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ENRICHMENT AND CHARACTERIZATION OF HUMAN CORNEAL ENDOTHELIAL
CELLS (HCENC) WITH NOVEL MONOCLONAL ANTIBODY

, FIELD OF THE INVENTION
[0001]  The present invention relates generally to the field of molecular biology. In particular, the
present invention relates to novel monoclonal antibodies for detecting human corneal endothelial cells

(hCENCs).

BACKGROUND OF THE INVENTION
[0002]  The human corneal endothelium is the. most important monolayer of cells in the cornea. It
plays a significant role in maintaining corneal transparency by regulaﬁng the leaky barriers between

the aqueous humor and corneal stroma. The corneal endothelium cell layer is derived from neural

" crest cells ,durihg the first 16 weeks of gestatibn.--Human-corneal endothelial cells (WCENC), however,

have very limited proliferative capacity in vivo and the density of hCENC in the cornea shows an
inverse relationship with age. Dama‘gé to the corneal endothelium layer by accidental or surgical
corneal trauma ahd diseases such as Fuchs’ dystrophy often result in comeal edema and corneal
blindness. Currently, cornea transplantation is the main treatment option for irreversible damages on
the corneal endothelium. However, the success of the treatment is limited by the ‘scarcity of
transplant-grade corneas from suitable donors. He‘nce, fresh cadaveric corneas are often used for

isolation -and expansion of hCENC, which have been regarded as. a potential source of cells for

~ replacing damaged corneal endothelium.

[0003]  The anterior chamber of the eye is an immune-privileged site. This iallqws the acceptance
of allografts with lower risks of transplantation rejections. The viability of using tissue-engineered
hCENC constructs together with Descement stripping and automated endothelial keratoplasty
(DSAEK) technique in rabbit model has been described in the art, whereby cultured hCENC were
seedéd on sheets of collagen and transplanted into rabbits. These sheets showed similar cell
morphology as hCENC. Since then, hCENCs have been successfully transplanted into animal models
and demonstrated its therapeutic efficiency for clinical therapy. Recently, the derivation of corneal
endothelial-like cells from rat neural crest cells had been described. This opens the possibility of

deriving hCENC from othcr'. cell sources such as hPSCs. One of the-uniqﬁe features of hPSCs is its

- ability to self-renew and expand indefinitely. Hence, hPSCs are a very attractive surrogate cell source

- for generating hCENC. However, directed differentiation of hPSCs is often not an efficient process,

hence the ability to enrich for the cells of interest will be necessary. Furthermore, the lack of

characterization tools has so far deterred the use of cultured hCENC for transplantation.



10

15

20

25

30

35

2

[0004] In another point, cultured hCENCs are characterized, i.e. visually, predominantly by their
‘cobblestone-like’ morphological appearance. Immunostaining with zonula occludins-1 (ZO-1) and
sodium potassium ATPase (Na'K" ATPase) have also been used frequently as markers for characterization
of these cells. However, these markers are not hCENC-specific and are found ubiquitously expressed in
many other cell types. Therefore, both ZO-1 and Na'K" ATPase are not ideal markers for cell isolation and
enrichment. Hence, there is a need for improved methods for specifically identifying and isolating

hCENCs.

SUMMARY OF THE INVENTION
[0005]  In a first aspect, the present invention refers to a monoclonal antibody or an antigen binding
portion thereof that binds specifically to a human corneal endothelial cell (h\CENC), wherein the target of
the antibody, or antigen binding portion thereof, is cell surface-expressed Peroxiredoxin-6 (Prdx6),
wherein the complementarity determining regions are selected from a group consisting of heavy chain
CDR 1 defined by SEQ ID No. 1, heavy chain CDR 2 defined by SEQ ID No. 2, heavy chain CDR 3
defined by SEQ ID No. 3, light chain CDR 1 defined by SEQ ID No. 4, light chain CDR 2 defined by SEQ
ID No. 5 and light chain CDR 3 defined by SEQ ID No. 6. In one example, there is disclosed an antibody
or an antigen binding portion thereof, that binds specifically to human corneal endothelial cells (hCENCs),
wherein the target of the monoclonal antibody, or antigen binding portion thereof, is essentially cell
surface-expressed Peroxiredoxin-6 (Prdx6).
[0006]  Ina second aspect, the present invention refers to a method for determining suitability of a cell
sample for corneal transplantation, wherein the method comprises: contacting a sample of donor cells
obtained from a patient with an antibody as previously described; measuring an antibody binding signal;
wherein an increased antibody binding signal compared to a control signal indicates a cobblestone-like cell
morphology and thus suitability of the cell sample for corneal transplantation; wherein the control signal is
obtained empirically from measuring multiple cell samples with known morphologies.
[0007] In a third aspect, the present invention refers to a method for quantitative enrichment of human
corneal endothelial cells from a mixture of cells, wherein the method comprises the use of an antibody, or
an antigen binding portion thereof, as previously described, the method comprising the steps of a. exposing
a mixture of cells to an antibody as previously described; b. separating cells that bind to said antibody from
cells that do not bind to said antibody or antigen binding fragment thereof.
[0008] In a fourth aspect, the present invention refers to a method of isolating human corneal
endothelial cells from a mixture of cell, wherein the method comprises the use of an antibody, or an
antigen binding portion thereof, as previously described, the method comprising the steps of a. exposing a
mixture of cells to an antibody as previously described; b. separating cells that bind to said antibody from

cells that do not bind to said antibody or antigen binding fragment thereof.
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[0009]  1In a fifth aspect, the present invention refers to a hybridoma cell line with the deposition

number of PTA-121135.
[0010]  In asixth aspect, the present invention refers to a method of generating monoclonal antibodies,

as described previously, by culturing hybridoma cells with the deposition number PTA-121135.

BRIEF DESCRIPTION OF THE DRAWINGS
[0011]  The invention will be better understood with reference to the detailed description when

considered in conjunction with the non-limiting examples and the accompanying drawings, in which:
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[0012]  Fig. 1 shows images of immunocytochemistry of frozen cornea tissue sections in negative
images. The antibodies used in sections (A) and (B) are TAG-1A3 and TAG-2A12, respectively,
which bind to hCENCs. Primary. antibodies were detected with Alexa Fluor 488 secondary antibovdy
(depicted by grey staining as shown by arrow) and nuclei of cells were stained with DAPI (depicted

by grey spots). Both TAG-1A3 and TAG-2A12 had shown specific of staining for the endothelium

layer in corneal tissue section.

[0013] Fig. 2 shows the results of a histogram analysis of TAG-2A12 (A) and TAG-1A3 (B and
C)in various cell lines, namely hCENC, B4G12, IMR90, HES-3, H9 andhESC-derived neural crest
cells .. The shaded area represents the isotype control and ‘dotted line/unshaded area represents
antibbdy staining. TAG-1A3 was binding to d_ifferent cells lines with varying normalized mean

fluorescence intensity (nMFI) and higher nMFI values were observed with both hCENC and hESC-

~derived neural crest cells. TAG-2A12 was found to be binding specifically to hCENC only, whereby

the specificity was seen to be higher' than 90%. Section (C) shows column graphs depicting the
normalized mean fluorescence intensity (nMFI) of TAG-1A3 on various cell lines. nMFI is calculated

using MFT of sample/ MFTI of isotype control. TAG-1A3 had high nMFI levels compared to the other

- cell lines.

