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Abstract

Aspergillus fumigatusa ubiquitous fungus, is implicated in the pathogenesis of a number of clinically different allergic diseases in man.
Peptide-based immunotherapy may offer an alternative in patient care and management. The purpose of this study was to evaluate the
of T cell epitopes ofA. fumigatusribotoxin, Asp f 1in inducing tolerance in mice exposed Ao fumigatusantigen. The epitope analysis
in BALB/c mice using synthetic peptides 86p f 1demonstrated both cryptic and dominant epitopes detected from 42 through 54 and 155
through 167 aa, accordingly. Intravenous injection of these peptides markedly inhibited the response induced by the exposufe to crude
fumigatusextract in mice as evidenced by the in vitro interleukin-2 (IL-2) production and proliferation of T-lymphocytes. Cytokine
transcription studies indicate that, when stimulated with the peptides in immunogenic conditions, the major peptide (aa 155-167) speci
T cell clone produced only IFN, but not IL-4. The ability of both dominant and cryptic peptide epitopes of a single molecule to induce
tolerance against the immune response to a multi-molecular allergen complex has significant implication for peptide-based immunotheray
© 2000 Elsevier Science Inc. All rights reserved.
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1. Introduction is the most difficult to treat. This may be partly because of
the role of underlying and associated condition such as
Aspergillus fumigatusa ubiquitous fungus, is implicated asthma and cystic fibrosis, and due to the complex immu-
in the pathogenesis of a number of clinically different dis- nopathogenesis of ABPA. The demonstratiorAofumiga-
eases in man ranging from saprophytic colonization, hyper- tus specific IgE and IgG antibodies has been used as a
sensitivity diseases to systemic and local invasive infec- significant parameter in the diagnosis of ABPA. Although
tions. The hypersensitivity diseases causedbfumigatus crudeA. fumigatusantigens have been used to demonstrate
include asthma, allergic bronchopulmonary aspergillosis the specific antibodies in the sera of patients, in recent years
(ABPA) and hypersensitivity pneumonitis [5,18,32]. recombinant allergens fromA. fumigatushave shown po-
Among the allergic diseases causedfyfumigatusABPA tential usefulness in the antibody assays due to their spec-
ificity and sensitivity [3,9]. The IUIS lists 18 allergens from
A. fumigatus.Patients with active ABPA exhibit IgG and
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detected during the early phase of the disease [19,24]. If theTable 1 _ _ _ _
initial sensitization starts with these secreted proteins, it is AMino acid sequences of synthetic peptides of ribotoAdp f1

reasonable to assume that the immunotherapy directedpeptide no. Ribotoxin sequence Amino acid sequence
against such sensitization can arrest the progression of thepeptide 1 42-54 (13-men) NKWEDKRLLYSQA
disease thereby reducing or eliminating the lung damage inppige » 80-95 (16-mer) NGYDGNGKLIKGRTPI
both ABPA and ABPA in cystic fibrosis. Immunotherapy peptide 3 114-126 (13-mer) GKDDHYLLEFPTF
using peptides from these early appearing secreted mole-Peptide 4 155-167 (13-mer) KVFCGIVAHQRGN

cules, such ad\sp f 1and Asp f 3,could ameliorate the

immune responses and arrest the progress of allergy result-

ing from exposure and sensitization to otherfumigatus Moscow, were used in this study. The protocol for experi-

molecules and, thus, abrogate ABPA development. mental animals used was approved by the ethics committee

Early studies using human and mouse T cell clones of the Institute of Bio-organic Chemistry, RAS, Moscow,

showed that interaction of the T cell receptor with antigen in Russia.

the absence of co-stimulation did not result in activation of

the cells, but rather led to a state of nonresponsiveness or2.2. Antigen and peptides

anergy during which the cells no longer proliferated or

produced IL-2 following stimulation with antigen [25]. Sev- A. fumigatusantigen extract, cited further as crude ex-

eral in vitro and in vivo studies indicate that application of tract, was prepared as previously described [29]. A mixture

high doses of dominant T cell epitope can induce a state of of culture filtrate and mycelial extracts 8f fumigatusvas

antigen-specific nonresponsiveness (anergy) [16,37]. For ef-diluted to 5 mg/ml and stored frozen at20°C. The pep-

ficient T cell activation two signals have to be activated. tides were synthesized using standard Fmoc chemistry

