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Nuclear factor - kappa B (NF-кB) consists of family transcription
factors that play critical roles in inflammation, immunity, cell
proliferation, differentiation and survival. The transcription factor
NF-кB was discovered over 15 years ago, yet owing to its wide
range of important cellular roles it remains an area of interest and
current research. Discovered in the “B cell” white blood cell type,
NF-кB is the nuclear factor for the к immunoglobin light chain in
B cells. Since it was first observed, NF-кB has been found to play
an active role in inflammatory responses, cellular growth and
apoptosis as well as being present in diseases such as cancer,
arthritis, asthma, chronic inflammation, neurodegenerative
diseases and heart diseases. The extensive involvement of Rel/NFкB transcription factors in human inflammation and disease
establishes them as targets for therapeutics. There are over 800
compounds that have been shown to inhibit NF-кB signaling and
thus, the physiological or the pharmacological utility of using any
single compound for inhibition of NF-кB acting is a bit muddled.
Nevertheless, knowledge of the molecular details of the pathway is
enabling the development of more specific and potent inhibitors of
NF-кB signaling, and indeed, some NF-кB signaling inhibitors are
entering clinical trials.
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Introduction
NF-кB (nuclear factor Kappa light
chain enhancer of activated B cells) is a
protein complex that controls transcription
of DNA. NF-кB is found in almost all
animal cell types and is involved in cellular
responses to a stimulus such as stress,
cytokines,
free
radicals,
ultraviolet
irradiation, oxidized LDL and bacterial or
viral antigens1-5. Incorrect regulation of NFкβ has been linked to cancer, inflammatory
and autoimmune diseases, septic shock, viral
infection,
and
improper
immune
development. NF-кB has also been
implicated in places of synaptic plasticity
and memory6-10. NF-кB was discovered by
Dr. Ranjan Sen in the laboratory of Nobel
Prize laureate David Baltimore via its
interaction with a II-base pair sequence in
the immunoglobulin light chain enhancer in
B cells11. All proteins of the NF-кB family
share a Rel homology domain in their Nterminus. A subfamily of NF-кB proteins,
including Rel A, Rel B and C-Rel, have a
transactivation domain in their C-termini. In
contrast, the NF-кB1 and NF-кB2 protein
are synthesized as large precursors, P105 and
P100, which undergo processing to generate
the mature NF-кB subunits, p50 and p52
respectively. The processing of p105 and
p100
is
mediated
by
the
ubiquitin/proteasome pathway and involves
selective degradation of their C-terminal
region containing ankyrin repeats whereas
the generation of p52 from p100 is a tightly
regulated process, p50 is produced from
constrictive processing of p10512,13. The p50
and p52 proteins have no instrinsic ability to
activate transcription and thus have been
proposed to act as transcriptional repressors
when
binding
кB
elements
and
14,15
homodimers
.
Distribution and Signaling
In addition to mammals, NF-кB is
found in a number of simple animals as
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well16. NF-кB heterodimerizes with Rel B
to from a ternary complex with DNA that
promotes gene transcription17. NF-кB is
important in regulating cellular responses
because it belongs to the category of “rapidacting” primary transcription factors and
thus is the first responder to harmful cellular
stimuli. Known induces of NF-кB activity
are highly variable and include reactive
oxygen species (ROS), tumour necrosis
factor alpha (TNFα), interleukin 1-beta (IL1B) bacterial lipopolysaccharides (LPS),
isoproterenol,
cocaine
and
ionizing
radiation18. In unstimulated cells, the NFкB dimers are sequestered in the cytoplasm
by a family of inhibitors, called IкBs
(inhibitor NF-кB), which are proteins that
contain multiple copies of a sequence called
ankyrin repeats19.
Role and Involvement of NF-кB in Various
Diseases
The
ubiquitously
expressed
transcription factor NF-кB is involved in a
wide spectrum of cellular responses,
including cell cycle control, apoptosis and
stress adaptation. Among the many diseases
linked in recent years to aberrant NF-кB
activation, cancer has been the major focus
because of NF-кBs role as central regulator
of the inflammatory response, its regulation
of genes involved in cellular survival (Bcl-2,
Bcl-XL, CIAP, XIAP and SOD) and tumour
progression (ICAM-1, VCAM-1, ELAM-2,
COX-2, iNOS, & MMP-9), and its
constitutive activity in many types of
tumours, including leukemia, lymphoma,
prostate cancer, breast cancer, colon cancer,
melanoma and head and neck cancer20.
Defects in NF-кB results in
increased susceptibility to apoptosis leading
to increase cell death. This is because NFкB regulates anti-apoptotic genes, especially
the TRAF1 and TRAF2 and therefore,
checks the activities of the caspase family of
enzymes, which are central to most
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apoptotic processes21. In a recent study of
four tumor cell lines, each treated with
different
chemotherapeutic
regimens
(doxorubicin, 5 FU, cisplatin and paclitaxel),
cell survival correlated with the level of NFкB activity induced by the drugs22. In
another study, NF-кB binding activity
decreased in breast cancer cells treated with
anti-Her-2/neu antibody (trastuzumale,
Herceptin), suggesting a role of NF-кB in
the therapeutic efficacy of this antibody
combined with chemotherapy for patients
with Her-2/neu positive breast cancer23. In
tumor cells, NF-кB is active either due to
mutations in genes encoding the NF-кB
transcription factors themselves or in genes
that control NF-кB activity (such as IкB
genes), in addition, some tumor cells secrete
factors that cause NF-кB to become active.
Blocking NF-кB can cause tumour cells to
stop proliferating, to die, or to become more
sensitive to the action of anti-tumour agents.
Thus, NF-кB is the subject of much active
research among pharmaceutical companies
as a target for anti-cancer therapy24.

