanna B KnHasbl 3ancumoH.

® CHEK1 (anrn. checkpoint kinase 1) — kuHa3a 1 KOHTpONbHOI TO4KN KneTo4Horo uukna; PRKCD (aurn. protein kinase C delta) — npotenHkuHasa C genbra.

8 HSPG2 (aHrn. heparan sulfate proteoglycan 2) — renapaxcynbchar npoTeornunkaH 2.

DGAPMAKOIKOHOMWUKA. CospemeHHas thapmakoakoHomMuka 1 hapmakoanuaemuonorus. 2023; Tom 16, No 4

www.pharmacoeconomics.ru

561


http://www.pharmacoeconomics.ru

Review articles

Firmakoekonomika

© NCM460 m HT-29 v Caco-2 + HCT-116 * SE480 o LS-174-T
100
B
= 80 - -
% u ' w & * s
= 60 =
= ..
= e & »
2 > S
5 40+ [ ] 4 - P
g 20- » »> - ea’
g @ ~ o
S '} B - J - &
= [ b e ’
=
—20 T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T — T T T
388888 5833838888 2388888 388888 2388888 2338338888
= — N ¥ © © = - N S © S = — N ¥ © S = — N S © S = - N ¥ © S = — N ¥ © o
3 - S8 - 8 - 8 - 8 - 38 -
g g g g g g
a KoHuentpaums XC B KynbType knetok, Mkr/mn // CS concentration in cell culture, pg/ml
600 - a 600 -
E b E
2 c S
:._" d = a
Z 400 = - 400 b o
= e =
H H d
= =
= =
S 200 - < 200 e
[=] ! pa—
3 ‘ =
N\
0 T T 0 T T
Koutponb / Mopenb / Huskas/ Cpepnss /  Bbicokas / Koutponb / Mopenb / Huskas/ Cpepnss/ Bbicokas /
Control Model Low Medium High Control Model Low Medium High
150 — 500 -
a E a
= E
E = ab
) b 2 40 [ b
= c pn ¢
L -
= 100 ¢ =
~ d - < 300 d
= =
= =
5 = 200 —
< 50 =2
= Y
0 D 0

T
Kontpono / Mopenb / Huskasa/ CpepHss/ Bbicokas /
Medium

Control

Model

Low

High

T
Koutponb / Mopenb / Huskasa/ CpepHss/ Bbicokas /

Control

Model Low

Medium

PucyHok 6. Bnusnne xonapontuna cynbarta (XC) Ha nponndepaunto KNeTok paka ToncToil KUK N HOPMANbHOT0 3NUTENUS KULLEYHIMKA (M0 AaHHbIM [45]):
a— KNeTKN paka ToncToi kuwwku (nuum HT-29, Caco-2, HCT-116, SE480, LS-174-T) n kneTku HopmManbHoro kuiwe4Horo anutenns NCM460 o6pa6aTtbiBany pasnuyHbiMu
KoHueHTpaumsamu (50, 100, 200, 400, 800 1 1000 mkr/m) XC B Te4eHne 24 4, KU3HECNOCOBHOCTb KNETOK M3MepAnu C NOMOLLb0 Ha6opa ANA NOACYeTa KNeToK 8 (aHrn.
Cell Counting Kit-8, CCK8), pe3ynbTaTbl BbIpaxkanit B BUAe CTENEHN MHINGMPOBAHNSA N0 CPABHEHWNIO C HEOGPABOTaHHbIMI KNeTKaM; b — ypoBHI NpOBOCNANUTENbHBIX LUTOKUHOB
[10303aBUCKUMO CHUXKaNUCh nof BausHuem XC.
®HO-0. — thakTop Hekpo3a onyxonu anba; 1 - nHtepnenkuH. Huskas gosa — 200 mr/kr/cyT, cpefHas fo3a — 400 mr/Kr/cyT, Bbicokas Ao3a — 800 mr/Kr/cyT. bykBbl Haj
cTon6uammn Ha puc. b ykasbIBalOT Ha CTaTUCTMYECKM AOCTOBEPHbIE padnuyng (p<0,05) no cpaBHeHMto ¢ Nt06OK Apyroii rpynno

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

High

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-o —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. CpaBHUTENbHBbIA aHaNK3 BYX HA60POB AaHHbIX (TPAHCKPUNTOMHbIA aHanU3 onyxonesbix Knetok HT-29 n HopMon3nonormyeckix KNeTok ANUTENNs KMLLEYHNKA
NCM460) no3sonun cchopmMynmpoBaTh PerynaTopHyt CeTb FEHOB, OMUCHIBAOLLYI NPOTUBOONYXO0MEBbIE 3P MEKTbI XOHAPOMTUHA CynbhaTta (XC) Ha KNETOYHOI MOAENK

KONOpeKTanbHOro paka (agantuposao us [45]):
a-o6Las cxema; b — geTanusauns mexaHnama.
TNF-o (aHrn. tumor necrosis factor alpha) —

(hakTop Hekpo3da onyxonu anbda; IL (aHrn. interleukin) —

nHTepnenknH; JHK — ne3okcMpnboHyKnenHosas KucnoTa

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«f genes describing the antitumor effects of chondroitin sulfate (CS) in a cellular model of colorectal cancer (adapted from [45]):

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

6051e3HETBOPHbIX 6aKTepuii Mukpobruoma monekynoii F'C cnoco6cTyeT
CHWXeHMo Bocnanexus B anutenun XKKT 1, COOTBETCTBEHHO, CHIKe-
HUIO OMYX0NEBbIX PUCKOB [47].

Knuuuyeckue uccneposanus appekto XC/I'C no oTHOLIEHUID
K pa3nuyHbim TUNam onyxoneii // Clinical studies of CS/GS effects
in relation to various types of tumors

MpoBoausLueecs B Te4eHne 10 NeT aNMLEMMONOrnYecKoe uccneso-
BaHIE N0 OLEHKe 0nyxoneBbix puckos (aHrn. Cancer Prevention Study
Il Nutrition Cohort, n =113 067, 1440 cny4aeB) npoAeMOHCTPUPOBANO,

410 noTpedneHne I'C Ha perynapHoOi OCHOBE YMEHbLUAET PUCK paka
TOJICTOr0 KULWeYHUKa Ha 17% (oTHowweHue puckos (OP) 0,83; 95%
N1 0,71-0,97) [48].

KpynHomacwitabHoe HabnofaTensHoe ucenegosanme (n = 439 393,
CpeAHUI BO3pacT 56 net, 53% XEeHLUWH) ¢ NOCNeAYOLWUM HabNaeHu-
em B TeqeHue 11 net no3eonuno BbissBUTL 1971 cnyyaii paka nerkoro
(0,45%). icnonb3oBaHme rnKo3amuHa 6bI10 JOCTOBEPHO CBA3AHO
CO CHWKEHMEeM pucka paka nerkux Ha 16% (OLL 0,84; 95% [W 0,75-
0,92; p<0,001) 1 cmepTHOCTM OT paka nerkux Ha 12% (OLL 0,88; 95%
1 0,81-0,96; p=0,002). bonee cunbHas cBA3b MexAy UCMONb30Ba-
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PucyHok 8. 3chpekTbl BO3AENCTBUSA BHYTPUXKENYA04HOr0 BBEAEHNSA XOHAPONTIHA cynbaTa (XC) Ha MOAeNb ONyX0Au (aNN0TPAHCNNAHTAT KNETOK HNN HT-29 y Mblwweit)

(apanTuposaHo u3 [46]):

a—BanaHne XC Ha rny6uHy KpunT anuTenns TOACTOR kNLWKY; b — BansHne XC Ha KONWYECTBO aHOMANbHbIX 04aroB KPUMT; € — TUNNYHbIE fNArPamMMbl OKPALLEHHbIX

remMaToKCMIMHOM/303MHOM KNETOK B KONOPeKTanbHbIX 3nuTennanbHbix Tkauax ¢ XC (x100).

