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IRS-I-Mediated Inhibition of Insulin Receptor 
Tyrosine Kinase Activity in TNF-a- and 

Obesity-Induced Insulin Resistance 
Gokhan S. Hotamisligil,* Pascal Peraldi, Adriane Budavari, 

Ramsey Ellis, Morris F. White, Bruce M. Spiegelman-1 

Tumor necrosis factor-a (TNF-a) is an important mediator of insulin resistance in obesity 
and diabetes through its ability to decrease the tyrosine kinase activity of the insulin 
receptor (IR). Treatment of cultured murine adipocytes with TNF-a was shown to induce 
serine phosphorylation of insulin receptor substrate 1 (IRS-I) and convert IRS-1 into an 
inhibitor of the IR tyrosine kinase activity in vitro. Myeloid 32D cells, which lack endog- 
enous IRS-I , were resistant to TNF-a-mediated inhibition of IR signaling, whereas trans- 
fected 32D cells that express IRS-1 were very sensitive to this effect of TNF-a. An 
inhibitory form of IRS-I was observed in muscle and fat tissues from obese rats. These 
results indicate that TNF-a induces insulin resistance through an unexpected action of 
IRS-I to attenuate insulin receptor signaling. 

Insulin resistance, a smaller than normal 
response to a glven amount of insulin, is a 
comlnon pathological state frequently asso- 
ciated with a number of diseases, including 
chronic infection, cancer, and obesity ( 1 ,  
2) .  In the  case of obesity, insulin resistance 
is a ~ l b i q ~ ~ i t o ~ ~ s  correlate and predisposes the 
obese individual to the most deleterious 
consequences of this condition, such as car- 
diovascular compl~cations and, especially, 
non-insulin-depelldent diabetes lnellitus 
1NIDDbI) 13 ) .  However, the lnolec~llar 
lnechanisms responsible for the decelop- 
ment of insulin resistance In ohesitv are not 
well understood. 

Overexpression of TNF-a  fronl adipose 
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tissue is a colnlnon feature of many different 
rodent ~nodels of obesity (4 ,  5). Increased 
TNF-a  expressloll in adipose tissue is also 
present in human obesity and correlates 
with the extent of obesity and the level of 
hyper~nsulinemia, a n  lndirect nleasure of 
ins~llin resistance (6). h'foreover, neutrallza- 
tion of TNF-a  in obese and insulin-resist- 
ant rats improves IR signaling and insulin 
sensitivity of peripheral tlssues, demonstrat- 
ing that TNF-a  interferes m ~ t h  insulin ac- 
tion in this dlsease 14, 7). 

Binding of insulin stimulates the intrin- 
sic tvrosine kinase of the IR, which results 
in autophosphorylation of the P subunits on  
tyrosine residues and subsequent phospl~o- 
rylation of insulin receptor substrate 1 
(IRS-1) (8). O n e  lnechanis~n by which 
TNF-a  interferes with insulin action is 
through its ability to inhibit these proximal 
steps in IR signaling in hot11 cultured cells 
and whole animals (7 .  9 ,  19). Treatment of 
adinose cells with TNF-a  nroduces a de- 
crease in both insul~n-stimulated IR auto- 
phosphorylation and subsequent tyroslne 
phospllorylation of IRS-1 (9 ) .  Sim~lar  re- 
sults have also l ~ e e n  obtained with cultured 

hepatollla cells, ~nuscle cells, and fibroblasts 
(1 3-1 2) .  T h e  tillle course of TNF-a  effects 
on  IR signaling, however, is variable in 
these different cell types. 

TNF-a lnitlates a cascade of signal trans- 
duction events through the activation of 
multiple proteln klnases (1 3 ) .  W e  therefore 
examined whether TNF-a also induces alter- 
ations in the phosphorylation of IR or IRS-1 
or both. W e  metabolically latleled 3T3- 
F442A adipocytes with ["P]orthophosphate 
and determined the pl~ospl~orylation pat- 
terns of IR and IRS-1 before and after 
TNF-a treatment. As expected, ~nsulun- 
stilnulated a ~ ~ t o p h o s p l ~ o r y l a t i o ~ ~  of the IR 
and phosphorylation of IRS-1 were reduced 
111 TNF-a-treated adlpocytes (Fig. 1A).  A n  
Increase (-threefold) in IRS-1 phospl~oryl- 
ation was apparent in TNF-a-treated cells 
compared ~ v i t h  the controls. There n7as no 
detectatlle tyrosine phosphorylation of IRS-1 
without insulin stimulation. However, we 
otxerved two proteins, pl2O and $19, that 
Lvere tyrosine phosphorylated upon TNF-a 
stimulation. T h e  identlty of these protelns is 
currently unknown. Pl~osphoamino acid 
analysis of IRS-1 isolated fro111 control and 
TNF-a-treated cells revealed that the TNF- 
a-induced phosphorylatlon of IRS-1 oc- 
curred exclusively on  serine residues (Fig. 
1C). N o  pl~os~horylat ion of IRS-1 was de- 
tected in control adipocytes. 

