
Proc. Natl. Acad. Sci. USA
Vol. 90, pp. 7588-7592, August 1993
Genetics

The Etsl transcription factor is widely expressed during murine
embryo development and is associated with mesodermal cells
involved in morphogenetic processes such as organ formation
ISMAIL KOLA*t, SARAH BROOKES*, ANTHONY R. GREEN*, RICHARD GARBER§, MARTIN TYMMS*,
TAKIS S. PAPAS¶, AND ARUN SETH¶
*Molecular Embryology and Birth Defects Laboratory, Centre for Early Human Development, Monash University, Clayton, Victoria 3168, Australia;
*Department of Haematology, Cambridge University, Cambridge, CB2 2QH, United Kingdom; Novagen Inc., Madison, WI 53711; and lLaboratory
of Molecular Oncology, National Cancer Institute, National Institutes of Health, Frederick, MD 21702-1201

Communicated by Salome G. Waelsch, May 14, 1993

ABSTRACT The Ets family of genes encodes a class of
transcription factors. Etsl is predominantly expressed in the
lymphoid organs of neonatal and adult mice, whereas Et2 is
expressed in every organ examined. In this study, we investi-
gate the expression of Etsl and Ets2 during murine embryonic
development. Our data show that Etsl expression increases in
embryos after implantation and during organogenesis such that
it is expressed in all the organs of day-15 embryos studied. In
later fetal stages, Etsl expression is predominant in the lym-
phoid tissues, brain, and organs that are undergoing branching
morphogenesis (e.g., lung) but is dramatically reduced in other
organs such as the stomach and intestine. In neonatal devel-
opment, Etsl is expressed only in the lymphoid organs and
brain. In situ hybridization analysis demonstrates that expres-
sion of Etsl occurs in mesenchymal cells of developing organs,
in the nervous system, and in forming bone. Furthermore,
expression of Etsl is upregulated in P19 cells induced to
differentiate into mesoderm-like cells. Ets2, on the other hand,
is expressed in differentiated and undifferentiated P19 and F9
cells and in all organs of embryonic, neonatal, and adult mice
studied. These data suggest that Etsl plays an important role
in mesodermal cells associated with morphogenetic processes
such as organ formation and tissue modeling, whereas Ets2
plays a more fundamental role in cells.

The development of a single-cell zygote into an entire orga-
nism containing a variety of organs and differentiated cell
types involves the coordinated expression of numerous
genes. The mechanisms that govern the temporal and tissue-
specific expression of many of these genes involve specific
transcription factors (1-7). Several classes of transcription
factors, including homeobox (3-5), leucine zipper (6), and
helix-loop-helix proteins (7), have been shown to be critical
in development. These different permutations of transcrip-
tion factors are thought to play a major role in developing
diverse pathways of morphogenesis. Thus, data on the ex-
pression patterns of transcription factors are invaluable to an
understanding of both the putative biological role of such
factors as well as the identification of downstream cellular
target genes.
The Ets proteins bind a GGAA purine-rich core sequence

found in the promoters or enhancers of various cellular and
viral genes and can transactivate transcription from such
promoter/enhancer elements. Examples include murine sar-
coma virus long terminal repeat, stromelysin, urokinase
plasminogen activator, ETSJ by autoregulation, TCRA, and
interleukin 2 (8-17). Although overexpression of Etsl and
Ets2 has been shown to transform murine fibroblasts (18, 19),
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the normal biological functions of members of the Ets family
are as yet essentially unknown.
To study the functions of members of the Ets family, the

expression patterns of various Ets genes have been carried
out in a number of cell lines and organ systems (20-24). A
varied pattern of expression for the different family members
has been found. Etsl, for instance, is expressed in a temporal
and tissue-specific manner-predominantly in the lymphoid
organs of neonatal and adult mice (21). Ets2, on the other
hand, is expressed in all organs of neonatal and adult mice
studied and in a wide variety ofcell lines investigated (21, 24).
However, the expression patterns of Etsl and Ets2 during
murine embryonic development are unknown. In this study,
we investigate the expression ofEtsl and Ets2 during murine
embryogenesis and in F9, P19, and murine hematopoietic cell
lines (of different lineages), so as to gain insight into the
biological function of Etsl and Ets2.