DDP - uncnnatun. Hnakas gosa — 200 mr/Kr/cyT, cpeaHsas fo3a — 400 mr/kr/cyT, Bbicokas fo3a — 800 mr/kr/cyT. BykBbl Ha puc. @, b yka3bIBatoT Ha CTATUCTUYECKN LOCTOBEPHbIE

pasnun4usa (p<0,05) no cpaBHeHuIO CAH060I APYroi rpynnoi

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 ofcolorectal 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 othergroup

HWEM [JTI0KO3aMWUHA 1 CHIDKEHMEM pUCKA paka Nnerknx Habnioaanach
npy CEMERHOM aHamHe3e paka nerkux [49].

Wccneposanne koropTsl MmeanepcoHana (aurn. Nurses' Health Study,
n =65 000) B Te4eHne 8 f1eT NO3BONNIIO YCTAHOBUTL 672 Clyyas paka
TONCTOrO KMLWevHuKa. PerynapHoe notpebneque I'C accoummpoBaHo
CO CHIKeHMeM pucka 3abonesanus Ha 21% (OP 0,79; 95% A 0,63—
1,00), a perynspHo ynotpe6nenue XC — co CHIDKeHMeM pucka Ha 23%
(OP 0,77; 95% 1 0,59-1,01) [50].

KpynHomacLtabHoe npocnekTUBHOE KOrOPTHOE UCCNeA0BaHue
(n = 453 645) nokasano cea3b mMexay ynotpeénexnem I'C u 60-
Nee HN3KOM CMEePTHOCTBIO 0T Pa3NuyHbIX BUAOB paka. Y4acTHUKN
B BO3pacTe 38-73 feT, y KOTOPbIX HE ObIN 4UATHOCTUPOBAH PaK npu
BXOX[EHUI B nccnefoBaHme, Habnwoganuck ¢ 2010 no 2021 rr. U3

BCex y4acTtHukos 88 224 4enosek (19,4%) coobwunm o perynsp-
HOM ynoTpebieHnn rKo3amMinHa Npu BXOXAEHUN B MCCnefoBa-
Hue. 3a 12-neTHU nepmon HabMIOAEHNS 3aperncTpupoBaHo 9366
cmepTeii 0T paka. YCTaHOB/IeH A0CTOBEPHbIA 9(h(eKT rtoKo3aMuHa
Ha CHWXEHMEe CMepTHOCTK Ha 5% ans Bcex BuAoB paka (OLU 0,95;
95% W 0,90-1,00; p<0,05), ocobeHHO Ana paka novku (Ha 32%;
OLL 0,68; 95% [ 0,49-0,95; p<0,05), paka nerkoro (Ha 16%; OLL
0,84; 95% AW 0,74-0,95; p<0,05) n KoNnopekTanbHOro paka (Ha
24%; 0L 0,76; 95% AW 0,59-0,98; p<0,05). AHann3 noarpynn no-
Kasan, 4to ynotpebnexue I'C koppennpoBano ¢ 60nee HU3KOM 06LLEN
CMEepPTHOCTbIO 0T paka, 0CO6EHHO Cpeam Y4acTHUKOB cTapLue 60 ner,
MY>XHIH, KYPUNbLLNKOB, 63 BbICOKOTO YPOBHS X0/ecTepuHa n 6e3
oxupexns (pue. 11) [51].
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PucyHok 9. AHann3 MuKpo61oma npy NeveHnn paka ToncToil KMLLKI XOHAPONTHHA cynbtaTom (XC) (apantupoBaHo 13 [46]):

a-—[narpamma BeHHa, unniocTpupyoLas cTenedb NepekpbITUS ONepaLMoHHbIX TAKCOHOMUYECKINX efnHNL; b — cocTas MUKPOGMOTbI HA YPOBHE TUNA; € — HA YPOBHE CEMENCTBA;
d - Ha ypoBHe poja.

DDP - uncnnatus. Boicokas gosa — 800 mr/kr/cyT

Figure 9. Microbiome analysis of colorectal cancer treatment with chondroitin sulfate (CS) (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. AHanna adphekToB XoHAPoMTUHA cynbata (XC) Ha kneTkn HT-29 B kynbType. OkpalumBaHue saep kpacutenem 4',6-amamMnanHo-2-eHnnnHaon

(aHrn. 4',6-diamidino-2-phenylindole, DAPI) ¢ pa3pewuesuem x40 (no faHHbIM [21]):

a— KOHTPONbHblE HE06PaboTaHHbIe KNETKM; b — KOHTPONbHbIE HE0OPABOTaHHbIE KNETKW, AEMOHCTPUPYIOLLME cnabyto (hyopecueHLMI0 U MeHbLUY0 NpoHnLaemMocTsb Ans DAPI;
¢ —o6pa6oTanHble 0,5 mr/mn XC KNeTku nog MIUKPOCKOMOM CO CBET/IbIM NONEM, NOKadbIBaOLLMM Pas3pyLLeHHY0 MeM6paHy; d — 06paboTaHHbIe KNeTKK, LeMOHCTPUpYIoLLmne
BbICOKYH NPOHMLAEMOCTb C NOMOLLbio DAPI 1 AfiepHOI KOHAEHCALMW, aHaNU3 anonTo3a/HeKpo3a KneTok HT-29 ¢ noMoLLbio 0KpaLuneaHng aHHekcuHom-V-FITC u nponuanym
oanaom c paspellennem x40; e, f, g, h — o6pa6otanHble 0,5 mr/mn XC knetkn HT-29; i, j — HeobpaboTaHHble 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 KouTtponb / Control  TC/ GS OLU (95% [N) / OR (95%CI) p
Bce Buapl / All types 7600 (2,08) 1766 (2,00) = 0,95 (0,90-1,00) 0,05
Mouyesoro ny3bips / Bladder 224 (0,06) 45 (0,05) = 0,86 (0,62-1,20) 0,38
Moara / Brain 485 (0,13) 127 (0,14) e 1,09 (0,89-1,34) 0,40
Mono4Hoit xeneabl / Breast 365 (0,10) 110 (0,12) ) 1,03 (0,82-1,29) 0,79
Toncroro KuweyHuka / Colon cancer 525 (0,14) 127 (0,14) (il 0,90 (0,74-1,11) 0,33
Markoit coeanHnTenbHoit TkaHu / Soft connective tissue 66 (0,02) 28 (0,03) | — 1,59 (1,00-2,52) 0,05
Muwesoga / Esophageal 495 (0,14) 98 (0,11) = 0,94 (0,75-1,17) 0,58
lonosbl u weu / 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
Nerkux / Lung 1892 (0,52) 339 (0,38) 1= 0,84 (0,74-0,95) 0,00
TNumchoma / Lymphoma 718 (0,20) 211 (0,24) e 1,13 (0,96-1,32) 0,15
3nokayecTeeHHas menaHoma / Malignant melanoma 135 (0,04) 27 (0,03) = 0,84 (0,55-1,28) 0,41
AnyHukos / Ovarian 317 (0,17) 105 (0,19) e 1,05 (0,83-1,32) 0,67
Mpoctatsl / Prostate 455 (0,26) 85 (0,25) aa 0, 82 (0,65-1,05) 0,11
Mpsamoit Knwkn / Rectal 410 (0,11) 76 (0,09) = 0,76 (0,59-0,98) 0,04
Koxu / Skin 20 (0,01) 4(0,00) b————=——— 0,97 (0,32-2,93) 0,96
XKenyaka / Stomach 271 (0,07) 61 (0,07) = 0,96 (0,72-1,29) 0,81
LLnToBnaHoit xenessl / Thyroid gland 16 (0,00) 4 (0,00) e 0,79 (0,26-2,46) 0,69
Martku / Uterine 109 (0,06) 31 (0,06) = 0,84 (0,56-1,27) 0,41

