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Abstract. The duration and severity of the allergic response are variable. Even

though antigens are rapidly cleared from the individual, an acute allergic response

is frJquentl-y followed by a recrudescence of symptoms hours or even days after

the iniìial exposure. Explrimentally, the cellular infiltrates and mediators released

during this iate response resemble those associated with chronic inflammatory

disease. Although bàsophils are present in this late reaction, the stimuli for their

activation remain unknòwn. A heterogeneous group of unique cytokines called

histamine-releasing factors (HRF), discovered over a decade ago, may well play

a role in stimulating basophils during this late-phase reaction. These factors have

been reported froÀ u uuìiety of cell sources including alveolar macrophages'

platelets. vascular endothelial cells, B and T lymphocytes' mononuclear cell

cultures, the U937 monocyte/macrophage-like cell line and the RPMI 8866 B cell

line. These ubiquitous faóto.s .uuré non-cytotoxic, calcium-dependent mediator

release from human basophils in vitro and are also present and active in vivo.

Purification attempts have revealed that HRF exists in at least three forms, based

on molecular weight. In our hands, the mechanism of mediator release by one

of the forms of gnp is IgE dependent. Since only about 50% of allergic donors'

basophils respond to HRF, a heretofore unappreciated heterogeneity of IgE was

1..u.à1.d. Thè presence of HRF has been shown to correlate with severity of

allergic disease in children with food allergies, with symptoms in the late-phase

1..rpònr. in adults and with severity of the allergic response to an inhaled antigen.

Thùs, the study of HRF has evolved over the last decade and may lead to better

understanding of the complex allergic response.

Introduction

A century ago Blackley [15] noted that exposure of an allergic individual to an

antigen produced an immediate response followed by a late reaction. Interest in

Ftgu-r l-3 r"ere printed by permission from the Journal of Immunology. These figures appeared

in J Immunol 139: 506 (1987)
Ofurint requesrs ro: S. M. lVlacDonaid
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th is late react ion resurfaced when Pepvs et  a i .  [5 i l  noted ciual  skin react ions in
pat ients wi th al lers ic bronchopulrnonarv aspersi l losis.  The deposi t ion of  IgG. IgM
and complement components in the s[ in àu. ing the late react ion as wel l  as the
t ime course of  development suggested an Anhuslype react ion.  i .  e. .  IgG-mediateci
inf- lammation. I t 'was not unt i ibolovich et  a l .  [19]  ,Jemonstrated late cutaneous
reactions atier rnjections of anti-lgE that IgE antiùody,was recognized as important
in the pathogenesit gl 'the late-phase reaition (LPR). Soon thereafier, definit ive
evidence that IgE ant ibody was ìnvolvecl  in tne LpR was provided by Sol ley et  a l .
[62] in passive-transter experiments. Nlore recently, Larien and co-workers have
shown that this 

.late response occurs in rabbits who make only I-eE antibodies in
response to ant igens [1a. 601.

The characteristics of the human response to antigen administration involves
tirst an immediate reaction, occurring wiìhn 5-15 mii. Subsequently, if the dose
of antigen used is.sutîciently high. *ott individuals wil l develóp a recrudescence
of symptoms within 3-11 h at ter  ant igen chal len-ee i191. This late response is
char.acterized by edema and erythema in the skin toz] ànoby increased resistance
to airf low in the nose and lungs t151. It has r..Lntly been appreciated that the
late reaction is a more appropriàte moàel of allergic inflammation than is the acute
response to antigen. Microscopic evaluation of this response in the skin reveals
cellular infiltrates similar to those found in chronic inflammatory reactions [2 ] ,23]: eosinophils, neutrophils, and variable numbers of basophils at the site of the
lesion [21]' our laboratory has reported that basophils also appear during the
antigen-induced LPR in skin chambers [17] and in tire nose Ii2j.^More recelntly,
the histamine-containing cells in bronchoaiveolar lavage have b".n identif ied as
basophiis and not mast cells [27]. Alcian blue-positive cells were increased 15-fold
in the antigen verses the saline sites in bronchóalveolar lavage fluids Ig-2zh after
ragweed-antigen challenge via a wed-9ed bronchoscope in ailergic, asthmatic sub-jects' Of these alcian blue cells,967; were basophils as defined morphologically
and.functionally. These data would suggest thaithe basophil plays a crutial role
in this response.

