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Is NF-xB a culprit in type 2 diabetes?
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Abstract

It has been generally viewed that salicylates ameliorate type 2 diabetes through interfering with the NF-«kB signaling. Earlier stud-
ies indicated that IKKf was the key for the development of insulin resistance. However, it was unknown whether IKKf itself, or its
downstream target, NF-kB, plays major roles in insulin resistance. New data suggest that NF-kB and NF-kB-regulated cytokines

are crucial for the diabetogenesis.
Published by Elsevier Inc.
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NF-kB is arguably the most important transcription
factor for the initiation or progression of numerous hu-
man diseases [1,2]. As a ubiquitous transcription factor
governing the expression of viruses or a variety of
inflammatory cytokine genes, NF-kB was first impli-
cated in the pathogenesis of human immunodeficiency
virus-1 (HIV-1) infection [3]. Further studies suggest
that activation of NF-«kB is responsible for the patholog-
ical progress of neurological disorders, carcinogenesis,
immune deficiency, rheumatoid arthritis, atherogenesis,
Crohn’s disease, cystic fibrosis, asthma, osteopetrosis,
ischemic reperfusion, etc. [4].

Recent studies have highlighted the role of NF-xB in
the development of insulin resistance and type 2 diabetes
[5-7]. However, evidence for the involvement of NF-xB
in insulin resistance is not new. The earliest indication of
the contribution of this transcription factor to diabetes
can be traced back even far before the discovery of
NF-«B. Clinicians as well as researchers in the diabetes
field have been puzzled for more than one century by the
ameliorating effect of high dose salicylates on hypergly-
cemia in type 2 diabetes [8]. The milestone discovery that
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salicylates, including sodium salicylate and aspirin,
mainly targeted NF-kB and its upstream kinase, IKKf,
for their pharmaceutical effect of anti-inflammation
brought NF-kB as a chief suspect for the development
of insulin resistance and type 2 diabetes [9,10]. A sus-
tained activation of NF-xB by hyperglycemia has been
observed in several experimental systems [11,12]. In
bone marrow-derived mesenchymal cells, activation of
NF-kB antagonizes the function of PPARY [13], a pro-
totypical nuclear receptor that regulates lipid and glu-
cose homeostasis [14]. Tumor necrosis factor-o
(TNFa), a NF-kB-regulated product as well as a potent
activator of NF-xB, induces insulin resistance predomi-
nantly through the serine phosphorylation of insulin
receptor substrate-1 (IRS1) [15,16]. TNFa was highly in-
duced in the adipose tissues of obese animals and human
subjects [17,18]. In experimental animals, neutralization
of TNFua increases insulin sensitivity [15], although such
treatment failed to improve insulin resistance in obese
human subjects [19].

The most compelling evidence linking NF-kxB with
type 2 diabetes is provided by Shoelson’s group
who studied the heterozygous deletion of Ikkp gene
(IkkBH 7) and insulin resistance in mice in 2001 [5]. IKKf
is the main subunit of the IKK complex in mediating
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proinflammatory signal-induced phosphorylation of NF-
kB inhibitor, IxBa, leading to the degradation of IxBa
and the consequent activation of NF-kB. Mice with
homozygous deletion of Tkk[ (lkkB*/ 7) died in utero be-
cause of severe liver apoptosis, whereas heterozygous
Ikkp "/~ mice appear to be normal [20,21]. Reduced Tkkf
gene dose by disrupting a single Ikkp allele was able
to correct both the skeletal insulin resistance and the
biochemical defects in IRS1 tyrosine phosphorylation
in obese animals [5]. Nevertheless, it was unknown at that
time whether IKK f directly affected the process of insulin
resistance, such as serine/threonine phosphorylation of
IRS1, or indirectly participated in this process through
its downstream target, NF-xB. Considering the number
of serine/threonine residues in IRSI1, it was very likely
that IKKP might promote IRS1 phosphorylation
through broad cross-talking kinases. Indeed, a number
of studies had documented that JNK was the key kinase
for the serine/threonine phosphorylation of IRSI in
response to high fat diet, obesity or endoplasmic reticu-
lum stress [22,23].

Further evidence supporting the involvement of
NF-«B, rather than IKK itself, in the insulin resistance
is provided by two most recent independent studies of
the selective transgenic expression or knockout of Tkkf
in the liver [6,7]. Overexpression of Ikkp in the liver,
which causes sustained activation of NF-kB as seen in
chronic liver inflammation, substantiates high fat diet-
or obesity-induced insulin resistance. Conversely, atten-
uation of NF-kB activation by co-expression of [xBa in
the liver not only diminished the expression of NF-«xB-
dependent genes, but reversed the phenotypes of type
2 diabetes also [6]. Systemic neutralization of IL-6
exhibited a significant improvement in insulin resistance
in the mice with transgenic liver expression of Ikkp [6].
Similarly, administration of IL-1 receptor antagonist, a
specific inhibitor of IL-1 signaling, improved the inflam-
mation-induced hyperglycemia significantly [7]. Thus,
these results clearly suggested that NF-xB and its target
genes, such as TNFa, IL-1, and IL-6, are critical in the
development of insulin resistance.

