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Quality assurance of chondrocytes

Technical field

The present invention relates to chondrocyte compositions having high quality as well

as methods for quality assurance and quality control of chondrocyte compositions.

Background

Damage to the hyaline cartilage of a joint has a limited intrinsic capacity to heal after an
injury. This can lead to accelerated degeneration of the joint and early-onset
osteoarthritis. Today, there is growing demand for preservation of native articular

cartilage to delay joint arthroplasties.

The human adult articular chondrocyte is a unique cell type that has reached a fully
differentiated state as an end point of development. Within the cartilage matrix,
chondrocytes regulate the homeostasis of the cartilage and maintain the matrix

constituents in a low-turnover state of equilibrium.

Chondrocytes, the only type of cells in cartilage, express a number of different
integrins. The integrins are a large family of transmembrane glycoproteins that mediate
cell-cell and cell-matrix interactions. All known members of this superfamily are non-
covalently associated heterodimers composed of an alpha- and a beta-subunit. The
integrin alpha10beta is a major collagen-binding integrin on chondrocyte. It is
expressed by differentiated chondrocytes as well as by MSCs with chondrogenic
differentiation potential. Integrin alpha11beta1, on the other hand, is expressed by
fibroblastic cells, including synovial fibroblasts. Integrin alpha11beta1 is also expressed
by chondrocytes in monolayer cultures that may have partially dedifferentiated and
produce the fibrous collagen type | instead of the cartilage collagen type Il and thus

provide a way to determine the purity and quality of chondrocyte preparations.

Chondrocyte based cell therapy for the treatment of articular cartilage injury is a

promising method aiming to repair and resore the hyaline cartilage.
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A major limitation of chondrocyte based cell therapies is related to the procedure where
the cartilage matrix is removed enzymatically from the cartilage biopsy to isolate the
chondrocytes. During this procedure cells from non-cartilage tissues such as the
synovium, may contaminate the chondrocyte preparations (Dai et al. 2006, Stebuils et
al. 2005), thereby having an impact on the purity and the quality of the chondrocyte
preparations used for implantation. In addition, chondrocytes often dedifferentiate once
isolated from the cartilage matrix (Rapko et al. 2009). This leads to a loss of their
specialized chondrocyte characteristics which can be detected as a switch in synthesis
of collagen type Il to collagen type |. Hence, there is a need for a robust procedure for

quality control of chondrocyte quality.

Summary

The present inventors have found a correlation between the expression levels of the
cell surface proteins integrin alpha10beta1 and integrin alpha11betal and the quality of
isolated and cultured chondrocytes and thus a new way to define and quality assure

and/or quality control chondrocyte preparations.

The present disclosure is based on the finding that an integrin alpha10 to integrin
alpha11 expression ratio of at least 4 to 1 is indicative of high quality chondrocyte
composition and/or product. Although integrin alpha10 and integrin alpha11 expression
levels vary depending on the culturing conditions, their ratio is predictive of a high

quality chondrocyte composition.

Moreover, the present inventors have also found that:

e expression of integrin alpha10 may be indicative of chondrocyte identity;

e expression of integrin alpha10 together with integrin alpha11 may be indicative
of partially dedifferentiated chondrocytes;

e expression of integrin alpha10 and low or substanyially no expression of
integrin alpha11 may be indicative of differentiated chondrocytes, and

e expression of integrin alpha11 and low or substantially no expression of integrin
alpha10 may be indicative of non-chondrocyte identity, including highly
dedifferentiated chondrocytes, fibroblast-like cells and/or other contaminant

cells.
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Thus, in one aspect, the present disclosure relates to a composition comprising
chondrocytes, wherein said composition have an integrin alpha10 to integrin alpha11

expression ratio of at least4 to 1.

In another aspect, the present disclosure relates to a method for determining quality of
a composition comprising chondrocytes, wherein the quality determination comprises
one or more of the following criteria:
e identity of the chondrocytes,
o differentiation state of the chondrocytes,
e purity of the chondrocytes, and
e potency of the chondrocytes
the method comprising the steps of:
a) providing a candidate composition comprising chondrocytes;
b) analyzing the expression levels of integrin alpha10 and integrin alpha11 in said
composition;
¢) comparing the expression level of integrin alpha10 to the expression level of
integrin alphai1,
wherein an integrin alpha10 to integrin alpha11 expression ratio of at least4 to 1 is
indicative of
e chondrocytic identity of the chondrocytes in the chondrocyte composition,
o differentiated state of the chondrocytes in the chondrocyte composition,
e purity of the chondrocyte composition, and/or
e potency of the chondrocytes of the chondrocyte composition,

and thereby is indicative of a high quality chondrocyte composition.

Hence, the present disclosure relates to methods for quality assuring and quality

control chondrocytes compositions.

In a further aspect, the present disclosure relates to a method for isolating a population
of high quality chondrocytes, the method comprising the steps of:
a) providing a candidate composition comprising chondrocytes;
b) analyzing expression of integrin alpha10 and integrin alpha11 in said
composition; and
¢) enriching chondrocytes having an integrin alpha10 to integrin alpha11

expression ratio of atleast 4 to 1,
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thus obtaining an isolated population of high quality chondrocytes.

In a further aspect, the present disclosure relates to a method for manufacturing a
population of high quality chondrocytes, the method comprising the steps of:
a) providing a candidate composition comprising chondrocytes;
b) analyzing expression of integrin alpha10 and integrin alpha11 in said
composition; and
¢) expanding chondrocytes having an integrin alpha10 to integrin alpha11
expression ratio of atleast 4 to 1,

thus manufacturing a population of high quality chondrocytes.

In one aspect, the present disclosure concerns a method for optimizing chondrocytic
potency of a composition comprising chondrocytes, the method comprising inducing

expression of integrin alpha10.

In one aspect, the present disclosure concerns a method of increasing proliferation rate

of chondrocytes, the method comprising inducing expression of integrin alpha10.

In one aspect, the present disclosure concerns an in vitro cell preparation or cell culture
of chondrocytes having an integrin alpha10 to integrin alpha11 expression ratio of at

least 4 to 1.

In one aspect, the current invention concerns use any one of the methods described
herein, for

a) quality assuring chondrocyte compositions;

b) monitoring of consistency and/or reproducibility of chondrocyte compositions;

¢) predicting potency of chondrocyte compositions and cultures;

d) in-process control chondrocyte compositions

e) in-process control of expansion of chondrocyte compositions;

f) conducting a potency assay of a chondrocyte composition;

g) conducting release test of chondrocyte compositions; and/or

h) prediction of clinical outcome and/or of chondrocyte compositions.
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Description of Drawings

Figure 1A. Flow cytometry analysis of alphal0Obetal-expression on two human
chondrocyte preparation, 853 and 854, cultured in monolayer for 2-6 passages. The
chondrocytes were cultured in media containing either human serum (HS) or platelet
lysate (PL) with or without addition of ascorbic acid (A). The integrin expression

decreses when chondrocytes are cultured in HS only.

Figure 1B. Flow cytometry analysis of four human chondrocyte preparations, 853, 854,
875, and 876, cultured in human serum (HS), platelet lysate (PL) with or without
ascorbic acid (A) for 2-6 passages. Passage 2 cells were cultured only in HS. The
results show the mean + SEM ratio of integrin alpha10/integrin alpha11 (n=2-4). The
addition of ascorbic acid (A) has a pronounced and immediate effect in changing the
alpha10/alpha11 ratio in favor of alpha10. This effect is evident irrespective the use of
HS or PL.

Figure 2. Growth kinetic analysis showing cell culture time to reach confluency in
passages 3-6 for 853 chondrocytes cultured in human serum (HS), HS with ascorbic
acid (HSA), platelet lysate (PL) or PL with ascorbic acid (PLA). The addition of ascorbic
acid (A) and PL, especially A, had a pronounced effect on the chondrocyte

proliferation.

Figure 3A. Flow cytometry analysis of alpha10betal on human chondrocyte
preparations 853, 854, 875 and 876, cultured in human serum (HS), human serum with
ascorbic acid (HSA) or platelet lysate with ascorbic acid (PLA). The Integrin
alpha10beta1- (alpha 10) expression is shown as mean + SEM of the four chondrocyte

preparations. These cells were used in the differentiation experiments in Fig 4.

Figure 3B. Gene expression analyses of ITGA10 on human chondrocyte preparations
853, 854, 875 and 876, cultured in human serum (HS), human serum with ascorbic
acid (HSA) or platelet lysate with ascorbic acid (PLA). Relative ITGA10 gene
expression is shown as mean + SEM for the four cell lines. GAPDH was used as a

house-keeping gene for control.



10

15

20

25

30

35

WO 2019/002547 PCT/EP2018/067580

6

Figure 4A. Evaluation score system of collagen ll-expression in tissue section of
chondrocyte pellets as analyzed by immunohistochemistry. The degree of collagen II-

expression was scored in a 0-5 scale.

Figure 4B. A summary of the collagen type Il (Col2) expression scores for the human
chondrocyte preparations 853, 854, 875 and 876, expanded in HS and grown in pellet

mass cultures for 1-4 weeks in the presence of the rediffeentiation media TIDA.

Figure 4C. A summary of the collagen type Il (Col2) expression scores for the human
chondrocyte preparations 853, 854, 875 and 876, expanded in HSA and grown in pellet

mass cultures for 1-4 weeks in the presence of the rediffeentiation media TIDA.

Figure 4D. A summary of the collagen type Il (Col2) expression scores for the human
chondrocyte preparations 853, 854, 875 and 876, expanded in PLA and grown in pellet

mass cultures for 1-4 weeks in the presence of the rediffeentiation media TIDA.

Figure 5. Correlation between the integrin alpha10beta1-expression (flow cytometry)
on the human chondrocyte preparations 853, 854, 875, 876, 803, 811, 816, 842 and
914 cultured in monolayer in HS and the collagen type Il-expression
(immunohistochemistry) after 2 weeks in pellets mass cultures. Pearson correlation
analysis demonstrated a high level of correlation, with a coefficient (R?) of 0.75. If
sample 914, which can be considered an outlier, is omitted, an R? of 0.93 is achieved

(data not shown).

