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Abstract

Clonal idiotypic immunoglobulins of follicular lymphomas can be isolated by somatic fusion procedures. Idiotypic IgMs (Id-IgM) were
isolated from two patients and used to immunise a strain of mice, deficientin mouse antibody production and engineered with yeast artificial
chromosomes (YAC) containing fragments of the human immunoglobulip{yheavy chain and/\ light chain loci. Sequence analysis
showed that hybridomas prepared from spleen cells ofimmunised mice expressed exclusively one of the six VH genes (VH1-2) presentin the
YAC transgene with different D/J rearrangements, and secrete fully human monoclonal antibodies (mAb) that recognised the tumour-specific
IgM proteins. Further studies of the reactivity of the monoclonal anti-human Id-IgM antibodies revealed that they are specific for the
individual protein of each patient and probably react with idiotypic determinants. In one case studied, the antibody recognised specifically
the lymphoma cell expressing the corresponding idiotypic IgM and lysed those cells in the presence of complement. This is the first example
of a human monoclonal antibody with such characteristics and may be of further use in the therapy of patients with B cell malignancies.
© 2004 Elsevier Ltd. All rights reserved.
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1. Introduction immunoglobulin Kwak et al., 1992; Bendandi et al., 1999;
Barrios et al., 2002 However, the progression in the field of
Tumours derived from clonal expansions of B lympho- preparation of monoclonal material of human origin should
cytes are common in man, and can be identified by the |ead to reconsider the passive immunotherapy treatment of
expression of a particular tumor-especific antigen, the idio- certain B cell tumours. Although genetic and protein en-
type (Id) of the immunoglobulin molecule produced by the gineering techniques provided the tools to “humanise” the
tumour clone. The induction of an immune attack targeted mouse sequences, without altering the original specificity of
on idiotypic determinants can lead to destruction of tumour the antibodiesJones et al., 1986; Riechmann et al., 1988
cells and this kind of immunotherapy has been applied in or even to obtain full-length human Fv fragmenil(jland
some kind of B cell tumours. In fact, the first use of mon- et al., 1996; Hayden et al., 199he development of the
oclonal antibodies in human therapy began in 1982 when field has been disappointingly slow. A new method of ob-
a patient with low grade lymphoma was infused with @ taining human mAb has emerged since the availability of
murine anti-idiotypic antibody directed against the tumour transgenic mice harbouring DNA fragments encoding hu-
Id (Miller et al., 1983. Despite the general excitement pro- man Igs. This method combines the specificity obtained
voked by the initial success of the treatment, the limitations by natural immunisation protoc0|s with the We||-proven
caused by the xenogenic nature of the murine mAb posed ahybridoma technology. One such transgenic mice is the
great challenge to the general applicability of the method, BABk,\ strain, which was developed by M. Bruggemann
that was later abandoned in favor of active immunotharapy in Brabaham, UK, by crossing mice containing the human
strategies relying in the vaccination with immuno- YAC transloci IgHk/\, respectively, with mice contain-
genic preparations of the patient's own tumour idiotypic ing non-functional endogenous Igtioci (Kitamura and
Rajewsky, 1992; Nicholson et al., 1998lere, BAB<,\ mice
E-mail addressfdiaz.hpth@salud.madrid.org (F.i&-Espada). have.been u.sed to prepa(e hu.ma” mAD against idiotypic
1 Present address: Laboratorio de Inmun@odiospital Universitario proFelns Ob_tamed by somatic fusion of tumour samP'eS f_rom
de Canarias, La Laguna, Tenerife, Spain. patients with B-cell low-grade lymphomas. The isolation
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and properties of two human monoclonal IgM antibodies blood lymphocytes were used as source of tumour cells.
with anti-idiotypic features are described in this paper. The Ids#1-3 were IgM and Ids#4—6 Ig& immunoglobulins.
mAbs bind specifically the idiotypic proteins and in one The Id#immunoglobulins secreted by hybrids obtained from
case studied recognised specifically and lysed in vitro the each patient were purified by affinity chromatography and
original tumour cells. The relevance of these findings in the the Id#1 and Id#2 Igs were coupled to KLH (Calbiochem,
context of the therapy of human lymphomas is discussed. San Diego, CA) as describe84rrios et al., 2002 These

two latter preparations were used as immunogens to prepare

anti-idiotypic antibodies by immunisation of transgenic

2. Material and methods mice bearing humapH and L chain genes. A schematic
representation of the experimental procedures is depicted in
2.1. Translocus mouse strain or BAB5 mice Fig. 1