[0014]  Fig. 3 shows the result of immﬁnoprecipitation for antigen target identification of
monoclonal antibodies (mAb) TAG-1A3 and TAG-2A12. The immunoprecipitation (IP) was
conducted using TAG-1A3 and known CD166 and immunoblotted (IB) with (Section A) TAG-1A3
and (section B).anti-CD 166 respectively. Results shows both forward and reverse-IP using the TAG-

_ 1A3 and CD166 are enriching for the same antigen bands between 64kDa and 97 kDa suggesting that -

TAG-1A3 and CD166 are targeting at the same antigen.. The same method was conducted using TAG-

* 2A12 and known Peroxiredoxin-6 (Prdx6) for IP, and (section C) TAG-2A12 and (section D) Prdx6

for IP, respectively. Results shows both forward and reverse-IP using the TAG-2A12 and Prdx6 are
enriching for the same antigen bands between 28 kDa and 36 kDa suggesting that the mAb may be .
targeting at the same antigen. ’
[0015]  Fig. 4 shows micrograph images for comparing the staining of known antibodies vs. TAG-
1A3rand TAG-2A12 on both corneal tissue sections and cultured hCENCs (in negative images).
Primary antibodies were detected with Alexa Fluor (AF) 488 or AF 594 secondary antibody and
nudei of cells were stained with DAPI these images show the staining of frozen corneal tissue. Both

known antibodies and in-house antibodies showed specific staining of the endothelium layer. Section

®B) shows the staining of cultured hCENCs. Cells were stained with an isotype antibody as negative

_ control; and ZO-1 staining was used a positive control. Stéining pattern for TAG-1A3 appeared more |

merhbrane-like similar to known anti-CD166. Membrane localization of TAG-2A12 was shown as

compared to known anti-Prdx6 antibody where more intracellular staining was observed.
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[0016]  Fig. 5 shows the flow cytometry analysis plots comparing the surface binding of TAG-

1A3 and TAG-2A12 against known antibodies. Section (A) shows a double staining of TAG-1A3 and

CD166. mAb 63 is an in-house antibody that binds universally to human cell lines, and was used as

positive control. An isotype antibody was used as a negative control. CD166, co-incubated with the

positive control, did not alter the binding of CD166 (lower left panel on section A). A reduction in

anti-CD166 antibodir binding was observed following pre—iﬁcubation of hCENCs with TAG-1A3 but

not the isotype control, mAb 63. This suggests that the antibodies were competitively binding to

common epitopes.on hCENC, .

[0017]  Fig. 6 shows the results of thé characterization of cultured hCENCs with TAG-1A3 and

TAG-2A12. Section (A) shows. micrograph images of treated cells. Top panel: Cells with -
‘cobblestone-like’ morphology and “bottom panel: . cells with ‘fibroblastic-like’ morphology.

Specifically, (A) shows that cells with ‘cobblestone-like’ morphology have high expression of
TAG-2A12, and cells of the bottom panél, displéying “fibroblastic-like’ morphology had much lower .

.expression levels of TAG-2A12. Sections (B to C) show histograms depicting the expression of TAG-
1A3 and TAG-2A12 on the cell surface via flow cytometry analysis. Specifically, section (B) shows

cells with ‘cobblestone-like” morphology have a higher expression of TAG-1A3 and TAG-2A12 than
cells in section (C) with ‘fibroblastic-like” ﬁlorphélogy. Expression level of (A) is compared based on
the mean fluorescence intensity (MFI) if the shift in the histogram (Sections B and C). Section (D)
shows expression levels in nMFI (normalized mean fluorescent intensity) of TAG-1A3 and TAG-
2A12 in various donor samples.

[0018]  Fig.7 shows logarithmic graphs visualising flow cytometry binding data and data showing
the enrichment of hCENCs from mix cell population containing hCENCs. The enrichment was
performed on a mix cell population of hCENCs with stromal fibroblast cells. Section (A) shows
results of the enrichment of mix cell population of hCENCs with stromal fibroblast cells. Top panel:
Flow cytovmetry binding data of TAG-2A12 on strorﬁal fibroblast cells. mAb 63 was used as a positive
control for stromal fibroblast cells. Bottom Panel: hCENC enrichment in 50:50 mixed population with
stromal fibroblast. Enrichment of hCENCs with approximately 90% purity was achieved using MACS
sorting. Experiment was conducted in triplicates. Section (B) shows the enrichment of hCENCs from
a mix cell population of hCENCs with hESC (HES-3). Top panel: Flow cytometry binding data of
mAb TAG-2A12 on hESC mAb 85 was used as a positive control for hESC binding . Bottom Panel:

~hCENC enrichment in 50:50 mixed population with hESC. Enrichment of hCENCs with

apprdximately 92% purity was achieved using MACS sorting. Experiment was conducted in
triplicates. ' B v | |

[0019]  Fig. 8 shows nucleotide, peptide and CDR sequencing inforxﬁation for the heavy and light
chains of TAG-2A12. (A) shows the heavy chain sequence, (B) shows the light chain sequence and
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(C) the respective CDR sequences. Cells from the cadaveric corneal endothelial monolayer were use
as the immunogenic agent in the generation of, among other antibodies, TAG-2A12. The hosts used
for this method were SCID-mice and the isotype generated was anti-mouse IgG1. |

[0020]  Fig. 9 shows the sequence coverage of the antibody TAG-2A12 with the target antigen
Peroxiredoxin-6 (Prdx6). The sequence match was determined to be 20%, i.e. 44/224. The underlined

sections show the péptides that were identified using mass spectrometry.

[0021]  Fig. 10 depicts a table of data on the comparison of TAG-2A12 with other known hCENC
monoclonal antibodies. This comparison includes ar_ltigen target, molécular weight in hCENCs,
molecular weight in other cell lines and sequence homology to Prdx-6 as determined using urﬁProt
BlastP. This comparison shows a significant difference in binding sites and target antigén between
known antibodies and TAG-2A12 and TAG-1A3. |

[0022] '

‘ DETAILED DESCRIPTION OF THE PRESENT INVENTION
[0023]  The present invention refers to the discovery and use of novel, monoclonal antibodies for
the enrichment and characterization of human corneal endothelial cells. The human corneal
endothelium is the most important monolayer of cells in the cornea. Human corneal endothelial cells

(hCENCs), however, have very limited proliferative capacity in vivo and the dénsity of hCENCs in

. the cornea. is known in the art to decreases with age. Currently, cornea transplantation is used to treat

irreversible damage to the corneal endothelium layer. The availability of cornea for transplantation is
limited due to the .scarcity of fresh corneas from suitable donors. To overcome this limitation,
isolation and expansion of hCENCs have been regarded as a potential source of cells for replacing
damaged corneal endothelium. As previously mentioned, the availability of fresh corneas for isolation
is also limited and the ability if cell expansion is restricted as well. Other potential sources of
hCENCs include differentiaied populations from human pluripotent stem cells (hPSC), which may
help to circumvent the limited availability of hCENCs for transplantation. However, this can only be
achieved if an approbriate marker for enrichment of hCENCs from differentiated hPSC is available. In
light of this issue, an antibody, such as a monoclonal or polyclonal antibody, or an antigen binding
portion thereof that binds specifically to a human corneal endothelial celi (hCENC), wherein the
target of the monoclonal .antibody, or antigen binding portion thereof, is cell surface-expressed
Peroxiredoxin-6 (Prdx6), is described herein. The term “human corneal endothelial cells” (hCENCs),
as used herein, refers to cells that are isolated from a human cornea. These heXagonal cells represent
one of the five distinct layers of the human cornea, and are attached to the rest of the cornea via the
Descemet’s layer. Having an hCENC-specific marker is one of the kéy tools’ for cha_ractérization and

enrichment of cultured hCENCs. Currently, cultured hCENCs are characterized predominantly by
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their “cobblestone-like” morphological appearance. Immunostéining with zonula occludins-1 (ZO-1)

and sodium potassium ATPase (Na'’K" ATPase) is also frequently used as markers for

.characterization of these cells. However, these are not hCENC-specific markers as they are

ubiquitously expressed in many other cell types and are thus not suitable for cell isolation and

enrichment.

[0024]  Exemplary antibodies shown here, e.g. the monoclonal antibody (mAb) TAG-2A12, were

chosen from a panel of monoclonal antibodies generated using cadaveric hCENCs, the method of |
which is disclosed in the experimental section of this épplication. In one example, the antibody is an
antibody or antigen binding portion thereof, wherein the cdmplementarity determining regions are
selected from a group c,ohsisting of hea\)y chain CDR 1 (GYAFTSYNMY; SEQ ID No. 1), heavy
chain CDR 2 (YIDPYNGGTSYNQKFKG; SEQ ID No. 2), heavy chain CDR 3
(PIYDGYYGWYFDV: SEQ ID No. 3), light chain CDR 1 (SASSSVSYMY; SEQ ID No. 4), light
chain CDR 2 (LTSNLAS; SEQ ID No. 5) and light chain CDR 3 (QQWSSNPLT; SEQ ID No. 6).

These immunizationjgenefated antibodies were screened with flow cytometry using cultured

ThCENCs, whereafter the positive clones were subjected to immunostaining with frozen human cornea

tissue. As a result, ohly mAbs that specifically étained the corneal endothelial monolayer were
seleétéd (Table 1). These selected mAbs were then subjected to a secondary screening step using luﬁg
fibroblast cells, human embryonic cells and hESC-derived neural crest cells. Based on this further
specificity, the antibody TAG-2A12 was selected for further analysis.

