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(57) ABSTRACT 

Methods for producing stem cell banks, preferably human, 
Which optionally may be transgenic, e.g., comprised of 
homozygous MHC allele cell lines are provided. These cells 
are produced preferably from parthenogenic, IVF, or same 
species or cross-species nuclear transfer embryos or by 
de-differentiation of somatic cells by cytoplasm transfer. 
Methods for using these stem cell banks for producing stem 
and differentiated cells for therapy, especially acute thera 
pies, and for screening for drugs for disease treatment are 
also provided. 
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' -— Enolase ___ SHH 

. RT-PCR results demonstrating differentiation of multiple somatic cell types 
in differentiating PPSCs. Brachy: Brachyury (T) protein, MYHZ: Skeletal myosin Heavy 
Polypeptide 2, Enolase: Human neuron—speci?c Enolase 2, SHH: Human homolog of 
Sonic Hedgehog. 

FIG. 6 
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. RT-PCR for snrpn in PPSCs. 

FIG. 7 
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FIG. 11 
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BANK OF STEM CELLS FOR PRODUCING CELLS 
FOR TRANSPLANTATION HAVING HLA 

ANTIGENS MATCHING THOSE OF TRANSPLANT 
RECIPIENTS, AND METHODS FOR MAKING AND 

USING SUCH A STEM CELL BANK 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims priority to US. Provisional 
Application No. 60/382,616 ?led May 24, 2002, and claims 
priority to US. Provisional Serial No. , ?led on Feb. 
21, 2003 (Attorney Docket No. 015837-0302046), both of 
Which are incorporated by reference in their entirety. 

FIELD OF THE INVENTION 

[0002] The invention described herein relates to methods 
for producing a collection of human and non-human stem 
cell cultures, preferably human stem cell cultures, each of 
Which contains totipotent or pluripotent stem cells that have 
genes encoding the same set of critical cell surface antigenic 
proteins, e.g., histocompatibility antigens(e.g., HLA anti 
gens in the case of human) as are present on the cells of 
members of a human population. (By critical antigens is 
meant the set of antigens that form the major histocompat 
ibility complex and other antigens such as blood group 
antigens that are involved in immuno-mediated rejection 
When collogenic cells and tissues are transplanted into 
donors that express a different set of histocompatibility and 
other critical antigens). The methods disclosed herein 
include deriving such human stem cell cultures from cells of 
early embryos produced eg by in vitro fertiliZation, par 
thenogenesis, and by nuclear transfer. Also, stem cells can be 
produced by transfer of cytoplasm from embryonic cells, 
e.g. oocytes, early embryonic cells or ES cells into somatic 
cells. 

[0003] The invention described herein also relates to 
methods Wherein such human and non-human stem cell 
cultures are induced to differentiate ex or in vivo into cell 
types that are useful for therapeutic cell transplantation; and 
to methods by Which the differentiated cells are isolated 
from other cell types. The invention also relates to methods 
in Which stem cell-derived differentiated cells having a 
selected set of critical cell surface antigens are therapeuti 
cally transplanted or engrafted to a recipient, e.g., a human 
patient in need of a cell transplant having cells that express 
the same critical cell surface antigens. The invention further 
relates to a collection or “bank” of cultures of different types 
of stem cells, each culture having a different set of genes 
encoding cell surface antigenic proteins present in a human 
population; to compositions comprising the individual stem 
cell cultures that make up such a stem cell bank; and to 
compositions comprising differentiated cells derived from 
such stem cells. 

[0004] Preferably, stem cell banks produced according to 
the invention Will comprise stem cell lines Which are 
homoZygous for MHC alleles Which occur very frequently 
in the human population. Typically, a stem cell bank accord 
ing to the invention Will comprise at least 15 stem cell lines 
and more preferably at least 100 to 1000 stem cell lines. 
Thereby, the stem cell bank Will provide maximal therapeu 
tic and diagnostic ef?cacy as it Will contain cells that are 
histocompatible for a Wide range of potential transplant 
recipients. 
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BACKGROUND OF THE INVENTION 

A. Histocompatibility and Transplant Rejection 
[0005] Histocompatibility is a largely unsolved problem in 
transplant medicine. Rejection of transplanted tissue is the 
result of an adaptive immune response to alloantigens on the 
grafted tissue by the transplant recipient. The alloantigens 
are “non-self” proteins, i.e., antigenic proteins that vary 
among individuals in the population and are identi?ed as 
foreign by the immune system of a transplant recipient. The 
antigens on the surfaces of transplanted tissue that most 
strongly evoke rejection are the blood group (ABO) antigens 
and the major histocompatibity complex (MHC) proteins 
and in the case of humans, the human leukocyte antigen 
(HLA) proteins. 
[0006] The blood group antigens Were ?rst described by 
Landsteiner in 1900; they are branched oligosaccharides that 
are attached to proteins and lipids on the surfaces of red 
blood cells, endothelial cells, and other cells, and are also 
present in secretions such as saliva. Compatibility of the 
blood group antigens of the ABO system of a vasculariZed 
organ or tissue transplant With those of the transplant recipi 
ent is generally required; but blood group compatibility may 
be unnecessary for many types of cell transplants. 

