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EXPANSI'ON OF BONE MARROW STROVAL CELLS Background of the
| nventi on This invention relates to culturgng bone marrow 5
stromal cells Bone marrow is a conpl ex and dynam tem
conpri sed of ﬁg%giopgietic cells, bone narrow stromal celﬁgﬁﬁgﬁ 15
extracellular matrix. Pluripotent stemcells within the bone marrow
proliferate and differentiate into 10 nunerous cell types including
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Bone marrow is a complex and dynamic organ system
comprised of hematopoietic cells, bone marrow stromal
cells, and extracellular matrix. Pluripotent stem cells
within the bone marrow proliferate and differentiate into

10 numerous cell types including erythrocytes and
leukocytes. It has been known for some time that
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; Kimura et al.,
supra; Oliver et al., 1990, Growth Factors, 3:231-236).

The discovery of fibroblast growth factors was
based on cbservations 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
bFGF). 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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supra) . Yohaye,bpeen identified. Each of the FGF receptors’
PCT/US95/1797%xist in multiple forms and the relative affinity of aFGF
and bFGF varies for each receptor form (reviewed in
Burgess et al., 1989, Ann. Rev. Biochem._ss 575-606;
Dionne et al., 1991, Ann. N.Y. Acad. Sci, 638:161~166;
Johnson et al., 1993, Adv. Canéer'kes. 60:1~41). Basic-

10 and acidic FGF also differ in their response to heparin.
In cell culture, heparin complexes with both FGPFs, but
substantially augments only the mitogenic activity of
aFGF (Thomas, supra).

Bohe marrow transplantation or implantation is a

15 promising therapy for a number of diseases that involve
hematopoietic cells. Transplantation can serve to
replace cells that have been damaged by an intrinsic
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
narrow 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 gene therapies, have not been optimized.

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

30 Consequently, despite the success of bone marrow
transplantation, dgene therapies that require successful
transplantation of bone marrow stromal cells have not yet
been realized. o '




As is‘the case for nbst growth factors, FGFs exert their mtogenic

activity by binding to cell surface receptors. Currently, four related
FGF receptors (FGFRIL- FGFR4) have been identified. Each of the FGF
receptors 5 euhodndesy multiple fornms and the relative affinit¥cplsedriebr
and bFGF varies for each receptor form (reviewed in Burgess et al .,
1989, Ann. Rev. Biochem 58:575-606; Dionne et al., 1991, Ann. NY.
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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 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 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 percent 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
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ing ategﬁoﬁnt of fresh culture medium to the
vessel; (iii) removing culture medium and non-adherent
cells from the vessel and centrifuging ‘the medium and
_ non-adherent ‘Cells to form a pellet of non-adherent
10 cells; (iv) resuspending 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 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 (i1) and (iii) can be perforned about one week
20 after step (i) . : :
'~ In each of these methods, the hone 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., 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. ' - ' o
3 The invention also features a complete bone marrow
gtromal 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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(a)'obﬂaining bone marrow stromal cells, e.g., froma 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 containi ngw%pclwsgre medi um i ncl udi ng an acidic fibrobl

factor ("aFGF") polypeptide; and (c) expanding the stromal cells 1n the

i ncreased nunbet ‘of bone harrow stromal cells. In this 2 S?'
cul ture nedi umi'further preferably includes 3t~ | east 0] 05 urBFLARED of

heparin. The TrggqonecBYaLacendlo e UeSE6s ULEL R Aldpalal De precoat ed
W th fetal b§V|%§ gerunfprlor to introducin %e bo&y mar r ow st ronal
cells. 30 poiypeakidey| ofn %rﬁ?ﬁﬁﬁ?%ﬁ«?ﬁﬁéﬁiﬂﬁ%ﬁumF MR o to
50. 0. percent byisecludesf £6 gpebeent oy cvalumd). Hétad bovikid) demmi ni1.0-G-
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-4- - s further include a fungicide, e.g., fungizone at a
concentration of 25 ug/ml, and one or more antibiotics,
e.g., 25 ug/ml gentamicin, 100 units/ml penicillin, and
100 ug/ml streptomycin sulfate.
In another aspect, the invention features a kit
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 ligquid 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 segquence 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.¥.; #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

culture medi umunder - --conditions and for a tinme suffic Y 10]
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bovine serum 1.0 ng/m aFGF pol ypeptide, and 5.0 units/m heparin.

In a preferred aspect of the invention, the expansi on step (c) includes
the steps of: (i) renmoving 5 culture nedium and non-adherent cells fromthe
vessel ; (1i1) adding an anount of fresh culture nmediumto the vessel ;
(1) renmovmwapieddxdure nmedi um and non- adher ent cell s froewuUsesA®3Izel and
centri- fugng “the medi-um and non-adherent cells to forma pellet 0

non- adherent 10 cel I’ $;: (iv) resuspending the pell et q’H|glgﬂEEterAsegEENcel | s
i n an..amount of- tul ture medi um t aken frong t-he vessel to RepflaCED2
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10 chemically modified natural" heparin, e.g., sodium heparin
(Elk;nssinn, Inc., Cherry Hill, NJ), recombinant heparin,
"heparin analogues," i.e.. mutant forms of" ‘heparin, and
‘natural or synthetic polypeptide fragments 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 heparin function
'can be assayed using the culture methods described below.
By "polypeptide" is meant any: chain of amino
20 ecids, regardless of length or post-translatlonal
modification, e. g., glycosylation, phogphorylation, or
chemical modification, and thus includes natural and
synthetic peptides and proteins. a :
By "mutant form" of aFGF or heparin is meant a
25 polypeptide that includes any change in the amino acid
' seguence 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 eneérgy, 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
35 include, for example, substitutions, deletions,

This Sheet Has Been Re; ﬂ

T

e R S TR L
B S TR R R O T :




cells’ 30 The invention al so features a conpl ete bone marrow
stromal cell mediumincluding greater than 12.5 percent by vol une fetal
bovi ne serum an acidic fibroblast growth factor ("aFGF") pol ypeptide,

and hepari n. I rticular, the nediumcan include 12.6 to r g% 35
by vol une fet a\"°b’2’v’?‘ﬁé serum 0.01 to 100.0 ng/m aFGF r%orlﬁs%sﬁ%

pol ypeptide, and 0.05 to 100 units/m heparin. In a specific enbodinment,
t he nmedi um i ncludes 16 percent by volune fetal bovine serum 1.0
ng/mM aFGF, and 5.0 units/m heparin. The meti'umcan 5 further include a

i Ci . 0., 2] t gri.ci concentration of
Ot ot CaniFABERLORE] LA EIME! Bl Bsbnd, op ARETRLLEILAD.
gentamicin, 100 TRetBphatiens are preferably ropservatdvel substitatijons,

sul fate. e.g.Lnsﬁl_ietilﬁitﬁéﬁ&QHtﬁihﬁ ﬂ;ﬂé\r/gg%:l%iﬁgﬁbﬁﬁ?ﬁe .H(éﬂn or
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gel atin, e.g. 5 19tutamic acid, asparagine, glutamine; serine, threonine;
lysine, arginine; and phenylalanine, tyrosine.

The term "identical" as used herein in reference
to polypeptides, refers to the amino acid sequence
similarity between two polypeptides. When an amino acid

10 position in both of the polypeptides is occupied by
identical aminc acids, then they are identical at that
position. Thus, by "substantially identical® is meant an
amino acid sequence that is at least 80%, preferably 85%,
more preferably 90%, and most preferably 95% identical to

15 a reference amino acid sequence, and which retains the
same functional activity as the reference sequence.
Identity of amino acid sequences is typically measured
using sequence analysis software (e.q., 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

25 thrive, but to multiply to obtain a greater number of
cells at the end of the expansion than at the beginning
of the expansion.

