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METHODS OF USING ZSCAN4 FOR REJUVENATING HUMAN CELLS
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699442000840SEQLIST.TXT, date recorded: March 11, 2014, size: 104 KB).

FIELD

[0003]  The present disclosure relates to methods for increasing telomere length in one or
more human cells and/or increasing genome stability of one or more human cells, for example by
contacting one or more human cells with an agent that increases expression of Zscand in the one
or more human cells, The present disclosure further provides methods of treating a subject in
need of telomere lengthening, treating a disease or condition associated with a genomic and/or
chromosome abnormality, of rejuvenating one or more human cells, of rejuvenating tissues or
organs, and of rejuvenating a subject in need thereof, for example by contacting one-or more
human cells in the subject with an agent that increases expression of Zscand4, or by administering

to a subject in need thereof, an agent that increases expression of Zscan4.,
BACKGROUND

[0004] Telomeres are repetitive DNA sequences accompanied by proteins that cap and
protect the end of each chromosome from continuous degradation in each cell cycle, thereby
securing and protecting chromosomal integrity. Telomere shortening may also lead to cancer by
contributing to genomic instability (Raynaud et al., Crit. Rev Oncol Hematol 66:99-117, 2008),
and has been associated with aging and cellular senescence (Yang, Cytogenet Genome Res
122:211-218, 2008). 1t is well established that telomeres get gradually shorter during the course
of normal aging. It has been reported thatup to 200 base pairs of telomere DNA are lost with
each round of DNA replication. For example, in new-born humans, peripheral blood
[ymphocytes have approximately 10 kb of telomere DNA at both ends of each chromosome,

which gradually shorten to approximately 6 kb by the age of 70. It is also known that
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environmental factors and life-style factors can accelerate telomere shortening. It is believed that

such telomere shorting is associated with age-related cellular decline. It is also believed that
telomere shortening limits the number of cell divisions, which ultimately results in limiting
human life span. It is also known that humans are born with differing lengths of telomeres. For
example, some humans start with approximately 8 kb of telomeres, while others start with
approximately 12 kb of telomeres. Accordingly, humans with shorter telomeres may be more
susceptible to developing certain age-related pathological conditions at an earlier age than those
with longer telomeres. Such pathological conditions include, for example, immunological
deficiencies, chronic ulcers, atherosclerosis, age-related blindness due to a proliferative decline

of retinal pigmented epithelial cells, and cancer.

[0005] Moreover, there are various diseases and disorders that are also associated with
telomere shortening (Armanios and Blackburn, Nat Rev Genet. 2012 Oct;13(10):693-704).
Examples of genetic diseases that can cause telomere shortening include dyskeratosis congenita,
Hoyeraal-Hreidarsson syndrome, Revesz syndrome, and Coats plus syndrome. Additionally, it
was recently shown that a significant fraction of idiopathic pulmonary fibrosis (IPF) is caused by
telomere shortening. Similarly, some liver cirrhosis and pancreatic fibrosis may be caused by
telomere shortening. Considering the prevalence of such pathological conditions, it appears that

diseases caused by telomere shortening are more common than previously thought.

[0006]  Another example of a disease associated with telomere shortening is Fanconi anemia.
Fanconi anemia is a rare autosomal recessive disease. Fanconi anemia is an inherited bone
marrow failure syndrome that is characterized by progressive pancytopenia and cancer
susceptibility (Bogliolo et al., Mutagenesis. 2002 Nov;17(6):529-38). It has been reported that
Fanconi anemia patients show accelerated telomere shortening (Leteurte et al., Br. J. Haematol.,
1999, Ball et al., Blood, 1998, Hanson et al., Cytogenet. Cell Genet. 2001; and Callén, et al.,
Hum Mol Genet. 2002 Feb 15;11(4):439-44),

[0007]  Ome potential method of treating these various telomere shortening-associated
diseases and disorders is to use telomerase to lengthen the shortened telomeres. Telomerase has
been identified as the major enzyme known to be involved in telomere elongation maintenance.
While telomerase is active in embryonic stem cells, telomerase is usually not expressed in non-
embryonic (i.e., adult cells), such as somatic cells. Thus the reactivation of telomerase or forced
expression of telomerase in adult cells may be used to increase telomere length. However, one

potential problem with the use of telomerase is that the continuous expression of telomerase is
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often associated with tumorigenesis and cancerous transformation. Accordingly, expression of

telomerase is not an ideal way to increase telomere length in patients suffering from diseases or

conditions associated with telomere shortening,

[0008]  Another potential method to lengthen telomeres is to use a recently discovered
component of a Chinese herb (TA-65) that can potentially increase telomere length (Harley et al.,
Rejuvenation Research 14:45-56, 2011). However, it has not been well established that this herb
can effectively lengthen telomeres. Moreover, use of this herb would require long-term

continuous administration of drugs to treat patients in need of telomere lengthening.

[0009] Additionally, it has recently been shown that Zscand (Zinc finger and scan domain-
containing protein 4) is required for the maintenance of genome stability and normal karyotype
in mouse embryonic stem cells and is expressed in mouse embryos and embryonic stem cells
(Falco et al., Dev Biol 307:539-550, 2007; Zalzman et al., Nature 464:858-863, 2010: PCT
Publication Nos. WO 2008/118957, WO 2011/02880, WO 2012/103235, WO 2012/129342, WO
2012/158561, and WO 2012158564; and U.S. Patent Application Publication Nos. US
2010/0105043, US 2012/0129161, and US 2012/0156305). It has also been shown that Zscand
expression in mouse embryonic stem cells is associated with telomere elongation (Zalzman et al.,
Nature 464:858-863, 2010; PCT Publication Nos. WO 2011/02880, WO 2012/129342, and WO
2012158564; and U.S. Patent Application Publication No. US 2012/0156305). While, it has
been shown that the human genome also contains a ZSCAN4 gene, none of Falco et al., Dev Biol
307:539-550, 2007; Zalzman et al., Nature 464:858-863, 2010; PCT Publication Nos. WO
2008/118957, WO 2011/02880, WO 2012/103235, WO 2012/129342, WO 2012/158561, and
WO 2012158564; or U.S. Patent Application Publication Nos. US 2010/0105043, US
2012/0129161, and US 2012/0156305 provide experimental support demonstrating that Zscan4
expression leads to same effects in human cells as it does in mouse embryonic cells. It is
particularly unclear whether human ZSCAN4 would have the same function as mouse Zscan4, as
the mouse genome contains six Zscand genes and three Zscand pseudogenes while the human
genome only contains one ZSCAN4 gene (PCT Publication No. WO 2008/118957). Moreover,
it is unknown whether ZSCAN4 expression in human cells, such as somatic cells involved in
diseases and conditions associated with telomere shortening, would have the same effect as

shown for mouse embryonic stem cells.
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SUMMARY

[0010]  Accordingly, there exists a need for improved approaches for increasing telomere
length and correcting genomic and/or chromosome abnormalities in human cells in order to treat

diseases or conditions associated with telomere shortening and genomic abnormalities.

[0011]  In order to meet the above need, the present disclosure provides novel methods of
increasing telomere length, increasing chromosome and/or genome stability in human cells,
correcting chromosome and/or karyotype.abnormalities (e.g., trisomy 21), in human cells, and/or
rejuvenating human cells, by contacting the human cells with an agent that increases expression
of Zscand (Zinc finger and scan domain-containing protein 4) in the cells. As used herein, the
term “Zscan4” refers to Zscand polypeptides and polynucleotides, such as genes, encoding
Zscan4 polypeptides from any species, including mouse and human. As used herein, the term
“ZSCAN4” refers specifically to human Zscan4 polypeptides and polynucleotides, such ag
genes, encoding Zscand polypeptides,

[0012]  The present disclosure also provides novel methods of treating a disease or condition
associate with a telomere, chromosome and/or karyotype abnormality, increasing genomic
stability and correcting karyotype abnormalities in human oocyte cells, human fertilized oocytes,
and human preimplantation embryos, rejuvenating a tissue or organ, and/or rejuvenating a
subject in need thereof, by administering to a subject in need thereof an agent that increases
expression of Zscan4. In some embodiments, the human cells are human adult cells (i.e., non-

embryonic cells).

[0013]  Moreover, the present disclosure is based, at least in part, on the surprising discovery
that Zscan4 expression in human cells, such as fibroblast cells, rapidly and dramatically

increases the length of telomeres in the cells after just two days. In particular, as disclosed in the
Example 8 below, Zscan4 expression in human fibroblast resulted in about a 40% increase in
telomere length within three days. Additionally, expression of Zscan4 in human fibroblasts
isolated from a patient with Fanconi anemia resuited in about a 160% increase in telomere length
within three days. Surprisingly, Zscan4 expression in a population of fibroblast cells isolated
from a Down syndrome patient was also able to dramatically reduce the percentage of cells in the
population with trisomy 21, In particular, as disclosed in Example 15 below, Zscan4 expression
in a population of fibroblast cells isolated from a Down syndrome patient was able to correct the

trisomy 21 abnormality in approximately 55% of the cells.



[0014] The results disclosed herein are particularly surprising given that it is believed that it
has never before been shown that Zscan4 expression can increase telomere length in human
cells. The results disclosed herein are also unexpected. While Zscand expression has been
previously shown to increase telomere length in mouse embryonic stem (ES) cells, the
differences not only between human ZSCAN4 and mouse Zscan4, but also between the biology
of human cells and mouse cells, as well as between ES cells and non-ES cells such as adulf cells,
would not lead one to expect that Zscand expression in human cells would also increase telomere
length. This is particularly relevant given that it has been previously demonstraied that
transcriptional regulatory elements in the human and mouse genomes differ dramatically. This is
exceptionally striking when considering that even transcription factors with conserved function
in both human and mouse exhibit a significant degree of species-specific binding event
preferences (Odom et al., Nature Genetics 6:39, 2007).

[0015] Advantageously, utilizing agents that increase Zscan4 expression, such as nucleic
acid molecules encoding Zscan4, can be used to increase the success rate of in vitro fertilization
(IVF)and successful pregnancies in older women by rejuvenating and/or correcting génomic
and/or chromosomal abnormalities, such as aneuploidy, in cocyte cells, fertilized oocytes, or
preimplantation embryos. Additionally, utilizing agents that increase Zscan4 expression, such as
nucleic acid molecules encoding Zscand, can be used to treat a patient suffering from a disease
or condition associated with telomere shortening, such as Fanconi anemia, by increasing the
length of telomeres in cells of the patient affected by the disease or condition. Furthermore,
agents that increase Zscan4 expression, such as nucleic acid molecules encoding Zscan4, can be
used to also rejuvenate cells in an individual, tissues in an individual, or organs in an individual;
or to rejuvenate individuals by increasing the length of telomeres in aged cells, tissues, organs
and individuals caused by telomere shortening.

[0016] Accordingly, certain embodiments of the present disclosure relate to a method of
increasing telomere length in one or more human cells, by contacting the one or more human
cells with an agent that increases expression of Zscan4 in the human cell, where increased
expression of Zscan4 induces telomere lengthening in the one or more human cells as compared
to one or more corresponding human cells that are not contacted with the agent.

[0016a] In one embodiment, there is provided an in vitro method of increasing telomere
length in one or more human cells, comprising contacting the one or more human cells with an
agent that increases expression of Zscand in the human cell, wherein increased expression of
Zscan4 induces telomere lengthening in the one or more human cells as compared to one or more
corresponding human cells that are not contacted with the agent.

[0016b] In one embodiment, there is provided use of an agent that increases expression of
Zscan4 in a human cell, in the manufacture of a medicament for increasing telomere length in
one or more human cells, wherein increased expression of Zscan4 induces telomere lengthening
in the one or more human cells that are contacted with the agent as compared to one or more
corresponding human cells that are not contacted with the agent.

[0017] Other embodiments of the present disclosure relate to a method of treating a subject
in need of telomere lengthening, by contacting one or more human cells in the subject with an

agent that



increases expression of Zscan4 in the one or more human cells, where increased expression of

Zscan4 induces telomere lengthening in the one or more human cells.

[0017a] In one embodiment, there is provided use of an agent that increases expression of
Zscan4 in one or more human cells, in the manufacture of a medicament for treating a subject in
need of telomere lengthening, wherein increased expression of Zscan4 induces telomere

lengthening in the one or more human cells that are contacted with the agent.

[0018] Other embodiments of the present disclosure relate to a method of treating a subject
in need of telomere lengthening, comprising: 1. 1solating one or more human cells in need of
telomere lengthening from the subject; ii. contacting the one or more human cells with an agent
that increases expression of Zscan4 in the one or more human cells, wherein increasing
expression of Zscan4 induces telomere lengthening in the one or more human cells; and iii.

administering the contacted one or more human cells to the subject.

[0018a] In one embodiment, there is provided use of one or more human cells in the
manufacture of a medicament for treating a subject in need of telomere lengthening, wherein the
one or'more human cells have been isolated from the subject and contacted with an agent that
increases expression of Zscan4 in the one or more human cells, wherein increasing expression of

Zscan4 induces telomere lengthening in the one or more human cells,

[0019] Other embodiments of the present disclosure relate.to a method of treating a disease
or condition associated with a telomere abnormality, by administering to a subject in need
thereof an agent that increases expression of Zscan4 in one or more human cells in the subject,
where increasing expression of Zscan4 induces telomere lengthening in the one or more human

cells to treat the discase or condition associated with a telomere abnormality.

[0019a] In one embodiment, there is provided use of an agent that increases expression of
Zscan4 in one or more human cells in a subject, in the manufacture of a medicament for treating
a disease or condition associated with a telomere abnormality in the subject, wherein increasing

expression of Zscan4 induces telomere lengthening in the one or more human cells to treat the

disease or condition associated with a telomere abnormality.



[0020]  Other embodiments of the present disclosure relate to a method of ireating a disease
ar condition associated with a telomere abnormality, comprising: 1. isolating one or fmore human
cells from a subject suffering from a disease or condition associated with a telomere abnormality;
ii. contacting the one or more human cells with an agent that increases expression of Zscan4 in
the one or more human cells, wherein increasing expression of Zscan4 induces ielomere
lengthening in the otie or more huiman cells; and iii. administering the contacted one or more
human cells to the subject to treat the. disease or condition associated with a telomere
abnormality.

[0020a] In one aspect, there is provided use of one or more contacted human cells in the
manufacture of a medicament for treating a-disease or condition associated with a telomere
abnormality in a subject suffering from the disease or condition associated with a telomere
abnormality, wherein one or more human cells have been isolated from the subject and contacted
with an agent that increases expression of Zscand in the one or more human cells, wherein
increasing expression of Zscand induces correction of the telomere abnormality in the one or
more contacted human cells.

[0020b)] In one aspect, there is provided use of one or more contacted human cells in the
manufacture of a medicament for ireating a disease or condition associated with a telomere
abnormality in a subject suffering from the disease or condition associated with a telomere
abnormality, wherein one or more human cells have been contacted with an agent that increases
expression of Zscand in the one or more human cells, wherein increasing expression of Zscan4
induces correction of the telomere abnormality or reduction of the disease or condition
assaciated with the telomere abnormiality when thie one or more contacted human cells are
introduced into the subject.

[0021]  Other embodiments of the present disclosure refate to a method of treating a disease
or condition associated with a chromosome abnormality, by administering to & subject in need
thereof an agent that increases expression of Zscan4 in one or imore hiiman cells in the subject,
where increasing expression of Zscan4 induces correction of the chromosome aboormality in the
one or more human cells to treat the disease or eondition associated with a chromosome
abnormality.

[06021a] In one aspect, there is provided use of an agent that increases expression of
Zscand in one or more kuman cells in a subject, in the-manufacture of a medicament for treating
a discase or condition associated with a telomere abnormality in the subject, wherein increasing
expression of Zscand induces correction of the telomere abnormality in the one or motre human
celfs o treat the discase or condition associated with a telomere abnormality.

[0022]  Other embodiments of the present disclosure relate te a method of treating a disease
or condition associated with a-chromosome abnormality, comprising: i. isolating one or more
human cells from a subject suffering from a disease or condition associated with a chromosome
abnormality; ii. contacting the one or more human cells with an agent that increases expression
of Zscand in the one or-more hurhan cells, wherein increasing expression of Zscan4 induces
cotrection of the

.



chromosome abnormality in the one or more human cells; and iii. administering the contacted
one or more human cells to the subject to treat the disease or condition associated with a

chromosome abnormality.

[6022a] In one embodiment, there is provided use of one or more human cells in the
manufacture of a medicament for treating a disease or condition associated with a chromosome
abnormality in a subject suffering from the disease or condition associated with a chromosome
abnormality, wherein the one or more human cells have been isolated from the subject and
contacted with an agent that increases expression of Zscan4 in the one or more human cells,
wherein increasing expression of Zscan4 induces correction of the chromosome abnormality in

the one or more human cells.

[0023] Other embodiments of the present disclosure relate to a method of treating a disease
or condition associated with a karyotype abnormality, by administering to a subject in need
thercof an agent that increases expression of Zscan4 in one or more human cells in the subject,
where increasing expression of Zscan4 induces correction of the karyotype abnormality in the
one or more human cells to treat the disease or condition associated with a karyotype

abnormality.

[0023a] In one aspect, there is provided use of an agent that increases expression of

Zscan4 in one or more human cells in a subject, in the manufacture of a medicament for treating
a disease or condition associated with a karyotype abnormality in the subject, wherein increasing
expression of Zscan4 induces correction of the karyotype abnormality in the one or more human

cells to treat the disease or condition associated with a karyotype abnormality.

[0024] Other embodiments of the present disclosure relate to a method of treating a disease
or condition associated with a karyotype abnormality, comprising: 1. isolating one or more
human cells from a subject suffering from a disease or condition associated with a karyotype
abnormality; ii. contacting the one or more human cells with an agent that increases expression
of Zscan4 in the one or more human cells, wherein increasing expression of Zscand induces
correction of the karyotype abnormality in the one or more human cells; and iii. administering
the contacted one or more human cells to the subject to treat the disease or condition associated

with a karyotype abnormality.,



[0024a] In one aspect, there is provided use of one ormore contacted human cells in the
manufhcture of a medicament for treating a disease or condition associated with a karyotype
abnormality in a subject suffering from the disease or condition associated with a karyoetype
abnormality, wherein one or more human cells have been isolated from the subject and contacted
with an agent that increases expression of Zscand in the one or more human cells, wherein
increasing expression of Zscan4 induces correction of the karyotype abnormality in the one or

more contacted human cells.

{0025}  In some embodiments that may be combined with any of the preceding embodiments,
the karyotype abnormality is selected from a chromosome nullisomy, a chromosoms monosomy,
a chromosome trisomy, a chromosome tetrasomy, and a chromosome pentasomy. In some
embodiments that may be combined with any of the preceding embodiments, the karyotype
abnormality is selected from trisomy 21, trisomy 16, trisomy 18, frisomy 13, monesomy X, XXX
aneuploidy, XXY aneuploidy, XYY aneuploidy, and 1p36 duplication. In some embodiments
that may be combined with any of the preceding embodiments, the disease or condition
associated with a karyotype abnormality is selected from dup(17)(p11.2p11.2) syndrome, l
Pelizacus-Merzbacher disease, dup(22)q11.2q11.2) syndrome, cat-eye syndrome, Cri~du-chat
syndrome, Wolf-Hirschhorn, Williams-Beuren syndrome, Charcot-Marie-Tooth disease,
Hereditary neuropathy with liability to pressure palsies, Smith-Magenis syndrome,
Newrofibromatosis, Alagille syndrome, Velocardiofacial syndreme, DiGeorge syndrome, Steroid
sulfatase deficiency, Kallmann syndrome, Microphthalmia with linear skin defects, Adrenal
hypoplasia, Glycerol kinase deficiency, Pelizaeus-Merzbacher disease, Testis-determining factor
on Y, Azoospermia (factor a), Azoospermia (factor b), Azoospermia (factor ¢), and 1p36

deletion. In some embodiments that may be combined with any of the preceding embodiments,
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the disease or condition is one or more diseases or conditions selected from diseases of telomere

shortening, bone marrow failure syndromes, age-related telomere shortening diseases or
disorders, and premature aging diseases or disorders, In some embodiments that may be
combined with any of the preceding embodiments, the disease or condition is a disease of
telomere shortening selected from dyskeratosis congenita, Hoyeraal-Hreidarsson syndrome,
Revesz syndrome, Coats plus syndrome, idiopathic pulmonary fibrosis, liver cirrhosis, pancreatic
fibrosis, Alzheimer’s disease, and osteoarthritis. In some embodiments that may be combined
with any of the preceding embodiments, the disease or condition is a bone marrow failure
syndrome selected from Fanconi anemia, amegakaryocytic thrombocytopenia, aplastic anemia,
Diamond Blackfan anemia, dyskeratosis congenita, paroxysmal nocturnal hemoglobinuria
(PNH), Pearson syndrome, Shwachman Diamond syndrome, thrombocytopenia, and
myelodysplastic syndrome. In some embodiments that may be combined with any of the
preceding embodiments, the disease or condition is an age-related telomere shortening disease or
disorder, a premature aging disease or disorder, or both selected from Werner syndrome,
Bloom’s syndrome, Hutchinson-Gilford progeria syndrome, Cockayne syndrome, Xeroderma
pigmentosa, Ataxia telangiectasia, Rothmund Thomson syndrome, Trichothiodystrophy, Juberg-
Marsidi syndrome, and Down syndrome. In some embodiments that may be combined with any
of the preceding embodiments, the disease or condition is one or more diseases or conditions
selected from immunological deficiencies, an autoimmune disease, an autoimmune disorder,
chronic nlcers, atherosclerosis, cancer, a neurologic injury, a degenerative disorder, a
neurodegenerative disorder, wound healing, muscle repair, cardiac muscle repair, cartilage
replacement, arthiitis, osteoarthritis, tooth regeneration, blindness, age-related blindness due to
proliferative decline of retinal pigmented epithelial cells, deafness, bone matrow failure, bone
marrow transplant, diabetes, muscular dystrophy, Duchenne muscular dystrophy, a genetic
disease, a genetic mutation, and DNA damage. In some embodiments that may be combined
with any of the preceding embodiments, the disease or condition is a cancer selected from
cancers of the heart (e.g., angiosarcoma, fibrosarcoma, rhabdomyosarcoma, liposarcoma,
myxoma, rhabdomyoma, fibroma, lipoma and teratoma), lung cancers {e.g., bronchogenic
carcinoma (squamous cell, undifferentiated small cell, undifferentiated large cell,
adenocarcinoma), alveolar (bronchiolar) carcinoma, bronchial adenoma, sarcoma, lymphoma,
chondromatous hamartoma, mesothelioma); gastrointestinal tract cancers (e.g., esophagus
(squamous cell carcinoma, adenocarcinoma, leiomyosarcoma, lymphoma); stomach cancers
(carcinoma, lymphoma, leiomyosarcoma); pancreatic cancers (ductal adenocarcinoma,

insulinoma, glucagonoma, gastrinoma, carcinoid tumors, vipoma); small bowel cancers
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(adenocarcinoma, lymphoma, carcinoid tumors, Kaposi’s sarcoma, leiomyoma, hemangioma,
lipoma, neurofibroma, fibroma); large bowel cancers (adenocarcinoma, tubular adenoma, villous
adenoma, hamartoma, leiomyoma); genitourinary tract cancers (e.g., kidney (adenocarcinoma,
Wilms’ tumor, nephroblastoma, lymphoma, leukemia); bladder and urethra cancers (squamous
cell carcinoma, transitional cell carcinoma, adenocarcinoma); prostate cancers (adenocarcinoma,
sarcoma); testis cancers (seminoma, teratoma, embryonal carcinoma, teratocarcinoma,
choriocarcinoma, sarcoma, interstitial cell carcinoma, fibroma, fibroadenoma, adenomatoid
tumors, lipoma); liver cancers (e.g., hepatoma (hepatocellular carcinoma), cholangiocarcinoma,
hepatoblastoma, angiosarcoma, hepatocellular adenoma, hemangioma); bone cancers (e.g.,
osteogenic sarcoma (osteosarcoma), fibrosarcoma, malignant fibrous histiocytoma,
chondrosarcoma, Ewing's sarcoma, malignant lymphoma (reticulum cell sarcoma), multiple
myeloma, malignant giant cell tumor, chordoma, osteochondroma (osteocartilaginous exostoses),
benign chondroma, chondroblastoma, chondromyxofibroma, osteoid osteoma and giant cell
tumors); nervous system cancers (e.g., skull (osteoma, hemangioma, granuloma, xanthoma,
osteitis deformans), meninges (meningioma, meningiosarcoma, gliomatosis), brain (astrocytoma,
medulloblastoma, glioma, ependymoma, germinoma, pinealoma, glioblastoma multiforme,
oligodendroglioma, schwannoma, retinoblastoma, congenital tumors), spinal cord
(neurofibroma, meningioma, glioma, sarcoma)); gynecological cancers (e.g., uterus (endometrial
carcinoma), cervix (cervical carcinoma, pre-tumor cervical dysplasia), ovaries (ovarian
carcinoma, serous cystadenocarcinoma, mucinous cystadenocarcinoma, endometrioid tumors,
Brenner tumor, clear cell carcinoma, unclassified carcinoma, granulosa-theca cell tumors,
Sertoli-Leydig cell tumors, dysgerminoma, malignant teratoma), vulva (squamous cell
carcinoma, intraepithelial carcinoma, adenocarcinoma, fibrosarcoma, melanoma), vagina (clear
cell carcinoma, squamous cell carcinoma, botryoid sarcoma, embryonal rhabdomyosarcoma,
fallopian tubes (carcinoma)); hematologic cancers (e.g., blood (myeloid leukemia (acute and
chronic), acute lymphoblastic leukemia, chronic lymphocytic leukemia, myeloproliferative
diseases, multiple myeloma, myelodysplastic syndrome), Hodgkin's disease, non-Hodgkin's
lymphoma (malignant lymphoma)}; skin cancers (e.g., malignant melanoma, basal cell
carcinoma, squamous cell carcinoma, Kaposi’s sarcoma, moles, dysplastic nevi, lipoma,
angioma, dermatofibroma, keloids, psoriasis); and adrenal gland cancers (e.g., neuroblastoma),
In some embodiments that may be combined with any of the preceding embodiments, the disease
or condition is an autoimmune disease selected from thyroiditis, Goodpasture's disease,
rheumatoid arthritis, juvenile oligoarthritis, collagen-induced arthritis, adjuvant-induced arthritis,

Sjogren' s syndrome, multiple sclerosis, experimental autoimmune encephalomyelitis,
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inflammatory bowel disease, Crohn's disease, ulcerative colitis, autoimmune gastric atrophy,
pemphigus vulgaris, psoriasis, vitiligo, type 1 diabetes, non-obese diabetes, myasthenia gravis,
Grave's disease, Hashimoto' s thyroiditis, sclerosing cholangitis, sclerosing sialadenitis, systemic
lupus erythematosis, autoimmune thrombocytopenia purpura, Addison' s disease, systemic
sclerosis, polymyositis, dermatomyositis, autoimmune hemolytic anemia, and pernicious anemia.
In some embodiments that may be combined with any of the preceding embodiments, the disease
or condition is a neurodegenerative disease selected from adrenoleukodystrophy (ALD),
alcoholism, Alexander's disease, Alper's disease, Alzheimer's disease, amyotrophic lateral
sclerosis, Lou Gehrig's Disease, ataxia telangiectasia, Batten disease, Spielmeyer-Vogt-Sjogren-
Batten disease, bovine spongiform encephalopathy (BSE), Canavan disease, cerebral palsy,
Cockayne syndrome, Corticobasal degeneration, Creutzfeldt-Jakob disease, familial fatal
insomnia, frontotemporal lobar degeneration, Huntington's disease, HIV-associated dementia,
Kennedy's disease, Krabbe's disease, Lewy body dementia, neuroborreliosis, Machado- Joseph
disease, Spinocerebellar ataxia type 3, Multiple System Atrophy, multiple sclerosis, narcolepsy,
Niemann Pick disease, Parkinson's disease, Pelizaeus-Merzbacher Disease, Pick's disease,
primary lateral sclerosis, prion diseases, progressive supranuclear palsy, Refsum's disease,
Sandhoff disease, Schilder's disease, subacute combined degeneration of spinal cord secondary
to Pernicious Anaemia, Spielmeyer-Vogt-Sjogren-Batten discase, Batten disease, spinocerebellar
ataxia, spinal muscular atrophy, Steele- Richardson-Olszewski disease, Tabes dorsalis, and toxic

encephalopathy.

[0026] Other embodiments of the present disclosure relate to a method of treating a cancer,
by administering to a subject in need thereof an agent that increases expression of Zscan4 in one
or more cancer cells in the subject, where increasing expression of Zscan4 represses growth of
the one or more cancer cells, thereby treating the cancer. In one embodiment, there is provided
use of an agent that increases expression of Zscan4 in one or more cancer cells in a subject, in
the manufacture of a medicament for treating a cancer in the subject, wherein increasing
expression of Zscan4 represses growth of thie one or more cancer cells, thereby (reating the
cancer. Other embodiments of the present disclosure relate to a method of improving
responsiveness to chemotherapy in a cancer patient, by administering to a subject in need thercof
an agent that reduces expression of endogenous ZSCAN4 in one or more cancer stem cells in the
subject, where reducing expression of endogenous ZSCAN4 reduces or eliminates resistance to
one or more chemotherapeutic agents in the one or more cancer stem cells, thereby improving

responsiveness to the one or more chemotherapeutic agents in the

-10-



subject. In one embodiment, there is provided use of an agent that reduces expression of
endogenous ZSCAN4 in one or more cancer stem cells in a cancer patient, in the manufacture of
a medicament for improving responsiveness to chemotherapy in the cancer patient, wherein
reducing expression of endogenous ZSCAN4 reduces or eliminates resistance to one or more
chemotherapeutic agents in the one or more cancer stem cells, thereby improving responsiveness
to the one or more chemotherapeutic agents in the cancer patient. In some embodiments, the
agent that reduces expression of endogenous ZSCAN4-is an siRNA or shRNA specific for
ZSCANA. In some embodiments, the cancer selected from cancers of the heart (e.g.
angiosarcoma, fibrosarcoma, rhabdomyosarcoma, liposarcoma, myxoma, thabdomyoma,
fibroma, lipoma and teratoma), lung cancers (e.g., bronchogenic carcinoma (squamous cell,

undifferentiated small cell,
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undifferentiated large cell, adenocarcinoma), alveolar {bronchiolar) carcinoma, bronchial

adenoma, sarcoma, lymphoma, chondromatous hamartorma, mesothelioma); gastrointestinal tract
cancers (e.g., esophagus (squamous cell carcinoma, adenocarcinoma, leiomyosarcoma,
lymphoma); stomach cancers (carcinoma, lymphoma, leiomyosarcoma); pancreatic cancers
(ductal adenocarcinoma, insulinoma, glucagonoma, gastrinoma, carcinoid tumors, vipoma);
small bowel cancers (adenocarcinoma, lymphoma, carcinoid tumors, Kaposi’s sarcoma,
leiomyoma, hemangioma, lipoma, neurofibroma, fibroma); large bowel cancers
(adenocarcinoma, tubular adenoma, villous adenoma, hamartoma, leiomyoma); genitourinary
tract cancers (e.g., kidney (adenocarcinoma, Wilms’ tumor, nephroblastoma, lymphoma,
leukemia); bladder and urethra cancers (squamous cell carcinoma, transitional cell carcinoma,
adenocarcinoma); prostate cancers (adenocarcinoma, sarcoma); testis cancers (seminoma,
teratoma, embryonal carcinoma, teratocarcinoma, choriocarcinoma, sarcoma, interstitial cell
carcinoma, fibroma, fibroadenoma, adenomatoid tumors, lipoma); liver cancers (e.g., hepatoma
(hepatocellular carcinoma), cholangiocarcinoma, hepatoblastoma, angiosarcoma, hepatocellular
adenoma, hemangioma); bone cancers (e.g., osteogenic sarcoma (osteosarcoma), fibrosarcoma,
malignant fibrous histiocytoma, chondrosarcoma, Ewing's sarcoma, malignant lymphoma
(reticulum cell sarcoma), multiple myeloma, malignant giant cell tumor, chordoma,
osteochondroma (osteocartilaginous exostoses), benign chondroma, chondroblastoma,
chondromyxofibroma, osteoid osteoma and giant cell tumors); nervous system cancers (e.g.,
skull (osteoma, hemangioma, granuloma, xanthoma, osteitis deformans), meninges
(meningioma, meningiosarcoma, gliomatosis), brain (astrocytoma, medulloblastoma, glioma,
ependymoma, germinoma, pinealoma, glioblastoma multiforme, oligedendroglioma,
schwannoma, retinoblastoma, congenital turnors), spinal cord (neurofibroma, meningioma,
glioma, sarcoma)); gynecological cancers (e.g., uterus (endometrial carcinoma), cervix (cervical
carcinoma, pre-tumor cervical dysplasia), ovaries (ovarian carcinoma, serous
cystadenocarcinoma, mucinous cystadenocarcinoma, endometrioid tumors, Brenner tumor, clear
cell carcinoma, unclassified carcinoma, granulosa-theca cell tumors, Sertoli-Leydig cell tumors,
dysgerminoma, malignant teratoma), vulva (squamous cell carcinoma, intraepithelial carcinoma,
adenocarcinoma, fibrosarcoma, melanoma), vagina (clear cell carcinoma, squamous cell
carcinoma, botryoid sarcoma, embryonal rhabdomyosarcoma, fallopian tubes (carcinomay);
hernatologic caneers (e.g., blood (myeloid leukemia (acute and chronic), acute lymphoblastic
leukemia, chronic lymphocytic leukemia, myeloproliferative diseases, multiple-myeloma,
myelodysplastic syndrome), Hodgkin's disease, non-Hodgkin's lymphoma (malignant

lymphoma)); skin cancers (e.g., malignant melanoma, basal cell carcinoma, squamous cell
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carcinoma, Kaposi’s sarcoma, moles, dysplastic nevi, lipoma, angioma, dermatofibroma, keloids,

psoriasis); and adrenal gland cancers (e.g., neuroblastoma).

[0027] Other embodiments of the present disclosure relate to a method of increasing genome
stability of one or more human cells, by contacting the one or more human cells with an agent
that increases expression of Zscan4 in the one or more human cells, where increased expression
of Zscan4 increases genome stability in the one or more human cells as compared to one or more
corresponding human cells that are not contacted with the agent.

[0027a] In one embodiment, there is provided an in vitro method of increasing genome
stability of one or more human cells, comprising contacting the one or more human cells with an
agent that increases expression of Zscand in the one or more human cells, wherein increased '
expression of Zscan4 increases genome stability in the one or more human cells as compared to
one or more corresponding human cells that are not contacted with the agent.

[0027Db] In ene embodiment, there is provided use of an agent that increases expression of
Zscan4 in one or more human cells, in the manufacture of a medicament for increasing genome
stability of the one or more human cells, wherein increased expression of Zscan4 increases
genome stability in the one or more human cells that are contacted with the agent as compared to
one or more corresponding human cells that are not contacted with the agent.

[0028] Other embodiments of the present disclosure relate to a method of increasing DNA
repair capacity of one or more human cells, by contacting the one or more human cells with an
agent that increases expression of Zscan4 in the one or more human cells, where increased
expression of Zscand increases DNA repair capacity in the one or more human cells as compared
to one or more corresponding human cells that are not contacted with the agent.

[0028a] In one embodiment, there is provided an in vitro method of increasing DNA
repair capacity of one or more human cells, comprising contacting the one or more human cells
with an agent that increases expression of Zscan4 in the one or more human cells, wherein
increased expression of Zscan4 increases DNA repair capacity in the one or more human cells as
compared to one or more corresponding human cells that are not contacted with the agent.

[0028b] In one embodiment, there is provided use of an agent that increases expression of
Zscan4 in one or more human cells, in the manufacture of a medicament for increasing DNA
repair capacity of the one or more human cells, wherein increased expression of Zscand
increases DNA repair capacity in the one or more human cells that are contacted with the agent
as compared to one or more corresponding human cells that are not contacted with the agent.
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[0629] Other embodiments of the present disclosure relate to a method of rejuvenating one or
more human cells, by contacting the one or more human cells with an agent that increases
expression of Zscan4 in the one or more human cells, where increased expression of Zscan4
rejuvenates the one or more human cells as compared to one or more corresponding human cells
that are not contacted with the agent.

[0029a] In one embodiment, there is provided an in vitro method of rejuvenating one or
more human cells, comprising contacting the one or more human cells with an agent that
increases expression of Zscan4 in the one or more human cells, wherein increased expression of
Zscan4 rejuvenates the one or more human cells as compared to one or more corresponding
human cells that are not contacted with the agent.

[0029Db] In one embodiment, there is provided use of an agent that increases expression of
Zscand in one or more human cells, in the manufacture of a medicament for rejuvenating the one
or more human cells, wherein increased expression of Zscan4 rejuvenates the one or more
human cells that are contacted with the agent as compared to one or more corresponding human
cells that are not contacted with the agent.

[0030} Other embodiments of the present disclosure relate to a method of rejuvenating skin,
treating atopic dermatitis, and/or a skin lesion, by topically administering to the skin of a subject
in need thereof an agent that increases expression of Zscan4. In one embodiment, there is
provided use of an agent that increases expression of Zscand in the manufacture of a medicament
for rejuvenating skin, treating atopic dermatitis, and/or a skin lesion, wherein the medicament is
to be topically administered to a subject in need thereof.

[0031] Other embodiments of the present disclosure relate to a method of treating hair loss,
by topically administering to the scalp of a subject in need thercof an agent that increases
expression of Zscan4. In one embodiment, there is provided use of an agent that increases
expression of Zscan4 in the manufacture of a medicament for treating hair 1oss, wherein the
medicament is to be topically administered to the scalp of a subject in need thereof,

[0032] Other embodiments of the present disclosure relate to a method of preventing hair
graying, treating hair graying, or both, by administering to one or more hair follicles of a subject
in need thereof an agent that increases expression of Zscan4. In one embodiment, there is
provided use of an agent that increases expression of Zscan4 in the manufacture of a medicament
for preventing hair graying, treating hair graying, or both, wherein the medicament is to be
administered to one or more hair follicles of a subject in need thereof.

[0033] Other embodiments of the present disclosure relate to a method of rejuvenating a
cornea, by administering to a cornea of a subject in need thereof an agent that increases
expression of Zscan4. In one embodiment, there is provided use of an agent that increases

expression of Zscand in the manufacture of a medicament for rejuvenating a cornea in a subject

in need thereof.
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[0034] Other embodiments of the present disclosure relate to a method of treating dry eye, by
administering to a cornea of a subject in need thereof an agent that increases expression of
Zscan4. In one embodiment, there is provided use of an agent that increases expression of

Zscand in the manufacture of a medicament for treating dry eye in a subject in need thereof.

[0035] Other embodiments of the present disclosure relate to a method of treating idiopathic
pulmonary fibrosis, by administering to a lung of a subject in need thereof an agent that increases
expression of Zscand. In one embodiment, there is provided use of an agent that increases
expression of Zscan4 in the manufacture of a medicament for treating idiopathic pulmonary

fibrosis, wherein the medicament is to be administered to a lung of a subject in need thereof.

[0036] Other embodiments of the present disclosure relate to a method of treating
atherosclerosis, a coronary heart disease, or both, by administering to the bloodstream of a
subject in need thereof an agent that increases expression of Zscan4. In one embodiment, there is
provided use of an agent that increases expression of Zscan4 in the manufacture of a medicament
for treating atherosclerosis, a coronary heart disease, or both, wherein the medicament is to be

administered to the bloodstream of a subject in need theieof.

[0037] Other embodiments of the present disclosure relate to a method of providing
resistance to one or more genotoxic agents in one or more human cells, by contacting the one or
more human cells with an agent that increases expression of Zscan4 in the one or more human
cells, where increased expression of Zscan4 increases resistance to one or more genotoxic agents
in the one or more human celis as compared to one or more corresponding human cells that are
not contacted with the agent. In some embodiments, the genotoxic agent is mitomycin C or

cisplatin.

[0037a] In one embodiment, there is provided an in vitro method of providing resistance
to one or more genotoxic agents in one or more human cells, comprising contacting the one or
more human cells with an agent that increases expression of Zscan4 in the one or more human
cells, wherein increased expression of Zscan4 increases resistance to one or more genotoxic
agents in the one or more human cells as compared to one or more corresponding human cells

that are not contacted with the agent.
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[0037b] In one embodiment, there is provided use of an agent that increases expression of
Zscan4 in one or more human cells, in the manufacture of a medicament for providing resistance
to one or more genotoxic agents in the one or more human cells, wherein increased expression of
Zscan4 increases resistance to one or more genotoxic agents in the one or more human cells that
are contacted with the agent as compared to one or more corresponding human cells that are not

contacted with the agent.

[0038] In some embodiments that may be combined with any of the preceding embodiments,
the one or more human cells are human adult cells. In some embodiments, the one or more
human cells are adult stem cells, tissue stem cells, progenitor cells, or induced pluripotent stem
cells. In some embodiments that may be combined with any of the preceding embodiments, the
one or more human cells are one or more adult stem cells, tissue stem cells, or progenitor cells
selected from hematopoietic stem cells, mesenchymal stem cells, adipose stem cells; neuronal
stem cells, and germ stem cells. In some embodiments that may be combined with any of the
preceding embodiments, the one or more human cells are somatic cells, mature cells, or
differentiated cells. In some embodiments that may be combined with any of the preceding
embodiments, the one or more human cells are somatic cells, mature cells, or differentiated cells.
In some embodiments that may be combined with any of the preceding embodiments, the one or
more human cells are one or more somatic cells, mature cells, or differentiated cells selected
from epidermal cells, fibroblasts, lymphocytes, hepatocytes, epithelial cells, myocytes,
chondrocytes, osteocytes, adipocytes, cardiomyocytes, pancreatic p cells, keratinocytes,

erythrocytes, peripheral blood cells, neurocytes, astrocytes, germ cells, sperm cells, and oocytes.
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[0039] Other embodiments of the present disclosure relate to a method for inducing a human
embryonic stem cell-like DNA methylation pattern in one or more human induced pluripotent
stem (iPS) cells, by contacting the one or more human iPS cells with an agent that increases
expression of Zscan4 in the one ot more human iPS cells, where increased expression of Zscand
induces a human embryonic stem cell-like DNA methylation pattern in the one or more human
iP8 cells as compared to one or more corresponding human iPS cells that are not contacted with
the agent.

[0039a] In one embodiment, there is provided an in vifro method for inducing a human
embryonic stem cell-like DNA methylation pattern in one or more human induced pluripotent
stem (iPS) cells, comprising contacting the one or more human iPS cells with an agent that
increases expression of Zscan4 in the one or more human iPS cells, wherein increased expression
of Zscan4 induces a human embryonic stem cell-like DNA methylation pattern in the one or
more human iPS cells as compared to one or more corresponding human iPS cells that are not
contacted with the agent.

[0039b] In one embodiment, there is provided use of an agent that increases expression of
Zscand in one or more human induced pluripotent stem (iPS) cells, in the manufacture of a
medicament for inducing a human embryonic stem cell-like DNA methylation pattern in the one
or more human iPS cells, wherein increased expression of Zscan4 induces a human embryonic
stem cell-like DNA methylation pattern in the one or more human iPS cells that are contacted
with the agent as compared to one or more corresponding human iPS cells that are not contacted
with the agent.

[0040] Other embodiments of the present disclosure relate to a method of rejuvenating one or
more human oocyte cells, by contacting the one or more human oocyte cells with an agent that
increases expression of Zscan4 in the one or more human oocyte cells, where increased
expression of Zscan4 rejuvenates the one or more human oocyte cells as compared to one or
more corresponding human oocyte cells that are not contacted with the agent.

[0040a] In one embodiment, there is provided an in vitro method of rejuvenating one or
more human oocyte cells, comprising contacting the one or more human oocyte cells with an
agent that increases expression of Zscan4 in the one or more human oocyte cells, wherein
increased expression of Zscan4 rejuvenates the one or more human oocyte cells as compared to
one or more corresponding human oocyte cells that are not contacted with the agent.

