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I .  INTRODUCTION

An allergy is the immune-mediated state of
hypersensitivity that results from exposure to an
allergen. An allergen, in turn, is a biological or
chemical substance that causes an allergic îeac-
tion.l The most common allergic reaction is me-
diated by immunoglobulin E (IgE) and involves
activation of effector cells, mainly mast cells and
basophils, which lead to an inflammatory response
and clinical manifestations.

Allergic diseases affect a significant portion
of the general population, estimated at 10 to 25Vo
in developed countries, although food allergies
are much less prevalent. Clinical disease requires
both genetic predisposition and environmental al-
lergen exposure. It is unclear why some people
develop allergies and others do not. It is known,
however, that people with a genetic predisposi-
tion to allergy (a condition called atopy) produce
significantly greater quantities of total and spe-
cific IgE, compared to nonallergic individuals.

An IgE-mediated response occurs in all nor-
mal individuals, but the presence of certain genes
may be needed for antigen specificity and clinical
manifestations of the atopic state. The genetic
influence is evidenced by the known epidemio-
logical findings which indicate that if one parent
has allergies, the chances are 1 :3 that each of their
children will have allergies. If both parents have
allergies, it is even more likely (60 to 70Vo) that
their children will exhibit some allergic symp-
toms.

Allergic diseases result in major clinical and
public health problems due to their high preva-
lence. For example, about207o of Americans suffer
irom allergic rhinitis. Eight to l27o of the Ameri-
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can population has asthma. Among chronic dis-
eases, asthma is the leading cause of school ab-
senteeism and is responsible for approximately
4000 deaths per year in the U.S. In 1990, the
estimated cost of asthma-related illness in the
U.S. was 6.2blllion dollars.r It is therefore obvi-
ous that the economic and social impact of aller-
gic diseases in developed countries is significant.

I I .  CELLS OF THE IMMUNE RESPONSE

A normal immune system is essential for
health; a dysfunctional system leads to disease. A
deficiency in immune cell production or defective
immune function may lead to a wide spectrum of
immune-deficiency diseases. Overactivity of vari-
ous components of the immune system leads to
the development of allergic or autoimmune dis-
eases. Multiple cells are included in the immune
system, as is shown in Table 1. The cells, which
are directly involved in the induction and/or elici-
tation of the allergic response, will be discussed
in more detail below.

A. B Lymphocytes

B cells constitute one of the principal compo-
nents of the immune system. They provide both
cognitive and effector functions in the humoral
immune response. Membrane lg-expressing B
cells are cognitive cells, because they reco gnize
and respond to various antigens. Following anti-
genic stimulation, they differentiate into effector
cells and secrete Ig. The vast arîay of antibodies
produced by B cells belong to five Ig classes
(isotypes), namely IgM, IgD, IgG, IgA, and IgE.2
The basic structure of an Is is shown in Fiqure 1.
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Table I

CELLS OF THE IMMI.INE RESPONSE

LYMPHOCYTES

T

B

Natural Kil ler (NK)

Macrophages

GRANULOCYTES

Neutrophils

Location

(% normal range)

Blood (65-75), thymus (>95)
lymph nodes (70-80), spleen (20-30)
lymphoid organs (i.e. Peyer's patches,
etc.)

Blood (10-20), (Thymus < l)
lymph nodes (10-20) spleen (40-50)

Blood, bone marrow spleen

Various tissues (i.e. lymph nodes, spleen,
thymus, liver, lung, central nervous
system, skin)

Blood

Function

Cell mediated cytotoxicity
Cell mediated immunity
Regulatory effects on other immune cells

Immunoglobulin production & secretion
Antigen presentation

Killing of certain tumor cells: defense against viral
infection; regulatory effects on other immune cells

Phagocytosis and processing of antigens. Antigen
presenting cell (APC)

Phagocytosis and bacterial killing; proinflammatory
effects via extra-cellular degranulation (i.e.
complement activation, degradation of connective
elements), increased vascular permeability

Parasite killing; effector cell in allergic
inflammation (i.e. induces histamine release from
mast cells, bronchospasm. damage to respiratory
epithelia)

Al lergic/anaphy lactic reac t ions . i mmune re sponse
against ticks

Major effector cell in the allergic resPons€

tion. Once a B cell expresses a complete heavy or

light chain of the Ig molecule. it cannot produce

another heavy or light chain containing a different

variable region (antigen specificity). Mature B

cells lose their cytoplasmic IgÌvf and add surface

IgD to the surface IgM. Both classes of mem-

brane Ig have the same variable region and hence

the same antigen specificity. Once the mature B

cells are stimulated by antigens (or other signals)

they proliferate and differentiate, producing an

increasing proportion of their Ig in a secreted

form and progressively less in a membrane-bound
form. After activation, B cells in any given clone

can switch Ig production from IgM to antibodies

of different heavy-chain classes (isotypes), but

with identical antigen-binding specificity. Thus,

these cells begin to express Ig heavy-chain classes

other than ;,t, e.g., y, cf,, or e. This crucial step of

isotype switching facilitates the diversity of B-cell

responses in Ig production and involves splicing

Eosinophils Blood

Basophils

MAST CELLS

Blood

Tissues (connective and mucosal)