These incluéd a T cell receptor signaling and a second [7,13,20] and purified by reverse-phase high-pressure liquid

signal via ligation of CD28 or CTLA-4 on T cells with  chromatography (HPLC). The identities of the synthesized

CD80 or CD86 on antigen presenting cells [14,34]. Anergy peptides were verified by electrospray mass-spectrometry.

is induced when only one signal is operational. For example The peptides fromAsp f lallergen were selected using a

it was demonstrated that administration of one immuno- computer program developed for the prediction of 4-2I

dominant peptide from cat allergdtel d 1 [6] and house matched motif [12,15,23]. The peptides used in this study,

dust mite allergerDer p 1[21] in naive and primed mice  namely, aa 42-54, aa 80-95, aa 114-126, and aa 155-167

inhibited T cell reactivity as well as specific IgG antibody are listed in Table 1.

production. Treatment with T cell peptides could therefore

make CD4 Th2 cells tolerant and at the same time make 2.3. Antigen and peptide treatment

specific immunotherapy safer since it does not bear the

potential risk of cross-linking IgE antibodies on mast cells Mice (3 to 7 per group) were immunized by subcutane-

[11]. In recent years, T cell epitopes of several major aller- ous (s.c.) injection of 10Q.g of crudeA. fumigatusor 50 ug

gens from grass pollens, tree pollens, bee venom, and hous@eptides in incomplete Freund’'s Adjuvant (IFA) in the hind

dust mites have been identified [10,11,22,38,39], and toler- footpads of each animal. Mice were sacrificed 10 days after

ance was induced by immunizing with the dominant pep- injection with antigen and the blood was collected by car-

tides from these allergens [6,27,36]. The results of thesediac puncture. The spleen and popliteal lymph nodes were

studies suggest the probable usefulness of T cell peptideobtained and single cells isolated. Animals injected simi-

immunotherapy in ABPA and other fungal allergy also. In larly with PBS in IFA served as controls. Tolerance in mice

the present study, we have evaluated dominant and crypticwas induced by a single i.v. injection of 50y of peptides

T cell epitopes oA. fumigatugibotoxin Asp f 1in a murine aa 42 to 54 or aa 155 to 167 5 days before s.c. immunization

model. Our results from in vitro and in vivo studies indicate with the same dose of peptides in IFA or by three repeated

that the immune response to multi-component allergen caninjections of 50ug mixture of these peptides on Days 10, 5,

be modulated by i.v. injection of synthetic peptides repre- and 2 before the immunization witA. fumigatuscrude

senting dominant and cryptic T cell epitopes from a single extract in IFA. Animals injected similarly with PBS and

major molecule suggesting the feasibility of such interven- immunized with either peptides @. fumigatuscrude ex-

tion in fungal allergy. tract in IFA served as positive controls, and mice injected
with PBS and immunized with PBS in IFA served as neg-
ative controls. The spleen and popliteal lymph nodes from

2. Materials and methods these animals were obtained as described below.
2.1. Animals 2.4. Spleen and lymph node cell cultures
Ten to 12-week-old inbred BALB/c (H% mice bred at Single cells from the popliteal lymph nodes (LN) were

the Institute of Bioorganic Chemistry Animal Department, obtained by pressing cells through a stainless steel wire
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mesh. The cells were washed and cultured at 40° cells A B C D
in 0.2 ml of RPMI10 medium (Gibco-BRL), at 37°C in 5%

CO, incubator, in a 96 well flat-bottomed tissue culture

plate (Linbro, UK).A. fumigatusrude antigen and peptides

were added at various concentrations and the LN cells were

incubated for 24 h to analyze for IL-2 production or for 72 h 90

to estimate proliferation. Proliferation was studied by & o 90
[®*H]TdR incorporation during the last 12 h of the culture. 67 .

