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B ob63opa ca pasrnegaHu ocHoBHuUTe HapylieHus B JAK/STAT curHanHus nb,
CBbP3aHN C MosiBaTa Ha MbPBUYHU UMYHHU AedumumTti. MNogyepTaBa ce 3HaYeHu-
€TO Ha onpeaendHeTo Ha Te3n HapylweHUd npu naumeHTn ¢ 4eCTu BUPYCHU, bak-
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This review describes the main disturbances in JAK-STAT signal pathway asso-
ciated with primary immune deficiencies. The authors underline the significance
of the determination of these changes in patients with common viral, bacterial
and fungal infections. The knowledge on JAK-STAT signal pathway dysregula-
tion is important for the prevention, early diagnosis and treatment. The authors
also highlight how the impairments of these signal pathways contribute to the
development of autoimmune diseases.
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lMpeon noseye OT OBe geceTwuneTtus Gnaroga-
peHMe Ha MpoydBaHWsiTa Ha aHTUBMPYCHUS Mexa-
HU3bM Ha OEWCTBME HA MHTEpPdEpPOHA Ca OTKPUTK
AHyc kmHasuTe (Janus kinase — JAK) — cemencTtso
uuTonnasmeHun kvHasu. Te aktmupaT STAT npo-
TenHute (Signal Transducer and Activator of
Transcription) upe3 cdoccopunmpaHe, KaTo nNo To3n
HauMH MocrnegHUTe MpPeHacaT eKkcTpalenynapHute
CUrHanu B 94pOTO M BOAST 4O LUTOKUH perynvpaHa
reHHa TpaHckpunuusa [1]. JAK/STAT curHanHusT
MbT Ce CbCTOM OT TPU OCHOBHW KOMMOHEHTA — MO-
BbPXHOCTHUS KNEeTbYeH peuenTop, AHyC KMHasaTa

n STAT npoTtenHa. CBbp3BaHETO Ha pPas3fUYHK Nn-
raHgu, OGUKHOBEHO LIMTOKUHU, KbM TEXHUTE peLen-
TOpW, MOBEYETO OT KOMUTO HAMAT KMHA3Ha aKTuB-
HOCT, BOAM A0 akTuBmpaHe Ha JAKSs.

AktnBmpannte JAKs docdopunupaT TUposu-
HOBW OCTaTbLM HA CbOTBETHUSA PeLenTop v Mo TO3M
HayMH MO3BOMISABAT CBbP3BaHETO My cbC STAT
NpoOTENHUTE, KOUTO CbLLo BmBaT docopunupaxu
N CbOTBETHO akTMBMpaHu oT JAKs. doccopunmpa-
H1uTe STAT MOHOMEpK OOMKHOBEHO AMMEPU3MPAT U
ce TpaHcrnoumpaT B KINeTbYHOTO S4p0, KbAETO ce
cBbp3BaT kbM cboTBeTeH [OHK yyacTtbk v perynu-
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paT TpaHckpunumaTa Ha onpegeneH red [1]. Mpu 6o-
3arHMLMTE ca No3HaTy Yetupu AHyc kuHasm — JAK1,
JAK2, JAK3 n TYK2 (Tmpo3uH kuHasa 2). JAK3 un
TYK2 nmat oCcHOBHa pons B MMYHHUSI OTTOBOP, AOKa-
10 JAK1 1 JAK2 vmaT 3HauMTenHo Mo-LUMPOK Crek-
Tbp Ha JeNCTBME, BKITIOYBALL, XeMOoroe3aTta, pacTexa,
pa3BUTUETO Ha HEPBHATa cucTema 1 ap.

