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NF-«B, nuclear PubMed search was performed using the key words: NF- B, nuclear factors, asth-

factors, NF-«xB and ma. Articles were selected based on their relevance to this review.

asthma, NF-xB Objective: To review the literature regarding the involvement of the nuclear factor

signaling, NF-«xB kappa-B (NF-xB) transcription factor in asthma.

inhibitors, Mexico. Results: NF-xB is a critical transcription factor for the production of many infla-
mmatory cytokines. NF-xB is associated with several diseases, including asthma,
where there is an inflammation of the airways with cell infiltration. It is activated
in bronchial asthmatic patient biopsies and active in the epithelium of the airways in
mice after stimulation. It also participates in the maintenance of the chronic infla-
mmatory response. NF-xB also acts synergistically with other transcription factors,
to induce the maximal expression of genes involved with asthma. Activation of NF-
kB by several stimuli induces the release and degradation of the inhibitory protein
I-kB from the dimeric complex followed by translocation of NF-xB to the nucleus.
Conclusions: The NF-xB pathway is central to the pathogenesis of asthma. NFkB
is an important therapeutic target for the treatment of asthma, including interme-
diate products on the signaling pathway and protein related to Rel. Alterations in
the NF-xB signaling pathway are associated with the disease.

PANABRAS CUAVE Participacion del factor de transcripcion NF-kB en el asma

Factor nuclear NF- Resumen

kB, NF-kBy asma, Se investigaron en PubMed las palabras clave: NF«B, factores nucleares, NF-xB y asma,

sefalizacion de sefalizacién de NF-kB, inhibidores de NF-kB. Los articulos se seleccionaron por su rele-

NF-kB, inhibidores vancia para esta revisién. Objetivo: Revisar la bibliografia existente acerca de la partici-

NF-kB, México. pacién del factor de transcripcién nuclear kappa-B (NF-kB) en el asma.

Resultados:NF-kBesunfactordetranscripciéncriticoparalaproducciéndemuchascitocinas.
El NF-xB esta asociado a varias enfermedades, entre ellas el asma, en donde encontramos
una inflamacién de las vias aéreas con infiltracién de células. El NF-kB se encuentra
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activado en biopsias bronquiales de pacientes asmaticos y se activa en el epitelio de las
vias aéreas en ratones después de una estimulacién. Participa ademads en el manteni-
miento de la respuesta inflamatoria crénica. NF-kB actiia en forma sinérgica con otros
factores de transcripcién para inducir la maxima expresion de genes involucrados con
el asma. La activacion de NF-«xB por varios estimulos induce la liberacién y la degrada-
cion de la proteina inhibidora I-kB del complejo dimérico seguido de la translocacién
de NK-«B al ntcleo.

Conclusiones: La via de NF-kB es central para la patogénesis del asma. El NF-«xB es
un importante blanco terapettico para el tratamiento del asma, incluyendo productos
intermedios en la via de sefializacion y proteinas relacionadas a Rel. Alteraciones en

Introduction

The signaling pathways activated by the nuclear
factor kappa-B (NF-xB) transcription factor are
evolutionarily conserved and have an important
role in activating and coordinating both innate
and adaptive immune responses. NF-kB acts as a
central pro-inflammatory factor in the induction
of pro-inflammatory genes. Its activation leads to
changes in gene expression, such as the synthe-
sis of cytokines.!* NF-kB was first identified as a
DNA-binding protein at the B site, localized in
the enhancer region of the immunoglobulin « light
chain B lymphocyte gene. It is a heterodimeric p65
- p50 protein that belongs to a family of transcrip-
tion factor,’® these proteins have been found in all
mammalian cells studied.*

The NF-0OB family has five members: Rel A
(p65), c-Rel, Rel-B, NF-kBl (p50) and NF-«B2
(p52). All have a conserved region of 300 amino
acids, where the dimerization domain, DNA-bin-
ding region, and nuclear localization signal are all
found. In addition, Rel A, Rel B and c-Rel (known
as the Rel family) all have carboxy-terminal tran-
sactivation domains that strongly activate trans-
cription at the NF-xB-binding sites in target genes.
The p50 and p52 proteins are generated by proteo-
lysis from their precursors, p105 and p100 respecti-
vely. All members of NF-kB family can form homo-
dimers (except Rel B) and heterodimers. In resting
cells, the NF-kB dimers bind to proteins known as
NF-kB inhibitors (IkBs), which retain the dimers
in the cytoplasm. The binding of an IkB protein
with a NF-xB protein masks the nuclear locali-
zation signal, thus inhibiting nuclear transport.
The IxkB gene family includes IxBa, IkBp, IkBe,
IkBy, Bcl3; the precursors are p100 and pl05. kB
proteins are characterized by the presence of

la via de sefializacion del NF-xB estdan asociadas con la enfermedad.

