
The signaling system generated by the
binding of TNF to its cognate TNF-
receptor (TNF-R) can contain two dis-
tinct type I transmembrane receptors,
TNF-R1 and TNF-R2, and three lig-
ands, the membrane-bound TNF-α,
the soluble TNF-α, and the soluble
lymphocyte-derived cytokine lympho-
toxin-α (LT-α) (1). Both receptors are
ubiquitously expressed in cells and
interact with both forms of TNF-α, as
well as with LT-α. However, TNF-R1 is
the most potent in inducing cytotoxic
signals. TNF-R1 is a typical death
receptor with a 60- to 80-amino acid
cytoplasmic sequence known as the
death domain. The death domain,
which is missing from TNF-R2, typi-
cally enables death receptors to initiate
cytotoxic signals. Because of the role of
TNF-α in human diseases (2), TNF-R1
signaling mechanisms are of consider-
able biomedical interest.

TNF-R1 signaling pathways
The intracellular signals originating
from TNF-R1 are extremely complex

and can lead to multiple, even opposite,
cell responses including cell prolifera-
tion, inflammation, or cell death. Sur-
vival signals likely prevail over death sig-
nals under normal circumstances, given
the resistance of most cells to TNF-α–
induced toxicity. However, these cells
can often be sensitized to TNF-α–medi-
ated apoptosis by blocking protein or
RNA synthesis, which suggests that neo-
synthesis of protein is required to sup-
press the apoptotic stimulus. The ex-
pression of these antiapoptotic proteins
is largely controlled by the activity of the
transcription factor NF-κB, as inhibi-
tion of NF-κB also sensitizes cells to
TNF-α–induced cell death (3).

Binding of TNF-R1 to TNF-α results
in conformational changes in the recep-
tor’s intracellular domain, resulting in
rapid recruitment of several cytoplasmic
death domain–containing adapter pro-
teins via homophilic interaction with
the death domain of the receptor (1).
The first adaptor recruited to the clus-
tered receptor is the TNF-R–associated
protein with death domain, which func-
tions as a docking protein for several sig-
naling molecules, such as Fas-associat-
ed protein with death domain (FADD),
TNF-R–associated factor-2 (TRAF-2),
and receptor-interacting protein (RIP).
Recruitment of FADD to the receptor
promotes apoptosis by activation of cas-
pase-8 and, possibly, caspase-10 (4). RIP
associates with TRAF-2 to generate two
distinct pathways (5). The first one sig-
nals through the activation of NF-κB–
inducing kinase, NIK, and the catalytic
IκB kinase complex, leading to phos-
phorylation of the NF-κB inhibitory pro-
tein IκB-α and translocation of NF-κB

to the nucleus. The second pathway
involves the MAPK cascade, and cul-
minates in the activation of JNK/
stress-activated protein kinase and p38
kinase. Both JNK and p38 play an im-
portant role in inflammatory respons-
es. JNK has been described to phos-
phorylate and activate a number of
transcription factors, including c-Jun,
activating–transcription factor 2 and
activator protein-1 (AP-1), which drive
the expression of many proinflamma-
tory molecules, including E-selectin,
RANTES, IL-12, IL-6, and IL-8 (6).
Activation of p38 is essential for pro-
duction of proinflammatory cytokines
such as IL-1β, TNF-α, and IL-6, and
for induction and expression of in-
flammatory-related enzymes such as
COX-2 and iNOS (7). 