carcinoma,
ovarian
25-27
carcinoma
.

and

cervical

Curcumin
A diferuloymethane derived from
turmeric (curcuma longa) has been the
subject
of
intense
study
as
a
chemopreventive agent and as a complement
to chemotherapy and radiotherapy28-30.
Studies have demonstrated that curcumin
inhibits NF-кB activation induced by
various inflammatory stimuli, the Iкк
activation needed for NF-кB activation and
NF-кB induced osteoclastogenesis31. An
epidemiological study suggested that the
low
incidence
of
gastrointestinal
malignancies in India may be attributable to
the presence of natural additives, including
curcumin in the Indian diet32.

Polyphenols Targeting NF-кB
Many plants derived polyphenols
lead to NF-кB inhibition, therapy blocking
tumor initiation, progression and metastasis
like, resveratol, cucumin, green tea,
flavopiridol, genisterin, silymarin and
ginger, capsaicin, eugenol, emodin and
diosgenin.

Green Tea
Mounting evidence has suggested
that the amino acid theanine, a component of
green tea plus chemotherapy has a major
synergistic effect for a variety of cancers.
An investigation of the combined effects of
theanine, and glutamate transport inhibitors
on the antitumor activity of doxorubicin in
ovarian sarcoma bearing mice revealed that
compared to the doxorubin-alone group,
theanine
significantly
enhanced
the
inhibitory effect of doxorubicin on tumor
growth
and
increased
the
drugs
concentration in the tumors33.

Resveratrol
(Trans-3, 5, 4’ trihydroxystibene)
found in various plants, including grapes,
berries and peanuts and research in recent
years has focused on its anticancer
properties, as suggested by its ability to
suppress the proliferation of lymphoid and
myeloid cancers, multiple myeloma, breast
cancers, prostate, colon, pancreatic cancers,
melanoma, head and neck squamous cell

Flavopiridol
Potentiate
the
effects
of
chemotherapy in several types of cancer. For
example, flavopiridol potentiate the
cytotoxic effects of mitomycin C by
promoting drug induced apoptosis in breast
and gastric cancer cells34. The mechanism
accounting for the sensitizing effects of
flavopiridol may involve its inhibition of
NF-кB. Indeed, in one study, flavopiridol
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inhibited NF-кB, which in turn, down
regulated cyclin D1, COX-2 and MMP-935.
Genisterin
Several reports have highlighted the
enhanced efficacy of chemotherapy when it
is combined with several plant polyphenols.
Genisterin has been shown to potentiate the
effects of chemotherapy for numerous tumor
types. In the pancreatic cancer cell line,
treatment with genistein before docetaxel or
cisplatin administration etc. enhanced tumor
cell death compared with treatment with
either chemo-therapeutic drug alone. This
effect may have been mediated by the
inhibition of NF-кB by genisterin, causing
increasing apoptosis33.
Silymarin
Silymarin may potentiate the effects
of chemotherapy on cancer. Silymarin
appears to protect rat cardiomyocites against
anthracycline induced oxidative stress,
perhaps through its effects on cell membrane
stabilization36. In MDR breast cancer cells,
it potentiated doxorubicin cytotoxicity by
inhibiting P-glycoprotein ATPase activity,
which is responsible for cellular efflux of
cytotoxic substances37.
Ginger
Ginger may prevent chemotherapy
and radiotherapy induced nausea. In shrews,
rats
and
dogs,
ginger
inhibited
chemotherapy induced gastric emptying and
showed comparable results to standard
antiemetic compounds38-40. Furthermore
ginger reduced radiation – related sickness
and free radical production in mice41.
Other actions of NF-кB and drugs utilizing
this pathway
Because NF-кB controls many genes
involved in inflammation, it is not surprising
that NF-кB is found to be chemically active
in many inflammatory diseases, such as
BBB[2][2][2014]422-429

