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c¢DNA including the homeobox, they lack parts of the
upstream coding region and were not further ana-
lysed. In Fig. 1, the maps of the Hox 1 cluster, the
genomic Hox 1.3 region, and the cDNA clone Al are
presented. The sequence of the Hox 1.3 homeobox
gene shows the same orientation as Hox 1.1,1.2, 1.4
and 1.5 on chromosome 6 (Colberg-Poley er al. 1985b;
Duboule er al. 1986), indicating a unidirectional
transcription in the cluster.

The coding sequence of the Hox 1.3 gene was
established both on the genomic and the cDNA level,
and the primary structure of the coding sequence is
shown in Fig. 2. A comparison of cDNA with gen-
omic sequences reveals the presence of a 960 bp
intron 21 bp upstream of the homeobox. The cDNA
sequence contains a long open reading frame of
885bp. Assuming the first ATG as initiator codon we
predict a protein of 270 amino acids, which contains
the Hox 1.3 homeodomain near the carboxy ter-
minus. The calculated relative molecular mass of the
protein is 29236-89. The protein consists of 194 amino
acids in the N-terminal part preceding the homeo-
domain of 61 amino acids and 15 additional amino
acids at the carboxy terminus. Several stop codons in
frame flank the reading frame at the 3’ end. Assuming
an RNA of about 4kb, it is obvious that the coding

capacity only occupies a small part of the Hox 1.3
RNA molecule. The most frequent amino acids of the
protein are serine (14-0 %), alanine (11-4 %), glycine
(10-0 %), proline (7-8%), and arginine (7-8 %).
However, in contrast to other homeodomain-contain-
ing proteins (Kessel et al. 1987; Laughon et al. 1985),
no stretches of single amino acids are evident. The
793bp 3’ untranslated region is characterized by
coherent stretches of As or Ts. Polyadenylation
occurs 11 bp downstream of the polyadenylation sig-
nal AATAAA.

Hox 1.3-specific expression during murine
embryogenesis

To analyse expression of Hox 1.3 sequences during
murine prenatal development, we performed North-
ern blot analysis of poly(A)+ RNA extracted from
mouse embryos on days 8, 12 and 14 of gestation
(Fig. 3). The blot was hybridized with the genomic
fragment Bg/Il/HindIII of 0-8kb (see Fig. 1, probe
3). In embryonal poly(A)+ RNA from 12- and 14-
day-old embryos, this Hox 1.3 probe detects one
prominent transcript of 1-9kb in size and minor
transcripts of higher molecular weight. No RNAs
were detected in the corresponding extraembryonal
tissue. In poly(A)+ RNA of 8-day-old embryos, Hox
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Fig. 1. Hox 1.3 transcription unit. The position of the transcription unit in the Hox 1 cluster and the organization of
c¢DNA clone Al are shown. The 5’ and 3’ untranslated regions are depicted as filled bars, the coding region as stippled
bars and the intron as a thick line. Homeobox sequences are indicated as filled boxes. Probes 1 and 2 were used for
screening a 3T3 MB66 Okayama cDNA library. Vector sequences are not indicated.
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1.3 sequences hybridize predominantly to the RNA
species of higher molecular weight. Hybridization
analysis with the homeobox containing the 0-35kb
EcoRI1/Bglll probe (probe 1, Fig. 1) yields similar

results (data not shown). Control hybridization with
c-ras™® shows that the 1-9kb RNA is about four times
more abundant in 12-day embryonic tissue than in 14-
day embryonic tissue. A detailed analysis of Hox 1.3

