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In this study, immunoglobulin variable (Ig V) region genes,
c-myc re-arrangement and sequence and p53 status were
analyzed in clones derived from a Burkitt’s lymphoma cell
line (LAM) in which it was previously demonstrated that
Epstein-Barr virus (EBV) infection occurred late during lym-
phomagenesis. Such evidence was based on the finding that 2
groups of cellular clones, characterized by the same c-myc
re-arrangement but different EBV-fused termini, were ob-
tained from the LAM cell line. The Ig V gene sequences were
identical for the 2 groups of clones with different EBV-fused
termini. The Ig variable heavy (V) gene sequence displayed
a substantial accumulation of point mutations (but no intra-
clonal diversification), whereas the productive Ig V lambda
(V,) gene sequence was virtually unmutated. Studies on the
Ig V kappa (V,) locus suggested a receptor revision event
(with a switch from Kk to A chain production) prior to EBV
infection. Likewise, it was determined that the mutations
observed in both p53 alleles and in the re-arranged c-myc
gene occurred before EBV infection. Based on these findings,
we present a model for the various steps of lymphomagen-
esis. It is proposed that stimulation by an antigen or a supe-
rantigen initially favored the clonal expansion and accumula-
tion of other cytogenetic changes, including those involved in
receptor editing. These events occurred prior to or during
the germinal center (GC) phase of B-cell maturation. There-
after, possibly upon exit of the cells from the GC, EBV infec-
tion occurred, further promoting lymphomagenesis. Int.
J. Cancer 88:744-750, 2000.
© 2000 Wiley-Liss, Inc.

could be obtained by ascertaining the relative timing of these
events. Our study deals with the timing of these transforming
events in a special case of an AIDS-related BL (Roncellal.,
1993).

We previously showed that primary samples obtained from the
bone marrow and the peripheral blood of this BL as well as the cell
lines and cell clones derived from them displayed 2 different
EBV-fused termini. The 2 groups of malignant cells, however, had
the same VDJ and-mycre-arrangements. Based on this observa-
tion, we suggested that EBV infection was a late event in lym-
phomagenesis. Here, we investigated the timing and the features of
other genetic changes that characterized the malignant cells. Our
analysis disclosed a complex series of re-arrangements at Ig loci
that might have occurred in the germinal center (GC) during
antigen stimulation. Our findings suggest that some of the genetic
alterations seen in BL may be generated during the GC reaction.

MATERIAL AND METHODS
Patients and cell lines

The patient LAM has been described previously (Roncslk.,
1993). Spontaneous cell lines were obtained, afteitro culture,
from both the peripheral blood mononuclear cells (PB-LAM) and
from the bone marrow (BM-LAM). These cell lines were cloned
by limiting dilution, and the following clones were obtained and
studied: BM-C4, BM-D4, BM-C4S1, BM-C4S2, BM-H4 (from
BM-LAM), PB-C3S4, PB-F8, PB-F3, PB-D8 and PB-B2.1 (from

Burkitt's lymphoma (BL) is a high-grade lymphoma of whichPB-LAM). These clones expressed surface Iylnd showed the
there are 2 main variants, known as endemic (e) BL and spora8iical phenotype of BL with expression of CD10 and CD38 and
(s) BL (,\/Iagrathl 1990) A|though ’[hey share a number of Cytdack of CD39 and CD23 LAM-K \_NaS obtained .after rosettlng the
genetic features, eBL and sBL are distinguished by their clinicBM-LAM cell line using an anti-humarx antibody (Becton-
presentation and the presence of the Epstein-Barr virus (EBRiCkinson, Milan, ltaly) and Dynabeads (Dynal, Milan, ltaly),
genome, which is harbored in the vast majority of eBL and absef{lowing the manufacturers’ instructions. This cell line did not

in most sBL cases. In addition, eBL primarily affects children anBavec-mycre-arrangements and therefore was considered a nor-
young adults of particular geographical areas (Magrath, 199l lymphoblastoid, EBV cell line.
Patients with AIDS have a high frequency of BL, and in thi . .
setting, it resembles sBL except that the EBV genome is fouiﬁete‘:t'on of EBV-fuseq terminal fragments by Sguthern blot
more frequently (in up to 50% of cases, depending on different Southern blot analysis for the EBV-fused termini was performed
reports) (Gaidano and Dalla-Favera, 1995). on h_|g_h m.w. DNA (20 p,g) after dlges'_uon with the BamHiI