[ T 1 1

0,005 10152025 30
PucyHok 11. Pe3ynbrathl cepuin MeTaaHann3os aheKToB PEryaspHOro npuema riko3ammnna cyns@ara (FC) m cMepTHOCTYM OT PasnnyHbIX BUAOB Paka. YTOHHEHHa MOAesb
C NonpaBKamu Ha BO3PACT, N0J1, STHUYECKYH0 NPUHALNEXHOCTb, LOXOA CEMbU, 0XUPEHUE, (U3NYECKYI0 aKTUBHOCTb, KYPEHWE B HACTOSLLEe BpeMs, NOTpebeHne ankorons, npuem
BUTAMUHHO-MWUHEPATIbHbIX KOMMEKCOB, NOTPe6ieHne pyKToB, OBOLLEI, MACa, yNOTpe6neHne acnupuHa, HeCTePONAHbIX MPOTUBOBOCNANUTENbHbIX MPENnapaTos 1 XOHAPONTNHA
cynbara (no gaxHbim [51]).
OLLl — oTHOWeHe WwaHcoB; I/ — foBEpPUTENbHbIA MHTEPBAN
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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QApNRO3ROTONIRY

0 BO3MOXHbIX NPOTUBOONYX0NEBbIX I (HEKTaX IKCTPAKTOB
HeJieHaTypupoBaHHoro konnarewa Il Tuna / Possible antitumor
effects of undenatured type Il collagen extracts

dnnTonbl HaTUBHOrO KosareHa B cTpykType HK-II cnoco6eTByioT
YMEHbLUEHNIO ayTOUMMMYHHbIX peakLunit. B3aumonenctys ¢ AMCKOU-
AuHOBbIMM peLenTopamu, HK-Il yckopsieT peKOHCTPYKLMIO COeLUHN-
TENTbHOIA TKaHN XpsLla 1 TOPMO3UT NPOBOCNANNUTENbHbIE 3()dEKTbI
9HAOTEHHbIX KOMMAreHoB. AKCNepUMeHTaNbHble U KMHUYECKNe UC-
cNnejoBaHus NOATBEPXKAAT 3P (EKTUBHOCTb CTAHAAPTU3UPOBAHHbIX
cy6cTaHumii HK-1I ans yckopeHus pereHepauyuy Xpsiwa n CHKeHNs
6011 Npu 0CTE0apTPUTE UK NPU CyOKIMHNYECKON AUCHYHKLMN CY-
crasos [11]. HK-Il otnnyaetca kpaitHe HU3KOI TOKCUYHOCTbIO (LD50
nopsgka 5000 mr/Kr npu npueme per 0S) U NOHbIM OTCYTCTBUEM
MYTareHHOCTU B TeCTax Ha 6aktepuax S. typhimurium v Ha KNeTkax
numdombl MblLen (nuauna L5178Y) [52].

Bonee T0ro, MMetOLLMECA JaHHbIE NMO3BONAIOT BbICKA3aTh NPeano-
noxexue, 410 HK-Il MOXeT NposBnsTL NPOTUBOONYXO0/EBbIE CBOMCTBA.
OfHUM 13 OCHOBHbIX MONIEKYNAPHO-(DN3MON0rMYECKNX MEXaH3MOB
nencteusg HK-Il ansetca mogynsums npoueccoB BocnaneHus (B T.4.
aKTWBHOCTU NPOBOCNANUTENbHbIX XeMoKnHoB GCL2/7, perynupos-
Kn andchepeHunpoBKI T-KNeToK, TY4YHbIX KNETOK, AerpaHynsumnm
303uHOuoB 1 agresun neinkouutos). HK-Il Takxxe cnoco6eTsy-
€T CHUXEHWUI0 aKTUBHOCTM NMPOBOCNANUTENbHbIX NPOCTarnaHAMHOB
n nenkotpueros [11].

Kpome Toro, HK-Il moxeT cneundnyeckn cBA3bIBaThCA C peLen-
TOpamu SUCKOMAUHOBLIX AOMEHOB (aHrn. discoidin domain receptor)
DDR1 1 DDR2, 410 NpMBOAUT K YCTONYNBOM aKTMBALMK 3TUX peLen-
TOPOB, PEryNUPYIOLLNX afre3nto, POCT, MUTPALMIO U [eNIeHNe KITeTOK.
DDR1 onocpefyeT WHAYLMPOBAHHYO 3HAOrEHHbIM KOnlareHoM Bocna-
JIMTENTbHYIO aKTUBALMIO MUKPOTNAY, YBeNnYMBas akcnpeccuio LIOM-2,
MaTPUKCHON MeTannonpoTenHasbl-9, peuentopa ®HO-a n NF-xB.
HapyweHus perynauum DDR B opraHn3me 4enoBeka accoLunpoBaHbl
C HapyLIeHUAMM NPOTMBOONYX0NIEBOr0 UMMYyHUTETA [53].
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OnucaHHble Bbllle MPOLECChl Tak MW MHAYe BOB/EYEHbI B NaTou-
310NI0TNI0 0MyX0MeBbIX 3a60eBaHNiA. TOPMOXEHME 3TUX NPOLLECCOB
nocpenctsom npuema HK-1l per 0s COOTBETCTBYET CHIDKEHUID OHKO-
pucka. B yactHoctu, npuem HK-II per 0s cHuxaet ypoBHU npoBocna-
NNTeNbHbIX uMTOoKMHOB UI-1p, NN-6, ®HO-a, C-peakTuBHOro 6enka
B CbIBOPOTKE KpoBU [54]. O4eBNAHO, 4TO KOMOUHMPOBaHNe HK-II
¢ Takumu oHkonpoTekTopamu, kak XC u I'G, MoXeT cnoco6¢cTBOBaTh
YCUIEHNIO NX NPOTMBOOMNYXO0/EBbIX CBONCTB.

3AKINHOYEHME / CONCLUSION

MMoBblweHne 3 dEKTUBHOCTI NPOCHMNAKTIKN 1 6€30MaCHOCTY Ne-
YeHNS OMyXO0MeBbIX 3a60/1eBaHMIA HEPA3PbIBHO CBA3AHO-C UCMONb30-
BaHNEM JOCTWXEHWA KNMHUYECKOA HYTpULMOnorun. HyTpuueBTuKy,
nposBASAOLLIME NPOTMBOONYXONEBbIE 3PMEKTbI,; OTHOCATCA KO MHO-
TM rpynnam BewecTB: BUTAMUHbI, NONMAEHOMbI, BrochnaBoHonapb!,
MUKPO3neMeHTbl 1 Aap. Kak nokasaHo B Hactosulein ctatbe, XC u I'C
MPOSBNAOT OTHETNINBOE NMPOTUBOONYXOMEBOE AEHCTBIE NPU PA3HbIX BU-
Jax onyxoneii. Yalle Bcero npenaparbl-Ha 0CHOBE (hapMaLieBTUHECKM
cTaHgapTu3npoBanHbix XC 1 [C HagHayaroTCa npu 3a60NeBaHMsAX CycTa-
BOB W NPUHNMAKOTCS NaUUEHTAMU ANMTENbHO (B TEYEHNE MHOTUX NET).

[lonroBpemMeHHas HyTPULLEBTNYECKAs NOAAEPXKKA NOCPEACTBOM
XC/TC cnoco6CTBYET CHIDKEHUMIO BOCNANINTENbHBIX MPOLECCOB B OMy-
XO0NM, aKTUBALMWU NPOTMBOOMYXOSIEBOr0 UMMYHUTETA, anonTo3y
1 ayTodparnm 0nyxoneBbiX KNETOK, MHKANCYNMPOBAHNI0 OMyX0nen
1 ocnabnennto npolecca MeTactasaupoBaHus. KpynHomaclutabHble
KNMHUKO-3NMAEMIONOrMYEeCKIe NCCNeA0BaHMS 1 MeTaaHann3bl NoKa-
3anu, 410 perynsapHoe ynotpe6neHune XC/I'C CHMXaeT puck pa3BuTms
paKa TONCTO KULWKKM 1N paka Nerknx, a Takxke CMepTHOCTM 0T BCeX
BUZOB paka (0CO6EHHO OT paka Nno4Ku, paka JIerkoro 1 paka TonacTon
Kuwkn). Mpumenerne XC n I'C cOBMECTHO €O CTaHAAPTU3MPOBAHHBLIMM
thapmanesTryeckumun gpopmamiu HK-1l MoxeT ycunusatb MX npoTUBO-
BOCMANNTENbHbIA 1 UMMYHOMOZYUPYHOLNiA 3PCEKTbI.