HOX1.3 =113 ., GGGAACCGAGTACATGTCCCAGTC
HOX2.1 =101 e GAAGTACAGTGCATCGCTAT
HOX1.3 -89 ATTTCCATAATICATCATAAATTGTGCAAGGGTGCTATAGACGCACAAMCGACCGCGAGCCACAAATCAAGCACACATATCAAAAAACAA
HOX2.1 -81 AATTCATTAATACATCATAAATCGTGAA....... GCACAGGGTTATAACGACCACGATCCACAAATCAAGCCCTCCAAAATC . ACCCAA
HOX1.3 1 ATGAGCTCTTATTTTIGTAAACTCATT TTGCGGTICGCTATCCAAATGGCCCGGACTACCAGTTGCATAATTATGGAGATCATAGTICCGTG
HOX2.1 1 ATGAGCTCGTACTTTGTAAACTCCTTCTCGGGGCGTTATCCAAATGGCCCGGACTATCAGTTGCTAAATTATGGCAGTGGCAGCTCTICTG
hoxl.3 1 MetSerSerTyrPheValAsnSerPheCysGlyArgTyrProAsnGlyProAspTyrGlnLeuHisAsnTyrGlyAspHisSersServal
hox2.1 1 Ser Leu SerGly: u
HOX1.3 91 AGCGAACAATTCAGGGACTCGGCGAGCATGCACTCCGGCAGGTACGGC TACGGCTACAATGGCATGGATCICAGCCTCGLCCGTTCGGGT
HOX2.1 91 AGCGGCTCTTACAGGGATCCCGCTGCCATGCACACCGGCTCTTACGGCTACAATTACAATGGGATGGATCTCAGCGTCAACCGCTCCTICG
box1.3 31 SerGluGlnPheArgAspSerAlaSerMetHisSerGlyArgTyrGlyTyrGlyTyrAanGlyMetAspLeuServa lclyquScrcly
hox2.1 31 ---GlySerTyr—----- Pro---Ala------ Thr---Ser ASQ-----m—m-———————————— - -Agn---- - Ser
HOX1.3 181 TCCGGCCACTTTGGCTCCGGCGAGCGCGCCCGCAGC TACGCGGCTGGGLLCAGTGCGGCGCCCGCCGAGCCCAGGTACAGCCAGCCGGCT
HOX2.1 181 GCCTCCTCCAGCCALCTTTGGGGCGGTGGGCGAGAGCTCGCCCGCCTTCCCUGCGTCCGCCAAGGAACCCCEC T TCAGGCAGGCGACGTCC
hox1.3 61 SerGlyHisPheGlySerGlyGluArgAlaArgSerTyrAlaAlaGlyAlaSerAlaAlaProAlaGluProArgTyrSerGinProAla
hox2.1 61 AlaSerSerSerHisPhe-—-AlaValGlyGlu---SerArg---PheProAlaser---LysGluProArgPheArgGlnAlaThrSer
HOX1.3 271 ACGTCCALGCACTCGCCACCGCCCGACCCGCTGCCCTGCTCALGCGGTGGCTCCCC TCGCCCGGCAGCGACALCCACCACGGCGGGAAAAAC
AOX2.1 271 AGCTGCTCCCYIGTCCTCGCCCGAGTCCCTGLCCTGCACTAM GGCGACAGCCACGGCGCCAAGCCCTCTGCTTCGTCCCCTTCCGACCAG
hox1.3 91 ThrSerThrHisSerProProProAspProLeuProCysSerAlavValAlaProSerProGlySerAspSerdisHisGlyGlyLysAsn
hox2.1 91 SerCysSerLeu---Ser---GluSerLeuProCysThrAsnGlyAspSarHisGlyAlaLysProSerAlaSerSerProSerAspGln
HOX1.3 361 TCCCTGGGCAACTCCAGCGGCGCCTCGGCCAACGCCGGCAGCACCCACATCAGCAGCAGAGAGGGGGTTGGCACGGCGTCCGCAGCTGAL
HOX2.1 361 GCGACCCCAGCCAGCTCCAGCGCCAATTTCACCGAAATAGACGAGGCCAGCGCGTCCTCTGAGCCCGAGGAAGCGGCGAGCCAGCTAAGE
hox1.3 121 SerLeuGlyAsnSerSerGlyAlaSerAlaAsnAlaGlySerThrHisIleSerSerArgGluGlyValGlyThrAlaSerAlaAlaGlu
hox2.1 121 AlaThrProAla------ Ser---AsnPheThrGlulleAspGluAlaSerAla---Ser---ProGluGluAla------i GlnLeuSer
HOX1.3 451 GAGGACGCCCCTGCCAGCAGCGAGCAGGCGGGCGCCCAGAGCGAGCCGAGCCCGGLGLCGCCCGCTCAGCCCCAGATCTACCCCTGGATG
HOX2.1 451 AGCCCCAGCTTGGCTCGAGCACAGCCAGAGCCCATGGCCACCTCTACGGCCGCGCCCGAGGGGCAGACTCCACAGATATICCCCTGGATG
e —
hox1.3 151 GluAspAlaProAlaSerSerGluGlnAlaGlyAlaGlnSerGluProSarProAlaProProAlaGlnProGl lloTerro'rrpH-t
hox2.1 151 SerProSerLeu---ArgAlaGlnProGluProMetAlaThrSerThrAlaAlaProGluGlyGinThr----- Phe——~~onn=--
D
HOX1.3 541 CGCAAGCTGCACATTAGTCACGACAATATAGGTGGCCCAGAAGGCAAAAGGGCCCGGACGGCCTACACTCGCTACCAGACCCTGGAGCTG
HOX2.1 541 AGGAAGCTTCACATCAGCCACGATATGACT... IGGAAMAAAGGGCCCGGACCGCCTATACTCGCTACCAGACCCTGGAGCTG
