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Blocked Ras Activation in Awe~pgie GB4+ B Cells 
Patrick E. Fields, Thomas F. Gajewski, Frank W. Fiteh* 

T cell anergy is a state of functional unresponsiveness characterized by the inability to 
produce interleukin-2 (IL-2) upon T cell receptor stimulation. The mitogen-activated pro- 
tein kinases ERK-I and ERK-2 and the guanosine triphosphate-binding protein p21 Ras 

were found to remain unaclivated upon stimulation of anergic murine T helper cell 1 
clones. The inability to activate the Ras pathway did not result from a defect in association 
among Shc. Grb-2, and murine Son of Sevenless, nor frorn a defect in their tyrosine 
phosphorylation. This block in Ras activation may lead to defective transactivation at 
activator protein 1 sites in anergic cells and may enable T cells to shut down IL-2 
production selectively during anergy. 
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St imnlat lon of T ly~~il?lii)i\-te\ ~ ~ I I - O I I P ~ I  rile 
T cell receptor (TCIR) in rhc ahsence i>t ,I 
a e i o n i ~  cc~srllnul:~corv sign,ll reiult. 111 a 
long-term, t~lllcr1~1nally 11~~lircqpol1~1ve jtnte 
rtl-mecl ,inergv (1 ) .  T cell n n e r q  1s charac- 
rerl:eii by the ~n~ibl l i ry  to pruLll~ce the CIII- 
tc>cr~l~t.  2ron.tl1 tacror IL-7. Trro,ine rl~ils-  
phc~rylarion parrern\ are alrcrecl ,itter T C K  
srllln~~lntic>l~ of ~ n e r g ~ c  T cell,, i l n p l ~ c ; ~ r ~ l ~ p  
a11 earl) signal r ra l~s i i~~i t lc>n Jetecr ( 2 .  3) .  
TrCillaac rl\.arii~n ,it the ; T i  t i \ .~r lny prore111 1 
( 1 )  s i r  or l t e  in rlie 5' IL-2 yzne 
en1l;incer i. a1.o ilefecti\-e in ,incrgic cells 
(4). Xctlvarlc>n of p2l1'.'- nc>rmally cc~uple. 
T C K  \rlluulatlol~ tc1 r r ,~m, i c r lva t~ i~n  1ly 
.4P-1 ancl orlier transcriptlc~n i'nctc)r rllar 
r e ~ u l a r e  IL-2 sene trnn\criprion. Aecau\e 
,Ictlr.arl~>n oiR,ls 1-e~luires e,~rl\-  t \-ro,~ne plios- 
plic~ry1,lrlc)n el-ent,, a rdrgeteil Illoil< of Ra.; 
a c r ~ \ . a t ~ c ~ n  ~n ,lncl.g\- lliiglit rccc>nclle the 
13 re \~~ i>~~ , ,  ol-ccrr atic>~ls ~al rerar io~~s in 
TCR-prosinla1 tyrlblne l~ l i c> ,~ph~~rv la t~ t ,n  
all(i t11e ii~>\vll\trecllll I1lc1il< ill t r a l l ~ c r l ~ ~ t l ~ > l l -  
,il acrlvir\- in ;iner!+!ic cells. T o  rcqt rile hr - 
p o r l ~ e \ ~ s  rli:lt R,I\ t~ lnct lon I \  alrerecl in an- 
el-q\, n.c ex,imineLl Rni act~r.nriull ~n the 
murine T llclpcr cell 1 (TI-,I) clone pGL10 
. l u r ~ n ~  T C R  ~ r l m ~ ~ l a r ~ o n  (5 ) .  

