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lntroduction

Food al lergy (FA) may ci ìuse both in iest inal  ancl  extraintest inal  symptoms.

Nearly all human or-qans have already been reported as potential shock orsans in

food hypersensi t iv i ty react ions including carcl iopulmonary system and heart .

central nervous system (brain, eye, eirr, etc.), gastrointestinal tract (GI tract), kicl-

ney, joints, mucous membranes, respiratory and urogenitary trl lct as well as the

skin I l  -5] .  The diagnosis of  food hypersensi t iv i ty is commonly based on his-

tory, skin tests, total and specific IgE antibody determinations in serum as well

as oral food challen-ge tests. However, in gastrointestinal allergy (GA) food-spe-

ci f ic  sensi t izat ion may be conf ined only to the intest ine causing pr imari ly un-

speci f ic  abclominal  symptoms l ike diarrhea. vomit ing,  malabsorpt ion,  epi- lastr ic

pain,  abclominal  cramps, bloat ing,  etc. ,  which may also ar ise f rom other impor-

tant gastrointestinal disorders. Typical extraintestinal symptoms like asthma'

f lush. hypotonia,  rh in i t is ,  ur t icar ia,  etc.  may also occur in GA, but only facul ta-

t ively,  as a consequence of  e i ther an excessive intest inal  mediator release or as

result of an extraintestinal bincling of the ingested antigen(s) or its metabolite to

organ-spec if ic IgE antibodies.

Since the simultaneous appearance of intestinal and extraintestinal symp-

toms is more often highly suggestive of an underlying allergic reaction to food-

stuffs both for patients and physicians than the presence of only abdominal

symproms, GA is somet imes extremely di f ' f icul t  to diagnose t l  -11.  Such pa-



t icnts i , r , ' i th abdrtr l inal  cornplaints l ike chronic c l iarrhca. r t ta labsorpt ic ln.  r , r ,e ight

k lss or bloat ing.  etc.  i . t re pr imari l ; - 'or  natural l ,v referrecl  to the gastroenterologist

rvho examincs. in general .  the upper and lower GI t ract  for  under ly ing or-sanic

ci iseases. The potent ia l  spectrum of di f ferent ia l  c l ia-unosis t t t  GA. how'ever.  is

exr remely  b road t l -41 .  Near ly  a l l  pa t ien ts  rv i th  GA present  in i t ia l l y  w i th  unspe-

ci f ic  abdominal  symptoms ancl  show often unchnracter ist ic anamnest ic or labo-

rarory f indings. E,ndoscopl , '  and histolog.v of  the whole GI t r lc t  is  of ten necessary

to exclucie potent ia l  d i f ferent ia l  d iagnosis or other rare diseases (e.g.  col lage-

nous  co l i t i s ) .

However.  data about the prevalence ancl  incidence of  FA or GA in a pop-

ulat ion of  pat ients present ing pr imari ly wi th gastrointest inal  symptoms l ike

chronic diarrhea are very scilrce in the l iterature. [n this respect it is also sti l l

uncertain whether the rout ine histologic examinat ion of  the GI t ract  y ie lds deci-

s ive c l in ical  p ictures in GA ancl  whether the intest ine is ent i re ly involved or only

localized parts of it. Furthermore, in such cases it has been reported that skin

tests and I_eE antibody determinations in serum rnight fail to demonstrate clear

sysremic s igns of  food-speci f ic  sensi t izat ion [ -6] .  making the diagnosis of

al lergic react ions of  the intest ine more cl i f f icul t  than in other forms of  FA with

extraintestinal manifestations and/or a more systemic nature of the I-eE antibody

response [3,  4,  6] .
Since eosinophi ls and mast cel ls have been impl icated for many years in the

pathogenesis of  a l lergic diseases, the object ive of  the present invest igat ions was

to evaluate the character ist ics of  mast cel l  t r ) -ptase (T) and eosinophi l ic  cat ionic

protein (ECP) in human gut mucosa of patients suffering from chronic diarrhea.

malabsorprion. colit is and other abdominal symptoms due to manif 'est GA. To

more precisely def ine the role mast cel ls and eosinophi ls play in the lower GI

tract  in such pat ients.  pract ical  t issr"re homogenizat ion and biopsy incubat ion

methods (mucosa oxygenat ion) had to be constructed to al low -  on the basis of

t iny encloscopic samples -  a quant i tat ive extract ion and most actual  measure-

nlent of  thcse mediators f rom gastrointest inaI  t issue.

Material and Methods, Patient Populations

Putients

For the invest igat ion of  the character is t ics ot '  ECP and 
' I  

in  the lower CI t ract .  a tota l  of

35  pe rsons  I i 5  con t ro l  g roup .20  a l l e rg i c  en te ropa thy  iAE) ì  were  examinec l  r v i t h  upper  and

lower _qasrrointest inal  endoscopy.  Al l  pat ients -save their  intbrmed consent.  Agc.  sex.  the

number of  pat ients ancl  b iopsies f rc lm each group are l is tecl  in table I  .  Control  pat ie l l ts  suf-

fèrec- l  nei ther f rorn intest inal  polyps or  carìcers nor f rom inf lammatory or  a l lergic processes of

the gut .  These pat ients underw'ent  nonemergL-ncy colonoscop)/  fbr  ( l )anemia r , l 'ork-up or  (2)

cr ,a luat ion of  const iput ion.  ( l )  abdominal  pain.  ( - l )  d ivert icular  d isease or  ( -5)  peranal  b leed-

Raithe l/PacurarAV interkanrp/Dalbay/El l/Hahn



' [ U h l C  
1 .  \ l U C 0 s a l  E C I )  A I t d  I  C t l n t C n t  ( ) [  i ] L l l l l J I . ì  g t l t  I ì l U e  t ) \ l t . t I ì u  t l l u l l  l . 1 i i ' i \  ( ' r  - \ [ ) ( r r r i ' r r r L ' r i r '

an t i - l gE-  an t l  a l l c rgcn - induccd  sec rc t i on  f rom in tac t  cnc loscop ic  sa tnp lcs  p roce  sse t i  b ; -  t t t t t cOs i t

r )xvgcnat i t l t l

G roL rp  Pa t i cn ts  Se  x

n t/m

tsiopsics Nlci l iator re lcasc.

