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The means used to deliver medically useful
substances can significantly affect their efficacy. The
standard route of administration for many such substances

10 is either oral, intravenous, or subcutaneous. Each has
inherent limitations which can affect the therapeutic
utility of the substances being delivered. For example,
many protein-based drugs have short half-lives and low
bicavailabilities, factors that must be considered in

15 their formulation and delivery. Although various devices
have been developed to deliver medically useful
substances, including portable pumps and catheters, there
is still a significant need for improved delivery
devices.

20 Many medically useful substances, including
proteins, glycoproteins, and some peptide and nonpeptide
hormones, are more efficiently produced by cultured cells
than via artificial synthetic routes. Appropriate cells
are typically cultured in bioreactors, and the desired

25 product purified therefrom for administration to the
patient by standard means, e.g. orally or by intravenous
or subcutaneous injection. Alternatively, the cells may
be implanted directly into the patient, where they
produce and deliver the desired product. While this

30 method has a number of theoretical advantages over
injection of the product itself, including the
possibility that normal cellular feedback mechanisms may
be harnessed to allow the delivery of physiologically
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some cases to ensure e implanted cells remain

localized to a defined site in the patient’s body, so
that they can be monitored and perhaps removed when no
longer needed.
One technigque that has been tested for this
15 purpose utilizes an implantation device consisting of a
solid, unitary piece of collagen gel (a "collagen
matrix”) in which the cells are embedded (e.g., Bell,
U.S. Patent No. 4,485,096). Other substances, such as
polytetrafluoro-ethylene (PTFE) fibers (Moullier et al.,
20 Nature Genetics, 4:154, 1993; WO 94/24298), may be
included in the collagen implant to impart strength or
other desirable characteristics to the collagen gel.

Summary of the Invention
It has been found that the function of collagen
25 matrices can be substantially improved by the addition of
microspheres to the collagen matrix, thereby forming what
is herein termed a *hybrid matrix”. This may be
accomplished by mixing microspheres with the cells and
scluble collagen prior to gelling of the collagen to form
30 the matrix. If desired, the microspheres and cells can
be cultured together for a period which permits the cells
to adhere to the microspheres before addition of the non-
gelled collagen solution; alternatively, the three
constituents can be mixed essentially simultaneously or
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10 herein termed a "hybrxd collagen matrix®.

The invention thus includes an article or device
having a body made of matrix material that includes
insoluble collagen fibrils, and disposed within the body:

{a) a plurality of vertebrate cells (particularly

15 mammalian cells such as cells derived from a human,
chimpanzee, mouse, rat, hamster, guinea pig, rabbit, cow,
horse, pig, goat, sheep, dog, or cat); and

(b) a plurality of microspheres (or beads), each
of which consists primarily of (i.e., greater than 50% of

20 its dry weight is) one or more substances selected from a
list including collagen (preferably type I collagen),
polystyrene, dextran, polyacrylamide, cellulose, calcium
alginate, latex, polysulfone, and glass (e.g., glass
coated with a gel such as collagen, to improve adherence

25 of cells). Generally at least 70%, and preferably at
least 80% (most preferably between approximately 90% and
approximately 100%, e.g., at least 95%) of each
microsphere’s dry weight is one or more of the listed
substances. Commercial examples of microspheres which

30 are described as consisting essentially of purified
collagen include ICN Cellagen™ Beads and Cellex
Biosciences macroporous microspheres. The microspheres
are preferably of a porous consistency, but may be

. smooth, and typically have an approximately spherical
35 shape with a diameter of approximately 0.1 to 2 mm (e.qg.,
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i mpl ant ed i nt o tA® d331red cellular product can be recovered for
purification and the preparation of a pharmaceutical
agent. The cells may be derived from one or more cells
removed from the patient, and preferably are transfected
15 cells containing exogenous DNA encoding one or more
medically useful polypeptides such as an enzyme, hormone,
cytokine, colony stimulating factor, angiogenesis factor,
vaccine antigen, antibody, clotting factor, regulatory
. protein, transcription factor, receptor, or structural
20 protein. Examples of such polypeptides include human
growth hormone (hGH), Factor VIII, Factor IX,
erythropoietin (EPO), albumin, hemoglobin, alpha-1
antitrypsin, calcitonin, glucocerebrosidase, low density
lipoprotein (LDL) receptor, IL-2 receptor, globins,
25 immunoglobulins, catalytic antibodies, the interleukins,
insulin, insulin-like growth factor 1 (IGF-1),
parathyroid hormone (PTH), leptin, the interferons, nerve
growth factors, basic fibroblast growth factor (bFGF),
acidic FGF (aFGF), epidermal growth factor (EGF),
30 endothelial cell growth factor, platelet derived growth
factor (PDGF), transforming growth factors, endothelial
cell stimulating angiogenesis factor (ESAF), angiogenin,
tissue plasminogen activator (t-PA), granulocyte colony
stimulating factor (G-CSF), and granulocyte-macrophage
35 colony stimulating factor (GM-CSF). Alternatively, the



5 animal, e.g., a mammual such as a human patient, or may be desi gned
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PCT/ US96/ 17114 include adipocytes, astrocytes, cardiac muscle cells,
chondrocytes, endothelial cells, epithelial cells,
fibroblasts, gangliocytes, glandular cells, glial cells,
15 hematopoietic cells, hepatocytes, keratinocytes,
myoblasts, neural cells, osteoblasts, pancreatic beta
cells, renal cells, smooth muscle cells and striated
muscle cells, as well as precursors of any of the above.
If desired, more than one type of cell can be included in
20 a given matrix. The cells may be present as clonal or
heterogenous populations.

The collagen in the matrix material is preferably
type I, but may be any other type of collagen. The
matrix material may optionally include two or more types

25 of collagen (e.g., selected from types I, I1I, III, IV, V,
VI, Vvii, viii, 1xX, X, and XI), as well as any additional
components that impart desirable characteristics to the
resulting matrix: e.g., agarose, alginate, fibronectin,
laminin, hyaluronic acid, heparan sulfate, dermatan

30 sulfate, chondroitin sulfate, sulfated proteoglycans,
fibrin, elastin, or tenascin. Any of the above mentioned
collagenous and non-collagenous components may be derived
from human sources or from another animal source. One
could also include collagen or non—-collagen fibers

35 disposed within the device. Such fibers can, for




- 5- exogenous DNA can be a regul atory sequence that wll activate
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in a given time period is typically significantly higher

15 (e.g., at least 50% higher, preferably at least 100%
higher, and more preferably at least 200% higher) than
achieved with a standard collagen matrix of equivalent
volume.

The hybrid matrix of the invention is generally

20 prepared by a process that includes the following steps:

forming a mixture that includes (a) a plurality of
vertebrate cells; (b) a plurality of microspheres, each
of which consists primarily of one or more substances
selected from the list consisting of collagen,

25 polystyrene, dextran, polyacrylamide, cellulose, calcium
alginate, latex, polysulfone, and glass; and (c) a
solution comprising soluble collagen;

causing the soluble collagen in the mixture to
form a gel of insoluble collagen fibrils in which the

30 cells and the microspheres are embedded; and

exposing the gel to culture conditions which cause
the gel to become smaller by the exclusion of liguid,
thereby forming the body of the article. Gelation is
typically triggered by raising the pH of the relatively

35 acidic collagen solution to above 5, e.g., by addition of



W0. 97/ 15195 PCT/ US96/ 17114

- G- exanple he nmade of a material that jncludes nylon, dacran,

pol yt etraf |l uoro- et hyl ene, polyglycolic acid, pol yl acti c/ pol ygl ycolic
aci-d pol ymer m xtures, pol ystyrene, polyvinylchloride co-pol yner, cat

gut, 5 cott 9{ , polyester, or silk. Lar ge F,;,ﬁlﬁf
cells can be contained within the hybrid matrices. For exanple, hybrid
matri ces can be prepared which contain at | east approximately two (and
preferably approxinmately three) tines as many cells as 10 nmatrices prepared
w th soluble collagen al one, assum ng ~thhe nunber of cells inocul ated and

the initial production vol unme are equivalent. The total anmount of
pol ypeptide  congeptratiedy hufifereq §ué#§€edéediﬁma.!ﬁ%ﬁﬁ?ﬂﬁﬁnﬁh? mat ri x

in a given ti méolnégeﬂ ESrhy Pirstluple Fibkiiaant | whéh ofieis l-ﬂ:d;e ig; at | east

50% hi gher, .gh gq?% ¥nat
| east 200@6h|g%%?%§ Yalt l§ ﬁ%égg MAfhg ed ?%%é colT'agen natrlx %f
equi val ent dotendor of the m°1theGHPBFPélﬁaFPPxcﬁﬁt¥4ﬁ¥%9ﬂuﬂﬁ|99¢

general Iy 20spgepaigdebyectdd asethel klllsndhudne hbetdxd,) aiivh %ttcla&h

formng a mxtyrestbak bpel s (Al BeUe8! Lhtepler +d/ Y A colls: (b)

a plurality of “m Crosp eres consists prinmarily of one or

nor e substance§3r51§él@%t%kaWQ%QQFhéthgt(Goﬁsrs?|¢$F¥ﬁ 4&ﬂ4ﬂnﬁ9¢ cage
pol ystyrene, d&hbtantheqhqmrisd ampdtncahlsul Qhe«;:hciaé atyindrida) dat e,

| at ex, polysulgﬂgse)andrgé a&c eutl Htiﬁﬂbéfgﬂgﬁf“d¥1e§°|Uble

collagen cau5| co iﬂen Int xture to form
a gel of ink®l EBPEfESF?‘éﬁerPan B’rel Icé1 tﬁrﬁﬂl tR ifigrease the number of

cells present in the matrix or to improve their
functioning, or may be cryopreserved indefinitely at a
temperature below 0°C.

A medically useful polypeptide, such as one listed

15 above, may be delivered to a patient by a treatment
method that involves providing a hybrid matrix containing
cells which secrete the polypeptide of interest, and
implanting the article in the patient in a selected site,
such as a subcutaneous, intraperitoneal, sub-renal

20 capsular, inguinal, intramuscular or intrathecal site.
Where the polypeptide is one which promotes wound healing
(e.g., PDGF or IGF-I), the matrix may be implanted at the
site of a preexisting wound. As discussed above, the
cells may be derived from one or more cells removed from

25 the patient, and are preferably transfected in vitro with
exogenous DNA encoding the polypeptide. Alternatively,
they may be cells which naturally secrete the polypeptide
or perform the desired metabolic function (e.g.,
hepatocytes or pancreatic beta cells).

30 In another embodiment, the medically useful
polypeptide may be administered to the patient by
shunting a portion of the patient’s blood through the
apparatus described above, so that the polypeptide
secreted by the cells in the hybrid matrix mixes with the

35 blood. Generally, any such apparatus known to those in
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10 invention is as a means for producing a polypeptide in
vitro. This method includes the steps of placing the
hybrid matrix under conditions whereby the cells in the
matrix express and secrete the polypeptide; contacting
the matrix with a liguid such that the cells secrete the

15 polypeptide into the liquid; and obtaining the
polypeptide from the liquid, e.g., by standard
purification technigues appropriate for the given
polypeptide. In one embodiment, the matrix is anchored
to a surface and is bathed by the 1liquid; alternatively,

20 the matrix floats freely in the liquid. Cells embedded
in the hybrid matrix function at a high level in a small
space. Furthermore, the first step in purification of
the expreésed polypeptide (removal of the cells from the
medium) is considerably more efficient with the matrices

25 than with most standard methods of cell culture.

Other features and advantages of the invention are
apparent from the claims, and from the detailed
description provided below.

Bri ti £
30 Fig. 1 is a map of hGH expression plasmid pXGH302,
Fig. 2 is a plan view in partial section of one
embodiment of the invention.
Fig. 3 is a graph showing the in vivo hGH levels
in nude mice implanted with either a collagen matrix or a
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EXAMPLE I
10 This example describes the procedures utilized to

prepare a clonal cell strain of human fibroblasts stably
transfected with the plasmid pXGH302 secreting
recombinant human growth hormone (hGH), and to combine
them with porous collagen microspheres in a hybrid matrix

15 of the invention. Such matrices are referred to as
hybrid collagen matrices (HCM).

Buman Growth Hormone

Fibroblasts were isolated from freshly excised

20 human foreskins by an enzymatic dissociation technique.
Upon confluency, primary cultures were dislodged from the
plastic surface by mild trypsinization, diluted and
replated to produce the secondary cell culture for
transfection.

25 Plasmid pXGH302 was constructed as decribed in
Example II, and transfection was carried out by
electroporation, a process in which cells are suspended
in a solution of plasmid DNA, placed between a pair of
oppositely charged electrodes, and subjected to a brief

30 electric pulse.

Treated cells were selected in G4l18-containing
medium for 10~14 days. Cells that integrated the plasmiad



matri x express and secrete the pol ypeptide; contacting the matrix with a
| iquid such that the cells seecrete the 15 pol ypeptide into the |iquid; and
obt ai ni ng the pol ypeptide fromthe liquid, e.g., by standard
purification techniques appropriate for the given pol ypeptide. In one

enmbodi nent, tweofrpEvs X 1 s anchored to a surface and is bgih ﬁ% éeHﬁ
l'iquid; alternatlvely 20 the matrix floats freely in the liqui

enbedded in the hybrid matrix function at a high level in a small

space. Furthernore, the first step in purification of t he expressed

.pol ypepti de (renoval of the cells fromth&o - nedium is considerably nore

efficient with the trices 25 than w th nost standard net hods of cel

cul ture. FErIeRones ftably S¥PERFEEAstRE RTRAYGH aft ithe are

apparent from mee genenand aferned mdllonidst sekdédtant dmatintmr@ﬂ Y @vleded

bel ow. neom cin f cr 0 heg Fi g.
y ang.[é& c4S 'Em:g_%oﬂm& {EQ-E 3t 2is aplan

1is a mp of ?H ipress |l asm d
view in partlaF BRr| BAPYt2 of &edddi nEas b?dfvﬁﬂ??&kﬁuqqmeved from
Fig. 3 is a @raps phsithontdre the tissueCGtultureésdishiby nude nice i npl anted

w th either X N S/
o s 17114%9%396:@23@:{6:& ¥hoke clones sc o ﬁéélﬂé.vr]ey for hem agen
matrix cont ai nPHET ERIHRD MeTe, 9Xpanded, for qgﬂ?ﬁi??ﬁ‘fﬁ)laﬁa?sst apAy

transfected w EAOPRKAEBDOS5zAAl was chosen for futher use.
Further detailed procedures for preparing and

10 transfecting cells suitable for use in the matrices of
this invention are provided in W093/09222
(PCT/US92/09627), which is incorporated herein by

reference.

15 1. Microsphere Preparation
. Collagen microspheres (Cellex Biosciences cat.
#YBO0O-0015UW) were transferred from each original bottle
provided by the manufacturer (~10ml per bottle) into 50
ml conical tubes (1 tube per bottle). The microspheres
20 were allowed to settle in the tube, and the storage
buffer solution was aspirated off. Microsphere wash
medium (DMEM with 1% calf serum and 1%
penicillin/streptomycin) was added to the 50 ml mark on
the graduated tube, the microspheres allowed to settle,
25 and the medium aspirated off. This series of washing
steps was repeated for a total of 4 washes. The
microspheres were transferred to a 250 ml Erlenmeyer
flask using a 25 ml plastic pipette, limiting the volume
of microspheres to 100 ml per 250 ml flask. Microsphere
30 wash medium was added to the 250 ml mark, and the flask
was capped and placed in a tissue culture incubator at
37°C for 2-3 hours. The flask was removed from the
incubator, the microspheres allowed to settle, and the
wash medium aspirated off. This series of incubation and



expressing hGH. Detail ed Description 5 The

exanples set forth belowillustrate several enbodi nents of _the

i nvention. These exanples are for illustrative purposes only, and are
not, meant to be limting. EXAMPLE | 10 Thi s exanpl e
describes th [ ures utilized to prepare a clonal cell_strain of
human fibrobﬁﬂ@?@ﬁgg%bly transfected with the plasmd pxéﬁ§ Hweting
reconbi nant hurman growt h hornone (hGH), and to conbi ne them wi t h porous
col l agen m crospheres in a hybrid matrix 15 of the invention. Such matrices
.are referred to as hybrid col |l agen mat 2 ces (HCM . A. Generation of
Primary Human Fi brobl asts Expressina Human G- owt h Hor none

Fi br obl ast s wewashingasteps rwas frepeatede forsadtotah s fwasdeisi.ns by an
enzymati c di ssoci ation techni que. Upon confluency, primary cultures were

epl at o (0 produce 78 sty Catfasdn Mafds EPoPArAEIOR oot on. 25
Pl asmi d pXGH302 was c@het cedisdand microspheries werExmiped just pujior
(LTSSt Shpse AS0Lhg LRV cdntageienonl oo MEacpBRartalt o1
cells are SuoneRdstanaed ud AP KRlaRhsRh B fell il AP el e 2 Pl
pul se. desirediveluns | (volame scheet of natdces euwdtdpdided by nmedi um
for 10-14 daysi e}l Seé hPdpidt19gr aMierbBphetés réke allowed to settle
for at least 10 minutes before measuring volume. Excess
wash medium was removed by aspiration.
10 Cells to be embedded in the matrix were harvested
by trypsinization and the cell number was determined.
The required number of cells (cell no. per matrix
multiplied by total no. of matrices to be produced) was
centrifuged at 1500 rpm (500xg) for 7 min at room
15 temperature. In an appropriately sized conical-bottom
polypropylene tube, a mixture of egqual volumes of
modified 2x DMEM (2x DMEM with 9 g/L glucose, 4 mM L-
glutamine, and 22.5 mM HEPES) and calf serum was prepared
according to Table 1. (Note: for volumes greater than
20 250 ml, the total pooled volume should be divided into
appropriately sized tubes.) The cell pellet was
resuspended in the 2x DMEM-calf serum mixture. The
collagen microspheres were mixed with the cell suspension
by adding 1 - 2 ml of the cell suspension to the packed
25 microspheres and then transferring the concentrated
microspheres by 10 ml pipette into the remaining cell
suspension, followed by gentle mixing with the pipette.
The mixture was placed on ice and the appropriate volume
of collagen solution was added (rat tail Type I collagen;
30 UBI cat #08-115, diluted to concentration of 4.0 mg/ml in
0.02 M acetic acid), as indicated in Table 1. The
contents of the tube were mixed carefully (aveoiding
creating bubbles or frothing) using a 10 ml glass
pipette, until the matrix solution appeared homogenocus.




