2111111111111111113.% 11;0; 1 AA* PRODUCTI ON OF CELL SUSPENSIONS O 5 MAY
2006 BACKGROUND OF THE | NVENTION This invention relates to the production,

by expansi on \\ nmet hods, 5 of cell popul ations thg Sosy 006

i nfused into M\\m\ﬂww‘\\ exanple, to engraft patients, e.g., cancer
patients who have had.treatnent that resulted in the depletion of their
bone marrow. Qher uses of such cell populations include supplying cells
as suppl enments for genet PROBUETION GIECELEMIBFEENSIONSgener ati on of
tissue, as carriers of therapeutic genes, and as agenis used for inmne
enhancenment. 10 In the case of engraftnent, cancer patients can have their
bone marrow reconstituted he ,,.. ,}. At .00 .)n mar row obt ai ned
from donors, or by the ) Eeimmeiimms ISPELT 7s-of relatively

i mmature, and t herEfi9{fentibrifel 264 8 The pro@hdton, by &laHEbA Ind s3EBibR M ethods,

obt ai ned from ot her sources, such as unbilical” cord blood. Methods have
been de%i seticallbpapulssiads that tancks infispdhintw patients, fortekkrmpketosmigiafgpatieatsdesi r ed,

15 or "target" cells uc s st cells.., Anethod for achieving this is
doscr i bed Pa-gpGE pAiGnRe By hadishirecrd i efhe o he ferlian bt bereny

ref erence. manely. WhtEERs b¥ Richdkll pop@ AR RYnAYIKIpPEtngAs Qb E\f‘ﬂp_léiﬁéh\ég for
factors to ensure that the resulting cells suspension is enriched in the
target cel Benojigdefects, asrlemensp forgegameration ofitissue.as cerrwlmq@?emﬁq:mmrgenﬂg cle: | s
such as str | I ..ch can enhance the expansion of the target cells.
20 SUNNARYaMaSM&mRnFFP@“C%'Q%‘PE{ESsi on of the invention is a method
for praegluci ng a cdhlthe &448 PEATIrAmEM &ﬁl@érﬁqafti@ﬁts%ﬂgﬁﬁjettHaPBoﬁmhﬁ%NS' on
conprising the steps of: a) culturing a first population of cells that

cont ai ns nAcpngiiteted by thet admainistration efchond imagroay ¢btained froimqrmprs, at bytheof ]E:el | s
under conditions t.hat .cause.expansion.of said first sub-paopulation o
cells, b) B‘i‘}’w@f,ahaﬁf’ﬁ P PERTOnS O el Yely tnpraaturg, ?{54 m‘?b‘?f‘érfeﬂe‘ﬂ)’?temeﬁﬂlﬁi ng from
sai d firstincReY @b QEIIEobhAddtrdn SHeP MhreddPsRARVLALIRA QfrdbfidaS: Wherein

sai d second sub-popul ation
Methods have been devised to expand such cells in culture, while selecting the desired,

15 or “target” cells, such as stem cells. A method for achieving this is described in Kraus,
U.S. Patent No. 5,925,567, hereby incorporated by reference. Such systems typically
employ cytokines and other growth factors to ensure that the resulting cells suspension
is enriched in the target cell type. In addition, such methods have employed supporting
cells such as stromal cells, which can enhance the expansion of the target cells.

20

SUMMARY OF THE INVENTION

A first expression of the invention is a method for producing a cell
suspension suitable for engraftment or infusion comprising the steps of:

a) culturing a first population of cells that contains multiple cell types,

25  including a first sub-population of cells under conditions that cause expansion of said

first sub-population of cells,

b) before, during, or following the culturing step a), removing from said first
population of cells a second sub-population of cells, wherein said second sub-population
of cells inhibits said expansion of said first sub-population of cells or grows less well

30 under said conditions than the cells of said first sub-population of cells and
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of .cells inhibits said expansion of said first sub-population of cells or
grows less well 30 under said conditions than the cells of said first

sub- popul ation of cells and I~YIIVIINIIY~l *000002 O 5 MAY 2006 c) further
expanding said first population of cells and conbining cellggp ¥ 0086
second sub-population with cells obtained by expansion of said Ti1rst

sub- popul ation of <cells to formthe cell suspension. In certain

enbodi nent's, st epc) fathésexpending sad fiadt pepuletidipofdells and céribinfrigreetls sfudaid s
popul ation of cell's has been conpleted. The method c¢an further include the
rempval ofsecadsub-mepulstiomwithealls ebtaiged by PXRASIORE %léirﬁsﬁubﬁpplée%} w‘; a

third sub- | at i f ment - enhanci ng cell s or expansi on-enhanci ng
cells to t @P@u‘g’% sﬁc.(;erlll,sglg “3%’3" stage in the process. In cases where the

celbl s of | t he thi r th cfairpanpbddiinents, steph@ iseerfornehafiarexpdnsidneofithe Stst sub-
sub-popul ation, the cells of the third sub-popul ation, are added to 10 the
cul turé caepulatipmgf ealls bps pean compleseduThg 'inS'i]iloéFa‘églrﬂ@r B’F[ therempyal of

conpl eti on e [ ' . : _ The cells
of the secdgg%c'%sll&fb%o%‘&aag% @fr}:lug %Q}eosrieire&eflfrug@@[e}%%ﬁﬁ}r??% Peﬁ‘gan Eoef expanded
prior to heppginet-esicingdells bhexpansiowbhimnoihgichids tofthe suspenserpapartyat i on.
Renoval of the cells of the second sub-popul ation can be effected by use
of sel ect istagedn theareesss.clngcasesivhese theaslls egilh %aﬂﬁ%gbrmi’“ ogephance (cang) ,
and/ or 15 ] i gar Wotl] b Ly | | ection
can be usee&‘,p %%?%foéttge ﬁ%g@#?g@%%@ﬁeﬁhgg{sgﬁ?ﬂ Edog.dbS, é%%atf%g%?é éll?dggnged or
cont i NWoUsthé ehlagt comtaidinghe figst subrpopul stidn-gfaplis piiortn sheceomietigesfitbe ned, with

the criteria for selection bein i ed ti i f Lred. Th

venti on SRRSO Y BRSBTS o (oM 0! UHECTDIBURR BEPORE of 20
cells, e.qg, g e | ' i rabl
i bt 1 ng? RETOUES iy SHEREGRahdR ey P Beng LSRR M (NEAIR P RECS, TR Y

their renof@l sudpopalation. Reprval sfithe calls of Hessecendcdubrppuatios tarcbe effectdde
engraftabl e cell suspension if added back foll ow ngly exp nsil\gn. further
i npor t ant  Byesepseleetianlements e gutibadiesneell adhesign go w!%?@ %e‘ﬁ@éﬂ‘rari ly,