[0040b] In one embodiment, there is provided use of an agent that increases expression of
Zscand in one or more human oocyte cells, in the manufacture of a medicament for rejuvenating
the one or more human oocyte cells, wherein increased expression of Zscan4 rejuvenates the one
or more human oocyte cells that are contacted with the agent as compared to one or more
corresponding human oocyte cells that are not contacted with the agent.
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[0041] Other embodiments of the present disclosure relate to a method of increasing genome
stability of one or more human oocyte cells, by contacting the one or more human oocyte cells
with an agent that increases expression of Zscan4 in the one or more human oocyte cells, where
increased expression of Zscan4 increases genome stability in the one or more human oocyte cells
as compared to one or more corresponding human oocyte cells that are not contacted with the
agent. In one embodiment, there is provided an in vitro method of increasing genome stability of
one or more human oocyte cells, comprising contacting the one or more human oocyte cells with
an agent that increases expression of Zscan4 in the one or more human oocyte cells, wherein
increased expression of Zscan4 increases genome stability in the one or more human oocyte cells
as compared to one or more corresponding human oocyte cells that are not contacted with the
agent. In another embodiment, there is provided use of an agent that increases expression of
Zscan4 in one or more human oocyte cells, in the manufacture of a medicament for increasing
genome stability of the one or more human oocyte cells, wherein increased expression of Zscand
increases genome stability in the one or more human oocyte cells that are contacted with the
agent as compared to one or more corresponding human oocyte cells that are not contacted with
the agent. Other embodiments of the present disclosure relate to a method of correcting one or
more karyotype-abnormalities in one or more human oocyte cells, by contacting the one or more
human oocyte cells with an agent that increases expression of Zscan4 in the one or more human
oocyte cells, where increased expression of Zscan4 induces correction of the one or more
karyotype abnormalities in the one or more human oocyte cells as compared to one or more
corresponding human oocyte cells that are not contacted with the agent. In one embodiment,
there is provided an in vitro method of correcting one or more karyotype abnormalitics in one or
more human oocyte cells, comprising contacting the one or more human oocyte cells with an
agent that increases expression of Zscan4 in the one or more human oocyte cells, wherein
increased expression of Zscan4 induces correction of the one or more karyotype abnormalities in
the one or more human oocyte cells as compared to one or more corresponding human oocyte
cells that are not contacted with the agent. In another embodiment, there is provided use of an
agent that increases expression of Zscan4 in one or more human oocyte cells, in the manufacture
of a medicament for correcting one or more karyotype abnormalities in the one or more human
oocyte cells, wherein increased expression of Zscan4 induces correction of the one or more
karyotype abnormalities in the one or more human oocyte cells that are contacted with the agent
as compared to one or more corresponding human cocyte cells that are not contacted with the
agent. In some embodiments, the one or more human oocyte cells are isolated from a subject
prior to contacting with the agent that increases expression of Zscan4. In some embodiments,
after contacting with the agent that increases expression of Zscan4 the one or more human
oocyte cells undergo in vitro fertilization..

[0042] Other embodiments of the present disclosure relate to an in vitro method of increasing
genome stability of one or more fertilized human cocytes, comprising contacting the one or more
fertilized human oocytes with an agent that increases expression of Zscan4 in the one or more
fertilized human oocytes, wherein increased expression of Zscand increases genome stability in
the one or more fertilized human oocytes as compared to one or more corresponding fertilized
human oocytes that are not contacted with the agent. Other embodiments of the present
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disclosure relate to an in vitro method of correcting one or more karyotype abnormalities in one
or more fertilized human oocytes, by contacting the one or more fertilized human oocytes with
an agent that increases expression of Zscan4 in the one or more fertilized human oocytes, where
increased expression of Zscan4 induces correction of the one or more karyotype abnormalities in
the one or more fertilized human oocytes as compared to one or more corresponding fertilized
human oocytes that are not contacted with the agent. In some embodiments, the one or more
fertilized human oocytes were fertilized by ir vitro fertilization. In some embodiments, prior to
being fertilized, the one or more human ococytes were isolated from a subject. In some
embodiments, the one or more fertilized oocytes are embryos between the one-cell stage and the

blastocyst stage.

[0043} Other embodiments of the present disclosure relate to a method of treating a disease
or condition associated with a telomere abnormality, comprising: i. isolating human bone
marrow cells from a subject suffering from a disease or condition associated with a telomere
abnormality; ii. contacting the human bone marrow cells with an agent that increases expression
of Zscan4 in the human boﬁe matrow cells, where increasing expression of Zscan4 induces
telomere lengthening in the human bone marrow cells; and iii. engrafting the contacted human
bone marrow cells into the subject to treat the disease or condition associated with a telomere

abnormality.

[0043a] In another embodiment, there is provided use of human bone marrow cells in the
manufacture of a medicament for engrafting into a subject to treat a disease or condition
associated with a telomere abnormality, wherein the subject is one suffering from the disease or
condition associated with a telomere abnormality, wherein the human bone marrow cells have
been isclated from the subject and contacted with an agent that increases expression of Zscand in
the human bone marrow cells, wherein increasing expression of Zscan4 induces telomere

lengthening in the human bone marrow cells.
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[0044] Other embodiments of the present disclosure relate to a method of treating a disease
or condition associated with a chromosome abnormality, comprising: i. isolating human bone
marrow cells from a subject suffering from a disease or condition associated with a chromosome
abnormality; ii. contacting the human bone marrow cells with an agent that increases expression
of Zscan4 in the human bone marrow cells, wherein increasing expression of Zscan4 induces
correction of the chromosome abnormality in the human bone marrow cells; and iii. engrafting
the contacted human bone marrow cells into the subject to treat the disease or condition

associated with a chromosome abnormality.

[0044a) In one embodiment, there is provided use of human bone marrow cells in the
manufacture of a medicament for engrafting into a subject to treat a disease or condition
associated with a chromosome abnormality, wherein subject is one suffering from the disease or
condition associated with a chromosome abnormality, wherein the human bone marrow cells
have been isolated from the subject and contacted with an agent that increases expression of
Zscan4 in the human bone marrow cells, wherein increasing expression of Zscan4 induces

correction of the chromosome abnormality in the human bone marrow cells.

[0045] In some embodiments that may be combined with any of the preceding embodiments,
the disease or condition is one or more discases or conditions selected from diseases of telomere
shortening, bone marrow failure syndromes, age-related telomere shortening diseases or
disorders, and premature aging diseases or disorders. In some embodiments that may be
combined with any of the preceding embodiments, the disease or condition is a disease of
telomere shortening selected from dyskeratosis congenita, Hoyeraal-Hreidarsson syndrome,

Revesz syndrome, Coats plus syndrome, idiopathic pulmonary fibrosis, liver cirrhosis, pancreatic

-i5a-



fibrosis, Alzheimer’s disease, and osteoarthritis. In some embodiments that may be combined
with any of the preceding embodiments, the disease or condition is a bone marrow failure
syndrome selected from Fanconi anemia, amegakaryocytic thrombocytopenia, aplastic anemia,
Diamond Blackfan anemia, dyskeratosis congenita, paroxysmal nocturnal hemoglobinuria
(PNH), Pearson syndrome, Shwachman Diamond syndrome, thrombocytopenia, and
myelodysplastic syndrome. In some embodiments that may be combined with any of the
preceding embodiments, the disease or condition is an age-related telomere shortening disease or
disease, a premature aging disease or disease, or both selected from Werner syndrome, Bloom’s
syndrome, Hutchinson-Gilford progeria syndrome, Cockayne syndrome, Xeroderma pigmentosa,
Ataxia telangiectasia, Rothmund Thomson syndrome, Trichothiodystrophy, Juberg-Marsidi
syndrome, and Down syndrome.

[0046] Other embodiments of the present disclosure relate to a method of rejuvenating a
tissue or organ in a subject, by administering to a subject in need thereof an agent that increases
expression of Zscan4 in the tissue or organ, where increasing expression of Zscan4 rejuvenates
the tissue or organ. In one embodiment, there is provided use of an agent that increases
expression of Zscan4 in a tissue or organ, in the manufacture of a medicament for rejuvenating
the tissue or organ in a subject in need thereof, wherein increasing expression of Zscan4
rejuvenates the tissue or organ.

[0047] Other embodiments of the present disclosure relate to a method of rejuvenating a
subject in need thereof, by administering to the subject an agent that increases expression of
Zscan4, where increasing expression of Zscan4 rejuvenates the subject. In one embodiment,
there is provided use of an agent that increases expression of Zscan4 in the manufacture for
rejuvenating a subject in need thereof, wherein increasing expression of Zscand rejuvenates the
subject.

[0048] Other embodiments of the present disclosure relate to a method of extending lifespan
of one or more human cells, by contacting the one or more human cells with an agent that
increases expression of Zscan4 in one or more human cells in the subject, where increasing
expression of Zscan4 extends the lifespan of the one or more human cells as compared to one or
more corresponding human cells that are not contacted with the agent. In one embodiment, there
is provided use of an agent that increases expression of Zscan4 in one or more human cells in a
subject, in the manufacture of a medicament for extending lifespan of the one or more human
cells, wherein increasing expression of Zscan4 extends the lifespan of the one or more human
cells that are contacted with the agent as compared to one or more corresponding human cells
that are not contacted with the agent.

[0049] Other embodiments of the present disclosure relate to a method of extending lifespan
of a tissue or organ in a subject, by administering to a subject in need thereof an agent that
increases expression of Zscan4 in the tissue or organ, where increasing expression of Zscan4
extends the lifespan of the tissue or organ. In one embodiment, there is provided use of an agent
that increases expression of Zscan4 in a tissue or organ, in the manufacture of a medicament for
extending lifespan of the tissue or organ in a subject, wherein increasing expression of Zscan4
extends the lifespan of the tissue or organ.

[0050] Other embodiments of the present disclosure relate.to a method of extending lifespan

of a subject, by administering to a subject in need thereof an agent that increases expression of
Zscand in one or more human cells in the subject, where increasing expression of Zscan4
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extends the lifespan of the one or more human cells, thereby extending the lifespan of the
subject. In one embodiment, there is provided use of an agent that increases expression of
Zscan4 in one or more human cells in a subject, in the manufacture of a medicament for
extending lifespan of the subject, wherein increasing expression of Zscan4 extends the lifespan
of the one or more human cells, thereby extending the lifespan of the subject.

[0051] Other embodiments of the present disclosure relate to a method of extending lifespan
of a subject in need thereof, comprising: i. isolating one or more human cells from the subject; ii.
contacting the one or more human cells with an agent that increases expression of Zscan4 in the
one or more human cells, wherein increasing expression of Zscand extends the lifespan of the
one or more human cells; and iii. administering the contacted one or more human cells to the
subject to extend the lifespan of the subject. In one embodiment, there is provided use of one or
more human cells in the manufacture of a medicament for extending lifespan of a subject in need
thercof, wherein the one or more human cells have been isolated from the subject and contacted
with an agent that increases expression of Zscan4 in the one or more human cells, wherein
increasing expression of Zscand extends the lifespan of the one or more human cells.

[0052] Other embodiments of the present disclosure relate to a method for determining one
or more Zscand-induced effects in one or more human cells, comprising: i. contacting the one or
more human cells with an agent that increases expression of Zscan4 in one or more human cells;
ii. measuring expression levels of SERPINB4, DNMT3L, and/or DUX4 in the one or more
human cells; and iii. comparing the expression levels of SERPINB4, DNMT3L, and/or DUX4 in
the one or more human cells to the expression levels of SERPINB4, DNMT3L, and/or DUX4 in
one or more corresponding human cells that are not contacted with the agent, wherein an
increase in the expression levels of SERPINB4, DNMT3L, and/or DUX4 in the one or more
human cells indicates the presence of one or more Zscand-induced effects in the one or more
human cell.

[0053] In some embodiments that may be combined with any of the preceding embodiments,
the increased expression of Zscan4 is transient. In some embodiments that may be combined
with any of the preceding embodiments, the agent increases Zscan4 expression for about 1 hour
to about 23 hours. In some embodiments that may be combined with any of the preceding
embodiments, the agent increases Zscan4 expression for about 1 day to about 10 days. In some
embodiments that may be combined with any of the preceding embodiments, the agent interacts
directly with endogenous Zscan4 to increase expression of Zscan4. In some embodiments that
may be combined with any of the preceding embodiments, the agent is an isolated nucleic acid
molecule encoding Zscan4. In some embodiments that may be combined with any of the
preceding embodiments, the isolated nucleic acid molecule is a synthetic mRNA. In some
embodiments that may be combined with-any of the preceding embodiments, the isolated nucleic
acid molecule contains a vector. In some embodiments that may be combined with any of the
preceding embodiments, the vector is a viral vector. In some embodiments that may be
combined with any of the preceding embodiments, the viral vector is a paramyxovirus vector, a

retrovirus vector, a lentivirus vector or an adenovirus vector. In some embodiments that may be
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combined with any of the preceding embodiments, the viral vector is a paramyxovirus vector. In

some embodiments that may be combined with any of the preceding embodiments, the
paramyxovirus vector is a Sendai virus vector. In some embodiments that may be combined
with any of the preceding embodiments, the vector is a plasmid vector, In some embodiments
that may be combined with any of the preceding embodiments, the vector encodes Zscand
operably linked to a promoter. In some embodiments that may be combined with any of the
preceding embodiments, the promoter is a constitutive promoter. In some embodiments that may
be combined with any of the preceding embodiments, the promoter is an inducible promoter. In
some embodiments that may be combined with any of the preceding embodiments, the Zscan4 is
a Zscan4-ERT2 fusion protein. In some embodiments that may be combined with any of the
preceding embodiments, the Zscan4 is a Zscan4-AC protein. In some embodiments that may be
combined with any of the preceding embodiments, the Zscan4-AC protein includes a deletion of
at least one zinc finger domain. In some embodiments that may be combined with any of the
preceding embodiments, the Zscand is mouse Zscand, human ZSCAN4, or a homolog thereof.
In some embodiments that may be combined with any of the preceding embodiments, the Zscan4
is selected from Zscanda, Zscandb, Zscandc, Zscandd, Zscande, and Zscandf. In some
embodiments that may be combined with any of the preceding embodiments, the isolated nucleic
acid molecule contains a nucleotide sequence that is at least 70%, at least 75%, at least 80%, at
least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at
least 92%, at least 93%, at least 949%, at least 95%, at least 96%, at least 97%, at least 98%, at
least 99%, or 100% identical to a nucleotide sequence selected from SEQ ID Nos: 1-10 and 21-
30. In some embodiments that may be combined with any of the preceding embodiments, the
Zscand is human ZSCAN4, In some embodiments that may be combined with any of the
preceding embodiments, the isolated nucleic acid molecule contains a nucleotide sequence that is
at least 70%, at least 75%, at least 80%, at least 85%, at least 86%, at least 87%, at least 88%, at
least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at
least 96%, at least 97%, at least 98%, at least 99%, or 100% identical to SEQ ID NO: 7. In some
embodiments that may be combined with any of the preceding embodiments, the agent is a
Zscan4 protein. In some embodiments that may be combined with any of the preceding
embodiments, the Zscan4 protein is fused to a cell-penetrating peptide, In some embodiments
that may be combined with any of the preceding embodiments, the cell-penetrating peptide
contains a protein transduction domain. In some embodiments that may be combined with any
of the preceding embodiments, the cell-penetrating peptide contains a poly-arginine peptide tag.

In some embodiments that may be combined with any of the preceding embodiments, the Zscan4
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protein is encapsulated in a nanoparticle. In some embodiments that may be combined with any
of the preceding embodiments, the Zscan4 protein is a mouse Zscand protein, a human ZSCAN4
protein, or a homolog thereof. In some embodiments that may be combined with any of the
preceding embodiments, the Zscan4 protein is selected from a Zscanda protein, a Zscan4b
protein, a Zscandc protein, a Zscan4d protein, a Zscande protein, and a Zscandf protein. In some
embodiments that may be combined with any of the preceding embodiments, the Zscand protein
contains an amino acid sequence that is at least 70%, at least 75%, at least 80%, at least 85%, at
least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at
least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or
100% identical to an amino acid sequence selected from SEQ ID NOs: 11-20 and 31-40. In
some embodiments that may be combined with any of the preceding embodiments, the Zscan4
‘protein is a human ZSCAN4 protein. In some embodiments that may be combined with any of
the preceding embodiments, the Zscan4 protein contains an amino acid sequence that is at least
70%, at least 75%, at least 80%, at least 85%, at least 86%, at least 87%, at least 88%, at least
89%, at lcast 90%, at least 91%, at lecast 92%, at least 93%, at least 94%, at least 95%, at least
96%, at least 97%, at least 98%, at least 99%, or 100% identical to SEQ ID NO: 17. In some
embodiments that may be combined with any of the preceding embodiments, the Zscan4 protein
is a Zscan4-ERT?2 fusion protein. In some embodiments that may be combined with any of the
preceding embodiments, the Zscan4 protein is a Zscan4-AC protein. In some embodiments that
may be combined with any of the preceding embodiments, the Zscan4-AC protein contains a
mouse Zscand protein, a human ZSCAN4 protein, or a homolog thereof, and where the Zscan4
protein contains a deletion of at least one zine finger domain. In some embodiments that may be
combined with any of the preceding embodiments, the Zscan4-AC protein contains a Zscand
protein selected from a Zscanda protein, a Zscan4b protein, a Zscandc protein, a Zscandd
protein, a Zscan4de protein, and a Zscandf protein, and where the Zscan4 protein contains a
deletion of at least one zine finger domain. In some embodiments that may be combined with
any of the preceding embodiments, the Zscan4-AC protein contains a human ZSCAN4 protein,
and where the Zscan4 protein contains a deletion of at least one zinc finger domain. In some
embodiments that may be combined with any of the preceding embediments, the agent is a

retinoid, an agent that induces oxidative stress, or both.

[0054] Other embodiments of the present disclosure relate to a method of increasing
telomere length in one or more human cells, by contacting the one or more human cells with an
agent that increases expression of Zscan4 in the human cell, where the agent is a synthetic
mRNA molecule encoding Zscan4 or a viral vector, preferably a Sendai viral vector, encoding
Zscan4, and where
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increased expression of Zscan4 induces telomere lengthening in the one or more human cells as
compared to one or more corresponding human cells that are not contacted with the agent.

[0055] Other embodiments of the present disclosure relate to a method of treating a subject
in need of telomere lengthening, by contacting one or more human cells in the subject with an
agent that increases expression of Zscan4 in the one or more human cells, where the agentis a
synthetic mRNA molecule encoding Zscan4 or a viral vector, preferably a Sendai viral vector,
encoding Zscan4, and where increased expression of Zscan4 induces telomere lengthening in the

one or more human cells.

[0056] Other embodiments of the present disclosure relate to a method of treating a subject
in need of telomere lengthening, by: i. isolating one or more human cells in need of telomere
lengthening from the subject; ii. contacting the one or more human cells with an agent that
increases expression of Zscand in the one or more human cells, where the agent is a synthetic
mRNA molecule encoding Zscan4 or a viral vector, preferably a Sendai viral vector, encoding
Zscan4, and where increasing expression of Zscan4 induces telomere lengthening in the one or

- more human cells; and iii. administering the contacted one or more human cells to the subject.

[0057] Other embodiments of the present disclosure relate to a method of treating a disease
or condition associated with a telomere abnormality, by administering to a subject in need
thereof an agent that increases expression of Zscan4 in one or more human cells in the subject,
where the agent is a synthetic mRNA molecule encoding Zscan4 or a viral vector, preferably a
Sendai viral vector, encoding Zscan4, and where increasing expression of Zscand induces
telomere lengthening in the one or more human cells to treat the disease or condition associated

with a telomere abnormality.

[0058] Other embodiments of the present disclosure relate to a method of treating a disease
or condition assoctated with a telomere abnormality, by: i. isolating one or more human cells
from a subject suffering from a disease or condition associated with a telomere abnormality; i1.
contacting the one or more human cells with an agent that increases expression of Zscan4 in the
one or more human cells, where the agent is a synthetic mRNA molecule encoding Zscan4 or a
viral vector, preferably a Sendai viral vector, encoding Zscan4, and where increasing expression
of Zscan4 induces telomere lengthening in the one or more human cells; and iii. administering
the contacted one or more human cells to the subject to treat the disease or condition associated

with a telomere abnormality.
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[0059] Other embodiments of the present disclosure relate to a method of treating a disease
or condition associated with a chromosome abnormality, by administering to a subject in need
thereof an agent that increases expression of Zscan4 in one or more human cells in the subject,
where the agent is a synthetic mRNA molecule encoding Zscand or a viral vector, preferably a
Sendai viral vector, encoding Zscand, and where increasing expression of Zscan4 induces
cotrection of the chromosome abnormality in the one or more human cells to treat the disease or

condition associated with a chromosome abnormality.

[0060] Other embodiments of the present disclosure relate to a method of treating a disease
or condition associated with a chromosome abnormality, by: i. isolating one or more human cells
from a subject suffering from a disease or condition associated with a chromosome abnormality;
ii. contacting the one or more human cells with an agent that increases expression of Zscan4 in
the one or more human cells, where the agent is a synthetic mRNA molecule encoding Zscan4 or
a viral vector, preferably a Sendai viral vector, encoding Zscand, and where increasing
expression of Zscan4 induces correction of the chromosome abnormality in the one or more
human cells; and 1ii. administering the contacted one or more human cells to the subject to treat

the disease or condition associated with a chromosome abnormality.

[0061] Other embodiments of the present disclosure relate to a method of treating a disease
or condition associated with a karyotype abnormality, by administering to a subject in need
thereof an agent that increases expression of Zscan4 in one or more human cells in the subject,
where the agent is a synthetic mRNA molecule encoding Zscan4 or a viral vector, preferably a
Sendai viral vector, encoding Zscan4, and where increasing expression of Zscand induces
correction of the karyotype abnormality in the one or more human cells to treat the disease or

condition associated with a karyotype abnormality.

[0062] Other embodiments of the present disclosure relate to a method of treating a disease
or condition associated with a karyotype abnormality, by: i. isolating one or more human cells
from a subject suffering from a disease or condition associated with a karyotype abnormality; ii.
contacting the one or more human cells with an agent that increases expression of Zscan4 in the
one or more human cells, where the agent is a synthetic mRNA molecule encoding Zscand or a
viral vector, preferably a Sendai viral vector, encoding Zscand, and where increasing expression
of Zscan4 induces correction of the karyotype abnormality in the one or more human cells; and
iii. administering the contacted one or more human cells 16 the subject to treat the disease or

condition associated with a karyotype abnormality.

21~



WO 2014/144932 PCT/US2014/029537
[0063] In-some embodiments that may be combined with any of the preceding embodiments,

the karyotype abnormality is selected from a chromosome nullisomy, a chromosome monosomy,
a chromosome trisomy, a chromosome tetrasomy, and a chromosome pentasomy. In some
embodiments that may be combined with any of the preceding embodiments, the karyotype
abnormality is selected from trisomy 21, trisomy 16, trisomy 18, trisomy 13, monosomy X, XXX
aneuploidy, XXY aneuploidy, XYY aneuploidy, and 1p36 duplication. In some embodiments
that may be combined with any of the preceding embodiments, the disease or condition
associated with a karyotype abnormality is selected from dup(17)(p11.2p11.2) syndrome,
Pelizaeus-Merzbacher disease, dup(22)(q11.2q11.2) syndrome, cat-eye syndrome, Cri-du-chat
syndrome, Wolf-Hirschhorn, Williams-Beuren syndrome, Charcot-Marie-Tooth disease,
Hereditary neuropathy with liability to pressure palsies, Smith-Magenis syndrome,
Neurofibromatosis, Alagille syndrome, Velocardiofacial syndrome, DiGeorge syndrome, Steroid
sulfatase deficiency, Kallmann syndrome, Microphthalmia with linear skin defects, Adrenal
hypoplasia, Glycerol kinase deficiency, Pelizaeus-Merzbacher disease, Testis-determining factor
on Y, Azoospermia (factor a), Azoospermia (factor b), Azoospermia (factor c), and 1p36
deletion. In some embodiments that may be combined with any of the preceding embodiments,
the disease or condition is one or more diseases or conditions selected from diseases of telomere
shortening, bone marrow failure syndromes, age-related telomere shortening diseases or
disorders, and premature aging diseases or disorders. In some embodiments that may be
combined with any of the preceding embodiments, the disease or condition is a disease of
telomere shortening selected from dyskeratosis congenita, Hoyeraal-Hreidarsson syndrome,
Revesz syndrome, Coats plus syndrome, idiopathic pulmonary fibrosis, liver cirrhosis, pancreatic
fibrosis, Alzheimer’s disease, and osteoarthritis. In some embodiments that may be combined
with any of the preceding embodiments, the disease or condition is a bone marrow failure
syndrome selected from Fanconi anemia, amegalkaryocytic thrombocytopenia, aplastic anemia,
Diamond Blackfan anemia, dyskeratosis congenita, paroxysmal nocturnal hemoglobinuria
(PNH), Pearson syndrome, Shwachman Diamond syndrome, thrombocytopenia, and
myelodysplastic syndrome. In some embodiments that may be combined with any of the
preceding embodiments, the disease or condition is an age-related telomere shortening disease or
disorder, a premature aging disease or disorder, or both selected from Werner syndrome,
Bloom’s syndrome, Hutchinson-Gilford progeria syndrome, Cockayne syndrome, Xeroderma
pigmentosa, Ataxia telangiectasia, Rothmund Thomson syndrome, Trichothiodystrophy, Juberg-
Marsidi syndrome, and Down syndrome. In some embodiments that may be combined with any

of the preceding embodiments, the disease -or condition is one or more diseases or conditions
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selected from immunological deficiencies, an autoimmune disease, an autoimmune disorder,
chronic ulcers, atherosclerosis, cancer, a neurologic injury, a degenerative disorder, a
neurodegenerative disorder, wound healing, muscle repair, cardiac muscle repair, cartilage
replacement, arthritis, osteoarthritis, tooth regeneration, blindness, age-related blindness due to
proliferative decline of retinal pigmented epithelial cells, deafness, bone marrow failure, bone
marrow transplant, diabetes, muscular dystrophy, Duchenne muscular dystrophy, a genetic
disease, a genetic mutation, and DNA damage. In some embodiments that may be combined
with any of the preceding embodiments, the disease or condition is a cancer selected from
cancers of the heart (e.g., angiosarcoma, fibrosarcoma, rhabdomyosarcoma, liposarcoma,
myxoma, thabdomyoma, fibroma, lipoma and teratoma), lung cancers (e.g., bronchogenic
carcinoma (squamous cell, undifferentiated small cell, undifferentiated large cell,
adenocarcinoma), alveolar (bronchiolar} carcinoma, bronchial adenoma, sarcoma, lymphoma,
chondromatous hamartoma, mesothelioma); gastrointestinal tract cancers (e.g., esophagus
(squamous cell carcinoma, adenocarcinoma, leiomyosarcoma, lymphoma); stomach cancers
(carcinoma, lymphoma, leiomyosarcoma); pancreatic cancers {ductal adenocarcinoma,
insulinoma, glucagonoma, gastrinoma, carcinoid tumors, vipoma); small bowel cancers
(adenocarcinoma, lymphoma, carcinoid tumors, Kaposi’s sarcoma, leiomyoma, hemangioma,
lipoma, neurofibroma, fibroma); large bowel cancers (adenocarcinoma, tubular adenoma, villous
adenoma, hamartoma, leiomyoma); genitourinary tract cancers (e.g., kidney (adenocarcinoma,
Wilms® tumor, nephroblastoma, lymphoma, leukemia); bladder and urethra cancers (squamous
cell carcinoma, transitional cell carcinoma, adenocarcinoma); prostate cancers (adenocarcinoma,
sarcomay); testis cancers (seminoma, teratoma, embryonal carcinoma, teratocarcinoma,
choriocarcinoma, sarcoma, interstitial cell carcinoma, fibroma, fibroadenoma, adenomateid
tumors, lipoma); liver cancers {(e.g., hepatoma (hepatocellular carcinoma), cholangiocarcinoma,
hepatoblastoma, angicsarcoma, hepatocellular adenoma, hemangioma); bone cancers (e.g.,
osteogenic sarcoma (osteosarcomay), fibrosarcoma, malignant fibrous histiocytoma,
chondrosarcoma, Ewing’s sarcoma, malignant lymphorna (reticulum cell sarcoma), multiple
myeloma, malignant giant cell tumor, chordoma, osteochondroma (osteocartilaginous exostoses),
benign chondroma, chondroblastoma, chondromyxofibroma, osteoid osteoma and giant cell
tumors); nervous system cancers (e.g., skull (osteoma, hemangioma, granuloma, xanthoma,
osteitis deformans), meninges (meningioma, meningiosarcoma, gliomatosis), brain (astrocytoma,
medulloblastoma, glicma, ependymoma, germinoma, pinealoma, glioblastoma rultiforme,
oligodendroglioma, schwannoma, retinoblastoma, congenital tumors), spinal cord

(neurofibroma, meningioma, glioma, sarcoma)); gynecelogical cancers (e.g., uterus (endometrial
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carcinoma), cervix {cervical carcinoma, pre-tumor cervical dysplasia), ovaries (ovarian
carcinoma, serous cystadenocarcinoma, mucinous cystadenocarcinoma, endometrioid tumors,
Brenner tumor, clear cell carcinoma, unclassified carcinoma, granulosa-theca cell tumors,
Sertoli-Leydig cell tumors, dysgerminoma, malignant teratoma), vulva (squamous cell
carcinomua, intraepithelial carcinoma, adenocarcinoma, fibrosarcoma, melanoma), vagina (clear
cell carcinoma, squamous cell carcinoma, botryeid sarcoma, embryonal rhabdomyosarcoma,.
fallopian tubes (carcinoma)); hematologic cancers (e.g., blood (myeloid leukemia (acute and
chronic), acute lymphoblastic leukemia, chronic lymphocytic leukemia, myeloproliferative
diseases, multiple myeloma, myelodysplastic syndrome), Hodgkin's discase, non-Hodgkin's
lymphoma (imalignant lymphoma)); skin cancers (e.g., malignant melanoma, basal cell
carcinoma, squamous cell carcinoma, Kaposi’s sarcoma, moles, dysplastic nevi, lipoma,
angioma, dermatofibroma, keloids, psoriasis); and adrenal gland cancers (e.g., neuroblastoma).
In some embodiments that may be combined with any of the preceding embodiments, the disease
or condition is an autoimmune disease selected from thyroiditis, Goodpasture's discase,
rheumatoid arthritis, juvenile oligoarthritis, collagen-induced arthritis, adjuvant-induced arthritis,
Sjogren' s syndrome, multiple sclerosis, experimental autoimmune encephalomyelitis,
inflammatory bowel disease, Crohn's disease, ulcerative colitis, autoimmune gastric atrophy,
pemphigus vulgaris, psoriasis, vitiligo, type 1 diabetes, non-obese diabetes, myasthenia gravis,
Grave's disease, Hashimoto' s thyroiditis, sclerosing cholangitis, sclerosing sialadenitis, systemic
Iupus erythematosis, autoimmune thrombocytopenia purpura, Addison’ s disease, systemic
sclerosis, polymyositis, dermatomyositis, autoimmune hemolytic anemia, and pemicious anemia.
In some embodiments that may be combined with any of the preceding embodiments, the disease
or condition is a neurodegenerative disease selected from adrenoleukodystrophy (ALD),
alcoholism, Alexander's disease, Alper's disease, Alzheimer's disease, amyotrophic lateral
sclerosis, Lou Gehrig's Disease, ataxia telangiectasia, Batten disease, Spielmeyer-Vo gt—Sj ogren-
Batten disease, bovine spongiform encephalopathy (BSE), Canavan disease, cerebral palsy,
Cockayne syndrome, Corticobasal degeneration, Creutzfeldt-Jakob disease, familial fatal
insomnia, frontotemporal lobar degeneration, Huntington's disease, HIV-associated demenitia,
Kennedy's disease, Krabbe's disease, Lewy body dementia, neuroborreliosis, Machado- Joseph
disease, Spinocerebellar ataxia type 3, Multiple System Atrophy, multiple sclerosis, narcolepsy,
Niemann Pick disease, Parkinson's disease, Pelizaeus-Merzbacher Disease, Pick's disease,
primary lateral sclerosis, prion diseases, progressive supranuclear palsy, Refsum's disease,
Sandhoff disease, Schilder's disease, subacute combined degeneration of spinal cord secondary

to Pernicious Anaemia, Spielmeyer- Vogt-Sjogren-Batten disease, Batten disease, spinocerebellar
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ataxia, spinal muscular atrophy, Steele- Richardson-Olszewski disease, Tabes dorsalis, and toxic

encephalopathy.

[0064] Other embodiments of the present disclosure relate to a method of treating a cancer,
by administering to a subject in need thereof an agent that increases expression of Zscan4 in one
or more cancer cells in the subject, where the agent is a synthetic mRNA molecule encoding
Zscan4 or a viral vector, preferably a Sendai viral vector, encoding Zscan4, and where increasing
expression of Zscan4 represses growth of the one or more cancer cells, thereby treating the
cancer. Other embodiments of the present disclosure relate to a method of improving
responsiveness to chemotherapy in a cancer patient, by administering to a subject in need thereof
an agent that reduces expression of endogenous ZSCAN4 in one or more cancer stem cells in the
subject, where the agent is a synthetic mRNA molecule encoding Zscan4 or a viral vector,
preferably a Sendai viral vector, encoding Zscan4, and where reducing expression of endogenous
ZSCAN4 reduces or eliminates resistance to one or more chemotherapeutic agents in the one or
more cancer stem cells, thereby improving responsiveness to the one or more chemotherapeutic
agents in the subject. In some embodiments, the agent that reduces expression of endogenous
ZSCAN4 is an siRNA or shRNA specific for ZSCAN4. In some embodiments, the cancer
selected from cancers of the heart (e.g. angiosarcoma, fibrosarcoma, rhabdomyosarcoma,
liposarcoma, myxoma, rhabdomyoma, fibroma, lipoma and teratoma), lung cancers (e.g.,
bronchogenic carcinoma (squamous cell, undifferentiated small cell, undifferentiated large cell,
adenocarcinoma), alveolar (bronchiolar) carcinoma, bronchial adenoma, sarcoma, lymphoma,
chondromatous hamartoma, mesothelioma); gastrointestinal tract cancers (e.g., esophagus
(squamous cell carcinoma, adenocarcinoma, leiomyosarcoma, lymphoma); stomach cancers
(carcinoma, lymphoma, leiomyosarcoma); pancreatic cancers (diictal adenocarcinoma,
insulinoma, glucagonoma, gastrinoma, carcinoid tumors, vipoma); small bowel cancers
(adenocarcinoma, lymphoma, carcinoid tumors, Kaposi’s sarcoma, leiomyoma, hemangioma,
lipoma, neurofibroma, fibroma); large bowel cancers (adenocarcinoma, tubular adenoma, villous
adenoma, hamartoma, leiomyomay; genitourinary tract cancers (e.g., kidney (adenocarcinoma,
Wilms’ tumor, nephroblastoma, lymphoma, leukemia); bladder and urethra cancers (squamous
cell carcinoma, transitional cell carcinoma, adenocarcinoma); prostate cancers (adenocarcinoma,
sarcoma); testis cancers (seminoma, teratoma, embryonal carcinoma, teratocarcinoma,
choriocarcinoma, sarcoma, interstitial cell carcinoma, fibroma, fibroadenoma, adenomatoid
tumors, lipoma); liver cancers (e.g., hepatoma (hepatocellular carcinoma), cholangiocarcinoma,
hepatoblastoma, angiosarcoma, hepatocellular adenoma, hemangioma); bone cancers (e.g.,

osteogenic sarcoma (osteosarcoma), fibrosarcoma, malignant fibrous histiocytoma,
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chondrosarcoma, Ewing's sarcoma, malignant lymphoma (reticulum cell sarcoma), multiple
myeloma, malignant giant cell tumor, chordoma, osteochondroma (osteocartilaginous exostoses),
benign chondroma, chondroblastoma, chondromyxofibroma, osteoid osteoma and giant cell
tumors); nervous system cancers (e.g., skull (osteoma, hemangioma, granuloma, xanthoma,
osteitis deformans), meninges (meningioma, meningiosarcoma, gliomatosis), brain (astrocytoma,
medulloblastoma, glioma, ependymoma, germinoma, pinealoma, glioblastoma multiforme,
oligodendroglioma, schwannoma, retinoblastoma, congenital tumors), spinal cord
{neurofibroma, meningioma, glioma, sarcoma)); gynecological cancers (e.g., uterus (endometrial
carcinoma), cervix (cervical carcinoma, pre-tumor cervical dysplasia), ovaries (ovarian
carcinoma, serous cystadenocarcinoma, mucinous cystadenocarcinoma, endometrioid tumors,
Brenner tumor, clear cell carcinoma, unclassified carcinoma, granulosa-theca cell tumors,
Sertoli-Leydig cell tumors, dysgerminoma, malignant teratoma), vulva (squamous cell
carcinoma, intraepithelial carcinoma, adenocarcinoma, fibrosarcoma, melanoma), vagina (clear
cell carcinoma, squamous cell carcinoma, botryoid satcoma, embryonal rhabdomyosarcoma,
fallopian tubes (carcinoma)); hematologic cancers (e.g., blood (myeloid leukemia (acute and
chronic), acute lymphoblastic leukemia, chronic lymphocytic leukemia, myeloproliferative
diseases, multiple myeloma, myelodysplastic syndrome), Hodgkin's discase, non-Hodgkin's
lymphoma (malignant }ymphoma)); skin cancers (e.g., malignant melanoma, basal cell
carcinoma, squamous cell carcinoma, Kaposi’s sarcoma, moles, dysplastic nevi, lipoma,

angioma, dermatofibroma, keloids, psoriasis); and adrenal gland cancers (e.g., neuroblastoma).

[0065] Other embodiments of the present disclosure relate to a method of increasing genome
stability of one or more human cells, by contacting the one or more human cells with an agent
that increases expression of Zscan4 in the one or more human cells, where the agent is a
synthetic mRNA molecule encoding Zscan4 or a viral vector, preferably a Sendai viral vector,
encoding Zscand, and where increased expression of Zscan4 increases genome stability in the
one or more human cells as compared to one or more corresponding human cells that are not

contacted with the agent.

[0066] Other embodiments of the present disclosure relate to a method of increasing DNA
repair capacity of one or more human cells, by contacting the one or more human cells with an
agent that increases expression of Zscan4 in the one or more human cells, where the agent is a
synthetic mRNA molecule encoding Zscan4 or a viral vector, preferably a Sendai viral vector,

encoding Zscan4, and where increased expression of Zscand increases DNA repair capacity in
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the one or more human cells as compared to one or more corresponding human cells that are not

contacted with the agent.

[0067]  Other embodiments of the present disclosure relate to a method of rejuvenating one or
more human cells, by contacting the one or more human cells with an agent that increases
expression of Zscan4 in the one or more human cells, where the agent is a synthetic mRNA
molecule encoding Zscan4 or a viral vector, preferably a Sendai viral vector, encoding Zscan4,
and where increased expression of Zscan4 rejuvenates the one or more human cells as compared

to one or more corresponding human cells that are not contacted with the agent.

[0068] Other embodiments of the present disclosure relate to a method of rejuvenating skin,
* treating atopic dermatitis, and/or a skin lesion, by topically administering to the skin of a subject
in need thereof an agent that increases expression of Zscand, where the agent is a synthetic
mRNA molecule encoding Zscan4 or a viral vector, preferably a Sendai viral vector, encoding

Zscand,.

[0069] Other embodiments of the present disclosure relate to a method of treating hair loss,
by topically administering to the scalp of a subject in need thercof an agent that increases
expression of Zscand, where the agent is a synthetic mRNA molecule encoding Zscan4 or a viral

vector, preferably a Sendai viral vector, encoding Zscan4.

[0076] Other embodiments of the present disclosure relate to a method of preventing hair
graying, treating hair graying, or both, by administering to one or more hair follicles of a subject
in need thereof an agent that increases expression of Zscand, where the agent is a synthetic
mRNA molecule encoding Zscand or a viral vector, preferably a Sendai viral vector, encoding

Zscand.

[0071]} Other embodiments of the present disclosure relate to a method of rejuvenating a
cornea, by administering to a cornea of a subject in need thereof an agent that increases
expression of Zscan4, where the agent is a synthetic mRNA molecule encoding Zscan4 or a

viral vector, preferably a Sendai viral vector, encoding Zscan4.

[0072] Other embodiments of the present disclosure relate to a method of treating dry eye, by
administering to a cornea of a subject in need thereof an agent that increases expression of
Zscan4, where the agent 18 a synthetic mRNA molecule encoding Zscan4 or a viral vector,

preferably a Sendai viral vector, encoding Zscan4.
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[0073] Other embodiments of the present disclosure relate to a method of treating idiopathic
pulmonary fibrosis, by administering to a lung of a subject in need thereof an agent that increases
expression of Zscan4, where the agent 1s a synthetic mRNA molecule encoding Zscan4 or-a viral

vector, preferably a Sendai viral vector, encoding Zscan4.

[0074] Other embodiments of the present disclosure relate to a method of treating
atherosclerosis, a coronary heart disease, or both, by administering to the bloodstream of a
subject in need thereof an agent that increases expression of Zscand, where the agent is a
synthetic mMRNA molecule encoding Zscan4 or a viral vector, preferably a Sendai viral vector,

encoding Zscand,

[0075] Other embodiments of the present disclosure relate to a method of providing
resistance to one or more genotoxic agents in one or more human cells, by contacting the one or
more human cells with an agent that increases expression of Zscan4 in the one or more human
cells, where the agent is a synthetic mRNA molecule encoding Zscan4 or a viral vector,
preferably a Sendai viral vector, encoding Zscan4, and where increased expression of Zscand
increases resistance to one or more genotoxic agents in the one or more human cells as compared
to one or more corresponding human cells that are not contacted with the agent. In some
embodiments, the genotoxic agent is mitomycin C or cisplatin,

[0076] In some embodiments that may be combined with any of the preceding embodiments,
the one or more human cells are human adult cells. In some embodiments that may be combined
with any of the preceding embodiments, the one or more human cells are adult stem cells, tissue
stem cells, progenitor cells, or induced pluripotent stem cells. In some embodiments that may be
combined with any of the preceding embodiments, the one or more human cells are one or more
adult stem cells, tissue stem cells, or progenitor cells selected from hematopoictic stem cells,
mesenchymal stem cells, adipose stem cells, neuronal stem cells, and germ stem cells. In some
embodiments that may be combined with any of the preceding embodiments, the one or more
human cells are somatic cells, mature cells, or differentiated cells. In some embodiments that
may be combined with any of the preceding embodiments, the one or more human cells are
somatic cells, mature cells, or differentiated cells. In some embodiments that may be combined
with any of the preceding embodiments, the one or more human cells are one or more somatic
cells, mature cells, or differentiated cells selected from epidermal cells, fibroblasts, lymphocytes,
hepatocytes, epithelial cells, myocytes, chondrocytes, osteocytes, adipocytes, cardiomyocytes,
pancreatic [ cells, keratinocytes, erythrocytes, peripheral blood cells, neurocytes, astrocytes,

germ cells, sperm cells, and oocytes.
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[0077] Other embodiments of the present disclosure relate to a method for inducing a human
embryonic stem cell-like DNA methylation pattern in one or more human induced pluripotent
stem (iPS) cells, by contacting the one or more human iPS cells with an agent that increases
expression of Zscan4 in the one or more human iPS cells, where the agent is a synthetic mRNA
molecule encoding Zscan4 or a viral vector, preferably a Sendai viral vector; encoding Zscand,
and where increased expression of Zscan4 induces a human embryonic stem cell-like DNA
methylation pattern in the one or more human iPS cells as compared to one or more

corresponding human iPS cells that are not contacted with the agent.

[0078]  Other embodiments of the present disclosure relate to a method of rejuvenating one or
more human oocyte cells, by contacting the one or more human oocyte cells with an agent that
increases expression of Zscan4 in the one or more human oocyte cells, where the agent is a
synthetic mRNA molecule encoding Zscan4 or a viral vector, preferably a Sendai viral vector,
encoding Zscan4, and where increased expression of Zscan4 rejuvenates the one or more human
oocyte cells as compared to one or more corresponding human oocyte cells that are not contacted

with the agent.

