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Zmeny aktivity transkripcniho
faktoru NF-kappaB ve vztahu
k regulaci cytokinetiky

Mgr. Jirina Prochazkova, Ph.D.
jipro@sci.muni.cz
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Osnova

Struktura NF-kappaB

Charakterizace Clenu rodiny NF-kappaB
Klasicka vs. alternativni draha aktivace
Transaktivace, ubiquitinace

NF-
NF-
NF-
NF-
NF-

KappaB a apoptoza
KappaB a imunitni system
KappaB a proliferace
KappaB a stres

KappaB a karcinogeneze

Metody detekce aktivnhiho NF-kappaB



NF-kappaB

* Nuclear Factor — kappa B (NF-«xB)

- Jaderny faktor B lymfocytu, ktery se vaze na
enhancer pro gen kodujici lehky k retezec
imunoglobulinu

* Objeven v roce 1986 (Sen, Baltimore et al.)
» Pro-preziti, pro-zanetlivy transkripcni faktor

« Aktivovan min. 210 podnéety a ovliviuje
transkripci min. 150 genu (Pahl 1999)

» Uzka vazba na procesy proliferace,
karcinogeneze, aktivace imunitniho systemu
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Struktura NF-kappaB

dimerizace, jaderna maskuji NLS, interakce obsahuje rozpoznavaci
lokalizace, vazba na DNA protein-protein sekvenci pro kinazy
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Podle Dejardin (2006), Biochemical Pharmacology 72:1161-1179



Rodina NF-kappaB/lkappaB
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Podle Caamano and Hunter (2002), Clinical Microbiology Reviews, 15 (3):414



Dimerizace c¢lenu rodiny
NF-kappaB

Table 1. NF-xB family proteins

d

TAD* domain Cytoplasmic form

M&@ 1 Complex with 1B Classical MF-«B binding pairs by forming dimers with p&0
Regulated by the canonical MF-«B pathway

RelB R Complex with p100 Release of RelB -p52 dimers through activation of the
non-canonical n pathway

c-Rel R Complex with kB The cellular homolog of the avian retroviral protein, v-Rel

p&0 - Precursor protein Derived from processing of p105
Homodimeric form has repressor function
Transcriptionally active heterodimers with RelA or c-Rel

ph&Z - Precursor protein Derived from processing of pl100

Homodimeric form has repressor function
Transcriptionally active heterodimers with RelA or c-Rel

“A bbreviations: c-Real, callular Ral: 1B, inhibitar of «B: MF, nuclear factar: TAD, trans-activation domain: v-Rel, viral Ral.

Yamamoto and Gaynor, (2004), TRENDS in Biochemical Sciences, 29 (2)




NF-kappaB knock-outs

Phenotype Drescription

NF-n:Eq'I' Defects in production of Ab and T-cell proliferative responses. Absence of marginal zone B cells. Defect in Th responses. Increased susceptibility to
S pneuronice and L monocptogenss. Mormal response to £ coli infection and & influenzae but enhanced resistance to ERMCV.

NF-HEQ"L Disorganized B- and T-cell areas in spleen and lymph nodes azsociated with absence of marginal zone macrophages and follicular DC. Feduced
mumbers of B cells and decreased production of antigen-specific Ab. Increased susceptibility to T gondii, L monocptogenes, and L mgior but normal
response to LOWY.

MF-rB l-I- nF  Increased mortality after birth and developmental defects including osteopetrosis, thymic and lymph node atrophy, and disorganized splenic structure.

HEQ-'L

Rela - Embryonic lethality at day 15 to 16 of gestation due to widespread apoptosis of lver parenchymal cells mediated by THF. Eequired for formation of
secondary lpmphoid organs.

ReR- Development of lethal T-cell-mediated inflammatory disease. Impaired production of antigen-specific Ab associated with defects in germinal center
forroation. Lack of marginal zone B cells and thyrnic and CDEe” DC. Suszceptible to L monocytogenes, LOWY, and I gondii. Feduced capacity to
produce [FMN-7 and impaired DTH responses.

c-Rel™ Itnpatred T- and B-cell proliferation and reduced Ab responses. Increased suszceptibiity to L major and I gondii. Memnory response to influenza wirus
i5 itnpaired. Decreased production of [L-2, IL-3, IL-12, IFN-Y, and GI-CSF.

LiBa™ Postnatal lethality 7 to 10 days after birth associated with widespread psoriasiz-like dermatitis, increased gramilopoiesis, and histological alterations in
liver and spleen.

