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Abstract 
In the past few years, considerable evidence has accumulated to 
suggest the existence of functionally polarized responses by the 
CD4 + T helper (Th)--and the CD8 + T cytotoxic (Tc)--cell subsets 
that depend on the cytokines they produce. The Th I and Th2 cellular 
immune response provide a useful model for explaining not only the 
different types of protection, but also the pathogenic mechanisms of 
several immunopathological disorders. The factors responsible for 
the polarization of specific immune response into a predominant Th 1 
o r  Th2 profile have been extensively investigated in mice and humans. 
Evidence has accumulated from animal models to suggest that Th 1- 
type lymphokines are involved in the genesis of organ-specific 
autoimmune diseases, such as experimental autoimmune uveitis, 
experimental allergic encephalomyelitis, or insulin-dependent diabe- 
tes mellitus. Accordingly, data so tar available in human diseases 
favor a prevalent Thl lymphokine profile in target organs of patients 
with organ-specific autoimmunity. By contrast, Th2-cell predomi- 
nance was found in the skin of patients with chronic graft-versus host 
disease, progressive systemic sclerosis, systemic lupus erythemato- 
sus, and allergic diseases. The Th 1/Th2 concept suggests that modu- 
lation of relative contribution ofTh 1 - or Th2-type cytokines regulate 
the balance between protection and immunopathology, as well as the 
development and/or the severity of some immunologic disorders. In 
this review, we have discussed the paradigm ofTh 1 and Th2 cytokines 
in relation to autoimmunity and allergy. 
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Introduction 
It is now well established that both the ini- 

tiation and maintenance of  immune response 

is regulated by cytokines. More importantly, 
the cy tok ines  select  the type  of  immune  
response and effector mechanism that elimi- 
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nates the offending antigen. Some 
cytokines, particularly when produced in 
excess, could be pathogenic (1). In 1986, 
Mosmann and colleagues (2) revolutionized 
immunology by dividing T helper (Th) cells 
into two distinct populations with contrast- 
ing and cross-regulating cytokine profiles. 
Studies on Leishmania infection in mice 
were instrumental in establishing func- 
tional relevance of these two Th subsets. Th 1 
cells produce interferon 7 (IFN-7), 
interleukin 2 (IL-2), 1L-12, IL-18, and tu- 
mor necrosis factor 13 (TNF-[3); promote 
production of opsonizing and complement- 
fixing antibodies, macrophage activation, 
antibody-dependent cell cytotoxicity, and 
delayed type hypersensitivity (DTH) reac- 
tions (Table 1). By contrast, Th2 cells pro- 
duce IL-4, IL-5, IL-6, IL-9, IL-10, and 
IL-13; provide help for humoral immune 
response, including IgE-IgG1 isotype 
switching and mucosal immunity through 
facilitation of IgA synthesis (3,4). Further 
Thl cells are considered to be phagocyte- 
dependent and Th2 cells phagocyte-inde- 
pendent host response (5). 

Last decade has been an exciting time for the 
proponents ofTh I and Th2 paradigm. From mice 
the concept has been extended to rat (6) and human 
(7), and has been applied to infectious disease, 
cancer, transplantation, neonatal tolerance, immu- 
nodeficiency, autoimmunity, allergy, virology, 
and more (8). Thl responses predominate in 
organ-specific autoimmune disorders, acute 
allograft rejection, unexplained recurrent abor- 
tions, and some chronic inflammatory disorders 
of unknown etiology. In contrast, Th2 responses 
predominate in transplantation tolerance, chronic 
graft vs host disease, and systemic sclerosis. 
Allergen-reactive Th2 cells are involved in trig- 
gering ofatopic disorders. The concept of Thl and 
Th2 cells not only allows one to explain different 
types of protective immune responses but also 
provides the basis for pathogenesis of several 
immunological diseases. 

