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Evidence of idiotypic modulation in the immune response to gp43, the major
antigenic component of Paracoccidioides brasiliensis in both mice and humans
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SUMMARY

Paracoccidioidomycosis (PCM) is a systemic mycosis endemic in Latin America, with a high
prevalence in Brazil, Argentina, Colombia and Venezuela. The aetiologic agent of disease is a thermal
dimorphic fungus,Paracoccidioides brasiliensisA glycoprotein of 43000D (gp43) is the major
antigen ofP. brasiliensis Antibodies directed to this antigen are detected in the sera of all patients with
PCM. Gp43 binds to laminin, thus participating in adhesion, invasion and pathogenesis of the fungus.
As the role of antibodies in PCM is not fully understood, we decided to investigate the outcome of mice
immunization with three distinct anti-gp43 MoAbs (17c, 8a and 24a) coupled with keyhole limpet
haemocyanin (KLH). Results show not only the expected presence of anti-ld (AB2) antibodies in the
sera of these animals but also a spontaneous and increasing amount of anti-anti-ld (AB3) antibodies
after the third course of immunization. Hybridomas producing both AB2 and AB3 MoAbs were
obtained using spleen cells from mice immunized with MoAb 17c. AB3 MoAbs were also obtained with
spleen cells of mice immunized with MoAbs 8a and 24a. It was also shown that human PCM patients’
sera with high titres of anti-gp43 antibodies generate anti-ld antibodies. These data suggest that the
immune response tB. brasiliensiscan be spontaneously modulated by the idiotypic network.
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INTRODUCTION forms of PCM. In both cases, dissemination to other organs can

Paracoccidioidomycosis (PCM) is a systemic mycosis restricted gecur [1-3].

Latin America, with large endemic areas in Brazil, Colombia, The main antigenic component 8% brasiliensisis a 43-kD

Venezuela and Argentina [1]. The disease is caused by the therm?ﬁ"rf"’lqa glycoprotein (gp43). Gp43 is biochem_ica_lly characteriz_ed
dimorphic fungusParacoccidioides brasiliensisvhich grows as a as a high-mannose concanavalin A (Con A) binding glycoprotein,

characteristic multiple budding yeast in the host or &C30r as reviewed by Travassos [4]. Since gp43 is recognized by all

mycelium at 28C [1]. Although the natural habitat d?. brasi- pgtients’_ sera, the molecule is us_ed i_n serological assays for
liensisis not known, it is assumed that humans become infected bdIagnOStIC purposes [5,6]. Other biological functions have been

inhalation of fungal propagules which differentiate into infective ¥)roposed for this glycoprotein. Our group has characterized gp43

yeast forms in the lungs. Yeast multiplies in the parenchymaas a laminin-binding protein implicated in fungal pathogenésis

inducing a host response characterized by a primary compleylvO [7]. Others have shown that gp43 express immunodominant

followed by granuloma formation [1—3]. Pulmonary or lymph epitopes eliciting T cell-dependent delayed hypersensitivity reac-

node granulomas may remain dormant for years or progress 5" inducing a T .CDZt Iymphocyte proliferation response in
umans and experimental animals [8].

overt disease, depending on the host’'s immune defence. Differen MoAb ti-qp43 btained and fully ch terized b
courses of the disease are described, ranging from chronic to acute OADS antl-gp4.3 Were obtained and IUtly characterized by our
group [9]. Our panel of 12 anti-gp43 MoAbs is directed against

Correspondence: J. D. Lopes, Disciplina de Imunologia, Departamentzg)_ep_tidic pqrtions of the tgrget molecule and recognize at Iea§t three
de Microbiologia, Imunologia e Parasitologia, Universidade Federalde Sad'St'n?t epltopes..AII antl-gpflS MoAbs were able to recognize all
Paulo (UNIFESP), Rua Botucatu, 862 dndar, CEP 04023-062,"6a 9P43 isoforms, with pls ranging from 5-8 to 8-5 [9,10]. It was also