-The pathogenesis of this late reaction, however, is quite complex and poorly
understood' Perhaps an init ial event in the human ..spons. to antigen is mast cell
andior basophils degranulation and release of mediators which in turn attract in-
flammatory cells. The basophils and eosinophils which infiltrate are activated or
primed. to be hyperresponsive to stimuli [46]. Hours after antigen bronchoprovoca-
tion, elevated levels of histamine and neútrophil chemotactic factor have been
found in the blood [20, 48L and using an in vivo model of inrranasal antigen
challenge, our laboratory has demonstrated that mediators such as histamine,
kinins' leukotrienes, and N-a-P-tosyl-L-arginine-methyl ester (TAME)-esterase
activity are elevated in nasal washes coinóident with-symptoms in individuals
exper iencing a LPR [18,46, 17].  I t  has been shown. both in the skin and the
nose, that this late mediator release is not due to continued antigenic stimulation.
Addi t ional ly,  Bochner et  a l .  [16]  have shown thar inter leukinl  Or- l ) ,  a known
promotor of cellular recruitment and a cytokine which potentiates mediator release,
is released locally during the cutaneous allergic LpR. Thus. although mediator
release clear ly occurs in v ivo dur ing the late response to ant igen, the st imulus
for th is act ivat ion remains unknown.
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In studies i i - r  our laborator; , , ' , . ih lc i r  \ \ rere desisnr 'd to answer th is quest ion,  lve
tbund that nasal  lavages obtained Jr,rr ing rhe LPR cr- 'ntainetJ i r is tamine-releasing
t i ìctors (HRF) r ,vhich had character lst ics s in i ì iar  io those fron cul tured human
rlveolar nrecropirages [58] : rnd those in bl istcr  i lurc is r iur ing the LpR in ihe skin
i69 ] .  In  add i t ion .  the  macrophaue- ì i ke  ce i l  i i ne .  U937.  a lso  Droc iuces  a  s imi la r
factor in large quant i t ies [53] .  Our h, .pothesrs is inat  the macrophage-,Jer ived ancl
the nasal  HRF lre related moiecuies.  rnd that ih is iami iv oi  rnolecuies is an impor-
tant st imulus for  basophi is dur ing the late phase of  IgE-meoiate,J react ions.  Stuci ies
of these HRF wiil allor,v us to understand better the pathophysiology of late IgE
react ions and the nature of  cel l -cei l  interact ions.

History

Several inr, 'estisators have reporteci the in vitro nroduction oi hurnan-derived lym-
phokines that release histamine trom human casophi is.  Thueson et  a l .  t65.66]
were the first to report such a f-actor. n,hich ther,, cailed histamine-releasing activity
(HRA). f iom cultured human mononuclear ceils. HRA, subsequently termeà
HRF. was further characterized by Lett-Brown et al. [35, 36] and was found to
be hetero,qeneous with two rnolecular r.veight species of 15,000 and 50,000. Subse-
quently Bamzai and Kretschmer [1i] described a histamine-release-enhancing fac-
tor trom phytohemagglutin (PHA)-stimulated mononuclear cells from asthmatic
patients. and lda et al. [29] found a histamine-enhancing factor produced by lym-
phocytes from BCG-positive donors foliowinq incubation with purif ied proiein
derivative. Furthermore. these latter authors shou,'ed that this enhancing factor
was not interf-eron. Alam et ai. [2] have also reporred HRF production by óultured
mononuclear cells from asthmatic patients. Their tactor was released spontaneous-
ly. but increased amounts were obtained tblloivine specific antigenic stimulation.
The release of histamine by this factor in vitro was not dependent on the sensitivity
of basophils to the stimulatin-s antigens. since they originaliy reported that
histamine release was also observeC ',vith basophils from non-allergic subjects.
In their studies. lymphocvtes tiom normal controls also produced an HRF. but
onlrv afier stimulation with PHA. That HRF is produced by cultured human ly--
phoci, 'tes has subsequentlv been contirmed bv Sedsrvick et al. [59], Ezeamuzie
and Assem [22] and Kaplan et  a l .  [33] .  Str ickland et  a l .  [63]  reponed that an HRF
t'vas produced by human T lymphocvtes if peripheral blood lymphocytes were
stimulated with streptokinasei streptodornase. rvhereas. if the cells rvere stimulated
r,vith an antiqen. such as house-dust mite. the HRF r.vas produced by B lymphocytes
and monocytes.

