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P V T - I ,  A Novel Human Transcription Unit Affected by Variant Translocation 
t(2; 18) (pl l ;q21)  of Follicular Lymphoma 

By Ruth Rimokh, Mylene Gadoux, Marie-FranCoise Bertheas, FranCoise Berger, Monique Garoscio, 
Gilbert Deleage, Daniel Germain, and Jean-Pierre Magaud 

Variant t(2; 18) and t(l8;22) chromosome translocations 
observed in B-cell chronic lymphocytic leukemias and in 
follicular lymphomas have been reported to consistently in- 
volve the 5 region of the BCL-2 gene on chromosome 18 
and various regions on the lg light chain loci. We show here 
that a variant t(2; 18) (p l l  ;q21) translocation observed in 
a case of follicular lymphoma leads to the juxtaposition of 
a JK segment to a chromosome 18 transcriptional unit lo- 
cated 1 0  kpb upstream of the BCL-2 locus. The cDNA of 
this new evolutionarily conserved gene, termed M- 1 for 

HE t( 14; I8)(q32;q2 1) translocation is a consistent feature T of a large proportion of non-Hodgkin’s B-cell lympho- 
mas, usually of follicular type.’ As a result of this translo- 
cation, the BCL-2 proto-oncogene, on chromosome 18, is 
juxtaposed to an Ig JH sequence on chromosome 14.* More 
recently, variant t(2; 18)(pl l;q21) and t(18;22)(q2l;qll) 
translocations have been described in B-cell chronic lym- 
phocytic leukemias3 and in follicular  lymphoma^.^.^ Molec- 
ular studies of these variant translocations in B-CLL and 
follicular lymphomas have shown that the chromosomal 
breakpoints consistently map to the 5‘ region of the BCL-2 
gene (5’ hot spot region or VCR region for variant cluster 
region) on chromosome 18 and within the K or h light chain 
locus on chromosomes 2 and 22, re~pectively.~.~,’ 

In a previously published work* we reported the molecular 
study ofa t(2; 18)(pl l;q21) translocation that involved the K 

light chain locus in a patient with a follicular lymphoma. 
Although rearrangement of BCL-2 was not Southern-blot 
detectable in this lymphoma, mRNA and protein studies 
showed that BCL-2 was strongly expressed in this tumor. In 
the present work we performed the molecular cloning of the 
t(2; 18) chromosomal breakpoints, and showed that a JK seg- 
ment was juxtaposed to a chromosome 18 coding region 
(termed FVT-I for follicular lymphoma variant translocation) 
unrelated to the BCL-2 gene. 
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follicular-variant-translocation gene, codes for a putatively 
secreted protein of 36 Kd that is not homologous with any 
described protein. The M - 1  gene is weakly expressed in 
all the analyzed normal hematopoietic tissues but a very 
high rate of transcription is observed in some T-cell malig- 
nancies and in phytohemagglutinin-stimulated lympho- 
cytes. The proximity of M - 1  to the BCL-2 locus suggests 
that in the t ( l4 ;  18) currently observed in follicular lympho- 
mas, both genes would participate in the tumoral process. 
0 1993 by The American Society of Hematology. 

MATERIALS AND METHODS 

Cells. Various fresh samples of normal and tumoral human tis- 
sues, human cell lines of hematopoietic origin, and fresh samples of 
murine tissues were used in this study. 

Peripheral blood lymphocytes (PBL) were obtained from the blood 
of normal volunteers by centrifugation on Triosil Ficoll (Seromed, 
Berlin, Germany). After monocyte depletion by adhesion on plastic 
Petri dishes, mitogen-stimulated lymphocytes were obtained by in- 
cubating PBL at a concentration of 2 X lo6 cells/mL in the presence 
of phytohemagglutinin (PHA; Eurobio, Paris, France) diluted 1:200 
in RPMI 1640 medium supplemented with 20% fetal calfserum plus 
0.03% L-glutamin, 100 pg/mL of penicillin G and 100 pg/mL of 
streptomycin sulfate (Institut Mkrieux, Lyon, France). FVT-I RNA 
level was then assessed at various times after PHA stimulation. 