Monoclonal IghVk proteins were purified from the serum

BAB«,\ mice were supplied by Marianne Briiggemann of patients with macroglobulinemia. The IgM concentration
(The Babraham Institute, Babraham, Cambridge, UK). was adjusted to 1 mg/ml and 1pDwere fractionated in a
They were regularly tested for production of human IgM Superosa 12 HR 10/30 column (Pharmacia Biotech, Upp-
immunoglobulins by ELISA. The mice were kept in a sala, Sweden) in a FPLC device. The peak containing the
pathogen-free environment. All experiments using mice |gM paraprotein was collected and used in further assays.
were performed following the guidelines of Spanish regu-
lations regarding the use of animals in scientific research 2 3. Generation of monoclonal antibodies
(Real Decreto 223/1988).

Groups of four mice, 2—4 months old, were immunised
2.2. Purification of human IgM monoclonal proteins and  intraperitoneally with 10Q.g of Id#1 or Id#2 Ighk’s cou-
immunogen preparation pled to KLH in Complete Freund’'s adjuvant (CFA, Cal-
biochem) or cholera toxin (Sigma Chemicals, St. Louis,
Monoclonal idiotypic (Id#) immunoglobulins were MO) as adjuvants. The treated mice received two boost
obtained by somatic fusion of tumour samples from six pa- immunisations at 2 and 8 weeks with g9 of antigen in in-
tients during the course of a Protocol of active immunother- complete FA or cholera toxin. The titre of human anti-IgM
apy against Id determinants of their follicular lymphomas and anti-KLH antibodies was studied by ELISA in serum
carried out at our Centre. Details concerning the study samples taken 1 week after the last immunisation. The ani-
design and Authorities Approval have been previously pub- mals with the highest titre of anti-IlgM antibodies received
lished @arrios et al., 2002 Tumour cells were obtained 2-3 weeks later an intravenous immunisation ofp80
from a diagnostic lymph node sample except in the case of of antigen in saline solution and their spleen cells were
patient #2, who presented with leukemic dissemination and fused with Sp/2 myeloma cells as describedGsifre and
Milstein (1981) After hypoxanthine-aminopterine-thymidine

FUSION 1 _EUSION 2
K6H6 Sp/2
Id
(huM. Kp)

Human '
lymphoma cell # Em —
Transgenic

human H&L chains

Fig. 1. A schematic view illustrating the preparation of lymphoma-specific human monoclonal antibodies. Tumour cells expressing a surfacaréd IgM
fused with the K6H6 heteromyeloma (Fusion 1) and the idiotypic immunoglobulin secreted by hybridoma cells is coupled to KLH and used to immunise
BABk,A mice, transgenic for human heavy mu and light chains. The mouse spleen B cells are fused with Sp/2 (fusion 2) and the pentameric human
IgMX anti-ld antibody secreted by the corresponding hybridomas tested for binding to the immunising Id and to the Id-bearing lymphoma cells.
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selection, hybridomas producing anti-lgM or anti-KLH
were selected and cloned by limited dilution in HFCS
(Roche Applied Science, Indianapolis, IN) medium.

2.4. Antibody assays

The reactivity of the human monoclonal antibodies pro-
duced by the mouse cells was measured by ELISA.dgM
and IgG. monoclonal Igs were captured in microplate

521

1989. The products were subcloned into pRTOPCRP

by the TOPO TA cloning system (InVitrogen, Carlsbab,
CA) and the recombinant plasmids that contained the
VDJ-CH1u inserts were sequenced using the Cy5 Auto-
Cycle Sequencing Kit (Pharmacia Biotech) on a Pharmacia
Biotech ALFexpress Automated DNA Sequencer. The anal-
ysis of the sequences was undertaken using the MicroGenie
Program (Beckman). Finally, the search for homologous
germline sequences, the alignments, and the analysis of

wells coated with goat anti-human kappa and gamma chainthe junctions VDJ was carried out using the following web
antibodies, respectively (Sigma Chemicals). Blocked mi- sites: http://imgt.cines.fr:8104 //www.mrc-cpe.cam.ac.uk
croplates were incubated with hybridoma supernatant sam-andwww.toulouse.inra.fr/multalin.html.

