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BXJ>ANSION OF BONE MARRQW STRQKAL CETJ.§ 

§ackground of the Invention 
This invention relates to culturinq bone marrow 

s stromal cells. 
Bone marrow is a complex and dynamic organ system 

comprised of hematopoietic cells, bone marrow stroaal 
cells, and extracellular matrix. Pluripotent sta cells 
within the bone marrow proliferate and differentiate into 

10 numerous cell types including erythrocytes and 
leuJtocytes. 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 ce11s can grow and 
differentiate. 

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

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

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

'l'he discovery of fibroblast growth factors was 
based on observations many years ago that extracts from. 

30 brain coul.d 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 meJDbers, 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 (Thoaas, supra). 
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As is the case for most growth factors, PGPs exert 
their mitogenic activity by binding to cell surface 

receptors. currently, four related FGF receptors (FGFR1-
FGFR4) have been identified. Each ·of the FGP receptors 

s exist in multiple forms and the relative affinity of aFGF 
and bFGF varies for each receptor fora (reviewed in 
Burgess et al., 1989, Ann. Rev~ Biochem, 58:575-606; 
Dionne et al., 1991, Ann. N.Y. ACad. ·sci, 638:161•166; 

Johnson et al., i993, Ac!v. cancer Res. 60:1-41). Basic-
10 and acidic FGF also differ in their response to heparin. 

In cell culture, heparin complexes with both PGPs, but 
substantially augments only the mitoq•nic activity of 
aFGP (Thomas, supra). 

Bone marrow transplantation or implantation is a 

is 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 cari be 

autologous, i.e., the patient can serve as his or her own 
donor. Alternatively, a patient could receive bone 
marrow from a bistocompatible donor. To date, however, 
conditions for culturing bone marrow, particularly bone 

2s marrow stromal cells, which could be transplanted and 
used in numerous qene therapies, have not been optimized • 
. A major obstacle to qene therapies that are based on the 
modification of stromal cells is theprocure11ent of 
therapeutically useful numbers of strOlllal cells. 

30 Consequently, despite 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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REPLACED ..... _ ...... --····· ....... Summary of the Inyention 
The invention is a novel method for culturing bone 

marrow stromal cells, and is based on the discovery that 
acidic FGF (aFGF), or a combination of aFGF and heparin, 

s significantly enhances the establishment and subsequent 
expansion of bone marrow stromal cells. By employing 
this method, bone _marrow stromal eel.ls can be expanded in 
culture to previously unprecedented levels that are 
clearly beneficial for therapeutic uses. Thus, this 

io 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 109 , bone 

15 marrow strollal cells. The method includes the steps of: 
(a) obtaining bone marrow stromal cells, e.9., 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 containiDCJ a culture medium including an acidic 
f'ibroblast growth factor ( 11 aFGF") polypeptide; and (c) 
expanding the stromal cel.l.s in the culture medium under 
conditions and for a time sufficient to obtain an 
increased number of bone marrow stromal cells. In this 

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

30 Xn particular, the culture medium can include 1.0 
to 50.0 percent by volume fetal bovine serum, 0.01 to 
100.0 nq/-.J. aFGF polypeptide, and 0.05 to 100 units/al 
heparin polypeptide. Xn a specific embodiment, the 
culture medium includes 16.0 percent by volume fetal 

. :-:.··;-· 
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· ··--· -···· ·········-·· -· ·bOvliie ·-serum, 1. o nq/ml aFGF polypeptide, and 5. o 

units/ml.heparin.polypeptide. 

