
Editorial 

T.1/T.a lymphocytes: Doubt some more 

Larry Borish, MD, and Lanny Rosenwasser, MD Denver, Colo. 

The concept of T helper lymphocyte heterogeneity 
with T,~ and TH2 subclasses, which can be distinguished 
on the basis of their cytokine repertoire, has been a 
useful paradigm in studies on the immunology of allergic 
disorders? T m cells are generally defined by their syn- 
thesis of IL-2, interferon (IFN)--/, and tumor necrosis 
factor-J3 and are involved in cellular immunity; whereas 
T.2 cells are reported to produce IL-4, IL-5, IL-9, IL-10, 
and IL-13 and are involved in humoral immune re- 
sponses and allergy. This paradigm has led to the 
concept that T helper lymphocyte responses to allergens 
are T.2-1ike in allergic subjects and Tin-like in nonaller- 
gic subjects, and as such, immunotherapy should work by 
converting T,2 into T.1 responses. 

Although appealing in its simplicity, the true nature of 
cytokine responses to antigens is much more complex 
than can be explained by this Tm/TH2 dichotomy. In 
most immune responses, T cells do not develop distinct 
Tm/T~2 cytokine profiles, but rather many different 
cytokine combinations. Restricted cytokine profiles are 
primarily observed after the generation of antigen- 
specific clones but are implied by in vivo and ex vivo 
pathology. However, cloning is an artifactual process, 
and the result does not necessarily reflect the physiologic 
response to the antigen. The repeated pulse stimulation 
with antigen, the physical chemical nature and dose of 
the antigen, the choice of antigen-presenting cell, the 
requirement for cytokine growth factors to maintain 
T-cell viability, and many other variables will all influ- 
ence T helper differentiation. There are additional ca- 
veats concerning this differentiation in vitro of Tm/T~2 
lymphocytes. No firm differentiation markers exist that 
distinguish a Tm from a T~2 cell, and these subgroups 
may not represent distinct subpopulations. The situation 
in human beings is additionally confused by significant 
limitations concerning the clear distinction between the 
cytokine profiles of TH1 and TH2 cells. In human beings, 
both subsets may make IL-2, IL-10, and IL-13 in addi- 
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Abbreviation used 
IFN: Interferon 

tion to their shared production of granulocyte-macro- 
phage colony-stimulating factor and IL-3. 

Despite these concerns, a role for T~2-1ike cells in the 
pathophysiology of allergic disorders is convincingly 
demonstrated by numerous observations. The presence 
in vivo of malignant, functionally active TH2 lymphocyte 
clones in patients with S6zary syndrome or other lym- 
phoproliferative disorders has been associated with ele- 
vated IgE and eosinophilia?, 3 Bronchial biopsy speci- 
mens from patients with allergic asthma 4 and skin test 
challenge sites from atopic patients 5 are characterized by 
T helper lymphocytes displaying a TH2-1ike cytokine 
profile. However, although there may be a reduced 
presence of the T m cytokines, allergic disorders are also 
characterized by the presence of IFN-~. IFN-"y can 
readily be identified both as transcripts and protein in 
bronchoalveolar lavage fluid and biopsy specimens 4 (D. 
Broide. Personal communication), in nasal lavage fluid 
in which it may be one of the more prevalent cytokines, 5 
and in the supernatant of allergen-specific T helper 
lymphocyte cell lines. 6, 7 Through its ability to activate 
accessory cell function, stimulate IL-1, tumor necrosis 
factor-a, and IL-6 release, induce endothelial cell adhe- 
sion molecule expression, and support the recruitment 
and activation of inflammatory cells, it is likely that 
IFN--y is a proinflammatory cytokine that exacerbates 
the severity of allergic inflammation. 

The pattern of cytokine response to allergens ob- 
served in nonallergic individuals is even more complex. 
Normal individuals are exposed to the same concentra- 
tions of allergens as patients with allergy living in the 
same environment. Remaining healthy requires active 
systems, which prevent the development of inflamma- 
tion. It is frequently stated that the immune response to 
allergens in nonallergic subjects is characterized by 
Tin-like lymphocyte responses. 8-t° Numerous published 
observations support this hypothesis, including the gen- 
eration of allergen-specific Tin-like clones from nonal- 
lergic subjects, which secrete IFN-~/but not IL-4 or IL-5. 
However, functional T m responses will also stimulate 
the recruitment and activation of mononuclear phago- 
cytes. Tin-like lymphocytes are readily identified in the 
cellular immune responses to purified protein derivative 
and other immune responses characterized by cellular 
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immunity and granuloma formation. However, the nor- 
mal state is not characterized by delayed-type hypersen- 
sitivity-like cellular inflammatory responses to allergens. 
Normal subjects remain healthy because they are able to 
inhale allergens without experiencing inflammation. 
Therefore the demonstration of T~I responses either 
represents an in vitro artifact of the cloning process or, 
if present in vivo, must be present in a milieu that 
actively prevents cellular inflammation from developing. 
In vitro studies that remove T helper lymphocytes from 
their natural surroundings may artificially promote the 
differentiation of Tin-like cells. For example, the use of 
activated antigen-presenting cells, biologically implausi- 
ble concentrations of the allergens, or adjuvants such as 
contaminating endotoxin in the culture media or aller- 
gen extract may all permit the in vitro differentiation of 
T m cells. 

