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Figure 11 
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Figure 15 
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CLASS II HUMAN HISTONE DEACETYLASES, 
AND USES RELATED THERETO 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims the bene?t of US. Provi 
sional Application No. 60/186,802, ?led Mar. 3, 2000, the 
contents of Which are speci?cally incorporated herein. 

GOVERNMENT FUNDING 

[0002] Work described herein Was supported in part by 
funding from the National Institute of General Medical 
Sciences (Grant Number GM38617). The United States 
Government has certain rights in the invention. 

BACKGROUND OF THE INVENTION 

[0003] The regulation and mechanism of transcription has 
been of great interest to researchers. In eukaryotic cells, 
DNA is packaged in the form of nucleosomal arrays. Each 
nucleosome core consists of 145 base pairs of DNA Wound 
around an octamer of H2A, H2B, H3 and H4 histone 
proteins. These nucleosome cores are then packaged into 
higher order structures With additional factors to form chro 
matin (Luger, K. et al. Nature, 1997, 389, 251-60). 

[0004] The incorporation of DNA into chromatin creates a 
repressive environment that has been implicated in tran 
scriptional silencing. TWo cellular processes serve to alter 
chromatin structure (Workman et al., Annu. Rev. Biochem., 
1998, 67, 545-579). Chromatin remodeling factors such as 
SWI/SNF, RSC, NURF, and NRD (revieWed in Varga 
WeisZ, P. D. and Becker, P. B. Curr Opin. Cell Biol., 1998, 
10, 346-353; see also, Tong et al. Nature, 1998, 395, 
917-921; Zhang et al. Cell, 1998, 95, 279-289; Xue et al., 
Mol. Cell, 1998, 2, 851-861) have been shoWn to increase 
the accessibility of the DNA, presumably by modi?cations 
of the nucleosomal structure. A second cellular mechanism 
involves alterations of the acetylation state of nucleosomal 
histones. Hypoacetylated chromatin is often associated With 
silent genes, While hyperacetylation is correlated With 
actively transcribed genes. HoWever, this rule is not abso 
lute. Acetylation of K12 on histone H4 is observed in silent 
heterochromatin regions in Drosophila and yeast (revieWed 
in Grunstein, M. Nature, 1997, 389, 349-352). Furthermore, 
there is increasing evidence for regulation of non-histone 
proteins by acetylation, and this may function in activation 
as Well as repression of transcription (see, Imhof et al., Curr 
Biol., 1997, 7, 689-692; Gu, W. and Roeder, R. G. Cell, 
1997, 90, 595-606; Munshi et al. Mol. Cell, 1998, 2, 
457-467). The acetylation state of histones and perhaps 
non-histone proteins is regulated by a dynamic interaction of 
histone acetyltransferase (HAT) and histone deacetylase 
(HDAC) enZymes. 

[0005] Previously, three human HDACs (Taunton, J. et al. 
Science, 1996, 272, 408-411; Yang et al. J. Biol. Chem., 
1997, 272, 28001-28007; Emiliani et al. Proc. Natl. Acad. 
Sci. USA, 1998, 95, 2795-2800; Dagond et al. Biochem. 
Biophys. Res. Commun., 1998, 242, 648-652) and ?ve yeast 
HDACs (see, Rundlett et al. Proc. Natl. Acad. Sci USA, 
1996, 93, 14503-14508; Carmen et al. J. Biol. Chem, 1996, 
271, 15837-15844) had been identi?ed and several of these 
Were biochemically characteriZed. These HDACs, together 
With the prokaryotic enZymes acetylspermine deacetylase 
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(ASD) and acetoin utiliZation protein (acuC) comprise a 
deacetylase superfamily. In yeast, members of this super 
family can be subdivided into tWo classes based on siZe and 
sequence considerations, as Well as the observation that 
Rpd3p and Hda1p function in biochemically distinct com 
pleXes. The ?rst class (I) consists of Rpd3p, Hos1p, and 
Hos2p, While the second class contains Hda1p. Similarly in 
mammals, HDAC1, HDAC2 and HDAC3 conform to class 
I criteria, While no human class II HDAC proteins have been 
identi?ed previously. 

[0006] Clearly, the identi?cation of alternate classes of 
genes encoding histone deacetylase proteins Would aid in the 
investigation of functions for these protein products, and 
thus Would be of great bene?t in the control of gene 
transcription and the cell cycle. 