[0007] The HLAproteins are encoded by clusters of genes 
that form a region located on chromosome 6 knoWn as the 
Major Histocompatibility Complex, or MHC, in recognition 
of the important role of the proteins encoded by the MHC 
loci in graft rejection. Accordingly, the HLA proteins are 
also referred to as MHC proteins. The MHC genes and 
proteins Will be used interchangeably in this application as 
the application encompasses human and non-human animal 
applications. The HLA or MHC proteins normally play a 
role in defending the body against foreign pathogens such as 
viruses, bacteria, and toxins. They are cell surface glyco 
proteins that bind peptides at intracellular locations and 
deliver them to the cell surface, Where the combined ligand 
is recogniZed by a T cell. Class I MHC proteins are found on 
virtually all of the nucleated cells of the body. The class I 
MHC proteins bind peptides present in the cytosol and form 
peptide-MHC protein complexes that are presented at the 
cell surface, Where they are recogniZed by cytotoxic CD8+ 
T cells. Class II MHC proteins are usually found only on 
antigen-presenting cells such as B lymphocytes, macroph 
ages, and dendritic cells. The class II MHC proteins bind 
peptides present in a cell’s vesicular system and form 
peptide-MHC protein complexes that are presented at the 
cell surface, Where they are recogniZed by CD4+ T cells. 
CD4+ T cells activated by class II MHC proteins undergo 
clonal expansion With production of regulatory cytokines 
that signal helper and cytotoxic T cells. Unfortunately for 
those in need of transplants, the frequency of T cells in the 
body that are speci?c for non-self MHC molecules is 
relatively high, With the result that differences at MHC loci 
are the most potent critical elicitors of rejection of initial 
grafts. Rejection of most transplanted tissues is triggered 
predominantly by the recognition of class I MHC proteins as 
non-self proteins. T cell recognition of foreign antigens on 
the transplanted tissue sets in motion a chain of signaling 
and regulatory events that causes the activation and recruit 
ment of additional T cells and other cytotoxic cells, and 
culminates in the destruction of the transplanted tissue. 
(Charles A. JaneWay et al., Immunobiology, Garland Pub 
lishing, NeW York, NY, 2001, p. 524). 
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B. The Genes Encoding MHC Proteins 

[0008] The MHC genes are polygenic—each individual 
possesses multiple, different MHC class I and MHC class II 
genes. The MHC genes are also polymorphic—many vari 
ants of each gene are present in the human and non-human 
population. In fact, the MHC genes are the most polymor 
phic genes knoWn. Each MHC Class I receptor consists of 
a variable 01 chain and a relatively conserved [32-microglo 
bulin chain. Three different, highly polymorphic class I 01 
chain genes have been identi?ed. These are called HLA-A, 
HLA-B, and HLA-C. Variations in the a chain chains 
account for all of the different class I MHC genes in the 
population. MHC Class II receptors are also made up of tWo 
polypeptide chains, an 01 chain and a [3 chain, both of Which 
are polymorphic. In humans, there are three pairs of MHC 
class II 01 and [3 chain genes, called HLA-DR, HLA-DP, and 
HLA-DQ. Frequently, the HLA-DR cluster contains an eXtra 
gene encoding a [3 chain that can combine With the DR 01 
chain; thus, an individual’s three MHC Class II genes can 
give rise to four different MHC Class II molecules. 

[0009] In humans, the genes encoding the MHC class I 01 
chains and the MHC class II 01 and [3 chain are clustered on 
the short arm of chromosome 6 in a region that eXtends over 
from 4 to 7 million base pairs that is called the major 
histocompatibility complex. Every person usually inherits a 
copy of each HLA gene from each parent. If an individual’s 
tWo alleles for a particular MHC locus encode structurally 
different proteins, the individual is heteroZygous for that 
MHC allele. If an individual has tWo MHC alleles that 
encode the same MHC molecule, the individual is homoZy 
gous for that MHC allele. Because there are so many 
different variants of the MHC alleles in the population, most 
people have heteroZygous MHC alleles. The numbers of 
different alleles found for each type of MHC class I 01 chain 
and MHC class II 01 and [3 chains as of January 2003 are 
shoWn in Table 1. 

TABLE 1 

The numbers of different alleles for the polymorphic 
MHC class I and class II chains identi?ed as of January, 2003. 

MHC chain no. of alleles 

HLA-A 266 
HLA-B 511 
HLA-C 6 
HLA-DRA 3 
HLA-DRB 403 

HLA-DQA1 23 
HLA-DQB1 53 
HLA-DPA1 2O 
HLA-DPB1 101 

[0010] The data in Table 1 is from the Internet Web site of 
the Informatics Group of the Anthony Nolan Trust, The 
Royal Free Hospital, Hampstead, London, England. Lists of 
identi?ed HLA Class I and Class II alleles are also available 
at the same Web site. 

C. Matching MHC Types to Inhibit Rejection of 
Transplants 

[0011] Since the recognition that non-self MHC molecules 
are a major determinant of graft rejection, much effort has 
been put into developing assays to identify the MHC types 
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present on the cells of tissue to be transplanted, and on the 
cells of transplant recipients, in order to match the types of 
MHC molecules present in the transplant tissue With those of 
the recipient. Tissue typing, the detection of MHC antigens, 
is performed by various means; for eXample, by serology, 
using antibodies speci?c for particular MHC molecules to 
detect the presence of the targeted MHC molecules on donor 
or recipient cells, e.g., by the lymphocytotoXicity test; (ii) by 
detection of antibodies of a transplant recipient that bind 
speci?cally to a MHC protein of transplant tissue; and (iii) 
by direct analysis of the nucleotide sequence of the DNA of 
the MHC alleles. Most tissue typing for organ banking 
purposes is done by determining the blood type (ABO 
typing) and by typing the patient’s and donor cells using 
serological methods; hoWever, the use of rapid and reliable 
DNA-speci?c methods is increasing. Such methods can 
employ sequence-speci?c oligonucleotide primers and 
ampli?cation by the polymerase chain reaction (PCR), and 
can be augmented by combining ?uorescent detection meth 
ods With the use of a DNA chip to Which are bound sequence 
speci?c oligonucleotides designed to detect unique 
sequences present in the different MHC alleles. 

