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INTRODUC'I'10N

   Aprotlnln, a proteinase inhibitor isolated from  the bovine lung, is a  basic poiypeptide with  a  mo]ecular  weight  of 6, 513

which  strongly  inhibits various  serine  proteinase such  as  kallikrein, tryps]n, chymotrypsin  and  plasmini)･,). Thi$ agent  is

clinica]ly useful  for the treatment of  acute  pancreatitis, pancreatic necresis  and  sheckS)-S). Extensive clinical  and

toxicological  studies  have demenstrated that aprotinin  is a ve"i  safe  inhibitor of proteinase. Aprotinin, however,  has been

shown  occasionally  to cause  anaphylact{c  or  anaphylactoid  reactions  in humansiO}-]!). The  latter observations  suggest  that

apratinin  may  induce hypersensitivity rcactions  mediated  by specificantibody.  In fact, aprotinin  has been found to provoke
systemic  shock  possibly based upon  immunolQgical mechanismsie･i}),  but the immunogiobulin c}asses  respons]ble  for

aprotlnin  -induced hype rsensitivity  reactions  have not been reported  on, so far as is known at presen!,

   The  present experiments  were  undertaken  to test the spec{fic  IgE and  IgG antibodies  in sera  ebtained  frern patients
who  had recelved  aprot{nin  therapy.  The  results  obtained  indicated that anti-aprotin{n  IgE antibedy  was  detected in some

seraofpatientsreceivingaprDtinintherapy.

MATERIALS  AND  METHODS

   Setum tlonors

   All patients who  receiyed  apretinin  therapy had pancreatitis. Sera were  obtained  from 18 patients with  hypersensitivity

reactions  to aprotinin  and  frem 44  patients with  no  hypersensitivity reactions,  The  group  showing  hyper$ensitivity to

aprotinin  igroup A) consisted  ef 8 maLe  and  10 female patients; 8 out  of  the 18 patients were  new  te aprotinin  therapy,  7

received  a  repeat  administration  of  aprotinin  and  2 were  uriknown.  By contrast,  the group shewing  no  hypersensltiyity
reactions  to aprotinin  (group B) con3isted  of  29 male  and  15 female patients; 42 out  of  the 44 patients  were  new  to aprotinin

therapy and  2 were  unknewn.  As a  ruie,  serum  samples  were  coilected  three times in group  A: within 1 week,  2-4 weeks

and  8 weeks  after  hypersensitiyity reactions.  Serum  samples  were  taken  feur times  in group  B: before aprotinin  ad-

rninistration,  immediately after  the end  of  aprotinin  therapy  and  2 and  8 weeks  after  the end  of  aprotin{n  therapy. Control
sera  were  abtained  fr6m  9 heatthy adult  volunteers  as  well  as from 8 atopjc  patients with  bronchial asthma  who  had positive
skin  tests te common  air-berne  allergens  such  as house dust mite  or grass pollen.

   Maas"rentent of spec;fic igE antibotly
   Anti-aprotinin IgE antibody  in serum  was  measured  by radioallergosorbent  test (RAST)U). Briefiy, CNBr-activatedi
paper discs were  coupled  with  aprotin{n  at a concentration  of 1 mgVml  in O.1M  NaHCOi  sDtution  (1OO discsflO mgtlO  ml)  afid

were  washed  thTee  times with  O.IM NaHCOs  selution, Unbound sites in the di$cs were  then blocked by IM  fi£ thanolamine.

Papre discs coupled  with hurnan serum  albumin  atSA; Miles Laboratories) were  usecl te determine nonspecific  binding,
The discs were  incubated at  room  temperature  with  1eO#1 of  test serum.  After overnight  incubation, the discs -'ere  washed

three times, incubated overnight  with  100ul of  nfiI-labelled  rabblt  anti-human  IgE (Pharmacia) and  washed  extensively.

