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322| PamazanoBa K, Hyprman A, JKaiicaHOaeBa A. «BY/ITTBI TeXHOIOTHSIAP/bI 1430
nayzianaHy KesiHZleri Toyekeszep MeH KayircCi3zik 1mapanapbiH 3epTTey»
323| Caxatrbekkpi3bl T., baxtuspkpisbl T.A. «loT KypbIIFbUIAPBIHBIH, JKesiferi
Kayirncisgirin Kanaii KamTamachi3 eTyre Oomajbl: cTpaTterusuiap »koHe packet | 1434
tracer KeMeriMeH MoJie/ibJIey »
324| Ceprasel M. «IloBbllieHre TTPOU3BOAUTENHHOCTH Pa3pabOTUMKOB C ITOMOLIBIO
UHTETPUPOBAaHHBIX ~ HWCKYCCTBEHHBIX  WHTE/UIEKTOB W coobOpaxkenus | 1440
Krbep0Oe30racHOCTH»
325| CynranoB A.M. «CreraHorpadus B Knbepbe30macHOCTH Ka3axCTaHa» 1443
326| TanarapoB E., Iprebaii C., CynraHoB A. «WI-FI >keniciHzie maKbIpblIMaraH 1447
KOHAaKTap/lbl aBTOMaTThl TYpP/e aHbIKTay >Kykeci»
327| Taybaii M.E. PamatysiaeB O.A. «Pummnr: >xemijeri beef azici apkpiibl angay 1452
JK9HE OfIaH CaKTaHy»
CEKIUs 3
ECTECTBEHHbBIE HAYKU
[MOACEKLNA 3.1
AKTYAJIBHBIE ITPOBJIEMbBI COBPEMEHHOI
BNOJIOTUN
328. | Akumkapa A.b. Tepbapuiifiy OoTaHMKabIK 3epTTeysepie 1457
KOJIZIAHbUTYbl JKoHe Tepbapuii KOpBIH/AFbI Kerle
LIBMTIiH Ka/IbINTaCy epeKllesTiKTepi
329. | Akpuibek A. ActaHa Ka/lachlHAAFbl OOTAHUKA/BIK  OaFbIHBIH, 1459
na"amadTTaFel geranium sanguineum GUOJIOTHSTIBIK,
epeKIle/liKTepiHe cunarTaMma oepy
330. | Oninxan XK. Mob6unbi 6atinaHbIc TIeH KoijaH0aiapbIH, alaMHbIH, 1463
MiHe3-KYJ/IKbIHA 9CepiH aHbIKTay
331. | ba3zapbaera K. JKacecnipimMepze AeBUaHTThI MiHe3-KYJIbIKThIH, jaMy 1467
Kaymi
332. | bangocosa A.B. MeToauKa WCMOMb30BaHUsI UTPOBBIX TEXHOJIOTUM Ha 1471
ypOKax OHO0JIOTHH
333. | BaiigocoBa A.b. AKTyasbHble TIPOOJ/IeMbl COBpeMeHHOUN Orosioruu ¢ 1474
WCI0/Tb30BaHUEM WUT'POBBIX TeXHOJIOTUU B
00pa3oBaHUH
334. | FasuzoBa O. CaynesieHreH ereyKyMpBIKTapblH OyipekTepiHzeri 1477
MopdodyHIIMOHANIBIK, ©3TrepicTepAi CalbICThIPMaJIb
Oaranay
335. | EpkiH 3.b. buonorust cabakTapbiH/ia OKYIIbLIAPAbIH ChIHU Oy 1482
KabineTiH >keTingipyge OAyM  TaKCOHOMUSICBIH
nanjiaaHy
336. | )KaHabepreHoBa KeHeTTeH >Xypek 6J1iMi: reHeTHKasbIK acreKTijepi 1486




A.O.

KOHe aJI/IbIH aJTy Iapasapbl

337.

JKanakysnosa H.A.

OcimaikTepAiH  9pTYp/i  OpTa  ’KaFaiiapbliHa
0aliIaHbICTBI SKOIOTHS/IBIK TONTapFa 0emiHyi

1491

338.

Kymaranuesa H.b.

Akmona  oOsbIcBl  Kenjepi  Oa/IbIKTapbIHBIH
CaJILICTBIPMa/Tbl MOPMOIOTUSIUTBIK Tas[aybl

1494

339.

KymaxaHs I K.

EreykyiipbiKTaparbl pafualysra jkayar peTiHze
MUTOXOH/PUSJIBIK aKybI3[japblH ©3repyiH 3epTTey

1497

340.

Nbparnmosa M.A.

Mir-29a-3p B KayecTse T[epCrIeKTUBHOIO
HEHWHBAa3VBHOIO 6uromapkepa pasiraLiiOHHOr0
NOpakKeHUst

1501

341.

KananbepreHora

ILE.

buosiorusi cTygeHTTepiHe >KOFapFbl MaTeMaTUKaHbI
OKBITY/IbIH, €PEeKIIeTIKTePi

1506

342.

KamueBa A.B.

