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Abstract The onset of Hex expression and its role in early
murine development was analyzed using in situ hybridization.
Hex mRNA was first detected in the chorion of the ectoplacental
cavity and weakly at the visceral endoderm of the future yolk sac
at embryonic age (E) 7.5. Expression in embryonic tissues was
detected exclusively in the hepatic anlage and thyroid primor-
dium at E 9.5. At E 12.5 and E 15.5, Hex expression persisted in
the fetal liver and thyroid, and was also detected in the fetal lung.
These results suggest that Hex has its role in differentiation and/
or organogenesis of several embryonic tissues.
© 1998 Federation of European Biochemical Societies.
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1. Introduction

Homeobox genes are a large family of transcription factors
that regulate cell differentiation during development [1,2].
They are distinguished by their highly conserved approxi-
mately 60 amino acid motif called the homeodomain that
mediates DNA binding. These genes were first discovered in
Drosophila as regulators of body segment formation during
early development by acting as DNA-binding transcription
factors [3]. Most human homeobox genes are found in four
distinct genomic clusters of 9 to 11 homeobox genes called
HOXA, HOXB, HOXC and HOXD, which are located on
chromosomes 7, 17, 11 and 2, respectively [4]. These genomic
clusters are expressed along the anterior to posterior body axis
according to their position in the HOX cluster. Homeobox
genes outside of these clusters are called orphans.

Hex is one of such orphans. This homeobox is also called
Prh, since its N-terminal region is rich in proline residues,
which may function as a transcriptional regulatory domain.
Hex cDNAs have been isolated from the mouse, human and
chicken [5-7]. Its human gene has been mapped to chromo-
some 10 [6]. Northern blot analysis has indicated that this
gene is expressed in B-cell and monomyeloid lineages, and
also in pluripotent progenitor lines. However, Hex is not ex-
pressed in mature erythroid and T-cell lineages. Based upon
these results, it has been postulated that Hex plays a role in
hematopoietic differentiation [7].

We have recently isolated rat Hex cDNA during screening
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of transcription factors interacting with the transcriptional
regulatory regions of the liver-specific L-type pyruvate kinase
gene (unpublished data). Further analysis revealed that Hex
was not a transcription factor of this gene. However, we are
interested in this gene since high Hex mRNA levels were ob-
served in adult rat hepatocytes and embryonic age (E) 15 fetal
rat livers by Northern blot analysis (unpublished data), raising
the possibility that Hex may play a role in hepatocyte differ-
entiation. Thus, we decided to examine the developmental
expression of the mouse Hex gene using in situ hybridization
analysis.

Here we report that Hex gene expression is first observed
during early murine development at E 7.5, primarily in the
chorion of the ectoplacental cavity and weakly at the visceral
endoderm in the region of the future yolk sac. Expression in
embryonic tissue is first detected in the hepatic anlage and
thyroid primordium at E 9.5. From E 12.5, Hex was predom-
inantly expressed in the fetal liver and developing thyroid, and
weakly in the developing fetal lung. These results suggest that
Hex plays a role in the differentiation and/or organogenesis of
several embryonic tissues.

2. Materials and methods

2.1. Animals

Mice of strain C57BL/6NCrj were obtained from Charles River
Japan Inc., with noon on the day of finding a vaginal plug designated
E 0.5. Mice were killed by cervical dislocation, fetuses removed and
cleaned in 0.9% NaCl. E 12.5 and E 15.5 fetuses were removed from
the uterus sac before fixation. E 5.5, E 7.5 and E 9.5 fetuses were left
in the uterus sac but cut into individual segments to allow for fixation.

2.2. Fixation

Fetuses were fixed overnight with 4% paraformaldehyde in 0.1 M
phosphate buffer (pH 7.4) (PB) at 4°C before being transferred to 10%
sucrose/PB solution for overnight incubation at 4°C. Fetuses were
then embedded in OCT compound (Miles Inc., USA) and stored at
—80°C in sealed bags until cryostat sectioning.

2.3. Probe preparation

A sequence of 417 bp was obtained from the 3’ non-coding region
of the mouse Hex genomic sequence (unpublished data) by restriction
enzyme digestion with Accl and EcoRI (Takara Shuzo, Japan), and
subcloned into pBluescript SK (Stratagene, USA). The plasmid was
linearized with appropriate restriction enzymes and used as templates
for the synthesis of **S-labelled RNA probes. T7 and T3 polymerases
were used to synthesize the sense and antisense probes, respectively.
Sections were hybridized with either labelled sense strand RNA, which
showed no signal above background (all sense data not shown), or
labelled antisense RNA.

