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Abstract. The SOX genes comprise a large family re- 
lated by homology to the HMG-box region of the tes- 
tis-determining gene SRY. We have cloned and se- 
quenced the human SOX4 gene. The open reading 
frame encodes a 474 amino acid protein, which in- 
cludes an HMG-box. The non-box sequence is partic- 
ularly rich in serine residues and has several polygly- 
cine and polyalanine stretches. With somatic cell hy- 
brids, human SOX4 has been mapped to Chromosome 
(Chr) 6p distal to the MHC region. There is no evi- 
dence for clustering of other members of the S OX1, -2, 
and -3 or SOX4 gene families around the SOX4 locus. 

Introduction 

The testis-determining gene SRY encodes a protein 
with a DNA-binding motif known as an HMG-box 
(Gubbay et al. 1990; Sinclair et al. 1990). The same 
motif is shared both with proteins that bind DNA with- 
out sequence specificity (Jantzen et al. 1990) and with 
several sequence-specific DNA-binding proteins, such 
as the T cell-specific factors TCF-1 and TCF-ledLEF-I 
(Travis et al. 1991; van de Wetering et al. 1991; Wa- 
terman et al. 1991). Four Sry-related genes called Sox 
genes (for SRY-box) were originally isolated from the 
mouse on the basis of their homology to SRY in the 
HMG-box region. These genes are autosomal or 
X-linked and can be divided into two subfamilies. The 
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sequences of mouse Sox-l, -2, and -3 are almost iden- 
tical in the conserved motif (95-99% nucleotide homol- 
ogy), whereas Sox-4 seems to have diverged indepen- 
dently (78% homology to Sox-1, -2, or -3 at the DNA 
level). The conservation of these two subfamilies in 
birds has recently been reported (Griffiths 1991), and 
several other members of the Sox gene family have 
now been identified (Denny et al. 1992a,b). 

The SRY gene has been shown to encode a protein 
with sequence-specific DNA-binding capacity (Harley 
et al. 1992), and it is probable that SRY functions as a 
transcription factor in the embryo, regulating the 
genes that determine testicular development. The re- 
lated Sox-1, -2, -3, and Sox-4 genes are expressed dur- 
ing embryogenesis in the mouse [these genes were re- 
ferred to as al,  a2, a3, and a4 respectively in (Gubbay 
et al. 1990)], and by analogy to Sry these genes might 
be expected to play some role in regulating develop- 
mental processes. Recent reports on other members of 
the Sry-related gene family indicate that these genes 
also encode DNA-binding proteins that recognize sim- 
ilar sequences. The mouse Sox-5 gene, which is highly 
expressed during spermatogenesis, has been shown to 
have a DNA-binding specificity overlapping that of 
Sry, while a rat Sox gene has been isolated on the basis 
of its binding to an insulin-response element in the 5' 
flanking region of the human glyceraldehyde-3-  
phosphate-dehydrogenase gene (GAPDH; Nasrin et 
al. 1991). It has recently been demonstrated that 
HMG-box proteins like SRY can induce significant 
bending of DNA upon binding (Ferrari et al. 1992; 
Giese et al. 1992), suggesting that transcription activa- 
tion by these factors might be mediated by the promo- 
tion of protein-protein interactions. 

Here we describe the isolation and characterization 
of the human SOX4 gene. SOX4 maps to 6p distal to 
the MHC region. 
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Library screening 

The LT5.1 cDNA library was custom-made by Stratagene. The nor- 
mal melanocyte library was kindly provided by B. Kwon (Kwon et 
al. 1987). The YAC clones analyzed in this study were isolated from 
the ICRF reference YAC library (Larin et al. 1991), as described 
previously (Ragoussis et al. 1992). Molecular biology techniques 
were as in Sambrook and colleagues (1989) unless otherwise stated. 

Culture o f  melanocytes and melanomas 

Normal melanocytes were isolated from newborn foreskins and cul- 
tured according to Eisinger and Marko (1982), with modifications 
reported by Bennett  and coworkers (1985). The melanoma cell line 
DX3-LT5.1 is a subclone of SK-MEL-93-DX3 and was kindly pro- 
vided by Dr Ian Hart (London). DX3-LT5.1 was derived from the 
poorly metastatic parental cell line after brief exposure to 5-azacy- 
tidine and repeated passage through the lungs of nude mice to derive 
a highly metastatic line (Omerod et al. 1986). DX3-LT5.1 was grown 
in Dulbecco's modification of Eagle's medium supplemented with 
5% FCS. 

