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REGULATING TRANSPLANT REJECTION OF DONOR AND EMBRYONIC STEM
CELL-DERIVED TISSUES AND ORGANS.

CROSS-REFERENCE TO RELATED APPLICATIONS

This application claims the benefit of U.S. Provisional Application No: 61/807.632,
filed April 02, 2013, the disclosure of which is explicitly incorporated by reference

herein in is entirety.

BACKGROUND

Stem cell therapy is a rapidly advancing field where huge strides have been made in
the repair of critical organs. Unfortunately, as with any other graft, stem cel
fransplants have a high probability of developing immune-mediated complications
ultimately resulting i rejection. While strategies such as host immiune suppression
or use of host-derived cells address the issue of rejection, they are not ideal due o
compromised patient health or the prohibitive cost of individualized treatment.
identification of key triggers and development of novel, broadly applicable strategies
io specifically control the immune response is imperative for wide scale
implementation of cell therapies. Alanyl (membrane} aminopeptidase (ANPEP)is a
cell surface protease expressed by monocyles, macrophages, dendritic cells, among
many others. The inventors have recently identified ANPEP as a regulator of
receptor-mediated antigen upiake and presentation in dendyritic cells, an inflammatory
adhesion molecule, a regulator of innale immunity, and a regulator of endocytosis,
and tested wheather ANPEP was involved in imimune responses glicited by stem cell

transpiantation.

SUMMARY OF THE INVENTION

in a first aspect the invention provides a method of limiting development of transplant
rejection, comprising administering to a subject in need thereof and/or treating a
donor franapiant with an effective amount of an inhibitor of alanyt {(membrane}
aminopeptidase (ANPEP} to treat or limit development of transplant rejection. The
inhibitor can prevent the exprassion, activity andior function of ANPEP; any suitable
ANPEP inhibitor can be used, as deemed most appropriate for an intended usa. In
exemplary ambadiments, the inhibitor can be selected from the group consisting of
anti-ANPEP antibody, anti-ANPEPR aplamer, ANPEP small interfering RNA, ANPEP
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small internally segmented interfering RNA, ANPEP short hairpin RNA, ANPEP micro
RMA, ANPEP anilisense oligonucleotides and small moelecule ANPEP inhibitors. Ina
preferred embodiment, the inhibilor is an anli-ANPEP antibody {i e., an antibody that
binds to ANPEP}.

in a second aspect the invention provides a pluripotent cell population, wherein the
population does not express functional ANPEP. Funclional ANPEP can be knocked
out or inhibited by a method selecied from generation of knock-in null mutant ANPEP
cell population using homologous recombination, transcription activator-ike effector
nucleases{TALENSs), clustered regulatory interspaced short palindromic repeat
{CRISPR) Cas-based RNA-guided DNA endonucleases technology, generation of
ANPEP knockout cell fine using homologous recombination, TALEN or CRISPR
technology, generation of knock-in point mutation of ANPEP using homologous
recombination, TALEN or CRISPR fechnology, anti-ANPEP antibody, anti-ANPEP
aptamer, ANPEP small interfering RNA, ANPEP small internally segmented
interfering RNA, ANPEP short hairpin RNA, ANPEP micro RNA, ANPEP antisense
oligonuclectides and small molecule ANPEP inhibitors. In some embodiments, cells,
tissues or organs derived from the pluripotent cell population that does not express

functional ANPEP can be transplanted info a subject in need thereof.

BRIEF DESCRIPTION OF THE DRAWINGS

The disclosed exemplary aspects have other advantages and features which will be
more readity apparent from the detailed description, the appended claims, and the

accompanying figures. A brief description of the figures is below.

Figure 1 shows that CD13-null skin grafts survive longer. {A) Gross images of wild
type (WT} and CD13-null skin grafis in WT recipients at days 25 (iop) and 100
{bottom). (B} Skin graft measurements over time demonsirate decreased diameter
until complete rejection in WT grafts compared to CD13-null grafts. {C} H&E staining
of skin grafl sections demonstrate higher numbers of infiltrating cells in WT compared
to CO13-null skin grafts. (D} Guantification of immunchistochemical staining of skin
graft sections demonstrate higher levels of C03 staining, indicative of 7 cell
infiltration, In WT grafts. WTWT= WT donor lissue, WT recipient; KOWT= KO donor
tissue, WT recipient; WTKO= WT donor tissue, KO recipient; KOKO= KO donor

tissue, KO recipient.

]
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Figure 2 shows that mast cell presence is higher in surviving grafts. {A} Toluidine
blue staining of mast cell granules in skin at baseline. {B} Quantification of toluidine
blue staining in skin graft tissue at days 5-7 post-franspland indicates loss of mast cell

granule staining in WT graft tissue. {C) Quantification of toluidine blue staining in

LA

draining lymph nodes of mice receiving minor histocompatibility (MIHC) mismalch
skin grafts demonstrates higher levels of mast cells that have not degranulated in

recipients receiving CD13-null donor tissue.

Figure 3 shows that cultured mast cells demonstrate different reactivity. (A} Bone
it marrow derived mast cells demonstrate 80-80% positivity for c-kit expression after 4-
8 weaks in culture as well as high forward and side scatier profiles by flow cytometry.
{B} Co-culture of bone marrow derived mast celis show loss of forward and side
scatier profile upon stimulation {left paneis} as well as stimulation of proliferation

{right panels} demonstrated by loss of CFSE dye. Interestingly, WT and KO mast

Lh

celis preserved more of their original cell morphology and displayed less proliferation
when stimulated by CD13-null dermal fibroblasts. In addition, CD13-null mast cells
also maintained more of their original cell morphology and proliferated less than WT

mast cells when stimulated with WT dermal fibroblasts.

20 Figure 4 shows SL13 treatment is sufficient to prolong WT graft survival, (A} WT
skin grafts show prolonged survival in WT gender mismatched recipients treated for
two weeks with SL13. Vehicle treated controls demonstrated signs of rejection as
eatly as day 13 posi-transplant while SL13 treated racipients maintained functional

grafts past 3 weeks aven after discontinuation of SL13 at time of surgery

Figure 5 shows that mES transplantation recapitulates skin graft studies. {A} Gross
images of teralomas generated in immune-competent hosis at four weeks shows
glear growth advaniage oy CD13-null mES as well as apparent growth advaniage in
CO13-null hosts. {B-C) Proliferation is enhanced in CD13-null {eratomas as seen in
3¢ guantification of KiB7 expression (B} as well as BrOU incorporation {C}. {D) This
growth advantage is not seen in immuna-compromised nude mice. {E) There is less
CD3+ T cell infiltration in CD13-null teratomas, especially in those teratomas
generated in CD13-null hosts. (F} \WT teratomas also demonstrate higher numbers
{15% in WT versus 3.28% in CD13 KO} of CD11b+CD 11c+ dendritic cells and {G)

F4/80+ macrophages by flow cylometry. {H) Toluidina biue staining and

Lad
Lo

guantification of mast cells within teratomas indicate higher levels in CD13-null

feratomas.

1
(%]
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Figure 6 shows a schematic for MiHC mismalch skin graft. Donor male skinis
harvested from the dorsal side of the ear and transplanted onto the shaved exposed

backs of female recipient mice.

Figure 7 shows {&) Flow cytometry for imnwne cell populations in post- transplant

Day & spleen.

Figure B shows that mixed lymphocyte reactions with WT and CB13-null MIHC
mismatched splenocyles show that CD13-null splenocytes demonsirated reducad

proliferation upon stimulation compared to WT splenooytes.

Figure 9 shows {A) 3 SL13 freatment Scheme. {B} Check for SL13 antibody in

serunt of treated and control mige

Figure 10 shows CD13-null mES cell characterization. {A)} CD13-null mESCs
express the pluripotency marker Octd. {B} WT mES generate {eratomas containing
cell types of all three germ layers. {C) CD13-null teratomas also display cell types of
all three germ fayers. {D} None of the teratomas display any significant apoptosis.
{E} CO3-null teratomas contain more CD31 and aSMA positive staining cells,

indicating higher levels of vascularity.

