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Identity 
HGNC (Hugo): SATB1 

Location: 3p24.3 

DNA/RNA 
Description 
The gene encompasses 93 kb of genomic DNA in 
mouse and 91 kb in humans both of which comprise 11 
exons, 10 of which are coding. 

Transcription 
GenBank references two mRNA transcript variants in 
humans: #1 is 5423 bp in length and #2 is 3908 bp. 
They have identical 3' UTRs whereas variant #1 has a 
longer 5' UTR. GenBank references one mRNA 
transcript in mouse: 2922 bp in length. 

Protein 
Description 
SATB1 is a 763 amino acid protein (~86 kDa 
molecular weight, migrates as 103 kDa on SDS gels) 
containing six described domains: nuclear localization 
signal (NLS), PDZ, BUR-binding domain, two Cut 
repeats (CUT1 and CUT2), and homeodomain (HD). 
The PDZ domain is a protein-protein interaction 
module found mostly in signaling proteins. The BUR 
(Base Unpairing Region) domain is the module 
responsible for specific recognition of the BURs as 
opposed to any AT-rich sequence motif. The CUT 
domain is a DNA-binding motif. The BUR-binding 
domain includes CUT1 and part of the CUT2 domain.  

Homeodomains are DNA-binding motifs typically 
found in transcription factors. Together with the BUR 
domain and the HD domain, SATB1 confers specific 
binding with high affinity to the core unwinding 
elements of BURs. SATB1 is highly conserved 
between vertebrates. 

Expression 
SATB1 mRNA is expressed abundantly in thymocytes. 
It is also detected in multiple other progenitor cells and 
brain neurons. 

Localisation 
Nuclear. 

Function 
SATB1 was identified by virtue of its high affinity and 
specificity to a DNA probe containing a nucleation site 
for base-unpairing, a phenomena whereby these sites 
become continuously unpaired under negative helical 
strain. Evidence suggests these base unpairing regions 
(BURs) mark the genome as essential components of 
chromosomes for tissue-specific gene expression and 
chromatin accessibility. SATB1 localization is nuclear 
exhibiting a cage- or honeycomb-like network 
distribution in thymocytes that is partially resistant to 
high-salt extraction and is excluded from the 
heterochromatin compartment. SATB1 tethers its target 
genes onto the SATB1 network via BURs which reside 
within the gene loci, and assembles them with 
chromatin remodeling and histone modification 
enzymes which SATB1 recruits. In this manner, 
SATB1 establishes a region-specific epigenetic status 
and proper nucleosomal positioning at the SATB1 
target gene loci.  
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SATB1 is essential for T-cell activation by controlling 
chromatin looping events, thus bringing remote 
cytokine genes together for simultaneous induction of 
these genes. SATB1 has been reported to interact with: 
CtBP1, SUMO-1, PIAS, Ubc9, PML, HDAC1, p300, 
RPB11, SNF2H (ISWI), Mi-2, MTA-2, and ACF1. 

Homology 
SATB1 has 59.5% identity to SATB2 (mouse protein 
sequence; 46.6% for the human protein sequence). 

Mutations 
Note 
None identified. 

Implicated in 
Breast cancer 
Prognosis 
In breast cancer SATB1 protein expression levels have 
high prognostic significance independent of lymph 
node status. 

Oncogenesis 
In aggressive human breast cancer cell lines and in 
tissue samples from patients with aggressive breast 
tumors SATB1 protein is highly expressed. Ectopic 
expression of SATB1 in non-aggressive breast cancer 
cells induces metastasis, whereas depletion of SATB1 
in highly-aggressive breast cancer cells reverses their 
metastatic capabilities and other tumorigenic 
characteristics. 

Acute myeloid leukemia (AML), and 
lymphoma 
Oncogenesis 
SATB1 positively regulates the PU.1 gene by binding 
to its distal enhancer. PU.1 is a transcription factor 
important for B-cell and myeloid development. A 
single mutation in the distal enhancer dramatically 
reduces binding by SATB1. SATB1 was found to be an 
important factor of Xist (X-inactivation specific 
transcript) silencing in thymic lymphoma cells, 
potentially by stabilizing Xist transcripts. 

Breakpoints 
Note 
None known. 
 