Paulo, Brasil. shown that some MoAbs such as 17c¢ and 24a were able to partially
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inhibit the laminin-dependent fungal adhesion to epithelial cells,coupled to KLH emulsified in Freund's complete adjuvant (FCA,;
and one of them, MoAb 24a, significantly redudedbrasiliensis  1:2, v/v) to a final volume of 10fl/site (first immunization). All
infection in vivo. On the other hand, one anti-gp43 MoAb (8a) subsequent immunizations, i.p. or swere performed as described
increased both laminin-dependent fungal adhesion and pathogenesigove with the immunogen emulsified in Freund’'s incomplete
[9]. adjuvant (FIA), each at 3-week intervals. For hybridoma production,
The role played by anti-gp43 antibodies in the evolution and2 days before cell fusion, a final booster of 1@0of KLH-coupled
maintenance of PCM infection is not fully understood. As anti- anti-gp43 Moabs was administered intravenously. Before each
bodies against this glycoprotein can be detected during all stages ahmunization mice were bled through the ocular plexus, serum
the disease, some authors consider these antibodies non-protectiwas separated by centrifugation and stored af&20
and unrelated to fungal pathogenesis.
According to the network hypothesis proposed by Jerne [11]Human serum specimens
anti-idiotypic antibodies (anti-ld) are part of the normal immune All PCM patients’ sera or those from healthy donors were obtained
response resulting in a web of interacting idiotypic (Id) antibodies.from Hospital Sa Paulo, Federal University of 8daulo. Indivi-
Idiotypes (Id) are the sum of idiotopes or serologically determineddual serum specimens from 13 patients with PCM with chronic
antigenic determinants, unique to an antibody or group of anti-multifocal form of the disease were selected based on clinical
bodies [11,12]. The potential immune regulatory role of Id—anti-Id diagnosis of PCM and confirmed by positive direct examination of
interactions has been intensively investigated [13,14]. Anti-ldcharacteristic multiple budding yeast forms either in histopathol-
antibodies recognizing antigenic determinants that overlap a pomgy or in other biological fluids. All patients’ sera were positive for
tion of the combining site that is in contact with the original antigen anti-gp43 antibodies by both immunodiffusion test [21] and
are said to carry its ‘internal image’. Although those anti-Id capture enzyme immunoassay (EIA) [6].
antibodies, also known as AB2are able to mimic the antigen,
they represent a small fraction of all anti-ld antibodies producedGp43 purification, enzymatic deglycosylation and iodination
[12]. By definition, AB23 compete with the external antigen in the Paracoccidioides brasiliensistrain B-339 was grown in TOM
binding to antibodies (AB1) raised against it [15]. This mimicry medium and exoantigen was prepared as described elsewhere [9].
points out the relevance of these antibodies from both immuno¥or gp43 purification, exoantigen was fractionated by affinity chro-
logical and biological points of view. Recently, the therapeutic matography in Sepharose coupled with anti-gp43 MoAb 17c [9]. The
potential of anti-ld antibodies has been exploited in differentresulting affinity-purified gp43 was always checked in 10% poly-
systems [12,16,17]. acrylamide gels (SDS—PAGE) and protein content was estimated by
Considering that anti-ld antibodies are components of thethe Bradford method [22]. Deglycosylation of affinity-purified gp43
immune response, we decided to investigate the possible generaas performed with recombinant PGNase (New England Biolabs,
tion of anti-anti-ld (AB3) in mice immunized with MoAbs directed Beverly, MA) as described elsewhere [9]. For radioimmunoassays
to gp43. The presence of anti-Id (AB2) in the sera of PCM-infected(RIAs), affinity-purified gp43 was labelled wiftfl by the lodoGen
patients was also studied. Our results show spontaneous modulaethod [23] to a specific activity of 3—&Ci/ug.
tion of the idiotypic cascade in the. brasiliensisgp43 system in
both mice and humans. Immunoassays
Detection of anti-ld (AB2) antibodies in immunized mice and
AB2 MoAb inhibition assaydMice sera anti-Id titres were deter-
mined by competitive inhibition RIA, as previously described [19],
Animals with some modifications. Briefly, 2€g/ml of anti-gp43 MoAbs
Six-week-old female BALB/c mice (H} were obtained fromthe (17c, 24a or 8a) in PBS were added to 96-well polystyrene
Ludwig Institute for Cancer Research;dSRaulo branch. Mice microtitre plate (Costar Corp., Cambridge, MA) (1d@vell)

MATERIALS AND METHODS

were 6—8 weeks old at the beginning of the study. for 1 h at 37C. Free sites were blocked with PBS containing 1%
bovine serum albumin (PBS—BSA 1%) for 1 h at room tempera-
MoAbs ture. Wells were incubated overnight with pOof **3-gp43 in

All anti-gp43 MoAbs 17c¢, 24a and 8a (all IgG2bljght chain) [9], the presence or absence of BOof serially diluted mice sera.
MoADb anti-carcinoembryonic antigen (CEA) 5.D11 (IgGRéight Wells were then exhaustively washed with PBS containing 0-5%
chain) [18], anti-ld MoAb 6.C4 (IgG2b) [19], anti-anti-ld anti- gelatin (Difco Labs, Detroit, MI) and 0-05% Tween 20 (Sigma
CEA MoAb 1.H2 (IgG1k light chain) [20] and antBchistosoma Chemical Co., St Louis, MO) (PBS—T—G) and radioactivity was
mansoni(lgM, « light chain) (a generous gift from Dr C. R. W. counted in ay counter (Packard Instrument Co., Grove, IL). The
Carneiro, UNIFESP) were used for immunization purposes or asame competitive inhibition assay was used to characterize anti-
irrelevant antibodies. All MoAbs used in the study were affinity- Id MoAbs (AB2 MoAbs). Briefly, wells were coated with 2@/
purified in Sepharose Protein A (Pharmacia, Uppsala, Swedemnl anti-gp43 MoAbs (17c, 40.d7, 10d, 27a, 3e or 8a), blocked
or Sepharose Protein G (Pharmacia), according to their isotypesith PBS—BSA 1% and incubated wifff3-gp43 in the absence

and to the manufacturer’s instructions. or presence of an excess of anti-ld MoAb (AB2). Detection of
captured*®3-gp43 was estimated as described above.
Immunization Detection and characterization of anti-anti-ld (AB3) in immu-