ples. Binding of mAbs was assessed by developing with

HRP-labelled goat anti-human lambda (in IgMvells) or
mu chain antibodies (in Ig&swells) (Sigma). The binding
of IgMk and IgG\ Igs was demonstrated by developing
with HRP-anti-human mu or anti-human gamma antibodies
respectively. KLH was directly absorbed onto ELISA plates

and mAb binding assessed by HRP anti-mu chain antibod-

ies. The reaction was visualised wi@phenylenediamine

(Sigma) at 492nm. Titres of specific antibodies are ex-

pressed as the dilution giving half of the highest reading.

2.5. Electrophoretic and chromatographic analysis of
human transgenic mice antibodies

To investigate the chain composition of the secreted

material, 2ul of culture supernatant were subjected to

electrophoresis on a 1% SPE agarose gel (Beckman In-
struments, Fullerton, CA) and transferred by pressure

blotting (Aucouturier et al., 1987onto PVDF membranes

2.7. Flow cytometric analysis

Specific antibodies were tested by indirect immunoflu-

' orescence using a cell suspension obtained from tumour

samples from patients #2-5. A total of210° cells were
incubated with hybridoma supernatants, washed and stained
with a PE-conjugated mAb antibody anti-human lambda
chain (Clone MC24-1C6, Serotec Ltd, Oxford, UK) (patients
#2 and 3) or a FITC-conjugated mAb antibody anti-human
mu chain (Clone M15/8, Serotec Ltd) (patients #4 and 5).
The cells were analysed in an EPICS XL-MCL cytometer
(Coulter, Hialeah, FL).

2.8. Complement-mediated cell lysis using the anti-lgM
antibodies

The tumour cells from patient #2 were incubated with su-

(Bio-Rad Laboratories, Hercules, CA). The membranes Pernatant from hybridoma clones, followed by the addition

were blocked with 3% fat-milk, treated with HRP-labelled

goat anti-human mu, kappa or lambda chain specific anti-

of rabbit serum (BAG, Lich, Germany). The viability of the
cells was assessed by contrast microscopy after a conven-

bodies (Sigma Chemicals) and the immunoreactive protein ional Terasaki microlymphocytotoxicity assay.

bands were visualised by chemiluminescence (Lumi-Light

Plus. Roche Diagnostics, Mannheim, Germany).

The molecular size of the secreted human proteins was3. Results

analysed by size-exclusion chromatography. The cell cul-

ture supernatant was concentrated 10-fold, andul®@ere
applied to a Superosa 12 HR 10/30 column. After filtration
the anti-ld# reactivity and IgM content of each fraction was

3.1. Production of human antibodies to human IgM

Transgenic mice, immunised with idiotypic human IgM

assayed by ELISA as described. The elution profile was re- coupled to KLH, produced antibodies to both the idiotypic
lated to standard proteins (human IgM, IgG, albumin) as protein and the carrier molecule. The titre of serum antibod-

indicated.

2.6. Sequence analysis of the hybridoma VH genes

Total RNA was extracted from 8 10° hybridoma cells
(S.N.A.P, InVitrogen, Carlsbad, CA). cDNA synthesis was
performed with AMV reverse transcriptase using an oligo
(dT) primer (Promega, Madison, WI). cDNA was amplified
using a panel of 53VH oligonucleotide primers specific for
the members of the VH-subfamily present in the IgH YAC
transloci (VH1, VH2, VH4 and VH6) and a’3primer
complementary to a human CH1lsequenceWord et al.,

ies found in different animals ranged from 1/100 to 1/3000
for the KLH molecule and 1/20 to 1/80 for IgM. There were
no differences in antibody titres when using cholera toxin
or CFA/IFA as adjuvants (data not shown). Of 70IgM se-
creting clones generated in two different productive fusions,
16 were found to bind the KLH carrier molecule and only
four recognised the immunising idiotypic IgM. In order to
discriminate the immunising from the produced mAb only
a HRP human\-chain reagent was used; therefore, it is
possible that the real number of clones producing anti-Id an-
tibodies could be higher. Two hybridomas producing igM
antibodies, designated 2D1 and 1E3, were stabilised by


http://imgt.cines.fr:8104
http:////www.mrc-cpe.cam.ac.uk
http://www.toulouse.inra.fr/multalin.html.
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Table 1
Reactivity of human mAbs against human Ig proteins measured by ELISA

