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ABSTRACT 

An in vitro method of preparing a population of hypoim­
mune mammalian stem cells includes providing a population 
of isolated mammalian stem cells, wherein the isolated 
mammalian stem cells express a cell adhesion molecule; and 
modifying the expression of the cell adhesion molecule in 
the population of isolated mammalian stem cells to decrease 
or knockout expression of the cell adhesion molecule and 
provide the population of hypoimmune mammalian cells. 
The population of isolated mammalian stem cells can be 
pluripotent stem cells, or embryonic stem cells, and can be 
human or non-human stem cells. 

Specification includes a Sequence Listing. 
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Cardiomyocyte Maturation Associnted Genes 
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Gene editing type: nucleotide change 
Wild-type condon>STOP condon+lnt 

CTG>TGAG 

ICAMI-Seq. 

ACGCTgagctccctgctactcagagttgcaacctcagcctcgctATGGCTCCCAGCAGCCCCCGGCCCGCGCTGCCCGCACTCCTGGTCCTGCTCGGGGCTC 
TGTTCCCAGGTGAGTCGGGGTGGGGATTGCCGTCGGGCCAGTTCTCCGAAGCCCCGGGAGGACCGGCTCCCGGGTCAGGTCATGCATGCTT 
AGGTAG 

ICAMI-KO ssOON 

ATGGCTCCCAGCAGCCCCCGGCCCGCGCTGCCCGCACTCCTGGTCTGAGCTCGGGGCTCTGTTCCCAGGTGAGTCGGGGTGGGGATTGCC 
AGGTAG 

gRNA 

96FORW CCCGCACTCCTGGTCCTGCTCGG 

CRISPR Gene Editing Schematic 
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I CAM 1 - o n l y 1 i s o t or m 

1
10.270 K 

1
10.272 K 

1
10.274 K 110.276 K 110.278 K l I0.280 K I 10.282 K I 10.284 K l 10.286 K 

Release 109.20201120 

ICAMl 
NM_0002013 01----------1O1-------------------,o-oo-cH, 1 NP_0001922 

•Intron between Exonl and Exon2 too large to target both with multiple gRNAs 
•Could knock out C-terminus of gene, spanning from Exon3 to Exon7 with standard 3x gRNA design 
•Alternate approach is to introduce a premature stop condon/frame shift in Exonl 

• Sequence of Exon! here (beginning at start condon) 
AGT.GCT.CCC.AGC.AGC.CCC.C6G.CCC.6CG.CTG.CCC.6CA.CTC.CTG.GTC.CTG.CTC.GGG.GCT.CTG.TTC.CCA.6 

• Con target the exon with the underlined gRNA and introduce 4 bp to both froroe shift and give o premature stop condon 
WT ATG.GCT.CCC.AGC.AGC.CCC.CGG.CCC.GCG.CTG.CCC.GCA.CTC.CTG.GTC.CTG.CTC.GGG.GCT.CTG.TTC.CCA.G 
Edited ATG.GCT.CCC.AGC.AGC.CCC.CGG.CCC.GCG.CTG.CCC.GCA.CTC.CTG.GTC.TGA.GCT.CGG.GGC.TCT.GTT.CCC.AG 

Off Target Analysis 
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HP WTCM vs H9 KO CM-unstimulated 
ID Description 

hsa04512 [CM-receptor interaction 
hsa04510 focal adhesion 
hsa04933 AGE-RAGE signaling pathway in diabetic compl icotions 
hsa04l51 PI3K-Akt signaling pathway 
hsa04926 Relax in signaling pathway 
hsa05165 Human papilloroavirus infection 
hsa04974 Protein digestion and absorption 
hsa05410 Hypertrophic cordiomyopathy 
hsa05146 ArooebiOSiS 
hsa05205 Proteoglycans in cancer 
hsa05323 Rheumatoid arthritis 
hsa05414 Dilated cordioroyopathy 
hsa04940 Type 1 diabetes mellitus 
hsa05416 Viral myocarditis 
hsa04514 Cell adhesion molecules 
hsa00561 Glycerol ipid metabolism 
hsa05144 Malaria 
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H9 54KO CMs 
20220808 (Ooy O of Tx) 20220906 (Doy 29) 

Post-Transplant Photos of 
H9 C054KO CMs. Graft is 
apparent, with clear evidence 
of neovascularization and 
engroftment. 
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grafts 

Post-Transplant Photos of 
Cardiovascular Grafts. Grnfts 
contain CMs. endothel iol cells, 
smooth muscle cells, and 
cordioc fibroblasts derived 
from PSCs. 
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GS- GS-
Ense111bl Sy111bol Gl_loefC Gl_logCPM 
ENS600000 

13803 229807 XIST 10.8157444 4.47993716 
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Gl_stotus Description 

UP X inactive specific transcript 
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Approved Approved 
HGNC IO symbol name 

GREMI grern l i n 1 • DA HGNC:20001 
TACI tachykinin pm HGNC: 1I517 
CYSL TR2 cysteinyl lea HGNC: 18274 
ICAMI intercellular HGNC:5344 
CARDI I caspase recru HGNC: 16393 
f2RLI F 2R l i ke t ryp HGNC:3538 
Ill l interleukin l HGNC:5966 
CLCFI cardiotrophin HGNC: 17412 
SPPl secreted pho HGNC:11255 
AREG omph i regul in HGNC:651 
ros Fas proto-on HGNC:3796 
IGF2 i nsu l in l i ke HGNC:5466 
ENG endogl in HGNC:3349 
SERPINA3 serpin family HGNC: 16 
ILlRLl interleukin 1 HGNC:5998 
HLA-DfJBI major histoco HGNC:4944 
TLR4 toll like rec HGNC: 11850 
POGFRB platelet deri HGNC:8804 
SOCS3 supressor of HGNC: 19391 

Location Category 
015q}3.3 Cytokines 
7q2J.3 Cytokines 
13ql 4. 2 Chemokine_Receptors; Cytokin 
19q13.2 Antigen_Processing and Prese 
7q22.2 BCRSignal ingPathway:TCRsigna 
Sql 3.3 Antimicrobials 
l9q13.42 Cytokines: Interleukins 
1 lql3.2 Cytokines 
4q22. I Cytokines 
4q_l 3.3 Cytokines 
14q24.3 BCRSignal ingPathway:TCRsigna 
llq15,S Cytokines 
9q34. I I Cytokines_Receptors 
14q32. 13 Antimicrobials 
2q 12. 1 Cytokines Receptors: Interle 
6q21.32 Antigen_Processing and Prese 
9q33. I Antimicrobials 
5q32 Antimicrobiols:Cytokines 
l7q25.3 Antimicrobials 
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Gene 
symbol Gene description 
ICAMl intercellular adhesion molecule I 
THYI Thy-I cell surface antigen 
Ill l interleukin 11 
CAPG capping actin protein, gelsolin like 
CCL2 C-C motof chemokine ligand 2 
ELF4 E74 like ETS transcription factor 4 
TGFBl transforming growth factor beta l 
HLA-E major histocompatability complex.class I. E 
GBP2 guanylate binding protein 2 [Source:HGNC Symbol;Acc:HGNC:4183] 
TAPBP TAP binding protein 
CSF 1 colony stimulating factor 1 
ETSI ETS proto-oncogene I, transcription factor 
TIMPI TIMP metallopeptidase inhibitor I 
HLA-A major histocompotobility complex.class I. A 
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logfC FC 
2.52 5.736 
1.72 3.294 
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sgRNA targeting site 

I Chromosome 19 -NC 000019.IO! 5
1 2 3 H 4 H 5 H 6 H 7 l-3 1 

I vli ! d Type (WT) Codon 93bp) I s 1~ ATGGCTCCCAGCAGCCCCCGGCCCGCGCTGCCCGCACTCCTGGTqCTG~TCGGGGCTCTGTTCCCAG]-3 1 
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ADHESION MOLECULE INHIBITION FOR 
STEM CELL THERAPIES 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims priority to U.S. Provisional 
Application 63/380,883 filed on Oct. 25, 2022, which is 
incorporated herein by reference in its entirety. 

STATEMENT REGARDING FEDERALLY 
SPONSORED RESEARCH & DEVELOPMENT 

[0002] This invention was made with govermnent support 
under HD090256 and HL134764 awarded by the National 
Institutes of Health. The government has certain rights in the 
invention. 

SEQUENCE LISTING 

[0003] The Instant Application contains a Sequence List­
ing which has been submitted electronically in XML format 
and is hereby incorporated by reference in its entirety. Said 
XML copy, created on Oct. 22, 2023, is named "SEQ_ 
LIST--107668_109" and is 62.1 KB (63,629 bytes) in size. 
The Sequence Listing does not go beyond the disclosure in 
the application as filed. 

BACKGROUND 

[0004] One challenge in the cell therapy field is immune­
mediated rejection of transplanted donor cells. Technologies 
are being developed to "hide" these cells from immune cells 
and/or to make the cells express molecules or factors that 
prevent immune cells from recognizing these transplanted 
cells. A careful balance must be struck between preventing 
immune rejection while not allowing unchecked trans­
planted cell growth leading to tumor development or to all 
the cells to become a reservoir for viral infection and 
uncontrolled replication. 

[0005] In particular, pluripotent stem cell (PSC)-derived 
cell therapies are promising reparative treatments for a 
variety of cardiovascular diseases that kill over 655,000 
Americans each year. PSC-derived grafts have multiple 
uniquely attractive attributes, such as near-infinite scalabil­
ity and a lack of passenger lymphocytes, and they may have 
diminished susceptibility to the acute and chronic allograft 
rejection that routinely devastates traditional organ trans­
plantations. Furthermore, PSCs are amenable to CRISPR/ 
Cas9-based gene-editing. Rece Multiple research groups 
have created hypoimmune "universal cells" ( e.g., knock-out 
[KO] of HLA class I and/or II) have been created which are 
capable of evading recognition by T cells, donor specific 
antibodies, and/or NK cell-mediated cytotoxicity in short­
term studies. Despite these advances, little is known about 
the long-term tolerance potential ofhypoimmune PSC grafts 
in patients, including whether such a dramatic intervention 
as total ablation of HLA I+ II increases the risk of deleterious 
effects (e.g., malignancy, uncontrolled viral replication). 

[0006] Thus, there is a need to develop stem cell (e.g., 
iPSC or embryonic stem cell) therapies that are functional 
and curative, and that reduce the risk of rejection by the 
recipient immune system. This will enable long-term graft 
function and improvement of patient lives. 
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SUMMARY 

[0007] In an aspect, an in vitro method of preparing a 
population of hypoimmune mammalian stem cells com­
prises providing a population of isolated mammalian stem 
cells, wherein the isolated mammalian stem cells express a 
cell adhesion molecule; and modifying the expression of the 
cell adhesion molecule in the population of isolated mam­
malian stem cells to decrease or knockout expression of the 
cell adhesion molecule and provide the population of hypo­
immune mammalian stem cells. 
[0008] Also included is a population of hypoimmune 
mammalian stem cells produced by the above-described 
method. 
[0009] In another aspect, included herein is a population 
of hypoimmune mammalian stem cells, wherein expression 
of a cell adhesion molecule is decreased or knocked out by 
modification by gene editing of a gene for the cell adhesion 
molecule. The hypoimmune mammalian stem cells can be 
differentiated to endothelial cells, cardiac cells, fibroblasts, 
pancreatic cells, neural cells, or islet cells. Further included 
is a graft comprising the population of differentiated hypo­
immune mammalian stem cells and a method of treating a 
mammalian subject by introducing the graft. 

BRIEF DESCRIPTION OF THE FIGURES 

[0010] FIGS. lAand B show an RNA sequencing analysis 
of wild-type and B2M KO Hl PSC-AEC cell culture models 
(CMs) of allorejection inflammation. Expression of adhe­
sion marker ICAM-1 in WT Hl PSC-AECs before and after 
(lA) 18 h co-culture with allogeneic peripheral blood mono­
nuclear cells, and in B2M KO Hl PSC-AECs after (lB) 48 
h stimulation of cells alone with Tumor Necrosis Factor 
alpha (TNFa). 
[0011] FIGS. 2A and B show transplantation of gene­
edited PSC-CVTs into immune-deficient mouse hosts. (2A) 
Representative flow cytometric AEC phenotype (CD34+ 
CXCR4+ cells sub-gated from CD31+CD144+) is shown. 
(2B) CMs made from B2M KO Hl PSCs were formed into 
spheroids and transplanted heterotopically into the receptive 
kidney capsule transplant site of a NBGSW mouse. After 28 
days in vivo, the animal was anesthetized and the graft was 
examined macroscopically, showing robust contraction and 
neovascularization with human vessels. 

[0012] FIG. 3 shows direct and indirect pathway of allore­
activity in first-generation hypoimmune PSC-AECs. Hl WT 
and B2M-KO PSCs were differentiated intoAEC targets and 
co-cultured for 6 days with HLA-mismatched peripheral 
blood leukocytes (10: 1 E:T ratio). Alloreactivity was 
assessed via proliferation (CFSE dye dilution) ofCD4+ and 
CDS+ cells. B2M-KO PSCs showed diminished but still 
present CDS+ proliferation, indicating indirect pathway 
alloreactivity. 

[0013] FIGS. 4A and B show assessment of human T cell 
phenotype and PSC immunogenicity in the NeoThy human­
ized mouse. (4A) Flow cytometric analysis ofNeoThy and 
BLT peripheral blood for naive T cell marker CD45RA in 
CD3+CD4+ populations. BLT mice have a significantly 
higher (p>0.0001) percentage of naive cells, which is less 
representative of normal patient frequencies. (4B) iPSC­
derived CMs from HLA-B/HLA-DR mismatched donor 
transplanted under the NeoThy kidney capsule, IHC staining 
at d26 post-transplantation. 
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[0014] FIG. 5 shows flow cytometry phenotyping of PSC­
CMs. Multiple WT and 1st-gen hypoimmune gene-edited 
PSC lines (Hl B2M KO[n=S], H1 B2M KO+HLA-Edimer 
[n=2], H1 WT [n=9], iPSC line 4 WT [n=S], and iPSC line 
5 WT [n=S], repeat experiments) were differentiated into 
high purity, contracting CMs ( cTNT + purity values by flow 
cytometry). 
[0015] FIG. 6 shows a Luminex® Assay of human cyto­
kine release in MLR. After 6 days of co-culture of PSC-AEC 
cells with allogeneic PBMCs, culture supematants were 
assessed for 35 human cytokines. N=3 triplicate wells. 
[0016] FIG. 7 shows long-term survival ofNeoThy Mice. 
NeoThy mice were created using an anti-CD2 thymocyte 
depleting antibody (n=5) and compared to mice (n=4) that 
did not receive depletion (no anti-CD2). Study was stopped 
at 32 weeks. 
[0017] FIG. 8 shows bioluminescent imaging (BLI) using 
Akaluc reporter. PSC-AECs harboring a constitutively 
expressed Akaluc reporter were injected into the hind limb 
of an NBSGW mouse and monitored for retention. 
[0018] FIG. 9 shows in vitro Maturation of PSC-CMs. 
98% cTNT + PSC-CMs were cultured in vitro and harvested 
for RNA at two timepoints, early (14 d, post-0 days extra 
culture) and late (14 d+28 days extra culture. Differential 
gene expression is shown for those genes related to CM 
specification and maturation. 
[0019] FIG. 10 shows sequencing-based TCR rearrange­
ment analysis. FACS sorted CD3+CD8+ T cells from two 
patients (Pl and P2) were analyzed for baseline ex vivo TCR 
beta chain clonal diversity with the Adaptive Biotechnolo­
gies ImmunoSEQ™ kit. 
[0020] FIG. llA) shows the Crispr gene editing scheme 
(SEQ ID NO: 5 is the ICAMl DNA sequence, SEQ ID NO: 
6 is the ICAMl KO ssODN, and SEQ ID NO: 7 is the 
gRNA). llB) shows off target analysis (SEQ ID NO: 8 is the 
WT exon, and SEQ ID NO: 9 is the edited exon). 
[0021] FIG. 12 shows CD54 KO PSCs are capable of 
differentiation into highly-pure CMs. CMs were assessed for 
cardiac troponin-T via intracellular flow cytometry at day 17 
of differentiation. WT (left) and KO (right) were similar in 
purity. 
[0022] FIG. 13A shows tri-cellular PSC-CVTs in culture. 
Contracting spheroids made from fused PSC-CMs, PSCC­
fibs, and ECs contract in culture ( 4x image). 
[0023] FIG. 13B shows RNAseq data: including lack of 
redundancy of other ICAMs (e.g., ICAM2) making up for 
ICAMl loss, indications that the KO has downregulated 
HLA, which may contribute to diminished immunogenicity/ 
rejection response, and additional insights from the past 
month of data analysis in KO PSCs and CMs. KEGG 
Analysis. H9 WT CMs were compared to H9 CD54 KO 
CMs. Multiple KEGG pathways were enriched in WT vs KO 
cells, including extracellular matrix-receptor interaction, 
focal adhesion, AGE-RAGE signaling and PI3K-Akt sig­
naling pathways. These pathways play critical roles in 
immune cell interaction, and indicate that in KO cells the 
innate immune cells may be directly impacted, which in turn 
could impact adaptive immune responses i.e., diminished 
innate and adaptive immune responses to KO cell grafts. 
[0024] FIG. 14A shows post-transplant photos of H9 
CD54KO CMs. Graft is apparent, with clear evidence of 
neovascularization and engraftment. 14B) shows post-trans­
plant photos of multi-cellular cardiovascular grafts. Grafts 
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contain CMs, endothelial cells, smooth muscle cells, and 
cardiac fibroblasts derived from PSCs. 
[0025] FIGS. 15A and B show efficient generation and 
differentiation of ICAM-1 KO and isogenic WT PSCs. 
ICAM-1 was ablated via homozygous CRISPR/Cas9 KO. 
(15A) KO and PSCs were stimulated with IFNy and TNFa 
for 48 hours, showing intact HLA class I but absence of 
ICAM-1 in KO. (15B) Cells were differentiated into highly 
pure (>85%) (left) cardiac troponin T (cTNT)+ CMs and 
(right) CD31+CD144+CD184+AECs. (Unstained cells used 
as comparison controls, subgating of additional AEC mark­
ers-data not shown). 
[0026] FIG. 16 illustrates an assay for assessing direct and 
indirect pathway of alloreactivity of PSC-AECs. Hl WT and 
B2M-KO PSCs were differentiated into AEC targets and 
co-cultured for 6 days with HLA-mismatched peripheral 
blood leukocytes (10: 1 E:T ratio). Alloreactivity was 
assessed via proliferation (CFSE dye dilution) ofCD4+ and 
CDS+ cells. B2M-KO PSCs showed diminished but still 
present CDS+ proliferation, indicating indirect pathway 
alloreactivity. N=3 biological replicates (BR), error 
bars=standard deviation (SD), analysis via 2-tailed unpaired 
t-test, Prism 5.04. 

[0027] FIG.17 shows GSH in WT vs ICAM-1 KO PSCs. 
GSH levels were assessed in KO vs WT PSCs at baseline 
cell culture conditions. N=3 BR, error bars=SD. 

[0028] FIG. 18 shows PBMC binding to WT vs ICAM-1 
KO PSCs. PSCs were incubated for 1 hour with fluores­
cently-labeled allogeneic PBMCs, washed, and imaged to 
determine #of bound immune cells. Counts determined by 
blinded acquisition of four noncontiguous brightfield images 
prior to fluorescence imaging (!Ox). Analysis via ImageJ. 

[0029] FIG. 19 shows an allorejection assay using biolu­
minescent imaging (BLI). ICAM-1 knock-out (KO) PSCs 
(lxl06) harboring a constitutively expressed Akaluc 
reporter were injected with Matrigel® into the right hind 
limb of humanized NeoThy mice. Isogenic wild-type (WT) 
were injected into the left leg. BLI signal was monitored for 
32 days at an early, mid, and late/terminal timepoint. Rep­
resentative mouse is shown reflecting loss of WT graft, and 
retention of KO, seen in 3 of 4 mice. 

[0030] FIG. 20 shows RNAseq data: including lack of 
redundancy of other ICAMs (e.g., ICAM2) making up for 
ICAMl loss, indications that the KO has downregulated 
HLA, which may contribute to diminished immunogenicity/ 
rejection response, and additional insights from the past 
month of data analysis in KO PSCs and CMs. EdgeR 
Differential Gene Expression Analysis. H9 WT CMs were 
compared to H9 CD54 KO CMs. Multiple genes were 
differentially upregulated in WT vs KO CMs. The top 10 
most significantly upregulated genes are shown. 

[0031] FIG. 21 shows RNAseq data: including lack of 
redundancy of other ICAMs (e.g., ICAM2) making up for 
ICAMl loss, indications that the KO has downregulated 
HLA, which may contribute to diminished immunogenicity/ 
rejection response, and additional insights from the past 
month of data analysis in KO PSCs and CMs. EdgeR 
Differential Gene Expression Analysis, Focusing on IMM­
PORT Genes Associated with Immune Response. H9 WT 
CMs were compared to H9 CD54 KO CMs. Multiple 
immune-associated genes were differentially upregulated in 
WT vs KO CMs. The top 19 most significantly upregulated 
genes are shown. 
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[0032] FIG. 22 shows RNAseq data: including lack of 
redundancy of other ICAMs (e.g., ICAM2) making up for 
ICAMl loss, indications that the KO has downregulated 
HLA, which may contribute to diminished immunogenicity/ 
rejection response, and additional insights from the past 
month of data analysis in KO PSCs and CMs. EdgeR 
Differential Gene Expression Analysis, Focusing on Genes 
Associated with Immune Allorejection Response (taken 
from GSEA Hallmark Allorejection Gene Set). H9 WT CMs 
were compared to H9 CD54 KO CMs. Multiple immune­
associated genes were differentially upregulated in WT vs 
KO CMs. Higher levels of these genes on WT (and lower 
levels on KO), such as HLA-A and ILll, may confer 
immune protection of the KO cells. 
[0033] FIGS. 23A and B shows a multiplex Luminex® 
assay performed on H9 WT CMs and CD54 KO CMs and 
Validated by RNAseq. (23A) MCPl (CCL2), an innate 
immune cell chemoattractant, was significantly higher via 
Luminex® assay in the WT vs KO indicating that the KO's 
diminished amounts may result in a lesser recruitment of 
innate immune cells. n=3 biological replicates with 2 tech­
nical replicates each. (23B) RNAseq was performed. WT 
had significantly higher mRNA expression levels of MCPl 
vs KO. Two-tailed T test, p=0.0011. 
[0034] FIG. 24 illustrates diminished immunogenicity 
associated with CD54 Knockout. (Top) In vitro mixed 
lymphocyte reaction (MLR) cultures were established with 
H9-derived wild-type (WT) and CD54 knockout (KO) car­
diomyocytes (>85% cTNT +) co-cultured with peripheral 
blood mononuclear cells from an allogeneic (total HLA 
mismatch) donor PBMC3 for six days and then assessed by 
flow cytometry. (Middle) An MLR with a second allogeneic 
(mismatch at HLA class II) donor was conducted, and 
proliferating T cell subsets were analyzed for differential 
proliferation. T stem-like central memory cell proliferation 
is compared between (Bottom Left) WT H9-derived cells 
and (Bottom Right) CD54 KO cells. 
[0035] FIG. 25 shows Generation of CD54 Knockout 
Pluripotent Stem Cell Lines. CD54 was knocked-out via 
CRISPR/Cas9. The diagram indicates the KO strategy. (SEQ 
ID NO: 8 is the WT exon, and SEQ ID NO: 9 is the edited 
exon). 
[0036] FIGS. 26A and B show pluripotency of CD54 KO 
PSCs. (26A) Cells are positive for SSEA-4 by flow cytom­
etry. (26B) Cells are alkaline phosphatase positive. For both 
A and B, isogenic WT and KO are show left and right, 
respectively. These data demonstrate that we have success­
fully generated multiple lines and they maintain pluripo­
tency i.e, are bone fide PSCs. 
[0037] FIG. 27 shows LFA-1 and MAC-1 Staining on 
Immune Cells. LFA-1 and MAC-1 are both ligands for 
ICAM-1 (CD54) and are present at differing levels on many 
immune cells. We stained peripheral blood lymphocytes 
(left), monocytes (middle), and monocytic lymphoma line 
U937 (right) for anti-LFA-1 and anti-MAC-I antibodies, 
acquiring the data by flow cytometry. These data demon­
strate that immune cells have the ligand for ICAM-1, 
binding of which is disrupted in our KO lines. 
[0038] FIG. 28 shows blocking ICAM-1 Inhibits Immune 
Cell Binding. PSC derived endothelial cells were stimulated 
with TNFa and IFNg for 48 h, thenICAM-1 was blocked via 
antibody incubation. Ecs were then co-cultured briefly with 
U937 monocytic leukemia cells and peripheral blood mono­
nuclear cells (PBMCs, a mixture oflymphocytes and mono-
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cytes ). The immune cells were washed off, with all wells 
being treated equally. Images of fluorescently labeled 
immune cells co-cultured with Ecs were acquired. Image J 
software was used to quantify bound cells. Five regions of 
interest were imaged and quantified, data summarized in 
plot. These data demonstrates that blocking ICAM-1 inhibits 
binding ofLFA-1 and/or MAC-1 and thus diminishes bind­
ing of multiple types of immune cells. 
[0039] FIGS. 29A and B shows static Immune Cell Adhe­
sion Assay. H9 WT and CD54KO PSCs were differentiated 
into endothelial cells (ECs), stimulated with TNFa and IFNg 
for 48 h, and then co-cultured briefly with U937 monocytic 
leukemia cells. The U937 cells were washed off, with all 
wells being treated equally. (29A) Images of fluorescently 
labeled U937 cells co-cultured with ECs. Image J software 
was used to quantify bound cells. Five regions of interest 
were imaged and quantified, data summarized in (29B). 
These data are representative of n=3 repeat experiments. 
Results were consistent with low purity and high purity 
PSC-ECs. The importance of these data is that they support 
our hypothesis of ICAM-1 KO resulting in significantly 
reduced immune cell binding, in this case to a potential 
PSC-derived cell therapy. 