Polarizing Signals for Thl and Th2 
Responses 

Factors that could be responsible for polariza- 
tion of specific immune response into Thl- and 
Th2-type have been extensively investigated in 
mice and humans. It has been found that Th 1 and 
Th2 cells are not derived from distinct lineages; 
they rather develop from the same precursor (Fig. 
1). The differentiation into Thl or Th2 type of 
response depends on dose of antigen, nature of 
immunogen, adjuvant, route of antigen exposure, 
and other undefined factors including genetic 
background of the individual. These factors influ- 
ence Th 1/Th2 differentiation mainly by determin- 
ing the predominance of a given cytokine in the 
microenvironment of the responding Th cells (9). 
Presence of IL-4 is a potent stimulus for Th2 dif- 
ferentiation, whereas IL-12 and 1FNs favor Thl 
development (10,11). The mechanism respon- 
sible for initial IL-4 production remains unclear. 
Recently, it has been shown that IL-6 derived from 
antigen presenting cells may induce IL-4 produc- 
tion (12). Prostaglandin E2 has also been sug- 
gested to favor development of Th2 response by 
inhibiting production of IL- 12 by dendritic cells 
and IFN-yby T cells (13). It is not only the dose of 
priming peptide but also its affinity to MHC mol- 
ecule s and T cell receptor (TCR) which may influ- 
ence the type of the response (14). In general, 
Th2-type cytokines are induced by weak TCR 
signals. 

Molecular mechanisms by which IL-4 and IL- 
l2 promote development of naive Th cells into 
Th2 or Thl-type of effectors are also not well 
defined. Binding of cytokines to their receptors 
results in rapid phosphorylation of signal trans- 
ducers and activators of transcription (STATs). 
STAT4 appears to be selectively activated by IL- 
l2. Targeting of the STAT4 gene results in inhibi- 
tion of Thl response (15,16). On the other hand, 
signaling by IL-4 occurs through activation of 
STAT6. STAY6 gene knockout animals have defi- 
cient Th2 responses (17,18). 
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Fig. 1. Diagrammatic representation ofTh 1.Th2 cytokines: induction, polarization, and their role. * = Two 
types of CD8 cells are also called Tcl  and Tc2, X = inhibition. 

Lane et al. (19) have provided evidence that 
CD8 + lymphocytes provide signal to CD4 + T 
cells to develop into Thl cells whereas B cells 
stimulate Th2-type of response. The OX40L, 
which is expressed by both CD40-activated B 
cells and dendritic cells, is a molecular switch, 
which programs IL-4 secretion and follicular 
migration of naYve CD4 + T cells. The CD8 + T 
cells by secreting IFN-ycould act on dendritic 
cells to induce IL-12 expression, thereby 
determining that CD4 + T cells switch to a Thl 
phenotype. 

Role of costimulatory molecules B7.1 and 
B7.2 has also been demonstrated in Thl and 
Th2 development. Anti-B7.1 reduces the inci- 
dence of experimental allergic encephalomy- 
elitis whereas anti-B7.2 increases disease 

severity (20). Neither antibody affects overall 
T cell function, but they alter cytokine profile. 
Administration of anti-B7.1 at the time of 
immunization results in predominant genera- 
tion of Th2 clones. 

NewTh Subclasses 

Th l- and Th2-types of responses are not the 
only cytokine patterns seen. In the absence of 
clear cut polarizing signal, the CD4 + T cells 
express cytokines of both the patterns. This 
type of response is designated as Th0-type of 
cytokine response. It is possible that in such 
situations both the Thl and Th2 subsets may 
be present separately (21). Additional patterns 
have been identified among long-term clones. 
These include Trl (characterized by IL-10 

150 Singh, Mehrotra. and Agarwal 



production) and Th3 (characterized by TGF-[3 
production) type of responses. 

Recently CD8 + T cells have also been seg- 
regated into two groups based on the type of 
the cytokine profile of these cells. Although 
majority of CD8 + T cells produce IFN- 7, IL-4 
producing CD8 + T cells may also be obtained 
in presence of IL-4 (22). CD8 + T cell clones 
that produce IL-4 have been generated from 
the skin of immunologically unresponsive 
individuals with leprosy, and also from 
peripheral blood lymphocytes of HIV- 
infected patients. Based on these findings, the 
designation ofTc 1 and Tc2 for cytotoxic CD8 + 
T cells secreting Thl- l ike  and Th2-1ike 
cytokines has been proposed. Although the 
functional role of CD8 + Tc 1 T lymphocytes is 
well established, the in vivo functional role of 
CD8 + Tc2 cells is unclear. One possible expla- 
nation is that CD8 + Tc2 cells act as suppressor 
or anti-inflammatory cells through production 
of helper cytokines. 