Sources

Over the last 5 r, 'ears there has been increasecl interest in the sources of HRF and
vigorous et fons have been aimecl  r t  the pur i f rcat ion of  these ubiqui tous molecules.
In addition to cultured mononuclear cells, HRF has been reported trom a variery
t l i  cel l  sources includine alveolar macrophaees. platelets.  vascular endothel ia l
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cei ls.  B and T lyrnphocytes.  the U937 monocvte/macrophage- l ike cel l  l ine,  and
the RPMI 88ó6 B cell ì ine. Furthermore, HRF has been found in in vivo nasal
lavages. late-phase blister f luids. late-phase nasal lavages and bronchial alveolar
lavages. In addition to being present in in vivo f ' luids. severai investigators have
shown that some HRF are active in vivo. Thueson et al. [67] reponed that his
HRA caused wheal and flare responses in monkeys. Alam and Rozniecki reported
that their lymphocyte supernatant incluced bronóhoconstriction and a wheal and
flare in asthmatic patients which was not due to histamine in the supernatants Il].
Platelets stimulated with thrombin produce a facror. distinct trom platelet faòtór
4' that induces histamine release from human basophils [49]. Weiss et al. showed
that 9 of 12 extrinsic asthmatic subjects had immediate wheal and flare reactions
to intradermal administration of autologous platelet-derived HRF. while none of
5 normals '  5 intr insic asthrnat ics or 5 al lergic rhini t ics responded [701.

Nlechanism of HRF-induced Nlediator Release

All of the factors mentioned above induce non-cytotoxic histamine release from
human leukocytes that is temperature dependent. and requires metabolic energy
and calcium. Our laboratory has proposed an l-eE-dependent mechanism of
histamine release by the subset of HRF rhar we study gi: 3gl. This proposal that
the abil ity of HRF to induce mediator release by an interaction with cell-bound
IgE was based on the following data. The kinerics of HRF-induced histamine
release resemble those of lgE-mediated stimuli in that they are slow, and the
temperature optimum is 37 oC. In contrast, C5a or f-met peptide cause very rapid
release 126,611. Stronger evidence that the several HRF we itudy appear to indùce
release by cross-linking IgE on the surface of the cell has been ò^btained using
tw9_types of experiments. First, basophils were desensitized by incubating theÀ

|t 37 oC with optimal concentrations of anti-IgE in the absence of calciuÀ 621.
Such treatment renders basophils unresponsivJto the subsequent addition of anti-
IgE or any other IgE-mediated stimulus, in the presence of calcium l32,4Zl.In
contrast, release caused by a wide variety of other signals such as anaphylatoiinr,
f-met peptide, hyperosmolarity, calcium ionophoreind the phorboliri.r, TpA,
is not affected or is increased [24, 57]. Desensii ization with anìi-IgE ablated subse-
quent release with each of our HRF, strongly suggesting that they are interacting
with cell surface IgE (Fig. 1). The secondiyp. of .*p..i-.nt *hi.h supports th;
IgE dependence of our HRF involves removal of IgÈ from the basophii surface
with lactic acid [54]. This procedure leads to removal of 80%-g07" of the IgE
from the surface of the cell. HRF from various sources including macrophagès,
platelets, blister f luids, nasal lavages and the LJg -17 cell l ine did not cause histamine
release from cells treated with lactic acid.

In th is context ,  i t  is  important to note that  only certain donors 'basophi ls res-
pond to HRF t39.58],  a restr ict ion also t rue for ih.  h i r tu- ine-releasing act iv i ty
described by Kaplan et al. t331. In fact, as wil l be notecl later. most of the in-
dividuals who respond to our HRF are atopic or atopic asthmatic subjects. We
hypothesized. theretore. that there might bè a diffè.àn.. among IgE molecules
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Fig.2.  Ef fect  of  saturat ing IgE receptors rv i th non-responder IgR ( lgE-)  on the abi l i t .v  of  responder
lgE i igE-)  to interact  wi th HRF. The rcsul ts i ì rÈ expre 's:ed as the mean of  l ' ive experrmenrs.  Cc. l ls
rvere incubated iv i th buf fcr  lCO,\ , lTROL) or  iact ic  acid (0.1 NI.  pH 3.9 tbr  5 min.  desisnated 5IR1P).
Lact ic  acid- t reatcd ce l ls  rvcre passivr l \ '  scnsi t ized rv i th IsE "  (300 nsi 'mì)  or  IgE 

-  
(15 pg ml when

kE rn1' 'e lonla \ ! îs  uscd or  1.500 ng, iml  whc-n pol ,v-c lonal  penic i l l in-speci f ìc  IsE r . r ,as emplorcd).  L lct ic
acid- t reeted cel ls  rvcre l lso scnsi t ized rv i th a mixture ot  IgE 

