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HEA G-MODIFIED CELLS AND METHODS

16661} This application claims priority to U.S. Provisional Patent Application Serial No.

61/677,739, filed July 31, 2012, which is hereby incorporated by reference in its entirety.

BACKGROUND OF THE INVENTION

[60802] Regenerative medicine in the form of cell transplantation is one of the most
promising therapeutic approaches for the treatment of intractabie medical conditions such as
diabetes, heart discase, and neurodegenerative discases, However, a major hurdle towards
mplementing cell transplantation in the clinic 18 tmmune rejection of donor cells, especially
when these are derived from a foreign host. While it is possible to address immune rejection,
in part, by administering immunosuppressant drugs, these entail severe adverse side effects.
Thus, there is an ongoing veed to develop improved technologics for cell transplantation

therapies.

SUMMARY OF THE INVENTION

[8883] Disclosed herein are cell-based compositions and methods for cell transplantation
therapy based on the long-term forced expression of at least an exogenous HLA-G protein in
donor cells to be ransplanted into a subject in need of such donor cells. The invention
provides data that shows that cells (whether pluripotent or differentiated} modified to express
exogenous HLA-G in the manner described herein have reduced immunogenicity and/or
increased immmunosuppression. The reduced tomunogenicity and/or increased suppression
abilities provided by the HLA-G genetic modification are stable and persist over long periods
of time, including through processes of differentiation. The implication is that the HLA-G
modified cells of the invention can serve as universal donor cells or tissue (e, reducing or
eliminating the requirement for matching the type of classical human leukocyte antigen
{HLA) class 1 and class 1T molecuies between donor cells and the recipient) for namerous
injuries, diseases, or disorders.

166041  Accordingly, in one aspect described herein is a genetically modified mammalian
cell (an HLA-G modified cell) that has reduced immunogenicity and/or is capable of
providing increased immunosuppression in an allogeneic recipient as compared to the
mammalian cell without said genctic modification, where (i} the genetically modified

mammalian cell comprises: (a) an exogenous nucleic acid (e.g., an expression vector)
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comprising a nucleic acid sequence encoding an HLA-G protein having an aming acid
sequence at least 85% identical to myman HLA-G, and comprising one or more amino acid
ovwtations that reduce retention of HLA-G in the endoplasmic reticulum-golgi recyeling
pathway, and/or (b) a 37 UTR (umtransiated region) sequence that does not contain
microRNA binding sites such as SEQ ID NG:3 or a sequence that does not comprise SEQ 1D
N4, and (i) the encoded HLA-G protein is expressed by the genetically modified
mammalian cell for at least seven weeks {e.g., at lcast 20 weeks or at least 50 weeks).

[8065] In other embodiments, the invention provides a genetically modified mammalian
cell that has reduced immunogenicity and/or improved immuonosuppression as compared fo
the mammalian cell without said genetic modification, wherein: (1) the genetically modified
mammalian cell comprises an exogenous nucleic acid comprising: {a) a nuecleic acid
sequence (such as SEQ ID NG:2) encoding an HLA-G protein having an amino acid
sequence at feast 95% identical to consensus wild-type homan HLA-G (such as SEQ 1D
NGO:1), and comprising one or more anmino acid mutations that reduce retention of HLA-G in
the endoplasmic reticulum-golgi recycling pathway; and (b) a 3" untransiated region (UTR)
{(such as SEQ ID NQO:3) that is at least 85% identical to the 3° untranslated region sequence of
the consensus wild-type human HLA-G gene and does not comprise SEQ ID NO:4; and (i)
the encoded HLA-G protein is expressed by the genetically modified mammaban cell for at
feast seven weeks.

{#086] In some embodiments, a genetically modified cell has reduced immunogenicity
and/or iraproved toowunosuppression if it shows: (1} a reduction of NK-92 cytotoxicity of
the genetically modified cell as compared to the mammalian cell without said genetic
modification, (2} a reduction of in vitro peripheral blood mononuclear cell proliferation of the
genctically modified ccll as compared to the manunalian cell without said genetic
modification, and/or (3) an increase in the size and weight of tumor formation by the
genetically modified cell as compared to the mammalian cell without said genetic
modification in bumanized NSG mice.

#0877 In some embodiments, the genetically modified mammalian cell does not bave
matches (7.e, same allele(s)) in one or more HLA antigens as compared to the allogeneic
recipient, wherein the HLA antigens are selected from the group consisting of HLA-A, HLA-
B, HLA-C, HLA-DP, HLA-DQ, and HLA-DR. In certain embodiments, the genctically
moditied mammalian cell only bas 1, 2, 3, 4, or 5 matches in one or more HLA antigens as
compared to the allogeneic recipient, wherein the HLA antigens are selected from the group
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consisting of HLA-A, HLA-B, HLA-C, HLA-DP, HLA-DQ, and HLA-DR. Inone
embodiment, the genctically modified mammalian cell has no matches in with the allogeneic
recipient with respect to HLA-A, HLA-B, HLA-C, HLA-DP, HLA-DQ, and HLA-DR,
[6868]  In some embodiments, the genctically modified cell comprises an HLA-G transgene
without one or more amino acid mutations that reduce retention of HLA-G in the
endoplasmiic reticolun-golgi recycling pathway (i.e., an HLA-G wild-type consensus
sequence such as SEQ 1D NO:1), but bas an HLA-G transgene that comprises a 3° UTR
(untranslated region) sequence that does not contain microRNA binding sites such as SEQ ID
NO:3, or a sequence that does not comprise SEQ 1D NO4,
(80098}  In some cmbodiments, the one or more mutations that reduce retention of HLA-G in
the endoplasmic reticulum-golgi recycling pathway jnclude a di-Lysine (KK) motif mutation.
In some embodiments, the KK motif mutation tncudes a K334A motation, a K335A
mutation, or both mutations.
16618}  To some embodinents, the exogenous nucleic acid to be expressed in the gevetically
modified cell includes a 3> UTR sequence that does not contain SEQ IDNO.4. Inone
embodiment, where the 3” UTR sequence of the exogenous nucleic acid does not include
SEQ 1D NO4, the nucleic acid sequence contains SEQ 1D NO:3.
{8811}  Insome embodiments, the expressed HLA-G is present on the cell surface of the
genetically modified mammalian cell.
{8012} Insome embodiments, the genctically modified mammalian cell is a human cell, a
mouse cell, a rat cell, a monkey cell, or a pig cell.
[6613] Insome embodiments, the genetically modified mammalian cell is a stem cell, a
progenitor cell, or a cell obtained by directed differentiation of the stem cell or the progenitor
cell. In some embodiments, the genetically modified manunalian cell is a cell that was
already differentiated {(whether naturally or in vitro) prior to introduction of an exogenous
HLA-G transgene. In some embodiments, the genetically modified mammalian cell is a stem
cell {e.g., a pluripotent stem cell). In some cmbodiments, where the genetically modified
mamoalian cell is a stem cell, the steo cell 1s an embryonic steo cell, an induced phuripotent
stem cell, or a totipotent stem cell. o one embodiment, the genetically modified mammalian
cell is an embryonic stem cell. In another embodiment, the genetically modified mammalian
cell is an induced pluripotent stem cell In a further cmbodiment, the genetically modified
mammalian cell is not of an mmune system cell type. In another embodiment, the
genetically modified mammalian cell is a cell obtained by in virro differentiation of a stem
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cell or a progenitor cell wherein the stem cell or progenitor ecll is genetically modified and
then differentiated in vitro.
[6814] In other erobodiments, the genetically modified cell is a fully differentiated celi, an
epidermal progenitor cell, a pancreatic progenitor cell, a hematopoietic stem cell, a cell
obtained by differentiation of the pluripotent stem cell, a keratinocyte, a fibroblast, a
mesenchymal stem cell, a cardiomyocyte, a neural stem ccll, a nouron, an astrocyte, or a
pancreatic § cell progenitor.
[6613] Insome embodiments, where the exogenous nuclete acid in the genetically modified
mammalian cel is an expression vector, the expression vector is a transposon vector or &
retroviral vector. In some cmbodiments, where the exogenous mucleic acid is an expression
vector, the expression vector is a targeting vector, and the genetically modified mammalian
cell was obtained by homologous recombination of the targeting vector. In some
embodiments, the expression vector may further include a nucleic acid sequence encoding a
reporter protein such as green fluorescent protein (GFP).
[88316] Tnsome embodiments, the exogenous nucleic acid also includes a nucleic acid
sequence that (i} is at least 85% identical to the 3° untranslated region sequence of the human,
HLA-G gene; and (1i) conprises af least one mutation that inhibits binding of a cognate
microRNA to the mutated site within an mRNA comprising the nustated binding site within
its 37 untranslated region. In one embodiment, such a nucleic acid sequence comprises SEQ
1P NO:3.
18617} To some embodiments an artificial tissue is provided that contains the genetically
modified cell.
[8018] Inanother aspect provided hercin is an isolated nucleic acid that includes (i) a first
pucleic acid sequence that cocodes an amino acid sequence at least 85% identical to human,
HLA-G; and (i) a second mucleic acid sequence that is at least 85% identical the 3
untranslated region sequence of the human HLA-G gene and operably linked to the first
nucleie acid sequence, where the aming acid sequence comprises s mvtation that reduces
retention of HLA-G in the endoplasmic reticuluni-golgi recycling pathway, and the second
nucleic acid sequence comprises at least one mutation that inhibits binding of a cognate
microRNA to an mRNA comprising the mutated binding site within its 37 untranslated
region.
[8818] Insome embodiments, the isolated nucleic acid the 3° untranslated region sequence
does not comprise SEQ ID NO:4, In one embodiment, where the 3 untranslated region
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sequience does not comprise SEQ 1D NO:4, the 37 untranslated region sequence comprises
SEQ ID NO:3

[B828] Insome emboduments, a mammalian cxpression vector is provided that includes the
1solated nucleic acid and a promoter operably linked to the first nucleic acid sequence,
wherein the promoter is not silenced in a stem cell. In some embodiments, the promoter
contains the nucleic acid sequence of the Chinese hamster EF-Tu (CHEF-1a) promoter or
human EF-lo promoter. In one embodiment, the CHEF-1a promoter comprises SEQ 1D
NG:7. In other embodiments, the promoter used fo drive expression of an HLA-G transgene
is a tissue or cell type-selective promoter. In some embodiments, the mammalian expression
veetor includes comprising a third nucleic acid sequence encoding a reporier protein. In
some embodiments, the mammalian expression vector is a transposon vector. In some
embodiments, a genetically modified mammalian cell is provided that contains the
marmalian expression vector.

(8021} Insome embodiments, an isolated nucleic acid is provided that comprises: (i) a first
nucleic acid sequence that encodes an amino acid sequence at least 95% identical to human
HLA-G, wherein the amino acid sequence conprises a mutation that reduces retention of
HLA-G in the endoplasmic reticulum-golgi recycling pathway; and (31) a second nucleic acid
sequence that is at least 95% identical the 3° untransiated region sequence of the homan
HI.A-G gene and operably linked to the fivst nucleic acid sequence, wherein the second
nucleic acid sequence comprises at least one mutation that inhibits binding of a cognate
microRNA {o an mBNA comprising the mutated binding site within its 37 untranslated
region. In one embodiment, the first nucleic acid sequence encodes an amino acid sequence
of SEQ 1D NO:2. In another cmbodiment, the second nucleic acid sequence does not
comprise SEQ 1D NO:4. In one embodiment, the second nucleic acid sequence comprises
SEQ ID NO:3. In another embodiment, a mammalian expression vector is provided that
comprises said first and second nucleic acid sequences, and further comprises a promoter
operably linked to the fivst nucleic acid sequence, wherein the promoter is not silenced in a
stem cell or a in a cell generated by differentiation of the stem cell. Such a promoter can
comprise the nucicic acid sequence of the Chinese hamsier EF-1g promoter. In another
embodiment, the maromalian expression vector further conprises a nucleic acid sequence
encoding a reporter protein. In another embodiment, the mammalian expression vector is a
transposon vector. In another embodiment, the mammalian expression vector compriscs all

of the elements shown in Figure 1.
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{66221 Inone embodiment, a mammalian expression vector is provided that comprises: (a)
a Chinese hamster EF-1 ¢ promoter, (b) 2 nucleic acid sequence that is operably linked to the
promoter and that encodes buman HLA-G with an amino acid sequence of SEQ 1D NOG:2,
and (¢} 2 3°UTR sequence comprising SEQ 1D NO:3. In some embodiments, a genctically
modified mammalian cell is provided that comprises such an expression vector.

166231  In various embodiments, HLA-G modified mammalian cells (¢.g., human HLA-G
maodified cells) are administered to a subject suffering from any of a nursber of conditions
inchuding, but not hmited to cardiovascular disease, eve disease (¢.g., macular degeneration),
auditory discase, {¢.g., deafness), diabetes, neurodegenerative disease, Alzheimer's Discase,
Parkinson's Discase, multiple sclerosis, osteoporosis, liver disease, kidney discase,
autoimmune disease, arthritis, gum discase, a dental condition, or a proliferative disorder
{e.g., a cancer). In other cases, the subject 18 suffering from, or at high risk of suffering from,
an acute health condition, ¢.g., stroke, spinal cord injury, burn, or a wound. In other cascs,
the subject is suffering from Joss of tissue such as hipatrophy or aging-related losses in
collagen. Tn other cases, the subject suffers from a non-healing ulcer, or is need for an agent
to assist in closure of defects like hypospadias and epispadias. In other cases, the subject is
need for a pormanent or temporary skin graft for would bealing or for skin substitutes.

