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Rezumat

Factorul de transcriptie NF-kB reprezintd o structurd
proteici ce stabilizeazi legatura dintre ARN polimerazi si
promotorul genei care urmeazd sd fie transcriptionatd.
NF-kB reprezintd unul dintre cei mai importanti factori de
trascriptie, indispensabili transcriptiei unei gene fintd.

Activarea factorilor de transcriptie se evidentiazd prin
produsii genelor la care NF-kB a contribuit la transcripfie.
In cazul NF-kB sunt produsi care stimuleazii inflamatia
(citokine, chemochine, factori de crestere) sau produsi care
stimuleazd proliferarea tumorald inhiband apoptoza.

In conditii patologice supra activarea NF-kB creste
trasncriptia genelor care codificd citokinele proinflamatorii
formand initierea si mentinerea inflamatiei. In proliferarea
tumorald NF-kB are o actiune antiapoptoticd dar
promoveazd si metastazarea, vascularizatia tumorald,
modicifdri protumorale in mecanismul tumoral. La nivel
curtanat, NF-kB este supra exprimat in keratinocite, celule
imune, fibroblaste (dermatita atopicd) avind un rol
important in procesele inflamatorii care definesc aceste
afectiuni. In cazul melanomului malign NF-kB este
implicat in transcriptia genelor antiapoptotice favorizand
supravietuirea celulelor tumorale. NF-kB intervine si in
activitatea punctelor de control al raspunsului imun PD1
si CTLA-4.
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Summary

The transcription factor NF-kB represents a protein
structure that stabilizes the link between RNA polymerase
and the promoter of the gene to be transcribed. NF-kB
represents one of the most important transcription factors,
indispensable for the transcription of a target gene.

The activation of transcription factors is evidenced by
the products of genes to which NF-kB contributed to the
transcription. In the case of NF-kB, they are products that
stimulate inflammation (cytokines, chemokines, growth
factors) or products that stimulate tumor proliferation by
inhibiting apoptosis.

In pathological conditions, overactivation of NF-kB
increases the transcription of genes encoding pro-
inflammatory cytokines, forming the initiation and
maintenance of inflammation. In tumor proliferation,
NF-kB has an antiapoptotic action but also promotes
metastasis, tumor vascularization, protumoral modifi-
cations in the tumor mechanism. At the skin level, NF-kB
is overexpressed in keratinocytes, immune cells, fibroblasts
(atopic dermatitis) having an important role in the
inflammatory processes that define these conditions. In the
case of malignant melanoma, NF-kB is involved in the
transcription of antiapoptotic genes favoring the survival of
tumor cells. NF-kB also intervenes in the activity of the
immune response checkpoints PD1 and CTLA-4.
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Datoritd implicdrii majore a NF-kB in patologia
acestor afectiuni se deschide posibilitatea ca NF-kB sd
devind o tintd terapeuticd importantd.

Prezentdm o serie de aspecte ale fiziologiei si patologiei
NF-kB cu implicarea in psoriazis, dermatitd atopicd,
melanom malign.
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melanom malign.
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Due to the major involvement of NF-kB in the
pathology of these conditions, the possibility opens for NF-
kB to become an important therapeutic target.

We present a series of aspects of the physiology and
pathology of NF-kB with involvement in psoriasis, atopic
dermatitis, malignant melanoma.
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Expresia genica (geneticd) reprezintd pro-
cesul de transmitere a informatiei ereditare
codificatd de ADN nuclear la ribozomi unde se
realizeazd sinteza proteica. Este un proces com-
plex care cuprinde trei etape: transcriptia, trans-
latia si formarea si functionalitatea proteinelor
rezultate.

Transcriptia, prima etapa a expresiei genetice
presupune copierea informatiei genetice din
ADN nuclear grupat in gene (Inscrisa in secventa
nucleotidelor) intr-o moleculd de ARN mesager.
Acesta va pardsi nucleul, va ajunge in citosol si
ulterior la nivelul ribozomilor unde va fi de-
codificat si se va realiza sinteza proteicd pe baza
informatiei genetice transmisa din nucleu.

Formarea ARNm se realizeaza prin inter-
mediul unei enzime ARN polimeraza, care se
formeaza din nucleotide separate de un lant ADN
identic cu un lant ADN-matrice, transferand in-
formatia geneticd inscrisa in secventa nucleoti-
delor in lantul ADN nou format. Ca acest proces
sd se producd este necesar ca ARN polimeraza sa
se cupleze cu structuri proteice numite factori de
transcriptie si sd se ataseze la o portiune din gena
numitd promotor. Acesta este o secventd de 100-
1000 perechi de baze, specifica fiecdrei gene, locul
unde obligatoriu incepe transcriptia [1,2].

Factorii de transcriptie sunt proteine indis-
pensabile, aflate in toate celulele eucariote ince-
pand cu anemonele de mare avand rolul de a
stabiliza complexul ARN polimeraza/ADN fiind
totodatd si un element de reglare a transcriptiei.
Existd numerosi factori de transcriptie, multi
dintre ei actiondnd asupra promotorilor mai
multor gene [3].

In patologia umana cel mai cunoscut factor
de transcriptie este factorul nuclear din limfoitele
B care se leaga de amplificatorul kappa al genei
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Gene expression (genetics) represents the
process of transmitting hereditary information
encoded by nuclear DNA to ribosomes where
protein synthesis is carried out. It is a complex
process that includes three stages: transcription,
translation and the formation and functionality of
the resulting proteins.

Transcription, the first stage of genetic
expression involves copying genetic information
from nuclear DNA grouped into genes (written in
the nucleotide sequence) into a messenger RNA
molecule. This will leave the nucleus, reach the
cytosol and subsequently to the ribosomes where
it will be decoded and protein synthesis will be
carried out based on the genetic information
transmitted from the nucleus.

The formation of mRNA is carried out by an
enzyme called RNA polymerase, which forms a
DNA chain identical to a DNA template chain
from separate nucleotides, transferring the
genetic information written in the nucleotide
sequence into the newly formed DNA chain. For
this process to occur, RNA polymerase must bind
to protein structures called transcription factors
and attach to a portion of the gene called the
promoter. This is a sequence of 100-1000 base
pairs, specific to each gene, where transcription
must begin [1,2].

Transcription factors are essential proteins
found in all eukaryotic cells, starting with sea
anemones, that stabilize the RNA polymerase/
DNA complex and are also transcription
regulators. There are many transcription factors,
many of which act on the promoters of multiple
genes [3].

In human pathology, the best-known
transcription factor is the nuclear factor in B
lymphocytes, which binds to the kappa enhancer




ce codifica lantul usor kappa al imunoglobu-
linelor, prescurtat NF-kB. Denumirea exprima
descoperirea sa in limfocitele B si locul de insertie
al genei tintd.

ISTORIC. NF-kB a fost descoperita in 1986
de catre Ranjan Sen si David Baltimore care au
identificat In limfocitele B o structurd proteicd ce
se prinde de promotorul genei care codifica
lantul usor al imunoglobulinelor. Ulterior acest
factor a fost denumit NF-kB. In perioada urma-
toare s-a descoperit importanta factorului in
initierea transcriptiei genei care codifica lantul
kappa dar si in transcriptia altor gene [4].

in’;elegerea activitdtii NF-kB 1In transcriptia a
numeroase gene a fost completatd de A. Potorak
si B. Lamaitre care au stabilit ca receptorul TLR
(Toll like receptor) constituie o cale importanta de
activare a NF-kB. Ulterior s-au descoperit nume-
rosi agenti care pot activa NF-kB [5].

STRUCTURA. La mamifere NF-kB este
format din 5 proteine NF-kB1 (p105 care prin
scindare devine p50), NF-kB2 (p100, prin scin-
dare devine p52) si proteinele p65 (RELA), RELB,
RELC. RELA sau omologul A al oncogenei virale
a reticuloendoteliozei virale aviare este codificata
de gena RELA care este implicatd in modularea
rdspunsului imun si in proliferarea tumorald.

Fiecare membru al acestei familii contine la
capdtul N terminal un domeniu denumit RHD
(REL Homology Domain) prin care se cupleaza
cu ceilalti membri formand dimeri care pot sa se
cupleze cu regiuni specifice ale ADN dar si cu
proteinele reglatoare IKB. La capatul C terminal
proteinele RELA, RELB, c-REL prezinta un
domeniu de transcriptie TAD care moduleaza
dimerizarea si interactiunea cu IKB [6,7].

Proteinele NF-kB sunt grupate in 2 clase pe
baza secventelor de la nivelul capadtului C
terminal. Prima clasa este formatd de proteinele
p105/p50 si p100/p52 si a doua grupd formata
din RELA (p65), RELB si c-REL. Prima grupa
contine proteine care nu activeazad transcriptia
dar devin active prin dimerizarea cu proteinele
din a doua grupd. Aceasta formeaza dimeri cu
prima grupa si se leagd de situsul IkB de pe ADN
avand rol major in activitatea ARN polimerazei
[7,8]. Toate aceste proteine formeza dimeri dar nu
toti dimerii au activitate transcriptionald, dimerul
p-50 RELA este cel mai activ. In limbajul curent
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of the gene encoding the kappa light chain of
immunoglobulins, abbreviated NF-kB. The name
reflects its discovery in B lymphocytes and the
insertion site of the target gene.

