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EXTENSION OF REPLICATIVE LIFESPAN IX DISEASES OF
PREMATURE AGING USING P33 ISOFORMS

5 CROSS-REFERENCE TO RELATED APPLICATIONS
16601] This application claims priority benefit of U.S. Provisional Patent Application No.
62/168,239, filed May 29, 2015, which application is herein incorporated by reference for all

PUFPOSES.

BACKGROUND OF THE INVENTION
10 [8002] Replicative senescence, a state of irreversible growth arrest, can be triggered by
muitiple mechanisms including telomere shortening, oncogene activation, and DNA damage.
These mechanisms limit excessive or aberrant cellular proliferation and put senescence m the
crossroads of protecting individuals from cancer progression and contributing to organismal

aging,

15 [0803] pS531saprotein of having an apparent molecular weight of about 53 kDa on 5DS
PAGE that fimetions as a transcription factor that, among other functions, regulates the cell
cycle and acts as a tumor suppressor. In normal cells, p33 is generally held in an tnactive
form, bound to the protem MDM2 (HDM2 1n humans), which prevents p33 activity and
promotes p33 degradation by acting as a ubiquitin ligase. Active p53 is induced n response

20 to various cancer-causing agents such as UV radiation, oncogenes, and some DNA-damaging
drugs. DNA damage is sensed by 'checkpoints' in a cell's cyvcle, and causes proteins such as
ATM, CHK1 and CHK?2 to phosphorylate p53 at sites that are close to or within the MDM2-
binding region and p300-binding region of the protein. Uneogenes also stimulate p53

activation, mediated by the protein pl4ARF. Some oncogenes can also stimulate the

e
W

transcription of proteins which bind to MDM2 and inlubit its activity. Once activated, p53
activates expression of several genes including one encoding for p21, a cell cycle inhubitor,
p21 binds to G1-5-phase and S-phase cyclin CDK complexes inhibiting their activity. See,

e.g., Mills, Genes & Development, 19: 2091-2099 (20035} for a review.

16604] The p33 signaling network plays an important role in regulating senescence. In
30 addition to full-length p53 {p53-FL), the p33 gene (tumor protein p33 gene TP33) encodes at

least 13 natural isoforms due to alternative splicing and alternative promoter usage. It has
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previousty been shown that a natural isoform of p53, A133p33, preferentially inhibits p533-
target genes involved in cellular senescence in normal cells (see, ¢.g., WO 2009/064550).
(68057 Werner syndrome (W5} and Hutchinson-Gilford progeria syndrome (HGPS) are
discases of premature aging in which patients show aging-associated disorders early in life.
WS 15 an autosomal syndrome caused by mutations n the DNA-repair essential WRN
helicase gene that result 1n premature aging in voung adelts. HGPS 1s a laminopathy cansed
by mutations in the LMNA gene resulting in post-transiational processing defects that lead to
an abnormal nuclear envelope structure and causes Progena in chuldren. Fibroblasts derived
from individuals with WS or HGPS have decreased cellular proliferation and tncreased
senescence in culture, as well as altered DNA damage responses. However, the role of p53
isoforms in the abnormal cellular aging processes that occur in these prematurely agiong cells
has not been established. There are currently no therapies for inhibiting or delayving the
premature aging phenotypes in W5 and HGPS patient. Thus, there is a need to identify

therapeutic target candidates to develop therapies to treat these disorders.

BRIEF SUMMARY OF CERTAIN ASPECTS OF THE DISCLOSURE
[B806]  In certain aspects, this disclosure is based, in part, on the inventors’ discovery that
the p33 isoforms A133p53 and p33 play a role in abnormal aging processes in cells of
patients that have a pre-mature aging syndrome such as WS or HGPS. Thus, in one aspect,
the wvention provides a method of extending the rephicative lifespan of a cell of a subject that
has a discase of premature aging, the method comprising contacting the cell with an agent
that increases the function or expression of A133p53, thereby inhibiting cell senescence and
extending the replicative lifespan of the cell. In some embodiments, the disease of premature
aging 1s Wemer syndrome or Hutchinson-Gilford progeria syndrome. In some crabodiments,
the agent comprises a polvnucieotide sequence encoding A133p53, e g, the agent may
comprise an expression cassette comprising a polvnuclectide sequence encoding A133p33.
In some embodiments, the cell is a stem cell. In some embodiments, the cell is a cardiac
progenitor cell, an endothelial progenitor cell, or a bone marrow-derived progenitor cell. In
some embodiments, the cell is contacted with the agent ex vivo. In some embodiments, the

cells are then expanded and administered to the patient.

[6607} In another aspect, the invention provides a method of extending the replicative
lifespan of a cell of a subject that has a disease of premature aging, the method comprising

contacting the cell with an agent that inhibits the function or expression of miR-34a, thercby
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ihibiting cell senescence and extending the replicative lifespan of the cell. In some
embodiments, the discase of premature aging may be Werner syndrome or Huichinson-
Giltord progena syndrome. In some embodiments, the agent comprises a polynucleotide
sequence that inhibits miR-34a, e.g., an expression cassetie comprising a polynucleotide
sequence that inhibits miR-34a. In some embodiments, the cell 1s a stem cell. In some
embodiments, the cell is a cardiac progenitor cell, an endothelial progenitor cell, or a bone
marrow-derived progenitor cell. In some embodiments, the cell is contacted with the agent ex

vivo, In some embodiments, the cells are then expanded and administered to the patient.

[0608]  In a further aspect, the invention provides a method of treating a discase of
premature aging, the method comprising administering a cell modified 10 accordance with
any method described herein to mcrease A133p33 expression or activity, or to inhibit miR-
34a activity, to a paticnt that has a discase of premature aging. fn some embodiments, the

discase of premature agmg is Werner syndrome or Hutchinson-Gilford progena syndrome.

1060%9]  In another aspect, the invention provides a method of extending the replicative
lifespan of a cell of a subject that has a disease of premature aging, the method comprising
contacting the cell with an agent that inhibits the function or expression of p538, thereby
mhibiting cell senescence and extending the replicative lifespan of the cell. In some
embodiments, the disease of premature aging is Werner syndrome. Altematively, the disease
of premature aging is Hutchinson-Gilford progeria syndrome. In some crobodiments, the
agent comprises a polynucieotide sequence that inhibits p535, or comprises an expression
cassette comprising a polynuclestide sequence that inhibits p538. In some embodiments, the
cell, 18 a stem cell. In some embodiments, cell 18 a cardiac progenitor cell or an endothelial
progenitor cell.  In some embodiments, the cell is a bone marrow-derived progenitor cell.
The cell may be contacted with the agent i vive. In some embodiments, the ccH is contacted

with the agent ex vivo.

10618}  In a further aspect, the invention thus provides a method of treating a disease of
premature aging, the method comprising administering a cell modified ex vivo to increase
expression of A133p33 or decrease expression of pS30 as described in herein to a patient that
has a discase of premature aging. The disease of premature aging may be Wermer syndrome

or Hutchmson-Gilford progeria syndrome.
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BRIEF DESCRIPTION OF THE DRAWINGS
[G011] Figurc 1A-1D provides illustrative data showing that A133p33 protects Werner
syndrome fibroblasts (AGU0780) from senescence and extends their replicative lifespan.
(1 A) Expression of Al33p53 isoform in AGOOTR0 fibroblasts derived from a patient with
Wemer Syndrome (W) resulted in: (1B) an increased lifespan and (1€, 1D) diminished
premature senescence as shown by (1C) decreased SA-B-gal positive staining and (1D} lower
oxpression of 1L-6, a senescence-associated secretory phenotvpe (SASP) cyiokine. Data are

mean + s.d. from three independent experiments. ¥* P <0.01; *%* P < (.00]

{0612} Figure 2A-2D provides tlustrative data showing that A133p53 protects WS
fibroblasts {(AGU3141} from senescence and extends their replicative lifespan. (2A)
Expression of A133p353 1soform in AGO3141 dentved from a patient with Werner Syndrome
(WS) resulted in: (2B) mcreased Lifespan; and (2C, 2D) diminished premature senescence as
shown by (20} decreased SA-B-gal positive cells and (2D) lower expression of 1L-6, a
senescence-associated secretory phenotvpe (SASP) cytokine. Data are mean £ s.d. from three

independent cxpertmertds. ** P < 0.01; *** P <0.001

{6613} Figure 3A-3C provides tlustrative data showing that A133p53 protects Werner
Syadrome (WS} fibroblasts (AG12797) from senescence and extends their replicative
lifespan. (3A) Expression of A133p33 isoform in AG12797 derived from a patient with
Wemer Svndrome (WS) resulted in: (3B) increased hitespan and (3C) diminished premature
senescence as shown by decreased SA-P-gal staining in A133p53-exprossing cells. Data are

mean + s.d. from three independent experiments. *** P <(.001

0814} Figure 4A-4B provides llustrative data showing that expression of A133p33
stabilizes full~length p33 (FL-p53), but inhibits the senescent-associated pS3-target gene
p21™ Y in WS fibroblasts. Expression of A133p3 in cells derived from WS patients
(AGO0780, AGO3141 and AGI2797) resulted in (4A) accumulated full-length p53 (FL-p33)
at the protein level and (4B) inhibition of p21™*1 expression at the mRNA level. Data are

mean + s.d. from three independent experments. %% P < (.001

(6815} Figure SA-5B provides hustrative data showing that A133p53 is dowanregulated
during passage of Hutchinson-Gilford Progeria Syondrome (HGPS) fibroblasts (AG11513).
(5A) AG11513 proliferated for a limited number of population doublings (PDLs) m culture

before they reached growth arrest. (SB) A133p53 protein levels were downregulated m late-
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passage {passage 14) compared to carly-passage (passage 7) AG11513 fibroblasts denived

from a patient with Hutchinson-Gilford Progeria Syndrome (HGPS).

