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di sclosure relates to tissue systens, nethods of producing tissue
systens and net hods of treatnent using tissue systens conprising
conjunctival cells for restoring damaged or di seased ocul ar surfaces.
The tissue systemof the present disclosure conprises manmalian
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Stem cells are responsible for cellular replacement and tissue regeneration throughout the life of

an organism. Stem cells are unspecialized cells that give rise to specialized cells, and have
extensive proliferation potential. Depending on the type of stem cell, these cells may differentiate
into iseveral cell lineages and/or repopulate a tissue upon transplantation. Embryonic stem (ES)
cells are quintessential stem cells with unlimited self-renewal and pluripotent potential, and are
derived from the inner cell mass of a blastocyst-stage embryo. Adult stem cells are specialized
undifferentiated stem cells, which, after birth and throughout adulthood, retain the ability to
replace cells and regenerate tissues in an organism. It is generally understood that adult stem
cells, as compared to ES cells, have Jess self-renewal ability, and although they may differentiate
into multiple lineages, are not generally described as pi,uripotent.- Cell therapy has the potential to
treat any disease that is associated with cell dysfunction or damage, including but not limited to
the potential for manipulating stem cells, whether ES cells or adult stem cells, to Tepair or replace
diseased or damaged tissue. This potential has generated a great deal of excitement in the

scientific, medical, and biotechnology commumiities.”



2 Adult stemcells (also referred to as "tissue-specific stemcells")
have been found in various tissues of the adult body, including bone
mar row (V\e{yoSiiivheosagi ence 287: 1442- 1446, 2000), neural gisadfi7lbase,
Sci ence 287:1433-1438, 2000), gastrointestinal tissue (Potten, Phi
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Ti ssue culture techni ques have been w dely enployed for stratified
epithelia such as epiderm s and cornea to begin to identify those
factors thgalo iRMoobgsi NPOrtant during keratinocyte prolid@fabh@RoRas
mat uration. Researchers in this area Rave utilized rabbit or bovine
conjunctival epithelial cells in culture, and several nodels for the
cul ture of notwal human conjunctival keratinocytes have been

devel oped. Primary human conjunctival keratinocytes have been
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WO 2007/ 099556PCT/ | N2007/ 000075 5 organ. The ideal tissue construct
is one in which transplanted cells possess a |long-termregenerative
capabi | i t yw{plpofRbdsk! ar renewal and repl acement of ti ssg@pymMi7lboo7s
ti ssue equival ents devel oped may be tganspl anted by conventi onal

nmet hods, for exanple suturing the graft onto the eye, this can cause
disconfort to the recipient. Further, the act of suturing requires
nore precision then a suture-less nethod, since the site of the

di seased or danmged eye cannot be clearly visualized. In addition,
such transplantations usually | eave a scar at the site. Thus, a
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Most studies of tissue equlvalel;.ts or tissue systerns have focused on the ability to reconstitute a
tissue equivalent that bears the structural and functional characteristics of the tissue of origin.
This has been achieved by differentiating cells in culture, for example, by modifying the culture
conditions and air-lifting. Terminally differentiated cells have limited long-term proliferative
capacity, however, which results in a lower regenerative potential after transplantation. In
addition, the use of epithelial tissue coristructs for ocular surface transplantation requires that cells
be sﬁfﬁcienﬂy attached to the underlying substrate so that they are not sloughed off by direct
mechanical or shearing forces, during or after surgical transplantation. Therefore, a delicate

balance is nev;essary to preserve the proliferative potential of transplanted cells, while at the same

time ensuring that transplanted cells have the necessary functional characteristics of the tissue



6 after being introduced to the eye of the recipient, thereby
increasing the clinical success of this nethod, as well as reducing

the recovegwy fobRodser the recipient. The method for prepaginaghiRers
conjunctival tissue systemconprises @ single culturing nediumto

cul ture conjunctival cells, thereby providing a sinple systemfor
generating the desired conj unctival tissue system In a preferred
enbodi nent, a single-step culture nedia is able to generate a

mul ti-layered tissue system conprising conjunctival cells Preferably,
the conjunctival tissue systemhas a stratified squanous epithelium
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BRIEF SUMMARY OF THE INVENTION

The present disclosure describes a tissue system comprising conjunctival cells cultured on an
appropriate support material, such as a biocompatible membrane or extracellular matrix, as well
as methods for preparing such a conjunctival tissue system. In preferred embodiments, the
comjunciival cells are cultured on amniotic membrane, such as human ammniotic membrane
(HAM), to generate the conjunctival tissue system. Preferably, the conjunctival tissue system
disclosed hérein is an equivalent of conjunctival tissues on the ocular surface. Surprisingly, the
conjunctival tissue system disclosed herein, which may be prepared by culturing a conjunctival
biopsy in a single medium, is sufficiently stable, stratified, and adherent that it can be used for

clinical transplant. Preferably, the stable conjunctival tissue system is less likely to break apart
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In vatious embodiments, the conjunctival cells found in the tissue system express one or more

stem cell marker genes such as, for example, Oct-4. Preferably about 30-35% of the cells in the



enbodi ments presented herein. Figure 1: Characterization of
conjunctival cell culture on HAM Fig. I A a shows three-days-old
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nount of a 20-days-old culture. The PAS stains goblet cells magenta.
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In various embodiments, the present disclosure provides a tissue system comprising a support
material for delivery of conjunctival cells. The support material may also-comprise an
appropriate biocompatible membrane, such as amniotic mernbrane (e.g., HAM). The tissue
system of the present disclosure preferably involves culturing conjunctival cells on a
biocomﬁatible membrane, which is suitable for use in the eye, and which does not interfere with
the normal wound healing process.

