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JTanbl MPOBEACHUAA CUTHAJIA

1) Peuenuusa

2) Nepepaya curHana
(cucrembl curHanbHbIX nyTeu /
BTOPUYHbIX MeCCeHOXepoB)

3) OTBeT KNeTku



JTanbl MPOBEACHUAA CUTHAJIA

1) Peuenuusa



Ctumynsl

(vHdpopmauumsa, npuxopaLwlas K KrneTke)

) BbicokoadppuHHbIE nUraHabl (CBA3bIBAKOTCA C
peLenTopoM BbICOKOAJIPPUHHO N BbICOKOCENEKTUBHO)

2) ManocneununyHblie XMMNYECKUEe coeauHeHUs
(Hanpumep, Bbi3blBaKOLLME geHaTypaLuuo 6enkos
nnun nospexaeHue OHK)

3) Pnsnyeckne CTMMynbl (MOHU3UPYLOLLEE ObIyYeHne
(IR — ramma unmn peHTreHoBCcKoe 0bny4veHue),
ynetpadomonet (UV), usmeHeHne Temnepartypbl

(heat shock/cold shock), runep- unm runoocMonNApHOCTL,
SNIEKTPUYECKUN UMMYNbC, TPSCKA)



Tunbl cekpeuunmn

(knaccudukauma nuraHgoB No AarbHOCTU AeUCTBUSA)

1) OHAOKPUHHasA cekpeuus (B KPOBOTOK; BCe FTOPMOHDI,
MHOIMe LUMTOKUHbI, POCTOBbLIE (paKTOpPbI)

(D) ENDOCRINE

endocrine cell receptor
target cell

bloodstream

target cell .




Tunbl cekpeuunmn

(knaccudukauma nuraHgoB No AarbHOCTU AeUCTBUSA)

2) NMNapakpuHHaa cekpeuus (NMMraHgbl NOKanbLHOro AeNCTBUSA;
NPOCTOrNaHAuHbI, IEMKOTPUEHbl, MHOITMe XeMOKUHbI)

(B) PARACRINE

signaling
cell
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Tunbl cekpeuunn

(knaccudumkauma nuraHgoB No AaribHOCTU AeNCTBUA)

3) AyTOKpuUHHasa cekpeuusa (OencTtBue Ha TY Xe KINeTKy
Unu
Ha bnu3snexa




Tunbl cekpeuunmn

(knaccudukauma nuraHgoB No AarbHOCTU AeUCTBUSA)

4) OKcTakpuHHaA, UMY 3aBUCUMaAA OT KOHTAKTOB CeKpeLus
(jucstacrine; nuraHgbl Ha NOBEpPXHOCTU KIeTOK, peuenuus
npun HenocpeacTBeHHOM B3aMMOAENCTBUN KNeTOK; NUuraHabl
aHTUreHpacno3HarwLWnxX peLenTopoB, KaarepmHoB,
peuenTopHbIX TUpOo3nHdoccaTas, Notch)

(A) CONTACT-DEPENDENT

signaling cell target cell

membrane

bound signal

molecule




Tunbl cekpeuunn

(knaccudumkauma nuraHgoB No AaribHOCTU AeNCTBUA)

5) CekpeLuunsi KOMMNOHEHTOB BHEKIIETOYHOro MaTpukca
(HepacTBOpUMBbIE NUraHAbl peuenTUPYHTCA KOHTaKTaMun
KIneTKa-MaTpuKC; nuraHabl UHTErpnHoOB)



Tunbl cekpeuunmn

(knaccudukauma nuraHgoB No AarbHOCTU AeUCTBUSA)

6) CuHanTnyeckas (cekpeuus HempomeamaTopoB B
XUMUNYECKUN CUHANC; OMOreHHble aMUHbl, aMUHOKUCIIOTbI)

{C) SYNAPTIC

synapse

nauron

-




Tunbl cekpeuunn

(knaccudumkauma nuraHgoB No AaribHOCTU AeNCTBUA)

7) Cekpeuus yepes werneBble KOHTaKTbl (gap junctions;
OOMeH BHYTPUKNETOYHbIMU CUTHANbHbLIM MOJIeKyriaMu)