All BL cases are characterized by chromosomal translocation §Striction enzyme (Boehringer-Mannheim, Mannheim, Germa-
the c-myc oncogene, which moves from its normal location ofy): The Xhol 1.9 probe, which detects a DNA sequence adjacent
chromosome 8 to chromosome 14 (Dalla-Fawetral., 1982) or, (O right terminal repeat sequences of the viral genome (Raab-Traub
less frequently, to chromosome 2 or 22 (Croeteal., 1983).
Because of thi_s translocatiocr—,mycbec_omesjuxtaposed with the rant sponsor: National Institutes of Health; Grant numbers: RO1
eguialor regions of 19 genes and i enerally over expresse i EAR s Cram Sonas Mo daf v del
g g : ; > Ricerca Scientifica e Tecnologica; Ministero della Sanihssociazione
qua nonthe solec-myctranslocation appears to be insufficient tqtaliana Ricerca sul Cancro; Istituto Superiore di Sanit
cause fully neoplastic transformation of the cefisvivo. Other
cytogenetic changes commonly found in BL include mutations ef——— L o ) )
c-myc (Bhatia et al., 1994) andp53 (Gaidanoet al., 1991) and *Correspondence to: Servizio di Immunologia Clinica, Istituto Nazion-

: P . N : ale per la Ricerca sul Cancro, IST, L.go R. Benzi 10, 16132 Genoa, Italy.

changes in the ‘suntranslated region obcl-6 (Capelloet al., Fax: +39-010-5600.264. E-mail: ffais@hp380.ist.unige.it
1997). Moreover, the presence of the EBV genome may contribut€
to malignant transformation. Although the relative pathogenetic
role of these factors is not fully understood, some information Received 4 April 2000; Revised 17 July 2000; Accepted 19 July 2000
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and Flynn, 1986), was labeled with digoxigenin-11-dUTP by nickRA3 3xRGC::pCYC1::ADE2) containing thé\DE2 reporter
translation following the instructions of the manufacturer (Boegene undemp53 control. pRDI-22 was obtained from the yeast
hringer-Mannheim). Filters were hybridized to the digoxigenin-laexpression vector of human wild-tygb3 pLS76 (Ishiokaet al.,
beled probe overnight at 42°C in 50% formamide solution antP93), containing LEU2 as the selectable marker in yeast cells, by
washed at high stringency (01 SSC/0.1% SDS, 65°C). The chemi-Bsml(4432)/Stul(3589) digestion. The HindllI-Stul-digested,
luminescent signal produced by the hybridized probe was detecte@pBDI-22—gapped plasmid has 2 regions homologous to the termi-
suggested by the manufacturer. Briefly, after hybridization, the filteal regions of the PCR products obtained using P3 and P4. After
was subjected to immunological detection using an alkaline phosplea-transfection followed by homologous recombinationvivo

tase (AP)—conjugated anti-digoxigenin antibody, diluted 1:5,000, afghp repair), a p53 expression vector having the wild-type pro-
then incubated in freshly prepared chemiluminescent AP substrateter region (derived from pRDI-22) and the core region of the
solution at 0.25 mM final concentration. The filter was exposed ftb3 open reading frame (derived from the P3/P4 PCR product)

record the chemiluminescent signals. was reconstituted. If the clone was initially ade- due to a mutation
) in the promoter region, the gap-repaired transformants result in
Preparation of templates for PCR almost exclusively white, normally sized colonies on limiting

Total RNA was isolated from the cell lines using RNA clearadenine plates (no small red colonies) since the promoter in the
(TIB Molecular Biology, Genoa, Italy) according to the manufacgap-repaired plasmid, derived from pRDI-22, is wild-type (gap
turer's instructions. One microgram of RNA was reverse-tranepair-negative). On the contrary, if the PCR product contained a
scribed to cDNA using M-MLV reverse transcriptase (GIBCGingle mutation in the core region, approximately 100% of the
BRL Life Technologies, Milan, Italy) and an oligo-dT (16 mer)derived transformed clones gave rise to small red colonies (gap
primer. This reaction were carried out in @b using 10 pmole of repair-positive) (Flamaet al., 1995). p53 mutants, giving about
the primer at 42°C for 1 hr. Genomic DNA was prepared from cell00% red colonies (gap repair-positive), were re-amplified and
lines using the QlAamp blood kit (Qiagen, Basel, Switzerlandyequenced as previously described (legal., 1997).
following the manufacturer’s instructions. Gap-repaired transformants were selected on minimal plates
. . lacking leucine but containing sufficient adenine (&/ml) for
Conditions for PCR and cDNA sequencing adenine auxotrophs to grow and turn red. The percentage of small

To determine the Ig ) and V| gene nucleic acid sequences ofed colonies was determined. Eleven independent red clones (6
the cell lines, 2ul of cDNA were amplified using a sense (Mor LAM-C4, 5 LAM-D8) were picked, grown overnight in synthetic
V) leader family-specific primer in conjunction with an anti-sensminimal medium lacking leucine but containing an excess of
Cp., Ck or C\ primer (Faiset al.,1999). PCR conditions have beenadenine (20Qug/ml). pLS76 plasmids were recovered and pb&
previously reported (Faist al., 1999). PCR products were clonedcDNA were re-amplified with P3 and P4 primers and Taq DNA
into TA vector (Invitrogen, San Diego, CA), and at least 4 differenfolymerase (Promega, Florence, Italy). PCR products were puri-
molecular clones were sequenced for every LAM cellular clorfied by Microcon 100 (Amicon, Rho, Italy) and directly sequenced.
using an automated sequenator (Applied Biosystems, Milan, Italy). addition to P3 and P4, 2 internal primers were used for sequenc-

The c-mycre-arrangement was amplified using .§ DNA. ing: P5 8-TggCCATCTACAAgCAQTCA-3, nucleotides 479—
The JHC primer CTG AGG AGA CGG TGA CCG TGG T was497, and P6 5gggCACCACCACACTATQTC-3, nucleotides
used in conjunction with the-myc4839R primer CCA GCA GCT 638-657, of thgp53 cDNA.