hox1.3 181 ?yluuHilIloSorH1|A-pAJnIchlycly?roclus1yLy-A:qunAquhrAIATy:ThrAquyrGlnThrLcucluLcu
hox2.1 101 MetThr.
N A
HOX1.3 631 fGAGAAAGAATTCCACTTCAACCGCTACCTGACCCGCCGAAGAAGGATCGAAATAGCTCATGCCCTTTGCCTCTCCGAGAGACAAATTAAA
HOX2.1 628 JGAAAAGGAATTCCACTTCAATCGCTACCTGACCCGGCGGCGACGTATCGAGATCGCCCACGCGCTTTGCCTGTCCGAGCGTCAGATCAAA
hox1.3 211 GluLysGluPheHisPheAsnArgTyrLeuThrArgArgArgArgIleGluIleAlaHisAlaLeuCysLeuSerGluArgGlnIleLys
hox2.1 210 -——
HOX1.3 721 JATCTGGTTCCAAAACAGGAGGATGAAGTGGAAAAAAGATAATAAGC TGAMMAGCATGAGTATGGCCGCGGCAGGGGGGGCTTTCCGLCCC
HOX2.1 718 JATCTGGTTCCAGAACCGTCGCATGAAGTGGAAGAAAGACAACAAMC TGAAAAG TATGAG TCTGGCTACAGCCGGCAGCGCCTTCCAACCT
hox1.3 241 |[IleTrpPheGlnAsnArgArgHetLysTrpLysLysAspAsnLyseulysSerMetSerMetAlaAlaAlaGlyGlyAlaPheArgPro
hox2.1 240 -~~~ Leu---Thr------ Ser----- -Gln---
HOX1.3 811 TGAGCATCTGAGCGGCCAAAGTACTGAGCAGTAGTAGCCGGGCAGCTCTCTGTAGTGTCAGTACTAAGGTGACTTTCTGAAACTCCCCTT
HOX2.1 808 TGAGCCCATCCGGAGGAGCCCTGGGCGGCCCGAGAGCCCGCACCAACCCCAGCTCGACCCTTCCAATCTTCCCTGCACTGCCGCTGCCCG
HOX1.3 901 GTGTTCCTTCTGTGAAGAAGCCCTGTTCTCGTTGCCCTAATTCATCTTTTAATCATGAGCCTGTTTATTGCCATTATAGCGCCTGTATAA
HOX2.1 898 CTGGGGACCAGTTCCCACGAGCCTGTCACACCCCAGTCCTGTGTTACAATTTITTCGTTTGGTCTTAGGTCTTCCCATGGCTCCCTCTCTC
HOX1.3 991 GTAGATCTGCTTICTGTTCATCTCTTTGTCCTGAATGGCTTTGTCTTGAAAAAAAAATAGATGTTTTAACTTATTTATATGAAGCAAGCTG
HOX2.1 988 CTGGACTGGTTATCTTIGTTATTATTIGTTAATAATAATTATTATTATTATTTCCCCCTCCGTGCTCCCCACTTCTCTTGGCTCGLCCCCCC
HOX1.3 1081 TGTTACTTGAAGTAACTAAAACAAAAAAAAAAAARAAAGAAAAGAGAAAAAAAAACTACTCACACAAAAAGCCCCCCCACCTCTTTAGTG
HOX2.1 1078 CCAAGTTGCCAGTGTTTCTGAATGTCCTCGTGTCTGTGGTIGCGCTCCTTTCCCCAGGAAAAAGAAAAGAAAAAGAAATTCGCATGTTTA
HOX1.3 1171 CCAATGTTGTGTGTTGCACTTGAGTTCTTTAATGTGCATGTACGTGGAAGTGTTCCTGTCTCAATAGCTCCAAGCTGTTAAAGATATTTT
HOX2.1 1168 ATGTGACTICCCCTCCCCGTCTGTGTTCTAACTTATTTATAAAAGGATGATGGCTGTATTTTGAGTTTCTGCTGGAAACTTCCATAAGGS
HOX1.3 1261 TATTCAAACTACCTATATTCCTTIGTGTAATTAATGCTGTTIGTAGAGGTGACTTGATAAGACACAAATTAACTTGTTCAACGTGTAGTGGC
HOX2.1 1258 GCAGCAGTTGAGGTTGGGTAGTGCTGGGCCCAGCTGAGC TGGCCTGGGAAATGGAGCCCACTGTICTGTGTCTCTTTTCTCCCACCTICATC
HOX1.3 1351 TAGTGGCTCTGTGACGAAAACTGTGAC TCCAAGCGGTGTGTCCCTGCGTGCCTTTGTAGGACCCTTTGCACGAAC TCTGGAAGTGGCTCT
HOX2.1 1348 CTTCTTCAGCCCCACCCAGCCCCCACTCCCTAGGC TCAGGTAGCTTGTTCCTTGCGGTGGGAAGGGAGCTAGGGARGGCTCAAAGTGTGE
HOX1.3 1441 TATAAGCGCAGTTCAGTGATGTATGTTTTTIGTGAAAAAGTTACAAATATTGTCCAAGTCTGGCTGTTTAAGCAAACTGTGATCAGCTTTT
HOX2.1 1438 ACATTGAGAAGAGGAGAGGAAAGGAGCAAGAGCTGAACTCCTGCTGCCTGGTAGGCCCCACAAGGCCTAGTCTGGAAGCGTATGGAATCA
—
HOX1.3 1531 TTTTTTTTTTGTATITGTTTTTAAGGAAAAAAAACACTGACTGGAAACAAAACAAAATAAACTTTCTATTGTAAARAARAAAARAAAAAA
HOX2.1 1528 GAAATAATCCTCAGTGTAAAATGTCTTGTGATTTTTCTCTGTGAATCCGTGGGTCTGGCTAGAAGGCCCAATGCTGTAAATATGGGGATA
HOX2.1 1618 GTCTGGGTCAGGCCAATCACTTCCTCTCTCACCCATTICGCTTCCAAGACCATTTGTAGTGAGCGGGTGGATGCTGTGCTACGTGTGAAA
4 —~ N
HOX2.1 1708 TGTCTTTGCCAGGCCTGTCTCAGTGATTAGCTTTTIGGTATGICTGTAGCTTICCTTGAAGTTGAATAAATGTT TCCCCCACTCCAARAAA