[8824] In some embodiments, the invention provides a universal method of cellular or
tissae repair or regeneration to a subject in need thereof, the method comprising injecting or
grafting to the subject a cellolar or tissue composition comprising a population of eHLA-G
modified cells, wherein the subject has atf feast one mismatched classical HEA class or HLA
class I molecule as compared to the population of ¢eHLA-G modified cells, and wherein the
population of cHLA-G modified cells exhibits reduced tmmunogenicity and/or improved
immunosuppression as compared to cells of the same-type without the eHLA-G maodification.
The reduced immumnogenicity and/or improved inumunosuppression can be determined, for
example, by comparing the ¢eHLA-G modified cell to a control cell of the same type without
the cHLA-G modification in an NK-92 cytoloxicity assay, a humanized NSG tumor growth
assay, and/or a PBMC proliferation assay. In one embodiment, the population of gevetically
modified cells comprises a population of eHLA-G genetically modified human dermal
fibroblasts. In another embodiment, the population of genetically modified cells comprises a
population of cHLA-G genetically modified human epidermal progenitors. o another
embodiment, the population of genetically modified cells comprises a population of eHLA-G
genetically modified human mesenchymal stem cells. In another embodiment, the popelation
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of genetically modified cells comprises a population of eHLA-G genetically modified human
embryonic stem cells. In another embodiment, the population of genetically modified cells
comprises a population of cell differentiated in vitro from cHLA-G genetically modified
human embryonic stem cells. In other embodiments, the population of genetically modified
cells are not rejected by the subject’s immune system for at least 2, 4, 6, 8, 10, 12, 14, 16, 18,
24, 24, 36, 48, or 52 wecks.

16625}  In another embodiment, the invention provides a method for regencrating skin to a
subject in need thereof, the method comprising injecting a population of eHLA-G modified
dermal fibroblasts and/or eHLA-G medified embryonic epidermal progenitors to a site of
skin injury on the subject, wherein the subject has at least one mismatched classical HLA
class 1 or HLA class H molecule as compared to the population of eHLA-G modified dermal
fibroblasts and/or eHLA-Q medified embryonic epidermal progenitors.

[#026] In anotber cmbodiment, a cell therapy method is provided that comprises
administering o a subject in need thereof a population of genetically modified mammalian
cells comprising an exogenous human P2-microglobulin (B2m) molecule and an eHLA-G
transgene of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

186277 FIG. 1 shows aschematic depiction of a non-Hmiting embodiment of an enhanced
HLA-G (¢HLA-G} transgene cxpression transposon vector containing a selection marker
{ncomycin phosphotransferase) driven by a phosphoglycerate kinase (PGK) promoter; “INS”
flanking insulator elements; a Chinese Hamster EF-1a promoter drive expression of eHLA-
G; a PGK promoter driving expression of EGFP; and 57 terminal repeat (TR) transposition
clements. An eHLA-G transgene contains a combination of mutations and/or non-coding
clements (such as, for example, 2 promoter or wodified 3° UTR) that enhance cxpression,
particularly cell surface expression, of the HLA-G protein. For the experiments described
herein, the eHLA-G transgene the above elements, and more specifically included a human
HI.A-G coding sequence as listed in SEQ 1D NO:2 with vwtations of HLA-G’s ER retrieval
motif (K334A/K335A); and 2) mutation of HLA-G’s 3° UTR microRNA binding sites,
wherein this modified 37 UTR had the sequence as listed in SEQ 1D NO:3. See Example 3
for further description.

16628} FIG. 2 shows a schematic depiction of a non-limiting ecmbodiment of a transposase
expression helper vector used to drive genomic integration of a co-transfected transposon

eXPression vector.
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(60281 FIG. 3 shows fluorescence micrographs of human ES cell colonies at various times
after stable transfection with a transposon expression vector driving expression of eHLA-G
and HGFP.

[8838] FIG. 4 (Top Panel) shows a bar graph depicting the relationship between the
starting number of hES cells transfected with an EGFP-containing expression vector and the
fraction of EGFP” cells detected in the cell population at 10 days post-transfection. The
numbers on the x-axis arc the number of GFP' colonies per 55107 cells, The numbers on the
y-axis are the cell mumber. (Bottom Panel) shows a bar graph depicting the relationship
between various transposon vectors (using different promoters) and the fraction of EGFP”
cells detected in the cell population. The numbers on the x-axis are the number of GFP™
colonies per 5x10° cells,  For the bottom panel, from left to right: contro! (con), GFP-puro
{size of transfected vector is 7.3 kb); eHLA-G (MSCV}GFP-puro (size of transfected vector
is 8.6 kb); and cHLA-G (EF-1a)-GFP-puro (size of transfected vector is 9.2 kb), Additional
eHLA-G (EF-10)-GFP-puro transfection efficiency experirents (not shown) were
conducted, which indicated that at 10 days posi-transfection, the bighest cfficiencies (~500
GEP” colonies per 5x10° cells) were obtained in solution V and program B16 after sefection
with puromyein for 10 days.

(8031} FIG. 5 shows a series of immunofhiorescence micrographs showing expression in
HILA-G modified human ES cells of HLA-G expression and DAPT staining{top tmages);
Oct 3/4 and DAPI (middle images); and SSEA-4 and DAPI (bottom images).

{8832} FIG. 6 (Top Panel) shows a flow cylometry scattergram showing the distribution of
SSEA-4"/GFP' double-positive cells in a population of eHLA-G-modified hES cells. (Lower
Panel) shows the distribution of Oct 3/4” cells in the population of eHLA-G-modified hES
cells. SSEA-4 and Oct 3/4 are pluripotency markers. This data, along with Fig. 3, indicate
that eHLA-G-modified hES cells maintained their characteristic self-renewal plaripotency
markers, Additionally, eHLA-G{EF-1)-GFP-hESCs maivntained their pluripotency and
normal karyotype in vive. Homanized NSG mice were injected subcutaneousty with eHLA-
G{EF-1o)-GFP-hESCs, and teratoma formation was observed, indicating that the
injected/transplanted cells were not rejected as hESCs exhubited reduced inumunogenicity
and/or increased inmmunosuppression. The karyotype of the teratoma cells were normal.
[#033] FIG. 7 (Top Pancl) shows phase contrast photomicrographs of Wildtype (left
picture) and eHLA-G modified hESC-generated (right picture) embryoid bodies (EBs) at day

1S, (Bottom Panel) shows a thiorescence micrograph of the EBs shown in the Top Panel.
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No GFP signal is detected in the wildtype hESC EB, whereas sirong GFP expression is
detected in both of the eHLA-G modified hESC EBs. This data indicates that eHLA-G"
bESCs maintain EB formation.

[8034] FIG. 8 shows that eHLA-G™ hESCs are silencing resistant. (Top Panel) shows a
flow cytometry distribution histogram for the expression of GFP in a eHLA-G modified
hESC-line, which demonstrated similar strong expression of GFP afier 6 and 16 passages.
(Bottom Pancl) shows a flow cytometry distribution histogram for the expression of HLA-G
in the same hESC line, again showing persistent expression of the eHLA-Q transgene at both
passage 6 and 16,

[B035]  FIG. A (Top Panch) shows flow cytometry distribution histogrars for total
{(intraceliular) expression HLA-G n wildtype (Ieft histograny), GFP-meodified (middle
histogram), and eHLA-G(EF-1c)-GFP modified hESCs {right hisiogram). (Bottom Pancl)
shows flow cytometry distribution histograms for surface expression HLA-G in wildtype (left
histogram), GFP-modified (middle histogram), and eHLA-G (EF-10)-GFP modified hESCs
(right histogram). FIG. 98 (Top Pancl) shows a flow cytometry distribution histogram for
total expression HLA-G in cHLA-GIMSCV}-GFP modified hESCs, FIG. 9B (Botiom Panel)
shows surface HLA-G expression eHLA-GMSCV)-GFP meodified hESCs. These data
indicate HLA-G is highly expressed when the transgenc is operably linked to the EF-1a
promoter, in contrast the minimal expression when the transgene 1s under control of the
MSCYV promoter. Sec also FIG. 15 for additional data showing that HLLA-G transgene
expression is significantly influeneed by promoter activity.

[6638] FIG. 18 shows that expression of HLA class T and class I is similar on wildtype
and ¢cHLA-G+ hESCTs. The table compares expression levels of various HLA varianis and
B2 microglobulin in wildtype versus HLA-G modified hESCs.

[8037]  FIG. 11 shows that NK92 cytotoxicity effect is greatly suppressed by eHLA-G™
hESCs. (See Example 6 for further description.) The figure shows a bar graph illustrating
the results of an NK92 cell eytotoxicity assay. The 1:10 and 1:30 values indicate the ratio of
effector (NK92) to target cells (GFP transgene alone control wild-type cells or cHLA-G-GFP
wransgene modified cells) This is an in vitre assay to determine the immunogemcity of
eHLA-G modified hESCs (black bars; cHLA-G-GFP) compared ic wildiype hESCs {grey
bars; GFP). cHLA-G modified hESCs exhibit substantially reduced cytotoxicity in the
presence of NK92 cells as compared to the case for wildtype hESCs. This data indicates that

exogenous HLA-G expression can provide improved donor capabilities for such genetically
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modified cells, as reduced cytotoxicity in the presence of NK92 cells shows that such
genetically modified cells have reduced inununogenicity and/or improved
immunosuppression. Resulis are the average of four experiments. See Example 6 for further
description.

{88381 FIG. 12 shows a series of bar graphs depicting the time course of gene expression
fevels of several pluripotency markers and epidermal progenitor markers during directed
differentiation of hESCs in vifro into cmbryonic cpidermal progenitors (EEPs). The y-axis
values are relative mRNA expression levels as determined by semi-quantitative RT-PCR.
The x-axis values are the days at which expression was assessed. See Example 2 for further
description. The Fig. 12 data indicates that the epidermal ditferentiation markers K14,
Tapé3, and ANp63 were gradually enhanced during differentiation. In data not shown here,
immumotiuorescence studies of K14 and additional epidermal markers p63, CD29, and
CD49f were conducted. Differentiated eHLA-G({EF-1a)-GFP hEEPs were positive for K14,
p63, CD29, and CD491 protein expression as indicated by tmmunofluorescence.

[803%] KFIG. 13 (Top Pancl) shows time course of eHLA-G fransgene expression in an
hESC line stably transfected with EF-1g promoter-driven expression of eHLA-G. (Bottom
Pancl) shows a comparison of the time course (black bars indicate at § days; horizontal
striped bars indicatc at 7 days; and grey bars indicate at 14 days); of HLA-G (mRNA)
expression in a GFP-modified hESC line (negative control), an MSCV-promoter driven
eHLA-G hESC line, and in an EF-1a driven eHLA-G hESC line. Note the higher and more
persistent fevel of eHLA-G expression driven by the EF- o promoter.

[0848] FIG. 14 (Effect of K562-HLA-G1 14 base pair (bp) insertion/delstion
polymorphism on cytotoxic activity of NK cells.) The figure shows a bar graph comparing
NE cell-mediated cytotoxicity (96 specific lysis) on wildtype K562 cells (grey bars), K562
cells expressing an HLA-G variant with a 14 bp insertion in the 3° UTR {(Insl4bp) (black
bars), and K562 cells expressing an HLA-G variant with a 14 bp deletion in the 3° UTR
{Delldbp) (grey bars). There are four sets of data with different effector (NK ccll) to target
cell (K562 cells) ratios.

[0841] FIG. 15 provides data that indicates that HLA-G transgene expression 18
significantly influenced by promoter activity. RT-PCR shows that both GFP and HLA-G
transcripts were highly expressed in ¢HLA-G (EF- 10)-GFP-hESC cell lines.
Immumofluorescence also shows that both GFP and HLA-G proteins were highly expressed

in HLA-G (EF-10-GFP-hESC cell lines (not shown here). However, HLLA-G transcripts or
10



WO 2014/022423 PCT/US2013/052767

proteins were rarely detected in HLA-G (pMBCV-GFP-hESC lines, whether by RT-PCR or
immunofluiorescence, even though GFP expression was high in these cells. {Data not shown
here.) Thus, EF-1g promoters are preferved in certain embodiments of HLA-G transgene
expression.

166421 FIG. 16. Purified hEEPs exhibited homologous keratinocyte morphology as shown
by phase contrast microscopy. eHLA-G-GFP-HEEP clones 18 and 21 were differentiated
from modified cHLA-G(EF-10)-GFP-hESCs as described in Example 2.

16643} FIG, 17, The stability of the HLA-G transgene in differentiated hEEPs was
confirmed by flow cytometry. Both HLA-G total expression (top panels) and surface
expression (bottom panels) was robust for differentiated ¢HLA-G{EF-1a)-GFP-hEEPs
{greater than 90% of cells) as compared to control cells with no exogenous HLA-G (GFP
ounly hEEPs) and wild-type hEEPs.

[8844] FIG. 18, The results of Figure 11 were repeated and confirmed in additional NE
cytotaxicity experiments. As shown, killing of eHLA-G(EF-1¢)-GFP-hESCs was reduced
more than 100% as compared to controls hESCs that contained only a GFP transgene (no
HELA-G transgene). (MNote: as used herein, an “mHLA-G(EF-10)-GFP” fransgene is
synooymous with “eHLA-G(EF-10-GFP”} This data shows that HLLA-G transgene
cxpression imparis inununosuppressive and/or redoced imumunogenicity characteristics in
bESCs. See Hxample 6 for further description.

[8845] FIG. 19, NK cytotoxicity experiments were conducted on hEEPs differentiated
from hESCs. As shown, killing of eHLA(EF-1a)-GFP-hEEPs was reduced well more than
100% (about 3-fold) as compared to control hEEPs. This data shows that HLA-G transgene
cxpression imparis inununosuppressive and/or redoced imumunogenicity characteristics in
differentiated cells, which also shows that these enhanced functional immune evasion
characteristics of HLA-G expression via the eHLA-G transgene sarvived the directed
differentiation process. See Example 6 for further description,

166461 FIG. 20 shows the rosults of hESC atlografis in humanized mice. The “GU” hESCs
were the control wild-type hESCs that do not contain an eHLA-G transgene, but rather only
GFP. “mGH#LY” and “mG1{(#2)” refor o two different cHLA-G(EF-1a)-GFP nucleofected
hESC clones. The GO, mGI(#1), and mGH{(#2) tumors as shown were measured and
weighed. The GO hESCs formed a tumor with a volume of 126.9 cubic millimeters and 8

weight of 32 gulligrams. The aG1{#1) hESCs formed a tumor with a volume of 748.4 cubic
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miliimeters and a weight of 318 milligrams. The mG1{#2) hESCs formed a tumor with a
volume of 1116.7 cubic nullimeters and a weight of 675 milligrams. See Example 7 for
further description.