{0816} Figure 6A-61} provides illustrative data showing that A133p33 protects HGPS
fibroblasts (AG11513) from senescence and extends their replicative lifespan. {6A)
Expression of A133p53 isoform in AG11513 denived from a patient with Hutchinson-Gilford
Progeria Syndrome (HGPS) resulted in: (6B) increased hfespan and (6C, 6D) dinunished
premature senescence as shown by (6C) decreased SA-B-gal staming and (6D} lower
expression of 1L-6, a senescence-associated secrgiory phenotype (SASP) cytokine. Data arg

mean + s.d. from three independent experiments. ¥* P <0.01; *%* P < (.00]

{6817} Figure TA-7D provides illustrative data showing that A133p33 protects HGPS
fibroblasts (AG01972) from senescence and extends their replicative lifespan. (7A)
Expression of A133p53 isoform m AG01972 denived from a patient with Hutchinson-Gilford
Progeria Svndrome (HGPS) resulted in: (7B) increased bifespan; and (7C, 7D) diminished
premature senescence as shown by (7€) decreased SA-B-gal staming and {7D) lower
oxpression of 1L-6, a senescence-associated secretory phenotvpe (SASP) cviokine. Data are

mean + s.d. from three independent experiments. ¥ P <0.01; ¥%¥ P <(.001

16018] Figure 8A-8C provides illustrative data showing that A133p33 donunant-negatively
inhibits the sencscence-associated p353 targets p2 1™ and miR-34a, and stabilizes full-
length p33 (FL-p53) and phosphorviated p33 at serine 15 (pS15-p53) in AG1 1513 (HGPS)
fibroblasts. Expression 0f A133p33 in AG1IS13 (HGPS) fibroblasts resulted in: (84, 8B)
inhibition of the senescence-associated p33 targets (8A) p2 1V and (8B) miR-34a
compared to control-transduced cells ag shown by quantitative RT-PCR; and (8C)
accumulation of full-length p33 and phosphorylated p53 at serine 15 (pS15-p53) as shown by
western blot using specific antibodies. 8A and 88: control, left bar in each set; A133p53,
right bar in each set. Data are mean + 5.d. from three independent experiments, ** P <0.01;

*Ex P < (001

[6619] Figure 3A-9B provides illustrative data showing that expression of the DNA-repair
gene RADS] 15 upregulated in A133p33-expressing HGPS cells. Expression of Al133p53 in
HGPS fibroblasts {(AG1T1513 and AGO1972) resulted i increased expression of the DNA
repair factor RADST (9A) at the mENA level as shown by quantitative RT-PCR and (9B) at
the protein level as shown by western blot. 9A: control, Ieft bar 1n each set; A133p53, nght

bar in cach set. Data are mean + s.d. from three independent experiments. * P <0.05
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[6023] Figure 10A-10C provides dlustrative data showing that expression of A133p33
ameliorates spontaneous DNA damage by increasing recraitment of RADST to YHZAX-
positive foci in HGPS fibroblasts. Cells were co-immunostained with antibodies against
yHZAX and RADS1. (10A) Representative images are shown. Scale bar= 10pum. {108)
Cuantification of YH2ZA X-positive DSBs was performed usiog the software ImagePremicr
Pro to detect and count the number of foci per cell. Atleast 100 cells were counted per
expeniment. (10C) RADST recruitment to YH2A X -positive D5Bs was guantified. yHZAX-
positive foci were counted and co-localization with RADS 1was scored as RADS L-positive
{(RADS +ve) or RADS -negative (RADS1-ve). Results are shown as percentage (%) of
YHZAX-positive foci. The area inside the columns represents RADS H-positive foct {grev) or
RADS-negative {white}. Data are mean + s.d. from three independent experiments. ** P <

0.01.

(6021} Figure 11 A-11D provide illustrative data showing that pS3[ expression is
associated with senescence of HGPS fibroblasts. {(11A, 11B) AG11513 (HGPS) fibroblasts
were analyzed at cardy passage {passage 10, P10) or senescence {passage 19, P19). (11A)
Immunoblot to detect pS53p using the polvelonal rabbit scrum TLO9. (11B) Quantitative real
time PCR (qRT-PCR} to analyze p538 mRNA levels m the indicated cells. (11C, 11D)
Overexpression of pS35 or a control vector in proliferative HGPS fibroblasts aceelerated the
onset of senescence in HGPS fibroblasts. (11C) Immunoblot to confirm overexpression of
P33P, (11D} Representative images and quantification of SA-B-gal staining. * £ < 0.05; ¥* p
< (.01,

{66227 Figure 12 A-12E provides dlustrative data showing that SRSF3 regulates p33p
expression during senescence of HGPS. (12A) AG11513 (HGPS) fibroblasts were analvzed
at carly passage {passage 10, P10) or senescence (passage 19, P19). Immunoblotting was
used to detect SRSF3 expression. (128B-12E) Proliferative HGPS cells were transfected with
one of two siRNAs targetting SRSF3 or a control siRNA. Cells were analyzed 72 hours after
transfection. (12B) Immumoblotting was used to detect the mdicated proteins in transfected
cells. (12, 12D} Quantitative real time PCR (qRT-PCR} of (12C) p535 and (12D) the
senescence-associated FLpS53-target p21 mRNA expression. f-actin or B2M were used for
normalization. (12E) Senescent cells were detected using SA-fP-gal assay. Representative
tmages and quantification of SA-B-gal staining sre shown. A minimum of 100 cells were

counted per assay. ** P<0.01, *¥* P <0.001.
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DETAILED DESCRIPTION OF THE INVENTION

Terminology

16023] The term “p337 refers generally to a protein of a molecular weight of about 33kDa
on SDS PAGE that functions as a transeription factor and plays a role in cell eycle control
and DNA damage repair as well as other cssential pathways in cell growth. The protein and
nucleic sequences of the p33 protein from a variety of organisms from humans to Drosophila
are known and arc available m public databases, such as in aceession numbers, NM_000546,
NP 0003537, NM_011640, and NP_0(35770, for the human and mouse sequences.
Mammalian p33 sequenees are highly conserved between specics. Mouse and buman p33
proteins are 85% identical. In humans, p33 1s encoded by the TP33 gene located on the short
arm of chromosome 17 (17p13.1). A p53 protein in the context of this invention includes
allelic variants and other functional varniants and orthologs. In some embodiments, variants
have at least 85%, at least 90%, or at least 95%, or greater, amino acid sequence identity
across their whole sequence compared to a naturally occurring p53 fanuly member, such ag
the polypeptide sequence fisted under accession number NP_000537 (human p53).
Generally, the same species of protein will be used with the specics of cells being

manipulated.

[6024] The term “A133p53” refers generally to the isoform of p33 that arises from
mitiation of transcription of the p33 gene from an alternative promoter in intron 4 of human
133, which results in an N-terminally truncated p33 protein transiated from codon 133. A
A133p53 isoform for use mn this invention comprises the following p33 protein domains: the
majority of the DNA binding domain, the NLS, and the C-tenamnal oligomerization domain
{see Bourdon, Brit. J. Cancer, 97. 277-282 (2007}, An illustrative human A133p33 protem

sequence 18 isted under accession number ABA29755 1.

[3025]  The term “p53B” refers gencrally to the 1soform of p533 that arises from altemnative
splicing of mtron 9 to provide a p53 isoform comprising the following p33 protein domaimns:
TADL, TAD?, prD3, the DNA binding domain, the NLS, and the C-terminal sequence
DQTSFQKENC (see Bourdon, Brit. J. Cancer, 97: 277-282 (2007})).

[6826] The term “cell sengscence” refers generally to the phenomenon where nommal

diploid differentiated cells lose the ability to divide afier undergoing a tinite number of cell

divisions characteristic of a particular tvpe of cell.



[V,
(]

20

WO 2016/196366 PCT/US2016/034821

16627] The term “replicative lifespan” refers generally to the finite number of cell divisions
undergone by a particular cell type before undergoing cell senescence and losing the ability to

further divide.

(6828} The term “extending replicative lifespan™ refers generally to the continuation of cell
division in a normal diploid ccll bevond the finite number of ccll divisions at which ccll

senescence would ocour.

[6629] The term "inhibiting" as used, for example in the context of "inhibiting senescence”
of a celi, refers generally to conditions or agents which reduce, decrease, hinder, down-
regulate, or otherwise decrease cell senescence compared to a corresponding cell that is not

treated with the agent.

{08308} As used herein, the term “expression” or “mcreasing expression” of A133p53 in the
context of this mvention ofien refers to mtroducing a A133p53 mucleic acid into a cell. In
some embodiments, the level of expression of A133p53 may be increased using another agent
that upregulates expression. An "increase” in A133p53 expression is generally determined
relative to control cells to which an agent, e. g, a nucleic acid encoding A133p53 or other
agent that increases levels of A133p53, has not been added. Expression is typically
considered to be incrgased when levels of A133p53 protein, or RNA | are increased by at least
20%, typicallv by at east 50%, or 100% or more. In some embodiments, expression levels
may be two-fold higher than the control, or five-fold higher than the control, or greater than
five-fold higher than the control. Expression of A133p53 can also be evaluated by functional
analyses, such as measuring cellular senescence, e.g., using a Senescence- Associated {(5A)-
p-Galactosidase assay fo determine cellular senescence levels, or evaluating expression of IL-

6, a senescence-associated secretory phenotype (SASP) eytokine.

[6631] As used herein, the term “decreasing” or “inhubiting” expression of p335 in the
contest of this invention refers to decreasing the level of pS3B or activity in a cell. In some
embodiments, the level of expression of pS38 may be decreased using a polvnucleotide
inhibitor of p538. In some embodiments, another agent that down regulates expression is
emploved. A "decrease” in pS3[ expression is generally determined relative to control cells
to which an agent, e.g., a nucleic acid encoding a polvnucleotide inhibitor of pS3, bas not
been added. Expression is typically considered to be decreased when levels of p333 protein

or RNA, are decreased by at keast 10% or at least 20%, tvpically by at least 50%, or 73% or
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more. In some embodiments, expression levels may be two-fold lower than the control, or
five-fold lower than the control, or greater than five-fold lower than the control. As noted
above, in some embodiments, inhibited expression of pS38 can be assessed using functional
analyses, such as measuring cellular senescence, e.g., using a Senescence-~ Associated (SA)-
B-Galactosidase assay to determine cellular senescence levels, or evaluating expression of 1L-

6, a senescence-associated secretory phenotype (SASP) cvioking.

[6632] A polynucleotide sequence is “heterologous to” a second polvoucieotide sequence 1if
it originates from a foreign species, or, if from the same species, 1s modified by human action
from its original form. For example, 3 promoter operably linked to a heterologous coding
sequence refers to a coding sequence from a specics different from that from which the
promoter was derived, or, if from the same species, a coding sequence which is different from

any naturally occurring allelic variants.

[6033] The term "exogenous” refers to a substance present i a cell or organism other than
its native source. For example, the terms "exogenous mucleic acid” or "exogenous proten”
refer to a nucleic acid or protein that hag been introduced by a process involving the hand of
man into a hiclogical svstem such as a cell or organism in which # 1s not normally tfound or
in which it is found in lower amounts. A substance will be considered exogenous ifitis
mtroduced into a ccH or an ancestor of the cell that inhenis the substance. The term

"endogenous" refers to a substance that is native to the biological sysiem.

