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IgE-dependent histamine-releasing

I{ugh A. Sampson and Susan M. MacDonald

Divisron of  Al lergy; lmmunology, Clv{SC-1103. The Johns Hopkins Universi ty School
oi ' lv ledic ine.  600 N. WolÈ Street.  Bal t imore. tv lD 21205. USA

Atopic derrnat i t is  is  a chronic inf lammatory skin disorder character ized by ex-
treme prur i tus.  chronical i ,v- '  re lapsing course, and speci f ic  d istr ibut ion.  I t  const i -
tutes one of  the "al lergic t r iad" (atopic dermat i t is ,  asthma, and al lergic rhini t is)
and general ly begins in ear ly l i fe as an erythemAtous, papulovesicular erupt ion
which progresses to a scaly,  l icheni f ied dermat i t is  over t ime [33].  The distr ibut ion
of the rash typical ly var ies wi th age [10],  invoiv ing the cheeks and extensor
surf  aces of  the arms and legs in the young inf  ant .  moving to the f lexor surtàces,
neck. wr ists.  and ankles in [he young chi ld,  and then af fect ing the f lexural  sur-
thces, f ì ice (especiai ly per iorbi ta l ) .  hands. and feet in the teenage pat ient  and
young adu l t .

Al though studies of  large f  ami ly k indreds and twin pairs indicate a s igni f icant
genet ic component in atopic dermat i t is  [a0] .  environmental  factors play a major
role in the expression of  th is disorder.  Several  reasons have been given to impl i -
cate a pathogenic role f ior  an lgE,-mediated mechanism in atopic dermat i t is :
t ranstèr of  eczema to bone-marrow recipients f rom atopic t ransplant donors [1] ,
e levated serum IgE concentrat ions and posi t ive immediate skin lests and radioal-
lergosorbent tests (RAST) to var ious dietary and environmental  a l lergens in 80 %
o f p a t i e n t s [ 1 1 , 1 2 . 3 2 ] , p o s i t i v e f a m i i y h i s t o r y o f a t o p y i n T 0 o / o t o 9 0 o / o  o f p a t i e n t s
[28, 37],  and the cievelopment of  other atopic disorders in most chi ldren with
atopic dermatit is [30, 46]. The histological appearance of eczematous lesions has
suggested a classical type I! ' , cell-mediated hypersensitivity reaction in the patho-
genesis of atopic dermatit is [27]. However, int-rltration of lymphocytes and morìo-
cytes in the terminal stages of the "late-phase" lgE-mediated response following
allergen-induced mast cell activation also have been implicated U8,44]. During
the "immediate" phase of mast cell activation, chemotactic factors are generated
which attract neutrophils and eosinophils to the area. Approximately 4 to 8 h
later. neutrophils and eosinophils intìltrate the dermis. Biopsies obtained 8 to 10 h
after the init iation of a reaction contain 48% lymphocytes,2T 7o eosinophils, 9 %
neutrophils, and 7 o/o monocytes [aa]. Lymphocytes and monocytes become pre-
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dominant in 1 to 2 days. Eosinophi ls release "major basic protein" (MBp),  a
cytolyt ic protein capable of  damaging skin epi thel ia l  cel ls and promot ing fu. íh. .
mast cel l  h istamine release, eosinophi l  cat ionic protein (ECP),  èosinophi i -a.r iuea
neurotoxin.  and eosinophi l  peroxidase [43].  Skin biopsies l rom chronic eczema-
tous lesions of  pat ients wi th atopic c iermat i t is  contain large quant i t ies of  MBp
and ECP in the superficial dermis. MBP and ECP are not present in non-ec zema-
tous skin,  indicatrng select ive deposi t ion of  these eosinophì l  products by inf i l t rat-
ing  eos inoph i ls  [17 ] .