The life history of the B-cell lineage in the
bone maffow is divided into two main stages: an
initial antigen-independent phase (pre-B cells to
mature B lymphocytes) and an antigen-dependent
phase (B lymphocytes to antibody-secreting
plasma cells).3 The pre-B-cell stage begins with a

multipotent hemopoietic stem cell. Primitive B-
cell precursors have ;.r chains (heavy chain of
IgM) in their cytoplasm and no Ig on their sur-
face. At the next identifiable stage in B-cell matu-
ration, kappa or lambda light chains are also pro-

duced. These associate with the p heavy chains
and then assembled IgM molecules are expressed
on the cell surface. Thus, more differentiated B

cells (but still immature) have intact cytoplasmic
and surface IgM. The cells in this stage of devel-
opment do not proliferate and differentiate in re-

sponse to antigens. In fact, their encounter with

some antigens such as self antigens may lead to

unresponsiveness (tolerance) rather than activa-
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TABLE 2
Human lg

lgG

Mol wt (kDa) 150
Serum half-l i fe (d) 23
Average serum 1250 t 300
concentrations
(mg/dl)

Function Secondary
antibody
response

Antiviral activity +
Antibacterial activity +
Binding cel ls v ia Fc Macrophages

neutrophi ls,
eosinophi ls,
LGL"

lgE

Mediates
al lergic

responses

?
?
Mast cel ls,
basophi ls,
B  ce l l s ,
eosinophi ls
Langerhans

T cells differentiate into pre-T cells, which begin
to express CD 1, CD4. and CDS markers, usually
within the thymic cortex. A proportion of the
relatively immature CD4.8- cells then lose ex-
pression of either CD4 or CD8 to become CD4*8
or CD4 8*. The amount of CD3/TCR on the cell
surface is increased, and the CD 1 molecule is
lost. T cells develop into a variety of clones, each
bearing a different CD3/TCR molecule specific
for a particular antigen-MHc complex. Only a
minority of pre-T cells in the thymus successfully
differentiate into mature T lymphocytes and mi-
grate to the lymphoid organs and blood. In the
peripheral blood, about l07o of lymphocytes are
T cel ls.

T cells are heterogeneous with regards to their
function. They initiate the immune response,
mediate antigen-specific effector responses, and
regulate the activity of other leukocytes by secret-
ing soluble factors termed lymphokines. A corre-
lation exists between the expression of membrane
antigen markers and the functional activities of T
cells. Effector functions of T cells include cell-
mediated cytotoxicity where T cells recognize
antiqens associated with class I MHC or class I

lgA

160 (390)"
6
200 r 50

Ant ibody in
mucous
secretions

+++
T

Lymphocytes

lgM

900b
5
1 2 5  I  5 0

Primary
antibody
response

+
+++
Lymphocytes

lgD

175
3
3-4

Primary
lymphocyte
surface
molecule

?
?
None

1 9 0
2.5
0.03

u Secretory lgA appears in saliva and Gl secretion is a dimer.
o lgM circulates as a pentameric molecule.
" Large granular lymphocytes.

factor-B GGF-B), which are responsible for IgA
production, and interferon-y (IFN-y), which in-
hibits IgE synthesis.

B. T Lymphocytes

T lymphocytes (T cells) are critical compo-
nents of the immune system. Unlike B cells,, they
predominantly recognrze antigen when it is asso-
ciated with membrane-bound products of the
MHC. This dual recognition of antigen and MHC
is important for activation of both effector T cells,
including cytotoxic T cells, and immunoregulatory
T cells.s

T cells arise from stem cells and are "edu-
cated" in the thymus, hence the name "T" cells.
The central role of the thymus is related to the
rearrangement and productive expression of the
T-cell receptor (TCR) genes and the subsequent
selection of the antigen receptor repertoire that
enables mature T cells to recognrze foretgn but
not self antigens. In the thymus, primitive T cells
(pro-T cells) develop T-cell-specific surface anti-
gens (or markers), such as CD2 and CD7.* Pro-
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CD-cluster of differentiation (nomenclature of cell surface molecules of human leukocytes).



9S

,(1qu1ou 'sue8ro 
IIB Jo senssll a^IJJeuuoJ esool

eql ur punoJ,(11ensn eJu slleJ lseIII'suetunq uI

sllqdoseE pue slloc tsen 'c

' s IIeo tueledurooounlulul
Jeqlo pue sllec J o]B^IIJB uJnl uI qJIq,^A u'seue8
eur1o1,(c Jeqlo pue z--Il;o uorlducsueJl ocnpul

o1 sleu8rs reqlo qll^\ ,(lqeqo.rd 're8uesseru puo
-ces e se ]ce J)d pue tunlrlef, '(J)d 

J esuulì

uretord Jo uorle^pr€ (E) pue irusuldol,{c IIer eql

oJur tunrcler Jo xngur (Z) :(CVC) 1orec,(131,(curp
pue (€dD eleqdsoqdrrllolrsoul turoJ o1 eleqdsoqdrq

Iotrsour lfprleqdsoqdgo srs,(1o:p,{q (t) ere slue^e

leJrrueqcorq I€JrlrJc eql'uol]Jnpord euqoqdu,{1

pue uorluregrlord se qJns sesuodser lecrSolorq
luenbesqns ur 8ur11nser '[[ec eq] ulqllA suollcueJ