Groups of five BALB/c mice were immunized subcutaneously ornized mice sereDetection of anti-anti-ld (AB3) antibodies in both
intraperitoneally with 10@.g of AB1 MoAbs coupled to keyhole gp43 and CEA systems was performed by EIA. Briefly, coated
limpet haemocyanin (KLH), obtained as described before [19]. Foipolyvinyl microplates (Costar) with affinity-purified gp43 or CEA
the first and second immunizations, mice were always injected100 ng/well), diluted in PBS, were adsorbed for 1 h &iQ7After
subcutaneously in four sites (axillary and inguinal) with MoAbs blocking free sites with PBS—BSA 1%, n0of PBS-diluted mice
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sera were incubated for 1 h at°& Microplates were then washed RESULTS
with PBS—T—-G and treated with goat anti-mouse IgG labelled W|thInduction of anti-Id antibodies (AB2) in BALB/c mice

peroxidase at ST for 1h. Wells were washed with PBS-T-G, 1o ) ;icome of BALB/c mice i.p. or s.c. immunization with KLH-

reai“:’rls hde"f]'otpeg f‘;"'““"thg%y'.e”fd'a”:'”de (.ShPDé > 0"”; coupled anti-gp43 MoAb 17¢ (AB1) was based on the fact that
acetate-phosphate buffer pH 5.8, interrupted withHS0, an anti-ld antibodies (AB2), especially those mimicking the target

re?s |rIIE;Txertel:n(lilnlagczlt) Mﬁ Itlrsc?nrilill-\ﬂ:eadf(;:]st 493”? n; Zggantigen (ABB), can inhibit the binding ot?3-gp43 to MoAb 17c,
iﬂa Ai) f tr?s'e bpl'?yf 0 charac fh i" eta " y-pu 23 used as immunogen. After the second immunization high AB2
OADs for their ability to recognize the target antigen (gp43). titres were observed in all immunized mice, despite some indivi-

Detection of anti-gp43 antibodies (AB1 and AB3) in humand L . o
) ) . i k ual variations (data not shown). However, further immunizations
PCM sera PCM patients’ sera were diluted 1:2500, 1:25000 and, 04 4 marked reduction in the binding inhibitiort5f-gp43

1:?50 000 (V/.V) n .PBS and assayed as described pefore [6,24 0 MoAb 17c in all mice sera. Figure 1a shows AB?2 titres from a
Briefly, polyvinyl microplates (Costar) were coated with2ml representative mouse
of anti-gp43 MoAb 17c in PBS (10@/well), during 1 h at 37C. '

) . . Since those findings could reflect a particularity of the Id
After blocking free sites with PBS—BSA 1%, wells were treated . . . .
with 1004l of affinity-purified gp43 (1Qug/ml) for 2 h, 37C. After expressed by MoAb 17c, we investigated AB2 induction by two

} . ther anti-gp43 MoAbs, 8a and 24a. In relation to anti-gp43 MoAb
gp43 capture, wells were exhaustively washed with PBS-T-G anﬁ . - .
incubated with human PCM sera diluted 1:2500, 1:25000 an 7c, these MoAbs recognize another distinct epitope of the target

. ) . antigen, gp43. Figure 2 shows the results obtained with both anti-
1:250000 in PBS (v/v) for 1 h, 3T. After incubation, wells were . . )
washed three times with PBS—T-G and treated for 1 fC3W&ith gp43 MoAbs 8a (Fig. 2a) and 24a (Fig. 2b) from representative

100ul of goat anti-human 1gG coupled with peroxidase (Sigma) immunized mice. Similarly to MoAb apti-gp4§ 1.7C’ higher AB?
After that. wells were treated as described above 'tltre_s were observed aft_er the _sec_ond immunization, and reduction
Detec’tion of anti-gp43 antibodies in human F;CM sera usingOf titres in subs_eql_JenF '”?”?‘.‘“'Z""“O”S- .
i-ld MoAb as antigen surrogaténti-ld MoAb 7.B12 (20uxg/ml The same bm.dl.ng |nh|b|t|0n. assay was performed FO determlne
igg,ll fwell) was use% 0 coatgpolyvinyl microplétes (Cosg[ar),an d the specificity of idiotope reactivity from sera of mice immunized
free sites were blocked as described above. Wells were treated wimth anti-gp43 MoAbs. As shown in Fig. 10, diluted sera from the
PBS-diluted human PCM sera for 1 h at’@7 After washing with
PBS-T-G, microplates were treated with peroxidase-labelled goat
anti-human 1gG (Sigma), washed exhaustively with PBS—-T-G. (a)
Reactions and readings were performed as described above. 25
Detection of anti-ld (AB2) in human PCM serAll human @
PCM sera or from healthy volunteers were diluted 1:2000 (v/v) in c;’ 20
PBS and the presence of AB2 was determined by a modification ofg 15
the assay described for the detection of human anti-gp43 antibodie$
as described above. Briefly, microplate (Costar) wells were coatede 19|
with 100pul of 20 ug/ml of a mixture of murine anti-gp43 MoAbs
8a and 17c (1@g/ml each) for 1h, 37C, and free sites were
blocked with PBS—BSA 1%. Then wells were incubated with PCM
patients’ sera for 2 h at 3C. Afterwards, plates were treated using 00 25')0 500 750
the same conditions already described.

