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In mammals, insulin is the  principal hormone  controlling blood 
glucose and  acts by stimulating glucose influx and metabolism in 
muscle and adipocytes and  inhibiting gluconeogenesis by the liver. 
In  addition,  insulin modifies the expression or activity of a variety 
of enzymes and  transport  systems  in  nearly  all cells. Insulin action 
is mediated  through  the  insulin receptor, a transmembrane glyco- 
protein  with  intrinsic  protein  tyrosine  kinase activity. The level of 
tyrosine  kinase activity  reflects the  serum concentration of insulin 
and  appears  to  mediate  the  insulin response through  tyrosine phos- 
phorylation of the receptor  itself and  substrates like insulin recep- 
tor substrate-1  (IRS-l).l Non-insulin-dependent diabetes  mellitus 
is  due  in  large  part  to  insulin  resistance, a state  when  the  target 
cells no  longer  respond to  ordinary levels of circulating  insulin. To 
understand  the  mechanisms of control of normal metabolism, as 
well as the  pathogenesis of non-insulin-dependent  diabetes melli- 
tus,  it  is critical to understand  the  signaling  pathways used by the 
insulin receptor. 

Many  plasma  membrane receptors regulate cellular processes 
through protein tyrosine  kinases.  The receptor for insulin, like the 
receptors for epidermal growth  factor (EGF)  and platelet-derived 
growth  factor  (PDGF), contains  intrinsic  tyrosine  kinase activity 
(1). The  antigen receptor  on T and B cells, as well as receptors for 
growth hormone, erythropoietin,  and  several cytokines, do not  have 
intrinsic  tyrosine  kinase activity but  stimulate tyrosine phospho- 
rylation  by  association with cytoplasmic tyrosine kinases  like  Fyn, 
Tyk-2, or Jak-1  and -2 (2,3).  In  each case,  ligand  binding activates 
the associated  tyrosine kinases,  and for the receptor  tyrosine ki- 
nases most  evidence indicates  that  this  step  is  essential for biologi- 
cal activity. The  activated receptors frequently undergo  autophos- 
phorylation  on  tyrosine residues  in  the cytoplasmic domain. To 
propagate  the  signal,  many  autophosphorylated receptors  bind di- 
rectly to proteins  containing  Src homology 2 domains (SH2 pro- 
teins).  The binding of SH2  proteins  depends on the  amino acid 
sequence surrounding  the  tyrosine autophosphorylation site  in 
each receptor  (4). EGF  and  PDGF receptors  associate to  varying 
degrees with phosphatidylinositol (PI) 3'-kinase, p2lm"-GAP, phos- 
pholipase Cy, GRB-2 (an  adapter protein that links tyrosine ki- 

nases  to a ~ 2 1 ~ "  guanine nucleotide  exchange  protein), cytoplasmic 
tyrosine kinases  like c-Fyn and c-Src, and probably other  SH2 
proteins  in  various  cellular backgrounds.  Presumably, the  charac- 
teristic biological response of these  growth factors results from the 
exact  combination of interacting  SH2  proteins (5). 

An interesting  variation of this model is employed by the  insulin 
receptor. Insulin receptor  autophosphorylation stimulates  kinase 
activity, but  unlike  the  EGF  and  PDGF receptors, the  insulin re- 
ceptor does not  appear  to  have direct  associations with  SH2 pro- 
teins. In contrast,  the  activated  insulin  receptor phosphorylates 
IRS-1, a principle substrate of the  insulin receptor, on multiple 
tyrosine residues, which in  turn recognize and bind to  the SH2- 
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domains  in  various  signal  transduction  proteins (Fig. 1). The  PI 
3"kinase is  activated  when phosphorylated IRS-1 binds  to  the  SH2 
domains  in  its p85a regulatory  subunit, which establishes a direct 
molecular connection between circulating  insulin  and  this cellular 
enzyme  (6). Other  SH2  proteins including  SH-PTP-2 (7), GRB-2 (8), 
Nck (9), and  others associate with IRS-1 to  mediate  the pleiotropic 
insulin response  (Fig. 1). Interestingly, other  upstream  activators 
such as the  interleukin-4 receptor  also  utilize  IRS-1 (or a closely 
related  substrate) as an intermediate  in  signal  transduction (10). 
This review summarizes some of our current views of insulin re- 
ceptor  function and  the evolving role of IRS-1. 