KombuHauuu. CospemeHHas pesmartonorus. 2018; 12 (2): 36-43.
https://doi.org/10.14412/1996-7012-2018-2-36-43.

8. TopwwmH N.KO., Tpomosa 0.A., Nluna A.M. n gp. Pe3ynsratbl noctre-
HOMHOrO aHanM3a MOMeKybl H0K03aMMHa CynbaTa yKasblBatoT Ha
NepcneKTUBbI IEYEHN KOMOPOMAHLIX 3ab6oneBaHunii. CoBpemMeHHas
pesmaronorus. 2018; 12 (4): 129-36. https://doi.org/10.14412/1996-
7012-2018-4-129-136.

9. Kantor E.D., 0'Connell K., Liang P.S., et al. Glucosamine use and risk
of colorectal cancer: results from UK biobank. Cancer Epidemiol
Biomarkers Prev. 2022; 31 (3): 647-53. https://doi.org/10.1158/1055-
9965.EPI-21-1171.

10. Liu B., Yang W., Zhang K. Role of glucosamine and chondroitin in
the prevention of cancer: a meta-analysis. Nutr Cancer. 2023; 75 (3):
785-94. https://doi.org/10.1080/01635581.2023.2173258.

11. TpomoBa 0.A., TopwuH A.K0., Muna A.M., Lasnosckas 0.A. O nep-
CreKTMBax MCMOMb30BaHUS HeJeHaTypUpoBaHHOro Konnarewa Il tuna
B Tepanuu 0CTeoapTpuTa 1 Apyrux 3abonesaHuii CyctaBoB. COBPEMEH-
Has pesmarosnorus. 2022; 16 (4): 111-6. https://doi.org/10.14412/1996-
7012-2022-4-111-116.

12. Torshin 1.Yu., Rudakov K.V. Combinatorial analysis of the solvability
properties of the problems of recognition and completeness of
algorithmic models. Part 2: Metric approach within the framework of the
theory of classification of feature values. Pattern Recognit Imag Anal.
2017; 27 (2): 184-99. https://doi.org/10.1134/S1054661817020110.
13. Pynakos K.B., TopwuH .K). 06 0T60pe MHAOPMATUBHBIX 3HA4EHNIA
NpuU3HaKoB Ha 6a3e KpMTEPWEB Pa3peLLMMOCTM B 3afa4e pacno3HaBa-

DGAPMAKOIKOHOMWUKA. CospemeHHas thapmakoakoHomMuka 1 hapmakoanuaemuonorus. 2023; Tom 16, No 4

567

www.pharmacoeconomics.ru


http://www.pharmacoeconomics.ru
https://doi.org/10.14412/2074-2711-2018-2-38-44
https://doi.org/10.14412/2074-2711-2018-2-38-44
https://doi.org/10.14412/1996-7012-2018-4-129-136
https://doi.org/10.14412/1996-7012-2018-4-129-136
https://doi.org/10.1158/1055-9965.EPI-21-1171
https://doi.org/10.1158/1055-9965.EPI-21-1171
https://doi.org/10.14412/1996-7012-2022-4-111-116
https://doi.org/10.14412/1996-7012-2022-4-111-116

Review articles

frmakoekononika

HWS BTOPUYHON CTPYKTYpbI 6enka. Joknaae! Akagemun Hayk. 2011; 441
(1): 24-8.

14. Torshin LY., Rudakov K.V. Combinatorial analysis of the solvability
properties of the problems of recognition and completeness
of algorithmic models. Part 1: Factorization approach. Pattern
Recog Image Anal. 2017; 27 (1): 16-28. https://doi.org/10.1134/
§1054661817010151.

15. TopwmH W.10., Tpomosa 0.A. 25 MrHOBEHNIA MONEKYNAPHON hap-
makonorun. O passUTM KMHUKO-PAPMaKOIOrNYeCKOro MblLLNEHMS.
VBaHoBO: A-Tpudp; 2012: 684 c.

16. Wu R., Shang N., Gui M., et al. Sturgeon (acipenser)-derived
chondroitin sulfate suppresses human colon cancer HCT-116 both in
vitro and in vivo by inhibiting proliferation and inducing apoptosis.
Nutrients. 2020; 12 (4): 1130. https://doi.org/10.3390/nu12041130.
17. Wang J., Zhao W., Chen H., et al. Anti-tumor study of chondroitin
sulfate-methotrexate nanogels. Nanoscale Res Lett. 2017; 12 (1): 572.
https://doi.org/10.1186/s11671-017-2324-1.

18. Shi X., Yang X., Liu M., et al. Chondroitin sulfate-based nanoparticles
for enhanced chemo-photodynamic therapy overcoming multidrug
resistance and lung metastasis of breast cancer. Carbohydr Polym.
2021; 254: 117459. https://doi.org/10.1016/j.carbpol.2020.117459.
19. Rivlin M., Navon G. Glucosamine and N-acetyl glucosamine as new
CEST MRI agents for molecular imaging of tumors. Sci Rep. 2016; 6:
32648. https://doi.org/10.1038/srep32648.

20. Rivlin M., Anaby D., Nissan N., et al. Breast cancer imaging with
glucosamine CEST (chemical exchange saturation transfer) MRI: first
human experience. Eur Radiol. 2022; 32 (11): 7365-73. https://doi.
0rg/10.1007/s00330-022-08772-w.

21. Rani A., Baruah R., Goyal A. Prebiotic chondroitin sulfate
disaccharide isolated from chicken keel bone exhibiting anticancer
potential against human colon cancer cells. Nutr Cancer. 2019; 71 (5):
825-39. https://doi.org/10.1080/01635581.2018.1521446.

22. Ferro M., Giuberti G., Zappavigna S., et al. Chondroitin sulphate
enhances the antitumor activity of gemcitabine and mitomycin-C in
bladder cancer cells with different mechanisms. Oncol Rep. 2012; 27
(2): 409-15. https://doi.org/10.3892/0r.2011.1526.

23. Masuda S., Azuma K., Kurozumi S., et al. Anti-tumor properties of
orally administered glucosamine and N-acetyl-D-glucosamine
oligomers in a mouse model. Carbohydr Polym. 2014; 111: 783-7.
https://doi.org/10.1016/j.carbpol.2014.04.102.

24. Wu R., Li P., Wang Y., et al. Structural analysis and anti-cancer
activity of low-molecular-weight chondroitin sulfate from hybrid
sturgeon cartilage. Carbohydr Polym. 2022; 275: 118700. https:/doi.
org/10.1016/j.carbpol.2021.118700.

25. Chou W.Y., Chuang K.H, Sun D., et al. Inhibition of PKC-induced
COX-2 and IL-8 expression in human breast cancer cells by
glucosamine. J Cell Physiol. 2015; 230 (9): 2240-51. https://doi.
0rg/10.1002/jcp.24955.

26. Tsai C.Y., Lee T.S., Kou Y.R., Wu Y.L. Glucosamine inhibits IL-1beta-
mediated IL-8 production in prostate cancer cells by MAPK attenuation.
J Cell Biochem. 2009; 108 (2): 489-98. https://doi.org/10.1002/
jch.22278.

27.Chesnokov V., Gong B., Sun C., Itakura K. Anti-cancer activity of
glucosamine through inhibition of N-linked glycosylation. Cancer Cell
Int. 2014; 14: 45. https://doi.org/10.1186/1475-2867-14-45.

28. Hosea R., Hardiany N.S., Ohneda 0., Wanandi S.I. Glucosamine
decreases the stemness of human ALDH(+) breast cancer stem cells by
inactivating STAT3. Oncol Lett. 2018; 16 (4): 4737-44. https://doi.
0rg/10.3892/01.2018.9222.

29. Yu Z., Ju Y., Liu H. Antilung cancer effect of glucosamine by
suppressing the phosphorylation of FOX0. Mol Med Rep. 2017; 16 (3):
3395-400. https://doi.org/10.3892/mmr.2017.6976.

30. Friedman S.J., Kimball T., Trotter C.D., Skehan P.J. The inhibition
of thymidine kinase in glial tumor cells by an amino sugar,
D-glucosamine. Cancer Res. 1977; 37 (4): 1068-74.