[0079]  Other embodiments of the present disclosure relate to a method of increasing genome
stability of one or more human oocyte cells, by contacting the one or more human oocyte cells
with an agent that increases expression of Zscan4 in the one or more human oocyte cells, where
the agent is a synthetic mRNA molecule encoding Zscan4 or a viral vector, preferably a Sendai
viral vector, encoding Zscan4, and where increased expression of Zscan4 increases genome
stability in the one or more human oocyte cells as compared to one or more corresponding
human oocyte cells that are not contacted with the agent. Other embodiments of the present
disclosure relate to a method of correcting one or more karyotype abnormalities in one or more
human oocyte cells, by contacting the one or more human oocyte cells with an agent that
increases expression of Zscan4 in the one or more human cocyte cells, where the agent is a
synthetic mRNA molecule encoding Zscand or a viral vector, preferably a Sendai viral vector,
encoding Zscan4, and where increased expression of Zscan4 induces correction of the one or
more karyotype abnormalities in the one or more human oocyte cells as compared to one or more
corresponding human oocyte cells that are not contacted with the agent. In some embodiments,
the one or more human oocyte cells are isolated from a subject prior to contacting with the agent
that increases expression of Zscand. In some embodiments, after contacting with the agent that

increases expression of Zscan4 the one or more human oocyte cells undergo in vitro fertilization.
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[0080] Other-embodiments of the present disclosure relate to an in vitro method of increasing
genome stability of one or more fertilized human oocytes, by contacting the one or more
fertilized human oocytes with an agent that increases expression of Zscan4 in the one or more
fertilized human oocytes, where the agent is a synthetic mRNA molecule encoding Zscand or a
viral vector, preferably a Sendai viral vector, encoding Zscand, and where increased expression
of Zscan4 increases genome stability in the one or more fertilized human oocytes as compared to
one or more corresponding fertilized human oocytes embryo that are not contacted with the
agent. Other embodiments of the present disclosure relate to an in vifro method of correcting
one or more karyotype abnormalities in one or more fertilized human oocytes, by contacting the
one or more fertilized human oocytes with an agent that increases expression of Zscan4 in the
one or more fertilized human oocytes, where.the agent is a synthetic mRNA molecule encoding
Zscan4 or a viral vector, preferably a Sendai viral vector, encoding Zscand4, and where increased
expression of Zscan4 induces correction of the one or more karyotype abnormalities in the one or
more fertilized human oocytes as compared to one or more corresponding fertilized human
oocytes that are not contacted with the agent. In some embodiments, the one or more fertilized
human oocytes were fertilized by in vitro fertilization. In some embodiments, prior {o being
fertilized, the one or more human oocytes were isolated from a subject. In some embodiments,
the one or more fertilized oocytes are embryos between the one-cell stage and the blastocyst

stage.

[0081] Other embodiments of the present disclosure relate to a method of treating a disease
or condition associated with a telomere abnormality, by: 1. isolating human bone marrow cells
from a subject suffering from a disease or condition associated with a telomere abnormality; ii.
contacting the human bone marrow cells with an agent that increases expression of Zscan4 in the
human bone marrow cells, where the agent is a synthetic mRNA molecule encoding Zscan4 or a
viral vector, preferably a Sendai viral vector, encoding Zscand, and where increasing expression
of Zscan4 induces telomere lengthening in the human bone marrow cells; and iii. engrafting the
contacted human bone marrow cells into the subject to treat the disease or condition associated
with a telomere abnormality.

[0082] Other embodiments of the present disclosure relate to a method of treating a disease
or condition associated with a chromosome abnormality, by: i. isolating human bone marrow
cells from a subject suffering from a disease or condition associated with a chromosome
abnormality; ii. contacting the human bone marrow cells with an agent that increases expression
of Zscan4 in the human bone marrow cells, where the agent is a synthetic mRNA molecule

encoding Zscan4
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or a viral vector, preferably a Sendai viral vector, encoding Zscand, and where increasing
expression of Zscan4 induces correction of the chromosome abnormality in the human bone
marrow cells; and iii. engrafting the contacted human bone marrow cells into the subject to-treat

the disease or condition associated with a chromosome abnormality.

[0083] In some embodiments that may be combined with any of the preceding embodiments,
the disease or condition is one or more diseases or conditions selected from diseases of telomere
shortening, bone marrow failure syndromes, age-related telomere shortening diseases or
disorders, and premature aging diseases or disorders. In some embodiments that may be
combined with any of the preceding embodiments, the disease or condition is a disease of
telomere shortening selected from dyskeratosis congenita, Hoyeraal-Hreidarsson syndrome,
Revesz syndrome, Coats plus syndrome, idiopathic pulmonary fibrosis, liver cirthosis, pancreatic
fibrosis, Alzheimer’s disease, and osteoarthritis. In some embodiments that may be combined
with any of the preceding embodiments, the disease or condition is a bone marrow failure
syndrome selected from Fanconi anemia, amegakaryocytic thrombocytopenia, aplastic anemia,
Diamond Blackfan anemia, dyskeratosis congenita, paroxysmal nocturnal hemoglobinuria
(PNH), Pearson syndrome, Shwachman Diamond syndrome, thrombocytopenia, and
myelodysplastic syndrome. In some embodiments that may be combined with any of the
preceding embodiments, the disease or condition is an age-related telomere shortening disease or
disease, a premature aging disease or disease, or both selected from Werner syndrome, Bloom’s
syndrome, Hutchinson-Gilford progeria syndrome, Cockayne syndrome, Xeroderma pigmentosa,
Ataxia telangiectasia, Rothmund Thomson syndrome, Trichothiodystrophy, Juberg-Marsidi

syndrome, and Down syndrome.

[0084] Other embodiments of the present disclosure relate to a method of rejuvenating a
tissue or organ in a subject, by administering to a subject in need thereof an agent that increases
expression of Zscan4 in the tissue or organ, where the agent is a synthetic mRNA molecule
encoding Zscan4 or a viral vector, preferably a Sendai viral vector, encoding Zscan4, and where

increasing expression of Zscan4 rejuvenates the tissue or organ.

[0085] Other embodiments of the present disclosure relate to a method of rejuvenating a
subject in need thereof, by administering to the subject an agent that increases expression of
Zscand, where the agent is a synthetic mRNA molecule encoding Zscan4 or a viral vector,
preferably a Sendai viral vector, encoding Zscan4, and where increasing expression of Zscan4

rejuvenates the subject.
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[0086] Other embodiments of the present disclosure relate to a method of extending lifespan
of one or more human cells, by contacting the one or more human cells with an agent that
increases expression of Zscand in one or more human cells in the subject, where the agent is a
synthetic mRNA molecule encoding Zscan4 or a viral vector, preferably a Sendai viral vector,
encoding Zscan4, and where increasing expression of Zscan4 extends the lifespan of the one or
more human celis as compared to one or more corresponding human cells that are not contacted

with the agent.

[0087] Other embodiments of the present disclosure relate to a method of extending lifespan
of a tissue or organ in a subject, by administering to a subject in need thereof an agent that
increases expression of Zscan4 in the tissue or organ, where the agent is a synthetic mRNA
molecule encoding Zscan4 or a viral vector, preferably a Sendai viral vector, encoding Zscand,

and where increasing expression of Zscan4 extends the lifespan of the tissue or organ.

[0088] Other-embodiments of the present disclosure relate to a method of extending lifespan
of a subject, by administering to a subject in need thereof an agent that increases expression of
Zscan4 in one or more human cells in the subject, where the agent is a synthetic mRNA
molecule encoding Zscan4 or a viral vector, preferably a Sendai viral vector, encoding Zscan4,
and where increasing expression of Zscan4 extends the lifespan of the one or more human cells,
thereby extending the lifespan of the subject.

[0089] Other embodiments of the present disclosure relate to a method of extending lifespan
of a subject, by: 1. isolating one or more human cells from the subject; ii. contacting the one or
more human cells with an agent that increases expression of Zscand in the one or more human
cells, where the agent is a synthetic mRNA molecule encoding Zscand or a viral vector,
preferably a Sendai viral vecior, encoding Zscan4, and where increasing expression of Zscan4
extends the lifespan of the one or more human cells; and iii. administering the contacted one or

more human cells to the subject to extend the lifespan of the subject.

[0090] Other embodiments of the present disclosure relate to a method for determining one
or more Zscan4-induced effects in one or more human cells, by: i. contacting the one or more
human cells with an agent that increases expression of Zscan4 in one or more human cells, where
the agent is a synthetic mRNA molecule encoding Zscan4 or a viral vector, preferably a Sendai
viral vector, encoding Zscan4; ii. measuring expression levels of SERPINB4, DNMT3L, and/or
DUX4 in the one or more human cells; and iii. comparing the expression levels of SERPINB4,

DNMT3L, and/or DUX4 in the one or more human cells to the expression levels of SERPINB4,

37.



WO 2014/144932 PCT/US2014/029537
DNMT3L, and/or DUX4 in one or more corresponding human cells that are not contacted with

the agent, where an increase in the expression levels of SERPINB4, DNMT3L, and/or DUX4 in
the one or more human cells indicates the presence of one or more Zscand-induced effects in the

one or more human cell.

[0091]  In some embodiments that may be combined with any of the preceding embodiments,
the increased expression of Zscand is transient. In some embodiments that may be combined
with any of the preceding embodiments, the agent increases Zscand expression for about 1 hour
to about 23 hours. In some embodiments that may be combined with any of the preceding
embodiments, the agent increases Zscan4 expression for about 1 day to about 10 days. In some
embodiments that may be combined with any of the preceding embodiments, the agent interacts
directly with endogenous Zscan4 to increase expression of Zscand. In some embodiments that
may be combined with any of the preceding embodiments, the vector encodes Zscand operably
linked to a promoter. In some embodiments that may be combined with any of the preceding
embodiments, the promoter is a constitutive promoter. In some embodiments that may be
combined with any of the preceding embodiments, the promoter is an inducible promoter. In
some embodiments that may be combined with any of the preceding embodiments, the Zscan4 is
a Zscan4-FERT2 fusion protein. In some embodiments that may be combined with any of the
preceding embodiments, the Zscan4 is a Zscan4-AC protein. In some embodiments that may be
combined with any of the preceding embodiments, the Zscan4-AC protein includes a deletion of
at least one zinc finger domain. In some embodiments that may be combined with any of the.
preceding embodiments, the Zscan4 is mouse Zscand, human ZSCAN4, or a homolog thereof.

In some embodiments that may be combined with any of the preceding embodiments, the Zscand
is selected from Zscanda, Zscandb, Zscande, Zscandd, Zscande, and Zscandf. In some
embodiments that may be combined with any of the preceding embodiments, the isolated nucleic
acid molecule contains a nucleotide sequence that is at least 70%, at least 75%, at least 80%, at
least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at
least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at
least 99%, or 100% identical to a nucleotide sequence selected from SEQ ID Nos: 1-10 and 21-
30. In some embodiments that may be combined with any of the preceding embodiments, the
Zscan4 is human ZSCAN4. In some embodiments that may be combined with any of the
preceding embodiments, the isolated nucleic acid molecule contains a nucleotide sequence that is
at least 70%, at lcast 75%, at least 80%, at least 85%, at least 86%, at least §7%, at least 88%, at
Ieast 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at

least. 96%, at least 97%, at least 98%, at least 99%, or 100% identical to SEQ ID NO: 7, In some
-33.



WO 2014/144932 PCT/IS2014/029537
embodiments that may be combined with any of the preceding embodiments, the agent is a

Zscan4 protein. In some embodiments that may be combined with any of the preceding
embodiments, the Zscan4 protein is fused to a cell-penetrating peptide. In some embodiments
that may be combined with any of the preceding embodiments, the cell-penetrating peptide
contains a protein transduction domain. In some embodiments that may be combined with any
of the preceding embodiments, the cell-penetrating peptide contains a poly-arginine peptide tag,
In some embodiments that may be combined with any of the preceding embodiments, the Zscand
protein is encapsulated in a nanoparticle. In some embodiments that may be combined with any
of the preceding embodiments, the Zscand protein is a mouse Zscand protein, a human ZSCAN4
protein, or a homolog thereof. In some embodiments that may be combined with any of the
preceding embodiments, the Zscan4 protein is selected from a Zscan4a protein, a Zscandb
protein, a Zscandc protein, a Zscan4d protein, a Zscande protein, and a Zscandf protein. In some
embodiments that may be combined with any of the preceding embodiments, the Zscan4 protein
contains an amino acid sequence that is at least 70%, at least 75%, at least 80%, at least 85%, at
least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at
least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or
100% identical to an amino acid sequence selected from SEQ ID NOs: 11-20 and 31-40. In
some embodiments that may be combined with any of the preceding embodiments, the Zscan4
protein is a human ZSCAN4 protein. In some embodiments that may be combined with any of
the preceding embodiments, the Zscan4 protein contains an amino acid sequence that is at least
70%, at least 75%, at least 80%, at least 85%, at least 86%, at least 87%, at least 88%, at least
89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least
96%, at least 97%, at least 98%, at least 99%, or 100% identical to SEQ ID NO: 17. In some
embodiments that may be combined with any of the preceding embodiments, the Zscan4 protein
is a Zscan4-ERT?2 fusion protein. In some embodiments that may be combined with any of the
preceding embodiments, the Zscand protein is a Zscan4-AC protein. In some embodiments that
may be combined with any of the preceding embodiments, the Zscan4-AC protein contains a
mouse Zscan4 protein, a human ZSCAN4 protein, or a homolog thereof, and where the Zscan4
protein contains a deletion of at least one zinc finger domain. In some embodiments that may be
combined with any of the preceding embodiments, the Zscan4-AC protein contains a Zscan4
protein selected from a Zscanda protein, a Zscandb protein, a Zscandc protein, a Zscandd
protein, a Zscande protein, and a Zscandf protein, and where the Zscan4 protein contains a
deletion of at least one zinc finger domain. In some embodiments that may be combined with

any of the preceding embodiments, the Zscan4-AC protein contains a human ZSCAN4 protein,
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and where the Zscan4 protein contains a deletion of at least one zinc finger domain. In some

embodiments that may be combined with any of the preceding embodiments, the agent is a

retinoid, an agent that induces oxidative stress, or both.

[0092] The foregoing and other objects and features of the disclosure will become more
apparent from the following detailed description, which proceeds with reference to the

accompanying figures.
BRIEF DESCRIPTION OF THE DRAWINGS

[0093] FIG. 1 depicts the correction of chromosome abnormalities in mouse ES cells
transfected with hZSCAN4-mRNAs, FIG. 1A depicts the experimental procedure. FIG. 1B
depicts the percent of euploid mouse ES cells transfected with hZSCAN4 mRNAs.

[0094] TFIG. 2 depicts the correction of chromosome abnormalities in mouse ES cells

infected with Sendai virus vectors expressing mZscan4d or hZSCAN4. FIG. 2A depicts the
percent of euploid mouse ES cells infected with SeVmZscan4 or SeVhZSCAN4. FIG. 2B
depicts the percent of euploid mouse ES cells infected with SeVmZERT?2 or SeVhZERT?2.

[0095]  FIG. 3 depicts the correction of chromosome abnormalities in mouse ES cells
infected with temperature-sensitive Sendai virus vectors expressing mZscan4 or hZSCAN4.

FIG, 3A depicts the percent of euploid mouse ES cells infected with SeVmZscan4-TS15 or
SeVhZSCAN4-TS15, followed by culturing at 35°C for three days. FIG. 3B depicts the percent
of euploid mouse ES cells infected with SeVmZscan4-TS15 or SeVhZSCAN4-TS15 followed by
culturing at 35°C for six days. FIG. 3C depicts the percent of euploid mouse ES cells infected
with SeVmZscand-TS15 or SeVhZSCAN4-TS135, followed by culturing at 35°C for three days
and then at 37°C for three days.

[0096]  FIG. 4 depicts the effects of Zscan4 biologics on mouse ES cells. FIG. 4A depicts
the effects of transfecting mouse ES cells with hZSCAN4 mRNAs. FIG. 4B depicts the effects
of infecting mouse ES cells with Sendai virus vectors expressing Zscand. FIG, 4C depicts the

effects of infecting mouse ES cells with temperature-sensitive Sendai virus vectors expressing
mZscand or hZSCAN4.

[0097]  FIG. 5 depicts the effects of Zscan4 biologics on human iPS cells. FIG. 5A depicts
the effects of transfecting human iPS cells with Zscan4 mRNAs. FIG. 5B depicts the effects of

infecting human iPS celis with Sendai virus vectors expressing Zscan4. FIG. 5C depicts the

-35-



WO 2014/144932 PCT/US2014/029537
effects of infecting human iPS cells with temperature-sensitive Sendai virus vectors expressing

mZscand or hZSCAN4,

[0098] FIG. 6 depicts the results of a growth assay of human fibroblast cells from a DKC
patient transfected with hZSCAN4 mRNAs or GFP mRNAs.

[0099] FIG. 7A depicts the results of a growth assay of human fibroblast cells from a DKC
patient infected with SeVhZScan4. ¥IG. 7B shows micrographs depicting the cell morphology
of human fibroblast célls from a DKC patient infected with SeVhZScan4.

[0100]  FIG. 8A depicts the experimental procedure. FIG. 8B depicts the results of a
telomere length assay of human fibroblast cells from a DKC patient transfected with hZSCAN4
mRNAs or GFP mRNAs.

[0101]  FIG. 9 depicts the results of a growth assay of fibroblast cells of a Werner syndrome
(WS) patient transfected with hZSCAN4 mRNAs or GFP mRNAs.

[0102] FIG. 10 depicts an exemplary treatment scheme using Zscan4.

[0103]  FIG. 11 depicts a bar graph showing that overexpression of human ZSCAN4
increases telomere length in normal adult human fibroblast cells, “N” indicates the number of

replicates.

[0104]  FIG. 12 depicts a bar graph showing that overexpression of human ZSCAN4
increases telomere length in human fibroblasts isolated from a patient with Fanconi anemia,

complementation group A. “N” indicates the number of replicates.

[0105] FIG. 13 depicts the results of growth assays of human adult dermal fibroblast (HDFa)
cells transfected with hZSCAN4 mRNAs, mZscand mRNAs, or GFP mRNAs. FIG. 13A depicts
the results of a growth assay of HDFa cells transfected with hZSCAN4 mRNAs or GFP mRNAs
and cultured for approximately 50 days. FIG. 13B depicts the results of a growth assay of HDFa
cells transfected with hZSCAN4 mRNAs or GFP mRNAs and cultured for approximately 30
days. FIG. 13C depicts the results of a growth assay of HDFa cells transfected with mZscand
mRNAs, hZSCAN4 mRNAs, or GFP mRNAs and cultured for approximately 20 days.

[0106]  FIG. 14 depicts the results of extension of telomere lengths in human mesenchymal
stem (MS) cells infected with temperature-sensitive Sendai virus vectors expressing mouse

Zscand or human ZSCAN4.,
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[0107]  FIG. 15 depicts the effects of Zscan4 biologics on differentiated cells and tissue stem

cells,

[0108]  FIG. 16 depicts the ploidy number of chromosome 21 from fibroblast cells from a
Down syndrome patient (DS cells) transfected with hZSCAN4 mRNAs. FIG. 16A depicts
typical results of FISH analyses. Three dots indicate trisomy 21 and two dots indicate normal
diploid chromosome 21. FIG. 16B depicts DS cells transfected once with hZSCAN4 mRNAs.
FIG. 16C depicts DS cells transfected twice with hZSCAN4 mRNAs, In the figure, “n” indicates

the number of examined nuclei.

[0109]  FIG. 17A depicts the experimental procedure. FIG. 17B depicts the ploidy number
of chromosome 21 from fibroblast cells from a Down Syndrome patient (DS cells) infected with
SeVhZSCAN4-TS15 once, followed by infection with SeVhZSCAN4 twice. FIG. 17C depicts
the ploidy number of chromosome 21 from fibroblast cells from a Down Syndrome patient (DS
cells) infected with SeVhZSCAN4-TS15 once, followed by infection with SeVhZSCAN4 four

times.

[0110] FIG. 18 depicts an exemplary treatment scheme for rejuvenating and/for correcting
chromosome abnormalities in human oocytes, human fertilized oocytes, and human

preimplantation embryos using mouse Zscan4 or human ZSCAN4.

[0111]  FIG. 19 depicts the repression of cell growth of HCT116 cancer cells infected with
either SeVmZscan4-TS15 or SeVhZSCAN4-TS15.

DETAILED DESCRIPTION
Overview

[0112]  Asdiscussed above, it has been previously shown that expression of mouse Zscand in
mouse embryonic stem cells is associated telomere elongation. Given that the mouse genome
contains six Zscan4 genes and three Zscand pseudogenes, while the human genome only
contains one Zscan4 gene, one of ordinary skill in the art would not have been able to extrapolate
the results of Zscand expression in mouse cells to human cells. However, as disclosed in the
Example 8 below, applicant has for the first time shown that expression of human ZSCAN4 in
fully differentiated, adult human fibroblasts results in about 40% increase in telomere length in
the fibroblasts. Moreover, applicant has shown that expression of Zscand in human fibroblasts

isolated from a patient with Fanconi anemia resulted in about a 160% increase in telomere length
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in the fibroblasts. These results surprisingly demonstrate that Zscan4 is an upstream effector,

rather than a downstream actor in telomere elongation, as Zscan4 expression alone was shown to
be sufficient to increase telomere length in human fibroblasts isolated from a patient with
Fanconi anemia. As such, activating or increasing expression of Zscan4 in cells can be an
effective treatment for Fanconi anemia or any other disease or condition associated with
telomere shortening. Further, as disclosed in Example 13 below, applicant has also for the first
time shown that Zscand expression goes far beyond mere promotion of genome stability. Zscan4
expression in a population of human fibroblast cells having trisomy 21 induces the correction of
the trisomy 21 abnormality in approximately 55% of the cells. Accordingly, activating or
increasing expression of Zscan4 can be used to treat aneuploidy in cells, as well as increase the
success rate of in vitro fertilization (IVF) and successful pregnancies in older women by
rejuvenating and/or correcting chromosomal abnormalities, such as aneuploidy, in oocyte cells

and fertilized oocytes.

[0113] Accordingly, the methods of the present disclosure generally relate to increasing the
expression of Zscand (e.g., Zscan4 protein expression) in human cells to increase telomere length
and/or increase genome stability. Various aspects of the present disclosure relate to increasing
telomere length in one or more human cells, treating a subject in need of telomere lengthening,
treating a disease or condition associated with a telomere abnormality, treating a disease or
condition associated with a chromosome abnormality, increasing genome stability of one or
more human cells, rejuvenating one or more human cells, rejuvenating a tissue or organ in a

subject, and rejuvenating a subject in need thereof.,

[0114]  In one aspect, the present disclosure relates to a method of increasing telomere length
in one or more human cells, including contacting the one or more human cells with an agent that
increases expression of Zscan4 in the human cell, where increased expression of Zscan4 induces
telomere lengthening in the one or more human cells as compared to one or more corresponding.

human cells that are not contacted with the agent.

[0115]  In another aspect, the present disclosure relates to a method of treating a subject in
need of telomere lengthening, including contacting one or more human cells in the subject with
an agent that increases expression of Zscan4 in the one or more human cells, where increased

expression of Zscan4 induces telomere lengthening in the one or more human cells.

[0116]  In another aspect, the present disclosure relates to a method of treating a subject in

need of telomere lengthening, including: i.) isolating one or more human cells in need of
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telomere lengthening from the subject; ii.) contacting the one or more human cells with an agent

that increases expression of Zscand in the one or more human cells, where increasing expression
of Zscan4 induces telomere lengthening in the one or more human cells; and iii.) administering

the contacted one or more human cells to the subject.

[0117]  In another aspect, the present disclosure relates to a method of treating a disease or
condition associated with a telomere abnormality, including administering to a subject in need
thereof an agent that increases expression of Zscan4 in one or more human cells in the subject,
where increasing expression of Zscan4 induces telomere lengthening in the one or more human

cells to treat to treat the to treat the disease or condition associated with a telomere abnormality.

[0118] In another aspect, the present disclosure relates to a method of treating a disease or
condition associated with a telomere abnormality, including: i.) isolating one or more human
cells from a subject suffering from a disease or condition associated with a telomere abnormality;
ii.) contacting the one or more human cells with an agent that increases expression of Zscan4 in
the one or more human cells, where increasing expression of Zscan4 induces telomere
lengthening in the one or more human cells; and iii.) administering the contacted one or more
human cells to the subject to treat the disease or condition associated with a telomere

abnormality.

[0119]  In another aspect, the present disclosure relates to a method of treating a disease or
condition associated with a chromosome abnormality, by administering to a subject in need
thereof an agent that increases expression of Zscand in one or more human cells in the subject,
where increasing expression of Zscan4 induces correction of the chromosome abnormality in the
one or more human cells to treat the disease or condition associated with a chromosome

abnormality.

[0120] In another aspect, the present disclosure relates to a method of treating a disease or
condition associated with a chromosome abnormality, by: i.) isolating one or more human cells
from a subject suffering from a disease or condition associated with a chromosome abnormality;
ii.) contacting the one or more human cells with an agent that increases expression of Zscand in
the one or more human cells, where increasing expression of Zscan4 induces correction of the
chromosome abnormality in the one or more human cells; and iii.} administering the contacted
one or more human cells to the subject to treat the disease or condition associated with 2

chromosome abnormality,
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[0121]  In another aspect, the present disclosure relates to a method of treating a disease or

condition associated with a karyotype abnormality, by administering to a subject in need thereof
an agent that increases expression of Zscan4 in one or more human cells in the subject, where
increasing expression of Zscan4 induces correction of the karyotype abnormality in the one or

more human cells to treat the disease or condition associated with a karyotype abnormality.

[0122] In another aspect, the present disclosure relates to a method of treating a disease or
condition associated with a karyotype abnormality, by: i.) isolating one or more human cells
from a subject suffering from a disease or condition associated with a karyotype abnormality; it.)
contacting the one or more human cells with an agent that increases expression of Zscand in the
one or more human cells, where increasing expression of Zscand induces correction of the
karyotype abnormality in the one or more human cells; and iii.) administering the contacted one
or more human cells to the subject to treat the disease or condition associated with a karyotype

abnormality.

[0123] In another aspect, the present disclesure relates to a method of treating a cancer, by
administering to a subject in need thereof an agent that increases expression of Zscan4 in one. or
more cancer cells in the subject, where increasing expression of Zscan4 represses growth of the

one or more cancer cells, thereby treating the cancer.

[0124]  In another aspect, the present disclosure relates to a method of improving
responsiveness to chemotherapy in a cancer patient, by administering to a subject in need thereof
an agent that reduces expression of endogenous ZSCAN4 in one or more cancer stem cells in the
subject, where reducing expression of endogenous ZSCAN4 reduces or eliminates resistance to
one or more chemotherapeutic agents in the one or more cancer stem cells, thereby improving

responsiveness to the one or more chemotherapeutic agents in the subject.

[0125] In another aspect, the present disclosure relates to a method of increasing genome
stability of one or more human cells, including contacting the one or more human cells with an
agent that increases expression of Zscan4 in the one or more human cells, where increased
expression of Zscan4 increases genome stability in the one or more human cells as compared to

one or more corresponding human cells that are not contacted with the agent.

[0126] In another aspect, the present disclosure relates to a method of increasing DNA repair
capacity of one or more human cells, by contacting the one or more human cells with an agent

that increases expression of Zscan4 in the one or more human cells, where increased expression
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of Zscand increases DNA repair capacity in the one or more human cells as compared to one or

more corresponding human cells that are not contacted with the agent.

[0127]  In another aspect, the present disclosure relates to a method of rejuvenating one or
more human cells, including contacting the one or more human cells with an agent that increases
expression of Zscan4 in the one or more human cells, where increased expression of Zscand
rejuvenates the one or more human cells as compared to one or more corresponding human cells

that are not contacted with the agent,

[0128]  In another aspect, the present disclosure relates to a method of providing resistance to
one or more genotoxic agents in one or more human cells, by contacting the one or more human
cells with an agent that increases expression of Zscan4 in the one or more human cells, where
increased expression of Zscand increases resistance to one or more genotoxic agents in the one
or more human cells as compared to one or more corresponding human cells that are not

contacted with the agent.

[0129] In another aspect, the present disclosure relates to a method for inducing a human
embryonic stem cell-like DNA methylation pattern in one or more human induced pluripotent
stem (iPS) cells, by contacting the one or more human iPS cells with an agent that increases
expression of Zscan4 in the one or more human iPS cells, where increased expression of Zscand
induces a human embryonic stem cell-like DNA methylation pattern in the one or more human
iPS cells as compared to one or more corresponding human iPS cells that are not contacted with

the agent.

[0130]  In another aspect, the present disclosure relates to a method of rejuvenating one or
more human oocyte cells, by contacting the one or more human oocyte cells with an agent that
increases expression of Zscand in the one or more human oocyte cells, where increased
expression of Zscan4 rejuvenates the one or more human oocyte cells as compared to one or

more corresponding human oocyte cells that are not contacted with the agent.

[0131]  In another aspect, the present disclosure relates to a method of increasing genome
stability of one or more human oocyte cells, by contacting the one or more human oocyte cells
with an agent that increases expression of Zscand in the one or more human oocyte cells, where
increased expression of Zscand increases genome stability in the one or more human oocyte cells
as compared to one or more corresponding human oocyte cells that are not contacted with the

agent,
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[0132] In another aspect, the present disclosure relates to a method of correcting one or more
karyotype abnormalities in one or more human oocyte cells, by contacting the one or more
human oocyte cells with an agent that increases expression of Zscan4 in the one or more human
oocyte cells, wherein increased expression of Zscan4 induces correction of the one or more
karyotype abnormalities in the one or more human cocyte cells as compared to one or more

corresponding human oocyte cells that are not contacted with the agent.

[0133] In another aspect, the present disclosure relates to an in vitro method of increasing
genome stability of one or more fertilized human oocytes, by contacting the one or more
fertilized human oocytes with an agent that increases expression of Zscan4 in the one or more
fertilized human oocytes, where increased expression of Zscan4 increases genome stability in the
one or more fertilized human oocytes as compared to one or more corresponding fertilized

human oocytes that are not contacted with the agent.

[0134] In another aspect, the present disclosure relates to an ir vitro method of correcting
one or more karyotype abnormalities in one or more fertilized human oocytes, by contacting the
one or more fertilized human oocytes with an agent that increases expression of Zscan4 in the
one or more fertilized human oocytes, where increased expression of Zscan4 induces correction
of the one or more karyotype abnormalities in the one or more fertilized human oocytes as
compared to one or more corresponding fertilized human oocytes that are not contacted with the

agent.

[0135] In another aspect, the present disclosure relates to a method of treating a disease or
condition associated with a telomere abnormality, including: i.) isolating human bone marrow
cells from a subject suffering from-a disease or condition associated with a telomere abnormality;
ii.) contacting the human bone marrow cells with an agent that increases expression of Zscan4 in
the human bone marrow cells, where increasing expression of Zscan4 induces telomere
lengthening in the human bone marrow cells; and iii.) engrafting the contacted human bone
marrow cells into the subject to treat the disease or condition associated with a telomere

abnormality.

[0136} In another aspect, the present disclosure relates to a method of treating a disease or
condition associated with a chromosome abnormality, including: i.) isolating human bone.
marrow cells from a subject suffering from a disease or condition associated with a chromosome
abnormality; ii.) contacting the human bone marrow cells with an agent that increases expression

of Zscan4 in the human bone marrow cells, where increasing expression of Zscan4 induces
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correction of the chromosome abnormality in the human bone marrow cells; and iii.) engrafting

the contacted human bone marrow cells into the subject to treat the disease or condition

associated with a chromosome abnormality,

[0137]  In another aspect, the present disclosure relates to a method of rejuvenating a tissue or
organ in a subject, including administering to a subject in need thereof an agent that increases
expression of Zscan4 in the tissue or organ, where increasing expression of Zscan4 rejuvenates

the tissue or organ.

[0138] In another aspect, the present disclosure relates to a method of rejuvenating a subject
in need thereof, including administering to the subject an agent that increases expression of

Zscan4, where increasing expression of Zscan4 rejuvenates the subject.

[0139]  In another aspect, the present disclosure relates to a method of extending lifespan of
one or more human cells, by contacting the one or more human cells with an agent that increases
expression of Zscan4 in one or more human cells in the subject, where increasing expression of
Zscan4 extends the lifespan of the one or more human cells as compared to one or more

corresponding human cells that are not contacted with the agent.

[0140] In another aspect, the present disclosure relates to a method of extending lifespan of a
tissue or organ in a subject, by administering to a subject in need thereof an agent that increases
expression of Zscan4 in the tissue or organ, where increasing expression of Zscan4 extends the

lifespan of the tissue or organ.

[0141]  In another aspect, the present disclosure relates to a method of extending lifespan of a
subject, by administering to a subject in need thereof an agent that increases expression of
Zscan4 in one or more human cells in the subject, where increasing expression of Zscan4
extends the lifespan of the one or more human cells, thereby extending the lifespan of the

subject,

[0142]  In another aspect, the present disclosure relates to a method of extending lifespan of a
subject, by: i. isolating one or more human cells from the subject; ii. contacting the one or more
human cells with an agent that increases expression of Zscand in the one or more human cells,
where increasing expression of Zscan4 extends the lifespan of the one or more human cells; and
iii, administering the contacted one or more human cells to the subject to extend the lifespan of

the subject.
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[0143]  Tn another aspect, the present disclosure relates to a method for determining one or

more Zscand-induced effects in one or more human cells, by: i. contacting the one or more
human cells with an agent that increases expression of Zscan4 in one or more human cells: ii.
measuring expression levels of SERPINB4, DNM'T3L, and/or DUX4 in the one or more human
cells; and iii. comparing the expression levels of SERPINB4, DNMT3L, and/or DUX4 in the one
or more human. cells to the expression levels of SERPINB4, DNMTS3L, and/or DUX4 in one or
more corresponding human cells that are not contacted with the agent, where an increase in the
expression levels of SERPINB4, DNMT3L, and/or DUX4 in the one or more human cells

indicates the presence of one or more Zscand-induced effects in the one or more human cell,

Zscand

[0144] Zinc finger and SCAN domain containing 4 (Zscan4) genes represent a group of
genes that have previously been identified as exhibiting 2-cell-specific expression and ES cell-
specific expression (PCT Publication No. WO 2008/118957). The Zscan4 gene was identified
by expression profiling of all pre-implantation stages of mouse embryos using a large-scale
cDNA sequencing project (Ko et al., Development 127: 1737-1749, 2000; Sharov et al., PLoS
Biol 1:E74, 2003) and DNA microatray analysis (Hamatani et al, Dev Cell 6:117-131, 2004). Tn
mice, the term “Zscand” refers to a collection of genes including three pseudogenes (Zscand-psl,
Zscand-ps2 and Zscan4-ps3) and six expressed genes (Zscanda, Zscandb, Zscandc, Zscandd,
Zscande and Zscan4f). Among the six paralogs, the open reading frames of Zscandc, Zscandd,
and Zscandf encode a SCAN domain, predicted to mediate protein-protein interactions, as well
as four zinc finger domains, suggesting their potential role as transcription factors. In contrast to

mice, the human genome contains only one copy of Zscand. Zscan4 may refer to Zscand

polypeptides and Zscan4 may refer to polynucleotides encoding the Zscan4 polypeptides.

[0145] It has recently been shown that Zscan4 (Zinc finger and scan domain-containing
protein 4), which, in mice, is expressed specifically in 2-cell stage embryos and ES cells (Falco
et al., Dev Biol 307:539-550, 2007), is required for the maintenance of genome stability and
norinal karyotype in ES cells (Zalzman et al., Natitre 464:858-863, 2010). Although only a
small fraction (~1% to ~5%) of undifferentiated ES cells express Zscand at a given time (Falco
et al., Dev Biol 307:539-550, 2007), essentially all of the ES cells in culture undergo the
transient Zscan4” state within 9 passages (Zalzman et al., Nature 464:858-863, 2010). Upon
short hairpin RNA (shRNA)-mediated repression of Zscand, after about 8 passages ES cells
undergo massive karyotype deterioration. Prior studies have also shown that the Zscan4" state of
mouse ES cells is associated with telomere extension (Zalzman et al., Nature 464:858-863,
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2010). Although ES cells have the best capacity to maintain their genome integrity in culture, it

is also widely recognized that even ES cells, in long-term culture, gradually lose their
developmental potency. A telomere may refer to the end of a eukaryotic chromosome, a
specialized structure involved in the replication and stability of the chromosome. Telomeres
contain many repeats of a short DNA sequence in a specific orientation. Telomere functions
include protecting the ends of the chromosoime so that chromosomes do not end up joined
together, and allowing replication of the extreme ends of the chromosomes (by telomerase). The

number of repeats of telomeric DNA at the end of a chromosome decreases with age.

[0146] It has also been shown previously that forced expression of mouse Zscan4 in mouse
ES cells for three days increases the average length of telomeres from the standard length of
approximately 40 kb to approximately 66 kb (Zalzman et al,, 2010). This indicates that Zscan4
alone can efficiently and rapidly increase telomere Iength. However, it is unknown whether
Zscan4 can increase the length of telomeres in non-embryonic human cells, such as adult stem

cells and somatic cells.
Huaman Cells

[0147]  Certain aspects of the present disclosure relate to increasing telomere length in one or
more human cells, including without limitation, human adult cells, by utilizing an agent that
increases Zscan4 expression (e.g., Zscan4 protein expression) in the one or more human cells. In
certain embodiments, the one or more human cells are in a subject in need of telomere
lengthening, or suffering or diagnosed with a disease or condition associated with a telomere

abnormality.

[0148] Various human cells find use in the methods described herein. As disclosed herein,
the term “human cell(s)” refers to any cell(s) found throughout the human body during and after
embryonic development, such as human embryonic cells, stem cells, pluripotent cells,
differentiated cells, mature cells, somatic cells, and adult cells. In some embodiments, human
cells of the present disclosure are human adult cells. ‘As disclosed herein, the term “human adult
cell(s)” refers to any cell(s) found throughout the human body after embryonic development (i.e.,
non-embryonic cells). Human cells of the present disclosure include, without limitation, sperm
cells, oocyte cells, fertilized oocytes (i.e., zygotes), embryonic cells, mature cells, differentiated
cells, somatic cells, progenitor cells, embryonic stem (ES) cells, induced pluripotent stem (iPS)
cells, adult stem cells, somatic stem cells, and tissue stem cells, Adult stem cells, which are also

known as somatic stem cells or tissue stem cells, may refer to undifferentiated cells, fourid
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throughout the body after embryonic development, which multiply by cell division to replenish

dying cells and regenerate damaged tissues. Progenitor cells may refer to oligopotent or
unipotent cells that differentiate into a specific type of cell or cell lineage. Progeniter cells are
similar to stem cells but are more differentiated and exhibit limited self-renewal. Exemplary
adult stem cells, tissue stem cells, and/or progenitor cells may include, without limitation,
hematopoietic stem cells, mesenchymal stem cells, adipose stem cells, neuronal stem cells,

intestinal stem cells, skin stem cells, and germ cells (such as, sperm cells and oocytes),

[0149] Human cells may also include, without limitation, somatic cells, mature cells, and
differentiated cells. Somatic cells may refer to any cell of the body, including, without
limitation, germ cells, tissue stem cells, progenitor cells, induced pluripotent stem (iPS) cells,
and differentiated cells. Exemplary somatic cells, mature cells, and/or differentiated cells may
include, without limitation, epidermal cells, fibroblasts, lymphocytes, hepatocytes, epithelial
cells, myocytes, chondrocytes, osteocytes, adipecytes, cardiomyocytes, pancreatic [ cells,
keratinocytes, erythrocytes, peripheral blood cells, bone marrow cells, neurocytes, astrocytes,
and germ cells. Germ cells may refer to the cells that give rise to the gametes (i.c., eggs and
sperm) of organisms that reproduce sexually. In certain embodiments, germ cells include,
without limitation, oocytes, and sperm cells. In some embodiment, somatic cells, mature cells,

and/or differentiated cells of the present disclosure also include, without limitation,

preimplantation embryos.
Agents that Increase Expression of Zscand

[0150] Certain aspects of the present disclosure relate to utilizing an agent that increases
Zscan4 expression (e.g., Zscan4 protein expression) in human cells to increase telomere length in
the human cells. An agent may refer to any nucleic acid molecule, protein, compound, small
molecule, organic compound, inorganic compound, or other molecule of interest. In some
embodiments, the agent is any agent that increases expression of Zscand either by directly
interacting with the endogenous Zscan4 gene (including any upstream or downstream regulatory
sequences) or by interacting with genes and/or proteins that lead to the induction of Zscan4
expression. In some embodiments, the agent can be a nucleic acid molecule encoding Zscan4
including, without limitation, a synthetic mRNA and an expression vector including, without
limitation, a viral vector such as Sendai virus vectors. In other embodiments, the agent can be a
polypeptide containing a Zscand protein or a functional portion thereof such as Zscand-AC. In

some embodiments, the agent can be a retinoid, or an agent that induces oxidative stress.
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[0151] In some embodiments, an agent of the present disclosure that increases Zscand

expression (e.g., Zscand protein expression) in human cells transiently increases Zscan4
expression. For example, an agent of the present disclosure that-increases Zscan4 expression in
human cells may increase Zscan4 expression for about 1 hour to about 23 hours (e.g., for about 1
hour, about 2 hours, about 3 hours, about 4 hours, about 5 hours, about 6 hours, about 7 hours,
about 8 hours, about 9 hours, about 10 hours, 11 hours, about 12 hours, about 13 hours, about 14
hours, about 15 hours, about 16 hours, about 17 hours, about 18 hours, about 19 hours, about 20
hours, about 21 hours, about 22 hours, or about 23 hours); or about 1 day to about 10 days (e.g.,
about 1 day, about 1.25 days, about 1.5 days, about 1.75 days, about 2 days, about 2.25 days,
about 2.5 days, about 2.75 days, about 3 days, about 3.25 days, about 3.5 days, about 3.75 days,
about 4 days, about 4.25-days, about 4.5 days, about 4.75 days, about 5 days, about 6.25 days,
about 6.5 days, about 6.75 days, about 7 days, about 7.25 days, about 7.5 days, about 7.75 days,
about 8 days, about 8.25 days, about 8.5 days, about 8.75 days, about 9 days, about 9.25 days,
about 9.5 days, about 9.75 days, or about 10 days).

[0152] In some embodiments, the disclosed beneficial effects of increased Zscand expression
(e.g., Zscan4 protein expression) in human cells may be enhanced by repeated transient increases
in Zscand expression. Accordingly, in certain embodiments, an agent of the present disclosure
that increases Zscand expression {(e.g., Zscan4 protein expression) in human cells may be used to
repeatedly increase Zscan4 expression in human cells at an interval of every 4 hours, every 8
hours, every 12 hours, every 16 houts, every 24 hours, every 32 hours, every 40 hours, every 48
hours, every three days, every four days, every five days, every six days, every week, every two
weeks, every three weeks, every four weeks, every month, every two months, every three
‘months, every four months, every six months, every seven months, every eight months, every
nine months, every 10 months, every 11 months, every year, every two years, every three years,
every four years, every five years, every six years, every seven years, every eight years, every
nine years, every 10 years, every 11 years, every 12 years, every 13 years, every 14 years, every
15 years, every 16 years, every 17 years, every 18 years, every 19 years, every 20 years, every 21
years, every 22 years, every 23 years, every 24 years, every 25 years, every 26 years, every 27
years, every 28 years, every 29 years, every 30 years, every 35 years, every 40 years, every 45

years, or every 50 years.

[0153] As disclosed herein, human cells do not generally express ZSCAN protein in any
significant amount. As such, agents of the present disclosure that increases Zscan4 expression

increase Zscan4 protein expression in treated cells. In some embodiments, treating a human cell
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with an agent of the present disclosure that increases Zscand expression may result in at least a

1.5 fold increase to at least a 1,000,000 fold increase in Zscand protein expression.