In a preferred aspect of the invention, the 

expansion step (c) includes the steps·of: (i) removinq 

s culture medium and non~adherent cells from the vessel; 

(ii) adding an amount of fresh culture medium to the 

vessel; (iii) removing cuiture·ineaiumand non;..adherent 

cells from the vessel and.eentrifuging the medium and 

non-adherent cells to foria·a pellet·of ·nem-adherent 

10 cells; (iv) resuspendinq the pellet of nan-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 :tresh culture me~ium: in step (ii) and 

is culture medium taken from the vessel to resuspend the 

pellet of non-adherent cells instep (iv) can be equal. 

in.particular, step (i) C::an be· performed after stromal 

cells have adhered to the' inner surface ~f 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 avertebrate, e.g., a 

11Hu11aal; living or not, or can be obtained from bones 

25 removed from a vertebrate, •·CJ·, a hmnan, primate, cow, 

dog, pig, or other animal. The bone marrow stromal cells 

also can l>e obtained•frmi a-bone·marrow stroaal cell 

culture or from a frozen stock of bone marrow stromal 

cells. 
30 · The invention aiso·features a complete bone marrow 

stromal cell aedium including greater than 12.s percent 

by volm fetal bovine serum, an acidic fibroblast qrowth 

factor (•aFGP.") polypeptide, and a heparin polypeptide. 

In particular, the medium can include 12.6 to so percent 

35 by volume fetal bovine serum, o. 01 to 100. o ng/ml aFGF 

II 

.. 
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polypeptide, and o.o5 to 100 units/ml heparin 
polypeptide. In a specific embodiment, the medium 
includes 16 percent by volume fetal bovine serum, 1.0 

ng/ml aFGF, and s.o units/ml heparin. The medium can 
s further include a fungicide, e.g., funqizone at a 

concentration of 25 pg/ml, and one or more antibiotics, 
e.g., 25 pg/ml gentamicin, 100 units/ml penicillin, and 

100 µg/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 aore culture vessels 
coated on an inner surface with a gelatin, e.q., 1.0 

percent gelatin in water, and a bone :marrow stroaal 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 
separate1y. 

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 tbe naturally occurring aFGP protein and which has 
substantially the same function as the natural or full­
lenqtb recombinant aFGF as described herein with respect 
to bone marrow stromal cells. 'l'hus, the term includes 

25 recombinant aFGF (e.g. , manufactured by Life 
Technol.ogies, Inc., Grand Island, N.Y.; #13241-013), 
•aFGF analogues,• i.e., nutant forms of aPGF, and natural 
or synthetic polypeptide fragments of the full-l.enqth 
aPGF protein and analogues, as l.ong as these analogues 

lO 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 aethods described l>elow. 

35 Acidic PGF analogues and fragments that do not provide at 

·------------. 
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least 107 cells with these methods are not within the 
present invention. 

Similarly~ a "heparin polyJ)eptide" is any 
polypeptide tl\at has· an amino·'-cid sequence that is the 

s same as, or substantially identical to·; ·· all or a portion 
. . 

of the naturally occurrinq heparin protein and which has 
substantially the same· function as the natural heparin as 
described herein with respect· to·· bC>ne marrow stromal 
cells. Thus, tlte· tera includes natural heparin or 

10 chemically 1110ciified naturai heparin, e.g-~, sodium heparin 
(ElkinsSinn, Xnc. , Cherry Hill·,· NJ) , ·· recombinant heparin, 
"heparin .~a:iogues, Ii i.e., mutant forms of··, heparin, and 
natural or synthetic polypeptide fragments of the :full­
length heparin protein and analogues, as·· 1on9·· as· these 

1s analogues and fra9J1lents-~ve substantial.ly the same 
function as natural heparin with respect to bone marrow 
strolllal cells as described herein. The heparin function 
can be assayed using.the culture methods described below. 

By "polyPeptide" is meant any chB.in cf amino 

20 acids, regardiess of length ·or post-translational 
modification, e.cj., qlycosylation, phosphorylation, or 
chemical modification, and thus includes natural and 
synthetic peptides and proteins. 

