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(57) ABSTRACT 

The invention relates to methods of altering gene expression 
by homologous recombination in a multipotent adult pro 
genitor cell (MAPC). In particular, methods of producing a 
recombinant MAPC, of correcting a genetic defect in a 
mammal, of providing a functional and/or therapeutic pro 
tein to a mammal, and of transforming a MAPC are pro 
vided. MAPCs containing an erogenous DNA as Well as 
recombinant MAPCs and their diiTerentiated progeny are 
also provided. 
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HOMOLOGOUS RECOMBINATION IN 
MULTIPOTENT ADULT PROGENITOR CELLS 

RELATED APPLICATIONS 

[0001] This application claims the bene?t of priority to 
US. application Ser. No. 60/429,631, ?led on Nov. 27, 2002. 
This application makes reference to International Applica 
tion No. PCT/US00/21387, ?led Aug. 4, 2000 and to Inter 
national Application No. PCT/US02/04652, ?led Feb. 14, 
2002, both of Which are hereby incorporated by reference. 
Each document cited or referenced in each of the foregoing 
applications, and any manufacturer’s instructions or cata 
logues for any products cited or mentioned in each of the 
foregoing applications and in any of the cited documents, are 
hereby incorporated herein by reference. Furthermore, all 
documents cited in this text, and all documents cited or 
referenced in documents cited in this text, and any manu 
facturer’ s instructions or catalogues for any products cited or 
mentioned in this text or in any document incorporated into 
this text, are incorporated herein by reference. Documents 
incorporated by reference into this text or any teachings 
therein can be used in the practice of this invention. Docu 
ments incorporated by reference into this text are not admit 
ted to be prior art. 

FIELD OF THE INVENTION 

[0002] The present invention relates generally to alteration 
of gene expression in mammalian multipotent adult progeni 
tor cells (MAPCs) [previously referred to as multipotent 
adult stem cells (MASC)], and more speci?cally to methods 
for making homologously recombined MAPCs. The inven 
tion further relates to the therapeutic treatment of disease 
using homologous recombination and gene targeting tech 
niques in MAPCs. 

BACKGROUND OF THE INVENTION 

[0003] The alteration of gene expression, by upregulating, 
doWnregulating, knocking-in or knocking-out gene prod 
ucts, can be accomplished using gene targeting approaches, 
such as homologous recombination. Gene targeting 
approaches are an alternative for both in vitro and in vivo 
production of proteins. In vitro expression of desired pro 
teins has multiple uses, from production of therapeutic drugs 
to generating nutrients to providing drug and disease screen 
ing and research tools. An aspect of gene targeting involves 
gene therapy, Which has been advanced as a treatment for 
medical conditions that require alteration of the level of 
protein production in a cell, Whether ex vivo or in vivo, and, 
if necessary, the delivery of such protein(s) to other cells and 
tissues. 

[0004] An aspect of gene targeting ex vivo involves trans 
fection and transplantation of recombinant autologous or 
allogeneic cells. As one example, stem cells provide promise 
for improving the results of such cell-based gene targeting. 
Stem cells can be genetically altered in vitro, then reintro 
duced in vivo to produce a desired gene product. 

[0005] The quintessential stem cell is the embryonic stem 
(ES) cell, as it has unlimited self-reneWal and multipotent 
differentiation potential (Thomson et al., 1995; Thomson et 
al., 1998; Shamblott et al., 1998; Williams et al., 1988; 
Orkin, 1998; Reubinolf et al., 2000). These cells are derived 
from the inner cell mass of the blastocyst (Thomson et al., 
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1995; Thomson et al., 1998; Martin, 1981), or can be derived 
from the primordial germ cells from a post-implantation 
embryo (embryonal germ cells or EG cells). ES and EG cells 
have been derived from mouse, and more recently also from 
non-human primates and humans. When introduced into 
mouse blastocysts, ES cells have been shoWn to contribute 
to tissues from all three germ layers of the mouse (Orkin 
1998). ES cells are therefore pluripotent. 

[0006] Stem cells that are not isolated from an embryo are 
simply referred to as stem cells or sometimes tissue-speci?c 
stem cells or adult stem cells. Stem cells have been identi?ed 
in most organs and tissues. A Well-characterized stem cell is 
the hematopoietic stem cell (“HSC”). This mesoderm-de 
rived cell has been puri?ed based on cell surface markers 
and functional characteristics. The HSC, isolated from bone 
marroW (“BM”), blood, cord blood, fetal liver and yolk sac, 
is the progenitor cell that generates blood cells, or folloWing 
translation, reinitiates multiple hematopoietic lineages. 
HSCs can reinitiate hematopoiesis for the life of a recipient. 
(See Fei et al., US. Pat. No. 5,635,387; McGlave et al., US. 
Pat. No. 5,460,964; Simmons et al., US. Pat. No. 5,677,136; 
Tsukamoto et al., US. Pat. No.5,750,397; SchWartZ et al., 
US. Pat. No. 759,793; DiGuisto et al., US. Pat. No.5,681, 
599; Tsukamoto et al., US. Pat. No. 5,716,827; Hill et al., 
1996.) Stem cells Which differentiate only to form cells of 
the hematopoietic lineage, hoWever, are unable to provide a 
source of cells for repair of other damaged tissues, for 
example, heart or lung tissue damaged by high-dose che 
motherapeutic agents. They are also limited in their use in 
cell-based therapy to the correction of defects that affect 
only cells of the hematopoietic lineage. Similarly, their use 
in in vitro and/or ex vivo protein production is limited to 
proteins normally expressed in cells of hematopoietic lin 
eage. 

[0007] A second adult stem cell that has been studied 
extensively is the neural stem cell (“NSC”) (Gage, 2000; 
Svendsen et al., 1999; Okabe et al., 1996). Several studies in 
rodents, and non-human primates and humans have shoWn 
that stem cells continue to be present in adult brain. These 
stem cells can proliferate in vivo and continuously regen 
erate at least some neuronal cells in vivo. When cultured ex 
vivo, NSCs can be induced to differentiate into different 
types of neurons and glial cells. Clarke et al. (2000) reported 
that NSCs from Lac-Z transgenic mice Were able to con 
tribute, not only to tissues of the central nervous system, but 
also to mesodermal derivatives and epithelial cells of the 
liver and intestine. They Were not found in other tissues, 
including the hematopoietic system. These studies therefore 
suggested that adult NSCs may have signi?cantly greater 
differentiation potential than previously realiZed, but still do 
not have the pluripotent capability of ES cells or of the adult 
derived multipotent adult stem cells (MASCs), also knoWn 
as MAPCs, described in Furcht et al. (International Appli 
cation Nos. PCT/US00/21387 and PCT/US02/04652) and 
herein. 

[0008] A third tissue speci?c cell With stem cell properties 
is the mesenchymal stem cell (“MSC”), initially described 
by Fridenshtein (1982). MSC, originally derived from the 
embryonal mesoderrn, can be isolated from adult bone 
marroW (“BM”) and can differentiate to form muscle, bone, 
cartilage, fat, marroW stroma, and tendon. A number of 
MSCs have been isolated. (See, for example, Caplan et al., 
US. Pat. No. 5,486,359; Young et al., US. Pat. No. 5,827, 
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735; Caplan et al., US. Pat. No. 5,811,094; Bruder et al., 
US. Pat. No. 5,736,396; Caplan et al., US. Pat. No. 5,837, 
539; Masinovsky, US. Pat. No. 5,837,670; Pittenger, US. 
Pat. No. 5,827,740; JaisWal et al., 1997; Cassiede et al., 
1996; Johnstone et al., 1998; Yoo et al., 1998; Gronthos, 
1994). 
[0009] Of the many MSCs that have been described, most 
have demonstrated limited differentiation potential, only 
forming cells generally considered to be of mesenchymal 
origin. One of the most multipotent MSC reported is the cell 
isolated by Pittenger et al., Which is capable of differenti 
ating to form a number of cell types of mesenchymal origin 
(Pittenger et al., 1999). 