(total ng mediator/

nurnber)  mg wet  weight

Tissuc mecl iat t t r  cot t -

t cn t .  ns  mcd ia to r /

mg  wc t  r ve igh t

Age

Eo.s i noplt iI i c c ttt itt tri t '  p rot ( i t1 ( EC' P )

Contro[  -sroup
l 5 118 52 122

Induced ECP release

Ant i - lgE , 1 1

40

al lergen

3 8

i l9

28

el iminat ion d ie t

2 . 1  +  l . l

5 . 3  +  1 . 0
any t reatmenl

-1.5 r  4.1

1 2 . 8  +  6 . 8

2 . 9  t  1 . 6

3 . 7  +  3 . 1

any treatment
3 . 6  !  1 . 7

5 .9  t  6 .4

22.4 t 29.6

56.,5 + 52. l '

3 3 . 3  +  2 l . l

r 1 f  !  î l  I
J J . J  :  -  r .  \

6 1 . 0  +  4 l  . 7 b

46 .1  ! 3 t . 2

Al le rg i c  en te ropa thy :  man i tes t  d i scase .  w i thou t

20 61 t ,1  3 t l  l 12

Induced ECP relcase

Ant i - lgE

Al lerg ic  entcropalhY:  remiss ion.
A  1 t 1  l  l
-  - l -  -++

iVIu.sr t'ell trt'ptnsc (T)

Control ,sroup
l 5 1 1 8  5 l

Incluced T release

Ant i - IgE

Allergic enteropathy: manifest disease, without

2 0  6 l t 4  3 8  I  1 2

Induced T release
Ant i - lgE 36

Allergic enteropathy: remission, al lergen el imination diet

,4 712 44 38

siqnif icance lcvels (comparecl to control sroup): "p < 0.001 : "p = 0.001 .

ing. Al l  persons of this group hacl grossly ancl histolo-eical ly inconspicuous f incl ings of the

colon ancl rectum with the exception of inciclental hemorrhoicls.

Paricnts complaining of gastrointestinal symptoms (abdominal pain' diarrhea' bloating'

vomit ing. etc.) unclerwent - among many other diagnostic tests (H, breath tests'  stool cultures

tbr infect igus i ìgents and exocrine pancreas insuf f iciency' gastroscopy including duoclenal

ancl stomach biopsy. etc.) -  f inal ly colonoscopy to exclucle other causes of gastrointestinal

diseasc t ike inf lamrnatory bowel cl isease. col lagenous col i t is or mastocytosis. ctc. Among pa-

t ients with GA. extraintestinal symptoms were present in only 20-35% and occurred either

spontaneously or in r more or less severe associat ion with the ingestion of certain meals'  At

the occasion of i l iagnostic colonoscopy, histologic examinations and t issue mecliator mea-

sLlrements rvere mlcle routinely to screen for patients with mucosal eosinophil ia or abnorntal

ECP ancl  Trvptase in Gastro intest inal  Al lergy l + )

rL--



rnc ( l i i ì t ( ) r  l cyc l s .  I p  p l r r i c r r t s  r . r i t hou t  s ign i t ' i c l rn t  oh jcc t i vc  o r  t rnspcc i f i c  f i nc l i r r ss .  b t t t  pc rs ts ten t

ch r0n ic  r t r  i n tenn i t t c r r t  t l i a r rhcu  L rnc l / i l r  o thc r  pc rs i s t c r r t  u t r s t r t l i n t cs t i n i t l  c t l t t l p l : t i n t s .  a  spcc ia l

c l iagnsst ic  prosram vr,us rrdcl i t ional ly  pcr f i r r rncd to look f ì r r  i \E by 'unatr tncsis.  c lc ta i lcc l  prrck

sk in  l es ts  (n re1 ls .  l ' i hc rs .  b l r c t c r i t .  po l l cns ,  t l L rs t .  t ' i sh .  t ' r u i t .  vcge lab les .  gn t ins .  l ' l o t t r .  b rans '

r ' i l k .  cgg .  chccsc .  r cu .  c r ' r i t cc - )anc l  bv  spcc i l ' i c  I gE  c l c t c r rn inu t ions  (R .AST) .  In  e r t ch  px t ien t  fhc

t l i ugngs is  e i  FA  r , v ,us  c l i p i cu l l , u -  con f i r rncd  by  t l oL rb le -h l i nc l .  p laccbo-con t ro l l cc l  o ra l  f ì roc l  cha l -

l cngc  (DBP( 'FC l  w i t l r  t hc  sus t r t cc tcc l  t ( )O t l  an t igcn (s ) ( ) r  a  P i ì r ì t l  t r l ' r t ; . t t t t l l t t r !  r t r t t i sc t r s  ( c l t ccs t - ' .

egg .  f i sh .  f r l i t s .  f l ou r .  g ra ins .  r ' t . ì ca t .  rn i l k .  nu t .  sp i ccs .  tea  a t td  co l ' t c ' c .  vcge tab les ) '  DBPCFC

rvas pcr lorntccl  ' ' . r , ' i th  l ì .eshlv prcparcr l  f ì roclstuf fs which wcrc f ì r r  thc most part  honrt lget t izccl

and  rn i r cc l  ( r l askcc i )  u , i rh  a  l i qu i c l  o l i gopcp t i c le  fo rn ru la .  Thc  t cs t  so lu t i ons  as  r , ve l l  as  p l t ccb t l

vrcre acl r l in is terecl  to the pi . r t icnt  by a nasorÌastr ic  tube inscrtcc l  in the proxinral  : j tonl i lch undcr

racl i . l ,s ic i . r l  cont l i t iorrs.  Cl in ical  react ions (suhject ivc.  otr . jcct ivc.  luborr torv c lata)  werc re-

curdecl  bv a stanclardizcd scur ing systcnl  ancl  posi t ivc lcuct iot is  wcrc reproclucccl  in mt l rc than

909r  b rv  a  secon t l  b l i nded  cha l l e  nge .