STAT camunuarta BkN4YBa cedeM 4reHa
(STAT 1, 2, 3, 4, 5a, 5b n 6), Konto ce ekcnpecupar
B pasnuyHu BMOOBE KNETKM U ce akTUBMpaT OT pac-
TEXHU (PaKTOpU, XOPMOHU U LIUTOKUHWU. Tasu cur-
HanHa Kackaga Boau OO pa3HOooOpasHu Guornorny-
HW epekTn. CneundnyHnte STAT npoTenHn, ydyac-
TBaLLM B NUraH4-aKTUBUPAHUTE CUTHAITHU CUCTEMM,
€ Bb3MOXHO Aa 3aBUCAT OT CneununyHn TMpO3unH-
©asvpaHn MOTVMBM B peuenToOpHUTE KOMMOHEHTU U
OT CTPYKTYPHU OCOBEHOCTU B Src 2 XOMOMOXHUTE
pomeHun (SH2) Ha STAT npoTteuHute. Bee oule He e
N3ACHEHO KOu (bakTopu onpedenst yvyacTueTo Ha
egHu unu gapyrn STAT B curHanHaTta TpaHCaoyKuus,
HO e [obpe M3BECTHO, Ye cneumduyHOCTTa Ha ca-
MUSI aKTUBaLMOHEH NpoLec € KpUTUYHA U e Oupek-
THO oOBBbp3aHa c npouecute Ha docopunupaHe
Ha TuposunHa. JAK-STAT curHanusaumsata n yHk-
uMuTe ce npoyyvsaT MHTEH3MBHO Npes3 nocregHuTe
roavHW, KaTo ca yCTaHOBEHM peauua UMYHHW fe-
dUUNTKN, CBBP3aHM C TAXHOTO HapylweHune. Onuca-
HUTEe MyTauum B aBa oT yetupute JAKs (JAK3 u
TYK2) n vetmpn ot cegemte STAT (STAT1,
STAT3, STATSB, STAT6) gaBaT ocHoBaHue fa ce
CMsTa, Ye TAXHATa ponis e KpUTU4Ha B npouecute
Ha MMyHEH OTroBOp U xomeocTasa [2].

JAK3 e umMto3onHa TUPO3MH KMHa3a, KOATO ce
ekcrnpecupa OT XemMonoeTuyHu knetku (T-numdo-
unTn 1 NK KneTkun), Kakto 1 OT UHTECTUHANHU enu-
TenHU KneTku. Ts e BKNOYEeHa B npefaBaHeTO Ha
curHana ot Tvn | UUTOKMHOBUTE peuenTopu, Cb-
Oobpxkawm obwarta rama-sepura (IL-2R, IL-4R, IL-
7R, IL-9R, IL-15R n IL-21R). MyTauuu, kouto Bogat
[o 3aryba Ha dyHkumsaTa Ha JAK3, ca oTroBopHM
3a pasBUTMETO Ha yHacnegssaH aBTO30MHO-
PELIECMBHO TEXBK KOMOMHUPAH UMYHEH AeduunT
TB'NK ceHotvn. Bbnpekn HanuuneTto Ha B-nnm-
dounTn, Te ca (PyHKLMOHANHO HEeaKTUBHM Nopaau
HapyLleHa akTMBauusi U edekTn B NPeBKIOYBaHe-
TO Ha knaca [3].

MbpBMAT onucaH cny4am Ha nauweHt ¢ TYK2
aeduunt e npes 2006 r. ot Minegishi n cbTp. [4].
Mpn Hero ca HabnwpgaBaHM aTonNWyeH OepmaTuT,
KOXHW CTadUIOKOKOBM MHMEKLUN, MOCTBAKCUMHA-
neH (BCG) numdageHnT, racTpoeHTepuT, npuyu-
HeH oT Salmonella nontyphi, KoXxHM nHeKUUn ¢
Molluscum contagiosum, pekypeHTHW opariHu WH-
dekumm ¢ Herpes simplex, KakTo U nNpuyYnHeHa oT
Parainfluenza virus nHeBMOHMSA. OT MMYHONOTNYHU-
Te mnscnegsaHvs € Guno yCtaHOBEHO 3HAYUMTENHO

NOBMLUEHO CEPYMHO HMBO Ha IgE, kakTo v HapyLle-
Hua B IL-12, IL-10, IL-6 n IFNo/B curHanHoTo npe-
naBaHe. Bnocneacteue npu onucaHute ot Kreins u
cbTp. [5] cegem cnyyas Ha NaUMEHTU C FEHETUYHO
JokasaHu myTauum B reHa 3a TYK, ce yctaHoBsiBaT
cnegHUTE MPOMEHW: HapyLleH KneTbYeH OTroBOp
kbM IL-12 n IFNa/B, oTroBOpHM CHOTBETHO 3a pas-
BUTMETO Ha MUKOOaKTEpuanHu uU BUPYCHU WHEK-
LMKW; HapyLeH KreTbyeH oTroBop kbM IL-23, npu
HOPMarHoO KOnM4ecTBO Ha uupkynupawm IL-17+ T-
numdounTn, Koeto obsAcCHsABa nmncaTa Ha KOXHO-
nvraBMYHa KaHAMAO03a; HapyLUEH KNeTbYeH OTroBop
kbMm IL-10, 6e3 TOBa ga BOAM A0 SIBHU KITMHUYHMU
nocnegcteus. MNpuema ce, Ye OCHOBHUAT KIMHUYEH
deHotun npu TYK2 gedmumta e mukobaktepuman-
Ha W/vnu BUPYCHa WH(EKLMS BCNeACTBME Ha Ha-
pyweH otroBop kbM IL-12 n IFNa/B [5].