DETAILED DESCRIPTION 

[0040] The disclosure provides for improving allogeneic 
cell tolerance, including methods of making cells that have 
reduced immunogenicity after grafting, e.g., transplant, and 
methods of using those cells. For example, there are certain 
adhesion proteins on cells that immune cells use for attach­
ing/binding to the cells, which is one of the first steps in the 
immune cell rejecting cells that are not self. As disclosed 
herein, knocking expression of one or more of those proteins 
down or out in stem cells such as pluripotent stem cells was 
found to inhibit or prevent immune cells from attaching to 
differentiated cells arising from the modified stem cells that 
can be used as therapeutics. Thus, the resulting cells can be 
used to treat a wide variety of diseases including, but not 
limited to cardiovascular disease, diabetes, neurological 
disorders, liver diseases, and viral infection. For example, 
the cells may be PSC-beta islets ( diabetes), PSC-hepatocytes 
(liver disease), PSC-neurons and neural subtypes (neuro­
logical diseases), PSC-endothelial cells (vascular disease), 
however, any cell type may benefit from knocking out 
expression that results in diminished immune system rec­
ognition. 
[0041] As used herein, reduced immunogenicity means 
cells are less likely to be engaged with and/or rejected by 
any immune cell(s). Reduced immunogenicity can be shown 
by reduced binding to immune cells. Reduced immunoge­
nicity can also be shown as a diminished proliferative 
response from T cells upon encountering ICAM-1 KO cells 
such as via mixed lymphocyte reaction (MLR). Further, in 
vivo in the NeoTHy humanized mouse, the KO cells persist 
longer than the WT cells. This means that the immune 
system does not recognize and reject them as well as it does 
the WT cells. 
[0042] In an aspect, an in vitro method of preparing a 
population of hypoimmune mammalian stem cells com­
prises providing a population of isolated mammalian stem 
cells, wherein the isolated mammalian stem cells express a 
cell adhesion molecule; and modifying the expression of the 
cell adhesion molecule in the population of isolated mam­
malian stem cells to decrease or knockout expression of the 
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cell adhesion molecule and provide the population of hypo­
immune mammalian cells. In an aspect, the population of 
hypoimmune mammalian cells is less immunogenic than the 
corresponding population of isolated mammalian stem cells, 
wherein less immunogenic is as defined above. The popu­
lation of isolated mammalian stem cells can comprise 
pluripotent stem cells, or embryonic stem cells, and can be 
human or non-human stem cells. 
[0043] In one embodiment, the one or more mammalian 
stem cells are non-human stem cells, e.g., non-human pri­
mate, bovine, equine, canine, feline, caprine, swine, murine, 
or ovine stem cells. Thus, the knockout cells may be used in 
xenotransplantation studies, e.g., in addition to the various 
current gene edits that are made in pigs, a CD54 knockout 
may improve transplants and/or make them less likely to be 
rejected by human immune cells. 
[0044] Thus, in one embodiment, isolated immune evad­
ing (hypoimmune) stem cells are provided, e.g., human 
pluripotent stem cells such as induced human pluripotent 
stem cells (iPSCs) or human embryonic stem cells, which 
have decreased or lack expression ("knock down" or "knock 
out") of one or more cell adhesion molecules, e.g., as a result 
of gene editing of one or more alleles (producing heterozy­
gotes or homo zygotes) or other approaches to inhibit expres­
sion such as inhibitory RNAs (siRNA, shRNA, miRNA, 
antisense oligonucleotides, etc.). Gene editing can include 
CRISPR intervention, e.g., using Cas13 or dCas9, and the 
like. In one embodiment, a CRISPR gene edit may be 
employed to insert a stop codon in a gene, e.g., in an open 
reading frame, and thus prevent expression of a functional 
gene product. The population of hypoimmune mammalian 
stem cells may be differentiated into any cell type or a 
plurality of cell types, e.g., differentiated into cardiomyo­
cytes or endothelial cells, where the target adhesion protein 
(s) remained knocked down or knocked out in the differen­
tiated cells. Exemplary adhesion proteins include, but are 
not limited to, CD54 (ICAM-1), ICAM-2, ICAM-3, ICAM-
4, ICAM-5, VCAM, MADCAM-1, P-selectin, E-selectin, 
L-selectin, integrins, focal adhesion molecules, extracellular 
matrix molecules, co-stimulatory molecules, and other mol­
ecules involved in the immune synapse and/or tethering, 
rolling, and extravasation. 
[0045] In one embodiment, the isolated cells, e.g., isolated 
stem cells such as pluripotent stem cells or differentiated 
cells, e.g., T cells or other immune cells, such as hematopoi­
etic stem or progenitor cells, cardiomyocytes, fibroblasts, 
endothelial cells, lack or have reduced expression of CD54 
or other adhesion molecule(s), or lack or have reduced 
expression of a combination of adhesion molecules. Those 
cells allow for methods of preventing or inhibiting transplant 
rejection of differentiated cells that involves knocking down 
or knocking out expression of one or more adhesion proteins 
in those cells. For example, a CD54-KO PSC-derived T cell, 
e.g., a CD4 T cell, may be resistant to HIV infection. 
[0046] As described herein, gene editing was employed 
with different pluripotent stem cells lines, e.g., H9, Hl, 
PED05, PED04 or derivatives thereof, and the resulting 
knock down or knock out lines were differentiated, e.g., to 
cardiomyocytes, endothelial cells or fibroblasts, to show that 
the cells can differentiate with no apparent defect after 
knocking down (or knocking out) CD54. For instance, 
cardiomyocytes with a CD54 knockout have a normal 
karyotype and there are no apparent defects in morphology, 
e.g., they look to be exactly normal, and they behave 
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similarly, e.g., with regard to contractility and/or differen­
tiation efficiency. The differentiated cells may be tested to 
determine their immune cell recognition properties. For 
example, a CD54-knockout PSC-derived T cell, may be 
resistant to HIV infection. Thus, any PSC immune cell 
knockout including T cells (including regulator T cells, 
effector T cells, and other subsets), B cells, NK cells, 
monocytes, macrophages, dendritic cells and the like may be 
prepared and employed in vivo methods. 
[0047] In one embodiment, the population of isolated 
mammalian stem cells have reduced or lack expression of 
one or more different HLA Class I molecules, one or more 
different HLA Class II molecules, Beta-2 microglobulin, or 
have increased expression of CD47, PDLl, secretin, or 
CTLA4, or any combination thereof or modified versions 
thereof ( e.g., Class II activator (CIITA) or secreted CTLA4-
Ig instead of membrane bound CTLA-4). The edits 
described herein can improve the function of existing gene 
edits (e.g., by increasing the number of immune cells that 
become unresponsive to those existing edits/lines, by aug­
menting the existing edits/lines to improve their immune 
evasion ability in specific contexts such as when the grafts 
are vascular in nature, etc.). 
[0048] In one embodiment, the method includes isolating, 
expanding, and/or differentiating, or any combination 
thereof, the population of hypoimmune mammalian stem 
cells. In one embodiment, the expanded population ofhypo­
immune mammalian stem cells is differentiated. In one 
embodiment, the isolated cell is differentiated. In one 
embodiment, the population of hypoimmune mammalian 
stem cells are differentiated to an endothelial cell, cardiac 
cell, fibroblast cell, pancreatic cell, neural cell, hematopoi­
etic, lymphoid, or islet cell. In one embodiment, the differ­
entiated cell is a cardiomyocyte or a neuron. Also provided 
are hypoimmune mammalian stem cells, e.g., a population 
of hypoimmune cells, produced by the method. 
[0049] In one embodiment, a population of hypoimmune 
mammalian stem cells have reduced or lack expression of 
one or more adhesion molecules as a result of genetic 
modification, e.g., relative to mammalian stem cells or 
differentiated mammalian cells without the genetic modifi­
cation, are provided. In one embodiment, the genetic modi­
fication is to two alleles of a gene encoding an adhesion 
molecule (a null mutation that is homozygous). In one 
embodiment, the isolated hypoimmune mammalian cells 
have reduced or lack expression of ICAM-1, ICAM-2, 
ICAM-3, ICAM-4, ICAM-5, VCAM, MADCAM-1, CD54, 
P-selectin, E-selectin, L-selectin or a combination thereof. 
In one embodiment, the parent cell is an MHC-1/2 knockout 
line, thereby providing an additive effect. In one embodi­
ment, the parent cell is a hypoimmune mammalian cell that 
has reduced or lacks expression of CD54, P-selectin, E-se­
lectin, L-selectin, or a combination thereof, which is then 
modified to knockout MHCl and/or MHC2. In one embodi­
ment, the resulting cells, or the parent, overexpress HLA-E 
and/or CD4 7 optionally as a result of a genetic modification. 
The population of hypoimmune mammalian stem cells may 
be differentiated to endothelial cells, cardiac cells, fibro­
blasts, pancreatic cells, neural cells, or islet cells. 
[0050] Also provided is a graft comprising a plurality of 
one or more hypoimmune differentiated mammalian cell 
types, wherein the cells are hypoimmune as a result of 
reduced or a lack of expression of one or more adhesion 
molecules. In one embodiment, the hypoimmune differen-
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tiated mammalian cell is a hematopoietic cell, a lymphoid 
cell, an endothelial cell, cardiac cell, fibroblast cell, pancre­
atic cell, neural cell, or islet cell. In one embodiment, the 
mammalian cell is a human cell. In one embodiment, the 
graft comprises endothelial cells, fibroblasts and cardiomyo­
cytes. Also provided is a method of using the graft, e.g., by 
introducing it to a mammal in need thereof. In one embodi­
ment, the mammal is a human. In one embodiment, the 
hypoimmune cells are administered as part of a delivery 
device such as a patch applied to the heart, a bioengineered 
blood vessel, or an engineered organ which may be com­
prised of multiple PSC-derived cell types. 
[0051] In one embodiment, a method to augment cellular 
function in a mammal in need thereof is provided comprises 
administering to the mammal an effective amount of the 
isolated hypoimmune mammalian stem cells or differenti­
ated cells. In one embodiment, the mammal is a human. In 
one embodiment, the mammal is a non-human primate, 
canine, feline, bovine, equine, swine, ovine, or caprine. In 
one embodiment, the differentiated cells comprise one or 
more of endothelial cells, cardiomyocytes, fibroblast cells, 
neurons, hematopoietic cells, lymphoid cells, or islet cells. 
[0052] Further provided is a method to prevent, inhibit or 
treat neurological degeneration in a mammal comprises 
administering to the mammal an effective amount of a 
composition comprising hypoimmune neural cells that have 
reduced or lack expression of one or more adhesion mol­
ecules as a result of genetic modification. In one embodi­
ment, the composition is administered to the central nervous 
system. In one embodiment, the composition is injected. In 
one embodiment, the composition is intracerebroventricu­
larly administered. In one embodiment, the mammal is a 
human. In one embodiment, the mammal is a human with 
Alzheimer's disease or has had a stroke, and is administered 
hypoimmune PSC-neurons and/or neural subsets. 
[0053] In one embodiment, a method to prevent, inhibit or 
treat diabetes in a mammal is provided comprises adminis­
tering to the mammal an effective amount of a composition 
comprising hypoimmune islet cells that have reduced or lack 
expression of one or more adhesion molecules as a result of 
genetic modification. In one embodiment, the composition is 
systemically administered. In one embodiment, the compo­
sition is injected. In one embodiment, the composition is 
administered to the portal vein. In one embodiment, the 
mammal is a human. In one embodiment, the cells are PCS 
islet cells. In one embodiment, the composition comprises a 
scaffold for the hypoimmune cells which is then implanted 
in the mammal. 
[0054] A method to prevent, inhibit or treat vascular 
disease in a mammal is provided. The method includes 
administering to the mammal an effective amount of a 
composition comprising hypoimmune endothelial cells that 
have reduced or lack expression of one or more adhesion 
molecules as a result of genetic modification. In one embodi­
ment, the mammal has peripheral vascular disease. In one 
embodiment, the mammal has, had or is at risk of a myo­
cardial infarction. In one embodiment, the composition is 
injected. In one embodiment, the composition is systemi­
cally administered. In one embodiment, the mammal is a 
human. In one embodiment, the composition is a vascular 
graft comprising the hypoimmune cells. 
[0055] Also provided is a method to prevent, inhibit or 
treat myocardial disease in a mammal, comprises adminis­
tering to the mammal an effective amount of a composition 
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comprising hypoimmune cardiomyocytes that have reduced 
or lack expression of one or more adhesion molecules as a 
result of genetic modification. In one embodiment, the 
composition is injected. In one embodiment, the composi­
tion is administered to the heart. In one embodiment, the 
composition also comprises hypoimmune fibroblasts, hypo­
immune endothelial cells, or both. In one embodiment, the 
mammal is a human. In one embodiment, the composition is 
a patch comprising the hypoimmune cells. 
[0056] In one embodiment, the hypoimmune cells are part 
of a bioengineered organ or portion thereof, e.g., a decellu­
larized organ or portion thereof is seeded with one or more 
different types hypoimmune cells. 
[0057] Also provided is a method to control or increase 
resistance to viral infection or replication in a mammal in 
need thereof, comprising: administering to the mammal an 
effective amount of a composition comprising hypoimmune 
immune cells that have reduced or lack expression of one or 
more adhesion molecules as a result of genetic modification. 
In one embodiment, the composition is injected. In one 
embodiment, the mammal is a human. In one embodiment, 
the virus is a lentivirus such as HIV. In one embodiment, the 
virus is a rhinovirus or another virus that infects immune 
cells. 
[0058] In an aspect, the_in vitro method of preparing a 
population of hypoimmune mammalian stem cells may 
include the use of a delivery vector. Delivery vectors 
include, for example, plasmids, viral vectors, liposomes and 
other lipid-containing complexes, such as lipoplexes (DNA 
and cationic lipids), polyplexes, e.g., DNA complexed with 
cationic polymers such as polyethylene glycol, nanopar­
ticles, e.g., magnetic inorganic nanoparticles that bind or are 
functionalized to bind DNA such as Fe30 4 or Mn02 nan­
oparticles, microparticles, e.g., formed of polylactide poly­
galactide reagents, nanotubes, e.g., silica nanotubes, and 
other macromolecular complexes capable of mediating 
delivery of a gene to a host cell. Vectors can also comprise 
other components or functionalities that further modulate 
nucleic acid delivery and/or gene expression, or that other­
wise provide beneficial properties to the targeted cells. Such 
other components include, for example, components that 
influence binding or targeting to cells (including compo­
nents that mediate cell-type or tissue-specific binding); 
components that influence uptake of the vector by the cell; 
components that influence localization of the transferred 
gene within the cell after uptake (such as agents mediating 
nuclear localization); and components that influence expres­
sion of the gene. Such components also might include 
markers, such as detectable and/or selectable markers that 
can be used to detect or select for cells that have taken up 
and are expressing the nucleic acid delivered by the vector. 
A large variety of such vectors are known in the art and are 
generally available. 
[0059] Exemplary nucleic acid delivery vehicles deliver 
guide RNAs, siRNA or vectors for expression thereof, and 
coding sequences for recombinases including CRISPR, 
TALEN s and zinc finger proteins, or combinations thereof, 
among others. Other delivery vehicles may include proteins, 
such as a recombinase or antibody or fragment thereof, or 
non-protein, non-nucleic acid molecules, optionally in con­
junction with nucleic acid. 
[0060] Nucleic acid delivery vectors within the scope of 
the disclosure include, but are not limited to, isolated nucleic 
acid, e.g., plasmid-based vectors which may be extrachro-
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mosomally maintained, and viral vectors, e.g., recombinant 
adenovirus, retrovirus, lentivirus, herpesvirus, poxvirus, 
papilloma virus, or adeno-associated virus, including viral 
and non-viral vectors which are present in liposomes, e.g., 
neutral or cationic liposomes, such as DOSPA/DOPE, 
DOGS/DOPE or DMRIE/DOPE liposomes, and/or associ­
ated with other molecules such as DNA-anti-DNA antibody­
cationic lipid (DOTMA/DOPE) complexes. Exemplary vec­
tors are described below. Nucleic acid delivery vectors may 
be administered via any route including, but not limited to, 
intracranial, intrathecal, intramuscular, buccal, rectal, intra­
venous or intracoronary administration, and transfer to cells 
may be enhanced using electroporation and/or iontophore­
sis, and/or scaffolding such as extracellular matrix or hydro­
gels, e.g., a hydrogel patch. 

[0061] The CRISPR/Cas System: The Type II CRISPR is 
a well characterized system that carries out targeted DNA 
double-strand break in four sequential steps. First, two 
non-coding RNA, the pre-crRNA array and tracrRNA, are 
transcribed from the CRISPR locus. Second, tracrRNA 
hybridizes to the repeat regions of the pre-crRNA and 
mediates the processing of pre-crRNA into mature crRNAs 
containing individual spacer sequences. Third, the mature 
crRNA:tracrRNA complex directs Cas9 to the target DNA 
via Watson-Crick base-pairing between the spacer on the 
crRNA and the protospacer on the target DNA next to the 
protospacer adjacent motif (PAM), an additional require­
ment for target recognition. Finally, Cas9 mediates cleavage 
of target DNA to create a double-stranded break within the 
protospacer. Activity of the CRISPR/Cas system comprises 
of three steps: (i) insertion of alien DNA sequences into the 
CRISPR array to prevent future attacks, in a process called 
adaptation, (ii) expression of the relevant proteins, as well as 
expression and processing of the array, followed by (iii) 
RNA-mediated interference with the alien nucleic acid. 
Thus, in the bacterial cell, several of the so-called Cas 
proteins are involved with the natural function of the 
CRISPR/Cas system. The primary products of the CRIS PR 
loci appear to be short RNAs that contain the invader 
targeting sequences, and are termed guide RNAs. 

[0062] "Casi" polypeptide refers to CRISPR associated 
(Cas) protein!. Casi (COG1518 in the Clusters ofOrtholo­
gous Group of proteins classification system) is the best 
marker of the CRISPR-associated systems (CASS). Based 
on phylogenetic comparisons, seven distinct versions of the 
CRISPR-associated immune system have been identified 
(CASS 1-7). Cas 1 polypeptide used in the methods described 
herein can be any Casi polypeptide present in any prokary­
ote. In certain embodiments, a Casi polypeptide is a Casi 
polypeptide of an archaeal microorganism. In certain 
embodiments, a Casi polypeptide is a Casi polypeptide of 
a Euryarchaeota microorganism. In certain embodiments, a 
Casi polypeptide is a Casi polypeptide of a Crenarchaeota 
microorganism. In certain embodiments, a Casi polypeptide 
is a Casi polypeptide of a bacterium. In certain embodi­
ments, a Casi polypeptide is a Casi polypeptide of a gram 
negative or gram positive bacteria. In certain embodiments, 
a Casi polypeptide is a Casi polypeptide of Pseudomonas 
aeruginosa. In certain embodiments, a Casi polypeptide is 
a Casi polypeptide of Aquifex aeolicus. In certain embodi­
ments, a Casi polypeptide is a Cast polypeptide that is a 
member of one of CASsl-7. In certain embodiments, Casi 
polypeptide is a Casi polypeptide that is a member of 
CASS3. In certain embodiments, a Casi polypeptide is a 
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Casi polypeptide that is a member of CASS7. In certain 
embodiments, a Cast polypeptide is a Casi polypeptide that 
is a member of CASS3 or CASS7. 
[0063] In some embodiments, a Cast polypeptide is 
encoded by a nucleotide sequence provided in GenBank at, 
e.g., GeneID number: 2781520, 1006874, 9001811, 947228, 
3169280, 2650014, 1175302, 3993120, 4380485, 906625, 
3165126, 905808, 1454460, 1445886, 1485099, 4274010, 
888506, 3169526, 997745, 897836, or 1193018 and/or an 
amino acid sequence exhibiting homology ( e.g., greater than 
80%, 90 to 99% including 91 %, 92%, 93%, 94%, 95%, 96%, 
97%, 98% or 99%) to the amino acids encoded by these 
polynucleotides and which polypeptides function as Casi 
polypeptides. 
[0064] There are three types of CRISPR/Cas systems 
which all incorporate RNAs and Cas proteins. Types I and 
III both have Cas endonucleases that process the pre­
crRNAs, that, when fully processed into crRNAs, assemble 
a multi-Cas protein complex that is capable of cleaving 
nucleic acids that are complementary to the crRNA. 
[0065] In type II CRISPR/Cas systems, crRNAs are pro­
duced using a different mechanism where a trans-activating 
RNA (tracrRNA) complementary to repeat sequences in the 
pre-crRNA, triggers processing by a double strand-specific 
RNase III in the presence of the Cas9 protein. Cas9 is then 
able to cleave a target DNA that is complementary to the 
mature crRNA however cleavage by Cas 9 is dependent both 
upon base-pairing between the crRNA and the target DNA, 
and on the presence of a short motif in the crRNA referred 
to as the PAM sequence (protospacer adjacent motif). In 
addition, the tracrRNA must also be present as it base pairs 
with the crRNA at its 3' end, and this association triggers 
Cas9 activity. 
[0066] The Cas9 protein has at least two nuclease 
domains: one nuclease domain is similar to a HNH endo­
nuclease, while the other resembles a Ruv endonuclease 
domain. The HNH-type domain appears to be responsible 
for cleaving the DNA strand that is complementary to the 
crRNA while the Ruv domain cleaves the non-complemen­
tary strand. 
[0067] The requirement of the crRNA-tracrRNA complex 
can be avoided by use of an engineered "single-guide RNA" 
(sgRNA) that comprises the hairpin normally formed by the 
annealing of the crRNA and the tracrRNA. In S. pyrogenes, 
the engineered tracrRNA:crRNA fusion, or the sgRNA, 
guides Cas9 to cleave the target DNA when a double strand 
RNA:DNA heterodimer forms between the Cas associated 
RNAs and the target DNA. This system comprising the Cas9 
protein and an engineered sgRNA. 
[0068] "Cas polypeptide" encompasses a full-length Cas 
polypeptide, an enzymatically active fragment of a Cas 
polypeptide, and enzymatically active derivatives of a Cas 
polypeptide or fragment thereof. Exemplary derivatives of a 
Cas polypeptide or a fragment thereof include but are not 
limited to mutants, fusions, covalent modifications of Cas 
protein or a fragment thereof. 
[0069] RNA Components of CRISPR/Cas: The Cas9 
related CRISPR/Cas system comprises two RNA non-cod­
ing components: tracrRNA and a pre-crRNA array contain­
ing nuclease guide sequences (spacers) interspaced by iden­
tical direct repeats (DRs). To use a CRISPR/Cas system to 
accomplish genome engineering, both functions of these 
RN As must be present. In some embodiments, the tracrRNA 
and pre-crRNAs are supplied via separate expression con-
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structs or as separate RNAs. In other embodiments, a 
chimeric RNA is constructed where an engineered mature 
crRNA ( conferring target specificity) is fused to a tracrRNA 
(supplying interaction with the Cas9) to create a chimeric 
cr-RNA-tracrRNAhybrid (also termed a single guide RNA). 
[0070] Chimeric or sgRNAs can be engineered to com­
prise a sequence complementary to any desired target. The 
RN As comprise 22 bases of complementarity to a target and 
of the form G[Nl9], followed by a protospacer-adjacent 
motif (PAM) of the form NGG. Thus, in one method, 
sgRNAs can be designed by utilization of a known ZFN 
target in a gene of interest by (i) aligning the recognition 
sequence of the ZFN heterodimer with the reference 
sequence of the relevant genome (human, mouse, or of a 
particular plant species); (ii) identifying the spacer region 
between the ZFN half-sites; (iii) identifying the location of 
the motif G[N20]GG that is closest to the spacer region 
(when more than one such motif overlaps the spacer, the 
motif that is centered relative to the spacer is chosen); (iv) 
using that motif as the core of the sgRNA. This method 
advantageously relies on proven nuclease targets. Alterna­
tively, sgRNAs can be designed to target any region of 
interest simply by identifying a suitable target sequence that 
conforms to the G[N20]GG formula. 
[0071] Donors: As noted above, insertion of an exogenous 
sequence (also called a "donor sequence" or "donor" or 
"transgene" or "gene of interest"), for example for correc­
tion of a mutant gene or for increased expression of a 
wild-type gene. It will be readily apparent that the donor 
sequence is typically not identical to the genomic sequence 
where it is placed. A donor sequence can contain a non­
homologous sequence flanked by two regions of homology 
to allow for efficient HDR at the location of interest. 
Alternatively, a donor may have no regions of homology to 
the targeted location in the DNA and may be integrated by 
NHEJ-dependent end joining following cleavage at the 
target site. Additionally, donor sequences can comprise a 
vector molecule containing sequences that are not homolo­
gous to the region of interest in cellular chromatin. A donor 
molecule can contain several, discontinuous regions of 
homology to cellular chromatin. For example, for targeted 
insertion of sequences not normally present in a region of 
interest, said sequences can be present in a donor nucleic 
acid molecule and flanked by regions of homology to 
sequence in the region of interest. 
[0072] The donor polynucleotide can be DNA or RNA, 
single-stranded and/or double-stranded and can be intro­
duced into a cell in linear or circular form. If introduced in 
linear form, the ends of the donor sequence can be protected 
(e.g., from exonucleolytic degradation) by methods known 
to those of skill in the art. For example, one or more 
dideoxynucleotide residues are added to the 3' terminus of a 
linear molecule and/or self-complementary oligonucleotides 
are ligated to one or both ends. Additional methods for 
protecting exogenous polynucleotides from degradation 
include, but are not limited to, addition of terminal amino 
group(s) and the use of modified internucleotide linkages 
such as, for example, phosphorothioates, phosphoramidates, 
and O-methyl ribose or deoxyribose residues. 
[0073] A polynucleotide can be introduced into a cell as 
part of a vector molecule having additional sequences such 
as, for example, replication origins, promoters and genes 
encoding antibiotic resistance. Moreover, donor polynucle­
otides can be introduced as naked nucleic acid, as nucleic 
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acid complexed with an agent such as a liposome or polox­
amer, or can be delivered by viruses (e.g., adenovirus, AAV, 
herpesvirus, retrovirus, lentivirus and integrase defective 
lentivirus (IDLY)). 
[0074] The donor is generally inserted so that its expres­
sion is driven by the endogenous promoter at the integration 
site, namely the promoter that drives expression of the 
endogenous gene into which the donor is inserted (e.g., 
highly expressed, albumin, AAVSl, HPRT, etc.). However, 
it will be apparent that the donor may comprise a promoter 
and/or enhancer, for example a constitutive promoter or an 
inducible or tissue specific promoter. 
[0075] The donor molecule may be inserted into an endog­
enous gene such that all, some or none of the endogenous 
gene is expressed. For example, a transgene as described 
herein may be inserted into an albumin or other locus such 
that some (N-terminal and/or C-terminal to the transgene 
encoding the lysosomal enzyme) or none of the endogenous 
albumin sequences are expressed, for example as a fusion 
with the transgene encoding the lysosomal sequences. In 
other embodiments, the transgene (e.g., with or without 
additional coding sequences such as for albumin) is inte­
grated into any endogenous locus, for example a safe-harbor 
locus. See, e.g., U.S. Patent Publication Nos. 2008/0299580; 
2008/0159996; and 2010/0218264. 
[0076] When endogenous sequences (endogenous or part 
of the trans gene) are expressed with the transgene, the 
endogenous sequences (e.g., albumin, etc.) may be full­
length sequences (wild-type or mutant) or partial sequences. 
The endogenous sequences may be functional. Non-limiting 
examples of the function of these full length or partial 
sequences ( e.g., albumin) include increasing the serum half­
life of the polypeptide expressed by the transgene (e.g., 
therapeutic gene) and/or acting as a carrier. 
[0077] Furthermore, although not required for expression, 
exogenous sequences may also include transcriptional or 
translational regulatory sequences, for example, promoters, 
enhancers, insulators, internal ribosome entry sites, 
sequences encoding 2A peptides and/or polyadenylation 
signals. 
[0078] Other Editing Systems: According to another 
embodiment, besides the clustered regularly interspaced 
short palindromic repeats (CRISPR/Cas) system, the 
genome editing method of the disclosure could involve any 
other form of genome editing, such as meganucleases, zinc 
finger nucleases (ZFNs), transcription activator-like effec­
tor-based nucleases (TALEN), as well as RNA editing of the 
precursor mRNAs containing such intronic sequences via 
CRISPR/Casl2a, CRISPR/Casl3, or other related genome 
editing approaches. 
[0079] In some embodiments, the agent for altering the 
target gene is a TALEN system or its equivalent. The term 
TALEN or "Transcriptional Activator-Like Element Nucle­
ase" or "TALE nuclease" as used herein, refers to an 
artificial nuclease comprising a transcriptional activator like 
effector DNA binding domain to a DNA cleavage domain, 
for example, a Fokl domain. A number of modular assembly 
schemes for generating engineered TALE constructs have 
been reported. 
[0080] Those of skill in the art will understand that TALE 
nucleases can be engineered to target virtually any genomic 
sequence with high specificity, and that such engineered 
nucleases can be used in embodiments of the present tech­
nology to manipulate the genome of a cell, e.g., by deliv-
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ering the respective TALEN via a method or strategy dis­
closed herein under circumstances suitable for the TALEN 
to bind and cleave its target sequence within the genome of 
the cell. In some embodiments, the delivered TALEN targets 
a gene or allele associated with a target circRNA. In some 
embodiments, delivery of the TALEN to a subject confers a 
therapeutic benefit to the subject, such as reducing, elimi­
nating expressing a circRNA in a subject in need thereof. 
[0081] In some embodiments, the target gene of a cell, 
tissue, organ or organism is altered by a nuclease delivered 
to the cell via a strategy or method disclosed herein, e.g., 
CRISPR/cas-9, a TALEN, or a zinc-finger nuclease, or a 
plurality or combination of such nucleases. In some embodi­
ments, a single- or double-strand break is introduced at a 
specific site within the genome by the nuclease, resulting in 
a disruption of the target genomic sequence, such as an 
intronic regulatory sequence. 
[0082] The term "zinc finger," as used herein, refers to a 
small nucleic acid-binding protein structural motif charac­
terized by a fold and the coordination of one or more zinc 
ions that stabilize the fold. Zinc fingers encompass a wide 
variety of differing protein structures. Zinc fingers can be 
designed to bind a specific sequence of nucleotides, and zinc 
finger arrays comprising fusions of a series of zinc fingers, 
can be designed to bind virtually any desired target 
sequence. Such zinc finger arrays can form a binding domain 
of a protein, for example, of a nuclease, e.g., if conjugated 
to a nucleic acid cleavage domain. Different types of zinc 
finger motifs are known to those of skill in the art, including, 
but not limited to, Cys2His2, Gag knuckle, Treble clef, Zinc 
ribbon, Zn2/Cys6, and TAZ2 domain-like motifs. Typically, 
a single zinc finger motif binds 3 or 4 nucleotides of a 
nucleic acid molecule. Accordingly, a zinc finger domain 
comprising 2 zinc finger motifs may bind 6-8 nucleotides, a 
zinc finger domain comprising 3 zinc finger motifs may bind 
9-12 nucleotides, a zinc finger domain comprising 4 zinc 
finger motifs may bind 12-16 nucleotides, and so forth. Any 
suitable protein engineering technique can be employed to 
alter the DNA-binding specificity of zinc fingers and/or 
design zinc finger fusions to bind virtually any desired target 
sequence from 3-30 nucleotides in length. 
[0083] Fusions between engineered zinc finger arrays and 
protein domains that cleave a nucleic acid can be used to 
generate a "zinc finger nuclease." A zinc finger nuclease 
typically comprises a zinc finger domain that binds a specific 
target site within a nucleic acid molecule, and a nucleic acid 
cleavage domain that cuts the nucleic acid molecule within 
or in proximity to the target site bound by the binding 
domain. Typical engineered zinc finger nucleases comprise 
a binding domain having between 3 and 6 individual zinc 
finger motifs and binding target sites ranging from 9 base 
pairs to 18 base pairs in length. Longer target sites are 
particularly attractive in situations where it is desired to bind 
and cleave a target site that is unique in a given genome. 
[0084] In some embodiments, the agent for altering gene 
expression is a zinc finger nuclease or other equivalent. The 
term "zinc finger nuclease" as used herein, refers to a 
nuclease comprising a nucleic acid cleavage domain conju­
gated to a binding domain that comprises a zinc finger array. 
In some embodiments, the cleavage domain is the cleavage 
domain of the type II restriction endonuclease Fokl. Zinc 
finger nucleases can be designed to target virtually any 
desired sequence in a given nucleic acid molecule for 
cleavage, and the possibility to design zinc finger binding 
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domains to bind unique sites in the context of complex 
genomes allows for targeted cleavage of a single genomic 
site in living cells, for example, to achieve a targeted 
genomic alteration of therapeutic value. Targeting a double­
strand break to a desired genomic locus can be used to 
introduce frame-shift mutations into the coding sequence of 
a gene due to the error-prone nature of the non-homologous 
DNA repair pathway. 
[0085] Zinc finger nucleases can be generated to target a 
site of interest by methods well known to those of skill in the 
art. For example, zinc finger binding domains with a desired 
specificity can be designed by combining individual zinc 
finger motifs of known specificity. The structure of the zinc 
finger protein Zif268 bound to DNA has informed much of 
the work in this field and the concept of obtaining zinc 
fingers for each of the 64 possible base pair triplets and then 
mixing and matching these modular zinc fingers to design 
proteins with any desired sequence specificity has been 
described. 
[0086] In some embodiments, separate zinc fingers that 
each recognize a 3 base pair DNA sequence are combined to 
generate 3-, 4-, 5-, or 6-finger arrays that recognize target 
sites ranging from 9 base pairs to 18 base pairs in length. In 
some embodiments, longer arrays are contemplated. In other 
embodiments, 2-finger modules recognizing 6-8 nucleotides 
are combined to generate 4-, 6-, or 8-zinc finger arrays. In 
some embodiments, bacterial or phage display is employed 
to develop a zinc finger domain that recognizes a desired 
nucleic acid sequence, for example, a desired nuclease target 
site of 3-30 bp in length. 
[0087] Zinc finger nucleases, in some embodiments, com­
prise a zinc finger binding domain and a cleavage domain 
fused or otherwise conjugated to each other via a linker, for 
example, a polypeptide linker. The length of the linker 
determines the distance of the cut from the nucleic acid 
sequence bound by the zinc finger domain. If a shorter linker 
is used, the cleavage domain will cut the nucleic acid closer 
to the bound nucleic acid sequence, while a longer linker 
will result in a greater distance between the cut and the 
bound nucleic acid sequence. In some embodiments, the 
cleavage domain of a zinc finger nuclease has to dimerize in 
order to cut a bound nucleic acid. In some such embodi­
ments, the dimer is a heterodimer of two monomers, each of 
which comprise a different zinc finger binding domain. For 
example, in some embodiments, the dimer may comprise 
one monomer comprising zinc finger domain A conjugated 
to a Fokl cleavage domain, and one monomer comprising 
zinc finger domain B conjugated to a FokI cleavage domain. 
In this non-limiting example, zinc finger domain A binds a 
nucleic acid sequence on one side of the target site, zinc 
finger domain B binds a nucleic acid sequence on the other 
side of the target site, and the dimerize Fokl domain cuts the 
nucleic acid in between the zinc finger domain binding sites. 
[0088] siRNA: siRNA delivery vectors within the scope of 
the disclosure include, but are not limited to, isolated nucleic 
acid, e.g., plasmid-based vectors which may be extrachro­
mosomally maintained, and viral vectors, e.g., recombinant 
adenovirus, retrovirus, lentivirus, herpesvirus, poxvirus, 
papilloma virus, or adeno-associated virus, including viral 
and non-viral vectors which are present in liposomes, e.g., 
neutral or cationic liposomes, such as DOSPA/DOPE, 
DOGS/DOPE or DMRIE/DOPE liposomes, and/or associ­
ated with other molecules such as DNA-anti-DNA antibody­
cationic lipid (DOTMA/DOPE) complexes or natural or 
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synthetic polymers. Exemplary viral gene delivery vectors 
are described below. Nucleic acid delivery vectors may be 
administered via any route including, but not limited to, 
intracranial, intrathecal, intramuscular, buccal, rectal, intra­
venous or intracoronary administration, and transfer to cells 
may be enhanced using electroporation and/or iontophore­
sis, and/or scaffolding such as extracellular matrix or hydro­
gels, e.g., a hydrogel patch. 
[0089] In one embodiment, the vector is a viral vector. 
Exemplary viral vectors include, for example, retroviral 
vectors, lentivirus vectors, herpes simplex virus (HSV)­
based vectors, parvovirus-based vectors, e.g., adeno-associ­
ated virus (AAV)-based vectors, AAV-adenoviral chimeric 
vectors, and adenovirus-based vectors. These viral vectors 
can be prepared using standard recombinant DNA tech­
niques described in, for example, Sambrook et al., Molecu­
lar Cloning, a Laboratory Manual, 3rd edition, Cold Spring 
Harbor Press, Cold Spring Harbor, N.Y. (2001), andAusubel 
et al., Current Protocols in Molecular Biology, Greene 
Publishing Associates and John Wiley & Sons, New York, 
N.Y. (1994). 
[0090] Retroviral vectors: Retroviral vectors exhibit sev­
eral distinctive features including their ability to stably and 
precisely integrate into the host genome providing long-term 
transgene expression. These vectors can be manipulated ex 
vivo to eliminate infectious gene particles to minimize the 
risk of systemic infection and patient-to-patient transmis­
sion. Pseudotyped retroviral vectors can alter host cell 
tropism. 
[0091] Lentiviruses: Lentiviruses are derived from a fam­
ily of retroviruses that include human immunodeficiency 
virus and feline immunodeficiency virus. However, unlike 
retroviruses that only infect dividing cells, lentiviruses can 
infect both dividing and nondividing cells. Although lenti­
viruses have specific tropisms, pseudotyping the viral enve­
lope with vesicular stomatitis virus yields virus with a 
broader range. 
[0092] Adenoviral vectors: Adenoviral vectors may be 
rendered replication-incompetent by deleting the early (ElA 
and ElB) genes responsible for viral gene expression from 
the genome and are stably maintained into the host cells in 
an extrachromosomal form. These vectors have the ability to 
transfect both replicating and nonreplicating cells. Adeno­
viral vectors have been shown to result in transient expres­
sion of therapeutic genes in vivo, peaking at 7 days and 
lasting approximately 4 weeks. In addition, adenoviral vec­
tors can be produced at very high titers, allowing efficient 
gene therapy with small volumes of virus. 
[0093] Adena-associated virus vectors: Recombinant 
adeno-associated viruses (rAAV) are derived from non­
pathogenic parvoviruses, evoke essentially no cellular 
immune response, and produce transgene expression lasting 
months in most systems. Moreover, like adenovirus, adeno­
associated virus vectors also have the capability to infect 
replicating and nonreplicating cells. AAV vectors include 
but are not limited to AAVl, AAV2, AAV5, AAV7, AAVS, 
AAV9 or AAVrhl0, including chimeric viruses where the 
AAV genome is from a different source than the capsid. 
[0094] Plasmid DNA vectors: Plasmid DNA is often 
referred to as "naked DNA" to indicate the absence of a 
more elaborate packaging system. Direct injection of plas­
mid DNA to myocardial cells in vivo has been accom­
plished. Plasmid-based vectors are relatively nonimmuno­
genic and nonpathogenic, with the potential to stably 
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integrate in the cellular genome, resulting in long-term gene 
expression in postmitotic cells in vivo. Furthermore, plas­
mid DNA is rapidly degraded in the blood stream; therefore, 
the chance oftransgene expression in distant organ systems 
is negligible. Plasmid DNA may be delivered to cells as part 
of a macromolecular complex, e.g., a liposome or DNA­
protein complex, and delivery may be enhanced using 
techniques including electroporation. 
[0095] Hypoimmune Cells: One hurdle preventing wide­
spread use of differentiated stem cells as therapeutics is 
immune rejection of the transplanted cells. The present 
disclosure describes a platform strategy for modifying stem 
cells such as pluripotent stem cell lines prior to cell therapy 
manufacturing. The resulting cells, including cell differen­
tiated therefrom, do not disrupt the immune system balance 
needed to prevent transplant rejection while also preventing 
tumor development, and so can be used in biomanufacturing 
differentiated stem cell therapies. 
[0096] For example, gene-editing approaches may allow 
for immune evasion of stem cells used in therapies, due to 
the nature of stem cells such as iPSCs ( clonal cell lines, 
massively scalable). However, current hypoimmune gene 
editing approaches are a "hammer" approach that may leave 
the transplanted cell grafts susceptible to malignant over­
growth and/or rampant viral infection. Additionally, there 
are redundant mechanisms of allorejection (indirect path­
way) that may result in loss of grafts in a typical clinical 
setting, even with, for example HLA-knock-out cells. The 
edit described here may circumvent these deficiencies. 
[0097] The present disclosure provides for an alternative 
mechanism of evading the immune response. Further, the 
present approach may diminish the prospects of graft loss 
via two separate but complementary mechanisms by which 
grafts are rejected, direct immune cell contact and indirect 
inflammatory processes. 
[0098] In one embodiment, PSC such as iPSC or ESC may 
be gene edited or otherwise modified, e.g., genetically, e.g., 
in GMO facilities. Banks of cells are made that are suitable 
for clinical use. In one embodiment, CD54 knock out 
(CD54-KO) stem cells (that optionally include additional 
gene edits such as B2M KO) are differentiated into cell 
therapies ( e.g., cardiomyocytes for myocardial infarction, 
endothelial cells for vascular disease, neurons for dementia, 
pancreatic islet cells for diabetes, hepatocytes for liver 
disease, T cells for HIV infection, retinal pigment epithelial 
cells for macular degeneration, and the like). These cell 
therapies can be banked and used as an as-needed cell 
therapy. The cells are transplanted into patients, e.g., as a 
therapeutic, curative and/or immune-tolerated cell therapy. 
As a result, these patients may not need to take immuno­
suppressive drugs (which have a number of non-trivial 
adverse effects) or may require lesser amounts of immuno­
suppressive drugs because the cell therapy itself is protected 
from rejection obviating the need for systemic and/or multi­
drug immune-suppression. 
[0099] Thus, in one embodiment, by abrogating the adap­
tive and innate immune responses, e.g., based on the par­
ticular immunobiology of the endothelial cell:immune inter­
face and of immune synapses that play a barrier role in the 
allorejection response, therapies such as a cardiac therapy 
can save lives as well as improve the quality-of-life for 
millions of patients. 
[0100] Exemplary Proteins for Knock-down/Knock-out: 
The disclosure provides for cells having decreased expres-
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sion of one or more adhesion molecules. Adhesion mol­
ecules are generally divided into five groups: integrins, 
selectins, cadherins, members of the immunoglobulin super­
family (IgSF) including nectins and others such as mucins. 
[0101] Integrins typically bind to the extracellular matrix, 
while selectins, cadherins, and IgSF members are associated 
with cell-cell adhesion. 
[0102] Selectins are further divided into P-, E- and L-se­
lectins originally based on which cell types they were found 
in: platelets, endothelial cells and leukocytes. 
[0103] Members of the IgSF contain at least one immu­
noglobulin or immunoglobulin-like domain and most mem­
bers are type I transmembrane proteins with an extracellular 
domain ( containing the lg domain[ s ]), transmembrane 
domain and a cytoplasmic tail. The most well-known mem­
bers include major histocompatibility complex (MHC) class 
I and II molecules and proteins of the T cell receptor (TCR) 
complex. Intercellular adhesion molecules (ICAMs), vascu­
lar cell adhesion molecules (VCAMs), MAdCAM-1 and 
activated leukocyte cell adhesion molecule (ALCAM), 
which are important in leukocyte trafficking events, also 
belong to this family of adhesion receptors 
[0104] Integrins are large heterodimers consisting of a­
and ~-chains that together form the intact receptor in the 
plasma membrane. 
[0105] In one embodiment, the stem cells have reduced or 
lack of expression of human ICAM-1 (CD54), e.g., a 
polypeptide having 