The rad{oactivity  bound to the paperdlscs was  determined by gamma  counter  (Aleka JDC-772}. The results  were  expressed

as the ratio  of  the  counts  in the disc coupled  with  aprotinin  to those in the disc coupled  with  HSA  {RAST index). A  RAST
-index

 of  Tnore  than 2,O wasconsidered  to be positive,
   Measurement ofsenim igE
   Serum IgE  levels were  measured  by  paper radioimmunosorbent  lest {PR!ST}i,) using  a commercially  available

Phaclebas IgE PRIST  kit <Pharrnacia). Paper discs coupled  with  anti-human  IgE were  incubated with  100"1 of test serum

Abbreviations:PCApassiyecutaneousanaphylaxis;PRIST paperradioimmunesorbenttest;RASTradioallergoserbenttest
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diluted at a rate of 1: le for3 hr at room  temperature. After is'ashing,  the cliscs were  incubated with  
]'5I-labelled

 anti-human

IgE for 12 hr. The radioactivity bound to the washed  discs -'as  deterTnined by gamma  cour:ter.  The results  were  expressed

asinternationajunitspermilliLiter(IUiml).

   Mens"reinent ofspact[fic lgt] antibody

   Speeific lgG antibedy  in serum  was  detected by agar-gel  diffusion aftdior passiye cutaneou$  anaphylaxis  (PCA) in

guinea pigs. Agar-gel diffusion was  carried  out  according  to the method  of Quchterlen},i`i. We  examined  whether  precip{tin

lines were  forrned bet"'een aprotinin  solution  (5 mg/ml)  and  test $erum.  Heterelegeus PCA  was  performed as  described by

OvaryiT). Briefiy, the  test serum  was  injected intraciermally at  a rate  of  O.1 mlfsite  into shaved  backs of  male  gu{nea pigs of

Hartley strain. The guinea pigs weighd  about  300g. PCA  was  eliciteci  by the intravenous injection of  1 ml  of physiological

saline contalnlng  5mg  of aprot{nin  and  5 mg  of  Evans blue after  the sensitization  period  of 3 hr, The blueing spot  was

examinedat30minafterantigenchal!enge,

RESULTSAND  DISCUSSION

   The first experiments  were  ca nied out to study  whether  aprotinin  was  capable  ef  inducing non-specific  skin  reactiens  in

humans and  of having cross-reactivity  with  common  air-borne  allergens.  As shGwn  in Tables 1 and  2, beth skin  test to

aprot{n{n  at  a  concentration  of  1O],g/ml  (7.143 KIUfml) and  zzST  for detectlng anti-aprotinin  IgE antibody  were  negative

in al! 9 ef the healthy volunteers  who  had na  history of allergic disease and  in aH  S of  the atopic  patients with  bronchial

asthma  who  had positive skin  tests to common  air-borne  allergens.  Note  that the atopic  patients had significantly  higher

Table1  Immunologicalfindings  of  healthy

No.oLvolunteersSexSkintest Sf･l{3[71,iBE

1 F m 53

23 tv{MI-- 23131

45 MliMI-- 2S22

6 tsal･'" 13

7 M - 59

8 pt{ - 11e

9 "{ - 92

Mean ± SE 71± 23

adultvelunteers

Specific !gE antibody

  {RAST  index)

       O.9

       LO

       LI

       Le

       L2

       L2

       L3

       e.9

       LO

     LI ± e.05

Skin test was  peTformed  by intradermal injectlon with  aprotinin  at  a  concentTation

of  le'`glmK7,143KIUIml). 
-

 , Negative.

Table 2Immunologicalfindings  of atopicpatients  withbronchial  asthma

No.ofvolunteersimSkintest SEI,ui71,3gi SpecificIgEantibody
(RASTindex)

1 F - 33e O.8

2 rv{ - 5es LO

3 M u 41S 1.3

4 rv{ - 8ss LO

5 ptf - 505 1.0

6 F,'- 286 Ll

7 F[- 165 1.1

s F L 77e 1.1

Mean± SE 4g3 ± S4 1.1± e.05

 Skin test was  performed  by intradermal injectien with  apretinin  at  a  concentra-

tion of 10-`gfml  (7.143KIUIml). 
-

 : Negative,
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response  in patients with  a  past histor}' of  aprotinin  therapy,  since  RAST  was  not  determined in them  before aprotinin
administration,  On  the  other  hand. the  mean  serum  IgE levels of  the  18 patients sensitive  to aprotinin  showed  154 ±

