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STRGVAL: CELLS Background of the Invention This invention %%ﬁt Y q 2
culturimg bone marrow 5 stromal cells. Hone marrowis a ¢ ex a

dynami ¢ organ system conprised of hematopoietio cells, bone marrow stromal
cells, and ext&%l ar matrix. Pluripotent stemcells wthin the bone
narrow prolif d differentiate into 20 nunerous cel | YSMERMMB uding
erythrocytes and | eukocytes. It has been known for sone tine that

associ ation between stemcells and stromal_cells is critical for this
process. Studies in cell culture have shoWi that a | ayer of adherent
stromal calls nust be is established before heaatopoietic stemcells can

grow and differentiate. RPARSIOE 'S EINEPOMRRROW ! d1RoMA®, @EfES € OJENEOUS
popul ati on of cells that ohp] ogy and function. In
cell culture, they have a 20 =e=S¥taped nor phol ogy and

secrete growh factor@&ﬂdiﬁﬁﬁﬁﬁ@nﬁ'slﬂm tfq)mlmiwtmmav matrix.
Stromal cel |l sshatzobsbreeallmin to divide in culture in response to

epi dermal growt h fact oBohEGlarrdé ¢’ 8@ Sbmplex ,1,388,,"& ;ﬁrTP

69: 9-12), platel derd Kinura a supra),
and basic fi br(%}'gg? ovﬁlwwtﬁ%@&gikﬁhﬁnﬁmw , Aiver at
al ., 1990, G owS¢ins °’§’28&1¥S’6¥' matEiN; s RiMmipotent stem|eedlsgr owt h
factors was basu&bén Ui donat aarsoviprpliferstagmd diffexenetdte finte 30
brain coul d bi Humateus veidi thﬁlﬂihgo&gg%%e ah@mas, 1987, FASEB
J., 1:434-440). %%W Iig:waxy&n Xabl&e zee&niesglﬁt egbaa‘gd this famlty

now cont ai ns at eas
association between stem cells and stromal cells is

critical for this process. Studies in cell culture have
shown that a layer of adherent stromal cells must be

15 established before hematopoietic stem cells can grow and
differentiate. .

Bone marrow stromal cells are a heterogeneous
population of cells that are defined by their morphology
and function. In cell culture, they have a

20 characteristic spindle-shaped morphology and secrete
growth factors and components that form the extracellular
matrix. Stromal cells have been shown to divide in
culture in response to epidermal growth factor (EGF;
Kimura et al., 1988, Br. J. Hematol. 69:9-12), platelet

25 derived growth factor (PDGF; Kimura et al., supra), and
basic fibroblast growth factor (bFGF; Kinura et al.,
supra; Oliver et al., 1990, Growth Factors, 3:231-236).

The discovery of fibroblast growth factors was
based on observations many years ago that extracts from

30 brain could stimulate the division of fibroblasts (see
Thomas, 1987, FASEB J., 1:434-440). Particular FGFs have
since been isolated and this family now contains at least
seven members, including acidic and basic FGF (aFGF and
bPGF). These two factors are encoded by different single

35 copy genes and are only 55% identical at the amino acid
level (Thomas, supra).
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Seven nenpers, Trchudinmg—acrdircand—bastcFo—(aFa—and—bFa—Fhese—t-wo
factors are encoded by different single 35 copy genes and are only 558
identical at the amno acid |evel (Thomas, supra).
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- 2 As is tQeeaas for nost growth factors, FGFs exert phgisésnharaogeni c
activity by binding to cell surface receptors. Currently, four related FG-
receptors (FGFR1- FGFR4) have been identified. Each of the FGF receptors s
rexist in mltiple forms and the relative;affinity of aFG- and bFG- varies
:for each receptor form(reviewed in Burgess at al., 1989, Ann. Rev.
Bi'ochem 58:575-606; A®iimtheacase for|post gnewthNEactowsgdFEFgoexert

638: 161-166; dnédsaitayenlc,acdtd¥ity Ay biGanngrtiealltbudfakly . Basic 10 and

2ci di CFGE al SO, giffittrel. N Hiphint133PPORR rulabEROFH reckBeiAl | (suaL &

“heparin conplexes h F gnent only the )
‘i togeni ¢ act i YFTY Vgl #’ v&F %ﬁgﬂﬁrpr%‘ %wr&gﬁ?‘? Bant ati on or
i npl ant ati ors i gxiast iin pné#inlmgfmerm ther relakinec pf§inity afs a¥GFhat .

involve henmat aieisrerC vaelias. ok anep| vatiepitopntatw (reviewsd irepl ace cells

,tha: have 3;9”3 QLtbmaP 19H9,| RAhC ReWi. SQQ&&eﬁU%bzgﬁs%ﬁnem ?h or i n20
‘i nst ances wher e ie . Ghenot her apy

or radiation tﬁ%?’gbg%trggnép*anlt H’%ns CanR%ﬁ&' d§ %391&/ 1% t he
patient can sef otsade - kS Vdcﬁ?&""ﬁﬂ‘?%‘r rﬁ?t’rlvé E/ ?ﬁ?&t"l‘ent coul d

. recel ve bongo andrmid‘ilcoma &l st dd.@ﬂpatixbltbeﬂnrmmoﬁeedm ehepgaasvdver
In cell culture, heparin conmplexes with both FGFs, but
substantially auqnents only the nitoqenic activity of
aFGF (Thomas, supra). :

Bohe marrow tranaplantation or inplantation is a
1s promising therapy for a number of diseases that involva
hematopoietic cells. Transplantation can serve to
replace cells that have been damaged by an intringic
. disease, such as an anemia, or in instances where

! hematopoietic cells have been destroyed by chemotherapy

: 20 or radiation therapy. Transplantations can be
autologous, .i.e., the patient can serve as his or her own
donor. Alternatively, a patient could receive bone
marrow from a ‘histocompatible donor. To date, however,
conditions for culturing bone marrow, particularly boné

25 marrow stromal cells, which could be transplanted and
used in numerous gena thorapi.es, have not been optimized.

A ujor obstacle to gene therapies that are based on the
modification of stromal cells is the procurement of
therapeutically useful numbers of stromal cells.

30 Consequently, daspite the success of bone marrow’
transplantation, gene therapies that require successful
transplantation of bone marrow stromal cells have not yet
been realized. - :
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conditions for culturing bone marrow, particularly bond 25 marrow stromnal
cells,.which could be transplanted and used in nunerous gene therapies,
have not been optim zed. A mmjor obstacle to gene therapies that are based
on the nodification of stromal cells is the procurenent of therapeutically
useful nunbers_qf stromal calls. 30 Consequently, despite ss of
bone marrow fy§ﬁ¥%F%ntation, gene therapigs tha¥ reunre 5%%@%%@@@&
transpl antati.on of bone marrow stromal calls have not yet been realized.

WO 97124434, .PCT/ US9B/:17073 3 - THI S SHEET 4AS BEEN S a| n
REPLACED The:jmventionlis a novel nethod foor culturing S rHAS BE I
cel | s, and ts~based on the di scogiary Rt thacinventioh (&BRCE) REBLAGED :

conmbi nati on of aFGF anq.hlgegfw ich ilbgﬂiﬁ&xfﬁnua%hgahf"&c%&{lﬁﬁt%ﬂd shient
and subsequent expansion o OS’S mar rdg\g s&rorr‘gl c%h s,, By e a_y‘l ng this
net hod, bone na o¥; FHRERAL SeLis c APD S RpaEL AP She Eﬁ?%/?}f’ggt BEevi ously
unpr ecedent ed | agdddct RGF (AREF)q| onrd \copdination off oFGF hand hepardnyses.

Thus, this i 0sCuigniiiganely@hhahtesstie establishinent’ andl sddguent be used

in many types ofe,&gp‘ e mhPrdf Wrdhalt ivVeRti f es a
met hod for the aﬁéagﬁéﬁf bone rra‘?fow s%mr‘érrgglggl |§§t%&?§t§’§§.&’ﬁfa t ot al
of at |east 107, dnﬁ#%?%’rm RBFECY (FHToRad celit.caB he wmandef,in
cal|'s. The net hcmlturpute Puevdoysly unmrecedentedilaveiagthat anear r ow st r onal
cells, e.g., fralearlpobendticial £opitirirapeatic iudesodushiyg, thdsst r onal

cells 1Nt0 3oVeaathrPhs wéttioalalio Nl hatdd Hitathl odu1dEaipbl -0,

1.0 percent gelatin Lnh Water, an 0 conggl ning a culture nediumincluding
an acidic fibr s £ PRV (FYPRE: 8t qeng- °’;'a$g?%fpept i de; and (c)

In general, the invention features a method for
the expansion of bone marrow stromal cells to obtain a
total of at least 107, and preferably more than 10°, bone

15 marrow stromal cells. The method includes the steps of:
(a) obtaining bone marrow stromal cells, e.g., from a
bone marrow aspirate; (b) introducing the stromal cells
into a vassel pre-~coated on an inner surface with a
gelatin, e.g., 1.0 percent gelatin in water, and

20 containing a culture medium including an acidic
fibroblast growth factor ("aFGF") polypeptide; and (c)
expanding the stromal cells in the culture medium under
conditions and for a time sufficient to obtain an
increased number of bone marrow stromal cells. In this

25 method, the culture medium further preferably includes at
least 0.05 units/ml of a heparin polypeptide. The inner
surface of the vessel additionally can be precoated with
fetal bovine serum prior to introducing the bone marrow
stromal cells.

30 In particular, the culture medium can include 1.0
to 50.0 parcent by volume fetal bovine serum, 0.01 to
100.0 ng/ml aFGF polypeptide, and 0.05 to 100 units/ml
heparin polypeptide. In a specific embodiment, the
culture medium includes 16.0 percent by volume fetal




. percent by A/@Iu;me fetal d'lI'1l WO 97/ 24434 PCT/ US95

" BEEN -4 -"-REPbé¥ERS “seavip el s& mg/mllabeh paiypaptiieciande bt Pde, and 5. 0

units/m hepagh ety B@%gjﬁ;@%r}papﬂ@é.erred aspect of the invention, the
S

e—st+rofat—eetHs—n—the—cul-turenediromunder——condirtonms—and—oT
cient to obtain an increased nunber of bone marrow stronmal
his 25 nethod, the culture medium further preferably includes at
| east 0.05 units/al of a heparin polypeptide. The inner surface of the -~
vessel additionally can be precoated with fetal bovine serumprior to
I nt roduci ng ane marrow stronmal cells. 30 In parti cphdpsesidoms cul ture
medi um can include 1.0 to 50.0 percent by volune fetal bovine serum 0.01
to 100.0 ng/al_.aFEG pol ypeptide, and 0.05 to 100 unijt e 1
pol ypepthe A Al spemflc enbodi ment,_ gjhe culture I U] gEENé .0
SHE

T HAS

— —h

expansion step (c) ?,QI#J&,O

rmpgn Serall ture medi um,
and non- adher ent ceI el addl fresh
cul ture nedi ugxPansian sfeR. £F) g e‘fﬂﬁll Pg P 'ur nlgﬁorr%i a%d

- non- adher en$ caktumse fm@tmhend/mehdhmwﬂ-ﬁu@?m thec vageeLin and

“returning theCehbh-

non- adherent g¢e} sam am anditl o ofesi0rvadbescmédiun ol ke (iV)
¢eL) rfgo
resuspendi ng {he g Fﬂ&ﬂ@%&i%r&%w And@ molRdRbrédt . culture
“ne vesse

medi um t aken Trom ?1 ﬂl(')’“tftm ai[_ll%)% ﬂher sse‘f‘gi}mn}ﬁ&grreret ﬁgg (v)

. the ampunts ohohradiexantt epélném Formna spellat pf Agpradbersnt o nedi um

taken. frogpt k@1YS5Seiv) resaspanting the pellet of non-adherent cells
in an amount of culture medium taken from the vessel to
form a non-adherent cell mixture, and (v) returning the
non-adherent cell mixture to the vessei. In this method,
the amounts of fresh culture medium in step -(1i) and

15 culture medium taken from the vessel to resuspend the
pellet of non-adherent cells in step (iv) can be equal.
In particular, step (1) can be performed after stromal
cells have adhered to the inner surface of the vessel,
and steps (i) and (:I.ii) can be perfomed about one week

20 after step (i). : : :

" In each of these nethods , the bone marrow stromal
cells can be fresh stromal cells obtained from primary
aspirates of bone marrow from a vertebrate, e.g.; a
mammal, living or not, or can be obtained from bones

25 removed from a vertebrate, e.g., & human, primate, cow,
‘dog, pig, or other animal. The bone marrow stromal cells
also can be obtained from a bone marrov stromal cell
culture or from a frogen stock of bone marrow stromal
cells. ' ' ' '

30 The invention also features a complete bone marrow
stromal cell medium including greater than 12.5 percent
by volume fetal bovine serum, an acidic fibroblast growth
factor ("aFGF") polypeptide, and a heparin polypeptide.
In particular, the medium can include 12.6 to 50 percent

35 by volume fetal bovine serum, 0.01 to 100.0 ng/ml aFGF
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pel l et of non-adherent cells in step (iv) can be equal. 1In particular,
step (1) can be perfornmed after stromal <calls have adhered to the inner
surface«of the vessel, and steps (ii) and (iii) can be perfornmed about one
week 20 after step (i) In each of these nethods, the bone marrow stronal
cells can be fresh stromal cells obtained fromprimary aspirates of bone
marrow from a2 Bfate, e.g., a nmanmal, living or not, JCTERHIE?

obt ai ned from bones.25 renoved froma vertebrate, e.g. ' e,
cow, dog, pig,or -other animal. The bone marrow st roneTHI§ SHEET HAS 86EN 3 pe
obt ai ned from abone marrow stromal cell =Vurture or frjom a RERMABED st oclf of

bone marrow sf‘r |wq_r3r°i QH!L@L GasS a corrpl et e bone
nar r ow stromal d’mlnc | N re nrgdg;i t by vol une
fetal bovine semm “di &P f‘b‘?%’fﬁqzéf QP‘gﬁf et
pol ypepti de, andneludemrit pescepe ey kelumenfptial kawize, SPHEHnBti-IQJm can
include 12.6 tong) mmeapan,t and byovm nfxehababmj Nerhechediwd.¢hn t 0 100. 0
bl yriept 1 de, End GHEL (EocAshd, a Hilfaiah Wi b0 pﬁu{éﬁé B cpeci fic
embodi nent , the%ﬁﬁ?‘?m §8e€° W/ P BRA 89 LH?S’ g%‘?/’f‘ﬁg serum
1.0 ng/m aFG-e.gmnd %5 Giasfmlt shntmﬂaja'n noomimmaamium tamgr i ncl ude
a fungicide, e.qao0 ignel Zstiepsbnpcir @aFateati on of 25 pg/m, and one or
nore antibiotics, e. J1n géoWas%?% %vkggiggiia%&egi ﬁ“_.l in, and
10 for the selection and expansion of bone marrow stromal
cells. The kit includes one or more culture vessels
coated on an inner surface with a gelatin, e.g., 1.0
percent gelatin in water, and a bone marrow stromal cell
medium including an aFGF polypeptide and a heparin
15 polypeptide. The medium can be a liquid or a lyophilized
powder, and can be provided within the vessel or
separately.
As used herein, an "aFGF polypeptide" is any
polypeptide that has an amino acid sequence that is the
20 same as, or substantially identical to, all or a portion
of the naturally occurring aFGF protein and which has
substantially the same function as the natural or full-
length recombinant aFGF as described herein with respect
to bone marrow stromal cells. Thus, the term includes
25 recombinant aFGF (e.g., manufactured by Life
Technologies, Inc., Grand Island, N.¥.; F13241-013),
"aFGF analogues,”™ i.e., mutant forms of aFGF, and natural
or synthetic polypeptide fragments of the full-length
aFGF protein and analogues, as long as these analogues
30 and fragmente have substantially the same function as
natural or full-length recombinant aFGF with respect to
- bone marrow stromal cells as described herein. These
analogues and fragments can easily be tested for their
. function by using the culture methods described below.
35 Acidic FGF analogues and fragments that do not provide at

Tee—.