(SEQ ID NO, 1) 
MAPSSPRPALPALLVLLGALFPGPGNAQTSVSPSKVILPRGGSVLVTCS 

TSCDQPKLLGIETPLPKKELLLPGNNRKVYELSNVQEDSQPMCYSNCPD 

GQSTAKTFLTVYWTPERVELAPLPSWQPVGKNLTLRCQVEGGAPRANLT 

VVLLRGEKELKREPAVGEPAEVTTTVLVRRDHHGANFSCRTELDLRPQG 

LELFENTSAPYQLQTFVLPATPPQLVSPRVLEVDTQGTWCSLDGLFPV 

SEAQVHLALGDQRLNPTVTYGNDSFSAKASVSVTAEDEGTQRLTCAVIL 

GNQSQETLQTVTIYSFPAPNVILTKPEVSEGTEVTVKCEAHPRAKVTLN 

GVPAQPLGPRAQLLLKATPEDNGRSFSCSATLEVAGQLIHKNQTRELRV 

LYGPRLDERDCPGNWTWPENSQQTPMCQAWGNPLPELKCLKDGTFPLPI 

GESVTVTRDLEGTYLCRARSTQGEVTRKVTVNVLSPRYEIVIITVVAAA 

VIMGTAGLSTYLYNRQRKIKKYRLQQAQKGTPMKPNTQATPP, 

(SEQ ID NO, 2) 
MGSLFPLSLLFFLAAAYPGVGSALGRRTKRAQSPKGSPLAPSGTSVPFW 

VRMSPEFVAVQPGKSVQLNCSNSCPQPQNSSLRTPLRQGKTLRGPGWVS 

YQLLDVRAWSSLAHCLVTCAGKTRWATSRITAYSVPGGLLGGDPEAWKP 

GHLFRKPGALHRPGSGQRDLDLRVCCWTPRLLAARDLPRAPQSRRPGGP 

QQLGTHYTDARLEPRAHSFGLRFHRCPCRDPPHCGRCVPMQVPSYEVPG 

VKGDVLCRLSEKKRNMKQSGEMAIHGG, 

or a polypeptide having at least 80%, 82%, 84%, 85%, 87%, 
89%, 90%, 92%, 94%, 95%, 97%, 98% or 99%, amino acid 
sequence identity thereto. 
[0106] In one embodiment, the stem cells have reduced or 
lack of expression of human P-selectin (CD62), e.g., a 
polypeptide having 
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(SEQ ID NO, 3) 
MANCQIAILYQRFQRWFGISQLLCFSALISELTNQKEVAAWTYHYSTK 

AYSWNISRKYCONRYTDLVAIQNKNEIDYLNKVLPYYSSYYWIGIRKNN 

KTWTWVGTKKALTNEAENWADNEPNNKRNNEDCVEIYIKSPSAPGKWND 

EHCLKKKHALCYTASCQDMSCSKQGECLETIGNYTCSCYPGFYGPECEY 

VRECGELELPQHVLMNCSHPLGNFSFNSQCSFHCTDGYQVNGPSKLECL 

ASGIWTNKPPQCLAAQCPPLKIPERGNMTCLHSAKAFQHQSSCSFSCEE 

GFALVGPEWQCTASGVWTAPAPVCKAVQCQHLEAPSEGTMDCVHPLTA 

FAYGSSCKFECQPGYRVRGLDMLRCIDSGHWSAPLPTCEAISCEPLESP 

VHGSMDCSPSLRAFQYDTNCSFRCAEGFMLRGADIVRCDNLGQWTAPAP 

VCQALQCQDLPVPNEARVNCSHPFGAFRYQSVCSFTCNEGLLLVGASVL 

QCLATGNWNSVPPECQAIPCTPLLSPQNGTMTCVQPLGSSSYKSTCQFI 

CDEGYSLSGPERLDCTRSGRWTDSPPMCEAIKCPELFAPEQGSLDCSDT 

RGEFNVGSTCHFSCDNGFKLEGPNNVECTTSGRWSATPPTCKGIASLPT 

PGVQCPALTTPGQGTMYCRHHPGTFGFNTTCYFGCNAGFTLIGDSTLSC 

RPSGQWTAVTPACRAVKCSELHVNKPIAMNCSNLWGNFSYGSICSFHCL 

EGQLLNGSAQTACQENGHWSTTVPTCQAGPLTIQEALTYFGGAVASTIG 

LIMGGTLLALLRKRFRQKDDGKCPLNPHSHLGTYGVFTNAAFDPSP, 

or a polypeptide having at least 80%, 82%, 84%, 85%, 87%, 
89%, 90%, 92%, 94%, 95%, 97%, 98% or 99%, amino acid 
sequence identity thereto. 
[0107] In one embodiment, the stem cells have reduced or 
lack of expression of human E-selectin (CD62E), e.g., a 
polypeptide having 

(SEQ ID NO, 4) 
MIASQFLSALTLVLLIKESGAWSYNTSTEAMTYDEASAYCQQRYTHLVA 

IQNKEEIEYLNSILSYSPSYYWIGIRKVNNVWVWVGTQKPLTEEAKNWA 

PGEPNNRQKDEDCVEIYIKREKDVGMWNDERCSKKKLALCYTAACTNTS 

CSGHGECVETINNYTCKCDPGFSGLKCEQIVNCTALESPEHGSLVCSHP 

LGNFSYNSSCSISCDRGYLPSSMETMQCMSSGEWSAPIPACNVVECDAV 

TNPANGFVECFQNPGSFPWNTTCTFDCEEGFELMGAQSLQCTSSGNWDN 

EKPTCKAVTCRAVRQPQNGSVRCSHSPAGEFTFKSSCNFTCEEGFMLQG 

PAQVECTTQGQWTQQIPVCEAFQCTALSNPERGYMNCLPSASGSFRYGS 

SCEFSCEQGFVLKGSKRLQCGPTGEWDNEKPTCEAVRCDAVHQPPKGLV 

RCAHSPIGEFTYKSSCAFSCEEGFELHGSTQLECTSQGQWTEEVPSCQV 

VKCSSLAVPGKINMSCSGEPVFGTVCKFACPEGWTLNGSAARTCGATGH 

WSGLLPTCEAPTESNIPLVAGLSAAGLSLLTLAPFLLWLRKCLRKAKKF 

VPASSCQSLESDGSYQKPSYIL, 

or a polypeptide having at least 80%, 82%, 84%, 85%, 87%, 
89%, 90%, 92%, 94%, 95%, 97%, 98% or 99%, amino acid 
sequence identity thereto. 
[0108] Pharmaceutical Compositions: Pharmaceutical 
compositions of the present disclosure, suitable for inocu­
lation, e.g., nasal, parenteral or oral administration, such as 
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by intravenous, intramuscular, intranasal, topical or subcu­
taneous routes, comprise one or more hypoimmune cell 
types, optionally further comprising sterile aqueous or non­
aqueous solutions, suspensions, and emulsions. The com­
positions can further comprise auxiliary agents or excipi­
ents, as known in the art. The composition is generally 
presented in the form of individual doses (unit doses). 
Preparations for parenteral administration include sterile 
aqueous or non-aqueous solutions, suspensions, and/or 
emulsions, which may contain auxiliary agents or excipients 
known in the art. Examples of non-aqueous solvents are 
propylene glycol, polyethylene glycol, vegetable oils such as 
olive oil, and injectable organic esters such as ethyl oleate. 
Carriers or occlusive dressings can be used to increase skin 
permeability and enhance antigen absorption. Liquid dosage 
forms for oral administration may generally comprise a 
liposome solution containing the liquid dosage form. Suit­
able forms for suspending liposomes include emulsions, 
suspensions, solutions, syrups, and elixirs containing inert 
diluents commonly used in the art, such as purified water. 
Besides the inert diluents, such compositions can also 
include adjuvants, wetting agents, emulsifying and suspend­
ing agents, or sweetening, flavoring, or perfuming agents. 
[0109] In one embodiment, the composition is a patch. A 
cardiac patch may include skeletal myoblasts, cardiac stem/ 
stromal cells, mesenchymal stem cells (MSCs ), and/or 
human pluripotent stem cells, which have a gene knock­
down or knockout. The patch may be formed of synthetic or 
natural components, e.g., polymers. Synthetic materials 
include but are not limited to a polymer such as poly(vinyl 
alcohol) (PVA), poly(lactic-co-glycolic) acid (PLGA), poly­
(L-lactic) acid (PLLA) or polyurethanes (PU). The patch 
may include a hydro gel. Different natural materials may also 
be employed such as collagen, fibrin, alginate, hyaluronic 
acid, gelatin, and decellularized extra-cellular matrix 
(ECM). 
[0110] When a composition is used for administration to 
an individual, it can further comprise salts, buffers, adju­
vants, or other substances which are desirable for maintain­
ing or improving the efficacy of the composition. 
[0111] The pharmaceutical compositions comprise a thera­
peutically effective amount of the cells, and a pharmaceu­
tically acceptable carrier. In a specific embodiment, the term 
"pharmaceutically acceptable" means approved by a regu­
latory agency of the Federal or a state government or listed 
in the U.S. Pharmacopeia or other generally recognized 
pharmacopeia for use in animals, and more particularly in 
humans. The term "carrier" refers to a diluent, adjuvant, 
excipient, or vehicle with which the pharmaceutical com­
position is administered. Saline solutions and aqueous dex­
trose and glycerol solutions can also be employed as liquid 
carriers, particularly for injectable solutions. Exemplary 
pharmaceutical excipients include starch, glucose, lactose, 
sucrose, gelatin, malt, rice, flour, chalk, silica gel, sodium 
stearate, glycerol monostearate, talc, sodium chloride, dried 
skim milk, glycerol, propylene, glycol, water, ethanol and 
the like. These compositions can take the form of solutions, 
suspensions, emulsion, tablets, pills, capsules, powders, 
sustained-release formulations and the like. These compo­
sitions can be formulated as a suppository. Oral formulation 
can include standard carriers such as pharmaceutical grades 
of mannitol, lactose, starch, magnesium stearate, sodium 
saccharine, cellulose, magnesium carbonate, etc. Examples 
of suitable pharmaceutical carriers are described in "Rem-
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ington's Pharmaceutical Sciences" by E. W. Martin. Such 
compositions will contain a therapeutically effective amount 
of the virus, e.g., in purified form, together with a suitable 
amount of carrier so as to provide the form for proper 
administration to the patient. The formulation should suit the 
mode of administration. 
[0112] The compositions may be systemically adminis­
tered, e.g., orally, locally administered, e.g., to an organ or 
intramuscularly, in combination with a pharmaceutically 
acceptable vehicle such as an inert diluent. For oral admin­
istration, the cells may be combined with one or more 
excipients and used in the form of ingestible capsules, 
elixirs, suspensions, syrups, wafers, and the like. Such 
compositions should contain at least 0.1 % of active com­
pound. The percentage of the compositions and preparations 
may, of course, be varied and may conveniently be between 
about 2 to about 60% of the weight of a given unit dosage 
form. The amount of active compound in such useful 
compositions is such that an effective dosage level will be 
obtained. 
[0113] The composition also be administered intrave­
nously or intraperitoneally by infusion or injection. Solu­
tions of the cells can be prepared in water or a suitable 
buffer, optionally mixed with a nontoxic surfactant. Disper­
sions can also be prepared in glycerol, liquid polyethylene 
glycols, triacetin, and mixtures thereof and in oils. Under 
ordinary conditions of storage and use, these preparations 
contain a preservative to prevent the growth of undesirable 
microorganisms. 
[0114] The pharmaceutical dosage forms suitable for 
injection or infusion can include sterile aqueous solutions or 
dispersions or sterile powders comprising the active ingre­
dient which are adapted for the extemporaneous preparation 
of sterile injectable or infusible solutions or dispersions, 
optionally encapsulated in liposomes. In all cases, the ulti­
mate dosage form should be sterile, fluid and stable under 
the conditions of manufacture and storage. The liquid carrier 
or vehicle can be a solvent or liquid dispersion medium 
comprising, for example, water, ethanol, a polyol (for 
example, glycerol, propylene glycol, liquid polyethylene 
glycols, and the like), vegetable oils, nontoxic glyceryl 
esters, and suitable mixtures thereof. The fluidity can be 
maintained, for example, by the formation of liposomes, by 
the maintenance of the particle size in the case of dispersions 
or by the use of surfactants. The prevention of the action of 
undesirable microorganisms can be brought about by vari­
ous antibacterial and antifungal agents, for example, para­
bens, chlorobutanol, phenol, sorbic acid, thimerosal, and the 
like. In many cases, it may be preferable to include isotonic 
agents, for example, sugars, buffers or sodium chloride. 
[0115] Sterile injectable solutions are prepared by incor­
porating the cells in an amount in the appropriate solvent 
with various of the other ingredients enumerated above, if 
required, followed by filter sterilization. 
[0116] Useful liquid carriers include water, alcohols or 
glycols or water-alcohol/glycol blends, in which the present 
viruses can be dissolved or dispersed at effective levels, 
optionally with the aid of non-toxic surfactants. Adjuvants 
such as fragrances and additional antimicrobial agents can 
be added to optimize the properties for a given use. The 
resultant liquid compositions can be applied from absorbent 
pads, used to impregnate bandages and other dressings, or 
sprayed onto the affected area using pump-type or aerosol 
sprayers. 
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[0117] Pharmaceutical Purposes: The administration of 
the composition may be for either a "prophylactic" or 
"therapeutic" purpose. When provided prophylactically, the 
compositions are provided before any symptom or clinical 
sign of a disease or disorder becomes manifest. The pro­
phylactic administration of the composition serves to pre­
vent or attenuate any subsequent disease or disorder or 
symptom thereof. When provided prophylactically, the com­
positions are provided before any symptom or clinical sign 
of a disease becomes manifest. The prophylactic adminis­
tration of the composition serves to prevent or attenuate one 
or more symptoms or clinical signs associated with the 
disease. 
[0118] When provided therapeutically, the cells are pro­
vided upon the detection of a symptom or clinical sign of a 
disease or disorder. The therapeutic administration of the 
cell(s) serves to attenuate one or more symptoms of the 
disease or disorder. When provided therapeutically, a com­
position comprising cells is provided upon the detection of 
a symptom or clinical sign of the disease. The therapeutic 
administration of the cells serves to attenuate a symptom or 
clinical sign of that disease. 
[0119] Thus, a composition of the present disclosure may 
be provided either before the onset of disease (so as to 
prevent or attenuate the disease) or after detection of a 
disease. Similarly, the composition may be provided before 
any symptom or clinical sign of a disorder or disease is 
manifested or after one or more symptoms are detected. 
[0120] A composition is said to be "pharmacologically 
acceptable" if its administration can be tolerated by a 
recipient mammal. Such an agent is said to be administered 
in a "therapeutically effective amount" if the amount admin­
istered is physiologically significant. A composition is 
physiologically significant if its presence results in a detect­
able change in the physiology of a recipient patient, e.g., 
enhances at least one primary or secondary humoral or 
cellular immune response against at least one strain of a 
virus. 
[0121] The "protection" provided need not be absolute, 
i.e., the disease or a symptom thereof need not be totally 
prevented or eradicated, if there is a statistically significant 
improvement compared with a control population or set of 
mammals. Protection may be limited to mitigating the 
severity or rapidity of onset of symptoms or clinical signs of 
the disease. For example, a cardiac patch may improve 
cardiac ejection fraction, thereby allowing for patients to 
move/exercise better, which in tum enhances their quality of 
life. 
[0122] Pharmaceutical Administration: The present dis­
closure thus includes methods for preventing or attenuating 
a disorder or disease. As used herein, a composition having 
cells is said to prevent or attenuate a disease if its admin­
istration results either in the total or partial attenuation (i.e., 
suppression) of a clinical sign or condition of the disease. 
[0123] A cell type may be administered by any means that 
achieve the intended purposes. For example, administration 
of such a composition may be by various parenteral routes 
such as subcutaneous, intravenous, intradermal, intramus­
cular, intraperitoneal, intranasal, oral or transdermal routes. 
Parenteral administration can be accomplished by bolus 
injection or by gradual perfusion over time. 
[0124] In one embodiment, the cells are part of a substrate, 
e.g., patch or hydrogel. For example, the cells may be seeded 
onto or embedded in a substrate. In one embodiment, the 
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substrate is a synthetic graft, e.g., a blood vessel graft or 
intestinal graft. In one embodiment, the cells are part of an 
organ or a portion thereof. For example, the cells may be 
seeded onto a decellularized organ or portion thereof. 
[0125] An exemplary regimen for preventing, suppress­
ing, or treating a pathology, comprises administration of an 
effective amount of a composition as described herein, 
administered as a single treatment, or repeated dosages, for 
instance, over a period up to and including between one 
week and about 10 or more years, or any range or value 
therein. 
[0126] According to the present disclosure, an "effective 
amount" of a composition is one that is sufficient to achieve 
a desired effect. It is understood that the effective dosage 
may be dependent upon the species, age, sex, health, and 
weight of the recipient, kind of concurrent treatment, if any, 
frequency of treatment, and the nature of the effect wanted. 
The ranges of effective doses provided below are not 
intended to limit dose ranges. 
[0127] Exemplary doses include but are not limited to 
from about 104 to 108 cells, 106 to 108 cells, 106 to 1010 cells, 
or 108 to 1012 cells, or more, or from about 106 to 108 cells, 
108 to 1010 cells, or 1010 to 1012 cells; from about 104 to 108 