44 IUiml within  2-4 weeks  after  the proyocation of  hypersensitivity. which  were  significaHtLy  lower than  those  of  the atopic

patients with  bronchial asthma  {4B8 ± 84 IUfml}, No slgnificant  correiation  was  obseryed  between the  serum  lgE leyel and
the RAST  index {n these patients, In addit{on,  hypersensltiylty reactions  were  clearly  induced in some  patients with  low
anci  negative  levels of  anti-aprotinin  IgE antibecly.  In fact, no  correlation  has been kno-'n to exist  between rhe  serum  Ievel
of specific IgE antibody  and  the severity  Qf anaphylactic  symptoms,  especially  in drug allergy  ±SRO). It should  be noted  that 8

out  of the 18patients sensitive  to apretinin  were  new  to apretinin  therapy  and  showed  hypersensitivity reactlons  induced by
a  single  admini$tration  of aprotinin. In eontrast  to above  find{ngs, 7 of  them  had a  past hlstDry ol  aprotinin  therapy.  These

results  stTongty  suggest  the  posslbility that aprotinin  might  be exerting  its effect  on  some  hypersensitivity reactions  in the8

patients  receiving  a single  administration  as  a  pseudoallergen  and  on  those in the 7 patients with  a past history of its therapy
as  a specific antigen.  With respect  to the specific IgG antibody,  it "'as  not  detected in the  sera  obtalned  from 13 out  of the 1g

patients sen$itive  to aprotinin  by  agar-gel  diffusion anci  heterologous PCA  in guinea pigs within  8 weeks  after the

preyocationefhypersensitivlty(Table3}.

   Fina]]y, the sera  ebtained  from Lhe 44 patients insensitive to apretinin  were  tested for specific antibodies  before and  up

to 8 weeks  after  the end  of  aprotinin  therapy. Tables 4 and  5 show  the results obtained  from the 44 patients with  pasitive or

negative  RAST.  42 out of the 44 patients had no  past history of aprotin{n  therap}' and  2 were  unknown;  l4 of them  (31.8%>
were  positive to RAST  after aprotinin  therapy  and  the rernainder  (62,8%) were  negative.  No  significant  diffeTence was

ebserved  in serum  IgE levels between patients showlng  pesitlye and  nega  tive RAST,  suggesting  that the production of anti-

apretinin  IgE antibody  in patients  was  unconnected  siv'ith their predisposition to atopy.  The  mean  teta} dosages of  apretinin

were  (336.6 ± 76.6) x  104 K[U  in the  14 patients shoyving  posilive RA.ST  and  {64.5 ± 18.5) x  10' KIU  in the  30 patients
shosving  negative  RAST.  They  were  significantly  higher in patlents with  positive RAST  than  in those  -'ith  negative  RAST.

Most  patients with  negative  RAST  who  were  considered  to be unsensitized  received  a single  administration  of  aprotinin,

whereas  rnost  patients with  positiye RAST  who  were  considered  to be sensitized  had aprotlnin  therapy  for several  days.
Pesitlve RAST  was  observed  in 6 out  ol  the  14 patients immediately after the end  ef aprotinin  therapy,  ln 9 out  of  the 12

Iratien ts at  2 weeks  after  the end  ef  ap:otinin  therapy and  in al] 6 of  the patients  at 8 week$  after the end  of  aprotinin  therapy

(Table 4). The  results  obtained  bere indicated that the specificIgE  antibody  was  highly detected in the  sera  taken  frorn the

pat{ents insensitive to aprotinin  as  time  passed after  aprotinin  administration.  The RAST  index attained  its maximum  (27.5}

Table 4 Imrnunologicai findings of  patients with  posit{ve RAST  who  had  no  hypersensitivity

                       reactions  after  aprotinin  administration

No,of'

]Age'I1SexTetaldoseofttPrevieushistory

ofaprotinln

i
SerumlgEE]i
CIU!ml)i

(RSAP21l'lfi?niSeEK)SpecificIgGb)
pat]en{s i/

aprotlntn.