[0010] Other tissue-speci?c stem cells have been identi 
?ed, including gastrointestinal stem cells (Potten 1998), 
epidermal stem cells (Watt, 1997), and hepatic stem cells, 
also termed oval cells (Alison et al., 1998). 

[0011] MAPCs are distinct from these other types of stem 
cells. They can be culture-isolated from multiple sources, 
such as bone marroW, blood, muscle, brain, skin, fat, umbili 
cal cord and placenta, and have the same morphology, 
phenotype, in vitro differentiation ability and a highly simi 
lar expressed gene pro?le as ES cells. (See, for example, 
Reyes and Verfaillie, 2001; Reyes et al., 2001; Jiang et al., 
2002a; Jiang et al., 2002b.) MAPCs constitutively expresses 
oct4 and high levels of telomerase and are negative for 
CD44, MHC class I and MHC class II expression. One 
bene?t of MAPCs, in terms of therapeutic applications, is 
that no teratomas are formed in vivo. Furthermore, MAPCs 
contribute to multiple organs upon transplantation. 

[0012] Most presently available approaches of gene deliv 
ery make use of infectious vectors, such as retroviral vec 
tors, Which include the genetic material to be expressed. 
These approaches have limitations, such as the potential of 
generating replication-competent virus during vector pro 
duction; recombination betWeen the therapeutic virus and 
endogenous retroviral genomes, potentially generating 
infectious agents With novel cell speci?cities, host ranges, or 
increased virulence and cytotoxicity; limited cloning capac 
ity in the retrovirus (Which, inter alia, restricts therapeutic 
applicability) and short-lived in vivo expression of the 
product of interest. 

[0013] Further, in most gene delivery systems, it is not 
possible to direct or target the donor DNA (i.e., the DNA 
being delivered to the cell, such as therapeutic DNA) to a 
preselected site in the genome. In fact, in the Widely used 
retrovirus-mediated gene delivery system, retroviruses inte 
grate randomly into independent chromosomal sites in mil 
lions to billions of cells. This mixture of infected cells is 
problematic in tWo senses: ?rst, since integration site plays 
a role in the function of the donor DNA, each cell has a 
different level of function and, second, since the integration 
of donor DNA into the genome can trigger undesired events, 
such as the generation of tumorigenic cells, the likelihood of 
such events is dramatically increased When millions to 
billions of independent integrations occur. 

[0014] The problems of populations consisting of large 
numbers of independent integrants might be avoided in tWo 
Ways. First, a single cell With a random integration site can 
be propagated until sufficient numbers of the cloned cell are 
available for further use. The cells that make up this clonal 
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population Would all function identically. While this is 
theoretically possible, success rates for creating a clonal 
population from a single cell can be loW and the number of 
passages required to amass a usable number of transfected 
cells can be deleterious. Alternatively, gene targeting can be 
used, Wherein the donor DNA is introduced into a population 
of cells such that the DNA sequence integrates into a 
preselected site in the genome. In this case, all the cells 
function identically and the risk of a deleterious integration 
event is eliminated. 

[0015] A number of approaches to gene targeting have 
been described including chimeroplasty (Bandyopadhyay et 
al., 1999), triple helix formation (Casey et al., 2001) and 
short-fragment homologous recombination (GoncZ, et al., 
2001), all of Which may increase the rate of gene targeting. 
A preferred method of gene targeting by homologous recom 
bination is that of Treco et al., described, for example, in the 
US. Pat. Nos. 6,270,989 and 5,641,670 or in Selden et al., 
US. Pat. No. 6,303,379. 

[0016] Another alternative approach, based on AAV-me 
diated gene transfer and targeting, has been described (lnoue 
et al., 1999; Hirata et al., 2000; Hirata et al., 2002). AAV is 
a dependent parvovirus With a single-stranded linear DNA 
genome, from Which vectors can be made by replacing the 
viral genes With foreign DNA betWeen the cis-acting 
inverted terminal repeats. AAV vectors genetically alter cells 
by chromosomal integration of the vector genome at the 
site-speci?c integration locus of Wild-type AAV located on 
human chromosome 19 (Carter et al., 2000; lnoue et al., 
1999; Hirata et al., 2000; Hirata et al., 2002). The gene 
targeting rates produced by AAV vectors approach 1% at the 
single-copy HPRT locus in normal human cells, 3 to 4 logs 
higher than can typically be achieved in human cells With 
conventional gene targeting methods. 

[0017] The use of gene targeting has been proposed in ES 
cell, germ cell and somatic cell systems. Germ cell gene 
targeting refers to the modi?cation of sperm cells, egg cells, 
Zygotes, or early stage embryos. From a practical standpoint, 
and due to ethical concerns, germ cell gene targeting is 
inappropriate for human use. ES cell gene targeting is also 
controversial, and the availability of ES cells for these 
purposes is severely limited. In somatic cell gene therapy, 
targeting somatic cells (e.g., ?broblasts, hepatocytes, or 
endothelial cells) are removed from a donor organism, 
cultured in vitro, transfected With the gene(s) of interest, 
characterized, and used for a desired purpose. HoWever, the 
practical use of somatic cells is limited to conditions that 
affect only one cell type. Therefore, for example, an altered 
somatic cell cannot be induced to differentiate into cells of 
various tissue types. In addition, somatic cells are generally 
limited in their potential to propagate in vitro. Hence, an 
approach that overcomes the draWbacks and limitations of 
the currently available methods and provides safe, ef?ca 
cious, long-term protein production and delivery Would be 
valuable. 

[0018] Historically, transfer (or introduction) of exog 
enous DNA into stem cells has been challenging, With most 
of the knoWn transfection methods giving sub-optimal trans 
fer rates. To achieve ef?cient gene targeting, a good transfer 
rate is necessary. Achieving high rates of transfer in stem 
cells has been hindered by the fact that optimal transfection 
occurs When cells are cultured at high density, While loWer 
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cell densities are required to maintain stem cells in an 
undifferentiated state. In order to effectively use genetically 
altered stem cells in protein expression, including therapeu 
tic applications, a method is needed that Will result in 
optimal transfer ef?ciency, for example, under conditions 
that support undifferentiated stem cells. Moreover, such 
methods Would be ideally suited for use With adult stem cells 
having pluripotent capacity, such as MAPCs. 

SUMMARY OF THE INVENTION 

[0019] The ability to repair, alter, replace, delete or 
express desired nucleotide sequences in the genome of 
MAPCs Would expand the potential usefulness of MAPCs in 
the in vitro, ex vivo, or in vivo expression of a gene of 
interest in order to arrive at a multitude of desired outcomes, 
such as nutritional and/or therapeutic protein production, 
non-protein gene expression (e.g. generation, up/doWn regu 
lation, or knock-out/-in of riboZymes), as Well as treatment 
of disease. Use of gene targeting in MAPCs can provide 
methods for altering gene expression (i.e., by increasing or 
decreasing the production of a gene product) not only to 
produce a novel or enhanced gene product, but also for 
investigation of gene expression patterns and/or gene func 
tion. 

[0020] The invention provides a method of altering a ?rst 
gene expression pattern in an isolated multipotent adult 
progenitor cell (MAPC), the method comprising: 

[0021] a) introducing into a MAPC an exogenous poly 
nucleotide molecule, Wherein the polynucleotide mol 
ecule comprises i) a targeting nucleotide sequence and 
ii) a donor nucleotide sequence; and 

[0022] b) culturing the MAPC under conditions suffi 
cient to homologously recombine the exogenous poly 
nucleotide molecule, such that a resultant MAPC has a 
second expression pattern; 

Wherein the introducing and culturing are done simulta 
neously or consecutively. 

[0023] A preferred polynucleotide molecule is a DNA 
molecule. A preferred targeting and/or donor nucleotide 
sequence is DNA. Preferably, a targeting nucleotide 
sequence is homologous to a genomic DNA sequence of the 
MAPC. More preferably, a donor nucleotide sequence 
encodes a gene product not expressed by the MAPC, such 
that the second expression pattern includes the gene product. 