DETAILED DESCRIPTION OF THE INVENTION

Methods well known to those skilled in the art can be used to construct expression
vectors and recombinant bacterial cells according to this invention. These methods
include in vitro recombinant DNA technigues, synthetic techniques, in vive
recombination techniques, and PCR {echniques. See, for example, techniques as
described in Maniatis ef g/, 1889, MOLECULAR CLONING: A LABORATORY ManUAL,
Cold Spring Harbor Laboratory, New York; Ausubel ef al, 1888, CURRENT
PROTOCOLS i MOLECULAR BIOLOBY, Graene Publishing Associates and Wiley
interscience, New York, and PCR Profocols: A Guide fo Methods and Applications

{innis ef al., 1880, Academic Press, San Diego, CA).

All publications, patents and patent applications cited herein are hereby expressly

incorporated by reference for all purposes.
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Before describing the present invention in detall, a number of terms will be defined.
As used hergin, the singular forms "a", “an”, and "the" include plural referents unless
the context clearly diclates otherwise. For example, reference o a "nucieic acid”

means one of more nucleic acids.

in a first aspect the invention provides a method of limiting development of transplant
rejeciion, comprising administering to a subject in need of a transplant and/or treating
a donor transplant with an effective amount of an inhibitor of alanyl {membrang)

aminopeptidase (ANPEP) to limit development of transplant rejection in the subject.

The inventors have surprisingly discovered that the methods of the invention allow
the ability of donor transplant to engraft and survive with iittle to no immune
suppression required of the recipient. Furthermore, the cells, lissues and organs of
the invention in which ANPEP is inhibited or that do not express functional ANPEP
gan be transplanted universally without miner histocompatibility complex (3MiHC)
matching, human leukocyte antigen (HLA} matching or immune supprassion. Thus,
the inhibition of ANPEP expression, activily or function in a donor transplant or cells,
fissues or organs to he transplanted can allow more successiul ransplantation by

mitigating or eliminating the immune reactions triggered by transplantation.

For uses in this application, CD13 and ANPEP will be used synonhymously. The
approved HUGD Gene Nomenclature Committee (HGNC) Symbcol for human CD13
is ANPEP, and the approved HGNC name is alanyl {membrane)} aminopeplidase.
Previous names include: CB13, PEPN; APN; LAP1,; P150; GP150. Synonyms
include: aminopeptidase M, aminopeptidase N, microsomal aminopeptidase. Human
ANPEP has the following identifiers: UniProtiKB/Swiss-Prot, P15144 (SEQ 1D NQ:
011 NCBI Reference Sequence (mRNA), NM_001150.2 {SEQ 1D NO: §2); and NCBI
Reference Sequence (protein), NP_001141.2 {(SEQ 1D NO: 03} and point mutations
{SEQ 1D NOs: 04-06). CD13 is a type il zinc-dependent metallopeplidase that is
found on the surface of all myeloid cells in addition to pericytes, aclivaled endothelial
celis, and subsels of organ-specific epithelial cells. 1t is a multifunclional protein with
both enzyme-dependent and independent functions that contribute {o adhesion, cell
migration, angiogenesis, inflammatory trafficking, adhesion, antigen prasentation,

and endogytosis.

Table 1: ANPEP Sequences

Human Aminopeptidase N (EC=3.4.11.2} ANPEF
>spiP15144 |AMPN HUMAN Aminopeptidase N {SEQ ID NO: 01}
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The inhibitor can prevent the expression, activity and/or function of ANPEP; any
suitable ANPEP inhibitor can be used, as deemed most appropriate for an intended
use. in exemplary embodiments, the inhibitor can be seilected from the group
gonsisting of anti-ANPEP antibody, anti-ANPEP aptamer, ANPEP small interfering
RNA, ANPEP small internally segmented interfering RNA, ANPEP short hairpin RNA,
ANPEP micro RNA, ANPEP antisense oligonuciectides and small molecule ANPEP
inhibitors. in a preferred embodiment, the inhibitor is an anti-ANPEP antibody {ie.,
an antibody that binds to ANPEP).

As used herain, the term "subject” or “patient” is meant to include any subject for
which a donor transplant or donor or freatment may be required. “Subjects” or
“patients” can comprise both humans and non-humans and includes, but is not
fimited to, humans, monkeys, catlle, dogs, catls, guinea pigs, rabbits, rats, mice,
insects, horses, chickens, and so on. Most preferably, the subject is human. In
some embodiments, the subject of patient may require a graft or transplant due to a
congenital defect {e.g., congenital anomaly of the heart, limbs or kidneys), fraumatic
injury, acquired allergic reactions or disease sequelae {&.g., chronic kidney disease
can be a sequel of diabetes). In an exemplary emboediment, a patient bomn with a
congenital heart defect can receive a new hearn or heart tissue with no defect created
with the pluripotent cells that lack ANPEP expression. In another embodiment,
tissues such as skin, muscle or nerve can be created and stored in hospitals for the
immediate transplant inte trauma patients. In yvel ancther embodiment, therapeutic
celis that produce insulin or mast cell siabilizers can be created from pluripotent celis
facking ANPERP expression and fransplanted info diabetes patients or patients
suffering from allergic airway disease and asthma. in embodiments where the
immune system should be enhanced instead of suppressed, such as in cancer
patients, CD13 inhibition would not be used; rather, CD13 function will be enhanced

to exert the corresponding effects on immunity.

Transplant rejection occurs when transplanted tissue is rejected by the recipient's

immune system, which destroys the transplanted tissua. Transplant rejection can be
lessened by detarmining the molecular similarity between donor and recipient and by
use of immunosuppressant drugs before and after the transplant procedure. Immune

calls from the subject receiving the donor transplant or donor graft recognize the

-1 -
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donor transpiant or donor grafi as "foreign”. The recipient’s immune cells then altack
the transplanied donor fransplant or donor graft which can result in fransplant
rejection. In addition, residual imnune cells in the donor transplant or donor graft
gcan mobilize o a recipient’s peripheral lymphoid organs and initiate graft versus host
disease, atlacking host cells and causing extensive damage. The methods and
sompositions of the invention can prevent franspiant rejection by mitigating or
eliminating the immune reactions of the recipient o the donor transplant or donor

graft.

As used herain, “reating transplant rejection”™ or “limiting development of transplant
rejection” means accomplishing one or more of the following: 1} reducing the
severity of an immune response to a donor transplant or donor graft; 2} inhibiting or
preventing development of an immune response at the donor transplant or graft
focation; 3} inhibiting or preventing the worsening of an immune response at the
donor transplant aor grafl location; or 4} inhibiting or preventing the development of
immune-mediatad complications ultimately resulting in rejection of the donor

fransplant or graft.

in an embodiment, the subject receiving a donor transplant is freated with an ANPEP
inhibitor before the fransplant procedure occurs. The inhibifor can be administered to
the subject one day, two days, three days, four days five days, six days, one week,
bwo weeks, three weeks, four week or more before the transpiant procedure; and
continued to be administered for one week, two weelks, three weeks, one month, two
months, three months or more after the transplant procedure as necessary in order fo
prevent fransplant rejection. In another embodiment, the doner fransplant is treated
with an ANPEP inhibitor for the transplant procedure. The inhibitor can be
administered to the donor fransplant one day, fwo days, three days, four days five
days, six days, one week, two weeks, three weeks, four week or more before the
transpiant procadure; and continued to be administerad for one week, two weeks,
three weeks, one month, bve months, three months or more after the transplant
procedure as necessary in order to prevent fransplant rejection. In some
embodiments, both the subject recelving the donor fransplant and the donor
transpiant are treated with an ANPEP inhibitor. in such cases, the inhibitor can be
administered to the subject and donor transplant one day, two days, three days, four
days five days, six days, one week, two weeks, three weeks, four week or more
before the transplant procedure; and continued o be administered for ohe week, two
weeks, three weeks, one month, two months, three months or more afler the

transpiant procedure as neceassary in order {o prevent transpiant rejection.