MATERIALS AND METHODS
Mice (C57BL/6J x CBA)F1 were mated overnight (vaginal
plug = day 1). Mice were killed, organs were dissected out on
the designated days, and individual organs from different
animals were pooled.
F9 and P19 embryonal carcinoma cell lines were cultured

in monolayers and induced to differentiate with retinoic acid
(25). The following hematopoietic cell lines used were kindly
provided by Don Metcalf and Alan Harris (Walter and Eliza
Hall Institute, Melbourne, Australia), Wendy Cook (Depart-
ment of Surgery, Melbourne University), and Sue Hasthorpe
(Peter Maccallum Institute, Melbourne): IW32, F4N, FLSP,
J2E, FDCP1, 416B, MI, 32D, WEHI 265, WEHI 2743, J774,
PU-5, Fmpl.6, HC3, P815, W401.1, A8, AI7E, W413,
W404.1, W112.1, VL3K7, and RB3.1 (MI, PU-5, and P815
were obtained from the American Type Culture Collection).
Northern blot analysis was carried out using guanidinium

isothiocyanate as described (26-28). Hybridizations were
carried out using the following probes: EtsJ, a 1.8-kb murine
cDNA fragment derived from the 3' untranslated region of
the gene; Ets2, the entire 3.4-kb murine cDNA (29). Probes
were labeled with [32P]dATP by random priming, hybridiza-
tions were performed overnight at 50°C, and filters were
washed at 65°C in 1-0.1x SSPE as described (27).
In situ hybridization was carried out with radioactive

(35S-labeled) RNA probes synthesized in vitro using T7 and
SP6RNA polymerase to generate antisense and sense RNAs,
respectively (30). Tissues were prepared from National In-
stitutes of Health Swiss mouse embryos, fixed in 4% para-
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formaldehyde, and sectioned at a thickness of 7 ,um (30).
Hybridization was carried out for 18 h at 500C and posthy-
bridization washes initially were at 2x standard saline citrate
(SSC) at 50°C and finally at O.lx SSC as described (30).
Tissues were counterstained with Giemsa or hematoxylin and
eosin.

RESULTS
Expression of Etsl and Ets2 During Murine Development.

Northern blot analysis. Etsl is differentially expressed in the
yolk sacs of mouse conceptuses (days 8-12). It is expressed
at high levels on days 8-10, at detectable levels on day 11, and
at low or undetectable levels on day 12 (Fig. 1A). This pattern
of expression correlates with the presence of hematopoietic
stem cells in the yolk sac. We are, however, unable to
discriminate whether the expression of Etsl occurs in some
or all of the different cell types found in the yolk sac (namely,
undifferentiated mesenchymal cells, mesoderm cells, endo-
thelial cells, and hematopoietic stem cells). Ets2, on the other
hand, is expressed at low detectable levels in the yolk sac
throughout this period (Fig. 1A).

Expression of Etsl is regulated in a temporal and tissue-
specific manner during murine development in the embryo
proper. Etsl expression is first detected by Northern blots of
total embryonic RNA on day 8 of gestation. Thereafter, the
levels of Etsl mRNA appear to increase in the embryo such
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FIG. 1. Northern blot analysis of total RNA for Etsl and Ets2
expression in the embryo proper and yolk sacs of mouse conceptuses
(days 8-12) (A); in individual organs of day-15 embryos (B); day-16
embryos (C); adult [using poly(A)+ RNA (D)]; and day-7 neonatal
mice (E). Lanes: 1, 3, 5, 7, and 9, day-8, -9, -10, -11, and -12
conceptuses, respectively; 2, 4, 6, 8, and 10, day-8, -9, -10, -11, and
-12 yolk sacs, respectively. IN, intestine; ST, stomach; SP, spleen;
KI, kidney; LU, lung; LI, liver; HE, heart; BR, brain; and TH,
thymus. Filters (embryonic tissues) were reprobed with an 18S
ribosomal probe [P-actin expression may be regulated during em-
bryonic development (31)] or with ,-actin for neonatal and adult
tissues.

