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ABSTRACT 
As per the earlier findings, the principle of CENTRAL DOGMA clears each & every aspect of protein formation which 
include the process of Transcription & Translation .With the latest evolution it was studied that NF-kb is one of the 
eukaryotic transcription factors , which consists of a protein complex that controls the process of copying DNA. We 
have this factor in almost all types of animal cells & plays an important role in the cellular reponses to some stimuli 
such as stress , cytokines , free radical , oxidized low density lipoproteins , bacterial and viral antigens. Incorrect 
regulation of NF-kb may also leads to –cancer , inflammation , autoimmune disease , septic shock , viral infection , 
improper immune development. 
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INTRODUCTION 
Pharmacology texts tell us that aspirin, NSAIDs, and 
COX2 inhibitors act to reduce inflammation by blocking 
the cyclooxygenase enzyme that converts arachidonic 
prostaglandin E-2 (PGE2). In other words, these drugs 
inhibit inflammation by blocking PGE2. Corticosteroids 
work higher up the chain, inhibiting phospholipase A2, 
which inhibits arachidonic acid release from 
phospholipids in the cell membrane. These mechanisms 
have been known about for a long time. For example, in 
1971, John Vane discovered that aspirin inhibits the 
COX enzyme.  
In more recent years, the study of inflammation has gone 
deeper into the cell, to the point that cell-signaling 
molecules have been identified which stimulates genes 
that induce the expression of the COX enzyme. As it 
turns out, aspirin, NSAIDs, and corticosteroids can 
inhibit certain cell signaling molecules, such as nuclear 
factor kappa binding (NFkB) - which reduces 
inflammation.(1)  
The eukaryotic transcription factor NFkB (Nulear Factor 
Kappa-Light-Chain-Enhancer of Activated B Cell) was 
identified as a protein that bound to a specific decameric 
DNA  
sequence (ggg ACT TTC C), within the intronic 
enhancer of the immunoglobulin kappa light chain in 
mature B- and plasma cells but not pre B-cells.(2)

NFkB is the "big cheese" cell-signaling molecule for 
inflammation; its activation induces the expression of 
COX-2, which leads to tissue inflammation. 
"Intriguingly, the expression of the COX-2-encoding 
gene, believed to be responsible for the massive 
production of prostaglandins at inflammatory sites, is 

transcriptionally regulated by NFkB.  
NFkB resides in the cytoplasm of the cell and is bound 
to its inhibitor. Injurious and inflammatory stimuli, such 
as free radicals, release NFkB from the inhibitor. NFkB 
moves into the nucleus and activates the genes 
responsible for expressing COX-2. Research has 
demonstrated that aspirin, NSAIDs, and corticosteroids 
can inhibit the activation of NFkB, which is why people 
derive relief from these drugs.(3) 

 
MECHANISM of ACTION  
The transcription factor NF-kB consists out of homo- or 
heterodimers of different subunits. The subunits are 
members of a family of structurally related proteins 
(Rel/NF-kB proteins). Five different Rel proteins (also 
called Rel/NF-kB proteins) have been identified so far: 
p50, p52, p65, RelB, and c-Rel. (4) 

Here NFkB heterodimer between Rel and p50 protiens is 
used in order to explain the mode of its action.In its 
inactivated state NFkB is located in the cytosol along 
with the inhibitory protein IkBalpha.Due to intermediacy 
of integral membrane receptors a variety of  extracellular 
signals can activate the enzyme known as IkB kinase 
(IKK).IKK  leads to phosphorylation of  IkBalpha 
protein , which in turns dissociates IkBalpha from NFkB 
and eventually degrades IkBalpha by the proteosomes. 
The activated NFκB is then translocated into the nucleus 
where it binds to specific sequences of DNA called 
response elements (RE). The DNA/NFκB complex then 
recruits other proteins such as coactivators and RNA 
polymerase which transcribe downstream DNA into 
mRNA, which, in turn, is translated into protein, which 
results in a change of cell function as shown in figure 
1.(5.6.)  
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In mammals, the NFkB family is composed of five 
related transcription factors: p50, p52, RelA (p65), c-Rel 
and RelB . These transcription factors are related 
through an N-terminal, 300 amino acid, DNA 
binding/dimerization domain, called the Rel homology 
domain (RHD), through which they can form 
homodimers and heterodimers that bind to 9-10 base pair 
DNA sites, known as kB sites, in the promoters and 
enhancer regions of genes, thereby modulating gene 
expression. RelA, c-Rel and RelB contain C-terminal 
transcriptional activation domains (TADs), which enable 
them to activate target gene expression. In contrast, p50 
and p52 do not contain C-terminal TADs; therefore, p50 
and p52 homodimers repress transcription unless they 
are bound to a protein containing a TAD, such as RelA, 
c-Rel or RelB or Bcl-3 (a related transcriptional co-
activator). Unlike the other NFkB family members p50 
and p52 are derived from larger precursors, p105 and 
p100, respectively. (7,8) 

