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A new family of human endogenous retroviral se- 
quences was recently discovered by way of its rela- 
tionship to the simian sarcoma-associated virus 
(SSAV). One molecular clone, termed 571, contains 
sequences related to the genes coding for the group- 
speciilc antigens (gag) and polymerase (pal) proteins 
of SSAV. At the 3’end of this human retroviral element 
we have now found a 636-bp region which shows fea- 
tures characteristic of a retroviral long terminal re- 
peat, including potential signal sequences essential for 
transcriptional control. By means of Southern blotting 
and in situ hybridization, the sequence was mapped 
to chromosome 18 band q2 1. Q 1~8s Academic PFSS, IUC. 

INTRODUCTION 

A number of human endogenous retroviral elements 
have been isolated on the grounds of their homology 
either to mammalian C-type retroviruses (Bonner et 
al., 1982; Leib-M5sch et al., 1986; Martin et al., 1981; 
O’Connell et al., 1984; Repaske et al., 1985) or to A- 
and B-type viruses (Callahan et al., 1985; Deen and 
Sweet, 1986; May and Westley, 1986; Ono, 1986). Oth- 
ers have been identified by their retrovirus-like struc- 
ture (Kriiger and Horak, 1987; Mager and Freeman, 
1987; Mager and Henthorn, 1984; Paulson et al., 1985). 
Some retroviral elements which occur in only one copy 
per genome equivalent have been assigned to distinct 
chromosomes (O’Brien et al., 1983; O’Connell et al., 
1984; Renan and Reeves, 1987); others are members 
of families with 50 to 10,000 copy numbers and are 
widely dispersed through the human genome (Horn et 
al., 1986; KrGger and Horak, 1987; Mager and Freeman, 
1987; Ono, 1986, Paulson et al., 1985; Steele et al., 1984, 
1986). Despite the abundant occurrence of human en- 
dogenous retroviral elements, their functional signifi- 
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cance is not yet known. Nevertheless, they are ob- 
viously not only silent components of the human 
genome since some have been shown to be transcrip- 
tionally active (Kato et al., 1987; Rabson et al., 1985). 
Expression of human endogenous retroviral sequences 
has also been associated with neoplastic disease (Gat- 
toni-Celli et al., 1986); however, conclusive evidence 
for a direct role of human retroviral elements in patho- 
genicity is still forthcoming. We have found human 
DNA to contain a number of sequences related to the 
simian sarcoma-associated virus/gibbon ape leukemia 
virus (SSAV/GALV) primate retrovirus group. Under 
relaxed hybridization conditions we isolated one of 
these sequences from a human genomic library (Leib- 
MGsch et al., 1986). This clone, S71, contains an in- 
complete proviral element with sequences related to 
the gag and pol genes of SSAV. S71 occurs in only one 
copy per genome equivalent, but under less stringent 
hybridization conditions a number of additional S71- 
related sequences are observed in the human genome. 
Although SSAV/GALV-related proteins have been de- 
tected in human sera and tissues by immunological 
methods and have been associated with various types 
of leukemia (Derks et al., 1982; Hehlmann et al., 1983, 
1984; Schetters et al., 1985), experimental evidence for 
a potential role of SSAV/GALV-related sequences in 
human neoplasias has been lacking. We now present 
data that localize the S71 sequence to the same band 
of human chromosome 18 as that of the bcl-2 break- 
point cluster region of human follicular B-cell lym- 
phomas (Bakhshi et al., 1985, 1987; Pegoraro et al., 
1984; Tsujimoto et al., 1984). Furthermore, sequencing 
of the 3’ end of S71 showed the region directly adjacent 
to the S71 pol sequence to contain a long terminal re- 
peat (LTR)-like structure with several possible regu- 
latory elements. 

MATERIALS AND METHODS 

Dideoxynucleotide DNA Sequencing 

S71 subclones in plasmid vector pUC9 were se- 
quenced as described (Leib-Miisch et al., 1986) using 
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FIG. 1. Structural organization of the SSAV-related human en- 
dogenous retroviral element in the S71 locus. Open rectangles in the 
restriction map mark the extent of the regions containing gag, pol, 
and LTR-like sequences in S71. A hatched rectangle designates the 
S71 pol-LTR hybridization probe which detects a 3.3-kb Hind111 
fragment (horizontal arrow) in human genomic blots Abbreviations: 
B, BarnHI; H, HindHI; K, KpnI; Ps, PstI; Pv, PuuII; R, EcoRI; Ss, 
SocI; X, XhoI. The BamHI site in parentheses was generated by 
vector sequences in the original XS71 clone. 

either Klenow fragment (Pharmacia, Sweden) or the 
modified T7 DNA polymerase (Tabor and Richardson, 
1987) Sequenase (United States Biochemical Corp.). 
The sequences of both strands were determined. 