CGG TCA CCA TCT C under the following conditions: denatur-

ation at 94°C for 20 sec, annealing and extension at 68°C for 2 RESULTS

min; after 30 cycles, extension was continued at 72°C for ~

additional 10 min. rTth DNA polymerase (Perkin-Elmer, Milane,}B Vi gene-sequence analyses

ltaly) was used. PCR products, obtained from 2 independent tegt& Ve clones from the PB-LAM cell line and 5 clones from the
for each cellular clone, were directly sequenced. §N-LAM cell line were utilized. These 2 groups of clones had the

same VDJ andc-myc re-arrangements but different EBV-fused
Analyses of Ig \{ and V| sequences termini (Fig. 1) (Roncellaet al., 1993). Re-arranged Y gene

lg V,, and V_ sequences were compared with the V BASE
sequence directory (MRC Centre for Protein Engineering, Cam-

bridge, UK) using MacVector 6.0.1 software (Oxford Molecula © - - <
Group, Oxford, UK). To evaluate the distribution of mutation: 5] al o J;'. Q
among complementary determining region (CDR) and framewo = g & .y = = g
(FR) gene segments, the Chang-Casali binomial distribution mot = o a a o @ =3
was used (Chang and Casali, 1994; details reported indtaik,
1999). kb
Functional assay for p5&utations 23.1—= | e

We evaluated the presence of functiopal3 mutations in the
different cell lines by the yeast-basp83functional assay devel- 9.4—= = .
oped by Flamaret al. (1995). In this assay, yeast colonies tha

contain wild-typep53 are white, while colonies that contain mu-

tatedp53 are red. Briefly, cDNA was synthesized from LAM-K,

BM-C4 and PB-D8 cell lines as reported above. T¢&8 open 65—
reading frame between nucleotide positions 125 and 1122, inclt

ing all sequence coding for the DNA-binding domain of the

protein, was PCR-amplified using P3 and P4 primers ¥adt

DNA polymerase (New England Biolabs, Milan, Italy) angwPof . .
the cDNA reaction product for 35 cycles of 94°C for 30 sec, 65°C Ficure 1— Southern blot of EBV-fused termini of LAM-derived

o Cell clones. BM-H4 and BM-C4 are 2 representative clones derived
for 60 sec and 78 C for 80 sec. T.O test the cDbBBsta_tus, PCR from the bone marrow; PB-D8 and PB-2.1 are 2 representative clones
products and Hindlll-Stul-linearized pRDI-22, lacking the s

. : e . €derived from the peripheral blood of the patient LAM. Peripheral
quences coding for the entig53 DNA-binding domain, were pjood mononuclear cells (PBMCs) were used as negative control, and
co-transformed by electroporation into the haploid strain ylG39 cell line originated following infection with B95.8 supernatant was
(MATa ade2-1 leu2-3,112 trpl-1 his3-11,15 canl-100, ura3tked as polyclonal control. MW, molecular weight.
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segments were amplified from each clone and sequenced. dlience the region encompassing thmyctranslocation (Fig. 3).
clones expressed the M—-34 gene, the 3-9 D segment (als@ J,, primer was used in conjunction with a primer mapping to the
known as DXP1) and the, 8 segment. However, despite extensiveecond exon ot-myc.A PCR product of about 1,700 bp was
analysis (40 molecular clones were analyzed), intra-clonal diveamplified from BM-C4 and PB-D8 malignant clones, while no
sification was never observed. The,4~34 gene expressed byproduct was obtained using the LAM-K lymphoblastoid B-cell line
LAM clones was extensively mutated ¢n 24, 8%; Fig. 2); there (not shown). Sequence analysis disclosed thatctingyc break-
was no statistical evidence for the accumulation of replacemeauiint was located at nucleotide 3170 juxtaposed to {fe skg
mutations in the CDR based on Chang-Casali critgrizz(0.05), ment (Fig. 4). There was no evidence for N-segment additions. As
though there was evidence for preservation of FR regions accosthown in Figure 3, myc intron factors 1 and 2 were lost whereas
ing to the same criterigp(< 0.05). myc intron factor 3 was partially preserved,; this finding is similar
to a previous report (Yet al., 1993).