IeJrrueqcolq Jo serJos u selelllut luu8ts sil1J 'lleJ

eql ot 1eu8rs u slltusueJ] lut{l peuJoJ st xeldruoc

JBInJOIOUIJI B 'JdV ue UO uoIleuIqUOJ OlnJeloul

JHW II ss€lr-ue8rtue eprlded ctyceds € ot spurq

el,{coqdur{t lCl e uo dJl-d/xl ue ueq6
'sller teS.rut ;o 3ut11t1 petrlrlser-JHl4l-uou elerls
-uol'Uep ,(ueru q8noqtle 'ultoulun e;u roldeceJ eql

roy pue8q eql pu? uollJunJ JIoqI ';oldece"l Jleql

ur sluaru8es eue8 A Jo oJloueder Jollutus e Sut,req

,(q peqsrn8uqsrp ere tnq 
'sllec 

I d/n reln8er aql

elqtuaseJ sllec oseql 'slueuSes eueS Sut8uulee-l

fq pepocua ore puu suot8er (J) tuetsuoJ puu A

Jo lsrsuoJ osle suleqc eseql '(d pue n;o peelsut)

suruqc g pue l, go pesoduoc reulporeleq pelull
-eprJlnsrp e sr teqt roldece; e sse:dxe teq] peIJIl
-uepl eJeA\ slloJ J Jo los Jellulus e 

"{lluecea 'sroldece-l;o ,{1rs-rellp e Jo uoll€Je
-ue8 eqt s^\olle eue8 UJI eqt luroJ ot slueru?es

eue8 oq] Jo lueure8ueJJeeJ eq; 'eue8 
n snonSrl

-uoJ e ruJoJ o] VNO Sutuenrelul Jo uorlelep ,(q

snu,(qt oq] uIqtIA\ ,{ueSoluo IIoJ-J Suunp e8ue;
-reeJ slueru8es eue8 eseqJ 'sluotuele ctleue? elur
-edes;o Sururof eqt uror; peuroJ eJp sulut{c fl pue

n UJI epocue teqt seuel tqt 'seueS tlt4tt

8'sleutsrs uorle^rlse tsullulpetu

ur atedrcrued ,{eru }eqt sepl}ded,(1od o^IJ lseel tB

3o xelduoo e 'ECJ t{tl^\ eceJrns IIoc eq} uo pele
-rsosse ,(lluelurroJuou sl UJI eI{I 'JoIJe}uI 

IIOJ
aq] ol sleu8rs 8ur]ltursueJl JoJ elqrsuodsoJ sI teql

Irel c[useldo{c B puu uot8e; euuJqueusuuJl e

seq elnJolotu eleldtuoJ oql'sue8tluu lueJaJJIp eql

ezruSocer,{genluale IIIA }eql seuotc IIaJ-I lueJoJ
-JIp Jo lueudole^ep eqt szlroll€ teq] suleqc fl pue

n eqt go (serpoQltue o] relIuIS) uor8ar elqulJul eql

Jo ernlsnJls eql uI esuoJoJJlp oql sI lI 'esBJrns 
[[e3

eqt tuoq ,{u,to,u (uor8er A) Uud elqelre^ cqdrou
-,{1od oqt pue 'auelqutetu 

IIoJ-J eqt ot ;oldece-t
eql JoqJue leq] eJeJJns IIoJ eqt o] asolJ suot8er

luelsuoc qlrl\ suleqc uloloJdoc,(18 fl puu n Jo
pesodruor reulporoteq epIJInsIp B sl àJJ oql
'JHh[ aqt pue lueru8ery ue8t]ue eq] qtoq Jo suoll
-;od tceluoo ol s.reedde ;oldecer eql 'olnJelotu

JHN ue uIqlIA\ senplseJ etuos o1 pexelduoc
ue8rlue u8ra;og eq] Jo lueu8e;; B Jo pesoduoc
sr pue8rl stl erol{1y\ UJJ eqt q8norq petelpotu sI

tcetuoc srql 'lcetuor 
ller-l1ec q8no;qt slleJ roqlo

III{ ro e1e1n8e; sller 1 
'ecuulslp e tu tce solpogllue

peleJJes esoql\ slleJ g oìIlun 'acue11 'sue8

-llue punoq-lloc uo sllec I Jo uotluolle eql sesnc
-og ,&lcgrceds Ienp sql 'JHW aqt uIt{tL^A popor
-ue seprtded,{1od oreJrns 11ec crqdroru,(1od q}l^\
polercosse eq lsntu ,{eqt e;eq^\ 'Jdv ue Jo eJeJ
-Jns IIoJ eql uo luesard eJe esoql ueql\ ,{po sue8
-lluu ezruSoceJ slloc I 'onoqe pouolluetu sV

'sUJI eer; Surpnloul srol
-Brparu snorJBA Sutlerces ,(q ued ut eleredo ,{eq1
',{lrunuurolne pue'eJuuJalol'uotleln8aJounutrlI

Jo sesuqd snoIJ€A uI [ecI]IJc oq ol pelelloq
eJu pue sasuodseJ eunturxr eleln8er-u^\op '*S(IJ

oJe qolqd\ Jo lsotu 'sllec 
1 rosserddng 'sesuodsar

,{roteruuegul cr3,re11e pue uollonpord,{poqtlue
Surlceg;u ,(1ureu '0I -lI pu€ '9--II 'g-TI 'V--Ileonp