[0024] Gene expression in the resultant MAPC can be 
turned on or off, increased or decreased. 

[0025] MAPCs can be isolated from a mammal, such as a 
mouse, a rat or a human. MAPCs can be isolated from a 

source including, but not limited to, bone marroW, blood, 
brain, muscle, skin, fat, umbilical cord and placenta. 

[0026] The exogenous DNA sequence can be introduced 
via nucleoporation. 

[0027] The method of altering a ?rst gene expression 
pattern in an isolated multipotent adult progenitor cell 
(MAPC) can further comprise differentiating the MAPC 
after culturing under conditions suf?cient to homologously 
recombine the exogenous polynucleotide molecule (prefer 
ably a DNA molecule). The MAPC can be differentiated to 
form a cell of a type including, but not limited to, osteoblast, 

Oct. 12, 2006 

chondrocyte, adipocyte, ?broblast, marroW stroma, skeletal 
muscle, smooth muscle, cardiac muscle, occular, endothe 
lial, epithelial, hepatic, pancreatic, hematopoietic, glial, neu 
ronal and oligodendrocyte cell types. 

[0028] The preferred exogenous DNA molecule can com 
prise a DNA sequence encoding a selectable marker, such as 
an antibiotic resistance gene. 

[0029] The invention further provides a method of making 
recombinant multipotent adult progenitor cells (MAPCs), 
the method comprising: 

[0030] 
[0031] b) nucleoporating the MAPC in the presence of 

an exogenous DNA molecule, Wherein the DNA mol 
ecule comprises i) a DNA sequence homologous to a 
genomic DNA sequence of the MAPC and ii) option 
ally a DNA sequence encoding a gene product; and 

[0032] c) culturing the MAPC under conditions suffi 
cient to homologously recombine the exogenous DNA 
molecule. 

[0033] Preferably, the MAPCs are cultured at about 500 
cells/cm2. 

a) culturing isolated MAPCs at loW density; 

[0034] The gene product can be, but is not limited to, 
FANCA, FANCB, FANCC, FANCDl, FANCD2, FANCE, 
FANCF, FANCG, hemoglobin, factor VIII, factor IX, eryth 
ropoietin, CFTR, collagen I, alpha 1 anti-trypsin, gamma-C, 
Ragl, Rag2, adenosine deaminase, phenylalanine hydroxy 
lase, fumarate dehydroxylase, LDL receptor, aL-iduronidase 
and b-glucuronidase. Preferably, the gene product is 
FANCC. 

[0035] The method of making recombinant multipotent 
adult progenitor cells can further comprise selecting the 
resultant MAPCs expressing the gene product. 

[0036] The preferred exogenous DNA molecule can be a 
vector, such as a plasmid. The vector can further comprise 
a DNA sequence encoding a selectable marker, such as an 
antibiotic resistance gene. 

[0037] The invention further provides a method of cor 
recting a genetic defect in a mammal, Wherein the defect is 
one or more defective nucleotide sequence(s) from Which a 
functional gene product cannot be expressed, the method 
comprising: 

[0038] a) isolating a MAPC from the mammal having 
the genetic defect; 

[0039] b) introducing into the MAPC an exogenous 
DNA molecule, Wherein the DNA molecule comprises 
i) a DNA sequence homologous to a genomic DNA 
sequence of the MAPC and ii) one or more non 
defective nucleotide sequence(s) corresponding to the 
defective nucleotide sequence(s), 

[0040] c) culturing the MAPC under conditions suffi 
cient to homologously recombine the exogenous DNA 
molecule into the genome of the MAPC, Wherein the 
MAPC expresses the functional gene product; 

se ect1n s t at ex ress t e unct1ona 0041 d l ' g MAPC h p h f ' 1 

gene product; and 

[0042] e) transplanting the MAPCs into the mammal. 
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[0043] The genetic defect can affect a gene encoding, for 
example, FANCA, FANCB, FANCC, FANCDl, FANCD2, 
FANCE, FANCF, FANCG, hemoglobin, factor VIII, factor 
IX, erythropoietin, CFTR collagen I, alpha 1 anti-trypsin, 
gamma-C, Ragl, Rag2, adenosine deaminase, phenylalanine 
hydroxylase, fumarate dehydroxylase, LDL receptor, aL 
iduronidase and b-glucuronidase. 

[0044] Selection can be carried out by treatment of the 
MAPCs With a dose of mitomycin C, Wherein the dose is 
toxic to MAPCs not expressing the gene product and non 
toxic to MAPCs expressing the gene product. 

[0045] The method of correcting a genetic defect can 
further comprise differentiating the MAPCs. The differen 
tiating can be done after culturing under conditions suf?cient 
to homologously recombine the exogenous DNA molecule 
and optionally, before transplanting the MAPCs into the 
mammal. 

[0046] The exogenous DNA molecule can further com 
prise a DNA sequence encoding a selectable marker, such as 
an antibiotic resistance gene. Thus, the method of correcting 
a genetic defect can further comprise selecting MAPCs 
expressing the selectable marker after culturing under con 
ditions suf?cient to homologously recombine the exogenous 
DNA molecule. 

[0047] Preferably, the sequence encoding the selectable 
marker can be exised from the genome of a resultant MAPC. 
Most preferably, the sequence encoding the selectable 
marker is ?anked at each of the 5' and 3' ends by a lox P site. 
Thus, the method of correcting a genetic defect can further 
comprise selecting MAPCs expressing the selectable marker 
after culture under conditions suf?cient to homologously 
recombine the exogenous DNA molecule and introducing 
into the MAPCs a vector comprising a gene encoding Cre, 
such that Cre is expressed and the selectable marker is 
excised. In a preferred embodiment, the selectable marker is 
excised before transplanting the MAPCs into the mammal. 

[0048] The vector comprising a gene encoding Cre can be 
an adeno-associated viral vector. 

[0049] The method of correcting a genetic defect can 
further comprise selecting MAPCs expressing the selectable 
marker after culturing under conditions sufficient to homolo 
gously recombine the exogenous DNA molecule and intro 
ducing into the MAPCs a TaT-Cre fusion protein, such that 
the selectable marker is excised. In a preferred embodiment, 
the selectable marker is excised before transplanting the 
MAPCs into the mammal. 

[0050] The invention further provides a MAPC, or the 
differentiated progeny thereof, isolated from a mammal With 
a genetic defect, Wherein the defect is one or more defective 
nucleotide sequence(s) at a knoWn locus such that a func 
tional gene product is not expressed, and Wherein the MAPC 
comprises a DNA molecule With one or more non-defective 
nucleotide sequence(s) corresponding to the knoWn locus, 
and the MAPC expresses the functional gene product. 

[0051] The invention further provides a method of 
expressing a functional gene product in an isolated MAPC 
having a defective nucleotide sequence from Which a func 
tional gene product cannot be expressed, the method com 
prising: 
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[0052] a) introducing into the MAPC an exogenous 
DNA molecule, Wherein the DNA molecule comprises 
i) a DNA sequence homologous to a genomic DNA 
sequence of the MAPC and ii) a non-defective nucle 
otide sequence corresponding to the defective nucle 
otide sequence; and 

[0053] b) culturing the MAPC under conditions suffi 
cient to homologously recombine the exogenous DNA 
molecule into the genome of the MAPC, Wherein the 
MAPC expresses the functional gene product. 

[0054] In a preferred embodiment, the defective nucle 
otide sequence is in FANCC. 

[0055] The method of expressing a functional gene prod 
uct in an isolated MAPC can further comprise selecting the 
MAPCs that express the functional gene product. 

[0056] The invention further comprises a recombinant 
MAPC produced by the methods of the invention. 

[0057] The term “comprising” in this disclosure can mean 
“including” or can have the meaning commonly given to the 
term “comprising” in US. Patent LaW. 