As used herein, a “passage" is the process whereby
cells that have reached a given number, or a given

30 density, up to and including and beyond confluence, are
detached from the tissue culture vessel, collected in an
aggregate, such as a pellet formed by centrifugation, and
resuspended in tissue culture medium. The suspension is
then distributed to tissue culture vessels, such as

35 plates or flasks, in such a way as to provide the cells




percent gelatin in water, and a bone marrow stromal cell medi um '
I ncl udi ng an aFGF pol ypepti de and heparin. 15 The nmedium can be a liquid or

a |lyophilized powder, and can be provided within the vessel or
separately. As used herein, an "aFGF pol ypeptide" is any

pol ypepti de WP8H2443& an ani no aci d sequence that is the 20 BEHESH470%,
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- | engt h reconbi nant aF&~ as descri bed herein with
respect to bone marrow stromal cells. Thus, the termincludes 25

recombi nant aF&th( a greakgr tatalreRriace jaxea onradHed &§i 8507 aBd, G and
I'sland, N.Y.,; a#¥3dé1tHan) they hadkGicesss amlq&evﬂmﬁly.nutmah kaynpeof aFGF,

and natural Ay y t u th

aFGF protein an% an EHSLLSFR Igﬁg’hgﬁr%ese anEFEQUes §8L L% +§gghents
have subst ant thel Yetlﬂré guew nﬁnémwasessehm &e getpghed, engt h

reconbi nant s aggl1¢ctiar e?&QﬁEp&ﬂded, hiite distrdbutidd Fel te! be aéz-descrl bed

e el The vyl 04t Ben b TN SR, o, ol gepige
anal ogues andwithgaenpiunpaef dbisene puitiuge medium that supports
cellular growth and division.
' ' Unless otherwise defined, all technical and
10 scientific terms used herein have the same weaning as
commonly understood by one'of'ofdinary“skillnin the art
to which this invention belongs. Although methods and
materials similar or equivalent to those described herein
' can be used in the practice 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. o : :
Other features and advantages of the invention
20 will be apparent from the following detailed description,
and from the c1a1ms. '

Fig. 1 is a graph depicting the growth of bone
marrow stromal cells cultured in the presence or absence
25 of aFGF and heparin. Growth is measured in terms of the
percentage change in cell number per passage.

- Pig. 2 is a graph depicting the total growth of
bone marrow stromal cells cultured in the presence or
absence of aFGF and heparin.

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. -
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| east " 10[err] cells with these methods are not within the present
I nventi on. Simlarly, "heparin" is glycosam noglycan that has a
repeating di sacchari de sequence that is the sane as, or 5 substantially

i dentical to, I portion of a naturally occuring hep i ch
has substantléV?§w¥ﬁ'Psane function as the natural heparinqéggﬁﬁggwﬁg

herein with respect to bone . marrow stromal cells. Thus,
i ncl udes natural heparin 10 or chemically nodified natur éﬁf“&S@EﬁN
sodi um heparin l.(ErkinsSinn | nc. Cherry9HrII NJ), an n REBLACED>r

Symtpetie froanents of Hhadiion, el IR JERGE A OBRR AT
function as nat &hat wepabennﬁpﬂhfpysp@enspéansatiqasrbqpe m%x¥@#mwa%ells as
descri bed herei pptiinelcpromnnhanki 68 dog8aanlegR6GAYER spédfaily culture
met hods descrlbed %%r%ﬂ tissue culture flasks. 1In addition, the medium
5 was modified with acidic fibroblast growth factor (aFGF)
and heparin and was renewed according to a particular
regimen. Using this novel method, a large number of bone
marrow stromal cells were established in culture and
expanded to yield an unprecedented number of cells, which
10 would be reguired for effective gene therapy with stromal

cells.

There 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 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 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 technigque. Briefly,
15 ml of FICOLL-PAQUE™ (Pharmacia Biotech) was placed in
a 50 ml conical tube and one half of each of the
marrov-mediun samples was carefully layered on top of the
Ficoll. The samples were centrifuged at 400 x g for 30
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By "pol ypeptide" is neant any chain of am no 20 acids, regardl ess of |ength-,
or post-translational nodi fication, e.g., glycosylation,

phosphoryl ati on, or chem cal nodification, and thus includes natural and
synt heti c peptides and proteins. By "mutant form' of aFGF is
nmeant a 25 WOYREM i de that includes any change in the anm RETAISPHI7073
sequence conpared’to the naturally occurring protein._as __long as the

mut ant form has substantially the sane functi onTIHS SHEETHASI BEEN ¢r
fuII-Iength reconblnant protein as descki bed relnwg4jnmpspec to bone
marrdw 30 stromal cells. These changes can arise, ously by
cheni cal enemjputes;at 1878 wish Bhe brakeeff $osthat the rentaifugs
genetic engi nRRid’ raceabmed 'sdoWegUatte: tRé iEDapseditibie f OMe &orexchange
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pCT/U595/170ﬁ;ee mediun, ‘was removed and discarded. The middle
s layer, which contained nucleated cells, was carefully
collected and placed into a fresh 50 ml tube containing
20 ml of'tisaue culture medium, as described above.
.Additional medium was added to hring the final volume to
50 m1. - : . : . _ S
10 : The-nﬁcleatedfdellgrinclude the;bone:narraw
stromal cells. 'However, the stromal cells represent only
a small'fruction, i.e., about one in one thousand, of the
total number of nucleated bone marrow cells obtained in a
bone marrow aspirate.- .
s ' The nucleated. cells were collected in a pellet by

centrifugation at 100 x g for 10 mimites. The cell
pellet was washed with tissue culture medium (RPMI or
DMEM with. fungizone (25 pg/mi), gentamicin (25 ug/nl),
- penicillin (100 nnits/ml) and streptomycxn sulfate (100
20 ug/ml)), and resuspended in 5-10. nl 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 ot-anounts.or-concentratidns. 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 arsz;-o.os'to 100 units/ﬁl.ot-a-heparin
polypeptide, e.g., sodium heparin; 0.25 to 250 ug/ml of
30 fungizone; 0.25 to 250 ug/ml of gentamicin; 1 to 1000
" units/ml penicillin; and 1.to 1000 pgg/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 ug/ml),
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i nsert'ions, inversions, translocations, or dupli-cations. The nutations
"are preferably conservative substitutions, e.g., substitutions within
the foll ow ng groups: glycine al ani ne; valine, isoleucine, |eucine;
aspartic aci dygenefsut am c acid, asparagine, glutdm ne; seriperuiddiaPsi ne;
| ysi ne, arginine; and phenyl al ani ne, tyrosine. The term
"identical" as used herein in reference to pol ypeptides, refers to the
am no acid sequence simlarity between_two pol ypeptides. When an am no
acid 10 position in both of the polypeptfdé Ts occupi ed by i denti cal