[0154]  Accordingly, in certain embodiments, an agent of the present disclosure that increases
Zscan4 expression in human cells, increases Zscand protein expression by at least 1.5 fold, at
least 1.6 fold, at least 1.7 fold, at least 1.8 fold, at least 1.9 fold, at least 2.0 fold, at least 2.1 fold,
at least 2,15 fold, at least 2.2 fold, at least 2.25 fold, at Ieast 2.3 fold, at least 2.35 fold, at least
2.4 fold, at least 2.45 fold, at least 2.5 fold, at least 2.55 fold, at Jeast 3.0 fold, at least 3.5 fold, at
least 4.0 fold, at least 4.5 fold, at least 5.0 fold, at least 5.5 fold, at least 6.0 fold, at least 6.5 fold,
at least 7.0 fold, at least 7.5 fold, at least 8.0 fold, at least 8.5 fold, at least 9.0 fold, at least 9.5
fold, at least 10 fold, at least 100 fold, at least 200 fold, at least 300 fold, at least 400 fold, at
least 500 fold, at least 600 fold, at least 700 fold, at least 800 fold, at least 900 fold, at least 1,000
fold, at least 2,000 fold, at least 3,000 fold, at least 4,000 fold, at least 5,000 fold, at least 6,000
fold, at least 7,000 fold, at least 8,000 fold, at least 9,000 fold, at least 10,000 fold, at least
25,000 fold, at least 50,000 fold, at least 75,000 fold, at least 100, 000 fold, at least 125,000 fold,
at least 150,000 fold, at least 175,000 fold, at least 200,000 fold, at least 225,000 fold, at least
250,000 fold, at least 275,000 fold, at least 300,000 fold, at least 325,000 fold, at least 350,000
fold, at least 375,000 fold, at least 400,000 fold, at least 425,000 fold, at least 450,000 fold, at
least 475,000 fold, at least 500,000 fold, at least 525,000 fold, at least 550,000 fold, at least
575,000 fold, at least 600,000 fold, at least 625,000 fold, at least 650,000 fold, at least 675,000
fold, at least 700,000 fold, at least 725,000 fold, at least 750,000 fold, at least 775,000 fold, at
least 800,000 fold, at least 825,000 fold, at Ieast 850,000 fold, at least 875,000 fold, at least
900,000 fold, at least 925,000 fold, at least 950,000 fold, at least 975,000 fold, or at least
1,000,000 fold, for example, relative to Zscan4 protein expression in a human cell that has not

been contacted with the agent.

[0155]  Any method known in the art and disclosed herein for determining Zscan4 protein
expression in a cell, or for quantifying the number of proteins (i.e., protein stoichiometry) per
cell may be used. In some embodiments, not all celis in a cell population or subject treated with
the agent will be affected by the agent. For example, in embodiments where the agent is a viral
vector expressing Zscand, the viral vector may not infect every cell in a treated cell population or
subject. As such, a “fold increase” in Zscand protein expression as used herein refers to the
average increase in Zscand protein expression in the cells in a treated cell population or subject

that are affected by the agent. For example in embodiments where the agent is a viral vector, a
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fold increase in Zscan4 protein expression may refer to the average increase in Zscan4 protein

expression in infected cells of a treated cell population or subject.

Zscand polynucleotides

[0156]  In some embodiments, an agent of the present disclosure that increases expression of
Zscand is a nucleic acid molecule including a nucleic acid sequence encoding a Zscan4 protein,
A polynucleotide may refer to a nucleic acid sequence (such as a linear sequence) of any length,
Therefore, a polynucleotide includes oligonucleotides, and also gene sequences found in
chromosomes. An oligonucleotide is a plurality of joined nucleotides joined by native
phosphodiester bonds. An oligonucleotide is a polynucleotide of between 6 and 300 nucleotides
in length. An oligonucleotide analog refers to moieties that function similarly to oligonucleotides
but have non-naturally occurring portions. For example, oligonucleotide analogs can contain
non-naturally occurring portions, such as altered sugar moieties or inter-sugar linkages, such as a
phospherothioate oligodeoxynucleotide. Functional analogs of naturally occurring

polynucleotides can bind to RNA or DNA, and include peptide nucleic acid (PNA) molecules.

[0157]  Nucleic acid molecules encoding a Zscan4 polypeptide are termed Zscan4
polynucleotides or nucleic acid molecules. These polynucleotides include DNA, ¢cDNA and
RNA sequences, such as mRNA sequences, which encode a Zscand. It is understood that all
polynucleotides encoding a Zscan4 polypeptide are also included herein, as long as they encode
a polypeptide with a recognized Zscan4 activity, such as the ability to modulate genome stability
or telomere length. Genome stability may refer to the ability of a cell to faithfully replicate DNA
and maintain integrity of the DNA replication machinery. Long telomeres are thought to provide
a buffer against cellular senescence and be generally indicative of genome stability and overall
cell health. Chromosome stability (e.g., few mutations, no chromosomal rearrangements or
change in number) is also associated with genome stability. A loss of genome stability is
associated with cancer, neurclogical disorders and premature aging. Signs of genome instability
include elevated mutation rates, gross chromosomal rearrangements, alterations in chromosome

number, and shortening of telomeres.

[0158] Zscan4 nucleic acid sequences have been previously described in the art (see, for

example, WO 2008/118957, the disclosure of which is herein incorporated by reference; Falco et
al., Dev. Biol. 307(2):539-550, 2007; and Carter et al., Gene Expr. Patterns. 8(3):181-198, 2008).
Zscan4 nucleic acids may include, without limitation, any one of a group of mouse Zscan4 genes

exhibiting 2-cell embryonic stage- or ES cell-specific expression (including Zscanda, Zscan4b,
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Zscande, Zscandd, Zscande and Zscandf), the human ortholog ZSCAN4, or any other species

ortholog of Zscan4.

[0159]  Asdisclosed herein, the nucleotide sequence of the mouse Zscanda gene is set forth
in SEQ ID NO: 1, the nucleotide sequence of the mouse Zscan4b gene is set forth in SEQ D
NO: 2, the nucleotide sequence of the mouse Zscandc gene is set forth in SEQ ID NO: 3, the
nucleotide sequence of the mouse Zscandd gene is set forth in SEQ ID NO: 4, the nucleotide
sequence of the mouse Zscande gene is set forth in SEQ ID NO: 5, and the nucleotide sequence
of the mouse Zscandf gene is set forth in SEQ ID NO: 6. Additionally, the nucleotide sequence
of the human ZSCAN4 gene is set forth in SEQ ID NO: 7.

[0160]  Zscan4 nucleic acid sequences from other species are publically available, including
dog Zscan4 (GenBank Accession Nos, XM.sub.--541370.2 and XM.sub.--848557.1; SEQID
NO: 8); cow Zscan4 (GenBank Accession No. XM.sub.--001789250.1; SEQ ID NO: 9); horse
Zscan4 (GenBank Accession No. XM.sub.--001493944.1; SEQ ID NO: 10); gorilla Zscand
(nucleotide sequence of UniProt Accession No. A1YEQ9; SEQ ID NO: 21); bonobo Zscand
(nucleotide sequence of UniProt Accession No. A1YFX5; SEQ ID NO: 22); Bornean orangutan
Zscan4 (nucleotide sequence of UniProt Accession No. A2T7G6; SEQ ID NO: 23); Sumatran
orangutan (nucleotide sequence of UniProt Accession No. H2POE3; SEQ ID NO: 24); panda
Zscan4 (nucleotide sequence of UniProt Accession No. G1LE29; SEQ ID NO: 25); pig Zscan4
(nucleotide sequence of UniProt Accession No. F1SCQ2; SEQ ID NO: 26); Northern white-
cheeked gibbon Zscan4 (nucleotide sequence of UniProt Accession No, GIRID4; SEQ ID NO:
27); Rhesus macaque Zscan4 (nucleotide sequence of UniProt Accession No. F7GHS55; SEQ ID
NO: 28); guinea pig Zscan4 (nucleotide sequence of UniProt Accession No. HOV5ES; SEQ ID
NQO: 29); and Thirteen-lined ground squirrel (nucleotide sequence of UniProt Accession No.
I3N7T3; SEQ ID NO: 30). Each of the above-listed GenBank Accession numbers is herein
incorporated by reference as it appears in the GenBank database on Aug. 11, 2009. Each of the
above-listed UniProt Accession numbers is herein incorporated by reference as it appears in the
UniProt database on March 15, 2013.

[0161] In a specific example, Zscan4 is mouse Zscandc or human ZSCAN4, Zscan4 nucleic
acids may also include, without limitation, Zscan4 nucleic acids, or homologs thereof, that
encode Zscan4 polypeptides that are capable of increasing genome stability and/or increasing

telomere length.
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[0162] Fragments and variants of Zscan4 polynucleotides can readily be prepared by one of

skill in the art using molecular techniques. In some embodiments, a fragment of a Zscan4
polynucleotide includes at Jeast. 250, at least 500, at least 750, at least 1000, at least 1500, or at
least 2000 consecutive nucleic acids of a Zscand polynucleotide, In some embodiments, a
fragment of Zscand is a fragment that confers a function of Zscand when expressed in a cell of
_ interest, such as, but not limited to, increasing genome stability and/or increasing telomere

length.

[0163] Minor modifications of the Zscan4 polynucleotide sequences may result in expression
of peptides which have substantially equivalent activity as compared to the unmodified
counterpart polynucleotides described herein. Such modifications may be deliberate, as by site-
directed mutagenesis, or may be spontaneous. All of the polynucleotides produced by these

modifications are included herein.

[0164]  Zscan4 polynucleotides may include recombinant DNA which is incorporated into a
vector; into an autonomously replicating plasmid or virus; or into the genomic DNA of a
prokaryote or eukaryote, or which exists as a separate molecule (¢.g., a cDNA) independent of
other sequences. The nucleotides can be ribonucleotides, deoxyribonucleotides, or modified
forms of either nucleotide. The term includes single- and double-stranded forms of DNA. A
recombinant nucleic acid or polypeptide is one that has a sequence that is not naturally occurring
or has a sequence that is made by an artificial combination of two otherwise separated segments
of sequence. This artificial combination is often accomplished by chemical synthesis or by the
artificial manipulation of isolated segments of nucleic acids, for example, by genetic engineering

techniques.

[0165]  In some embodiments, a degenerative variant of any of the Zscan4 polynucleotides
described herein may be used in the methods of the present disclosure. A degenerative variant
may refer to a polynucleotide encoding a polypeptide, such as a Zscan4 polypeptide, that
includes a sequence that is degenerate as a result of the genetic code. There are 20 natural amino
acids, most of which are specified by more than one codon. Therefore, all degenerate nucleotide
sequences are included as long as the amino acid sequence of the polypeptide encoded by the

nucleotide sequence is unchanged.

[0166] A Zscan4 coding sequence may be operably linked to a heterologous promoter to
direct transcription of the Zscan4 coding nucleic acid sequence. A promoter may refer to nucleic

acid control sequences which direct transcription of a nucleic acid. A promoter includes
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necessary nucleic acid sequences near the start site of transcription. A promoter also optionally

includes distal enhancer or repressor elements. A constitutive promoter is a promoter that is
continuously active and is not subject to regulation by external signals or molecules. In coﬁtrast,
the activity of an inducible promoter is regulated by an external signal or molecule (for example,
a transcription factor). A first mucleic acid sequence is operably linked to a second nucleic acid
sequence when the first nucleic acid sequence is placed in a functional relationship with the
second nucleic acid sequence. For instance, a promoter is operably linked to a coding sequence
if the promoter affects the transcription or expression of the coding sequence. Generally,
operably linked nucleic acid sequences are contiguous and where necessary to join two protein
coding regions, in the same reading frame. A heterologous polypeptide or polynucleotide refers
to a polypeptide or polynucleotide derived from a different source or species. A promoter
includes necessary nucleic acid sequences near the start site of transeription, such as, in the case
of a polymerase Il type promoter, a TATA element. A promoter also optionally includes distal
enhancer or repressor elements which can be located as much as several thousand base pairs
from the start site of transcription. In one example, the promoter is a constitutive promoter, such
as the CAG-promoter (Niwa et al., Gene 108(2):193-9, 1991), or the phosphoglycerate kinase
(PGK)-promoter. In some embodiments, the promoter is an inducible promoter such as a
tetracycline-inducible promoter (Masni et al., Nucleic Acids Res. 33:e43, 2005). Other
exemplary promoters that can be used to drive Zscan4 expression include but are not limited to:
lac system, the trp system, the tac system, the trc system, major operator and promoter regions of
phage lambda, the control region of fd coat protein, the early and late promoters of SV40,
promoters derived from polyoma, adenovirus, retrovirus, baculovirus and simian virus, the
promoter for 3-phosphoglycerate kinase, the promoters of yeast acid phosphatase, and the
promoter of the yeast alpha-mating factors. In some embodiments, a native Zscan4 promoter is
used. Zscand polynucleotides of the present disclosure may be under the control of a
constitutive promoter, an inducible promoter, or any other suitable promoter described herein or

other suitable promoter that will be readily recognized by one skilled in the art.

[0167]  The identity/similarity between two or more nucleic acid sequences, or two or more
amino acid sequences, is expressed in terms of the identity or similarity between the sequences.
Sequence identity can be measured in terms of percentage identity; the higher the percentage, the
more identical the sequences are, Sequence similarity can be measured in terms of percentage
similarity (which takes into account conservative amino acid substitutions); the higher the
percentage, the more similar the sequences are. Homologs or orthologs of nucleic acid or amino

acid sequences possess a relatively high degree of sequence identity/similarity when aligned
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using standard methods. This homology is more significant when the orthologous proteins or

cDNAs are derived from species which are more closely related (such as human and mouse
sequences), compared to species more distantly related (such as human and C, elegans

sequences).

[0168]  The terms “identical” or percent “identity,” in the context of two or more sequences
(e.g., nucleic acid sequences or amino acid sequences), may refer to two or more sequences or
subsequences that are the same. Two sequences are substantially identical if two sequences have
a specified percentage of amino acid residues or nucleotides that are the same (i.c., 20% identity,
optionally 30%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 99% or
100% identity over a specified region, or, when not specified, over the entire sequence), when
ccompared and aligned for maximum correspondence over a comparison window, or designated
region as measured using one of the following sequence comparison algorithms or by manual

alignment and visual inspection,

[0169] For sequence comparison, typically one sequence acts as a reference sequence, to
which test sequences are compared. When using a sequence comparison algorithm, test and
reference sequences are entered into a computer, subsequence coordinates are designated, if
necessary, and sequence algorithm program parameters are designated. Defanlt program
parameters can be used, or alternative parameters can be designated. The sequence comparison
algorithm then calculates the percent sequence identities for the test sequences relative to the
reference sequence, based on the program parameters. When comparing two sequences for
identity, it is not necessary that the sequences be contiguous, but any gap would carry with it a
penalty that would reduce the overall percent identity. For blastp, the default parameters are Gap
opening penalty=11 and Gap extension penalty=1. For blastn, the default parameters are Gap

opening penalty=5 and Gap extension penalty=2,

[0170] A comparison window may include reference to a segment of ‘any one of the number
of contiguous positions including, but not limited to from 20 to 600, usually about 50 to about
200, more usually about 100 to about 150 in which a sequence may be compared to a reference
sequence of the same number of contiguous positions after the two sequences are optimally
aligned. Methods of alignment of sequences for comparison are well known in the art, Optimal
alignment of sequences for comparison can be conducted, e.g., by the local homology algorithm
of Smith and Waterman (1981), by the homology alignment algorithm of Needleman and
Wunsch (1970) J Mol Biol 48(3):443-453, by the search for similarity method of Pearson and
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Lipman (1988) Proc Natl Acad Sci USA 85(8):2444-2448, by computerized implementations of

these algorithms (GAP, BESTFIT, FASTA, and TFASTA in the Wisconsin Genetics Software
Package, Genetics Computer Group, 575 Science Dr., Madison, WT), or by manual alignment
and visval inspection [see, e.g., Brent ef al., (2003) Current Protocols in Molecular Biology, John
Wiley & Sons, Inc. (Ringbou Ed)].

[0171] Two examples of algorithms that are suitable for determining percent sequence
identity and sequence similarity are the BLAST and BLLAST 2.0 algorithms, which are described
in Altschul et al. (1997) Nucleic Acids Res 25(17):3389-3402 and Altschul ef al. (1990) J. Mol
Biol 215(3)-403-410, respectively. Software for performing BLAST analyses is publicly
available through the National Center for Biotechnology Information. This algorithm involves
first identifying high scoring sequence pairs (HHSPs) by identifying short words of length W in
the query sequence, which either match or satisfy some positive-valued threshold score T when
aligned with a word of the same length in a database sequence. T is referred to as the
neighborhood word score threshold (Altschul ef al., supra). These initial néighborhood word hits
act as seeds for initiating searches to find longer HSPs containing them. The word hits are
extended in both directions along each sequence for as far as the cumulative alignment score can
be increased. Cumulative scores are calculated using, for nucleotide sequences, the parameters
M (reward score for a pair of matching residues; always > 0) and N (penalty score for
mismatching residues; always < 0). For amino acid sequences, a scoring matrix is used to
calculate the cumulative score. Extension of the word hits in each direction are halted when: the
cumulative alignment score falls off by the quantity X from its maximum achieved value; the
cumulative score goes to zero or below, due to the accumulation of one or more negative-scoring
residue alignments; or the end of either sequence is reached. The BLAST algorithm parameters
W, T, and X determine the sensitivity and speed of the alignment. For amino acid sequences, the
BLASTP program uses as defaults a word length of 3, and expectation (E) of 10, and the
BLOSUMG2 scoring matrix [see Henikoff and Henikoff, (1992) Proc Natl Acad Sci USA
89(22):10915-10919] alignments (B) of 50, expectation (E) of 10, M=5, N=-4, and a comparison
of both strands. For nucleotide sequences, the BLASTN program uses as defaults a word length

(W) of 11, an expectation (E) or 10, M=5, N=-4, and a comparison of both strands.

[0172] The BLAST algorithm also performs a statistical analysis of the similarity between
two sequences: (see, e.g., Karlin and Altschul, (1993) Proc Natl Acad Sci USA 90(12):5873-
5877). One measure of similarity provided by the BLLAST algorithm is the smallest sum
probability (P(IN)), which provides an indication of the probability by which a match between
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two nucleotide or amino acid sequences would occur by chance. For example, a nucleic acid is

considered similar to a reference sequence if the smallest sum probability in a comparison of the
test pucleic acid to the reference nucleic acid is less than about 0.2, more preferably less than

about 0.01, and most preferably less than about 0.001.

[0173]  One indication that two nucleic acid molecules are closely related is that the two
molecules hybridize to each other under stringent conditions. Nucleic acid sequences that do not
show a high degree of identity may nevertheless encode identical or similar (conserved) amino
acid sequences, due to the degeneracy of the genetic code. Changes in a nucleic acid sequence
can be made using this degeneracy to produce multiple nucleic acid molecules that all encode
substantially the same protein. An alternative (and not necessarily cumulative) indication that
two nucleic acid sequences are substantially identical is that the polypeptide which the first
nucleic acid encodes is immunologically cross reactive with the polypeptide encoded by the

second nucleic acid.

[0174] Moreover, one indication that two polypeptides are substantially identical is that the
first polypeptide is immunologically cross-reactive with antibodies raised against the second
polypeptide. Thus, a polypeptide is typically substantially identical to a second polypeptide, for

example, where the two peptides differ only by conservative substitutions.

[0175]  Various aspects of the present disclosure relate to isolated entities, such as isolated
nucleic acids or synthetic mRNA molecules. An isolated nucleic acid has been substantially
separated or purified away from other nucleic acid sequences and from the cell of the organism
in which the nucleic acid naturally occurs, i.e., other chromosomal and extrachromosomal DNA
and RNA. The term “isolated” thus encompasses nucleic acids purified by standard nucleic acid
purification methods. The term also embraces.nucleic acids prepared by recombinant expression
in a host cell as well as chemically synthesized nucleic acids. Similarly, isolated proteins have
been substantially separated or purified from other proteins of the cells of an organism in which
the protein naturally occurs, and encompasses proteins prepated by recombination expression in
a host cell as well as chemically synthesized proteins. Similarly, isolated cells have been

substantially separated away from other cell types.

[0176] Accordingly, in certain embodiments, the polynucleotides of the present disclosure
include sequences that are degenerate as a result of the genetic code, There are 20 natural amino
acids, most of which are specified by more than one codon. Therefore, all degenerate nucleotide

sequences are included as long as the amino acid sequence of the Zscan4 polypeptide encoded by
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the nucleotide sequence is functionally unchanged. A Zscan4 polynucleotide encodes a Zscand

polypeptide, as disclosed herein. Exemplary polynucleotide sequences encoding Zscan4
polypeptides may include, for example, the nucleotide sequence from any one of SEQ ID NOs:
1-10 and 21-30. Further, non-human homologs of human ZSCAN4 may be used to increase
Zscand expression in a human subject in accordance with any of the methods of the present
disclosure, as expression of such non-human Zscan4 homologs is transient, and as such would

not lead to an adverse immunogenic response in the human subject,

[0177] In some embodiments, the Zscan4 polynucleotide encoding a Zscand polypeptide is a
human ZSCAN4 polynucleotide or a homolog thereof, In some embodiments, the Zscand
polynucleotide encoding a Zscan4 polypeptide is a mouse Zscan4 polynucleotide or a homolog
thereof. In some embodiments, the Zscan4 polynucleotide encoding a Zscan4 polypeptide is a
Zscanda polynucleotide, a Zscandb polynucleotide, a Zscande polynucleotide, a Zscandd
polynucleotide, a Zscan4e polynucleotide, or a Zscandf polynucleotide. In some embodiments,
the Zscand polynucleotide encoding a Zscand polypeptide is a dog Zscan4 polynucleotide, a cow
Zscand polynucleotide, a horse Zscan4 polynucleotide, or a homolog thereof. In some
embodiments, the Zscan4 polynucleotide encoding a Zscand polypeptide includes a nucleotide
sequence that is at least 70%, at least 75%, at least 80%, at least 85%, at least 86%, at least 87%,
at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at
least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or 100% identical to the
nucleotide sequence from any one of SEQ ID NO: 1-10 and 21-30.

[0178]  In certain embodiments, the Zscan4 polynucleotide encoding a Zscan4 polypeptide is
a human ZSCAN4 polynucleotide or homolog thereof. In some embodiments, the Zscan4
polynucleotide encoding a Zscan4 polypeptide includes a nucleotide sequence that is at least
70%, at least 75%, at least 80%, at least 85%, at least 86%, at least §7%, at least 88%, at least
89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least
96%, at least 97%, at least 98%, at least 99%, or 100% identical to the nucleotide sequence of
SEQID NO: 7.

Methods of introducing Zscand polynucleotides inio human cells

[0179] In some embodiments, Zscan4 polynucleotides are introduced into human cells.
Introducing a nucleic acid molecule or a protein into a cell encompasses any means of delivering
the nucleic acid molecule or protein into the cell. For example, nucleic acid molecules can be

transfected, transduced or electroporated into a cell. Delivery of proteins into cells can be
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achieved, for example, by fusing the protein to a cell-penetrating peptide, such as a peptide with

a protein transduction domain (e.g., HIV-1 Tat}, or a poly-arginine peptide tag (Fuchs and
Raines, Protein Science 14:1538-1544, 2005). Protein transduction domains may refer to small
cationic peptides that facilitate entry of larger molecules (proteins, nucleic acid molecules etc.)
into a cell by a mechanism that is independent of classical endocytosis. A poly-arginine peptide
tag may refer to a short peptide (generally 7 to 11 residues) comprised of arginine residues that
facilitates delivery of larger molecules (such as proteins and nucleic acid molecules) into cells

(see, for example, Fuchs and Raines, Protein Science 14:1538-1544, 2005).

[0180]  Imtroduction of Zscan4 polynucleotides into human cells may involve using a viral
vector (such as integrating or non-integrating viral vectors) or a plasmid vector, delivery of
mRNA molecules encoding the Zscan4 polynucleotides, or direct delivery of the Zscand
proteins. Each of these methods has been described in the art and is therefore within the
capabilities of one of skill in the art. A brief summary of each method that can be used to deliver
Zscan4 to a human cell is provided herein. A vector may refer to a nucleic acid molecule as
introduced into a host cell, thereby producing a transformed host cell. A vector may include
nucleic acid sequences that permit it to replicate in a host cell, such as an origin of replication
(DNA sequences that participate in initiating DNA synthesis). For example, an expression
vector contains the necessary regulatory sequences to allow transcription and translation of
inserted gene or genes. A vector may also include one or more selectable marker genes and
other genetic elements known in the art. Vectors may include, for example, virus vectors and

plasmid vectors.
Zscand promoter sequences and expression vectors.

[0181]  An expression vector including a Zscan4 promoter sequence operably linked to a
nucleic acid sequence encoding a heterologous polypeptide (such as a reporter gene) can be used
to identify cells that express Zscan4. Methods of detecting expression of the reporter gene vary
depending upon the type of reporter gene and are well known in the art. For example, when a
fluorescent reporter is used, detection of expression can be achieved by FACS or fluorescence
microscopy. Identification of human cells expressing Zscand can be achieved with alternative
methods, including, but not limited to, using antibodies specific for Zscan4 or by in situ

hybridization.

[0182]  In some embodiments, a heterologous nucleic acid sequence (such as a reporter

molecule) is expressed under the control of a Zscan4 promoter (for example in a vector). A
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Zscand promoter may be a promoter sequence that regulates the expression of an endogenocus

Zscand polynucleotide described herein. Identification of Zscan4 promoters is well within the
capabilities of one skilled in the art and in view of the present disclosure. Other expression
control sequences, including appropriate enhancers, transcription terminators, a start codon (i.¢.,
ATG) in front of a protein-encoding gene, splicing signals for introns, and stop codons can be
included with the Zscand promoter in an expression vector. Generally the promoter includes at
least a minimal sequence sufficient to direct transcription of a heterologous nucleic acid
sequence. In some embodiments, the heterologous nucleic acid sequence encodes a reporter

molecule.

[0183] In some embodiments, 2 heterologous nucleic acid sequence (such as a reporter
molecule) is incorporated into a subject's genomic DNA, such as by homologous recombination.
For example, the coding sequence for GFP could be inserted into the coding region of Zscan4, or
could replace the coding region of Zscand, such that GFP is expressed in the same manner as
endogenous Zscan4. Gene "knock-in" methods by homologous recombination are well known in

the art.

[0184] The heterologous protein encoded by the heterologous nucleic acid sequence is
typically a reporter molecule, such as a marker, an enzyme, a fluorescent protein, a polypeptide
that confers antibiotic resistance to the cell or an antigen that can be identified using
conventional molecular biology procedures. Reporter molecules can be used to identify a cell, or
a population of cells, of interest, such as human cells that have been contacted with an agent that
increases Zscand expression in a human cell. In some embodiments, the heterologous protein is
a fluorescent marker (such as a green fluorescent protein, or a variant thereof, e.g. Emerald
(Invitrogen, Carlsbad, Calif.)) an antigenic marker (such as human growth hormone, human
insulin, human HLA antigens); a cell-swiface marker (such as CD4, or any cell surface receptor);
or an enzymatic marker (such as lacZ, alkaline phosphatase). Expression of the reporter gene
indicates the cell expresses Zscan4. Methods of detecting expression of the reporter gene vary
depending upon the type of reporter gene and are well known in the art.” For example, when a
fluorescent reporter is used, detection of expression can be achieved by FACS or fluorescence

MiCroscopy.

[0185]  Expression vectors typically contain an origin of replication as well as specific genes
which allow phenotypic selection of the transformed cells, such as an antibiotic resistance gene.

Vectors suitable for use herein are well known in the art, including viral vectors and plasmid
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vectors (such as those described herein). In some embodiments, an enhancer is located upstream

of the Zscan4 promoter, but enhancer elements can generally be located anywhere on the vector
and still have an enhancing effect. However, the amount of increased activity will generaily
diminish with distance. Additionally, two or more copies of an enhancer sequence can be

operably linked one after the other to produce an even greater increase in promoter activity.

[0186] Expression vectors including a Zscan4 promoter can be used to transfect host cells,
such as, for example, human cells. Biologically functional viral and plasmid DNA vectors
capable of expression and replication in a host are known in the art, and can be used to transfect
any cell of interest. A host cell may refer to cells in which a vector can be propagated and its
DNA expressed. The term also includes any pro geny of the subject host cell. It is understood
that all progeny may not be identical to the parental cell since there may be mutations that occur

during replication. However, such progeny are included when the term “host cell” is used.

[0187] A transfected cell may refer to a host cell into which (or into an ancestor of which)
has been introduced a nucleic acid molecule (e.g., DNA molecule), such as a DNA molecule
including a Zscand promoter element. The process of transfecting or transfection may refer to
the process of introducing a nucleic acid into a cell or tissue. Transfection can be achieved by
any one of a number of methods, such as, but not limited to, liposomal-mediated transfection,
electroporation and injection. Transfection of a host cell with a recombinant nucleic acid
molecule may be carried out by conventional techniques as are well known to those skilled in the
art. Transfection may include liposornal-mediated transfection, electroporation, injection or any

other suitable teéchnique for introducing a nucleic acid molecuie into a cell.
Viral vectors

[0188]  In some embodiments, the vectors used in the methods of the present disclosure are

viral vectors. Various viral vectors are known in the art and are described herein.

[0189]  Paramyxoviruses may be used in the methods of the present disclosure. A
paramyxovirus vector may include, without limitation, a vector (or carrier) that is derived from
the Paramyxovirus and that is used for gene transfer, such as a Zscand polynucleotide, to host
cells, such as human cells. The paramyxovirus vector may be ribonucleoprotein (RNP) or a virgs
particle having infectivity, Infectivity may refer to the ability of a paramyxovirus vector to
transter, through its cell adhesion and membrane fusion abilities, a gene contained in the vector

to cells to which the vector is adhered. The paramyxovirus vector may have replication ability or
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may be a defective vector without the replication ability. Replication ability may refer to the

ability of paramyxovirus vectors to replicate and produce infective virus particles in host cells

infected with the virus vectors. (See e.g. US 2004/0005296).

[0190] A paramyxovitus is a virus of the Paramyxoviridae family or a derivative thereof.
Paramyxoviruses may include, without limitation, viruses belonging to the Paramyxoviridae
such as Sendai virus, Newcastle disease virus, Mumps virus, Measles virus, Respiratory
syncytial virus, rinderpest virus, distemper virus, simian parainfluenza virus (SV5), and type I,
I, and IIT human parainfluenza virus. A viral vector used herein may be based on a virus of the
genus Paramyxovirus or a derivative thereof. A viral vector used herein may be based on a
variety of paramyxoviruses including, without limitation, type T human parainfluenza virus (HPI-
V-1), type IIl human parainfluenza virus (HPIV-3), type III bovine parainfluenza virus (BPIV-
3), Sendai virus (also referred to as “type I mouse parainfluenza virus™), or type x simian
parainfluenza virus (SPIV-10). These viruses may be naturally occurring, wild-type, mutant,
laboratory-passaged, or artificially constructed strains. Incomplete viruses such as, for example

the DI particle (Willenbrink W. and Neubert W. J., J. Virol., 1994, 68, 8413-8417) and

¥

synthesized oligonucleotides may also be utilized as a material for generating a paramyxovirus

viral vector used herein. (See e.g. US 2004/0005296).

[0191] Genes encoding proteins of a paramyxovirus include NP, P, M, F, HN, and L. genes.
The NP, P, M, F, HN, and L genes represent those encoding the nucleocapsid protein,
phosphoprotein, matrix protein, fusion protein, hemagglutinin-neuraminidase, and large protein,
respectively. The NP gene may also be indicated as the N gene. The aforementioned
paramyxovirus proteins are well known in the art. For instance, the accession numbers of each
gene of the Sendai virus, for example, classified as & Respirovirus of Paramyxoviridae in the
nucleotide sequence database, are M29343, M30202, M30203, M30204, M51331, M55565,
M69046, and X 17218 for NP gene; M30202, M30203, M30204, M55565, M69046, X00583,
X17007, and X17008 for P gene; D11446, K02742, M30202, M30203, M30204, M69046,
U31956, X00584, and X53056 for M gene; D00152, D11446, D17334, D17335, M30202,
M30203, M30204, M69046, X00152, and X02131 for F gene; D26475, M12397, M30202,
M30203, M30204, M69046, X00586, X02808, and X56131 for HN gene; and D00053, M30202,
M30203, M30204, M69040, X00587, and X58886 for L gene. (See e.g. US 2004/0005296).
Note that paramyxovirus-based vectors, such as Sendai virus-based vectors, used herein may

include modifications, such as deletions of endogenous viral proteins,
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[0192]  Paramyxovirus-based viral vectors are useful expression of a nucleic acid in a host

cell. Since paramyxovirus vectors are not pathogenic in humans, they can be suggested to be
preferably utilized in clinical trials of human gene therapy in view of safety. It is a major
obstacle in high efficient gene transfer that, in most cases, introduced DNA must be transported
into the nucleus or nuclear membrane must be eliminated for the expression of an exogenous
gene via plasmid DNA or such, In the case of Sendai virus, however, expression of an
exogenous gene is driven by both cellular tubulin and its RNA polymerase (L protein) in the
cytoplasm when viruses replicate. This suggests that the Sendai virus does not interact with
chromosomes of host cells, which avoids risks such as cancerization and immortalization of
cells. Furthermore, the Sendai virus is known to be pathogenic in rodents causing pncumeonia,
but not in humans, which is supported by studies showing that the intranasal administration of
the wild type Sendai virus does not do harm in nonhuman primates (Hurwitz J. L. et al., Vaccine,
1997, 15, 533-540). These features suggest that Sendai virus vector can be utilized in human
therapy, and further, support the notion that Sendai virus vectors can be a promising tool, in
particular for use in contacting a human cell with an agent that increases Zscan4 expression in a
human cell. (See e.g. US 2004/0005296). Accordingly, in certain embodiments, the virus vector
is & Sendai virus vector. In some embodiments, the Sendai vector is a temperature-sensitive
Sendai vector. For example, the TS15 temperature-sensitive Sendai vector is functional at 35°C,
but can be inactivated when cultured at 37°C (See e.g., Ban et al., Proc Natl Acad Sci U S A.
2011;108(34):14234-14239). Examples of further temperature-sensitive Sendai vectors include,
without limitation, the TS7 and the TS13 Sendai vectors, which are functional at 32°C, 35°C,
and 37 C; but can be inactivated when cultured at 38°C or 39 °C (See e.g., Ban et al., Proc Natl
Acad Sci U S A. 2011;108(34):14234-14239). Any other variant Sendai vector known in the art

may also be used to express a Zscan4 of the present disclosure.

[0193] Further, retrovirus vectors (e.g., Moloney murine leukemia virus (MMLV)-based
vectors) may also be used herein (See e.g. Takahashi et al., Cell 126:663-666, 2006; Takahashi
et al., Cell 31:861-872, 2007; Okita et al., Nature 313-317, 2007; Park et al., Nature 451:141-
146; U.S. Patent Application Publication No. 2009/0047263). Studies utilizing lentivirus-based
vectors (Brambrink ef al., Cell Stem Cell 2:151-159, 2008; Wernig et al., Nat Biotechnol 26:916-
924, 2008; Stadtfeld et al., Science 322:945-949, 2008) demonstrated the advantage of these
vectors as being able to infect both dividing and non-dividing cells, thereby improving the rate of
cell transduction. In addition, [entiviruses can be pseudotyped to expand viral tropism. For
example, pseudotyping with vesicular stomatitis virus glycoprotein (VSVg) enables infection of

a wide range of cell types (Lai et al., J Assist Reprod Genet 28(4):291-301, 2011). Lentiviruses
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also allow for both constitutive and inducible expression of the proteins. Examples of drug-

inducible lentivirus expression systems are described by Hockmeyer ef al. (Cell Stem Cell 3:346-
353, 2008) and Wernig ef al. (Nar Biotechnol 26:916-924, 2008).

[0194]  Lentiviruses include, but are not limited to, human immunodeficiency virus (such as
HIV-1 and HIV-2), feline immunodeficiency virus, equine infectious anemia virus and simian
immunodeficiency viras, Other retroviruses include, but are not limited to, human T-
lymphotropic virus, simian T-lymphotropic virus, murine leukemia virus, bovine leukemia virus
and feline leukemia virus. Methods of generating retrovirus and lentivirus vectors and their uses
have been well described in the art (see, for example, U.S. Patent Nos. 7,211,247; 6,979,568;
7,198,784; 6,783,977, and 4,980,289).

[0195] Non-integrating viral vectors, such as adenovirus vectors, have also been used to
deliver nucleic acid molecules encoding proteins to cells. For example adenovirus vectors,
which remain in episomal form in cells, have been successfully used to deliver proteins into

mouse fibroblasts and liver cells (Stadtfeld et al., Science 322:945-949, 2008).

[0196]  In some embodiments, vectors containing the promoter and enhancer regions of the
SV40 or long terminal repeat (LTR) of the Rous Sarcoma virus and polyadenylation and splicing
signal from SV40 (Mulligan and Berg, 1981, Proc. Natl. Acad. Sci. USA 78:2072-6; Gorman et
al., 1982, Proc. Natl. Acad. Sci. USA 78:6777-81) are used. In some embodiments, the vector is
a viral vector, such as an adenoviral vector, an adeno-associated virus (AAV), such as described
in U.S. Pat. No. 4,797,368 (Carter et al.) and in McLaughlin et al. (J. Virol. 62:1963-73, 1988)
and AAV type 4 (Chiorini et al. J. Virol. 71:6823-33, 1997) and AAV type 5 (Chiorini et al. J.
Virol. 73:1309-19, 1999), or retroviral vector (such as the Moloney Murine Leukemia Virus,
spleen necrosis virus, and vectors derived from retroviruses such as Rous Sarcoma Virus, Harvey
Sarcoma Virus, avian leukosis virus, human immunodeficiency virus, myeloproliferative
sarcoma virus, and mammary tumor virus). Other viral transfection systems may also be utilized,
including Vaccinia virus (Moss et al., 1987, Annu. Rev. Immunol. 5:305-24), Bovine Papilloma
virus (Rasmussen et al., 1987, Methods Enzymol. 139:642-54) or members of the herpes virus
group such as Epstein-Barr virus (Margolskee et al., 1988, Mol. Cell. Biol. 8:2837-47). In
addition, vectors may contain antibiotic selectable markers (such as neomycin, hygromycin or
mycophenolic acid) to permit selection of transfected cells that exhibit stable, long-term

expression of the vectors (and therefore the Zscan4 nucleic acid).
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[0197]  The vectors can be maintained in the cells as episomal, freely replicating entities by

using regulatory elements of viruses such as papilloma (Sarver et al., 1981, Mol. Cell. Biol.
1:486) or Epstein-Barr (Sugden et al., 1985, Mol. Cell. Biol. 5:410). Alternatively, one can also
produce cell lines that have integrated the vector into genomic DNA. Both of these types of cell
lines produce the gene product on a continuous basis. One of skill in the art can also produce
cell lines that have amplified the number of copies of the vector (and therefore of the cDNA as

well) to create cell lines that can produce high levels of the gene product,
Plasmid vectors

[0198] In some instances, it is desirable to use non-viral vectors, such as to avoid integration
into the host cell genome. Thus, Zscand-encoding polynucleotides can be delivered to a human
cell using one or more plasmid vectors. Plasmid vectors are episomally maintained and
generally exhibit a short duration of gene expression (Lai ef al., J Assist Reprod Genet
28(4):291-301, 2011). As one example, Okita et al. (Science 322:949-953, 2008) describe the
use of the pCX plasmid, containing a CAG promoter, for the expression of proteins in somatic

cells.

[0199]  Episomal plasmid vectors are a further option for introducing Zscand-encoding
polynucleotides into a human cell. Episomal plasmid vectors are capable of replicating,
themselves autonomously as extrachromosomal elements, and therefore exhibit prolonged gene
expression in target cells. An episomal plasmid vector derived from the Epstein Barr virus
(oriP/EBNA1) has been used to express proteins in human somatic cells (Yu ef al., Science

324:797-801, 2009).

{02001  Selection of an appropriate vector is well within the capabilities of one of skill in the
art. Expression vectors typically contain an origin of replication, a promoter, and optionally
include specific genes to allow for phenotypic selection of the transformed cells (e.g. an
antibiotic resistance cassette). Generally, the expression vector will include a promoter. The
promoter can be inducible or constitutive. The promoter can also be tissue specific. Exemplary
promoters include the CAG promoter, thymidine kinase promoter {TK), metallothionein I,
polyhedron, neuron specific enolase, tyrosine hydroxylase, beta-actin, CMV immediate early
promoter, or other promoters. Optionally, an enhancer element is also included, and can
generally be located anywhere on the vector and still have an enhancing effect on gene

expression.
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[0201] Plasmid vectors can be introduced into human cells using any suitable-method. In

some embodiments, the vector is delivered to a cell by transfection using a lipid of cationic
polymer. In particular examples, the transfection reagent is LIPOFECTAMINE™, or a similar
reagent. In other examples, delivery is achieved using the nucleofection transfection technology
(Amaxa, Cologne, Germany). This technology is based on an electroporation technique using the
NUCLEOFECTOR™ delivery device to introduce DNA directly inte the host cell nucleus
(Lakshmipathy et al., Stem Cells 22:531-543, 2004). In yet another example, the transfection

reagent includes poly-B-amino esters.

[0202] The: transfer of DNA into human or other mammalian cells is a conventional
technique, For example, an isolated Zscand nucleic acid sequence (for example as a naked DNA
or as part of an expression vector) can be introduced into the recipient cells for example by
precipitation with calcium phosphate (Graham and vander Eb, 1973, Virology 52:466) or
strontium phosphate (Brash et al., 1987, Mol. Cell. Biol. 7:2013), electroporation (Neumann et
al., 1982, EMBO J. 1:841), lipofection (Felgner et al., 1987, Proc, Natl. Acad. Sci. USA
84:7413), DEAE dextran (McCuthan et al., 1968, J. Natl. Cancer Inst. 41:351), microinjection
(Mueller et al., 1978, Cell 15:579), protoplast fusion (Schafner, 1980, Proc. Natl. Acad. Sci.
USA 77:2163-7), or pellet guns (Klein et al., 1987, Nature 327:70).

Excision strategies

[0203] Excision of exogenous polynucleotides from genomic integration sites may be
desirable. Two excision-based methods have been previously described, CreloxP recombination
and piggyBac transposition. Soldner et al. (Cell 136:964-977, 2009) described the use of the
Cre-lox system. This strategy included positioning a foxP site in the 3° LTR of a lentivirus
vector that contained a Dox-inducible minimal CMV promoter to drive expression of the
reprogramming factors. During proviral replication, loxP was duplicated into the 5° LTR,
resulting in genomic integration of the reprogramming factors flanked by two loxP sites.
Transient expression of Cre-recombinase resulted in excision of the floxed reprogramming

factors.

[0204]  The piggyBac transposon is capable of excising itself without leaving any remnants
of exogenous DNA in the cell genome (Elick ef al., Genetica 98:33-41, 1996; Fraser et al., Insect
Mol Biol 5:141-151, 1996). Using this method, more than two proteins have been successfully
produced in human cells by delivery of a polycistronic construct carrying genes linked with a. 2A

peptide linker positioned between the piggyBac transposon 5” and 3’ terminal repeats. Precise
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excision of the integrated reprogramming genes is observed upon expression of the transposase
(Kaji et al., Nature 458:771-775, 2009; Wang et al., Proc Natl Acad Sci USA 105:9290-9295,
2008; Yusa et al., Nat Methods 6:363-369, 2009).

-mRNAs

[0205] Another strategy for introducing Zscan4 inte human cells is by delivery of synthetic
mRNAs encoding Zscand. It has been shown that a specific protein can be efficiently produced
by transfecting synthetic mRNA encoding the protein into cells (Warren et af., Cell Stem Cell
7(5):618-630, 2010). In the study by Warren ef al., the mRNA was modified to overcome innate
antiviral responses. Transfection of mRNAs was carried out repeatedly — once a day for up to a
few weeks to compensate the transient nature of this method, because mRNAs were quickly
degraded in the cells. This particular feature may be advantageous for Zscan4, whose expression
is réquired only for a short time (e.g., in the order of hours and days) to achieve the desired
effects (i.e., extending telomeres and increasing genome stability). In certain embodiments,
synthetic mRNAs encoding Zscan4 are encapsulated in a viral envelope. Preferably, the viral
envelope coating contains envelope proteins that recognize cell surface receptors, and as such
increase the efficiency of delivery of the synthetic Zscan4 mRNAs into the cells. In certain
embodiments, synthetic mRNAs encoding Zscan4 are encapsulated in nanoparticle or liposomes
coated with viral envelope proteins. Any suitable viral envelope known in the art may be used.
In some embodiments, the viral envelope is a Sendai virus envelope. Methods of encapsulating
polynucleotides, such as synthetic mRNAs, in viral envelopes or viral envelope proteins are well

known in the art.
Cells including Zscand polynucleotides

[0206]  Further provided herein are isolated cells containing a. Zscan4 nucleic acid molecule
or Zscan4-containing vector as described herein. In some embodiments, the cell is a human cell.
The origin of the human cell may be from any suitable species. The human cell may include any

type of human cell described herein.