NFkB is not synthesized de novo; therefore its 
transcriptional activity is silenced by interactions with 
inhibitory IkB proteins present in the cytoplasm. There 
are currently seven identified IkB family members - 
IkBa, IkBb, Bcl-3, IkBe, IkBg and the precursor proteins 
p100 and p105 - which are characterized by the presence 
of ankyrin repeats.(9) 

 
STRUCTURE 
NFkB was first discovered in the lab of Noble Prize 

laureate David Baltimore via its interaction with an 11-
base pair sequence in the immunoglobulin light-chain 
enhancer in B cell.(10)   
Basically,as shown if figure 2. There are two structural 
classes of NFkB proteins denoted by CLASS I  and 
CLASS II .Both of these classes of proteins contain a N-
terminal DNA –binding domain(DBD), which also 
serves as a dimerization interface to other NFkB 
transcription factors in addition binding to the inhibitory 
IkBalpha protein. All proteins of the NFkB family share 
a Rel homology domain(RHD) in their N-terminus. The 
C-terminus of class I protein contains a number of 
Ankyrin repeats and has transrepression activity. In 
contrast , the NFkB proteins, have a transactivation 
domain in their C-terminus of classII protein.(11) 

In contrast, the NF-κB1 and NF-κB2 proteins are 
synthesized as large precursors, p105, and p100, which 
undergo processing to generate the mature NFκB 
subunits, p50 and p52, respectively. The processing of 
p105 and p100 is mediated by the ubiquitin/proteasomes 
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 constitutive processing of 
p105.(11,12,13) 

 
ACTIVATION 
Part of NFκB's importance in regulating cellular 
responses is that it belongs to the category of "rapid-

 

Figure 1: Mechanism of action of NFkB 
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acting" primary transcription factors, i.e., transcription  
factors that are present in cells in an inactive state and do 
not require new protein synthesis to be activated. This 
allows NFκB to act as a "first responder" to harmful 
cellular stimuli. Stimulation of a wide variety of cell-
surface receptors such as RANK,(receptor activator of 
nuclear factor kB) TNFR, leads directly to NFκB  
activation and fairly rapid changes in gene expression. 
Activation of NFkB dimers is due to IKK-mediated 
phosphorylation-induced proteasomal degradation of the 
IkB inhibitor enabling the active NFkB transcription 
factor subunits to translocate to the nucleus and induce 
target gene expression.Different pathogens can activate 
NFkB through the stimulation of TLRs(Toll Like 
Receptors) which are the key regulators of both innate & 
adaptive immune responses.(14,15,16) 
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Figure 3: Classical Canonical NFkB signaling 
pathway 
INHIBITION 
In unstimulated cells, the NFkB dimers are sequestered 
in the cytoplasm by a family of inhibitors, called IkBBS 
(Inhibitor of kB), which are proteins that contain 
multiple copies of a sequence called ankyrin repeats. By 

virtue of their ankyrin repeat domains ,the protien mask 
the nuclear localization signals (NLS) of NFkB proteins 
and keep them sequestered in an inactive state in the 
cytoplasm.(17) 

IκBs are a family of related proteins that have an N-
terminal regulatory domain, followed by six or more 
ankyrin repeats. Although the IκB family consists of 
IkBalpha , IkBbeta , IκBgama , IkBBe and Bcl-3 , the best-
studied and major IκB protein is IκBα. Due to the 
presence of ankyrin repeats in their C-terminal halves, 
p105 and p100 also function as IκB proteins.(18,19,20) 

 
NFkB SIGNALING PATHWAY 
There are two signaling pathways leading to the 
activation of NFkB known as  
• The Canonical Pathway (Classical) 
• The Non-Canonical Pathway(Alternative)(21,22,23) 
 

 

Figure 4: Alternative non Canonical NFkB 
signaling pathway 

The Canonical Pathway 
The common regulatory step in both of these cascades is 
activation of an IkB kinase (IKK) complex consisting of 
catalytic kinase subunits (IKKa and/or IKKb) and the 
regulatory non-enzymatic scaffold protein NEMO (NF-
kappa B essential modulator also known as IKKg). 

