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(57) ABSTRACT 

Described herein is Zscan4, a gene exhibiting 2-cell embry 
onic stage and embryonic stem cell speci?c expression. Iden 
ti?cation of nine Zscan4 co-expressed genes is also 
described. Inhibition of Zscan4 expression inhibits the 2-cell 
to 4-cell embryonic transition and prevents blastocyst 
implantation, expansion and outgrowth. Provided herein are 
methods of inhibiting differentiation of a stem cell, promot 
ing blastocyst outgrowth of embryonic stem cells and identi 
fying a subpopulation of stem cells expressing Zscan4. Fur 
ther described is the identi?cation of Trim43 as a gene 
exhibiting morula-speci?c expression. Also provided are iso 
lated expression vectors comprising a Zscan4 promoter, or a 
Trim43 promoter operably linked to a heterologous polypep 
tide and uses thereof. Further provided are transgenic animals 
comprising transgenes encoding marker proteins operably 
linked to Zscan4 and Trim43 promoters. 
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METHODS FOR MODULATING EMBRYONIC 
STEM CELL DIFFERENTIATION 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

This is a divisional ofU.S. application Ser. No. 12/529,004, 
?led Aug. 27, 2009, noW abandoned, Which is the US. 
National Stage of International Application No. PCT/ 
US2008/058261, ?led Mar. 26, 2008, published in English 
under PCT Article 21(2), Which claims the bene?t of US. 
Provisional Application No. 60/920,215, ?led Mar. 26, 2007. 
All of the above-referenced applications are herein incorpo 
rated by reference in their entirety. 

FIELD 

This application relates to the ?eld of cellular differentia 
tion, speci?cally to the methods of identifying and using a 
subpopulation of stem cells, Which can be identi?ed by the 
expression of Zscan4 or one or more Zscan4 co-expressed 
genes described herein, and the methods of inhibiting differ 
entiation and prolonging viability by altering Zscan4. This 
application also relates to the identi?cation of Trim43 as a 
gene highly expressed at the morula stage. 

BACKGROUND 

Stem cells have been identi?ed in several somatic tissues 
including the nervous system, bone marroW, epidermis, skel 
etal muscle, and liver. This ‘set-aside’ population of cells is 
believed to be responsible for maintaining homeostasis 
Within individual tissues in adult animals. The number of 
stem cells and their decision to differentiate must be tightly 
controlled during embryonic development and in the adult 
animal to avoid premature aging or tumor formation. Differ 
ent somatic stem cells share the properties of self-reneWal and 
multi-developmental potential, suggesting the presence of 
common cellular machinery. 

Embryonic stem (ES) cells can proliferate inde?nitely in 
an undifferentiated state. Furthermore, ES cells are pluripo 
tent cells, meaning that they can generate all of the cells 
present in the body (bone, muscle, brain cells, etc.). ES cells 
have been isolated from the inner cell mass of the developing 
murine blastocyst (Evans et al., Nature 292:154-156, 1981; 
Martin et al., Prac. Natl. Acad. Sci. USA. 78:7634-7636, 
1981; Robertson et al., Nature 323:445-448, 1986; Doet 
schman et al., Nature 330:576-578, 1987; and Thomas et al., 
Cell 51:503-512, 1987; US. Pat. No. 5,670,372). Addition 
ally, human cells With ES cell properties have recently been 
isolated from the inner blastocyst cell mass (Thomson et al., 
Science 282:1145-1147, 1998) and developing germ cells 
(Shamblott et al., Proc. Natl. Acad. Sci. USA. 95:13726 
13731, 1998) (see also US. Pat. No. 6,090,622, PCT Publi 
cation Nos. WO 00/70021 and WO 00/27995). 

There is groWing interest in the analysis of patterns of gene 
expression in cells, such as stem cells. HoWever, feW studies 
have identi?ed an individual gene product that functions in 
the complex network of signals in developing tissues to 
inhibit differentiation and increase proliferation. 

