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IDODEKTOPHDIE OTBETbI, UHAYLMUPOBAHHDIE PELLENTOPAMMU PACNO3HABAHMA
OBPA3OB (PRRS) /15 SALLNTDI OT 3AEOJIEBAHUM
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Pestome. Beegerue. Peuentopsl pacnosHasarus obpaszos (PRR) npeacrasnsior coboit dyHAaMEHTabHBIE KOMMOHEHTbI BPOXAEHHOW MMMYHHOW CUCTEMbI, OT-
BETCTBEHHbIE 3a OBHaPYXXeHEe MOSEKyISIPHBIX MATTEPHOB, aCCOLMMPOBaHHbIX ¢ natoreHamu (PAMP), n MonekynsipHbx NaTTepHOB, aCCOLMMPOBAHHbIX C MOBPE-
xaernamu (DAMP). MoHrmaHne adbdekTopHbIX peakumit, onocpenoBaHHbix PRR, Heobxoaumo s pa3paboTku TepaneBTUYecKmX CTPaTermn 1 yiyylueHs Mexa-
HWU3MOB 3aLUuTbl OT 3abonesaHuit. Llesib: BCEeCTOPOHHe paccMOTpeTb MexaHu3Mbl akTBaumm PRR, ux knaccndukaumio n kntodeBylo posib B opraHmnaumm a¢-
beKTopHbIX peakuMin AN 3amTbl OT 3aboneBaHuin, U3ydas MPW 3TOM WX TEepPaneBTUYeCKoe 3HAYeHWEe W MOTEeHLUMANbHOe KIMHUYECKOe MpVMEHeHe.
MeTtozbl. B naHHom ob3ope aHanmsvpyeTcs coBpeMeHHas nutepatypa no buonorumn PRR ¢ akueHTOM Ha vx knaccudukaumio Ha membpaHocsessaHHbie (Toll-
nofobHble pelenTopsl, nekTuHoBble peuentopsl C-trna), untonnasmatudeckme (NOD-nopobHble peuentopsl, RIG--nogobHble peuenTtopsl) 1 pacTBoprMbie
(KoNNeKTUHbI, NeHTpakcuHbl). B nccnegoBaHmm nsydatoTcs BHYTPUKIETOUHbIE CUrHasbHble nyTy, Bkntovas MyD88-3asucumble 1 TRIF-3aBucrMble nyTH, 1 nx HUCXO-
aswme apdeKTbl Ha akTUBaLMIO MMMYHHbIX KIeTok. PesybTatel. PRR 4eMoOHCTpUpytoT 3amedatesibHyto yHUBEPCaibHOCTb B OBHaPYXXEHWM PasinyHbIX MUKPOBHbIX
Yrpos v 3anycke afanTypoBaHHbIX MMMYHHbIX 0TBeTOB. [ocne aktnsaumm PRR 3anyckatoT cnoxHble curHanbHble kackadsl ¢ ydactuem NF-kB n dpaktopos peryns-
umnmn nHtepdepoHa (IRF), 4To NPrBOAUT K NPOLAYKLMN LUTOKMHOB, BOCMIANIEHMIO M PEKPYTUPOBAHMIO UMMYHHbIX KNETOK. PasnunyHble Tunbl uHdekumin (bakteprans-
Hble, BUPYCHbIE, rPMDOKOBbIE, NapasuTapHble) BbidbiBatoT crieumnduyeckne PRR-onocpenoBaHHbie oTBeTbI: BakTepuabHble MHPEKLMN aKTUBMPYIOT KOMIJIEMEHT 1
CTUMYNPYIOT $GaroLmnTos; BUPYCHblE MHPEKLMM VHAYLMPYIOT NPOAYKLMIO MHTEPdEPOHa 1 peaKkLmi LIUTOTOKCUYECKMX T-nnMdoumnTos; rpubkossie nHdekumm
ctumynupytoT Th1-onocpefoBaHHbIN MMMYHWTET; a napasutapHble UHEKLMM 3aMyCcKatloT akTrBaLumio 303uHodMIos 1 Th2-oteeTsl. PRR Takxe urpatot BaxHyto
PEeryINTOPHYIO POsib, NPEAOTBPALLAs MMMNEePBOCTAIEHNE 1 CNOCODCTBYS UMMYHHOW TonepaHTHOCTW. BbiBogsl. PRR GyHKUMOHMPYIOT KaK riasHble perynsitopbi
MMMYHHbIX OTBETOB, BbICTyMast HE TOJIbKO B Ka4eCTBe AETEKTOPOB NMaTOreHOB, HO 1 B KAYECTBE CIIOXKHBIX KOOPANHATOPOB MMMYHHOW aKTUBaLMK, TONEPaHTHOCTU 1
paspeLueHns. XoTs HapylueHne perynsuum curHanbHbix nyteit PRR cnocoBeTeyeT passuTtuio ayTOMMMYHHbIX 3a00NeBaHWin M XPOHUYECKUX BOCMaNMTENbHbIX
3abonesaHui, LeneHanpaeneHHas Moaynsums curHanbHbix nytern PRR oTkpbiBaeT MHoroobeluatowme TepanesThyeckne BO3IMOXHOCTU. B uncno Byaymx
HanpaBneHUn NCCIEAOBAHNI BXOAST U3ydeHne Hosbix nogtnnos PRR, pazpaboTka npeumanoHHbIX MMMYHOMOZLYIMPYIOLLIMX METOLOB JIEYEHNS 1 PELLIEHME MPO-
Bnem, cBA3aHHbIX C BHEAPEHWEM METOAOB JIeYEHUs, OCHOBaHHbIX Ha PRR, B npakTuky neyeHns naumeHTos. KnuHudeckoe 3HadeHme. NoHumarmne a¢dpekTos, ono-
cpepoBaHHbix PRR, nossonseT nyulie noHsTb natoreHes 3aboneBaHus, Npeasaraet NoTeHLMasbHble MULLIEHU 1S BO3AENCTBUS IEKaPCTBEHHbIX MPenapaTos npwu
MHbEKLMOHHBIX M BOCTIANINTESNbHBIX 3a001€BaHMX M CNOCOBCTBYeT paspaboTke VHAMBUAYANM3NPOBAHHbIX MOAXOA0B K IEYEHWIO AN YCUNIEHUS IMMYHHOW 3aLLMTbI.
KnioueBble croBa: peuentopbl pacrosHaeaHus obpasos [D000067996]; spoxaeHHbin ummyHnTeT [D007113]; toll-nogobHeie peuentopsl [D051193]; nato-
reH-accoummpoBaHHble MosiekynsipHble nattepHbsl [D000067997]; noepexpaeHve-accoummpoBaHHblie mosnekynspHble natreprbl [D000067998]; unTokMHbI
[D016207]; Bocnanenune [D007249]; darountos [DO10587]; curtanbHbie nytr [D015398]; apepHbin pakTop kanna-B [D016328], untepdepons [DO07372].
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EFFECTOR RESPONSES INDUCED BY PATTERN RECOGNITION RECEPTORS (PRRS)
FOR DISEASE PROTECTION
Lisha Chi, Yanwei Chi
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Abstract. Background. Pattern Recognition Receptors (PRRs) represent fundamental components of the innate immune system responsible for detecting pathogen-
associated molecular patterns (PAMPs) and damage-associated molecular patterns (DAMPs). Understanding PRR-mediated effector responses is essential for develop-
ing therapeutic strategies and enhancing disease protection mechanisms. Objective. To comprehensively review the mechanisms of PRR activation, classification, and
their pivotal role in orchestrating effector responses for disease protection, while examining their therapeutic implications and potential clinical applications. Methods.
This review analyzes current literature on PRR biology, focusing on their classification into membrane-bound (Toll-like receptors, C-type lectin receptors), cytoplasmic
(NOD-like receptors, RIG-I-like receptors), and soluble (collectins, pentraxins) types. The study examines intracellular signaling pathways, including MyD88-dependent
and TRIF-dependent pathways, and their downstream effects on immune cell activation. Results. PRRs demonstrate remarkable versatility in detecting diverse microbial
threats and initiating tailored immune responses. Upon activation, PRRs trigger complex signaling cascades involving NF-kB and interferon regulatory factors (IRFs),
leading to cytokine production, inflammation, and immune cell recruitment. Different infection types (bacterial, viral, fungal, parasitic) elicit specific PRR-mediated re-
sponses: bacterial infections activate complement and promote phagocytosis; viral infections induce interferon production and cytotoxic T lymphocyte responses; fungal
infections stimulate Th1-mediated immunity; and parasitic infections trigger eosinophil activation and Th2 responses. PRRs also play crucial regulatory roles, preventing
hyperinflammation and promoting immune tolerance. Conclusions. PRRs function as master regulators of immune responses, serving not only as pathogen detectors but
also as sophisticated coordinators of immune activation, tolerance, and resolution. While dysregulated PRR signaling contributes to autoimmunity and chronic inflamma-
tory diseases, targeted modulation of PRR pathways offers promising therapeutic opportunities. Future research directions include exploring novel PRR subtypes, devel-
oping precision immunomodulatory therapies, and addressing challenges in translating PRR-based interventions from bench to bedside. Clinical Signifi-
cance. Understanding PRR-mediated effector responses provides insights into disease pathogenesis, offers potential drug targets for infectious and inflammatory dis-
eases, and supports the development of individualized treatment approaches for enhanced immune protection.
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Peuentopsl pacnosHasaHus obpazos (PRRs) npeg-
CTaBAAOT COBON BaxHbIE 3/IEMEHTbI BPOXAEHHON UM-
MYHHOW cUCTEMBbI, UAEHTUULMPYIOLWLME MUKPOOpra-
HW3Mbl WS KJIETOYHblE MOBPEXAEHWS Ha OCHOBe pas-
JIMYHBIX  MOJEKYNAPHbIX CTPYKTYP, [OMOSHUTENBHO
OBbIYHO  Ha3blBaEMbIX MATOreH-acCoLMMPOBaHHbIMM
MonekynsapHeiMu obpasamu (PAMPs) nnn onacHocTs-
acCoUMMPOBAHHBIMU  MOJSIEKYNsiPHBIMK  obBbpasamu
(DAMPs). PRRs B nepByto odepenb GyHKLNOHNPYIOT A
nHMLuMaumMn  dbaroumTosa M KOOpPAMHALMMW  BOCNaIu-
TeJIbHbIX OTBETOB NYTEM OBHapYy>KeHWs PasHooBpasHbIX
NaTOreHOB W MOJMEKY/, UCXOAALMX OT MOBPEXAEHHbIX
KNEeTOK.