that on day 15 of gestation Etsl is expressed at high levels in
all of the individual organs examined (Fig. 1B), including the
liver (data not shown). On day 16, however, a dramatic shift
in the pattern of Etsl expression occurs; EtsJ is no longer
ubiquitously expressed at high levels (Fig. 1C). Rather, its
high level of expression is maintained in some organs (e.g.,
lung), while in other organs (e.g., stomach and intestine) the
levels of Etsl mRNAs are substantially reduced when com-
pared to those oforgans derived from day-1S fetuses. In day-7
neonatal mice, a further change in the pattern of Etsl
expression occurs-expression now predominantly occurs in
the lymphoid organs and in the brain (Fig. 1E). In adult mice,
expression of Etsl is detected only in lymphoid organs and
lung (at very low levels; Fig. 1D). It is also noteworthy that
the levels ofEtsl mRNA in adult tissues are very much lower
than in embryonic tissues (and in neonatal tissues) since the
detection of Etsl mRNA in adult tissues requires poly(A)+
RNA, whereas in earlier stages total RNA is sufficient.

Levels of Ets2 are also substantially higher in murine
organs during embryonic development as compared to those
from adult mice (Fig. 1 B and D). In adult mice, the thymus
is the organ with the highest levels of Ets2 mRNA (Fig. 1D).
The major difference between expression of Ets2 and Etsl is
that expression of Ets2 is still detected in all organs of the
adult mouse studied, whereas expression of Etsl in adult
mice occurs predominantly in the lymphoid organs.

In situ hybridization analysis of Etsl expression during
development. In light of our findings on the widespread
expression of Etsl at specific times during murine embryo
development (day 15) we carried out in situ hybridization
analysis. Several interesting features of Etsl expression
during embryogenesis were revealed. First, Etsl expression
is detected in organs (Fig. 2 A-C) while they are being
formed. Etsl expression is undetectable in organs such as the
intestine in the late fetal to neonatal period when these have
already been formed (Fig. 2D). Our data also demonstrate
that Etsl is expressed in specific cells of developing organs.
For example, in the developing intestine, the innermost
endodermal cells are negative for Etsl expression while
adjacent mesenchyme is positive (Fig. 2 A-C). Similarly, in
the brain, Etsl expression is found in mesenchymal cells from
day 9 onward, while ectodermal derivatives such as the wall
of the brain and the retina are negative throughout the entire
period we have studied (Fig. 2 E-G). However, organs such
as the adrenal glands, which are mainly mesodermal in origin
(being derived from the peritoneal mesothelium), and the
thymus and spleen, which continue to express EtsJ through
to adult stages, show Etsl expression in all cells at relatively
uniform levels (data not shown). Thus, these data strongly
suggest that Etsl expression in the developing embryo is
associated with the mesodermal cells during organ morpho-
genesis.
The second interesting feature emanating from the in situ

hybridization experiments is expression of Etsl in the ner-
vous system. On day 9, the mesencephalic neural crest cells
around the neural pore express high levels of Etsl (data not
shown) in a manner analogous to that in the chicken embryo
(32). In later-stage embryos (days 14 and 15), the Etsl gene
is expressed at very high levels in the gray matter of the spinal
cord, nervous tissue within the cerebral cortex (Fig. 2H and
I), and cells of the brain surrounding the fourth ventricle (Fig.
2J).
The third interesting finding is the expression of Etsl in

developing bone during murine embryogenesis. EtsJ mRNA
is detected in vertebrae, tail, developing limbs, and other
sites where bone development occurs (Fig. 2 K-N).

Etsl and Ets Expression in F9 and P19 Embryonal Carci-
noma Cell Lines. To examine the expression pattern of Etsl
and Ets2 during differentiation, we compared their expres-
sion in two different embryonal carcinoma cell lines, F9 and
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FIG. 2. Expression ofEtsl detected by in situ hybridization to parasagittal sections ofmouse embryos. (A-D) Expression ofEtsl in the small
(A) [dark-field (DF) micrograph] and small and large (B) (DF micrograph) intestine of day-14 embryos. Expression occurs in mesenchymal cells
and is absent in intestinal epithelium. C is a light-field (LF) micrograph ofA. (D) DF micrograph of the large intestine (IN) from a day-16 mouse
embryo, which is negative for Etsl expression. (E-G) Expression in mesenchymal cells surrounding the otic vesicle (0) (E), spinal canal (S)
(F), and mesenchymal cells immediately adjacent to brain (B) (G). Expression is also detected in the optic nerve (arrows) but not in the brain
(B) and retina (R) (G). (E and F) DF micrographs of day-10 embryos. (G) DF micrograph of day-14 embryo. (H-J) Expression ofEtsl in nerve
tissue. (H and I) LF (H) and DF (I) micrographs from the lumbar region of the spinal cord of day-15 embryos. Gray matter (G) adjacent to the
central canal is positive for Etsl expression, whereas white matter is negative. (J) DF micrograph ofbrain tissue surrounding the fourth ventricle
in day-15 embryos. Cerebral cortex is positive for Etsl expression, whereas white matter is negative. (K-N) Expression of Etsl in developing
bone. (K and L) LF (K) and DF (L) micrographs of vertebral bone sections. Etsl is highly expressed in developing bone (B) and is not detected
in cartilage (C). (M and N) LF (M) and DF (N) micrographs of sections ofthe hindfoot plate of a day-14 mouse embryo. Cartilage (B) is negative
for Etsl expression, whereas the forming bones (C) are positive. (x 10.)