Penenropnl




JIMranabl BHYTPUKJIETOYHBIX PELENTOPOB
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BHYTpHUKJIETOYHBIC peHenToOPbI

ligand-binding
domain

transcription-activating
domain

DNA-binding domain

2o COOH
inhibitory
(B) INACTIVE RECEPTOR proteins

(D)

coactivator
proteins

ligand

DNA

'

PeoaploEtIEng transcription of target genes

element

(C) ACTIVE RECEPTOR




Penenropnl




JTanbl MPOBEACHUAA CUTHAJIA

1) Peuenuwms

2) Nepepaya curHana
(cucrembl curHanbHbIX nyTeu /
BTOPUYHbIX MeCCeHOXepoB)



JTanbl MPOBEACHUAA CUTHAJIA

1) Peuenuwms

2) Nepenava curHana
(cucTeMbl CUrHanbHbIX NyTen /
BTOPUYHbLIX MECCEHOKEPOB)

3) OTBeT KNeTku



OTBeThI KJIEeTKH

1) Bnusitaue Ha nponudepaluio
(CTUMYIISILMS ICICHUS KIIETOK /
OJIOK KJIETOYHOT'O IIMKJIa)

2) BousiHue Ha anonTo3
(CTUMYJISIMS aronTo3a /
CTUMYJISILIMS BBDKMBAHMS (CYIPECCHs aloITo3a) )

3) BiustHue Ha aare3uio, MATPALUIO
U CTPYKTYPbI aKTUHOBOTO IIUTOCKEJIETA

4) IupdpepeHunpoBKa

5) Crnenuanu3upoBaHHbBIE ObICTPhIE OTBETHI
(COKpalleHue, CEKPELUs, IPOBEACHUE IICKTPUIECKOTO
MMITYJIbCa U T.]I.)



BTOpMYHBIN MeCeH/TKeP
HJIM €ro akTUBHaA (popMma
TOJIZKHA OBICTPO NMOSABJIATHCS

U OBICTPO HCYE3aTh ...



Peryasinust CHTHAJIbHOU
MOJIEKYJIbI

1) Perymsmums koiudecTBa

2) Perymsnus BTOpMYHBIX MOJIU(PUKALAM

3) Perynsius JoKanu3anun



PacnpocrpaHneHHbIe
CUTHAJIbHbIC TOMEHBbI
CBSI3bIBAHMA

SH2, PTB — cBsa3biBanne pocOOTHPO3UH-COACPKAIINX IIEIITHIOB
SH3 — cBsA3bIBaHKE MIPOIUH-00TATHIX MENTHIOB

PH — 00b14HO CBsi3bIBaHHUE (POCHOIUITUAOB (HEKOTOPHIE
crieruuaHbl 11 3,4-pochopunmpoBanHoro Pl)

DD, DED — romo(uiibHO€ CBSI3BIBAHUE B allONTO3€E



Penenropsl, cCOonpsizkeHHbIE €

G-0eaxkamMmu

(GPCR)



OCHOBHBIC CUTHAJBbHBI




JIuranasl peuenTopos, CONpPszKeHHbIX ¢ G-0eakamMu

Coupling to G Protein

Endogenous Ligand(s) Receptor Subclass(es)
Amino acids, dicarboxylic acids
Glutamate mGluR1,5 Gy
mGluR2,34,6,7,8 Vo
-Aminobutyric acid (GABA) GABAg, (binding), GABA; (signaling) Gio
a-Ketoglutarate GPRY99 Gym
Succinate GPR91 G Gio
L-Arginine, L-lysine GPRCGA Gy ?
Biogenic Amines
Acetylcholine M,,M;,M, Gy
M., M, Gio
Epinephrine, norepinephrine 01 4,018,01D Gy
A5, Azp,A2c Ti/o
B1:Bz:Bs Gy
Dopamine D,,D; Gy
DZ'DiS'D4 Gi/()
Histamine H, Ggm
H, G,
Hy H, Gio
Melatonin MT,,MT,,MT, Gi/o
Serotonin 5-HT; ammer Gyo
5-HT,pc
5-HT,,5-HT,,5-HT-, T
5'HT5A/B Gi/o* Gs
Trace amines TA1, TA2 G

