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Enzymatic composition for the digestion of chicken embryos.

Description

Technical Field

[0001]

The present invention pertains to the field of virus production. In particular, the
invention relates to an enzymatic composition for the digestion of chicken
embryos intended to the preparation of cells which are used for the production

of viruses.

Background of the invention

[0002]

(0003]

Most viral vaccines such as attenuated or recombinant viruses are
manufactured from primary or secondary chicken cells such as for instance
chicken embryo fibroblasts (CEFs), chicken embryo kidney cells (CEKCs) or
chicken embryo liver cells (CELCs). Primary CEFs are notably used for the
production of japanese encephalitis virus vaccines (manufactured by e.g.
Pasteur Merieux), yellow fever virus vaccines (manufactured by e.g. Arilvax),
influenza virus vaccines (manufactured by e.g. Medeva Pharmaceuticals),
measles and rubella virus vaccines (ménufactured by e.g. Merck) and
modified Vaccinia virus Ankara (MVA) vaccines.

Several methods have been developed to generate cell preparations from
primary tissues. These methods involve the use of mechanical dissociation,
enzymatic dissociation or a combination of both. Mechanical dissociation
consists for instance of scraping the embryos with a scalpel, mincing the
embryos or physically cutting the embryos apart. Excessive mechanical
dissociation involve often result in a significant amount of cell death and cell
damage. Moreover the manual nature of certain mechanical dissociation
protocols (e.g. trituration, which is done by hand) often make it difficult
compare measured values (such as cell viability) from different sources since
dissociation efficiency varies between individuals. In fact, the manual nature of
this procedure may contribute to differences in the physical attributes (e.g. cell

concentration, cell viability, cell size distribution) between two otherwise



CA 02768562 2012-01-18

WO 2011/009613 PCT/EP2010/004478

(0004]

[0005]

[0006]
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identical samples. In an attempt to avoid the negative consequences of
mechanical dissociation, trypsin from bovine pancreas was used.
Unfortunately, trypsin from bovine pancreas may contain pathogenic agents
such as viruses. There was therefore a potential risk that these pathogenic
agents are transmitted to the animals or humans to be treated or vaccinated
with the vaccine. One of the many potential major problems associated with
the commonly used trypsin from bovine pancreas is the possibility to transmit
the agent causing bovine spongiforme encephalopathy (BSE) to the animals
or humans that come into contact with the products produced from cell culture.
As a consequence recombinant trypsin have been developed for the
production of vaccines from primary or secondary cells. *
International patent application WO 2004/022729 describes a method for the
amplification of a poxvirus on primary CEFs, wherein said CEFs are obtained
from chicken embryos treated with a prewarmed (37° C) trypsin-EDTA
solution for 15 minutes in presence of serum free medium at room
temperature.

International patent application WO 2006/116803 describes a method for
producing stem cells from mammalian embryos wherein the embryos may be
immersed in a pre-warmed trypsin solution for between 5 to 60 minutes
depending on the size of the embryos.

One major problem for the production of vaccines from primary chicken cells
is the provision of a sufficient amount of embryos. In order to reduce the
number of embryos required, enzymatic compositions leading to the obtention

of cell preparations consisting in a maximal number of cells extracted per

“embryo are needed. The present invention provides such compositions. The

present invention provides more particularly enzymatic compositions for the
digestion of chicken embryos leading to the obtention of cell preparations
consisting in more than 500 106 cells extracted per embryo. The enzymatic
compositions of the invention are moreover able to digest chicken embryos

which have not been previously dissected.

Disclosure of the invention
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(0013]

3

As used throughout the entire application, "a” and "an” are used In the sense
that they mean "at least one", "at least a first", "one or more" or "a plurality” of
the referenced components or steps, unless the context clearly dictates
otherwise. _ |

As used throughout the entire application, "an‘d/or"'wherever used herein
includes the meaning of "and", "or" and "all or any other combination of the
elements connected by said term”.

As used throughout the entire application, "comprising” and “comprise” are
intended to mean that the products, compositions and methods include the
referenced components or steps, but not excluding others. "Consisting
essentially of' when used to define products, compositions and methods, shall
mean excluding other components or steps of any essential significance.
Thus, a composition consisting essentially of the recited components would
not exclude trace contaminants and pharmaceutically acceptable carriers.
"Consisting of* shall mean excluding more than trace elements of other
components or steps. .

As used throughout the entire application, "about” or "approximately” as used
herein means within 20%, preferably within 10%, and more preferably within
5% of a given value or range.

The present invention relates to an enzymatic composition for the digestion of
chicken embryos intended to the preparation of cells. According to one special
embodiment, said cells can be used for the production of viruses.

