
bates the uncertainties in the total luminos- 
ity. Several investigators have suggested that 
since Nu is expected to exceed 6, the obser- 
vations are consistent only with very hard 
equations of state or with the formation of a 
black hole (9). These researchers have not 
included the uncertainties in the energy 
arising from small number statistics. Equa- 
tion 3 shows that even if we assumed 
Nu = 8, the total energy emitted would still 
be consistent with the binding energy of a 
l.ehiiO neutron star (where Mo is the solar 
mass) and a wide range of equations of state 
(14). 

The success of this simplified model im- 
plies that it will be difficult to use the 
observed neutrino flux to confirm more 
detailed models. The supernova has con- 
firmed the general picture of core collapse; 
however, it has not provided sufficient data 
to discriminate between equations of state 
or to validate specific detailed models. There 
is no need to evoke new particle physics or 
complicated astrophysical scenarios to ex- 
plain the observed data. When a supernova 
is observed in our own galaxy, the detectors 
should record many hundreds of events and 
neutrino spectroscopy may then reveal sur- 
prises about stellar collapses and weak inter- 
action physics. 
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Differential Expression of c-my& mRNA in Murine B 
Lymphomas by a Block to Transcription Elongation 

Expression of c-myb proto-oncogene messenger RNA (mRNA) and protein has been 
detected principally in tumors and in normal tissue of hematopoietic origin. In each 
hematopoietic lineage examined, expression of the c-myb gene is markedly downregu- 
lated during hematopoietic maturation. However, the mechanism by which differential 
expression of the c-myb gene is regulated is not known. In murine B-lymphoid tumor 
cell lines, the amount of steady-state c-myb mRNA is 10 to more than 100 times 
greater in pre-B cell lymphomas than in B cell lymphomas and plasmacytomas. The 
downregulation of c-myb mRNA correlates with events at the pre-B cell-B cell 
junction. Differential expression of c-myb mRNA levels detected between a pre-B cell 
lymphoma and a mature B cell lymphoma is now shown to be mediated by a block to 
transcription elongatioil in the first intron of the c-myb locus. In addition, this 
developmentally regulated difference in transcriptional activity is correlated with 
alterations in higher order chromatin structure as reflected by changes in the patterns 
of hypersensitivity to deoxyribonuclease I at the 5' end of  the c-myb transcription unit, 
Regulation of transcription elongation may provide a more sensitive mechanism for 
rapidly increasing and decreasing mRNA levels in response to external stimuli than 
regulation of the initiation of transcription. 

T HE C-myb PROTO-ONCOGENE, 

which encodes a nuclear DNA bind- 
ing protein (1 ), is the normal cellular 

homolog bf the transforming gene of avian 
myeloblastosis virus (2). Although its nor- 
mal function is unknown, the c-myb gene is 
expressed predominantly at immature stages 
of development in the hematopoietic system 
(3). Levels, of c-my6 messenger RNA 
(mRNA) are markedly decreased during 
chemically induced differentiation of several 
hematopoietic tumor cell lines (4). Steady- 
state levels of c-my6 mRNA in murine pre-B 
cell lvm~homas are 10 to more than 100 
time; grLater than those in B cell lympho- 
mas and plasmacytomas, and the difference 
correlates-with events at the pre-B cell-B cell 
junction (5 ) .  The steady-state level of c-my6 
mRNA in the pre-B cell lymphoma line 
70Zi3B is 10 to 20 times greater than that 
expressed by the mature B cell lymphoma 
A20.2J (Fig. 1A) (6). 

To examine the possibility that differences 
in steady-state levels of c-lnyb mRNA 
expression are due to differences in message 
stability, we measured the half-life of c-myb 

mRNA in these two cell lines after inhibi- 
tion of RNA synthesis by actinomycin D. 
We found that the stability of c-my6 mRNA 
does not differ significantly between these 
two cell lines (Fig. 1B). From this experi- 
ment, we estimate the half-life of c-myb 
mRNA to be approximately 3 hours in each 
cell line. For comparison, we determined the 
half-life of histone protein 2B mRNA to be 
approximately 30 minutes in each cell line, 
in good agreement with previously reported 
estimates (7). Thus, the 10- to 20-fold dif- 
ference in c-myb mRNA expression between 
the 70Zi3B pre-B cell lymphoma and the 
A20.2J B cell lymphoma is not due to 
differences in c-myb mRNA stability. 