-ord s11ac (ZHf) 7 redleq-J eqJ 'suollrser 
HIC

ur e^rl3e ere puB,l-xgt pue z--il ecnpoJd ,{preu
slleo (tUf) 1 radleq-I r'uortrnpo,rd euuloy(c 3o
elgord Jleqt o1 ?urproroe pelJlluepl ueeq,(lluecer
o^eq sller I redleq;o sad,,{1 o/\\J 'JHN 

II sselc
-ueSrtue qll^\ tcueJ slloJ eseql Jo lso14 'slleo 

J
JeqloJo uolte^I]Je pu€ uolluJeJllord se 11e,u se'8ut
-r4Jlrzlrs ed,{losr pue 'uotleJn}etu 'uot1e;e;t1ord 8ur
-pnlsur'suorlcun; IIes-g ,(ueu lor]uoJ (*tcIJ fllu
-nsn) sller "redleq-; 

'suoltcerotut 
IIer g-lloo I pue

IIoJ J-llec I Jo fteue,t e q8norql sesuodseJ eunlu
-urr sse;ddns ro lueu8nu slleJ ; -roluln8eg

'*?cJ ,{11unsn ere slloc esoql 'sllec

Jaqlo Jo uoll€^Ilcu pue uollcnpoJd euqoqdru,{1
uI^ ,(lururu slceJJe oleeJc pue Jdv eql uo JHW
11 sselJ-ueSttuu q]t/y\ tJuer sllal sseqJ '(HJC)

suorlcueJ,{ttntltsues.red,(q ed,ft-pe,{elep lno [uec

sller I:eglo n',{pceJ[p sleSrel rleql }coJJ? ol reedde
pue reìreur 8CJ eql reeq {eql 'uot}cefel ge;3o11e

ur sJolJeJJe rofeu eJe pue slleJ Surreaq-1 ssels
petceJur fllerrn ,(orlsep sllec I eseqJ'ouole JHhi



-

around blood vessels, nerves, and lymphatics.

Basophils circulate in the blood stream. Both

contain multiple prominent granules that stain

from purple to red with blue aniline dyes, thus

exhibiting metachromasia. This staining property

is attributed to highly sulfated proteoglycans within

mast cells and basophils. Both cells also synthe-

size and store histamine and proteases complexed

to these proteoglycans. These substances are then

released when mast cells or basophils are acti-

vated by an antigen that is recognized by antigen-

specific IgE, bound to high-affinity (FceRI) recep-

tors located on the surface of these cells.
All mast cells are derived from progenitor

cells present in the bone maffow. Normally, mast

cells are not found in the circulation. Progenitors

are believed to migrate to the peripheral tissues as

immature cells and undergo differentiation in situ

under  microenvi ronmenal  in f luences.  Four

interleukins have been shown to sustain and pro-

mote the growth and development of murine mast

cell populations, e.g., IL-3,1L-4,IL-9,and IL- 10. t0

IL-3 is a necessary factor to maintain mast cell

viability. IL-4 has little or no ability to sustain the

proliferation of murine mast cells in the absence

of IL-3. In the presence of IL-3. IL-4 promotes

mouse mast cell maturation in vitro. Granulocyte

macrophage-colony stimulating factor (GM-CSF)'

on the other hand, inhibits the growth of IL-3-

dependent mast cells,rr as does TGF-B.tz
A significant advance in the understanding of

mast cell biology is the appreciation that mast

cells may assume one of two phenotypes.13 Mu-

cosal mast cells are found mainly in the mucosa

of the gastrointestinal (GI) tract. Their main arachi-

donic acid metabolite is leukotriene (LT) C4 and

their viability in vivo appears to depend on T

cells, the presumed source of IL-3 and IL-4. The

second phenotype of mast cells has been found in

the skin, lungs, and serosal cavities. These con-

nective tissue mast cells contain heparin as their

main proteoglycan, produce prostaglandin (PG)

D2, and depend on stromal cell-produced stem

cell factor (SCF) for their maturation in vivo.taJs

The gene encoding SCF has been cloned and SCF

has been shown to be a product of the Sl locus in

the mouse and the ligand for the proto-otìcogene

c-kit tyrosine kinase receptor (allelic with W

locus).r5 However, mucosal and connective tissue

phenotypes are not fixed, and bidirectional changes

S6

may be possible in suitable microenvironments. It

is likely, however, that in normal development

there is a maturational sequence of bone marrow

precursors to mucosal type mast cells to connec-

tive tissue mast cells. Thus, the precise nature of

the mast cell and its mediators varies with ana-

tomic location.r3
In humans, the factors that regulate mast cell

growth and differentiation are less defined. In

addition, human mast cells are not as clearly dif-

ferentiated as mouse mast cells. Major differ-

ences between types of human mast cells reside in

the composition of serine proteases found in the

granule that are trypsin like or chymotrypsin-like

in substrate specificity, and in the ultrastructural

morphology of the granules. For example, in the

skin, the predominant mast cell contains tryptase,

chymase, and cathepsin G (MCtc mast cell type).