JKaTakxaHaja TyparbIH OipiHIli KypC CTyAeHTTepiHiH
TICUXUKAJIbIK [IeHCAYJIbIFbIH 3ePTTEY

1509

343.

Kyansies C.H.

ConrycTik  KazakcTaH OOMBICBIHBI  (Y9/IMXaHOB
ay/laHbl) 6CIM/IIK >KaMbLIFbICBIHBIH, epeKIlIe/TiKTepi

1513

344.

Kyrtunbaera C.b.

Opra MeKTen OKYILIbI/IaPbIHBIH, buosnorus
cabaKTapblH/la WHHOBAI[USUIBIK, TEXHOJIOTUs/IapAbl
Taii/iaaHyIbIiH epeKIleikTepiH 3epTTey

1516

345.

Kymyposa A.A.

CpaBHeHHe TICMXO(MHU3HOJOTMUECKUX 0COOEeHHOCTEeH
Pa3BUTHS YUaIIuxcst YacTHOMU u
o0111e06pa30BaTe/IbHOM 1IKOJTBI

1520

346.

Kann6aiikpi3sl E.

ArpoOMOH  TIperapaThiHBIH ~ JKa3gblKk  Ouzjai

6CIMJIiriHiH 6Cyl MeH faMyblHa Jcepi

1524

347.

Kotinbibaii A.C.

AkMoma 0oO/IBICBIHAFLI Janajblk, canbeHzi (salvia
stepposa) MaJieHUeTTeHipy JKaFAalbIH/a OCiIl - JaMy
epEeKIIeJIIKTEDIH 3epTTey

1527

348.

Munyap C.M.

JKamMOBIT 0OJBICHI TIEPCIIEKTUBTI KypaMbiHAa 3Gup
Maiibl Gap [9pinmik ecimzikrep tanacetum vulgare
»kaHe achilleamille folium maMybIHBIH, GHOIOTHSIBIK,
epexliesiiKTepi

1530

349.

Monpabaesa T.E.

Binom school MeKTeMNTepiHiH, ouonorus
cabakTapbiH/a upgrade TeXHOJIOTHsi/IapbIH
naijjanaHy TUIMZIJIITiH 3epTTey

1533

350.

Mypartkpi3el C.

JKambbi1 00JIBICBIHBIH, naHadTapbIHAAFbI
Ka/laMrbIp/iap (caryophylloideae juss)
TYKbIM/IACBIHBIH, 6CYiHe TMaTOMUTTIH 9CEePiH 3epTTey

1537

351.

Meip3aresngi E.K.

MekTen OKYyLIbLIApbIHBIH MOP(MOIOTUSIIBIK, JKoHEe
NcUXo(U3UO0IOTHSUIBIK, epeKIliesikTepiHe 6iiM 6epy
MaMaH/IbIFbIHBIH, JCepi

1540

352.

Hasemm O.K.

AxTyanmpHble  mpobseMbl  /1aDOpaTOpPHBIX U
MpaKTUYeCKUX paboT 1o Ouonorud B IIKOJAX
pecny0IMKK Ka3axcTaH

1543

353.

HuertynaeBa A.A.

Buosnorust cabakrapeiHza STEM TeXHOMOTHSACHIH
KOJIJJ@aHY/IbIH MaHbI3bI

1546

354.

CanbmeHoBa A.A.

Kopiaran oprara OGedtiMzenyiHe  6aiilaHBICTBI
fragaria vesca 1. aHaTOMUSIIBIK, epeKIleTikKTepi

1551

355.

Cennyniia A.C.

CoBpeMeHHble  TOAXOAbl K  CTUMYJMPOBAHHUIO
XOHJpOreHe3a

1556

356.

Conomko JI.P.

MuToxoH/Ipya/ibHas AUCPYHKIIVS KaK MOJIeKy/IsipHast
OCHOBA KJIETOUHOT'O CTapeHUst