g Vi gene-sgquence analysis ) ) . The translocated-mycsequence had 7 nucleotide substitutions
LAM cell lines and clones invariably expressed monotypig the first intron and 3 mutations in the portion of the second exon
IlgM/\ molecules when analyzed by immunofluorescence (Rognalyzed (Fig. 4). These substitutions were present in both of the
cellaet al., 1993). When light-chain cDNA was amplified from clones analyzed and absent in LAM-K cells, thus indicating that
4 clones (BM-D4, BM-H4, PB-D8 and PB-B2.1) and analyzed, athey were somatic mutations rather then allelic variants. In the
clones invariably expressed the318 gene of the VA 3 family.  second exon, replacement mutations were present at codon 9
This gene was virtually germline (Fig. 2). (AAc—AAg, Asn—Lys), codon 11 (AaG>AgC, Asn— Ser) and
Previous Southern blot analyses revealed thaktleeus of all codon 58 (AcG>AaC, Thr—Asn).
LAM cell lines presented 1 deleted and 1 re-arranged allele each )
(Roncellaet al., 1993). Indeed, RT-PCR disclosed thak &hain PS3 analysis
transcript was present in all clones studied. Sequence analysis of hep53functional assay (Flamaet al., 1995) was employed to
PCR products from 4 clones (BM-D4, BM-H4, PB-D8 and PBdetermine whether 2 representative clones, each from 1 group with
B2.1) showed that the ¥ gene used by all of them was the Bldifferent EBV-fused termini, hag53 mutations capable of im-
gene, which belongs to the VKVII family. This gene was origipairing its function.p53 cDNAs, derived from different cells
nally described as being non-functional because of a nucleotileAM-K, BM-C4 and PB-D8 cell clones), were PCR-amplified
change in the ATG starting codon (AFSATA) (Lorenz et al., and analyzed by gap repair in yeast. In detail, unpurified PCR
1988); this nucleotide change was also present in LAM cells (nptoducts were co-transfected with Hindlll-Stul-linearized
shown). However, the gene differed from the B1 germline coupRDI-22 plasmid. Hindlll-Stul-linearized pRDI has 2 regions
terpart by the presence of 12 somatic mutations (3.7%, Fig. 2).lemologous to the terminal regions of the PCR products. After
addition to the mutation in the starting codon, th&-3% re- co-transfection followed by homologous recombinationvivo
arrangement in LAM cells generated an out-of-frame sequen(@ap repair), a p53 expression vector having the wild-type pro-
that completely excluded the possibility that tkegene could moter region (derived from pRDI-22) and the core region of the

encode a functional K chain. p53 open reading frame (derived from the PCR product) was
reconstituted. If the PCR product contained a mutation, the recon-
Translocated c-mysequence stituted expression vector expressed a mutant p53 protein, unable

Taking advantage of preliminary Southern blot studies (Saglto transactivate th&DE2 reporter gene. In this assay, yeast col-
et al., 1993), we designed a PCR approach to amplify and senies expressing such a mutant p53 originate small red colonies,

Alignment of Ig V sequences of LAM with the most similar germline Ig V genes and segments

CDR1
VH4-34 CAG GTG CAG CTA CAG CAG TGG GGC GCA GGA CTG TTG AAG CCT TCG GAG ACC CTG TCC CTC ACC TGC GCT GTC TAT GGT GGG TCC TTC AGT GGT TAC TAC TGE AGC TGG ATC CGC CAG CCC
LaM F T T . Y T N T T T < e L E T T B so AAL JTT LGB tee tus ves eae wmr o ses ses

CDR2
VH4-34 CCA GGG AAG GGG CTG GAG TGG ATT GGG GAA ATC AAT CAT AGT GGA AGC ACC AAC TAC AAC CCG TCC CTC AAG AGT CGA GIC ACC ATA TCA GTA GAC ACG TCC AAG AAC CAG TIC TCC CTG
LAM I S I T T T I ] ¢ - T cov sre nes aos o see mea eae ass mes mes sen wen sue

CDR3
VH4-34 AAG CTG AGC TCT GTG ACC GCC GCG GAC ACG GCT GTG TAT TAC TGT GCG AGA GTC GAT ATT TIG ACT GGT TAT TIT GAC TAC TGG GGC CAG GGA ACC CTG GTC ACC GTC TCC TCA
LAM WGA TVA JA. tit sie see sme xR des ted dee sae aes asa wee o aas oeen s e aea e aee o asa sas F T L T T Y. L I R R IR
D3-9 JH4b

CDR1
Lv3l8 TCC TAT GTG CTG ACT CAG CCA CCC TCG GTG TCA GTG GCC CCA GGA CAG ACG GCC AGG ATT ACC TGT GGG GGA AAC AAC ATT GGA AGT AAMA AGT GTG CAC TGG TAC CAG CAG ARAG CCA GGC
LaM “er mee ame aes ses aes aen aha aas sas maa mas vua see wes wEs ass wrs wme Ase sre swa wss eae wer wes was suw wes wes sws was avs tas awr mav waa sse sas

