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(57) ABSTRACT 

The invention provides peptides and the nucleic acid 
sequences that encode them. The invention further provides 
therapeutic, diagnostic and research methods for diagnosis, 
treatment, and prevention of apoptosis associated disorders. 
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BH3 PEPTIDES AND METHOD OF USE THEREOF 

RELATED APPLICATIONS 

[0001] This application claims priority to US. S. No. 
60/409,488, ?led Sep. 9, 2002 and US. S. No. 60/495,036, 
?led Aug. 14, 2003, Which are incorporated herein by 
reference in their entireties. 

STATEMENT AS TO FEDERALLY SPONSORED 
RESEARCH 

[0002] This invention Was made With US. government 
support under NIH grant CA92625. The government has 
certain rights in the invention. 

FIELD OF THE INVENTION 

[0003] This invention relates generally to methods and 
compositions for the regulation of apoptosis. 

BACKGROUND OF THE INVENTION 

[0004] Programmed cell death, referred to as apoptosis, 
plays an indispensable role in the development and main 
tenance of tissue homeostasis Within all multicellular organ 
isms (Raff, Nature 356: 397-400, 1992). Genetic and 
molecular analysis from nematodes to humans has indicated 
that the apoptotic pathWay of cellular suicide is highly 
conserved (Hengartner and HorvitZ, Cell 76: 1107-1114, 
1994). In addition to being essential for normal development 
and maintenance, apoptosis is important in the defense 
against viral infection and in preventing the emergence of 
cancer. 

[0005] Diverse intrinsic death signals emanating from 
multiple subcellular locales all induce the release of cyto 
chrome c from mitochondria to activate Apaf-1 and result in 
effector caspase activation. Proteins in the BCL-2 family are 
major regulators of the commitment to programmed cell 
death as Well as eXecutioners of death signals at the mito 
chondrion. Members of this family include both pro- and 
anti-apoptotic proteins and share homology in up to four 
conserved regions termed BCL-2 homology (BH) 1-4 
domains (Adams and Cory, 1998). The family can be 
divided into three main sub-classes. The anti-apoptotic pro 
teins, Which include BCL-2 and BCL-XL, are all “multido 
main,” sharing homology throughout all four BH domains. 
HoWever, the pro-apoptotic proteins can be further subdi 
vided and include multidomain proteins, such as BAX and 
BAK, Which possess sequence homology in BH1-3 
domains. The more distantly related “BH3-only” proteins 
are to date all pro-apoptotic and share sequence homology 
Within the amphipathic ot-helical BH3 region, Which is 
required for their apoptotic function (Chittenden et al., 1995 ; 
O’Connor et al., 1998; Wang et al., 1996; Zha et al., 1997). 

[0006] Multidomain pro-apoptotic proteins such as BAX 
and BAK upon receipt of death signals participate in execut 
ing mitochondrial dysfunction. In viable cells, these proteins 
eXist as monomers. In response to a variety of death stimuli, 
hoWever, inactive BAX, Which is located in the cytosol or 
loosely attached to membranes, inserts deeply into the outer 
mitochondrial membrane as a homo-oligomeriZed multimer 

(Eskes et al., 2000; Gross et al., 1998; Wolter et al., 1997). 
Inactive BAK resides at the mitochondrion Where it also 
undergoes an allosteric conformational change in response 
to death signals, Which includes homo-oligomeriZation 
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(Griffiths et al., 1999; Wei et al., 2000). Cells de?cient in 
both BAX and BAK are resistant to a Wide variety of death 
stimuli that emanate from multiple locations Within the cell 
(Wei et al., 2001). 
[0007] The BH3-only molecules constitute the third subset 
of this family and include BID, NOXA, PUMA, BIK, BIM 
and BAD (Kelekar and Thompson, 1998). These proteins 
share sequence homology only in the amphipathic ot-helical 
BH3 region Which mutation analysis indicated is required in 
pro-apoptotic members for their death activity. Moreover, 
the BH3-only proteins require this domain to demonstrate 
binding to “multidomain” BCL-2 family members. Multiple 
binding assays, including yeast tWo-hybrid, co-immunopre 
cipitation from detergent solubiliZed cell lysates and in-vitro 
pull doWn experiments indicate that individual BH3-only 
molecules display some selectivity for multidomain BCL-2 
members (Boyd et al., 1995; O’Connor et al., 1998; Oda et 
al., 2000; Wang et al., 1996; Yang et al., 1995). The BID 
protein binds pro-apoptotic BAX and BAK as Well as 
anti-apoptotic BCL-2 and BCL-XL (Wang et al., 1996; Wei 
et al., 2000). In contrast, BAD, NOXA and BIM as intact 
molecules display preferential binding to anti-apoptotic 
members (Boyd et al., 1995; O’Connor et al., 1998; Oda et 
al., 2000; Yang et al., 1995). 