Fig. 2. Coding sequence and
deduced amino acid sequence
of Hox 1.3 in comparison with
Hox 2.1. Homeo-peptide, -box,
and -domain are boxed. The
first ATGs. the stop codons
and the polyadenylation signals
are shown by a line above. The
splice sites are indicated by
arrowheads. The 5’ conserved
regions are marked by lines
above and below.
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expression during murine embryogenesis by in situ
hybridization has been performed by this laboratory
and is to be published elsewhere (Dony & Gruss,
1987).

-= 2.9kb

—-=1.9kb
-=1-5kb

c-rasHa

Fig. 3. Northern blot analysis of Hox 1.3 sequences
during murine development. **P-labelled Hox 1.3 DNA
(the Bg/Il/HindIII 0-8 kb fragment; Fig. 1, probe 3) was
hybridized to poly(A)+ RNA from mouse embryos at
various stages of development. Lane a: 8-day embryonic
tissue; lane b: 12-day embryonic tissue; lane c¢: 12-day
extraembryonic tissue; lane d: 14-day embryonic tissue.

Expression of Hox 1.3 mRNAs during differentiation
of teratocarcinoma cells

The expression of the Hox 1.3 gene was examined in
the murine teratocarcinoma cell line F9. In vitro
differentiation of F9 EC stem cells into parietal
endoderm suggests analogy to the extraembryonic
endoderm formation in the mouse embryo on days
4-5 of gestation and therefore provides a model
system for the preimplantation stages of mouse em-
bryogenesis (Martin, 1980; Hogan & Taylor, 1981;
Strickland, 1981). Poly(A)+ RNA extracted from F9
cells in the undifferentiated stage or cultured for 24 h
(Fig. 4) or for various lengths of time (Fig. 5) in
medium containing retinoic acid (RA) and dibutyryl
cyclic AMP (cAMP) were separated on formal-
dehyde agarose gels and blotted to Gene Screen Plus.
The Northern blots were hybridized under stringent
conditions with genomic probes of the Hox 1.3 region
as outlined in Fig. 4. An abundant 1-9kb message is
expressed in RNA from differentiating F9 cells,
whereas this specific transcript is not expressed in F9
stem cells (Fig. 4).