SUMMARY OF THE INVENTION 

[0007] In recognition of the desire to understand the 
cellular function and regulation of histone deacetylases, the 
present invention, in one aspect, provides heretofore uni 
denti?ed histone deacetylase genes, and gene products, 
expressed in mammals. In general, the invention provides a 
novel class of isolated HDX polypeptides, preferably recom 
binant and/or substantially pure preparations of one or more 
of the subject HDX polypeptides. The invention also pro 
vides recombinantly produced HDX polypeptides. In other 
embodiments, the HDX polypeptides of the present inven 
tion bind to 14-3-3 proteins, such binding resulting in 
regulation of cellular localiZation of the HDX protein. Addi 
tionally, in certain other embodiments, the HDX polypep 
tides of the present invention associated With other HDX 
polypeptides of this novel class and regulate HDAC function 
by protein pairing. 

[0008] In preferred embodiments, the invention features 
human class II HDAC nucleic acids and polypeptides. For 
eXample, the nucleic acid of SEQ ID NO. 1 encodes HDAC4 
and is substantially identical to GenBank Accession No. 
XMi002252; and the polypeptide of SEQ ID NO. 2 cor 
responds to HDAC4 and is substantially identical to Gen 
Bank Accession No. XPi002252. The nucleic acid of SEQ 
ID NO. 3 encodes HDAC5 and is substantially identical to 
GenBank Accession No. XMi008359; and the polypeptide 
of SEQ ID NO. 4 corresponds to HDAC5 and is substan 
tially identical to GenBank Accession No. XPi008359.2. 
The nucleic acid of SEQ ID NO. 5 encodes HDAC6 and is 
substantially identical to GenBank Accession No. 
NMi006044; and the polypeptide of SEQ ID NO. 6 
encodes HDAC6 and is substantially identical to 
NPi006035.2. 

[0009] In still other embodiments, the invention features 
HDAC7-type human class II HDAC nucleic acids and 
polypeptides, including both HDAC7A and HDAC7B. 
HDAC7A is encoded by the nucleic acid of SEQ ID NO. 11 
and Which is substantially identical to GenBank Accession 
No. XMi007047. The amino acid sequence of HDAC7A is 
represented in SEQ ID NO.12 and is substantially identical 
to GenBank Accession No. XPi007047.1. HDAC7B is 
encoded by the nucleic acid of SEQ ID NO. 13 and Which 
is substantially identical to GenBank Accession No. 
XMi004963. The amino acid sequence of HDAC7A is 
represented in SEQ ID NO.14 and is substantially identical 
to GenBank Accession No. XPi004963.2. 
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[0010] The HDx polypeptides disclosed herein are capable 
of modulating proliferation, survival and/or differentiation 
of cells, inter alia because of their ability to alter chromatin 
structure by deacetylating histones. In preferred embodi 
ments the polypeptide has a biological activity including an 
ability to deacetylate an acetylated histone substrate, pref 
erably a substrate analog of histone H3 and/or H4. In other 
embodiments the HDx polypeptides of the present invention 
bind to trapoxin or to trichostatin, such binding resulting in 
the inhibition a deacetylase activity of the HDx polypeptide. 
HoWever, HDx polypeptides Which speci?cally antagoniZe 
such activities, such as may be provided by dominant 
negative mutants, are also speci?cally contemplated. 

[0011] In addition to acting as a deacetylating enZymes, 
the HDx polypeptides of the present invention are also 
involved in a novel mechanism for controlling the activity of 
HDAC proteins. In certain embodiments, polypeptides of 
the present invention are able to interact With 14-3-3 pro 
teins, Whereby cellular localiZation is regulated. Moreover, 
in preferred embodiments, the subject HDx proteins have 
the ability to modulate cell groWth by in?uencing cell cycle 
progression or to modulate gene transcription. 

[0012] In one embodiment, the polypeptide is identical 
With or homologous to an HDx protein. Exemplary HDx 
polypeptides include amino acid sequences represented in 
any one of SEQ ID Nos. 2, 4 or 6. Related members of the 
HDx family are also contemplated, for instance, an HDx 
polypeptide preferably has an amino acid sequence at least 
80% homologous to a polypeptide represented by one of 
more of the polypeptides designated in SEQ ID: Nos: 2, 4, 
or 6, though polypeptides With higher sequence homologies 
of, for example, 85%, 90%, 95% or 98% are also contem 
plated. In one embodiment, the HDx polypeptide is encoded 
by a nucleic acid Which hybridiZes under stringent condi 
tions With a nucleic acid sequence represented in one or 
more of SEQ ID Nos: 1, 3 or 5. Homologs of the subject 
HDx proteins also include versions of the protein Which are 
resistant to post-translation modi?cation, as for example, 
due to mutations Which alter modi?cation sites (such as 
tyrosine, threonine, serine or asparagine residues), or Which 
inactivate an enZymatic activity associated With the protein. 