Although the conjunctival tissue system disclosed herein may be transplanted to the appropriate
site of the eye using methods well known in the art, the present disclosure also describes a suture-
less method for delivering the tissue system to the eye of a subject. In the present disclosure, the

¥ 4e

terms “subject,” “patient,” and “recipient” are used interchangeably. In a preferred embodiment,
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combination thereof. Preferably, the conjunctivel tissue system also comprises goblet cells,

which are characterized as being ellipsoid in shape and containing large’ secretory granules
containing mucin. The present disclosure specifically addresses the isdlation, expansion, and
generation of a conjunctival tissue system. In preferred embodiments, the conjunctival tissue
system restores the functional integrity of the conjunctiva of the recipient of the tissue system.
Preferably, the conjunctival tissue system disclosed herein is cultured from atissue that comprises
conjunctival cells (e.g., a biopsy or explant) using a simple single-step method, in which the cells
are expanded ex vivo to form a conjunctival tissue equivalent. It is surprising that such a method
can produce a tissue culture with the stability necessary for clinical transplant. For example, the
_conjunctival tissue system comprises cell-to-cell and cell-to-substrate adhesion structures that
ensure structural integrity after surgical manipulation and fransplantation, The single-step method

preferably utilizes media that is able to support the outgrowth of the cells in the conjunctival
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The presence of a |large popul ation or high percentage of conjunctival
progenitor cells in the tissue systemgreatly facilitates the ability
of the tisgpsyabam to restore damaged or di seased ocu}l.@}fméw-,foﬁ@gi
after transplantation to a mammal i an gubject. In addition, the hig
proportion of conjunctival progenitor cells in the tissue system
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conti nuously repopul ating the ocular surface wth viable conjunctival
progenitor cells, which are essential to the healthy functioning of
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ammiotic nenbrane (e.g., HAM, having a plurality of conjunctival
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15 mmfromthe linbus. A second simlarly sized biopsy nmay al so be
obtained to provide an additional and alternative source of
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erre ments of the present disclosure, the tissue system comprises viable progenitor

conjunciival cells, for example in the range of about 2.0 to 2.5 million cells in the tissue System.



The nedia may al so be supplenented with growh factors. As used
herein, the term"gromh factor” refers to proteins that bind to
receptors | surface with the primary result I i

cel lul ar p?@lji:o?ﬁzorggfﬁikon and differentigfion. Preferabl yoé%lzﬁ%?o\g@%%
facilitating agents used to culture the conjunctival cells at any
stage are of human or human reconbinant origin. The preferred growth
factors for culturing conjunctival tissue are selected from epi der mal
grow h factor (EGF) (e.g., human EG-, reconbi nant human EGF), basic
fibroblast growh factor (bFGF), insulin, sodiumselenite, or human
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WO 2007/ 099556PCT11 N20071000075 18 factor, keratinocyte growth
factor, hydrocortisone, or any conbination thereof. In other

enbodi rrent@,oztﬂj@ﬁogggg@port material is placed on nit rocelf,éjlllﬁégmjobdotﬁer
paper to facilitate generation of theggconjunctival tissue system
itself. A nitrocellul ose sheet may al so provide further support for
the conjunctival tissue system Wen the support material is amiotic
menbrane, it may be placed on a nitrocellulose filter paper with the
basenent - nenbrane side up. Prior to use, the nenbrane may be

i ncubated with di spase to help renbve any amiotic epithelial cells,
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In sonme enbodi nents, the conjunctival cells cultured on an
appropriate support material may be dissociated . fromthe support
material t g 56,Rb&sProgeni tor conjunctival cells. In of 2007/000075
enbodi ments, the conjunctival cells ajg sorted using nethods me?q
known to those of skill in the art, for exanple magnetic-affinity
cell sorting (MACS), or fluorescence-activated cell sorting (FACS),
or ironuno-I| abeling or immuno-fluorescence-staining techniques (such
as solid phase adsorption), to isolate a popul ation of conjunctival
progenitor cells and/or differentiated conjunctival cells, either
bef or e non fafh dre Gmbour Argeand smdailyt sibtdebispgypoay alsabe obtained g provide an
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21 thin tissues to the ocular tissues creates special problens
related to tissue-to-tissue apposition, henorrhage, inflammuation,

vi sual i zat | ooﬁ@?akhe di sconfort of the patient frome gnﬁthges
on the ocular surface. The goal of ackjeving optinal tlssu
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reduce or replace sutures in a variety of ophthalmc procedures to
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In a particul ar enbodi ment, the present disclosure relates to

cul turing hunmen fomniceal conjunctival progenitor and/or

di fferenti@kp{goﬁ@bgﬁ on HAMin an atypical and sinple cgptihs7R6/5T
using gl ass slides. The prepared tisspye systemwas characterized and
assessed for safety on a rabbit nodel of ocular conjunctival burn
injury, which did not involve suturing. The viable and functional
engrafted human cells derived fromthe conjunctiva were traced in
this rabbit nodel. See Exanples 1 and 2. As described herein, the
safety of the tissue systemin terns of abnormal vascul ari sation
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such as an extracellular matrix or other biocompatible polymers, which may have 2 biocoated

surface, for example extracellular matrix carrier or biocoated petri dishes. Preferably, the
exiracellular matrix is amniotic membrane, more preferably HAM. The support material may be
biocoated with one or more attachment factors, including but not limited to fibrinogen, laminin,

collagen IV, tenascin, fibronectin, collagen, bovine pituitary extract, EGF, hepatocyte growth