-  
and IgE *  .  Al l  cel ls  were r . r 'asheci  rv i rh

bu f tè r  and  cha l l cngcd  rv i th . rn t i - l gE  tA IgE .0 .1  ug i rn l )  u r  HRF (1 , ' 21  c l i l u t i on ) .  Z l  A l . sE l  g l  HRF

l 'ron atopics and controis. Passive sensitization of lactic acid-treated basophiis
!vith serum from HRF-responsive subjects rendered these acid-treated cells respon-
sive to HRF as assessed by histamine release. In contrast, serum fiom non-
responders. at the same total IgE concentration, did not restore the abil ity of HRF
to induce histamine release. Furthermore. preincubat ion of  acid-treated cel ls wi th
serum fronr non-responders inhibited the abii ity of responder serum to bind tct
the basophi l  and interact  wi th HRF (Fig.  3) .  Vloreover,  serum fron responders
couverted acic i  t reated. non-responder basophi ls to responders:  i .  e. ,  non-
responc1ers '  b lsophi ls tb i lorv ing incubat ion rv i th a responders '  serum novv released
histalnine r ,vhcn st intulutcd w' i th HRF. These data inci icír te rhat i t 'uvas the serum
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source'  not  intr insic propert ies of  thc basopir i l .  u hi . . ' i r  conferecl  sensi t iv i ty to HRF.Also' this transf er o.f sensitivity clicl not appear to be -in artit-act of the acid treatmentof  the cel ls '  s ince basophi is wi th natuài ty o. .urrrng unoccupied IgE receptorswere rendered responsivt 'when sensi t ized i .v i th a responclers 'serum. In al l  in-stances'  using responders '  or  non-rcsponders '  serum, the release of  h istamine withanti-IgE as the stirnulus was unaf-fected. These results demonstrated that these HRFinteract with I-eE molecules of some but not all donors. Thus. there is a functionalheterogeneity of igE. we have tenrarivelv designated the I-eE which binds HRFas " IgE*" ( theretore.  by def in i t ion the remaining IgE molecules are I_gE-).To document that IgE 
- 

bound effectively ro rhe high-affinity Fc.Rl on thesurface of the basophil. we measurecl the tótal number of IgE molecules perbasophil (Fig' 3)' cells were treatetJ with lactic acid and then passively sensitizedwi th  IgEo. IgE .  o ra  mix rureo f_ ig_E.  unJ igE- .  As  expecred,  IgE*  a i lowedsignificant release by HRF, while Ig:E 
- 

inhibiied the abil ity of IgE + to supporrrelease' Aliquots of cells from each ieaction condition were stripped with acetatebuffer pH 3'7' This treatment removes virtually ail of the IgE molecules, but leavesthe cells unable tob.e passively sensitized t:tí. wnen rhe total IgE molecules percell were measured by Radio Immuno Sorbenr Test (RIST). I-eE 
- 

as well as IgE +were equally ef'fective in binding to the high-affinity IgE i...prÀr. Therefore,IgE 
- 

binds to cells, but does nàt interact with HRF.
To prove definitively that it was the IgE in the serum and not an additionalserum factor that-confered responsiveness ó uRF, we affinity-purif ied polyclonal

]g! 
rrom an I-eE * donor utìng a modificarion of the method of Lohman andHalonen [38] ' Serum was subjecìed to two sequential ammonium sulfate precipita-tions (25% and 55 %). The 5i% precrpitate ,à, ,.rurpended, diaryzed and placedon a concanavolin A column. IgE was eluted with ri.z na o-meiyl mannoside,
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Fig '  3 '  Determinat ion of  the number of  IgE molecules per cel l  before and af ter  passive sensi t izat ionwith responder IgE rlqE-. ) or non-responà.., I-eE (IgE -). c"ii, rvere treared with buffer (coNTRoL)or lact ic  acid (szR1P) '  Lact ic  acid- t ieated cel is  we-re then sensi t ized wi th responder serum ( IgE*,350 ng/ml)  or  non-responr jer  serum ( IgE-,1000 ng/rn l ) .  A port ion f rom each condi t ion was savedfb r  h i s tamine  re lease  us ing  t r vo  s r imu l i :  A IgE  (anù_ lgE ,0 . iug /m l )  o r  HRF (d i l u t i on  l / 21 ) .  Theremaining cel ls  f rom each c-ondi t ion ' ,vere t reated wi th a ietate buf fer ,  pH 3.7,  and the tota l  IeE contentof  the supernatant  was determinecl .  The tota l  number of  IsE molecules per cel l  was calculated.Z  A lgE :  g  HRF
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i l lc  ,ugar whic i r  b inds to concana\ 'o l in A. The i rect ion containing IgE rvas plac, : r l
ùn a Protein, \  sepharose column io remove IgG. Final lv.  the IgE r . i r - rs eluteci  f rorn
en ant i - igE column r ,v i th gl1, 'c ine butfer.  SDS-PAGE t l0% acrvlainic ie sel .  non-
reducing condi t ions) showed approximately '  t  95% pur i t icat ion oi  th is pói l ic lonal
lsE. There wi ìs n-r in imal contaminat ion r ,v i t i r  isG and albumin. The caiculated;, , ie id
\ \" i ìs :5%. This af f in i tv-pur i f ieci  IgE was subjected ro hiuh-presst i re l iqui t l
chromatoeraphy (HPLC) using tr ,vo columns in ser ies { 'TSK 10f i )  rncl  j0001 in
ohosphate-buffered saiine anci had a molecuiar r,veighr iess than 3C0 000. but
greater than 160000. This at f in i tv-pur i f ied igE* r ,vas next used to oassi ,v 'e iy sen-
sit ize lactic acid-treatetl ceils ,nú ,.rtorecl reiease b.v- HRF in a ciose-depencient
fashion trom 155 ro .33 ng,, 'ml of IeE.