cells/kg, 106 to 108 cells/kg, 106 to 1010 cells/kg, or 108 to 
1012 cells/kg, or more, or from about 106 to 108 cells/kg, 108 

to 1010 cells, or 1010 to 1012 cells/kg. 
[0128] Provided herein are the following definitions. 
[0129] A "vector" refers to a macromolecule or associa­
tion of macromolecules that comprises or associates with a 
polynucleotide, and which can be used to mediate delivery 
of the polynucleotide to a cell, either in vitro or in vivo. 
Illustrative vectors include, for example, plasmids, viral 
vectors, liposomes and other nucleic acid delivery vehicles. 
The polynucleotide to be delivered, sometimes referred to as 
a "target polynucleotide" or "transgene," may comprise a 
coding sequence of interest in gene therapy (such as a gene 
encoding a protein of therapeutic interest), a coding 
sequence of interest in vaccine development (such as a 
polynucleotide expressing a protein, polypeptide or peptide 
suitable for eliciting an immune response in a mammal), 
and/or a selectable or detectable marker. 
[0130] "Transduction," "transfection," "transformation" 
or "transducing" as used herein, are terms referring to a 
process for the introduction of an exogenous polynucleotide 
into a host cell leading to expression of the polynucleotide, 
e.g., the transgene in the cell, and includes the use of 
recombinant virus to introduce the exogenous polynucle­
otide to the host cell. Transduction, transfection or transfor­
mation of a polynucleotide in a cell may be determined by 
methods well known to the art including, but not limited to, 
protein expression (including steady state levels), e.g., by 
ELISA, flow cytometry and Western blot, measurement of 
DNA and RNA by hybridization assays, e.g., Northern blots, 
Southern blots and gel shift mobility assays. Methods used 
for the introduction of the exogenous polynucleotide include 
well-known techniques such as viral infection or transfec­
tion, lipofection, transformation and electroporation, as well 
as other non-viral gene delivery techniques. The introduced 
polynucleotide may be stably or transiently maintained in 
the host cell. 
[0131] "Gene delivery" refers to the introduction of an 
exogenous polynucleotide into a cell for gene transfer, and 
may encompass targeting, binding, uptake, transport, local­
ization, replicon integration and expression. 
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[0132] "Gene transfer" refers to the introduction of an 
exogenous polynucleotide into a cell which may encompass 
targeting, binding, uptake, transport, localization and repli­
con integration, but is distinct from and does not imply 
subsequent expression of the gene. 
[0133] "Gene expression" or "expression" refers to the 
process of gene transcription, translation, and post-transla­
tional modification. 
[0134] An "infectious" virus or viral particle is one that 
comprises a polynucleotide component which it is capable 
of delivering into a cell for which the viral species is trophic. 
The term does not necessarily imply any replication capacity 
of the virus. 
[0135] The terms "nucleic acid," "polynucleotide," and 
"oligonucleotide" are used interchangeably and refer to a 
deoxyribonucleotide or ribonucleotide polymer, in linear or 
circular conformation, and in either single- or double­
stranded form. For the purposes of the present disclosure, 
these terms are not to be construed as limiting with respect 
to the length of a polymer. The terms can encompass known 
analogues of natural nucleotides, as well as nucleotides that 
are modified in the base, sugar and/or phosphate moieties 
(e.g., phosphorothioate backbones). In general, an analogue 
of a particular nucleotide has the same base-pairing speci­
ficity, i.e., an analog of A will base-pair with T. 
[0136] An "isolated" polynucleotide, e.g., plasmid, virus, 
polypeptide, cell, or other substance refers to a preparation 
of the substance devoid of at least some of the other 
components that may also be present where the substance or 
a similar substance naturally occurs or is initially prepared 
from. Thus, for example, an isolated substance may be 
prepared by using a purification technique to enrich it from 
a source mixture. Isolated nucleic acid, peptide or polypep­
tide is present in a form or setting that is different from that 
in which it is found in nature. For example, a given DNA 
sequence ( e.g., a gene) is found on the host cell chromosome 
in proximity to neighboring genes; RNA sequences, such as 
a specific mRNA sequence encoding a specific protein, are 
found in the cell as a mixture with numerous other mRNAs 
that encode a multitude of proteins. The isolated nucleic acid 
molecule may be present in single-stranded or double­
stranded form. When an isolated nucleic acid molecule is to 
be utilized to express a protein, the molecule will contain at 
a minimum the sense or coding strand (i.e., the molecule 
may single-stranded), but may contain both the sense and 
anti-sense strands (i.e., the molecule may be double­
stranded). Enrichment can be measured on an absolute basis, 
such as weight per volume of solution, or it can be measured 
in relation to a second, potentially interfering substance 
present in the source mixture. Increasing enrichments of the 
embodiments of this invention are envisioned. Thus, for 
example, a 2-fold enrichment, 10-fold enrichment, 100-fold 
enrichment, or a 1000-fold enrichment. 
[0137] A "transcriptional regulatory sequence" refers to a 
genomic region that controls the transcription of a gene or 
coding sequence to which it is operably linked. Transcrip­
tional regulatory sequences of use in the present invention 
generally include at least one transcriptional promoter and 
may also include one or more enhancers and/or terminators 
of transcription. 
[0138] "Operably linked" refers to an arrangement of two 
or more components, wherein the components so described 
are in a relationship permitting them to function in a 
coordinated manner. By way of illustration, a transcriptional 
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regulatory sequence or a promoter is operably linked to a 
coding sequence if the TRS or promoter promotes transcrip­
tion of the coding sequence. An operably linked TRS is 
generally joined in cis with the coding sequence, but it is not 
necessarily directly adjacent to it. 
[0139] The terms "operative linkage" and "operatively 
linked" ( or "operably linked") are used interchangeably with 
reference to a juxtaposition of two or more components 
(such as sequence elements), in which the components are 
arranged such that both components function normally and 
allow the possibility that at least one of the components can 
mediate a function that is exerted upon at least one of the 
other components. By way of illustration, a transcriptional 
regulatory sequence, such as a promoter, is operatively 
linked to a coding sequence if the transcriptional regulatory 
sequence controls the level of transcription of the coding 
sequence in response to the presence or absence of one or 
more transcriptional regulatory factors. A transcriptional 
regulatory sequence is generally operatively linked in cis 
with a coding sequence, but need not be directly adjacent to 
it. For example, an enhancer is a transcriptional regulatory 
sequence that is operatively linked to a coding sequence. 
[0140] "Heterologous" means derived from a genotypi­
cally distinct entity from the entity to which it is compared. 
For example, a polynucleotide introduced by genetic engi­
neering techniques into a different cell type is a heterologous 
polynucleotide (and, when expressed, can encode a heter­
ologous polypeptide). Similarly, a transcriptional regulatory 
element such as a promoter that is removed from its native 
coding sequence and operably linked to a different coding 
sequence is a heterologous transcriptional regulatory ele­
ment. 
[0141] A "terminator" refers to a polynucleotide sequence 
that tends to diminish or prevent read-through transcription 
(i.e., it diminishes or prevent transcription originating on 
one side of the terminator from continuing through to the 
other side of the terminator). The degree to which transcrip­
tion is disrupted is typically a function of the base sequence 
and/or the length of the terminator sequence. In particular, as 
is well known in numerous molecular biological systems, 
particular DNA sequences, generally referred to as "tran­
scriptional termination sequences" are specific sequences 
that tend to disrupt read-through transcription by RNA 
polymerase, presumably by causing the RNA polymerase 
molecule to stop and/or disengage from the DNA being 
transcribed. Typical example of such sequence-specific ter­
minators include polyadenylation ("poly A") sequences, e.g., 
SV40 polyA. In addition to or in place of such sequence­
specific terminators, insertions of relatively long DNA 
sequences between a promoter and a coding region also tend 
to disrupt transcription of the coding region, generally in 
proportion to the length of the intervening sequence. This 
effect presumably arises because there is always some 
tendency for an RNA polymerase molecule to become 
disengaged from the DNA being transcribed, and increasing 
the length of the sequence to be traversed before reaching 
the coding region would generally increase the likelihood 
that disengagement would occur before transcription of the 
coding region was completed or possibly even initiated. 
Terminators may thus prevent transcription from only one 
direction ("uni-directional" terminators) or from both direc­
tions ("bi-directional" terminators), and may be comprised 
of sequence-specific termination sequences or sequence­
non-specific terminators or both. A variety of such termina-
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tor sequences are known in the art; and illustrative uses of 
such sequences within the context of the present invention 
are provided below. 
[0142] "Host cells," "cell lines," "cell cultures," "packag­
ing cell line" and other such terms denote higher eukaryotic 
cells, such as mannnalian cells including human cells, useful 
in the present disclosure. These cells include the progeny of 
the original cell that was transduced. It is understood that the 
progeny of a single cell may not necessarily be completely 
identical (in morphology or in genomic complement) to the 
original parent cell. 
[0143] "Recombinant," as applied to a polynucleotide 
means that the polynucleotide is the product of various 
combinations of cloning, restriction and/or ligation steps, 
and other procedures that result in a construct that is distinct 
from a polynucleotide found in nature. In one embodiment, 
a recombinant virus is a viral particle comprising a recom­
binant polynucleotide. The terms respectively include rep­
licates of the original polynucleotide construct and progeny 
of the original virus construct. 
[0144] A "control element" or "control sequence" is a 
nucleotide sequence involved in an interaction of molecules 
that contributes to the functional regulation of a polynucle­
otide, including replication, duplication, transcription, splic­
ing, translation, or degradation of the polynucleotide. The 
regulation may affect the frequency, speed, or specificity of 
the process, and may be enhancing or inhibitory in nature. 
Control elements known in the art include, for example, 
transcriptional regulatory sequences such as promoters and 
enhancers. A promoter is a DNA region capable under 
certain conditions of binding RNA polymerase and initiating 
transcription of a coding region usually located downstream 
(in the 3' direction) from the promoter. Promoters include 
AAV promoters, e.g., PS, Pl 9, P40 andAAV ITR promoters, 
as well as heterologous promoters. 
[0145] An "expression vector" is a vector comprising a 
region which encodes a gene product of interest, and is used 
for effecting the expression of the gene product in an 
intended target cell. An expression vector also comprises 
control elements operatively linked to the encoding region to 
facilitate expression of the protein in the target. The com­
bination of control elements and a gene or genes to which 
they are operably linked for expression is sometimes 
referred to as an "expression cassette," a large number of 
which are known and available in the art or can be readily 
constructed from components that are available in the art. 
[0146] The terms "polypeptide" and "protein" are used 
interchangeably herein to refer to polymers of amino acids 
of any length. The terms also encompass an amino acid 
polymer that has been modified; for example, disulfide bond 
formation, glycosylation, acetylation, phosphorylation, lipi­
dation, or conjugation with a labeling component. 
[0147] The term "exogenous", when used in relation to a 
protein, gene, nucleic acid, or polynucleotide in a cell or 
organism refers to a protein, gene, nucleic acid, or poly­
nucleotide which has been introduced into the cell or organ­
ism by artificial or natural means. An exogenous nucleic acid 
may be from a different organism or cell, or it may be one 
or more additional copies of a nucleic acid which occurs 
naturally within the organism or cell. By way of a non­
limiting example, an exogenous nucleic acid is in a chro­
mosomal location different from that of natural cells, or is 
otherwise flanked by a different nucleic acid sequence than 
that found in nature, e.g., an expression cassette which links 
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a promoter from one gene to an open reading frame for a 
gene product from a different gene. 
[0148] Thus, an "exogenous" molecule is a molecule that 
is not normally present in a cell, but can be introduced into 
a cell by one or more genetic, biochemical or other methods. 
"Normal presence in the cell" is determined with respect to 
the particular developmental stage and environmental con­
ditions of the cell. Thus, for example, a molecule that is 
present only during embryonic development of muscle is an 
exogenous molecule with respect to an adult muscle cell. 
Similarly, a molecule induced by heat shock is an exogenous 
molecule with respect to a non-heat-shocked cell. An exog­
enous molecule can comprise, for example, a functioning 
version of a malfunctioning endogenous molecule or a 
malfunctioning version of a normally-functioning endog­
enous molecule. 
[0149] An exogenous molecule can be, among other 
things, a small molecule, such as is generated by a combi­
natorial chemistry process, or a macromolecule such as a 
protein, nucleic acid, carbohydrate, lipid, glycoprotein, lipo­
protein, polysaccharide, any modified derivative of the 
above molecules, or any complex comprising one or more of 
the above molecules. Nucleic acids include DNA and RNA, 
can be single- or double-stranded; can be linear, branched or 
circular; and can be of any length. Nucleic acids include 
those capable of forming duplexes, as well as triplex­
forming nucleic acids. 
[0150] An exogenous molecule can be the same type of 
molecule as an endogenous molecule, e.g., an exogenous 
protein or nucleic acid. For example, an exogenous nucleic 
acid can comprise an infecting viral genome, a plasmid or 
episome introduced into a cell, or a chromosome that is not 
normally present in the cell. Methods for the introduction of 
exogenous molecules into cells are known to those of skill 
in the art and include, but are not limited to, lipid-mediated 
transfer ( e.g., liposomes, including neutral and cationic 
lipids), electroporation, direct injection, cell fusion, particle 
bombardment, calcium phosphate co-precipitation, DEAE­
dextran-mediated transfer and viral vector-mediated trans­
fer. An exogenous molecule can also be the same type of 
molecule as an endogenous molecule but derived from a 
different species than the cell is derived from. For example, 
a human nucleic acid sequence may be introduced into a cell 
line originally derived from a mouse or hamster. 
[0151] An exogenous molecule can be, among other 
things, a small molecule, such as is generated by a combi­
natorial chemistry process, or a macromolecule such as a 
protein, nucleic acid, carbohydrate, lipid, glycoprotein, lipo­
protein, polysaccharide, any modified derivative of the 
above molecules, or any complex comprising one or more of 
the above molecules. Nucleic acids include DNA and RNA, 
can be single- or double-stranded; can be linear, branched or 
circular; and can be of any length. Nucleic acids include 
those capable of forming duplexes, as well as triplex­
forming nucleic acids. 
[0152] By contrast, an "endogenous" molecule is one that 
is normally present in a particular cell at a particular 
developmental stage under particular environmental condi­
tions. For example, an endogenous nucleic acid can com­
prise a chromosome, the genome of a mitochondrion, chlo­
roplast or other organelle, or a naturally-occurring episomal 
nucleic acid. 
[0153] "Transformed" or "transgenic" is used herein to 
include any host cell or cell line, which has been altered or 
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augmented by the presence of at least one recombinant DNA 
sequence. The host cells of the present invention are typi­
cally produced by transfection with a DNA sequence in a 
plasmid expression vector, as an isolated linear DNA 
sequence, or infection with a recombinant viral vector. 
[0154] The term "sequence homology" means the propor­
tion of base matches between two nucleic acid sequences or 
the proportion amino acid matches between two amino acid 
sequences. When sequence homology is expressed as a 
percentage, e.g., 50%, the percentage denotes the proportion 
of matches over the length of a selected sequence that is 
compared to some other sequence. Gaps (in either of the two 
sequences) are permitted to maximize matching; gap lengths 
of 15 bases or less are usually used, 6 bases or less e.g., with 
2 bases or less. When using oligonucleotides as probes or 
treatments, the sequence homology between the target 
nucleic acid and the oligonucleotide sequence is generally 
not less than 17 target base matches out of 20 possible 
oligonucleotide base pair matches (85% ); not less than 9 
matches out of 10 possible base pair matches (90% ), or not 
less than 19 matches out of 20 possible base pair matches 
(95%). 
[0155] Two amino acid sequences are homologous ifthere 
is a partial or complete identity between their sequences. For 
example, 85% homology means that 85% of the amino acids 
are identical when the two sequences are aligned for maxi­
mum matching. Gaps (in either of the two sequences being 
matched) are allowed in maximizing matching; gap lengths 
of 5 or less or with 2 or less. Alternatively, two protein 
sequences ( or polypeptide sequences derived from them of 
at least 30 amino acids in length) are homologous, as this 
term is used herein, if they have an alignment score of at 
more than 5 (in standard deviation units) using the program 
ALIGN with the mutation data matrix and a gap penalty of 
6 or greater. The two sequences or parts thereof are more 
homologous if their amino acids are greater than or equal to 
50% identical when optimally aligned using the ALIGN 
program. 
[0156] The term "corresponds to" is used herein to mean 
that a polynucleotide sequence is structurally related to all or 
a portion of a reference polynucleotide sequence, or that a 
polypeptide sequence is structurally related to all or a 
portion of a reference polypeptide sequence, e.g., they have 
at least 80%, 85%, 90%, 95% or more, e.g., 99% or 100%, 
sequence identity. The term "complementary to" is used 
herein to mean that the complementary sequence is homolo­
gous to all or a portion of a reference polynucleotide 
sequence. For illustration, the nucleotide sequence 
"TATAC" corresponds to a reference sequence "TATAC" 
and is complementary to a reference sequence "GTATA". 
[0157] The term "sequence identity" means that two poly­
nucleotide sequences are identical (i.e., on a nucleotide-by­
nucleotide basis) over the window of comparison. The term 
"percentage of sequence identity" means that two polynucle­
otide sequences are identical (i.e., on a nucleotide-by­
nucleotide basis) over the window of comparison. The term 
"percentage of sequence identity" is calculated by compar­
ing two optimally aligned sequences over the window of 
comparison, determining the number of positions at which 
the identical nucleic acid base ( e.g., A, T, C, G, U, or I) 
occurs in both sequences to yield the number of matched 
positions, dividing the number of matched positions by the 
total number of positions in the window of comparison (i.e., 
the window size), and multiplying the result by 100 to yield 
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the percentage of sequence identity. The terms "substantial 
identity" as used herein denote a characteristic of a poly­
nucleotide sequence, wherein the polynucleotide comprises 
a sequence that has at least 85 percent sequence identity, 
e.g., at least 90 to 95 percent sequence identity, or at least 99 
percent sequence identity as compared to a reference 
sequence over a comparison window of at least 20 nucleo­
tide positions, frequently over a window of at least 20-50 
nucleotides, wherein the percentage of sequence identity is 
calculated by comparing the reference sequence to the 
polynucleotide sequence which may include deletions or 
additions which total 20 percent or less of the reference 
sequence over the window of comparison. 
[0158] "Conservative" amino acid substitutions are, for 
example, aspartic-glutamic as polar acidic amino acids; 
lysine/arginine/histidine as polar basic amino acids; leucine/ 
isoleucine/methionine/valine/alanine/glycine/proline as 
non-polar or hydrophobic amino acids; serine/threonine as 
polar or uncharged hydrophilic amino acids. Conservative 
amino acid substitution also includes groupings based on 
side chains. For example, a group of amino acids having 
aliphatic side chains is glycine, alanine, valine, leucine, and 
isoleucine; a group of amino acids having aliphatic-hydroxyl 
side chains is serine and threonine; a group of amino acids 
having amide-containing side chains is asparagine and glu­
tamine; a group of amino acids having aromatic side chains 
is phenylalanine, tyrosine, and tryptophan; a group of amino 
acids having basic side chains is lysine, arginine, and 
histidine; and a group of amino acids having sulfur-contain­
ing side chains is cysteine and methionine. For example, it 
is reasonable to expect that replacement of a leucine with an 
isoleucine or valine, an aspartate with a glutamate, a threo­
nine with a serine, or a similar replacement of an amino acid 
with a structurally related amino acid will not have a major 
effect on the properties of the resulting polypeptide. Whether 
an amino acid change results in a functional polypeptide can 
readily be determined by assaying the specific activity of the 
polypeptide. Naturally occurring residues are divided into 
groups based on common side-chain properties: (1) hydro­
phobic: norleucine, met, ala, val, leu, ile; (2) neutral hydro­
philic: cys, ser, thr; (3) acidic: asp, glu; (4) basic: asn, gin, 
his, lys, arg; (5) residues that influence chain orientation: 
gly, pro; and (6) aromatic; trp, tyr, phe. 
[0159] The disclosure also envisions polypeptides with 
non-conservative substitutions. Non-conservative substitu­
tions entail exchanging a member of one of the classes 
described above for another. 
[0160] As used herein, "individual" (as in the subject of 
the treatment) means a mammal. Mammals include, for 
example, humans; non-human primates, e.g., apes and mon­
keys; and non-primates, e.g., dogs, cats, rats, mice, cattle, 
horses, sheep, and goats. Non-mammals include, for 
example, fish and birds. 
[0161] "Substantially as the term is used herein means 
completely or almost completely; for example, a composi­
tion that is "substantially free" of a component either has 
none of the component or contains such a trace amount that 
any relevant functional property of the composition is unaf­
fected by the presence of the trace amount, or a compound 
is "substantially pure" is there are only negligible traces of 
impurities present. 
[0162] "Treating" or "treatment" within the meaning 
herein refers to an alleviation of symptoms associated with 
a disorder or disease, "inhibiting" means inhibition of fur-
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ther progression or worsening of the symptoms associated 
with the disorder or disease, and "preventing" refers to 
prevention of the symptoms associated with the disorder or 
disease. 
[0163] As used herein, an "effective amount" or a "thera­
peutically effective amount" of an agent refers to an amount 
of the agent that alleviates, in whole or in part, symptoms 
associated with the disorder or condition, or halts or slows 
further progression or worsening of those symptoms, or 
prevents or provides prophylaxis for the disorder or condi­
tion, e.g., an amount that is effective to prevent, inhibit or 
treat in the individual one or more symptoms. 
[0164] In particular, a "therapeutically effective amount" 
refers to an amount effective, at dosages and for periods of 
time necessary, to achieve the desired therapeutic result. A 
therapeutically effective amount is also one in which any 
toxic or detrimental effects of the agent(s) are outweighed by 
the therapeutically beneficial effects. 
[0165] The term "sequence" refers to a nucleotide 
sequence of any length, which can be DNA or RNA; can be 
linear, circular or branched and can be either single-stranded 
or double stranded. 

[0166] The term "donor sequence" refers to a nucleotide 
sequence that is inserted into a genome. A donor sequence 
can be of any length, for example between 2 and 10,000 
nucleotides in length ( or any integer value there between or 
thereabove), e.g., between about 100 and 1,000 nucleotides 
in length ( or any integer there between), e.g., between about 
200 and 500 nucleotides in length. 

[0167] "Binding" refers to a sequence-specific, non-cova­
lent interaction between macromolecules ( e.g., between a 
protein and a nucleic acid). Not all components of a binding 
interaction need be sequence-specific ( e.g., contacts with 
phosphate residues in a DNA backbone), as long as the 
interaction as a whole is sequence-specific. "Affinity" refers 
to the strength of binding: increased binding affinity being 
correlated with a lower Kd. 

[0168] A "binding protein" is a protein that is able to bind 
non-covalently to another molecule. A binding protein can 
bind to, for example, a DNA molecule (a DNA-binding 
protein), an RNA molecule (an RNA-binding protein) and/or 
a protein molecule (a protein-binding protein). In the case of 
a protein-binding protein, it can bind to itself (to form 
homodimers, homotrimers, etc.) and/or it can bind to one or 
more molecules of a different protein or proteins. A binding 
protein can have more than one type of binding activity. 

[0169] A "homologous, non-identical sequence" refers to 
a first sequence which shares a degree of sequence identity 
with a second sequence, but whose sequence is not identical 
to that of the second sequence. For example, a polynucle­
otide comprising the wild-type sequence of a mutant gene is 
homologous and non-identical to the sequence of the mutant 
gene. In certain embodiments, the degree of homology 
between the two sequences is sufficient to allow homologous 
recombination therebetween, utilizing normal cellular 
mechanisms. Two homologous non-identical sequences can 
be any length and their degree of non-homology can be as 
small as a single nucleotide ( e.g., for correction of a genomic 
point mutation by targeted homologous recombination) or as 
large as 10 or more kilo bases (e.g., for insertion of a gene at 
a predetermined ectopic site in a chromosome). Two poly­
nucleotides comprising the homologous non-identical 
sequences need not be the same length. For example, an 
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exogenous polynucleotide (i.e., donor polynucleotide) of 
between 20 and 10,000 nucleotides or nucleotide pairs can 
be used. 
[0170] A "target site" or "target sequence" is a nucleic acid 
sequence that defines a portion of a nucleic acid to which a 
binding molecule will bind, provided sufficient conditions 
for binding exist. 
[0171] The invention will be further described by the 
following non-limiting examples. 

Example 1 

[0172] To date, multiple groups have knocked out human 
leukocyte antigen (HLA) genes/associated genes (e.g., 
beta-2 microglobulin) and other genes have been knocked in 
(e.g., PDLl, CTLA4-Ig, CD47, and HLA-E, for example). 
These approaches are effective at abrogating the adaptive (T 
and B cell mediated) and one innate cell type (NK-cell 
mediated) immune responses. 
[0173] However, there are several potential downsides to 
this approach, including compensatory mechanisms by 
which the recipient's immune cells could still reject the 
transplanted graft (indirect pathway of allorejection) and/or 
loss of protection against uncontrolled tumor growth and/or 
viral infection. The present methods may be a "gentler" 
approach that maintains some degree of anti-tumor and/or 
anti-viral response, while also diminishing the allorejection 
response. (ICAM-1), E-selectin and P-selectin, or other 
adhesion molecules as well as associated inflammatory 
molecules, e.g., interferon gamma, MCP-1 and other che­
moattractants, can be targeted for knock down or knock out, 
and optionally pro-regulatory cytokines (e.g., ILl0) and 
chemoattractants may be added to the cells (knockin). 
[0174] As described herein, an adhesion molecule, CD54 
(or ICAM-1), was gene edited out of induced pluripotent 
stem cells (iPSCs), producing a knock-out line, using 
CRISPR/Cas9 editing approaches. CD54 is involved in the 
adherence of immune cells to parenchymal cells and to 
antigen presenting cells. It plays a key role in the formation 
of the immune synapse during cell attachment/killing of 
many cell types, as well as in the tethering, rolling, and 
extravasation process by which immune cells interact with 
endothelial cells. Also, there are associations between CD54 
and inflammation, whereby knock-out of CD54 may posi­
tively-impact anti-inflammatory responses of the cells. Spe­
cifically, ablation ofCD54 in non-iPS cell-types results in an 
increase in glutathione (GSH). GSH has an anti-inflamma­
tory effect by helping to scavenge radical oxygen species 
that are harmful to cells in inflammatory contexts. Knock­
out of CD54 likely has anti-rejection effects in a transplan­
tation setting, by interfering with the transplant recipient's 
immune system's ability to most cell-mediated, as well as 
inflammatory, immune responses. 