.am no acids, thﬁ%ni$fiifﬁ‘?idﬁ“ﬂﬂﬂ%ﬁ/nﬁ%.taﬁh_streBESh&EQﬂ-sJﬁf§tebY100

"substantially entical™ 1Is nmeant an am no aci d Sequence that is at
| east 80% pref@?éﬁ}&°85@b nore preferably 90% and nost preferably 95%
i dentical to 15 a ref eféasveasuttune | flasks c(R150 anf)waireh preferablyhe

same functional ;ggtdd| initaiiie vithegRae1RCaHANPBs. spaelEiéy1pf, adi no
(6 0 Squemesotiar of ‘slstin, 1B iamed o0 8” 5h VAECEL s AR o1 ¢
G oup, 20 Uni vesach yfXdsk\untuils itheBboktomnolfoylie CEhask , wds 1fust Uni versity
Avenue, Madi 50%6‘!:#.70@“ excess was é’ém{a%sﬁ BR&CtRe %fmggségﬂé fért

ce ce an under

"expandi ng" of ( s neans .cul turi.ng I's for a tine
condi tions thatuBgiefpihnd c RotSom, Sigs dowg. (REWFIRR SYepeTatRre £AT (3t
multiply to obtkeast 3 edimrtesunbZheoflaskscbhn bée réfrigerated het cblpimsi on

than at the REGaieror I\H{éﬂ"‘ﬁs@ﬁpaﬁﬁh‘ﬂainactivated FES 55 eiEs Udhed
passage" is the process er.eby
to the gelatinized flasks. As before, the excess
solution was removed and the flasks were left, bottom
side down, at room temperature for at least 30 minutes.
The flasks can be used at this point or refrigerated.

15 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 mediunm
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~
adherent 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
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cells that have reached a given nunber, or a given 30 density, up to and-

I ncl udi ng and beyond confl uence, are detached fromthe tissue culture
vessel, collected in an aggregate, such as a pellet forned by
centrifugation, and resuspended in tissue culture medium The suspension
S t hen woSreedted to tissue culture vessels, such as EBETHSWIE730r
flasks, in such a way as to provide the cells WO 97/ 24434

PCT/ US95/ 17073 with a greater total surface area on which to grow and
di vide than they had access to previously2 ~This may be done by increasing
the nunber of vessels. For exanple, the cells growing in one vessel may
be detached, ilninesessel sdtbpanselution of gelatind (20 *keePor nore

vessels. Thi S.»éiﬁﬁqﬁ Qﬂh@ﬂoﬂﬁhaﬁéieﬂﬁoﬁeﬂlélg;é Rehe @hd1ure Whieh a vol une. of
[ rate ol LUl TR ae BG4 ALl SRAC Sl S o
sufficient nutrients to sustain growth without removing
5 all of the substances secreted by the bone marrow cells,
which enhence'their growth, (4) supplement the tissue
culture medium with aFGF, and (5) supplenent the tissue
culture nedium with heparin.
This process, where the.non—adhetent'celle are
10 removed, pelleted, and returned to the culture with equal
parts of fresh and conditioned medium, is repeated once a
' week, for 2 to 3 weeks, or until a monolayer of adherent
' cells has formed. Once the nonolayer of bone marrow
stromal cells developed, the cells were passaged by
1s'sp11tting them 1:2 or 1:3 into fresh 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 10%,

25 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'repreeents a substantial improvement.




10 scientific terns used herein have the same meani ng as commonl y
under stood by one of ordinary skill in the art to which this invention
bel ongs. Al though net hods and materials simlar or equivalent to those

descri bed hergj n be used in the practice or testing of t
15 invention,§?§37pre erred nethods and materials are descr?gggg%gﬁai

In addition, the materials, nethods, and exanples are illustrative only
and not intended to be limting. O her features and advant ages

of the invention 20 will be apparent fromtA& follow ng detail ed

descri ption, and fr | 1 pf cription of
t he Draw ngs Oﬁéﬂgﬂ% 2&%@0?%1;) hc%]('a]b? SaRie I‘ﬁiﬁé} %vﬁ%‘%}e t%%%{ee
marrow stronal SSEESW @sPiradesn ngpﬁé%#éésbr snspd¥essipf cubprenat
heparin. G ow hpics (Passdiged o)) whethe®! okhdot aPerFCcanbagepabangeire cel |

o bone harr BheaeRE,eRLy, peidn Brokn” i B3 BFBeShed’sr Entds dend Ot

aFGF. and hepafi fackprs contipued to grawgwedl asbert thg fhrstnonisecond

expression and pagsdigedn ¥h AddatiengWtheheeTlBegBi) wbtn aréFamsdect ed

Canne Pone MR hAadb?ilintlikEa the ribroblast-lixe stromsl eff
morphology longer than stromal cells grown without these
factors.

10 Example

Iliac crest 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 were 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 toc 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 106
cells derived from each of the PO flasks. These cells
were 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.




To devel op cultures of bone marrow stromal cells that can. be used for .
transpl antati on, bone marrow was obt ai ned from humans or dogs and grown
in specially prepared tissue culture flasks. In addition, the nedium 5.
was nodi fied with acidic fibroblast gromh factor (aFGF) and heparin and
was renewedWAIBM¥Mng to a particul ar regi men. Using t hiRCTREMSN707®t hod,
a | arge nunber of bone marrow stromal cells were established in culture
and expanded to yield an unprecedented nunber of cells, which 10 woul d
be required for effective gene therapy -wmgh-stronal cells.

.There now foll ows a description of the nethod for cul turing bone marrow

stromal cells as wel Pagsage 3 (B3} Fellswere tharvwasted &days Rf¥8X growt h
hor none 15 ( héddaiig tambst ectin? celilsewbpecsaadéeaVints PRl £Ifdks, i N

ot v 1l FOF bl St G Ie RARoMY BRY Ghbe"BbufLd®
carefully each time they were harvested and re-seeded.
5 After the fourth passage, the cells that were cultured in
. the presence of aFGF and heparin reached confluence much
more quickly (7 days) than the cells that were grown
‘without these factors (14 days). e
By comparing the number of cells obtained when the
10 cells were.harvested.at the end of each passage with the
number of cells seeded into the flasks at the beginning
of each passage, a percentage change in cell number was
determined. A positive number indicates an increase in
cell number, a negative'nnmher indicates a decrease in
15 cell number, and a zero value indicates no change in cell
number. - -~ Adherent stromal cells were established in
all flasks of primary cultures (P0). 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-fold greater 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 without aFGF and heparin grew very
poorly or not at all during these passages.

' The negative numbers in Fig. 1 for all flasks
during PO reflect the fact that bone marrow stromal cells
are only a swall 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




Was a'sbi rated aseptically fromthe iliac crest. The 20 aspirate syringes

cont ai med heparin to prevent clotting. The bone marrow was transferred
fromthe syringe to a 50 m conical tube containing 15 ms of a chilled
tissue cul ture nedium such as RPM or DMEM contai ni ng anti -fungal
and anti bi oti WQJEHH34 (50 [err]g/mM FUNG ZONE[ err]; 50 25 [er?ﬁms’”"%
gentamcin; 100 units/m penicillin; 100 [err]g/m st r epl.omyci-k

sul fate). Approximately 10-15 m's of bone marrow aspi rjgTHiISVEHEEThdAS BEBN
each tube of nmedium and the m xture was ¥ept on ice. REPLM}E:D eat eq
cells were prepared fromthe bone marrow 30 sanmpl es by st :

cushi on t echni qP¥esgnces ppd absencs of;aFGHRNA HERGIN- | EHIure

Bi ot ech) was pl dtedalngrowkh}Owat determinediily ama tcpd yHalgf tht_ eatlalof the
mar r ow- medi UM S gipies WaS st2bRhY! b¥118YEh SGhA £104810T (40 arcFTandl | - The