The absence of inflammation in normal subjects is 
primarily maintained by influences that promote the 
development of tolerance. Immune responses to aller- 
gens may develop in nonatopic subjects, but despite 
identical antigen doses, these responses are generally of 
a lower order of magnitude than those observed in 
allergic subjects. Thus nonallergic subjects demonstrate 
decreased allergen-induced T-cell proliferation and 
lower allergen-specific IgG antibody responses in com- 
parison with patients with allergy? 1 One influence con- 
tributing to immune nonresponsiveness is diminished 
accessory cell function. In contrast to the asthmatic lung, 
the resident antigen-presenting cell population of the 
healthy lung is unable to present allergen to T helper 
lymphocytes and cannot stimulate cellular activation and 
proliferation.12 The cytokine milieu of the nonasthmatic 
respiratory tract may also help mitigate proinflammatory 
responses. The normal respiratory tract is characterized 
by elevated concentrations of IL-10,13 which may be 
derived from airway macrophages and respiratory epi- 
thelial cells. I4 This antiinflammatory cytokine contrib- 
utes to the downregulation of accessory cells and inhibits 
cytokine release? 5 In the gastrointestinal tract the nor- 
mal nonresponsive state is maintained by a different 
antiinflammatory cytokine, transforming growth fac- 
tor-B, which may similarly prevent inflammation in the 
respiratory tract. 16 

In this issue of the Journal of Allergy and Clinical 
Immunology, Hamid et al. 17 report on the presence and 
modulation of IL-12 in the immune response to aller- 
gens and modulation of IL-12 with immunotherapy. 
IL-12 is the cytokine primarily responsible for the dif- 
ferentiation of naive undifferentiated lymphocytes into 
Tin-like cells. 1a-21 IL-12 also augments release of T.1 
cytokines 22,23 and inhibits IL-4 synthesis by TH2 T 
cells.24, 0_5 Although IFN-3, is required as a secondary 
signal to induce the T m phenotype, induction of IL-12 
early in the immune response is the primary signal for 
T m induction. 

One can imagine an increasingly complex picture in 
which the immune response to allergens in nonallergic 
subjects is characterized by a state of immune nonre- 

sponsiveness but also by the presence of IL-12-mediated 
induction of T~l-like responses. Additional factors may 
include transforming growth factor-[3 and IL-10, which 
prevent the development of cellular inflammation. It is 
conceivable that a low-grade TH1 response to allergens 
with IFN-y secretion is needed to help control develop- 
ment of the T~2 response. However, additional triggers 
that enhance IL-12 production will drive the immune 
response toward cellular inflammation such as that 
observed with Mycobacteriurn tuberculosis, sarcoidosis, 
and the interstitial lung diseases. In contrast, a milieu 
characterized by the presence of IL-4 and other factors 
directs immune responses into T.2-driven allergic disor- 
ders. 

How then does immunotherapy fit into the delicate 
balance between tolerance and T,1 or T.2 response? 
Immunotherapy reduces IL-4 production through the 
induction of tolerance by T.2 lymphocytes. Published 
data establish the ability of high-dose immunogenic 
peptides to render their specific T helper lymphocytes 
nonresponsive? 6-2s These studies have been extended to 
allergen immunotherapy, which has been shown to make 
allergen-specific T cells unresponsive with decreased 
proliferation and IL-4 production after exposure to 
allergen. 2933 The article by Hamid et al? 7 reports the 
enhanced production of IL-12 after 4 years of grass 
immunotherapy. Induction of IL-12 after a course of 
immunotherapy may have limited benefits through the 
capacity of IL-12 to decrease IL-4 production by T~2 
lymphocytes and to reduce T.2 differentiation. The 
increased presence of IL-12 is consistent with published 
observations that T,l-like cells are induced by immuno- 
therapy? 3-35 However, the belief that IL-12 and IFN-y 
might be the basis for the beneficial effects of immuno- 
therapy is tempered by three observations: (1) the 
asthmatic lung and allergic nose already contain IFN-y, 
which clearly is not effectively lessening inflammation; 
(2) if it were useful for IFN-y to be induced by immu- 
notherapy, then therapeutic trials with IFN-y would 
have shown clinical benefit, which they have not; and (3) 
IL-12 and IFN-y do not behave like "magic bullets," 
which manage to inhibit IL-4 synthesis, IgE production, 
and T.2 activity without simultaneously activating acces- 
sory cell function, inducing adhesion molecule expres- 
sion, and stimulating neutrophils and eosinophils. Im- 
munotherapy may therefore restore the state observed 
in nonallergic subjects with mixed populations of toler- 
ized nonresponsive T helper lymphocytes and activated 
T~  lymphocytes. However, if true, this induction of 
IL-12/T m responses--as opposed to the induction of 
tolerance--is not a desirable result and must be limited 
and controlled because excessive 1L-12 production 
would be expected to induce cellular inflammation. It is 
therefore relevant that immunotherapy is also associated 
with upregulation of the antiinflammatory cytokines 
IL-10 and transforming growth factor-lB, s, 36, 37 

