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INTRODUCTION

In the past couple of years, several studies have dem-
onstrated that T- helper cells play an important role in
the induction and reaction process of allergy. The T-
helper cell (T-h) is a kind of T lymphocyte. At first, in
the year 1921 Praustniz and Kustner, as quoted by
Romagnani, stated the concept that allergy is an interac-
tion between allergens and the IgE (Immunoglobulin E)
specific antibody that is attached to IgE receptors on
mast cells or mastocytes, which would then release its
mediators. Other factors that also play a role in the de-
velopment of allergy is lymphokine, produced by T—cells,
which regulate IgE antibody production by the B-cell.!
Lymphokine or cytokine is a hormone-like substance
released by T-cells, B-cells, or other cells, that function
as infercellular signaling substances in the regulation of
immune responses towards outside stimuli."-

Allergic reactions occur as a result of the response
of a group of T-h cells. The response that occurs is re-
lated to the pathophysiological aspect of allergy, which
is the production of 1gE antibodies, activation and at-
traction of mast cells, basophils and eosinophils, mucous
hypersecretion and subepithelial fibrosis.! Since patients
with atopic allergy are commonly found, knowledge on
the response of the T-h cell in allergic reactions open a
great opportunity for the development of immunothera-
peutic strategies targeted towards specific allergens in
atopic individuals.’? To find out more on the role of the
T-h cell in allergic reactions, this paper shall first discuss
the T-h cell itself, its proliferation and differentiation,
cytokine production, receptor type, stimulation mecha-
nism and its role in immune response in general.
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T-HELPER CELLS (T-H CELLS}

The T cell consists of 65-80% of all lymphocytes in
circulation. In the beginning of development in the thy-
mus cortex, the T cell undergoes maturation character-
ized by the development of specific surface antigens
called cluster designations (CD) that differentiate the
type, differentiation stage, and function of individual T-
cells. During subsequent maturation and differentiation
in the medulla, some antigens would reside, while others
disappear and others appear, creating sub-groups of T
cells. T cells that lose their CD4 antigen bul continue to
demonstrate CD8 antigen is called the CD8+ T cell an-
tigen or the T cytotoxic, while T cells that lose their CD8
but maintain CD4 molecules are called CD4+ T cells or
Th cells. These two kinds of T lymphocytes would later
enter the circulation as 2 populations with separate func-
tions. T cells that have never been exposed to antigens
are called naive T cells (pre Th cells/ precursor T celis,
Virgin T helpers). Naive T cells recognize antigens pre-
sented by antigen-presenting cells (APC), such as den-
dritic cells, B cells, and macrophages. After the recog-
nition of specific antigens, the T cells would proliferate
and differentiate into CD4+ effector cells that act to
assist B cells in antibody production. A proportion of
activated T cells would return to resting state and be-
come CD4+ memory cells (Figure 1).2

CD4+ effector cells could enter peripheral tissue or
locations of recopnized antigens during inflammatory or
allergic reactions, while CD4+ memory cells, other than
migrating to the location of inflammation, also migrateto
lymph nodes and are able to undergo further stimulation
with recognized antigens. The ability for a cell to mi-
grate during inflammatory reactions is closely related to
the function of the Th cell and the molecular mechanism
of cell migration to related locations.'*
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Figure 1, The Formation of Effector Cells and Memory Celis
Ferm Activated Th Cells. Quoted from Slites.

THE ROLE OF TH CELLS IN THE iMMUNE PROCESS

Th cells are classified into two categories. Such clas-
sification is based on the difference in cytokine secre-
tion by each category. This classification differentiates
the function and differentiation of the two categories of
Th cells in the immune system, since in cellular or hu-
moral immune responses, Th cells would differentidte
into effector T cells that produce different cytokines
according to predetermined function.’ The first group of
Th cells are called T helper-1 cells (Th1 cells), and the
second group is called T helper-2 cells. The role of these
two groups in the immune response is more dominant
towards one group. Thl cells play a greater role in cellu-
lar immunity against intracellular pathogenic microorgan-
isms such as Listeria, Mycobacterium tuberculosis, and
viruses through the activation of cytotoxic T cells, and
play a more dominant role in delayed type hypersensitiv-
ity reactions and autoimmune diseases. In autoimmune
diseases, host tissue cells are destroyed, as in the case
of diabetes mellitus, multiple sclerosis, etc.