D S M N nuPepazilank: £he B Pt HEht R ©f SatARLishEent, Y, Fhge
head  decel er as eaveragey pekrrtentage chamygedin icell Tumberpfor the first
passage. Total growth was similarly calculated for each
subsequent passage (Fig. 2). As shown in the graph in
Fig. 2, the culture without aFGF and heparin showed
~ essentially no growth. On the other hand, the culture
10 supplemented with aFGF and heparin showed a significant
calculated growth to over 60 x 10’ cells 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.

hod of Culturing Human Bone Marro e)uts e LLE
Buman 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 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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Iayér of the resultant preparation, which contained cell- free medi'um:- .
was renoved and discarded. The mddle 5 |ayer, which contained nucl eated

cells, was carefully coll ected and placed into a fresh 50 m tube
-~cont ai ni ng 200 M of tissue culture medium as described above.
Addi t i onal Wo@dr44M was added to bring the final volune to PCI/ESSHN07310
The nuel-eated.cel.l s, i ncl ude the bone marrow stromal cells. However, the
stronal cel'l s represent only a small fraction, i.e., about one in one
thousand .of :tihe ‘total nurrber of nuclecat ed bone marrow cells obtained in
a ‘bone merrow-aspi.rate. The nucleated cells were collected in
a pell et by settdentei Fbgab9bh°’at°ﬁo§h€< phey ovey rﬁhﬂers\rS!!hefCBP‘PUt pel | et
was washed W ifinbitesUeThE! supern@ehnt ¢ditdirting suaieMavat BeTLRGLONEl err]

(25 [err]g/nd tap.cin (2 1 units/m) and
st rept onyci ﬁ%ﬁfg‘; Bvﬁé %’é‘# Ig’i%%‘)g d"ﬂcg&ﬁgﬁ‘eﬁdgﬁg 285 10 m of ’
"conplete b utesmar'ﬂ'bﬁ/ gelbrpel | ware washed onsiepbat e nedi unt). After
reSUSpenSL-.oreetxheicabhaiwrﬁncewgsmh:e bone marrdetidmal cellg conplete bone

marrow stro d| i ent t he

fol |l ow ng Z@angésgg}ms %s %&riéc%%sc:l{en%mgilons % ?hai to 50%
fetal bovi n@eéé%nﬁrﬁssynnbséf er'thpse prinaxny tene marsoy celdsowere 100
ng/m of an jafi€ianayypaptuted indflasks et prateeatedOpitn 100

R0 5 AR, P, 0 A bk it S o P 8,250
units/m 1peratmoma|1nce&hdc41t@re§>o@i[»e1 ¥ ¥ mfllgr/ﬂ'épooﬂ}cslq. _ L
- Human bone marrow stromal cells were selected and
expanded in vitro 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 narrcw-strcnal
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 108
cells. . -

In vitro Expression and Secretion of KumarL Growth ' _

25 .. To determine whether hone marrow ‘stomal cells that
were grown accordlng to the methods-descrihed above could
be transfected, the plasnid expression vector PETKhGH was
prepared and transfected into canine stromal cells using _ -

. standard techn:lques._ The dog model is an accepted animal

30 mnmodel of the human bone marrow system r and results in dog -
studies are reasonably predictive of efficacy in human
- patients. _ -

The vector was constructed from plasmid PTKGH —-
(Selden et al., 1986, Hcl. Cell Biol., 6:3173-3179),
35 which is comprised of the human growth hormone_ (hGH)
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sulfate. As used in the experinents described bel ow, the conpl ete nmedi um
contained DVEMwith 16 percent by vol une heat -i nactivated FBS, aFG- (1
ng/m), heparin (5 35 units/m), FUNG ZONE[err] (25 [err]g/nm), gentamcin

(25 [err]g/m WO 97/ 24434 PCT/USOS/
bey Leos) Trgro e 11 - peni’SITTI R L 100
units/m), and streptonycin sulfate (100 [err]g/m). Ti ssue

culture flasks (T150 cnjferr]) are preferabbﬁ coated initially with
gelatin and FBS. Specifically, a 5 solutT of gelatin (Sigma; 1%in

vater) was addegehd, inePadihoRkeida) (e MHOEAnddRHAES | Ust

bot tom si de dowFSTatEL0M PERY ttimidine Kivass fm) Rromarsies. The
fl asks can be rséquencese(iNithols sIrstirite Dimgriodtoics)sSarHaian nacti vat ed
FBS was then addgdigrrbfof 'EAPS! A UdRE S P 178 dle P! P FX 3R
sol ution was renoved, and the flasks were left,  Hottom
5 restriction enzyme fragment from the SV40 enhancer was
tailed with RindIXI sites by PCR using a derivative of
the pSV(E)-MLP plasmid (Hurwitz et al., 1987, Nuc. Acids
Res. 15:7137-7153) as a template, and cloned into the
HindIII site of PTKGH just upstream of the TK promoter.
10 The pETKhGH plasmid lacks a eukaryotic origin of
replication and does not integrate into the host cell
genome. As such, the vector expresses hGH transiently.
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 lipid-DNA complex method using 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 cobtained 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 were 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 Ti150 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 transfected for six hours
- with 40 pg of pPETKhGH plasmid in a total volume of 4.28



si de down, at roomtenperature for at |east 30 m nutes. The flasks can

be used at this point or refrigerated. 15 The nucl eated cells of the
bone marrow, prepared as descri bed above, were added to the prepared
flasks at . approximately 1 x 10[err] cells/ T150 flask. The cells were

i ncubat ed i WOI9592443¢ of conpl ete bone nmarrow nedi um at SBRCHPSIS@OBN t he
presence of 5% COerr]. After 3-4 days, or when 20 the stromal cells have
adhered to the inner surface of the tissue culture vessel, 15 m of
fresh conpl ete nedi um was added to t-hescul tures, dropwi se, so the cells
were not di sturbed. One week | ater, before_vital conponents W t hin

the nedi um amd RHIRTITMEMR containing 9524:8kdPEi LRBOF HE®| o the

nmedi um i n t harddgait Jihi ch cont ai .ns non-adherent cell's, was renoved, and

;3h21egz ce|r;eagr20§§¥ﬁgge§?§“552n rIé%%ﬁﬁﬂéﬁ%%ﬁ&%ﬁﬁf§¥536T% fS?HS m nutes, -
resuspended ipdimimnusoagsay ((RIALdusdASURFHOTERE kits (Rickelshe ori gi na
flS?Eh]Thuaélﬁ?tivute_oiayﬂaahaab)celungwg?EEmesu?ﬁedeﬁ%rébefdIs§kum£ghthe
Prgdi um and oﬁ‘%‘i@???&%%ﬂ#&e@%éﬁ%ﬁa&g' BB{;R Fﬁgbgng‘r’gf;é?%el{%? to
this regimen A6k Passnge fanine pEropal( eplisaeXPREssAAAnd Segreted the
tissue . high levels of the hGH transgene product after
transfection with-the expression plasmid PETKhGH (Fig.
10 3). The absolute levels of hGH expression varied, -
depending on the individual ‘animal tested, the number of
times the"cellé had been passaged, and the method of
transfection. S S
' ' As shown in Fig. 3, the absolute level of hGH
15 exprééséd hy thg'céllé'from-aog'ALGé3 varied from over 1
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 xg/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
' In other embodiments of the invention, bone marrow
stromal célls can he'érybpreserved either before or after
expansion in:tissue culture.