HISTORY. NF-kB was discovered in 1986 by
Ranjan Sen and David Baltimore, who identified
a protein structure in B lymphocytes that binds to
the promoter of the gene encoding the light chain
of immunoglobulins. This factor was later named
NF-kB. In the following period, the importance of
the factor in initiating transcription of the gene
encoding the kappa chain but also in the
transcription of other genes was discovered [4].

The understanding of the activity of NF-kB in
the transcription of numerous genes was
completed by A. Potorak and B. Lamaitre who
established that the TLR receptor (Toll like
receptor) is an important pathway for activating
NF-kB. Subsequently, numerous agents that can
activate NF-kB were discovered [5].

STRUCTURE. In mammals, NF-kB is formed
by 5 proteins: NF-kB1 (p105 which by cleavage
becomes p50), NF-kB2 (p100, by cleavage
becomes p52) and the proteins p65 (RELA),
RELB, c-REL. RELA or homolog A of the viral
oncogene of avian viral reticuloendotheliosis is
encoded by the RELA gene which is involved in
the modulation of the immune response and
tumor proliferation.

Each member of this family contains at the
N-terminal end a domain called RHD (REL
Homology Domain) through which it couples
with the other members forming dimers that can
couple with specific regions of DNA but also with
the regulatory proteins ikB. At the C-terminal
end, the RELA, RELB, c-REL proteins present a
TAD transcription domain that modulates
dimerization and interaction with IKB [6,7].

NF-kB proteins are grouped into 2 classes
based on the sequences at the C-terminal end.
The first class is formed by the proteins p105/p50
and pl100/p52 and the second group formed
by RELA (p65), RELB and c-REL. The first
group contains proteins that do not activate
transcription but become active by dimerization
with proteins in the second group. This forms
dimers with the first group and binds to the ikB
site on DNA, having a major role in the activity of
RNA polymerase [7,8]. All of these proteins form
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termenul NF-kB se referd la dimerul p50-RELA
[8].

Proteinele 1kB. Familia de proteine IkB
cuprinde trei membri IkBa, IkBB si IkBy. Acesti
membri au In comun un domeniu care poate fi
fosforilat de kinazele IKK. Proteinele IkB prin
dimerizare la nivelul domeniului RHD cu dimerii
REL ai NF-kB acoperd secventa de prindere a
acestor domenii la nivelul ADN nuclear
devenind inactive si rdman in citosol. Inhibitia
NF-kB se poate realiza in mai micd mdsura prin
p100 si p105 cand nu formaza dimeri cu membri
familiei REL [7,9].

Kinazele IKK. Eliberarea dimerilor NF-kB din
complexul cu IkB se face prin activarea kinazelor
IKK. Acestia formeaza o familie de trei membri
doud kinaze IKKa si IKKB si o subunitate IKKy
(NEMO) cu functie de reglare. Proteinele inhi-
bitorii IKB legate de dimerii NF-kB sunt fosfo-
rilate si degradate de cdtre kinazele IKK. Eli-
berarea dimerilor NF-kB face ca acestia sd poata
migra In nucleu si sa se ataseze de situsul KB,
initiind transcriptia. Diversi stimuli celulari pot
induce activarea kinazelor IKK eliberand dimeri
NF-kB dar si inactivarea IKK prin autofosforilare
[8,9,10].

ACTIVAREA NF-kB. NF-kB se gdseste
inactiv In citosol legat de proteinele IkB. Actiunea
kinazelor IKK elibereaza NF-kB care poate intra
in nucleu mediind activitatea ARN polimerazei.
Activarea NF-kB presupune activarea kinazelor
IKK care degradeaza IkB. Numerosi stimului
extracelulari si celulari pot activa enzimele IKK
prin cascade biochimice, adevéarate cii de activare
NF-kB. S-au identificat pana acum doud cai de
activare NF-kB: calea canonica si noncanonica
fiecare cu o anumita specificitate.

In functie de moleculele participante la acti-
varea enzimelor IKK (receptori, liganzi, molecule
adaptor, enzime) dar si de procesele biologice
care sunt initiate prin transcriptia genelor tinta
[11].

Calea canonici. Reprezinta principala cale de
activare a NF-kB, implicatd in special In ras-
punsul inflamator la agenti patogeni, in special
microbieni, prin stimularea transcriptiei genelor
care codificd produsi proinflamatori (citokine,
chemokine) dar si a altor procese [12].

Calea canonicd este activatd de o serie de
stimuli ca: receptori pentru antigen (BCR, TCR),

dimers but not all dimers have transcriptional
activity, the p-50 RELA dimer being the most
active. In current language the term NF-kB refers
to the p50-RELA dimer [8].

IkB proteins. The IkB protein family com-
prises three members IkBa, IkBf and IkBy.
These members share a domain that can be
phosphorylated by IKK kinases. IkB proteins, by
dimerizing at the RHD domain level with REL
dimers of NF-kB, cover the binding sequence of
these domains at the nuclear DNA level,
becoming inactive and remaining in the cytosol.
NF-kB inhibition can be achieved to a lesser
extent by p100 and p105 when they do not form
dimers with REL family members [7,9].

IKK kinases. The release of NF-kB dimers from
the complex with IkB is done by the activation of
IKK kinases. They form a three-member family,
two kinases IKKa and IKKp and a subunit IKKy
(NEMO) with a regulatory function. IKB
inhibitory proteins bound to NF-kB dimers are
phosphorylated and degraded by IKK kinases.
The release of NF-kB dimers allows them to
migrate into the nucleus and attach to the KB site,
initiating transcription. Various cellular stimuli
can induce the activation of IKK kinases releasing
NF-kB dimers but also the inactivation of IKK
through autophosphorylation [8,9,10].

ACTIVATION OF NF-KB. NF-kB is found
inactive in the cytosol bound to IkB proteins. The
action of IKK kinases releases NF-kB which can
enter the nucleus mediating the activity of RNA
polymerase. Activation of NF-kB involves the
activation of IKK kinases which degrade IkB.
Numerous extracellular and cellular stimuli can
activate IKK enzymes through biochemical
cascades, true NF-kB activation pathways. Two
NF-kB activation pathways have been identified
so far: the canonical and noncanonical pathways,
each with a certain specificity.

Depending on the molecules participating in
the activation of IKK enzymes (receptors, ligands,
adaptor molecules, enzymes) but also on the bio-
logical processes that are initiated by the
transcription of target genes [11].

Canonical pathway. It represents the main
pathway for NF-kB activation, involved
especially in the inflammatory response to
pathogens, especially microbes, by stimulating
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TLR (toll like receptor) TNFR, IL-1, antigene, LPS,
factori de crestere, citokine, produsi bacterieni si
virali, specii reactive de oxigen, stres [8,13].

In functie de natura stimulilor se activeazi o
cascadd enzimaticd care in final actioneaza
asupra NEMO ce prin intermediul unui domeniu
specific se ataseazd de restul de enzime IKK. Se
produce oligomerizarea subunitatii NEMO care
contine un domeniu specific de activare a IKK si
fosforilarea IKKa si IKKp si eliberarea dimerilor
NF-kB de complexul cu IkB, acestea putand
migra in nucleu. In cazul activarii de catre
antigen prin BCR sau TCR se ajunge la NEMO
printr-un lant enzimatic diferit de TNFa sau IL-1p
formandu-se complexul CARMA1/BCL10/
MALT1si in final activarea NEMO [8].

Existd multiple cdi de reglare a activarii NF-
kB cea mai importantd fiind prin proteaza A20
care In anumite conditii din citosol poate
destabiliza complexul IKK [12]. Calea canonica
are o actiune rapidd dar tranzitorie, activarea ei
fiind dependentd in mare mdsura de natura
stimulului [13].

Calea noncanonicd sau alternativd. Este activata
de limfotoxind, BAFF (factor de activare a
limfocitelor) RANK (activator al receptorului
NF-kB), ligandul CD40. Activarea pe aceasta cale
nu necesitd activarea IKKf sau NEMO. Pe aceasta
cale are loc si activarea si procesarea a p100 care
se poate scinda rezultand p52 care se poate cupla
cu proteinele REL.

Elementul principal al acestei cdi il reprezinta
kinaza NIK- kinaza inductoare de NF-kB si IKKa.
NIK fosforileazd IKKa care la randul ei contribuie
la fosforilarea pl100 care este scindat si se
formeaza p52. P52 formeaza dimeri cu proteinele
REL rezultdnd forme active de NF-kB. Un
element important al acestei cdi il reprezinta
sistemul TRAF (factor asociat receptorului
TNF/cIAP) care mentine NIK la nivel bazal
[11,12]. Recrutarea si activarea TRAF2 si TRAF3
activeazd calea necanonicad in timp ce activarea
TRAF6 este prezentd in calea canonicd [8,13].