Ca RIS o b AR50 Rl 6 G50 B BPEE 0 7S
nore described in U.S. Patent No. 5,925,567. Repeated or continuous selection of one or
more sub-populations can be performed, with the criteria for selection being varied over
time if desired.
The invention takes advantage of the discovery that some sub-populations of
20  cells, e.g., cells that express the surface antigen CD14, while undesirably inhibiting the
expansion of desired cells, e.g. CD45+ cells such that their removal enhances
expansion, may enhance characteristics of the engraftable cell suspension if added back
following expansion. A further important insight is that sub-populations that are
removed, temporarily, can be expanded prior to being added back to the cell suspension,
25  under conditions which may be different from those in the original culture, and more
conducive to expansion of the removed sub-population. Because a starting cell culture
may contain a number of different cell types, any of which can be removed at any stage
of the process, expanded, and added back in any proportion, the characteristics of the
final cell suspension can be adjusted infinitely using the methods of the invention.

30 Certain cell sub-populations enhance the growth of the primary culture and/or

the sub-population, and/or enhance the properties (potency, efficacy, etc.) of the cell
2



conduci ve to expansion of the renoved sub-popul ati on. Because a starting
cell culture nmay contain a nunber of different cell types, any of which
can be renoved at any stage of the process, expanded, and agi8eMAHZWR in
any proportion, the characteristics of the final cell suspension can be
adjusted infinitely using the nethods of the invention. 30 Certain cell
sub- popul ati ons enhance the growh of the primary culture and/or the
sub- popul asuspensicn) dGRywth RhRdHEEmEMANBIR REdnt&ficrt R kIR T¥perilS bHRE YinalRei- ) Of
the cell 2 0 5 MAY 2006 suspension. G ow h enhancenent” and/ or enhancenent
of the profePERan ¢sm herpbtginehby repmbiningsthe psinery adiurd; sulppopilatishstayd/or

reconbi nin |, KB | ture, .sub-popul ati ons and/ or, progeny of

sub- popul a? foggl? g{%uv rc%f)b]%? °n %evsarlaﬂsrWﬁ&spglf“%qr@%e’éMH§P%n. A second
expressi on of t AesebonEElprésBionof T My Gd aH{eﬁ@dQﬁf%roﬁw_ﬁ%'a!ceﬁ%ﬁ SioRN _°
suitable for infusion conprising : a) obtaining an‘initiadal suspension of

cells cont &WiFﬁbkgfohiﬂftlSim eorgptidingopul ati ons; b) selecting a popul ation of

target cells fr id ini.tial cell.suspension;. c) cyl.turi sai d

popul ati on of tgjrﬂ%bz%hglglalrﬁs}mﬁlﬁg%qsp%h% cffi%Sﬁ%“Enﬁédegéﬂﬁ_@p]leﬁéﬂ%@k‘a%ﬁ*&qsbn of

said target cel bpsehdtfing@ ﬁé))ul@lﬁ&bbf‘ﬂ:a?_t &dlls| fRAS baid iMAAILdeARuiPentiBg; Product of

step (c) with the remainder of said initial cell suspension to formthe

cel | suspensi onCkelfusng saifl population phiargeralls unfleraonditionsitidt eabsatiteages of t he

i nvention w . nt. fromihe detailed description and draw ngs, and
PpegSR BRI s+l

fromthe c DRAWNGS Fig. 1 is a graph showi ng the

ef fect 1f vari ouﬁccﬂqﬁﬁihmweﬁa%&ﬁwopﬂﬁebﬂﬂucﬁam%@%mitﬂ%&%dsﬁlde%f a cell

culture. Fig. IAis a graph illustrating the effect of vario
concent r at bahnitdl cetbsuspensipn to foom thheclksuspansionrsupiatile firiiafusioh. a cel |

vost 1o 20 Ecloufe bSO s Gt S gl |
di agr ammat HéschMpteon sHd drawitph SRd RIm BRAMiInke sel ection of a non-target cell.
Figs. 3a-3d are schematic diagrans of various nodes of operation of systens

15 DESCRIPTION OF DRAWINGS

Fig. 1 is a graph showing the effect of various antibody cocktails on the

expansion potential of a cell culture.
Fig. 1A is a graph illustrating the effect of various concentrations of CD14+ cells
on the expansion potential of a cell culture.

20 Fig. 2 is a highly enlarged diagrammatic view of a system for positive selection of
a target cell. Fig. 2A is a highly enlarged diagrammatic view of a system for negative
selection of a non-target cell.

Figs. 3a-3d are schematic diagrams of various modes of operation of systems
according to different embodiments of the invention.

25

DETAILED DESCRIPTION

The invention features methods of forming cell products having defined profiles
by selecting a sub-population from a primary culture, or from an initial cell suspension
not in culture, and using the sub-population, a component of the sub-population, and/or

30 the primary culture to make one or more cell products. In some cases, the sub-

population may ultimately be added to the primary culture and/or the cell suspension to

3



according to different enbodi ments of the invention. 25 DETAI LED
DESCRI PTI ON The invention features nethods of formng cell product%d1aving
defined profiles by selecting a sub-population froma pri ndr MAYI 8008 e, or
froman initial cell suspension not in culture, and using the

sub- popul ati on, a conmponent of the sub-popul ation, and/or 30 the primary
culture to nmake one or nore cell products. In sone cases, the sub

popul at i on foraythe lfinaNFroehet. Eeam?rtedf tritid1 el @adpeﬁsﬁa(nsqaéma!é Soxfef}{iéx?é gy cel |
suspension to 3 0 5 MAY 2006 formthe final product. | es intial
cel | suspeRigodnreripheral bloog.and susnensians efxells oblainsd frogxehurphembodcrmaid and
suspensi on I nNeso erna and
endoder mal é%t?é%rﬁlgié afid gp‘lif?deﬂggatns (S:l?éga uCH%S RUISIGAtiS, hepatie zi’leuraﬂ %f‘f“’c

der mal, nmudemmlaneschednd @cditd SSUE. Eﬁﬁﬂ@é @ﬁprﬁﬁar?rchﬁﬁ'éy cul t ures 3a 0 5 MAY
2006 WD 03/ 042113 PCT/ US02/ 35553 i ncl ude cul tures of cells of a type
suitable for engraftnent, such as hematopoietic stem cells. The nethods of
the invention may include formng cell products by conmbining cells of the
sub- popul ation with other cells. For exanple, the sub-population nay be 5
returned to the primary culture after further expansion of the primary
culture. Alternatively, the sub-population nmay be cultured separately and
eventually returned to the primary culture, or its progeny nay be returned
to the primary culture (either wth or without intervening further
expansion of the primary culture). A second sub- popul ation may be renoved
fromthe first sub-population, and then the first or second 10

sub- popul ati on may be returned to the primary culture, either before or
after further expansion of the primary culture and/or the sub-popul ation
that is being returned. The sub-popul ation can also be added to a cel
suspension fromwhich the primary culture