T00 T oM —streptonycinmsut-fate—im—another—aspects—the—i-nvent+on—tfeatures
a kit 10 for the selection and expansion of bone narrom/strannal cells.
The kit includes one or nore culture vessels coated on an inner surface.

with a gelatin, e.g., 1.0 percent gelatin in water, and a bone marrow

(g2

.atromal cell nmediumincluding an al G- pol ypeptide and a heparin 15
pol ypepti de. The diumcan be a liquid or a |lyophilized and can
be provuded ﬁhe vessel or separately. As used hef%?&ﬁﬂ%awa

;the 20 sane:asi:ior substantlally i dentical to, al t he
naturally occUrTi ng- afGF protein and which has sdbsta P the kanme
-function as thpedi ubal célls with tinagl methodshirednotaw Ehizs thascr i bed
herein with r% ,{rarrowstrorral calls. Thus, the termincludes
25 reconbi nant™ a

lpol ypeptidet: |s any -pol ypeptide that has an amin at S
T 8 gﬂﬁﬁ%

i nu ture Life e oI ies, Inc., Gand
Island, N.Y.; #13241- %‘f%)l“ga F‘Gﬁ' g‘bég ‘éI Enﬂ‘l forms of aFGF, °

and natural dpolypmeptrddecthas ylpep{l#cﬁﬂiﬂwagﬁéﬁt@wmﬁet#atliq &hgth aPGF
‘protein and singdmgaes, ofSsiktantial e Sdenedtay uas; 211a68 4 'pgreiohs have |
substantially {fenaPiRehddlly Qdcasriff HépakiR! plddtldin! eaetmf&pm nant aFGF

Wi th respect P i A S S e i,

"anal ogues and n_eas ST L U on y using

‘the cul ture nedessFibedshereldy "BéPo’&P‘thﬁPdP%“?:MHHI 8tERRal ng fragnents
‘that do not prmlm athud, \Whe) To2u /BcIRGREUSSBIA) hepafih DISHEET HAS BEEN

6 - REPLACER | @seitich@1yCbd S idial Ratiesic haBhPORlS &l ,NBbaYink Ndpatiif
(Blkinesinn, Inc., Cherry nill, NJ), recombinant heparin,
"heparin analogues," 1.e., mutant forms of “heparin, and

‘natural or eynthetic polypeptide fragnente of the full-
length heparin protein and analogues, as long as these

15 analogues and fragments have substantially the same
function as natural heparin with respect to bone marrow
stromal cells as described herein. The hdparin function

'can be assayed using the culture methods described below.
By "polypeptide" 1s meant any chain of amino
20 eqids, regardless of length or post-translational
modification, e.g., glycosylation, phosphorylation, or
chemical modification, and thus includes natural and
synthetic peptides and proteins. -
By "mutant form" of aFGF or heparin is meant a

25 polypeptide that includes any change in the amino acid

' sequence compared to tlie haturally occurring protein, as
long as the mutant form has substantially the same
‘function as the natural or full-length recombinant
protein as deecribed herein with respect to bone marrow

30 stromal cells. These changes can arise, e.g.,
spontaneously by chemical enérgy, e.g., X-ray, or by
other forms of mutagenesis, by genetic engineering, or as

' a result of mating or other forms of exchange of genetic
information encoding the aFGF polypeptide. Mutations can
3s include, for example, substitutions, deletions,




present invention. Simlarly, a "heparin polypeptide" is any polypeptide
that- has an am no acid sequence that is the 5 same as, or substantially
identical to, all or a portion of the naturally occurring heparin protein
and*whi ch has substantially the sane function as. the natural heparin as
described herein with respect to bone marrow stromal cells. Thus, the term
i ncl udes natur MOW@#R#in or 10 chenmically nodified natural ' PERBESENT . g. |
sodi um heparin (Bl kineSinn, Inc., Cherry Hll"',"NJ), reconbinant heparin,
"heparin anal ogues,” i.e., nutant fornms of !heparin, and natural or
synthetic pol ypeptide fragnents of the futl?-=length hepari n protein and

anal ogues, as |og @f‘ti&fée ﬁ]..@ ggﬂ,ggu%. QfoéJﬁ ntg q.%gtgiggnt lally
the sane functi ﬁeparl 1’0 Bone-marrow st r onal
cells as describ ““Fn@rﬁe%‘éﬁ C‘P‘? G&l’l"ﬁ%%& 88%ng t he
cul ture nethods eegei|Mm8wimhyphptfddbmngrmipsanygmaimof
amno 20 acids, alegehe} amlink, ImdhcahepOﬁudirrﬁf}S ggdi fication,
e.g., glycosylat afb\® QY fic and t hus
i ncl udes nat urgl biﬂ syn et'l é % {q“éﬁé 3%%3‘[ él Egghﬁ/ %L?ﬁf A Hr nt of
aFG- or heparin f'%"' YEo®eany change in the

am no acid sequence coﬁ?ﬁarm dimt Jd'rabl 9mm1ngiprmmmcas | ong
as the nmutant fotm baxymﬁﬂnaatlﬂuut k6 EN¢RumindNsEi®@ baifuantBEe Natural or

full-l1ength recogippi ﬁh_t ggggw&gr ei GhQM tat;, r‘g §Cla bone
mar r ow 30 stromal c e arise . g., spon aneo ly by
cheni cal enerdY, "Pd?"gﬁ °0Pﬁ LyPeRfides f 'rﬁﬁ%ﬁé sP¥, by genetic
engi neering, or gen&q&ﬂngfamq.nghen thdye ardoidenticadx ahatiyet of
genetic infornapositbntodimags| sy MstbseahtNy deentidaA™ 98SneaWE an
anmino acid sequence that is at least 80%, preferably 85%,
more preferably 50%, and most preferably 95% identical to
15 a reference amino acid seguence, and which retains the
same functional activity as the reference sequence.
Identity of amino acid sequences is typically measured
using sequence analysis software (e.g., Sequence Analysis
Software Package of the Genetics Computer Group,
20 University of Wisconsin Biotechnology Center, 1710
University Avenue, Madison, WI 53705).
As used herein, "expansion" or “expanding" of
cells means culturing cells for a time and under
conditions that allow the cells not only to grow and
2s thrive, but to multiply to obtain a greater number of
cells at the end of the expansion than at the beginning
of the axpanaion.
As used herein, a "passage" is the process whereby
cells that have reached a given number, or a given
30 demsity, up to and including and beyond confluence, are
detached from the tissue culture vessel, collected in an
aggragate, such as a pellet formed by centrifugation, and
resuspended in tissue culture medium. Tha suspension is
then distributed to tissue culture vessels, such as
35 plates or flasks, in such a way as to provide the cells
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The nutations are preferably conservative substitutions, e.g.,
substitutions within the follow ng groups: glycine alanine val i ne,

i sol eucine, leucine; aspartic acid, s glutamc acid, asparagine, glutan1ne
|serine, thregpipne:.,1ysine, arginine; and phenylalanlne Pk The term
"identical" as used herein in reference to polypeptides, refers to the
am no acid sequence simlarity between two pol ypeptides. When an am no
acid io position in both of the polypeptidea is occupied by identical
§anino acids, then they are identical at that position. Thus, by
"subst anti al | ywitteni igeeater stotmanbusfaceanirea oxivhixhqtengeod lamkd i s at | east

80% prefer ab'aixﬁﬁ’é thER" Ehé&y Hadr ﬁQJ:Nsng:é paadwmty T &4, 84 ahilyy 135 %
‘identical to |$ efgrencefmr{gam % phlch re alns t he
‘same functi onal k&M Py R eference se ge Sf' am no aci'd
sequences is t¥he @allp greeinedn 8§?n‘§?'§@&um r%tyﬂ’gdeoftware (e.qg.,

1 Sequence Ana ycoFlechefl), \eesuspetidede aiid idistfibeted toCewp UsEmoeoup, 20

;University of ‘Wé;ﬁ'ls' ”ﬁ@tﬁ%'aﬂhoﬂi/sooﬁ%%dei7ﬂﬁviﬁ@h¥eéﬁd t&ﬂxenue
Madi son, W 537 {1@'1““ ansi o %xgan i nqg" cells

.neans culturlng Tald S F‘or f“nd"r c‘gn"g‘tlo [Ri e Iowthe cells
inot only to gr%’d’rﬁf’ZS’?ﬁWWé’ Ml tiply to obt ain a greater nunber
iof cells at the and @iquﬂeoghpmeodethm.atnhlh&sbbgim mpd of the
'eXpanSI on. A#s Uﬁﬂdﬂh&ﬁ.&l ferils vdaASREfeir havBctié GhaeS mebRimPias cel | s that

have reached auguuahy UAREFetda ByObHE b3 UrlEHRE YxtdR 1R @M aieC! uding and

“beyond confluence
to uhich this invention belongs.. Although- -ethods and

i materials similar or equivalent to those described herein
: can be used in'thé-prictice or testing of the present
15 invention, the prefeired methods and materials are

described below. In addition, the materials, methods,
and examples are illustrative only and not intended to be
limiting. : :

Other features and advantages of the invention

20 will be apparent from the following detailed description,

and from the clains

Pig. 1 is a graph depicting the growth of bone
marrow stromal cells cultured in the presence or absence
25 of aPFGF and heparin. Crowth is measured in terms of the
percentage change in cell number per passage.
Fig. 2 is a graph depicting the total growth of
bone marrow stromal cells cultured.in the presence or
Lo absence of aFGF and heparin.
v 30 - Pig. 3 is a graph depicting the in vitro
expression and secretion of human growth hormone (hGH) by
transfected canine bone marrow stromal cells.

g ~ Detailed Description
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detached fromthe tissue culture vessel, collected in an aggregate, such
as a pellet fornmed by centrifugation, and resuspended in tissue culture
medi um . The suspension is then distributed to tissue culture vessels, such
as 35 plates or flasks, in such a way as to provide the cells WD 97! 24434
PCr/US9Sn7073 - 8 wth a greater total surface area on which to grow and
di vi de than t hWQ9eM34ccess to previously. This may be donBCHYSHHBIXasi ng

t he nunber of -vessels. For exanple, the cells grow ng i be
detached, . 5 -col-lected, resuspended, and distributed to SHEETOHAS BEEN
vessel s. Thi. S process aI so includes provicd?rmg the cells ' rﬂEBMQEDurre o

ti ssue cul ture medi um egﬁguggﬁr%%&&?l I H‘L;asmg | c o@ngtpé Ii Onress

ot herw se defined, all ni c SCi en terns used ere| n have

the same nmeani nFR2E BB MSPL £9E SYARAPIANALACD: ARG MAXFOULYRS in the
art to which tmbtainedntrom Mymanggor mm@a!ghmmoﬂs spec¢ialidyerial s
simlar or equi ﬂe@&ko&%i&ﬁ@oﬁ&&ﬁfﬁ%ﬂﬁf ei Bn Sddit¥on)SeHel Bediifh

practlce or tes e d ods and

mat er’i al s ar e‘;5 y‘scr Ic!i %del {tu Eﬂ%ﬁl%]‘gﬁt ﬁg&%gg&"g f%%c#; and

exanples are ill d PRIAT ot her

%P&Pﬂ? cﬂﬂ%/"&ﬁ repeved, adcezding e a IH‘FF
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cells cultured ?’xpﬁﬁgad?‘ég@ﬁ%akg?n B’%nce‘ﬂg‘g ofm%ér &Ogﬁng'?l O“’& owt h

i s measured 30 R remixed, ggﬁtﬁﬁ%e‘ﬁ"rfé’ﬁggePﬁ anany, i ﬁiﬁ"%sage.

cells.

Thaere now follows a description of the method for
culturing bone marrow stromal cells as well as a
description of the secretion of human growth hormone
15 (hGH) by transfected canine bone marrow stromal cells in
vitro.