The Insulin Receptor 
The  insulin receptor is present  in  virtually  all  vertebrate  tissues, 

although  the concentration varies from as few as 40 receptors on 
circulating erythrocytes to more than 200,000 receptors on adipo- 
cytes and hepatocytes. The receptor  gene is located on the  short 
arm of human chromosome 19,  is more than 150  kilobases in  length 
and  contains 22 exons, which encode a 4.2-kb cDNA (11). The  in- 
sulin receptor is composed of two a-subunits that are each  linked  to 
a @-subunit  and to each  other by disulfide bonds (Fig. 2). Both 
subunits  are derived from a single  proreceptor by proteolytic proc- 
essing a t  a cleavage site consisting of four  basic amino acids. There 
is one site of alternative splicing surrounding exon 11, which re- 
sults in two receptor isoforms dflering by 12  amino acids near the 
COOH terminus of the  a-subunit.  The  mature  heterotetramer 

contains complex N-linked carbohydrate side chains capped 
by terminal sialic  acid residues  and  migrates  with a molecular 
mass of 300400 kDa by SDS-PAGE. The  a-subunits  are located 
entirely  outside of the cell and  contain the insulin binding site(s), 
whereas  the  intracellular portion of the  @-subunit  contains  the 
insulin-regulated tyrosine  protein kinase (Fig. 2). The  insulin  re- 
ceptor  family contains two other  structurally  related molecules, the 
insulin-like  growth  factor  (IGF-1)  receptor and  the  insulin receptor- 
related receptor, an  orphan receptor for which  no ligand  has been 
identified  (12). This family shares more than 80% amino acid se- 
quence identity  in  the  kinase domain but has low amino acid se- 
quence identity  in  the  extracellular domain. 

The stoichiometry of insulin binding  lies  between 1 and 2 insulin 
moleculesfreceptor, and  the binding sites display  negative co- 
operative behavior. Affinity labeling,  epitope  mapping, and con- 
struction of chimeric molecules between the  insulin  and  IGF-1 
receptors  places the ligand  binding determinants  within  distinct 
regions of the first 500 amino acids of the  a-subunits (13).  High 
affinity insulin binding is  transferred  into  the  IGF-1 receptor by 
replacing amino acids 64-137  of the IGF-1  receptor a-subunit  with 
the corresponding residues from the  insulin receptor. Further  sub- 
stitution of residues 325-524 from the  insulin receptor into  this 
chimera  enhances  insulin binding;  remarkably, IGF-1 binding is 
retained  in  this  chimera because the cysteine-rich region contrib- 
utes  the principle IGF-1 binding determinants (13-15). 

The unoccupied a-subunit of the  insulin receptor inhibits  the 
tyrosine kinase activity of the  P-subunit. Removal of the  a-subunits 
by proteolytic cleavage or deletion mutagenesis, or certain point 
mutations  in  the  a-subunit (Are6 + Pro) relieve this inhibition. 
Insulin  and  EGF receptors  may use  similar  mechanisms for ligand 
regulation since the  insulin receptor kinase domain  linked to an 
EGF binding  domain  is stimulated by EGF (16). The  external li- 
gand binding  domain of the  insulin receptor is linked to  the tyro- 
sine  kinase by a single transmembrane  segment, which has broad 
tolerance for structural  changes or substitutions  (17,18). However, 
the  insulin receptor is constitutively activated by substitution of 
the  transmembrane  segment from the oncogene v-erbB-2, which 
contains a Val664 "-f Glu mutation (19); an analogous  point muta- 
tion (Valg3' - Asp) in  the  transmembrane  segment of the  insulin 
receptor  also partially  activates  the receptor kinase (20). 

Several functional  regions have been defined in  the P-subunit 
including the ATP binding  domain and autophosphorylation sites 
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to extracellular messengers and intracellular events. Yet a fourth 
mechanism of control may be employed by tumor necrosis factor-a, 
which causes insulin resistance in adipose tissue, possibly through 
inhibition of autophosphorylation and kinase activity (28). 