Figure 6A. Immunohistochemical analysis of collagen Il, collagen | and integrin
alpha10beta1 on chondrocyte preparation 875 grown in monolayer in PLA and then for
two weeks in pellet culture with the rediffeentiation media TIDA. Integrin alpha10beta1
was found to colocalise with collagen type Il while collagen type | was mainly

expressed in the outer region where integrin alpha10beta1 was low or absent.

Figure 6B. Immunofluoresce staining of integrin alphalibetal (B) integrin
alpha10beta1 (C), collagen Il (D), and) on 875 chondrocytes cultured in monolayer in
PLA and then for two weeks in pellet culture with TIDA. DAPI staining of the nucleus is
shown in (A) and a merged picture of the different staining in (E). The stainings were

visualised by confocal microscopy. Scale bars 50 um. Integrin alpha10beta1 was found
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to colocalise with collagen type Il while integrin alpha11betal is expressed in the outer

region of the pellet where expression of collagen type | is found ( see figure 6A).

Figure 7A. Flow cytometry analysis of integrin alphalibetal (X-axis) on human
fibroblast-like synoviocytes (HFLS), chondrocyte preparation 875, HFLS-OA (fibroblast-
like cells s from osteoarthritis patient) and human nasal chondrocytes (HNC).The
results show that integrin alpha11betal is expressed on the fibroblast-like cells but not

on chondrocytes. Side scatter (SSC-A) is shown on the Y axis.

Figure 7B. Flow cytometry analysis of integrin alphalibetal on a mixture of
chondrocytes and synovial fibroblast-like cells. Addition of 0, 0.5%, 1%, 2.5%, 5%,
10%, 25%, 50%, 100% HFLS-OA (human fibroblast-like chondrocytes from
osteoarthritis patients) to a preparation of HNC (human nasal chondrocytes). The reults
show that integrin alpha11beta1 can detect even minor amount of fibroblast-like cells in
chondrocyte preparations and that integrin alphalibetal increases with added

fibroblast-like cells.

Figure 7C. Correlation between expression of integrin alpha11betal and addition of
HFLS-OA (human fibroblast-like chondrocytes from osteoarthritis patients) to a
chondrocyte preparation. Addition of 0, 0.5%, 1%, 2.5%, 5%, 10%, 25%, 50%, and
100% of HFLS-OA to a preparation of HNC (human nasal chondrocytes). This
demonstrate that integrin alphal1betal can be used to detect and quantify

contaminating fibroblast-like cells in chondrocyte preparations.

Figure 8A. Expression of integrins alpha10(a10) and alpha11(a11) was analysed on
monolayer cultured human chondrocytes from samples 803 and 811 prior to pellet
mass cultures. Flow cytometry analysis showed low integrin a10/integrin a11 ratio in

sample 811 and high integrin a10/integrin a11 ratio in sample 803.

Figure 8B. Histologic evaluation of Col2 production in chondrocyte from samples 803
and 811 cultured in pellet mass for 2 and 3 weeks. Tissue sections from the
chondrocyte pellets were analysed for expression of collagen type Il (Col2) and the
degree of Col2 expression was scored in a 0-5 scale.The results show no/very low
expression of Col2 in pellets from chondrocytes 811 and high expression of Col2 in

pellets from chondrocytes 803.
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Figure 9. Flow cytometry analysis of integrin alpha 10 (X-axis) integrin alpha 11 (Y-
axis) on human chondrocyte preparation 803 (high potency see Fig 8) and 842 (low
potency) . Binding of two antibodies in combination, directed to the integrins alpha10
and alpha11, respectively, was used to demonstrate the degree of single staining and
double staining of the antibodies. The lower right square indicate high single
expression of integrin alpha10, the upper left indicate high single expression of integrin
alpha11 and the upper right indicate cells with expression of both integrins alpha10 and
alpha11. The results show that the chondrocyte preparation 842 has more

dediferentated and non-chondrocytic cells compared to 803.

Detailed description

Definitions

“Integrin alpha10” as used herein refers to the alpha10 subunit of the heterodimeric
protein integrin alpha10beta1 as well as to the heterodimeric protein integrin
alpha10beta1. This denotation does not exclude the presence of the beta1 subunit
bound to the alpha10 subunit thus forming an integrin alpha10betal heterodimer. The
human integrin alpha10 chain sequence is known and publicly available at
GenBank™/EBI Data Bank accession number AF074015.

“Anti-integrin alpha10 antibody” as used herein refers to an antibody capable of
recognizing and binding at least to the integrin alpha10 subunit but also to the
heterodimeric protein integrin alpha10beta1. These antibodies may be antibodies that
recognize an epitope of the heterodimeric protein integrin alpha10beta1, wherein the
epitope comprises amino acid residues of both the alpha10 and the beta1 subunits.
These antibodies may also be antibodies that recognize an epitope of the
heterodimeric protein integrin alpha10beta1, wherein the epitope comprises amino acid

residues of only the alpha10 subunit.

“Integrin alpha11” as used herein refers to the alpha11 subunit of the heterodimeric
protein integrin alpha11betal as well as the heterodimeric protein integrin
alpha11beta. This denotation does not exclude the presence of the betal subunit

bound to the alpha11 subunit thus forming an integrin alpha10betal heterodimer.
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“Anti-integrin alpha11 antibody” as used herein refers to an antibody capable of
recognizing and binding to at least the integrin alpha11 subunit but also to the integrin
alpha11 subunit of the heterodimeric protein integrin alpha11 beta1. These antibodies
may be antibodies that recognize an epitope of the heterodimeric protein integrin
alpha11 beta1, wherein the epitope comprises amino acid residues of both the alpha11
and the beta1 subunits. These antibodies may also be antibodies that recognize an
epitope of the heterodimeric protein integrin alpha11betal, wherein the epitope

comprises amino acid residues of only the alpha11 subunit.

The term “integrin alpha10/11” refers to either integrin alpha10 or integrin alpha11, or

to both integrin alpha10 and integrin alpha11.

“Ascorbic acid” as used herein includes (R)-3,4-dihydroxy-5-((S)- 1,2-
dihydroxyethyl)furan-2(5H)-one derivatives thereof, such as L-Ascorbic acid 2-

phosphate-sesquimagnesium salt hydrate.

The term “identifying” as used herein refers to the action of recognizing a cell as being
a certain type of cell, e.g. a chondrocyte or a fibroblast-like cell. An alternative term to
identifying is “detecting”, which is used herein with the same meaning.

The terms “isolating”, “sorting

” o«

selecting”, and “depleting” as used herein refer to the
action of identifying a cell as being a certain type of cell and separating it from cells that

do not belong to the same cell type or to a differentiation state.

The term “composition” as used herein may refer to a preparation of cells, such as a
preparation of chondrocytes. The term “composition” as used herein may also refer to a
culture of cells, such as a culture of chondrocytes. A composition of chondrocytes may
also be a chondrocyte product. Examples of chondrocyte products are known to the
person of skilled in the art and may be isolated chondrocytes in suspension,
chondrocytes cultured in monolayer, and three-dimensional (3D) cultures such as
spheroids, pellets, cell sheets and chondrocytes cultured in scaffolds. For example
chondrocytes scaffolds may be made using 3D hydrogels, collagen matrices,

hyaluronan, poly-glycolic acid (PGA)-Fibrin and poly-lactic acid (PLA).
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The term “potency” or “cell potency” as used herein may be defined as a quantitative
measure of relevant biologic function. A potency assay provide a mechanism by which
a manufacturing process and the final cell product for batch release are scrutinized for

quality, consistency and stability.

Analysis of the expression of integrin subunits alpha10 and alpha11

A key step in the methods of the present invention is the detection of integrin alpha10

expression and integrin alpha11 expression.

In one embodiment, analysis of the expression is conducted by a method selected from
the group consisting of flow cytometry, ELISA, Western Blot, immunoprecipitation, dot
blot, gPCR, immunoassay, immunofluorescence, immunohistochemistry, gene
expression analysis and any other suitable method. Preferably, the analysis of the
expression of integrin alpha10 and/or alpha11 is conducted by flow cytometry using
specific antibodies. Multi-color analyses may be employed with the flow cytometry,
which is particularly convenient. The person of skill in the art is adequately qualified to
determine the method of choice for determining degree of expression, for each

individual case.

The expressions of integrin alpha10 and/or integrin alpha11 can be analyzed using the
same kind of methods. In one embodiment, the integrin alpha10/11 expression is

analyzed by measuring the corresponding protein expression.

In another embodiment, the expression of integrin alpha10/11 is analyzed by
measuring integrin alpha10/11 mRNA expression. Detection of mMRNA expression of a
specific protein is well known to the skilled man in the art, and is generally done by
probing the mRNA with a DNA or RNA probe specific for the mRNA of interest, under
hybridization conditions where the probe is not hybridizing to other mMRNA molecules.
Different polymerase chain reactions (PCR) may also be used, which is obvious to the

skilled man in the art.

In one embodiment, the analysis comprises quantitative determination of the

expression of integrin alpha10 and integrin alpha11.



10

15

20

25

30

WO 2019/002547 PCT/EP2018/067580

11

Several methods are known to the person skilled in the art for detection of expression
of cellular markers. Accordingly, in one embodiments of the present disclosure the
detection of expression of integrin alpha10/11 by a cell is determined by a method
selected from the group consisting of immunoassay, flow cytometry,
immunofluorescence, immunoprecipitation, immunohistochemistry and western blot. In
still a further embodiment, the expression of integrin alpha10/11 is detected by any
immunoassay, such as the methods described in Immunochemical protocols (Methods
in molecular biology, Humana Press Inc). The detection may be performed by various
methods, e.g. any immune method known to the skilled man in the art, such as
immunoprecipitation, Western blotting, magnetic-activated cell sorting (MACS) or flow

cytometry methods, e.g. fluorescence activated cell sorting (FACS).