 
Figure 2: Structure of  NFkB 
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In the Canonical Signaling Pathway, binding of ligand to 
a cell surface receptor such as a member of the the Toll-
like receptor superfamily leads to the recruitment of 
adaptors (such as TRAF-TNF Receptor Associated 
Factor) to the cytoplasmic domain of the receptor . 
These adaptors in turn recruit the IKK complex which 
leads to phosphorylation and degradation of the IkB 
inhibitor. The canonical pathway activates NFkB dimers 
comprising of RelA, c-Rel, RelB and p50.(21,22,24) 

The binding of ligand to a receptor leads to the 
recruitment and activation of an IKK complex 
comprising IKK alpha and/or IKK beta catalytic subunits 
and two molcules of NEMO.  
The IKK complex then phosphorylates IkB leading to 
degradation by the proteasome. NFkB then translocates 
to the nucleus to activate target genes regulated by kB 
sites as shown in figure 3. 
The Non Canonical Pathway 
 The non-canonical pathway (Figure 4) is responsible for 
the activation of p100/RelB complexes and occurs 
during the development of lymphoid organs responsible 
for the generation of B and T lymphocytes. Only a small 
number of stimuli are known to activate NFkB via this 
pathway and these factors include lymphotoxin B and B 
cell activating factor (BAFF). This pathway utilizes an 
IKK complex that comprises two IKKa subunits, but not 
NEMO. In the non-canonical pathway, ligand induced 
activation results in the activation of NFkB-inducing 
kinase (NIK), which phosphorylates and activates the 
IKKa complex, which in turn phosphorylates p100 
leading to the processing and liberation of the p52/RelB 
active heterodimer.(25 ,26,27) 

Binding leads to the activation of NIK, which 
phosphorylates and activates an IKK alpha complex that 
in turn phosphorylates the IkB domain of p100 leading 
to the liberation of p52/RelB. This heterodimer 
subsequently translocates to the nucleus to activate target 
genes regulated by kB sites. 
 
ROLE IN DISEASES 
• NFκB is widely used by eukaryotic cells as a 

regulator of genes that control cell proliferation and 
cell survival. Active NFkB keep the cell 
proliferating and protect the cell from conditions 
that would otherwise cause it to die via apoptosis.(28) 
Defects in NFκB results in increased susceptibility 
to apoptosis leading to increased cell death. This is 
because NF-κB regulates anti-apoptotic genes 
especially the TRAF1 and TRAF2.(29) Thus, NF-κB 
is the subject of much active research among 
pharmaceutical companies as a target for anti-cancer 
therapy(30) 

• As NFkB control many genes involved in 
inflammation it is found to be chronically active in 
many of the inflammatory diseases such as 
inflammatory bowel disease(31,32) , 
asthma(33,34),rheumatoid arthritis(35) , hepatitis , 
gastritis , sepsis , neurodegeneration , 
ischemia/reperfusion injury & many other disease 
including subluxation complex.(36,37) 

• Many natural products , including anti oxidants that 
have been promoted to have anti-cancer and anti-

inflammatory activity also have been shown to have 
inhibitory effect on NFkB. 

