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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. 

Rezumat

Factorul de transcripþie NF-kB reprezintã o structurã
proteicã ce stabilizeazã legãtura dintre ARN polimerazã ºi
promotorul genei care urmeazã sã fie transcripþionatã. 
NF-kB reprezintã unul dintre cei mai importanþi factori de
trascripþie, indispensabili transcripþiei unei gene þintã.

Activarea factorilor de transcripþie se evidenþiazã prin
produºii genelor la care NF-kB a contribuit la transcripþie.
În cazul NF-kB sunt produºi care stimuleazã inflamaþia
(citokine, chemochine, factori de creºtere) sau produºi care
stimuleazã proliferarea tumoralã inhibând apoptoza.

În condiþii patologice supra activarea NF-kB creºte
trasncripþia genelor care codificã citokinele proinflamatorii
formând iniþierea ºi menþinerea inflamaþiei. În proliferarea
tumoralã NF-kB are o acþiune antiapoptoticã dar
promoveazã ºi metastazarea, vascularizaþia tumoralã,
modicifãri protumorale în mecanismul tumoral. La nivel
curtanat, NF-kB este supra exprimat în keratinocite, celule
imune, fibroblaste (dermatita atopicã) având un rol
important în procesele inflamatorii care definesc aceste
afecþiuni. În cazul melanomului malign NF-kB este
implicat în transcripþia genelor antiapoptotice favorizând
supravieþuirea celulelor tumorale. NF-kB intervine ºi în
activitatea punctelor de control al rãspunsului imun PD1
ºi CTLA-4. 
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Expresia genicã (geneticã) reprezintã pro-
cesul de transmitere a informaþiei ereditare
codificatã de ADN nuclear la ribozomi unde se
realizeazã sinteza proteicã. Este un proces com-
plex care cuprinde trei etape: transcripþia, trans-
laþia ºi formarea ºi funcþionalitatea proteinelor
rezultate.

Transcripþia, prima etapã a expresiei genetice
presupune copierea informaþiei genetice din
ADN nuclear grupat în gene (înscrisã în secvenþa
nucleotidelor) într-o moleculã de ARN mesager.
Acesta va pãrãsi nucleul, va ajunge în citosol ºi
ulterior la nivelul ribozomilor unde va fi de-
codificat ºi se va realiza sinteza proteicã pe baza
informaþiei genetice transmisã din nucleu. 

Formarea ARNm se realizeazã prin inter-
mediul unei enzime ARN polimeraza, care se
formeazã din nucleotide separate de un lanþ ADN
identic cu un lanþ ADN-matrice, transferând in-
formaþia geneticã înscrisã în secvenþa nucleoti-
delor în lanþul ADN nou format.  Ca acest proces
sã se producã este necesar ca ARN polimeraza sã
se cupleze cu structuri proteice numite factori de
transcripþie ºi sã se ataºeze la o porþiune din genã
numitã promotor. Acesta este o secvenþã de 100-
1000 perechi de baze, specificã fiecãrei gene, locul
unde obligatoriu începe transcripþia [1,2].

Factorii de transcripþie sunt proteine indis-
pensabile, aflate în toate celulele eucariote înce-
pând cu anemonele de mare având rolul de a
stabiliza complexul ARN polimeraza/ADN fiind
totodatã ºi un element de reglare a transcripþiei.
Existã numeroºi factori de transcripþie, mulþi
dintre ei acþionând asupra promotorilor mai
multor gene [3].

În patologia umanã cel mai cunoscut factor
de transcripþie este factorul nuclear din limfoitele
B care se leagã de amplificatorul kappa al genei

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
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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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ce codificã lanþul uºor kappa al imunoglobu-
linelor, prescurtat NF-kB. Denumirea exprimã
descoperirea sa în limfocitele B ºi locul de inserþie
al genei þintã.

ISTORIC. NF-kB a fost descoperitã în 1986
de cãtre Ranjan Sen ºi David Baltimore care au
identificat în limfocitele B o structurã proteicã ce
se prinde de promotorul genei care codificã
lanþul uºor al imunoglobulinelor. Ulterior acest
factor a fost denumit NF-kB. În perioada urmã-
toare s-a descoperit importanþa factorului în
iniþierea transcripþiei genei care codificã lanþul
kappa dar ºi în transcripþia altor gene [4].   

Înþelegerea activitãþii NF-kB în transcripþia a
numeroase gene a fost completatã de A. Potorak
ºi B. Lamaitre care au stabilit cã receptorul TLR
(Toll like receptor) constituie o cale importantã de
activare a NF-kB. Ulterior s-au descoperit nume-
roºi agenþi care pot activa NF-kB [5]. 

STRUCTURÃ. 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) ºi proteinele p65 (RELA), RELB,
RELC. RELA sau omologul A al oncogenei virale
a reticuloendoteliozei virale aviare este codificatã
de gena RELA care este implicatã în modularea
rãspunsului imun ºi în proliferarea tumoralã. 

Fiecare membru al acestei familii conþine la
capãtul N terminal un domeniu denumit RHD
(REL Homology Domain) prin care se cupleazã
cu ceilalþi membri formând dimeri care pot sã se
cupleze cu regiuni specifice ale ADN dar ºi cu
proteinele reglatoare IKB. La capãtul C terminal
proteinele RELA, RELB, c-REL prezintã un
domeniu de transcripþie TAD care moduleazã
dimerizarea ºi interacþiunea cu IKB [6,7].  