Now it appears to be unequivocal that NF-kB is a
culprit in the development of insulin resistance and the
diabetic complications. However, there are still many
unanswered questions. First and foremost, it is uncer-
tain whether the extreme insulin resistance induced by
chronic liver inflammation in rodent models correlates
with the human type 2 diabetes that largely resulted
from obesity [24]. There is as of yet no evidence indicat-
ing that chronic liver inflammation is the main factor for
the epidemic of type 2 diabetes. Second, a sustained acti-
vation of NF-kB has been observed in the mononuclear
cells from the patients with type 1 diabetes [25]. No such
observation was made in patients with type 2 diabetes.
The contribution of NF-xB to the human type 2 diabe-
tes remains to be examined. Third, the main features of

insulin resistance are characterized by the decreases in
insulin receptor and its kinase activity, impairment in
tyrosine phosphorylation of IRS1 or IRS2, abnormality
in glucose transporter translocation, and the alterations
in the activities of a number of intracellular glucose met-
abolic enzymes [26,27]. We do not know which part in
these insulin signaling pathways is affected by the
NF-kB-regulated inflammatory genes. Earlier studies
suggested that the insulin resistance induced by TNFa
was largely due to the serine phosphorylation of IRSI,
resulting in reduction of tyrosine phosphorylation and
the subsequent PI3K association of the IRSI [16,18].
It is unknown whether other NF-kB-regulated cyto-
kines, such as IL-6 and IL-1, achieve their diabetogenic
effect through the same mechanism. Fourth, all of these
so-called NF-«B inducers in these experimental insulin
resistance models, including hyperglycemia, TNFa, free
fatty acids, etc., are also capable of activating a number
of other kinases, such as MAPK, PI3K, Akt, PKCs, and
JAK/STAT. The exact roles of these kinases in insulin
action are unclear [28]. Finally, insulin resistance can
be attributed, at least in part, to the sustained activation
of IKKp and its downstream transcription factor,
NF-kB. However, a careful assessment should be made
of the potential beneficial effects of targeting this path-
way to sensitize the insulin signal. As a key survival
transcription factor [4,29], NF-kB may be pivotal for
compensatory expansion of B-cell mass in islets during
the loss of insulin sensitivity [30]. NF-xB has also been
implicated as an essential transcription factor for the
B-cell expression of Glut2 that contributes to the glu-
cose-stimulated insulin secretion by B-cells [31]. Suppres-
sion of this transcription factor, therefore, may have
deleterious effects on insulin resistance and type 2
diabetes.

The biggest challenge faced by our society and scien-
tists today is that more than 150 million people are liv-
ing with type 2 diabetes worldwide [32]. Despite
dramatic improvements in the drug therapy, a chilling
fact is that the epidemic will continue to expand in the
next 20 years. The projected number of people who suf-
fer from type 2 diabetes will be about 300 million in 2025
[32]. The current therapeutic paradigm for type 2 diabe-
tes relies mainly on the reduction of hyperglycemia,
interfering with gut glucose absorption and the augmen-
tation of glucose utilization by peripheral tissues [33].
The development of thiazolidinedione (TZD) drugs,
agonists of peroxisome proliferators-activated recep-
tor-y (PPARY), sparked a tide of optimism among
researchers and people with this disease several years
ago [14]. Unfortunately, the limited efficacy and consid-
erable side effects of the traditional and the TZD drugs
have compromised the clinical application of these
drugs. Thus, a new therapeutic strategy based on the
defined molecular mechanism of type 2 diabetes is criti-
cally needed. Certainly, elucidation of the IKK 3-NF-xB
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involvement in insulin resistance and type 2 diabetes
may provide a conceptual framework for identifying no-
vel therapeutic targets of this disease.

References

] LM. Verma, Ann. Rheum. Dis. 63 (Suppl. 2) (2004) ii57-i61.

1 A.S. Baldwin, J. Clin. Invest. 107 (2001) 241-246.

] G. Nabel, D. Baltimore, Nature 326 (1987) 711-713.

4] F. Chen, V. Castranova, X. Shi, L.M. Demers, Clin. Chem. 45

(1999) 7-17.

[5] M. Yuan, N. Konstantopoulos, J. Lee, L. Hansen, Z.W. Li, M.
Karin, S.E. Shoelson, Science 293 (2001) 1673-1677.

[6] D. Cai, M. Yuan, D.F. Frantz, P.A. Melendez, L. Hansen, J.
Lee, S.E. Shoelson, Nat. Med. 11 (2005) 183-190.