2.4. In situ hybridization
We essentially followed a protocol previously described [8], except
for a few modifications. Briefly, serial sections (20 um thick) were cut
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by cryostat, mounted onto poly-L-lysine (Sigma, USA) coated Super-
frost slides (Matsunami, Japan) and dried in a vacuum chamber.
Slides were fixed with 4% paraformaldehyde in PB, treated with pro-
teinase K (10 pg/ml), acetylated with acetic anhydride and dehydrated
through a graded series of ethanols.

RNA probes (final concentration 5X10° cpm/ml) were added to
hybridization buffer containing 50% deionized formamide, 0.3 M
NaCl, 1X Denhardt’s solution, 10 mM Tris-HCI (pH 8.0), 1 mM
EDTA (pH 8.0), 10 mM dithiothreitol, 500 pug/ml yeast tRNA, 10%
dextran sulfate. Sections were covered with the hybridization buffer
and incubated at 56°C for 16-20 h in a humidified chamber. The
sections were washed under conditions of high stringency, treated
with RNase A (20 pg/ml) in 0.5 M NaCl, 10 mM Tris-HCI (pH
8.0), 0.0l mM EDTA (pH 8.0) and dehydrated with a graded series
of ethanols before exposure to phosphorimaging plate for Bioimaging
analyzer BAS1500 (Fujifilm Co., Japan) for 12 h and X-ray film
(Hyperfilm f Max Amersham, USA) for 3-4 days. Hybridized sec-
tions were then coated with autoradiography emulsion (Kodak NBT-
3, USA) and exposed for 2-4 weeks. After developing, sections were
lightly counter-stained with crystal violet.

2.5. Northern blot analysis

Total RNA was prepared from various adult mouse tissues as pre-
viously described [9]. Electrophoresis of total RNA (10 pg), subse-
quent transfer to a nylon filter and hybridization of the filter with
labelled probes were essentially carried out as described before [10].
The probe for Hex was described above and that for B-actin was
described previously [11]. They were labelled with [o-*>P]JdCTP by
random priming (Megaprime Kit, Amersham, USA).

3. Results

3.1. Northern blot analysis

Northern blot analysis using the 417-bp probe for Hex de-
tected specific hybridization to about 1.9 kb transcript
strongly in the adult mouse liver and weakly in the spleen

(Fig. 1).

3.2. In situ hybridization
At E 5.5, there was no detectable level of Hex mRNA in
either the ectoderm or the primary endoderm of the develop-
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Fig. 1. Northern blot analysis of Hex expression in various adult
mouse tissues. The filter was first hybridized with the probe for Hex
(A), then it was stripped and rehybridized with B-actin probe to
check for RNA integrity and to compensate for loading differences

(B).
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ing embryo. Screening the serial sections using darkfield mi-
croscopy could not detect any signal above background (data
not shown).

Parasagittal sections through the early primitive-streak
stage embryo (E 7.5) demonstrated strong Hex expression
restricted to the chorion of the ectoplacental cavity and
weakly at the visceral endoderm in the region of the future
yolk sac (Fig. 2A,B). Hex was not detected in any embryonic
tissues up to this stage of development.

Two areas of strong Hex expression were observed in sec-
tions through the early ‘turned” embryo (E 9.5). At this stage
of development, the hepatic anlage interacting with the mes-
enchyme of the septum transversum strongly expressed Hex
mRNA (Fig. 2C,D). High levels of Hex mRNA were also
detected in the thyroid primordium (Fig. 2E.F).

Expression of Hex mRNA was observed in the fetal liver,
developing thyroid and fetal lung of the E 12.5. Hex was
strongly expressed in the fetal liver (Fig. 2G,H) and the devel-
oping thyroid (Fig. 2LIJ), while the developing fetal lung
weakly expressed Hex mRNA (Fig. 2G,H).

At E 15.5, Hex continues to be expressed in the fetal liver,
developing thyroid and fetal lung (data not shown as mor-
phology was similar to E 12.5).

4. Discussion

The present studies suggest that Hex has a role in early
murine embryonic development, especially in the fetal liver
and thyroid.