To investigate the possibility that the 
difference in c-myb mRNA expression in 
these two lines is transcriptionally regulated, 
we used a nuclear run-on assay. When a 
plasmid containing a 2.4-kb murine c-myb 
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complementary DNA (cDNA) was used as a 
target, transcription of the c-myb locus was 
readily detected in 70Z/3B (Fig. 1C). How- 
ever, c-myb transcription was not detected 
si@chtly above background in A20.27. 
B; contrast, transcription of the glyceralde- 
hyde-3-phosphate dehydrogenase gene was 
quivalent in each cell line. The 10- to 20- 

Fig. 1. (A) Exptession of steady-state c-my& 
mRNA levels in the 70Z13B and A20.2J tumor 
cell lines. Total cellular RNA was prepared from 
atponentiallp growing cells by the guanidinium 
isodiocyanate method (16), fractionated on a 
1.0% agarose gel containing (1.22M formalde- 
hyde, and transfetred to a nitrocellulose filter 
(17). Each lane contains 10 pg of total cellular 
RNA. The filter was hybridized to a [32P]adCTP 
nick-translated (18) 2.4kb Eco RI murine c-myb 
EDNA fragment (9). The filter was washed twice 
in 0 . 1 ~  SSC and 0.1% SDS at 56°C for 30 
niinutes, dried, and exposed to Kodak XAR-5 
film with an enhancer screen for 12 hours. (8) 
Half-life of c-ntyb mRNA after treatment with 
actinomycin D. Exponentially growing 702J3B 
&id A20.2J cells were mated with actinomycin D 
at a final concentration of 8 fig/ml. Total d u l a r  
RNA was prepared 17,82, and 280 minutes after 
addidon of actinomycin D. RNA blots, for which 
15 pg of 70Z13B and 45 pg of A20.2J total RNA 
were used, were prepared and washed as de- 
scribed above. The c-myb probe was as described 
above. The h2b probe was a 1.1-kb Xho I-Sac II 
fragment containing the avian h2b gene (19). In 
two independent experiments the half-lives for c- 
ntyb mRNA were 165 and 190 minutes for 
70U3B, and 155 and 190 minutes for A20.2J. 
(C) The transcription rate of c-wyb and& in the 
70U3B and A20.2J ~ l l  lines. Nuclei were pre- 
pared from exponentially growing ceh and frozen 
at -80°C as previously described (20). Nuclei 
from each cell line were thawed simultaneo~ly 
and assayed by nudear run-on transcription as 
described by Groudine et al.. (20) and modified 
elsewhere (21). Equal nmbcrs of counts per 
minute of [32P]aUTP-labeled RNA probes pre- 
pared from each cell line were hybridized to 
nitrocellulose filters containing 5 pg of each 
plasmid. Slot-blotted filters were prepared, hy- 
bridized fbr 36 hours at 6S°C, and washed as 

Fig. 2 DNasc I-hypersensitive sites withim the 5' 
end of the c-my& gene. Nuclei were isolated from 
exponentially growing 70Z13B and A20.2J cell 
Lines as described in the legend to Fig. 1. The 
nuclei were resus nded at a concentration of r approximately 10 per indliliter, ahd aliquots 