WD 97/ 15195 PCT/ US96/ 17114

- 10 - into their genones stably expressed the product of the neo
gene and forned colonies resistant to killing by the neomnyci n anal og
(418. Each col ony, consisting of a cl onal popul ation of cells, was

i ndi vi dual | Y w89B¥siss from 5 its position on the tissue cul pg—r,g«_&y@h&y
trypsini zation. Those cl ones scoring positive for hGH expressi on were

expanded for quantitative assays, and cl one HF165-24 was chosen for

fut her use. Further detailed procedures for preparing and 10
transfecting cells suitable for use in th&2natrices of this invention
are provided in W93/09222 PCT/ US92/ 09627 whi ch.,i s incorporated
herein by r ef er encéf® pProduse the matrix,, pna &‘%&I reluRe et i ces 15
1. M crospher &her epallagenncen/nxcrosph@waugéﬁum nxnsﬁsrme(m ax

bottle  provioiSyiie PerkD deiiit & ﬁ‘%amr (£0 OF OfS MC holdcleddy
coni cal tubes (afcl"ﬁ'ﬂénﬁeg"g&?l%? Lil' %ﬁh&%@ %5@‘# I“'qaﬁtk@d

settle in ths t{The mdxdwabeagitn@ by pliphterlngobucamnw]sl)asmrmged off )
g/lercnr g?FIh?:]/es}tA?e%%t 0 g f’fbf[&@d{%&%& :ﬂ'b %&%h&nééﬁﬂﬂﬁ@doé Calls o draduat ed
tube, the m crﬁ'ﬁfg}égg‘e FFO?Nedgf sligeﬁnﬁefﬁepﬁ%‘éﬁ%rﬁ'hﬁgpa?ed of .

This series of 5¥k&P,ng98% mh@m@m@gewe’diﬁsme aFulnmte dncabagokes. The
m crospheres Wi QegkStfdiscutved ﬁ%‘ioa@sbrsschﬂaaa ﬁrz‘ h,f | RS nieS whd el 25 N
8

pmlafs]t;gkpl Eﬁét?&ﬁﬁ t| ng Rthe voI 8518 ?6 ée%o 1100 n1 per 250

mar k, and the
fl ask was CMGGQRG pna%blj diﬂ@ﬁi%§°cﬁpmr§h¢ rhyhwid matrices

of the invention, which were approximately 50% of the
diameter and 10% of the volume of the non-gelled mixture.
One embodiment of the hybrid matrix of the

15 invention is illustrated in Fig. 2. The matrix 10
consists of a contracted collagen gel body 12 in which
are embedded vertebrate cells 14 and microspheres 16.
For clarity in this figure, the cells are shown as dots
separate from the microspheres. In fact, most of the

20 cells would be expected to be attached to the
microspheres, and would be substantially smaller than
represented in the figure.

TABLE I Medium, Microsphere, and Collagen Volumes Required for
HCM Production

25 Dish Number Modified Serum Microspheres Collagen Total

Size of 2x DMEM Solution Vol.
Matrices

60 mm 1 1 mi 1 ml 1 ml 1wl 3 ml

30 60 o 32 12 ml 12 ml 12 ml 12 ml1 48 ml
100 mm 1 2.5 m} 2.5 ml 2.5 ml 2.5 ml 10 ml
100 mm 12 adm 30 ml 30 ml 30 ml 120 m}
150 mm 1 7.5 ml 7.5 ml 7.5 ml 7.5 ml 30 ml

35 1S0mm 12 90 ml 90 ml 90 ml 90 ml 360 ml
EXAMPLE 1Y

PXGH302 was constructed by subcloning the 6.9 kb
HindIXII fragment extending from positions 11,960-18,869

SUBSTITUTE SHEET (RULE 26)



37.C for 2-3 hours. The flask was renpved fromthe i ncubator, the
m.crospheres allowed to settle and.the = wash nedium aspirated off  This

series of incubation and WO 97/ 15195

PCT/ US96/ 17114 - 11 - washi ng steps
was repeated,f total of 3 washes. 2. Hybr} I n

Mat ri x Prepar‘%é)%’é 195 The cells and m crospheres vve#cgn@yé%q?ust
pri or to addi ng the coll agen solution. Washed m crospheres 5 were
added to 15 m graduated conical tube(s) to the desired volune (volunme =
no. of matrices nmultiplied by 1 mM; seezTable 1). Mcrospheres were
allowed to settle for at least 10 m nutes before neasuring vol une.

Excess was h ife ¢henhumsn r EPRIY cegignaepi{ Edvards <t al., Genoffébks t o be
embedded n {hg.EBLLEYs!CI o8 LBRG enthy iiipSIH)? BioIndndathg cel |
nunber was determ ned. e ﬁﬁ@;lred nunber, of cells &%ﬁ&l ng per matrix
mul ti pli ed by ©FPBE R0andf3 Rk e HPRY geng, OH&E%J;‘W EefitFeiAfed at
1500 rpm (500x@przierR (Pharmatia Goih Biothapicals)y elnd.) .anThpprepultingy
sized coni cas- RIbheMvas EPEIPELRE $Re hHPGue xABXIdite Qh estval svekumes of
nodi fied 2x DMEM (2x DMEMwth 9 g/L glycgse,_ 4 o | yt am ne, and
22.5 mM HEPES) ‘glﬁdngﬁ?fgﬁﬁ? fﬁﬁ@?g’ﬁregaaeﬁhe 1&5%4 E"ﬁ&‘f‘g#agﬂg&#n? Not e:
for volumes greentainkny e 2t genet fronopNTiNew| (Frrathgapeihwatd be
divided into jnaBPteq) &istuptingeetnkUBBaing ldensdiide B2 ERbNVES oOne
orientation, with the direction of neo transcription
10 opposite that of HPRT, was chosen and designated pE3neo.
To combine the hGH gene, HPRT sequences, and neo
gene in the same plasmid, pXGH5 (Selden et al., Mol.
Cell. Biol. 6:3173-3179, 1986) was digested with ECORI,
and the 4.0 kb fragment containing the hGH gene and
15 linked mouse metallothionein-I (mMT~I) promoter was
isolated. The ExoRI overhangs were filled in with the
Klenow fragment from E. coli DNA polymerase. DpE3Neo was
digested with Xhol, which cuts at the junction of the neo
fragment and HPRT exon 3 (the 3’ junction of the
20 insertion into exon 3). The Xhol overhanging ends of the
linearized plasmid were filled in with the Klenow
fragment from E. coll DNA polymerase, and the resulting
fragment was ligated to the 4.0 kb blunt-ended mMT/hGH
fragment. Bacterial colonies derived from the ligation
25 mixture were screened by restriction enzyme analysis for
a single copy insertion of the mMT-I/hGH fragment. One
subclone, in which the hGH gene is transcribed in the
same direction as the neo géne, was designated pXGH302.
A map of plasmid pXGH302 is shown in Fig. 1. In this
30 figure, the position and orientation of the hGH coding
region and the mouse metallothionein-I promoter (mMT-I)
controlling hGH expression are noted. The positions of
basal promoter eleménts (TATA), transcription initiation
sites (CAP), and translation initiation sites (ATG) are
35 indicated. As illustrated, neo gene transcription is



resuspended in the 2x DMEM cal f serum m xture. The col l agen m crospheres
were mxed with the cell suspension by adding 1 - 2 m of the cell
suspension to the packed 25 m crospheres and then transferring the
concentrat ed m crospheres by 10 ml pipette into the remai ning cell
suspensi on, Yoldraxws by gentle mxing with the pipette. POEUSIebHGE Was
pl aced on ice and the appropriate vol une of collagen sol ution was added
(rat tail Type | collagen; 30 UBI cat #08-115, diluted to concentration of
4.0 ng/m in 0.02 Macetic acid), as indicated in Table 1. The
_contents of the tube were m'xed carefultyl4avoi di ng creating bubbles or

frothing) using a 10 m QL ‘RBB)'I pette, until the matrjx _sol ution
appear ed hono lled Dby the g7p§5 ancer/herpes simplex virus

PCT/ US96/ 17114¢(HSV) thym.dlne kinase (TK) gene promdi’er. HPRT denote$o
produce the Magid Xpodit RIHY AP LakfBeXebs ”?reﬁ thetﬁl&an hypoxanth:.ne—

coIIagen/ceII/n1cr her e/ nedi ri petri dish

with a pipett et ’b$ SRRSO 3‘%&5% fransgﬁ’é%%?d}?@’ﬁ ‘0 %El‘@s?“d‘?a vol ume per
di sh |isted5 rpXGHia MtilsizeBhshei RTRA8Ra(Phaxmaciyy Bilp&ichgmicadsional |y
during the thély Nhcibdiies hgs dEQzBEé!GEtoﬁ%iéé gg&%‘ l(¥aisch-

h The filled di 5% (0
Cb5h el ve MRBTRE 1 ure SRR, J35 FRASEEH o Iod i, a3, B £ b

appr oxi mat el y palymexhse RFonoten ﬁodt the fheoxiginmt neplicgtdod.t he size

of the gel decreased in all dinmensions to formthe hybrid matrices of
the i nvention, approxi mately 50% of the di aneter and 10% of
t he vol une of = | ed m xture.

10 This example illustrates a method of making a

hybrid collagen matrix in which transfected cells
prepared as described above are precultured with the
microspheres prior to formation of the hybrid collagen
matrix. Such "precultured”™ hybrid collagen matrices are

15 referred to as PCHCM.

A Precult s q s

Trypsinized transfected cells are seeded onto
washed collagen microspheres at a ratio of 2 x 10% cells
per ml microspheres {(e.g. 10 X 10% cells onto 5 ml

20 microspheres) by the following protocol:

1. Add cell suspension in a volume of growth
medium that is twice the volume of the microspheres to a
125 ml Erlenmeyer flask. The limit is 10 ml of
microspheres per flask.

25 2. Remove 1 - 2 ml of this suspension and add to
5 ml (packeda volume) microspheres premeasured in a 15 ml
tube.

3. Transfer cell suspension/microspheres back
into the 125 ml Erlenmeyer flask.

30 4. Place flask into tissue culture incubator and
swirl gently for approximately 5 seconds each hour for 4-
5 h. Add growth medium to the 50 ml gradation on the
flask, and allow cells and microspheres to incubate
undisturbed overnight.



One enbodi nent of the hybrid matrix of the 15 invention is illustrated in
Fig._2.__The matrix 10 consists . of a contracted callagen gel body 12 in

whi ch are enbedded vertebrate cells 14 and mi crospheres 16. For
clarity in this figure, the cells are shown as dots separate fromthe

m cr ospheres nost of the 20 cells would be expect gy

attached to tWér}’); m crospheres and woul d be substantially sn}é{g?er lt"han
represented in the figure. TABLE 1 Medium M crosphere, and Col | agen
Vol umes Required for HCM Production 25 Di sh Number Modi fi ed
.Serum M cr ospheres Col | agen Tot al Si 26 ~-of 2x DMVEM

Solution Vol. Matri ces 60 mMm 1 1nm 1nm 1
n 1 n 4 nl B6tes(20mm 26h from the hime of mesding,)defermine]? ni
48 m 100 rmi:he ﬂmnber o£5 c@h.ls gt'@a&ﬂed 3:05 dmlagan%ﬂ&resphéﬂeéﬂby 100
mm 12 #% Hﬂ 120 150 mm

7.5'm 7.5 m"h% foipowing ?rﬁf’e “30 mL 150 mn 12 90 M 90

ml 90 ni 90 ml 1.360Deflex38ine the weight of)easBed wewnndokottamted by
subcl oni ng thke ﬁbnyerenéﬁtgghlLuséagnent extending from positions
]F;éTlg?JgQéflgii 4 z.mlgeltlio]‘vSelg5small sample of_Lf:Lcrospheres {0.1 ~
0.2 ml) from the Erlenmeyer flask and add to the pre-
weighed test tube.
3. Aspirate medium from microsphere sample and
10 determine the weight of the tube plus sample. Calculate
sample weight by subtracting weight of tube from weight
of tube plus sample.
4. Add 1 ml of matrix digestion enzyme
[collagenase IA (Sigma cat #C9891) at 1 - 2 mg/ml in PBS
15 with ca?* and Mg?'] to microsphere sample and mix gently
by tapping on the side of the tube.
) 5. Cover the tube with parafilm and place in a
37°C water bath for 1h, promoting disintegration of
microspheres by pipetting thrcocugh a Pasteur pipette at
20 15 minute intervals.
6. After 1h incubation, further dissociate cells
by pipetting vigorously with a 5 ml glass pipette.
(Note: If clumps still remain, add to the tube a
solution of 10x trypsin-EDTA at a volume 1/10th that of
25 the volume of collagenase solution added, and incubate an
additional 10 min.)
7. Perform cell counts using a hemacytometer.
8. Determine density of cells per ml
microspheres using the following formula, which assumes
30 that 50; of the wet packed volume of these microspheres
is interstitial:
Total number of cells/ml microspheres = 1000 mg/ (mg
weight of sample) X (cell number in sample} X 0.5.
The cell/microsphere mixture is transferred from
35 the 125 ml Erlenmeyer flask to a 250 ml spinner flask



I n the human HPRT sequence (Edwards et al., Genonics, 6: 593- 608, 1990;

Genbank entry HUVHPRTB) and i ncl udi ng exons 2 and 3 of the HPRT gene,
into the Hndlll site of pTZ18R (Pharmacia P-L Biochemcals, Inc.). The
resulting 5 clone was cleaved at the unique Xhol site in exon 3 of t he
HPRT gene fra@®Rkiesand the 1.1 kb Sal |- Xhol fragnent C itttk 14 he neo
gene from pMJ Neo (Stratagene) was I nserted, disrupting the coding
sequence of exon 3. One orientation, with the direction of neo
transcription 10 opposite that of HPRT, was chosen and desi gnated pE3neo.
_.To conbi ne the hGH gene, HPRT sequences Jeﬁnd' neo gene in the sane

pl asm d, pXGH (Sel den et al | ol 73-3179, 1986) was

di gested with EBBRICO Ml%ﬁﬂfafﬁéi'e&' 3“?(5"?? s'caﬁtoaf“ r n§LERBPREL gene and
15 |i nked nous#igese6tenhiimpelier EhdFts), pyoowithemediom isiaddedeto The

ExoRl OVerhangﬁn&’e{@ofﬂi@ﬁda'hWnt Eai-ﬁﬁ and*ﬂl%‘%ﬁmh@gn?ﬂésirw E. coli DNA

s _at the,junction of

ol ynerase. pE3
'Ito heyneo fPa I#g'ﬁ? al—il’f?ﬁg'@f?&ﬁ §we'f'ﬁ§r:?1??ﬁ1(,‘ﬁe5n°5f 5PHEPBY $M<®rtion
into exon 3)& fﬁssw:dtummdqdmgmhgtends The twlturel nseaedzedtplmm wer e

fill lesl in wthmaafuﬂﬂawmext fdraigﬁﬁatafﬁi’ﬂéﬁwé‘éﬂl bheragtyerrgpe, and the
resu I Ng

unt - e h
Tooment” gact afPaTine e w3 oaPneRet, Fr, s9hTa o8 thA BEERPR(TF ik o
screened by reflaski iaspineting Asnept smedium top thien§Pemt oByrk reritieon of
the mMI-1/hCGH f18gKFdnd @@ing FEehOogLowtl m&aieﬁh ttbethSHzG@rm lark.

transcri be €4 .gg;re LI S, t ne, desi gnat ed
pXGH302. q"d nTnég o? it mtg ei&ﬁSBﬁraml %ﬁ% %l'—: m_aLy ?ﬁ this 30 figure,
t he position aﬂﬁﬁm@ﬁ%tﬁ%#e@ﬂrﬁﬁetm E@eﬂﬁﬁg as df-’-égrbhe@n%b@‘rﬁe- nmouse

e qh e

net al | ot hi onei g Prec 1h gt . .
The positions of bas m)ter eI errents (TATA) transcrl ptlon
initiation sites ( translation initiation sites (ATG are 35

i ndi cated. As illustrBEBEM aE® RROANGEd) kycthpt fehlewing protocol:
15 1. When the desired density of cells per ml

microspheres is achieved (as determined by cell counts),
remove microspheres containing cells from the spinner
flask.