11 -
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As used herain, the term “donor transplant” or *donor graft” refers to a population of
gells, or a tissue or an organ that is 1o be moved from one body to another or from a
donor site to ancther location on the subject’s own body, for the purpose of replacing

the recipient's damaged or absent tissue or organ. in some embodiments, the donor

LA

transpiant can be re-grown from the patient's own cells (e.g., pluripotent cells or stem
gells, or cells extracted from the failing organs). in other embodiments, the donor
fransplant or graft can be grown from a pluripotent celt population lacking ANPEP, as

described herein.

The donor transplant or graft may be a cell, tissue, ar organ, as is suitable for an
it intended use. Exemplary donor transpiants or grafts can be selected from, but are
not limited to: skin cells, beta calls {i e., cells in the pancreas located in the islets of
L angerhans), cardiac ceils, brain cells, kidney cells, liver cells, cells of the digestive
fract and accessory digestive organs, salivary gland cells, adrenal gland cells,
prostate cells, jung cells, pancreatic cells, bone cells, immune cells, hematopoiatic
15 cells, vascular cells, cells of the eve, connective tissue cells, musculoskeletal cells,
bone tissue, musculoskeletal tissue, cornea tissue, skin fissue, heart valves, blood
vessels, immune cells, connective tissue, lung tissue, skin, a cornea, a kidnay, a
fiver, a lung, a pancreas, a heart, and intestine. in preferred embodiments, the donor

graft is comprisaed of skin cells, skin tissue or beta-celis.

20+  The celi, tissue andfor organ to be transplanted can be syngeneic, allogenic or
xenogenic {0 the subject receiving the transplant. As used herein, the term
“syngenic” or “syngeneic” refers to cells, tissues or organs that are genetically
identical or are derived from a genetically identical source {o the transplant recipient

{e.q., an identical bwin), especially with respect to antigens or immunoclogical

2
Lh

reactions. Such cells, tissues or organs are called isografts. As used herein, the
term “allogenic” or “allogeneic” refers to cells, tissues of organs that are not
genetically identical or are derived from a non-genetically identical source fo the
transpiant recipient (a.g., a non-related donor}, especially with respect {o antigans or

immundiogical reactions. Such cells, tissues or organs are called allografts,

5]
o]

allogeneic transplants, homografis or allotransplants As used herein, the term
“xenogenic” or “xenogeneic” refers to cells, lissues or organs that are from a different
species to the transplant recipient {e.g., a pig donor to a human recipient), especially
with respect {o antigens or immunclogical reactions. Such cells, tissues or organs

are called xenografts or xenotransplants.

[
Lh

In ancther embodimeant, the invention provides a method of reducing an immune

response comprising administering {o a subject in need thereof with an effective

-12-
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amount of an inhibitor of alanyl {(membrane} aminopeptidase (ANPEP) to reduce an
immune response. in an embodiment, the subject in nead thereof is a subject with
an autoimmune condition, an immune hyper-reactive condition, a chronic

inflammatory condition, or is in need of a transplant. An autoimmune condition can

LA

include, but is not limited to, alopecia areata, autoimmune hemolytic anemia,
autoimmune hepatitis, dermatomyosilis, diabetes (lype 1), some forms of juvenile
idiopathic arthritis, glomerulonephritis, Graves’ disease, Guillain-Barré syndrome,
idiopathic thrombocytopenic purpura, myasthenia gravis, some forms of myocarditis,
multiple sclerosis, pemphigus/pemphigoid, pernicious anemia, polyarteritis nodosa,
it polymyositis, primary biliary cirrhosis, psoriasis, rheumatoid arthritis,
scleroderma/systemic sclerosis, Sjdgren’s syndrome, systemic lupus erythematosus,
some forms of thyroiditis, some forms of uveitis, vitiligo or granulomatosis with
polyangiitis {(Wegener's). immune hyper-reactive conditions can include, but are not

fimited o, allergies, athma, eczema or chronie fatigue syndrome. Chronic

Lh

inflammatory condifions can include, but are not mited to appendicitis, bursitis,

oolitis, cystitis, dermatitis, phiebitis, rhinitis, tendonitis, tonsillitis or vasculitis.

The subject or the donor transplant or graft may be treated with the inhibilor in any
suitable manner {{.g., in vifro, ex vive, in vivo} to inhibit expression, activity and/or
function of ANPEP. As used herein, an “inhibitor” of expression, activity andior

20 funclion of ANPEP includes compounds that block the function, peplidase activity
andfor signaling of ANPEP, compounds that reduce or prevent the transcription of
ANPEP DNA into RNA, compounds that reduce or prevent the translation of ANPEP
RNA into protein, and compounds that reduce or prevent the funclion of ANPEP
protein. Such inhibiting can be complete inhibition or partial inhibition, such that the

25 expression and/or activity of ANPEP is reduced, resulting in a reduced protease
activity, adhesion or signaling, and prevention of limitation of receptor-mediated
antigen uptake and presentation in dendritic cells and reguilation of endocytosis and
innate immune regulation in any cell type. Such inhibitors are selected from the
group consisting of antibodies that bind to ANPEP; aptamers that can interfere with

3¢ ANPEP; aniisense oligonuclectides directed against the ANPEP DNA or mRNA;
small interfering RNAs {siRNAs), short hairpin RNAs {shRMAs), microRNAs {(miRNA)
or small internally segmented interfering RNAs {sisiRNA) direcled against ANPEP
protein, DNA, or mRNA, small molecule ANPEP inhibitors and any other chemical or

biclogical compound that can inferfere with ANPEP activity. The inhibitor can be

Lad
Lo

used alone or together with other agents as an immunosuppressant 1o decrease the
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activity of the immune system, and may prevent transplant rejection or graft-versus-

host disease.

When the inhibitor comprises an antibody, such antibodies can be polycional ar
monoclonal. The antibodies can be humanized, fully human, or murine forms of the
antibodies. Such antibodias can be made by well-known methods, such as
described in Harlow and Lane, Antibodies; A Laboratory Manual, Cold Spring Harbor
Laboratory, Cold Spring Harbor, NUY., {1888}, In some embodiments, additional
amine acid residuss may be added to either the N- or C-{erminus of the antibody or
antibody fragment. When the inhibitor comprises an aptamer, such aptamers can be
oligonucleic acid or peptide molecules that bind o a specific target molecule.
Methods of constructing and determining the binding characteristics of aptamers are
well known in the ari, and the aptamers can be isolated from random libraries or they
can be previocusly identified peptides. When the inhibitor comprises antisense
oligonucleoctides, such antisense oligonucieotides can be small interfering RNAs
{siRNAs), short hairpin RNAs (shRNAs), microRNAs {miRNA) or small internally
segmented interfering RNAs {sisiRNA). Methods of constructing and determining the
binding characteristics of anlisense oligonuciestides are well known in the art, and
the antisense cligonuciectides can be designed using known programs or they can

be previously identified antisense cligonucleotides.

Administering of ANPEP inhibitors to a subject in need can be via any suilable route
as deemed appropriate for an intended use. In certain embodiments, the inhibifor, as
described herein, can be administered alone. In certain embodiments, the inhibitor
can be administered prior {o the administration of at least one other therapeutic
agent. In certain embodiments, the inhibifor can be administered concurrent with the
administration of at least one other therapeutic agent. In cerlain embodiments, the
inhibitor can be administered subsequent {o the administration of at least one other
therapeutic agent. in other embodiments, the inhibitor can be administered prior to
the administration of at laast one other therapeutic agent. As will be appreciated by
one of skill in the art, in some embodiments, the inhibitor can be combined with the
other agent/compound. In some embodiments, the inhibitor and other agent can be
administered concurrently. In some embodiments, the inhibitor and other agent are
not administered simultansously, with inhibitor being administered before or after the
agent is administered. In some embodiments, the subject receives both the inhibitor
and the other agent during a same period of prevention, occurrence of a disorder,

and/or period of treatment.