CaSR
SPC1, G2A
GPR4, TDAG-8

Gq/l 1 (Ji/o
" o |
Gq/u- (-'12/13

Tg



. Nucleotides/nucleosides

Adenosine

ADP
ADP/ATP
ATP

UDP
UDP-glucose
UTP/ATP

@ Lipids

Anandamide, 2-arachidonoyl glycerol
11-Cis-retinal (covalently bound for
light-dependent receptor activation;

see below)
Fatty acids (C,—C;)
(Cl2_c20)
(C14=Cg,)
5-0Ox0-ETE
Leukotrinene B, (LTB,)
LTC,, LTD,
LXA,
Lysophosphatidic acid (LPA)
Platelet-activating factor (PAF)
Prostacyclin (PGIL,)
Prostaglandin D, (PGD,)

Prostaglandin F,_, (PGF)
Prostaglandin E, (PGE,)

Spingosine-1-phosphate (S1P)
Spingosylphosphorylcholine (SPC)
Thromboxane A, (TxA,)

Peptides/proteins

Adrenocorticotrophin (ACTH)
Adrenomedullin

Ay Ag
Ass Asp
P2Y,,, P2Y,,
P2Y,

P2Y,,

P2Y,

P2Y,,

P2Y,, P2Y,

CB,, CB,
Rhodopsin

Opsins (green, blue, red)
Melanopsin
GPR41, GPR43
GPR40

GPR120

TG1019, GPR170
BLT

CysLT1, CysLT2
FPRL1 (ALXR)
LPA, . (Edg2/4/7)
PAF

IP

DP

CRTH,

FP

EP,

EP,, EP,

EPg

S1P, o245 (Edgl/5/3/6/8)

SPC, (OGR1), SPC, (GPR4)

TP

MC,

AM, (CL+RAMP2), AM, (CL+RAMP3)
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Amylin
Angiotensin II
Apelin

Bradykinin
Calcitonin

Calcitonin gene-related peptide (CGRP)

CC chemokines
CXC chemokines
CX,;C chemokines
@ Cholecyctokinin (CCK-8)
Complement C3a/Cb5a
.C-orticitropin-releasing factor (CRF),
urocortin
@ Endothelin-1, -2, -3
Follicle-stimulating hormone (FSH)
Formyl-Met-Leu-Phe (fMLP)
Galanin, galanin-like peptide

Gastric inhibitory peptide
. Gastrin
Gastrin-releasing peptide (GRP),
bombesin
Ghrelin
@ Glucagon
Glucagon-like peptide
@ Gonadotropin-releasing hormone
Growth hormone-releasing hormone
Kisspeptins, metastin
. Luteinizing hormone,
choriogonadotropin
Melanin-concentrating hormone

AMY, (CT+RAMP1), AMY,
(CT+RAMP2), AMY, (CT+RAMP3)

AT,

AT,

APJ

B,, B,

CT

CGRP, (CL+RAMP1)

CCR1,2,3,4,5,6,7,8,9,10

CXCR1,2,34,5,6

XCL1, XCL2, CX3L1

CCK,, CCK,

C3a, Cha

CRF,, CRF,

ET, (ET-1, ET-2), ETy (ET-1, -2, -3)
FSH

FPR

GALL, GAL3

GAL2

GIP

CCK,

BB2

GHS-R
Glucagon
GLP1, GLP2
GnRH
GHRH
GPR54

LSH

MCH1
MCH2
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Melanocortins

Motilin

Neurokinin-A/-B (NK-A/-B)

Neuromedin-B, bombesin

Neuromedin U

Neuropeptide FF & AF

Neuropeptide W-23, W-30

Neuropeptide Y (NPY) etc.