[0025]  In another example, the antibody or an-antigen binding portion as described herein may

~ include, but is not limited to, Fab, Fab', F(ab")2, Fv, diabodies, Fd, dAb, maxibodies, single chain

antibody molecules, complementarity determining region (CDR) fragments, scFv, diabodies,

- triabodies, tetrabodies and polypeptides that contain at least a portion of an immunoglobulin, wherein

the . portion of an immunogloblilin is sufficient to confer specific antigen binding to a target
polypeptide. '

[0026]  As used herein, the term "antibody" includes reference to both glyéosylated and non-
glycosylated immunoglobulins of any isotype or subclass, or to an antigen-binding region thereof, or
fragment thereof, that competes with the intact antibody fdr specific binding, unless otherwise
specified, in_cluding human, humanized, chimeric, multi-specific, bispecific, monocional, polyclonal,
and oligomers or antigen-binding fragments thereof. Also included are proteins having an antigen
binding fragment or region such as Fab, Fab', F(ab')2, Fv, diabodies, Fd, dAb, maxibodies, single
chain antibody molecules, complementarity determing region (CDR) fragments, scFv, diabodies,
triabodies, tetrabodies and' polypeptides that contain at least a portion of an immunoglobulin that is
sufficient to confer specific antigen binding to a target polypeptide. The term "antibody" is inclusive

of, but not limited to, those that are prepared, expressed, created or isolated by recombinant means,
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such as antibodies isolated from a host cell transfected to express the antibody. In additioﬁal
examples, antigen-binding fragments ere produced by enzymatic or chemical cleavage of intact
antibodies. Antibody—binding fragments include but are not limited to, Fab, Fab’, F(ab’)2, Fv, and
s1ng1e-cha1n antlbodles In certain examples, bmdmg fragments are produced by recombinant DNA
techmques ‘

[0027]  The term “heavy chain”, in_‘ reference to an.antibody, includes a full-length h_e'avy' chain,
and fragments thereof, having sufficient variable region sequence to confer specificity for a specified
antigen or térget. A full-length heavy chain includes a variable region domain, Vy, and three constant
region domains, Cyl, Cx2, and Cy3. The Vi domain is at the amino-terminus of the polypeptide, and
the Cy3 domain is at the carboxyl-terminus. Heavy chains are classified as mu, delta, gamma, alpha,
or epsilon, and define the antibody's isotype as IgM, IgD, ‘IgA, and IgE, respectively. _
[0028]  The term “1ighf chain”, in reference to an antibody, includes a full-length light chain, and
fragments thereof, having --su-fﬁcieﬂt variable region- sequence to confer specificity for a specified
antigen' or target. A full-length light chain includes a variable region domain, V,, and a constant
region domain, C;. Like the heavy chain, the variable region domain of thc_light chain is at the amino-
terminus of the polypeptide. Human light chains are classified as kappa and lambda light chains.

[0029] “CDRs” are defined as the complementarity determining region amino acid sequences of

. an antigen binding protein. These are the hypervariable regions of immunoglobulin heavy and light

chains. There are three heavy chain and three light chain CDRs (or CDR regions) in the variable
portion of an immunoglobulin. Thus, "CDRs" as used herein refers to all three heavy chain CDRs all
three light chain CDRs, all heavy and light chain CDRs, or at least two CDRs.

[0030]  Throughout this specification, amino acid residues in variable domain sequences and full
length antibody sequences are numbered according to the Kabat numbering convention. Similarly, the
terms “CDR”, “CDRLI1”, “CDRL2”, “CDRL3”, “CDRH1”, “CDRH2”, “CDRH3” used in the
disclosure follow the Kabat numbering convention. It will be apparent to those skilled in the art that
there are alternative numbering conventions for amino acid residues in variable domain sequences and
full 1ength antibody sequences. There are also alternative numbering conventions for CDR sequences,

for example those set out in Chothia et al. (1989) Nature 342: 877-883. The structure and protein

folding of the antibody may mean that other residues are considered part of the CDR sequence and _

would be understood to be so by a skilled person.

[0031] The “framework regions” of antibodies are defined as amino acid sequences interposed
between CDRs, -including variable light and variable heavy framework regions. The framework
regions serve to hold the CDRs in an appropriate orientation for antigen binding.

[0032]  As described herein, the antibody, or antigen bindihg portion thereof, may be of ponclonal

or monoclonal origin. In another kexample, the antibodies as disclosed herein are generated by
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culturing hybridoma cells with the deposition number PTA-121135. In a further example, the
hybridoma cell line has the deposition number of PTA-121135. These cells have been deposited with
the international depositary authority ATCC on 20 March 2014.

[0033]  Antibodies or fragments thereof, in accordance with the invention, are prepared utilizing
antibody production methods known in the art. The antibodies may be produced using methods
selected from a group consisting of the hybridoma method, recombinant methods, chimeric methods,
antibody isolation and antibody purification methods. Exemplary use of the hybridoma method can be
found in the experimental section of the present disclosure.

[0034]  Asreferenced herein, the methods used for the isolation and purification of antibodies may
include, but are not limited to ultrafiltration, dialysis, centrifugation, ion exchange chromatography,
size exclusion chromatography, affinity chromatography, precipitation, gel (filtration, gel
electrophoresis and capillary electrophoresis.

[0035] Described herein are monoclonal or polyclonal antibodies that bind specifically to
hCENCs, more exactly monoclonal antibodies, wherein the target of the monoclonal antibody, or
antigen binding portion thereof, is cell surface-expressed Peroxiredoxin-6 (Prdx6). The identity of this
target antigen was determined using immunoprecipitation, as well as mass spectrometry-based
approach and analysis. The antigen target of TAG-2A12 was also determined using reverse
immunoprecipitation and utilizing a known antibody as a control, as shown in the experimental
section of this application. As shown in the results, while both antibodies (TAG-2A12 and the known
anti-Prdx6, Fig. 4) stained positive on the corneal endothelial monolayer on the corneal tissue, only
mAb TAG-2A12 stained membrane bound Prdx6, whilst the known anti-Prdx6 only stained for
intracellular Prdx6. Furthermore, when analysed using flow-cytometry it was observed that only
TAG-2A12 was able to detect Prdx6 antigen target expressed on the surface of hCENCs.

[0036]  The term “antigen” refers to a molecule or a portion of a molecule capable of being bound
by a selective binding agent, such as an antibody, and additionally capable of being used in an animal
to produce antibodies capable of binding to an epitope of that antigen. An antigen may have one or
more epitopes.

[0037]  The protein Prdx6 is a bifunctional enzyme with two distinct active sites and is encoded by
the gene of the same name. It is a member of the thiol-specific antioxidant protein family and is
involved in redox regulation of the cell, via its capability to reduce H,O,, short chain organic fatty
acids, and phospholipid hydroperoxides. It plays a possible role in the regulation of phospholipid
turnover, as well as in protection against oxidative injury.

[0038]  In another example, the antibodies or an antigen binding portions thereof, do not bind
significantly to cells selected from the group consisting of epithelial cells, stromal fibroblast cells,

human lung fibroblasts, hESC-derived neural crest cells and human embryonic stem cells.
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[0039] In a further example, the antibodies disclosed herein, or antigen binding portion thereof,
do not bind to immortalized human corneal endothelial cells

[0040]  The term “significantly”, as used herein, implies that the characteristic describes using this
term has a low probability of occum'ng.by chance. Significance may be defined, e.g. in biology as an
analytical evaluation of the results of a comparati\./e trial or survey, wherein the data yields a
difference. in outcome depending on.treatment or environmental factors. These are considered
statistically signiﬁcant, if various mathematical procedures indicate there is less than five percent
(5%) chance that the same results would occur through random accident. In mathematical, statistical
terms this is expressed as p<0.05 Le. the p-value is less than 0.05. If no mathematical basis for usage
the term significant is given, e.g. when the population oridaté size is too small to enable a statistical
analysis without incurring a high standard deviation, the term “significant” of “significantly” may also
be understood to mean that the characteristic in question is important or meaningful for the analysis of
the data as a whole.

[0041]  The term “immortalized cells” or “immortalized cell lines”, as used herein, refer to a cell,
ora population of cells, a multicellular organism, which would normally not proliferate indefinitely
but, due to mutation, has evaded normal cellular senescence and instead continues to undergo cell
division. These cells can therefore be grown for prolongéd periods in vitro. The mutations required for
immortality can occur naturally, or be intentionally induced for experimental purposes. Immortalized
cell lines may be generated using known methods, for example, hybridoma technology, or by isolating
of a naturally occurring cancer cells, as these are known to be intrinsically immortal.