CDR2
Lv31l8 CAG GCC CCT GTG CTG GTC GTC TAT GAT GAT AGC GAC CGG CCC TCA GGG ATC CCT GAG CGA TTC TCT GGC TCC ARC TCT GGG AAC ACG GCC ACC CTG ACC ATC AGC AGG GTC GAA GCC GGG
LAM er vee e e mee But tse s wae aae see s waa saa s sea asa aas waw sae ses sae saa sen saa sas was ses asa aes was asa vas eea ans esa ens ass sen
CDR3
Lv31l8 GAT GAG GCC GAC TAT TAC TGT CAG GTG TGG GAT AGT AGT AGT GAT CAT TGG GTG TTC GGC GGA GGG ACC AAG CTG ACC GTC CTA G
LAM ae 4ah see see ees ses ses ses esr ase sue wes ess e ses ces “ee see aes mme sas ees sre wes wes ene aws o ees o

JL3b

CDR1
Bl GAC ATT GTG CTG ACC CAG TCT CCA GCC TCC TTG GCC GTG TCT CCA GGA CAG AGG GCC ACC ATC ACC TGC AGA GCC AGT GAG AGT GTC AGT TTC TTG GGA ATA AAC TTA ATT CAC TGG TAT
LAK s ean was sar maa swe aaa aes ars ses sas aaa eaa aaa ass wes aae ses ake ses ars ses wes sae ses ees see sre ses aes vea aas sae san 3B cei sen ase ase owas

CDR2
Bl CAG CAG AAA CCA GGA CAA CCT CCT ARA CTC CTG ATT TAC CAA GCA TCC AAT AAA GAC ACT GGG GTC CCA GCC AGG TTC AGC GGC AGT GGG TCT GGG ACC GAT TTC ACC CTC ACA ATT AAT
7 O T R T R T T I L ¢« T T N I L LY. L T T R R R

CDR3
Bl CCT GTG GAA GCT AAT GAT ACT GCA AAT TAT TAC TGT CTG CAG AGT AAG AAT TTT C GT ACA CTT TTG GCC AGG GGA CCA AGC TGG AGA TCA AAC
TAM ... s aas Tev vas oGi tie tin wee ave sae ses aen ase Cou was G.. .GC . B I R E T

JK2

Ficure 2 — Nucleotide sequences of re-arranged LAM Ig V genes. Nucleotide sequence of the LAM Ig V genes is shown and compared to
the corresponding germline Ig V sequence. CDRs are underlined.
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myc-4839
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P
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MIF1  MIF2
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Ficure 3 — Schematic representation of PCR strategy used to amplify re-arranggdin LAM cells, with the breakpoint on the-mycgene
anf some relevant features indicated. Upper figure representsrthyegene juxtaposed to the Ig heavy-chain region as deduced by nucleotide
sequence of the region encompassing the re-arrangement. JHEhayel839 were the primers used for PCR amplification. In the lower figure,
the c-mycbreakpoint is shown in relationship to myc intron factor (MIF) regions. P1 and P2 indicate promoters present in the first intron. 3170,
nucleotide number of the breakpoint (refers to submittedycsequence X00364).

while colonies expressing wild-type p53 originate normally sizegatible light chains abrogates antigen binding. Based on the pres-
white colonies. Both neoplastic cell clones (BM-C4 and PB-D&rvation of FR regions, in particular FR1, and the choice of a
expressed completely inactive p53 alleles (near 100% red cokmmpatibleN chain (see below), it appears likely that stimulation
nies) (Table 1), while the non-neoplastic LAM-K cell line ex-by a carbohydrate structure related to the i antigen, which is not
pressed wild-typ@53alleles. This result is compatible with eitherexpressed exclusively by red blood cells (Bagal.,1993; Grillot-
the presence in BM-C4 and PB-D8 cell clones of 2 alleles witGourvalinet al., 1992), may play a role at a certain point during
inactivating mutations or the presence of a single mutated all{gnphomagenesis. Whether this stimulation occurred concomi-
accompanied by loss of the other allele. tantly with that of the specific antigen that also caused accumula-
To determine whether BM-C4 and PB-D8 cells shared the sartien of point mutations in the \f chain genes is unclear.

p53 mutations, plasmids containing mutatedi3 cDNA from 11~ The sequence of the re-arranged Wene showed that it be-
independent red yeast colonies (6 from BM-C4, 5 from PB-D8}nged to \{3 family. In contrast with the re-arranged,\yene,
were rescued and sequenced (Table Il). A>T transition at his'gene was minimally mutated. Moreover, N additions were not
codon 273 resulting in an arginine to cysteine amino acid subsigyious at the W—J\ junction (Fig. 2). The virtual absence of

tution was present in 5 of 6 BM-C4 yeast colonies and in 3 of 2omatic mutations on the Mgene suggests that this re-arrange-
PB-D8 yeast colonies. Three yeast colonies (BM-C4-8, PB-DShI;f g 99 9