Methods 

[0175] Experimental procedures: The gRNA sequence that 
was used to knock in the Y324X mutation is the same as was 
used to induce the homozygous mutant in the Tsc2 patient 
iPSC line. pLenti-CRISPR plasmid delivery was replaced 
with Cas9-RNP delivery. 
[0176] Design of targeting for locus: sgRNA identification 
for the site of interest was accomplished using the CRISPR 
design tool described in the art. The sgRNAs for use were a 
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1.5 nmol synthetic sgRNA with 2'-O-methyl 3' phosphoro­
thioate modification at the first and last 3 nucleotides. 
[0177] Electroporation, selection, and growth: iPSCs were 
cultured in mTeSR™PLUS media (StemCell Technologies) 
on Matrigel® until -80% confluency following standard cell 
culture protocols. 24 hours before electroporation, cells were 
treated with CloneR™ (StemCell Technologies) following 
manufacturer protocol. Prior to the electroporation, the 
sgRNA constructs were reconstituted following manufac­
turer protocols to a concentration of 150 pmole/µL. 1 µL of 
reconstituted sgRNA was pooled with 4 µg Cas9 Nuclease 
protein (TrueCut™ Cas9 Protein V2, Thermo Fisher Scien­
tific) and 5 µL of Neon™ Buffer R (Invitrogen) to promote 
Cas9-RNP complex formation. After 15 minutes, 1.0 µL of 
ssODN primer (reconstituted to 1 µg/µL concentration, 
designed with homology overhangs of at least 40 base pairs) 
was added to the Cas9-RNP mix. 
[0178] Cells were singularized and lifted with a 1:1 mix­
ture of 0.5 mM EDTA: Accutase® for 3-4 minutes, resus­
pended in 1 mL PBS, and pelleted. Approximately 400,000 
cells were resuspended in 35 µL Neon™ Buffer Rand mixed 
with 8 µL of the pre-prepared Cas9-RNP complex with 
repair ssODN. Cells were electroporated with a 10 µL 
NEON electroporation format using 1200V, 30 msec, lx 
pulse settings. Cells were pooled following four rounds of 
electroporation and plated in TeSR™PLUS media with 
CloneR™ supplement at manufacturer-recommended con­
centrations following a serial dilution to promote single-cell 
clonal growth. Following expansion of 10-14 days, clones 
were identified and picked using standard techniques. 
[0179] Genotyping: Bulk gDNA was collected from dis­
sociated cells using QuickExtract™ DNA Extraction Solu­
tion 1.0 (Epicentre) to confirm editing efficiency prior to 
clonal selection. Single-cell clones were manually selected 
and mechanically disaggregated. Genomic DNA was iso­
lated from a portion of these clones using QuickExtract™ 
DNA Extraction Solution 1.0 (Epicentre). Genotyping prim­
ers were designed flanking the mutation site, allowing 
amplification of this region using Q5® polymerase-based 
PCR (NEB). PCR products were identified via agarose gel 
and purified using a Zymoclean™ Gel DNA Recovery Kit 
(Zymo Research). Clones were submitted to Quintara Bio­
sciences for Sanger sequencing to identify clones with the 
proper genetic modification. 
[0180] Offtarget analysis: To identify whether the 
CRISPR-Cas9 system produced any non-specific genome 
editing, suspected off-target sites for genome modification 
were analyzed. Using the 5 highest-likelihood offl:arget sites 
for each sgRNA predicted by the CRISPR algorithms, 
genotyping primers were prepared to amplify these regions 
via Q5®-polymerase PCR. PCR products were identified via 
agarose gel, purified using a Zymoclean™ Gel DNA Recov­
ery Kit, and submitted to Quintara Biosciences for Sanger 
sequencing. 
[0181] Results: One example of a cell therapy is a PSC­
based cardiovascular therapy (PSC-CVTs) that is immune­
tolerated, with little-to-no sustaining need for immunosup­
pression, and meaningfully improve patient health and 
quality of life. Different differentiated cells may be 
employed in that type of therapy. For instance, the primary 
interface of transplant tolerance and rejection, endothelial 
cells, are targeted by genetically interrupting the ability of 
allogeneic adaptive and innate immune cells to adhere to, 
infiltrate, and destroy the graft. Hypoimmune grafts option-
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ally having a combination of different cell types, each of 
which is obtained from one or more adhesion molecule 
knock out stem cells/stem cell lines, e.g., hypoimmune 
PSC-CVT grafts, are assessed for allo-immunogenicity, for 
example, in a humanized mouse model, e.g., the NeoThy 
model which is a more-robust (non-fetal) alternative to the 
gold-standard, but suboptimal, bone-marrow-liver-thymus 
(BLT) fetal model. Since there is a rapid upregulation of 
adhesion molecules (e.g., ICAM-1) on PSC-derived arterial 
endothelial cells (AECs) after an encounter with HLA­
mismatched peripheral blood leukocytes (FIG. 1), targeted 
disruption of leukocyte adhesion facilitates immune toler­
ance of vascularized tri-cellular PSC-CVTs made from 
gene-edited PSC-AECs, cardiomyocytes (CMs), and cardiac 
fibroblasts (C-fibs). Those grafts are tested for function and 
immunogenicity. 
[0182] Assess in vitro phenotype, function, and immuno­
genicity of adhesion gene-edited PSC-CVT cell subtypes. 
CRISPR/Cas9 KO of the leukocyte adhesion (AD) molecule 
ICAM-1 inPSC-derivedAECs, CMs, andC-fibs (PSC-AD­
CVT cells) show normal identity and function versus iso­
genic controls when comparing flow cytometry phenotype, 
gene expression, cell type-specific functional assays, are 
more immune-tolerated in assays of immune cell prolifera­
tion and cytotoxicity compared to WT; and enhance the 
tolerance capacity of first-generation hypoimmune (HLA 
I+II KO, HLA-Edimer) PSC-derived cells. 
[0183] Create vascularized next-generation PSC-AD­
CVT grafts that are immune-tolerated in vivo in the NeoThy 
humanized mouse model. PSC-AD-CVT grafts composed of 
ratios ( e.g., 1x105 in 1: 1: 1 ratios, then doubling each type 
one by one) ofhypoimmune PSC-AECs, -CMs, and -C-Fibs 
form vascularized cardiac organoids with contractile func­
tion, that are immune-tolerated in the NeoThy model (e.g., 
diminished graft immune cell infiltration). The data clearly 
demonstrate the advantages of validating grafts in the het­
erotopic kidney capsule transplant site. 
[0184] Assess reparative capacity and immune-tolerance 
of gene-edited PSC-AD-CVT grafts in an inflammatory, 
post-myocardial infarction (MI) NeoThy humanized mouse 
model. Post-MI, orthotopic transplant ofhypoimmune PSC­
CVTs results in vascularized and durably-tolerated grafts 
that improve cardiac function, decrease infarct size, and 
increase ventricular wall thickness. PSC-CVT have an adap­
tive and innate immune-tolerance that safely improves car­
diac function in a robust in vivo model of human cardio­
myopathy. 

Example 2 

[0185] After a first myocardial infarction (MI), the adult 
human heart recovers via scar formation, and 36% of male 
and 47% of female patients die within 5 years, illustrating 
the dire inadequacy of current therapies. Pluripotent stem 
cell (PSC)-based cardiovascular therapies (PSC-CVTs) have 
the potential to dramatically reduce deaths from MI and 
improve patient quality-of-life. Particularly promising are 
induced PSCs (iPSCs ), which are created by reprogramming 
primary cells, such as peripheral blood T cells from indi­
vidual patients and then differentiating them into autologous 
replacement cells (e.g., cardiomyocytes [CMs], endothelial 
cells [ECs]) for transplantation. These therapies, in theory, 
could be accepted as "self' by the patient's immune system 
without the need for immunosuppressive drugs and their 
associated adverse effects, thereby avoiding a detrimental 
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immunological disease: transplantation allorejection. While 
some autologous iPSC therapies are being explored in 
clinical trials for diseases such as macular degeneration, 
clinical-grade, patient-specific therapies are currently very 
costly to manufacture and present quality control and other 
regulatory hurdles that, absent new technological advances, 
make them suboptimal for widespread clinical use. Addi­
tionally, autologous cells are of limited use in the context of 
autoimmune diseases and in time-sensitive situations ( e.g., 
subacute MI), where it is not possible to make patient­
specific iPSCs in time for administration to critically ill 
recipients. 
[0186] Highly-pure PSC-derived grafts have many 
uniquely attractive attributes, such as near-infinite scalabil­
ity and a lack of passenger lymphocytes, and, especially in 
an HLA-matched context, they may have diminished sus­
ceptibility to the acute and chronic allograft rejection that 
routinely plague transplanted organs. Accordingly, research­
ers in the PSC field have focused on two strategies for 
development of allogeneic therapies to achieve tolerance in 
patients: 1) Banking of HLA-matched PSC lines from a 
wide range of donors representative of the population at­
large and 2) gene-editing to modulate the immunogenicity of 
the cells, cloaking them from immune-mediated destruction. 
Both of these approaches have strengths and weaknesses, 
but in the United States, HLA-banking faces a number of 
hurdles ( e.g., ensuring representation for genetically-diverse 
racial and ethnic minorities). Research has shifted to the 
development of universal hypoimmune PSCs, whereby one 
cell line could be used for most, if not all, patients in the 
country, including those with rare HLA types. 
[0187] Methods: Ahypoimmune PSC-CVT for MI, for use 
in any form of heart disease where damaged and/or patho­
logic heart tissue needs to be replaced with vascularized, 
functional cells that are tolerated by the recipient's immune 
system, is provided. The approach is designed to be tolerated 
by both adaptive ( e.g., T cells) and innate immune cells ( e.g., 
monocytes), the latter of which are not directly targeted in 
current hypoimmune PSC therapies. The graft provides for 
treatment for cardiac pathologies that kill and/or diminish 
the quality of life for millions of people worldwide. 
[0188] Designing Next-Generation Hypoimmune PSC­
CVTs: First-generation (1 st-gen) hypoimmune gene-edited 
cells (e.g., knock-out [KO] of MHC class I+II) are able to 
evade recognition by T cells, donor specific antibodies, 
and/or NK cell-mediated cytotoxicity in short-term studies. 
These gene-edited cells have been used for differentiation 
into multiple PSC-derived cell types, including CMs, that, 
have shown maintain their phenotype and functional attri­
butes, and in purified formats do not develop teratomas 
following gene-editing. Conventional wisdom in the PSC 
field is that the potential benefits of ablating HLA outweigh 
the risks ofMHC absence or downregulation, a key immune 
escape mechanism used by 40-90% of human tumors and 
multiple viral pathogens. However, tumor propensity and/or 
viral reservoir potential within HLA I+II KO PSC-derived 
cells has not been properly examined. Further, HLA ablation 
and related published strategies are intended to diminish 
adaptive immunity (T cells, donor specific antibody) and NK 
cells, and they neglect other innate immune cells ( e.g., 
monocytes) that play key roles in allorejection. One 
approach to gene-editing, as described herein, is to focus on 
targeted gene edits important for the cell biology and 
immune cell interactions of individual cell types ( e.g., 
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adhesion of adaptive and innate immune cells to arterial 
endothelial cells [ AECs ]), which are also important in 
effector immune synapse formation with other parenchymal 
cells (e.g., CMs). 
[0189] The Endothelial:Immune Cell Interface in Allore­
jection and Tolerance: One strategy focuses on the biology 
and interactions unique to those specific cell types intimately 
involved in allorejection and tolerance, with the goal of 
increasing both therapeutic effectiveness and safety. Further, 
there may be important advantages to designing PSC thera­
pies based on targeted consideration of the unique biology of 
specific cells versus strictly global HLA ablation. ECs are at 
the primary interface of where transplant rejection begins, 
and/or immune tolerance is maintained. The PSC-CVTs 
described herein include AECs, which form the luminal 
barrier in larger blood vessels of the heart ( e.g., coronary 
arteries), and, critically, have a lower baseline propensity for 
leukocyte adhesion than vascular or other EC subtypes. 
Targeted disruption of ICAM-1-mediated lenkocyte:en­
dothelial adhesion may confer immune tolerance to the 
AECs, and to CMs and cardiac fibroblasts (C-fibs) within the 
PSC-CVT graft, by preventing initial lenkocyte attachment 
and immune synapse formation. 
[0190] KO of donor adhesion molecules resulted in dimin­
ished allogeneic T cell responses, nearly double the survival 
time of allomismatched hearts compared with wild-type 
(WT) grafts, and, importantly, KO did not cause major 
pathogenic vascular defect and/or embryonic lethality. Addi­
tionally, since ECs serve as semi-professional antigen pre­
senting cells, the approach of gene-editing to prevent stable 
leukocyte:EC interactions described herein has potential for 
disrupting effector memory T cell function. FIGS. lA and B 
show that gene expression of ICAM-1 increases during 
activation/inflammation, as well as after addition of inflam­
matory stimulus (e.g., TNFa), even in beta-2 microglobulin 
(B2M) KO 1st-gen PSC-AECs lacking surface MHC class I, 
similar to published reports with immortalized mouse and 
primary human ECs. This further validates the strategy of 
focusing on molecules that a role in allorejection, and 
suggests that adhesion molecules (and the innate immune 
cells that bind to them) may still contribute to allorejection 
in B2M KO PSC grafts. As ICAM-1 plays a role in immune 
synapse formation during cytolysis of parenchymal cells, the 
KO approach will likely confer further adaptive and innate 
immune protection to PSC-CMs, AECs, and -C-fibs within 
the grafts. 
[0191] Designing a PSC-CVT Graft with Durable Func­
tion and Immune Tolerance: Reparative function and immu­
nogenicity are inextricably linked. PSC-CVTs must main­
tain their in vivo function while evading destruction via 
individual and coordinated actions of recipient adaptive and 
innate immune cells. 1st-gen B2M-based HLA class I KO 
PSC-derived AECs and CMs were derived, confirming that 
the differentiation protocols maintain high yields and effi­
ciency for both WT and gene-edited cells, and that the cells 
maintain characteristic in vivo function e.g., robustly 
engrafting in an immune-deficient mouse host (FIGS. 2A 
and B). Functional attributes of the next-generation gene­
editedAECs, CMs, and C-fibs are determined, in addition to 
assessing immunogenicity in vitro, prior to in vivo studies. 
[0192] In addition to incorporation of immune-evasive 
cells, an advanced tri-cellular PSC-CVT (containing ratios 
of three distinct PSC-derived cell types: 1) CMs, 2) C-fibs, 
and 3) AECS) are prepared and tested. Prior transplantation 
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studies typically utilized grafts primarily composed of CMs, 
and their methods did not always specify the purity of the 
preparation and/or the effect of unintended non-CM popu­
lations within the grafts. These grafts are prone to arrhyth­
mias post-transplantation, a dangerous adverse event 
thought to be associated with the immature developmental 
status of the PSC-CMs used, cellular impurities, and/or the 
absence of homeostatic cues from accessary cell types (e.g., 
C-Fibs) present in normal heart but lacking in relatively 
homogeneous populations of PSC-CMs. The PSC-CVT 
graft design disclosed herein uses an intentional mixture of 
highly-pure (to avoid teratomas) CMs and C-fibs (to provide 
homeostatic cues and aid in maturation), utilizing advanced 
protocols. A third, specialized purified cell population, 
AECs, is then added to promote neovascularization, CM 
maturation, and homeostatic cross-talk. The tri-cellular 
hypoimmune grafts are relatively more mature, and have 
high potential for clinical translation with long-term func­
tion and immune tolerance. Input ratios of these individual 
cell types (CMs, C-Fibs, AECs) can be varied in in vivo 
studies. FIGS. 2A and B show robust leukocyte adhesion 
gene-edited PSC-AD-CVT grafts that demonstrate identity, 
function (e.g., contractility) and neovascularization upon 
transplantation into humanized mice. Both the reparative 
capacity and the immune-tolerance potential of PSC-AD­
CVTs are assessed in the inflamed and physiologically 
complex orthotopic site of the heart in a myocardial infarct 
humanized mouse model. The grafts are tested in vitro, in 
low-inflammatory in vivo, and in an inflammatory post­
infarct in vivo environment. 

[0193] Accurate Assessment of the Human Immune 
Response to PSC-CVTs: There is a need for rigorous immu­
nogenicity studies to be conducted using high fidelity in 
vitro assays and in vivo models that accurately recapitulate 
human immunology. This gap is the result of 1) disparate 
methodology of assays and T cell/NK cell bias (neglecting 
monocytes and other non-NK innate cells) used by various 
groups in previous studies; and 2) the lack of suitable 
pre-clinical in vivo models of the human immune response 
to PSC grafts. As described herein, a robust in vitro mixed 
lymphocyte reaction (MLR) assay is employed, informed by 
historical transplantation immunology lessons and stem cell 
biology expertise, purposefully interrogating both adaptive 
and innate immunity. MLR data in FIG. 3 show that 1st-gen 
B2M KO PSC AECs are capable of eliciting a CDS+ T cell 
proliferative response in the presence of antigen presenting 
cells, indicating that while B2M KO may protect against 
direct pathway allorejection, as shown by significantly 
diminished proliferation in B2M KO versus WT cells, such 
1st-gen gene-edited PSC therapies may still be prone to the 
indirect pathway mediated chronic rejection seen in solid 
organ transplant patients. That is, there is still a large 
population of proliferating T CDS+ T cells versus unstimu­
lated controls. This finding increases the importance of 
creation of a PSC-CVT that evades both direct and indirect 
allorecognition to increase the likelihood for successful 
clinical translation. Innate immune cells, such as dendric 
cells and monocytes, play key roles in allorejection and the 
present research using controlled and highly-pure target cell 
populations is relevant to successful clinical translation of 
PSC-CVTs, and also provides insights into traditional solid 
organ allorejection mechanisms. 

[0194] A humanized mouse model, the NeoThy, was 
employed. Humanized mice are a powerful research tool for 
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modeling the in vivo human immune response to PSC 
transplants. The existing gold-standard humanized mouse, 
the fetal-tissue based "BLT" has been reported to be sub­
optimal for allorejection studies due to naive and regulatory 
T bias. The NeoThy, in contrast, has a naive CD4+ T cell 
compartment more similar to adult patients than does the 
BLT model (FIG. 4A), and is a high-fidelity model of 
allorejection (e.g., extensive immune infiltration) of trans­
planted PSC-CM grafts (FIG. 4B). 

[0195] A hypoimmune PSC-AD-CVT graft, with tri-cel­
lular composition, having a lack of alloreactivity in vitro and 
in vivo, may be employed to restore function post-MI, in the 
absence of in vivo alloreactivity, e.g., as tested in an 
advanced NeoThy humanized mouse MI model which is a 
testing platform for hypoimmune PSC therapies, which may 
be useful for many patients with MI and other pathologies 
characterized by cellular dysfunction in immune-competent 
anatomical sites. 

Example 3 

[0196] MI is a devasting pathology, resulting in death or 
diminished quality of life for millions of patients. Existing 
therapies are suboptimal, whereas PSC-based cellular thera­
pies have great potential for improving and saving lives, 
especially if they are durably immune-tolerated. Scalability 
and pluripotent differentiation potential are two key advan­
tages of PSCs over other primary cell-based CVTs. The 
status quo as it pertains to gene-edited PSC therapies is use 
ofHLAI+II KO lines, a promising but generalized approach 
that does not take into account nuanced cell-type specific 
interactions with the immune system and leaves grafts 
vulnerable to rejection mediated by the indirect pathway, in 
concert with monocytes and other innate immune cells. In 
one embodiment, a gene-editing strategy is employed 
focused on preventing immune cell adhesion, at the endothe­
lial cell:immune interface and in adaptive and innate 
immune synapses important for parenchymal cell rejection/ 
tolerance. In one embodiment, a tri-cellular PSC-AD-CVT 
graft for superior reparative function and hypoimmunoge­
nicity is prepared. In one embodiment, the human immune 
response is interrogated with a multi-faceted approach that 
utilizes classic transplant immunology techniques and stem 
cell biology, and leverages an advanced in vivo humanized 
mouse model. The data allow for a better understanding of 
the mechanisms of leukocyte adherence to AECs, and those 
mediating activation and inflammation during the allorejec­
tion process. The NeoThy model provides the regenerative 
medicine community with a tool for long-term cardio­
myopathy studies in the context of the human immune 
system, which is not feasible with other ( e.g., BLT-type) 
humanized mice. PSC differentiation protocols create tri­
cellular PSC-AD-CVT grafts, which, combined with robust 
evaluation of in vitro and in vivo human immunogenicity, 
can further clinical use of reparative and durably tolerated 
PSC-CVTs. 

[0197] Approach: The experiments include paying close 
attention to mouse strains, genotyping, and age, tracking of 
cell line identity and sex, and disaggregating data so that any 
sex-based differences can be analyzed. Experiments use 
technical replicates and a minimum of n=3 biological rep­
licates, and >90% pure cells. Statistical power calculations 
may be used to estimate sample size. 
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[0198] Assess in vitro phenotype, function, and immuno­
genicity of adhesion gene-edited PSC-CVT cell subtypes: 
Attributes: 

[0199] ICAM-1 KO PSC-AECs, CMs, and C-fibs 
(PSC-AD-CVTs) have normal phenotypic identity. 

[0200] PSC-AD-CVTs have normal cell-type specific 
function. 

[0201] PSC-AD-CVTs are immune-tolerated compared 
to WT. 

[0202] Addition of ICAM-1 KO to first-generation 
hypoimmune PSC-CVTs improves immune-tolerance. 

[0203] The hypoimmune, tri-cellular PSC-AD-CVT incor­
porates genetic ablation of a crucial cell adhesion molecule, 
ICAM-1, that is used by multiple adaptive and innate 
immune cells during key steps of allorejection. The therapy 
design and immunogenicity assays address and experimen­
tally interrogate the innate, as well as adaptive, immune 
responses. For each of the three tested PSC-AD-CVT cell 
types, for their use in clinically-relevant hypoimmune PSC 
therapy, the immunomodulatory gene edits do not signifi­
cantly disrupt the phenotype and function ( e.g., diminish the 
reparative capacity) of the cells. Thus, after preparing the 
gene-edited PSCs, they are differentiated into the three 
PSC-CVT cell types, then phenotypic, functional, and 
immunogenicity studies are conducted for the individual 
gene-edited cell types to characterize adhesion molecules in 
interactions between immune cells and AECs, CMs, and 
C-fibs, and determine how ablation of ICAM-1 impacts 
independent cell biological function. This allows for dura­
bly-tolerated PSC-CVTs that can improve the health and 
well-being of millions of MI patients worldwide. 

[0204] ICAM-1 deletion does not meaningfully alter phe­
notype or impair function of PSC-AECs, -CMs, or -C-fibs. 
Additionally, immune cell interactions with each of the three 
cell types are diminished and there is concordant diminish­
ment of in vitro measures of allorejection. These effects are 
apparent with an ICAM-1 KO alone, and enhanced when 
combined with 1st-gen gene-edited lines (i.e., ablation of 
MHC class I+II, addition of HLA-Edimer). 

[0205] ICAM-1 KO PSC-AECs, CMs, and C-fibs (PSC­
AD-CVTs) have normal phenotypic identity: CRISPR/Cas9-
based gene editing is efficient. In order to minimize off­
target effects a high-fidelity Cas9 variant is used for 
knockout of ICAM-1 plus introduction of a constitutively­
expressed Akaluc luminescence reporter for use in down­
stream bioluminescent imaging (BLI) studies. In one experi­
ment, the H9 B2M KO/CIITA KO/HLA-E dimer (H9 KO 
Edimer) line may be used as a 1st-gen control line. ICAM-1 
KO lines are edited, and verified as selected for KO via IFNy 
based upregulation ofICAM-1 in untargeted cells. Multiple 
KO clones are banked and karyotyped and screened for 
off-target activity. Four iterations of PSCs are used for 
downstream experiments: 1) ICAM-1 KO alone, 2) 1st-gen 
KO Edimer alone, 3) ICAM-1 KO added to 1st-gen KO 
Edimer, and 4) WT (unedited) H9. Studies on multiple 
1st-gen hypoimmune PSC lines showed that they are capable 
of differentiation into phenotypically normal and functional 
AECs and CMs (FIG. 5). The four PSC iterations are 
differentiated into AECs, CMs, and C-fibs and their pheno­
types assessed by flow cytometry and bulk RNA sequencing 
in order to verify that that KO of ICAM-1 does not nega­
tively impact differentiation potential. 
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[0206] Other PSC lines ( or H9) with KO of other adhesion 
molecules may also be prepared, e.g., double KO of E-Se­
lectin and P-selectin. 
[0207] PSC-AD-CVTs have normal cell-type specific 
function: In addition to cell phenotype and morphology, 
normal cell-type specific function post-KO is shown. Meth­
ods previously described validate gene-edited PSC-AECs, 
PSC-CMs, and PSC-C-fibs. Briefly, normal AEC function 
are verified by assessing oxygen consumption rates, nitric 
oxide production levels, and shear stress responses; CMs by 
macroscopic contractility; and C-fibs by immunolabeling to 
demonstrate extracellular matrix formation via staining of 
collagen I and fibronectin. 
[0208] PSC-AD-CVTs are immune-tolerated compared to 
WT: In vitro assessment of immunogenicity is one step in 
the evaluation of the tolerogenic potential of the disclosed 
PSC-AD-CVTs. Adaptive (e.g., T cells) and innate immune 
cells ( e.g., monocytes) adhere to a large degree via ICAM-1; 
therefore, these cells, as well as innate NK cells (an impor­
tant mediator of missing-self cytotoxicity in solid organ 
transplantation and in 1st-gen hypoimmune PSC therapies) 
are evaluated. 6-day MLRs, as shown in FIG. 3, are con­
ducted based on a previously published protocol with allo­
geneic peripheral blood mononuclear cells (PBMCs) (con­
taining the above three cell populations) and each individual 
gene-edited PSC-derived cell above as targets. To assess 
alloreactivity, proliferation is measured by flow cytometry 
on gated cell subtypes (e.g., effector memory T cells), and 
LAMPI and T cell/NK cytotoxic activity is assessed in flow 
cytometry and CytoTox 96® assays, respectively. Addition­
ally, PDl, LAG3, and other markers ofT cell exhaustion are 
measured to evaluate the effect of ICAM-1 ablation on 
effector function. Cell culture supernatants are used for 
detection of cell type-specific cytokine release via 
Luminex® 35-plex human panel. The data in FIG. 6 show 
that monocyte chemoattractant protein 1 (MCP-1) is signifi­
cantly produced in MLR co-cultures of WT PSC-AECs and 
allogeneic PBMCs, thus illustrating the role of innate cells/ 
monocytes in the natural alloresponse to unedited PSC­
derived cells. These experiments also assess differential 
immunogenicity between WT versions of the three cell 
types, as well as between edited versions in order to deter­
mine if edited versions of certain cells have more profound 
pro-tolerance effects. 
[0209] Diminished proliferative and cytotoxic (alloreac­
tive) T cell and NK responses are observed in PSC-AD-CVT 
cell types compared with WT cells. Additionally, there is a 
reduction in inflammatory cytokines involved in the adap­
tive and innate alloresponse. Edited AECS may be the most 
hypoimmune of the three cell types because of their semi­
professional antigen presenting cell role in the allorejection 
response, which is disrupted by ICAM-1 KO. 
[0210] Addition of ICAM-1 KO to first-generation hypo­
immune PSC-CVTs will improve immune-tolerance: FIG. 3 
shows that 1st-gen (B2M KO) hypoimmune PSC-AECs are 
more-weakly immunogenic than WT cells, but that there is 
still a proliferative response in MLRs, indicative that the 
indirect pathway of allorejection may be involved. An 
existing 1st-gen KO Edimer PSC line is edited to also 
incorporate ICAM-1 KO, with the intention of further 
diminishing the rejection response by preventing effective 
adhesion. With ICAM-1 KO cells, a decreased adhesion of 
T cells, B cells, NK cells and monocytes is observed in 
immunofluorescence microscopy and flow cytometry-based 
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studies, as well as a decreased immune response in MLR 
assays. An increased frequency of T cells with exhausted 
phenotype mediates diminished direct and indirect pathway 
responses. 
[0211] Prepare vascularized next-generation PSC-AD­
CVT grafts that are immune-tolerated in vivo in the NeoThy 
humanized mouse model. 

[0212] PSC-AD-CVT grafts composed of ratios of 
hypoimmune PSC-AECs, -CMs, and-C-Fibs form vas­
cularized cardiac organoids with contractile function in 
the heterotopic kidney capsule site of immune-deficient 
mice. 

[0213] PSC-AD-CVT grafts are immune-tolerated in 
the minimally-inflamed environment of the NeoThy 
model, in the short and long-term. 