{6834} The term "identity” as used herein refers to the extent to which the sequence of two
or more nucleic acids or polypeptides is the same. The percent identity between a sequence
ot interest and a second sequence over a window of evaluation, ¢.g., over the length of the
sequence of mterest, may be computed by alipning the sequences, determining the number of
residues (nucleotides or aming acids) within the window of evaluation that arc opposite an
identical residue allowing the introduction of gaps to maximize identity, dividing by the total
number of residues of the sequence of interest or the second sequence {(whichever is greater)
that fall within the window, and multiplying by 100, When computing the mumber of
identical residues needed to achieve a particular percent identity, fractions are to be rounded
to the nearest whole number. Percent identity can be calculated with the use of a varicty of
computer programs. For example, computer programs sach as BLAST2, BLASTN,
BLASTP, Gapped BLAST, cic., generate alignments and provide percent identity between

sequences of interest. The algorithm of Kardin and Altschul (Karlin and Altschul, Proc. Natl,
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Acad. ScL USA 87:22264-2268, 1990) modified as in Karlin and Altschul, Proc. Natl. Acad.
Scl USA 90:5873-5877, 1993 is incorporated into the NBLAST and XBLAST programs of
Altschul et al. {Alischul, etal., J. Mol. Biol. 215:403-410, 1990). To obtain gapped
alignments for comparison purposes, Gapped BLAST 1s utilized as described in Altschul ot
al. (Altschul, et al. Nucleic Acids Res. 25: 3389-3402, 19973, When utilizing BLAST and
Gapped BLAST programs, the default parameters of the respective programs may be used. A
PAMZ230 or BLOSUMGZ matrix may be used. Software for performing BLAST analyses is
publicly available through the National Center for Bistechnology Information {(NCBI). See
the Web site having URL world-wide web address of "nebinlm nih gov" for these programs.
In a specific embodiment, percent identity is calculated using BLAST2 with default

parameters as provided by the NCBIL

[6035] The torm "isolated” or "partially purified” as used herein refers, in the case of a
nucleic acid or polypeptide, to a nucleic acid or polvpeptide separated from at least one other
component (¢.g., nucleic acid or polvpeptide) that 1s present with the nucleic acid or
polvpeptide as found in its natural source and/or that would be present with the nucleic acid
or polypeptide when expressed by a cell, or secreted 1n the case of secreted polvpeptides. A
chemically synthesized nucleic acid or polypeptide or one synthesized using in vitro

transcription/translation is considered "isolated".

{3835} The term "isolated cell” ag used heren refers to a cell that has been removed from
an organism in which it was originally found or a descendant of such a cell. Ar “isolated”
cell may be cultured 77 vifro in the presence of other cells. Optionally, the cell is later
matroduced into a sccond organism or re-introduced into the organism from which it {or the

cell from which it is descended) was 1solated.

[6637F The term "vector” refers to a carrier DNA molecule into which a DNA sequence can
be mserted for introduction into a host cell. In some embodiments, vectors of use n the
mvention are those capable of astonomous replication and/or expression of nucleic acids to
which they are linked. Vectors capable of directing the expression of genes to which they are
operatively himked are referred to herein as "expreasion vectors”. Thus, an "expression
vector” 18 a specialized vector that contains the necessary regulatory regions needed for
expression of a gene of interest in a host cell. In some embodiments the gene of interest is
operably linked to another sequence in the vector, e. g, a promaoter. Vectors include non-~viral

vectors such as plasmids and viral vectors.
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{3638} The term “operably linked” refers to a functional linkage between a first nucleic
acid sequence and a second nucleic acid sequence, such that the first and second nucleic acid
sequences are transcribed into a single nucleic acid sequence. Operably linked nucleic acid

sequences need not be physically adjacent to each other. The term “operably linked” also

(]

refers to a functional Hnkage between a nuclete acid expression control sequence (such as a
promoter, or array of transcription factor binding sites) and a transcribable nucleic acid
sequence, wherein the expression control sequence directs transcription of the nucleic acid

corresponding to the transcribable sequence.

[6639]  The term "viral vectors” refers to the use of viruses, or virus-associated vectors as
10 carriers of a nucleic acid construct info a cell. Constructs may be integrated and packaged
into non-rephcating, defective viral genomes hike Adenovirus, Adeno-associaied virus
{AAV), or Herpes simplex virus (HSV) or others, including retroviral and lentiviral vectors,
for infection or transduction mnto cells. The vector may or may not be mcorporated into the
cell's genome. The constructs may include viral sequences for transfection, if desired.
15 Akermatively, the construct may be tocorporated into vectors capable of episomal replication,

¢.g., EPV and EBV veciors.

[0848]  Inthe context of this invention, “transfection” is used to refer to any method of
miroducing nucleic acid molecules mto a cell mcluding both viral and non-viral technigues.

The term as used here thus includes techniques such as transduction with a virus.

20 00411  The terms "regulatory sequence” and "promoter” are used interchangeably herein,
and refer o nucleic acid sequences, such as initiation signals, enhancers, and promoters,
which induce or control transcription of protein coding sequences with which they are
operatively hinked. In some examples, transcription of a recombinant gene s under the
control of a promoter sequence {or other transcriptional regulatory sequence) which controls

25 the expression of the recombinant gene n a cell- type i which expression s mtended. It will
also be understood that the recombinant gene can be under the control of transcriptional
regulatory sequences which are the same or which are different from those sequences which
control transcription of the naturally-occurring form of a protein. In some instances the

promoter sequence is recognized by the synthetic machinery of the cell, or introduced

3
p—

synthetic machinery, required for mitiating transcription of a specific gene,

13642]  As used hercin, "proliferating” and "proliferation” refer to an increase in the number

of cells in a population {growth) by means of cell division. {ell proliferation is generally
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understood to result from the coordinated activation of multiple signal transduction pathways
in response to the environment, including growth factors and other mitogens. Cell
prolifcration may also be promoted by releasc from the actions of intra- or extracellular

signals and mechanisms that block or negatively affect cell prohiferation.

[B643] The terms "nucleic acid” and "polynucleotide” are used interchangeably herein to
refer to deoxyribonucleotides or nbonucleotides and polvmers thereof in either single- or
double-stranded form. The term encompasses nucleic acids containing nucleotide analogs or
modified backbone residues or linkages, which are synthetic, naturally occurring, and non-
naturally occurring, which have similar binding properties as the reference nucleic acid, and
which are metabolized in a manner simular to the reference nucleotides. Examples of such
analogs include, without limitation, phosphorothicates, phosphoramidates, methyl
phosphonates, chiral-methyl phosphonates, 2-O-methyl ribonucleotides, peptide-nucieic acids

{PNAs).

10844} Unless otherwise indicated, a particular nucleic acid sequence also ¢ncompasses
conservativelv modified vanants thereof {¢.g., degencrate codon substitutions) and
complementary sequences, as well as the sequence explicitly indicated. Specifically,
degenerate codon substitutions may be achieved by generating sequences in which the third
position of one or more sclected (or all) codons is substituted with mixed-base and/or
deoxvinosine residues (Batzer et al., Nucleic Acid Res. 19:5081 (1991); Ohtsuka et al., 1.

Biol. Chem. 260:2605-2608 {1985); Rossolini et al., Mol. Cell. Probes 8:91-98 (1994)).

[6643] Amino acids can be referred to herein by either their commonly known three letter
symbols or by the one-letter symbols recommended by the IUWPAC-TUB Biochemical
Nomenclature Commission. Nucleotides, likewise, can be referred to by thewr commoniy

accepted single-letier codes.

10846} “Conservatively modified variants™ as used herein applies to amino acid sequences.
One of skill will recognize that individual substitutions, deletions or additions to a nucleic
acid, peptide, polypeptide, or protein sequence which alters, adds or deletes a single amino
acid or a small percentage of aming acids m the encoded sequence 15 a “conservatively
modified variant” where the alteration results in the substitution of an amino acid with a
chemically similar amino acid. Conservative substitution tables providing functionally
similar amino acids are well known in the art. Soch conservatively modified variants are in

addition to and do not exclude polymorphic variants, interspecies homologs, and alleles of
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the invention. The following sight groups each contain aminoe acids that are conservative
substitutions for one ancther: 1) Alanine (A}, Glycing (G); 2} Aspartic acid (D), Glutamic
acid (E}; 3) Asparagine {N), Glutanune (Q); 4) Arginine {(R), Lysine (K); 5} Isoleucine (I},
Leucine (L}, Methionine (M), Valine (V}; 6) Phenvlalanine (F), Tyrosine (YV), Tryptophan
(W), 73 Serine (S), Threonine (T); and 8} Cysteine (C), Methiomine (M} (see, e.g., Creighton,
Proteins {1984)).

Overview of aspects of the disclosure

[6647} The disclosure 1s based, n part on the discovery that the naturally occurring p33
isoform A133p353 extends the replicative lifespan of cells in patients who have diseases of
premature aging. Premature aging disease or conditions are those in which aspects of the
aging process, .2, external signg of old age, is greatly accelerated. Children affected with a
discase of premature aging develop external signs ot old age, including baldness, bunched
posture, and dry, imelastic, and wrinkled skin. However, in contrast to normal aging, the
ovarigs or testes are inactive, resulting i stertlity. Affected children are also unusoally short.
There are several premature aging syndromes. In Hutchinson-Gilford syndrome and Wemer
syndrome, the central nervous system and theretore the ability to do many daily activities are
largely unaffected unless a stroke occurs. Thus, although premature aging discases numic

some aspects of normal aging, the aging processes also exhibit marked differences.

[6648] In some embodiments, the invention thus provides methods of extendmg replicative
life-span in cells of patients that have a pre-mature aging syndrome, e.g., WS or HGPS, by
mcreasing the level or activity of A133p33 in cells of such patients. Increasing the level or
activity of A133p33 may be achicved using any number of methods, including, but not
limited to, introducing a polynucleotide cncoding Al33p33 into cells, e.g., an expression

vector that expresses A133p53, and/or using an agent that upregulates Al33p53 expression.

[B8491  In some embodiments, cells from a patient may be modified ex vivo and then re-
mtroduced into the patient. In some embodiments, cells that are modified ex viveo for
reintroduction mto the patient are stem cells or progenitor cells, such as cardiac progenitor

cells, bone marrow-derived stem cells, or endothelial progenttor cells.