Proteinele NF-kB sunt grupate în 2 clase pe
baza secvenþelor de la nivelul capãtului C
terminal. Prima clasã este formatã de proteinele
p105/p50 ºi p100/p52 ºi a doua grupã formatã
din RELA (p65), RELB ºi c-REL. Prima grupã
conþine proteine care nu activeazã transcripþia
dar devin active prin dimerizarea cu proteinele
din a doua grupã. Aceasta formeazã dimeri cu
prima grupã ºi se leagã de situsul IkB de pe ADN
având rol major în activitatea ARN polimerazei
[7,8]. Toate aceste proteine formezã dimeri dar nu
toþi dimerii au activitate transcripþionalã, dimerul
p-50 RELA este cel mai activ. În limbajul curent

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 p100/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 referã la dimerul p50-RELA
[8].

Proteinele IkB. Familia de proteine IkB
cuprinde trei membri IkBα, IkBβ ºi IkBγ. Aceºti
membri au în comun un domeniu care poate fi
fosforilat de kinazele IKK. Proteinele IkB prin
dimerizare la nivelul domeniului RHD cu dimerii
REL ai NF-kB acoperã secvenþa de prindere a
acestor domenii la nivelul ADN nuclear
devenind inactive ºi rãmân în citosol. Inhibiþia
NF-kB se poate realiza în mai micã mãsurã prin
p100 ºi p105 când nu formazã dimeri cu membri
familiei REL [7,9].

Kinazele IKK. Eliberarea dimerilor NF-kB din
complexul cu IkB se face prin activarea kinazelor
IKK. Aceºtia formeazã o familie de trei membri
douã kinaze IKKα ºi IKKβ ºi o subunitate IKKγ
(NEMO) cu funcþie de reglare. Proteinele inhi-
bitorii IKB legate de dimerii NF-kB sunt fosfo-
rilate ºi degradate de cãtre kinazele IKK. Eli-
berarea dimerilor NF-kB face ca aceºtia sã poatã
migra în nucleu ºi sã se ataºeze de situsul KB,
iniþiind transcripþia. Diverºi stimuli celulari pot
induce activarea kinazelor IKK eliberând dimeri
NF-kB dar ºi inactivarea IKK prin autofosforilare
[8,9,10]. 

ACTIVAREA NF-kB. NF-kB se gãseºte
inactiv în citosol legat de proteinele IkB. Acþiunea
kinazelor IKK elibereazã NF-kB care poate intra
în nucleu mediind activitatea ARN polimerazei.
Activarea NF-kB presupune activarea kinazelor
IKK care degradeazã IkB. Numeroºi stimului
extracelulari ºi celulari pot activa enzimele IKK
prin cascade biochimice, adevãrate cãi de activare
NF-kB. S-au identificat pânã acum douã cãi de
activare NF-kB: calea canonicã ºi noncanonicã
fiecare cu o anumitã specificitate. 

În funcþie de moleculele participante la acti-
varea enzimelor IKK (receptori, liganzi, molecule
adaptor, enzime) dar ºi de procesele biologice
care sunt iniþiate prin transcripþia genelor þintã
[11].

Calea canonicã. Reprezintã principala cale de
activare a NF-kB, implicatã în special în rãs-
punsul inflamator la agenþi patogeni, în special
microbieni, prin stimularea transcripþiei genelor
care codificã produºi proinflamatori (citokine,
chemokine) dar ºi a altor procese [12].

Calea canonicã este activatã 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 IkBα, IkBβ and IkBγ. 
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 IKKα and IKKβ and a subunit IKKγ
(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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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 IKKα
and IKKβ, 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 TNFα or IL-1β,
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 IKKβ or
NEMO. This pathway also involves the activation
and processing of p100 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 IKKα. NIK phosphorylates
IKKα 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/cIAP)
which maintains NIK at basal levels [11,12].
Recruitment and activation of TRAF2 and TRAF3
activate the non-canonical pathway while

TLR (toll like receptor) TNFR, IL-1, antigene, LPS,
factori de creºtere, citokine, produºi bacterieni ºi
virali, specii reactive de oxigen, stres [8,13].

În funcþie de natura stimulilor se activeazã o
cascadã enzimaticã care în final acþioneazã
asupra NEMO ce prin intermediul unui domeniu
specific  se ataºeazã de restul de enzime IKK. Se
produce oligomerizarea subunitãþii NEMO care
conþine un domeniu specific de activare a IKK ºi
fosforilarea IKKα ºi IKKβ ºi eliberarea dimerilor
NF-kB de complexul cu IkB, acestea putând
migra în nucleu. În cazul activãrii de cãtre
antigen prin BCR sau TCR se ajunge la NEMO
printr-un lanþ enzimatic diferit de TNFα sau IL-1β
formându-se complexul CARMA1/BCL10/
MALT1ºi în final activarea NEMO [8].  

Existã multiple cãi de reglare a activãrii NF-
kB cea mai importantã fiind prin proteaza A20
care în anumite condiþii din citosol poate
destabiliza complexul IKK [12]. Calea canonicã
are o acþiune rapidã dar tranzitorie, activarea ei
fiind dependentã în mare mãsurã de natura
stimulului [13].