[0042] = The description further provides monoclonal or polyclonal antibodies, or an antigen

binding portion thereof, wherein the antibodies binds to human corneal endothelial cells in a manner

-‘in which the strength of a signal derived from the binding of the antibody to the antigen is

proportional to the amount of cells exhibiting a “cobblestone-like” morphology, thus enabling a
grading of the human corneal endothelial cell quality. The mAb TAG-2A12 was further used to
characterize cuitured hCENCs from multiple donors, the results of which are shown in Fig. 6. These
results show the antibody’s ability to identify all derivation of cultured hCENCs from different
donors, thus validating the antibody’s specificity to hCENCs. In addition, it was determined that the
normalized mean fluorescent intensity (nMFI) of TAG-2A12 correlated well with the morphological
grading of good “cobblestone-like” cultured hCENCs versus bad “fibroblastic-like” culture hCENC:s,
i.e. a better morphology correlated to a higher Prdx6 expression. These results hence demonstrate a
unique expression pattern of surface Prdx6 and further show that TAG-2A12 is not only specific for
hCENCs, but also provides a quantitative assessmént on the state of cultured hCENCs. Results also
show that the binding of TAG-2A12 to Prdx6 results in a sequence coverage of 20 %, as identified by

mass spectrometry.
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[0043]  As used herein, the term “quantitative” is understood to mean a measurement based on a

-quantity or number, as opposed to a measurement based on a characteristic of quality. Statements

made in regards to quantity are predominantly made on an absolute numeric scale and/or in a relative,
size-dependent mannér, e.g. usage of the terms “more than” and “less than”, in reference to known
amount. |

[0044]  As used herein, the term “qualitative” is understood as the use of descriptions or
distinctions based on a chosen quality, rather than on some quantity. In the breéent disclosure, the
term “qualitative” refers to the morphological, visual grading of hCENCs, encompassing usage of the
“cobblestone-like” morphology, denoting that hCENCs showing a cobblestone-like morphology are

more suitable for corneal transplants as compared tor hCENCs showing “fibroblast-like” morpholdgy,

‘which are defined as being less to unsuitable for corneal transplantation. Examples of a cobblestone-

like and a ﬁbfoblast-like_ morphology can be seen in panel A of FIG. 6. As can be seen from the

. figure, a cobblestone-like morphology means-a cell that appears-to be more rounded, almost globular

appearance, with less to no elongated forms, whereas a fibroblast-like morphology implies that the
cell appears small, elongated to spindle-like, and tend to align locally in parallel clusters. '

[0045]  Also described herein is a method of isolating viable human corneal endothelial cells from

" a mixture of cell, wherein the method comprises the use of an antibody, or an antigen binding portion

thereof. In one example, the method comprises the steps of exposing a mixture of cells to a
monoclonal antibody and, in a further step, separating cells that bind to said monoclonal antibody
from éells that do not bind to éaid monoclonal antibody. |

[0046] In one example, the isolatéd hCENCs are viable cells. In another example, the isolated
hCENCs are suitable for medical transplant and grafting purposes. In a further example, the mixture
of cells, as previously mentioned, wherein the cell types utilised in the mixture are those cell tyi)es
found in cell samples in a clinical setting. ‘

[0047)] As used herein, the term “cell mixture” or “mixture of cells” implies a heterogeneous
collection of cells that may be found in vivo or in vitro. These cells may have been isolated from _
autologous, heterologous, allogeneic, syngeﬁéic and/or xenogeneic cell sources. In the present
disclosure, a cell mix:ture may contain cells including, but not limited to, human embryonic stem cells-
(hESCs), epithelial cells, stromal fibroblast cells (SF cells), progenitor cells of the ectoderm,
endoderm or mesoderm, human lung fibroblasts and hESC-derived neural crest cells.

[0048] - The term “exposing” refers to introducing or bringing one substance ‘in contact with the
surface or envhonment of another substance or object. In one example, the term pertains to the
introduction of an antibody into the environment, e.g. the cell culture dish, of a c¢ll, thus enabling the

antibody to bind to the cell surface, and if capable, penetrate into the cell.



10

15

20

25

30

35

WO 2015/156734 PCT/SG2014/000161
11

[0049]  The term “viable” refers to a characteristic of cells, in vivo as well as in vitro, to be able to
live and develop. For example, the usage of this term in context with an isolated cell implies that said
cell, once isolated from its source, is capable of sustaining its life, and well as its proliferative

capability, away from said source. As a result, when this cell is transplanted back into its original

~ source, or into another being of the same species, it would be capable of proliferating and surviving in

its new environment. This concept may be understood in a biological, as well as medical context,
wherein the medical usage of the term “viable” implies the suitability and capability of a cell, or a cell
mixture, for medical transplant and grafting purposes. For example, as defined in claim 1, the
antibody can be deﬁned to specifically bind to a viable _f:ell. »

(00501 As a préof of concept study, the specificity of the antibodies presented in this application
was fuﬁhexmore investigated in regards to their capability of enriching hCENCs within a cell culture.
Hence, cell mixtures of either stromal fibroblast (SF) cells or hESCs were mixéd with hCENCs and
subjected to magnetic activated cell sorting (MACS), using TAG-2A12 as a cell sorting target. The
negative population of SF cells or hESCs was pre-labelled with a membrane dye prior to mixing. This

mixture was chosen to simulate a pseudo-real situation, in order to prove the antibody’s applicability

in an in vitro setting and in order to prove that the antibody is capable of differentiating between an

allogenic; albeit artificial, and heterogeneous source of cells (e.g. hESCs present in donor samples)

and hCENCs. Following sorting, both flow-through and eluted fractions were assessed by flow
cytometry in order to determine relative populations for each of the fractions. It was shown that TAG-
2A12 was capable of isolating h(CENC:s to a yield of ~90% purity from a starting mixture with a ratio
of 50:50. On the whole, it is shown that the mAb TAG-2A12 is capable of identifying hCENCs from - |

both autologous, as well as heterologous cell sources and it also able to provide quantitative

-assessment (vs. morphological assessment) of the hCENCs detected. In other examples, the present

invention includes methods of separation selected from a group consisting of column
chromatography, magnetic affinity cell separation and fluorescence-activated cell sdrting.

[0051] = The methods utilised for cell sorting, more generally known as “sorting” or “separation
methods”, are known in the art and may be selected from a group consisting of magnetic affinity cell
separation (MACS), fluorescence activated cell sorting (FACS), flow cytometry, single cell sorting
methods, lab-on-chip arrays, microrafts, and centrifugation.

[0052] . Described herein is a ‘method for determining suitability of a cell sample for corneal

transplantation, wherein the method comprises contacting a sample of donor cells obtained from a

. patient with an antibody as previouély described; measuring an antibody binding signal, wherein an

increased antibody binding signal compared to a control signal indicates a cobblestone-like cell
morphology and thus suitability of the cell sample for corneal transplantation; wherein the control

signal is obtained empirically from measuring multiple cell samples with known morphologies.
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[0053] This method pertains to the-usage of the herein disclosed antibodies in determining how

suitable a cell sample is for corneal transplantation, wherein the comparison of antibody binding

signal of the donor sample is compared to antibody binding of the same 'antibody to a control cell

sample, thus giving a semi-quantitative, relative assessment of the quality of the donor sample. This

implie'é the use of the same antibody for both samples, >as well as knowledge of the morphology, as

well as the viability, of the control cells. This comparison may be made in a directly correlative |
manner, i.e. if the antibody binding signals of both the control sample and that of the donor sample

are similar, and it is known that the control samples exhibit the qﬁalities required of a cell suitable for .
transplant, then the donor sample is suitable for transplant; or in a inversely correlative manner, i.e. if
the antibody binding signal of the control sample is lower than that of the donor sample, but the
control sample is known to displéy undesired characteristic or an undesired morphology, then the
donor sample is unsuitable for transplant. The comparison of the donor antigen binding signal £nay
also be made to a control antigen binding signal, which had been obtained empirically through the
measurement of cell samples with known morphologies, using the same antibodies. As defined
previously, in one example, a cobblestone-like morphology, understood as being a desirable
characteristic, has a high antigen binding signal, whereas a fibroblast-like morphology, understood as
being an undesirable characteristic, has a low anﬁgen binding signal. ' |
[0054]  Further described herein is a tool for quantitative enrichment, as well as qualitative
isolation, of hCENCs. Such cells can be used for treating corneal diseases, which can be treated by
cérneal tfansplantations. | ' |

[0055] Known corneal diseases include, but is not limited to bullous keratopathy, Keratitis
resulting from perforation - affecting corneal endothelium, Fﬁchs' endothelial dysfrophy, mechanical
trauma, physical damage to the corneal endothelium, Posterior Polym;)rphous Dystrophy, Congenital
Hereditary Endothelial Dystrophy, Iridocorneal endothelial syndrome (ICE-syndrom_e), Toxic anterior
segment syndrome (TASS), infectious endothelitis (e;g viral endothelitis (HSK/CMV), bacterial
endothelitis, parasitic endothelitis and X-linked endothelial corneal dystrophy..