Zscan4 polypeptides

[0207] In certain embodiments, an agent of the present disclosure that increases expression
of Zscan4 is a Zscan4 polypeptide, A polypeptide may refer to a polymer in which the
monomers are amine acid residues which are joined together through amide bonds. When the

amino acids are alpha-amino acids, either the L-optical isomer or the D-optical isomer can be
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used, the L-isomers being preferred, The terms “polypeptide or “protein” are intended. to

encompass any amino acid sequence and include modified sequences such as glycoproteins, The
term “polypeptide” is specifically intended to cover naturally occurring proteins, as well as those

which are recombinantly or synthetically produced.

[0208] Various Zscan4 polypeptides are known in the art and may be used in the methods
described herein. One skilled in the art will appreciate that the various Zscand polypeptides
described herein that retain Zscan4 activity, such as the ability to increase telomere length and/or

genome stability in a cell, may be used in the methods described herein.

[0209]  Exemplary Zscan4 polypeptides are provided herein. For example, the amino acid
sequence of the mouse Zscanda polypeptide is set forth in SEQ ID NO: 11, the amino acid
sequence of the mouse Zscandb polypeptide is set forth in SEQ ID NQ: 12, the amino acid
sequence of the mouse Zscan4c polypeptide is set forth in SEQ ID NO: 13, the amino acid
sequence of the mouse Zscandd polypeptide is set forth in SEQ ID NQO: 14, the amino acid
sequence of the mouse Zscande polypeptide is set forth in SEQ ID NQ: 15, and the amino acid
sequence of the mouse Zscandf polypeptide is set forth in SEQ ID NO: 16. Additionally, the
amino acid sequence of the human ZSCAN4 polypeptide is set forth in SEQ ID NO: 17.

[0210]  Zscan4 amino acid sequences from various other species are publically available,
including dog Zscan4 (GenBank Accession Nos, XP.sub.--541370.2 and XP.sub.--853650.1;
SEQ ID NO: 18); cow Zscan4 (GenBank Accession No. XP.sub.--001789302.1; SEQ ID NO:
19); horse Zscan4 (GenBank Accession No. XP.sub.--001493994.1; SEQ ID NO: 20); gorilla
Zscand (UniProt Accession No. ATYEQ9; SEQ ID NO: 31); bonobo Zscan4 (nucleotide
sequence of UniProt Accession No. A1IYFX35; SEQ TD NO: 32); Bornean orangutan Zscan4
(UniProt Accession No. A2T7G6; SEQ ID NO: 33), Sumatran orangutan Zscand (UniProt
Accession No. H2POE3; SEQ ID NO: 34); panda Zscan4 (UniProt Accession No. G1LE29; SEQ
1D NO: 35); pig Zscand (UniProt Accession No. F1SCQ2; SEQ ID NO: 36); Northern white-
cheeked gibbon Zscan4 (UniProt Accession No. G1RID4; SEQ ID NO: 37); Rhesus macaque
Zscand (UniProt Accession No. F7GHS55; SEQ ID NO: 38); guinea pig Zscan4 (UniProt
Accession No. HOV5ES; SEQ 1D NO: 39); and Thirteen-lined ground squirrel (UniProt
Accession No. I3N7T3; SEQ ID NO: 40). Each of the above-listed GenBank Accession
numbers is herein incorporated by reference as it appears in the GenBank database on Aug. 11,
2009. Each of the above-listed UniProt Accession numbers is herein incorporated by reference as

it appears in the UniProt database on March 15, 2013,
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[0211]  In seme embodiments, the Zscan4 polypeptide is a human ZSCAN4 polypeptide, or a

homolog or ortholog thereof. In some embodiments, the Zscan4 polypeptide is a mouse Zscan4
polypeptide or a homolog or ortholog thereof. In some embodiments, the Zscan4 polypeptide is
a Zscanda polypeptide, a Zscandb polypeptide, a Zscandc polypeptide, a Zscandd polypeptide, a
Zscande polypeptide, or a Zscandf polypeptide. In some embodiments, the Zscan4 polypeptide
is a dog Zscand polypeptide, or a homolog or ortholog thereof. In some embodiments, the
Zscand polypeptide is a cow Zscan4 polypeptide, or a homolog or ortholog thereof. In some
embodiments, the Zscan4 polypeptide is a horse Zscan4 polypeptide, or a homolog or ortholog
thereof. In some embodiments, the Zscan4 polypeptide includes an amino acid sequence that is
at least 70%, at least 75%, at least 80%, at least 85%, at least 86%, at least 87%, at least 88%, at
least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at
least 96%, at least 97%, at'least 98%, at least 99%, or 100% identical to the amino acid sequence
from any one of SEQ ID NOs: 11-20 and 31-40.

[0212] In some embodiments, the Zscan4 polypeptide is a human ZSCAN4 polypeptide or
homolog or ortholog thereof. In some embodiments, the Zscan4 polypeptide includes an amino
acid sequence that is atleast 70%, at least 75%, at least 80%, at least 85%, at least 86%, at least
87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least
94%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or 100% identical to the
amino acid sequence of SEQ ID NO: 17.

[0213]  Fragments and variants of a Zscan4 polypeptide can readily be prepared by one of
skill in the art using molecular techniques. A polypeptide fragment may refer to a portion of a
polypeptide which exhibits at least one useful epitope. The term “functional fragments of a
polypeptide” refers to all fragments of a polypeptide that retain an activity of the polypeptide,
such as a Zscan4. Biologically functional fragments, for example, can vary in size from a
polypeptide fragment as small as an epitope capable of binding an antibody molecule to a large
polypeptide capable of participating in the characteristic induction or programming of
phenotypic changes within a cell, including affecting cell proliferation or differentiation. An
epitope is a region of a polypeptide capable of binding an immunoglobulin generated in response
to contact with an antigen, Thus, smaller peptides containing the biological activity of Zscand,
or conservative variants of Zscan4, are thus included as being of use. In some embodiments, a
fragnient of a Zscan4 polypeptide includes at least 50, at least 100, at least 150, at least 200, at
least 250, at least 300, at least 350, at least 400, at least 450 or at least 500 consecntive amino

acids of the Zscand polypeptide. In some embodiments, a fragment of Zscand is a fragment that
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confers a function of Zscand when transferred into a cell of interest, such as, but not limited to,

increasing genome stability and/or increasing telomere length,

[0214] Minor modifications of the Zscan4 polypeptide primary amino acid sequences may
result in peptides which have substantially equivalent activity as compared to the unmodified
counterpart polypeptide described herein. Such modifications may be deliberate, as by site-
directed mutagenesis, or may be spontaneous. All of the polypeptides produced by these

modifications are included herein.

[0215]  One of skill in the art can readily produce fusion proteins including a Zscan4
polypeptide and a second polypeptide of interest. Optionally, a linker can be included between
the Zscan4 polypeptide and the second polypeptide of interest. Fusion proteins include, but are
not limited to, a polypeptide including a Zscan4 polypeptide and a marker protein, In some
embodiments, the marker protein can be used to identify or purify a Zscand polypeptide.
Exemplary fusion proteins include, but are not limited to, green fluorescent protein, six histidine

residues, or myc and a Zscan4 polypeptide.

[0216] One skilled in the art will appreciate that such variants, fragments, and fusions of
Zscand useful for the disclosed methods are those that retain Zscand activity (such as the ability

to increase genome stability and increase telomere length or both in a human cell).

[0217]  Various aspects of the present disclosure relate to substantially purified polypeptides.
A substantially purified polypeptide may refer to a polypeptide which is substantially free of
other proteins, lipids, carbohydrates or other materials with which it is naturally associated. In
one embodiment, the polypeptide is at least 50%, for example at least 80% free of other proteins,
lipids, carbohydrates or other materials with which it is naturally associated. In another
embodiment, the polypeptide is at least 90% free of other proteins, lipids, carbohydrates or other
materials with which it is naturally associated. In yet another embodiment, the polypeptide is at
least 95% free of other proteins, lipids, carbohydrates or other materials with which it is naturally

associated.

[0218]  Polypeptides of the present disclosure, such as Zscan4 polypeptides, may also include
conservative substitutions of the amino acids composing the polypeptide. Conservative
substitutions replace one amino acid with another amino acid that is similar in size,

hydrophobicity, etc. Examples of conservative substitutions are shown below:
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Original Residue | Conservative Substitutions
Ala Ser
Arg Lys
Asn Gin, His
Asp Glu
Cys Ser
Gln Asn
Glu Asp
His Asn; Gln
Ile Leu, Val
Leu Ile; Val
Lys Arg; Gln; Glu
Met Leu; Ile:
Phe Met; Leu; Tyr
Ser Thr
Thr Ser
Trp Tyr
Tyr Trp; Phe
Val Ile: Leu

[0219] Variations in the cDNA sequence that result in amino acid changes, whether
conservative or not, should be minimized in order to preserve the functional and immunologic
identity of the encoded protein. Thus, in several non-limiting examples, a Zscan4 polypeptide
includes at most two, at most five, at most ten, at most twenty, or at most fifty conservative
substitutions. The immunologic identity of the protein may be assessed by determining whether
it is recognized by an antibody; a variant that is recognized by such an antibody is
immunologically conserved. Any cDNA sequence variant will preferably introduce no more
than twenty, and preferably fewer than ten amino acid substitutions into the encoded

polypeptide.

[0220]  Incertain embodiments, Zscand polypeptides of the present disclosure are
encapsulated in a viral envelope. Preferably, the viral envelope coating contains envelope
profeins that recognize cell surface receptors, and as such increase the efficiency of delivery of
the Zscan4 polypeptide into cells. In certain embodiments, Zscand polypeptides are
encapsulated in nanoparticle or liposomes coated with viral envelope proteins. Any suitable
viral envelope known in the art may be used. In some embodiments, the viral envelope is a
Sendai virus envelope. Methods of encapsulating polypeptides in viral envelopes or viral

envelope proteins are well known in the art.
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Cells including Zscand polypeptides

02211  Further provided herein are isolated cells containing a Zscan4 polypeptide as
described herein. In some embodiments, the cell is a human cell. The origin of the human cell
may be from any suitable species. The human cell may include any type of human cell described

herein.

Compositions, vectors and cells including a modified Zscan4

[0222]  Provided herein are isolated nucleic acid molecules encoding a modified Zscan4
protein, where the protein has been medified so that the activity of the protein is regulatable (i.e.,
inducible or repressible). For example, the Zscan4 protein may be a fusion protein that contains
an inducible receptor or ligand bind domain. Any inducible receptor and/or ligand bind domain
known in the art may be used. In some embodiments, the inducible receptor and/or ligand bind
domain may include, without limitation, an estrogen receptor (ER); a mutant estrogen receptor
that is sensitive to Tamoxifen or its metabolite 4-hydroxy-tamoxifen (4OHT), such as ERT or.
ERT2; a glucocorticoid receptor (GR) that is glucocorticoid receptor that is sensitive to
mifepristone (MIFEPREX); a drug-regulatable ligand binding domain; and a steroid-inducible

receptor, such as an ecdysone-inducible receptor.

[0223] In certain embodiments, isolated nucleic acid molecules of the present disclosure
encode a fusion-protein, wherein the fusion protein includes a Zscan4 protein fused to an ERT2
protein, ERT2 is a mutated version of the ligand binding domain of human estrogen receptor.
ERT?2 does not bind its natural ligand (17B-estradiol) at physiological concentrations, but is
highly sensitive to nanomolar concentrations of Tamoxifen or its metabolite 4-hydroxy-
tamoxifen (4OHT) (Feil et al., Biochem Biophys Res Commun 237(3):752-757, 1997). A fusion
protein may refer to a protein containing at least a portion of two different (heterologous)
proteins. In some examples such proteins are generated by expression of a nucleic acid sequence
engineered from nucleic acid sequences encoding at least a portion of two different
(heterologous) proteins. To create a fusion protein, the nucleic acid sequences must be in the

same reading frame and contain no internal stop codons.

[0224] In some embodiments, the nucleic acid molecule encoding the Zscan4 portion of a
modified Zscand protein of the present disclosure, such as the Zscand-ERT? fusion protein, is a
human ZSCAN4, mouse Zscandc, mouse Zscandd or mouse Zscandf, or a functional fragment or

variant thereof. The nucleic acid molecule encoding the modified Zscan4 protein, such as the
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Zscan4-ERT?Z fusion protein, may include any Zscan4 polynucleotide, or homolog, fragment, or

variant thereof described herein. Functional fragments and variants of Zscan4 include, for
example, any Zscand fragment or variant that retains one or more biological activities of Zscan4,
such as the capacity to increase pluripotency of a stem cell, promote genomic stability or

increase telomere length.

[0225] In some embodiments, the nucleic acid molecule encoding the Zscan4 portion of a
modified Zscan4 protein of the present disclosure, such as the Zscand-ERT?2 fusion protein, may
include, for example, the nucleotide sequence from any one of SEQ ID NOs: 1-10 and 21-30. In
some embodiments, the nucleic acid molecule encoding the Zscan4 portion of a modified Zscand
protein of the present disclosure, such as the Zscan4-ERT?2 fusion protein, is a mouse Zscan4
polynucleotide or a homolog thereof. In some embodiments, the nucleic acid molecule encoding
the Zscan4 portion of a modified Zscand protein of the present disclosure, such as the Zscand-
ERT?2 fusion protein, is a human ZSCAN4 polynucleotide or a homolog thereof, In some
embodiments, the nucleic acid molecule encoding the Zscan4 portion of a modified Zscan4
protein of the present disclosure, such as the Zscan4-ERT2 fusion protein, is a Zscanda
polynucleotide, a Zscan4b polynucleotide, a Zscandc polynucleotide, a Zscandd polynucleotide,
a Zscande polynucleotide, or a Zscan4f polynucleotide. In some embodiments, the nucleic acid
molecule encoding the Zscan4 portion of a modified Zscand protein of the present disclosure,
such as the Zscan4-ERT?2 fusion protein, includes a nucleotide sequence that is at least 70%, at
least 75%, at least 80%, at least 85%, at least 86%, at least 87%, at least 88%, at least §9%, at
least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 35%, at least 96%, at
least 97%, at least 98%, at least 99%, or 100% identical to a nucleotide sequence from any one
of SEQ ID NOs: 1-10 and 21-30.

[0226] In some embodiments, the nucleic acid molecule encoding the Zscan4 portion of a
modified Zscan4 protein of the present disclosure, such as the Zscan4-ERT?2 fusion protein, is a
human ZSCAN4 polynucleotide or homolog thereof, Tn some embodiments, the nucleic acid
molecule encoding the Zscan4 portion of a modified Zscand protein of the present disclosure,
such as the Zscan4-ERT2 fusion protein, includes a nucleotide sequence that is at least 70%, at
least 75%, at least 80%, at least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at
least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at
least 97%, at least 98%, at least 99%, or 100% identical to the nucleotide sequence of SEQ ID
NO: 7.
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[0227] In some embodiments, the nucleic acid molecule encoding a Zscan4-fusion protein,

such as the Zscan4-ERT?2 fusion protein, includes a linker sequence between the Zscan4 and the
inducible receptor and/or ligand bind domain sequence, such as the ERT2 coding sequence.
Linkers are well known in the art and selection of an appropriate linker is well within the
capabilities of one of ordinary skill in the art. A linker may refer to one or more nucleotides or
amino acids that serve as a spacer between two molecules, such as between two nucleic acid
molecules or two peptides (such as ina fusion protein). In some embodiments, a linker is 1 to
100 amino acids, such as 1 to 50 or 5 to 10 amino acids. In some embodiments, the linker is at
least 2 amino acids (aa), at least 3, at least 5, at least 10, at least 20, at least 50 or atleast 100 aa,
such as 2 to 50 or 2 to 10 aa. In some embodiments, the linker includes the amino acid sequence

Ala-Ser,

[0228] Also provided are vectors that include a modified Zscan4, such as Zscand4-ERT2,
encoding nucleic acid molecule disclosed herein. Any suitable expression vector, such as an
expression (plasmid) vector (e.g., pPyCAG-BstXI-IP), or viral vector (e.g., a patamyxovirus
such as a Sendai virus, an adenovirus, adeno-associated virus, lentivirus or retrovirus vector), is
contemplated. Numerous expression vectors and viral vectors are known in the art and the

selection of an appropriate vector is well within the capabilities of one of ordinary skill in the art.

[0229]  Further provided herein are isolated cells containing 2 modified Zscan4, such as a
Zscan4-ERTZ, nucleic acid molecule or vector as described herein. In some embodiments, the
cell is a human cell. The origin of the human cell may be from any suitable species. The human

cell may include any type of human cell described herein.

[0230] Compositions including a nucleic acid molecule or vector encoding a modified
Zscan4 protein, such as a Zscan4-ERT?2 fusion protein, are also provided herein. The
compositions may further include a carrier or diluent, such as a pharmaceutically acceptable
carrier or dilvent. Modified Zscan4 proteins, such as Zscan4-ERT2 fusion proteins, encoded by

the nucleic acid molecules and vectors described herein are further provided.

[0231]  Also provided herein are recombinant modified Zscan4 proteins, such as Zscan4-
ERT?2 fusion proteins. In some embodiments, the recombinant modified Zscan4 protein, such as
the Zscan4-ERT?2 fusion protein, is human ZSCAN4, mouse Zscan4c, mouse Zscandd or mouse
Zscandf, or a functional fragment or variant thereof. The Zscan4 portion of the modified Zscan4
protein, such as the Zscand-ERT2 recombinant fusion protein, may include any Zscan4

polypeptide, homolog, ortholog, fragment, or variant described herein. Functional fragments and
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variants of Zscan4 include, for example, any Zscan4 fragment or variant that retains ohe or more.

biological activities of Zscand, such as the capacity to increase genomic stability or increase

telomere length.

[0232]  In some embodiments, the Zscan4 protein portion of the modified Zscand4 protein,
such as the Zscan4-ERT2 fusion protein, is a mouse Zscan4 polypeptide or a homolog or
ortholog thereof. In some embodiments, the Zscan4 protein portion of the modified Zscan4
protein, such as Zscand-ERT?2 fusion protein, is a human ZSCAN4 polypeptide, or a homolog or
ortholog thereof. In some embodiments, the Zscan4 protein portion of the modified Zscan4
protein, such as Zscan4-ERT?2 fusion protein, is a Zscanda polypeptide, a Zscandb polypeptide, a
Zscandc polypeptide, a Zscandd polypeptide, a Zscande polypeptide, or a Zscandf polypeptide.
In some embodiments, the Zscan4 protein portion of the modified Zscan4 protein, such as
Zscan4-ERT2 fusion protein, includes an amino acid sequence that is at least 70%, at least 75%,
at least 80%, at least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at
least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at
least 98%, at least 99%, or 100% identical to an amino acid sequence from any one of SEQ ID
Nos: 11-20 and 31-40.

[0233]  In some embodiments, the Zscand protein portion of the modified Zscan4 protein,
such as Zscan4-ERT?2 fusion protein, is a human ZSCAN4 polypeptide or homolog or ortholog
thereof. In some embodiments, the Zscan4 protein portion of the modified Zscan4 protein, such
as Zscand-ERT?2 fusion protein, includes an amino acid sequence that is at least 70%, at least
75%, at least 80%, at least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at least
90%, at least 91%, at least 92%, at least 93%, at least 94%, at least. 95%, at lcast 96%, at least
97%, at least 98%, at least 99%, or 100% identical to the.amino acid sequence of SEQ ID NO:
17.

[0234]  Fragments and variants of a Zscan4 protein can readily be prepared by one of skill in
the art using molecular techniques. In some embodiments, a fragment of a Zscan4 protein
includes at least 50, at least 100, at least 150, at least 200, at least 250, at least 300, at least 350,
at least 400, at least 450 or at least 500 consecutive amino acids of the Zscan4 polypeptide. In a
further embodiment, a fragment of Zscan4 is a fragment that confers a function of Zscan4, such

as, but not limited to, increasing genome stability and/or increasing telomere length,
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[0235] Compositions including a modified Zscan4 protein, such as Zscand-ERT? fusion

protein, are also provided herein. The compositions may further include a carrier or diluent, such

as a pharmaceutically acceptable carrier or diluent, for example saline,
Compositions, vectors and cells including Zscan4-AC

[0236]  Also provided herein are isolated nucleic acid molecules encoding a Zscan4 protein
with a C-terminal truncation (referred to herein as Zscan4-AC). The C-terminally truncated
Zscan4 includes a deletion of at least one zinc finger domain. Thus, in some embodiments, the

Zscand-AC protein has a deletion of one, two, three or four zinc finger domains.

[0237]  In some embodiments, the nucleic acid molecule encoding the Zscan4-AC protein is a
C-terminally truncated human ZSCAN4, mouse Zscandc, mouse Zscandd or mouse Zscandf, In
some embodiments, the Zscan4-AC protein is either human ZSCAN4 or mouse Zscandc with a
deletion of all four zinc finger domains. The nucleic acid molecule encoding the Zscand-AC

protein may contain a C-terminal truncation of any Zscan4 polynucleotide described herein.

[0238] In some embodiments, the Zscand portion of the nucleic acid molecule encoding the
Zscand-AC protein may include, for example, the nucleotide sequence from any one of SEQ ID
Nos: 1-10 and 21-30. In some embodiments, the Zscand portion of the nucleie acid molecule
encoding the Zscand-AC protein is a mouse Zscan4 polynucleotide or a homolog thereof. In
some embodiments, the Zscan4 portion of the nucleic acid molecule encoding the Zscan4-AC
protein is a human ZSCAN4 polynucleotide or a homolog thereof, In some embodiments, the
Zscand portion of the nucleic acid molecule encoding the Zscand-AC protein is a Zscanda
polynucleotide, a Zscandb polynucleotide, a Zscandc polynucleotide, a Zscandd polynucleotide,
a Zscande polynucleotide, or a Zscandf polynucleotide. In some embodiments, the Zscan4
portion of the nucleic acid molecule encoding the Zscand-AC protein includes a nucleotide
sequence that is at least 70%, at least 75%, at least 80%, at least 85%, at least 86%, at least 87%,
at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at
least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or 100% identical to a
nucleotide sequence from any one of SEQ ID Nos: 1-10 and 21-30.

[0239] In some embodiments, the Zscan4 portion of the nucleic acid molecule encoding the
Zscan4-AC protein is a human ZSCAN4 pelynucleotide or homolog thereof. In some
embodiments, the Zscan4 portion of the nucleic acid molecule encoding the Zscand-AC protein

includes a nucleotide sequence that is at least 70%, at least 75%, at least 80%, at Ieast 85%, at
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least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at

least 93%, at least 94%, at least 95%, at least 969%, at least 97%, at least 98%, at least 99%, or
100% identical to the amino acid sequence of SEQ ID NO: 7.

[0240]  The Zscan4-AC nucleic acid sequences contemplated herein include sequences that
are degenerate as a result of the genetic code: There are 20 natural amino acids, most of which
are specified by more than one codon. Therefore, all degenerate nucleotide sequences are
included as long as the amino acid sequence of the Zscan4-AC polypeptide encoded by the

nucleotide sequence is functionally unchanged.

[0241] Also provided are vectors that include a Zscand-AC encoding nucleic acid molecule
disclosed herein. Any suitable expression vector, such as an expression (plasmid) vector (e.g.,
pPyYCAG-BstXI-IP), or viral vector (e.g., a paramyxovirus such as a Sendai virus, an adenovirus,
adeno-associated virus, lentivirus or retrovirus vector), is contemplated. Numerous expression
vectors and viral vectors are known in the art and the selection of an appropriate vector is well

within the capabilities of one of ordinary skill in the art.

[0242]  Further provided herein are isolated cells containing a Zscand-AC nucleic acid
molecule or vector as described herein. In some embodiments, the cell is a human cell. The
origin of the human cell may be from any suitable species. The human cell may include any type

of human cell described herein,

[0243] Compositions including a nucleic acid molecule or vector encoding a ZscandAC
protein are also provided herein. The compositions may further include a carrier or diluent, such

as a pharmaceutically acceptable carrier or diluent.

[0244]  Zscand-AC proteins encoded by the nucleic acid molecules and vectors described

herein are further provided.

[0245] Also provided herein are recombinant Zscand-AC proteins. In some embodiments,
the recombinant Zscan4-AC protein is a C-terminally truncated human ZSCAN4, mouse
Zscandc, mouse Zscandd or mouse Zscandf. The Zscand portion of a recombinant Zscan4-AC
protein may include any Zscan4 polypeptide, homolog, ortholog, fragment, or variant described

herein.

[0246]  In some embodiments, the Zscan4 protein portion of the recombinant Zscan4-AC

protein is a mouse Zscan4 polypeptide or a homolog or ortholog thereof. In some embodiments,
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the Zscan4 protein portion of the recombinant Zscan4-AC protein is a human ZSCAN4

polypeptide, or a homolog or ortholog thereof. In some embodiments, the Zscan4 protein
portion of the recombinant Zscan4-AC protein is a Zscanda polypeptide, a Zscandb polypeptide,
a Zscandc polypeptide, a Zscandd polypeptide, a Zscande polypeptide, or a Zscandf polypeptide.
In some embodiments, the Zscan4 protein portion of the recombinant Zscan4-AC protein
includes an amino acid sequence that is at least 70%, at least 75%, at least 80%, at least 85%, at
least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at
least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or
100%-identical to the amino acid sequence from any one of SEQ ID Nos: 11-20 and 31-40.,

[0247] In some embodiments, the Zscand protein portion of the recombinant Zscand-AC
protein is a human ZSCAN4 polypeptide or homolog or ortholog thereof. In some embodiments,
the Zscan4 protein portion of the recombinant Zscan4-AC protein includes an amino acid
sequence that is at least 70%, at least 75%, at least 80%, at least 85%, at least 86%, at least 87%,
at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at
least 95%, at least 96%, at least 97%, at lcast 98%, at least 99%, or 100% identical to the amino

acid sequence from SEQ ID NQ: 17.

[0248] Further provided herein are isolated cells including a Zscan4-AC protein disclosed
herein. In some embodiments, the cells are human cells. The origin of the human cell may be

from any suitable species. The human cell may include any type of human cell described herein.

[0249] Compositions including a Zscan4-AC protein are also provided herein. The
compositions may further include a carrier or diluent, such as a pharmaceutically acceptable

carrier or diluent, for example saline.
Methods of introducing Zscand polypeptide into human cells

[0250] It is possible to introduce Zscan4 polypeptides by directly delivering the respective
proteins to cells, such as human cells. Protein delivery can be accomplished using, for example,
electroporation, microinjection, cationic lipids or nanoparticles according to standard methods.
Alternatively, the proteins can be modified by fusion with a cell-penetratin g peptide (CPP) to
facilitate entry of the protein into the cell. The use of CPPs and nanoparticles is discussed in

greater detail herein,
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Cell-penetrating peptides (CPPs)

[0251] CPPs are a family of polypeptides that facilitate transduction of proteins, nucleic
acids or other compounds across membranes in a receptor-independent manner (Wadia and
Dowdy, Curr. Protein Pept., Sci. 4(2):97-104, 2003). Typically, CPPs are short polycationic
sequences that can facilitate cellular uptake of compounds to which they are linked into
endosomes of cells. Examples of CPPs include poly-arginine tags and protein transduction
domains. Any protein transduction domain known in the art may be used. Examples of suitable
protein transduction domains include, without limitation, HIV Tat, HIV Vpr, HIV Vp22,

homeodomains (HD) from HD-containing proteins, and synthetic protein transduction domains.

[0252] The capacity of certain peptides to deliver proteins or nucleic acids into cells was
originally described for the HIV-encoded Tat protein, which was shown to cross membranes and
initiate transcription. It was then discovered that the portion of the Tat protein that was required
for the transduction of the protein was only an 11 amino acid polypeptide, referred to as the Tat
peptide. When fused with other proteins, the Tat peptide has been demonstrated to deliver these
proteins, varying in size from 15 to 120 kDa, into cells in tissue culture (Frankel and Pabo, Cell
55(6):1189-93, 1988; Green and Loewenstein, J. Gen. Microbiol. 134(3):849-55, 1988; Vives et
al., J. Biol. Chem. 272(25):16010-7, 1997; Yoon et al., J. Microbiol. 42(4):328-35, 2004; Cai et
al., Eur. J. Pharm. Sci, 27(4):311-9, 2006).

™

[0253] Other known CPPs include PENETRATIN , a 16 amino acid peptide derived from
the third helix of the Drosophila Antennapedia homeobox gene (U.S. Patent No. 5,888,762;
Derossi et al., J. Biol, Chem, 269:10444-10450, 1994; Schwarze et al., Trends Pharmacol. Sci.
21:45-48, 2000); transportan, a 27 amino acid chimeric peptide comprised of 12 amino acids
from the N-terminus of the neuropeptide galanin and the 14-amino acid protein mastoparan,
connected via a lysine (U.S. Patent No. 6,821,948; Pooga, FASEB J. 12:67-77, 1998; Hawiger,
Curr. Opin. Chem. Biol. 3:89-94, 1999); peptides from theVP22 protein of herpes simplex virus
(HSV) type 1 (Elliott et al., Cell 88:223-233, 1997); the UL-56 protein of HSV-2 (U.S. Pre-
Grant Publication No. 2006/0099677); and the Vpr protein of HIV-1 (U.S. Pre-Grant Publication
No. 2005/0287648). In addition, a number of artificial peptides also are known to function as
CPPs, such as poly-arginine, poly-lysine and others (see, for example, U.S. Pre-Grant
Publication Nos. 2006/0106197; 2006/0024331; 2005/0287648; and 2003/0125242; Zhibao et
al., Mol. Ther. 2:339-347, 2000; and Laus ef al. Nature Biotechnol. 18:1269-1272, 2000).
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[0254] Zhou et al. (Cell Stem Cell 4:381-384, 2009) describe the successful use of poly-

arginine peptide tags. In addition, Kim et al. (Cell Stem Cell 4:472-476, 2009) describe the
successful use of the HIV-TAT protein transduction domain to deliver proteins to human fetal

fibroblasts,
Nanoparticles

[0255]  Nanoparticles are submicron (less than about 1000 nm) sized drug delivery vehicles
that can carry encapsulated drugs such as synthetic small molecules, proteins, peptides, cells and
nucleic acid based biotherapeutics for either rapid or controlled release. A variety of molecules
(e.g., proteins, peptides and nucleic acid molecules) can be efficiently encapsulated in
nanoparticles using processes well known in the art. A molecule encapsulated in a nanoparticle
may refer to a molecule (such as a Zscand nucleic acid or protein) that is either contained within

the nanoparticle or attached to the surface of the nanoparticle, or a combination thereof,

[0256] In some examples, an agent that increases Zscan4 expression in a human cell is
encapsulated by a nanoparticle to aid in delivery to the cells. Suitable nanoparticles for use with

the disclosed methods are known in the art and are described briefly below.

[0257]  The nanoparticles for use with the methods described herein can be any type of
biocompatible nanoparticle, such as biodegradable nanoparticles, such as polymeric
nanoparticles, including, but not limited to polyamide, polycarbonate, polyalkene, polyvinyl
ethers, and cellulose ether nanoparticles. In some embodiments, the nanoparticles are made of
biocompatible and biodegradable materials. In some embodiments, the nanoparticles include,
but are not limited to nanoparticles including poly(lactic acid) or poly(glycolic acid), or both
poly(lactic acid) and poly(glycolic acid). In some embodiments, the nanoparticles are poly(DD,L-
lactic-co-glycolic acid) (PLGA) nanoparticles.

[0258]  Other biodegradable polymeric materials are contemplated for use with the methods
described herein, such as poly(lactic acid) (PLA) and polyglycolide (PGA). Additional useful
nanoparticles include biodegradable poly(alkylcyanoacrylate) nanoparticles (Vauthier et al., Adv.
Drug Del. Rev. 55: 519-48, 2003).

[0259]  Various types of biodegradable and biocompatible nanoparticles, methods of making

such nanoparticles, including PLGA nanoparticles, and methods of encapsulating a variety of

synthetic compounds, proteins and nucleic acids, has been well described in the art (see, for

example, U.S. Publication No. 2007/0148074; U.S, Publication No. 20070092575; U.S. Patent
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Publication No. 2006/0246139; U.S. Patent Ne. 5,753,234; U.S. Patent No. 7,081,489; and PCT

Publication No. WO/2006/052285).

Retinoids

[0260]  In certain embodiments, an agent of the present disclosure that increases expression
of Zscan4 is a retinoid. A retinoid may refer to a class of chemical compounds that are related
chemically to vitamin A. Retinoids are used in medicine, primarily due to the way they regulate
epithelial cell growth. Retinoids have many important and diverse functions throughout the
body including roles in vision, regulation of cell proliferation and differentiation, growth of bone
tissue, immune function, and activation of tumor suppressor genes. Examples of retinoids
include, but are not limited to, all-trans retinoic acid (atRA), 9-cis retinoic acid (9-cis RA), 13-cis

RA and vitamin A (retinol).

[0261] Various retinoids are known in the art and may be used in the methods described
herein. Retinoids may include, without limitation, all-trans retinoic acid, 9-cis retinoic acid, 13-

c¢is retinoic acid, or vitamin A.

Agents that induce oxidative siress

[0262]  In certain embodiments, an agent of the present disclosure that increases expression
of Zscand is an agent that induces oxidative stress. Oxidative stress may refer to an imbalance
between the production of reactive oxygen species and a biological system’s ability to readily
detoxify the reactive intermediates or to repair the resulting damage. Disturbances in the normal
redox state of tissues can cause toxic effects through the production of peroxides and free
radicals that damage all components of the cell, including proteins, lipids, and DNA, In some
embodiments of the disclosed methods, the agent that induces oxidative stress is hydrogen

peroxide (H;0,).

[0263]  Various agents that induce oxidative stress are known in the art and may be used in

the methods described herein.

Increasing Telomere Length and Genome Stability

[0264]  Certain aspects of the present disclosure relate to methods of increasing telomere
length and/or increasing genome stability in one or more human cells by, for example, contacting
one or more human cells with an agent that increases expression (e.g., protein expression) of

Zscan4 in the one or more human cells. As disclosed herein, a transient increase in expression
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and/or increased expression for only a short period of time (e.g., from about 1 hour to about 23
hours, or from about 1 day to about 10 days) is sufficient to increase telomere length and/or
increase genome stability in the human cells, Moreover, in some embodiments, repeating the
transient increase in Zscand expression in the human cells enhances the effécts of the increase in
Zscan4 expression. In certain embodiments, the transient increase in Zscan4 expression is
repeated every 4 hours, every 8 hours, every 12 hours, every 16 hours, every 24 hours, every 32
hours, every 40 hours, every 48 hours, every three days, every four days, every five days, every
six days, every week, every two weeks, every three weeks, every four weeks, every month, every
two months, every three months, every four months, every six months, every seven months,
every eight months, every nine months, every 10 months, every 11 months, every year, every
two years, every three years, every four years, every five years, every six years, every seven
years, every eight years, every nine years, every 10 years, every 11 years, every 12 years, every
13 years, every 14 years, every 15 years, every 16 years, every 17 years, every 18 years, every 19
years, every 20 years, every 21 years, every 22 years, every 23 years, every 24 years, every 25
years, every 26 years, every 27 years, every 28 years, every 29 years, every 30 years, every 35

years, every 40 years, every 45 years, or every 50 years.

[0265] Contacting may refer to placement in direct physical association; including both in
solid and liquid form. “Contacting” may be used interchangeably with “exposed.” In some
cases, “‘contacting” includes transfecting, such as transfecting a nucleic acid molecule into a cell.
Methods of measuring genome stability and telomere length are routine in the art, and the
disclosure is not limited to particular methods. The particular examples provided herein are

exemplary.

[0266] In some embodiments, telomere length is increased in human cells contacted with an
agent that increases Zscan4 protein expression in the human cells, by at least 1.5 fold, at least 1.6
fold, at least 1.7 fold, at least 1.8 fold, at least 1.9 fold, at least 2.0 fold, at least 2.1 fold, at least
2,15 fold, at least 2.2 fold, at least 2.25 fold, at least 2.3 fold, at least 2.35 fold, at least 2.4 fold,
at least 2.45 fold, at least 2.5 fold, at least 2.55 fold, at least 3.0 fold, at least 3.5 fold, at least 4.0
fold, at least 4.5 fold, at least 5.0 fold, at least 5.5 fold, at least 6.0 fold, at least 6.5 fold, at least.
7.0 fold, at least 7.5 fold, at least 8.0 fold, at least 8.5 fold, at least 9.0 fold, at least 9.5 fold, at
least 10 fold, at least 100 fold, at least 200 fold, at least 300 fold, at least 400 fold, at least 500
fold, at least 600 fold, at least 700 fold, at least 800 fold, at least 900 fold, at least 1,000 fold, at
least 2,000 fold, at least 3,000 fold, at least 4,000 fold, at least 5,000 fold, at least 6,000 fold, at
least 7,000 fold, at least 8,000 fold, at least 9,000 fold, at least 10,000 fold, at least 25,000 fold,
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at least 50,000 fold, at least 75,000 fold, at least 100, 000 fold, at least 125,000 fold, at least

150,000 fold, at least 175,000 fold, at least 200,000 fold, at least 225,000 fold, at least 250,000
fold, at least 275,000 fold, at least 300,000 fold, at least 325,000 fold, at least 350,000 fold, at
least 375,000 fold, at least 400,000 fold, at least 425,000 fold, at least 450,000 fold, at least
475,000 fold, at least 500,000 fold, at least 525,000 fold, at least 550,000 fold, at least 575,000
fold, at least 600,000 fold, at least 625,000 fold, at least 650,000 fold, at least 675,000 fold, at
least 700,000 fold, at least 725,000 fold, at least 750,000 fold, at least 775,000 fold, at least
800,000 fold, at least 825,000 fold, at least 850,000 fold, at least 875,000 fold, at least 900,000
fold, at least 925,000 fold, at least 950,000 fold, at least 975,000 fold, or at least 1,000,000 fold,
for example, relative to Zscan4 protein expression in a corresponding human cell that has not
contacted with the agent that increases Zscan4 expression. Any method known in the art and
disclosed herein for determining Zscan4 protein expression in a cell, or for quantifying the

number of proteins (i.e., protein stoichiometry) per cell may be used.

[0267]  In other embodiments, methods of increasing telomere length and/or genome stability
in one or more human cells includes contacting the one or more human cells with a nucleic acid
molecule or vector encoding a modified Zscand protein of the present disclosure, such as a
Zscan4-ERT2 fusion protein. In other emibodiments, the method includes contacting the human
cell or human cell population with a modified Zscan4 protein of the present disclosure, such as a

Zscan4-ERT?2 fusion protein.

[0268] In yet other embodiments, methods increasing telomere length and/or genome
‘stability in one or more human cells includes contacting the human cell or human cell population
with a nucleic acid molecule or vector encoding a Zscand-AC protein disclosed herein. In other
embodiments, the method includes contacting the human cell or human cell population with a

Zscan4-AC protein disclosed herein.

[0269] Methods of delivering nucleic acid molecules encoding Zscan4-ERT2 or Zscand-AC,
and Zscan4-ERT2 or Zscan4-AC proteins to human cells are known in the art and are described

herein.

[0270]  In some embodiments, telomere length is increased in human cells by at least 20%, at
least 30%, at least 40%, at least 50%, at least 60%, at least 70%, at least 80%, at least 90%, at
least 100%, at least 110%, at least 115%, at least 1209%, at least 125%, at least 130%, at least
135%, at least 140%, at least 145%, at least 150%, at least 155%, or at least 160%, for example,

relative to a human cell that has not been contacted with a modified Zscan4 protein, such as a
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Zscand-ERT2 or Zscan4-AC protein, or a nucleic acid encoding a modified Zscan4 protein, such

as a Zscan4-ERT2 or Zscan4-AC protein (or compared to a value or range of values expected in
a human cell that has not undergone frequent activation of Zscan4). In some embodiments,
telomere length is increased in human cells by at least at least 1.2-fold, at least 1.3-fold, at least
1.4-fold, at least 1.5 fold, at least 1.6 fold, at least 1.7 fold, at least 1.8 fold, at least 1.9 fold, at
least 2.0 fold, at least 2.1 fold, at least 2.15 fold, at least 2.2 fold, at least 2.25 fold, at least 2.3
fold, at least 2,35 fold, at least 2.4 fold, at least 2.45 fold, at least 2.5 fold, at least 2.55 fold, at
least 3.0 fold, at least 3.5 fold, at least 4.0 fold, at least 4.5 fold, at least 5.0 fold, at least 5.5 fold,
at least 6.0 fold, at least 6.5 fold, at least 7.0 fold, at least 7.5 fold, at least 8.0 fold, at least 8.5
fold, at least 9.0 fold, at least 9.5 fold, or at least 10 fold, for example, relative to a human cell
that has not been contacted with a modified Zscan4 protein, such as a Zscan4-ERT?2 or Zscand-
AC protein, or a nucleic acid encoeding a modified Zscan4 protein, such as a Zscan4-ERT? or
Zscan4-AC protein (or compared to a value or range of values expected in a human cell that has

not undergone frequent activation of Zscan4).

[0271] In some embodiments, telomere length is measured in the one or more human cells
that have been contacted with an agent that increases Zscan4 expression in the human cells, In
some examples, telomere length is increased in a human cell if the length of the telomeres is
greater, for example, relative to telomere length in a human cell not contacted with the agent that
increases Zscan4 expression. For example, telomere length can be detected in a human cell by

fluorescence in situ hybridization (FISH), quantitative FISH (Q-FISH), or telomere gPCR.

Genome stability

[0272]  In some embodiments, genome stability is increased in one or more human cells
contacted with an agent of the present disclosure that increases expression of Zscan4 in the
human cells by at least 20%, at least 40%, at least 50%, at least 60%, at least 715%, at least 80%,
at least 90%, at least 95%, or at least 98%, for example, relative to-a corresponding human cell

not contacted with the agent that increases expression of Zscan4.

[0273] Methods of measuring genome stability are routine in the art, and the disclosure is not

limited to particular methods. The particular examples provided herein are exemplary.

[0274] In some examples, genome stability in a human cell, such as a human cell contacted
with an agent that increases Zscan4 expression (e.g., agent that increases expression of Zscand,

such as-a Zscan4 nucleic acid, Zscan4 protein, Zscan4-ERT or Zscand-AC), is measured by
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performing karyotype analysis. Genome stability is increased if the presence of karyotype

abnormalities (such as chromosome fusions and fragmentations) is decreased or even absent, for
example relative to a cell that has not been contacting with the agent that increases expression of
Zscan4. For example, karyotype analysis can be performed in human cells by inducing

metaphase arrests, then preparing metaphase chromosome spreads.

[0275] In some examples, genome stability in a human cell, such as a human cell contacted
with a Zscand, Zscand-ERT, or Zscan4-AC protein or nucleic acid, is measured by measuring
sister chromatid exchange (SCE). Genome stability is increased if the presence of SCE is
decreased relative to a control, such as a stem cell that has not undergone frequent activation of
Zscan4. For example, SCE can be measured in a stem cell by detecting SCE in a metaphase

spread.

Therapeutic Uses of Zscand

[0276] It is disclosed herein that expression of Zscan4 increases telomere length, increases
genbme stability, corrects genome and/or chromosome abnormalities, protects cells against DNA.
damage, and/or enhances DNA repair. DNA repair may refer to a collection of processes by
which a cell identifies and corrects damage to the DNA molecules that encode its genome. Thus,
provided herein are methods related to increasing the expression of Zscand in human cells to
increase genome stability, protect cells against DNA damage, enhance DNA repair, and increase

telomere length in human cells.

[0277]  Methods are provided for treating subjects in need of human cell therapy, such as a
subject having human cells in need of telomere lengthening or of correcting telomere and/or
chromosome abnormalities. These methods may include the use of human cells. In some
embodiments, the methods may include contacting one or more human cells with an agent that
increases expression of Zscan4 in the human cell. Increased expression of Zscan4 in the one or
more human cells induces telomere lengthening in the one or more human cells as compared to

one or more corresponding human cells that are not contacted with the agent.