2. Produce matrices following the procedure
20 outlined above for producing HCM, with the following
modifications:
i. Cells are not trypsinized.
ii. Add cultured microspheres containing
cells to 15 ml graduated conical tube(s), to the

25 desired packed volume (volume = no. of matrices x

0.5 ml}.

iii. Add empty microspheres to 15 ml
graduated conical tube(s) to the desired packed
volume (volume = no. of matrices x 0.5 ml).

30 3. Prepare modified 2x DMEM and calf serum
mixture as described in Example I above. Add both empty
microspheres (50% of total microsphere volume) and
microspheres containing cells (50% of total microsphere
volume) to the modified 2x DMEM/calf serum mixture (see

35 Table 2 below). The microsphere/DMEM/calf serum mixture
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-_14 - controlled by the polyonn enhancer/herpes sinplex_virus (HSV)
t hym di ne ki nase (TX) gene pronoter. HPRT denotes t he positions of
~sequences fromthe human hypoxant hi ne- guani ne phosphori bosyl
transferase |ocus. Plasmd 5 pXGH302 utilizes the pTZl 8R EEJ{ rpacia P-L

Bi ocheni cal sSWOPHE ) packbone, a derivative of plasmid p @Ug’%m'éch-
Perron et al., Gene 33: 103-119, 1985) carrying a T7 RNA pol ymer ase

pronoter and the f1 origin of replication. EXAMPLE 111 10 Thi s
.exanple illustrates a nethod of making .a 37 Jiybrid collagen matrix in which
transfected cells prepared as descri bed above are precultured with the

m cr ospheres pis opldced anrdideoandf thaecapmbopriats |vajeme ofnablilageuch

"precul tured” Lyhtd fh,e0ld ARaTRELECES1 RIS ¥ Nadén:OuRs BLECM A.

Precul ture of cells and 5m crospheres Trypsi n d,transfected
cel Ig alrJe seedtB oty dl%e%%ﬁ??ﬁﬁ%??ﬁ%%eﬁxg)sl’“g%‘i rBt Pol?M 2

10[err] cells acepixr adid)i,cassppecbfi¢d. ip Tdble 20| ehe cohtenbatof5 ni 20
m crospheres) fye thshd Cﬂﬂeoﬂi%dpéﬂfé‘f&’ii¥ (avoiding el'eat&ﬂf gfbbiesspensi on

in a volume of grow medi,um t h | ce the volune of the .
nm cr ospher es t%‘gafor°tq¥i§)muséf’ﬁeﬂn€§/e’?ff? , Fﬁﬁ’ﬁ\gem pntd 15‘%1&
m cr ospher es peoldtixyk appears homog@nousRenopve 1 - 2 nl of this suspension

and add to 5 m (packed volune) m crospheres preneasured in a 15 ni
t ube. TABLE .2 NédOn[ Micabhersl SEANGII0AGSH CoDmebarsed back into the
125 M Erl enneyer f| afd PGEFH Production Place flask into tissue culture

i ncubat or aRd piafW kbm@ENt | YuddQr WRPEPXI MAlEbipnarSL CONdT1ERRN RRWE foOr 4-
5 h. Add grow lsigedi unest 0 tl2ep¥E8 nl gr adatmpsy Gultde®d Solution Vol.

Matrices

€0 mm 1 1 ml 1 ml 0.5 ml 0.5 oL 1 mi 4 mL
1s 60 mm 12 12 ml 12 ml 6 ml 6 ml 12 ml 48 nl

100 mem 1 2.5ml 2.5ml 1.25ml 1.25 ml 2.5 ml 10 ml

100 mm 12 30 ml 30 m 15 ml 1I5ml 30ml 120 ml

150 mm 1 7.5ml 7.5ml 3.75ml 3.75 ml 7.5 ml 30 ml
20 150 mm 12 90 ml 90 ml 45 ml 45 ml 90 ml 360 ml

EXAMPLE IV

A. Hybrid matrices (HCM or PCHCM) are maintained in
culture by feeding the matrices on day 1, and then 2 to 3
times weekly using the following protocol:

25 1. Carefully aspirate the culture medium.,

2. Add the required volume of appropriate growth
medium, taking into consideration the size of the dish
used for each matrix (5 - 7 ml per 60 mm dish, 10 - 15 ml
per 100 mm dish, 30 - 40 ml per 150 mm dish). The

30 medium may be supplemented with ascorbic acid 2-phosphate
and/or TGF-8 (e.g. 10-50 ug/ml ascorbic acid 2-phosphate
andfor 1-10 ng/ml TGF-8).

B. The diameter of a hybrid collagen matrix can be
determined using the following procedure:

35 1. Place the petri dish containing the matrix to
be measured on top of a metric ruler resting on a dark
background.

SUBSTITUTE SHEET (RULE 26)



flask, and allow cells and m crospheres to incubate undi st ur bed

overni ght. WO 97/ 15195

PCT/ US96/ 17114 - 15 - After 20
- 24h fromthe tinme of seeding, determ ne t he nunber of cells attached
to col |l agen Ry@bREspser es by t he foll ow ng procedure: PCT/USYS/1714
Determ ne the weight of a 5 mM round bottom 5 polystyrene test tﬁke.

2. Renove a small sanple of mcrospheres (0.1 - 0.2 m) fromthe

Erl enmeyer flask and add to the pre- wei ghed test tube. 3.

_Aspirate medium from m crosphere sanpl e -aid ¥ determ ne the weight of the
tube plus sanple. Calcul ate sagPIe wei ght by subtractlng wei ght, of tube

from wei ght of tube?pl uReQARS diameters (in gentimpters) ag desirpd:
di gestion enzyreg., daddlyl Zoenthe firgtiznreaas, #9e391lbtherlday Zafgemi in

PBS 15 with Calgy er]ﬁ@%@ lxgba 1;], Lﬂa%ﬁrme&ﬁ czaripk;ﬁaﬁe@t foﬂ%#y by

tappi ng on the sid Cover t
parafilm and mﬁﬂﬁaqq¥§§1°n Sf[EP?]E¥B@E%ReQEHh for I'h, pronoting
di si ntegrati 85n @f Celilisccenpher rechyeredaind rgzaﬂ’hid’dgﬁ &remsa cybyidet t e at

20 15 mnute i HANKYeh matrix as fofrowd¥ ter Ih incubation, further
(Noter 11 clunps stil L enditpvihnis Bigratigheo Aroclsl fnddsh [ox ©
t rypsi n- EDTA aﬂh&nnwﬁme 1/ 10t h that of
a. Prepare a solution of collagenase IA
10 (1.0 mg/ml for HCM and PCHCM, 2.0 mg/ml for HCM or
PCHCM supplemented with ascorbic acid 2~phosphate
and/or TGF-p) in PBS.
b. Dispense the collagenase solution into
15 ml conical centrifuge tubes at a volume of 1 ml
15 for matrices seeded with 1 - 5x10° cells and 5 ml
for matrices seeded with greater than 5x10% cells
per matrix. Prepare as many collagenase tubes as
there are matrices to be countead.
c. Remove each matrix from its dish using
20 flat forceps, and carefully blot the excess fluid
from the matrix using an absorbent paper towel (if
cells will be discarded after counting) or sterile
absorbent pad.
d. Place each matrix in an individual
25 collagenase-containing tube, cap tightly, and
secure onto an orbital shaker set at 40 rpm in a
tissue culture incubator.
e. Incubate the matrices for approximately
1 hour or until digestion is complete. To
30 accelerate digestion, break up the matrices by
pipetting at 5 min intervals.
2. Cell Counting
a. Measure the total volume of each
digested cell suspension using the gradations on
35 the side of the centrifuge tube.



25 the volune of collagenase sol ution added, and incubate an addi ti onal
10 mn.) 7. Performcell counts using a henmacytoneter

8. Determne density of cells per m m crospheres using the foll ow ng
formul a, which assunes 30 that 50% of the wet packed vol unme of these

m cr ospheres IS interstitial: Total nunber of cells/m__qg res =
1000 ng/ (ny w%fla’r?t" of sanple) X (cell nunber in sanple) )Ecg]/lgs\?ﬁﬂp

The cell/ m crosphere mxture is transferred from35 the 125 m Erl enneyer
flask to a 250 ml spinner flask WD 97/ 15195

PCT/ US96/ 17114 - 19 - - 16 - (Bellco-

M crocarrier Spinner Flasks, 250 m, w th nodel #1965- 60001 i npel |l er
shafts), growth nediun1is added ror measiirdngSGell yiakitkityn memioveand t he
spinner flask is ﬂlloaf @i}gp%n%&bhr sﬁapéa’aet& Wh 3 8¢ rpm in

a b5 tissue culture incu u.re [ medi um t he

next day and 3 tines m@eRP% F?%?%ﬁﬁq gy 2 aPIBﬁA?éfﬁ ﬁ%ﬁﬁg3§5heres to
settle on the bottom otubke Mi% |l kapreimior &hentube pbightiwdi umto the 50

m mark on the  flask, and, addkdight @) viaBiehan®diéda t&meua@agrrs mar k.
10 The density of cells per m cr ospheres nay_be e desired
time points as descri bﬁﬁgﬁﬁggjé’“ter‘B §F§F¥5¥ of“ﬁ'qé "?&P&& g&’ﬁrl d
Col I agen Matrices cell suspéIGHEw) in PBS prior t/addinge teotypanby t he
fol |l ow ng protocol: 15b1ue. caﬂculaeéh%et hotdeshamser eg¥sidenief, cel s per
m mcrospheres is aghéyed, (a5 dolRUTLAEdoRYefE! Lot Vothme

10 measured in step 2a.

EXAMPLE V

This example describes experiments varying the
inoculum density of clones of human fibroblasts stably
transfected with the plasmid pXGH302 in a hybrid collagen

15 matrix, to determine the cell density that can be
_supported in HCM. hGH production by each HCM was also
monitored.

Hybrid collagen matrices were produced with 3
inoculum densities (ID) of the stably transfected hGH-

20 expressing neonatal foreskin fibroblast clone designated
HF165-24. The densities were 5, 10, and 20 x 10°% cells
per HCM. For each ID, 9 HCM were produced in 60 mm
dishes. The hybrid matrix production medium for each ID
consisted of 9 ml of modified 2x DMEM, 9 ml of calf

25 serum, 9 ml of collagen microspheres, and 3 ml of 4 mg/ml
soluble rat tail collagen, in 50 ml conical tubes.

HF165-24 harvested from monolayer cultures were
pooled to provide enough of each ID for 9 HCM:
5 x 105 cells times 9 HCM = 45 x 10% cells total;
30 10 x 10% cells times 9 HCM = 90 x 10% cells total;
20 x 10% cells times 9 HCM = 180 x 10° cells total.
Pooled cells for each ID were centrifuged at 1500 rpm for
7 min, supernatant was aspirated, and pellets were
resuspended in 9 ml modified 2x DMEM and 9 ml calf serum



renove m crospheres containing cells fromthe spinner fl ask.

2. Produce matrices follow ng the procedure 20 outlined above for
producing HCM with the foll ow ng nodi fications: i
Cells are not trypsinized. ii. Add cultured m crospheres
containing ywoomsies Cells to 15 m graduated conical tUbe(ri?rms’sﬂH‘F 25
desired packed volune (volunme = no. of matrices Xx

iii. Add enpty mcrospheres to 15 m gr aduat ed coni cal tube(s)
to the desired packed vol une (volume = no. of matrices x 0.5
m). 30 3. Prepare nodified 2x% BWEM and calf serum m xture as
descri bed in Exanple | above. Add both enpty m cr ospheres (50% of total

m crosphere volapdetrrangferred C*F%sﬁ?né‘rleémé’sﬁt ai §ing Bk|9% qadrasm t ot al
m crosphere  néeirdphetastveritisured axn DE/EﬁdC@i'idtSﬂéﬁnﬁﬁbéle%&r(eSee 35

Tabl e 2 bel ow) ,45h4 gbcEﬂépgﬁﬂ%%UEaifng}@%%z& e -Apg, mixea O

97/ 15195
- 17 - i s byl gep8lenPiretiing WHidhagpi8phi aPEPSEFeme Bl Bityae
solution is sadead (tn&h paatedype iceGolandgenml UBt 1eé cold 4% W31 dil uted

t trat d
TgbfcemgenTLZ 1:0 nt S o?wég&ﬁe tglbtg’%g<I é4 mggﬁijc;?é‘% ﬁde‘flavm ngldgreia?l ng
bubbl es or MigPhRNg9 BLiptpette ta P@'nggeprE?’P‘ége‘Eﬂﬂsf SR ‘5!“

sol uti on appeafsurosbgefiotisis mixture was added to each of nine 60 mm
petri dishes for each density. The petri dishes were set
10 in a tissue culture incubator and left undisturbed for 24
h. Medium was carefully aspirated from each dish after
the 24 h incubation, and HCM were re-fed with Growth
Medium (DMEM, 10% calf serum, and 1% Pen/Strep), using S
ml per dish. To provide a greater volume of Growth
15 Medium per matrix, HCMs were transferred on day 3 from 60
mm petri dishes to 100 mm petri dishes using flat
forceps, and 10 ml of Growth Medium was added per dish.
On day 6, medium was aspirated from each HCM, matrices
were rinsed with 5 ml of Hank’s Balanced Salt Solution
20 (HBSS) and aspirated, and 10 ml of Growth Medium was
added to each dish. The time of Growth Medium addition
to HCM was noted in order to take a 24 h medium sample
the following day (day 7). This rinse and feeding
procedure was repeated on days 13 and 20 to provide day
25 14 and day 21 medium samples. The medium samples were
assayed for hGH as indicated below. The HCM were also
refed on days 10 and 17 without the rinse step.
Digestion of 3 HCM per ID for cell counts occurred
on days 7, 14, and 21 after medium samples were taken, as
30 described in Example IV. Production of hGH by HCM at the
indicated time points was measured by radioimmunoassay
(Nichols Institute) of the 24 h medium samples, as
described in Example XII below. Table 3 summarizes the
cell numbers for triplicate HCM of each ID, and hGH
35 production by HCM at each ID on days 7 (n = 9), 14 (n =




TABLE 2 Medium M crosphere,

Production 10 Dish Nunber Mbd, _ Serum M cr ospher es
Size of 2x DVEM Enpty Cultured Sol ution Vol
Matri ces 60 mMm 1 | 1nmM 0.5mn 0.5 m

60 mMm 12 12 i 12 nm 6 nl 6 nl 12 nm 48 n
25 mM 2.5 WOYAI9% 125 2.5 10 m

m 15 n 15 n 30 Mm 120 ni 150 mm 1 7.5 ni
3.75 nl 7.5 m 30 n 150 mm 12 90 mM 90 m 45 m
90 mM 360 M 20 EXAMPLE | V

mai ntai ned in
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appropriate gr
di sh

W n,
used ngnﬁéE%

and Col | agen Vol unes Used

nedlum ta
deternined

fol |l ow ng proctested. 35

matrix to
backgr ound.
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hat e

A Hypsid matrices (HCM or PCHCM are
culture by feeding the matrices on day 1, and then 2 to 3
ti mes weekly ushpganéie2io(honidlg pvallaesl ard@Spresented las me@a &/ | y

Jediyiltion. . As indfcate

4

I Nnto cons

spdf 3pdngd of e HAY prepared
100 mm di sh, 38escéibed ywoved 3G mppdoxiipatelyhe-80 xerifUucetay ber
suppl enent eds Wk Pr £2COTPAL &0 nérPBosERAE

err]g/m ascorbjc,acid 2-phos . .an
%he L?aneter ora r+ﬁ%ﬁi1F<§§X deﬁsnﬁfPFiaEaﬁm?ES

Pl ace the petri

der at

S¥or £

dtﬁ£“§§ﬁ?%iﬂfT%mYO|une of

e sl ze of the

Agngnee

Sthile¥e

HCM ID Cell # Day 7 Hg hGH/ #9 hGH/24h/
24h/matrix 10° cells
5 x 10% 5,331,000 # 683 & 138 130 £ 20
15 279,347
10 x 105 9,853,833 2 716 + 137 73 ¢ 6
858,634
20 x 10° 13,226,000 * 689 + 130 50 ¢ 6
1,234,410
20
HCM ID Cell # Day 14 ug hGH/ ug, hGH/24h/
24n/matrix 10° cells
5 x 108 6,534,000 2 853 & 232 133 2 23
25 344,525
10 x 10° 9,631,000 = 1037 & 277 108 + 12
875,820
20 x 10° 10,360,000 = 840 : 280 81 % 16

706,541

SUBSTITUTE SHEET (RULE 26)
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WO HyBfikb B@trices for Cell Density and hGH Production.