The present invention relates more particularly‘to the use of an enzymatic
composition for the digestion of chicken embryos leading to the obtention of a
chicken cell preparation. |

The enzymatic composition of the invention surprisingly leads to the obtention
of a chicken cell preparation consisting of more than 500 108 cells extracted
per embryo. With this regard, the present invention relates more particularly to
an enzymatic composition for the digestion of chicken embryos leading to the
obtention of a chicken cell preparation consisting of more than 500 10° cells

extracted per embryo.
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[0014] The enzymatic composition of the invention comprises at least 2 enzymes.
The enzymes comprised in the composition of the invention are selected from
the group consisting of trypsin, chymotrypsin, trypsinogen, chymotrypsinogen,
dispase, collagenase, accutase, thermolysin, pronase, hyaluronidase,
elastase, papain, neuraminidase and pancreatin. The enzymes comprised Iin
the composition of the invention afe preferably selected from the group
consisting of trypsin, dispase, collagenase and accutase. With this regard, the
present invention relates more particularly to an enzymatic composition for the
digestion of chicken embryos, wherein said enzymatic composition comprises
at least 2 enzymes selected from the group consisting of trypsin, dispase,
collagenase and accutase.

[0015] According to a preferred embodiment of the Iinvention, the enzymatic
composition of the invention is selected from the group consisting of:

- trypsin, dispase and collagenase ;

- trypsin, dispase and accutase ;

- trypsin, dispase, collagenase and accutase ;

- trypsin and dispase ; and

- dispase and accutase.

[0016] According to one special embodiment of the invention, the enzymatic
composition of the invention is selected from the group consisting of:

- trypsin added at a concentration equivalent to 30 mL/Embryo of TrypLE
Select from Invitrogen Cat. No. 12563-029, 10 mL/Embryo of dispase 10
mg/mL, and 10 mL/Embryo of collagenase 20 mg/mL ;

- trypsin added at a concentration equivalent to 10 mL/Embryo of TrypLE
Select from Invitrogen Cat. No. 12563-029, 10 mL/Embryo of dispase 10
mg/mL, and 10 mL/Embryo of collagenase 20 mg/mL ;

- trypsin added at a concentration equivalent to 15 mL/Embryo of TrypLE
Select from Invitrogen Cat. No. 12563-029, 10 mL/Embryo of dispase 10
mg/mL, and accutase added at a concentration equivalent to 10
mL/Embryo of Accutase from Sigma Cat. No. A-6964 ;

- trypsin added at a concentration equivalent to 15 mL/Embryo of TrypLE
Select from Invitrogen Cat. No. 12563-029, 10 mL/Embryo of dispase 10
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- mg/mL, 10 mL/Embryo of collagenase 20 mg/mL, and accutase added
at a concentration equivalent to 10 mL/Embryo of Accutase from Sigma
Cat. No. A-6964 ;

- trypsin added at a concentration equivalent to 30 mL/Embryo of TrypLE
Select from Invitrogen Cat. No. 12563-029, 10 mL/Embryo of dispase 10
mg/mL, and accutase added at a concentration equivalent to 10
mL/Embryo of Accutase from Sigma Cat. No. A-6964 ;

- trypsin added at a concentration equivalent to 10 mL/Embryo of TrypLE
Select from Invitrogen Cat. No. 12563-029, 10 mL/Embryo of dispase 10
mg/mL., and 5 mL/Embryo of collagenase 20 mg/mL ;

- trypsin added at a concentration equivalent to 30 mL/Embryo of TrypLE
Select from Invitrogen Cat. No. 12563-029, 10 mL/Embryo of dispase 10
mg/mL, 10 mL/Embryo of collagenase 20 mg/mL, and accutase added
at a concentration equivalent to 10 mL/Embryo of Accutase from Sigma
Cat. No. A-6964 ;

- trypsin added at a concentration equivalent to 10 mL/Embryo of Tr_prE
Select from Invitrogen Cat. No. 12563-029, 10 mL/Embryo of dispase 10

mg/mL, and accutase added at a concentration equivalent to 10
mL/Embryo of Accutase from Sigma Cat. No. A-6964 ;

- trypsin added at a concentration equivalent to 15 mL/Embryo of TrypLE
Select from Invitrogen Cat. No. 12563-029, and 5 mL/Embryo of dispase
10 mg/mL ;

- trypsin added at a concentration equivalent to 30 mL/Embryo of TrypLE
Select from Invitrogen Cat. No. 12563-029, and 10 mL/Embryo of
dispase 10 mg/mL ; |

- trypsin added at a concentration equivalent to 10 mL/Embryo of TrypLE
Select from Invitrogen Cat.' No. 12563-029, and 10 mL/Embryo of
dispase 10 mg/mL ;

- 10 mL/Embryo of dispase 10 mg/mL, and accutase 10 mL/Embryo ; and

- trypsin added at a concentration equivalent to 5 mL/Embryo of TrypLE
Select from Invitrogen Cat. No. 12563-029, and 15 mL/Embryo of
dispase 10 mg/mL.
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[0017] According to one more special embodiment of the invention, the enzymatic