Oligonucleotide Preparation 

Specific sequencing primers were synthesized on an 
Applied Biosystems Model 381A DNA synthesizer, 
purified by polyacrylamide gel electrophoresis, and de- 
salted by gel exclusion chromatography as specified in 
the Applied Biosystems User Bulletin No. 13 (1984). 

Sequence Analysis 

Sequence homology analysis for the TG motif was 
carried out with the Dayhoff program package (Protein 
Identification Resource, PIR) on a VAX computer and 
with the MacGene package on a Macintosh Plus PC. 
The LTR sequences shown in Fig. 3 were aligned by 
eye. All sequences for comparison were taken from the 
EMBL database release 10. 

Hybrid Cell Lines 

The construction and characterization of all somatic 
cell hybrid lines used have been described in detail 
elsewhere. Series XII, XVII, and XVIII hybrids were 
derived from fusions between Chinese hamster 380-6 
(a HPRT-deficient derivative of lung fibroblast line 
V79) and MN-3 leukocytes (XII), CM-6 fibroblasts 
(XVII), or KC-8 fibroblasts (XVIII) (Francke, 1984; 
Francke et al., 1976; Oliver et al., 1978). Series XXI 
hybrids were derived from fusions between Chinese 
hamster Don/a3 TK-cells and KG-7 fibroblasts 
(Francke and Francke, 1981). 

Southern Blot Hybridization 

Genomic DNA (10 kg) was digested with restriction 
enzymes, and the resulting fragments were separated 
by electrophoresis in 0.8% agarose gels and transferred 
to nitrocellulose filters by the methods of Southern 
(1979). Filters were pretreated and hybridized with gel- 
purified, 32P-labeled probe as described previously 
(Barton et al., 1986). 

In Situ Hybridization 

Preparation of human metaphase chromosome 
spreads, labeling of probe with 3H by nick-translation, 
and in situ hybridization were carried out as described 
(Harper and Saunders, 1981), except that after hy- 
bridization, slides were washed to a final stringency of 
50% formamide in 0.2 X SSC at 39°C to minimize 
cross-hybridization with related sequences. 

RESULTS 

S71 LTR-like Sequence 

Figure 1 is a schematic of the structural organization 
of the SSAV-related incomplete proviral element in 
the S71 locus. The S71 retroviral element contains two 
regions shown by hybridization analysis to be related 
to the gag and pol genes of SSAV and other C-type 
retroviruses. Comparison of the deduced amino acid 
sequences of several sections of the S71 pol gene yielded 
40-55% identity with the pol gene of the C-type murine 
leukemia virus AKV (Leib-MGsch et al., 1986). The 
nucleotide sequence of a 535-bp stretch of the 3’ end 
of the S71 retroposon is depicted in Fig. 2. This se- 
quence exhibits a number of features typical of retro- 
viral LTRs (Chen and Barker, 1984). The boundaries 
of retroviral LTRs are formed by inverted repeats 2 to 
15 nucleotides in length. In most integrated proviruses 
the inverted repeats begin with TG and end with the 

FIG. 2. Nucleotide sequence of the 3’ LTR-like region of S7I. 
Inverted repeats are underlined, and direct repeats are boxed and 
designated 1, la, and 2, 2a. Transcription regulatory sequences are 
boxed with boldface lines. The dotted line shows the TG box related 
sequence. Vertical lines mark the borders of the U3/R and R/U5 
regions. 
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inverted complement CA. In some proviral LTRs (i.e., 
AKV, R-MCF, and SSV) the inverted repeat sequence 
can be extended to include two or three nucleotides 
upstream of the TG and downstream of the CA 
dinucleotide (AKV/R-MCF: BAAT(JAAGACCCC/ 
GGGGTCTTTUTT; Van Beveren et al., 1982; 
Vogt et al., 1985; SSV 5’LTR: AATEAAGGA/ 
TCTCTUTTT; Devare et al., 1983). The S71 LTR- 
like sequence contains a 7-bp inverted repeat sequence 
beginning with TG (EAGCCAG) and ending with 
CA (CTAGCM) at positions l-7 and 529-535, re- 
spectively. Inclusion of the three bases AAG 5’ of TG 
and CTT 3’ of CA extends the inverted repeat in the 
S71 sequence to 10 bp. The S71 retroviral element lacks 
an envelope gene as well as the polypurine-rich region 
normally preceding retrovira13’ LTRs. 