ld#1 ld#2 1d#3 ld#4 |d#5 |d#6 M1 M2 M3 M4 M5 M6 M7 M8 M9 M10

2D1  o-A 2.20 0.09 0.12 0.07 009 014 012 014 014 012 008 022 0.10
1E3  a-A 0.09 1.95 0.10 008 009 015 021 016 014 013 011 030 0.09
2Dl a-p 0.04 0.04 0.05
1E3 a-p 0.03 0.04 0.05
CM a-p 3.05 3.05 3.05 350 290 370 340 340 320 320 330 330 320
CM -\ 1.80 1.60 1.10

Preparations of idiotypic lymphoma Igs (Id#1-3: lgMId#4—6: IgG\) or IgMk Igs from macroglobulinemic sera (M1-10) were absorbed onto wells
coated with anti-human kappa (Id#1-3; M1-10) or anti gamma (ld#4-6) chain antibodies and incubated with 2D1 mAb, 1E3 mAb or culture medium
(CM). Wells were developed with the indicated goat anti-hurhap. or y-peroxidase- labelled antibodies. Arithmetic means of absorbance readings at
492 nm of triplicate wells are indicated.

repeated cloning dilution and their specificity and properties by electrophoretic separation of the monoclonal compo-

further studied. nents. As shown irFig. 2A, the 2D1 hybridoma produced
a free lambda chain in addition to the whole IgM molecule,
3.2. Reactivity of the anti-lds antibodies whereas no free light chains were found in the 1E3 super-
natant.

To test the specificity of the anti-Id antibodies, the hybrid M analysis by size-exclusion chromatography of the 2D1
supernatants were incubated in wells coated with a paneland 1E3 supernatantEig. 2B) revealed that anti-idiotypic
of monoclonal human immunoglobulins. Ids#1-6 were id- activity was confined to the fractions containing polymeric
iotypic Igs obtained from tumour cells of lymphoma pa- 19M, which excludes any interference of the free light chain
tients, whereas Igh 1-10 were monoclonal paraproteins in the reactivity of the 2D1 antibody.
from macroglobulinemic sera. As can be seerTable 1
the 2D1 and 1E3 mAb were exclusively directed against the 3.4. VH gene expression and sequences of anti-Id
immunising Id#1 or |d#2 idiotypic immunoglobulin, respec- antibodies
tively. A further proof of the anti-ld specificity of the anti-Id
mADbs is also presented ifable 1 where it is shown that Both the 2D1 and 1E3 hybridomas used the VHD2
each anti-ld mAb did not bind to any of five unrelated id- gene segment, but distinct DJH rearrangements were found
iotypic immunoglobulins (IgM or 1gG isotype) or to any of in the 2D1 (D1-%01/JH4:02) and in the 1E3 hybridoma
ten unrelated monoclonal IgMk proteins. (D3-10«01/JH6:02). The sequence of the rearranged 2D1
VH gene was identical to the VH1«R2 germline gene,
3.3. Presence of free light chains and polymeric assembly Whereas the 1E3 VH gene sequence showed up to eight
of the human anti-lgM antibodies different nucleotide changed-if). 3). These changes re-
sulted in only two amino acid replacements located in the
The production of an excess of free light chains is a com- framework regions (K13N; S84N) and in the CDR2 (N54l),
mon finding in mouse hybridomas. The presence of such respectively. In the 2D1 hybridoma, the recombination pro-
free light chains in hybridoma supernatants was revealedcess involved the deletion of &nd 8 D nucleotides, but

A: B: 2D1 1E3
IgM 1IgG Alb IgM IgG Alb
R R Y vy
1E3 & a» H %8 .
o 0,6
2 04 |%
2D1 e - 02
el an s a ks
- = ™ N N o~
Fraction Fraction

Fig. 2. Assembly of the human 2D1 and 1E3 mAb. (A) Hybridoma supernatants were fractionated by agarose gel electrophoresis and transferred to PVDF
membranes. The Ig composition was studied by developing different lanes with peroxidase-labelled antxhunmark chain antibodies, followed by
chemiluminiscence. (B) Gel filtration of the 2D1 and 1E3 mAb culture supernatants on a Superose 12 column. The eluted fractions were tested for IgM
content (closed symbols) and anti-idiotypic activity (open symbols) against the corresponding idiotype by ELiA TAe elution positions of IgM,