[0012] At present, tissue typing to match the HLA anti 
gens of a transplant With those of a recipient is usually 
limited to the Class I HLA-A and -B antigens, and the Class 
II HLA-DR antigens. Most transplant donors are unrelated 
to the transplant recipient, and ?nding a tissue type to match 
that of the recipient usually involves matching the blood 
type and as many as possible of the 6 HLA alleles—tWo for 
each HLA-A, -B, and -DR locus. Transplant centers do not 
usually consider potential incompatibilites at other HLA 
loci, such as HLA-C and HLA-DPB1, although mismatches 
at these loci can also contribute to rejection. Considering 
only the combinations of maternal and paternal alleles of the 
HLA-A, HLA-B, and HLA-DR loci identi?ed to date, there 
is a complexity of billions of possible tissue types. The task 
of matching HLA types of organs for transplant is simpli?ed 
in that HLA-A and HLA-B are usually identi?ed serologi 
cally. The number of HLA antigens identi?ed serologically 
is considerably less than the number of different HLA 
antigens based on DNA sequencing. The World Health 
Organization (WHO) has recogniZed 28 distinct antigens in 
the HLA-A locus and 59 in the HLA-B locus, based on 
serological typing. Matching organs is also simpli?ed to 
some eXtent by the fact that some alleles are much more 
common than others. Some of the more common HLA-A 
and HLA-B alleles are shoWn in Table 2: 

TABLE 2 

Frequency of common HLA-A and HLA-B 
alleles in the population. 

HLA-A (Frequency (%)) HLA-B (Frequency (%)) 

HLA-A1 (25.1) 
HLA-A2 (44.8) 
HLA-A3 (22.6) 
HLA-A24 (18.2) 
HLA-A11 (11.8) 
HLA-A28 (9.8) 
HLA-A29 (10.3) 
HLA-A32 (9.8) 
HLA-B15 (12.3) 

HLA-B5 (15.2) 
HLA-B7 (18.2) 
HLA-B8 (16.7) 
HLA-B12 (32.5) 
HLA-B14 (8.8) 
HLA-B18 (11.3) 
HLA-B35 (15.2) 
HLA-B40 (13.7) 
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[0013] (from Snell G D et al, Histocompatibility, NeW 
York, Academic Press, 1976) 

[0014] The frequencies With Which the various alleles 
appear in a population is not random; it depends on the racial 
makeup of the population. Dr. Motomi Mori has determined 
the frequencies With Which thousand of different haplotypes 
of HLA-A, —B, and —DR loci appear in Caucasian, African 
American, Asian-American, and Native American popula 
tions. Each haplotype is a particular combination of HLA-A, 
HLA-B, and HLA-DR loci that is present on a single copy 
of chromosome no. 6. The frequencies of several relatively 
common HLA-A, —B, and —DR haplotypes are shoWn in 
Table 3 to illustrate the Wide variation in HLA haplotype 
frequencies in some of the racial groups that make up the 
North American population. In interpreting haplotype fre 
quency data such as that shoWn in Table 3, one must bear in 
mind that cells of patients and organs are diploid and have 
an HLA type that is the product of the HLA haplotypes of the 
chromosomes inherited from both parents. 

TABLE 3 
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of a transplant recipient to eventually reject a transplant, 
even Where there is a match betWeen the MHC antigens, 
unless immunosuppressive drugs are used. 

E. Inadequate Supply of Cells, Tissues, and Organs 
for Transplant 

[0017] The number of people in need of cell, tissue, and 
organ transplants is far greater than the available supply of 
cells, tissues, and organs suitable for transplantation. Under 
these circumstances, it is not surprising that obtaining a good 
match betWeen the MHC proteins of a recipient and those of 
the transplant is frequently impossible, and many transplant 
recipients must Wait for an MHC-matched transplant to 
become available, or accept a transplant that is not MHC 
matched. If the latter is necessary, the transplant recipient 
must rely on heavier doses of immunosuppressive drugs and 
face a greater risk of rejection than Would be the case if 
MHC matching had been possible. There is presently a great 

Examples of HLA-A, —B, —DR haplotype frequencies HLA-A, —B, and —DR 
haplotype frequencies (expressed in percent) and their respective rankings 
Within each racial group: Caucasian (CAU), African-American (AFR), 

Asian-American (ASI) and Native American (NAT). 

Haplotvpe Frequency (%) Ranking 

A B DR CAU AFR ASI LAT NAT CAU AFR ASI LAT NAT 

1 7 2 0.5349 0.2094 0.0798 0.1888 0.2812 58 262 91 62 
1 8 3 5.1812 1.2491 0.3195 1.6733 4.7439 2 54 3 1 
2 14 1 0.1563 0.0444 0.0076 0.3794 0.0624 107 539 1451 39 312 
2 35 4 0.1457 0.0737 0.3293 1.2858 0.6342 115 302 49 4 12 
2 35 8 0.0823 0.0931 0.1756 1.7641 0.3289 241 226 122 1 46 
2 44 4 2.1507 0.6506 0.1276 0.6906 2.0004 4 170 12 3 
3 7 2 2.6285 0.7596 0.1891 1.1986 2.7083 3 113 5 2 
3 7 4 0.4411 0.1534 0.0498 0.1795 0.4448 104 408 98 29 
3 7 8 0.0848 0.0367 0.0000 0.0622 0.0537 230 653 14053 310 366 
3 35 1 1.0224 0.2741 0.1372 0.3552 0.8125 29 156 44 8 

31 51 4 0.0915 0.0342 0.1646 0.2597 0.5691 209 699 135 64 16 
32 14 7 0.2617 0.0513 0.0046 0.1324 0.1775 479 1858 140 104 

[0015] The data in Table 3 Was produced for The National 
MarroW Donor Program Donor Registry, and is available at 
the Internet Web site of Motomi Mori, Ph.D., Huntsman 
Cancer Institute, Salt Lake City, Utah. 