Southern and Northern blot analysis 

DNA was extracted and digested with restriction enzymes accord- 
ing to standard procedures. Fragments were separated by agarose 
gel electrophoresis and transferred to nylon membrane (Hybond 
N +,  Amersham). Filters were probed with DNA fragments labeled 
by the random-primer method (Feinberg and Vogelstein 1984). 
Southern hybridizations were done in a Hybaid oven and washed at 
high stringency (0.1 • SSPE/0.1%SDS at 65~ unless otherwise 
stated. Aliquots (10 p~g) of poly(A) + RNA were processed for aga- 
rose gel electrophoresis (Aviv and Leder 1972; Chirgwin et al. 1979) 
and transferred to nitrocellulose. Prehybridization (4 h) and hybrid- 
ization (18 h) were at 42~ in 5 • SSC, 5 • Denhardts, 50% form- 
amide, 1% SDS, and 20 ixg/ml salmon sperm DNA. The final wash 
stringency was at 0.1 • SSC, 0.1% SDS at 65~ After washing, 
filters were autoradiographed for several days at - 70~ The size of 
the hybridizing bands was determined by comparison with molecu- 
lar weight markers (Pharmacia). To ensure equal RNA loading, blots 
were rehybridized with the housekeeping gene GAPDH (a gift from 
Professor Mike Clemens) and exposed for 3 h. For tissue distribu- 
tion, RNA was extracted from the mouse strain MF1. 

Polymerase chain reaction 

A SOX4-box probe was generated by PCR with the following prim- 
ers: HMG BoxF CCGAATTCTGAACGCCTTCATGGTGTGGTC 
and HMG BoxR2 CCGAATTCCGTTGCCCGACTTCACCTTCTT. 
PCR was carried out with Promega Taq polymerase and reaction 
buffer as follows: 5 min/94~ (1 min/94~ 1 min/45~ 1 rnin/72~ 30 
cycles plus 5 min/72~ Two human SOX4-specific primers from the 
3 'UNT region were used to screen genomic DNAs: SOX4F5 
CCGCGCTCCCATCCCCCACC and SOX4R2 GTGGTGATGCAG- 
GAAGGGGGAGAC. PCR conditions were: 5 min/94~ (1 min/94~ 
1 min/65~ 1 min/72~ 35 cycles in 1 • Promega reaction buffer 
plus 10% dimethylsulphoxide. 

Sequencing 

cDNAs were subcloned into pUC18/19 and sequenced on both 
strands of double-stranded template using T7 DNA polymerase and 
conditions as described in the Sequenase kit (USB). Electrophoresis 
was in 6% acrylamide, 7 M urea gels. 

Identification and analysis of  human SOX4 

To identify the human homologs of the mouse Sox 
genes, cDNA probes, which excluded the highly con- 
served HMG-box, were used to screen cDNA librar- 
ies. With a mouse Sox-4 probe (SmaI-EcoRI 350bp 
fragment, Fig. 1), clones were obtained from a kgtl0 
cDNA library of the human melanoma cell line LT5.1 
(approx. 15 positives were recovered per 1 • 106 pfu at 
a stringency of 0.1 x SSPE/65~ These incomplete 
clones were used to rescreen the library, and addi- 
tional clones were isolated from a hgtl 1 normal mela- 
nocyte cDNA library. Figure 1 shows the overlapping 
cDNA clones from which sequence was obtained. 

2794 bps of sequence were obtained by double- 
strand sequencing (Fig. 2). A G-A transition at posi- 
tion 945 was identified in cDNA LT4, which creates a 
PstI site. This base change appears to be a cloning 
artifact since this PstI site is not present in the other 
cDNAs,  and no polymorphism was detec ted  on 
screening a panel of random human DNAs (data not 
shown). 