""P"" to increasing concentrations of 
DNase (0.1 to 20 pg/ml) for 15 minutes at 
37°C. The digestions were stopped by adding an 
equal volume of a solution containing 1% SDS, 
600 mM NaCI, 20 mM ais (pH 7.4), and 5 mM 
EDTA. DNA was then isolated as described 
previously (U), digested with Eco RI, sk-frac- 
tiomited on 1.0% agaruk gels, and transferred to 
a nitrocellulose filter (24). The filter was hybrid- 
ized with a 3.3-kb Sma I-Eco RI fragment la- 
beled with 32P by nick-translation (18). The filter 
was washed twice in 0.1 x SSC and 0.1% SDS at 
56°C for 30 h u t e s ,  dried, and exposed to 
Kodak XAR-5 film with an enhancer screen for 
24 hours. The resultant audioradiogram are 
shown, and the positions of the observed hyper- 
sensitive sites are indicated by mows. 

fbld difference in steady-state c-myb niRNA 
levels between 70W3B and A20.27 appears 
to be accounted for by differences in tran- 
s&riptional activity at the c-myb IOCUS. 

For other genes that exhibit differential 
levels of transcription, changes in expressiori 
have been associated with alterations in 
higher order chromatin structure in the pro- 

C ,On33 A20.2J 

Control - 
GAD - - - 

C-myb - 4 

Target 

Wous ly  described (21). The plasmids used are 
as follows: pBR322 is a plasmid control; 
plO.lO.l is pBR322 containing a 2.4kb Eco lkI 
mutine c-nryb dlNA fragment (9); and pGAD-28 
is pBR322 containing a 1.26-kb cDNA insert 
with the avian glyceraldehyde-3-phosphate dehy- 
drogenasc coding region (22). Nitrocellulose fil- 
ters were exposed for 4 days to Kodak XAR-5 
film with an enhancer screen at -80°C. 

702/3B A20.2J 
I 11 Ill IV v VI 

R 1 1  I 1  1 , 
I I] 

Exon I Exon 2 
- 
1 kb Probe 

moter region (8). Thus, the difirences in c- 
myb transcription found between the pre-B 
cell lymphoma line 70Z/3B and the A20.2J 
B cell lymphoma l i e  may be regulated by 
factors that also alter the higher order chro- 
matin structure in the 5' end of the gene. To 
examine this possibility we compared deoxy- 
ribonudease I (DNase I) sensitivity of the 
genomic region that contains the first two 
exons of the c-myb locus (6, 9). A 7.6-kb 
genomic Eco RI fragment contains 1.1 kb of 
5' fhking/untranslatd si3quence plus the 
first and second exons of the c-myb locus 
(Fig. 2). Limited digestion of 70W3B and 
A20.2J nuclei with DNase I showed no 
signilicant difference in the overall sensitiv- 
ity of this region betweeh the two cell lines. 
However, of the six DNase I-hypersensitive 
sites identified in Fig. 2, these cell lines differ 
quantitatively at sites I, IV, and VI. Al- 
though differences at sites I and VI appear 
to be qualitative in Fig. 2, site I is detected 
in A20.2J and site VI is detected in 70W3B 
upon prolonged exposure. We confirmed 
the positions and the relative sensitivities of 
each hypersensitive site by the indirect label- 
ing technique for which we used a 0.5-kb 
Eco &Hind 111 fragment derived from the 
5' end of this region and by using different 
resmction enzymes. Thus, the large quanti- 
tative differences in steady-state c-myb 
rnRNA detected at different stages of B cell 
development are correlated with alterations 
in higher order chromatin structure in the 
region encompassing the first and second 
exons of the c-myb locus. 

Using the nuclear run-on transcription 
assay, we examined tkanscription across the 
7.6-kb Eco RI genomic region that contains 
the first two exons of the murine c-myb 
locus. The 7.6-kb Eco RI fragment was 
divided into four regions (fragments PI to 
D) (Fig. 3A). Transcription was detected in 
the 70D3B pre-B cell lymphoma line in the 
regions containhg the first exon, first in- 
tron, and the second exon (fragments B to 
D) but not in fragment A, which is located 
on the 5' side of the first exon. Hybridiza- 
tioh to fragment A could not be detected 
even after prolonged exposure of the film. In 
addition, when the 7.6-kb Eco kI fragment 
was examined by Bam HI digestion, which 
generates a 1.1-kb fragment on the 5' side of 
the 6rst exon, transctiption was not detected 
in this region. Thus, if transcription occurs 
on the 5' side of the first exon, it is below 
the limits of detection in the 70W3B cell 
line. When nuclear run-on probes were gen- 
erated from the A20.2J B cell lymphoma 
line, transcription detected with fragment B 
(which contains exon 1) was equivalent to 
that seen in 70D3B. However, in the the 
A20.2J cell line, transcription detected with 
fiagment C was one-fifth to one-third of 
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that relative to 70W3B, and no transcription 
was detected with fragment D (which con- 