31. Cocchiola R., Lopreiato M., Guazzo R., et al. The induction of
Maspin expression by a glucosamine-derivative has an antiproliferative
activity in prostate cancer cell lines. Chem Biol Interact. 2019; 300:
63-72. https://doi.org/10.1016/j.cbi.2019.01.014.

32. Liu B.Q., Meng X, Li C., et al. Glucosamine induces cell death
via proteasome inhibition in human ALVA41 prostate cancer cell.
Exp Mol Med. 2011; 43 (9): 487-93. https://doi.org/10.3858/
emm.2011.43.9.055.

33. Guo J., Hu J., Cao R., et al. Androgen receptor is inactivated and
degraded in bladder cancer cells by phenyl glucosamine via miR-449a
restoration. Med Sci Monit. 2018; 24: 2294-301. https://doi.
org/10.12659/MSM.906836.

34. Oh H.J., Lee J.S., Song D.K., et al. D-glucosamine inhibits
proliferation of human cancer cells through inhibition of p70S6K.
Biochem Biophys Res Commun. 2007; 360 (4): 840-5. https://doi.
org/10.1016/j.bbrc.2007.06.137.

35. Liang Y., Xu W, Liu S., et al. N-acetyl-glucosamine sensitizes non-
small cell lung cancer cells to TRAIL-induced apoptosis by activating
death receptor 5. Cell Physiol Biochem. 2018; 45 (5): 2054-70. https://
doi.org/10.1159/000488042.

36. Wang L.S., Chen S.J., Zhang J.F., et al. Anti-proliferative potential
of glucosamine in renal cancer cells via inducing cell cycle arrest at GO/
G1 phase. BMC Urol. 2017; 17 (1): 38. https://doi.org/10.1186/512894-
017-0221-7.

37. Zhou Y., Li X., Morita Y., et al. Identification of the effects of
chondroitin sulfate on inhibiting CDKs in colorectal cancer based on
bioinformatic analysis and experimental validation. Front Oncol. 2021;
11: 705939. https://doi.org/10.3389/fonc.2021.705939.

38. Hwang M.S., Baek W.K. Glucosamine induces autophagic cell death
through-the stimulation of ER stress in human glioma cancer cells.
Biochem Biophys Res Commun. 2010; 399 (1): 111-6. https:/doi.
0rg/10.1016/j.bbrc.2010.07.050.

39. Liu X., Liu Y., Hao J., et al. In vivo anti-cancer mechanism of low-
molecular-weight fucosylated chondroitin sulfate (LFCS) from sea
cucumber Cucumaria frondosa. Molecules. 2016; 21 (5): 625. https:/
doi.org/10.3390/molecules21050625.

40. Prinz R.D., Willis C.M., Viloria-Petit A., Kluppel M. Elimination of
breast tumor-associated chondroitin sulfate promotes metastasis.
Genet Mol Res. 2011; 10 (4): 3901-13. https://doi.org/10.4238/2011.
December.8.9.

41. Silver D.J., Siebzehnrubl F.A., Schildts M.J., et al. Chondroitin
sulfate proteoglycans potently inhibit invasion and serve as a central
organizer of the brain tumor microenvironment. J Neurosci. 2013; 33
(39): 15603-17. https://doi.org/10.1523/JNEUROSCI.3004-12.2013.
42. Pudelko A., Wisowski G., Olczyk K., Kozma E.M. The dual role of the
glycosaminoglycan chondroitin-6-sulfate in the development,
progression and metastasis of cancer. FEBS J. 2019; 286 (10): 1815—
37. https://doi.org/10.1111/febs.14748.

43. Willis C.M., Kluppel M. Chondroitin sulfate-E is a negative regulator
of a pro-tumorigenic Wnt/beta-catenin-Collagen 1 axis in breast cancer
cells. PLoS One. 2014; 9 (8): €103966. https://doi.org/10.1371/journal.
pone.0103966.

44, Topwwux N.K., Tpomosa O.A., Jluna A.M. v ap. TapreTHoe feicTBue
TMOKO3aMUHa Cynbdhata npu COYeTaHU 0CTE0APTPUTA U OMyX0SEBOIA
naronorun. Pycckuii meguumnHckmii xyprain. 2019; 6: 23-30.

45. Wu R., Shen Q., Li G., et al. The regulatory network of sturgeon
chondroitin sulfate on colorectal cancer inhibition by transcriptomic and
proteomic analysis. /nt J Mol Sci. 2021; 22 (17): 9395. https://doi.
0rg/10.3390/ijms22179395.

46. Wu R., Shen Q., Li P., Shang N. Sturgeon chondroitin sulfate restores
the balance of gut microbiota in colorectal cancer bearing mice. Int J Mol
Sci. 2022; 23 (7): 3723. https://doi.org/10.3390/ijms23073723.

47. Tpomosa 0.A., Topwmn W.10., Haymos A.B., Makcumos B.A. Xemo-
MUKPOOUOMHBIV aHaNN3 rnioko3amuHa cynbara, npebuoTnkos u He-
CTEPOMAHbIX NPOTUBOBOCMANNTENbHBIX NpenapatoB. PAPMAKOIKO-

568

www.pharmacoeconomics.ru

FARMAKOEKONOMIKA. Modern Pharmacoeconomics and Pharmacoepidemiology. 2023; Vol. 16 (4)


http://www.pharmacoeconomics.ru
https://doi.org/10.1134/S1054661817010151
https://doi.org/10.1134/S1054661817010151
https://doi.org/10.1007/s00330-022-08772-w
https://doi.org/10.1007/s00330-022-08772-w
https://doi.org/10.1016/j.carbpol.2021.118700
https://doi.org/10.1016/j.carbpol.2021.118700
https://doi.org/10.1002/jcp.24955
https://doi.org/10.1002/jcp.24955
https://doi.org/10.1002/jcb.22278
https://doi.org/10.1002/jcb.22278
https://doi.org/10.3892/ol.2018.9222
https://doi.org/10.3892/ol.2018.9222
https://doi.org/10.3858/emm.2011.43.9.055
https://doi.org/10.3858/emm.2011.43.9.055
https://doi.org/10.12659/MSM.906836
https://doi.org/10.12659/MSM.906836
https://doi.org/10.1016/j.bbrc.2007.06.137
https://doi.org/10.1016/j.bbrc.2007.06.137
https://doi.org/10.1159/000488042
https://doi.org/10.1159/000488042
https://doi.org/10.1186/s12894-017-0221-7
https://doi.org/10.1186/s12894-017-0221-7
https://doi.org/10.1016/j.bbrc.2010.07.050
https://doi.org/10.1016/j.bbrc.2010.07.050
https://doi.org/10.3390/molecules21050625
https://doi.org/10.3390/molecules21050625
https://doi.org/10.4238/2011.December.8.9
https://doi.org/10.4238/2011.December.8.9
https://doi.org/10.1371/journal.pone.0103966
https://doi.org/10.1371/journal.pone.0103966
https://doi.org/10.3390/ijms22179395
https://doi.org/10.3390/ijms22179395

O0630pHbIE MyOIMKALIMU

QApNRO3ROTONIRY

HOMWIKA. CoBpemeHHasi thapMako3KOHOMUKA U (hapMako3nuaemmo-
norns. 2020; 13 (3): 270-82. https://doi.org/10.17749/2070-4909/
farmakoekonomika.2020.049.

48. Kantor E.D., Newton C.C., Giovannucci E.L., et al. Glucosamine use
and risk of colorectal cancer: results from the Cancer Prevention Study
[l Nutrition Cohort. Cancer Causes Control. 2018; 29 (3): 389-97.
https://doi.org/10.1007/s10552-018-1003-6.

49. Li G., Zhang X., Liu Y., et al. Relationship between glucosamine
use and the risk of lung cancer: data from a nationwide prospective
cohort study. Eur Respir J. 2022; 59 (3): 2101399. https://doi.
org/10.1183/13993003.01399-2021.