WO 2007/ 099556PCT/ 1N2007/ 000075 24 The bi opsies were then placed on
an appropriate matrix for culturing conjunctival cells in the biopsy.
This matri ﬁw;@-- mi oti ¢ Menbrane (HAM, was prepar .
Wth propeﬁrvoi n or%@ﬁ\ consent of the dgnor, and in accor aﬁ@éao\?\ﬂ'@\i\%he
tenets of the Declaration of Helsinki, human placenta was obtai ned
from Sero negative donors at the tinme of cesarean section. The net hod
used to isolate HAMwas simlar to that described by Tseng et al.,
Arch Opht hahnol . 116:431-41, 1998, which is incorporated herein by
reference. The processed HAM was cut into 5x5 cnR after spreadi ng on
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was adsggbottandtdrial BetefrabBidnldagsdiasli um was changed every alternate :
days thereafter until ready for transplant: The cells were grown at
37C with 5% C>2. This single culture nedia was used to prepare the
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The amniotic membrane may be used intact with the epithelial surface, or denuded of epithelial

cells. For example, amniotic membrane may be prepared to enhance the growth of conjunctival
cells by removing endo genbus' amniotic epithelial cells by freeze-thawing, enzymatic digestion,
and/or mechanical scraping, followed by treatment of the surface with growth factors,
extracellular matrix compounds, and/or adherence-enhancing molecules. Amniotic membrane is
a preferred substrate for génerating the tissue system because it is a natural substrate which
facilitates the viability and growth of conjunctival cells. In one embodiment, the amniotic
membrane, with the basement membrane or stromal side up, is affixed smoothly onto a culture
plate for culturing conjunctival cells. Biocompatible membranes are chosen from materials which

can adhere to the eye and aid in presenting the cultured cells.



single step nedia, this nmedia maintains the proliferation and
differentiation. The present invention has achieved a proliferative
and differ ells in the sanme culture. Insulin
hydrocortlggﬁgéﬁﬁﬁs?unctlon to pronotg the growth of conjunc‘?)19 Pl
epithelial cells over the fibroblasts during the culturing process.
After 14 days of culture, the entire stretch of amiotic nenbrane was
covered and confluent with cells. O the 5x5 cnR stretch of cul tured
conjunctival tissue system half was used as a xeno-transplant on a
rabbit nodel of conjunctival injury as described in Exanple 2, and
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In sote embodiments, the conjunctival cells cultured on an appropriate support material may be
dissociated from the ‘support material to isolate progenitor conjunctival cells. In ofher
embodiments, the conjunctival cells are sorted using methods well known to those of skill in the
 art, for example magnetic-affinity cell sorting (MACS), or fluorescence-activated cell sorting
(FACS), or immuno-labeling or immuno-fluorescence-staining techniques (such as solid phase
adsorption), to isolate a population of conjunctival progenitor cells and/or differentiated -
' conjunctival cells, either before or after culturing ona suitable support material. In embodiments
that isolate populations of conjunctival cells enriched using one of the above methods, the isolated
.cells are preferably cuftured under conditions and in a media that supports the growth of
progenitor cells and the development of a tissue system for transplanting onto a damaged or
diseased eye.
Preferably the tissue comprising conjunctival cells is cultured for 10-20 days, more preferably 12-
14 days, to generate the conjunctival tissue system. The cells may be cultured under conditions
well known to those of skill in the art, for example under submerged or air-lifted conditions.
Preferably the tissue system cultured under these conditions will comprise at least about 30%,
40%, 50%, 60%, 70%, 80%, 90%, or 95% progenitor conjunctival cells. In a preferred
embodiment, the isolated progenitor conjunctival cells are cultured on a support material in the
presence of an enriched medivm for developing the tissue system with progenitor conjunctiv;ﬂ

cells, Preferably, the tis support material has characteristics which approximate the natural



Forward - 5 ACC ACA GIC CAT GCC ATC AC 3' (SEQ ID NO 1) Reverse -5'
TCC ACC ACC CTG TTG CTG TA 3 )(SEQ I D NG 2) 60C House keepi ng gene

MUCSAC FOT Way fly7isssfCC ACC ATA TAC OGC CAC AGA 3' (SEQ i
Reverse -5 TOG ACG GAC AGT CAC TOT GAA C 3' (SEQ ID Ncé%lﬁlg@%{%?%

Human conj unctival goblet cells

conjunctival tissue and can also support the growth of progenitor conjunctival cells, as well as
normal differentiation after transplant. After the tissue system disclosed herein is generated, it
must be transported to the recipient’s location for transplant. Preferably, the means used to
transport the tissue system maintains the viability of the tissue system sufficiently that it is still

useful as a transplant after transport.