• The patients working under the ventures such as 
Ariad v.Lilly , Karin(38) , Ben-Neriah(39) and others 
has illuminated  importance of the connection 
between NFkB , inflammation and cancer such as 
leukemia, lymphoma, colon cancer and ovarian 
cancer, also underscored the value of therapies that 
regulate the activity of NFkB.(40,41) 

• NFkB itself is upregulated in RA and cytokines such 
as TNFa that activate NFkB are elevated in the 
synovial fluid of patients with RA.(42) 

 
DRUGS TARGETED TO NFkB 
Intense activity of NFkB has been certified in the 
diseases such as cancer , inflammation etc and 
suppression of which have an aid in improving the status 
of cancer and inflammation(43,44) 

There was a discovery that activated NFkB nuclear 
translocation can be seperated from the elevated oxidant 
stress which prooved to be an important hint for the 
development of stratergies for NFkB inhibition.(45) 

A new drug called Denusomab acts to raise bone 
mineral density and reduce fracture rates in many patient 
sub-groups by inhibiting RANK (Receptor Activator of 
Nuclear Factor kB) which in turn through its receptor 
RANK inhibits NFkB(46) Disulfiram , Olmesartan , 
Dithiocarbamate can inhibit the NFkB signaling 
pathway.(47) 

 
EFFECT OF DIET 
• Antioxidant can reduce the activation of NFkB 

,including green tea polyphenols; resveratrol from 
red wine; vitamins C and E ; curcumin ; and 
glutathione.(48)Supplements such as lipoic acid & 
coenzyme 10 maintain the glutathione in its 
activated state.(49) 

• The anti-inflammatory omega-3 FAs reduces NFkB 
activity.(50,51)  which means we need to reduce our 
grain, seed, and related oil intake.Omega-3 FAs also 
reduce IL-1 ,which is an activator of NFkB.(52)  

 
CONCLUSION 
With the above review we come to an conclusion that 
NFkB is one of the very important linking factor in the 
central dogma of protein synthesis which if abruptly 
activated may leads to a significant decrease in autolytic 
characteristics of the cells, that might be one of the cause 
in aggressive worsening of the disease such as cancer 
and various types of different inflammatory disorders. 
The  diet & drugs can also be designed by keeping the 
target as NFkB ,as its inhibition may improve the 
conditions of the patients suffering from above disease. 
 
REFFERENCES 
1. Grimble RF. Inflammatory status and insulin resistance. Curr 

Opin Clin Nutr Metab Care 2002;5:551-9.  
2. Sen and Baltimore, 1986, Cell, 46: 705-716 
3. D'Acquisto F, May MJ, Ghosh S. Inhibition of nuclear factor 

kappa B (NF_B): an emerging theme in anti-inflammatory 
therapies. Molecular Interventions 2002;2:22-35.  

4. May and Ghosh; Rel/NF-kB and IKB proteins: an overview , 
seminars in Cancer Biology, 1997, 8: 63-73  



IJTPR, March – May 2010, Vol.2, Issue (35-39) 39

28. tural 

5. Gilmore TD (2006). "Introduction to NF-κB: players, pathways, 
perspectives". Oncogene 25 (51): 6680–4. 

6. Perkins ND (January 2007). "Integrating cell-signalling pathways 
with NF-κB and IKK function". Nat. Rev. Mol. Cell Biol. 8 (1): 
49–62. 

7. Hoffmann A., Natoli G., Ghosh G. (2006) Transcriptional 
regulation via the NFkB signaling module. Oncogene. 25, 6706-
6716. 

8. Moynagh P. N. (2005) The NFkB pathway. J Cell Sci. 118, 4389-
4392.  

9. S. Rajendrasozhan, S. Chung, I. K. Sundar, H. Yao, and I. 
Rahman (2010): Targeted disruption of NF-{kappa}B1 (p50) 
augments cigarette smoke-induced lung inflammation and 
emphysema in mice: a critical role of p50 in chromatin 
remodeling. Am J Physiol Lung Cell Mol Physiol 298, L197-
L209  

10. Sen R, Baltimore D (1986). "Multiple nuclear factors interact 
with the immunoglobulin enhancer sequences". Cell 46 (5): 705–
16 

11. Karin M, Ben-Neriah Y (2000). "Phosphorylation meets 
ubiquitination: the control of NFκB activity". Annu. Rev. 
Immunol. 18: 621–63 

12. Senftleben U, Cao Y, Xiao G, Greten FR, Krähn G, Bonizzi G, 
Chen Y, Hu Y, Fong A, Sun SC, Karin M (2001). "Activation by 
IKKalpha of a second, evolutionary conserved, NF-κB signaling 
pathway". Science 293 (5534): 1495–9 