Adherent and B cells from spleens enriched by panning ;
procedure (rabbit anti-murine 1gG serum, Institute of Bioor- 43 .. ' &8 L

ganic Chemistry, Moscow) and treated with Mitomycin C . b/ .

(40 ug/ml) (Sigma, St. Louis, MO, USA) were used as 30— _— e
antigen presenting cells (APC) for in vitro stimulation of

lymph node cells from mice immunized with the peptides. ‘1"2 - e 18
2.5. Cytokine mRNA transcription in splenocytes ;

. Fig. 1. SDS-PAGE and Western blot analysis of cradéumigatusextract.
The total RNA was extracted from immune splenocytes Shown are low molecular weight markers, kDa (lane A), SDS-PAGE

stimulated in vitro for 1, 4, and 8 days witAspergillus profile of crude antigen (lane B), IgG reactivity (lane C), and Jg€ac
antigen and peptides. Two ml of splenocytes<{a0°) was tivity (lane D) of A. fumigatusproteins with serum from mice immunized
incubated in a 24-well plate (Linbro, UK) with either 50 s.c. with 100pg/mouse ofA. fumigatusextract 2 weeks earlier. 1gG
pg/ml of A. fumigatusextract or 5ug/ml of peptides. The ~ Pinding band with MW of 18 kDa representsp f1

spleen cells from the cultures were washed and the RNA

was isolated by guanidine isothiocyanate phenol chloroform conjugate (Sigma). Membranes were washed once with
single step method [8]. The cDNA was prepared from the TBST and twice with TBS. The peroxidase activity of the

MRNA with Maloney’s murine leukenic virus (MMLV)  pands was detected by using 4-chloro-1-naphthol as a chro-
reverse transcriptase (Bion, Moscow, Russia). The specificmogen. The reactive bands were compared.

genes were amplified by PCR using sense and anti-sense

primers of IL-4 and IFNy as described before [178-actin

primers were similarly used for housekeeping control. The 3. Results

PCR products were run on a 2% agarosa gel and the am-

plified bands were visualized after staining with ethidium 3.1. Antibody response in mice immunized with A.
bromide. The size of the amplified fragments was deter- fumigatus antigen

mined by comparison with 1-Kb DNA ladder and tBeac-

tin band. The analysis of early immune response in mice demon-
strated that ribotoxii\sp flis recognized by IgG1 antibod-
2.6. Western blot analysis ies in sera from mice immunized with crudespergillus

extract. Western blots showed IgG1 binding to only two out

A. fumigatusextract (50ug per lane) was subjected to  of more than 1Rspergillusantigen bands resolved whereas
electrophoresisma 4 to 30%gradient sodium dodecylsul-  1gG antibodies of other subclasses recognized about five
fate-polyacrylamide gel (SDS-PAGE). The gels were proteins (Fig. 1). IgG1 subclass of antibodies is known to be
stained with Coomassie brilliant blue for demonstrating the associated with IgE production, and mediates allergy even
proteins and ascertaining their sizes. Proteins were trans-in the absence of IgE, as demonstrated in mice with a null
ferred after electrophoresis onto a nitrocellulose membranemutation of the @ locus [35]. There was a high molecular
(Millipore Corp., Bedford, MA, USA) with a semidry elec-  weight band corresponding to an unidentified prote#®Q
trotransfer system (Bio-Rad Laboratories, Richmond, CA, kDa) reacting strongly with IgG1 of sera from immunized
USA) according to manufacturer’s instructions. The mem- mice. The low molecular weight protein reacting with IgG1
branes were washed and the free protein binding sites on theantibodies Asp f 1or Asp f 3(molecular sizes 18 and 18.5
membranes were blocked with TBS with 3% bovine serum kDa respectively) was well discernible. No IgE binding
albumin (BSA) (TBS-BSA) for 1 h. After washing, the bands were observed with the sera from mice sacrificed 10
membranes were incubated overnight at 4°C with 1:100 days after immunization.
dilution of serum in TBS-BSA from mice immunized with
A. fumigatusfor IgG and IgG1 antibodies detection. After 3.2. T cell response to synthetic peptides of Asp f 1
overnight incubation, membranes were washed with TBS
containing 0.1% Triton X-100 (TBST) (Sigma), and incu- Mice immunized s.c. withA. fumigatusantigens were
bated fo 1 h with goat anti-murine 1IgG1- or IgG-peroxidase sacrificed 10 days after the injection of the antigen. The
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Fig. 2. Identification of T cell epitopes oksp f 1 BALB/c mice (7 per group) were immunized s.c. in hind footpads with 28mf crudeA. fumigatusn

IFA. On Day 10 after immunization splenocytes from individual mice were cultured with eithgigh@l of crude extract or wg/ml of peptides for 72 h.