Preferably the tissue system is transplanted onto a damaged or diseased eye and able to repair
ocular surface impairments, particularly in subjects with severe conjunctival damage or disease.
As used herein, a subject with severe conjunctival damage or disease may have a complete
absence of conjunctival progenitor cells in the damaged or diseased eye. The conjunctival tissue
system may be transplanted to replace or support the ocular surface at any location, including
areas that are adjacent to the cornea. In preferred embodiments, the conjunctival tissue system is
transplanted to the sclera, forniceal or tarsal areas of the optical surface. The conjunctival tissue

system also may be placed with existing conjunctiva on the inner surface of the eyelid.

A variety of surgical approaches that are well known to those of skill in the art have evolved to
select, harvest, and transport ocular tissue equivalents to their appropriate, natural anatomic niche
at the recipient eye. Prior to transplant, the diseased or damaged conjunctiva may be excised,
with the autologous or heterologous conjunctival tissue system placed over the conjunctival
defects, The transplant of the conjunctival tissue system is carried out under aseptic conditions,
as well as under local anesthetic. Another transplant may also be placed over the conjunctival
tissue system, for examplg an additional amniotic membrane patch graft, to act as a protective
patch. In other embodiments, a contact lens may be placed over the tissue system to proteci the
transplant. Surgical methods for transplanting a tissue system td the eye of a recipient are well
known to those of skill in the art. (Nguyen DQ, Hale J, Von Lany H, Harrad RA. Releasable
conjunctival suture for adjustable suture surgery. J Pediatr Ophthalmel Strabismus. 2007 Jan-
Feb;44(l):35—8'. and Bahar I, Weinberger D, Dan G, Avisar R. Pterygium .surgery: fibrin glue
versus Vicryl sutures for conjunctival closure. Cornea. 2006 Dec;25(10):1168-72)

A wide array of sutures and suturing techniques, which are well known to those of skill in the art,
may be used to affix transplants to the ocular surface. Although generally successful, suturing
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thin tissues to the ocular tissues creates special problems related o tissue-to-tissue apposition,
hemorrhage, inflammation, visualization, and the discomfort ofthe patient from exposed sutures
on the ocular surface. The goal of achieving optimal tissue apposition, using biologically suitable
products without sutures, is highly desirable. In addition, reduced time in surgery translates to

less facility costs.

While appropriate tissue systems are needed to help repair ocular injuries or conditions, there is
also a need to reduce or replace sutures in a variety of ophthalmic procedures to improve
outcomes, minimize complications, provide patient comfort, and shorten procedure lengths.
Thus, in certain embodiments, the present disclosure provides for a suture-less delivery of a tissue
system to the eye of a-patient. The process involves the use of a biocompatible adhesive such as
glue, for exarpple amerylate or fibrin sealant, which can be used as a fissue adhesive. The
technique can be used for the delivery of corneal as well as conjunctival cells to damaged or
'diseased eyes. The suture-less delivery of a tissue system disclosed herein may also be used with
a tissue system comprising undifferentiated stem cells derived from corneal limbus, as disclosed
in U.S. Serial No. 11/043,019, which is incorporated herein by reference in its entirety. In
preferred embodiments, the present disclosure provides for the delivery of the tissue system
comprising conjunctival cells using a amcrylate. In other preferred embodiments, the
biocompatible adhesive is a sterile tissue adhesive selected from polylactic acid, polylactide
glycolic acid, copolymers of polylactic acid and acrylates, or any combinations thereof. In still
other embodiments, the biocompatible adhesive comprises any adhesive which is biocompatible
with the eyes and is neater, safer, and less cumbersome than sutures, so that the cultured tissue
sjrstein may be set on the injury while minimizing the disturbance to the recipient’s eye.
Preferably, the use of an adhesive with the tissue system facilitates integration of the transplanted

cells with the damaged or diseased eye.

The conjunctival tissue system disclosed herein can be utilized for therapeutic applications, for
example as a transplant for subjects in need of t\reatment. The tissue system of the present
disclosure can be used to treat any subject in need of treatment, including but not limited to
hurnans, primates, and domestic, farm, pet, or sports animals, such as dogs, horses, cats, sheep,

pigs, caitle, rats, mice, and the like. As used herein, the terms “therapeutic,” “therapeutically,”
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In a particular embodiment, the present disclosure relates to culturing human forniceal
conjunctival progenitor and/or differentiated cells on HAM in an atypical and simple culture
scheme using glass slides. The prepared tissue system was characterized and assessed for safety
on a rabbit model of ocular conjunctival burn injury, which did not involve suturing. The viable
and functional engrafted human cells derived from.’rhe conjunctiva were traced in this rabbit
model. See Bxamples 1 and 2. As described herein, the safety of the tissue system in terms of
" abnormal vascularisation undemeath the graft, and polymorphonuclear leukocytes (PMN)
infiltration, was compared in parallel with controls. The severe bilateral destruction.of
vconjl_mctival epithelium may be treated by engraftment of cultures of conjunctival epithelium with
goblet cells propagated from the fornix or other zones of the conjunctiva. Shatos et al., JOVS
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fornix during periocular surgery a the Zee Eye clinic, Bandra, Mumbai, India. The conjunctiva
was collected carefully only from the periphery of the eyeball and on the inner surface of the
evelid. The excised tissue was then immediately placed in a transport medium consisting of
Dulbecco’s Modified Eagles Medium (DMEM), 5% heat inactivated Fetal Bovine Serum
(Hyclone USA), and 50 pg/ml penicillin—streptomycin. The pH of the transport medium was in

the range of 7-7.4. The biopsies were stored at 4° C until they were cultured.