Dogs were tully anesthetized and uhole bone marrow
was aspirated aseptically from the iliac crest. The
20 aspirate syringes contained heparin to prevent clotting.
The bone marrow was transferred from the syringe to a 50
ml conical tube containing 15 mls of a chilled tissue
culture medium, such as RPMI or DMEM, containing
anti-fungal and antibiotic agents (50 ug/ml fungizone; 50
25 pg/ml gentamicin; 100 units/ml penicillin; 100 ug/ml
streptomycin sulfate). Approximately 10-15 mls of bone
marrow aspirate was added to each tube of medium and the
mixture was kept on ice.
Nucleated cells were prepared from the bone marrow
30 samples by standard Picoll cushion technigue. Briefly,
15 ml of FICOLL-PAQUE™ (Pharmacia Biotech) was placed in
a 50 ml conical tube and one half of each of the
marrow-medium samples was carefully layered on top of the
Ficoll. The samples were centrifuged at 400 x g for 30




TTg. 2 TS a graptr deprcting the—totat—growth—of—bone—+arrowst+oral—e
cultured in the presence or absence of aFGF and, heparin. 30 Fig. |
graph depicting the In vitro expression and secretion of human growth -.
~hornmone (hGH) by transfected canine bone marrow stromal cells. Detailed

Description WO 97/24434 P TNS93J17073 THI S SHEET HAS BEEN - 9 - REPLACED

To devel op %W of bone marrow stromal cells that cgg AQ gl for
transpl ant ati on one marrow was obtained from humans or dogs and grown in
-spemally :prepared tissue culture flasks. In a um s was
~nodi-fied wirbacidic: fibroblast growth jactor ( eﬁﬁl n and was
‘renewed according to a particular reginen. Usil hod, a

| arge nunber ainbbee atmasrovwith dimel brakée Dffcso ehthtﬁ-heslwedtrhfmture and
;expanded L0 Yhghd &&damaessdﬂw;q Regberey edabbéa tleh fRevespd be

required for gfg;eft |£/q:h?ﬁg§ ‘% rn%pérpkxp.a ron@ icﬂ"%& %a[i.-ln-ﬁsr Ryay foll ows

'a description dne marrow stroma calls as
well as a de E??rﬂ‘r‘b‘ﬁ“'of VRR r et *gr e ®if82fone is (hG$) by

_transf ect eds caayee, bmi@hrr&onmm mtaln:tﬁd celis, \Wwas warefubdyl of Cul turing
- Cani ne Bone Mabindttdd aial pf@bdd intgSaVExdnl’ ol 32 a6@sd kdinitagdiagd whol e

ggn?r g?ér gwr [ %ﬁsﬂfs‘(‘)*nrtglkﬁqe ar i Hﬂi‘faﬂ ol ﬁ‘ésbﬂﬁ&d %%he-rggngomar r ow
vvag t ransf gr r égsi 33 §d§85€° e‘?ﬁ%‘“go%‘ #h‘%‘oé"’lﬂ’ﬂ?aﬁn ng 15 mis
~of a chilled 8PsBLe culture medi um "~ such as RPM' or DMBM: contai ni ng
! 10 2 The nucleated cells include the- bone marrow
stromal cells. However, the stromal cells represent only
a small fraction, i.e., about one in one thousand, of the
total number of nucleated bone marrow cells obtained in a
bone marrow aspirate.. : :
5 "The nucleéated cells were collected in a pellet by
centrifugation at 100 x g for 10 minutes. The cell
pellet was washed with tissue culture medium (RPMI or
DMEM with. t\mgizone (25 pg/ml), gentamicin (25 ug/nl),
penicillin (100 un:lts/ml) and streptomyoin sulfate (100
20 xg/ml)), and resuspended in 5-10.ml of - "complote bone
marrov stromal cell medium® ("complete medium"). After
resuspension the cells were counted. :
Generally, the complete bone marrow stromal wmedium
contains the following ingredients in the following
25 ranges of amounts or concentrations. DMEM with 1 to 50%
fetal bovine serum (FBS), preferably greater than 12.5%;
0.01 to 100 ng/ml of an aFGF polypeptide, e.g.,
recombinant aFGF; 0.05 to 100 unu:s/il. of a heparin
polypeptide, e.g., sodiunm hgparin; 0.25 to 250 ug/ml of
30 fungizone; 0.25 to 250 pg/ml of gentamicin; 1 to 1000
units/al penicillin; and 1 to 1000 psg/ml of streptomycin
- sulfate. As used in the experiments described below, the
complete medium contained DMEM with 16 percent by volume
heat-inactivatea FBS, aFGF (1 ng/ml), heparin (S
35 units/ml), fungizone (25 pgg/ml), gentamicin (25 ug/ml),
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anti-fungal and antibiotic agents (50 pg/m fungizone; 50 25 ;tg/n
gentam.cin; 100 units/ma penicillin; 100 pg/m_  streptonycin sulfate).
Approximately 10-15 min of bone marrow aspirate was added to each tube of
medi um and the mxture was kept on ice. Nucleated calls were prepared from
t he bone marr anpl es by standard Ficoll cushion techpi i efly,
15 ml of FICOC qﬁbﬁﬁﬁfé (Pharmaci a Bi otech) was placed in geggﬁﬁpﬂggnica
tube and one half of each of the marrow nedi um sanples was carefully

| ayered on top of the Ficoll. The sanple were centrifuged at 400 x g for
30 WO 97124434 PCT/ US93/ 17073 TH' S SHEET"HAS BEEN 10 - REPLACED ni nutes

at 18C with thepbhi&ﬂﬂfﬁ‘ (100t BiRitd /iR ) ¢ cahd | dHi@dtolipath drOFateat o sl oWl y
after the el apsg 9( . The top |layer of the resultant preparat|on whi ch
ee ne

cont ai ned cel | - I um re and di scay.ded dle s :
| ayer; which contained™ gﬁ%‘?%é‘%ﬁ%“fﬁr? qﬁﬁaé"&ﬁ?e‘?ﬁ’l Wecﬁ?% Yand pl aced °
into a fresh 50cebtedbnitdalldy wikth gedatdn gind FBSuc SpAcifdcaddvi u as

described. abgvgolutiéh ldfogelatitli (gignas nﬂdﬂdwmebrlm td@aeli 86/ vol ume to

50 M> 10 Th | Ils.
However, t heestmrighrrgﬁif%ghkgllr%e%%o %n?F'Pg?r ac¥ |ju§ r orra. , Cgboﬁt
one in one thouSaNereds (The exgess ‘Wﬂnﬁ e and the £lanke. veEe, L8ft el | S

obtained in a ubodisturhedy hHobtomiaide Johe atucioont tempartaturacforcat | ect ed
in a pellet by 1ea8trié udnukes. atrh)@1%eKs fedn be E&M@&aﬁheaeeuus pal | et

b gent émvB € (B Aol M ‘?Va& PhE iy WY dake (=5
streptonycin. s&Pi&® é?‘f@%"”i As betor excess

solution was removed and the flasks were left, bottonm

side down, at room temperature for at least 30 minutes.

The flasks can be used at this point or refrigerated.

1 The nucleated cells of the bone marrow, prepared
as described above, were added to the prepared flasks at
approximately 1 x 10°® cells/T150 flask. The cells were
incubated in 15 mls of complete bone marrow medium, at
33°C, in the presence of 5% CO,. After 3-4 days, or when

20 the stromal cells have adhered to the inner surface of
the tissue culture vessel, 15 ml of fresh complete medium
was added to the cultures, dropwise, so the cells were
not disturbed. One week later, before vital components
within the medium are depleted, the so-called

25 “conditioned medium,” i.e., the medium in the flask which
contains non-adherent cells, was removed, and 15 ml of
fresh complete medium was added to the flask. The non-
adherent cells were pelleted by centrifugation at 500 x g
for 5 minutes, resuspended in 15 ml of conditioned medium

30 and returned to the original flask. Thus, the non—-
adharent cells were returned to the flask and the medium
was changed in such a way that it contained one part

. fresh medium and one part conditioned medium.

- In general, the key to this regimen of cell
35 culture is to: (1) coat the inner surface of the tissue




cal | mediunt (.' corrpl ete nedi um'). After resuspension the cel I S were
counted. Cenerally, the conplete.. bone marrow stromal nedium contains- the
following ingredients in the foll ovm ng 26 ranges of anmounts or
concentrations. DMwith i to 50% fetal bovine serum.(FBS)., preferably.

greater. than 06 0.01 to 100 ng/m of an aFGF. pol ype snford-
r econbi nant%% 05 to 100 units/m of a heparin pol%fé%:gl de, e.g.,

- sodi um heparin; 0.25 to 250.149/n of 30 fungizone; 0.25 to 250

g/m.of..gentamcin; 1 to 1000 wunits/al, penicillin; and 1 to.1000 g/m of
streptomycin sulfate. As used.in the experinents descrl bed bel ow, the
conpl et e nedi culturd aiessel DN W Bbldtigefegeléyin,ol (2yekedqgat - i nacti vat ed

FBS, aFGF (1 g me R’ hon{aanezeHli ¢Y1H ko £NEGhARSe(WRe®/ M),

_gent o 24434 BCY AISMIOT3 .- ;11 ¥
?igoaﬂhﬂ glgn aé?q?bg &)‘foﬁfl%*‘ﬁ"' 3% a?ddg('fagr 1ﬁfﬂ“) con ggﬁ% cgﬂlhﬂa figsks

"this lo point By

(T150 cnR) ar euﬁ%ﬁfe%wtréqu ARstain groNth widihoutnremey s,

Specifically, a2l efsizﬂwunbatuicuyelsac:mtc(tsmgrmhellbonmmrew)cmbls,added to .

each flask uniyhkch m%oﬁh&[r igrewth ASk WaGiph Ushents @K@r edsmﬂle excess was

renmoved and t Qg {“%pé nd e Hﬁq at room

tenperature for 1ﬂ{t“"tag.s ‘%U(sﬁl ggﬁp?can e refri gerat ed at
1fuy t-e%i A

) PP"ﬁﬁ%tlvat ed PBS was then added to the

- gel atini zed fl asks. ﬂbit)e:imut vhexec &be nontadhesanticeellsreved and t he

fl asks wergol ehhovid} ipalletedp f@\Ret@inddad tREDAIReCWitH efuaicast 30
m nut es. parts of fresh and conditioned medium, is repeated once a
' week, for 2 to 3 weeks, or until a nonolaycr of adherent
cells has formed. Once the monolayer of bone marrow

stromal cells developed, the cells were pasuqed by

15 splitting them 1:2 or 1:3 into tresh flasks. At this
point, and from this point on, the flasks for additional
passages were coated with gelatin, but not with FBS. It
is also no longer necessary to feed the established
stromal cells with conditioned medium or to return

20 non-adherent cells. to the culture. The cells can be
passaged in this manner at least 8 times or more.

This method can be used to select and expand
canine or human (or other vertebrate) bone marrow stromal
cells, to develop a total cell number of more than 108,

28 and even more than 3 x 10° in vitro, from bone aspirates
of individual subjects. Other techniques for obtaining
bone marrow can also be used. The bone marrow stromal
cells obtained from dogs by this method exhibit the
characteristic appearance of fibroblast-like bone marrow

30 stromal cells. Given that the success of gene therapy
depends on the cellular production of adequate levels of
the transgene product, which can be quite low, the
ability to expand stromal cells in culture to 10% to 10°
or more représ'e.nts a substantial improvement.




The flasks can be used at this point or refrigerated. is The nucl eated
cells of the bone marrow, prepared as described above, were added to the
prepared flasks at approximately 1 x log cells/T150 flask. The cells were
i ncubated in 15 ms of conplete bone marrow nedium at 33-C, in the
presence of 5% 002. After 3-4 days, or when 20 the stromal cells have
adhered to the™OT@#®4urface of the tissue culture vessel, PEEURI¥II 3 r esh
conpl ete medium was added to the cultures, dropw se, so the cells were
not di sturbed. One week |ater, before vital conponents wthin the nmedium
are depleted, the so-called 25 "condl tionet? redi um " i .e. , the rredi um i n

the flask which cont almﬁa,qgha &qllgstrwspf

fresh conpl ete nedi um was,added told Wﬂ;&k}nlﬁe nop- ereg%gﬁglls Were
pel l eted by centTitugatron o\l ol %2 bt ree ?se it 15 m
of conditioned rﬂhﬁﬂ‘h’&ﬁgan@nré‘tm 5 B9fe ng’ﬁﬁlh#l?%ﬂn weKes, the non-
adherent cal |l s veresent(, uonkty deallshgrbasin athbk presends LW tmec'awged in
such a way that ﬁc&eat BbRESARE tRAGkow! ¢&FD JRErUERE {,
condi ti oned nmedi um geE‘S 4%:?} he kgﬁ to th| S rvﬁq ‘r;f%of cel %%ncul ture
is to: (1) coat ‘ﬁ?e’agﬁﬁer 4% Fhe ©9 9 ATFFPRR Usos5/ 17073
12 cul ture veshaPagin)maiataingd, they fgw%kiwt'(lé-)‘ﬂkmlemihl ng the
non- adher ent celnorpholpgy lopgarr &h&leatrwllmnsggtmm tBesendd
medi um t hat contgdtsergsUf ficient nutrients to sustain' growth w thout
renoving s all of the substances secreted by,the bone marrow calls, which
enhance their growth,.(4) supplenent the tissue culture nmediumw th aFG-,

and (5). suppt®% tissue culture mediumw th heparin. This process,
where the non-adherent Xdaescaest bone marrow aspirates were prepared as

described from a dog designated ALG-5, and divided into
two portions so that half of the cells could be grown
with aFGF and heparin, and the other half could be grown

15 without. Tissue culture flasks vere seeded with 2.75 x
107 primary bone marrow cells and cultured by the methods
described above, where stromal cell-conditioned medium
and non-adherent cells were returned to the flasks at the
first passage. When all flasks contained a confluent

20 layer of stromal cells, the cells were trypsinized and
T75 flasks (passage 1, Pl) were seeded with 2.5 x 108
cells derived from each of the PO flasks. These cells
wera harvested one week later, and 2 x 10° cells from
each flask were passaged (P2), still in either the

25 presence or absence of aFGF and heparin.

Similarly, P2 cells were harvested 8 days after
seeding, and 1 x 10° cells were passaged into P3 flasks.
The number of cells passaged was reduced at this point
because the number of cells cultured in the absence of

30 aFGF and heparin was limiting; only 1 x 10° cells were
available for re-seeding. All flasks were re-seeded with
this number of cells so that each flask continued to hold

- a comparably sized population.