MAPKs are activated by a well-recog-
nized mechanism of dual phosphoryla-
tion mediated by one of the MAP kinase
kinases (MAPKKs), which, in turn, are
activated through phosphorylation by
MAP kinase kinase kinases (MAPKKKs)
(Figure 1a). Previous studies have shown
that TNF-α–induced activation of JNK
and p38 is mediated by the recruitment
of the adaptor TRAF-2 and subsequent
activation of the MAPKKK apoptosis
signal–regulating kinase 1 (ASK1) (8).
ASK1, a 170-kDa Ser/Thr kinase, acti-
vates the JNK and p38 MAPK signaling
cascades in response to proinflammato-
ry cytokines and oxidative stress. Over-
expression of ASK1 in epithelial cells
induces apoptosis, whereas a kinase-
inactive mutant of ASK1 protects the
cells from TNF-induced apoptosis, sug-
gesting that ASK1 is involved in the
TNF apoptotic signaling pathway (9).
Functionally, ASK1 is composed of an
inhibitory NH2-terminal domain, an
internal kinase domain, and a COOH-
terminal regulatory domain. The
COOH-terminal domain of ASK1 binds
to the TRAF domain of TRAF-2 and
TRAF-6 (8). The kinase domain is
required for cytokine-induced JNK acti-
vation and cell death (9, 10). The NH2-
terminus contains an inhibitory do-
main that interacts with several cellular
proteins and prevents ASK1 activation
(11, 12). Although 14-3-3, a family of
dimeric phosphoserine-binding mole-
cules, binds to ASK1 specifically via
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Apoptosis signal–regulating kinase 1 (ASK1) is an upstream activator of
JNK and p38 MAPK signaling cascades. Evidence now shows (see the
related article beginning on page 1933) that the ASK1-interacting pro-
tein, AIP1, plays an important role in TNF-α–induced ASK1 activation
by facilitating dissociation from its inhibitor.
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Ser-967 in the COOH-terminal domain
of ASK1, and inhibits ASK1-induced
apoptosis (13), the precise role of 14-3-3
in regulating TNF-induced ASK1 acti-
vation has not been determined.

Regulation of ASK-1
In this issue of the JCI, Zhang and
coworkers have described a new Ras-
GTPase–activating protein (Ras-GAP),
ASK1-interacting protein-1 (AIP1),
which promotes TNF-induced activa-
tion of ASK1 by facilitating the disso-
ciation of ASK1 from its endogenous

inhibitor 14-3-3 (14). The authors
demonstrate that TNF-α activates
AIP1 by causing AIP1 to unfold and
expose its NH2-terminal domain, ren-
dering it available for interacting with
the COOH-terminal domain of ASK1.
The binding of AIP1 to ASK1 then dis-
rupts the ASK1/14-3-3 complex (Fig-
ure 1b). Since the dissociation of ASK1
from 14-3-3 has been previously
described to be accompanied by de-
phosphorylation of ASK1 at Ser-967 by
an unknown phosphatase (15), the
authors hypothesize that AIP1 may act

as a chaperone, recruiting the phos-
phatase to ASK1. Supporting this
interpretation, their data show that the
binding site of AIP1 on ASK1 lies in a
sequence surrounding the 14-3-3 bind-
ing site, and that AIP1, unlike 14-3-3,
has higher affinity for the de-phospho-
rylated form of ASK1 at Ser-967. How-
ever, the nature of this unknown phos-
phatase and the temporal sequence of
the events leading to the dissociation
of the ASK1/14-3-3 complex remain to
be elucidated. In fact, the identifica-
tion, localization, and function of this
phosphatase will be necessary to con-
firm and establish the proposed model.
If proved, this model of ASK1 de-phos-
phorylation as an activation step for a
MAPKKK would be unique.

The present paper from Zhang and
coworkers (14) represents a significant
scientific contribution by identifying
the missing direct target of TRAF-2 in
the JNK pathway, AIP1. Regulation of
ASK1 by AIP1 is likely very important in
TNF-α–mediated cytotoxic signaling as
ASK1 is upstream of JNK. Activation of
JNK can lead to apoptosis by transcrip-
tionally-dependent and independent
processes. JNK activation of the tran-
scription factor AP-1 has been im-
plicated in various models of cytotoxic-
ity (16). Moreover, in a recent study, Lei
and Davis describe a transcriptionally-
independent mechanism for JNK asso-
ciated apoptosis by demonstrating that
JNK directly phosphorylates the pro-
apoptotic BH3-only proteins Bim and
Bmf promoting mitochondrial dys-
function with cytochrome c release (17).
The role of ASK1 in initiating this cas-
cade requires further clarification.

This paper also highlights the role of
14-3-3 in regulating apoptosis. Phos-
phorylation of Bad, another proapop-
totic BH3-only member of the Bcl-2
family, also promotes its recruitment
and sequestration by 14-3-3 proteins
(18, 19). This mechanism of inactiva-
tion of Bad is highly reminiscent of the
one operated by 14-3-3 on ASK1, sug-
gesting that one of the functions of
14-3-3 proteins is to support cell sur-
vival by inhibiting the activity of
proapoptotic proteins.