The SRY-box in human SOX4 is 94% identical at 
the nucleotide level to the mouse Sox-4 sequence (14 
differences out of 237 nucleotides), resulting in only 
one change at the amino acid level (arginine-human, 
glutamine-mouse at position 54 of the box; Fig. 3). 
The open-reading frame (ORF) which includes the box 
encodes a protein of 474 amino acids (predicted mo- 
lecular mass 47.3 kDa) and is presented in Fig. 2. The 
first methionine in this ORF (and in the cDNA) has an 
excellent match to the Kozak consensus. The pre- 
dicted SOX4 protein is particularly rich in serine res- 
idues (18% overall) with several polyserine stretches 
on the C-terminal side of the SRY-box. There are also 
several stretches of glycine and of alanine residues in 
this region of the protein. Outside the SRY-box, SOX4 
is not closely related to sequences in either the EMBL 
(release 33) or the protein sequence Database Owl18_0. 

The ORF is preceded by a long (347 bp) 5'- 
untranslated leader sequence, and in addition 1022 bps 
of 3'untranslated DNA have been sequenced. No 
polyA tail or polyadenylation site have been identified. 

Genomic organization o f  the SOX4 gene family 

Southern blot analysis of human, mouse, and hamster 
genomic DNA, cut with EcoRI or HindIII and probed 
with the box-containing fragment from human SOX4, 
revealed three strongly hybridizing bands and several 
fainter signals at high stringency (0.1 x SSPE/65~ 
Fig. 4). The 4-kb HindlII and 6.5-kb EcoRI fragments 
in human hybridize specifically to a 250-bp XbaI- 
EcoRI fragment from the SOX4 3'-untranslated DNA 
(Fig. 1). These specific bands are also detected with a 
mouse Sox-4 cDNA probe which excludes the box (the 
SmaI-EcoRI 350-bp fragment), indicating that the hu- 
man homolog of Sox-4 has been isolated rather than 
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Fig. 1. (a) Overlapping cDNA clones 
were isolated from a hgtl0 human 
melanoma cDNA library (LT) and from 
a Xgtl 1 normal melanocyte cDNA 
library (NM). The dashed lines 
represent unrelated coligations. Clone 
LT306PCR was isolated by PCR from 
phage 306 with a SOX4-specific 
oligonucleotide and the Xgtl0 reverse 
primer. The open box indicates the 
longest ORF, which encompasses the 
HMG-box motif (shaded region). DNA 
fragments used as probes are indicated; 
(b) The mouse Sox-4 cDNA 5c. 1 (an 
EcoRI clone). The SmaI-EcoRI 350-bp 
fragment was used for the initial library 
screens and also for Southern blot 
analysis. 

another closely related member of this multigene fam- 
ily. 

The possibility that SOX genes may be clustered in 
the genome was tested by isolating two YAC clones 
(350  a n d  550  k b ;  I C R F y 9 0 0 E O 9 9 9  a n d  
ICRFy900603140) with the human 3'-untranslated 
XbaI-EcoRI DNA fragment. Restriction mapping and 
probing with box probes from human SOX4 and 
mouse Sox-1 revealed only the cognate SOX4 hybrid- 
izing band after washing at low stringency (1 x SSPE/ 
65~ and overnight  au toradiography (data not 
shown). 

SOX4 expression 

The expression pattern of SOX4 was analyzed by 
Northern blotting, mRNA from the melanoma cell line 
DX3-LT5.1 and from normal melanocytes was probed 
with a SOX4-specific DNA fragment (XbaI-EcoRI, 
250 bp). A single transcript of about 5.2 kb was de- 
tected after 2 days' exposure (Fig. 5A). Expression 
has also been detected in poly(A) + RNA from adult 
human testis, where the probe also hybridized with a 
minor band of 3.9 kb (data not shown). The SOX4 
transcript is larger than the cDNA sequence, suggest- 
ing that approximately 2 kb of 3'-untranslated DNA 
remain to be analyzed. 

Since only a restricted analysis of SOX4 tissue dis- 
tribution was possible (because of the limited availabil- 
ity of RNA from human tissues and the lack of an 
RNA-specific PCR assay), a wider survey was carried 
out with the mouse Sox-4 cDNA 5c. 1 and a panel of 
poly(A) + RNAs from adult mouse tissues. A 5.2-kb 

Sox-4 transcript was detected in brain, testis, and 
heart (Fig. 5B). A very low level of expression was 
also detectable in skeletal muscle after prolonged ex- 
posure. The signal for kidney is difficult to interpret 
owing to some degradation of the RNA. No transcripts 
were detectable in liver. As with the human gene, a 
minor 3.9-kb transcript was again apparent in testis 
and also in brain after extended autoradiography (data 
not shown). The smaller transcript detected in some 
tissues may represent use of an alternative polyade- 
nylation site or could be derived from a closely related 
gene. As both the 5.2-kb and the 3.9-kb transcripts 
were detected on blots with a SOX4-specific probe 
from the 3'-untranslated DNA, the latter is unlikely. 