P19, especially since these cell lines differentiate into differ-
ent lineages. F9 cells grown in a monolayer and treated with
1 ,uM retinoic acid differentiate into endodermal cells (25),
whereas P19 cells under similar conditions differentiate into
mesoderm-like cells (25). Our data (Fig. 3) show that Ets)
expression is not detected in undifferentiated F9 and P19
cells. However, Etsl expression is induced in differentiated
P19 cells but not in differentiated F9 cells. These results
therefore show that endoderm-like cells do not express Etsl,
whereas mesoderm-like cells do. In contrast, the Ets2 gene is
expressed in F9 and P19 cells irrespective of differentiation
status.
Etsl andE2 Expression in Hematopoletic Ceil Lines. These

experiments were carried out to gain further insight into the

putative role of EtsJ and Ets2 in hematopoiesis. Our data
show that expression of Etsl occurred in cell lines from only
some lineages ofthe hematopoietic system. The vast majority
of nonlymphoid cell lines investigated did not express the
Etsl gene at detectable levels (Fig. 4A). In the odd instances
in which expression was detected, the levels ofmRNA were
low (Fig. 4A, lane 4). Etsl expression was, however, detected
at relatively high levels in one of three munne mast cell lines
investigated (Fig. 4A). In contrast to the nonlymphoid cell
lines, all B-, T-, and plasmacytoma cell lines investigated
expressed Etsl at very high levels (Fig. 4B). Etsl expression
occurred in B cells at similar levels irrespective of differen-
tiation status (Fig. 4B). Furthermore, the expression of Etsl
in T-cell lines was independent of the CD4/CD8 status of
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FIG. 3. Expression of Etsl and Ets2 in undifferentiated and
differentiated F9 and P19 cells by Northern blot analysis. Etsl is not
expressed in F9 cells irrespective of differentiation status. Etsl
expression is upregulated in differentiated P19 cells. P-Actin is used
as a control.

specific cell lines. Thus, expression of Etsl is restricted
predominantly to lymphoid lineages in the murine hemato-
poietic cell lines investigated, consistent with data on the
expression of Etsl in adult and neonatal organs. Ets2, on the
other hand, was expressed at similar levels in the vast
majority of murine hematopoietic cell lines studied (Fig. 4).

DISCUSSION
Our data on expression of Etsl during murine embryonic
development are interesting for several reasons. Currently, it
is thought, based on findings (21) in neonatal and adult mice,
that expression ofEtsl occurs predominantly in the lymphoid
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FIG. 4. Expression of Etsl and Ets2 in murine hematopoietic cell
lines. (A) Poly(A)+ Northern blot of macrophage (lanes 1-4), eryth-
roid (lanes 5-8), myeloid (lanes 9-12), mast (lanes 13-15), B- (lane
16), and T- (lane 17) cell lines. Lanes: 1, W265; 2, W274; 3, J774; 4,
PU5; 5, F4N; 6, FLSP; 7, IW32; 8, J2E; 9, MI; 10, 416B; 11, FDCP1;
12, 32D; 13, Fmpl.6; 14, HC3; 15, P815; 16, AT7E; 17, VL3K7. (B)
Poly(A)+ Northern blot of various B-, T-, and plasmacytoma cell
lines. Lanes: 1, W401.1; 2, A8; 3, W413; 4, W404.1; 5, P3; 6, MPC11;
7, W112.1; 8, VL3K7; 9, RB3.1. Filters were reprobed with glycer-
aldehyde-3-phosphate dehydrogenase (GAPDH).