Probes 1-5 contain unique sequences as shown by
Southern analysis, whereas probe 6 hybridizes to
repetitive sequences (data not shown). Probes 2-5
display a 1-9 kb message in RNA from differentiating
F9 cells, whereas this specific transcript is not ex-
pressed in F9 stem cells. The inducible 1-9kb tran-
script is not seen with probe 1. Probe 1 shows only
weak hybridization to a 3-0kb transcript and to a
5-5kb doublet in differentiating F9 cells. Unique
sequences hybridizing to the 5-5kb transcripts have
also been mapped to the region between the Hox 1.1
and 1.2 homeoboxes (A. M. Colberg-Poley, unpub-
lished data). This more detailed analysis using smaller
probes demonstrates that the 1-9kb RNA is a tran-
script containing the Hox 1.3 homeobox, a result
extending our initial interpretation (Colberg-Poley et
al. 1985b) using a probe containing Hox 1.2 se-
quences plus about 1-8 kb downstream sequences. An
additional 4 kb mRNA species detected in MB66 cells
is only weakly expressed during parietal endoderm
differentiation (Fig. 4).

The time course of expression of the 1-9kb tran-
script is shown in Fig. 5, which is based on the results
of densitometric scanning of Northern blots hybrid-
ized with the Hox 1.3-specific probe EcoR1/Bglll
0-35kb (probe 1 in Fig. 1) and standardized with a c-
ras™* probe. The prominent 1-:9kb RNA appears as
early as 4-6 h after induction, reaching a maximum of
expression after 72h of RA/cAMP treatment. We
have not observed a significant decrease in steady-
state levels of Hox 1.3 RNA during analysis of F9
RNA from cells treated for up to 5 days. Thus, the
Hox 1.3 gene follows different expression kinetics
from the Hox 1.1 and Hox 3.1 genes during F9 cell
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Fig. 4. Transcriptional analysis of genomic Hox 1.3 sequences in F9 EC stem cells (Oh) and in differentiating F9 cells
(24h). Poly(A)+ RNAs (5uglane™") were separated on 0-9 % formaldehyde—agarose gels and transferred onto Gene
Screen Plus membrane. The blots were hybridized with the **P-labelled DNA fragments 1-6.
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Fig. 5. Temporal expression of Hox 1.3 during F9 cell
differentiation into parietal endoderm. The relative
densitometric amounts of Hox 1.3 1-9kb RNA detected
at various times of differentiation are shown.

Quantification was calibrated by hybridization signals
obtained with a c-ras"' probe.

differentiation (Colberg-Poley et al. 1985a,b; Breier et
al. 1986; Kessel er al. 1987). The 1-9kb Hox 1.3
transcript is about five times more abundant than the
2-4kb Hox 1.1 RNA and about fifty times more

abundant than the Hox 3.1 RNA of 2-7kb when
compared at the time of their maximal expression.

Expression of the Hox 1.3 gene in untransformed and
transformed fibroblasts

Since during F9 stem cell differentiation a tumori-
genic stem cell is converted by the addition of
inducers to a nontumorigenic cell type (Strickland,
1981), we were interested in finding analogous Hox
1.3 expression patterns among transformed and
untransformed cells. For this reason, NIH3T3 mouse
fibroblasts and their derivatives transformed by the
oncogenes fos, src or SV40 large T antigen were
assayed for Hox 1.3 expression. As demonstrated in
Fig. 6A, NIH3T3 cells express large amounts of a
1-9kb Hox 1.3-specific RNA. Interestingly, the ex-
pression of 1-9 kb RNA is drastically (at least 10-fold)
reduced in transformed NIH3T3 cells, regardless of
how they were transformed. The typical low level was
also found in transformed 34i cells, a mammacarci-
noma-derived cell line, and LTK — cells, which also fit
the category of transformed cell lines (Earle er al.
1943). In the chemically transformed MB66 cells, the
1-9kb mRNA was again drastically reduced to a low
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Fig. 6. Transcription of Hox 1.3 sequences in nontransformed and transformed cell lines. Poly(A)+ RNA was isolated
from the indicated cell lines (for further description see Materials and methods) and separated on a 0-9 % agarose—
formaldehyde gel. Two separate Northern blots (panel A, panel B) were hybridized to the Hox 1.3-specific EcoR1/Bglll