Raportul care se stabileste intre cele doua céi
de activare a NF-kB poate fi divers, sinergism,
activitate independentd sau concurentiald.
Totodata activarea NF-kB si implicit activarea
transcriptiei unor gene interactioneaza in moduri
diferite cu alte cai de transmisie a semnalelor
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the transcription of genes encoding proinflam-
matory products (cytokines, chemokines) but
also of other processes [12].

Canonical pathway is activated by a series of
stimuli such as: antigen receptors (BCR, TCR),
TLR (toll like receptor) TNFR, IL-1, antigens, LPS,
growth factors, cytokines, bacterial and viral
products, reactive oxygen species, stress [8,13].

Depending on the nature of the stimuli, an
enzymatic cascade is activated that ultimately
acts on NEMO which, through a specific domain,
attaches to IKK enzymes. Oligomerization of the
NEMO subunit, which contains a specific IKK
activation domain, and phosphorylation of IKKa
and IKKB, and release of NF-kB dimers from the
complex with IkB occur, which can migrate into
the nucleus. In the case of activation by antigen
through BCR or TCR, NEMO is reached through
an enzymatic chain different from TNFa or IL-1f,
forming the CARMA1/ BCL10/ MALT1 complex
and finally NEMO activation [8].

There are multiple pathways for regulating
NF-kB activation, the most important being
through the A20 protease which under certain
conditions in the cytosol can destabilize the IKK
complex [12]. The canonical pathway has a rapid
but transient action, its activation being largely
dependent on the nature of the stimulus [13].

The noncanonical or alternative pathway. It is
activated by lymphotoxin, BAFF (lymphocyte
activation factor) RANK (NF-kB receptor
activator), the CD40 ligand. Activation via this
pathway does not require activation of IKKB or
NEMO. This pathway also involves the activation
and processing of pl00 which can be cleaved
resulting in p52 which can couple to REL
proteins.

The main element of this pathway is
represented by the NIK kinase - an inducing
kinase of NF-kB and IKKa. NIK phosphorylates
IKKa which in turn contributes to the
phosphorylation of p100 which is cleaved and
p52 is formed. P52 forms dimers with REL
proteins resulting in active forms of NF-kB. An
important element of this pathway is the TRAF
system (TNF receptor associated factor/clAP)
which maintains NIK at basal levels [11,12].
Recruitment and activation of TRAF2 and TRAF3
activate the non-canonical pathway while
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biochimice ca: MAPK, JAK-STAT, TGFp, WNT,
NOTCH, HEDGEHOG [8,14,15].

NF-kB IN PROCESE PATOLOGICE. Calea
de semnalizare NF-kB reprezinta una dintre cele
mai importante cdi de semnalizare la nivel
celular. Rezultatul final al activarii NF-kB consta
in actiunea produsilor finali (citokine, chemo-
kine, factori de crestere, liganzi) ai genelor
transcriptionate. NF-kB poate interactiona cu o
multitudine de gene. Genele care codificd com-
ponentele caii NF-kB prezintd numerose mutatii
care se regdsesc in functionalitatea NF-kB fie prin
pierderea de functie fie prin castigare de functie
[16]. Frecvent s-au intalnit mutatiile la NEMO cu
producerea de inflamatii cutanate, anomalii ale
parului, unghiilor, dintilor, sau la nivelul enzi-
melor IKKa si IKK, a complexului inhibitor IKB
sau a proteinelor REL [8]. Transcriptia a nume-
roase gene In care este implicat NF-kB face ca in
conditii normale NF-kB sa participe la procese
biologice ca: supravietuirea si proliferarea celu-
lard, metabolism si homeostazie, adaptarea
rapidd la schimbdri de mediu [7,8]. Cele mai
importante si mai bine documentate procese
patologice in care este implicat NF-kB il repre-
zintd inflamatia/rdspsunsul imun si proliferarea
tumorala.

NF-kB in inflamatie. Inflamatia reprezinta un
raspuns complex al organismului declansat de
catre agenti microbieni, corpi straini, diversi
agenti din mediul intern sau extern. Prin
intermediul raspunsului inflamator organismul
cautd sa distruga sau sa limiteze actiunea
agentilor patogeni si sa restabileasca structurile si
functiile afectate. Raspunsul inflamator este
initiat si coordonat prin mai multe cdi de
semnalizare.

Activarea NF-kB creste productia de citokine
proinflamatorii la nivelul celulelor somatice
lezionale dar si la nivelul sistemului imun
inndscut si adaptativ. Au loc modificdri vascu-
lare, celulare si umorale care apar in focarul
inflamator dar si la nivelul celulelor imune
rezidente sau recrutate la nivelul focarului
inflamator [17].

Calea canonicd este prinicpala cale pro-
inflamatorie de activare a NF-kB. Se initiazd prin
actiunea unor stimuli diversi: citokine (TNFa.
IL-1B) receptori B si T de la nivelul lifocitelor, TLR
(toll like receptor) prin recunoasterea structurilor
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activation of TRAF6 is present in the canonical
pathway [8,13].

The relationship that is established between
the two NF-kB activation pathways can be
diverse, synergistic, independent or competitive.
At the same time, NF-kB activation and implicitly
the activation of gene transcription interact in
different ways with other biochemical signal
transmission pathways such as: MAPK, JAK-
STAT, TGFB, WNT, NOTCH, HEDGEHOG
[8,14,15].

NF-kB IN PATHOLOGICAL PROCESSES.
The NF-kB signaling pathway represents one of
the most important signaling pathways at the
cellular level. The final result of NF-kB activation
consists in the action of the final products
(cytokines, chemokines, growth factors, ligands)
of the transcribed genes. NF-kB can interact with
a multitude of genes. The genes encoding the
components of the NF-kB pathway present
numerous mutations that are found in the
functionality of NF-kB either through loss of
function or gain of function [16]. Mutations in
NEMO have frequently been associated with skin
inflammation, hair, nail, and tooth abnormalities,
or with the IKKa and IKKf enzymes, the IKB
inhibitory complex, or REL proteins [8]. The
transcription of numerous genes in which NF-kB
is involved causes NF-kB to participate in
biological processes under normal conditions,
such as: cell survival and proliferation, meta-
bolism and homeostasis, and rapid adaptation to
environmental changes [7,8]. The most important
and best documented pathological processes in
which NF-kB is involved are inflammation/
immune response and tumor proliferation.

NF-kB in inflammation. Inflammation is a
complex response of the body triggered by
microbial agents, foreign bodies, and various
agents from the internal or external environment.
Through the inflammatory response, the body
seeks to destroy or limit the action of pathogens
and restore damaged structures and functions.
The inflammatory response is initiated and
coordinated through several signaling pathways.

Activation of NF-kB increases the production
of proinflammatory cytokines in lesional somatic
cells but also in the innate and adaptive immune
system. Vascular, cellular and humoral changes
occur that occur in the inflammatory focus but




PAMP (pe suprafata agentului patogen) si DAMP
(produsi de distructie celulard). Activarea
enzimelor IKK constituie un punct central in
activarea NF-kB [8]. Activarea NF-kB induce
asamblarea si initierea actiunii inflamazomilor,
structuri proteice care prin intermediul caspa-
zelor activeaza citokinele proinflamatorii dar pot
avea si o actiune distructivd generand o forma de
moarte celulard prin apoptoza.

Activarea inflamazomului NLRP3 de cdtre
NF-kB este asociatd si cu inhibarea actiunii NF-kB
prevenind prin feed-back negativ inflamatia in
exces [18].

Monodimerul p50 poate produce o scadere a
activitatii NF-kB. O actiune duala o are NF-kB in
cazul apoptozei. In majoritatea proceselor, in-
clusiv inflamatie, NF-kB actioneaza ca factori
antiapoptotic, promovand supravietuirea celu-
lelor imune si neimune, prin actiunea asupra
genelor anti apoptotice.

Dar NF-kB poate avea si un rol proapototic
prin promovarea transcriptiei genelor proapopto-
tice sau prin medierea degradarii produselor
genei P53[8, 19].

NF-kB in rapsunsul imun. NF-kB este implicat
atat in imunitatea inndscutd cat si in cea
adaptativa.

In raspunsul inflamator sunt implicate prin-
cipalele celule ale imunitdtii Inndscute, macro-
fagele, neutrofilele.