Thl/Th2 Cytokines and Antibody Isotypes 
Antibody production generally requires 

help from CD4 + T cells. With this help the 
antibodies may be detected in lymph nodes 
draining the site of immunization by 4 th or 5 th 
day after immunization (23). The switch from 
IgM to IgG is also facilitated by T cell help 
(24), but the IgG isotype response depends 
upon the type of Th cell response. In mice, it 
has been shown that Thl response is associ- 
ated with switch to IgG2a, while Th2 activity 
is linked with switching to IgG1 production 
(25,26). Some antigens evoke an early IgG1 
response, e.g. alum precipitated proteins, e.g., 
chicken 5' globulin, while viral/bacterial pro- 
teins tend to induce IgG2a response. 

The IFN-5' induced expression of IgG2a 
isotype, a characteristic of Thl-type immune 
response (27), needs a word of caution. In 
mouse strains with lghl-b allele, such as 
C57BL/6, C57BL/10, SJL, and nonobese dia- 
betic (NOD) mice, the gene for IgG2a is 

deleted. These mouse strains express a differ- 
ent subclass of IgG, viz., isotype IgG2c in 
response to Thl type of response (28). Its 
estimation is possible only with specific 
polyclonal anti-IgG2c or monoclonal antibod- 
ies specific for lghl-b allotype. The existence 
of IgG2c isotype has not become a common 
knowledge. Studies in mouse strains lacking 
the IgG2a gene may produce misleading data 
unless the precaution is taken to measure the 
IgG2c levels. 

Thl/ThlCytokinesin Autoimmunity 
The discovery of dichotomy between Thl 

and Th2 helper cells represents one of the most 
important advances in immunology. Suffi- 
cient evidence has now accumulated that dem- 
onstrates the role of Thl and Th2 cells in 
induction and control of several experimental 
autoimmune diseases (29). In chronic inflam- 
matory organ-specific autoimmune diseases 
such as insulin dependent diabetes mellitus 
(IDDM), multiple sclerosis (MS), rheumatoid 
arthritis (RA) and uveitis, Thl cells have been 
found to be pathogenic whereas Th2 cells are 
protective. A switch from Thl to Th2-domi- 
nated immune response could benefit indi- 
viduals suffering from these diseases. 
However, the distinction is not always clear 
cut (30). Under certain circumstances, Th2 
cells can be pathogenic as well (21). Further- 
more, in systemic autoimmune diseases such 
as systemic lupus erythematosus and 
Sjogren's syndrome, both the Thl and Th2 
responses may be pathogenic. 

Experimental Allergic Encephalomyelitis 
(EAE) 

EAE is considered to be an experimental model 
of MS, which is a putative autoimmune demyeli- 
nating disease. Immunization of susceptible 
strains of rats and mice with heterologous myelin 
basic protein (MBP) in complete Freund's adju- 
vant (CFA) results in paralysis that usually ap- 
pears after 2 wk and spontaneously resolves after 
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another week (31). Several findings show that 
induction of EAE is mediated by Thl cells: 

a) Inflammatory lesion in the central nervous 
system (CNS) resembles DTH reaction. 

b) In a majority of cases there is a strong correlation 
between occurrence of EAE and development of 
cutaneous DTH response to myelin antigens. 

c) IL-2, TNF-[3, and IFN-yare detected in CNS 
at the acme of the disease. 

d) The disease can be transferred passively by 
Tb 1 cell reactive to the encephalitogenic pep- 
tide but not by Th2 cell lines. 

e) Treatment with antilymphotoxin, anti-TNF- 
~z, and anti-IL-12 monoclonal antibodies 
ameliorates the EAE. 

While induction of EAE is clearly due 
to Thl cells, several experiments suggest that 
regulatory phase is under control of Th2 cells. 
The remission is associated with predomi- 
nance of IL-4, IL-10, and TGF-13 in CNS. It 
has been possible to prevent development of 
EAE by altering the Thl response to Th2 
response in the following ways: 

a) Administration of IL-4, IL-10, or IL-13 has 
beneficial effect. 

b) Treatment with pentoxifylline enhances cAMP, 
which in turn inhibits IL-2 production. 

c) Targeting ofautoantigen to B cells favors Th2 
response that results in protection. 

d) Autoantigen administered orally inhibits 
induction of EAE. It is associated with 
appearance of CD4 + and CD8 § suppressor 
cells, which produce IL-4 and/or TGF-13, the 
Th2 cytokines. 

e) Treatment of mice with monoclonal antibody 
against the costimulatory molecule B7.1 also 
converts the Thl response to Th2 response (20). 

