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. Blood samples (from the ventral vein and artery of

the tail) were centrifuged, the red blood cells were
washed once with PBS, resuspended in 1 ml of PBS
containing 0.015% (w/v) saponin (ﬂg}na)‘ wncubat-
ed at 37°C for 5 minutes, and centrifuged. Normal
rat liver DNA (50 pg) was added as 2 carrier to the
pellet (parasites plus white cell nuclei). The cell
pellet was homogenized with 150 mM NaCl, 10
mM EDTA, and 1% (w/v) SDS, and sodium per-
chlorate was added to 0.05M. A single extraction
with an alcohol-phenol mixture was performed. The

* DNA in the aqueous phase was ethanol-precipitated

24,

and redissolved in wat#t, The DNA in cach blood
samplc was immobilized in 2.5-cm-diameter, 0.45-
um pare size nitrocellulose filters (Millipore) and
hybridized with a genomic 22-kb repennve P.
berghes DNA probe, labeled with **P by nick transla-
ton. Background radioactivity was calculared from
filters containing DNA from normal mouse blood
and carrier rat DNA. A gstandard hybridization curve
was constructed by probing triplicate tenfold dilu-
tons of blood-stage P. benghei DNA. A lincar rela-
tion berween the radicactivity associated with the
filers and the amount of parasite DNA immobilized
was always obtained in the range of 100 pg o 1
of P. berghei DNA. The amounts of parasite DN
associated with the experimental filters were calou-
lated by referring their specific radioactivity to the
standard curve and expressing them as the means of
the nanograms of P. bergghes DNA detected in five
animals.
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Deregulation of c-myc by Translocation of the
a-Locus of the T-Cell Receptor in T-Cell Leukemias

JAN ERIKSON, LAWRENCE FINGER, LEE SUN, ABBAS AR-RUSHDI,
Kazuko NISHIKURA, JUN MINOWADA, JANET FINAN,
BeverLY S, EMANUEL, PETER C. NOWELL, CARLO M. CROCE

Two human T-cell leukemias carrying a t(8;14)(q24;q11) chromosome translocation
were studied for rearrangements and expression of the c-myc oncogene. For onc

leukemia, rearrangement was detected in a region immediately distal (3") to the c-myc

locus; no rearrangements of c-myc were observed in the second case (DeF). However,
studies with hybrids between human and mouse leukemic T cells indicated that in the.
leukemic cells of DeF, the breakpoint in chromosome 14 occurred between genes for
the variable (V,) and the constant (C,) regions for the « chain of the T-cell receptor.
The C,, locus had translocated to a region more than 38 kilobases 3' to the involved c-
myc oncogene. Since human c-myc transcripts were expressed only in hybrids carrying
the 8q+ chromosome but not in hybrids containing the normal chromosome 8, it is
concluded that the translocation of the C, locus 3’ to the c-mye oncogene can result in

its transcriptional deregulation.

OME HUMAN T-CELL MALIGNANCIES

carry specific chromosome rearrange-

ments, predominantly translocations
and inversions, that involve chromosome
region 14q11.2 (1), the location of the locus
for the a-chain of the T-cell receptor (2).
One of the most common chromosome
alterations in acute lymphocytic leukemia of
the T-cell type is a t(11;14)(p13;ql1) chro-
mosome translocation (3). We have shown
previously that the chromosome break at
band 14q11 in these tumors directly in-
volves the locus for the T-cell receptor be-
tween the genes for the variable (V) and for
the constant (C,) regions of the a-chain of
the T-cell recepror and thar the V,, genes are
proximal and the C, gene is distal to the
14q11 chromosome breakpoints (#). Thus
the orientation of the a-locus of the T-cell
receptor relative to the centromere is the
opposite of that of the human immunoglob-
ulin heavy-chain locus on chromosome 14
(5).

Recently a translocation between chro-

mosome 8 and 14, with breakpoints at 8q24
(the locus of the c-mye oncogene) (6), and
14q11 (the locus for the w-chain of the T

cell receptor) (2), has been described in

several T-cell neoplasms (7-8). These find-
ings suggest that the locus for the a-chain

may be involved in c-myc deregulation in =

some T-cell malignancies, similarly to the

role of the human immunoglobulin lociin c- =

myc and bel-2 deregulation in Burkirt lym-
phoma (9) and in other B-cell malignancics
(10), respectively.