[0058] Other aspects of the invention are described in or 
are obvious from (and Within the ambit of the invention) the 
folloWing disclosure. 

BRIEF DESCRIPTION OF DRAWINGS 

[0059] The folloWing Detailed Description, given by Way 
of example, but not intended to limit the invention to speci?c 
embodiments described, may be understood in conjunction 
With the accompanying draWings, incorporated herein by 
reference, in Which: 

[0060] FIG. 1 shoWs the percentage of cells expressing 
GFP after transfection using various methods. 

[0061] FIG. 2 shoWs the percentage of cells expressing 
GFP at 24 and 48 hours after transfection by electroporation 
(Ep) or nucleoporation (Np). 

[0062] FIG. 3 shoWs the HPRT gene and the vector used 
to target it in MAPCs. 

[0063] FIG. 4 shows the gene targeting frequency in 
mMAPCs compared With the frequency in HSC and ES cells 
(Hatada et al., 2001). 
[0064] FIG. 5 provides an overvieW of the experimental 
strategy for gene repair in a knockout mouse model system. 

[0065] FIG. 6 shoWs FANCC—/— MAPCs that have dif 
ferentiated into cardiac cells (6A), liver cells (6B), endot 
helial cells (6C), muscle cells (6D) and neurons (6E). 

[0066] FIG. 7 shoWs schematic diagrams of the FANCC 
gene, containing 14 exons, the knockout locus in Fanconi 
anemia model mice, and the correction vector used to correct 
the defective FANCC gene. 

[0067] FIG. 8 shoWs the nucleotide sequence of the 
human FANCC cDNA (SEQ ID N01). 

[0068] FIG. 9 shoWs the amino acid sequence of the 
human FANCC protein (SEQ ID NO:2). 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0069] As described herein, MAPC technology, in com 
bination With homologous recombination, provides a poW 
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erful tool for altering gene expression to produce a gene 
product in vitro, to determine the function of a gene and to 
treat diseases and conditions caused by abnormal gene 
function. The methods and cells of the present invention can 
be used for a Wide variety of purposes. The methods can be 
used to alter MAPCs in order to repair, alter, delete or 
replace DNA already present in the MAPC, to activate/ 
knock in a gene or to add or replace regulatory sequences to 
a MAPC, to knock out or remove an entire gene or gene 

portion present in MAPCs, or to introduce a gene or DNA 
sequence into a MAPC, at a preselected site, Which encodes 
a therapeutic product or other desired product. 

[0070] Accordingly, the invention provides a method of 
altering a ?rst gene expression pattern in an isolated multi 
potent adult progenitor cell (MAPC), the method compris 
ing: 

[0071] (a) introducing into the MAPC an exogenous 
polynucleotide molecule, Wherein the polynucleotide 
molecule comprises i) a targeting necleotide sequence 
Which includes a sequence homologous to a genomic 
nucleotide sequence of the MAPC and ii) a donor 
nucleotide sequence; and 

[0072] (b) culturing the MAPC under conditions suffi 
cient to homologously recombine the exogenous poly 
nucleotide molecule, such that a resultant MAPC has a 
second gene expression pattern different than said ?rst 
gene expression pattern. 

[0073] MAPCs can be isolated from a mammal such as a 
mouse, a rat or a human. MAPCs can be isolated from a 

source including, but not limited to, bone marroW, blood, 
brain, muscle, skin, fat, umbilical cord and placenta. 

[0074] As used herein, the term “isolated” as used in 
“isolated MAPC,” or “isolated MAPCs” refers to one or 
more MAPCs harvested from a source. A preferred method 
of harvesting a MAPC is described in PCT/US00/21387 
(published as WO 01/11011) and PCT/US02/04652 (pub 
lished as WO 02/064748); MAPC compositions and the 
methods for the isolation thereof are incorporated herein by 
reference. 

[0075] In general, “homologous recombination” is the 
substitution of a segment of DNA by another that is identical 
or nearly so. As used herein, to homologously recombine an 
exogenous DNA molecule is to physically exchange seg 
ments of the molecule, preferably segments ?anking the 
donor nucleotide sequence, With homologous genomic DNA 
sequences of the MAPC, such that the exogenous DNA 
molecule, or a portion thereof, is inserted into the MAPC 
genome. For a revieW of homologous recombination, see 
LeWin, B., Genes V, Oxford University Press, NeW York, 
1994, pp. 968-997; and Capecchi, M., (1989) Science 
244:1288-1292; Capecchi, M., (1989) Trends Genet. 
5(3):70-76. 
[0076] As used herein, an “exogenous polynucleotide 
molecule,” can comprise a polynucleotide sequence 
obtained from a source other than the very cell into Which it 
is introduced. The polynucleotide can comprise a sequence 
of synthetic or naturally occurring DNA or RNA nucleotide 
bases. 

[0077] As used herein, a “targeting nucleotide sequence,” 
is a sequence that shares homology With a genomic 
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sequence(s) of the MAPC. For example, Where gene acti 
vation is desired (e.g., When the donor sequence comprises 
a transcriptional regulatory sequence, such as a transcrip 
tional activation or enhancer sequence), the targeting nucle 
otide sequence can have homology With a genomic sequence 
Within the gene to be activated or upstream of the gene to be 
activated, the upstream region being up to and including the 
?rst functional splice acceptor site on the same coding strand 
of the gene of interest, and by means of Which homology the 
donor sequence that activates the gene of interest is inte 
grated into the genome of the cell containing the gene to be 
activated. Where insertion of a donor sequence into a coding 
region of a gene is desired, the targeting nucleotide sequence 
can share homology With a genomic sequence, preferably, in 
an exon of that gene. Where insertion of a donor sequence 
into a non-coding region is desired (e. g., insertion of a donor 
sequence Without interfering With transcription of endog 
enous genes is desired), the targeting nucleotide sequence 
can share homology With a genomic sequence that is, 
preferably, not located Within a transcribed genomic locus. 
A “genomic locus” refers to a particular location Within the 
genome (e.g., the location of a gene). 

[0078] As used herein, a “donor nucleotide sequence” is 
any nucleotide sequence that is intended to be inserted into 
the MAPC genome regardless of its siZe. The donor nucle 
otide sequence can comprise, for example, a coding 
sequence, or a portion thereof, a transcriptional regulatory 
sequence, such as a transcriptional activation, enhancer or 
silencer sequence, or a non-coding sequence, such as a 
knock-out cassette, as Well as a single nucleotide. 

[0079] In general, in the various methodologies of the 
present invention, preferably, the polynucleotide molecule is 
DNA; and the exogenous polynucleotide molecule is con 
tained in a vector. Moreover, the targeting and the donor 
nucleotide sequence of the exogenous polynucleotide mol 
ecule may be one and the same. 

[0080] Introduction into the MAPC of an exogenous poly 
nucleotide molecule, preferably a DNA molecule, can be 
through any methodology, such as transfection, liposome 
fusion or electroporation. Preferably, introduction into the 
MAPC of the exogenous polynucleotide molecule is carried 
out through nucleoporation. 
[0081] Gene expression in the resultant MAPC can be 
turned on, increased, turned olf or decreased. The methods 
of the invention can result in addition, deletion or replace 
ment of all or part of a gene in a MAPC. Such manipulation 
of the genome is useful in several respects. The method is 
particularly useful to turn on or increase expression of a gene 
that is present in a MAPC, but is not expressed at all or in 
biologically signi?cant levels (i.e. such that a functional 
gene product is produced). Once gene expression is altered, 
for example, turned on or increased, the resultant MAPC can 
be used to produce the gene product (i.e., protein or RNA 
molecule) in vitro or in vivo. The suppression of gene 
expression can be useful in determining the function of a 
gene product, or in gene mapping as Well as correcting a 
genetic defect. In addition, When a gene product is not 
expressed, or is expressed in a reduced amount, the relative 
overexpression of other gene products can be simulated. 
Such techniques can be useful, for example, in the genera 
tion of disease models, such as cancer. 