Blood samples of about 2-5 ml from the same patient who had provided the tissue biopsy were
collected and transported along with each conjunctival biopsy to a cenirally located cGMP
facility. Blood samples were immediately tested for infectious diseases, including Hepatitis B
virus (HBV), Hepatitis C virus (FICV), Syphilis and CMV. '
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RNA isolation and RT-PCR: Total RNA from the cultured conjunctival cells was isolated by the

TRIzol method (Invitrogen, USA), and 1 pg of isolated RNA was treated with RNase-OUT
ribonuclease inhibitor (Invitrogen, USA) for cDNA synthesis. Reverse-transcription was carried
out using Superscript reverse-transcriptase II (Invitrogen, USA) and Oligo dT (Tnvitrogen, USA)
to prime the reaction. RT-PCR of the cells was done with MUCSAC and MUC4 genes to confirm -
expression of mucin. 2 pl of cDNA was amplified by polymerase chain reaction for 30 cycles
using Abgene 2X PCR master mix (Abgeﬁe, USA) and apprbpriate primers (Shatos et al., IOVS
42(’7): 1455-1464, 2001; Shatos et al, IOVS 44(6):2477 2486, 2003; each of which is

incorporated herein by reference). The primer sequences used in this reaction are shown below in

Table 1. Table 1
Gene | Primer sequence : Anpealing Function
temperature

GAPDH Forward — 5> ACC ACA GTC CAT 60°C House keeping gene
GCCATC AC 3’ (SEQID NO:1)
Reverse —5° TCC ACCACC CTG
TTG CTG TA 3"(SEQ ID NO:2)

MUCSAC | Forward — 5° TCC ACC ATA TAC 65.9°C Human conjunctival
CGC CAC AGA 3’ (SEQIDNO:3) goblet cells
Reverse — 5 TGG ACG GAC AGT - spectfically express
CAC TGT CAA C 3° (SEQ ID NO:4) this large gel-

forming mucin
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MUC4 Forward — 5° GCC CAA GCT ACA 66.6°C Membrane
GTG TGA CTC A 3” (SEQ ID NO:5) associated mucin

Reverse - 5° ATG GTG CCG TTG
TAA TTT GTT GT 3’ (SEQ ID NO:6)

Preparation of conjunctival culture whole mount; The tissue system piece comprising cultured
conjunctival cells was stretched out on a cut glass slide without disturbing the surface. Traces of
culture medium were removed, and the sample was fixed in formaldehyde for 30 minutes at room

temperature. Subsequently, the fixed culture was completely air dried and stained.

Histolabeling and Histopathology: To determine the characteristics of the tissue system, the
composite cell cultures were fixed in 4% paraformaldehyde at room temperature for 10 minutes
and were dehydrated and paraffin embedded. Approximately 3-pm paraffin sections were
prepared. For immunofluorescence, after deparaffinisation, the sections were subjécted to a
microwave method of antigen retrieval and preincubated with 1X PBS for 10 minutes. The
sections were freated with 0.2% Triton X-100 for 5 minutes and blocked with 1% BSA for 1 hour
with intermediate washing with PBS for 15 minutes. Primary antibodies AE-1 (1:500) and AE-3
(1:500) (Chemicon, CA) were added to the sections and incubated overnight at 4°C. Sections
were incubated with respective secondary antibodies for 1 hour at toom temperature. Sections
were mounted with mounting media (Sigma US) and examined with a fhiorescent microscope.
For Periodic Acid Schiff (PAS) staining, deparaffinised sections along with the whole mount
were treated with 0.5% Periodic acid for 5 minutes and Schiff reagent for 30 minutes at room

temperature. The sections were counter stained with hematoxylin.

Characterizing the cultured conjunctival cells on denuded amniotic membrane: As shown
herein, markers for cytokeratins and specific mucin types (Ohno-Matsui et al., Molecular Vision
11:1-10, 2005) were identified as being expressed by the cultured conjunctival cells. Prior to
transplant, the conjunctival tissue system was stratified in vitro. The primary culture showed the
initiation of growth in a three-day-old culture after the biopsy was placed on HAM, with large
cells coming out of the explants on the ammiotic membrane (Fig. 1A). After 14 days of culture,
the entire stretch of HAM was covered and confluent with cells (Fig. 1B). After 20 days of
culture, immunofluorescence staining of the culture sections demonstrated cytoplasmic

expression of ABE-1 and AE-3 (Figs. 1C and 1D). PAS staining of the conjunctival tissue system
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i nvention as defined by the appended cl ai ns.

was grafted using a tissue adhesive in the rabbit model. After transplantation, the survival and
integration of the human cells were traced and evaluated using histopathology and
immunostaining. The safety of the conjunctival tissue systeﬁn in térms of abnormal
vascularisation underneath, as well as polymorphonuclear leukocytes (PMN) infiltration, was
checked in parallel with controls.