- 14-
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The methods and cells of the disclosure can be used for a wide variety of

pharmaceutical, cosmatic, and medicinal purposes that are known in the art.

in some embodimants, an inhibitor of ANPEP or ghammaceutical compaositions
comprising an inhibitor of ANPEP can he administered in combination therapy, i.e.,
combined with other agents. In certain embaodiments, the combination therapy
comprises the inhibilor, in combination with at least one other agent. Agents include
pther immunosuppressive agents, but are not limited fo corticostercids and
giucocorticoids (e.g., cortisol, hydrocortisone, corlisone, prednisene, prednisolone,
methylprednisclone, dexamethasone, betamethasone, triamcinolone,
beclometasone, fludrocortisone acetate, deoxycorticosterone acetate or
aldosterone}, calcineurin inhibitors and drugs acting on immunophilins {e.g.,
oyclosporine or tacrolimus), mTOR inhibitors {e.g., everclimus or sirlumus),
antiproliferative drugs {e.g., azathioprine, cyclophosphamide, mycophenclic acid,
mycophenolate mofetil, mizotibine. Additional agents may also include, but are not
fimited to antibodies or biclogics, such as anti-CD3 antibodies, anti-C020 antibodies,
anti-iL 2antibedies, anti-PD-1 antibodies, anti-CTLA4 antibodies or other

immunosuppressive agents.

in certain embuodiments, the invention provides for pharmaceutical compaositions
comprising the inhibitor and a therapeutically effective amount of at least oha
additional therapeutic agent, together with a phammaceutically acceplable diluent,

carrier, solubilizer, emulsifier, preservative and/or adjuvant.

in certain embodiments, acceptable formulation materials preferably are nontaxic to
recipients at the dosages and concentrations employed. In some embodiments, the
formuiation materiai(s) are for sub-cutaneous {s.¢.} and/or intravenous (£.V.}
administration. In certain embodiments, the inhibitor of ANPEP or pharmaceutical
compasition comprising an inhibitor of ANPEP can contain formulation materials for
modifying, maintaining or preserving, for example, the pH, osmelarity, viscosity,
clarity, color, isolonicity, odor, sterility, stability, rate of dissolution or release,
adsorption or penetration of the composition. In certain embodiments, suitable
formulation materials include, but are not limited 1o, amino acids {such as giycine,
giutaminge, asparagine, arginine or lysine}; antimicrobials; antioxidants {(such as
ascorbic acid, sodium sulfite or sodium hydrogen-suifite); buffers {such as borate,
bicarbonate, Tris-HCI, citrates, phosphates or other organic acids); bulking agents
{such as mannitol or glycine); chelating agents {such as ethylenediamine tetraacetic
acid (EDTA)); complexing agents {such as caffeine, polyvinylpyrrotidone, beta-

cyclodexirin or hydroxypropyi-bela-cyclodexiriny; fillers; moncsaccharides;

-15-
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disaccharides; and other carbohydrates {such as glucose, mannose or dexirins);
proteins (such as serum albumin, gelatin or immunoglobulins), colering, flavoring and
diluting agents; emulsifying agents; hydrophilic polvmers {such as
polyvinyipyrrolidone); low molecular weight polypeptides; salt-forming countlerions
{such as sodiumy); preservatives {such as benzalkonium chloride, benzoic acid,
salicylic acid, thimerosal, phenethyl aleohol, methyiparaben, propyiparaben,
chiorhaxidine, sorbic acid or hydrogen peroxide}; solvents {such as glyeerin,
propylene glycol or polyethylene glyeol); sugar aleohols (such as mannitol or
sorbitol}; suspending agents; surfactants or wetting agents {such as pluronics, PEG,
sorbitan esters, polysorbates such as polysorbate 20, polysorbate 88, triton,
fromethamine, lacithin, cholesterol, tyloxapal); stability enhancing agents {such as
sucrose or sorbitol}; tonicity enhancing agents (such as alkali metal halides,
preferably sodium or potassium chioride, mannitol sorbitol); delivery vehicles;
diluents; exciplents and/or pharmaceutical adjuvants. {Remington’s Pharmaceutical
Sciences, 18th Edition, A. R. Gennaro, ed., Mack Publishing Company {1985). In
some embodiments, the formulation comprises PES; 20 mM NaCAC, pH 5.2, 50 mM
NaCl; andfor 10 mM NAOAC, pH 5.2, 9% Sucrose.

in certain embodiments, the optimal pharmaceutical composition comprising an
ANPEP inhibitor will be determined by one skilled in the art depending upon, for
example, the intended route of administration, delivery format and desired dosage.
See, for example, Remington's Pharmaceutical Sciences, supra. in cerlain
embodiments, such compositions may influence the physical state, siability, rate of in

vivo release and rate of in vivo clearance of tha antibodies of the invention.

in certain embodiments, the primary vehicle or carrier of an inhibitor of ANPEP or
pharmaceutical compaositions comprising an inhibitor of ANPEP can be either
agueEous of hon-aqueous in nature. For exampie, in cartain embodiments, a suitable
vehicle or carrier can be water for injection, physiclogical saline solution or artificial
carebrospinal fiuid, possibly supplemented with other materials common in
compasitions for parenteral administration. In some embodiments, the saline
comprises isctonic phosphate-huffered saline. In certain embodiments, neutral
buffered saline or saline mited with serum albumin are further exemplary vehicles.,

in certain embodiments, pharmaceutical compositions comprise Tris buffer of about
pH 7.0-8.5, or acetate buffer of about pH 4.0-5.5, which can further include sorbitol or

a suitable substitute therefore.

in certain embodiments, the effective amount of an inhibitor of ANPEP or

pharmaceutical compositions comprising an inhibitor of ANPEP as described herein,
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with or without at least one additional therapeutic agent, to be employed
therapeutically will depend, for example, upon the therapeutic context and objectives.
One skilled in the arl will appreciate that the appropriate dosage levels for treatment,
according lo certain embodiments, will thus vary depending, in pari, upon the
inhibitor delivered, the indication for which an inhibitor described herein, with or
without at least one additional therapeutic agent, is being used, the route of
administration, and the size (body weight, body surface or organ size) andior
condition {the age and general haalth) of the patient. In certain embodiments, the
clinician can titer the dosage and muadify the route of administration to oblain the
optimal therapeutic effect. In certain embodiments, a typical dosage comprising an
antibody that binds to and inhibits ANPEP can range from about 0.1 ugfkg fo up fo
about 100 mgkyg or more, depending on the facltors mentioned above. In certain
embodiments, the dosage can range from 0.1 ug'kg up to about 100 mgfkg; or 1
ugikg up to about 100 mo/kg: or 5 ug/kg up to about 100 mgikg.

in certain embuodiments, the frequency of dosing will take into account the
pharmacokinetic parameters of the inhibitor described herein andfor any additional
therapeutic agents in the formulation used. In certain embodiments, a clinician will
administer the composition until a dosage is reached that achieves the desired effect.
in certain embodiments, the composition can therefore be administered as a single
dose, or as bwo or more doses {which may or may not contain the same amount of
the desired fusion protein} over time, or as a continuous infusion via an implantation
device or catheter. Further refinement of the appropriate dosage is routinely made
by those of ordinary skill in the art and is within the ambit of tasks routinely parformed
by them. In certain embodiments, appropriate dosages can be ascertained through

use of appropriate dose-rasponse data.

in certain embodiments, the route of administration of the inhibitor of ANPEFP or
pharmaceutical compuosifions comprising an inhibitor of ANPEP is in accord with
known methods, e.g. orally, through injection by intravenous, infraperitoneal,
intracerebral {intra-parenchymal}, intracerebroventricular, intramuscular,
subcutaneously, infra-ocular, inlraarterial, intraporal, or intralesional routes; by
sustained release systems or by implaniation devices. In certain embodiments, the
compasitions can be administered by bolus injection or continuously by infusion, or

by implantation device.

in certain embodiments, the inhibitor of ANPEP or pharmaceutical compositions
comptising an inhibitor of ANPEP can be administered locally via implantation of a

membrane, sponge o ancther appropriate material onto which the desived inhibitor
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has been absorbad or encapsulated. In certain embodiments, where an implantation
device is used, the device can be implanied into any suilable tissue or organ, and
delivery of the desired fusion protein can be via diffusion, timed-release bolus, or

gontinuous adninistration.