) A - - ent was a relatively late event that took place ik-expressin
?r]nd_PB-I?S-S)fegcluslvely 530"‘(’)‘3(1 an mstertllon ofd9 bp, (rjefsultlng Il after it had reac)r/led the GC and accur%ulateﬂger?e mutag
e insertion of 3 amino acids. One yeast colony derived from eag : ;
of the cell clones (BM-C4-2 and PB-D8-8) showed the co-exi% ns. Expression of RAG1 and RAG2 has been shown in human

: - g Cs (Meffreet al., 1998; Giachinoet al., 1998). This finding,
tence of both mutations (ST and +9 bp), most likely derived though somewhat debated based on observations of experimental

/ . |
from PCR cross-over. Therefore, at this level of analysis trgeg.

. N - ’ ’ imals (Monroeet al., 1999; Yuet al., 1999), has been used to
BM-C4 and PB-D8 neoplastic cell clones appeared to have tsuggest that this mechanism contributes to “antibody diversifica-
same 2 mutated alleles. 9 - . .

tion” and/or rescue of B cells with deleterious mutations on Ig V
genes (Rajewsky, 1998).
DISCUSSION Although the clones expressed a monotypitight chain, we

All of the cytogenetic changes observed in LAM cells tookvere able to amplify a re-arranged gene in all of the LAM
place prior to EBV infection. Moreover, we have disclosed &lones. Sequencing the PCR product revealed that the re-arrange-
number of stepwise changes that potentially occurred during lyfent was non-productive due to frameshift mutations in the CDR3
phomagenesis. Figure 5 schematically summarizes a hypotheti€gion. Moreover, the ¥ gene re-arranged was the B1 gene, the
cascade of events that contribute to the genesis of BL. unique member of the VKVII family which is non- functional

The V,, gene used by LAM cells was 4—34, which containe§€cause of a mutation in the ATG starting codon (Lorenzl.,
somatic mutations (Fig. 2) that failed to alter the FR regions of th?88). The timing of thex chain re-arrangement could not be
lg molecule, suggesting antigen stimulation. This observation §€termined precisely, though the presence of a significant number
similar to that described previously in 2 other BLs that used tHf Somatic mutations suggests that it took place before thgane
same \/, gene (Riboldiet al., 1994). Moreover, as in the caseg€-arrangement. The otherallele was deleted (Roncelet al.,
reported by Riboldiet al. (1994), the Ig produced by LAM cells 1993), a finding that makes analyses of molecular events in LAM
had cold agglutinin (CA) activity with specificity for the i antigencells more complicated. One possible explanation, based on the
present on the fetal red blood cells and not for the | antiggiPn-functional re-arrangement of the remainiagallele and its
expressed by erythrocytes from adults (data not shown). In arftutation pattern, is that the deletegene was indeed the one used
bodies encoded by the, 4 —34 gene, the i/l binding capacities aredy the clone to code for the Ig molecules, potentially up to their
determined primarily by the FR1 structure, while sequences @ansit in the GC. There, both productive and non-productive V
HCDRS dictate the fine specificity for either i or | (et al.,1996). genes were likely to accumulate point mutations before deletion of
Although with CA, antigen binding is determined mainly by the Hhe productivex allele and the switch to thelight chain. A similar
chain, the L chain is also important since the presence of incoexample of the Ig V light-chain switch has been reported in a
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c-myc rearrangement of LAM cell lines

JHE creaceaencGeTahoosTagrencrTeccoochen. comye (G - 17.F T TGO TCTOTGEGT TTTSEE0660TE. 3025
LAM — — o S —

C=Tye GEEETTGCTTTGOGETGEECREARRGCOCC T TGUAT CCTGRGC T OO T TGERGTASGEACOGCATATCEOCTETETRRGCCAGATCECTOCGORAGCOGCTSG . 3325
L G-C———- -

C=HyC ACTTGTCOCCGTCTOCGEEAGGGCAT TTAAAT TTCSECTCACCECAT T TC TGACRGCOCGEAGACGEACACTGOGGOGOETCOOGOCCGICTGTOCCOGNE 3425
LM e e e e e e e e e e A et e e e e e e e e e

C=mye GOGATTCCARADCCGOCC TEGATCCTT T TRAGARG T TGGCATT TGECT T TTTARRARAGCAR TAR TACAAT T TARARCCTGGGTCTC TRGAGETETTAGGACG 3525
LM —— - —-G T

c=myc TEGTET TGEETAGEOGCAGGCAGGEEARAGEERGECEAGEATETGTCCGATTCTOCTGEAA T CET TEGACT TGERAAMROCRGGEOGAATCTCOGCACOC. . 3625
LM B o - e e