50. Kantor E.D., Zhang X., Wu K., et al. Use of glucosamine and
chondroitin supplements in relation to risk of colorectal cancer: results
from the Nurses' Health Study and Health Professionals follow-up study.
Int J Cancer. 2016; 139 (9): 1949-57. https://doi.org/10.1002/ijc.30250.

REFERENCES:

1. Mellai M., Casalone C., Corona C., et al. Chondroitin sulphate
proteoglycans in the tumour microenvironment. Adv Exp Med Biol.
2020; 1272: 73-92. https://doi.org/10.1007/978-3-030-48457-6_5.

2. Torshin 1.Yu., Lila A.M., Zagorodniy N.V., et al. Development of
a verified osteoarthritis risk scale based on a crosssectional study of
clinical and anamnestic parameters and pharmacological anamnesis of
patients. FARMAKOEKONOMIKA. Sovremennaya farmakoekonomika
i farmakoepidemiologiya / FARMAKOEKONOMIKA. Modern Pharmaco-
economics and Pharmacoepidemiology. 2023; 16 (1): 70-9 (in Russ.)
https://doi.org/10.17749/2070-4909/farmakoekonomika.2023.158.

3. Gromova 0.A., Torshin I.Yu., Lila A.M., Gromov A.N. Molecular
mechanisms of action of glucosamine sulfate in the treatment of
degenerative-dystrophic diseases of the joints and spine: results of
proteomic analysis. Neurology, Neuropsychiatry, Psychosomatics.
2018; 10 (2): 38-44 (in Russ.). https://doi.org/10.14412/2074-2711-
2018-2-38-44.

4. Quastel J., Gantero A. Inhibition of tumour growth by D-glucosamine.
Nature. 1953; 171 (4345): 252-4. https://doi.org/10.1038/171252a0.
5. Sorkin E., Fjelde A. The effect of D-glucosamine and related products
on human cancer cells in tissue culture. G ltal Chemioter. 1956; 3 (3-4):
355-61.

6. Luhrs W. A contribution to the question glucosamine on the growth
retardation of tumours. Acta Unio Int Contra Cancrum. 1957; 13 (3):
480-1.

7. Gromova 0.A., Torshin I.Yu., Lila A.M., et al. Differential chemo-
reactome analysis of glucosamine sulfate and non-steroidal anti-
inflammatory drugs: promising synergistic drug combinations. Modern
Rheumatology Journal. 2018; 12 (2): 36-43 (in Russ.). https:/doi.
org/10.14412/1996-7012-2018-2-36-43.

8. Torshin L.Yu., Gromova 0.A., Lila A.M., et al. The results of post-
genomic analysis of a glucosamine sulfate molecule indicate the
prospects of treatment for comorbidities. Modern Rheumatology
Journal. 2018; 12 (4): 129-36 (in Russ.). https://doi.org/10.14412/1996-
7012-2018-4-129-136.

9. Kantor E.D., 0'Connell K., Liang P.S., et al. Glucosamine use and risk
of colorectal cancer: results from UK biobank. Cancer Epidemiol
Biomarkers Prev. 2022; 31 (3): 647-53. https://doi.org/10.1158/1055-
9965.EPI-21-1171.

10. Liu B., Yang W., Zhang K. Role of glucosamine and chondroitin in
the prevention of cancer: a meta-analysis. Nutr Cancer. 2023; 75 (3):
785-94. https://doi.org/10.1080/01635581.2023.2173258.

11. Gromova 0.A., Torshin L.Yu., Lila A.M., Shavlovskaya O.A. On the
prospects for the use of undenatured type Il collagen in the treatment
of osteoarthritis and other joint diseases. Modern Rheumatology
Journal. 2022; 16 (4): 111-6 (in Russ.). https://doi.org/10.14412/1996-
7012-2022-4-111-116.

12. Torshin 1.Yu., Rudakov K.V. Combinatorial analysis of the solvability

51.Zhou J., Wu Z., Lin Z., et al. Association between glucosamine use
and cancer mortality: a large prospective cohort study. Front Nutr.
2022; 9: 947818. https://doi.org/10.3389/fnut.2022.947818.

52. Yoshinari 0., Marone P.A., Moriyama H., et al. Safety and
toxicological evaluation of a novel, water-soluble undenatured type Il
collagen. Toxicol Mech Methods. 2013; 23 (7): 491-9. https://doi.org/
10.3109/15376516.2013.781255.

53. Seo M.C., Kim S., Kim S.H., et al. Discoidin domain receptor 1
mediates collagen-induced inflammatory activation of microglia in
culture. J Neurosci Res. 2008; 86 (5): 1087-95. https://doi.org/10.1002/
jnr.21552.

54. Sahin K., Kucuk 0., Orhan C., et al. Niacinamide and undenatured
type Il collagen modulates the inflammatory response in-rats with
monoiodoacetate-induced osteoarthritis. Sci Rep. 2021; 11 (1):14724.
https://doi.org/10.1038/s41598-021-94142-3.

properties of the problems of recognition and completeness
of algorithmic models. Part 2: Metric approach within the framework
of the theory of classification of feature values. Pattern Recognit
Imag Anal. 2017; 27 (2)» 184-99. https://doi.org/10.1134/
$1054661817020110.

13. Rudakov K.V., Torshin I.Yu. Selection of informative feature values
on the basis of solvability criteria in the problem of protein secondary
structure recognition. Doklady Akademil Nauk. 2011; 441 (1): 24-8 (in
Russ.).

14. Torshin Y., Rudakov K.V. Combinatorial analysis of the solvability
properties of the problems of recognition and completeness of
algorithmic models. Part 1: Factorization approach. Pattern Recog Image
Anal. 2017; 27 (1): 16-28. https://doi.org/10.1134/51054661817010151.
15. Torshin I.Yu., Gromova 0.A. 25 moments of molecular pharma-
cology. On the development of clinical and pharmacological thinking.
Ivanovo: A-Grif; 2012: 684 pp. (in Russ.).

16. Wu R., Shang N., Gui M., et al. Sturgeon (acipenser)-derived
chondroitin sulfate suppresses human colon cancer HCT-116 both in
vitro and in vivo by inhibiting proliferation and inducing apoptosis.
Nutrients. 2020; 12 (4): 1130. https://doi.org/10.3390/nu12041130.
17. Wang J., Zhao W., Chen H., et al. Anti-tumor study of chondroitin
sulfate-methotrexate nanogels. Nanoscale Res Lett. 2017; 12 (1): 572.
https://doi.org/10.1186/s11671-017-2324-1.

18. Shi X., Yang X., Liu M., et al. Chondroitin sulfate-based nanoparticles
for enhanced chemo-photodynamic therapy overcoming multidrug
resistance and lung metastasis of breast cancer. Carbohydr Polym.
2021; 254: 117459. https://doi.org/10.1016/j.carbpol.2020.117459.
19. Rivlin M., Navon G. Glucosamine and N-acetyl glucosamine as new
CEST MRI agents for molecular imaging of tumors. Sci Rep. 2016; 6:
32648. https://doi.org/10.1038/srep32648.

20. Rivlin M., Anaby D., Nissan N., et al. Breast cancer imaging with
glucosamine GEST (chemical exchange saturation transfer) MRI: first
human experience. Eur Radiol. 2022; 32 (11): 7365-73. https://doi.
0rg/10.1007/s00330-022-08772-w.

21. Rani A., Baruah R., Goyal A. Prebiotic chondroitin sulfate
disaccharide isolated from chicken keel bone exhibiting anticancer
potential against human colon cancer cells. Nutr Cancer. 2019; 71 (5):
825-39. https://doi.org/10.1080/01635581.2018.1521446.

22. Ferro M., Giuberti G., Zappavigna S., et al. Chondroitin sulphate
enhances the antitumor activity of gemcitabine and mitomycin-C in
bladder cancer cells with different mechanisms. Oncol Rep. 2012; 27
(2): 409-15. https://doi.org/10.3892/0r.2011.1526.

23. Masuda S., Azuma K., Kurozumi S., et al. Anti-tumor properties of
orally administered glucosamine and N-acetyl-D-glucosamine
oligomers in a mouse model. Carbohydr Polym. 2014; 111: 783-7.
https://doi.org/10.1016/j.carbpol.2014.04.102.