8847} FIG. 23 shows the averaged results of tumors from hESC allografis onto five
humanized NSG mice. Top panel shows tumor weight {mg) results. The bottom panel shows
tomor volume {cubic millimeters) results. The data shows that HLA-G mucleofected hESCs
("“mG17) formed much larger (more than 3-fold by volume) and beavier (more than 2-fold by
weight) tumors than wild-type hESCs (“G07) transplanted into humanized NSG mice. This
indicates that HLA-G transgene expression can provide reduced immunogenicity and/or
increased tnumunosuppression in an allograft buman environment (e, NSG bumanized
mice). This data, along with the NK92 cytotoxicity studies, supports the general application
of the eHLA-G transgene constructs deseribed herein for modifying any desired cell-type into
a universal or superior allogencic donor for therapy, ransplants, tissue repair, cell and tissuc
substituies, and the like. Sec Example 7 for further description.

[8848] FIG. 22, Homan dermal fibroblasts stably transfected with the eHLA-G(EF-1x)-
GFP transgene ("HFD-m1-GFP” cells) or GFP-alone control construct (“HFD-GO-GFP”
cells) were assessed for their ability to inhibit PBMC proliferation. As shown, the HFD-mG1-
GFP clone “mG1-R1” suppressed PBMC proliferation greater than controls and other cloues,
indicating that exogenous HLA-G expression can provide immmunosuppression for
differentiated cells, such as fibroblasts. See Example 9 for fiwther description, inchuding a
summary of NK-92 cytotexicity studics with HFD-m1-GFP and controls, which shows that
the eHLA-G modification to human dermal fibroblasts reduced their immunogenicity. Thus,
these data further support the use of the eHLA-G transgene constructs described herein for
modifying any desired cell-type, whether phuripotent, multipotent, or fully differentiated, into
a universal or superior allogeneic donor for therapy, transplants, tissue repair, cell and tissue

substitutes, and the like.

DETAILED DESCRIPTION
[0849] The prosent disclosure features genctically modified moarmalian cells that express
exogenous HLA-G persistently (HLA-G modified cells), as well as nucleic acid compositions
to generate such modified mammalian cells. The ¢eHLA-G genectic modifications described
herein provide the cells with characteristics of reduced tmmunogenicity and/or improved
immunoesuppression, such that these cells have the promise of being universal or toproved
12
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donor cells for transplants, celhular and tissue regeneration or reconstruction, and other
therapies.

. Compesitions:

A, Genetically Meodified Mammalian Cells that Express Exogenous HLA-G

[8858] As described herein, a wide range of mammalian cell types that express exogenous
HLA-G (HLA-G modified cells) can be generated. Such cell types include, but are not
fimited to, totipotent cells, cmbryonic stem cells (¢.g., human cmbryonic stem cells), induced
pluripotent stem cells (e.g., human induced phuripotent stem celis), multipotent stem cells,
epidermal progenitor cells, mesenchymal stem celis, pancreatic § cell progenitors, pancreatic
{3 cells, cardiac progenitors, cardiontyocytes, hepatic progenitors, hepatocytes, muscle cell
progenitors, muscle cells, kidney cells, osteoblasts, hematopoietic progenitors, dental follicle
cells, hair follicle cells, retinal pigment epithelial cells, nevral stem cells, nearons, astrocytes,
oligodendrocytes, inner car cells, and fibroblasts (including human dermal fibroblast (HFD)).
In some cmbodiments, the HLA-G modified cells are vot cells having an ivvoune system cell
type. Such mammalian cells can be derived one of several species including, ¢.g., human,
mouse, rat, monkey, or pig. In essence, any celi-type can be transfected with the constructs
described herein and then tested for HLA-G expression and how such expression can impart
reduced immunogenicity and/or improved tmmunosuppression to the modified cell.

{8851} Insome embodiments, to obtain a substantially enriched population of HLA-G
modified cells of a desired cell type, a genetically modified ploripotent stem cell line such as
a human embryouic stem cell line, or a buman induced pluripotent stem cell line, or any cell
line that has multipotent traits including mesenchymal stem cells and immune system
progenitor cells, that expresses HLA-G is generated and then subjected to directed
differentiation to obtain a cell population that expresses HLA-G and that is substantially
enriched for a desired cell type. Tn some embodiments, the substantially enriched cell
populetion inchades at least about 2% to about 100% of the desired cell type, e.g., at least
about 3%, 4%, 5%, 7%, 8%, 10%, 20%, 22%, 25%, 35%, 40%, 45%, 50%, 60%, 70%, 75%,
80%, 85%, or another percentage of the desired cell type from at least about 2% to about
100%. Methods for enriching cells of a destred cell type are known in the art. See, e.g., U.S.
Patent Application No. 12/532,512

[6852] Methods for obtaining human embryonic siem cells or induced pluripoient stem

cells are known in the art, as described in, ¢.g., U.S. Patent Nos. 6,200,806 and 7,217,369 (for
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human embryonic stem cell derivation) and 8,048,999, 8,058,065, and 8,(148,675 (for
generation of human indoced phluripotent stem cells).
6853} Cenetically modified maromalian pluripotent or joultipotent stem cell lines, e.g.,
human embryonic stem cells or human induced plaripotent stem cells, ete., and also fully
differentiated genctically modified mammalian, that stably express an HLA-Q protein
encoded by one of the nucleic acids described herein are generated by any of a number of
methods known in the art. Tn some embodiments, the cell line is genetically modified by
stable transfection with one or more nucleic actd expression vectors (e.g., a plasmid vector or
a minicirele vector) that include an expression cassette for expression of an HLA-G protein as
described herein, a selection marker, and optionally a reporter protein. Examples of suitable
selection markers encoded by such vectors mclude proteins that confer resistance to a
selection agent. Soch proteins and their corresponding selection agents include, without
fimitation, puromycin N-acetyltransferase (puromycin), hygromycin phosphotransferase
{(hygromycin), blasticidin-S-deaminase (blasticidin), and neomyciv phosphotransferase
(neomycin). Seclection with the appropriate selection agent may last for at least about 3 to
about 14 days, e.g., about 4, 5,6, 7, 8, 9, 10, 12, 13, or another period from about 3 to about
14 days until resistant colonics are apparent.
[8854] Examples of suitable fluorescent reporter proteins include, but are not limited to,
EGFP and its variants such as YFP, Cyan, and dEGFPs; DS-Red, monomeric Orange, the far-
red fhiorescent protein “Katushka™ (Sheherbo ef of (2007), Nat Methods, 4.741-746), or
variants of any of the foregoing. Io other embodiments, the reporter is an enzyme that
converts a substrate that, in the process, yields a detectable signal, e.g., a fluorescent or
huminescent signal in the presence of a fluorogenic or luminogenic subsiraie, respectively.
For exaraple, in some embodiments, the sclection marker enzyme comprises the amino acid
sequence of a luciferase, e.g., a firefly luciferase, click beetle luciferase, or Renilla luciferase.
Luciferase activity can be detected by providing an appropriate lominogenic substrate, e.g.,
firefly luciferin for firefly luciferase or coclenterazine for Renilla huciferase. Luciferase
activily in the presence of an appropriate substrate can be quantified by luminometry to assay
total luciferase activity of whole cell populations in culture dish wells, or, aliernatively,
huciferase activity of individual cells or colonies can be detected by use of a microscope in
combination with a photon counting camera. Details of luciferase assays, including high-
throughput methods, are diselosed in, e.g., U.S. Pat. Nos. 5,650,138, 5,744,320, and
6,982,431, In other embodiments, the reporter enzyme comprises the amino acid sequence of
14
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a modified beta-lactamase, the expression of which can be detected and quantified in living
cells by a ratiometric fluorescence assay for breakdown of fluorogenic beta.-lactam
substrates as described in, e.g., U.S. Pat, Nos. 5,741,657, 6,031,094, and U.S. Patent

Publication No. 20070184513, See also Qureshi (2007), Biotechniques, 42(13:91-96 fora

®.

review. Other suttable reporter enzymes include, but are not hmited to, the Hale-Tag
hydrolase {Promega, Madison, Wis., as described in, e.g., U.S. Pat. No. 7,238,842 and Patent
Publication Nos. 20080026407 and 20080145882) and beta.-galactosidase.

[6633] Insome embodiments, the genetically modified mammalian cells are also
genetically modified to express a human B2 microglobulin (GenBank Accession No.
AY187687.1). Without wishing to be bound by theory, ¥ is belicved that expression of
human B2 microglobulin will enhance surface expression of transgenic HLA-G i the
genetically modified mammalian cells.

16656] In some cmbodiments, the micleic acid expression vector is 8 transposon vector that
includes transposition elenionts that facilitate integration of the travsposition of the
transposon vector into a host genome when introduced into a host cell in the presence of a
cognate transposase {¢.g., the piggyBAC transposase), as described in, e.g., U.S. Patent
Application No. 12/728,943. Transposon expression vectors {e.g., PiggyBac vectors) as well
as transposase expression vectors are commercially available from, e.g., System Biosciences
{Mountain View, CA). In some embodiments, where a transposon vector is used, no
selection marker or reporier proiein expression casseite are necessary to generate a stably
transfected, HLA-G nodified cell line, as the efficiency of trapsfection by such vectors is
sufficiently high to obviate the need for a selection marker. Alternatively, the expression
vector may be a targeting vector, which allows site-specific integration of the eHLA-G
transgene io the host cell genome. The design and use of targeting vectors is routine in the
art as exemplified by U.S. Patent No. 5,464,764,

{88577 Methods for preparation of transfection-grade nucleic acid expression vectors and
transfection methods are well established. See, ¢.g., Sambrook and Russell (Z001),
"Molecular Cloning: A Laboratory Manual,” 3vd ed, (CSHL Press); and Current Protocols in
Molecular Biclogy, John Wiley & Sons, N.Y. (2005}, 9.1-9.14. Examples of high efficiency
transfection efficiency methods include "nucleofection,” as deseribed in, e.g., Trompeter
(2003), J Immunol, Methods, 274(1-21:245-256, and in U.S. Patent Nos. 7,332,332,
8,003,389 8,039,259, and 8,192,990 9, ransfection with hipid-based wransfection reagents
such as Pugene™ (Roche), DOTAP, and Lipofectamine™ (Invitrogen).

15
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[6038] In other cmbodiments, genetically modified cells, e.g., differentiated, multipotent,
pluripotent, or totipotent stem cell lines, are generated by transduction with a recombinant
virus. Exarples of suitable recombinant viruses include, but are not imited to, retroviruses
(including lentiviruses); adenoviruses; and adeno-associated viruses. Often, the recombinant
retrovirus is murine moloney leukemia viras (MMLV), but other recombinant retroviruses
may also be used, ¢.g., Avian Levkosis Virus, Bovine Loukemia Virus, Murioe Leukemia
Virus (MLV), Mink-Cell focus-Inducing Virus, Murine Sarcoma Virus,
Reticuloendotheliosis virus, Gibbon Ape Leukemia Virus, Mason Plizer Monkey Virus, or
Rous Sarcoma Virus, see, e.g., U.S. Pat. No. 6,333,195,

(8058}  in other cases, the recombinant retrovirus 15 a tentivirus (e.g., Human
Tmounodeticiency Virus-1 (HIV-1); Simian Immunodeficiency Virus (SIV); or Feline
Immunodeficiency Virus (FIV)), See, e.g., Johnston et al., {1999), Journal of Virology,
73(63:4991-5000 (FIVY: Negre of al., (20023, Current Topics in Microbiclogy and
Immunology, 261:53-74 (STV); Naldini ef af., (1998), Science, 272:263-267 (HIV).

16668} The recombinant retrovirus may comprise a viral polypeptide {e.g., retroviral env)
to aid entry nto the target cell. Such viral polypeptides are well-established in the art, see,
e.g., U.S. Pat. No. 5,449,614, The viral polypeptide may be an amphotropic vital polypeptide,
e.g., amphotropic env, that aids entry into cells derived from multiple species, inchading cells
outside of the original host species. See, e.g., id. The viral polypeptide may be a xenotropic
viral polypeptide that aids entry into cells outside of the original host species. See, e.g., id. In
some embodiments, the viral polypeptide is an ecotropic viral polypeptide, e.g., ccotropic
env, that aids entry into cells of the original host species. See, e.g., id.

[8861] Viral transduction of celis may be accomplished by any method known in the art.
e.g., Palsson, B., et al., (19935), WO9S/10619; Morling, F. 1. ef al., (1995), Gene Therapy,
2:504-50R; Gopp et al., (2006), Methods Enzymol, 420:64-81. For example, the infection may
be accomplished by spin-infection or "spincculation” methods that involve subjecting the
cells to centrifugation during the period closely following the addition of virus to the cells. In
some cases, virus may be concendrated prior to the jufection, ¢.g., by uvliracentrifugation.
18662} The muitiplicity of infection {m.o.1.) used to transduce the cells to be genetically
modified can range from about | m.o.1 to about 50 m.o.1., e.g., about 1 m.o.i, about S m.ot,,
about 7.5; m.o.1, about 10 m.od., about 15 m.o.i., about 20 m.o.1., about 30 m.o.d., about 40

m.o.1., or about 50 m.o.1;
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[6863] Methods for generating various cell types from pluripotent stem cells (e.g., homan
cmbryonic stem cells or human induced pluripotent stom cells) by directed differentiation are
known in the art, as described in, ¢.g., U.S. Patent Nos, 7,955,849, 7,763,466, 7,264,968; and
U.S. Patent Application Application Nos. 12/179,462, and 12/ 187,543,

[8864] In onc exemplary embodiment, human embryonic epidermal progenitors (hEEPs)
arc derived from a human pluripotent stem cell line, ¢.g., buman embryonic stem cells or
human induced pluripotent stem cells as follows.

