
Vd. 33 (Suppl), No. I. 1993 
Rintd in U.S.A. 

Transmembrane Signaling and T-cell 

ABSTRAClr. Activatioo of T cells .fter ligation of the 
mtigeb8pecUic T a l l  receptor initiates a cascade of met- 
abolic aod bkebemiul alteradons that cahnisrte in cell 
proliferation. The chaoges include a series of pbos- 
phoryhtioo reactbos on o m e r o ~  protein substrates, 
phphatidyIlwsito1 hydrolysis, iotmcehhu Cau rccll- 
mnhtion, geoe activath, lumphokioe receptor expression, 
lad lympbokioe secretion. Despite a great deal of work 
unrrveliog the strodwe of the T-cell receptor complex and 
the mrny biocheohl events triggered by ligation of the 
T d l  receptor, the exact link between the various re- 
spoases, is wt entirely defined. Nevertheless, abmmalities 
inmyoftbeseinithleventsmrybepresluwdtohavem 
impast on signal ~~ thereby d t i o g  in a T-cell 
immuoode-. SPeh defects may be &ed to cer- 
taio T-cell subsets or fanctions or represent more global 
defects. (Pediatr Res 33 (Suppl): S16419,1993) 

APC, maw-P==tinscell 
NF-AT, nuclear -or of activated T cells 
PLC, phospllolipase C 
PTK, proteia tyroshe kinase 
TCR, T-cell receptor 
(Ca2+), free c y t d  W 
hP* iowitol trisphphate 

For the purposes of this review, several aspects need to be 
considered. First, the activation of T cells is somewhat different 
from the activation of other cells. T-cell activation is dependent 
on cell-cell contact between an APC and the T cell. The ligand 
for the TCR is the peptide-MHC complex presented by the APC. 
Second, ligation of the TCR complex leads to expression of 
lymphokine receptorn and lymphokine secretion. This autocrine 
pathway results in T-cell proliferation. Third, in consideration 
of potential T-cell defects as a result of a &ding abnormality, 
we must also delineate whether only the T cells express a ~ c -  
ular protein required for activation or whether all cells express 
this protein but only T cells an dependent on it for normal 
hnction. 

For the most part, the defects considered are likely to be 
genetic in nature, leading to the early onset of symptoms of T- 
cell immunodeficiency. Acquired abnormalities of signal trans- 
duction could result fiom viral infection (e.g. AIDS) or drugs 
(e.g. the immunosuppresants cyclosporin A or FK506). 
1 illustrates one scheme for T-cell activation focusing on a 
number of presumed critical events. Abnormalities of signal 
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transduction can take several forms or be expressed on different 
cell types including the APC, the lymphokine-secreting cell, and 
the lymphokinereqmnsive cell. The defects may reside in expres- 
sion of critical surface molecules or receptors or pivotal enzymes, 
genes, or their enhancing proteins. The synchrony of all these 
events is required for the initiation and continuance of cell cycle 
progression and the general increases in protein, lipid, and RNA 
synthesis. 

To effectively present antigen, APC generate immunogenic 
peptides from the more complex parent protein. These peptides 
may then be bound to an MHC class II molecule, and it is this 
complex on the surf' of the APC that serves as the stirnulatory 
ligand for the TCR. The generation of immunogenic peptides 
and intracellular traf6cking of peptideMHC is slowly being 
unraveled. A series of mutant APC has been generated with 
defects in antigen presentation in spite of normal class 11 expres- 
sion ( 1,2). 

Several patients have been described with defective expression 
of HLA class I and class XI proteins (3-5). In general, these 
patients have near-normal mitogen-induced proliferative re- 
sponses but absent antigen-specific responses. 

A number of accessory molecules may play a role in efficient 
coupling of APC and antigen-specific T cells. These include 
CD28 on T &Is and its ligand on APC, and a variety of adhesion 
molecules, including ICAM-1 and LFA- 1. Defects in adhesion 
molecule expression have more commonly been associated with 
defective neutrophil function and not primarily with T-cell im- 
munodeficiency (6). 

