
fibrin-Sepharose is 11100 of that of un- 
conjugated urokinase, at both 2.5 and 15 
hours, The control conjugate does not 
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differ significantly from unconjugated 
urokinase. These results have been re- 
produced in separate experiments with 
three different conjugate preparations. 
Urokinase-antifibrin conjugate enhances 
the rate of release of peptides from fi- 
brin-Sevharose, and this effect is unim- The Role of the c-mos Gene in the 8;21 Translocation in Human 

Acute Myeloblastic Leukemia paired by fibrinogen at a physiologic 
concentration (Fig. 2). P-Peptide inhibits 
fibrinolvsis of urokinase-antifibrin coniu- Abstract. The human c-mos proto-oncogene is located on chromosome 8 at  band 

q22, close to the breakpoint in the t(8;21) (q22;q22) chromosome rearrangement. 
This translocation is associated with acute myeloblastic leukemia, subgroup M2. The 
c-myc gene, another proto-oncogene, has been mapped to 8q24. The breakpoint a t  
8q22 separates these genes, as  determined by in situ hybridization of c-mos and c- 
mycprobes. The c-mos gene remains on the 8q- clzromosome and the c-myc gene is 
translocated to the 21q+ chromosome. Southern blot analysis of DNA from bone 
marrow cells offour patients with this translocation showed no rearrangement of c- 
mos. 

gate, whereas it has no effect on the 
fibrinolytic rate of unconjugated uroki- 
nase or control conjugate. In the pres- 
ence of P-peptide (1 '5 mglml) during the 
incubation of urokinase with fibrin-seph- 
arose, 82 percent of the increase in fi- 
brinolysis is blocked. Taken together, 
the data in Fig. 2 and the P-peptide 
inhibition of increased fibrinolysis are 
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and is transcriptionally activated in the 
t(8;14) (q24;q32) translocation of Burkitt 
lymphoma after juxtaposition with the 
immunoglobulin gene sequences (11). The 
chromosomal band to which c-mos has 
been mapped is also the site of one of the 
breakpoints in the t(8;21)(q22;q22) of 
acute myeloblastic leukemia (AML) (12, 
13). We have begun a study of this translo- 

consistent with the specificity of anti- 
body 64C5 (4). 

Thus a monoclonal antibody specific 
for fibrin is able to target the plasmino- 
gen activator urokinase to fibrin and, by 
virtue of enhanced local concentration, 
increase the efficiency of plasmin lysis 
by a factor of 100. The antibody is suffi- 
ciently fibrin-specific that physiologic 
concentrations of fibrinogen do not inter- 
fere with enhanced fibrinolvsis. Fibrino- 

cation to explore the possibility that c-mos 
may be activated by the rearrangement. 

The 21q+ chromosome (which con- lytic effectiveness is not increased by the 
coupling of urokinase to a monoclonal 
antibody of irrelevant specificity, and it 

tains the distal portion of chromosome 8) 
from malignant cells of a patient having 
the M2 subtype of AML (AML with The cellular homolog (c-mos) of the 

transforming sequence (v-mos) of the 
is diminished by a peptide representing 
the epitope recognized by the fibrin- 
specific antibody. If these effects can be 

maturation) and a t(8;21) carries the 
Molonev murine sarcoma virus has translocated c-myc gene but lacks the c- 

ntos gene (14). We now provide evidence 
from two additional cases that the c-ntos 

transforming activity when linked to a 
viral long terminal repeat (LTR) and 
transfected into NIH 3T3 cells (I). Tran- 

demonstrated in vivo, the dose of uroki- 
nase required for effective lysis of a 
thrombus would result in only minimal gene remains on the 8q- derivative 

chromosome after the t(8;21), whereas 
the c-myc gene is translocated to the 
21q+ chromosome. To detect possible 

fibrinogenolysis, the major impediment 
to the widespread application of this 
form of therapy. 

scriptional activation of c-mos has also 
been observed in non-virally induced 
mouse plasmacytomas XRPC-24 (2) and 
MOPC-21 (3,4) after insertion of an LTR 
(from an intracisternal A-type particle) at 
the 5' end of the c-mos gene coding 

Note added in proof: Preliminary re- rearrangements of c-mos due to the 
translocation breakpoint, we have also 
analyzed the genomic DNA from the 
malignant cells of four AML patients 
with a t(8;21). 