By •imutant form" of · aJ'GF or heparin is meant a 

2s polypeptide that includes any Chanqe in the amino acid 
sequence compared to the naturally occurring protein, as 
long as th~ mutant form has substantially the same 
function as the natural or full-length recombinant 
protein as described herein with respect to bone marrow 

30 stroma1 cells. · These chanqes can arise, e • q. , 
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 form& of excbanqe of genetic 
information encodinq the aFGP polypeptide. Mutations can 

35 include, ·for exaJIPle, substitutions, deletions, 

li1iiiiUf 

.• 

·. ·_,,_:._·:.·:.•:.'._·:· .. ,_:•:·.: 
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insertions, inversions, translocations, or duplications. 
The mutations are preferably conservative substitutions, 
e.9., substitutions within the followinq groups: glycine 
alanine; valine, isoleucine, leucine; aspartic acid, 

s g1utaaic 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 amino acids, then they are identical at that 
position. Thus, by •substantially identical• is meant an 
amino acid sequence that is at least sot, preferably est, 
aore 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. 
Zdentity of amino acid sequences is typically measured 
usinq sequence analysis software (e.g., Sequence Analysis 
so~tware 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 mul.tiply to obtain a greater nUJDbe.r of 
cel1s at the end of the expansion than at the beginning 
of the expansion. 

As used herein, a •passage" is the process whereby 
calls 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 cul.ture vessels, such as 

35 plates or flasks, in such a way as to provide the eel.ls 
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with a greater total surface area on which to grow and 
divide than they had access to previously;.: This may be 

done by increasing the number of. vassels. Por example, 
the cells growing in one vessel may be· detached,. 

5 collected, resuspended, and distributed to two or more 
vessels.·· This process also includes providinq the cells 
with a volume ot tissue culture medium that supports 
cellular growth and d-ivision. 

unless otherwise defined, all technical and 
10 scientific terms used herein have the· same meaning as 

c0111Doilly understood by one of ·ordinary skil'l in ~e art 
to whieh this invention belongs.· Although methods and 
materials similar or· equivalent to those described herein 
can be used in the practice or testing or the present 

1s invention, the preferred inethOds and·material.s are 

described below. Xn addition, the materials, nethods, 
and examples are illustrative only and not intended to be 

liniting. 
Other features and advantages ·of the invention 

20 will be apparent frOD ·the following detailed description, 
and from the claiDS. 

erief Descript.i90 of theDrayinas 
Pig. 1 is a graph depicting the growth of bone 

marrow st:romal cells cultured. in the presence or absence 
2s of aPGP 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 C\1ltured in the presence or 
absence of aFGPandheparin. 

30 Fiq. 3 is a graph depicting·tbe in vitro 
expression and secretion of human growth hormone· (hGB) by 

transfected canine bone marrow stromal cells. 

Detailed.Description 

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

s was mOdified with acidic fibroblast growth factor (aFGF) 
and heparin and was renewed according to a particular 
reqimen. Usinq 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 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 qrowth hormone 

15 (bGlt) by transf ected canine bone marrow stromal cells in 
vitro. 

Method of culturing Canine Done Marrow Strqnal Ce~ls 
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 ~q/ml fungizone; 50 

2s µg/m1 gentaaicin; 100 units/ml penicillin; 100 ~g/ml 
streptomycin sulfate). Approximately 10-15 al.s of ~one 
marrow aspirate was added to each tube of aedium and the 
mixture was kept on ice. 

Nucleated cells were prepared from the bone marrow 
30 samples by standard Picoll cushion technique. Briefly, 

15 ml of FICOLL-PAQUE• (Pharmacia Biotech) was placed in 
a so ml conica.l tube and one half of each of the 
marrow-mediwa samples was carefully l.ayared on top of the 
Ficoll. The samples were centrifuged at 400 x 9 for 30 

iilil~ii 
''Nii iilBa ............... WWWOW.,.,.,.• .... --. ___ .,,. . .,.."=''OSl!V"'.'l"f'••":.•""• ,_r ____ _ 
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:minutes at·1s 0 c with the brake off· so.that the centrifuge 
head.decelerated· slowly after the~elapsedtime. The top 
layer of the resultant preparation, which contained cell­
:free medium, was· removed am discarded. The middle 

s layer,·which eoritained nucleated.cells, was carefully 
collected and placecl into·afreah so ml tube containinq 
20 ml o~ tissue culture :medium, as described aboVe. 

·Additional medium wa·s added to brinq the final volume to 
so ml. 

10 The nucleated ce11s·1nclucie the.bone-marrow 

15 

stromal cells. However, the stromal cells represent only 
a am.all fractio~, i.e., about one in one thousand, of the 
total number of nucleated bone marrow cells obtained in a 
bone marrow aspirate• . 