LYMPHOKINE SYNTHESIS AND SECRETION 

Central to the T-cell proliferative response is the synthesis and 
secretion of the IL. The majority of the work has focused on the 
events that regulate induction of DL2 synthesis. It is likely that 
the production of ILA is similarly regulated. As with the majority 
of activation genes, transcriptional regulation accounts for most 1 
of the levels of IL gene expression (7). Our data indicate that the I 

increases in DL2 gene tmscription and synthesis/secretion are 1 critically dependent on increases in concentrations of (Ca2+)i (8). 
Increases in qtosolic CaZ+ may be achieved by release of Ca2+ 
fiom stquestend stores, primarily the endoplasmic reticulum; 
transmembrane uptake of W+; and a decrease in CaZ+ extrusion 
by the W+ pump. Tmsmembrane uptake of Cd+ resulting in 
sustained increases in (Cd+)i appears to be the essential compo- 
nent: store release alone is insufficient. Calcium uptake across 
the T-cell plasma membrane is likely through ligand-gated but 
not voltage-gated Ca2+ channels (9). 

The stimulus for opening the plasma membrane Ca2+ channel 
is unclear. There are three consistent, early responses that follow 
ligation of the TCR complex. The first is phosphatidylinositol 
hydrolysis resulting in the liberation of InsP3 and diacylglycerol 
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~ ~ ~ U M K T  and d the aitM events remains to be 
Mnodapdirarasbd&. 

Gatixq or opening of these channds is reguhted at several 
diffenat levels including the ate of membrane potential at the 
time of TCR eagagoment (14), the l ed  of (W+k (13A d 
possiblyby W 3 a r a ~ a t t d ~ v c ,  W,(15). The 
r o k o f V I X i n T c d l o c t i ~ h a r b a n ~ i n s s u d i G s  
~ ~ ~ a 6 ~ o r ~ y c i a t b a t M o d r C a Z +  
~ m d ~ 3 ~ ~ ( 1 6 ) .  T c e l l r ~ a t l e g s t t k e  
m~ll~€Jf*~f i rmi lyofnonnceptorPTKgenes lab , fLn,  
d ~ t 1 7 .  t 8 ) . ~ & 6 b t k i a r r s e a n d a n i s o f ~ ~ f ~ 5 9 " " "  

using A m = t o m i . d r o d a b . o f ~ C D % I  m i c e .  

chain with 0th~ cbtins of the CD3/rcR complex bas been 
chxi'bed in a Spanieh h d y  (31). ThL9 RS&UI in impaired 
wrrface expiedon of the CD3/TCR compkz. sunuhhdy, both 
m i l d a n d s e v f f e d i n i c a l ~ ~ n o t e & , ~ c o r -  
~ W i t h ~ O p T C R ~ ~ M a s t T G e l l  
irmaune ~ l l s l e ~ b y d ~ i n f l u x b u t  
~ ~ w i t h a f i 6 h l E t t o ~ I L - 2 m n e ~ p t i o n .  

. . m - g m e g  Transcriptonal rc@atb aamm@ for most of 
tbe -on of T-cdt activation gems. A variety a# nuclear or 
aphacer proteins intemcthg with spacJfic mgdatoq sequences 
%&bin tbcse gem segments play a major role as targets for signals 
@&c mifi&n-meptor ligation. The important enhilllcer protein 

perhaps IL-4) is located in the 5' flanking sequences 
gene and has baen identified as NF-AT (7). Activation 

on Ca2+ mobilization, presumably 
+ is perhaps most critical for tbe 

rsllcdsra huttliq of a constitutively ex- cybpbmk com- 
ponent of M;-AT (33). Together Bvith an indud@c n e  
component of NF-AT, the complex positively rc@ata 
gene activation (33). The i m m u n o s u ~ t s  cjlotosporin 

a d i v a t i o n T b e ~  
a a d ~ K 5 0 6 i n ~ w i t h t h i s s h ~ ~ ~ ~ 2 g e o t  

ofinaibitionisnot~batmaybc: 
rdattdtoQtt~edoftbcseQugsontheimpartantWum- 
-t PbsPb-4 - (34). 
n 6 t e x d W i v d y ~ i n T c d k t h e n t o b i v e ~ o f  
NF-AT to T cclls makes it a paaiMe osndidate f a  T-cell im- 

im- ma-. ladaQ 
munodcficiency and 
mRNA codisg for IG2, Ib3, IEA, and I t 5  bar beat linked to 
an abnormrl NF-AT IRU!&U 

. . ampiex (35,35a). 



lack pSSL*, it may not be essential for IL24ependent signaling 
(38). None of these pathways appears unique to T cells, so any 
d M e & k c t  m m a b l v  would affect manv Merent cell ~VDCB. 
--use the immunosupp'ressant rapamycin'is a potent inhiktor 
of IG2-mediated cell proliferation (44, definition of its point of 
action may reveal some unique pathway. 