IgG and Albumin are indicated.
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FRL ___CDR2___ FR3
10 54 80

G A E V K K P N S S T A Y M E L s

VH1- 2*02 GGG GCT GAG GTG AAG AAG CCT AAC AGT AGC ACA GCC TAC ATG GAG CTG AGC

1E3 A - T S 1 A
CDR3: Length
cC AR T T G T T Y F D Y W
2D1 tgt gcg aga aca act gga act acc tac ttt gac tac tgg 11
cC A R S F G D Y R G M D V W
1E3 tgt gcg aga tcc ttc ggt gac tac cgc ggt atg gac gtc tgg 12

Fig. 3. Sequences of heavy chain variable regions from 2D1 and 1E3 mAb antibodies are aligned with the germline gen@2\d¢tnence. For
brevity, only VH codons are shown at selected positions where nucleotides replacements occur. Dashes indicate nucleotide identity. Nunigstide cha
leading to amino acid replacements are in uppercase letters. DH sequences are underlined. 0K JBD2 and D3-1801/JH602 JH genes were
rearranged in the hybridomas 2D1 and 1E3, respectively.

the JH 402 gene was in germline configuration, whereas by somatic fusion from lymphoma cells. In order to validate
in the 1E3 hybridoma nucleotide deletions occurred in both the future use of the monoclonal antibodies in human ther-
the D and JH segments. For both hybridomas, the recombi-apy, it must be demonstrated that these mAb also recognise
nation process did not involve the use of nucleotides from specifically the original tumour cells. To this aim, we used
the 3 non-coding region of VH1-202 and putative N or P a PBM cell preparation from patient #2, which showed
nucleotide additions were not found at the V-D-J junctions. leukemic dissemination, and suspensions of lymph node
The 2D1 and 1E3 VDJ nucleotide sequences are availabletumour cells from patients #3-5. Tumour cells from pa-
in the GenBank database under the accession numberstients #1 and 6 were not available at the time of the present
AY 335903 (2D1) and AY335904 (1E3). study. Indirect staining with the 2D1 anti-ld#1 and 1E3
anti-ld#2 antibodies plus an appropriate secondary reagent
3.5. Reactivity of the 1E3 anti-#|d2 antibody with donor ~ (PE-labelled antk or FITC-labelled anti) showed that
tumoral cells only the anti-ld#2 monoclonal antibody was able to bind to
the tumour cells from patient #ZFig. 4A). The anti-ld#2

We have previous|y shown that the anti_|gM mAb recog- mAb did not recognise the t_umour cells of patients #3—5
nised specifically monoclonal immunoglobulins obtained TO test whether the mAb induce complement-mediated