MyTtaummn B STAT1 3a nbpBM NbT Ca UOEHTU-
duympann npy naumeHtn ¢ MeHgenoB Tun yHac-
nefsiBaHe Ha Bb3NPUEMYUBOCT KbM MUKODaKTepu-
anHM GonecTtn, NPUYMHEHW OT CrnaboBUPYNEHTHU
npegcrasutenn kato Bacille Calmette-Guerin Bak-
cvHata U MukobakTepum Ha okonHaTta cpena [6].
STAT1 e nbpBMA YneH OT ceMencTBoTo Ha STAT,
noeHTMduUmMpaH KaTto Kfnto4oBa Moriekyna, Heob-
X0AMMa 3a KNeTbYHUs OTrOBOP KbM MHTEPEEPOHM-
Te a un B [7]. OnucaHn ca MMyHHU geduumTi, CBLP-
3aHuM cbc STAT1 mMyTaumm, ¢ BoAella KIMHWYHA
n3siBa Ha BMPYCHU 1 MUKODaKTepuanHm nHgekumn.
MpeHTuduumpaHeTo Ha noBeye nauneHTn ¢ BpO-
OeHn pgedbekt B Tasm kackaga OGu mognomorHano
AedUHNPaHETO Ha MOMEKYITHUTE U KIMETbYHM OCHO-
BN HA BUPYCHWU, MUKOTUYHU N HSIKOU BbTPEKNETbY-
HM MHbekuun npu 4doseka. [NMpomeHuTe B STAT1
reHWTe CbLLO Taka ca OTTOBOPHM 3a HapyLlUeHusi B
pa3suTtneTo Ha Th17 knetkute [8].

STAT3 e oTKpuT GrarogapeHne Ha CTPyKTyp-
HOTO cxoacTBo cbC STAT1 M mbpBOHAYanHo e ae-
dUHUPAH KaTO NPOBOAHMK HA CUrHanNuTe, reHepu-
paHu oT IL-6 n enuaepmanHua pactexeH aktop
[9]. Mo-kbcHO myTaumm B STAT3 reHuTe ca mnaeH-
TMdMLMpPaHN KaTo NpUYnHa 3a pa3BUTUE Ha XUnep-
IgE cvHgpom nopagu nHxmbuumna Ha STAT3 dyHk-
umaTa [10]. N3BecTHO e, Yye Han-marnko 6 knaca pe-
uentopu aktuempaT STAT3 n ToBa Cnyxu 3a cur-
HanHa TpaHcaykuus Ha genctemeto Ha Tun | u i
NHTEPKEPOHNTE, LUTOKMHUTE OT CEMENCTBOTO Ha
IL-10, IL-12 n IL-23, peuenTtop TMPO3WH KNHA3UTE U
ap. STAT3 cblo e otroBopeH 3a Th17 meannpa-
HUSA KNEeTbYeH OTroBOp. Taka Hanpumep npu naum-
eHTn ¢ xunep IgE cnHapom e HapyLleHo 3peeHeTo
Ha IL-17 CD4+ T kneTtkn. BbB Bpb3ka C TOBa 3a-
cerHatuTe UHOAMBMAM CbLUO Taka Ca CKIOHHW KbM
passButne Ha Varicella zoster n Epstein-Barr un-
dekummn. TMaumeHTnTe € aBTO30MHO-AOMUHAHTHA
dopma Ha xunep-IgE cuHOpoMm wumaT NOHWXEH
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OGpon aHTureH-cneundpmyHm nametoBn B-kneTku,
BbNPeKkM nuncata Ha HapylweHus B U30TUMHOTO
npeBKroYBaHe. B-knetbyHaTa HE3PANOCT € TSACHO
CcBbp3aHa C npedepeHumanHa npoaykuma Ha IgE
npyv MuwM Mogenu m 6m morna ga obsicHu noBwu-
leHnuTe cTomHocTM Ha IgE npu GonHute [11]. B
KOHTEKCTa Ha B-knetbyHaTa maTypauus e ycTaHo-
BEHO, Ye honukynHute xennepHn T-kneTkun (Tfh) ca
OTrOBOPHM 3a (POPMUPaAHETO HA FrepMUHATUBHUTE
ueHTpoBe u andepeHumauuaTa Ha Tfh. Te npogy-
umpat BuCOkM HMBa Ha IL-21. lNMocnegHunar, ypes
STAT3 wn IRF-4 (interferon regulatory factor 4),
nognomara gudpepeHumaumaTa Ha B-knetkute B
nnasmeHun kneTkm [12] .