Protein tyrosine kinases invariably contain a COOH-terminal 
tail that extends beyond the end of the tyrosine kinase homology 

ODP- region  (Fig.  2). In  the EGF and PDGF receptor, the tail contains 
autophosphorylation sites that bind to SH2 proteins, but a similar 

vivo. The COOH terminus of the insulin receptor contains two 
autophosphorylation sites at Tyr1316 and Tyr1322, as well as the 
threonine and serine phosphorylation sites noted above. Short de- 

threonine residues (IRAMI, have no  effect on insulin-stimulated 
autophosphorylation in the other regions, insulin-stimulated recep- 

Ptdns-3-P function for the insulin receptor tail has not been established in 
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the cysteine-rich region, the  alternate  exon-11,  and  the  transmembrane- 
t by dieulfide  bonds. e  relative poeitions of the insulin binding  domain, 

s aunin region are shown. A partial list of naturally occurring mutations  in 

the right illustrates  the  identification of insulin-stimulated autoxp;: 
receptor are shown at the left of the figure. The  autoradi 

rylation sites in  t  tic  digests by se aration  on Wton PAGE gels (32). & ht 
peptide  bands (Z88) are shown Jong with  their  location  in  the ins& 
receptor p subunit. 

in the intracellular  juxtamembrane region (w"", and possibly 
Tyrs6" and T.yP"), a regulatory region (Tyr1Ia, Tyr1160, and 
'Qr1I6l), and  the COOH terminus (Tyr1316 and Tyr1322) (Fig.  2). 
Tyrosine autophosphorylation appears to occur through a trans- 
mechanism in which insulin binding to the a-subunit of one a& 
dimer stimulates the phosphorylation of the aajacent covalently 
linked &subunit (21). Autophosphorylation of all 3 tymsine resi- 
dues in the YXXXYY motif of the regulatory region stimulates 
kinase activity 10-20-fold (22). Mutation of 1,2, or 3 tyrosine resi- 
dues in this region progressively reduces insulin-stimulated kinase 
activity and results in a parallel loss of  biological activity (23,  24). 
Multisite phosphorylation of the analogous region in the receptors 
for IGF-1 and  the hepatocyte growth factor (c-Met) also activates 
these kinases. In many cultured cell lines the regulatory region is 
only bisphosphorylated during insulin stimulation, which may 
limit the amplitude of the insulin response; however, trisphos- 
phorylation predominates in rat hepatocytes, suggesting a mecha- 
nism for tissuespecific up-regulation of the insulin signal (25). 

The insulin receptor is phosphorylated on serine and threonine 
residues in the basal state and in response to stimulation of cells by 
phorbol esters, CAMP analogues, and insulin itself (26,271. Some- 
times serine phosphorylation decreases insulin-stimulated tyrosine 
kinase activity. The exact serine phosphorylation sites which are 
inhibitory are unknown, but might include Ser1293, Ser", and 
Thr1336. The enzymds) involved in receptor Ser/"hr 
phosphorylation in vivo remain uncertain. The combination of li- 
gand binding, tyrosine autophosphorylation, and serindthreonine 
phosphorylation provides three levels of control that  are sensitive 
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tor kinase activity, or biological activity (29,  30).  Deletion of 82 
amino acids from the COOH terminus (IRAs2) decreases insulin- 
stimulated autophosphorylation significantly, but again has little 
effect  on substrate phosphorylation or downstream biological  ef- 
fects (31). Thus, the COOH terminus may play a regulatory role but 
is not essential for signaling. 

The intracellular  juxtamembrane region of the insulin receptor 
&subunit is essential for signal transmission (Fig. 2). This region is 
encoded by  exon 16 of the receptor gene and contains several serine 
residues and at least one autophosphorylation site (-1, which 
resides in an N P X y 9 6 O  motif(32). Asimilar motif exists in the IGF-1 
and insulin receptor-related receptors. Replacement of TyPm with 
phenylalanine or alanine  impairs receptor signal transmission 
even though autophosphorylation in the other regions is normal 
and  the kinase activates fully in vitro (33,341. This appears to be 
due to an inability of these mutant receptors to mediate the phos- 
phorylation of endogenous receptor substrates, including IRS-1, in 
the intact cell. Overexpression of IRS-1 can rescue certain biologi- 
cal responses from the effects of mutations in  the juxtamembrane 
region.2  Tyrosine phosphorylation in the NPxySm motif  may be 
important for substrate selection, as EGF and PDGF receptors, 
which lack an NPXY motif, do not phosphorylate IRS-1.  AsnSs7 in 
the juxtamembrane region  may also be required for IRS-1 phos- 
ph~rylation.~ 