High molecular weight 
DNA was extracted from fresh cells or frozen material following 
standard procedures.’ After digestion with appropriate endonucleases 
as recommended by the suppliers (Boehringer Mannheim GmbH, 
Mannheim, Germany), DNA fragments were electrophoresed on 0.8% 
agarose gels and transferred onto nylon filters. lo 

Total cellular RNA was isolated from cultured cell lines or from 
frozen samples by the acid guanidium thiocyanate-phenol-chloroform 
method.” Poly(A+) RNA was selected by chromatography on 
oligo(dT)-cellulose. For Northern blot analysis, I O  pg of total RNA, 
2 or 5 pg of poly(A+) RNA was size fractionated in formaldehyde- 
I .2% agarose gels and transferred onto nylon filters.” 

Preparation and ana1.ysi.s of DNA and cDNA libraries. DNA from 
the tumoral lymph node (CAM) was partially digested with MboI 
restriction endonuclease, DNA fragments averaging 15 to 20 kpb in 
length were selected by sucrose gradient centrifugation and ligated 
to BamHI arms of the EMBL 3 phage (Stratagene, La Jolla, CA). 
Library screenings were performed with probes for I ~ K  light chain 
joining region gene (JK), for IgK light chain constant region gene (CK), 
and with probe p140 mentioned in Fig 1. The recombinant positive 
clones were characterized by restriction endonuclease mapping and 
subclones were prepared in pUC18, pUC19 or Bluescript vectors. 

Poly(A’) RNA extracted from the IARC 17 1 Epstein-Barr virus 
(EBV)+ lymphoblastoid cell line was used to construct an oligo-dT 
primed human cDNA library in the hgt 1 1 vector as recommended 
by the suppliers (Pharmacia, Uppsala, Sweden). 

DNA probes and hybridization procedures. JK probe was a gift 
from Dr H. Zachau (Munchen, Germany), probe CK was a gift from 
Dr T.H. Rabbitts (Cambridge, UK), pB16 (BCL-2) probe was a gift 
from Dr Y. Tsujimoto (Philadelphia, PA). Probe a-32P-labeling, pre- 
hybridization, hybridization, and washing conditions were performed 
as previously described.12 

Sequencing procedures and sequence analysis. Overlapping 
deletions of DNA and cDNA cloned into Bluescript SK (-) (Stra- 

DNA and RNA isolation and analysis. 
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Fig 1. Restriction maps of the germline and functionally rearranged I light chain alleles, of the rearranged J r I M - 1  allele, and of the 
normal M -  1 allele. The last exon of M - 1  is indicated by a black box. Thin black bars, chromosome 2 DNA regions; thick black bars, 
chromosome 18 DNA regions. Arrows indicate the breakpoints on chromosomes 2 and 18. Slided-horizontal lines under the maps indicate 
the limits of the clones originating from germline chromosome 18 (CA2A1, CA131, CA61) and the location of the probes used in this study. 
VCR, variant cluster region; E, EcoRI; B. BemHI; S, Sad; X, X b l ;  V, EcoRV; E', polymorphic EcoRl restriction site. All EcoRV and Xbel sites 
are not shown. 

tagene) were obtained by unidirectional exonuclease 111 digestion 
method (Erase-a-base system; Promega, Madison. WI). Deletion 
clones were sized on agarose gels, and the inserts of the selected clones 
were sequenced using the double-stranded DNA sequencing technique 
(dideoxy chain termination procedure) with Sequenase I1 (USB Cow, 
Cleveland, OH) as described by the manufacturer. 