Just as HRF lre heterogeneous, the mechanisms by which the.;  cause release
are probabiv ' rar icd.  Whi le i t  is  somewhat unsett led at  the nioment.  i t  seems l ikeiy
that there iÌre two major mechanisms oi release. one of rvhich is clependent upon
IgE* [39] .  whi ie the other does not seem to involve IgE. The quesr ion has been
ditf icult to resolve because the original description of the cytokine. HRF from
human mononuclear cells, stated that it caused a non-IgE,-ciependent histamine
release from human basophils t65], their nore recent data clearly clemonstrate
that this cytokine causes IgE-dependent release (personal communication. paper
submitted). They showed that the response ro mononuciear cell-deriveci gRf is
reduced tollowing lactic acid treatment of basophils. and that the response to HRF
is restored r,vith IgE from allergic donors. bur not rvith PS myeloma IgE. This
is the tìrst confirmation of our data inciicating an lgE-,Jependent mechanism tor
HRF-induced histamine release. Another group activelv purit_ving HRF trom
mononuclear ceil culture supernatants showed that a portion of their HRF bound
to an ADZ myeloma IgE atfinity column. but nor to a PS myeloma IgE aftìnity
coiumn [7]. This group has not specifically aCdressed the mechanism of release.
These differences wil l no doubt be detìnit iveiy semled when puritìed HRF is
avai lable.

Purification

If pro-qress is to be made in this area, the nature of HRF must be determined.
Active etforts toward purifìcation of HRF are currently being pursued by each
of the laboratories interesteci in this novel cytokine. In everyon.'t hancJs. the HRF
from mononuclear cell supernatants, nasal lavages or the 1J937 cell l ine are very
heterogeneous. [n our hands, U937-derived HRF has a broad peak of activity
which elutes from a Sephadex G75 column 'uvith an apparenr molecular mass
betr,veen 15-30 kDa. We have further purif ied this activi iy on an anion exchange
column rvith an increasins salt gradient and tbund three distinct areas of activitì, ' .
Currentlv. we are tbcusing on the one particuiar area that has an IgE-dependent
mechanisnl  of  h istarnine release ut i l iz ing reverse-phase HPLC. The greatest  pro-
gress in pur i f ìcat ion,  thus t -ar.  has been accompl ished by Baeza and Kapian l8 l .
Thel '  reported thl t  streptokinase/streptoclornase-st imulated mononuclear cel l
supernatants containins HRF act iv i ty contain mult ip le tbrms with moiecular
rrasses ransins i rom 12- 19 kDa. They'  f t r r ther character ized a 30 kDa HRF act i ' i tv

l 2 l
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f rom HPLC gel  f i l t rat ion on a Accel l -QMA anion exchi ìnse HpLC column rv i than increasing salt sradient. HRF activùy *r, ,..o".;;J i" rhr.; t l istinct areas:the ef f luenr.  ar  0.5 \ , i  Nacr and a peak i receding the r .0 N,f  NacL wash. Thesethree distinct peaks 
Y!I-. sub.jectèd to SDS gel elecrrophoresis and revealedheterogeneous arees of HRF ,.i ivitu rvith precloirrinon, activity in three molecularmass  ranges:  i i -11  kDa.  17  kDa.  and-11kDa.  In  two recenrabs t rac ts ,  th is  g rouprepor"ted that they had successfully prepared a monoclonal antibody that recognizesthe lor'vest molecular weight HRF àctivit1, tql uti i tr i;t;ù;Jil.ronut anribodyto affinity purif.v this HRF activitv. they'fóund signitìcanr sequence homologyof this lo"v molecular mass form of HRF with a platelet-derived f-actor. crAp

[10] '  Thus'  progress in pur i f icat ion is underway. but,  by no means complete atth is moment in t ime.