o 1stimmunization
A 2nd immunization
o 3rd immunization
< 4th immunization
® pre-immune serum

ct/min bo

5

Reciprocal of titres

Hybridoma production (b)
Anti-ld (AB2) and anti-anti-ld (AB3) MoAbs for the gp43 system s T
were produced according to Lopes & Alves [25]. Double screening
of colonies was made by both competitive inhibition RIA assay —
(for AB2 detection of hybridoma cells) and EIA (for AB3 anti-
bodies), as described above. After cloning by limiting dilution and
expanding positive clones, large amounts of antibodies were
obtained by production of ascites in BALB/c mice previously
primed with Pristane (Sigma). MoAbs were purified from ascites
fluids by affinity chromatography in a Protein G column. Immuno- — — ]
globulin isotyping was performed with Mouse Antibody Isotyping 17¢ 24a 8a
kit (Gisco, BRL Life Technologies, Grand Island, NY), following Anti-gp43 MoAbs

the manufacturer’s instructions.

50 —

25—

Inhibition (%

Fig. 1. Mice AB2 titres after immunization with anti-gp43 MoAb 17c and
SDS—PAGE and immunoblot analysis idiotope specificity of sera. (a) Binding df3-gp43 to anti-gp43 MoAb

SDS-PAGE was performed on vertical slab gels of 10% acryla_17c-coated plates performed in the presence of diluted sera from a

mide, always under reducing conditions [26]. Immunoblots Wererepresentative immunized mouse with anti-gp43 MoAb 17c, as indicated
' Y i 9 : in Materials and Methods. (b) Binding &#1-gp43 to anti-gp43 MoAb 17c-
performed as described elsewhere [27].

coated plates performed in the presence of diluted sera from immunized
mice with anti-gp43 MoAb 24a and 8a. No relevant inhibition of binding
Statistical analysis was observed when mice sera immunized with the latter MoAbs were
Data were analysed by Student‘test or byanova. added. Assays were made in triplicates.
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Fig. 4. Comparison of AB3 induction in mice immunized intraperitoneally

o Tstimmunization (i.p.) with anti-gp43 MoAb 17c and anti-carcinoembryonic antigen (CEA)

ct/min bound (x1073)
o1
o
T

A 2nd immunization MoAb 5.D11. After the fifth immunization, diluted mice sera in triplicates
o 3rd immunization (1:50 v/v in PBS) were assayed for recognition of coated gp43 from
25 ® pre-immune serum Paracoccidioides brasiliensior CEA, as indicated in Materials and
Methods. Induction of AB3 production in mice immunized with anti-
0 250 500 750 gp43 MoAb was statistically significankova, P<0-001).

Reciprocal of titres

Fig. 2. Mice ABZ fitre after immunization with anti-gp43 MoAbs 8a and 5hharance of AB3 antibodies, directed against the induced AB2.
24a. Binding of *3-gp43 to anti-gp43 MoAb 8a (a) or 24a-coated plates (b) If so, mice sera should recognize gp43. The results obtained in all

was performed in the presence of diluted sera from representative immu- . h d ianifi t enh t of antibodi
nized mice with anti-gp43 MoAb 8a or 24a, respectively, as indicated inMiCe Sera showed a signincant enhancement or anibodies recog-

Materials and Methods. All assays were made in triplicates. nizing gp43 after the third immunization, correlating with reduced
AB2 titres. Figure 3 shows AB3 titres of a representative mouse
immunized with anti-gp43 MoAb 17c. Similar results were

second immunization of immunized mice with either anti-gp43 obtained with mice immunized with other anti-gp43 MoAbs (not

MoAb 24a or 8a did not inhibit the binding df3-gp43 to MoAb  shown).