13. Nabel GJ, Verma IM (November 1993). "Proposed NF-κB/IκB 
family nomenclature".   Genes Dev. 7 (11): 2063 
Doyle SL, O'Neill LA (October 2006). "Toll-like 14. receptors: from 
the discovery of NFκB to new insights into transcriptional 
regulations in innate immunity". Biochem. Pharmacol. 72 (9): 
1102–13 
15.Hayden1.  MS, West AP,Ghosh S (October 2006).”NF-kB and 
the immune response”.Oncogene 25(51):6758-80 
Hart L. A., Krishnan V. L., Adcock I. M., Barnes 15. P. J., Chung K. 
F. (1998) Activation and localization of transcription factor, 
nuclear factor-kappaB, in asthma. Am J Respir Crit Care 
Med.158,1585–1592. 
Jacobs MD, Harrison 16. SC (1998). "Structure of an IκBalpha/NF-
κB complex". Cell 95 (6): 749–58 
Inoue J, Kerr LD, Kakizuka A, Ver17. ma IM (1992). "IκB gamma, a 
70 kd protein identical to the C-terminal half of p110 NF-κB: a 
new member of the IκB family". Cell 68 (6): 1109–20. 
19.Fujita T, Nolan GP, Liou HC, Scott ML, Bal2. timore D 
(1993).”The candidate proto-oncogene bcl-3 encodes a 
transcriptional coactivator that activates through NF-Kb p50 
homodimers”.GenesDev.7(7B):1354-63 
20. Franzoso G, Bours V, Park S, Tomi3. ta-Yamaguchi M, Kelly 
K, Siebenlist U (1992). "The candidate oncoprotein Bcl-3 is an 
antagonist of p50/NF-κB-mediated inhibition". Nature 359 
(6393): 339–42. 
21. Scheidereit C4.  (2006) IkB kinase complexes: gateways to 
NFkB activation and transcription. Oncogene. 25, 6685-6705. 
22. Tergaonkar V. (2006) NFkB pathway: A good signali5. ng 
paradigm and therapeutic target. Int J. Biochem. Cell Biol. 38, 
1647-1653. 
23. Karin M.6.  (1999) How NFkB is activated: the role of the IkB 
kinase (IKK) complex. Oncogene. 18, 6867-6874. 
24. Li Q, Verma IM (2002). "NF-κB regulation i7. n the immune 
system". Nat. Rev. Immunol. 2 (10): 725–34. 
25. Hayden M. S., Ghosh. (2004) Signaling to8.  NFkB. Genes Dev. 
18, 2195-2224. 
26. Bonizzi G, B9. ebien M, Otero DC, Johnson-Vroom KE, Cao Y, 
Vu D, Jegga AG, Aronow BJ, Ghosh G, Rickert RC, Karin M 
(2004). "Activation of IKKalpha target genes depends on 
recognition of specific kappaB binding sites by RelB:p52 
dimers". EMBO J 23 (21): 4202–10. 
Basak S, Shih VF, Hoffmann A27.  (2008). "Generation and 
activation of multiple dimeric transcription factors within the NF-
kappaB signaling system". Mol Cell Biol 28 (10): 3139–50. 
Ignatowicz E, Baer-Dubowska W. Resveratrol, a na 
chemopreven-tive agent against degenerative diseases. Pol J 
Pharmacol 2001;53(6):557-69. 

29. Sheikh MS, Huang Y (2003). “Death receptor activation 
complex:it takes two to activate tnf receptor 1”. Cell Cycle 2 (6): 
550–2. 

30. Escárcega RO, Fuentes-Alexandro S, García-Carrasco M, Gatica 
A, Zamora A (2007). "The transcription factor nuclear factor-κB 
and cancer". Clinical Oncology (Royal College of Radiologists 
(Great Britain)) 19 (2): 154–61. 

31. Neurath M. F., Fuss I., Schurmann G., Pettersson S., Arnold K., 
Muller-Lobeck H., Strober W., Herfarth C., Buschenfelllde K. H. 
(1998) Cytokine gene transcrition by NF-kappa B family 
members in patients with inflammatory bowel disease. Ann. N. 
Y. Acad. Sci. 859, 149-159. 