The nucleated cellswere·collected in a pellet by 

centrifugation at 100 x q for 10 minutes. 'l'he cell 
pellet was was~ed with tissue culture medium (RPJU or 
DllBM with fungizone -(25 11g/ml), qentamic:~n ·c2s l'q/al), 
penicillin (100 units/ml) and str~ptomycin sulfate (100 

20 "9/•l)), and resuspended in s-10. ml of .••complete bone 
marrow strcma-1 cell medi1111• ("complete· :medium") • A:tter 
resuspension the eel.ls were.counted. 

Generally, the complete bone marrow B~Olllal medium 
contains the following inqredients in the f ollowin9 

25 ran9es of amounts or concentrations. DMEM with 1 to sot 
fetal bovine serwa(FBS)., praferablygre~ter than 12.st; 
0.01 to 100 ng/al ·of an aFGF. polypeptide, e.9. 1 

reCOJDbiliant al'GP; o.os to 100 units/ml of a heparin 
polypeptide, e.g., sodium h.eparin; .o.2s to 250. pg/ml of 

30 fungizcme; o. 25 to 25:0 pg/al. of qentamicin; 1 to 1000 
units/Jil. penicillin;. and 1.to ~ooo p.g/ml of streptOJDycin 
sulfate. AS used. in the experiments described below, the 
complete mediwa contained DMEM with 16 percent by volume 
heat•inactivated FBS, aFGP (1 nq/al), heparin (5 

35 units/ml), funqizone (25 µq/:ml), gentamicin (25 µg/ml), 
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penicillin (100 units/ml), and streptomycin sulfate (100 
pg/ml). 

Tissue culture flasks (TlSO cm2 ) are preferably 
coated initially with qelatin and FBS. Specifically, a 

s solution of qelatin (Sigma; 1% in water) was added to 
each flask until the bottom of the flask was just 
covered. The excess was removed and the flasks were left 
undisturbed, bottom side down, at room temperature for at 
least 30 minutes. 'l'be flasks can be refriqerated at this 

10 point for later use. Heat-inactivated PBS was then added 
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. 
!l'he flasks can be used at this point or refrigerated. 

15 Tbe nucleated cells of the bone marrow, prepared 
as described above, were added to the prepared flasks at 
approximately 1 x 108 cells/T150 flask. The cells were 
incubated in 15 mls of complete bone marrow medi~, at 
33°C, in the presence of 5% co2 • After 3-4 days, or when 

20 the stromal cells have adhered to tbe inner surface of 
the tissue culture vessel, 15 ml of fresh compl.ete 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 f1ask which 
contains non-adherent cell.s, was removed, and 15 ml of 
fresh coap1ete medium was added to the flask. The non­
adberent ce1ls were pel1eted by centrituqation at 500 x q 

for 5 minutes, resuspended in 15 ml of conditioned aedium 
30 and returned to the original :flasJc. Thus, the non­

adherent cells were returned to the ~lask and the medium 
was cha119ed in such a way that it contained one part 
:fresh medium and one part conditioned medium. 

rn general, the key to this regimen of cell 
35 culture is to: (1) coat the inner surface of the tissue 
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culture vessel with a solution of gelatin, (2) keep 
returning the non-adherent cells to the culture when 
exchanging the medium, (3) add medium that contains 
sufficient nutrients·· to sustain grow't.h without removing 

. . 

s all of the substances secreted by· the bone marrow cells, 
which enhance· their growth, (4) supplement the tissue 
culture Hdium with aFGF, and (5) suppleJaent the tissue 
culture medium with ·heparin. 