Calea noncanonicã sau alternativã. Este activatã
de limfotoxinã, BAFF (factor de activare a
limfocitelor) RANK (activator al receptorului 
NF-kB), ligandul CD40. Activarea pe aceastã cale
nu necesitã activarea IKKβ sau NEMO. Pe aceastã
cale are loc ºi activarea ºi procesarea  a p100 care
se poate scinda rezultând p52 care se poate cupla
cu proteinele REL.

Elementul principal al acestei cãi îl reprezintã
kinaza NIK- kinazã inductoare de NF-kB ºi IKKα.
NIK fosforileazã IKKα care la rândul ei contribuie
la fosforilarea p100 care este scindat ºi se
formeazã p52. P52 formeazã dimeri cu proteinele
REL rezultând forme active de NF-kB. Un
element important al acestei cãi îl reprezintã
sistemul TRAF (factor asociat receptorului
TNF/cIAP) care menþine NIK la nivel bazal
[11,12]. Recrutarea ºi activarea TRAF2 ºi TRAF3
activeazã calea necanonicã în timp ce activarea
TRAF6 este prezentã în calea canonicã [8,13].

Raportul care se stabileºte între cele douã cãi
de activare a NF-kB poate fi divers, sinergism,
activitate independentã sau concurenþialã.
Totodatã activarea NF-kB ºi implicit activarea
transcripþiei unor gene interacþioneazã în moduri
diferite cu alte cãi de transmisie a semnalelor
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biochimice ca: MAPK, JAK-STAT, TGFβ, WNT,
NOTCH, HEDGEHOG [8,14,15].

NF-kB ÎN PROCESE PATOLOGICE. Calea
de semnalizare NF-kB reprezintã una dintre cele
mai importante cãi de semnalizare la nivel
celular. Rezultatul final al activãrii NF-kB constã
în acþiunea produºilor finali (citokine, chemo-
kine, factori de creºtere, liganzi) ai genelor
transcripþionate. NF-kB poate interacþiona cu o
multitudine de gene. Genele care codificã com-
ponentele cãii NF-kB prezintã numerose mutaþii
care se regãsesc în funcþionalitatea NF-kB fie prin
pierderea de funcþie fie prin câºtigare de funcþie
[16]. Frecvent s-au întâlnit mutaþiile la NEMO cu
producerea de inflamaþii cutanate, anomalii ale
pãrului, unghiilor, dinþilor, sau la nivelul enzi-
melor IKKα ºi IKKβ, a complexului inhibitor IKB
sau a proteinelor REL [8]. Transcripþia a nume-
roase gene în care este implicat NF-kB face ca în
condiþii normale NF-kB sã participe la procese
biologice ca: supravieþuirea ºi proliferarea celu-
larã, metabolism ºi homeostazie, adaptarea
rapidã la schimbãri de mediu [7,8]. Cele mai
importante ºi mai bine documentate procese
patologice în care este implicat NF-kB îl repre-
zintã inflamaþia/rãspsunsul imun ºi proliferarea
tumoralã.

NF-kB în inflamaþie. Inflamaþia reprezintã un
rãspuns complex al organismului declanºat de
cãtre agenþi microbieni, corpi strãini, diverºi
agenþi din mediul intern sau extern. Prin
intermediul rãspunsului inflamator organismul
cautã sã distrugã sau sã limiteze acþiunea
agenþilor patogeni ºi sã restabileascã structurile ºi
funcþiile afectate. Rãspunsul inflamator este
iniþiat ºi coordonat prin mai multe cãi de
semnalizare. 

Activarea NF-kB creºte producþia de citokine
proinflamatorii la nivelul celulelor somatice
lezionale dar ºi la nivelul sistemului imun
înnãscut ºi adaptativ. Au loc modificãri vascu-
lare, celulare ºi umorale care apar în focarul
inflamator dar ºi la nivelul celulelor imune
rezidente sau recrutate la nivelul focarului
inflamator [17]. 

Calea canonicã este prinicpala cale pro-
inflamatorie de activare a NF-kB. Se iniþiazã prin
acþiunea unor stimuli diverºi: citokine (TNFα. 
IL-1β) receptori B ºi T de la nivelul lifocitelor, TLR
(toll like receptor) prin recunoaºterea structurilor

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, TGFβ, 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 IKKα and IKKβ 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
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PAMP (pe suprafaþa agentului patogen) ºi DAMP
(produºi de distrucþie celularã). Activarea
enzimelor IKK constituie un punct central în
activarea NF-kB [8]. Activarea NF-kB induce
asamblarea ºi iniþierea acþiunii inflamazomilor,
structuri proteice care prin intermediul caspa-
zelor activeazã citokinele proinflamatorii dar pot
avea ºi o acþiune distructivã generând o formã de
moarte celularã prin apoptozã.

Activarea inflamazomului NLRP3 de cãtre
NF-kB este asociatã ºi cu inhibarea acþiunii NF-kB
prevenind prin feed-back negativ inflamaþia în
exces [18].

Monodimerul p50 poate produce o scãdere a
activitãþii NF-kB. O acþiune dualã o are NF-kB în
cazul apoptozei. În majoritatea proceselor, in-
clusiv inflamaþie, NF-kB acþioneazã ca factori
antiapoptotic, promovând supravieþuirea celu-
lelor imune ºi neimune, prin acþiunea asupra
genelor anti apoptotice. 

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

NF-kB în rãpsunsul imun. NF-kB este implicat
atât în imunitatea înnãscutã cât ºi în cea
adaptativã.