Macrofagele sunt activate prin recunoasterea
de PAMP si DAMP dar si a altor receptori ca
NOD, RIG, GMP-AMP. Toti acesti receptori
activeazda NF-kB dar si alte cdi de semnalizare.
Prin activarea NF-kB macrofagele trec in
fenotipul inflamator M1 cu productia masiva de
citokine proinflamatorii (IL-1, IL-6, TNEF). In anu-
mite conditii macrofagele trec in fenotipul M2 cu
productia de citokine care inhibd inflamatia. Tot
pe calea NF-kB se promoveaza fagocitoza agen-
tilor patogeni de catre macrofage [7,20,21].

Ca raspuns la stimularea TLR prin inter-
mediul proteinei adaptor TRIF sau MYDS88 se
activeazd calea canonicd a NF-kB cu productia
masiva de [FNa si IFN [21].

Neutrofilele. NF-kB actioneaza ca reglator al
expresiei genelor proinflamatotrii si cresc ex-
presia genelor anti apoptotice prelungind durata
de activitate a neutrofilelor activate. S-a observat
ca neutrofilele neactivate contin mai mult Ikbao,
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also in immune cells resident or recruited to the
inflammatory focus [17].

The canonical pathway is the main pro-
inflammatory pathway for NF-kB activation. It is
initiated by the action of various stimuli: cyto-
kines (TNFa. IL-1B) B and T receptors on lympho-
cytes, TLR (toll like receptor) by recognizing
PAMP structures (on the surface of the pathogen)
and DAMP (cell damage products). Activation of
IKK enzymes is a central point in the activation of
NF-kB [8]. Activation of NF-kB induces the as-
sembly and initiation of the action of inflam-
masomes, protein structures that through
caspases activate proinflammatory cytokines but
can also have a destructive action generating a
form of cell death through apoptosis.

Activation of the NLRP3 inflammasome by
NF-kB is also associated with the inhibition of
NF-kB action, preventing excessive inflammation
through negative feedback [18].

The p50 monodimer can produce a decrease
in NF-kB activity. NF-kB has a dual action in the
case of apoptosis. In most processes, including
inflammation, NF-kB acts as an antiapoptotic
factor, promoting the survival of immune and
non-immune cells, by acting on anti-apoptotic
genes.

But NF-kB can also have a proapoptotic role
by promoting the transcription of proapoptotic
genes or by mediating the degradation of p53
gene products [8, 19].

NF-kB in the immune response. NF-kB is
involved in both innate and adaptive immunity.

The main cells of innate immunity, macro-
phages and neutrophils, are involved in the
inflammatory response.

Macrophages are activated by the recognition
of PAMPs and DAMPs, as well as other receptors
such as NOD, RIG, GMP-AMP. All of these
receptors activate NF-kB and other signaling
pathways. By activating NF-kB, macrophages
switch to the M1 inflammatory phenotype with
the massive production of proinflammatory
cytokines (IL-1, IL-6, TNF). Under certain con-
ditions, macrophages switch to the M2 pheno-
type with the production of cytokines that inhibit
inflammation. The NF-kB pathway also promotes
the phagocytosis of pathogens by macrophages
[7,20,21].
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inhibitor al NF-kB. Stimularea pe calea TLR
induce degradarea IkBa. In granulopoieza NF-kB
este proapoptotic sugerand un efect dual al
actiunii NF-kB in neutrofile [21,22].

Celulele Langerhans. Sunt principalele celule
prezentatoare de antigen in raspunsul imun. Sunt
stimulate pe calea canonicd si se transforma in
celule mature prezentatoare de antigen. Sunt
stimulate si pe calea alternativd de ciatre TNF,
CD40, RANK. Dezvoltarea celulelor Langerhans
este accentuatd si de RELB, totodata cresterea
activitatii NF-kB In celulele Langerhans este
dependentd de TLR2 si TLR4 [7,22].

In imunitatea adaptativa activarea NF-kB este
absolut necesara pentru dezvoltarea si functiona-
litatea limfocitelor T si B. In cazul limfocitelor T,
NF-kB este absolut necesard pentru functia
antiapoptoticd si limfopoietica [21]. Cuplarea
receptorului pentru antigen cu peptidfele CMH
induce activarea NF-kB cu rdspuns final pro-
inflamator si imunoreglator. In acest caz activarea
se face pe cale canonicd. Calea noncanonica are
rol in dezvoltarea celulelor Tyd si NK. Activarea
NF-kB prin intermediul citokinelor transcrip-
tionate induce diferentierea limfocitelor T cu
formarea de CD4+[21,23]. Generarea polarizarii
Th1/Th2 cu predominanta Th1 necesitd medierea
RELC. De asemenea NF-kB regleaza diferentierea
celulelor Th17. Deficienta de RELA in celulele
prezentatoare de antigen reduce productia de
citokine care regleazd diferentierea in Th17 [20].

NF-kB este implicat prin intermediul caii
canonice si In producerea si activarea Treg (re-
glator) limfocite cu rol esential In autoimunitate.
si alterarea NIK din calea noncanonicd duce la
scdderea numdrului de limfocite Treg. NF-kB
reprezintd o cale de semnalizare esentiald a
activarii lifocitelor T sau in unele conditii poate
induce semnale proapoptotice [24].

Limfocitele B. In cazul limfocitelor T, NF-kB
este absolut necesar pentru dezvoltare si acti-
vitatea limfocitelor B. Cuplarea cu antigenul a
receptorului B pentru antigen produce activarea
NF-kB si cresterea secretiei de citokine. Calea de
activare este atat canonicd cat si noncanonica.
Blocarea RELA si c¢-REL induce blocarea dez-
voltarii limfocitelor B. Aceasta se face si prin
depletia monodimerilor p50 si p52. De asemenea

In response to TLR stimulation through the
adaptor protein TRIF or MYDS8S, the canonical
NF-kB pathway is activated with the massive
production of IFNa and IFN [21].

Neutrophils. NF-kB acts as a regulator of
proinflammatory gene expression and increases
the expression of anti-apoptotic genes, pro-
longing the duration of activated neutrophil
activity. It has been observed that non-activated
neutrophils contain more Ikbo, an inhibitor of
NF-kB. Stimulation via the TLR pathway induces
IkBo degradation. In granulopoiesis, NF-kB is
proapoptotic, suggesting a dual effect of NF-kB
action in neutrophils [21,22].

Langerhans cells. They are the main antigen-
presenting cells in the immune response. They
are stimulated via the canonical pathway and
transform into mature antigen-presenting cells.
They are also stimulated via the alternative path-
way by TNF, CD40, RANK. The development of
Langerhans cells is increased by RELB, while the
increase in NF-kB activity in Langerhans cells is
dependent on TLR2 and TLR4 [7,22].

In adaptive immunity, NF-kB activation is
absolutely necessary for the development and
functionality of T and B lymphocytes. In the case
of T lymphocytes, NF-kB is absolutely necessary
for antiapoptotic and lymphopoietic function
[21]. The coupling of the antigen receptor with
MHC peptides induces NF-kB activation with a
final proinflammatory and immunoregulatory
response. In this case, activation occurs via the
canonical pathway. The noncanonical pathway
plays a role in the development of Tys and NK
cells. NF-kB activation through the medium of
transcribed cytokines induces the differentiation
of T lymphocytes with the CD4+ form [21,23].
The generation of Th1l/Th2 polarization with a
predominance of Th1 requires the mediation of c-
REL. NF-kB also regulates the differentiation of
Th17 cells. RELA deficiency in antigen-presenting
cells reduces the production of cytokines that
regulate differentiation into Th17 [20].

NF-kB is involved through the canonical
pathway in the production and activation of Treg
lymphocytes with an essential role in auto-
immunity. And the alteration of NIK in the
noncanonical pathway leads to a decrease in the
number of Treg lymphocytes. NF-kB represents
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dezvoltarea Ikka si IkkB sau NEMO scade
numarul de limfocite B mature [7,25].

Autoimunitatea. Activarea NF-kB in celulele T
poate fi facutd si de cdtre autoantigene. Activarea
pe calea canonicd are un rol central in activarea
limfocitelor T inclusiv in cazul cupldrii cu auto-
antigene. Calea noncanonicd are de asemenea un
rol important.

Supraexprimarea de NIK induce auto-
imunitate. NF-kB are un rol de stimulare a auto-
imunitatii dar si rol in suprimarea ei moduland
functiile supresive ale limfocitelor Treg.

NF-kB este implicat si in instituirea si men-
tinerea tolerantei imune. Actiunea sa la nivelul
epiteliului timic (mTEC) in timpul selectiei lim-
focitelor T si inactivdrii limfocitelor T auto-
reactive este deosebit de importanta. Este posibil
ca ambele cdi, canonica si noncanonicd sa fie
implicate in activarea celulelor epiteliale timice,
favorizand celulele implicate in activarea celu-
lelor implicate in selectia negativéa a limfocitelor T
autoreactive [20,27].

Proliferarea tumorald. Acest proces presupune
o crestere necontrolatd a celulelor cu invazia
tesuturilor adiacente sau la distantd, cu alterarea
mecanismelor de reglare a proliferdrii si a cailor
de semnalizare inclusiv NF-kB.

