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Field of the Invention The invention relates to progenitor cells of

mesoder mawol2orsamges3and their use in therapy. 5 BackgroumrdTiGB20teskéwoent i on
Mesenchymal stemcells (MSCs) are nultipotent, adult stemcells. MSCs
differentiate to formthe different specialised cells found in the skeletal
ti ssues. For exanple, they can differentiate into cartilage cells
(chondrocytes), bone cells (osteoblasts) and fat cells (adi pocytes). 10MsSCs
are used in a variety of therapies, such as the treatnment of Age-rel ated
Macul ar Degeneration (AMD) and nyocardial infarct. Once adm nistered to the
patient, the MSCs typheabkXifHRCH s MIQBDERMAL RenERARJed ti ssue and
exert their t herapeutTc effects through paracrine signaling and by
pronoting survival, repair and regeneration of the neighbouring cells in

t he danagﬁﬂuﬁM§gﬂaﬂn£yrrent therapies typically involve the infusion of a
m xture of MC subty pes sone of which 15 do not mi grate eff|C|entIy to the
ti ssue of intQ@é@?m‘Wﬁﬂgﬁﬁ%@@%ﬁW?%?%gﬁPﬁ§”ﬁ§@'HF”ﬁaﬂgﬁﬁ”E%PWtB%@@ whi ch can
| ead 50 of f- target S|de effects and vol une-rel ated side effects. MsSCs are
typlcallﬁ bta| & one marrow and so it is difficult to obtain |arge
anount s. ﬁﬂﬂﬂ& u?wtﬁgn.uventlon 20The inventors have surprisingly
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popul ati on conprising two or progenitor cells of the invention;
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acceptable carrier_or dilue
do not migrate efficiently to the tlssue of interest. This necessitates the use of a high cell-dose which

can lead to off-target side effects and volume-related side effects. MSCs are typically obtained from

bone marrow and so it is difficult to obtain large amounts.

Summary of the Invention

20 The inventors have surprisingly identified a new class of progenitor cells of mesodermal
lineage (PMLs) having a specific marker expression pattern. Homogenous populations of the PMLs of
the invention can be isolated from mononuclear cells (MCs), such as peripheral blood MCs. The PMLs
are capable of efficiently migrating to and repairing damaged tissues.

The invention provides a progenitor cell of mesodermal lineage, wherein the cell (a) expresses

25 detectable levels of CD29, CD44, CD73, CD90, CD105 and CD271 and (b) does not express detectable
levels of CD14, CD34 and CD45.

The invention also provides:
- a population comprising two or more progenitor cells of the invention;
- a pharmaceutical composition comprising (a) a progenitor cell of the invention or a population

30  of the invention and (b) a pharmaceutically acceptable carrier or diluent;

- a method of producing a population the invention, comprising (a) culturing mononuclear cells

(MCs) under conditions which induce the MCs to differentiate into progenitor cells of mesodermal



a met hod of producing a popul ation the invention, conprising (a) culturing
nononucl ear cells (MCs) under conditions which induce the MCs to

di f f er entweat2e13/aos@3pr ogeni tor cells of nesodermal WO PCT/GB2012/051600

2013/ 005053PCT/ (B2012/ 051600 2 lineage and (b) harvesting and cul turing

t hose progenitor cells which have an expression pattern of the invention
and t hereby producing a popul ation of the invention; a net hod of
repairing a damaged tissue in a patient, conprising admnistering to the
patient a popul ati on of the invention, wherein the popul ation conprises a
t herapeutically effective nunber of 5célls, and thereby repairing the
danmaged Lhe%éé’é%d gﬂj hgrbgstlQ%&dd%ﬁ‘ﬁurlné‘ﬂlqse RodeRY Eéil% '\x@ﬁh Rivebh %ﬂréééﬁ&{'ﬁa'tt&ﬁ oftﬁé use
in repairin ama issue in a patient. Brief Description of

Fi gur es invertion and there iDEpucingapoRilation ofthe PEFRItGE  confirmi ng t he presence of
CD44 and-t he ah&RRIGE rd@ﬁlrl@ﬁ&nia@edttﬁﬁle J-IQPMt-lént Q;omblhﬁngl ddiﬁﬂfﬁtdrﬁi@ to the patient Eig. 2
shows the results of FACS analysis on the PM.s of the . ention. This
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negat b vecdliganCihtdby 34 gamciatie)éed tissue in the fraitight; addshows further results from

FACS | 73 (bott
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(Fig. 4a) and unstained (Fig. 4b) cells. Fig. 5 shows that progenitor
cells of . i mgrate to the fracture site in a time-and
CXCR4- de BEAd b ol il Fes *um nescence (BLI') was perforned at days 1

(first row), BBz (sbowrd RrToR@R gef cqfitmingithe pigyenegd CP44 piidithe ablencoul) CLBfHithe
fractyrepimapshl anaatdon in mce with tibia fracture that 20received a
transplant of either 106 PM.- P- Act-Luc (PM.) (left colum

PM_- f | - Act - LUde-@xlora-thq iexttraf(EAGS joph domehegYLLinefyhe ipyentiomy This penfinps thatdikcRa-

( CXCRA( - }ds étrelpgmvecf@}laum) cpﬁ?ﬁ&@d@d ﬂ&ﬁ:@itlv@ﬁ‘dr@lbl@fcﬁﬁgnd apgntion It is to
be understood_that different applicatiaons of scl osed ﬁroducts and

met hods may bdg 2Bowsfpithsr geplis fomdd Copadyyy Ean??e‘/eta%hlﬁtﬂgr't“ﬂ%foé? WD) d a1so to
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unstained (Fig. 4b) cells.

Fig. 5 shows that progenitor cells of mesodermal lincage migrate to the fracture site in a time-
and CXCR4-dependent manner. Bioluminescence (BLI) was performed at days 1 (first row), 3 (second
row), 7 (third row) and 14 (fourth row) after fracture/transplantation in mice with tibia fracture that

20  received a transplant of either 106 PML-P-Act-Luc (PML) (left column), PML-fl-Act-Luc-CXCR4+
(CXCR4(+)) (middle column), or PML-P-Act-Luc-CXCR4- (CXCR4(-)) (right column).

Detailed Description of the Invention

It is to be understood that different applications of the disclosed products and methods may be
25  tailored to the specific needs in the art. It is also to be understood that the terminology used herein is
for the purpose of describing particular embodiments of the invention only, and is not intended to be
limiting.
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In addition, as used in this specification and the appended claims, the singular forms “a”, “an”,
and “the” include plural referents unless the content clearly dictates otherwise. Thus, for example,
30  reference to “a cell” includes “cells”, reference to “a tissue” includes two or more such tissues,
reference to “a patient” includes two or more such patients, and the like.
All publications, patents and patent applications cited herein, whether supra or infra, are hereby

incorporated by reference in their entirety.



In addition, as used in this specification and the appended cl ains, the
singular forns "a", "an", and "the" include plural referents unless the
content cWweaniyposisat at es ot herwi se. Thus, for exanple, BOTABIEMISEDO "a
cell" includes "cells", reference to "a tissue" includes two or nore such
tissues, reference to "a patient” includes two or nore such patients, and
the Iike. Al'l publications, patents and patent applications cited
herei n, whether supra or infra, are hereby incorporated by reference in
their entirety. WO 2013/005053PCT/GBZ%12/051600 3 PM.s of the invention
The present invention provides a progeriitor cell of nmesodermal |ineage
(PM) . ThenPMmeExgsses detectable |evels of CD29, CD44, CDr3, CD9O, CD
105 and u oes not express detectable |evels of CD14, CD34 and
CD45. 5The PMUIS PEspent HECHiigRIAYIAGA PRgoutonssihef Bierodeimadineass ST HEe RMY

advant ag @;]garéééeh heﬁa@g_feumn)t @B:@bb b@ﬂ@.cqrﬁﬁy@%ﬁ CDﬁ(;ﬂ’aTnE en2ady@nbagesepictl becone
apparent fro e S n bel ow. e s of the invention nay
advantaggﬁﬂﬁgbﬁﬁﬁmﬁtéﬁﬂf%bgéﬁgﬁhy%%naged tissues in patients. The PM.s are
capabke of efThe@MIRDF Hhe Mvgtiah havg n(BsrolR@IVaAGEest Dhekesl advageets tilbieue and
exerting anti-inflanmatory. effects in e tissue. This is di.scussed in nore
otai | parBl e O P her dier fitiee iy ot prfir o el RRTERRE

m grate (or Hor@MItsofthajnyemidn gy alyantagadusty be nyedltepaichengrdaixduss in Phtiests.i S
based on j.ne-Si i Ot L i . i ng,
adhesionTgn t*%ﬂ%ﬁ?%%%?h%ﬁ.Elﬁ%g%ﬁ%$%?ﬁ?ﬁ%ﬁﬁ%@%ﬁ?§g$?%g§£“%?m%%ﬁiPst
pronot e Sfippingtaty, cffedpiaithe taywd. Flagie deewsdad onmef dethibbahay. Pl thic mystdabértani n t he
damaged LdigRYEs hd PRLERK Iﬁi_g@a&ee(o@ﬁoﬁfe% Rlifred Qe€XMich iRBNATIENG&] MeRLSHRUCh as
the secretion of angiogenic, chenotactic and anti-apoptotic factors. 15As

di scuss e PhsmakResignetiag pndgwiisswmes aaisnush arrellipg. adhsrientnd rapmigsHioRuEhear
cel I's ( Musi)infl&htGdor SHREII MR SRA pMrdte shidk@N reh%iPMdRe3rti@idn bivié Midhb@lring Si nce
t he PM.s are roduced. from MCs, thy may be produc%d ea3|l¥ (such as from
per i pher &11° B Bodmagsidistity ThereRuas PRS0 F5H peREp atsclnmtchs secqsigarkd and
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possHbIe, inlgﬁgncigbe, tqigygquc%h nliqjée%ﬁgunbernpf PN%@ fé§n1qb
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therefore be made I'n T'arge n ers.
and thereby avoid the risk of immunological rejection by the patient.
It is possible, in principle, to produce an unlimited number of PMLs from a single individual,
20  since various samples of MCs (i.e. various samples of blood) may be obtained. It is certainly possible
to produce very large numbers of PMLs from a single individual. The PMLs of the invention can
therefore be made in large numbers.
The PMLs of the invention are produced in clinically relevant conditions, for instance in the
absence of trace amounts of endotoxins and other environmental contaminants, as well as animal
25 products such as fetal calf serum. This makes the PMLs of the invention particularly suitable for
administration to patients.
Since the PMLs of the invention are produced from MCs, they are substantially homologous
and may be autologous. They also avoid donor-to-donor variation, which frequently occurs with
mesenchymal stem cells (MSCs). Numerous populations of PMLs of the invention can be produced
30  from a single sample taken from the patient before any other therapy, such as chemotherapy or
radiotherapy, has begun. Therefore, the PMLs of the invention can avoid any of the detrimental effects

of those treatments.
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assays in vit s Y-sebie imr”ﬁ‘%“t)ﬁ 3l cmbly objuercsfulbreapleingdi Terniidiggasasith assays

i ncl ude, vipdto @hBrniM@it thely Atctol thedodermd Badigd 0 g@iata i ihd Rk &t drahdt GimitdEHAY'S,
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assays (Zaim M et al Ann Hematol. 2012 Aug;91(&):1175-86).

The PMLs of the invention arc not stem cells. In particular, they are not mesenchymal stem
cells (MSCs). They are terminally differentiated. Although they can be forced under the right
conditions in vitro to differentiating, for instance into cartilage or bone cells, they do not differentiate in

20  vivo. The PMLs of the invention have their effects by migrating to the damaged tissue and exerting
paracrine signalling in the damaged tissue. In particular, the PMLs are preferably capable of inducing
anti-flammatory effects in the damaged tissue. This is discussed in more detail below.