RESULTS 

Molecirlar cloning qf [he chromosomal translocation 
t(2; 18)(plI;q21) breakpoints and qfthe normal chromosome 
18 coimterpart. Previously reported Southern blot analyses 
have shown that the chromosomal breakpoint on chromo- 
some 2 occurred within or 5' of the JK segment in a case of 
follicular lymphoma* (CAM). To analyze this rearrangement, 
a genomic phage library prepared from CAM cells was 
screened with a JK probe. Physical mapping of the bacterio- 
phage recombinant clones allowed their separation into two 
distinct groups different from one another in their 5' part; 
the restriction map oftheir 3' end was identical and matched 
that of the germline JK-CK region. Southern blot analyses of 
interspecies somatic hybrids DNA using probes derived from 
the 5' region of these two types of clone (probes p5 16 and 
p140) (Fig I )  enabled us to state that one group of recom- 
binant clones originated from the functionally rearranged K 

light chain allele and that the others contained sequence orig- 
inating from the chromosome 18. We were not able to isolate 
the germline K light chain allele. The p140 probe was then 
used to isolate the chromosome 18q21 counterpart from a 
genomic phage library prepared from normal donor leuko- 
cytes, and three overlapping clones (CAZA 1, CA I3 I ,  and 
CA6 I )  representing a 25-kpb region of chromosome 18 were 
isolated (Fig I) .  Several unique DNA fragments that span 
this 25-kpb region were used as probes against Southern blots 
containing normal DNAs digested by EcoRI, Hindlll, and 

BamHI restriction endonucleases. One of these fragments, 
pDI 5 probe in Fig I ,  hybridized with the same bands as did 
the pB I6 probe that maps to the 5' region of the BCL-2 gene. 
Furthermore, nucleotide sequence of the pD15 probe per- 
fectly matches that of the BCL-2 5' region.I3 These results 
clearly showed that, on chromosome 18, the breakpoint 

EcoRl Xbal 
JK ~140 JK 0140 

N C  N C  

9.4- y y 

d B.1- 

43- 

w 

N C  N C  

Fig 2. The t(2; 18)(pl l  ;q21) results in the juxtaposition of the 
JK light chain segment to the M - 1  locus. Ten micrograms of ge- 
nomic DNA extracted from the tumoral lymph node (C) and from 
normal peripheral blood lymphocytes (N) was digested with the in- 
dicated enzymes. electrophoresed through a 0.8% agarose gel, and 
blotted onto a nylon membrane. The filters were sequentially as- 
sayed for hybridization to the JN and p l 4 0  probes. Arrows indicate 
the position of the rearranged fragments cohybridizing with both 
probes. The scale is in kilobases. 
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Fig 3. Nucleotide sequence ofthe t(2; 18) translocadion and ofthe corresponding m a l  chromosomes 2 and 18. Sided-horirontsl lines 
underthe sequence indicates the limits ofthe J4 K light chain domain; single underlining identifies the heptamer-like sequences on & m " e  
18; double underlining identifies the putative N-region on the der(l8) chromosome. Slided-horizontal lines above the sequence indicate the 
location of the heptamer and nonamer consensus on chromosome 2. 

was located at about 13 kpb upstream of the first exon of 

Southern blot analysis using p140 probe detected a single 
rearranged fragment in addition to the germline band in 
EcoRI- and Xhal-cleaved CAM DNA. This rearranged frag- 
ment clearly cohybridized one of the two rearranged bands 
detected by JK probe (Fig 2). 

We next 
determined the nucleotide sequence spanning the breakpoint 
on the der( 18) chromosome and on the normal chromosome 
18 counterpart (Fig 3). The break occurred within the 54 
segment of the JK regionI4; the existence of eight extranu- 
cleotides at the junction (putative N region?) and oftwo h e p  
tamer-like consensus on chromosome 18 in the vicinity of 
the breakpoint suggests that this translocation might have 
resulted from an illegitimate chromosome recombination. 

IdentiJication of a transcriptional unit on 18q2I. To 
identify transcripts that might arise from 18q2 1, we identified 
unique fragments that spanned 18q21 sequences and used 
them as probes against Northern blots containing RNA from 
CAM cells and from different human cell lines. The 1.4-kpb 
p140 probe (Fig 1 )  of chromosome 18 origin that remained 
on the der( 18) hybridized to a transcript of approximately 
2.3 kb present in poly(A+) RNA extracted from CAM cells, 
IARC 171 lymphoblastoid cell line, and normal human 

BCL-2. 