SUMMARY 

Described herein is the identi?cation of Zscan4 as a gene 
speci?cally expressed during the 2-cell embryonic stage and 
in embryonic stem cells. Further described herein is the iden 
ti?cation of Zscan4 co-expressed genes Which exhibit a simi 
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2 
lar expression pattern as Zscan4 in the developing embryo. 
Also described herein is the identi?cation of Trim43 as a gene 
abundantly expressed at the morula stage of embryonic devel 
opment. 

Provided herein are methods of inhibiting differentiation 
of a stem cell comprising increasing the expression of Zscan4 
in the stem cell. In one embodiment, inhibiting differentiation 
of the stem cell increases viability of the stem cells. In another 
embodiment, inhibiting differentiation of the stem cell pre 
vents senescence of the stem cell. As described herein, the 
stem cell can be any type of stem cell, including, but not 
limited to, an embryonic stem cell, an embryonic germ cell, a 
germline stem cell or a multipotent adult progenitor cell. 

Also provided herein is a method of promoting blastocyst 
outgroWth of an embryonic stem cell, comprising increasing 
the expression of Zscan4 in the embryonic stem cell, thereby 
promoting blastocyst outgroWth of the embryonic stem cell. 

Further provided is a method of identifying an undifferen 
tiated subpopulation of stem cells expressing Zscan4, com 
prising transfecting stem cells With an expression vector com 
prising a Zscan4 promoter and a reporter gene, Wherein 
expression of the reporter gene indicates Zscan4 is expressed 
in the subpopulation of stem cells. In one embodiment, the 
promoter is a Zscan4c promoter. 
An isolated expression vector comprising a Zscan4 pro 

moter operably linked to a heterologous polypeptide is also 
provided. In one embodiment, the Zscan4 promoter is a 
Zscan4c promoter. In another embodiment, the heterologous 
polypeptide is a marker, enZyme or ?uorescent protein. Also 
provided is an expression vector comprising a Trim43 pro 
moter operably linked to a heterologous polypeptide. In some 
embodiments, the Trim43 promoter comprises at least a por 
tion of the nucleic acid sequence set forth as SEQ ID NO: 31. 
Isolated embryonic stem cells comprising the expression vec 
tors described herein are also provided. 

Also provided is a method of identifying an undifferenti 
ated subpopulation of stem cells, Wherein the stem cells 
express Zscan4, comprising detecting expression of one or 
more of AF067063, Tcstv1/Tcstv3, Tho4, Arginase II, 
BC061212 and Gm428, Eif1a, EG668777 and Pif1. Isolated 
stem cells identi?ed according to this method are also pro 
vided. 
The foregoing and other features and advantages Will 

become more apparent from the folloWing detailed descrip 
tion of several embodiments, Which proceeds With reference 
to the accompanying ?gures. 

BRIEF DESCRIPTION OF THE FIGURES 

FIG. 1A is a series of digital images shoWing the expres 
sion pro?le of Zscan4 during preimplantation development 
by Whole mount in situ hybridization. HybridiZations Were 
performed simultaneously under the same experimental con 
ditions for all preimplantation developmental stages. Images 
Were taken at 200>< magni?cation using phase contrast. 
Zscan4 shoWs a transient and high expression in the late 2-cell 
embryos. Such a high level of expression Was not observed in 
3-cell (tWo examples indicated by red arroWs) and 4-cell 
embryos. FIG. 1B shoWs a graph of the expression levels of 
Zscan4 during preimplantation development quantitated by 
qRT-PCR analysis. Three sets of 10 pooled embryos Were 
collected from each stage (0, oocyte; 1, 1-cell embryo; E2, 
early 2-cell embryo; L2, late 2-cell embryo; 4, 4-cell embryo; 
8, 8-cell embryo; M, morula; and B, blastocyst) and used for 
qRT-PCR analysis. The expression levels of Zscan4 Were 
normaliZed to Chuk control, and the average expression lev 
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els at each stage are represented as a fold change compared to 
the expression level in oocytes. 