The PMLs of the invention are typically characterised by a spindle-shaped morphology. The
PMLs are typically fibroblast-like, i.c. they have a small cell body with a few cell processes that are

25  long and thin. The cells are typically from about 10 to about 20 um in diameter.

The PMLs of the invention are distinguished from known PMLSs via their marker expression
pattern. The PMLs of the invention express detectable levels of CD29, CD44, CD73, CD90, CD105
and CD271. The PMLs of the invention may overexpress one or more of, such as all of, CD29, CD44,
CD73, CD90, CD105 and CD271. The PMLs of the invention overexpress one or more of CD29,

30  CD44, CD73, CD90, CDI105 and CD271 if they express more than other PMLs and/or MSCs. The
PMLs of the invention do not express detectable levels of CD14, CD34 and CD45.
CD29 (Beta 4 integrin) is an integrin unit associated with very late antigen receptors. It is

known to conjoin with alpha-3 subunit to create an 031 complex that reacts with netrin-1 and reelin.



assays (ZaimMet al Ann Hematol. 2012 Aug; 91(8):1175-86). The PM.s
of the invention are not stemcells. In particular, they are not
mesenchy D 28t3g0sasel | s (MSCs). They are termnally diffecemB2at2ad1608l t hough
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darmaged tissue and exerting paracrine signalling in the danaged tissue. In
particular, the PM.s are preferably capable of inducing anti-flanmmtory
effects in the damaged tissue. This is discussed in nore detail bel ow.
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two £6r ngn glattelq:t% (@?QSH@FISO called the common leukocyte antigen, T220 and B220 in mice. The protein

tyrosine kinases constitute a family of receptor-like and cytoplasmic inducing enzymes that catalyze the
dephosphorylation of phosphostyrosine residues and are characterized by homologous catalytic
domains.
Standard methods known in the art may be used to determine the detectable expression, low
25  expression or lack thereof of the various markers discussed above (and below). Suitable methods
include, but are not limited to, immunocytochemistry, immunoassays, flow cytometry, such as
fluorescence activated cells sorting (FACS), and polymerase chain reaction (PCR), such as reverse
transcription PCR (RT-PCR). Suitable immunoassays include, but are not limited to, Western blotting,
enzyme-linked immunoassays (ELISA), enzyme-linked immunosorbent spot assays (ELISPOT assays),
30  enzyme multiplied immunoassay techniques, radioallergosorbent (RAST) tests, radioimmunoassays,
radiobinding assays and immunofluorescence. Western blotting, ELISAs and RT-PCR are all

quantitative and so can be used to measure the level of expression of the various markers if present.



anchored into the nmenbrane by a gl ycosyl phosphatidylinositol tail (nCD14)
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measure the level of expression of the various markers if present.
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can be i gefnﬁmﬁydsemlaummﬁ&ard routes, for instance int ravenousl y, and will
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t he damaged tissue. I nj ur s€ase as di scussed
in nore @edresicént sl :(md/may be momtored in the patient via the 51gnal from the dye A specific method of

such labelling is disclosed in the Example.

20 Migration (or homing) is typically determined by measuring the number of cells that arrive at
the damaged tissue. It may also be measured indirectly by observing the numbers of cells that have
accumulated in the lungs (rather than the damaged tissue).

The PMLs of the invention which are capable of migrating to a specific, damaged tissue in a
patient preferably (a) express detectable levels of, or overexpress, C-X-C chemokine receptor type 1

25  (CXCR1) and/or (b) express detectable levels of, or overexpress, CXCR2. The PMLs of the invention
more preferably express detectable levels of, or overexpress, CXCR1 and CXCR2. Damaged tissues
release a variety of soluble inflammatory factors, such as macrophage migration inhibitory factor (MIF)
and interleukin-8, and these factors may attract the PMLs of the invention (and other inflammatory

cells) to the damaged tissue though binding to binding CXCR1 and/or CXCR2.

30 The PMLs of the invention overexpress CXCR1 and/or CXCR2 if they produce more CXCR1
and/or CXCR?2 that other PMLs and/or MSCs. The expression of CXCRI1 and/or CXCR2 may be
measured as discussed above. The retinal-homing cells of the invention do not express detectable

levels of CXCR1 and CXCR2. This is discussed in more detail below.



The ability of the PM.s of the invention to mgrate to damaged tissue may
be measured using 10standard assays known in the art. Suitable nethods

i ncl ude, WOROE®5056t |imted to, genom c reverse transcPCpiGBRINIBI6MEr ase
chain reaction (RT-PCR with or without reporter genes) and | abelling

t echni ques. RT-PCR is the nost straightforward and sinple neans to
trace the PMLs of the invention within a patient. A transduced transgene or
i ndi vi dual donor markers can be used for this purpose and 15transpl anted
cell-specific signals have been obtained in several patient studies. The
results are generally sem -quantitative. Al ternatively, the PMs of
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(or hom ng) l1$thEy@bﬁaldhmagi@momsm@dt tRyuceRSY fiksng tHchdmwibeinveitosel | s that

arrive at fhe danaged tissue al so measured indirect
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than ¢ heThiﬁFMQ@dtﬁel i@ biih.overexpress THER Pty ofprdsh@oie MAIRAI i othkri FMILsan@oc apabl e
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1 25( CXCRtJerablydkpress (bpcteénpleessf. d)eb‘eoaz(albdase(a] EXER bamlf CX@R4; Gy EXERPrES, CXCR2.
The PM.s yent e r yels of, or
over exprggg,l{;%x&? é %@(2%£n%£(&4 gﬁ o rseg%(gl Oﬁgﬁease g"%k%@%@ of sol ubI e
i nfl ammﬂweﬂa@tvgrs such as rracrophage mgration inhibitory factor (MF)

and ipterl eukphfi;8eq 1@9@ugs&e[%ﬁasmﬁﬁgﬁ[ﬁamhe%%@s%d Eﬁ&nﬂs\/lsﬁch% sthddgy | nvention

(and ot her i nfl ammat or I's) to the danaged tissue binding to
bi ndi ng eHcRIveriepter! ( E:ﬁwmtg TS IS, twortnﬁ@Oﬁlsnf%@mlR#h( aﬂébabr ess CXCR1

and/ or Cégﬁaody{e CBB )VS‘[QI{L% @C@(@C%%&% gr{dgfhelgwmtf%r @ﬂrang) M.s and/ or

MSCs. The expressi on of asure di scussed

above. Th@oextq Fay b NgC e %ddtS‘P“’tnh‘/é?Calfﬁii%lé‘#ﬂrﬁdﬂcr%esﬁ]& le‘@i@ﬁf ¥§§IF @&t ect abl e

| evel s Ogg@@% @o (CHER2R4 BihdsSo itssllgdhcﬁmtsﬁﬁrﬁl sb PMIR LS Bk @iibn Q@ke@é& WO
2013/ 0050 GBZOlZ/ 051600 7 The slg)em fic, dama%ed ti ssue to whi ch t he

PM_s 1af P RAMibRigrbH oS Bapradiee obTDH grnateicd Gy 1he Uppasreean fijug aPdfrac

tissue, o&hdgbddissick,S6dhes Benchgcltdsesnel. The retinal tissue is prefer abl y the
gal\/fgl gf ,I[ ];,' et r}ﬁ{;lg E}fee(c:ljg{:fld%ﬁlage gsaé ee g regtllnglstlléls%e ! sﬁchha%t retmatmlllg Stl%'le%l\?lfs olgﬁle?nvterlltisorslue the
preferably express detectable levels of CXCR4, vascular endothelial growth factor (VEGF),
transforming growth factor beta 1 (TGF-beta 1), insulin-like growth factor-1 (IGF-1), fibroblast growth
20  factor (FGF), tumour necrosis factor alpha (TNF-alpha), interferon gamma (IFN-gamma), interleukin-1
alpha (IL-1 alpha), CXCL12, CD109, CD119, nuclear factor kappa-light-chain-enhancer of activated B
cells (NFkappa B), CD140a, CD140b, CD221, CD222, CD304, CD309 and CD325. The retinal-
homing PMLs of the invention preferably overexpress one or more of, or even all of, these factors. The
PMLs overexpress these factors if they express more of the factors than other PMLs and/or MSCs.
25 Quantitative assays for cell markers are described above.
Retinal-homing PMLs of the invention preferably also express detectable levels of pigment
epithelium derived factor (PEDF) or overexpress PEDF. The detectable expression of these markers
may be measured as discussed above. The PMLs of the invention overexpress PEDF if they express
more PEDF than other PMLs and/or mesenchymal stem cells (MSCs).
30 If the specific, damaged tissue is bone tissue, the PMLs of the invention preferably express
detectable levels of TGF-beta 3, bone morphogenetic protein-6 (BMP-6), SOX-9, Collagen-2, CD117
(c-kit), chemokine (C-C motif) ligand 12 (CCL12), CCL7, interleukin-8 (IL-8), platelet-derived growth
factor-A (PDGF-A), PDGF-B, PDGF-C, PDGF-D, macrophage migration inhibitory factor (MIF), IGF-



preferably express detectable |levels of, or overexpress, C X-C chenokine
receptor type 4 (CXCR4). 5 The PM.s of the invention overexpress CXCR4 if
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CXCR4; (b) CXCR2 and CXCR4; or (c) CXCRL, CXCR2 and CXCR4. The expression
of CXCR4 may be neasured as di scussed above. 10Danaged heart tissue

rel eases inflammatory chenoki nes and cyt oki nes, such as stroma

cell-derived factor-1 (SDF-1), interleukin-8 (1L-8), tunor necrosis
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25  MSCs. The detectable expression of these markers may be measured as discussed above.

The PMLs of the invention are more preferably capable of migrating to a damaged tissue in a
patient and having anti-inflammatory effects in the damaged tissue. This allows the damage to be
repaired effectively and reduces the number of cells that need to be administered.

The PMLs of the invention will express a variety of different other markers over and above

30  those discussed above. Some of these will assist the PMLs will their ability to migrate to a damaged
tissue and have anti-inflammatory effects once there. Any of the PMLs of the invention may further
express detectable levels of one or more of (i) insulin-like growth factor-1 (IGF-1), (ii) IGF-1 receptor;

(iii) C-C chemokine receptor type 1 (CCR1), (iv) stromal cell-derived factor-1 (SDF-1), (v) hypoxia-



5PMLs and/or MSCs. The detectabl e expression of these markers may be
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have an increased migratory capacity into the damaged tissue, achieved through hormonal, paracrine
25 and autocrine signaling. The same will be true for the PMLs of the invention expressing HGF and/or
G-CSF.

The PMLs may overexpress one or more of (i) to (vii) defined above. The PMLs of the
invention overexpress one or more of (i) to (vii) if they express more than other PMLs and/or than
mesenchymal stem cells (MSCs). Quantitative assays for cell markers are described above. The

30  detectable expression of these markers and their level of expression may be measured as discussed

above.
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30 and (vi); (iii), (iv), (v) and (vii); (iii), (iv), (vi) and (vii); (iii), (v), (vi) and (vii); (iv), (v), (vi) and (vii);
(1), (ii), (iii), (iv) and (v); (i), (i), (iii), (iv) and (vi); (1), (ii), (iii), (iv) and (vii); (i), (ii), (iii), (v) and (vi);
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(vii); (1), (ii), (iv), (vi) and (vii); (i), (ii), (v), (vi) and (vii); (i), (iii), (iv), (v) and (vi); (1), (iii), (iv), (V)



5medium fromcell s overexpressing VEG- has been shown to alleviate heart
failure in a hanster nodel. Hence, the PML.s of the invention which express
or overexwoess/WEHBE Wi || have the sane effect of damage@#CtarRiBROS1G08SUE.
The PMLs may overexpress one or nore of (i) to (vii). The PM.s of the

i nvention overexpress one or nore of (i) to (vii) if they express nore than
other PM.s and/or than nesenchymal stemcells 10(MSCs). Quantitative assays
for cell markers are descri bed above. The detectabl e expressi on of these
mar kers and their | evel of expression Ry be neasured as di scussed above.