[6663] Pluripotent stem cells are maintained in Embryonic Stem Cell (ESC) growth
medium containing DMEM/F12 (1:1) supplemented with 20% knockout serem replacement,
0.1 mM MEM non-cssential anuine acids, 1 ;M GhlutaMax, 0.1 M B-mercaptoethanol
{Sigma). ESC growth medium is conditioned by plating mitotically inactivated mouse
embryonie fibroblasts (MEFs) (CF-1, ATCC) at a density of Sx10" cells/cm” and incubating
for 18-24 hours. After conditioning, 4 ng/mi bFGF is added and complete conditioned
medium is sterile filtered. hESCs are subcultured every 5-6 days (ata 1:3 or 1:4 split) on

(QR— N . . . . .
¥ (BD Biosciences)-coated plates using | mg/ml Dispase to remove cell colonies.

Matrige
hEEPs Differentiation of pluripotent stem cells into K14 /p63 " hEEPs, by first culturing the
pluripotent stem cells in 6~well plates for 4 days in HESC growth mediurn and then changing
over to 2 ml/well of differentiation medium, comprised of unconditioned hESC growth
medinm containing | M all-trans retinoic acid (Sigma) and 25 ng/mi BMP4. After daily
mediun changes for 7 days, cells are treaied with dispase, centrifisged, and resuspended in
defined keratinocyte serum-free mediurn (DSFM) and seeded on gelatin-coated plates at a
split ratio of [:3. DSFM will be changed every other day for 3-4 weeks. Cells are then
subcultured using trypsinization, centrifuged, washed, and plated at 10,000 cells per em” on
gelatin-coated tissue culture plates in DSFM. To verify that epithelial monolayers are >90%
purity and express K14, cells are subjected to flow cytometry according to the method of
Metallo ef af (2010}, Methods Mol Biol $85:83-92. To enhance purity of isolated hEEPs,
cells were sorted using magnetic activated cell sorting (MASC) with CD29 antibodies.
About 92 percent of CD29 MASC sorted bEEP cell culture cells differentiated from eHULA-
G(EF-10)-GFP modified hESCs were positive for K14, a specific keratinocyte marker.
[8866] Genetically modified mammalian cells expressing transgenic eHLA-G, as described
herein, have redoced immunogenicity relative to corresponding mammalian cells that do not
express HLA-G. For example, immunogenicity may be redaced by at least about 5% to
about 95%, refative to a corresponding cell fype that does not express exogenous HLA-Q,
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e.g., about 6%, 7%, 10%, 12%, 15%, 20%, 30%, 40%, 50%, 65%, 70%, 80%, 85%, 90%, or
another percent reduced immunoegenicity relative to cells of the same cell type that do not
express exogenous HLA-G.

8867 Methods for determining immunogenicity of cells are known in the art. For
example, in some embodiments, HLA-G modified mammalian celis {e.g., human embryonic
stem cells, or differentiated cclis from HLA-G modified embryonic stem cells, or celis that
arc already fully differcutiated prior to modification, etc.) or unmodified mammalian cells are
culftured in the presence of an allogenic natural killer cell line (e.g., NK-92) and then
cytotoxicity to the HLA-G modified versus unmaoditied cells by induced by the NK-92 cells
is determined by any of a number of standard cell viability assays.

Nucleic Acids Containing Enhanced HLA-G {eHLA-G) Transgene

[8868] The isolated nucleic acids (e.g., mammalian plasmid expression vectors) used to
generated HLA-moditicd mammalian cells, as described herein, contain an eshanced HLA-G
“eHLA-G” transgene that drives increased cell surface expression and/or secretion of HLA-G
refative to cell surface expression driven by a wildtype HLA-G transgene. Such a transgene
typically includes at least three distinct components: a promoter and 57 untranslated region
{5° UTR) sequence; a coding sequence; and a 37 untransiated region (3° UTR) sequence.
[B886%] In some embodiments, the promoter 1o be used to drive eHLA-QG transgene
expression is one capable of driving expression of the eHLA-G transgene in a cell type of
interest for a period of at least about seven weeks to about 50 weeks, ¢.g., & weeks, 9 weeks,
10 weeks, 12 weeks, 15 weeks, 20 weeks, 25 weeks, 30 weeks, 35 weeks, 40 weeks, 42
weeks, 45 weeks, 47 weeks, 48 weeks, or another period from at least about seven weceks to
about 50 weeks. Promoters capable of driving expression for such extend periods of time are
effective in cvading silencing that occurs in a number of cell types including, ¢.g., ster cells
such as embryonic stem cells, induced plaripotent stem cells, or mesenchymal stem celis.
[#878] Scitable, silencing-resistant promoters inchude, but are not limited to, the Chinese
hamster clongation factor-1 alpha {CHEF-10) promoter {sce Running Deer ef af (2004),
Riotechnol. Prog., 20:880-889; and GenBank Accession No, AY 18839313, the M-U3/R-
variant promoter of the Murine Stern Cell Virus (MB3CV) promoter (as described in Swindle
et al (2004), J Biol Chem, 279:34-41), the phosphoglycerate kinase (PGK) promoter, the
human f-actin promoter, and the ubiquitin C promoter.
[8871]  Insome embodiments, the promoter used 1o drive expression of an ¢HLA-G
transgene is expressed i one or more desired cell types at a level that is higher than in other
18
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cell types. One of ordinary skill in the art will appreciate that, for example, where an HLA-G
modified stem is to be differentiated into a particular cell type, i may be advantageous to
select a promoter that is active within or even selective for that particular cell type. For
example, for a given tissue or cell type-selective promoter the expression level may be about
two fold to 100 fold higher in the desired cell type compared to another cell type, €.g., about
3 fold, 4 fold, 5 fold, 10 fold, 20 fold, 25 fold, 30 fold, 40 fold, 50 fold, 70 fold, 80 fold, 9
fold, or another fold higher level of expression in the desired cell type compared to another
cell type. Examples of tissue and/or cell type-selective promoters inchude, but are not limited
to, the promoters for: Neuron-Specific Enolase (neuronal), Synapsin (neuronal), CamaKIH
{forebrain neurons}, HBY {motor neurons), and Doparsine Transporter (dopaminergic
neurons ); Glial Fibrillary Acidic Protein {astrocytes); Albumin (liver); a-Myosin Heavy
Chain (aMHC-cardiomyocytes); Neurogenin 3 and Pancreas-Duodenum Homeobox 1
{pancreas); Keratin 14 {skin}; and Bestrophinl {retinal pigment epithelium);

16672}  Typically the eHILLA-G transgene sequence encodes an HLA-G protein that contains
at least one to about ten point mutations relative to the human (GenBank No. NP_002118.1),
or chimpanzee consensus sequence, .g., 2, 3, 4. 5, 6, 7, 8, 9, or 10 point mutations relative to
the above-mentioned HLA-G protein consensus sequences.

{8873} The homan consensus wildtype sequence (SEQ ID N{(:1) is shown below:

MYVMAPRTLFLLISGALTLTETWAGSHSMRYFSAAVSRPGRGEPRFIAMGY VD
DTOFVRIFDSDSACPRMEPRAPWVYEQEGPEYWEEETRNTKAHAQTORMNLGTL
RGYYNQSEASSHTLOWMIGCDLGSBGRLLRGYEQYAYDGKDYLALNEDLRSW
TAADTAAQISKRKCTAANVAEQRRAYLEGTCVEWLHRYLENGKEMLQRADPP
KTHYTHHPVFDYEATLRCWALGFYPARETILTWORDGEDQTGDYVELVETRPAGD
GTFOQEKWAAVVVPSGEEQRYTCHVOHEGLPEPLMLRWEKOSSLPTIPIMGIVAGL
VVLAAVVTGAAVAAVIEWRKKSSD

188741  1n some embodiments, the at least one to about ton pont mutations increase the
level of expression of the HLA-G protein on the cell surface of the expressing host cell by
reducing retention of HLA-G in the endoplasmic reticulum during processing and maturation
of the protein. Such nutations mclude, for example, an HLA-G “KK” motf mutation. See,
Park et of (Z001), fmmunity, 15:213-224. In some cases the KK motif mustation mchudes

2.8
a K334 A mutaiion, a K335A mutation, or both substitution mmitations. In other cascs, the
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substitution may be made with a different aliphatic amino {(e.g., leucine) acid or another type
of type of amino acid that is non-basic.
8875} Inone example, the encoded HLA-G protein has the amino acid sequence of
(SEQ ID NO:2), in which K334A and K335A substitutions, relative to the wildtype
sequence, have been introduced (underlined):
MYVMAPRTLFLLLSGALTLTETWAGSHSMRYFSAAVSRPGRGEPRFIAMGY VD
DTOFVRFDSDSACPRMEPRAPWVEQEGPEYWEEETRNTKAHAQTDRMNLOQTL
ROGYYNQSEASSHTLOWMIGUCDLGSDGRLLRGYEQYAYDGKDYLALNEDLRSW
TAADTAAQISKRKCEAANVAEQRRAYLEGTCVEWLHRYLENGKEMLOQRADPP
KTHVTHHPVIDYEATLRCWALGFYPAENLTWORDGEDQTQDVELVETRPAGD
GTFQEKWAAVVVPSGEEQRYTCHVQHEGLPEPLMLRWKOSSLPTIPIMGIVAGL
VVLAAVVTGAAVAAVIWRAASSD
16676} In some cmbodiments, an cHLA-G transgene cncodes an HLA-G protein the amino
acid sequence of which is at least 75% to 100% ideontical to that of SEQ 1D NO:2, e.g., 77%,
R%, 82%, 85%, 87%, §88%, 90%, 92%, 35%, 96%, 7%, 98%, 99%, or ancther percent
identical to the amino acid sequence of SEQ 1B NO:2.
(8877} The ¢HLA-G transgene disclosed herein also includes a 37 unranslated (3° UTR)
region containing a nurmber of regulatory elements affecting the expression/iranslational
efficiency of HLA-G transeripts. In some embodiments the eHLA-G transgene 3° UTR
sequence is a nucleic acid sequence that includes a nucleic acid sequence that is at least 75%
identical to the sequence of (SEQ ID NO:3), c.g., at least 77%, 80%, 82%, 85%, 87%, 88%,
0%, 92%, 94%, 95%, 96%, 97%, or another percent identical to the sequence of HLA-G
37 UTR (SE ID NO:3}):
TGTGAAACAGCTGUCCTGTIGTGGGALCTGAGTGGUAAGTCCCTTTG
TGACTTCAAGAACCCTGACTTICTCTTITGTGCAGAGACCAGUUCAA
CCCTGTGCCCACCATGACCCTCTTCOTCATGOCTGAACTGCATTICCY
TCCCCAATCACCTTTCCTGTTCCAGAAAAGGGGUTGGGATGTCTC
COTCTCTGTCTCAAATTTIGTGGTCCACTGAGUTATAACTTACTTICY
GTATTAAAATTAGAATCTGAGTG
{86781 Such sequences contain mustations (underlined) that decrease binding of two
microRNA binding sites that resolt in increased expression of the trangene-cncoded HLA-G.
These sequences include a deletion of a 14 base pair sequence present in exon 8 of some
HLA-G alleles. This 14 base pair sequence is shown below as SEQ 1D NO NOw4:
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SEQ ID NO:4 14-bp insertion sequence is HLA 3 UTR

ATTTGTTCATGLCCT
[8087%]  SEQ ID NO:S, shown below, corresponds to SEQ 1D NO:3 with the insertion of
this 14 base pair sequence (lower case):

SEQ ID NO:S (+14 BP HLA-G 3° UTR variant)

TGTGAAACAGCTGCCCYGTGTGGGACTGAGTGG CAAGatttgtteatgect

TCCCTTTGTGACTTCAAGAACCCTGACTTICTUTTTIGTGCAGAGACCA

GCCCAACCCTGTGCCCACCATGACCCTCTTCCTCATGUTGAACTGL

ATTCCTTCCCCAATCACCTTITOCUTGTTCCAGAAAAGGGGUTGGGAT

GTCTCCGTCTCTGTCTCAARATTITGTGGTCCACTGAGCTATAACTTAC

TTCTGTATTAAAATTAGAATCYGAGTG
[66868] 1t has been reported that HLA-G alleles having a 3° UTR  the includes the above-
mentioned 14 base insertion (sce SEQ ID N{:4), vield a more stable HLA-G mRNA
transcript. See Rouseau ef af (2003), Human Immunology, 64:1005-1010. Sorprisingly, as
one basis for some embodiments of the instant disclosure, it was unexpectedly found that
expression of the alicle with a 14 base pair deletion (shown in SEQ 1D NO:3) appeared to be
more immunopratective than the allele that includes the 14 pair insertion. See Fig. 13. While
not wishing to be bound by theory, it is believed that the effect of the 14 bp deletion on
expression levels of HLA-G may be cell type-specific, e.g., the 14 bp deletion apparently
enhances expression of eHLA-G in human cells, including at least hESCs, hEEPs, and human
dermal fibroblastcells.
[B881] Insome embodiments, the nucleic acid sequence contatning the eHLA-G transgene
also includes insulators sequences that flank the eHLA-G expression cassette. Insulator
sequences miligate genomic position effects that could spuriously affect expression of an
integrated exogenous expression cassctie. In some embodimenis, the insolator sequences to
be used contain the chicken B-globin H34 core insulator sequence.
(8082} Insome embodiments, the nucleic acid containing the ¢HLA-G transgene will also
inchude a selection marker as described herein. Optionally, the isolated mucleic acid
containing the eHLA-G transgene may further contain a reporter protein as described herein.
[B083]  Insome embodiments, generation of an cHLA-G-modified cell hine is generated by
the use of a transposon vecior that comprises an eHLA-G expression cassette, but does not
contain expression casseties for a selection marker or a reporter protein. The vector is