STAT5a n STAT5b npotemHuTe ca CcbLO YacT
ot STAT damunuaTa. Kognpaiymre rm reHm nokas-
BaT CEKBEHLMOHHA naeHTu4HocT B 93,6% OT ek3o-
HUTE UM, KOETO NoAAbpXKa TeopusaTa 3a reHHa gyn-
nukaums [13]. Ovnro Bpeme ce e cmgartano, ye
STAT5b n STAT5a umaT cxopgHa YHKUMSA, HO
naeHtudpuumpaHeto Ha STATSb myTaummTte npu
NaumMeHTU C TEXKO NOCTHaTanHoO M3octaBaHe B pac-
Texa M MMyHeH geduvumnT paskpusart, 4e Te umart
pasnuyHn yHKLMN, HE3aBMCUMO OT BUCOKaTa CTe-
NMeH Ha CTPYKTYPHO CXOACTBO Mexay Tsx. AKTuBa-
umsaTta Ha octa GH (pactexeH XopMoH)—IGF-I (uH-
cynuHonogobeH pactexeH daktop |) ce nHnummpa
OT CBBbP3BAHETO Ha LMPKYNMpaLLMS pacTEXeH Xop-
MOH ¢ HeroBus peuentop (GHR) — xomogumepeH
TpaHcMembBpaHeH NPOTENH, NpuHaAnexall, Kbm Tun
| Knac oT LMTOKMHOBaTa peLenTopHa cynepdgamu-
nnsi, BKMNOYBALLA OLle NPOMakTMHOBUS peLenTop,
E€pUTPONOETUHOBUSA PeLEenTop N HAKOU WHTEepreB-
KMHOBM peLentopu. Te3n peuentopu He npuTexa-
BaT cobcTBeHa knHasHa aktmBHocT. GHR e acouu-
nmpaH ¢ JAK2 kuHasaTa, KOATO ce aBTOTpaHcdOC-
dopunmpa BCrneacTsMe Ha CBbpP3BaHETO Ha More-
kyna GH ¢ gumephnsa GHR [14]. JAK2 Bnocnegct-
Bve dpocdopunmpa TMPO3MHOBU OCTaTbLUU OT WUHT-
pauenynapHaTta Jact Ha GHR u aktMBupa pasnuy-
HM curHanHu nbtmwa: STAT (STAT1, STATS,
STATSa n STATSb), MAPK (MuTOreH-aktuBmpaHu
npoTtenH knHaan) n PI3K (dhochounHosntna-3 kuHa-
3a). OT Te3un pasnunyHun nbTuwa STATSb e anpekT-
HO BKNtOYeH B perynauusata Ha IGF-l ekcnpecusita
n cbotBeTHo B GH umHayumpaHata IGF-I npoayk-
Uus, umMalla OTHOLUEHME KbM HOPMAaIiHUSA pacTex
[15, 16]. JAK2 aktuBupa STAT5b upe3 docdopu-
nupaHe Ha Y699. doccopunupanHute STATS xo-
MoaumMmepuampaT ypesd SH2 obnactute cu 1 HaBnu-
3aT B 94p0TO, KbAeTo ce cBbp3Bat ¢ AHK yyacTb-
UK, KOHTPOMMpaLLM eKcrpecusita Ha reHu KaTto
IGF1, IGFBP3 (kogupaw, IGF cBbp3Baly npoTenH
3) n IGFALS (kogmpaw, ALS-acid labile subunit
npotenH). OcBeH B perynvpaHe Ha pacTexa
STATSb urpae pons m B MMyHHaTa perynaums.