LA

in a second aspect the invention provides a pluripotent cell population, wherein the

population does not express functional ANPEP. Funclional ANPEP can be knocked

out or inhibited by a method selecled from the group consisting of generation of

knock-in null mutant ANPEFPR celi population using homelogous recombination,

generation of knock-in null mutant ANPEF cell population using transcription

it activator-like effector nucleases { TALENS), generation of knock-in null mutant
ANPEP cell population using clustered regularly interspaced shott palindromic
repeats {CRISPR) tachnology generation of ANPEFP knockout cell line using
homuologous recombination, generation of ANPEP knockout cell lines using TALEN,
generation of ANPEP knockout cell lines using CRISPR technology, generation of

i5  ANPEP mutant cell fines using homologous recombination, generation of ANPEP
mutant cell lines using TALEN, generation of ANPEP mutant cell lines using CRISPR
techneology.anti-ANPEP antibody, anti-ANPEP aptamer, ANPEP small interfering
RNA, ANPEP small internally segmented interfering RNA, ANPEP short hairpin RNA,
ANPEP micro RNA, ANPEP antisense oligonucieotides and small molecule ANPEP

20 inhibitors.

As used herein, the term “pluripotent cell population” refers to animal, especially

mammalian, preferably human, pluripotent cells. Pluripotent celis refer o

unspecialized celis that have the ability to self-renew for long periods of time and

differentiate info specialized cells with specific functions. Pluripotent cells can refer

2
Lh

io stem cells that have the potential o differentiate into any of the three germ lavers:
endodarm {e.q., interior stomach lining, gastrointestinal tract, the lungs), mesoderm
{e.g.. muscle, bane, blood, urogenital}, or ecloderm {e.g., epidermal tissues and
nervous system). Cell pluripotency can be a continuum, ranging from the pluripotent

cail that can form every cell of the embrryo proper, a.g., embytonic stem cells and

5]
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induced pluripotent stem cells, to the incomplately or partially pluripotent cell that can
form cells of all three garm layers, but that may not exhibit all the characteristics of
completely pluripotent cells. Pluripoient cells can refer to progenitor cells which have
the gene aclivation polential to differentiate into muitiple, but limited cell types. For

example, a pluripotent blood stem cell is a hematopoistic cell and this cell type can

Lad
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differentiate iteelf into several types of blood cell types like lymphooytes, monocyies,

or neutrophils, but cannot differentiate into brain cells, bone cells or other non-blood

- 18-
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geli types. Pluripotent cells can be found in many, but not all human cell types (for
example, pluripoient cells have been found in adipose lissue, cardiac cells, bone

marrow, and mesenchymal stromal cells).

As used herain, the term “unctional ANPEP” refers to ANPEP protein with both

enzyme-dependent and independent functions that contribute to adhesion, cell

LA

migration, angiogeneasis, inflammatory trafficking, adhesion, antigen presentation,
and endocyviosis. in an embodiment, the celis, tissuas and organs of the invention
lacking functional ANPEP can have endogencus ANPEP knocked-out of the celi,
tissue or organ or expression can be disrupted at transcription or franslation step and
it therefore the cell, tissue or organ therefora does not express ANPEP. In another
embodiment, the cells, tissues or organs of the invention lacking functional ANPEP
can have endogenous ANPEP replaced by knock-in of a2 mutant ANPEP that does
not function properly and therafore ANPEP cannot contribute to adhesion, call
migration, angiogenesis, inflammatory frafficking, adhesion, antigen presentation,
i5  and endocyiosis. in yet another embodiment, the cells, tissues or organs of the
invention lacking functional ANPEP can have endogenous ANPEP inhibited and
therefore ANPEF cannot contribute {o adhesion, cell migration, angiogenesis,

inflammatory trafficking, adhesion, antigen presentation, and endocytosis.

in an embodiment, the invention provides a pluripotent cell population in which

20+ funclional ANPEP has been knocked out or inhibited by a method selected from the
group consisting of. generation of knock-in null mutant ANPEP cell population using
homologous recombination, generation of knock-in null mutant ANPEP ceill
population using TALEN, generation of knock-in null mutant ANPEP cell population

using CRISPR technology, generation of ANPEP knockout celf lines using

2
Lh

homologous recombination, generation of ANPEP knockout cell lines using TALEN,
generation of ANPEFP knockout cell lines using CRISPR technology, ganeration of
ANMNPEP mutant cell ines using homologous recombination, generation of ANPEPR
mutant cell lines using TALEN, generation of ANPEP mutant cell ines using CRISPR
technology, anti-ANPEP antibody, anti-ANPEP aptamer, ANPEP small interfering
RNA, ANPEP small internally segmented interfering RNA, ANPEP short hairpin RNA,
AMPEP micro RNA, small molecule inhibitors of ANPEP and ANPEP antisense

oligonuciectides. CRIGPR/Cas-based RNA-guided DNA endonucleases are genome

5]
o]

editing tools (Wang ef al., 2013 "One-Step Generation of Mice Carrying Mutations in
Multiple Genes by CRISPR/Cas-Mediated Genome Engineering.” Calf 153{4):910-

18). Transcription activator-ike effector nucleases {TALENs) comprise chimeric

Lad
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nucleases that are composed of programmable, sequence-specific DNA-binding
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modules linked o a nonspecific DNA cleavage domain. TALENSs enable a broad
range of genetic modifications by inducing DNA double-strand breaks that stimulate
error-prone nonhomologous end joining or homology-directed repair at specific
genoniic locations (Gaj ef al., 2013 "ZFN, TALEN, and CRISPR/Cas-based methods

for genome engineering.” Trends Biofechnol 317 1387-405).

in another embodiment, the invention provides a differentiated population of cells for
transpianting into a subject in need thereof, wherein the cells are derived from the
pluripotent cells lacking functional ANPEP. The differentiated population of cells can
be selected from the group consisting of. skin cells, heta cells, cardiac cells, brain
celis, kidney cells, iver calls, celis of the digestive tract and accessory digestive
organs, salivary gland cells, adrenal gland cells, prostate cells, lung cells, pancreatic
celis, bone cells, immune cells, hematopoietic cells, vascular cells, cells of the eye,
connective tissue cells and musculoskeletal calls. In a preferred embodiment, the

celis are skin celis or beta cells lacking funclional ANPEP.

The differentiated population of cells can be derivad from the pluripotent cells facking
functional ANPEP by a number of protocols that are already developed or are
currently being optimized by others in the field. Thase methods can include, but are
not limited to, systematic induction of differentiation using special cell culture
matrices, media and growth factor or small molecule supplements administered in
specific ime windows that mimic normal develepmental timepoints, introduction of
certain genes and growth factors or cylokines into cells to promote immediate
switching of cell types, or the in vivo introduction of certain genes, growth factors or

cvtokines into celis to promote endogenous differentiation of celis.

In yet another embodiment, the invention provides a tissue for ransplanting into a
subject in need thereof, wherein the tissue is derived from the pluripotent cell
population {acking functional ANPEP. The lissue can be selected from the group
consisting of: bone tissue, musculoskeletal tissue, cormnea tissue, skin tissue, heart
valves, and biood vessels, immune cells, conneclive tissue, lung tissue. Iha

preferred embodiment, the tissue is skin tissue lacking functional ANPEP.

The differentiated tissue can be derived from the pluripotent cells lacking funclional
ANPEP by a number of protocels that are already developed or are currently being
optimized by others in the field. These methods can include, but are not limited to,
sysiematic induction of differentiation using special cell culture matrices, media and
growth factor or small molecule supplements administered in specific time windows

that mimic normal developmeantal timepoints, introduction of certain ganes and
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growth factors or eviokines into cells to promote immediate switching of cell types, or
the in vivo introduction of certain genes, growth factors or cylokines into cells fo
promote endogenous differentiation of cells. Cells generated in vifro can be seeded
onto bicengineered scaffolds that can provide the three dimensional struciure of the
tissue of interest. These scaffolds can be created by three dimensional printing with
biomaterials specifically developed for these purposes, including but not limited to,
synthetic materials, protein based materials and polysaccharide based materials,

such as polyglycolic acid, polylactic acid, fibrin, glycosaminoglycans.

in a further embodiment, the invention provides an organ for transplanting info a
subject in need thereof, wherein the organ is derived from the pluripotent cell
population lacking funclional ANPEP. The organ can be selected from, but is not
fimited o, the group consisting of. cornea, skin, kidney, liver, lung, heart, pancreas
and intestine. In a preferred embodiment, the organ is skin lacking funclional
ANPEP.