D. Rejection Triggered by Minor 
Histocompatibility Antigens 

[0016] Matching the MHC molecules of a transplant to 
those of the recipient signi?cantly improves the success rate 
of clinical transplantation; hoWever, it does not prevent 
rejection, even When the transplant is betWeen HLA-iden 
tical siblings. This is because rejection is also triggered by 
differences betWeen the minor histocompatibility antigens. 
These polymorphic antigens are actually “non-self” peptides 
bound to MHC molecules on the cells of the transplant 
tissue. The rejection response evoked by a single minor 
histocompatibility antigen is much Weaker than that evoked 
by differences in MHC antigens, because the frequency of 
the responding T cells is much loWer (JaneWay et al., supra, 
page 525). Nonetheless, differences betWeen minor histo 
compatibility antigens Will often cause the immune system 

need for neW sources of cells, tissues, and organs suitable for 
transplantation that are histocompatible With the patients in 
need of such transplants. 

BRIEF DESCRIPTION OF THE FIGURES 

[0018] FIG. 1 shoWs cynomulgous monkey blastocysts 
derived from parthenogenetic embryos. 

[0019] FIG. 2 shoWs an ES-like cell line (Cyno 1) derived 
from a cynomulgous parthenogenetic blastocyst. 

[0020] FIG. 3 and 4 shoW the Cyno 1 cell line before and 
after immunosurgery. 

[0021] FIG. 5 shoWs the Cyno 1 cell line 5 days after 
plating. 
[0022] FIG. 6 shoWs the Cyno 1 cell line groWing on top 
of a feeder layer. 

[0023] FIG. 7 shoWs the results of an RT-PCR shoWing 
that the Cyno-1 cell line is homoZygous for the Snrpn gene 
(contains paternal allele). 
[0024] FIG. 8 shoWs metaphase II oocytes at retrieval. 
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[0025] FIG. 9 shows 4 and 6 cell embryo 48 hours after 
parthenogenetic activation. 

[0026] FIG. 10 shows blastocoele cavities in human par 
thenogenetic activation 48 hours after activation. 

[0027] FIG. 11 shoWs human parthenogenetic embryo 
having an inner cell mass. 

[0028] FIG. 12 shoWs human ES-like cells derived from 
cultured ICM cells. 

DESCRIPTION OF THE INVENTION 

A. A Bank of Stem Cell Lines Homozygous for 
MHC Loci 

[0029] It is an object of the present invention to prepare a 
bank of totipotent, nearly totipotent, and/or pluripotent stem 
cell lines that are homozygous for one or more critical 
antigen genes, i.e., genes Which encode histocompatibility 
antigens, e.g., in the case of human stem cells and “stem 
like” cells, MHC alleles that are present in the human 
population. Preferably, this Work Will be homozygous for 
MHC alleles that are representative of at least most preva 
lent in the particular species, preferably human. Many of 
these lines Will also have an ABO blood group type O-nega 
tive to make them broadly compatible across the different 
blood types. Stem cell lines of the present invention can be 
induced to differentiate into cell types suitable for therapeu 
tic transplant. Because the cells of the present invention have 
homozygous MHC alleles, the chance of obtaining cells for 
transplant that have MHC alleles that match those of a 
patient in need of a transplant is signi?cantly enhanced. 
Instead of having to ?nd a siX of siX match betWeen tWo sets 
of HLA-A, HLA-B, and HLA-DR antigens, a high level of 
histocompatibility is provided by the cells for transplant of 
the present invention When either of the tWo HLA-A, 
HLA-B, and HLA-DR antigens of the prospective transplant 
recipient matches one of the corresponding homozygous 
HLA antigens of the cells for transplant. For eXample, a stem 
cell bank able to provide cells having an HLA-A/HLA-B 
match to a patient having any of the eight HLA-A and nine 
HLA-B antigens listed in Table 2 Would require only 72 
stem cell lines With homozygous HLA-A and HLA-B anti 
gens; Whereas a bank of stem cells With heterozygous 
HLA-A and HLA-B antigens Would need to have 4032 
different stem cell lines. To provide a library of heterozygous 
stem cell lines that match the WHO list of serological types 
Would require obtaining stem cells having every combina 
tion of 28 different pairs of HLA-A antigens and 5 9 different 
pairs of HLA-B, to account for both the maternal and 
paternal alleles for each loci. The complexity of such a stem 
cell bank, i.e., the number of different cell lines required, 
Would be 2,587,032. In contrast, a bank of stem cells 
homozygous for the same HLA-A and HLA-B antigens 
Would only need to have a complexity of 1,652 stem cell 
lines to guarantee a match to a patient With HLA-A and -B 
antigens on the WHO list of serological types. The actual 
number required to meet the needs of a majority of patients 
Will actually be less than this due to the non-random 
distribution of alleles in various populations around the 
World. Patients in need of bone marroW stem cell grafts Who 
are homozygous in particular alleles are particularly sensi 
tive to graft versus host disease When heterozygous bone 
marroW grafts are used. Stem cell grafts using stem cells 
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having homozygous alleles made according to the methods 
of the present invention Would alleviate this common com 
plication of transplants. 