Brl-3" Dizorganized B- and T-cell areas in spleen. Impaired formation of germinal centers and production of antigen-specific Ab. Defective antigen- dependent

priring of T cells. Increased susceptibility to L monocptogenes, S preumoniae, and I gondii but normal response to B coli infection.
IKK mutace Ectodermal dysplasia and immune deficiency (oportunni infekce)

? Abhreviations: Ab, antihody CTL, cytotoxic T lymphaocytes; DTH, delayed-type hypersensitivity, DC, dendritic cells; Thi, T helper cells type 1. Adapted from reference 2
with permizsion of the publisher.

Caamano and Hunter (2002), Clinical Microbiology Reviews, 15 (3):414



Signalova draha NF-kappaB

TNFa, IL-1, CO4OL, LPS, UV light

Protsin Kinases

MK, IRUAK %
MEKK-1, Akt
P52 pm
KK, IKKR,
HEMD, KKy, IKAP
[
Ubiquitinating |03 8
Enzymas
w -
‘ IxB Degradation
Proteasoma
& Dogradation R
=3

i lcBce, lB-fi, p100, p105

p!d IL-1, IL-2, IL-4, IL-8, TNF-a
; ™ IFN-f, G-CSF, M-CSF

XOOKGEGAATTCCCIONK  VCAN-1, ICAM-1, E-Selectin

IL- 2R, bgre-LC
HIV-1, CMV
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Caamano and Hunter (2002), Clinical Microbiology Reviews, 15 (3):414



Transaktivace

kB vazebné misto: 5'-GGGRNYYYCC-3' (R - purin, Y - pyrimidin, N jakakoli baze)

JANSSEN-HEININGER et al. (2000), Free Radical Biology & Medicine,28(9):131713

TranskripCni koaktivatory:

P/CAF Histon acetyl transferazova (HAT) aktivita

CBP/p300 cAMP response element (CREB) vazajici protein, HAT aktivita

HMG High mobility group proteins — citlivost DNA k nukleazam
RNA pol 2 RNA polymeraza 2

TFIIB Nutny pro asociaci RNA pol. s iniciacnim komplexem

TBP TATA-box vazajici protein
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TAF TBP asociovany faktor



Ubiquitin-Proleasome Dependent Proteolysis
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NF-1KB(p50/pé5) PATHWAY

Kanonicka
draha
aktivace
NF-kappaB

Hlavni dimer p65/p50
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Alternativni draha aktivace NF-kappaB

TNFR-related (LTBR, BAFF-R,CD40, Fn14,
proteins  RANK, CD27, CD30, LMP1)

Aktivace - nékolik minut Aktivace - nékolik hodin

Alternative NF-x8 pathway

‘-_-__-__‘.

Kinase @
cascade 1
IKKa KK

\ ®£ .

Classical NF-x8 pathway  Hybrid NF-xB pathway

a¥qbo®
)
-
B g”
g = RelB
Dk D)

X ' p65 orc-Rel @ Phosphorylation (g~ Polyubiquitin linkage K48

Dejardin, biochemical pharmacology 72 (2006) 1161-1179
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TNF SIGNALING PATHWAY

L]
EEHF i
|

TNER1
@00 Nemise

Drahy
aktivovane
TNF

TNF o — prozanétlivy,
proapoptoticky cytokin

JIMA, Nejsilngjsi induktor

k NF-kappaB aktivace

NIK — NF-kappaB
indukujici kinaza

IKK — |kappaB kinaza

MEKKs — MAPK/ERK
kinaza kinazy

MAPK - Mitogenem
aktivovana protein
kinaza (JNK, p38,
ERK)

ERK - Extracelularnim
signalem regulovana
kinaza

JNK — cJun N-terminalni
kinaza

p38 — stresem aktivovana




APOPTOSIS THROUGH DEATH RECEPTORS N F 'KB a

apoptoza

— death inducing
signaling
complex

Anti-
apoptoticke
cilove geny NF«B:
c-Flip
c-IAPs
Bel-XL
A1 (Bcl-2 family)
TRAF1/2

Cell Survival,
Differentiation
& Activation

=  Pro-apoptoticke
= cilové geny NF-kB:

e P (O RIP,DR1-6, Fas,
@200 Cell Sh!nkagn& .-;"" -\;F'-'-.:; TN F-R
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Podpora prirozene imunity