0-35kb fragment (Fig. 1, probe 1).

level of expression. However, an additional class of
RNA of 4-:0kb molecular weight was detected in
amounts equal to the 1-9kb transcript (Fig. 6B).
For comparison, we also analysed the level of
transcripts containing the Hox 1.1 box in transformed
cells. Hox 1.1 is induced during F9 cell differen-
tiation/detransformation as quickly as Hox 1.3
(Fig. 5). However, as demonstrated in Fig. 7, a direct
comparison with the Hox 1.3 1-9kb transcript shows
that Hox 1.1 levels are identical in SV40-transformed
or nontransformed NIH3T3 cells. This indicates that
the negative correlation of Hox 1.3 expression with
transformation is not a general phenomenon of
homeobox-containing genes. Furthermore, the 4kb

Hox 1.3 transcript does not follow this negative
expression pattern in transformed cell lines (Fig. 7).

Discussion

The deduced Hox 1.3 protein

Here we report the characterization of the Hox 1.3
homeobox-containing gene, which we had previously
identified by Southern analysis as the Antp-homolo-
gous region m2 (Colberg-Poley et al. 1985b). The Hox
1.3 homeobox gene is one of the six so far described
homeoboxes of the Hox 1 cluster, which lies within a
70kb DNA region on chromosome 6. By in situ
hybridization and interspecies backcross the Hox 1



356 M. Fibi and others

Hox1.3 Hox1.1
313 373
SV40 b SV40 =l

2:4kb

® o

e S /-

Fig. 7. Comparison of Hox 1.1 and Hox 1.3 expression in
nontransformed and SV40-transformed NIH3T3 cells.
The Northern blot was hybridized to the purified **P-
labelled 187 bp EcoRI1/Pvull fragment (Hox 1.1-specific
sequences; see Colberg-Poley er al. 1985b), to the Hox
1.3-specific EcoRI/BglII 0-35kb fragment (Fig. 1, probe
1) or to B-actin probe.

cluster had been mapped between the kappa light
chain gene and the T cell receptor  (Bucan et al.
1986). Sequence comparison with other known
homeoboxes clearly identifies the Hox 1.3 homeobox

Hox 1.3 Ile Tyr Pro Trp Met
Hox 2.1 De Phe Pro Tip Met
Hox 1.1 Ile Tyr Pro Trp Met
cl3 Val Tyr Pro Trp Met
cl Ile Tyr Pro Trp Met
c8 Ile Tyr Pro Trp Met
Xhox 1A Val Tyr Pro Trp Ma
Antp Leu Tyr Pro Trp Met
Dfd Ile Tyr Pro Trp Met
Ubx Phe Tyr Pro Trp Me
iab2 Arg Tyr Pro Tip Met
cad Tyr Phe Asp Trip Met
consensus aliph Tyr Pro Tp Met

as a member of the ANT-C/BX-C class, as Hox 1.3 is
74 % homologous with the Antp homeobox at the
nucleotide level and 87 % homologous at the amino
acid level. In comparison only 53 % of nucleotides
and 50% of amino acids of the Hox 1.3 box are
identical with the En-1 homeobox sequence. It is
noteworthy that the six homeoboxes of the Hox 1
cluster exhibit a decrease of homology to the proto-
type Antp box in the direction of transcription: Hox
1.1 and 1.2 are very close to Antp (82 %, 81 %;
Colberg-Poley er al. 1985a,b), Hox 1.3, Hox 1.4 and
1.5 are significantly less homologous (74 %, 73 % and
72 %; Duboule et al. 1986; McGinnis et al. 1984), and
Hox 1.6 is even less conserved (64 %; D. Duboule,
personal communication). Many of the basic struc-
tural features of the Hox 1.3 protein are shared by
other vertebrate homeodomain proteins such as Hox
1.1 (Kessel er al. 1987), Hox 2.1 (Krumlauf et al.
1987), Xhox-1A (Harvey et al. 1986), and C13 (Mavi-
lio et al. 1986). The proteins, generally between 25
and 30x10°M, in size, are encoded only on two
exons, the intron being located directly upstream of
the homeobox. Also the Hox 1.3 protein is proline
rich (approximately 8 %) in the part (193 amino
acids) preceding the homeodomain and therefore a
nonhelical structure. In these proteins and, addition-
ally, in the Drosophila homeodomain protein De-
formed (Regulski ef al. 1987), the N-terminus has the
sequence Met—Ser—Ser. The conserved hexapeptide
encoded at the 3’ end of the exon preceding the box
which has been found in this location in proteins with
an antennapedia-like homeodomain (except fushi
tarazu) is also present in Hox 1.3 (Fig. 8).