The granules in these cells have a pattern de-

scribed as lattice like or crystalline, and the cells

degranulate in response to neuropeptides such as

substance P or opiates. By contrast, GI mucosa

mast cells (MC, type) contain tryptase, but not

other proteases, have a granule pattern described

as scroll-like. and do not respond to substance P

or opiates with degranulation. Nevertheless, it

does appear that in humans as well as in mice, the

pattern of mediators produced by mast cells may

vary with anatomic location.r6
Indeed, CD34* mononuclear cells that are cul-

tured in the presence of IL-3 over agarose sur-

faces for 3 weeks yield cultures with I to 37o mast

cells.rT Mast cell granules in such cultures appear

as homogeneous dense structures, but without the

scroll, lattice, or reticular pattern seen in mature

skin or lung mast cells. For human mast cells to

express a more mature phenotype, coculture with

fibroblasts is required. In these cocultures, CD34*

progenitor cells give rise to mast cells that have

IgE receptors and granules containing tryptase'

More strikingly, cocultured mast cells have a

variety of granule morphologies including scroll,

reticular, and dense-core patterns found in mature

human mast cells within tissues.
The human homolog of SCF has been cloned

and its effects on human mast cells have been

examined. Thus, mast cells cultured in IL-3 plus

SCF, but not in IL-3 alone, are berberine sulfate

positive, suggesting the presence of heparin

proteoglycans within the granules.r0'17 Also' elec-
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I I I .  IMMUNOLOGIC MECHANISMS OF
TISSUE DAMAGE

When an adaptive immune response occurs
in an exaggerated or inappropriate form caus-
ing tissue damage, the term hypersensitivity is
applied.re Clinical al lergy or hypersensit ivi ty
phenomena are associated with a wide range of
processes. However, in each of these enti t ies a
common denominator of pathophysiology is ei-
ther objectively demonstrable or reasonably in-
ferred. Hypersensitivity is immunologically me-
diated through the interaction of an antigen of
exogenous or endogenous origin with specif ic
antibodies or lymphocytes. The consequence of
this interaction may be quite diverse, and may
account for a variety of clinical manifestations,
including al lergic reactions such as rhinit is or
anaphylaxis; and autoimmune phenomena, in-
cluding hemolyt ic anemia and connective t is-
sue disorders, vascul i t ides, or graft reject ion.
As more basic immunologic data have been
correlated with clinical manifestations, a work-
able system of general classif icat ion has been
developed. Gell  and Coombs20 have classif ied
the mechanisms of t issue injury due to hyper-
sensitivity reactions into four distinct types. In
practice these types do not necessari ly occur in
isolation from each other. These reactions are
basical ly expressions of the beneficial immune
responses acting inappropriately, and sometimes
causing inflammatory reactions and tissue dam-
age. The first three types are antibody medi-
ated, whereas the fourth is mediated primarily
by T cel ls and macrophages.

A. Type I or lmmediate Hypersensit ivi ty
Reactions

These reactions occur when antigens such as
certain proteins from pollens or foods bind to
specific preformed IgE antibodies attached to the
surface of basophils in the blood or mast cells in
tissues. This interaction results in the release of
various mediators such as histamine, PG, LT, and
cytokines, which produce an acute inflammatory
reaction with symptoms such as rhinitis, asthma,
or anaphylaxis.

B. Type ll or Antibody-Dependent
Cytotoxic Hypersensitivity Reactions

These reactions involve the binding of anti-
bodies to cell-bound antigen. This may lead to
phagocytosis, cell destruction by killer cell activ-
ity, or complement-mediated cytolysis of the cells
to which the antibody is bound. Examples of
tissue injury by this mechanism include immune
hemolytic anemia and Rh hemolytic disease of
the newborn. It should be noted that antibody
interaction with membrane-bound antigen may
lead in certain cases not to cell destruction, but to
inappropriate (exaggerated) function of the target
cell as found in hyperthyroidism.

C. Type ll l or lmmune Complex-Mediated
Hypersensitivity Reactions

These reactions develop when antibody-an-
tigen complexes are formed in large quantities
or cannot be cleared adequately by the reticu-
loendothelial (or mononuclear phagocyte) sys-
tem. Deposition of these complexes in tissues or
on vascular  endothel ium resul ts  usual ly  in
complement activation, which leads to polymor-
phonuclear cell infiltration and activation. This
cascade of events produces the tissue injury which
is found in conditions such as serum sickness
and vasculitis.

D. Type lV or DTH

DTH is manifested when antigen-sensitized
T cells are stimulated with the specific antigen
introduced to T cells in a specific manner by
APCs. This interaction leads to the activation of
the T cells and to lymphokine production that
mediates a range of inflammatory responses due
to the ability of lymphokines to attract and acti-
vate various cells with proinflammatory effects.
The classic examples of this response are the
tuberculin skin test reaction and contact dermati-
tis. DTH is particularly relevent in understanding
the pathogenesis of gluten-sensitive enteropathy
(see "Allergic Reactions to Foods" by J. Ander-
son in this issue).
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isotype switching to IgE. It provides a necessary
but insufficient condition for the induction of IgE
synthesis by B cells. In humans, a variety of
second IgE-inducing signals synergize with IL-4
in the induction of IgE synthesis .22 In addition to
cytokines, contact-mediated signals delivered by
CD4* T cells are required for B-cell proliferation
and Ig production. Recently, the ligand for CD40,
which is expressed on activated CD4* T cells,
was shown to be one such membrane-associated
molecule that acts as a stimulatory signal for IL-
4-dependent IgE production by both murine and
human B cells.23 CD40 is a 50-kDa surface glyco-
protein expressed on all human B cells. It is now
clear that mast cells secrete IL-421 and express
CD40-ligand,2'5 allowing them to play a key role
in allergy by producing inflammatory mediators,
and by directly regulating IgE production. IL-4
up-regulates FceRII on B and inflammatory cells,
providing in turn a local source of contact stimu-
lation and of soluble growth f-actors. Moreover.
several cytokines, including IL-5 and IL-6, up-
regulate the IgE response induced by IL-4 in
mononuclear cells.22 Recently, IL- 13 induced IgE
and IgG4 synthesis by human B cells, an effecr
that was found to be IL-4 independent.26 Thus,
IL- l3 is another T-cell-derived cytokine that, in
addition toIL-4, efficiently directs native human
B cells to switch to IgE, producrion. IFN-y has
been reported to inhibit ll-4-dependent IgE syn-
thesis in both humans and mice.22 Of particular
interest is the finding that the expression of IFN-
y is down-regulated by IL-4, both at the protein
and at the mRNA level. Induction of IgE, synthe-
sis by IL-4 may reflect not only the ability of this
cytokine to induce isotype switching, but also its
ability to simultaneously suppress a major func-
tional IL-1 ant"agoni st.