introduced 1o the cells to be modificd along with a transposase expression vector, followed by
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Hmiting dilution cloning.  As the population of cells transfected s very efficiently modified,
the need to use selection markers or reporter proteins can be avoided., This is an important
consideration, especially for cells to be used in the context of cell therapy i human patiens.
The percentage of cells that is successfully modified by wansposon-based stable fransfection
methods can range from about $.5% to about 50%, e.g., 1%, 2%, 3%, 5%, 7%, 8%, 15%,
20%, 22%, 30%, 40%, or another percentage from about .5% to about 50% of the cells
transfected.
(8084} Insome embodiments, expression of proteins encoded by a nucleic acid encoding
two or more proteins is driven by separate promoters. In other embodiments, a polyeistronic
cxpression cassetic may incorporate one or more internal ribosomal entry site (IRES)
sequences between open reading frames incorporated into the polycistronic expression
cassetie. IRES sequences and their use are known in the art as exemplified in, e.g., Martinez-
Salas (1999), Curr Opin Bictechnol, 10(5):458-464. Alternatively, multiple open reading
frames may be linked to cach other by an intervening 2A peptide sequence of the foot-and-
mouth disease virus (F2A) or 2A-like sequences from other viruses. See, e¢.g., Hasegawa of o/
(2007), Stem Cells, 25:1707-1712 and Symczak ef f (2004), Nat Bivtechnol, 589-594.
Toclusion of the 2A peptide sequence allows post-translational cleavage of a contiguous
polypeptide containing eHLA-G and other sequences (e.g., a reporter profein sequence or 8
selection marker protein sequence) inlo separate proteins.
[#085] While identity between relatively short amino acid or nucleic acid sequences can be
casily deternuined by visual inspection, analysis with an appropriate algorithin, typically
facilitated through computer software, commonly is used to determine identity between
longer sequences. When using a sequence comparison algorithun, test and reference
sequences typically are input into a computer, subseguence coordinates are designated, if
necessary, and sequence algorithm program parameters are designated. The sequence
comparison algorithm then calculates the percent sequence identity for the test sequence(s)
relative to the reference sequence, based on the designated program parameters. A number of
mathematical algorithms for rapidly obtaining the optimal alignment and calculating identity
between two o1 more sequences are known and incorporated into a number of available
software programs. Examples of such programs inclade the MATCH-BOX, MULTAIN,
GCG, FASTA, and ROBUST programs for amino acid sequence analysis, and the SIM, GAP,
NAP, LAP2, GAPZ, and PIPMAKER programs for nucleotide sequences. Preferred software
analysis programs for both amine acid and polynucleotide sequence analysis imchude the
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ALIGK, CLUSTALW (e.g., version 1.6 and later versions thereof), and BLAST programs
{c.g., BLAST 2.1, BLZSEQ, and later versions thercot).

[B886] “Idenmtity” (sometimes referred to as "overall identity”--in contrast to "local
wdentity,” which is discussed further herein) with respect to amino acid or nucleotide
sequences refers to the percentage of amino acid residaes or nocleotide bases, respectively,
that are identical in the two amino acid or nucleotide sequences when two such amine acid
sequences ot two such nucleotide sequences are optimally aligned with one another. If, in the
optimal alignment, a position in a first sequence is cecupied by the same amino acid residue
or nucleotide residue as the corresponding position in the second corresponding amino acid
or mucleotide sequence, the sequences exhibit identity with respect to that residue position.
The level of identity between two sequences (ot "percent sequence identity”) 1s measured as a
ratio of the number of identical positions shared by the sequences with respect o the size of
the sequences analyzed (i.e., percent sequence identity=(number of identical positions/total
number of positions).times. 100},

188871  Also encompassed in the present diselosure are nucleic acids that that hybridize
specifically under low, medium, or high stringency conditions to a probe of at least 100
nucleotides from a nucleic acid encoding the amino acid sequence of SEQ 1D NO:2 or to the
nucleic acid sequence of SEQ ID NOS:3 OR 8.

[8888] Low siringency hybridization conditions, as used herein, include, e.g., hybridization
with a 100 nucleotide probe of about 40% to about 70% GC content; at 42 °C in 2X S8C and
0.1% SDS. Medium siringency hybridization conditions juclude, e.g., at 56 °C jn 0.5X 88C
and 0.1% SDS. High stringency hybridization conditions include, ¢.g., hybridization with the
above-mentioned probe at 65 °C. in §.2X §8C and 0.1% SDS. Under these conditions, as the
bybridization temperature is elevated, a nucleic acid with a higher sequence homology is
obtained.

Compositions Comprising eHLA-G Genetically Modified Cells

[#08%] Also encompassed herein are pharmaceutical compositions, topical compositions,
cellular grafis, and artificial tissues comprising or generated using one or more HLA-G
modified mammabian cell types. As shown herein, eHLA-G modified hESCs displayed
stable and persistent HLA-G expression, even through directed differentiation into hEEPs.
Furthermore, the stable and persistent HLA-G expression provided the genetically modified
cells with reduced tmmunogenicity and/or improved immmunosuppression. In addition, it s

shown herein that eHLA-G modified haman dermal fibroblasts, which are fully differentiated
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cells, also have stable and persistent HLA-G expression that provides reduced
immunogenicity and/or improved impmunosuppression. Thus, the eHLA-G constructs
described herein can be used to generate universal dovor cells of any type, whether from
directed differentiation of a genetically modified pluripotent or multipotent cell, or from
genetic modification of a fully differentiated cell.

[#098] In onc aspect, a topical composition for skin regeneration or repair is provided that
comprises a genetically modified dermal fibroblast cell comprising an cHLA-G transgene as
described herein. In another aspect, a pharmaceutical composition for injection is provided
that comprises 3 genetically modified dermal fibroblast celf comprising an eHLA-G
transgene as described berein. In another aspect, a skin graft composition is provided that
comprises a genetically modified dermal fibroblast cell comprising an eHLA-G transgene as
described herein. In another aspect, a permanent skin graft composition is provided that
comprises a genetically modified embryonic epidermal progentior cell comprising an eHLA-
G transgene as described berein,

[6691} o another aspect, biocompatible synthetic scaffolds for artificial tissue and methods
for their generation are described in the art and may be used with the HLA-G modified cells
described herein to produce an artificial tissue having reduced inwnunogenicity and/or
mmproved immunosuppression as cornpared to tissues containing cells that do not express
exogenous HLA-G. See, e.g., U.S. Patent No. 7,960,166 entitled “Microfabricated
compositions and processes for engincering tissues containing mudtiple cell types.

i Metheds

Cell Therapy Treatment

[6692] Because cells modified to stably express exogenous HEA-G in the mamner
described herein have reduced immunogenicity and/or increased immunosuppression, these
traits allow the modified cell 1o serve as a universal or improved donor cell or tissue. This is
because the HLA-G mediated reduction of immunogenicity and/or improvement in
immunosuppression provided to the cell can reduce or eliminate the requirement of maiching
the type of classical buman leukocyie antigen (HLA) class 1 and class {1 molecules between
donor cells and the recipient) for numerous injuries, discases, or disorders.
[6693] Thus, HLA-G modified cells that stably express eHLA-G (and optionally in
addition, exogenous human B2 microglobulin), as described herein, may be used as for
therapy. The therapy may be directed at treating the cause of the disease; or alternatively, the
therapy may be to treat the effects of the disease or condition. The genetically modified celis
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may be transferred to, or close to, an injured site in a subject; or the cells can be introduced to
the subjoct in a manner allowing the cells to migrate, or home, to the injured site. The
transferred cells may advantageously replace the damaged or injured cells and allow
improvement in the overall condition of the subject. In some instances, the transferred cells
may stimnilate tissue regeneration or repair, including skin regeneration or skin repair.

16694}  In various embodiments, HLA-G modified mammalian cells (¢.g., human HLA-G
maodified cells) are administered to a subject suffering from any of a nursber of conditions
inchuding, but not hmited to cardiovascular disease, eve disease (¢.g., macular degeneration),
auditory discase, {¢.g., deafness), diabetes, neurodegenerative disease, Alzheimer's Discase,
Parkinson's Discase, multiple sclerosis, osteoporosis, liver disease, kidney discase,
autoimmune disease, arthritis, gum discase, a dental condition, or a proliferative disorder
{e.g., a cancer). In other cases, the subject 18 suffering from, or at high risk of suffering from,
an acute health condition, ¢.g., stroke, spinal cord injury, burn, or a wound. In other cascs,
the subject is suffering from Joss of tissue such as hipatrophy or aging-related losses in
collagen. Tn other cases, the subject suffers from a non-healing ulcer, or is need for an agent
to assist in closure of defects like hypospadias and epispadias. In other cases, the subject is
need for a pormanent or temporary skin graft for would bealing or for skin substitutes.

[B895]  In onc aspect, the invention provides a universal method of cellular or tissue
grafting to a sabject in need thereof, the method comprising injecting or grafting to the
subject a cellular or tissue composition comprising a population of cHLA-G modified cells,
whetein the subject has at teast one mismatched classical HLA class | or HLA class 1
molecule as compared to the population of ¢HLA-G modified cells, and wherein the
population of cHLA-G modified cells exhibits reduced immunogenicity and/or improved
immunosuppression as compared to cells of the same-type without the eHLA-G maodification.
The reduced immumnogenicity and/or improved inumunosuppression can be determined, for
example, by comparing the ¢eHLA-G modified cell to a control cell of the same type without
the cHLA-G modification in an NK-92 cytoloxicity assay, a humanized NSG tumor growth
assay, and/or a PBMC proliferation assay.

188961 1n another aspect, the invention provides a method for regenerating skin to a subject
in need thereof, the method comprising injecting a population of eHEA-G modified dermal
fibroblasts and/or ¢HLA-G modified embryounic epidermal progenitors o a site of skin injury

on the subject, wherein the subject has at least one mismatched classical HLA class T or HLA

o
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class I molecule as compared to the population of ¢HLA-G modified dermal fibroblasts
and/or cHLA-G modified embryonic epidermal progenitors.

[6897] HILA-G modified cell types to be administered to a subject in need thereof include,
but are not timited to, epidermal progenitor cells, mesenchymal stem cells, pancreatic B cell
progenitors, pancreatic B cells, cardiac progenitors, cardiomyocytes, hepatic progenitors,
hepatocyies, muscle cell progenitors, muscle cells, kidaey cells, osteoblasis, hematopoictic
progenitors, dental follicle cells, hair follicle cells, retinal pigment epithelial celis, neural
stem cells, neurons, astrocytes, oligodendrocyies, or any combination thereof. Sach
mammalian cells can be derived one of several species including, ¢.g., human, mouse, rat,
monkey, or pig.

[6898] The therapy may be divected at treating the cause of the disease; or alternatively, the
therapy may be {o treat the effects of the disease or condition. The HLA-G modified celis
may be transferred to, or close to, an injured site in 2 subjeet; or the cells can be introduced fo
the subject in a manner allowing the cels to migrate, or home, to the injured site. The
wransferred cells may advantageously replace the damaged or injured cells and allow
improvement in the overall condition of the subject. In some instances, the transferved cells
may stinmulate tissue regoneration or repair.

[889%] The transferred cells may be cells differentiated from HLA-G modified pluripotent
{or totipotent) stem cells. The transferred cells also may be multipotent stem cells
differentiated from phwripotent, HLA-G modified cclls,

[66188] The number of administrations of ireatroent to a subject may vary. Iotroduciog the
HLA-G modified and/or differentiated cells into the subject may be a one-time event; but in
certain situations, such treatment may clicit improvement for a limited period of time and
require an on-going series of repeated treatments. In other situations, nwltiple adminisirations
of the cells may be required before an effect is observed. As will be appreciated by those of
ordinary skill in the art, the exact treatment protocels will depend upon the disease or
condition, and the stage of the disease and parameters of the individual subject being treated.
1660181} The HLA-G modified cells may be introduced to the subject via any of the
following routes: parenteral, infravenous, intraarterial, mframuscular, subcutaneous,
transdermal, intratracheal, intraperitoneal, or into spinal fhuid.

(601827 The HLA-G modified cells may be differentiated into cells and then transfereed to

subjects suffering from a wide range of diseases or disorders.
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[603183] Pancreatic islet cells (or primary cells of the islets of Langerhans) may be
transplanted into a subject suffering from diabetes (¢.g., diabetes mellitus, type 1), sece.g.,
Burmns ¢f al., (2006) Curr. Stem Cell Res. Ther., 2:255-266. Thus, in some embodiments,
pancreatic beta cells derived from HLA-G modified cells are transplanted into a subject
suffering from diabetes (e.g., diabetes mellitus, type 1)

#0184 In other examples, hepatic cells or hepatic stem cells derived from HLA-G medified
cells are transplanted juto a subject suffering from a liver disease, e.g., hepatitis, cirrhosis, or
hiver failure.

[60185] Degenerative heart discases such as ischemic cardiomyopathy, conduction disease,
and congenital defects could benefit from stem cell therapies. See, ¢.g., Janssens ef al.,
(2006), Lancet, 367:113-121.

[88186] Hematopoietic cells or hematopoietic stem cells (HSCs) derived from HLA-G
modified cells may be transplanted into a subject suffering from cancer of the blood, or other
blood or immune disorder. Examples of cancers of the bleod that are potentially treated by
hematopoietic cells or HSCs include: acute lymphoblastic leukenua, acute myeloblastic
leakemia, chronie myelogenous leukemia (CML), Hodghin's disease, multiple myeloma, and
non-Hodgkin's lymphoma. Ofien, a subject suffering from such disease roust undergo
radiation and/or chemotherapeutic treatment in order to kill rapidly dividing blood cells.
Introducing HSCs derived from HLA-G modified cells to these subjects may help to
repopulate depleted reservoirs of cells.

[66187] Subjects suffering from neurological diseases or disorders could especially benefit
from HLA-G modified cell therapy, especially when the blood brain barrier may have been
compromised. In some approaches, the HLA-G modified cells may be differentiated into
neural stom cells or veurons and then transplanted to an injured site to treat a veurological
condition, ¢.g., Alzheimer's disease, Parkinson's disease, nuiltiple sclerosis, cerebral
infarction, spinal cord injury, or other central nervous system disorder, see, e¢.g., Morizane ef
al., (20083, Cell Tissue Res., 331(1):323-326; Coutts and Keirstead {2008), Exp. Neurol.,
209(2):368-377; Goswami and Rao (2007}, Drugs, 10(10%.713-719,

[881688] For the treatment of Parkinson's disease, the HLA-G modified cells may be
differentiated into dopamine-acting neurons and then transplanted into the striate body of a
subject with Parkinson's disease. For the treatment of muftiple sclerosis, newral stem cells
may be differentiated into oligodendrocytes or progenitors of oligodendrocytes, which are
then transferred to a sobject suffering from MS.
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[60189] For the treatment of any neurologic disease or disorder, a successfild approach may
be to introduce neural stem cells to the subject. For example, in order to treat Alzheimer's
disease, cercbral infarction or a spinal injury, the HLA-G modified cells may be
differentiated into neural stem cells followed by transplantation into the injured site. The
HLA-G modified cells may also be engineered to respond to cues that can target their
migration into fesions for brain and spinal cord repair, ¢.g., Chen e al., (2007, Stem Cell
Rev,, 3(41.280-288.