Mpn akTMBaLUMKN KNETKN BPOXAEHHOTO VMMYHUTETA
BbICTPO BKJOYAOTCA B GaroumTos, npouecc noraouye-
HUS 1M NMEepeBapuBaHUS aHTUreHoB. DT kneTkn obra-
[aloT MOBEPXHOCTHbIMW peLenTopamu, CnocobHbIMM
pacnosHaBaTb ODblYHbIE MUKPODHbIE aHTUMEHbI, BKJIO-
4asi Mnononncaxapuabl, NenTUAOrINKaH U BUPYCHbIE
PHK. PeuenTopbl He Tofbko cBA3biBalOT CBOOOAHbIE
aHTUreHbl, HO TakXe Te, KOTOpble MPUCYTCTBYIOT Ha
MOBEPXHOCTU MHOULMPOBAHHbBIX KNETOK B OpraHu3me.

B noeanbHOM MMMYHHOM OTBETE MUKPOOPraHU3Mbl,
CBfI3aHHble C peuenTopamMu darountapHbiX KJETOK,
nofBepratoTcs ObicTpomy paspyenunio. OgHako Takue
cnyyYau pefKku, NOCKOJIbKY HEKOTOPbIE UMMYHHbIE KNeT-
KW MOTYT UCMbITbIBATb HEMEANIEHHYIO TMbenb Unn note-
pto baroumTapHbix cnocobHocten. na 3anycka agan-
TUBHOIO WMMMYHHOTO oTBeTa daroumTapHble KNeTku,
nepeBapuB aHTUIeHbl, MPeAcTaBAsSioT UX Ha CBOeWU Mo-
BEPXHOCTW A5 pacno3HaBaHus T-nuMmdoumntamum.

JNumboumntsl ycunueatoT daroumtos, nomoras B
CBOEBPEMEHHOMN npeseHTauunm aHTUIEHOB.
T-nuMdouUNTbl  PACMO3HAIOT aHTUreHbl, MHGOPMUPYS
B-numdbountel o dopMupoBaHUn aHTUTEN AN ryMo-
PanbHOro MMMYHHOIO OTBETa MPOTUB TOKCUMHOB, Dak-
Tepun un rpubos. JononHutensHo, cneunduyeckmne
T-nuMdOoUNTBI aKTUBUPYIOT KNETKU-KUepbl, fobasnss
KNEeTOYHbIA UMMYHHbIN CNOW NS dNUMUHALUN BHYTPW-
KNETOYHbIX MaTOreHOB, BUPYCOB U MOBPEXAEHHBIX Kie-
TOK, ycunmBas oOLLyto 3aLmTy.

MoHumanne PRR-onocpepnoBaHHbix 3dbdexkTopHbIX
OTBETOB MMeEeT peluatolliee 3HavYeHne 4S8 paHHen 3a-
wmTel npotms natoreHoB. PRRs, obHapyxueas PAMPs
nnu DAMPs, uHuummpytoT GeicTpblie 1 addekTnBHbIE
MMMYHHble OTBETbI, BK/toYas $GaroumTos n BocnaneHue.
2T OTBETbI aKTUBUPYIOT afanTUBHYIO WUMMYHHYI CU-
cTeMy, NPUBOAS K LeNeHanpasieHHbIM WMMYHHbIM
peakumam. VIHOMBUAYyann3npoBaHHbIE MeTOoObl feve-
HWS, NOHUMaHWe natoreHesa 3abosieBaHW U NOTEHLUN-
aNbHble MULLEHU LS JIeKapcTB NOAYEPKMBAIOT 3HauU-
MocTb pasragkn PRR-onocpeposaHHbix abdbekTopHbIX
OTBETOB A5 3aLMThl OT 3aboneBaHnit.
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PeuenTopbl pacnosHaBaHua o0bpa3oB sBAAOTCA
CTpaXkaMv MMMYHHOW CUCTEMbI, KOTOpble OBHapy>Xu-
BatOT MHGbEKUMIO MM CUrHanbl OMacHOCTM, 3anyckast
MoLLHble addekTopHble oTBeThI. [aHHoe acce yraybns-
eTcs B MexaHusmbl akTtmBaumm PRR u ux knioyesyto
poJib B 3alLMTe Hac OT 3abonesaHuit, Nnpegnaras noHu-
MaHWe MOoTeHLMalbHbIX TePaneBTUYeCKUX cTpaTerum u
yJlyyllas Halle NoHMMaHWe MMMYHHO-MaTOreHHbIX B3a-
MMOLENCTBUN.

OBa cneundunueckmx benka, ceprHoBblie npoTeassbl 1
M 2, acCOLMMPOBaHHbIE C MaHHaH-CBA3bIBAOLLUM JIeK-
TmHoM (Masp1 n Masp2), dyHKUMOHMPYIOT aHanorMyHo
npoTeasaM KacCMYeckoro nyTW akTUBauuMW KomrJie-
MeHTa. OOHaKO OHU CTaHOBSTCSH aKTUBMPOBAHHBIMU
MPY CBA3LIBAHUN C MUKPODOHBIM IMFraHAOM, UHULUMPYS
NMMYHHbIN oTBeT. DHJouuToTudeckne PRRs pacnono-
XKeHbl Ha NMOBEPXHOCTW aroumnToB, Pacno3HaBas MUK-
pobHble obpasbl 1 no3sonas dbarountTam noraowars u
[OCTaBfATb NaTOreHbl B JIM30COMBI AJ18 PacLLernyieHus.

Cpenu anpgoumTtoTmyeckux PRRs makpodaranbHbin
MaHHO3HbIN peLenTop uaeHTUdUUMpYyeT cneunduye-
CKMe OCTaTKM Ha MUKPODHbIX KNETOUYHbIX CTEHKAaX, B TO
BpeMs Kak MakpodarafibHblil CKaBeHAXep-peLenTop
cnocobceTByeT ounLLeHMIo BakTepuin N3 KPOBOTOKa. DTK
peuentopbl  ycunueatoT  daroumTapHble  QyHKUUM
Halen MMMYHHOW cucTemsbl, obecneunBas adpdekTns-
Hoe yhaneHune kneTouHoro gebpuca. CurHansHbole PRRs
LENCTBYIOT KakK CUIHasIbl TPEBOTM Ha HalIUX KNETOYHbIX
meMbpaHax. Toll-nogobHsle peuentopsl (TLRs), kpuTwu-
Jyeckmi Kknacc curHanbHbix PRRs, cnyxat kak «3BoHs-
Wwas» curHanmMsauuns, yBegoMIss Halln KJeTKU O npu-
CYTCTBUM Yy>XXEPOAHOro 3axBaTuunka. [pm obHapyxxeHum
MaToreH-acCoUMMpPOBaHHbIX MOJSIEKYAPHLIX 0DOpa3os
(PAMPs) aTn peuentopbl WHULUMPYIOT CUrHalbHble
nyTW, MPVBOASA K aKTMBaLWW PasHOODpPasHbIX reHOB
MMMYHHOIO OTBETa, BKJ/ltOYasi Te, KOTOPble OTBETCTBEH-
Hbl 3@ MPOBOCMANNTESIbHbIE LLUTOKUHBI.

HononHutenbsHo, PAMPs oTHocAaTca K naToreH-
accouMMPOBaHHbIM  MOJIeKyNspHbiM obpasaM, B TO
BpeMms Kak DAMPs ABNAOTCA OMacHOCTb-
accouUNMpPOBaHHbBIMMU MOJIEKYNIAPHBIMM  O0Dpasamu.