D. The Antigen

Antigens that elicit immediate hypersensitiv-
ity reactions are called allergens and are proteins
or chemicals bound to proteins. Materials such as
venoms, food, pollens, animal danders, and hor-
mone extracts function as complete antigens and
are capable of eliciting a complete IgE response.
On the other hand, low-molecular-weight sub-
stances, including some drugs, function as hap-

s10

tens that by themselves cannot elicit an IgE re-
sponse. These substances usually bind to self
proteins (carriers), forming hapten-carrier con-
jugates that function as complete neoantigens. It
is not known why some antigens cause strong
type I responses, whereas other antigens, which
may be encountered by the same route of admin-
istration, result in non-IgE humoral or cell-me-
diated immune responses. The property may re-
side in the antigen itself, perhaps in epitopes
recognized by certain T cells. Some protein an-
tigens are naturally encountered with adjuvant
substances that favor IgE synthesis. The nature
of the adjuvant may determine the type of APC
that is activated or recruited and is likely to
present the antigen to T cells. A particular type
of APC may provide costimulators that favor the
activation of helper T cells that are especially
potent at stimulating IgE synthesis.e Also, ge-
netic predisposition may determine the T-cell
response to allergens. Atopic individuals pro-
duce larger numbers of allergen-specific IL-4-
producing T cells than nonatopic persons. More-
over, allergen-specific CD4 T cells obtained from
atopic patients produce high levels of IL-4 com-
pared with CD4 T cells from the same patients
not specific for this allergen or with CD4 cells
from healthy individuals. These high ll--4-pro-
ducing cells strongly support the induction of
IgE synthesis.2T These data suggest that chronic
stimulation by allergens selects for allergen-spe-
cific T cells in individuals whose T cells are
intrinsically prone to secrete large amounts of
IL-4 on activation (TH2 cel ls).

In general, repeated exposure to a particular
allergen is necessary to develop an atopic reaction
to that allergen. For example, individuals with
respiratory allergic reactions to pollens may ben-
efit from a geographic change of residence with a
change in indigenous plant pollens. Food aller-
gies are common during childhood, perhaps be-
cause the mucosal barrier of the GI tract is not
mature. A dramatic example of the influence of
the natural history of exposure to allergen is seen
in cases of bee sting anaphylaxis. The protein
toxins in the venom are usually not of concern on
the first exposure because the atopic individual
has no preexisting specific IgE antibodies. How-
ever, a large IgE response may occur after a sec-
ond stins.
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antihistamines, including astemizole, loratadine,
and terfenidine. H-2 receptor antagonists include
cimetidine and ranitidine.

A second group of preformed mediators in-
cludes those that stay fìrmly associated with the
granule after release. The proteoglycans comprise
one such group of mediators. Heparin is the pro-
totype proteoglycan mediator in mast cells, but it
has become apparent that not all mast cells con-
tain significant amounts of the compound.r3 In-
stead, mucosal mast cel ls are known to contain
proteoglycans of the chondroitin sulfate class,
which are less highly charged than the heparin
molecule, or contain a mixture of both forms.
Proteoglycans are a major granule constituent ano
may, by virtue of their charge density, provide a
storage matrix fbr other mediators. Afier their
release, proteoglycans may exert a variety of ef-
fects. Heparin binds to various enzymes as well as
growth factors, thus influencing their function.
Both heparin and oversulfated chondroitin sul-
fates inhibit lymphocyte blastogenesis. Heparin
also acts as an anticoagulant.