Th2 cells assist B cells in the production of antibod-
ies in humoral immunity and play an important role in the
immune process against extracellular pathogenic micro-
organisms, parasites, and in allergic reactions.** During
humoral immune responses, such as in the case of aller-
gic reactions, T helper cells are more dominant towards
Th2. Thus, in allergic disorders such as rhinitis, asthma,
and contact dermatitis, Th2 cells play a more dominant
role in influencing IgE, mast cells, and eosinophils.
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TH CELL STIMULATION MECHANISM IN THE IMMUNE
RESPONSE

The success of an immune response depends on the
ability of Th cells from the thymus cell to recognize and
differentiate antigens. Naive T cells recognize antigens
through peptide fragments presented together by class 11
Major Histocompatibility Complex (MHC) molecules on
APCs that would bind with T cell receptors (TCRs). T cell
receptors are heterodymers, consisting of 2 S-S molecule
chains. There are two kinds of TCRs, alpha-beta TCRs
and gamma-delta TCRs. Interaction with antigens would
only express one of these two kinds of TCRs, particularly
alpha-beta TCRs.? During humora!l immune responses, the
recognition and contact with antigens via TCRs determine
the response of B cells towards stimulation through their
receptors to proliferate and differentiate to produce anti-
bodies. APCs works to process the antigens and present
them to specific immune system cells through MHC ex-
pression on the cell’s surface. T cells are activated only
if they could recognize the antigens presented by APCs
through MHCs. Activation of T helper cells cause the
production and release of cytokines and activates Th
cells to proliferate and differentiate into effector cells
and plays a role in the development of cellular or hu-
moral immune responses.>’

FACTORS THAT INFLUENCE TH CELL STIMULATION
AND DIFFERENTIATION

The process of Th cell differentiation in an immune
response begins with the ligation of TCR with an anti-
gen, influenced by the presence of cytokine produced at
the initial stimulation response of naive T cells that con-
tain CD4. Antigen binding with alpha-beta or gamma-
delta TCRs would activate phosphokinase, causing
phosphorilation of intracellular serine or tyrosine that
cause changes in gene transcription in the nucleus of T
cells, which would in turn transfer signals after the liga-
tion of antigens with TCR. These signals would then
stimulate naive T cells to actively proliferate and differ-
entiate into Thl or Th2 cells through the intermediary
stage called ThO cells. ThO cells would quickly differen-
tiate into Thi ar Th2 cells by means of different cytokines
in separate immune responses based on antigen stimuli.™

[n the last couple of years, there has been proof of
the role of co-stimulatory molecules B7 on APCs, which
bind to CD28 receptors on the surface of T cells and
selectively influence Th cell stimulation and differentia-
tion.>*® Attachment of CD28’s to B7’s create co-stimu-
latory signals that would enhance stimuli resulting from
TCR-antigen ligations during stimulation of Th cell ac-
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tivity, to produce cytokines and the direction of differen-
tiation. A study by Gause et al stated that Thi cell for-
mation depends more on B7-CD28 ligand compared to
Th2 cells.®

Antigen dose is also an important factor that deter-
mines differentiation of T helper cells into Thi or Th2.*
An increase in antigen dose could change an immune
response from Thl cells to Th2 cells, and visa versa.
Differentiation of T helper cells into Th1 cells is stimu-
lated by moderate antigen doses, while response from
Th2 cells require a much higher antigen concentration.*
During inflammatory reactions, the of the migration and
location of the two different kinds of cells inside certain
tissues depend on factors such as adhesion molecules
and the type of cytokine receptors on individual cells.’