In some embodiments, the integrin alpha10/11 protein expression is detected by an
anti-integrin alpha10/11 antibody, wherein said antibody may be a monoclonal
antibody, a polyclonal antibody, a single chain antibody or fragment thereof. In another
embodiment, the antibody is a non-human antibody, a chimeric antibody, a bispecific

antibody, a humanized antibody or a human antibody.

Said antibody may be covalently bound to a detectable moiety, such as a detectable
moiety selected from the group consisting of a fluorophore, an enzyme or a radioactive
tracer or radioisotope. In a preferred embodiment, the antibody is labeled with one or
more fluorophore(s). Said fluorophore may be selected from the group consisting of
phycoerythrin, allophycocyanin, fluorescein, Texas red, Alexa Fluor 647, and brilliant
dyes. Many other fluorophores may be used and the skilled person will choose the
most suitable one according to the specific detection method and also according to the
characteristics of the antibody used. In some embodiments, fluorophores with non-
overlapping emission spectra are bound to the anti-integrin alpha10 antibody and the

anti-integrin alpha11 antibody.

In one embodiment, said antibody is attached to a solid support, for example to

magnetic beads.

In one embodiment, said antibody is attached to biotin.
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Furthermore, said antibody may have an isotype selected from the group consisting of
IgA, IgD, IgG and IgM.

In one embodiment, the antibody is:

a) a monoclonal antibody, produced by the hybridoma cell line deposited on 4
February 2003 at the Deutsche Sammlung von Microorganismen und
Zellkulturen GmbH under the accession number DSM ACC2583; or

b) an antibody which competes for binding to the same epitope as the epitope
bound by the monoclonal antibody produced by the hybridoma deposited on 4
February 2003 at the Deutsche Sammlung von Microorganismen und
Zellkulturen GmbH under the accession number DSM ACC2583; or

c) afragment of a) or b), wherein said fragment is capable of binding specifically

to the extracellular I-domain of the integrin alpha10 chain.

Identification may as well be performed by any specific molecule, such as a protein or
peptide, binding specifically to the integrin alpha10/11 molecule. Examples of such
proteins or peptides are natural ligands, binding to the integrin alpha10/11 molecule.
Such natural ligands may be made recombinant, chemically synthesized, or purified

from a natural source.

Chondrocyte composition

The inventors have found that a chondrocyte composition characterized by an integrin
alpha10 to integrin alpha11 expression ratio of at least 4 to 1 is a high quality

chondrocyte composition.

Hence, one aspect of the present disclosure relates to a composition comprising
chondrocytes, wherein said composition have an integrin alpha10 to integrin alpha11

expression ratio of at least 4 to 1.

In one embodiment, the integrin alpha10 to integrin alpha11 expression ratio is at least
4 to 1, such as at least 5 to 1, such as at least 10 to 1, such as at least 15 to 1, such as
at least 20 to 1, such as at least 25 to 1, such as at least 30 to 1, such as at least 35 to
1, such as at least 40 to 1, such as at least 45 to 1, such as at least 50 to 1, such as at

least 60 to 1, such as at least 70 to 1, such as at least 80 to 1, such as at least 90 to 1,
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such as at least 100 to 1, such as at least 150 to 1, such as at least 200 to 1. In
another embodiment, said integrin alpha10 to integrin alpha11 expression ratio is
below 200 to 1, such below 150 to 1, such as below 100 to 1, such as below 50 to 1,

such as below 25 to 1.

In one embodiment, the integrin alpha11 expression is at the most 25% of the integrin
alpha10 expression, such as at the most 20% of the integrin alpha10 expression, such
as at the most 15% of the integrin alpha10 expression, such as at the most 10% of the
integrin alpha10 expression, such as at the most 5% of the integrin alpha10
expression, such as at the most 4% of the integrin alpha10 expression, such as at the
most 3% of the integrin alpha10 expression, such as at the most 2% of the integrin
alpha10 expression, such as at the most 1% of the integrin alpha10 expression, such

as at the most 0.5% of the integrin alpha10 expression.

In yet another embodiment, substantially no integrin alpha11 is expressed.

In one embodiment, the composition may comprise differentiated chondrocytes, and
said differentiated chondrocytes may express integrin alpha10 and substantially no

integrin alpha11.

“Substantially no integrin alpha11 expression” as used herein means that the
percentage of cells expressing integrin alpha11, but not expressing integrin alpha10,
that is single alpha11 cells, is below 20%. In some embodiments, the percentage of
cells expressing integrin alpha11, but not expressing integrin alpha10 is below 15%,
such as below 10%, such as below 5%, such as below 4%, such as below 3%, such as

below 2%, such as below 1%, such as below 0.5%.

In one embodiment, the composition may comprise partially dedifferentiated
chondrocytes, and said partially dedifferentiated chondrocytes may express both
integrin alpha10 and integrin alpha11. Partially dedifferentiated chondrocytes are
chondrocytes that have reverted to a more fibroblast-like cell. They may be able to

redifferentiate into chondrocytes depending on the cultivation conditions.

In one embodiment, the composition comprising chondrocytes is selected from the

group consisting of a cartilage tissue preparation, a tissue prepration comprising
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chondrocytes, a monolayer chondrocyte cell culture, and a three-dimensional (3D)

chondrocyte cell culture, such as shperoids, pellets or cell sheets.

In one embodiment, the composition comprising chondrocytes is derived from a
cartilage tissue, a chondrocyte comprising tissue, a monolayer chondrocyte cell culture,
and a three-dimensional chondrocyte cell culture, such as spheroids, pellets, cell

sheets or from chondrocytes cultured in a scaffold.

In one embodiment, the composition comprising chondrocytes may comprise

mammalian cells.

In one embodiment, the composition comprising chondrocytes may comprise human

cells.

In one embodiment, the composition comprising chondrocytes may comprise equine

cells.

In one embodiment, the composition comprising chondrocytes may comprise canine

cells.

In one embodiment, integrin alpha10 and/or integrin alpha11 is expressed on the cell
surface of a mammalian chondrocyte or a fibroblast-like cell.

In one embodiment, the integrin alpha10 and/or integrin alpha11 is expressed as a

heterodimer in combination with an integrin beta1.

In one embodiment, the composition comprising chondrocytes may be substantially
free from contaminating cells, wherein the contaminating cells may express integrin
alpha11 but not integrin alpha10, that is they may be single alpha11 cells. Cells
expressing integrin alpha11 but not integrin alpha10 may be contaminating cells,
fibroblast-like cells or highly dedifferentiated cells. Cells express integrin alpha11 but
not integrin alpha10 may be non-functional chondrocytes and hence they may be a

minor component of the chondrocyte composition.
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The lower is the number of cells expressing integrin alpha11 but not integrin alpha10,
the higher is the number of chondrocytes in the composition, hence the higher is the

degree of purity of the chondrocyte composition.

It may be possible to optimize the culture conditions of dedifferentiated chondrocytes
so to induce expression of integrin alpha10 and thus redifferentiate the chondrocytes.
Hence, a composition comprising chondrocytes may be defined as being substantially
free from contaminating cells, when the percentage of cells expressing integrin
alpha11, but not expressing integrin alpha10, is below 20%. In some embodiments, the
percentage of cells expressing integrin alpha11, but not expressing integrin alpha10
may be below 15%, such as below 10%, such as below 5%, such as below 4%, such

as below 3%, such as below 2%, such as below 1%, such as below 0.5%.

In one embodiment, the composition comprising chondrocytes may comprise at least
70 % chondrocytes, such as at least 75 %, such as at least 80 %, such as at least 85
%, such as at least 90 %, such as at least 95 %, such as at least 98 %, such as at least

99 %, such as 100 % chondrocytes, out of the total composition or population of cells.

In one embodiment, the composition comprising chondrocytes may comprise at least
80 %, such as at least 85 %, such as at least 90 %, such as at least 95 %, such as at
least 98 %, such as at least 99 %, such as 100 % chondrocytes, out of the total

composition or population of cells.

In one embodiment, the composition comprising chondrocytes may further express a
secondary marker selected from the group consisting of CEP-68/CRTAC1, GP-39

cartilage glycoprotein, CD44, CD166, Collagen IlA, Collagen IIB, Aggrecan, Alizarian
Red (neg), Alcian Blue, CRTAC1, CEP-68, CD146, CD90, CD49e, CD63 and Sca-1.

The chondrocyte composition disclosed herein may be formulated as a cell
suspension, a cell culture, a cell monolayer, or a three-dimensional (3D) scaffold, such
as spheroids, pellets, cell sheets and chondrocytes cultured in scaffolds. Examples of
3D scaffolds are known in the art and may be based on the use of for example 3D
hydrogels, collagen matrices, hyaluronan, poly-glycolic acid (PGA)-fibrin and poly-lactic
acid (PLA).
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The chondrocyte composition disclosed herein may be then used for several
applications, for example in the area of cartilage regeneration and cartilage repair. The
herein disclosed chondrocyte compositions may be suitable for both autologous and

allogenic use.

Method for determining purity quality, degree of chondrocytic identity, functional

potency, differentiation state and/or chondrocytic phenotype

In one aspect, the present disclosure relates to a method for determining quality of a
composition comprising chondrocytes, wherein the quality determination comprises
one or more of the following criteria:
e identity of the chondrocytes,
o differentiation state of the chondrocytes,
e purity of the chondrocytes, and
e potency of the chondrocytes,
the method comprising the steps of:
a) providing a candidate composition comprising chondrocytes;
b) analyzing the expression levels of integrin alpha10 and integrin alpha11 in said
composition;
¢) comparing the expression level of integrin alpha10 to the expression level of
integrin alpha11,
wherein an integrin alpha10 to integrin alpha11 expression ratio of at least 4 to 1 is
indicative of
e chondrocytic identity of the chondrocytes in the chondrocyte composition,
o differentiated state of the chondrocytes in the chondrocyte composition,
e purity of the chondrocyte composition, and/or
e potency of the chondrocytes of the chondrocyte composition,

and thereby is indicative of a high quality chondrocyte composition.