In both sets of definitions of (i) to €VII) gi ven above, any conbi nation of

one or W%ﬁvﬁ)f (1)( 1ﬁ) &9 ((vié'ahf) vilf3y, &, ?)‘ Wl)eﬁlﬁ%q D, @ ?I@eﬁﬁﬂraﬁé %5’ (i@, (iv),

1
LGt 5 b3y L IO, 0 0 ok it (), P 501
(vii); (i), @nshd(dvii) (m)(aw)) @ eif(dnit 'v)i); (), @u’) ((ﬂ))(warwb ahu (’v)i)s (1)( (1)> @ndivi,\o; anﬁ') and

Vi) e TRt Ul v g O ) i o Ay R b s i (5 pq s 0. 5,

ang EVllbu)GVNQOQﬂﬂMQY%D(ﬁ)%ﬁ)@ﬁ?G@VﬁﬂamWVM)M&DQHXUh)WY)&wagﬂ?(@?JT%e§V)
an Vi (Y |
(ii) an dzczmt%natl%ns%or ee{ Cghaltl%}‘l %f \gl") (Vl())aj‘e 1n(?e|p§r)dent?){ ael%ctf)ble)éom(t)nsilgt (iii) and
(iv); (i), (ilnieyditemdo {ny)of the m)arke(mdlsm)ssedmtiox(eythe) PML4 9f the(invenfjongmaferfbly alyg (i),

d d
(: V? an )%Yeés eQéc?ag)le ﬁév)ﬁ% ofa?p@v(zr\ég)r%?s (Llﬁ arsdﬁdrtﬁate%p&ie {vyd %r))wthgi%o{) {F(ljlo))F)a?l | (vi);
(| i) an@cqmc)rs Thie PPGF (rpceiptyrs argaprafarib)y PRGE-R, re((eptpllspnﬁwd’SPﬁFrE) recapiors) M&GSv) and
(v); 16 i )hat }{a'véll)l rengdn)o’f th@ée r%oept(mls%an ﬁ@gate(e\ffeét)vel gﬂt(') areas (11)/ ‘)vhlémﬂatélgﬂs )uwe( i),
(v) and (vii); (vi) d (vir); (i), (v d (v); (ri1r), (1v) and
(vi ) (i ]3@6)1 act(vptgnj S@ﬁ@s quqd; and(t]prpqnyotlc (V@Sfel%_ﬁlale éqppe)wﬂl(op p’pf) of P, eémﬁsm(lg, Pi ) ;
(iii), (we}exgﬂag \ﬂlelr)oept&sv) (V) and (VI ) (I V) (V) and (VI l ) (1v), (vi)
and (vii); % i); a § |g, (rii)
and (v); (i), }{e P Ls 0( }hp im)verg‘lﬁlaare pre(e\lﬁbjy auto ()gous( Ih? 3ther (woﬂs )theaqx?as Trglplie crab i )
(i), (I Wrivadiflorh Yhe pat(dnt) into (whiich the(coNs) wilBel adnvhiptered.i Alterdativly, tHel PR Lsard (Vii ) ;

5and i i) d (Vi) (1 iy, : d
(w1 1 (PRl o gty et o U i el by
(iv) andmQImlno)oglcﬁlly)cpmbatlbie)wlth(the)paae‘nﬂ inforwDich the gefls {vill ieladmipig)eradnd (vii); (i),

(I i), (vi) an g Iéltk%e 1nv£: tion (r‘ey\t{g i(sol§t¥(} E&@t;gnt a‘ﬂ¥l s?late(q )p}Jrlfile@o}l gub tgnt)a 1)§l nd \(/VI )5

(1), (iv), (vi and
(V) (i pifed e PG w)sobmd of mirified ifitiiy complciely)free OF wny osmucoempne)wts s(ucha)s (| i),

(V) and é%’”u)e n\l/ )uln) Dth I]C:efls)of i[h(e\faveﬁ’tqu 0£ Mthér)cell gbéé) The(li'ML )s ulngaln‘}laH?l la(e§ 1fI 1‘)

i) Vi) vi) and
§VI i )20 (}sm}med(w;yh cal(ﬂg]iS))r @hlgntf th)as a{hp;e,n)edlu(q W)nch W@bnogggaﬁ‘grem )1ts ntgn qd) (iv),
(v) and (i mteméﬂvuly)the RNIY b thé W dntiBFhak b ﬂrasent(lﬂzigr))mh(l%}rix de YhihotAq byh 1)
(hv), (v), (vi).and Cvii): (i), (ii), (iii), (iv) and (v); (i), (ii),
(iii), (ﬁV?“éﬁd“@WV? oMy, (ii), (iii), (iv) and (V||) (i), (i), (iii),
(v) and (Vi) ;pPMisof tHelihventiohinkaly be isbMed ik o vakiéty oftédh)nque(slmc)udmglahﬁb)ody lﬁdééd) and

E :/: I) ); ( I( %:)fhm(%_\%l )Cegé]laaj% §0ﬁted(ui51)ng gle(gia'% e ag% %/(351‘[1(? Q%ctlé%{ﬁghel\g\gqs)baseg Py t(he (i | i ), (),
(1 v) 25 ( vhindinglof(iénp¢loral én,tlbédmsltd thoseiswrface fnurkers which are present on the PML (see above).
Hence, the PMLs may be separated using any antibody-based technique, including fluorescent activated
cell sorting (FACS) and magnetic bead separation.
As discussed in more detail below, the PMLs may be treated ex vivo. Thus the cells may be
loaded or transfected with a therapeutic or diagnostic agent and then used therapeutically in the

30 methods of the invention.



WO 2013/ 005053PCT/ (B2012/ 051600 11 and (vii); (i), (iii), (iv), (vi) and
vii); (i), (iii), (v), (vi) and (vii); (i), (iv), (v), (vi) and (vii);

(i), (iiwp20(0e5s3(v) and (vi); (ii), iii), (iv), (v) ®oWqB2IZ51400i),
Giii), (iv), (viy and (vii): (ii), (iii), (v), (vi) and (vii); (ii), (iv),
(v), (vi) and (vii): (iii), (iv), (v), (vi) and vii); (i), (ii), (iii),
(iv), (v) and (vi); (i), (ii), (iii), (iv), (v) and (vii); (i), (ii),
(iii), (iv), (vi) and (vii); (i), (ii), (iii), (v), (vi) and (vii); (i),
(1), (iv), (v), (vi) and (vii); (0, 5(jii), (iv), (v), (vi) and (vii);
Gii), (iii), (iv), (v), (vi) and (vii)i“or (i), (ii), (iii), (iv), (v),

(vi) andpgpiiakidn of tREN QAR nations for each definition of (i) to (vii) are
i ndependently selectable fromthis |ist. In addition to any of the

mar ker s dlscd@?éﬂ@§56@@°p@ﬁ@%?WPgﬂﬁPnPW@“PﬁW@Wﬁ“@ﬁ0ﬁ@@ﬁ@P§BPyA§P§Hm@kpress
get ect a?g%g;mgl 1§ pedsent mrthé%phb@mgmr eﬁ@pophlhﬂfonaﬁd{e Avei o]glﬁoekﬁm}d@fnw@@l atga0t h

act or e eptors are prefera geptors
and/ or P§[9(°§= Or gkﬁﬁ?é‘f‘%”%&% @01% W&K‘ié’%‘i@ﬁ‘/ ORPBris afle apput Pfe@
recepsor st lﬁaaﬂhbamgrxat)e afltdheobitndal 19°, arntat doed 1|oh at/\feaisc:ibodeai Bl at Bashéveet been
acti vat ed 'clijt(feast (SiEOut xqgi or atq%ag{ aﬁ)autr?giolt()k M%?f% e 1nvent10ne II% éal'gﬁrr% 1%“&7:1_1(!%% b[F true of

PM_s expre%S|ng over re the receptors. t he
|nventlonnabampnﬁhenmbkyuhuﬁdhong&lOJmknmh@thbxd@ atidag abeit 1.8 xdppat

referab 16 t t he i |
gdnln|stk%%%&%Ayfggﬁagﬁygp%ogﬁﬁkg Ms é@OMh%%?éyggagﬁéjgf 85%%@5%9r|n ot her

wor ds, thengerds are preferably derived froma patient that is

i mmu ri@' ogi cal ”f}ﬁé p%(l%{lji?l@ﬂsl cﬁ lth% 1We£trbntaréead%{ab§dﬂ§ fdr ﬂl%ﬁp%'d%&lsgga%eﬁ@l ITﬁls %liltg/ be
adm ni stered t he 1 nvention f¥ i sol ated, substantially

i sol at ed peAups Rodatisns cussARkTaIPYLIR ATPMLe@f thy e isioge oisbi ks ed or

purifi edadvfamages bﬁh&ﬁmhe{ eﬂhy nifvérei%n Qi owad mye neatheﬁt o@{&meﬁmnﬁ §pop§1aﬁdsh @@en%ul ture
medi um ot her cells vention or other

subst ant PAYSh Peh Ilfd]tob‘ﬂl Infgr‘it‘i efﬁ??)“ﬂnyéo the Ssse interest é‘}drhaté“r @tldli‘ﬂaa’iniat?@hif@“S such
as cul t upge ﬂeda UMis alWsahe Wk bit a 16@ tell-dds@idder @dwt-frget sidclefit@nae dollig€ related
Alternatlg é the PML of the invention may be present in a growh matrix
or i mobP§YEH on a surface as di scussed bel ow. PML.s of the invention
may be |soIarﬁdpumﬂmgnaﬁhamhmhmnmﬁmme@hnkmmeemimehmdhngﬂammﬁb@dmebased
techni ques. Cells may b ative and sel ection
techmquegetlg%e%Owever aggggﬁ%ﬁﬁCdH @gﬂ%k onaregeemB@§|eéof%egﬁos@nsurface
mar ker s mmﬁuhﬂem@yprbgeﬂmmdﬁ%twea@Wbm@§@ezabevemmi&@h@em%tﬂempwﬁemmay be
separ at egh {4sd-09 . A0 A0 ?@% t@@a&%ﬂo& §h) Bfﬁlé‘ lls %bghl%n akeuf%fssoq%t
activated cell 'sorting 8 an nagnetlc ration.
di scu8sethvemiowpr e detall bel ow, the PM.s may be treated ex Vvivo. Thus t he
celI's may be }1RadGhioh oftﬁ@ménas& # rewrébg H%mtoﬂg&ﬁpﬁl%ﬂe?w&rds dii egtﬁpﬁmgsmagent

me

and then used therapeutically in t hods of the invention.
the population are preferably gendtypically and phenotypically identical. The population is preferably

autologous or allogeneic as defined above.
However, the population can also be semi-allogeneic. Semi-allogeneic populations are
25 typically produced from mononuclear cells from two or more patients that are immunologically
compatible with the patient into which the population will be administered. In other words, all of the
cells in the population are preferably genetically identical or sufficiently genetically identical that the
population is immunologically compatible with the patient into which the population will be
administered. Since the PMLs of the invention may be derived from a patient, they may be autologous
30  with the patient to be treated (i.c. genetically identical with the patient or sufficiently genetically
identical that they are compatible for administration to the patient).
The population of the invention may be isolated, substantially isolated, purified or substantially

purified. A population is isolated or purified if it is completely free of any other components, such as