A20.2J cell lines. Thus, the difference in 
amount of steady-state c-my& mRNA be- 
tween the 70W3B pre-B cell lymphoma line 
and the A20.2J B cell lymphoma line ap- 
pears to be the result of a block to transcrip- 
tion elongation rather than a difference in 
transcription initiation. 

Hybridization of 70Z3B nudear run-on 
probes to Eragment B was consistently two 
to three times higher, relative to hybridiza- 
tion to Eragment D, than would be predicted 
solely on the basis of target size. One possi- 
ble explanation for this observation would 
be that antisense transcription takes place in 
this region as has been recently reported in 
the c-my& gene (12, 13). To examine this 
possibility, we used single-stranded M13 
dona  that contain a 1.05-kb insert covering 
the first exon region (Fig. 3B) (9). As 
shown in Fig. 3B, hybridization to both 
sense and antisense strands was detected 
with nudear run-on probes h m  both the 
70W3B and A20.2J cell lines. Since tran- 
scription is approximately equivalent on 

both strands, antisense transcription appears 
to account for the discrepancy in hybridiza- 

tains the second exin). After prolonged 
exposure, hybridization of nuclear run-on 
probes (derived fiom A20.2J nuclei) to frag- 
ment D could not be detected above back- 
ground levels of hybridization to pBR322. 
Although a small amount of steady-state 
c-my& mRNA is detected by RNA blot 
analysis in A20.2J (Fig. lA), low transcrip 
tion levels of a moderately stable mRNA are 
difficult to detect by the nudear run-on 
assay and would account for the lack of 
hybridization to fragment D in this case 
(10). As shown in Fig. 3A, all of the tran- 
scription detected with the 7.6-kb Eco RI 
fragment was sensitive to a-amanitin at lev- 
els shown to inhibit transcription by RNA 
polymerase I1 (1 1 ). Under these same condi- 
tions, transcription by RNA polymerase I 
was not affected as measured by hybridiza- 
tion of nuclear run-on probes to a target 
specific for the 28s ribosomal RNA (Fig. 
3A). In addition, hybridization did not de- 
tect reiterated sequences in the 7.6-kb Eco 
RI fragment, since it hybridized only to a 
single band when used as a probe on geno- 
mic DNA and RNA blot analysis. Southern 
blot analysis has shown that the c-my& locus 
is not amplified in either the 70W3B or the 

tion to fragment B relative to frag"ent D. 
We do not detect antisense transcription in 
the region containing the second exon when 
we use single-stranded M13 clones. Thus, all 
of the hybridization to fragment D in Fig. 3 
represents sense transcription. In addition, 
when differences in target size are consid- 
ered, the level of sense transcription detected 
by hybridization to the 1.05-kb Bam HI 
target is approximately equivalent to that 
detected by hybridization to the 2.4-kb 
cDNA target. Although these findings do 
not rule out the possibility that some block 
to transcription elongation occurs in 
70Z/3B, it suggests that most of the sense 
transcription that begins in exon 1 continues 
through to the second exon in this cell line. 