Activitatea NF-kB a celulelor tumorale este
similara cu celulele normale dar genele tinta care
sunt transcriptionate sunt in special oncogene.

Activitatea proliferativdi a NF-kB este pre-
zentd In exces in celulele tumorale, prezentand
un rol imporrtant dar nu major in dezvoltatrea
tumorala. Totodatd pe calea de transcriptie NF-
kB se promoveaza vacularizatia, metastazarea,
sau se inhibd apoptoza celulelor tumorale [28].

In majoritatea cancerelor activitatea NF-kB
este crescutd datoritd cresterii stimuldrii prin
TNFa si IL-1 dar si a mutatiilor care apar la nive-
lul oncogenelor, a genelor care codificd compo-
nentele cdii NF-kB [21]. Activarea NF-kB in
tumori solide se face in special pe calea canonicd
in timp ce in tumori hematologice se face prin
calea noncanonica [28].

S-au decelat mutatii ale genelor care codifica
proteinele REL si IKB si a enzimelor IKK [21].
Cele mai multe mutatii sunt prin castig de
functie, mai rar prin pierdere de functie activand
IKKp [21]. Pe modele murine scaderea Ikkp a dus
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an essential signaling pathway for the activation
of T lymphocytes or under some conditions can
induce proapoptotic signals [24].

B lymphocytes. In the case of T lymphocytes,
NF-kB is absolutely necessary for the deve-
lopment and activity of B lymphocytes. The
coupling of the B receptor for antigen with
antigen produces the activation of NF-kB and
increased cytokine secretion. The activation
pathway is both canonical and noncanonical.
Blocking RELA and c-REL induces a block in the
development of B lymphocytes. This is also done
by the depletion of p50 and p52 monodimers.
Also, the development of Ikko and Ikkp or
NEMO decreases the number of mature B
lymphocytes [7,25].

Autoimmunity. Activation of NF-kB in T cells
can also be mediated by autoantigens. Activation
via the canonical pathway plays a central role in
T cell activation, including when coupled with
autoantigens. The noncanonical pathway also
plays an important role.

Overexpression of NIK induces auto-
immunity. NF-kB has a role in stimulating
autoimmunity but also in suppressing it by
modulating the suppressive functions of Treg
lymphocytes.

NF-kB is also involved in the establishment
and maintenance of immune tolerance. Its action
at the thymic epithelium (mTEC) level during T
cell selection and inactivation of autoreactive T
lymphocytes is particularly important. It is pos-
sible that both the canonical and noncanonical
pathways are involved in the activation of thymic
epithelial cells, favoring cells involved in the
activation of cells involved in the negative
selection of autoreactive T lymphocytes [20,27].

Tumor proliferation. This process involves
uncontrolled cell growth with invasion of
adjacent or distant tissues, with alteration of pro-
liferation regulation mechanisms and signaling
pathways including NF-kB.

NF-kB activity in tumor cells is similar to
normal cells, but the target genes that are
transcribed are mainly oncogenic.

NEF-kB proliferative activity is present in
excess in tumor cells, presenting an important
but not major role in tumor development. At the
same time, the NF-kB transcription pathway
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la scidderea semnificativd a proliferdrii tumo-
rale [29].

Exista mutatii care duc la supraexprimarea
unor componente ale caii NF-kB care sunt diferite
in diferite tipuri de cancere. De exemplu RELA
este supraexprimatd in cancerul ovarian,
¢-REL in cancerul pulmonar [28].

S-a observat cd in majoritatea cancerelor
existd alterarea mai multor cai de semnalizare
care interfera intre ele, inclusiv cu NF-kB [21,30].

In afard de actiunea proinflmatorie in exces si
mutatiile la nivelul componentelor NF-kB,
actiunea protumorald a NF-kB se manifestd si
printr-o serie de procese biologice care favori-
zeazd cresterea tumorald: angiogenezd, apoptoza,
meta-stazare, evaziunea (scdparea) imuna, repro-
gramarea metabolicd, rezistenta la terapie [21].

In apoptoza, NF-kB are un rol dublu, respec-
tiv antiapoptotic promovand supravietuirea
celulelor tumorale dar si proapoptoticd de
distrugere a acestora. Este important raportul
genelor pro si antiapoptotice care sunt transcrip-
tionate prin activarea NF-kB [8]. Totodatd prin
calea NF-kB se promoveazda degradarea pro-
dusilor genei P53 ceea ce are ca efect cresterea
numdrului de celule cu ADN alterat si trans-
miterea acestui ADN alterat la celulele fiice
favorizand aparitia mutatiilor [21,31].

Actiunea antiapoptotici a NF-kB se reali-
zeazd In principal prin transcriptia genelor
antiapoptotice din familia BCL-X dar si prin
activarea proteinelor IAP si FLIP care inhiba
activarea caspazelor [32].

In procesul de metastazare NF-kB prin
transcriptia genelor asociate EMT (tranzitie
epitelial mezenchimald) in principal genele care
codifica factorii de transcriptie (TWIST, SNAIL,
ZEB1) moduleaza moleculele de adeziune
intercelulara (integrine, selectine) si favorizeaza
aparitia nisei premetastatice. Prin intermediul
EMT celulele tumorale capata proprietdti de
celule mezenchimale cu mobilitate crescutd,
putand migra in diverse tesuturi [8,33,34,35].

NF-kB este activ la nivelul micromediului
tumoral (TEM) favorizand supresia celulelor cu
activitate antitumorald (macrofage, celule NK)
din jurul tumorii si in final progresia acesteia.

Prin cresterea productiei de citokine,
activarea mai multor cdi de semnalizare, inclusiv
NF-kB au loc modificari fenotipice ale celulelor
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promotes vascularization, metastasis, or inhibits
tumor cell apoptosis [28].

In most cancers, NF-kB activity is increased
due to increased stimulation by TNFa and IL-1
but also to mutations that occur in oncogenes,
genes that encode components of the NF-kB
pathway [21]. NF-kB activation in solid tumors
occurs mainly through the canonical pathway,
while in hematological tumors it occurs through
the noncanonical pathway [28]. Mutations in the
genes encoding the REL and IkB proteins and the
IKK enzymes have been detected [21]. Most
mutations are gain-of-function, less frequently
loss-of-function mutations activating IKKp [21].
In murine models, knockdown of IKKp has led to
a significant decrease in tumor proliferation [29].

There are mutations that lead to the over-
expression of components of the NF-kB pathway
that are deregulated in different types of cancer.
For example, RELA is overexpressed in ovarian
cancer, c-REL in lung cancer [28].

It has been observed that in most cancers
there is alteration of several signaling pathways
that interfere with each other, including NF-kB
[21,30].

In addition to the excessive proinflammatory
action and mutations in NF-kB components, the
protumor action of NF-kB is also manifested
through a series of biological processes that
favor tumor growth: angiogenesis, apoptosis,
metastasis, immune evasion, metabolic repro-
gramming, resistance to therapy [21].

In apoptosis, NF-kB has a dual role, namely
antiapoptotic promoting the survival of tumor
cells but also proapoptotic to destroy them. The
ratio of pro- and antiapoptotic genes that are
transcribed by NF-kB activation is important [8].
At the same time, the NF-kB pathway promotes
the degradation of p53 gene products, which has
the effect of increasing the number of cells with
altered DNA and transmitting this altered DNA
to daughter cells, favoring the occurrence of
mutations [21,31].

The antiapoptotic action of NF-kB is achieved
mainly by the transcription of antiapoptotic
genes from the BCL-X family but also by the
activation of IAP and FLIP proteins that inhibit
the activation of caspases [32].

In the process of metastasis, NF-kB, through
the transcription of EMT (epithelial mesenchymal




din microambientul tumoral (ex. macrofage)
acestea dobandind proprietdti imunosupresoare
protumorale sau antitumorale [8,39].

Reprogramarea metabolicd este una dintre
cdile in care este implicat NF-kB pentru ca celu-
lele sa dobandeasca proprietati imunosupresoare
sau protumorale [36].

NF-kB este implicat in rezistenta la diverse
tipuri de terapii antitumorale: chimioterapie,
radioterapie, terapie imunologica de blocare a
punctelor de control imunologice.

Rezistenta la terapie se realizeazd prin acti-
varea genelor antiapoptotice, activarea caii NF-
kB, interferenta cu alte cdi de transmitere a
semnaleleor (NOTCH, STING). Cresterea secre-
tiei de citokine duce la rezistenta la medicamente
prin cresterea activitatii citkinelor proinflama-
toare (reprogramare metabolicd) [8.37]. Desi este
profund implicat in rezistenta la terapiile anti-
tumorale, NF-kB are un rol dual accelerand
uneori actiunea terapiei antitumorale. Pe modele
murine s-a observat ca inhibarea NF-kB a redus
apoptoza celulelor tumorale indusa de medica-
mente iar unele citostatice induc apoptoza pe
calea NF-kB [38].