Popul ati on of the invention The invention also provides a popul ation
of two or nore PMLs of the invention. Any nunber of cells may be present in
t he populwi20rs/00345@ popul ati on of the invention preferalPCy/GRMYiIsSs@8 at

| east about 5 x 105 PMLs of the invention. The popul ation nore preferably
conprises at |east about 1 x 106, 5at |east about 2 x 106, at |east about 5
x 106, at |east about 1 x 107, at |east about 2 x 107, at |east about 5 x
107, at least about 1 x 108 or at |east about 2 x 108 PM.s of the
invention. In sone instances, the populgtlon may conprise at |east about
1.0 x 107, at |east about 1. 0 x 108, at” | east about 1.0 x 109, at | east
about 1. QyjrelRediith an@bik QAL 2RUfatidh 19511’68‘[4-191;133/ 19(§lat§ff if f'%li%q{‘ﬁgcedl \%ﬁﬁlarrérsgr x 1012

PM.s of the invention or even nore, Pu ations of he i nvention are
advant agdiHiFais e Ryl gt M’é%’%ﬂﬂ 1%#6%71 Irpyirgendesd yspt 9th€rcfa§»e£§&%e

popul at i ginent AREAIsESEAG ﬁl&@gaamwmrzs S&EtaMy:ls@ﬁted Heubstmenty ip@ifidis one of t he
key advant age f t he inven enilon allo the tr

pati ent sp%“?iﬂo% 5o FHRABRCS ﬁif o "élﬂi‘%t Hhe frygittion i n spygg ey lmeﬁﬁsg‘f‘%

ef f i cb enpdpylation dfhie ibvesSdhenfbe bRidat @3 torasdmbxay er iantobHikzdif dnantico asydlﬁﬁs‘sed:t S

once theég. This allows the use of a | ow cell-dose and avoids off-target

si de ef f8tt% and vol une-rel ated 15side effects. The popul ati on of

the inventi onThmprtt@inp'rsitﬁmabY bidtured &l lirgo. i%claﬂtdlbi fooeulttudngtcaks d@dvkell loowh fve

i nvention. Ho e | east . 70% of, th | 1.s i rets

or of r abt JPRer e TS 6 b el BB S E RO By o

| east abouted80yittatt demaEtTI&helistare&ﬁ%arauy Clll‘eazdtunda:lomoxggz%cotajutloheasmscumnlut
97% .at 98¢ I I

popul' Dt  BEEE aAEltnCOPRRE B hE RS Py AR Al P S skl oot

i nvent i ofatipiatqinelf & pathdardowel] Rigo usich platepirheqmmgseially, avalable@‘romtﬂrﬁéerPles in the

DODU|at'Qﬂmﬂﬁ@Vﬂ%@EﬁbﬂQ!Xm&?@@k%@hﬁ@hbﬁlQﬂgwgﬁQﬂﬁkﬂ?hﬁéhkﬁm&@%@hbﬁa| The

popul ation is preferably autol ogous or allogenei'c as defined above.

However , 2toHel®épthoat4™n can al so be seni-al | ogeneic. Seni-all ogeneic

populatlons aﬁ@fﬁﬁiMﬁk@&hﬁ%sﬁ&mdu@@ﬂﬂE@@@ﬂﬁE@@@&ﬁb&ﬂ%r&ﬂbk@nﬁ&ﬁ&hb&ﬂapr
nor e ?atlents t hat are inmmunol og |callﬁpéﬁﬂiatlble with the(ggtlent into

whi cH>t he BoFRF Atndbe hitePMre- SemPyaned YSSebeTHET s By bremodiiqd ipBCtiE cel | s
in the papmkeaatfmmelarﬁr mtafcebyamblyd@c,emgbwmaﬁalm iTe Rhsk Ceksedr w&ug‘ﬁm}weent |y
genetically. i de pu at ion is. bIe
ot nomprrER At Rsetittor ertaPRGE b P u Sy e AR R el SRTRE B8 e
PM.s of bhEmémuﬁammmybﬂaywbamdemnmdﬂmﬁmanmaxmamsamhashmamnmapumgnaqulogous
30with th patient t en tlcaII dent cal .wi th the

et ent - Sreaay Boisklry oy bR Sy RimAP Bl e PRED W eibie  bre o
adnlnDstratldﬁwmomﬂhenp@yb@m®®ﬁaumvwowm@haypbpumammoﬂdaknb@Mwwnwﬁnm|on may
be isola ified. A
popul at e HERPAMA A be L BRUERE, b RUE L ROy S WAL AT Bk U 1 her
conponenpeulageichayaien bmsezlm@/e O@@Q@@PW@Q@I&@#@QWG d@aithglovur e nmedi um and
other cells. A population is substantially isolated if it is mxed with

carriers_or ' ' '
Method of producing a PML of the invention

25 The invention also provides a method for producing a population of the invention, i.c. a
population of two or more PMLs of the invention. The method involves culturing mononuclear cells
(MCs) under conditions which induce the MCs to differentiate into PMLs. The method then involves

harvesting and culturing the PMLs which:

30 (a) express detectable levels of CD29, CD44, CD73, CD90, CD105 and CD271 and do
not express detectable levels of CD14, CD34 and CD45;



di l uents, such as culture nmedium which will not interfere with its

i ntended use. OQther carriers and diluents are discussed in nore detail

bel ow. A wobwst3aosisal |y i sol ated or substantially purifi @edTmB20i2051@9n does
not conprise cells other than the PM.s of the invention. In some

enbodi nents, the 5popul ation of the invention may be present in a growth
matrix or imopbilized on a surface as di scussed bel ow. The popul ation
is typically cultured in vitro. Techniques for culturing cells are well
known to a person skilled in the art. The cells are may be cul tured under
standard conditions of 37C, 5% CO2 in mediumw thout serum The cells are

preferably cu(lbil_ured ekﬂi‘éi@Eietéc@aneQé%lQ%f‘CﬁﬁU‘@bM @E@ﬁéDSﬂ‘)' spussedA4lhy nore
detail bel ow he cel be cultured in any suitable flask or vessel,

i ncluding well's of &quRétan o6 ErEhIcies e Ly hakdr 1 ‘6l %ndErIDétse Such

pl ates are commercially available from Fisher scientific, VW suppliers,
Nunc, Starsted: or PFaireerctechil lovels IofsClP?pr)C@éﬁl,IC9D7B|;;£\2;Q90a(31@Waaém’-’?y1 apd from

about It to about %ezﬂeéum@dcqo@ reV BAREc Wiclll oL R Bahisch the

popul ation is contained or cu nDdIer 15to aC| itate

handl ing of the PMs e,

modi fied to fSEili tﬁi‘péestq:ﬂ‘ft?c ?’%E} lspﬁéﬁﬁefsbﬁfﬁgg gﬁioé\,\@@ n@?é%?ng a
growt h matri x. The ahdEKCRYgwslehot@xprem ldbtsctabdeylces aﬁﬁ@M iGE4 and @D43owW
attachment of the PMLs or to allow inmobilization of the PMLs onto a

surface. One @ nOr exfHtkk iaceslcn®y¥s becoBateds, wi7b, @xdor e edsl obari, GRER1 X

proteins such as |ampj col | agen or oth r % es t hat
R U A e A R R S R I o
popul ati on may be nodisfateddarekonvihyndbsihcAgnadyyPMfs);t he t echni ques descrl bed
herein. For instance, the population may be transfected or | oaded with

t her gpeutic qg di ag@ﬂﬁésb @@tec@ag%ﬁévgls oﬂ'diiI@qu@Dui @D7QFCI5%YCDh%an§71U€§dRQ n the
nmet hods of treatnent discussed in nore detail roduci ng a

PM. of the inventiof™ %%‘éaqdméﬂtte?‘ﬂf?ﬁsg%%abﬂﬁlﬁ‘(? Sd)égDé“ @3%’6{1 @%$ > HFSduci ng

a popul ation of thecéiRRMei®Romihg #id bancPRptgaNmn of two or nore PM.s of the
i nvention. The nmethod involves culturing nononuclear cells (MCs) under

condi ti ons whiygh 1 ndyse; blheMBntR ot bleronticahe. dmkocBMssenThechekhod then

i nvol ves har vest| ng and culturing t PM.s whi ch 0(a) express detectabl e

| evel s of CD29, CD44X(&ppad C&@%an@m'sﬂxarﬁﬁ detogable la C\ﬁ&%&c%&a%@@%

detegtabl e | evel s ofm&Pcdh areGR3AhANSEL £PASIe-hoi:20413);,005053PCT/ GB2012/ 051600
14 (b) express detect able | evel s of CD29, CD44, CDr3, CD90, CD105, CD271

xpr oss det oclbbl o FEvar Lare(ipERLARD. CRKE O RIY IR oY REY ke
and do not express d@?@@ltea@ﬂt]@llﬁleg\li@ﬁh fagior (EBF). t@mserméngrara Bctor beta 1 (TGF-
beta 1), insulin-like growth factor-1 (IGF-1), fibroblast growth factor (FGF), tumour
necrosis factor alpha (TNF-alpha), interferon gamma (IFN-gamma), interleukin-1
20 alpha (IL-1 alpha), CXCL12, CD109, CD119, nuclear factor kappa-light-chain-
enhancer of activated B cells (NFkappa B), CD140a, CD140b, CD221, CD222,
CD304, CD309 and CD325 and do not express detectable levels of CD14, CD34 and
CDA45 (these cells are retinal-homing PMLs); or

1) express detectable levels of CD29, CD44, CD73, CD90, CD105, CD271, TGF-beta
25 3, bone morphogenetic protein-6 (BMP-6), SOX-9, Collagen-2, CD117 (c-kit),
chemokine (C-C motif) ligand 12 (CCL12), CCL7, interleukin-8 (IL-8), platelet-
derived growth factor-A (PDGF-A), PDGF-B, PDGF-C, PDGF-D, macrophage
migration inhibitory factor (MIF), IGF-1, hepatocyte growth factor (HGF), PDGF-
Ra, PDGF-RB, CXCR4, C-C chemokine receptor type 1 (CCR1), IGF-1 receptor



5(d) express detectable | evels of CD29, CD44, CDr73, CD90, CD105, CD271,
CXCR1 and CXCR2 and do not express detectable |evels of CD 14, CD34 and
CD45; (e)wopres®s@at ect abl e | evel s of CD29, CD44, CD73, PCDIIB200R0®Y CD271,
CXCR1 and CXCR4 and do not express detectable levels of CD 14, CD34 and
CD45 (these cells are heart-hom ng and bone-hom ng PMLs); 10(f)express
detectabl e | evels of CD29, CD44, CD73, CD90, CD105, CD271, CXCR2 and CXCR4
and do not express detectable levels of CD 14, CD34 and CD45 (these cells
are heart-hom ng and bone-hom ng PM.s) ;. (g) express detectable |evels of
CD29, CD44, CD73, CD90, CD105, CD271, EXCRl CXCR2 and CXCR4 and do not
express detectabl e |Ryelgs, H@f)at%%éomlp%r @&%&@@@&fﬁéﬁ@%&ﬁ#ﬂ ?pa@ra@la

heart - hom ng and bone homi n l% ress detectab eve

CD44, CD73, CD9O, Co20% exmﬂ&tecwé CRA4ls 0@9@541%34@%?&8?%?@%%1&@&&0%act or
(VEGF), transform ngoghevifsf actor beta 1 (TG-beta 1), insulin-like growth
factor-1 (1G--1), fibroblast growh factor (FGF), tunmour necrosis factor

al pha (' TNF- a'ﬂ%%pveété&%@ﬁs Q)Oerg%%@angllo \‘Ne ldeskﬁﬁe@&ﬂo@é‘&hﬁ‘@er&@ﬂo@lﬂa

