
Int Arch Allergy Appl Immunol1991;95:163_16g
'r*9n'i'%",ofiii6iAoriiiiJ

1r1Ì{
stimulation of Hum?tryeripherar Brood Lymphocytes withchironomid Hemogrobin .úe.gen (chi t gr
V Liebersu, S. Schalbabab, G. Mazu*, X. Bauf
' Berufsgeno$senschaftliches ForscbungsiDstitùt fiir Arbeitsmedizin, Bochum; b Klinikuúr Grosshadem, Mùlchen, FRG

\ ..^_1T:*"1. 
Hemoglobins (Chi t I) of rhe dipteron species Ct' 

vere allergic diseaùs in rrrìÀ"r..-í".. *" "jX""'1,ÌT::: 
*tronomus thummi thummi are kuown ro cause se-

phocyres (pBL) by 
"nr,, 

u"Îì:Y,"-it:t:g 
tht allergen*pecific-s,ir"r"ii."'"iii".í" 

oJr*n*" blood lym-componenr III, obiained ,r.i:"fi#T,ililT|i$liìt|; ilj,l:l 1e apptied r,ug."n,i oiit 
" wen-anaryiedecure in order to identirv r-cer ói,"p.,. ii" *i.i"".ffir^,:ili"-r,*.li? ilxiJ',I11;lirff:::1,f fr?:regíons demonsrraring varyins pei.srimurarion. iì'ràirJ#r"""rrnoiriouuiplti"r^ oii"l.ifl,rr, o.oo"o,, 0".

ff;H,',:"':T'i"j',îl#i'"t!il,i;îr-*rr.pii"p"."ììci",no*n,o u. *iir,l"ìi" #;*i,ì. ". predicted by

Materials and Methods

Human pBL were obtained from 40 patients suffering frombronchial asthma, rhinitis and/or conjunctivitis due to contact witifish food; alr of them were RAST and skin test positive with chit I. In addition, we investigated pBL from 22 exposeo uut t 
"uttt 

yand 18 non-exposed controls. Lymp.hgcytes were separated byFicoll centrifugation, washed twice with Hanks,sorution and sus_pended in RpMI 1ó40 (suppremented wirh grutamine,luman ABserum and penicillin/streptomycin) at a final concentration ofr x 107 cets/mr for freezing ano s ,io, ,"lt);;";",,* i,npr,o.y,"transformation test.
Lymphocyte transformation test: 100 pr of the celr suspensionwere added to 100 pr atergen (containing 1 pg of ctri t r or its indi_vidual components or 0.032_1.3 nmol of the synthetic peptide).The contror probes contained R'MI instead 

"i,h";ìì;;en. 
Thecultures were incubated in tripricate or fourford at 37"c in ahumidified atmosphere ot 5.gù CO2 for 5 days. 0.07i MBq 3H_

thymidine (NE^N) per well *"r" udd"d, and celt proliferationdetermined by 3H-thymidine 
uptake during the last 6 h of the cul_ture period. After freezing the prates, each weu was harvested ona cellulose filter, treated with 2 mr scintilation fluid (euickszint r,Zinsser Anarytic) and counte d for 2 min with a p-counter (Be-taszint BF 5000).

The stimulation index (SI) relates results after stimulationwith and without ailergen. The coefficient of variation (v :s/X x 100vo) of the tripricate and fourford varues was between r0and 40Vo in all tests.
chi t I was prepared as described [1], dissorved in a row morarammonium bicarbonate buffer (< 0.05 molar; pH 9) to a final con-centration of 500 pg/ml and frozen in 20 pl iortiónr. fi"y *..,thawed when required and further diruted with RpMI. A finar