We have examined two cases of T-cell
leukemias with a chromosome translocation
t(8;14) involving band 14q11 and the distal

long arm of chromosome 8. Figure 1A

]. Enkson, L. Finger, L. Sun, A. ar-Rushdi, K Nishi-
kura, C. M. Croce, Wistar Institute, Philadelphia, PA
19104.

J. Minowada, Fujisaki Cell Center, 675-1 Fujisaki, Oka:
yama 702 Japan.

J. Finan, B. §, Emanuel, P. C. Nowell, Departments qf
Pathology and Laboratory Medicine and Pediatrics, Uni-
versity of Pennsylvania School of Medicine, Philadelphia,
TA 19104,

Table 1. Human genes in DeF-BW5147 cell hybrids.

Human chromosomes™® Human
Cell lines mos mye Igd C, V. NP comye

8 8q+ 14 l4q—  transcripts
DeF + + + + i + ++ ++  ++ ++ +4+4
BW5147 - - - - - - - - -
563 BCS + + + + + + + - ++ ++ -
563 BB4 + + 1 + + + + ++ + ND
563 BD3 + + - - + + + - ++ =
563 AAl + + - - + + + - - + ND
563 BB2 + =3 1 + - - - + - - ND
563 BD2 - - - - + + = — 4 ND
563 BA5-BC10 + + + + = - - ++ - ++
563 BA5-BB3 + + + + - NDtf ND ND ND ND
563 BAS-DE7 + + + + + + + + + ++ ND
563 AC3 + 4+ + + 4+ - + = o +

*Percentages of metaphases containing the relevant human chromosome A minirmum of 18 metaphases of cach hybrid

were examined. —, none; =, 1 to 10%; +, 10 to 30%; ++, >30%.

+ND, not done. For human c-myc transcripts

+'s and = were determined on the basis of analysis of the gel in Fig. 4.
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| hows the karyotype of leukemic cells from
e bone marrow of a case (DeF), with the
(8;14) and 2 constitutional inversion of
chromosome 9 as the only alterations. This
fnaticnt is a boy with an acute lymphocync
akemia (ALL) of the T-cell type. The
faryotype of a cell line, SKW-3, derived
from a 55-year-old male with T-cell chronic
- ymphocyric leukemia (CLL) is shown in
“Fig. 1B. The SKW-3 leukemia cells carried
o copies of the 8q+ chromosome derived
from a £(8;14)(q24;q11) and had additional

& chromosomal abnormalitics.
© By cleavage of DeF DNA with Bam HI,
| Eco R1, and Hind 11T and hybridization of
8 the fragments with a human cye cDNA
8 clone (Ryc 7.4) (9, 11), we determined that
S the c-myc gene was 1n its gcrmli.nc configura-
tion in DeF cells. Since the Bam HI site 5
B o the c-mye gene is 14.5 kilobases (kb) from
9 the first exon of c-myc (12), these results
"~ hdicate thar the breakpoint was either more
- than 14.5 kb 5 to the first exon or was 3' to
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ig. 2. Rearrangement distal to the c-mye locus in human T-cell leukemia cells. (A) Restricion map of the region
" 3"to the c-myc locus on chromosome 8. The restriction map

= 2). Molt 4 is a human T-cell leukemia cell line that does not carry @ rearrangem

copies of 8q+ (Fig. 1B). Abbreviations: E, Eco RI;
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Fig. L. (A) Representative karyotype of leukemic
cells from patient DeF with t(8;14) translocation
and pericentric inversion of chromosome 9-as the
only abnormalities, the larter was shown to be a
constitutional variant in normal T cells during
clinical remission. The breakpoint on chromo-
some 14 is ar band q11, and the segment translo-
cated to chromosome 8 reflects loss, and possible
rearrangement, of chromosome 14 material. (B)
Representative karyorype of T-cell leukemia cell
line SKW-3 with t(8:14)(q24;911). In addinon
to two copies of the 8q+ chromosome and a
14q—, resuling from the translocation, other
abrormalities (arrows) include a t(3q;3q), a
t(8p;llp), 2 12q+, and absence of the other
chromosome 14. These results are consistent with
the previous cytogenetic analysis of SKW-3 cells
(8).

the c-mye gene. We then used three probes
(pCAl.?S, pPAL.35B, and pPA0.25) spe-
aific for the flanking region 3' t0 the c-mye
oncogene (Fig. 24) © determine whether
the rearrangements occurred within 38 kb
3’ to the c-myc oncogene. We did not detect
rearrangements within this region of DNA
in DeF cells.