*

* *

NEF-kB este o cale importantd de transmitere a
semnalelor de transcriptie pentru numeroase
gene conectand stimuli externi si interni cu
transcrierea unor proteine cu diverse functii.
Totodatd activitatea NF-kB este corelata cu
actiunea altor cdi de transcriptie. Toti acesti
produsi transcriptionati de NF-kB participd la
numeroase procese biologice normale sau pato-
logice. Principalele procese in care este implicat
NF-kB sunt: inflamatia, raspunsul imun si
poliferarea tumorald. Activarea NF-kB este o cale
principald de producere a citokinelor proinfla-
matorii (TNFa, IL-1, IL-6) , chemokine (CXCL-1,
CXCL-2) factori de crestere, elemente esentiale in
inflamatie dar si elemente de promovare a pro-
liferdrii tumorale. Astfel, o inflamatie persistenta
creste riscul aparitiei unei proliferdri tumorale
[33].

La acestea se adaugd actiunea NF-kB asupra
rdspunsului imun fnndscut si adaptativ sau
actiunea asupra apoptozei. Se poate spune ca NF-
kB realizeaza (Su explicd) o conexiune dintre
inflamatia cronica si cancer. Totusi actiunea NF-
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transition) associated genes, mainly genes
encoding transcription factors (TWIST, SNAIL,
ZEB1), modulates intercellular adhesion mole-
cules (integrins, selectins) and favors the ap-
pearance of the premetastatic niche. Through
EMT, tumor «cells acquire properties of
mesenchymal cells with increased mobility, being
able to migrate into various tissues [8,33,34,35].

NEF-kB is active at the tumor microenviron-
ment (TEM) level, favoring the suppression of
cells with antitumor activity (macrophages, NK
cells) surrounding the tumor and ultimately its
progression.

By increasing cytokine production, activation
of several signaling pathways, including NF-kB,
phenotypic changes occur in cells in the tumor
microenvironment (e.g. macrophages), which
acquire immunosuppressive pro tumoral or
antitumor properties [8,39].

Metabolic reprogramming is one of the
pathways in which NF-kB is involved in order for
cells to acquire immunosuppressive or protumor
properties [36].

NF-kB is involved in resistance to various
types of antitumor therapies: chemotherapy,
radiotherapy, immunological therapy blocking
immunological checkpoints.

Resistance to therapy is achieved by acti-
vating antiapoptotic genes, activating the NF-kB
pathway, interfering with other signal trans-
duction pathways (NOTCH, STING). Increased
cytokine secretion leads to drug resistance by
increasing the activity of pro-inflammatory
cytokines (metabolic reprogramming)[8.37].
Although it is deeply involved in resistance to
antitumor therapies, NF-kB has a dual role,
sometimes accelerating the action of antitumor
therapy. In murine models, it was observed that
NF-kB inhibition reduced drug-induced apop-
tosis of tumor cells and some cytostatic induce
apoptosis via the NF-kB pathway [38].

*

* *

NF-kB is an important pathway for
transmitting transcription signals for numerous
genes connecting external and internal stimuli
with the transcription of proteins with various
functions. At the same time, NF-kB activity is
correlated with the action of other transcription
pathways. All these products transcribed by
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kB este dependentd de contextul citosolic in care
se gdseste celula la un moment dat.

AFECTIUNI CUTANATE. La nivel cutanat
activarea NF-kB este evidentiata atat in afectiuni
inflamatorii (psoriazis) cat si in proliferarea
tumorald (melanom malign). Specificitatea fie-
cdrei afectiuni in cadrul aceluiasi proces
(exemplu: psoriazis/dermatita atopicd) depinde
de o multitudine de factori care se asociaza
actiunii NF-kB.

NEF-kB este un factor de transcriptie implicat
major in procesele inflamatorii prin activarea
transcriptiei genelor care codifica citokine
proinflamatorii. Totodata activarea NF-kB este
realizatd de o multitudine de factori dar si de
catre citokine proinflamatorii realizdnd o bucla
inflamatorie care exacerbeaza inflamatia la nivel
lezional.

Asa cum este de asteptat, nivelul NF-kB activ
este crescut in keratinocite stimuland secretia de
citokine si proliferarea acestora. De asemenea
NF-kB are valori crescute in celulele produca-
toare de I1-17 (Th1l7 in special) si celulele
producitoare de IL-23 [40].

Psoriazisul. Reprezintd o afectiune inflama-
torie, autoimunad a pielii in care existd o alterare
masiva a retelei de citokine care afecteaza celulele
implicate In raspunsul imun (celulele T in
special), celulele dendritice, karatinocitele.

In psoriazis, NF-kB este activat pe ambele cii,
predomindnd calea canonica activata de factori
interni si externi, inclusiv de cétre citokine dar
prezinta si numeroase sisteme de blocaj. Calea
canonica cuprinde p50/REL-A, p50/c-REL si
este dependentd de functionalitatea factorului
NEMO.

Calea noncanonicd este mai selectivd din
punct de vedere al factorilor activatori fiind
independentd de NEMO dar dependenta de NIC.
Importanta cdii noncanonice rezultd si din faptul
ca este activatd de TNE, citokind cu puternic rol
inflamator in psoriazis prin realizarea lantului
TNF/IL-23/IL17. Insa prin calea noncanonicd se
scade capacitatea celulelor dendritice de a
produce IL-23 si scade numarul celulelor Th17,
producatoare de IL-17A intrerupand spirala
inflamatorie produsd de IL-17, limitand
inflamatia [41].

Implicarea NF-kB in patologia psoriazisului
este evidentiatd si de modificdrile care apar la
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NF-kB participate in numerous normal or
pathological biological processes. The main
processes in which NF-kB is involved are:
inflammation, immune response and tumor
proliferation. NF-kB activation is a main pathway
for the production of proinflammatory cytokines
(TNFa, IL-1, IL-6), chemokines (CXCL-1, CXCL-
2) growth factors, essential elements in inflam-
mation but also elements promoting tumor
proliferation. Thus, persistent inflammation
increases the risk of tumor proliferation [33].

Added to these is the action of NF-kB on the
innate and adaptive immune response or the
action on apoptosis. It can be said that NF-kB
makes (Su explains) a connection between
chronic inflammation and cancer. However, the
action of NF-kB is dependent on the cytosolic
context in which the cell is found at a given time.

CUTANEOUS DISEASES. At the skin level,
NF-kB activation is highlighted both in inflam-
matory diseases (psoriasis) and in tumor pro-
liferation (malignant melanoma). The specificity
of each disease within the same process
(example: psoriasis/atopic dermatitis) depends
on a multitude of factors that are associated with
the action of NF-kB.

NF-kB is a transcription factor majorly
involved in inflammatory processes by activating
the transcription of genes encoding proinflam-
matory cytokines. At the same time, NF-kB
activation is carried out by a multitude of factors
but also by proinflammatory cytokines creating
an inflammatory loop that exacerbates inflam-
mation at the lesional level.

As expected, the level of active NF-kB is
increased in keratinocytes stimulating cytokine
secretion and their proliferation. NF-kB also has
increased values in Il-17-producing cells (Th17 in
particular) and IL-23-producing cells [40].

Psoriasis. Psoriasis is an inflammatory,
autoimmune skin condition in which there is a
massive alteration of the cytokine network that
affects cells involved in the immune response (T
cells in particular), dendritic cells, keratinocytes.

NF-kB is activated in both pathways, with the
canonical pathway being predominant, activated
by internal and external factors, including cyto-
kines, but also having numerous blocking
systems. The canonical pathway includes




nivelul genelor care codifici componentele NF-
kB . Un exemplu il reprezinta genele care codificad
RELC. Modificdrile genetice c¢-REL inhiba
cresterea keratinocitelor si scad productia de 11-23
[8,42,43].

O altd gena implicatd in patologia psoriazi-
sului legatd de NF-kB este gena ACT1 (proteina
adaptor a semnalizdrii IL-17). Gena ACT1 care
codificd o proteind ce activeaza NF-kB prin
actiunea asupra kinazei IKK eliberand NF-kB din
complexul NF-kB/IkB. ACT1 activeaza si alte cdi
de semnalizare dar este asociatd puternic cu
riscul de a dezvolta psoriazis si artrita psoriazica
[44,45].

Studiile la nivelul intregului genom de tip
GWAS (genome-wide association study) au evi-
dentiat numeroase mutatii ale unui singur
nucleotid (SNP) la nivelul general care codifica
proteinele componente ale NF-kB. De exemplu
gena care codificd proteina P50 (mutatiile SNP
rs28362401) sau genele care codifica IKBa (SNP
12883345 si SNP 7152376) [46]. S-a cdutat sa se
stabileascd o legaturd imtre mutatiile SNP de la
nivelul genelor care codifici componentele NF-
kB si raspunsul la terapiile blocante TNF/IL23,
IL-17 dar rezultatele nu au fost concludente.