[0082] The resultant MAPC, having the second gene 
expression pattern, can be selected on that basis. Accord 
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ingly, the invention further provides a method of identifying 
a homologously recombined multipotent adult progenitor 
cell (MAPC) by selecting for an effect of the donor nucle 
otide on said MAPC. Thus, recombinant MAPCs produced 
by the above methods are also provided by the invention. 

[0083] As used herein, a “recombinant MAPC,” is a 
MAPC comprising a donor nucleotide sequence inserted 
into its genome. As used herein, a “genetically altered 
MAPC” is a MAPC Whose genome is altered, as a result of 
homologous recombination, by at least one nucleotide dele 
tion, substitution, addition. “Substitution” can include the 
exchange of a genomic nucleotide base(s) for either the 
same or a different nucleotide base(s) of an exogenous 
polynucleotide molecule (e.g., a genomic guanine 
exchanged for an exogenous guanine or a genomic guanine 
exchanged for an exogenous thymine). 

[0084] In a preferred embodiment, the invention provides 
a method of making a recombinant multipotent adult pro 
genitor cell (MAPC), comprising: 

[0085] (a) culturing MAPCs; 

[0086] (b) nucleoporating the MAPC in the presence of 
an exogenous DNA molecule, Wherein the DNA mol 
ecule comprises i) a DNA sequence homologous to a 
genomic DNA sequence of the MAPC and ii) option 
ally a DNA sequence encoding a gene product; and 

[0087] (c) culturing the MAPC obtained in (b) under 
conditions suf?cient to homologously recombine the 
exogenous DNA molecule, thereby making a recombi 
nant MAPC. 

[0088] In a preferred embodiment of the above method, 
the MAPCs of (a) and/or (c) are cultured at loW density, 
preferably at about 500 cells/cm2. 

[0089] In another embodiment, the invention provides a 
method of introducing a nucleotide of interest (“NOI”) into 
multipotent adult progenitor cells (MAPCs) comprising: 

[0090] (a) culturing MAPCs at loW density, preferably 
at about 500 cells/cm2; 

[0091] (b) introducing a vector comprising a nucleotide 
of interest (“NOI”) into the MAPCs using nucleopo 
ration. 

[0092] Frequently, a genetic disorder or disease results 
from error(s) in the genetic code in an organism’s genome, 
Wherein a mutation of one or more nucleotides causes 

alteration(s) in the gene expression, such as over or under 
expression, activation or deactivation of a gene. As used 
herein “genetic code” refers to a sequence of nucleotides, 
coded in triplets (“codons”) along an RNA sequence. 

[0093] Errors in the genetic code can occur in one or more 
gene loci, Within or outside a coding and/or regulatory 
region. A single nucleotide mutation can alone or cumula 
tively (and/or synergistically) With one or more single nucle 
otide mutation give rise to a disease or disorder in the Whole 
cell, tissue and/or organism. For example, mutations in 
genes affecting a protein function such as anemia, diabetes, 
hepatitis, hemophilia, hemoglobinopathies, muscular dys 
trophy and cystic ?brosis, to name a feW, could be corrected 
by methods of the invention. 
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[0094] For such conditions, the invention further provides 
a method of correcting a genetic defect in a mammal, 
Wherein the defect is one or more defective nucleotide 
sequence(s) in the genome of the mammal that give rise to 
defective gene expression, the method comprising: 

[0095] (a) culturing a MAPC from the mammal having 
the genetic defect; 

[0096] (b) introducing into the MAPC an exogenous 
DNA molecule, Wherein the DNA molecule comprises 
i) a targeting DNA sequence homologous to a genomic 
DNA sequence of the MAPC and ii) one or more donor 
nucleotide sequence(s) necessary for correcting said 
genetic defect in said mammal; 

[0097] (c) culturing the MAPC under conditions suffi 
cient to homologously recombine the exogenous DNA 
molecule into the genome of the MAPC, thereby 
obtaining a genetically altered MAPC; 

[0098] (d) selecting said genetically altered MAPC; and 

[0099] (e) transplanting said genetically altered MAPC 
into the mammal, Wherein the selecting recited in (d) 
and the transplanting recited in (e) can be done in any 
order or simultaneously. 

[0100] Preferably, the exogenous DNA molecule is con 
tained in a “correction vector.” As used herein, a “correction 
vector” is comprised of a replicon (i.e., a polynucleotide 
molecule capable of independently replicating, such as a 
plasmid or viral backbone), that contains an exogenous 
polynucleotide molecule having i) a targeting nucleotide 
sequence and ii) one or more donor nucleotide sequence(s). 
Prior to introduction into a MAPC of interest, the correction 
vector can be linearized at a site, preferably, outside the 
targeting nucleotide sequence or the donor nucleotide 
sequence. Preferably, the sequence homology betWeen the 
genomic nucleotide sequence of the MAPC and the targeting 
nucleotide sequence includes either a region from Within or 
proximal to the genomic locus of the genetic defect. 

[0101] Another preferred embodiment involves a method 
of expressing a functional gene product in an isolated 
MAPC having a defective genetic code from Which a 
functional gene product cannot be expressed, said method 
comprising: 

[0102] (a) introducing into the MAPC an exogenous 
DNA molecule, Wherein the DNA molecule comprises 
i) a targeting DNA sequence homologous to a genomic 
DNA sequence of the MAPC and ii) a donor nucleotide 
sequence corresponding to the defective genetic code; 
and 

[0103] (b) culturing the MAPC under conditions suffi 
cient to homologously recombine the exogenous DNA 
molecule into the genome of the MAPC, Wherein the 
MAPC expresses the functional gene product. 

[0104] In addition to the instances When undifferentiated 
recombinant MAPCs are administered to a patient and then 
differentiated into speci?c cells in vivo, the progeny of the 
recombinant MAPCs can be differentiated ex vivo before, 
after, or concurrent With selection and then be administered 
to provide a desired, e.g., a therapeutic, bene?t. The differ 
entiated cells may be administered as a mixture of non 
homogenous cells (i.e., cells at various stages of differen 



US 2006/0228798 A1 

tiation and/or in admixture With one or more different 
kind(s) of cells) or as cells of various degrees of purity/ 
homogeneity in type and stage of development. The cells 
can be differentiated to form osteoblasts, chondrocytes, 
adipocytes, ?broblasts, marrow stroma, skeletal muscle 
cells, smooth muscle cells, cardiac muscle cells, ocular cells, 
endothelial cells, epithelial cells, hepatic cells, pancreatic 
cells, hematopoietic cells, glial cells, neuronal cells, oligo 
dendrocytes, or any other type of specialiZed cell. 

[0105] In a preferred embodiment, the MAPC is isolated 
from a mammal, such as a mouse, a rat, a human or other 
primate, as Well as a dog or pig. Most preferably the MAPC 
is isolated from a human. 

[0106] MAPCs can be isolated from most organ, tissue 
and ?uid sources, including, but not limited to, BM, blood, 
brain, heart, muscle, skin, fat, umbilical cord and placenta. 
In a preferred embodiment, MAPCs are isolated from BM, 
brain, heart or muscle. In an especially preferred embodi 
ment, MAPCs are isolated from BM, heart or muscle. 

[0107] The exogenous DNA molecule can be introduced 
into the MAPC in a vector, or correction vector, Which can 
be any vector comprising a polynucleotide sequence, eg a 
plasmid vector or a viral vector. In a preferred embodiment, 
it is a plasmid. The vector can further comprise a DNA 
sequence encoding a selectable marker, optionally ?anked at 
the 5' and 3' ends by lox P sites. The selectable marker is 
preferably an antibiotic resistance gene. In this embodiment, 
the methods of the invention can further comprise the step 
of selecting cells expressing the selectable marker prior to 
selecting cells expressing the gene product or protein. The 
methods of the invention can also further comprise intro 
ducing the Cre enZyme into the cells prior to transplantation, 
such that the selectable marker is removed from the genome. 
Cre can be introduced in any manner, preferably, either by 
transfection of the cells With a vector comprising the cre 
gene, or by crosslinking the polypeptide to the HIV trans 
activating transduction (Tat) peptide and introducing it into 
the cells. 