Retroviral LTRa consist of the three subregions U3, 
R, and U5 (5’-U3-R-U5-3’). The U3 region contains 
control elements for the initiation of transcription 
(promoter and enhancer). The R region begins with 
the cap site (G) and ends with the poly(A) addition 
site (CA). The remaining LTR sequence constitutes 
the U5 region. In order to define the U3, R, and U5 
regions of the S71 LTR-like sequence and to locate 
putative transcription control elements, we compared 
the S71 sequence with the published nucleotide se- 
quences of 10 retroviral LTRs. Four of the latter were 
derived from infectious murine or primate proviruses 
and the remaining six from different human endoge- 
nous retroviral elements. Initially, we used a computer 
program based on the Needleman-Wunsch algorithm 
(Needleman and Wunsch, 1970) for alignment of the 
10 proviral LTR sequences. This method yielded ex- 
tensive overall sequence homology (ca. 75% matches) 
for the LTR sequences of the four primate and murine 
infectious proviruses, with matching of the respective 
transcriptional signals. However, no such alignment 
was obtained for the six human endogenous retroviral 
LTR sequences with the same program, indicating that 
these show no extended overall homology to other ret- 
roviral LTRs. Like infectious proviruses, human en- 
dogenous LTRs also contain signal sequences for tran- 
scriptional control which, in at least one case, have 
been shown to be functionally active (ERV3; Kato et 
al., 1987). Therefore we concluded that the transcrip- 
tional signal sequences within the LTRs should rep- 
resent the most highly conserved sequences and con- 
sequently be appropriate for positioning the human 
endogenous LTR sequences for alignment. Figure 3 
shows that homology between retroviral LTRs includes 
not only the control elements themselves but also the 
sequences in the vicinity of the CAAT box, the cap 
site, and the poly(A) addition site. The S71 U3 region 
contains a CAAT box at position 321 (Fig. 2). The se- 
quence surrounding the CAAT box (CAAT box ho- 
mologous region) matches at 17 of 29 positions (59%) 

to the simian sarcoma virus (SSV) LTR (Fig. 3). It is 
noteworthy that three of six human endogenous ret- 
roviral LTRs used for comparison with the S71 se- 
quence lack a CAAT box. From the alignment in Fig. 
3 it is evident that a TATAA box is located approxi- 
mately 40 nucleotides downstream of the CAAT box 
in the infectious murine and primate LTRs. No typical 
TATAA box can be found at a corresponding position 
in the S71 sequence. However, there is a CATAGAAG 
sequence about 15 nucleotides downstream of the S71 
CAAT box at position 338 (Fig. 3). This sequence is 
identical in 7 of 9 positions to the TATAA consensus 
sequence G/C T/A AT T/A T/A AAG (Bonner et al., 
1982). Furthermore, its spacing relative to the CAAT 
box is analogous to that of the TATAA box in the 
HERV-K LTR (Fig. 3). 

In addition to the typical LTR elements described 
above, the U3 region of S71 contains a TG box at po- 
sition 274 which matches similar motifs found in some 
human and primate LTRs. With the exception of 
hsRTVL-H (Mager and Henthorn, 1984), all human 
endogenous LTR sequences analyzed seem to contain 
at least part of this box (Fig. 3). Related sequences can 
also be found in the LTRs of ATLV (Seiki et al., 1982), 
HIV-l (Desai et al., 1986), and HIV-2 (Guyader et al., 
1987). No function has yet been assigned to this motif, 
but in the case of the human retroviral sequence ERV3 
and the baboon endogenous virus BaEV, homology ex- 
tends for over 40 bases with only one mismatch 
(O’Connell and Cohen, 1984). The TG box is found 
preferentially in the U3 region but appears in R and 
U5 as well; therefore its function, if any, should be 
independent of its relative position. This property is a 
feature characteristic of enhancers. In the case of 571, 
the TG box contains one copy of the sequence 
TGTGCTTTG (Fig. 2, position 282). With the excep- 
tion of a C at position 286, this sequence is a perfect 
fit to the enhancer core consensus sequence TGTGG 
T/A T/A T/A G which is present in a number of viral 
enhancers including Moloney sarcoma virus (Weiher 
et al., 1983). A similar sequence has also been found in 
the U3 region of the GALV LTR (Trainor et al., 1984). 
Furthermore, the U3 region of the 571 LTR contains 
two imperfect repeats (Fig. 2). Some repeated sequences 
have been shown to possess enhancer function in sev- 
eral mammalian retroviruses (Trainor et al., 1984). 