[0030] This present invention provides novel means for 
making libraries of totipotent and/or pluripotent stem cells 
that can serve as sources of cells for therapeutic transplant 
that are highly histocompatible With human or non-human 
patients in need of cell transplants. Additionally, those cell 
lines are useful in creating animal models for speci?c 
diseases that may be used to evaluate potential treatments 
and drug antidotes. In one embodiment, the invention com 
prises preparing a bank of stem cell lines that are homozy 
gous for one or more critical antigen alleles, in the case of 
human stem cells. MHC alleles that are present in all or most 
of the World’s populations, including the populations of 
North America, Central and South America, Europe, Africa, 
and Asia, and the Paci?c islands. It is an object of the present 
invention to provide a stem cell bank comprising stem cells 
generated from vertebrate somatic cells, preferably mam 
malian somatic cells, and more preferably human research 
cells that are homozygous for one or more critical antigen 
alleles, e.g., MHC alleles using nuclear transfer or parthe 
nogenic produced embryos. Apreferred object of the present 
invention is to provide a stem cell bank comprising diploid 
vertebrate, preferably mammalian and more preferably 
human stem cells generated by parthenogenesis that are 
homozygous for MHC alleles. Another object of the present 
invention is to provide a stem cell bank comprising diploid 
vertebrate, preferably mammalian and more preferably 
human stem cells generated-by union of sperm and egg in 
vitro that are homozygous for one or more MHC alleles. 
S&M further, an object of the invention is to previeW a bank 
of homozygous IES cell lines by introducing cytoplasm 
from embryonic cells into groWth cells that are homozygous 
for speci?c MITC allele or are rendered homozygous by 
genetic manipulation. (The embryonic cytoplasm contains 
constituents that de-differentiate the differentiated groWth 
cell into stem cell lineages. 

[0031] The stem cell bank of the present invention com 
prises lines of totipotent, nearly totipotent, and/or pluripo 
tent stem cells that are homozygous for at least one histo 
compatibility antigen collection. In the case of human stem 
cells this Will be an MHC allele selected from the group 
consisting of HLA-A, HLA-B, HLA-C, HLA-DR, HLA 
DQ, and HLA-DP. In a useful embodiment, the stem cell 
bank comprises totipotent, nearly totipotent, and/or pluripo 
tent stem cells stem cells that are homozygous for the 
signi?cant histocompatibility antigen alleles, e.g., the HLA 
A, HLA-B, and HLA-DR alleles. In another embodiment, 
the stem cell bank comprises stem cells that are homozygous 
for all of the histocompatibility antigen alleles, e.g., MHC 
alleles. 

[0032] The stem cell bank of the present invention com 
prises totipotent and/or nearly totipotent stem cells such as 
embryonic stem (ES) cells, that can differentiate in vivo or 
eX vivo into a Wide variety of different cell types having one 
or more homozygous MHC alleles. The stem cell bank of the 
present invention can also comprise partially differentiated, 
pluripotent stem cells such as neuronal stem cells and/or 
hematopoietic stem cells, that differentiate in vivo or eX vivo 
into a more limited number of differentiated cell types 
having one or more homozygous MHC alleles. These stem 
cells optionally may be transgenic, e.g., they may express 
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antigens that encode therapeutic or diagnostic proteins and 
polypeptides. For example, the stem cells may be genetically 
engineered to express proteins that inhibit immune rejection 
responses such as CD40-L (CD154 or gp139) or in the case 
of porcine stem cells may be genetically engineered to 
knock-out a glycosylated antigen that is knoWn to trigger 
immune rejection responses. 

[0033] An object of the present invention is to provide a 
stem cell bank comprising stem cells having homoZygous 
histocompatibility alleles, i.e., MHC alleles that are avail 
able “off the shelf” for providing histocompatible cells 
suitable for transplant to patients in need of such a trans 
plant. Desirably, this stem bank Will include stem cell lines 
that are representative of the different histocompatibility 
antigens expressed in the particular species, e.g., human. In 
a useful embodiment, the stem cell bank comprises stem 
cells that are isolated and maintained Without feeder cells or 
serum of non-human animals, to minimiZe concerns of 
contamination by pathogens. In another useful embodiment, 
the stem cell bank comprises stem cells that are genetically 
modi?ed relative to the cells of the donor, e.g., human donor 
from Which they are derived. In another embodiment, the 
stem cell bank comprises stem cells generated by nuclear 
transfer techniques that are rejuvenated, or “hyper-youth 
ful,” relative to the cells of the donor, e.g., non-human 
mammal or human donor from Which they are derived, and 
also relative to age-matched control cells of the same type 
and species that are not generated by nuclear transfer tech 
niques. Such rejuvenated or “hyper-youthful” cells have 
extended telomeres, increased proliferative life-span, and 
metabolism that is more characteristic of youthful cells, e.g., 
increased EPC-1 and telomerase activities, relative to the 
human donor cells from Which they are derived, and also 
relative to age-matched control cells of the same type that 
are not generated by nuclear transfer techniques. 

[0034] Another object of the present invention is to pro 
vide a stem cell bank comprising stem cells having homoZy 
gous recessive alleles responsible for genetically inherited 
diseases. Recessive disease-causing genes are endemic in 
the population, and such stem cells can be generated by 
parthenogenesis using oocytes collected from female carri 
ers of the recessive disease-causing alleles. There is great 
need for totipotent, nearly totipotent, and/or pluripotent stem 
cells that having homoZygous recessive disease-causing 
alleles that can be induced to differentiate into cells useful 
for basic research directed to studying the disease pheno 
type, both ex vivo and in vivo (e.g., in immunode?cient 
laboratory animals), and for screening to discover drugs and 
other therapies that treat or cure the disease. 