Neurotensin

Opioids (B-endorphin, Met/Leu-
enkephalin, dynorphin A, nociceptin/
orphanin FQ)

Orexin A/B

Oxytocin

Parathyroid hormone (related peptide)

Prokineticin-1,2

Prolactin-releasing peptide

Relaxin, insulin-like 3

Secretin

Somatostatin

Substance P (SP)

Thyrotropin (TSH)

Thyrotropin-releasing hormone (TRH)

Urotensin 11

Vasoactive intestinal polypeptide (VIP),

PACAP
Vasopressin

@Proteases (the new NH,-terminal domain

produced by proteolytic cleavage
serves as a tethered ligand)
Thrombin and others
Trypsin and others

MC,, MC;, MC,, MC;

GPR38

NK, (NK-A), NK, (NK-B)
BB1

NMU1 (FM-3), NMU2 (FM-4)
NPFF1, NPFF2

GRP7, GPRS

Y., Yo, Y, Y. Y

NTS1, NTS2

o, Kk, w, ORL1

0OX1, OX2

OT

PTH/PTHrP

PK-R1, PK-R2

PrRP (GPR10)
LGR7, LGRS
Secretin

SST,, SST,, SST;, SST,, SST,
NK,

TSH

TRH-1, TRH-2

UT-IT (GPR14)
VPAC,, VPAC,, PAC,

Via Vip
V,

r4

PAR-1, PAR-3, PARA4
PAR-2
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Light
~500 nm (max. absorption)
~426 nm (max. absorption)
~530 nm (max. absorption)
~560 nm (max. absorption)
~425-480 nm (max. absorption)

Bitter
Odorants

Pheromones

Rhodopsin (11-cis-retinal)
Blue-opsin (11-cis-retinal)
Green-opsin (11-cis-retinal)
Red-opsin (11-cis-retinal)
Melanopsin (11-cis-retinal)

T1R1 + TIR3

mGluR4

T1R2 + TIR3

T2 receptor group (many; —25 in
human, —36 in mouse)

many (—350 in human, —1,000 in
mouse)

V1 group (few in human, —150 in
mouse)

V2 group (none in human, —150 in
mouse)




Name Gene
a-Subunits
Ga, class
Ga, GNAS
Gaxi, (GNASXL)
Gao It GNAL
Gay, class
Gay, GNAII
Gay, GNAI2
Gayn GNAI3
Ga, GNAO
Ga, GNAZ
Gyt GNAT3
Ga,., GNATI
Gay. GNAT?2
Ga,y, class
Ga, GNAQ
Gay, GNAII
Ga 14 GNA14
Gaysie GNA16 (Gnal5)
Gaysyq4 class
Ga,, GNA12
Gay,y GNAI3
B-Subunits
B1 GNBI
B2 GNB2
B GNB3
By GNBY%
B GNB5
y-Subunits
Y 1 Yrod G.‘\‘YG TI
Y 1 ’YCOne G-'\'FG T2
72’ ‘YB GA"G.?
73 GA\rG-f?
Y4 GNG4
s GNG5
Y7 GNG7
78’ 79 GA"GS
Y10 GNGI10
Yi1 GNGI11
Yiz GNG12
Y13 GNG13

Ubiquitous
Neuroendocrine
Olfactory epithelium, brain

Widely distributed
Ubiquitous

Widely distributed
Neuronal, neuroendocrine
Neuronal, platelets

Taste cells, brush cells
Retinal rods, taste cells
Retinal cones

Ubiquitous

Almost ubiquitous
Kidney, lung, spleen
Hematopoietic cells

Ubiquitous
Ubiquitous

Widely, retinal rods
Widely distributed
Widely, retinal cones
Widely distributed
Mainly brain

Retinal rods, brain,
Retinal cones, brain
Widely

Brain, blood

Brain and other tissues
Widely

Widely
Olfactory/vomeronasal epithelium
Widely

Widely

Widely

Brain, taste buds

e 5 Expression G 5 Effector(s)

AC (all types) 1
AC 1
AC 1

AC (types LIILV,VLVIILIX) | (directly regulated)
various other effectots are regulated via Gfy
released from activated G,;, (see below)

VDCC |, GIRK ] (via GBvy, see below)

AC (e.g., V,VI) | (directly regulated); Rapl1GAP

PDE 1 7; other effectors via GBvy?