.Anfry\. \\.;is ~ n i l n c c ~ l  in this clone 1'1 
.tllll,ll<1tl(>ll \v1t11 alltll~ocl\- re> CL13 ~lllc>lli1- 
clL)ilCal a~lr i Ix)~i \ .  (111.411) 145-2Cl 11% \ \ - l~lch 

ivcih L I I I I ~ ~ ~ > ~ ~ ~ L I : c ~ I  c ~ l i  ~ I S ~ L I ~  culture dlslles 
(Fit. 1, -4 a 1 ~ 1  R )  ( 3 ) .  \X;lie~i r t > r l ~ l ~ ~ ~ l a r e ~ i  
ivith an t lyc l~  (o\.all>nli~in) plui antigcn-prc- 
sentiny cells ( .Arc \ ) ,  rlhe ancrg~:eii c lo~ ie  
( l ~ e i  l i ~ > r  pr(>l~fer~ir t  ( F I ~ .  lAA) or p r c ~ i l ~ ~ c e  IL-2 
(Fig. I R )  (6). T h e  cells nzt rc  \yecltlc,ill\- 
iletcct~\.e In thelr al3lllry to prcducc IL-2 
anil proliterare, a rlicv accrercil amnllnte of 
~nrer ierc~n y r11,ir liere cc1mp,1r~ihle rc 
a11lo~111ti ~ e c r e r e ~ l  I , j  cc~l~rrol  cells up011 rc- 
. ; r im~~la r lo l~  (Fiy. 1 A ) .  T11e nnres1~onsir:e- 
11ess \\-cl> 11c1t clrrrl l~~lr ' l l~le re1 <llter'lti(1lIs I l l  

espre\\loli o t  cell urfL1ce prc>telll,q a;sc~ciatcil 
\\.it11 T cell ,icrlv,itic>n ( T C K a P ,  CL33, 
CL345, aliil C D 4 ) ,  as rllese crnteln, \\ere 
comyaral-ly e s l ~ r c s ~ e d  on  col~rrol ancl aner- 
g c  cell. (7) .  Tlieie ii<ita are cc1n\istenr \\.it11 
clara in orllcr pnl~11,~lle~l rep~)rtb (1 , 3 ,  6). 
iinerql:cd pGLl0  cclls \\.ere ca l~a l~ le  o t  pro- 
l i te r~i r~ny i l l  response rc> esc1genc1u\ IL-2 ( F y .  
1.4), as reporteJ 13v c~r l~e r  l~ibor~iror~es  ( 1  ) .  

.\nerg~c TH 1 cells l i ,~ve altered TCR-  
~ n ~ i u c c ~ i  p r ~ ~ r e i n  tvroaine pl~~~syllol-!.lation, 
~ n c l u ~ i i ~ l g  n s~thstnl~rlal  reiiuct~ollln rlle plic~s- 
yliorylarion o t  ti\-o prorelns of ,lpp,lrent 
m a s  of 47 ,111~1 44 kD (3).  \X7e \u\pecte(I 
that tliccc prorcinc mighr he the 111lr~1:en- 
,~crir.,iteil proreln (L l i iP )  klna\es ERK-1 
~ 1 1 ~ 1  ERK-2, so 1r.e dlLl immunc>l~lar an,ily,ls 
of EKK i ~ l ~ m n l ~ o ~ ~ r c c i ~ ~ ~ r ~ a t e ~  (IPs) (9) .  C(>n- 
trol and alneri'ii pGL10 cell\ n-ere srlmular- ,- L 

cd 13\ a11rih(~~ly-me~iiarei1, \c~lul~le  ern\\-1inl;- 
1 1 1 0 1 f  C D J  tiyether \\-1t11 rlie coreceprc>r, - ' 

E a i  Ma, n s t t ~ t e .  Cepartl-iait of Fatiiocg) C!'ir!erst) ct ~ 1 5 4  ( T C R  + CL7.i) (12) .  sllcll ,t l l l l l l l~rloll  
C1ica;o Ciiicagc, L EC637. J S 4  