3a



or .t he sub-popul ati on was obtained, e.g., one of the initi aloée’MY 2006
suspensi ons dweoogszd3 above. 15 I n other inplenentations, rref,@ﬂﬂg‘)z_ils’qg;l:’ude,
during expansion of a sub- population, adding cells of the sane type as
those in the sub-population to the sub- population to fuel expansion of the
sub- popul ati on, and/or renoving a sub-population and conbining it with

other cells RpfudfcultifesRt OB of AYdd dWitdbie it BB BB RURLI L Dieti
addition to theusecluection stepsa iscussgd abgflsgt, ariS 20£§u}%gleas®r%§tt)+§tem

sub- popul ati o¢lld.s renoved fromthe primary culture and discarded. Cell
products may be produc d(ﬁ%y roviding a primary culture or initial, cell
suspensi on, and pé?‘%’?eﬁ? °£E1§ 18}“’*‘}‘,‘88@%@?%@% %Hmé‘&-?ﬁ P(Qé‘.uﬁt.s,by§@1“é€‘ﬂfi&m
after cell  giy & tRO s -pdpullticnarial iR RAS BRI MhplSiHRG 9@%&@%&&@&“' body
cocktails that renove ‘a predeterm ned sub-popul ation }'lr the pri‘mary

cul ture. Therattinedto te pvimary awlnes agertfintlon expansionaif tise imirheukwpansi on
potential of articular primary culture.is shown in Fig. 1. In the
experi nment i ﬁ?ﬁglaflé{?lgdtlhf ﬁu‘gpﬁgﬁi@/o“s@?@&? sunredsergatehrdey el retuamedel |
expansi on. HYBESki Wik, d28ts Bk ' ' ' with
t he anti body c]o?kltm aai%f(s; carm’ betsge%gfﬁ@gbg? tgerfi{f/dﬁ%gtpghiﬂgﬁiugeg&gg&forned
repeat edl y bwfilbrog without m¢ervening Aither expendiordofithe primanBénlited)] Apveostidodub- nay

Iso b d b L turi first | at i f cells that
Contai ms” mul DoAY b faioVet Mt et sul e aon, o s G opecsan s
under 4 Y Os?amgo;ﬁuaﬁola ndaybereiinedd8 ke pﬁ%@§ﬁafe3§ﬁégggefbgéﬁdg@%nmat cause

the expansion of the first sub-popul ation of cel i uring or
fol | ow ng expepasiion of thermsimary ciltweandier fhie seh-pppydaticn thains being carmaied. The

sub- popul ati g of .cells that ar energted by the firsi sub-popul ation,

The |t usabl tcefidfusin e Yie Ren] stneron Fopuhich tiapibary cuttre

sub- popul at i gfihe lsiib-pepHai@tREs obithiged, Rl betmqidtiaﬁca}@eﬁéﬁioﬂydmlkke&e
ce

substantially free of cells of the first population, e.g., 1f suc I'ls
are not sui t#MAVE for infusion. In sone cases, for exanple in the case in

hi ch Uhg 1ot SRLRORIIANLRRGhRhUSS: SOREY Ay LGRS sl "o "oV N0
population, adding cells of the same type as those in the sub-population to the sub-
population to fuel expansion of the sub-population, and/or removing a sub-population
and combining it with other cells not of the primary culture.
In some implementations, in addition to the selection steps discussed above, an
20 undesirable sub-population is removed from the primary culture and discarded.

Cell products may be produced by providing a primary culture or initial cell
suspension, and performing one or more selection steps (e.g., selection after cell
division or proliferation has begun) using one or more antibody cocktails that remove
a predetermined sub-population from the primary culture. The effect of various

25  antibody cocktails on the expansion potential of a particular primary culture is shown
in Fig. 1. In the experiment illustrated in Fig. 1, selection was performed prior to cell
expansion. However, as will be discussed below in detail, selection with the antibody
cocktails can be performed at any time and can be performed repeatedly before, during
and after cell division.

30 Cell products may also be produced by (a) culturing a first population of cells

that contains multiple cell types, including a first sub-population of cells, under



expansi on, and may be performed substantially continuously. Th&Scaapaddbti on
of the antibo¥y Q:%d’k’t‘%lil may be changed as tine passes to duRGTgS0CA5Is3
expansi on. For exanple, surface nol ecul es expressed at different tine
points on different cells can be identified, and selection in or out can be
based on this. Reselection with different anti body cocktails can be
perfornmed sulbstdinensghatcauseghe expaosioh pf thedirg sulpopwiatonmfcednand s dering he

ti f _djff t cells int R duct b j ust
Dy 755" o B i BBl BBk oo B e AR bt O 8l 2 o
non-target ceklsis tﬁz_ﬁtear;éj sliRehQthyOHE firs B6H-PEpuPMion ARt figbid @ IRUEHRRS o Nd/ OF

Identity of the antibody or antibodies 1n the cocktail. The anti body or
anti bodi es i nndlinding callstedithe seaondsubyepeletion Incommcnrssadbe nfiesableicddl i ty of the

product since sone cell. surface ker re.shared by different cell 20
Pypes. For | umatues wedbne SipsBrialiatesartceth e Bistulavones & e
epi topes thatyd GRIERAN fod MrldiEn SHRBARWaSs! BPlﬁxa%plé BIKOEYESS whith Re fiRBUl 1, a