[6856] In some embodiments, the patient may be treated with an agent that up-regulates
Al133p53 expression and/or activity. In some embodiments, such an agent targets a cellular

autophagy degradation pathway.
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{36511  In further embodiments, the invention provides methods of identifving agents that
merease A133p53 levels and/or activity in cells of patients having a disease of pre-mature
aging, e.g., WS or HGPS, where the method comprises screening candidate small molecule
compounds for the ability up-regulate A133p53 expression or activity in W5 and/or HGPS

cells,

{6852} The disclosure 1s additionally based, in part on the discovery that expression of the
naturally occurring pS3 isoform p33f is associated with senescence in cells of patients who

have a premature aging discase.

{0853} In some embodiments, the disclosure thus provides methods of extending
replicative life-span in cells of patients that have a pre-mature aging syndrome, e.g., WS or
HGPS, by decreasing the level or activity of p33[8 in cells of such patients. Decreasing the
level or activity of pS3 may be achieved using any number of methods, including, but not
himited to, introducing a polynucleotide that inhibits expression of p533 into cells and/or

using an agent that downregulates p538 expression.

13654] In some embodiments, cells from a patient may be modified ex vivo to inhibit
expression of p33 and then re-introduced into the patient. In some embodiments, cells that
are modified ex vivo for reintroduction indo the patient are stem cells or progenitor cells, such

as cardiac progenitor cells, bone marrow-derived stem cells, or endothelial progenitor cells.

10655]  In some embodiments, the patient may be treated with an agent that down-regulates

P33 expression and/or activity.

[60856]  In further embodiments, the invention provides methods of identifying agents that
decrease p330 levels and/or activity in cells of patients having a disease of pre-mature aging,
e.2., WS or HGPS, where the method comprises screening candidate small molecule
compounds for the ability down-regulate p333 expression or activity in W8 and/or HGPS

cells.

Methods for expressing A133p33
[G057]  Nucleic acid sequences encoding A133p33 and related nucleic acid sequence
homologues can be cloned from cDNA libranies or are typically isolated using amplification

technigues with oligonucleotide primers.
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{36581  In typical embodiments, the cloning of A133p53, or other p33 isoforms, or desired
genes, can employ the use of syathetic oligonucleotide primers and amplification of an RNA
or DNA template (see U.S. Patents 4,683,195 and 4,683,202; PCR Protacols: 4 Guide io
Methods and Applications (Innis ef al., eds, 1990}). Methods such as polvmerase chain
reaction (PCR) and ligase cham reaction (LCR) can be used to amphfy nucleic acid
sequences of A133p53 directly from mRNA, from ¢cDNA, from genomic libraries or cDNA
libraries. (Genes obtained via an amplification reaction can be purified and cloned into an

appropriate vector.

16059]  The nucleic acids encoding A133p33 are typically cloned into intermediate vectors
betore transformation mto eukarvotic cells for replication and/or expression. These
intermediate vectors are typically prokaryote vectors, e.g., plasmids, or shuttle vectors. The
isolated nucleic acids encoding Al33p353 or other p33 isoforms may also encode interspecies

homologues, alleles and polvmorphic variants of the illustrative A133p33 deseribed herem.

10668 Expression of A133p33 {or of other proteins that it may be desirable to express as
described herein) is performed using a variety of techniques. Basic texts disclosing general
methods that can be emploved i this invention include Green and Sambrook (2612}
Molecular Cloning: A laboratory manual 4th ed. Cold Spring Harbor Laboratory Press; and
Current Protocols in Molecular Hiology and supplements through supplement 110, 20135)

John Wiley and Sons.
Expression vectors

{0861} Any number of vectors may be employed, imcluding plasmid and viral vectors, to

mtroduce a nucleic acid encoding A133p33 into celis.

38621  In some embodiments, a nucleic acid construct encoding A133p53 1s a plasmid-

based vector {e.g., “naked” DNA},

[B663] In some embodiments a nucleic acid construct encoding A133p53 is contained
within a viral vector and administered as a virus, Viral delivery systems include adenovirug
vectors, adeno-associated viral vectors, herpes simplex viral vectors, retroviral vectors, pox
viral vectors, lentiviral vectors, alphavirus vectors, poliovirus vectors, and other positive and
negative stranded RNA viruses, vircids, and virusoids, or portions thereof. One of skill in the
arts understands that any number of methods of constructing and using such vectors can be

emploved.
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{38641 For example, recombinant viruses in the pox family of viruses can be used for
delivering the nucleic acid molecules encoding A133p33. These include vaccinia viruses and
avian poxviruses, such as the fowlpox and canarvpox virases. Hlustrative methods for
generating these viruses using genetic recombination can be found, e.g, o WO 91/12882;

5 WO 89/03429;, WO 92/03545; and n US Patent No. 5,863,342, Representative examples of
recombinant pox viruses inchude ALVAC, TROVAC, and NYVAC.

[6963] A number of adenovirus vectors, including, for example, Ad2, Ad5, and Ad7, can
also be used to debiver a nucleic acid that encodes A133p53 (Haj-Ahmad and Graham, .
Virol. (1986) 57:267-274; Bettet al., J. Virol. (19933 67:3911-5921; Mittereder ¢t al., Human

10 Gene Therapy (1994} 5:717-729; Seth et al |, §. Virol {1994} 68:933-940; Barr et al | Gene
Therapy (1994) 1:51~58; Berkner, K. L. BioTechniques (1988) 6:616-629; and Rich et al,,
Human Gene Therapy (1993) 4:461-476). Additionally, vanous adeno-associated virus
{AAV) vector systems have been developed for gene delivery. These vectors can be readily
constructed. See, e.g., U5 Pat. Nos. 5,173,414 and 5,139,941 International Publication

15 Nos. WO 92/01070 (published 23 Jan. 1992} and WO 93/03769 {published 4 Mar. 1993);
Lebkowski et al., Molec. Cell. Biol. (1988} 8:3988-3906; Vincent et al., Vaceines 90 (1990}
{Cold Spring Harbor Laboratory Press); Carter, B. §. Current Opinion in Biotechnology
(1992} 3:533-539; Muzyczka, N. Current Topics in Microbiod. and Immunol. (1992) 158:97-
129; Kotin, R. M. Human Gene Therapy (1994) 5:793-801; Shelling and Smith, Gene

20 Therapy (1994} 1:163-169; and Zhou et al., J. Exp. Med. (1994) 175:1867-1875.

[B866] Retroviruses also provide a platform for gene delivery systems. A number of
retroviral systems have been described (U5, Pat. No. 5,219,740; Miller and Rosman,
BioTechnigques (1989} 7:980-990; Miller, A. D Human Gene Therapy (1990} 1:5-14; Scarpa
ctal., Virology (1991) 180:849-852; Burns ot al., Proc. Natl. Acad. Sci. USA (1993)

25 90:8033-8037; and Bornis-Lawrie and Temin, Cur. Opin. Genet. Develop. (1993) 3:102-109.
Additional gene delivery systems include lentiviral vectors that cmploy lentiviral vector
backbones. Thus, in some embodiments, a nucleic acid encoding A133p53 may be
mtroduced into colis from a patient having a disease of pre-mature aging using a lentiviral

vector.

30 [8867] Members of the Alphavirus genus, such as, but not limited to, vectors derived from
the Sindbis, Semliki Forest, and Venezuelan Equine Encephalitis viruses, can also be used as

PN+

viral vectors to deliver a nucleic acid encoding A133p53. For a description of illastrative
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Sindbig-virus derived vectors useful for the practice of the mstant methods, see, Dubensky et
al., § Virol (1996} 70:508-319; and International Publication Nos. WO 95/07995 and WO
96/17072; as well as, Dubensky, Jr., T. W, etal,, U.S. Pat. No. 5,843,723, issued Dec. 1,
1998, and Dubensky, Jr., T. W, U.S Pat. No. 5,789,245, 1ssued Aug. 4, 1998).

[6068] As appreciated by one of skill in the art, the techniques used to obtain A133p33
nucleic acids and introduce them into cells may also be used for other nucleic acids as
described herein that are emploved to extend replicative hifespan of cells from patients with

diseases of premature aging.
Agents that up-regulate A133p53

1306%] In some embodiments, an agent that up-regulates A133p353, i.e., that increases the
level and/or activity of A133p33 in a cell, is administered to a subject that has a disease of
premature aging, e.g., WS or HOGPS. Such agents are often small organic molecules. As used
herein, a “small organic molecule™ refers to an organic molecule, either naturally ocourring or
syunthetic, that has a molecular weight of more than about 50 daltons and less than about 2500
daltons, preferably less than about 2000 daltons, preferably between about 100 to about 1000

daltons, more preferably between about 200 to about 500 daltons.

[607¢]  In some embodiments, the agent mav be an agent that targets sclective antophagy,
the mechanism by which A133p33 is degraded in cells of a patient that has a prematurc aging
syndrome, e.g., WS or HGPS, to reduce the selective A133p33 autophagy, thereby increasing

cellular A133p53 levels.

[6671} In some embodiments, an agent that up-regulates A133p33 in cells from subjects
that have a premature aging discase, e g, WS or HGPS, may be an agent that mcreases the
level or activity of a protein that interacts with A133p33, such as STUBI (§TIPI homology
and U-Box-containing protein 1, also referred to as CHIP, carboxy terminus of Hap70-
mteracting protein).  STUB! has been mapped to 16p33 on human chromosome 16, Protein
and nucleic acid sequences for human CHIP are known, as are structural features of the
protein that are tmportant to activity. For example, it has been shown that STUB1 has
intrinsic E3 ubiguitin ligase activity and promotes ubiquitylation m an iz vifro ubiguitylation
assay with recombinant proteins ( hang ef al., J. Biol Chem. 276:42938-42944_ 2001). This

activity was dependent on the C-terminal U box.
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Inhibition of endogenous p530 expression

{6872} In some aspects of the disclosure, i is desivable to disrupt endogenous expression of
pS3B. Inlubitory nucleic acids to p533 such as siRNA, shRNA, ribozymes, or antisense

molecules, can be synthesized and introduced into cells using methods known in the art.