Mechanisms involv ing IgE molecules other than direct  a l lergen-IgE act iva-
t ion of  cutaneous mast cel ls also are l ikely to be responsible for  thè lngammation
in eczematous skin lesions. Langerhanr. . l l r  containing high-af f in i ty FcE, ; ; . . ; -
tors [8.50] are found in increased numbers in lesionaf skin of  atopic dermat i t is
patients [a9]. Although the cytokine proflrle from human Langerhans cells is sti l l
being invest igated, murine cel ls may be act ivated through íurface-bound IgE
molecules to release a var iety of  cytokines including IL-1,  iL-6,  and tumor necro-
sis larctor-alpha (TNF-e) [24], which in turn atrracr and activate infi l trating CD4*
TH2-type lymphocytes.  Another mechanism bel ieved to play a pathogeni f  ro le in
atopic dermatit is in_volves the generation of novel cytokìnes termed '.histamine-
releasing lactors" (HRF).

HRF was f i rst  descr ibed bv Theuson and co-workers [47,  a8].  They reported
that peripheral blood *ononutlear cells cultured in the p.àr.n.. of concanavalin
A' streptokinase/streptodorn ase. C anrlicla albic ans, or Sìaphylococcal endo toxin
B generated a factor, fìrst termed "histamine-releasing aótivity," which was
chemotact ic for  basophi is and which ted to the releàse of  h istamine from
basophi ls [19] .  The release of  h istamine was rapid (1-5 min) and was shown ro
be calcium dependent and magnesium dependent. Subsequently Sedgwick et al.
[41]  demonstrated that the .oncanaual in A-dependent HRF wis synthesized by
a monocyte-dependent T cel l .  Kaplan et  a l .  [13]  descr ibed an HRFproduced bi
streptokinaseistreptodornase-stimulated p.i iph..ul blood mononuclear cells.
The HRF act iv i ty was detected in three fract ìons; proreins of  l0-12 kDa, 15-
17 kDa, and 40-41 kDa. A monoclonal  ant ibody was generated to the 10- to
12-kDa fraction which was then affinity-purif ied and seqienced [7]. It was found
to be homologous to "connective tissuó-àctivating peptide" (CTAb III), a mem-
ber of the chemokine (formally called intercrinei fuÀirv xà"t.ophil-acrivaring
peptide (NAP II.), a cleavage product of CTAP III also was found to have HRF
activity. Later these workers reported that another member of the chemokine
tàmily,,"monocyte chemotactic and activating factor" (MCAF) was the mostpotent HRF isolated 

_to date [15]. This was cónfirmed by Alam et al. [6] who
also showed that MCAF wai chemotactic for basophiis. Other members ofthe chemokine family have been shown to alfect basophil histamine release.*Macrophage 

inflammatory factor" (MIpr") is a direct àgonisr causing release
from the basophils of several normal donoÀ as well as lCof 20 allergic donors
[5]' Two other members of this family, RANTES and IL-8 have controversial
effects on histamine release. At high cóncentrations, White et al. [52] and Grant
et al ' [4] showed direct histamine .el.ase with IL-8. Kuna et al. [t i1 showed that
IL-8 inhibited one form of HRF- as well as inhibit ing IL-3- una Cfnp III-in-
duced histamine release. Alam and co-workers have stated that both IL-g and
RANTES inhibit basophil histamine release induced by MCAF and one form of
mononuclear cell-produced HRF. On the contrary, Kuna et al. [16] have reported
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r i ra t  RANTES is  r t  po ten t  ec l i va to r  o t 'basop i r i l  h is tamine re lease and t l ie t  RAN-
TES n tav  t -unc t ion  th rough the  same.  o r  a  c iosc ly  re la ted ,  receptor -  as  l v lCr \F
Vf  CP-1  in  basoph i ls .  . \11  HRF c l i scusscd above ùpparcn t ly '  rc ì i ra rc  basop i r i l s
lh rough sur tace  receDtors .  regard lcss  o f  thc i r  source  o f  o r ig in ,  i . . - . .  r t rop ic  o r
nonaton ic  sub jec ts  and.  th i ts .  cun  be  cons ide  rcd  t t t  ac t  on  basoph i ls  r . , ia  an  IgE- in -
t l cpendcnt  t t rcchr in ism.  Th is  i s  vc r rv  d i f le ren t  i ' rom the  IgE-c iepcnc ien t  HRF ivh ich
rtre c i iscLtssed beloiv.  Furthermore. al thoLrgh the IgE- indepe nclcnI  HRF have been
ch l i rac ie r izec l  anr l  c loned.  the i r  s ign ihcance in  v ivo  remains  to  be  es tab i i shed.