PDE 6 (y-subunit rod) 1

PDE 6 (y-subunit cone) 1

PLC-1-4 1|
PLC-B14 1
PLC-B1-4 |
PLC-B14 1

PDZ-RhoGEF/LARG, Btk, Gaplm, cadherin
pl15RhoGEF, PDZ-RhoGEF/LARG, radixin

AC type I | AC types ILIV,VII 1 PLC-8
(B3=p2=p1) 1 GIRK1-4 (Kir3.1-34) 1 receptor
kinases (GRK 2 and 3) 1 PI-3-K, B, ¥ 1 T type
VDCC (Ca.3.2) | (GByy2) N-P/Q-R-type VDCC
(Ca,2.1-2.3) |



Ik padorbl G-0eaK0B

nucleotide
exchange

r
activated =
state
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Effectors



Ilepenaua curuaja or G-0ejIKoB
e.g.
Olgy 5-HTy, My,
D, 4, GABAg, opioid, Ca2*
mGIluR2,3,4,6,7

o GIRK P/Q'1
chemokines (Kir3.1- N.gpe
(Cay2.1-3)
Adenylyl FET
i cyclase j—
«— :
ATP
cAMP
e.g.
B1/B2-adrenergic,
e.g. D1105! |PJ
MM, TP adenosine A,,

)
mG';':#f’ Adenylyl
oy, 5-HT, cyclase

ATP

cAMP




OCHOBHBIC CUTHAJBbHBI




Phosphatidylinositol (PtdIns)




Peryjasinus riiaiko MyCKYJaTypbl

acetylcholine, angiotensin I, Epinephrine (j,)
endothelin, leukotriene Ca/Da denosine (A;)
” norepinephrine (o), oxytocin, F’Glfg PGE,, PGD
Na’ vasopressin (V,) efc. (IPEP ,,,DP)
2+ Ca l
L-Typ TRP

T —
Adenylyl

h \. o @
PiP, ?\ GEF\—A-\’ \?

DAGIP; ._;-
T @@

[Caz+), T —» Ca?*/CaM —» .

contraction relaxation




Peryasinus cepaeyHOn MbIIIIbI

Norepinephrine,

Epinephrine Acetyicholine

.,
Adenylyl
cyclase

‘_/
ATP

cAMP
+ __wtroponin |

phospholamban ¢——
ryanodine receptor 1————*

GIRK
(Kir3.1/
Kir3.4)

C82+

'YD CC
( C-avt);ng )




PeneriTopsl (paKTOPOB POCTA —
TPaHCMeMOpPaHHbIE

THUPO3UHKHUHA3bI



CeMelicTBO

PDGF (Flatelet-derived
growth factor, daktop
pocTa, IPOAYLUPYEMbBII
KPOBSIHBIMH
IJTACTUHKAMH )

EGF (epidermal growth
factor, anuiepMabHBIM
dakTop pocra)

IGF (insulin-like growth
fector)

DakTOpsI pocTra

Peuenropsl

PDGFRa,
PDGFR}, SCFR
(c-kit),
CSF-R(Fms),
Flk-2

EGEFR (ErbB1),
ErbB2 (Neu),
ErbB3, ErbB4

IGF-1R, insulin R

DakTopkbI pocTa

PDGFA, PDGFB,

SCF (stem cell
factor), CSF

EGF, TGFa,
amphiregulin,
epiregulin,
B-cellulin,
HB-EGF,
neuregulins

IGF-1, insulin

IKcnpeccust

peuenTopoB
(B OCHOBHOM)

IloBcemecTHO

DUUTEIUHN

IloBceMecTHO

JeicTBUS
(00BIYHO)

[Iponudepanus,
BBEDKHBAHHE

[Iponudepanus,
BBDKHMBAHHUC

BreroxuBanue,
nponudeparnus,
CHUHTE3 TIIMKOIeHa
(MHCYNUH)



CeMelCTBO

FGF (fibroblast growth

factors)

VEGF (vascular

endothelial growth

factor)

HGF (hepatocyte growth

factor)