The rabbit model of chemical injury was prepared as follows. Prior approval of the internal
review board (IRB), Institutional Animal Ethics Committee (IAEC), and Committee for the
Purpose of Control and Supervision of Experiments on Animals (CPCSEA) was obtained for the
animal protocols as described herein. Six New Zealand white Rabbits (Weigh'f: 1.5 kg; age: 6
months) were anaesthetized with ketamine (35mg/kg) and xylazine (5mg/kg), and the eye lids
were retracted by the application of stay sutures. Fig. 3A shows arabbit’s normal eye. The injury
on bulbo-palpebral conjunctiva was made by placing a sterile filter paper (60mm?) saturated with
1N NaOH, for 40 seconds on that location of the eye (Fig. 3B). After removal of the filter paper,
the residual epithelium at the injured zone was removed by surgical blade and the wound site was
liberally irrigated with PBS. Injury was created in one eye of the animal. The method to generate
the injury was done again on the same area after 15 days, and followed for 10 additional days as

before.

For the xeno-transplantation experiment, there were two types of controls. _One control was an
animal in which the eye was injured and followed up for 45 days (n=2). The second control was
an animal in which the eye was injured (Fig. 3C), and then covered with HAM without cultured



CLAIMS 1. Aret hod for generating a conjunctival tissue system the
met hod conprising culturing cells of a tissue conprising conjunctival

pr ogeni torquj a supportmaterial in a single nedi TosdoR®:
(a) Dul becco’ s0 ﬁ/%)gﬁél ed Essential Medigum (DVENM, DVEM LI#'PPZ { % f

medi um or Haml's F-12 (1:1) nmedium (b) a nutrient serum sel ect ed
fromthe group consisting of knock-out serum heat- inactivated human
serum human cord bl ood serum human serum al bum n, and fetal bovine
serum (c) epidermal growh factor (EGF); (d) basic fibroblast growth
factor (bFGF); (e) insulin; (f) sodiumselenite;

conjunctival cells on it (n=2). The test experiment transplanted the human conjunctival tissue

system as described herein on the injury (Fig 3D and 3B). The injury was covered with a 20 mm?
piece of a conjunctival tissue system with cultured cells facing upward, and edges were fixed
using the sterile tissue adhesive called Amerylate (manufactured in India by Concord Drugs Ltd,
Andhra Pradesh). This polymer is isoamyl 2-cyanoacrylate, a monomer which, when in contact
with moisture, polymerizes, and has been shown to be a non-toxic, biocompatible, and inert
material. This tissue adhesive was used for adhering the transplant on the bare conjunctival
tissue. Four 5 pl drops of the tissue adhesive were place on the four edges of the injury, and the
transplant was placed in such a way that the HAM was placed in touch with the glue and the cells

were facing up.,

" Each eye was treated with a dexamethazone/gentamycin solution twice a day for 15 days after the
injury was made. After surgery 0.5% cyclosporin A and 6.05% &examethazone-gentamycin
solution were given as ocular drops three times a day during the first week and twice daily

 thereafter. Animals were followed up for a one-month period. The efficiency of the fransplant
was quantified by re-epithelisation and reappearance of goblet cells at the site of injury in

comparison to the control animals.

At the end of the animal experimeﬁt, rabbits were sacrificed and whole eye ball with conjunctival
tissues were removed and fixed in 10% formalin. Rabbits were sacrificed ﬁsing a dosage of
thiopentone sodium solution by intracardiac injection. For histopathological evaluation,
conjunctival tissues from control and treatment sites were processed routinely, with thin sections
of ~5 microps stained with hematoxylene and eosin stain and observed microscopically for the
extent of repair. For Immunohistochemistry, after the sections were subjected to antigenretrieval,
they were treated with 3% H,0, in water for 15 minutes. Primary antibody anti-human
mitochondrial antibody (Chemicon, CA) incubation was carried overnight at 4°C. Therest ofthe
procedure for staining was according to the instructions of the VectaStain Elite ABC kit (Vector
Laboratories, Burlingame, CA) used. The substrate used was Diaminobenzidine (DAB). The
brown colored spaghetti-like positive staining pattern in the cytoplasm of the human cells was
visualized by light microscopy (Nikon E600). For Periodic Acid Schiff staining, deparaffinised

sections along with the whole mount were treated with 0.5% Periodic acid for 5 minutes and



(g) transferrin; and (h) an antibiotic or mxture of antibiotics,
wherein the single medi um supports the proliferation and expansi on of

t he conj ungly Nglnopdsggeni tor cells on the support rraterilaéwwa%g%?’in

conjunctival tissue system 2.A nmethogh according to claim

the nutrient serumis knock-out serum heat-inactivated human serum
human cord bl ood serum human serum al bumin or fetal bovine serum
3. A nethod according to any of clains 1 to 2, wherein: (athe EGF is
human EG- or reconbi nant human EGF;, (b) the transferrin is human
transferrin; (c) the single medium further conprises dinethyl

sul phoxiler reARef &% 30 minutes at room temperature. The sections were counter stained with

hematoxylin.

Clinical observations post injury and transplantation: 24 bours after injury, all eyes showed
slight congestion around the injury site and a blood clot on the site of the injury. After 48 hours
the size of the blood clot decreased (data not shown), the congestion decreased, and the site of
injury could be demarcated. There were no allergic reactions observed following transplantation
of the conjunctival tissue system and no signs of rejection. The eyes were calm and no abnormal
vascularisation was observed during the follow up period. The eye with only injury was followed
up until the day of termination of the experiment, and showed twao-thirds of the original injury
created (Fig. 3F). The eye transplanted with the tissue system comprising conjunctival human
cells Tooked healthy in terms of surface integrity and vascularisation at the site just before
sacriﬁcing the animal for sectioning (Fig. 3G). | .