THE ROLE OF CYTOKINE IN TH CELL DEVELOPMENT
AND REGULATION

As we know, at the initial antigen contact, naive T
cells require 2 signals, attachment between T helper cells
antigen receptors and the class II MHC antigen com-
plex on the surface of APCs, and co-stimulatory signals
that enhance signals between the ligation between TCRs
and antigens.>® These two signals would induce several
biochemical reactions within T cells that result in the
formation of the cytokines interleukin 2 (IL-2) by T cells.
The function of IL-2 is to auto-activate (via autocrine
stimulation) T cells through IL-2 receptors. Furthermore,
IL-1, a protein or cytokine produced by APCs, is able to
stimulate T cell development and autoactivation of the
APCs themselves. Autoactivation causes cytokine re-
lease that plays a role in cell development and differen-
tiation (see Figure 2).?

During antigen stimulation via APCs, naive T cells
produce 1L-2 through the intermediary form ThO, which
produces 1L-2, interferon gamma, and IL-4 (see Figure
.2

Activated macrophage produces IL-12 would influ-
ence Th cell activity and differentiation into Thi and
would produces interferon gamma and IL-2. Interleukin
produced by these Th1 cells would enhance immune re-

Flnioss of cyiokinas, growdty snd difienenflsfion factory

Figure 2. Th Cell Activated, Quated from Stites.”
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Figure 3. Differentiation of Th Cellinto Th1 and Th2. Guoted by Stites.”

sponses by involving macrophages and other phagocytes
in killing intracellular pathogenic bacteria. Interferon
gamma stimulates B cells into producing antibodies that
fix complements and stimulate macrophages and mono-
nuclear phagocytes into phagocytosis. In addition, inter-
feron gamma secretion also attracts other leukocytes to
that location, causing an inflammatory reaction and stimu-
lating B cells into producing antibodies thatact as potent
opsonines. The whole effect of Th1 cells effect signals
for the process of killing by phagocytes.> Stimulation in
the IL-4 environment stimulates Th2 differentiation and
influences further immune responses by mast cells and
eosinophils. Th2 cells secrete IL4, IL-5, as well as [L-
6, IL-10, and IL-13. Cytokines produced by Th2 cells
have a chemotactic effect on B cells, mast cells, baso-
phils, and eosinophils, and stimulate these cells to grow
and differentiate according to individual roles in the im-
mune response of allergic reaction or inflammation.
Interleukin 4 and 1L.-13 stimulate B cells into producing
IgE that binds with mast cells and eosinophils when in
contact with antigens or allergens.

Thl and Th2 celils have the ability to inhibit each
other’s growth. IL-4 produced by Th2 causes inhibition
in the development of Thi cells, while IFN gamma pro-
duced by Th! inhibits Th2 ceil development. So, the two
cell populations inhibit each other through the interleukins
they produce. The result of this regulatory process isan
immune response with a dominant effect towards one
of the two Th groups.>*

THE ROLE OF CHEMOKINES

Lymphocyte response towards IL-12 or [L.-4 depends
on a strong bind between cytokines and their receptors.
Antigen stimulation through APCs bound to TCRs de-
termine changes in Th cells towards Th1 or Th2. Acti-
vation of TCRs affect different chemokine receptors on
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Thl and Th2 cells.*s Chemokines are cytokines with
chemotactic function, which attract leukocytes and de-
termine their position within tissue during inflammation.”
The difference in chemokine receptors produce a change
in selective chemotaxis that is believed to play a role in
Th cell tissue specific homing during inflammation.’

PROFILE OF CHEMOKINE RECEPTORS ON TH1
CELLS

A chemokine receptor expressed by Thl cell is
CXCR3, whose expression is enhanced by IFN gamma.
Other chemokine receptors that are often encountered
on Thl cells are CCRS5’s, that function as chemo-attrac-
tant for macrophages and neutrophils.®'°

