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Motild allergy is complex in nature and gener-
ally cotisidered to be an important cause ol
allergic rhinitis and allergic asthtu.i (I).
Imtnunotherapy has been widely u.sed wt(h
established clinical elTieacy in the treatment oi
different .illergic- disorders, es])ecially pollen
allergy (17). However, no controlled studies
have been previously reported which show the
clinical eiricacy of immunotherapy in the treat-
ment of hypersensitivity to moulds (19).
Cladosporium herbarum, the most i)revaleiit mould
species in Scandinavia, has been purified, well
characterized by vising biochemieal and iin-
intmochemieal melhocls, and biologically stan-
dardized by skin ])rick testing (2, 5, 8). The

effect of immunotherapy in mould allergie
palients with such a ])reparation has been
investigated in a trial in adtilts anci one in
children. PieJiriiinary cJata from both these
stuciies have recently been reported (9, 13, 15).
Iti an accompaiiymg paper detailed clitiical
results ol imiiumotherapy in children, using a
liurified and standardized C. herbarum allergen
preparation, is rcporteci (8). 16 children
received active treatment with the C. herbarum
allergen preparation (Ch group) and 14 chil-
dreti histamme placebo (Hp group) in a ran-
domized and dotible-blind manner.

The aim of the present investigation was to
study these children s immune response as regards
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changes iti lotal specille Igls and lg(; antibody PRU/ml

levels, atui changes in IglL tind I,gG anliboc^lies

dtrc-c ted towards individual antigens of the tncuild o Q.

pic'paratton dtuing tmmtiiiolherapy.

MATIsRIAl, AND Ml'-THODS

Ayitigcns

1 he Cladosjxirmm hi'rbaruin alletgen jiicparation

(Speetralgen'^VPharmalgen®, Pharmacia AB,

Uppsala, Sweden) tised in this study was a

highly iMirified and standardized material man-

ufactured ;ts previotisly desc tibecl (7).

Patients anil palicnt sera

1 litrty c hilclren, with a mean age of 1 1 years

(range 5-17) pai tic i|)ated in the stttdy. All sttb-

|ects had a clinical history indicating possible

mould allergy. Detailed da la oti the |)atienls

iticludecl in the study are given in the acecjm-

l^anying pa|)c:r (8).

Blood samples were d rawn four times from

each patient iinmc:diately before: the start of

inittitinotherapy and niter 1, '5, and H) months

ol t rea tment . All p:ilic:iit sera were slorecl ;it

-20° C; tintil unalysecl.

I'or idc'/itiltc attoti cil |:)n'Vioti.sly de.sc:ribecl

important Cladosporium allergens in the CJII'V

C.RIK i)altern, ex])eriirients with two individual

|)atient sera, TclM and T N , tontaiti i t ig high

1.0

0.5-1

Hp group

Ch group

0 1 10 Months

I ' i g . 2 . ( J e o m c i i i c m c ' a n s o f l o l a l spi-c ific \\^\\ l o r t h e a c i i v e l y

I r e a l e d g r o u p ( C h . u r o i i p ) . i n d d i e p lac c-bo g i o u p ( l i p . ^ r o n p )

v e r s u s l i m e o f t r e a t m e n l .

amotmts ol specific Igls .nitibodies towards

Ag-:i2 and Ag-.'")4 were performc:d (.'i).

Rabbit autisna

Anlisera lo CladtLs/mriiufi hrrbariim vyere r.iised in

rabbits by biweekly sulx:utanec)us injeetions of

300 ng of the citide mould extract . T h e im-

nittnization |)rocedtire was performed essen-

tially as de.scribc-d by l l a r b o e & Ingild (12).