Modulation of antigen presenting cells 
interferes with development of Thl response. 
It has been observed that injection of proteo- 
lipid specific Th2 clone not only prevents 
occurrence of EAE but also cures established 
disease. However, the mechanism of action is 
not yet elucidated. IL- 10 deficient (knock out) 
mice are more susceptible and develop more 
severe EAE. On the other hand IL-10 

transgenic mice are completely resistant to 
disease, suggesting that IL- 10 may play a criti- 
cal role in regulation of EAE by regulating 
autopathogenic Thl responses (32). 

Contrary to the aforementioned, there is a 
report that MBP specific Th2 cells cause EAE 
in immunodeficient mice rather than protect- 
ing them (33). In addition, it has been shown 
that IL-4 is not necessary for spontaneous 
remission of the disease or for prevention of 
relapse (34). Furthermore, IL- 10 may not only 
be insufficient to reverse the effector response; 
it may even enhance the cascade of events 
leading to EAE (35). 

Experimental Autoimmune Oveitis (EAU) 
EAU, an animal model for human posterior 

uveitis, is a prototypic organ-specific, T cell- 
mediated disease. It is elicited in rodents and 
nonhuman primates by immunization with 
retinal antigens or their fragments that lead to 
destruction of neural retina and related tissues. 
The pathogenesis of EAU is mediated through 
Th 1 response (36). The susceptibility to EAU 
is characterized by conversion of early Th0/ 
Th2-1ike response to Th l - type  response, 
whereas resistance is associated with Th2-type 
response. Mercuric chloride triggers IL-4 pro- 
duction in LEW X BN hybrids and protects 
the treated rats against development of EAU 
(37). Pathogenic T cell populations produce 
large amounts of IFN-y (38). Recent results 
suggest that endogenous IL-10 production 
limits expression of EAU. It may play an 
important role in natural resolution of the dis- 
ease (39). Exogenous IL- 10 has been found to 
be useful for therapeutic control of  EAU. 
While IL-10 is sufficient to suppress Thl  
response, concomitant administration of IL-4 
is required to shift the immune response to 
non-pathogenic Th2 pathway (39). 

IL-12-deficient mice (knock out) failed to 
develop EAU and their antigen-specif ic 
response was Th2-1ike. These mice were able 
to develop EAU when infused with their own 
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primed cells that had been incubated with 
antigen in the presence of IL-12 (40). Thus 
one can conclude that endogenous IL-12 is 
required for EAU development and IL-12 
deficient mice fail to develop Thl response. 

In apparent contradiction to above findings, 
mice deficient in IFN- 7 are susceptible to EAU 
and develop disease inspite of Th2-type 
cytokine profile (41). Thus, IFN-yplays a pro- 
tective role against EAU in mice (42). Further, 
administration of IL-12 to EAU susceptible 
mice immunized with retinal antigens in CFA 
results in abrogation of the disease develop- 
ment (43). These results suggest that whereas a 
Thl response is required for susceptibility, 
resistance is not dependent on a Th2 response. 
Regulatory influences other than skewing the 
response toward the Th2 pathway may be 
equally effective at conferring resistance to 
EAU (44). 

Autoimmune Diabetes 
IDDM is a chronic autoimmune disease that 

spontaneously develops in NOD mice and also 
in man. The disease in the NOD mice is Thl 
mediated. The antigen likely to be related to 
causation of the disease is glutamic acid 
decarboxylase (GAD). Thl clones have been 
obtained which proliferate in presence of islets 
or GAD, produce Thl cytokines and are able 
to transfer the disease passively or accelerate 
its appearance (31). IL-12, a cytokine that 
favors Th 1-type of response has a worsening 
effect; while anti-IL-2 receptor (monoclonal), 
anti-IFN-7(monoclonal), and IL-4 have a ben- 
eficial effect (30). Liblau et al. (31) have 
recently developed a model of spontaneous 
diabetes in double transgenic mice that express 
c~[3 TCR for haemagglutinin on T cells and 
haemagglutinin as an autoantigen on pancre- 
atic [3 islets. The induction of diabetes in these 
mice depends upon their genetic background 
and the profile ofcytokines produced by them. 
A Thl pattern of cytokine response is associ- 
ated with development of the disease while 
Th2-type of response confers protection. 