[0108] Selection of homologously recombined cells can 
be in vitro, prior to transplantation of the cells, and/or in 
vivo, e.g., after transplantation has occurred. In vivo selec 
tion can be by administration of a drug to Which untrans 
fected cells are susceptible, such as mitomycin C, or it can 
be by means of determining expression of a functional gene 
product by methods knoWn in the art Phenotypic selection, 
for example by histological analysis or by the reduction of 
symptoms manifested by the genetic defect, may also be 
used as a criterion. The preferred dose of mitomycin C for 
in vivo selection is betWeen about 0.3 mg/kg/Week and l 
mg/kg/Week. 

[0109] The invention further provides a MAPC isolated 
from a mammal With a genetic defect, the defect arising 
from mutation of one or more nucleotide(s) on the mam 
mal’s genome. The mutation is, for example, responsible for 
inability of the cell to express a sequence(s) from Which a 
functional gene product can be expressed. The MAPC of the 
present invention comprises a genetically altered MAPC 
containing an exogenous polynucleotide molecule, such as a 
DNA molecule, Wherein the polynucleotide molecule com 
prises i) a targeting polynucleotide sequence homologous to 
a genomic DNA sequence of the MAPC and ii) one or more 
donor nucleotide sequence(s) necessary for correcting the 
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genetic defect. In a preferred embodiment, the targeting 
and/or donor nucleotide sequences are DNA and correspond 
to the defective nucleotide sequence(s) at the gene locus 
responsible for the genetic defect, such that the exogenous 
DNA molecule is integrated into the genome of the cell and 
the cell expresses the functional gene product. A differenti 
ated cell derived from this genetically altered MAPC is also 
provided by the invention. The differentiated cell can be an 
osteoblast, chondrocyte, adipocyte, ?broblast, marroW 
stroma, skeletal muscle, smooth muscle, cardiac muscle, 
ocular, endothelial, epithelial, hepatic, pancreatic, hemato 
poietic, glial, neuronal, oligodendrocyte, or any other type of 
differentiated cell. 

[0110] The present invention is useful for conducting 
targeted gene therapy in multipotent adult progenitor cells 
(MAPCs) from a mammal, preferably a human, other pri 
mates, mouse, rat, dog, and pig, to produce therapeutic gene 
products in a Wide variety of cell and tissue types. A 
contemplated application of this technology is the method of 
correcting a genetic defect in a mammal by administering a 
therapeutically effective amount of the genetically altered 
MAPCs or their progeny. The methods of the invention can 
be used to treat any disease or condition caused by a genetic 
de?ciency in a knoWn gene, including metabolic diseases, 
storage diseases, muscular dystrophy, osteogenesis imper 
fecta, severe combined immunode?ciency, liver disease, 
diabetes, hepatitis, hemophilia, hemoglobinopathies, ane 
mia, and cystic ?brosis. An unexpected bene?t of this 
approach is that the need for pretreatment and/or post 
treatment of the patient With irradiation, chemotherapy, 
immunosuppressive agents or other drugs or treatments is 
reduced or eliminated. The induction of tolerance before or 
during treatment is also not required, hoWever, allogenic 
application is Within the scope of the invention. 

[0111] Another application of the invention is to provide a 
method for stably transfecting MAPCs under conditions that 
result in e?icient transfection rates at cell densities that are 
su?iciently loW to maintain MAPCs in an undifferentiated 
state. 

[0112] MAPCs can be derived from a non-embryonic 
organ, tissue or ?uid, and have the capacity to differentiate 
to form cell types of mesodermal, ectodermal and endoder 
mal origin. Differentiation can be induced in vivo or ex vivo, 
to produce a population of MAPC progeny. The progeny can 
have the capacity to be further di?‘erentiated, or can be 
terminally differentiated. 

[0113] The invention, preferably, provides a method of 
altering a ?rst gene expression pattern in an isolated multi 
potent adult progenitor cell (MAPC), the method compris 
ing: 

[0114] (a) introducing into the MAPC an exogenous 
DNA molecule, Wherein the DNA molecule comprises 
i) a targeting DNA sequence homologous to a genomic 
DNA sequence of the MAPC and ii) a donor DNA 
sequence encoding a gene product not normally 
expressed by the MAPC; and 

[0115] (b) culturing the MAPC under conditions su?i 
cient to homologously recombine the exogenous DNA 
molecule into the genome of said MAPC, such that a 
resultant MAPC has a second gene expression pattern 
that includes the gene product 
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[0116] The targeting DNA sequence and the donor DNA 
sequence can be one and the same or different 

[0117] Preferred methods of MAPC isolation are 
described in PCT/US00/21387 (published as WO 01/11011) 
and PCT/US02/04652 (published as WO 02/064748), and 
these methods are incorporated herein by reference. MAPCs 
can be isolated from multiple sources, including bone mar 
roW, muscle, brain, spinal cord, blood or skin. To isolate 
MAPCs, bone marroW mononuclear cells can be derived 
from bone marroW aspirates, Which can be obtained by 
standard means knoWn to those of skill in the art (see, for 
example, Muschler, G. E, et al., J. Bone Joint Surg. Am. 
(1997) 79(11): 1699-709, Batinic, D., et al., Bone MarroW 
Transplant (1990) 6(2): 103-7). 
[0118] MAPCs are present Within the bone marroW (or 
other organs, such as liver and brain), but do not express the 
common leukocyte antigen CD45 or erythroblast speci?c 
glycophorin-A (GlyA). The mixed population of cells can be 
subjected to a Ficoll Hypaque separation. Cells can then be 
subjected to negative selection using anti-CD45 and anti 
Gly-A antibodies, depleting the population of CD45+ and 
GlyA+ cells, and recovering the remaining approximately 
0.1% of marroW mononuclear cells. Cells can also be plated 
in ?bronectin coated Wells and cultured as described beloW 
for 2-4 Weeks after Which the cells are depleted of CD45+ 
and GlyA+ cells. Alternatively, positive selection can be 
employed to isolate cells using a combination of cell 
speci?c markers, such as the leukemia inhibitory factor 
(LIF) receptor. Both positive and negative selection tech 
niques are knoWn to those of skill in the art, and numerous 
monoclonal and polyclonal antibodies suitable for negative 
selection purposes are also knoWn in the art (see, for 
example, LeukocZe Typing V, Schlossman, et al., Eds. 
(1995) Oxford University Press) and are commercially 
available from a number of sources. 

[0119] Preferable ranges of homogeneity in populations 
comprising MAPCs are 50-55%, 55-60%, and 65-70%. 
More preferably the homogeneity is 70-75%, 75-80%, 
80-85%; and most preferably the homogeneity is 85-90%, 
90-95%, and 95-100%. Homogeneity of MAPCs can be 
determined according to the cell surface marker pro?le 
Within a population. 

[0120] Gene expression in the resultant MAPC of the 
methods of present invention is turned on, increased, turned 
off or decreased. By a “expression pattern” is meant the 
structure of and approximate amount of a gene product that 
is produced by a cell under speci?c conditions. Expression 
patterns can be determined by any methods knoWn in the art, 
for example, by quantitative Western blot, amino acid 
sequence analysis, and/or protein concentration assays. 
“Normally expressed” refers to the structure of and approxi 
mate amount of a gene product that is produced by a cell, 
under speci?c conditions, that does not have a genetic defect 
in the nucleotide sequence encoding the gene product. 
“Gene product” as used herein and commonly understood in 
the art refers to a nucleic acid molecule (such as RNA) 
and/or a peptide or polypeptide encoded by the gene of 
interest. 