In one embodiment, said method may comprise comparing the expression level of

integrin alpha10 to the expression level of integrin alpha11, wherein at the most 20%,
such as at the most 15%, such as at the most 10%, such as at the most 5%, such as
at the most 4%, such as at the most 3%, such as at the most 2%, such as at the most

1%, such as at the most 0.5%, of the cells in the chondrocyte composition expressing
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alpha11 and expressing no or substantially no integrin alpha10, that is single alpha11

cells, is indicative of purity of the chondrocyte composition.

In fact, the lower is the number of cells expressing integrin alpha11 but not integrin
alpha10 (single alpha11 cells), the higher is the number of chondrocytes in the

composition, hence the higher is the degree of purity of the chondrocyte composition.

In one embodiment, said method may comprise comparing the expression level of
integrin alpha10 to the expression level of integrin alpha11, wherein expression of
integrin alpha10 together with integrin alpha11 is indicative of a partially
dedifferentiated chondrocyte composition. For example, a chondrocyte expressing both

integrin alpha10 and integrin alpha11 may be a partially dedifferentiated chondrocyte.

In one embodiment, said method may comprise comparing the expression level of
integrin alpha10 to the expression level of integrin alpha11, wherein expression of
integrin alpha10 and substantially no expression of integrin alpha11 may be indicative
of a differentiated chondrocyte composition. For example, a chondrocyte expressing
integrin alpha10, but substantially not expressing integrin alpha11 may be a

differentiated chondrocyte.

In one embodiment, said method may comprise quantitative determination of the

expression of integrin alpha10 and integrin alpha11.

In one embodiment, said method may comprise comparing the expression level of
integrin alpha10 to the expression level of integrin alpha11, wherein expression of
integrin alpha10 and substantially no expression of integrin alpha11 may be indicative
of a differentiated chondrocyte composition. “Substantially no expression of integrin
alpha11” may refer to less than 20% of the cells comprised in the composition
expressing integrin alpha11, but not expressing integrin alpha10. In some
embodiments, the percentage of cells expressing integrin alpha11, but not expressing
integrin alpha10, is below 15%, such as below 10%, such as below 5%, such as below

4%, such as below 3%, such as below 2%, such as below 1%, such as below 0.5%.
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The inventors have also found that expression of integrin alpha11 and substantially no
expression of integrin alpha10 in a chondrocyte may be indicative of fibroblastic-like

cells.

In one embodiment, said method further comprises detecting expression of a
secondary chondrocyte or fibroblast marker selected from the group consisting of CEP-
68/CRTAC1, GP-39 cartilage glycoprotein, CD44, CD166, Collagen IIA, Collagen 1B,
Aggrecan, Alizarian Red (neg), Alcian Blue, CRTAC1, CEP-68, CD146, CD90, CD49%e,
CD63 and Sca-1. The person of skill in the art is adequately qualified to determine the

method of choice for detecting expression of said marker, for each individual case.

In one embodiment, the method is performed in vitro.

In one embodiment, the analysis of the expression of integrin alpha10 and integrin
alpha11 is conducted after colturing the cells in a medium optimized for inducing
expression of integrin alpha10. Induction of integrin alpha10 expression is described

herein in the present disclosure.

In one embodiment, the analysis of the expression of integrin alpha10 and integrin
alpha11 is conducted simultaneously. In another embodiment, the analysis of the
expression of integrin alpha10 and integrin alpha11 is conducted separately. See for

example the data reported in example 4 and Fig. 7 and 9.

Method for isolating a population of high quality chondrocytes

In one aspect, the present invention concerns a method for isolating a population of
high quality chondrocytes, the method comprising the steps of:
a) providing a candidate composition comprising chondrocytes;
b) analyzing expression of integrin alpha10 and integrin alpha11 in said
composition; and
c) selecting chondrocytes having an integrin alpha10 to integrin alpha11
expression ratio of atleast 4 to 1,

thus obtaining a population of high quality chondrocytes.
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In one embodiment, a population of high quality chondrocytes may be a a population of
chondrocytes characterized by an integrin alpha10 to integrin alpha11 expression ratio

of atleast4 to 1.

In one embodiment, said method may comprise quantitative determination of the

expression of integrin alpha10 and integrin alpha11.

In one embodiment, the integrin alpha10 and/or the integrin alpha11 may be expressed

on the cell surface of a mammalian chondrocyte and/or a fibroblast-like cell.

In one embodiment, said obtained isolated population of high quality chondrocytes may
be an enriched and/or purified population of chondrocytes. Preferably, said obtained
isolated population of chondrocytes may be enriched and/or purified in that the
chondrocytes of said population have a high integrin alpha10 to integrin alpha11
expression ratio. In one embodiment, the integrin alpha10 to integrin alpha11
expression ratio in the obtained isolated population of chondrocytes is at least 4 to 1,
such as at least 5 to 1, such as at least 10 to 1, such as at least 15 to 1, such as at
least 20 to 1, such as at least 25 to 1, such as at least 30 to 1, such as at least 35 to 1,
such as at least 40 to 1, such as at least 45 to 1, such as at least 50 to 1, such as at
least 60 to 1, such as atleast 70 to 1, such as at least 80 to 1, such as at least 90 to 1,

such as at least 100 to 1, such as at least 150 to 1, such as at least 200 to 1.

In one embodiment, the integrin alpha11 expression is at the most 25% of the integrin
alpha10 expression, such as at the most 20% of the integrin alpha10 expression, such
as at the most 15% of the integrin alpha10 expression, such as at the most 10% of the
integrin alpha10 expression, such as at the most 5% of the integrin alpha10
expression, such as at the most 4% of the integrin alpha10 expression, such as at the
most 3% of the integrin alpha10 expression, such as at the most 2% of the integrin
alpha10 expression, such as at the most 1% of the integrin alpha10 expression, such

as at the most 0.5% of the integrin alpha10 expression.

In yet another embodiment, substantially no integrin alpha11 is expressed in the

obtained isolated population of chondrocytes.
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In one embodiment, the obtained composition may comprise at least 70 %
chondrocytes, such as at least 75 %, such as at least 80 %, such as at least 85 %,
such as at least 90 %, such as at least 95 %, such as at least 98 %, such as at least 99

%, such as 100 % chondrocytes, out of the total population of cells.

In yet one embodiment, the obtained composition may comprise at least 80 %, such as
at least 85 %, such as at least 90 %, such as at least 95 %, such as at least 98 %, such

as at least 99 %, such as 100 % chondrocytes, out of the total population of cells.

In another embodiment, the obtained population may be substantially free from
contaminating cells. In the present context, contaminating cells may be cells other than
chondrocytes, such as fibroblasts or fibroblast-like cell. In one embodiment,

contaminating cells may be cells that express integrin alpha11 but not integrin alpha10.

The obtained composition may comprises highly dedifferentiated chondrocytes and
fibroblastic-like cells, which may redifferentiate into chondrocytes when cultivated

under optimal conditions.

“Substantially no integrin alpha11” and “substantially free from contaminating cells”

have been defined herein in this disclosure.

In one embodiment, said population of high quality chondrocytes may be an integrin
alpha10-enriched population of chondrocytes. Said integrin alpha10-enriched
population may be obtained by a method which comprises depletion of cells expressing
integrin alpha11. In one embodiment, the population of high quality chondrocytes may

express substantially no integrin alpha11.

Said integrin alpha10-enriched population may be obtained by a method which
comprises selecting cells expressing integrin alpha10. Cells expressing integrin
alpha10 may be selected as described herein, for example by using anti-integrin

alpha10 antibodies, or by other methods known to the person skilled in the art.

Said integrin alpha10-enriched population may be obtained by a method comprising
cultivating the composition of chondrocytes under conditions that induce integrin

alpha10 expression. Examples of such integrin alpha10 inducing conditions are found
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in the present disclosure. Agents that may induce integrin alpha10 expression and

ascorbic acid and platelet lysate.

In one embodiment, said selection of chondrocytes having an integrin alpha10 to
integrin alpha11 expression ratio of at least 4 to 1 may be conducted by isolation of
chondrocytes expressing integrin alpha10. In another embodiment, said selection is

achieved by depletion of chondrocytes expressing alpha11.

The isolation of a population of high quality chondrocytes may be based on procedures
for separation of chondrocytes expressing integrin alpha10 from chondrocytes with
substantially no expression of integrin alpha10 and/or from cells expressing integrin
alpha11 but expressing no or substantially no integrin alpha10. Said separation may
include magnetic separation, using e.g. antibody-coated magnetic beads and "panning"
with antibody attached to a solid matrix, e.g., a plate, or other convenient techniques.
Techniques providing accurate separation include fluorescence activated cell sorters,
which can have varying degrees of sophistication, e.g., a plurality of color channels,
light scattering detecting channels, impedance channels, etc. known to the skilled man
in the art.

If an antibody or fragments thereof is used to detect the marker, it may be attached to a
solid support, for example magnetic beads, to allow for a highly specific separation.
The particular procedure for separation employed, e.g. centrifugation, mechanical
separation, such as columns, membranes or magnetic separation, should maximize the
viability of the fraction to be collected. Various techniques of different efficacy may be
employed known to a person skilled in the art. The particular technique employed will
depend upon efficiency of separation, cytotoxicity of the methodology, ease and speed

of performance, and necessity for sophisticated equipment and/or technical skill.

In one embodiment, the population of high quality chondrocytes is isolated from a
candidate composition selected from the group consisting of a cartilage tissue
preparation, a tissue prepration comprising chondrocytes, a monolayer chondrocyte
cell culture, and a three-dimensional chondrocyte cell culture, such as shperoids,

pellets, cell sheets and chondrocytes cultured in various scaffolds.
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In one embodiment, the population of high quality chondrocytes is isolated from a
candidate composition derived from a cartilage tissue, a chondrocyte comprising
tissue, a monolayer chondrocyte cell culture, and a three-dimensional chondrocyte cell
culture, such as shperoids, pellets, cell sheets and chondrocytes cultured in various

scaffolds.

In one embodiment, the method described herein may further comprise detecting
expression of a secondary marker selected from the group consisting of CEP-
68/CRTAC1, GP-39 cartilage glycoprotein, CD44, CD166, Collagen IIA, Collagen IIB,
Aggrecan, Alizarian Red (neg), Alcian Blue, CRTAC1, CEP-68, CD49e, CD63, CD146,
CD90 and Sca-1.