This process~ where the non-adherent cel1s 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 iaonolayer of adherent 
cells bas formed. once the 11onolayer of bone marrow 
strmal cells developed.~ the cells were. paas.lq&d by 

1s aplittinq them 1:2 or 1:3 into fresh flaska. At this 
p0int, and from this point on, the.flasks for additional 
passages were coateci··with gelatin, but not with :ns. :rt 
1s·a1so no longer necessary to feed the established 
stromal cells with conditioned mediwa or to return 

20 non-adherent cells. to the culture. The cells can be 

passagect in this manner at least 8 times or more. 
Thia 11eth0d can be used to select and eXpand 

canine or human (or" other vertebrate) bone marrow stromal 
cells, to d*Velop a total cell nUln))er of more than 108 , 

2s and even aore tban 3 x 109 in vitro, from bone aspirates 
of bldividual sUbjects. other techniques for obtaining 
bona marrow can also be·usad. The bone marrow stromal 
cells obtained from doqs by this method exhibit the 
characteristic aPl>earance of tibroblast-like bone marrow 

30 stromal cells• Given that the success of qene therapy 
depends on the cellular production of adequate levels of 
the transgene product, which can be quite low, the 
ability to eltpand stroaal cells in culture to io8 to 109 

or more represents a substantial improvement. 



W097/24434 PCT/US95/J7073 

- 13 -

Although stromal cells from primary canine bone 
marrow aspirates could establish themselves in culture at 
PO (Passage O), whether or not aFGF and heparin were 
present, only cells grown in the presence of these two 

s factors continued to grow well after the first or second 
passage. In addition, the cells grown with aFGP and 
heparin maintained the fibroblast-like atroaal cell 
morphology longer than stromal cells .carown 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 1>e grown 

1s 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 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, P1) 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 106 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 106 cells were passaged into PJ flasks. 
The number of cells passaged was reduced at this point 
because the number of cells cultured in the absence of 

30 aPGP and heparin was limiting; onl.y 1 x 106 eel.ls were 
available for re-seeding. All flasks WJire re-seeded with 
:this number of cells so that each flask continued to bold 
a COlllparably sized population. 
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Passage 3 (P3) cells were harvested 8 days after 
seeding and 1 x 106 cells were seeded into P4 flasks. 
The cells continued to be passaged and were counted 
carefully each time they were harvested and re-seeded. 

s 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 wereqrown 
without these factors (14 days) ;. 

By comparing the number of cells obtained when the 
io cells were.harvested. at the end of each passage with the 

nWlber of cells seeded into the flasks at the beqinning 
of each passage,· a percentage change in cell number was 
determined. A positivenumber indicates an increase in 
cell number, a negative number indicates a decrease in 

15 cell number~ and a zero value indicates no chanqe in cell 
number. · Adherent stromal. cells were established in 
all flasks of p;rimary cultures (PO). A higher cel.1 count 
was found at the end of PO in flasks lacking aFGF and 
heparin (Pig. 1). Although both groups of cells 

20 expanded during P1, the growth of. cells cultured in the 

presence of aFGF and heparin was ·2.s-fold greater than 
cells grown in the absence of aFGF and heparin. Perhaps 
more importantly, cells cultured with.aFGF and heparin 
continued to qrow in number durinq passages 2, 3, 4, and 

25 5 while cells cultured without aPGF and heparin grew very 
poorly or not at all durinq these passages. 

'l'he negative numbers in Fig. 1 for all flasks 

durinq PO ref1ect the fact that bone marrow strmnal cells 
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 
marrowstromalcells in vitro. 

'l'he total 9rowth of bone marrow strOJDal cells 
35 obtained from dog ALG-5 was also calculated in t!le 
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presence and absence of aFGF and heparin. This figure 
(total qrowth) was determined by multiplying the total 
number of stromal cells in each flask (+/- aFGF -and 
heparin) at the end of the period of establishment by the 

s 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 aFG!' 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 107 cells by P6. 

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

1s aFGF and heparin maintained a fibroblast-like morphology 
over a nwnber of passages while the cells cultured 
without aFGF and heparin changed to a flattened 
•orphology 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. 