STAT5b n STAT5a ce akTuBMpaTt OT MHOXECTBO
UMTOKMHK, @ umeHHo IL-2, IL-5, IL-7 n IFNy [17].
MaknountenHaTa BaxxHocT Ha STATS5b curHanusa-
umsata B IL-2-megmupanHaTta nponudepauma n T-
KneTbyHaTa yHKUMs e Buna nogyepTaHa c ycTa-
HOBSIBAHETO Ha MOHWKeHWe Ha CD4+CD25""
(Tregs — T-perynaToOpHM KNeTKU) B XOMO3UIOTHM
STAT5b:A630PT 6nactu [18]. CUrHUGUKAHTHO Mo-
HXXeHne Ha Tregs ce onncea CbLUO U Npy NauneH-
T, Hocelwwm myTaumsaTa p.R152X [19]. Mpu naunen-
TMTe ¢ myTtaumm B STATSb oCBEH MNOHWXeHuTe
Tregs ce onuceaT 1 peguua APYrM MMYHOSOTUYHN
NPOMEHU, KOUTO 3HAYMTENHO BapupaTt OT MauueHT
00 MauMeHT, BKIIOYUTENHO U Mexay CUObnuHIMM c
egHakBa STATSb mytaumsa [20]. Moxe ga ce Ha-
O6nogaBa noHwxeHne Ha T-numdounTuTe, Han-Be-
POATHO CreAcTBME OT MOBULLEHA amnonTo3a, MOHU-
XeHne Ha uupkynupawmte CD4 un CD8 «knetku,
HUCKO MnM HopmanHo HMBo Ha NK kneTkute, HoOp-
MasniHO MIM MOBMWLUEHO HMBO Ha B-numdoumnTute,
xunepramarnobynmHemMus ¢ MOBULLABAHE Ha ce-
pyMHOTO HMBO Ha IgG n IgA. KnuHnyHmUTE 138BKM Ha
nmyHogeduumnta npu STATSb myTaummTe BKIIHOY-
BaT Yyectn nHdpekummn ¢ 6enogpobHo 3acsaraHe, be-
nogpobHa crbposa, NUMAOoLUTHA UHTEpCTULMan-
Ha NHEBMOHWS, aBTOMMYHUTET, eKk3ema.