Phosphorylation of IRS-1 on serine and 
threonine res~dues interferes ~ v l t h  the sub- 
sequent insulin-stimulated tyrosine phos- 
phorylation of IRS-1 by the IR (1 4 ) .  Treat- 
ment of adipocytes with okadalc acid, a 
protein phosphatase i n h ~ b ~ t o r ,  which results 
in increased serine and threonine pllos- 
phorylation of IRS-1, also reduces the ca- 
pacity of IRS-1 to be phosphorylated by the 
IR and induces a state of cellular ins~llin 
resistance (14).  W e  therefore asked wheth- 
er the ser ine-pho~phor~lated IRS-1 froln 
TNF-a-treated cells can be phospl~orylated 
normally by the IR after insulin stimulation. 
IRS-1 was ~mmunoprecipitated from con- 
trol and TNF-a-treated cells and Incorpo- 
rated 111 a n  in vltro kinase assay with par- 
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tially purified IRs from untreated 3T3- 
F442A adipocytes. Insulin-stimulated phos- 
phorylation of IRS-1 isolated from TNF-a- 
treated adipocytes was reduced (40 to 60% 
in three experiments) compared with the 
IRS-1 isolated from control cells (Fig. 2). 
To test whether this decrease in insulin- 
stimulated phosphorylation was the result 
of TNF-a-induced serine phosphorylation 
of IRS-1, we incubated the IRS-1 samples 
with calf intestinal alkaline phosphatase be- 
fore adding the samples to the in vitro 
kinase assay. This treatment resulted in a 
recovery of IRS-1 phosphorylation upon in- 
sulin stimulation, whereas heat-inactivated 
alkaline phosphatase had no effect. These 
results suggest that TNF-a-induced phos- 
phorylation of IRS-1 is an important com- 
ponent underlying the reduced capacity of 
IRS-1 for accepting insulin-induced phos- 
phorylation (Fig. 2). 

Given the well-established role of IRS-1 
in signaling downstream from the IR, the 
reduced insulin-stimulated phosphorylation 
of IRS-1 as a result of the TNF-a-induced 
modification can theoretically explain some 
of the defective IR signaling in TNF-a- 
treated cells. However, TNF-a treatment 
reduces both insulin-stimulated IR auto- 
phosphorylation and phosphorylation of 
IRS-1 (9, 10) (Fig. 1). We therefore con- 
sidered the possibility that the modified 
IRS-1 might not only interfere with propa- 
gation of insulin signaling downstream of 
the IR, but might impair the activity of the 
IR tyrosine kinase. We examined the insu- 
lin-stimulated autophosphorylation of the 
partially purified IR in the presence of 
IRS-1 isolated from control and TNF-a- 
treated adipocytes. We observed a decrease 
(60 2 14% in five experiments) in insulin- 
stimulated IR autophosphorylation when 
exogenous IRS-1 from TNF-a-treated cells 
was added to the kinase assay (Fig. 3A). 
This effect appeared to be specific for IRS- 
1, because no differences were detectable 
when comparable immunoprecipitations 
were prepared from control and TNF-a- 
treated cells with preimmune serum or pro- 
tein ASepharose beads alone (Fig. 3A). 
The quantity of IRS-1 protein added from 
the control or TNF-a-treated cells was sim- 
ilar (Fig. 3). The decrease in insulin-stimu- 
lated IR autophosphorylation was evident 
at all time points between 5 and 30 min 
(12), indicating a difference in the absolute 
rate of IR autophosphorylation in the pres- 
ence of IRS-1 from TNF-a-treated cells. 

Incubation of immunoprecipitated 
IRS-1 with calf intestinal alkaline phos- 
phatase before the kinase reaction resulted 
in the loss of the inhibitory action of IRS-1 
toward the insulin-stimulated IR autophos- 
phorylation, and this effect was observed at 
all time points examined (Fig. 3B). These 
results demonstrate that after its phospho- 

666 

rylation resulting from treatment with 
TNF-a, IRS-1 acquires an inhibitory activ- 
ity toward the IR tyrosine kinase. 