U0 Tenoved;,—peftteted;,—and returned—to—the—<ctture—w

fresh and conditioned nmedium is repeated once a week, for 2 to 3 weeks,
or until"'a ronol ayer of adherent cells has forned. once the nonol ayer of
bone narrow stronal cells developed, the cells were passaged by is :
splitting them1:2 or 1:3 into fresh flasks. At this point, and fromthis
poi nt on, thgobisagds for additional passages were coat ewugg,,g@[,atl n,
but.not with FOS. It is'also no |onger necessary to feed the established
stromal cells with conditioned nmediumor to return 20 non-adherent cells.
to the culture. The cells can be passaggd in this manner at |[east 8 tines
or nore. This nethod can be used to sel ect and expand canine or human (or
~other vertebrate) boRassageolv @Xorells cedriesharvesiecd:8odayst after cel |
~nunber of nor %Jehaﬂglﬁ&! P aof co¥is were ééh’ﬂtd31ht60194 |f1a6kiL0, from bone

aspirates of gyndi mlyc# r%}i% t§o Kd ggs ,ﬂyggr%o&o‘gﬁ{ g ning bone

émarrow can al sO be used one mar ows ronn | s~ obtal ned from dogs

| by this net hofaxgfirhly ad téﬂ&r‘é‘%?’ét"’°§ﬁ harysated . ARE Te-g99dednl ast- | i ke
. bone marrows~Afteg the dfnurtbapagsags,vdhet halls thatuvere sculitugedeinher apy
' depends on t haneeplebérice io¥d et ind fhepd e i af eadhide benPfueridee mheANagene

product, whi ct;n&gnqgfcﬂw t& hQ%) tan 2Rkl Eéd1d ThEE Ydoel cells in
.culture to 10% rep o nts.,a substantia mprovement WO
19784434 PO FU 2987?‘% {?' ? SRAr cells from primary cani ne bone
marrow aspirates coul® eg!aﬂr#% "?‘Heﬁ‘éﬂ’%§fl fietls iqhtained wiwen thesage 0),
- whet her or motcedeFweanel lravastad vt ¢thependcofl ,eachl passades withwehen t he
presence of thaRelWor ScdAG! Qaaas&riﬂt%ueﬁetﬁwﬁwaw&easéﬁhn&hs first or
second passaqﬁ, eachaggséalgoer: thergoef'lltla egcgan igih EP: mgﬂ:er was
i g determined. A positive number indicates an increase in
cell number, a negative number indicates a decrease in
'~ 18 cell number, and a zero value indicates no change in cell
e number. -~ = Adherent stromal cells wvere est@blished in
all flasks of primary cultures (PO). A higher cell count
was found at the end of PO in flasks lacking aFGF and
heparin (Fig. 1). Although both groups of cells
20 expanded during Pl, the growth of. cells cultured in the
presence of aFGF and heparin was 2.5-f0old greataer than
cells grown in the absence of aFGF and heparin. Perhaps
more importantly, cells cultured with aFGF and heparin
continued to grow in number during passages 2, 3, 4, and
25 5 while cells cultured vwithout aFGF and heparin grew very
poorly or not at all during these passages.
' The negative numbers in Fig. 1 for all flasks
during PO reflact the fact that bone marrow stromal calls
are only a small fraction of the total population of
30 nucleated cells in the primary bone marrow aspirate, and
further demonstrate that aFGF and heparin have
significant positive effects on the growth of canine bone
" marrow stromal. cells in vitro. .
The total growth of bone marrow stromal cells -
35 obtained from dog ALG-5 was also calculated in the
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heparin maintained the fibroblast-like stromal cell norphology ['onger than
stromdal cells grown w thout these factors. 10 ZKONALIA Iliac crest bone
marrow aspirates were prepared as described froma dog designated ALG 5,
and.divided into two portions so that half of the cells could be grown

wi th aFGF and heparin, and the other half could be grown is wthout. Tissue
culture fl askswoermsseeded with 2.75 x 107 primary bone nerarawessbids and
cultured by the nethods described above, where strceal cell-conditiane
medi um and non-adherent cells were returned to the fl 3K SHEETIHAS BEEN:}
passage. Wen all flasks contained a comnd hsent 20 Iayer of <HBEPRAGHD cel | b,

the cells were trypsinized and T75 fl asks sa Ri=—ere—seeded with
2.5 x 106 cell é"{y?@ﬁ‘?@ aRd ARsench F aneE Péﬁ %"% 'Th&%’(ﬁ%‘l%‘ wer e
harvest ed one we@diotiadt growtind vasxdeternisiedsby rurit ipdyhng | the totad passaged
(P2), .still in ehidbet beestiomulceelrs i aabﬁefmmf(ﬁpcfrwéﬂaeparl n.

Simlarl P2 c 2 A
% qupix% Iagks %%!ﬁe nu%/r &?

hﬁiﬂ: 6 cells
were passaged into P3 e a s reduced at
this point b&cAYEFagR-PREGHIRIS: change P?ﬁféﬂ‘qiﬁg ﬁ g&%& 8% 30 aFGF

and heparin was pqmynng,wmy gmtlme:scalihnm calculateéd £droeach

re-seedi ng. Al gdubaslgaent padsdga w’ Lh ummeﬁhpfgﬁgﬂ §nSO that
each flask cont |,|%%ed to gl § Zﬁgl %{ﬂ,‘gﬁ 97/ 24434
PCT/ US95! 17073 %Figg ﬁg&‘é& vvere arve a S after

seedi ng and 1 x °Re8TE ed %itbemt#ﬁra ®cont i nued

to be passagd® @wpplemented with aPGr oind hppanim Mdtheq'imrfdchatvested
and re-seeded. calculated growth to over 60 x 107 calls by P6.

Cells derived from dog ALG-5 were also inspected
visually at the end of each passage, just before they
were trypsinized and harvested. The cells grown with

15 aFGF and heparin maintained a fibroblast-like morphology
over a number of passages while the cells cultured
without aFGF and heparin changed to a flattened
morphology after the first or second passage.

Taken together, -these results demonstrate that

20 aFGF and heparin clearly enhance the growth of canine
bone marrow stromal cells and maintain the characteristic
fibroblast-like morphology of these cells in culture.

Buman bone marrowv wvas tuovod from femoral heads
25 that were discarded during hip replacement surgeries.
Other technigues for obtaining bone marrow can also be
used. The bone marrow was put into tubes containing
tissue culture medium, such as RPMI or DMEM containing 50
#g/ml fungizone and 50 ug/ml gentamicin. The bone and
30 tissue suspended in the medium were finely minced using
sterile scissors, centrifuged at 500 x g for 10 minutes
and resuspended in tissue culture medjum containing 16%
- heat-inactivated FBS by gently inverting the tube.
Larger bone and tissue fragments were then allowed to

—— -
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of aFGF and heparin reached confluence nuch nore quickly (7 days) than the
cells that were grown w thout these factors (14 days). By conpari.ng the
nunber of calls obtained when the io cells were-harvested at the and of -
each passage with the nunber of cells seeded into the flasks at the

begi nni ng . h passage,. a percentage change in cell nunber was

det er m ned. (&”g‘%tlve nunber indicates an increase i.n PP N Rver, a
negativé nunber tndicates a decrease in is cell nunber, and a zero val ue

i ndi cat es na.. change in call nunmber. Adherent atromal cell's were

establ4 shed in...all.!flasks. of primary cultures (PO)... A higher cell count
was found at skbElend @he Fbdtiton biiskhe |taHe BYed Hile addrsbeparabautFi 9. 1).

Al t hough bot 0 [ h g of-cells
cul turgd in ?h‘g{m@zsefﬁggeéfr %Wa#ﬁav\%% ? ? ﬁ\ggter t han
cel s grown PA*¢ 13b§8’ﬂ3‘é° f"ng af’Fn 0% FapST Hdre inportantly, ~
cel I s cul t ur eénykesh aFoE eskd Pepiet was washadcenge byr ow i-n nunber during
passages 2s dentrifugdt2on Sinvorpléreé | sore mhfow striohalt c€GF and heparin
Ig:] e\é/I veriy fgaa&i% orregaapaﬂaadl L.’:.nd!'{-bﬂg é&s&ewa&é?%es J&l%ﬂ(}ﬁga; 13 \rffocvunbers
st rongl cal | éeﬂé Jalr% héunﬂw q?r action o%& %’E '&AP ’{fat %58 of 30
nucl eat ed cefpit 4%%%%?% ghasks thak -yepe rQH’é'-r‘& 1% her
denonstrate UhhatJaFGEdamthaaﬂpachM aboyei fox alvg ponetmam:ocffects -on the
growt h of 4 saa:;wnnfr&nrmmgﬁt,raﬁﬁi :EQJO“ScéIld//'Itl‘s@E)flmt?t al glrovvF ht OIZI
in the VD 97124434 wﬁ'@aﬁ W%&Fé@%ﬁ%@ﬁ esegaand ™ ©H 2 C

expanded tro using the same techniques and complete - -

medium that are described above. In addition, . small '

fragments of the human femoral bones were introduced into

1s prepared tissue culture flasks that contained complete

medium. Bone marrow stromal cells grew out of these —

fragments, adhered to the flasks, and were treated _

subsequently in the same way as other bone marrov stromal

cells. Human bone marrow .stromal-cells were selected and

20 expanded from primary marrows derived from several _.
individuals and cells were expanded to at least 2 x 10°
cells. . '

In vitro Bxpression and Secretion of Human<crowth

2s To daternine whethar bone narrow ‘stomal cells that
were grown accordinq to the nethods-descrihed above could
be transfectad, the plaanid expression vector PETKhGH was
prepared and transfected into canine stronal cells using -

. standard tcchniques._ The dog model is an accepted animal

30 model of the human bone marrow system, and results in dog -
studies are reasonably predictive of efticacy in human
patients. _ --

The vector vas constructed fron plasnid PTKGH —

(8elden et al., 1986, Mol. Cell Biol., 6:3173-3179),

35 which is comprised of the human growth hormone. (hGH)
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- 15 - REPLACED presence and absence of aFGF and heparin. This figure
(total .growmth) was determ ned by multiplying the total nunber of stromal
cells in each flask (+/- aFGF and heparin) at the end of the period of
establ i shment by the 5 average percentage change in cell nunber for the
first passage, To growth was simlarly calculated for each subsequent
passage (Fig. ‘E?.” shown in the graph in Fig. 2, the cul P Vot
aFG- and heparin showed essentially no growth. On the other band, the
culture io supplenented with aPG- and hep grl n showed a si gnlflcant

calcul ated growth to over 60 x 107 cells By P6. Cells derived from dog
ALA-5 were al SO gefepeLheThdivigs iattons) &heraaﬂeoéraﬁanpassﬂﬂﬁ just before

they were trypg e s aFGF and
hepari n nai nt ai neﬁhi?ﬁi%i“ﬁ#%}é ’Eﬁrmrp %@m?tg%%gﬁ%er of passages
whi |l e- the cel | s %egrences ( # ticema#BBIRAN a {1l att ened
nmor phol ogy af t ecapligtfans,t m.semmﬂqjﬁmgea T2k duseopaihcPokI+ryRZIr esul t s
denonstrate tRarestPist{dn MEyRe A ddneiitc by LHNFVAO bRBaREGMWAgOT cani ne
bone marrow str n L broh) ast-1ike
nor phol ogy of t%gge"%e‘l’ir‘?’ ?{ﬂdgﬁt h?é& b@tﬁ%%%l té&t% 1H(J liJBone
Harrow Stromal &2€B oﬁé‘ﬂ’ﬁﬁ O FURH tF 0% \RKt of RORY 4 e*ﬁﬁal“%&ds 25

t hat were di scaRésd ua:uajr-rmpneptammutergmd sdonedt imto tthwhni ques for
obt ai ni ng bone mmmcm:aalo‘zom upBEré R OYK VBrfondtler. Nt 0 t Ubes

Fungt zone andoSgbe Wiﬁ“ H‘E**&Bone"ﬁﬁ%%% SRR G, D onded i n Che.
nmedi um were fi né\‘g integrate ginto thehestRatlat 500 x q
for 10 m nutes qandneeSlM)Gnskhd thatvme expressaaTbGHUtranslentliyng 16%
Canine bone marrow stromal cells were transfected
with pETKhGH by either the CaPO,~-DNA coprecipitation
15 method, using the MBS Mammalian Transfection Kit
(Stratagene Cloning Systems, La Jolla, CA), or the
cationic 1ipid-DNA complex method useing LIPOFECTAMINE®
reagent and OPTI-MEM® I reduced-serum medium (Life
Technologies) according to the manufacture’s instruction.
20 The CaPO, method was used to transfect cells obtained
from dog ALG-3 and the lipofection method was used to
transfect cells obtained from dog ALG-9. DNA was
transfected by the caPO, method into 3.2 X 10° cells one
day after they were seeded into a T150 flask at P2. The
25 cells were transfected with 150 ug of pETKhGH plasmid for
24 hours. These cells werse growing actively and
displayed a fibroblast-like morphology.
DNA was transfected by lipofection into 1.2 X 106
cells one day after they were seeded into a T150 flask at
30 P6. The growth rate of these cells was reduced from that
seen in earlier passages and the cellular morphology had
changed so that the cells appeared more flattened and
spread out. These cells were transfacted for six hours
- with 40 pg of pPETKhGH plasmid in a total volume of 4.28
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THeat-inactivated FBS by gentty Tnvertingthe—tube—targer—boene—and—ti+ssue
fragnments were then allowed to 1 WO 97124434 PCT/US95/ 17073 16 settle to

the bottom of the tube over the course of about--- 1 mnute. The
supernat ant contai ni ng suspended cells was carefully renoved and _
centrifuged at 500.x g for..10 -- mnutes. The cell pellet was washed once

by s centrifygatban i n conpl ete bone marrow -stromal . cel | perNR@iibgrs
‘resuspended. in_-fresh conplete medium and.the cells were counted.