inflammatory bowel diseases, arthritis,
sepsis, gastritis, asthma, atherosclerosis42
and others. It is important to note though
that elevation of some NF-кB inhibitors,
such as osteoprotegerin (OPG) are
associated
with
elevated
mortality,
especially from cardiovascular disease43, 44.
Elevated NF-кB has also been associated
with schizophrenia45. Recently, NF-кB
activation has been suggested as a possible
molecular mechanism for the catabolic
effects of cigarette smoke in skeletal muscle
and sarcopenia46.
There is a search for corticosteroids
that are metabolized rapidly in the
circulation after absorption from the lungs to
reduce systemic effects. It has been possible
to develop corticosteroids that dissociate the
DNA binding effects of corticosteroids
(which mediates most of the adverse effects)
from the inhibitory effect of transcription
factors such as NF-кB (which mediates
much of the anti-inflammatory effects. Such
”dissociated
steroids”
or
selective
glucocorticoid receptor agonists (SEGRAs)
should,
theoretically,
retain
antiinflammatory activity but have a reduced
risk of adverse effects, achieving this
separation of desired and adverse effects is
difficult in vivo47.
The circumsporozoite protein of
plasmodium falciparum has been shown to
be an inhibitor of NF-кB48. Disulfiram,
olmesartan and carbamates can inhibit the
nuclear factor кβ (NF-кB) signaling
cascade49. Thalidomide and lenalidomide,
the immunomodulation analogs (IMiDs)
which find use in erythema nodosum
laparosum (ENL), multiple myeloma utilize
at least four distinct, but potentially a
complementary mechanism and one of them
is direct anti-proliferative/pro apoptic effects
by inhibiting anti-apoptic effects of NF-кB
and the anti apoptotic BCL-2 family
member A1/BfI-150.
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Bortezomib,
an
inhibitor
of
proteosome mediated protein degradation,
which has earned a central role in the
treatment of multiple myeloma has its effect
on NF-кB. Most NF-кB is found in the
cystosol bound to IкB and cannot enter to
the nucleus to regulate transcription. In
response to stress signals, IкB becomes
ubiquitinated, releases NF-кB which enters
the nucleus, where it transcriptionally
activates a host of genes involved in cell
survival (e.g. Cell adhesion proteins Eselection, ICAM-1 and VCAM-1) as well as
proliferative (e.g. cyclin D1) or anti-apoptic
molecules (e.g. cIAPs, BCL-2)51. A
proposed mechanism for the immune
suppressive effects of the morphine of
neurtrophils is though a nitric oxide
dependent inhibition of NF-кB activation52.
Theophylline prevents the translocation of
the pro-inflammatory transcription factor
NF-кB into the nucleus, potentially reducing
the expression of inflammatory genes in
asthma and COPD. Inhibition of NF-кB
appears to be due to a protective effect
against the degradation of the inhibitory
protein I-кBα53. NSAIDs like aspirin and
salicylate have recently been shown to
suppress NF-кB activation by specifically
inhibiting an upstream kinase, I-кB kinase (I
- ккB), thus preventing the release of NF-кB
from its inhibitor I-кB54.

the complexity of NF-кB regulation remains
a major goal to help act on specific steps of
the NF-кB pathway, thereby avoiding the
risk of harmful side effects that could result
from general inhibition of NF-кB. Some of
the evidence that has come from studies
using superphysiological doses of plant
polyphenols must be confirmed in clinical
trials before the agents can be recommended
as safe adjunct treatment.
References
1.