KnaccnduuymposaHHbie no cybkneTouHom okanmnsaumm
n cneundunyHoctn k nuraHgy, PRRs Bknovalor mewm-
GpaHoceazaHHbie (Hanpumep, TLRs, CLRs), untonnas-
matuyeckne (Hanpumep, NLRs, RLRs) n pactBopumbie
(HanpuMep, KONMNEeKTWHbI, MeHTpakcuHbl) Tunbl. PRRs
pacnosHatoT KOHCepBaTWBHble MOTUBbI
(PAMPs/DAMPSs), nHMunnpys UMMYyHHble oTBeTbl. [aH-
Has knaccupukauma LeMOHCTpuUpyeT pasHoobpasue
PRRs n 1x KOOpPAMHMPOBAHHYIO POSb B 3pPeKkTUBHOM
MMMYHHOW 3aLuuTe.
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Tabnuua 1. Knaccudukauns peuentopos pacnosHasaHus obpaszos (PRRs)

Table 1. Pattern Recognition Receptors (PRRs) Classification

Tun MoaTtun

Jlokanusauusa CneunduyHoCTb K IUraHay

Toll-nopobHblie peuentopsl (TLRs),
C-tvna nextuHoBble peuentopsbl (CLRs)
Hykneotua-casisbiBatoLme oamromepu-

3aunoHHbie gomeH (NOD)-nogobHbie
peuentopsl (NLRs), RIG-I-nogobHble
peuenTtopbl (RLRs)

Mem6paHocBsizaHHble
PRR

LuTtonnasmartunyeckue
PRR

Pactsopumebie PRR KonnektuHsl n dukonuHel, MeHTpakcuH

MoBepxHocTb kneTkn/
Snpocoma, KnetouHas membpata

Buonorunueckune XKNOKOCTN

MukpobHble nunuapl, 6esku, HyKIenHo-
Bble KUC/OTbI; YrNeBoAbl Ha NaToreHe

BHyTpukneTouHble naTtoreHsl, KNeToYHbIN
LnTonnasma
cTpecc, BupycHas PHK
CBA3bIBalOTCA C NaToreHaMu, ycunmeatoT
knupeHrc; PacnosHatoT MUKpoBHble
KOMIMOHEHTbI, CMOCOBCTBYIOT OMNCOHM3aLMM

an/IMe‘-IaHVIe: peuenTopbl pacno3HaBaHUA 06pa3os ABNAKOTCA cneunanm3npoBaHHbIMA 6eﬂKaMM, HeO6XO,EI,I/]MbIMI/I ang BpO)K,D,eHHOI;I I/IMMyHHOVI
cnctembl. OHn NrpatoT KpUTN4eCkyro posib B I/Iﬂ,eHTI/Id)l/lKaLl,l/Il/I MONeKynapHbIX o6pa303, CBA3aHHbIX C NaToreHamun, nian CMrHaaoBs, yKasblBatoLWnNx

Ha NOTeHLUMa/IbHYO OMaCcHOCTb.

PAMPs, Hacnegyemble CTPYKTYpbl B MUKPOOPIraHm3-
Max, BKJ/IOYAOT JIMNONOSMcaxapuabl, JIMNOMNPOTENHbI,
rankonunugsl, GbnarensinHd, AMnoTenxoesble KUCOThI,
mMaHHaHbl 1 JHK/PHK. HecmoTps Ha xumuyeckmne pas-
nnuua, PAMPs paspenstoT obLwHOCTE B TOM, Y4TO OHU
OTYET/INBO OT/IMYAOTCA OT KJIETOYHbIX CTPYKTYP Mak-
poopraHnama.

PacrnosHaBaHne PAMPs ocHoBbiBaeTca Ha peLenTo-
pax pacrosHasaHusa obpasos (PRRs), 3akoampoBaHHbix
B reHOMe MaKpOOpraHmsMa U KaTeropusmpoBaHHbIX
KaK ceKkpeTupyemble, SHOAOLNTOTUYECKME UAN CUTHASTb-
Hole. CekpeTupyemble PRRs ycunusaiot daroumtos, B
TO Bpemsa Kak aHpouunToTuyeckme PRRs onocpepytot
paspyweHne natoreHoB. CurHanbHble PRRs aktuBupy-
OT NyTN AAs afanTUBHbIX OTBETOB, JIOKaNIM30BaHHbIE Ha
KJIE€TOUYHbIX MeMOpaHax uiv B LMTo30e.

PAMPs aBnstoTca MckMoUYnTeNbHBIMIN AN MUKPOOP-
raHW3MOB, CUTHANM3NPYS O NPUCYTCTBUN nHbekummn. Vx
OBLHOCTL 1 CTabUNBHOCTL AEealoT UX KN3HEHHO BaX-
HbIMW A8 BbIXKMBaHWA naToreHos. PacnosHaBaHue
PAMPs c nomoubto PRRs nmeeT pelatolee 3HaveHne
418 MHULMauMm paHHero MMMYHHOIO oTBeTa.

Bonee TOro, npusHaHue TOro, 4To cneunduyeckmne
BHYTPEHHME COefuHeHus, BbicBODOXAalOWMEC BO
BpPeMs KNeTOYHOrO MOBPEXIAEHUs, Ha3biBaeMble onac-
HOCTb-aCCOLUNPOBAHHLIMU MOJIEKYNAPHbLIMU 0bpazaMu
(DAMPs), Takxe MorytT ObiTb KaTeropusaMpoBaHbl Kak
PAMPs, BBOAWUT OOMNOMHUTESNbHBIN CNOWN CMNOXHOCTU B
Halle NOHMMaHVe BPOXAEHHOrO UMMYHUTETA.

DAMPs oxBaTbiBatoT pasHooDpasne 3HOOTreHHbIX
COeLMHEHMWN, BbICBODOXAAIOLWMXCH BO BPEMs WHAOYK-
LUWN TEMKOLMUTOB N HEKPOTUUYECKOU KIIETOYHOM CMepTH
B OTBET Ha WHPEKUMOHHbIEe MNpPOLEeCcChl. 3aMeTHbIMU
unenamu rpynnsl DAMP asnsitoTca cemencrtso 6enkos
S$100, nypuHoBble MeTabonnTbl, Benkn TENIOBOro LWOo-
ka (HSP) un BbicokomobunbHbIM rpynnoson 6Gnok 1
(HMGB1) — aTo Heckonbko MpUMEpPOoB. DTU MOMEKY b
Cny>XaT CUrHallaMu TPEeBOTW, yKasbiBasi Ha KETOYHbIN
OWUCTPecC M CrnocobCTBYs CIIOXHOW CETU MMMYHHbIX
OTBETOB.

BoicBobOXLaeMble aKTUBUMPOBAHHLIMU UMMYHOLM-
TamMu ¥ NobbIMU KNeTkaMu, NOABEPratoLLNMINCS Heano-
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ntotnyeckon cMeptn, DAMPs urpatot kntoueByto posb
B MMMYHHOWN curHanusaumu. Vx dyHkums BbixoOuT 3a
PaMKM MPOCTOM CUrHanuM3auuuM KJIeTOYHOro noBpe-
xperusi; DAMPs HecyT BTOpOW curHas, KOTOPbIA CO-
TpyAHWYaeT ¢ TpaanumnoHHeiM PAMP-onocpenoBaHHbIM
OTBETOM. JDTa [BOMHAsS CUrHaNM3aLUMs He TONMbKO WHW-
LMMPYeT MpoLecc BOCMaNeHUsl, HO TakXe aKTUBUpPYyeT
MeXaHU3Mbl BOCCTaHOBIEHWS TKaHeW, nofyepkuBas
MHororpaHHyto pons DAMPs B uMMyHHON perynsiunn.

Ocobbit uHTEpec MNpeAcTaBnsioT OnpefeseHHbIe
monekynsl DAMP, koTopble npu cTumynaumm peuento-
poOB, BKJ/IlOYAs pPeuenTopbl pacro3HaBaHua obpasos
(PRRs), noTeHuupytoT BOCHanuTebHbI OTBET. DTa Mo-
TEHUMaUMs oOTpaxaeT peakuuioo, WHAYLUPOBAHHYIO
PAMPs, nponvBasi cBeT Ha B3alMMOCBS3aHHOCTb 3TUX
MONEKYNAPHbIX CUrHaNOB B OPKECTPOBKE MOLLHOrO
MMMyHHOro oteeTta. PacnosHasaHne DAMPs kak aHpo-
reHHbix aHanoros PAMPs noguepkunBaeT cioxHsin ba-
NlaHC n cuHepruto, Heobxopgumble ans 3ddekTMBHOro
MMMYHHOTO HabtoAeHUs 1 oTBETa.

AKTMBaLMS pPeLenTopoB pPacnosHaBaHWs obpasos
(PRR) mHWMUMMpyeT Kackag KIIETOYHbIX OTBETOB, NMpPW
3TOM BbICBODOXAEHWE LUUTOKMHOB, BOCMaNeHne 1 npu-
B/I€YEHME NMMYHHBIX KJTIETOK UrPatoT KIIoHYEBbIE POV B
OPKeCTPOBKE UMMYHHOW CUCTEMBI.

LIMTOKMHBI, NPOAYyLMPYEMbIE MMMYHHBIMW KeTKamu,
TaKUMK Kak AMMPounTbl U GaroumTbl, CyKaT CUrHasb-
HbIMW MOJMEKYNaMu, CBSA3bIBAOLLMMUKCS CO cneunbuye-
CKMMW MOBEPXHOCTHBIMW PeLLenTopamMm KNeTok U akTu-
BUPYIOLLMMU FeHbI.

Nx cuHTes cTporo perynupyeTcs, 3anyckaeTcs MuK-
POBHLIMW KOMMOHEHTAaMU WK APYTUMU LUTOKUHAMMN.
UutokuHel mMeloT pasHoobpasHbie bBuonornyeckue
addeKTbl, HaCTO MPOSBAAA MHOXECTBEHHbIE aKTUBHO-
ctn. OHU PYHKUUOHMPYIOT B MUKPOOKPYXKEHUN C J10-
KanbHbIMW (ayTOKPUHHBIMU U MapakpUHHbIMWU) U CU-
cTeMHbIMU 3dbdexkTammn nNpu NPUCYTCTBAN B BbICOKMX
LNPKYJIMPYIOLLNX KOHLEHTPALMAX.

B pasnnyHbIXx aHaTOMUYECKMNX JIOKaIM3aLmnsax npouc-
XOAMUT CMOHTAHHbIA CUHTE3 LIUTOKMHOB, CRyXalumi dak-
TOpaMu pocTa B KOCTHOM MO3re, Tumyce u nuMdouna-
HbiX opraHax. Bo Bpemsa uHdekumn uvHOyUMpyOTCA
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npoBocCnanuTesbHble LUTOKUHBI (TakmMe Kak MHTepJien-
Kuhbl-1, -6, -8, dakTOop Hekposza onyxonu), ycunmsato-
LWMe NPUTOK NEeNKOLMTOB, akTMBMpYtoLWmMe cnuHTes bak-
TEPULMAHBIX MONEKYS 1 CNOCOBCTBYOWME MMMYHHOMY
oTBeTy.