În rãspunsul inflamator sunt implicate prin-
cipalele celule ale imunitãþii înnãscute, macro-
fagele, neutrofilele.

Macrofagele sunt activate prin recunoaºterea
de PAMP ºi DAMP dar ºi a altor receptori ca
NOD, RIG, GMP-AMP. Toþi aceºti receptori
activeazã NF-kB dar ºi alte cãi de semnalizare.
Prin activarea NF-kB macrofagele trec în
fenotipul inflamator M1 cu producþia masivã de
citokine proinflamatorii (IL-1, IL-6, TNF). În anu-
mite condiþii macrofagele trec în fenotipul M2 cu
producþia de citokine care inhibã inflamaþia. Tot
pe calea NF-kB se promoveazã fagocitoza agen-
þilor patogeni de cãtre macrofage [7,20,21].

Ca rãspuns la stimularea TLR prin inter-
mediul proteinei adaptor TRIF sau MYD88 se
activeazã calea canonicã a NF-kB cu producþia
masivã de IFNα ºi IFNβ [21].

Neutrofilele. NF-kB acþioneazã ca reglator al
expresiei genelor proinflamatotrii ºi cresc ex-
presia genelor anti apoptotice prelungind durata
de activitate a neutrofilelor activate. S-a observat
cã neutrofilele neactivate conþin mai mult Ikbα,

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 (TNFα. IL-1β) 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 IkBα. În granulopoiezã NF-kB
este proapoptotic sugerând un efect dual al
acþiunii NF-kB în neutrofile [21,22].

Celulele Langerhans. Sunt principalele celule
prezentatoare de antigen în rãspunsul imun. Sunt
stimulate pe calea canonicã ºi se transformã în
celule mature prezentatoare de antigen. Sunt
stimulate ºi pe calea alternativã de cãtre TNF,
CD40, RANK. Dezvoltarea celulelor Langerhans
este accentuatã ºi de RELB, totodatã creºterea
activitãþii NF-kB în celulele Langerhans este
dependentã de TLR2 ºi TLR4 [7,22].     

În imunitatea adaptativã activarea NF-kB este
absolut necesarã pentru dezvoltarea ºi funcþiona-
litatea limfocitelor T ºi B. În cazul limfocitelor T,
NF-kB este absolut necesarã pentru funcþia
antiapoptoticã ºi limfopoieticã [21]. Cuplarea
receptorului pentru antigen cu peptidfele CMH
induce activarea NF-kB cu rãspuns final pro-
inflamator ºi imunoreglator. În acest caz activarea
se face pe cale canonicã. Calea noncanonicã are
rol în dezvoltarea celulelor Tγδ ºi NK. Activarea
NF-kB prin intermediul citokinelor transcrip-
þionate induce diferenþierea limfocitelor T cu
formarea de CD4+[21,23]. Generarea polarizãrii
Th1/Th2 cu predominanþa Th1 necesitã medierea
RELC. De asemenea NF-kB regleazã diferenþierea
celulelor Th17. Deficienþa de RELA în celulele
prezentatoare de antigen reduce producþia de
citokine care regleazã diferenþierea în Th17 [20]. 

NF-kB este implicat prin intermediul cãii
canonice ºi în producerea ºi activarea Treg (re-
glator) limfocite cu rol esenþial în autoimunitate.
ºi alterarea NIK din calea noncanonicã duce la
scãderea numãrului de limfocite Treg. NF-kB
reprezintã o cale de semnalizare esenþialã a
activãrii lifocitelor T sau în unele condiþii poate
induce semnale proapoptotice [24].

Limfocitele B. În cazul limfocitelor T, NF-kB
este absolut necesar pentru dezvoltare ºi acti-
vitatea limfocitelor B. Cuplarea cu antigenul a
receptorului B pentru antigen produce activarea
NF-kB ºi creºterea secreþiei de citokine. Calea de
activare este atât canonicã cât ºi noncanonicã.
Blocarea RELA ºi c-REL induce blocarea dez-
voltãrii limfocitelor B. Aceasta se face ºi prin
depleþia monodimerilor p50 ºi p52. De asemenea

In response to TLR stimulation through the
adaptor protein TRIF or MYD88, the canonical
NF-kB pathway is activated with the massive
production of IFNα and IFNβ [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 Ikbα, an inhibitor of
NF-kB. Stimulation via the TLR pathway induces
IkBα 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 Tγδ 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 Th1/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 Ikkα ºi Ikkβ sau NEMO scade
numãrul de limfocite B mature [7,25].

Autoimunitatea. Activarea NF-kB în celulele T
poate fi fãcutã ºi de cãtre autoantigene. Activarea
pe calea canonicã are un rol central în activarea
limfocitelor T inclusiv în cazul cuplãrii cu auto-
antigene. Calea noncanonicã are de asemenea un
rol important.

Supraexprimarea de NIK induce auto-
imunitate. NF-kB are un  rol de stimulare a auto-
imunitãþii dar ºi rol în suprimarea ei modulând
funcþiile supresive ale limfocitelor Treg.

NF-kB este implicat ºi în instituirea ºi men-
þinerea toleranþei imune. Acþiunea sa la nivelul
epiteliului timic (mTEC) în timpul selecþiei lim-
focitelor T ºi inactivãrii limfocitelor T auto-
reactive este deosebit de importantã. Este posibil
ca ambele cãi, canonicã ºi noncanonicã sã fie
implicate în activarea celulelor epiteliale timice,
favorizând celulele implicate în activarea celu-
lelor implicate în selecþia negativã a limfocitelor T
autoreactive [20,27].   