‘These-primary bone marrow calls were -- initially cultured in
flasks.that--were pretreated with gelaggn and PBS,.as described above

.for-dog bone marrow 10 stromal cell cultures, at-1 x 108 cell s/ T150. fl ask.
Hurman bone namlonSPWeFPB%@qsé‘l-éetw U G IPQBRATRMINE? vitro using
‘'the same techmiesgestand conplete -- mediumthat are described above. In

addition, small fraggeeis &fF H@eshm&eml db@&gﬁﬁw i ntroduced into

S preparedtls e,culture fl- nedi um Bone -

mar r ow st ronal® ?g O&ﬁ’ﬂt ?ﬁﬁ) RE&%%% %%b%d to the

fl asks., -. afid Ineﬁ:étut:@ éh“t'a!lmﬂ*é&%)equ@hﬂ yesﬁl%@rgamw% agt khe bone

mar r ow st ronahemebfsdumebﬁwmmst rsot eaehis ey arschaesed and 20
.expanded from ey "Paysdte [canine Otrdond Esmmwahealm\ed&%sdand calls

‘were expanded gxpEess ion and
:Secretion of ﬁ&%nﬁé'&fé‘ rnppne gnsf@f:t e Canl ne Bone Marrow Strewl
‘Cells 25 To. é‘ﬁégrub%rﬁ‘%” QR R AERLA, PFFERGH, AF ige o gr own.
accordi ng t1@ t:ﬂ)e mammam @sfohCHCcexpreéssiont vanbddict ed,

‘the. plasm d embaﬁ 10§ S Ener iRENHEd 1 an 1] SR, agfle triibsreeked i nto
canine st romal l léhgséenﬁs had been pasaaqed. and the method of
tramtection. .
As shown in Fig. 3, “the absolute level of hGH
P 15 expressed by the cells from dog ALG~3 varied from over 1
P to about 2.5 ug/24 hr/10% cells. The absolute level of
' hGH expressed by the cells from dog ALG-9 varied from
almost 3 to about 5 ug/24 hr/10° cells from P6 to P7, and
then dropped to about 0.5, and then down. to almost zero
20 in P8 and P9, respectively.

! . _ " . other Embodiment
i o © ' In other embodiments ©6f the invention, bone marrow
' stromal cells can be éryopreserved either before or after
expansion in’ tissue culture. '

s To cryopreseive prinary aspirates of bone marrow,
nucleated cells are prepared using the Picoll gradient
technique described’ above, ‘and suspended in 50% medium,

| 50% FBS at a demsity of, e.g., 2 to 5 X 107 cells/ml. An
amount, e.g., 900 #1, of this suspension is aliquoted
30 into vials, e.g., 2 ml aterile cryogenic vials (Corning
#25704), with 100 pl of DMSO. The vials are stored at -
- 80°C for 24 hours, and then transferred to a -150°C
freezer or to ligquid nitrogen tanks for long-term
storage.

i
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standard techni ques. The dog nodel is an accepted ani mal 30 nodel of .the
human bone. marrow system, and results in dog studies are

reasonahl y-predictive of efficacy in human patients. The vector was.
constructed fromplasmid pTF.GH -- (Selden at al., 1986, Ml . Cell
Biol.,.6:3173-3179), 35 which is conprised of the human growth

hor mone_(hGH) WO97 97/ 24434 PCT/US9SJ17073 - 17 gencECHYRENIAng

i ntrons, under the transcriptional regulation of HSV thym di ne ki nase (TK)
pronoter sequences (Nichols Institute D agnostics, San Juan. Capistrano,
CA). In addition, a 179 base pair Poki-Pvd?I~ s restriction enzyrre fragrrent

Ijre(rjlmv;{]?vgvgg e?ﬂgncerggérl\lﬁgia% bg dldellat gf&'% UC. ACI ds

Res. 15:7137- 71%‘ irare EUItyFe jfessedi o of
PTKGH-:j ust upst randnthe ?ﬂélﬁTRrpr&M% onge Whth RiMkeceo % phraphageks a
eukaryatic ori ﬁlmmh ed cid ) imatl |(oibm(14&§os1m; | Mea[klmxgtgﬁ host cell
genone. As sugh.gdl wqxq;m %Qrg‘;%%e £l g?# (éa ng marrow
stromal cells wer anst sated X el,t her
copr eci pi t ati on % 3‘“%3-5 Mr 2n23 Y EBOTAL; ¢
(Stratagene O ofiikgo S?%Q@Tl?‘zla Jthe M}M!#ﬂt% iscatopped byi pi d- DNA
conpl ex nethod waddgy laP@galAvbNme iorageaius) hridPthe- 861Y Isuspénseen ser um
medi um (Life Tq_ghgg},ggi GE€0566 0 ot Gntfif e}dlgik ction.
etl”l neg

L
the |t pof ect itn “hE. R ﬁfe‘ifb?&gé i A

R fe@fr anﬂtlog
ALG 9. DNA was apfdafeyriadd BFheierllcdengitytimddivsted. QO)A x080fe| | s one
day after they wal2sgekoeth nbdivne Contaihing it Qimellyl sulfoxide

(DMSO; Sigma D~-8779). The calls are aliquoted, e.g., by
1 =l volumes, into sterile cryogenic vials (Corning .

15 #25704), and immediately stored at -80°C overnight.
After 24 hours, the vials are transferred to liquid
nitrogen tanks or to a -150°C freezer for lonq-tern
storage.

Procedures have also been daveloped to

20 cryopreserve large numbers of cultured stromal cells.
For example, after harvesting the calls as described
above, 200 ml of cell suspension is placed in a 250 ml
centrifuge tube and centrifuged at 500 x g in order to
pellet the cells. The pelleted cells are resuspended in

25 10-20 ml of medium and counted. The suspension is then
brought to a volume of 45 ml with medium and added to a
transfer pack container (Baxter Fenwal, 4R2001) with a
sterile syringe fitted with an 18 gauge needle. Five ml
of DMSO is then added, and the pack is stored at -80°C

30 overnight. After 24 hours, the pack is transferred to
liguid nitrogen tanks or to a -150°C freezar for long-
teornm storage.

It is to be understood that while the invention
- has been described in conjunction with the detailed
35 description thereof, that the foregoing description is




25—eetHs

These cells were growi ng actively and displayed a fibroblast-Iike

nmor phol ogy. DNA was transfsated by lipofaction into 1.2 X 106 cells onée:
day after they were seeded into a T150 flask at 30 W The growh rate of °
these cells was reduced fromthat seen in earlier passages and the cellul ar
nor phol ogy Wﬁgﬁnged so that the cells appeared nore oSiR% and
spread out. ese cells were transfacted for six hours wt 40 pq of
PETXhGH plasmd in a total volume of 4.28 WD 97/24434 PCT/ US95/ 17073 18

m of OPTI-1=6 containing 0.24 m of LIROEECTAM NES reagent Level s of hGH
secretion were determned by radioi munoassay. (Rl A) using' hGB-TCES kits
(Ni chol s s i ndhténded Bicadidustiatea afilienokslimit the asopecofetheis the nean

. of dup: i caltle qﬁ@&ﬂéf&?ﬂ%mﬁom AFinka(B?)thandcbpé of the) appéiderye cani ne
~stromal cells _ex e ev gene
pr oduct after SCF Te%hon wﬁéﬁegg‘g’%ss Jgnsg asnld&gié?ﬁ% .10 3).

' The absol ute I"é#@l'-% the 1aqarexpt endi ng on' the | nd| vi dual
~aninmal tested, the nunber of tlnes_the cel | s had been passaged, and the
~nmethod of &r gnatecs Maimdd g8PWN in Fig. 3, the absolute level of hGHis

. expressed by the cells fromdog ALG 3 varied fromover 1 to about 2.5

"pg/ 24 hr/106 cells. The absolute | evel of hGH expressed by the cells from
~dog ALG 9 varied from alnost 3 to about 5 pg/24 hr/ 106 cells fromP6 to
“P7, and then dropped to about 0.5, and then down to. alnpst zero 20 in Ps
‘and P9, respectively. other. Enbodi nents
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In other. enbodinents of the invention, bone marrow stromal cells can be
cryopreserved either before or after expansion in tissue culture. 25 To
cryopreserve. primary aspilrates of bone rrow, nucleated cells.are
prepared using the Ficoll'" gradient technique described above, and
suspended in 5096ne?iun1 50% FBS at a density of, e.g., 2 to 5 X 107
cells/m. An , €.0., 900 pl, of this suspension is eﬂ' SVEHR30 into

vials, e.g., 2 m sterile cryogenic vials (Corning. #
of. DMSO. The vials are.stored at - 80C for 24 hours, @%ég@hed
to a -150C freezer or to liquid nitrogen L ghks for 1o WO

07121434 PCT/ US9511707§. - A bethi €orOBEE SpiholbhOSR bl RarBe@V N0 I 1
culture, the NEQ‘L'&AIS &[Sjﬁsr &gg L& I&%m%%:s_gye culture vessel, and the
e

cells are rins once &€ 9ut t er ed sallne (G boo
14190- 144) . The cel | s AR} PPeind Paewmw hetrenal,qedd@iof the flask or
plate with a solution(b) imWiB@TﬁhQ Cstoiailr pptlen inkcbd wkeERIIA; G boo

25303m 062)OI tTﬂepi-éymwazw QR ifné&t medcbywiaw 6891@‘1%14[ Vfl ;JLTE Ofl |
medi an e n X, O, unt i e cells
are pelleted. °8%'1e f)e|q%t%39&xf+s are re uéﬁgsnﬁ'gd UYm e. g., 3 m,
and count ed. ThEibPEph eyth Lagkars (EaFEB" mlmpté@n #MA with nedium

contai ning 10$ di net hyKesuexpanding thekaRondilgomlis 8t/ the Surtwed | s are
al i quoted, e. (. med¥um weﬂebuafeiowwswflé euswaﬁffu&i kg (Corning 15

f/#lzgrglgr ea??anme%ﬁ/ [ quiﬁg '#%geniéeﬁ%g WtPg é\&%’éo #‘ﬁézgref or

| ong-term storage.

2. The method of claim i, wherein said culture
medium further comprises at least 0.05 units/ml of a
heparin polypeptide.

3. The method of claim 2, wherein said culture
15 medium comprises 1.0 to 50.0 percent by volume fetal
bovine serum, 0.01 to 100.0 ng/ml aFGF polypeptide, and
0.05 to 100 units/ml heparin polypeptide.

4. The method of claim 3, wherein said culture
medium comprises 16.0 percent by volume fetal bovine
20 serum, 1.0 ng/ml aFGF polypeptide, and 5.0 units/ml
heparin polypeptide.

5. The method of claim 1, wherein the gelatin is
1.0 percent gelatin in water.

6. The wethod of claim 1, further comprising
25 additionally precoating the inner surface of the vessel
with fetal bovine serum prior to introducing the bone
marrov stromal cells.

- 7. The method of claim 1, wherein expanding step
(c) comprises the steps of:

T —e——
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cultured stromal cell ss—For—exanple,_after harvesting the cells as
descri bed above, 200 m of cell suspension is placed in a 250 Al :
centrifuge tube and centrifuged at 500 x g in order to pellet the cells. -
The pelleted cells are resuspended in 25 10-20 m of medi um and count ed.
The suspensigg ot han brought to a volunme of 45 mM wt biAiRANd added
to a transfer pack.container (Baxter Fenwal, 482001) with a sterile
syringe fittediitkiah 18 gauge needle. Five mMl of DWBO is then added, and
the pack iis'stared ati-80C 30 overnight,, After 24 hours, the pack is

'transferred to “T7quid nitrogen tanks or to a -1509C freezer for long- term
"storage. It is to be(indsmetviag ¢hkitune neditheand) ron-adherdrits dedde

!

“illustrate and not
-the scope of

desoribed in g Ut aBsbi h 1 3 descripti reo

i [ i pti 244 17 i

{pregor g descrTT Spu Ly YRSy GA4BRET KRR ) MRS | ©
e

gt h the detailed 3s description thereof, that the

i cope rnventi o, fef i ned by -
d clains. Oher aspects, advantages,. and

‘modi fications are wiiiin xemeoving pmliurehvedinmn and pooradmerart \\hat i s
cclainmed is z YL/ Exbh34nBGlédsiiSahd OdenthH tfugtigFda i uddiGh ana?2l -

- REPLACED 1. %HSIME-wﬁéwaskﬂna%ﬁ%eomemmgﬂ' cells, the

(b)

nmet hod conpri si {I& (a) obtaining bone marrow stronmmal
% omal cells into a vessel s pre-coated on an inner

i ntroducing tf®

~surface with a gel at (V) Zesuspendingithe Rellet A% nendhdherentpcdedisg an

aci di c 10 in an amount of culture medium taken from the vessel to
form a non-adherent cell mixture; and
| (v) returning the non-adherent cell mixture to the
vessel. ' ' '

8. The method of claim 7, wherein the amounts of
15 fresh culture medium in step (ii) and culture medium
taken from the vessel to resuspend the pellet of non-
adherent cells in step (iv) are equal. '

9. The method of claim 7, wherein step (i) is
performed arfter stromal cells have adhered to the inner
20 surface of the vessel. ' :

10. The mathod of claim 7, wherein steps (ii) and
(i1i) are performed about one waek after step (1).

11. The method of claim 1, wherein the bone
marrow stromal cells are fresh stromal cells obtained
25 from primary aspirates of bone marrow from a vertebrate.

12. The method of claim 1, wherein the bone

marrow stromal cells are obtained from bones removed from
a vertebrate.
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fibroblast growh factor ("aFG") polypeptide; and (c) expandi ng
t he..strromal cells in the culture nediumunder conditions and for a tine
sufficiegnt to io obtain an increased nunber of bone marrow stromal cells.

2. .Thé nethod of claim1, wherein said culture, nediumfurther conprises
at least 0.05 units/m of a heparin polypeptide. 3. The nethod of claim7,
wherein said UPPW4 i s nmedi um conprises 1.0 to 50.0 perc@ﬁ""ﬁ?ﬁ’murre
fetal bovine serum 0.0l.to 100.0 ng/m aFGF pol ypeptird B=Go—t-a7 100
units/m heparin pol ypeptide. 4. The method of claim 3, W@S@Eﬁ HAS BEEN
culture medium- conprises 16. 0 percent By3dl une fetal {bovi rPeEP%%erum

1.0 ng/m aFGF pol ypep“ae ,?%ngaé?&%tgy 51“91 bhweg{lp% PEsHd de. 5. The

met hod of claim 1, wherein inis ge atin in water. 6.