The Natural Inhibitor

Since immune regulation is otien balanced by stimulatory and inhibirory processes,
the question arises: is there a naturally o..u..ing inhibitór of HRF activity? Indeed,when human mononuclear cells, known to proàu.. HRF in culture. were culturedby one group in_rh.1n.1ence of physiorogr.at .o*en;;;;; i  ùirro-ine (10- r0to l0-ó M) an 8-10 kDa tactor was produced that inhibited the abil ity of HRFto cause histamine release. This cytoklne, appropriately named histamine-release
inhibitory factor (HzuF), was reporred to uèip.l ir i. fór inhibit ing HRF-inducedhistamine release fiom human bàsophils, and did not aflect othei secreragogues
such as allergen. anti-IgE, C5a, concanavolin A or phorbol myristate acetate [4].The biological activity of HRIF was protease-sensitive, neuraminidase-resistant
and reiatively heat-stable' To date, further efforts to purify this factor have notbeen reported' This work, if i t is confirmed by other laboratories, could be quiteimportant since this- group finds that HRIÉ production is influenced by im-munotherapy' one of the major modalit ies used to treat allersic disease.

Relationship to Knoryn Cl.tokines

since HRF can be derived from mononuclear ceil supernatants in culture andestablished cell l ines, such as the U937 line, and has a molecular weight similarto many known cytokines, a question was whether HRF was a known cytokine.with purif ication and recombìnant techniques several cytokines such as humanrecombinant IL 1a and p , rL2, IL3, IL4, ILj, IL6, interferon-gamma, _eranulocyte_colony-stimulating factor (G-csF),.und granulocyte/macrophage-csF (Gtv{-csF)
are available tbr testing to see if these cytokinés stimulaie h-uman basophils tosecrete histamine. In one report. ILI was iound to be a histamine-releasing agentin the absence of D"o, bui in our hancls it did not have this activity. rather itenhanced lgE-mediated release [4. ] ,64] .  I t  is  c lear that  IL3 causes histaminerelease fronl  basophi ls.  e i ther in ìhe absénce or in the presence of  D2o [2g,41].This is not surprising.  ̂since receptors for IL3 have been found on human basophilsusing chronic basophi l ic  leukemìa cel ls [68] .  I t  is  a lso c lear.  f rom kinet ic studies
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. rnt i  t i rc-  iaci< r t t 'even sei i - i iesensi t iz : t t ion.  ihat  IL i  st imuir tes basoohi ls i r ì  l  ven'
di f ferent inanner i r t>rn f iRF. GNI-CSF. in the presence of  D-O. l iso ù: ìuses
lrasophi i  i r is tamine i 'e lL- îsc.  but  i t  \ \ ' i . ìs  Ì lo[  equal  t t l  F{RF i ]3ì .  IL l .  ILJ.  {L i .  iLo
lnt i  G-CSF t io rot  s i rnrLr i l te basophi is to rele: lse histunr inc i5.  l3 l .  Thu:"  iht-r1lgf i
scverai  knor i , 'n:vtokines l tct  i . ìs  h istarnine-releasing r( lcnts.  i i re1,-  îDl letr  to be Ji1-
ierent ironr FíR.F.

Cl in icai  Correlates

S ince.  ts  o re ' i ious l ,v  ment ioned.  on l r  cer ta in  donors 'basoph i ls  rc 'spond ro  HRF.
our laboratorv rnade an el for t  to def ine the character ist ics of  the respondinr:  popuia-
i ion.  Sixt1, , - iour l topic pt t ients u. ' i th l  h ist t r r - . ;  o i  selsonei  a l lergic rhini t is  and a
nosi t ive intradermai skin test  to the appropr iate l l lergen r t  < 10 PNU l i lergcni 'ml
were studied. These pat ients were compared to l7 non-utopic conrrols who r ,vere
skin test  negat ive to a panel  of  l5 al ler_sens. Sensi t iv i ty to our HRF was restr icted
to atopic indiv iduals:  h istamine release (def ined as greater than or equal  to l0%
above spontaneous reiease) occr-rrred rv i th the basophi ls of  3 l /64 skin test-posi t ive
subjects and 0i 1 7 skin test-ne_sative controls (P < 0.01 ) [-f0] . There \\, 'as no correla-
tion betu'een the response to HRF and to anti-l*eE. Furthermore. the response to
HRF did not correlate with the total serun IgE level.