1560




357. | CramkyioBa b.A. Kekieray Kasiachbl ypbaHod10pachIHbIH, 1565
TaKCOHOMMUSI/IBbIK aHa/IU31
358. | Cynran A.A. OpTYp/l  CHOPT  TypJepiMeH  aillHa/bICaThbIH 1569
CTyJleHTTepAiH, (Uu3UKa/lbIK [aMy KepCeTKillTepiH
3epTTey
359. | ToBkymosa A.C. BpoHx feMikrieci >koHe cO3bUIMabl OOCTPYKTUBTI 1573
eKIe  aypybl  aWKaCc  CHHJPOMbI  Ke3iHJeri
MMMYHOIVIOOY/THH e JIeHTeliH 3epTTey
360. | TokraceiH H.M. buonorust cabarbiH/la TAHBIMABIK KbI3BIFYIIBUIBIKTHI 1577
OenceHipyAiH  JKOJMBI  peTiHJe BUPTYa/I/bl
3epTxaHa/apAbl NanjanaHyabiH THIMIIT]
361. | XaxaiixaH A. OKOMOTUS/IBIK, ~ JK9He  K/IMMATThIK  (pakropsap 1581
KOHTEKCTiHJe akMosia 00JIbIChl (hUTOMacca Kopsapbl
MEH OHIMJIJITIHIH e3repyi
362. | XycanHoB A.T., I'ymMuHIIiK ~ TIperiapaTTapAblH,  ’Ka3dplk,  Ouzaid 1584
Appipbek ©.C., TYKBIMZIADBIHAAFBl  (PU3UOJIOTUSITBIK-OUOXUMUSITTBIK
JypmekOaeBa rpoLiecTepre >kdHe MOP(QOJIOTHS/IBIK ©3repicTepre
II1.H. acepi
363. | Nursagat A. Cognitive and physiological foundations of visual 1587
perception: the role of infographics in education
364. [NOACEKIINA 3.2
COBPEMEHHBIE BOITPOCHI
BMOTEXHOJIOT'MIN U BMUOMEIVILIVIHBI
365. | AprpiHrasvHa A. banvikTapael  ecipy ke3iHzeri cygblH ~ (u3MKa- 1592
b., XUMUSJIBIK, KYPaMbIH Ca/bICTbIpMasbl Taazay
Kapraesa A. b.
366. | bekbonar b., AynaHacThIpblIFaH apIia CopTTapbiHa CUIlarTaMma 1595
Camat A. T,
Cnenkoa H. H.,
Kypmanbaesa A. b.
367. | bepikoBa M.C., AJiMa aFallbIHbIH LIATOCIIOPO3 ayPYbIH aHbIKTAy 1598
Tynerenosa JK.A.
368. | bunanos ©. P. OcobeHHOCTH TIOATOTOBKMA —Pa3/IMYHbIX OpPraHOB 1601
Clarias gariepinus pjis OLeHKU copepkanus MO-
(hepmMeHTOB
369. | [lpobora B. A. CpaBHUTe/IbHBIN aHa/IM3 MCII0/Ib30BaHUs TepOKCHa 1604
Kanblusg W AyOWUIBbHOM KHC/IOTBI JJIST YIIydIlleHHUs
BbIXOZla BBIK/IeBa ’kabpoHOro pauka Artemia
parthenogenetica
370. | Eprasel b. AHTaroHucTHUYeCKas aKTUBHOCTh LITaMMOB 1608
Bifidobacterium bifidum, BbifeneHHbIX U3 (eKanui
CeMHHEBHOIO MJa/leHLia, B OTHOLLIEHUH
Staphylococcus aureus
371.| Epnan K.E., BanbikTapabiy JPTYpJIL KOpeKTeHJipy 1611
Tayeken XK.K. KaFai/IapbIH/IaFbl 6CY MapaMeTpJ/iepiH Oakbuiay
372. | XKymabek A.b., OTaHpIK OMali/IbIH 6CyiHe Ca/ULIU KbIIIKbUTEI MeH 1615
bazapbaesa K. K., | TornbIpakTarbl MOJTUO/IEHHIH, 3CEPiH 3epTTey
AxbacoBa A. XK.
373. | Kamanu A. C. JKapma HerisiHferi TaHFbl KYpFakK acTbl OHAIPY 1619




TeXHOJIOTUSIChIH/IA KOJIZIaHyFa apHaJIFaH
NMpoOMOTHKANBIK ~KacheTKe Ue MHUKpoar3aiapzbl
3epTTey