24. Wu R., Li P., Wang Y., et al. Structural analysis and anti-cancer

DGAPMAKOIKOHOMWUKA. CospemeHHas thapmakoakoHomMuka 1 hapmakoanuaemuonorus. 2023; Tom 16, No 4

569

www.pharmacoeconomics.ru


http://www.pharmacoeconomics.ru
https://doi.org/10.17749/2070-4909/farmakoekonomika.2020.049
https://doi.org/10.17749/2070-4909/farmakoekonomika.2020.049
https://doi.org/10.1183/13993003.01399-2021
https://doi.org/10.1183/13993003.01399-2021
https://doi.org/10.3109/15376516.2013.781255
https://doi.org/10.3109/15376516.2013.781255
https://doi.org/10.1002/jnr.21552
https://doi.org/10.1002/jnr.21552
https://doi.org/10.14412/2074-2711-2018-2-38-44
https://doi.org/10.14412/2074-2711-2018-2-38-44
https://doi.org/10.14412/1996-7012-2018-2-36-43
https://doi.org/10.14412/1996-7012-2018-2-36-43
https://doi.org/10.14412/1996-7012-2018-4-129-136
https://doi.org/10.14412/1996-7012-2018-4-129-136
https://doi.org/10.1158/1055-9965.EPI-21-1171
https://doi.org/10.1158/1055-9965.EPI-21-1171
https://doi.org/10.14412/1996-7012-2022-4-111-116
https://doi.org/10.14412/1996-7012-2022-4-111-116
https://doi.org/10.1134/S1054661817020110
https://doi.org/10.1134/S1054661817020110
https://doi.org/10.1007/s00330-022-08772-w
https://doi.org/10.1007/s00330-022-08772-w

Review articles

frmakoekononika

activity of low-molecular-weight chondroitin sulfate from hybrid
sturgeon cartilage. Carbohydr Polym. 2022; 275: 118700. https://doi.
org/10.1016/j.carbpol.2021.118700.

25. Chou W.Y., Chuang K.H., Sun D., et al. Inhibition of PKC-induced
COX-2 and IL-8 expression in human breast cancer cells by
glucosamine. J Cell Physiol. 2015; 230 (9): 2240-51. https://doi.
0rg/10.1002/jcp.24955.

26.Tsai C.Y., Lee T.S., Kou Y.R., Wu Y.L. Glucosamine inhibits IL-1beta-
mediated IL-8 production in prostate cancer cells by MAPK attenuation.
J Cell Biochem. 2009; 108 (2): 489-98. https://doi.org/10.1002/
jch.22278.

27. Chesnokov V., Gong B., Sun C., Itakura K. Anti-cancer activity of
glucosamine through inhibition of N-linked glycosylation. Cancer Cell
Int. 2014; 14: 45. https://doi.org/10.1186/1475-2867-14-45.

28. Hosea R., Hardiany N.S., Ohneda 0., Wanandi S.I. Glucosamine
decreases the stemness of human ALDH(+) breast cancer stem cells by
inactivating STAT3. Oncol Lett. 2018; 16 (4): 4737-44. https://doi.
0rg/10.3892/01.2018.9222.

29. Yu Z., Ju Y., Liu H. Antilung cancer effect of glucosamine by
suppressing the phosphorylation of FOXO. Mol Med Rep. 2017; 16 (3):
3395-400. https://doi.org/10.3892/mmr.2017.6976.

30. Friedman S.J., Kimball T., Trotter C.D., Skehan P.J. The inhibition
of thymidine kinase in glial tumor cells by an amino sugar,
D-glucosamine. Cancer Res. 1977; 37 (4): 1068-74.

31. Cocchiola R., Lopreiato M., Guazzo R., et al. The induction of
Maspin expression by a glucosamine-derivative has an antiproliferative
activity in prostate cancer cell lines. Chem Biol Interact. 2019; 300:
63-72. https://doi.org/10.1016/j.cbi.2019.01.014.

32. Liu B.Q., Meng X., Li C., et al. Glucosamine induces cell death via
proteasome inhibition in human ALVA41 prostate cancer cell. Exp Mol
Med. 2011; 43 (9): 487-93. https://doi.org/10.3858/emm.2011.43.9.055.
33. Guo J., Hu J., Cao R., et al. Androgen receptor is inactivated and
degraded in bladder cancer cells by phenyl glucosamine via miR-449a
restoration. Med Sci Monit. 2018; 24: 2294-301. https://doi.
0rg/10.12659/MSM.906836.

34. Oh H.J., Lee J.S., Song D.K., et al. D-glucosamine inhibits
proliferation of human cancer cells through inhibition of p70S6K.
Biochem Biophys Res Commun. 2007; 360 (4):-840=5. https://doi.
0rg/10.1016/j.bbrc.2007.06.137.

35. Liang Y., Xu W., Liu S., et al. N-acetyl-glucosamine sensitizes non-
small cell lung cancer cells to TRAIL-induced apoptosis by activating
death receptor 5. Cell Physiol Biochem. 2018; 45 (5): 2054-70. https:/
doi.org/10.1159/000488042.

36. Wang L.S., Chen S.J., Zhang J.F., et al. Anti-proliferative potential
of glucosamine in renal cancer cells via inducing cell cycle arrest at GO/
G1 phase. BMC Urol. 2017; 17 (1): 38. https://doi.org/10.1186/512894-
017-0221-7.

37. Zhou Y., Li X;, Morita Y., et al. Identification of the effects of
chondroitin sulfate.on inhibiting CDKs in colorectal cancer based on
bioinformatic.analysis and experimental validation. Front Oncol. 2021;
11: 705939. https://doi.org/10.3389/fonc.2021.705939.

38. Hwang M.S., Baek W.K. Glucosamine induces autophagic cell death
through the stimulation of ER stress in human glioma cancer cells.
Biochem Biophys Res Commun. 2010; 399 (1): 111-6. https://doi.
0rg/10.1016/j.bbrc.2010.07.050.

39. Liu X., Liu Y., Hao J., et al. In vivo anti-cancer mechanism of low-
molecular-weight fucosylated chondroitin sulfate (LFCS) from sea
cucumber Cucumaria frondosa. Molecules. 2016; 21 (5): 625. https:/
doi.org/10.3390/molecules21050625.

40. Prinz R.D., Willis C.M., Viloria-Petit A., Kluppel M. Elimination of

CBeeHus 06 aBTopax

breast tumor-associated chondroitin sulfate promotes metastasis.
Genet Mol Res. 2011; 10 (4): 3901-13. https://doi.org/10.4238/2011.
December.8.9.

41. Silver D.J., Siebzehnrubl F.A., Schildts M.J., et al. Chondroitin
sulfate proteoglycans potently inhibit invasion and serve as a central
organizer of the brain tumor microenvironment. J Neurosci. 2013; 33
(39): 15603-17. https://doi.org/10.1523/JNEUROSCI.3004-12.2013.
42. Pudelko A., Wisowski G., Olczyk K., Kozma E.M. The dual role of the
glycosaminoglycan chondroitin-6-sulfate in the development,
progression and metastasis of cancer. FEBS J. 2019; 286 (10): 1815—
37. https://doi.org/10.1111/febs.14748.

43. Willis C.M., Kluppel M. Chondroitin sulfate-E is a negative regulator
of a pro-tumorigenic Wnt/beta-catenin-Collagen 1 axis in breast.cancer
cells. PLoS One. 2014; 9 (8): €103966. https://doi.org/10.1371/journal.
pone.0103966.

44. Torshin I.Yu., Gromova 0.A., Lila A.M., et al. The targeted effect of
glucosamine sulfate in the combination of-osteoarthritis and tumor
pathology. Russian Medical Journal. 2019; 6: 23-30 (in Russ.).

45. Wu R., Shen Q., Li G., et al. The regulatory network of sturgeon
chondroitin sulfate on colorectal cancer inhibition by transcriptomic and
proteomic analysis. Int J Mol Sci. 2021; 22 (17): 9395. https://doi.
0rg/10.3390/ijms22179395.