MHTepecHo, 4TO B Xx0h4e BOCManeHusa Te Xe MaKpo-
darn nepeksoYaloTCa Ha NPOAYKLMIO NMPOTUBOBOCHMA-
JINTENbHbBIX LMTOKMHOB (MHTepnenkunHbl-10, -13, TpaHc-
bopmupytowmin dakTop pocTa). T LUUTOKMHBI CyXaT
ANA MOAynAUMn QYHKLMIA GaroumTapHbIX KNeToK 1 UH-
rMBupoBaHnsa MPOOYKUUN MPOBOCMANIUTENbHBIX LUTO-
KMHOB, CNOCOBCTBYA paspeLleHnio BoCnaeHuns.

KpuUTuyHbIMM 0N perynsumm WUMMYHHbIX OTBETOB
asnsaotca T-xennepHblie knetku (Th1 n Th2), koTtopbie
NPoayUMPYOT LUTOKWUHbI, BAMSIOLME Ha NpUpoay WUM-
MyHHOro otseTa. Lutokuusl Th1, sxkiovas ramma-
nHtepdepoH, BNaronpuATCTBYIOT KNETOYHOMY MMMY-
HUTETY, B TO BPeMs Kak LMTOKUHbI Th2, Takne Kak uH-
Tepnenknnbl-4, -5, -6, -10, -13, cnocobcrBytoT rymo-
pafibHOMY UMMYHUTETY.

B 3akntoueHue, BbanaHc LUMTOKMHOB, MX B3anMoOemn-
CTBUSA U OMHAMUYECKME CABUMM B MX MPOOYKLMU nexat
B OCHOBe npupoabl 1 3pPEKTUBHOCTU UMMYHHbIX OTBE-
ToB. [lenukatHas opkecTpoBKa LEWCTBUA LUTOKUHOB
CNYXWUT KPUTUYECKUM acrleKTOM KJIETOYHON KOMMYHMU-
Kauuu n MOy ALUUN B CIIOXHOM NaHawadpTe MMMyHHOM
CUCTEMBI.

BHyTpuKieTOUHblIE CUFHa/IbHbIE MYTU, 3arycKaemble
aKkTMBaLMel peLenTopoB pacno3HaBaHUs obpa3os
(PRRs), vrpatoT kato4eBytd posib B KOOPAWHALMU UM-
MYHHbIX OTBETOB MOC/e OBHaPYXXeHU MUKPOBHbIX
natoreHoB. OCHOBHbIE CUrHaslbHble MyTU BKJOYAIOT
MyD88-3aBucKMbIN MyTb, MHULUNPYIOWMUA aKTUBALMIO
spepHoro ¢daktopa kanna B (NF-kB) pna ynpasnexus
3KCMpeccren BOCMaNTENbHBIX FeHOB. PerynatopHbie
daktopbl mHTepdepoHa (IRFs) aktusumpyiotcs TRIF-
3aBUCUMbIM MyTEM, KOTOPLIA MPUBOAWUT K MPOU3BOA-
CTBY WUHTepdepoHoB | TnNa, KOTOpble MMEIT peLlato-
uee 3HavyeHwe ANa NPOTUBOBMPYCHOW 3alUuTbl. ITU
nyTW, B codeTaHuu c kackagamm MAP-kuHas, cnocob-
CTBYIOT amninburKaLmm n pacnpocTpaHeHnto CcurHana
BHyTpn knetku. NF-kB n IRFs cnyxat kputnyeckmumum
CUTHaNIbHbIMU  MOJIeKyNlaMy, OPKEeCTPYIOLMMU  IKC-
MPeccuio reHoB U KOOPAWHUPYIOWMUMU UMMYHHbIE OT-
BeTbl. CIOXXHOE B3anMogencTemne Mexay aTMMU NyTaMu
obecneunBaeT MHOYKUMIO pPa3HOODpasHbix addekTop-
HbIX OTBETOB, BKJOYas MPOAYKUMIO BOCMANNTENbHbIX
LUMTOKMHOB, MHTepdepoHoB | Tvna 1 nHMuMaumo agan-
TUBHbIX UMMYHHbIX MeXaHW3moB. BcecTopoHHee noHu-
MaHWe 3TUX BHYTPUKIETOUYHbIX CUTHaNbHbIX COObITUM
HeobXoAMMO A/ Pa3rafku COXHOCTEN MeXaHU3MOB
3alMTBl XO3AMHa W pa3paboTky LeneHanpasieHHbIX
cTpaTternin bopbbbl ¢ MHbekuuamu (Tabn. 2).

Tabnuua 2. BHyTprKIeTOUHbIe CUrHanbHbIE MyTW, 3anyckaeMble akTuBaLmei peLenTopos pacnosHasaHus obpasos (PRR)
Table 2. Intracellular Signalling Pathways Triggered by Pattern Recognition Receptor (PRR) Activation

Tun PRR Jlokanusauus

Mocnepytlowme cUrHanbHble NyTH

Buonoruyeckune nocnencrensa

Mem6paHocBs3saHHble
PRRs

MNoBepxHocTb
KJ1eTKM, DHA0COMbI

Ll,wronnasma'mquKMe

PRRs Lintonnasma

BHekneTouHble
SKMOKOCTN

PacTtBopumsbie PRRs

Toll-nopobHbie peuentopsl (TLRs): MyD88-3asucumbie
n MyD88-HesaBrcumelie
C-tvna nextuHosble peuentopbl (CLRs):

SYK- n CARD9-onocpegnoBaHHbie nytu
Hykneotna-cesasbiBatowmMe onMroMmepmnsaLmoHHbie
nomeH (NOD)-nogobHble peuenTtopsl
RIG-I-nogo6Hbie peuenTtopsl (RLRs):
MAVS-onocpepoBaHHas curHannsaumns
KonnektuHbl n dbukonmHs:
JIeKTUH-0MOCpefoBaHHbIE NYTH
MeHTpaKkcuHbI: aKTUBALMS KOMMIEMEHTa,
crocobcTBoBaHWe daroynTosy

NHpykums BocnanmrenbHbix
LWUTOKMHOB, MHTepdepoHos | Tvna
DaroumnTtos, aKTMBaLMa afanTUBHbIX
MMMYHHbIX OTBETOB
AKTI/IBaLU/Iﬂ BOCMaJINTENbHbIX
OTBETOB, ayTodarvs
MpoTnBoBMpPYyCHas 3aLlumTa,
npoayKkums nHtepdepoHa

OncoHnzaums, KIMPEHC NaToreHos

PacnosHaBaHue MI/IKpO6HbIX KOM-
NOHEeHTOB, MOAyNALUA BOCNasieHna

Mpumeyanune: Tun PRR: pasnuyHbie kateropum PRRs Ha ocHoBe mx cyOKNeTouHON nokanusaumm u cneunduyHocTv K nuraHay. Jlokanusaums:
KleTouHble KoMmnapTMeHTsl, rae PRRs npeumyliectsenHo HaxogsTcs. [Mocnenyowme curHanbHble NyTW: KOYEBble BHYTPUKIIETOYHbIE MYTH,
aktusupyemsbie PRRs, Bkntouas cneunduyeckne benku nnv kackagsl. Bronornyeckune nocneacTsus: KNeToUHbIE OTBETbI M UMMYHHbIE GYHKLMW,

3anyckaeMsble akTuBaumen kaxaoro tuna PRR.

AKTMBaLMS peLenTopoB pacrnosHaBaHWs obpasos
(PRRs) npvBOAMT B ABUXEHWE CEPUIO OTBETOB, XXM3-
HEHHO BaXHbIX OJ151 3alMTbl OpraHM3ma OT 3axBaTyu-
koB. Kak XXWM3HEHHO BaXHble YJleHbl BPOXAEHHOW UM-
MYHHOM  CUCTEMbI, WMMYHHbIE KJE€TKM, BKJIlOYas
HenTpodUbl, AeHAPUTHbIE KNEeTKU 1 Makpodaru, aktu-
BMPYIOTCS B OTBET Ha natoreHbl Yyepes PRRs. Makpoda-
M 1 OEeHOPUTHbIE KJIETKU NMOrfowWatloT NaToreHsl, npea-
CTaBNSS UX aHTUreHbl T-KneTkaM U Bbi3biBasi afanTuB-
Hble MMMYyHHble OTBeTbl. HelTpodunbl BHOCAT BKNag,
BbicTpo mornowas u HeuTpanuays Mukpobbl. PRRs
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LENCTBYIOT Kak peLuatoline MeanaTopbl, CoefuHsoLLne
BPOXAEHHbIE U afanTWBHble KOMMOHEHTbl UMMYHHOWN
cucteMbl, dopmupys  aktusaumio T- u  B-knetok.
T-kneTkn, KAYeBble [ONS KIETOYHOrO WMMYHWUTET],
oTBeyvatoT Ha PRR-3anyckaemyto npeseHTauumo aHTUre-
HOB, B TO BpeMs Kak B-kneTku, kfouyeBble UrpoKM B
ryMOpasibHOM MMMYHUTETE, NMOJIyYatoT CUrHasbl, BAUS-
lolWne Ha npopgykuuto aHtuten. [NomMumo akTuBauuu
knetok, PRRs Takxe npuBomart k BbicBoObOXAEHMIO 3¢-
beKTOPHbLIX MOMEKyJ, TakuxX Kak LUTOKUHbI, XEMOKMHbI
n nHtepdepoHbl. LMTokmHbl KOOpAMHUPYOT BOCMasne-
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Mopdonorus, natonorus

HWE U KNEeTOYHYO KOMMYHWMKALMIO, XEMOKWNHbI Hamnpas-
NAT UMMYHHbIE KNIETKM K MecTaM nHbekumnn, a nHTep-
bepoHbl MHAYLMPYIOT MPOTUBOBMPYCHOE COCTOSHME.
DTOT OPKECTPOBaHHBIN OTBET MOAYEPKUBAET KITHOUEBYIO
posb PRRs B rapmMoHmM3aummn pasHoobpasHbIXx MexaHus-
mMoB a5 abbekTMBHOro KAMpeHca nNaToreHos, nogyep-
KMBasi yCTOMYMBOCTb Hallel UMMYHHOM 3aLLnThI.