Mapping of the human SOX4 gene 

The human-specific XbaI-EcoRI probe was used to 
map the SOX4 gene against a somatic cell hybrid panel 
(Table 1). This indicated that the gene is present on 
human Chr 6. In order to localize it further, hybrids 
retaining fragments of Chr 6 only were screened by 
PCR (Fig. 6). SOX4 is present in cell line 5647c122, 
which retains 6p21.1 to pter, but absent in line MCP6, 
which contains 6qter to 6p21.3 only. This maps SOX4 
to 6p21.3-pter and distal to the HLA region. 

Discussion 

SRY is a Y-located gene required for normal male sex 
determination. The major structural feature of the 
SRY protein is an HMG-box. This box confers se- 
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Table 1. Chromosome assignment  of  human  SOX4 using a panel of  somatic cell hybrids.  

C . J .  F a r r  e t  al . :  T h e  h u m a n  S O X 4  g e n e  

Chr  no. Probe: 

Hybr id  1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 X SOX4 

CTP34B4 i 2 3 5 6 7 8 12 14 16 17 18 X + 
CTP41A2 2 3 6 7 14 17 X + 
SIF4A31 3 4 5 6 14 16 X + 
TWIN19D12 1 3 4 6 8 11 12 14 16 17 18 20 + 
MOG34A4 1 3 4 5 6 7 8 10 11 12 13 14 16 18 19 21 X + 
DT1.2.4 3 11 15 17 18 20 21 X - 
3W4C15 7 10 11 12 14 15 17 21 X - 
DUR4.3 3 5 10 11 12 13 14 15 17 18 20 21 22 X - 
SIR74ii 1 2 3 4 12 13 14 17 tr  21 tr X - 
F4SC13Cl12 1 9 14 X - 

Symbols: tr, trace.  

quence-specific DNA-binding activity on SRY (Harley 
et al. 1992), and the region of the gene encoding this 
motif is the only part showing conservation between 
species [(Gubbay et al. 1990) and unpublished obser- 
vations]. Recently sequences closely related to SRY in 
the HMG-box region have been cloned (Denny et al. 
1992a,b; Griffiths 1991; Gubbay et al. 1990). In many 
cases these DNAs have been isolated by PCR-based 
approaches to amplify the highly conserved 237-bp 
HMG-box. Since many of these PCR products encode 
very similar proteins, it is difficult at present to esti- 
mate the number of SOX genes and pseudogenes in the 
genome. 

We have cloned and sequenced human SOX4. Mul- 
tiple overlapping clones for SOX4 were isolated from 
normal melanocyte and melanoma cDNA libraries. 
When the SOX4-box region was used as a probe for 
Southern blot analysis of human genomic DNA, mul- 
tiple hybridizing bands were detected, whereas only 
one of these bands was detected with a 3'-untranslated 
portion of SOX4. At the stringency used--0.1 x 
SSPE/65~ of the SOX1, -2, and -3 gene 
family (which in the mouse show 80% nucleotide ho- 
mology with Sox-4 within the HMG-box) do not cross- 
hybridize to the SOX4 box probe. These data are con- 
sistent with there being three (or more) genes that 
share a SOX4-1ike HMG-box. DNA sequence from the 
box region of several genes belonging to the SOX4 
family has recently been reported from a range of spe- 
cies (Fig. 3). Our human SOX4 encodes a protein very 
similar to the SOX4-box reported by Denny and co- 
workers (1992a). In both proteins there is a change of 
glutamine to arginine at position 54 of the HMG-box 
compared with the mouse sequence, but the two hu- 
man SOX4 proteins differ themselves by one amino 
acid (proline/glutamine) at box position 15. Until more 
information is available, it is not possible to resolve 
whether these sequences represent the same gene or 
different members of the SOX4 family. In Fig. 3, 
amino acid sequences of the HMG-boxes from several 
members of the SOX4 family are aligned. The high 
degree of conservation within this domain, from hu- 
man to reptiles and birds, is striking and suggests that 
SOX4 function is strongly conserved. 