Sprrifir Igh', and IgC

Specilie Igl'", antibodies towards Cladosporunu

bcrbarum iillergens were tneastired with
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Phadebas RAST* (Pharm,u-i,i AH, Uppsala,
Sweden) reagents accordmg to the luanulac-
ttirer s lnstrtK lions. All lests were perlormed in
duplicate, and if necessary, diluled .')- and '25-
folcl to miptove seiisilivity. The results were'
evaluated between 0.7 and 3.5 Phadebtis RAST
Units (PRU)/iiil (the B and C points on the
stanelard curve).

S])ecilic Ig(j was determmeci with a prototype
of the Phadebas IgG RAST®. All tests were
pet-le)rme~cl in ehiplicale and with patient seta
diluted 1/200. RAST and igG-RAST were car-
ried out on ])atient sera collected before treat-
ment and allet- 1, !i, and H) months of immunei-

Ch qrciup

I ' i g . .^1, R a t i e l b e - U v e - c - n g c - c i i n c - t r i c m c - a n s o l t e i l . l l s l ) e - c - i t u I g t l /

l . g l - ' , m e - a s n r e e l w i l h I g ( ! R . A S I ' . m d R . A S T \ - c - i - s u s t i m e - e ) t '

a e t i v c - I r e - a t n i e n l .

iheiapy. IgG-RAS I' data were expressed as
arbitrary units (U/ml).

Crossed imiiiunoelcctrophoresis (C11'',)

(Tl'", was catried out basically as previously
described ( I I , J8) using 0.025 M Tri.s/Triciiie
buffer, pH 8.6, in 1 % agarose (Agarose A,
Pharmacia Fine Chemieals). 5 nl of Clado-
sporium herbarum extract (60 g/1) was run in the
first dimension electrophoresis al 10 V/cm for
'25 nun. Second dimetision elect rophotesis was
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CIE-pattern of SpectralgenvPharmalgerr Cladosporium herbarum extract

Anode to the right and at top
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performed at 2-.3 V/cm overnight, using 10 (il
antiserum anodically and 12 nl antiserum cath-
oclically/c:m' gel.

Crossed radioimmunoelectrophoresis {(Ai 11'')

Igli ancJ IgG-CRIE were performed as pre-
viously described (16, 20). The washed CIE-
plates wete incubated for 18 h with patient sera,
dilulcxl in buffer 1/17 for IgE-CRIE and 1/200
for lg(J-CRIE. After .several washings the
plates were further incubated for 18 h with
isotopes (''''I-anti-Fgl''- or ''''l-anti-IgG, con-
eentraticjn 72,OOO cptii/ml). 1 he plates wetc
then washed, dried and placed cjn X-ray film.
Autoradiography was performed at -70° Cl
using Du Pont Crc:)nex-4 X-ray films in Kodak
cassettes ec|uipped with Du I'ont Lighting Plus
intensifying screens. GRIE-classification was
carried out by sequential exposurc:s (5).

To minimize methodological errors, inctiba-

tion of patient sera colleeted before the start of
treatment and after 10 months of treatment,
were ijerformed at the same time. (;ilv|)lates
incubated wilh saline or wilh a negative patietit
serum were used as negative controls.

Statistics

For the slatistiial evaluation of difference's in
means the Sltident's t-test for paired and inde-
pendent samples was employed. Correlation
analyses were done by using Wilcoxon rank
sum test.

RESULTS

Spixific if^E

Eig. I c^lemonslrales the changes in sijccific IgE
antibodies of the individual patients during
Irealmeiit with ('ladosporium herbarum. Some of
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the patients on aelive treatment with Clado-
sporturn herbarum .showed a shglil itic tease in spe-
cifte Igl'". aiilibocly Ic-vel aftc-r I and .'! months e)f
treatmeni, btit meist of the palic-iits exhibited
dect'cased s|)eeihc- Igl'", levels after 10 months.
Freim the geeimeliic mean il is obvious that
there was a sigiiilicaiil dectease (P < 0.001)
during the period of Ireattnetit (I'ig. 1). l'"or
patients receiving histamine plaee-bo (M|)
group), the iiidiviehial Igl'" leve-ls she)wed seime
variations, l)til as n grotip, no sigiiificanl
ehanges were noted.

