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‘ IMPROVED PRODUCTION OF RECOMBINANT
BONE-INDUCING PROTEINS

This invention relates to a method for increasing the
yield of recombinant bone-inducing proteins of the BMP-2

family.

BACKGROUND OF THE INVENTION
The cloning and expression of the recombinant osteogenic

proteins of the BMP-2 family has previously been described
(J.M. Wozny, et al., Science 242:1528-1534 (1988); E.A. Wang,
et al., Proc. Natl. Acad. Sci. USA 87:2220-2224 (1990)).
Osteogenic proteins of the BMP-2 family are a promising
development in the bone and cartilage field. The BMP-2
family of proteins includes BMP-3, BMP-4, BMP-5, BMP-6 and
BMP-7, and bone-inducing proteins and proteins which are
encoded by DNA sequences which hybridize thereto under
stringent conditions.

These osteogenic proteins may be produced in cultured
mammalian cell lines by transformation with an expression
vector containing the respective cDNas. The vyield of
expressed recombinant bone-inducing proteins can be increased
in accordance with the present invention by addition of
dextran sulfate to the cell culture medium.

DESCRIPTION OF THE INVENTION

Genes encoding the foregoing recombinant osteogenic
proteins may be expressed in mammalian cell lines such as CHO
(Chinese Hamster Ovary), COS, BHK, Balb/c 3T3, 293, and
similar cell lines known in the art. The mammalian cells may
be grown in any suitable medium, such as «-MEM, Dulbecco’s
MEM, RPMI 1640, and other media (Freshney, R.I., Culture of
Animal Cells, A Manual of Basic Techniqgue, Alan R. Liss, Inc.,
New York (1983)). The cells may be grown in the presence or
absence of a serum supplement such as fetal bovine serum

(FBS). The cells may be grown in monolayer or suspension
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culture, and additionally may be grown in large production
scale batches. The expressed osteogenic proteins are
recovered from the culture medium and can be purified using

known methods.
Transformed CHO cells are the preferred host cells used

to produce an osteogenic protein of the BMP-2 family in
accordance with the present invention. The cell growth medium
may be supplemented with FBS to improve the growth of
transformed CHO cells in culture. If it is desired to add
FBS, concentrations of FBS as low as 0.5% (v/v) may be added.
However, addition of animal-origin proteins always presents
the risk of harboring viruses and other deleterious agents.
The addition of FBS is not necessary for the practice of the
present invention.

Any dextran sulfate may be used. One example is dextran
sulfate of molecular weight 500,000 and sulfur content 17%
(Pharmacia). Another example is dextran sulfate of molecular
weight 5,000 and sulfur content 18% (Sigma catalogue # D-
7037).

In accordance with the present invention, the growth
medium is supplemented with dextran sulfate at a range of
concentrations from about 1 to about 500 ug/mL. Higher
concentrations of dextran sulfate work but may interfere with
cell growth or protein purification. Preferably, the growth
medium is supplemented with about 5 pg/ml to about 50 ug/ml
dextran sulfate. Most preferably, the growth medium is
supplemented with about 10 to 20 pg/ml dextran sulfate.

Expression of BMP-2 can be achieved by inserting a BMP-2
gene into an expression vector, inserting this vector into a
mammalian cell, and selecting for cells which express BMP-2.
See commonly assigned U.S. Patent No. 5,013,649.

The yield of recombinant BMP-2 protein from mammalian
cells which express the BMP-2 gene may be measured by known
methods such as radioactively labeling cells with [¥s]-
methionine and analyzing secreted proteins by polyacrylamide
gel electrophoresis ' (PAGE) and autoradiography. For
measurement of BMP-2 expression from production~-scale batches,
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the amount of functional BMP-2 secreted is preferably
quantitated by bioassay. Any appropriate bioassay may be
used, for example, assay of induction of alkaline phosphatase
activity in a BMP-2-responsive cell line, or assay of ectopic
bone formation in a mammal such as rat, rabbit, cat or dog.

The optimal concentration of dextran sulfate for
increasing yield of BMP-2 was determined by pulse labelling
cells with [*S]-methionine, followed by a four hour chase in
varying amounts of dextran sulfate. Total secreted protein
was then analyzed by PAGE and autoradiography. Cells were
analyzed under two growth conditions: 1) standard adherent
monolayers, and 2) suspension and serum free adapted cultures.
Two different sizes of dextran sulfate (5000 dalton and
500,000 dalton) were tested for each growth condition. A
concentration range of 1 pg/ml to 1000 ug/ml was examined for
each size dextran sulfate on each growth state.

The results demonstrate that the potency of the 5000
dalton material was similar to the 500,000 dalton dextran
sulfate for both monolayer and suspension cells. For cells
grown in suspension, 1 ug/ml dextran sulfate produced a small
increase in BMP-2 levels. Yield was near maximal at 10 ug/ml,
and was approximately three-fold higher than in the absence
of dextran sulfate. Increasing the dextran sulfate
concentration to 100 pg/ml elicited a further 10% increase in
BMP-2 yield. As another example, BMP-2 yield was about 40%
higher utilizing 1000 pg/ml dextran sulfate than utilizing 10
pg/ml dextran sulfate. In other words 1000 ug/ml dextran
sulfate yielded approximately four-fold more BMP-2 than was
obtained in the absence of the compound.

While a similar graded response was observed with
monolayer cells, the potency of dextran sulfate in increasing
BMP-2 yield was reduced about 10-fold. Threshold effects were
seen at 10 ug/ml, while levels of 100-300 ug/ml were needed
to elicit a near-maximal response. Typically, 100 ug/ml
dextran sulfate was used to increase the yield of BMP-2 from
cells grown in monolayers. The magnitude of the dextran
sulfate effect was about four-fold, similar to that seen with
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suspension cells.
The yield of the other osteogenic proteins, BMP-3, BMP-4,

BMP-5, BMP-6 and BMP-7, may similarly be improved with the
addition of dextran sulfate to the cell culture medium.
Expression of BMP-3 can be achieved as taught in WO 89/10409.
Expression of BMP-4 can be achieved as taught in U.S. Patent
No. 5,013,649. Expression of BMP-5, BMP-6 and BMP-7 is taught
in WO 90/11366. The BMP-2 family of proteins may be expressed
as homodimers or as heterodimers. In particular, a cDNA
encoding BMP-2 may be cotransformed with a cDNA encoding BMP-6
or with a cDNA encoding BMP-7 to form BMP-2/6 or BMP-2/7
heterodimers. Cells expressing these osteogenic proteins are
grown in culture medium supplemented with dextran sulfate as

indicated herein.
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CLATIMS

1. In the process for producing a recombinant bone-inducing
protein of the BMP-2 family which comprises culturing in a
suitable culture medium a mammalian host cell transformed with
a DNA sequence encoding said protein, and recovering the
protein from said culture medium, the improvement for
increasing the yield of said bone-inducing protein which
comprises adding dextran sulfate to said culture medium.

2. The process of claim 1, wherein said amount of dextran
sulfate is in the range of about 5 to about 50 ug/ml.

3. The process of claim 1, wherein said amount of dextran
sulfate is in the range of about 10 to 20 ug/ml.

4. The process of claim 1, wherein the recombinant bone-
inducing protein is selected from the group BMP-2, BMP-3, BMP-
4, BMP-5, BMP-6, and BMP-7.

5. The process of claim 3, wherein the recombinant bone-

inducing protein is BMP-2.
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