(IL-1 al pha) nuc ctor t - chail n-

enhanéer of el Qféhee@vegl@eﬂn @dcww@pwe@f (a) cob4beve @D:nq!bw pr@m@xm@wzz

CD304, CD309 @mstggﬁg@cugmgw%%h&xpress detectabl e | evel s of CD14, CD34
and CD45 (these cells are retinal-homng PMLs); or (i) express detectable

| evel s of CD29, CD44, CD73, CD90, CD105, CD271, TG--beta 253, bone
mor phogenet i ¢jpr ot eickprés (EMBLR)leve®REB 120800l h&G8Bcrdsis f6dI I TN Cadtla REceptor

ol at ol et der ved. or ShE PARIENF Sk iebsy: bt iy

macr aphage m gr at i onCAMR)BID3r(JCANG), @D5R Mylﬁ)phodyfaﬁrﬂcnomgp@imm@egn oWt h

factor (HGF), PDG- P 4 i pLOT 1
(CCR1), (I GF) 1 recep or 5)?5%6?%&: ‘% . ﬁlg(ﬁ)%alt L& %S ﬁpse ecunr) ér%i(g:bgptor
(HGFR), CXCL12 and NrkappaBl alhdsiaraion, \@HM6$§DHQZ éGAMbZ)eCIDkﬁﬁéAstlvetﬁd CD 14,
CD34 and CDA45 (t hes?eu &%%elﬁ%@e%ﬁlgﬁ%@&g}eggﬂlﬁﬂ@g%41nte rlnwm2?§§t¥r?eﬁftiﬁg cells

may over express any o0 erence to the
5cel I's of the i nvenfienton| @D Bddintdrlevkin-dRensytonrdd B (pwyleuka-qRocepitsove, t he
nmet hqd preferably i @ﬂ?b’ﬂg]%em&ﬁ{@%iebé}%r%éﬁﬁﬂ%lw otoWeh ﬁ%sreéé@ﬂop(ﬁGFé}e) express

detectabl e I evels of CD120 tunmour-necrosi s factor (TNF)-al cept or

(k) express detectable levels of one or more of (i) insulin-like growth factor-1 (IGF-1),
(ii) IGF-1 receptor; (iii) C-C chemokine receptor type 1 (CCR1), (iv) stromal cell-
derived factor-1 (SDF-1), (v) hypoxia-inducible factor-1 alpha (HIF-1 alpha), (vi)
Aktl and (vii) hepatocyte growth factor (HGF) and/or granulocyte colony-

20 stimulating factor (G-CSF);
O overexpress one or more of (i) to (vii) in (k);
(m) express detectable levels of one or more of (i) vascular endothelial growth factor

(VEGF), (ii) transforming growth factor beta (TGF-beta), (iii) insulin-like growth
factor-1 (IGF-1), (iv) fibroblast growth factor (FGF), (v) tumour necrosis factor

25 alpha (TNF-alpha), (vi) interferon gamma (IFN-gamma) and (vii) interleukin-1
alpha (IL-1 alpha)

(n) overexpress one or more of (i) to (vii) in (m).

Mononuclear cells (MCs) and methods of isolating them are known in the art. The MCs may
be primary MCs isolated from bone marrow. The MCs are preferably peripheral blood MCs (PBMCs),

30  such as lymphocytes, monocytes and/or macrophages. PBMCs can be isolated from blood using a



1), CD120b (TNF-al pha Receptor 2), CD50 (Intercellular Adhesion Ml ecul e-3,
101 CAM 3), CD54 (I CAM 1), CD58 (Lynphocyte function-associ ated anti gen-1,
LFA-1), GDezm3ydmsesal ectin), CD62L (L-selectin), CD62P (PCIAIB2012/05)600CD106
(Vascul ar cell adhesion protein, VCAM1), CD102 (ICAM 2), CD166 (Activated

| eukocyte cell adhesion nolecule), CD104 (Beta 4 integrin), CD 123

(I'nterl eukin-3 Receptor), CD124 (Interleukin-4 Receptor), CD126
(I'nterleukin-6 Receptor), 15CD 127 (Interleukin-7 Receptor) and fi brobl ast
grow h factor receptor (FGFR); (Kk)express detectable |evels of one or nore
of (i) insulin-like growth factor-1 (1G~-1), (ii) IG-1 receptor; (iii) CGC
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16 hydrophilic polysaccharide, such as FicollO. Fofr i1nstance, PBMCs may be
i sol at edMEYeRFY BRIGEEM e SFdrom sl panmiey wb bsme marew AEreY FIMAORRET washetdensi t y

medi um) Bﬁnedv[&i:‘dwoﬁ@ﬂplhﬁlattohezoﬁxam ¢385-BaY. OriRsc RNt RE Faf Mbd BEURL to tlagccMCs  may
be exposed to_a nesenc enrichment cocktail. The cocktai l

or ef or ab M ESHBFTEEE St Voo £S A PEEUGHTGE oS, (DL, D16, o8B,
5CD66b (whi chrigmetied efefiblyadmpiksaailathdCs with plixthadysae ipanesthe 0icsrted bl ood
cel | S Sld’l?th rentla?e mtotPﬁ}[Ls Platelet lysate refers to the combination of natural growth factors contained in
platelets that has been released through lysing those platelets. Lysis can be accomplished through
chemical means (i.e. CaCl, ), osmotic means (use of distilled H»O) or through freezing/thawing
procedures. Platelet lysate can be derived from whole blood as described in U.S. Pat. No. 5,198,357.
Platelet lysate is preferably prepared as described in the Example. The plasma lysate is preferably
20 human plasma lysate.
In a preferred embodiment, step (a) of the method of the invention comprises culturing MCs in
a medium comprising platelet lysate for sufficient time to induce the MCs to differentiate into
progenitor cells of mesodermal lineage. The sufficient time is typically from about 15 to about 25 days,
preferably about 22 days. The medium preferably comprises about 20% or less platelet lysate by
25  volume, such as about 15% or less by volume or about 10% or less by volume. The medium preferably
comprises from about 5% to about 20% of platelet lysate by volume, such as from about 10% to about
15% by volume. The medium preferably comprises about 10% of platelet lysate by volume.
In another preferred embodiment, step (a) of the method of the invention comprises exposing
MCs to a mesenchymal enrichment cocktail and then culturing the MCs in a medium comprising
30  platelet lysate for sufficient time to induce the MCs to differentiate into progenitor cells of mesodermal
lineage. The sufficient time is typically from about 15 to about 25 days, preferably about 22 days.
In step (a), the medium is preferably Minimum Essential Medium (MEM). MEM is

commercially available from various sources including Sigma-Aldrich. The medium preferably further



cross links unwanted cells with red blood cells form ng i nmmunorosettes

whi ch may be renoved fromthe wanted MCs. A preferred cocktail is

Roset t eSew0.2013/005053Condi t i ons suitable for induci ng MCsPCo/GH2Of2405e600i at e
into nesenchymal cells (tissue mainly derived fromthe nesodern) are known
in the art. For instance, suitable conditions are disclosed in 10Capelli,
C., et al. (Human platelet |ysate all ows expansion and clinical grade
production of nesenchynmal stromal cel I s fromsmall sanples of bone marrow
aspirates or marrow filter washouts. ﬂe Marrow Transpl antation, 2007. 40:
p. 785-791). These conditions may al so be used to induce MCs to
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Technol o |es
The ﬁgures for % oxygen (or % O-) quoted above relate to % by volume of oxygen in the gas

supplied to the cells during culture, for instance by the cell incubator. It is possible that some oxygen
may leak into the incubator or enter when the door is opened.

25 In step (a), the MCs are most preferably cultured in the presence of platelet lysate and under
low oxygen conditions. This combination mimics the natural conditions in the damaged tissue and so
result in healthier and more therapeutically potent cells. Conventional cell culture is performed in 20%
or 21% oxygen (approximately the atmospheric content) but there is no place in the human body that
has this oxygen level. The epithelial cells in the lungs would “see” this oxygen level, but once the

30  oxygen is dissolved and leaves the lungs, it decreases to around 17%. From there, it decreases even
further to about 1-2% in the majority of the tissues, but being as low as 0.1% in avascular tissues such

as the cartilage in the joints.



As di scussed above, sone of the PM.s of the invention express detectable

| evel s of CXCR4. Expression of CXCR4 is cytokine-dependent and is increased
when cel Iwoans/®zqsesed to stem cell 5factor (SCF), i nterPCe@da2nt2Bs5(don-6),
FIt-3 ligand, hepatocyte growh factor (HGF) and IL-3. The nedi um may
conprise one or nore of (i) SCF, (ii) IL-6, (iii) FIt-3 ligand, (iv)

hepat ocyte growmh factor and (v) IL-3, such as (i); (ii); (iii); (iv); (v);
(1) and (ii); (i) and (iii); (i) and (iv); (i) and (v); (ii) and (iii);
(i) and (iv); (ii) and (v); (iii) and (iv); (iii) and (v); (iv) and (v);
(i), (ii) and (iii); (i), (ii) and (iv)1 (i), (ii) and (v); (i), (iii) and
(iv); (i), (ithiskp e;)ydhe(lﬂéthod(ﬂlaher dmplis@ Nhvdsiag anﬁ'cm)urmg it wﬁ@@haﬁvbwe (i),
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reduce the chance of rejection upon implantation. The invention also provides a population of the
invention that is suitable for administration to a patient and is produced in this manner.
30

Medicaments, methods and therapeutic use

The PMLs of the invention may be used in a method of therapy of the human or animal body.

Thus the invention provides a PML of the invention or a population of the invention for use in a



As will be clear fromthe discussi on above, the nethod of the invention is

carried out in clinically relevant conditions, i.e. in the absence of trace
anmount s ovoentbasnsBns and ot her 10envi ronnent al cont am RemGR20BUS60aS
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PMLs of the invention particularly suitable for adm nistration to patients.
The MCs are preferably obtained froma patient or an all ogeneic donor. The
invention also provides a nmethod for producing a popul ation of the
invention that is suitable for adm ni sdJati on to a patient, wherein the

met hod conprises culturing MCs obtained fromthe patient under conditions
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25  ventricular hypertrophy, right ventricular hypertrophy, emboli, heart failure, congenital heart deficit,
heart valve disease, arrthythmia and myocarditis.
MI increases the levels of VEGF and EPO released by the myocardium. Furthermore, MI is
associated with an inflammatory reaction and infarcted tissue also releases macrophage migration
inhibitory factor (MIF), interleukin (IL-6) and KC/Gro-alpha. CCL7 (previously known as MCP3),
30  CXCL1, CXCL2 are significantly upregulated in the heart following myocardial infarct (MI) and might
be implicated in regulating engraftment and homing of MSCs to infarcted myocardium.
In a myocardial infarct mice model, IL-8 was shown to highly up-regulate gene expression

primarily in the first 2 days post-MIL. Remarkably, the increased IL-8 expression was located