However, there is no clear indication that a 
primary imbalance between protective Th2 
and deleterious Thl cells at early stages can 
trigger the autoimmune process. Protective 
CD4 + cells detected in nondiabetic young 
nonobese diabetic mice have not been shown 
to work through Th2 cytokines (45). There is 
also report that same Th2 cells that produce a 
harmless insulitis in neonatal NOD mice pro- 
duce intense and generalized pancreatitis and 
insulitis associated with islet cell necrosis, 
abscess formation, and subsequent diabetes 
when transferred into immunocompromised 
NOD SCID (severe combined immunodefi- 
cient) mice (46). Th2-mediated destruction of 
islet cells was mediated by local IL-10 pro- 
duction and not by IL-4. These findings 
suggest that under certain conditions immuno- 
compromised Th2 cells may not produce a 
benign or protective insulitis but rather acute 
pathology and disease (46). This questions the 
feasibility of Th2-based therapy in type I dia- 
betes. 

Conflicting results have been reported con- 
cerning the effect of IL-10 in NOD mice. 
Administration of recombinant IL- 10 amelio- 
rates the disease while 13 cells from NOD mice 
that express IL-10 transgene are destroyed 
more rapidly (47,48). The deleterious effect 
could be due to high levels of the cytokine 
produced locally. Expression of IL-10 on c~ 
pancreatic islet cells is also associated with a 
severe insulitis. Adjuvant therapy in the form 
of BCG vaccination prevents the occurrence 
of diabetes in NOD mice and also seems to 
have a beneficial effect in diabetic patients. Its 
effect is probably mediated through IL-4 pro- 
duction (49,50). 

Collagen Induced Arthritis 

Immunization of susceptible mice (H-2q or H- 
2 r) with collagen II~ emulsified in CFA, produces 
arthritis which is comparable to RA. The inflam- 
matory features of collagen induced arthritis 
(CIA) are mediated through Thl cytokines. The 
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Th2 cytokines are known to down-regulate the 
disease. For example, the disease is attenuated in 
DBA/1 mice treated with anti-IF - 7 antibodies, 
IL-4 or IL-13. Anti-TNF-~ antibody also has a 
beneficial effect (51,52). It has been shown that 
the anti-inflammatory effect of IL-4 in CIA is 
mediated by down regulation of Thl response 
rather than up regulation of Th2 response. 

On the other hand, Th2 preeminence may 
be associated with development of CIA in 
susceptible Biozzi mice. Two Biozzi mouse 
lines (H I and H II, both expressing H-2q hap- 
lotype) differ in their ability to develop the 
disease. H II mice are resistant whereas H I 
mice are susceptible. It has been shown that H 
II mice mount a preferential Thl response 
upon immunization with collagen II and do 
not develop arthritis whereas H I mice display 
high titers of anticollagen II IgG1 and IgE 
antibodies and develop arthritis (53). It has 
been shown that IFN-y exacerbates CIA by 
enhancing the levels of type II collagen-spe- 
cific tgG antibodies rather than by creating an 
imbalance in Thl/Th2 cells (54). 

Experimental Autoimmune Thyroiditis (EAT) 
EAT is induced by immunization of sus- 

ceptible mice with thyroglobulin in Freund's 
adjuvant. It is also considered to be a Thl  
mediated disease. Autoreactive T cell clones 
transfer disease very similar to the disease 
induced by immunization with thyroglobulin 
(55). On the other hand, T cells cultured in the 
presence of anti-IFN-y or anti-IL-2R induce 
another histological form of thyroiditis (56). 
In the latter case, it is hypothesized that Th2 
cells are activated which induces a distinct 
form of autoimmunity. 

Experimental Lupus Erythematosus (SLE) 
SLE is characterized by T cell-dependent B 

cell hyperactivity with production of various 
autoantibodies and multiple organ lesions 
including nephropathies. Studies in lupus- 
prone mice suggest that both Thl and Th2 

cytokines may be pathogenic. The murine SLE 
evolves in two stages; first associated with Th 1 
cytokines, followed by Th2 cytokines. The 
disease may be attenuated by anti-IFN- 7 anti- 
bodies in (NZB X NZW)F1 mice (57). It has 
also been shown that soluble IFN-y receptor 
inhibits the onset of glomerulonephritis in 
(NZB X NZW) mice (58). The role of IFN-yin 
the glomerulonephritis of MRL lpr/lpr mice 
has also been observed. The autoreactive T- 
cell lines from MRL lpr/lpr mice produce both 
IL-4 and IFN-y. This nephritis is accelerated 
by IL-6 administration and inhibited by anti- 
IL-10 (59,60). It is possible that either both 
Th I and Th2 subsets or Th0 cells are involved. 
IFN-y production is associated with particu- 
larly bad prognosis. A T cell line has been 
derived from the MRL lpr/lpr mice and is 
called MRL lpr/lpr 1/1 (where 1/1 stands for long 
lived) which produces IL-4 and IgG 1 antibod- 
ies compared to IgG3 antibodies and IFN-yby 
the classical MRL lpr/lpr mice. 