A third group of preformed (granule-associ-
ated) mediators are the proteolytic enzymes. The
most important enzymes in human mast cell gran-
ules are proteases. In humans, tryptase is found in
both mucosal and connective tissue mast cells,
with chymotryptase limited to connective tissue
mast cells.r6 A variety of substrates for these pro-
teases have been documented includin-u collagen,
bradykin in,  and st ructura l  connect ive t issue
proteoglycans. Tryptase isolated from hurnan lung
mast cells cleaves the complement component C3
to generate C3a anaphylatoxin in vitro. The lon_s
half-life of tryptase in the serum makes measure-
ment of this mediator a reliable test to document
the type I nature of a reaction such as anaphv-
laxis, but is less useful in food-induced reac-
tionq.zs'z')

The activation of mast cells not only causes
the secretion of preformed granule-associated
mediators, but initiates the de novo synthesis of
certain lipid-derived substances.r0 Of particular
importance are mediators derived from arachi-
donic acid, itself a cleavage product of membrane
phospholipids. Arachidonic acid may be metabo-
lizedby two main enzymes: cyclooxygenase, lead-
ing to PG and thromboxanes (TX); and lipoxy-
genase, leading to hydroxyeicosatetraenoic acids
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(HETE) and LT. These lipid mediators exhibit
potent effects on a variety of cells and tissues. For
example. LTB4 has potent chemotactic activity
for neutrophils, enhances lysosomal enzyme re-
lease, and augments superoxide anion produc-
tion. It has also been suggested as a modifier of
lymphocyte function by inducing specific sup-
pressor lymphocytes and augmenting human natu-
ral cytotoxic cell activity. Other LT such as LTC4
are potent bronchoconstrictors and increase vas-
cular permeability. PGD2 is generated within l5 s
of immunologic activation of rat serosal mast
cells and is the primary PG synthesized by mast
cells. It is a potent inhibitor of platelet aggrega-
tion, causes bronchoconstriction" and induces
chemokinesis of various cell types. In conjunc-
tion with LTD4, it will mediate accumulation of
neutrophils in human skin. High levels of these
mediators have been detected in the urine of mas-
tocytosis patients, and contribute to hypotension
observed in such patients. A final generated me-
diator is platelet-activating factor (PAF), which
has been detected after activation of mouse bone
marrow-derived mast cells, rabbit basophils, and
human mast cells, but not following activation of
human basophils. It is a potent mediator causing
platelet aggregation and degranulation, eosino-
phil accumulation, bronchoconstriction, mucous
secretion, and increased vascular permeability and
vasodilation, leading to clinical manifestations
such as systemic anaphylaxis.

Mas t  ce l l s  a re  a  s ign i f i can t  source  o f
cytokines.sO including tumor necrosis factor-cr
(TNF-cr). IL-1, IL-4, IL-5, IL-6, GM-CSF, and
IL-3. They may also produce chemokines such as
T-cell activation gene 3 (TCA-3) and macroph-
age inflammatory protein o (MIP-1cx) and MIP-
1B. The relative contribution of mast cells vs. T
cells or macrophages to the production of these
cytokines in viy,o is not yet clear. Nevertheless, it
is obvious that this capability of mast cells en-
ables them to play an important effector role in
various inflammatory processes. These cytokines
have multiple proinflammatory effects, including
growth-promor ing acr iv i ry  (GM-CSF; IL-5) ,
stimulation of IgE synthesis (lL-4), chemotaxis
(chemokines and TNF-cr), and modulation of the
biological functions of a number of immunologic
effector cells, including neutrophils and lympho-
cytes. The biological functions affected by such
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pruritic and ranging from I to 2 mm to several
centimeters in diameter.33 Individual lesions usu-
ally last several hours. Acute episodes of urticaria
are commonly of brief duration, resolving within
several days. Most cases of acute urticaria are IgE
dependent, whereas an IgE-dependent mechanism
can only rarely be implicated in chronic urticaria
that is defined as urticaria that lasts more than 6
weeks. Cutaneous mast cells may also be acti_
vated and thus cause urticaria via local nonimmu-
nologic mechanisms such as physical stimuli, in_
cluding dermatographism, pressure, and cold.

2. AD

AD is a chronic inflammatory skin disease in
which the role of activated mast cells has not yet
been elucidated. It is charactenzed by pruritus,
erythema, edema, and vesiculation. The chronic
lesions become scaly and lichenified. The impor_
tance of IgE-mediated hypersensitivity is suggested
by the clinical findings that g\vo of patienli with
AD have significantly elevated IgE levels, aller_
gens exacerbate AD, and a personal or family his_
tory of AD is usually present.33 Recently, receptors
for IgE have been found on the surface of Langer_
hans cells in the skin that serve as Apc for T .èur.

C. Gl Manifestations

GI manifestations of IgE-mediated allergic
responses (see "Allergic Reactions to Foods") are
more frequent than the respiratory or cutaneous
manifestations. These symptoms result from local
effects of mast cell-derived mediators on the GI
mucosa. Mast cells in the GI tract may be acti_
vated by either local direct stimuli such as foods
or as a part of a generalizedresponse to an antigen
spread by the circulation. These GI symptoms
usually include nausea, cramping, bloating, vom_
iting, and diarrhea.

D. Anaphylaxis

Anaphylaxis refers to the constellation of signs
and symptoms that result from IgE-mediated rnast
cell- and basophil-activation and degranuration.
The target tissues for the mast cell and basophil
derived mediators are primarily blood vessels and
smooth muscles.
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The sites of responses to mediators are both
local and remote from the site of the antigen
deposition. This is a diffuse response and may be
fatal if not treated. The clinical manifestations of
anaphylactic reactions are specific, depending on
the particular target systems affected. For example.
reactions involving the skin are manifested by
pruritus, flushing, urticaria, and angioedema. In_
volvement of the upper airways is exhibited by
hoarseness, stridor, and laryngeal edema. The
lower airway manifestations of anaphylaxis in_
clude dyspnea, tachypne a, wheezing, bronchor_
rhea, and ultimately respiratory arrest. Cardiac
mani fe stations inc lude tachyc ard ia, anhy thmias,
hypotension, and ultimately cardiac arrest. Fi_
nally, GI signs and symptoms include nausea,
vomiting, cramping, and diarrhea.3a

VI. DIAGNOSTIC APPROACH

The patient's medical history is the primary
diagnostic procedure in allergy practice. Labora_
tory studies, including skin and in vitro tests for
specific IgE antibodies, have relevance only when
correlated with the patient's medical history.rThe
specific diagnostic approaches for the diagnosis
of food allergies is detailed in ,,Allergic Reac_
tions to Foods."