10nedi canent for repairing a danaged tissue in a patient. The tissue
is preferably derived fromthe nesoderm The tissue is nore preferably
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injury or 15 disease in a patient. The invention therefore provides a
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degeneration or a bone injury or disease in a patient, conprising

adm nistering to the patient a population of the invention, wherein the

popul ati P,red&mmy fERe lﬁfalzc%raﬁeagw th&@dr&ey z&lfefa%g by & mn&% dggreéaﬁ kileSpar@nd
t her eby eatin he cardi ac i nj ury di sease age- rel at ed macu'i)

degener ABDRRHrB. IBrRstivatpiE Y CRY, NiF hsples chomeigns- Iika fynetins 2Pkt Pha/BRET on al so

provi desr@uipepilidtan@iatedf coll RRriithéRnhd fRerbRhesise 20in treating a cardiac
injury or disease, age-related macul ar generatl on or a bone injury or

disease in a PECERTEY §hEY ANFAATSAME- Y fadls fpaatgphy ot fig et i on of

the i mve@tgiélaﬂ epithelkidn BiyéfEbBldeaEdrHtiIﬁ W@lichaatﬁ?dhﬁcaﬂﬁsﬂﬁhr&@h 1ds¢ @‘@Ebtﬂ@ce@m@s&(rdﬂs ac

nj ur r r n r
i seade PH T BLI TSN BAF dac R o - BloaeRere BpBrL s Y e ect ed
f rom nyog@wh @hordiddl acostscldizption) elfthe dhEmemlHaris uhraughf'l?)rpc&lrstmembl'a}ae, uftingpkely
ventric “}e%m%% %ﬁ)roa gr%%%‘[elﬁ ?e?%%é t)le\’!’]%@'I;IltdC a?'\*’é{rA?\{D %%Ps%g t'e(ﬁ @ th p&e%{ hseqlf{hla cit,

heart valve Uil sease ocardrtls. Nncr eas evel s of
VEGF andleE@@fmn@atseedhdhymtdh@vemmatP@Dﬂmn tiRungchler oy BVLavsed ig thedsemertoéd wit h

an infla N eases macrophage
nh | agEBAADYrdr @Rt & Qféssadagftmé ﬁ?&%ﬁ?’y?ﬁ%& = #g@%and RO oo e

m gration 1 nhibitor act or
CCL7 (previ ou@eyow@r%ﬁmeaémwsyre egizxetpated fcmc&fzmméaléer gairs fregwel y

upr egul atRehsiidk fab@rNSRE tpuf, Ql‘ahféWnBQosﬁY@&ﬁﬁ @b@}y s&ﬂhﬁ@ﬁ&ﬁbt@ﬁﬂsﬁla%sﬁbﬁm be
|rrpI|cated|nreuat|n enraftnent and homn to infarcted

nyocar di Biggressive, fibrqus dysp 653%?’5?”9 (9F Hpikpatolp g %WHH&PWOPEOS@%‘% Kwsdn to
hi ghl'y upeir sgarbiat, Mma& Bohp DRSSE, NhilPpaicBIyhdryme, Rstdi@hditis! Sleitd ddRySanp St - M .

Remar kab e in sed l Xpr.essi on. | ocat e o

2013/'005 B eI OSEOGBE B GaaH RHEI o478 ReF BV B S g t he
bor der zbae), ogeids mlhisycoh@nang‘carenis@awmndegﬂmnbmostm @m&h&aﬁk ifyocar di um By
activating, s.che NCLi acts as a major

e.fu
regul at or O%ndrﬁ"s ‘hssec%“s SR %ﬁ* SIS I, ?uelc{ta OSte alﬁ Ot he rygglesh%s{s%?%"ma’rhe AVD may

be dry Ah@ogetrmtosm@.rostcytemome $>l|1l0tushyfppmmm pripdry hypkrpeifatyrogltisim ednal
osteodystrophy, bone cancer, a bone lesion associated with metastatic cancer, Gorham Stout disease,
20  primary hyperparathyroidism, periodontal disease, and aseptic loosening of joint replacements. The
bone cancer can be Ewing sarcoma, multiple myeloma, osteosarcoma (giant tumour of the bone),
osteochondroma or osteoclastoma. The metastatic cancer that results in a bone lesion can be breast
cancer, prostate cancer, kidney cancer, lung cancer and/or adult T-cell leukemia.
If the damaged tissue is cardiac tissue or bone tissue, the PMLs in the population preferably
25 express detectable levels of CD29, CD44, CD73, CD90, CD105, CD271, CXCR1, CXCR2 and
CXCR4 and do not express detectable levels of CD14, CD34 and CD45. If the damaged tissue is bone
tissue, the PMLs in the population more preferably express detectable levels of CD29, CD44, CD73,
CD90, CD105, CD271, TGF-beta 3, bone morphogenetic protein-6 (BMP-6), SOX-9, Collagen-2,
CD117 (c-kit), chemokine (C-C motif) ligand 12 (CCL12), CCL7, interleukin-8 (IL-8), platelet-derived
30  growth factor-A (PDGF-A), PDGF-B, PDGF-C, PDGF-D, macrophage migration inhibitory factor
(MIF), IGF-1, hepatocyte growth factor (HGF), PDGF-Ra, PDGF-RpB, CXCR4, C-C chemokine
receptor type 1 (CCR1), IGF-1 receptor (IGF-1R), hepatocyte growth factor receptor (HGFR),
CXCL12 and NFkappaB and do not express detectable levels of CD14, CD34 and CD45.
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damaged tissue or for providing pain relief. The PMLs may be used in combination with existing

treatments for damaged tissue and may, for example, be simply mixed with such treatments. Thus the

invention may be used to increase the efficacy of existing treatments of damaged tissue.

The invention preferably concerns the use of PMLs loaded or transfected with a therapeutic
30  and/or diagnostic agent. A therapeutic agent may help to repair the damaged tissue. A diagnostic
agent, such as a fluorescent molecule, may help to identify the location of the PMLs in the patient. The
PMLs may be loaded or transfected using any method known in the art. The loading of PMLs may be

performed in vitro or ex vivo. In each case, the PMLs may simply be in contact with the agent in
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cont act modlﬁe(tﬂﬁ]é/ \aggpmtalpln for ps in delivering genes. The lentivirus may be a SIV FIV or equine

infectious anemia virus (EQIA) based vector. The virus may be a moloney murine leukaemia virus
20 (MMLYV). The viruses used in the invention are preferably replication deficient.

Viral particles do not have to be used. Any vector capable of transfecting the PMLs of the
invention may be used, such as conventional plasmid DNA or RNA transfection.

Uptake of nucleic acid constructs may be enhanced by several known transfection techniques,
for example those including the use of transfection agents. Examples of these agents includes cationic

25  agents, for example, calcium phosphate and DEAE-Dextran and lipofectants, for example,
lipofectAmine, fugene and transfectam.

The cell may be loaded or tranfected under suitable conditions. The cell and agent or vector
may, for example, be contacted for between five minutes and ten days, preferably from an hour to five
days, more preferably from five hours to two days and even more preferably from twelve hours to one

30  day.
The invention also provides PMLs which have been loaded or transfected with an agent as

discussed above. Such PMLs may be used in the therapeutic embodiments of the invention.
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25  retrograde coronary sinus, intra-arterial, intra-pericardial or intravenous route. If the damaged tissue is

bone, the cells may be administered via an intraosseous route or to the site of the injury, such as a
fracture, or disease. The cells are preferably administered intravenously.
Compositions may be prepared together with a physiologically acceptable carrier or diluent.
Typically, such compositions are prepared as liquid suspensions of cells. The cells may be mixed with
30  an excipient which is pharmaceutically acceptable and compatible with the active ingredient. Suitable

excipients are, for example, water, saline, dextrose, glycerol, of the like and combinations thereof.
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cases the cells of the invention may be prov1ded in frozen aliquots and substances such as DMSO may

be present to facilitate survival during freezing. Such frozen cells will typically be thawed and then

placed in a buffer or medium either for maintenance or for administration.

25 The following Example illustrates the invention.

Example

Materials and Methods

30 Once blood was taken from patients, progenitor cells of mesodermal origin were prepared in a
stem cell laboratory under hygienic conditions; open containers with cells or other material were
handled under a laminar-flow hood. At each preparation step, samples were drawn and stem cell

number and viability was determined.
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effective. The quantity to be adm ni stered depends on the subject to be
treated, capacity of the subject’s |mT5| e system and the degree repair
desired. Precise amobunts of PM.s requifed to be adm nistered may depend on

the j udgenmenty@fonddiér &'Il@%ﬂe‘isbf%@'froﬁ%ofé%l/oo@ﬁy F’i@&lﬁ’dqﬁé@ i @73@1’%941& subj ect.
15Any suitabl e nunber of s may be administered to a su ject For

exanpl e, Ceélfrlfv%‘é%ft%nd&’lefeéblé‘ﬁ%d, ing-MEM-PLdgr 5 dpys A@hilﬁ'@,celkﬁ."(?r%(hai‘ﬁﬁe‘barndSh.eG x 106
(1: 8|5| S 18(63[mrklglogfendg%eis ?8% dew]l Ilﬁaams'y Bﬁrﬁﬁr@ﬂg&lesc&@é stﬁmg%lr & nunder biﬁ)@ﬁdlar rr}rﬁtfkeﬁhggm

: : : cells e adm nistere ui t he nunber
of cell s(SSIIlbeI%‘@%V ﬁ%ﬁ?%ﬁ“‘f %13‘6%15 dﬁ?ﬁ“?ﬂ“%‘ﬁé%&e FRajolpy e I‘Efﬁg‘irdgc SEIM0,
pr ef es abpycddaem 106 to 108. Typi caIIy, up to 2 x 108 PM.s are adm ni st ered
to each patie t he cific n ens di above
20r of or ehge 10T CHE TSORUIETBhEToF NP RG SR IoBn Ry B SURHIebLFAGS 1 n
such casés\Galeeliterr, (&I:ltt@n Ricknadnitrllster el t@sted;fpletsmwlasnmustwrunﬁ(ammhm gy be
pr esent | t I I s of
Pho 1 nverdib SRl bl i) B QiAo Pk Brod AR EARP R bRIAR,
DMSO may be present to facilitate survival during freezing. Such frozen
cel I gowi Il tyﬁfecf@riobv)ﬁg@@m&%@@lﬂ)vﬂﬂ@ceﬁlb@&eQétl?affl?qed\f@da buffer or medium either
for maintenance or for adm nistration. 25The follow ng Exanple illustrates
t he i nveht i or?OmERERsiPheralilped wasitakem fiom istPRdds 300nce bl ood was taken from

patientsp pr Oﬁ%ﬂilb%mﬁﬁﬁinkEIOQme%%ﬁsé@throQﬁHtﬁé RcyErGudd epared in a stem
cell | aborataory under ienic conditions; open containers with cells or

ot her materiall ISVWISéeWéfH%ﬂ%é?jg‘M%’B%‘Pn‘écWaé?ﬁ“ﬁ@Pseﬂeﬁ\ﬁlth?%]%fn At each preparation
step, sampl eSGM@ﬁel cﬂruav\/fbrarcldyssﬁ@?mz@kﬂ omunber and vi abi I ity was determ ned
WO 2013/ 0050 516 Mononuc l|s were isolated
{romianol. b BEHARESE PORRIE 11 A5 ddR STy Ra § GRTBH and wer o
cul turedsin awédﬁ\ﬂvd?lchafnged ﬁddamvera%lhﬂuuerfbr Idelyssn O%rogydear vest ed and their

i rmunophegnot t I escence staining for a
nunber of’ cemgﬁ%ﬁrﬁv ?etgglrhglrvngstéeaeq%% Wgu IF%)i\%%cytorretrl c anal ysi s.
Appropriate isotype controls were used for each staining 5Sprocedure.

Cel | vi aIeuJahétyomk@ssv@géae%n%héd% Bg/@ﬂr PR3 PJX@@arﬁ su Iﬁmna&ﬁllnlkasw Il Dbe

enunerated b é eckt on D cki nso were al so tested
for ﬁ?cowﬁaﬁed%qr@ P4, £29. 433434, 643 ﬁ%or@,loérﬂéﬁéx@%l,gh%m% ty,
purity, anryisability and karyotyping to exclude chronosormal abnornalities.
10The foll owi ng sumari ses how the cells were actually derived. 1. 20mL of
peri pheral blood was taken fromthe patient.