Nucleotide sequence analysis of breakpoints. 

spleen (Fig 4). This transcript can be detected in total RNA 
extracted from the various normal and tumoral human tissues 
and cell lines of hematopoietic origin being analyzed (Fig 5). 
It is noteworthy that the highest expression of the FVT-I 
transcript was observed in some T-cell malignancies and es- 
pecially in large cell anaplastic lymphoma ("Ki-I lympho- 
mas") with a T-cell phenotype and genotype (Fig 5). Fur- 
thermore, while FVT-I transcript is barely detectable in 
quiescent PBL, PHA stimulation results in an increase of 
FVT-I RNA with a peak at 18 hours (Fig 6). 

Once total RNA extracted from follicular lymphomas car- 
rying a t( 14; 18)(q32;q21) has been hybridized to the FVT-I 
cDNA probe, a weak 2.3-kb signal is observed (Fig 5).  To 
check that expression of FVT-I in fresh samples of follicular 
lymphomas is not caused by the presence of normal T cells, 
we assessed its expression in poly(A+) mRNA extracted from 
cell lines carrying t( 14; 18) translocation with a break in the 

? ? ? ? ? ?  
~~~~~ d d  d d d  ; , 1 & E 3 E E s E z - E  d 4  

p"n'.- v =-- - . 

2am 

4.4 Fig 4. Identification of a 
transcriptional unit on chromo- 
m e  18q21. Five micrograms 
of pdy(A') RNA extracted from 
the indicated tissuesand cell line 
were loaded in each lane, size- 
fractionated in formaldehyde- 
1.2% a g a m  gel, transferred 
onto mllm fikm. and hybridized 
to the p140 probe. IARC 171 is 
a human B-cell EBV' lymph* 
Mastoid cell line. The scale is in 

Fig 5. Northem blot analysis of M-l expression in tissues and 
cell lines of hematopoietic origin. Ten micrograms of total RNA was 
loaded in each lane and hybridized to the F W - 1  cDNA probe. The 
cell lines used in this study are of B origin (RAMOS, IARC 970, UD 
53). of myelomonocytic origin (U937, HL60) and of T origin (JUR- 
KAlT, MOLT-4). K-1 99 is a cell line established from a large ana- 
plastic T-cell lymphoma's and HLyl ,'z a cell line established from 
a large anaplastic B-cell lymphoma. Fresh normal or pathologic 
samples were also used: LN, reactive lymph node; ML-1, large an- 
aptasticT-cell lymphoma; ML-2.3. B-cdl non-Hodgkin'slymphomas; 
ML-4 to ML-7, follicular lymphomas; T-CLL, T-cell chronic lympho- 

1.4 - kilobases. cytic leukemias; T-ALL, T-cell acute lymphoid leukemias. 
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Et. br. 
Stain 

0 8 12 18 24 30 36 42 4 8  72 96 hours 
Fig 6. FW-1  expression after 

PHA stimulation of PBL. Total 
RNA was extracted and pro- 
cessed for Northern blot analysis 
at the indicated times as de- 
scribed in Materials and Meth- 
ods. The ethidium bromide 
staining is shown at the top; for 
the most part, lanes contain 
comparable quantities of RNA 
(1 0 rg). 

2.3 kb 

major breakpoint region of the BCL-2 gene locus. As shown 
in Fig 7, a normal 2.3-kb FVT-I transcript isdetected as well. 
However, we cannot specify if FVT-I transcript arises either 
from the normal or from the translocated allele in these lym- 
phomas and cell lines analyzed. 

Cloning and seqirencing qf the human FVT-I cDNA. 
Polyadenylated RNA was used as a template to construct a 