[0056]  Other indications for corneal transplantation include optical, tectonic, reconstructive,
therapeutic and cosmetic. Examples for optical indications include replacing the opaque or distorted
host tissue with clear healthy donor tissue in order to improve visual acuity. The most common
indication in this category is pseudophakic bullous keratopathy, keratoconus, corneal degeneration,
keratoglobus and dystrophy, as well as scarring due to keratitis and trauma. Examples for
tectonic/reconstructive cormeal transplantationé are preservation of corneal anatomy and integrity in

patients with stromal thinning and descemetoceles and reconstruction of the anatomy of the eye, e.g.

after corneal perforation. Examples for therapeutic corneal transplantation include removal of

inflamed corneal tissue unresponsive to treatment by antibiotics or antivirals; and an example of the
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use cosmetic corneal transplantation being the improvement in appearance of patients with corneal

scars that have given a whitish or opaque hue to the cornea.

EXAMPLES
Example 1: Generation of hCENC specific monoclonal antibodies (mAbs)

-[0057]  As known in the art, the isolation of human corneal endothelial cells occurs via a two-step

process of peeling off the Descemet’s membrane-endothelial layer off the donor cornea and then
exposing the isolated cells to enzymatic digestion using collagenase, dispase or trypsi/EDTA. A
drawback of this method is that stromal keratocytes may be present in the sample which, due to the
slow proliferative nature of the'hCENCs, will become fibroblastic and overtake the culture. hCENCs
in culture tend to become more heterogeneous over time, as a more fibroblastic morphology can
found among cultured cells with high passage numbers. Furthermore, it is known in the art that
hCENC cultures established from older donors proliferate slower and to a lesser extent, as well as'
displaying a higher heterogeneity compared to hCENC cultures established from younger donors.
[0058]  The availability of validated hCENC markers allows investigators to better characterize
these cells culfured in various media and derived from differeni platforms. The use of a panel of
monoclonal antibodies (mAbs) specific to hCENC will enable researchers to éstablish reference
guidelines during ex-vivo expansion prior to any tranéplantation studies. In the present example, a
panel of mAbs is shown, the focus being on TAG-1A3 and TAG-2A12, which, by recognizing cell
surface antigenvs expressed on hCENC, are able to quantitatively distinguish between populations of
hCENC with desirable .morphology and populations of hCENC with undesired chafacteristics. As a
result, characterization of cultured hCENC can be improved during their expansion phase and prior to
transplantation. . '

[0059] - Using cadaveric hCENC, a total of 389 hybridoma clones were generated from the
immunization. Supernatants from these clones were used to screen cultured hCENC for positive
binding using flow cytometry. Only ‘18 mAbs were found to be binding to at least 20% of the cell
population of hCENC, as shown in Table 1 below:

mAb | hCENC | HES-3 H9 |Neural Crest| IMR90
'TAG-1A3 ++ +/- +/- +++ -+
- TAG-1C5 +H++ + e - ++
TAG-1D5 ++ T ++ +/- +
TAG-1E6 - 4 4 - 4+
TAG-1G2 R - . H+ +
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TAG-1G4 ++ ++ ++ +H+ AR
TAG-1G5: ++ +++ ++ + +
TAG-1H1 +/- +/- +/- -+
TAG-1H2 + |+ t +
TAG-1H7 +++ - ++ +++ =+
TAG-2A12 e+ - - - .
TAG-2B8 -+ | -+ ot
. TAG-2G3 ++ ++ ++ +- +/-
TAG-2G7 | +- | ++ +++ - -
| TAG-2G10 +H+ | ++ At +H+
TAG-3B11 Ao - - - +
. “TAG-3C4 ++ - ++ - +-
TAG-3G2 . TR - - - .

‘Table 1. Binding analysis of monoclonal antibodies (mAbs) to various cell lines. As a selection

criterion, mAbs derived from the immunization panel were subjected to binding analysis with the
primary immunogenic cell line (hCENCs), as well as other cell lines. The analysis was done using
flow cytometry. Cells with greater than 80% of Binding (M-gating) With respect to the isotype control
were denoted by ‘+++’; cells with binding of 60%—80% were denoted by .‘++’; cell with Binding of

40%-60% were denoted by °+’; cell with binding of 20%-40% were denoted by *+/-’; and cells with

- binding <20% were denoted by ‘-’

[0060]' - Binding specificity of these mAbs was further determined by tissue staining with frozen
human cornea sections. The data indicated that only two out of the 18 mAbs, TAG-1A3 and TAG-
2A12, bound specifically to the corneal endothelial monolayer of the tissue section (Fig. 1 and Table |

2) and no staining was observed on the epithelial or stromal layers.
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: Table 2. szsue section mmunocytochemlstry (ICC) .of various mAbs on frozen corneal tlSSUC

'anary antlbodles were detected with Alexa Flour (AF) 488 or AF 594 secondary antlbody and
4nucle1 of cells- were stamed with DAPL Only TAG 1A3 .and TAG- 2A12 showed spec1ﬁ01ty of -

staining for the endothehum layer in comeal tissue sect1on

v[006l] Next the bmdmo of TAG- 1A3 and TAG-2A12 to an nnmortahzed hCENC cell hne

: B4G12 was mvestlgated The results demonstrated that only TAG-1A3 bound to B4Gl2 but not _
: ATAG-2A12 (as shown 1in Fig: 2) To fuzther assess the spemﬁcny of these mAbs, screening was. also

10
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‘conducted on a panet of other cell types sueh'as lung fibroblasts ,(I_MR90), human embryonic stem ‘cellv

lines (HES-3 and H9) and H9-derived neural crest cells. Interestingly, only TAG-2A12 demonstrated

.high binding specificity to hCENC, (>90% TAG-2A12 +ve) whilst no binding was ‘observed for all

'theother cells types screened (Fig. 2 andTable '1). Hence, TAG-2A12 has been shown to not bind to
immortalized human corneal endothehal cells. In contrast, even though TAG-1A3 bound to more than
90% of hCENC the protem it targets is also expressed on other cell types with varying degree of
TAG- 1A3 binding based on its nonnahzed mean fluorescence intensity (nMFI; Fig. 2C). However,
TAG- 1A3 had the highest nMFI for hCENC compared to both hESC and hESC- denved neural crest

cells, suogestmg a hlgher expression level of the antlgen target on hCENC

e o

— —— A & ety

—— —

-Example 2: Characterization of aniigen targets e e e i s e e T
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[0062]  In order to identify the antigen target of TAG-1A3 and TAG-2A12 on hCENCs, a series of
experiments involving estimating the molecular weight of the cell surface protein by Western blotting,
immunoprecipitation (IP), silver-staining, mass spectrometry, and finally validation with known
mAbs were carried out. - :_ o o | v _ -

[0063] By Western blotting, TAG-1A3 and TAG-2A12 were found to bind to proteinv bands
corresponding to approximately 90kDa and 28kDa respectively (Fig. 3A and 3C, Panel 2).

- Immunoprecipitation using TAG-1A3 and TAG-2A12 successfully enriched for the antigen tai'gets

(Fig. 3A and 3C Panel 2). The immunoprecipitation products of TAG-1A3 and TAG-2A12 were
excised from a duplicate silver stained gel and sent fdr identification using LC/MS-MS. After
database search using the MS >data-, the putative antigen target that TAG-1A3 enriched for was
ALCAM/CDI166, while peroxiredoxin-6 (Prdx6) was detected by TAG-2A1_2_.‘ To validate the antigen
targets, known antibodies against ALCAM/CD166 and Prdx6 were used. -
[0064] The samples from immunoprecipitation using TAG-1A3. and TAG-2A12 \;vere
immunoblotted against their respective known antibodies. Protein bands of similér size compared to
those detected by the present mAbs were observed (Fig. 3A and 3C Panel 3). The procedure was then
reversed by using the k_noyvn antibodies to immuﬁoprecipitate the antigen targets and immunoblotted
with TAG-1A3 and TAG-2A12 respectively. Similar results were obtained (Fig. 3B and 3D),
confirming the antigen targets of mAbs TAG-1A3 and TAG-2A12 tok be ALCAM/CD166 and Prdx6
respectively. Immunostaining of the frozen cornea tissue section with anti-CD166 and anﬁ-Prdx6
known antibodies indicated specific staining of the éorneal endothelial cells, but not of stromal
fibroblast cells or corneal epithelial cells (Fig. 4A), tﬂhusvvav\lidating the expression of the identified
antigen targets.