Knovu,ing that HRF caused basophil histamine reiease in a subset of ailer,eic
tionors and that it is tbund in late phase blister t ' luids and nasal lavaoes. we queried
whether responsiveness to HRF was an indicator of disease sel'erity'. Indeed. in
a separate studv of 55 ragrveed havtèr'er patients. there was a sisnificant correlation
bet'"veen intensitv of symptoms in the LPR and basophil histanrine reiease to HRF
(P < 0.02) [30] .  Furthermore, only basophi ls f rom al lergic asthmat ics,  but  not non-
ailersic asthmatics. responded to an igE-dependent platelet-derived HRF [25]. Ad-
ditionall l ' .  for those allergic asthmatics who responded to this HRF in vitro (i l  : 8),
methachol ine sensi t iv i t l '  and asthma symptons were highly correlated 1r ' :0.87:
P < 0  0 0 5 )  [ 2 5 1 .

Not oni l "  is  responsiveness to HRF asscciated with disease status,  th is aiso
is true in some instances tbr the production of HRF. The best evidence tbr the
latter is tound in a studv b;- Sampson et al. [55] . Basophiis of food allergic children
with atopic dermatit is have a high spontaneous release of histamine and their
mononuclear ceils in culture spontaneously secrete an IgE-dependent HRF. With
strict adherence to a diet that eliminated the off-endins tood allergen lor an extended
period of t ime. both spontaneous basophil histamine release and spontaneous pro-
duction of HRF w'ere ablated. Thus. we belier, 'e that the interaction of various
HRF rvi th the igE * moiecules on the basophi is of  responder indiv iduals mav repre-
sent an important e lement in rhe pathogenesis of  a var ietv oi  int lammator\ ' .  a l le rgic
r i isease processes.

Cther qroups have macle observat ions on the ci in icel  importance oiHRF. Aiam
et al .  [3]  stLrdied 20 pat ients r ,v i th mi ld to severe asthma. They cui tured per ipheral
bl t t t td nrononuclear cel ls lbr  l - l  h and correlated the spontaneous product ion of
HRF br  these ce l i s  rv i th  the  pa t ien ts '  s ta te  o f  b ronch ia l  i r lper reac t i r  i t v  as  assessed
:y inhalcd i t is tarninc.  Ther,  r rbser ' , ,eci  thet  the mu,rni tude of  the spontancous HRF
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production was related to the clinical starus of the parienr. A highly significantinverse correlation was noteci between the spontaneous HRF production bymononuclear cel ls and the sensi t iv i ty 'of  the pat ient  to histamine (r : -0.g6;
f 

'q 001) ' A group in Polancl reporteti an even more strikine correlation betweenthe change in spontaneous HRlproduct ion b,u .ononucleaicel ls and the changein  PCto  tb r  h is tamine ( r : -0 .93 .  P<0.000 i )  a f te r  2  years  o f  p reseasona l  im-munotherapv in.a group of  grass pol len al lergic subjects t34j  Thus. i f  th iscytokine' HRF. is as impotttni in the pathog.n.ri, of aller-eic disease as we havehypothesized' antagonisis, rvhether they be"other cytokinei or chemotherapeuticagents.  may wel l  be of  c l in ical  importance.

Heterogeneity of IgE

The nature of IgE heterogeneity. as defined by response ro HRF, is presentlyunknown' and we are-workin-e to define the diffeience at the molecular level. sinceit is known that the human i.ruy chain consrant region of IgE is coded for byone 'qene' a pseudogeng, 
.and a processed gene [13], tÀis heterfreneity most l ikelirepresents a post-translational event. A logicai post-translational modification thatcould explain this heterogeneity would be differential glycosylation. IgE is heavilyglycosylated and is known to contain zVlinked oli,sosaccharides. Furthermore,there is a precedent for differential glycosyruii* of IgE since ND myeloma con-tains 30% mor-e carbohydrate thai ps myeloma t6l. Moreover, differentialglycosylation of acute-phàse proteins is known to occur within 4g h of culturinga human hepatocyte cell line and can be detected by changes in reiative affinityto lectins as assessed by agarose affinity erectrophoresis t43].Efforts to obtain 

false quantities of IgÉ * have 6..n trami...o for two reasons:first' it is extremely difficuit to purify taiee quanriries of IgE o from non-myeloma,allergic patient sera; second, to oate, alt ls igE myelomai tested have been IgE 
- 