25 ' Td'crjop:eSQtve.primary aspirates of bone marrow,
nucleated cells_aféiprepafdd'usinq the Ficoll gradient
technique-desdfibed:ahqvéi'énd suspended in 50% medium,
50% FBS at a density of, e.g.;, 2 to. 5 X 107 cells/ml. An

| amount, e.g., 900 ul, of this suspension is aliquoted

[ ' 30 into vials, e.g., 2 ml sterile cryogenic vials (Corning

% #25704),'ﬁith'100~u1'of.DMso;- The vials are stored at -

| ' 80°C for 24 hours, and then transferred to a -150°C
freezer or to liguid nitrogen tanks for long-term
storage.
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WD 977 24434 PCT/ US95/ 17073 |
- 12 ;o culture vessel with a solution of gelatin, (2) keep returning

t he non-adherent cells to the culture when exchangi ng the medium (3)
add nmediumth | ns sufficient nutrients to sustain g&%gh%?y ut
renoving 5 al o%%ﬂ%%% substances secreted by the bone marrow ,?ﬁﬁf
whi ch enhance their growh, (4) supplenent the tissue cul ture nmedi um

with aFG-, and (5) supplenent the tissue cul ture nediumw th heparin.
This process, where the non-adherent cell3 ¥r& 10 renoved, pelleted, and

et d to the cul tur | | f h .congiti
LngLRS isorepeatgd ong%yghgdaﬁggffvfo%%%ngg3c&ég§s?§§glﬁ§tg% %ﬁiﬁ#&ﬁayer
of adherent thel yedia israspiraked fram fhetissusculdmrenvessnl,

stronal cells danal eRedcels &fé!FPinded® dirss adth Buibectd is! Phdgphled 1: 2

nal ; ) . ! h
{l asks for add: BusEepsa°sarsf (diseo 2 4fld e HaTcalys BRe"khaR, | 1°
FBS. It i s5 aPebaghedofigar e surface of dhe tfask oxbpleftedwithsar oral
cell's with condisblattenndti tiypsin<EDTR WOl 0% Hﬂ:@pﬁi'iﬁ{ @:]tgggtﬂkg%métshgr
culure: The Celbetaas e osths o800 il JRIBH, 13 giSiia’sd
adding an equal volume of medium, and the cell suspension
is centrifuged at 500 x g until the cells are pelleted.
10 The pelleted cells are resuspended in medium, e.g., 2 ml,
and counted. The cell density is adjusted to 1 x 106
cells/ml with medium containing 10% dimethyl sulfoxide
(DMSO; Sigma D-8779). The cells are aliquoted, e.g., by
1 ml 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 long-term
storage. :
Procedures have also been developed to
20 cryopreserve large numbers of cultured stromal cells.
For example, after harvesting the cells 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 freezer for long-
ternm 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

v ————— e N e AT an e e e va e s 4.



cani ne or human (or other vertebrate) bone marrow stronal cells, to .
develop a total cell nunber of nore than 10[err], 25 and even nore than 3 x -
10[err] in vitro, from bone aspirates of individual subjects. Oher

t echni ques for obtaining bone marrow can al so be used. The bone nmarrow
stronal 'WOI9R443bt ai ned from dogs by this method exhi bi t PEHESISNT073
characteristic appearance of fibroblast-Ilike bone marrow 30 stromal cells.
G ven that the success of gene therapy depends on the cellul ar
production of adequate levels of  the 2o anagene product, which can be
quite low, the ability to expand stromal_cells _in culture to 10[err] to
10[err]  orintended hocddiustaate and meh| 1inik Fhanscope of the o

97/ 24434  jnvention, which is defined by the RGbpéSOF the7appended

aspi rates cofiHiR ab%%?ﬁ'“'%ﬁé#%'é‘?#c"ﬁg' e ""%@?B‘Sggése ) AR

whet her or natitider thed scoper of khecfolleying flaimg.y cells grown |n t he
presence of these two 5 factors continued to grow wel | after the first or
second ' o o

5 What is claimed is:
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passage. In addition, aFGF and hepari n mai nt ai ned

the fibroblast-Iike st ro ﬂllﬁiﬂlﬁ"ﬂm I ogy | onger than stromal cells

grovvn wi t hout these factores. L Iliac crest bone

Marrow aspi r ayy74s8 Prepared as descrl bed froma dog des % 16436—5
e

and divided into two portions so that half of the cells cou grown
with aFG- and heparin, and the other half could be grown It g
culture flasks were seeded with 2.75 x 10[ err] primar gﬂeé" %@5@3?’}?
and cul tured by the nethods descri bed afdve, where strional LACED

.cell -conditioned nediu agd Q e t rEefl qﬁg% the
flasks at the first mpassj}aget QQJB Eﬁ? aﬁéuxé% a‘lgned“E con lltuent 20
| ayer of strondfteak cehlsccihe ’9@?}%’ (SARRYHSANG tand T75 fl asks
(passage 1, Pl) were setadecbbmuhxﬁngnnéO@arr]:w stremal ceXlyed from each

of the PO fl asks. Thesqbgellhgroduygﬁs *ié\/?&g‘qa?r&wgkﬁ] e{véa%alz x 106

cells from each fl wer e a,ssa e I n ei

presence or EbREREWH %3 face with asgelpid F'y apd cells were
harvest ed 8 daysomtfaining a;wdimg:e el {umx c‘tﬁ{p&rﬂs]irﬁehhsamaecpassagw into

Egcgtgzktshe nu?‘bﬁ%'fcé % urag'gﬁ’?ﬁgﬁhe ab eﬁgg&@gpggdé énggijn}]eparl n

was limting; only 1 x(€d[ exppndingsthe rstromal pelis cin he cwldattieng. Al |
fl asks were re-mmatiod unddr conditionsniama EForcal kimeostEgiceant £bask

continued tqohQytain an increased number of bone marrow stromal cells.

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 method of claim 1, further comprising
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 claim 1, wherein expanding step
(c) comprises the steps of:
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a conparably sized pop WO 97/ 24434 o
PCT/ US95/ 17073 mﬂg w" lIJ "ll - 14 - Passage 3
(P3) cells were harvest seeding and 1 x 10[err] cells
were seeded into P4 fl asks. The cel'l s continued to be passaged and were
count ed W&%’ﬂﬁﬂ‘y each time they were harvested and re- SRCRHESPSIHIAf t er
the fourth passage; , the cells that were cultured in t he presence of aFGF
and heparln reached ‘confl uence mnuch nore quickly (7 days) than the cells
t hat were grown” _ without these factorsz2d ¥4 days). By conparing
the nunber of cell’s obtained when the 10 cells were harvested at the end of
each passage with thél) remewing smultames neddwad and aonradhexert gelise

begi nni ng rooncable RasBele, a percentage change in cell nunber was

negat ve. nunber 1 ndi Lerbaing M st e, JRSH Sxhture REatun YL 0
i ndi cat es no theaivessed icel | B
[ {iii) removing culture medium and non-adherent

cells from the vessel and centrifuging said medium and

non-adherent cells to form a pellet of non-adherent

cells; : o
(iv) resuspending the pellet of non-adherent cells
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 tha vessel to resuspend the pellet of non-
adherent cells in step (iv) are egual.