multiple ankyrin domains, which mediate their
protein-protein interactions with NF-kB. Both p100
and pl05 proteins have repeated units of ankyrin
that’s allow them to act as inhibitors. When
cleaved, the ankyrin units are liberated as p50
and p52, (which can traslocate to the nucleus).’
In order to become active, IkB proteins must be
phosphorylated by IkB kinases (IKKs). IKKs form
a complex of three subunits; the subunits IKKa
(IKK1) and IKKP (IKK2) are catalytic, while the
third subunit, IKKy (also known as NEMO for
NF-«xB essential modifier), play a regulatory role.®
Degradation of the IkB protein bound to an NFkB
dimer exposes the nuclear localization signal and
allows the dimer to translocate to the nucleus.
Once in the nucleus, NF-xB dimers bind to DNA
with the general consensus sequence 5-GGGRN-
NYYCC-3’ (R = purine, Y = pyrimidine, N = any
nucleotide) to transcriptionally regulate numerous
genes.>’

Mechanisms that regulate NF-kB-mediated
responses include nuclear localization and nu-
clear export signals, proteolytic processing, phos-
phorylation, acetylases, methylases, the diversity
of dimer combinations, and the presence of p50
and p52 homodimers. As p50 and p52 homodi-
mers do not possess carboxy-terminal transcrip-
tional activation domains, they compete with NF-
kB dimers on DNA to modulate transcription.*81°

Involvement of NF-«B in asthma

Alterations in NF-xB signaling are associated with
various metabolic and inflammatory diseases and
diverse types of cancer. Among these diseases are
asthma, diabetes, gastritis Helicobacter pylori-asso-
ciated, atherosclerosis, rheumatoid arthritis, syste-
mic sclerosis and inflammatory bowel disease.
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Asthma is of particular interest as the disea-
se is characterized by airway inflammation and
infiltration into the lungs by eosinophils, mono-
cytes/macrophages, lymphocytes, and mast cells.
It is also associated with the increased expression
of several important inflammatory proteins, in-
cluding cytokines and adhesion molecules, such
as cyclooxygenase-2 (COX-2) and inducible nitric
oxide synthase (iNOS). In particular, expression
of these proteins positively correlates with NF-xB
activation in bronchial biopsies from asthmatic
patients.! The increase in all the aforementioned
processes involves increased transcription of infla-
mmatory genes that are known to be regulated by
transcription factors.!”? NF-xB regulates the expres-
sion of a large number of genes involved in the
immune and inflammatory responses.'* NF-kB can
be activated by various stimuli, including cytoki-
nes, reactive oxygen species and microorganisms
that induce the degradation and release of I-xB
from p50 and p65 complex.'* Various lines of data
suggest that NF-xB plays an important role in the
maintenance of the chronic inflammatory respon-
se in asthma. Among these is the observed increa-
se of cytokines in the airway epithelium, such as
tumor necrosis factor o (TNF-a), interleukin 1-f
(IL-1B), IL-4 and IL-5; chemokines such as IL-8,
monocyte chemotactic protein 1 (MCP-1), RAN-
TES, eotaxin, macrophage inflammatory protein
la (MIP-1a), granulocyte macrophage colony sti-
mulating factor (GM-CSF); enzymes such as iNOS
and COX-2, adhesion molecules including VCAM-
1, ICAM, E-selectin and anti-apoptotic proteins.">'°
The genes of all these proteins are regulated by
NF-xB. Additionally, the most effective treatment
for asthma is glucocorticoids (GCs), which inhi-
bit NF-kB.!* GCs have been shown to prevent in-
teraction between NF-kB and DNA and the direct
interaction between NF-xB and the glucocorticoid
receptor (GR).

In this regard, several studies have shown that
GC therapy reduces the activity of NF-xB in tis-
sues ex vivo. Bronchial biopsies from patients with
stable asthma show that treatment with budeso-
nide increases GR-DNA binding and reduces the
binding between NF-kB and DNA." The binding
of GC with B, agonists inhibits NF-kB more effecti-
vely.! Further, administration of fluticasone and
salmeterol diminishes phospho-IkB in T cells from
asthma patients, which suggests that this molecu-
le can be a target for the action of GCs.”

Rico-Rosillo G. et al.