[0214] Inclusion ofhypoimmuneAECs alone may prevent 
immune cells from breaching the endothelial barrier of the 
graft and in tum protect WT PSC-CMs and PSC-C-fibs from 
rejection when included in PSC-CVTs. In vivo studies are 
then used to validate clinical utility of the disclosed PSC­
AD-CVT. The NeoThy humanized mouse model is 
employed in this regard. NeoThy overcomes a weakness of 
other humanized mice-graft vs host disease (GVHD). 
GVHD creates systemic inflammation that interferes with 
the discernment of experimental design vs model-inherent 
immune effects, and shortens experimental windows by 
causing premature mouse deaths. Mouse host irradiation as 
well as anti-host passenger thymocytes within transplanted 
human thymus fragments are thought to be mediators of 
GVHD. The NBSGW mouse, which does not require irra­
diation for humanization, when used for creation of the 
NeoThy, in addition to anti-CD2 passenger thymocyte 
depletion, has a significant reduction in premature death and 
a concordantly large experimental window for long-term 
transplantation studies, demonstrated in FIG. 7. The use of 
the NBSGW mouse allows for control the inflammatory 
milieu and to conduct long-term studies (there are few 
published PSC transplantation studies with >30 day time­
points, diminishing their relevance for chronic rejection 
assessment). 
[0215] The input cell ratios of the tri-cellular PSC-AD­
CVT are varied in non-humanized NBSGW mice to create 
contracting vascularized grafts shown in FIG. 2. The immu­
nogenicity of the graft is assessed in the NeoThy model. 
PSC-AD-CVTs are transplanted in the heterotypic kidney 
capsule site (FIG. 2) which is a blood rich location, to 
investigate graft function as well as the interactions between 
graft and human immune cells. Graft composition and 
immunogenicity are interrelated. Hypoimmune grafts are 
functional in non-humanized and NeoThy mice, and in 
NeoThy mice, the grafts are tolerated by an allogeneic 
human immune system. 
[0216] PSC-AD-CVT grafts composed of ratios of hypo­
immune PSC-AECs, -CMs, and -C-Fibs form vascularized 
cardiac organoids with contractile function in the hetero­
topic kidney capsule site of immune-deficient mice. 
[0217] The human heart is composed of multiple cell 
types, present in various frequencies, which work synergis­
tically to maintain homeostasis and proper biological func­
tion within the cells themselves and the organ as a whole. 
The tri-cellular PSC-AD-CVT utilizes highly-pure PSC­
derived AECs, CMs, and C-fibs so that the proportion of 
these cells (and minimize undefined populations with 
unknown function and/or teratoma potential) are controlled, 
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in order to achieve engraftment and reparative function. The 
input ratios of the three graft cell types are varied, then the 
grafts are transplanted in a spheroid format (FIG. 3) shown 
to produce engraftment in the kidney capsule (heterotopic) 
and heart ( orthotopic) of immune-deficient mouse hosts, 
respectively. A matrix that varies cell number and spheroid 
size, prior to transplantation, is used. The preparations of 
PSC-AD-CVT spheroids are assessed for macroscopic con­
tractility before being transplanted under the kidney capsule 
of8-week-old NBSGW immune-deficient mice. Graft integ­
rity/engraftment is monitored by weekly BLI tracking, via 
the Akaluc reporter co-engineered into the hypoimmune 
PSCs (FIG. 8). Mice that are graft positive by BLI, are 
anesthetized at 1 month, and undergo survival surgery to 
observe graft size, vascularization, and contractility rate. At 
3 months, the procedure is repeated and animals are then 
sacrificed/tissue collected after recording observations. Tis­
sues are assessed by histology (for immune infiltrate and 
evidence of teratoma) and RNA sequencing for CM, AEC, 
and C-fib markers (e.g., cardiac troponin T [cTNT], CD31) 
and maturation-associated genes in comparison with dO 
grafts retained as controls. A small graft sample for all 
transplant experiments is retained for other studies analyzing 
propensity for viral infection. PSC-AD-CVTs are compared 
with WT tri-cellular PSC-CVTs and PSC-CMs as controls. 
Robust engraftment of vascularized, contracting grafts in 
PSC-AD-CVTs and WT PSC-CVTs is observed, and both 
tri-cellular grafts are larger than PSC-CM alone grafts. The 
grafts mature in vivo when compared to dO to 3-month 
timepoint gene expression signatures of genes associated 
with cardiac maturation (e.g., SCN5A, GJAl, KCNJ4), 
similar to in vitro studies showing time-associated matura­
tion changes (FIG. 9). 

[0218] PSC-AD-CVT grafts are immune-tolerated in the 
minimally-inflamed environment of the NeoThy model, in 
the short and long-term: The transplantation studies are 
repeated with a graft candidate(s) (determined by graft size, 
vascularization, contractility, and maturity) in NeoThy 
humanized mice humanized with an allogeneic immune 
system (complete HLA mismatch). As shown in FIG. 7, 
above, an advantage of the NeoThy is the ability to conduct 
long-term studies (e.g., over 3 months) vs. traditional fetal 
tissue-based models which can often result in loss of animals 
and experimental power due to premature GVHD-associated 
mouse death. The NeoThy model was used to assess a 
short-term time point (1 month) commonly used in the 
humanized mouse and/or gene-edited PSC literature, and 
also a long-term time point (3 months) that allows for 
determining susceptibility to chronic allorejection. Systemic 
inflammation was assessed by Luminex (FIG. 6) pre- and 
post-transplant. Effector memory T cells were quantified by 
flow cytometry, including being analyzed for markers of T 
cell activation and exhaustion. Transplanted PSC-AD-CVTs 
were assessed for infiltration of human CD4+, CDS+, and 
FoxP3+ T cells as well as for human monocytes/macro­
phages. Tissue fibrosis and anatomical integrity were 
assessed by histopathology. Animals receiving PSC-AD­
CVTs have diminished inflammatory cytokines, less 
immune infiltration of grafts, fewer effector memory T cells 
in circulation, increased exhausted and regulatory pheno­
types, and normal structural integrity of the graft vs. WT 
controls. Day O blood samples from individual animals were 
used to establish baseline inflammation and immune cell 
levels for these comparisons. BLI was performed at 2 
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months, and a blood sample was retained to track increases 
in inflammatory cytokines and/or increases in effector 
immune phenotypes that could be indicative of an impend­
ing alloresponse which may result in intervention, including 
possible administration of immunosuppressive drugs. 
[0219] Inclusion ofhypoimmuneAECs alone may prevent 
immune cells from breaching the endothelial barrier of the 
graft and in tum protect WT PSC-CMs and PSC-C-fibs from 
rejection when included in PSC-CVTs: One experiment 
included a ratio of cells as described above but also adding 
only ICAM-1 KO PSC-AECs to WT PSC-CMs and PSC­
C-fibs. The protective role of gene-edited AECs, as evi­
denced by a lack of immune cell infiltration into the WT 
parenchyma (CMs and C-fibs) of the graft, may occur. If 
there is evidence of immune infiltration, the degree was 
quantified via image analysis, and compared to PSC-AD­
CVTs with all three cell types edited. The localized infiltrate 
was analyzed to determine if CMs or C-fibs are targeted and 
if it was diminished vs. WT. Additional genetic editing, such 
as P/E-selectin and/or molecules unique to the biology of the 
affected cell(s), were optionally conducted. 
[0220] Assess reparative capacity and immune-tolerance 
of gene-edited PSC-AD-CVT grafts in an inflammatory, 
post-myocardial infarction (MI) NeoThy humanized mouse 
model: 

[0221] Induction of MI in the NeoThy model releases 
systemic and local mediators of inflammation, resulting 
in localized monocyte recruitment and differentiation 
into tissue macrophages in the infarct as well as a 
higher frequency of activated, oligoclonal effector 
memory T cells phenotypes in the periphery. 

[0222] Post-MI, orthotopic transplant of gene-edited 
PSC-AD-CVTs results in vascularized grafts that 
improve cardiac function, decrease infarct size, and 
increase ventricular wall thickness. 

[0223] Gene-edited PSC-AD-CVTs are durably toler­
ated by allogeneic human adaptive and innate immune 
cells in the inflammatory post-MI humanized mouse 
heart. 

[0224] PSC-AD-CVT was tested for reparative function, 
and immune tolerance potential, in a high-fidelity model that 
mimics the inflamed and complex physiological environ­
ment seen of an MI patient's heart. That is, the hypoimmune 
PSC-AD-CVT was tested whether it is immune-tolerated in 
a robust, clinically-relevant in vivo environment. Demon­
stration of reparative function that persists upon encounter 
with the complex post-MI human immune response is a 
clear indication of translational potential. While immune­
deficient animals are receptive to transplanted xenogeneic 
tissues, their response to injury differs from immune-com­
petent WT animals. The present model reconstitutes a func­
tional human immune system, more closely modeling the 
normal human immune roles in cardiac injury and trans­
plantation. The immune-tolerated PSC-AD-CVT has use in 
a multitude of patient populations, requiring little to no 
immunosuppressive medication. 
[0225] Induction of MI in the NeoThy model releases 
systemic and local mediators of inflammation, resulting in 
localized monocyte recruitment and differentiation into tis­
sue macrophages in the infarct, as well as a higher frequency 
of activated, oligoclonal effector memory T cells phenotypes 
in the periphery: A NeoThy MI model was employed, 
whereby MI is induced in human-chimeric animals (16 
weeks post-humanization) by left anterior descending 
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(LAD) artery ligation with a nonabsorbable suture, using 
IACUC-approved surgical techniques and pain-relief mea­
sures. Baseline inflammation was assessed by Luminex® 
assay of peripheral blood, in comparison to non-MI (sham 
surgery, without ligation step) NeoThy mice of comparable 
age and time post-humanization, as well as naive NBSGW 
controls. Echocardiographic imaging was performed, and 
images were analyzed for MI via calculation of the left 
ventricular ejection fraction, fractional shortening, end-dia­
stolic volume, and end-systolic volume. Additionally, after 4 
weeks, immunostaining of murine hearts was conducted to 
assess infarct size, decreased ventricular wall thickness, and 
apoptosis (TUNEL assay). MI resulted in increased human 
inflammatory cytokines (e.g., IFNy, ILi~, TNFa) and infil­
tration of human CD 11 b +cD33 +cD 16+ macrophages. Acti­
vated effector memory CD4+ and CDS+ T cells in the 
periphery and inflammation-induced clonal expansion were 
detectable by Adaptive Biotechnologies TCR~ chain rear­
rangement sequencing, as shown in FIG. 10. 

[0226] Post-MI, orthotopic transplant of gene-edited PSC­
AD-CVTs results in vascularized grafts that improve cardiac 
function, decrease infarct size, and increase ventricular wall 
thickness: PSC-AD-CVTs were transplanted into MI non­
humanized NBSGW and humanized NeoThy mice, with 
Mis introduced using the same methodology described 
above. Five to ten spheroids were suspended in a fibrin 
matrix patch, positioned over the site of infarction, imme­
diately following LAD ligation. Animals were monitored for 
engraftment by weekly BLI monitoring. One cohort of 
animals was analyzed at 1 month, the other at 3 months, first 
for cardiac function and engraftment (BLI) as above, then 
for macroscopic vascularization and contraction of graft 
while under anesthesia prior to sacrifice. Post-sacrifice, 
infarct size and ventricular wall thickness are assessed in 
these mice vs. animals that received mock treatment. 
Improvements in cardiac function, decreased infarct size, 
and increased ventricular wall thickness in non-humanized 
NBSGW mice, as well as in MI NeoThy mice, were 
observed. 

[0227] Gene-edited PSC-AD-CVTs are durably tolerated 
by allogeneic human adaptive and innate immune cells in 
the inflammatory post-MI humanized mouse heart: In addi­
tion to the engraftment and reparative function in non­
humanized NBSGW mice, the hypoimmune PSC-AD-CVTs 
also yield the same engraftment and reparative results in 
NeoThy mice, whereas WT PSC-CVTs and 1st-gen gene­
edited PSC-CVTs, to a lesser degree, are rejected by the 
allogenic human immune system. Rejection was evident by 
diminished BLI signal over time, as well as diminished 
human Kuso+ cells present in immunohistochemical analy­
sis of mouse hearts, and increased T cell and macrophage 
infiltration in the grafts, relative to tolerated cells. Improved 
cardiac function, durable (3 month) tolerance of PSC-AD­
CVT, a > 10% decrease in infarct size, and decreased fibrotic 
tissue in the heart was also observed in the hypoimmune 
graft. 

[0228] Statistical and Sex-Based Considerations: Using 
previous study data, a two-sided, two-sample t-test was 
performed at a significance level of 0.05. To have sufficient 
(80%) power for finding significant differences between 
groups, a minimum of 5 animals per group ( one extra mouse 
to account for any unexpected mouse deaths) was used for 
all humanized mouse studies. Male and female mice (n=5 
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each) were used. The data was disaggregated so that any 
sex-based differences in the above-mentioned experimental 
metrics can be analyzed. 

Example 4 

[0229] Pluripotent stem cell (PSC)-derived cell therapies 
are promising reparative treatments for a variety of cardio­
vascular diseases that kill over 655,000 Americans each 
year, and preventing their immune rejection post-transplant 
is crucial for effective clinical translation. Due to their 
scalability, which enables large-scale cell banking, PSCs are 
an ideal cell source for gene-editing approaches to improve 
transplantation outcomes and achieve immune tolerance. 
Recently, multiple research groups have created gene-edited 
hypoimmune PSCs (e.g., knockout [KO] of human leuko­
cyte antigen [HLA]) capable of evading allorejection by T 
cells, donor specific antibodies, and/or natural killer cell­
mediated cytotoxicity in short-term studies. Despite these 
advances, little is known about the long-term tolerance 
potential of HLA-KO PSC grafts in patients, including 
whether such a dramatic intervention as total ablation of 
HLA class I and/or II increases the long-term risk of 
deleterious effects (e.g., malignancy). There remains a criti­
cal need to develop strategies for immune tolerance induc­
tion, and gene-editing approaches informed by the cell­
specific biology of graft:immune cell interactions hold 
tremendous promise to meet this challenge. Additionally, to 
determine potential clinical utility and efficacy, rigorous 
translational studies require high fidelity in vitro and in vivo 
models relevant to human immunology. 
[0230] PSC-based cell therapies that are immune-toler­
ated, have little-to-no sustaining need for immunosuppres­
sion, and that meaningfully improve patient health and 
quality of life are described herein. For example: 1) 
CRISPR/Cas9 gene-editing approaches are used to target 
adhesion molecules (AMs) (e.g. ICAM-1) on human PSC­
derived cardiovascular therapies (CVTs) to disrupt the 
adherence, infiltration, and destruction of vascularized grafts 
by allogeneic immune cells; and 2) cellular composition and 
immunogenicity profiles of next-generation hypoimmune 
PSC-CVT grafts are investigated for their reparative capac­
ity in the inflammatory setting of myocardial infarction 
(MI). 
[0231] Targeted deletion of AM genes facilitate immune 
tolerance of PSC-CVTs via two mechanisms: 1) diminished 
immune cell contact-mediated destruction; and 2) anti­
inflammatory effects ( e.g., secreted factor and gene expres­
sion changes) directly associated with genetically disrupting 
AM function. Hypoimmune PSCs are a clinical platform, 
e.g., for immune tolerance of PSC grafts. 
[0232] Define the effects of ICAM-1 ablation on immune 
cell contact-mediated PSC-CVT graft destruction. Prelimi­
nary data showed decreased in vitro leukocyte binding to 
ICAM-1 KO PSCs, and normal PSC phenotype. AM KO 
may prevent allogeneic destruction oftri-cellular PSC-CVT 
grafts ( composed of PSC-derived arterial endothelial cells 
[AECs], cardiomyocytes [CMs], and cardiac fibroblasts 
[Cfibs]). ICAM-1 is directly involved in immune cell teth­
ering, rolling, extravasation, and cytotoxic immune synapse 
formation. Targeting this AM gene impedes binding of 
leukocytes to each of the individual PSC-CVT cell subtypes, 
with diminished loss of KO graft cells in vitro and in vivo. 
[0233] Define the inflammatory responses initiated by 
immune cell:PSC-CVT graft interactions. Preliminary data 
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demonstrated a direct relationship between inflammatory 
stimulation (TNFa) and ICAM-1 function in PSCs, and 
indicate that ICAM-1 deletion increases PSC free radical 
scavenging potential. Adaptive and innate immune cells may 
release lesser amounts of pro-inflammatory cytokines and 
chemokines and more anti-inflammatory factors upon in 
vitro interaction with ICAM-1 KO cells. KO cells inherently 
may be more resistant to inflammatory cues ( e.g., oxidative 
stress) vs. WT cells. MI may induce systemic inflammatory 
cytokines in the humanized NeoThy mouse model. 
[0234] A gene-edited PSC-CVT may show clear evidence 
of immune-tolerance. The results contribute data on the 
mechanisms of PSC immunogenicity and transplant toler­
ance, and validating the gene-editing approach of directly 
targeting graft:immune cell adhesion and associated inflam­
matory pathways. 
[0235] After a first myocardial infarction (MI), the adult 
human heart recovers via scar formation. The fact that 36% 
of male and 47% of female patients die within 5 years 
illustrates the dire inadequacy of current therapies. Pluripo­
tent stem cell (PSC)-based cardiovascular therapies (PSC­
CVTs) have the potential to dramatically reduce deaths from 
MI and improve patient quality-of-life. Particularly prom­
ising are induced PSCs (iPSCs ), which are created by 
reprogramming primary cells, such as peripheral blood T 
cells, from individual patients and then differentiating them 
into autologous replacement cells ( e.g., cardiomyocytes 
[CMs], endothelial cells [ECs]) for transplantation. These 
tissues, in theory, could be accepted as "self' by the patient's 
immune system without the need for immunosuppressive 
drugs and their associated adverse effects, thereby avoiding 
a detrimental immunological disease: transplantation allore­
jection. While some autologous iPSC therapies are being 
explored in clinical trials for diseases such as macular 
degeneration, clinical-grade, patient-specific therapies are 
currently very costly to manufacture and present quality 
control and other regulatory hurdles that, absent new tech­
nological advances, make them suboptimal for widespread 
clinical use. Additionally, autologous cells are oflimited use 
in the context of autoimmune diseases and in time-sensitive 
situations (e.g., subacute MI), where it is not possible to 
generate patient-specific iPSCs in time for administration to 
critically ill recipients. For this reason, there is an urgent 
need for "off the shelf' allogeneic PSC-CVTs that can be 
swiftly utilized in the clinic. 
[0236] Accordingly, researchers in the PSC field have 
focused on two strategies for development of allogeneic 
therapies to achieve tolerance in patients: 1) bauking of 
human leukocyte antigen (HLA)-matched PSC lines from a 
wide range of donors representative of the population at­
large; and 2) gene-editing to modulate the immunogenicity 
of the cells, cloaking them from immune-mediated destruc­
tion. Both of these approaches have strengths and weak­
nesses, but in the United States, HLA-bauking faces a 
number of hurdles (e.g., ensuring representation for geneti­
cally-diverse racial and ethnic minorities). Research has 
shifted to the development of gene-edited, universal-donor 
hypoimmune PSCs, whereby one cell line could be used for 
most, if not all, patients in the country. Importantly, this 
includes racial and ethnic minorities and/or individuals with 
rare HLA types that have not traditionally been adequately 
represented in clinical trials and PSC banks. 
[0237] Disclosed herein is a gene-edited PSC-CVT for MI 
with potential for future use in any form of heart disease 
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where damaged and/or pathologic heart tissue needs to be 
replaced with vascularized, functional cells that are tolerated 
by the recipient's immune system. The approach targets 
adhesion molecules (AMs), specifically ICAM-1, which is a 
key AM involved in immune cell binding and/or inflamma­
tion. The approach is designed for tolerance by both adap­
tive ( e.g., T cells) and innate immune cells ( e.g., monocytes ), 
the latter of which are not directly targeted in currently 
published hypoimmune PSC therapies ( e.g., HLA knockout 
[KO]). A gene-edited PSC-CVT is useful for the treatment 
for cardiac pathologies that kill and/or diminish the quality 
of life for millions of people worldwide, in addition to 
validating an entirely new targeting approach for hypoim­
mune gene-editing. 
[0238] Next-Generation Gene-Edited Hypoimmune PSC­
CVTs: Recently, first-generation (1st-gen) gene-edited 
hypoimmune cells (e.g., KO of HLA class I+II) were 
described that are able to evade recognition by T cells, donor 
specific antibodies, and/or natural killer (NK) cell-mediated 
cytotoxicity in short-term studies. These gene-edited cells 
have been used for differentiation into multiple PSC-derived 
cell types, including CMs. These cells maintain their phe­
notype and functional attributes, and in purified formats do 
not develop teratomas following gene-editing. Conventional 
wisdom in the PSC field is that the potential benefits of 
ablating HLA outweigh the risks of its absence or down­
regulation, which are key immune escape mechanisms used 
by 40-90% of human tumors and multiple viral pathogens. 
However, there have been no publications to date explicitly 
examining tumor propensity and/or viral reservoir potential 
within HLA I+II KO PSC-derived cells. Further, HLA 
ablation and related published strategies are intended to 
diminish adaptive immunity (T cells, donor specific anti­
body) and NK cells, and they neglect other innate immune 
cells (e.g., monocytes) that play key roles in allorejection. 
Adverse events may endanger 1st-gen platforms and innate 
immune-mediated rejection may play a clinically significant 
role in PSC graft failure. Thus, alternative strategies for 
hypoimmune PSC design are provided herein. The approach 
to gene-editing is to focus on targeting an AM gene inti­
mately involved in the immune cell adhesion and the inflam­
matory response: ICAM-1. 
[0239] Designing a PSC-CVT Graft with Durable Func­
tion and Immune Tolerance: Reparative function and immu­
nogenicity are inextricably linked. PSC-CVTs must main­
tain their in vivo function while evading destruction via 
individual and coordinated actions of recipient adaptive and 
innate immune cells. The differentiation protocols used 
result in cells that have a strong potential for reparative 
function by maintaining their cell type-specific in vivo 
function ( e.g., contraction) and vascularization in an 
immune-deficient mouse host, as shown with 1st gen gene­
edited (beta-2 microglobulin [B2M] KO) PSC-CMs in FIG. 
2B. 
[0240] An advanced tri-cellular PSC-CVT was used con­
taining three distinct PSC-derived cell types (CMs, Cfibs, 
and arterial ECs [AECs]) in order to overcome nonimmu­
nological limitations associated with previously published 
PSC-CM grafts. Prior transplantation studies typically uti­
lized grafts primarily composed of CMs, and their methods 
did not always specify the purity of the preparation and/or 
the effect of unintended non-CM populations within the 
grafts. These grafts are prone to arrhythmias post-transplan­
tation, a dangerous adverse event thought to be associated 
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with the immature developmental status of the PSC-CMs 
used, cellular impurities, and/or the absence of homeostatic 
cues from accessory cell types (e.g., C-Fibs) present in 
normal heart but lacking in relatively homogeneous popu­
lations of PSC-CMs. The present PSC-CVT graft design 
uses an intentional mixture of highly-pure (to avoid terato­
mas) CMs and C-fibs (to provide homeostatic cues and aid 
in maturation), utilizing advanced protocols. Then a third, 
specialized purified cell population, AECs, were added to 
promote neovascularization, CM maturation, and homeo­
static cross-talk. The hypoimmune tri-cellular grafts 
described herein may be more mature than CMs alone, and 
have high potential in the clinic because of long-term 
functional and immune tolerance capacities. 
[0241] Targeting Immune Cell Adhesion inAllorejection: 
A strategy for achieving PSC-CVT tolerance couples cut­
ting-edge CRISPR/Cas9 gene-editing techniques with the 
lessons of over 50 years of transplantation immunology. 
Importantly, there is a focus specifically on the unique 
biology of AMs as an alternative target vs. global HLA 
ablation, the latter of which may be too extreme ( e.g., could 
render the cells susceptible to malignancy). In one aspect, 
the disclosure provides for attenuating, but intentionally not 
completely ablating, immune cell adhesion and pathological 
inflammatory responses. The tri-cellular PSC-CVT grafts 
include AECs, which form the luminal barrier in larger 
blood vessels of the heart ( e.g., coronary arteries), encour­
aging post-transplant neovascularization. The vasculature is 
the primary interface of transplant rejection and, critically, 
AECs have a lower baseline propensity for leukocyte adhe­
sion than vascular or other EC subtypes. 
[0242] The first part of the hypothesis is that targeted 
attenuation of immune cell adhesion to cell targets via KO 
ofICAM-1 will confer immune tolerance to the PSC-CVT 
graft vasculature as well as parenchymal cells. ICAM-1 is 
involved in post-transplantation immune interactions with 
the vasculature (tethering, rolling, extravasation) as well as 
cytolysis during immune cell killing (immune synapse for­
mation). LFA-1 is the primary ligand for ICAM-1 and it is 
expressed on adaptive (e.g., T cells) and innate (e.g., mono­
cytes and dendritic cells) immune cells, all of which play 
critical and coordinated roles in allorejection. In prior mouse 
studies, KO of ICAM-1 resulted in diminished allogeneic T 
cell responses, nearly double the survival time of allomis­
matched hearts compared with WT grafts and, importantly, 
KO of this AM does not cause major pathogenic vascular 
defect and/or embryonic lethality. Additionally, since ECs 
serve as semi-professional antigen presenting cells, the 
approach of gene-editing to prevent stable leukocyte:graft 
interactions allows for disrupting effector memory T cell 
function. Importantly, the preliminary data show that the 
karyotypically normal human ICAM-1 KO PSCs can be 
readily differentiated into CMs and AECs, comparable to 
isogenic WT PSCs (FIG. 15). This gives strong evidence 
that this project is feasible and that our strategy is compat­
ible with existing PSC differentiation protocols. 
[0243] Accurate Assessment of the Human Immune 
Response to PSCCVTs: The data, as well as multiple recent 
publications from other groups, highlight the significance 
and potential for new discovery associated with gene-edited 
hypoimmune PSC grafts. There is a gap in the existing 
knowledge: the need for rigorous immunogenicity studies to 
be conducted using high fidelity in vitro assays and in vivo 
models that accurately recapitulate human immunology. 
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This gap is the result of: 1) disparate methodology of assays 
and T cell/NK cell bias (neglecting monocytes and other 
non-NK innate cells) used by various groups in previous 
studies; and 2) the lack of suitable pre-clinical in vivo 
models of the human immune response to PSC grafts. To 
close the gap, robust assays are employed. For example, 
FIG. 16 shows the mixed lymphocyte reaction (MLR) assay 
that ca be used to experimentally test immunogenicity. This 
approach is informed by historical transplantation immunol­
ogy lessons and stem cell biology expertise, purposefully 
interrogating both adaptive and innate immunity. The MLR 
data show that 1st-gen B2M KO PSC-AECs are capable of 
eliciting a CDS+ T cell proliferative response in the presence 
of antigen presenting cells, indicating that while B2M KO 
may protect against direct pathway allorejection (as shown 
by significantly diminished proliferation in B2M KO vs. WT 
cells), such 1st-gen gene-edited PSC therapies may still be 
prone to the indirect pathway-mediated chronic rejection 
seen in solid organ transplant patients. Notably, there is still 
a large population of proliferating CDS+ T cells vs. unstimu­
lated controls. This finding increases the potential signifi­
cance of our proposal, as creation of a PSC-CVT that evades 
both direct and indirect allorecognition by KO of an AM 
involved in both of those rejection pathways will have a high 
likelihood for successful clinical translation. 

[0244] Controlled and highly-pure WT and KO target cell 
populations allow for successful clinical translation of PSC­
CVTs, and also provides insights into traditional solid organ 
allorejection mechanisms. High fidelity in vitro assays and 
in vivo models relevant to human immunology, including a 
humanized mouse model, are employed. 

[0245] Beyond Immune Cell Adhesion: Impact of 
ICAM-1 KO on Inflammation: Pathological inflammation 
plays a key role in allorejection of solid organs, in both 
parenchymal tissues and graft vasculature. Immune cell­
derived inflammatory cytokines and/or oxidative stress can 
initiate inflammatory responses in endothelial and other 
graft cells, which in turn feedback (in association with AMs) 
via additional release of cytokines and radical oxygen spe­
cies that can further degrade graft cell viability. In order to 
develop effective mitigation strategies, there is a need for 
defining the deleterious effects of inflammatory stimuli on 
PSC-derived cell therapies. The data in FIG. 1 show that 
ICAM-1 gene expression (via RNA sequencing [RNAseq]) 
increases during immune cell-mediated activation/inflam­
mation, as well as after addition of inflammatory stimulus 
(e.g., TNFa) in the absence of bound cells. This occurs even 
in 1st-gen B2M KO PSC-AECs lacking surface major 
histocompatibility complex (MHC) class I, similar to pub­
lished reports with immortalized mouse and primary human 
ECs. This validates the strategy of focusing on the molecules 
that play key roles in allorejection, and suggests that AMs 
(and the innate immune cells that bind to them) may still 
contribute to allorejection in 1st-gen KO PSC grafts. 