The differentiated organ can be derived from the pluripotent cells lacking functional
ANPEP by a number of protocois that are already developed or are currantly being
optimized by others in the field. These methods can include, but are not limited to,
systematic induction of differentiation using special cell culture matrices, media and
growth factor or small molecule supplements administered in specific time windows
that mimic normal developmental timepoints, introduction of certain genes and
growth factors or oylokines into cells to promote immediate switching of cell types, or
the in vivo introduction of cerlain genes, growth faciors or cytokines inte cells to
promoie endogencus differentiation of celis. Differentiated celis or stem cells can he
seaded onto bioenginesred scaffolds {o promote further development of a complete
organ with the various different cell types and organization that is associated with the
particular organ of interest. Bioengineered scaffolds can be created through three
dimensional printing with biomaterials or decellularization of existing organs
according to proiocols optimized by axperts in that fleld. In an alternative method,
pluripotent stem cells can be used o generate large multidimensional organocids

according to culture methods currently being developed by other axperts in the field.

in an ancther embodiment, the invention provides cells, lissues or organs for
transpianting into a subject in need thereof, wherein the cells, tissues or organs are
derived from the pluripotent cell population lacking functional ANPEP and also
comprise at least one additional modification. In some embodiments, an additional
modification can be the genetic engineering of the cells, tissues or organs lacking

functional ANPEP to express a gene or peptide. In such an embodiment, the donor
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transpiant can also serve as a means for administering therapeutic proleins and
peplides. The peplide is not limited o any particular peplide, but can incdlude any
peptide that can be used to treat any number of diseases, disorders or conditions.
For example, the therapeutic peptide can include, but is not limited {o, nesiritide,
ceruletide, bentiromide, exenalide, gonadorelin, enfuvirtide, vancomyein, icatibant,
secretin, leuprolide, glucagon recombinant, oxytocin, bivalirudin, sermorelin,
gramicidin B, insulin, capreomycin, calcitonin, vasopressin, cosyntropin, bacitracin,
octrectide, abarelix, vapreotide, thymalfasin, mecasermin, cetrorelix, teriparatide,

corticotropin or pramiintide.

in an additional embodiment, the invention provides a method of transplanting cells,
fissues and/or organs info a subject in need thereof comprising: pre-treating the
celis, tissuas and/or organs with ANPEP inhibitors prior to tranaplanting the cells,
fissues and/or organs lacking or blocking funclional ANPEP into a subject in need
thereof or treating the subject with ANPEP inhibitors prior to transplant. The cell,
fissue andfor organ to be transplanted can be syngeneie, allogensic or xenogeneic to

the subject recaiving the transplant.

As used herein, the term “syngenic” or “syngeneic” refers to calls, fissues or organs
that are ganetically identical or are derived from a genetically identical source {o the
graft recipient {a.4.. an identical twin}, especially with respect to antigens or
immunological reactions. Such cells, tissues or organs are calied isografis.

As used herein, the term “allogenic” or “allogeneic” refers to cells, lissues or organs
that are not genetically identical or are derived from a non-genetically identical
source to the graft recipient {e.g.. a non-related donor), especially with respect to
antigens or immunoclogical reactions. Such cells, lissues or organs are called
allografts, allogeneic transplants, homografis or alictransplants

As used herein, the term “xenogenic” or “xenogeneic” refers o cells, tissues or
organs that are from a different species o the graft recipient {e.g., a pig donoric a
human recipient), especially with respect to antigens or immunological reactions.

Such cells, tissuas or organs are called xenograflts or xenolransplants.

EXAMPLES

The Examples that follow are illustrative of specific embodiments of the invention,
and various uses thereof. They are set forth for explanatory purposes only, and are

not 1o be {aken as limiting the invention.
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Example 1: ANPEP expression and the immune response

To determine the role of ANPEPR in immune responses alicited by stem cell
transplartation, mouse embryonic stem {mES) cells were derived from ANPEP WT
and ANPEP KO mice. These cells proliferate at similar rates and express
characteristic pluripotency markers in vifro. YWhen implanted into syngeneic mice,
mES of both genotypes form teratomas that contain cell types representing all three
embryonic germ lavers, demonstrating pluripotency in vivo as well. Surprisingly,
teratomas generated from ANPEP KO mES grow more rapidly, achieve a larger size,
and show a higher degree of differentiation than those generated from ANPEP WT
mES cells. Analysis of potential underlying causes showed that ANPEF KD
feratomas contained fewer infilrating T-lymphocytes and dendritic cells, indicating
that lack of ANPEP expression may permit stem cells to escape immune datection
and allow implants to thrive. In agreemeant with this hypothesis, growth and
differentiation of WT and ANPEP KCG mES implanted into immunocompromised mice
were comparable, consistent with an underlying immune mechanism. Conseguantly,
modulation of ANPEP expression may alter immune responses foward implanted

stem calls and enhance their engrafiment to ultimately facilitate repair.
Example 2: Assessment of ANPEP expression and immunomodulation

To study the immunomuodulatory effects of ANPEP further, the inventors have been
studying skin grafts babween ANPEP WT and ANPEP KO mice with gender or major
histocompatibility-mismaiches. Surprisingly, the skin graft studies confirm the
observations with the teratomas. ANPEP KO female skin engrafts successfully on
both ANPEP WT and ANPEP KO male mice, while ANPEP WT female skin is
rejected from both ANPEP WT and ANPEP KO male mice after 14 days.
Comparison of histological sections at sites of engrafiment shows that there is
significant inflammation and disruption of normal skin architecture in ANPEP WT skin
grafts. There is only mild inflammation in ANPEP KO skin engrafted in ANPEP WT
niice, while there is virtually no disruplion of ANPEP KO skin engrafted in ANPEP KO
niice. These studies provide surprising and important evidence that immunclogical

tolerance can be engendered through ANPEP blockade.

Exampile 3: Skin grafis lacking CD13 survive longer with diminished

inflammation.

initial characterization of mice lacking CD13 expression on a glichal level
demonstrated no notable developmental deficiencies or defects in homeostiatic

processes {(Winnicka ef al. 2010). However, while site-specific mechanisms
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influenced specific outcomes, the inflammatory responses of CD13-null animals were
universally compromised upon challenge in various injury models (Pereira ef al.
2013, Rahman ef al. 2013, Subramani ef a/. 2013, Ghosh of al. 2014). Based on

these observations, it was determined if the diminished inflammatory responses seen

LA

in CD13-null mice could potentially exdend to the inflammatory reactions mediating
transpiant rejection. Using wild type and global CD13-null mice in a standard model
of minor histocompatibility (MIHC) mismaichad allograft rejection {Figure 8}, long-
term survival of full-thicknass CD3-null male donor skin grafis was observed on
female recipients that survived for over 100 days {Figure 1A). The CD13-null grafts
it maintained their original size as compared to WT skin grafts that wither and gradually
shrink in diameter until fully rejected befween two to three weeks post-transplant
{Figure 1B). Furthermore, the CO13-null grafts retained the characteristic thin,
vascuiarized skin of the donor dorsal ear and did not adopt the thick fur of the host

dorsal skin, suggesting that C013 can be a potential instigator of allograft rejection.