9. The method of claim 7, wherein step (1) is
performed after stromal cells have: ‘adhered to the inner
20 surface of the vessel. '

10. The method of claim 7, wherein steps (ii) and
(iii) are performed about one week after step (i).

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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nurber’. Adher ent st ronal ’flﬁlllﬂf i shed in all flasks of
primary cultures (PO). A high "mm( Ivvas found at the end of PO in
fl'asks | acki ng aFG- and heparih (*Fi @. .= "Al t hough both groups of cells

20 expanded d ';19“ , the growth of cells cultured in the of
aFGF and hepawén wagsl‘z. 5-fold greater than cells growmn in fﬁgﬁg senc"'e of

aFGF and heparin. Perhaps, nore inportantly, cells cul H ‘
and heparin "~ continued to grow in nunber_during passagep’?2, EEY

5 while cells_cultured without aFGF and Mefdrin grew very pBEPEACER hot
at all during these passage T at i i jg. 1 for

all flasks during Pi)ﬁfef?%%tm?%%oq a%% %aﬁ%’dnﬁ%&%ﬁgv S r(yn%e' cells

are only a snalharrewistyenal cedlsopze phbainedofirer a0bANE| BA¥ESWCells in
the primary bonger@idDeallidulittiredds frohUat BeozdaAnBbetkabe béné aFG- and

heparin have significant -posi.tive effects on the growh of cani ne bone
mar r ow stromal %’f’?%wisn&solliarlogil e The total growh of bone marrow

stromal cells 35 obtained fromdog ALG 5 was also calculated in the
- 15 - 5 14. The method of claim 1, wherein the bone

marrow stromal cells are mammalian.

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

16. The method of claim 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 a heparin polypeptide.

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

polypeptide.

19. The medium of claim 17, comprising 16 percent
20 by volume fetal bovine serum, 1.0 ng/ml aPFGF, 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 ug/ml, and the one
- or more antibiotics comprise 25 ug/ml gentamicin, 100
units/ml peniciliin, and 100 gg/ml streptomycin sulfate.
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presence and absence of aFG- and hepar| n. This figure (total growth) was .
det er mi ned by nul tipl ymmum’uﬂﬂml um nunber of st ronal cells-in each
flask (+/- aFGF and end of the period of establishnent
by the 5 average perceht age change in cell nunmber for the first

passage. T0M9W h was similarly calculated for each REAMOSA AR

passage {Fig...2)..~ As shown in the graph in Fig., At hout
aFGF and’ heparl n-showed essentially no grow h. CnTHISeSHﬁETéTIA&BEEN t he
culture 16: supp] enented with aFGF and keparin shovve a sRERLACEDaNt

calculated growt h to over 60 x 10[err] cells by CElrrts

derived from dog ALGE3. weh *iF P &edgct i°9| §ﬂ§| FEFPHPsi-% hPWe each
passage, | ustmayfow @ﬁﬂml celdsg th;pkiﬁlambﬁniﬂgarmstaed:uﬁhrecel | s

g)\r/g\r/mawnmbé?, passages %‘ Pe qg;g'e?ﬁgfaeﬁ tur edlé%e_ld%% nrg;,gggbzgy

heparin changﬂed’Q'!F Pamraw @ﬁgemal felbnBediyn fonprising ans@FGF second
passage. s polypeptidecmridogehkparihhpskypeptide. denonstrate that 20 aFGF
and heparin clearly enhance the growth of canine bone marrow stronal
cells and maintain the characteristic fibrobl ast-1ike norphol ogy of
these cells in culture. Met hod of  Cul turing Human Bone Marrow Stronal
Cells Human bone marrow was renoved from fenoral heads 25 that
were discarded during hip replacenent surgeries.  Qher techniques for
obt ai ni ng bone marrow can al so be

niiiiii .
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uséd. The bone marrow was put into tubes containing tissue culture
medi,um such as RPM or DMEM cont ai ni ng 50 [err]g/mM FUNGQ ZONE[ err] and
50 [err]g/m gentamicin. The bone and 30 tissue suspended in the nmedi um

were finely m.nced using sterile scissors, centrifuged at X or 10
m nut es an&’qgé'gdﬁfended in tissue culture nmedium containi nggg’é’%sg"&’?’
heat -i nactivated FBS by gently inverting the tube. Larger bone and
ti ssue fragments were then all owed to,l 3 WO 97/ 24434
PCT/ US95/ 17073 / - 16- settle to the bottom
.of the tube over the course of about 1 mnute. The supernat ant
cont ai ni ng suspended cells was carefully renoved and centrifuged at 500
x g for 10 m nuil £ & dhes eglpipel | et was washed once by 5 centéi fugation
in conplete bone n Bt #ome) el | medi um $@Espendg®d in fAEsh
conpl ete medium an@t e§ é@lhs were counted. {Thdse prfmary bone marrow
cells were EER<ER < A
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initially cultured in flasks that--were pretreated with gel atin and' PBS,
as descri bed above for dog bone marrow 10 stromal cell cultures, at 1 X
10[err] cell s/ T150 fl ask. Human bone nmarrow stronmal cells were
--sel ected and xpanded in vitro using the sane techni ques %P%ete
medi um t hatwgrgg"gggcri bed above. In addition, snall fraﬁ@ﬂ?’gﬂo t he
human fenoral bones were introduced into 15 prepared tissue culture fl asks
t hat contai ned conpl ete medi um Bone marrow stromal cells grew out of
t hese fragnents, adhered to the flasks, and were treated subsequent |y
in the same way as other bone narrow sggonal cells. Human bone marrow
stromal -cells were selected and 20 expanded from primary marrows derived
from several i ndividuals and cells were expanded to at least 2 x 10[err]
cells. In vitro Expression and Secretion of Human G-owt h Hor none by
Transfected Cani ne Bage Marrow Stromal Cells 25 - dgf%rnine whet her
bone marrow stonmal celjl s that were grown according tgjthe nethods
descri bed above coul d be transfected, the plasm d exgressi on vector
PETKhGH was preparey and transfected into:canine str | cells using
standard techni ques. The dog nodel is an accepted ani malf }30 nodel of the

human bone marrow syste and results in dog. -.studiesfgre reasonably
predictive of efficacy @n human patients. . - il tor was
constructed from pl asm TKGH (Sel den et-al., 1986, |. Cell Biol.,

6:3173-3179),

qu——
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383 which is conprised of the human growth hornone (hGH) WO

97/ 24434 PCT/ US95/ 17073

- ‘17 - gene, including introns, under the transcriptional regul ati on
of HSV t hym dj ,l?"mse (TK) pronoter sequences (N chols I

Di agnosti cs, gga}%’ uan Capi strano, CA). In addition, a 179 E:tr}s(}edd%g‘mn
Fokl -Pvull 5 restriction enzyne fragnment fromthe SV40 enhancer was

tailed with Hndlll sites by PCR using a derjyvative of t he pSV(E)-MP
plasmd (Hurwitz et al., 1987, Nuc. Acids 3/Res. 15: 7137-7153) as a
tenmplate, and cloned into the Hndlll site of pTKGH just upstream of the
TK pronoter. 10 The pETKhGH plasm d | acks a eukaryotlc origin of

replication and doeg=mot—tytegraye—Trtortire—tgst—cet none. As such,
t he vector expresse$ hGH tfansi emtly. Canine bompg@ marrow stromal
cells were transfecfed Wi th pETKhGH py eitHer the}CaP( ¢iff | DNA
coprecipitation 15 t hod,} usi ngjthe Marmgl i an Ty ansf e Ki t%
20
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i - 03495-2
(Stratagene O oning Systens, La Jolla, CA), or the cationic |ipid-DNA

conpl ex net hod using LI POFECTAM NE[ err ] reagent and OPTI-MEMerr] |
reduced- serum nmedi um (Life Technol ogi es) according to the manufacture's
i nstruction. 20 The CaP( err] method was used to transfect cells obtained
fromdog ALG 3 and the |ipofection nerhdd was used to transfect cells
obt ai ned fronldog ALG 9. DNA @@ transfected by the CaPJ err]
method into 3.2 X 10[err] c 0 t y were seeded into a