In conclusion, the identification of
AIP1 by Zhang and co-workers (14)
provides a further detail of the TNF-R1
MAPK cascade and helps to unravel the

Figure 1
(a) Generic schema for the cytokine/adaptor/MAPK signaling paradigm. Cytokines, such as
TNF-α, trigger oligomerization of their enzymatically inactive cognate receptors. The confor-
mational change in the receptor complex following ligand binding facilitates recruitment of
adaptor proteins. These adaptor proteins within the receptor complex interact directly or indi-
rectly with upstream kinases (MAPKKK) permitting their activation with subsequent phos-
phorylation and activation of downstream kinases (MAPKK/MAPK). (b) Model of TNF-α sig-
naling pathway through TRAF2/ASK1 employing the cytokine/adaptor/MAPK paradigm.
Triggering of TNF-R1 leads to recruitment of the adaptor TRAF2, and concomitant activation
of an unknown phosphatase via a mechanism yet to be identified. TRAF2 mediates the asso-
ciation of ASK1 with the newly identified Ras-GAP AIP1, which facilitates the release of ASK1
from its endogenous inhibitor 14-3-3. Disruption of the ASK1/14-3-3 complex and de-phos-
phorylation of ASK1 by the unknown phosphatase result in the activation of ASK1. ASK1, in
turn, activates JNK via an MKK4- or MKK6-dependent pathway. Activation of JNK positively
regulates the apoptotic machinery by transcription-dependent (i.e., activation of the tran-
scription factor AP-1) and transcription-independent (i.e., phosphorylation and activation of
proapototic Bcl-2 proteins Bim and Bmf) mechanisms. P, phosphate.



molecular bases of the TNF signaling.
Given its important contribution to
TNF-induced JNK activation, AIP1
may represent a suitable target for pos-
sible therapeutic applications in
human diseases characterized by
increased TNF-α–mediated apoptosis.
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Arginase: marker, effector, or candidate
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Microarray analysis of the expression profiles of lung tissue in two
murine models of asthma revealed high levels of arginase I and arginase
II activity, in association with IL-4 and IL-13 overexpression (see the
related article beginning on page 1863), suggesting that arginine path-
ways are critical in the pathogenesis of asthma.
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Despite intense research efforts, asthma
remains a major medical and scientific
challenge. Prevalence of this disease
increased 75% between 1980 and 1998.
Although this rate may now be stabiliz-
ing, the 2001 National Health Interview
Survey estimated that 6.9% of adults,
and 8.9% of children under the age of 
18 in the United States, suffered from 

asthma (1). The reasons why asthma
prevalence has been on the rise for so
long remains a matter of intense specu-
lation. The pathogenetic mechanisms of
the disease, and the contributing genet-
ic factors, also remain elusive. This state
of affairs probably reflects the inherent
complexity of the disease, and the diffi-
culty associated with stringently defin-
ing asthmatic phenotypes so that
homogenous subject groups can be
identified for mechanistic studies.

Microarrays: a powerful tool 
to dissect asthma
An aggressive approach to the identifi-
cation of new asthma genes is discussed
in this issue of the JCI by Zimmermann

and collaborators (2), who determined
transcript expression profiles in lung tis-
sue from mice with an asthma-like phe-
notype induced by sensitization with
OVA or Aspergillus fumigatus. The recog-
nized strength of microarray experi-
ments lies in their ability to address an
issue globally, and highlight the unex-
pected. The results of this study are no
exception. An important quantitative
finding was that 6.5% of the 12,422
genes analyzed showed a greater than
twofold change in expression in chal-
lenged mice. These data show that,
although asthma remains confined to
the lung, the mechanistic dysregulation
underlying the disease — whatever that
may be — mobilizes a vast genetic pro-
gram. Even more importantly, among
the 496 and 527 genes identified in the
OVA and Aspergillus models, respective-
ly, only 291 were common to both.
Since all mice had the same genetic
background, this pattern is likely to
result from differences in pathogenetic
mechanisms, possibly related to the
nature of the allergen and/or the
immunization route. Such data should
provide molecular epidemiologists and
clinicians interested in asthma with
spicy food for thought.

Enter arginine and its pathways
Intriguing findings also came from the
qualitative analysis of lung transcript
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