Sa,e,r!sxl, De,~a,tl.e,ltct Se~tloi. of ie. of cmr ro l ,  1 ~ 1 t  nor allergic, 13GLlO cells 
inatolcg,, Ol-cclog:, U~ii;~el-sit, c f  CPicago Cl-l~cagc I _  i l l i i~lce~l tySt>i l~~e p 1 l o ~ p h ~ ~ ~ ~ l i l ~ l 0 l l  of bt>tll 
6 3 ~ 3 -  IJSA ERK-1 ;inL\ ERK-2 (Flg. 1 C ) .  In  ;i~lilitlon. 
TC .:!PCI-IT co~res:cn~eice s~?o~~l:l lbe ad3 essec \ucil ~r lmul , i t l~>n ~ n ~ l ~ ~ c e i i  a h l f t  111 th? elec- 

tc t,ie :scr<. T Eehreis 81i;l i\il MescIie~ tor ?riticaIl) 
re!ie.s-~g ti-e ~nai-~.script _.  C,iiodett, S Earcia 
ai-d S Seiffat fol  expe't technical asssta'ice aiid 
i\l K Jei-kns for i i a i )  ~ ~ ' l ~ : a I ~ l e  c11sc~~ssio1-s. S-11;- 
pcl-ec I:, a gra'it tl-GI-i h H  1129A3'EE9: as v,!e as 
t~ i i c : ng  t r c r  tlie bliii-esota Artliritis F o ~ : i z ~ t i o n .  
A M is a e?pe ' t  ,f a fe I lcv~!s i ip fc i~  the 4i iercai i -  
t a a i  FCL ~'datioi"crCai-cer Eeseac i D _ M is the 
rec~:iel-t cf aii lnS~~estigatcl- A>varz frcl-- t - e  National 
Arti-rits Fo~liiciation 

rriipllo~erlc m(1l.illtics of these prc>teins (11nlv 
ln ci111trc~1 cells (Fig. 1 C ) .  Tyrorine phos- 
l \ l ? ~ r y l ~ r ~ o ~ ?  anil m o l ~ ~ l ~ t y  sliift c1f ERIC (a t -  
rrih~~rall le ro rl~rec>nlne ~lllosl~linr\.lar1ol1) 
h<i\.e 13ei.n assc>c~,ltecl \vlrh acrivatlon o i  tlil. 
ell:\ me ( 1 1 ) .  Illciecd, ,111otlicr group has 
cltmolirrarecl r l i ~ t  111cil1crio11 ot  ERK activ- 
ity 12 ~ ~ i ~ p ~ i l r e c l  111 a ~ l e r g ~ c  T cells, U.IIICII 
c c ~ r r ~ l ~ ~ ~ r , ~ t e s  rliese f111~i111gs (12) .  TO CX- 
ilude rile puso~lllliry r11;ir iiiffcrencec III kl- 
lletlco of rlie resp~lnse account i;r our oh- 
err-ations,  lunYer tllllcs c1t actlvarlon \yere 
e s a ~ i ~ i l ~ e i l .  E\.ell after o r ~ ~ ~ i ~ ~ l ~ ~ r l o ~ i  fL~r 45 
mill, tlhese e\.enri nrerc nor c1l~ser\-e~\ 111 

a l leyic  cells ( 7 ) .  C>rinytll fi>r 1 ro 2 \\reeks 111 

IL-2 has been s1ion.n to en ,~h le  aneryl:ecl 
cells ti> regam rlie ahillty to prc~l~tcrate allci 
prociucc IL-2 111 response ro TCK .;rlninla- 
rlon (1.4). This trearlllellt of anel-q~rl_eil 
pGL10 cl~allles the cells ro regain the al3ll- 
~ t r  tc> activate ERK as \yell (7) .  T h e  block 111 

ERK actlvat~c111 seen in pGLlI7 n.~is also 
cictectcii \vllen ; l l~o r l~e r  T,-,l clone, pGL2, 
ii-,~a sim~larly rc,teii ( 7 ) .  