Cxle4KIU.] therapy IA,1CD
(Agafgel)

147lF 25 No 77. N'rLO13,9lo.g -

2 6!F 16.8 tsro 2[j9 2,82.24,e3.6 -

375Mi550 Ne 132 1,327.525.9NT -

44gMi390 Ne 143 LlO,6L72.1 rr

54SMl300 Ne 77 1.62.416.5NT -

672Mi390 No 396 LlL5L712.S -

74SFi35D Ne 16 1,O11.2L4NT -

855M'210 Ne 165 l.1L214,9NT -

951M 220 Ne 31 1,O16.522.3NT -

1069M 210 Ne IS7 1.3L2NT12.7 rr

1155Fi220
i

tsro 8 O,9a.g6.5NT -

1270M11,2oo tste 48 1.0O.82.4NT -

1353F sso No 12 1.34.0NTNT -

1438F 250 tsTO 5 1.2l,OS.12.2 -

 Time  ef  sampling  / A  ; Before administratiofi,  B ; Irnmediately after  the end  of  aprotinin  lherapy, C ; 2 weeks  after

the end  of  aprotin!n  therapy.  D : S weeks  after  the end  of  apretinin  therapy.  
-

 / Negative. NT  : Not tested,

 
')
 1 Serutn lgE measllred  before aprotinin  administrationt:' 1 measured  imrnediately after  the end  of  aprotlnin  ther-

apy),

 
bJ
 1 Specific IgG antibody  tested vvithin  8 weeks  after the end  of apTotinin therapy.
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Table 5Immunologica]findings  of patients with  negative  RAST  who  had no  h.vpersensitivity

 reactions  after  aprotinin  administrat{on

No.of'll[Age'iSexTotaldoseof
aprotininPreyioushistenJ'ofaprotininilSerumlgEd'i(IUt'ml)

Specific
:IRAS'I'IgEinde:'/rl:SpecificIgGbi

pat:entg.i/: (x10,KIU) therapyl･ ABc;:Di(Agarge])

15l28i',M 25 Ne I 99
:

1.2Llo.gii.]I -

16l3sIM 25 No ±- 3U LlL31.3:liNT1 -

17l9Mi2s No Isso LlL2l.･litNT m

1818F 25 No IS5 l.6Lll.4iNT -

19,25,N{ 25 No 16S 1.1L2,.,llNT -

2033,M 59,5 No 19S l.9L21-X1.9 m

212SM 58 Ne 27 l.3O.9l.i[1.0 rm

22 4M l6.5 No 23 l,11,31.2ll.O' -t

2336MI48,5 ' N,o 19 l.OLOO.8,L3I "t

24 4Fl14 Ne t4 l.4O,8
'O,9i1.] -t

25lttMl･4g.s
:

Ne
'Lt2

l.31,O],oi1.0l ttt

2628Fl3S
]

No lle 1.0Lll3gO.9 -

27 3Ml12
l

No 33 ;.1e.gNT,:NT -

28 6Mi15.3 le 5 O.9O.8O,9l:LO ttt

2926F 46,5 Ne 26 l.OLO
:!.3I:Nrt' -t

3e 6F 15 No 19 O.8L2O,8'lO.g rt

31 6F 17 No l32 O.9L31.2･:Ll -t

3211M 34 No 35 O.9e.91,GE,., -

3311M
j30.3

No L)3 1.0O.9,.2le.s -

3453F 60 Ne 12 O.9LO1.eNT "

3550M 60 Unknown 7 1.2e.g1.1NT r

3652M 55 No 77 1.3e.g1.3NT -

37ssF 6e No 5 1.2LlO.9NT r

tg,564844MMM 55606e NoNeUnknown 132411･76 1.2O.9O.9O.9o.gILo[Ll1.0NTNTIe.giNTi -"-

4161F 60 No 14 1.0L5INTNT m

4257M 65 No 121 O.9L2'lNTNT -

4339M 280 No 77 o.gO.9lNTNT -

4443M 540 No iel O.9e.gl1.2NT -

 Time  of  sampling  / A  ; Before administration,  B ; lfnmediatel), after  the end  of  aprotlnin  therapy,  C ; 2 weeks  after

the end  of  aprotinin  therapy. D;  8 weeks  after  the end  of  aprotinin  therapy.  
±'

 : Negative.  NT  / Net  tesled,

 
'E

 Serum  IgE measured  before apretinin  adrninistration.