[0121] “Conditions suitable for homologous recombina 
tion” include cell culture conditions Whereby cells are plated 
at a density and in a medium that alloWs cells to be groWn 
Without differentiation during the recombination event. One 
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example of suitable culture conditions Would be 5><103 
MAPCs in 200 pL medium comprising 58% DMEM-LG, 
40% MCDB-201 (Sigma Chemical Co, St Louis, Mo.), 
supplemented with 1x insulin-transferrin-selenium (ITS), 
1>< linoleic-acid bovine serum albumin (LA-BSA), 10'8 M 
Dexamethasone, 10-4 M ascorbic acid 2-phosphate (all from 
Sigma), 100 U penicillin and 1,000 U streptomycin (Gibco) 
and 0-10% fetal calf serum (FCS) (Hyclone Laboratories, 
Logan, Utah) With 10 ng/ml of EGF (Sigma) and 10 ng/ml 
PDGF-BB (R&D Systems, Minneapolis, Minn.). For 
detailed protocols, see Hatada at el. (2001) and YaneZ and 
Porter ACG (1999). 

[0122] FolloWing homologous recombination, cells con 
taining a donor nucleotide sequence can be selected in 
culture. The length of selection Will vary, depending on the 
selectable marker, or combination of selectable markers, 
used. Selectable marker genes Which can be used include, 
but are not limited to neo, gpt, dhfr, ada, pac, hyg, mdrl, 
hisD, HSVTK and blastocidin. The selectable marker is 
preferably an antibiotic resistance gene. Most preferably, the 
hygromycin resistance (HygR) gene is used as a selectable 
marker gene, and cells containing HygR are cultured for at 
least 24 hours, up to about 7 days, most preferably for about 
2 days to about 5 days, in the presence of hygromycin. 
Where more than one selectable marker gene is used, a 
second round of selection can be carried out using, for 
example, the selectable marker genes neomycin, HSVTK 
and blastocidin. Thus, after the intitial time for selection 
(e.g., 24 hours to about 7 days) a second period of selection 
can be carried out according to the selectable marker gene of 
choice. For example, selection for neomycin resistance can 
be performed for about 7 to about 14 days, While HSVTK 
and blastocidin resistance can be performed for about 5 to 
about 7 days. It is Well Within the skill in the art to vary the 
duration of selection for a particular selectable marker gene 
according to the time knoWn in the art to be effective for 
selection. 

[0123] Where the selectable marker gene is homologously 
recombined into the HPRT locus, endogenous HPRT is 
disrupted and cells are no longer sensitive to media con 
taining 6-thioguanine (6-TG). One example of a dual selec 
tion method Which employs both 6-thioguanine (6-TG) and 
HygR selection is provided in Example 6. Other examples 
can be found in the arts 

[0124] In a preferred embodiment, the invention provides 
a method of introducing a nucleotide of interest (“NOI”) into 
multipotent adult progenitor cells (MAPCs) comprising the 
steps of: 

a cu turing 1so ate s at oW ens1ty, 0125 l ' ' l d MAPC l d ' 

preferably at about 500 cells/cm2; 

[0126] (b) introducing a vector comprising a nucleotide 
of interest (“NOI”) into the MAPCs using nucleopo 
ration. 

[0127] Introduction of the vector can be carried out by any 
method, including, but not limited to, liposome fusion, 
electroporation, or nucleoporation. Nucleoporation is the 
preferred mode of transfection, as this method is believed to 
alloW high transfection ef?ciencies at loW cell densities. 
Nucleoporation solves the paradox faced in the transfection 
of MAPCs: the rate of transfection must be high enough to 
produce a suf?ciently large population of genetically altered 
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cells to use in therapeutic applications, but the density of 
MAPCs in culture must be loW enough to prevent differen 
tiation and loss of multipotency. 

[0128] A “nucleotide of interest” (NOI) can be any nucleic 
acid sequence, Which need not necessarily be a complete 
naturally occurring DNA or RNA sequence. Thus, the NOI 
can be, for example, a synthetic RNA/DNA sequence, a 
recombinant RNA/DNA sequence (i.e. prepared by use of 
recombinant DNA techniques), a cDNA sequence or a 
partial genomic DNA sequence, including combinations 
thereof The sequence need not be a coding region. If it is a 
coding region, it need not be an entire coding region. In 
addition, the RNA/DNA sequence can be in a sense orien 
tation or in an anti-sense orientation. Preferably, it is in a 
sense orientation. Preferably, the sequence is, comprises, or 
is transcribed from cDNA. The NOI can be useful for assay 
development, protein production, therapeutic or diagnostic 
applications. 

[0129] “LS/OW density” refers to cell densities of about 
0.5-l.5><l0 cell/cm2, preferably about l.0><l03 cell/cm2, and 
even more preferably about 0.5-2.0><l03 cell/cm2. most 
preferably, a “loW density” refers to a cell density of 0.5><l03 
cell/cm2. Advantageously, the transfection ef?ciency is at 
least about 15%, preferably at least about 20%, and most 
preferably at least about 25% at 24 hours post-transfection, 
and at least about 20%, preferably at least about 25%, more 
preferably at least about 30% and most preferably at least 
about 35% at 48 hours post transfection. 

[0130] In a preferred embodiment, the invention further 
provides a method of correcting a genetic defect in a 
mammal, Wherein the defect is one or more defective 
nucleotide sequence(s) from Which a functional gene prod 
uct cannot be expressed, the method comprising: 

[0131] (a) isolating a MAPC from the mammal having 
the genetic defect; 

[0132] (b) introducing into the MAPC an exogenous 
DNA molecule, Wherein the DNA molecule comprises 
i) a DNA sequence homologous to a genomic DNA 
sequence of the MAPC and ii) one or more non 
defective nucleotide sequence(s) corresponding to the 
defective nucleotide sequence(s); 

[0133] (c) culturing the MAPC under conditions suffi 
cient to homologously recombine the exogenous DNA 
molecule into the genome of the MAPC, Wherein the 
MAPC expresses the functional gene product; 

0134 d selectin MAPCs that ex ress the functional g P 
gene product; and 

[0135] (e) transplanting the MAPCs into the mammal, 

[0136] Wherein d) and e) can be done in any order or 
simultaneously. For example, MAPCs expressing the 
functional gene product can be selected in vitro, using 
any selectable marker knoWn in the art, and then 
transplanted into the mammal. Or, the genetically 
altered MAPCs can be transplanted into the mammal 
and the selection can be performed in vivo, for 
example, via antibiotic selection. 

[0137] For purposes of this invention, a “genetic defect”, 
“genetic de?ciency” or “defective nucleotide sequence” 
refer to the presence of at least one mutation, i.e., deletion, 
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addition, or substitution of one or more nucleic acid(s) in a 
DNA sequence encoding a gene product, including any 
promoter and regulatory sequences, Wherein a functional 
gene product (nucleic acid and/or protein) is not expressed. 
A “non-defective nucleotide sequence” comprises at least 
part of a gene Which encodes a functional gene product A 
“corrected cell” is a cell in Which a genetic defect has been 
corrected by incorporation of a non-defective nucleotide 
sequence into the cell’s genome by homologous recombi 
nation. 

[0138] DNA incorporated into MAPCs can be an entire 
gene encoding an entire desired product or a gene portion 
Which encodes, for example, the active, functional or defec 
tive portion(s) of the gene product The DNA can be obtained 
from a source in Which it occurs in nature or can be 

produced, using genetic engineering techniques or synthetic 
processes. After transfection into MAPCs, the non-defective 
nucleotide sequence is stably incorporated into the cell’s 
genome. 

[0139] Tissue speci?c expression of the gene product can 
occur, as the homologously recombined nucleotide sequence 
Will be under the control of the endogenous gene promoter 
by virtue of its locus of integration. For example, a sequence 
encoding insulin Would be produced in islet cells, hemoglo 
bin Would be produced in erythroid progenitor cells, eryth 
ropoietin in kidney epithelial cells and liver hepatocytes, etc. 