SUMMARY OF THE INVENTION 

[0008] The present invention is based on the discovery 
that the BH3 domain from the BCL-2 family of proteins 
alone can function as a speci?c death ligand. The peptides 
are refered to herein as BH3 peptides. 

[0009] In one aspect the invention provides an isolated 
peptide having a sequence of SEQ ID NO: 1, 2 or 10. The 
peptide induces BAK oligomeriZation and cytochrome c 
release from mitochondria. In another aspect the invention 
provides an isolated peptide having a sequence of SEQ ID 
NOs: 3-9 or 11. The peptide binds BCL-2 or MCL-1. For 
eXample, SEQ ID NO:1-5 binds BCL-2. Alternatively, SEQ 
ID NO: 6 and 7 bind MCL-1. 

[0010] Also include in the invention is a chimeric peptide 
having a ?rst domain and a second domain. The ?rst domain 
having and amino acid sequence of SEQ ID NOs: 1-11. The 
second domain having a translocation sequence Which facili 
tates transport across a biological membrane. Examples, of 
translocation sequence includes polyarginine. 

[0011] In another aspect the invention includes a nucleic 
acid encoding any one of the peptides of the invention. 

[0012] Also included in the invention is a vector contain 
ing one or more of the nucleic acids described herein, and a 
cell containing the vectors or nucleic acids described herein. 

[0013] The invention is also directed to host cells trans 
formed With a vector comprising any of the nucleic acid 
molecules described above. 

[0014] In another aspect, the invention includes a compo 
sition that includes the peptides of the invention and a carrier 
or diluent. 

[0015] In yet a further aspect the invention provides 
methods of treating a cell proliferative disorder, e.g., cancer 
in a subject by administering to a subject a BH3 peptide. 

[0016] In another aspect the invention includes a method 
of inducing apoptosis in a cell by contacting said cell With 
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SEQ ID NOs 1, 2 or 10 such that apoptosis is induced. 
Alternatively, the invention provides a method of sensitizing 
a cell to apoptosis by contacting said cell With a composition 
comprising any of SEQ ID NOs: 3-7 or 11 such that as to 
sensitiZe the cell to apoptosis. 

[0017] A further aspect the invention includes a method of 
screening for an apoptotic sensitiZer compound by contact 
ing mitochondria overexpressing BCL-2 With a BID-like 
BH3 peptide to form a BCL-2-peptide complex and con 
tacting the complex With a test compound. Cytochrome c 
release from the mitochondria is determined and compared 
to Cytochrome c release from the mitochondria not exposed 
to the compound. An increase of cytochrome c release in the 
presence of the test compound compared to the absence of 
the compound indicates the compound is an apoptotic sen 
sitiZer compound. 

[0018] In another aspect, the invention relates to a trans 
genic animal containing a heterologous gene construct 
encoding a protein comprising BCL-2 protein, or a cell 
isolated from this animal. The gene construct is ubiquitously 
expressed. Alternatively, the gene construct is constitutively 
expressed. The gene constructs contain one or more regu 

latory sequences, such as a promoter. For example, the gene 
construct is under the control of an inducible promoter. The 
transgenic animal is useful for in vitro testing to determine 
the effect of a BCL-2 antagonist. 

[0019] In another aspect, the invention relates to a method 
of using cell lines isolated from a transgenic animal in an in 
vitro assay to determine the inhibition of a BCL-2 protein, 
inhibition of an anti-apoptotic BCL-2 protein family mem 
ber or determine the effects or antagonist thereof. 

[0020] In another aspect, the invention relates to a trans 
genic non-human animal containing a recombinant nucleic 
acid molecule stably integrated in its genome, Where the 
recombinant nucleic acid molecule encodes a BCL-2 pro 
tein. 