Initially, the levels ol Cladosporium herbarum spe-
cific Igl'", anlibodie.s did not differ between the
hislaniine (H])) gtcnip and the ('ladosf>oriuin her-
barum (Ch) group. After 10 months of treatment,
however, llie patients on active treattiient showed
significaiilly ( / '< 0.05) lower levels than the eon-
trol grentp re-ee-iviiig histamine plaeel)e) (l'"ig. 2).

Speci/ic lg(j

A l t h o t i g h i h e l eve l s of spec i l lc i g C v a r i e d s o m e -

w h a l in t h e i t u l i v i d t i a l l l p - l r e a t e d j ) a l i e t i t s ( F i g .
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!''. a n d l t , ' ( " ;

!-5) there was no definite trend in the changes ob-
served, ihe geejmetrie mean tctTiained fairly
constant ckiring the observation ])eriod (I'lgs. .'i,
4). Patients treated with the (Cladosporium hn-
barum allergen preparation showed a dis-
tinct inc:rease in the levc:l of specific igC during
the first month of treatment, and ihe geometric-
mean increased signirie:antly (/' < t).()2) (Eig.
4). The highest igCi levels were found after
3 months of active treatmetit (P < ().Ot)l).
After 10 months ol treatment the IgCi levels
had decTeased, but they were still slightly, but

not significantly, higher than before Ireat-
ment.

There was no sigtiillcanl diflereneem IgC I levels
between the Hp group and the VA\ group befbte
treatment. The geometric means were 161.9 U/ml
and 14'2.8 U/ml, rc's|x:ctively. After 1 month of
treatment, speciific: IgCi was significantly higher in
the Ch group compared with the I \\) group (P <
0.001). Thediffcrc:ne-c: wase'veil mote'pronotineed
after 3 months (P < O.tHIl), but alter 10 months of
treatment there was no longer any significant dif-
fet-encc- between the two grotips.
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Ratni spfcific fgC/sprciJic IgE

Fig. 5 demotis l ra tes the ratio between specific-

IgG and specific IgK lor both grcnii)s. In the C ĥ

group the an t ibody ratio inereased a l ready after

1 tiiotith of i rea tment and reached a plateau

alter .H months . The igCi/lgl'l level tc-ittainecl

substantial ly constant between 3 anci U) mon ths

ol active t rea tment , fhe ratio lor the l i p grotip

decreased somewhat dt i r ing the first mon ths but

then increased dt i r ing the |)eak of the (Uado-

spariutn season to the- itiitial ratio alter 10

moii lhs ol I rea tment .

CH'yCRH-: analysis

'fhe Cil'". i);iltern of the (,'. beibarutn pteparation
used c-xhibitecl !iH itmtttmoprecipitates (l'"ig. 6).
Several ol the preci|)itates were weakly ptcitetn
stained with (jOOiiKissie brillilant blue while
others (Ag-34, Ag-35, Ag-37) were only de-
tected alter radiostaining iti CRll'",.

Some ])aticnts responded lo tiiaiiy antigens
while others responded to only a lew, atul

approximately one third of the patients gave no
visible radiostaitiitig iti lgl'",-C'RIE. Thirteen
antigens ga\'e xisible radiostaining and, based
upon the frequeticy and iiitctisity of tadiostain-
ing in the patient panel studied, se\'en aniigens
(Ag-4, Ag-10, Ag-r2, Ag-15, Ag-18, Ag-26 and
Ag-36) were classilled as itnportant alletgens.
Of these Ag-12 showed the highest radiostain-
ing ftc'citietuy (.'i8 %) .