Dermatita atopici. Reprezintd o afectiune
inflamatorie a pielii cu determinism genetic
important in care existd o exacerbare a limfo-
citelor Th2.

NF-kB care este implicat masiv in procese
proinflamatorii de orice tip este implicat si in
dermatita atopicd favorizand transcriptia genelor
care codifica citokine proinflamatorii.

Existd o crestere a activitdtii NF-kB 1in
keratinocitele lezionale, limfocitele Th2 dar si in
fibroblastele din leziune. Descresterea activitatii
NF-kB in aceste celule scade productia de
citokine, scade recrutarea celulelor imune la
nivelul leziunii reducand in ansamblu inflamatia.
S-a dovedit cd pierderea functiei IKKp in culturi
celulare de fibroblaste cutanate predispune la
inflamatii cutanate si dermatitd atopicd [John
Seykora 2022]. De asemenea inhibitorii kinazelor
IKK prin degradarea IkB si activarea NF-kB pot
avea efecte clinice semnificative [47].

Desi atat dermatita atopica cat si psoriazisul
sunt afectiuni inflamatorii existd diferente in
activarea NF-kB. Calea HMGB1 (high mobility
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p50/REL-A, p50/c-REL and is dependent on the
functionality of the NEMO factor.

The noncanonical pathway is more selective
in terms of activating factors, being independent
of NEMO but dependent on NIC. The importance
of the noncanonical pathway also results from the
fact that it is activated by TNF, a cytokine with a
strong inflammatory role in psoriasis by creating
the TNF/IL-23/1L17 chain. However, the non-
canonical pathway decreases the ability of
dendritic cells to produce IL-23 and decreases the
number of Th1l7 cells, which produce IL-17A,
interrupting the inflammatory spiral produced
by IL-17, limiting inflammation [41].

The involvement of NF-kB in the pathology
of psoriasis is also evidenced by changes in genes
encoding NF-kB components. An example is the
gene encoding c-REL. Genetic changes in c-REL
inhibit keratinocyte growth and decrease the
production of 11-23 [8,42,43].

Another gene involved in the pathology of
psoriasis related to NF-kB is the ACT1 gene
(adaptor protein of IL-17 signaling). The ACT1
gene encodes a protein that activates NF-kB by
acting on the kinase IKK, releasing NF-kB from
the NF-kB/IkB complex. ACT1 also activates
other signaling pathways but is strongly
associated with the risk of developing psoriasis
and psoriatic arthritis [44,45].

Genome-wide association studies (GWAS)
have identified numerous single nucleotide
polymorphisms (SNPs) at the general level
encoding NF-kB component proteins. For
example, the gene encoding p50 (SNP rs28362401
mutations) or the genes encoding IkBa (SNP
12883345 and SNP 7152376) [46]. An attempt has
been made to establish a link between SNP
mutations in genes encoding NF-kB components
and response to TNF/IL23, IL-17 blocking
therapies, but the results have not been
conclusive.

Atopic dermatitis. It is an inflammatory skin
condition with significant genetic determinants
in which there is an exacerbation of Th2
lymphocytes.

NF-kB, which is heavily involved in
proinflammatory processes of any type, is also
involved in atopic dermatitis by promoting the
transcription of genes encoding proinflammatory
cytokines.
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group proteinl) - TLR-NF-kB este activd in
dermatita atopica si in psoriazis nu [48].

In ultimii ani au aparut preparate de uz local
cu blocanti ai activarii NF-kB, utilizarea lor
neintrand in practica clinicad curenta.

Melanomul malign. Asemenea majoritatii
tumorilor solide prezinta o activare crescutd a
NF-kB. Componentele caii NF-kB (P50, REL-A)
au o prezentd crescutd in melanocitele tumorale
comparativ cu celulele normale. S-a demonstrat
cd REL-A este fosforilata in exces, devine activa
se acumuleaza In melanocitele tumorale si in mai
micd masurd In melanocitele din nevii displazici
[49].

Activarea NF-kB in melanocitele tumorale
este dependentd de cresterea activitatii kinazelor
IKK, de cresterea expresiei osteopontinei si de
mutatiile BRAF.

Osteopontina este o glicoproteind atat intra
cat si extracelulard asociatd puternic cu prolife-
rarea tumorala prin activarea NF-kB [50,51].
Mutatiile genelor BRAF afecteaza stabilitatea IKB
activand NF-kB inducand rezistenta la apoptoza
[50]. NF-kB reprezintd o cale de semnalizare care
devine hiperactivd conducind la transcriptia
unor proteine care deregleaza ciclul celular,
proliferarea si supravietuirea celulara.

Reglarea ciclului celular se face prin inter-
mediul ciclinei D1 care controleazd trecerea
celulelor din faza G1 in faza S. Supraexpresia
ciclinei D1 face ca ciclul celular, in cazul
melanocitelor tumorale, si fie accelerat si sd nu
mai rdspundd la mecanismele de cotrol anti-
proliferative, favorizand proliferarea tumorala.

Activarea NF-kB creste expresia ciclinei D1
promovand indirect proliferarea tumorala
[50,52].

Ca si in alte tipuri de cancere, NF-kB
promoveaza mecanisme antiapoptotice fiind un
element major de inhibitie a apoptozei. Sunt
activate genele antiapoptotice din familia BCL-2
(BCL-XL) genele IAP sau proteinele de tipul
TRAF1 si TRAF2 (tumor necrosis factor assu-
mated factor 1 sau 2). Pe de altd parte caspazele,
enzime care distrug structurile subcelulare in
cursul apoptozei pot activa dar si limita actiunea
NF-kB [50,55].

NF-kB este puternic implicat in activarea
punctelor de cotrol ale raspunsului imun (check
points) PD1 si CTLA-4.
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There is an increase in NF-kB activity in
lesional keratinocytes, Th2 lymphocytes, but also
in fibroblasts in the lesion. The decrease in NF-kB
activity in these cells decreases cytokine
production, decreases the recruitment of immune
cells to the lesion, reducing inflammation overall.
It has been shown that loss of IKK function in
skin fibroblast cell cultures predisposes to skin
inflammation and atopic dermatitis [John
Seykora 2022]. Also, inhibitors of IKK kinases by
degrading IkB and activating NF-kB may have
significant clinical effects [47].

Although both atopic dermatitis and
psoriasis are inflammatory conditions, there are
differences in the activation of NF-kB. The
HMGB1 (high mobility group proteinl) -TLR-
NF-kB pathway is active in atopic dermatitis and
not in psoriasis [48].

In recent years, topical preparations with NF-
kB activation blockers have appeared, but their
use is not included in current clinical practice.

Malignant melanoma. Like most solid tumors,
it shows increased NF-kB activation. Com-
ponents of the NF-kB pathway (P50, REL-A) are
overexpressed in tumor melanocytes compared
to normal cells. It has been shown that REL-A is
over phosphorylated, becomes active, and
accumulates in tumor melanocytes and to a lesser
extent in melanocytes from dysplastic nevi [49].

NF-kB activation in tumor melanocytes is
dependent on increased IKK kinase activity,
increased osteopontin expression, and BRAF
mutations.

Osteopontin is a glycoprotein both intra-
cellular and extracellular that is strongly as-
sociated with tumor proliferation through NF-kB
activation [50,51].

BRAF gene mutations affect IkB stability by
activating NF-kB, inducing resistance to apop-
tosis [50]. NF-kB is a signaling pathway that
becomes hyperactive, leading to the transcription
of proteins that deregulate the cell cycle,
proliferation and cell survival.

The regulation of the cell cycle is done
through cyclin D1, which controls the passage of
cells from the G1 phase to the S phase. Over-
expression of cyclin D1 causes the cell cycle, in
the case of tumor melanocytes, to be accelerated
and to no longer respond to antiproliferative
control mechanisms, favoring tumor proli-
feration.




PD1 (programmed death protein) este un
receptor de pe limfocitul T si B. Cuplarea PD1 cu
ligandul sdu PDL-1 suprima actiunea limfocitelor
T si B si rdaspunsul imun general. Celulele
tumorale care exprimd pe suprafata lor liganzi
PDL-1 se cupleaza cu receptorul PD1 de pe
limfocitele T suprimand raspunsul antitumoral al
acestora.

S-a demonstrat cd NF-kB creste expresia
PDL-1 pe celulele tumorale contribuind la
scdderea radspunsului imun antitumoral cu
aparitia fenomenului de “scdpare” respectiv
evitarea raspunsului antitumoral [54].