SchLr i rn r in  c t  a l .  [391 e t  Johns  Hopk ius  f - r rs t  descr ibed an  HRF secre ted  bv
hut t tan  lunq nracrophaues rvh ich  cou id  ac t iva tc  lung rnas t  c re l l s  and basoph i ls .
HRFr  rvas  r t l so  de tec ted  in  sk in  b l rs te r  chamber  t lu rd  fb l low ing  anr isen- induced
la te -phase rcac t ions  [51 ]  and ac t r r , 'a ted  p la te le ts  [29 ] .  Inves t rga tors  a r  Johns  Hop-
r ins  i20 ]  la tc r  t i cmons[ ra tec i  tha t  the  human lung macrophage HRF rvus  ca lc ium
dependent .  had in te rmed ia te  k ine t ics  o f  h is tamine re lease (s imi la r  io  iha t  o f
IgE-ant igen- inc lucec i  rc lcasc)  and appearcc l  to  be  IgE dependent .  Horvcvcr .  th is
f i rctor c l ic i  not  sccfr l  to inducc consistcnt  h istarninc release fronr i t l l  donor
basoph i ls .  t J t i i i z ing  a  s imi ia r  IgE-dcpendent  F{RF der ived  f rom nasa l  lavase
t ' lu ic l .  and la tc r  a  U937 ml ic ropha-ueTmonoc l t i c  ce l l  l i ne .  V lacDona ld  e t  a l .  [21 ]
l i rst  c ierrronstrated heleroqenei t i r  of  igE rnolecules.  In a ser ies of  erpei- i rnents.
thcse r ,vorkers cstabi isheci  the IuE t lepcndi . -nce oi  th is tami ly of  HRF anci  sho.uved
th l r t  500/o  o i  a top ic  inc i i r , i c iua is  posscsscd sur tacc-bound IgE molecu lcs  ( lSE ' )
cap i ib le  o f  in te rac t ins  \ ,v i th  igE depcndent  HRF.  w 'herees  the  IgE molecu les
t lgE- )  o f  thc  o ther  50 ' l ( ,  o f ' thcse  a top ic  sub jec ts  anc l  a l l  non-a top ic  cont ro ls  c ' i i d
t t o t  i n t c r i t c t  r . v i t h  H I { F .  N o t  o n l v  i s  t h i s  I g E - d e p e n d e n t  H R F  p r e s e n t  i n  v i r r o ,  i r
i s  a lso  toLrnc l  in  v iv t r  i r r  nasa l  luv 'uges  [21 .  1 ]1 .  la tc -phase nasaI  l rvaues  [311.
i a t e - p h a s e  s k i n  b l i s t e r  l i u i d s  [ 5 1 ] .  a n c t  i n  b r o n c h o - a l v e o l a r  l a v a g e s  I i . 9 ] .  I - a t e r
NÍacDonald et  a l .  [ ] l l  shor,ved that IL--J ma-v play a pro- inf lammaror] ,  r 'o ie b;-
induc ine  h is taminc  i -c lcasc  [ - ro rn  basoph i ls  coatcd  iv i th  IgE '  o r  basoph i ls  ' ' ac t i -

Vatcd" bV t t thcr sccrct i tgogues.
.Another  source  o f -un  ig l r -< iependent  F I I ìF  i s  tbund by  cu l tu r inq  mononuc lear

ce l l s  t rom ch i ld ren  rv i th  a top ic  der rna t i t i s  and fbod hypersens i t i . , ' i t y  [38 ]  l see
belou') .  In thcse chi i t j ren i rnd aclolescents wi t i r  atopic dermat i t is  and fooci  hyper-
scnrs i t i r i t v .  bo th  i rnnrcd ia tc  and la tc -phase e f fec ts  o f  inges ted  tood a l le rgcns
have been documentcd  dur ing  doub le-b l ind  p lacebo-con i ro l led  food cha l lenges
( D B P C F C ) [ l 7 . 3 5 - 3 7 1  ' f o  

i n v e s t i g a t c  t h e  p a t h o g e n i c  r o l e  o f  f o o c i  h y p e r s c n s i t i r ' -
i ty '  tn atopic dcrrnat i t is .  i l0 pat ients have 