Proliferarea tumoralã. Acest proces presupune
o creºtere necontrolatã a celulelor cu invazia
þesuturilor adiacente sau la distanþã, cu alterarea
mecanismelor de reglare a proliferãrii ºi a cãilor
de semnalizare inclusiv NF-kB.

Activitatea NF-kB a celulelor tumorale este
similarã cu celulele normale dar genele þintã care
sunt transcripþionate sunt în special oncogene. 

Activitatea proliferativã a NF-kB este pre-
zentã în exces în celulele tumorale, prezentând
un rol imporrtant dar nu major în dezvoltatrea
tumoralã. Totodatã pe calea de transcripþie NF-
kB se promoveazã vacularizaþia, metastazarea,
sau se inhibã apoptoza celulelor tumorale [28].

În majoritatea cancerelor activitatea NF-kB
este crescutã datoritã creºterii stimulãrii prin
TNFα ºi IL-1 dar ºi a mutaþiilor care apar la nive-
lul oncogenelor, a genelor care codificã compo-
nentele cãii NF-kB [21]. Activarea NF-kB în
tumori solide se face în special pe calea canonicã
în timp ce în tumori hematologice se face prin
calea noncanonicã [28].

S-au decelat mutaþii ale genelor care codificã
proteinele REL ºi IKB ºi a enzimelor IKK [21].
Cele mai multe mutaþii sunt prin câºtig de
funcþie, mai rar prin pierdere de funcþie activând
IKKβ [21]. Pe modele murine scãderea Ikkβ a dus

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 Ikkα and Ikkβ 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. 

NF-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 scãderea semnificativã a proliferãrii tumo-
rale [29].

Existã mutaþii care duc la supraexprimarea
unor componente ale cãii NF-kB care sunt diferite
în diferite tipuri de cancere. De exemplu RELA
este supraexprimatã în cancerul ovarian, 
c-REL în cancerul pulmonar [28].

S-a observat cã în majoritatea cancerelor
existã alterarea mai multor cãi de semnalizare
care interferã între ele, inclusiv cu NF-kB [21,30].

În afarã de acþiunea proinflmatorie în exces ºi
mutaþiile la nivelul componentelor NF-kB,
acþiunea protumoralã a NF-kB se manifestã ºi
printr-o serie de procese biologice care favori-
zeazã creºterea tumoralã: angiogenezã, apoptozã,
meta-stazare, evaziunea (scãparea) imunã, repro-
gramarea metabolicã, rezistenþa la terapie [21].

În apoptozã, NF-kB are un rol dublu, respec-
tiv antiapoptotic promovând supravieþuirea
celulelor tumorale dar ºi proapoptoticã de
distrugere a acestora. Este important raportul
genelor pro ºi antiapoptotice care sunt  transcrip-
þionate  prin activarea NF-kB [8]. Totodatã prin
calea NF-kB se promoveazã degradarea pro-
duºilor genei P53 ceea ce are ca efect creºterea
numãrului de celule cu ADN alterat ºi trans-
miterea acestui ADN alterat la celulele fiice
favorizând apariþia mutaþiilor [21,31]. 

Acþiunea antiapoptoticã a NF-kB se reali-
zeazã în principal prin transcripþia genelor
antiapoptotice din familia BCL-X dar ºi prin
activarea proteinelor IAP ºi FLIP care inhibã
activarea caspazelor [32].

În procesul de metastazare NF-kB prin
transcripþia genelor asociate EMT (tranziþie
epitelial mezenchimalã) în principal genele care
codificã factorii de transcripþie (TWIST, SNAIL,
ZEB1) moduleazã moleculele de adeziune
intercelularã (integrine, selectine) ºi favorizeazã
apariþia niºei premetastatice. Prin intermediul
EMT celulele tumorale capãtã proprietãþi de
celule mezenchimale cu mobilitate crescutã,
putând migra în diverse þesuturi [8,33,34,35]. 

NF-kB este activ la nivelul micromediului
tumoral (TEM) favorizând supresia celulelor cu
activitate antitumoralã (macrofage, celule NK)
din jurul tumorii ºi în final progresia acesteia.

Prin creºterea producþiei de citokine,
activarea mai multor cãi de semnalizare, inclusiv
NF-kB au loc modificãri fenotipice ale celulelor

promotes vascularization, metastasis, or inhibits
tumor cell apoptosis [28].

In most cancers, NF-kB activity is increased
due to increased stimulation by TNFα 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 IκB proteins and the
IKK enzymes have been detected [21]. Most
mutations are gain-of-function, less frequently
loss-of-function mutations activating IKKβ [21].
In murine models, knockdown of IKKβ 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
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din microambientul tumoral (ex. macrofage)
acestea dobândind proprietãþi imunosupresoare
protumorale sau antitumorale [8,39].

Reprogramarea metabolicã este una dintre
cãile în care este implicat NF-kB pentru ca celu-
lele sã dobândeascã proprietãþi imunosupresoare
sau protumorale [36]. 

NF-kB  este implicat în rezistenþa la diverse
tipuri de terapii antitumorale: chimioterapie,
radioterapie, terapie imunologicã de blocare a
punctelor de control imunologice.