In some gene families the genes are clustered in the 
genome, and the clustering may be related to function 
(Farr and Goodfellow 1992). To test for clustering of 

SOX4 with other closely related genes (arising perhaps 
through tandem duplication), we isolated two YACs 
containing the human SOX4 locus. No additional SOX 
genes were detected around the SOX4 locus when the 
YACs were probed with the SOX4 or Sox-1 box DNAs 
and washed at low stringency, suggesting that SOX4 is 
not closely linked to other members of the SOX1, -2, 
-3, or SOX4 families. 

The deduced amino acid sequence of SOX4 shows 
several structural similarities to other de facto tran- 
scription factors outside the DNA-binding HMG-box. 
First, several poly-alanine and poly-glycine stretches 
are present. Glycine-alanine-rich stretches have been 
described in members of the homeodomain gene fam- 
ily (He et al. 1991; Suzuki et al. 1990) and in the human 
helix-loop-helix protein TFEB (Carr and Sharp 1990). 
Although the potential functional significance of gly- 
cine-alanine-rich sequences has not been established, 
alanine-rich subsegments are found in proteins known 
to be transcriptional repressors, such as engrailed, 
even-skipped, kruppel (Han et al. 1989; Licht et al. 
1990; Zuo et al. 1991) and in AEF-1 (Falb and Maniatis 
1992). A detailed analysis of the Drosophila kruppel 
protein has revealed that an 85-amino acid, alanine- 
rich region is sufficient to repress transcription at a 
distance in mammalian cotransfection assays (Licht et 
al. 1990). Second, regions rich in serine residues are 
found and the predicted SOX4 protein contains a num- 
ber of putative casein kinase and histone kinase phos- 
phorylation sites, which may be involved in the regu- 
lation of this protein's function, while a putative AP2 
site has been identified in the 5'-untranslated DNA. 
This serine-rich sequence with multiple potential phos- 
phorylation sites may confer transactivation activity 
as shown for the human placental CREB-327 protein 
(Lee et al. 1990). Furthermore, the SOX4 protein has 
a serine-rich (21%) acidic (23%) 77-amino acid car- 
boxyl-tail. This feature shows some similarity to the 
very acidic, serine-rich C terminus of the yeast tran- 
scription factor CDC68 (Rowley et al. 1991) and to the 
RNA polymerase 1 transcription factors UBF1 and 
UBF2, in which it is postulated to function as an ac- 
tivating domain (O'Mahony et al. 1992). 

A comparison of the human and mouse SOX4/ 
Sox-4 proteins outside the HMG-box (Hans Clevers 
personal communication) reveals identity over the 
N-terminal 56 amino acids and over the serine-rich 
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CCCAGCATTCGAGAAA~TCCTCTCTACTTTAGCACGGTCTCCAGACTCAGCCGAGAGACAGCAAACTGCAG~GCGG~AGAGAGCGAGAGAGAGGGAGAG i00 

AGAGACTCTCCAGCC~GG~CTAT~CTCCTCTGCGAGAGGCGGAG~CTCCTTCCCCAAATCTTTTGGGGACTTTTCTCTCTTTACCCACCTCCGCCC 200 

C~CGAGGAGTTGAGGGGCCAGTTCGGCCGCCGCGCGCGTCTTCCCGTTCGGCGTGTGCTTGGCCCGGGG~C~GGGAGGGCCCGGCGATCGCGCGGCGG 300 

~CCGCGA~G~TGAG~GCGCG~G~CGcC~GCCGAG~CGAGGCCA~TGCA~CAAA~C~C~TGCCGAG~ACG~GCGCTGC~GGC~GGCGA 400 
1 M V Q Q T N N A E N T E A L L A G E  

GAGCTC~GA~TCGGGCGCCGG~CT~GAGC~GG~TCGc~T~cTCCCCCACGCCCGGCTCCACCGCCTCCA~GGG~GGC~GGCCG~CGA~CGAGCTGG 500 
1 9 S S D S G A G L E L G I A S S P T P G S T A S T G G K A D D P S W  