Inducible and transcriptionally active forms of
NF-kB have been demonstrated in samples from
asthmatic patients, which reflect an increase in
the expression of certain cytokines and enzymes
observed in these patients.! In asthma, NFkB not
only induces gene expression on its own, but it
also acts synergistically with other transcription
factors, including GR, activator protein-1 (AP-1)
and nuclear factor of activated T cells (NF-AT) to
induce the maximal expression of genes involved in
asthma pathogenesis.?’ NF-kB and AP-1 are increa-
sed in the majority of chronic inflammatory condi-
tions (e. g., asthma, arthritis).

Inflammation in asthma is both a central pa-
thological characteristic and the primary clinical
manifestation. It is responsible for airway obstruc-
tion and hyper-reactivity.?! The histamine involved
in this process promote inflammation by inducing
NF-xB activation, which activates genes whose
proteins promote inflammation and the maturation
of T cells in asthma patients and animal models.
Studies with transgenic mice show that inhibiting
NF-kB in the airway epithelium diminishes infla-
mmation, the expression of NF-kB-dependent in-
flammatory mediators®* and the production of the
Th2-associated cytokines IL-4, IL-10 and IL-13; in
addition, NF-xB inhibition also decreases the cir-
culating levels of IgE.

Mutations that inactivate NF-kB are generally
lethal due to the essential role that NF-kB plays
in protecting cells from apoptosis.?* The improper
functioning of NF-xB in apoptosis has an impor-
tant role in the chronicity of many inflammatory
diseases, including asthma,?* where recruitment
of immune cells can have adverse effects.> NF- B
is crucial in the perpetuation of the inflammatory
reaction in asthma and its levels of expression
increase with the severity of the disease. Increa-
sed expression of the anti-apoptotic Bcl-2 protein
coupled with decreased expression of the pro-
apoptotic Bax protein has been observed in peri-
pheral blood lymphocytes taken from patients du-
ring asthmatic episodes.***

Some studies show that NF-xB stimulates the
expression and activity of Bcl-2, while inhibiting
Bax.33 Abdulamir and cols. found a significant
increase in NF-kB in patients with severe asth-
ma.*®* The increased levels of NF-kB expression
in these patients may explain the increase in the
Bcl-2/Bax ratio. This suggests a progressive de-
crease in apoptosis and an increase in the survival
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of lymphocytes that infiltrate the lung of patients
with severe asthma,** these observations indicate
an important role of these proteins in the patho-
physiology of asthma. In addition to the physical
injury observed in the airway epithelium of asth-
matic patients, there are also signs of stress with
the expression of heat shock proteins, and the acti-
vation of transcription factors such as NF-kB.

A better understanding of the mechanisms
of NF-kB activation will provide an excellent pla-
tform for the development of new therapies to
combat inflammatory diseases.

NF-kB represents an attractive and impor-
tant therapeutic target for the treatment of infla-
mmatory diseases, including asthma. In the last
decade, several compounds that interfere with
this pathway have been studied. Plant-derived
compounds including, lignans polyphenols, re-
servatrol, epigallochatecins and quercitins have
been evaluated as possible NF-kB inhibitors.*
One example is andrographolide, the principal ac-
tive compound from the medicinal plant Andro-
graphis paniculata. It has been shown to reduce
airway inflammation and decrease cellular infil-
tration into the lung;* further, andrographolide
has been shown to inhibit ovalbumin-induced
airway inflammation in a dose-dependent manner.
Treatment with andrographolide resulted in de-
creased total numbers of lymphocytes, macropha-
ges, neutrophils and eosinophils and reduced con-
centrations of the cytokines IL-4, IL-5, and IL-13
in broncho-alveolar lavage fluid. It also blocks the
nuclear translocation of p65 and DNA binding ac-
tivity in nuclear extracts from lung tissues of mice
treated with ovalbumin (OVA).¥ These studies
illustrate a therapeutic value for andrographolide
in the treatment of asthma, as it inhibits NF-xB
signaling by blocking kB kinase-beta activation.*”
Other authors have suggested that the anti-infla-
mmatory mechanisms of andrographolide are as-
sociated with the expression of NF-kB in the lung
and the suppression of the translocation of NF-
kB from the cytoplasm to the nucleus in airway
epithelial cells, where inflammation and cellular
infiltration is reduced.’*® The above mentioned is
founded in the observation that inflammation in
asthma, independent of stimulus, is mediated, at
least in part, by NF-«B in various cell types.®

Regulation of gene transcription.

Pernis and Rothman suggest the possible partici-
pation of the JAK and STAT pathway in asthma.®
TNF-a and IL-4, cytokines relevant to asthma, sti-
mulate the expression of the eotaxin gene by acti-
vation of NF-kB and STAT 6.%° [L-4-induced STAT
6 signaling is essential for the increase in the pro-
duction of IgE in asthma, and a polymorphism in
this gene could explain the genetic predisposition
of high levels of IgE in asthma patients.*!