Rec;lllse ot  the apparenr i i e p e ~ ~ ~ l e l ~ c e  of 
1L.V kinase :~cri\,ation upon Ras acr11-arinn 
( I - / ) ,  tllc in~ll~iliry ro actlvare h~l.4P blnace in 
anerqic clones \l~gpeareil a defect 111 K;I acti- 
\ ~ir~n11. Tlhe capacity of allergic clones to ac- 
tlvnrc Ras by TCR + CL14 orlmularlo~n vas 
tl~erefore tested (15). Srlmu1;itlon o i  co~ntrol 
pGL1O cells resnlrcci in a i cu~nu la t~on  of Ras 
in the <ualnc)sil~e t r ~ ~ ~ l ~ c ~ ~ ~ ~ l l a r e  (C3TP)-l~ouncl, 
or acrl\.e, form ( F I ~ .  2 ,  .A ;inJ R) .  Tills in- 
cre:ibe 111 G T P  I J L ~ I ~ ~ I I I F  \yas 111ax11lla1 at  5 1ll11i 

ancl returnccl ro restlng le\.cl.; hy 30 l l l i ~ i  (Fly. 
2R). I11 colirrar, TCK + CL74 .;tlm~~larion of 
anerglzcii clones reulreLi in no accumu1atii)n 
of Ras in rlle GTI1-bonllil f(>rm (Flg. 2 ,  .A and 
A ) .  Srlmulati(1n \\.it11 IL-2, altllollg11 c,~l.ahle 
c1t acrl\:arlng Ras in co11tr01 cells (Fig. ? A ) ,  
cilil nor activate Ras 111 i ~ ~ n e r g l ~  ce11'1 (Flg. ?.A), 
c~espire the a h ~ l i r ~  of these cells tc~ pr~llikrclrc 
~ i ~ l - ~ l l : ~ l l y  tc t l ~ s  g r c > ~ ~ t l ~  tactc>r (Fig. L A \ ) .  
Thu., a l r l l o ~ ~ g l ~  1L-2 c ~ ~ n  ~niiuce proliferarlL>~~ 
e ~ f  ~illerglc i?llb, ~r 111;iy act tllrouyli CI Raq- 
~~ i i l e~c l i i l en r  mtcllan~sm. T111a sug~ests tliar 
common component nscii by bc~tll the T cell 
alltiqen receptor a n ~ l  IL-2 receptor sptems fc~l-  

Ras acrlr-arlc~n may I3e a t,lrget of ancrgy. 
.At leaat t n . ~  possihle explanat~ons  can 

,~ccuunr  for clur ill~servatit>ns ct)ncernln,u 
RJS. ( I )  Ra\ ~ t \ e l f  1.; affecred in ,lncrgy, III 

snch a \iay that ~ r a  ahlliry elther to 13111~1 

G T P  or ti> be requlateil h\- guan~l le  n~1clcc1- 



tide exchange factors or guanosine triphos- 
phatase (GTPase) activating factors is im- 
paired. (ii) Upstream or immediate down- 
stream regulators of Ras are affected in such 
a way that nucleotide exchange or regula- 
tion of GTPase activity is impaired. In order 
to distinguish between these possibilities, 
we stimulated cells with phorbol myristate 
acetate (PMA), which has been shown to 
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Fig. 1. (A) Proliferation of control (solid squares) 
and anergic (open squares) pGLlO cells in re- 
sponse to antigen (ovalbumin) plus APCs. Also 
shown is proliferation of control (solid circle) and 
anergic (open circle) pGLlO cells in response to 
recombinant human IL-2 (20 U/ml) (Cetus). Incor- 
poration of THlthymidine was measured at 48 
hours (24). (6) IL-2 (squares) and interferon y (IFN- 
y) (triangles) production by control (solid symbols) 
and anergic (open symbols) pGLlO cells in re- 
sponse to antigen (ovalbumin) plus APCs. (C) De- 
fective activation of ERK-1 and ERK-2 in control 
and anergic pGL10 cells. Unstimulated (4 x 103 
(-) or TCR + CD4 stimulated (+) pGL10 cells were 
immunoprecipitated with rnAb to MAP kinase 
(MAPK) (Zymed, San Francisco, California). The 
immunoprecipitates were split and resolved under 
reducing conditions by SDS-polyacrylamide gel 
electrophoresis (PAGE) on a 9% gel. Approximate- 
ly 3.5 x lo7 cell equivalents were probed with the 
rnAb to phosphotyrosine, 4G10 (P-Tyr; bottom) 
(Upstate Biotechnology, Lake Placid, New York); 
and 5 x 1 O6 cell equivalents were probed with mAb 
to MAP kinase mAb (MAPK; top) (Zymed). 