374. | KamugeH A.A., V3yueHne cocTaBa aKTUBHOTO WJia B OMO/IOTHUeCKOM 1622
Mongabaii M.XK. OUMCTKE CTOYHBIX BOJ|
375. | Kanuesa A. b. Conopka  Kak  HCTOYHHUK  (hapMaKoorhyeCcKu 1625
aKTUBHBIX  COeJMHEeHUM: TpaJULIMOHHbIE U
OMOTEeXHOJIOTHYEe CKHE TIOAXO/IbI
376. | KynaiibepreHoBa dusnosniornyeckre GyHKI[UU KDeMHUS B AUATOMHUTE U 1628
H.K. 0COOEHHOCTH €ro B3aUMOJIEMCTBUSI BMeCTe C
KOpMaMH pbIib
377. | MauuaH 3., Ky/1akkanTelH, afiaM JieHcay/IblFbIHa 3Cepi 1630
JKapbuikarn A.
378. | Manukosa A. XK., V3yyeHyie BAMSIHUS TMIIOKCUYECKUX YCJIOBUU BOJbI 1634
Beticenbaes P. A. Ha cozepxxaHne MO-(epmMeHTOB B pasMUHBIX
OpraHax pbl0
379. | Mypar K,C. TunanvsHbl TUIM/I a3bIKTaHAbIPY CTPATErHdsiChbIHBIH, 1637
Herisi
380. | Hyprasuesa JK.H., | I[IpoOMOTHKaNbIK MWUKPOOPraHU3MIEpP KeMmeriMeH 1640
Tynerenosa JK.A. eIlIKi CYyTi MeH CHBIP CYTiHiH KOMOMHAIUsChIHAH O1O-
HOTYpT ’Kacay >kKoHe OHbIH TaFaM[bIK KYH/bLIbIFbIH
aHbIKTay
381. | HypbGekoBa A.A, Ponmb  xXenaTHBIX KOMILIEKCOB MHWKDPO3JIEMEHTOB B 1645
Kanayuesa H.K. COCTaBe [MAaTOMUTA B TMIOBBIIEHWU MUTATeTbHON
L[EHHOCTH MsICa PbIO
382. | CaruposigvHa H. I'uaporioHUKanbIK >kKaraaiga Oujaili MeH apriaHbIH 1648
K., Ba3ap6aeBa K. | ecyiHe aybIp MeTasiiap/ibIH 3CepiH 3epTTey
JK., Akbacosa A.
XK.
383. | Caruponga H. E. Banblk 1apyallbLibIFbl  ©HIMZEpiHIH — caracbiHa 1652
KODEKTEH/IIDY epeKIlIe/TiKTepiHiH acepi
384. | CarpiabaeBa [I. A. | CoBpeMeHHbIe BbI30BbI v TN1epCIeKTHBbI 1655
OMOTEXHO/IOTUM W OWOMEIUIUHBI: OT TEHHOTO
peJlakTHpOBaHus Jilo) MepCOHaIM3UPOBaHHOU
MeJULMHbI
385. | Toxibaii /1. B., banbiKTapzAbl apTYpJli »KaFjainapja ecipy KesiHzeri 1657
Tanrar6ekosa /I. a30TThl KOCBUIBICTAp/AblH, KYPaMbIH CaJbICThIpMaslbl
C. Tangay
386. | YanuxaH A. C., Op TYPJIi CYTTepAeH 3€eH CaHbIpayKy/larbl KEMeriMmeH 1662
Tynerenosa JK.A. ipimIiik TEeXHOJIOTUSAChIH Kacay JKoHe
CasbICTBIPMalibl 3epTTey
387.| Y306ekoB A.b., CBsi3b MeXXJy aHTUOKCHJAHTHOM aKTUBHOCTBIO U 1667
MacamimoB K. K. | MUTMeHTHBIM ~ COCTaBOM MHKpO3esieHn 0000BbIX
KY/IBTYD, BbIPAIlleHHBIX THIPOTIOHHBIM CITIOCOO0OM.
388. | Alpamys A., Genetically engineered modified microorganisms in 1670
Aldibay S. the food industry
389. | Dairov A.K. Efficacy of preconditioned human umbilical cord 1674
blood mesenchymal stem cells in a mouse model of
psoriasis
390. | Meshtayev D.T. Variant calling of M. tuberculosis samples 1679




391.

TTOACEKIINA 3.3
AKTYAJIbHBIE [TPOBJIEMbBI OXPAHBI
OKPY)KAIOIIIEN CPE/JIbI

392.

Amnaronuii P.K.

JKaliblk, e3eHi KaliblIMachiHAaFel  Populus 1.
TYbICbIHa OHMOMOP()OJIOTHSIIBIK, TasI/1ay KoHE ChIPTKBI
acep eryii Qakroprap

1683

393.

Animikos M.M.

AHanu3 MPOCTPaHCTBEHHOTO pacrpesieneHus
TUAPOXUMUYUECKHAX KJ/IaCCOB KayecTBa
MOBEPXHOCTHBIX BOJ B Kasaxcrane ¢ 2019 no 2023
rof

1686

394.

AnmkoB M.M.

Pacuer wunHpekca 3arpsasHeHus p. Celppapus Ha
TeppuTopuu pecnybmvky Kasaxcran ¢ 2019 mo 2023
roj

1689

395.

baiigayneros [1.C.

OnTumM3aIKs ¥ MOZle/TMpOBaHue BbIOOpa /lepeBLeB
JUIS BBICAZIKW B CEBEPHBIX PErdoHax pecITyOnmuku
Kazaxctan c 1enbl0 [IOCTWXKEHHUs YITIepOLHOU
HEUTPaIbHOCTU

1692

396.

bensieBa [1.A.

Bo3MoXXHOCTM TIpuMeHeHUs1 B Oa/ibHEONI0rHyeCcKuX
Lle/IsIX CTOYHBIX BOJ JOMEHHOTO 11exa

1695

397.

Bonar A.b.

Kapkapasibl yATTBIK TaOWFM mapKiHgeri OeTasbiC
KOJIiHiH Cy KYCTapbIHbIH ajyaH TYPJIJIiri

1698

398.

Enen6epren M.E.

Bnusinue 3HeproaddeKTUBHOCTH 3/laHUM Ha POCT
T/IeCeHU ¥ MUKPOK/IMMAT TIOMeIleHUH

1703

399.

Kanracbaes K.K.

OHepKaCINTIK CyapAbl TazapTy »KOJ14aphl

1708

400.

JKunanmnaosa A.C.

CoBpeMeHHbIe TOJIXO/IbI K W3yUeHHIo,
KJacCU(UKAL[MM Y TPUMEHEeHHI0 carporiess: 0630p
OTeueCTBEHHBIX U 3apYOeKHBIX UCC/IeI0OBAHUN

1710

401.

KymabekoBa M.M.