In order to assess the ability of the conjunctival tissue system to heal the injured eye in the rabbit
model, the eyes were compared to a normal rabbit conjunctiva section, which has a healthy
population of goblet cells, as shown in Fig. 4A. After injury, no goblet cells are found at the sight
of injury, and the epithelium is sloughed off (Fig. 4B). In addition, sections from control animals
with only injury showed distorted epithelial cells and congested blood vessels with mild
infiltration of PMN. In control rabbits in which only denuded FAM was transplanted at the site
of injury, epithelium did not regenerate, and was sloughed off in the majority of the area (Fig.
4C). There were no traces of goblet cells at the site and blood vessels were engorged, and
exiravasated RBCs were seen at many places. In control zabbits that received no fransplant,
extravasated RBCs also ‘were seen at many places (Fig. 4D). Before transplantation, the
conjunctival tissue system was shown to be stratified #n viiro. One month after transplantation of
the tissue system into the rabbit model, the cells were found intact at the site of application, but
not continuous (Figs. 4F and 4F). Sections from the test eyes, in which the conjunctival tissue
system was transplanted, revealed multilayered epithelitim. with both human and rabbit cells
interspersed. The reappearance of goblet celis and scattered endothelial cells indicate

. regeneration and healing of the cells at the site of injury.



(d) the antibiotic or mixture of antibiotics is selected fromthe
group consisting of penicillin, streptonycin, gentamcin,

Anphot eri ¢ ﬁmr@?%ﬁm xtures thereof. 33 4. A nethod ?gwgb@a%@

claim1l, erel e si ngl e medi um cogpri ses either:
nutrient serum (b) 5to 15 ng/mM EG- (c) 2 to 10 ng/m bFGF

Detecting the retained and survived human cells in vive: The human cells fransplanted were
identified both on the HAM of the tissue system in sifu, and embedded in the subepithelial zone
of the rat model transplanted with the conjunctival tissue system (Fig. 4I). The observation of
human cells interspersed at the site of iransplant, as well as the migration of the cells ingide the
animal tissue away from HAM, suggests that they play an important role in healing the injury.
Human cells were detected based on the brown colored spaghetti-like staining of human
mitochondria with anti-human mitochondrial primary antibody. The percentage of migrated cells
varied from animal to animal, with no consistent levels of migration observed. The retained
human cells were elongated and big compared to the animal cells, and quite distinct.

The suture-less delivery of the conjunctival tissue system performed using the sterile tissue
adhesive Amcrylate demonstrated the safety and convenience of this method. This sterile tissue
adhesive does not get absorbed into the blood stream, and has been used to replace or supplement
sutures in cosmetic surgery to rejoin veing and aﬁeﬁes. After transplantation, examination under
the'microscope indicated that there were no traces of the glue undemeath the IAM segment in
the rabbit’s conjunctival sections, suggesting that the glue must have been washed off during the
integration of the transplant. The safety of both the transplant and the tissue adhesive were
examined by observing PMN infiltration and any induced abnormal vascularisation after
transplantation. The results of the histopathological evaluation of sections made from tissues

isolated is shown.below in Table 2.

Table 2
INJURY ONLY INJURY WITH HAM | INJURY WITH
TRANSPLANT . | CONJUNCTIVAL TISSUE

SYSTEM

Distorted epithelial cells . | Epithelium is sloughed off Multilayered epithelium
' from majority of area :

No goblet cells were seen | No goblet cells were seen Reappearance of goblet cells -

Congested blood vessels Blood vessels were Focal accumnlation of PMN

with infiltration of PMN engorged and extravasated | cells under epithelial lining with
cells. RBCs were seen at many endothelial cells

places




(d) Ito 10 perril insulin; (e) Ito 10 ug/nml sodiumselenite; and (f)
1 to 10 pg/nml transferrin; or the single nmediumconprises: (a) 20%

nutrient S@ighyhrdoddss10 ng/ m EQF (c) 4 ng/ml bFGF, (d)p&ri@id¥hooors

insulin; (e) 5 pg/mM sodium sel enite;3and

While the fundamental novel features of the conjunctival tissue system disclosed herein have been
described, it will be understood that various omissions, substitutions and changes in the form and
details may be possible without departing from the spirit of the present disclosure. For example,
it is expressly intended that all combinations of those elements and/or method steps, which
perform substantially the same function in substantially the same way to achieve the same results,

are within the scope of the present disclosure.

All of the compositions and methods disclosed and claimed herein can be made and executed
without undue experimentation in light of the present disclosure. While the compositions and
methods of this invention have been described in terms of preferred embodiments, it will be
apparent to those of skill in the art that variations may be applied to the compositions and/or
ﬁethods and in the steps or in the sequence of steps of the methods described herein without
departing from the concept, spirit and scépe of the invention. More specifically, it will be
apparent that certain agents that are chemically or physiologically related may be substituted for
the agents described herein while the same or similar results would be achieved. All such similar
. substitutes and modifications apparent to those skilled in the art are deemed to be within the spirit,

scope and concept of the invention as defined by the appended claims.