Xgtl I cDNA library that was screened with the p140 probe 
mentioned in Fig I .  Nine positive clones were isolated, their 
restriction mapping and their partial sequences showed that 
they all coded for the same protein. The longest cDNA clone 
was sequenced in both strands by generating progre'ksive 
deletions and by dideoxy sequencing procedure (Fig 8). The 
sequence exhibits an open reading frame coding for a peptide 
of 332 amino acids, predicted molecular weight 36 Kd, and 
a 1,200-nt long 3' untranslated region. The latter region is 
rich in A/U nucleotides (62.5%) and contains two AUUUA 
motifs; all elements are implicated in the posttranscriptional 
regulation of genes with unstable transcripts'"'' such as cer- 
tain proto-oncogenes and cytokines. The 3' untranslated re- 
gion of FVT-I is also characterized by the presence of a 80- 
nt long d(CT)-rich pyrimidine tract including a 
TCTCTCTCTG tandemly repeated polynucleotide. The 5' 
part of the cDNA (nucleotide I to 307) is characterized by a 
high G + C level (68%) and corresponds to a CpG island. 
This CpG island accounts for the existence, 5' of BCL-2, of 

a second cluster of rare-cutting restriction site as previously 
observed.'" There is an in-frame terminator codon (TGA) 
87 bases upstream of the initiation codon. None of the FVT- 
I cDNA clones contained a poly(A) tail. However, because 
the clones were obtained from an oligodT primed cDNA 
library, it is likely that all the cDNA clones were initiated 
from the numerous poly(A) stretches present within the 3' 
end ofthe mRNA. When a genomic clone encompassing the 
terminal FVT-I exon had been sequenced and compared 
with the longest FVT-I cDNA clone, an AATAAA polyad- 
enylation signal was noted I I3 nucleotides 3' of the end of 
the cDNA clone. These data indicate that the 3'end of a full- 
length FVT-I cDNA clone is, in all likelihood, 20 to 30 nu- 
cleotides 3' of this polyadenylation signal. This assumption 
is in agreement with the observed size ofthe FVT-I transcript. 

Comparison of the FVT-I cDNA sequence with those in 
data bases (EMBL and GenBank, NBRF and SWISS PROT, 
February 1992) did not show any significant homologies. The 
hydropathic profile of fvt- I obtained by the Kyte and Doolittle 
program" showed a unique region of hydrophobicity (amino 
acids I to 24) at the N terminus of the protein with a potential 
cleavage site at position 25. fvt-1 is unlikely to be a membrane 
protein as no further hydrophobic region, which could span 
the membrane, is found; this suggests that it is secreted. 

Comparison of the genomic DNA sequence with the 3' 
end of the cDNA sequence allowed us to specify the bound- 
aries of the last FVT-I exon (Fig 8) and to demonstrate that 

2.3 kb 1 

the break on chromosome I8 occurred within the last intron 
of FVT-I (Fig I ) .  As a result of the translocation process, the 
FVT-I gene is thus disrupted and the promoting region plus 
the 5' part of the coding sequence is juxtaposed to the VK-JK 
region of the K light chain gene in a tail-to-tail configuration. 
The complete genomic sequence and organization of the 
FVT-I locus have not been determined so far; however, pre- 