 

References 
Dickinson LA, Joh T, Kohwi Y, Kohwi-Shigematsu T. A tissue-
specific MAR/SAR DNA-binding protein with unusual binding 
site recognition. Cell. 1992 Aug 21;70(4):631-45 

Nakagomi K, Kohwi Y, Dickinson LA, Kohwi-Shigematsu T. A 
novel DNA-binding motif in the nuclear matrix attachment 
DNA-binding protein SATB1. Mol Cell Biol. 1994 
Mar;14(3):1852-60 

Dickinson LA, Dickinson CD, Kohwi-Shigematsu T. An atypical 
homeodomain in SATB1 promotes specific recognition of the 
key structural element in a matrix attachment region. J Biol 
Chem. 1997 Apr 25;272(17):11463-70 

de Belle I, Cai S, Kohwi-Shigematsu T. The genomic 
sequences bound to special AT-rich sequence-binding protein 
1 (SATB1) in vivo in Jurkat T cells are tightly associated with 
the nuclear matrix at the bases of the chromatin loops. J Cell 
Biol. 1998 Apr 20;141(2):335-48 

Alvarez JD, Yasui DH, Niida H, Joh T, Loh DY, Kohwi-
Shigematsu T. The MAR-binding protein SATB1 orchestrates 
temporal and spatial expression of multiple genes during T-cell 
development. Genes Dev. 2000 Mar 1;14(5):521-35 

Galande S, Dickinson LA, Mian IS, Sikorska M, Kohwi-
Shigematsu T. SATB1 cleavage by caspase 6 disrupts PDZ 
domain-mediated dimerization, causing detachment from 
chromatin early in T-cell apoptosis. Mol Cell Biol. 2001 
Aug;21(16):5591-604 

Yasui D, Miyano M, Cai S, Varga-Weisz P, Kohwi-Shigematsu 
T. SATB1 targets chromatin remodelling to regulate genes 
over long distances. Nature. 2002 Oct 10;419(6907):641-5 

Cai S, Han HJ, Kohwi-Shigematsu T. Tissue-specific nuclear 
architecture and gene expression regulated by SATB1. Nat 
Genet. 2003 May;34(1):42-51 

Nakayama Y, Mian IS, Kohwi-Shigematsu T, Ogawa T. A 
nuclear targeting determinant for SATB1, a genome organizer 
in the T cell lineage. Cell Cycle. 2005 Aug;4(8):1099-106 

Cai S, Lee CC, Kohwi-Shigematsu T. SATB1 packages 
densely looped, transcriptionally active chromatin for 
coordinated expression of cytokine genes. Nat Genet. 2006 
Nov;38(11):1278-88 

Pavan Kumar P, Purbey PK, Sinha CK, Notani D, Limaye A, 
Jayani RS, Galande S. Phosphorylation of SATB1, a global 
gene regulator, acts as a molecular switch regulating its 
transcriptional activity in vivo. Mol Cell. 2006 Apr 21;22(2):231-
43 

Kumar PP, Bischof O, Purbey PK, Notani D, Urlaub H, Dejean 
A, Galande S. Functional interaction between PML and SATB1 
regulates chromatin-loop architecture and transcription of the 
MHC class I locus. Nat Cell Biol. 2007 Jan;9(1):45-56 

Steidl U, Steidl C, Ebralidze A, Chapuy B, Han HJ, Will B, 
Rosenbauer F, Becker A, Wagner K, Koschmieder S, 
Kobayashi S, Costa DB, Schulz T, O'Brien KB, Verhaak RG,  

 

 



SATB1 (SATB homeobox 1) Richards H, Kohwi-Shigematsu T 
 
 
 
 
 

Atlas Genet Cytogenet Oncol Haematol. 2010; 14(5)  481 

Delwel R, Haase D, Trümper L, Krauter J, Kohwi-Shigematsu 
T, Griesinger F, Tenen DG. A distal single nucleotide 
polymorphism alters long-range regulation of the PU.1 gene in 
acute myeloid leukemia. J Clin Invest. 2007 Sep;117(9):2611-
20 

Han HJ, Russo J, Kohwi Y, Kohwi-Shigematsu T. SATB1 
reprogrammes gene expression to promote breast tumour 
growth and metastasis. Nature. 2008 Mar 13;452(7184):187-93 

 

Agrelo R, Souabni A, Novatchkova M, Haslinger C, Leeb M, 
Komnenovic V, Kishimoto H, Gresh L, Kohwi-Shigematsu T, 
Kenner L, Wutz A. SATB1 defines the developmental context 
for gene silencing by Xist in lymphoma and embryonic cells. 
Dev Cell. 2009 Apr;16(4):507-16 

This article should be referenced as such: 

Richards H, Kohwi-Shigematsu T. SATB1 (SATB homeobox 
1). Atlas Genet Cytogenet Oncol Haematol. 2010; 14(5):479-
481. 