- 18 - 2. Record dianmeters (in centineters) as desired:
e.g., daily for the first 2 weeks, every other day after the first 2
weeks, and on days of cell quantitation for the duration of the
experiment. 5 C. Cells can be recovered and quantified froma hybrid

col  agen matwigorasiesol | ows: 1. Enzymati ¢ D gesidraisegind/brid
Col | agen Matrices a. Prepare a solution of collagenase

A 10 (1.0 ng/m for HCM and PCHCM 2.0 ng/m for HCM or

PCHCM suppl emented with ascorbic acid 2-phosphate and/ or
TG~[err]) in PBS. b. = @%pense the coll agenase sol ution
into 15 m conical centrifuge tubes at a voI une of 1 m 15

for matrices Seethasiat=jami SOt for

mat ri ces seedaemMwid h greaat#mayfzan 5x1 i{ cel | s pyg heH/24hy per matri x.
Prepare as many col | agenase tubes a®éh '““ t hiecadis natrices to be
count ed. e—Remore-eacirretrrr—from~rs—drsh usi ng 20
flat forceps, srdiaéar efeudies bt 8t t he od0ess29| uid 105 £ 10 fromthe
matri x using an absor benf® %&B%r towel (if cells will be

di scarded aftejp gOoib8t i BQgsBaskeril e 1004 + 279 absor heat + pad.
d. Pl ace each matri x 3.A7%327 ndi vi dual 25 col | agenase- cont ai ni ng

tube, cap tlgw ¥ mandm 207,75 secy,s Pk an orbitgl, §q§ker set at 40
rpmin a 683,28 fure i ncubator: : | ncubat e

the matri CES fwl \/ 1 bhaur aor unt il di g.est ion is
conplete. To 30 accel erate digestion, break up the matrices by
pi petting at 5 mn intervals. 2. Cell Count i ng

a. Measure tHEEAMRER ¥ une of each di gested cell suspension
usi ng the gradations Bstafhdard" collagensmdtrdéesh¢CMy add mdtudndiude.

collagen microspheres. In order to compare CM with HCM,

15 CM were prepared by replacing the volume occupied by
microspheres in HCM with additional soluble collagen, to
give a ratio of 1 part 2x DMEM, 1 part calf serum, and
2 parts soluble collagen per CM. A direct comparison of
CM with HCM was assessed as follows.

20 The clone of human fibroblasts stably transfected
with the plasmid pXGH302, designated HF165-24, was used.
Nine matrices of each type, at each of two ID (1 x 106
and 5 x 10% cells per matrix), were produced. For both
CM and HCM, 9 x 10% cells (for 1 x 10 ID) and 45 x 105

25 cells (for 5 x 10° ID) were resuspended in 9 ml of 2x
DMEM + 9 ml of calf serum in 50 ml tubes. ¥Yor CM, a
total of 18 ml of rat tail type I collagen solution (4
ng/ml) was added to each ID set, and matrices were formed
as described above in Example I. For HCM, 9 ml collagen

30 microspheres and 9 ml of rat tail type I collagen
solution (4 mg/ml) were added to each ID set, and HCM
were formed according to Example I. Matrices were kept
in the original 60 mm dish and fed with a volume of 5 ml
Growth Medium. Cell numbers per matrix, as well as hGH

35 production per matrix, were determined on days 7, 14, and

SUBSTITUTE SHEET (RULE 26)
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-19 - b ~Eor neasuring.cell viagbility, remmve
0.1 m of cell suspension and add to 0.1 m of 0.08% trypan bl ue
in-a 1.5 mM mcrocentrifuge tube. M x by tapping the tube
lightly. 5 C. Count the viable and dead cel |

hemacyt onet er“.’o??(ls}]’gcessary, further dilute the |%:e,‘Fg:%@gf)?a‘nsi on
in PBS prior to adding the trypan blue. Calculate the total
nunber of cells, taking into consideration the total volune 10
measured in step 2a. EXAMPLE V - 23 - This exanple describes
experinents varying the I nocul um density of clones of human fibrobl asts
stably t r an30 eas etescntilpedh fop| Bxampl e XGH3Thej maximymr celkol | agen 15

mat;I i X{'to geteé%fﬁiésm(mblhrdansﬁtdaj [uai) gaia BeH prégaseised in HCM hGH
production by e was.al so nLtored. e agen
matrices were 5%3’0%%%'1’\& t%ﬁeif,i ty?%%gﬁ# dm efr?sﬁ?t Fé;stf’f'Df g@%#glesﬁoabl y
transf ect ed hGere @nmmasnized Ay Feblatdd AsF dadiigatedr 4n| the bln

desi, aga eg 5 tisGhyptda Eygedeasﬁtﬁsx vu?.rna_di%%r anHigRex déf<ity dzgl ! 3
per or e C S ybri
matrix pr oduct?%ir:léne%d}dgﬁ %ggég‘ﬁ%%w &%oar%fsgggggftﬁ% gfc;?}cn%gl’e#ed 2%
DVEM 9 m of ®Bafr¥ixs ceaparedowith okhe Atanfardnceddaganrsatrind 9 m of 4
mg/ m sol ubrtttigit twdidroephksgen, in 50 m conical tubes.

TABLE 4: Comparison of "Standard" Collagen Matrices (CM)
10 and Hybrid Collagen Matrices (HCM) for Maximum
Cell Density and hGH Production by Embedded
HF165-24 Cells

Matrix ID Maximum cell Maximum hGH
Type Density Production

15 Per matrix
oM 1 x 108 2.1 x 108 290 pg
CcM 5 x 10% 3.3 x 108 299 ug
HCM 1 x 10% 6.2 x 108 983 ug

20 HCM 5 x 108 10.3 x 10% 1221 ug
EXAMPLE VI

This example describes the production and analysis
of precultured hybrid collagen matrices (PCHCM). cCells
25 of the clone of human fibroblasts stably transfected with
the plasmid pXGH302 (HF165-24) were seeded onto collagen
nmicrospheres at a ratio of 2 x 10% cells per ml of
microspheres, in the following manner: A suspension of
48 x 10° cells in 40 ml Growth Medium was obtained from
30 harvested monolayer cultures. 5 ml of this suspension
was added to each of four 15 ml graduated tubes
containing 6 ml of packed collagen microspheres, and each
cell/microsphere mixture was transferred to a 125 ml
Erlenmeyer flask. An additional 5 ml of cell suspension



HF165- 24 harvested from nonol ayer cultures were pool ed to provi de enough

of each ID for 9 HCM 5 x 10[err] cells tines 9 HCM = 45 x 10[err]
cells total; 30 10 x 10[err] cells times 9 HCM = 90 x 10[err] cells total;
20 x 10[err] cells tinmes 9 HCM = 180 x 10[err] cells total. Pool ed cells
for each ID yydns@etrifuged at 1500 rpm for 7 mn, supepspi; %I“VE
aspirated, and pellets were resuspended in 9 ni m)dlfled 2X Mand 9
m calf serum WD 97/ 15195

PCT/ US96/ 17114 - 20 - and transferred
to 50 m tubes. Nine ml of collagen M 24ospheres pre-neasured in 15 m
graduated tubes were added to the cells/2x DVEM cal f serum m xture and

n xed by geWefcaddelite eyl i miGTREPEEER BEXtUTR sithitheul@5 Blnas t hen
pl aced on i ce, Eabénieyér aflasgie m:olgivbah fanhl suspessiorxad agex 3obution (4
mg/m) was add@Qli‘Q"w(‘%ﬁ“‘f ml ¥ LQeE‘ apfétxﬁzté}h&@f’%%l @96”0”5
sol uti on. Four m xt vvas a ed to ni ne

petri dishes f&taghchs ﬁﬁ%%.t%)pet Thegfipgks \Ee%e Rhaced jin & t| ssue
culture i ncmatmssaadcﬁbﬁurmriﬁcamamdahdr s@ilrledhgentlyr luxwas careful |y

aspirated fromy ﬁgf téerseconhgeegéhhhbﬂf@@{"@rh anGddeMeger € re-fed
with Gowth

0 )
m per dish. TS Mi@mﬁg&g? ﬁ%ﬁg?ﬁ%ﬁ.{}m%e#ﬁ&?’% X,
HCMVs wer e transﬂemlenhﬂcu d:;t;d X lasks ¢ere lefit pandistindiest fior 2A0ham petri
di shes usi ng fh@tu h [ OEHE APt cr@dahnb el w@i'eQPﬂ‘ﬁQfMd’@z‘@ﬁnS cadgied per
di sh. On da nedi u as |ratedfr m each CtML trlces wer e
rinsed witH% 5’?“%?&%%‘} d 2s&PP g& gotpper flask, Growth
Medium was added to the 150 ml mark of each spinner
flask, and flasks were placed on a magnetic stirrer plate
set at 50 rpm in a tissue culture incubator. The
following day, Growth Medium was added up to the 200 ml
15 mark of each spinner flask, and flasks were refed 3 times
weekly by aspirating medium to the 50 ml mark and adding
fresh medium up to 200 ml.
Oon day 15 of the spinner flask culture, the
density of cells per ml microspheres was determined. A
20 small sample of microspheres (~0.1 - 0.2 ml) was removed
from each flask and placed in pre-weighed 5 ml
polystyrene tubes. Excess medium was removed from each
tube by aspiration, and the tube containing the
microsphere sample was weighed. One nml of a 2 mg/ml
25 collagenase type IA solution in PBS was added to each
tube, and the tubes were covered with parafilm, and
placed in a 37°C waterbath. At 15 minute intervals, the
tubes containing microspheres were tapped lightly to
disperse clumps. After 1 h, cells were further
30 dissociated by vigorous pipetting with a 5 ml glass
pipette. To further dissociate clumps, a solution of 10x
trypsin:EDTA was added to give a final trypsin
concentration of 1x in the collagenase solution, and the
tubes were incubated for an additional 10 minutes. The
35 dissociated cell suspensions were diluted 1:2 with PBS



20 (HBSS) and aspirated, and 10 ml of G owth Medi um was added to each
dish. _The time of Growth Medium addition t o HCM was noted in—order to
take a 24 h nedi um sanpl e the follow ng day (day 7). This rinse and

f eedi ng procedure was repeated on days 13 and 20 to provi de day 25 14

and day 21 nedi | es. The nedi um sanpl es were assay

I ndi cat ed bel‘gwgg}l%ﬁngCM were al so refed on days 10 and%?’ ou the
ri nse step. Di gestion of 3 HCM per ID for cell counts occurred
on days 7, 14, and 21 after nedium sanples were taken, as 30 described in
-Exanpl e I'V. Production of hGH by HCM at 4 hg ~ indicated tinme points was

nmeasur ed by radi oi nmunoassay (Nichols Institute) of the 24 h nedi um
sanpl es, as 9% ciddeel] tion hemaoptemetér batlmmbekab|for3 cedidnacunting he

cel | nunbers f fdetﬂg &3’3} %fH QL 5&£ M1 %mﬁgile@wagoeuﬁéamw HCM at
each I D on days =g 5195
PCT/ US96/ 17114 us:Lng the fDllO g “formula: - 21 - 6),

and 21 (n = 3). Vatated d?@fplceiéarnl;l wicrmspheries =  standard devi ation.
As indicatedg the ey Jj /I(E{é] ge&glgéﬁup@ erxm(r&ql;t jela¥sm %ﬁe png 21 for
esc da

HCM pr epar ed as ve I's approximately 7-10 x 10[err] cells
per 5 matrix. ®e* cell hGH productlon for fully formed matrices at day
21 is simlar anong the 3 ID |evels t est ed. TABLE 3 Optim zation of

the I nocul um D9ﬂ§i§ )EdifmdiEl@@suﬁésEEMQdﬂd wet collagen hakNalipééfeiddtri ces
for Cell EE”S'té' v1 y’G@ Pr%du ﬁogherefore the gram weight of collagen
in the microsphere sample equals the collagen volume in
10 milliliters, and 2) half of the wet packed volume of
microspheres is occupied by interstitial volume. The
average mumber of cells per ml microspheres (n = 4) for
this experiment was 19.2 x 10%. Microspheres were
removed from each flask and pcoled in a 15 ml graduated
15 tube. The entire volume of 6 ml microspheres containing
19.2 x 10°% cells per ml microspheres was used to produce
hybrid collagen matrices.
In a 100 ml sterile bottle, 12 ml of modified
2x DMEM, 12 ml of calf serum, 6 ml of empty collagen
20 microspheres, and the 6 ml of precultured microspheres
were carefully mixed using a 10 ml glass pipette. This
mixture was placed on ice, and 12 ml of ice-cold rat tail
Type I collagen was added and mixed carefully using a 10
ml glass pipette. 4 ml of this mixture was added to each
25 of twelve 60 mm petri dishes, and the dishes were placed
at 37°C and left undisturbed for 24 h.
The final number of cells per matrix was 9.6 x
10%, since each matrix was composed of 0.5 ml of
microspheres containing 19.2 x 10% cells per ml. These
30 precultured hybrid collagen matrices (PCHCM) were refed
after 24 h by aspirating the medium and adding 5 ml of
Growth Medium. The PCHCM were refed on days 4, 7, 11,
14, 18, and 20 with 6 ml of Growth Medium. On days 7,
14, and 20, the PCHCM were also rinsed with 4 ml of HBSS




HCM | D Cell # Day 7 [err]g hGH [err]g hGH 24h/

24h/ matri x | O[err] cells 5 x 10[err] 5,331,000 [err]
683 [err] 138 130 [err] 20 15 _ 279, 347 10 x
10[err] 9,853,833 [err] 716 %err% 137 689 [ 53 [err] 6

858, 634 2 rr] 13,226,000 [err err

50 [err] 6 BosABiss" 1] 1, 234, 410 20 HCM | D ]”Ee’(‘fs’ﬂ“i:‘)é‘tl 14
[err]g hGH [err]g hGH 24h/

24h/ matri x 10[err] cells 5 x 10[err] 6, 534, 000 [err]

853 [err] 232 133 [err] 23 25~ 26 = 344,525 10 x
10[err] 9,631,000 [err] 1037 [err] 277 108 [err] 12

875, 820 20 Briqy & jpdddtiep, obomedivyn, and thegtdme cof |meBium

81 [err] 16 addition was noté@6, ¥ days 8, 15V\Oafld/3P1% 24 1 ﬂﬁglum

PCT/ US96/ 17114 M
Cel | # Day 21 S-mPlq ¥As fakep for assay of pgﬂhgppégﬁymn, and PcHAM

24h/ matri x were dC§p|gbtain cell counts as follows: A
5 solution of 2 mg/ml collagenase type IA in PBS was added

at a volume of 6 ml per 15 ml tube. PCHCM were lifted
from dishes with flat forceps and blotted on an absorbent
paper towel prior to transfer into a collagenase
solution. Tubes containing PCHCM and collagenase

10 solution were secured onto an orbital shaker in a tissue
culture incubator, the speed was set to 40 rpm, and PCHCM
were allowed to digest for 2 h. After the 2 h
incubation, PCHCM were dissociated into single cells by
vigorous pipetting with a 5 ml glass pipette. Further

15 dissociation was deemed necessary due to the presence of
clumps, and a solution of 10x trypsin:EDTA (0.5% trypsin,
5.3 mM EDTA) was added to give a final trypsin
concentration of 1X in the collagenase. The tubes were
then incubated for an additional 10 min. Volumes in each

20 tube were noted, and cell suspensions were diluted 2-fold
in PBS and placed in a hemacytometer chamber to obtain
cell counts. Production of hGH by PCHCM at the indicated
time points was measured by radioimmunoassay of the 24 h
medium samples, as described in Example VIII. Table 5

25 summarizes the cell numbers for triplicate PCHCM at each
time point, and hGH production by PCHCM on days 8 (n =
12), 15 (n = 9), and 21 (n = 6). Values are presented
as mean istandard deviation. As Table 5 shows, these
PCHCM support a higher density of cells than the HCM

30 described in Examples V and VI (Tables 3 and 4). The
rate of hGH production per matrix and per cell was
similar throughout the study period.



55 x 10[err] 6, 916, 167 [err] 730 [err] 129 105 [err] 10

608,352 10.x-10lerr] 9 884 333 [orr] 1004 Jerr] 279 . 101 [err]
20 1, 475, 327 20 x 10[err] 10,207,750 [err] 872 [err] 333
83.[err] 10 10 2, 833, 250 EXAMPLE VI " St andar d”

col | agen mat do not include col  agen m crosphe rder to
conpare CM w‘ﬁ%&*’?\aw CM were prepared by replacing the vo uIFrSEJG?)ig@Gpi ed
by m crospheres in HCM wi t h additi onal sol uble collagen, to give a
ratio of 1 part 2x DMEM 1 part calf serum and 2 parts sol uble collagen
.per CM A direct conparison of CM wid lp7HEM was assessed as follows. 20
The cl one of human fi brobl asts stably transfected wth the plasmd

PXGH302, desi FiaLRP t‘i}?é n Col ﬁg Phares de e, at
each of two ID (1 x aqf% ‘gb“ ‘I‘NZ s D AR OPT NG R

produced. For both CM and HCM 9 X 10[err] cells éfor Jax 10 err | D)
and 45 x 10ferfay 25Cek} Nymheror WM()%‘WB}"%re”Fe’ﬁﬁ fﬂ%‘dél%d"?’rf"Q M of 2x
DVEM + 9 ml “of~geatTsTTaes0 o0 MW ESss T O o —ass £ agtat o 18 m of
rat .tail type | col | ag®6,8H ution (4 ng/ M) was added to each ID set,

and matrices were f s desghlhedgabove in nphe I. For HCM 9 ni
col l agen 30 m crosp%%’é’%@%ﬂg ?J’raft1 ?ai I typeBIﬁcoIlFagen sol ution

(4 nmg/m) Wﬁ/ae added_to each ID sets and_HCM wer e formed according to
Exanpl e 1. *Rat¥hi ces *Mefgs gt  i¥fHe?diginal 60°Mii dPsh and fed with a
volume of 5 ml Gowh Medium Cell nunbers per matrix, as well as hGH 35
production per matrix, were determ ned on days 7, 14, and

EXAMPLE VIIX
hGH expression was monitored by guantitative hGH
15 measurement with a sandwich radioimmunometric assay
{Allegro hGH Assay, Nichols Institute, Cat. No. 40-2205),
using conditions recommended by the manufacturer.
In order to determine the rate of hGH production,
culture medium was changed 24 hours prior to harvesting
20 the cells for passaging. At the time of passage an
aliguot of the culture medium was removed for hGH assay,
and the cells were then harvested, counted, and reseeded.
hGH levels are calculated after counting the harvested
cells, and are expressed as ug hGH/24 hr/lo6 cells.