It is important to note that in experimental 
animal models, a number of diseases can be 
prevented by switching the immune response 
from Th 1 to Th2 or from Th2 to Th 1-type. Also 
the Thl/Th2 concept provides guidelines for 
the use of cytokines and monoclonals for the 
modification of immunopathology observed 
in the particular models (11). However, the 
pattern appears to vary from model to model. 

Human Autoimmune Diseases 
Studies on patients with MS have shown 

that the disease is Thl mediated. The Th2 re- 
sponse contributes to recovery from the dis- 
ease (61). Much higher levels of IL-12 have 
been reported in MS patients compared to 
individuals with various allergic disorders. 
This is considered to enhance Thl cytokine 
synthesis and reduce production of Th2 
cytokines (62). It has been demonstrated that 
antigen specific cytokine secretion from MS 
patients and normal controls can be shifted to 
Thl or Th2-type depending upon culture con- 
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ditions, indicating that phenotype of MBP 
reactive T cells can be altered even in 
longstanding chronic progressive cases of MS. 
There was no difference in the cytokine pat- 
tern secreted by MBP reactive T cells in pa- 
tients with MS as compared to normal 
individuals (63). Higher levels of TNF-o~ and 
IFN-7 mRNA have been reported in HLA-DR + 
clones as compared to HLA-DR- MBP spe- 
cific cells of MS patients (64). In another study 
significantly higher serum levels of IFN-7, 
TNF-c~, and IL-4 in patients with MS suggest 
simultaneous activation of both Thl and Th2 
cells during the acute stage (65). Others have 
reported upregulation of IFN- 7, TNF-~, and [3, 
IL-6, IL- 12 and downregulation of TGF-[3 and 
IL- 10 (66). Moreover, IFN-ytherapy has been 
found to be associated with disease aggrava- 
tion (67). Taken together, the studies described 
above from patients with MS emphasize the 
need for caution in use of Thl/Th2 concept 
derived from EAE studies (68). 

Thl cells play an important role in the 
pathogenesis of RA. Their activity predomi- 
nates in joints of patients with RA (69). The 
cells obtained from synovia of RA patients 
produce Th0/Thl-type cytokines. Synovial 
tissue from these patients produces high 
amounts of IL-1 and TNF-(x. Thl cells infil- 
trate into the synovium and cause pathogenic 
immune responses in the tissues, and also 
induce migration and activation of Tc2-type 
cells into the active site of inflammation. Tc2 
cells appear to down-regulate the activity of 
Thl cells and modulate the excess immune 
response. 

Anti-TNF-c~ therapy is very effective in RA 
patients (70). Treatment with anti-TNF-o~ also 
restores cell-mediated immune responses that 
are impaired in RA patients (71). Verhoef and 
associates (72) have found that the prevalence of 
hay fever (Th2 mediated disease) in RA patients 
is low compared to non-RA controls. Further, 
RA patients with hay fever show a lower disease 
activity than RA patients without hay fever. 

Raziuddin et al. (73) have determined that 
in children with systemic onset juvenile rheu- 
matoid arthritis (JRA), PBMC constitutively 
and after stimulation with various antigens in 
vitro induced higher secretion of IL-4 and IL- 
l0 with a characteristic deficiency of IL-2 and 
IFN-y. The CD3/CD28 costimulatory mol- 
ecule was found to be a potent inducer of IL- 
4 and IL-10 secretion. Augmented IL-10 
secretion was inhibited by exogenous Thl 
cytokines (IL-2, IL-12, IFN-y). Although IL- 
l 0 inhibits proinflammatory cytokines IL- 1 ct 

and IFN-o~, it had no effect on IL-6 produc- 
tion. The finding of a distinctly enhanced 
mixed Thl/Th2 response in JRA provides a 
framework for developing strategies for im- 
munologic intervention in this rheumatic dis- 
order in children. 

CD30 is preferentially expressed on cells 
producing Th2-type cytokines (29). Elevated 
levels of soluble CD30 have been found in 
patients with SLE. In addition, the titer of 
soluble CD30 correlates with the clinical 
activity of the disease. It suggests the involve- 
ment of Th2 cells in vivo (74). It has also been 
found that peripheral blood lymphocytes from 
newly diagnosed, untreated SLE patients pro- 
duce large amounts of IL-6 and IL-10 (75). 
The IL- 10 producing cells are monocytes and, 
to a lesser extent, B cells. Transfer of periph- 
eral blood lymphocytes into SCID mice 
induces production of total IgG anti-ds-DNA 
antibodies in these mice, which gets abrogated 
by administration of anti-IL- 10 antibody (75). 