2.

3.

4.

5.

6.

7.

Conclusion
As aberrant NF-кB activation
underlies various disease states, precise
activation and termination of NF-кB is
ensured by multiple regulatory processes.
Tremendous progress has been made in
understanding the regulatory mechanisms
shaping the NF-кB response, yet it is
striking how much still remains to be
discovered.
Because
of
the
well
characterized links between NF-кB and
diseases like cancer or arthritis, unraveling
BBB[2][2][2014]422-429

8.

9.

Gilmore TD. Introduction to NF-κB: players,
pathways,
perspectives. Oncogene 2006;
25 (51): 6680–4.
Brasier AR. "The NF-κB regulatory
network". Cardiovasc. Toxicol. 2006; 6 (2):
111–30.
Perkins ND. Integrating cell-signalling
pathways
with
NF-κB
and
IKK
function. Nat. Rev. Mol. Cell Biol. Jan. 2007;
8(1): 49–62.
Gilmore TD. The Rel/NF-κB signal
transduction
pathway:
introduction.
Oncogene 1999; 18 (49): 6842–4.
Tian B, Brasier AR. Identification of a
nuclear factor κ B-dependent gene
network. Recent Prog. Horm. Res. 2003; 58:
95–130.
lbensi BC, Mattson MP. Evidence for the
involvement of TNF and NF-κB in
hippocampal
synaptic
plasticity.
Synapse 2000; 35 (2): 151–9.
Meffert MK, Chang JM, Wiltgen BJ et al.
NF-kappa B functions in synaptic signaling
and behavior". Nat. Neurosci. 2003; 6 (10):
1072–8.
Levenson JM, Choi S, Lee SY et al. A
bioinformatics
analysis
of
memory
consolidation reveals involvement of the
transcription factor c-rel. J. Neurosci. 2004;
24 (16): 3933–43.
Freudenthal R, Locatelli F, Hermitte G et al.
Kappa-B like DNA-binding activity is
enhanced after spaced training that induces
long-term
memory
in
the
crab
Chasmagnathus.
Neurosci.
Lett. 1998;
242 (3): 143–6.

Bhat et al_______________________________________________________ ISSN-2347-5447
10. Merlo E, Freudenthal R, Romano A. The
IkappaB kinase inhibitor sulfasalazine
impairs long-term memory in the crab
Chasmagnathus. Neuroscience 2002;
112 (1): 161–72.
11. Sen R, Baltimore D. Multiple nuclear factors
interact with the immunoglobulin enhancer
sequences. Cell 1986; 46 (5): 705–16.
12. Karin M, Ben-Neriah. Phosphorylation
meets ubiquitination: the control of NF-κB
activity. Annu. Rev. Immunol. 2000; 18:
621–63.
13. Senftleben U, Cao Y, Xiao G, Greten FR,
Krahn G, Bonizzi G, Chen Y, Hu Y, Fong A,
Sun SC, Karin M. Activation by IKKalpha
of a second, evolutionary conserved, NF-κB
signaling
pathway". Science 2001;
293 (5534): 1495–9.
14. Laksin D, Baeuerle PA, Eisenbach L. KBF1
(p50 NF-kappa B homodimer) acts as a
repressor of H-2Kb gene expression in
metastatic tumor cells. J Exp Med. 1993;
177 (9): 1651–62.
15. Guan H, Hou S, Ricciardi RP. DNA binding
of repressor nuclear factor-kappaB p50/p50
depends on phosphorylation of Ser337 by the
protein kinase A catalytic subunit. J Exp
Med. 2005; 280 (11): 9957–62.
16. Ghosh S, May MJ, Kopp EB. NF-κB and
Rel proteins: evolutionarily conserved
mediators of immune responses. Annu. Rev.
Immunol. 1998; 16: 225–60.
17. Fusco AJ, Huang DB, Miller D et al. NFkappa B p52: Rel B heterodimer recognizes
two classes of kappa B sites with two distinct
modes. EMBO Rep. 2009; 10 (2): 152–9.
18. Chandel NS, Trzyna WC, McClintock DS et
al. Role of oxidants in NF-kappa B
activation and TNF-alpha gene transcription
induced by hypoxia and endotoxin. J
Immunol 2000; 165 (2): 1013–1021.
19. Jacobs MD, Harrison SC. Structure of an
IκBalpha/NF-κB
complex.
Cell 1998;
95 (6): 749–58.
20. Rayet B, Gelinas C. Aberrant rel/nfkb genes
and activity in human cancer. Oncogene
1999; 18: 6938-47.
21. Sheikh MS, Huang Y. Death receptor
activation complexes: it takes two to activate
TNF receptors 1. Cell Cycle 2003; 2(6): 5502.
BBB[2][2][2014]422-429