25 EXAMPLE IX

This example describes in vivo implantation of
hybrid collagen matrices (HCM) prepared as described in
Example I, as well as standard collagen matrices (CM)
prepared as described in Example VI.

30 ' For subcutaneous implantation of matrices, mice
[M. musculus strains N:NIH(S)-nu/nu (nude; Taconic Farms,
Germantown, NY) were given an intraperitoneal injection
of avertin (solution of 2% w/v 2,2,2-tribromoethancl and
2% v/v 2-methyl, 2-butancl) at a dose of 0.0175 ml/g body

35 weight. Anesthetized mice were placed in lateral
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-"23 - 30 as described for Exanple V. The maxi num cel | densities
(measured on day 14) and hGH production achi eved by the 2 types of
matrices at the 2 densities are summari zed in Table 4. As indicated in
the table, déomsipgbrid type of matrix allowed for a hi ghepctiesssiiisgof
cells and a substantially greater production of hGH per matri x, conpared
with the standard collagen matrix wi t hout m crospheres. TABLE 4:
Conmpari son of "Standard" Collagen Matrices (CM 10 and Hybrid
Col | agen Matrices (HCM for Maxi num - 28 - Cell Density and hGH

" Production by Enbedded HF165-24 . Cel | trix | D
Maxi num cel | Y recumRencyy ARy the skjin, prepped with afconol al\:%ensi ty

Producti on 15 Betadine. A 0.5 cm to 1 cm transverse incisidewammade

SL](\)/I[err] 1X 1Qhe{:iéxlaxat:tin%:lr.'rs 2 e f%%ﬁ&r.;]rrhe suh&QQaH é\/l@é\ig thlace ?(?serr] S X
6.2 x 10[err] en%'arggg {%rﬁ%’%&iﬁﬁdﬁg‘iL’" EL%‘Q iﬁfaer?]jightly )iaféeg X
10[ err] 5 2thapethggsize of phmvmatrik| to be implanteds Ehermadrdxscri bes

the producti onwaBdpaaaéd Shérizomiallyean thecgubpliitafests | suRie e | ces

(PCHCM . Cells_25 of the ¢l ong.of .human fi.b sts . stably transfected with
the plasm d pxéﬁgﬁié(ﬁﬁggxﬁ%hmtpee ré%eedgg {Q‘g?%gg%)ffa%%lcgps'm &pheres at
a ratio of 2 ximglisien was|alored,rusing staiplesphetesl suraiealfol | ow ng

manner : A sugpgpsesn of 48 x 10[err] cells in 40 M G owh Mdium was
obtained frgm 30 harvested FRAOLAYPL-EL Y SetrddPpithi! Bi8ed USPELS' ON
placing the mouse in a large beaker containing
methoxyflurane (Pittman-Moore) until light anesthesia was
achieved. Serum hGH levels were determined using the
commercially available sandwich radioimmunometric assay
15 described above. The assay was performed as described as
recommended, except that control serum from untreated
nice was used to obtain corrected cpm for generating the
standard curve.
CM and HCM were prepared for implantation into
20 nude mice as described in Examples I and VI, using hGH-
expressing HF165-24 cells. 1In the first experiment
(Experiment 1, Tables 6 and 7), 13 matrices of each type
were prepared. HCM were produced with an inoculum density
(ID) of 5x10% HF165-24 cells per matrix, and standard
25 collagen matrices (CM) were produced with an ID of 2x10°%
HF165-24 per matrix. Fewer cells were used to inoculate
the CM since these matrices do not support as high a cell
density as HCM (see Examples V and VI). In subsequent
experiments (Experiments 2 and 3, Tables 6 and 7) only
30 HCM matrices were tested (13 in each of Experiments 2 and
3). Matrices were kept in the original 60 mm dishes and
fed with 5 ml of growth medium. After 13 days in
culture, all of the dishes were fed with fresh growth
medium; 24 h later triplicate matrices of each set were
35 digested for cell counts, and medium samples from all 13



was added to each of four 15 m graduated tubes containing 6 m of
packed collagen-m crospheres — and-sach celdlm crosphere m.xture was

transferred to a 125 ni Erl enmeyer flask. An additional 5 m of cell
suspensi on WO 97/ 15195

PCT/ US96/ 171 - 24 - sled L0 the
cell/m crospﬁ?e’-”rl#% ure in the 125 nm Erl enneyer flaskm?gﬂglgve ?iﬁfi nal
suspension of 12 x 10[err] cells with 6 mM mcrospheres and 10 Ml G owth
Medi um per flask (4 flasks total). The flasks were placed in a 5 tissue

culture incubator and swirlted gently for 29 approximately 5 seconds each
hour for 4 h. After the fourth hour, G owh Mdiumwas added to each
flask to the weFigesdnkeaghdset waxe nssayedi fornmfHl+ urbed for 24 h.

At 24 h, the m crospheres mgerimentsioracdeid ainraor ifipEahtatiyrertid ask

into a 250 ml | |g§5| o) . !\/ggiu added to the 150 ml mark
of each spi nnerﬁve %2 & , and&l‘gags]lf}'ss War & SI giée §%n a nmagnetic stirrer

pl ate set at2-3x105ncehle/matriXe wbiler the nrvarags nupber ofieelldsiin day,
G owt h Medi us) wine #dsiedasp7t sxidfe ciiGs7matbina(karie &9ch TReneenif! ask, and

flasks were re tLes . I at] | m  mark
and addi ng %‘?‘&sﬁ%rmgg? u&aﬁg!‘?}%éﬁ ryﬂl.aiw £8' the é{[?zi{”%léﬂ(% ite?]le

spi nner flask Prepgred iRcExperimants, pandcp| £8pex107 and: Bo2¥ART ccelds
determ ned. A PersueM matprpke véspEctivenlydl eSTabPRE 4 Gsummariz2snithewas

renoved fro agc ulnbask (gNd agef '-Qz!ﬁr cwe% ‘E&ﬁ%’é yrene
t ubes. Excess ?g | u% Wag§r éﬁmve ' ?’omi}élac ﬁ tube gsnpigregt P‘glr'#ignd t he
t ube cont ai ﬁ?nd"t Fel3), and specific production rate (ug/10° cells/24 h;

n=3) for each set of in vitro experiments. Values are

presented as mean * standard deviation. As shown in

Table 6, HCM supported a higher density of cells and

produced a higher level of hGH on the day of implantation
15 than did the CM.

TABLE 63 HF165-24 Cell Density and In Vitro hGH Production per
Matrix for Collagen Matrices and Hybrid Collagen
Matrices on Day of Implantation

20 Experiment # Cell # on Day of pg hGH/24h/matrix T 233/2411/
Implantation 10° cells

1/cM 2.4£0.1 x 10% 41 + 33 98 &+ 8
1/HCM 7.421.6 x 10° 983 & 239 109 = 16
2/BCH 8.921.5 x 10% 1399 % 177 170 % 27
3/uCH 9.2$0.9 x 10° 1279 + 115 137 ¢ 19

e

25 Eight matrices of each type were implanted into
nude mice in Experiment 1, while five HCM were implanted
into nude mice in each of Experiments 2 and 3. Serum hGH
levels were measured at regular intervals after
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m crosphere sanple was weighed. One ml of a 2 ng/m 25 coll agenase type | A

solution in PBS was added to “éach tube, and the tubes were covered with
parafilm and placed in a 37[err]C waterbath. At 15 m nute intervals,
the tubes containing mcrospheres were tapped lightly to di sperse
clumps. Aft ewod7Ms198el | s were further 30 dissociated by vi RSTTaIRe/pItpEt ti ng
wth a5 nm glass pi pette. To further dissociate clunps, a solution of

| Ox trypsi n: EDTA was added to give a final trypsin concentration of

| x in the collagenase solution, and the t ubes were incubated for an

addi tional 10 minutes. The 35 dissoci aled®cel | suspensions were diluted 1:2
"with PBS 15

PCT/ US96/ 17114@ lan\‘.@tgg{'a 1'.&59 results are shown J.% Table ’7 a dadded to

hemacyt omet er Fd¥anBer sTPoPXREFIRM, i ﬁ‘&"’i“i’%ﬂﬁtﬁ‘énﬁ’?‘c‘?ﬁoﬁ cells per m
m cr ospher es wadintalineflasebstantizlly hlightol beviimgh¢idrievels than diBotal #

of Cf' ')8/ u mcﬂ-%B'iSﬁ%é ‘anﬁnals fﬂ&oqamésgg ﬂ?éﬁhimﬁitam&) xh(cel I # in
sanpl e) x : a_assuy a wet co S a
speci 1. SoRnimapsofmpinnted wibe KOS PrRSEIARIYE HADA SHRen. i n
t he m crosphesdmidaply biohlseryme he¥ [leyedsvol une in 10 millili ters and 2)
hal f of the wet packed vol une of m crospheres i s occupi ed by
nterstitial ygLiPy, e 1n §Y5L2BELIVERFof mif by BBLafbell GEOTROSHCS (N
- Hybrid Matrices Containing Transfected Human

Skin Fibroblasts

10 serum hGH values (ng/ml % standard error)
Experiment 1 Experiment 2
Experiment 3
Days After CcM HCM HCM HCM
Implantation n=8 n=8 n=5 n=s
15
7 2.4%0.4 6.810.6 13.212.0 16.5%2.1
14 8.5%1.3 8.3%2.0
20 15 1.0£0.1 4.230.4
21 0.8%0.1 3.730.4 5.0+0.4 5.8%1.6
28 7.1%2.3 3.6%1.0
25
29 0.7%0.1 4.8%1.0
35 0.4+0.1 3.0%0.7 3.2%0.3 2.420.6

30 42 0.610.1 2.310.3 2.9%20.7 2.320.6



this experinment was 19.2 x 10[err]. M crospheres were removed from each

flask and pgg| ed in ao-15 gra_d_u_a!t_ed 15 tube. The entire.

m cr ospheres contai ni ng .19.2 x 10[err] cells per m mcrospheres was
used to produce hybrid col |l agen matri ces. In a 100 m sterile
bottle, 12 ified 2x DMEM 12 m of calf serum ty
col | agen 20n%$§*gggﬁeres, and the 6 ml of precultured nicro§5ﬁ2?8é7ﬁgpmere
carefully m xed using a 10 m gl ass pipette. This m xture was placed on
ice, and 12 m of ice-cold rat tail Type | collagen was added and m xed
.carefully using a 10 m gl ass pipette.3d - of this mxture was added to
each 25 of twelve 60 mm petri dishes, and the di shes were pl aced at
37[err]C and |l eft undisturbed for 24 h. The final nunber of

cells per matrix 9.6 X 10[err], since each trix was conposed of
0.5 m of nicrgg%%eres containing 19.2 x 106 c@ﬁ%?opér m . These 30
precul tured hybrid collagen matrices (PCHCM were refed after 24 h by

aspirating the nmedium and adding 5 m of G owt h Medium The PCHCM were

ref.ed on days 4, 7,56l1, 1l4p.a80.and220tos h 6 M of G owh Medétegns On
days 7, 14, and 20, the PCHCM were also rinsed with 4 m of HBSS
WO 97/ 151955 PCT/ US96/ 17114
- 26 - prior tg addition_,o iu the ti of nmedi um
addition was not ed.ﬂ’Ow days 8°§§g?gnd{nﬁia°n} 24 hlr‘rggf’m“n safp? ¥ vhis
taken for assay of hGH production, and PCHCM were digested to obtain
cell counts as follows: A 5 solution of 2 ng/m collagenase type A in PBS
was added 85 0.410.1 1.4%0.2
io 123 0.520.1 1.2%#0.3
154 0.5%0.1 1.0%0.3
186 0.6x0.1 1.0%0.5
i5
EXAMPLE X

The hybrid matrices of the invention would be
20 prepared for implantation in humans as follows:

The desired cells, typically stably transfected
autologous cells derived from the patient, are harvested
from tissue culture dishes and processed for the
production of HCM or PCHCM by any of the methods

25 described in Examples I-IV. The dosage for a given
patient (i.e. the physioclogically effective guantity of
therapeutic product produced by the matrix) can be varied
by using a larger or smaller matrix, implanting a
different number of matrices into the patient, and/or

30 using cells which express a different level of the
pProduct per cell when constructing the matrix. The
quantity of the therapeutic product produced in the



at a volume of 6 mM per 15 m tube. PCHCM were |ifted fromdi shes with
flrat forceps and blotted on an absor bent paper towel prior to transfer
into a col | agenase sol ution. Tubes containi ng PCHCM and col | agenase 10
solution were secured onto an orbital shaker in a tissue culture

I ncubator, theospsed was set to 40 rpm and PCHCM wer e adTarmeiind di gest
for 2 h. After the 2 h I ncubati on, PCHCM were di ssociated into single
cells by vigorous pipetting with a 5 m glass pipette. Further 15

di ssoci ati on was deenmed necessary due to the presence of clunps, and a
sol uti on of IOx trypsin: EDTA (0.5%trypsi¥ = 5.3 nM EDTA) was added to

Qi final f I t ub
vere *then | BRR pay MR Kbl %%‘9&%***#5% Fle SOFIECE S | Lie”

were noted, arfReel¥ %@mmwm Rheinlogig signal pariehd pl aced
i n a henmacyt onelesrs kaipirissionobfatie thardpeutditnigenelr oHortexamplfe hGH by

PCHCM at the ipgdigat g4, ra X8 P bﬂ&%&’g&d?%x%ﬂee@og¥ f’?dbﬁ_a%m;noassay of

the 24 h med] um sanpl e as déscri 5 25
sunmari zes BheIHFICIRIAGHL-FESPPPEIYE REMBETGNRED ABVIVO 1@¥ROSHTEt . and

hGH product i onobytHe el 1an tebaws dBugnsech asl Hexahethasond) (bynd 21 (n = 6).

Val ues are pr Ng r n E\i}%}p t hese
PCHCM support a 'ﬁ% r(?%s:{?% o?hgn??sg%ﬂ?gﬁhtégQHéM 30 gﬁécrl

Exanpl es V anoe‘\ﬁm(eﬁa drug,yeachegthe implantyc widl lteKicti on per

matri x and perexmtdssitn of thes ltherajaemtmgdnd.he study peri od.

WO 97/151930 Typically, a plurality of small Rfakiddedl/ 17114
- 27 - (approximately 1-2 cm) in diameter, produced in 60 mm
petri dishes and containing on the order of 10 x 10°
cells per matrix, would be implanted. Thus,
approximately 100 million cells could be implanted using
15 10 small matrices. The use of matrices with
significantly higher cell densities (as produced by
incorporating, for example, ascorbic acid 2-phosphate)
would result in a smaller number of matrices needed for a
given patient. Alternatively, a larger petri dish (> 150
20 mm diameter) may be used as a mold to produce larger
matrices which could be either implanted directly or cut
into smaller pieces which are implanted.
Prior to implantation, the matrices may be stored
or shipped in growth medium or any other solution which
25 allows the cells to remain viable. Alternatively, the
matrices may be cryopreserved by freezing in an
appropriate freezing wmedium, which can be washed away
prior to implantation.
Matrices may be implanted in a variety of sites,
30 including, but not limited to, subcutaneous,
intraperitoneal, intrasplenic, intraomental, inguinal,
intrathecal, intraventricular, and intramuscular sites,
as well as within lymph nodes or within adipose tissue.
A surgical incision at the appropriate site is made, the
35 matrix inserted, and the incision closed.



TABLE 5 HF165-24 Precultured on Coll agen M cropheres and Enbedded

| Jction orer
Tiome in Cul ture. Day Cell Nunber [err]g hGH 24h/matrix [err]g

hG 24h/ 10[ err] cells 8 13,732,000 [err] 1264 [err] 155 94
[err] 10 wo97ns:951- 786, 565 15 12,573,000 [err] p&dAiSodiifel 166
97 * 14 , 547,133 10 21 13, 706, 000 * 1254 * 135

85 [err] 10 497, 073 EXAMPLE VI | | hGH
expression was nonitored by quantitative hGH 15 neasurenment with a sandw ch
radi oi munonetric assay (Al'l egro hGd ¥say, Nichols Institute, Cat. No.
40- 2205) , usi ng condi ti ons recommended by the manufacturer.