Hedektn B STAT6 npotemHa CblO BOAAT A0
pasBUTME Ha MMYHOMOTMMYHU HapylweHus. CbLiyo
kato apyrute STAT npotenHu, STAT6 ce TMPO3nH
docopunupa ot JAK kuHasute — JAK1T n JAKS.
STAT6 mMoOxe Oa CbliecTByBa B Pa3fIMYHU U30-
dopMM B 3aBUCUMOCT OT TbKaHUTE U KNeTKUTe, B
kKouto ce uacnegea. [isete msodopmu STAT6b un
STAT6C ca cneacTtBvMe Ha anTepHaTMBEH chnnamn-
cuHr Ha mMRNA. Bbnpekn 4e OCHOBHUTE aKTMBaToO-
pv Ha STAT6 ca IL-4 n nogobHuaT my IL-13, ce cb-
obLulaBa u 3a gpyrv CTUMyNN, KOUTO MoraT 4a akTu-
Bupat STAT6. Mpu B-numdountute IgG n CD40
KPbCTOCAHOTO CBbp3BaHe MOXe [a WuHayuupa
STAT6 TuposuH doccopunupaHe. B cnydan Ha
IgG KpbCTOCAHO CBbp3BaHE € HeobxoaMmo y4ac-
Tne n Ha PKC (npoTeunH knHasa C) npu npepaeaHe-
TO Ha curHana. B STAT6 gedpyuntHM MULLKK € yC-
T@HOBEHO, Ye nNuMdOoUUTUTE ca HecnocobHu aa
nosuwwat ekcnpecusta Ha MHC knac Il monekynu,
CD23 u IL-4Ra B oTtroBop Ha IL-4. STAT6 pedwm-
UnTHUTE B-numdoumnTn ca HecnocobHn aa npesk-
noyaT n3oTuna Ha TexkaTta Bepura kbm IgG1 un IgE
B oTroBop Ha IL-4. STAT6 pedwuuntHute T-
XennepHU KreTkn ca HecnocobHu fa ce audepex-
umpat B Th2. YctaHoBeHO e 4ye |L-4 3aBMCMMOTO
andepeHumpaHe Ha T-xennepute kbM Th2 nsnckea
aktTuBaumst Ha STAT6, 3a koeTo OT 3HayeHue ca
HSIKOMKO perynvpally pasBMTUETO TPaHCKPUMLMOH-
HK cpakTopa kato GATA-3 n c-maf. HamepeHo e, ye
GATA-3 ekcnpecusita B Th2 kneTkuTe e 3aBucrMmMa
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oT IL-4 ctumynupaHata STAT6 akTvBaums, makap
ye He e AICHO Janu aktuBupanute STAT6 AMPEKTHO
BoadaT 0o GATAS TpaHckpunums. OcBeH ToBa npu
STAT6 peduunTHM XMBOTHM ce HabniogaBa He-
Bb3MOXHOCT [a Ce pasBMe UMYyHEH OTrOBOP KbM
XENMUHTHU napasuTtu. CboTBeTHO IL-4-STAT6 ak-
TMBALMOHHUAT MbT € HeobXxoaum 3a TpPaHCKPUMLMS
Ha IL-4 nHayumpyemuTte reHu, 3a MMyHoOrnoobynmHo-
Ba TPAHCKPUMLUMSA M MPEBKMOYBAHE Ha Kraca KbM
IgG1 un IgE, 3a IL-4 nHayumpaHa kneTb4Ha Nponu-
depauma n 3a Th2 agudepeHunauymaTa. STAT6
AednunTHMTE KNeTKM nokKassaT HapylleHa nponu-
depauusa ¢ 6rnoknpaHe Ha nporpecusata Ha G1 kbMm
S hazarta oT kneTbYHUA UmkbN [21].

3AKINIOYEHUE

Mpe3 nocnegHutTe roguHM Gsxa onucaHu U3-
BeCTeH OpoN MMyHHU OedrunTh, KOMTO ce gbinkat
Ha HapyweHus B JAK-STAT curHanHute nbruwia.
Oedununtnte BapmpaTt OT TeXbK KOMOUHUPaH Umy-
HeH JeduuunT npu cnydaute Ha MmyTtauum B JAKS,
npes3 yMepeHo Texkns dpeHoTun Ha xunep-lgE cuh-
apom, cBbp3aH cbc STAT3 myTaumu, OO XeTepo-
reHHaTa KIMHWYHA KapTvHa Npv NaumeHTu C Bban-
pMEMUYMBOCT KbM MMKODaKTepmanHun UHGEKUMM
BCreacTBme Ha HapyweHa STAT1 aktnBHocT. Tax-
HOTO MO3HaBaHe e BaXkHO C Orfleq paHHa AuarHoc-
TVKa, nevyeHne n npeseHuus. [MpoyyBaHuUs BbPXY
UMYHOMOMMYHNSA U MHAPEKUMO3eH PeHOTUN Ha na-
LUMEHTUTE C MbPBUYHM MMYHHU decpmumtn (MAL)
4YecTo MoTBbPXKAABaT MO3HAHMATA OTHOCHO (OYHK-
umnsiTa Ha Te3u mMornekynu. B noeeyeTo cnyvamn oba-
ye macnenBaHusTa Ha naumeHTun c MO 6uxa mor-
nn aa paskpuaT HEM3BECTHM OO TO3N MOMEHT UMY-
HOMOMMYHU, KNETbYHU, EHOOKPUHHU U OpYrn CBOWC-
mBa Ha JAK-STAT cuctemarta, YMmMTo HapyLleHUs
ce obBbp3BaT U C peguua aBTOMMYHHUM WU 3rOKa-
YecTBeHU 3abonsiBaHus.

Uskazsame bnazodapHocm Ha CMH — MeduyuHcku
yHusepcumem — Cocpusi, 3a nodkpenama Ha rpo-
y4yeaHemo KkbMm 0ozogop Ne 56/2015 2., lpoekm ¢
ex. Ne 339/15.01.2015
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