The cap site signifies the beginning of the R region, 
and the corresponding G nucleotide is found at position 
370 of the S71 LTR-like sequence (Fig. 2). The align- 
ment agrees in sequence and position with the pub- 
lished cap sites of HERV-K (Ono, 1986), ERV3 
(O’Connell and Cohen, 1984), the murine leukemia vi- 
rus AKV (Etzerodt et al., 1984), SSV (Devare et al., 
1983), and GALV (Trainor et al., 1984) (Fig. 3). For 
AKV and ERV3, the cap site has also been confirmed 
by mapping the corresponding RNA (Etzerodt et al., 
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1984; Kato et al., 1987). Significantly, the S71 LTR 
shows 40-50% matches to the cap site homologous re- 
gions of ERV3, AKV, and R-MCF (Vogt et al., 1985). 
Using our alignment we are able to suggest which of 
two possible cap sites in ERVl (Bonner et aL, 1982) is 
more likely to correspond to an actual transcription 
initiation site. Assumption of the first guanosine (nu- 
cleotide 215 in the ERVl sequence) as cap site reduces 
the match to the consensus cap homologous sequence 
from 55 to 35%. This points to the second G at position 
217 as the actual cap site. The presumed polyadenyl- 
ation site CA is located at position 438 in S71 (Fig. 2). 
The relative spacings of the putative TATAA box, the 
cap site, and the poly(A) addition site are nearly iden- 
tical in S71 and SSV. S71 contains no typical poly(A) 
addition signal (AATAAA), but there is a poly(A) 
stretch in the corresponding position. The presence of 
an AATAAA consensus sequence does not seem to be 
essential for LTR function because the LTR of the 
GALV SEATO strain is missing this signal. 

According to our alignment shown in Fig. 3, the U3 
region of S71 LTR encompasses 369 nucleotides, the 
R region 70 nucleotides, and the U5 region 96 nucleo- 
tides. This is in good agreement with the other LTR 
sequences, with the exception of the HERV-K LTR. 
We found that the S71 control regions are generally 
more homologous to the LTRs of the infectious primate 
retroviruses SSV/SSAV and GALV (SEATO strain) 
and the murine leukemia viruses AKV and R-MCF 
(50%) than to the LTRs of the human endogenous ret- 
roviral elements (35%). 

Chromosomal Localization 

The chromosomal location of human S71 sequences 
was determined by Southern blot analysis of DNA from 
13 Chinese hamster X human hybrid cell lines. The 
probe used was a 3.0-kb HindIII/BamHI insert of a 
subclone containing S71 pol and LTR sequences (Fig. 
1) and practically no flanking cellular sequences. The 
flanking cellular regions of S71 turned out to be un- 
suitable for hybridization experiments since they con- 
tain repetitive sequences such as Alu repeats (Leib- 
Miisch et al., 1986). We tried several different frag- 
ments from the S71 genome to reduce background due 
to S71-related sequences and found the pol-LTR 
HindIII/BamHI fragment best suited for this purpose. 

FIG. 3. Alignment of LTR control elements. LTRa of human 
endogenous retroviral sequences and those of infectious primate and 
murine proviruses were aligned to obtain the best possible match in 
the sequences surrounding the control elements. Human endogenous 
retroviral sequences: HERV-K (37), ERVl (4), ERV3 (34), hsRTVL- 
H (29), 0-LTR (38). 4-1 (48). Primate proviruses: SW (12) and 
GALV SEATO strain (50). Murine proviruses: Akv (13) and R-MCF 
(54). 
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TABLE 1 

Human Chromosome Content and Presence of 571 Sequences in Hybrid Cell Lines” 

Hybrid 

Human chromosome 
s71 

Lane Signal 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 X 

XII-4A-la-aza 3 _ --+----+----+---------- 

XII-IA-ld-E HAT 4 + --+-------+--p-+-+----p 

XII-PD-ld aza 5 _ --+---------+++p----+-p 

XII-BD-lf HAT 6 + ++++-+-++-- + + + + + - + + - + + P 
XII-4A-aza 7 + --+---L+--+L+----L-L--- 