IDDM results from destruction of pancre- 
atic-insulin secreting ~ islet cells. It is a T cell 
mediated autoimmune disease. In humans, 
there is little evidence that IDDM results from 
a Th 1 response (45). Indeed, efficient experi- 
mental systems are lacking in human to study 
the regulation of autoimmune response in 
vitro. Interestingly several immunotherapy 
strategies have aimed at inducing a Th2 
response. However, recent trials in humans 
using oral administration of insulin to prevent 
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diabetes are based on a protective mechanism 
that seems to depend on TGF-13. This cytokine 
is not dependent on Th l/Th2 dichotomy. Thus, 
although several attempts have been made to 
induce a Th l/Th2 switch to obtain a protective 
effect, a different and more complex mecha- 
nism probably (and paradoxically) accounts 
for the oral protection actually tested in 
humans. 

Thl/Th2 Cytokines in Allergy 
The allergic immune response is character- 

ized by a number of cellular and molecular 
interactions. The allergens entering the body 
through respiratory or digestive tract or skin 
are taken by B cells or macrophages. After 
phagocytosis and processing of the exogenous 
antigens, the fragments of allergens are pre- 
sented to allergen-specific T cells (76). The 
allergen-reactive T cells are predominantly of 
the Th2 type, which secrete IL-4, IL-5, and IL- 
l0 cytokines (7,77). Recently, it has been 
shown that allergen-reactive Th2 cytokines 
play a triggering role in the activation and/or 
recruitment of IgE antibody-producing B 
cells, mast cells, and eosinophils (78). Direct 
contact of Th2 cells with B cells results in 
activation of B cells. The Th2 cytokines IL-4 
and IL- 13 instruct B cells to switch from IgM 
to IgE antibody production (79). These 
cytokines appear to act via common receptor 
(80). A second signal is required for produc- 
tion of IgE. This can be provided by CD40/ 
CD40L interaction atthe cell surface of B cells 
with T cells or mast cells and basophils. The 
Th2 cytokines IL-5 and IL-6 enhance IgE pro- 
duction, whereas IL-8, IL-12, TGF-[3, IFN-7, 
and c~ are inhibitory (81). 

IgE antibodies play a central role in induc- 
tion of allergic disease. These antibodies are 
taken up by basophils and mast cells by virtue 
of high-affinity receptors for IgE on these 
cells. Allergen confrontation leads to activa- 
tion of such IgE-sensitized cells, which in turn 
release various mediators such as histamine, 

leukotrienes, and prostaglandins; together 
they induce the clinical manifestations of 
allergic reactions. The upregulation of genes 
controlling IL-4 expression and/or abnormali- 
ties of regulatory mechanisms of Th2 devel- 
opment and/or function may be responsible 
for Th2 responses against common environ- 
mental allergens in atopic people. IL-5 gener- 
ated by allergen-reactive Th2 cells attract and 
activate eosinophils, which are responsible for 
tissue destruction in allergic asthma. 

Atopic Dermatitis and Asthma 
It has been suggested that imbalance in 

number and activity of Th l/Th2 cells may be 
responsible for abnormal pattern of cytokine 
production in atopic dermatitis (82). Acute 
atopic dermatitis is associated with increased 
expression of IL-13 (Th2) mRNA. In con- 
trast, there is relative increase in IL-12 
mRNA in chronic atopic dermatitis patients 
suggesting a role for Thl cells (83,84). 

Analysis of Th subsets at different inter- 
vals after allergen challenge showed that Th2 
cells play an important role in initial phase of 
inflammatory reactions whereas in later stages 
Thl ceils can be detected in greater numbers 
(85). 