Acrana KaslacblHJa KATThI TYPMBICTBIK,
Ka/IZILIKTapAbIH, JKUHaKTaTybl JKIHe OHBI
3a/1a/1ChI3/JaH/IbIPY/IbIH, 6apbICh

1713

402.

Kamues H.C.

Onpegenenvie  IIJIB ra3oB [ CHWKeEHUS
BO3/IEMCTBUS Ha OKDY)KAIOLLYIO Cpe/ly Ha IpuMepe
TOO I'P3C "Kazakhmys energy"

1718

403.

Mapuyk E.B.

CpaBHUTE/bHBIM  aHaMM3 HAKOIJIeHUs  TSDKeJIbIX
MeTa/uIOB B pa3/IMUHbIX [IOYBEHHBIX T'OPU30HTAX
arposkocucteM C. EruHgbikonb, AKMOJHUHCKOMN
obsactu

1721

404.

Hyproxunza A.E.

CuenapHas
BLIOPOCOB
Kazaxcrana

OlleHKa TMOTeHIana
MapHUKOBBIX  Ta30B B

COKpalleHUsI
pervoHax

1724

405.

ITak A.E.

CpaBHUTE/IbHBIM aHaM3 METOJ0B 3KOJ0THYeCKOTOo
00yJeHHs yUalxcsi MIa/IIUX KJIaCCOB

1729

406.

Ilak A.E., Kanuesa
IT.

duTtopeMegualsl Kak CrocoO OYMCTKU TIOYBHI B
palloHax TeIUIOVIeKTPOLIeHTpaleld: CPaBHUTE/IbHBINA
aHa/IU3 pacTeHUU-TUNepakKyMyJ/IsiTOPOB

1734

407.

Xabppasakos A.K.,
Ncnsmos O.H.

Bnusinne Tiktok-Brgeo Ha skonornyeckoe obyuenue:
TIepCrieKTUBbI MUKPOOOyUeHust

1739

408.

Daribayev A.Zh.

Melafen: innovative plant growth regulator

1744

409.

Ibrayeva A.

Phytoremediators as a basis for the production of fuel

1746




pellets: ecological and technological aspects

410. | Mirzabekova Bioecological features of representatives of the 1749
M.Zh. nightshade family (Solanaceae Juss.)
411. | Yeleusizova A.B. Issues of ecological stability of natural pastures 1753
412. [MOACEKLVA 3.4
AKTYAJIBHBIE TTPOBJIEMbBI HAYKU O 3EMJIE
413. | Abgpamosa T. A. ActaHa arsomMepalUsiCHIHBIH,  Kacbul — OeneyiH 1756
3epTTey/liH TeOpHUsJIbIK HerizgeMeci
414.| Apup6aii C., MaHnrbicTay 0O/BICHI TeOXKYHenepiHiH KypbUIbIM/BIK 1759
AsibekoBa M. epeKiesikrepi
415. | Anpamosa A. XK. [TigepTi e3eH anmabbl reoxykHeciHiH KYPBITBIM/BIK, 1763
epeKIle/TiKTepi
416. | AmanxosioBa A. b. | Conrycrik Kazakcran 0OJIBICBIHBIH, Tamak 1767
OHEPKICiOiHIH aMy >Karaaibl
417.| Axmet6ekoBa I'. C. | TeopeTnueckue OCHOBBI paliloHMpPOBaHUs 1772
TePPUTOPHI TYPUCTUUYECKUX 30H
418. | AsibekoBa M., KpI3b110p/1a Ka/laChIH/jaFbl aTMOCGhepasIbK ayaChIHbIH, 1779
Apupb6ati C. JIACTAHYBI
419. | OmipxaHoBa XK. A. | Apan ay[jaHbIHbIH, 9/IeyMeTTiK-9KOHOMUKA/IbIK JaMy 1783
TMepCrieKTUBaJIapbIH Oarasiay
420. | bonar6ekkpi3nl XK. | Abait 06/1bICBIHBIH, Ka3ipri 3aMaHFbl ZieMorpadUsiIbIK, 1788
Macesienepi
421.| Oabbuibaera A. 2018-2024  keUiflap  apanbIFbIHAAFEI  AKTebe 1792
KAQ/JaCblHbIH, JKepZl MaljanaHy  e3repiCTepiHiH
JIMHaMUKAaChbl
422.| Jamertosa I'. H. Tepicakkan e3eni anabbiHgarel NDVI Herizinge C- 1798
(hakTOp/bl aHbIKTA
423. | Hactan6ekoBa XK. | TangplkopFaH KasjacbIHBIH, Ka3ipri 3KOHOMHKaJbIK- 1803
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Abstract. The article presents a study on the therapeutic effect of intact and preconditioned
human umbilical cord blood mesenchymal stem cells (hUCB-MSCs) in a mouse model of imiquimod
(IMQ)-induced psoriasis-like skin inflammation. Both intact and preconditioned hUCB-MSCs
effectively reduced skin inflammation. hUCB-MSCs preconditioned with IL-22 and TNF-a showed
significant improvement in erythema and scaling, while hUCB-MSCs preconditioned with 1L-17A,
IL-22, and TNF-a significantly reduced skin thickness. These findings demonstrate the strong anti-
inflammatory and regenerative potential of hUCB-MSCs, supporting their therapeutic value for
psoriasis treatment.