CD45 pan | eukocyte marker can be used to select in or out all |eukocytes,
wher eas CD45Rab-pophl@idGiRAudescamtiygonis stémt aglls dhesremoivmgstepasiperépmei tingng

| eukocyt e subpopul ations. Propertions of .cell types can also be varied by
reconbi ning £ Bg'ﬁ]'oflnﬂ} %F)etgﬁgomﬁgs%s%qhg@bgo&héﬁ@gm ons and/or progeny of
sub-popul ations, dyeicBRipBSitied bFthe BT cOEktail Bﬁﬁﬁ@&lﬁfﬂg&l’ astAfd hARLEUS

sel ection of one or nore sub-popul ations fromthe primary culture may be

perf or medo t Iduriog celbexpansion. Foreexgmplse surface molasyles gxnressed giedifferenttime For

exanple, a particul ar.sub-popul ation.ef.cells ray.be renpv from t.he

o mary cul | BPetth ffseon R e BE 1Rt 580 isler TR i G S L Bt E R B ot ¢ e
primary 30 cydssle@iondvith didfereneaibody kil letn BE perfiries shistingalypir i ng | at er
sel ection steps, to enhance the properties of the final cell product. 5 WO

03/ 042113 0 SOMIROREIHAT OREANIUSORMEHERSISPr oduci ng Cel | Products Some
exanpl es of suit abIlhee ptrc?p%rlltri](;ng %?%ié‘e%nt eél?qu%é-' &ll%%éucp Eﬁ%%%d?us&ela%. g.?f)}ef\
15 adjusting antibody concentrations so that only a given proportion of non-target cells
are selected out, and/or by changing the number and/or identity of the antibody or
antibodies in the cocktail.
The antibody or antibodies in the cocktail can be selected to increase the
fidelity of the product since some cell surface markers are shared by different cell
20  types. For instance, CD45 positive cells bear at least several CD45 epitopes that
represent unique subpopulations of leukocytes. As a result, a CD45 pan leukocyte
marker can be used to select in or out all leukocytes, whereas CD45R A and CD45RO
can be used to select in or out specific leukocyte subpopulations.
Proportions of cell types can also be varied by recombining the primary culture
25  with sub-populations and/or progeny of sub-populations, during or after expansion.
Repeated or continuous selection of one or more sub-populations from the
primary culture may be performed, the criteria for the selection being varied over
time. For example, a particular sub-population of cells may be removed from the
primary culture during initial selection steps, to enhance expansion of the primary
30  culture, but not removed from the primary culture during later selection steps, to

enhance the properties of the final cell product.



suitable for_i i into a patient are discussed in detail BeMA2008
During cell %hl%%/ﬁ'fzé%’na first selection step may include sel &ATHY2BHE3 a
first sub- popul ation that expresses CD14. This maybe advant ageous, as CDl14
appears to inhibit the expansion of sonme cell populations, e.g., CD45+
cells, CD34+ cells and CD34+/38- cells, as showmn in Fig. 1A Fromthe
first sub-popul ation, a narrower, second sub-population that co lo
expresses 1 andcgpﬁo 7 sbe sel ected. This second sub-population is
returned td&"PHENR FRar yCUfture, after further expansion has occurred, or
i's added to the f9oRieshashples of kuipbRaetiniquebif@ preduchy @l produblsehdtare sever al
reasons. First, the first sub-population may be undesirable in the culture,
while the suoidie fosinfupiepinteeipsient erexisqussgdig detath beloWanpl e, the first

sub- popul.ati on "gyuq}ﬁgcgll%ult&%, %ﬁg?gé]é(c?iohg%ﬁ%aa@ﬂclﬁ&% §e‘tgcﬁn§ bt ﬁﬁ%lss‘lb\!\hl e

the second sub- popu ron nay’ have an a ous 1 npacton culture

Ki netics angfoplatitythbesrésetsyCo14.6This ity Heatieanygeots, at OB 1guppansioon. Since
the two sub- pogul ations share a comon sel ection marker, in order to

separat e t hdnkibi dhecexpansiqropfiiomeicsH pppaaionsec-8i L1458 58l SRA4GeBnands o t hat

the second P ulation may. refurned to the culture, it is necessary
to perform tcﬁg&fg%\ﬁs %Sa%}é%wglbﬁg'eﬁéct I on steps described above. In this

manner, the secormors ke filk0AW-Fdpuldtiohpdndifowe edbsubrdbpulation tadcd-0 t he

cul ture without retur niq?n?l the undesirable first sub-popul ation. |

] f
desi r ed,10e. ¢gxpresses i 4 and D3] may bp sleated T ig secged pybnpapulation ds xetiest e
ki netics but, advan t ' - ' q e
returned at PAY %%él%?ggil{%ﬁ’ %}e??x?}rg{}géx a%?gﬁh{)?éggggg.&%d? : gg@f rﬂglgg,ﬂe%)he
first and/ orceHgeedudt. STHis pap bk desicabte fonyevoral caabdnsr ed separately prior to

returning the second sub-popul ation to the pri, y, culture or adding it to
the final cell phwEHes firshsuboprpylAbionMayde ‘@gﬁﬁ‘-'gg{erlérﬁﬁ/‘é‘gmﬁ EWH‘IFIC‘}E@ pri mary

culture and the f fur . [ y ' ture.
This'Te donectiit abyHpREen § deBfarie! B afROn MR b-obBRaRE SR o |
expansi of3 ofndghgveifipagtion culthfelltifetichUhilesthe seond sabpddationnaty haveaduct . For

exanpl e, CD14+ cells tend to inhibit expansion of abpoPuI ation of WO
03/ 042113  advantageous impact on culture kinetics and/or may favorably affect the potency o

the suspension. Since the two sub-populations share a common selection marker, in
order to separate the second sub-population from the first sub-poﬁ{liation, so that the
second sub-population may be returned to the culture, it is necessary to perform the

20  two sequential selection steps described above. In this manner, the second sub-
population can be isolated and returned to the culture without retuming the
undesirable first sub-population. If desired, e.g., if the first sub-population is
detrimental to culture kinetics but advantageous to potency, the first sub-population
can be returned at the conclusion of the expansion process.

25 If desired, the first and/or second sub-populations may be cultured separately
prior to returning the second sub-population to the primary culture or adding it to the
final cell product.