Rezistenþa la terapie se realizeazã prin acti-
varea genelor antiapoptotice, activarea cãii NF-
kB, interferenþa cu alte cãi de transmitere a
semnaleleor (NOTCH, STING). Creºterea secre-
þiei de citokine duce la rezistenþa la medicamente
prin creºterea activitãþii citkinelor proinflama-
toare (reprogramare metabolicã) [8.37]. Deºi este
profund implicat în rezistenþa la terapiile anti-
tumorale, NF-kB are un rol dual accelerând
uneori acþiunea terapiei antitumorale. Pe modele
murine s-a observat cã inhibarea NF-kB a redus
apoptoza celulelor tumorale indusã de medica-
mente iar unele citostatice induc apoptoza pe
calea NF-kB [38].

*
*    *

NF-kB este o cale importantã de transmitere a
semnalelor de transcripþie pentru numeroase
gene conectând stimuli externi ºi interni cu
transcrierea unor proteine cu diverse funcþii.
Totodatã activitatea NF-kB este corelatã cu
acþiunea altor cãi de transcripþie. Toþi aceºti
produºi transcripþionaþi de NF-kB participã la
numeroase procese biologice normale sau pato-
logice. Principalele procese în care este implicat
NF-kB sunt: inflamaþia, rãspunsul imun ºi
poliferarea tumoralã. Activarea NF-kB este o cale
principalã de producere a citokinelor proinfla-
matorii (TNFα, IL-1, IL-6) , chemokine (CXCL-1,
CXCL-2) factori de creºtere, elemente esenþiale în
inflamaþie dar ºi elemente de promovare a pro-
liferãrii tumorale. Astfel, o inflamaþie persistentã
creºte riscul apariþiei unei proliferãri tumorale
[33].

La acestea se adaugã acþiunea NF-kB asupra
rãspunsului imun înnãscut ºi adaptativ sau
acþiunea asupra apoptozei. Se poate spune cã NF-
kB realizeazã (Su explicã) o conexiune dintre
inflamaþia cronicã ºi cancer. Totuºi acþiunea NF-

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]. 

NF-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 dependentã de contextul citosolic în care
se gãseºte celula la un moment dat.   

AFECÞIUNI CUTANATE. La nivel cutanat
activarea NF-kB este evidenþiatã atât în afecþiuni
inflamatorii (psoriazis) cât ºi în proliferarea
tumoralã (melanom malign). Specificitatea fie-
cãrei afecþiuni în cadrul aceluiaºi proces
(exemplu: psoriazis/dermatita atopicã) depinde
de o multitudine de factori care se asociazã
acþiunii NF-kB. 

NF-kB este un factor de transcripþie implicat
major în procesele inflamatorii prin activarea
transcripþiei genelor care codificã citokine
proinflamatorii. Totodatã activarea NF-kB este
realizatã de o multitudine de factori dar ºi de
cãtre citokine proinflamatorii realizând o buclã
inflamatorie care exacerbeazã inflamaþia la nivel
lezional.

Aºa cum este de aºteptat, nivelul NF-kB activ
este crescut în keratinocite stimulând secreþia de
citokine ºi proliferarea acestora. De asemenea
NF-kB are valori crescute în celulele producã-
toare de Il-17 (Th17 în special) ºi celulele
producãtoare de IL-23 [40].

Psoriazisul. Reprezintã o afecþiune inflama-
torie, autoimunã a pielii în care existã o alterare
masivã a reþelei de citokine care afecteazã celulele
implicate în rãspunsul imun (celulele T în
special), celulele dendritice, karatinocitele.

În psoriazis, NF-kB este activat pe ambele cãi,
predominãnd calea canonicã activatã de factori
interni ºi externi, inclusiv de cãtre citokine dar
prezintã ºi numeroase sisteme de blocaj. Calea
canonicã cuprinde p50/REL-A, p50/c-REL ºi 
este dependentã de funcþionalitatea factorului
NEMO.

Calea noncanonicã este mai selectivã din
punct de vedere al factorilor activatori fiind
independentã de NEMO dar dependentã de NIC.
Importanþa cãii noncanonice rezultã ºi din faptul
cã este activatã de TNF, citokinã cu puternic rol
inflamator în psoriazis prin realizarea lanþului
TNF/IL-23/IL17. Insã prin calea noncanonicã se
scade capacitatea celulelor dendritice de a
produce IL-23 ºi scade numãrul celulelor Th17,
producãtoare de IL-17A întrerupând spirala
inflamatorie produsã de IL-17, limitând
inflamaþia [41]. 

Implicarea NF-kB în patologia psoriazisului
este evidenþiatã ºi de modificãrile care apar la

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
(TNFα, 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
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nivelul genelor care codificã componentele NF-
kB . Un exemplu îl reprezintã genele care codificã
RELC. Modificãrile genetice c-REL inhibã
creºterea keratinocitelor ºi scad producþia de Il-23
[8,42,43].

O altã genã implicatã în patologia psoriazi-
sului legatã de NF-kB este gena ACT1 (proteinã
adaptor a semnalizãrii IL-17). Gena ACT1 care
codificã o proteinã ce activeazã NF-kB prin
acþiunea asupra kinazei IKK eliberând NF-kB din
complexul NF-kB/IkB. ACT1 activeazã ºi alte cãi
de semnalizare dar este asociatã puternic cu
riscul de a dezvolta psoriazis ºi artritã psoriazicã
[44,45].