[0278]  Methods are provided for treating a subject in need of telomere lengthening. In some
embodiments, the methods may include contacting one or more human cells in the subject with
an agent that increases expression of Zscan4 in the one or more human cells, where increased
expression of Zscan4 induces telomere lengthening in the one or more human cells. In some

embodiments, the methods may include isolating one or more human cells, contacting the one or
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more human cells with an agent that increases expression of Zscan4 in the one or more human

cells, and administering the contacted one or more human cells to the subject. Increasing

expression of Zscand induces telomere lengthening in the one or more human cells,

[0279] Methods are also provided for treating a disease or condition associated with a
telomere and/or chromosome abnormality. In some embodiments, the methods may include
administering to a subject in need thereof an agent that increases expression of Zscand in one or
more human cells in the subject, where increasing expression of Zscan4 induces telomere
lengthening and/or correction of telomere and/or chromosome abnormalities in the one or more
human cells to treat to treat the to treat the disease or condition associated with a telomere and/or
chromosome abnormality. In some embodiments, the methods may include isolating one or
more human cells from a subject suffering from a disease or condition associated with a telomere
and/or chromosome abnormality, contacting the one or more human cells with an agent that
increases expression of Zscand in the one or more human cells, and administering the contacted
one or more human cells to the subject to treat the associated with a telomere and/or
chromosome abnormality. Increasing expression of Zscand induces telomere lengthening and/or
correction of telomere and/or chromosome abnormalities in the one or more hurman cells. In
some embodiments, the methods may include isolating human bone marrow cells from a subject
suffering from a disease or condition associated with a telomere and/or chromosome
abnormality, contacting the human bone marrow cells with an agent that increases expression of
Zscan4 in the human bone marrow cells, and engrafting the contacted human bone marrow cells
into the subject to treat the disease or condition associated with a telomere and/or chromosome
abnormality. Increasing expression of Zscan4 induces telomere lengthening and/or correction of

telomere and/or chromosome abnormalities in the human bone marrow cells.

[0280] Methods are also provided for increasing genome stability of one or more human
cells. In some embediments, the methods may include contacting the one or more human cells
with an agent that increases expression of Zscan4 in the one or more human cells, where
increased expression of Zscand increases genome stability in the one or more human cells as

compared to one or more corresponding human cells that are not contacted with the agent.

[0281] Methods are also provided for increasing DNA repair capacity of one or more human
cells. In some embodiments, the methods may include contacting the one or more human cells

with an agent that increases expression of Zscan4 in the one or more human cells, where
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increased expression of Zscan4 increases DNA repair capacity in the one or more human cells as

compared to one or more corresponding human cells that are not contacted with the agent.

[0282] Methods are also provided for rejuvenating one or more human cells andfor extending
lifespan of one or more human cells, In some embodiments, the methods may include contacting
the one or more human cells with an agent that increases expression of Zscan4 in the one or more
human cells, where increased expression of Zscan4 rejuvenates and/or extends the lifespan of the
one or more human cells as compared to one or more corresponding human cells that are not

contacted with the agent.

[0283] Methods are provided for rejuvenating a tissue or organ in a subject and/or extending
lifespan of a tissue or organ in a subject. In some embodiments, the methods may include
administering to a subject in need thereof an agent that increases expression of Zscan4 in the
tissue or organ, wherein increasing expression of Zscan4 rejuvenates and/or extends the lifespan

of the tissue or organ.

[0284] Methods are provided for treating a disease or condition associated with one or more
deficiencies in resident tissue stem cells (i.e., tissue stem cells resident in the organ and/or tissue
of the human body), such as Duchenne muscular dystrophy. In some embodiments, the methods
may include administering to resident tissue stem cells in a subject in need thereof an agent that
increases expression of Zscan4 in the resident tissue stem cells, wherein increasing expression of

Zscan4 prevents the deterioration of the cells.

[0285]  Methods are provided for rejuvenating a subject in need thereof and/or extending.
lifespan of a subject in need thereof. In some embodiments, the methods may include
administering to the subject an agent that increases expression of Zscan4, wherein increasing
expression of Zscan4 rejuvenates and/or extends the lifespan of the subject. In certain
embodiments, the methods may include isolating one or more human cells from the subject;
contacting the one or more human cells with an agent that increases expression of Zscan4 in the
one or more human cells, where increasing expression of Zscan4 rejuvenates and/or extends the
lifespan of the one or more human cells, and administering the contacted one or more human
cells to the subject to rejuvenate and/or extend the lifespan of the subject. In some embodiments,
administering the agent that increases expression of Zscan4 may include, without limitation,
injecting the agent to each organ and tissue of the body, injecting the agent to the circulating
blood of the subject, injecting the agent into the cerebrospinal fluids of the subject, injecting the

agent into the lymphatic system of the subject, administering the agent into the lung tissue of the
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subject, administering the agent into the digestive organs and tissues, including the esophagus,
stomach, and intestines of the subject, injecting the agent into portal veins of the subject, and
topically administering the agent the skin and skin appendages, such as hair follicles and sweat
glands to rejuvenate the tissue stem cells, progenitor cells, and/or terminally differentiated cells
residing in the treated organ and/or tissue. It is believed that the overall effects of the
rejuvenation of tissue stem cells, progenitor cells, and/or terminally differentiated cells in the
treated subject are the rejuvenation of the subject and/or the slowing down of the aging process
of the subject. It is also believed that rejuvenation of tissue stem cells, progenitor cells, and/or
terminally differentiated cells in the treated subject will result in lifespan extension of the

subject.

[0286]  For example, provided herein is a method of treating a subject with cancer by
administering to the subject a Zscan4 polypeptide or polynucleotide. A subject may refer to
living multi-cellular vertebrate organisms, a category that includes human and non-human
mammals, In some embodiments, the method further includes selecting a patient in need of such
therapy, such as a subject that has been diagnosed with cancer. Cancer may refer to a malignant
tumor characterized by abnormal or uncontrolled cell growth. Other features often associated
with cancer include metastasis, interference with the normal functioning of neighboring cells,
release of cytokines or other secretory products at abnormal levels and suppression or
aggravation of inflammatory or immunelogical response, invasion of surrounding or distant
tissues or organs, such as lymph nodes, etc. Metastatic disease may refer to cancer cells that
have left the original tumor site and migrate to other parts of the body for example via the

bloodstream or lymph system,

[0287] In some embodiments of the methods disclosed herein, the subject is administered a
Zscan4 polynucleotide, In some examples, the subject is administered a vector including a
Zscan4 polynucleotide. Methods of generating and using Zscand-expresssing vectors are
described in other sections of the application. In some embodiments, the Zscan4 polynucleotide
(or vector including the Zscand polynucleotide) is administered directly to tumor cells to tumor

tissue, such as by injection.

[0288]  In some embodiments, the subject is administered a Zscan4 polypeptide. In some
embodiments, a Zscan4 polynucleotide and/or Zscand polypeptide of the present disclosure is

encapsulated by a nanoparticle to aid in delivery of the Zscand polynucleotide, Zscand
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polypeptide, and/or agent that induces Zscan4 expression to tumor cells. Suitable nanoparticles

for use with the disclosed methods are known in the art and are described below.

[0289] Nanoparticles are submicron (less than about 1000 nm) sized drug delivery vehicles
that can carry encapsulated drugs such as synthetic small molecules, proteins, peptides and
nucleic acid based biotherapeutics for either rapid or controlled release. A variety of molecules
{e.g., proteins, peptides and nucleic acid molecules) can be efficiently encapsulated in

nanoparticles using processes well known in the art.

[0290] The nanoparticles for use with the compositions and methods described herein can be
any type of biocompatible nanoparticle, such as biodegradable nanoparticles, such as polymeric
nanoparticles, including, but not limited to polyamide, polycarbonate, polyalkene, polyvinyl
ethers, and cellulose ether nanoparticles. In some embodiments, the nanoparticles are made of
biocompatible and biodegradable materials. In some embodiments, the nanoparticles include,
but are not limited to nanoparticles including poly(lactic acid) or poly(glycolic acid), or both
poly(lactic acid) and poly(glycolic acid). In some embodiments, the nanoparticles are poly(D,I.-

lactic-co-glycolic acid) (PLGA) nanoparticles.

[0291]  PLGA is an FDA-approved biomaterial that has been used in resorbable sutures and
biodegradable implants. PLGA nanoparticles have also been used in drug delivery systems for a
variety of drugs via numerous routes of administration including, but not limited to,
subcutaneous, intravenous, ocular, oral and intramuscular. Administration may refer to
providing or giving a subject an agent by any effective route. An exemplary route of
administration includes, but is not limited to, injection (such as subcutaneous, intramuscular,
intradermal, intraperitoneal, intravenous or intra-arterial). PLGA degrades into its monomer
constituents, lactic and glycolic acid, which are natural byproducts of metabolism, making the
material highly biocompatible. In addition, PLGA is commercially available as a clinical-grade

material for synthesis of nanoparticles.

[0292]  Other biodegradable polymeric materials are contemplated for use with the
compositions and methods described herein, such as poly(lactic acid) (PLA) and polyglycolide
(PGA). Additional useful nanoparticles include biodegradable poly(alkylcyanoacrylate)
nanoparticles (Vauthier et al., Adv, Drug Del. Rev. 55: 519-48, 2003). Oral adsorption also may
be enhanced using poly(lactide-glycolide) nanoparticles coated with chitosan, which is a
mucoadhesive cationic polymer. The manufacture of such nanoparticles is described, for

example, by Takeuchi et al. (Adv. Drug Del. Rev. 47: 39-54, 2001).
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[0293] Among the biodegradable polymers currently being used for human applications,

PLA, PGA, and PLGA are known to be generally safe because they undergo in vivo hydrolysis
to harmless lactic acid and glycolic acid. These polymers have been used in making sutures
when post-surgical removal is not required, and in formulating encapsulated leuprolide acetate,
which has been approved by the FDA for human use (Langer and Mose, Science 249:1527,
1990); Gilding and Reed, Polymer 20:1459, 1979; Morris, et al., Vaccine 12:5, 1994). The
degradation rates of these polymers vary with the glycolide/lactide ratio and molecular weight
thereof. Therefore, the release of the encapsulated molecule (such as a protein or peptide) can be
sustained over several months by adjusting the molecular weight and glycolide/lactide ratio of

the polymer, as well as the particle size and coating thickness of the capsule formulation

(Holland, et al., J. Control. Rel. 4:155, 1986).

[0294] In some embodiments, the nanoparticles for use with the compositions and methods
described herein range in size from about 50 nm to about 1000 nm in diameter. In some
embodiments, the nanoparticles are less than about 600 nm. In some embodiments, the
nanoparticles are about 100 to about 600 nm in diameter. In some embodiments, the
nanoparticles are about 200 to about 500 nm in diameter. In some embodiments, the
nanoparticles are about 300 to about 450 nm in diameter. One skilled in the art would readily
recognize that the size of the nanoparticle may vary depending upon the method of preparation,

clinical application, and imaging substance used.

[0295]  Various types of biodegradable and biocompatible nanoparticles, methods of making
such nanoparticles, including PLGA nanoparticles, and methods of encapsulating a variety of
synthetic compounds, proteins and nucleic acids, has been well described in the art (see, for
example, U.S. Publication No. 2007/0148074; {J.S. Publication No. 20070092575; U.S. Patent
Publication No. 2006/0246139; U.S. Pat. No. 5,753,234; U.S. Pat. No. 7,081,489; and PCT
Publication No. W0O/2006/052285).

[0296] In some embodiments, one or more human cells are contacted with an agent that
increases expression of Zscand in the one or more human cells. As used herein, a human cell
that has been contacted with an agent that increases the expiession of Zscan4 is referred to as a
“Zscand” human cell”, As disclosed herein, “Zscand+ cells” include, without limitation, cells that
transiently express Zscand. That is, Zscand+ cells do not necessarily continue to have a contact
with Zscand or continually express Zscan4. As disclosed in some embediments of the present

disclosure, the action of Zscan4 is rapid and usually requires only transient and short contact
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(e.g., in the order of hours to days). In the case of telomeres, once telomeres are extended by the

transient Zscan4 action, Zscan4 is not required for a long time as the telomeres get shorter only
gradually. Accordingly, “Zscan4+ human cells” can include both cells that are contacted with an
agent of the present disclosure that increases expression of Zscan4, and cells that were contacted
with an agent of the present disclosure that increases expression of Zscan4, but are no longer in
contact with the agent. Zscand+ human cells may be administered to.a subject in need thereof to

treat a disorder or disease.

[0297] Subjects that can be treated using the methods provided herein may include
mammalian subjects, such as a veterinary or human subject. Subjects may include a fetus,
newborns, infants, children, and/or adults. In some embodiments, the subject to be treated is
selected, such as selecting a subject that would benefit from human cell therapy, particularly
therapy that includes administration of Zscan4+ human cells and/or an agent that increases

Zscand expression in human celis.

[0298] Examples of disorders or diseases that can benefit from administration of Zscand-+
human cells and/or an agent that increases Zscan4 expression in hurman cells include those
disorders or diseases that are associated with telomere-shortening, Further examples of
disorders or diseases that can benefit from administration of Zscan4-+ human cells and/or an
agent that increases Zscand expression in human cells include cancer, autoimmune discases, and
diseases in which cell regeneration is beneficial, such as neurologic injuries or a
neurodegenerative disorders, as well as blindness, deafness, tooth loss, arthritis, myocardial
infarctions, bone marrow transplants, baldness, Crohn's disease, diabetes, muscular dystrophy,
and Duchenne muscular dystrophy. In particular examples, a subject having one or more of these

disorders is selected for the treatments herein disclosed.

[0299] In some embodiments, a subject of the present disclosure in need of Zscan4 treatment
has a disease or condition associated with a telomere abnormality. A telomere abnormality may
refer to any change in a telomere, such as telomere shortening, disruption of telomeric DNA
repeats, or telomere DNA mutation, that disrupts one or more telomere function. Exemplary
diseases or conditions associated with telomere abnormality that may benefit from Zscand+
human cells and/or an agent that increases Zscand expression in human cells may include,
without limitation, diseases of telomere shortening, bone marrow failure syndromes, age-related

telomere shortening diseases, and premature aging disorders.
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[0300] A disease or condition of telomere shortening that may benefit from Zscand+ human

cells and/or an agent that increases Zscan4 expression in human cells may include, without
limitation, dyskeratosis congenita, Hoyeraal-Hreidarsson syndrome, Revesz syndrome, Coats
plus syndrome, idiopathic pulmonary fibrosis, liver cirrhosis, pancreatic fibrosis, and

degenerative diseases, such as Alzheimer’s discase and osteoarthritis.

[0301] A disease or condition of a bone marrow failure syndrome that may benefit from
Zscand+ human cells and/or an agent that increases Zscand expression in human cells may
include, without limitation, Fanconi anemia, amegakaryocytic thrombocytopenia, aplastic
anemia, Diamond Blackfan anemia, dyskeratosis congenita, paroxysmal nocturnal
hemoglobinuria (PNH), Pearson syndrome, Shwachman Diamond syndrome, thrombocytopenia,

-and myelodysplastic syndrome.

[0302] A disease or condition that is an age-related telomere shortening disease or a
premature aging disease that may benefit from Zscan4+ human ceils and/or an agent that
increases Zscan4 expression in human cells may include, without limitation, Werner syndrome,
Bloom’s syndrome, Hutchinson-Gilford progeria syndrome, Cockayne syndrome, Xeroderma
pigmentosa, Ataxia telangiectasia, Rothmund Thomson syndrome, Trichothiodystrophy, Juberg-

Marsidi syndrome, and Down syndrome,

[0303] In some embodiments, a subject of the present disclosure has a disease or condition
associated with a chromosome abnormality. A chromosome abnormality may refer to any
anomaly, aberration, or mutation in a chromosome that results in a missing, extra, or irregular
portion of chromosomal DNA. In certain embodiments, a chromosome abnormality may result
in anatypical number of chromosomes or a structural abnormality in one or more chromosomes.
In certain embodiments, a chromosome abnormality may include a karyotype abnormality, such
as aneuploidy. As used herein, aneuploidy may refer to-an abnormal number of whole
chromosomes or parts of chromosomes, including, without limitation, chromosome nullisomy,
chromoseme monosomy, chromosome trisomy, chromosome tetrasomy, and chromosome
pentasomy. Examples of human aneuploidies include, without limitation, trisomy 21, trisomy
16, trisomy 18 (Edwards syndrome), trisomy 13 (Patau syndrome), monosomy X (Turner’s

" syndrome), XXX aneuploidy, XXY aneuploidy, and XYY aneuploidy, Examples of human
segmental aneuploidy include, without limitation, 1p36 duplication, dup(17)(p11.2p11.2)
syndrome, Pelizaeus-Merzbacher disease, dup{22)(q11.2q11.2) syndrome, and cat-eye

syndrome. In some embodiments, an aneuploidy may include one or more deletions of sex or
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autosomal chromosomes, which can result in a condition such as Cri-du-chat syndrome, Wolf-

Hirschhorn, Williams-Beuren syndrome, Charcot-Marie-Tooth disease, Hereditary neuropathy
with liability to pressure palsies, Smith-Magenis syndrome, Neurofibromatosis, Alagille
syndrome, Velocardiofacial syndrome, DiGeorge syndrome, Steroid sulfatase deficiency,
Kallmann syndrome, Microphthalmia with linear skin defects, Adrenal hypoplasia, Glycerol
kinase deficiency, Pelizaeus-Merzbacher disease, Testis-determining factor on Y, Azoospermia
(factor. a), Azoospermia (factor b), Azoospermia (factor ¢), or 1p36 deletion. Accordingly, in
certain embodiments, Zscan4+ human cells and/or an agent that increases Zscan4 expression in
human cells may be used to treat aneuploidy or a disease, disorder, or condition associated with

an aneuploidy.

[0304] Various types of diseases, disorders, and conditions may benefit from Zscand+
human cells and/or an agent that increases Zscan4 expression in human cells including, without
limitation, immunological deficiencies, an autoimmune disease, an autoimmune disorder,
chronic ulcers, atherosclerosis, cancer, a neurologic injury, a degenerative disorder, a
neurodegenerative disorder, wound healing, muscle repair, cardidc muscle repair, cartilage
replacement, arthritis, osteoarthritis, tooth regeneration, blindness, age-related blindness due to
proliferative decline of retinal pigmented epithelial cells, deafness, bone marrow failure, bone
marrow transplant, diabetes, muscular dystrophy, Duchenne muscular dystrophy, a genetic

disease, a genetic mutation, and DNA damage.

[0305] Cancers include malignant tamors that are characterized by abnormal or uncontrolled
cell growth. Cancers are frequently associated with genome instability, chromosome
abnormalities, DNA mutations, and aberrant telomere regulation. Based on the Zscan4 activities
described herein, such as increasing the genome stability and correcting chromosome
abnormalities, Zscan4 biologics of the present disclosure (e.g., agents of the present disclosure
that increase Zscan4 expression in human cells) may be administered to treat cancer patients. As
disclosed herein in Example 17, applicant has shown that Zscan4 biologics can slow down the
proliferation of cancer cells. Accordingly, in some embodiments, an agent of the present
disclosure that increases Zscan4 expression in human cells may be administered to prevent
cancer cells from becoming more aggressive due to genome instability, chromosome
abnormalities, DNA mutations, and/or aberrant telomere regulation. Furthermore, Zscand+
human cells, such as immune cells, may be administered to cancer patients to enhance their
physical abilities to suppress the growth of cancer cells. In other embodiments, Zscand+ human

cells may be used in patients who have had a tumor removed, wherein specific cells
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differentiated from Zscan4+ cells are used to reconstruct the removed tissues and/or organs. In

other embodiments, an agent of the present disclosure that increases Zscan4 expression in human

cells may be administered to represses the growth (e.g., proliferation) of the cancer cells.

[0306] It is known that human cancer tissues {e.g., tumors) contain cancer stem cells, which
are not actively proliferating and are resistant to cancer chemotherapy (e.g., treatment with
chemotherapeutic agents such as cisplatin}. It is believed that cancer stem cells can survive
treatment with chemotherapy, and thus results in the recurrence of the cancer after the treatment.
It is also believed that endogenous ZSCAN4 expression occurs in certain cancer stem cells, thus
providing the cells with protection from the chemotherapeutic agents. As such, it is believed that
agents that reduce the expression of endogenous ZSCAN4, such as siRNAs or shRNAs specific
for ZSCAN4, may be administered to cancer patients who are undergoing or will undergo
chemotherapy to reduce or eliminate resistance to one or more chemotherapeutic agents in the
cancer stem cells, thereby improving respensiveness to the one or more chemotherapeutic agents

in the patient.

[0307] Exemplary cancers that can benefit from Zscan4+ human cells and/or an agent that
increases Zscan4 expression in human cells provided herein include but are not limited to
cancers of the heart (e.g., sarcoma (angiosarcoma, fibrosarcoma, thabdomyosarcoma,
liposarcoma), myxoma, rthabdomyoma, fibroma, lipoma and teratoma), lung (e.g., bronchogenic
carcinoma (squamous cell, undifferentiated small cell, undifferentiated large cell,
adenocarcinoma), alveolar (bronchiolar) carcinoma, bronchial adenoma, sarcoma, lymphoma,_
chondromatous hamartoma, mesothelioma); gastrointestinal tract (e.g., esophagus (squamous
cell carcinoma, adenocarcinoma, leiomyosarcoma, lymphoma), stomach (carcinoma, lymphoma,
leiomyosarcoma), pancreas (ductal adenocarcinoma, insulinoma, glucagonoma, gastrinoma,
carcinoid tumors, vipoma), small bowel (adenocarcinoma, lymphoma, carcinoid tumors,
Kapost’s sarcoma, leiomyoma, hemangioma, lipoma, neurofibroma, fibroma), large bowel
(adenocarcinoma, tubular adenoma, villous adenoma, hamartoma, leiomyoma), genitourinary
tract (e.g., kidney (adenocarcinoma, Wilms’ tumor, nephroblastoma, lymphoma, leukemia),
bladder and urethra (squamous cell carcinoma, transitional cell carcinoma, adenocarcinoma),
prostate (adenocarcinoma, sarcoma), testis (seminoma, teratoma, embryonal carcinoma,
teratocarcinoma, choriocarcinoma, sarcoma, inferstitial cell carcinoma, fibroma, fibroadenoma,
adenomatoid tumors, lipoma), liver (e.g., hepatoma (hepatocellular carcinoma),
cholangiocarcinoma, hepatoblastoma, angiosarcoma, hepatocellular adenoma, hemangioma),

bone (e.g., osteogenic sarcoma (osteosarcoma), fibrosarcoma, malignant fibrous histiocytoina,
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chondrosarcoma, Ewing's sarcoma, malignant lymphoma (reticulum cell sarcoma), multiple

myeloma, malignant giant cell tumor, chordoma, esteochondroma (osteocartilaginous exostoses),
benign chondroma, chondroblastoma, chondromyxofibroma, osteoid osteoma and giant cell
tumors), nervous system (e.g., skull (osteoma, hemangioma, granuloma, xanthoma, osteitis
deformans), meninges (meningioma, meningiosarcoma, gliomatosis), brain (astrocytoma,
medulloblastoma, glioma, ependymoma, germinoma >pinealoma!, glioblastoma multiforme,
oligodendroglioma, schwannoma, retinoblastoma, congenital tumors), spinal cord
(neurofibroma, meningioma, glioma, sarcoma)), gynecological cancers (e.g., uterus (endometrial
carcinoma), cervix (cervical carcinoma, pre-tumor cervical dysplasia), ovaries (ovarian
carcinoma, serous cystadenocarcinoma, mucinous cystadenocarcinoma, endometrioid tumors,
Brenner tumor, clear cell carcinoma, unclassified carcinoma, granulosa-thecal cell tumors,
Sertoli-Leydig cell tumors, dysgerminoma, malignant teratoma), vulva (squamous cell
carcinoma, intraepithelial carcinoma, adenocarcinoma, fibrosarcoma, melanoma), vagina (clear
cell carcinoma, squamous cell carcinoma, botryoid sarcoma, embryonal rhabdomyosarcoma,
fallopian tubes (carcinoma)), hematologic cancers (e.g., blood (myeloid leukemia (acute and
chronic), acute lymphoblastic leukemia, chronic lymphocytic leukemia, myeloproliferative
diseases, multiple myeloma, myelodysplastic syndrome), Hodgkin's disease, non-Hodgkin's
lymphoma (malignant lymphoma)), skin (e.g., malignant melanoma, basal cell carcinoma,
squamous eell carcinoma, Kaposi’s sarcoma, moles, dysplastic nevi, lipoma, angioma,

dermatofibroma, keloids, psoriasis), and adrenal glands (e.g., neuroblastoma).

[0308] In some embodiments, a patient with an autoimmune disease is selected for treatment,
An autoimmune disease may refer to a disease resulting from an aberrant immune response, such
as the production of antibodies or cytotoxic T cells specific for a self-antigen or a subject's own
cells or tissues. Autoimmune diseases can result from an overactive immune response of the
body against substances and tissues normally present in the body. In some examples, the
autoimmune disease is be restricted to certain organs (e.g., in thyroiditis) or can involve a
particular tissue in different places (e.g., Goodpasture's disease which may affect the basement
membrane in both the lung and the kidney). Accordingly, in some embodiments, Zscand+
human cells, such as hematopoietic stem cells and/or immune cells, and/or an agent of the
present disclosure that increases Zscand expression in human cells, may be used to treat an
autoimmune disease in a subject, by correcting the immune system of a patient with an
autoimmune disease. Exemplary autoimmune diseases that can benefit from Zscand+ human
cells and/or an agent that increases Zscand expression in human cells provided herein include but

are not limited to, theumatoid arthritis, juvenile oligoarthritis, collagen-induced arthritis,
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adjuvant-induced arthritis, Sjogren's syndrome, multiple sclerosis, experimental autoimmune

encephalomyelitis, inflammatory bowel disease (for example, Crohn's disease, uicerative colitis),
autoimmune gastric atrophy, pemphigus vulgaris, psoriasis, vitiligo, type 1 diabetes, non-obese
diabetes, myasthenia gravis, Grave's disease, Hashimoto's thyroiditis, sclerosing cholangitis,
sclerosing sialadenitis, systemic fupus erythematosis, autoimmune thrombocytopenia purpura,
Goodpasture's syndrome, Addison's disease, systemic sclerosis, polymyositis, dermatomyositis,

autoimmune hemolytic anemia, and pernicious anemia.

[0309] In some embodiments, the subject selected is one who has suffered a neurologic
injury or suffers from a neurodegenerative disorder. A neurological injury may. refer to a trauma
to the nervous system (such as to the brain or spinal cord or particular neurons), which adversely
affects the movement and/or memory of the injured patient. For example, such patients may
suffer from dysarthria (a motor speech disorder), hemiparesis or hemiplegia. Neurologic injuries
can result from a trauma to the nervous system (such as to the brain or spinal cord or particular
neurons), which adversely affects the movement and/or memory of the injured patient. Such
traumas may be caused by an infectious agent (e.g., a bacterium or virus), a toxin, an injury due
to a fall or other type of accident, or genetic disorder, or for othér unknown reasons.
Accordingly, in some embodiments, Zscan4+ human cells, such as hematopoietic stem cells,
neural stem cells, mesenchymal stem cells, and/or immune cells, and/or an agent of the present
disclosure that increases Zscan4 expression in human cells, may be used to treat a neurologic
injury in a subject, by rejuvenating tissue stem cells in the nervous system of a patient that has
suffered a neurologic injury, where rejuvenating tissue stem cells in the nervous system produces
neurons and glial cells, thereby repairing defects in nervous system. In some embodiments, the
patient may have suffered a neurologic injury, such as a brain or spinal cord injury resulting from

an accident, such as an automobile or diving accident, or from a stroke,

[0310] A neurodegenerative disease is a condition in which cells of the brain and spinal cord
are lost. Neurodegenerative diseases result from deterioration of neurons or their myelin sheath
which over time lead to dysfunction and disabilities. Conditions that result can cause problems
with movement (such as ataxia) and with memory (such as dementia). Accordingly, in some
embodiments, Zscan4d+ human cells, such as hematopoietic stem cells, neural stem cells,
mesenchymal stem cells, and/or immune cells, and/or an agent of the present disclosure that
increases Zscan4 expression in human cells, may be used to treat a neurodegenerative disease in
a subject, by rejuvenating tissue stem cells in the nervous system of a patient suffering from a

neurodegenerative disease, where rejuvenating tissue stem cells in the nervous system produces
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neurons and glial cells, thereby repairing defects in nervous system. In some embodiments, the

Zscand+ human cells and/or agent rejuvenate the nervous system of thé subject and revert the
degenerative conditions of the disease. Exemplary neurodegenerative diseases Zscan4+ human
cells and/or an agent that increases Zscan4 expression in human cells provided herein include but
are not limited to: adrenoleukodystrophy (ALD), alcoholism, Alexander's disease, Alper's
disease, Alzheimer's disease, amyotrophic lateral sclerosis (Lou Gehrig's Disease), ataxia
telangiectasia, Batten disease (also known as Spielmeyer-Vogt-Sjogren-Batten disease), bovine
spongiform encephalopathy (BSE), Canavan disease, cerebral palsy, Cockayne syndrome,
Corticobasal degeneration, Creutzfeldt-Jakob disease, familial fatal insomnia, frontotemporal
lobar degeneration, Huntington's disease, HIV-associated dementia, Kennedy's disease, Krabbe's
disease, Lewy body dementia, neuroborreliosis, Machado-Joseph disease (Spinocerebellar ataxia
type 3), Multiple System Atrophy, multiple sclerosis, narcolepsy, Niemann Pick disease,
Parkinson's disease, Pelizaeus-Merzbacher Disease, Pick's disease, primary lateral sclerosis,
prion diseases, progressive supranuclear palsy, Refsum's disease, Sandhoff disease, Schilder's
disease, subacute combined degeneration of spinal cord secondary to Pernicious Anaemia,
Spielmeyer-Vogt-Sjogren-Batten disease (also known as Batten disease), spinocerebellar ataxia,
spinal muscular atrophy, Steele-Richardson-Olszewski disease, Tabes dorsalis, toxic

encephalopathy.

[0311]  Zscan4+ human cells can be obtained or generated using the methods described
herein. Methods of administering Zscand+ human cells to mammalian subjects are known in the
art. For example, Zscan4-+ human cells administered to a subject in need of such therapy via
injection, such as subcutaneous, intramuscular, intradermal, intraperitoneal, intravenous or intra-
arterial administration. In some embodiments, Zscand+ human.cells are administered directly to
the area in need of treatment, such as to a cancerous organ or tissue, or to-the brain or spinal
cord. In some embodiments, Zscand+ human cells are administered alone, in the presence of a
pharmaceutically acceptable carrier (such as encapsulated in a suitable polymer) or in the
presence of other therapeutic agents. In some embodiments, a subject is administered at least
20,000 Zscand-+ human cells, such as at least 50,000, at least 100,000, at least 500,000, at least
1,000,000, or at least 2,000,000 Zscand+ human cells.

[0312] In some aspects, the methods of the present disclosure involve the use of a therapeutic
amount of an agent that increases expression of Zscan4. A therapeutic amount of an agent may
refer to the amount of a therapeutic agent sufficient to achieve the intended purpose. For

example, a therapeutic amount of Zscand+ human cells and/or an agent that increases Zscan4
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expression in a human cell to treat a disease or condition associated with a telomere abnormality
is an amount sufficient to reduce the disease or condition or one or more symptoms of the
disease or condition. A therapeutic amount may in some example not treat the disease or
condition or symptoms of the disease or condition 100%. However, a decrease in any known
feature or symptom of the disease or condition, such as a decrease of at least 10%, at least 15%,
at least 25%, at least 30%, at least 50%, at least 60%, at least 70%, at least 75%, at least 85%, at
least 95%, or greater, can be therapeutic. The therapeutic amount of a given therapeutic agent
‘will vary with factors such as the nature of the agent, the route of administration, the size and/or
age of the subject to receive the therapeutic agent, and the purpose of the administration. The
therapeutic amount in each individual case can be determined empirically without undue

experimentation by a skilled artisan according to established methods in the art.

[0313]  In some aspects, the methods of the present disclosure involve the use of a
pharmaceutical agent. A pharmaceutical agent may refer to a chemical compound, small
‘molecule, or.other composition, such as a Zscand+ human cell, capable of inducing a desired
therapeutic or prophylactic effect when properly administered to a subject or a cell. “Incubating”
includes a sufficient amount of time for a drug to interact with a cell. “Contacting” includes

incubating a drug in solid or in liquid form with a cell.

[0314]  The pharmaceutically acceptable carriers of use in the present disclosure are
conventional. Remington's Pharmaceutical Sciences, by E. W. Martin, Mack Publishing Co.,
Easton, Pa., 15th Edition (1975), describes compositions and formulations suitable for
pharmaceutical delivery of the Zscan4 proteins, Zscand nucleic acid molecules, retinoids, agents
that induce oxidative stress, and cells disclosed herein. In general, the nature of the carrier will
depend on the particular mode of administration being employed. For instance, parenteral
formulations usually comprise injectable fluids that include pharmaceutically and
physiologically acceptable fluids such as water, physiological saline, balanced salt solutions,
aqueous dextrose, glycerol or the like as a vehicle. For solid compositions (e.g., powder, pill,
tablet, or capsule forms), conventional non-toxic solid carriers can include, for example,
pharmaceutical grades of mannitol, lactose, starch, or magnesium stearate. In addition to
biologically-neutral carriers, pharmaceutical compositions to be administered can contain minor
amounts of non-toxic auxiliary substances, such as wetting or emulsifying agents, preservatives,

and pH buffering agents and the like, for example, sodium acetate or sorbitan monolaurate,
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[0315] In one example, Zscan4+ human cells and/or an agent that increases Zscan4

expression in human cells are encapsulated into a semipermeable polymer membrane and the
polymer membrane transplanted into a tissue site of a host subject. Such methods may achieve
local, long-term chronic delivery of a therapeutic substance with the capability of regulating
release of the substance. See U.S. Pat. No. 5,573,528 for description of encapsulation of
compounds and cells. In one embodiment, Zscand+ human cells and/or an agent that increases
Zscan4 expression in human cells are encapsulated within a polymer membrane. The
encapsulated polymer membrane is then transplanted into a tissue site of a host subject. In one

embodiment, the tissue site is central nervous system, such as brain or spinal cord.

[0316] The semipermeable polymer membrane can be synthetic or natural. Examples of
polymer that can be used include polyethersulfone (PES), polyacrylonitrile-co-vinyl chloride
(P[AN/VC], poly(lactic acid), poly(lactic-co-glycolic acid), methylcellulose, hyaluronic acid,
collagen, and the like. Delivery of encapsulated Zscand+ human cells and/or an agent that
increases Zscan4 expression in human cells within a polymer membrane can avoid host rejection
and immune response to cells, and problems associated with rejection and inflammation. In
addition, cells contained within the polymer membrane are shiclded by the wall of the polymer
(ie., the walls of the individual fibers, fibrils, films, sprays, droplets, particles, etc.) from
immune surveillance while still maintaining cell viability and allowing transport of molecules,
nutrients and metabolic products through the polymer walls. The grafting of polymer-
encapsulated cells has been developed by Aebischer et al., 1991, Transplant, 111:269-275, and
has been successfully used with both non-human primates and humans (Aebischer et al., 1994,

Transplant, 58:1275-1277). See also U.S. Pat. No. 6,110,902.

[0317]  In one embodiment, Zscand+ human cells are encapsulated by first embedding them
into a matrix of either collagen, agarose or PVA (polyvinylalcohol). Subsequently, the
embedded cells are injected into hollow fibers made of polypropylene of a 60:40 copolymer of
polyacrylonitrile:polyvinylchloride. The fibers are cut into pieces and end-sealed for
implantation. 'In one embodiment, the encapsulated cells have about 20,000 to about 2,000,000

Zscand+ human cells.

[0318]  In some examples, the Zscand+ human cells are of exogenous origin. Exogenous
cells may refer to cells obtained from sources other than the subject in which they are implanted
for treatment. Exogenous cells can be from other organisms of the same species (such as human-

derived cells for use in a human patient). Exogenous cells can also be from heterologous
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sources, i.e., from a species distinct from the subject to be therapeutically treated (such as mouse
cells for use in a human), Zscan4+ human cells can also be taken from an isogenic source, i.e.,
from the subject who is to receive the cells. After harvesting the cells from the subject, the cells
can be genetically modified (e.g., a nucleic acid encoding Zscan4 is introduced) or
selected/enriched for Zscand+ human cells, then re-implanted back to the subject. Since the cells

are isogeneic, no immune response is expected.

[0319] In one aspect, the Zscand+ human cells are immortalized. For example and not by
way of limitation, cells can be conditionally immortalized (such that the cells grow well in tissue
culture at reduced temperatures, yet discontinue division once implanted into a patient and
maintained at 37°C) or constitutively immortalized (e.g., transfection with constructs expressing
large T antigen, or immortalization by Epstein Barr virus) by methods well known in the art.
Another method of delivering Zscan4+ human cells into a host subject is to directly transplant
the cells into the target area of a tissue site. Once transplanted, these cells survive, migrate and
integrate seamlessly into the host tissue. In one embodiment, the Zscan4+ human cells are
directly transplanted into the nervous system of the host subject, such as a developing nervous
system or a nervous system that has suffered a trauma or in a subject having a neurological
disorder. When transplanted into a developing nervous system, the Zscan4+ human cells will
participate in processes of normal development and will respond to the host's developmental
cues. The transplanted neural precursor cells will migrate along established migratory pathways,
will spread widely into disseminated areas of the nervous system and will differentiate in a
temporally and regionally appropriate manner into progeny from both the neuronal and glial
lineages in concert with the host developmental program. The transplanted Zscan4+ human cell
is capable of non-disruptive intermingling with the host neural precursor cells as well as
differentiated cells. The transplanted cells can replace specific deficient neuronal or glial cell

populations, restore defective functions and can express foreign genes in a wide distribution.

[0320]  The Zscan4+ human cells can also be transplanted into a developed nervous system,
The transplanted neural precursor cells can form a stable graft, migrate within the host nervous
system, intermingle and interact with the host neural progenitors and differentiated cells. They
can replace specific deficient neuronal or glial cell populations, restore deficient functions and
activate regenerative and healing processes in the host's nervous system. In one embodiment, the

stable graft is a graft established in the cenfral nervous system or the peripheral nervous system.
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[0321]  Similar methods can be used to directly transplant Zscan4-+ human cells into any

region in need of human cell therapy. Such cells may be undifferentiated or differentiated into
the desired cell type in vitro (then administered to a subject in need thereof). For example,
where organ regeneration is desired, for example for replacement of organs or tissues removed to
treat cancer or lost for other reasons (e.g., teeth, hair, cells of the ear or eyes, skin or muscle). In
one embodiment, Zscand4 human cells are directly transplanted into the heart, for example to
regenerate cardiac tissue or cells lost to myocardial infarction. In one embodiment, Zscand+
human cells are directly transplanted into the pancreas, for example to regenerate cells in a
subject with diabetes. In one embodiment, Zscand+ human cells are directly transplanted into
the bone or administered systemically, for example to regenerate bone marrow cells in a subject

having carncer.

[0322]  The therapeutic dose and regimen most appropriate for patient treatment will vary
with diseases or conditions to be treated, and according to the patient's weight and other
parameters, An effective dosage and treatment protocol can be determined by conventional
means, starting with a low dose in laboratory animals and then increasing the dosage while
monitoring the effects, and systematically varying the dosage regimen, Numerous factors can be
taken into consideration by a clinician when determining an optimal dosage for a given subject.
Factors include the size of the patient, the age of the patient, the general condition of the patient,
the particular disease being treated, the severity of the disease, the presence of other drugs in the
patient, and the like. The trial dosages would be chosen after consideration of the results of

animal studies and the clinical literature.

[0323]  Accordingly, Zscand+ human cells and/or an agent that increases Zscan4 cxpression
in human cells are administered to subjects so as to reduce or ameliorate symptoms associated
with a particular disorder, particularly those associated with telomere abnormalities. Therapeutic
endpoints for the treatment of cancer can include a reduction in the size or volume of a tumor,
reduction in angiogenesis to the tumor, or reduction in metastasis of the tumor. If the tumor has
been removed, another therapeutic endpoint can be regeneration of the tissue or organ removed,
Effectiveness of cancer treatment can be measured using methods in the art, for example imaging
of the tumor or detecting tumor markers or other indicators of the presence of the cancer.
Therapeutic endpoints for the treatment of autoimmune diseases can include a reduction in the
autoimmune response, Effectiveness of autoimmune disease treatment can be measured using
methods in the art, for example measuring of autoimmune antibodies, wherein a reduction in

such antibodies in the treated subject indicates that the therapy is successful. Therapeutic
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endpoints for the treatment of neurodegenerative disorders can include a reduction in

neurodegenerative-related deficits, e.g., an increase in motor, memory or behavioral deficits.
Effectiveness of treating neurodegenerative disorders can be measured using methods in the art,
for example by measuring cognitive impairment, wherein a reduction in such impairment in the
treated subject indicates that the therapy is successful. Therapeutic endpoints for the treatment
of neurologic injuries can include a reduction in injury-related deficits, e.g., an increase in motor,
memory or behavioral deficits.. Effectiveness of treating neurologic injuries can be measured
using methods in the art, for example by measuring mobility and flexibility, wherein an increase
in such in the treated subject indicates that the therapy is successful. Treatment does not require
100% effectiveness. A reduction in the disease (or symptoms thereof) of at least about 10%,
about 15%, about 25%, about 40%, about 50%, or greater, for example relative to the absence of
treatment with Zscand+ human cells and/or an agent that increases Zscan4 expression in human

cells, is considered effective,

[0324] In some examples, Zscand+ human cells are administered at a dose from about 1 x
10" cells to about 1 x 107 cells in a mouse or other small mammal, or a dose from about 1 x 10*
cells to about 1 x 10" cells in a human or other large mammal. In one specific, non-limiting
embodiment, a therapeutically effective amount is about 1 x 10° cells. Other therapeutic agents
(for example, chemical compounds, small molecules, or peptides) can be administered in a
therapeutically effective dose in combination with the Zscand+human cells (for example shortly
before or after, or simultaneously) in order to achieve a desired effect in a subject being treated.
An effective amount of Zscand+ human cells may be administered in a single dose, or in several
doses, for example daily, during a course of treatment. However, one skilled in the art will
appreciate that the effective amount of Zscan4+ human celis will be dependent on the agent
applied, the subject being treated, the severity and type of the affliction, and the manner of

administration of the agent.

[0325]  Agents of the present disclosure that increase expression of Zscand may also be used
to rejuvenate skin, treat atopic dermatitis, or skin lesions in a subject in need thereof, by, for
example, applying an agent of the present disclosure that increase expression of Zscan4 to the

skin of the subject.

[0326] Agents of the present disclosure that increase expression of Zscand may also be used
to treat hair loss by stimulating hair growth in a subject in need thereof, by, for example,

applying an agent of the present disclosure that increase expression of Zscan4 to the scalp of the
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subject. Agents of the present disclosure that increase expression. of Zscan4 may also be used to

prevent or treat hair graying in a subject in need thereof by applying an agent of the present
disclosure that increase expression of Zscan4 to the scalp to increasing telomere length and/or

genome stability melanocyte stem cells in hair follicles, whose dysfunction causes gray hair,

[0327] As disclosed herein, limbal stem cells regenerate corneas, and as such, it is believed
that increasing telomere length and/or genome stability in limbal stem cells by increasing
expression of Zscan4 would rejuvenate corneas in a subject in need thereof. Increasing
expression of Zscand in corneas may also be used to treat dry eyes in a subject in need thereof,
Accordingly, agents of the present disclosure that increase expression of Zscan4 may also be
used to rejuvenate corneas and/or treat dry eye in a subject in need thereof, by, for example,
applying an agent of the present disclosure that increase expression of Zscan4 to a cornea of the

subject.