We also studied the effect of TNF-a on 
IR signaling in the myeloid 32D cell line 
which lacks endogenous IRS-1 and the re- 
lated protein IRS-2/4PS (15). To monitor 
the involvement of IRS-1 in TNF-a-medi- 
ated inhibition of IR signaling, we used 32D 
cell lines that ectopically express only the 
IR (32D-IR) or both the IR and IRS-1 
(32D-IR + IRS-1) and examined insulin- 
stimulated IR phosphorylation after treat- 
ment of the cells with TNF-a. In cells 
expressing only the IR; the amount of insu- 
lin-stimulated tyrosine phosphorylation of 
the p subunit was unaffected by TNF-a at 
doses ranging from 0.5 to 100 ng/ml (Fig. 
4). In contrast, in 32D cells expressing both 
IR and IRS-1, TNF-a treatment resulted in 
inhibition of insulin-stimulated IR auto- 
phosphorylation. Diminished insulin-stimu- 
lated IR autophosphorylation was apparent 
in these cells at TNF-a doses as low as 0.5 
ng/ml and was -80% at 100 nglml (Fig. 4). 

Insulin-stimulated IRS-1 phosphorylation 
was also reduced after TNF-a treatment of 
these cells (12). The amount of IR protein 
was not changed under these conditions 
(Fig. 4). These data provided genetic evi- 
dence that the inhibition of IR signaling by 
TNF-a is dependent on the presence of 
IRS-1 in intact cells. 

In obese animals, TNF-a plays a key role 
in abnormal IR signaling and systemic in- 
sulin resistance (4, 7). We therefore asked 
whether an inhibitory form of IRS-1 was 
present in tissues of obese and insulin-resist- 
ant animals. We examined the insulin-stim- 
ulated autopho~phor~lation of partially pu- 
rified IR in the presence of IRS-1 isolated 
from tissues of lean and obese falfa rats. 
Insulin-stimulated IR autophosphorylation 
was reduced in the presence of IRS-1 iso- 
lated from fat (40 to 50%) and muscle (30 
to 40%) tissues of obese animals compared 
with that in the presence of IRS-1 from 
lean controls (Fig. 5A). In contrast, little or 
no difference was observed in IR autophos- 
phorylation when IR was incubated with 

Fig. 2. Reduced IR-mediated phosphorylation of IRS-1 source c T c T TAP TAP" 

IRS-1 obtained from TNF-a-treated cells. IRS-1 Insulin - - + + + + 
was immunoprecipitated from total cellular ex- 
tracts (5 mg) prepared from control (C) or TNF-a- C 

- - . Phospho- 

treated (T) adipocytes (9). lmmunoprecipitates of IRS-1 } protein 

IRS-1 were resuspended in tris-EDTA buffer and , , - - - - 3 Total 

incubated with active (lane TAT or heat-inactivat- protein 
1 2 3 4 5 6  

ed (lane TAPA) calf intestinal alkaline phosphatase 
(20 U, as described by Stratagene) for 30 min at 25°C for dephosphorylation reactions, washed five times 
with RlPA buffer [I 50 mM NaCI, 10 mM phosphate buffer (pH 7.0), 1 % NP-40,l% sodium deoxycholate, 
0.1% sodium lauryl sulfate], and resuspended in 20 p1 of reaction buffer A 150 mM Hepes (pH 7.6), 
0.025% Triton X-100, 5 mM MnCI2+, and 50 pM adenosine triphosphate (ATP)]. Insulin receptors were 
partially purified by wheat-germ (Vector Labs, California) affinity chromatography from fully differentiated 
control 3T3-F442A adipocytes as described (9), activated by insulin in the presence of 5 mM MnCI2+, 50 
pM ATP, and 20 pCi [Y-~~PIATP, and incubated with immunoprecipitated IRS-1 from control or TNF-a- 
treated cells for 30 min. The reactions were stopped by addition of Laemmli buffer followed by boiling for 
2 min. The samples were analyzed by SDS-PAGE followed by autoradiography. 