[66118] Opticnally, the HLA-G modified cells to be in cell therapy methods also express a
reporter protein as described herein. In some embodiments, the reporter protein o be used is
one that facilitates in vive detection (e.g., imaging) of the introduced cells. For example, the
cells may express a far-red emitting fluorescent protein such as Kawshka, whose long
excitation and emission wavelengths are well suited to imaging in tissues. Katushka is

commercially available under the tradename “TurboFP635” {Evrogen, Moscow, Russia).

EXAMPLES
[66111] The following specific examples are o be construed as merely illustrative, and not
timitative of the remainder of the disclosure in any way whatsoever, Without further
elaboration, it 1s believed that one skilled in the art can, based on the description herein,
utilize the present invention to its fullest extent. All publications cited herein are hereby
incorporated by reference in their entirety. Where reference is made to a URL or other such
identifier or address, it is understood that such identifiers can change and particular
information on the internet can come and go, but equivalent information can be found by
scarching the internet. Reference thereto evidences the availability and public dissemination
of such information.

Example 1 Identification of Gene Expression Patterns Associated with Immune

Tolerance of Cancer Cells

Human soft tissue cancer arrays were initially screened in search of a candidate immune
tolerance gene that showed increased expression with cancer progression to metastatic states,
presumably due to evasion of inunune surveillance mechanisms. The data revealed a strong
positive correlation between successtul metastasis and expression levels of several genes
previously implicated in the immune tolerance. To assess whether MSCs could induce
mmune tolerance and allograft acceptance, MSCs were cross-sereened by RT-PCR to
examine the expression levels of these candidate genes and several antigenic HLAs. Table |
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ifhistrates that passage 1 MSCs expressed HEA class {a, HLA-G and I markers in addition to
CD200, CD47, and indoleamine 2,3-dioxygenase (IDO). It was found that a population of
MSCs expressed HLA-G at woderate levels, albeit loss than that found for Jeg-3, a cancer

tine with aggressive metastatic potential.

Table §
ECCH typel Assage HLA by o ol HLA b iemnng CD47’§
’ £ lelass Ia) class [

MSC G i R - -+ 4 +
T 3 |l - A+ || |
g et bt | R e
MSCG 3 |4t - T M

. i -+ +4+ -+ - - +
Jegl 3 . o,

[68112] Since the immunosuppressive effect of MSCs in vivo appears to be transient, MSCs
were serially passaged and monitored for changes in the expression levels of the selected
genes. By passage 3, native HLA-G expression was absent in MSCs, although other
candidate markers remained unchanged. HLA-G expression was not altered in Jeg-3 cells.
MSCs were then isolated based on expression of cell surface HLA-G using FACS and found
that between .5-3% of MSCs expressed HLA-G at the cell surface. To assess the ability of
HLA-G" MSCs to escape donor rejection in vive, 1-3 x10° cells were injected into the tail
veins of immunoccompetent mice. Blood sarmples (200 ul) were collected from the retro-
orbital plexus and FACS sorted using an anti-huoman HLA class I specific mAb. Table 2
shows that 1 week post-transplantation, HLA-G+ MSCs (and Jeg-3 cells) demonstrated a 24-
and 270-fold survival advantage over HSCs and Jurkat cells (both HLA-G), respectively. By
two weeks, the advantage of HLA-G' MSCs increased to 27-and 31 1-fold, HLA-G MSCs
sarvived at the same rate as FISCs, suggesting that the HLA-G ™ subpopulation of MSCs may
exhibit enhanced tolerizing effects relative to unsorted MSCs in an in vivo setting. Indeed,
post-mortem analysis revealed frank tumors 1n the lungs of immunocompetent mice 12 weeks

post-transplantation with Jeg-3 cells, bat not G* MSCs (data not shown).
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Table 2

Well Type (HLA-G| Sampling Time |9 Survival

100k MSCs - 2 weeks {.51%
] 1 week 10.82%

ik MSCs -+
J00k MSCs 7 weeks 12.47%
150k Jeg-3 + 1 week 13.5%
300k HSCs - 1 week {1.46%
300k Jurkat - 1 week {(1.04%

(80313} Next, 2 modified HLA-G construct was overexpressed in HF (human fibroblast) and
K362 cells and tesied for protection against tysis by human NK cells (Table 33 NK-mediated
cytotoxicity was reduced by 75% in HLA-G™ HF and virtually eliminated in HLA-G+ K562
cells. This is consistent with the observed protection of HLA-G ' Jeg-3, which was reversed
by incubation with the newtralizing anti-HLA-G (870) antibody but not an isotype control.

These data suggest that protection from NK killing was HLA-G-dependent.

Table 3
Promoter | ER Retrieval PYUTR Suiiftiué;%p égstizagi?) Silencing
pMSCV wildivpe absent low-medium 32-41% 4-6 weeks
pMSCV wildlype wildtype low 40-60% 4-6 weeks
pMSCY mtated wildtype medium 25-33% 4-6 weeks
pMSCy™ wildtype absent low-medium 35-42% None @ {2 mo
pMSCV™ mutated mutated high 0-8% Nobe @ 5 mo

(88114} Previous studics showed that the mutated MSCYV promoter, M-U3/R, aveoided
silencing pressure through 10 woeks of culture. Our studics showed that M-U3/R resisted
silencing after 1 year of continuous culture, superior to the wildtype promoter which was
silenced by 4-6 weeks of culture. Moreover, mutation or deletion of the 3° UTR enhanced
HEA-G surface expression, as did mutation of the ER retrieval motif. Higher HLA-G surface
expression negatively correlated with eytotoxic lysis, reinforcing the importance of

employing an optimal gene delivery construct.
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Example 2 Culture and Differentiation of Human Embrvonic Stem Cells inte Human

Epidermal Progeniiors (BEEPs)

[80115] All issue culture reagents were from Life Technologies unless otherwise specified.
ESC growth medivm contains DMEM/F 12 (1:1) supplemented with 20% knockout serum
replacement, 0.1 mM MEM non-essential amino acids, 1 mM GhitaMax, 0.1 mM
f-mercapiocthanol (Sigma). ESC growth medivm was conditioned by plating mitotically
inactivated mouse cmbryonic fibroblasts (MEFs) (CF-1, ATCC) at a density of $x10°
cells/om” and mcubating for 18-24 hours. After conditioning, 4 ng/ml bFGF was added and
complete conditioned medium was sterile filtered. hESCs was subcultivated every 5-6 days
{1:3 or 1:4 split) on Matrigel-coated plates using 1 mg/ml Dispasc to remove cell colonies.
K 14"/p63" BEEPs were generated according to the method of Metallo ef o/ supra. Briefly,
hESCs were cultured in 6-well plates for 4 days and then treated with 2 mb/well of
differentiation medivm, comprised of unconditioned hESC growth medinun containing 1 uM
ail-trans retinoic acid (Sigma) and 25 ng/mi BMP4. After daily medium changes for 7 days,
cells were treated with dispase, centrifuged, and resuspended in defined keratinocyte serum-
free medium (DFSM) and seeded on gelatin-coated plates at a split ratio of 1:3. DSFM is
changed every other day for 3-4 weeks. Cells were then subcultured by trypsinization,
centrifuged, washed, and plated at 10,000 cells per cm” on gelatin-coated tissue culture plates
in DSFM. After 14 days in defined keratinooyte serum-free medium, early signs of
epidermal differentiation was observed by microscopy as characterized by the formation of
an epidermal shect structure, After four weeks of culturing, cells in epidermal sheets
displayed typical epidermal differentiation phenotype with cubic morphelogy.

[88116] Isclation of total RNA from cells and reverse transcriptase reactions were described
previously in Zhao et al (2010), Tissue Eng Part 4, 16(2):725-733. Specific PCR
amplification was performed in the Hybaid Omnigene thermal cycler (Bio-rad, Hercules, CA)
using specific primers of the genes of interest as shown in Fig. 12, PCR conditions consisted
of 35 cycles at 94 °C for 30 s, 65 °C for | min, and 72 °C for | min with 3 final extension at
72 °C for 10 min. Ten pl of each PCR product was detected by ethidivm bromide gel
electrophoresis. The Fig. 12 data indicates that the epidermal differentiation markers K14,
Tap63, and ANp63 were gradually enhanced during ditferentiation. In data not shown here,
mmunoefloorescence studies of K14 and additional epidermal markers p63, CD29, and
CD49f were conducted. Differentiated eHLA-G(EF-1a)-GFP hEEPs were positive for K14,
p63, CD29, and CD49f protein expression as indicated by jnvounefluorescence.
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{88317} To verify that epithelial monolayers were > 90% purity and express Ki4, cells
were subjecied to flow cytomelry according to the method of Metallo ef al supra, and
analyzed on a BD FACS Canto {1, The impact of eHLA-G transgene expression (cHLA-
G(EF1-0)-GFP-hESCs) on hESC differentiation into EPs {epidenmal progenitors) was
assessed by comparing the degree of K14 positivity for wildtype, G, and G -hEEPs. To
enhance purity of isolated hEEPs, cells were sorted using magnetic activated cell sorting
{(MASC) with CD29 antibodics. About 92 percent of CD29 MASC sorted hEEP cell culture
cells differentiated from eHLA-G(EF-10)-GFP modified hESCs were positive for K14, a
specific keratinocyte marker. Purified hEEPs exhibited homologous keratinocyte
morphology as shown by phase contrast microscopy (see Figure 16).

[80118] The stability of the HLA-G transgene in differentiated BEEPS was confirmed by
flow cytometry. Both HLA-G total expression and surface expression was robust for
differentiated eHLA-G(EF- 1a)-GFP-hEEPs (greater than 90% of cells) as compared to
control cells with no exogenous HLA-G (GFP only hEEPs) and wild-type hEEPs (see Figire
17).0nly clones that yield a similar differentiation potential as wildtype cells were selected
for further study.

Example 3 eHLA~G Construoct Desion and Stable Expression in hESCs

(80119} A novel HLA-G construct was designed by combining multiple modifications: 1}
mutation of HLA-G’s ER retrieval motif (K334A/K335A); and 2) moutation of HLA-G's 3’
UTR microRNA binding sites. Since viral gene delivery systems remain a serious regulatory
challenge, the PiggyBac system was used, a transposon-based, nonviral approach that was
recently shown to achieve a 90% transfection efficiency in H1 hESCs (Lacoste er of (2009),
Cell Stem Cell, 5:332-342.). This syster requires a donor plasmid containing the fransposon
(Fig. 1A) and a helper plasmid expressing the transposase (Fig. 2). To generate helper
plasmids, the e¢PiggyBac codon humanized fransposase ¢DNA was custom synthesized
{GeneArt) and then cloned in pBluescript (Stratagene) downstream of a PGK promoter and
upstream of an SV40 polyadenylation signal sequence (pA). For the eHLA-G expression
cassetie, multiple promoters were compared including the M-U3/R promoter, MSCV
promuater, and the Chinese hamster EF la (CHEF-10) promoter, the sequence of which is
provided below as SEQ 1D NO:6,
(SEQ ID NO:6)-one embodiment of the CHEF-1o prometer
GOATOGCGOGOCTCGACCTCOGGAGGTGOCCTCCACGGGAAGGGACACCCGGATC
TCCGACACAGCCTTGGCAGTGGAGTCAGGAAGGGTAGGACAGATTCTGGACGCCL
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TCTTGGCCAGTCCTCACCGCCOCACCCCCGATGOAGCCOAGAGTAATTCATACAA
AAGGAGGCGATCOCCTTCGCCCCTGOOAATCCCAGGCACCGTCGITAAATICTAG
CCOGCCTCCCAGCCCGGAACCGCTOTGUCCGCCCAGCOCGGCGGGAGGAGCCTE
COCCTAGGQCGRATCGCOGGUTCOGOGCOGGGAGAGCACAAGCCCACAGTCCCCGGLG
CTGGOCCAGOGOCCGCGCTCACCGGGOOGCCCOGHAGCCAGCOUGGOGCAAACTG
GGAAAGTGGTGTCGTGTGCTGGCTCCGCCCTCTTCCCGAGGGTGGGGGAGAALCG
GTATAAAAGTGCGGTAGTCGCGTTGGACGTTICTTTTTCGCAACGGGTTTGCCETC
AGAACGCAGGTCOAGTGGCOGOTOTCGCCCTCCGCGGGCCCOGGGCTCCCTCCTTTG
AGCGGGCTCCGACCGCCOTGCGGOTETCCTCGGCCGGECTTCTCTGCGAGCGTTC
CCOCCCTGGATCGGCOGGCTETGCGGGAGGOCCAGGGGGGCAGGLCTGGCGGCG
GCCCCGRAGCCTCOGCCTCOTOTCGOGGCOTGAGGCCTAGCOGTGGCTTCCGCCCCGC
CGCOTCCCACCGCOCCCGCOCTTTCCTOTCTGCCCGGCTGCCCTCGATTGCCTGC
CCGCGOUCCOGOUCAACAAAGGGAGGGUGTCCAGCTGGCTGETAGGGAGCCCC
GTAGTCCGCATGTCGGGCAGGGAGAGCGGCAGCAGTCGGGGGGGGGACCGGEL
CCGCCCOTCCCOCAGCACATOTCCCACGCCGCCTOUACGGUGTAGCGGCCTGTOTC
CTGATAAGGCGGCCGGGCOGTGOGTTTTAGATGCCGGGTTCAGGTGGCCCCGGE
TCCCGGCCCGGTCTGGCCAGTACCCCGTAGTGGUTTAGCTCCGAGGAGGGLGAG
CCCQCCCGCCCCGCACCAGTTGCOTGCGCGGAAAGATGGCCGUTCCCGHGCCCT
GTAGCAAGGAGCTCAAAATGGAGCACGCGGCAGCCCGGCGCAGCGGGOLGA0T
CAGTCACCCACACAAAGGAACAGGGCCTTIGCCCOTCOCCOGGCOGCTGCTTCCTOT
GACCCCGTOGTGTACCGGCCGCACTTCAGTCACCCCGGGCGCTCTITCGGAGCAC
CGCTGGCCTCCGCTCOGOUAGCGGCGATCTCTCTAATGGCGTTGGAGTTITGCTCACA
TTTGGTGGGTGGAGACTGTAGCCAGGCCAGCCTGGCCATGGAAGTAATICTTGGA
ATTTGCCCATTTTGAGTTTGGAGCGAAGCTGATTGACAAAGCTGCTTAGCCETTC
AAAGOGTATTCTTCGAACTTTTTTTTTAAGGTGTTGTGAAAACCACCG