T150 flask at P2. THee Dsvemtisnwkseat nawsfiiembethod tﬁbrlbiﬁm[tﬁm]rg; Gorpd=TKhGH

| d f 4 d | d
D bt opl harropistfbhal FaNS, CUnd 1 SR NGRS (Y ELERRRE thafor bert on
into 1.2 Xabief FGF ( g:oﬁ’é’f dararhigatiny twéreFGEedad haparanT150
flask ats %ﬁlfihenguw@hhh%h%éﬁtﬂ&%%t&?ﬂsm&@ﬁtfsﬂ&cégbééﬁﬂéh@at

seen in ea I|er ssages and_the cel |l ul ar norphol o anged so that
the cells %. %?gg ? PREEPYa RFTomdy, %ut Bxhesalexing wer e

“transf ect é'ch:f.s)rmsthotioubsne mairtrfow! @ tireonid ) 1 pETEDGHbe! agpafakd ant ot al

\I;(C)J[I';J Eggg; 1<§7hf§ure to pr@@:.%z{sa‘y'%%precedented levels that are

clearly beneficial for therapeutic uses. Thus, this

10 culturing method allows bone marrow stromal cells to be:
used in many types of gene therapies.

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 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 a¥FGF 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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18 - m of OPTI-MEMerr] containing 0.24 m of LI POFECTAM NE[ err]
reagent. Level s of hCGH secretion were determ ned by

radi oi munoassay (RIA) using hGH TCGES kits (Nichols s Institute

D agnostics). The results are expressed as the mean of duplicate
measurenents. Both early (P2) and | ate4 - (P6) passage cani ne stronal
cells expressed and secreted hi gh | evel s of the hGH transgene product
after thavidnecseoimai h Ot g /adpredRGF polypepttdeET&h@HS(Pig. 10 3). The
absol ute lgnets/ah Rebagipy.ession varied, dependi ng on the individual

ani mal tested, {he nunber of times the cells had been passaged, and the
met hod of trans¥e@ i Preferred aspegt of fhe dnwentipng feh@ipsol ute | evel

O i T AR RN T T TR R TR
about 2. A ery]_cells. e a upe le 0

expr esséd %‘éif’ﬁgecﬁ'ﬁpé“ﬂ [?rﬂ‘%&borﬁ'l_aébe{/%’ﬁe b?f%n#rc’maié s¥e§58d iabout 5
[err] g/ 24 hiilOpddinhgcein afount RE tiré¥h auwiturethwedidmoppedhieo about 0.5,
.and then | .al b zero | s [.eS tivel ]

Q her Errbgg%grrg%? $ (131) Vﬁ%do%{ﬁ%oﬁ%‘ﬁsggé Hég ,Xﬁ\l}gﬁﬁn(}:m bone
marrow  Seldfafred thedessek yshresriritugingcthpeneddupr agk er
expansi on hénth@heeett Id81Qs to form a pellet of non-adherent

10 cells; (iv) resuspending 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 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 (ii) 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., a
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

REPLACEMENT SHEET
29 JUN 1999




25 To cryopreserve primary aspirates of bone marrow, nucl eat ed
cells are prepared using the Ficoll gradient t echni que descri bed above,
and suspended in 50% nedi um 50% FBS at a density of, e.g., 2to 5 X
10[err] cells/mM. An anount, e.g., 900 [err]l, of this suspension is
aliquoted 30 into vials, e.g., 2 m sternile cryogenic vials (Corning
#25704), with 100 [err]|l of DMSO. The vials are stored at - 80[err]C
for 24 hourolymeptiden tarehdfc0F ctbotbo@ udbOseml] Reparfineezer or to liquid

it t WD 97/ 24434
gET;B%SE/l % gﬁéckﬁfg éﬂﬁgalme§£or€ﬁe medium - 19 - To

cryopr eser ¥BCLPAGSa L 6c Barceiihbngre el fetel bovine seaum.i 3.8spirated
fromthe thggme awGrFyr anes.a ,unlts?lﬁﬁlltﬂépﬁﬁiﬁs afBel HBAGUORER W th

then 5 tioRUEREMORGrh RN oot O CLAQNE AdRNBIOTHHGE )it en & ol uti on
of trypsi ncEBTANtTaGE Yt ofpA 5, ud/ 1B, ndh&EDBAe or more antibiotics,
: - e.dg., 25 pg/ml gentamicin, 100 units/ml penicillin, and-
100 pg/ml streptomycin sulfate.
In another aspect, the invention features a kit
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 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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G bco 25300-062). The trypsinization is stopped by addi ng an equal

vol ume of nmedium and the cell suspension Is centrifuged at 500 x ¢
until the cells are pelleted. 10 The pelleted cells are resuspended in
medium e.g., 3 m, and counted. The cell density is adjusted to 1 X

10[ err] cells/mM wth nmedium containing 10% di met hyl sul f oxi de ( DMBGO,
Sigma D-8779). The cells are aliquoted, ge~g., by 1 m volunes, into
sterile cryogenic V|als (Corning 15 #25704), and i medi ately stored at

-80[ err] C deasti g.l@t cellsf satl?AHuene mmethedsi ate aove wiihdierthed to liquid

ni t rogen t Egge 1fﬁ€§nf¥% err]C freezer for long-term st or age.

Procedur es®have a een eveloped to 20 cryopreserve Iar e nunbers of

cul tured stromaft ‘RERFE I and W@gﬁ}ml Rgtthes &l 1's as
descri bed repaftqvs. deQccfﬂarCitieCEJe a&&p%ﬂét% thePlkgfi€0ad N G 250
centrifuge tube and centrifuged at 500 x in order to eIIet the cells.
The pel | bt etbsominitdadly idsudpendes), |a1125r19 ﬁ&uﬂonobfn@maﬂﬁxandycount ed.
The suspension is then brought to a volune of 45 m with medi um and

added to aoccuqmanéﬁgﬁrmavdc@mfawas éBhﬂt@ﬁthéﬁthemf}mm:Lma
sterile syri DMSO is then

18 dl e
added, and®%h pggkuf%l e(?ragaga?s %af[%g‘rlpf e%?)r%\}’eVﬁFBh’feSpeﬁtt &P BA%0ur s,

the pack ifatdcAnstesnarl ddis. | bk d vkt Eeﬂﬁr&ﬁa%@s%é&aq nbpQbesr] C
freezer for |ong- term st orage. IS to be understood that

whil e tHe ¢mvabemioally MHﬁ;fbednnahumai|heﬁarhnp@nﬁmncéodﬁummﬁebakhﬁ det ai | ed
35 descri ptAR;Uical, AR, 1Y SAYNY FSCTLpy Ton TS

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 an& 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

35'1nclude, for example, substitutions, deletions,
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- 20 - intended to illustrate and not limt the scope of the

i nvention, which is defined by the scope of the appended clainms. O her

aspects, advantages, and nodifications are wthin the scope of the

foll ow ng cl ai ns. 5 What is clainmedisr-

- 21 - To develop cultures of bone ma¥réw stromal cells
that can be used for transplantation, bone marrow was
obtained from humans or dogs and grown in specially
prepared tissue culture flasks. In addition, the medium

5 was modified with acidic fibroblast growth factor (aFGF)
and heparin and was renewed according to a particular
- regimen. Using this novel method, a large number of bohe
marrow stromal cells were established in culture and
expanded to yield an unprecedented number of cells, which
10 would be required for effective gene therapy with stromal
cells.
There 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.