Fig. 1. TNF-a effects on (A) basal IP Anti-1R Anti-IRS-1 Anti-pTyr 
and insulin-stimulated phosphoryl- Insulin - - + + - - + + - - + + 
ation of insulin receptor (IR) and in- T N F - a - + - +  - + - +  - + - +  
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phospho- 
protein 

sulin receptor substrate 1 (IRS-I), 
(B) total protein quantity of IR and 
IRS-1, and (C) phosphoamino acid A 
composition of IRS-1 in cultured 
adipocytes. 3T3-F442A adipocytes 

r a- 
IRS-14 I w  

, 

IR-. .)- 

were grown and differentiated as 
described (9). Control and TNF-a- " " ] TO"' 

treated adipocytes (79) were meta- .- protein 
bolically labeled with radioactive or- ' ! Blot Anti-IR Anti-IRS-1 

thophosphate, stimulated with in- 
sulin, and protein extracts were C 
prepared as described (9). Immu- 
noprecipitations (IP) were then 

% Fl ! Phospho- 
1 ~ s - 1  amino acid I -- (-1 0 

done with polyclonal antibodies to Control TNF-a 

IR and IRS-1 and a monoclonal an- 
tibody to phosphotyrosine (anti-pTyr). Proteins were resolved by SDS-PAGE (7.5% polyacrylamide), 
transferred to nitrocellulose, and identified by autoradiography. The same filters were used to determine 
IR and IRS-1 protein concentrations by protein immunoblot analysis (Blot) (9). For two-dimensional 
phosphoamino acid analysis, prottins were blotted on lmmobulon membranes (Millipore); the IRS-1 
bands were isolated after autoradiography and analyzed as described (20). The predicted migration 
patterns of the respective amino acids are indicated (S, serine; T, threonine; and Y, tyrosine). 



IRS-1 immunoprecipitated from liver or ated with precisely those tissues from obese 
spleen (Fig. 5A). This inhibitory action of animals in which TNF-a has been causally 
IRS-1 obtained from fat and muscle tissues linked to insulin resistance. Taken together - 
of obese animals was prevented by enzymat- with previous data, these results strongly 
ic dephosphorylation of the IRS-1 before suggest that insulin resistance in obesity is, 
the kinase assay (Fig. 5B). These data show at least in part, the result of TNF-a-in- 
that an inhibitory form of IRS-1 is associ- duced inhibition of IR signaling mediated 

Fig. 3. Inhibitory effect of IRS-1 
from TNF-a-treated cells on insu- 
lin-stimulated IR autophosphoryl- 
ation (A) and removal of this inhibi- 
tory effect through dephosphory- 
lation of IRS-1 (B). IRS-1 was im- 
munoprecipitated from total cellular 
extracts (5 mg) prepared from con- 
trol (C) or TNF-a-treated (T) adipo- 
cytes with a polyclonal antibody to 
IRS-1 (anti-IRS-1) or with preim- 
mune serum (PI) or protein 
A-Sepharose (Pharrnacia) beads 
alone. Dephosphorylation of IRS-1 
immunoprecipitates was done as 
described (Fig. 2). Partially purified 
IRS from fully differentiated control 
3T3-F442A adi~ocvtes were acti- 

A Anti- Anti- 
~p ESZ!RS-1, PI , Beads 

Source C T C T C T C T 
1 

1 2 3 4  5 6 7  8 
IRS-1-1 - - - - 
Insulin - - + + + + + + 

Source ' C  T T ~ ~  C T T * ~  c T T~~ C T TAP 

0 . .  --rn-m-- I P ~ O S P ~ O -  protein 

--I(- 

vated by insulin'for i 5 min at 25°C Ins 0 rnin Ins 5  rnin Ins 10 rnin Ins 20 rnin 
and incubated with immunoprecipi- 
tated IRS-1 from control or TNF-a-treated cells in the presence of 5 pM ATP and 20 pCi [y-32P]ATP for 
15 rnin (A) or as indicated (B). The reactions were stopped by the addition of Laemmli buffer followed by 
boiling for 2 min. The proteins were then resolved by SDS-PAGE, transferred to nitrocellulose mem- 
branes, and analyzed by autoradiography. Protein quantities of IR and IRS-1 were measured by protein 
immunoblot analysis of the same filters with polyclonal antibodies to both proteins. 