[0013] The HDx polypeptide can comprise a full length 
protein, such as represented in SEQ ID Nos. 2, 4 or 6, or it 
can comprise a fragment corresponding to particular motifs/ 
domains (for example, a v motif such as shoWn in SEQ ID 
Nos. 7, 8, 9 or 10), or to arbitrary siZes, e.g., at least 5, 10, 
25, 50, 100, 150 or 200 amino acids in length. In preferred 
embodiments, the polypeptide, or fragment thereof, speci? 
cally deacetylates histones. In other preferred embodiments, 
the HDx polypeptide includes at least one v motif and in 
certain embodiments includes tWo v motifs. 

[0014] In certain preferred embodiments, the invention 
features a puri?ed or recombinatnt HDx polypeptide having 
a molecular Weight in the range of 80 kDa to 150 kDa. It Will 
be understood that certain post-translational mofdi?cations, 
e.g., phosphorylation, prenylation and the like, can increase 
the apparent molecular Weight of the HDx protein relative to 
the unmodi?ed polypeptide chain. 

[0015] The subject proteins can also be provided as chi 
meric molecules, such as in the form of fusion proteins. For 
instance, the HDx protein can be provided as a recombinant 
fusion protein Which includes a second polypeptide portion, 
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e.g., a second polypeptide having an amino acid sequence 
unrelated (heterologous) to the HDx polypeptide, e.g., the 
second polypeptide portion is glutathione-S-transferase, 
e.g., the second polypeptide portion is an epitope tage. 

[0016] In yet another embodiment, the invention features 
a nucleic acid encoding an HDx polypeptide, or polypeptide 
homologous thereto, Which polypeptide has the ability to 
modulate, e.g., either mimic or antagoniZe, at least a portion 
of the activity of a Wild-type HDx polypeptide. Exemplary 
HDx-encoding nucleic acid sequences are represented by 
SEQ ID Nos: 1, 3 or 5. 

[0017] In another embodiment, the nucleic acid of the 
present invention includes a coding sequence Which hybrid 
iZes under stringent conditions With one or more of the 
nucleic acid sequences in SEQ ID. Nos. 1, 3 or 5. The coding 
sequence of the nucleic acid can comprise a sequence Which 
is identical to a coding sequence represented in one of SEQ 
ID Nos. 1, 3 or 5 , or it can merely be homologous to one 
or more of these sequences. In preferred embodiments, the 
nucleic acid encodes a polypeptide Which speci?cally modu 
lates, by acting as either an agonist or antagonist, the 
enZymatic activity of an HDx polypeptide. 

[0018] Furthermore, in certain preferred embodiments, the 
subject HDx nucleic acid Will include a transcriptional 
regulatory sequence, e.g., at least one of a transcriptional 
pomoter or transcriptional enhancer sequence, Which regu 
latory sequence is operably linked to the HDx gene 
sequence. Such regulatory sequences can be used to render 
the HDx gene sequence suitable for use as an expression 
vector. This invention also contemplates the cells transfected 
With said expression vector Whether prokaryotic or eukary 
otic and a method for producing HDx proteins by employing 
said expression vectors. 

[0019] In yet another embodiment, the nucleic acid 
hybridiZes under stringent conditions to a nucleic acid probe 
corresponding to at least 12 consecutive nucleotides of 
either sense or antisense sequence of one or more of SEQ ID 

Nos.: 1, 3 or 5; and more preferably to at least 20, 30, 40 or 
50 consecutive (e.g., contiguous) nucleotides; and more 
preferably to at least 100, 200 or 300 consecutive nucle 
otides of either sense or antisense sequence of one or more 

of SEQ ID Nos. 1, 3, or 5. 

[0020] Yet another aspect of the present invention con 
cerns an immunogen comprising an HDx polypeptide in an 
immunogenic preparation, the immunogen being capable of 
eliciting an immune response speci?c for an HDx polypep 
tide; eg a humoral response, eg an antibody response; eg 
a cellular response. In preferred embodiments, the immu 
nogen comprising an antigenic determinant, eg a unique 
determinant, from a protein represented by one of SEQ ID 
Nos. 2, 4, 6, 7, 8, 9 or 10. 

[0021] A still further aspect of the present invention fea 
tures antibodies and antibody preparations speci?cally reac 
tive With an epitope of the HDx immunogen. 

[0022] The invention also features transgenic non-human 
animals, e.g., mice, rats, rabbits, chickens, frogs or pigs, 
having a transgene, e.g., animals Which include (and pref 
erably express) a heterologous form of an HDx gene 
described herein, or Which misexpresses an endogenous 
HDx gene, e.g., an animal in Which expression of one or 
more of the subject HDx proteins is disrupted. Such a 






























































































