Our data indicate that the transcriptional 
downregulation of c-my& mRNA in the 
A20.2J B cell lymphoma line results primari- 
ly fiom a block to transcription elongation 
rather than to differences in the intrinsic rate 
at which transcription is initiated. Although 
transcription elongation is blocked at &is 
point, these experiments do not distinguish 
whether this is the result of premature chain 
termination or a pausing of RNA polymer- 
ase prior to further chain elongation. 
Regardless, the functional block to tran- 
scription elongation within the region of 
intron 1 is a general property of murine B 
lymphoid tumor cell lines beyond the pre-B 
cell stages of development. There is little or 

C -h* 
PI; 

FLg. 3. (A) Transcription of the c-m-yb locus in the 
exon 1 and exon 2 genomic regions assayed by 
nuclear run-on transcription. Nuclei from expo- 
nentially growing 70W3B and A20.2J cell lines as 
well as nuclear run-on probes were prepared as 
described in the legend to Fig. 1. The plasmid 
pmybl3 contains a 7.6-kb Eco RI fragment of 
murine genomic DNA which encompasses the 
c - y b  exon 1 and exon 2 regions (6, 9). The 
restriction map and the locations of exon 1 and 
exon 2 are as shown. The hatched region in exon 
1 represents the region of heterogeneity defined 
by S1 nucleax protection at the 5' end of c-myb 
mRNA (9). Ten micrograms of p y b 1 3  were 
digested with Eco RI and Hind 111, fractionated 
on a 1.0% agarose gel, and transferred to nitrocel- 
lulose filters (24). Control filters are slot-blotted 
with 5 pg each of AD-28 and pB, which 
contains a portion o P" the human 18s ribosomal 
RNA gene (25). The filters. were hybridized to 
nudear run-on probes and washed as described in 
the legend to Fig. 1. After k i n g  washed, filters 
were dried and exposed to Kodak XAR-5 film 
with an enhancer screen at -80°C. (8) Detection 
of both sense and antisense transcription in exon 
1 of the murine c-nryb locus. Nuclei were prepared 
and run-on transcription assays were perfo~~ned as 
described in thc legend to Fig. 1. [32P]aUTP- 
labeled RNA from 70ZJ3B or A20.2J was hybrid- 
ized to filters containing 5 pg of each of the 
following plasmids or M13 clones: sense and 
antisense transcription are detected by M13mplO 
clones with the 1.05-kb Barn H I  exon 1 region 
(9) in appropriate orientations; Ml3mplO single- 
stranded DNA control; and p10.10.1 (c-my&) and 
pGAD-28 as described in Fig. 1. Filters were 
dried and e+ to Kodak XAR-5 film with an 
enhancer screcn for 4 days. B, Barn HI; H3, H i d  
111. 

no bl&k to transcription elongation in a 
second pre-B cell lymphoma, 1881.B4, but 
such a block does account for the downregu- 
lation of c-my& mRNA in the immature B 
cell lymphoma cell line WEHI-231 and the 
plasmacytoma cell line MPC-11. The rate of 

GAD - - 
rRNA - - k c r i p t i o n  initiation in these cell lines 

does not differ sigdcantly from the rate 
reported here for the 70W3B and A20.2J 
cell lines. 

Differential expression of c-myc mRNA is 
regulated partially by a block to transcrip 
tion elongation in the fist intron of the c- 
myc gene (12,13,14). As both the c-myc and 
c-my& genes are associated with cell growth 
and proliferation, regulation of transcription 
elongation may a more sensitive 
mechanism for the rapid increase or decrease 
of mRNA levels in response to external Antisense - 

Sense - - 
Control - 

GAD - - 
stimuli than regulation df the initiation of 
transcription. Thus, it is of interest that 
expression of both c-myc and c-my& mRNA 
increases markedly during progression h m  
the GO to the GI stage of the cell cyde (15). 
By keeping these genes in a transcriptionally 
active state, simple removal or alteration of 

rnyb - 0 

the block would provide a rapid means to 
increase steady-state mRNA levels. The re- 
gion in which transcription elongation is 
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blocked maps to an approximately 3.3-kb 
Hind I11 fragment (Fig. 3A). I t  is interest- 
ing that DNase I hypersensitive site IV maps 
to this same region of the first intron. Site 
IV is the location of the major quantitative 
difference in DNase hypersensitivity be- 
tween the 70Zi3B and the A20.2J cell lines, 
and map be functionally associated with the 
block to transcription elongation. Thus, it 
will be of interest to determine whether the 
DNase I hypersensitivity in this region re- 
flects binding of a trans-acting factor that 
can mediate a block to transcription elonga- 
tion. 
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Expression of an Exogenous Growth Hormone 
Gene by Transplantable Human Epidermal Cells 