Id #2 Id#3 _ Id#4 Id#5

300§
i

10 100 10} 1 10" 100 10 10°

Anti-human pH FITC

Fig. 4. Human mAb 1E3 recognise and lyse idiotype positive 1d#2 lymphoma cells. (A) Flow cytometry analysis of Id#2-5 lymphoma cells incubated
with the 2D1 anti-ld#1 or the 1E3 anti-ld#2 mAbs and stained with the indicated secondary reagents. The white and grey histograms represent cells
treated with the 1E3 and 2D1 mAb, respectively. Surface staining with isotype control are shown by silver histograms. (B) Complement mediated cell
lysis. 1d#2 lymphoma cells were incubated with the 2D1 or 1E3 mAb plus rabbit complement and the dead cells were identified by eosin staining (black
dots) in Terasaki plates. An anti-human HLA serum and culture medium served as positiyeut@ negative (€) controls, respectively.
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cell lysis, Id#2 cells were incubated with hybridoma su-  Fully human monoclonal antibodies binding two Id
pernatants and the extent of cell lysis was investigated byimmunoglobulins expressed by the cells of two patients
microscopic inspection in a Terasaki lymphotoxicity assay. with follicular lymphoma were obtained. These two Id
As it is shown inFig. 4B, the lymphoma cells were lysed immunoglobulins were coded by the germline gene seg-
in the presence of the 1E3 mAb and rabbit complement, ments VH4-3201/Vk1-33 (Id#1) and VH3-4803/Vk1-39
whereas the non-binder 2D1 did not trigger cell lysis. (Id#2) (Barrios et al., 2001; Barrios et al., 2002one of
which were contained in the IgH YAC transloci present in
the BAB«k,A mouse genomeNjcholson et al., 1999 There-
fore, although it may be possible that the anti-ld antibodies
recognise epitopes located in framework regions, the fact
The production of monoclonal antibodies of human the each anti-ld antibody binds exclusively to the immunis-
origin is of great relevance for circumventing the prob- ing Id and not to any of the 14 different monoclonal proteins
lems that limit the use of rodent mAb in human thera- tested suggested that the monoclonal reagents have a truly
peutics. Although recombinant DNA techniques offer the anti-idiotypic nature. Although the combinatorial antibody
opportunity of obtaining “humanised” antibodies, a further phage display system has provided human anti-idiotypic Fv
advance is the development of transgenic mouse strainsmaterial Fischer et al., 1999 the monoclonal antibodies
engineered to produce human antibodies. To generatereported here are to the best of our knowledge the first fully
monoclonal antibodies of the desired specificity in these human anti-idiotypic antibodies obtained by hybridoma
transgenic strains, standard hybridoma technology can betechnology.
easily adapted without the need for more sophisticated Our results show that, as happens in a physiological autol-
molecular technologies. This approach is particularly im- ogous setting, the anti-human anti-ld response was not sup-
portant in the treatment of B cell malignancies, where the pressed in the xenogenic mouse host. However, and contrary
tumour cells expresses a well-defined tumour specific anti- to what is usually encountered in normal anti-self idiotypic
gen, the idiotype of the clonal immunoglobulin produced antibody responsesieek and Kapra, 1990no evidence of
by the tumour cell. We took advantage of our previous somatic hypermutation in the V regions of the 2D1 and 1E
work on idiotypic vaccination with tumour-derived idio- 3 mAb was found. The gene segments coding for the anti-Id
types Barrios et al., 200Rto address the issue of prepa- antibodies described here contain very few or no non-silent
ration of human monoclonal antibodies directed against mutations in the V regions and no additions of N and P
idiotypic determinants present in follicular lymphoma nucleotides. Therefore, their specificity must be mainly con-
cells. ferred by D and J rearrangements. All these features are
The production of human monoclonal antibodies to hu- characteristic of natural antibodieSanz et al., 1989 sug-

4, Discussion

man antigens in transgenic BAB. mice was recently
reported by our groupMagadan et al., 2002The BAB«,\

mouse strain produces human IgM antibodies with a

lambda/kp ratio of 2/1. Unlike the BABfrom which they
derive, BABk,\ mice produce only marginal amounts of

gesting an internal autoreactivity in the naive human reper-
toire.

As the idiotypic determinants constitute a well defined,
clonally-specific tumour antigen, these fully human anti-Id
monoclonal antibodies may prove effective in the treatment

the endogenous mouse lambda chain, making unlikely theof B cell malignancies. The binding of mAb to tumour
presence of quimeric antibodies. All hybridomas derived cells in vivo can mediate tumour destruction either by ini-
from strains containing the 240-kbyH1 transloci used ex- tiating the complement attack or by recruiting citotoxic or
clusively the VH1-2 gene segment. This does not prevent phagocitic cells. The anti-ld human IgM antibodies are se-
them from expressing a wide repertoire of specificities creted as polymeric molecules and can specifically bind
(Nicholson et al., 1999 and lyse in the presence of rabbit complement the tumour
Murine anti-ld antibodies were initially used in the treat- cell from which the immunoglobulin idiotype was obtained.
ment of B cell malignancies, but were later abandoned However, the tumour cells of patient #2 were not lysed by
for more unspecific non-clonal reagents. In this report, the the 1E3 mAb in the presence of human complement (data
preparation of human anti-idiotypic antibodies in BAR not shown). This resistance to lysis induced by mAbs in
mice is addressed. For the transgenic BABmouse, the  the presence of human complement is a property of some
repertoire encoded for by the human Ig transgenes must beumours in vitro and both the amount of the targeted anti-
shaped to become tolerant in a microenvironment dominatedgen Golay et al., 200Land the level of inhibitors of the
by mouse proteins. Additionally, the presence of circulat- C3 convertase in the cell surfadeighelson et al., 20Q&are
ing human IgM proteins must induce tolerance to isotypic important factors determining the behaviour of the tumour
determinants present in humank and\ Ig chains. Thus, cell. Nevertheless, there is no clear relationship between
anti-human IgM antibodies prepared in that strain of mouse the level of complement-regulatory protein expression of tu-
must recognize determinants localised in the V region of mour cells and the clinical response to in vivo treatment
the immunising IgM molecule (or allotypic determinants in with mAb (Bannerji et al., 2008 Additional mechanisms
the kappa chains). of tumour destruction in vivo could be provided by thquFc
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receptors present in fagocitiSifibuya et al., 2000and NK vaccination plus granulocyte-monocyte colony-stimulating factor
cells Pricop et al., 1991 The central role of Fc receptors in against lymphoma. Nat. Med. 5, 1171-1177.
the therapeutic efficacy of human McAbs has being recently €aron. G., Dacheux, L., Salles, G., Solal-Celigny, P., Bardos, P.,