Induction of integrin alpha10 expression in chondrocytes

The present inventors have demonstrated an effect on proliferation and potency upon

induction of integrin alpa10 expression.

Accordingly, in one aspect, the present invention concerns a method for optimizing
quality and chondrocytic potency of a composition comprising chondrocytes, the
method comprising inducing expression of integrin alpha10. In one embodiment, said

method further comprises suppressing expression of integrin alpha11.

In another aspect, the present invention concerns a method of increasing proliferation
rate of chondrocytes, the method comprising inducing expression of integrin alpha10.
In one embodiment, said method further comprises suppressing expression of integrin
alpha1t1.

In one embodiment, the induction of expression of integrin alpha10 is conducted by
culturing the integrin alpha10 expressing cells in a medium comprising factors that may

induce integrin alpha10 expression and/or supress integrin alpha11.

In one embodiment, the induction of expression of integrin alpha10 may be conducted
by culturing the integrin alpha10 expressing cells in a medium comprising ascorbic acid

and/or platelet lysate.
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In one embodiment, the integrin alpha10 to integrin alpha11 expression ratio thus
obtained is at least 4 to 1, such as at least 5 to 1, such as at least 10 to 1, such as at
least 15 to 1, such as at least 20 to 1, such as at least 25 to 1, such as at least 30 to 1,
such as at least 35 to 1, such as at least 40 to 1, such as at least 45 to 1, such as at
least 50 to 1, such as at least 60 to 1, such as at least 70 to 1, such as at least 80 to 1,
such as at least 90 to 1, such as at least 100 to 1, such as at least 150 to 1, such as at
least 200 to 1.

In one embodiment, the obtained integrin alpha11 expression is at the most 25% of the
obtained integrin alpha10 expression, such as at the most 20% of the obtained integrin
alpha10 expression, such as at the most 15% of the obtained integrin alpha10
expression, such as at the most 10% of the obtained integrin alpha10 expression, such
as at the most 5% of the obtained integrin alpha10 expression, such as at the most 4%
of the obtained integrin alpha10 expression, such as at the most 3% of the obtained
integrin alpha10 expression, such as at the most 2% of the obtained integrin alpha10
expression, such as at the most 1% of the obtained integrin alpha10 expression, such

as at the most 0.5% of the obtained integrin alpha10 expression.

It is known that integrin alpha10 expressing cells may express integrin alpha10 at
different levels depending on the culture conditions they are exposed to. Hence, one
way to induce integrin alpha10 expression in chondrocytes may be that of changing

culture conditions, for example by changing culture medium.

Cell preparation and cell culture

In one aspect, the present invention concerns an in vitro cell preparation or cell culture
of chondrocytes having an integrin alpha10 to integrin alpha11 expression ratio of at
least 4 to 1. In one embodiment, said integrin alpha10 to integrin alpha11 expression
ratio may be at least 4, such as at least 10, such as at least 15, such as at least 20,
such as at least 25, such as at least 30, such as at least 35, such as at least 40, such
as at least 45, such as at least 50, such as at least 60, such as at least 70, such as at
least 80, such as at least 90, such as at least 100. In another embodiment, said integrin
alpha10 to integrin alpha11 expression ratio may be below 200, such below 150, such

as below 100.



10

15

20

25

30

35

WO 2019/002547 PCT/EP2018/067580

24

In one aspect, the present invention concerns an in vitro cell preparation or cell culture
of chondrocytes wherein the integrin alpha11 expression is at the most 25% of the
integrin alpha10 expression, such as at the most 20% of the integrin alpha10
expression, such as at the most 15% of the integrin alpha10 expression, such as at the
most 10% of the integrin alpha10 expression, such as at the most 5% of the integrin
alpha10 expression, such as at the most 4% of the integrin alpha10 expression, such
as at the most 3% of the integrin alpha10 expression, such as at the most 2% of the
integrin alpha10 expression, such as at the most 1% of the integrin alpha10

expression, such as at the most 0.5% of the integrin alpha10 expression.

In one embodiment, the present invention concerns an integrin alpha10-enriched
population of chondrocytes isolated from the cell preparation/culture with an anti-

integrin alpha10 antibody and an anti-integrin alpha11 antibody.

In one embodiment, said enriched population of chondrocytes may be obtained by
selecting chondrocytes with a high expression of integrin alpha10 or inducing integrin
alpha10 expression. In another embodiment, said enriched population of chondrocytes
may be obtained by depletion of highly dedifeentiated chondrocytes or fibroblastic-cells

with expression of integrin alpha11 or supressing integrin alpha11 expression.

In one embodiment, the enriched population may have an integrin alpha10 to integrin
alpha11 expression ratio of at least 4 to 1, such as at least 5 to 1, such as at least 10 to
1, such as at least 15 to 1, such as at least 20 to 1, such as at least 25 to 1, such as at
least 30 to 1, such as at least 35 to 1, such as at least 40 to 1, such as at least45to 1,
such as at least 50 to 1, such as at least 60 to 1, such as at least 70 to 1, such as at
least 80 to 1, such as at least 90 to 1, such as at least 100 to 1, such as at least 150 to

1, such as at least 200 to 1.

In one embodiment, the enriched population may have an integrin alpha11 expression
of at the most 25% of the integrin alpha10 expression, such as at the most 20% of the
integrin alpha10 expression, such as at the most 15% of the integrin alpha10
expression, such as at the most 10% of the integrin alpha10 expression, such as at the
most 5% of the integrin alpha10 expression, such as at the most 4% of the integrin
alpha10 expression, such as at the most 3% of the integrin alpha10 expression, such

as at the most 2% of the integrin alpha10 expression, such as at the most 1% of the
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integrin alpha10 expression, such as at the most 0.5% of the integrin alpha10

expression.

Use of the described methods

In one aspect, the current invention concerns use any one of the methods described
herein, for

a) quality assuring chondrocyte compositions;

b) monitoring consistency and/or reproducibility of chondrocyte compositions;

c¢) predicting potency, hence function, of chondrocyte compositions and cultures;

d) in-process control chondrocyte compositions

e) in-process control of expansion of chonfrocyte compositions;

f) conducting release test of chondrocyte compositions;

g) conducting a potency assay of chondrocyte composition; and/or

h) prediction of clinical outcome of chondrocyte compositions.

Hence, in one embodiment, the method for determining quality of a composition
comprising chondrocytes comprising the steps of:

a) providing a candidate composition comprising chondrocytes;

b) analyzing the expression levels of integrin alpha10 and integrin alpha11 in said
composition;

¢) comparing the expression level of integrin alpha10 to the expression level of integrin
alphal1,

wherein an integrin alpha10 to integrin alpha11 expression ratio of at least 4 to 1 is
indicative of

+ chondrocytic identity of the chondrocytes in the chondrocyte composition,

« differentiated state of the chondrocytes in the chondrocyte composition,

+ purity of the chondrocyte composition, and/or

* potency of the chondrocytes of the chondrocyte composition,

may be used to quality assure a chondrocyte composition.

Hence, in one embodiment,the present disclosure relates to use of a method for
determining quality of a composition comprising chondrocytes comprising the steps of:

a) providing a candidate composition comprising chondrocytes;
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b) analyzing the expression levels of integrin alpha10 and integrin alpha11 in said
composition;

¢) comparing the expression level of integrin alpha10 to the expression level of integrin
alphai1,

wherein an integrin alpha10 to integrin alpha11 expression ratio of at least 4 to 1 is
indicative of

» chondrocytic identity of the chondrocytes in the chondrocyte composition,

« differentiated state of the chondrocytes in the chondrocyte composition,

» purity of the chondrocyte composition, and/or

+ potency of the chondrocytes of the chondrocyte composition,

for quality assuring and/or quality controlling a chondrocyte composition.

In one embodiment,the present disclosure relates to use of a method for determining
quality of a composition comprising chondrocytes comprising the steps of:

a) providing a candidate composition comprising chondrocytes;

b) analyzing the expression levels of integrin alpha10 and integrin alpha11 in said
composition;

¢) comparing the expression level of integrin alpha10 to the expression level of integrin
alphait,

wherein an integrin alpha10 to integrin alpha11 expression ratio of at least 4 to 1 is
indicative of

+ chondrocytic identity of the chondrocytes in the chondrocyte composition,

» differentiated state of the chondrocytes in the chondrocyte composition,

+ purity of the chondrocyte composition, and/or

» potency of the chondrocytes of the chondrocyte composition,

for in-process control of chondrocyte compositions and/or expansion of chondrocyte

compositions.

In one embodiment, the present disclosure relates to use of a method for determining
quality of a composition comprising chondrocytes comprising the steps of:

a) providing a candidate composition comprising chondrocytes;

b) analyzing the expression levels of integrin alpha10 and integrin alpha11 in said
composition;

¢) comparing the expression level of integrin alpha10 to the expression level of integrin

alphai1,
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wherein an integrin alpha10 to integrin alpha11 expression ratio of at least 4 to 1 is
indicative of

» chondrocytic identity of the chondrocytes in the chondrocyte composition,

« differentiated state of the chondrocytes in the chondrocyte composition,

» purity of the chondrocyte composition, and/or

+ potency of the chondrocytes of the chondrocyte composition,

for conducting release test of chondrocyte compositions.

In one embodiment, the present disclosure relates to use of a method for determining
quality of a composition comprising chondrocytes comprising the steps of:

a) providing a candidate composition comprising chondrocytes;

b) analyzing the expression levels of integrin alpha10 and integrin alpha11 in said
composition;

¢) comparing the expression level of integrin alpha10 to the expression level of integrin
alphal1,

wherein an integrin alpha10 to integrin alpha11 expression ratio of at least 4 to 1 is
indicative of

+ chondrocytic identity of the chondrocytes in the chondrocyte composition,

« differentiated state of the chondrocytes in the chondrocyte composition,

+ purity of the chondrocyte composition, and/or

* potency of the chondrocytes of the chondrocyte composition,

for conducting a potency assay of a chondrocyte composition.