Several liver-enriched transcription factors have been shown
to be expressed in the embryo at early stages of development.
Duncan et al. [12] has demonstrated the onset of hepatocyte
nuclear factor (HNF) 4o at E 4.5 in the primary endoderm.
At E 5.5 and E 7.5, HNF4o was observed in the visceral
endoderm surrounding the embryo where it is likely to induce
secreted proteins to nourish the developing embryo. The onset
of Hex expression was only observed from E 7.5, in the cho-
rion of the ectoplacental cavity and weakly in the visceral
endoderm of the future yolk sac, the former of which later
in development becomes the placenta and takes over the func-
tion of the visceral endoderm. Up to this stage of develop-
ment, expression of both Hex and HNF4o. mRNA remained
extraembryonic. HNF1 (variant HNF1) is also detected at E
5 in the visceral endoderm [13] and HNF3p is expressed in the
primitive streak [14]. The different extraembryonic sites of
expression of Hex and other HNFs may be due to different
roles in extraembryonic tissue, contributing to the growth of
the embryo.

During preparation of the manuscript, Thomas et al. [15]
reported Hex expression in the mouse embryo at early stages
of development by in situ hybridization. They detected Hex
transcript in the primitive endoderm at E 4.5 and in the vis-
ceral endoderm at E 5.5. They also found transient Hex ex-
pression in endothelial precursors by E 7.5. The discrepancy
between these findings and our findings may be due to differ-
ences in probe selection. While Thomas et al. utilized the
coding region of the Hex gene as a hybridization probe, we
used the 3’ non-coding region since the coding region may
contain sequences highly similar to those of other homeobox
genes. Northern blot analysis using this probe revealed that
the size of mRNA hybridized and its expression pattern in
adult tissues corresponded to Hex mRNA reported previously
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Fig. 2. Brightfield and corresponding darkfield photographs of Hex expression at various stages of murine development. A,B: Parasagittal sec-
tion through the early primitive-streak stage embryo (E 7.5) hybridized with Hex. Expression was restricted to the chorion (Ch) of the ectopla-
cental cavity and weakly at the visceral endoderm in the region of the future yolk sac (Ys). C—F: Expression of Hex in sections through the
early ‘turned’ embryo (E 9.5). C,D: The hepatic anlage (Ha), interacting with the mesenchyme of the septum transversum (St) strongly ex-
pressed Hex. E,F: Expression was also strongly observed in the thyroid primordium (Tp). G-J: Hex expression at E 12.5. G,H: Composite
photograph demonstrated strong expression in the fetal liver (Li) and weak expression in the developing fetal lung (Lu). I,J: Specific expression
was also observed in the developing thyroid (Th). Similar scale for C, E, G and I; A, B, D, F, H and J. Bars, 100 um.

[5-7]. However, we cannot exclude the possibility that we
failed to detect very low levels of Hex transcript. Further
analysis is required to determine the exact onset time of
Hex expression in embryo.

In the early ‘turned’ embryo (E 9.5), there was a shift in
expression of Hex mRNA from the extraembryonic tissue to
embryonic tissue. Hex mRNA was strongly detected in the
hepatic anlage and thyroid primordium. Liver development
is thought to occur in three stages: interaction of cardiac
mesoderm with foregut endoderm, interaction with the mes-
enchyme of the septum transversum and finally, further differ-
entiation [16-18]. Our observation that Hex is expressed in the
hepatic anlage of the early ‘turned’ embryo interacting with
the septum transversum strongly suggests the role of Hex in

liver development. Hepatic differentiation is known to begin
at this early stage of liver development, well before the struc-
ture of the organ is defined. Other transcription factors which
may be involved in liver development include members of
HNF1, HNF3 and HNF4 [19,20]. HNF3 proteins define the
regionalization within the definitive endoderm and are ex-
pressed early in the definitive endoderm lineage [21]. Tran-
scription factors induced at the onset of liver differentiation
include HNF4a and HNF1B; HNFlo only appears at the
time of liver organogenesis. Hex gene activation appears to
occur after the HNF3 gene family, around the same time as
HNF1B/HNF4o genes and before the HNF1o gene. Thus, we
postulate that Hex is also involved in the complex transcrip-
tional regulatory network controlling liver development.
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However, further studies are required to clarify the relation
between Hex and these factors.

Hex has been previously detected in the developing thyroid
of Xenopus [22]. From E 9.5, the developing fetal thyroid
continues to express Hex strongly. This expression pattern is
similar to thyroid transcription factor 1 (TTF1), a homeodo-
main-containing transcription factor expressed at the onset of
thyroid morphogenesis [23]. Therefore, there may be a rela-
tion between Hex and TTF1 in early thyroid development.

In addition, Hex may play a role in lung development since
we observed Hex expression in the fetal lung at E 12.5 and E
15.5.
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