17c. Contrariwise, an average of 72% inhibition was observed

when sera of mice immunized with MoAb 17c¢ were used. Comparison between mice immunized with anti-gp43 and anti-
CEA MoAbs

Detection of anti-anti-ld antibodies (AB3) in BALB/c mice Figure 4 shows AB3 induction of antibodies in immunized mice in

immunized with anti-gp43 MoAbs two different systems. For this purpose groups of mice were

Since all sera from mice immunized with anti-gp43 MoAbs immunized with two MoAbs, one anti-gp43 (MoAb 17c) and the

showed lower AB2 titres after the second immunization, weother directed against CEA (MoAb 5.D11). After the 5th immu-

investigated whether this reduction was associated with thenization it can be seen that anti-CEA MoAb 5.D11 did not induce
significant AB3 titres, compared with mice immunized with anti-
gp43 MoAb 17¢c P<0-001).

A 5th immunization
¢ 4th immunization
N 3rdi izati
150 . o 3r |'mmun|.za |.on =1 125 gp43
Y A m 2nd immunization N 25| gp43 + MoAb 7.B12
- . . o 1stimmunization 15F
\\ R ® pre-immune serum g
e 10 R 2
c x 10F
N =
e T E .
a) 8 °
L 40.d 10d 27a 3e 17c 8a* BSA
Reagents
0-0 1 | 1 | 1 | 1 | ) i - . 12 . .
0 100 200 300 400 Fig. 5. Binding inhibition of *?3-gp43 to anti-gp43 MoAbs by anti-Id

MoAb 7.B12. Binding of**3-gp43 to anti-gp43 MoAbs 40.d7, 10d, 27a, 3e
and 17c in the presence or absence of d@nl of anti-ld MoAb 7.B12

Fig. 3. Mice AB3 titres after immunization with anti-gp43 MoAb 17c. (AB2). Binding of **3-gp43 to anti-gp43 MoAb 8a, which recognized
Recognition of gp43 fromParacoccidioides brasiliensiby diluted mice another peptidic epitope of the target antigen, was used as control. Bovine
sera immunized with anti-gp43 MoAb 17c¢ by EIA, as described in serum albumin (BSA) was used as an irrelevant protein. Assays were made
Materials and Methods. All assays were made in triplicates. in triplicates.

Reciprocal of titres
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Fig. 6. Detection of anti-gp43 antibodies in paracoccidioidomycosis
patients’ sera using anti-ld MoAb 7.B12 as gp43 surrogate. Coated wells

with anti-ld MoAb 7.B12, which carries the internal image of gp4

used as antigen substitute for human sera anti-gp43 antibody determination,

as described in Materials and Methods.
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kD

43 =

38 =

3, were

A

B C D

Table 1.AB2 and AB3 MoAbs obtained from the same immunized mouse Fig. 8. Reactivity of anti-anti-ld MoAb 4.A3 to gp43 and its deglycosy-
lated form, p38, in immunoblots. Exoantigens and deglycosylated gp43

(p38) were transferred to nitrocellulose membranes as indicated in Materi-

with anti-gp43 MoAb 17c, and their isotypes

Anti-ld MoAbs (AB2)

Anti-anti-ld MoAbs (AB3)

3.G9 19G1k 1.D7 IgM, &
6.G5 19G1,« 3.F9 IgM, respectively.
7.B12 19G1k 4.A3 19G1,«

5.D6 IgM, k

Hybridoma production

with their isotypes. MoAbs AB3 were also obtained from

nized mice with anti-gp43 MoAbs 8a (MoAb 3.D6, IgM) and

24a (MoAb 2.D5, IgM«).

als and Methods. Lanes A and C show the specific recognition of gp43 in
crude exoantigens by anti-gp43 MoAb 17c¢ (control) and anti-anti-ld MoAb

4.A3 (AB3), respectively. Lanes B and D show the recognition of the gp43
deglycosylated form by AB1 MoAbs 17c and AB3 MoAb 4.A3,

different levels, the binding of?3-gp43 to other anti-gp43

MoAbs, which were seen to compete with MoAb 17c in gp43
recognition. As can be seenin Fig. 5, anti-ld MoAb 7.B12 was able
To characterize further the idiotypic cascade modulation in micel© inhibit completely £ 98%) AB1 MoAbs 10d and 3e, whereas no
immunized W|th ant|_gp43 MoAb 1701 hybridomas Simu'taneous'yinhibition could be detected in others (antl-gp43 MoAbs 40.d7 and
producing MoAbs AB2 and AB3 were obtained from fused spleen274). No inhibition was observed with MoAb 8a, which clearly
cells of the same animal. Table 1 shows the MoAbs AB2 and AB3inds to another portion of the antigen.

immu-

One AB2 MoADb, 7.B12, was able to detect the presence of anti-
gp43 antibodies in human PCM sera. Figure 6 shows the results

Characterization of anti-ld MoAbs (MoAbs AB2) 15|
All affinity-purified AB2 MoAbs were able to inhibitx90%) the o
binding of 1*3-gp43 to MoAb 17c (data not shown). Further o
studies indicated that AB2 MoAb 7.B12 was able inhibit, on
10 %o,0
E °O
N o
3r g g °
£ O o5} oo
S 2F o MoAb 1.D7 % o
Cﬁ » MoAb 5.B3 (irrelevant) !.
o 1 ®ge°
- 00 Lhd
0 PCM Normal
0 15 30 45 Serum

AB3 MoAb (ug/ml)

Fig. 7. Binding of anti-anti-ld MoAb 1.D7 (AB3) to gp43 in EIA

Fig. 9. Detection of anti-Id antibodies (AB2) in paracoccidioidomycosis

assay.