liminary results show that the gene contains more than four 
exons extending over about 40 kpb. 

Zoo- 
blot analysis using a probe encompassing nucleotides I to 

Fig7. blotanafysis 
of M - 1  expression in human 
t(14; 8,(q32;q21) containing 
cell lines. T~~ micragrams of 
poly(A') RNA were loaded in 
each lane and hybridized to *e 
~ ~ 7 - l  cDNAprobe. LN, reactive 

man cell lines derived from pa- 
tients with follicular lympho- 
mas. 

lymph node; COIN and VAL, hu- 

The FVT- I gene is highly conserved in evolution. 
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AGGCGCCC 8 

BsshII E a 1  sac11 

-1 
G C C C G C C G C G C G T G A T T C T C G C C T C G C C G C A G ~ ~ C A G C C C ~ ~ C ~ C C G G G C C C C T G G C C C C G C G G A G C G  107 - 
ATGCTGCTGCTGGCTGCCGCCTTCCTCGTGGCCTTCGTGCTGCTGCTGTACATGGTGTCTCCGCTCATCAGCCCCAAGCCCCTCGCCCTGCCCGG~CG 206 
MetLeuLeuLeuAlaAlaAlaPheLeuValAlaPheValLeuLeuLeuTyrMetValSerProLeuIleSerProLysProLeuAlaLeuProGl~Al~ 33 

CATGTGGTGGTTACAGGAGGTTCCAGTGGCATCGGGAAGTGCATTGCTATCGAGTGCTATAAACAAGGAGCTTTTATAACTCTGGTTGCACGAAATGAG 305 
HisValValValThrGlyGlySerSerGlyIleGlyLysCysIleAlaIleGluCysTyrLysGlnGlyAlaPheIleThrLeuValAlaArgAsnGlu 66 

GATAAGCTGCTGCAGGCAAAGAAAGAAATTGAAATGCACTCTATTAATGACAAACAGGTGGTGCTTTGCATATCAGTTGATGTATCTCAAGACTATAAC 404 
AspLysLeuLeuGlnAlaLysLysGluIleGluMetHisSerIleAsnAspLysG1nValValLeuCysIleSerValAspValSerGlnAspTyrAsn 99 

CAAGTAGAGAATGTCATAAAACAAGCACAGGAGAAACTGGGTCCAGTGGACATGCTGGTAAATTGTGCAGGAATGGCAGTGTCAGGAAAATTTGAAGAT 503 
GlnValGluAsnValI1eLysGlnAlaGlnGluLysLeuGlyProValAspMetLeuValAsnCysAlaGlyMetAlaValSerGlyLysPheGluAsp 132 

CTTGAAGTTAGTACCTTTGAAAGGTTAATGAGCATCAATTACCTGGGCAGCGTGTACCCCAGCCGGGCCGTGATCACCACCATGAAGGAGCGCCGGGTG 602 
LeuGluValSerThrPheGluArgLeuMetSerIleAsnTyrLeuGlySerValTyrProSerArgAlaValIleThrThrMetLysGluArgArgVal 165 

GGCAGGATCGTGTTTGTGTCCTCCCAGGCAGGACAGTTGGGATTATTCGGTTTCACAGCCTACTCTGCATCCAAGTTTGCCATAAGGGGATTGGCAGAA 701 
GlyArgIleValPheValSerSerGlnAlaGlyGlnLeuGlyLeuPheGlyPheThrAlaTyrSerAlaSerLysPheAlaIleArgGlyLeuAla~~U I98 
ndIII 
GCTTTGCAGATGGAGGTGAAGCCATATAATGTCTACATCACAGTTGCTTACCCACCAGACACAGACACACCTGGCTTTGCCGAAGAAAACAGAACAAAG 800 
AlaLeuGlnHetGluValLysProTyrAsnValTyrIleThrValAlaTyrProProAspThrAspThrProGlyPheAlaGluGluAsnArgThrLys 231 

CCTTTGGAGACTCGACTTATTTCAGAGACCACATCTGTGTGCAAACCAGAACAGGTGGCCAAACAAATTGTTAAAGATGCCATACAAGGAAATTTCAAC 899 
ProLeuGluThrArgLeuIleSerGlul'hrThrSerValCysLysProGluGlnValAlaLysGlnIleValLysAspAlaIleGlnGlyAs~Ph~ASn 264 

AGTTCCCTTGGCTCAGATGGGTACATGCTCTCGGCCCTGACCTGTGGGATGGCTCCAGTAACTTCTATTACTGAGGGGCTCCAGCAGGTGGTCACCATG 998 
SerSe rLeuGl ySerAspG1 yTyrMetLeuSerA1 aLeuThrCysG1 yMetAl aProVal ThrSe rI 1 eTh rG1 uG1 yLeuGl nG1 nVa1Val ThrMet 297 

GGCCTTTTCCGCACTATTGCTTTGTTTTACCTTGGAAGTTTTGACAGCATAGTTCGTCGCTGCATGATGCAGAGAGAAAAATCTGAAAATGCAGACAAA 1097 
GlyLeuPheArgThrIleAlaLeuPheTyrLeuGlySerPheAspSerIleValArgArgCysMetMetGlnArgGluLysSerGluAsnA~aASpLyS 330 

e t 1  

89111 

Hi 

t 

ACTGCCTAATCTTCTTACCCCTTGGAAGAAGACTGTTTCCAAATAATTTGAACAGCTTGCTGCTAAATGGGACCCAATTTTTGGCCTATAGACACTTAT 1196 
ThrAla*** 332 

GTATTGTTTTCGAATACGTCAGATTGGACCAGTGCTCTTCAGGAATGTGGCTGCAAGCAAGGGGCTAGAAGTTCACCTCCTGACAGTATTATTAATACT 1295 