In bronchial asthma, STATs 5 and 6 are respon-
sible for cellular responses to IL-4 and IL-5. These
STATSs migrate into the nucleus and dimerize, atta-
ching themselves to regulatory sequences and nu-
clear transcription factors. In T lymphocytes, STAT
dimmers interact with NF-xB and NF-AT, while in
Th2 lymphocytes, STAT dimmers interaction with
the transcription factors c-maf, GATA 3 and STAT
6. In Thl lymphocytes, the transcription factors T-
bet and STAT 4 interact with STAT dimers. All are
under the control of positive and negative regula-
tory sequences. In STAT 6 -/- mouse models, a sig-
nificantly diminished response of airways has been
observed, along with a lower number of infiltrating
eosinophils and a change of cytokines from Th1 to
Th2.#

A detailed characterization of the molecules
involved in NF-xB activation is required in order
to develop specific pharmacological inhibitors of
this protein, which could have potent anti-inflam-
matory effects.

References

1. Lawrence T, Gilroy D, Colville P, Willoughby D. Possible new role for NF-kB
in the resolution of inflammation. Nat Med 2001;7:1291-97.

2. Ghosh S, Karin M. Missing pieces in the NF-kB puzzle. Cell 2002;109:581-96.

3. SenR, Baltimore D. Multiple nuclear factors interact with the immunoglobu-
lin enhancer sequences. Cell 1986;46:705-16.

4. Ghosh G, Van Duyne G, Ghosh S, Sigler P. Structure of NF-kB p50 homodimer
bound to kB site. Nature 1995;373:303-10.

5. Li Q, Verma I. NF-kB regulation in the immune system. Nat Rev Immunol
2002;2:725-34.

6. Karin M, Ben-Neriah. Phosphorylation meets ubiquitination: the control of
NF-kB activity. Annu Rev Immunol 2000;18:621-63.

7. Sha W, Liou H, Tuomanen E, Baltimore D. Targed disruption of the p50
subunit of NF-kB leads to multifocal defects in immune responses. Cell
1995;80:321-30.

8.  Bours V, Franzoso G, Azarenko V, et al. The oncoprotein Bcl3 directly tran-
sactivates through kB motifs via association with DNA-binding p5S0B homo-
dimers. Cell 1993;72:729-39.

9.  Saccani S, Pantano S, Natoli G. p38-dependent marking of inflammatory ge-
nes for increased NF-kB recruitment. Nat Immunol 2002;3:69-75.

10. Xiang-Yong M, Wang H, Ding B, et al. The interferon-inducible p202a protein
modulates NF-kB activity by inhibiting the binding to DNA of p50/65 hete-
rodimers and p65 homodimers, while enhancing the binding of p5S0 homodi-
mers. J Biol Chem 2003;278:23008-19.

Rev Alergia Mex, Vol. 58, Num. 2, 2011



11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Hart LA, Krishnan VL, Adcock IM, et al. Activation and localization of
transcription factor, nuclear factor-kB, in asthma. Am J Respir Crit Care Med
1997;158:1585-92.

Barnes PJ, Adcock I. Transcription factors in asthma. Clin Exp Allergy
1996;25:546-49.

Barnes PJ, Karin M. Nuclear factor-kB: a pivotal transcription factor in chro-
nic inflammatory disease. N Engl J Med 1997;336:1066-71.

Baeuerle PA, T Henkel. Function and activation of NF-kB in the immune sys-
tem. Annu Rev Immunol 1994;12:141-79.

Berkman N, Krishnan VL, Gilbey T, et al. Expression of RANTES mRNA and
protein in airways of patients with mild asthma. Am J Respir Crit Care Med
1996;154:1804-11.

Sheinman RI, Gualberto A, Jewell CM, et al. Characterization of mechanisms
involved in trans-repression of NF-kB by activated glucocorticoid receptors.
Moll Cell Biol 1995;15:943-53.

Wilson S, Wallin A, Della-Cioppa G, et al. Effects of budesonide and formo-
terol NFkB, adhesion molecules, and cytokines in asthma. Am J Respir Crit
Care Med 2001;164:1047-52.

Hancox R, Stevens D, Adcock J, et al. Effects of inhaled beta agonist and cor-
ticosteroid treatment on nuclear transcription factors in bronchial mucosa in
asthma. Thorax 1999;54:488-92.

Pace E, Gagliardo R, Melis M, et al. Synergistic effects of fluticasone propio-
nate and salmeterol on in vitro T- cell activation and apoptosis in asthma. J
Allergy Clin Immunol 2004;114:1216-23.