'Deen 
c ' ra luateci .  Pat ients ranged i r - r  age

frorn 6 months tc ' '  25 ycìrs and rvere highly atopic,  i ,v i th near iy hal f  exhibi t ing both
as thma and a i le rg ic  rh in i l i s  i t t  thc  t ime o f  in i r ia l  eva lua t ion  and on ly ,  20  9 /o  p rese o t -
ine \ ,v i th atopic c lcrmat i t is  a lone. Foocls suspected by history or the resul ts of  pr ick
sk in  tes ts  o r  RAST are  d iscont inued ! -o r  10  to  14  days  pr io r  to  the  pa t ien t ' s
admission to e Cl in icai  Research Unit .  Ant i -h isramines are discont inued for I  to
2 weeks or ior  to admis: ; ion and systemic steroids for  at  least  2 months.  Once
hospi ta l ized. pat ients rvere t reated aggressively tor  3 to 4 days to c lear cutaneous
prur i tus and er iu thema. DBPCFC consisted of  administer ing up to 10 g of  dehy-
cirated f  oocl  or  a placebo subst i tute over a per iod of  60 to 90 min.  start ing wi th
250-500 mg ancl  doubl ing the dose every 15 min unt i l  10 g was del ivered. Al l
chal lenees were scored on a standardized scor ing form [34].  A chal lenge was
considered posi t ive and stopped i f  object ive svmptoms developed (e.g. .  morbi l l i -
form rash, vomiting, r.vheezing, etc). The food chailenge was considered negative
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i f  the pat ient  to lerated the ful l  chal lenge without developing obvious symptoms.
Once the bl inding was broken, the pat ient  was fed a large port ion of  a l l  foods
which did not elicit symptoms during the challenge to confirm the negative re-
sponse el ic i ted wi th a dehydrated food.

DBPCFC provoked a var iety of  symptoms within minutes to 2 h.  Cutaneous
reactions developed in 75 oh of positive challenges, but symptoms were confined
to the skin alone in only 30% of posi t ive responses. Skin symptoms provoked by
DBPCFC usual ly consisted of  a markedly prur i t ic ,  erythematous, morbi l l i form
rash, which developed in patients' predilection sites for atopic dermatit is. Urticar-
ial lesions were rarely seen. The prurit ic, erythematous morbil l i form rash gener-
al ly arose abrupt ly and persisted for 30 to 120 min.  Gastrointest inal  symptoms
developed in4l ' /o of  pat ients (nausea, abdominalcramping, and vomit ing andior
diarrhea), upper respiratory symptoms, especially laryngeal edema (sensation of
itching and tightness in the throat, persistent throat clearing with dry hacking
cough, and hoarseness) in about one-third, and wheezing in about l0o of posi-
tive challenges. Relatively few foods were responsible for the majority of lood
allergic symptoms, despite the wide variety of foods tested. Egg, peanut, and milk
accounted for over [wo-thirds of the reactions documented by DBPCFC.

The continued ingestion of even minute amounts of specifrc food allergens by
atopic dermatìtis patients with food hypersensitivity provokes chronic inflamma-
tion and pruritus of the skin, which results in frequent scratching and the conse-
quent trauma-induced lichenified, eczematous lesions. As reported by May earlier
[25,26], it was found that children ingesting foods to which they were allergic had
high "spontaneous" release of histamine lrom peripheral blood basophils in vitro.
As depicted in Fig.  l ,  "spontaneous" basophi l  h istamine release (SBHR) from
peripheral blood basophils in vitro was elevated significantly compared to atopic
dermat i t is  pat ients wi thout food hypersensi t iv i ty and normal controls (respect ive