In  adc l i t i on  to  th i s .  i n  9  o f  t hesc  pa t i cn ts  co lo rcc ta l  b iops ies  were  incuba tec l  w i th  a l l e r -

gcn(s)  (chccse ,  bar le1, .  rve.  so), i t  or  rvhcat  f lor- r r .  mi lk .  t t t t ts .  pt t rk.  spices) or  ct lnt ro l  fot ld ant i -

gens (Bcncarcl .  Gcrmanr, .  Ht t l l is ter-St ier .  Germnny) to conlpl t rc thc rate of  mucosal  ECP

secre t io r - r  i n  respons . ' t o  t l r csc -  îqcn ts  l v i t h  the  ou tcon lc  o l 'DBPCFCs.  Fo r  th i s  con tpa r l so t ì .  a

n rcd ia to r  re lease  wh ich  shoLrk l  e l i c i t  a  c l i n i ca t l v  r c levan t  ac l ve rse  reac t ion  on  DBPCFC rv l t s

c le f i nc i l  
' as  s ign i t ' i can t l y  i nc reasec l 'whcn  cxceec l i ns  the  doub lc  o f  t he  spon taneous  ECP

re le ase.

14tr t .p.su O.r t 'g,enut ion;  fu let l iu t r t r  Rel tu.st '  I rot t t  Htrntut t  GuÍ lV[ut ' t t .s t t

T5c encloscopical ly  obtainccl  rnucosal  s: .ut tp lcs rvere i r t t tnccl iate l ,v  (wi th in l0 s)  p laced

in r .  ha r r l  p las r i c  tuhcs  (Nunc)  w i th  - l . (XX)  p r l  o f  a  moc l i f i cd  Hanks '  i ncuba t ion  mec l iu rn  ( sL tp -

plernentecl  wi th hurnan scnrm albumin.  PIPES. FIEPE,S bLrf fcr  ancl  f 'e ta l  cal f  scrutn)  that  rvas

bubblecl  rv, i th a steucly t low of  roorn ai r  to ensure sLr l ' f ic ient  oxyge n prcssures insic le the biopsy

t 7 - g l . N I u c e s a  t r x y g c n a r i o n  ( - 1 7 ' C .  p O l  8 5 - 1 0 0  r n r n  H g . p H  7 . 1 - 1 . ( t )  p r c v c n t e d  t h e  o c c u r -

r cnce  o f  i schcnr i c  con r l i t i ons  fo r  thc  mucosa l  t i ssuc  t7 ,9 .  l ( )1 .  To  cnsure  an  accur i ì t c -  mc-c l i a tOr

n1easurcn lcn t  ( c .g .h i s tan r inc .  T )  when  t i ss r . r c  pa r t i c l cs  a re  uscc l .  i t  i s  nccess i t r v  to  s t r i c t l y  avo id

i schcmic  cond i t i ons .  s ince  i schemia  in  gcner r l  -  bu t  pa r t i c r r l a r l y  a r rc l  h ig l r l y  c f tèc t i ve  i n  thc

gur muco: j l r  -  c i luses an unproport ional ly  h igh rate Of h istamine c legraclat ion by natural ly

gccur r i l g  enzy r . ì l cs  ( c .g .  c l i an r inc  ox i t l ase )  anc la  d i s tL r rbec l  n rec l i a to r  r csponsc  [7 .  l 0 -  l 2 ì .

The biopsies f rom I  pat ient  were separately used f ì l r  ntcr tsurelncr l t  t l t ' t l tc  spontaneous

rnecl iator  re le l ise (2 samptes) ant l  the st intLt latecl  re lease oi  E,CP ant l  T in rcsponsc to ant i - lgE

(S igma.  Germapy :  op t in tum c l i l u t i on  l : -10  v /v :  2  samp lcs )  t l r  a l l c rgens  (Bencarc l ;  op t im t rn l

d i lut ion l :10.000 v/v:  .1-6 sarnples.) .  lv lucosa oxYgenat ion wi . ìs  pcr for t t ted c lur ing thc whole

i n c u b a t i o n  t i r n e  o f  - l  h .  A t  2 . - 5 . 5 . 7 . 5 .  1 , 5 , 3 0 . 6 0 .  l l 0 .  l - 5 0 '  1 8 0 . 2 1 ( )  a n d  l 4 0  m i n  a  v o l t t n r e  o f

.100 pl  of  the supernî ta l ì t  wi . ts  rcrn()vcd ancl  i t t  cach case thc re leaset l  anlount  o i  ECP and T

calculatecl  fbr  thc actual  volurnc by a GW-BASIC sot i r .vare prosram. At  thc t ime point  o l '

60 min i ìnc i  latcr  the volurnc of  thc incubat ion r lcc l ium was each corrcctecl  to 4 r r l l  bv acld i t ion

of  pLrre incubat ic ln rnediunt  u ' i thout  st imulus. ' fhe nct  ntediator  re lease (ng r lediator /mg rvet

v i ,e ight ,  mean i  SD) resLr l tecl  f rom adcl i t ion of  the increase in rnecl iator  anlo l lnts re lcased c lur-

i ng  the  who le  i ncL rba t ion  t i n le  [9 ì .