DNA probes were derived from (i) a 

ports of a similar nature have been re- 
ported (13). 

region. Apart from these two cell lines, 
transcription of c-mos has not been ob- 
served in various normal or malignant 
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Table 1. The statistical analysis of the distribution of observed number of grains (0) over chromosomes 8 and 21 and the expected number (E) if 
grain distribution was according to chromosome length after in situ hybridization with c-mos and c-myc probes. Numbers in parentheses after the 
probe designation represent the number of cells analyzed. Cells were from a normal control (phytohemagglutinin-stimulated peripheral blood 
lymphocytes), or from two AML patients (bone marrow cells) with a t(8;21) (q22;q22). The X2 values corresponding to probability levels below 
0.005 are italicized. The technique for the in-situ hybridization experiments was as described (23). 

Chromosome Normal Patient 1 Patient 2 

C-mos (50) C-myc (50) C-mos (100) C-myc (83) 
Num- tive 
ber length 

(%) 0 E XZ 0 E x2 0 E XZ 0 E X2 

8 2.39 12 5.1 9.3 22 7.5 27.8 23 5.0 64.8 12 4.7 11.3 
8q- 1.79 18 3.8 53.1 4 3.5 0.07 
21 0.85 3 1.8 0.8 2 2.7 0.17 4 1.8 2.7 1 1.7 0.3 
21q+ 1.44 4 3.0 0.3 11 2.9 22.6 
Total* 107 158 211 198 

Total number of grains. 

C-mos (41) C-myc (23) 

chromosome 8 was observed (x2, 
P < 0.005). There was no significant la- 
beling of chromosome 21 or of any other 
chromosomes. Of the 50 metaphase cells 
examined from the hybridizations with c- 
mos, 9 cells (18 percent) showed label on 
one or both chromosomes 8 at bands q22 
or q23. These labeled sites represented 
8.4 percent of all labeled sites. For c- 
myc, 12 of 50 cells (25 percent) showed 
label on one or both chromosomes 8 at 

band q24; this represents 7.3 percent of 
all labeled sites. 

Of 100 metaphase cells with a t(8;21) 
examined from patient 1-[46,XY,t(8;21) 
(q22;q22)] that were hybridized with c- 
mos, 15 cells showed label on 8q21.3 to 
8q23 of the normal chromosome 8, and 
10 were labeled on 8q21 to 8q22 of the 
rearranged homolog (Fig. 1, top). These 
sites represented 7.1 percent (15121 1) 
and 4.7 percent (101211) of all labeled 

sites, respectively. Both the normal 
chromosome 8 and the 8q- chromosome 
were significantly labeled (x2, 
P < 0.005). In contrast, neither the nor- 
mal chromosome 21 nor the 21q+ chro- 
mosome showed significant labeling. 
Analysis of 83 n~etaphase cells hybrid- 
ized with the c-myc probe showed 
significant labeling of both the normal 
chromosome 8 at band q24 (101198, 5 
percent of all labeled sites) and at the 
corresponding band on the 21q+ chro- 
mosome (61198, 3 percent) (Fig. 1, bot- 
tom). The normal chromosome 21 and - . .. 

Barn HI 
3 4 5 1  the 8q- were not significantly labeled. 

Similar results were obtained from hy- 
bridizations of metaphase cells from a 
second patient with this translocation 
[46,XY ,t(8;2l)(q22;q22)(91 percent)/ 
46,XY,t(8;2l),del(9)(q13q31) (9 percent), 
Table 11. 