Fig. 4. Effect of TNF-a on IR tyrosine phospho- 
rvlation in 32D-IR and 32D-IR + IRS-1 cells. 32D 
cells (16) were grown in suspension in RPMl 1640 32D-IF 
medium, supplemented with bovine calf serum 
(10%) and WEHI-3 conditioned media (5%) as a - - - - -  +Protein 

source of interleukin-3 as described (l!?). Cells (2 x 
lo7) were treated for 4 hours with the indicated 
doses of TNF-a, stimulated with insulin (500 ng/ml, 
+)for 3 min, washed in ice-cold PBS, and lysed in 32D-IR 

a buffer containing 1 % Triton X-1 00.150 mM NaCI, + lRs-l 1 - - 
50 mM Hepes (pH 7.4), 10 mM EDTA, 100 mM 
NaF, 10 mM Na,P207, 2 mM Na,VO,, 10 mM Insulin - + + + + + 
benzamidine, 2 mM PMSF, 20 mM leupeptine, and TNF-n 0 0 0.5 2 10 100 
aprotinin (1 00 pg/mi). Cell viability was tested with (ng/rn~) 
ttypan blue exclusion at all TNF-a doses. The IRs 
were immunoprecipitated for 90 rnin at 4°C and analyzed by immunoblotting with antibodies to phospho- 
tyrosine (pTyr) or the IR. This experiment is representative of four experiments that gavesimilar results. 

Fig. 5. Effects of IRS-1 from various A 
Fat Muscle Liver Soleen tissues of obese fdfa rats on insu- IRS-r source [ , , , , , 

7 
lin-stimulated IR autophosphoryl- L O L O  L O L O  L O  L 0 
ation (A) Protein extracts from fat, IRS-1 amount{ - - - - - - - -- -- - . 
muscle~liver. and spleen tissues of IR -, 

L- lean (L) and obese (0) 11 - to 12- 
< 0- 

week-old male Zucker rats were Insulin - - + +  - -  + +  - - + +  - -  + + 
prepared as described (21). IRS-1 B 
was immunoprecipitated from total IRS-1 source{ E-y3p Muscle OAP 

tissue extracts (5 mg) with a poly- 
clonal antibody to IRS-1. IR auto- IR PO, { --- I--- 
phosphorylation and protein quan- Insulin - - + + +  - - + + +  
tities were determined as described 
(Fig. 3). (6) Removal of the inhibitory action of IRS-1 from obese fat and muscle tissues by dephospho- 
rylation. IRS-1 immunoprecipitates were dephosphorylated with calf intestinal alkaline phosphatase 
before addition to the in vitro kinase assay as described (Fig. 2), and insulin-stimulated IR autophospho- 
rylation was measured. Protein quantities were determined by protein immunoblot analysis as described 
(Fig. 3). 

by a modified form of IRS-1. 
TNF-a is centrally important in animal 

models of obesity and insulin resistance (2). 
It is overexpressed from the fat of many 
animal models of obesity-NIDDM (4, 5) 
and is expressed in increased amounts from 
the fat of obese insulin-resistant humans (6). 
It plays a key role in the suppression of 
insulin action through its ability to inhibit 
IR signaling, as evidenced by neutralization 
experiments (4, 7, 9). TNF-a can also reg- 
ulate the cellular quantity of Glut4, as dem- 
onstrated in cultured cells (4, 16). Admin- 
istration of TNF-a to otherwise normal hu- 
mans or animals results in reductions in in- 
sulin sensitivity (17). Hence, it has become 
crucial to understand the detailed mecha- 
nisms of TNF-a action on IR signaling. 

The IRS-1-mediated inhibition of IR tv- 
rosine kinase activity could occur by direct 
or indirect interactions between the IR and 
IRS-1 (1 8). Serine-phosphorylated IRS-1 
might associate with the IR in a manner that 
blocks the autophosphorylation reaction. 
Alternatively, serine-phosphorylated IRS-1 
might act indirectly on the IR through an 
association with an inhibitor that acts on the 
IR in a stoichiometric or catalytic fashion. 
However, we have been unable to identify a 
distinct protein associated with IRS-1 from 
TNF-a-treated cells. 