The method of cPAFRPY StEEPaHfe S rion H&?’t? PasFE¥oat i ng t he

i nner, surface obtrimal @edd| culfure m'tatmbwm:ozsaramcpc ioft bovei nt r oduci ng

t he bone marropasiéw Btromtl! Se116. The nmet hod of claim 1, wherein expandi ng
step (c) conprises the steps oft Ii WO 97/24434 PC /US9S/ 17073 22 (i)
renovi ng cul ture medi um and _non- adher ent cgl ls from,t he vessel ; (i)

adding an amolint of fri&h Che BPERSR AR GIpI™ 1noeredp the bone) | onpying
culture medi um matcomstremal cralls arpsninmadiahe vessel and centri fugi ng
said nedium and non-adherent cells to forma pellet of non-adherent

15. The method of claim 14, wherein the bone
marrow stromal cells are human.

16. The method of claim 14, wherein the bone
10 marrov stromal cells are canine.

17. A complete bone marrow stromal cell medium
comprising greater than 12.5 percent by volume fetal
bovine saerum, an acidic fibroblast growth factor ("aPGF%)

polypeptide, and a heparin polypeptide.

1s 18. The medium of claim 17, comprising 12.6 to 50
percent by volume fetal bovine serum, 0.01 to 100.0 ng/ml
aFGF polypeptide, and 0.05 to 100 units/ml heparin
polypeptide.

19. The medium of claim 17, comprising 16 percent
20 by volume fetal bovine serum, 1.0 ng/ml aFGF, and 5.0
units/ml heparin.

20. The medium of claim 17, further comprising a
fungicide and one or more antibioticse.

21. The medium of claim 20, whaerein the fungicide
25 is fungizone at a concentration of 25 ug/ml, and the one
- or more antibiotics comprise 25 pg/ml gentamicin, 100
units/ml peniciliin, and 100 ug/ml streptomycin sulfate.
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-ceH-s—{v)—resuspending—the—peH-et—of—nonr—adherent—eelHs—to—+n—an—anount
of culture' mediumtaken fromthe vesselL to forma non-adherent cell

m xture; and (v) returning the non-adherent cell mxture to the vessel. 8
The met hod of claim7, wherein the anounts of is fresh culture nedium .
instep' (ii) and culture nedium taken fromthe vessel to resuspend the
pell et of non- ag%a‘ent cells in step (iv) are equal. 9. d of
claim7, vvhe?” p (i) is perforned after stromal cel'l's"have adhered to

“the jnner- -:20: surface of the vessel. 10. The neth '$ \E ] I/ ler ei n
- steps (||) a-nd ((iii) are performed aboyt one week t ). 11. The
"met hod - of- ci-a1ﬂ°r1 +herein the bone nafrow strom dh stromal

cell's obtained 25 feem pkiXia foasSthe alelactiom mp&m\tcfrr@lfl Bounertebrate.
12. The net hogaplok '@&{amh \e’amel rthkhﬁiécuﬁpm& ! nOBRLtEEd | S are

i obtai ned frombones re fro a_ve br at 7124434
' PCr NS95/ 17073 YePRP %‘?ﬁﬁ‘i’e AR piger” ’&5&"%{5’3 i’i'he“%tﬂ"c?ol of cl ai-m

1, wherein thé& bene 'ﬁﬁ%\ﬁ%?m‘nﬂ"léa??%i‘m’ G°B‘BF&?% an; 8RER bone marrow
stromal cel b pollypeptide fandm ashépaxdenpelypdptddebone narrow stromal cells.,

'5 14. The method of claimif wherein the bone narrow stronal cells are
“manmal i an. 15. The nethod of claim 14, wherein the bone nmarrow stronal
~calls are hunman.




16. The nmethod of claim 14, wherein the bone 10 marrow stromal cells are
cankne. 17. A conplete bone marrow stromal cell nedium conprising greater
than 12.5 percent by volunme fetal bovine serum an acidic fibrobl ast
growth factor ("aPGFO) pol ypeptide, and a heparin polypeptide. 15 18. The
medi um of claim 17, conprising 12.6 to 50 percent by volune fetal bovine
serum 0.01 tOVQan/m aFGF pol ypeptide, and 0.05 to PSBUSHIFYE i
heparin pol ypeptide. 19. The medi um of claim 17, conprising 16 percent 20
by volune fetal bovine serum 1.0 ng@ aVG-, and 5.0 wunits/m heparin.

20. The nedium of claim 17, further nprising a fungicide and one or nore
antibiotics. 21. The nedium of claim20, wherein the fungicide 25 is

fungi zone at a cong..e.DI_La.LL.D.n_Q.f_ZS g/m, and the one or nore antibiotics
conprise 25 g/m g units/m peni |II|n and 100wpg/ m
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conprising an aFGF |3 and a hepar| ! pgeptlde i@s L13I :S*
WD 97124434 PCf/USj ' h'fl" PAK B
() g 4 E f'
seduan /|
‘ti’d’;\t i é ¥ Jj) /’j
444 +
- x': \\ % m
yod N
Ve ;

-
o)
e

»-"'%
e
P
FIG. 1

E P T . ! A
5 ’ ’ ,//'///
y 4

— : : W o0

11 e . 8 © =

- ] N 3 o 1:-
-
o E %
e
o3
-

SUBSTITUTE SHEET (RULE 26)




v Vv vyt —SIN>IF 4+ I+t 5 —6+-S{+r}o6++NF—F—5Fa—
SUBSTI TUTE SHEET (RULE 26) WO 97/24434 PCVU895117073 213 on N aM~ - LL N

Ali Wv 1v 4T a ao U -Mc - - Va ~ U SUBS | UTE SHEET (RULE 26)~.WD
97124434 PCT/ US95117073 3/3 a A 0O U co co :
WO 9724434 PCT/US95/17073
213
L -]

-?ﬁ
Py
FIG. 2

i§
E% |
| L™
5k -
zz
H P
L .l 1 3 'l i 4 -mc —
2 2 8 38 ] ¢ ° :
¥
2 2
238 & B
S 2 ™
=] o Pe
(&) 3""

SUBSTITUTE SHEET (RULE 28) -

R



U AraT ~01'8d C Nr O1lrl .~ Al SUBSTI TUTE SHEET (RULE 26) 1 _| R~
lcg-....Ib"Caa -tr ag o3ygs-a 3 Sunmary of the Invention The invention
is a novel nmethod for culturing bone marrow stronmal cells, and is based on
t he di'scovery that acidic FGF (aFGF), or a conbination of aFGF and
heparin, 5 significantly enhances the establishnent and subsequent
expansi on of D¥A&I#MMr ow stromal cells. By enploying this PEEVRIone
marrow stronmal cells can be expanded in culture to previously
unprecedented |l evels that are clearly beneficial for therapeutic uses.
Thus, this :10 cul turing nmethod allows bondRBrarrow stromal cells to be
used in many types of gene therapies. In general, the invention features a
met hod for the expansion of bone marrow stromal cells to obtain a total
of at |east 107, anmfpuefurdbiy*nure~Lhaﬁ*1us, PoTE—TS—TTg r ow Strona
cells. The method ihcl udeg the dteps . (a) obtalning j@ne marrow stronal
cells, e.g., fromaj bone}marroy aspirfate; (p) intyoduci @ &he stronal
cells into a vessell pre-doated{on an [inner purface w t h§g Qgel gl N, e. Q.
1.0 percent gelatinjin watjer, arjd 20 dontai njng a JR edi ursgt ncl udi ng
an acidic fibroblagt groyh fadtor ("faFGF")} pol yp 2 and (c
expandi ng t he st ror}I callls in tlhe culfture rrEdi um T aeyli t i§s and for
t

atinme sufficient obt aijn an

FIG. 3
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ncreased nunmber of bone marrow stromatcettts— mthrs— 5 metthod—the————
cuptw e nediumfurther preferably includes at |east 0.05 units/ n?e oFy95-2
heparin. -The inner surface of the vessel additionally can be precoated with
fetal bovine serumprior to introducing the bone marrow stromal cells. 30
In particular, the culture nmediumcan include 1.0 to 50.0 percent by

vol une fetal bovine serum 0.01 to 1_09._0 ng/ M aFGF pol ypeptide, and 0.05
to 100 units/m heparin. In a specifiT enbodiment, the culture medium

i ncludes 16.0 percent by VOM%EEP E JUN 1494 4 Dbovine
serum 1.0 ng/m tide, .and 5.0 nits/m hepari,n. |n a
preferred aspect ?fghgﬁgn'\%ig T ow, * _Heveéxnﬁﬁﬁé?% G é:b‘%%@fipﬁci’ﬁﬂ‘és t he
steps of : (BArGEALGRRFaLscedleur andekl (hAsadd omothedbseovere|thatf rom t he
\(/_ess)el ; (i igciadd lrrg;rar(aa‘mqpmt oof a f Ecmbt et tfor Qfﬁﬁﬁﬁﬁr‘h?@ ﬁé}ﬂahriﬂ/,esse: ; |
L11) T erRdVdidhiGydahts ; AdhS e romtne vessel an
centrifugin lra':"(t}‘he Jmedi u%”gngHangﬁ?%%%}r ent q‘é%?‘%‘sen%oa?%rﬁ?%s%ﬁef%tt of

non- adher erff*R3PSEER & PPPF PRETHHE FpL 5813611 eBy oemplorinther ent cel | s
i'n an anmpurtthisf methiodr, e boedi martak estfonad iced 1¥egagl bé Cexpadad tn

non- adher efuseire Boxpietioadlly (Wpr&ldiddla LRGe RopaaMNEIENt cel | mi xtur e
ul tur

(71 "and 12%s0: ERRA e aken SRR GeD88F | CPPESUSHER (e pell ot
of non- d@herEBurd®g Bethodt aplovs )barn Meareyustrondh pealls cid are step (i)
can be perfumeedrakbay sypesebr ¢ld xmawpiadhered to the inner surface of
the vessel, and stensefdldr 209 el ihlLn€80, Pfe PRI TPE.2R041 Qe Week
the expansion of bone marrow stromal cells to obtain a
total of at least 107, and preferably more than 10°, bone
15 marrow stromal cells. The method includes the steps of:
(a) obtaining bone marrow stromal cells, e.qg., from a
bone marrow aspirate; (b) introducing the stromal cells
into a vessel pre-coated on an inner surface with a
gelatin, e.g., 1.0 percent gelatin in water, and
20 containing a culture medium including an acidic
fibroblast growth factor ("aFGF") polypeptide; and {c)
expanding the stromal cells in the culture medium under
conditions and for a time sufficient to obtain an
increased number of bone marrow stromal cells. In this
25 method, the culture medium further preferably includes at
least 0.05 units/ml of heparin. The inner
surface of the vessel additionally can be precoated with
fetal bovine serum prior to introducing the bone marrow
stromal éells.
30 In particular, the culture medium can include 1.0
to 50.0 percent by volume fetal bovine serum, 0.01 to
100.0 ng/ml aFGF polypeptide, and 0.05 to 100 units/ml
heparin. In a specific embodiment, the
culture medium includes 16.0 percent by volume fetal
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20 after step (i). In each of these nethods, the bone marrow stromal cells
can be‘fresh stromal cells obtained fromprimary aspirates of bone nmarrow
froma vertebrate, e.g., a manmal, living or not, or can be obtained from
bones 25 renoved froma vertebrate, e.g., a human,.primte, cow, dog, pig,
or other aninmal. The bone marrow stromal cells also can be obtained froma
bone marrow stromal cell culture or_fgqn1a frozen stock of bone marrow
stromal cells. 30 The invention also features a conpl ete bone nmarrow

stromal celBoviadi weruhG! 1dbnHgMhEdFCF tgaypeptiager agdts. dy vol une fetal

bovi ne ser Ciyf brobl ast growth factor ("aFG") pol ypeptide, and
hepari n. %@ggnﬁ c(ulp fiht he nedi um can i ncl ude 12.6 to 50 percent 35 by

vol ume f et al bOV|n§ns%rEFﬁf4¥qEP 2§pegh. of feher inyegtiong the-1r 1EN SAE 1 2° 9
JUN 1999 r dxparaiygre gttiege (ciniinflifes alld@tepst 661 heparémovind a specific

enbodi nent , n des,. 1 % t j ne serum
10 ngl M %&*ﬁ%&% ahi ﬁﬁn@ﬂpﬂm%ﬁé %ﬁﬂﬁﬁ%”%a‘ﬁés Frher
i ncl ude a f Adfdnge ag. amp °8h Rt BRdimR B B

concent r at-ivassdl zainghniremaﬂdngnwmumrn@danm Rhat hGﬁradﬁeﬂent 25 pg/ m

gent ami ci n, o JPf} %Jnﬁ/twe bedk gh! HT;&‘ cmm!;g%gp%g‘ ?331 Qycin sulfate.

I n anot her as ect e |nven I on e selectlon and

expansi on JIPBRBGTE T oFedLFoRR ToTR |13 Pellet Rf npRePdRREeRMe or nore
cul ture Wesesells; c(aait)ed'e@nsaandhn@rtmrﬁ@dempfhnangedhermt ecepls 1.0

percent gelg igh idhotitelor 2(9tarLonea{ Bk tAWen! FRBR! the! Vessel to
form a non-adherent cell mixture; and (v) returning the
non-adherent cell mixture to the vessel. In this method,
the amounts of fresh culture medium in step (ii) and

15 culture medium taken from the vessel to resuspend the
pellet of non-adherent cells in step (iv) can be equal.
In particular, step (i) can be performed after stromal
cells have adhered to the inner surface of the vessel,
and steps (il) and (iii) can be performed about one week

20 after step (i).

In each of these methods, the bone marrow stromal
cells can be fresh stromal cells obtained from primary
aspirates of bone marrow from a vertebrate, e.g., &
mammal, living or not, or can be obtained from bones

25 removed from a vertebrate, e.g., a human, primate, cow,
dog, pig, or other animal. The bone marrow stromal cells
also can be obtained from a bone marrow stromal cell
culture or from a frozen stock of bone marrow stromal
cells.

30 The invention also features a complete bone marrow
stromal cell medium including greater than 12.5 percent
by volume fetal bovine serum, an acidic fibroblast growth
factor ("aFGF") polypeptide, and heparin. .