Introduction

Chironomidae are one of the largest insect fam_ilies. They are distributed worrdwide and are found innearly all types of inland waters and some species inmarine habitats. Larvae and adurt midges or ini, Dip-teron fam'y are known to be agg.Jssive inhalant
allergens which cause severe bronctrial asthma, rhin-itis, conjunctivitis and urticaria [r-g]. In the larvaefrom the speci es chironomus thummi thummi, whichare often used in freeze-dried form as domestic fishfood, most or all reievant allergens are hemoglobins
(chi t I) t9l. The primary srructures of rwerve indi-vidual hemogrobin compónents have been anaryzed
[10, 11], and the tertiary structure of component IIIwas elucidated.by X_ray analysis tlzl. Th; following
investigations describe the stimulation of human pe-ripheral blood lymphocytes (pBL) with Chi t I, rhenine main components of Chi t I, fragments of Chi tI components and the synthetic p.piiC" 9g_111. Al_lergen-specific stimulation was performed to deter_mine T-cell epitopes within th; hemoglobin mole_cule.

I rhis work was supported by the Sonderforschungsbere ich zl7of the Deutsche Forschungsgemeinschaft.
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Fig. 1. Stimulation of human lymphocytes with chironomid
hemoglobin (chi t I) in three study groups. sI : relation of results
after stimularion with and without the allergen chi t I (5 pg,/ml).
An SI of 10 corresponds to 3,000-5,000 cpm.

concentration of 5 pglml (0.33 nmol/ml) was used, because 10
tested patients showed the optimal reaction at 0.33 nmol/ml.

cleavage of chi t I components was performed enzymatically
with trypsin (5 hl37 oc, Boehringer-Mannheim) and arginine pro-
tease (1 h120"c,4 hl37 oc, Boehringer-Mannheim). The cleavage
procedure was stopped by lyophilization. Nine fragments of com-
ponent III with a minimum length of 7 amino acids were isolated
by HPLC, and each fragment used for the stimulation assay. Seven
healthy controls were used to determine the unspecific stimula-
tion occurring with every peptide.

The chi t I peptides were dissolved in ammonium bicarbonate
buffer and lyophilized twice to remove the acid from the HPLC
separation. Aliquots of 65 nmol were dissolved in I ml ammonium
hydrogen carbonate buffer and frozen in portions of 100 pl. After
thawing, the portions were diluted with RpMI (see lymphocyte
transformation test).

The synthetic peptide 98-111 was a kind gift of Dr. s. Modrow,
Max v. Pettenkofer-Institut, Munich, FRG.

Three groups of patients and controls were examined:
(1) 40 symptomatic, exposed patients which are RAST and skin

test positive for chi t I (specific IgE ranges from 0.g to 635 u/ml;
specific IgG ranges from 0.0ó to 10,300 U/ml);

(2) 22 allergen-exposed, but healthy controls (specific IgE in
RAST < 0.35 u/mr; specific IgG ranges from 0.03 to 0.54 u/ml),
and

(3) 18 non-exposed persons.

0

> 100

Fig.2. PBL srimularion of 40 patients with chi r I  and nine chi
t I components. SI values are attenuated to 100. Each row shows
the response from 10 patients to the ten stimuli. For every patient,
the ten stimuli are shown in the same order: chi t I (nj tompo-
nent I (r); II (tr); III (r); IV (D); Vr (r); VrrB (tr); VIrr (r);
IX (D); x (r).
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Fig. 3. PBL stimulation of t3 Chi t I-allergic
patients with peptides of nine Chi t I components.
The stimulation is expressed as a percentage of the
stimulation with the native component. I : Arginyl
peptides; tr : tryptic peptides. The results are
attenuated to ZffiVo.
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phocytes normally reacted to a greater extent with
two or three components. VIIB and VIII are most re-
active; all patients responded to them, whereas for
the other components the SI is sometimes below 1, es-
pecially with component X. In some cases, a higher SI
was seen with the single component than with the
whole Chi t I (fig.2). Non-exposed controls did not
react (SI < I.Sldata not shown).