The peptide 155 through 167 was able to induce proliferation in six out of seven mice and the peptide 42 through 54 induced proliferation in three out
seven mice. Each data point represents the me&D responses of mice in each group. The data are shown in comparison to three nonrelevant peptides
X1, X2, X3.

popliteal lymph nodes were obtained and tested for specific lymph node cells were studied 10 days after the immuniza-
antigen induced lymphocyte stimulation (Fig. 2). Six of tion with the peptides for IL-2 production. Animals injected
seven animals studied showed marked stimulation with pep-with the dominant peptide (aa 155-167) showed marked
tide aa 155 through 167, whereas only three out of sevendecrease in IL-2 productionP( < 0.05) whereas when
mice showed stimulation with peptide aa 42 through 54. The injected with the cryptic peptide (aa 42—-54) only a tendency
remaining two peptides aa 80 through 95 and aa 114 was observedR < 0.1). Animals injected with irrelevant
through 126 failed to show stimulation more than detected peptides or PBS alone demonstrated no effect on IL-2 pro-
with no antigen control or irrelevant peptide control cul- duction P = 0.35, data not shown). This result demon-
tures. The stimulation measured &s{fthymidine uptake strated a marked inhibition of the response induced by
with peptide aa 155 through 167 showed values comparablepeptides in mice tolerized with a single i.v. injection of the
to those obtained wit\. fumigatusantigens stimulated T same peptides. When mice are immunized with the peptides
cell cultures. the response to only a single determinant is induced,
To identify cryptic T cell epitopes ofAsp f 1, mice were whereas immunization with the whole extracts results in
immunized with the peptides individually and responses to multi-determinant immune responses. It is likely that the
different peptides and. fumigatusantigen were evaluated.  tolerization signal sufficient to silence a single peptide in-
As the lymph node cells are reported to be poor antigen duced immune response will not be effective at silencing the
presenting cells splenic adherent cells and B-cells were usedmmune response to the crude fumigatusextract. It was
as antigen presenting cells. The results indicate that peptide§ound that only marginal effect was induced by a single
aa 155 through 167 and aa 42 through 54 are the only peptide injection when mice were subsequently immunized
peptides capable of stimulating the lymph node cells (Fig. with crude extract (data not shown).
3), but not the other two peptides. To induce tolerance to crudé. fumigatusextract, mice
were injected with a mixture of peptides aa 155 through 167
3.3. Tolerance induction by cryptic and dominant peptides and aa 42 through 54 on 10, 5, and 2 days before immuni-
zation with A. fumigatusextract. Popliteal LN cells col-
To examine how the i.v. injection of dominant or cryptic lected seven days after immunization were cultured in vitro
epitope containing peptides affected the response to thewith either a mixture of peptides aa 155 through 167 and aa
same peptides, mice were injected i.v. with either aa 42 42-54 (Fig. 5A) or with crudeA. fumigatusextract (Fig.
through 54 or aa 155 through 167 and after 5 days they were5B). Proliferative T cell responses from the group injected
immunized with the same peptide in IFA (Fig. 4). The with the peptides aa 155 through 167 and aa 42 through 54
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Fig. 3. Identification of cryptic epitope ofisp f 1 Groups (three per group) BALB/c mice were immunized withu®0of peptides in IFA and 10 days later

lymph node cells were cultured for 72 h with spleen adherent cells and the peptide used for immunization. Individual data are presented. Thepeptide p
through 54 (upper window,)) was able to induce proliferation in two out of three mice immunized whereas the dominant peptide p155 through 167 (lower
window, O) was able to induce proliferation in all mice studied. The data are given in comparison with peptides p 80 thr@gh®p 114 through 126