A sub-population can be removed from the primary culture and then returned
after further expansion of the primary culture. This is done where the sub-population

30  has an undesirable effect on expansion of the primary culture, but is useful in the final

product. For example, CD14+ cells tend to inhibit expansion of a population of



o 5 MAY 2006 P T/US02/ 35553 CD34+/ CD38- cells, but may provi dﬁ Qomsterm
support duri WP eME2H3gr af t nent phase after delivery of the zmﬁgluct
to a patient. The sub-popul ation may be returned to the primary culture

wi t hout further expansion of the sub-population, if desired. The

sub- popul ati on can also be cultured in a separate culture and then later 5

returned to Che4HODBSF yelisybitunasy. prbvide shoaret sug@ai durlngitigergBidrenCh38e as
the primary culture, a sub-popul ation of CD7 Ig nphopoi eti c precursor cells
tH

can be renowfias dakeery of thgfaal Riﬁ@}&t teypatigne Theriy OBH@“‘?W@@Y beygegirned to
| ymphopoi et i & ?&A gycm‘?ewﬁﬁo s r SfanSidh oP %Lﬁ‘f? g@ Brdg€t urned to

the primary cul rreconsti t|o opol ésis of the

i mmune system of TKEQSLmaidpﬁmhoﬁﬂﬁl dlsepehituled ih AGESANE ctllhiﬁe khdgen Gierof i nmune
reconstitution. If desired, in the above exanple CD3 cells can be separated

out” of the wWasasedhopmmatysulieisyFer pré%ﬁéma usingi(PIHEPIERs ths t he
| Il's th
B ot iSRRG p Rl F PR RS BARP et oot 5 ! bt
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in the sub-popul ation can be added to the sub-popul ation culture to fuel
expansi on of €¥p8 f‘é‘thDZ)é‘H{]P%R“ll%Wn 1%'ﬂ’é§é¢%@F¢§)@8ﬁnH@%%tl%‘F%éc$ t/helepeat ed
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expand. In sorne cases, an returnin popu o the

primry ¢l thﬁ:&,asetﬂgkhlbﬁcssafbmnﬁmukaionﬂnuw be added to a starting nateri al
fromwhich the primary culture was obtained. For instance, the primary

culture such as dhegsifeépadhe ahoyesxamplg (i eellscap he sparnies YA WEd expanded,
and_subsequeataysadi shaskulfioh 01 s rlARtho! e bR Auliupl heloR oduct

This woul d al'T'ow cord blood to be delivered to a farge patiént in need of
a | ar ge nunbmoredifféRgdatedCyPhopakticTasllwbhi mayg caist graftaBsrsus hest disease
constituentsm td bI pod. It may al so be desirable to renove cells of a
sub- popul at fefl ry culture, and add types other cells not of

the primpgy cult Ubﬁnﬁé’mte@ﬁ)ﬂ% RAvbivital e)\Bﬁl%Biﬁ;f a suﬁfﬁopﬁiﬁﬁaﬂlc‘%ﬂs SHRé $nfD38-

cells and dendritic cells nmaybe isolated fromcord
type as those in the sub-population can be added to the sub-populatlon culture to fuel

expansion of the sub-population. These cells can be obtained by repeated selection
from the primary culture as the primary culture continues to expand.
In some cases, rather than returning the sub-population to the primary culture,
20  the sub-population can be added to a starting material from which the primary culture
was obtained. For instance, the primary culture such as CD34+/CD38- can be
obtained from cord blood and expanded, and subsequently added back to the cord
blood to form a finished product. This would allow cord blood to be delivered to a
large patient in need of a large number of CD34+/CD38- cells as well as other
25  inherent constituents of cord blood.
It may also be desirable to remove cells of a sub-population from a primary
culture, and add types other cells not of the primary culture to form a final product.
For example, CD34+/CD38- cells and dendritic cells may be isolated from cord blood.
The dendritic cells, which are difficult to expand, would be stored, while the
30 CD34+/CD38- cells are cultured in a primary culture under conditions that will

produce dendritic cells. The dendritic cells are then separated from the primary
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. the 30 CD34+/™M3D@%e42¢8l | s are cultured in a primary culture uny qausﬁg idiLtions

that will produce dendritic cells. The dendritic cells are the %§?3at ed
fromthe primary 7 WD 03/042113 0 5 MAY 2006 PCT/ US02/35553 culture as a
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original ly, &k aibthdbalaiBhofGiabanTheddtiotalandidd fofifll o Dead
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separ at ed f r engindlly, g formra/final pradnet cansstitigad deutbriic cBHe resul ting purified
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the primary cul.t.ur as several advantages, Dead 1o cells could inpact the
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rel eased by dead cells could inhibit ekpansion or cause ation or
apopt osi s of and the pusiiegeculved drsub-Population dambensedds Dfedpaeluthe resul ting

product w Il haveya higher .valuge because of higher purity and potency
(both clinical an erﬂ%‘?ag8f9%ag “’lehiﬁ%’é mary °PH‘”% & Frvyrah Advaniaees. yBead n some
preferreg ceddilspb@duspsot ﬂ%safe@%@ﬁhg?%ﬂﬁ&, &.Q.Gbg%#sﬁl S Jefktloli§pPr oduct

I 95% ot th | :

’
are viable cells, nore preferably at |east e cells are viable
Sel ecti on Telhppgnt's IMmupe systam,aul thepotaty of thelotitke celés, exd eorgpanents

sub- popul at i fo.cells fromcecells.in the rimary _culture, concurrently

with proli fer%l;e |361an' Ci|e:r1§ 8?]!%?{1@3{4]&59“&6?%’6“;5’?8?‘?5?él?/fgelr?’ﬁ’r?t‘% or fRAPLAsS Ay

proliferati ofe tdegdtlcelps OHif BiApbAsht BBChuSSEIhE r&ﬁitﬁl?tﬂr&fhc?@ﬂl H@ve&‘%’%}% d out
S

using an alnost infinite variety of different techniques an i ngs, of

whi ch only avalesbeapuse ofibishers mioiy bed puiersy (beth chificabeadprereivié impoyaeent
techni QUES %lplote?lgy &%%qkéty) pﬁxrs%%evp%gferred cell products, at least 85% of the cells

present in the product are viable cells, more preferably at least 95% of the cells are

viable.

Selection Techniques

20 Preferred methods include selecting a sub-population of cells from cells in the
primary culture, concurrently with proliferation, intermittently during proliferation or
following proliferation. Cell proliferation and cell selection can be carried out using an
almost infinite variety of different techniques and settings, of which only a few are
described below by way of example. Many other techniques will be readily perceived

25 by those skilled in the art, for example selection by flow cytometry, and selection by
using chemical agents to kill unwanted cells. Selection may be performed using
selection elements against cell surface markers. Positive or negative selection may be
used, e.g.,-as described in U.S. Patent No. 5,925,567, the disclosure of which is
incorporated herein by reference.