In particular, the medium can include 12.6 to 50 percent

35 by volume fetal bovine serum, 0.01 to 100.0 ng/ml aFGF
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Tnedium i ncludi ng an arFrGE pol YPpepti de and neparimn. . I5 The medrumrcarmr be a

liguid.or a lyophilized powder, and can be provided within the vessel or
separately. As used herein, an "aFG- pol ypeptide" is any polypeptide that
has an am no acid sequence that is the 20 same as, or substantially
identical to, all or a portion of the naturally occurring aFGF protein and
whi ch has substantially the sanme function as the natural or full- length
reconmbi nant aFGF as descri bed herein W ™h respect to bone marrow stronal

cells. Thu oiybﬁ‘aﬂﬁrdﬂ | Q,q.jduge% 2§or588@Wﬁn ??52%%13, manuf act ured by

Life Technol ogi e Gran I'sl and ), "aFGF
anal ogues, "I % Speﬁﬁtfaﬁte‘fﬂ?ﬁqﬁé“e@tt aFlE, medidimat ural  or synt hetic
pol ypept i deifekufgamtlis glerceatf byl vbeuge hfetelGBbowiakesarand anal ogues, as

| ong as t heggy napadmue%naosa@dumeg D Sediue SU BblhlkYecdhe same
function as natural or, ful gbﬂéig&ﬁ%anan qééF ilhkreslgect to bone
mar row st oftgherciagipde g fungic rFSe THEW te’éﬂﬁlecj‘hés and fragments
can easily ¢eneentiratifosy ofh@sr pgfmhet 2nd dne wsi mprehantibiotbcspt hods _
descri bed -bel @w, ﬁ 'rt(i' ehEEmaBah 00Les d o mgggg&éi%ié@,n, ot provide
at , ACEMENT, ﬁygg; % 22 IHISS&FEEJ HAS B REPLACED ° - | east 107
ceIIs wth t ]tho Srare not W the present invention. Sinilarly,
"heparin" is glycodBnfRotrsTArRIH KA dnveephen ifrptirsscehkitde sequence
that is tohefaamaseMctMahanbxpkhyl¢ﬂmﬁ ib>@le in_ﬁrram sBForaPortion _Of a
naturally  Qeei] ngHieRat 1ndlall’ Se 8P RS LATLLEL! Yellgr $ame function

coated on an inner surface with a gelatin, e.g., 1.0

percent gelatin in water, and a bone marrow stromal cell

medium including an aFGF polypeptide and heparin.

1s The medium can be a liquid or a lyophilized
powder, and can be provided within the vessel or
separately.

As used herein, an "aFGF polypeptide" is any

polypeptide that has an amino acid sequence that is the

20 same as, or substantially identical to, all or a portion
of the naturally occurring aFGF protein and which has
substantially the same function as the natural or full-
length recombinant aFGF as described herein with respect
to bone marrow stromal cells. Thus, the term includes

25 recombinant aFGF (e.g., manufactured by Life
Technologies, Inc., Grand Island, N.Y.; #13241-013),
"aFGF analogues," i.e., mutant forms of aFGF, and natural
or synthetic polypeptide fragments of the full~length
aFGF protein and analogues, as long as these analogues

30 and fragments have substantially the same function as
natural or full-length recombinant aFGF with respect to
bone marrow stromal cells as described herein. These
analogues and fragments can easily be tested for their
function by using the culture methods described below.

35 Acidic FGF analogues and fragments that do not provide at
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as the natural heparin as described herein with respect to bone narrow
staxonal cells. Thus, the termincludes natural heparin 10 or chemcally
nodi fied natural heparin, e.g., sodiumheparin (ElkinsSinn, Inc., Cherry
Hill, NJ), and natural or synthetic fragments of the full-_length heparin
and anal ogues, as long as these is anal ogues and fragneniss 88¥Er HAS BEEN '
substantially the sane function as natural heparin wﬂth re nckp bone
marrow stromal cells as described hergin. The hepari —ean—he—
assayed using the culture nmethods described bel ow. By "pol ypeptide" is
nmeant any ‘cledst Qfo’agelds wrRCtikse MRIHAsCaFeOhoteRtRiN the
post-tranﬁééPééaHﬂ.inqggkg'gation, e.g., glycosylation, phosphorylation, or
i T1

chem cal on, ang thus includes natural and synthetic peptides
and prot ei ns. By TUHIAYE TSPRATIYL LAY PRANERRTYaEm 8580 HaGeRt | de ¢ hat

i ncl udes amgpeheiigedishddhsradd BQ%@&JC@ tRAJYENAR eaRPaLdoL0 the naturally
occurring protein, as long as the nmutant form has substantially the sane
functi on “afuPREAntdALIvIidentical| Lo emdlhoy ecopbtinenpf Ppmeterallys descri bed
herein with r 0o (A 0_stro el |l s. Thesg changes can
arise, e. g?ccg'g%gr:\%lg %01%5 i g%igﬁ\éﬁrﬁ%cg setr?grggg?l,clye.%? ,saf‘\’?rglif‘,c':g? by ot her
forns of misagesnesit8rabhegerii aeé GRGrIBE] hegei®wiBh redpe86Wd behe MAti Ng Or
other fornms of exchange of genetic information encoding the aFGF

pol ypept i d&*"FRH &FOHE CaA135 TREPudBS $HT™ ERGITPE, nafpat i hapardms,

del et i orm JRERLAGENEN n3HEETea Sadiily! Mpdiad % o0 dayshopogiilihures of bone

narrom/stronni cel |.s ~that.can be used.for fransplantation, bone marrow was
(ElkinsSinn, Inc., Cherry Hill, NJ), an '

natural or synthetic fragments of the full-
length heparin and analogues, as long as these

15 analogues and fragments have substantially the same
function as natural heparin with respect to bone marrow
stromal' cells as described herein. The heparin function
can be assayed using the culture methods described below.

By "polypeptide" is meant any chain of amino

20 acids, regardless of length or post-translational
modification, e.g., glycosylation, phosphorylation, or
chemical modification, and thus includes natural and
synthetic peptides and proteins.

By "mutant form" of aFGF is meant a

25 polypeptide that includes any change in the amino acid
sequence compared to the naturally occurring protein, as
long as the mutant form has substantially the same
function as the natural or full-length recombinant
protein as described herein with respect to bone marrow

30 stromal cells. These changes can arise, e.g.,
spontaneously by chemical energy, e.g., X-ray, or by
other forms of mutagenesis, by genetic engineering, or as
a result of mating or other forms of exchange of genetic
information encoding the aFGF polypeptide. Mutations can

3s'include, for example, substitutions, deletions,
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obt ai ned from humans "0 dogsS and growm 1T Specrar Ty —prepared—ti+sstue
culture flasks. In addition, the nedium5 was nodified with acidic

fi brobl ast growt h factor (aFGF) and heparin and was renewed according to a
particular reginen. Using this novel nethod, a |arge nunber of bote

marrow stromal cells were established in culture and expanded to yield an
unpr ecedent ed nunber of cells, which 1o would be required for effective
gene therapy with stromal cells. TheT € fow fol | ows a description of the

method for cul tur 'TBQdBQEQoﬁ%ﬁP@Mﬁéé WRIndrel mar@dwBtioRs] dceigsCri ption

of the secr n mﬁh hor transfected cani ne
bone marrowgfs1 go‘r:nallIl cel Se‘g tf?B“"%Pﬁﬁgié?Ggﬁ’f%ﬂ%&%aﬁFﬁe Bone MNarrow
Stronal Cel PRE®ERRA \fxrQm f*mﬂ&}’saﬁé‘stiHGFl 2pd gneWmhiot sHRsi@lANr row was
aspirated aﬁeppazealmégmdxheumbl 28taekest . tdheadik a5 ke madihnges

t dg h t t f d
contai necs NGRRTkI.1 AR IR SBALE! B0l PoBE I RS LeagsT erred
ti ssue cul PU?eh?@ﬂ?%ﬁna%msa§eRPHPdoP°M&n%(ﬁn & margicadrr- f ungal and
anti bi oti c aggihen( 5WpirgithEdNGoZNERethbd, 25 NOJE rAfMe2Nbgi Bond 00
uni ts/m pepheibli ferJR0 Qg_llrﬂs wakten Q%ﬂ&%&'%t&hfmé%%%' mately 10-15

m s of bone aspi yate was to eac medi um and t he

m xture vvasefiﬁﬁ?é%‘%/tr%é’ : Iaé’aPé‘BrEEFFIE“*v‘\%‘F MIrRSFarafd Sertdfy t KRi®Bne marrow
30 sanpl & Wouid dpelaretiHinad [forusiifentive hgemeicthdrapmf mith &Srohabf
FI COLL- PAQUEe1{ &har nmaci a Bi ot ech) was placed in a 50 m conical tube and

one hal f of each Oé‘ht he rred ura g5 nas ¢ refultlrﬁl% ered on top
of the Ficoll. §5ﬁpf‘8§ Gﬁf?@& APN486 *bg B REPL ACENENT
SHEET culturing bone marrow stromal cells as well as a

description of the secretion of human growth hormone

15 (hGH) by transfected canine bone marrow stromal cells in
vitro.

Method of Culturing Canine Bone Marrow Stromal Cells
Dogs were fully anesthetized and whole bone marrow
was aspirated aseptically from the iliac crest. The
20 aspirate syringes contained heparin to prevent clotting.
The bone marrow was transferred from the syringe to a 50
ml conical tube containing 15 mls of a chilled tissue
culture medium, such as RPMI or DMEM, containing
anti-fungal and antibiotic agents (50 pg/ml FUNGIZONE™; 50
25 pg/ml gentamicin; 100 units/ml penicillin; 100 pg/ml
streptomycin sulfate). Approximately 10-15 mls of bone
marrow aspirate was added to each tube of medium and the

mixture was kept on ice.
Nucleated cells were prepared from the bone marrow
30 samples by standard Ficoll cushion technique. Briefly,
15 ml of FICOLL-PAQUE™ (Pharmacia Biotech) was placed in
a 50 ml conical tube and one half of each of the
marrow-medium samples was carefully layered on top of the
Ficoll. The samples were centrifuged at 400 x g for 30 -

REPLACEMENT SHEET
29 JUN 1999




29JUN1999 10 mnutes at 18C with the brake off so that the centrifuge
head 'décel erated slowy after the elapsed tine. The top |ayer of the
resul tant preparation, which contained cell- free nmedium was renoved and
di scarded. The middle s layer, which contained nucleated cells, was
carefully collected and placed into a fresh 50 ml tube containing .20 m
of tissue culture nedium as descrihedgabove. Additional medium was added
to bring the final volunme to 50 m. 10 The nucleated cells include the
bona marropingtesnat 181¢ svitilovthecbrakiecoffr santhive!dise reemted®ageonly a

smal | frachesd. abefler 0 IsRAAY Brdde tRAUSIATsed el iriAkopuIber Of
nucl eat ed gone n&gr@/v cel lv.ij[ obt.ai ned 1 n z one, marrow aspirate. i5 The
nucl eated tBYPE BB ATRLEAPY PrePaERE P"by"’h{:%*ht??’ft@g{ieﬁoﬁeéﬁ‘loo X g
for 10 ni nfree meftume|was rengtedrandnddbcardedh tTssweiddllet ure nedi um
(RPM ors DM ¥bLENGAQEGS e 18046 coBd] S idhdbany M),
penicillin an r.eptonyci e , , an
resuspendeaéigggggﬁ ?ﬁ'éﬁogla%%qrél °eabg% Sp‘n%#r’ﬁﬁl t's‘ft??)r?"ti:!m:@‘é'g‘ﬁ‘“f=?edi unt

(" conpl et e2fell upf ) tiggue rcuktune meddupn ahedesty kbetkraboveunt ed.- General |y,

the conpl en@abbiendRHOIM Gl B ladiRA ¥& bEQRY MRS £ 1101 Qid10Mien@oi Nr edi ent s
in the fol fgwp§g 25 ranges of anobunts or concentrations. DMEMwith 1 to 50%

fetal bovine serum (FBS), preferably greater than 12.5% 0.01 to 100 ng/m
of an aFGF pol ypefhied@ucdegted eelbdbinmiidetde bonesmarrawo units/nl of a

heparin pstyoeslicelle. g Howsddirymthepationad. @811 Gt ddehtl oaly30
fng 200 BogRaLt Qe DO 11 AL ISHGAT Bhll 1 b9 Whiusatl,' Re"knREN O 1T
total number of nucleated bone marrow cells cbtained in a
bone marrow aspirate.

15 The nucleated cells were collected in a pellet by
centrifugation at 100 x g for 10 minutes. The cell
pellet was washed with tissue culture medium (RPMI or
DMEM with FUNGIZONE™ (25 ug/ml), gentamicin (25 ug/ml),
penicillin (100 units/ml) and streptomycin sulfate (100

20 pg/ml)), and resuspended in 5-10 ml of "complete bone
marrow stromal cell medium”™ ("complete medium®™). After
resuspension the cells were counted.