SUMMARY 

The multiplicity of signaling pathways activated by ligation of 
TCR complexes is slowly being unraveled. They provide many 

for disruption with the potential for a T-cell immunode- 
ficiency state to emerge. On the other hand, few of these pathways 
are d c t e d  solely to T WAS. Moreover, there is a certain 
redundancy in these pathways, which provides little opportunity 
for one component to be absolutely essential. Nevertheless, care 
fid evaluation of these processes will likely lead to the definition 
of new disorders and, hopefully, innovative therapies. 
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FLOOR DISCUSSION 

Dr. Pahm You mentioned that IG2 receptor expression is 
independent of calcium mobilization. Is that true for mRNA for 
both IL2 receptor and d a c e  IL-2 receptor expression? As you 
know, there is some evidence that pommwiptional regulation 
of IG2-receptor expression might be calcium dependent. 

Dr. G e h d :  The big change is in p55 mesage and protein 



since p75 is constitutively on, so you do not need a 
&mge ID the levels of free cytosolic calcium. Remember, this 
&cs not mean that it is not calcium dependent in terms of what 
isahadywithinthecytosol. 1 a m j u s t ~ a b o u t  theneed for 
calcium mobilization to detect a change from baseline levels. 

Dr. Sorenson: What kind of stimuli activate the ILAdriven 
pmWration? Have you i & n W  some kind of antigen that 
woukl interact with tbe P/B &@IS PaB trigger this kind of 
proliferation? 

Dr. Gelfand: In terms of IL-4 itself driving the IL-4 receptor 
and causing the cells to proliferate, there is no evidence now for 
tyrosine phosphorylation, &um influx, or IP (inositol phos- 
phate) metabolism. Whether other phosphoglycans are involved 
is unclear at the present time. In tenns of driving it specifically, 
even in a calcium-indepemht e o n ,  the best recognized form 
is using a combination of anti-CD28 antibody with a phorbol 
ester. That will certainly drive the IL4 system, in fact even more 
than E-2 in our hands, and that again is in the abwnce of 
calcium. 

Dr. Levinson: Dr. Gelfand, let me throw out a naive possibility 
to explain the dissochtion that you saw in the patient whose 
doublepositive t h y m w  proliferated, and you saw only CD4 
cells out in the periphery. Is it possible that you are getting a 
calcium boost in a double-positive population of cells that oth- 
erwise would be differentiating toward CD81 You get that signal 
and those cells are induced to undergo apoptosis; whereas the 
cells that are going to differentiate along the CD4 pathway do 
not get that initial calcium signal so that they don't undergo 
programmed cell death. The latter cells may get out into the 
periphery, but because they are lacking some pathway that is 

0tprdiEergteonoethey 
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Dr. Gelfand: In fact, that is one of the hypotheses that we hau 
developed, that it is a leak-through, that it bypasses the apoptotic 
mechanism. That is why I asked Dr. Perlmutter about the role 
of p59, because one could also speculate that the cells may be 
overexpressing p59 at a double-positive stage and escaping the 
apoptotic mechanism only in one lineage, not in CD8 but in the 
CW population. On seeing Dr. Perlmutter's data, one wonde~ 
about the overexpression of p59 in these patients. The knctckob 
experiments that he talked about, which Talc Mak has done, anU 
also the types of experiments that Dr. Perlmutter has done haw 
led to a deficiency of both CW and CD8 in the periphery, at 
least in the mouse. That is where there is a bit of a dismpmcy. 

Dr. Strober: Is it possible that in some of these situations the 
mechanism of cell activation and calcium influx is, in a sense, 
demupled from the mechanisms that are necessary for activating 
lymphokine genes and lymphokine receptor genes? Could it be 
that we would find normal calcium influx and normal phospho. 
lipid turnover and so on, but we are not looking in the right 
place in terms of what is really necessary for generation of th 
nuclear binding factors required for the gene activation events! 
Dr. GeIfand: Yes, it is possible. I think this is an important 

question because the ovemvhelming majority of the patients who 
have had abnormal proliferative responses or abnormal IL syn- 
thesis, even the SCIDs (patients with severe combined immu- 
n d c i e n c y  disease) who have very few T cells, flux calcium 
perfectly normally. So the inability to flux calcium in T cells of 
these immunodeficient patients is at%& rare. That leads to the 
question: Is calcium absolutely necessary or is that a bit of a red 
herring? Perhaps the cells that are present, despite their ability to 
tlw calcium, do not have the subsequent mechanisms that are 
required for the tranmiptional regulation of these important 
lyrnphokines. 