Cryj 1, the major allergen of Japanese cedar 
pollen, produces both Thl and Th2-types of 
response, while Cry j 2 (another allergen of 
Cedar pollen) plays a minor role (86). Phl p 1 
is a major allergen of timothy grass. Specific 
T cell clones from patients with pollinosis 
show Th2-1ike pattern which changes to Thl- 
type due to decrease in IL-4 production on 
specific immunotherapy (87). Activation of 
both Thl (IFN-y) and Th2 (IL-4) cytokines 
has been observed in patients allergic to house- 
dust mite (88). Recently it has been demon- 
strated that release of Thl/Th2 cytokines by 
cells from pollinosis patients depends on 
environmental exposure to sensitizing pollens 
(89). Nickel is able to induce Th2 cells in 
nickel induced contact dermatitis and may 

156 Singh, Mehrotra, and Agarwal 



contribute to immunopathogenesis of contact 
dermatitis (90). Single sensitizing allergen can 
deplete peripheral blood of Th2 cells specific 
for all sensitizing allergens, but not of Thl 
cells. These Th2 cells may be migrating to 
target organs (91). 

Immunotherapy 

For many years immunotherapy with spe- 
cific allergen injection has been used in the 
treatment of atopic allergic disease (92). 
Recent studies with standardized, purified 
allergen extracts confirm that this treatment 
can be effective (93). In vitro studies of aller- 
gen-specific T cells show that these can be in- 
activated with allergen peptide in vitro and in 
animal models. Secrist et al. (94) demonstrated 
that allergen induced proliferation of periph- 
eral blood mononuclear cells was reduced af- 
ter successful immunotherapy in atopic 
subjects, and that production of IL-4 by aller- 
gen-specific CD4 + T cells was reduced after 
immunotherapy to levels observed in 
nonatopic individuals. This suggests that 
immunotherapy may alter cytokine production 
by established Th2 memory T cells. Recently, 
examination of skin biopsies from allergen- 
challenged sites of patients who had under- 
gone successful grass pollen immunotherapy 
showed increased expression of IL- 12 mRNA 
when compared to diluent-injected sites (95). 
These changes were not seen in grass-pollen- 
sensitive atopics who had not received immu- 
notherapy. It is possible that immunotherapy 
alters allergen responsiveness and antigen pre- 
sentation to an IL- 12 producing cell which may 
thus favor a Thl response (96). The cellular 
and clonal basis for the effects of current im- 
munotherapy protocols remains to be clarified. 

Conclusion and Future Direction 

The Th 1/Th2 concept has proved quite use- 
ful. It is likely to continue to be so as it 
describes a clearly observable phenotype of 
cytokines (7, 77). Thl/Yh2 paradigm has been 

able to explain the pathogenesis of autoimmu- 
nity and allergy (21). Th 1 -driven autoimmune 
disease may be the "price one has to pay" for 
having a broad T cell based immune response 
that eliminates viral and other infections via 
Thl-cells. By contrast, allergic diseases such 
as asthma may be the "price for strong Th2- 
type responses'" necessary to fight parasitic 
diseases. Several findings indicate that it 
would be more appropriate to define the com- 
bination of cytokines and types of effector 
cells required for successful immune response 
rather than to classify protective immunity as 
Th 1-type or Th2-type. In many infectious dis- 
eases, both Thl and Th2-type responses are 
required for a favorable outcome. 

The new insights in the pathophysiology 
ofT cell responses in atopic diseases provide 
exciting opportunities for the development 
of novel immunotherapeutic strategies (97). 
They include the induction of nonresponsive- 
ness in allergen-specific Th2 cells by aller- 
gen peptides or redirection of 
allergen-specific Th2 responses by Thl in- 
ducing cytokines. In severe atopic patients, 
the possibility of nonallergen-specific immu- 
notherapeutic regimens designed to target 
Th2 dependent effector molecules such as 
specific IL-4 transcription factors, IL-4~ IL- 
5, and IgE may be suggested. 

There are lots of questions still unan- 
swered. One needs to know whether these 
cytokines specifically block and alter dis- 
ease, e.g., aerosolized soluble IL-4R reduces 
asthma. What are the relative contributions 
of the immunogen and the genetic back- 
ground in evoking Thl-or  Th2 dominated 
responses? What is the role of Thl-Th2 bal- 
ance in recognition of self-antigens and how 
are these polarized response states main- 
tained? How is it possible to change the 
cytokine profile of established or ongoing 
Th 1 and Th2 responses? The protective role 
ofTh2 cytokines also needs to be explored in 
depth. An important question is whether T 
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cells, once differentiated into Thl /Th2 
cells, can change their Thl/Th2 polariza- 
tion. If aforementioned questions are solved, not 
only could the Thl/Th2 paradigm represent a 
useful model for understanding the pathogen- 
esis of several pathological conditions, but it 
could also provide the basis for the development 
of novel immunotherapeutic strategies. 
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