# 1  # 2 #J N l  Con t

PATIENT GROUPS
Fig. l .  Mean (+SE) rates of spontaneous release of histamine from basophils (SBHR) in three
groups of patients with atopic dermatit is and a group of control subjects. Group 1 consists of
25 patients with food hypersensitivity recently diagnosed and not yet started on an allergen-
avoidance diet; group 2 included 38 patients with food hypersensitivity who had followed an
allergen-avoidance diet for at least 1 year; and group 3 included 20 patients with atopic dermati-
tis but no food hypersensitivity. The controls consisted of 18 volunteers with no tbod hypersen-
sitivity. lwith permission from N Engl J Med (1989) 321:2281
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m c r ì r l s :  - j 5 . 1  ' ) / o i 3 . 9 ' %  r ' s  1 . 8 ' %  + 0 . 2 ' ) / o  v s  l . l ' r ;  + 0 . 1 u , / u .  f '  < 0 . 0 0 1 )  [ - ì 6 ] .  W ] r e n
t i r rsc  food a l le rg ic  p r r t i cn ts  rvc rc  p laced on  appropr iu tc  t - - l i rn in i . r t ion  c i i c t : ;  fo r
a r  leas t  1  1 'car .  they  cxpcr icnced c lear ing  o t ' thc i r  eczcn la  and a  s ign i t ì can t  f ì r l l
i n  S B H R  ( 1 8 . 0 n , l t * 9 . 6 ' ) i ,  t o  4 . - 1 o / , ' + 2 . 1 u , / , , .  P  < 0 . 0 1 . ) .  S L r b s e q u e n t  s t u d i e s  h a v e
sho. ,vn  tha t  SBHR re t r l rns  to  normal  ieve ls  over  - l  to  9  months  o f  s t r i c t  a l le rgen
e  l i n r i n a t i o n .

' fhe  
e t io l< tg ) ,o f  the  l i i gh  SBHR was unkno 'uvn .  I t  l v i t s  pos tu la ted  tha t  chron ic

tooc i  . t l l e rqcn  inges t ion  rn igh t  lead  to  the  genera t ion  o t ' lLn  HRF in  v i l ' o  rvh ich

cou ld  be  rcspons ib lc  io r  inc rcased basoph i i  re leas ib i l i t y ' [ ]3 ]  and SBHR.  ' \  cu l tu re

tcchn ique s i rn i la r  to  lha t  o r ig rna l l , v  descnbcd b l '  Thucson e t  a i .  [ ]7 .  -18 ]  rvas

ut i l i zed  ro  de termine rvhether  mononuc iear  ce ì is  ( l ymphocy tes  or  monoc) " tes)
r l igh t  be  the  soLr fce  o l -un  HRF.  S ince  pa t ien ts  u ' i th  a top ic  dermat t t i s  and tbod

a l lc rgv  r r ,e re  known to  havc  acLrva ted  c i rcu la t ing  p iasma ce i l s  "spontaneous ly "

s1 'n rhcs iz ing  la rge  qr - ran t i t i cs  o i  IgE in  v i t ro .  i t  was  pos tu la ted  tha t  the l '  m ig l i t  a lso

har , 'e  mononuc lear  cc l l s  "spontaneo l ls ly "  p roduc ing  an  HRF.  Per iphera l  b lood
rnononuc lear  cc l l s  wcrc  i so ln ted  rv i th  F ico l i -H-v -paquc.  resL lspended 15  x  10"  cc l l s

rn l )  in  RP\ { i  1640 bLr t - l c red ' ,v i th  l5  miv l  HEPES and contarn ing  pen ic i l l i n  and

s t rep tom! 'c in .  lnd  cLr l tu rcd  a t  37 'C in  a  hLr rn id i f ied  5u / , ,  CO.  env i ronn lcn t  f  o r

2- l  h .  No tè ta l  ca l f  serum.  miLoqens.  o r  i - ìn t i ccns  were  added tù  the  cLr l tL r rc

med iunr :  i .e .  HRF was genera ted  "spontaneous iy . "  Ce i l - f  ree  supernata t l t s  \ \ , ' e re

obtained bl ,  ccntr i fusat ion and dialyzcr l  for  i6 to -18 h to rcrnovt rcsic l t ra l  h is-

taminc .  and s to rcd  a t  l0 -C un t i l  ana lvzcc l .  Rcs id r - ra l  h is tamine \ \ ' i t s  cons is te -n t l y '
l e s s  t h a n  5 0  p g , m l .