NGF (nerve growth

factor)

Penenropsl

FGFR-1,
FGFR-2

FGFR-3, FGFR-4

Flt-1, Flk-1
(KDR), VEGF-C
R

HGFR (c-Met),
MSPR (c-Ron)

Trk, TrkB, TrkC

dakTOpbI pOcTa

Basic FGFs, acidic
FGFs

VEGF-A, VEGF-B,
VEGF-C

HGF

NGFs (neurotrophins)

dkcnpeccusi

peuenTopos (B
OCHOBHOM)

duopoOIaCTHI,
18/ IKHe
MBIIIIITBI

DHOoTEINH
COCY/JIOB

['emaTouTel

Heiwpons! u ux
IIPEAIICCTBEHH
UKHU

JencrBusi
(00BIYHO)

[Tponmudepanus,
BBDKUBAHUE
aHTHOTEHE3

[Iponudepanus,

BrepkuBaHue,
aHTHOI'eHE3

Murpanusi,
npoaudepanms,
BBIKMBAHUE

BoerxuBanue,

muddepeHim-
POBKa



Growth factor
receptors




Growth factor
receptors




Growth factor
receptors N




Growth factor
receptors
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Growth factor
receptors

TH=NG




Growth factor
receptors

&)




Growth factor
receptors

=







Growth factor
receptors







OCHOBHBIE CUTHAJIBHBIEC IIYTH OT PelenTopoB (paKTOPOB PoOCcTa

GF

N /\—/

GF receptor

Transcription
factors etc.

DNA



MaJas peryjassTopHas

I TdDaza Ras



Maubie peryasaTopHbie 1 ' Tda3bl

CemMmenictBo Ras:

CemMmenictBo Rho:

CemenictBo Rab:
Cemenicto ARF:

CeMmenictBo Ran:

Ras, Ral, Rap
Rho, Rac, cdc42

RELE
ARF

Ran



Pa0ouuin mukJ Majbix peryjasropubix I'Tdas
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Effectors






MAP-kuHa3HbIC

KACKa/1bl



MAP-
KHHAa3HbLIe
KaCKa/Ibl



Peryasinust u muinenu Raf




Growth factors, Integrins, UV, osmotic shock, TNFa-fam., IL-1-fam.  TGFp-fam.

cytokines, GPCR ROS /

TCR, BCR TRAFs
Small l
regulatory Ras, __, __.Rac, cdc42, Rho(?)
GTPase Ra
MAPKKKK MAP-
(MAP4K,
Ste.20 N KHHAa3HbIE
homologues) KacKa 21 BI

S W = X l
MAPKKK Raf-1, MEKK 2-3, MEKK, PSK, TAK-1, . 51,
(MAP3K) A-Raf, B-Raf TPL- MLK-2,3, DLK (ASK-1 MEKK4 ’
MAPKK :
MEK 1, 2 MKK 5 MKK 4, 7 MKK

MAPK ERK 1,2 ERIl( 5 JNK 1-3 p38 Tx-ﬁ)

g/?gé{flz( 1,2 TCF (Elkl) c-jun ﬁzssllzl?zm kinases 2, 3, PRAK

Mnkl MEF2C ATF-2 Mnkl

TCF (Sapl, EIk1), Ets1 TCF (Elk1) ATF-2

¢-Myc pS3 TCF (Sapl, Elk1)

STAT3 NFAT-4 (inhib.) ps3

phospholipase A2 STATS MEF2A,C

EGF receptor, Sos, Raf, MEK Bel-2 (inhib) Max

Bcl-2 ) 5 STAT1

p27Kip (degradation) Bim, Bid cdc25

CyE/cdk2, CyH/cdk7
MAPs

Bcl-2 (inhib)



MAPK/Erk in Growth and Ditterentiation




Principal transcriptional factors regulation

Ras, Rho-family,
Ste20 homologues l

P @
\Vava

Forkhead NF«xB AP-1 CREB

08 G 08 0

Forkhead NFkB SRE TRE (AP-1) CRE CRE

(serum response (TPA-responsive (cAMP-responsive
element) element) element)