[0246] Further, AMs play important roles in responding to 
oxidative stress during inflammatory responses. Using 
mouse ICAM-1 KO aortic ECs, an inverse relationship 
between ICAM-1 and glutathione (GSH) production has 
been demonstrated. GSH is a major source of reducing 
equivalents in the cell and plays a key role in the anti­
inflammatory response to oxidative stress. The data show 
increased Thio!Tracker™ dye levels in ICAM-1 KO PSCs 

25 
May 7, 2026 

vs WT, indicating an increase in GSH and concordant 
increase in free radical-scavenging potential within the 
PSC-CVT. 
[0247] Interrogating two mechanisms of immune rejection 
in SAi (via immune cell adhesion) and SA2 (via inflam­
mation) increases the generalizable significance of our AM 
gene-editing approach and increases the likelihood of 
improving transplant outcomes and patient health. 
[0248] Assessing Engraftment of PSC-CVTs in Novel 
Model of Human Immunity: A humanized mouse is used, the 
NeoThy. Humanized mice are a powerful research tool for 
modeling the in vivo human immune response to PSC 
transplants. NeoThy is in contrast to the existing gold­
standard humanized mouse, the fetal-tissue based "BLT," 
that has been reported to be suboptimal for allorejection 
studies due to naive and regulatory T cell bias. The NeoThy 
has a naive CD4+ T cell compartment more similar to adult 
patients than does the BLT model, and is a high-fidelity 
model of allorejection (e.g., extensive immune infiltration) 
of transplanted PSC-CM grafts. The NeoThy model may be 
a more replicable and reproducible system for broader uses 
and that such technologies would benefit from an investment 
to accelerate research in these areas. Testing the alloimmune 
response to gene-edited PSC-CVT in the NeoThy, as well as 
measuring local and systemic pre- and post-MI inflamma­
tion in the model, generates key data to assess in vivo 
orthotopic engraftment and reparative function in an inflam­
matory environment while in the context of the human 
immune response. The result is a hypoimmune PSC-CVT 
graft with a tri-cellular composition, having a lack of allore­
activity in vitro and in vivo. This hypoimmune graft strategy 
is pertinent for MI patients. 
[0249] MI is a devastating pathology, resulting in death or 
diminished quality of life for millions of patients. Existing 
therapies are suboptimal, whereas PSC-based cellular thera­
pies have great potential for improving and saving lives, 
especially if they are durably immune-tolerated. Scalability 
and pluripotent differentiation potential are two advantages 
of PSCs over other primary cell-based CVTs. The status quo 
as it pertains to gene-edited PSC therapies is use ofHLAI+II 
KO lines, a promising but biologically invasive approach 
that does not take into account nuanced cell-type specific 
interactions with the immune system and leaves grafts 
vulnerable to rejection mediated by the indirect pathway, in 
concert with monocytes and other innate immune cells. The 
grafts use a ngene-editing strategy focused on preventing 
allorejection mediated by immune cells, the disclosed tri­
cellular graft allows for superior reparative function and 
hypoimmunogenicity; and the human immune response can 
be interrogated with a multi-faceted approach that utilizes 
classic transplant immunology techniques and stem cell 
biology, and that also leverages an advanced in vivo human­
ized mouse model, thereby allowing for understanding the 
mechanisms of leukocyte adherence to vasculature and 
parenchymal cells, and mediating activation and inflamma­
tion during the allorejection process. 
[0250] Define the effects ofICAM-1 ablation on immune 
cell contact-mediated PSC-CVT graft destruction. ICAM-1 
KO will prevent allogeneic destruction of engraftable tri­
cellular PSC-CVTs. The hypoimmune, tri-cellular PSC­
CVT incorporates genetic ablation of a crucial cell AM used 
by multiple adaptive and innate immune cells during key 
steps of allorejection. By addressing and experimentally 
interrogating the innate, as well as adaptive, immune 
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responses in the therapy design and innnunogenicity assays, 
allows for improved graft material. ICAM-1 KO PSCs were 
generated with normal karyotype and typical differentiation 
yields of phenotypically normal PSC-CVT cell types. Tri­
cellular spheroids were generated that demonstrate contrac­
tility in vitro (FIG. 13A). Multiple gene-edited PSC lines 
were generated then differentiated into three PSC-CVT cell 
types, then assessed for immunogenicity of the individual 
gene-edited cell types in multiple assays. The mechanistic 
roles played by AMs in interactions between immune cells 
and AECs, CMs, and C-fibs, and how ablation of ICAM-1 
impacts innnune cell adhesion and downstream immuno­
genic responses, is defined in order to develop durably­
tolerated PSC-CVTs that improve the health and well-being 
of millions of patients worldwide. KO ofICAM-1 results in 
diminished innnune cell interactions and cell loss with each 
of the three cell types. Those effects with ICAM-1 KO alone 
may be enhanced when combined with 1st-gen gene-edited 
lines (i.e., ablation of MHC class I+II, addition of HLA­
Edimer). 
[0251] Gene-edited PSC-CVT cell types will have normal 
phenotypic identity and function: CRISPR/Cas9-based 
gene-editing is efficient and cost-effective. In order to mini­
mize off-target effects a high-fidelity Cas9 variant was used 
for KO of ICAM-1 plus introduction of a constitutively­
expressed Akaluc luminescence reporter for use in down­
stream bioluminescent imaging (BLI) studies. ICAM-1 KO 
described in FIG. 15 and the B2M KO/CITTA KO/HLA-E 
dimer (KO Edimer) lines that are used as a 1st-gen control 
line for these experiments are employed. ICAM-1 KO lines 
were generated from multiple existing PSC lines, then KO 
verified via IFNy- and/or TNFa-based upregulation of 
ICAM-1 (see FIG. 15). Multiple KO clones were banked, 
karyotyped and screened for off-target activity. Multiple 
1st-gen hypoinnnune PSC lines were capable of differentia­
tion into phenotypically normal and functional AECs and 
CMs (FIG. 15 and additional data not shown). Upon veri­
fying normal karyotype by g-banding, our all PSC iterations 
are differentiated into AECs, CMs, and C-fibs and their 
phenotypes assessed. Five iterations of PSCs were used for: 
1) ICAM-1 KO alone, 2) 1st-gen KO Edimer alone, 3) 
ICAM-1 KO added to 1st-gen KO Edimer, 4) ICAM-1 KO 
with additional KO of both E- and P-selectin, and 5) WT. All 
lines included Akaluc. E- and P-selectin, which have com­
pensatory/redundant function with each other and thus are 
jointly ablated. 
[0252] Flow cytometry and bulk RNAseq were used to 
verify that KO ofICAM-1, E- and P-selectin, and/or 1st-gen 
gene targets do not result in off-target gene and protein 
expression effects or otherwise negatively impact the cells. 
Normal cell-type specific function post-KO was demon­
strated and gene-edited PSC-AECs validated, PSC-CMs, 
and PSC-C-fibs. Briefly, normal AEC function was verified 
by assessing oxygen consumption rates; CMs by contractil­
ity; and C-fibs by immunolabeling to demonstrate extracel­
lular matrix formation via staining of collagen I and 
fibronectin. 
[0253] ICAM-1 KO PSC-CVT cell types elicit diminished 
alloinnnune cell binding and proliferation compared to WT: 
In vitro assessment of innnunogenicity is the first step in the 
methodical evaluation of the tolerogenic potential of the 
PSC-CVTs. ICAM-1 plays a key role in adaptive (e.g., T 
cells) and innate innnune cell (e.g., monocytes)) adherence 
to cellular targets via LFA-1 binding; therefore, in these cells 
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as well as innate NK cells (mediators of missing-self cyto­
toxicity in solid organ transplantation and in 1st-gen hypo­
innnune PSC therapies) were evaluated. Data shows dimin­
ished binding of peripheral blood mononuclear cells 
(PBMCs) to ICAM-1 KO PSCs vs. WT (FIG. 18). It was 
demonstrated that AECs, CMs, and C-fibs differentiated 
from KO PSCs will also show attenuated innnune binding 
and less target loss. 6-day MLRs, as shown in FIG. 3, are 
conducted based on a previously published protocol with 
allogeneic PBMCs (containing the above three cell popula­
tions) and each individual gene-edited PSC-derived cell 
above as targets. 
[0254] To assess alloreactivity, proliferation was measured 
by flow cytometry (CFSE dilution method) on gated cell 
subtypes ( e.g., effector memory T cells) and target cell loss 
noted microscopically via changes in morphology and 
degree of monolayer intactness. Additionally, monocyte/ 
macrophage inflannnatory and regulatory phenotypes, 
markers of T cell exhaustion (e.g., PDl, LAG3), were 
measured to evaluate the effect of ICAM-1 ablation on 
effector function, and, lastly, assess proliferation of regula­
tory (CD3+CD4+CD25+CD12i°FoxP3+) T cells. Cell cul­
ture supematants were collected and frozen for assessing 
inflammatory cytokines in SA2. These experiments also 
assess differential innnunogenicity between WT versions of 
the three cell types, as well as between gene-edited versions 
in order to determine if ICAM-1 KO in certain cells have 
more profound pro-tolerance effects. 
[0255] Diminished proliferative T cell, NK cell, and 
monocyte/macrophage responses in the hypoinnnune KO 
PSC-CVT cell types were demonstrated compared with WT 
cells, equal or superior to cell types derived from 1st-gen 
KO PSC lines. Additionally, a reduction in inflannnatory 
cytokines involved in the adaptive and innate alloresponse 
was determined via Luminex® assessment of cell culture 
supematants and intracellular cytokine flow cytometry (e.g., 
IFNy), which were assessed as described below. Gene-edited 
AECs are the most hypoinnnune of the three cell types 
because of their semi-professional antigen presenting cell 
role in the allorejection response, which is disrupted by 
ICAM-1 KO. Other AMs, such as the double KO of E-Se­
lectin and P-Selectin in 1st-gen lines created above, may be 
incorporated. 
[0256] Gene-edited PSC-CVTs yield vascularized grafts­
post transplantation into innnune-deficient mouse hosts: 
Different ratios of the three PSC-CVT cells in each of the 
five categories were combined in a four-level matrix of 
differing cell numbers (see FIGS. 2B and 13; e.g., lxl05 in 
1: 1: 1 ratios, then doubling each type one by one) and kidney 
capsule transplants into innnune-deficient mice were con­
ducted to obtain the largest contracting and vascularized 
graft attainable. These (non-humanized) host strains were 
used for humanization experiments, and the kidney capsule 
site is an accepting niche that is an anatomical site for 
assessing baseline engraftment and development in the 
absence of immune cells. Positive engraftment in the kidney 
indicates a likelihood of positive engraftment in the heart. 
Grafts were monitored via live-animal imaging BLI tracking 
of grafts (FIG. 19), as well as histologically 30 days post­
transplant at experimental termination ( described in more 
detail below). 
[0257] Gene-edited PSC-CVT cell types injected indi­
vidually are tolerated in humanized NeoThy mouse hetero­
topic transplantations: The NeoThy humanized mouse 
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model overcomes a weakness of existing humanized mice: 
graft vs host disease (GVHD). GVHD creates systemic 
inflammation that interferes with the discernment of experi­
mental design vs. model-inherent immune effects, and short­
ens experimental windows by causing premature mouse 
death. Mouse host irradiation as well as anti-host passenger 
thymocytes within transplanted human thymus fragments 
are mediators of GVHD in humanized mice. The NBSGW 
mouse does not require irradiation for humanization. Fur­
thermore, when used for creation of the NeoThy with 
anti-CD2 passenger thymocyte depletion, the NBSGW has 
significantly reduced premature death and a concordantly 
large experimental window for long-term transplantation 
studies. 
[0258] The in vivo immune response to ICAM-1 KO 
PSC-CVTs in the non-MI context (to assess baseline allo­
geneic immune responses) was evaluated. Post-MI inflam­
matory dynamics in the NeoThy, in the absence of PSC­
CVT, were assessed, mimicking the clinical experience. 
While genetically immune-deficient mice are receptive to 
transplanted xenogeneic tissues, their response to injury 
differs from immune-competent WT animals. The NeoThy 
model reconstitutes a functional human immune system, 
more closely modeling the normal human immune roles in 
cardiac injury and transplantation. 
[0259] Highly-pure populations of ICAM-1 KO PSC­
derived CMs, AECs, and c-Fibs from one donor were 
individually injected with Matrigel® into the hindlimbs of 
humanized NeoThy mice (minimum 10% human CD45, 
with 10% human CD3 T cells), similar to the pilot experi­
ment shown in FIG. 21, with WT controls in the other limb. 
BLI signal were monitored for 30 days, at three time points: 
right after injection (dl-6), midway (about d15), and at 
terminal endpoint (about d30). KO cells of three PSC-CVT 
cell types were retained/tolerated in the animals, while WT 
were rejected (FIG. 8, n=4 animals). Three of four animals 
showed loss of WT grafts but not KO grafts, indicating 
immune tolerance of the KO and rejection of the WT. The 
fourth animal showed no loss of either cell type. In consul­
tation with a biostatistician, n=19 mice per PSC cell type 
(CMs, AECs, c-Fibs) will be tested in order to have enough 
statistical power to assess rejection potential between WT 
and KO. This is based on the FIG. 21, 75% response and a 
Fisher's exact test, performed at a significance level of 0.05 
and assuming 80% power. Non-humanized controls (n=5) 
were included to verify that there is no significant loss of 
either WT or KO PSC-derived cells in the absence of human 
immune cells. 
[0260] NeoThy thus has utility for assessment of allore­
jection and tolerance of PSC-CVT cells transplanted het­
erotopically and provides data on the hypoimmune status, 
and mechanistic immunogenicity studies of the complete 
PSC-CVTs transplanted orthotopically in the post-MI. 
[0261] Define the inflammatory responses initiated by 
immune cell:PSC-CVT graft interactions in vitro, and in the 
post-MI NeoThy mouse in vivo: Adaptive and innate 
immune cells release lesser amounts of pro-inflammatory 
cytokines and chemokines and more anti-inflammatory fac­
tors upon in vitro interaction with ICAM-1 KO cells, KO 
cells have more resistance to inflammatory cues vs. WT cells 
and MI induces systemic inflammatory cytokines in the 
humanized NeoThy mouse model. 
[0262] Pathological inflammation plays a driving role in 
allorejection. As shown by TNFa-induced ICAM-1 upregu-
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lation in FIG. 1, AM cell biology and inflammatory stimu­
lation are intimately connected. The direct cell binding­
associated mechanisms of rejection is interrogated in order 
to focus on the cell adhesion component of the immune 
response ( e.g., can we prevent lysis by ablating a key AM 
needed for T cell immune synapse formation?). Inflamma­
tory cytokines were measured in order to determine the role 
that ICAM-1 KO plays in the response to these cues, as the 
literature has shown an inverse relationship between 
ICAM-1 and the anti-inflammatory response to oxidative 
stress in multiple cells types. KO of ICAM-1 conferred 
anti-inflammatory benefits to PSC-CVTs that are inherent to 
the cells of the graft and also impact effector immune 
responses. 
[0263] Adaptive and innate immune cell subtypes have 
diminished inflammatory cytokine responses to KO PSC­
CVT cells and KO PSC-CVT cells have diminished inflam­
matory cytokine (protein and gene expression) responses 
following immune cell encounter: 18 hours MLR co-cul­
tures of total PBMCs with ICAM-1 KO, 1st-gen KO, 
ICAM-1 KO+lst gen KO-derived cells, ICAM-1 KO+E-/ 
P-selectin, and WT PSC-CVT cell types were prepared. 
These short-term MLRs allow for the preservation of intact 
target cells, which is not possible in 6 day MLRs due to 
advanced target cell destruction. Target cells were collected 
by enzymatic dissociation, and effector immune cells were 
removed via CD45 magnetic beads and stained for intrac­
ellular cytokine production (e.g., IFNy) by flow cytometry. 
PSC-CVT cell types (which also produce cytokines in 
response to inflammatory stress) were analyzed by bulk 
RNAseq vs. control cells without immune cell exposure. 
Identifying expression patterns of inflammation-resistant 
cells enables analysis of subpopulations via single cell 
RNAseq, which allows for evaluation of immune evasion 
mechanisms and design of hypoimmune therapies. 
[0264] Cell culture supernatants were harvested for detec­
tion of cell type-specific cytokine release via Luminex® 
35-plex human panel. FIG. 6 shows an example of one 
cytokine, monocyte chemoattractant protein 1 (MCP-1) that 
is produced in large quantities in 18-hour MLR co-cultures 
of WT PSC-AECs and allogeneic PBMCs. This finding 
illustrates the role of innate cells/monocytes in the natural 
alloresponse to unedited WT PSC-derived cells, which is 
diminished as a direct result of our AM gene-editing. The 
analysis of immune cell intracellular cytokine flow and gene 
expression of target KO PSC-CVT therapies allows for the 
discernation of sources of supernatant cytokines. 
[0265] Upon PBMC encounter with KO PSC cell types, T 
cells and monocytes secrete anti-inflammatory cytokines 
(e.g., ILl0), while the WT elicit relatively increased levels 
of inflammatory cytokines (e.g., IFNy, ILi~, TNFa). These 
differences associated with specific cell types (e.g., upregu­
lated in CMs vs. AECs) sub-cell types via bulk and unique 
to the type of gene-edit ( e.g., highest increase of MCP-1 in 
monocyte-alone co-cultures vs. Tcell-alone for ICAM-1 KO 
cells, and the reverse for 1st gen HLA KOs ). 
[0266] KO cells inherently will be more resistant to 
inflammatory cytokines vs. WT cells: In order to assess the 
direct impact of inflammatory cytokines without confound­
ing impacts associated with immune cell presence in the 
culture ( e.g., depletion of culture medium nutrients), purified 
PSC-CVT cells alone were cultured in the presence of a 
panel of 20 individual cytokines, chemokines, and factors 
associated with the inflammatory immune responses of 
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multiple immune cell types (e.g., IFNy, ILl~, TNFa, IL17, 
TGF~, IL15, MIP-la, RANTES). After 48 hours, the cells 
were washed and RNA collected for bulk RNAseq to 
analyze differences in cytokine/chemokine gene expression, 
inflammatory gene pathways, cell identity-associated genes 
to monitor for potential de-differentiation, and apoptosis/ 
other mechanisms of cell death (e.g., NF-KB). Cytokines/ 
factors that result in bulk RNAseq responses indicative of 
enhanced anti-inflammatory effects associated with ICAM-1 
KO (i.e., "hits"), based on scRNAseq analyses of inflam­
matory cues on the heterogenous subpopulations within 
PSC-CVT cell types, were assessed as well as whether 
compensatory mechanisms assume the role of ICAM-1 in 
the KO lines by looking for expression changes of other 
AMs in bulk RNAseq analysis of naive KO PSC-derived 
cells. 
[0267] KO cells are more resistant to oxidative stress vs. 
WT cells, as evidenced by increased GSH levels: Using 
purified cultures of KO and WT PSC-CVT cell types, GSH 
levels were determined using Thio!Tracker™ dye (as shown 
in PSCs in FIG. 17). Similar elevated levels in the KO 
PSC-derived cells (e.g., CMs) were observed as was 
observed in the undifferentiated PSCs. Compounds known 
to cause oxidative stress, such as hydrogen peroxide and 
nitric oxide and damage associated molecular patterns 
(DAMPs), may be employed to interrogate whether the KO 
affords the cells better survival ability. Additionally, apop­
tosis of the cells is assessed via Caspase 3/7 and Annexin 
V/7-AAD. Diminished apoptosis in response to oxidative 
stress in the KO cells is observed relative to baseline in WT 
cells. 
[0268] Induction of MI in the NeoThy mouse model 
releases systemic and local mediators of inflammation (at 
baseline, in the absence of PSC-CVT transplant), resulting 
in localized monocyte recruitment and differentiation into 
tissue macrophages in the infarct: MI was induced in chi­
meric NeoThy animals (16 weeks post-humanization) by left 
anterior descending (LAD) artery ligation with a nonabsorb­
able suture, using IACUC-approved surgical techniques and 
pain-relief measures. Systemic inflammation was assessed 
by Luminex® assay of peripheral blood pre-MI and post-MI 
in the same animals. All mice were of comparable human 
chimerism, age, and time post-humanization. Echocardio­
graphic imaging was performed, and images were analyzed 
for MI via calculation of the left ventricular ejection frac­
tion, fractional shortening, end-diastolic volume, and end­
systolic volume. Additionally, at the terminal time point of 
30 days, in addition to collecting serum for inflammatory 
factor analysis, immunostaining of murine hearts was con­
ducted to assess infarct size, decreased ventricular wall 
thickness, and apoptosis (TUNEL assay). MI resulted in 
increased human inflammatory cytokines (e.g., IFNy, ILl~, 
TNFa) in the serum and in infiltration of human CDll b+ 

28 
May 7, 2026 

CD33+CD16+ macrophages into the heart. Activated effec­
tor memory CD4+ and CDS+ T cells were observed in the 
periphery, which is detected by flow cytometric analysis. 
[0269] Additional Statistical and Sex-Based Consider­
ations: For the MI studies, a two-sided, two-sample t-test at 
a significance level of0.05 was performed, and it was found 
that only 4 animals are needed per group to have sufficient 
(80%) power for finding significant differences in inflam­
mation between pre- and post-MI groups. For all animal 
studies, equal groups of male and female mice were used, 
and it was assumed that there are no sex-based differences. 
[0270] The use of the terms "a" and "an" and "the" and 
similar referents ( especially in the context of the following 
claims) are to be construed to cover both the singular and the 
plural, unless otherwise indicated herein or clearly contra­
dicted by context. The terms first, second etc. as used herein 
are not meant to denote any particular ordering, but simply 
for convenience to denote a plurality of, for example, layers. 
The terms "comprising", "having", "including", and "con­
taining" are to be construed as open-ended terms (i.e., 
meaning "including, but not limited to") unless otherwise 
noted. Recitation of ranges of values are merely intended to 
serve as a shorthand method of referring individually to each 
separate value falling within the range, unless otherwise 
indicated herein, and each separate value is incorporated into 
the specification as if it were individually recited herein. The 
endpoints of all ranges are included within the range and 
independently combinable. All methods described herein 
can be performed in a suitable order unless otherwise 
indicated herein or otherwise clearly contradicted by con­
text. The use of any and all examples, or exemplary lan­
guage ( e.g., "such as"), is intended merely to better illustrate 
the invention and does not pose a limitation on the scope of 
the invention unless otherwise claimed. No language in the 
specification should be construed as indicating any non­
claimed element as essential to the practice of the invention 
as used herein. 
[0271] While the invention has been described with ref­
erence to an exemplary embodiment, it will be understood 
by those skilled in the art that various changes may be made 
and equivalents may be substituted for elements thereof 
without departing from the scope of the invention. In addi­
tion, many modifications may be made to adapt a particular 
situation or material to the teachings of the invention with­
out departing from the essential scope thereof. Therefore, it 
is intended that the invention not be limited to the particular 
embodiment disclosed as the best mode contemplated for 
carrying out this invention, but that the invention will 
include all embodiments falling within the scope of the 
appended claims. Any combination of the above-described 
elements in all possible variations thereof is encompassed by 
the invention unless otherwise indicated herein or otherwise 
clearly contradicted by context. 



C 
(/J 

N 
Doench Moreno- Out-of- 0 

N 
SEQ ID mitSpec cfdSpec off target target Genome '16- Mateos- Frame- Lindel- GrafEtAl °' #guideid targetSeq NO, Score Score Count GeneLocus Score Score Score Score Status -----0 ....... 

133rev GCTTCGGAGAACTGGCCCGACGG 10 91 94 48 intron: ICAMl 64 70 62 85 GrafOK N 
.j:::.. 

138forw TCGGGGTGGGGATTGCCGTCGGG 11 90 94 107 intron: ICAMl 46 79 64 70 GrafOK 
N 
.j:::.. 

°' 141rev CTCCCGGGGCTTCGGAGAACTGG 12 87 93 89 intron: ICAMl 29 46 62 79 GrafOK ► ....... 
137forw GTCGGGGTGGGGATTGCCGTCGG 13 84 90 162 intron: ICAMl 38 70 60 71 GrafOK 

195forw GGGTCAGGTCATGCATGCTTAGG 14 83 91 109 intron: ICAMl 48 61 54 70 tt 

157rev GACCCGGGAGCCGGTCCTCCCGG 15 82 89 135 intron: ICAMl 39 43 60 50 GrafOK 

162forw CAGTTCTCCGAAGCCCCGGGAGG 16 82 87 88 intron: ICAMl 65 75 59 75 GrafOK 

109rev AATCCCCACCCCGACTCACCTGG 17 81 87 137 exon, ICAMl 49 8 69 85 GrafOK 

121forw CTCTGTTCCCAGGTGAGTCGGGG 18 81 86 152 exon, ICAMl 56 56 57 84 GrafOK 

39rev GGCTGCTGGGAGCCATAGCGAGG 19 80 84 249 exon, ICAMl 55 49 67 78 GratOK 

180forw GGAGGACCGGCTCCCGGGTCAGG 20 80 89 162 intron: ICAMl 36 76 54 70 GrafOK N 
\0 

47forw TTGCAACCTCAGCCTCGCTATGG 21 79 91 150 exon, ICAMl 55 47 65 83 GrafOK 

125forw GTTCCCAGGTGAGTCGGGGTGGG 22 79 92 168 exon, ICAMl 44 51 59 78 GrafOK 

126forw TTCCCAGGTGAGTCGGGGTGGGG 23 78 85 201 exon, ICAMl 51 84 59 66 GrafOK 

158forw GGGCCAGTTCTCCGAAGCCCCGG 24 78 86 148 intron: ICAMl 51 53 64 70 GrafOK 

159forw GGCCAGTTCTCCGAAGCCCCGGG 25 78 85 153 intron: ICAMl 51 49 61 77 GrafOK 

173rev TAAGCATGCATGACCTGACCCGG 26 78 84 213 intron: ICAMl 57 38 65 77 GrafOK 

llrev GTTGCAACTCTGAGTAGCAGAGG 27 75 87 138 exon, ICAMl 56 47 77 65 GrafOK 

98forw CGCACTCCTGGTCCTGCTCGGGG 28 75 84 137 exon, ICAMl 53 44 61 65 GrafOK 

156rev ACCCGGGAGCCGGTCCTCCCGGG 29 75 89 169 intron: ICAMl 39 54 61 72 GrafOK 

172rev AAGCATGCATGACCTGACCCGGG 30 75 91 143 intron: ICAMl 68 50 61 74 GrafOK 

86forw GCCCGCGCTGCCCGCACTCCTGG 31 74 87 259 exon, ICAMl 32 30 50 71 GrafOK 
s=; 
~ 

'-< 
124forw TGTTCCCAGGTGAGTCGGGGTGG 32 74 82 247 exon, ICAMl 48 51 63 76 GrafOK ~-.....) 