[0065] * Next, cultured hCENCs were stained simultaneously using antibody pairs of a generated

mAb and a known antibody, €.g. TAG-2A12 and anti-Prdx6, or TAG-1A3 and anti-CD166, and

analysed using both THC and flow cytometry to determine if these antibodies pairs were co-localizing
and recognizing the same epitopes. Both TAG-1A3 and anti-CD166 antibody stained predominantly
proteins located on the cell membrane or cell-to-cell junctions (Fig. 4B). By FACS, a reduction in
anti-CD166 antibody binding was observed following pre-incubation of hCENCs with TAG-1A3, but
not the isotype control mAb 63 (Fig. 5A). This suggests that the antibodies were competitively
binding to common epitopes on hCENC. It was also shown that the anti-Prdx6 antibody only stained-
clusters of intracellular proteins in hCENC (Fig. 4B). Interestingly, only TAG-2A12, but not anti-
Prdx6 antibody, bound to the cell surface of cultured hCENC ‘by flow cytometry (Fig. 5B). This
suggested that TAG-2A12 may be recognizing an epitopé specific to cell surface-expressed Prdx6 on
hCENC, whereas the known anti-Prdx6 recognizes an intracellular Prdx6. '
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[0066]  The example above shows that the antigen. target for TAG-1A3 was found to be CD166,
also known as ALCAM, a protein belonging to the immunoglobulin superfamily. The function of

CD166 includes.development and maintenance of tissue architecture. CD166 was also detected in a

~ wide variety of tissues; however, this was limited to only specific subsets of cells in the proliferative

stages. More recently, CD166 had been implicated in many different types of cancer including lung,
breast, ovarian, prostate, and colon cancers. _
[0067]  As for TAG-2A12, it had been determined that this mAb binds to Peroxiredoxin-6
(Prdx6). Prdx6 is éixth member of thé Prdx family, albeit the only 1-cysteine member of this family;
and, as opposed to using thioredoxin; utilizes glutathione as its physiological reductant. Furthermore,
Prdx6 is a bi-functional protein in as much as it provides both antioxidant defence, as well as playing
a role in phospholipid homeostasis. The overexpression of Prdx6 is known to increase resistance to

oxidative stress, whereby it assists in reducing pre-oxidized membrane phospholipids. Furthermore, it

- _al_sd_ helps to maintain phospholipid homeostasis by regenerating the ‘substrate metabolized by

lysophbspholipids. Having been first discovered in the lungs, Prdx6 was subsequently found to have a

wide spread expression in many tissues of the human body. More specifically, it is known in the art

that the expression of Prdx6 is associated with the eye, more particularly to lens epithelia cells

(LEC:s). Prdx6 expression is also known in the art to negatively correlate with age and has been
previously shown to gradually increase in the lens of mice from four weeks of gestation till six
months after birth and decline thereafter. TAG-2A12 binds to Prdxé expressed on the surface of
hCENC. Furthermore, Fig. 9 shows thé experimental results of mass spectrometric ahalysis of the
Binding of TAG-2A12 to Prdx6, whereby it was determined that the binding of TAG-2A12 to Prdx6
resulted in a sequence coverage of 20 %, i.€. a sequence match of 44/224 (TAG-2A12/Prdx6 peptide).
[0068] As shown in Fig. 6D, the expression of Prdx6 varies from donor to donor. Yet, the donor-
donor variations correlate very well with the morphological grading of the cells. Although the
localization of Prdx6 is known to be mainly cytosolic, it had been recently suggested in the art that
Prdx6 can be translocated to the plasma“membrane via its interaction with p67-phox (Neutrophil
cytosol factor 2). Apart from its potentially novel function in hCENC, it is believed that the
expressidn of cell surface Prdx6 in hCENCs will serve as an ideal marker for hCENC characterization

and facilitate enrichment of hCENC from complex cell mixtures.

 Example 3: Quantitative assessment of cultured hCENC

[0069] “Currently, cultured hCENC are typically characterized by their “cobblestone-like™
morphology and its ZO-1 and Na'K" ATPase markers expression. It had been previously sﬁggested n
the art that differences in both the proliferative response and the protein expression had been observed

in samples from different donors. Hence, the establishment of a reliable panel of mAbs against
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hCENC is critical for quality assessment of these cells prior to transplantation, especially to address
issues of donor to donor variations.

[0070]  Samples from different donor-derived hCENC were plated and graded visually based on
their morphollo"gy; “cobblestone-like” mbrphology was given a grade 1 and “ﬁbroblastic-like”.
morphology were gi{/en a grade 3 (Fig. 6A)..Expression levels of the cell surface‘ antigens recognized
by TAG-1A3 and TAG-2A12 were examined. It was found that while both mAbs were binding to

~ cultured hCENC derived from different donors, each antibody was displayiﬁg different MFT values.

More detailed 'analyéis‘of the data revealed a close correlation between antigen expression of these

mAbs and morphological grading (Fig. 6B), i.e. a morphological grade 1 had higher expression of |
TAG-2A12 than a morphological grade 3. Similar trends were observed when this data was extended

to include a larger panel of donor-derived hCENCs (Fig. 6C and Table 3).

nMFI -

Sample Numbér nMFI :
(Patient Age) Passage Number Set no.. TAG 2A12 | TAG 1A3 Morphological Grading
SN¢3(2)P3_1 17.66 12.49 1
‘SN 04 (35) P2 10.24 5.59 1
SN 01 (21) P3_1 9.61 9.48 2
SN 05 (18) P3 8.87 10.62 2
SN 02 (18) P3_1 8.09 5.66 3
SN 02 (18) P3_2 7.88 7.29 3
SN 03 (18) P3_2 7.71 8.21 2
SN 06 (23) P3_2 5.92 532 3
SN 07 (26) P3 5.84 6.65 2
‘SN 01 21) P3_2 5.3 348 2
SN 08 (22) P3 4.75 3.77 2
SN 09 (26) P3_1 4.51 7.03 3
SN 10 (34) P3 4.43 4.89 1
SN 11 (35) P2 4.08 4.52 3
SN 06 (23) P3_1 3.85 4.25 3
SN 12 (32) P4 3.7 235 2
SN 04 (35) P3 3.37 2.37 3
SN 14 (19) P2 33 2.77 1
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SN 15 (15) P4 3.29 2.8 3
SN 06 (23) P3_4 3.13 6.47 3.
SN16 (22)P3 3.04 2.29 2
SN 17 (35) P2 2.87 21 3
SN 13 (33) P3 201 159 3
SN 06 (23)P3_3 178 2.28 3
SN09(26) P32 1.37 1.63 3

Table 3. Summary of multiple donor-derived hCENCs and the result of antibody binding to these
s‘amplés. Listed are the respective nMFIs (normalized Mean Fluorescent Intensities) of TAG-1A3 and
TAG-2A12 with its corresponding morphological grading. The sample name follows the following
format: “sample_name(patient_age)pX”, whereby “pX” denotes the number of sxib-culturing-of the

tested cells. -

[0071]  These results demonstrated differential trends in expression of both cell surface
ALCAM/CD166 and Prdx6 in cultured hCENCs derived from various donors. Both TAG-1A3 and
TAG-2A12 were highly specific for hCENCs and thus a useful tool in prdviding a quantitative

assessment on the state of the cultured hCENC for both research and clinical applications.

Example 4: Enrichment of hCENC from complex cell mixture
[0072]  Tissue-engineered constructs with cultured hCENC have been known in the art to be used
to treat corneal blindness. However, the reéquirement for isolation and expahsion of the transplant

grade' tissues posed further challenges to the apparent Jimit in corneas supply. Surrogate cells, such as -

- hPSC, have unlimited expansion and offer an alternative cell source in order to alleviate constraints

_due to the lack of suitable corneas. But the differentiation of hPSC is often plagued by low

differentiation efficiencies and heterogeneous cell populations. The availability of human corneas
proved to be one of the greatest limitations for adopting primary hCENC for transplantation. Thus,
having an unlimited cell source, such as hPSC-derived hCENC, or even isolating progenitor cells
during differentiation_into 'hCENCs, remains an attractive alternative. However, because of the
heterogeneity of these cell sources, efforts are required to enrich only hCENC prior to expansion for
transplantation. The ability to use speciﬁc.markers to enrich for hCENC in the differentiated cell
population is necessary.