Examples

Example 1: Expression of integrin alpha10beta1 and integrin alpha11beta1 on
chondrocytes cultured in human serum (HS) or platelet lysate (PL), with or

without addition of ascorbic acid

Chondrocytes from four different preparations, 853, 854, 875 and 876 were cultured in
the presence of 10 % HS in DMEM or 5% PL in DMEM with or without ascorbic acid
(50ug/ml). Integrins alpha10betal and alpha11betal expressions were analyzed after
passage 2, 3, 4 and 6 by flow cytometry, using the following monoclonal antibodies:
alpha10 antibody directly conjugated to phycoerythrin (PE) and alpha11 antibody
directly conjugated to Alexa Fluor A647 (Xintela AB) diluted in FACS buffer (PBS, 1%
FBS, 0,1% NaNjs), was added (1ug/mL).
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Conclusion: The analysis demonstrated that surface expression of integrin
alpha10beta1 decreased with passages on chondrocytes cultured in the presence of
HS alone. When the chondrocytes were cultured in the presence of PL, the surface
expression of integrin alpha10 increased, and remained high over all six passages. Fig
1A shows results from chondrocyte preparations 853 and 854. Addition of ascorbic acid
to the culture medium maintained and unexpectedly even increased the expression of
integrin alpha10beta in the HS cultures, especially at later passages, but did not alter
the already high expression of integrin alpha10beta1 on chondrocytes cultured in PL
(Fig 1A). The flow cytometry analysis unexpectedly showed that addition of ascorbic
acid to the media decreased expression of integrin alpha11beta1, which thus increased
the integrin alpha10betal/integrin alpha11beta1 ratio. This effect was seen both in the
HS and PL cultures in the presence of ascorbic acid as illustrated (Fig 1B) where

results from the chondrocyte preparations, 853, 854, 875 and 875, are summarised.

Example 2: Growth kinetics and evaluation of different culture conditions

Relationship between specific growth rate of the chondrocytes and different culture
medium was investigated. For this purpose chondrocytes from preparation 853 were
cultured in medium containing only HS up to passage 2. After passage 2 cells were
cultured in HS or PL in the absence or in the presence of ascorbic acid. When the cells
reached 80% confluency, cells were harvested, counted and re-seeded at the same

density.

Conclusion: Ascorbic acid and PL increase proliferation rate of chondrocytes. In the
presence of ascorbic acid, cells proliferated faster in each passage compared to media
lacking ascorbic acid (Fig 2). This was seen both in medium containing HS and PL.
The effect was more prominent in the later passages (5-6) than in earlier passages. In
the absence of ascorbic acid, the chondrocytes needed longer time to reach

confluency. PL also increased proliferation compared to HS.



10

15

20

25

30

WO 2019/002547 PCT/EP2018/067580

29

Example 3. Impact of different culture conditions during monolayer expansion on
the quality and potency of chondrocytes.

To investigate if culture conditions, known to change the expression of integrins
alpha10beta1 and alpha11beta1 during expansion of chondrocytes will affect the
chondrocyte quality and potency (redifferentiation capacity), the following experiments

were performed.

Chondrocytes from preparations 853, 854, 875 and 876 were cultured for four
passages in HS, HSA or PLA and then transferred to pellet mass cultures. In addition,
samples of the different chondrocyte cultures were analyzed for integrin alpha10beta1-
expression by flow cytometry and Q-PCR right before the start of the pellet mass

culture.
Q-PCR

Chondrocyte mRNA was isolated using RNeasy Mini Kit (Qiagen, Germany) and
cDNAs were synthesized from high quality total RNAs samples, normalized and
validated with GAPDH in two sequential gPCR analyses. The real-time PCR detection
of integrin alpha10 was conducted using gene specific primers and TagMan probe
(gene expression assay HS00174623 _m1, and Hs02758991_g1 from Life Technology)
and run as recommended by the manufactures. The detection system was StepOne
Plus (Applied Biosystems). Integrin alpha10 expression was normalized against control

GAPDH and relative quantification values (RQ) of integrin alpha10 was calculated.
Pellet mass culture

Chondrocytes were cultured in monolayer in culture medium (alpha-Minimum Essential
Medium (alpha-MEM) and Ham's F12 from Biochrom, 1:1 proportion) with 3 mM
glutamin, HS (10%) or PL (5%) with or without L-Ascorbic acid 2-phosphate-
sesquimagnesium salt hydrate (A) and antibiotic-antimycotic. After passage 4, cells
were detached centrifuged, and resuspended in TIDA medium (DMEM F12 with high
glucose (4.5 g/L no phenol red), antibiotic-antimycotic (1x), TGFbeta1 (13 ng/ml),
Insulin/Transferin/Selenium (ITS-X; 1x), Dexamethasone (10nM), A (50ug/ml) and HS
(2%)). Samples containing 200000 cells were transferred into 14 ml falcon tube and
cell suspensions were centrifuged to form a pellet.. The cell pellets were subsequently
cultured under hypoxic conditions (4% 02, 5% CO2 and 95% humidity) for 1-4 weeks

and then analysed by immunohistochemistry (IHC).
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Immunohistochemistry

The chondrocyte pellets were embedded in TissueTek and frozen. Sections were
collected on slides and immunolabelled with primary monoclonal antibodies (anti-
collagen |, anti-collagen Il or anti-alpha10 integrin and then with secondary antibodies

anti-mouse-HRP (polymers, DAKO).

Conclusion (1)

The results after the monolayer culture corroborated the findings from example 2,
showing that PL and ascorbic acid induced expression of integrin alpha10 and clearly
increased the integrin alpha10beta1-expression on chondrocytes during monolayer
cultures, as compared to HS only. The flow cytometry data (Fig 3A) indicated an
increase in alpha10beta1-expression when using PL and HS with ascorbic acid (Fig
3A). Similar results were seen at the gene expression level, as represented by the

integrin alpha10 gene transcript, ITGA10 (Fig 3B).

In order to evaluate the quality and the potency of the chondrocytes in the pellet mass
cultures, a scoring system based on immunohistochemical analysis of expression of
the cartilage specific collagen type |l was established. The score representing

increasing collagen type ll-expression has a nominal range from 0-5 (Fig 4A).

The collagen type ll-scores for the various culture conditions — HS, HSA and PLA — are
summarized in Figure 4. These results showed a large variation in the collagen type II-
expression (redifferentiation/potency) between the different chondrocyte preparations,
when the cells were cultured in HS (Fig 4B). Chondrocytes preparation 853 showed a
low expression of collagen type Il at all times, whereas 876 showed some collagen

type ll-expression already after one week, and high expression after three weeks.

Chondrocytes cultured in HSA (HS with ascorbic acid) demonstrated a non-uniform
behavior with respect to collagen type Il-expression. Chondrocytes from preparation
875 and 876 showed high collagen type ll-expression after four weeks, while 853 and
854 did not reach a high score during the four-week assay (Fig 4C). When the cells
were cultured in PLA, on the other hand, all chondrocyte preparations followed a
uniform pattern of collagen type Il expression. The expression of collagen type |l
increased rapidly and all four chondrocyte preparations reached the highest score

already after 3 weeks. (Fig 4D).
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To investigate a possible correlation between the integrin alpha10beta1-expression on
the chondrocytes after monolayer expansion in HS and their potency (redifferentiation
potential), as judged by collagen type ll-expression in pellet mass cultures (week two
and three), we performed a Pearson correlation analysis on chondrocytes from 9
individual preparations, (803, 811, 816, 842, 853, 854, 875, 876 and 914), cultured in
HS.

Figure 5 illustrates a high degree of correlation between integrin alpha10beta1-
expression level on monolayer cultured chondrocytes and their collagen type Il
producing capacity in pellet mass cultures (R? value of 0.75 after 2 weeks). This
demonstrates that integrin alpha10beta1 is a marker of chondrocyte quality and can

predict potency of chondrocytes.

Furthermore, to investigate a possible correlation between the integrin alpha10 to
integrin alpha11 expression ratio (alpha10/alpha11 ratio) on chondrocytes after
monolayer expansion in HS and their potency (redifferentiation capacity), as judged by
collagen type ll-expression in pellet mass cultures (week two and three), we analyzed
the alpha10/alpha11 ratio on chondrocytes with low (811) and high (803)
rediffeentiation capacity.

Figure 8 demonstrates that a chondrocyte preparation with low alpha10/alpha11 ratio
(811) have low redifferentiation cacity while chondrocyte preparation with high
alpha10/alpha11 ratio (803) have high redifferentiation cacity. This demonstrates that i
alpha10/alpha11 ratio can be used to determine chondrocyte quality and can predict
potency of chondrocytes and in particular chondrocytic identity and differentiated state

of the chondrocytes in the chondrocyte composition.

Conclusion (II): The results show that integrin a10/integrin a11 ratio on chondrocyte in
monolayer cultures correlate with expression of Col-Il in subsequent pellet mass
cultures (Fig. 8). This demonstrates that the ratio of integrin a10/integrin a11 can be
used to predict the redifferentiation potential and function of cultured chondrocytes and
determine differentiated state and functional potency of the chondrocytes of the

chondrocyte composition.

Example 4. Pellet mass culture showing Integrin alpha10beta1 and integrin
alpha11betal co-localization with collagen types Il and |, respectively.
In order to demonstrate that the markers integrin alpha10beta1 and integrin

alpha11beta1 co-localizes with cartilage and fibrous collagens, respectively, we
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investigated the protein expression pattern by IHC and Immunofluorescence. We used
pellets originated from chondrocyte preparation 875, expanded in monolayer in PL with
ascorbic acid (PLA) and subsequently cultured for two weeks in pellet mass culture in
the presence of TIDA differentiation medium. The pellets were analyzed by IHC (Figure
6A) and immunofluorescence (Figure 6B) to demonstrate the expression pattern of the

integrins and the collagens.