Studiile la nivelul întregului genom de tip
GWAS (genome-wide association study) au evi-
denþiat numeroase mutaþii ale unui singur
nucleotid (SNP) la nivelul general care codificã
proteinele componente ale NF-kB. De exemplu
gena care codificã proteina P50 (mutaþiile SNP
rs28362401) sau genele care codificã IKBα (SNP
12883345 ºi SNP 7152376) [46].  S-a cãutat sã se
stabileascã o legãturã îmtre mutaþiile SNP de la
nivelul genelor care codificã componentele NF-
kB ºi rãspunsul la terapiile blocante TNF/IL23,
IL-17 dar rezultatele nu au fost concludente.

Dermatita atopicã. Reprezintã o afecþiune
inflamatorie a pielii cu determinism genetic
important în care existã o exacerbare a limfo-
citelor Th2. 

NF-kB care este implicat masiv în procese
proinflamatorii de orice tip este implicat ºi în
dermatita atopicã favorizând transcripþia genelor
care codificã citokine proinflamatorii. 

Existã o creºtere a activitãþii NF-kB în
keratinocitele lezionale, limfocitele Th2 dar ºi în
fibroblastele din leziune. Descreºterea activitãþii
NF-kB în aceste celule scade producþia de
citokine, scade recrutarea celulelor imune la
nivelul leziunii reducând în ansamblu inflamaþia.
S-a dovedit cã pierderea funcþiei IKKβ în culturi
celulare de fibroblaste cutanate predispune la
inflamaþii cutanate ºi dermatitã atopicã [John
Seykora 2022]. De asemenea inhibitorii kinazelor
IKK prin degradarea IkB ºi activarea NF-kB pot
avea efecte clinice semnificative [47].

Deºi atât dermatita atopicã cât ºi psoriazisul
sunt afecþiuni inflamatorii existã diferenþe în
activarea NF-kB. Calea HMGB1 (high mobility

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/IL17 chain. However, the non-
canonical pathway decreases the ability of
dendritic cells to produce IL-23 and decreases the
number of Th17 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 Il-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 IkBα (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 protein1) - TLR-NF-kB este activã în
dermatita atopicã ºi în psoriazis nu [48].

În ultimii ani au apãrut preparate de uz local
cu blocanþi ai activãrii NF-kB, utilizarea lor
neintrând în practica clinicã curentã. 

Melanomul malign. Asemenea majoritãþii
tumorilor solide prezintã o activare crescutã a
NF-kB. Componentele cãii NF-kB (P50, REL-A)
au o prezenþã crescutã în melanocitele tumorale
comparativ cu celulele normale. S-a demonstrat
cã REL-A este fosforilatã în exces, devine activã
se acumuleazã în melanocitele tumorale ºi în mai
micã mãsurã în melanocitele din nevii displazici
[49]. 

Activarea NF-kB în melanocitele tumorale
este dependentã de creºterea activitãþii kinazelor
IKK, de creºterea expresiei osteopontinei ºi de
mutaþiile BRAF.

Osteopontina este o glicoproteinã atât intra
cât ºi extracelularã asociatã puternic cu prolife-
rarea tumoralã prin activarea NF-kB [50,51].
Mutaþiile genelor BRAF afecteazã stabilitatea IKB
activând NF-kB inducând rezistenþa la apoptozã
[50]. NF-kB reprezintã o cale de semnalizare care
devine hiperactivã conducând la transcripþia
unor proteine care deregleazã ciclul celular,
proliferarea ºi supravieþuirea celularã.

Reglarea ciclului  celular se face prin inter-
mediul ciclinei D1 care controleazã trecerea
celulelor din faza G1 în faza S. Supraexpresia
ciclinei D1 face ca ciclul celular, în cazul
melanocitelor tumorale, sã fie accelerat ºi sã nu
mai rãspundã la mecanismele de cotrol anti-
proliferative, favorizând proliferarea tumoralã.   

Activarea NF-kB creºte expresia ciclinei D1
promovând indirect proliferarea tumoralã
[50,52]. 

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

NF-kB este puternic implicat în activarea
punctelor de cotrol ale rãspunsului imun (check
points) PD1 ºi CTLA-4.

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 IKKβ 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 protein1) -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. 
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PD1 (programmed death protein) este un
receptor de pe limfocitul T ºi B. Cuplarea PD1 cu
ligandul sãu PDL-1 suprimã acþiunea limfocitelor
T ºi B ºi rãspunsul imun general. Celulele
tumorale care exprimã pe suprafaþa lor liganzi
PDL-1 se cupleazã cu receptorul PD1 de pe
limfocitele T suprimând rãspunsul antitumoral al
acestora.

S-a demonstrat cã NF-kB creºte expresia 
PDL-1 pe celulele tumorale contribuind la
scãderea rãspunsului imun antitumoral cu
apariþia fenomenului de “scãpare” respectiv
evitarea rãspunsului antitumoral [54].   

Un alt punct de control al rãpunsului imun
este CTLA-4, este un receptor de pe suprafaþa
limfocitelor T activate ºi T reglatoare. Legarea de
liganzii specifici CD80 sau CD86 (B7-1, B7-2) de
pe celulele prezentatoare de antigen, dar ºi de pe
celulele tumorale, inclusiv melanocite tumorale,
inhibã activitatea antitumoralã a limfocitelor T
citotoxice precum ºi rãspunsul imun general.
Raportul dintre CTLA-4 ºi NF-kB este deosebit de
complex cel din urmã putând contribui la
expresia CTLA-4 cu reducerea rãspunsului
antitumoral. CTLA-4 poate inhiba mai multe cãi
de transcripþie, inclusiv NF-kB, care pot induce
activarea limfocitelor T. Experimental s-a de-
monstrat cã inhibiþia activãrii NF-kB poate fi
dependentã de activarea CTLA-4 [55,56].     