In addition to signal transduction, the insulin receptor mediates 
internalization of insulin. Endocytosis of the insulin-receptor com- 
plex leads to insulin degradation, while most of the unoccupied 
receptors recycle to the plasma membrane. After prolonged insulin 
stimulation, the receptor itself is degraded, resulting in receptor 
down-regulation and attenuation of the insulin signal (35, 36). 
Internalized insulin receptors are active catalytically as kinases, 
suggesting that insulin-stimulated internalization is important for 
signal transduction (37). At least two pathways for  endocytosis 
exist to varying degrees in all cells. The coated pit-mediated path- 
way requires a functional insulin receptor kinase, trisphosphoryl- 
ation in  the regulatory region, and two tyrosine-containing p t u r n s  
(GPLPS3 and NYEP60)  in the juxtamembrane region (38, 39). 
Autophosphorylation of wG0 and residues in the COOH termi- 
nus, however, are not necessary for internalization (40). Insulin- 
stimulated internalization appears to require specific and satu- 
rable interactions between the receptor and components of the 
endocytic system. Some cells contain a constitutive and nonsatu- 
rable internalization pathway, which  does not  require receptor au- 
tophosphorylation or an intact juxtamembrane region (38). The 
relative contribution by this latter pathway seems to vary between 
cell types but  is quite significant in Chinese hamster ovary  (CHO) 
cells. 

The Principal I n d i n  Receptor Substrate, IRS-1 
IRS-1 was initially detected in insulin-stimulated Fao hepatoma 

cells by immunoprecipitation with high afhity anti-phosphotyro- 
sine antibodies and was originally called pp185 based on migration 
during SDS-PAGE (41). It was purified and cloned  from several 
sources (42-47). The IRS-1 gene is located on chromosome  2q36-37 
in humans and contains the  entire 5"untranslated region and pro- 
tein coding  region in a single exon  (45). 

J. M. Backer  and M. F. White, personal  communication. 
T. Kadowaki,  personal  communication. 
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IRS-1  contains  21  potential  tyrosine phosphorylation sites, in- 
cluding 6 in Y" motifs, 3 in YXXM motifs, and  12 in other 
hydrophobic motifs (Fig. 3). IRS-1  also contains over 30  potential 
serindthreonine phosphorylation sites in motifs recognized by vari- 
ous kinases. Casein kinase-2  phosphorylates rat IRS-1 at Ser-99 
and Thr-502 (48), and  preliminary  data  suggest that purified MAP 
kinase phosphorylates  recombinant IRS-l.4  There is one potential 
nucleotide binding site near  the amino terminus of IRS-1 but  other 
sequences  predictive of protein  kinases  are  not  present (Fig. 3). 

At least 8 tyrosines in IRS-1 undergo  phosphorylation by the 
activated  insulin receptor, including residues 608, 628, 939, and 
987 which are in Y" motifs (49). The  methionine  residues at 
the  +1  and  +3 positions after the  tyrosine  facilitate phosphorylation 
by the  insulin receptor (50); however, other motifs are phospho- 
rylated including Y4601CM, VgSVNI, Y11721DL, and Y1222ASI (49). 
Thirteen  additional  tyrosine  residues  may be phosphorylated by 
the insulin receptor based on the proximity of an aspartate or 
glutamate  residue (Fig. 3). 

IRS-1 binds  several  SH2  proteins  through  its  multiple  tyrosine 
phosphorylation sites. The three-dimensional crystal  structure of 
various  SH2  domains  suggests  that binding specificity is  deter- 
mined by the  amino acid  sequence motif around  the phosphotyro- 
sine  residue (51). The PI 3"kinase was  the  first  SH2  protein found 
to associate with IRS-1. PI 3"kinase is composed of two subunits, 
a 110-kDa catalytic (p110) subunit  and an 85-kDa regulatory 
(p85a)  subunit, which possesses  two SH2 domains.  Both SH2 do- 
mains associate specifically with phosphorylated  IRS-1 in  the in- 
tact cell and  with  recombinant IRS-1 in vitro. This association is 
inhibited by peptides containing a phosphorylated Y" motif, 
but  not by unphosphorylated Y" peptides or the phospho- 
rylated peptide  containing a scrambled amino acid  sequence (6). 
Tyr608 may be the principle site of interaction between IRS-1  and 
p85; however, IRS-1 contains at least four sites that interact with 
the  SH2  domains of p85: Y60sMF" > y939MNM > y967MTM and 
Y4601CM (49). 