30 The preferred selection methods used in the invention can broadly be classed as

positive selection (providing a selection element having an affinity for target cells) and
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forms. This complex .is then passed through a magnet
mtroduced into the culture. After a specified incubation time, a magnetic dextran iron

particle colloid is introduced into the cell suspension. A Cell/Antigen/Antibody/Anti-
dextran/Dextran/Iron Complex forms. This complex is then passed through a magnetic

20  field, removing cells not of the predetermined target population from the nutrient
medium. The predetermined target population is collected downstream and returned to
the nutrient medium.

Clearly, many other techniques can be utilized for both positive and negative
selection, as long as the desired affinity is provided by the selection element,

25 The selection element can include other components in addition to the antibody
molecules that are used to perform the selection (the "selection molecules"), e.g., a solid
support to which the selection molecule is bound. The solid support can be formed of a
material that will aid in performing the selection or in maintaining the selection
molecules in a desired position or introducing and removing them from the system. For

30 example, as described above with reference to FIG. 2, the selection molecule can be

bound to iron or other magnetic particles to allow the selected cells to be easily removed
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medi um or of a’chanber 't hrough ich the nutrient nediumflows during the
met hod. d ass or Axshewniin&IGS. 3-BPstherscidition bleatnt cabeabsbinhevaieyo€d as a

solid support.. If beads ar qther particles ar sed,. they .can be provided
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be introducgd diﬂfé?érf?niaﬁiﬁeﬁ)@hié‘élg‘r}gfehc@of ioh @ MP%H%‘})?}EH cdifyrNY

desired type of array. As w readi |y understood, a wde variety of

ot her sol i d FlFR)rin svhochmuteens sedia idsuppliedwat the bégiGing 6F @D proliferasad andtis on
el enment can be. us jn a variety of 1 o des of ation in | '
oL ant - aodine e B sy e ta putnOutRey o erSbCh et sbrrElos A ont
manners. Theg@ 3 eeseclel9PRI LR Bither B8 SrresycRdSRERAT m¥@a PRWS MrSilhitHE €
(FIG 3), in which nutrient nmedia is supplied at the begi nning of cell

prol i fer#ti cystamgubsiantialy cordmuguishe dThese aldgmativemmasigs wilbbedistuissedamdetsil ow or
recycled flqw,cultures (FIGS. 3C and 3D, respectively) in which either
fresh or re&ﬂﬁ‘%’d nutrient nedia flows through the

In a selective batch culture (FIG. 3), a nutrient medium is introduced into a

vessel, and a starting sample of cells is also introduced into the vessel. During cell
proliferation, nutrient medium may or may not be exchanged. However, selected cells
20  are physically selected, i.e., separated from other cells in the nutrient medium by binding
to a selection element, either continuously, intermittently or following cell proliferation.
These selected cells may be celis of a target population, if positive selection is used, or
unwanted cells, if negative selection is used. Dual (positive and negative) selection can
be accomplished by providing positive selection molecules on the surface of the vessel,
25  beads, baffles, impellers, etc. while removing unwanted cells by negative selection.
Alternatively, cells may be positively or negatively selected outside of the culture vessel
and then returned.
The selective semi-batch (3A) and selective fed batch (3B) modes of operation
are similar to the selective batch mode with regard to positive and negative selection.
30  The significant difference between these three modes is in the treatment of the nutrient

medium. While in the batch mode the volume of the medium remains constant and the
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these three nodes is in the treatnent of the nutrient di um Ile in the
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03/042113 (5 0 ium.is not refreshed (it ma
suppl eneﬂ?ed)CW%%ecgt8 ke %?‘@Wﬂﬁéﬂé E\&OI’PBPO‘%? or freyelmg moder Agyd
spent medi Ums%étlbn%dﬁ?éﬁ:wa@Etﬂmttﬂéefnﬁﬂep@ftdb@ra%ﬂe al lows for an
increnental increase in the medi umvolume oveér tine. Cell growh and

selection can also be performed in a continuous (FIG 3C) or 5 recycling
(FIG 3D no of qperatl on. In these two nodes, the systemincludes a
chanber havi |l et and an outlet, and nutrient nedia is caused to flow

t hrough the chamfnofar@ammaay(@mtcm ¢b ey, @hieicpioncenat chsgusDsgRde, new
nutrient nedia fl ows throu?h t he chamber from a source or reservoi r, while

in recyclif ngandGiyAlnseativresclestion sasktailfStimee]l T eeh)oisacharmplizedivonthal vehamber
repeatedly. Itcste%etﬂ re?a%on"s')hlg Yeti2dh 63 1ml?1a1 antibody combination and the Total Cell and

CD34+/CD38- cell output at day 7 post inoculation of lineage depleted Umbilical
Cord Blood. Cultures contained Flt-3, SCF, and Tpo at 100 ng/ml each.
Referring to Fig. 1, the selection cocktails represented deviated from the 9
20  antibody control cocktail (3" set of bars) in several ways. From left to right, cocktails
1-14 were no GLYA or CD24 with the other 7 antibodies (Abs) of the control cocktail
plus CD38 (N=2), no CD19 with the other 8 Abs (N=4), all 9 Abs (control; N=10), no
CD16 with the other 8 Abs (N=4), no CD56 with the other 8 Abs (N=4), no CD66b
with the other S Abs (N=4), no CD14 with the other 8 Abs (N=4), no CD2 with the
25  other § Abs (N=4), no GlyA with the other 8 Abs (N=4), no CD24 with the other 8
Abs (N=9), no CD3 with the other 8 Abs (N=9), no GlyA or CD24 (N=4) with the
other 7 Abs, no GlyA or CD3 with the other 7 Abs (N=4), and no GlyA or CD3 or
CD24 with the other 6 Abs (N=8), respectively.
This combinatorial approach reveals the differential generation, in both the
30  quantity and 1dentity, of the process output. The selective expansion of distinct

populations using various antibody cocktail selection strategies is critical given the
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cocktail selection strategies is critical given the 0 5 MAY
2006 PCT/ USQI¥3358533§-mpactcredsedibp 1 1 hit1280p U0 AR ) ovdsl 264 respechivalyluelhiion of
target popul atjons such as. CD34+/CD38- cells. One exanple of this

pot enti al ne&hﬁl‘fz@@npﬁ?f&cctongﬂl the relative production of CD34+/ CD38- cells
can be ascribed to the presence of CDl4+ cells in the configuration, no
CD14 with the other 8 Abs (cocktail #7). This cocktail anplified 5