32. Schreiber S., Nikolaus S., Hampe J. (1998) Activation of nuclear 
factor kappa B inflammatory bowel disease. Gut. 42, 477-484 

33. Yamamoto Y., Gaynor R. B. (2001) Therapeutic potential of 
inhibition of the NF-kappaB pathway in the treatment of 
inflammation and cancer. J Clin Invest.107:135–142. 

34. Christman JW, Sadikot RT, Blackwell TS (2000) The role of 
nuclear factor-kappa B in pulmonary diseases. Chest. 117:1482–
1487. 

35. Roman-Blas J. A., Jimenez S. A. (2006) NFkappaB as a potential 
therapeutic target in osteoarthritis and rheumatoid arthritis. 
Osteoarthritis Cartilage. 14, 839-848. 

36. Seaman DR. Joint complex dysfunction, a novel term to replace 
subluxation/subluxation complex: etiological and treatment 
considerations. J Manipulative Physiol Ther 1997;20(9):634-44.  

10. 37.Seaman DR. The diet-induced proinflammatory state: a cause 
of chronic pain and otherdegenerative diseases? J Manipulative 
Physiol Ther 2002;25 (3):168-79.  

37. Karin M (March 2008). "The IκB kinase - a bridge between 
inflammation and cancer". Cell Res. 18 (3): 334–42 

38. Pikarsky E, Ben-Neriah Y (April 2006). "NF-κB inhibition: a 
double-edged sword  

39. Rayet B., Gelinas C. (1999) Aberrant rel/nfkb genes and activity 
in human cancer. Oncogene. 18 in cancer?". Eur. J. Cancer 42 
(6): 779–84 

40. Mantovani A, Marchesi F, Portal C, Allavena P, Sica A (2008). 
"Linking inflammation reactions to cancer: novel targets for 
therapeutic strategies". Adv. Exp. Med. Biol. 610: 112–27, 6938-
6947. 

11. 42Feldmann M., Brennan F. M., Maini R. N. (1996) Role of 
cytokines in rheumatoid arthritis. Annu. Rev. Immunol. 14, 397-
440. 

12. 43 Garg A, Aggarwal BB (June 2002). "Nuclear transcription 
factor-kappaB as a target for cancer drug development". 
Leukemia 16 (6): 1053–68. 

44. Sethi G, Sung B, Aggarwal BB (January 2008). "Nuclear factor-
kappaB activation: from bench to bedside". Exp. Biol. Med. 
(Maywood) 233 (1): 21–31. 

45. Vlahopoulos S, Boldogh I, Casola A, Brasier AR (September 
1999). ”Nuclear factor kB-dependent induction of interleukin-8 
gene expression by tumor necrosis factor alpha:evidence for an 
antioxidant sensitive activating pathway distinct from nuclear 
translocation”. Blood 94 (6): 1878–89.  

46. Hamdy NA (2008). "Denosumab: RANKL inhibition in the 
management of bone loss". Drugs Today (Barc). 44 (1): 7–21. 

47. Cvek B, Dvorak Z (2007). "Targeting of nuclear factor-κB and 
proteasome by dithiocarbamate complexes with metals". Curr. 
Pharm. Des. 13 (30): 3155–67. 

48. D'Acquisto F, May MJ, Ghosh S. Inhibition of nuclear factor 
kappa B (NF_B): an emerging theme in anti-inflammatory 
therapies. Molec Interv 2002;2:22-35.  

49. Sen CK, Packer L. Thiol homeostasis and supplements in 
physical exercise. Am J Clin Nutr 2000;72(2 Suppl):653S-69S.  

50. Lo CJ, Chiu KC, Fu M, Lo R, Helton S. Fish oil decreases 
macrophage tumor necrosis factor gene transcription by altering 
the NF kappa B activity. J Surg Res 1999;82(2):216-21.  

13. 51.Novak TE, Babcock TA, Jho DH, Helton WS, Espat NJ.NF-
kappa B inhibition by omega -3 fatty acids modulates LPS-
stimulated macrophage TNF-alpha transcription. Am J Physiol 
Lung Cell Mol Physiol 2003;284(1):L84-9.  

51. Simopoulos AP. Essential fatty acids in health and chronic 
disease. Am J Clin Nutr 1999;70(3 Suppl):560S-569S. 

 
 