These results suggest an unexpected role 
for IRS-1 in insulin action. In addition to 
its function in the activation of downstream 
responses to insulin, IRS-1 appears to par- 
ticipate in the inhibition of insulin action. 
This raises the question of whether IRS-1 
could play a role in the normal attenuation 
or termination of insulin action, outside the 
context of TNF-a or insulin resistance. 
IRS-1 is phosphorylated on serine and 
threonine residues, as well as tyrosine, upon 
insulin stimulation (8). It is possible that 
these phosphorylations serve to attenuate 
insulin action, before or after the key phos- 
photyrosines are removed by relevant ty- 
rosine phosphatases. Finally, it is conceiv- 
able that the cross-talk between TNF-a and 
IR signaling is an example of a general 
regulatory cascade for molecules that use 
IRS-1 or related molecules in their signal- 
ing cascades (15). 
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gj4gjf# [ !,;2zc:i i x ' i  p+i 1 $,:j\, /,q- verting calendar ages to 14C ages (4)] that  

a pre-Younger Dryas 11~ar111 peak occurred 
a t  around 11,100 'T years B.P., before full 

The Age of the Waiho Loop Glacial Event 

G e o r g e  H. Denton and C .  H. Hendy (1)  
cite evidence from a South Pacific island for 
global forcing of Younger Dryas climatic 
c o o l i ~ ~ g .  However, their interpretation of 
the  data can he challeneed; more likely, " , , 

earlier interpretations (2)  that the Franz 
losef Glacier in New Zealand's Southern 
Alps advanced before Younger Dryas time 
are st111 valid. 

Denton and Hendy derive a simple 
weighted mean age of 11,150 1 14 I4C 
years before present (B.P.) from 36  radio- 
carbon dates and accept this without sta- 
tistical testing. Following recommended 
procedures (3 .  4 )  a mean age of 11,130 i- 
20 "C vears B.P. can  he calculated. hut 
applying the  X' test for comparing multi- 
ple radiocarbon dates ( 3 ,  4 )  shows this is 
no t  a valid age. By rejecting those dates 
with the  largest individual X 2  values, a 
statistically inore valid weighted mean age 
of 11,180 ? 20 can he calculated. 

Denton and Hendp (1 ) allow for about 
l Q 0  vears of transvort time before mood 
depoiit ion hp the  glacier, and they reject 
earlier evidence of a local origin for the  
n.ood (2 ) .  Their  model requires that  a 
deposit w1t11 abundant  n o o d  fragments. 
some with hark attached ( 2 ) ,  survived 
about 8 km of supraglacial transport in  a 
high rainfall environment.  This  is highly 
unlikely, and a local origin for the  wood 
would be more parsimonious. Further- 
more, even if their model is accepted, 

allowing 100 years for transport is overly 
generous. A t  a modest glacier flow rate of 
1 m per day, it would take only about 20 
years for the  wood to travel the  suggested 
8 km. Thus,  it is Inore likely that  the  
glacier deposited the  dated material hefore 
11,100 years B.P., probably around 11,150 
to 11,180 "C years B.P. 

Denton and Hendp suggest the  Waiho  
Loop advance would have been widely 
represented in other  valleys. However, n o  
correlative of the  Waiho  Loop moraine is 
known from the  western parts of the  island 
(5). T h e  physiographic setting of the  ino- 
raine is no t  unique, and numerous valleys 
to the  nor th  and south should contain 
equivalent moraines, had they been depos- 
ited. This suggests it was a local e17ent and 
no t  representative of a widespread ad- 
vance of glaciers in  the  Southern Alps. 
This  is no t  u n ~ ~ s u a l ,  as in a similar setting 
in  s o ~ t h e r n  Chi le ,  a glacier has advanced, 
but not  surged, over 10  km down Se~no  
Exmouth since 1940, while adjacent gla- 
ciers have heen retreating. 

Direct correlation of the  Waiho  Loop 
advance with initiation of Y o ~ n g e ~  Dryas 
cooling is invalid as the  c l i ~ l ~ a t e  change 
that  led to  the  advance n~ould have 
o c c ~ r r e d  before the  advance itself, and 
thus before the  initiation of Younger Dry- 
as cooling. T h e  most accurately dated di- 
rect evidence (6)  for clirnatic oscillations 
around 11,000 "C years B.P. shons  [coll- 

Younger Dryas cond~t ions  set 
In by 10,800 14C years B.P. Using the  age 
of 11.180 "C vears B.P.. one  can onlv 
conclilde that  ;he Waiho  Loop glacial 
event  and the  climatic changes tha t  trig- 
gered it were not  coincident with Younger 
Drpas climate cooling in  the  N o r t h  At lan-  
tic region. 

T h e  interpretation of Denton and 
Hendy of a Younger Dryas age advance of 
Frail2 Josef Glacier is unwarranted and ear- 
lier suggestions (2 )  that the  Wail10 Loop 
moraine was constructed before Younger 
Drpas time remain the  most secure interpre- 
tation of the data. Evidence fro111 this site 
should not  be used to demonstrate global 
forcing of the  Younger Dryas cooling event. 
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