[B681268] To generate the donor plasmid, T53C/C136T motant §° terminal repeat (TR) of 313
bp and 37 TR of 235 bp (as described in Lacoste supra) was custom synthesized and cloned
upstream and downstream, respectively, of the following expression cassette: eHLA-G, a 250
bp chicken B-globin HS4 core insulator (Recillas-Targa ef ol (2002), PNAS US4, 99:6883-
6888}, EGFP, and pA. H54 was used to prevent spreading of repressive chromatin into the
integrated construct. EGFP oxpression was driven by the phosphoglycerate kinase (PGK)
promoter (see Fig. 1A} The sequence of the H34 element is shown below as SEQ 1D NG:7.
{SEQ ID N{:T) one embodiment of the HSF element
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CAGCTCACGGGCACAGCCCCOCCCCAAAGCCCCCAGGGATOTAATTACGTCCOCT
CCCCCGCTAGGGGGCAGCAGCGAGCCGCCCOGGGLTCCGCTCCGETCCGGCGCT
CCCCCCGCATCCCCCAGCCGGCAGCOTGCGGGGACAGCCCGGGCACGGGGAAGE
TQOCACQOGGATCGCTTTCCTCTGAACGCTICTCGUTOGCTCTTTCAGCCTGCAGAC
ACCTGGGGCATACGGOGAAAAAGCTT

[#0121] The copty vector donor plasmid (HLA-G') was identical to the cHLA-G donor
plasmid except the eHLA-G coustruct is excluded (Fig. 1B). Prior to gene transfer, hESCs
were treated for 1 hr with 1{ pM Y-27632, a ROCK ihibitor shown to substantially reduce
dissociation-induced apoptosis and increases cloning efficiency (Watanabe ef af (2007}, Nat
Biotechnol, 25:681-686. HESCs were dissociated in 0.25% trypsin-EDTA at 37°C for five
minutes, washed in conditioned mTeSR mediumm plus Y-27632, and resuspended in
nucleofection solution L (Amaxa). 3 ug of helper and 6 ug of transposon donor plasmids
were added per 1.5 x 107 cells, and nucleofection was performed with program setting B-016.
hESCs were then plated in CM plus Y-27632 at 2 x 107 cells per 6 cm dish for clonal
selection. After 24 hours, the culture medivm was changed to CM alone, then change daily
thereafter. Clones with the highest dual expression of tdT/eHLA-G were selected using
fluorescence microscopy rather than via antibiotic resistance or flow cytometry since
transgene silencing is frequent in hESCs and only a fraction of single transgenic cells gives
rise to a marked cell line (Braam ef of (2008), Nat Methods, 5:389-392).

Example 4 Assessment of the ePicovBac Gene Delivery System

[66122] cHLA-G transfection efficiency was determined by plating transfected cells in CM
plus Y-27632 at 2 x 107 cells per 6 co dish for 24 hours, then changed to CM alone. Mediom
was then changed datly for seven days, and colonies were evaluated by live cell staining and
immunofluorescence microscopy, as discussed in Example 5. For cach clone, three high
power fields were counted and the percentage of reporter protein'/eHLA-G" hESCs was
calculated. Results of this experiment are shown in Figs 3-4. The eHLA-(G insertion site was
determined using a plasmid rescue strategy as described in Lacoste ef af supra. Briefly,
genomic DNA was sofated fromutransgenic hESC clones and digested with
BamHI/Bglil/Notl, self-ligated at low concentration with T4 DNA ligase overnight at 16°C,
precipitated with 100% isopropanol, and washed with 70% ethanol before transformation in
DH10B £. coli and selected on ampicillin. cHLA-G copy number was determined using
SplinkTA PCR. Standard G-banding was performed every 20 passages to assess karyotype
stability. cHLA-G and reporter protein gene silencing were assessed every 10 passages using

34



WO 2014/022423 PCT/US2013/052767

flow cytometry. Prior to dissociation and analysis, hESCs were treated for one hour with
10 pM Y-27632. Cells were then dissociated with 0.25% twrypsin-EDTA at 37°C for five
minutes, washed in CM plus Y-27632, resuspended in ice-cold PBS containing 0.1% BSA
and 0.5 mM EDTA, and then analyzed using a BDY FACS Canto U flow cytometer (Becton
Dickinson). As shown in Figs. § and 9, at passage 16, essentially no silencing of EGFP or
eHLA-G expression was observed. Phuripotency was assessed every 20 passages by
immunocytochemical detection of the following: 1) pluripotency markers Oct3/4, SSEA-4,
Sox2 and Nanog (Figs. § and 6), 2) reporter protein /eHLA-G' embryoid body formation
{Fig. 73, and 3} the endodermal marker Gata 6, mesodermal marker muscle actin, and
ectodermal marker neurofilament heavy chain in differentiated transgenic hESCs {data not
shown), all using a Leica CTR6500 fluorescent microscope. Al antihodies were from Abcam
unless otherwise specified.

Example § Cell Surface Localization of eHLA-G and (ther HEA proteins
(681231 Live cell staining was used to detect cell surface HLA class Ta, HLA-E, eHLA-G,

and HLA class U expression in fransgenic versus wildtype bESCs and hEEPs. Briefly, cells
were harvested and washed in cold PBS, stained with the corresponding 1° mAb in PBS
containing 10% goat serum and 3% BSA for 60 min at 4°C, washed, fixed with 1%
paraformaldebyde for 10 min, and subsequently stained with a goat anti-mouse IgG
conjugated with FITC for 30 minutes at 4°C. Control aliquots w stained with an isotype-
matched IgG to evaluate nonspecific binding to target cells. Each antibody (MEMG/9 for
HLA-G, MEM-E/08 for HLA-E, Bu8 for HLA class Ta, and HKB1 (Abbiotec, San Diego,
CA) for HLA class 1) was first tested at several dilutions in order to determine the optimal
conditions for achieving specific-only binding. After staining, cells were smeared on a glass
slide, allowed to air dry, and then mounted with anti-fade media containing DAPI (Vector
Laboratories). Stides were observed immediately under a Leica CTR6500 fluorescence
microscope.  As shown in Figs 5 and 10, expression of HLA-A B,C; HLA-E, HLA-DP, DQ,
DR, and B-microglobulin were similar in wildtype and eHLA-G modified noman ES cels,
whereas an approximately seven-fold higher level of HLA-G expression was observed in the
eHLA-G modified human ES cells.

Example 6 Assessment of eHLA-G Expression on NK-92 Celi-Induced Cvintoxicity

(681241 cHLA-G-expressing hESCs were coltared and differentiated into hEEPs as
described in Example 2. NK-92 cells {(CRL-2407, American Type Colture Collection,

Manassas, VA) were cultured in Midowm Essential Medum Alpha Medium (o-MEM,
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Invitrogen) supplemented with 12.5% FBS, 12.5% horse serum, 0.2 mM inositol, 0.1 mM B-
mercaptoethancl, .02 mM folic acid and 100 IU/ml recombinant IL-2 (Sigma)at 37 °Cina
3% CO; humidified incubator.

[88125] Cytotoxicity was performed using a CytoTox96 Non-Radioactive Cytotoxicity
Assay Kit (Promega, Madison, W) as the protocol instructed. Briefly, effector cells were
mixed with $x10° target cells at various NI-92 (Effector or “E”) to hESCs or hEEPs (target
or “T7) E:T cell ratios in U-bottom 96 well plates (Costar, Cambridge, MA). After 4 hat 37
°C in a humidified $% CO, incubator, 50 ul of the supernatant was collected to determine the
LDH release. Target cell spontancous release and maximal release of LDH and the effector
cell spontancous release of LIDH were determined by incubating these colls in mediun alone,
Each assay was performed in triplicate and the results were expressed as percentages of lysis
%. The percentage of specific lysis was determined as follows: {experimental refease -
effector spontancous release - target spontancous release / target maximum release - target
spondancous release) X 100, To all experiments spontancous release was < 10% of maximurg
release.

[80326] Asshown inFig. 1, atan E:T ratio of 1:10, killing of ¢HLA-G expressing hESCs
was reduced by over 50% relative to wildtype cells expressing GFP alone. Atan E:T of 1:30,
kifling of eHLA-G expressing hESCs was reduced by approximately 75%. Wildtype hESCs
are killed at a reasonable rate as shown for both E:T ratios {GFP alone). Further, it was
shown that expression of the 37 UTR (Del 14 bp) HLA-G allele in K562 cells resulis in
diminished NK cell-induced cytotoxicity relative to that observed in K562 cells expressing
the (Ins 14bpy HLA-G allele, as well as in unmodified KS62 cells. See Fig. 13

[88127] The results of Figure 11 were repeated and confirmed in additional NK cytotoxicity
experiments. As shown in Figure 18, killing of eHLA-G(EF-1a)-GFP-hESCs was reduced
more than 100% as compared to controls hESCs that contained only a GFP transgene (no
HLA-G transgene). This data shows that HLA-G transgene expression imparts
immunosuppressive and/or reduced immunogenicity characterstics in hESCs.

[66128] NK cytotoxicity experiments were also conducted on BEEPs differentiated from
hESCs. As shown tn Figure 19, killing of eHLA(EF-10)-GFP-hEEPs differentiated from
eHLA(EF-10)-GFP-hESCs was reduced well more than 100% (about 3-fold) as compared to
control hEEPs. This data shows that cHLA(EF-10.)-GFP transgene is stable and persistent
throughout the process of differentiation, and that HLA-G expression is able to impart

immuonosuppressive and/or reduced immmogenicity characteristics in differentiated cells.
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Example 7 Determination of the Immunogenicity of e-HLA-G Cells fn Fivo by

Allografts in Humanized Mice

[B8129] A bumanized mouse model with buman peripberal blood lynpbocytes (Hu-PBL-
N5}, but not wildtype immmunodeficient NSG mice, was recently shown to reject
mismatched human islets within 1-2 weeks post-transplantation (King et of (2008), Clin
Immunol, 126:303-314). Although graft-versus-host-discase (GVHD) sets in at 4-5 weceks,
graft survival is monitored until cuthanasia criteria arc met. The presence of ondy lower levels
of GVHD allows us to extend our sbservation window. NSG mice (females at six weeks of
age) were purchased from Jackson Laboratory and handled in accordance with the guidelines
of the Institutional Antmal Care and Use Committee and the recornmendations in the Guide
for the Care and Use of Laboratory Animals (Institute of Laboratory Anitoal Resources,
National Research Council, National Academy of Sciences). Functional umanized NSG
mice were gencrated by intravenous injection of about 20 x 10° human PBMCs into NSG
mice according to (Pearson ef af (2008), Curr Protoc Immunol, Ch. 15:Unit15.21; and King
et af supra). Engraftment was verified at about four weeks by collecting blood from the
retroorbital venous plexus of anesthetized mice using EDTA-coated capillary tubes
{Druovnond Scientific) and EDTA-treated 1.5 ml tubes (Eppendort). Celis were then
processed for human CD45 positivity by FACS analysis according to King et al supra.
Levels of human CD45 cells reaching .1% in the blood at four weeks is considered a
successtul engrafiment and allows allorciection studies.