(PCM) patients. Human PCM patients’ sera with high titres of anti-gp43

Gp43-coated plates were recognized by purified anti-anti-ld MoAb 1.D7, inantibodies were assayed as described in Materials and Methods. The lines

concentrations ranging from 1 to b@/ml. MoAb 5.B9 was used as

irrelevant IgM, as indicated in Materials and Methods.

test,P<0-0001).

indicate the mean values for both PCM sera and healthy donors (Student’s
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obtained from three representative PCM patients, showing thantibodies of the binding of labelled gp43 to the anti-gp43

potential use of AB2 in serological assays. MoAbs (AB1) used as immunogen. The idiotope specificity of
sera from anti-gp43 MoAb (AB1)-immunized mice was also
Characterization of anti-anti-ld MoAbs (MoAbs AB3) verified. No significant cross-reactivity was detected when mice

Affinity-purified anti-anti-ld MoAbs (AB3) were shown to recog- sera from the second immunization with either anti-gp43 MoAb 8a
nize specifically gp43 fromP. brasiliensisin both EIA and  or 24a were added in the binding assay*d1-gp43 to anti-gp43
immunoblots. Figure 7 shows an EIA assay with one of thoseMoAb 17c¢ (Fig. 1b). These results show that immunization with
AB3, the MoAb 1.D7. anti-gp43 MoAbs produced a specific response against the idiotope
Through immunoblotting, all AB3 MoAbs were seen to detect displayed by the AB1 used as immunogen. Moreover, these results
specifically gp43 from exoantigens from yeast culturesPof  suggest that those induced anti-ld antibodies (AB2) recognize the
brasiliensis Figure 8, lane C shows the gp43 recognition by same epitopes reactive with the original antibody (AB1). By this
MoAb 4.A3. It was also observed that AB3 MoAbs recognized criterion, such anti-ld antibodies are referred to as internal images
the deglycosylated form of gp43 (p38), thus binding throughor AB23 [15,16]. Antibodies with these properties have been
peptidic epitopes on the gp43 (Fig. 8, lane D). No reactivity with induced in several animal species and with different antigenic
either gp43 or p38 was observed with anti-anti-Id 1.H2 (CEA AB3) systems involving virus, bacteria, fungi, parasites, toxins, hor-

used as irrelevant antibody (data not shown). mones and tumoural antigens [12,16]. Such ABtibodies can
be used as antigen surrogates in several circumstances, especially
Detection of human anti-Id antibodies in PCM sera to overcome immunological tolerance as seen in tumour-associated

After characterization of idiotypic modulation in the gp43 system antigens (TAA), opening perspectives in cancer immunotherapy,
in mice, we examined whether the idiotypic cascade could als@s recently reviewed by Herlyet al. [17].

occur in human PCM infection. For this purpose, we selected PCM  Mice immunized with anti-gp43 MoAbs showed higher AB2
sera with high titres of anti-gp43 antibodies. Using a modificationtitres after the second challenge. Surprisingly, however, subse-
of the EIA capture assay, human anti-ld antibodies (AB2) wereguent injections resulted in a significant reduction of ABvels.
detected. Figure 9 shows significant detection of AB2 in 1:2000These results could be due either to a tolerized response to
diluted PCM seraF<0-0001) compared with sera from healthy subsequent immunizations with the same MoAbs or, more prob-
volunteers. ably, to stimulation of other B cell clones producing antibodies
directed against AB2, or anti-anti-ld antibodies (AB3). In the
latter scenario, depending on affinities involved, AB3 could form
immune complexes with AB2, thus resulting in a lower inhibition
Lymphocyte antigen receptors (i.e. immunoglobulin on B cells orby mice sera of the binding of labelled gp43 to anti-gp43 MoAbs. If
T cell receptor on T cells) express antigenic determinants that caAB23 antibodies were inducing an AB3 humoral response, mice
be recognized and elicit a humoral or cellular immune response isera should then contain antibodies recognizing gp43, even though
xenogeneic, allogeneic, syngeneic or even in autologous animakhe animals were never exposed to it. Thus, when sera from AB1-
[11-13,15,16]. Thus, foreign antibody molecules given to animmunized mice were assayed for direct recognition of gp43,
individual or new antibodies arising in serum have the potentialresults showed that significant levels of AB3 could be observed
to induce immune responses, mainly directed to variable regiomfter the third immunization, in parallel with the diminution of
determinants known collectively as idiotypes (Ids). Jerne’s net-AB23 detection. Subsequent immunizations with AB1 resulted in
work theory predicts that anti-ld antibodies bearing the internalfurther enhancement of AB3 antibody production, probably reflect-
image of the corresponding antigen are able to induce immunity tang a higher production of AB2antibodies, although in this phase
the original antigen in hosts not previously exposed to it [11,15—0of the immunization procedures they could not be detected by our
17]. It has been suggested that the immune response can lassay.