CD34+/ CD38- Hxaiple@% of the 9 anti body control (cock-tail #3). Another

exanpl e il? This study was initiated based on the empirical finding that CD34+/CD38-
cells expanded with less amplitude, 84.6% (N=4) of the control (N=10), if the Lin-
cocktail (CD2/CD3/CD14/CD16/CD19/CD24/CD56/CD66b/GlyA-control) used to
generate the inocula did not contain the antibody CD14. With this result we proceeded

to test, in a dose dependent manner, the effect of CD14+ cells on the expansion of

20  highly selected CD34+/CD38- populations. Umbilical Cord Blood was obtained and
separated by magnetic means whereby CD14+ cells were first isolated by positive
magnetic selection (Dynal) the cell suspension was then treated to isolate the target
population using the 9 antibody control cocktail described above (StemCell Tech),
except for the exclusion of the CD14 antibody. Approximately equal fractions

25  containing a combination of CD45+ (5.00x10°), CD34+ (6.84x10%), CD34+/CD38-
/Lin- (2.19x10%) cells from the same specimen were seeded with increasing numbers
of CD14+ cells. The Lin- to CD14+ ratios were 1:0, 50:1, 1:1, and 1:3, respectively.
With the four supplemental CD14+ cell values the initial number of CD45+ cells in
each culture was 5.00x10°, 5.10x10°, 1.00x10°%, and 2.00x10°, respectively. On day 7

30  of the cultures, cells were sampled to determine the absolute number of cells in each

12
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suspensi on was then treated to i.sol at.e..the targ. lat4on. using the 9
ant i body contPBIPEHEERLOETe Iﬂggcc?il%sgﬂﬁl =\’/t%éa?téf} %%%%ﬁt E%[alg-ﬁ)c,eh ra{é‘)?(:ept for the
exclusion of the GRiddsanbéreihiratcft g@&ﬁﬁg@bwaﬁmabuchraamd OD $4-26¢lis,

contai ning a conbi nation of CD45+ (5.00x105), CD34+ (6.84x104), CD34+/ CD38-
/ Li n- (2.1D09x k@4 pigndichutly mapect the ablitetogsisetivabnexpanéd thedageipoplahon.da thedsi ng

nunbers of CD14 I e lip: tp.CD14 } e 1: A 41, and
1: 3, respect % gDﬁ?JW?S]H ;Eﬂeép#%ﬁlﬂs ’&ﬁ%ﬁ?‘a’%ﬁ g%ﬁ%ﬁs&lh %v%?g%éete#g&
initial nunbeyrd o848 4 paBbhtSandthueR athy beldesirableno Sedonfbine the 05 145.cklix 105,
1.00X106 , and 2.00x106, respectively. On day 7 30 of the cultures, cells
wer e sanpl ed with thettaresticals efigs expansiagtad thﬁjﬁ{g@{pqwl%@ppsscqmplgtgch 12 WO

03/ 042113 0 5 MAY 2006 PCT/US02/ 35553 of three phenotype conpartnents,
nanely CD45, CD34 and CD34+/CD38- cells, relative to their initial
nunbers. s Other embodiments are within the scope of the following claims.
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The results of this testing are shown in Fig. 1A Each of the three

. conpartnents was sensitive to the presence of supplenental CD 14+ cells at
as lowas 5 a one (1) CD14+ cell per initial fifty (50) Lin0 ScHRY0or,

0. 5% suppl enented). Fiu-thernore, increased concentrations of CD 14+ cells
led to the near abrogation of growh in the CD34+ and CD34+/ CD38-
conpartnments, with the mature CD45+ conpartnent being nore or |ess

anni hi | at e¢lginst he hi ghest CD14+ cell ratio. This result denonstrates that
speci fic popul ations, such as the CDl14+ cells, i o can significantly inpact
the ability to effectively expand the target population, in this case
CD45+ cell s. Dept I | nprave t he
effect of the siréf %ﬁagorﬁét;ﬂ r{goz{é’ell % %mngﬁ)&éﬁe ﬁo(? hggﬁ?fég}é% sion
reconbi ne tchmpﬁmgthméﬂssaf vvlth the tar get cel | s after expansi on of the

target popul ati o IS conp er._enbodi ments are within the scope of
the fol E owi ng cI"1 ‘F\LE“‘“ES“ %at@g celisthptcontaing muiiplspell dypess iggludingg a

cell suspe f 1e steps
of 5 2 ealti etebaligy Bﬁ%‘%ﬁrﬁi‘??ﬁﬁ Bong il BbS bR bRPLLE AR e 271
t ypes, i nclpapilaton of dells,st sub- popul ation of cells under conditions that

i f. t f cells bef ore, during,
o Tl owi ng £ BEPruArRE - &TeinB ABtHEE FPo A comavipe fiem OBt at i onof
cells a sepoplagsetofeiyhationd sab-pophlagon MMII@'%e?ﬁh@aﬁ%@&Hﬂ saBopRIatbAL | ON
10 of cells 1 nhibits said expansion of said first sub- popul ation of cells
or growd | e§selisdnhibitherid expangion s said ifissisub-papulatien efedells ongrosesilessiwellst
sub-popul aig) s c%ﬁhttn?)pgﬁgp(ﬁ)te L0 Shid R INEL g@;g&éﬁ%ilgﬁcﬁop“' ation of

cells and co cells

obt ai ned by expay\ﬁirmar ofpanding shidrfirbt opalapioR Bf edlis@d @bmbarhd Sells@fkAam t he
cel |l suspensi on 15 2. The nethod of claim1l, wherein said second

sub- popul atfoR d spb-pepylatignswith selly ebtaiged bnernansiag obsaid irst sebrpopflatini of cel |
suspensi on

cells to form the cell suspension.

15
2. The method of claim 1, wherein said second sub-population of cells is capable
of enhancing engraftment of said cell suspension.
3.The method of claim 1, further comprising any one of the following options:
20 i) in step (c), combining cells of said second sub-population after expansion of

said first sub-population is completed;
i) removing dead cells;
iii) expanding said second sub-population prior to step c);
iv) in step (b), removing said second sub-population by using selection elements

25  recognizing surface markers on the cells of said second sub-population.