On the other hand, we detected rear-
rangements distal (3') to the c-mye gene in
SKW-3 cells (Fig. 2B). The breakpoint in
these cells was between the first Eco RT and
the first Hind 111 site 3 to the c-mye onco-
gene (Fig. 2A). Since the orientation of the
A and k immunoglobulin loci (13, 14) and
of the locus for the a-chain of the T-cell
receptor is the same (4], the present result is
consistent with the “variant” t(8;22) and the
t(2;8) chromosome translocations in Burkitt
lymphomas, where the breakpoints are 3’ to
the involved c-myc oncogene (13, 15). Thus
there appears to be heterogeneity in break-
points on chromosome 8 in T-cell leukemias
with a t(8;14) and n Burkitt lymphoma
(16).

To determine whether the breakpoint in
DeF leukemic cells, as predicred on the basis
of the orientation of the a-chain locus of the
T-cell recepror (4), is 3' to the c-niyc onco-
gene and whether the breakpoint in T-cell
lenkemias carrying the £(8;14) chromosome
translocation involves the locus for the o

X EH

s X X H HE oo
E| S| HH SB H 8| x s|lg E H £ Hl H. B X
_m__ml L J_J_IJ _L VI_J;_'-_‘ :I4

i o) ] /

pPA1.35B pPAD.25
20 30 40
== I — 1

H, Hind 11L; B, Bam HI; X, Xba I; and S, Sst L.

was obrained by chromosome-walking with
man PA 682 cells (19)- (B) Digestion with Eco RI, KpnI,and ——t
" Hind 111 and hybridization with pCAL.78 DNA showed a germline and 2 rearranged band in SKW-3 cells (lanes

chain directly, we fused DeF leukemic cells
with BW5147 mouse T-cell leukemia cells
that are deficient in hypoxanthine phos-
phoribcsyh:ransfc:ase (4). The hybrids were
assayed for the presence of human chromo-
somes; for the c-mos ONCOZENE, which is
located at band 8qll (17); for the c-myc
oncogene; for the V, and C, regions; and
for the expression of nucleoside phosphoryl-
ase (NP), the human constitutive isozyme
that has been localized to a region of chro-
mosome 14 proxirnal o the V, genes at
14qll (4).

Hybrids 563 BB2 and 563 BA5-BC10
(that have rerained the 8q+ chromosome)
contained the human c-myc oncogene and
the C, gene, but had lost the V, gene and
NP expression (Table 1 and Fig. 3). On the
contrary, hybrids 563 BD3, 563 AAl, and
563 BD2 (that have rerained the 14q-—
chromosome) contained V, genes and ex-
pressed human NP but had lost the human
c-myc and the G, gene. Since hybrid cells
carrying the 8q+ chromosome in the ab-:
sence of both the normal chromosome 8 and
the 14q— chromosome contain the germline
c-mye, while hybrids with only the 14q-
chromosome have lost c-myc, the chromo-
some & breakpoint in the DeF leukemic cells
must be 3' (distal) to the involved c-mye.
This is similar to the variant chromosome
rranslocations in Burkire lymphomas (13,
14). We have previously shown that the 5'
end of the c-myc ancogene is more proximal
than its 3' end ar band 24 of chromosome
8 (6). Inaddition, since hybrid cells contain-
ing the 8q+ chromosome in the absence of
the other relevant human chromasomes also
retained all three DNA segments (pCAL.7S,
pPAL.7SB, and pPA0.25) 3’ to the c-myc
oncogene (dara not shown), we conclude
that the chromosome breakpoint in DeF
cells is more than 38 kb 3' to the involved c-
myc oncogene. Finally, these results indicate
that the chromosome breakpoint on chro-
mosome 14 in DeF cells is between the Vg
and the C, genes.