(]

Molecules can be synthesized chemically or enzvmatically in vitro (Micura, Agnes Chem. Int.
Fd Emgl 41 2265-9 (2002); Paddison ef al., Proc. Nail Acad. Sci. US4, 99: 14438 2002}
or endogenously expressed inside the cells in the form of shRNAs (Yu er al., Proc. Nail.
Acad. Sci. US4, 99: 6047-52 (2002); McManus ef ol , RNA 8, 842-50 {2002})}. Plasmud-
based expression systems using RNA polymerase [H U6 or H1, or RNA polymerase I UL,
18 small nuclear RNA promoters, have been used for endogenous expression of shRNAs
(Brunumelkamp ef al., Science, 296: 350-3 (2002); Sui er al., Proc. Natl. Acad. Sci. USA, 99:
5515-20 (2002);, Novarino ef al., J. Neurosci., 24: 5322-30 (20043). Svnthetic siRNAs can
be delivered by electroporation or by using lipophilic agents (McManus ef ol , RNA §, 842
50 (2002); Kishida et al., J Gene Med. | 6: 105-10 (2004)). Alicrnatively, plasmid systems
15 can be used to stably express small hairpin RNAs for the suppression of target genes
(Bvkxhoorn ef al., Nat. Rev. Mol. Biol. | 4: 45767 (2003)). Vartous viral delivery systems
have been developed to deliver shRNA-oxpressing casseties into cells that are difficult to
transfect (Brummelkamp ef af., Cancer Cell, 2: 243-7 (2002); Rubinson ef af., Nat. Genet.,
33: 401-6 2003). Furthermore, siRNAg can also be delivered into Iive animals. (Hasuwa ef
20 al, FEBS Lett., 532, 22730 (2002); Carmell er ol., Nat. Struct. Biol., 10: 91-2 (2003},
Kobayashi er al., J. Pharmacol Exp. Ther. 308 688-93 (2004)).

36731 Methods for the design of siRNA or shRNA target sequences have been described
in the art. Among the factors 1o be considered inchude: siRNA target sequences should be

specific to the gene of interest and have ~20-30% GC content (Henshel ef ol , Nucl Acids

e
W

Res., 32: 113=20 (2004); G/C at the 5" end of the sense strand; A/U at the 5" end of the
antisense strand; at least 5 A/U residues 1n the first 7 bases of the 5’ termunal of the antisense
strand; and no runs of more than 9 G/C residues {(Us-Tei ef ol , Nucl Acids Res., 3: 93648
(2004)). Additionally, primer design rules specific to the RNA polvmerase will apply. For
example, for RNA polymerase L the polvmerase that transcribes from the U6 promoter, the
30 preferred target sequence is 5-GIN18-3". Runs of 4 or more Ts {or As on the other strand}
will serve as terminator sequences for RNA polymerase i and should be avoided. In
addition, regions with a run of any single base should be avoided {Czaudema ef al., Nucl.

Acids Res., 31: 2705-16 (2003)). It has also been generally recommended that the mRNA
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target site be at least 50-200 bases downstream of the start codon (8w ef af., Proc. Natl,
Acad. Sci. USA, 99 5515-20 (2002}, Elbashir ef ol | Methods, 26: 159-213 {2002}, Duxbury
and Whang, J Surg. Res., 117: 339-44 (2004} to avoid regions in which regulatory proteins

might bind. Additionally, a number of computer programs are available to aid in the design

(]

of suitable siRNA and shRNAs for use in the practice of this invention.

[3874] Ribozymes that cleave mRNA at site-specific recognifion sequences can be used o
destroy target mRNAs, particularly through the use of hammerhead ribozymes. Hammerhead
ribozyvmes cleave mRNAs at locations dictated by flanking regions that form complementary
hase pairs with the target mRNA. Preferably, the target mRNA has the following sequence
10 oftwo bases: 53-UG-3". The construction and production of hammerhead nbozymes is well

known in the art.

[6075]  Gene targeting ribozymes necessarily contain a hybridizing region complementary
to two regions, cach of at least 5 and preferably each 6,7, 8,9, 10, 11,12, 13, 1415, 16, 17,
18, 19 or 20 contiguous nucleotides in length of a target mRNA, ez, a p535 mRNA. In

15 addition, ribozymes possess highly specific endonbounuclease activity, which

autocatalvtically cleaves the target sense mRNA.

108767  With regard to antisense, siRNA or ribozyme okigonucieotides, phosphorothicate
oligonucleotides can be used. Modifications of the phosphodiester linkage as well as of the
heterocyele or the sugar may provide an increase in efficiency. Phophorothicate is used to
20 modify the phosphodiester linkage. An N3'-P53' phosphoramidate linkage has been described
as stabilizing oligonucleotides to nucleases and increasing the binding to RNA. Peptide
nucleic acid (PNA) hnkage is a complete replacement of the rbose and phosphodiester
backbone and 1s stable to nucleases, mereases the binding affinity to RNA, and does not
allow cleavage by RNAse H. Its basic structure is also amenable to modifications that may
25 allow its optimization as an antisense component. With respect to modifications of the
heterocycle, certain heterocyele modifications have proven to augment antisense effects
without interfering with RNAse Hactivity. An example of such modification is C-5 thiazoke
modification. Finally, modification of the sugar may also be considered. 2'-O-propylt and 2'-
methoxyethoxy ribose modifications stabilize oligonucleotides to nucleases in celi culiure

30 andinvive.
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[6077] One of skill understands that inhibitory nucleic acids that target p330 can be
miroduced into cells using principles and methods as desenibed above for the introducing of

A133p53 nucleic acids wmto cells.

[6678] Inhibitory oligonucleotides can be delivered to a cell by direct transfection or

(]

transfection and expression via an expression vector. Appropriate expression vectors include
mammalian expression vectors and viral vectors, e.g., the iflustrative vectors described for
delivery of A133p33 polvnucleotides, into which has been cloned an inhibitory
oligonucleotide with the appropriate regulatory sequences including a promoter to result in
expression of the RNA in a host cefl. Suitable promoters can be constitutive or development-
10 spectfic promoters. In some embodiments in which polynculetoides that inhibit p335 are
delivered mto the cell, mammalian expression vector can be emploved. For example,
mammalian expression vectors suiiable for siRNA expression are commercially available, for
example, from Ambion {e.g., pSilencer vectors), Austin, TX; Promega (e.g., GeneChip,

sidTRIKE, SilentGene), Madison, WL, Invitrogen, Carisbad, CA; InvivoGen, San Diego,

(]

CA; and Imgenex, San Dhego, CA. In some embodiments, inhibitory RNA sequences are
delivered into celis via a viral expression vector. Viral vectors suitable for delivering such
molecules to cells mclude those described above, e g, adenoviral vectors, adenc-associate

vectors, and retroviral vectors (including lentiviral vectors).

Agents that down-regulate p335

Loy

[6079] In some embodiments, an agent that down-regulates p33p3, 7.e., that decreascs the
fevel and/or activity of p33f in a cell, is administered to a subject that has a disease of
premature aging, e.g., WS or HGPS. Such agents are often small organic molecules. As used
herein, a “small organic molecule” refers to an organic molecole, either naturally occurring or

svithetic, that has a molecular weight of more than about 50 daltons and less than about 2500

e
W

daltons, preferably less than about 2000 daltons, preferably between about 100 to about 1000

daltons, more preferably between about 200 to about 500 daltons.
[B880] In some embodiments, cells can be treated with an agent that increases SRSF3
expression in cells of patients with discase of premature gaining to inhibit endogenous p53f.

SREF3, previcusly named as SRp20, is the smallest member of the highly conserved

Loy

senne/arginine-nch splicing factor family and modulates the splicing of numerous gengs. It

has been shown that down rezulation of SRSF3 elevates p3303 levels (Tang er af., Oncogene
S (<}
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[¥9]

2:2792-2798, 2013}, In some embodiments, increasing expression of SRSF3 can be
achieved by introducing an expression construct that expresses SRSF3, preferably human

SRSFE3, into cells of paticots baving a disease of premature aging.
Additional agents to extend the replicative lifespan

[B881] In some embodiments, an agent that inhibits the function or expression of miR-34a
may be used to extend the replicative lifespan of cells from a subject that have a premature
aging discase, e.g., WS or HGPS. An excmplary agent useful for this purpose 1s an antiscnse

oligonucleotide that specifically mactivates the microRNA miR-34a (anti-miR34a).

(6882 MicroRNAs (miRNAs) are endogencus short, e.g., about 21 nucleotides in length,
RNA molecules that regulate gene expression post-transcriptionally by mteracting with
protein-encoding messenger RNAs. miRNAs are similar to short interfering RNAs (siRNAs)
in size and function; however, unhlike siRNAs, miRNAs are ¢endogenous transcripts encoded
by the genome that function to regulate endogenous gene expression. miRNAs possess
antisense activity that negatively regulates the expression of genes with sequences that are
complementary to spectfic miRNAg, The term “miR-34a” refers to the mature miRNA

having the sequence UGGCAGUGUCUUVAGCUGGUUGU.

{36831 Examples of nucleic acids that specifically imnactivate miR-343a include antisense
oligonuclestides. The antisense ohigonucleotides may be nbomucleotides or
deoxyribonucleotides. In some embodiments, the oligonucleotides may comprise peptide
nucleic acids. In some embodiments, the oligonucleotide comprises one or more modified
nucleotides, sach as 2'-O-methyl-sugar modifications. In some embodiments, such
inactivating oligonucleotides comprise only modified nucleotides. The oligonculeotides may
also contain one or more modifications to the phosphodiester inkage, e. g, may contain one
or more phosphorothioate linkages to provide a partial or complete phosphorothioate
backbone. Other modifications to enhance stability and improve efficacy may also be
cmploved (see, e g, U.5. Patent No. 6,838,283} In some embodiments, the antagonist
oligonucleotide may be hnked to a cholesterol moiety at its 37 end for use in vivo.
Antagomzing oligonucleotides for inhibiting miR-34a may be about 14 to about 50
nucleotides in length, about 14 to about 30 nucleotides 1o length, and 14 to about 25
oucleotides in length. In some cmbodiments, an oligonucieotide may be partially
complementary, t.¢., the oligonucleotide need to be 100% complementary to the target

-4

nucleotide. Typically, the oligonucleotide is at least 75%, 80%, 85%. or 90%, or greater,
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e.g., 93%, or 100%, complementary to the target sequence, e.g., 1o the mature miR-34a

sgquence.

{0884} In some embodiments, an inhibitory nucleic acid used for inhibiting miR-34a may
be an inhibitory RNA molecule, such as a ribozyme, siRNAs, or shRNA. The region of the
imnhibitory RNA that has sequence identity to mature miR-34a tvpically has 100% identity to
the mature sequence, but may also have less than 100% identity, e.g., at least 75%, 80%,
85%, 90%, or 93%, identity to the mature miR-34a sequence. Any number of methods of
generating such inhibitory RNA molecules can be used. As explained above i the context of
antisense RNAs, the oligonucieotides may contain one or more modifications of the
phosphodiester inkage as well as of the heterocycle or the sugar to provide an increase mn

ctficiency.