Lh

indeed, while there is evidence of inflammatory cell infiltration into CD13-nuli graft
tissue after one week, the number of celis and the extent of tissue damage was
significantly less than that observed in WT skin grafts (Figure 1C).
Immunochistochemical quantification of CD3 positive cells in grafis at five days post-
transpiant indicated that significantly more T cells infilirated into WT grafls as

20 compared in CO13-null grafts in both WT and CO13-null recipients {Figure 10}, Flow
cytometric analyses of host spleens receiving grafis of either genotype at days & and
100 post-transplant indicated that there were no significant differences in various
splenic immune populations (Figure 7) implying that the differences in graft
acceptance observed were most likely due to local events in the graft and draining

25 Iymph hodes.
Example 4. Mast cell-mediated inflammaticn is reduced in CD13-null grafis

Rast cells are traditionally considered pro-inflammatory mediators of the acute
immune response; however, recent studies have elucidated novel anti-inflammatory

roles for these cells particularly in the setting of allograft survival {Galli et af. 2005, Lu

5]
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ef al. 2008}, where mast cells have been shown to be critical for graft survival and
their degranulation reverses folerance fo skin allografts (Lu of &/ 2006, de Vries ef &l
2008). Pertinent to this study, mast cells are known {0 express high levels of CD13,
but the funclional role of CD13 in mast cell activity has yet to be demonsirated. To

determine the contribution of mast celis {o this model of allograft survival, WT and
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CO13-null skin grafts were examined for the presence of mast cells and their

degranulation status using toluidine blue to slain mast cell-specific granular contents.
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interestingly, higher levels of foluidine blue staining was observed in CD13-null graft
tissue, polentially due to reduced mast cell degranuiation in the absence of CO13
{Figure 2A and ZB). This increase in granule staining was also seen in the draining

iymph nodes, but not the spieens of mice that received CD13-null skin grafts (Figure

LA

2C). Orthotopic applications of gender mismatched dermal fibroblasts survive longer
when mixed with CD13-null mast cells. These results confirm the histological
observations that inflammation is reduced in the absence of CB13. Furthermore,
given that mast cells are known fo produce L4, a2 known stimulator of reparative k2
macrophageas, and iL-10, a potent immunosuppressor, it is possible that the

it diminished inflammation and elevaled number of alternatively activated macrophages
in CD13-null grafts {Figure 1F) can be attributed o a degranulation-independent anti-

inflammatory funclion of mast cells.

Example 5. Ahsence of CD13 on mast cells corresponds to diminished mast

cell activation and degranulation in vitro

15  To confirm the in vivo observations of effects of CD13 on mast cell activity, primary
mast cells were derived from bone marrow of WT and CD13-null mice aeccording to
previously published protocols (Kalesnikeff and Jalli 20111 After 4-8 weeks of
eulture, cultures consisted of 80-90% ckit+FeeR1ta+ mast cells with a high degree of
forward and side scatter, indicating these cells are large and complex {Figure 3A).

20  To test the response of mast cells to MiHC determinants, isolated WT or CO13-null
mast calis were co-cultured with gender-mismatched dermal fibroblasts and changes
were assessed by flow cytomelry. The forward and side scatier profiles of both WY
and CD13-null mast cells were decreased indicating loss of granularity and size,

presumably the result of degranulation; however, the changes in CD13-null mast celi

2
Lh

size and granularity were significantly less upon stimulation with either WT or CD13-
null dermal fibroblasts than WT mast cells {Figure 3B). This is in accord with results
from mibxed lvmphocyte reactions bebtween gender mismatched splenocytes where
the response of CB13-null splenocytes was considerably weaker {Figure 8).

However, MIHC mismatched CD13-null stimulators invokad more robust responses

5]
o]

from WT splenocytes than WT mast cells, suggesting a lack of allorecognition.

Additionally, the supernatant collected from CO13-null mast cells cultured with
dermal fibroblasts contained higher levels of IL-4. To determine if CDH 3-null mast
calls could be exerting their anti-inflammatory role at least in part by skewing

macraphage differentiation towards the reparative M2 phenotype at the expense of a

[
Lh

pro-inflammatory M1 phenotype, WT and CD13-null mast cells are co-cuitured with

WT and CD13-null immature macrophages for 1-3 days before determining relative
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numbers of M1 and M2 macrophages by flow cytometry. As a whole, these data
show that CD13-null mast cell degranulation and pro-inflammatory responses are
impaired while a more anti-inflammatory or immunosuppressive niicroenvironment is

enhanced, thus promoting ransplant survival.

LA

Exampile 6. Transient blockade of CD13 prolongs graft survival

To confirm the effects on transplant acceptance were due to CD13, 2 TD13 blocking
antibody, SL13, was used in transient treatment studies (Figure 8A). Following twe
weeks of intraperitoneal SL13-mAb administration, SL13 was detectable in the serum
of treated mice, but not in the serum of mice treated with vehicle alone or isolype

G control (Figure 9B). All of the mice tolerated the treatment and after two weeks there
were no significant pathological changes in any major organ indicating that SL13 can
be used safely in vivo. After the two week treatment period, SL13 treatment was
halted and WT female recipients of bath groups received gender-mismatched skin
grafts from WT and CD13-null male donors. Similar to studies in the global CD13-

15 null animals, CD13-null grafts universally survived until time of harvest in both groups
{Figure 4A laft panels; KO male skin graft). Importantly, rejection of WT male skin
was delayed by 3 weeks in treated WT recipients, well after WT skin grafts had been
rejected by the untreatad mice {Figure 4A right panels; WT male skin graft}.

Reversal of graft acceptance following the withdrawal of SLA3 treatment indicated

2(:  that CD13 blockade using a monoclonal antibody prolongs grafl survival. SL13
freatment for 1 week prior to skin transplant can prolong graft survival when SL13 s
routinely given. Once SL13 treatment is discontinued, WT skin grafts show signs of
falling. Toluidine blue staining of WT skin that survives in SL13 {reated mice

indicates an increase in mast cell staining as compared o that seen in CO13-null

2
Lh

grafts, suggesting that a similar mechanism of locally induced immune acceptance.

Exampie 7. Tissues derived from mESC lacking CD13 are accepted by immune-

competent mice.

Pluripotent stem cell derived therapies are the ultimate goal of regenearative
medicine; however, their utility in the clinic is hampered by the same immunologic
3  reactions that limit current transplantation therapies {(Tang and Drukker 2011) To
determine if CD13 blockade could be applied in a stem cell-derived therapeutic
setiing, mouse embryonic stem cells (MES) were generated from WT and CD13-null
miice. These cells displayed characteristic mES cell morphology and expressed

traditional pluripotency markers Octd and Nanog (Figure 10A). Both WT and CD13-

[
Lh

null mESCs profiferated at similar rates in vitro and generated all three germ layers
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when differentiated in teratoma assays (Figure 10B and 10C). Interestingly, CD13-
null mES generated substantially larger teratomas than did WT mES even though
starting cell numbers, host mice and duration of growth are matched {Figure 5A).
These CH13-null teratomas also proliferated at higher levels as indicated by
increased Ki67 staining and BrOU incorporation {Figure 58 and 5C}, but did not
display any significant apoptosis by Tunel staining {Figure 10D, arrows indicate
apoptotic celis). Furthermore, CO13-null teratomas are also more vascularized as
detected by endaothelial CD31 and pericyle uSMA staining (Figure 10E).