Raithc l /Plc Lrrur/\ \ '  i  ntc rkanlp/Dalbav/E I l /H ahn



/ i . r ^ r r r t ,  l l t t r t t t t y 4 t ' t t i - L t t i t t t t  t t t t L l  / ' t . s r t r t '  \ l t ' t i i , t t t t t ' \ l t ' t t r t ( t ' t ' t ì t t ' t t t

f r . r  t hc  i r r vcs t rg l r t i t )n  ( ) l  t l ì c  to t r r l  l i : suc  f lCP and  J -c ( )n tc r t t .  b iops ics  w 'c rc  a i l d i t i o l ì a l l v

t . rkcrr  l ' r . r '  the sanrc urc l rs o l ' thc lorvcr  C' i l  t ract  as lor  t l tc  rc lcr tsc cxper imctt ts .  bt t t  thcsc s i t tn-

p l cs , , vc rc  i rn rncc l i a t c l ) ' pu t  i n to  l i qu i t i  n i t rogcn  ( -12 'C)  L l l ì t i l  [ ) c r l ì ) r l ì l i l ncc  o l  t hc  t t t cc l t l t n i ca l

l . , o , . , , , rgc , . , i za t i<1 .  (N I i c ro -D isn rc r lb runa to r .  B rau r r -B io tcch .  C ìc r r ìa r l y )  t o  l t vo id  : . t t l y  t l l cd ia t0 r

c l cg ' t t l a t i t t n .  ( ) t l c  t i ss r - r c  san lp l c  w 'as  h t l t t t oscn ize t l  b1 " th rec  h t l rnogc t t i z l ì t i ( ) l l  s t cps  us i r tg  (A )

l . - 5 ( x ) ' l  a c l u a b i r l c s r i l l a t a t l . - 5 ( X ) r p r n , , 5 r n i n ) . ( B )  l . - 5 ( X ) p l  a c l u u b i c l c s t i l l a t a ( 1 . - 5 ( x ) r p n r . - J n r i n )

an r l  (C )  l . -5 (X)  p l  p re tc in -co r - r ta in ing  incuba t ion  mc t l i un r  (1 . .5 (X)  rp r t t .  3  t t l i r t ) .  H t l t t rogc t l i za t i on

stcps [ ì  ani l  C v, ,crc pcr t ì r rmct l  to u, l rsh thc l tonrogct t iz l t t io t l  f .u l lc  ( f ì ' t l r t t  A) ,  s incc t ì l r t t tcr  stut l -

ics s l i . rvecl  a rncdiator  b inr l ing t r l  p lust ic  tubes.  Thc nct  nrccl i ; . r tor  contcnt  rcst t l tcd l ì 'orn a i ld i -

t i .n of- thc rncdiator i ì l lounts c letcctccl  in A-C ancl  is  cxprcssed i r t  n: I  rnct l i l t t t l r /n lg wct  wcight

(mean tSD) .  t s ropsy  r , ve t  r ve igh ts  werc  t j c t cc te r l  by  thc  usc  o t ' a  n t i c roba la t t cc  (S l t r to r ius .

Cc r rnany  ) .

ECpt t r t t l ' [ ' i l l t , t t . su rcn r3 r i l ; , , 1s .s r ^  C l run t t ' t a r i . s t i t ' s t t t t dS t t t t i s t i cu l , ' l r r t l l . t ' . l i , s

ECp ancl  
- l -  

nreasurcments wcrc rnar le by speci l ' ic  racl io inrmunoi ìssavs (Phlrr rn l rc i ; . t .  Srve-

dcn) accor6ing t9 the manufacturer 's  instruct ior ts.  Int ra-  ancl  interassay var iat iot ts  o l ' thc ECP

RIA rvere l ( ) .7 ancl  113. ,3% forsupcrnatants of  thc incubat ion mecl iutn ancl  l -5.-5 l rnt l  l -5 '9rZ' l ì r r

t issue ht tmogenutes.  respect ively.  Int r t -  ancl  intcntssay var iat ions ol ' the T RIA wcrc - l '7  ant l

7.g9ir ,  f , r  supernatal l ts  6f  the incubat ion mccl ium ancl  10.4 ancl  l '1 .6%'t ì l r  t issrrc hot Ì logcnatcs '

respec t i vc l y .  Fo r  s ta t i s t i cs ,  co rnpar i sons  wcre  cach  tna t l c  us ing  the  U  tes t  (Wi l coxon '  l v lann-

wh i tney ) ;  s ign i f i cance  l cvc l s  a re  s i vcn  in  thc  tab lcs  o r  f i gu res .

Results

Tissue ECp ancl  T levels (mean t  SD) of  the lower G[ t ract  are l is ted in

table l .  These reslr l ts c lo not only show a signi f icant accumulat ion t ; f  ECP and T

in huntan _gut nlucosa in AE, but they incl icate also that these me(l iator levels

nlay fa l l  dur ing an ef fect ive al lergen el iminat ion c l iet .

Figures I  ancl  2 i l lustrate the c l ist r ibut ion of  ECP and T throughotr t  the incl i -

v ic l 'a l  sect ions of  the lower GI t ract  f rom the terminal  i leurrr  to the rcctLlm. In

heal thy incl iv ic luals,  ECP and T levels wt:  re s in l i lar ly distr ibuted with the highest

concentrat ions in the terminal  i ler . rnr  and proxinr i t l  colon, which gracl t ra l ly  c le-

crei lse to the c l istal  colon i lncl  rectLlrn (ECP>T).  [n contrast .  pat ients wi th GA

were found to contain both c lear ly higher nrecl iator levels and abnormal ly dis-

t r ibuteci  mecl iator concentr Í Ì t ions,  which.  in -9eneral .  c l id not gradual ly decrease

from proximal to distal .  However.  the relat ively high var iat ions of  the t isst te

mecliator levels may resLrlt from interincliviclual as well its frotn intrainclividual

variatiops (between clif ' terent segments within I person) clue to a more patchy

cl istr ibLrt ion of  these mediators wi th in I  person. In fact ,  a patchy c l ist r ibut ion of

ECp and T was observed in several  pat ients.  showing high or excessive mediator

levels in only onr or two sect ions of  the large intest ine.  whi le others hacl  i r - rcon-

spicuot- ts rnccl iator levels.
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- Normal ECP levels (Controls)

c. ECP levels in Gastrointestinal Allergy
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Fig. l .  Distr ibutictn of ECP throughout the lower Gl tract in normal l tuman -eut mucosa

and GA.