organs. In this study, we demonstrate that expression ofEts)
is much more widespread during murine embryonic devel-
opment as compared to neonatal and adult stages. Our data
show that expression of Etsl increases in murine embryos
after implantation and occurs in organs during organogenesis.
In later fetal stages, Etsl expression is predominant in the
lymphoid tissues, brains, and organs that are being remod-
eled and/or undergoing branching morphogenesis (33, 34)
(e.g., kidney, lung, and salivary gland; data not shown for
salivary gland) but is dramatically reduced in other organs
such as stomach and intestine. In neonatal development, Etsl
is expressed only in lymphoid organs and brain; while in adult
organs the gene is only expressed in lymphoid organs. Etsl
is also highly expressed in bone during bone formation
and/or modeling. In situ hybridization analysis demonstrates
that Etsl expression is limited to mesoderm, its derivatives,
and some neuronal tissue. These findings provide insight into
the biological role of the Etsl gene.

Etsl expression during murine embryo development is
associated with morphogenesis and/or tissue modeling.
These morphogenetic processes, including branching mor-
phogenesis, involve the degradation and remodeling of the
extracellular matrix (33). The enzymes necessary for degra-
dation and remodeling of the extracellular matrix include the
matrix-degrading metalloproteinases and the plasminogen
activators (33). Ets) is known to regulate transcription of
matrix-degrading metalloproteinases such as stromelysin (11)
and urokinase plasminogen activator (12). Thus, it may be
that the function of the Etsl transcription factor during these
morphogenetic processes is to regulate transcription of the
genes involved in extracellular matrix degradation and re-
modeling.

Expression of Etsl in developing organs occurs in a
specific subset of cells. Our data demonstrate that Etsl is
expressed at high levels in cells of the mesodermal lineage.
Furthermore, we find in several instances that the cells in
closest contact with the ectodermal cells express Etsl at very
high levels, perhaps indicating that this transcription factor is
involved in polarization of the mesenchyme. Expression of
Etsl in mesodermal lineages is further supported by our
embryonal carcinoma cell experiments. We find that Etsl
expression occurs in cells induced to differentiate into me-
soderm-like cells and that expression is not detected in cells
induced to differentiate into extraembryonic endoderm, an
epithelial-like cell. Furthermore, we do not detect the ex-
pression of Etsl in epithelial cells (with the exception of
endothelial cells, which are mesodermal in origin) and in the
endodermal derivatives of the developing embryo. Thus,
these data show that Etsl expression occurs in mesodermal
cells of organs in the developing mouse embryo.
The suggestion that Etsl expression is strongly associated

with mesodermal cells is also consistent with, and gives
insight into, the data of Etsl expression in the chick (32). Etsl
has been shown to be expressed in endothelial cells (32) and
is strongly associated with formation of immature blood
vessels (10, 32) in chicken embryos and in tissues from
aborted human fetuses. Our data on the expression of Etsl in
differentiated P19 embryonal carcinoma cells suggest that the
expression of Etsl cannot be attributed solely to blood vessel
formation or specific expression of this gene in endothelial
cells per se. Rather, it appears from our data on Etsl
expression during embryogenesis and in embryonal carci-
noma cells that expression of Etsl generally occurs in me-
sodermal lineages or cells, of which endothelial cells are a
part. Thus, expression of Etsl in mesodermal cells of organs
in developing embryos may also occur in other animal
species.
Another interesting finding from our data on Etsl expres-

sion in murine embryos is the expression of the gene in the
developing nervous system. Our Northern blot data demon-
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strate that Etsl is expressed in the brains of mice during
embryonic and neonatal development. In situ hybridization
analysis demonstrates that the meninges and periventricular
cells express Ets) at very high levels. Furthermore, Etsl
expression also occurs in the nerve tissue of the cerebral
cortex and in the gray matter of the spinal cord of developing
embryos. In both these instances, the white matter is negative
for Etsl expression. We detect relatively high levels of Etsl
mRNA in the brains of neonatal mice, thus suggestive of an
important role for Etsl in the nervous system since in mice
the nervous system continues to develop during the neonatal
period (35). It has previously been reported (36) that the ETS
protooncogenes are expressed in astrocytes of the human
cortex. However, that study could not discriminate between
Etsl and Ets2 expression, since a polyclonal antibody raised
against a region of v-ets with homology to both Ets) and Ets2
was used. Data of Etsl expression in migrating neural crest
cells (32) and in nerve tissue of developing embryos may also
be relevant to understanding the molecular genetics of neu-
ronal tumors. It has been shown (37) that Etsl is expressed
in cells of peripheral embryonal neuroectodermal tumors
(specifically, neuroepithelioma and neuroblastoma). Thus,
the finding that Etsl is expressed in developing nervous
system may be related to expression of the gene in neuronal
tumors.
We have also found Etsl expression in the yolk sac while