B. Terms Used in Describing the Invention 

[0035] As used herein, a “stem cell” is a cell that has the 
ability to proliferate in culture, producing some daughter 
cells that remain relatively undifferentiated, and other 
daughter cells that give rise to cells of one or more special 
iZed cell types; and “differentiation” refers to a progressive, 
transforming process Whereby a cell acquires the biochemi 
cal and morphological properties necessary to perform its 
specialiZed functions. Stem cells therefore reside immedi 
ately antecedent to the branch points of the developmental 
tree. 

[0036] As used herein, a “totipotent” cell is a stem cell 
With the “total poWer” to differentiate into any cell type in 
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the body, including the germ line folloWing exposure to 
stimuli like that normally occurring in development. 
Examples of totipotent cells include an embryonic stem (ES) 
cell, an embryonic germ (EG) cell, an inner cell mass 
(ICM)-derived cell, or a cultured cell from the epiblast of a 
late-stage blastocyst. 

[0037] As used herein, a “nearly totipotent cell” is a stem 
cell With the poWer to differentiate into most or nearly all of 
the cell types in the body folloWing exposure to stimuli like 
that normally occurring in development. 

[0038] As used herein, a “pluripotent cell” is a stem cell 
that is capable of differentiating into multiple somatic cell 
types, but not into most or all cell types. This Would include 
by Way of example, but not limited to, mesenchymal stem 
cells that can differentiate into bone, cartilage and muscle; 
hematopoietic stem cells that can differentiate into blood, 
endothelium, and myocardium; neuronal stem cells that can 
differentiate into neurons and glia; and so on. 

[0039] As used herein, an “embryonic stem cell line” is a 
cell line With the characteristics of the murine ES cells 
isolated from morulae or blastocyst inner cell masses, as 
reported by Martin (Proc. Natl. Acad. Sci. USA (1981) 
78:7634-7638); and by Evans et al. (Nature (1981) 292: 
154-156). ES cells have high nuclear-to-cytoplasm ratio, 
prominent nucleoli, are capable of proliferating inde?nitely 
and can be differentiate into most or all of the specialiZed 
cell types of an organism, such as the three embryonic germ 
layers, all somatic cell lineages, and the germ line. ES cells 
that can differentiate into all of the specialized cell types of 
an organism are totipotent. In some cases, ES cells are 
obtained that can differentiate into almost all of the special 
iZed cell types of an organism; but not into one or a small 
number of speci?c cell types. For example, Thomson et al. 
describe isolating a primate ES cell that, When transferred 
into another blastocyst, does not contribute to the germ line 
(Proc. Natl. Acad. Sci. USA. (1995) 92:7844-7848). Such 
ES cells are an example of stem cells that are nearly 
totipotent. 

[0040] As used herein, “inner cell mass-derived cells” 
(ICM-derived cells) are cells directly derived from isolated 
ICMs or morulae Without passaging them to establish a 
continuous ES or ES-like cell line. Methods for making and 
using ICM-derived cells are described in co-oWned US. Pat. 
No. 6,235,970, the contents of Which are incorporated herein 
in their entirety. 

[0041] As used herein, “enucleation” refers to removal of 
the genomic DNA from an cell, e.g., from a recipient oocyte. 
Enucleation therefore includes removal of genomic DNA 
that is not surrounded by a nuclear membrane, e.g., removal 
of chromosomes alligned to form a metaphase plate. As 
discussed beloW, the recipient cell can be enucleated by any 
of the knoWn means either before, concomitant With, or after 
nuclear transfer. 

[0042] As used herein, “ex vivo” cell culture refers to 
culturing cells outside of the body. Ex vivo cell culture 
includes cell culture in vitro, e. g., in suspension, or in single 
or multi-Well plates. Ex vivo culture also includes co 
culturing cells With tWo or more different cell types, and 
culturing in or on 2- or 3-dimensional supports or matrices, 
including methods for culturing cells alone or With other cell 
types to form arti?cial tissues. 
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[0043] As used herein, “parthenogenetic embryos” refers 
to an embryo that only contains male or female chromo 
somal DNA that is derived from male or female gametes. 
For example, parthenogenetic embryos can be derived by 
activation of unfertilized female gametes, e.g., unfertilized 
human, murine, cynomolgus or rabbit oocytes. 

[0044] As used herein, “nuclear transfer embryo” refers to 
an embryo that is produced by the fusion or transplantation 
of a donor cell or DNA from a donor cell into a suitable 
recipient cell, typically an oocyte of the same or different 
species that is treated before, concomitant or after transplant 
or fusion to remove or inactivate its endogenous nuclear 
DNA. The donor cell used for nuclear transfer include 
embryonic and differentiated cells, e.g., somatic and germ 
cells. The donor cell may be in a proliferative cell cycle (G1, 
G2, S or M) or non-proliferating (Go or quiescent). Prefer 
ably, the donor cell or DNA from the donor cell is derived 
from a proliferating mammalian cell culture, e.g., a ?bro 
blast cell culture. The donor cell optionally may be trans 
genic, i.e., it may comprise one or more genetic addition, 
substitution or deletion modi?cations. 

[0045] As used herein, the term “gene” refers to the 
nucleotide sequences at a genetic locus that encode and 
regulate expression of a functional mRNA molecule or a 
polypeptide; i.e., as used herein, a gene includes the nucle 
otide sequences that make up the coding sequence (exons 
and introns), the promoter, enhancers, and other DNA ele 
ments that regulate transcription, including as elements 
conferring cell type-speci?c and differentiation stage-spe 
ci?c expression, hormone responsive elements, repressor 
elements, etc., and nucleotide sequences that encode signals 
that regulate splicing and translation of the mRNA, such as 
a cleavage signal, a polyadenylation signal, or an internal 
ribosome entry site (IRES). 