W which did not induce proliferation. The standard deviation was within 15%.

were markedly down-regulated, whereas T cells from con- greatly increased. No clear difference was seen at this time
trol mice were able to proliferate when stimulated in vitro between cultures stimulated with the peptides. The mRNA
with either A. fumigatusextract or the peptides aa 155 for IL-4 and IFN-y transcription in LN cells stimulated with

through 167 and aa 42 through 54 (Fig. 5). dominant and cryptic peptides for 8 days of in vitro culture
studied by PCR are shown in Fig. 6. The dominant peptide
3.4. Cytokine mRNA transcription promoted the transcription of IFN-mRNA, but not IL-4

mMRNA, whereas the lymph node cells stimulated with the

To determine the type of T-helper cells recognizing 155 cryptic epitope aa 42 through 54 demonstrated IL-4 mRNA,
through 167 and 42 through 54 peptides the total RNA was but not IFN-y mRNA. The control cultures stimulated with
extracted from splenocytes of mice immunized 10 days the irrelevant peptide showed no mRNA transcription of
earlier with a crudeA. fumigatusextract and stimulated in  cytokines and low level oB-actin. A high level ofB-actin
vitro for 1, 4, and 8 days witi\spergillusantigen or pep-  was observed in the experimental cultures demonstrating
tides. In this instance no tolerance was induced in mice prior that only cells undergoing activation cycles were able to
the immunization, and hence normal T cell sensitization survive in these conditions.
occurred. When stimulated in vitro with the extract or rel-
evant peptides these T cells were able to produce lympho-
kines and proliferate. After 24 h of incubation no difference 4. Discussion
was found between cultures with or without antigens as
cells activated in vivo continued to produce high levels of  A. fumigatusis implicated in the pathogenesis of the
IL-2 and lower levels of IL-4 and IFNr mRNA transcrip- hypersensitivity diseases including asthma, ABPA, and hy-
tions. On Day 4 the cells stimulated in vitro wigh fumiga- persensitivity pneumonitis [5,18,32]. These disorders are
tus still produced IL-2 and IFNy but the amount of IL-4 allergic in nature and are caused by exposura.tbumiga-
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Fig. 4. Intravenous peptide injection induces tolerance to the peptide.
BALB/c mice (three per group) were injected either with PBS (closed
symbols) or peptides (open symbols) 5 days before immunization with the
corresponding peptide. Ten days later draining lymph node cells from
immunized mice were pooled and cultured in vitro with the immunizing
peptide. The 24 h supernatants were assayed for IL-2 content. Each dat%
point represents the meanSD response of mice in each group. The effect

of i.v. injection of p 155 through 167 peptide was significapt< 0.05)
whereas the suppressive effect of p 42 through 54 seemed to be mainly
unspecific P < 0.1).

Fig. 5. Multiple i.v. injections of peptides containing both dominant and
cryptic epitopes induce tolerance to cruélefumigatusproteins. BALB/c
mice (three per group) were injected either with PBS (closed symbols) or
a mixture of peptides 42 through 54 and 155 through 167.$®f each

er mouse (open symbols) on Days 10, 5, and 2 before immunization with
0 ng of crudeA. fumigatusn IFA. Seven days later draining lymph node
cells were cultured in vitro with a mixture of peptides 42 through 54 and
155 through 167 (A) oA. fumigatusextract (B) for 72 h and the prolif-
eration was tested. Each data point represents the me8D response of
mice in each group.

tus or related species leading to a CDZ-helper 2 (Th2) eliminating the lung damage in both ABPA and ABPA in
cell response. This results in the production of IL-4, IL-5, cystic fibrosis.