Korpa ™mbl yrnybnsemcs B nogpobHbie npumepsi
addeKkTopHbIX OTBETOB MPOTUB BakTepuasnbHbIX, BuW-
PYCHbIX, FPUOKOBLIX M MapasuTapHbix MHbEKUUA, Mbl
CBUOETENbCTBYEM CIIOXHOCTb U TOYHOCTb, C KOTOPOMU
MMMYHHasi CUCTEMa FapMOHM3MPYEeT CBOK 3alUUTY.
Kaxgbi Tun nHbekummn Boi3biBaeT YHUKANbHYIO KOMMO-
3ULMIO B 3TOWN MMMYHHOU CUMQOHWUN, TOe VMMYHHbIe
KIIETKM, LUTOKUHBI U MOMEKYNSPHbIE MeXxaHW3mbl 0bb-
eOVHATCA ANA CO3AaHUS UHAMBUAYaNbHOU W YCTOW-
YMBOW 3aLUWTBI MPOTUB CMNEKTPa MUKPODOHbIX BbI3OBOB.
Mpexae Bcero, bakTepuanbHble MHOEKUMU: MMMYHHas
cucTeMa OpKecTpyeT AWMHAMUYECKUA OTBeT MNpPOTWB
GakTepuanbHbIX 3axBaTinkoB. Makpodarn u HenTpo-
bunbl, [encTBys Kak BAMTENbHbIE CTPaXMW, pacno3HatoT
GakTepuasbHble CUrHas bl Yepes peLenTopbl pacno3Ha-
BaHua obpasos (PRRs), nHuunnpys darouymtos. Aktu-
BaLMs KOMMIEMeHTa [OMONHUTENBHO YCUIMBAET 3allu-
Ty, obneryas paspyweHune baktepuin. LlutokuHel, Takmne
KakK MHTepnenkuHbl 1 GakTop HeKpo3a OMnyxosu, npu-
COefMHSATCA K CUMPOHMM, CNOCODCTBYS BOCMaNeHUIo
M MODWUAM3YS MMMYHHblE KNETKU ON8 KOJNEKTUBHOM
3aWwmThl. Bo-BTOpBIX, BMpyCHble MHbeKkuMn: cTankmsa-
ICb C BUPYCHBIMW Yrpo3amun, MHPULMPOBaHHbIE KIETKM
BblcBODOXalOT MHTepdepoHbl, Npedynpexaas cocef-
HVe kneTkn ob ykpenneHun ux 3awut. LintoTtokcuue-
ckne T-numooumtsl (CTLs) BbICTYnatoT Kak COMUCTHI,
naeHTMbunumpys n SUMUHUPYS BUpPYC-
NHPULNPOBaHHbIE KIIETKN C TOYHOCTbLO. B-kneTtkn, no-
LOBHO MacTepam aHTUTeN, CO3Lal0T UMMYHHbIE Mosie-
KyJibl, KOTOpbIE HEWTPanM3yloT BUPYCbl UM MOALEPXKM-
BatoT paroumTapHbI KINPEHC, rapMOHU3NPYsS MHOrO-
rPaHHbIN NPOTUBOBUPYCHbLIN OTBET. VIMMYHHBIN OTBET
npoTue rpuboB BpaliaeTcs BOKPYr ¢aroumTtosa mak-
podaramMmu n HenTpodmnamm, pacnosHalowmmmn rpmb-
KoBble obpasbl yepe3 PRRs. T-xennepHbie knetkm 1
NPUCOEANHAIOTCS, BbICBODOXAAS LUTOKMHbBI, KOTOPbIE
YCUNBAIOT BHYTPUKIIETOUHYIO 3/IMMUHALMIO TPUOOB.
Hobaenaa k aHcamMbno, MMMYHHblE KNETKW CO34atoT
NpoTMBOrpMOKOBbLIE MenTuabl, cnocobcTBys cuMboHUK
3aLUMTLI NPOTUB FPUBKOBbLIX 3aXBaTYMKOB. D03UHOGUIbI
3aHMMaloT LeHTpasibHYlo CLeHy B OTBET Ha napasutap-
Hble BbI30Bbl, BbICBODOXLas TOKCUHbI, BpefHble OS5
3TUX 3aXBaTUMKOB. T-xennepHble KAeTkn 2, nogobHo
avpuxepaM, NPOAYUMPYIOT  LUUTOKMHbI,  KOTOpble
HanpaBAstOT aHTUTENO-0NOCPEeA0BaHHbIE OTBETLI MPO-
TMB napas3ntoB. AKTMBALMS KOMMJEMEHTa, nogobHo
nogAepXuBaloLemMy Xopy, YCUIMBAET 3SAMMUHALMIO
napasnToB Yepes ONCOHN3ALMIO U MPSMON STM3KC.
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To, 4To penaet 3Ty MMMYHHYIO CUCTEMY MOWUCTUHE
3aMeyvaTenbHON, — 3TO yHuBepcanbHocTb PRRs. 3Tun
peLenTopbl NPOSBAAT 3aMeyaTesibHyl0 CNocoBHOCTb
afanTVpoBaTbCA U OTBEYaTb Ha pPasfinyHble MHeKLM-
OHHble yrposbl. byab To Gopbba ¢ DakTepmanbHbIMM
BTOpP>XeHWsiMK, Gopbba ¢ BUPYCHbIMK 3axBaTymKamu,
oTpaxkxeHne rpubKOBbIX aTak UM COMPOTUBIIEHUE Na-
pasuTapHbiM BTOpXeHUsM, PRRs cnyxat agantnBHbIMK
My3blKaJIbHbIMU HOTaMK, KOTOPble TOHKO HacTpaunBatoT
MMMYHHbBIN OTBET AN NPOTUBOCTOAHUS crneunduye-
ckMM Bbi3oBaM. Mx cnocoBbHoCTb paznnyaTbh pasHoo6-
pasHble MOoJieKyspHble 0bpasbl, acCOLUUMPOBaHHbIE C
PasSIMYHBIMK MaToreHamu, NogyYepKMBaeT UX afanTue-
HOCTb, LEMOHCTPUPYS, Kak 3T peuenTopbl Crocob-
CTBYIOT 3amMeyaTeSIbHOW YHUBEPCasIbHOCTU MMMYHHOU
CUCTEMbI Mepep SNLOM MOCTOSHHO 3BOJIIOLMOHUPYIO-
LWNX MHPEKLMOHHBIX MPOTUBHUKOB.

PRRs cnyxaT npogBuHYyTbIMW AUPUXKEPaMU B UM-
MYHHOW CUCTeMe, He TOJIbKO WHULMMPYS 3aluTy, HO
TakXke TOHKO perynvpyst u paspetsas oteeTbl. OHu
npefoTBpallaloT runepsocnaseHne yepes CrOXHble
MexaHW3Mbl, BanaHCUpys akTMBaLMIO NyTen, TakmMx Kak
NF-kB 1 MAP-kuHazbl, 4uTobbl 0becneuntb KOHTPOMPY-
eMbIl UMMYHHbI OTBET U M3bexaTb COMyTCTBYIOLWLEro
ywepba. JononHutensHo, PRRs cnocobctayioT nMMyH-
HOW TONepaHTHOCTW, NpefoTBpallas ayTOMMMYHHble
3aboneBaHNs NyTemM MHAYKLMN MEXaHW3MOB, KOTOpble
CNocobCTBYIOT TONIEPAHTHOCTUN K COBCTBEHHbBIM aHTUre-
HaMm. [lomumo perynaumn, PRRs wurpatoT knouvesyto
POJib B pa3peLleHnn BOCMNasleHNs 1 CnocobCTBOBaHUM
BOCCTaHOBJIEHWIO TKaHeln Yyepe3 NpoTMBOBOCMaNNTES b-
Hble CUTHanbl, Takme Kak uHtepnenkunu-10, obecneuw-
Basi KOHTPONMMPYEMbIN U afanTUBHLIM UMMYHHbIA NPO-
uecc Ansg obuiero Bnarononyums xossuHa. Mo cytu,
PRRs BbicTynatoT kak mMacTep-perynstopbl, He TOJIbKO
MHULNNPYS UIMMYHHble OTBETbI, HO TakXe OpKecTpupys
TOHKO HaCTPOEHHbIN BanaHc Mexay akTMBaumen, Tose-
PaHTHOCTbIO 1 paspelueHnem. [oHnMaHme 3Tnx acnek-
T0B ¢yHKuMM PRR unmeeT pellatouiee 3HauveHne Ans
pa3paboTky TepaneBTUYECKMX BMELLaTenNbCTB, KOTO-
pble WCMOJb3YIOT CUY UMMYHHOW cucTeMbl, nsberas
NPV 3TOM BPefHbIX MOCIeACTBUN.