Apart from these features, an even more pro-
nounced similarity can be seen if the Hox 1.3 protein
is compared with Hox 2.1 (Figs 2, 9), which is located
in the Hox 2 cluster on chromosome 11 (Krumlauf er
al. 1987). The homeodomains of both proteins are
identical. The N-terminal 25 amino acids (23
matches), the extended hexapeptide up to the splice
site (14 matches out of 15) and the carboxy terminal
amino acids (11/15) are almost identical. Between
amino acids 26 and 59 there are more mismatches,
but, in general in this region numerous positions are
also occupied by identical amino acids (22 matches).

Arg  Fig. 8. Comparison of the conserved
hexapeptides of different homeobox-containing
Arg  genes from mouse, man, frog and fly. See

Gln  references: Kessel er al. (1987; Hox 1.1),

Lys  Krumlauf ef al. (1987; Hox 2.1), Mavilio et al.
Lys (1986; C13, C1, C8), Harvey er al. (1986; Xhox
Ala  1A), Schneuwly er al. (1986; Antp), Regulski et
Thr 4/ (1987; Dfd), Wilde & Akam (1987; Ubx),
W. Bender, personal communication (iab2),
basic and Mlodzik et al. (1985; cad).
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Fig. 9. Comparison of the Hox 1.3 and Hox 2.1 coding
sequences at the amino acid level. The coding sequences
of the two genes are aligned as horizontal (Hox 1.3) or
vertical axes (Hox 2.1). Homologous amino acids are
indicated by a dot and homologous regions by dotted
lines. The positions of the homeoboxes are indicated by
bars.

Further downstream, the proteins exhibit a unique
region (14/114 amino acids identical) extending up to
the hexapeptide. If the two proteins exhibit different
functions this part of the protein might be of import-
ance. As can be seen in Fig. 2, 5’ untranslated
sequences of Hox 1.3 and 2.1 are also conserved,
showing two blocks of particular homology close to
the initiator codon.

In summary, there is a basic similarity between all
the class I homeodomain proteins of vertebrates
described so far. The murine pair Hox 1.3 and Hox
2.1, however, represents a much higher level of
conservation, suggesting that gene duplication has
been involved at some point of evolution. Close
similarity of the Hox 1.1 and the Hox 2.3 homeo-
domains (Lonai et al. 1987) may indicate that a whole
region of the cluster has been duplicated. Compari-
son of the 3’ untranslated regions of Hox 1.3 and Hox
2.1 reveals no conserved regions between the two
genes. Hox 2.1 exhibits an AT-rich region, which is
lacking in Hox 1.3 3’ sequences. A similar region in
the 3’ part of the human lymphokine gene GM-CSF
was shown to be responsible for selective RNA
degradation (Shaw & Kamen, 1986). The most obvi-
ous characteristic of the 3’ untranslated regions of
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Hox 1.3 are coherent stretches of As or Ts which
could mediate stem loop formation.