[0021] In a further aspect, the invention relates to a 
method for the production of a transgenic non-human ani 
mal, Which includes introduction of a recombinant nucleic 
acid molecule into a germ cell, an embryonic cell, an egg 
cell or a cell derived therefrom, Where the recombinant 
nucleic acid molecule encodes a BCL-2 protein. 

[0022] Unless otherWise de?ned, all technical and scien 
ti?c terms used herein have the same meaning as commonly 
understood by one of ordinary skill in the art to Which this 
invention belongs. Although methods and materials similar 
or equivalent to those described herein can be used in the 
practice or testing of the present invention, suitable methods 
and materials are described beloW. All publications, patent 
applications, patents, and other references mentioned herein 
are incorporated by reference in their entirety. In the case of 
con?ict, the present speci?cation, including de?nitions, Will 
control. In addition, the materials, methods, and examples 
are illustrative only and are not intended to be limiting. 

[0023] Other features and advantages of the invention Will 
be apparent from the folloWing detailed description and 
claims. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0024] FIG. 1. is a bar chart shoWing BIDBH3, myrBID, 
and BIMBH3 proteins and peptides induce cytochrome c 
release from mitochondria. 

[0025] FIG. 2. is a photograph of an immunoblot shoWing 
BAX and BAK expression in mitochondria isolated from 
mouse liver and FLS .12 cells. 

[0026] FIG. 3. is a bar chart shoWing Cytochrome c 
release induced by BIMBH3 and BIDBH3 is dependent on 
the presence of the multi-domain pro-apoptotic BAK. 

[0027] FIG. 4A. is an immunoblot shoWing BAK oligo 
meriZation in Wt liver mitochondria treated With 100 pM 
BIDBH3. 

[0028] FIG. 4B. is a line graph shoWing peptide induced 
cytochrome C release. Wt liver mitochondria Were treated as 
in (A) and cytochrome c release measured by ELISA. 

[0029] FIG. 4C. is a blot shoWing BAK oligomeriZation 
induced by treatment if in mitochondria from FL5.12 cells 
With 100 pM of the indicated peptides. Markers 1, 2, 3, 4 
correspond to siZe of monomer, dimer, trimer and tetramer. 

[0030] FIG. 4D. is a blot shoWing BAX oligomeriZation 
in mitochondria from FLS .12 cells. 

[0031] FIG. 5A. is a bar chart shoWing BCL-2 inhibits the 
release of cytochrome c in mitochondria isolated from 
parental and BCL-2 over-expressing FLS .12 cells. 

[0032] FIG. 5B. is a blot shoWing the oligomeriZation of 
BAK in mitochondria from parental and FL5.12-BCL-2 
cells treated With 10 pM BIDBH3, incubated With cross 
linking agent BMH, and SDS-PAGE and immunoblot for 
BAK. 

[0033] FIG. 6A. is a bar chart shoWing BADBH3 enables 
cytochrome c release by BIDBH3, BIMBH3 and myrBID. 

[0034] FIG. 6B. is a graph shoWing BADBH3 enables 
cytochrome c release by BIDBH3 in a dose dependent 
fashion. 

[0035] FIG. 6C. is a graph shoWing BADBH3 enables 
cytochrome c release by BIMDBH3 in a dose dependent 
fashion. 

[0036] FIG. 6D. is a graph shoWing BADBH3 enables 
cytochrome c release by myrBID in a dose dependent 
fashion. 

[0037] FIG. 6E. is bar chart shoWing the dose response of 
BADBH3 and BIKBH3 enabling myrBID-induced release 
of cytochrome c from mitochondria of FL5.12-BCL-2 cells. 

[0038] FIG. 7A. is a graph shoWing binding of BIDBH3 
and BADBH3 binding to GST-BCL-2 

[0039] FIG. 7B. is a graph shoWing displacement of 
BIDBH3 binding to GST-BCL-2 by BADBH3 

[0040] FIG. 7C. is a schematic model of the BID-Like 
domain. 

[0041] FIG. 7D. is a is a schematic model of the BAD 
Like domain. 

[0042] FIG. 8. is a bar chart shoWing r8BADBH3 sensi 
tiZes Jurkat cells to r8BIDBH3 killing. 

[0043] FIG. 9. is a schematic representation of a BH3 
mimetic screening strategy. 


















