The spontaneous and stimuli-induced rates of ECP and T secretton ln con-

trols and GA are also l is ted in table l .  As expectecÌ ,  the spontaneous ECP and T

secret ion in pat ients wi th AE were higher than in normal gut mucosa. But when

comparing ECP and T release, spontaneous ECP secretion appearecl to be more

pronounced than T secretion in GA.

The functional activity of intestinal eosinophils and mast cells was assessed

by detection of ECP and T secretion in response to anti-IgE and aller-sens. As

shown in table l, both control persons and patients with GA were found to con-

tain funct ional ly rei ìct ive immune et fector cel ls in gut mucosa. However,  in AE

(l)  the release of  ECP and T could be more vigorously enhanced than in controls,

and again (2) ECP secret ion in al lergic pat ierr ts exceeded clear ly T secret ion in

these pat ients.  [n contrast  to previous histamine release exper iments [ [ l ] ,  the

kinetics of ECP and T secretion in response to anti-IgE increased mainly atier

60 min of  st imulat ion (data not shown),  but  at  lat ter  t ime points or at  the end of

the incubation period (4 h) both mediators showed each significantly enhanced

rates of ECP and T secretion.
When biopsies from patients with GA were incubated with food antigens.

which were proven in DBPCFC as causal  a l lergens or to leratecl  ant igens, both
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e Normal Tryptase levels (Controls)

o. Tryptase levels in Gastrointestinal Al lergy
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terminal colon colon colon colon rectum

ileum ascendens transversum descendens sigmoideum

Í : i g .2 .  D is t r i bu t ion  0 f  n rns t  ce l l  T  th roughou t  thc  l owcr  G l  t rac t  i n  no rma l  hun lan  gu t

mucosa ancl  GA.

mecl iators showecl  s igni f icant di f tèrent k inet ics between DBPcFc-posi t ive or

DBpCFC-negnt ive al lergens ( f ig.3.  - l ) .  In pat ients lv i thout food-speci f ic  IgE

ant ibocl ies in serum ancl  posi t ive chal lenge react ic lns,  intest inal  washings were

pertormecl  [3ì  to prove rvhethcr the observed mediator release was immunolog-

ical ly or nonimmunological ly mecl iatecl .  The presence of  intest inal  food-speci f ic

IgE aptiboclies coulcl be clenronstratecl in 3 of 9 patients (mostly isolated frotn

terminal  i leum),  which conf i rmed that an inrmunological ly mediated mecl iator

relcase had been inducecl by the correspondin-g antigen'

The intest inal  mediator release in response [o al lergens was clef  ined as's ig-

ni f icarr t ly  enhancecl  or  c l in ical ly relevant '  when the mediator release in response

to the al lergen exceecled the double of  the spontaneous release. By this way,

al lergen- inclucecl  intest inal  ECP release ic lent i f ied -  on t l te basis of  th is pre-

l iminary srudy in 9 pat ients wi th conf i rmecl  GA -  J5o/o of  DBPCFc-posi t ive

anr igens ancl  1009ó oi  DBPCFC-negat ive al ler- tens ( table 2),  incl icat ing that in-

test inal  rnecl iator release may be a useful  tool  to (pre)select  ant igens for the con-

firrnatory DBPCFC.
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r tnd  DBPCFC-ncsu t i r  e

rnast  cc ' l l  T f rom hurnan -gut  n lucosa in responsc to DBPCFC-posi t ive

r l l e rsens  in  c )  pa t ien ts  
"v i th  

GA.
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o t 'D i IPCFC in  t c rn ts  t t i a l ì c rgc t t  r t l c r l t l l i e  r r t i t ) l Ì  r i . t t L ' \

Pu t i cn t  popu la t i o r t

Put  icnts st  ut l  ie t l  rv  i  t  l t  l r l  lc  rgct l -  i  ndt tcct l

ECP rc lcr tsc unt l  subsc( l l r t r r t  DI IPCFC

l0  pa t i cn ts , , v i t h  C ì . \  ( con t ' i rmcr l  t r v  D I IPC[ :C)

9  pu t i cn ts  t f ' r o rn  l 0 )

To tu l  o t 'DBPCFC

I)os i t ive  DBPCFC te  s ts

Ncsat ivc  DBPCFC tcs ts

36  cha l l cngc  Lcs ts

I ( r  pos i t i vc  r c l c t i ons

l0  ncga t i vc  r cuc t io r t s

Posi t ivc  DB PCFC react ions Ncgat ive DBPCFC react ions

Sign i t ' i cant  ECP re lcasc

Ncgat ivc  ECP re lcase

t 2 l t 6
4 l t 6

20120
0/20

ECP= Eos inoph i l i c  ca t ion ic  p ro te  i n :  DBPCFC =c loL rb l c -b l i nc l .  p laccbo-c t tn t ro l l ed  o r : i l

f ooc l cha l l cnsc .