OucperynuposarHas curHanmsaums PRR 6bina Bo-
B/leYeHa B pPasBUTME ayTOUMMYHUTETa U XPOHWNYECKUX
BOCNanuTeNbHbIX 3abonesannit. B ycnosuax, rae Hop-
mMasibHoe dyHkumoHmposaHe PRRs ckomnpometunpo-
BaHO wan paszbanaHcMpoBaHO, MMMYHHas cuctema Mo-
XeT OWNBOYHO HaLEeNMBaTbC Ha COBCTBEHHbIE KIIETKM
M TKaHW OpraHuama, NPUBOAS K ayTOMMMYHUTETY. ITO
NPOUCXOANT B pesysibTaTe TOro, 4TO MMMYHHas cucTe-
Ma NPUHUMAET COBCTBEHHbIE aHTUMEHbI 38 YyXKePOLHbIX
3axBaTymkoB. [JlononHWUTeNbHO, AUCperyanpoBaHHas
curHanmsauma PRR moxer cnocobceTBoBath XxpoHuue-
CKUM BOCMaNUTeNbHbIM 3ab0IeBaHNAM, XapaKTepmsy-
IOLMMCS NPOLOSIKUTENBHBIMU 1 abeppaHTHBIMU UM-
MYHHbIMW oTBeTamu. [MocTosHHas akTMBauus Bocnanu-
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TeNbHbIX NyTeN MU3-3a HeucrnpaBHon curHanmsaumm PRR
MOXeT MPUBECTU K MOBPEXAEHWIO TKaHel 1 cnocob-
CTBOBaTb NMPOrPEeCcCUn COCTOTHUN, TaKUX KaK pPeBMaTo-
NOHbIN apPTPUT, BOCNanunTesbHble 3abonesaHmsa Kuwey-
HUKa W OpyrMe ayTOMMMYHHble paccTpouncTea. [ToHu-
MaHWe U HauenuBaHWe Ha OUCPEryNsuUMio CUTHaNbHbIX
nytern PRR obelwaer paspaboTky TepanesTMyecKux
cTpaTerum gna CMsar4yeHns BAUSHUS ayTOMMMYyHUTETa U
XPOHNYECKOro BOCMNasleHNs Ha 340POBbe YesloBeKa.
Peuentopsl pacrnosHasaHusa obpazos (PRRs) asns-
OTCS BaXXKHbIMW YY4aCTHUKAMU UMMYHUTETA, HO OHW Tak-
Xe urpatoT posb B 3abonesaHuax. PRRs, takue kak Toll-
nonobHele peuentopbl (TLRs), korga-to npesosHocwH-
JIUCb 3@ UX MMMYHO-yCUAMBatOLWMe CrnocobHoCTH, oco-
BeHHO B OBHapyXeHWM MaTOreHoB, W CYUTASIUCL MPU-
BJIEKaTENbHbIMU MULLIEHAMWU O UMMYHOMOZYNATOP-
HbIX MpenapaToB W BakuuH. C Opyrol CTOPOHBI, Mo-
BpeXaeHue TKaHel, ayTOMMMYHHble pacCTpOonCTBa U
MOCTOSIHHOE BOCMasieHMe CBS3aHbl C AUCPErynpoBaH-
HoW curHanusauven PRR. MoxeT BbiTb CIOXHO HanTh
BanaHc Mexay npefoTBpalleHMeM MaToNornyeckmx
MNCXOAOB U YCUIEHWEM 3aLUTHOTO WUMMYHWUTETa, OCO-
BeHHo npu pa3paboTke HOBbIX METOAOB NeyeHus. [e-
Batbl, okpyxatowme uccnegosarua PRR, noguepkmea-
0T HEODXOAMMOCTb CIOXHOrO NMOHUMAaHWA A MOSHO-
rO UCMONb30BaHUA UX TEPANeBTUYECKOro NoTeHLnana.
Byoylive nepcnekTnsbl B UCCNELOBaHUSAX peLenTo-
poB pacnosHaBaHus obpasos (PRR) obewator paseu-
TME B pPas3nn4YHbIX HanpasfeHusx. Hoeble obnactu
BKJTHOYAIOT pasrafKky CNoXHbIX Aetanen buonorun PRR,
nccnenoBaHue HOBbIX PeLenTopoB U paclnGpPoBKY nX
ponein B 300poBbe U BonesHu. TepanesTuyeckue Mo-
CNneacTsma OBLWNPHbI, C MOTEHLNATbHBIMU MPUMEHEHU-
AMU MPU MHPEKLUMOHHBIX U BOCMANUTENbHbIX 3abone-
BaHusax. HauenusaHmne Ha PRRs pna TepaneBTuyeckmnx
BMeLLaTeNbCTB NPeACcTaBAseT HOBOE HamnpaBieHne ons
paspaboTkn nekapcts, obnagawoliee MNOTEHLMANIOM
418 TOYHOW MOZyNAuMM MMMYHHbIX oTBeToB. OfHaKo
Takune BbI30Bbl, Kak 3hPEeKTbl BHE MULLEHU, CITIOXHOCTU
B curHanusauun PRR v nepesop pesynbtaTtoB nccnepno-
BaHWN B KJMHWYECKME MPUMEHEHMWS, CO34atoT npensaT-
cteus. [yTb OT dyHOaMEHTaNbHbIX WCCNefOBaHNN K
KIMHUYECKOWN peanmsaumm Tpebyet NpeofosieHns aTux
BbI3OBOB, Mpepsaras nepcrnekTusBbl A8 WHHOBALMOH-
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HbIX Tepanuin 1 bonee rnyboOKOro NOHUMaHUS MMMYH-
HOW perynauunu.

B saknioueHuve, peuenTopbl pacnosHaBaHus obpa-
30B (PRRs) urpatoT peluatollyto posib B Hallel MMMYyH-
HOW cucTeme, obHapyXmnBas pasHoobpasHbie yrpo3sbl u
OpKecTpupys WHAMBMAYyaNbHble OTBeTbl. KaTeropuau-
poBaHHble Ha MeMbpaHOCBA3aHHble, LUToMnIasMaTuye-
ckne u pactsopumble Tunbl, PRRs pacrnosHatoT koHcep-
BaTVMBHble MOJIeKynsipHble obpa3sbl, OTBevYas Kak Ha
natorenbl (PAMPs), Tak n Ha noBpeXOeHHble KNeTKK
(DAMPs). YHuBepcanbHasa agantusHocTb PRRs oyeBug-
Ha B UX oTBeTax Ha DakTepwuasbHble, BUPYCHble, rpmb-
KOBble W napasuTapHble MHOEKUUN, EMOHCTPUPYSA UX
KIOYEBYIO POJb B UMMYHHOW 3aLumTe.

AxTtrBaums PRR 3anyckaeT croxHble BHYTPUKIETOY-
Hble cUrHanbHble NyTwn, Takme kak MyD88-3aBucumblie n
TRIF-3aBUCKMbIE, cXxOOsiLLMeECst Ha K/IHOYEBBIX MOJIEKY-
nax, Takux kak NF-kB n IRFs. 3ToT curHanbHbIi Kackag,
npeacraefieHHbin B Tabnuue 2, oTpaxaeT pasHoOOb-
pasHble ponn PRRs B MMyHHOM HabstogeHmm.

OddekTopHbIe OTBETHI MPOTUB Pa3NNUHbIX WHbEK-
LM nofyepkuBatloT LeHTpasbHyto posb PRRs, aktuBu-
pys VMMYyHHbIE KNETKW, BbiCBOBOXAAA UUTOKUHbI U
KOOPOUHMPYS afanTusHbli MMMyHuTeT. PRRs cnocob-
CTBYIOT PErynsumm 1 paspeLleHmnto MIMMYHHbIX OTBETOB,
npepoTBpallas rmnepsocnaseHne, NHAYLMPYS MMMYH-
HYIO TONIEPaHTHOCTb U CMOCODCTBYS BOCCTAHOBEHMIO
TKaHewn.

OpHako gucperynvpoBaHHas curHanmsaums PRR
CBsi3aHa C ayTOMMMYHUTETOM U XPOHUYECKMMU BOCNa-
nuTenbHbIMKU 3aboneBaHnaMK, NpeacTasnss Tepanes-
Tuyeckme Bbi3oBbl. Cnopbl B nccrnegosaHuax PRR noga-
YepPKMBAIOT NMOTPEDOHOCTb B HIDAHCMPOBAHHOM MOHMUMAa-
HuW. byoywne nepcnekTnBbl HanpaBneHbl Ha pasragky
LeTanbHbix acrnektos buonormum PRR un nccneposarue
TepaneBTUYeCKNX npumeHeHuin. B sakniouveHune, PRRs
ABNAIOTCH HEe MPOCTO MMMYHHbIMU 3alUMTHUKAMU, HO
AVPUKEepPaMn CIIOXHOW UMMYHHOW cumboHuuM, apan-
TUPYIOLWMMNUCA K pazHoobpasHbiM yrpo3am. Hasurauus
B Guonorun PRR npegnaraet tpaHcdopmaumoHHbie
TepanesBTUYeCcKNe UHCanTbl 1 Bonee rnybokoe MoOHU-
MaHMe MMMYHHO-NAaTOreHHbIX B3aUMOLENCTBUN.
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Pattern Recognition Receptors (PRRs) constitute es-
sential elements of the innate immune system, identify-
ing microorganisms or cellular injury based on distinct
molecular structures additionally commonly referred to
as pathogen-associated molecular patterns (PAMPs) or
danger-associated molecular patterns (DAMPs). PRRs
primarily function to instigate phagocytosis and coordi-
nate inflammatory responses by detecting diverse path-
ogens and molecules emanating from impaired cells.

Upon activation, innate immune cells rapidly engage
in phagocytosis, the process of absorbing and digesting
antigens. These cells possess surface receptors capable
of recognising common microbial antigens, including
lipopolysaccharides, peptidoglycan, and viral RNAs. The
receptors not only bind free antigens but also those pre-
sent on the surface of infected cells within the body.