Key words: mesenchymal stem cell, human umbilical cord blood mesenchymal stem cell,
cytokine, psoriasis, skin inflammation

Introduction

Psoriasis is a common immune-mediated inflammatory skin disease characterized by
erythematous-desquamative plaques with white-silvery scaling [1-3]. It affects 2-4% of the global
population (~125 million people) and about 2.5% of the population of Kazakhstan [4-6]. Beyond the
skin, it can manifest as psoriatic arthritis, uveitis, and cardiac disease, significantly reducing patients'
quality of life and increasing the risk of depression and suicidal tendencies [3,7,8]. Treatment options
for psoriasis include systemic biologics, corticosteroids, immunosuppressants, topical therapy, and
phototherapy, but these often cause side effects such as skin thinning, irritation, reduced immunity,
and increased cancer risk [9]. Mesenchymal stem cells (MSCs), multipotent non-hematopoietic cells
with strong immunomodulatory and regenerative properties, have shown promise in treating immune-
mediated and degenerative diseases, including psoriasis [10,11]. Preclinical studies have shown that
MSCs alleviate psoriasis symptoms by modulating T cell activity and reducing key pro-inflammatory
cytokines, creating an anti-inflammatory environment [9,12]. To further enhance these therapeutic
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properties, preconditioning MSCs with pro-inflammatory cytokines before therapy improves their
survival and immune-regulatory functions [13].

Aim of the study

Our aim was to evaluate the therapeutic effect of human umbilical cord blood-derived
mesenchymal stem cells (hUCB-MSCs) preconditioned with pro-inflammatory cytokines (IL-17, IL-
22, and TNF-a), which are elevated in psoriasis patients, using an imiquimod (IMQ)-induced
psoriasis-like skin inflammation model in mice.

Materials and methods

Preconditioning of hUCB-MSCs with cytokines

The primary hUCB-MSC culture was preconditioned with pro-inflammatory cytokines IL-17A
(ab282392), IL-22 (ab280331), and TNF-a (ab259410) at a concentration of 10 ng/ml for 24 hours.
All proteins were purchased from Abcam (Abcam Limited, Cambridge, UK).The hUCB-MSC culture
was divided into three groups: 1) Intact hUCB-MSCs; 2) hUCB-MSCs preconditioned with 1L-22
and TNF-a; 3) hUCB-MSCs preconditioned with IL-17A, IL-22, and TNF-a. Cytokines TNF-a, IL-
17A, and IL-22 were chosen for hUCB-MSC preconditioning due to their key role in psoriasis
development [14,15].

Mice

Male BALB/c mice (8-12 weeks old) were housed in an environmentally controlled room
(12:12-hour light/dark cycle) with free access to standard chow and water.

Imiquimod (IMQ)-induced psoriasis-like skin inflammation in mice

Psoriasis-like skin inflammation was induced with imiquimod (IMQ) as described by van der
Fits et al. [16]. To induce inflammation, 62.5 mg of Keravort cream (Glenmark Pharmaceuticals,
India), containing 3.125 mg of IMQ, was applied daily for seven days to the shaved dorsal skin,
specifically on the midsagittal region. The severity of skin inflammation was assessed using the
Psoriasis Area and Severity Index (PASI) scoring system. Erythema, scaling, and thickness were
independently scored on a scale from 0 to 4 (0 — none, 1 — slight, 2 — moderate, 3 — marked, 4 — very
marked). The cumulative PASI score reflected overall psoriasis severity. Dorsal skin thickness was
measured using a Matrix 31611 digital caliper (Matrix, China). The intact group received only 62.5
mg of Vaseline (VAS). The comparator group received Derylife 0.05% cream (World Medicine llac
Sanayi ve Ticaret A.S., Tiirkiye) containing the glucocorticosteroid clobetasol (CLO), applied daily
to the dorsal skin (120 mg) for 7 days, 4 hours after IMQ application. Body weight was recorded
daily. On day eight, mice were euthanized for further analysis.

Administration of hUCB-MSCs

Intact and preconditioned hUCB-MSCs were subcutaneously injected into the dorsal skin on
days 1 and 4 at a dose of 2 x 10° cells in 150 pl of sterile phosphate buffered saline (PBS), 4 hours
after IMQ application. The untreated control group (IMQ + PBS) received an equivalent volume of
PBS via subcutaneous injection on the same days.

Statistical analysis

The data are presented as the mean + standard deviation (SD), with a p-value of < 0.05
considered statistically significant. Figures were generated using GraphPad Prism 8.0.1 (GraphPad
Software, Inc., San Diego, CA, USA).