FIG. 2A shows diagrams of the exon-intron structures of 
nine Zscan4 paralogs. NeW proposed gene symbols are 
shoWn in bold italics With the current gene symbols. FIG. 2B 
illustrates the putative protein structures of Zscan4 paralogs, 
and shoWs predicted domains. 

FIG. 3A is a diagram that illustrates the genomic structure 
of the Zscan4 locus (encompassing 850 kb on Chromosome 
7). The top panel shoWs genes near the Zscan4 locus. The 
loWer panel shoWs nine Zscan4 paralogous genes and their 
characteristic features. Six other genes (LOCs) are predicted 
in this region, but unrelated to Zscan4. FIG. 3B is a diagram 
that depicts the TaqI-, MspI-, or TaqI/MspI-digested DNA 
fragment siZes predicted from the genome sequences 
assembled from individual BAC sequences. FIG. 3C is a 
digital image that shoWs the Southern blot analysis of C57BL/ 
6] genomic DNAs digested With TaqI, MspI, or TaqI/MspI 
restriction enZymes. SiZes of all DNA fragments hybridiZed 
With a Zscan4 probe (containing only exon 3 from cDNA 
clone C0348C03) matched With those predicted in FIG. 3B, 
validating the manually assembled sequences. 

FIG. 4A is a table shoWing the three types of siRNA tech 
nologies used for the analysis of Zscan4 in preimplantation 
embryos and their target sequences (SEQ ID NOs: 54-59). 
FIG. 4B is a diagram that illustrates the locations of siRNA 
target sequences in the Zscan4 cDNA. FIG. 4C is a series of 
digital images shoWing the development of shZscan4-in 
jected embryos. The morphology of representative embryos 
is shoWn. Stages of shZscan4-injected and shControl-in 
jected embryos Were assessed at 61 hrs, 80 hrs, 98 hrs and 108 
hrs post-hCG injections. FIG. 4D is a series of graphs shoW 
ing the percentage of shZscan4- and shControl-injected 
embryos at each developmental stage. shZscan4-injected 
(grey bars) and shControl-injected (White bars) Were staged 
and counted at 61 hrs, 80 hrs, 98 hrs and 108 hrs post-hCG 
injections (M:morula; B:blastocyst). FIG. 4E is a graph 
shoWing the transcript levels of Zscan4 in shControl-injected 
and shZscan4-injected 2-cell embryos by qRT-PCR analysis. 
The expression levels Were normaliZed by EefIal. 

FIGS. 5A-5C are a series of graphs indicating the number 
of embryos at each developmental stage folloWing injection 
With shZscan4. Embryos received shZscan4-injection in the 
nucleus of one blastomere of early 2-cell embryos. The stages 
of shZscan4-(gray) and shControl-(White) microinjected 
embryos Were assessed at 52 hrs, 74 hrs and 96 hrs post-hCG 
injections. FIGS. 5D-5F shoW photographs of a 3-cell embryo 
(D), an unevenly cleaved embryo (E) and a mixed morula and 
blastocyst like embryo (F). The 3-cell embryo has one blas 
tomere that remained at the siZe of a 2-cell stage blastomere 
and tWo smaller blastomeres With the siZe of 4-cell stage 
blastomeres. The 5-cell embryo has one delayed blastomere 
and four smaller blastomeres With the siZe of 8-cell blas 
tomeres. These embryos eventually formed blastocyst-like 
structures, but seemed to be a mixture of a blastocyst-like cell 
mass and a morula-like cell mass. The morula-like cell mass 

Was developed from one blastomere receiving shZscan4 
injection, as shoWn by the presence of GFP, Which Was carried 
in the shZscan4 plasmid (FIG. 5G). Magni?cation is 200><. 

FIG. 6A is an image that illustrates the expression of 
Zscan4 and Pou5f1 in blastocysts, blastocyst outgroWth and 
ES cells by Whole mount in situ hybridization. FIG. 6B is a 
schematic illustration of the Zscan4 expression patterns. 