Metbod of culturing Buman BQDe Harrow str011al Cells 
Buman bone marrow was reaoved from femoral heads 

25 that were discarded durinq hip replacement surgeries. 
Other techniques for obtaining bone JDarrow can also :be 
used. 'l'he bone marrow was put into tubes containing 
tissue culture medium, such as RPJa or DMEM containing so 
p.g/ml fungizone and 50 11g/ml gentamicin. The bona and 

30 tissue suspended in the medium were finely minced using 
sterile scissors, cantrifUged at 500 x q for 10 minutes 
and resuspended in tissue culture medium containing 16t 
heat-inactivated FBS by gently inverting the tube. 
Larger bone and tissue fragments were then allowed to 
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settle to the bottom of the tube over the course of about---
1 minute. The supernatant·containinq suspended cells was 
carefully removed and centri.fuqed at soo x q for 10 

minutes. The cell" pellet was.washed once by 
s centrifugation in complete bone 1118.rrow--stromal cell 

aedium, resuspended in.: __ fresh complete medium, and the 

cells were counted. These-primary bone marrow cells were 
initially cultured in flasks that--were pretreated with 
gelatin and PBS;_as-described above for-dog bone marrow 

10 stromal cell cultures, at_ 1 x 108 cells/T150 flask. 
·Human bone marrow strOJDal cells were.selected and 

expanded 1n vltro using- the same techniques and complete ·- ·­
medium- that are described above. In addition,.amall 
fraC)Dlents of the buman·femoral .,ones were introduced into 

1s prepared tissue culture flasks that contained complete 
medium. Bone •arrow stroaal cells grew out. of these 
fragments, adhered to tbe flasks,: and were. treated 
subsequently in .the same way. as other !;>one marrow- stromal 
cells. Human bone marrow,stromal..,.cells were selected and 

20 expanded from primary 11arrows. derived from several 
individuals and cells were exi)anded to, at least 2 x 108 

cells. 

25 

In v1 tro. ~res~19n._Jln(l ~ec;~tj_on of Bwnan... Growth 
Hgrmgne by Transfected~~gmin@ Bone Marrgw StroiD.al Cells 

. . . -· .. . 
To determine whether bone marrow stomal cells that 

were gr~ ac~rdi.nq to ~e metbodadescribed above could 
.. . 

be tr~stected, the.plasmid expres~ion vector pETKhGH was 
prepared and tran~~ected into ·'canine stromal cells using 
standar4 techniques. Th• dog model is an accepted aniaal 

30 model of the human bone marrow system-,. and :results in dog .. 
_studies are reasoD.ab1y _predictj_ ve of efficacy in human 
patients. 

The vector was constructed from plasmid pTICGH 

(Selden et al., 1986, Kol. Cell Biol.,.6:3173-3179), 
35 which is comprised of the human growth hormone_ (hGH) 
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gene, includinq introns, under the transcriptional 
regulation of BSV thymidine kinase (TK) promoter 
sequences (Nichols Institute Diagnostics, San Juan. 
Capistrano, CA). In addition, a 179 base pair FokI-PvuII 

s restriction enzyme fragment from the SV40 enhancer was 
tailed with HindIII sites by PCR us~ng a derivative of 
the pSV(E)-HLP plasmid (Hurwitz et al., 1987, Hue. Acids 
Res. 15:7137-7153} as a template, and cloned. into the 

HindIII site of pTXGH just upstream ot the TK promoter. 
10 The pBTKhGH planid 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 stroaal cells were transf ected 
with pE'.l'.I<hGH ·by either the CaP04-DNA coprecipitation 

1s method, using the MBS Mammalian Transfection Kit 
(Strataqene Cloning Systems, La Jo1la, CA), or the 
cationic l~pid-DNA complex method using LIPOFECTAMI:NE• 
reagent and OP'.n-MEll9 I: reduced-serum medium (Life 
'l'echnologies) according to the manUfacture's instruction. 

20 The Ca.P04 method was used to transfect cells obtained 
from dog ALG-3 and the lipof ection method was used to 
transfect cells obtained from dog ALG-9. DNA was 
:transfected by the caPo4 method into 3.2 X 106 cells one 
day after they were seeded into a T150 flask at P2. The 

25 cells were transfected with 150 11CJ of pBTI<hGH pl.asmid for 
24 hours. 'Rheae cells were growing actively and 
displayed a fibroblast-like morphology. 