[0328]  Asdisclosed herein, idiopathic pulmonary fibrosis is known to be caused by the
telomere shortening. Accordingly, agents of the present disclosure that increase expression of
Zscan4 may also be used to treat:idiopathic pulmonary fibrosis in a subject in need thereof, by,
for example, formulating an agent of the present disclosure that increases expression of Zscan4
(e.g., a Zscan4 polynucleotide of the present disclosure) such that it can be inhaled by the subject

in order to treat the idiopathic pulmonary fibrosis.

[0329] Agents of the present disclosure that increase expression of Zscand may also be used
to treat atherosclerosis and/or a coronary heart disease in a subject in need thereof, by, for
example, administering an agent of the present disclosure to the bloodstream of the subject such
that the agent contacts and increases telomere length and/or genome stability of vascular

endothelial cells, thereby treating atherosclerosis and/or a coronary heart disease in the subject.

[0330] Agents of the present disclosure that increase expression of Zscan4 may also be used
to provide resistance to one or more genotoxic agents in one or more human cells and/or a
subject in need thereof, by, for example, contacting the one or more human cells with an agent of
the present disclosure that increases expression of Zscand(e.g., a Zscan4 polynucleotide of the
present disclosure) or administering such an agent to a subject in need thereof, such that
increasing expression of Zscan4 increases resistance to one or more genotoxic agents in the one
or more human cells or subject. Advantageously, Zscand expression can be used to provide
resistance for any known genotoxic agent or drug, including, without limitation, mitomycin C

and cisplatin.
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[6331] 1t is known that there are regions in the genome of iPS cells where DNA methylation

patterns differ from those of human embryonic stem (ES) cells, which is believed to cause
problems in the iPS cells (e.g., see Ohi, Y et al., Nat Cell Biol. 2011 May;13(5):541-9). Without
wishing to be bound by theory, it is believed that agents of the present disclosure that increase
expression of Zscand will improve iPS cells by inducing a DNA methylation pattern in human
iPS cells that is more similar to that of human ES cells, 1t is further believed that inducing a
more human ES cell-like DNA methylation pattern in human iPS can may such cells safer for
therapeutic use. Accordingly, in certain embodiments, agents of the present disclosure.that
increase expression of Zscan4 may be used to induce a human embryonic stem cell-like DNA
methylation pattern in one or more human induced pluripotent stem (iPS) cells, by, for example,
contacting one or more human iPS cells with an agent of the present disclosure that increases
expression of Zscan4(e.g., a Zscan4 polynucleotide of the present disclosure), such that
increasing expression of Zscan4 induces a human embryonic stem cell-like DNA methylation

pattern in the one or more human iPS cells.

[0332] Agents of the present disclosure that increase expression of Zscan4 may also be used
to rejuvenate aged oocytes and correct karyotype abnormalities in both ococyte cells and in vitro
fertilized oocytes, such as zygotes or preimplantation embryos between the one-cell stage and the
blastocyst stage to increase the success rate of in vitro fertilization (IVF); to increase the success
rate of healthy full-term pregnancies in, for example, older women; to correct karyotype
abnormalities, such as aneuploidy; and to reduce the risk of developmental disorders, such as
Down syndrome. Such treatments may be of particular use for in vitro fertilization (IVF) and in
IVF clinics. Accordingly, in certain embodiments, agents of the present disclosure that increase
expression of Zscan4 may be used to rejuvenate one or more human oocyte cells, increase
genome stability in one or more human oocyte cells, and/or correct one or more karyotype
abnormalities in one or more human oocyte cells by, for example, contacting one or more human
oocyte cells with an agent of the present disclosure that increases expression of Zscan4 (e.g., a
Zscand polynucleotide of the present disclosure), such that increasing expression of Zscan4
rejuvenates the one or more human oocyte cells, increases genome stability in the one or more
human oocyte cells, and/or corrects one or more karyotype abnormalities in the one or more
human oocyte cells. In some embodiments, the one or more human oocyte cells are isolated
from a subject prior to contacting with the agent that increases expression of Zscan4. In other
embodiments, once the one or more human oocyte cells have been treated with the agent that

increases expression of Zscan4, the cells undergo in vitro fertilization.
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[0333] In other embodiments, agents of the present disclosure that increase expression of

Zscand may be used to increase genome stability and/or correct one of ‘more karyotype
abnormalities in one or more fertilized human oocytes by, for example, contacting the one or
more fertilized human oocytes with an agent of the present disclosure that increases expression
of Zscan4 (e.g., a Zscan4 polynucleotide of the present disclosure), such that increasing
expression of Zscand increases genome stability and/or corrects the one or more karyotype
abnormalities in the one or more fertilized human oocytes. In some embodiments, the one or
more fertilized human oocytes were fertilized by in vifro fertilization prior to being contacted
with agent that increases expression of Zscan4. In other embodiments, the one or more human
oocytes are isolated from a subject prior to being fertilized. In yet other embodiments, the one or
more fertilized oocytes are preimplantation embryos between the one-cell stage and the

blastocyst stage.

[0334]  In certain embodiments, the agent of the present disclosure that increases expression
of Zscan4 corrects one or more karyotype abnormalities that include, without limitation, an
aneuploidy, such as trisomy 21 (Down syndrome), trisomy 16, trisomy 18 (Edwards syndrome),
trisomy 13 (Patau syndrome), monosomy X (Turner’s syndrome), XXX aneuploidy, XXY
aneuploidy, and XYY aneuploidy; a segmental aneuploidy, such as 1p36 duplication,
dup(17)(p11.2p11.2) syndrome, Pelizaeus-Merzbacher disease, dup(22)(q11.2q11.2) syndrome,
and cat-eye syndrome; and a condition such as Cri-du-chat syndrome, Wolf-Hirschhorn,
Williams-Beuren syndrome, Charcot-Marie-Tooth disease, Hereditary neuropathy with liability
to pressure palsies, Smith-Magenis syndrome, Neurofibromatosis, Alagille syndrome,
Velocardiofacial syndrome, DiGeorge syndrome, Steroid sulfatase deficiency, Kallmann
syndrome, Microphthalmia with linear skin defects, Adrenal hypoplasia, Glyeerol kinase
deficiency, Pelizaeus-Merzbacher disease, Testis-determining factor on Y, Azoospermia (factor

a), Azoospermia {(factor b), Azoospermia (factor ¢), and1p36 deletion.

[0335] As disclosed herein, the human genes SERPINB4, DNMT3L, and DUX4 are marker
genes, whose expression is unregulated when Zscand gene is expressed in human cells. As such,
it is believed that SERPINB4, DNMT3L, and DUX4 may be used as markers for the effects of
Zscand in human cells. Accordingly, in some embodiments methods are provided for
determining one or more Zscan4-induced effects in one or more human cells, for example, by
contacting the one or more human cells with an agent that increases expression of Zscand in one
or more human cells; measuring expression levels of SERPINB4, DNMT3L., and/or DUX4 in the
one or more human cells; and comparing the expression levels of SERPINB4, DNMT3L., and/or
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DUZX4 in the one or more human cells to the expression levels of SERPINB4, DNMT3L., and/or

DUX4 in one or more corresponding human cells that are not contacted with the agent, where an
increase in the expression levels of SERPINB4, DNMTS3L, and/or DUX4 in the one or more
human cells indicates the presence of one or more Zscan4-induced effects in the one or more

human cell.

[0336] In some embodiments, the subjects of the present disclosure are non-human animals.
Non-human animals may refer to all animals other than humans. A non-human animal includes,
but is not limited to, a non-human primate, a farm animal such as swine, cattle, and poultry, a
sport animal or pet such as dogs, cats, horses, hamsters, rodents, such as mice, or a zoo animal

such as lions, tigers or bears. In one embodiment, the non-human animal is a mouse.

[0337] Unless otherwise explained, all technical and scientific terms used herein have the
same meaning as commonly understood by one of ordinary skill in the art to which this
disclosure belongs. The singular terms “a,” “an,” and “the” include plural referents unless
context clearly indicates otherwisé. Similarly, the word “or” is intended to include “and” unless
the context clearly indicates otherwise. Hence “comprising A or B” means including A, or B, or
A and B. It is further to be understood that all base sizes or amino acid sizes, and all molecular
weight or molecular mass values, given for nucleic acids or polypeptides are approximate, and
are provided for description. Although methods and materials similar or equivalent to those
described herein can be used in the practice or testing of the present disclosure, 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 case of conflict,
the present specification, including explanations of terms, will control. In addition, the materials,

methods, and examples are illustrative only and not intended to be limiting.

[0338]  The following examples are provided to illustrate certain particular features and/or
embodiments, These examples should not be construed to limit the disclosure to the particular

features or embodiments described.
EXAMPLES

Example 1: Zscan4 expression corrects chromosome abnormalities in mouse embryonic

stem cells

[0339]  This example describes the finding that expression of Zscan4, either by a synthetic
mRNA encoding Zscan4 or a Sendai virus vector expressing Zscan4, can correct chromosome
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abnormalities in mouse embryonic stem (ES). This example also demeonstrates that synthetic

mRNAs encoding Zscan4 and Sendai virus vector expressing Zscan4 can be used as therapeutic

biologics.

Materials and Methods

Cell culture

[0340] The MC1ZE mouse ES cell line was previously reported (Amano et al., Nat Commun,
2013;4:1966.). MCIZE cells were used as typical mouse ES cells which show poor karyotypes
(i.e., only about 20% of cells carry euploidy) due to long-term cultures (passage number 33), and
the integration of an exogenous gene. Cells were cultured at 37°C in 5% CO?2 in the complete ES
medium as previously described (Amano et al., Nat Commun, 2013;4:1966.): DMEM (Gibco),
15% TBS (Atlanta Biologicals), 1000 U/ml leukemia inhibitory factor (LIF) (ESGRO,
Chemicon), 1 mM sodium pyruvate, 0.1 mM non-essential amino acids (NEAA), 2 mM
GlutaMAX, 0.1 mM beta-mercaptoethanol, and penicillin/streptomycin (50 U/50 pg/ml).

Medium was changed daily and cells were passaged every 2 to 3 days routinely.
Synthetic mRNA

[0341]  For synthesis of modified mRNA, mRNA synthesis was performed as reported
previously by Warren et al. (Warren et al., Cell Stem Cell, 2010 Nov 5;7(5):618-30). Using these
protocol from Warren et al., mRNAs were synthesized by in vitro transcription of template
DNAs encoding human ZSCAN4 or green fluorescent protein (GFP) with mixtures of modified
dNTPs to increase RNA stability as well as translation efficienc_y in mammalian cells. The
following modified dNTPs were used: 3'-0-Me-m7G(5")ppp(57)G ARCA cap analog, 5-
methylcytidine triphosphate, and pseudouridine triphosphate,

Sendai virus vectors

[0342] Sendai vectors that express either mouse Zscandc (SeV18+mZscand/AF) or human
ZSCAN4 (SeVI8+hZSCAN4/AF) were custom-made by MBL (Medical & Biological
Laboratories Co, L'TD). These vectors are referred to as “SeVmZscan4’ or “SeVhZSCAN4”,
respectively, herein. As a control, the same Sendai vector was used, buf the vector expressed a
green fluorescent protein variant, rather than Zscand. These Sendai vectors lack the F protein,
and thus, are not transmissible {Inoue et al., J Virol. 77: 23238-3246, 2003).
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[0343] Sendai vectors that express either mouse Zscandc fused to a Tamoxifen-controllable
ERT2 domain (SeV18+mZERT2/AF), or human ZSCAN4 fused to Tamoxifen-controllable
ERT2 domain (SeV18+hZERT2/AF) were custom-made by MBL (Medical & Biological
Laboratories Co, LTD). These vectors are referred to as “SeVmZERT?2’ or “SeVhZERT2”,
respectively, herein. These Sendai vectors also lack the F protein, and thus, are not transmissible

(Inoue et al., J Virol. 77: 23238-3246, 2003).

[0344]  Additionally, temperature-sensitive Sendai vectors that express either mouse Zscan4
(SeV18+mZscand/TS15AF) or human ZSCAN4 (SeV18+hZSCAN4/TS15AF) were custom-
made by MBL (Medical & Biological Laboratories Co, LTD). These vectors are referred to as
“SeVmZscan4-TS15” or “SeVhZSCAN4-TS15”, respectively, herein, These Sendai vectors are
functional at 35°C, and inactive at 37°C (Ban et al., Proc Natl Acad Sci U S A.
2011;108(34):14234-14239). As a control, the same Sendai vector was used, but the vector
expressed a green fluorescent protein variant, rather than Zscand. This vector is referred to as
“SeVAG-TS15” herein. These Sendai vectors also lacks the F protein, and thus, it is not
transmissible (Inoue et al., J Virol. 77: 23238-3246, 2003).

Karyotype analysis

[0345] 7 Karyotype analysis was petformed by G-banding carried out as described in Amano
et al., Nat Commun, 2013:4:1966,

Results

Synthetic mRNAs encoding mouse or human ZSCAN4 correct chromosome

abnormalities in mouse embryonic stem cells

[0346] FIG. 1A shows the experimental procedure: MC1ZE mouse ES cells (at passage 33)
were plated in a 6 well dish at a concentration of 5x10* cells/well and transfected with either 1
pg of synthetic GFP mRNAs (control) or 1 pg of synthetic human ZSCAN4 mRNAs using 5 ul
of Lipofectamine (RNAIMAX: Life Technologies, California, USA). In addition to cells
transfected with GFP mRNAs, non-transfected cells were also used as controls. Cells were
passaged every 2-3 days, followed by the transfection with synthetic mRNAs. Karyotyping of
cells was carried out at passage 33 (3 days after one-time transfection), at passage 34 (3 days
after three-time transfection), at passage 36 (3 days after 4-time transfection), and at passage 40

(3 days after seven-time transfection).
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[0347] As shown in FIG. 1B, the transfection of mouse ES cells with synthetic mRNAs of

human ZSCAN4 corrected chromosome abnormalities and increased the number of cells with a
normal karyotype (euploidy). Although the one-time transfection was sufficient to see a
significant level of correction, repeated transfections (e.g., seven times) further increased the
number of cells with euploidy from around 20% to 40%. These results indicate that the
introduction of human ZSCAN4 mRNAs into cells can correct abnormalities in chromosome

numbers.

Sendai virus vectors expressing human ZSCAN4 correct chromosome gbnormalities

in mouse embryonic stem cells

[0348] FIG. 2A shows a summary of the karyotype analysis after treating mouse ES cells
with a Sendai virus vector expressing either mouse Zscandc or human ZSCAN4. MC1ZE mouse
ES cells (at passage 33 or 34) were plated in a 6 well dish at a concentration of ; 5x10* cells/well
and treated with either SeVAG (control), SeVmZscand, or SeVhZSCAN4 at the MOI indicated
in FIG. 2A. As an additional control, MC1ZE cells without any treatment were used. After 3
days, the karyotype of cells was analyzed. As shown in FIG, 2A, the karyotype of mouse ES
cells can be dramatically improved by contacting with SeVmZscand or SeVhZSCAN4,

Interestingly, the results show that human ZSCAN4 worked better than mouse Zscandc,

[0349] FIG. 2B shows a summary of karyotype analysis after treating mouse MC1ZE ES
cells with a Sendai virus vector expressing either a mouse Zscandc-ERT?2 fusion protein or a
human ZSCAN4-ERT?2 fusion protein. It is known that the protein fused with the ERT2 domain
can be activated by the presence of Tamoxifen (Tmx) in the cell culture medium. MC1ZE mouse
ES cells (at passage 33 or 34) were plated in a 6 well dish at a concentration of 5x10* cells/well
and treated with either SeVmZERT?2 or SeVhZERT?2 at the MOI indicated in FIG. 2B. As a
control, MC1ZE cells without any treatment were used. As shown in FIG. 2B, treatment with
either SeVmZERT?2 or SeVhZERT?2 can correct chromosome abnormalities even without Tmx.
Addition of Tmx, however, further enhanced the ability of SeVmZERT?2 and SeVhZERT?2 to
correct chromosome abnormalities. The results also show that human ZSCAN4 works better than
mouse Zscandc: the fusion protein, human ZSCAN4-ERT2, in the presence of Tmx, increased

the number of cells with euploidy from 15% to 53%.

[0350] FIG. 3 shows a summary of karyotype analysis after treating MC1ZE mouse ES cells
with a temperature-sensitive Sendai virus vector expressing either mouse Zscande or human

ZSCAN4, MC1ZE mouse ES cells (at passage 33 or 34) were plated in a 6 well dish ata
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concentration of 5x10* cells/well and treated with either SeVAG-TS15 {control), SeVmZscan4-

TS15, or SeVhZSCAN4-TS15 at the MOI indicated in FIG. 3. As an additional control, MC1ZE
cells without any treatment were used. After contacting the cells with these vectors, cells were
cultured at 35°C for three days (FIG. 3A), at 35°C for six days (FIG. 3B), and at 35°C for three
days, followed by culturing at 37°C for three days (FIG. 3C). The correction of chromosome
abnormalities by contacting cells with either SeVmZscan4-TS15 or SeVhZSCAN4-TS15 was
observed in all three conditions. Surprisingly, human ZSCAN4 was found to work better than
mouse Zscandc at correcting chromosome abnormalities. ‘Fhus, these results demonstrate that
even in mouse cells, human ZSCAN4 produces surprisingly superior results over mouse
Zscandc, Indeed, the best result was obtained by treating cells with human ZSCAN4 (i.e.,
SeVhZSCAN4-TS15) and culturing cells at 35°C for three days, followed by the culture at 37°C
for three days: the treatment increased the number of cells with euploidy from 19% to 53%..In
these experiments, culturing cells treated with the temperature-sensitive Sendai vectors at the
permissive temperature of 35°C for three days followed by culturing at the inactivating
temperature of 37°C for three days represents transient expression of Zscan4. In contrast
culturing cells treated with the temperature-sensitive Sendai vectors at the permissive
temperature of 35°C for the full six days represents continuous Zscan4 expression. Based on
these conditions, the results indicate the transient expression of Zscand works better than

continuous expression of Zscan4 at correcting chromosome abnormalities.
Example 2: Effects of Zscand biologics on mouse embryonic stem cells

[0351] It has been shown previously that the forced expression of exogenous mouse Zscandc
from a plasmid vector integrated into the mouse. genome induces the expression of a unique set
of genes, including Tmem92, Stra8, and endogenous Zscand genes (Amano et al., Nat Commun,
2013;4:1966.).

[0352]  This example demonstrates that Zscand biologics (e.g., expression of Zscan4, either
by a synthetic mRNA encoding Zscan4 or a Sendai virus vector expressing Zscan4) exert the

same function in mouse embryonic stem (ES) cells.
Materials and Methods
Cell culture

[0353]  The MCI mouse embryonic stem (ES) cell line was previously used as typical mouse
pluripotent stem cells to demonstrate the function of exogenously introduced Zscandc gene,
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which was integrated into the mouse genome (Amano et al., Nat Commun, 2013;4:1966.). MC1

cells were cultured at 37°C in 5% CO2 in complete ES medium, as previously described (Amano
et al., Nat Commun, 2013;4:1966.): DMEM (Gibco), 15% FBS (Atlanta Biologicals), 1000 U/ml
leukemia inhibitory factor (LIF) (ESGRO, Chemicon), 1 mM sodium pyruvate, 0.1 mM non-
essential amino acids (NEAA), 2 mM GlutaMAX, 0.1 mM beta-mercaptoethanol, and
penicillin/streptomycin (50 U/50 pg/ml). The medium was changed daily and cells were
passaged every 2 to 3 days routinely.

Synthetic mRNA

[0354]  For synthesis of modified mRNA, mRNA synthesis was performed as reported
previously by Warren et al. (Watren et al., Cell Stem Cell, 2010 Nov 5;7(5):618-30). Using these
protocol from Warren et al., mRNAs were synthesized by in vitro transcription of template
DNAs encoding human ZSCAN4 or green fluorescent protein (GFP) with mixtures of modified
dNTPs to increase RNA stability as well as translation efficiency in mammalian cells. The
following modified dNTPs were used: 3'-0-Me-m7G(5")ppp(5')G ARCA cap analog, 5-
methylcytidine triphosphate, and pseudouridine triphosphate.

Sendai virus vectors

[0355] Sendai vectors that express either mouse Zscande (SeV18+mZscand/AF) or human
ZSCAN4 (SeV18+hZSCAN4/AF) were custom-made by MBL (Medical & Biological
Laboratories Co, L.TD). These vectors are referred to as “SeVmZscand’ or “SeVhZSCAN4”,
respectively, herein. As.a control, the same Sendai was used, but the vector expressed a green
fluorescent protein variant rather than Zscan4. These Sendai vectors lack the F protein, and thus

are not transmissible (Inoue et al., J Virol. 77: 23238-3246, 2003).

T

[0356]  Sendai vectors that express either mouse Zscande fused to a Tamoxifen-controllable
ERT2 domain (SeV18+mZERT2/AF), or human ZSCAN4 fused to Tamoxifen-controllable
ERT2 domain (SeV18+hZERT2/AF) were custom-made by MBL (Medical & Biological
Laboratories Co, LTD). These vectors are referred to as “SeVmZERT2’ or “SeVhZERT2”,
respectively, herein. These Sendai vectors also lack the F protein, and thus, are not transmissible
(Inoue et al., J Virol. 77: 23238-3246, 2003).

[0357]  Additionally, temperature-sensitive Sendai vectors that express either mouse Zscan4

(SeV18+mZscand/TS15AF) or human ZSCAN4 (SeV 18+hZSCAN4/TS15AF) were custom-

made by MBL (Medical & Biological Laboratories Co, LTD). These vectors are referred to as
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“SeVmZscan4-TS15” or “SeVhZSCAN4-TS15”, respectively, herein. These Sendai vectors are

functional at 35°C, and inactive at 37°C (Ban et al., Proc Natl Acad Sci U7 S A.
2011;108(34):14234-14239). As a control, the same temperature-sensitive Sendai vector was
used, but the vector expressed a green fluorescent protein variant rather than Zscand. This vector
is referred to as “SeVAG-TS15” herein. These Sendai vectors also lack the F protein, and thus,
it is not transmissible (Inoue et al., J Virel. 77: 23238-3246, 2003).

Results

[0358] FIG. 4A shows the results of gRT-PCR analysis, monitoring the expression levels of
Tmem92, Stra8, Actb (beta-actin control), and endogenous Zscand genes after transfection of
MClmouse ES cells with synthetic mRNAs. Compared to control cells transfected with GFP
mRNAs, human ZSCAN4 mRNAs increased the expression of the endogenous mouse Zscand

gene.

[0359]  FIG. 4B shows the results of gGRT-PCR analysis, monitoring the expression levels of
Tmem92, Stra8, Actb (beta-actin control), and endogenous Zscand genes after contacting MC1
mouse ES cells with Sendai virus vectors expressing either mouse Zscandc or human ZSCAN4.
Compared to control cells contacted with an empty Sendai vector (SeVAG), both SeVmZscand
and SeVhZSCAN4 increased the expression of Tmem92, Stra8, and endogenous Zscand genes.
SeVmZERT2 and SeVhZERT? also function in the presence of Tmx. Similarly, temperature-
sensitive Sendai vectors expressing either mouse Zscandc or human ZSCAN4 also functioned in

the MC1 cells (FIG. 4C).

[0360] These results indicate that Zscan4 biologics, in the form of Sendai vectors expressing
Zscan4 or synthetic Zscan4 mRNAs, can function in mouse ES cells in a manner similar to the
mouse Zscandc transgene integrated into the mouse genome. Without wishing to be bound by
theory, it is believed that Zscan4 biologics have an advantage as reagents for mouse cells and
therapeutics for human cells, because of the ease of use and the elimination of unwanted DNA
integration into the genome. Moreover, rather than expending a great amount of time to
genetically engineer the cells, Zscan4 biologics require only a simple procedure of adding a

Zscan4 biologic to the cell culture media.
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Example 3: Effects of Zscan4 biologics on human induced pluripotent stem cells

[0361] The genes SERPINB4, DNMT3L, and DUX4 are identified as marker genes that are
upregulated when mouse Zscandc or human ZSCAN4 gene is overexpressed by a transgene-

based gene expression system.

[0362]  This example demonstrates that Zscan4 biologics (e.g., expression of Zscand, either
by a synthetic mRNA encoding Zscan4 or a Sendai virus vector expressing Zscand) can function
in human iPS cells in a manner similar to the transgene-based Zscand overexpression system
used in mouse pluripotent stem cells. This example also demonstrates that synthetic mRNAs
encoding human ZSCAN4 and Sendai virus vector expressing human ZSCAN4 can be used as

therapeutic biologics for treating human pluripotent stem cells.
Materials and Methods
Celf culture

[0363] Human foreskin fibroblast derived- induced pluripotent stem (hiPS) cells (System
Biosciences, CA, USA) were cultured on mitotically-inactivated mouse embryonic fibroblasts
(MEFs) and media supplemented with 20% knockout serum replacement and 10ng/ml bEGF
(Life Technologies, CA, USA) following manufacturer’s instructions. The medium was changed

every day and cells were passaged using accutase every 7 days.
Synthetic mRNA

[0364]  For synthesis of modified mRNA, mRNA synthesis was performed as reported
previously by Warren et al. (Warren et al., Cell Stem Cell, 2010 Nov 5;7(5):618-30). Using these
protocol from Warren et al., mRINAs were synthesized by in vitre transcription of template
DNAs encoding mouse Zscandc, human ZSCAN4, or green fluorescent protein (GFP) with
mixtures of modified dNTPs to increase RNA stability as well as translation efficiency in
mammalian cells. The following modified ANTPs were used: 3’-0-Me-m7G(5)ppp(5)G ARCA
cap analog, 5-methylcytidine triphosphate, and pseudouridine triphosphate

Sendai virus vectors

[0365] Sendai vectors that express either mouse Zscandce (SeV 18+mZscand/AF) or human
ZSCAN4 (SeV18+hZSCAN4/AF) were custom-made by MBL (Medical & Biological
Laboratories Co, LTD). These vectors are referred to as “SeVmZscand” or “SeVhZSCAN4”,
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respectively, herein. As a control, the same Sendai vector was used, but the vector expressed a

green fluorescent protein variant rather than Zscand. These Sendai vectors lack the F protein, and

thus, are not transmissible (Inoue et al., J Virof. 77: 23238-3246, 2003).

[0366] Sendai vectors that express either mouse Zscandc fused to a Tamoxifen-controllable
ERTZ2 domain (SeV18+mZERT2/AF), or human ZSCAN4 fused to Tamoxifen-controllable
ERT?2 domain (SeV18+hZERT2/AF) were custom-made by MBL (Medical & Biological
Laboratories Co, LTD). These vectors are referred to as “SeVmZERT?2’ or “SeVhZERT?2”,
respectively, herein. These Sendai vectors also lack the F protein, and thus, are not transmissible

(Inoue et al., J Virol. 77: 23238-3246, 2003).

[0367] Additionally, temperature-sensitive Sendai vectors that express either mouse Zscand
(SeV18+mZscan4/TS15AF) or human ZSCAN4 (SeV 18+hZSCAN4/TS15AF) were custom-
made by MBL (Medical & Biological Laboratories Co, LTD). These vectors are referred to as
“SeVmZscan4-TS15" or “SeVhZSCAN4-TS157, respectively, herein. These Sendai vectors are
functional at 35°C, and inactive at 37°C (Ban et al., Proc Natl Acad Sci U S A.
2011;108(34):14234-14239). As a control, the same temperature-sensitive Sendai vector was
used, but the vector expressed a green fluorescent protein variant rather than Zscan4. This vector
is referred to as “SeVAG-TS15” herein. These Sendai vector also lacks the F protein, and thus,
it is not transmissible (Inoue et al., J Virol. 77: 23238-3246, 2003).

Results

[0368]  FIG. 5A shows that synthetic mRNAs encoding human ZSCAN4 can induce the
expression of SERPINB4, FIG. 5B shows that SeVmZscand, SeVhZSCAN4, SeVmZERT2
(‘Fmx+ condition), and SeVhZERT2 (Tmx+ condition) can induce the expression SERPINB4
and, to some extent, DNMT3L and DUX4. Similarly, temperature-sensitive Sendai vectors
expressing either mouse Zscandc or human ZSCAN4 can induce the expression of DNMT3L,
(F1G. 5C).

[0369]  These results indicate that Zscah4 biologics, in the form of Sendai vectors expressing
Zscan4 or synthetic Zscand mRNAs, can function in human pluripotent stem cells, e.g., human
iPS cells, as Zscan4 induces markers (e.g., SERPINB4, DNMT3L, and DUX4) for the effects of
Zscan4 on human iPS cells. These markers may also be useful for measuring the quality and

effectiveness of Zscan4 biologics (Quality Control [QC]).

-112-



WO 2014/144932 PCT/US2014/029537
Example 4: Zscand expression to improve the quality of human pluripotent stem cells

[0370]  This example describes the finding that Zscan4 biologics can improve the quality of
human pluripotent stem cells, including but not limited to human embryonic stem (ES) cells and
induced pluripotent stem (iPS) cells, by utilizing Zscan4 biologics (e.g., expression of Zscand,
either by a synthetic mRNA encoding Zscan4 or a Sendai virus vector expressing Zscan4) to
correct one or more chromosome abnormalities and to correct one or more epigenetic errors. In
particular, it is shown that a Zscan4 biologic can correct erroneous DNA methylation patterns in
human iPS cells by transiently demethylating several DNA regions that are difficult to
demethylate by other procedures. For example, there are regions in the genome where DNA
methylation patterns are different between human iPS cells and human ES cells. It is thus
important to correct such erroneous DNA methylation patterns in human iPS cells. 1t is believed
that the ability of Zscan4 biologics to correct DNA methylation problems by merely exposing
human iPS cells to a Zscan4 biologic may be a key technology for improving the safety of
human iPS cells for therapeutic uses. The ability of Zscan4 biologics to correct DNA
methylation problems in human iPS cells will also allow for the improvement of existing human

iPS cells.

Example 5: Zscan4 expression extends the lifespan of human dyskeratosis congenita
fibroblast cells and extends telomere Iength in human dyskeratosis congenita fibroblast

cells

[0371] This example describes the finding that expression of human ZSCAN4, cither by a
synthetic mRNA encoding ZSCAN4 or-a Sendai virus vector expressing Zscan4, induces
lifespan extension of human dyskeratosis congenita fibroblast cells, and also induces telomere
length elongation in human dyskeratosis congenita fibroblast cells. This example also
demonstrates that synthetic mRNAs encoding human ZSCAN4 and Sendai virus vector

expressing human ZSCAN4 can be used as therapeutic biologics.
Materials and Methods
Cell culture

[0372] Fibroblast cells isolated from a patient with dyskeratosis congenita (DKC: X-linked)
were purchased from the Coriell Cell Repository (Catalog ID AG04646). According to the
Coriell Catalog information, the cell donor, an 11 year old male Caucasian, is affected and
presented with skin eruptions, anemia, nail dystrophy and esophageal abnormalities. Family
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history is negative. The biopsy was taken ante-mortem from uninvolved skin. The culture was

initiated on 2/21/81 using explants of minced tissue. The cell morphology is fibroblast-like, The
population doubling level (PDL) was 5.41 at freeze and the passage number was 3.

[0373]  After receiving the DKC cells from the Coriell Cell Repository, the cells were
cultured for a few more passages. The cells were cultured under condition recommended by the
Coriell Cell Repository: Eagle's Minimum Essential Medium with Earle's salts and non-essential

amino acids, supplemented with 15% fetal bovine serum (not inactivated),
Synthetic mRNA

[0374] For synthesis of modified mRNA, mRNA synthesis was performed as reported
previously by Warren et al. (Warren et al., Cell Stem Cell, 2010 Nov 5;7(5):618-30). Using these
protocol from Warren et al., mRNAs were synthesized by in vitro transcription of template
DNAs encoding human ZSCAN4 or green fluorescent protein (GFP) with mixtures of modified
dNTPs to increase RNA stability as well as translation efficiency in mammalian cells. The
following modified dNTPs were used: 3'-0-Me-m7G(5")ppp(5)G ARCA cap analog, 5-
methyleytidine triphosphate, and pseudouridine triphosphate.

Sendai virus vector

[0375] A Sendai vector that expresses human ZSCAN4 (SeV18+hZSCAN4/AF) was
custom-made by MBL (Medical & Biological Laboratories Co, L.TD). The vector is referred to
as “SeVhZSCAN4” herein. This Sendai vector lacks the F protein, and thus, it is non-
transmissible (Inoue et al., J Virol. 77:3238-3246, 2003). An MOI (multiplicity of infection) of

10 was used for the experiments.
Telomere Southern blot analysis

[0376]  Telomere lengths of cells were measured by Southern blot analysis using the
TeloTAGGG Telomere Length Assay kit (Roche Applied Sciences, Indiana, USA) according to

the manufacturer’s instruction.
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Results

Synthetic mRNAs encoding human ZSCAN4 extend the lifespan of human

dyskeratosis congenita fibroblast cells

[0377] DKC cells were plated in a 6 well dish at a concentration of 5x10* cells/well and then
transfected with 1 pg of synthetic mRNAs using 5 pl of Lipofectamine (RNAIMAX: Life
Technologies, California, USA). The medium was changed the next day, Every week cells were
passaged at a ratio of 1:2 and transfected with synthetic mRNAs in the presence of 50 ng/ml
B18R (Type I IFN inhibitor: eBiosciences, Inc., California, USA). Samples were prepared in
triplicate. Cell number was counted using the Automated Cell Counter Moxi Z (ORFLO
Technologies, Idaho, USA). Cell numbers were converted to PDL (population doubling level),
starting at PDL=0 (normalized from passage 9, equivalent to approximately PDL=9 according to

the information from the Coriell Cell Repository).

[0378]  FIG. 6 shows the results of cell growth assays over 60 days. In control experiments,
repeated transfections of GFP mRNAs do not change the growth patterns of DKC cells; after
approximately 20 days in culture (approximatély PDL=2), cells stop proliferating and undergo
cellular senescence. By contrast, repeated transfections of human ZSCAN4 mRNAs extend the
lifespan of the DKC cells and the cells continued to grow until ~40 days (~PDL=4), It is
important to note that the hZSCAN4 treatment did not transform the cells into tumor-like cells
with unlimited proliferation capacity. These results indicate that the hZSCAN4 treatment can

extend the lifespan of cells from DKC patients without transforming the cells into tumors.

Sendai virus vectors expressing human ZSCAN4 extend the lifespan of human

dyskeratosis congenita fibroblast cells

[0379] DKC cells were plated in a 6 well dish at a concentration of 5x10% cells/well, and 6
hours later the cells were contacted with SeVhZSCAN4 vector at an MOI of 10 for 24 hours. As
a control, a second sample of DKC cells was cultured in the same manner; but without exposure
to the SeVhZSCAN4 vector. Cells were passaged every one or two weeks. Cell number was
counted by the Automated Cell Counter Moxi Z (ORFLO Technologies, Idaho, USA). CeH
numbers were converted to PDL (population doubling level), starting at PDL=0 (normalized
from passage 9, equivalent to approximately PDL=9 according to the information from the

Coriell Cell Repository).
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[0380]  FIG. 7A shows the results of cell growth assays. In control experiments, DKC cells

show a typical growth pattern: after approximately 25 days in culture (dpproximately PDI.=2),
cells stop proliferating and undergo cellular senescence. By contrast, DKC cells contacted with
the SeVhZSCAN4 vector show an increase in cell lifespan. It is important to note that the
SeVhZSCAN4-treatment does not change the cells into tumor-like cells with unlimited

proliferation capacity.

[0381] FIG. 7B shows cell morphologies on day 28, SeVhZSCAN4-treated cells show a

better morphology than the non-treated control cells,

[0382] These results indicate that the SeVhZSCAN4 treatment can extend the lifespan of

cells from DKC patients without transforming the cells into tumors..

Synthetic mRNAs encoding human ZSCAN4 elongate telomere length in human

dyskeratosis congenita fibroblast cells

[0383] FIG. 8A shows the procedure of the experiments. DKC cells were plated in 10 cm
culture dishes at a concentration of 1x10° cells/10 cm culture dish. Cells in each 10-cm dish were
then transfected with 5 pg of synthetic nRNAs using 25 pl of Lipofectamine (RNAIMAX: Life
Technologies, California, USA). The medium was changed the next day. Cells from 1 dish were
harvested on day 7 and genomic DNA was extracted. Cells from another dish were passaged at a
12 ratio and then transfected with 5 pg of synthetic mRNAs using 25 pl of Lipofectamine, Cells
were harvested on day 15 and genomic DNA was extracted. The genomic DNA was then

subjected to the telomere length assays.

[0384] FIG. 8B shows the results of telomere length assays. As previously reported (Wong
J.M., Collins K. Genes Dev. (2006), 20(20), 2848-2858), telomere length. of DKC fibroblast cells
are shorter than that of normal cells and quickly become even shorter when the DKC cells are
cultured. In control experiments, transfection with GFP-mRNAs did not change the telomere
length shortening patterns of DKC cells. By contrast, transfection with human ZSCAN4-mRNAs
clongated telomere length of the DKC cells and prevented telomere lengths from getting shorter.
These results indicate that telomere length shortening of DKC cells, a primary cause of DKC
disease phenotypes, can be rescued by treating cells with hZSCAN4-mRNAs.
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Example 6: Zscand expression extends lifespan of human Werner syndrome cells

[0385] WS patients are characterized by the appearance of premature aging. Cells of WS
patients in culture exhibit a higher rate of chromosomal breaks, translocations and deletions.
Thus, WS patients are in need of a treatment that can enhance genome and/or chromosome

stability.

[0386]  This example demonstrates that synthetic mRNASs encoding Zscan4 can extend the
lifespan of fibroblast cells isolated from a Werner syndrome (WS) patient. This example also
demonstrates that synthetic mRNAs encoding human ZSCAN4 can be used as therapeutic

biologics.

Materials and Methods

Cell culture

[0387] Fibroblast cells isolated from a patient with Werner syndrome (WS) were purchased
from the Coriell Cell Repository (Catalog ID AG03141}. According to the Coriell Catalog
information, “the donor was a 30 year old female Caucasian, and had features of premature
aging, pigmented and atrophic skin, cataracts and hyperlipidemia type V. The biopsy was taken
ante-mortem on 9/20/78. The culture was initiated using explants of minced skin tissue. The cell
morphology is fibroblast-like. The karyotype is 46,XX with 80% of cells examined showing
random chromosomal abnormalities. Homozygous for a C to T transition at nucleotide 2476 in
the WRN gene (2476C>T), resulting in a stop codon at 748 {GIn748TER (Q748X)}. The
cumulative population doubling level (PDL) was 17.97 at freeze and the passage number was
117 After receiving the WS cells from the Coriell Cell Repository, the cells were cultured for a
few more passages. The cells were cultured in the condition recommended by the Coriell Cell
Repository: Eagle's Minimum Essential Medium with Earle's salts Earle's salts:Dulbecco's

modified MEM, supplemented with 15% fetal bovine serum (not inactivated).
Synthetic mRNA

[0388]  For synthesis of modified mRNA, mRNA synthesis was performed as reported
previously by Warren et al. (Warren et al., Cell Stem Cell, 2010 Nov 5;7(5):618-30). Using these
protocol from Warren et al., mRNAs were synthesized by in vitro transcription of template
DNAs encoding human ZSCAN4 or green fluorescent protein (GEP) with mixtures of modified

dNTPs to increase RNA stability as well as translation efficiency in mammalian cells, The
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following modified dNTPs were used: 3'-0-Me-m7G(5")ppp(5)G ARCA cap analog, 5-

methyleytidine triphosphate, and pseudouridine triphosphate.
Results

[0389] WS cells were plated in a 6 well dish at a concentration at 5x10* cells/well, and then
transfected with 1 pg of synthetic mRNAs using 5 pl of Lipofectamine (RNAIMAX: Life
Technologies, California, USA) at day 0. The medium was changed the next day, A second
transfection with the same mRNAs was carried out on day 3. Dependent on the growth of the
cells, the cells were passaged at a ratio of 1:2 every 1 or 2 weeks. Samples were prepared in
triplicate. Cell numbers were converted to PDL, starting at a PDL of 0 (approximately equivalent
to a cumulative PDL of 19, which is near cellular senescence according to the information from

the Coriell Cell Repository).

[0390]  FIG. 9 shows the results of cell growth assays. WS cells transfected with synthetic
GFP mRNAs were used as a control. As shown in FIG. 9, WS cells transfected with synthetic
GFP mRNAs underwent cellular senescence and stopped proliferating. By contrast, the
transfection of WS cells with synthetic hZSCAN4 mRNAs provided WS cells with two more
PDL, and thus extended the lifespan of the WS cells (FIG. 9). Importantly, the results
demonstrate that synthetic hZSCAN4 mRNAs did not provide unlimited cell growth, as the cells
stopped proliferating eventually, Similar to the results with synthetic hZSCAN4 mRNAs,
lifespan extension of WS cells was also observed in cells contacted with SeVhZSCAN4 or
SeVhZSCAN4-TS15 Sendai virus vectors that express human ZSCAN4. Without wishing to be
bound by theory, it is believed that the use of ZSCAN4 as a therapeutic biologic does not appear
to cause cell transformation and/or cancer in treated cells. These results indicate that hZSCAN4
treatment can extend the lifespan of cells in WS patients without transforming the cells into

tumors.
Example 7: Zscan4 expression to treat telomere shortening in patients

[0391]  FIG. 10 illustrates one mode of treatment using Zscand. This procedure is very
similar to the bone marrow transplantation procedures that have been done routinely in hospitals
to treat patients with bone marrow failures and leukemia. Bone marrow, which includes
hematopoietic stem.cells and mesenchymal stem cells, will be aspirated from patients and then
immediately exposed to Zscand (e.g., Sendai vector carrying human ZSCAN4). This exposure to

Zscan4 will be transient and for a short time. Without wishing to be bound by theory, it is
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believed that the expression of Zscand will disappear when the bone marrow cells are

administered back into the patient. Alternatively, temperature-sensitive Sendai vectors can be
used, as the expression of Zscan4 can be turned off by switching the temperature, Alternatively,
Sendai vectors carrying the fusion protein hZSCAN4-ERT2, which can be turned on by adding
Tamoxifen and turned off by removing Tamoxifen, can be used. Alternatively, synthetic mRNAs
such as hZSCAN4-mRNAs can be used, as the production of ZSCAN4 protein is transient due to
the limited half-life of synthetic mRNAs. The thusly Zscan4-rejuvenated bone marrow cells will
then repopulate the patient’s bone marrow and hematopoietic compartment. Based on the long
term effects of this transient Zscan4 contact, and without wishing to be bound by theory, it is
believed that this procedure is required only once or periodically after long intervals of time
(e.g., many years). Without wishing to be bound by theory, it is believed that the Zscan4-
rejuvenated bone marrow cells will out compete and thus replace sick bone marrow cells.
Accordingly, it is believed that irradiation of bone marrow to eliminate sick bone marrow cells,

which is performed during standard bone marrow transplantation, would not be necessary.
Example 8: Zscand expression extends telomeres in human fibroblast cells

[0392]  This example describes the finding that Zscan4 overexpression induces telomere

extension in human fibroblast cells.

Materials and Methods

Cell culture

[0393] Primary adult human dermal fibroblasts (HDFa) isolated from adult skin (~30 year
old) were purchased from Life Technologies (Cat. no. C-013-5C). Fibroblasts (GM01309)
isolated from a Fanconi anemia, complementation group A (FANCA) patient were purchased
from the Coriell Cell Repository. These cells were maintained under standard culture conditions:

DMEM (Dulbecco's Modified Eagle Medium) supplemented with 10% Fetal Bovine Serum.
Telomere quantification by gPCR

[0394]  Telomere quantification by gPCR was conducted using procedures described
previously (Cawthon, R.M. Nucleic Acids Res. 2002 May 15;30(10):e47; and Callicott, RJ et al.
Comparative Medicine, 2006). Genomic DNA was extracted from >5X_105 fibroblast cells using
the DNeasy blood and tissue kit (Qiagen). Quality of gDNA samples were assessed using
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Nanodrop. Genomic DNA samples with an A260/280 absorbance ratio greater than 1.8, and an

A260/230 absorbance ratio of around 2 were used for qPCR to determine telomere length.
[0395] The primers used for telomere PCR were as follows:

tellb: 5'-COGGTTT(GTTTGG)sGTT-3" (SEQ ID NO:41); and
tel2b: 5'-GGCTTG(CCTTAC)sCCT-3' (SEQ ID NO:42)

Each primer was used at a final concentration of 300 nM.
[0396] The primers used for single copy gene PCR were as follows:

36B4u: 5-CAGCAAGTGGGAAGGTGTAATCC-3' (SEQ ID NO:43); and
36B4d: 5“CCCATTCTATCATCAACGGGTACAA-3' (SEQ ID NO:44)

The 36B4u primer was used at a final concentration of 300nM, and the 36B4d primer was used

at a final concentration of 500nM.