Immunofluorescence procedure

Chondrocyte pellets were embedded in TissueTek (Sakura, Jpn) and frozen on dry ice.
Sections, 8 ym (made in a MICROM HM 500 OM cryostat), were collected on
SuperFrost Plus slide and used for immunolabelling with primary antibodies mixed with
antibodies made against other antigens and with fluorophore conjugated secondary
Ab/Abs.

Secondary antibodies for multiple labelling (highly affinity purified, mainly Fab2
fragments) were made in donkey or in goat against rabbit, mouse, or goat IgG’s or
against chicken IgY, diluted in PBS containing 1% BSA. For simultaneous fluorescence

visualization of two epitopes the primary and secondary are applied as a mixture.

Conclusion: The IHC staining shows that integrin alpha10beta1 clearly co-localized
with collagen type Il in the central region of the pellet whereas collagen | is mainly
found in the outer part of the pellet where integrin alpha10beta1 is absent or low (Fig
6A). Using immunofluorescence we confirmed clear co-localization between integrin
alpha10beta1 and collagen Il and furthermore that integrin alpha11beta1 is mainly

present on cells in the collagen | rich outer part of the pellet (Fig 6B).

Example 5. Integrin alpha10beta1 and integrin alpha11beta1 flow cytometry
analysis to determine purity and quality of chondrocyte preparations.

In order to evaluate the feasibility of assessing expression of integrin alpha10beta1 and
integrin alpha11betal to determine identity and purity as a quality assay of chondrocyte
preparations , a combination of chondrocytes and fibroblast-like synoviocytes was
used. Different amounts of fibroblast-like synoviocytes were added to a chondrocyte
preparation and integrins alpha10betal and alpha11betal were analyzed by flow
cytometry. Fibroblast-like synoviocytes from healthy subjects (HFLS) and osteoarthritis

patients (HFLS-OA), as well as chondrocytes from preparation 875 and chondrocytes
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from human nasal cartilage (HNC), were used. To investigate the sensitivity of the
assay, increasing amounts of synoviocytes (HFLS-OA) were added to HNC cells
ranging from 0.5% to 100% of HFLS-OA.

Conclusion (1): The flow cytometry analysis demonstrated that integrin alpha11beta1
was highly expressed on HFLS and HFLS-OA, but not on chondrocytes from
preparation 875 or the HNC (Fig 7A).

When the sensitivity of the assay was investigated by increasing the amounts of
synoviocytes (HFLS-OA) in preparations of HNC cells (Figs 7B and 7C), the analysis
captured most of the added HFLS-OA, and was able to detect even the lowest content
(0.5%) of HFLS-OA cells (Fig 7C). The results were similar using HFLS (data not
shown).Thus, analyzing integrin alpha11beta1 by flow cytometry serves as an effective
method for detecting potentially contaminating fibroblasts, fibroblast-like cells or other
integrin alpha11beta1-expressing cells in chondrocyte preparations and provides a

sensitive way to analyze purity and quality of chondrocyte preparations.

In addition, as shown in Fig. 9, flow cytometry analysis of integrin alpha 10 (X-axis)
integrin alpha 11 (Y-axis) on human chondrocyte preparation 803 (high potency see
Fig 8) and 842 (low potency, data not shown) was conducted. Binding of two antibodies
in combination, directed to the integrins alpha10 and alpha11, respectively, was used

to demonstrate the degree of single staining and double staining of the antibodies.

Conclusion (I1): The flow cytometry analysis demonstrate that 803 has mainly single
expression of integrin alpha10 indicating a pure population and a high differentiated
state of the chondrocytes. 842 have more integrin alpha11 expression indicating partial
dedifferentiated state (cell with both alpha11 and alpha10) and also dedifferentiated
and/or contaminating cells (only alpha11). This demonstrates that antibodies to
integrins alpha10 and alpha11, in combination, define an integrin alpha10 to integrin
alpha11 ratio, and can determine differentiation state and purity of the chondrocytes

and thus the quality of the chondrocyte composition.
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A composition comprising chondrocytes, wherein said composition has an

integrin alpha10 to integrin alpha11 expression ratio of at least 4 to 1.

The composition according to any one of the preceding claims, wherein the
integrin alpha10 to integrin alpha11 expression ratio is at least 4 to 1, such as

at least 5to 1, such as at least 10 to 1, such as at least 15 to 1, such as at

least 20 to 1, such as at least 25 to 1, such as at least 30 to 1, such as at least

3510 1, such as at least 40 to 1, such as at least 45 to 1, such as at least 50 to

1, such as at least 60 to 1, such as at least 70 to 1, such as at least 80 to 1,
such as at least 90 to 1, such as at least 100 to 1, such as at least 150 to 1,

such as at least 200 to 1.

The composition according to any one of the preceding claims, wherein the
integrin alpha10 and/or integrin alpha11 is expressed as a heterodimer in

combination with an integrin beta1 subunit.

The composition according to any one of the preceding claims, wherein the
composition comprises differentiated chondrocytes, and wherein said
differentiated chondrocytes express integrin alpha10 and substantially no

integrin alpha11.

The composition according to any one of the preceding claims, wherein the
composition comprises partially dedifferentiated chondrocytes, and wherein
said partially dedifferentiated chondrocytes express both integrin alpha10 and

integrin alpha11.

The composition according to any one of the preceding claims, wherein said
composition is selected from the group consisting of a cartilage tissue
preparation, a tissue prepration comprising chondrocytes, a monolayer

chondrocyte cell culture, and a three-dimensional chondrocyte cell culture,

wherein the three-dimensional chondrocyte cell culture is a shperoid, a pellet, a

cell sheet or chondrocytes cultured in scaffolds.
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10.

11.

12.

13.

14.

15.
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The composition according to any one of the preceding claims, wherein said

composition is derived from a cartilage tissue, a chondrocyte comprising tissue,
a monolayer chondrocyte cell culture, and a three-dimensional chondrocyte cell
culture, wherein the three-dimensional chondrocyte cell culture is a shperoid, a

pellet, a cell sheet or chondrocytes cultured in scaffolds.

The composition according to any one of the preceding claims, wherein the

cells in the composition are mammalian cells.

The composition according to any one of the preceding claims, wherein the

cells in the composition are human.

The composition according to any one of the preceding claims, wherein the

cells in the composition are equine.

The composition according to any one of the preceding claims, wherein the

cells in the composition are canine.

The composition according to any one of the preceding claims, wherein the
integrin alpha10 and/or the integrin alpha11 is expressed on the cell surface of

a mammalian chondrocyte or a fibroblast-like cell.

The composition according to any one of the preceding claims, wherein said
composition is substantially free from contaminating cells, wherein the

contaminating cells express integrin alpha11 but not integrin alpha10.

The composition according to any one of the preceding claims, wherein said
composition comprises at least 80 %, such as at least 85 %, such as at least
90 %, such as at least 95 %, such as at least 98 %, such as at least 99 %,

such as 100 % chondrocytes, out of the total composition or population of cells.

The composition according to any one of the preceding claims, wherein the
chondrocytes further express a secondary marker selected from the group
consisting of CEP-68/CRTAC1, GP-39 cartilage glycoprotein, CD44, CD166,
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Collagen lIA, Collagen 1B, Aggrecan, Alizarian Red (neg), Alcian Blue,
CRTAC1, CEP-68, CD146, CD90, CD49e, CD63 and Sca-1.

A method for determining quality of a composition comprising chondrocytes,

wherein the quality determination comprises one or more of the following

criteria:

a)
b)

identity of the chondrocytes,
differentiation state of the chondrocytes,
purity of the chondrocytes, and

potency of the chondrocytes

the method comprising the steps of:

providing a candidate composition comprising chondrocytes;

analyzing the expression levels of integrin alpha10 and integrin alpha11

in said composition;

c)

comparing the expression level of integrin alpha10 to the expression level

of integrin alphai1,

wherein an integrin alpha10 to integrin alpha11 expression ratio of at least 4 to

1

is indicative of

chondrocytic identity of the chondrocytes in the chondrocyte composition,
differentiated state of the chondrocytes in the chondrocyte composition,
purity of the chondrocyte composition, and/or

potency of the chondrocytes of the chondrocyte composition,

and thereby is indicative of a high quality chondrocyte composition.

17. A method for isolating a population of high quality chondrocytes, the method

comprising the steps of:

a)

providing a candidate composition comprising chondrocytes;
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38

b) analyzing expression of integrin alpha10 and integrin alpha11 in said
composition; and

c) enriching chondrocytes having an integrin alpha10 to integrin alpha11
expression ratio of atleast 4 to 1,

thus obtaining an isolated population of high quality chondrocytes.

. A method for manufacturing a population of high quality chondrocytes, the

method comprising the steps of:

a) providing a candidate composition comprising chondrocytes;

b) analyzing expression of integrin alpha10 and integrin alpha11 in said
composition; and

c) expanding chondrocytes having an integrin alpha10 to integrin alpha11
expression ratio of atleast 4 to 1,

thus manufacturing a population of high quality chondrocytes.

. The method according to any one of claims16 to 18, wherein the integrin

alpha10 to integrin alpha11 expression ratio is at least 4 to 1, such as at least
10 to 1, such as at least 15 to 1, such as at least 20 to 1, such as at least 25 to
1, such as at least 30 to 1, such as at least 35 to 1, such as at least 40 to 1,
such as at least 45 to 1, such as at least 50 to 1, such as at least 60 to 1, such
as at least 70 to 1, such as at least 80 to 1, such as at least 90 to 1, such as at

least 100 to 1, such as at least 150 to 1, such as at least 200 to 1.

The method according to any one of claims 16 to 19, wherein the integrin
alpha11 expression is at the most 25% of the integrin alpha10 expression,
such as at the most 20% of the integrin alpha10 expression, such as at the
most 15% of the integrin alpha10 expression, such as at the most 10% of the
integrin alpha10 expression, such as at the most 5% of the integrin alpha10
expression, such as at the most 4% of the integrin alpha10 expression, such as
at the most 3% of the integrin alpha10 expression, such as at the most 2% of
the integrin alpha10 expression, such as at the most 1% of the integrin alpha10

expression.
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22.

23.

24.

25.

26.

27.