(f) 5 ug/m transferrin. 5. A nethod according to claim4, wherein

t he single medium further conprises 0.1% di net hyl sul phoxide. 6. A
nmet hod according to claim1l, wherein the support material is a

bi oconpati bl e nenbrane, such as an amiotic nenbrane (eg. a hunan
ami oti c menbrane) or wherein the culturing step is performed on the
surface of a basenent nenbrane side of an amiotic nenbrane. 7. A
nmet hod according to claim1l, wherein the culturing step is perforned
w thout feeder cells or wherein the tissue conprising conjunctival
progenitor cells is isolated by biopsy of tissue fromthe fom x
regi on of the conjunctiva. 8. A conjungtival tissue system obtainable
by a nethod according to any of clains Ito 6 for treating the ocular
surface of an eye of a patient that £6ABM¥mged or di seased by
transplantation to the ocul ar, surface.

1. A method for generating a conjunctival tissue system, the method comprising .
culturing cells of a tisswe comprising conjunctival progenitor cells on a |
support-material in a single medium comprising:

@  Dulbecco's Modified Essential Medium (DMEM), DMEM:F-12 (1:1)
medium, or Ham's F-12 (1:1) medium;

{b) a nutrient serum selected from the group consisting of knock-out.
seruam, heat- inactivated human serum, hurnan cord blood serum,
human serum albumin, and fetal bovine serum;

© epidermal growth factor (EGF); h

{(d)  basic fibroblast growth factor (bFGF);

(&) insulin;

6] sodium selenite;

(g)  transferrin and A

(n)  an antibiotic or mixture of antibiot;'cs,

wherein the single medium supports the proliferation and expansion of the

conjunctival progenitor cells on the support material to form a conjunctival

tissue system,

2. A method according to claim 1, wherein the nutrient serum is knock-out

serusmn, heat-inactivated human serum, human cord blood serum, human

serum albumin or fetal bovine serumi,

3. A method according to any of claims 1 to 2, wherein:
(a the EGF is human EGF or recombinant human EGF;
(b)  the transferrin is human transferrin; '
(c) the single medium further comprises dimethyl sulphoxide; and/or .
(d) the antibiotic or mixture of antibiotics is selected from the group
consisting of penicillin, streptomycin, gentamicin, Amphotericin B,

and mixtures thereof.



34 9. A systemaccording to claim8, wherein the damaged or di seased
ocul ar surface resulted froman al kali burn, chem cal burn, thermnal
bum Stevens-Johnson Syndronme (SJS), neurotrophic keratitis, Ccular
Cicatricial Penphigoid (0C?), pterygium excision, glaucom surgery,
trabecul ectony surgery, secton surgeryz retinal detachnment, squint
surgery, conjunctival nevus, persistent |eaking trabecul ectony bl ebs,
or superior linbic keratoconjunctivitis. 10. A system according to
clai m 8 wherein t hemetioj uaokdivgdo claig S eheyit HRRingk thédans Pbragised to the
cornea or to an ar e adj acent to the cornea; or wherein a sterile

ti ssue adhesive i Sf€%ed to adhere the transplanted conjunctival
tissue systemto tie ey%gbfgo'g/mtﬂ%@tsbﬁﬂt (such as where the sterile

ti ssue adhesive is |so nyl_2- anoacry ate). 11. A nethod according
to claim1,. wheréPh t @léﬂgﬁgé Gt tissue is isolated fromthe fom x
regi on of t he conjnct 2 waoagadigrGmher ei n the biopsy of tissue is

isolated fromthe patient
( 1'to 10 pg/ml insulin;

(e} 11010 pg/ml sodium selenite; and

® 1 to 10 pg/m} transferrin;

or the single medium comprises:

{a)  20% nutrient serum;

o) 10 ng/ml EGF;

(¢) 4 ng/mlbFGE;

(d) 5 pg/mi insulin;

(e) 5 pg/ml sodium selenite; and
(f) 5 ug/ml transferrin,

3. A method according to claim 4, wherein the single medium further comprises

0.1% dimethy] sulphoxide.

6. A method according to claim 1, wherein the support material is a
biocompatible membrane, such as an amniotic membrane (eg. a human

ammniotic membrane) or wherein the culturing step is performed on the surface

. ofa basement membrane side of an amniotic membrane.

7. A method according to claiml, wherein the culturing step is performed

without feeder cells or wherein the tissue comprising conjunctival progenitor

cells is isolated by biopsy of tissue from the fornix region of the conjunctiva.

8. A conjunctival tissue system obtainable by a method according to any of
claims 1 to 6 for treating the ocular surface of an eye of a patient that is

damaged or diseased by fransplantation to the ocular surface.



10.

11.

34

A system according to claim 8, wherein the damaged or diseased ocular
surface resulted from an alkali burn, chemical burn, thermal bumn, Stevens-
Johnson Syndrome (SJS), neurotrophic keratitis, Ocular Cicatricial
Pemphigoid (OCP), pterygium excision, glaucoma surgery, trabecuEectomy
sﬁrgery, secton surgery, retinal detachment, squint surgery, conjunctival
nevus, persistent leaking trabeculectomy blebs, or superior limbic

keratoconjunctivitis.

A system according to claim 8 wherein the conjunctival tissue system is

transplanted to the cornea or to an area adjacent to the comea; or wherein a
sterile tissne adhesive is used to adhere the transplanted conjunctival tissue
system to the eye of the patient (such as where the sterile tissue adhesive is

isoamyl 2-cyanoacrylate).

A method according to claim 1,. wherein the biopsy of tissue is isolated from
the fornix region of the conjunctiva and/or wherein the biopsy of tissue is

isolated from the patient.