I - {RF act iv i t ies in cel l - t ' ree supernu[ l"nts rverc t letermined b;-  adding 50 pl  ot-

l rononuc lear  ce l l  sL lperna t i ln t  io  50  p l  t t f  a  leuk i )c \ ; te  p rep l r ; - t t io t t  co t t t ; - t i t t i l l g
1 .5  x  10a I  x  10+ basoph i ls .  A f ' t c r  incubat ing  leukocv te  p repara t ions  a t  i7  C tb r

4,5 rnin.  sLtpcrnatants \ \ 'ere removed by centr i fugut ion ancl  h istanr ine ctrr ì tc l l t  LI l ' l -

a ly ,zcc i  [3S] .  Thc  rc lcasc  r t f  h is taminc  was rccordcd ts  a  pcrccn tagc  o t '  to t l l  cc i l

h is tamine contcn t  and comparcd  to  spontuneo l ls  h is tamine re lease.  in  16  a l t lp ic

c lc r rna t i t i s  pa t icn ts  r i , ' i th  nerv ly  d iagnosed food hvpersens i r i v i t y .  InonùnLtc lcer  cc l l

supernatan ts  lnduccc l  s ignr t ìcan t  BHR compared w i th  SBHR.  r ,v i th  a  r l tean  r i sc  o l -

58 .0 '14 ,  +  15 .6 ' ) i ,  t ' ro tn  i .09 '1 ,  +  1 .3  n / , ,  (P<0.01) .

T Ì re  gcnera t ion  o i  HRF rvas  found to  be  assoc ia ted  w i th  the  inc rcascc l  spor l -
taneous basoph i l  l - r i s tamine rc lease in  v i t ro .  inc reased basoph i l  re leas ib i l i t , v  in

v i t ro .  anc i  inc reused cu tancous  hypcr i r r i tab i l i t y '  (a  s ta te  o f  inc reased reec t iv i t y  o f

the  sk in  to  a  var ie ty  o f  m inor  non-spec i f - i c  s t i rnu l i .  e  .g  heat ,  co ld ,  de te  rgents .  c tc ) .

As  c lep ic red  in  F i -q .  l ,  e l im ina t ion  o f  the  respons ib ie  a l le rgens  i ' ron t  the  d ie t

tbr  a 6- to 9-mont l - r  per iod led to a decrease in spontaneously senerated HRF

to  normal  leve ls  ( rnean HRF- induced 6n5c ' ,ph i l  h is tamine re lense.  57 .1*9 . i '7o
t o  1 . 0 i 0 . 8  9 / o ,  P  < 0 . 0 0 1 )  [ 3 8 ]  I n  a d d i t i o n ,  S B H R  r e t u r n e d  t o  n o r m a l  l e v c l s .

basoph i l  re lcas ib i l i t y  nor rna l i zed ,  and cu taneous hyper i r r i tab i l i t y  d i rn in ished.  In

pat ients rv i th asthma. Alam et al .  [2]  reported an associat ion betr .veen bronchial
hyperreact iv i ty and the spontaneous generat ion of  HRF by per ipheral  b lood
mononuclear cel ls.

The IgE moiecules in chi ldren 
"v i th 

atopic dermat i t is  and food hy'persensi t iv i ty
were found to di f t -er  in their  abi i i ty  to react rv i th HRF compared to I -sE from

pat ients wi th no demonstrable tood hypersensi t iv i ty.  U t i l iz ing lact ic acid-str ipped
basophi ls f rom nonatopic donors,  passive sensi t izat ion wi th [gE from tood al ler-

gic chi idren ( IgE * 
)  rendered basophi ls capable of  secret ing histamine in response
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Fig. 2. Rares of SBHR and histamin-
releasing f lactor (HRF)-induced his-
tamine release in 10 patients. The
rates shown were determined at diae_
nosis.and after 1 year of an appropi i_
ate al lergen-avoidance diet
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Fig' 3' Mean rates of histamine release from basophils induced by HRF after passive sensitiza-tion' Basophils not responsive to HRF *".. purriuely sensitized with serum samples from fivepatlents with atopic dermatitis and food allargies (cóntaining IgE*), serum samples from sixsubjects without food al lergies (containing I lE-), ana three igE'myeloma proteins. [withpermission from N Engl J Med (1989) 32r..2281. I  Anti- IgE:%-HRF

to histamine-releasing flactor [38],^ whereas passive sensitization with IgE fromnonallergic individuals or three different Igd myeloma proteinr irgg-l niu, inca-pable of mediating HRF-induced histamiie ..í"ur" (Fig. 3). These studies sup-ported the hypothesis that different post-translationai evinté 1..!., gtycosylatiol)
may occur to account for the heterogeneity seen in IgE molecu-les.