[l ] RGCOCTERCTOCCC TGOCEOEECOGCOCT CGGEETETOCTOGCGOCOGMEAT GOGERGEAMC TECEAGENGOGEEGC TC TEGECGEET TOCAGARCAGI TGS 3725
LAM s e e e e e e e

o-mye TACCCT TG TEGEEETGECTOOEGEEGRGGTAT CECAGIGEEETCT CTGE0GCRG T TGCAT CTCCETAT TGRGTECGARGEGRGEGTGCOCCTATTATTATT 2825
LA T e —

C=IyC TGACRCOOCCCT TGTAT TTATGGAGGEET GT TARAGCDCEOGEC T GRGC TCGOCAC TCCAGOCEECERGAGRARGRAGAAARGC TGEGCARAAGERAGTGTT 3925
LM - - T

Ty GEAOGGEEEIEETAC TGEEGET GG EROGEEEEIEET GERAGAGEEARGET TEEEAGEEEC TECGE T GOCGRIGEEEETAGGRGAGIGECTAGEECGIGNG 4025
LA T - -

=Dy TGEGRACRGOOGTAGCEEAGEEEOCCOGGRGCEEAGOGGEET TCACGCAGUCGC TAGCGCOCAGRCGOCTCTOGCCTTCTCCT TCAGGTGECGCRAAARCT - 4125
LAM -— T ———————

C=myT TTGTGOCTTGEAT TTTGGCAMAT TGT TTTOCT CRCOGCCACC TCOOGCGEC T TCT TARGGGOGOCAGEGUOGATTTOGAT TCCTCTGOCGOTGOGEEGCC. 4225
LAM — N N S A e —

=y GACTCOOGGGCT T TEOGC TOCGEGEC T OGGGEEAGCEEEEGCTOGECGEETRCCARGDCGCTGET TCACTARGT GOGTCTCCGRGATAGTAGGEGRCTG 4325
LA et e st e et e e et s b

=y TCCAAAGGGEGETGARAGGETGCTCCCT TTAT TOOCOCADCAAGACCACOCAGIUGCT TTAGGGEATAGC TCTGUARGEEGRGAGETTOGGEACTGTGECG 4425
7.7 O —— — — ———

=y U":CJ\.CTC—CGCGCTGCGCC?Q}TTTCC‘GCP@CMGF\H?CCTTTMCTCF\F&GPSTGCCTCCCGQTTTGTGTG?CCCGCTCCHG‘:HGCCTCCCGOGRD:.C 4525
LAM e e —— e e e ——,

ST COCTCARCGT TRGCT TCACCARCAGEARC TATGACCT CEACTACGACTOGGTGCRGCOSTAT T TCTACT GOGROGAGGRGEAGRACTTCTACCAGCRAGCA 4625
WM~ eemeeeemeeee - e T

c-mye GCRGCAGRECERGCTECAFOC OO GECEOCCAGCEAGERTATC TEGRARGRRAT TCERGE TGCTGoNCRCCOCECOCCTGTOCCCTAGCOGCOGCTCOGGE 4725
LM e -— -— .

CemyC CTCTGCTOGCCC TCC TACGT TEOGETCACACCC T T T OO T TCGGGEAGACAROGADGE0GETGEOGEGEAGC T TC TCCACGECOGAOCAGUTGGRGATGE 4825
LM e e -— ———————e

cemyc TERCCGAGCTECTGEGAGEAGACATCETGAROCAGAGTIT 4665

LAM e e e e e st

Ficure 4 — Nucleotide sequence of region encompassingttrg/cre-arrangement on lg heavy-chain locus on chromosome 14 in LAM cells.
Underlined sequences at top and bottom represent primer areas. Preserved portion of myc intron factor 3 is highlighted. The ATG starting codo
(at position 4522) is highlighted. The 3 mutated codons inctmeyccoding region are underlined.

normal B cell line derived from peripheral blood (de Wikital., noblastoma protein. The lack of Tfrphosphorylation results in
1999). increased transforming activiiyp vitro (Hoanget al., 1995), likely