activate Ras in T cells (16), plus the calci- 
um ionophore ionomycin. PMA + ionomy- 
cin induced Ras activation in both control 
and anergic cells (Fig. 2A). In addition, 
stimulation of anergic cells with the com- 
bination of PMA and ionomycin causes the 
production of IL-2 and proliferation (7, 17). 
Thus, Ras protein is capable of GTP bind- 
ing and nucleotide exchange, and the de- 
fect causing the inability to activate Ras 
observed in anergic cells may reside in fac- 
tors that regulate nucleotide exchange or 
intrinsic GTPase activity. We cannot ex- 
clude the possibility, however, that stimu- 
lation of these cells with PMA + ionomy- 
cin is able to overcome the effects of an 
alteration of Ras itself. 

It appears that regulation of Ras activa- 
tion is defective in anergic T cells. One 
potential mechanism implicated in TCR- 
mediated Ras activation is the stimulation- 
induced recruitment of the Ras-guanine 
nucleotide releasing factor (GRF) murine 
Son of Sevenless (mSOS) to the cell mem- 
brane, which involves the formation of a 
complex of mSOS with adaptor proteins 
Grb-2 and Shc; Shc is tyrosine-phosphoryl- 
ated and associated with the zeta chain of 

Fig. 2. (A) Defective Ras activation in anergic 
pGLlO cells. 32P-Labeled control or anergic cells 
(1 x lo7) were unstimulated (lanes 1 and 5) or 
were stimulated (stim.) by TCR + CD4 cross-link- 
ing (lanes 2 and 6), by recombinant human 11-2 
(1 00 U/ml) (lanes 3 and 7), or by PMA (50 ng/ml) + 
1 KM ionomycin (iono.) (lanes 4 and 8) for 5 min. 
Nucleotide binding was measured by direct scan- 
ning of beta radiation (AMBIS Systems). A stimu- 
lation index was calculated as GTP counts/(GDP 
+ GTP) counts x 100 (numbers at bottom). (B) 
Time course of Ras activation in control (solid 
squares) and anergic (open squares) pGL10 after 
TCR + CD4 stimulation. 32P-Labeled control or 
anergic cells (1 x 1 07) were unstimulated or were 
stimulated for different times by TCR + CD4 
cross-linking. The GTP/(GDP + GTP) ratio was 
calculated as in (A). (C) Shc tyrosine phosphoryl- 
ation and association with Grb-2 in control and 
anergic pGL10 cells. Control, or anergic pGLl 0 
cells (1 X lo7) were stimulated by TCR + CD4 
cross-linking for the times indicated at top (in min- 
utes). Cell lysates were immunoprecipitated with 
antiserum to Shc (Upstate Biotechnology), and 
immunoprecipitates were resolved by SDS-PAGE 
(12% gel). The gel was transferred onto nitrocel- 
lulose and blotted with mAb 4G10 (P-Tyr) as well 
as antisera to Grb-2 (Upstate Biotechnology). (D) 
Association of mSOS with Grb-2 in control and 
anergic pGL10 cells. Control and anergic pGLl 0 
cells were either unstimulated (-) or were stimu- 
lated by TCR + CD4 cross-linking for 5 min (+). 
Cells (2 x lo7) were lysed and subjected to im- 
munoprecipitation with either rabbit pre-immune 
serum (C) or antiserum to mSOS (Santa Cruz Bio- 
technology). The immunoprecipitates were re- 
solved by SDS-PAGE (1 0% gel) and transferred to 
nitrocellulose. The presence of mSOS or Grb-2 
was detected by immunoblotting (mAb to mSOS, Tra~ 
Cruz Biotechnology). 