 
"'

 1 Specific IgG antibody  tested within  8 weeks  after  the end  ef  aprotir]in  therapy.

in the  patients with  no  hypersensitivity reactions  Cgroup B). The  frequency of positive RAST  was  totally 27.6% in the 29

male  patients and  40,O% in the 15 femate patients, although  a  signif{cant  difference was  not  observed  between male  and

female patlents. It is obvlous  frorn our  findings that aprotinin  is capabte  of  producing the specific  IgE  antibody  in some
patients receiving  apretinin  therapy.  Indeed, Awaya  et  al,ti} have reported  that  aprotinln-induced  lymphocyte proliferatien
is  observed  in 1 out  of  the 4 patients with  a past history of  aprotinin  therapy, suggesting  the an{igenicity  of aprotinin  to

human !ymphocytes, Further study  is needed  to eva!uate  the clinica!  role  of anti-aprotinin  IgE antibody  in hypersensitiyity
reactions,  although  anti-insulin  antlbody  main!y  responsible  for resistance  to insulin the  rapy  in diabetic patients is known  to

be unconnected  with the severity  of h)Tpersensitivity reactions  to insulintt}, By  contrast,  none  of the patients produced  the
Specific  IgG  antibedy  which  was  detected by  agar-gel  diffusieB, From  these  results,  we  concludied  that  anti-aprotinin  IgE

afitibody was  transiently  produced  in seme  patlents insensitive to aprotinin.

   Direct evidence  was  not  obtained  in the  present study  that apretinin  playecl an  important role  in hypersensitivity
reactions  as  a  specific  antigen  rather  than as  a  pseudoallergen. However, it should  be emphasized  that the frequency of
hypersensitivity react[ons  is obviously  higher in patients receiving  a repeat  admlnistration  of aprotinin  than in those

//
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receiving  their initia] administration.  Our  results,  which  are  in agreement  with  the findings of some  other  authorsio}-i,],

strengly  suggest  that immunological rnechanisms  might  be involved in at  least some  of the  hypersensitivity reactions  to

aprotinin.  Thus, close  attention  should  be paid when  aprotinin  is re-administered,  because this agcnt  is capable  of producing

thespecificIgEantibodyinhumans.

SUMMARY

   Sera obtained  from patients "'ho  had received  aprotlnin  the[ap}'  were  tested for IgE and  IgG antibodies  specific to

aprotinin. The  specific  IgE antibody  was  detected in 10 out  of  the 18 patients sensitive  te aprotinLn  when  assayed  by
radioallergosorbent  test (RAST), In acidition,  14 out  of  the 44 patients with  nv  h}rpersensitivlty reactions  to aprotiniruvere

positive to RAST.  The frequency of  pes{tlve RAST  was  higher in female patients as  well  as  in patients receiving  a repeat

administratien  of  apretinin.  No significant  correlation  was  observed  between  the RAST  value  and  the serurn  IgE !evel in

patients receiving  aprotinin  therapy. In contrast.  none  of  the sera  frem patients containcd  ant{-aprotinin  IgG antibody

estimated  by agar･gel  diffusion andtor  passive cutaneous  anaph  )rlaxis in guinea pigs. These rer.ults indicate that aprotlnln  is

capable  of producing the specific  IgE antibody  in humans.

   Serurn sannples  from patients who  receiyed  aprotlnin  therap>'

many  medical  doctors who  supplied  us  with  bl ood  samples.

",ere  supplied  by 21 dfieremt hospitals i" Japan.We zre  grateful to  the
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