Expression of Hox 1.3 RNA

Mammalian homeobox genes had been shown to
share with Drosophila homeotic genes the features of
stage-specific and tissue-specific expression (Ruddle
et al. 1985; Rubin et al. 1986; Breier et al. 1986;
Colberg-Poley er al. 1985b). Our results indicate that
the Hox 1.3 homeobox-containing gene follows this
general rule. First, Hox 1.3 sequences are expressed
during differentiation of F9 EC cells into parietal
endoderm. In this system an abundant transcript of
1-9kb can be detected as early as 6 h after RA/cAMP
treatment and at 4-5 days after induction this RNA is
still expressed at high levels. From studies in the P19
teratocarcinoma system, we have evidence that Hox
1.3 mRNAs are regulated posttranscriptionally in
embryonal stem cells (C. Dony & P. Gruss, unpub-
lished results). According to the time course of F9 cell
differentiation, Hox 1.3 expression clearly differs
from the expression pattern of Hox 1.1 and Hox 3.1,
possibly suggesting temporal interaction of these
genes (Breier et al. 1986). Northern blot analysis of
murine embryonal poly(A)+ RNA also reveals a Hox
1.3-specific 1-9kb transcript which is most abundant
in 12-day embryonic RNA. 14-day embryonic
poly(A)+ RNA contains about three times less of this
transcript. Besides this abundant 1-9kb class of
mRNA other classes of higher molecular weight have
been detected in tissue culture and in embryos. This
was also observed for Hox 2.1-derived transcripts
(Krumlauf er al. 1987). The fact that we isolated a
spliced and polyadenylated ¢cDNA considerably
longer than 1-9kb suggests that the ¢cDNA corre-
sponds to the 4kb transcript present in MB66 cells.
The short cDNAs ranging between 0-8 and 1-3kb
were isolated with a similar frequency (6 out of 10)
compared with the 2-7 kb cDNAs (4 out of 10). Since
both classes of transcript are expressed in equal
amounts in MB66 cells, we would expect that about
half of the clones correspond to the 1-9kb transcript.
Restriction enzyme mapping indicated identical 3’
ends for al} our clones. Therefore, we assume that the
4 and the 1-9kb transcripts differ only in their
extension into the 5’ region and that both contain an
identical long open reading frame. It remains an open
question whether the 1-9kb Hox 1.3 RNA is gener-
ated (i) by differential splicing or (ii) by initiation of
transcription at a different promoter. It has to be
investigated whether the two Hox 1.3 mRNAs
encode identical proteins as demonstrated for the
Antp gene of Drosophila (Schneuwly er al. 1986).

F9 stem cells originally isolated from a teratocarci-
noma are tumorigenic in congenic animals (Bernstine
et al. 1973). These cells lose their tumorigenicity if
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induced to differentiate into endoderm. In this re-
spect, this system is inversely correlated to the
process of transformation using chemical carcinogens
or an oncogene. In order to test whether Hox 1.3 is
differently expressed in transformed and untrans-
formed cells, we examined several transformed
NIH3T3 cell lines and NIH3T3 cells as a control for
the expression of Hox 1.3. These expression studies of
Hox 1.3 sequences in NIH3T3 nontransformed fibro-
blasts and in SV40-, src-, fos- and the chemically
transformed MB66 and LTK — cells indicate that Hox
1.3 expression is correlated with the untransformed
state of the cells. In all transformed NIH3T3 cell
lines, the expression of the Hox 1.3 gene is reduced
dramatically compared with normal NIH3T3 cells.
Similar observations were made by Boncinelli and co-
workers for the human homeobox-containing cDNA
clone c8, whose rate of transcription is reduced in
SV40-transformed human fibroblasts compared with
normal fibroblasts (Boncinelli et al. 1986). However,
a second human transcript hybridizing to the cDNA
clone cl is much more abundant in the transformed
fibroblast. We find no difference in transformed
versus untransformed fibroblasts for a transcript car-
rying the Hox 1.1 homeobox. Thus, in general, it may
turn out that only certain homeobox RNA levels are
correlated to transformation in either a positive or
negative fashion. It is apparent from our results that
3T3 cells and differentiated F9 cells are quite unique
in expressing these extremely high amounts of Hox
1.3 RNA. One explanation might be that these cells
are in a special phase directly before or after trans-
formation. Indeed the NIH3T3 cells are considered
by some workers to be ‘pretransformed’ cells, which
is, for example, reflected by the fact that they can be
transformed by the action of a single oncogene (Land
et al. 1983).

Drosophila homeobox genes have obviously not
been discussed in connection with the process of
transformation, but rather with development and
differentiation. Because embryonal development in
mammalian systems is much more complex and
difficult to study, the investigation of these genes
during transformation processes may delineate func-
tional aspects of homeobox-containing genes and
contribute to a more general understanding of their
significance in higher animals.
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Note added in proof

Since submission of this manuscript isolation of a Hox
1.3 cDNA and expression of the Hox 1.3 gene have
been reported by Odenwald et al. (1987).
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