[66138] The hESC and hEEP culiure systems that are typically used expose cells to
immumogenic animal derivatives such as the sialic acid NeuSGe (Martin ef af (2008}, Na¢
Med, 11:228-232). Thus, a decontamination step can be added that was recently shown to
significantly reduce Neu3Ge levels (Heiskanen ef af (2007), Siem Cells, 25:197-202). hESCs
can be decontaminated of NeuSGc using two approaches: 1) culturing in TeSR1 media
supplemented with bFGF, LiCl, GABA, and pipecolic acid on human matrix coated plates

according to the method of Ludwig ef af (2006), Nat Biotechnol, 24:185-187, and 2) KSR

.
]
s

replacement by beat-inactivated blood group AB RIY buman serum (Heiskanen ef af (200
Stem Cells, 25:197-202. hESCs cultured under both methods can be assessed by incubation
with anti-NeuSGe mAb and analyzed by flow cytometry. The second approach may be
adopted, as the method of Ludwig ef of may require hESC adaptation. hEEPs are coltured in

DFSM that tacks animal derivatives per its manufacturer.
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(66131} The objective of performing allografts with HLA-G modified cells is to assess
whether HLA-G cxpression reduces immunogenicity as indicated by an increase in tomor
size. Prior to transplantation, the mtended injection site was shaved to facilitate chinical
observation. Animal guidelines including appropriate use of anesthesia were followed at all
times. § x 10° transgenic eHLA-G" and HLA-G hESCs were resuspended in 100 pl of the
appropriate media containing india ink to mark the injection site. This facilitates histological
assessioent should insutficient fluorescence be ohserved. Cells were injected subcutancously
into the thoracic mammary fat pad of five 3-month old Hu-PBL-NSG mice. The results of
these allografts are shown in Figures 20 and 21. The “G0” hESCs are the conirof ESCs that
do not contain an cHLA-G transgene, but rather only GFP. “mG1H 1Y and “mG1{#2)” vefer
to two different eHLA-G(EF-1¢)-GFP nocleofected RESC clones. The GO, mGI1{#1), and
mG1{#2) tumors, as shown in Figure 20, were measured and weighed. The GO hESCs
formed a tumor with a vohime of 126.9 cubic millimeters and a weight of 32 milligrams.
The mGI(#1) hESCs formed a tumor with a volume of 748.4 cubic millimeters and a weight
of 318 milligrams. The mG1{#2) bESCs formed a tumor with a volume of 1116.7 cubic
millimeters and a weight of 675 milligrams.
[#0132] Figure 21 shows the averaged results of tumors from hESC allografts onto five
humanized NSG mice. The data shows that HLA-G nucleofected hESCs ("mG 1) formed
much larger (more than 3-fold by volume) and heavier (more than 2-fold by weight) tumors
than wild-type BESCs (“G07) transplanted into humanized NSG mice. Thus, the data
indicates that cHLA-G transgene expression can provide reduced immunogenicity and/or
increased inmunosuppression. This supports the general application of the eHLA-G
transgene constructs described herein for modifying any desired ecli-type into a universal or
superior allogenic donor for therapy, transplants, tissue repair, cell and tissue substitutes, and
the like.
166133} The above-described allograft experiments with bumanized NSG mice can be
conducted with any eHLA-G modified cell-type that actively proliferates or can be induced to
proliferate.
[08134] In addition, allografts in bumanized mice can be monitored using a Spectrum In
Vivo Imaging System (Caliper, Mountain View, CA) with a 620 nm emission filker and 2.5
second exposure time. At wavelengths of 620 nm or greater, the autofhuorescence
experienced with GFP is eliminated and signal can be detected as deep as 2.5 cm beneath the
surface of the skin (Shaner ef o/ (2004), Nat Riotechnol, 22:1567-1572). Mice are

8
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longitudimally tmaged and weighed on 3 weekly basis. 1f no signal is observed doring the four
week period, mice are sacrificed and the injected thoracic mammary fat pad is assessed
bistologically using fluorescence microscopy to detect the fluorescent reporter protein used.
1o all cases, upon sacrifice of mice, tissue is stained with hematoxylin and eosin o assess for
teratoma formation and immune rejection. Immunohistochemistry is also be performed to
detect human B2 microglobulin (PBMCs, hESCs, hEEPs) and CD45 (PBMCs), with the latter
serving as a supplemental measure of immune ccll infiltration of the allograft., Slides are read
by an expert pathologist blinded to the experimental conditions.

Example 8 Assessment of the Tumorisenicity of e HLA-G+- and HLA-G-BEEPs

[88135] The trapact of cHLA-G tmpact on hEEP tumorigenicity is assessed by injecting
transgenic G and non-transgenic G -bEEPs using a similar protocol as discussed in
Example & except that cells are transplanted into non-humanized NSG mice. A total of 14
mice are monitored using longitudinal flucrescent Hive animal imaging and weight assessment
on a monthly basis for up to the carlier of nine months or mecting cuthanasia criteria. Mice
are then sacrificed and the injected thoracic mammary gland harvested in 4% neutral-buffered
paraformaldehyde. Fixed tissue is transferred to 70% ethanol and embedded tn paraffin.
Sections are stained with hematoxylin and cosin and processed for fluorescent reporter
protein microscopy. If the tissue sections are found to be reporter protein-negative, they will
are stained using mAbs specific to human P2 microglobulin and CD45, with the latter serving
to ensure the presence of non-PBMCs at the injection site.
[86136] The statistical significance of independent means is assumed for p values of < (.05,
Two-sample mean comparisons are determined using a Student’s t test. Comparisons of three
or more means are made using one- or iwo-way analyses of variance, and Bonferroni’s post-
hoc test. All measures of variance are presented as standard ervor of the mean. A lincar
regression is performed to compare the relationship between in vitro and in vivo data to
determine if the former has predictive value towards human allograft rejection in the Hu-
PBL-NSG mouse model that is used in this study. For example, the percentage increase in
atloproliferation in vitro will be regressed agaiost the PBMUC-matched pair used in the i vivo
phase (output is the level of reporter protein fluorescence at four weeks post-transplantation).
A successful outcome here is a high RY value and negative slope coefficient, suggesting that
cHLA-G exprossion leads to increased engrafiment. Such an interprotation is contingent on a
high correlation between eHLA-G expression and reporter protein positivity in the clones
selected for use in the in vitro and in vivo studies.
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Example @ Immunoesuppression and Dmmunogenicity Agsessment ef eHLA-G Stably

Transiected into Fully Differentiated Fibroblasts

1661371 The eHLA-G(EF-10)-GFP transgene and control constructs were transfected into
human newborm dermal fibroblasts (a cell-type that is already fully differentiated) using
nucleofection. Human newborn dermal fibroblast cells (HFD) were purchased from ATCC
and cultored in Iscove's Modified Dulbecco's Medimn (IMDM)} (ATCC) supplemented with
10% FBS and 1% PS (Jovitrogen). When the cells reached 80% confluence, colis were
harvested by incubating with 0.25% Trypsin-EDTA (Invitrogen) for 3 minute at 37°C. Cells
were counted and 0.5x10° were centrifuged and resuspended in human dermal fibroblast
nucleofection solution { Cat, No, VPD-1001, Lonza, Walkersville, MD). Helper and
transposon plasmids were added to the cell suspension, and nucleofection was performed
with program setting U-020 according to the manufacturer’s protocol {Lonza). Cells were
then plated in 6-well plates and incubated in humidified 37°C/5% CO: for 24 h. After 24 b,
the stable transfected cells were selected with 1 ug/ mi puromycin (Sigma) 7 days. Stable
GFP-positive cells were maintained in 500 ng/ml puromycin and HLA-G and GFP cxpression
were detected with flow cytometry. Stable transfectants were maintained in culture for use in
peripheral blood mononuclear cell (PBMC) proliferation assays and NK-92 cytotoxicity
assays as described below.

[88138] PBMC proliferation assays. Huroan deroal fibroblasis stably transfected with the
eHLA-G(EF-10)-GFP ransgene (“HFD-m1-GFP” cells) or GFP-alone control construct
(“HFD-GO-GFP” cells) were assessed for their ability to inhibit PBMC proliferation. HFD-
GO-GFP and -mG1-GFP cells were inactivated with Mitomycin C (10 pg/ml for 2.5 h) and
seeded at 3.0x10%well in 96-well plate and allowed to adhere for 24 h. 1x10° PBMC in the
presence of 6 ug/ml PHA were added in triplicates in the corresponding HFD cells. HFD-
GO-GFP and —-mG1-GFP cells alone were included for MTT-0D correction. (“MTT  isa
pale yellow substrate reagent that is cleaved by living cells to yield a dark blue formazan
product. This process requires active mitochondria, and even freshly dead cells do not cleave
significant amounis of MTT. MTT therefore provides a colorimetric assay that can be used
for either proliferation or cytotoxicity assays.) PBMC without PHA and PBMC with 6 ug/ml
of PHA were included as controls. Co-cultures were incubated for 3 days and PBMC-
proliferation was estimated using MTT reagent using the following formula: % PBMC

proliferation = [(ODS70 of HFD/PBMC/PHA —~ QDST70 of HFDY (OD570 of PBMC/PHA}]
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x 14, As shown in Figure 22, the HFD-mG1-GFP clone “mG1-R1” soppressed PBMC
proliferation greater than controls and other clones, indicating that exogenous HLA-G
expression can provide inununosuppression and/or reduced inununogenicity for ditferentiated
cells, such as fibroblasts.

[8813%] NK-92 cyiotoxicity Assays. The assays were performed substantially as described
previously. Briefly, 2.5x10" target cells (i.e., HFD-m1-GFF cells or HFD-GO-GFP cells)
were incubated with NK-92 cells at 3:1, 10:1, 30:1 E:T ratio tn CTL media for 7 hr. K562-
WT ecells were incladed as positive control for NK-92 cytotoxicity. Cytotoxicity was
determined with a CytoTox96 cytotoxicity assay kit. The percentage of specific lysis was
determined as follows: % specific lysis = [{expertmental LDH release - effector spontancous
refease - target spontaneous release) (target maximoum release - target spontancous release)]
x 100. As shown in Table 4 below, the HFD-mG1-GFP clones “mG1-R 17 and “mG1-#1”
suppressed NK-92 cytotoxicity greater than controls and other clones, indicating that
exogenous HLA-G expression can provide Unmunosuppression and/or decreased
immmmogenicity for differentiated cells, such as fibroblasts.

(601487 Table 4: Cytotoxicity of NK-92 Against HFD-G0 and HFD-G1 Target Cells

Target calt : B CybotoNicy
{2.5x10% :
....... 3150’90115?
HFD-G-O}E 0 : ] 15
%FDNC #1 o ‘ v ta
G ................ 3 ................. € .............
{ 1 4
H:‘:D—""‘G?RQ ..... 2 .......... ...... oo .......... o ......
KE62-WT X kT 1 44
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Claims

1. A genetically modified mammalian cell that has reghllimmunogenicity and/or improved
Immunosuppression as compared to the mammaliamvtebbut said genetic modification,
wherein:

a. the genetically modified mammalian cell comprises exogenous nucleic acid
comprising: (a) a nucleic acid sequence encodinglak-G protein comprising an
amino acid sequence of SEQ ID NO:2; and (b) a ®auslated region (UTR)
comprising a nucleotide sequence of SEQ ID NO:8; an

b. the encoded HLA-G protein is expressed by the geait modified mammalian
cell for at least six passages in in vitro culwoaditions.

2. The genetically modified mammalian cell of claim wherein the HLA-G protein is

expressed for at least sixteen passages in inaultare conditions.

3. The genetically modified mammalian cell of claim &herein the HLA-G protein is

expressed for at least twenty passages in in @itltoire conditions.

4. The genetically modified mammalian cell of claimflirther comprising an Elongation
Factor-1 alpha (EF<l) promoter, wherein the nucleic acid sequence engdtie HLA-G

protein is operably linked to the Efe-promoter.

5. The genetically modified mammalian cell of claim wherein the EF-d promoter
comprises the sequence of SEQ ID NO:6.

6. The genetically modified mammalian cell of claimwtherein the nucleic acid sequence
further comprises an EFRzIJpromoter comprising SEQ ID NO:6 that is operalnikéd to
the nucleic acid encoding the HLA-G protein.
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7. The genetically modified cell of claim 1, wherehetexpressed HLA-G is present on the
cell surface of the genetically modified mammatati.

8. The genetically modified mammalian cell of claimviherein the modified mammalian
cell is a human cell.

9. The genetically modified mammalian cell of claimaherein the genetically modified cell
is a stem cell, a progenitor cell, or a cell obdifyin vitrodifferentiation.

10. The genetically modified mammalian cell of claimaherein the genetically modified cell
is a stem cell, a progenitor cell, a cell obtaibgdn vitro differentiation of the stem cell or
the progenitor cell, a fully differentiated cell) pidermal progenitor cell, a pancreatic
progenitor cell, a hematopoietic stem cell, a keoatyte, a fibroblast, a hepatocyte, a

mesenchymal stem cell, a cardiomyocyte, a neugal stll, a neuron, or an astrocyte.

11. The genetically modified mammalian cell of claimaherein the genetically modified cell
is a human embryonic stem cell, a human mesenchstaal cell, or a human embryonic

epidermal progenitor cell.

12. The genetically modified mammalian cell of claimaherein the genetically modified cell
is a human dermal fibroblast.

13.The genetically modified cell of claim 1, whereinetreduced immunogenicity and/or
improved immunosuppression of the genetically medifcell as compared to the
mammalian cell without said genetic modificatiordetermined by either: (1) a reduction
of NK-92 cytotoxicity of the genetically modifiecelt as compared to the mammalian cell
without said genetic modification, (2) a reductufrin vitro peripheral blood mononuclear

cell proliferation of the genetically modified cedls compared to the mammalian cell
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without said genetic modification, or (3) an ingean the size and weight of tumor
formation by the genetically modified cell as comgghto the mammalian cell without said

genetic modification in humanized NSG mice.

14. An artificial tissue comprising the genetically nifoed mammalian cell of claim 1.

15. A skin graft, repair, or regeneration compositioomprising the genetically modified

mammalian cell of claim 11.

16. A skin graft, repair, or regeneration compositioomprising the genetically modified

mammalian cell of claim 12.

17. The genetically modified mammalian cell of claimwlherein the exogenous nucleic acid

IS an expression vector.

18. The genetically modified mammalian cell of claim, Wwherein the expression vector is a

transposon vector.

19. The genetically modified mammalian cell of claim, 1Wherein the vector further

comprises a nucleic acid sequence encoding a expodtein.

20. An isolated nucleic acid comprising:
a. a first nucleic acid sequence that encodes an aagitbsequence comprising an

amino acid sequence of SEQ. ID NO:2; and
b. a second nucleic acid sequence comprising a nigdesequence SEQ. ID NO:3

and operably linked to the first nucleic acid seguge

21. A mammalian expression vector comprising the igalatucleic acid of claim 20 and a
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promoter operably linked to the first nucleic aseljuence, wherein the promoter is not

silenced in a stem cell or in a cell generatediffgréntiation of the stem cell.

22.A cellular or tissue composition comprising a p@pan of genetically modified
mammalian cells of claim 1 for use in a method elfutar or tissue repair or regeneration
wherein the cellular or tissue composition is dalégor injecting, implanting, or grafting
to a subject in need thereof, wherein the subjastdt least one mismatched classical HLA
class | or HLA class Il molecule as compared to gibpulation of genetically modified
mammalian cells, and wherein the population of geaky modified mammalian cells
exhibits reduced immunogenicity and/or improved um@suppression as compared to

cells of the same-type without the genetic modifta

23. The composition of claim 22, wherein the at least mismatched classical HLA class | or
HLA class Il molecule is selected from the groumsisting of HLA-A, HLA-B, HLA-C,
HLA-DP, HLA-DQ, and HLA-DR.
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