39

The method according to any one of claims 16 to 20, wherein expression of
both integrin alpha10 and integrin alpha11 is indicative of a partially

dedifferentiated chondrocyte composition.

The method according to any one of claims 16 to 21, wherein expression of
integrin alpha10 and substantially no expression of integrin alpha11 is

indicative of a differentiated chondrocyte composition.

The method according to any one of claims 16 to 22, wherein at the most 20%
of the cells in the chondrocyte composition expressing alpha11 and expressing
substantially no integrin alpha10, is indicative of purity of the chondrocyte

composition.

The method according to any one of claims 16 to 23, wherein at the most 20%,
such as at the most 15%, such as at the most 10%, such as at the most 5%,
such as at the most 4%, such as at the most 3%, such as at the most 2%, such
as at the most 1%, such as at the most 0.5%, of the cells in the chondrocyte
composition expressing alpha11 and substantially no integrin alpha10, is

indicative of purity of the chondrocyte composition.

The method according to any one of claims 16 to 24, wherein substantially no

integrin alpha11 is expressed in the chondrocyte composition or population.

The method according to any one of claims 16 to 25, wherein the candidate
composition is selected from the group consisting of a cartilage tissue
preparation, a tissue prepration comprising chondrocytes, a monolayer
chondrocyte cell culture, and a three-dimensional chondrocyte cell culture,
wherein the three-dimensional chondrocyte cell culture is a shperoid, a pellet, a

cell sheet or chondrocytes cultured in scaffolds.

The method according to any one of claims 16 to 26, wherein the candidate

composition is derived from a cartilage tissue, a chondrocyte comprising tissue,
a monolayer chondrocyte cell culture, and a three-dimensional chondrocyte cell
culture, wherein the three-dimensional chondrocyte cell culture is a shperoid, a

pellet, a cell sheet or chondrocytes cultured in scaffolds.



10

15

20

25

30

35

WO 2019/002547 PCT/EP2018/067580

28.

29.

30.

31.

32.

33.

34.

35.

40

The method according to any one of claims 16 to 27, wherein the expression
analysis is conducted by a method selected from the group consisting of flow
cytometry, ELISA, Western Blot, immunoprecipitation, dot blot, gPCR,

immunoassay, immunofluorescence, gene expression analysis and any other

suitable method.

The method according to any one of claims 16 to 28, wherein the analysis
comprises quantitative determination of the expression of integrin alpha10 and

integrin alpha11.

The method according to any one of claims 16 to 29, wherein the integrin
alpha10 and/or the integrin alpha11 is expressed on the cell surface of a

mammalian chondrocyte and/or a fibroblast-like cells.

The method according to any one of claims 16 to 30, wherein the integrin
alpha10 and/or integrin alpha11 is expressed as a heterodimer in combination

with an integrin beta1 subunit.

The method or the use according to any one of claims 16 to 31, further
comprising detecting expression of a secondary marker selected from the
group consisting of CEP-68/CRTAC1, GP-39 cartilage glycoprotein, CD44,
CD166, Collagen IIA, Collagen IIB, Aggrecan, Alizarian Red (neg), Alcian Blue,
CRTAC1, CEP-68, CD49e, CD63, CD146, CD90 and Sca-1.

The method according to any one of claims 16 to 32, wherein the analysis of
expression of an integrin alpha10 by a cell comprises measuring integrin

alpha10 protein expression.

The method according to any one of claims 16 to 33, wherein the analysis of
expression of an integrin alpha11 by a cell comprises measuring integrin

alpha11 protein expression.

The method according to claim 33, wherein the integrin alpha10 protein

expression is detected by an anti-integrin alpha10 antibody.
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43.

41

The method according to claim 34, wherein the integrin alpha11 protein

expression is detected by an anti-integrin alpha11 antibody.

The method according to any one of claims 16 to 36, wherein the analysis of
expression of an integrin alpha10 comprises measuring integrin alpha10

mRNA expression.

The method according to any one of claims 16 to 37, wherein the analysis of
expression of an integrin alpha11 comprises measuring integrin alpha11

mRNA expression.

The method according to any one of claims 16 to 38, wherein the antibody
used for detection of expression is a monoclonal antibody, polyclonal antibody,

a single chain antibody or fragment thereof.

The method according to any one of claims 16 to 39, wherein the antibody is a
non-human antibody, a bispecific antibody, a chimeric antibody, a humanized

antibody or a human antibody.

The method according to any one of claims 16 to 40, wherein the antibody is
covalently bound to a detectable moiety, such as a detectable moiety selected
from the group consisting of a fluorophore, an enzyme, a protein or a

radioactive tracer or radioisotope.

The method according to any one of claims 16 to 41, wherein the antibody has

an isotype selected from the group consisting of IgA, IgD, 1gG and IgM.

The method according to any one of claims 16 to 42, wherein the anti-integrin
alpha10 antibody is:

a) a monoclonal antibody, produced by the hybridoma cell line deposited on 4
February 2003 at the Deutsche Sammlung von Microorganismen und

Zellkulturen GmbH under the accession number DSM ACC2583; or

b) an antibody which competes for binding to the same epitope as the epitope
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bound by the monoclonal antibody produced by the hybridoma deposited at the
Deutsche Sammlung von Microorganismen und Zellkulturen GmbH under the
accession number DSM ACC2583 on 4 February 2003; or

c) a fragment of a) or b), wherein said fragment is capable of binding
specifically to the extracellular I-domain and/or to the cytoplasmic domain of

the integrin alpha10 chain.

The method according to any one of claims 16 to 43, wherein the antibody is

attached to a solid support, such as to magnetic beads.

The method according to any one of claims 16 to 44, wherein the antibody is

covalently bound to biotin.

The method according to any one of claims 16 to 45, wherein the antibody is

labeled with one or more fluorophore(s).

The method according to any one of claims 16 to 46, wherein the fluorophore is
selected from the group consisting of phycoerythrin, allophycocyanin,

fluorescein, Texas red, Alexa Fluor 647, and brilliant dyes.

The method according to any one of claims 16 to 47, wherein the analysis of
the expression of integrin alpha10 and integrin alpha11 is conducted

simultaneously.

The method according to any one of claims 16 to 48, wherein the anti-integrin
alpha10 antibody is labeled with a fluorophore, and the anti-integrin alpha11
antibody is labeled with another fluorophore, and wherein the emission spectra

of the two fluorophores are non-overlapping.

The method according to any one of claims 16 to 49, wherein the chondrocyte
composition or population obtained comprises at least 80%, such as at least
85%, such as at least 90%, such as at least 95%, such as at least 98%, such
as at least 99%, such as 100% chondrocytes, out of the total population of

cells.
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The method according to any one of claims 16 to 50, wherein the chondrocyte
composition or population obtained comprises at the most 20% contaminating
cells, such as at the most 15% contaminating cells, such as at the most 10%
contaminating cells, such as at the most 5% contaminating cells, such as the
most 4% contaminating cells, such as at the most 3% contaminating cells, such
as at the most 2% contaminating cells, such as at the most 1% contaminating
cells, such as at the most 0.5% contaminating cells, wherein the contaminating

cells express integrin alpha11 but not integrin alpha10.

The method according to any one of claims 16 to 51, wherein the chondrocyte
composition or population obtained is substantially free from contaminating
cells, wherein the contaminating cells express integrin alpha11 but not integrin
alpha10.

The method according to any one of claims 16 and 52, wherein the
chondrocyte composition or population obtained is an enriched and/or purified

population of chondrocytes.

The method according to any one of claims 16 to 53, wherein the method
further comprises cultivating the composition of chondrocytes under conditions

that induce integrin alpha10 expression.

The method according to any one of claims 16 to 54, wherein the method

further comprises selecting cells expressing integrin alpha10.

The method according to any one of claims 16 to 55, wherein the method

further comprises depletion of cells expressing integrin alpha11.

A method for optimizing chondrocytic potency of a composition comprising

chondrocytes, the method comprising inducing expression of integrin alpha10.

A method of increasing proliferation rate of chondrocytes, the method

comprising inducing expression of integrin alpha10 of said chondrocytes.

The method according to any one of claims 57 and 58, further comprising

suppressing expression of integrin alpha11.
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60. The method according to any one of claims 57 to 59, wherein the induction of

integrin alpha10-expressing cells is conducted in a medium comprising

ascorbic acid and/or platelet lysate.

61. The method according to any one of claims 57 to 60, wherein the integrin

alpha10 to integrin alpha11 expression ratio thus obtained is at least 4 to 1,
such as at least 5 to 1, such as at least 10 to 1, such as at least 15 to 1, such
as at least 20 to 1, such as at least 25 to 1, such as at least 30 to 1, such as at
least 35 to 1, such as at least 40 to 1, such as at least 45 to 1, such as at least
50 to 1, such as at least 60 to 1, such as at least 70 to 1, such as at least 80 to
1, such as at least 90 to 1, such as at least 100 to 1, such as at least 150 to 1,

such as at least 200 to 1.

62. The method according to any one of claims 57 to 61, wherein the obtained

integrin alpha11 expression is at the most 25% of the obtained integrin alpha10
expression, such as at the most 20% of the obtained integrin alpha10
expression, such as at the most 15% of the obtained integrin alpha10
expression, such as at the most 10% of the obtained integrin alpha10
expression, such as at the most 5% of the obtained integrin alpha10
expression, such as at the most 4% of the obtained integrin alpha10
expression, such as at the most 3% of the obtained integrin alpha10
expression, such as at the most 2% of the obtained integrin alpha10
expression, such as at the most 1% of the obtained integrin alpha10
expression, such as at the most 0.5% of the obtained integrin alpha10

expression.

63. Use of the method according to any one of claims 16 to 56, for

a) quality assuring chondrocyte compositions;

b) monitoring of consistency and/or reproducibility of chondrocyte compositions;
c) predicting potency of chondrocyte compositions;

d) in-process control chondrocyte compositions;

e) in-process control of expansion of chondrocyte compositions;

f) conducting release test of chondrocyte compositions;

g) conducting a potency assay of a chondrocyte composition; and/or

h) prediction of clinical outcome of chondrocyte compositions.