Over the last several years we have b".r,Ltt.-pting to isolate and characterizean IgE-dependent HRF. Three sources of HRÈ hJve been utilized for thesestudies: nasal lavage fluid from unstimulated donors (nHRF) [21], supernarants
from the U937 macrophage/monocyte-like cell line (uHRF), and supernarants
from unstimulated mononuclear celli of patients with atopi" l.Àutitis and foodhypersensitivity (pHRF) [38]. Nasal lavage fluid was partially purified by uniÀnexchange chromatography prior to use in basophil experim.íti.ìHnF was ob-
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ta incd  f ro t r l  sL lpcrn l t tan ts  o t 'uns t imu la ted  pa t ien t  n lononuc lear  ce l l s .  i , r ,h ic i r  wcre
d ia l l "zec i  to  remove po ten t ia l  con taminat ing  h is tamine.  uHRF was iso la tec l  t iom
sL lpcrna t l t r t t s  o f ' the  U9 l7  ce l l  l i ne  rvh ich  rvere  concent ra ted  and then run  over  a
Sephade. r  G75 co lumn in  

' f  
R IS b t r f fe r  i v i th  a  phys io log ica l  sa l t  concent r l t ion .

The peak uHRF act iv i ty.  which appearecl  in a broacl  band berr , r ,een 50 and
-10 kD: r .  r i ' l i s  chromatoqr îphcd on  a  l v {ono Q.  an ion  erchange co lumn rv i th  an
incre l i s ing  s i i l t  concent ra t ion .0  to  I  M NaCl .  A l though th ree  d is t inc t  reg ions  o f
act iv i l \ ' \ \ 'ùre tound. onl ."-  the middle f ract ion ( t ' rom 0.4 to 0.6 M NaCl) ,  *Ài .h ru",
lgE dependent .  rvas  used in  Lhese s tud ies .  When sub jec tec i  to  SDS-pAGE under
rec luc inq  and dena. tu r ins  condr t ions .  the  th ree  d i f f le ren t  p repara t ions  o f  HRF are
compr isec l  r f  rnu l t ip le  p ro te in  l - rac t ions  ranu ing  in  s ize  f rom 10 to  70  kDa.  Of
I lo te .  on ly  tbur  bands  wcre  tbund to  be  ident ica l  in  a l l  th ree  preparar ions :one ù t
66  kDa.  o t tc  a l  19  kDa.  and a  doub le t  a t  2 i  kDa.  E f fo r ts  to  sequence rhese four
bands are  onqo ing  (see be lou , ' ) .

Tv"o l ines of  evidence su-ugest that  the three factors are stmi iar .  but  not i<Jen-
t rca l .  Basoph i l  c ross-dese ns i t i z i t t ion  exper iments  rv i th  each o f  the  th ree  sources  o f
HRF dcnrons t t 'a tcd  tha t  cach t ì rc to r  w i ì .s  capab le  o f  desens i t i z ing  basoph i ls  to  the
othcr  l r i ' o  l ì t c to rs .  t .g . .  nHRF b locked response to  r , rHRF and pHRF.  In  exper i -
ments r ,vhcr.e cuch HRF r,vas added separately ro basophi ls f rom iood al lergic
pat ien ts .  h is tamine re lease was provoked in  a l i  pa t ien ts ,  bu t  the  deqree o f  ie -
spot lsc  to  thc  v r t r io t ts  HRF d i f ' f ì rc t l  l lmons inc i i v ic lua l  pa t ien ts .  F rom i l ' , . r .  s tL rd-
ies  i t  can  t re  conc ludec l  tha{ .  nHRF,  uHRF.  and pHRF b ind  IgE ( *basoph i l
n lcmbr l ine)  a t  the  seme.  o r  i t  c lose ly  loca tec l  s i te .  bu t  varv  in  ìh . i .  ab i l i t v  t .
act i r , 'atc basophi ls t ' rom di l - f 'crcrr t  IgE * pat icnts.