In a previous study on Cladosporium two
major allergens, Ag-32 and Ag-54, were identi-
fied (4). By using siiecific reagents (patient sera
'fdM and TN) in the present CRIR sttidy it
was possible to show that Ag-12 was partially
identical to the pievioiisly reported Ag-54.
However, it was not possible to identily Ag-32
ill our CIl'j/CRII'j system - most likely dtic to
lack of response lo thts antigen iti the ral)btt
aiitiserttm used.

l'igs. 7 and 8 demonstrate two sets ot IgE and
IgG-CRIE patterti. In Fig. 7 serum from a
patient on active Iteatment has beeti analysed.
Sevetal preeipilales are t acliostamed in Igl'"-
("Rll', perlormed on a servim sample taketi
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before t rea tment . Iti this case: the: radiostaining

is also slightly iiic rc:ased after 1(1 months of

t r ea tmen l . T h e radiostaining oblained itt igCJ-

( .n i lE is more inlense pt ior to t rea tment . Alter

10 months of trc:atmetit the lg( j ant ibody level

has further increased, parttc tilarly to Ag-12.

The C R U i - p a t t e r n s dc:monstratecl in Fig. 1! are

from a patient in the plac:ebo group. Th i s set ol'

pat terns differs from that demotisti ated iti I'lg.

7, sinee the lgG-pat te rn ts titic hangc-d dttrtng

the c^bservation period.

Hc:)th grotips slic:)wed only slight changes m

the: visible radtos ta inmg eorresponchng to Igl'j

C;RIIvelasse.s A-C> after 10 incjnths of t reatment

(Fig. 9). In the Ch group three |)atients ac tttally

showed inereased levels of IgF-binding to some:

of the antigens, but none of the negative (jati-

enls becatne positive. O n e patienl showed a

de.ereasc:cl levc:l i\'i Igl'', to Ag-12. In the Lip

group there were no clellnite changes in the Igl'',

b inding to individual allergens dur ing the

observation perioc;l.

In general , patients in both lite V.\\ grottp anil

111 the l i p group had IgG-antiboclies direeted to

many different ant igens , and the radiosta ining

was lTuaeh more intense than in Igl ' ' ,-CRIlv l'ig.

10 demons t ra tes IgG levels towards some ol the

antigens before and after 10 months of treat-

metit. Patient.s in the i'.\\ g roup responded to

immuno the rapy with an inerease of IgCJ to

several ant igens , partic tilarly anl igens 3, Vl and

2t). Llowever, no ehanges in Ig(.i levels in the

l i p grotjp were detected du r ing the observalioti

period (Fig. 10).

I'lg. 1 1 gives a detailed deseriplioii of the

ehanges in IgCj-CRIF radiostaining towards the

ma|c)r allergen Ag-1'2 ol the sera ol |)atte'nts on

aetive t rea tment .

All ])atients except one responded with in-

creased lg(i response lo Ag-12, inclependent of

the IgG-reaetivity towards Ag-12 prior lo treal-

tnent and of the m a x i m u m dose reaehed alter

10 tnonths ' immtmothc-rapy. O n e (^RIFVclass

increase iii rachostatnmg eorresponds rotighly to
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a tw-o-lolcl mcrease in (he s|)c'ctltc- IgCJ-reae-
tivity.

DISCUSSION

'I'his is the llrst pulilishecl cliiiic-.tl tiial showitig
ihc cllicacy ol inimtmcjtherapy wilh motild
extracts (8, 14). In this study a statidardized
and frecze-dried C. herbarum allergen prepara-
tion was used for ittmiunotherapy in ehikhen
with mould-induced asthma and/or rhinocon-
jutictivitis. 'Fhe potency of this pre|)aralion wa.s
al lc-;tsl 100 limes higher I han the C. herbarum
alletgen extracts i)tcviously available.

RAS'F data showed a significant decrease in
specihe Igl'", aiitilxicly levels lti patietits receiving
C herbarum, but (JRIE ex|)ctiments revealed no
I rend lowards lower Igl'", levels (reduced radio-
staining). 'I'his may be becatise the low initial
RAS'F scores iti many of the patients did not
give- rise to visible radiostaining in lgl'",-C,Rll',.
RAS'f ilitts iippeai'ed somewhat more sensitive
than Ig!'",-CR11'",. 'fhe dilferencc may also indi-
cate that ihe rabbits had not responded wilh a
produciioti of IgC antibodies lo all of the
allergens.