DNA was transfected by lipofection into 1.2 X 106 

cells one clay 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 •orpho1ogy had 
chanqed so that the cells appeared more flattened and 
spread out. These cells were transfected for six hours 
with 40 µq of pETIQlGH plasmid in a total vo1ume of 4.28 
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ml of OPTI-MEM• containing 0.24 -ml of "LIPOFECTAM'INE• 
reagent. 

:Levels of hGH secretion were determined by 

radioimmunoassay ·-• (RIA) using' bGH•TGES kits (Nichols 
s Institute Diagnostics). The results are eXJ)ressed as the 

mean of dU:piicate measurements~ Both early (P2) and late 
(P6l passage canine stromal cells e:xpressed and secreted 
high levels of -_the hGH transgene product -after 
transfectiori with---the· expression·-plaimid pBTKhGH (Piq. 

io 3). The absolute -levels of hGH expression yaried, · 
depending on the individual aniaal tested, tbe numl:>er of 
times the cells bad bt!•n passaged, and the method of 
transf ection. 

As.shown in Fig. 3, the absolute-level of hGB 
1s expressed by the cells from dog·ALG~3 varied from over 1 

to about 2.5 pg/24.hr/106 ce11s. The-absolute level of 
hGHeXpre.issed :by the cell.s from dog ALG-9 varied from 
al.aost 3 to about 5 p.q/24 hr/106 cells from· P6 to p7, and 
then- dropped to about 0.5, and then down to alme>st zero 

20 in Pa and·. P9, respect! vely. 

- pther Jimhpdiments 
In other embOdi:ments of the invention, bone :marrow 

stromal cells can be cryopreserved either before or after 
expansion· in- tissue culture. 

2s To cx-Yopreserve.priaary aspirates of bone marrow, 
nucleated cells are prepfired using the Ficoll gradient 
techniqUe described above, and suspended in 50ti :mediwa, 
soi P'BS at a denaity of, e.q.; 2 to- s x 107 cells/ml. An 

amount, e.g., 900 pl, o~ this· suspension~ is aliquoted 
30 into vials, e~q., 2 :ml sterile cryoqenic vials (Corninq 

#25704), with ·100 µl of DMSO. The vials are.stored at -
so•c for 24 hours, and then transferred to a -1so•c 
freezer or to_ liquid nitroqen tanks for lonq-term. 
storage. 
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To c:ryopreserve stroaal cells growing in culture, 
the media is aspirated fro• the tissue culture vessel, 
and the cells are rinsed once with Dulbecco's phosphate 
buffered saline (Gibco 14190-144). The cells are then 

s detached from the surface of the flask or plate with a 
solution of trypsin-EDTA (0.054 trypsin, 0.53 JIM BDTA; 
Gibco 25300-062). The trypsinization is stopped by 
addinq an equal volume of medium, and the cell suspension 
is centrifuged at 500 x q until the cells are pelleted. 

io The pelleted cells are resuspended in medium, e.g., 3 ml, 
and counted. The cell density is adjusted to l x 106 

calls/ml with medium containing 1ot dimethyl sulfoxide 
(DMSO; Sigma D-8779). The cells are aliquoted, e.q., by 
1 ml volumes, into sterile cryogenic vials (Corninq 

is #25704), and immediately stored at -80°C overnight. 
After 24 hours, the vials are transferred to liquid 
nitrogen tanks or to a -1so•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 JDl of cell suspension is p1aced in a 250 ml 
centrifuge tube and centrifuqed at 500 x q in order to 
peliet 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 syrinqe fitted with an 18 gauge needle. Five ml 
of DMSO is then added, and the pack is stored at -so•c 

30 overnight. After 24 hours, the pack is transferred to 
iiquid nitrogen tanks or to a -1so•c freezer for long­
term storage. 

zt is to be understood that while the invention 
has been described in conjunction with the detailed 

35 description thereof, that the foregoinq description is 

"""""---------··-···-·-···--------· -
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intended to i-llustrate and not limit the scope of the 
invention, which is defined by the "scope "of the appended 
claims. Other-aspects, advantages,_and·modifications are 
within the scope of the following claim&. 

s What is claimed is: 
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1. A method for the expansion of bone marrow 
stromal cells, the method comprising: 

(a) obtaininq bone marrow stromal cells; 
(b) introducing the stromal cells into a vessel 

s pre-coated on an inner surface with a gelatin, and 
containing a culture medium comprising an acidic 
fibroblast growth factor ("aFGF") polypeptide; and 

(c) expanding the stromal cells in the culture 
aediwn under conditions and for a time sufficient to 

10 obtain an increased number of bone marrow stromal cells. 