PROFILE OF CHEMOKINE RECEPTORS ON TH2
CELLS

Th2 cells have eotaxin receptors called CCR3.
Eotaxin is produced by epithelial cells, endothelial cells,
and fibroblasts. Eotaxin production is stimulated by [L-3
and [L-5 and increases during allergy or asthma. CCR3
receptors are located on Th2 cells as well as on eosino-
phils, basophils, and mast cells. CCR3 activation on eosi-
nophils, basophils and Th2 cells stimulate cells into mov-
ing to the location of inflammation,(chemotaxis). Eotaxin
receptors or CCR3 plays a great role in Th2 cell re-

sponse. Other chemotactic receptors on Th2 cells are
CCR4 and CCR82"

THE ROLE OF TH CELL ‘MMUNE RESPONSE IN AL-
LERGY

In general, there are several classifications of aller-
gic diseases, such as atopic allergy, drug allergy, and
contact dermatitis. This discussion will focus on atopic
allergy.

ATOPIC ALLERGY

Atopicallergy is a type [ hypersensitivity reaction in
individuals who are have a genetic sensitivity towards
certain antigens called aliergens, in the form of exces-
sive [gE production. There are various allergens, such
as dust, polien, bed bugs, animal fur, various foods, and
other substances. Clinical manifestations of allergy are
most often found in 3 target systems, the respiratory tract,
gastrointestinal tract, and the skin. Exposure towards
such allergens produces symptoms such as asthma, urti-
caria, rhinitis, diarrhea, and vomiting. The term “atopic”
signifies these clinical symptoms, which usually mani-
fest in individuals with family member who suffer from
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the same symptoms, demonstrating allergic reactions
towards allergen exposure.'*!"

PATHOPHYSIOLOGY

If someone who has been exposed to a certain anti-
gen, subsequent exposure to the same antigen produces
a secondary immune response to eliminate the antigen.
In allergy, the immune response is excessive, causing
tissue destruction. Such reaction never occurs on the
first exposure, which is a unique characteristic of the
person with allergy."

Exposure to allergen in an allergic individual causes
an interaction between the allergen presented by APCs
and Th cells and B cells, stimulating ithe production of
[gE antibody, which subsequently adheres to mastocytes
and basophils. Allergic symptoms occur when the IgE
adhering to mastocytes and basophils react with associ-
ated allergens. Allergen interaction with IgE causes cross
linking between 2 Fce receptors, causing cell degranuia-
tion and release of certain substances, such as hista-
mine, vasoactive amines, eosinophil chemotacting fac-
tor (ECF), neutrophil chemotacting factor (NCF),
leukotrien, prostaglandin, and thromboxane, which pro-
duce allergic symptoms. Histamine causes vasodilata-
tion and increases vascular permeability and stimulates
smooth muscle contraction, causing tightening of the res-
piratory tract due to edema and hypersecretion of thick
mucous. This causes obstruction of the respiratory tract,
as in asthma. In the skin, histamine causes a local aller-
gic reaction in the form of erythema and pruritus. ECF
and NCF attract eosinophils and neutrophils to the site
of inflammation. Leukotrien, prostaglandin, and throm-
boxane also play a role in the chemotactic process by
attracting and bringing cells together to the site of in-
flammation and enhancing the allergic response.™"

ETIOLOGY

The etiology of allergy is still unclear, but there is a
hypothesis that there are 2 influential factors, genetic
and environmental factors. The ability to produce IgE is
influenced by genetic factors, since offspring of allergic
patients have a tendency towards allergy. It turns out
that atopic individuals have more than 1 gene that influ-
ence the response of Th2, such as the cytokine gene,
cytokine receptor gene, and so forth. The IL-4 gene is a
gene that regulates IL.-4 expression. Up to now, it is still
unclear which gene is most responsible for the develop-
ment of an allergic response in an atopic individual, but
this IL-4 gene is believed to play a significant role in the
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Figure 4. Immune Response Regulation ofuT Cells Towards Allergens
prior 1o and after Birth. Quoted from Holt.

allergic process and immune response in atopic individu-
als. There is proof that IL-4 induces B cells into “isotype
switching” IgG into 1gE."-1*1*