0085} As explained above regarding delivery of p338 inhibitory polynucleotides,
inhibitory oligonucleotides can be delivered to a cell by direct transtection or transfection and
CXDICSSION via an expression vector. Appropriate expression vectors include mammalian
expression vectors and viral vectors, e.g., the illustrative vectors described for delivery of
Al133p53 polvnucleotides, into which has been cloned an inhibitory oligonucleotide with the
appropniate regulatory sequences including a promoter to result in expression of the RNA ina
host cell. Suitable promoters can be constitutive or development-specific promoters. In
some embodiments in which polynculetoides that inhibit nuR-34a are delivered into the cell,
mammalian expression vector can be emploved. For example, mammalian expression
vectors suitable for siRNA expression are commercially available, for example, from Ambion
(e.g., pSilencer vectors}, Austin, TX; Promega (e.g., GeneChp, siSTRIKE, SileniGene},
Madison, W Invitrogen, Carlshad, CA; InvivoGen, San Diego, CA; and Imgenex, San
Diego, CA. In some cmbodiments, thibitory RNA sequences are delivered mnto cells via a
viral expression vector. Viral vectors suitable for dehivering such molecules to cells nclude
those described above, e.g.. adenoviral vectors, adenc-associated vectors, and retroviral
vectors (including lentiviral vectors).

Assays to test activity of 133p53 or pS33

[6086] Agents can be tested for the ability to up-regulate A133pS3 or down-regulate p5333
using any measure of A133p33 or pS3B RNA or protein expression or protein activity. In

some embodiments, other endpoints may be measured to assess the functional effect of a

candidate agent. “Functional effects” include in vifro, in vivo, and ex vivo activiies. For
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example, any of a number of methods for the determination and measurement of cell
senescence or cell proliferation can be used. In some embodiments, direct measurements of
cell proliferation by counting cells may be emploved. Other markers of cellular proliferation,
e.g., cell markers that are expressed m proliferating cells, such PCNA, or a marker for
cellolar metabolism such as MTT (see, e.g, Hughes, D, Cell proliferation and apoptesis,
Tavlor & Francis Lid, UK (2003})), may also be used to assess cell proliferation and

replicative lifespan.

10687} A number of markers for cell senescence may be used to monitor sgnescence in the
practice of this invention. A common marker is senescence-associated-f-galactoside (Dimi,
G. P eral, Proc Natl. Acad. Sci. USA 92:9363 (1995)), although others markers of cell
senescence may afso be employed. For example senescence can be measured by direct
measwrement of telomere fength by in situ hvbridization or by measurement of age-dependent
cellular accumulation of lipofucin n cells (Coates, J. Parkol. | 196: 371-3 (2002)). Other
markers of senescence include SAHF senescence-associated heterochromatin foct {SAHF)

(see, e.g., Methods Mol Biol. 965.185-196, 2013).

[3088] Up-regulation of A133p53 is achieved when the measured value relative to the
control (untreated with agents to increase A133p53 level or activity) is at least 110%,
typically at least 120% or at least 150%, or at least 200-at least 300% {i.e., at least two to at
least five fold higher relative to the control) in those assavs that measure A133p53 protein or
RNA levels, or that measure an endpoint that 1s increased when A133p53 is increased, e.g,
replicative lifespan. For assays that measure endpoint markers that are decreased upon
mcreased activity or levels of A133p33, e.g., markers of cellular senescence, up-regulation of
A133p53 15 achieved when the activity value relative to the control is decreased by at least

10% or at feast 20%, typically at least 50%, 100%, or 200% or more,

[0089] Similarly. an agent that down-regulates p33p may also be assessed for functional
activity using cell senescence assays, assays for replicative lifespan, or other endpoints as
described herein to identify agents that decrease p33p. Down-regulation of pS33[ is achieved
when the measured value relative to the control (untreated with an agent that decreases the
fevel or activity of pS3B) is typically reduced by at least 10%, more often at least 20%, 50%,
75%, 80%, or greater, n those assays that measure p33[3 protein or RNA levels, or that
measure an endpoint that is increased when p33f3 is inhibited, e.g.. replicative lifespan. For

assays that measure endpoint markers that are increased upon down-regulation of p3383, e.2.,
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replicative lifespan, inhibition of p533J is achieved when the value relative to the control is
mereased by at least 110%, typically at least 120% or at least 150%, or at least 200-at least

500%.

{38901 Similarly, an agent that inhibits miR-~-34a may aiso be assessed for functional
activity using cell senescence assays, assays for replicative lifespan, or other endpoints as

described herein to identify agents that decrease miR-34a.

[0691] The term “test compound” or “drug candidate” or grammatical equivalents as used
herein describes any molecule, either naturally occurnng or synthetic, e.g., protein,
oligopeptide {e.g., from about 5 to about 25 amino acids in length, preferably from about 10
to 20 or 12 to 18 amino acids in length, preferably 12, 15, or 18 amino acids i length), small
organic molecule, polysaccharide, peptide, circular peptide, lipid, fatty acid, inhibitory
RNAs, polynucleotide, oligonucieotide, ctc., to be tested for the capacity to directly or
mdirectly up-regulate A133p33. The test compound can be in the form of a library of test
compounds, such as a combinatonial or randomized bibrary that provides a sufficient range of
diversity. Test compounds are optionally linked to a fusion partner, e.g., targeting
compounds, rescue compounds, dimerization compounds, stabilizing compounds,
addressable compounds, and other functional moicties. Conventionally, new chemical
entitigs with useful propertics are generated by identifving a test compound with some
destrable property or activity, e.g., increasing Al133 levels and/or activity, creating variants of
the lead compound, and evaluating the property and activity of those variant compounds.
Often, high throughput screening (HTS) methods are emploved for such an analysis. Such

assay formats arc well-known in the art.
Administration of agents

36921  Any number of cell types may be targeted 1n a patient that has a discase of
premature aging. For example, in some embodiments, stem cells of a patient that has a
disease of premature aging, e.g., WS or HGPS, may be treated with an agent or otherwise
modified to overexpress A133p53. In some embodiments, the cells are cardiac stem or
progenitor cells or endothelial progenitor cells. Tn some embodiments, bone marrow-dernived

stem/progenitor cells may be treated or otherwise modified to overexpress A133p33.

[6693] In some embodiments of the disclosure, stem cells of a patient that has a disease of

premature aging, e.g., WS or HGPS, may be treated with an agent or otherwise modified to

O
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decrease expression of p333. In some embodiments, the cells are cardiac stem or progenitor
cells or endothelial progenitor cells. In some embodiments, bone marmow-denved

stenv/progenitor cells may be treated or otherwise modificd to decrease expression of p33J3.
Vector Delivery and Cell Transformation

(6894} Any suitable method for nucleic acid delivery for transformation of a cell or a tissue
of a subject that has a discase of premature aging, e.g., WS or HGPS, can be used in the
current mvention. Such methods include, but are not limited 1o, direct delivery of nucleic
acids, DNA or RNA | such as by ex vivo transfection (Wilson et al |, Science, 244:1344-1346,
1989, Nabel and Baltimore, Narure 326:711-713. 1987), optionally with Fugene6 {Roche) or
Lipofectamine (Invitrogen), by imjection (U.S. Pat. Nos. 5,994,624, 5,981,274, 5,945,100,
5,780,448, 5,736,524, 5,702,932, 5,656,610, 5,589,466 and 5,580,839, each incorporated
herein by reference), including micromjection and gene gun injection {Harland and
Weintraub, J. Cell Hiol., 101:1094-1099, 1985, U.S. Pat. No. 5,769,215, incorporated herein
by reference); by clectroporation (U.S. Pat. No. 5,384,253, incorporated herein by reference;
Tur-Kaspa et al., Mol Cell Biol., 6:716-7T18, 1986; Potteret al., Proc. Nat'l Acad. Sci. USA,
81:7161-71635, 1984); by calcium phosphate precipitation (Graham and Van Der Eb,
Virology, 52:456-467, 1973, Chen and Okayama, Mol Cell Biol., 7{8%.2745-2752, 1987
Rippe ctal,, Mol Cell Biol., 10:689-655, 1990} by using DEAE-destran followed by
poivethylene glyeol (Gopal, Mol Cell Biol., 5:1188-1190, 1985); by direct sonic loading
(Fechheimer et al, Proc. Nat'l Acad. Sci. USA, 84:8463-8467, 1987); by liposome mediated
transfection (Nicolau and Sene, Biochim. Biophys. Acta, 721:185-190, 1982; Fraley et al,,
FProc. Nat'l Acad. Sci. USA, 76:3348-3352, 1979; Nicolau et al | Methods Fnzymol., 149:157-
176, 1987, Wong ¢t al., Gene, 10:87-94, 1980, Kaneda et al., Science, 243:375-378, 1989,
Kato ctal, J Biol. Chem., 266:3361-3364, 1991) and receptor-mediated transfoction (Wu and
W, Biochemistry, 27:887-892, 1988, Wu and Wu, J. Biol Chem., 262:4429-4432 1987},
cach incorporated herein by reference). Further, any combination of such methods may be
craployed. As explamned above, nucleic acids may also be dehivered using viral vector

svstems in which the nucleic acids are debivered 1n viral particles that infect the desired cells.

10695} For transfection, a composition comprising one or more nucleic acid molecules
(within or without vectors} can comprise a delivery vehicle, inchuding liposomes, for
administration to a subject, carriers and diluents and their salts, and/or can be present in

pharmaceutically acceptable formulations. Methods for the delivery of nucleic acid
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molecules are described, for example, in Gibmore, ef al., Curr Drug Delivery (2006) 3:147-5
and Patil, et af| AAPS Journai (2003) 7:E61-E77, cach of which are incorporated herein by
reference. Delivery of mbibitory KNA molecules 1s also deseribed in several US. Patent
Publications, including for example, 2006/0019912; 2006/0014289; 2005/0239687;
2005/0222064; and 2004/0204377, the disclosures of cach of which are hereby mncorporated
herein by reference. Nucleic acid molecules can be administered to ceils by a variety of
methods, including, but not restricted to, encapsulation in liposomes, by wntophoresis, by
electroporation, or by incorporation into other vehicles, ncluding biodegradable polymers,
hydrogels, cyclodextrins {see, for example Gonzalez ef af |, 1999, Bioconjugate Chem., 10,
1068-1074; Wang er of , International PCT publication Nos. WO 03/47518 and WO
03/46185), poly(lactic-co-glyeolic)acid (PLGA) and PLCA microspheres (see for example
U.S. Pat. No. 6,447,796 and US Patent Application Publication No. 2002/1304303},
biodegradable nanocapsules, and bicadhesive microspheres, or by proteinaceous vectors
{O'Hare and Normand, Intemational PCT Publication No. WO 00/33722). In another
embodiment, the nucleic acid molecules of the invention can also be formulated or
complexed with polyethyleneimine and denvatives thereof, such as polyvethylencimine-
polyethvieneglyeol-N-acetylgalactosamine (PEI-PEG-GAL) or polvethylencimine-

polvethvieneglyeol~tri-N-acetvigalactosamine (PEI-PEG-triGAL) derivatives.