In order to deﬁ@ﬁ-ﬁ@—&%e rate of hGH producti on, cul ture medi um was

changed 24 hours pri ofThesrehareesat numpel) dthetatlicsahdr peastesipmdlargd t he
time of passaggcafe mawei»wtcxﬁft&aeswk&ﬂéetﬂe@éan\waaeg;e&adfser hGH
assay, and the cells wer rvest ed u]g]tf .and .re ee hGH
l evel s are cal BEFa%EdP’é?Y’%’r“ (%W&Fﬁgufﬁe“ﬁi‘ﬂ?/e‘é maintaine aFr are
expressed asb[ bybyridmavices /ofotber invention. ZPhebxNodicEs| xffer

This exanpl e dgg wgslweysu& Iﬁahamﬁﬁtmmﬁé necéwa@ydseebgaeen matrices
(HCM prepared as gescrl t.andard col | agen

matri ces (CM ARG ‘g%%d%é?m%%gﬁ’é?&ﬁ&ﬂé’ I1f1§3 ion of
subcut aneous i kpraet sp¥ekeisis.nuiSeveral areddescriitedvlredoys strains

N: NI H(S) - nu/ nu (nude; 1TaCOﬂfﬁefaféﬁnatlonGﬁhﬁﬁﬂhﬁM‘atM a&erﬁy&l;\aen an

2o SPEr br oS hAET iz iodh, BHE) AR fatvenc el ekt Piaeas . o

0.0175 m /g bod$-85 mwtloﬂ%ﬂmetixzmwwveraemaecdwntheserm
can be aseptically transferred to a sterile Microcarrier
Spinner Flask (250-100 ml capacity). These HCM are
produced and maintained under conditions which maximize

15 the viable cell density within each matrix. Typically
this requires between 5 and 20 ml medium for every one ml
of matrix volume. The protein production medium is
formulated to comprise a minimum of undefined components
{e.g., serum), and may include added factors intended to

20 maximize the output of protein production per cell. The
spinner flasks are placed into a 37° + 1°C, 5% + 1% Co,
humidified incubator on a magnetic stir platform set for
30-70 rpm. After 1-3 days, the flask is transferred to a
class 100 biological safety cabinet, and the production

25 medium containing the expressed protein is aseptically
drawn off without disturbing the settled matrices. An
equivalent volume of fresh protein production medium is
added to the flask, and the flask is returned to the stir
platform within the incubator.

30 2. The matrices described in (1) above may be
aseptically transferred into a 1-5L bioreactor (e.g,
Brunswick) with a controllable stirring impeller shaft.
Production medium level is set by the control system of
the bioreactor. Medium harvesting and replenishment is

35 controlled within a sterile closed loop system to

TR vim e ol
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28 - recunbency, and the skin prepped with al cohol and Bet adi ne. A
O 5 cmto 1 cmtransverse incision was nade on the animal's left flank.
The subcut aneous space was enl arged by sharp dissection to an area
slightly | av@p7/1589% han the size of the matrix to be inpl arREUSIWMBI4mat ri x
was placed horizontally in the subcutaneous space and spread evenly with
the use of MIIlipore forceps. The incision was cl osed,. using stainless
steel surgical staples. 10 % d _was collected by retroorbita
bl eed after pl aci ng the nouse in a l"arde beaker contai ning

'nethoxyfluranﬂlﬁghgggaabyggﬁgﬁatggﬂI | i ght anest hesi a was achi eved.
Serum hGH | evel s were usi th co i all avallable
sandwi ch rad|0|nnunoﬁ%trl§&§%§§§h1¥°gg§8rﬁﬁ%dpﬁﬁgggt €§?

perforned as d¥ectppmedagrom tmmer&(mupmswndr@llwdjmdrom
untreat ed sh@ewmlﬂssdtigs@@taartm ealeg: %@tﬁar OPRET BbtETed he

standard c epar antation into
20 nude mc 3§edé§SPbﬁgﬁd %“l&e§%#£%§ ugﬁ%§hﬁ 2%% A expr essi ng
HF165- 24 cel | sonkrachéon; ¢§tt!e9<mtnmhtresul(t|§<péw ranﬁnﬁetflqabi@g 6 and 7),
13 matrices oktedeBub¥pPe3-5 A%YL) PrErRAad meld@'\ﬂni/\/&l’setﬁéﬁdﬂéﬁﬁeﬁ\iéﬁhcﬁﬁ

i nocul um densi t ( 5x10[ err - and
standard 25 cof'ﬁaﬁieiﬁ L %rfése a%?]\gas\éed_"&r@g’du%ée&% ?ﬁ %‘%fl x°l(?[ err]
HF165- 24 per Keilpx. appasatue|vithin & 8¢ tdacqubatorat eGrOMM@ nce
these matrigeisdPepdbnssNEQrévarsy a-gh daﬁeldntu mhensaté natincd/ (ﬁ@-@s

ABTELC el polA RARE Ly, SN il BIOCRATHS Sl
2 and to pro ein production medium. After -3 days, th
bottles are transferred to a class 100 biological safety
cabinet and the production medium containing the
15 expressed protein is aseptically drawn off without
disturbing the matrices. An egquivalent volume of fresh
protein production medium is added to the bottle, which
is returned to the roller apparatus,
4. The constituents of the HCM can be
20 aseptically introduced into sterile gas—-permeable Teflon™
bags through a sealable port. The components are allowed
to gel within the bag and take on the shape and
conformation therein. Bags are incubated in 37° + 1°C,
5% + 1% CO, humidified incubators. As the HCM contract
25 and reduce in volume, the growth medium volume is
adjusted to compensate. Medium harvesting and
replenishment is accomplished through sterile-connect
tube systems built into the bags. The use of ported
incubators and extended tubing would allow for the design
30 of a cyclic harvest/feed pumping system that could
eliminate the need for removing the bags from incubators
during a production run.
5. The constituents of the HCM can be
aseptically introduced into custom-designed thermoformed
35 trays with a high volume capacity. The simplest

-J




3). Matrices were kept in the original 60 nmdishes and fed with 5 m of

5 ay t he di shes—were—fed—wth
fresh growh medium 24 h |ater trlpllcate matri ces of each set were 35
di gested for cell counts, and nedi um sanples fromall 13 WO
97/ 15195 WO 97/15195 PCT/ US%/PI:TZUSQG/H]M
- 29 - matrices in each set were assayed for hGH For
Experinment 1, at the time of inplantation the average nunber of cells
in the CM was 2.4X10[err] cells/matrix, while the average nunber of

cells in 5 the HCM was 7. 4x10[err] eITs:ﬁ’rﬁ‘[rix (Table 6). The cell

nunber per matrix.was . simlar to he_ | erf prepared in
Experinments 2 %?l’af%m(%]é”i(‘f[oerr bg %ln9 e% ceFF@‘Agular '%r matri x,
respectivel y) . witkip|gas Wﬂmezéépﬂhbhtle%é?qsmefm{nus-e3}" a1fQitro hGH
producti on pertigdéde >culture intapatend spestiddrC gesigrcioald riclude a

(Lerr]g/10[errd, Gald 54:?03@ Eerstem Qlé%a‘%# EJE&%B Ok, ﬁgé!':ﬁé&uﬁ&‘pe” ment s.

Val ues are presen viation. owmn In__  Table
6, HCM suppért’&FW%@rdé’ﬁi‘ltFWB?dc%??@%Gnd megdigH RSty M | evel
of hGH on the ¢hya Bidrgacterachatibdb. t han did the CM TABLE 6:

HF65-24 Cell Density and In Vitro hGH Production per
Matrix for Collagen Matrices and g¥brid Col | agen Matrices
on Day of Inplantation g
The hybrid matrices of the invention are
appropriate for delivery of a wide range of cellular
10 products, including not only hGH, but also Factor VIII,
Factor IX, erythropoietin (EPO), albumin, hemoglobin,
alpha-1 antitrypsin, calcitonin, glucocerebrosidase, low
density lipoprotein (LDL) receptor, IL-2 receptor,
glokbin, immunoglobulin, catalytic antibodies, the
15 interleukins, insulin, insulin-like growth factor 1 (IGF-
1), parathyroid hormone (PTH), leptin, the interferons,
the nerve growth factors, basic fibroblast growth factor
(bFGF), acidic FGF (aFGF), epidermal growth factor (EGF),
endothelial cell growth factor, platelet derived growth
20 factor (PDGF), transforming growth factors, endothelial
cell stimulating angiogenesis factor (ESAF), angiogenin,
tissue plasminogen activator (t-PA), granulocyte colony
stimulating factor (G-CSF), and granulocyte-macrophage
colony stimulating factor (GM—~CSF). For example, the
25 cells embedded in the matrix can be pancreatic beta cells
which naturally secrete insulin in response to a rise in
bloed glucose, and which therefore can supplement an
inadequate insulin response in a diabetic or pre-diabetic
patient. Alternatively, they can be any type of cell
30 genetically engineered to express and secrete high levels
of a needed polypeptide, such as a clotting factor,
within the patient. Such a construct may be under the
control of a constitutively activated promoter, or of an
appropriately physiologically or pharmacologically



20 Experinment # cell # on Day of [err]g hGH 24h/ matri x [err]g

hGH 24h/ | npl ant ati on

|.O[err] cells 1/ CM 2.40.1 x 10[err] 241 [err] 33

98 [err] 6 1/ HCM 7.41.6 x 10[err] 983 [err] 239

109 [err] 16WO97s5195 2/ HCM 8.9[err]1.5 x 10[err] 1FEFYSHREN1477

170 [err] 27 3/ HCM 9.20.9 x 10[err] 1279 [err] 115

137 [err] 19 25 Ei ght matrices of each type were inplanted into
nude mce in Experinent 1, while five HCMwere inpl anted into nude m ce
.in each of Experinents 2 and 3. Serumh | evel s were neasured at

regul ar intervgbguidted promoter. WO 97/15195
PCT/ US96/ 17114 | ant at i g The
ante

results are shown in TRBI €O¥A3gep gel-pgreion of é?b%r”f%ﬁ?‘ fnp‘HEfOPF?rﬁ
ani mal s mai entirey afodnsetihble yedliggen SdberiliscHor egah scondaaindi d

CM i npl ant ed agéwet %Jﬁon%%@sdﬁﬁsa@@ﬁﬁdx{m‘ioam&hgan' 5eA@ maé +dEd ant ed
wth HGMlnS'Engﬁ ntsaZ ng: a V\EP s(‘é % SE uanéith-llevels
TABLE 7 i3 &y °8F ’H@?%W‘ﬁ?pl e& Yragen
Hybrid Matri cdierasrimisnifate, afsrnatan| %ev or chondroitin Ski n
Fibrobl asts sulfate; a sulfated proteoglycan; fibronectin; laminin;
elastin; fibrin; or tenascin. Such components
(particularly thaose which are found in the extracellular

10 matrix of animal tissues) contribute to the structural
stability of the hybrid matrices of the invention, and/or
provide additional attachment capacity for the cells in
the matrices and the host tissue at the site of
implantation. They would be incorporated into the

15 matrices by mixing with the collagen solution prior to
geliing.

) Other potential additives include cytokines and/or
growth factors which are useful for optimizing
maintenance of the cells or promoting beneficial

20 interaction with host tissue {e.g., vascularization),
including bFGF, aFGF, endothelial cell growth factor,
PDGF, endothelial cell stimulating angiogenesis factor
(ESAF), leukotriene C;, prostaglandins (e.g., PGE,,
PGE,;), IGF-1, GCSF, angiogenin, TGF-a, TGF-B, ascorbic

25 acid, EGF, and oncostatin M. These additives can be
incorporated intoc the matrix by mixing them with the
collagen solution prior to gelling, by introducing them
into the interstices of the microspheres, or by including
them in the medium which bathes the matrices.

30 Alternatively, the cells may be genetically engineered to
express the desired product. For example, the cells of
the matrix may be cotransfected with a DNA encoding an
angiogenesis factor and a DNA encoding a second,
therapeutic protein, or with a single vector encoding

35 both types of proteins linked to suitable expression



10 serum hGH val ues (ng/m standard error)
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10

1s

20

25

HCM HCM | mpl ant ati on n=8 n=8
n 5 n=5 15 7 2.40.4 6.80.6 13.22.0
16.52.1 WO 97/151%8 8.51.3 PCT/US8/1B24 0
15 1.00.1 4.20.4 21 0.80.1 3.70.4 5.00.4
5.81.6 28 7.12.3 3.61.0 25
29 0.70.1 4.81.0 35 0.40.1 3.00.7 3.20.3
.2.4[err]0.6 30 42 0.60.1~ 2730.3 2.90.7 2.30.6
WD 97/ 15195 PCT/ US96/ 17114

control sequences.

The collagen used in the gel may be any suitable
type (e.g., type I-XI), or a mixture of any twoc or more.
Fibers may be placed in the mold prior to gelling of the
collagen, so that they become an integral part of the
matrix and contribute to the sturdiness and handling
convenience of the matrix. Typically, the fibers would
be made principally of collagen (e.g., cat gut) or a non-
collagenous material such as nylon, dacron,
polytetrafluoroethylene (Gore-Tex™ or Teflon™),
polyglycolic acid, polylactic/polyglycolic acid mixture
{(Vicryl™), polystyrene, polyvinylchloride co-polymer,
cellulose (e.g., cotton or linen), polyester, rayon, or
silk. The fibers may be woven into a mesh or cloth, or
used as individual threads.

Instead of the type I collagen microspheres

described in the above examples, one could utilize

microspheres consisting primarily of another type of
ccllagen, polystyrene, dextran (e.g., Cytodex™,
Pharmacia), polyacrylamide, cellulose, calcium alginate,
latex, polysulfone, glass (coated with a substance such
as collagen which promotes cellular adherence), or
combinations of collagen with any of the above. Such
microspheres are available commercially or can be made by
standard methods, then sterilized for use in the hybrid
matrices of the invention.

Other embodiments are within the following claims.

20



- 31 - 55 2.0[err]0.3

56 . 0.40.1 2.70.5 1.60.3 5

0.30.0 1.20.2 1.70.4 0.90.4 85 0.40.1
1.40.2 10 123 0.50.1 1.20.3 154 0.50.1
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The hybrid nmatrices of the invention would be 20 prepared for inplantation
i n humans as fol l.ows: The desired cells, typi EEK a

~fromtissue culture dishes and processed for the

transfected aut ol ogous cel |l s derived_f ?gm_t he patient, ﬂml ; I"
What is claimed is: L

1. An article comprising a body of matrix
material comprising insoluble collagen fibrils and
disposed therewithin

5 {a) a plurality of vertebrate cells; and

(b) a plurality of microspheres each of which
consists primarily of one or more substances selecteqd
from the list consisting of collagen, polystyrene,
dextran, polyacrylamide, cellulose, calcium alginate,

10 latex, polysulfone, and glass.

2. The article of claim 1, wherein the cells are
selected from the group consisting of adipocytes,
astrocytes, cardiac muscle cells, chondrocytes,
endothelial cells, epithelial cells, fibroblasts,

15 gangliocytes, glandular cells, glial cells, hematopoietic
cells, hepatocytes, keratinocytes, myoblasts, neural
cells, osteoblasts, pancreatic beta cells, renal cells,
smocth muscle cells, striated muscle cells, and
precursors thereof.

20 3. The article of claim 1, wherein the cells are
human cells.

4. The article of claim 1, wherein the cells are
transfected cells containing exogenous DNA encoding a
medically useful polypeptide.

25 5. The article of claim 1, wherein the cells are
transfected cells containing exogenous DNA which includes
a regulatory seguence that activates expression of an

endogenous gene encoding a medically useful polypeptide.

6. The article of claim 4, wherein the

AN



production of HCM or PCHCM by any of the methods 25 described in Exanples

i X) can be varied
i fferent nunber of
expr eewussgdrimer ent

quantlty of t her apeuti ¢ product pr gﬁggﬁgekv’.
by.using a larger or smaller matrix, { P g |
matrices intowbleensieg i ent, and/or 30 usr

SRR 1

| evel of the product per cell when c T: g'r'é matri x. The
guantity of the therapeutic product produced ﬁﬂ the WO 97/ 15195
PCT/ US96/ 17114 - 32 - patient may al so

be varied by exposing the cells in the = 3%wTrix to a pharmacol ogic or

e ¢ Ut HAyeERkRds i he BeteR BRI EL, Gold) ol AReY b oene. For
gIucocortrCO|diﬂéwp653|hermmmmbt@Wtokhensvn091QQYe§ﬁﬁmﬂLﬂ§lng 6ﬁctﬁéscells
to a drug such @%cdaéaaﬁtt@&we ant boaiadd | l6tEing Fddwrd,ug to the

PELLOTE 1D & TR DRY, g AN 8 bEGHL R4 B ERREL

al ter expre55|on 0
plurality of3si®d skrufFFeral Pqu%BﬁFOXIﬁBtely 1-2 cm) in dianeter, produced
in 60 mMm petri dishes and containing on the order of 10 x 10[err]

cells per matrix, woulgd ER£€%?§§; f”%#%lm 4 agﬂggé#ﬁaéﬁgy 100 mllion

cells could be |nplanted u5| use of matrices
Wi th si gni f POINPEPtiAYNES aebraméfeﬁgneﬁég {%gtqﬁ-oduced by
i ncorporating, for exanple, ascorbic acid 2-phosphate) would result in a

smel | er nunber of matrg cegpReEPefei@ o claim 4 wherein the polypeptide
is selected from the group consisting of human growth
10 hormone, Factor VIII, Factor IX, erythropoietin, and
insulin.

9. The article of c¢laim 5 wherein the polypeptide
is selected from the group consisting of human growth
hormone, ,Factor VIII, Factor IX, erythropoietin, and

15 insulin.