.Recently, it has.b::grrr. apparent that IgE ."un uÉ culrured in vitro using humanrecombinantrL4 t501. ThiÀ techniqu. 6..ure applicable to our work with thereport of sarfati and Delespesse, whò showed thai manipulation of culture techni-ques could produce significanr quanrities (n_e/mr range) of IgE t561.Since IgE can be produced in sig_nificant iuantitiei in vitÀ, ii was importantto establish whether both IgE * andlgE 
- 

.un be produced in virro. If this wereso' the biochemical basis of the differànce would be easier to define. Two defini-tions are important to this question. First: IgE * donors are those donors who have
ì j9?: basop,hil histamine release when Jimulated with HRF. second: in virrorgE: is that IgE (produced from cultured IgE * donor mononuclear cells) whichpassivelv sensitizes lactic acid-treated basoihils and renders them responsive to
H R F .  

v . r v v r  J  r r r l r r l

\\ 'c have begun to address this question. Peripheral blood mononuclear cells\\cr' '  i tr ir" 'ested fiom the Ficoll Paque interface. washed and cultured in HB l0ltttcd' 'r ct"ntainin g 5% fetal calf t.. lu-:. t0-t lvi hydrocortisone, penicil l in, strep-to t r i i t t r ì '  l i i t i  L -g lu tamine '2x  106 ce l l s /ml  r . r .  cu l tu red  in  the  presence o f  20nql'rnl of'hrit i lan recombinant IL4 (a gif i from sandoz) fbr l.t days. At the endof ctrlturc. thc supernatants are harvested and the total IgE measured by RIST.
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Tìre total  IsE levels obtained in cul ture r lnget i  inrrn l (10-7C0 nS,rrnl .  in prel inr inarv
crper iments.  i t  eppeers that  b<tth IgE'  : rnt i  is t r  c i ln oe producei  in r . i t r i t  f : -gr- l i
ihL'  mononuclear cel l  cul tLrres oi  the respecl ive donors r \ /Des.

Addi t ionr l { l r , ' .  to determìne i1 '  l lycosyiat i t rn e:<piains ihe di f tcrcncc in IgE*
and IeE- .  cxper iments  a re  ongo ing  us ing  carboht 'd re te  Drocess ing  tnh ib i to rs .
Through rL-cent ad' , 'ances in carbohvdrate biochemistrv,  speci f ic  inhibirors 9f  nor-
rnai  processins r t f  asparagine- l inkecl  o l ieosacchar ides are r iv l i lable tor  use in cei i
culture svstems rvithout introducing the toxic sicie -efie cts common r,vith
tunicamycin.  Thcse exper iments nra\  pror iCe the ansrver [o the basis of '  IgE
heterogenei t -v" .  I t  is  l ikely thatexposure ro tooci  a i iergens in rhe case of  Sampson's
studies.  or  to inhalent al lergens in our stuci ies.  a i ters the s lvcosvlat ion of  IeE.

Conciusion

Over a decade has past since the init iei discc.r er.i of HR.F. The tjelcl has expanileci
tremendously since then. rvith exponential gror,vth in the last t-ew y.rrr. With
purif ication etforts and recombinant technolosv, investigators in this field are clos-
ing in on this ubiquitous cytokine. Since lgE-dependent HRF are presenr in vivo.
particulariy in the LPR. they are l ikely to panicipare in the in vivo intlammarorv
response. Addi t ional ly.  as has been discussed. the pathophysiolo_ey of  the LpR.
ri 'hich includes mediator release and cellular influx. more accurately reflects the
ciinicai svndromes that involve chronic inf-iammation (i. e.. asthma and allergic
rhinit is) than does the acute rÈaction. Based on the data presented in this review.
as wel l  as the lack of  ant igenic involvement in the LPR, i t  is  possible to specuiare
that the cytokine. HRF, is one of the contributing causes to mediator reiease and
thereby stimulates the cellular infi l trate found in the late response. a response
which r,vould occur only in those individuals rvirh the IgE, IgE * 

. capable of interac-
tion r,vith HRF. This speculation is strensthened by the fact that late IgE-dependent
reactions occur only in a subset of subjects. Further undersranding àf theie HRF
may help explain the varying se., 'erit lr of allersic disease.
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