XVIII-54A aza 8 + -+++++--+-++++-+-+++--L 
XXI-22A-g-la 9 + ----++-+--+-+-+-++++++- 
XVIII-23C-b aza 10 + + + + - - +L+-++--+-+-+L-++p 
XVII-lOA-12a 11 - --+p-++-- + ++-- +- -- - + + + + 
XXI-23A-2c 12 - + - - - - -p+--p--+--+-+-p++ 
XVIII-23H-a aza 13 ----+-+-p----++-+--+-++p 
XVIII-54A-la HAT I4 + --L------- ++L+-- -L++L-P 
XII-4A-ld-I-HAT I5 + -----------------+----+ 

’ Symbols: +, presence of chromosome or 3.3-kb Hind111 571 signal; -, absence of chromosome or signal; P, part of chromosome present; 
L, chromosome present at a frequency of 0.1 or less. 

This probe detected a single strongly hybridizing 3.3- S71-specific locus on chromosome 18 and none on the 
kb fragment in Southern blots of Hit&II-digested hu- X chromosome. No cross-hybridization was seen with 
man DNA and in all hybrids which had retained human DNA from Chinese hamster (Fig. 4A, lane l), mouse, 
chromosome 18 (Table 1, Fig. 4A). This is the size of or rat cell lines (data not shown). No attempts were 
the fragment expected from the restriction map in Fig. made, as part of this project, to map the weakly hy- 
1. All other human chromosomes were ruled out as bridizing related sequences present on other autosomes. 
possible sites of this major hybridizing fragment by To define the regional location of the S71 sequence on 
three or more discordant hybrids (Table 2). In addition, chromosome 18, we carried out in situ hybridization of 
numerous weakly hybridizing fragments were detected tritiated S71 probe to human metaphase chromosomes. 
in human DNA and in most hybrids, but none of these After autoradiography and Giemsa-banding, a total of 
fragments showed a pattern consistent with that of a 162 metaphase spreads, from two unrelated individuals, 
single locus. It is noteworthy that in hybrid XII-4A- was scored for silver grains associated with chromo- 
Id-I-HAT, in which human chromosomes 18 and X some 18. Label was detected over chromosome 18 in 
are retained, only the major 3.3-kb fragment was de- 49 cells (30%). As illustrated in Fig. 4B, the majority 
tected (Fig. 4A, lane 15). We conclude that, although of these grains (43/57 or 75%) were clustered in the 
sequences possibly related to the S71 pol gene are center region of the long arm, bands l&112-q22 with 
widely dispersed in the human genome, there is a single a peak at band 18q21 (26/57 grains or 46%). 

A 
123456709 10 11 12 13 14 15 

s71 

FIG. 4. Chromosomal mapping. (A) Hybridization of s*P-labeled S71 DNA with a Southern blot of HindUI-digested DNA from human 
X Chinese hamster cells and controls. Lane 1, Chinese hamster V79/380-6 DNA; lane 2, human DNA, lanes 3 to 15, human X Chinese 
hamster hybrid cell DNAs. Lane numbers correspond to those in Table 1. (B) Silver grain distribution on chromosome 18 after in situ 
hybridization with *H-labeled S71 probe. Data represent combined results from hybridizations to chromosomes from two individuals. 
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TABLE 2 

Correlation of Human 5’71 Sequences with Human Chromosomes in Chinese Hamster 
X Human Somatic Cell Hybrids” 

73 

Human chromosome 
Hybridization/ 

chromosome 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 X 

+/+ 23622404216344241753331 

$1 45235332543422334434121 10310212011133211021432 
-/+ 65266474672433647034352 

Discordant hybrids 7 5 6 7 6 6 8 6 6 8 3 5 6 6 8 5 8 0 5 5 7 8 4 
Informative hybrids 13 13 12 12 13 13 11 12 13 13 12 12 12 12 13 12 13 11 13 12 11 13 6 

’ The numbers of hybrids showing concordant (+/+ or -/-I and discordant (+/- or -/+I segregation with S71 are given for each chromosome. 
Data on rearranged chromosomes or chromosomes present in 10% or less of cells were excluded. 