[0073] TAG-2A12 was shown to bind specifically to cell-surface Prdx6 expressed on hCENC.

~ Hence, the ability of TAG-2A12 to enrich for hCENCs non-invasively, within a mixed population of
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cellé, was investigated. KnoWn cell populations of either hCSF cells or undifferentiéted hESCs weré
mixed with hCENCs as a proof-of-concept study. The cell mixture was then subjected to Magnetic‘-‘
Activated-Cell-Sorting (MACS) with TAG-2A12. The negative population (hCSF or hESCs) was pre-
labelled with a membrane dye before mixing with hCENCs. Both the ﬂow-through. and the eluted
fractions after sorting were assessed by flow cytdmetry to determine relative populations in each
fraction. Results from this study showed that, using a one-step immunoaffinity separation, is was
possible to enrich hCENCs from a starting: populatioh of approximately 50% to ~90% purity of
hCENC, in both cell mixtures with either hCSF or hESC (Fig. 7), thus proving the ability of the mAb
to enrich hCENCs from heterogeneous cell samples. | _ .

[0074] As a result, TAG-2A12 was found to bind specifically to the cell surface of hCENCs, but
not to hESCs or hESC-derived neural crest cells. In addition, TAG-2A12 did not bind to B4G12 cells
line, an immortalized hCENC cell line (Fig. 2). This indicates that TAG-2A12 may only be present in

* primary hCENC, which may show a higher similarity to the corneal epithelium monotayer cells. Asa -

proof-of-concept study, enrichment of viable hCENC was demonstrated from mixed cell populations
comprising of hCENC either with hCSFs cells or hESC using MACS sorting. It had been
demonstrated that the use the known antibody was possible for the enrichment of h(CENCs from hCSF

cells using FACS sorting. However, these had not been comprehensively panned against different cell

| types other than hCSF cells and cultured hCENC. Furthermore, the cell types ‘selected for the

examples were chosen to mimic a real situation that arises when hCENCs are isolated and cultivated
from cadaveric or fresh donor tissue.
[0075]  Surface proteins had been targets for isolation of specific cell types. It is important that

changes in expression of these proteins correlate with measurable characteristics that reflect the state

- of the cells. The expression of cell surface CD166 and Prdx6 were monitored using TAG-1A3 and

TAG-2A12, respectively, and the presented data suggested good correlation with the current standard
of morphological grading of hCENC. The binding specificity of TAG-2A12 to only hCENC was
exploited to help enrichment of hCENC from complex cell mixtures of either hRESC or hCSF. From

~ the data gathered, it was concluded that the mAb TAG-2A12 is a tool capable of quantitatively

assessing the quality of hCENC, due to the fact that the expression of Prdx6 correlated with

‘morphological assessment and enrichment of viable hCENC from mixed cell populations for cell

transplantation. N

[0076]  The invention illustratively described herein may suitably be practiced in the absence of

any element or elements, limitation or limitations, not specifically disclosed herein. Thus, for
1"on "non

example, the terms "comprising”, "including", "containing", etc. shall be read expansively and without

limitation. Additionally, the terms and expressiohs‘ employed herein have been used as terms of

description and not of limitation, and there is no intention in the use of such terms and expressions of
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excluding any equivalents of the features shown and described or portions thereof, but it is recognized

that various modifications are possible within the scope of the invention claimed. Thus, it should be

‘understood that although the present invention has been specifically disclosed by preferred
- embodiments and optional features, modification and variation of the inventions embodied therein

‘herein disclosed may be resorted ‘to‘by those gkilléd in the art, and that such modifications and

variations are consideréd to be within the scope of this invention.

[0077]' In addition, it is to be understood that the invention has been described broadly and
gehérically herein. Each of fhe narrower species and sub-generic groupings falling within the geneﬁc
disclosure also form part of the invention. This includes the generic description of the invention with a
proviso or negative limitation removing any subject matter from the genus, regardless of whether or
not the excised material is speciﬁcalllybrecited herein.

[0078]  Other embodiments are within the following claims and non- limiting examples. In

~ addition, where features or aspects of the invention are described in terms of Markush groups, those

skilled in the art will recognize that the invention is also‘ thereby described in terms of any individual
member or subgroﬁp of members of the Markush group.

[0079] -Cell Culture

[0080] Human corneal endothelial cells and human corneal hCSFs were isolated from cornea of
the cadaveric donor as previously described (Cheong et al., Invest Ophthalmol Vis Sci. 2013, 54(7):
4538-47; Chng Z et al., PLoS One. 2013, 8(7): e67546; Peh et al. BMC Res Notes..2013; 6:176; Peh
et al., Transplantatidn 2011, 91(8), 811-19)). Briefly, the descement membrane (DM) and corneal
endothelial cells were first peeled off from the stroma using a dissecting stereomicroscope. The DM-
corneal endothelial cells were dissociated into small clumps using collagenase, followed by TrypLE
Express (Life Technologies, Carlsbad, CA, USA). Isolated.hCENC were cultured on fibronectin 'and
collagen (FnC)-coated (United States Biologicals, Swampscott, MA, USA) tissue culture plates
in F99 medium (1:1 Ham’s F12 and M199) during the expansion phase, supplerhented with 5% fetal
bovine serum (FBS), 20ng/ml ascorbic acid, 1x Insulin-Transferrin-Selenium, 1x
antibiotic/antimycotic (AA) and 10 ng/ml of fibroblast growth factor-2 (FGF-2) The cells received
fresh culture medium every other day. When hCENC reached approximately 90% confluency, the
culture was replaced with a mainfenance medium, which comprised endothelium, serum free medium
(SFM) supplemented with 5% FBS and 1x AA, for 5 days before further sub-culturing.

[0081]  The stroma button was obtained by trephination after peeling off the DM-endothelial layer
as previously described (Cheong YK et al., Invest Ophthalmol Vis Sci. 2013, 54(7): 4538-47). These
cells were cultured in serum-containing medium that were changed every 2 days. Lung fibroblast
cells, IMR90 were cultured in Dulbecco’s modified Eagle’s medium (DMEM) basal media with 10% -
FBS and supplemented with 2 mM L-glutamine and 1% Penicillin and Streptamycin (all from Life
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Technologies).The human embryonic stem cell line (hESC), HES-3, was obtained from ES Cell
International (ESI BIO, Alameda, CA, USA) and cultured on Matrigel (Becton, Dickinson and
Company, Franklin Lakes, NJ, USA) with conditioned medium (CM) containing FGF-2 (Life
Technologies), as described previously (Ding VM et al, J Cell Physiol. 2010, 225(2): 417-28).
Cultures of H9-hESC and H9-derived neural crest cells were kindly provided by Dr Alan Colman and

Dr Chng Zhen Zhi from the Institute of Molecular Biology, A*STAR Singapore.
[0082] Monoclonal Antibodies to Human Corneal Endothelial Cells

[0083]  Monoclonal antibodies were raised using whole cell immunization strategy.

Approximately 1 x 10° fresh cadaveric hCENC were harvested and immunized with (Sigma Adjuvant
System; Sigma Aldrich Inc, Missouri, USA) into Balb-C ‘mic'evfo.r' 6 consecutive weeks, followed by
fusion of B cells with SP 2/0 myeloma cells. Hybridomas were clonally picked after 10 to 14 days

and expanded in fresh culture medium (Medium E, Stemcell Technologies, Vancouver, BC, Canada).