regulated at the level of recognition of idiotype determinants via  While evidence to support the immunomodulatory role of anti-
the idiotype—anti-idiotype network [13,14,28]. While there is idiotypes in an intact system is not extensive, there are consider-
substantial evidence indicating that anti-idiotypic antibodies areable data demonstrating the connectivity of network reactions,
normal components of the immune response, their significance isuch as those that follow injections of antigen giving rise to AB2
its regulation remains unclear [29,30]. Although it is generally [16,17] as well as injections of AB1 inducing antigen-specific AB3
assumed that anti-ld antibodies which arise in an intact networf31—-40], in several antigenic systems such as systemic lupus
will reduce immune responses associated with the particulaerythematosus (SLE) [31-33], cancer patients treated with anti-
idiotype, anti-idiotypic networks may also have the capacity toTAA MoAbs [34-36], viruses [37] or parasites such&gnansoni
increase immune responses [31,32]. [38].

All patients with PCM mount both humoral and cellular To investigate whether the generation of AB3 by AB1 is a
immune responses against gp43 frén brasiliensis[5,8]. The = common feature, we compared serological recognition of nominal
role of antibodies against gp43 in the evolution and maintenance dadntigen in two distinct systems. Groups of mice were injected with
P. brasiliensisinfection remains unclear. Gp43 has also beenanti-gp43 MoAb 17c or with MoAb 5.D11, an antibody against
characterized as a potential virulence factor [9,10]. To understan@EA [18,19]. High densities of this molecule are expressed on the
further the importance of anti-gp43 antibodies in the fungalcell surface of a majority of human colorectal and also on several
infection, we describe in both mice and humans that Id antibodie®ther adenocarcinomas [39—41]. Mice sera recognition of gp43 in
against gp43 spontaneously induce an idiotypic cascade. the group treated with anti-gp43 MoAb 17c produced, after the 5th

All immunized BALB/c mice with anti-gp43 MoAbs (AB1), injection, high titres of AB3, as expected. However, sera of anti-
which recognize different peptidic epitopes on the molecule,CEA MoAb 5.D11-immunized mice did not significantly recog-
produced a humoral response characterized by inhibitingrize CEA, indicating a lower, if any, induction of AB3 antibodies,