ERK scaffolds

KSR-1

MP-1 — late endosomes and lysosomes

Sefl — Golgi

GIT1 - GPCR (via GRK) and focal adhesions (?)
b-arrestin-1,2 — GPCR

MEKK-1 (not as a kinase, also on cytoskeleton)
KSR-2 — for A-Raf

CNK, SUR-8



JNK and p38 scaftfolds

JIP 1-4 — for JNK and p38

b-arrestin-2— GPCR for JNK-3

Crkll, POSH, IKAP, MKPX, SKRP1 - for JNK
Filamin — for JNK from TNF-family via TRAF-2



SAPK/JNK Signaling Cascades

FasL, UV
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Oxidative stress

Ca

Cell death, differentiation, survival, cytokine production, etc.



Growth factors, Integrins, UV, osmotic shock, TNFa-fam., IL-1-fam.  TGFp-fam.

cytokines, GPCR ROS /

TCR, BCR TRAFs
Small l
regulatory Ras, __, __.Rac, cdc42, Rho(?)
GTPase Ra
MAPKKKK MAP-
(MAP4K,
Ste.20 N KHHAa3HbIE
homologues) KacKa 21 BI

S W = X l
MAPKKK Raf-1, MEKK 2-3, MEKK, PSK, TAK-1, . 51,
(MAP3K) A-Raf, B-Raf TPL- MLK-2,3, DLK (ASK-1 MEKK4 ’
MAPKK :
MEK 1, 2 MKK 5 MKK 4, 7 MKK

MAPK ERK 1,2 ERIl( 5 JNK 1-3 p38 Tx-ﬁ)

g/?gé{flz( 1,2 TCF (Elkl) c-jun ﬁzssllzl?zm kinases 2, 3, PRAK

Mnkl MEF2C ATF-2 Mnkl

TCF (Sapl, EIk1), Ets1 TCF (Elk1) ATF-2

¢-Myc pS3 TCF (Sapl, Elk1)

STAT3 NFAT-4 (inhib.) ps3

phospholipase A2 STATS MEF2A,C

EGF receptor, Sos, Raf, MEK Bel-2 (inhib) Max

Bcl-2 ) 5 STAT1

p27Kip (degradation) Bim, Bid cdc25

CyE/cdk2, CyH/cdk7
MAPs

Bcl-2 (inhib)



p38 MAPK Signaling Pathways

Inflammatory Cytokines, FasL
DNA Damage,
Oxidative Stress, UV N o TGF-B

——/~—» Cytokine-induced

/ MRNA stability

(@1K2) ——> TNF-o: biosyntnesis
*

| e Cytokine Production,
Transcription ——— ~ Apoptosis, etc.



NFkB



Antigen receptors Cytokines

TCR TNFo
BCR IL-1 _
Infection Genotoxic stress

UV-, y-radiation
reactive oxygen

LPS \
dsRNA ‘%
K/ intermediates (ROI)

S

NF-xB
Immunregulatory proteins ( f \, \ Regulators of
Serum amyloid protein, Spoplasis
C3 complement Evei Bel-XL,
Cytokines yclins, |IAPs
VCAM, 4 Sre;ilelclﬁ s growth
ICAM TNFa, IL-1, factors
TCRo, b IL-6, IL-12 IxBa, c-Rel, G-CSE APOTOSIS/
MHC I, p105 M-CSF CELL SURVIVAL
IMMUNE RESPONSE/INFLAMMATION  NF-xB PROLIFERATION ¢CSHD
REGULATION oo
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NFkB activation (canonical)




Canonical pathway Non-canonical pathway
(TNFo, IL-1, LPS) (CD40, BAFF, lymphotoxin-f3)
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Alternative Atypical Classical
Non-Canonical Canonical
BAFF DNA-damage
LTB e.g. by UV IL-1B
CD40L TNFa

Alternative
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LPS,
Cytokines
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TNF Growth Factors:
BMP, EGF, HGH,

For detalled signaling,

For detalled signaling, 526 TLR Pairway.
5ea BCR Patiway.

For defalied signaiing,

sae TCR Pathway. \
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