ATGCAAATATGGAATAGGAGACCATTTGATTTTCTAGGCTTTGTGGTAGAGAGGTGAAGGTATGAGAATTAATAGCGTGTGAACAAAGTAAAGAACAGG 1394 

ATTCCAGAATGATCATTAAATTTGTTTCTATTTATTCTTTTTTGCCCCCCTAGAGATTAAGTCCAGAAATGTACTTTCTGGCACATAAAGAAATCTTGA 1493 

GGACTTTGTTTAAACCTTCCATAAAAAAACAATTTTCGGTTTCTCGGGTTCTCTCTCTCTGTCTCTCTGTCTCTCTGTCTCTCTGTCTCTCTGTCTCTC 1592 
- 

TCTCTCTCTCTCTTTCTTTCTTTGTGTATTTTATTCAAGATGAGTTGGACCCATTGCCAGTGAGTCTGAATGTCACTGACAGCCCTGTGTTGTGCTCAG 1691 

GACTCACTCTGCTGCTGGTGGAAACTCATGGCTTCTCTCTCTCTTTGATCCCATAAAGCTACGAGGGGGACGGGAGAGGGCAGTGCAATGGGAAGTAAA 1790 

GAGATATTTTCCAGTAGGAAAAGCAATGCTTTCTTGTCTTTAGACTCAAATGCTTAGGGAACGTTTCATTTCTCATTCATGGGGAAAGGCAGCCTCCTT 1889 

AAATGTTTTCTGAAGAGCGGTAAAATCTAGAAGCTTAAGAATTTACAGTTCCTTCAATAACCATGATGACCTGAAGTTCACCTATCCCATTTTAGCATC 1988 

TACTTGTTTTTCCCATCTCTTCCTTTCCAATTTTGCTTATACTGCTGTAATATTTTTGTAAAAAAAAAAAAAAAGGAAAAAAAAGACCAGCTAAAATTT 2087 

TCGACTTGACTTTTTAACTTAACTCATGAATTAATTAAAGCAAATGAAAAAATTAAAAAGTGTGACTTTTTCTCGGAGCATATATGTAGCTTTTAGGAA 2186 

X b a I  Hind111 
- 

AGGCTGATGATGGTATAAAGTTTGCTCATTAAGAAAAAAAGACAAGGCTGATTTTGAAGAGAGTTGCTTTTGAAATAAAATGATCA 2272 

Fig 8. Nucleotide and predicted amino acid sequence of the FVT-1 cDNA. Underlining indicates: the in-frame terminator codon (TGA) 
upstream of the first ATG, the ATTTA motifs and the candidate polyadenylation site (AATAAA). The arrow shows the beginning of the 
last exon. 

320 of the cDNA sequence (Fig 8) showed that sequences 
homologous to FVT-I can be detected in the mouse and 
chicken genome (Fig 9). It must be also pointed out that a 
transcript with approximately the same size as the human 
transcript is observed in murine tissues (Fig 4). 

DISCUSS ION 

It has been shown that in Burkitt's lymphomas the proto- 
oncogene MYC can rearrange at the 5' or 3' regions of the 
gene with IgH and Ig light chain genes, respectively. However, 
in some instances these tumors contain variant translocations 
with breakpoints located more distant from MYC in the PVT 
locus that extends from 57 kpb to more than 200 kpb down- 
stream of MYC.*' A very similar situation is observed in 

follicular lymphomas where the t( 14; 1 8) translocations con- 
sistently involve the 3' end of BCL-2 and the variant trans- 
locations t(2; 18) and t( 18;22) its 5' end. To make the analogy 
more complete, we report here that the breakpoint of a variant 
translocations t(2; 18) in a follicular lymphoma fall within a 
region 13 kpb proximal from BCL-2 and containing a novel 
transcriptional unit that we termed FVT-1. 

The FVT-I cDNA encodes for a putatively secreted protein 
of 332 amino acids that has no homologue in the EMBL and 
Genbank data bases. This evolutionarily conserved gene is 
virtually expressed in all the normal and pathologic lymphoid 
tissues tested with a preferential expression in T-cell malig- 
nancies and in PHA-stimulated PBL. The expression profile 
of FVT-I after PHA stimulation, the existence of a potential 
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9 4- 
Fig 9. The FW-1 locus is 

consewed in evolution. For Zoo- 
blot analysis, 10 pg of EcoRI-di- 
gested DNA extracted from the 
indicated species were hybrid- 
ized under high-stringency con- 
ditions to the 0.3-kpb Pstl cDNA 