* Produkce pro-zanétlivych pusobku
- Interleukiny, chemokiny, TNF; IFNB, RANTES
- Imunoreceptory (TNF-R, MHCI, imunoglobuliny)
- Bunécna adheze (ICAM1, ELAM1, VCAM1, selektiny, tenascin C)
- Proteiny akutni faze zanétu (faktory komplementu, CRP, LPS R,
angiotensinogen)
Clenové rodiny NF-kappaB
. Ant| -apoptoticka role je spojena s podporou zanétliveho
procesu
- Apoptoticka téliska pohlcena makrofagy jsou neimunogenni

* Role Bcl-3 v T lymfocytech

- Vazba na homodimery p50 a p52 v jadfe méni tyto represory na aktivatory
transkripce

« Podpora dozravani B lymfocytu
- IKKa podporuje aktivaci dimert p52/RelB — produkce proteinl posilujicich
rezistenci B lymfocytu k apoptoze

x PODPORA CHRONICKEHO ZANETU!!!
(revmatoidni artritida, kardiovaskularni nemoci, autoimunitni nemoci)
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Podpora proliferace

Cytokiny a jejich receptory produkovane
pusobenim NF-kappaB pusobi jako rustove
faktory

- Aktivuje geny pro G-, M-, GM-CSF, VEGF
Aktivuje expresi cyklinu D1 nutného pro
prechod G1/S

Aktivuje expresi c-Myc — transaktivuje geny pro
cykliny a potlaCuje expresi p21

v G1,G2 fazi — hl. role Akt - fosforyluje IKK +
Chk1 je inaktivni

v S fazi je to naopak + role RelA a p100



Regulator stresove odpovedi

Stresory aktivujici NF-kappaB:

* Infekce

* Ischemicky/reperfuzni stres
 Hemorhagicky sok

* Poskozeni jater

* Ozareni organismu (UV, v)

* Oxidacni (ROS (?) a NOS metabolizmus)
* Hyperglykemicky stres

«  Xenobioticky (cigaretovy kour, tezké kovy,
PCB, cytostatika)




NO metabolizmus

Inflammatory
Mediators

NO oy aktivaceﬂ D nitrosylace g
q.,... <== 'NO "NO = &=

JANSSEN-HEININGER, et al.,Free Radical Biology & Medicine, 28, 9, 1317-1327, 2000



Vliv na karcinogenezi

NF-kappaB
Potlacuje rozvoj apoptozy
+
Indukuje proliferaci, angiogenezi
+
Zvysuje metastaticky potencial
+

Podporuje zanetlive procesy

Podminky vhodné pro karcinogenezi



Karcinogeneticky potencial NF-kappaB

Cancer-associated inducers of aberrant NF-«B activity
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Modulace aktivity NF-kappaB

Tumor supresorove proteiny
p53 a ARF indukuji asociaci
aktivnino NF-kappaB s HDAC1

@@ ) WS- _g — => Represe NF-kappaB aktivity
Cyclm D1

|

|

SDDICBP ;

ARF | —
Bcl—xL @ ‘_1:,- @w Bel-xL

TRENDS in Cell Biology

Tumor promoter NF-xB Tumor suppressor NF-xB

Cyclm D1

-
Loss of tumor kwu:s

SUppressor geneas

Malignant
Mormal wlh,,> > m::> cancer cells

oncogenic Activation of tumor Activating stimulus Tumaor
stimulus  suppressors (p53, ARF) (KK activity, tumaor promoter
microenvironment, NF-kB
accumulation of
Tumor Tumor genetic alteration)
promaoter suppressor
MF-kB NF-kB

TRENDS in Cell Biology

Perkins (2004), Trends in Cell Biology, 14(2)



Detekce aktivhiho NF-kappaB

« WB - Degradace IkappaB

- Narust p50 a p65 v nuklearnim extraktu a
ubytek v cytoplazmatickem extraktu

 EMSA - Electrophoretic Mobility Shift Assay

» NF-kappaB v nuklearnim extraktu se vaze na znacené
oligonukleotidy obsahujici kB vazné misto

» Detekce komplexu nativni PAGE

» Reporterovy plazmid — Transfekce bunék

plazmidem nesoucim kB vazna mista v promotoru genu
pro luciferazu/B-gal/CAT
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Shrnuti

Rodina transkripcnich faktoru NF-kappaB
Klasicka vs. alternativni draha aktivace
Nejsilngjsi aktivator NF-kappaB je TNF-a
Pro-zanetlivé a preziti podporujici ucinky
Aktivovan stresem

Podili se na rozvoji chronického zanetu a
nemoci s nim spojenych

Podporuje rozvoj nadorovych onemocneni