NF-kB este implicat în numeroase procese
legate de proliferarea tumoralã în melanomul
malign, metastazare, autofagie, modelarea
micromediului tumoral, vascularizaþie tumoralã
ºi peritumoralã fãrã sã prezinte aspecte deosebite
întâlnite numai sau preponderent la melanocitele
tumorale.

NF-kB are un rol major în instalarea re-
zistenþei la medicamente întâlnitã în melanomul
malign. Existã mai multe mecanisme prin care
acesta induce sau participã la rezistenþa la
medicamente: apoptoza ºi alte tipuri de moarte
celularã. Autofagia, activarea pompelor celulare
de eliminare a citostaticelor din celula tumoralã
(pe calea genelor MDR care codificã glicoproteina
P esenþialã în acest proces) acþiunea PD1 ºi CTLA-
4. Paradoxal, în anumite circumstanþe, activarea
NF-kB e datã de unele citostatice. La acestea se
adaugã mutaþiile genei BRAF ºi N-RAS care apar
dupã terapia anti BRAF în care se pare cã existã o

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 indirectã a NF-kB prin intermediul
citokinelor [51,58].

Mecanismul major de inducere a rezistenþei
la diverse antitumorale (citostatice, radioterapie,
terapie imunologicã) îl reprezintã blocarea
apoptozei celulelor tumorale prin transcripþia
genelor antiapoptotice indusã de mai mulþi
factori inclusiv NF-kB. Terapeutic, evitarea
blocãrii apoptozei în melanocitele tumorale se
face prin þintirea mai multor puncte de control
imunologic asociatã în viitor cu limitarea
activitãþii NF-kB în aceste celule [59].

Concluzii

Factorul de transcripþie NF-kB reprezintã o
structurã proteicã care stabilizeazã ARN poli-
meraza la promotorul genei ce urmeazã sã fie
transcripþionatã.

În absenþa factorului de transcripþie nu se
poate face transcripþia. Sunt cunoscuþi mai mulþi
factori de transcripþie ºi fiecare poate fi implicat
în transcripþia mai multor gene.  Activarea NF-kB
se face prin stimuli interni sau extracelulari care
declanºeazã o serie de evenimente biochimice în
citosol (scindare peptidicã, asamblarea NF-kB)
activarea acestuia ºi pãtrunderea în nucleu.

În condiþii fiziologice semnalizarea NF-kB
susþine supravieþuirea celulei asigurând un flux
de citokine optim, în concordaþã cu stimulii pe
care îi primeºte celula. Rezultatui activãrii NF-kB
se regãseºte în acþiunea produºilor transcripþio-
naþi, citokine, chemokine, factori de creºtere,
liganzi, proteine implicate în apoptozã.

În condiþii patologice NF-kB în exces, în cele
mai multe cazuri, este implicat în exacerbarea sau
modularea procesului inflamator ºi a rãspunsului
imun. În cazul proliferãrii tumorale NF-kB în
exces favorizeazã dezvoltarea celulelor tumorale,
metastazarea, vascularizaþia tumoralã, schimbãri
protumorale în micromediul tumoral, blocarea
rãspunuslui imun prin acþiunea asupra punctelor
de control.

În unele cazuri NF-kB poate limita progresia
tumoralã. Transcripþia genelor antitumorale
reprezintã mecanismul major al acþiunii NF-kB în
proliferarea tumoralã în unele cazuri NF-kB
poate avea ºi o acþiune antitumoralã.

La nivel cutanat, psoriazisul, dermatita
atopicã reprezintã afecþiuni inflamatorii în care

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

În melanom supraexpresia NF-kB favori-
zeazã progresia tumoralã prin mecanismele
cunoscute ºi la alte tumori solide. Este im-
portantã în melanom activarea în exces asupra
punctelor de control al rãspunsului imun PD1 ºi
CTLA-4.

Cunoºtinþele acumulate despre NF-kB
deschid noi perspective în terapeuticã prin
posibilitatea modulãrii acþiunii acestui factor de
transcripþie în douã procese importante ale pato-
logiei umane: inflamaþia ºi proliferarea tumoralã. 

protumor changes in the tumor micro-
environment, blocking the immune response by
acting on checkpoints.

In some cases, NF-kB can limit tumor
progression. The transcription of antitumor genes
is the major mechanism of NF-kB action in tumor
proliferation, in some cases, NF-kB may also have
an antitumor action.

At the cutaneous level, psoriasis and atopic
dermatitis are inflammatory conditions in which
NF-kB is strongly involved. Excess activation
plays an important role in the pathogenesis of
these conditions. Although in both cases it has a
major proinflammatory role, the way in which
this effect is achieved is not entirely identical. 

In melanoma, overexpression of NF-kB
favors tumor progression through mechanisms
known to other solid tumors. Excessive activat-
ion of the immune response checkpoints PD1 and
CTLA-4 is important in melanoma.

The knowledge gained about NF-kB opens
new perspectives in therapeutics through the
possibility of modulating the action of this
transcription factor in two important processes of
human pathology: inflammation and tumor
proliferation.
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