2. The method of claim 1, wherein said culture 
aedium further comprises at least o.os units/ml of a 
heparin polypeptide. 

3. The method of cl.aim 2, wherein said cul.ture 
is medium comprises 1. o to 50. o percent by vol.ume fetal 

bovine serum, 0.01 to 100.0 ng/ml aFGF polypeptide, and 
o.os to 100 units/ml heparin polypeptide. 

4. The method of claim 3, wherein said culture 
aedium coaprises 16.0 percent by volume fetal bovine 

20 serum, 1.0 ng/ml aFGF polypeptide, and s.o units/ml 
heparin polypeptide. 

s. ~e method of claim 1, wherein the ge1atin is 
1.0 percent gelatin in water. 

6. The aethod of claim 1, further comprising 
2s additiona1ly precoating the inner surface of the vessel 

with feta1 bovine serum prior to introducing the bone 
aarrov stromal cells. 

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

This Sheet Has Been R 1 

/111/lliacoo 
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(i) removing culture medium and non-adherent cells 
from the vessel; 

(ii) adding '!-n amount of fre:sh·culture medium to 
the vessel; 

5 (iii) removing culture medium and non-adherent 
cells from the vessel and centrifuqinq said :medium and 

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

(iv) resuspendinq the pellet·or non-adherent cells 
10 in an amount Of culture· medium taken frolll the Vessel to 

form a non-adherent cell mixture; and 
(v) returning the non-adherent cell mixture to the 

vessel. 

a. The methOd of claim 7, wherein the amounts of 
15 fresh culture medium instep· (ii).and culture medium 

taken from the vessel to resuspend the pellet of non­
adherant cells in step (iv)· are equal. 

9. The method of claim 7, wherein step (i) 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. '.rhe method of claim 1, wherein the bone 
marrow stroaal cells are fresh stromal cells obtained 

25 fr01ll primary aspirates of bone marrow from a vertebrate. 

12. The method of claim 1. wherein the bone 
marrow stromal cells are obtained frcm bones removed from 
a vertebrate. 
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13. The method of claim 1, wherein the bone 
marrow stromal cells are obtained from a bone marrow 
stromal cell culture or fron 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, wherein the bone 

10 marrow stromal cells are canine. 

17. A complete bone marrow stromal cell medium 
comprising greater than 12.s percent by volume fetal 
bovine serum, an acidic fibroblast qrowth factor ("aFGF") 
polypeptide, and a heparin polypeptide. 

15 18. The medium of claim 17, com.prising 12.6 to 50 

percent by volume fetal bovine serum, 0.01 to 100.0 nq/ml 
aFGF polypeptide, and o.os to 100 units/ml heparin 
polypeptide. 

19. The medium of claim 17, comprising- 16 percent 
20 by volwae retal J:x>vine serum, 1.0 ng/m1 aPGF, and s.o 

units/ml heparin. 

20. The medium of claim 17, further comprisin9 a 
fungicide and one or more antibiotics. 

21. The meclimn of claim 20, wherein the fungicide 
2s is fun9izone at a concentration of 25 p.g/ml, and tbe one 

or more antibiotics comprise 25 µg/ml 9entamicin, 100 
units/ml penicillin, and 100 µ9/ml strepto•ycin sulfate. 
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22. A kit for the sele·ction ·and expansion of bone 

marrow st:romal cells, the kit comprising (a) a culture 
vessel coated on an inner surface with a gelatin, and (b) 
a bone marrow stromal cell mediwa comprising an aFGF 

s polypeptide and a heparin polypeptide. 

·. 