Environmental factors are classified into two groups,
congenital environment and postnatal environment. !>
' Figure 4 depicts how during pregnancy, matemal cn-
vironment influences the development of the Th2 re-
sponse. Initial stimulation of T cells occurs when the
allergen cnters the fetal body through the placenta, es-
pecially in the last timester (a). The fetal response to-
wards this allergen usually occurs in the placcntal envi-
ronment in the form of progesterone, prostaglandin E2
(PGE2), IL-4 and IL-10 (b). which naturally causes the
initial formation of Th2 response and inhibits the forma-
tion of Th1 cells (c). After birth, the results of exposure
to the same allergens in the cavironment (d) depends on
penetic factors, which causcs immune response ad-
vancement along three different pathways, through Th2
boosting effect (¢), immune deviation in the form of a
change from Th2 immune response into Thl (f), or
anergysm, which would create a tolerance towards the
allergen (g)."?

Scnsitivity towards allergy i1s determined by a bal-
ance between the increase in the effect of Th2 and im-
mune deficiency, in the form of a change in response
from Th2 to Thl at the beginning of life. A reduction in
Thl function is a primary risk factor for atopy.'*'* An
increase in the prevalence of allergy is believed to be
related to a decrease in the incidence rate of infection
during childhood, such as tubcrenlosis (TB), which could
induce production of cytokine that are antagonistic to-
wards immune response from Th2 to Thl. Positive tu-
bereulin reaction is related to a lower incidence rate of
asthma, lower IgE levels, and cytokine profile that dem-
onstrate protective responsc by Thl. This demonstrates
that chiidhood TB infection modifies the immune re-
sponse that inhibits development of atopic diseases. Stud-
ics m developed nations demonstrate that a reduction of
TB infection and perhaps other childhood infections is
an important factor in the tendency of increase in atopic
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diseases in the last decade.''*!*

THE MECHANISM OF TH2 CELL STIMULATION DUR-
ING ALLERGY

The Th cell that plays a role in allergy is Th2. It has
been known that stimulation of Th2 cclls depend on con-
tact between the antigen nd the T cell, and the type of
cytokine it produces. Allergens with a specific responsc
by Th2 would stimulate accumulation of inflammatory
cells and increase of adhesion molecule activity, which
initiates a complex series of allergic reactions. During
its interaction with the B lymphocyte, the antigen cap-
tured by the B cell through IgM on the surface of the B
cell would be presented together with class I MHC to
Th2 cells. Th2 cells would then express CD 40 ligand
that would bind with its receptor on the B ccll, CD40.
Such stimulation is enhanced by co-stimulatory signats
B7 and CD28, also through IL.-4 that is produced by Th2
cells, causing optimal stimulation of B cells to proliferate
and produce IgE (Figure 3)."*

Th2 cells themselves, through the interleukin they pro-
duce, plays in most of the pathophysiologic manifesta-
tions in allergic patients. Figure 6 depicts how after con-
tact between allergens presented by APCs together with
class I MHC and TCR, the TCR is activated on ThQ,
which quickly differentiates into Th2 cells. Th2 cells would
then express 1L-3, [L-4, TL-5, and IL-13, which have
cffects on inflammatory cells such as mast cells, baso-
phils, and eosinophils, as well as increase antibody pro-
duction by B cells, especially IgE, and the devclopment
of an inflammation reaction. IL-4-release by ThO plays
a role in the development and formation of Th2 cclls as
well as strengthen the formation of Th2 response during
an allergic reaction. Interleukins 4 and 13 are rcquired
for IgE production during an allergic reaction.'"*% [gE
production and mast cell degranulation illustratcs the acute

Figure 5. B Cell and T Cell Interaction in the Farmalion of IgE. Quoted
{rom Bacharier.
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Figure 6. Allergy Process Scheme.

phasc of the inflammation process. The subsequent phase
occurs within scveral hours of the acute reaction, called
the late response, in the form of attraction of inflamma-
tion cclls characterized by the accumulation of eosino-
phils and basophils, cytokine production by Th2 cells, and
development of an inflammation reaction within the tis-
suc,'?