The following is the working protocol that was used.

25 Platelet-rich plasma (PRP) preparation
1. The blood sample was divided into two 15 ml Falcon tubes, >8 ml in each.
Centrifuged at 120 x g, 15 min, no brake, room temperature (RT).
The platelet-rich plasma (PRP) supernatant was transferred to a new 15 ml Falcon tube.

The volume of the transferred PRP was noted.

A

30 The volume of PRP was replaced with Hank’s Balanced Salt Solution (HBSS).

Culture media preparation



2. 11.5ml of remaining blood was then passed through the Ficoll PaqueO
1.073. 3. This was centrifuged to give nononuclear cells these were either
t hen: 4a.v@aws/iosseul ture for 8 days in 0% oxygen or 1520TRB0t12NS0600h0
Rosette Separation and then grown in culture for 8 days in 0% oxygen. 5.
Medi a was changed and cells were in culture for 14 days in 0% oxygen. 6.
The cells were then harvested and then run through FACS. A variety of

mar kers were investigated using RT-PCR and FACS anal ysis. The main markers
20 investigated were CD14, CD29, CD34, 4, CD45, CDr3, CDOO, CD105,
CD271, CD181, CD182 and CD184. The folﬁomﬁng is the working protocol that

was used. 35 ¢ af @lrelasiafderRl @SR phdRtRRE 1BE BPAKGR IO RackratoNaE adlyeR dsiSlPl € was
divided into two 15 mM Falcon tubes, >8 ml in each. 2. Centrifuged at 120 x

g, 15 nmin, ndcPriaRdnstpgeis theMsercttalpaxipprpumber offplaelgip wpsealksplaied.ch pl asma
(PRP) supernatant was transferred to a new 15 nml Fal con tube. 4. The vol une
of the tiﬁnsferred PRP was goted._ 05. The volung gf PRP was replaced wth
Hank' s Bal'SFEEH medMUmIyMaer oo EisSay el eapenfdons tRa VY Bpar ation 26 1. 0.3
m PRP was transferred to an eppendorf tube for automatic haenat ol ogy

t heoreti mum nunber of

Bl at o1 et s ved RANaa ated T e R e R R e e ot CNTGL ol ot =Pl at ef et
concent r at i3onhe rdAkMingdt RPweas Sentrifuged at 1610 x g, 10min, RT, with brake.

4. The platelet free plasma (PFP) supernatant was removed into a separate falcon tube and the

platelet pellet was re-suspended with a volume of PFP that gives a concentration of 1 x 10°
10 cells/ml (using the theoretical max number of platelets — aim for 1.5 x 10° to achieve 1 x 10°).

5. The remaining PFP was transferred into eppendorf tubes in 0.25 ml aliquots for
cryopreservation (-80°C).
The lid of the PRP falcon tube was wrapped in parafilm.
The falcon tube was submerged in liquid nitrogen for 5 mins.

15 The falcon tube was submerged in 37°C water bath until thawed.

Lo N e

Steps 7 and 8 were repeated a further 3 times.
10. Culture media was made up by adding the PL at 10% to aMEM, 5U/ml Heparin, 2mM
glutamax, 1% P/S (i.e. add 1.5 ml PL to 13.5 ml media).

20  MNC isolation

1. The diluted blood sample volume (16.5 ml) was combined into a new 50 ml Falcon tube.

2. The blood sample was further diluted 1:2 with HBSS to ~33 ml.

3. 15 ml of Ficoll-Paque PREMIUM 1.073 was added to two new 50 ml Falcon tubes.

4. The diluted blood sample was carefully layered on top of the Ficoll-Paque by tilting the tube
25 and ¢jecting the sample slowly against the tube wall.

5. This was centrifuged at 400 x g, 35 min, no brake, RT.

6. As much of the supernatant (the HBSS) as possible was disgarded without interrupting the

cloudy mononuclear cell layer with the help of a soft Pasteur pipette.

7. The cloudy mononuclear cell layer that is resting on top of the clear Ficoll-Paque was aspirated
30 to a new 50 ml tube, pooled!

8. The volume of transferred MNCs was noted by aspirating it into a 10 ml pipette.

9. Half of the volume was transferred to a new 50 ml tube.



2. 0.25 mM PRP was transferred to an eppendorf tube for cryopreservation
(-80C). 3. The remaining PRP was centrifuged at 1610 x g, 10mn, RT, with
br ake. wo.20BessBat el et free plasma (PFP) super nat ant PaasGB2ee0se@oi nt 0 a
separate fal con tube and the platelet pellet was re-suspended with a vol une
of PFP that gives a concentration of 1 x 109 10cells/m (using the
theoretical max nunber of platelets - aimfor 1.5 x 109 to achieve 1 x
109). 5. The renmi ning PFP was transferred into eppendorf tubes in 0.25 m
aliquots for cryopreservation (-80C). 97 The lid of the PRP fal con tube was
w apped in parafilm 7. The falcon tubé& was subnerged in liquid nitrogen

for 5 m ns 1358 MUE J&! GRRJEARR HBS wiHRMBLOSY mdleaRAC WiaheinPakEs, ‘dﬁéu't 3

t hawed. 9. Steps 7 and 8 were repeated a further 3 tinmes. 10. Culture media
was made up byl adding the PL at 10%to aMEM 5U miHeparin, 2nmM gl utamax, 1%

P/'S (i.e. ad@&hﬁbmweﬂceﬁtﬂfu%é’d #2500 x g1 e i), witkBraMY@TI sol at i on 1. The
di luted bl o ‘g(pél e vol ugﬁgédlg 5 mM) was conbi ned into a new 50 ml Fal con
tube. 2. T R urther diluted 1:2 with HBSS to -33 ni. 3.
15 m sof F|1e.od)ﬂe«alPa1qufbeRREMshMeﬂde@%&pmsmad@adnmlmnwmsmmwaﬁﬁt srinl.Fal con

t ubes. 4. The diluted bl ood sanple was carefully |ayered on top of
the Ficoll-Pagque by tilting the tube 25and ejecting the sanple slowy

agai nst Rbnett&ﬂduéfnmﬂntent 5. This was centrifuged at 400 x g, 35 mn,

no brake, 'Jh@ sedbﬁd e ef?Jt wEtﬂ%s {d%%%@&ngﬂ R)Jﬂgle F‘B&@ror{?‘ﬁe Qrﬁt?aﬁ b 19 k fy Was

di sgarded wi thout Interrupting t nonucl ear ce ayer wth the
hel p of a sofdliqRist eur pi pette 7. The cl oudy nononucl ear cell

layernythat )i s33n@stdshg- ﬁﬂw&?ﬁd&ianﬁ%e@b?&%ed:ﬁgco' | - Paque was aspirated 30to a
new 50 ml tube, pooled . The volume of transferred MNCs was

noted by as3p|“f“hawqﬁglcplfatqdﬁ@réoanwsmoorpFeﬁ@ﬁa@re 9. Half of the volune
was transfer regd difpléwnanu@@1 My Ladhe 700 WOH2R3 36 @ Q0 SaRficVoeB2Q12/10541600

5. 1 ml of Ficoll-Paque was added to a new 15 ml Falcon tube.
6. The diluted blood sample was carefully layered on top of the Ficoll-Paque.
15 7. This was centrifuged at 400 x g, 35 min, no brake, RT.
8. The supernatant was discarded by aspirating it with a 1 ml single-channel pipette.
9. The cloudy cell layer on top of the Ficoll was transferred to a new 15 ml Falcon tube.
10. The volume of enriched cells was noted and they were diluted with at least 3 X the sample
volume with HBSS, about 3 ml.
20 11. The cells were centrifuged at 500 x g, 15 min, with brake, RT.
12. The supernatant was discarded.

13. The pellet was resuspended in 0.5 ml.

Cell culture
25 1. The cells were seeded at a seeding density of 1.0 x 10° cells into either autologous or allogeneic
platelet lysate medium.
This was topped up with a suitable medium volume.
The cells were incubated in 37°C, 0% O,, 5% CO, for § days.

The media were changed on day 8 and the cells were incubated until day 14.

A

30 The colonies were picked and transferred to new culture vessels. Allogeneic platelet lysate
medium were added.
6. The culturing and passaging of the cells was continued until approximately 5 x 10° -1 x 10°

cells were obtained.



27 10. The MNCs were diluted in both tubes with at |east 3 X the sanple
volume with HBSS, about 13 m. 11. Both tubes were centrifuged at 500 x g,
15 mn, wohoitwmkes3 RT. 12. The supernatant was di scar dedT/dBe812/Gn@oof t he
tubes was resuspended to approximately 1 mllion MNCs/ m, about 5 m.
Rosette-Sep Enrichnent 1. The second MNC pellet was resuspended with 660 uL
whol e blood fromthe initial 0.75 m aliquot. 102. 33 pi Rosette-Sep was
added and m xed by pipetting. 3. This was incubated for 20 m nutes, room
tenperature. 4. The sanple was dil uted g2 by adding 700 pi HBSS, to a
total sanple volune of 1.4 m. 5. 1 m "of Ficoll-Pagque was added to a new

15 m Fal con f{dkas vs@re h-ghf%stgi alnH”éu?a@/sQf‘ Mr«%?%eﬁy Xi@sasch@é'egsfaHfl Y dik¥efed on top

of the Ficoll-Paque. . This was cent uged at 400 x g, 35 mn, no
brake, RT. 8. “WW@”%Uﬁernatant was di scarded by aspirating it with a 1 ni

si ngl e-channel pipette. 9. The cloudy cell layer on top of the Ficoll was
transferred to new 15 m Fal con tube. 10. The vol une of enriched cells
was not el AHE WHEY WEFRMY §i%d with at |east 3 X the sanple vol une with
HBSS, sabout 3r H@kells%ﬁbﬂﬁcedTﬂl&c@%nhﬁwmem@ﬁiﬁbtﬁ wérd gedd &Tr th5ﬁ)@o1b(ty® heéhiztori n, with
br ake,

reauspendit i forie FrRSE Rt P MRt RE s WS BR dhe®Ee edlsseedi ng
densi ty wofrelabllled wihBlucredckig agant xdeheiriamnti@lit tk ogotedody detihinglomeigc
bioluminescence.
For anti-inflammatory effects, enzyme-linked immunosorbent assays (ELISAs) for various
10 inflammatory markers, including interleukins (such as IL-8), selectins, adhesion molcules (such as

ICAM-1) and chemoattractant proteins (such as MCP-1 and TNF-a), were performed.
Results

15 All cells

All progenitor cells of mesodermal lineage produced in accordance with the invention
expressed CD29, CD44, CD73, CD90, CD105 and CD271, but did not express CD14, CD34 and
CD45. An exemplary RT-PCR gel showing the presence of CD44 and the absence of CD34 is shown
in Fig. 1.

20 Exemplary sets of FACS results are shown in Figs. 2 to 4. These confirms that the cells are
cells are positive for at least CD73 and CD90 and negative for CD14, CD34 and CDA45.

The cells are typically from 10 to 20 um in diameter. The cells typically have a spindle-shaped
morphology and are fibroblast like (i.e. they have a small cell body with a few cell processes that are
long and thin).

25
Homing cells

Cells capable of homing to specific damaged tissues were shown to express chemokine receptor
types 1 and 2 (CXCRI1 and CXCR2).