The re_arranged_mycgene was amp||f|ed and sequenced in gue to decreased proteasome-medlated turnover. (Babtaal.,
representative clones, from PB and BM (PB-D8 and BM-H4), witB000). Therefore, these changes may have contributed to further
different EBV-fused termini. The sequences did not differ betweegquisition of malignant properties by LAM cells. The translocated
the 2 clones. Ten nucleotide substitutions were observed in @rényconcogene was likely to have mutated during cell passage in the
amplified segment. Interestingly, replacement mutations in ti&C because of the proximity of the Ig genes. Whether translocation of
second exon were present at codons 9, 11 and 58. This afe@ycalso took place at the same site could not be determined, though
encodes the N-terminal transcription activation domain (Henrik81€ occurrence of recombination events, including isotype switching
son and Luscher, 1996). In particular, ¥hand other amino acids and possibly secondary Ig gene re-arrangements, makes this hypoth-
in its proximity have been described as often being targeted B§is particularly appealing (Kuppegsal., 1999).
somatic mutations in the re-arrangednycallele in BL (Bhatiaet Sequence and functional analyses showed that pe8alleles
al., 1994). Moreover, phosphorylation of Tiis necessary for the from malignant LAM cells carried mutations resulting in protein
c-mye-suppressing activity of p107, a protein related to the refinactivation. These mutations were somatically acquired and
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present in both groups of clones with different EBV-fused terminil986), though alternative explanations have been offered, includ-
The timing of these mutations could not be ascertained. Howevarg recombination among EBV episomes. These may be used to
the involvement op53in inducing apoptosis (Liebermaret al., explain the heterogeneity of EBV-fused termini in certain, other-
1995) and the abundant evidence demonstratingdimycover- wise monoclonal, tumor samples taken vivo(Delecluseet al.,
expression predisposes cells to apoptosis (Cuteinal., 1995; 1993) since EBV recombination may occur in some cellular com-
Polack et al., 1996). Hence, it is possible thg@53 mutations ponents of a given malignant clone. Following this event, because
favored the expansion of cells that already had a translocatefthe presence of a multiplicity of EBV copies, the malignant cells
c-myc. would display a combination of original as well as recombinant

The presence of multiple EBV-fused termini is generally takeRBVY termini. In LAM cells, however, cellular clones could be

as evidence for multiple infection events (Raab-Traub and Flynigolated with single, albeit different, EBV-fused termini. Subse-
guent infectious events, rather than recombination of episomes,

perhaps best explain this finding.
Collectively, the above data reiterate the notion that in AIDS-
related BL EBV infection represents a late event in cells that

TABLE | —ANALYSIS OF p53 Status in the Different Cell Lines
by Yeast Functional Assay

) Colonies have already accumulated a number of cytogenetic changes
Colonies Red White Redtwo@l (%) (Roncellaet al., 1993; Gutierrezt al., 1997). This observation
raises a number of questions related to both the promoting
Control 149 540 21.6 factors that facilitate the clonal expansion of malignant B
Iéﬁ/l'\-/lc_:lfl 2251665 855‘2 2927'40 lymphocytes as well as the role of EBV in the pathogenesis of
PB-D8 1’,578 37 975 lymphoma. Although these questions remain unresolved, it is

tempting to speculate that stimulation by specific antigens or
even by a superantigen represents an important promoting ef-
fect on transforming B cells, at least until their entrance into the
GC, wherec-myctranslocation may occur. As for the pathoge-
netic role of EBV, doubts may be raised primarily by the
observation that in AlIDS-related BL, as well as in other BL
cases, type | latency of the virus occurs (Roeteal., 1986).
With this type of latency, which was also observed in LAM

As control, pLS76 expression plasmid containing wild-type3
cDNA was PCR-amplified using primers P3 and P4 &faht DNA
polymerase Xp < 0.0001 §? test, compared to control).

TABLE Il — SEQUENCING ANALYSIS ON INDEPENDENTp53 Mutant Clones

Arg?’*>Cys 9 bp Insertioh cells (Roncellaet al., 1993), EBNA2 or EBNA3 antigens are

not expressed and, hence, cannot promote cell proliferation. Likewise

BM-C4-1 + - LMP1, which prevents apoptosis (Henderssral., 1991; Wanget

Emgié i f al., 1987, 1990), is absent. However, EBNAL, Which is consi.stently

BM-G4-6 H _ expressed by these BL cells, can have a promoting role in lym-

BM-C4-7 + _ phomagenesis (Wilsaet al.,1996). This concept is also supported by

BM-C4-8 — + our previous observation that all LAM cells invariably expressed

PB-D8-2 + - EBV (Roncellaet al., 1993), indicating that the presence of the virus

PB-D8-4 - + provided a growth advantage.

PB-D8-5 - +

PB-D8-7 + _

PB-D8-8 + + ACKNOWLEDGEMENTS
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Gly-Cys-Asn occurred between codon 239 and codon 240.

Ag or super Ag stimulation EBV infeciion

Accumulation of point mutation in Ig genes,
receptor adiling, c-my translocation {7} and mutations, O
ps2|mutation /J\.

MONOCLONAL NEDPLASTIC

QLIGOCLOMAL B LYMPHOCYTES B LYMPHOCYTES

Ficure 5— Schematic representation of factors possibly involved in AIDS-related BL pathogenesis. Antigen (or superantigen-like molecules,
such as i antigen) drives initial expansion of a certain number of B-cell clones (oligoclonal expansion). One of these clones accumulates a numbe
of cytogenetic changes possibly related to the other molecular events occurring in the GC (somatic hypermutation, Ig isotype switch and receptc

editing).p53-inactivating mutations appear to be necessary for survival of these cells. Whether mutapé8®otur during the transit of GC

or outside the GC is not known. Heterogeneity of EBV-fused termini in neoplastic cells suggests that EBV infection is a late event and might

contribute to malignancy in immunocompromised subjects.
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