
Substance P and related neuropeptides. A few landmarks f rom discovery t o  potential therapeutic relevance [(Z, 3,5,8)]. 

Substance P 
suggested as 
transmitter in 

sensory neurons 

serotonin or norepinephrine (the two neu- 
rotransmitter systems that are implicated 
in the actions of known antidepressants) in 
animals, nor do these clinically effective 
antidepressants block NKl receptors in vit- 
ro. However. additional data on the effec- 

Discovery of substance p lrnmunolocalization substance P precursor Discovery of NK1 Nonpeptide 
neurokinin B (substance P NK, antagonist 

substance P ,,in, acid sequence of substance P Substance P (= neuromedin K) preferring) 
in brain receptor heterogeneity 

Electrophysiological 
evidence for 
substance P 

neurotransmission 

tive clinicaldose will be needed because 
the 300-mg dose of MK-869 (which likely 
produces micromolar plasma levels) is ar- 
guably high, especially in view of the fact 
that NKI receptor blockade is seen at sub- 
nanomolar concentrations in vitro. As a re- 
sult, there will be some speculation as to 
whether NKI receptor blockade is the only 
molecular site of  MK-869 action in hu- 
mans with MDD. Moreover, the bulk of 
the animal data presented in (5) relates to 

Synthesis and 
testing of 

peptidic substance 
P antagonists 

acute doses, yet the clinical efficacy of 
MK-869 was expressed after 2 to 3 weeks, 
which does not appear to distinguish this 
compound from known antidepressants 

Discovery of 
neurokinin A 

(= substance K) 

and may suggest a "final common path- 
way" mechanism. 

An enticing possibility from the present 
study (5) is that a NKl antagonist might 
also be useful clinically as an anxiolytic 
agent; this warrants further investigation. 
On the basis of animal studies, substance P 
was already known to be present within 
neuronal circuits (amygdala, hypothala- 
mus) that mediate central stress responses, 
and it was suggested that a NKI antagonist 
might thus be useful to treat stress and 
anxiety (6, 7). In fact, another NK, antago- 
nist, GCP-49823, was discontinued in a 
phase I trial aimed toward treatment of  
anxiety. Interestingly, the clinical data with 
differential time course of antidepressant 
and anxiolytic actions of MK-869 [see (5)] 
do not exclude the possibility that the an- 
tidepressant effects of the NKI antagonist 
are independent of its anxiolytic effects. 

What lessons can be learned for the fu- 
ture discovery and development of pharma- 
ceutical agents? In the field of psychiatric 
drug discovery, with its shortage of reliable 
animal models, the argument of a tight link 
between animal and human data (5) will be 
well received. However, there will be con- 
tinued debate regarding which findings con- 
cerning neurotransmitter actions in animals 
have a clinical correlate. Only a fraction of 
the observations made in animals can be ex- 

Discovery of Cloning of depression 

I 

Cloning of Cloning of 
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tended to costly clinical trials, no matter 
how spectacular the animal data may be and 
how pharmacokinetically attractive the 
compounds at hand. Phenomenological ob- 
servations during the 1980s (changes in the 
levels of neuropeptides and their receptors 
after drug or other treatment in animals; 
changes in levels of neuropeptides or neu- 
ropeptide receptors during human disease) 
and the 1990s (comparison of a knockout 
mouse phenotype to human pathophysiolo- 
gy; the influences of genomic polymor- 
ph ism~ on function) are generally an insuf- 
ficient basis for making rational decisions. 

Finally, with respect to N K l  antago- 
nists, the pharmaceutical industry must be 
commended for its persistence. However, 
if this class of compounds indeed finds a 
role in the pharmacotherapy of depression, 
then the total expenditures must still be as- 
sessed on the basis of the many years of 

I 

NK, receptol 
antagonist 
alleviates 

research and failed clinical trials that vur- 
sued other (and arguably more intuitive) 
directions. 
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Routing MAP Kinase Cascades 
Elaine A. Elion 