Thus, in metaphase cells with the 
t(8;21), the c-mos probe hybridized spe- 
cifically to both the normal and rear- 
ranged chromosomes 8, whereas the c- 
myc probe hybridized to the normal 
chromosome 8 and to the 21q+ chromo- 
some. These results indicate that c-mos 
is located proximal to the 8q22 break- 
point in the t(8;21) and remains on the 
8q- chromosome. As anticipated by the 
earlier localization of c-myc to 8q24 (10) 
and by the results obtained with the 
somatic cell hybrids retaining the 21q+, 
this proto-oncogene is translocated to 

Fig. 1 (left). Distribution of labeled sites on 
chromosomes 8 and 21 and on the transloca- 
tion derivatives 8q- and 21q+ after hybrid- 
izations of c-mos and c-myc probes to meta- 
phase cells from patient l ,  an AML patient 
with a t(8;21)(~22;~22). Clusters of -grains 
(filled circles) were observed around band 
8q22 on the normal chromosome 8 and close 

8 8q- 2 1 + to the breakpoint junction on the 8q- chro- 
mosome in hybridizations with the c-mos 

probe. In hybridizations with the c-myc probe, clusters of grains were noted on the distal region 
of the long arm of the normal chromosome 8 at band q24 and on the homologous region on the 
21q+ chromosome. Arrows show the position of the breakpoints on the normal chromosomes. 
The 3H-labeled probes were prepared by nick-translation of the complete plasmids to specific 
activities of 3.6 x lo7 (c-mos) and 7.7 x lo7 (c-myc) count/min per microgram of 
DNA. Fig. 2 (right). Southern blots of DNA from bone marrow cells from four AML 
patients with a t(8;21). DNA was extracted, digested, separated by electrophoresis, and 
hybridized to the probe as previously described (14). The 32P-labeled probe used was prepared 
by nick-translation of the c-mos gene-containing plasmid to a specific activity of -10' count/ 
min per microgram of DNA. Human placental DNA was used as a control (C). Patient 3 has 
been described (14) and cells of patient 1 were used for in situ hybridization here. The size of the 
DNA fragments is in kilobase-pairs. 

the derivative chromosome 21. 
To detect rearrangements of the c-mos 

gene at the molecular level, we prepared 
Southern blots from the Barn HI- and 
Bgl 11-digested DNA of bone marrow 
cells from four AML patients with a 
t(8;21) or human placental DNA; the 
DNA was hybridized with 32~-labeled c- 
mos DNA. In each patient, only germ- 
line-sized fragments were detected with 
these two enzymes (Fig. 2). These re- 
sults do not exclude the possibility of 
rearrangements related to the chrorno- 

SCIENCE, VOL. 229 



4. S. Gattoni-Celli, W. W. Hsiao, I. B. Weinstein, soma1 breakpoint occurring outside the 
c-mos-containing sequences encom- 
passed by the 5'-side Bam HI site (5.0 
kb upstream of the c-mos coding se- 
quence) and the 3' Bgl I1 site (5.2 kb 
downstream of the c-mos coding se- 
quence). 

Our results indicate that the c-mos 
gene remains on the 8q- chromosome 
after the t(8;21) in AML. Analysis of 
complex translocations involving three 
chromosomes (8,21, and a third chromo- 
some) has demonstrated that the junc- 
tion on the 8q- created by the move- 
ment of material from chromosome 21 is 
conserved, whereas the chromosome 
that donates material to 21 is variable 
(16, 17). The observation that there is a 
conserved junction in the three-way 
translocation variants in the t(8;21) of 
AML, in the t(15;17) in acute promyelo- 
cytic leukemia, and in the t(9;22) in 
chronic myeloid leukemia suggests that 
the genes or DNA sequences that are 
relevant to the development of these 
neoplasias are located in such conserved 
junctions (17). In each of the t(9;22) 
complex variants that have been ana- 
lyzed, the c-abl gene is translocated to 
the conserved junction on the 22q- 
chromosome (18). The function of the c- 
abl gene is clearly altered in CML, re- 
sulting in transcripts of an abnormal size 
(19) and in protein products of abnormal 
size and function (20). ~. 