Overall, similar to the observations with CD13-null skin grafts these data indicale that
CD13-null mES possess a survival advantage over WT mES. To ascertain the
potential immunological processes underlying this apparent growth advantage, WY
and CD13-null mES were injected subcutaneously into immunoccompromised mice
facking T, B and NK cells. Both WT and CD13-null mES generated teratomas of
equal size and at similar rates {Figure 50} confirming that the difference in growth
was not attributable to inherent differences in the embryonic stem celis themsailves,
but rather to events occurting at the donor-host interface. Analysis of infiltrating
immune cells in teratomas generated in immunocompromised mice shows ne
significant differences; while numbers of infiltrating CD3+ T cells in immune
competent mice are higher in WT in CD13-null teratomas. Furthermore, highly
significant differences in numbers of infillrating 7 cells were observed in teratomas
generated in CO13-null hosts (Figure 5E). This would imply that WT mES are more
capable of stimulating an immune reaclion against the transplanted cells and that the
response of CD13-null mice to immunogenic donor cells is impalred and is in
agreement with the immune cell analyses in the skin graft studies discussed above.
Additionally, higher levels of dendritic cells and macrophages were detected in WT
teratomas (Figure 5F). Toluidine blue staining of teratoma sections also indicated
higher levels of mast cell staining within and around CD13-null teratomas, consistent

with reduced mast cell degranulation in the skin graft model {Figure 5GL

Taken together, these data demonstrate that the CO13 blockade-dependent
transpiant of cells and tissues is most ikely due fo the absence CD1 3-mediated
immundlogical rejection. To test the applicability of CD13-blockade in promaoting cell
therapy, skin and lung cells were generated from male WT and CD13-null mES and

transpianted into WT female recipients.
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The invention would sighificantly increase the success of organ and skin fransplant
as well as eliminate the time ransplant recipients must walt for a suitable donor
transpiant or graft io become available. Furthermore, this invention can minimize the
necessity of systemic immune suppression, thereby significantly improving quality of
life in terms of aveiding infection and taking medication with deleterious side effects.
The method would provide universal fransplants or grafts and cbviate the need and
cost of creating personalized pluripotent cell lines and differentiated tissues that

would only be applicable to one or a few patients.

Furthermore, the invention could potentially be used by transplant and reconstructive
surgaons for patients who reqguire any type of graft or organ. For example, skin
grafts could be used for severely burned patients without the current limitations of
fime, access to viable skin, or immunogenicity. Neuwrons or neurconal support celis
such as oligodendrocytes could also be produced for transplant into patients
suffering from neuromuscidar diseases. Cardiac cells could be transplanted into

patients who suffered myocardial infarction or congestive heart failure.

Having described the invention in detall and by reference 1o specific embuodiments
thereof, it will be apparent that modifications and variations are possible without
departing from the scope of the invention defined in the appended claims. More
specifically, although some aspects of the present invention are identified herein as
particularly advantageous, it is contemplated that the present invention is not

necassarily limited to these particular aspects of the invention.
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WHAT IS CLAIMED I8:

1. Anisolated pluripotent cell population, wherein the population does not

express funclional ANPEP.

2. The isolated pluripotent cell population of claim 1, wherain functional ANPEP
5 has been knocked out or inhibited by a mathod selected from the group
cansisting of: generation of knock-in null mutant ANPEP cell population using
homelogous recombination, generation of knocok-in null nmutant ANPEF cell
population using TALEN, generation of knock-in null mutant ANPEP cell
population using CRISPR technology, generation of ANPEP knockout cell
10 lines using homologous recombination, generation of ANPEP knockout cel
lines using TALEN, generation of ANPEP knockout cell lines using CRISPR
technology, generation of ANPEP mutant cell lines using homologous
recombination, generation of ANFPEP mutant cell lines using TALEN,
generation of ANPEP mutant cell lines using CRISPR fachnology, anti-
i5 ANPEP antibody, anti-ANPEP aptamer, ANPEP small interfering RNA,
ANPEP small internally segmented interfering RNA, ANPEP short hairpin
RNA, ANPEP micro RNA, small molecule inhibitors of ANPEP and ANPEP

antisense dligonuclectides.

3. The isolated pluripotent cell population of any of claims 1-2, wherein the cells
26 are cultured into a differentiated population of cells.
4, The differentiated population of cells of claim 3, wherein the cells are selected

from the group consisting of: skin cells, beta cells, cardiac cells, brain cells,
kidney cells, liver cells, cells of the digestive tract and accessory digastive
argans, salivary gland cells, adrenal gland cells, prostate cells, lung cells,

25 pancreatic cells, bone cells, immune cells, hamatopoietic cells, vascular calls,

cells of the eye, connective tissue cells and musculoskeletal cells.

5. The differentiated population of cells of claim 4, wherein cells comprise a
tissue selected from the group consisting of: bone tissue, musculoskeletal

tissue, cornea tissue, skin Hissue, kidney tissue, liver tissue, pancreatic tissue,

Lad
o]

heart valves, blood vessels, immune cells, connective tissue and lunyg tissue.

8. The differentiated population of cells of claim 4, wherein cells comprise an
argan selected from the group consisting of: cornea, skin, kidney, liver, lung,

pancreas and intestine.
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7. The differentiated population of cells of any of claims 4-6, wherein the cells
are genetically engineered o express a therapeautic peptide.
a. A method of ransplantation comprising: transplanting the cells, tissues

andfor organs of any of claims 1-7 into a subject in need thereof.

5 4 The method of claim 8, wherein the subject in need thereof is pre-treated with
an effective amount of an inhibitor of alanyt {membrane) aminopeptidase
{ANPEP}.
14, The method of claim 8, wherein the inhibitor is selected from the group
cansisting of: anti-ANPEP antibody, anti-ANPEP aptamer, ANPEP small
10 intarfering RNA, ANPEP small intemnally segmented interfering RNA, ANPEP
shoit hairpin RNA, ANPEP micre RNA, ANPEP antisense pligonucieotides,

and small molecule inhibitors of ANPEP.
1. The method of claim 10, wherein the inhibitor is an anti-ANPEP antibody.

12, The method of claim 8, wherein the cell, tissue andior organ is selected from

is the group consisting of: skin cells and skin tissue.

13 The method of any of claims 8-12, wherein the cell, tissue andior organ is

syhgeneic, allogenaic or xenogeneic to the subject.

14, The use of the cells, lissues andfor organs of any of claims 1-7 for

fransplanting into a subject in need theraof,

20 15, A method of limiting development of transplant rejection, comprising:
a) administering fo a subject in need of a ransplant, andfor
b} treating a donor transplant with,

an effective amount of an inhibitor of alanyl (membrane) aminopeptidase
{ANPEP} to limit development of transplant rejection in the subject.

25 18, The method of claim 15, wherein the subject receives a donor transplant and
wherein the method includes treating the donor transplant; wherein treating

the donor transplant comprises pre-treatment with an inhibitor of alany!

{membrane} aminopeplidase (ANPEP).

17. A method of any of claims 15 or 18, wherein the subject’s immune systemis

Lad
o]

rejecting the donor transplant, comprising administering to the subject an
affective amount of an inhibitor of alanyl {membrane} aminopaplidase
{ANPEP}.
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The methoed of any of claims 15-17, wherein the subject is receiving a donor
transplant or has received a donor transplant and the donor transplant is
selected from the group consisting of. skin cells, beta cells, cardiac celis,
brain cells, kidney cells, liver cells, cells of the digestive tract and accessory
digestive organs, salivary gland cells, adrenal gland celis, prostale cells, lung
cells, pancreatic cells, bone cells, immune cells, hematopoiatic cells, vascular
cells, calls of the aye, connective tissue cells, musculoskeletal cells, bone
tissue, musculoskeletal Hssue, cornea tissue, skin tissue, heart valves, blood
vessels, immune cells, connective tssue, lung tissue, skin, a cornea, a

kidney, a liver, a lung, a pancreas, a heart, and infestine.

The method of claim 18, wherein the donor tranaplant is selected from the

group consisting of: beta cells, skin cells and skin tissue.

The mathed of any of claims 15-19, wherein the subject is receiving a donor
tranaplant or has received a donor transpiant and the donor transplant is

syngenaic, allogeneic or xenogeneic {o the subject.

A method of reducing an immune response comprising administeringlo a
subiect in need thereof with an effective amount of an inhibitor of alanyl

{membrane} aminopeptidase (ANPEP) to reduce an immune response.

The mathoed of claim 21, wherein the subject in need thereof is a subject with
an autoimmune candition, an immune hyper-reactive condition, a chronic

inflammatory condition, or is in nead of a transplant.

The methoed of any of claims 15-22, wherein the inhibitor is selected from the
group consisting of anti-ANPEP antibody, anti-ANPEP aptamer, ANPEF small
interfering RNA, ANPEP small intemnally segmented interfering RNA, ANPEP
short hairpin RNA, ANPEP micro RNA, ANPEP antisanse oligonuclectides,

and small molecule inhibitors of ANPEP.

The method of any of claims 15-23, wherein the inhibitor comprises an anti-
ANPEP antibody.
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