and IL-10 and the suppression of INFleading to specific To determine wha#\.. fumigatusproteins are recognized
IgE and IgG1 expression and the inflammatory responseby allergy associated antibody subclasses IgE and IgG1 in
that follows. The serum IgE response is significantly ele- murine model during early immune response, we have im-
vated in allergic asthma and ABPA, whereas baftspe- munized BALB/c mice with crude extract, and IgG, 1gG1,
cific serum IgE and IgG are common features of ABPA. and IgE content was studied two weeks later. Three major
Hypersensitivity pneumonitis demonstratésspecific se- IgG1 bands with MW of 18, 18.5, and 90 kDa were found
rum 1gG but not IgE. Moreover, thaf-induced bronchial ~ whereas other IgG subclass antibodies bound proteins with
hyperreactivity and eosinophilic inflammation occur in the MW of 14, 18, 18.5, 30, 37, and 90 kDa (Fig. 1). The band
absence of IgE in mice with a null mutation of the [Bcus of 18 kDa corresponds to ribotoxiasp f1 demonstrating
[35]. It has also been reported that IgE against secrated thatAsp flis a major protein taking part in mice sensitiza-
fumigatusproteins Asp f landf 3, were detected during the  tion, as it is also observed in men [19,24]. Other proteins
early phase of the disease [19,24]. If the initial sensitization could be immunogenic in the extract since blotting tech-
starts with these secreted proteins, it is reasonable to assumaique primarily detects linear epitopes on denatured pro-
that the immunotherapy directed against such sensitizationteins, but molecules whose linear epitopes are recognized
can arrest the progression of the disease thereby reducing oearlier during immune response are more immunogenic.
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inant and cryptic epitopes are able to induce tolerance. This
is in agreement with the findings reported in [22], where
feeding the fusion peptide GEX p131 through 187 present in
IL-4 5 - - —400 the allergen of the house dust miteQ®| containing the
cryptic epitopes p 144 through 169 and p 120 through 143
significantly inhibits the immune response to the whole
INF-y - = - —462 antigen. The degree of inhibition induced by ‘cryptic’ pep-
tide was not always as marked as that for the peptides
containing dominant epitopes, but presumably could be
, E E 2 increased by extending the feeding regimen or increasing
B-actin =5
the dose.
Allergic immune response is mediated by type 2 helper
Fig. 6. Peptide-induced mRNA production. BALB/c mice were immunized gl (Th2), which produce IL-4 and lead to B-cell switch to
s.c. in hind footpads with 10Q.g of crudeAsp fin IFA and 8 days later . . .
splenocytes were cultured with either B of crudeA. fumigatusextract IgE p@ducmg plasma _Ce”S- This mecha.mlsm has been
or 5 ug/ml peptides. After 8 days of cultivation mRNA was extracted and ShOWN in both human diseases and in animal models [26,
analyzed using RT-PCR. The peptide p 155 through 167 was able to 30]. Of particular interest is the finding that the dominant
support IFNy mRNA transcription whereas peptide 42 through 54 induced peptide epitope ofAsp f 1aa 155 through 167 is recognized
IL-4 mRNA. The data from a single representative experiment are shown. with a Th1 like T cell response, producing IFN-but not
This experiment has been performed on three occasions and all experi- . ' .
ments have given equivalent results. IL-4. This type of Thl and Th2 polarized responses have
been reported with specific epitopes studied using T cells
from ABPA patients and in murine model of ABPA [30,31].
There may be other possible dominant epitopeg\sp f 1

p42-54 p155-167  Control peptide

Later, after repeated immunizations, epitopes on other pro-

teins, both conformational and liner, could be recognized. . . . .
To study if we can induce tolerance to a crude allergen capable of inducing a Th2 response as high levels of IgE is

using dominant epitopes of a single, major, early recog- demonstrablelln t.he sera .of ABPA pat_lents for. which a
nized, protein from multi-component allergen we identified strong Th2 SW|tch_ is essential. In conclusion, peptide aa 155
dominant epitopes ofsp fL The epitope analysis using through 167 specific T cell clones have a regulatory role and

synthetic peptides oAsp f 1demonstrated both cryptic and  M&Y be of potential use in redirecting immune response
dominant epitopes detected from 42 to 54 aa and 155toward a Thl type rendering from allergy.

through 167 aa, accordingly. The i.v. administration of

synthetic peptides fromA. fumigatusribotoxin Asp f 1
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