Roth M, Black JL. Transcription factors in asthma: are transcription factors a
new target for asthma therapy. Drug Targets 2006;7:589-95.

Hanania NA. Targeting airway inflammation in asthma: current and future
therapies. Chest 2008;133:989-98.

Pantano C, Ather JL, Alcorn JF, et al. Nuclear factor-kB activation in airway
epithelium induces inflammation and hyperresponsiveness. Am J Respir
Crit Care Med 2008;177:959-969.

Hoffmann A, Levchenko A, Scott M, Baltimore D. The IkB-NFkB sig-
naling module: temporal control and selective gene activation. Science
2002;298:1241-45.

Taylor RC, Cullen SP, Martin SJ. Apoptosis: controlled demolition at the ce-
Ilular level. Nat Rev Mol Cell Biol 2008;9:231-41.

Sturn A, de Souza HS, Fiocchi C. Mucosal T cell proliferation and apoptosis
in inflammatory bowel disease 2008;9:381-87.

Xue J, Xu Y, Zhang Z. Lymphocyte apoptosis in asmathic patients and its
molecular mechanism. Zhounghua Jie He He Hu Xi Za Zhi 1999;22:555-57.
El-Gamal Y, Heshmat N, Mahran M, El-Gabbas Z. Expression of the apopto-
sis inhibitor Bel-2 in sputum eosinophils from children with acute asthma.
Clin Exp Allergy 2004;34:1701-06.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Rico-Rosillo G. et al.

Jang AS, Choi LS, Lee S, et al. Bcl-2 expression in sputum eosinophils in pa-
tients with acute asthma. Thorax 2000;55:370-74.

Todo-Bom A, Mota Pinto A, Alves V, et al. Apoptosis and asthma in the el-
derly. J Investing Allergol Clin Immunol 2007;17:107-12.

Herrmann JL, Beham AW, Sarkiss M, et al. Bcl-2 suppresses apoptosis re-
sulting from disruption of the NF-kB survival pathway. Exp Cell Res
1997;237:101-9.

Chen GG, Liang NC, Lee JF, et al. Over-expression of Bcl-2 against Pteris se-
mipinnata L-induced apoptosis of human colon cancer cells via a NF-kappa
B-related pathway. Apoptosis 2004;9:619-27.

Viatour P, Bentires-Alj M, Chariot A, et al. NF-kappa B2/p100 induces Bcl/2
expression. Leukemia 2003;17:1349-56.

Abdulamir AS, Kadhim HS, Hafidh RR, et al. Severity of asthma: The role
of CD25+, CD30+, NFkB, and apoptotic markers. J Investing Allergol Clin
Immunol 2009;19:218-24.

Abdulamir AS, Hafidh RR, Abubakar F. Different inflammatory mechanisms
in lungs of severe and mild asthma: crosstalk of NF-kB, TGF 1, Bax, Bcl-2,
IL-4 and IgE. Scand J Clin Lab Invest 2009;69:487-95.

Nam NH. Naturally occurring NF-kB inhibitors. Mini Rev Med Chem
2006;6:945-51.

LiJ, Luo L, Wang X, et al. Inhibition of NF-kB expression and allergen-indu-
ced airway inflammation in a mouse allergic asthma model by andrographo-
lide. Cell Mol Immunol 2009;6:381-85.

Bao Z, Guan S, Cheng Ch, et al. A novel anti-inflammatory role for andro-
grapholide in asthma via inhibition of the nuclear factor-kB pathway. Am J
Respir Crit Care Med 2009;179:657-65.

Edwards MR, Barlett NW, Clarke D, et al. Targeting the NF-kB pathway
in asthma and chronic obstructive pulmonary disease. Pharmacol Ther
2009;1211-13.

Pernis AB, Rothman PB. JAK_STAT signaling in asthma. J Clin Invest
2002;109:1279-83.

Matsukura S, Stellato C, Plitt JR, et al. Activation of eotaxin gene transcrip-
tion by NF- appa B and STAT6 in human airway epithelial cells. J Immunol
1999;163:6876-83.

Schedel M, Carr D, Klopp N, et al. A signal transducer and activator of trans-
cription 6 haplotype influences the regulation of serum IgE levels. J Allergy
Clin Immunol 2004;114:1100-05.

Foster PS, Webb DC, Yang M, et al. Dissociation of T helper type 2 cytoki-
ne-dependent airway lesions from signal transducer and activator of trans-
cription 6 signalling in experimental chronic asthma. Clin Exp Allergy
2003;688-95.

1102 ‘2 "'WNN ‘85 "oA ‘X[ eIBJaly AdY

111