[0140] A vector, more speci?cally, a correction vector, 
Which includes the non-defective nucleotide sequence and 
additional sequences, such as sequences necessary for 
expression and/or integration of the nucleotide sequence, 
can be used. Any type of vector knoWn in the art may be 
used, including, but not limited to, retroviral vectors, aden 
oviral vectors, adeno-associated viral vectors, other DNA 
virus-based vectors (such as herpes simplex virus), and 
non-viral plasmid vectors. In a preferred embodiment, the 
vector is a plasmid. 

[0141] The total length of the DNA molecule in the 
correction vector Will vary according to the number of 
components (non-defective nucleotide sequence, selectable 
marker gene, etc.) and the length of each. It Will also vary 
depending upon the nature of the genetic defect in a given 
individual. The nature of the genetic defect can routinely be 
determined by the skilled artisan using methods knoWn in 
the art. Once the nature of the genetic defect is knoWn, 
vectors can be designed based on the site and the extent of 
the mutation in an individual. In general, a correction vector 
can include a non-defective version of the defective nucle 
otide sequence, along With homologies to sequences 
upstream and/ or doWnstream of the defective sequence. The 
length of the donor non-defective sequence varies With the 
speci?c genetic defect. As small as a single nucleotide 
mutation may cause a genetic defect. Therefore, the length 
of the donor DNA used to correct the defect can be decided 
based on the preferences of choice and design. For example, 
to correct a single nucleutide mutation, a donor fragment 
should at least include the correct nucleotide corresponding 
to the mutated or defective nucleic acid. For example, a 
donor fragment of 10-20 base pairs spanning the 5' and 3' 
region surrounding the mutation can be employed. Yet, an 
even larger or smaller fragment could be used in a given 
situation. HoWever, generally the length of the donor DNA 
is at least about 20 nucleotides. Preferably, the length is 
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between about 20 and 500 nucleotides. The length of the 
upstream and/or downstream homologous sequences (the 
targeting DNA) is preferably at least about 1000 nucleotides, 
more preferably betWeen about 2000 to about 3,000 nucle 
otides, and most preferably betWeen about 3000 to about 
5,000 nucleotides, but again, its actual length in a given 
situation can be decided based on experimental choice and 
design. The goal of the design of the DNA molecule is to 
have suf?cient homology With genomic DNA to undergo 
homologous recombination, and thus it serves to target 
integration into genomic DNA such that additional targeting 
sequences are unnecessary. 

[0142] Stably transfected cells are selected and cultured to 
propagate a su?icient population of cells for transplantation. 
Recombinant MAPCs can be administered to a subject by a 
variety of methods knoWn in the art. Preferably, adminis 
tration is through injection, including but not limited to, 
transvascular injection, intramuscular injection, and intra 
venous injection. 

[0143] Intravenous injection is the simplest method of cell 
administration, hoWever a greater degree of dependence on 
homing of the MAPCs is required for them to reach a tissue 
of interest. Hence, if necessary, the MAPCs can be directly 
injected (or otherWise transplanted) into the tissue(s) of 
interest. Carefully controlled dosing, Which is readily deter 
mined by one skilled in the art, enhances this method of 
administration. 

[0144] A method to potentially increase cell survival is to 
incorporate recombinant MAPCs into a biopolymer or syn 
thetic polymer. Depending on the patient’s condition, the 
site of injection might prove inhospitable for cell seeding 
and groWth because of scarring or other impediments. 
Examples of biopolymer include, but are not limited to, cells 
mixed With ?bronectin, ?bin, ?brinogen, thrombin, col 
lagen, and proteoglycans. This could be constructed With or 
Without included cytokines or differentiation factors. Addi 
tionally, these could be in suspension but residence time at 
sites subjected to How Would be nominal. Another alterna 
tive is a three-dimension gel With cells entrapped Within the 
interstices of the cell biopolymer admixture. Again differ 
entiation factors or cytokines could be included With the 
cells. These could be deployed by injection via various 
routes described herein, via cardiac catheters, or other 
surgical procedures 
[0145] An issue concerning the therapeutic use of stem 
cells, in general, is the quantity of cells necessary to achieve 
an optimal effect. Preferably, approximately 1><106 recom 
binant MAPCs are transplanted into the mammal. In current 
human studies of autologous mononuclear bone marroW 
cells, empirical doses ranging from 1 to 4><107 cells have 
been used With encouraging results. HoWever, different 
scenarios may require optimiZation of the amount of cells 
injected into a tissue of interest. Thus, the quantity of cells 
to be administered Will vary for the subject being treated. 
The precise determination of What Would be considered an 
effective dose may be based on factors individual to each 
patient, including their siZe, age, siZe of the infarct or other 
tissue damage, and amount of time since the damage 
occurred. Therefore, dosages can be readily ascertained by 
those skilled in the art from this disclosure and the knoWl 
edge in the art. 

[0146] The skilled artisan can readily determine the 
amount of cells and optional additives, vehicles, and/or 
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carrier in compositions and to be administered in methods of 
the invention. Typically, any additives (in addition to the 
active stem cell(s) and/or cytokine(s)) are present in an 
amount of 0.001 to 50 Wt % solution in phosphate buffered 
saline, and the active ingredient is present in the order of 
micrograms to milligrams, such as about 0.0001 to about 5 
Wt %, preferably about 0.0001 to about 1 Wt %, most 
preferably about 0.0001 to about 0.05 Wt % or about 0.001 
to about 20 Wt %, preferably about 0.01 to about 10 Wt %, 
and most preferably about 0.05 to about 5 Wt %. Of course, 
for any composition to be administered to an animal or 
human, and for any particular method of administration, it is 
preferred to determine therefore: toxicity, such as by deter 
mining the lethal dose (LD) and LD5O in a suitable animal 
model e.g., rodent such as mouse; and, the dosage of the 
composition(s), concentration of components therein and 
timing of administering the composition(s), Which elicit a 
suitable response. Such determinations are routine in the art 
and can be readily ascertained from the present disclosure 
and the documents cited herein. Similarly, the timing of 
sequential administrations can be routinely ascertained by 
the skilled artisans. 

[0147] When administering a therapeutic composition of 
the present invention, it Will generally be formulated in a 
unit dosage injectable form (solution, suspension, emul 
sion). The pharmaceutical formulations suitable for injection 
include sterile aqueous solutions and dispersions. The car 
rier can be a solvent or dispersing medium containing, for 
example, Water, saline, phosphate buffered saline, polyol 
(for example, glycerol, propylene glycol, liquid polyethyl 
ene glycol, and the like) and suitable mixtures thereof. 

[0148] Additionally, various additives Which enhance the 
stability, sterility, and isotonicity of the compositions, 
including antimicrobial preservatives, antioxidants, chelat 
ing agents, and buffers, can be added. Prevention of the 
action of microorganisms can be ensured by various anti 
bacterial and antifungal agents, for example, parabens, chlo 
robutanol, phenol, sorbic acid, and the like. In many cases, 
it Will be desirable to include isotonic agents, for example, 
sugars, sodium chloride, and the like. Prolonged absorption 
of the injectable pharmaceutical form can be brought about 
by the use of agents delaying absorption, for example, 
aluminum monostearate and gelatin. According to the 
present invention, hoWever, any vehicle, dilutent, or additive 
used is compatible With the cells and readily ascertained by 
the skilled artisans. 

[0149] Sterile injectable solutions (and suspensions) can 
be prepared by incorporating the cells utiliZed in practicing 
the present invention in the required amount of the appro 
priate liquid preparation, optionally containing various 
amounts of other ingredients, as desired. 

[0150] In one embodiment, recombinant MAPCs can be 
administered initially, and thereafter maintained by further 
administration of recombinant MAPCs. For instance, 
recombinant MAPCs can be administered by one method of 
injection, and thereafter further administered by a different 
or the same type of method. The patient’s levels can then be 
maintained, for example, by intravenous injection, although 
other forms of administration, dependent upon the patient’s 
condition, can be used. 

[0151] It is noted that human subjects are treated generally 
longer than experimental animals, such that treatment has a 
