In an ideal immune response, microorganisms
bound to the receptors of phagocytic cells undergo
swift destruction. However, such occurrences are infre-
quent, as some immune cells may experience immedi-
ate demise or a loss of phagocytic capabilities. To trig-
ger the adaptive immune response, phagocytic cells,
having digested antigens, present them on their surface
for recognition by T-lymphocytes.

Lymphocytes enhance phagocytosis, aiding in timely
antigen presentation. T lymphocytes recognise anti-
gens, informing B lymphocytes to form antibodies for
the humeral immune response against toxins, bacteria,
and fungi. Additionally, specific Tlymphocytes activate
killer cells, adding a cellular immune layer to eliminate
intracellular pathogens, viruses, and damaged cells,
enhancing overall defence. Understanding PRR-
mediated effector responses is crucial for early defence
against pathogens. PRRs, detecting PAMPs or DAMPs,
initiate rapid and efficient immune responses, including
phagocytosis and inflammation. These responses acti-

Table 1. Pattern Recognition Receptors (PRRs) Classification

vate the adaptive immune system, leading to targeted
immune reactions. Individualised treatments, insights
into disease pathogenesis, and potential drug targets
underscore the significance of wunraveling PRR-
mediated effector responses for disease protection.
Pattern Recognition Receptors (PRRs) are immune sys-
tem sentinels that detect infection or danger signals,
triggering robust effector responses. This essay delves
into the mechanisms of PRR activation and their pivotal
role in safeguarding us from diseases, offering insights
into potential therapeutic strategies and enhancing our
understanding of immune-pathogen interactions.

Two specific proteins, serine proteases 1 and 2 as-
sociated with mannas-binding lectin (Maspl and
Masp2), function similarly to the proteases of the classi-
cal complement activation pathway. However, they be-
come activated upon binding to a microbial ligand,
initiating the immune response. Endocytotic PRRs are
situated on the surface of phagocytes, recognizing mi-
crobial patterns and allowing phagocytes to engulf and
deliver pathogens to lysosomes for breakdown.

Among the endocytotic PRRs, the macrophage
mannose receptor identifies specific residues on mi-
crobial cell walls, while the macrophage scavenger re-
ceptor aids in clearing bacteria from the bloodstream.
These receptors enhance the phagocytic functions of
our immune system, ensuring the efficient removal of
cellular debris. Signaling PRRs act as security alarms on
our cell membranes. Toll-like receptors (TLRs), a critical
class of signaling PRRs, serve as the "ringing" alarm,
notifying our cells of the presence of a foreign invader.
Upon detection of pathogen-associated molecular pat-
terns (PAMPs), these receptors initiate signaling path-
ways, leading to the activation of diverse immune re-
sponse genes, including those responsible for proin-
flammatory cytokines.

Type Subtype Localisation Ligand Specificity
Toll-like Receptors (TLRs) Cell Microbial lipids, proteins,
Membrane-Bound PRR C-type Lectin Surface/Endosome nucleic acid; Carbohydrates on
Receptors (CLRs) Cell Membrane pathogen

Nucleotide-binding
Oligomerizatio
Domain (NOD)-like
Receptors (NLRs)
RIG-I-like
Receptors (RLRs)
Collectins and
Ficolins
Pentraxin

Cytoplasmic PRR

Soluble PRR

Intracellular pathogens,

Cytoplasm cellular
stress Viral RNA
Bind to pathogens, enhance clearance;
Body fluids Recognise microbial components,

promote; Opsonisation

Note: PRRs, which stands for Pattern Recognition Receptors, are specialised proteins essential for the innate immune system. They play a critical
role in identifying molecular patterns linked to pathogens or signals indicating potential danger. Additionally, PAMPs refer to Pathogen-
Associated Molecular Patterns, while DAMPs are Danger-Associated Molecular Patterns. Classified by sub-cellular localisation and ligand speci-
ficity, PRRs include Membrane-Bound (e.g., TLRs, CLRs), Cytoplasmic (e.g., NLRs, RLRs), and Soluble (e.g., Collectins, Pentraxins) types. PRRs
recognise conserved motifs (PAMPs/DAMPs), initiating immune responses. This classification showcases the diversity of PRRs and their coordi-
nated role in effective immune defence.
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PAMPs, inherited structures in microorganisms, in-
clude lipopolysaccharides, lipoproteins, glycol-lipids,
flagellin, lipoteichoic acids, mannans, and DNA/RNA.
Despite chemical differences, PAMPs share the com-
monality of being distinctly different from macro-
organism cellular structures.

Recognition of PAMPs relies on pattern recognition
receptors (PRRs), encoded in the macro-organism ge-
nome and categorised as secreted, endocytotic, or
signalling. Secreted PRRs enhance phagocytosis, while
endocytotic PRRs mediate pathogen destruction. Sig-
nalling PRRs activate pathways for adaptive responses,
localised on cell membranes or in the cytosol.

PAMPs are exclusive to microorganisms, signalling in-
fection presence. Their commonality and stability make
them vital for pathogen survival. PRRs' recognition of
PAMPs is crucial for early immune response initiation.

Furthermore, acknowledging that specific internal
compounds released during cellular damage, termed
damage-associated molecular patterns (DAMPs), can also
be categorised as PAMPs introduces an additional layer of
intricacy to our comprehension of innate immunity.

DAMPs encompass a variety of endogenous com-
pounds released during the induction of leukocytes
and necrotic cell death in response to infectious pro-
cesses. Notable members of the DAMP group include
the S100 protein family, purine metabolites, heat shock
proteins (HSP), and high mobility group box 1 (HMGB1)
are a few examples. These molecules serve as alarm
signals, indicating cellular distress and contributing to
the intricate network of immune responses.

Released by activated immunocytes and any cells
undergoing non-apoptotic death, DAMPs play a pivotal
role in immune signalling. Their function extends be-
yond merely signalling cellular damage; DAMPs carry a
second signal that collaborates with the traditional
PAMP-mediated response. This dual signalling not only
initiates the inflammation process but also activates
mechanisms for tissue repair, emphasising the multifac-
eted role of DAMPs in immune regulation.

Of particular interest are certain DAMP molecules that,
upon stimulation of receptors, including pattern recognition
receptors (PRRs), potentiate the inflammatory response. This
potentiation mirrors the reaction induced by PAMPs, shed-
ding light on the interconnectedness of these molecular
signals in orchestrating a robust immune response. The
recognition of DAMPs as endogenous counterparts to
PAMPs highlights the intricate balance and synergy required
for effective immune surveillance and response.

Pattern Recognition Receptor (PRR) activation initiates
a cascade of cellular responses, with cytokine release,
inflammation, and immune cell recruitment playing piv-
otal roles in the orchestration of the immune system.

Cytokines, produced by immune cells like lymphocytes
and phagocytes, serve as signalling molecules, binding to
specific cell surface receptors and activating genes.
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Their synthesis is tightly regulated, triggered by mi-
crobial components or other cytokines. Cytokines have
diverse biological effects, often exhibiting multiple ac-
tivities. They function in the microenvironment with
both local (autocrine and paracrine) and systemic ef-
fects when present in high circulating concentrations.In
various anatomical locations, spontaneous cytokine
synthesis occurs, serving as growth factors in bone mar-
row, thymus, and lymphoid organs. During infection,
pro-inflammatory cytokines (such as interleukins-1, -6,
-8, tumour necrotising factor) are induced, enhancing
leukocyte influx, activating bactericidal molecule syn-
thesis, and promoting immune response.

Interestingly, in the course of inflammation, the same
macrophages  shift  towards  producing  anti-
inflammatory cytokines (interleukins-10, -13, transform-
ing growth factor). These cytokines serve to modulate
the functions of phagocytic cells and inhibit the produc-
tion of pro-inflammatory cytokines, contributing to the
resolution of inflammation.

Critical to the regulation of immune responses,
T-helper cells (Th1 and Th2) produce cytokines that
influence the nature of the immune response. Th1 cyto-
kines, including gamma interferon, favour cellular im-
munity, while Th2 cytokines, such as interleukins4, -5,
-6, -10, -13, promote humeral immunity.

In summary, the balance of cytokines, their interac-
tions, and the dynamic shifts in their production under-
lie the nature and effectiveness of immune responses.
The delicate orchestration of cytokine actions serves as
a crucial aspect of cellular communication and modula-
tion in the complex landscape of the immune system.

