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Fig. 3. Northern blot analysis of SO5A. (A) Northern blot of total RNA derived from NT2D1 cells treated with RA
against time, the numbers refer to days grown in 10~5M-RA. The same filter was probed with (top) SO5A, (middle) */5-
actin (probe pGFl), and (bottom) Qass-I HLA (probe pHLA-A; Lee et al. 1982). Two tracks were run for each time
point, the first containing ~5 jig RNA, the second track half this amount. The last track is total RNA derived from
human foreskin fibroblasts (known as HFL). *The changes in signal detected with the /S-actin probe are thought to be
due to interference from 18S ribosomal RNA. (B) Northern blot of total RNAs derived from: ANT2D1; NT2D1;
GTC72 (human VE-like cell line); GTC44 (human PE-like cell line); GTC27 (human EC cell line); probed with SO5A.
Below same filter probed with /S-actin (probe pGFl).

to induce this differentiation; i.e. retinoic acid.
Therefore, it is possible that sequences regulated in
common in these two model systems are the direct
result of RA treatment and not differentiation per se.
An example of this has been observed by Deschamps
et al. (1987) who described the 'inappropriate' ex-
pression of a mouse homeobox-containing gene
H24.1. They showed that in RA-treated mouse EC
cells expression of H24.1 appears to be correlated to
the presence of RA, as H24.1 was not detected by
Northern blot analysis of RNA derived from cultures
that had been differentiated spontaneously. How-
ever, this result does not preclude appropriate gene
expression under the influence of RA. For example,
with the differentiation of F9 to PE-like and VE-like
cells, changes in vitro appear to correlate with in vivo
changes; laminin, collagen IV, tissue plasminogen
activator and SPARC are detected in F9PE and
mouse parietal endoderm; in addition, alphafetopro-
tein, transferrin, SPARC and cytokeratins have been
detected in both F9VE and normal mouse visceral
endoderm (reviewed by Hogan et al. 1981; see also

Mason et al. 1986). In the case of RA-induced
differentiation of NT2D1, inappropriate expression
of genes due to RA cannot account for all the
differential signals detected. For instance, increases
in mRNA homologous to SO5A would have been
detected in both F9VE and F9PE, not just F9VE.
Also upon differential cDNA hybridization, not all
the recombinants recognized as regulated with RA-
induced NT2D1 differentiation were similarly regu-
lated following F9 differentiation. These differences
were not generally due to a lack of homology between
mouse and human sequences, as the majority of these
recombinants gave signals but showed no detectable
change following F9 differentiation. Furthermore
mRNA homologues to SO5A were detected in
CTG44, a cell line that was not exposed to RA.

Regulated clones

Five different clones were isolated that detected
sequences more abundant in ANT2D1 than in
NT2D1 poly(A)+ RNAs. When these cDNA clones
were used as probes on Northern blots of poly(A)+
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RNA derived from PCC41RA, F9, F9VE and F9PE,
two general patterns were found; (i) clones that do
not detect homologous mouse sequences (SO6 and
SO9), and (ii) those that do detect homologous
mouse sequences (SO2/SO5A, SO7/SO13B and
SO 13A). The presence of the former class may
indicate that some abundance changes in mRNA
species are specific under conditions used here to
human EC cell differentiation in vitro. This may be a
reflection of the heterogeneous nature of NT2D1
RA-induced differentiation, or suggest that human
EC cells represent a different embryonic state than
mouse EC cells and thus exhibit different develop-
mental capabilities (Andrews et al. 1983). The pres-
ence of the latter class of homologous regulated
clones shows, however, that there are similarities in
gene expression between mouse and human EC cell
differentiation. Further work needs to be done to
establish the relevance of these two classes of clones.

Clone SO5A detects by Northern blot analysis, an
mRNA that is 75-fold more abundant in ANT2D1 as
compared to NT2D1. With the mouse F9 model
system, a mouse homologue to SO5A is detected in
RNAs derived from F9VE but not in F9PE. This
specificity may give a clue as to the phenotype/s
induced following NT2D1 differentiation. It also
provides a further marker for F9VE differentiation
and thus possibly for normal mouse visceral endo-
derm. The hybridization of SO5A to RNA derived
from GTC44, a human PE-like cell line is surprising
in the light of the apparent specificity seen with
F9VE. This result may reflect basic differences be-
tween mouse and human extraembryonic tissues, or
possibly the lack of characterization of the cell lines
involved. Interestingly, when mouse SPARC (M. F.
Pera and R. Krumlauf, personal communication) or
the putative human homologue (SO13A; data not
shown) are hybridized to GTC44 and GTC72 RNAs,
steady-state expression is only marginally higher in
the human PE-like cell line GTC44. This is again in
contrast to mouse where high levels of SPARC
mRNAs are detected in PE and PE-like cells (Mason
et al. 1986). Further experiments, including DNA
sequencing and the comparing of expression of these
clones in mouse VE and PE with human embryonic
tissues may shed light on these differences.

One clone, SO13A, has been tentatively identified
by hybridization as a human homologue of the mouse
gene SPARC. Mason et al. (1986) found that SPARC
mRNA is induced to moderate levels following F9
differentiation to F9VE and to high levels following
differentiation to F9PE in vitro. The induction of this
gene in vitro reflects the differentiation of mouse
primitive endoderm to visceral endoderm and par-
ietal endoderm in vivo (Mason et al. 1986). The
identification of a known mouse gene which is regu-

lated both in vitro and in vivo during the differen-
tiation of primitive endoderm indicates that cross-
species cDNA differential hybridization may assist in
the isolation of homologous sequences involved in
early embryogenesis. Also, it can be argued that
genes that are conserved in sequence and in temporal
and spatial expression are likely to be developmen-
tally important (Gurdon, 1987). Future experiments
could make effective use of this using additional
differential cDNA screenings, the 32P-cDNAs being
derived from a number of different characterized cells
and tissues (of the same, or different, species); thus
allowing one to survey a large number of cDNA
recombinants simultaneously. The autoradiographs
produced would lead to the composition of a form of
'pictorial ROT curve' for each tissue/phenotype. By
such repeated cDNA differential hybridizations it
should be possible to construct a molecular pheno-
type of NT2D1 differentiation.

Conclusions

From the data presented, it can be surmized that RA-
induced differentiation of F9 and NT2D1 share some
elements in common. As F9 differentiation in vitro
also shares features with mouse development in vivo,
genes that are homologous and similarly regulated
between NT2D1 and F9 may be developmentally
important. Differences, however, are also high-
lighted and these may point to marked differences
between mouse and human early development.
Further experiments are required to correlate the
changes observed with NT2D1 differentiation with
the in vivo situation; for example, using abortus
material and human VE-like and PE-like cell lines.
However, the isolation of these clones represent
some of the first reagents that can be used for the
study of human developmental molecular biology.
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