We have previously shown that transloca-

Hind i
ent of chromosome 8 (lanes 1). BL2 is a Burkitt lymphoma with a t(8;22) and
a rearrangement distal (3°) to the involved c-myc oncogene {lanes 3) (13). We have cloned the breakpoint of BL2 cells and found it to be appromate!y 10 kb
3 to the involved c-miyc oncogene. The band representing the rearranged c-myé locus is more intense than the germline band because SKW-3 cells contain two
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tion of the c-myc locus to the heavy-chain
locus on chromosome 14 (6), or the translo-
cation of either the A or the k locus to the ¢
mye oncogene on chromosome 8 (13, 14),
results in the transcriptional deregularion of
the c-mye oncogene involved in the translo-
cation (9, 13, 14). In Burkitt lymphoma, the
c-mye oncogene involved in the transloca-
tion fails ro respond to the normal transcrip-
tional control and is expressed constitutively
at elevated levels (9, 13, 14) while the c-myc
oncogene on the normal chromosome 8 in
Burkitt lymphoma is transcriptionally silent

8 9 10
kb »
=
7.0— -
5.2- -
4.5— -

23.0 b -

6.0— el e e

(9, 13, 14). Therefore, we have examined
the expression of the c-myc oncogene in-
volved in the t(8;14) chromosome translo-
carion versus that of the c-myc oncogene on
the normal chromosome 8 in somatic cell
hybrids between BW5147 mouse leukemic
and DeF human leukemic cells.

We have previously shown that the tran-
scripts of the mouse and the human c-myc
oncogene can be distinguished by $; nucle-
ase protection experiments (9). Hybrid 563
BAS-BC10 (containing the 8q+ chromo-
some) expressed human comyc transcripts

1 223 45 6 78 910

7
e
I &

m.'-k‘~1wn¢.iw."'_ a
k 1 ;
¥

Fig. 3 (lcft). Southemn blotting analysis of hybrid
clones. (A) Hybridization of Hind 1Il-digested
cellular DNA with the V, probe (4). Lane I,
BW5147 DNA, lane 2, DcF DNA; lanes 3-10,
hybrnid DNA's (lane 3, 563 BC5; lane 4, 563
BD3; lane 5, 563 BD2; lanc 6, 563 BA5 BC10;
lane 7, 563 AAl; lane 8, 563 BB2; lane 9, 563
BAS DE7; lane 10, 563 BA5-BB3). (B) Hybrid-
izaton of Hind ITI-digested cellular DNA with
the C,, probe (4). DeF DNA is in lane 2 and BW
5147 DNA is in lane 6 and the hybrid DNA’s arc:

lane 1. 563 BA5-BC10; lane 3, 563 BA5-BB3; lanc 4, 563 BA5-DE7; lane 5, 563 BB4; lane 7, 563
BD3; lane 8, 563 BC5; lane 9, 563 AAL, lane 10, 563 BD2. (C) Hybridization of Bam HI-digested
cellular DNA hybridized 1o the c-mpe cDNA (Ryc 7.4) probe (6). Lane 1, DeF DNA,; lane 2, BW5147
DNA; hybrid DNA’s are in lanes 3-10 (lane 4, 563 BA5-BC10; lane 5, 563 BB4; lane 6, 563 BB2; lane

7,563 BD3; lane 8, 563 BC5; lane 9, 563 BD2; lane 10, 563 BA5 BB3).

Fig. 4 (nght). 51 nuclease

protection analysis of RNA expressed in parental and hybrid cells, The S1 probe was pRyc 7.4, a human
c-myc cDNA clone that carries a 1.2-kb insert of the human c-myc ¢DNA in pBR322 (9). The pRyc 7.4
plasmid DNA was digested by Bl 1, 5 end-labeled with **P and used as a probe as described (9, 13,
14). The expected fragment protected by human c-mye messenger RNA (1034 nucleotides) encom-
passes most of the protein-coding sequence (9). Expression of human c-mye transcripts was detected in
DeF human lenkemia cells (lane 1); in Jurkat human T-cell lymphoma cells (lanc 9); in SKW-3 T-cell
leukemia cells (lane 4); in GM1500-6TG-OUB mmorigenic human lymphoblastoid cells, in which the
expression of ¢-mye transcripts is very elevated (lane 10) (18); and in hybrid 563 BA5-BC10 (lane 5).
The mouse BW5147 leukemic cells express mouse c-myc transcripts that are not detectable by the

human c-mye probe (lane 8) as

shown previously (9, 13, 14). The size marker in lane 2 is 5" **P-labeled
0 %-174 digested with Hae II1, In lane 3, no RNA was included. We did not detect the expression of

human c-myc transcripts in hybrids 563 BD3 and 563 BCS (lanes 6 and 7, respectively).