C ells are constantly bombarded by ex- 
ternal signals that regulate their 
growth, differentiation, and stress 

level. To respond properly to these signals, 
eukaryotic cells assemble cascades of  
highly conserved protein kinases (mito- 
gen-activated protein kinases, MAPKs, 
and their activator kinases), which form 
the central elements of signal transduction 
pathways that lead to and activate tran- 
scription factors in the nucleus and other 
effectors throughout the cell ( I ) .  Cells 
contain multiple MAPK cascades that can 
use subsets of the same kinases yet acti- 
vate different effector proteins, depending 
on the stimulus. This sharing of kinases 
makes it critical that the cell properly 
route the various signals to prevent cross 
talk between pathways. Yeast cells seem to 
have solved this problem with the use of 
scaffolding proteins like Ste.5, by forming 
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multienzyme complexes with kinases that 
are used by more than one pathway and 
are therefore shared (2). On pages 1 67 1 and 
1668 of this issue, Whitmarsh et al. (3) and 
Schaeffer et al. (4)  extend this mechanism 

\ ,  

to mammalian cells by identifying two pro- 
teins, JIP-1 and MPl ,  that help route two 
different MAPK cascades. Their findings 
point to the universal function of scaffold- 
ingladapter proteins in the assembly of in- 
formatibn h&hways inside cells. 

The core elements of a MAPK module 
are three sequentially activated protein ki- 
nases, named after the last kinase in the se- 
ries (see the figure) (I). A module can be 
activated by multiple stimuli and more than 
one receptor. MAPKs and their activators 
MAPK kinases are quite homologous with- 
in their respective subgroups, while MAP 
kinase kinases include at least four sub- 
types-Raf, MEKK, mixed lineage kinases 
(or MLKs), and Mos. The six MAPKs, sev- 
en MAPK kinases, and seven MAPK ki- 
nase kinases thus far defined in mammalian 
cells, set the stage for potential cross-regu- 
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@tion between different sets of kinases (I), - numbers of enzyme:binding sites, present a 
Y& cells maintain exquisite specificity, with distinct units or attached to a pathway en- 
~ ~ l u l a r  signals reliably activating the zyme. The regulators may connect the top 

-!if oper target. Some of this pathway speci- and bottom components of a pathway, like 
icity can be accounted for by preferred in- Ste5, or subsets of them, like MPl. Al- 

teractions between kinases witbin a module though many regulators undoubtedly await 
and between MAPKs and their effector discovery, others may lurkas alreactyhown 
substrates (1, 5). But these interactions do enzymes. One candidate is MEK.1, whose 
not fully explain how signals are routed 
through only one pathway when the kinases 
can function in multiple pathways. 

The yeast Sacchammyces cerevisiae has 
provided important clues as to how MAPK 

, cascades with shared compo- 
nents may be segregated Yeast 
cells use the MEKK Stell  in 
their response to high osmolari- 
ty, and in mating and inwive- 
growth pathways, with the latter regulating a cellular respo 
two pathways also sharing PAK 
Ste20 and MAPK Ste7 (see the 
figure). Functional analysis sug- 
gests that these pathways are 
highly specific, despite the 
sharing of kinases (5). Ste5 is 
thought to regulate mating path- 
way specificity by simultane- 
ously binding Stell, Ste7 and 
the MAPK FUSS and enhancing 
Fus3 activity (6). Moreover, 
Ste5 binds the mating pathway 
G protein (7) and this interac- Kinase road map. Custom-designed scaffoldingladapter proteins route 
tion channels the pheromone MAPK modules in mammals (top) and yeast (bottom). 
signal through Stel 1 to Fus3 
(8). The MAPK kinase Pbs2 may perform tivation of JNKl by MKK7 and MLK3 

' 

an analogous function for the osmolarity when overexpressed. Remarkably, JIP-1 is 
pathway (9), for it associates with Stel 1, selective and does not bind to or enhance 
the MAPK Hogl, and Shol, the possible the activity of a variety of other MAPK cas- , , 

that seem to act in a simil 
mammalian cells, selectively enhancing ac- an entire pathway, but only predispose a fi- 
tivation of some MAPK cascade compo- nal destination. In vim, MP1 enhances a o  

JIP-1 is similar to Ste5, 
fines a novel class o 
molecules were identifi 
screening for protein-p 
that permits identificati 
out enzymatic activity 
characterized as a 

1626k32- .; 11 SEPTEMBER 1998 VOL 281 SCIENCE wwwsci 
Ld-":2sl-*+*., $2 . L  