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 aspiréte 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 ug/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 '
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1. A nethod for the expansion of bone marrow stromal cells, the nethod
conpri si ng: (a) obtaining bone marrow stromal cells;

(b) introducing the stromal cells into a vessel 5 pre-coated on an inner
surface with a gelatin, and containing a culture medi um conprising an
acidic fibroblast growh factor ("aR@F-) pol ypeptide; and (c)
expandi ng the stromal cells in the culture medi um under conditions and
for a tin®idhesidht183C19isht dhe brakeraff b thiertheé dentritugew

stromal celdad @ 1 ted 2: ei [ ul ture
medi umfurther ceoi’r%{?g%seat Ilg%? (ﬁéﬁrﬁ sfén?é%ééd m%e 2??% éoﬁ

pol ypept i d& he Tesylta RﬁﬁHiTQﬁlQﬂ%uWHEFhwﬁ%¥%?hn§§|He&&rture 15
medi um corﬂrreesemed;tﬂn;owae Pepevednandy didaamrid®l alThe Woddne serum 0.01

01008 nalyl: 5506 4BRLIAR A oGP Gl SRtTh BRI T
per cent by:q}‘dlﬁﬂﬁaeﬁ e@%ﬂi bdered Zﬂtgelaurﬁrﬁlﬂ 50)/ml Bt cohypipindge, and
- 5.0 units/y m1 SEPEi&Bue culture medium, as described above. -
Additional medium was added to bring the final volume to
50 ml.

10 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.

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 pug/ml), gentamicin (25 pg/ml),
penicillin (100 units/ml) and streptomycin sulfate (100

20 ug/ml)), and resuspended in 5-10 ml of Ycomplete 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.qg.,
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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5. The nethod of claim 1, wherein the gelatinis 1.0 percent gelatin in

wat er .

6. The nethod of claim?1," further conprising 25

additionally precoating the inner surface of the vessel with fetal
bovine serum prior to introducing the bone marrow stronal cells.
7. The nethod of claim1l1, wherein expandi ng step (c) conprises the

steps of:

| 24434

PCT/USQS/ﬂ§5§§encevghg7absence of aFGF and hepamin. This figurej)
renovi ng c(totad gedivti)awdsndetedhdres WelhaltipfyDng tbRe vesteal;
(1) addi NGy 0. AMBENL+PEnG1 2R 19Y YW &I 4040 (+/- aFGF and

10

15
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25

30

heparin) at the end of the period of establishment by the
average percentage change in cell number for the first
passage. Total growth was similarly calculated for each

- subsequent passage (Fig. 2). As shown in the graph in

Fig. 2, the culture without aFGF and heparin showed
essentially no growth. On the other hand, the culture
supplemented with aFGF and heparin showed a significant
calculated growth to over 60 x 107 cells by Ps.

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
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
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

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 50
#g/ml FUNGIZONE™ and 50 pug/ml gentamicin. The bone and
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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the- vessel (ti1) renoving cul ture nmedi um and non- adher ent

cel l and centrifuging said nmedi um and non- adher ent
cel Imlmmmumgni Q‘lﬁt of non- adher ent cells; (1v)

resuspenrdi ng ®hes et of non-adherent _cells 10 in an anmount of culture
nedlun1taken fron1the vessel to f or Aira non-adherent cell mixture; and

(v) returning the;nonya | 4yl X h 8.
The net hod of cla%n17 &h§%§§%1%ﬁ%a%ﬁ%nﬁ#éﬁhéfﬁé ?egﬁx ﬁ?ure nmedi um i n
step (ii) skFemad 1aalelsmedtlen methadefompsiksimgsvessel to resuspend the
pel l et of non- aﬁhematnﬁeid Sodx{é&ﬁ@i@réwvétﬁéﬂaf%é\ils 9.

The net hod of clal erei n st fter stromal cells
have adhered to tl‘lgs ﬁﬁg&95NQﬁﬂ9(¥hé %t¥ﬁ%a%é£§£15 1nto a Vvessg,  The
nmet hod uf priedicnatedvman can $heps snrfaamdwlth(w gblanﬂJpemﬁuined about one
week after n@&% f..cl wherein the
bone narrow:#iéﬁnﬁ %rgrgeé umh stroma QQQ %ﬁ%%#%ed 25 from
- primary adpibrabdass qx@ﬁihnfagﬁprrdﬁﬁiGW@ﬂt@@ﬂ&@@Pﬁlde: and -
(c) expanding the stromal cells in the culture

medium under conditions and for a time sufficient to

16 obtain an increased number of bone marrow stromal cells.

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 ad&itionally 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:




12
Obt a”'H“I mﬂnlﬂmﬁ mJen?denIa[ E(Td. of ac?/glr L]e?ra;[/\ﬁerel n the bone

met hod of cla m 1, wherein the bone marrow stromal cells are

marr ow

stronal celﬁs are obt ai ned from a bone marrow stromal cell culture or
froma frozen stock of bone marr ow =t ~onal cel | s. 5 14.
nmet hod of claim1l, wherein the bone marrow stronal cells are mammual i an.
15. The net hod oflXd ai Phemehedepfi tHaibode whemmsirovthe rkeme cells are

hunman.
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marrow stroh@l Hed 1%t id QltLiRed dfomVhehEhe HREBRNE

stromal cell culture or from a frozen stock of bone
marrow stromal cells.

14. The method of claim 1, wherein the bone

.marrow stromal cells are mammalian.

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

16. The method of claim 14, whereln the bone
marrow stromal cells are canlne.

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.

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
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
is fungizone at a concentration of 25 ug/ml, and the one
or more antibiotics comprise 25 pg/ml gentamicin, 100
units/ml penicillin, and 100 ug/ml st;eptomycin sulfate.
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IO—rmrrva—gtTo"rral CelTs are cani ne. 17. A conpl ete bone marrow
str “ Mlj conprising greater than 12.5 percent by vol une fetal
bovT” lmﬂ I“g Iﬁ iC f| brobI ast growth factor ("aFG") pol ypept i de,

d heparih. " . The nmedium of claim 17, conprising 12.6 to 50
per cent by vol urre fetal bOVI ne serum 2Q.01 to 100.0 ng/m aFGF
pol ypeptide, and 0.05 to 100 units/m heparin. 19. The nedi um

of claim17, comarzi Si mg Xk Encettie %eh;ctmbumnﬂehadpalm@iidm ofethone 1. 0

ng/ M aF / r n gedi um of
claim 179:]:1'%% &Fr%]( ég%%g mth 5’: cc|: dn?)%e(%} rmre gﬁ’fl bi oti cs.
21. The Negisgh cﬁoa:ﬁ:%tﬂ nmoanwmensirn snmfafqmgmmea zgel%timngmz@nébat a

concent r gt f r t [ ics conprise
25 [err] 3/ Ha%gfe)rﬂ%rsn:%‘?néigéﬁgl, %l%g-llt 21% peni c‘eﬁs}fl n, aﬁ%ﬁl%%@i[?er rjg/m

st r ept SmpOlyreRtide. and heparin.
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styomal” cells, the kit conprising (a) a culture
surface with a gelatin,
conprising an aFG- 5 pol ypepti de and hepari n.
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(87) Abstract

(54) Title: EXPANSION OF BONE MARROW STROMAL CELLS

The invention features a method for the selection and expansion of bone marrow stromal cells. The method includes the steps of
obtaining bone marrow stromal cells, introducing the stromal cells into a vessel precoated on an inner surface with a gelatin, and containing
a culrure medium includiag an acidic fibroblast growth factor ("aFGF") polypeptide, and expanding the stromal celis 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 vessel additionally can be precoated with fetal bovine serun.
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