{6096] Exampies of liposomal transfection reagents of use with this invention inchude, for
example: CeliFectin, 1:1.5 (M/M) liposome formulation of the cationic ipid N,INI,NIELNII-
tetramethyl-N NLNIEL N -etrapalmit-v-spermine and dicleovl phosphatidviethamolamine
(BOPE) (GIBCO BRLY, Cytofectin GSY, 2:1 (M/M)} liposome formulation of a cationic lipid
and DOPE (Glen Rescarch), DOTAP (N-{1-(2,3-dwoleovioxy)-N,N N-tri-methyl-
ammoniummethylsulfate) (Boehringer Manheim); Lipofectamine, 3:1 (M/M) liposome
formulation of the polveationic liptd DOSPA and the neutral lipid DOPE (GIBCO BRL): and
{53 siPORT {Ambion);, HiPerfect (Qiagen), X-treme GENE (Roche), RNAicarrier (Epoch

Biolabs) and TransPass (New England Biolabs).

10697 Nucleic acids for administration to a subject are formulated for pharmaceutical
adnunistration. While any suitable carricr known may be employed v the pharmaceutical
compositions of this invention, the tyvpe of carrier will vary depending on the mode of
administration. For parenteral administration, including intranasal, intradermal, subcutaneous
or mtramuscular injection or electroporation, the carrier preferably comprises water, saling,

and optionally an alcohol, a fat, a polymer, a wax, one or more stabilizing amino acids ora
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buffer. General formulation technologies are known to those of skill in the art (seg, for
example, Remington: The Science and Practice of Pharmacy (20th edition)}, Gennaro, ed,
2000, Lippincott Williams & Wilkins; Injectable Dispersed Systems: Formulation,
Processing And Performance, Burgess, ed., 2003, CRC Press; and Pharmaceutical
Formulation Development of Peptides and Proteins, Frkjr et al, eds., 2000, Taylor &

Francis).

(6898} Nucleic acid compositions, ¢.g., polyvnucleotides encoding A133p33, can be
administered once or multiple imes. Multiple administrations can be administered, for
example, bi-weekly, weekly, bi-monthly, monthly. or more or less often. as needed, fora

time period sufficient to achieve the desired response.

106991 The nucleic acid constructs in accordance with the invention are administered to a
maromalian host. The manwunalian host usually is a human or a primate. In some
embodiments, the mammalian host can be a domestic animal, for example, canine, feline,
lagomorpha, rodentia, rattus, hamster, murine. In other embodiment, the mammalian host is

an agricultural animal, for example, bovine, ovine, porcine, equine, ete.

[610¢] Compositions comprising nucleic acids that encode A133p33, or a nucleic acid that
inhibits miR-34a, or a nucleic acid that inhibits p53f can be formulated in accordance with
standard technigues well known to those skilled in the pharmaceutical art. Such
compositions can be administered in dosages and by techniques well known to those skilled
in the medical arts taking into consideration such factors as the age, sex, weight, and

condition of the particular patient, and the route of admunistration.

[3101] Intherapeutic applications, the nucleic acids may be administered 1 an amount
sufficient to ehicit a therapeutic effect that at least partially arrests or slows one or more
symptoms and/or complications of a disease of pre-mature aging, e.g., WS or HGPS. An
amount adequate to accomplish this is defined as "therapeutically effective dose.” Amounts
cffective for this use will depend on, e.g., the particular composition of the vaccine regimen
administered, the mamner of administration, the stage and severity of the disease, the general

state of health of the patient, and the judgment of the prescribing physician.

[33102] The amounts and formulations depend on various factors, including delivery
methods. In embodiments that employ a naked nucleic acid composition, the dose of a naked

nucleic acid composition is from about 1.0 ng to about 10 mg for a patient. Subcutancous or
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mtramuscular doses for naked nucleie acid (typically DNA encoding a fusion protein} may
range from 0.1 ug to 100 ug for a subject. For example, naked DNA or polynuclectide 1n an
aqueous carrier can be injected into tissue, e. g, mtramuscularly or intradermally, in amounts
of from 10 pl per site to about 1 mi per site. The concentration of polynuclectide m the
formulation is usually from about 0.1 pg/ml to about 5 mg/ml. In some embodiments, the
DNA may be adnmunistered in ng amounts, for example at alevel of 1 to 100 ng. For
example, the dose 1s 0.1 ug, 05 pg, Tug, 15 pg 2pe, Sug 4 ug Spe. 6pe, Tug, 8 ug, 9
ug, 10 ue, 15 ug, 20 ug, 25 pg, 30 ug, 35 ug, 40 pe, 45 pg, 50 ug, or 60 pg of nucleic acids
per dose. In a specific embodiment, the dose 1s n the range of 10 ngto 100 mg, or 50ng to
100 mg, or 100 ng to 100 mg of nucleic acids per dose. In some specific embodiments, the
dose is in the range of 10 pg to 100 mg, or 50 pg to 100 mg, or 100 pg to 100 mg, or 100 pg

to 100 ng of nucleic acids per dose.

10183}  In some embodiments, a nucleic acid encoding A133p53, or an mhibitory nucleic
acid that targets miR-34a, or inhibits p538, is delivered using a viral delivery system in which

virus particles that comprise the nucleic acid are introduced into the recipient.

[0104] Insome embodiments, a nucleic acid encoding A133p353 15 introduced into cells of a
subject having a disease of premature aging, e.g., WS or HGPS, ex vive. The modified cells
may then be cultured, and if desired expanded, and mtroduced back imnto the patient.
Examples of celis that may be modified ex vivo include stem celis, endothelial progenitor
celis {e.g., Yoder Human Endothelial Progentior Cells, Cold Spring Harb Perspect Med
2012:2:a006692) and cardiac progenitor cells {e.g., U.S. Patent Application Publication No.
20140274765}, or bone marrow-derived stem cells and progenitor cells (see, e.g, Lévesque et
al, Handh Fxp Pharmacol. 180:3-36, 2007; Granick et al., Bone Marrow Res. Article 1D

165147, 2012},

16105]  For other agenis that increase expression of A133p33, the amount of the therapeutic
agent that will be effective in the prevention, treatment and/or management of a disease of
premature aging such as WS or HGPS can be determined by standard clinical techniques. In
vitro or i vive assavs may optionally be employed to help identify optimal dosage ranges.
The precise dose to be employed will also depend, ¢.g., on the route of administration, the
type of symptoms, and the seriousness of the symptoms, and should be decided according to

the judgment of the practitioner and cach patient's or subject’s circumstances.
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[0106] In some embodiments, a nucleic acid that inhibits p330, or a nucleic acid that
mhibits miR-34a, 15 introduced nto cells of a subject having a disease of premature aging,
e.g., WS or HGPS, ex vive. The modified cells may then be celtured, and if desired
expanded, and introduced back into the patient. Examples of cells that may be modified ex
vivo include stem cells, endothelial progenitor cells (e.g., Yoder Human Endothehal
Progemitor Cells, Cold Spring Harb Perspect Med 2012.2:a006692) and cardiac progenitor
cells {e.g. U.S. Patent Application Publication No. 20140274765}, or bone marrow-derived
stem cells and progemitor cells (see, e.g, Lévesque ot al, Handb Exp Pharmacol. 180:3-36,

2007 Granick et al., Bone Marrow Res. Article ID 165107, 2012},

[8107] For other agents that decrease expression of p33[3, or that inhibit miR-34a, the
amount of the therapeutic agent that will be cffective 1n the prevention, treatment and/or
management of a disease of premature aging such as WS or HGPS can be determined by
standard clinical techniques. In vitro or in vivo assays may optionally be employed to help
identify optimal dosage ranges. The precise dose to be employved will also depend, e.g., on
the route of admimistration, the tvpe of symptoms, and the sericusness of the symptoms, and
should be decided according to the judgment of the practitioner and each patient's or subject's

circumstances.
EXAMPLES

[6108] The effects of expression of AI33p53 on celiular senescence were evaluated in
fibroblasts from a Werner syndrome patient were evaluated. The results (Figure 1A-1D)
demonstrated that A133p53 protected Werner syndrome fibroblasts (AGO0780rom
senescence and extended their rephicative Lifespan. Similar resulis were obtained using

fibroblasts from two additional Wemer Syndrome patients {Figures 2A-2D and 3A-3C).

[6105] Additional analyses of WS fibroblasts demonstrated that expression of A133p33
stabilized full-length pS3 (FL-p33}, but inhibited the senescent-associated p33-arget gene

p21 VA (Figure 4A-4B).

{3110} It was also demonstrated that A133p53 was downregulated during passage of
Hutchinson-Gilford Progeria Svadrome (HGPS) fibroblasts {AG11513) (Figure 5A-5B).
These cxperiments showed that AG11513 proliferated for a imited number of population

doublings (PDLs) in culture before they reached growth arrest. Further, A133p53 protein
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levels were downregulated in late-passage (passage 14) compared to early-passage (passage
7y AGH1513 fibroblasts.

[6111] Expression of the Al33p53 isoform in fibroblasts AG11513 and AGO1972 derived
from HGPS patients also resulted in increased lifespan and diminished premature senescence,
as shown by decreased SA-B~gal staining and lower expression of 1L-6, a senescence-
associated secretory phenotype (SASP) cviokine (Figures 6A-6D and TA-7D).

[3112] It was also demonstrated that expression of AI33p533 in AGI513 (HGPS)

WAF1 :
Y and miR-

fibroblasts resulted m inhibition of the senescence-associated p33 targets p2
34a compared to control-transduced cells as shown by guantitative RT-PCR, and 1n
accumulation of full-length p33 and phosphorvlated p33 at serine 13 (pS15-p53) as shown by

western blot using specific antibodies (Figure 8A-8C).

{3113} Further analysis of A133p533-expressing HGPS cells showed that expression of the
DNA-repair gene RADST is upregulated (Figure 9A-9B). Expression of A133p53 i HGPS
fibroblasts (AG11513 and AGO1972) resulted in increased expression of the DNA repair

factor RADST at the mRNA level as shown by quantitative RT-PCR and at the protein level

as shown by western blot.