13 patients of whom enough PBL were available
and who showed a SI > 6 with Chi t I were tested with
the cleavage products of the nine components (fig. 3).
The cleavages were at arginine and at arginine and ly-
sine (smaller peptides). According to the results,
three different groups of patients were obtained:
group 1: SI remains the same; group 2: SI increases;
and group 3: SI decreases. Three non-exposed control
persons showed no reaction with the cleavage prod-

20 patients (group 1) also showed sensitization to common
allergens. 15 (38vo) of them had specific IgG antibodies for chi t I
in addition to their specific IgE antibodies [13]. In the exposed
control group, there were only 29Vo atopics, and 8Vo had Chi t I-
specific IgG antibodies.

Results

SI with lymphocytes of 40 patients sensitized with
Chi t I ranged from 5 to 100. The lymphocytes of only
3 patients barely responded (SI < 5, fig. 1). The SI of
patients are significantly higher than those of exposed
but healthy controls (p < 0.01, Duncan test). IV[ainly,
non-exposed controls did not react. Using the nine
main components of Chi t I separately, we found an
individual stimulation pattern for each patient. Lym-



r66
Liebers/Schalbaba/Mazur/Baur

SI

1 0

I

I

6

5

+

1

1-15 18-29 30-37 38-50 5l_61 69_90 9]_101 102_,109 110_135

ta 
Amino acid sequence

1
Fig. 4. pBL stimularion of 7 chi t l-alrergic parients with pep-

t ides of component I I I  (mean values of two independent t"ì tr ; .
considering all 7 patients (shown consecutively for each
sequence), the whole component is immunologically active. - :
Mean of 7 non-exposed controls; ;  :  patients 1, 3, 5, 7: D =
pat ients  2 ,  4 ,6 .
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Fig. 5. PBL stimulation of 12 sensitized patients with the syn-
thetic peptide 98-111 of component IIL Different concentrations
were used in 10 patients (shown consecutively), giving in most
cases a maximum stimulation at 3.2 nmol/ml. This concentration
was used in 2 additional patients. The first 7 patients are the same
patients who were tested with the tryptic peprides (fig. a).

ucts of each component (SI <l.5ldata not shown). Be-
cause the cleavage procedure with trypsin at compo-
nent III does not destroy the lymphocyte response in
most cases (8 of 13 patients) we started an epitope
screening with the tryptic peptides of this well-known
component.

The HPlC-isolated fragments of Chi t I compo_
nent III gave rise to lymphocyte stimulations which
again differed from patient to patient. The most reac-
tive peptide was fragment 69-90 which shows a signif-
icant reaction in all tested patients (fig. a).

Using Rothbard's algorithm for epitope prediction,
there should be an epitope in component III at posi_
tion 98-111 U4l. This peptide was synthesized and
used for stimulation in the same patients who were
tested with the isolated HpLC fragments and an addi-
tional panel of 5 patients. All tested patients showed a
minimal SI of 3 with the whole component III or their
cleavage products. using different concentrations in
10 patients, it was seen that the optirnum peptide con_
centration differs slightly between patients. In any
case, lymphocytes from 9 patients showed a clear re_
action at 3.2 nmol/ml (fig.5), whereas the lympho_
cytes of non-exposed controls did not react (SI < 1,
data not shown). Although the 7 tested patients did
not react to peptide 102-109 (fig. 4), 5 of rhem re_
sponded to peptide 98-111. Thus Rothbard,s predic_
tion could be verified for this site.

Discussion

The allergen-specific proliferation of patients' lym-
phocytes after Chi t I exposure is mostly very high,
indicating that chironomid hemoglobins are strong
immunogens. Moreover, many people who have no
sensitization to common allergens react to Chi t I;
49Vo of Chi t I-sensitized persons are non-atopic.

