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Role for IKK2 in muscle: waste not, want not
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Activation	of	transcription	factor	NF-κB,	the	major	regulator	of	the	inflam-
matory	response,	depends	on	the	inhibitor	of	NF-κB	kinase	(IKK)	complex,	
which	is	composed	of	2	catalytic	subunits,	IKK1	and	IKK2	(also	known	as	
IKKα	and	IKKβ),	and	a	regulatory	subunit,	IKKγ	(also	known	as	NEMO).	
In	this	issue	of	the	JCI,	Mourkioti	et	al.	show	that	muscle-specific	disruption	
in	mice	of	the	gene	encoding	IKK2	prevents	NF-κB	activation	in	response	
to	denervation	or	toxin-induced	injury	(see	the	related	article	beginning	on	
page	2945).	Importantly,	this	genetic	manipulation	prevents	muscle	wasting,	
thereby	providing	strong	evidence	in	support	of	a	major	pathogenic	role	for	
inflammation	in	a	variety	of	muscular	dystrophies	characterized	by	progres-
sive	muscle	fiber	degeneration.

Transcription factor NF-κB is one of the 
major  activators  of  the  inflammatory 
response (1). In most cells, the majority of 
the NF-κB pool resides in the cytoplasm 
but undergoes rapid nuclear transloca-
tion upon activation of innate immune 
receptors or exposure to proinflammatory 
cytokines, such as TNF-α or IL-1. Nuclear 
translocation of NF-κB or its activation 
depends on degradation of specific inhib-
itory proteins called inhibitors of NF-κB  
(IκBs)  via  a  process  that  requires  IκB 
phosphorylation and polyubiquitination 
(2). Phosphorylation of IκBs is mediated 
by a specialized protein kinase complex, 
the IκB kinase (IKK) complex, which is 

composed of 2 catalytic subunits, IKK1 
(also  known  as  IKKα)  and  IKK2  (also 
known as IKKβ),	and a regulatory subunit 
called NEMO or IKKγ (3). Gene disrup-
tion experiments have established  that 
in most cell  types,  in response to most 
stimuli, IκB degradation and NF-κB acti-
vation are mainly dependent on IKK2 (4). 
Hence, targeted disruption of the IKK2 
gene  has  been  used  to  demonstrate  its 
involvement in a variety of inflammatory 
disorders, such as multiorgan dysfunction 
(5), colitis-associated cancer (6), and even 
obesity-induced  insulin  resistance  (7). 
Now, in this issue of the JCI, Mourkioti 
et al. (8) report on the addition of mus-
cle degeneration and atrophy to the list 
of pathologies that are remarkably ame-
liorated upon targeted deletion of IKK2. 
This suggests that muscle degenerative 
diseases may have a common inflamma-
tory component and thus may respond to 
antiinflammatory therapy.

A role for inflammation  
in muscular dystrophies?
Muscle  degeneration  and  atrophy  is  a 
rather common pathology associated with 
a variety of diseases, including those that 
specifically target the muscle, for instance 
muscular dystrophies  (9), or those that 
target other organs, such as cancer and 
immune disorders (10, 11). Even old age 
and immobilization can result in muscle 
wasting. Yet apart from cachexia, in which 
TNF-α plays an important role, and spe-
cific muscle inflammation/myositis, mus-
cular dystrophies in particular and muscle 
atrophy in general have not been univer-
sally thought of as inflammatory diseases. 
Yet the new work of Mourkioti et al. (8) 
as  well  as  previous  work  by  Shoelson’s 
group that demonstrated severe muscle 
wasting following the constitutive activa-
tion of NF-κB in muscle cells (12) clear-
ly  demonstrate  the  involvement  of  the 
IKK/NF-κB signaling system in different 
types of muscle degeneration. These data 
therefore strongly suggest that muscular 
dystrophies and atrophies should also be 
considered  inflammatory  diseases  and 
raise the prospects of novel therapies that 
target IKK2 or other steps in the NF-κB 
activation pathway.