Scvera l  a t tcn lp ts  havc  becn inade to  charac ter ize  the  IgE-< lependent  HRF.
Ut i l i z ing  the  midc l le  tn ic t io r t  o t 'uHRF f rom the  lv lono Q co lg rnn .  two sers  o f
rnonoc lonaI  l rn t iboc l i cs  rvc re  sencra tec i  by  in t rasp len ic  in jec t ion  o l 'BALBrc  mice .
The f l rs t  in ;ec t ion  pro toco l  resu l ted  in  severa l  [gM moloc lona i  r rn t iborJ ies .  Ant i -
b o d y  f r o m  o n c  c l o n e .  D 1 1 9 .  r , v u s  c a p a b l e  o f  i n h i b i t i n g  H R F  l c r i v , i t v .  U s i n c
tnrmunob lo ts  o f ' the  th ree  HRF.  D l lg  bound a  t iac t ion  a t29  kDa anc i  a  f ì -ac t ion
at  66  kDa.  Scquenc ing  o t ' ihe  66-kDa band inc i i ca ted  tha t  the  banc l  r .vas  bov ine
serum albtrrnin and sequencing ot- the 29-kDa bancl  revealecl  i i  b locked end ternr i -
nus .  E f fo r ts  to  p roducc  su f ' t ì c ien t  amounts  o f 'D119 fo r  genera t ion  o f  an  a f f  rn i ty
co iumn to  nur i f y  su t i ì c ien t  quant i t ies  o i  the  29-kDa f rac t ion  lo r  chanrc te r iza t ion
i Ì re no\\ / ' ;ncler rvav.  A second in. ;ect ion protocol  resul tecl  in several  IgG, mono-
clonal  ant ibocl ies r ,v i th high af f ìn i r rv to a 24_kDa t i i ic t ion.  This monoclonal  ant i_
body  bounc i  nHRF.  uHRF.  and pHRF but  cou ld  no t  b lock  HRF- inc luced BHR.
Suff ic ient  qr . rant i t ies of  th is 24-kDa fract ion were obtained for scqucncing rvhich
showed i t  to  be  homologous to  nuc leo l in .  a  nuc leo la r  phosphop io te in  l vh ich  is
impor tan t  in  the  syn thes is  and matura t ion  o f  r ibosomes.  The human nuc leo l in
gene has been iocal ized brv Sr ivastava et  a l .  [a5] .  The protein product for  th is gene
hzis been elusive but an ant ibody to the nucleol in gene was kindl-v-  provided and
proved not to inhibi t  the igE-dependent HRF act iv i ty,  and. therefore.  is  not the
protein of  interest .

A smal l  quani i ty of  a s ingie f ract ion containing uHRF act iv i ry r ,vas obtained
by piacing the iv lono Q l ract ion on a revers€-phase C4 column and elur ing wi th
65o/n aceloni t r i le.  Ho'uvever,  in i t ia l  at tempts at  sequencrng this protein la i led when
it rvas found to possess a blocked end terminus. Purif icàtion hus been scaled uo
to preparat ive levels in an at tempt to c i rcumvent th is problem. Based on kinet icì
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of release (classified as "intermediate") and cross-desensitization experiments, the
IgE-dependent HRF are not known cytokines nor any of the chemokines de-
scribed to date.

The role of the lgE-dependent HRF in atopic disorders remains to be fully
delineated. Studies in children with atopic dermatit is suggesr it may be important
in init iating the lgE-dependent late-phase reaction and play a central rolè in the
chronic cutaneous inf lammation seen in these pat ients.  Simi lar ly,  a study in
patients with asthma suggest HRF may be related to chronic airway inflamma-
tion and increased bronchial hyperreactivity. Isolation and characterization of
the lgE-dependent HRF should lead to a major breakthrough in our understand-
ing of  chronic al lergic disorders.
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