The proliferation of patients' lymphocytes is signif-
icantly higher than that of exposed and non-exposed
controls. These findings agree with previous results
[15, 16] using the house dust mites Dermatophagoides
pteronyssinus and D. farinae. Only Cavaillon et al. [17]
reported that PBL proliferation of Dermatophagoides-
allergic persons was not significantly higher than that
of healthy persons. However, he reported different
mean values and a lack of significance possibly due to
the small collective.

Comparing these examinations with our Chi t I
study, it is also important to see that in case of the
house dust mite only exposed controls can be tested
because everybody is more or less intensively in con-
tact with their immunogenic components. In any case,
exposed controls show a low to moderate response to
the allergen. However, our investigations included
definitely non-exposed controls who did not respond.

Some patients showed higher SI values with single
components than with Chi t I (fig. 2). Their immuno-
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genic reaction is mainly triggered by the epitope(s) of
one component which is present there in a higher rel-
ative concentration. In other patients, singlà hemo-
globins reach only smaller values, and only the sum of
all components with all epitopes approximates the rel-
atively high proliferation due to Chi t I.

As mentioned, after enzymatic cleavage of the
components, the SI changes in three ways. When the
sI remains the same the amount of antigenic sites
seems not to be influenced by the cleavage. when the
sI with the fragments is lower than with the whole
component the relevant topographic or linear T-cell
epitopes are destroyed [1g]. An increase in the sI af-
ter cleavage could possibly be explained by the fact
that internal determinants become accessible to T
cells; maybe the cleavage in vitro is more efficient
than within the antigen-processing ceil. It is also pos-
sible that antigenic sites, which are not important in
the cell, will be accessible by stronger in vitro cleavage
in the lymphocyte transformation test.

The SI value does not correlate with the specific
IgE antibody level, as was reported in case of D. ptero-
nyssinus and D. farinae [15, 16] and for Amb a I [r91.
Besides, the correlations in these three studies are
very weak or, excluding the healthy controls, really
poor. However, such a relationship may be antigen
dependent. Black and Marsh t19l could not correlate
the SI with specific IgE-mediated sensitivities (skin
test, histamine release) for eithe r Amb a v or Lor p I
allergen. In addition, it could not be confirmed that
IgG antibodies are a prerequisite for proliferative re-
sponses. In our study, 3gvo of the patients and gvo of
the exposed control group possess chi t l-specific IgG
[131.78vo of the exposed controls show a lów to mod-
erate response to Chi t  I ,2ZVo did not react.

Each patient's lymphocytes exhibit an individual
stimulation pattern. This may be due to genetic re-
striction. As already shown for other allergic diseases,
there is often a restriction with respect to the HI-A-D
locus l20,2ll.In addition to the allergen, the HL_A_D
gene product (MHC class II molecule) which is
expressed on B cells, macrophages and dendritic cells,
is necessary to stimulate T-helper cells. It is likely that
a certain epitope is recognized exclusively or predom-
inantly by a certain MHC II molecule. peptides may
help to study the role of genetic restriction. However,
it may not be possible to determine a preferred MHC
II molecule for chi t I because this allergen consists
of many epitopes which probably show different re-
strictions. It seems that genetic restriction can only be

evaluated using small peptides: 6 patients showed the
highest SI to the pepride 9g-111; all express HIA-
DQw I  ( f ig .5,  pat ients 2,7,  g ,  10,  11 and 1Z; .  On t t .
other hand, it is also possible that a single epitope is
recognized by T cells in association with many differ-
ent MHC class II molecules. Data supporting this
hypothesis were reported for the malaria parasite
Plasmodium Í221. Such epitopes would be gooà candi-
dates for vaccines.

In this respect, our group has already started HLA
typing with restriction fragment rength polymorphism
l23l and sso hybridization fz4l in these patients. we
also intend to study the relevance of MHC II mole-
cules in antigen recognition with monoclonal antibod-
ies against different HLA-D gene products, as already
done with Rye group I ÍZ5l and D. farinae allergen
Der f I t261.
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