the hematopoietic stem cells are found in that particular
tissue during development. In addition, Vandenbunder et al.
(32) found that in the chicken embryo early hematopoietic
foci express Etsl, whereas later hematopoietic foci express
Myb. They proposed that this alternative expression ofMyb
and Etsl in hematopoietic cells may be due to a similar
function being carried by these two protooncogenes at dif-
ferent times of ontogeny. It may be that Etsl is involved in
transcriptional regulation of other genes that play a role in
early hematopoiesis. We (16) have previously shown that the
Etsl protein binds sequences found in the promoter of the
granulocyte colony-stimulating factor gene, a growth factor
required for hematopoiesis. Furthermore, in adult tissues and
in hematopoietic cell lines, Ets) is highly expressed in
lymphoid organs and in B- and T-cell lines, respectively, thus
suggesting a role for Etsl in these particular hematopoietic
lineages. Nevertheless, the definition ofthe putative role that
Ets) plays in hematopoiesis, and indeed in the lymphoid
lineage, awaits further experimentation.

Unlike the relatively restricted pattern of Etsl expression,
Ets2 continues to be widely expressed in the organs of adult
mice. Indeed, Ets2 is also found to be widely expressed in
various lineages of hematopoietic cell lines and in F9 and P19
cells, irrespective of the differentiation status. The relatively
widespread expression of Ets2 may be suggestive of a fun-
damental role for this gene. Such a role may be in mitosis of
cells. This idea is supported by the finding that expression of
Ets2 is necessary for completion of meiosis in Xenopus
oocytes (38). Many of the factors involved in meiosis are also
involved in mitosis. Thus, these data suggest different func-
tions for the Etsl and Ets2 transcription factors.

In conclusion, our data suggest that Etsl expression is
strongly associated with mesodermal cells in organs under-
going morphogenetic processes and that the Etsl transcrip-
tion factor has an important role in murine embryo develop-
ment, whereas Ets2 has a more fundamental role in cells. The
use of homologous recombination for the generation of mice
that have a null mutation for Etsl and Ets2 would be useful
for establishing the function of these transcription factors in
murine embryo development.

This work was funded by a Victorian Health Promotion Founda-
tion Programme Grant to I.K. S.B. was supported by a Monash

University Postgraduate Scholarship and A.R.G. was supported by
the United Kingdom Cancer Research Campaign.

1. Gehring, W. J. (1987) Science 236, 1235-1252.
2. Walker, M., Edlund, T., Boulet, A. M. & Rutter, W. J. (1983)

Nature (London) 306, 557-561.
3. Scholer, H. R. (1991) Trends Genet. 7, 323-329.
4. Dressler, G. R. & Douglass, E. C. (1992) Proc. Natl. Acad. Sci.

USA 89, 1179-1183.
5. Levine, M. & Hoey, T. (1988) Cell 55, 537-540.
6. Hoch, M., Gerwin, N., Taubert, H. & Jackle, H. (1992) Science

256, 94-97.
7. Biggs, J., Murphy, E. V. & Israel, M. A. (1992) Proc. Natl.

Acad. Sci. USA 89, 1512-1516.
8. Gutman, A. & Wasylyk, B. (1990) EMBO J. 9, 2241-2246.
9. Wasylyk, C., Gutman, A., Nicholson, R. & Wasylyk, B. (1991)

EMBO J. 10, 1127-1134.
10. Wernert, N., Raes, M., Lassalte, P., Dehouck, M., Gosselin,

B., Vandenbunder, B. & Stehelin, D. (1992) Am. J. Pathol. 140,
119-127.