The association of the c-mos gene with 
the conserved junction of the t(8;21) may 
be fortuitous, but it is compatible with 
the hypothesis that this gene is involved 
in the oncogenic process for this type of 
leukemia. The finding that no rearrange- 
ment of c-mos was found in the Southern 
blot analysis does not exclude this hy- 
pothesis, because in other transloca- 
t i o n ~ ,  the breakpoints may be far from 
the affected genes. For example, in the 
t(9;22), the breakpoint on chromosome 9 
is located from 14 kb to more than 100 kb 
upstream of the c-abl gene (21). More- 
over, the Daudi line of Burkitt lympho- 
ma cells, which has a t(8;14), has an 
activated c-myc gene, although no rear- 
rangement has been detected within a 25- 
kb Bam HI fragment (22). 

Note added in proof: After completion 
of this manuscript we learned that tran- 
scription of c-mos was detected in mouse 
testis, ovary, and embryos (24). 

References and Notes 

1. M. Oskarsson, W. L. McClements. D. G. Blair, 
J. V. Maizel, G. F .  Vande Woude, Science 207, 
1222 (1980); D. G. Blair et al., ibid. 212, 941 
(1981) \ . - - . , . 

2. G.  Rechav~, D. Givol, E. Canaani, Nature (Lon- 
don) 300, 607 (1982); E. Cannani et al., Proc. 
Natl. Acad. Sci. U.S.A. SO, 71 18 (1983). 

3. J. B. Cohen, T. Unger, G. Rechavi, E.  Canaani, 
D. Givol, Nature (London) 306, 797 (1983). 

ibid., p. 256. 
5. D. J. Slamon, J. B. deKernion, I. M. Verma, M. 

J. Cline, Science 224, 256 (1984). 20. 
6. R. Muller, D. J. Slamon, J. M. Tremblay, M. J .  

Cline, I. M. Verma, Nature (London) 299, 640 21. 
(1982). 
G. F: Vande Woude, M. Oskarsson, L. W. 
Enquist, S. Nomura, M. Sullivan, P. J .  Fisch- 
inger, Proc. Natl. Acad. Sci. U.S.A. 76, 4464 
(1979). 
R. Watson, M. Oskarsson, G.  F. Vande Woude, 
ibid. 79, 4078 (1982). 
K. Prakash et al., ibid., p. 5210. 
B. G. Neel, S. C. Jhanwar, R. S. K. Chaganti, 
W. S. Hayward, ibid., p. 7842. 
J .  Erikson, A. Ar-Rushdi, H. L. Drwinga, P. C. 
Nowell, C. M. Croce, ibid. 80, 820 (1983); R. 
Taub et al., Cell 36, 339 (1984). 
J .  D. Rowley, Ann. Genet. 16, 109 (1973). 
M. Sakurai, M. Oshimura, S. Kakati, A. A. 
Sandberg, Lancet 1974.11, 227 (1974). 
H. A. Drabkin et al., Proc. Natl. Acad. Sci. 
U.S.A. 82, 464 (1985). 
C. M. Croce et al., ibid. 81, 3170 (1984). 
V.  Lindgren and J. D. Rowley, Nature (London) 
266, 744 (1977). 
J .  D. Rowley, Science 216, 749 (1982). 
C. R. Bartram et al., Nature (London) 306, 277 
(1983); A. de Klein and A. Hagerneijer, Cancer 
Surveys, in press. 