Discussion

GA as part  of  the foocl  hypersensi t iv i t l , '  complex poses of ten special  d iag-

nost ic problems for immunologists as wel l  as gastroenterologists,  rvhen the al ler-

gic react ion to toodstuf fs orant igens is pr imari ly conf ined to the GI t ract  t l -51.

ln this case foocl hypersensitivity may lack a clear history of toocl adverse reiìc-

t ions as wel l  as of  character ist ic extraintest inal  features commonly seen in other

f  orms of  FA. In acldi t ion.  pr ick skin test  ancl  ( foocl-speci f ic)  I -qE ant ibody detcr-

n t ina t ions  may ia i l  to  sho lv : ì  c lear  fbod-spec i f i c  sens i t i za t ion  [3 . '1 .61 .
The cl in ical  manifestat ions of  GA arc pr i rnar i ly  of fèred by intest inal  syrnp-

tolns l ike chronic or intenl l i t tent  c l iarrhea. vorni t in-s,  rnalnutr i t ion.  intest inal  wa-

ter and electrolyte secret ion.  intest inal  b lood and protein loss,  abciominal  pain.

co l i cky  svmptoms or  b loa t ing .  S ince  mul t ip le  (gas t ro in tes t ina l )  d iseases  may

cuuse sinr i lar  c l in ical  p ictures ( intèct ions.  cel iac disease. lymphoma, enzyme or

pr i rnary imnrunoclef ic ierrc ies,  i r r i table bowel syndrome, inf lammatorv bowel

cl isease, etc.)an exhaust ive graduatecl  c l iagnost ic approach is of ten necessary tor

i l l  exact ic lent i f icat ion of  the urncler ly ing c l isordcr (e.g.  serology. stool  c l t l tures.

H. breath test : ì .  stool  weight ancl  fat  deterni inat ions,  exocr ine pancreas funct ion

tests,  snral l  bor,ve I  b iopsy, racl io logy ancl  endoscopy with histology of  srnal l  or

la rge  bowel .  e tc . )  L2-61 .
Because of arr extreme ly broacl spectrum of potential differential diagnosis

t l -61,  ntany pat ients wi th suspectecl  GA have to uncler-uo endoscopic exarnina-
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t i .ns \ \ , ' r . rs to \ r t  u l )  rc l i ,b lc nrcth.r ls i , r ,  , ,  . , , . ì " , r , ' l r , ' t ' .  ; , . , , . . . , ; ; " ; , ; ;  gC:p , , ì . . f
' l -  

f rorn -gastrointcst inal  t issue. as w'c l l  as to look t ì r r  upprcpr iatr 'p l t ranletcrs in
su t  mucosa (n tec l ia to r  c l iagnos t ics )  wh ich  nr igh t  e  nub lc  an  car l r ,  i c len t i f i ce t ion  o f
o r  sc rcen ing  fb r  pa t ien ts  rv i th  GA.  a l reac lv  on  thc  < tccus ion  o f  c l iagnos t ic  co lo -
noscop) ' .  

- fhcre' ture.  
the present stLlc lv rcports on thc eharactcr ist ics of  ECP ancl

n t ts t  c : l l  T  f rom hLr r t t i tn  gu t  mL lcosa i r r  l0  pa t icn ts  rv i th  man i les t  GA.  wh ich  was
c' l tch c l in ical ly conf i r rnccl  at ie r  an e xtcnsivc t l iugnt)st ic approach by DBPCFC.

A l thoLrgh eos inoph i ls  o r  IgE-bcar i r rg  p lasrna  cc l l s  anc l  mast  ce  l l  in l i l t ra tes  o f
the intcst ine have been observecl  for  rn i .u lv yei l rs by rnorphological  ancl  immuno-
f luorescence s tuc l ies  l l .  l -1 -161,  da ta  l tbout  thc  ac tLra l  t i ssue concent ra t ions  o f
their  mecl iators l ì re scrìrce.  As expectecl .  pat icnts r ,v i th AE r ,vere for-rnd to contain
signi f icant ly higher nlei ìn t issue ECP ancl  T lcr , 'c ls i r r  thc krwer CI t ract  than con-
t ro ls  ( tab le  l ) .  These f ind ings  unc lc r l ine  prev ious  resu l ts  about  t i ssue h is taminc
conce ntr i l t ions in pat ients wi th GA ancl  incl icute un intense accurnrulat ion of  mast
cel ls ancl  eosinophi ls even in the hincleut of  pat icnts r ,v i th r larr i f -est  GA. Hor,v-
ever.  n lore str ik inglv.  these invcst igat ions rer, 'ealecl  a lso that the _gut t issue mecl i -
ator levels t lcc l ine rnarkecl lv when pl t icnts \ \erc sr . rccessful lv t rcatccl  by an ef fec-
t i ve  a l le rgen e l in t ina t ion  c l i c t  (ECP >  T) .  Thesc  rcsu l ts  sus-9es t  tha t  e leva ted  ECP
and T levels in pat ients wi t l t  mani lest  abdont inal  symptonts due to GA nìay con-
tr ibute to several  pathoplrysiological  events obscrvecl  in intest inal  a l lereic c- l isor-
c lers.  Therefbre,  i t  shoLr lc l  be ment ionccl  that  ECP is wel l  known to cause several
toxic c l r  noxior,rs ef fects on humarr epi thel ia l .  smooth nruscle or nerve cel ls.  to
enhance the rrediator relcase from n' ì r . ìst  cel ls (c.q.  l - r is tamirre) and to interf 'cre
with bloocl  coagulat ion.  ant ibociy proclLrct ion ancl  T-cel l  l 'Lrnct ion f  l7-201. T has
bccn founr l  to indLrce proteolvt ic t issurc c larnl tgc ancl  tu rnecl iate '  act ivat ion of
co t t tp lenren t  (Cr , ,  gcnenr t ion) .  f ib r inogcno lvs is  unc l  co l lagenase [8 .  21 .22 ] .  In
this respect i t  is  l ike ly t l t t t  thesc strons nrer l iator ef ' fècts of  ECP ancl  T are re-
spolrs ib le.  at  lcast  in part .  for  severut l  svnrptoms ol 'manitèst  GA as rvel l  as t ì>r
severa l  pa thoph l ,s io log ic  f ind ings  o f  acu tc  CA l i kc  i r rc reasec l  p rer rneab i l i t y  in -
dices,  increasccl  rate: ì  of  ant igcn entry of  hurnan gut ntr , rcosa. enhanced w: l ter  and
e lec t ro ly te  sccre t i t - rn  o r  in tes t ina l  b looc l  anc l  p ro tc in  loss  [2 .4 -61 .  In  adc l i t ion ,
there is some evidence that ECP mav inf luence (r lccrease) t l ic-  procluct ion ot ' [gA
anc l  a l te r  T-ce l l  func t ions  ( inc luc l ing  ora l  to lc rancc)  [171.