C. Providing Histocompatible Transplants To 
Animal or Human Recipients 

[0046] Another object of the invention is to provide a 
method by Which a human or non-human animal, e.g., a 
person in need of a cell or tissue transplant can be provided 
With cells or tissue suitable for transplantation that have 
homozygous histocompatibility antigen alletes, e.g., in the 
case of human recipients MHC alleles that match the MHC 
alleles of the person needing the transplant. The invention 
provides a method in Which the MHC alleles of a person in 
need of a transplant (the recipient) are identi?ed, and a line 
of stem cells homozygous for at least one MHC allele 
present in the recipient’s cells is obtained from a stem cell 
bank produced according to the disclosed methods. That line 
of stem cells is then used to generate cells or tissue suitable 
for transplant that are homozygous for at least one MHC 
allele present in the recipient’s cells. The method of the 
present invention further comprises grafting the cells or 
tissue so obtained to the body of the person in need of such 
a transplant. In a useful embodiment of the invention, three, 
four, ?ve, six or more of the MHC alleles of the line of stem 
cells used to generate cells or tissue for transplant are 
homozygous and match MHC alleles of the transplant 
recipient. 

[0047] In a useful embodiment, the line of stem cells used 
to generate cells or tissue suitable for transplant is a line of 
totipotent or nearly totipotent embryonic stem cells. In 
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another useful embodiment, the line of stem cells used to 
generate cells or tissue suitable for transplant is a line of 
hematopoietic stem cells. The lines of stem cells that can be 
used to generate cells or tissue suitable for transplant are 
available “off the shelf” in the stem cell bank of the present 
invention. In a useful embodiment, the stem cell bank of the 
present invention comprises lines of totipotent, nearly toti 
potent, and/or pluripotent stem cells that are lines of reju 
venated, “hyper-youthful cells” generated by nuclear trans 
fer techniques. In another useful embodiment, the stem cell 
bank of the present invention comprises one or more lines of 
totipotent, nearly totipotent, and/or pluripotent stem cell 
having DNA that is genetically modi?ed relative to the DNA 
of the human donor from Which they are derived. For 
example, the invention comprises altering genomic DNA of 
the cells to replace a non-homozygous MHC allele With one 
that is homozygous, or to inhibit the effective presentation of 
a class I or class II HLA antigen on the cell surface, e.g., by 
preventing expression of [32-microglobulin, or by preventing 
expression of one or more MHC alleles. Also, the invention 
encompasses introducing one or more genetic modi?cations 
that result in lineage-defective stem cells, i.e., stem cells 
Which cannot differentiate into speci?c cell lineages. 

D. Methods For Making Stem Cell Lines With 
Homozygous MHC Alleles 

[0048] Totipotent, nearly totipotent, and/or pluripotent 
stem cell lines that make up the stem cell banks of the 
present invention can be derived from blastocyst embryos 
made up of cells that are homozygous for some or all of the 
histocompatibility antigen alleles, e.g., MHC alleles. Blas 
tocyst embryos useful for the present invention can be made 
by several different methods. In preferred embodiments of 
the invention, human embryos are produced by fertilization, 
parthenogenesis, or by same or cross-species somatic cell 
nuclear transfer. In the case of human embryos, for ethical 
reasons, they are never alloWed to develop beyond the stage 
of pre-implantation blastocysts of about 9-10 days before the 
inner cell mass cells are isolated and are cultured to produce 
embryonic stem (ES) cells. The cloning methods of the 
present invention Which utilize human embryos are 
restricted to human therapeutic cloning techniques. The 
present invention does not include any methods that permit 
development of human embryos beyond the pre-implanta 
tion stage of about 9-10 days, nor does it include or 
contemplate reproductive cloning in any form. 

Stem Cells from Embryos Produced by Union of 
Sperm and Egg 

[0049] In one embodiment of the invention, human or 
non-human stem cells are derived from embryos produced in 
vitro by uniting sperm and eggs by knoWn means; for 
example, by in vitro fertilization (IVF) or by intracytoplas 
mic sperm injection (ICSI). To produce cells having 
homozygous MHC alleles, sperm and eggs can be obtained 
from individuals that are closely related; e.g., brother and 
sister or one determined to have similar MHC alleles. As in 
HLA typing for a transplant betWeen siblings, there is about 
a 25% chance that an embryo produced With sibling’s 
gametes Will have matching HLA loci. The embryos pro 
duced by uniting sperm and eggs of related individuals are 
cultured in vitro to produce early embryo including blasto 
cysts from Which ES cells or inner cell masses are derived. 
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HLA types of the resulting pluripotent cell lines are deter 
mined by known means; e.g., by PCR, or by culturing a 
sample of the cells under conditions that induce differentia 
tion, and performing serological testing of the cells using 
antibodies against speci?c HLA antigens. Pluripotent cell 
lines having one or more homoZygous MHC alleles are then 
selected for inclusion in the stem cell bank. Embryos pro 
duced by union of sperm and egg have normal genetic 
imprinting, i.e., they have the epigenetic contributions of 
both male and female parents, so they develop to form 
blastocysts from Which pluripotent cells can be derived With 
high efficiency. 

[0050] In the case Where sperm and egg donors are not 
closely related sperm can be banked from individuals With 
characteriZed MHC loci and used for IVF or ICSI fertiliZa 
tion of oocytes that also have characteriZed MHC loci to 
produce embryos and stem cells With a high likelihood of 
generating homoZygosity in the MHC loci. 