22. Chuang SE, Yeh PY, Lu YS et al. Basal
levels and patterns of anticancer drug –
induced activation of nuclear factor-kappa B
NF kappa B) and its attenuation by
tamoxifen, dexamethasone and circumin in
carcinoma cells. Biochem Pharmacol 2002;
63: 1709-16.
23. Pianetti S, Arsura M, Romieu-Mourez R et
al. Her-2/neu over expressioin induces NFkappa B via a P13-kinase/AKt pathway
involving calpain mediated degradation of I
kappa B-alpha that can be inhibited by the
tumour suppressor PTEN. Oncogene 2001;
20: 1287-99.
24. Escárcega RO, Fuentes-Alexandro S, GarcíaCarrasco M et al. The transcription factor
nuclear factor-κB and cancer. Clinical
Oncology (Royal College of Radiologists
(Great Britain) 2007; 19 (2): 154–61.
25. Cal C, Garban H, Jazirehi A, Yeh C et al.
Resveratrol and cancer: chemoprevention,
apoptosis and chemo immunosensitizing
activities. Curr Med Chem Anti-Canc Agents
2003; 3: 77-93.
26. Dong Z. Molecular mechanisms of the
chemopreventive effect of resveratrol. Mutat
Res 2003; 523-525.
27. Aziz MH, Kumar R, Ahmad N. Cancer
chemoprevention by resveratrol in vitro and
in vivo studies and the underlying
mechanisms (review). Int J Oncol 2003; 23:
17-28.
28. Mori N, Fuji M, Ikeda S et al. Constitutive
activation of NF kappa B in primary adult T
cell leukemia cells. Blood 1999; 93: 236068.
29. Bargou RC, Emmerich F, Krappman D et al.
Constitutive nuclear factor – kappa B-Rel A
activation is acquired for proliferation and
survival of Hodgkin’s disease tumor cells. J
Clin Invest 1997; 100: 2961-69.
30. Bours V, Dagardin E, Goujon L et al. The
NF-kappa B transcription factor and cancer:
high expression of NF-kappa B and I kappa
B – related proteins in tumor cell lines.
Biochem Pharmacol 1994; 47: 145-49.
31. Bharti AC, Takada Y, Aggarwal BB. Circum
(diferuloylmethane)
inhibits
receptor
activator of NF – kappa B ligand – induced
NF – kappa B activation in osteoclast
precursors
and
suppresses

Bhat et al_______________________________________________________ ISSN-2347-5447

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

osteoclastogenesis. J Immunol 2004b; 172:
5940-47.
Mohandas KM, Desai DC. Epidemiology of
digestive tract cancers in India. V. large and
small bowel. Indian J Gastroenterol 1999;
18: 118-21.
Tamura S, Bito T, Ichihashi M et al.
Genistein enhances the cisplatin – induced
inhibition of cell growth and apoptosis in
human malignant melanoma. Pigment Cell
Res 2003; 16: 470-76.
Schwartz GK, Farsi K, Maslak P et al.
Potentiatioin of apoptosis by flavopiridol in
mitomycin-C treated gastric and breast
cancer cells. Clin Cancer Res 1997; 3: 146772.
Takada Y, Aggarwal BB. Flavopiridol
inhibits NF-kappa B activation induced by
various carcinogens and inflammatory agents
through inhibition of I kappa B alpha kinase
and p65 phosphorylation: abrogation of
cyclin D, cyclooxygenase-2 and matrix
metalloprostease-9. J Biol Chem 2004; 279:
4750-59.
Somasundaram S, Edmund NA, Moore DT
et
al.
Dietary
circumin
inhibits
chemotherapy – induced apoptosis in models
of human breast cancer. Cancer Res 2002;
62: 3868-65.
Zhang S, Morris ME. Effects of the
flavonoids biochanin A, morin, phloretin,
and silymann on P-glycoprotein mediated
transport. J Pharmacol Exp Ther 2003; 304:
1258-67.
Yamahara J, Rong HQ, Naitoh Y et al.
Inhibition of cytotoxin drug – induced
vomiting in suncus by a ginger constituent. J
Ethnopharmacol 1989; 27: 353-55.
Sharma SS, Gupta YK. Reversal of cisplatin
– induced delay in gastric emptying in rats
by ginger (Zingibel officinale). J Ethno
Pharmacol 1998; 62: 49-55.
Sharma SS, Kochupillai V, Gupta SK et al.
Antiemetic efficacy of ginger (Zingiber
officianale) against cisplatin induced emesis
in dogs. J Ethnopharmacol 1997; 9: 597602.
Jagetia GC, Baliga MS, Venkatesh P et al.
Influence of ginger rhizome (Zingiber
officinale Rose) on survival, glutathione and
lipid peroxidation in mice after whole body