Intracellular signalling pathways triggered by the ac-
tivation of Pattern Recognition Receptors (PRRs) play a
pivotal role in coordinating immune responses follow-
ing the detection of microbial pathogens. The primary
signalling pathways include the MyD88dependent
pathway, initiating the activation of nuclear factor-kappa
B (NF-kB) to govern the expression of inflammatory
genes. Interferon regulatory factors (IRFs) are activated
by the TRIF-dependent pathway, which leads to the
manufacture of type | interferons, which are crucial for
antiviral defence. These pathways, coupled with MAP
kinase cascades, contribute to signal amplification and
propagation within the cell. NFkB and IRFs serve as
critical signalling molecules, orchestrating gene expres-
sion and coordinating immune responses. The intricate
interplay among these pathways ensures the induction
of diverse effector responses, including the production
of inflammatory cytokines, type | interferons, and the
initiation of adaptive immune mechanisms. A compre-
hensive understanding of these intracellular signalling
events is essential for unraveling the complexities of
host defence mechanisms and devising targeted strat-
egies to combat infections (Table 2).
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Table 2. Intracellular Signalling Pathways Triggered by Pattern Recognition Receptor (PRR) Activation

PRR type Location Downstream Biological
signalling pathways Consequences
. Induction of
Cell Surface Uelniie Inflammatory
Membrane-bound PRRs Endosomes Receptors Cvtokines. Tvoe |
(TLRs):  MyD88dependent and MyD88-independent vt VP
Interferons
. Phagocytosis
C-type Lectin N ' .
Receptors (CLRs): SYK and CARD9mediated pathways Activation of Adaptive Immune
Responses
Activation of
. Nucleotide- binding Inflammatory
Cytoplasmic PRRs Cytoplasm Oligomerization Domain (NOD)- like Receptors Responses,
Autophagy
RIG|like ér;:‘grl:’cael interferon
Receptors (RLRs): MAVS-mediated signalling Production

Soluble PRRs Extracellular Fluids

Pentraxins:
Activation of
Complement,
Promotion of
Phagocytosis

Collectins and Ficolins: Lectin- mediated Pathways

Opsonisation.
Clearance of
Pathogens
Recognition of
Microbial
Components,
Modulation of
Inflammation

Note: (information taken (Land, 2023)) PRR Type: Different categories of PRRs based on their sub-cellular localisation and ligand specificity.
Location: Cellular compartments where PRRs are primarily found. Downstream Signalling Pathways: Key intracellular pathways activated by PRRs,
including specific proteins or cascades involved. Biological Consequences: Cellular responses and immune functions triggered by the activation

of each PRR type.

The activation of Pattern Recognition Receptors
(PRRs) sets in motion a series of responses vital for the
body's defence against invaders. As vital members of
the innate immune system, immune cells including neu-
trophils, dendritic cells, and macrophages activate in
response to pathogens via PRRs. Macrophages and
dendritic cells devour pathogens, presenting their anti-
gens to T cells and sparking adaptive immune respons-
es. Neutrophils contribute by swiftly engulfing and neu-
tralising microbes. PRRs act as crucial mediators con-
necting the innate and adaptive arms of the immune
system, shaping the activation of T and B cells. T cells,
pivotal for cellular immunity, respond to PRR-triggered
antigen presentation, while B cells, key players in hu-
meral immunity, receive signals influencing antibody
production. Beyond cell activation, PRRs also lead to
the release of effector molecules like cytokines, chemo-
kines, and interferons. Cytokines coordinate inflamma-
tion and cell communication, chemokines guide im-
mune cells to infection sites, and interferons induce an
antiviral state. This orchestrated response highlights the
pivotal role of PRRs in harmonising diverse mechanisms
for effective pathogen clearance, emphasising the resil-
ience of our immune defence.

As we delve into the detailed examples of effector
responses against bacterial, viral, fungal, and parasitic
infections, we witness the complexity and precision with
which the immune system harmonises its defences.
Each infection type elicits a unique composition in this
immune symphony, where immune cells, cytokines, and
molecular mechanisms come together to create a tai-
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lored and resilient defence against a spectrum of mi-
crobial challenges. First of all, Bacterial Infections: The
immune system orchestrates a dynamic response
against bacterial invaders. Macrophages and neutro-
phils, acting as vigilant guardians, recognise bacterial
cues through Pattern Recognition Receptors (PRRs),
initiating phagocytosis. Complement activation further
amplifies the defence, facilitating bacterial destruction.
Cytokines like interleukins and tumour necrosis factor
join the symphony, promoting inflammation and rally-
ing immune cells for a collective defence. Secondly,
Viral Infections: Confronting viral threats, infected cells
release interferons, alerting neighbouring cells to fortify
their defences. Cytotoxic T Lymphocytes (CTLs) emerge
as soloists, identifying and eliminating virus-infected
cells with precision. B cells, akin to antibody artisans,
craft immune molecules that neutralise viruses and
support phagocytic clearance, harmonising a multi-
faceted antiviral response. The immune response
against fungi revolves around phagocytosis by macro-
phages and neutrophils, recognising fungal patterns
through PRRs. T-helper 1 cells join in, releasing cyto-
kines that bolster intracellular fungal elimination. Add-
ing to the ensemble, immune cells compose antifungal
peptides, contributing to the symphony of defence
against fungal intruders. Eosinophils take centre stage
in response to parasitic challenges, releasing toxins
harmful to these invaders. T-helper 2 cells, akin to con-
ductors, produce cytokines that guide antibody-
mediated responses against parasites. Complement
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activation, akin to a supportive chorus, enhances para-
site elimination through opsonisation and direct lysis.

What makes this immune system truly remarkable is
the versatility of PRRs. These receptors exhibit a re-
markable capacity to adapt and respond to various
infectious threats. Whether battling bacterial invasions,
combating viral intruders, warding off fungal assaults,
or resisting parasitic encroachments, PRRs serve as
adaptive musical notes that fine-tune the immune re-
sponse to confront specific challenges. Their ability to
discern diverse molecular patterns associated with dif-
ferent pathogens underscores their adaptability, show-
casing how these receptors contribute to the immune
system's remarkable versatility in the face of ever-
evolving infectious adversaries.

PRRs serve as advanced conductors in the immune
system, not only initiating defences but also finely regu-
lating and resolving responses. They prevent hyperin-
flammation through intricate mechanisms, balancing
the activation of pathways like

NF-kB and MAP kinases to ensure a controlled im-
mune response and avoid collateral damage. Addition-
ally, PRRs contribute to immune tolerance, preventing
autoimmune diseases by inducing mechanisms that
foster tolerance to self-antigens. Beyond regulation,
PRRs play a key role in resolving inflammation and
promoting tissue repair through anti-inflammatory sig-
nals like interleukin-10, ensuring a controlled and adap-
tive immune process for overall host well-being. In es-
sence, PRRs emerge as master regulators, not only in-
stigating immune responses but also orchestrating a
finely tuned balance between activation, tolerance, and
resolution. Understanding these aspects of PRR func-
tion is crucial for developing therapeutic interventions
that harness the immune system's power while avoiding
detrimental consequences. Dysregulated PRR signalling
has been implicated in the development of autoimmun-
ity and chronic inflammatory diseases. In conditions
where the normal functioning of PRRs is compromised
or imbalanced, the immune system may erroneously
target the body's own cells and tissues, leading to auto-
immunity. This occurs as a result of the immune system
mistaking self-antigens for foreign invaders. Additional-
ly, dysregulated PRR signalling can contribute to chron-
ic inflammatory diseases characterised by prolonged
and aberrant immune responses. The persistent activa-
tion of inflammatory pathways due to faulty PRR signal-
ling can result in tissue damage and contribute to the
progression of conditions such as rheumatoid arthritis,
inflammatory bowel diseases, and other autoimmune
disorders. Understanding and targeting the dysregula-
tion of PRR signalling pathways holds promise for the
development of therapeutic strategies to mitigate the
impact of autoimmunity and chronic inflammation on
human health.
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Pattern Recognition Receptors (PRRs) are important
participants in immunity, but they also play a part in
disease. PRRs such as Toll-like receptors (TLRs) were
once hailed for their immune-boosting abilities, espe-
cially in pathogen detection, and were thought to be
attractive targets for immunomodulatory medications
and vaccines. On the other hand, tissue damage, auto-
immune disorders, and persistent inflammation are
linked to dysregulated PRR signalling. It can be difficult
to strike a balance between preventing pathological
outcomes and boosting protective immunity, particular-
ly when developing new treatments. The debates sur-
rounding PRR research emphasise the necessity for a
sophisticated comprehension in order to fully utilise
their therapeutic potential.

Future perspectives in Pattern Recognition Receptor
(PRR) research hold promise in various dimensions.
Emerging areas include unraveling the intricate details
of PRR biology, exploring novel receptors, and deci-
phering their roles in health and disease. The therapeu-
tic implications are vast, with potential applications in
infectious and inflammatory diseases. Targeting PRRs
for therapeutic interventions presents a novel avenue
for drug development, holding the potential to modu-
late immune responses precisely. However, challenges
such as off-target effects, complexities in PRR signalling,
and translating bench findings to clinical applications
pose hurdles. The journey from basic research to clini-
cal implementation requires addressing these chal-
lenges, offering prospects for innovative therapies and
a deeper understanding of immune regulation.

In conclusion, Pattern Recognition Receptors (PRRs)
play a crucial role in our immune system, detecting
diverse threats and orchestrating tailored responses.
Categorised into membrane-bound, cytoplasmic, and
soluble types, PRRs recognise conserved molecular
patterns, responding to both pathogens (PAMPs) and
damaged cells (DAMPs). The versatile adaptability of
PRRs is evident in their responses to bacterial, viral,
fungal, and parasitic infections, showcasing their pivotal
role in immune defence.

PRR activation triggers intricate intracellular signal-
ling pathways, such as MyD88dependent and TRIF-
dependent, converging on key molecules like NF-kB
and IRFs. This signalling cascade, presented in Table 2,
reflects the diverse roles of PRRs in immune surveil-
lance.

Effector responses against various infections high-
light PRRs' central role, activating immune cells, releas-
ing cytokines, and coordinating adaptive immunity.
PRRs contribute to the regulation and resolution of im-
mune responses, preventing hyperinflammation, induc-
ing immune tolerance, and promoting tissue repair.

However, disregulated PRR signalling is linked to au-
toimmunity and chronic inflammatory diseases, present-
ing therapeutic challenges. Controversies in PRR re-
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search underscore the need for a nuanced understand-
ing. Future perspectives aim to unravel detailed aspects
of PRR biology and explore therapeutic applications. In
conclusion, PRRs are not just immune defenders but

conductors of a sophisticated immune symphony,
adapting to diverse threats. Navigating PRR biology
offers transformative therapeutic insights and a deeper
understanding of immune-pathogen interactions.
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