THE ROLE OF INTERLEUKIN IN AN ALIERGIC REAC-
TION

Interleukin 3 regulases the migration of ¢osinophils
and basophils that are not yct sensitized to the site of
mflammation.'” while IL-4 plays a rolc in the adhesion
and of rolling of cosinophils on endothelial cclls. Devel-
opment of mast cells and basophils is influenced by IL~
4, IL-9, and TL-10.'""'% [L-13 has a similar role and func-
tion to [L-4, which is to influencc IgE production during
an allergic reaction, Interleukin 4, IL-9 and IL-13, stimu-
lates chemotaxis, fibroblast growth, synthesis of extra-
cellular protein matrix, and in asthma plays a role in
mucous hypersecrction and increases metaplasia of
mucous cells in the bronchi.!"'"'? Interleukin 5 produced
by Th2 cells plays a role in eosinophil chemotaxis, dif-
ferentiation, and proliferation, as well as stimulates cosi-
nophils in playing its role in the killing process, as in the
casc of cytotoxicity against worms.? Interlcukin 5 plays
a role in inflammatory effcctor cells such as eosinophils
by stimulating eotaxins produced by cpithelial cells, cn-
dothelial cells, and fibroblast, which then activates cotaxin
receptors (CCR3) on inflammation cells, particularly
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cosinophils, basophils, and mast cells. Interaction be-
tween 1IL-4, IL-3, IL-3, IL-9 and cotaxin attracts cosi-
nophils, basophils, and mast cells to the target tissue or
inflammation site. Eotaxin also attracts Th2 cells via
CCR3 receptors on Th2 cells.

An increase in the secretion of [FN gamma and IL-
12 inhibits the formation of Th2 cells by rcducing 1L-4
and 1L-13 secretion, causing formation of Thl cells (re-
sponsc change from Th2 to Thl). A condition that pre-
dominates immune response by Thl cells and suppres-
sion of Th2 mechanism causes a change in the allergic
response. !}

SUMMARY

We have discussed the T helper cell from its differ-
cntiation and factors that influcnce its stimulation, such
as the interleukin pattem it produces, receptor type, stinu-
lation mechanism, and its rolc in the immune process.
Th cell response begins as antigen stimulation presented
by APCs together with Class II MHCs through TCRs
cnhanced by co-stimuiatory signals produced by
cytokines. Cytokines or interlcukins that are produced
play an important role in the differentiation of Th cells
into Th1 cells through TL-12 and IFN gamma or into Th2
cells via the formation of IL4, which has separate roles
and functions in the immune response.

The development of allergy is influenced by 2 fac-
tors, the genetic factor and environmental factors prior
to and following birth. Intcraction between these two
factors plays a role in the development of an immune
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response towards allergy in an atopic person. Even
though the gene that plays a role in allergy consists of
several genes (multigenetic), the IL-4 gene is consid-
ered as the most important genetic factor in the allergic
response of an atopic individual. Expression of the 1L.-4
gene and its products help induce B cells into going
through isotype switching of IgG into IgE. Sensitivity
towards allergy is determined by a balance between an
increase in Th2 effects and immune deviation in the form
of changes in Th2 response to Thl in the beginning of
life. A more dominant effect of the response by Th2
cells compared to Thi cells enhances the risk of allergic
reaction, while a decrease in Thi function is a primary
risk factor in the development of atopy. Environmental
factors such as childhood infections can change a domi-
nant Th2 prenatal immune response into a predomina-
tion towards Thl ceil response, which provides a more
protective effect against allergy. This would explain the
increase in the prevalence of atopic disorders in the last
decade in developed nations, along with the reduction in
the incidence of tuberculosis infection.

Cytokines, particularly IL-4, plays a role in IgE for-
mation and cause allergic reactions as well as ignites the
process of attracting inflammatory cells, especially eosi-
nophils, to the target site. During allergy, collaboration
between specific cytokines such as 1L-4, {L-5, IL-13,
and their receptors play a role in the development of
reaction. Knowledge and information on the role of Th
cells and the two groups could explain the pathophysiol-
ogy of the reaction that occurs in immune responses
against allergens, which could be used as the bases of
development of treatment or immunotherapy.
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