~C~GACCCCGAG~GGCACATC~GAC~CA~CGCC~CA~G~TGGT~G~AGATCGAG~sCGC~GATCATGGAGCAGTCGCcCGACATGC~6~ 
5 2 C K T P S | G H I K R P M N A F M V W S Q I E R R K I M E Q S P D M ~  

|AC~CGCCGAGATCT~C~GCGGC~GGCAAACGCTGG~Gc~TCAAA~ACAGCGAC~GAT~CCTTTCATTCGAGAGGCGGAGCGGCTGCGCCTC~7~ 

~GcA~ATGGc~AcTAccccGAcTAc~GTAcc~GcccAGG~a~GTG~G~ccGGc~cGcc~cTccA~cTccTcG~cc~cceccTccTcc~cc~ 800 
i~91H M a D Y p D Y ~ ~ R ~ R x K v xls ~ ~ A N s s s s A a A s s ~ P 

GGGGAG~GGGAGAC~GGTCGGTGGCAGTGGCGGGGGCGGccATGGGGGCGGCGGCGGCGGCGGGAGCAGC~CGcGGGGGGAGGAGG~GGCGGTGCGA 900 
1 5 2 G E K G D K V G G S G G G G H G G G G G G G S S N A G G G G G G A  

GTGGCGGCGGCGCC~CTCCAAACCGGCGCAGAAAAAGAGC~CGGCTCCA/~AGTGGCGGGCGGCGCGGGCGGTGGGGTTAGCAAACCGCACGCc~GCT I000 
1 8 5 S G G G A N S K P A Q K K S C G S K V A G G A G G G V S K P H A K L  

CATCCTGGCAGGCGGCGGCGGCGGCGGGAAAGCAGCGGCTGCCGCCGCCGCCTCCTTCGCCGCCG~CAGGCGGGGGCCGCCGCCCTGCTGCCCCTGGGC if00 
219 I L A G G G G G G K A A A A A A A S F A A E Q A G A A A L L P L G  

GCCGCCGCCGACCACCACTCGC~TAC~GGCGCGGAC~CCAGCGCCTCGGCCTCCGCCTCCTCGGCAGCCTCGGCCTCCGCAGCGCTCGCGGCCCCGG 1200 
2 5 2 A A A D H H S L Y K A R T P S A S A S A S S A A S A S A A L A A P  

GC~GCACCTGGCGGAG~G~GGTG~GCGCGTCTACCTG~CGGCGGCCTGGGCACGTCGTCGTCGCCCGTGGGCGGCG~GGCGCGGGAGCCGACCC 1300 
2 8 5 G K H L A E K K V K R V Y L F G G L G T S S S P V G G V G A G A D P  

CAGCGACCCCC~GGCCTGTACGAGGAGGAGGGCGCGGGC~CTCGCCCGACGCGCCCAGCCTGAGCGGCCGCAGCAGCGCCGCCTCGTCCCCCGCCGCC 1400 
3 1 9 S D P L G L Y E E E G A G C S P D A P S L S G R S S A A S S P A A  

GGCCGCTCGCCCGCCGACCACCGCGGCTACGCCAGCCTGCGCGCCGCCTCGCCCGCCCCGTCCAGCGCGCCCTCGCACGCGTCCTCCTCGGCCTCGTCCC 1500 
3 5 2 G R S P A D H R G Y A S L R A A S P A P S S A P S H A S S S A S S  

ACTCCTCCTCTTCCTCCTCCTCGGGCTCCTCGTCCTCCGACGACGAGTTCG~GACGACC~CTCGACCTG~CCCCAGCTCAAACTTTGAGAGCA~TC 1600 
3 8 5 H S S S S S S S G S S S S D D E F E D D L L D L N P S S N F E S M S  

CCTGGGCAGCTTCAGTTCGTCGTCGGCGCTCGACCGGGACC~GATTTT~CTTCGAGCCCGGCTCCGGCTCGCACTTCGAGTTCCCGGACTAC~CACG 1700 
4 1 9 L G S F S S S S A L D R D L D F N F E P G S G S H F E F P D Y C T  

CCCGAGGTGAGCGAGATGATCTCGGGAGACTGGCTCGAGTCCAGCATCTCC~CC~GTTTTCACCTAC~GGGCGCGCAGGCAGGGAG~GGGCCGG 1800 
4 5 2 P E V S E M I S G D W L E S S I S N L V F T Y *  