10. The article of claim 4, wherein the
polypeptide is selected from the group consisting of
alpha-1 antitrypsin, calcitonin, glucocerebrosidase, low
density lipoprotein (LDL) receptor, IL-2 receptor,

20 globin, immunoglobulin, catalytic antibodies, the
interleukins, insulin-like growth factor 1 (IGF-1),
parathyroid hormone (PTH), leptin, the interferons, the
nerve growth factors, basic fibroblast growth factor
(bFGF), acidic FGF (aFGF), epidermal growth factor (EGF),

25 endothelial cell growth factor, platelet derived growth
factor (PDGF), transforming growth factors, endothelial
cell stimulating angiogenesis factor (ESAF), angiogenin,
tissue plasminogen activator (t-PA}, granulocyte colony
stimulating factor {G-CSF), and granulocyte-macrophage

30 colony stimulating factor (GM-CSF).

R O



given patient. Alternatively, a larger. &Ftri di sh (> 150 20 nm di aneter)
mdy be used as a nold to produce |ar eet Hag e céthi ch coul d be either
i,mpl anted directly or cut into smnal ch are inpl anted.

Prior to inplantation, the matrices 6 - or shigﬁiﬁ in1§rom¢h
medi um or anyVY@PMB%sol uti on which 25 allows the cells to r &AYFUIAH e.

Alternatively, the matrices nay be cryopreserved by freezing in an
appropriate freezing nedium which can be washed away prior to

I npl ant ati on. Matrices may be ijgplLanted in a variety of sites,
30 including, but not limted to, subcutaneous, I ntraperitoneal,

“intrasplenic, intraonent.al THe@guritiele of ¢haimtheomerdint theentricul ar, and
heaguseul ar Hikelepnerd YEL! ORI ol B ReRARES OF W LN B PoSe

tissue. A surgical Incrsion appropriate site is made, the 35
matrix inserted, and the incision closed. WO 97/ 15195
PCT/ US96/ 17114 12. 'The article of claim 1, wiikerein theEANBEET¥

There are a NUECERQl n3bbLinailk ARVY'Y WlahBtle betwbd! Sobfodidd ! [Ur e

systens that can be a use in protein manu reusing-cells

a 3
nai nt ai ned i °51h?BFiGBHE?¥+E%EF¥X 4 M@ nvention. The choices offer

varying levels of facility in the necessary steps of feeding and nedi um
harvest prior to purifjgatiode erti_cletéfgéiaﬂﬁof,e!ﬁ}?erei%v%g@ a&gaQSﬁC“bed
bel ow. . t&' A%%er formafion and maturation of hy rlg 1 ol | agen
matrices (HCM imtBe BRRFI¥MmRteRts: it fvwe I-

14. The article of claim 13, wherein the matrix
material additionally comprises a substance selected from
10 the group consisting of a second type of collagen,
agarose, alginate, fibronectin, laminin, hyaluronic acid,
heparan sulfate, dermatan sulfate, sulfated
proteoglycans, fibrin, elastin, and tenascin.

15. The article of claim 1, wherein non-collagen
15 fibers are disposed within the body.

16. The article of claim 15, wherein the fibers
comprise a material selected from a group consisting of
nylon, dacron, polytetrafluoroethylene, polyglycolic
acid, polylactic/polyglycolic acid mixture, polystyrene,

20 polyvinylchloride co-polymer, collagen, cat gut, cotton,
linen, polyester, and silk.

17. The article of claim 1, wherein the article
is disposed within a mammal.

18. The article of claim 1, configured to be
25 jimplanted into a patient.

19. The article of claim 18, wherein the cells
are derived from one or more cells removed from the

A



(e.g. after 10-25 days incubation), a nunber of these HCM can be

3 o—a—stertte-Ncrocarrier Spi nmer—Ftask
(-250- 100 m capacity). These HCM ar e%x.SSheepmg oladed mai nt ai ned under
condi ti ons which maxim ze 15 the via s iR Wi thin each matri x.
Typically wblbrasmwsquires between 5 *amm Al 6 l‘szor EREVYSIH 1411
of matrix volume. The protein product | SHEHEEIN TS, fornulated to
conprise a mnimum of undefined conponents’ = {e.g., serun), and may
i ncl ude added factors intended to 20 maxi m ze the output of protein
.production per cell. The spi nner flasks are placed into a 37[err] [err]
llerr]C, 5% %gg‘%r] hum di fied i ncubator on a magnetic stir platform
set for 30- rpm After 1-3 days, the flask is transferred to a
cl ass 100 bi ol ogi cal safety cabinet, and the production 25 nmedi um
contai ning the expresged prhéecarticleasdpicladll y8, whéeredin e welllgut

di st ur bi ng the-gg&{é@%fm‘%?g%%t%% ﬁﬁgu%?gg%&val ent volune of fresh protein

production nedium1s a “and the flask is returned to
the stir platformw thin the incubator. 30 2. The matrices
described in (1) aboveiuayThe artizsiepicfc 2lhimt 18)Svkereih itlie callsSL

bi or eact or . %ﬂ-?é‘l‘! hih 'Qggfe e’ AT al r, shaft.
Production %d?fjemﬁ'%@{e I S e?é%:eé’ikt ﬁgn‘g%%{l{r% sy tggugf bii tehgpﬁ% eaact or.
Medi um har vestReRASHY SRefmls RRA¥PEPEIAR: controlled within a sterile

cl osed | oop systemto WO 97/ 15195

PCT/ US96/ 17114 22. The article of claim 18, Xherein tHdlicdEhie _
contanlnatlon.are transfecé%a ceE?L é%ﬁ@%%%’A&“idig!%%&%dﬁﬁk'Qﬂicﬁhe matrices
includes a regulatory seguence that activates expression
10 of an endogenous gene encoding a medically useful
polypeptide.

23. The article of claim 11, wherein the cells
are transfected human cells and the collagen in the
matrix material is type I.

15 24. A method of making the article of c¢laim 1,
comprising
forming a mixture comprising (a) a plurality
of vertebrate cells; (b) a plurality of microspheres,
each of which consists primarily of one or more
20 substances selected from the list consisting of collagen,
polystyrene, dextran, polyacrylamide, cellulose, calcium
alginate, latex, polysulfone, and glass; and (c¢) a
solution comprising soluble collagen;
causing the soluble collagen in the mixture
25 to form a gel containing the cells and the microspheres;
and
exposing the gel to culture conditions which
cause the gel to contract, thereby forming the body of
the article.

UL



are formed fromthe constituent conponents and al I owed to gel within a
tissue culture roller bottle. The bmh:tSiestHaSB #ibated in a static
upright position until contractio tﬂ results in a
free-floatin structure (35days) mis then repl eni shed,
and the botth‘-f@"ﬁ P%assed with 5% err and pl aced i nto BCT/USY6QIiIdr
apparatus within a 37C i ncubator. G owh nedium 10 is repl eni shed every 2-3
days until HCM are mature (10-25 days total incubation), at which tine
the HCM are exposed to protein produgtj ?n__rredi um After 1-3 days, the
bottles are transferred to a class 100 biological safety cabi net and the
production nmedi um contas.ni mpet hetAda exPrerear 2ar, Owtepein €8€Pti cally drawn

of f wi t hout mgbﬁ‘ﬁr%éﬁéf@s?&ee E&gﬁg%ﬁéggggu#ggésent vol ume of fresh

protein production rumis a €, which is returned to
the roller apparatus. 4. The constituents of the HCM can be 20
aseptical ly introduce@é.nt dhet nethed oo -qaeriie 2k, ewhet L On| €id |so1utiass

through a seal aﬁhgti?&&hﬂ%ﬁym%egt SuBLe Eadl %Oé@&ctedt %rgml 1é_ir()vlst hin the

bag and take_on_t confornm herei n i ncubat ed
in 37[err] [%rﬁf"]‘{’e??’]‘%s‘:m%%f[ &r BECoDgd (EYRe 19f m%lmmaagmmw ors. As
t he HCM cont r asig2Bated tmhmqmnvouauninhmymdhi@dbﬂm VRkp#Fanh S

adj usted to cogpepaeé e addath in t is

acconpl i shed t?égugg stderl I ;ugoﬁggts& E e systﬂems eb%] ?ag?%fo t he bags.
The use of por ey and,§eBpRBEiRed t ubi ng woul d al l ow for the
design 30 of a cyclic harvest/feed punping systemthat could elimnate

the need for removingabhe bAgSebenSa idioWialsl 54, w g 410 ehe e opn TN

. The co |tgents { { he HCM can g cétep I.C I ntroduce
custom des:ll';neﬁ t MR AU HEUSRUS, goLution H’R& 89pRci A The
si npl est gelation is accomplished by ralsinq the pH of the

solution.

28. The method of claim 24, wherein the gelation
step takes place in a mold, so that, prior to the
15 contracting step, the gel is in the shape of the mold.

29. The method of claim 24, wherein the cells and
the microspheres are cultured together prior to being
mixed with the solution.

30. A method of administering a medically useful
20 polypeptide to a patient in need thereof, comprising
providing the article of claim 18, wherein the
cells secrete the polypeptide; and
implanting the article in the patient.

31. The method of claim 30, wherein the cells are
25 derived from one or more cells removed from the patient,
and have been transfected in vitro with exogenous DNA

encoding the polypeptide.

32. The method of claim 30, wherein the

) ) A



V[197/15195 PCT/ US96/ 17114
- 35— conformatTomwoutd—be—ar open T dded rectangul ar—tray W N
gas exchange capabilities desi gnedﬁuggh S B Befldber I ] tissue culture

i ncubat or. Anot her desi gn woul d i ncl gl #bd | oop systemw th ported
access to thaveewistes 5 reservoir f t geedl ng anBCHBS(IA14

harvest, akin to a bioreactor e Ll e O her
Enbodi nent s The hybrld natrlces of the i nvention are
appropriate for delivery of a wide range of cellular 10 products, including
not only hGH, but also Factor VI, FafoT 1X, erythropoietin (EPO),

al bum n, henogl obi.n I t t th

gl ucocer ebr osi d&?&aﬁtaﬁg ! dengr%gé ‘%%%?otgefﬁg Et')% &r’%%esﬁ or ml -5
receptor, glradiienti.nmunogl obul i n, catal ytic anti bodies, the 15
interleukins i nsul in, insulin like growmh factor 1 (IGF- 1),

par at hyroid horm)ne (P hgei e{PNSYh ihhen@erve growth
factors, basic jlbrobla gromﬂ g%tgf & é) EF ;%fllc FGF FGF),

epi dermal gr owiRIlaNtdng( kErFarried Apk I iE AP bW‘Ple?]a'ct ™~ pl at el et

derived growsh ﬂhﬂa@hp&u{t&ﬁﬁzinguimls,f dm'hragugcnmnh factors, endotheli al
cel | stinulati “%Meﬂggeg%érgran %%Feka QgL gULRi fhe patliertue

pl asm nogen activator e Cco ony stinulating factor
(G CSF), and granul ocyt e- macr ophage colony stinulating factor (Gw CSF).
For exanple, the 25 cedds ameededtiodnof helain ridk, odveriednpihereatic beta

cel 15 o uhich At aplelii> 67 6h& W) igcndbdsHBUAS Al Pirid Sarid) the bl ood

| d |
O o i Toccstrad e W e SR (.

be any typeiof waind 8F gbeet pabientengi neered to express and secrete high
| evel s of a needed pol ypeptide, such as a clotting factor, within the

e et Sl o, A P 08 phlnjec O A sihaefspshuliii vely
phar macol ogi calgoiypeptide to a patient in need thereof compr:.s:.ng
providing an extra corporeal apparatus comprising
(a) the article of claim 1, wherein the cells secrete the
15 polypeptide; and (b) a means for shunting blood from a
blood vessel of the patient to the article and then back
into a blood vessel of the patient; and
shunting a portion of the patient’s blood through
the apparatus and back into the patient’s bloodstream, so
20 that the polypeptide mixes with the blood.

36. A method of producing a polypeptide,
comprising
providing the article of claim 1 under conditions
whereby the cells express and secrete the polypeptide;
25 contacting the article with a liquid such that the
cells secrete the polypeptide into the liquid; and
obtaining the polypeptide from the liguid.

37. A method of preserving cells, comprising

providing the article of claim 1, and storing the article
30 at a temperature below 0°C.
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- 36 .- regul ated pronoter. The col |l agen gel portion of the
matri x can consi st entirely of ThisSbéctbds@Bea®eblagen fibrils, or can

cont ain ot her conponents in addi - en: e.g., agarose; 5

al ginate; a WY nogl ycan such HElN IL Mlaci d, h& PTG at e,
dermatan sulfate, or chondroitin “sul fate; i a: 80l fat ed proteoglycan;
fibronectin; |amnin; elastin; fibrin; or tenascin. Such conponents
(particularly those which are found in thg,extracellular 10 matrix of
.animal tissues) contribute to the structural stability of the hybrid

][ratri ﬁes O}‘ | the i nventsan, lﬁi_’l%&Eacgrﬁbﬁ&&ﬁ%ﬁ@éﬂ@%oﬁﬁi&&ﬂ&entfCapaCi ty
or the cells In t §ttssueatte5|teo
R

i npl antation. They wou orp it o the 15 matri ces by mixing
with the collagen sol @ A*NF £6F shunting|blopd from an anim@lhte pbeenti al
addi tives incl ageieyeokhacshendiziik int®y @wblobacvesseyhbe heiw aanis@fiyl for

optim zi ng mai nt enance of the cells or pronoting beneficial 20
interaction with host tissue (e.g., vascularization), i ncl udi ng bFGF,
aFG-, endothelial cell growmh factor, PDGF, endothelial cell stinulating
angi ogenesi s factor (ESAF), leukotriene (Jerr], prostaglandins (e.g.
PCE[ err], PCE[err]), IG~I, GCSF, angiogenin, TG--a, TG--[err], ascorbic
25 acid, EG-, and oncostatin M These additives can be i ncorporated into
the matrix by mxing themwth the col I agen solution prior to gelling,
by i ntroducing them into the interstices of the m crospheres, or by

i ncl udi ng
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themin the nmedi um which bathes the matrices. 30 Alternatively, the cells
eret—to—express—tire desi red product. For
exanpl e, the cells of the matrix may be cotransfected with a DNA
encodi ng an angi ogenesi s factor and a DNA encodi ng a second,
t her apeuti c pwetegasiesor with a single vector encodi ng 35 botPETUSAEETIBS
proteins linked to suitable expression WO 97/ 15195
PCT/ US96/ 17114 - 37 - control
sequences. The col |l agen used in the gel may be any suitable
type (e.g., type I-Xl), or a mxture of agy two or nore. Fi bers may be
placed in the nold prior to gelling of g 5 coll agen, so that they becone
an integral part of the matri x and contribute to the sturdiness and
handl i ng conveni ence of the matrix. Typically, the fibers would be
made principally of collagen (e.g., cat gut) or a non- col | agenous
material such as nylon, dacron, 10 polytetrafluoroethylene (Core-Tex[err]
or Teflon[err]), polyglycoll ac I‘@él)é{)actlc/ponegcoI|c acid m xture
(Vieryl[err]), polystyrene, polﬁd HEde co- pol yrer cel | ul ose
(e.g., cotton or linen), polyester, or silk. The fibers may be
woven into a nesh or cloth, or il vi dual t hr eads.
Instead of the type | coll gge
exanpl es, one could util
type of col | agen, pg
Phar maci a), pol yacrylAm

e m cr ospher ;ypp
ypTZN , dextrang?

ul ose,

promoter

pPXGH302

14,915bp

TATA (3999)

CAP(4027)
~ATGI4151)

TAG(5619)

poly A{5939)

HSVITK
promoter

FIG. 1
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| at ex, pol ysul fone, glass (coated with a substance such as col |l agen
whichrpromotes cettular—adherence), or conpfmations of colfagenm W th any

of the above. Such m crospheres are avail able comrercially or can be
made by 25 standard nethods, then sterilized for use in the hybrid
matri ces of woeewsIesNti on. Ot her enbodi nent s ar ePGR/USHATIMe
foll ow ng cl ai ns. 38

CLAIMS 1. A conposition conprising a body of matrix material conprising
i nsoluble <collagen fibrils, there being enbedded within the body of matrix

mat eri al (a) a plurality of cultured vertebrate cells genetically
engi neered to express a pol ypept2f®; and (b) a plurality
of m crospheres. 2. The conposition of claim1, wherein the cultured

vertebrate cells are selected fromthe group consisting of adipocytes,
astrocytes, cardiac nmuscle cells, chondrocytes, endothelial cells,
epithelial cells, fibroblasts, gangliocytes, glandular cells, glial cells,
hemat opoi etic cells, hepatocytes, keratinocytes, nmyoblasts, neural cells,
ost eobl asts, pancreatic beta cells, renal cells, snooth

SUBSTITUTE SHEET (RULE 26)



muscle cells, striated nuscle cells, and precursors of any of the above.
3—TFhe—corpestton—of—ctatmt—whererrthe—cuttuoured- vert ebr ate—cetrts—are
human cells. 4. The conposition of claim1, wherein the cultured
vertebrate cells are transfected cells containing exogenous DNA encodi ng
t he pol ypept wipsinsigs. The conposition of claim1, wherein tbher/osssuaried
vertebrate cells are transfected cells containing exogenous DNA whi ch

i ncludes a regulatory sequence that activates expression of a gene
encodi ng the pol ypeptide, said gene being endogenous to said vertebrate
cells both prior to and after they are t fected.