6.7- 

4.3 - segment. The scale is in kilo- 
bases. 

signal peptide in its amino acid sequence, and the presence, 
in the cDNA, of a 3’end characteristic of genes with unstable 
transcriptssuggest that FVT-I could be a new cytokine mainly 
expressed by activated normal T cells and by some T-cell 
malignancies. Further experiments are indeed necessary to 
support this assumption. 

We have previously reported that in the follicular lym- 
phoma studied in this work: the BCL-2 gene was overex- 
pressed at the mRNA and protein levels, probably as a con- 
sequence of the t(2; 18) translocation. The present work makes 
this assumption more likely because we show that, in this 
translocation, the BCL-2 gene is juxtaposed to the K light 
chain locus in the vicinity of the 5’ K gene enhancer. On the 
other hand, the FVT-I gene seems unlikely to play a role in 
this lymphoma as the translocation results in the disruption 
of the FVT-I gene and should lead to the constitution of a 
chimeric gene where the VK-JK domains and the 5’ region of 
the FVT-I gene are in a tail-to-tail configuration on the der(2) 
chromosome. However, we were not able to detect any fusion 
transcript with the JK probe and cDNA FVT-I probes. Be- 
cause of its proximity to the BCL-2 gene, the FVT-I gene 
could be involved in the t( 14; 18) translocation usually ob- 
served in follicular lymphomas. Effectively, in the t( 14; 18) 
translocation with break at the 3’ end of BCL-2, the FVT-1 
and BCL-2 genes are juxtaposed to the Ig heavy chain locus 
and might both be deregulated as a result of the same mech- 
anisms. The finding that FVT-I is expressed in t( 14; 18) as- 
sociated lymphomas and cell lines analyzed could be an ar- 
gument in favor of this hypothesis. Further studies are 
necessary to specify whether expression of FVT-I in t( 14;  18) 
containing tumoral cells results from its juxtaposition to cis- 
acting sequence from the IgH locus or not. 

With regard to the recombination mechanism involved in 
this t(2; 18) translocation. the existence of two heptamer-like 
consensus on chromosome I8 in the vicinity ofthe breakpoint 
and the presence of a putative N region at the chromosomal 
junction suggest that this translocation might have resulted 
from an illegitimate chromosome recombination.22 However, 
the d(CT)-rich pyrimidine tract located 2 kpb from the 
breakpoint could also be implicated in the translocation pro- 

cess. Such a stretch, which can adopt a triple helical struc- 
ture,23 has been involved in recombination, replication, and 
gene expression; the resulting change in DNA conformation 
within this region could enhance its accessibility to the re- 
combinational enzymes, leading to the chromosome trans- 
location. 

Finally, this work points out that the breakpoints of the 
t(2; 18) variant translocations in follicular lymphomas do not 
always cluster within the RCL-2 VCR region. Thus, FVT-I 
probes constitute additional molecular tools in an attempt 
to widely identify all the breaks occurring on chromosome 
18q21 in &ell chronic lymphocytic leukemias and follicular 
lymphomas. 
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