Cell-free supernatant was collected after 7-10 days and used as primary antibodies for ‘screening

against h(CENC.
[0084] - Flow Cytometry
[0085]  Antibodies binding to the surface of the cells were identified using flow cytometry as

-previously described (Choo et al., Stem Cells. 2008, 26(6): 1454-63). Normalized mean fluorescent

intensity was calculated based on the MFT of sample divided by the MFI of isotype control (Chan et
al., Tissue Eng Part C Methods. 2013, 19(2): 156-65). As a control for positive binding to human cell ‘
lines, an in-house derived antibody, mAb 63 was used (Choo et al.).> '

[0086] Immunostaining

[0087] Cornea tiésues sections were prepared as préviously described (Cheong et al.). The frozen
secﬁons were thawed at room terﬁperature, followed by PBS wash béfore blocking with 10% goat
serum (Dako, Glostrup, Denmark) for 30 min. Staining was carried out with primary antibody
(supernatant) incubation for 1 h at room temperature. Alexafluor 488 and 594 conjugated rabbit anti-
mouse Ig antibodies (Life Technologies), diluted to 1:500, were used as secondary antibodies. The
cell nucleus was counter-stained with Vectorshield containiﬁg DAPI. (Vector Laboratories,
Burlingame, CA, USA). The staining of culturéd hCENC was performed with cells seeded on glass
slides, which had been fixed with Reagent A (Caltag Fix and Perm Kit, An Der Grub Bio Research
GmbH, Susteren, The Netherlands) for 15 min at room terhp_erature. Staining was carried out as
described above, with either supernatant or known antibodies. The known primary antibodies used in
this study were mouse IgG1 anti-ZO-1 (1:50; BD Biosciences Pharmingen, San Diego, USA), mouse
IgG anti-CD166 (1:1000; Abcam, Cambridge, UK), and mouse IgGl anti-Prdx6 (1:1000; Abcam).
Images were taken using the Olympus light microsc‘ope IX71 fitted with a digital monochrome
camera XM 10 (Olympus Corporation, Japan, Tokyo).
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[0088]  Characterization of Antigen Target and Isotyping of TAG-1A3 and TAG-2A12
[0089]  Isotyping was performed with a Mouse Monoclonal Antibody Isotyping kit from Roche

(Basel, Switzerland). The protocol was carried out according to the manufacturer’s instructions. .

Briefly, the pellet in a reaction tube was reconstituted with 150 pl of hybridoma culture supematant -

from either one of the clones, TAG-1A3 or TAG-2A12. The solution was thoroughly mixed before
adding the isostrip. The results were analyzed after 10 mins of incubation. |
[0090] Immunoprecipitation » o
[0091] " Total cell lysate of hCENC was prepared with 2% Triton in PBS. Immunoprecipitationr
(IP) was carried out using the Phynexus instrument (Phynexus Inc, USA, California), loaded with
Protein G tips. The autorhated program alldwed sequential incubation with hybridoma culture
supernatant, cell lysate and washing buffer. Low pH elution was performed at the final step and the
eluted sample was neutralized before use. ,

[0092]  The samples were boiled at 95 °C after adding 5x sample loading dye and subjected to
SDS-PAGE, using 4—1’2%' gradient NuPAGE Bis—Tri..sv gel with 1x MOPS buffer (all from Life
Technologies). The proteins were separated at 100-120V for 1-2 h. The samples were prepared in
duplicates, one set used for Western blot transfer onto PVDF membrane and the other for silver-
staining. The mémbrane blot was blocked with 5% low fat milk for 30 min before incubating
overnight at 4 °C With diluted culture supernatant from the primary antibody (1:3) with blocking
buffer. Blots were washed with 0.1% Tween in PBS, ahd incubated with horseradish p¢roxidase
(HRP) conjugated anti-mouse Ig (1:10000) at room’temperature for 1 h.-Finally, the blots were

developed using chemiluminescence, ECL prime Western blotting detection reagent (GE Healthcare,

~ Uppsala, Sweden). The protein band on the silver-stained gel that correspbnded to the detected

Westem blot band was excised and digested with trypsin prior to antigen target identification using
mass spectrometry (LC/MS-MS). For target validation, known antibodies anti-CD166 and anti-Prdx6
were diluted 1:100 for immunoprecipitation and 1:1000 for Western blotting.

[0093] Cell Enrichment

| [0094] TAG-2A12 was used to enrich for h(CENC from cell mixtures containing a 50:50 mix of

either hESC or hCSF. This proof-of-concept study was performed using a positive-cell selection
method with anti-mouse IgG beads from magnetic affinity cell separation (MACS; Miltenyi Biotech,
Cologne Germany). The enrichment of hCENC was done following the manufacturers’ protocol. -
Briefly, cells that constitute the negative population in the mixture (hESC or hCSFs) were first labeled
with a red fluorescent cell linker PKH?26 that binds to cell membrane (Sigma Aldrich Inc).The labeled
cells were then added to ﬁnlabeled hCENC to obtain the startihg cell mixture. After which, the cells
were incubated with TAG-2A12 for 30 min at 4 °C. The cells were spun down to remove unbound
mAbs and washed with 1% BSA in PBS. The cell pellet was resuspended in MACS buffer and
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incubated with anti-mouse IgG beads for 10 min at 4 °C. Cells were washed and resuspended in
MACS buffer before loading onto the magnetic column. The column was subjected to several washes

w1th MACS buffer to remove the unbound cells. Fmally, bound cells were eluted in MACS buffer by

o removmg the column from the magnetlc holder and plunglng the cells through the column Flow

cytometry was used to analyse the purity of the population of cells. in the flow-through (FT), which
contained mostly unbound cells, while the retentate contained enriched hCENC. In-house positive

controls were used for fibroblast cells_,(mAb 63) and for hESC (mAb 85) (Choo et al., supra).
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A monoclonal antibody or an antigen binding portion thereof that binds specifically to a
human corneal endothelial cell (hCENC), wherein the target of the antibody, or antigen
binding portion thereof, is cell surface-expressed Peroxiredoxin-6 (Prdx6), wherein the
complementarity determining regions are selected from a group consisting of heavy chain
CDR 1 defined by SEQ ID No. 1, heavy chain CDR 2 defined by SEQ ID No. 2, heavy chain
CDR 3 defined by SEQ ID No. 3, light chain CDR 1 defined by SEQ ID No. 4, light chain
CDR 2 defined by SEQ ID No. 5 and light chain CDR 3 defined by SEQ ID No. 6.

The antibody of claim 1 or an antigen binding portion thereof, wherein the antibody or an
antigen binding portion thereof is selected from a group consisting of Fab, Fab', F(ab')2, Fv,
diabodies, Fd, dAb, maxibodies, single chain antibody molecules, complementarity
determining region (CDR) fragments, scFv, diabodies, triabodies, tetrabodies and
polypeptides that contain at least a portion of an immunoglobulin, wherein the portion of an

immunoglobulin is sufficient to confer specific antigen binding to a target polypeptide.

The antibody of claim 1, or an antigen binding portion thereof, wherein the antibody or
antigen binding portion thereof does not bind significantly to cells selected from the group
consisting of epithelial cells, stromal fibroblast cells, human lung fibroblasts, hESC-derived

neural crest cells and human embryonic stem cells.

The antibody according to any one of the preceding claims, or antigen binding portion
thereof, wherein the antibody binds to human corneal endothelial cells in a manner in which
the strength of a signal derived from the binding of the antibody to the antigen is proportional
to the amount of cells exhibiting a “cobblestone-like” morphology, thus enabling a grading of

the human corneal endothelial cell quality.

The antibody according to any one of the preceding claims, or antigen binding portion

thereof, wherein the antibody does not bind to immortalized human corneal endothelial cells.

A method for determining suitability of a cell sample for corneal transplantation, wherein the

method comprises:
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a. contacting a sample of donor cells obtained from a patient with an antibody according
to any one of claims 1 to 5;

b. measuring an antibody binding signal;

c. wherein an increased antibody binding signal compared to a control signal indicates a
cobblestone-like cell morphology and thus suitability of the cell sample for corneal
transplantation; wherein the control signal is obtained empirically from measuring

multiple cell samples with known morphologies.

A method for quantitative enrichment of human corneal endothelial cells from a mixture of
cells, wherein the method comprises the use of an antibody, or an antigen binding portion
thereof, according to any one of claims 1 to 5, the method comprising the steps of a. exposing
a mixture of cells to an antibody according to any one of claims 1 to 5; b. separating cells that
bind to said antibody from cells that do not bind to said antibody or antigen binding fragment
thereof.

A method of isolating human corneal endothelial cells from a mixture of cell, wherein the
method comprises the use of an antibody, or an antigen binding portion thereof, according to
any one of claims 1 to 5, the method‘comprising the steps of a. exposing a mixture of cells to
an antibody according to any one of claims 1 to 5; b. separating cells that bind to said

antibody from cells that do not bind to said antibody or antigen binding fragment thereof.

The method according to claims 7 to 8, wherein the cell types found in the mixture are cell

types associated cell samples in a clinical setting.

The method according to any one of claims 7 to 9, wherein the human corneal endothelial

cells are viable cells.

The method according to any one of claims 7 to 10, wherein the human corneal endothelial

cells are suitable for medical transplant and grafting purposes.

The method according to any one of claims 7 or 8, wherein the separating is a method
selected from the group consisting of column chromatography, magnetic affinity cell

separation and fluorescence-activated cell sorting.
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13. A hybridoma cell line with the deposition number of PTA-121135.

14. A method of generating antibodies according to claim 1 by culturing hybridoma cells with the

deposition number PTA-121135.