'fhe dec rease e)f s|)ec-i(ie IgE iti the mould-
ttealed p.t(ic'tt(.s scetns lo be itidttced ;t( an early
stage ccimparecl wilh previous reports on im-
ltititiotherapy wilh pollen |)rcparatic)ns, where a
decrease of IgE was lirst observed after several
months of immunotherapy (6, 10). 'I'his may be
(\nr to dtllerences m the imtiitmc response to
different types of allergens, or to differences in
the amount of iiijeeted alletgens.

On ihe other hand, the finding of an early
increase of s])ec-ilic IgG is in agreeuu-tit with
sttidies on |)olleii-a!lcrgic- palients. In (he |)res-
c.-iit study there was a rapid increase in total
specific IgC; antibodies in the active Ireatment
period. Later, however, igC dropped, and after
10 months of treatment ihete was no sigtiificatit
difference in the specific IgG antibody level
between the Ch group and the Hp grotip. Sticli
an c;arly decline in total s))ccilic- IgG antibodies
has not been previously described. As our data
are based on results obtained by running all
patient sera li-oiii the same subject at the same
Ittiie, we ha\'e mttmtitzed be(weeti-as.s'ay varia-

lion.s and other Icchiiical differences. We ihere-
forc consider the presented data as relevant.

After 10 months of treatment IgG-CRIE
demonstrated a drastic increase of specilie IgG
to some of the antigens, partieiilarly Ag-r2,
partially identical to Ag-54, one of iho major
Cladosporium allergens identified by Aukrust (3).
Sera drawn after 1 and !! moiilhs have not been
itivestigated by CRlI'",.

Belore treatment there was tio signific ant dif-
ference in the IgG/IgE ratio between the Ch
grotip and the Hp group. The antibody ratio
increased and remained constant in the actively
treated group. It is possible that the IgG/IgE
ratio is a better indicator of clinical improve-
ment than IgE and IgG meastired separately.
After 10 months of inmumotherapy, changes in
IgG, as shown by radiostaining in IgG-CRIE,
l)rimarily involved an inerease of IgG anti-
bodies towards Ag-12 (l'"ig. II) independently
ol the top dose reached. Bronchial and eon-
jutictival pro\-ocatioii data aiui skin sensitivity
demonstrated a definite improvement in a
majority of the patients after 10 tiionths of
trealmetit wilh the- Cladosporium hcrbarum
allergen jiteparation (8). As 15 of the 16
patients in the active group had responded to
imtmmollu'ra|)y with itidticiion of IgG anti-
bodies towards Ag-12, this antigen appeat-ed to
be an important allergen in otir ClE/CRIl'",
releretice systetu. When we compared the
patients T5-'I"4I, where Ag-12 was an impor-
(att( alleigen, with the remaining patients T"2-
147 where Ag-12 appeared not to be ati impor-
tant allergen, both groups of patients exhibited
similar improvement after 10 months' treat-
lueul. Consequently, the inerease in bloekiiig
atitibodics (o Ag-12 in palieiils of the former
group did not seem lo I)e of eritie;il importance-
lor clinical improvement. However, patients
with detectable IgE antibodies towards Ag-12
l)rior to ttx-attiu-nt, in general, recei\-ed lower
top dosc-s (mc-diati xaltie 8,000 BU) compared
It) palienl.s with no delectable IgE rcac-ti\'ily
towards Ag-12 (median value 45,000 BU). In
llie latter group the levels of total RAST-speeil-
ic Igl'", deereased during immunotherapy while
this was not the ease in the former group. 'Fhere
is no ditec( linkage between labotatoty data cm
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