46. Wu R., Shen Q., Li.P.;~Shang N. Sturgeon chondroitin sulfate
restores the balance of gut microbiota in colorectal cancer bearing
mice. Int J Mol Sci.2022; 23 (7): 3723. https://doi.org/10.3390/
ijms23073723.

47. Gromova 0.A., Torshin I.Yu., Naumov A.V., Maksimov V.A.
Chemomicrobiomic analysis of glucosamine sulfate, prebiotics and
non-steroidal anti-inflammatory drugs. FARMAKOEKONOMIKA.
Sovremennaya farmakoekonomika i farmakoepidemiologiya /
FARMAKOEKONOMIKA. Modern Pharmacoeconomics and
Pharmacoepidemiology. 2020; 13 (3): 270-82 (in Russ.). https://doi.
org/10.17749/2070-4909/farmakoekonomika.2020.049.

48. Kantor E.D., Newton C.C., Giovannucci E.L., et al. Glucosamine use
and risk of colorectal cancer: results from the Cancer Prevention Study
Il Nutrition Cohort. Cancer Causes Control. 2018; 29 (3): 389-97.
https://doi.org/10.1007/s10552-018-1003-6.

49.Li G., Zhang X., Liu Y., et al. Relationship between glucosamine use
and the risk of lung cancer: data from a nationwide prospective
cohort study. Eur Respir J. 2022; 59 (3): 2101399. https://doi.
org/10.1183/13993003.01399-2021.

50. Kantor E.D., Zhang X., Wu K., et al. Use of glucosamine and
chondroitin supplements in relation to risk of colorectal cancer: results
from the Nurses' Health Study and Health Professionals follow-up study.
Int J Cancer. 2016; 139 (9): 1949-57. https://doi.org/10.1002/ijc.30250.
51. Zhou J., Wu Z., Lin Z., et al. Association between glucosamine use
and cancer mortality: a large prospective cohort study. Front Nutr.
2022; 9: 947818. https://doi.org/10.3389/fnut.2022.947818.

52. Yoshinari 0., Marone P.A., Moriyama H., et al. Safety and toxi-
cological evaluation of a novel, water-soluble undenatured type Il
collagen. Toxicol Mech Methods. 2013; 23 (7): 491-9. https://doi.org/
10.3109/15376516.2013.781255.

53. Seo M.C., Kim S., Kim S.H., et al. Discoidin domain receptor 1
mediates collagen-induced inflammatory activation of microglia in
culture. J Neurosci Res. 2008; 86 (5): 1087-95. https://doi.org/10.1002/
jnr.21552.

54. Sahin K., Kucuk 0., Orhan C., et al. Niacinamide and undenatured
type Il collagen modulates the inflammatory response in rats with
monoiodoacetate-induced osteoarthritis. Sci Rep. 2021; 11 (1): 14724.
https://doi.org/10.1038/s41598-021-94142-3.

Topiunt VBaH KOpbeBnd — K.(O-M.H., K.X.H., CTapLUMil Hay4Hbli coTpyaHuK UL «Hdbopmatnka n ynpasnenue» PAH (Mocksa, Poccusi). ORCID ID: https://orcid.
0rg/0000-0002-2659-7998; WoS ResearcherlD: C-7683-2018; Scopus Author ID: 7003300274; PUHL, SPIN-koa: 1375-1114.

570

www.pharmacoeconomics.ru

FARMAKOEKONOMIKA. Modern Pharmacoeconomics and Pharmacoepidemiology. 2023; Vol. 16 (4)


http://www.pharmacoeconomics.ru
https://doi.org/10.1016/j.carbpol.2021.118700
https://doi.org/10.1016/j.carbpol.2021.118700
https://doi.org/10.1002/jcp.24955
https://doi.org/10.1002/jcp.24955
https://doi.org/10.1002/jcb.22278
https://doi.org/10.1002/jcb.22278
https://doi.org/10.3892/ol.2018.9222
https://doi.org/10.3892/ol.2018.9222
https://doi.org/10.12659/MSM.906836
https://doi.org/10.12659/MSM.906836
https://doi.org/10.1016/j.bbrc.2007.06.137
https://doi.org/10.1016/j.bbrc.2007.06.137
https://doi.org/10.1159/000488042
https://doi.org/10.1159/000488042
https://doi.org/10.1186/s12894-017-0221-7
https://doi.org/10.1186/s12894-017-0221-7
https://doi.org/10.1016/j.bbrc.2010.07.050
https://doi.org/10.1016/j.bbrc.2010.07.050
https://doi.org/10.3390/molecules21050625
https://doi.org/10.3390/molecules21050625
https://doi.org/10.4238/2011.December.8.9
https://doi.org/10.4238/2011.December.8.9
https://doi.org/10.1371/journal.pone.0103966
https://doi.org/10.1371/journal.pone.0103966
https://doi.org/10.3390/ijms22179395
https://doi.org/10.3390/ijms22179395
https://doi.org/10.3390/ijms23073723
https://doi.org/10.3390/ijms23073723
https://doi.org/10.17749/2070-4909/farmakoekonomika.2020.049
https://doi.org/10.17749/2070-4909/farmakoekonomika.2020.049
https://doi.org/10.1183/13993003.01399-2021
https://doi.org/10.1183/13993003.01399-2021
https://doi.org/10.3109/15376516.2013.781255
https://doi.org/10.3109/15376516.2013.781255
https://doi.org/10.1002/jnr.21552
https://doi.org/10.1002/jnr.21552
https://orcid.org/0000-0002-2659-7998
https://orcid.org/0000-0002-2659-7998

O630pHbIE MyOJIMKALIMU (Dﬂ[]Mﬂliﬁﬁl{UHUMﬂl{ﬂ

Yyyannn AnekcaHgp [puropsesny — B.M.H., npodeccop, akagemuk PAH, 3asefyrowmnii kadpeapoil rocnuTanbHON Tepanui nefuatTpuyeckoro akyrbrera
OrAQY BO «Poccuiicknit HaunoHanbHbIi CCNEA0BATENbCKINA MeaMLMHCKNIA yHnBepcuTeT M. H.WA. Muporosa» Munsgpasa Poccun (Mocksa, Poceus). ORCID ID:
https://orcid.org/0000-0002-5070-5450; PUHL, SPIN-koa: 7742-2054.

[pomosa Onbra AnekceeBHa — A.M.H., Npogeccop, BeAyLnid Hay4Hbli coTpyaHuk UL «WHdopmatnka u ynpasnedue» PAH (Mocksa, Poccus).
ORCID ID: https://orcid.org/0000-0002-7663-710X; WoS ResearcherID: J-4946-2017; Scopus Author ID: 7003589812; PUHL| SPIN-koa: 6317-9833. E-mail:
unesco.gromova@gmail.com.

About the authors
Ivan Yu. Torshin — PhD (Phys. Math.), PhD (Chem.), Senior Researcher, Federal Research Center “Computer Science and Control”, RAS (Moscow, Russia).

ORCID ID: https://orcid.org/0000-0002-2659-7998; WoS ResearcherID: C-7683-2018; Scopus Author ID: 7003300274; RSCI SPIN-code: 1375-1114.

Aleksandr G. Chuchalin - Dr. Med. Sc., Professor, Academician of RAS, Pulmonologist, Head of Chair of Hospital Therapy, Faculty of Pediatrics, Pirogov Russian
National Research Medical University (Moscow, Russia). ORCID ID: https://orcid.org/0000-0002-5070-5450; RSCI SPIN-code: 7742-2054.

Olga A. Gromova — Dr. Med. Sc., Professor, Leading Researcher, Federal Research Center “Computer Science and Control”, RAS (Moscow, Russia).
ORCID ID: https://orcid.org/0000-0002-7663-710X; WoS ResearcherID: J-4946-2017; Scopus Author ID: 7003589812; RSCI SPIN-code: 6317-9833. E-mail:

unesco.gromova@gmail.com.

DGAPMAKOIKOHOMWUKA. CospemeHHas thapmakoakoHomMuka 1 hapmakoanuaemuonorus. 2023; Tom 16, No 4 www.pharmacoeconomics.ru 571


http://www.pharmacoeconomics.ru