BBB[2][2][2014]422-429

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

exposure to gamma radiation. Radiat Res
2003; 160: 584-92.
Monaco C, Andreakos E, Kiriakidis S, et al.
Canonical pathway of nuclear factor kappa B
activation
selectively regulates
proinflammatory and prothrombotic responses
in human atherosclerosis. Proc. Natl. Acad.
Sci. U.S.A. April 2004; 101 (15): 5634–9.
Venuraju SM, Yerramasu A, Corder R et al.
Osteoprotegerin as a predictor of coronary
artery disease and cardiovascular mortality
and morbidity. J. Am. Coll. Cardiol. 2010;
55 (19): 2049–61.
Lieb W, Gona P, Larson MG et
al. Biomarkers of the osteoprotegerin
pathway: clinical correlates, subclinical
disease, incident cardiovascular disease, and
mortality. Arterioscler.
Thromb.
Vasc.
Biol. 2010; 30 (9): 1849–54.
Song XQ, Lv LX, Li WQ et al. The
interaction of nuclear factor-kappa B and
cytokines
is
associated
with
schizophrenia. Biol. Psychiatry 2009; 65 (6):
481–8.
Kaisari S, Rom O, Aizenbud D et al.
Involvement of NF-κB and Muscle Specific
E3 Ubiquitin Ligase MuRF1 in Cigarette
Smoke-Induced
Catabolism
in
C2
Myotubes. Adv. Exp. Med. Biol. 2013; 788:
7–17.
Schacke H, Berger M, Rehwinkel H et al.
Selective glucocorticoid receptor agonists
(SEGRA’s): Novel ligands with an improved
therapeutic index. Mol Cell Endocrinol
2007; 275: 109-117.
Ding Y, Huang X, Liu T et al. The
plasmodium circumsporozoite protein, a
novel NF-KB inhibitor suppresses the
growth of SW480. Pathol Oncol Res 2012;
18(4): 895-902.
Cvek B, Dvorak Z. Targeting of nuclear
factor-KB and proteasome by dithiocarbamate complexes with metals. 2007.
Mitsides N, Mitsiades CS, Poulaki V et al.
Apoptotic
signaling
induced
by
immunomodulatory thalidomide analogs in
human multiple myeloma cells: Therapeutic
implications. Blood 2002a; 99: 4525-4530.
Orlowski RZ, Nagler A, Sonneveld P et al.
Randomized phase III study of pegylated
liposomal doxorubicin plus bortezomib

Bhat et al_______________________________________________________ ISSN-2347-5447
compared with bortezomib alone in relapsed
or refractory multiple myeloma: combination
therapy improves time to progression. J Clin
Oncol 2007; 25: 3892.
52. Welters ID, Menzebach A, Goumon Y et al.
Morphine inhibits NF-kB binding in human
neutrophils and monocytes by a nitric oxide
– dependent mechanism. Anaesthesiology
2000; 92: 1677-1684.

BBB[2][2][2014]422-429

53. Ichiyama T, Hasegawa S, Matsubara T et al.
Theophyline inhibits NF-kB activation and I
kBa degradation in human pulmonary
epithelial cells. Noyyn Schmeidebergs Arch
Pharmacol 2001; 364: 558-561.
54. Yin MJ, Yamamoto Y, Gaynor RB. The
anti-inflammatory agents aspirin and
salicylate inhibit the activation of IkB
kinase-β. Nature 1998; 396: 77-80.