19. E. Canaani et al., Lancet 1984.1, 593 (1984); R. 
P. Gale and E.  Canaani, Proc. Natl. Acad. Sci. 

U.S.A. 81, 5648 (1984); S. J. Collins, I. Kuboni- 
shi, I. Miyoshi, M. T. Groudine, Science 225,72 
( 1 9 R A l  , , - . , . 
J. B. Konopka, S .  M. Watanabe, 0 .  N. Witte, 
Cell 37, 1035 (1984). 
N. Heisterkamp et al., Nature (London) 306, 
239 (1983); J .  Groffen et al., Cell 36, 93 (1984). 
R. Dalla-Favera et al.. Proc. Natl. Acad. Sci. 
U.S.A. 79, 7824 (1982): 
M. M. Le Beau, C. A. Westbrook, M. 0 .  Diaz, 
J. D. Rowley, Nature (London) 312, 70 (1984). 
F. Propst and G. F .  Vande Woude, Nature 
(London] 315. 516 (1985). 
supported b i g r a n k  85-7 of the American Can- 
cer Society and The Leukemia Research Foun- 
dation Inc. (M.O.D.), Department of Energy 
contract DE-AC02-80EV10360, National Insti- 
tutes of Health grants CA 16910 and CA 25568 
(J.D.R.), the University of Chicago Cancer Re- 
search Foundation (J.D.R. and M.O.D.), grants 
HD 13432 from the National Institute for Child 
Health and AG 00029 from the National Institute 
of Aging (D.P.), afellowship from the Leukemia 
Society of America (M.M.L.) and a fellowship 
from the Damon Runyon-Walter Winchell Can- 
cer Fund (H.A.D.). The c-mos-containing 
probes were kindly provided by M. Oskarsson 
and G. Vande Woude; the c-myc-containing 
probe was provided by C. Croce. We acknowl- 
edge the technical assistance of A. Harden and 
R. Espinosa, 111. 

April 1985; accepted 11 June 1985 

Noninvasive Study of High-Energy Phosphate Metabolism in 
Human Heart by Depth-Resolved 3 1 ~  NMR Spectroscopy 

Abstract. Phosphorus-31 nuclear magnetic resonance (NMR) spectra showing the 
relative concentrations of high-energy phosphate metabolites have been recorded 
noninvasively from the human heart in vivo. Spectral data were spatially localized by 
combining a pulsed magnetic Jield gradient with surface NMR excitation-detection 
coils. The location of the selected spectral region was determined by conventional 
proton NMR imaging immediately before examination by phosphorus-31 NMR 
spectroscopy. 

PAUL A. BOTTOMLEY 
General Electric Corporate Research 
and Development Center, 
Schenectady, New York 12301 

Current noninvasive clinical tech- 
niques for assessing injury in heart dis- 
ease utilize the anatomical information 
provided by x-ray computed tomogra- 
phy, ultrasound imaging, y cameras, 
emission tomography, and proton ('H) 
nuclear magnetic resonance (NMR) im- 
aging techniques. Limited information 
on relative perfusion and glucose and 
fatty acid metabolism in the heart is also 
available from y cameras and emission 
tomography by administration of isotopi- 
cally labeled pharmaceuticals (1). An ad- 
vantage of metabolic probes in general is 
that physiologic changes affecting heart 
function are virtually immediately de- 
tectable and can precede anatomic 
changes by days or more. Such probes 
are therefore better suited to monitoring 
therapeutic response. 

Recent applications of natural-abun- 
dance phosphorus-31 (3'P) NMR to the 
detection of high-energy phosphate me- 
tabolism in vivo have provided valuable 
diagnostic information about various 

muscular and cerebral disorders in adults 
and infants without the use of ionizing 
radiation (2). 31P NMR studies of isolat- 
ed perfused rodent hearts have revealed 
transient metabolic response to drug 
therapies (3, 4), cardiotoxic chemothera- 
peutic agents (3, and global and regional 
ischemia (6) in times as short as 1.5 
minutes after onset (7). In most cases, 
pathology is detected by 3 1 ~  NMR spec- 
troscopy as disturbances in the ratios of 
the high-energy metabolites phosphocre- 
atine (PCr) and adenosine triphosphate 
(ATP) as well as inorganic phosphate 
(Pi). 

The in vivo 31P heart studies have 
been extended in situ by enclosing the 
heart in an NMR coil either permanently 
implanted or in open-chest animals (8- 
10); by using catheter NMR coils insert- 
ed through a peripheral blood vessel 
(11); and by restricting the NMR spec- 
trometer sensitivity to the heart by mag- 
netic field profiling and using an external 
NMR coil with the surface musculature 
of the subject surgically removed (12). 
This work was limited to rodents and 
dogs, and the techniques were rendered 
invasive by the necessity of ensuring 
adequate spatial localization of the 31P 
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