Insulin stimulates PI 3'-kinase activity in vivo via  the  interac- 
tion between the p85 subunit  and IRS-1  (52, 53),  but  it does not 
stimulate  tyrosine phosphorylation of p85 under  ordinary circum- 
stances.  Recombinant  phosphorylated  IRS-1 activates PI 3'-kinase 
with an EDSO  of 10 n~ in immuncomplexes from quiescent  CHO or 
NIH-3T3 cells (6). Synthetic peptides  containing a single phos- 
phorylated Y" motif also  activate PI 3"kinase but are less 
potent than IRS-1, whereas longer  peptides  containing two phos- 
phorylated Y" motifs are more  sensitive. These  data  suggest 
that activation of the PI 3"kinase occurs when both  SH2  domains 
are occupied with a phosphotyrosine in a YXXM motif, which is 
easily accomplished during association with IRS-1. SH-FTP2 (Syp), 
a protein  tyrosine  phosphatase that contains two SH2 domains, 
preferentially  binds to Tyr1172 in  IRS-1 (49). The association of 
SH-PTP2  with phosphopeptides  containing a consensus  binding 
motif (YVNI) activates  the  phosphatase (54, 55), suggesting a role 
for IRS-1 in the activation of this signal transduction p a t h w a ~ . ~  

GRB-2 is a small cytoplasmic protein that contains two SH3 

X J. Jun, R. Davis, and M. F. White, unpublished data. 
C. Walsh and B. Neel, personal communication. 

domains  and one SH2 domain that  binds to wg5 in  IRS-1 (Fig. 1). 
GRB-2 is thought to act as an 'adapter molecule" that links the 
guanine nucleotide  exchange  factor for p21" termed mSOS (ho- 
mologous to the Drosophila protein, son-of-sevenless (Sos)) to tyro- 
syl  phosphoproteins such as the  EGF receptor, IRS-1, and BCR-ab1 
(56, 57). The GRB-WmSOS complex thus  may  activate  p2lmS by 
stimulating  GTP binding. Microinjection of GRB-2 or p21" alone 
into fibroblasts has no effect on DNA synthesis,  whereas co-injec- 
tion of  GRB-2 and p21" stimulates cell proliferation (58). By.anal- 
ogy, the binding of  GBR-WmSOS to IRS-1  may  mediate  the  insulin 
stimulation of ~21"". Ras has been  shown to bind  directly  Raf-1 
serinehhreonine kinase, which in  turn  activates MAP kinase by 
phosphorylation and activation of the MAP kinase  kinase (59). 
Overexpression of GRB-2 in L6 cells increases  the  sensitivity of 
MAP kinase to insulin  stimulation  suggesting that GRB-2 is in- 
volved (8). Thus the binding of IRS-1 to GRB-2 might  be one path- 
way used  by  insulin to regulate Ras. However, alternate  pathways 
for insulin regulation of Ras may  exist,  including insulin-stimu- 
lated  tyrosine phosphorylation of Shc (60) or the  direct  binding of 
~21"" to the insulin receptor (61). 

IRS-1 is essential for some, if not all, of insulin's biological re- 
sponses.  Overexpression of IRS-1 in CHO cells increases  insulin 
stimulation of thymidine incorporation 2-fold (62). Conversely, re- 
duction of IRS-1 levels in CHO cells by expressing  antisense cDNA 
reduces  the response and  sensitivity of mitogenesis to insulin (63). 
Microinjection of recombinant IRS-1 into Xenopus oocytes reconsti- 
tutes  insulin  stimulation of PI 3'-kinase, MAP kinase,  S6  kinase, 
and oocyte maturation  (64,65). Coinjection of glutathione S-trans- 
ferase fusion proteins containing the  SH2  domains of p85 (GST- 
SH2M5) inhibits activation of PI 3"kinase and oocyte maturation 
by competing for association with phosphorylated IRS-1. Thus,  the 
pleotropic effects of insulin could be  mediated by the  interaction of 
IRS-1 with SH2-containing  enzymes and  adapter molecules as 
summarized  in Fig. 4. 