6114} It was additionally demonstrated that expression of A133p53 amelicrates
spontancous DNA damage by increasing recruitment of RADS3 1 to yYHZAX-positive foci m
HGPS fibroblasts (Figure 10A-10C). Fibroblasts derived from an HGPS patient {cell strain
AG11513) transduced with the lentiviras constructs mdicated 1o Figure 10A-10C were

analvzed at passage 13,

[6115] The expression of p33[3 expression was also analyzed. It was shown that p5383
gxpression was assoviated with senescence of HGPS fibroblasts (Figure 11A-11D).
Additional experiments demonstrated SRSF3 regulated p33§ cxpression duning sencscence of

HGPS (Figore 12A-12E).

Summary

6116} These examples provide tHustrative data showing that expression of A133p33 i
almost undetectable in nearly-senescent WS and HGPS fibroblasts; and that reconstitution of

A133p53 expression restored cell proliferation and increased replicative lifespan of WS and

HGPS colis. Importantly, A133p33 expression significantly diminished the sencscent
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phenotvpes of WS and HGPS cells, as shown by decreased senescence-associated-f3-
galactosidase staining, as well as decreased expression of the senescence-associated secretory

cvtokine 1.-6, m A133pS53-expressing cells compared to control cells.

[3117] A zebrafish ortholog of A133p53 was recently reported to have gam-of-function
roles in transactivating DNA repair genes in response to DNA damage. Thus, we
hypothesized that expression of A133p53 might contribute to BNA repatr of chronic DNA
damage lesions in HGPS cells. The studies described m this example also showed that the
DNA repair gene RADST 1s wpregulated at the mRNA and protein level in A133p33-

expressing HGPS cells.

[3118]  Overall, these studies show that manipulation of A133p33 expression can control
cell proliferation and senescence m premature aging fibroblasts from patients suffering from
WS or HGPS. Additionally, these studics demonstrate that p535 expression is associated

with senescence in HGPS fibroblasts.
Methods

10319} Cell Culture and ransductions. Fibroblasts derved from Wermer Syadrome (WS)
or Hutchmson-Gilford Progeria Syndrome (HGPS) were obtained from Coriell Cell
Repository. Cells were grown m complete growth DMEM or MEM (Life Technologies)
medium supplemented with 10% fetal bovine seram {Gibeo), 2 mM glatamine (Life
Technologics) and 50 IU/ml penicithin/streptomycin (Juvitrogen). Population doubling levels

were calculated as log;o(number of cells counted after expansion) — log)o{number of celis

seeded)/log 02,

6328}  Lentiviral Transductions. Cells were incubated with lentiviral constructs contamning
A133p33 ¢DNA or a vector-control sequence in complete growth media for 24h. Two days
after infection, colls were selected using blasticidin (5 yg/ml, Life Technologies) for
approximately 10 days or until all untransformed cells were dead.

3121  S4-B-gal assay. Cellular senescence was examined using the Senescence-
Associated (SA)-B-Galactosidase Staiming Kit (Cell Signaling} per the manufacturer’s
mstructions.

6122} Real-time gRT-PCR. RNA samples were prepared using a miReasy micro kit

{(QIAGEN) according to the manufacturer’s instructions, TagMan Gene Expression Assay
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{Applied Biosystems) was ased with the following set of probe and primers purchased from
Applied Biosystems: /0-6 (Hs00174131 ml), p27 (also known as CDKNIA,
Hs99999142 m1), miR-34a-5p (cat. no. 0600426) and RADS! (Hs00153418 mi). The
endogenocus control for mRNA expression was B2M (B-2-microglobulin, cat. no. 4333766
5 and for microRNA was RNUG66 (cat. no. 001002). Quantitative data analysis was performed

using the AACt method.

18123]  Immunoblof Analysis. Cells were lysed using RIPA buffer (Cell Signaling) with
protease and phosphatase inhibitors (Thermo Scientific) and immunoblotted using Primary
antibodies used were as follows: MAP4 (1:7,500; a rabbit polyclonal antibody raised with a

18 mixture of peptides MFCQLAKTC and FCQLAKTCP corresponding to the N terminus of
human A133p53 protein} for A133p53; DO (1:2,000; Santa Cruz Biotechnology) for
pS3FL; AC-15 (1:10,000; Sigma-Aldrich) for Bracting P-pS3515 (1:1,000; Cell Signaling) for
phosphorvlated p53; RADS] (1:1,000, Abcam). Horseradish peroxidase—conjugated goat
anti-mouse (1:3,000) or anti-rabbit {1:5,000) antibodies {Santa Cruz Biotechnology) were

15 used as secondary antibodies. Signals were detected according to standard procedures using
ECL detection {Amersham Biosciences) or SuperSignal West Dura Extended Duration
system (Pierce Biotechnology}. Quantifative analysis of the immunoblot data was performed

using Imagel 1.42¢ software (see, website at hitp address rsb.anfo nth gov/iy/).

6124}  Immunosiaining and guantification of double strand breaks (DSBs). Cells

20 previously plated onto coverslips were washed with PBS, fixed for 5-10 min on ice-cold
methanol at -20°C and subsequently washed with PBS. Cells were permeabilized with 0.25%
Triton-X for 5 min on ice, washed with PBS and then blocked in 5% bovine serum albumin
(BSA) for T h at room temperature. Cells were incubated with primary antibodies overnight

at 4 °C. The primary antibodies used were: anti-yH2AX against phosphorylated HZAX

[\
(]

{mouse, monoclonal) and anti-RADS1 (rabbit, polyclonal) at a dilution of 1:2000 and 11000,
respectively. Cells were washed with PBS before mcubation for 1h with the the following
secondary antibody: Alexa-56%-conjugated anti-mouse and Alexa-488-conjugated anti-rabbit
at a dilation of 1:400 (Life Technologies). 4,6-dianmidino-2-phenvhindole was used to stain
the nucleus. Coverslips were mounted on to slides with FluorSave mounting medium

36 {Chemicon). A Zeiss LSM 780 confocal microscope was used fo take images. Quantification
of YH2 A X-positive D5Bs was performed using the automated software ImagePremier Pro to

detect and count nuclear YHZA X-posttive foci. Co-localization of YH2ZA X -positive DSBs
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with RADS1 was quantified and DSBs were scored as RADS L-positive (RADS T 4ve) or
RADS-negative (RADS1-ve}. At least 100 cells werg counted per experniment.

(0125} Addinonal experiments were performed as described i the Description of the

Figures.

16126] The above examples arc provided to illustrate the invention but not to binut s
scope. Other variants of the invention will be readily apparent to one of ordinary skill in the
art and are encompassed by the appended claims.

{31271 All publications, patents, accession numbers, and patent applications cited in this
specification are hereby incorporated herein by reference in their entirety for their disclosures

of the subject matier in whose connection thev are cited herein.
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WHATIS CLAIMED IS:

i A method of extending the replicative lifespan of a cell of a subject
that has a discase of premature aging, the method comprising contacting the cell with an
agent that activates the function or expression of Al33p53, thereby inhibiting cell senescence

and extending the replicative hifespan of the cell.

2. The method of claim 1, wherein the discase of premature aging is

Werner syndrome,

3. The method of claim 1, wherein the discase of premature aging is

Hutchinson-Gilford progeria syndrome.

4. The method of claim 1, 2, or 3, wherein the agent comprises a

polyanucleotide sequence encoding A133p53.

5. The method of claim 1, 2, or 3, wherein the agent comprises an

oxpression casseite comprising a polymucleotide sequence encoding A133p53.

6. The method of any one of claims 1 to 5, wherein the cell is a stem cell.
7. The method of any one of claims 1 to 5, wherem the cell 1s a cardiac

progeunitor cell or an endothelial progenitor ecll.

8. The method of any one of claims 1 to 5, wherein the cell 1s a bone

marrow-derived progenitor cell.

9. The method of any one of the preceding claims, wherein the cell is

contacted with the agent ex vivo,

10, A method of extending the replicative hifespan of a cell of a subject
that has a discasc of premature aging, the method comprising contacting the cell with an
agent that inhibits the function or expression of miR-34a, thereby inhibiting cell senescence

and extending the replicative hifespan of the cell.

11, The method of claim 10, wherein the discase of premature aging is

Wermer syndrome.
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12. The method of claim 10, wherem the discase of premature aging is
Hutchinson-Gilford progeria syndrome.
13, The method of claim 10, 11, or 12, wherein the agent comprises a

polynucleotide sequence that inhibits miR-34a.

14, The method of claim 10, 11, or 12, wherein the agent comprises an

expression cassette compnsing a polynucleotide seqacnce that inhibits miR-34a.

15, 'The method of any one of claims 10 to 14, whercin the cell is a stem

cell.

16, The method of any one of claims 10 to 14, wherein the cell is a cardiac

progenitor cell or an endothelial progenitor cell.

17.  'The method of any one of ¢laims 10 to 14, wherein the cell is a bone

marrow-derived progenitor cell.

18.  The method of any one of claims 16 to 17, wherein the cell is

contacted with the agent ex vivo.

19. A method of treating a discase of premature aging, the method
compnising administering a cell moditied by the method of claim 9 or 18 to a patient that has

a digease of premature aging.

20, The method of claim 19, wherein the disease of premature aging 1s

Werner syndrome.

21, The method of claim 19, wherem the discase of premature aging is

Hutchinson-Gilford progeria syndrome.

22, A method of extending the replicative hifespan of a cell of a subject
that has a disease of premature aging, the method comprising contacting the cell with an
agent that inhabits the function or expression of pS3B, thereby inhibiting cell senescence and

extending the replicative lifespan of the cell.

23. The method of claim 22, wherem the discase of premature aging is

Werner syndrome.
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24, The method of claim 22, wherem the discase of premature aging is
Hutchinson-Gilford progeria syndrome.
25, The method of claim 22, 73, or 24, wherein the agent comprnises a

polynucleotide sequence that inhibits p338.

26, The method of claim 22, 23, or 24, wherein the agent comprises an

expression cassette comprising a polynuocleotide sequence that inhibits p3383.

27.  The method of any one of claims 22 to 26, wherein the cell is a stem
cell.
28 The method of any one of claims 22 to 26, wherein the cell is a cardiac

progenitor cell or an endothelial progenitor cell.

29, The method of any one of claims 22 1o 26, whercin the cell is a bone

marrow-derived progenitor cell.

30.  The method of The method of any one of claims 22 to 29, wherein the

cell 1s contacted with the agent ex vivo,

31 A method of treating a disease of premature aging, the method
comprising administering a ccll modified by the method of claim 30 to a patient that has a
disease of premature aging.

32, The method of claim 31, wherein the discase of premature aging is
Wemer syndrome,

33, The method of claim 31, wherein the disease of premature aging is

Hutchinson-Gilford progeria syndrome.
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