39 6. The conpog#b!on of claim4, wherein the polypeptide is selected
|

fromthe group c 5t 1 ng of enzynes, hornones, cytokines, colony
stinmulating factors, |vaccine antigens, antibodies, clotting factors,
regul atory proteins, franscription factors, receptors, and structural
proteins. 7. The conposition of claim4, wherein the polypeptide is ahp
angi ogenesi s
—O— Experiment 1/CM
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factor. 8. The conposition of claim4 wherein the polypeptide is selected
fromthe group consisting of human growth hornone, Factor VIII, Factor I|X
erythropoietin, and insulin. 9. The conposition ' ™ t he
pol ypeptide is selected fromthe group consisting REPLACEMENTgBBERh [hor none,
Factor VIII, Factor |IX, erythropoiggin, and insulip—T0_ Thé cdngosition
of claim1, wherein the polypeptide is selected f}om 2?’39 PR 999 dorlsi sting
of al pha-1 antitrypsin, calcitonin, glucocerebros|dpsé, [Aow densji tly
| i poprotein (LDL) CE?&P]?“ IL-2 receptor, globin mRegHebtHT,
catal ytic anti bodies, the interleukins, insulin-lftke growh factor
(IG~1), parathyroid hornone (PTH), leptin, the interferons, the nerve
growth factors, basic fibroblas rowm.h factor (bFGF), acidic FG- (aFGF),
epi der mal- g} SPPSHORSomPrisgA b rf%d’é‘ﬁ@?‘ materiabrompising inselubleor | pl at el et
derived growth factor gRDGF), transform ng grom h factors, endotheli al
cel | sti rrdllaganfibrids dherg beingiembeddast within BRbedy cfmuitxxyeratenial t i ssue
pl asm nogen activator (t-PA), granulocyte colony stinulating factor
(G CSF), and dapaphodity of culturephergbraio bellbygensiidallyeagingged et or  ( GV CSF) .

express a polypeptide; and

(b) a plurality of microspheres.

2. The composition of claim 1, wherein the cultured vertebrate cells are

selected from the group consisting of adipocytes, astrocytes, cardiac muscle cells,
chondrocytes, endothelial cells, epithelial cells, fibroblasts, gangliocytes,
glandular cells, glial cells, hematopoietic cells, hepatocytes, keratinocytes,
myoblasts, neural cells, osteoblasts, pancreatic beta cells, renal cells, smooth

muscle cells, striated muscle cells, and precursors of any of the above,

3. The composition of claim 1, wherein the cultured vertebrate cells are human

cells.

4. The composition of claim 1, wherein the cultured vertebrate cells are

transfected cells containing exogenous DNA encoding the polypeptide.

5. The composition of claim 1, wherein the cultured vertebrate cells are
transfected cells containing exogenous DNA which includes a regulatory
sequence that activates expression of a gene encoding the polypeptide, said gene
being endogenous to said vertebrate cells both prior to and after they are

transfected.

UL



40 11. The conposition of claim11, wherein the m crospheres are beads of
type I collagen. 12. The conposition of claiml1, wherein the majority of
the m crospheres have a dianeter between approximately 0.1 and
approximately 2 nm  13. The conposi3d on of claim 1, wherein the collagen
in the matrix material is type 1. 14. The conposition of claim13,
wherein the matrix material additionally conprises a substance sel ected

from t he 6yr Thpcanpssition Jfilain 4 wiRFHN thelpibiepiide BakIALE FonP@ar 0Se. al gi nate,
fibronectin, lam nin, hyaluronic acid, heparan sulfate, dermatan sulfate,

sul f at ed RRSIsHAPSBenzlinBs | SLdt Rt C1 10, he conposition
of cl ai mgi(,mﬁaddi tionally cggﬁpﬁépgﬁég’ r%ﬁlggﬁ]g%%ﬁ?@g%@gng%?tso&%r sed within

t he body - Lal. 6. Jhe co ition.of claim.l5, wherein the
noncol | ag%%mﬁ%gén%%ﬁﬁ%%@ées, 510&%%&9’?? re@ﬁiﬂ@f&?‘% HABEPYPBuUp consi sti ng
of nylon,, dacron ol yt et rafl uoroet hyl ene, polyglycolic acid,
pol yl act if%c,dt?)r& ‘S‘fﬁm‘&"gi 4‘%‘ sucyralpeeteing ~ pol ystyrene, pol yvi nyl chl ori de
copol ymer, cat gut, cotton, linen, polyester and silk. 17. The
conposi t i’erthefcogipasitipn of eleim #gwherdinttbe polypépsideseah augidgenestss manmal . 18. The
conposi t ifon of claim1, configured to be inplanted into a patient.

actor.

8. The composition of claim 4 wherein the polypeptide is selected from the
group consisting of human growth hormone, Factor VIII, Factor IX,
erythropoietin, and insulin.

9. The composition of claim 5 wherein the polypeptide is selected from the
group consisting of human growth hormone, Factor VIII, Factor IX,
erythropoietin, and insulin.

10. The composition of claim 1, wherein the polypeptide is selected from the
group consisting of alpha-1 antitrypsin, calcitonin, glucocerebrosidase, low
density lipoprotein (LDL) receptor, IL-2 receptor, globin, immunoglobulin,
catalytic antibodies, the interleukins, insulin-like growth factor 1 (IGF-1),
parathyroid hormone (PTH), leptin, the interferons, the nerve growth factors,
basic fibroblast growth factor (bFGF), acidic FGF (aFGF), epidermal growth
factor (EGF), endothelial cell growth factor, platelet derived growth factor
(PDGF), transforming growth factors, endothelial cell stimulating angiogenesis
factor (ESAF), angiogenin, tissue plasminogen activator (t-PA), granulocyte
colony stimulating factor (G-CSF), and granulocyte-macrophage colony

stimulating factor (GM-CSF).
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19. The conposition of claim 18, wherein the cultured vertebrate cells are
derived fromone or nore cells renoved fromthe patient.

REPLACEMVENT SHEET 41 20. The
conposition of claim 18, wherein the cultured vertebrate cells consist of
a clonal population. 21. The conposition of claim 18, wherein the

cultured vertebrate cells are transfected cells containing exogenous DNA
encodi ng a pol ypepti de. 22. The cofiposition of claim 18, wherein the
cul tured vera_gebr ate cells are transfected cells containing exogenous DNA

whi ch i ncllud8e compesitipheiflains b qrhereia the misrospberey aredeadsafitypst on of an

endogenous gene encodi ng a pol ypeptide, said gene being endogenous to said
vert ebr atepllagdn s both prior to and after they are transfected. 23. The
conposition of claim1l, wherein the cultured vertebrate cells are

t r ansf ecti2d The sompesitidrsofulaint ) evitepdih @@5Majofity SRhERicrbpheRl Bhaiéh 1S type |.
24. A method of naking the conposition of cllaim 1, conprising formng a
M xture cRREkSbdtredPdppRoRindtel b.1%nlhpfidkdnbi g 2hik! ebrate cells

13. The composition of claim 1, wherein the collagen in the matrix material is

type L.

14. The composition of claim 13, wherein the matrix material additionally

comprises a substance selected from the group consisting of a second type of

collagen, agarose, alginate, fibronectin, laminin, hyaluronic acid, heparan sulfate,

dermatan sulfate, sulfated proteoglycans, fibrin, elastin, and tenascin.

15. The composition of claim 1, additionally comprising noncollagen fibers

dispersed within the body of matrix material.

16. The composition of claim 15, wherein the noncollagen fibers comprise a

material selected from the group consisting of nylon, dacron,

polytetrafluoroethylene, polyglycolic acid, polylactic/polyglycolic acid mixture,

polystyrene, polyvinylchloride copolymer, cat gut, cotton, linen, polyester and

silk.

17. The composition of claim 1, configured to be disposed within a mammal.

18. The composition of claim 1, configured to be implanted into a patient.

19. The composition of claim 18, wherein the cultured vertebrate cells are derived

from one or more cells removed from the patient.
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genetically engineered to express a polypeptide; (b) a
m crospheres; and (c) a solution conprising soluble col
the soluble collagen in the m xture to conditions effect
and exposing the gel to culture conditions which cause
contract, thereby formng the body gf the conposition.
claim 24, wherein the m crospheres are porous coll agen HQeads.

42 26. The nmethod of claim 24, wherein the solution additionally
conpri ses, 8., substance selected fromthe group consistjing of a second type
of col | a;@n',rhe SREPRLLPN of gt & wheresn Hﬁét‘;‘&\”ﬁd vedehratercelingansist ofi ¢ aci d,
heparan sul fate, dermatan sulfate, sulfated proteoglycans, fibrin,

el astin, %epal pepilation. 27, The nethod of claim 24, wherein the solution is
an aci di c aqueous solution of soluble collagen, and gelation is
acconplished by raising the pH of the solution. 28. The nethod of claim

24, wher @1n Theeogbsitio® of Slaip 18 akiaseil tRE SultufePveiRbfhte §Ms atdat, prior to the
contracting step, the gel is in the shape of the nold.

transfected cells containing exogenous DNA encoding a polypeptide.

22. The composition of claim 18, wherein the cultured vertebrate cells are
transfected cells containing exogenous DNA which includes a regulatory sequence
that activates expression of an endogenous gene encoding a polypeptide, said gene
being endogenous to said vertebrate cells both prior to and after they are

transfected.

23. The composition of claim 11, wherein the cultured vertebrate cells are

transfected human cells and the collagen in the matrix material is type I.

24. A method of making the composition of claim 1, comprising

forming a mixture comprising (a) a plurality of cultured vertebrate cells

genetically engineered to express a polypeptide; (b) a plurality of microspheres;

and (c) a solution comprising soluble collagen;

subjecting the soluble collagen in the mixture to conditions effective to form a gel; .
and

exposing the gel to culture conditions which cause the gel to contract, thereby

forming the body of the composition.

25. The method of claim 24, wherein the microspheres are porous collagen beads.

L



29. The nmethod of claim 24, wherein the cultured vertebra Eﬁ:i; af-e
cultured in the presence of the m crospheres prior to beij { ACEMENT tSHEET e

€
n
solution. 30. A nethod of producing a pol ypeptide, conpris{ng provrdl
I
t vj
e e

the conposition of claim 1l under conditions whereby the c uel ARR 1599
vertebrate cells express and secreteyd he pol ypeptide; cohtpcting the
conposition with a liquid such that the cultured vertebr Cetts—sesr
t he pol ypeptide into the liquid; and obtaining the polypeptide fromthe

| i quid. 1. A hod.. af . servi.ng cultured vertebrate,cells, conprrsimny
provi di nQZ%t‘ e erg%h%tggf@?xgﬂﬁgfw rgpgl}els: lution addpionally $9Prisstosition at a
tenperaturge below O[err]C. 32. An extracorporeal apparatus conprising the
conposi tiY Stﬁ‘fceé\lé\f&FWﬁlﬁfo%ﬂﬁ groupensisting of & sagand Hge 9f sollrgenom an ani mal to
the article and then back into a blood vessel of the animal.

43  33. agawsedlginate; fibyanestinglamiinin hyalvrenisianidebeglaranf sulfate, dérmatdni t y of

m crospheres consists primarily of one or nore substances selected from
the |ist suifats] ailfateg prbteoglycans, fibrin, elastin, and tenascin.

27. The method of claim 24, wherein the solution is an acidic aqueous solution of
soluble collagen, and gelation is accomplished by raising the pH of the solution.
28. The method of claim 24, wherein the gelation step takes place in a mold, so
that, prior to the contracting step, the gel is in the shape of the mold.

29. The method of claim 24, wherein the cultured vertebrate cells are cultured in
the presence of the .microspheres prior to being mixed with the solution.

30. A method of producing a polypeptide, comprising

providing the composition of claim 1 under conditions whereby the cultured
vertebrate cells express and secrete the polypeptide;

contacting the composition with a liquid such that the cultured vertebrate cells
secrete the polypeptide into the liquid; and

obtaining the polypeptide from the liquid.

31. A method of preserving cultured vertebrate cells, comprising providing the
composition of claim 1, and storing the composition at a temperature below 0°C.
32. An extracorporeal apparatus comprising

the composition of claim 1; and

a means for shunting blood from an animal to the article and then back into a

blood vessel of the animal.
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col | agen, pol ystyrene, dextran, pol ya;:ryl am de, cellul ose, cal cium
al ginate, |atex, polysulfone, and glass. 34. The net Lo
wherein each of the plurality of m crospheres consists @W%é“gﬂe or
nore substances selected fromthe |ist consisting of ol{l agen,

pol ystyrene, dextran, polyacrylam de, cellul ose, calciUdmjal 3BnAPR, 199RL ¢x
pol ysul fone, and glass. 35. The co sition of claimJ, jwherein the
cultured vertebrate cells are fibroblasts. 36. The cqnpoSTTTomof—ctai

1, wherein the m crospheres have an approxi mately sphacical shape. 37.
The conpogition of claiml, further conprising at |east one additive wirch
pronot es 13as&he sempesitionof clag 1, rherein apahsifithoplucdity bfiior@spherabier ei n t he
addi tive which promotes vascularization is selected fromthe group

consi st i nepnsistsipaisiarily pHomebdransoreguimtirives febaxttal fréridist consisling ofi br obl ast
grow h factor (aFGF), endothelial cell gromh factor, platelet-derived
growt h f aslleger( BoKghtyreneNdkxtdn) poyactRhhid! LAk AtuRaginggnasks factor
(ESAF), | eukotrlpene 4, a pros%cg%lcgfnldi n, insulin-like Sgrovvt’h if(’actor 1
(1G-1), SHIAULAC%LE ony stimulating factor (GCSF), angi ogenin,

transfor ngdﬁgrov’vt)éh ac%'or-[err] (TFG[err]), transform ng growth

factor [ off IneleEnbebF ki 28 3Rk Sadblne SRIHE) BPLiGh ULl T actor (EP),

and oncostatin

consists primarily of one or more substances selected from the list consisting of
collagen, polystyrene, dextran, polyacrylamide, cellulose, calcium alginate, latex,
polysulfone, and glass.

35. The composition of claim 1, wherein the cultured vertebrate cells are
fibroblasts.

36. The composition of claim 1, wherein the microspheres have an approximately
spherical shape.

37. The composition of claim 1, further comprising at least one additive which
promotes vascularization.

38. The composition of claim 37, wherein the additive which promotes
vascularization is selected from the group consisting of basic fibroblast growth
factor (bFGF), acidic fibroblast growth factor (aFGF), endothelial cell growth
factor, platelet-derived growth factor (PDGF), endothelial cell stimulating
angiogenesis factor (ESAF), leukotriene C,, a prostaglandin, insulin-like growth
factor 1 (IGF-1), granulocyte colony stimulating factor (GCSF), angiogenin,
transforming growth factor-o. (TFG-cx), transforming growth factor-B (TGF-B),

ascorbic acid, epidermal growth factor (EGF), and oncostatin M.
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44 39. The conposition of claim37, wherein the additive~uhich pronDtes
vascul ari zation is bFG- or PDGF. 40. The conposition of CREW, :

the cultured vertebrate cells are genetically engineeredjt .
addition to the polypeptide, at |east one protein which

vascul ari zati on. 41. The conp05|t|9 of claim40, wher
whi ch pronotes vascul arization is selected fromthe groyp
bFGF, aFGF, endothelial cell gromﬂh factor, PDG-, ESAF,

angi ogeni Glerr and .oncostatin
co?rposi ti :g’n %F' @L’%PPFA 198 o?é),qu é”nWb?rémﬁh@)@@mvwh@h PEITORISY es
vascul ari zation is bFGF or 43. The conposition of claim1l, wherein
t he cul tl}faé@ﬂ%f@atlemsdlmﬁeﬂ’ﬁcﬁre cotransfected with a DNA encodi ng the
pol ypeptide and a DNA encoding a protein which pronotes vascul ari zati on.

40. The composition of claim 1, wherein the cultured vertebrate cells are
genetically engineered to express, in addition to the polypeptide, at least one

protein which promotes vascularization.

41. The composition of claim 40, wherein the protein which promotes
vascularization is selected from the group consisting of bFGF, aFGF, endothelial
cell growth factor, PDGF, ESAF, IGF-1, GCSF, angiogenin, TFG-a,, TGF-B,

EGF, and oncostatin M.

42. The composition of claim 40, wherein the protein which promotes

vascularization is bFGF or PDGF.

43. The composition of claim 1, wherein the cultured vertebrate cells are
cotransfected with a DNA encoding the polypeptide and a DNA encoding a

protein which promotes vascularization.

44. The composition of claim 1, wherein the cultured vertebrate cells are
transfected with a single DNA encoding both the polypeptide and a protein which

promotes vascularization.

45. Use of the composition of any one of claims 1 to 23, 33, or 35-44 for the
manufacture of a medicament for administering said polypeptide to a patient in

need thereof.
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44, The conposition of claim1l, wherein the cultured vertebPaltef-’éﬂa*@gF%
transfected with a single DNA encoding both the polypeptide and a priT@ifs cory,
whi ch pronotes vascul ari zati on. 45. Use of the conposition of any one of
clainse 1 to 23, 33, or 35-44 for the manufacture of a nmedi canent for

adm ni stering said polypeptide to a patient in need thereof. /s
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