The cl i f f 'erent iat iorr  of  thc t issue niecl iator le vels wi th in indiv ic lual  segments
ol ' the lower GI t ract  shor i , 's  that  ECP anr l  T are phvsiolo_qical ly present in at l
parts of  gut  n l l lcosa. lb l lowins normal ly a gracl ient  of  dccreasirrg leve ls f ront  the
terni inal  i leum to the distal  colon ancl  rectum (ECP nlore prorìol tnced than T).  In
contr i ìst ,  pat ients wi th GA ! \ 'ere found to possess not only increased. or s igni f i -
cant ly hi-sher.  mecl iator levels in part icular se-uments r>f  the gLrt .  bLrt  a lso to ex-
hibi t  an abnormal c i is t r ibut ion of  ECP ancl  T.  Thcse merl iators f i r i led.  in seneral .
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scgntcn ts  ( i i -u .  l . l l .  l ' h is  t ' i nd ing  c lc r t tons t r î t cs  on  thc  onc  hunc l  tha t  cos inoph i ls
lunc l  n tas t  cc l l s  n l rv  invo lve  po tcn t ia l l l ' ev 'e rv  par t  o f  thc  lo r ,vc r  GI  t rac t  in  GA.
ancl  on thc ot l ier  hanr l  that  thcy arc c l is t r ibLrtecl  nr t l ier  in a patchy wuy than in a
morc regLr laronc (ECP ntr l re pror-rouncecl  than' f ) .  sor lct in ies l lck ing wit l r in onc
pat ien t  cc lu ra l l y  ra iscc l  t i ssue lcvc ls  in  a l lpar ts  o f  the  gu t .  Th is  abnormul  anc l  n rorc
patchy '  c l i s t r ibu t i t )n  pa t tc rn  may exp la i r t  scvcrn l  c l in ica l l y  c [ i s t inc t i ve  anc l  loc t l
fo rn ts  o f 'GA l i ke  a l l c rs ic  p roc t i t i s .  a l l c rg ic  co l i t i s  o r  -gas t r i t i s  sync l ron tc  a r rc l  p ro-
te in - los in -g  en terop i t thy ' f ro r r t  smal l  bur , ,e l  mucosa [2 ,  14 .  l -51 .  I t  i s  a lso  in  accur -
c lance r ,v i th the occurr t :nce cl l ' local  inf i l t rutcs of  eosinophi ls in tcrnt inal  i leurn or
othcr parts of  the GI t ract  (c.g.  esophasLls)  ls  c lescr ibecl  in fbocl-hyperscnsi t ive
pat ients I r l l .  In fhct .  among the stucl iecl  pat ients wi th conf i rmccl  GA there were
several  incl iv ic luals r ,v i th high or cxcessive rnecl iator levcls in only one or two
part icular segnlents of  the gLrt  (e.g.  te rminal  i lcurn ancl  colon ascenclens),  wl i i le
other parts had normal or s l i -uht ly raised mecl iator levels.  Tl i is  rnay also explain
sontet imes the re lat ivel ,v hieh var i í . r t ions of  the t issue rneci iator resul ts fbuncl  i r r
GA. Moreover,  in sonre of  these pat ients wi th local izecl  eosinophi l  or  mast cel l
i r r f  i l t rates a posi t ive foocl  chal lcnse reuct ion coLr lc l  only be clef inecl  : . rs ' i r rntuno-
logical ly mecl iated'  when an intest inal  lavuge of  the involvecl  se_gntent r lctectecl
the presence of  local  intest inal  foocl-speci f ic  I_sE [3ì .

The proper incubation of gut mLlcosal sarnples by rìLlcosÍ.t oxygenution re-
vei i led that  both control  pat icnts as wel l  as foocl-hypersensi t ive put icnts contain
func t iona l l y  reac t ive  eos inoph i ls  anc l  mast  ce l l s  w i th in  humun su t  mucosa.  Th is
represents the physiological  presence of  v igorous immune ef fèctor cel ls in hu-
rni ìn gl l t  t issue to protect  the host asainst  bacter ia,  fungi  or  parasi tes [5.22].
Flowever.  in sensi t izecl  pat ients or.  when havirrg become in an act ivat .ecl  state,
eosinophi ls ancl  mast cel ls are s l rpposecl  to ref lect  the rnain pathophysiologic
players i t r  acute GA (apart  f rorn inrrnunore_uulat ing ccl ls) .  This is also incl ic l ted
by the fact  that  mononuclc i , ì r  or  polyrrrorphonuclear cel l  i r r f i l tnt tes arc ncl  char-
acter ist ic histologic fèaturre of  GA. in contrast  to inf larnmatury bowe I  c l isease,
where several  immune cel l  types appear to be involvecl  in t issue inf lanrnrat ion

[-5.  l6] .  The vi-uorously enhanced spontaneous ancl  ant i - [sE-st inrulatccl  ECP re-
leuse as wel l  as the s l ight ly to moclerately increasecl  T secret ion in AE may fr . r r -
thcr uncler l ine the c lominant pathophysiologic role ol 'eosinophi ls ancl  mast cel ls
in ntani f 'est  GA. Furthermore. the release exper i rncnts wi th intact  gastrointes-
t inal  t issue point  or-r t  that  the funct ic lnal  act iv i ty oi  cosinophi ls exceecls that  of
ntLtcosal  mast cel ls,  which su-gsests that  the eosinophi l  may be yet r r ìorc c lont i -
nant ly ancl  consistent ly or chronical ly involvecl  in manif 'est  GA than mast ccl ls.