The fortuitous absence of IRS-1 from the 32D myeloid progenitor 
cells also demonstrates that IRS-1 is essential for insulin-  and 
interleukin-4 (IL-4)-stimulated  mitogenesis (10). In  several my- 
eloid cell lines, IL-4 and  insulin  stimulate  the phosphorylation of a 
185-kDa molecule termed  4PS  and this is associated with an in- 
crease in mitogenesis. The 32D line does not respond to insulin or 
IL-4 and also  lacks IL-4hnsulin-stimulated phosphorylation of 4PS. 
4PS has many  characteristics in common with IRS-1, but  reacts 
poorly with  antibodies  against IRS-1. Following expression of 
IRS-1, both insulin and IL-4 strongly stimulate IRS-1 phospho- 
rylation  and DNA synthesis in 32D cells (10). Since the IL-4 recep- 
tor does not  contain an intrinsic  tyrosine  kinase domain, the IL-4 
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FIG. 4. A potential network of insulin signaling pathwa s mediated 
thro h activation  of the hulin rete tor kinase and i&mphoryla- 
t i o n 3  IRS-1 or Shc. Protein phospho &on is indieatedgy A .  Several 
SH2 proteins are illustrated, including%yp (SH-PTF'Z), Nck, GRB-2, and 

HOS, which appears to regulate MAP kinase ~iMApK) through a cascade 
85a. GRB-2 links IRS-1 and  Shc to the  guanine nucleotide exchange factor 

involving a serindthreonine kinase (Raf-l), a MAP kinase kinase (MEKK). 
whereas it  stimulates ~ 7 0 " ~ ~  through a distinct cascade  involving IRS-1. 
Insulin is thought to stimulate p9Wsk through the MAP kinase cascade, 

The lycogen-associate8 protein hos hatase-l (PPG-1) appears to be acti- 
vatef by p90mh-stimulated phosptovfation, which places the insulin stimu- 
lation of lycogen synthase (GS)  and inhibition of phosphorylase kin?se 
( P W )  in t%e GRB-USOS pathway. The possible regulahon of glucose camer 
translocation and DNA synthesis are shown. 
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receptor  probably acts by recruiting and activating  a cytosolic ty- 
losine kinase distinct h m ,  but similar to, Jak-1, Jak-2, Fyn, or 
Qk-2 (Fig. 1). The specificity for interaction  with IRS-1 may  ema- 
nate from the cytoplasmic tail of the I M  receptor, which, like the 
insulin receptor, contains an Npxy motifthat is essential for IL-4 
signaling (661-6 

P h ~ ~ ~ ~ ~ ~ ~ ~  
The  function of the insulin m p t o r  and the structure of W 1  

begin to provide a rational b e w o r k  for understanding the pleio- 
tropic  effects of insulin on classic target tissues and  potential links 
to non-elassical targetrr such as the immune  system  (Fig. 4). It is 
not yet clear  exactly  what features of these molecules are essential 
for  metabolic and mitogenic responses and whether IRSl is emen- 
tial for all insulin responses. The availabiity of the Xenopus oocyte 
and 32D cell reamstitution systems provides an opportunity to 
m e r  some of these questions. The identification  of  novel  down- 
s h a m  signahg molecules,  which interact with the receptor 
and/or -1, will provide  new insighk into the mechanism  of 
Bignal transmission. So fm, IRSl appears to be an orphan mol- 
ecule;  however, a hint for the existence of TRS-2" comes  from the 
umhEL-4 sensitive myeloid  progenitor cells, which contain 4PS. 
The  preparation of genetidy engineered  mice that lack IRSI, if 
they are viable, should provide  excitement  for the future. 

Only  recently  have data begun to emerge on the physiologic and 
pathophysiologic signiklcance of the insulin mptor/BBl path- 
ways.  Both pmteins are regdated in  expression at the transerip- 
tional, translational, and post-txanslational  levels (67,68). Inter- 
estingly, IRSl protein  levels  appear  to be differentially regulated 
in different target tissues such as muscle and liver (67). Further- 
more, the activity of insulin remptom  and  IRS-1 is also regulated 
by their states of tyrosine and wrine phosphorylation, as well as 
potentially by the specific sites phosphorylated. New insights  into 
the pathophysiology and therapy of diabetes  and  other states of 
altered insulin action will no doubt result &om these emerging 
mcepts of the insub  action  pathway. 
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