Overall, immunotherapy may promote immune toler- 
ance by subtly regulating the cytokine milieu, rather than 
by redirecting inflammation from a TH2 to a T.~ pattern 
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of  r e sponse .  T h e  Tm/TH2 theo ry  o f  t o l e r ance  in immu-  

n o t h e r a p y  impl ies  tha t  t h e r e  are  two waves  of  inf i l t ra t ing 

cells tha t  r e s p o n d  to  e i the r  the  a l le rgen  or  the  i m m u n o -  

t he r a py  (i.e., an initial  infi l t rate  o f  T ,2  cells r e s p o n d i n g  
to t he  a l le rgen  and  a s u b s e q u e n t  wave  of  T,1 cells 
mig ra t ing  in to r eve r se  t he  r e s p o n s e  in a s e c o n d a r y  wave  
o f  t r e a t m e n t ) .  T h e  da ta  for  this  do  n o t  exist in spi te  o f  in 

si tu hybr id iza t ion  s tudies ,  such  as tha t  by H a m i d  et  al. 17 

W h a t  t h e s e  f indings  s e e n  on  i m m u n o h i s t o c h e m i s t r y  and  

in si tu hybr id iza t ion  d o  sugges t  is a chang ing  cytokine  
mi l ieu  tha t  may  p e r m i t  o u t g r o w t h  o f  a T m-  or  T,2-1ike 

p a t t e r n  o f  ceils. F u r t h e r m o r e ,  it is ent i re ly  poss ib le  tha t  
cells o t h e r  t h a n  T cells may  be  a f fec ted  by or  may  

con t r i bu t e  to this c h a n g e  in cytokine  gene  express ion  
in i t i a ted  by i m m u n o t h e r a p y .  H e n c e ,  t o l e r ance  may  be  

g e n e r a t e d  in cells o t h e r  t h a n  T cells, and  the  c h a n g e d  

cytokine  mi l ieu  m a y  affect s ignal ing and  se lec t ion  of  
cy tokine  gene  usage  in mas t  cells, basophi l s ,  o r  eos ino-  

phils  as well.  
A final ques t i on  to ask is w h e t h e r  IL-12 t he r apy  i tself  

shou ld  b e  r e c o m m e n d e d  for  pa t i en t s  wi th  allergy. IL-  
1 2 - m e d i a t e d  d o w n r e g u l a t i o n  o f  T,2  r e s p o n s e s  and  the  

induc t ion  of  Tin- l ike  cells may  be  beneficial .  I t  is equal ly  

plausible ,  however ,  tha t  this in tense ly  p r o i n f l a m m a t o r y  
cy tokine  may  w o r s e n  the  i n f l a m m a t i o n  of  t he  r e sp i r a to ry  

tract .  By analogy,  trials o f  I F N - - / i n  a s t h m a  p r o v e d  to  b e  
d i sappoin t ing ,  and  IL-12 may  only  r ecap i tu l a t e  t h e s e  

resul ts .  T h e  m o r e  we  l ea rn  abou t  cytokines ,  t h e  m o r e  

c o m p l e x  the i r  s p e c t r u m  o f  ac t ion  b e c o m e s .  E a c h  cyto- 
k ine  m e d i a t e s  a r ange  of  b io logic  activities, wh ich  may  

b e  e i t he r  p r o i n f l a m m a t o r y  or  an t i in f l ammatory ,  d e p e n d -  

ing on  the  c oncen t r a t i on ,  r e s p o n d i n g  cell type,  and  
t iming  wi th in  t he  i m m u n e  r e sponse .  A t t e m p t s  to r e d u c e  

each  cy tokine  to a l imi ted  func t ion ,  such  as has  b e e n  

a t t e m p t e d  wi th  t he  Tm/T~2 pa rad igm,  do n o t  ref lec t  t h e  

p l e io t rop i c  n a t u r e  o f  t h e s e  p r o t e i n s  and  a l t hough  ap-  
pea l ing  in the i r  simplicity,  ignore  t he  t rue  complex i t i es  

o f  i m m u n e  regula t ion .  
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