886

while hybrids 563 BC5 and 563 BD3 (con-
taining the normal 8) did not (Fig. 4, lanes =

5, 6, and 7). The lower c-miyc expression in
hybrid 563 BA5-BC10 compared to that of
the parental DeF cells is due to the presence
of the 8q+ chromosome in only 16 of 28
metaphases examined in the hybrid and ro
the fact that the parental mouse BW5147
cell is near tetraploid. Thus, the involved
human c-mye gene is diluted at Jeast four- to
sixfold in the hybrid. Hybrid 563 ACS3,
which contains the 8q+ chromosome in
10% of its cells but has lost the normal
chromosome 8, also expressed human c-mye
transcripts (Table 1). The results indicate
thar the translocation of the C, locus of the
T-cell receptor to a region 3' to the c-mye
oncogene results in its ranscriptional dereg-
ulation in a T-cell background. This obser-
vation closely parallels previous findings
concerning c-mye deregulation in Burkitt
lymphomas (9, 13, 14). Thus the locus for
the a-chain of the T-cell receptor seems to
contain genetic clements capable of actvat-
ing gene transcription # cif over consider-
able chromosomal distances.

REFERENCES AND NOTES

1. L. Zech er al., Int. J. Cancer 32, 43 (1981); F.

Hecht, R. Morgan, B, K-M Hechy, S, D Smith,

Science 226, 1445 (1984)

C. M. Croce ef al., Saence 227, 1044 (1985).

D. Williams e al. Cell 36, 101 (1984).

1. Erikson, D. Williams, J. Finan, P'. C. Nowell, C

M. Croce, Saience 229, 784 (1985)

5. J. Erikson, D, L. Williams, ]. Finan, P, C. Nowell,
C. M. Croce, Prac. Natl. Acad. Sei, US.A. 79, 5611
(1982)

]

6. R. Dalla-Favera et al., ibid., p. 7824.

7. C.|. F. Coubet et al., C. R, Acad. Sci. Ser. B 300,
171 (1985),

8. E. A. Shima et al., Proc. Natl. Acad. Sa. US. A in
press

9. K. Nishikura et al., ibid. 80, 4822 (1983); A. ar-

Rushdi er al., Science 222, 390 (1983).

10. ¥. Tsujimoto, J. Cossman, E Jaffe, C. M. Croce,
Science 228, 1440 (1985)

11. J. Erikson, A. ar-Rushdi, H. Drwinga, T’ C. Nowell,
C. M. Croce, Proc. Natl. Acad. Sei. US.A. 80, 820
(1983).

12. L. C. Showe et al., Mal. Cell, Biol. 5, 501 (1985)

13. C. M. Croce ¢t al., Proc. Natl. Acad. Sci. US.A 80,
6922 (1983)

14. J. Erikson et al, ibid., p. 758].

15. B. S. Emanuel et al., Nuceic Acids Res. 13, 381
(1985).

16. €. M. Croce and P. C. Nowell, Blond 65, 1 (1985)

7. ]. E. Coubet et al., EMBO ]. 4, 2245 (1985)

18. C. M. Croce e al., Proc. Natl. Acad. Set. US.A 81,
3170 (1984).

19. L. K. Sun, L. C. Showe, C. M. Croce, Nudeic Acids
Res., in press.

20. Supported in_part by grants from the National
Insatutes of Health  [CA39860, CA10815,
CA25875 (C.M.C.), CA35150 (P.C N.), CA39926
(B.S.E.), GM31060] and a grant from the Amcrican
Cancer Sociery [JFRA-122 (K.N)]. J.E. is the
recipient of 2 Monica Shander Fellowship.

27 December 1985; accepted 4 March 1986

SCIENCE, VOL. 232

i