. Colombat, P., Watier, H., 2002. Therapeutic activity of humanized
shown Cartron et al., 200)2 althoth the effectiveness of anti-CD20 monoclonal antibody and polymorphism in IgG Fc receptor

IgM isotypes in this setting remains to be established. FoyRllla gene. Blood 99, 754-758.

It should be stressed that the need to produce anFishelson, z., Donin, N., Zell, S., Schultz, S., Kirschfink, M.,
anti-idiotypic antibody for each patient severely limits the 2003. Obstacles to cancer ir_nmunotherapy_: expression of membrane
general application of the method. Although in this work complement regulatory proteins (MCRPs) in tumors. Mol Immunol.

we have not found evidence of crossreactivity, it is possible 40, 109-123.
! Fischer, P., Jendreyco, N., Hoffmann, M., Lerch, H., Uttenreuther-Fischer,

that the_StUdy of a'Iarger panel Of anti-idi'opric'mAbs re- M.M., Chen, P.P., Gaedicke, G., 1999. Platelet-reactive IgG antibodies
veals idiotope-sharing between different idiotypic proteins  cloned by phage display and panning with IVIG from three patients
(Mi||er et al., 1989 and individual reagents could be used with autoimmune thrombocytopenia. Br. J. Haematol. 105, 626-640.
in the treatment of several patients. The method of produc- Galfre, G., Milstein, C., 1981. Preparation of monoclonal antibodies:

. . . strategies and procedures. Methods Enzymol. 73, 3-46.
ing anti-ld human mAb reagents described here has SomeGiIIiIand, L.K., Norris, N.A., Marquardt, H., Tsu, T.T., Hayden, M.S.,

limitations, mainly due to the uncertainties imposed by the  Neubauer, M.G., Yelton, D.E., Mittler, R.S., Ledbetter, J.A., 1996.
need for obtaining two monoclonal products. On the other  Rapid and reliable cloning of antibody variable regions and generation
hand, hybridomas producing mAb binding cell-surface anti- of recombinant single chain antibody fragments. Tissue Antigens 47,
gens are easily obtained from BAB. mice immunized 1-20.

. . Golay, J., Lazzari, M., Facchinetti, V., Bernasconi, S., Borleri, G., Barbui,
with human cells Magadan etal, 2002Thus’ a pOSSIble T., Rambaldi, A., Introna, M., 2001. CD20 levels determine the in

way to circumvent these limitations may lie in the produc-  vitro susceptibility to rituximab and complement of B-cell chronic
tion of the required human monoclonal reagents specific of  lymphocytic leukemia further regulation by CD55 and CD59. Blood
individual idiotypes by the immunization of the Transgenic 98, 3383-3389.

mice strain with tumoral B cells. If this method proves to be Hayden, M.S., Gillland, " LK., Ledbetter, J.A., 1997. Antibody

. . . . engineering. Curr. Opin. Immunol. 9, 201-212.
effective, the earlier and quickly abandoned attempts to in- Jones, P.T., Dear, P.H., Foote, J., Neuberger, M.S., Winter, G., 1986.

duce long-lasting remission of B cell ymphomas by passive  Replacing the complementarity-determining regions in a human
immunization with specific reagents can be revitalized. antibody with those from a mouse. Nature 321, 522-525.
Kitamura, D., Rajewsky, K., 1992. Targeted disruption of mu chain
membrane exon causes loss of heavy-chain allelic exclusion. Nature
356, 154-156.
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