Mourkioti et al. (8) used a mouse strain 
homozygous for a conditional Ikk2 allele 
(a  so-called  f loxed  allele)  that  can  be 
deleted upon expression of Cre-recom-
binase to specifically inactivate IKK2 in 
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skeletal muscle. As a result, the mutant 
mice, named IKK2mko mice, expressed an 
IKK2-deficient IKK complex (containing 
only  IKK1  and  IKKγ)  and  were  unable 
to  mount  NF-κB  activation  in  muscle. 
NF-κB activity was elicited in this study 
in response to denervation of the sciatic 
nerve, which causes degeneration of the 
leg  muscles,  or  by  direct  induction  of 
muscle degeneration by injection of car-
diotoxin. Importantly, deletion of IKK2 
increased muscle mass and strength  in 
untreated mice and led to maintenance 
of close to normal muscle mass and func-
tion  in  mice  subjected  to  denervation 
or  cardiotoxin  injection  (8).  The  same 
group previously found that overexpres-
sion of IGF-1 also protects against muscle 
degeneration in these models and causes 
increased muscle mass in untreated ani-

mals  (13).  In  their new article  (8),  they 
show  that  IGF-1  overexpression  acts 
additively with IKK2 deletion, resulting 
in very impressive maintenance of muscle 
mass and no muscle degeneration after 
denervation.  Interestingly,  inhibition 
of NF-κB activation by deletion of IKK2 
seemed to mediate its protective effects 
in  part  by  preventing  induction  of  the 
ubiquitin ligase muscle ring finger pro-
tein 1 (MuRF1), previously shown to be a 
critical regulator of muscle degeneration 
(14) and to be induced upon NF-κB acti-
vation in muscle (12). In contrast, IGF-1 
exerted  its  muscle-protective  effect  by 
reducing expression of another ubiquitin 
ligase involved in muscle atrophy — atro-
gin-1  (also  known  as  muscle  atrophy  
F-box protein [MAFbx]) (15, 16). In addi-
tion, deletion of IKK2 accelerated muscle 

regeneration  either  by  stimulating  the 
proliferation of satellite cells or enhanc-
ing  the  recruitment  of  newly  formed 
myoblasts  into  damaged  muscle  fibers 
(8). Prevention of NF-κB activation also 
inhibited  injury-induced  fibrosis.  This 
effect  is most  likely due  to diminished 
expression of fibrogenic cytokines, some 
of which may be regulated transcription-
ally by NF-κB.

Mechanistic and therapeutic 
implications
In  addition  to  controlling  the  expres-
sion of proinflammatory cytokines and 
enzymes  involved  in  the  production  of 
secondary  inf lammatory  mediators,  
NF-κB activates the expression of critical 
antiapoptotic genes (17). Thus, deletion 
of IKK2 or inhibition of NF-κB activation 

Figure 1
Denervation, immobilization, toxins, and 
cachexia (mediated by TNF-α) induce muscle 
degeneration and atrophy through the activa-
tion of IKK and NF-κB in muscle cells. Once 
activated, NF-κB leads to upregulation of 
MuRF1, a ubiquitin ligase involved in degra-
dation of muscle proteins. NF-κB activation 
also leads to induction of chemokines that 
recruit inflammatory cells, such as macro-
phages, that can cause further muscle dam-
age. P, phospho-.
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quite frequently results in increased apop-
tosis (and even necrosis) in cells exposed 
to TNF-α (18–20). Thus, the findings of 
Mourkioti  et al.  (8),  as well as  those of 
Cai et al. (12), showing that inhibition of 
NF-κB activation prevents muscle degen-
eration and myofiber death (Figure 1) are 
truly remarkable and raise a few interesting 
questions. First, which target genes medi-
ate the induction of muscle degeneration 
in response to NF-κB activation? Is MuRF1 
the only NF-κB target gene  involved  in 
this response, or is there a role for other 
NF-κB  targets?  For  instance,  NF-κB  
is  known  to  regulate  the  expression  of 
many chemokines (21), which may recruit 
inflammatory cells to sites of injury and 
thereby cause more tissue damage. Anoth-
er puzzle is why the inhibition of NF-κB 
in muscle cells does not result in TNF-α–
induced apoptosis as commonly observed 
in other NF-κB–deficient cell types.

While we need to wait for further research 
to  answer  these  questions,  the  findings 
of Mourkioti et al. (8) and Cai et al. (12) 
strongly suggest that it is necessary to eval-
uate the ability of NF-κB inhibition to pre-
vent muscle degeneration in various mod-
els of muscular dystrophy and atrophy, first 
in mice and then in humans. Several small 
molecule inhibitors of NF-κB activation, 
either of natural origin or the products of 
synthetic chemistry, have been described 
(22).  While  many  of  them  are  not  very 
specific or potent, IKK2 inhibitors (23) or 
effective NF-κB activation inhibitors with 
an  unknown  mechanism  of  action  (24) 

have recently become available. Given the 
prevalence of muscle degenerative diseases 
and their toll on life quality as well as their 
major economic impact, such trials are not 
only justified but also badly needed.
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