GGGGGGTAGGAGAGGAGAAAAAAAAAGTGAAAAAAAGAAACGAAAAGGA~AGACG~GAGTTTAAAGAGAAAAGGGAAAGAAAGAAAAAGT~GCAG 1900 

GGCTCGTTCGCCCGCGTTCTCGTCGTCGGATC~GGAGCGCGGCGGCGTTTTGGACCCGCGCTCCCATCCCCCACCTTCCCGGGCCGGGGACCCACTCTG 2000 

CCCAGCCGGAGGGACGCGGAGGAGG~GAGGGTAGACAGGGGCGACCTGTGAT~TTGTTAT~ATGTTGTTGTTGATGGCAAAAA~GCGACTTC 2100 

GAGTTTGCTCCCCTT~CT~GAGACCCCCTCCCCCTTCC~CGAGCTTCCGGACTTGTC~CACCCCCAGC~G~GGCGAGTTAGTTTTCTAGAGA 2200 

CT~GGAGTCTCCCCCTTCC~CATCACCACCTTGGTTT~TTTTATTTTGCTTCTTGGTC~GAAAGGAGGGGAG~CCCAGCGCACCCCTCCCCCC 2300 

CTTTTTTTAAACGCG~A~GACAG~GGCTCCGGGGTGACG~TTTGGCCGA~GCAGA~TTTTGGGGG~CGCCGGGAC~AGAGACTCCACGCA 2400 

GGCG~TTCCCG~GGGCCTTTTTTTCCTCCCTCTTTTcCCCTTGCCCCCTCTGCAGCCGGAGGAGGAGATGTTGAGGGGAGGAGGCCAGCCAG~TG 2500 

ACCGGCGCTAGGAAATGACCCGAG~CCCCGTTGG~GCGCAGCAGCGGGAGCTAGGGGCGGGGGCGGAGGAGGACACG~CT~G~GGGGGTTCACGGT 2600 

CAAACTGAAATGGATTTGCACGT~GGGAGCTGGCGGCGGCGGC~C~GGCCTCCGCCTTCTTTTCTACGTGAAATCAGTGAGGTGAGACTTCCCAGAC 2700 

CCCGGAGGCGTGGAGGAGAGGAGACTGTTTGATG~GTACAGGGGCAGTCAGTGGAGGGCGAGTGGTTTCGGA~GAAAAAAAGGG 

~g. 2. SOX4 cDNA and deduced amino acid se~ence. The be~nning of the sequence is ~e  5' end of cDNA clone NM16. The 79-amino 
acid HMG-box domain is ~en-bexed. An m-frame s~p codon is indicted wih ~ asterisk. 

carboxyl-tail (a stretch of  89 amino acids). However,  
from amino acid 136 to 385, human SOX4 has several 
insertions not present in the mouse protein, as well as 
some single amino acid substitutions. In general, the 
insertions consist  of  strings of  additional glycine and/ 
or alanine residues, which account for the greater size 
of  the human SOX4 protein compared with mouse 

Sox-4 (474/440 amino acids). This suggests that the 
glycine-alanine-rich region of  the protein may serve 
primarily as a spacer and as such is able to tolerate 
variation in overall length. 

Finally, somatic cell hybrids have been used to as- 
sign the SOX4 gene to human Chr 6 distal to the MHC. 
Metaphase f luorescence in situ hybridization places 
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SOX4(this paper) GHIKRPMNAF MVWSQIERRK IMEQSPDMHN AEISKRLGKR WKLLKDSDKI PFIKEAERLR LKHMADYPDY KYRPRKKVK 
SOX4 (Denny at al., 1992a) ~ERRK IMBQSPDMHN AEISKRLGKR WKLLKDSDKI PFIRRAERLR LKHMADY 
Sox-4(Gubbay et al., 1990) GHIKRPMNAF MVWSQIERRK IMEQSPDMI4N AEISKRLGKR WKLLKDSDKI PF~AERLR LKHIW_ADYPDY KYRPRKKVK 
AMAES4 ~RPMNAP MVWSQTERRK IMEQSPDMHN AEISKRLGKR WKLLKDSDKI PPIREAERLR LKHMADYPDY KYRP 
AMAES1 ~RPMNAF MVWSQIERRK IMEQSPDMHN AEISKRLGKR WKLL~DKI PFIREAERLR LKHMADYPDY KYRP 
IRE ABP(Naarln et al. ,1991) GHIKRPMNAF MVWSQIERRK IMEQSPDMHN AEISKRLGKR WKLLKDSDKI P F ~ R  LKHMADYPDY KYRPRKKVK 
Lf4 (Griffiths, 1991) VWSQIERRK IMEQSPDMHN AEISKRLGKR WKLLKDSDKI PFIREAERLR LKHMAD 
Lf6(Griffiths,1991) MVW~ERRK IMEQSPDMHN AEISKRLGKR W~KD~I PFIREAERLR LKHMAD 