A. History

History of a possible allergic disease should
include specific information such as: ( I ) seasonal.
weekly, or diurnal variations of the symptoms;
(2) relationship of symptoms to location (home,
work); (3) exacerbating factors (e.g.,dust, molds,
animals); (4) medications and their efficacy in the
treatment of the current symptoms; (5) occupa_
tional history; (6) family and past history of aller_
gic diseases; (7) environmental survey that de_
scribes specific features of the patient's indoor or
outdoor environment and the effects of specific
environmental agents on symptoms.

B. Diagnostic Tests

The diagnostic tests currently employed verify
the presence of specific IgE and point to the pos_
sibility of a type I allergic etiology to the patient's
symptoms. These tests in and of themselves are
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theophylline. Their major pharmacologic activity
is relaxation of bronchial smooth muscles. Theo-
phylline also improves contractility of the dia-
phragm, reverses mucosal edema, and accelerates
mucociliary transport. Theophylline also antago-
nizes the effects of adenosine on mast cells and
may thereby reduce mediator release.36

The second category of therapy affects the
cellular components of the inflammation and may
be referred to as anti-inflammatory. Drugs in this
category include cromolyn sodium, an agent whose
mode of action relates to its ability to reduce mast
cell reactivity. Therefore, early administration may
prevent allergen-induced early and late allergic
responses in  the lungs and upper  a i rways.
Nedocromil sodium, a pyranoquinoline, is an-
other nonsteroid anti-inflammatory agent for the
treatment of asthma. Its pharmacologic effects
include inhibition of human mast cell and eosino-
phil activation, as well as inhibition of the mobi-
lization of inflammatory cells such as eosìnophils
and neutrophils. Nedocromil also inhibits both
immunologic and nonimmunologic activation of
monocytes and macrophages.3T These cumulative
effects may be relevant to the treatment of aller-
gic diseases such as asthma, given the role of
airway inflammation in this disease process.
Finally, corticosteroids are known for their im-
pressive therapeutic effects on a variety of aller-
gic diseases. They are useful in treating allergic
diseases such as asthma, rhinitis, and AD. Among
the most relevant effects are a reduction in mi-
crovascular permeability, mucus secretion. and
PD production; inhibition of eosinophil migration
and proliferation, cytokine production by inflam-
matory cells; an enhanced B-adrenergic receptor
expression; and a reduction in mast cell number
and reactivity in vivo.36 These actions together
lead to a range of therapeutic benefits including
inhibition of late-phase allergic responses.

C. lmmunotherapy

This is the process by which increasing doses
of the specific allergens to which the patient has
been found to be allergic are injected subcutane-
ously over time to prevent IgE-mediated allergic
symptoms. This therapeutic mode affects several
immunologic processes in the allergic responses
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and is the only treatment reported to have long-
lasting preventive effects. Immunotherapy is ef-
fective in the treatment of allergy to Hymenoptera
venom and in allergic rhinitis. The effectiveness
of this treatment depends on several factors in-
cluding delivery of an adequate dose of the re-
spective allergens and the length of time of im-
munotherapy. Insufficient clinical data justify the
use of immunotherapy in the treatment of food
allergy.

The multiple effects of immunotherapy on
cellular events, inflammatory responses, and im-
munologic changes that occur in IgE-mediated
allergic processes have been reviewed.38 Briefly,
these effects include ( I ) an initial rise in specific
IgE, with subsequent significant decrease below
treatment levels; (.2) adrop in IgE that is inversely
correlated with the rise of specific IgG antibodies
capable of blocking the passive transfer of the
allergic response, termed blocking antibodies; (3)
an increase in IgG and IgA antibodies in the nasal
secretions; (4) a decrease in basophil releasability
where larger amounts of allergen are required for
degranulation; (5) a decrease in antigen-induced
eosinophil migration into the nasal cavity; (6)
prevention of increased responsiveness of the nasal
and bronchial mucosa to histamine in allergic
patients during the season; and (7) effects on
allergen-specific T cells such as a decrease in
proliferation and suppression of cytokine produc-
tion observed in response to the allergens. Recent
works have demonstrated that the production of
histamine-releasing factors by mononuclear cells
is also decreased by immunotherapy.

V I I I .  SUMMARY

Allergic diseases result from IgE-mediated
immune responses to foreign protein (allergens).
The majority of such reactions are lgE-mediated
(type I) reactions. Individuals who develop such
reactions are allergic. Those predisposed on a
genetic basis to synthesize IgE to environmental
allergens are atopic. Most allergic reactions are
precipitated when a specific allergen aggregates
several IgE molecules attached to IgE receptors
on the surfaces of mast cells and basophils. Chemi-
cal mediators are released which lead to the im-
mediate signs and symptoms associated with
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