DISCUSSION
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despite previous reports that this MoAb is able to induce high titres  Taking the investigation further, we asked whether Ab2
of AB28 antibodies [19]. Moreover, in the CEA system, our group MoAb 7.B12 could act as antigen surrogate in serological assays.
demonstrated that high-affinity AB3 could be induced in mice By testing three PCM patients’ sera, it was found that anti-Id
immunized with AB3 [19,20]. Those different results can depend MoAb 7.B12 could substitute gp43. The fact that the patients’ sera
on specific characteristics of Ids expressed by anti-gp43 ABlsieacted with relatively low titres could be due to intrinsic affinities
which have the capacity to modulate the idiotypic cascadeof both anti-ld MoAb 7.B12 and human anti-gp43 antibodies, or it
Recently, Comacchicet al. [42] observed marked differences could reflect the small population of human anti-gp43 antibodies
between an AB1-induced antigen-specific AB3 response in botlwhich can bind to the A2 MoAb idiotope.
rabbits and mice, depending on the antigen system used, human By immunochemical criteria it is difficult to discriminate
albumin or trinitrophenyl (TNP) hapten. between ABB and AB2y. To sort out both types of AB2 a
Because of the complexity and heterogeneity of antibodyfunctional demonstration should be observed. SinceA&%ress
populations in conventional antisera, it is not possible to analysan idiotype that mimics the antigen, it might have the capacity to
the fine specificity of anti-ld (AB2) and anti-anti-Id (AB3) elicited elicit antibodies specific for the antigen in the same or different
by anti-gp43 MoAbs. Therefore, to dissect the humoral immunespecies [16]. The production and characterization of AB3 MoAbs
response induced by anti-gp43 MoAbs, the production of a panel ofonfirms our findings that immunization with anti-gp43 MoAbs to
AB2 and AB3 MoAbs could be of help. If our assumptions are modulate the idiotypic cascade by eliciting AB2antibodies that,
correct, i.e. that anti-gp43 MoAbs were spontaneously modulatingn turn, have the capacity to stimulate specific B cell clones to
the idiotypic cascade, we should then be able to obtain hybridomasecrete AB3 antibodies. All AB3 MoAbs recognized specifically
producing both MoAbs ABR and AB3 from fused spleen cells of gp43 in EIA assays, showing a typical saturation pattern. More-
the same immunized animal. This was achieved by means ofver, one AB3 MoAb, 4.A3, recognized both gp43 as well as its
double screening the hybridoma supernatants. Supernatants thdgglycosylated form by immunoblots, meaning that this AB3
competed in the binding of anti-gp43 MoAb 17c to labelled gp43MoAb binds the antigen through peptidic portions of the molecule,
were from ABZ-secreting hybridomas, whereas those secretingas AB1 MoAb 17c does.
antibodies recognizing gp43 contained AB3 antibodies. Thus, According to Goldbaumet al. [45], there are two major
three ABZ stable hybridomas (all IgGX, light chain) and four  possibilities for the induction of anti-anti-ld (AB3) that resemble
AB3 MoAbs (three IgM and one IgG1, all light chain) were  AB1. One is that a suitably selected anti-ld will mimic the antigen
obtained. It is interesting to note that at least one AB3 MoAbso closely as to produce the equivalent of an antibody response to
elicited by MoAb 17c¢ belongs to the IgG1 subclass, suggesting thathe original antigen. A second possibility is that the anti-Id is
the immune response involved in the generation of AB3 is T cell-specific for the Id and will thus stimulate lymphocytes displaying
dependent. Similar results were obtained in other systems whichnti-anti-ld immunoglobulins that should be identical or essentially
describe AB3 MoAbs [20,43]. identical to the AB1. In their study, results seem to favour the
All AB2 MoAbs inhibited (>90%) the binding of gp43 to second hypothesis, since AB3 showed greater binding equilibrium
MoAb 17c, suggesting that those anti-ld MoAbs bind to the constants for the anti-Id than for the nominal antigen and because
idiotope, thus fulfilling the internal image criteria proposed by of sequence similarities between AB1 and AB3 MoAbs. In this
Nisonoff & Lamoyi [15] and confirming our previous findings with light, it is conceivable to hypothesize that our anti-gp43 AB3
mice sera. We then investigated whether the AB2 MoAbs couldMloAbs were generated through a similar mechanism.
inhibit the binding of gp43 to other anti-gp43 MoAbs which are  To corroborate those findings, we investigated whether the
known to compete with MoAb 17c in gp43 peptidic recognition idiotypic cascade is also triggered in human PCM. In order to
[9]. Our results show that AB2 MoAb 7.B12 was able to inhibit identify AB2 antibodies in human PCM, we selected sera with high
(>95%) the binding of gp43 to anti-gp43 MoAbs 17c, 10d and 3e.anti-gp43 titres, more prone to contain AB2 antibodies. Our results
As expected, anti-ld MoAb 7.B12 was not able to inhibit gp43 showed significant levels of AB2 antibodies reacting with the
binding to MoAb 8a, since this anti-gp43 MoAb recognizes the MoAb 17c idiotype, suggesting a modulation of the idiotypic
antigen through a distinct epitope. However, MoAb 7.B12 was notcascade during the course of the disease.
able to inhibit the binding of labelled antigen by MoAbs 40.d7 and  Although no autoimmune phenomena have been associated
27a, which compete with MoAb 17c in gp43 binding assays [9].with PCM, it should be mentioned that the spontaneous modulation
The use of anti-ld MoAbs in the study of fine epitope recognition of of the idiotypic cascade in anti-gp43 MoAbs (ABs1)-immunized
AB1 MoAbs to their antigen was also performed in other systemamice resulted in great mortality, especially when those animals
[19]. Recently, Fieldset al [44] studied the interaction of an were further immunized (6th immunization) (data not shown).
idiotope—anti-idiotope through crystallography, showing thatAlthough histopathological studies could not detect any pathology
MoAb AB1 contacts the antigen and the anti-ld MoAb through caused by immune complexes in spleen, lungs, liver or kidneys,
essentially the same combining-site residues. Furthermore, it wasera analysis revealed an important increase of gammaglobulin
shown that contacts between anti-ld MoAb and AB1 MoAb werelevels, suggesting a polyclonal activation (data not shown). In
similar to those between the antigen and AB1. The authors suggeseveral systems it has been shown that immunization of various
that the mimicking of the antigen epitope by anti-ld MoAb is strains of mice with monoclonal or polyclonal human or mouse
functional, involving similar binding interactions between atoms anti-DNA antibodies, carrying a pathogenic idiotype, ended in the
of amino acid residues in the binding site rather than exactproduction of a set of SLE-related autoantibodies by the animals
topological replicas [44]. It can thus be speculated that anti-Id[46]. Recently, Shoenfeld [47] proposed that an infection with any
MoAb 7.B12 contacts efficiently anti-gp43 MoAbs 17c, 10d and microorganism or parasite leads to the generation of antibodies
3e, but not the other anti-gp43 MoAbs (40.d7 and 27a), since thegainst the invading organism and that some of these antibodies
presence of Ab2 MoAb 7.B12 caused no interference in their carry ‘pathogenic idiotypes’, which exist as part of the normal
binding to gp43. immune response repertoire. These Ids recognized by T helper
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