FIGS. 7A-7E is a series of tables comparing nucleotide and 
amino acid sequence similarity (percent identity) among 
human ZSCAN4, mouse Zscan4c, Zscan4d, and Zscan4f 
genes. 
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4 
FIG. 8 is an illustration shoWing the Zscan4 syntenic 

regions of mouse and human genomes. 
FIGS. 9A-9B is a series of graphs and photographs shoW 

ing the development of embryos that received a siZscan4 
injection in the cytoplasm. FIG. 9A shoWs the percentage of 
embryos at each developmental stage for siControl-injected 
embryos (White bar) and siZscan4-injected embryos (gray 
bar) at 2.0, 3.5 and 4.0 d.p.c. FIG. 9B shoWs the percentage of 
expanded and hatched blastocysts at 4.5 d.p.c. in siControl 
injected embryos (gray bar; photograph (a)) and siZscan4 
injected embryos (black bar; photograph (b)). 

FIGS. 10A-10D are a series of graphs and a table shoWing 
the development of embryos that received plus-siZscan4 
injection in cytoplasm. FIG. 10A shoWs the percentage of 
embryos at each developmental stage for siControl-injected 
embryos (White bar) and plus-siZscan4-injected embryos 
(gray bar) at 2.0, 2.2, 3.0, and 4.0 days post coitus. FIGS. 10B 
and 10C shoW the transcript levels of Zscan4 in siControl 
injected embryos and plus-siZscan4-injected embryos, mea 
sured by qRT-PCR analysis and normalized by Chuk (FIG. 
10B) and H2afZ (FIG. 10C). FIG. 10D provides the raW data 
of 3 biological replications of qRT-PCR analysis. 1", the mean 
value of the cycle threshold for each biological replicate; I, 
the standard deviation. 

FIG. 11 is an illustration depicting the expression vector 
comprising the Zscan4c promoter sequence and reporter gene 
Emerald. The sequence of the expression vector is set forth as 
SEQ ID NO: 28. 

FIG. 12A is a ?uorescence activated cell sorting (FACS) 
graph shoWing a subpopulation of mouse ES expressing 
Zscan4. Mouse ES cells Were transfected With an expression 
vector comprising a Zscan4c promoter and a ?uorescent 
reporter gene (Emerald). Expression of the reporter gene in a 
cell (an Emerald-positive cell) indicates the cell expresses 
Zscan4. FIG. 12B is a graph shoWing expression levels of 
Zscan4c and Pou5f1 in the subpopulation of ES cells identi 
?ed as Emerald-positive. The Y-axis represents the fold dif 
ference in gene expression betWeen Emerald-positive and 
Emerald-negative cells. 

FIGS. 13A-G are graphs shoWing expression pro?les of 
Zscan4 and six genes co-expressed With Zscan4 in a sub 
population of ES cells. ShoWn are the expression pro?les of 
Zscan4 (A),AF067063 (B), Tcstv3 (C), Tho4 (D), Arginase II 
(E), BC061212 (F) and Gm428 (G)) in metaphase II oocytes 
(M11), 1 cell embryos, early 2 cell (e 2 cell) embryos, late 2 
cell (1 2 cell) embryos, 4 cell embryos, 8 cell embryos, morula 
(mo) and blastocyts (bl). 

SEQUENCE LISTING 

The nucleic and amino acid sequences listed in the accom 
panying sequence listing are shoWn using standard letter 
abbreviations for nucleotide bases, and three letter code for 
amino acids, as de?ned in 37 CPR. 1.822. Only one strand of 
each nucleic acid sequence is shoWn, but the complementary 
strand is understood as included by any reference to the 
displayed strand. The Sequence Listing is submitted as an 
ASCII text ?le, created on Dec. 14, 2011, 170 KB, Which is 
incorporated by reference herein. In the accompanying 
sequence listing: 
SEQ ID NOs: 1 and 2 are the nucleotide sequences of 

forWard and reverse PCR primers for ampli?cation of 
Zscan4d from 2-cell embryos. 
SEQ ID NOs: 3 and 4 are the nucleotide sequences of PCR 

primers for amplifying a probe designed to contain exon 3 of 
Zscan4. 




























































































































