4. The method of claim 1 wherein said initial cell suspension is derived from
bone marrow, cord blood, peripheral blood or a primary culture obtained from human
mesodermal, ectodermal and endodermal tissues.

30
5. The method of claim 4, wherein said tissue is pancreatic, hepatic, neural,

nephrotic, dermal, muscle or cardiac.
14




3. The nethod of claim11, further conprising any one of the follow ng
. options: 20 i) in step (c), conbining cells of said second sub-popul ati on

after expansion of said first sub-population is conpleted; iib rgmp hid
dead cells; iii) expanding said second sub-population prior to ét 6 ?@ﬁ i V)
in step (b), renoving said second sub-popul ati on by using sel ection

el ements 25 recogni zing surface markers on the cells of said second

sub- popul ation. 4. The nethod of claim1 wherein said initial cel
suspension is derived from bone marrow, cord bl ood, peripheral blood or a

primary cul t ur e oBhamethpdiafsiaimuminrtherinitodueinga thisd supenwatioad celbdoder nal
tissues. 30 _pH. I m 4 j I | i eatic,
nepat o, natireied opCEigr Sl ShBdR el Bokhorhingking 8o F PBRRECSD 006 6.
The met hod egharlirg delld to §did télbsusperisicacwhéreig saidithird Suts pbpyation aftdebnisof cel | s
sel ected fraom engraftnent-enhancing cells, expansion-enhancing cells, or
pot ency?> erfHaekPIY te éP'P@f"’PBn ohthe %81“}5‘%1&%@?1&56?}‘ e tﬁ’nsoaficﬂﬂ% hi rd

sub- popul ation of cells is 5 added prior to conpletion of the expansion of
the first sub-population of cells. 7. The nethod of claim 1, wherein
renoval of the Sedbacdheshidgf@baimal,ivdreraf renedviakof the setoag sibrpopwatier éfaehed

during said culturing ste a). 10 8, The nethod of claim7, wherein said
removal is lbétref’éﬁl’ﬁrfé@grg%e?da‘ﬁﬁn&ls g‘ cUlBrPE 6B y. 9. A method of produci ng
a cell suspension suitable for infusion conprising : a) obtaining an
initial suspension of cells containing nultiple cell populations; 15 b)
sel ectilfig a pop. dbe oretlessd afplajee 7, vdierain faid neraenad) is performed sehistangaldpensi on;
c) culturi ng ﬁgi qlsg,opul ation of target cells under conditions that cause
the expansPOR™8**¥aid target cells and d) conbining at |east a portion of
the product of step (c) with the remainder of said initial cell suspension
to formthe cell suspensiqgn suitable for infusion, . . .
9. A method of producing a cell suspension suitable for infusion comprising :
a) obtaining an initial suspension of cells containing multiple cell populations;
15 b) selecting a population of target cells from said initial cell suspension;
¢) culturing said population of target cells under conditions that cause the
expansion of said target cells and
d) combining at least a portion of the product of step (c) with the remainder of
said initial cell suspension to form the cell suspension suitable for infusion.
20
10. The method of claim 9, wherein said initial cell suspension is selected from

the group consisting of bone-marrow, cord blood and peripheral blood.

11. The method of claim 9 wherein said initial cell suspension contains cells

25  obtained from human mesodermal , ectodermal and endodermal tissues.

12. The method of claim 9, wherein said initial cell suspension contains target
cells selected from the group consisting of: CD34+/CD38- multipotent progenitors,
CD34+/CD7+ common lymphoid progenitors, CD34+/CD33+ common myeloid

30  progenitors and combination thereof.
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20 10. The method of claim9, wherein said initial cell suspension is

. selected from the group consisting of bone-marrow, cord bl ood and

peri pheral blood. 11. The method of claim9 wherein said ini ti 8o MAY 2008
suspension contains cells 25 obtained fromhuman nesodernmal , ectoder nal
and endodermal tissues. 12. The nethod of claim9, wherein said initial
cell suspension contains target cells selected fromthe group consisting
of : CD34+/ CD38- |muirhd ﬁ@ﬂ@atof@ragwlmrﬂfescomﬁmﬂg&mg@t@pwwméwﬂ@h@mhe
progeni tors, CD34+/ CD33+ conmon e progenitors and conbi nation

t her eof . 18ubu asmb-pppoBtion of Mb%thnwarbmhtm@m@ect PoexpansicBaYhbRg Brash
during step | | s that
have an i nfi’ g? %ro?omlg Sec"nfl %‘ﬁd%iﬁ&a#gﬁ%n o] 1(%'toﬁeﬁltldgrs Bgﬁ M-Iggtt ﬂé Ongﬁ%w | ess

wel | under ﬂlﬂﬁerQUintpﬁEmgQﬂBdﬁhﬁl@ﬂSXﬁahaﬁn sfiihd térgétgﬁll cuhinle, ccnpbmmgalenyof urt her
conprising after further expansion of the ght cell culture, conbining

cells of aaglaﬁua-pgaalap%mltatth%ﬁulwr%tafg%Cfe,l |ar eelalttaéﬁglﬁfusem@ 6F MOFe
initial ce B%% conpri sing expandi ng
sai d sub- péput?%tﬁl on. %ﬂe %ns'f% olgdlﬁ% %? %P%ﬁm ttk}?{ her conprising

sel ecting from either said i n| tial cell suspen5| on or said popul ation of
target cells, su ti el.ls other. t n_’LO aid. t | s and
optional Iy furt Hér ?Egﬁgﬂ?oa I’I’ﬁ }Eefé‘bm?ﬁﬁm%ﬁ% r{s I%Flﬂéerlsg@é?l%ﬁ
portion of Jeh%u%hi@n of szﬁ@ﬁo?&lﬁhcﬁﬁﬁ‘ih b &'IISVH dub- ﬂdfbﬁla'tlﬂhbf 8¢11sCZhér than

suspensi on. 15. "The net claim1I, wherein said tissues are selected
from tHE grseiddargebentisani pptienallyfinthesspmprising garing step édreombiniag bt 4 lepgt 2

der mal , WS%IH?Onaqqhg ‘é‘é]ijs Stthe su%-populatlon with the initial cell suspension.

15. The method of claim 11, wherein said tissues are selected from the group

consisting of pancreatic, hepatic, neural, nephritic, dermal, muscle and cardiac.
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