DISCUSSION 

The S71 retroviral element contains a 535bp region 
at its 3’ terminus which discloses structural features 
characteristic of retroviral LTRs. In agreement with 
previous reports, we found that the nucleotide se- 
quences of human endogenous LTRs, including that 
of the S71 retroviral element, did not contain sufficient 
overall homology with other retroviral LTRs to permit 
identification of these sequences by computer searches 
of nucleotide sequence databases (Mager and Hen- 
thorn, 1984; Steele et al., 1984; O’Connell and Cohen, 
1984; Paulson et al., 1985; Ono, 1986). Furthermore, 
dot matrix analysis of human endogenous LTRs with 
one another and with other proviral LTRs revealed no 
significant homologies. The only exceptions were 
ERVl, ERV3, and BaEV and were due mainly to a 
stretch of 33-41 nucleotides which has previously been 
reported to be nearly identical in all three LTRs (Bon- 
ner et al., 1982; O’Connell and Cohen, 1984). We de- 
tected part of this conserved sequence of the ERVl, 
ERV3, and BaEV LTRs in various regions of most 
human endogenous LTRs analyzed (TG box). It is re- 
markable that even the ERV3 LTR, which has been 
shown to be functional (Kato et al., 1987), does not 
exhibit an overall homology to other retroviral LTRs 
stronger than that of the other human endogenous 
LTRs. Therefore we conclude that identification of 
human endogenous retroviral LTR-like sequences 
should be carried out on the basis of conserved struc- 
tural features, such as signal sequences for transcrip- 
tion control, rather than overall sequence homology. 
Interestingly, we found the sequences surrounding the 
control elements to be conserved and therefore useful 
for identification of human LTR-like sequences. 

Our studies show that the human SSAV-related ret- 
roviral element in S71 maps to chromosome 18 band 
q21. It is of interest that another human endogenous 
retroviral sequence, ERVl, has also been assigned to 

chromosome 18 (O’Brien et al., 1983), but in situ hy- 
bridization revealed more distal localization in bands 
18q22-qter (Renan and Reeves, 1987). The full-length 
proviral element ERV3, parts of which have been 
shown to be expressed in various human tissues (Kato 
et al., 1987), is located on chromosome 7. In addition, 
two endogenous B-type related retroviral elements have 
been mapped to human chromosomes 1 and 5 (Horn 
et al., 1986). 

The localization of S71 to chromosome 18q21 places 
it on the same chromosomal band as that of several 
loci implicated in neoplastic transformation. The yes- 
1 proto-oncogene, the human homolog of the Yama- 
guchi sarcoma viral oncogene v-yes-l (Kitamura et al., 
1982; Yoshida et al., 1985), and bcl-2, a breakpoint re- 
gion involved in chromosome translocations in B-cell 
neoplasia (Bakhshi et al., 1985, 1987; Pegoraro et al., 
1984; Tsujimoto et al., 1984), have been mapped to 
chromosome 18, subband 18q21.3. An additional 
breakpoint cluster region also rearranged in many fol- 
licular lymphomas has recently been discovered at a 
distance of more than 20 kb from the first (Cleary et 
al., 1986a). It has been postulated that the bcl-2 locus 
encodes a proto-oncogene which becomes activated 
when translocated to the immunoglobulin heavy chain 
region at 14q32.3 (Tsujimoto et al., 1984). Similar rear- 
rangements in other types of neoplasms have been 
shown to be due to aberrant V-J joining involving spu- 
rious consensus joining sequences close to oncogenes 
on another chromosome (Finger et al., 1986). Such 
rearrangements could also be triggered by recombi- 
nation between homologous or closely related se- 
quences on different chromosomes. There is evidence 
suggesting that t(14;18) translocations lead to altered 
transcription through a &-acting mechanism (Cleary 
et al., 1986b). Although the IgH enhancer on chro- 
mosome 14 is a potential candidate for such a mech- 
anism, it would be required to exert its effect over a 
distance of more than 370 kb (Seto et al., 1988; Tsu- 
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jimoto et al., 1987). In this context, a potential tran- 
scriptional activity of the 571 LTR-like sequence lo- 
cated on 18q21 would be of special interest. Elucidation 
of an actual role of S71 sequences in human neoplasia 
awaits further study, in particular molecular analysis 
of DNA from tumors bearing rearrangements involving 
18q21. The finding of SSAV-related antigens in human 
leukemic sera and human leukemic cells (Derks et al., 
1982; Hehlmann et al., 1983,1984; Schetters et al., 1985) 
offers a tantalizing clue that such a role may exist. 
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