[0051] Persons skilled in the art Would recogniZe that the 
human embryos produced by uniting sperm and eggs of 
closely related individuals according to the present invention 
may be viable and could be implanted into human females 
to make pregnancies and develop to live births of humans 
having homoZygous HLA alleles. This Would be highly 
unethical, in vieW of the knoWn risks to the health of the 
child that result from close inbreeding. As stated above, the 
present invention expressly does not comprise alloWing the 
embryos to develop beyond blastocysts of about 9-14 days. 

Stem Cells Produced by Parthenogenesis 

[0052] In another embodiment of the invention, totipotent 
and pluripotent human stem cells are derived from embryos 
produced by parthenogenesis. The stem cells obtained by 
this method are diploid, because extrusion of the second 
polar body folloWing parthenogenetic activation is inhibited. 
Methods for producing a diploid human embryo by parthe 
nogenesis, for culturing the embryo in vitro to form a 
blastocyst, and for culturing cells of the blastocyst to obtain 
stem cells, are described in co-oWned and co-pending PCT 
Application PCT/USO2/37899 (Methods for Making and 
Using Reprogrammed Human Somatic Cell Nuclei and 
Autologous and Isogenic Stem Cells) ?led Nov. 26, 2002, 
the disclosure of Which is incorporated herein by reference 
in its entirety. Similar methods for producing diploid 
embryos by parthenogenesis using oocytes of rhesus mon 
keys and cynomolgous monkeys have been described by 
Mitalipov et al. (2001, Biology of Reproduction, 65:253 
259) and Cibelli et al. (2002, Science, 295 :81), respectively, 
the contents of both of Which are incorporated herein by 
reference in their entirety. 

[0053] In general, production of a diploid human embryo 
by parthenogenesis comprises 

[0054] a. obtaining oocytes from human donors 
induced to superovulate by treatment With gonadot 
ropins folloWed by hCG injection; 

[0055] b. activating the oocytes at about 38-45 hours 
after hCG stimulation; 

[0056] c. exposing the activated oocytes to chemical 
treatment that inhibits extrusion of the second polar 
body; and 
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[0057] d. culturing the embryo in vitro under condi 
tions resulting in formation of a blastocyst. 

[0058] Oocyte activation is normally mediated by oscil 
lations of intracellular Ca+2 ion triggered by the sperm cell. 
Parthenogenetic activation of the oocytes can be achieved by 
any of the knoWn means for inducing oocyte activation. 
Such methods generally involve exposing the oocyte to 
ethanol, electroporation, calcium ionophore, ionomycin, or 
inositol 1,4,5-triphosphate to increase the intracellular Ca+2 
ion concentration in the oocyte, in combination With a 
treatment that temporarily inhibits protein synthesis or pro 
tein phosphorylation. For example, Mitalipov et al. (supra, 
p. 254) describe tWo such methods that result in production 
of diploid parthenogenetic blastocysts from oocytes of 
rhesus monkeys. In one method, the oocytes are incubated 
brie?y in medium containing ionomycin and calcium, fol 
loWed by incubation for several hours in medium containing 
6-aminomethylpurine (DMAP), an inhibitor of protein phos 
phorylation. In the other method, the oocytes are electropo 
rated three times in medium containing calcium, and 
betWeen each electroporation, the oocytes are incubated for 
about 30 minutes in medium containing cycloheximide, an 
inhibitor of protein synthesis, and cytochalasin B, an inhibi 
tor of micro?lament synthesis. 

[0059] Using a similar method Cibelli et al. (supra) par 
thenogenetically activated oocytes of a cynomolgous mon 
key; cultured the activated oocytes in vitro to produce a 
diploid blastocysts; and isolated a line of diploid ES cells 
from cells of the inner cell mass of a parthenogenesis 
derived embryo; and shoWed that the ES cells are capable of 
differentiating into cell types of all three embryonic germ 
layers. This is also described in US. Ser. No. 09/697,297 by 
Cibelli et al, Which is incorporated by reference in its 
entirety here. 
[0060] Oocytes are obtained from Women having MHC 
alleles of the type needed for the stem cell bank. The oocytes 
are parthenogenetically activated and are cultured to form 
blastocysts. Using knoWn methods, the inner cell mass cells 
of the blastocysts are cultured in vitro to generate diploid 
embryonic stem cells. Because extrusion of the second polar 
body after meiosis II Was prevented, the homologous chro 
mosomes of such ES cells are actually the sister chromatids 
that Were joined together as a dyad during meiosis I. Since 
the sister chromatids Were formed by replication of a single 
set of chromosomes at the outset of meiosis, they Will have 
identical DNA sequences, except for those regions that Were 
exchanged With the homologous dyad during the recombi 
nation stage of meiosis. The HLA genes of the MHC are 
tightly linked, and recombination in this region is rare. 
occurring With a frequency of about 1%. The tWo sets of 
homoZygous HLA alleles in the parthenogenetically-derived 
stem cell lines obtained With oocytes from a given donor 
re?ect the HLA haplotypes of the maternal and paternal 
copies of chromosome 6 that the donor inherited from her 
parents. KnoWn screening methods can be performed to 
identify the cell lines that have non-homoZygous HLA 
antigens due to genetic recombination, and to identify the 
homoZygous HLA alleles of each stem cell line. 

Stem Cells Produced by HaplodiZation 
[0061] In another embodiment of the invention, totipotent 
and pluripotent human stem cells are derived from embryos 
produced by union of tWo haploids that are homoZygous for 
one or more MHC alleles. 






