Un alt punct de control al rdpunsului imun
este CTLA-4, este un receptor de pe suprafata
limfocitelor T activate si T reglatoare. Legarea de
liganzii specifici CD80 sau CD86 (B7-1, B7-2) de
pe celulele prezentatoare de antigen, dar si de pe
celulele tumorale, inclusiv melanocite tumorale,
inhiba activitatea antitumorald a limfocitelor T
citotoxice precum si rdspunsul imun general.
Raportul dintre CTLA-4 si NF-kB este deosebit de
complex cel din urma putdnd contribui la
expresia CTLA-4 cu reducerea raspunsului
antitumoral. CTLA-4 poate inhiba mai multe cai
de transcriptie, inclusiv NF-kB, care pot induce
activarea limfocitelor T. Experimental s-a de-
monstrat cd inhibitia activarii NF-kB poate fi
dependentd de activarea CTLA-4 [55,56].

NF-kB este implicat In numeroase procese
legate de proliferarea tumorald in melanomul
malign, metastazare, autofagie, modelarea
micromediului tumoral, vascularizatie tumorala
si peritumorald fard sd prezinte aspecte deosebite
intdlnite numai sau preponderent la melanocitele
tumorale.

NF-kB are un rol major in instalarea re-
zistentei la medicamente intalnita in melanomul
malign. Existd mai multe mecanisme prin care
acesta induce sau participa la rezistenta la
medicamente: apoptoza si alte tipuri de moarte
celulard. Autofagia, activarea pompelor celulare
de eliminare a citostaticelor din celula tumorala
(pe calea genelor MDR care codifica glicoproteina
P esentiala in acest proces) actiunea PD1 si CTLA-
4. Paradoxal, in anumite circumstante, activarea
NEF-kB e datd de unele citostatice. La acestea se
adaugd mutatiile genei BRAF si N-RAS care apar
dupa terapia anti BRAF in care se pare cd exista o
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Activation of NF-kB increases the expression
of cyclin D1, indirectly promoting tumor
proliferation [50,52].

As in other types of cancer, NF-kB promotes
antiapoptotic mechanisms and is a major element
of apoptosis inhibition. Antiapoptotic genes from
the BCL-2 family (BCL-XL), IAP genes or proteins
such as TRAF1 and TRAF2 (tumor necrosis factor
assumed factor 1 or 2) are activated. On the other
hand, caspases, enzymes that destroy subcellular
structures during apoptosis, can activate but also
limit the action of NF-kB [50,55].

NF-kB is strongly involved in the activation
of the immune response checkpoints PD1 and
CTLA-4.

PD1 (programmed death protein) is a
receptor on T and B lymphocytes. The coupling
of PD1 with its ligand PDL-1 suppresses the
action of T and B lymphocytes and the general
immune response. Tumor cells that express PDL-
1 ligands on their surface couple with the PD1
receptor on T lymphocytes, suppressing their
antitumor response.

It has been shown that NF-kB increases the
expression of PDL-1 on tumor cells, contributing
to the decrease of the antitumor immune res-
ponse with the appearance of the phenomenon of
“escape” or avoidance of the antitumor response
[54].

Another checkpoint of the immune response
is CTLA-4, it is a receptor on the surface of
activated T lymphocytes and regulatory T.
Binding to specific ligands CD80 or CD86 (B7-1,
B7-2) on antigen-presenting cells, but also on
tumor cells, including tumor melanocytes,
inhibits the antitumor activity of cytotoxic T
lymphocytes as well as the general immune
response. The relationship between CTLA-4 and
NF-kB is particularly complex; the latter may
contribute to the expression of CTLA-4 with the
reduction of the antitumor response. CTLA-4 can
inhibit several transcriptional pathways, includ-
ing NF-kB, which can induce T-lymphocyte
activation. It has been experimentally shown that
inhibition of NF-kB activation can be dependent
on CTLA-4 activation [55,56].

NF-kB is involved in numerous processes
related to tumor proliferation in malignant
melanoma, metastasis, autophagy, modeling of
the tumor microenvironment, tumor and peritu-
moral vascularization without presenting special
aspects found only or predominantly in tumor
melanocytes.
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implicare indirecta a NF-kB prin intermediul
citokinelor [51,58].

Mecanismul major de inducere a rezistentei
la diverse antitumorale (citostatice, radioterapie,
terapie imunologicd) il reprezintd blocarea
apoptozei celulelor tumorale prin transcriptia
genelor antiapoptotice indusd de mai multi
factori inclusiv.  NF-kB. Terapeutic, evitarea
blocarii apoptozei in melanocitele tumorale se
face prin tintirea mai multor puncte de control
imunologic asociatd in viitor cu limitarea
activitatii NF-kB in aceste celule [59].

Concluzii

Factorul de transcriptie NF-kB reprezinta o
structurd proteicd care stabilizeaza ARN poli-
meraza la promotorul genei ce urmeaza sa fie
transcriptionatd.

In absenta factorului de transcriptie nu se
poate face transcriptia. Sunt cunoscuti mai multi
factori de transcriptie si fiecare poate fi implicat
in transcriptia mai multor gene. Activarea NF-kB
se face prin stimuli interni sau extracelulari care
declanseaza o serie de evenimente biochimice in
citosol (scindare peptidicd, asamblarea NF-kB)
activarea acestuia si patrunderea in nucleu.

In conditii fiziologice semnalizarea NF-kB
sustine supravietuirea celulei asigurand un flux
de citokine optim, In concordatd cu stimulii pe
care 1i primeste celula. Rezultatui activarii NF-kB
se regdseste In actiunea produsilor transcriptio-
nati, citokine, chemokine, factori de crestere,
liganzi, proteine implicate in apoptoza.

In conditii patologice NF-kB in exces, in cele
mai multe cazuri, este implicat in exacerbarea sau
modularea procesului inflamator si a raspunsului
imun. In cazul proliferdrii tumorale NF-kB in
exces favorizeaza dezvoltarea celulelor tumorale,
metastazarea, vascularizatia tumorald, schimbari
protumorale in micromediul tumoral, blocarea
raspunuslui imun prin actiunea asupra punctelor
de control.

In unele cazuri NF-kB poate limita progresia
tumorald. Transcriptia genelor antitumorale
reprezintd mecanismul major al actiunii NF-kB in
proliferarea tumorald in unele cazuri NF-kB
poate avea si o actiune antitumorald.

La nivel cutanat, psoriazisul, dermatita
atopica reprezintd afectiuni inflamatorii in care
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NF-kB has a major role in the establishment
of drug resistance found in malignant melanoma.
There are several mechanisms by which it induces
or participates in drug resistance: apoptosis and
other types of cell death. Autophagy, activation
of cellular pumps for the elimination of cyto-
statics from the tumor cell (via the MDR genes
encoding the essential P-glycoprotein in this
process) the action of PD1 and CTLA-4. Para-
doxically, in certain circumstances, NF-kB activa-
tion is given by some cytostatics. To this are
added the BRAF and N-RAS gene mutations that
occur after anti-BRAF therapy in which there
seems to be an indirect involvement of NF-kB
through cytokines [51,58].

The major mechanism of induction of resis-
tance to various antitumor drugs (chemotherapy,
radiotherapy, immunological therapy) is re-
presented by the blocking of tumor cell apoptosis
through the transcription of antiapoptotic genes
induced by several factors including NF-kB.
Therapeutically, avoiding the blocking of
apoptosis in tumor melanocytes is done by
targeting several immunological checkpoints
associated in the future with the limitation of NF-
kB activity in these cells [59].

Conclusions

The transcription factor NF-kB represents a
protein structure that stabilizes RNA polymerase
at the promoter of the gene to be transcribed.

In the absence of the transcription factor,
transcription cannot occur. Several transcription
factors are known and each can be involved in
the transcription of several genes. NF-kB acti-
vation is done by internal or extracellular stimuli
that trigger a series of biochemical events in the
cytosol (peptide cleavage, NF-kB assembly) its
activation and entry into the nucleus.

Under physiological conditions, NF-kB
signaling supports cell survival by ensuring an
optimal cytokine flux, consistent with the stimuli
the cell receives. The result of NF-kB activation is
found in the action of transcribed products,
cytokines, chemokines, growth factors, ligands,
proteins involved in apoptosis.

In pathological conditions, excess NF-kB, in
most cases, is involved in exacerbating or
modulating the inflammatory process and the
immune response. In the case of tumor pro-
liferation, excess NF-kB favors the development
of tumor cells, metastasis, tumor vascularization,




NF-kB este puternic implicat. Activarea in exces
are un rol important in patogeneza acestor
afectiuni. Desi in ambele cazuri are un rol
proinflamator major, modul de realizare a acestui
efect nu este in totalitate identic.

In melanom supraexpresia NF-kB favori-
zeazd progresia tumorald prin mecanismele
cunoscute si la alte tumori solide. Este im-
portantd in melanom activarea in exces asupra
punctelor de control al rdspunsului imun PD1 si
CTLA-4.

Cunostintele acumulate despre NF-kB
deschid noi perspective in terapeuticd prin
posibilitatea moduldrii actiunii acestui factor de
transcriptie In douda procese importante ale pato-
logiei umane: inflamatia si proliferarea tumorala.
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