155rev CCCGGGAGCCGGTCCTCCCGGGG 33 74 87 148 intron: ICAMl 55 65 64 77 GrafOK N 
0 
N 
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67rev ACCAGGAGTGCGGGCAGCGCGGG 34 73 83 182 exon, ICAMl 

167forw CTCCGAAGCCCCGGGAGGACCGG 35 72 84 165 intron: ICAMl 

149rev AGCCGGTCCTCCCGGGGCTTCGG 36 70 87 144 intron: ICAMl 

108rev ATCCCCACCCCGACTCACCTGGG 37 69 86 188 exon, ICAMl 

174forw GCCCCGGGAGGACCGGCTCCCGG 38 68 85 253 intron: ICAMl 

96forw CCCGCACTCCTGGTCCTGCTCGG 39 67 86 215 exon, ICAMl 

90rev CTGGGAACAGAGCCCCGAGCAGG 40 66 75 332 exon, ICAMl 

76rev CCGAGCAGGACCAGGAGTGCGGG 41 64 85 210 exon, ICAMl 

120forw GCTCTGTTCCCAGGTGAGTCGGG 42 64 84 209 exon, ICAMl 

175forw CCCCGGGAGGACCGGCTCCCGGG 43 63 80 258 intron: ICAMl 

166rev GCATGACCTGACCCGGGAGCCGG 44 62 87 193 intron: ICAMl 

33rev TGGGAGCCATAGCGAGGCTGAGG 45 61 79 279 exon, ICAMl 

119forw GGCTCTGTTCCCAGGTGAGTCGG 46 60 74 262 exon, ICAMl 
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73 tt 
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82 GratOK 
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lllforw CTGCTCGGGGCTCTGTTCCCAGG 47 58 72 278 exon, ICAMl 

68rev GACCAGGAGTGCGGGCAGCGCGG 48 57 75 285 exon, ICAMl 

61rev AGTGCGGGCAGCGCGGGCCGGGG 49 53 80 325 exon, ICAMl 

62rev GAGTGCGGGCAGCGCGGGCCGGG 50 51 77 399 exon, ICAMl 

77rev CCCGAGCAGGACCAGGAGTGCGG 51 50 74 332 exon, ICAMl 

63rev GGAGTGCGGGCAGCGCGGGCCGG 52 49 73 470 exon, ICAMl 

84rev ACAGAGCCCCGAGCAGGACCAGG 53 49 68 341 exon, ICAMl 

97forw CCGCACTCCTGGTCCTGCTCGGG 54 46 70 331 exon, ICAMl 

60rev GTGCGGGCAGCGCGGGCCGGGGG 55 45 72 453 exon, ICAMl 

52rev AGCGCGGGCCGGGGGCTGCTGGG 56 44 70 381 exon, ICAMl 

64forw CTATGGCTCCCAGCAGCCCCCGG 57 36 63 502 exon, ICAMl 

53rev CAGCGCGGGCCGGGGGCTGCTGG 58 26 52 681 exon, ICAMl 

Doench Moreno- Out-of-
'16- Mateos- Frame-
Score Score Score 

43 64 69 

48 47 71 

26 65 73 

10 76 74 

53 62 66 

26 54 76 

45 51 48 

37 50 62 

26 110 72 

31 63 66 

47 50 73 

12 59 66 

Lindel- GrafEtAl 
Score Status 

76 GrafOK 

86 GrafOK 

79 GrafOK 

80 ggc 

76 GrafOK 

78 GrafOK 

52 GrafOK 

56 GrafOK 

81 GrafOK 

86 GrafOK 

82 GrafOK 

73 GrafOK 
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SEQUENCE LISTING 

Sequence total quantity, 58 
SEQ ID NO, 1 moltype = AA length 532 
FEATURE Location/Qualifiers 
source 1.. 532 

mol type protein 
organism Homo sapiens 

SEQUENCE, 1 
MAPSSPRPAL PALLVLLGAL FPGPGNAQTS VSPSKVILPR GGSVLVTCST SCDQPKLLGI 60 
ETPLPKKELL LPGNNRKVYE LSNVQEDSQP MCYSNCPDGQ STAKTFLTVY WTPERVELAP 120 
LPSWQPVGKN LTLRCQVEGG APRANLTVVL LRGEKELKRE PAVGEPAEVT TTVLVRRDHH 180 
GANFSCRTEL DLRPQGLELF ENTSAPYQLQ TFVLPATPPQ LVSPRVLEVD TQGTVVCSLD 240 
GLFPVSEAQV HLALGDQRLN PTVTYGNDSF SAKASVSVTA EDEGTQRLTC AVILGNQSQE 300 
TLQTVTIYSF PAPNVILTKP EVSEGTEVTV KCEAHPRAKV TLNGVPAQPL GPRAQLLLKA 360 
TPEDNGRSFS CSATLEVAGQ LIHKNQTREL RVLYGPRLDE RDCPGNWTWP ENSQQTPMCQ 420 
AWGNPLPELK CLKDGTFPLP IGESVTVTRD LEGTYLCRAR STQGEVTRKV TVNVLSPRYE 480 
IVIITVVAAA VIMGTAGLST YLYNRQRKIK KYRLQQAQKG TPMKPNTQAT pp 532 

SEQ ID NO, 2 moltype = AA length = 272 
FEATURE Location/Qualifiers 
source 1. .272 

mol type protein 
organism Homo sapiens 

SEQUENCE, 2 
MGSLFPLSLL FFLAAAYPGV GSALGRRTKR AQSPKGSPLA PSGTSVPFWV RMSPEFVAVQ 60 
PGKSVQLNCS NSCPQPQNSS LRTPLRQGKT LRGPGWVSYQ LLDVRAWSSL AHCLVTCAGK 120 
TRWATSRITA YSVPGGLLGG DPEAWKPGHL FRKPGALHRP GSGQRDLDLR VCCWTPRLLA 180 
ARDLPRAPQS RRPGGPQQLG THYTDARLEP RAHSFGLRFH RCPCRDPPHC GRCVPMQVPS 240 
YEVPGVKGDV LCRLSEKKRN MKQSGEMAIH GG 272 

SEQ ID NO, 3 moltype = AA length 830 
FEATURE Location/Qualifiers 
source 1.. 830 

mol type protein 
organism Homo sapiens 

SEQUENCE, 3 
MANCQIAILY QRFQRVVFGI SQLLCFSALI SELTNQKEVA AWTYHYSTKA YSWNISRKYC 60 
QNRYTDLVAI QNKNEIDYLN KVLPYYSSYY WIGIRKNNKT WTWVGTKKAL TNEAENWADN 120 
EPNNKRNNED CVEIYIKSPS APGKWNDEHC LKKKHALCYT ASCQDMSCSK QGECLETIGN 180 
YTCSCYPGFY GPECEYVREC GELELPQHVL MNCSHPLGNF SFNSQCSFHC TDGYQVNGPS 240 
KLECLASGIW TNKPPQCLAA QCPPLKIPER GNMTCLHSAK AFQHQSSCSF SCEEGFALVG 300 
PEWQCTASG VWTAPAPVCK AVQCQHLEAP SEGTMDCVHP LTAFAYGSSC KFECQPGYRV 360 
RGLDMLRCID SGHWSAPLPT CEAISCEPLE SPVHGSMDCS PSLRAFQYDT NCSFRCAEGF 420 
MLRGADIVRC DNLGQWTAPA PVCQALQCQD LPVPNEARVN CSHPFGAFRY QSVCSFTCNE 480 
GLLLVGASVL QCLATGNWNS VPPECQAIPC TPLLSPQNGT MTCVQPLGSS SYKSTCQFIC 540 
DEGYSLSGPE RLDCTRSGRW TDSPPMCEAI KCPELFAPEQ GSLDCSDTRG EFNVGSTCHF 600 
SCDNGFKLEG PNNVECTTSG RWSATPPTCK GIASLPTPGV QCPALTTPGQ GTMYCRHHPG 660 
TFGFNTTCYF GCNAGFTLIG DSTLSCRPSG QWTAVTPACR AVKCSELHVN KPIAMNCSNL 720 
WGNFSYGSIC SFHCLEGQLL NGSAQTACQE NGHWSTTVPT CQAGPLTIQE ALTYFGGAVA 780 
STIGLIMGGT LLALLRKRFR QKDDGKCPLN PHSHLGTYGV FTNAAFDPSP 830 

SEQ ID NO, 4 moltype = AA length = 610 
FEATURE Location/Qualifiers 
source 1.. 610 

mol type protein 
organism Homo sapiens 

SEQUENCE, 4 
MIASQFLSAL TLVLLIKESG AWSYNTSTEA MTYDEASAYC QQRYTHLVAI QNKEEIEYLN 60 
SILSYSPSYY WIGIRKVNNV WVWVGTQKPL TEEAKNWAPG EPNNRQKDED CVEIYIKREK 120 
DVGMWNDERC SKKKLALCYT AACTNTSCSG HGECVETINN YTCKCDPGFS GLKCEQIVNC 180 
TALESPEHGS LVCSHPLGNF SYNSSCSISC DRGYLPSSME TMQCMSSGEW SAPIPACNVV 240 
ECDAVTNPAN GFVECFQNPG SFPWNTTCTF DCEEGFELMG AQSLQCTSSG NWDNEKPTCK 300 
AVTCRAVRQP QNGSVRCSHS PAGEFTFKSS CNFTCEEGFM LQGPAQVECT TQGQWTQQIP 360 
VCEAFQCTAL SNPERGYMNC LPSASGSFRY GSSCEFSCEQ GFVLKGSKRL QCGPTGEWDN 420 
EKPTCEAVRC DAVHQPPKGL VRCAHSPIGE FTYKSSCAFS CEEGFELHGS TQLECTSQGQ 480 
WTEEVPSCQV VKCSSLAVPG KINMSCSGEP VFGTVCKFAC PEGWTLNGSA ARTCGATGHW 540 
SGLLPTCEAP TESNIPLVAG LSAAGLSLLT LAPFLLWLRK CLRKAKKFVP ASSCQSLESD 600 
GSYQKPSYIL 610 

SEQ ID NO, 5 moltype = DNA length 200 
FEATURE Location/Qualifiers 
source 1. .200 

mol type genomic DNA 
organism Homo sapiens 

SEQUENCE, 5 
acgctgagct cctctgctac tcagagttgc aacctcagcc tcgctatggc tcccagcagc 60 
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-continued 

eeeeggeeeg egetgeeege aeteetggte etgetegggg etetgtteee aggtgagteg 120 
gggtggggat tgeegteggg eeagttetee gaageeeegg gaggaeegge teeegggtea 180 
ggteatgeat gettaggtag 200 

SEQ ID NO, 
FEATURE 
source 

SEQUENCE, 

moltype = DNA length 
Location/Qualifiers 
1 .. 97 
mol_type = other DNA 

97 

note= ICAMl KO ssODN 
organism= synthetic construct 

atggeteeea geageeeeeg geeegegetg eeegeaetee tggtetgage teggggetet 60 
gtteeeaggt gagteggggt ggggattgee gteggge 97 

SEQ ID NO, 7 
FEATURE 
source 

moltype = RNA length 
Location/Qualifiers 
1. .23 

other RNA 

23 

mol type 
organism 

SEQUENCE, 7 
synthetic construct 

eeegeaetee tggteetget egg 

SEQ ID NO, 8 
FEATURE 
source 

SEQUENCE, 8 

moltype = DNA length 
Location/Qualifiers 
1 .. 67 
mol type 
organism 

genomic DNA 
Homo sapiens 

67 

23 

atggeteeea geageeeeeg geeegegetg eeegeaetee tggteetget eggggetetg 60 
tteeeag 67 

SEQ ID NO, 9 
FEATURE 
source 

SEQUENCE, 9 

moltype = DNA length 
Location/Qualifiers 
1 .. 68 
mol_type = other DNA 

68 

note= Edited ICAMl Exon 1 
organism= synthetic construct 

atggeteeea geageeeeeg geeegegetg eeegeaetee tggtetgage teggggetet 60 
gtteeeag 68 

SEQ ID NO, 10 
FEATURE 
source 

SEQUENCE, 10 

moltype = DNA length 
Location/Qualifiers 
1. .23 
mol type= other DNA 
note= Primer 133rev 

23 

organism= synthetic construct 

getteggaga aetggeeega egg 

SEQ ID NO, 11 
FEATURE 
source 

SEQUENCE, 11 

moltype = DNA length 
Location/Qualifiers 
1. .23 
mol type= other DNA 

23 

note= Primer 138forw 
organism= synthetic construct 

teggggtggg gattgeegte ggg 

SEQ ID NO, 12 
FEATURE 
source 

SEQUENCE, 12 

moltype = DNA length 
Location/Qualifiers 
1. .23 
mol type= other DNA 
note= Primer 141rev 

23 

organism= synthetic construct 

eteeegggge tteggagaae tgg 

SEQ ID NO, 13 
FEATURE 
source 

SEQUENCE, 13 

moltype = DNA length 
Location/Qualifiers 
1. .23 
mol type= other DNA 

23 

note= Primer 137forw 
organism= synthetic construct 

gteggggtgg ggattgeegt egg 

23 

23 

23 

23 

May 7, 2026 
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-continued 

SEQ ID NO, 14 moltype = DNA length 23 
FEATURE Location/Qualifiers 
source 1. .23 

mol type = other DNA 
note = Primer 195forw 
organism = synthetic construct 

SEQUENCE, 14 
gggtcaggtc atgcatgctt agg 23 

SEQ ID NO, 15 moltype = DNA length 23 
FEATURE Location/Qualifiers 
source 1. .23 

mol type = other DNA 
note = Primer 157rev 
organism = synthetic construct 

SEQUENCE, 15 
gacccgggag ccggtcctcc egg 23 

SEQ ID NO, 16 moltype = DNA length 23 
FEATURE Location/Qualifiers 
source 1. .23 

mol type = other DNA 
note = Primer 162forw 
organism = synthetic construct 

SEQUENCE, 16 
cagttctccg aagccccggg agg 23 

SEQ ID NO, 17 moltype = DNA length 23 
FEATURE Location/Qualifiers 
source 1. .23 

mol type = other DNA 
note = Primer 109rev 
organism = synthetic construct 

SEQUENCE, 17 
aatccccacc ccgactcacc tgg 23 

SEQ ID NO, 18 moltype = DNA length 23 
FEATURE Location/Qualifiers 
source 1. .23 

mol type = other DNA 
note = Primer 121forw 
organism = synthetic construct 

SEQUENCE, 18 
ctctgttccc aggtgagtcg ggg 23 

SEQ ID NO, 19 moltype = DNA length 23 
FEATURE Location/Qualifiers 
source 1. .23 

mol type = other DNA 
note = Primer 39rev 
organism = synthetic construct 

SEQUENCE, 19 
ggctgctggg agccatagcg agg 23 

SEQ ID NO, 20 moltype = DNA length 23 
FEATURE Location/Qualifiers 
source 1. .23 

mol type = other DNA 
note = Primer 180forw 
organism = synthetic construct 

SEQUENCE, 20 
ggaggaccgg ctcccgggtc agg 23 

SEQ ID NO, 21 moltype = DNA length 23 
FEATURE Location/Qualifiers 
source 1. .23 

mol type = other DNA 
note = Primer 47forw 
organism = synthetic construct 

SEQUENCE, 21 
ttgcaacctc agcctcgcta tgg 23 

SEQ ID NO, 22 moltype = DNA length 23 
FEATURE Location/Qualifiers 
source 1. .23 
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mol type = other DNA 
note = Primer 125forw 
organism = synthetic construct 

SEQUENCE, 22 
gtteeeaggt gagteggggt ggg 23 

SEQ ID NO, 23 moltype = DNA length 23 
FEATURE Location/Qualifiers 
source 1. .23 

mol type = other DNA 
note = Primer 126forw 
organism = synthetic construct 

SEQUENCE, 23 
tteeeaggtg agteggggtg ggg 23 

SEQ ID NO, 24 moltype = DNA length 23 
FEATURE Location/Qualifiers 
source 1. .23 

mol type = other DNA 
note = Primer 158forw 
organism = synthetic construct 

SEQUENCE, 24 
gggeeagtte tccgaagccc egg 23 

SEQ ID NO, 25 moltype = DNA length 23 
FEATURE Location/Qualifiers 
source 1. .23 

mol type = other DNA 
note = Primer 159forw 
organism = synthetic construct 

SEQUENCE, 25 
ggeeagttet ccgaagcccc ggg 23 

SEQ ID NO, 26 moltype = DNA length 23 
FEATURE Location/Qualifiers 
source 1. .23 

mol type = other DNA 
note = Primer 173rev 
organism = synthetic construct 

SEQUENCE, 26 
taagcatgca tgacctgacc egg 23 

SEQ ID NO, 27 moltype = DNA length 23 
FEATURE Location/Qualifiers 
source 1. .23 

mol type = other DNA 
note = Primer llrev 
organism = synthetic construct 

SEQUENCE, 27 
gttgeaaete tgagtageag agg 23 

SEQ ID NO, 28 moltype = DNA length 23 
FEATURE Location/Qualifiers 
source 1. .23 

mol type = other DNA 
note = Primer 98forw 
organism = synthetic construct 

SEQUENCE, 28 
egeaeteetg gteetgeteg ggg 23 

SEQ ID NO, 29 moltype = DNA length 23 
FEATURE Location/Qualifiers 
source 1. .23 

mol type = other DNA 
note = Primer 156rev 
organism = synthetic construct 

SEQUENCE, 29 
aeeegggage cggtcctccc ggg 23 

SEQ ID NO, 30 moltype = DNA length 23 
FEATURE Location/Qualifiers 
source 1. .23 

mol type = other DNA 
note = Primer 172rev 
organism = synthetic construct 

SEQUENCE, 30 
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-continued 

aagcatgcat gacctgaccc ggg 23 

SEQ ID NO, 31 moltype = DNA length 23 
FEATURE Location/Qualifiers 
source 1. .23 

mol type = other DNA 
note = Primer 86forw 
organism = synthetic construct 

SEQUENCE, 31 
geeegegetg cccgcactcc tgg 23 

SEQ ID NO, 32 moltype = DNA length 23 
FEATURE Location/Qualifiers 
source 1. .23 

mol type = other DNA 
note = Primer 124forw 
organism = synthetic construct 

SEQUENCE, 32 
tgtteeeagg tgagtegggg tgg 23 

SEQ ID NO, 33 moltype = DNA length 23 
FEATURE Location/Qualifiers 
source 1. .23 

mol type = other DNA 
note = Primer 155rev 
organism = synthetic construct 

SEQUENCE, 33 
eeegggagee ggteeteeeg ggg 23 

SEQ ID NO, 34 moltype = DNA length 23 
FEATURE Location/Qualifiers 
source 1. .23 

mol type = other DNA 
note = Primer 67rev 
organism = synthetic construct 

SEQUENCE, 34 
aeeaggagtg egggeagege ggg 23 

SEQ ID NO, 35 moltype = DNA length 23 
FEATURE Location/Qualifiers 
source 1. .23 

mol type = other DNA 
note = Primer 167forw 
organism = synthetic construct 

SEQUENCE, 35 
ctccgaagcc eegggaggae egg 23 

SEQ ID NO, 36 moltype = DNA length 23 
FEATURE Location/Qualifiers 
source 1. .23 

mol type = other DNA 
note = Primer 149rev 
organism = synthetic construct 

SEQUENCE, 36 
ageeggteet eeeggggett egg 23 

SEQ ID NO, 37 moltype = DNA length 23 
FEATURE Location/Qualifiers 
source 1. .23 

mol type = other DNA 
note = Primer 108rev 
organism = synthetic construct 

SEQUENCE, 37 
atccccaccc cgactcacct ggg 23 

SEQ ID NO, 38 moltype = DNA length 23 
FEATURE Location/Qualifiers 
source 1. .23 

mol type = other DNA 
note = Primer 174forw 
organism = synthetic construct 

SEQUENCE, 38 
geeeegggag gaeeggetee egg 23 

SEQ ID NO, 39 moltype = DNA length 23 
FEATURE Location/Qualifiers 
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source 1. .23 
mol type = other DNA 
note = Primer 96forw 
organism = synthetic construct 

SEQUENCE, 39 
cccgcactcc tggtcctgct egg 23 

SEQ ID NO, 40 moltype = DNA length 23 
FEATURE Location/Qualifiers 
source 1. .23 

mol type = other DNA 
note = Primer 90rev 
organism = synthetic construct 

SEQUENCE, 40 
ctgggaacag agccccgagc agg 23 

SEQ ID NO, 41 moltype = DNA length 23 
FEATURE Location/Qualifiers 
source 1. .23 

mol type = other DNA 
note = Primer 76rev 
organism = synthetic construct 

SEQUENCE, 41 
ccgagcagga ccaggagtgc ggg 23 

SEQ ID NO, 42 moltype = DNA length 23 
FEATURE Location/Qualifiers 
source 1. .23 

mol type = other DNA 
note = Primer 120forw 
organism = synthetic construct 

SEQUENCE, 42 
gctctgttcc caggtgagtc ggg 23 

SEQ ID NO, 43 moltype = DNA length 23 
FEATURE Location/Qualifiers 
source 1. .23 

mol type = other DNA 
note = Primer 175forw 
organism = synthetic construct 

SEQUENCE, 43 
ccccgggagg accggctccc ggg 23 

SEQ ID NO, 44 moltype = DNA length 23 
FEATURE Location/Qualifiers 
source 1. .23 

mol type = other DNA 
note = Primer 166rev 
organism = synthetic construct 

SEQUENCE, 44 
gcatgacctg acccgggagc egg 23 

SEQ ID NO, 45 moltype = DNA length 23 
FEATURE Location/Qualifiers 
source 1. .23 

mol type = other DNA 
note = Primer 33rev 
organism = synthetic construct 

SEQUENCE, 45 
tgggagccat agcgaggctg agg 23 

SEQ ID NO, 46 moltype = DNA length 23 
FEATURE Location/Qualifiers 
source 1. .23 

mol type = other DNA 
note = Primer 119forw 
organism = synthetic construct 

SEQUENCE, 46 
ggctctgttc ccaggtgagt egg 23 

SEQ ID NO, 47 moltype = DNA length 23 
FEATURE Location/Qualifiers 
source 1. .23 

mol type = other DNA 
note = Primer lllforw 
organism = synthetic construct 
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SEQUENCE, 47 
ctgctcgggg ctctgttccc agg 23 

SEQ ID NO, 48 moltype = DNA length 23 
FEATURE Location/Qualifiers 
source 1. .23 

mol type = other DNA 
note = Primer 68rev 
organism = synthetic construct 

SEQUENCE, 48 
gaccaggagt gcgggcagcg egg 23 

SEQ ID NO, 49 moltype = DNA length 23 
FEATURE Location/Qualifiers 
source 1. .23 

mol type = other DNA 
note = Primer 61rev 
organism = synthetic construct 

SEQUENCE, 49 
agtgcgggca gcgcgggccg ggg 23 

SEQ ID NO, 50 moltype = DNA length 23 
FEATURE Location/Qualifiers 
source 1. .23 

mol type = other DNA 
note = Primer 62rev 
organism = synthetic construct 

SEQUENCE, 50 
gagtgcgggc agcgcgggcc ggg 23 

SEQ ID NO, 51 moltype = DNA length 23 
FEATURE Location/Qualifiers 
source 1. .23 

mol type = other DNA 
note = Primer 77rev 
organism = synthetic construct 

SEQUENCE, 51 
cccgagcagg accaggagtg egg 23 

SEQ ID NO, 52 moltype = DNA length 23 
FEATURE Location/Qualifiers 
source 1. .23 

mol type = other DNA 
note = Primer 63rev 
organism = synthetic construct 

SEQUENCE, 52 
ggagtgcggg cagcgcgggc egg 23 

SEQ ID NO, 53 moltype = DNA length 23 
FEATURE Location/Qualifiers 
source 1. .23 

mol type = other DNA 
note = Primer 84rev 
organism = synthetic construct 

SEQUENCE, 53 
acagagcccc gagcaggacc agg 23 

SEQ ID NO, 54 moltype = DNA length 23 
FEATURE Location/Qualifiers 
source 1. .23 

mol type = other DNA 
note = Primer 97forw 
organism = synthetic construct 

SEQUENCE, 54 
ccgcactcct ggtcctgctc ggg 23 

SEQ ID NO, 55 moltype = DNA length 23 
FEATURE Location/Qualifiers 
source 1. .23 

mol type = other DNA 
note = Primer 60rev 
organism = synthetic construct 

SEQUENCE, 55 
gtgcgggcag cgcgggccgg ggg 23 

SEQ ID NO, 56 moltype DNA length 23 
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FEATURE 
source 

SEQUENCE, 
agcgcgggcc 

SEQ ID NO, 
FEATURE 
source 

SEQUENCE, 
ctatggctcc 

SEQ ID NO, 
FEATURE 
source 

SEQUENCE, 
cagcgcgggc 

56 
gggggctgct 

57 

57 
cagcagcccc 

58 

58 
cgggggctgc 

Location/Qualifiers 
1. .23 
mol_type = other DNA 
note= Primer 52rev 
organism= synthetic construct 

ggg 

moltype = DNA length 23 
Location/Qualifiers 
1. .23 
mol _type = other DNA 
note = Primer 64forw 
organism = synthetic construct 

egg 

moltype = DNA length 23 
Location/Qualifiers 
1. .23 
mol _type = other DNA 
note = Primer 53rev 
organism = synthetic construct 

tgg 

1. An in vitro method of preparing a population of 
hypoimmune mammalian stem cells, comprising: 

providing a population of isolated mammalian stem cells, 
wherein the isolated mammalian stem cells express a 
cell adhesion molecule; and 

modifying the expression of the cell adhesion molecule in 
the population of isolated mammalian stem cells to 
decrease or knockout expression of the cell adhesion 
molecule and provide the population of hypoimmune 
mammalian stem cells. 

2. The method of claim 1, wherein the wherein the 
population of hypoimmune manimalian cells is less immu­
nogenic than the corresponding population of isolated mam­
malian stem cells. 

3. The method of claim 1, wherein the one or more 
mammalian stem cells are induced pluripotent stem cells, or 
embryonic stem cells. 

4. The method of claim 1, wherein the one or more 
mammalian stem cells are human stem cells or non-human 
stem cells. 

5. The method of claim 1, wherein the expression of the 
cell adhesion molecule is modified by gene editing of a gene 
for the cell adhesion molecule, or by inhibition of expression 
with an inhibitory RNA. 

6. The method of claim 1, wherein the cell adhesion 
molecule comprises ICAM-1, ICAM-2, ICAM-3, ICAM-4, 
ICAM-5, VCAM, MADCAM-1, P-selectin, L-selectin, 
E-selectin, or a combination thereof. 

7. The method of claim 1, wherein the population of 
isolated mammalian stem cells has reduced or lack expres­
sion of an HLA Class I molecule, reduced or lack expression 
of an HLA Class II molecule, reduced or lack expression of 
a beta-2 microglobulin, increased expression of CD47, 
increased expression of PDLl, increased expression of 
secretin, increased expression CTLA4, or a combination 
thereof. 

8. The method of claim 1, further comprising isolating, 
expanding, and/or differentiating, or any combination 
thereof, the population of hypoimmune mammalian stem 
cells. 

23 

23 

23 

9. The method of claim 8, wherein the population of 
hypoimmune mammalian stem cells differentiated to 
endothelial cells, cardiac cells, fibroblasts, pancreatic cells, 
neural cells, or islet cells. 

10. The method of claim 9, wherein the differentiated cell 
is a cardiomyocyte or a neuron. 

11. A population of hypoimmune mammalian stem cells 
produced by the method of claim 1. 

12. A population of hypoimmune mammalian stem cells, 
wherein expression of a cell adhesion molecule is decreased 
or knocked out by modification by gene editing of a gene for 
the cell adhesion molecule. 

13. The population of hypoimmune mammalian stem 
cells of claim 12, wherein the cell adhesion molecule 
comprises ICAM-1, ICAM-2, ICAM-3, ICAM-4, ICAM-5, 
VCAM, MADCAM-1, P-selectin, L-selectin, E-selectin, or 
a combination thereof. 

14. The population of wherein the population ofhypoim­
mune manimalian stem cells of claim 1, wherein the hypo­
immune manimalian stem cells are differentiated to endothe­
lial cells, cardiac cells, fibroblasts, pancreatic cells, neural 
cells, or islet cells. 

14. A graft comprising the population of differentiated 
hypoimmune mammalian stem cells of claim 14. 

15. A method of treating a mammalian subject, compris­
ing introducing to the mammalian subject in need thereof the 
graft of claim 14. 

16. The method of claim 15, wherein the mammal is a 
human, a canine, feline, bovine, equine, swine, ovine, or 
caprine. 

17. The method of claim 15, wherein the manimalian 
subject is in need of treatment for neurological degeneration, 
diabetes, vascular disease, myocardial disease, or a combi­
nation thereof. 

18. The method of claim 17, wherein the manimalian 
subject is in need of treatment for neurological degeneration, 
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and wherein the graft is administered to the central nervous 
system, and wherein the mammalian subject has Parkinson's 
disease, Alzheimers disease, stroke, or ALS. 

19. The method of claim 17, wherein the mammalian 
subject is in need of treatment for diabetes, and wherein the 
composition is systemically administered. 

20. The method of claim 17, wherein the mammalian 
subject is in need of treatment for vascular disease, and 
wherein the mammalian subject has peripheral vascular 
disease, ischemia, or traumatic injury. 

21. The method of claim 17, wherein the mammalian 
subject is in need of treatment for myocardial disease, and 
wherein the composition is administered to the heart. 

22. The method of claim 21, further comprising admin­
istering hypoimmune fibroblasts, hypoimmune endothelial 
cells, or both. 

23. The method of claim 21, wherein the mammalian 
subject is at risk of or has had a myocardial infarction, 
congenital heart disease, heart disease, or heart malforma­
tion. 

* * * * * 
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