[0397]  The final 20 pl qPCR reaction was place in one well of a 96-well plate and included
20 ng gDNA, primers, and 1X Power SYBR green (Applied Biosystems). The telomere PCR
thermal cycling program for the Tellb/2b PCR was: 95°C for 10 minutes, 40 cycles of 95°C for
15s, and 56°C for 1 minute. The telomere PCR thermal cycling program for the 36B4 PCR was:
95°C for 10 minutes, 40 cycles of 95°C for 15s, and 58°C for 1 minute. The StepOne Plus gPCR
machine (Applied Biosystems) was used to process the samples. Threshold level was set to
obtain sample Ct values around 20-22. The delta delta Ct method was used to calculate the
relative telomere /single copy gene ratio (relative T/S ratio) for assessment of telomere length in

each sample.
Sendai virus vectors

[0398] Sendai vectors that express human ZSCAN4 (SeV18+hZSCAN4/AF) were custom-
made by MBL (Medical & Biological Laboratories Co, LTD). This Sendai vector lacks the F
protein, and thus, it is non-transmissible (Inoue et al., J Virol. 77:3238-3246, 2003).
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Results

Overexpression of human ZSCAN4 rapidly increases telomere lengths in normal

adult human fibroblast cells

[0399] Adult human dermal fibroblasts (HDFa) were cultured under standard culture
conditions. On the day after passaging cells, one sample of cells was harvested for genomic

DNA extraction (no treatment control), A second sample of cells was transduced with the
SvhZSCAN4 Sendai viral vector.

[0400]  Transduced cells were harvested 2 days (SeVhZSCAN4-treatment day 2) or 3 days
(SeVhZSCAN4-treatment day 3) after transduction. Telomere length of harvested cells was then
measured by qRT-PCR, and the relative telomere length (T/S ratio} to the control no treatment

control cells was calculated.

[0401] As shown in FIG. 11, the average length of telomeres increased after day 2 and after
day 3. In particular, 2 days after transduction with ZSCAN4, the HDFa cells had a T/S ratio of
about 1.4, while the control cells had a T/S ratio of 1.0 (FIG. 11). Similarly, 3 days after
transduction with ZSCAN4, the HDFa cells had a T/S ratio of about 1.4 (FIG. 11). These results
indicate that after two days of transduction with ZSCAN4, HDFa cells had about a 40% increase
in relative telomere length, as compared to the control cells that were not transduced with

ZSCAN4.

Overexpression of human ZSCAN4 rapidly increases telomere lengths in fibroblast

isolated from a patient with Fanconi Anemia, complementation group A

[0402] GMO01309 fibroblasts isolated from a FANCA patient were cultured under standard
culture conditions. On the day after passaging cells, one sample of cells was harvested for
genomic DNA extraction (no treatment control). A second sample of cells was transduced with

the SYyhZSCAN4 Sendai viral vector.,

[0403]  Transduced cells were harvested 2 days (SeVhZSCAN4-treatment day 2) or 3 days
(SeVhZSCAN4-treatment day 3) after transduction. Telomere length of harvested cells was then
measured by gRT-PCR, and the relative telomere length (T/S ratio) to the control no treatment

control cells was calculated.
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[0404]  As shown in FIG. 12, the-average length of telomeres increased slightly after day 2

and dramatically after day 3. In particular, 2 days after transduction with ZSCAN4, the
GMO01309 cells had a T/S ratio of about 1.1, while the control cells had a T/S ratio of 1.0 (FIG.
12). This result indicates that after two days of transduction with ZSCAN4, GM01309 cells had
about a 10% increase in relative telomere length, as compared to the control cells that were not

transduced with ZSCAN4.

[0405]  Three days after transduction with ZSCAN4, the GM01309 cells had a T/S ratio of
about 2.6 (FIG. 12). This result indicates that after three days of transduction with ZSCAN4,
GMO01309 cells had about a 160% increase in relative telomere length, as compared to the

control cells that were not transduced with ZSCAN4,
Example 9: Zscand expression extends lifespan of human fibroblast cells

[0406] This example describes the finding that synthetic mRNAs encoding human ZSCAN4
can extend the lifespan of dermal fibroblast cells isolated from a healthy adult. This example
also'demonstrates that synthetic mRNAs encoding human ZSCAN4 can be used as therapeutic

biologics.

Materials and Methods

Cell culture

[0407] Primary human dermal fibroblasts cells (HDFa) isolated from adult skin were
purchased from Life Technologies. According to the manufacturer’s information, the HDFa cells
are capable of at least 12 population doublings (PDL). HDFa cells were cultured according to
the manufacture’s instruction. After receiving the HDFa cells, the cells were cultured for many

passages such that the cells do not grow exponentially and are approaching cellular senescence.
Synthetic mRNA

[0408]  For synthesis of modified mRNA, mRNA synthesis was performed as reported
previously by Warren et al. (Warren et al., Cell Stem Cell, 2010 Nov 5;7(5):618-30). Using these
protocol from Warren et al., mRNAs were synthesized by in vitro transcription of template
DNAs encoding human ZSCAN4 or green fluorescent protein (GFP) with mixtures of modified

dNTPs to increase RNA stability as well as translation efficiency in mammalian cells, The
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following modified dNTPs were used: 3'-0-Me-m7G(5"ppp(5')G ARCA cap analog, 5-

methylcytidine triphosphate, and pseudouridine triphosphate.
Results

[0409]  HDFa cells at a stage near cellular senescence were plated in a 6 well dish at a
concentration of 1x10° cells/well, and then transfected with 1 pg of synthetic mRNAs using 5 pl
of Lipofectamine (RNAIMAX: Life Technologies, California, USA) at day 0. The medium was
changed the next day. A second transfection with the same mRNAs was carried out on day 3.
Dependent on the growth of the cells, cells were passaged at a ratio of 1:2 every 1 or 2 weeks,

Samples were prepared in triplicate. Cell numbers were converted to PDL,; starting at a PDL of 0.

[0410]  FIG. 13 shows the results of cell growth assays. HDFa cells transfected with synthetic
GFP mRNAs were used as a control. After 2 weeks, HDFa cells transfected with synthetic GFP
mRNAs underwent cellular senescence and proliferated slowly (FIG. 13). By contrast, HDFa
cells transfected with synthetic hZSCAN4 mRNAs grew an additional 2 to 3 more PDLs, and
thus, extended the lifespan of the HDIa cells near cellular senescence (FIGs. 13A and 13B).
Synthetic mouse Zscan4 mRNAs did not appear to provide lifespan extension. This result
indicates that human ZSCAN4 works better than mouse Zscandc for extending the lifespan of
HDPFa cells (FIG. 13C). However, the synthetic hZSCAN4 mRNAs did not provide unlimited
cell growth, as the cells slowed down or stopped proliferating eventually. Similar to the results
with synthetic hZSCAN4 mRNAgs, lifespan extension of HDFa cells was also observed in cells
contacted with SeVhZSCAN4 or SeVhZSCAN4-TS 15 Sendai virus vectors that express human
ZSCAN4. Thus, the use of ZSCAN4 as a therapeutic biologic was not observed to cause cell
transformation and/or cancer in treated cells. These results indicate that hZSCAN4 treatment can

extend the lifespan of HDFa cells without transforming the cells into tumors.

Example 10: Telomere length elongation in huunan mesenchymal stem (MS): cells by

Zscan4 biologics

[0411]  This example describes the finding that a temperature-sensitive Sendai virus vector
that expresses human ZSCAN4 can elongate telomere length in human mesenchymal stem (MS)
cells. This example also demonstrates that Sendai virus vectors expressing human ZSCAN4 can
be used as biologics to improve adult stem cells therapies including, without limitation, bone

marrow. transplants,
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Materials and Methods

Cell culture

[0412] Human adipose-derives mesenchymal stem cells (MSCs) were purchased from Life
Technologies (CA, USA). According to the manufacturer’s information, ADSCs have
demonstrated very similar phenotypic and functional characteristics to bone marrow-derived
mesenchymal stem cells. They can be expanded to 4-5 passages before they lose their ability to
grow or differentiate into all potential phenotypes. The cells were cultured in the condition

recommended by the manufacturer.
Sendai virus vectors

[0413]  Temperature-sensitive Sendai vectors that express either mouse Zscand
(SeV18+mZscand/TS15AF) or human ZSCAN4 (SeV18+hZSCAN4/T. S15AF} were custom-
made by MBL (Medical & Biological Laboratories Co, LTD). These vectors are referred to as
“SeVmZscand-TS15” or “SeVhZSCAN4-TS15”, respectively, herein. These Sendai vectors are
functional at 35°C, and inactive at 37°C (Ban et al., Proc Natl Acad Sci U S A.
2011;108(34):14234-14239). As a control, the same temperature-sensitive Sendai vector was
used, but the vector expressed a green ﬂuo_rescent protein variant rather than Zscan4. This vector
is referred to as “SeVAG-TS15” herein. These Sendai vectors also lack the F protein, and thus,
it is not transmissible (Inoue et al., J Virol. 77: 23238-3246, 2003).

Telomere Southern blot analysis

[0414] Telomere lengths of cells were measured by Southern blot analysis using the
TeloTAGGG Telomere Length Assay kit (Roche Applied Sciences, Indiana, USA) according to

the manufacturer’s instruction.
Results

[0415] Human adipose-derives mesenchymal stem cells (MSCs) at passage 2 were plated in
10-cm dishes at a density of 1.5 x 10° cells, and contacted with temperature-sensitive Sendai
vectors at an MOl of 10 (at day 0). Cells were incubated in media containing 10 uM H;0, and
kept at 35°C for 3 days, followed by culturing at 37°C. Cells were passaged at a ratio of 1:2 on
day 7. After another passaging on day 10, cells were contacted again with the temperature-

sensitive Sendai vectors at an MOI of 10 and incubated 35°C for 3 days, followed by culturing at
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37°C. Subsequently, cells were passaged on day 14 (passage 3), day 20, day 27, day 42, and day

62 (passage 7). Cells were incubated in media containing 10 pM H20; so that telomere lengths

get shorter faster than under typical cell culture conditions.

[0416]  FIG. 14 shows the results of telomere length assays. Average telomere lengths
(shown in the figure legend) were estimated based on Southern blot analysis according to
manufacturer’s protocol. As shown in FIG. 14, the human ZSCAN4 (SeVhZSCAN4-TS15)
increased the telomere length of human MSCs, whereas mouse Zscand (SeVmZscan4-TS) did
not appear to affect telomere length. These results indicate that telomere length shortening in
human MSCs can be rescued by treating cells with human ZSCAN4 biologics. Without wishing
to be bound by theory, it is believed that the effects of human ZSCAN4 described herein may be
applied to other human tissue stem cells in culture. It is also believed that human ZSCAN4
biologics may also elongate telomere length (e.g., cell rejuvenation) in human tissue stem cells

resident in human tissue (i.e., in vivo).
Example 11: Zscan4 expression to treat patients with defects in resident tissue stem cells

[0417] There are many diseases that are caused by one or more deficiencies in resident tissue
stem cells (i.e., tissue stem cells resident in the organ and/or tissue of the human body). For
example, Duchenne muscular dystrophy is known to be associated with premature aging of
muscle stem cells (satellite cells). Based on the results described herein that Zscan4 biologics
(e.g., expression of Zscand, either by a synthetic mRNA encoding Zscan4 or a Sendai virus
vector expressing Zscand) can rejuvenate tissue stem cells, it is believed that Zscand expression
in resident tissue stem cells can correct disease-associated deficiencies in the cells. In the case of
Duchene muscular dystrophy, it is thought thatZscan4 expression can be used to treat patients
with Duchenne muscular dystrophy, by administering a Zscan4 biologic to muscle cells,
particularly muscle stem cells, of a patient with Duchenne muscular dystrophy, to prevent the

early deterioration of muscles cells,
Example 12: Zscand expression to treat patients with Diabetes

[0418] It has been demonstrated that human ZSCAN4 is naturally, though rarely, expressed
in some tissue stem cells in human pancreas. Based on the results described herein that Zscand
biologics (e.g., expression of Zscand, either by a synthetic mRNA encoding Zscan4 or a Sendai
virus vector expressing Zscan4) can rejuvenate tissue stem cells and terminally differentiated

cells, it is believed that ZSCAN4 expression can be used to treat patients with Diabetes, by
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administering a Zscan4 biologic to pancreatic cells, particularly resident pancreatic tissue stem

cells, of a patient with Diabetes, to prevent pancreatic cells from further deterioration, and

thereby facilitate the production of beta-cells.

Example 13: Zscan4 expression to treat patients with atopic dermatitis and other skin

lesions

[0419]  Based on the results described herein that Zscan4 biologics (e.g., expression of
Zscand, either by a synthetic mRNA encoding Zscan4 or a-Sendai virus vector expressing
Zscan4) can rejuvenate tissue stem cells and terminally differentiated cells, it is believed that
Zscan4 expression can be used to treat patients with atopic dermatitis or other skin lesions, by
exposing a Zscan4 biologic (e.g., by topical administration) to the skin, particularly resident skin
tissue stem cells, of a patient with atopic dermatitis or other skin lesions, to prevent the skin
tissue stem cells and skin cells from further deterioration, and thereby facilitate the production of

new skin tissue stem cells and skin cells.

Example 14: Zscand expression for rejuvenating an individual or for slowing down the
aging process of an individual by rejuvenating cells in the body, including terminally

differentiated cells, progenitor cells, or resident tissue stem cells

[0420] Tt is thought that almost all the organs and tissues in the human body are maintained
by resident tissue stem cells residing in the organs and tissues of the body. For example, the
intestines are maintained by the continuous production of mature and differentiated cells from
intestinal stém cells residing in the crypt of the intestine, Similarly, the skin is maintained by the
continuous production of dermal epithelia from skin stem cells, whereas hairs are maintained by
hair follicle stem cells. Compared to fully differentiated cells that age and deteriorate at a
relatively fast pace, tissue stem cells tend to maintain their quality and youthfulness, e.g., by
maintaining telomere length (FIG. 15). However, even tissue stem cells gradually lose their
youthfulness (FIG. 15). Therefore, general aging and gradual loss of a youthful appearance and
function can be considered to be the result of aging and deterioration of resident tissue stem

cells.

[0421]  Based on the results described herein that Zscand biologics (e.g., expression of
Zscan4, either by a synthetic mRNA encoding Zscan4 or a Sendai virus vector expressing
Zscan4) can rejuvenate embryonic stem (ES) cells and mesenchymal stem cells (MSCs), it is

believed that Zscan4 expression in tissue stem cells residing in each organ and/or tissue of the
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human body can be rejuvenated and thus restore the organ and/or tissue to a normal (i.e., young)

appearance and function. This is based on observations that human ZSCAN4 is naturally,
though rarely, expressed in some tissue stem cells in the human pancreas. Furthermore, based
on results described herein that Zscan4 biologics (e.g., expression of Zscand, either by a
synthetic mRNA encoding Zscand or a Sendai virus vector expressing Zscand) can rejuvenate
terminally differentiated cells, such as skin fibroblast cells, it is believed that Zscan4 expression
in terminally differentiated cells and/or progenitor cells residing in each organ and/or tissue of
the human body can be rejuvenated and thus restore the organ and/or tissue to a normal (i.e.,

young) appearance and function,

[0422]  This example describes a procedure for expressing Zscan4 biologics (e.g., expression
of Zscand, either by a synthetic nRNA encoding Zscan4 or a Sendai virus vector expressing
Zscand) in tissue stem cells, terminally differentiated cells, and/or progenitor cells residing in
organs and tissues of the human body to rejuvenated and thus restore the body a normal (i.e.,
young) appearance and function. In particular, a Zscan4 biologic as described herein is
administered to a subject in need thereof by either directly injecting a Zscan4 biologic to cach
organ and tissue of the body or injecting a Zscan4 biologic to the circulating blood of the subject,
thereby delivering the Zscand biologic to all the organs and tissues in the body. Alternatively, or
additionally, the Zscand biologic may be injected into cerebrospinal flnids, thereby delivering
the Zscan4 biologic to all nervous organs and tissues in the body. Alternatively, or additionally,
the Zscan4 biologic may be injected into the Ilymphatic system, thereby delivering the Zscan4
biologic to all lymphatic organs and tissues in the body. Alternatively, or additionally, the
Zscand biologic may be inhaled into the lung tissue, thereby delivering the Zscand biologic to
the tung tissue, thereby delivering the Zscan4 biclogic to the lung tissue. Aliernatively, or
additionally, the Zscan4 biologic may be ingested, thereby delivering the Zscan4 biologic to all
the diges;tive organs and tissues, including the esophagus, stomach, and intestines of the body.
Alternatively, or additionally, the Zscan4 biologic may be injected into portal veins, thereby
delivering the Zscan4 biologic to the liver of the body. Alternatively, or additionally, the Zscan4
biologic may be topically applied to the skin or scalp; thereby delivering the Zscan4 biologic to
the skin and skin appendages, such as hair follicles and sweat glands, of the body. These
procedures will expose tissue stem cells, progenitor cells, and terminally differentiated cells in
each organ and/or tissue of the subject to a Zscan4 biologic and thereby rejuvenate the tissue
stem cells, progenitor cells, and/or terminally differentiated cells residing in the treated organ
and/or tissue, It is believed that the overall effects of the rejuvenation of tissue stem cells,

progenitor cells, and/or terminally differentiated cells in the treated subject are the rejuvenation
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of the subject and/or the slowing down of the aging process of the subject. It is also believed

that rejuvenation of tissue stem cells, progenitor cells, and/or terminally differentiated cells in the

treated subject will resuit in lifespan extension of the subject.

Example 15: Zscand expression corrects trisomy 21 in human fibroblast cells isolated from

a Down syndrome patient

[0423]  This example describes the finding that expression of human ZSCAN4, either by a
synthetic mRNA encoding ZSCAN4 or a Sendai virus vector expressing ZSCAN4, can correct
the trisomy 21 karyotype of fibroblast-cells isolated from a Down syndrome patient, This
example also demonstrates that synthetic mMRNAs encoding human ZSCAN4 and Sendai virus

vector expressing human ZSCAN4 can be used as therapeutic biologics,

Materials and Methods

Cell culture

[0424] Fibroblast cells isolated from a patient with Down syndrome (DS, trisomy 21) were
purchased from the Coriell Cell Repository (Catalog ID AG06872). According to the Coriell
Catalog information, the donor was a 1 year old female Caucasian. The donor had typical
features of Down syndrome (trisomy 21). The skin biopsy was taken post-mortem on 5/19/83.
The culture was initiated using explants of minced skin tissue. The karyotype is 47, XX,+21. The
cell morphology is fibroblast-like. The cumulative population doubling level (PDL) was 10.5 at
freeze and the passage number was 5. After receiving the DS cells from the Coriell Cell
Repository, the cells were cultured for a few more passages. The cells were cultured under the
condition recommended by the Coriell Cell Repository: Eagle's Minimum Essential Medium
with Earle's salts and non-essential amino acids, supplemented with 10% fetal bovine serum (not

inactivated).
Synthetic mRNA

[0425] For synthesis of modified mRNA, mRNA synthesis was performed as reported
previously by Warren et al. (Warren et al., Cell Stern Cell, 2010 Nov 5;7(5):618-30). Using these
protocol from Warren et al., mRNAs were synthesized by in vitro transcription of template
DNAs encoding human ZSCAN4 or green fluorescent protein (GFP) with mixtures of modified

dNTPs to increase RNA stability as well as translation efficiency in mammalian cells. The
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following modified INTPs were used: 3'-0-Me-m7G(5")ppp(5)G ARCA cap analog, 5-

methylcytidine triphosphate, and pseudouridine triphosphate.
Sendai virus vectors

[0426] A Sendai vector that expresses human ZSCAN4 (SeV18+hZSCANA/AF) was
custom-made by MBL (Medical & Biological Laboratories Co, LTD). The vector is referred to
as “SeVhZSCAN4” herein. This Sendai vector lacks the F protein, and thus, it is non-
transmissible (Inoue et al., J Virol. 77:3238-3246, 2003). An MOI (multiplicity of infection) of

10 was used for the experiments.

[0427]  Additionally, a temperature-sensitive Sendai vector that expresses human ZSCAN4
(SeV18+hZSCAN4/TS15AF) was custom-made by MBL (Medical & Biological Laboratories
Co, LTD). This vector is referred to as “SeVhZSCAN4-TS15” herein. This Sendai vector is
functional at 35°C, and inactive at 37°C (Ban et al., Proc Natl Acad Sci U § A.
2011;108(34):14234-14239). This Sendai vector also lacks the F protein, and thus, it is not
transmissible (Inoue et al., J Virol. 77: 23238-3246, 2003). An MOI (multiplicity of infection)

of 25 was used for this experiment.
Karyotype analysis

[0428]  In addition to regular karyotype analysis by G-banding, the copies of chromosome 21
present in each cultured cell was counted by fluorescence in situ hybridization (FISH) using a
probe that specifically hybridizes to the centromeric region of chromosome 21 (CHR21-10-GR:
Empire Genomics, New York, USA). In the interphase nucleus, the detection of 3 fluorescent
dots indicates trisomy 21 (Down syndrome), whereas the detection of 2 fluorescence dots

indicates normal copy number of chromosome 21 (normal).

Results

Synthetic mRNAs encoding human ZSCAN4 correct chromosome abnormalities in

fibroblast cells isolated from a Down syndrome patient (trisomy 21)

[0429] Down syndrome (DS) fibroblast cells at the passage 7 were plated in a 10 cm culture
dish at a concentration of 5x10° cells/well and then transfected with 5 ug of synthetic nRNAs
(hZSCAN4 or GFP) using 25 pl of Lipofectamine (RNAIMAX: Life Technologies, California,

USA). In addition to cells transfected with GFP mRINAs, non-transfected cells were also used as
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a control. In one experiment (1x transfection), all the cells were passaged on day 5 and then

karyotypes were analyzed on day 10 (passage 9). In another experiment (2x transfection), after
passaging the cells on day 5, a second transfection with either GFP mRNAs or hZSCAN4
mRNAs was carried out, and then the karyotype was analyzed on day 10 (passage 9).

[0430]  FIG. 16A shows representative images of cell nuclei after carrying out FISH with
chromosome 21 probes. Fach dot indicates the number of chromosome 21 present in the
nucleus. Two dots indicates a normal disomy of chromosome 21, whereas three dots indicates a
trisomy of chromosome 21. FIG. 16B shows a summary of chromosome 21 counts in 1x
transfection experiments: 10 days after transfecting human ZSCAN4 mRNAs, 14% of cells now
have a normal number of Chromosome 21, FIG. 16C shows a summary of chromosome 21
counts in 2x transfection experiments: transfecting human ZSCAN4 mRNAs twice makes 17%
of cells carry a normal number of chromosome 21. By contrast, both non-transfected cells and
cells transfected with GFP mRNAs show only a small fraction (<3%) of cells with apparently
normal chromosome 21. These are within the margin of error. These results indicate that the
introduction of human ZSCAN4 mRNAs into cells can correct abnormalities in chromosome

numbers.

Sendai virus vectors expressing human ZSCAN4 correct chromosome abnormalities

in fibroblast cells isolated from a Down syndrome patient (trisomy 21)

[0431] FIG. 17A shows the experimental procedures. Down syndrome fibroblast (DS) cells
were plated in a 6 well dish at a concentration of 5x10" cells/well at passage 8 (day 0). One day
later, cells were treated with SeVhZSCAN4-TS815 at an MOI of 25 and kept at 35°C for 3 days.
Then, the dish was transferred to 37°C and kept at 37°C for the remainder of the experiment. The
cells were passaged on day 9, day 12, and day 15. After passaging on day 15, cells were treated
with SeVhZSCAN4 at an MO of 10. Subsequently, cells were passaged on day 18 and day 21.
After passaging on day 21, cells were treated with SeVhZSCAN4 at an MOI of 10. Karyotype
analysis was performed on day 24 by FISH (FIG. 17B). After passaging on day 30, cells were
treated with SeVhZSCAN4 at an MOI of 10. After passaging on day 39, cells were treated with
SeVhZSCAN4 at an MOI of 10. Karyotype analysis was performed on day 42 by FISH (FIG.
17C). Cells cultured in parallel without contacting the Sendai virus vector (no treatments) or cell
cultured in parallel and contacted with the control Sendai vector expressing the GFP variant were

used as controls. The FISH images were scored independently by two experienced researchers: 2
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fhuorescence dots (2x chromosome 21: Normal); 3 fluorescence dots (3x chromosome 21:

trisomy 21, Down syndrome).

[0432] FIG. 17B shows a summary of chromosome 21 counts in the control cells and in cells
treated once with SeVhZSCAN4-TS15 and twice with SeVhZSCAN4 (3x treatments). The
results demonstrated that treating Down syndrome fibroblast cells with the Sendai virus vector

expressing human ZSCAN4 induces correction of trisomy 21 in nearly 30% of the celis.

[0433] FIG. 17C shows a summary of chromosome 21 counts in untreated control cells, in
contro] cells treated with control Sendai vector, and in ells treated once with Se VhZSCAN4-
TS15 and four-times with SeVhZSCAN4 (5x treatments). The results indicate that Down
syndrome fibroblast cells treated repeatedly with the Sendai virus vector expressing human

ZSCAN4 induces correction of trisomy 21 in nearly 55% of the cells.

[0434] These results indicate that the introduction of human ZSCAN4 into cells can correct

abnormalities in chromosome numbers.

Example 16: Zscand expression to rejuvenate oocytes and to correct chromosome

abnormalities in cocytes and preimplantation embryos

[0435]  During maternal aging, the oocyte competence to be successfully fertilized
dramatically declines and the risk of miscarriage and birth defects increases. Recent studies have:
revealed that maternal age-related miscarriage and birth defects are predominantly caused by
chromosome segregation errors in oocytes. At this point, there has been no report that
successfully reverse the ability of aged oocyte by preventing or correcting chromosome

segregation eIrors.

[0436]  In normal development of mouse preimplantation embryos, endogenous Zscand is
expressed transiently and highly in 2-cell embryos (Falco et al., Dev Biol. 2007; 307: 539-50).
We have also shown that the Zscan4 expression is critical for normal development (Falco et al.,
Dev Biol. 2007; 307: 539-50). Similarly, human ZSCAN4 is expressed transiently in human 6-
to 8-cell stage embryos (Vassena et al., Development. 2011; 138: 3699-709). As the zygotic
genome activation occurs in 2-cell stage in mouse and in 6- to 8-cell stage in human, it is
considered that the expression of Zscand is required for human preimplantation embryo

development.
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[0437]  This example describes the procedure that Zscan4 biologics can rejuvenate oocytes

and correct chromosomal abnormalities in mouse preimplantation emabryos. Based on the
functional similarity between mouse Zscan4 and human ZSCAN4 genes shown in this patent
application, and even superiority of the human ZSCAN4 gene, it is considered that the mouse
embryo results can be directly applied to human embryos. These procedures can be implemented
in the In Vitro Fertilization (IVF) clinic. These procedures can reduce the risk of Down
syndrome and other karyotype problems for women of all ages, which can be especially

beneficial for those older than 35 years old, according to the pregnancy risk guideline.

Materials and Methods

Oocyte collection

[0438] Aged mice (i.e., mice over 45 weeks of age) and young mice (8 weeks of age) are
purchased from the Jackson Laboratory. Oocytes at a germinal vesicle state (GV oocytes) are

collected from the aged and young mice. Qocytes from the young mice are used as a control.
Synthetic mRNA

[0439] For synthesis of modified mRNA, mRNA synthesis is performed as reported
previously by Warren et al. (Warren et al., Cell Stemn Cell, 2010 Nov 5;7(5):618-30). Using the
protocol from Warren et al., mRNAs are synthesized by in vitro transcription of template DNAs
encoding mouse Zscandc, human ZSCAN4, or green fluorescent protein (GFP) with mixtures of
modified dNTPs to increase RNA stability as well as translation efficiency in mammalian cells.
The following modified dNTPs were used: 3'-0-Me-m7G(5)ppp(5)G ARCA cap analog, 5-
methylcytidine triphosphate, and pseudouridine triphosphate.

Sendai virus vectors

[0440] Sendai vectors that express either mouse Zscandc (SeV 18+mZscand/AF) or human
ZSCAN4 (SeV 18+hZSCAN4/AF) are custom-made by MBL (Medical & Biological
Taboratories Co, L.TD). These vectors are referred to as “SeVmZscand’ or “SeVhZSCAN4”,
respectively, herein. As a confrol, the same Sendai vector is used, but the vector expressed a
green fluorescent protein variant rather than Zscan4. These Sendai vectors lack the F protein, and

thus, are not transmissible (Inoue et al., J Virol, 77; 23238-3246, 2003),
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[0441] Sendai vectors that express either mouse Zscandc fused to a Tamoxifen-controllable

ERT?2 domain (SeV 18+mZERT2/AF), or human ZSCAN4 fused to Tamoxifen-controllable
ERT2 domain (SeV18+hZERT2/AF) are custom-made by MBL (Medical & Biological
Laboratories Co, LTD). These vectors are referred to as “SeVmZERT?2’ or “SeVhZERT2”,
respectively, herein. These Sendai vectors also lack the F protein, and thus, are not transmissible
{(Inoue et al., J Virol. 77: 23238-3246, 2003).

[0442]  Additionally, temperature-sensitive Sendai vectors that express either mouse Zscand
(SeV18+mZscand/TS15AF) or human ZSCAN4 (SeV18+hZSCAN4/TS15AF) are custom-made
by MBL (Medical & Biological Laboratories Co, LTD). These vectors are referred to as
“SeVmZscan4d-TS15” or “SeVhZSCAN4-TS15”, respectively, herein. These Sendai vectors are
functional at 35°C, and inactive at 37°C (Ban et al., Proc Natl Acad Sci U S A
2011;108(34):14234-14239). As acontrol, the same Sendai vector is used, but the vector
expressed a green fluorescent protein variant rather than Zscan4. This vector is referred to as
“SeVAG-TS15” herein. These Sendai vector also lacks the F protein, and thus, it is not
transmissible (Inoue et al., J Virol. 77: 23238-3246, 2003).

Results

[0443] Oocytes at a germinal vesicle state (GV oocytes) are collected and subjected to in
vitro maturation (IVM) for subsequent progression toward meiosis I and II. During IVM, oocytes
are contacted with a Zscan4 biologic (e.g., either synthetic mRNAs encoding Zscan4 or Sendai
virus vectors expressing Zscand) and subsequently fertilized in vitro with sperm. Alternatively,
fertilized oocytes/preimplantation embryos between the one-cell (zygote) stage and the
blastocyst stage are contacted with a Zscan4 biologic (e.g., either synthetic mRNAs encoding
Zscand or Sendai virus vectors expressing Zscand). The methods of contact may include
standard Lipofectamine transfection of synthetic mRNAs Zscandwith, viral infection of Sendai
virus vectors expressing Zscand, and intracytoplasmic injection of a Zscand biologic by a

micromanipulator.

[0444] The Zscand-treated and fertilized oocytes are then cultured in KSOM culture medium
for 96 hours at 37°C, 3% CQO,,

[0445]  Without wishing to be bound by theory it is believed that Zscand-treatment will result
in oocytes from aged mice that are comparable to oocytes from young mice in terms of the

number of zygotes that can successfully develop to the blastocyst stage. Resultant blastocysts are
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transferred to a recipient female mouse to check birth rate of healthy pups. It is believed that

treatment with Zscan4 biologics improves the success rate of proper embryo development from

aged oocytes by improving the karyotype and quality of embryos.

[0446]  Without wishing to be bound by theory it is also believed that the above method can
be applied to human oocytes and fertilized oocytes/preimplantation embryos to improve the
success rate of proper embryo development from aged oocytes, and to improving the karyotype

and quality of embryos (FIG. 18).
Example 17: Zscan4 expression represses growth of human cancer cells

[0447] This example describes the finding that a temperature-sensitive Sendai virus vector
expressing either mouse Zscan4 or human ZSCAN4 can repress the proliferation of cancer cells.
This example also demonstrates that Sendai virus vectors expressing Zscan4 can be used as

therapeutic biologics.

Materials and Methods

Cell cufture

[0448] HCT116 human colorectal carcinoma cells were purchased from the American Type
Culture Collection (ATCC). HCT116 cells are derived from colorectal carcinoma of human adult
male. According to ATCC, “the stem line chromosome number is near diploid with the modal
number at 45 (62%) and polyploids occurring at 6.8%. This line has a mutation in codon 13 of
the ras proto-oncogene.” HCT116 cells were cultured according to the ATCC’s

recommendation,
Sendai virus vectors

[0449] Temperature-sensitive Sendai vectors that express either mouse Zscand
(SeV18+mZscand4/TS15AF) or human ZSCAN4 (SeV 18+hZSCAN4/TS15AF) were custom-
made by MBL (Medical & Biological Laboratories Co, LTD). These vectors are referred to as
“SeVmZscand-TS15” or “SeVhZSCAN4-TS15”, respectively, herein. These Sendai vectors are
functional at-35°C, and inactive at 37°C (Ban et al., Proc Natl Acad Sci U S A.
2011;108(34):14234-14239). As a control, the same temperature-sensitive Sendai vector was

used, but the vector expressed a green fluorescent protein variant rather than Zscan4. This vector
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is referred to as “SeVAG-TS15” herein. These Sendai vectors lack the F protein, and thus, it is

not transmissible (Inoue et al., J Virol, 77. 23238-3246, 2003).
Results

[0450] HCT116 cell (passage 9) samples were cultured at a concentration of 8x10*
cells/well. Cell samples were treated with one of the following Sendai vectors: SeVAG-TS15
(control), SeVmZscand-TS15, or SeVhZSCAN4-TS15 at an MOI of 20 and incubated at 35°C
(day 0). Each of the three treatment samples was prepared in triplicate. On day 3, each treatment
sample was passaged and treated with the same Sendai vector. Cell number was counted by the
Automated Cell Counter Moxi Z (ORFLO Technologies, Idaho, USA). On day 7, each treatment
sample was passaged and treated with the same Sendai vector. Cell number was counted (day
7). On day 10, each treatment sample was passaged and treated with the same Sendai vector. Cell
numbers were counted (day 10). On day 14, each treatment sample was passaged-and treated
with the same Sendai vector. Cell numbers were counted (day 14). Cells were cuitured at 35°C

throughout the experiments. Cell numbers were converted to PDL, starting at a PDL of 0 for day
0.

[0451]  FIG. 19 shows the growth curve of HTC116 cell samples. Compared to control
groups (i.e., no treatment group and SeVAG-TS15-treated group), treatments with either
SeVmZscan4-TS150r SeVhZSCAN4-TS15 repressed the proliferation of HTC116 cells. As
shown in FIG. 19, human ZSCAN4 was surprisingly better than mouse Zscan4 in repressing
cancer cell growth. Thus, these results demonstrate that human ZSCAN4 produces surprisingly
superior results over mouse Zscandc. These results further indicate that the hZSCAN4 treatment
can repress the growth of cancer cells. Withont wishing to be bound by theory, it is believed that

Zscand-expressing agents may be used for cancer therapy.

Example 18: Zscan4 expression for increasing DNA repair capacity of human cells or

individuals

[0452]  This example describes the finding that Zscand4 biologics can increase the DNA repair
capacity of human cells. It is known that genotoxic agents, such as mitomycin C or cisplatin,
kills human cells in a dose-dependent manner. Cells exposed to a genotoxic agent and which are
then treated with a Zscan4 biologic (e.g., expression of Zscand, either by a synthetic nRNA
encoding Zscan4 or a Sendai virus vector expressing Zscan4) become resistant to the genotoxic

agent. It is found that resistance to genotoxic agents by the Zscan4 biologic is due to the
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heightened capacity of DNA repair induced by Zscan4 expression in the cells. Thus, Zscand

biologics can be used to: (1) to improve the DNA repair capacity of patients with diseases
associated with a DNA repair deficiency; (2) to protect specific tissues and/or organs, such as
gonads, from being damaged by genotoxic agents, such as cancer therapeutics; and (3) to protect
tissues, organs, and/or individuals from hazardous environments, such as the presence of toxic

chemicals or nuclear fallouts.
Example 19: Repression of Zscan4 in certain cancer stem cells to treat cancer

[0453] It is known that cancer tissues (e.g., tumors) contain cancer stem cells, which are not
actively proliferating and are resistant to cancer chemotherapy (e.g., treatment with genotoxic
agents such as cisplatin). It'is believed that cancer stem cells can survive treatment with
chemotherapy, and thus results in the recurrence of the cancer after the treatment. As the
presence of Zscand can provide cells with resistance to genotoxic agents, it is believed that
endogenous Zscand expression occurs in certain cancer stem cells, thus providing the cells with
protection from the genotoxic agents. As such, it is believed that agents that reduce the
expression of endogenous Zscand, such as siRNAs or shRNAs specific for Zscand, can be used
to treat cancer stem cells in a patient with cancer to reduce or eliminate resistance to genotoxic

agerits in the cancer stem cells, and thus improve the patient’s response to cancer therapy.
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CLAIMS

‘What is claimed is:

1. Use of one or more contacted human cells in the manufacture of a medicament for
treating a disease or condition associated with a telomere abnormality in a subject suffering from
the disease or condition-associated with a telomere abnormality, wherein one or more human
cells have been isolated from the subject and contacted with an agent that increases expression of
Zscand in the one or more human cells, wherein increasing expression of Zscand induces
correction of the telomere abnormality in the one or mere contacted hwnan. cells.

2. Use of one or more contacted human cells in the mannfacture of 2 medicament for
treating a disease or condition associated with a telomere abnormality in a snbject suffering from
the disease or condition associated with a telomere abnormality, wherein one or more human
cells have been contacted with an agent that increases expression of Zscan4 in the one or more
human cells, wherein increasing expression of Zscand induces correction of the telomere
abnormality or reduction of the disease or condition associated with the telomere abnormality
when the one or more contacted human cells are introduced inio the subject.

3. Use of an agent that increases expression of Zscan4 in one.or more human cells in a
subject, in'the manufacture of a medicament for treating 4 disease or condition associated with a
telomere abnormality in the subject, wherein increasing expression of Zscand induces cotrection
of the telomere abnormality in the one or more human cells to treat the disease or condition
associated with a telomere abnormality.

4. Use of an agent that increascs expression of Zscand in one or more human cells ina
subject, in the manufacture of & medicament for treating a disease or condition associated with a
karyotype abnormality in the subject, wherein increasing expression of Zscand induces
correction of the karyotype abnormality in the one or more human cells to treat the disease or
condition associated with a karyotype abnormality.

5. Use of one or mere contacted human. cells in the manufacture of a medicament for
treating a disease or condition associated with a karyotype abnonmality in a subject suffering
from the disease or condition associated with a karyotype abnormality, wherein one or more
human cells have been isolated from the subject and contacted with an agent thatincreases
expression of Zscand in the one or more human eells, wherein increasing expiession of Zscand
induces correction of the karyotype abnormality in the one or more contacted human cells.

6. The use of claim 4 or 5, wherein the karyotype abnormality is selected from the group
congisting of a chromosome millisomy, a chromosome monosoiny, a chromosomne trisomy, a
chremosome tetrasomy, and a chromosoms pentasomy.

7. The use of claim 4 or 5, wherein the karyotype abnormality is selected from the group
consisting of trisomy 21, trisomy 16, trisomy 18, trisomy 13, monosomy X, XXX aneuploidy,
KXY aneuploidy, XYY ancuploidy, 1p36 duplication, dup(17)(p11.2p11.2) syndrome, Pelizacus-
Merzbacher disease, dup(22)(q11.2q11.2) syndrome, cat-eye syndrome, Cri-du-~chat syndrome, Wolf
Hirschhorn, Williams-Beuren syndrome, Charcot-Marie-Tooth disease, Hereditary neuropathy with
Hability to pressure palsies, Smith-Magenis syndrome, Neurofibromatosis, Alagille syndrome,
Velocardiofacial syndrome, DiGeorge syndrome, Steroid sulfatase deficiency, Kallmann syndrome,
Microphthalmia with linear skin defects, Adrenal hypoplasia, Glycerol kinase deficiency, Testis-
determining factor on'Y, Azoospermia (factor a), Azoospermia (factor b), Azoospermia (factor ¢), and
1p36 deletion. '
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8. The vse of any one of claims 1-3, wherein the disease or condition is a disease of
‘telomere shortening selected from the group consisting of dyskeratosis congenita, Hoyeraal-
Hreidarsson syndrome, Revesz syndrome, Coats plus syndrome, idiopathic pulmonary fibrosis,
liver cirthosis, pancreatic fibrosis, Alzheimer’s disease, and osteoarthritis,

9, The'use of any one of claims 1-3, wherein the disease or condition is a bone marrow
failure syndrome selected from the group.consisting of Fanconi anemia, amegakaryocytic
thrombocytopenia, aplastic anemia, Diamond Blackfan anemia, dyskeratosis congenita,
paroxysmal nocturnal hemoglobinuria (PNH), Pearson syndrome, Shwachman Diamond
syndrome, thrombocytopenia, and myelodysplastic syndrome.

10.  The use of any one of claims 1-3, wherein the disease or condition is an age-related
telomere shortening disease or disorder, a premature aging disease or disorder, or both selected
from the group consisting of Werner syndrome, Bloom’s syndrome, Hutchinson-Gilford progeria
syndrome, Cockayne syndrome, Xeroderma pigmentosa, Ataxia telangiectasia, Rothmund
Themson syndrome, Trichothiodystrophy, Juberg-Marsidi syndrome, and Down syndrome.

11, The use of any one of claims 1-5, wherein the one or more human cells are adult stem
cells, tissue stem cells, or progenitor cells.

12.  The use of any one of claims 1-5, wherein the one or more human cells are one or more
adult stem cells, tissué stom cells, or progenitor cells selected from the group consisting of

hematopoietic stem cells, mesenchymal stem cells, adipose stem cells, neuronal stem cells, and
germ stem cells.

13.  The use of any one of claims 1-5, wherein the one or more human cells are somatic cells,
bone marrow cells, mature cells, or differentiated cells.

14.  The use of any one of claims 1-5, wherein the one or more human cells are one or more:
somatic cells, bone marrow cells, mature cells, or differentiated cells-selected from the group
consisting of epidetmal cells, fibroblasts, lymaphocytes, hepatocytes, epithelial cells, nmyocytes,
chondrocytes, osieocytes, adipocytes, cardiomyocytes, pancreatic i cells, keratinocytes,
erythrocytes, peripheral blood cells, neurocytes, astrocytes, germ cells, sperm cells, and oocytes.

15.  The use of any one of claims 1-5, wherein the increased expression of Zscand is transient.

16.  The use of any one of claims 1-3, wherein the agent is an isolated nucleic acid molecule
encoding Zscan4.

17.  The use of claim 16, wherein the isclated nucleic acid molecule is a synthetic mRMA.
18, The use of claim 16, wherein the isolated nucleic acid molecule comprises a vector.

19.  Theuse of claim 18, whetein the vector is a Sendai virus vector.
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20, The use of claim 16, wherein the Zscan4 is a Zscan4-ERT2 fusion protein,

21.  The use of claim 16, wherein the Zscand is a Zscand-AC protein.

22, The use of any one of claims 1-5, wherein the agent is a Zscan4 protein.

23.  Theuse of claim 22, wherein the Zscan4 protein is fused to a cell-penetrating peptide.

24. The use of claim 16 or 22, wherein the Zscan4 is a mouse Zscand, a human ZSCAN4, or
a homolog thereof.

25.  Theuse of claim 22, wherein the Zscan4 protein is a Zscand-ERT? fusion protein.

26.  Theuse of claim 22, wherein the Zscan4 protein is a Zscan4-AC protein,

~139~



	1-4
	5
	6
	6a
	7
	7a
	8-9
	10, 10a
	11
	12, 12a, 13, 13a, 14, 14a, 15, 15a
	16-17
	18
	19-21
	22-24
	25-32
	33-136
	137-139