Retrovirus-mediated gene transfer was used to introduce a recombinant human 
growth hormone gene into cultured human keratinocytes. The transduced keratino- 
cytes secreted biologically active growth hormone into the culture medium. When 
grafted as an epithelial sheet onto athymic mice, these cultured keratinocytes reconsti- 
tuted an epidermis that was similar in appearance to that resulting from normal cells, 
but from which human growth hormone could be extracted. Transduced epidermal 
cells may prove to be a general vehicle for the delivery of gene products by means of 
grafting. 

T H E  EPIDERMIS IS A STRATIFIED EPI- 
thelium whose principal cell type, 
the keratinocyte, can be serially 

propagated in culture (1 ) . Human keratino- 
cytes grow rapidly under appropriate culture 
conditions, and it is ossible to expand a 1- P cm2 biopsy to 1 m of epithelium within 
about 3 weeks. The cultured epithelium can 
be detached from the surface of a dish as an 
intact sheet and grafted onto a suitable bed. 
Epithelia prepared in this wap have been 
extensively used to regenerate an epidermis 
on burned humans (2). The cultivability of 
keratinocytes makes them suitable target 
cells for genetic manipulation. As a first 
step, we have used highly transmissible re- 
troviral vectors to transfer DNA sequences 
into cultured keratinocytes. We now report 
successful transfer and expression of the 
gene encoding human growth hormone 
(hGH). 

Gene transfer into keratinocytes was ac- 
complished with transmissible retroviruses 
generated from the +AM cell line (3) .  
Recombinant viruses produced by the +AM 
cell are free of detectable replication-compe- 
tent virus and have an amphotropic host 
range and therefore can infect cells of vari- 
ous mammalian species, including the hu- 
man. 

The structures of the recombinant ge- 
nomes that we used are shown in Fig. 1A. 
The vectors ZipneoSV(X) and DOL have 
been described (4). Cell lines derived from 

+AM that produce ZipneoSV(X) virus 
(termed +AM2275) and DOL-hGH virus 
(+AM DOL-hGH) both yielded titers of 
10' G418-resistant colonies per milliliter 
when assayed on NIH 3T3 cells. T o  infect 
human keratinocytes, we cocultivated them 
with lethally irradiated producer +AM cells, 
since direct contact of virus-producing cells 
with recipient cells is an efficient means of 
transmitting the virus (5). The producer 
+AM cells also provided fibroblast support 
necessary for optimal growth of the human 
keratinocytes (1). Three strains of keratino- 
cytes derived from the foreskins of new- 
borns (AY, YF17, and YF19) were coculti- 
vated with lethally irradiated +AM2275 or 
+AM DOL-hGH cells for 3 to 4 days. The 
+AM cells were selectively removed by a 
brief EDTA treatment, and the adherent 
keratinocytes were then detached with tqp -  
sin and inoculated onto a feeder layer of 
G418-resistant 3T3-J2 cells in medium con- 
taining G418 at 0.6 mgiml. By 6 days, all 
drug-sensitive cells were eliminated, and the 
cultures were then grown in nonselective 
medium for 2 to 3 days before transfer. 

The effectiveness of the gene transfer was 
determined by plating freshly infected kera- 
tinocytes at clonal density in medium with 
and without G418. The number of resistant 
colonies was found to be 0.1 to 0.5% of the 
total number of colonies, for both of the 
viral constructs and for the three strains of 
keratinocytes. 

The G418-resistant keratinocyte colonies 
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