[71 M.C. Arkan, A.L. Hevener, F.R. Greten, S. Maeda, Z.W. Li,
J.M. Long, A. Wynshaw-Boris, G. Poli, J. Olefsky, M. Karin,
Nat. Med. 11 (2005) 191-198.

[8] S.E. Shoelson, J. Lee, M. Yuan, Int. J. Obes. Relat. Metab.
Disord. 27 (Suppl. 3) (2003) S49-S52.

[9] E. Kopp, S. Ghosh, Science 265 (1994) 956-959.

[10] M.J. Yin, Y. Yamamoto, R.B. Gaynor, Nature 396 (1998) 77-80.

[11] M. Morigi, S. Angioletti, B. Imberti, R. Donadelli, G. Micheletti,
M. Figliuzzi, A. Remuzzi, C. Zoja, G. Remuzzi, J. Clin. Invest.
101 (1998) 1905-1915.

[12] F. Garcia Soriano, L. Virag, P. Jagtap, E. Szabo, J.G. Mabley,
L. Liaudet, A. Marton, D.G. Hoyt, K.G. Murthy, A.L. Salzman,
G.J. Southan, C. Szabo, Nat. Med. 7 (2001) 108-113.

[13] M. Suzawa, I. Takada, J. Yanagisawa, F. Ohtake, S. Ogawa, T.
Yamauchi, T. Kadowaki, Y. Takeuchi, H. Shibuya, Y. Gotoh,
K. Matsumoto, S. Kato, Nat. Cell Biol. 5 (2003) 224-230.

[14] B.M. Spiegelman, Cell 93 (1998) 153-155.

[15] G.S. Hotamisligil, A. Budavari, D. Murray, B.M. Spiegelman, J.

Clin. Invest. 94 (1994) 1543-1549.

[
[
[
[

[16] H. Kanety, R. Feinstein, M.Z. Papa, R. Hemi, A. Karasik, J.
Biol. Chem. 270 (1995) 23780-23784.

[17] G.S. Hotamisligil, N.S. Shargill, B.M. Spiegelman, Science 259
(1993) 87-91.

[18] G.S. Hotamisligil, P. Arner, J.F. Caro, R.L. Atkinson, B.M.
Spiegelman, J. Clin. Invest. 95 (1995) 2409-2415.

[19] E. Ofei, S. Hurel, J. Newkirk, M. Sopwith, R. Taylor, Diabetes
45 (1996) 881-885.

[20] Q. Li, D. Van Antwerp, F. Mercurio, K.F. Lee, .M. Verma,
Science 284 (1999) 321-325.

[21] M. Tanaka, M.E. Fuentes, K. Yamaguchi, M.H. Durnin, S.A.
Dalrymple, K.L. Hardy, D.V. Goeddel, Immunity 10 (1999) 421—
429.

[22]J. Hirosumi, G. Tuncman, L. Chang, C.Z. Gorgun, K.T. Uysal,
K. Maeda, M. Karin, G.S. Hotamisligil, Nature 420 (2002) 333—
336.

[23] U. Ozcan, Q. Cao, E. Yilmaz, A.H. Lee, N.N. Iwakoshi, E.
Ozdelen, G. Tuncman, C. Gorgun, L.H. Glimcher, G.S. Hotam-
isligil, Science 306 (2004) 457-461.

[24] B.M. Spiegelman, J.S. Flier, Cell 104 (2001) 531-543.

[25] A. Bierhaus, S. Schiekofer, M. Schwaninger, M. Andrassy,
P.M. Humpert, J. Chen, M. Hong, T. Luther, T. Henle, I.
Kloting, M. Morcos, M. Hofmann, H. Tritschler, B. Weigle, M.
Kasper, M. Smith, G. Perry, A.M. Schmidt, D.M. Stern, H.U.
Haring, E. Schleicher, P.P. Nawroth, Diabetes 50 (2001) 2792—
2808.

] A.R. Saltiel, C.R. Kahn, Nature 414 (2001) 799-806.

] C.R. Kahn, Diabetes 43 (1994) 1066-1084.

1 D. Accili, J. Clin. Invest. 108 (2001) 1575-1576.

] F. Chen, V. Castranova, X. Shi, Am. J. Pathol. 159 (2001) 387-
397.

[30] I. Chang, S. Kim, J.Y. Kim, N. Cho, Y.H. Kim, H.S. Kim, M.K.

Lee, K.W. Kim, M.S. Lee, Diabetes 52 (2003) 1169-1175.

[31] S. Norlin, U. Ahlgren, H. Edlund, Diabetes 54 (2005) 125-132.

[32] P. Zimmet, K.G. Alberti, J. Shaw, Nature 414 (2001) 782-787.

[33] D.E. Moller, Nature 414 (2001) 821-827.

2
2
2
[

6
7
8
29



	Is NF- kappa B a culprit in type 2 diabetes?
	References