As s l town previously wi th histarnine release exper iments.  mucosa oxygena-
t ion enablcs the use of  t iny endoscopic sanrples fbr  the ident i f icat ion of  mast
ccl l -  (ancl  eosinophi l )  act ivat ins agents (e.g.  ant igens, c l rugs. bacter ia.  etc.)  c l i -
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rec t l v  in  thc  invo lved t i ssuc  s i tes  in  c l i f f ' e ren t  c l i scase s tages  t l i -251.  S ince

recent f indings have provic led strorrg evic ler tcc for  thc important rolc of  microen-

vironmental  iactors in resulat in-u eosinophi l  ancl  rnust  ccl I  funct ion [22],  func-

t ional  re lease erper i rnents wi th foocl  ant igens wcrc rnade with intact  t issue sam-

ples (mucosi ì  oxygenat ion).  Howevcr,  thc al lergen- incluced ECP ancl  T releasc

did not evoke such an c-r tcr . r t  r . rs obtainccl  by i rnt i - lgE (rvhich nr ight  be relatcd

to  n re t l rod ica l  aspec ts  I i ke  op t ima l  a l le rgen d i lu t ion) .  But  a l l c rgens  e l i c i t ing  a

posi t ive DBPCFC react ion were each found to cause a s igni f icant ly enhanced

ECP or T k inet ics.  at  least  for  the later t ime points of  120 and 240 min,  than

DBPcFc-negat ive  an t ise t rs  ( f ig .  3 .  a ) .

This approach promptccl  us to prospect ivelv compare the resul ts of  the

intest inal  mecl iator release r ,v i th the oLl tcome oi  DBPCFCs. As shown in table 2,

these prel iminary data f rom 9 pat ients indicate that  the ant igen- induced ECP

release from gut mLlcos:. ì  is  a usefLr l ,  perhaps a diagnost ic paninteter to (pre)se-

lect  or  exclucle ant igens for DBPCFC, r ,vhich should yet  be performed as c l in ical

conf innat ion of  an under lv ing GA. A cl in ical lv relevant (causat ive) mediatc l r

relcase r,r, 'as dcfinecl as an antigetr-inducecl ECP releuse which exceeds the double

of the spontiìneous release from the same patient. Under these conditions the

mucosi t  oxy-senat ion test  r ,v i th ECP achieveci  a sensi t iv i ty and speci f ic i ty of  75

and 1007o, respect ively ( table 2).  when pat ients wi th manif .est  c l in ical  symptoms

clue to GA were invest igated tor their  provoci , ì t ive al lergen(s).  The sensi t iv i ty of

th is test  might be further increased when more exact data are avai lable about the

appropr iate ( indiv ic iual)  s i te of  b iopsy taking, about the ( indiv idual)  opt imum

al lergen concentr i ì t ion.  aboLrt  the role of  ( indiv idul l )  a l lereen-speci f ic  IgA bind-

ing or of  unspeci f ic  t issLre t ì rctors (nrucin,  bacter ia l  or  enzyme proteolysis)  dur-

ing the whole i r rcubat ion t inre.  The excel lent  speci f ic i t i t  of  the mucosi ì  oxygena-

t ion test  bv ECP is str ik i r rg and exceecls c lear lv that  of  h istanr ine relcase

exper iments [23.2- l l .  r , r , 'h ich may be explainecl  on the one hancl  by the fact  that

ECP is  a  un ic lue  marker  fo reos inoph i l  ac t i va t ion  [18 .  l9 l .  and on  thc  o ther  hand

by the fact  that  h istamine is a more clel icate nrediator than ECP. Histarnine nray

be easi ly released by anv sort  of  t issue clama-ge (possibly biopsy taking) ancl  i ts

quant i tat ive r teasLtrr-nlc-nI  using intact  t issue santples may be inf l r - rencecl  by the

gre i ì t  ac t i v i t y  o f  gu t  h is tamine ca tabo l is rn  [7 ,  9 .  l l l .  In  adc l i t ion .  h is tamine in

in tes t ine  is  no t  on l1 , ' s to red  in  n tas t  ce l l s .  L ru t  a lso  in  severa l  o ther  ce l l  t ypes  ( t i s -

sue- invacl in_u basophi ls.  enterochromaff in cel ls.  intraepi thel ia l  lymphocytes) and

i t  may also be proclucecl  f rom bacter ia or comt:  f rom foodstuf fs st i l lcontumini t t -

ing  the  t i ssue in  sp i te  o f  hav ing  t : . i ken  purgat ives  fo rco lonoscopy [16 ,23 .26 .211.
In summitry.  these invcst igat ions dernonstrate that  intest inal  medi i t tor  c l iag-

nost ics and ntucosl t  ox),genat ion of  intact  t issue sanrples der ivecl  f rom the GI

tract  enable a c l in ical ly, '  Lrse fu l  analysis of  the gut t issue nrediator content.  inclucl-

ing the stuclr , 'of  their  secret i r )n pattern i r r  response to c l i f fèrent st in lL l l i  or  drLrgs.

Raithc l /Pacurar/Wirr terkanrp/Dal  bay iEl  l /Hahn 1-5-l

il
i +
I

L



2
3

-t
-5
6

Such stucl ics arc l tot  onl !  useiul .  pcrhaps t l iasnost ic.  in G,{ .  but  t l tcr , '  tnav also be

r,varrantcd in scvcral  othcr c l isease statcs w'hcrc incrcasccl  mast cel l  t l r  cosint lp l t i l

nunrbers  have been observcd  [5 ,9 .  16 .  ]3 .21 i1 .  E leva ted  t i ssue ECP anc iT  levc ls

in cornbinat ion rv i t l t  increasecl  ratcs of  spontaneous as wel l  as ant i - lgE or al lcr-

gen- inclucecl  mecl iator relc i tse have bcen proven as highly suspic ious t t f  an un-

cler ly ing intest inal  a l lergic disorcler te .g.  GA) e ven in incl iv ic luals wi th t tncharac-

tcr ist ic anamnest ic,  c l in ical  or  laboratory f indings.
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