Fig. 3. Amino acid sequence alignment of the HMG-boxes from M86315; IRE-ABP, insulin response element-Abinding protein 
different SOX4-like proteins. Abbreviations are as follows: SOX4, from rat; Lf, lesser black-backed gull (Larus fuscus) SRY-related 
human SOX4 protein; Sox-4, murine Sox-4 protein; AMAES, alli- sequences. Boxes indicate amino acid differences. 
gator SRY-related sequences, EMBL accession no. M86313 and 

SOX4 at 6p23 (unpublished data). This localization is 
of interest because of the recent cloning of a rat SOX 
family member (IRE-ABP) on the basis of its binding 
to an insulin-response element (Alexander et al. 
1992a,b; Nasrin et al. 1991). IRE-ABP is 98% identical 
to mouse Sox-4 in the HMG-box, which suggests a 
possible role for the SOX4 protein in regulating tran- 
scription in response to insulin. Since linkage of insu- 
lin-dependent diabetes mellitus (IDDM) to or near the 
HLA region has long been established (Todd 1990), 
the localization of human SOX4 to 6p21.3-pter raises 

the possibility that SOX4 may be an IDDM suscepti- 
bility gene. However ,  until sequence outside the 
HMG-box is available, it remains unclear whether 
IRE-ABP is the rat homolog of human SOX4 or an- 
other member of this closely related gene family. 

The deduced amino acid sequence of the human 
SOX4 gene is consistent with its being a transcription 
factor. By analogy with SRY it may have some puta- 
tive role in differentiation and development. For un- 
raveling the function of SOX4, disruption of the gene 
in the mouse germ line or in vitro will ultimately be 
required. 
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Fig. 4. Southern blot analysis of genomic DNAs with a PCR- 
generated SOX4-box probe, washed at high stringency (65~ x 
SSPE). In lanes 1-7 genomic DNA has been cut with EcoRI, while 
lanes 8-14 are HindlII digests. The DNAs are as follows: 1 and 8, 
PGF (a male lymphoblastoid cell line); 2 and 9, WT49 (a female 
human lymphoblastoid cell line); 3 and 10, 853 (a hamster-human 
hybrid containing only the human Y chromosome), these lanes are 
relatively underloaded; 4 and 11, clone 2D (a hamster-human hy- 
brid, containing the human X Chr only); 5 and 12, Wg3H (hamster); 
6 and 13, BALB/c male DNA; and 7 and 14, BALB/c female DNA. 
The arrows indicate the SOX4-specific bands detected when the 
XbaI-EcoRI 3'-untranslated fragment is used as a probe. 

Fig. 5. Northern blot analysis of (A) 10 t~g of poly(A) + RNA from 
normal melanocytes and from a melanoma cell line (DX3-LT5.1) 
hybridized with a SOX4-specific probe (the 3'-untranslated XbaI- 
EcoRI fragment). (B) 10 ~g of poly(A) + RNA from various adult 
mouse tissues, probed with the mouse Sox-4 cDNA 5c.1. In the 
lower panels the same falters were subsequently rehybridized with a 
GAPDH probe as a control for RNA quality and loading. 
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Fig. 6. Analysis of DNA products amplified by PCR with primers 
specific for SOX4. DNA samples are: Lane (a) Molecular weight 
markers (qbX174 HaelII); (b) water control; (c) WT49 (human 
46XX); (d) PGF (human 46XY); (e) 129/J female; (f) 129/J male; (g) 
mouse-human hybrid MCP6 (retains human 6p21.3-qter (Nicholas 
et al. 1973)); (h) mouse-human hybrid 5647 clone 22 (retains human 
6p21.1-pter (Nagarajan et al. 1986)). 
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