Cells capable of homing to damaged heart tissue and bone tissues were shown to express

30 CXCRA4. Fig. S shows that CXCR4 positive cells are capable of homing to damaged bone. The results

from the experiment shown in Fig. 5 are summarised below.



platel et lysate nedium 2. This was topped up with a suitable nedium
volume. 3. The cells were incubated in 37C, 0% 02, 5% CO2 for 8 days. 4.
The nedi avoens/@b@Edaged on day 8 and the cells were inculpatr&aB2ortashéoday 14.
305. The col onies were picked and transferred to new culture vessels.

Al'l ogeneic platelet |ysate nedium were added. 6. The culturing and

passagi ng of the cells was continued until approximately 5 x 105- 1 x 106
cells were obtained. WD 2013/ 005053PCT/ GB2012/ 051600 28 7. The cells were
harvest ed and anal ysed by fl ow cytonet and, as necessary, the cells were
cryopreserved. Homi ng and anti-inflamétory tests 5The cells produced in

accordance Wt the [pgENtT o werex@gsied forr gheRy- abit i)XfaluQ(ﬂR AHO

specifi ¢, damaged tilssues in mce and induce anti-inflanmmtory effects| once
there. FBayhossing, cleBlEdes e | ahbftietdidn th | HW6EB3cent AB8R and t heif

| ocat i onglafruidne nousig-heody det er mpned usi ng bjglsgum nescence. For
anti-intlammtory effects, enzyne-1inked i mmunosorbent assays (ELISAs) | for

vari ous | Pay AP#sinmat of {oHaPkler s, i B4Ry i nt eFPEi ns (508K 7as 1L-8),
sel ecti Ngraca@dbesi on mpkcul es (such=Aas | CAM 1) | gnd chenpattractant proteins
(such as_MCP-1 and TINF-a) . _were perforped Results 15Al 1 lcells All

progeni { BAY LeP9E of | SEEI& bl 1 il ABKGE 187 oduckdPH%ccor d%AKE with the
i nvent i ofraesy essed |GB39, CD44, Ch¥8, CD90, OOE35 and CDR71, but did npt

express e ny Wl M/I and (‘I'Vll-'\ An va Iar\l DT CR el cholvi na the prese ce

.l.‘r, AT ATTO 7t \/I\\/IIP -y LAY A IAY u\,l >R RAYA'A Ilu L B A
of CD44 and the absence of CD34 is showmn in Fig. 1. 20Exenplary sets of
FACS resul t s Erabskhame shewsBIgSigna sénfiqubntitdine aealpenBighamat hbhadcnirhebicelel s are

region of interest (ROI), measured as photons/seconds/cm2/sr, was normalized by subtracting the

background signal found in an equal ROI in the contra-lateral unfractured tibia. a, p <.05 versus
5 CXCR4 group; b, p < .01 versus CXCR4 group; ¢, p < .05 versus PMLs by Tukey post-test.
Abbreviations: ANOVA, analysis of variance; PML, progenitor cell of mesodermal lineage.

Cells capable of homing to damaged retinal tissue were shown to express CXCR4, vascular
endothelial growth factor (VEGF), transforming growth factor beta 1 (TGF-beta 1), insulin-like growth
factor-1 (IGF-1), fibroblast growth factor (FGF), tumour necrosis factor alpha (TNF-alpha), interferon

10 gamma (IFN-gamma), interleukin-1 alpha (IL-1 alpha), CXCL12, CD109, CD119, nuclear factor
kappa-light-chain-enhancer of activated B cells (NFkappa B), CD140a, CD140b, CD221, CD222,
CD304, CD309 and CD325.

Cells capable of homing to damaged bone tissue and the cell expresses detectable levels of

TGF-beta 3, bone morphogenetic protein-6 (BMP-6), SOX-9, Collagen-2, CD117 (c-kit), chemokine

15 (C-C motif) ligand 12 (CCL12), CCL7, interleukin-8 (IL-8), platelet-derived growth factor-A (PDGF-
A), PDGF-B, PDGF-C, PDGF-D, macrophage migration inhibitory factor (MIF), IGF-1, hepatocyte
growth factor (HGF), PDGF-Ra, PDGF-RB, CXCR4, C-C chemokine receptor type 1 (CCR1), IGF-1
receptor (IGF-1R), hepatocyte growth factor receptor (HGFR), CXCL12 and NFkappaB.

20 Anti-inflammatory effects
The cells produced in accordance with the invention were shown to express the following anti-
inflammatory markers: CD120a (tumour-necrosis factor (TNF)-alpha Receptor 1), CD120b (TNF-alpha
Receptor 2), CD50 (Intercellular Adhesion Molecule-3, ICAM-3), CD54 (ICAM-1), CD58
(Lymphocyte function-associated antigen-1, LFA-1), CD62E (E-selectin), CD62L (L-selectin), CD62P
25  (P-selectin), CD106 (Vascular cell adhesion protein, VCAM-1), CD102 (ICAM-2), CD166 (Activated



cells are positive for at |east CD73 and CD90 and negative for CD14, CD34
and CD45. The cells are typically from10 to 20 11Min dianeter. The
cell s typwoabipob#se a spi ndl e- shaped nor phol ogy and ar @CfridB2ot/@sdool i ke
(i.e. they have a small cell body with a few cell processes that are |ong
and thin). 25 Hom ng cells Cell s capable of homng to specific
damaged tissues were shown to express chenoki ne receptor types 1 and 2
(CXCR1L and CXCR2). Cells capable of hom ng to damaged heart tissue and bone
ti ssues were shown to express 30CXCR4. .Fig. 5 shows that CXCR4 positive
cells are capable of homing to damaged bone. The results fromthe
exper i ”E[Ehko%p@wl ddﬁes%%oléul%r EDPIITHREL I S8 1‘19? ko3 (Iﬁf\@aeukm 3 Receptor CD124
2013/ 005053PCT/ GB2012/ 051600 29 PM. CX CXCR4- P Val ue R Day 3
post 531 tAntedeukinglRegoptory 508 AAnderlegkipg @Fceptor) CD127 (Interleukin-7 Receptor) and

fibroblast growth factor receptor (FGFR).



fracture n=14 n=8 n=8 Day 7 post 70932041a 85264202b 133745 0. 0057
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CLAIMS

1. A progenitor cell of mesodermal lineage, wherein the cell (a) expresses detectable levels of
CD29, CD44, CD73, CD90, CD105 and CD271 and (b) does not express detectable levels of CD14,
CD34 and CD45.

2. A progenitor cell according to claim 1, wherein the cell is capable of migrating to a specific,

damaged tissue in a patient.

3. A progenitor cell according to claim 2, wherein the cell expresses detectable levels of C-X-C

chemokine receptor type 1 (CXCR1).

4, A progenitor cell according to claim 2 or 3, wherein the cell expresses detectable levels of C-X-

C chemokine receptor type 2 (CXCR2).

5. A progenitor cell according to any one of claims 2 to 4, wherein the specific tissue is cardiac

tissue, retinal tissue or bone tissue.

6. A progenitor cell according to claim 5, wherein the specific tissue is heart tissue or bone tissue

and the cell expresses detectable levels of C-X-C chemokine receptor type 4 (CXCR4).

7. A progenitor cell according to claim 5, wherein the specific tissue is retinal tissue and the cell
expresses detectable levels of CXCR4, vascular endothelial growth factor (VEGF), transforming
growth factor beta 1 (TGF-beta 1), insulin-like growth factor-1 (IGF-1), fibroblast growth factor (FGF),
tumour necrosis factor alpha (TNF-alpha), interferon gamma (IFN-gamma), interleukin-1 alpha (IL-1
alpha), CXCL12, CD109, CD119, nuclear factor kappa-light-chain-enhancer of activated B cells
(NFkappa B), CD140a, CD140b, CD221, CD222, CD304, CD309 and CD325.

8. A progenitor cell according to claim 5, wherein the specific tissue is bone tissue and the cell
expresses detectable levels of TGF-beta 3, bone morphogenetic protein-6 (BMP-6), SOX-9, Collagen-
2, CD117 (c-kit), chemokine (C-C motif) ligand 12 (CCL12), CCL7, interleukin-8 (IL-8), platelet-
derived growth factor-A (PDGF-A), PDGF-B, PDGF-C, PDGF-D, macrophage migration inhibitory
factor (MIF), IGF-1, hepatocyte growth factor (HGF), PDGF-Ra, PDGF-R, CXCR4, C-C chemokine



n=5 11=3 11=3 The above table shows BLI signal sem quantitative

analysis. Signal at the fracture tibia site region of interest (RA),

measur ed WO 2ptsaos0s3/ seconds/ cn/ sr, was normal i zed by sebTrGBi2F1d0he

background signal found in an equal ROT in the contra-lateral unfractured

tibia. a, p < .05 versus 5CXCR4 group; b, p < .01 versus CXCR4 group; c, p
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chemokine receptor type 1 (CCR1), (iv) stromal cell-derived factor-1 (SDF-1), (v) hypoxia-inducible

factor-1 alpha (HIF-1 alpha), (vi) Aktl and (vii) hepatocyte growth factor (HGF) and/or granulocyte
colony-stimulating factor (G-CSF).

12. A progenitor cell according to claim 11, wherein the cell overexpresses one or more of (i) to
(vii).
13. A progenitor cell according to any one of the preceding claims, wherein the cell expresses

detectable levels of one or more of (i) vascular endothelial growth factor (VEGF), (ii) transforming
growth factor beta (TGF-beta), (iii) insulin-like growth factor-1 (IGF-1), (iv) fibroblast growth factor
(FGF), (v) tumour necrosis factor alpha (TNF-alpha), (vi) interferon gamma (IFN-gamma) and (vii)
interleukin-1 alpha (IL-1 alpha)

14. A progenitor cell according to claim 13, wherein the cell overexpresses one or more of (i) to

(vii)
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16. A progenitor cell according to any one of clains 1 to 14, wherein the
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phar maceuti cal conposition conprising (a) a progenitor cell according to
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accordi ngeho clainms 17 or 18, wherein the popul ati on conprises a

t herapeutically effective nunber of cells, and thereby treating the damaged
tissue in the patient. 28. A nethod according to claim27, wherein the
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accor di ngi 1,0, cl aim 27, wherein the method is for treating a cardiac injury
or di sease, age-related macul ar degeneration or a bone injury or disease in
the patient. 33. A nmethod according to claim 32, wherein the cardi ac
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congenital heart deficit, heart valve disease, arrhythmia and myocarditis.

34. A method according to claim 32, wherein the bone injury or disease is selected from fracture,

Salter-Harris fracture, greenstick fracture, bone spur, craniosynostosis, Coffin-Lowry syndrome,



35 fibrodyspl asia ossificans progressive, fibrous dysplasia, Fong D sease
(or Nail -patella syndrone), hypophosphatasia, Klippel-Feil syndrone,
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pati ent ofjoatreplhdemgenei ¢ donor. 37. A popul ation according to claim17 or
18 for use in repairing a damged tissue in a patient. 38. A popul ation
according to claim17 or 18 for use in treating a cardiac injury or
di sease, 3age-4 elethvéetcordimp keeany degd nk a3 dn3 o whercib drencilnjl isr(y) fortrediigease in a

patient Eﬂdl&eﬁﬂr}ftJP gfsgagg and the population comprises a therapeutically effective amount of cells as
defined in claim 6, (b) for treating age-related macular degeneration and the population comprises a
therapeutically effective amount of cells as defined in claim 7 or (c) for treating a bone injury or disease

and the population comprises a therapeutically effective amount of cells as defined in claim 8.

36. A method according to any one of claims 27 to 35, wherein the population is produced using

MCs obtained from the patient or an allogencic donor.
37. A population according to claim 17 or 18 for use in repairing a damaged tissue in a patient.

38. A population according to claim 17 or 18 for use in treating a cardiac injury or discase, age-

related macular degeneration or a bone injury or discase in a patient in need thercof.