Results

To evaluate the therapeutic effect of subcutaneous injections of intact or preconditioned hUCB-
MSCs in reducing skin inflammation, we first successfully reproduced the IMQ-induced psoriasis-
like skin inflammation model in mice. Daily application of 62.5 mg IMQ to the dorsal skin of mice
for 7 consecutive days resulted in the development of skin inflammation with characteristic symptoms
of psoriasis, including erythema, scaling, and thickening of the skin (Figure 1).
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A) Daily application of 62.5 mg of IMQ to the dorsal skin of mice for 7 consecutive days;
B) Daily measurement of dorsal skin thickness; C) A mouse from the IMQ + PBS group on
day 7 with psoriasis-like symptoms; D) A mouse from the intact (VAS) group on day 7

Figure 1 Representative images demonstrating the successful induction of IMQ-induced
psoriasis-like skin inflammation, characterized by erythema, scaling, and increased skin thickness

In our study the severity of psoriasis-like skin inflammation was assessed daily using the
Psoriasis Area and Severity Index (PASI) scoring system. In the intact group that received only
topical therapy with Vaseline (VAS), no signs of psoriasis-like inflammation were observed
throughout the entire experiment (Figure 1D). Topical VAS therapy had no effect on body weight
dynamics in experimental animals, confirming its safety (Figure 2A).
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A) Daily body weight assessment; B) Daily erythema score measurement; C) Daily scaling
score measurement; D) Daily skin thickness measurement; E) Daily cumulative PASI score
measurement; F-H) Representative images of dorsal skin of mice in different treatment groups on
day 7: F) IMQ + MSC group; G) IMQ + MSC-2C group; H) IMQ + MSC-3C group

Figure 2 Daily assessment of psoriasis-like skin inflammation and representative images of
the dorsal skin of treated mice
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In the control group (IMQ + PBS), which received phosphate-buffered saline (PBS) injections
on days 1 and 4, PASI scores began to increase rapidly from the second day of IMQ application and
peaked on day 7 of the experiment. Phenotypically, the dorsal skin of the mice displayed typical
symptoms of erythema, scaling, and thickening, followed by inflammation that progressively
worsened until the end of IMQ application on day 7 (Figure 1C). Specifically, the erythema index
steadily increased from day 2 (0.4) to day 6, reaching a maximum score of 4 and remaining at this
level until the end of the experiment (Figure 2B). Scaling appeared on day 3 (1), with the highest
score (3.9) recorded on day 6 (Figure 2C). Skin thickening was observed from day 2 (0.9), reaching
a maximum value (3.6) on day 4, decreasing slightly to 3.4 on day 5, and then increasing to 3.9 by
day 7 (Figure 2D). The cumulative PASI score consistently increased from day 2 (1.3), reaching 11.7
scores by day 7, which is close to the maximum possible score of 12, confirming the reliability of the
model (Figure 2E). These results confirm the successful induction of the disease model.

The comparison drug, the glucocorticosteroid clobetasol (IMQ + CLO), was effective only for
the first 3 days after the start of IMQ application. After that, all PASI indicators (erythema, scaling,
thickness) tended to worsen (Figure 2B-D). By the end of the experiment, the cumulative score in the
IMQ + CLO group was 8.2, which is 29.9% lower than that in the IMQ + PBS group (Figure 2E).
The high PASI score in the IMQ + CLO group may result from the immunosuppressive effects of
prolonged steroid use, reducing therapeutic efficacy. Additionally, mice in this group experienced
sustained weight loss, indicating the adverse effects of prolonged drug administration (Figure 2A).

In the groups treated with intact hUCB-MSCs (IMQ + MSC) and hUCB-MSCs preconditioned
with combinations of cytokines IL-22 + TNF-o (IMQ + MSC-2C) and IL-17 + IL-22 + TNF-a (IMQ
+ MSC-3C), the first symptoms of skin inflammation appeared on the second day of IMQ application.
Specifically, in the IMQ + MSC group, the erythema index increased from 1 on day 2 to its peak of
2 on day 5, maintaining this level until day 7. On day 8, the erythema index in this group decreased
to 1.7, which is 57.5% lower than the maximum score of 4 in the IMQ + PBS group (Figure 2B). In
the IMQ + MSC-2C group, the first signs of erythema appeared on day 2 (0.7) and progressively
worsened, reaching a maximum score of 2.2 by day 5. On day 6, erythema symptoms declined to 1.7
and reached their lowest score on day 7 at 1.5, representing a 62.5% reduction compared to the IMQ
+ PBS group (Figure 2B). In the IMQ + MSC-3C group, as in the previous groups, the first signs of
erythema appeared on day 2 (0.7), followed by a sharp increase, reaching 2.5 by day 4. However,
starting from day 5 (2.2) to day 7 (1.5), a steady tendency toward erythema reduction was observed,
which persisted until the final day of the treatment (day 8) (Figure 2B). Thus, the lowest erythema
index score (1.5) among all groups receiving cell therapy was observed in the IMQ + MSC-2C and
IMQ + MSC-3C treatment groups.