Generally, the complete bone marrow stromal medium
contains the following ingredients in the following

25 ranges of amounts or concentrations. DMEM with 1 to 50%
fetal bovine serum (FBS), preferably greater than 12.5%;
0.01 to 100 ng/ml of an aFGF polypeptide, e.g.,
recombinant aFGF; 0.05 to 100 units/ml of a heparin
polypeptide, e.g., sodium heparin; 0.25 to 250 ug/ml of

30 fungizone; 0.25 to 250 pg/ml of gentamicin; 1 to 1000
units/ml penicillin; and 1 to 1000 pg/ml of streptomycin
sulfate. As used in the experiments described below, the
complete medium contained DMEM with 16 percent by volume
heat-inactivated FBS, aFGF (1 ng/ml), heparin (5

35 units/ml), FUNGIZONE™ (25 pg/ml), gentamicin (25 pg/ml),
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"sulfate. As used in th X ' A 1
contajned DMEM Wi th 16 percent by volune heat-inactivated FBS, aFGF (1
ng/m), heparin (5 35 units/m) , FUNG ZONE " (25 ppg/m ), gentamcin (25
pg/ m ), REPLACEMENT SHEET 2 9 JUN 1949 15 'presence and absence of aFGF
and heparin. This figure (total growth) was determ ned by nultiplying the
total nunber of stromal cells in each flask (+/- aFGF and heparin) at the
end of the period of establishnent by ¥he 5 aver age percentage change in

]cc:el I nugberp:féyertdée afidr SBseRééS@Q%FGgﬂtaQJXS %E‘A&hﬁwasffiﬁiéﬁéﬁidﬁh Ca::f?u' atzed
or each . q ssage. (Fig.. shown. | raph in Fig. 2,
t he cul ture(sév%ﬁlo%%gﬁ@ gﬁg %ég%’rqﬁ?%%mﬁu gé&éﬁ?ﬁ’%lﬁlgrﬁ&g}%m h. On the
ot her hand,NM4WHherc @ft gteompd sebps ciernaah fileskaker- aafGheapwt i n showed a
si gni f i canthepealioy| atedngr eyt hot acrw @er@@ax 020ésEab] Ssher®6 byCaIHes derived

from dog Al ' N N the _end of_ .each passage,
st berdr e IRare RereeroRe me et M i Kuflbet ERf Whe LSO, W TR 15
aFGF and héRf939%mai APARReEr aWER iash I Siallprky apiphbately fuveadh nunber of
passages wWhulsdduentephssaget pFagl. 2)Wi t heukhakF1ANchdepaidn ighanged to a
flattened pRypPhol gy @{,&g{mgh@igz%&glzé%rcgﬁggﬁgggggﬁqg&o%aé(en t oget her,

these results ercﬁl’g:rioaaitrate t hat a I'n clearly enhance the
growt h of & ¥ePRafFORFRt r SfartheeotbennBandi rkhe Wit @har act eri sti c
fi brobl ast -suppd emengled| vgih oiaF¢hesel daddaxinnsbovedr£. sidviifiedndf Cul turing
Human Bone darciawealr Bl tield SobdiTaib B0Ng7MBL{ W WAs¢ emoved from f enor al

heads 25 that ver e fiis I p, repl acene surgeries. O her

carded during.h
t echni ques for obtai i gfeﬁdTY@dngFPB\?\FS’énma(f'sso Yhre also inspected

visually at the end of each passage, just before they
were trypsinized and harvested. The cells grown with

15 AaFGF and heparin maintained a fibroblast-like morphology
over a number of passages while the cells cultured
‘Without aFGF and heparin changed to a flattened
morphology after the first or second passage.

Taken together, these results demonstrate that

20 aFGF and heparin clearly enhance the growth of canine
bone marrow stromal cells and maintain the characteristic
fibroblast-like morphology of these cells in culture.

Method of Culturing Human Bone Marrow Stromal Cells

Human bone marrow was removed from femoral heads
25 that were discarded during hip replacement surgeries.
Other techniques for obtaining bone marrow can also be
used. The bone marrow was put into tubes containing
tissue culture medium, such as RPMI or DMEM containing S0
#g/ml FUNGIZONE™ and 50 pg/ml gentamicin. The bone and
30 tissue suspended in the medium were finely minced ﬁsing
sterile scissors, centrifuged at 500 x g for 10 minutes
and resuspended in tissue culture medium containing 16%
heat-inactivated FBS by gently inverting the tube.
Larger bone and tissue fragments were then allowed to
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~ used. The bone marrow was put into tubes containing tissue culture nedium
such-~as RPM or DVEM containing 50 Ag/m FUNG ZONET'. _and.50.99/ ..

gentam cin. The bone and 30 tissue suspended in t;hé;.nggi%gﬁwgeagémil

y
m ncgd using sterile scissors, centrifuged at 500 X g ggsLAdEgn nut E and
resuspended in tissue culture nedi um contai ni ng 16%—heat—- i d FBS
by gently inverting the tube. Larger Bbme and tissue fragnments were then

allowed to REPLACEIVEN% SHEET E 29JUN1999 . i | Sw? EET HAS BEEN REPLACED
-21 1. A method for t emﬁg)bﬁ?\s o e EmRansEPPo PRORATEEE 1s, the nethod
conpri si ngst¥epablieed ks ,ndhsometinedr camptrisind: cel | s; (b) introducing the
stromal cells intQay ¥BE&€hing Béfe i@ QRrafat NGel1surface with a
gelatin, and containin a,GY turehmecg um conmp £S| ng,_ an acei dsieﬁ fi brobl ast
growth factor ("afB¥ 3o BPYREHYY (e S 8x?5 ﬁdf”ﬁ? the’ & %0mal cells in
t he cul turereneeRtrs ARan danen synsagadvieth & geladinuf Apdient to io obtain
an increaseéntaiwiig of Atrdmeddunt EofPri€id an aéiglbe nethod of claim

1, wherein ' ' ur, b, o i ses.at. | ea 0.05_ units/m of
a hepari hf%g*g%fé%%# &foﬁ%?e%@ﬁ%t og%éF &rg#irxifpt\%ﬁ&’elaﬁasai d culture i5

medi um conpri ses XS0 e¥P8pddngckhemtygmalorcgddss énathe pEtwreserum 0.01 to
100. 0 ng/ mheaibtkr Wedempafindiationzd and @brt & Hk WldrdicibnbBeparin. 4. The

met hod ] ' i t e | | ercent by
Vol une Foq EPERTh an SR dhet bty WebolE UARAOTREORET B1Es P2 C0N oY
2. The method of claim 1, wherein said culture

medium further comprises at least 0.05 units/ml of a
heparin polypeptide.

3. The method of claim 2, wherein said culture
15 medium comprises 1.0 to 50.0 percent by volume fetal
bovine serum, 0.01 to 100.0 ng/ml aFGF polypeptide, and
0.05 to 100 units/ml heparin.

4. The method of claim 3, wherein said culture
medium comprises 16.0 percent by volume fetal bovine
20 serum, 1.0 ng/ml aFGF polypeptide, and 5.0 units/ml
heparin. '

5. The method of claim 1, wherein the gelatin is
1.0 percent gelatin in water.

6. The method of claim 1, further comprising
25 aciditiorially precoating the inner surface of the vessel
with fetal bovine serum prior to introducing the bone
marrow stromal cells.

7. The method of claim 1, wherein expanding step

(c) comprises the steps of:
REPLACEMENT SHEET
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heparin-—5-—The Tethod —of clraim I, Wwhérein the gelfatin is 1.0 percent

gel at.i.n in water. 6. The nethod of claim1, further conprising 25
additionally precoating the inner surface of the vessel with fetal bovine
serum prior to introducing the bone marrow stromal cells. 7. The method of
claim1l1, wherein expanding step (c) conprises the steps of: 2 9 JUN'M 23
13. The nmethod of claim1l, wherein the bone narrow stromal cells are
obt ai ned from a bone marrow stromal ¥ell culture or froma frozen stock of

bone ﬂBFFOM/StrOQ§| CBhé Smethokf of 28 ATt ROdyREr&1 R thel .boMeer €i N t he bone
marrow stronal cells are met hod of claim 14, wherein the

bone rmar MRTERY SitdO™RS °§ gnaaﬁﬁnﬁﬂtaﬁﬁfgtﬁﬁfﬁﬂgt 8QeoP2EFSY m 14, wherein
t he bone #t9romal eeldt codkhreeprsfoeor afraren Btock efnpbPree bone narrow

stromal celdrrRdistPoraQNeilskNg greater than 12.5 percent by vol une fetal
bovine serum an acidic fibroblast growh factor ("aFG-") polypeptide, and

heparin. 1.5 18. The nedium of claim 17, conprising 12.6 to 50 percent by

vol une fietal bovi A& seFlgpektpd (of FIRim Ag/ FherehtrthpI3anept i de, and 0. 05
to 100 unih&trdw heprsnal cklisThee sl Ddn.cl ai m 17, conprising - 16 percent
20 by volune fetal bovine serum 1.0 ng/n1 aFGF, and 5.0 wunits/m heparin.

20. The nedi um of clal 17, further qpr|3|ng I |C|de and one oOr nore
anti biotics. 15 he method of cl 14, Where

marrow stromal cells are human.

16. The method of c¢laim 14, wherein the bone

10 marrow stromal cells are canine.

17. A complete bone marrow stromal cell medium
comprising greater than 12.5 percent by volume fetal
bovine serum, an acidic fibroblast growth factor ("aFGF")
polypeptide, and heparin.

15 18. The medium of claim 17, comprising 12.6 to 50
percent by volume fetal bovine serum, 0.01 to 100.0 ng/ml
aFGF polypeptide, and 0.05 to 100 units/ml heparin.

19. The medium of claim 17, comprising 16 percent
20 by volume fetal bovine serum, 1.0 ng/ml aFGF, and 5.0
units/ml heparin.

20. The medium of claim 17, further comprising a
fungicide and one or more antibiotics.

21. The medium of claim 20, wherein the fungicide
25 is fungizone at a concentration of 25 pg/ml, and the one
or more antibiotics comprise 25 ug/ml gentamicin, 100
units/ml penicillin, and 100 ug/ml stFeptomycin sulfate.
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21. The nmedium of claim 20, wherein the fungicide 25 is fungizone at a
cancentrati.on of 25 pg/m, and the one or nore antibiotics conprise 25
pg/mM gentamcin, 100 wunits/m penicillin, and 100 pg/gal streptonycin
sulfﬂe. f REPLACEMENT SHEET 2 9 JUN 1999 || 24 - 22. A kit for the

sel ection and expansion of bone marrow stromal cells, the kit conprising
(a) a culture vessel coated on an igper surface with a gelatin, and (b) a
bone marrow stronmal cell nedium conprfising an aFGF s pol ypepti de and
heparin.. STET 229 JaANxi898006084\ dérdctidv Rr@oRypankioN(d¥E bdnelPLLBC WAL
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(57) Abstract

The invention features s method for the selection and of bone marrow stromal celis. The method includes the steps of |
cbtaining bone marrow stromal cells, introducing the stromal cells into a vessel precoated on an inner surface with a gelatin, and containing
4 culare medium including an acidic fibroblest growth factor ("aRGF") polypeptide, and expanding the stromal cells in the culture medium .
under conditions and for a time sufficient to obtain an increased mumber of bone marrow stromal celis. The culture medium additionally °
can include heparin, and the vesse! additionally can be precoated with fetal bovine serum.
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‘funetion as the natural or full-length reconbinant 25 protein as described
herein with respect to bone marrow stromal cells. These changes can ari se,
e.g., spontaneously by chem cal energy, e.g., X-ray, or by other forms of
mut agenesi s, by genetic engineering, or as a result of mating or other
forms of exchange of genetic 30 information encodi ng the a=G- pol ypepti de.
Mit ati ons can include, for exanple,_ substitutions, deletions, 35
REPLA(,EP"fI TNl T SHEET 1 -. 21 1. A nethod for the. expansi-on.of...bone

narrow - §éé§ﬁaho@eu=_§a.st be LFEHACL £ 9RPELSHATR red)n ADLAI 1 119 ERBe narrow
stromal cells; b%ﬁlntrodu0|ng the stromal cells into a vessel s

pr e- coatheEﬁngn RO 190 face with a gelatin, and containing a culture
medi um conprising an acidic .fibroblast gromh factor ("aFG") pol ypeptide;
and (c) expaEdEngermehspaDhulim@ﬂmdﬁ$rnaﬂuramnmemarinnediuhemmdaﬂly
conditions and for a tine sufficient to 1o obtain an increased nunber of
bone narW@ﬂ#§ﬂ?6nﬁﬁtééﬁﬂshepzrlmheenﬁthoéodiumlhEnﬁIinmhéiéﬁnS§ahd,culture
medi um further _conprises at ast 0.05 units/m of heparin. 3. The nethod
of clai mB3¢- m%?%?ﬁys*éﬂdlmm ur éndveaﬁéaﬁhr%mqfseetslq fgagmendsooper cent

b | fet 0.01 10 /Im aF | tid d
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Cla'n“ﬂ’a@hﬁéghPaihﬁe§§£§ﬁ'&ﬁﬁﬁ respect to bone marrow stromal cells

as described herein. The heparin function can be assayed

using the culture methods described below.

15 By '"polypeptids" is meant any chain of amino
acids, regardless of length or post-translational
nodification, e.g., glycosylation, phosphorylation, or
chemical rodification, and thus includes natural and
synthetic peptides and proteins.

20 By "mutant form" of aFGT is meant a
polypesptide that includas any change in the anino acid
sequence compared to the naturally occurring protein, as
long as the rutant forn has substantially the same
function as the natural or full-length recoambinant

,; Protein as described herein with respect to bone marrovw
stromal cells. These changes can arise, e.qg.,
spontaneously by chemical energy, e.g., X-ray, or by
other forms of rmutagenssis, by genetic engineering, or as
a result of mating or other foras of exchange of genetic

39 information encoding the a2FGF polypeptide. Mutations can

include, for example, substitutions, deletions,
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1.0 percent gelatin in water. 6. The nethod of claim1, further

25 additionally precoating the inner surface of the vessel
bovine serum prior to introducing the bone narrow stronal

conpri sing
with fetal
cells. 7. The,

met hod of claim1, wherein expandi ng step (c) conprises the steps of:

REPLACEMENT SHEET 17 NOV 1999 - 21

1. A nethod for the exnan51on of bon° Marrow

stromal cells, the method comprlslng

(a) obtaining bone marrow strOﬂal cells,

(b) introducing the stromal cells into a vessel

s pre-coated on an inner surface with a gelatin, and

containing a culture mediunm conprising an acidic

. fibroblast growth factor ("aFGr") polypeptide; and

(c) expanding the stromal cells in the culture

medium under conditions and for a time sufficient

to

10 obtain an increased nunber of bons marrow stromal cells.

2. The method of clain 1, wherein said culture

medium further comprises at least 0.05 units/nl of

heparin,

3. The method of clain 2, wherein said culture

15 medium comprises 1.0 to 50.0 parcent by volune fetal

bovine serum, 0.01 to 100.0 ng/rl aFGF polypeptide, and

0.05 to 100 units/ml heparin.

4. The method of clair 3, wherein szid culture

rnediun comprises 16.0 parcent by volume fetazl bovine

20 serum, 1.0 ng/ml aFGF polyp=aptide, and 5.0 units/ml

heparin.

5. The nethod of claim 1, wherein the gelatin is

1.0 percent gelatin in water.

6. The method of clain 1, further comprising

25 additionally precoating the inner surface of the vessel

with fetal bovines serun prior to introducing the bone

parrow stromal calls.

7. The method of clain 1, wherein expanding step

(c) comprises the steps of:
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