11. Thompson, C. B., Wang, C. Y., Ho, I.-C., Bohjanen, P. R.,
Petryniak, B., June, C. H., Miesfeldt, S., Zhang, L., Nabel,
G. J., Karpinski, B. & Leiden, J. M. (1992) Mol. Cell. Biol 12,
1043-1053.

12. Urness, L. D. & Thummel, C. S. (1990) Cell 63, 47-61.
13. Ho, I.-C., Bhat, N. K., Gottschalk, L. R., Lindsten, T.,

Thompson, C. B., Papas, T. S. & Leiden, J. M. (1990) Science
250, 814-819.

14. Gunther, C. V., Nye, J., Bryner, R. & Graves, B. J. (1990)
Genes Dev. 4, 667-679.

15. Rao, V. N. & Reddy, E. S. P. (1992) Oncogene 7, 65-70.
16. Ascione, R., Thompson, D. M., Thomas, R., Panayiotakis, A.,

Ramsay, R. G., Tymms, M., Kola, I. & Seth, A. (1992) Int. J.
Oncol. 1, 631-632.

17. Wasylyk, B., Wasylyk, C., Flores, P., Begue, A., Leprince, D.
& Stehelin, D. (1990) Nature (London) 346, 191-193.

18. Seth, A., Watson, D. K., Blair, D. G. & Papas, T. S. (1989)
Proc. Natl. Acad. Sci. USA 86, 7833-7837.

19. Seth, A. & Papas, T. S. (1990) Oncogene 5, 1761-1768.
20. Burtis, K. C., Thummel, C. S., Jones, C. W., Karim, F. D. &

Hogness, D. S. (1990) Cell 61, 85-99.
21. Bhat, N. K., Komschlies, K. L., Fujiwara, S., Fisher, R. J.,

Mathieson, B. J., Gregorio, T. A., Young, H. A., Kasik, J. W.,
Ozato, K. & Papas, T. S. (1989) J. Immunol. 142, 672-678.

22. Pribyl, L.-J., Watson, D., Schulz, R. & Papas, T. S. (1991)
Oncogene 6, 1175-1183.

23. Xin, J.-H., Cowie, A., Lachance, P. & Hassell, J. A. (1992)
Genes Dev. 6, 481-4%.

24. Boulukos, K. E., Pognonec, P., Sariban, E., Bailly, M., La-
grou, C. & Ghysdael, J. (1990) Genes Dev. 4, 401-409.

25. Roguska, M. A. & Gudas, L. J. (1985) J. Biol. Chem. 280,
13890-13896.

26. Chomczynski, P. & Sacchi, N. (1987) Anal. Biochem. 162,
156-159.

27. de Haan, J. B., Newman, J. D. & Kola, I. (1992) Mol. Brain
Res. 31, 179-187.

28. Green, A. R., Salvaris, E. & Begley, C. G. (1991) Oncogene 6,
475-479.

29. Watson, D. K., McWilliams, M. J., Lapis, P., Lautenberger,
J. A., Schweinfest, C. W. & Papas, T. S. (1988) Proc. Natl.
Acad. Sci. USA 85, 7862-7866.

30. Mutter, G. L. & Wolgemuth, D. J. (1987) Proc. Natl. Acad.
Sci. USA 84, 5301-5305.

31. O'Hara, B. F., Fisher, S., Oster-Granite, M. L., Gearhart,
J. D. & Reeves, R. H. (1989) Dev. Brain Res. 49, 300-304.

32. Vandenbunder, B., Pardanaud, L., Jaffredo, T., Mirabel,
M. A. & Stehelin, D. (1989) Development 106, 265-274.

33. Matrisian, L. M. (1990) Trends Genet. 6, 121-125.
34. Chen, J. M. & Little, C. D. (1987) Dev. Biol. 120, 311-321.
35. Rugh, R. (1990) The Mouse: Its Reproduction andDevelopment

(Oxford Univ. Press, Oxford).
36. Amouyel, P., Gegonne, A., Delacourte, A., Defossez, A. &

Stehelin, D. (1988) Brain Res. 447, 149-153.
37. Sacchi, N., Wendtner, C. M. & Thiele, C. J. (1991) Oncogene

6, 2149-2154.
38. Chen, Z., Burdett, L. A., Seth, A. K., Lautenberger, J. A. &

Papas, T. S. (1990) Science 250, 1416-1418.

7592 Genetics: Kola et al.