The first symptoms of scaling in the IMQ + MSC group appeared only on day 4 (0.7) of IMQ
application. At the same time, the highest score for this symptom in this group was 2, recorded on
days 5 and 6. However, the scaling score subsequently decreased to 1.7 on days 7 and 8 (Figure 2C).
In the IMQ + MSC-2C group, the first signs of scaling in some individual mice were recorded from
day 2 (0.2) of IMQ application. From day 4 (1.3), there was a sharp increase in the scaling score,
reaching 2.2 by day 5. Starting on day 6 (1.8), the scaling score began to decrease, reaching 1.2 on
days 7 and 8, which represents a 69.2% reduction compared to the IMQ + PBS group (3.9) (Figure
2C). In the IMQ + MSC-3C group, the first signs of scaling were observed in some individual mice
starting from day 2 (0.2) of IMQ therapy. From days 3 (0.5) to 5 (2.3), a sharp increase in skin scaling
was observed, peaking at a score of 2.3, followed by a decrease to a minimum score of 2 on day 7,
representing a 48.7% reduction compared to the IMQ + PBS group (3.9) (Figure 2C). As can be seen
from the results, the best therapeutic effect in terms of the scaling index was observed in the IMQ +
MSC-2C treatment group.

The evaluation of the therapeutic effect of the three hUCB-MSC groups in reducing IMQ-
induced skin thickening revealed that skin thickening was observed in all groups starting from day 2
(Figure 2D). Specifically, in the IMQ + MSC group, an increase in the skin thickening score was
recorded until day 4 (2.3), reaching 3 on days 6 and 8 (Figure 2D). In the IMQ + MSC-2C group, a
tendency toward increased skin thickening was also observed from day 2 (1.7) to day 4 (2.7), followed
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by a slight decrease on day 5 (2.3) and a subsequent increase to 3 on days 6-8 (Figure 2D). In the
IMQ + MSC-3C group, a significant increase in skin thickening was recorded from day 2 (2) to day
3 (3), followed by a decrease to 2.3 on day 4 and a subsequent increase to 3 on days 5 and 6 (Figure
2D). Nevertheless, among all groups receiving cell therapy, the IMQ + MSC-3C group showed the
greatest reduction in the skin thickness index on days 7 and 8, decreasing to 2.7, which was 30.8%
lower than in the IMQ + PBS group (3.9).

The lowest PASI score on day 8 (prior to euthanasia) across all measured symptoms among the
groups treated with hUCB-MSCs was observed in the IMQ + MSC-2C group (5.7), which was 51.3%
lower than in the IMQ + PBS group (11.7) (Figure 2E). The cumulative scores in the IMQ + MSC-
3C and IMQ + MSC groups were 6.2 and 6.3, respectively, which were significanly lower than in the
IMQ + CLO group (8.2) (Figure 2E). In all groups receiving cell therapy with intact and
preconditioned hUCB-MSCs, a significant reduction in inflammation symptoms was observed by
days 7 and 8, characterized by decreased erythema, scaling, and skin thickness (Figure 2F-H). This
improvement highlights the pronounced anti-inflammatory and regenerative effects of cell therapy,
confirming its potential for the treatment of psoriasis-like inflammation. Mice receiving intact and
preconditioned hUCB-MSCs showed no significant changes in body weight, further indicating the
safety of the therapy (Figure 2A).

Conclusion

Our results demonstrate that both intact and preconditioned hUCB-MSC therapy effectively
alleviates psoriasis-like inflammation. hUCB-MSCs preconditioned with 1L-22 and TNF-a provided
the most significant improvement in erythema and scaling, as reflected in a relatively low cumulative
PASI score. In contrast, hUCB-MSCs preconditioned with IL-17A, IL-22, and TNF-a significantly
reduced skin thickness in psoriatic mice. These results confirm the strong anti-inflammatory and
regenerative potential of hUCB-MSCs, supporting their therapeutic value in the treatment of
psoriasis. This research was financially supported by the Ministry of Education and Science of the
Republic of Kazakhstan (grant No. AP13068269).
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Introduction

Methods for detecting genomic variants can have a significant impact on the results of
Mycobacterium tuberculosis (Mtb) transmission studies because different approaches have different
sensitivity, accuracy, and resolution in determining evolutionary and epidemiologic relationships
among isolates. Let us consider several aspects of this impact. Methods based on the analysis of single
nucleotide polymorphisms (SNP analysis) or copy number variations (CNV analysis) have higher
resolution and allow for more precise linkages between Mtb isolates. Unlike the MIRU-VNTR
(duplicate many variable copy number) method, which cannot detect microevolutionary differences,
WGS (whole-genome sequencing) detects minute differences, allowing for more reliable tracking of
infection sequences. Different methods may yield different conclusions about the relationships
between disease cases. For example, studies show that WGS can separate clusters that appear to be
unified when using MIRU-VNTR. This is very important for epidemiologic studies because it affects
the assessment of risk factors and the spread of infection. The rate of MTB mutations is relatively
low, and the choice of variant detection method affects how accurately the time frame of transmission
can be determined. For example, highly accurate SNP detection can assess whether transmission has
occurred in recent months or years, which is very important. Genomic variant detection methods play
a key role in predicting drug resistance. Approaches aimed at identifying SNPs responsible for
resistance can provide more accurate prediction compared to phenotypic methods. This has a direct
impact on the interpretation of transmission routes, as resistant strains may spread differently than
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