CD3 upon TCR stimulation (1 8). To assess 
Shc function in anergic T cells, anti-phos- 
~hotvrosine and anti-Grb-2 immunoblot- 
L ,  

ting of immunoprecipitates was performed. 
TCR + CD4 stimulation of both control 
and anergized pGLlO cells induced a rapid 
induction of tyrosine phosphorylation of 
Shc protein as well as its association with 
Grb-2 (Fig. 2C). The Grb-2-mSOS associ- 
ation in anergic cells was assessed by immu- 
noblotting of anti-mSOS immunoprecipi- 
tates. In both control and anereic T cells. " 
Grb-2 was detected in anti-mSOS immuno- 
precipitates, which indicates that these pro- 
teins were coprecipitated, and their associ- 
ation was unaltered in anergic cells (Fig. 
2D) (19). The mSOS immunoblot of con- 
trol cell immunoprecipitates revealed a shift 
in the electrophoretic mobility of mSOS 
after TCR stimulation, attributed to serine- 
threonine phosphorylation of mSOS by 
MAP kinase (20). In stimulated anergic 
clones, we detected no mobility shift in 
mSOS, which is consistent with the inabil- 
ity to activate MAP kinase in these cells. 
Ras activation in T cells can also be regu- 
lated by Vav (21) or GTPase activating 
protein (GAP), but Vav was normally phos- 
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phorylated in anergic pGLlO cells and we 
detected no differences in expression of 
GAP between normal and anergic cells (7). 

Although many aspects of TCR signal 
transduction remain unaffected in anergic 
T cells, we show clearly that a defect in Ras 
activation persists in these cells, and acti
vation of this pathway is known to be re
quired for IL-2 gene transcription (22). We 
postulate that an early signaling defect re
sults in the inability to activate the Ras 
pathway upon T cell stimulation. This block 
in Ras activation may result in an inability 
to engage the transcription factors Fos and 
Jun, which drive transcription at AP-1 sites, 
thereby preventing IL-2 gene transcription 
in anergic T cells. The ability to regulate 
Ras activation in this way may be used by 
the immune system to specifically prevent 
IL-2 production while allowing other T cell 
functions to proceed. Determination of the 
precise target or targets in the TCR signal
ing cascade responsible for this block in Ras 
activation should provide important insight 
into the mechanisms involved in the main
tenance of T cell tolerance. 
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ecules have been reported to be less depen
dent on DM (2) than human class II mol
ecules (3). To evaluate the function of 
H2-M in vivo, we generated, mice lacking 
H2-Ma (Fig. 1, A and B) (4). H2-M a(5 
heterodimer formation is necessary for 
H2-M function, and in the absence of H2-
M a H2-Mp has a reduced half-life and does 
not leave the endoplasmic reticulum (5, 6). 

Splenocytes from H2-M+ / + (wild-type) 
and H2-M_ /~ (H2-M-deficient) mice were 
analyzed for H2-M expression with the use 
of indirect immunofluorescence (7). In H2-
M + / + mice, H2-M staining was located in 
vesicular structures (Fig. 1C), as described 
previously (6), whereas no H2-M staining 
was detected in cells from H2-M _ / - mice 
(Fig. ID). Costaining with H2-Ah mono-
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HLA-DM (DM) facilitates peptide loading of major histocompatibility complex class II 
molecules in human cell lines. Mice lacking functional H2-M, the mouse equivalent of DM, 
have normal amounts of class II molecules at the cell surface, but most of these are 
associated with invariant chain-derived CLIP peptides. These mice contain large num
bers of CD4+ T cells, which is indicative of positive selection in the thymus. Their CD4+ 

cells were unresponsive to self H2-M-deficient antigen-presenting cells (APCs) but were 
hyperreactive to wild-type APCs. H2-M-deficient APCs failed to elicit proliferative re
sponses from wild-type T cells. 