- composition of the invention is selected from the group consisting of:

trypsin added at a concentration equivalent to 30 mL/Embryo of
TrypLE™ Select from Invitrogen Cat. No. 12563-029, 10 mL/Embryo of
dispase 10 mg/mL from Invitrogen Cat. No. 17105-041, and 10
mL/Embryo of collagenase Ill 20 mg/mL from Gibco Invitrogen Cat No.
17102 ;

trypsin added at a concentration equivalent to 10 mL/Embryo of
TrypLE™ Select from Invitrogen Cat. No. 12563-029, 10 mL/Embryo of

~dispase 10 mg/mL from Invitrogen Cat. No. 17105-041, and 10

mL/Embryo of collagenase |l 20 mg/mL from Gibco Invitrogen Cat No.
17102 ; |

trypsin added at a concentration equivalent to 15 mL/Embryo of
TrypLE™ Select from Invitrogen Cat. No. 12563-029, 10 mL/Embryo of
dispase 10 mg/mL from Invitrogen Cat. No. 17105-041, and accutase
added at a concentration equivalﬂent to 10 mL/Embryo of Accutase™
from Sigma Cat. No. A-6964 ;

trypsin added at a concentration eqUivaIent to 15 mL/Embryo of
TrypLE™ Select from Invitrogen Cat. No. 12563-029, 10 mL/Embryo of
dispase 10 mg/mL from Invitrogen Cat. No. 17105-041, 10 mL/Embryo

of collagenase |l 20 mg/mL from Gibco Invitrogen Cat No. 17102, and

accutase added at a concentration equivalent to 10 mL/Embryo of
Accutase™ from Sigma Cat. No. A-6964 ;

trypsin added at a concentration equivalent to 30 mL/Embryo of
TrypLE™ Select from Invitrogen Cat. No. 12563-029, 10 mL/Embryo of
dispase 10 mg/mL from Invitrogen Cat. No. 17105-041, and accutase
added at a concentration equivalent to 10 mL/Embryo of Accutase™
from Sigma Cat. No. A-6964 ;

trypsin added at a concentration equivalent to 10 mbL/Embryo of
TrypLE™ Select from Invitrogen Cat. No. 12563-029, 10 mL/Embryo of
dispase 10 mg/mL from Invitrogen Cat. No. 17105-041, and 5
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mL/Embryo of collagenase Ill 20 mg/mL from Gibco Invitrogen Cat No.
17102 ;

- trypsin added at a concentration equivalent to 30 mL/Embryo of
TrypLE™ Select from Invitrogen Cat. No. 12563-029, 10 mL/Embryo of
dispase 10 mg/mL from Invitrogen Cat. No. 17105-041, 10 mL/Embryo
of collagenase Il 20 mg/mL from Gibco Invitrogen Cat No. 17102, and
accutase added at a concentration equivalent to 10 mL/Embryo of
Accutase™ from Sigma Cat. No. A-6964 ; '

- trypsin added at a concentration equivalent to 10 mL/Embryo of
TrypLE™ Select from Invitrogen Cat. No. 12563-029, 10 mL/Embryo of
dispase 10 mg/mL from Invitrogen Cat. No. 17105-041, and accutase
added at a concentration equivalent to 10 mL/Embryo of Accutase™
from Sigma Cat. No. A-6964 ;

- trypsin added at a concentration equivalent to 15 mL/Embryo of
TrypLE™ Select from Invitrogen Cat. No. 12563-029, and 5 mL/Embryo
of dispase 10 mg/mL from Invitrogen Cat. No. 17105-041 ;

- trypsin added at a concentration equivalent to 30 mbL/Embryo of
TrypLE™ Select from Invitrogen Cat. No. 12563-029, and 10 mL/Embryo
of dispase 10 mg/mL from Invitrogen Cat. No. 17105-041 ;

- trypsin added at a concentration equivalent to 10 mL/Embryo of
TrypLE™ Select from Invitrogen Cat. No. 12563-029, and 10 mL/Embryo
of dispase 10 mg/mL from Invitrogen Cat. No. 17105-041 ;

- 10 mL/Embryo of dispase 10 mg/mL from Invitrogen Cat. No. 17105-
041, and accutase 10 mL/Embryo ; and

- trypsin added at a concentration equivalent to 5 mL/Embryo of TrypLE™
Select from Invitrogen Cat. No. 12563-029, and 15 mL/Embryo of
dispase 10 mg/mL from Invitrogen Cat. No. 17105-041.

[0018] According to the invention, the enzymatic composition is free from animal
products. As used throughout the entire application, «animal products» refer
to any compound or collection of compounds that was produced in or by an
animal cell in a living organism. With this regard, the enzymes comprised in

the composition of the invention are recombinant enzymes.
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Trypsin is a serine protease produced in the pancreas of many vertebrates.
Trypsin catalyses a hydrolytic cleavage of peptides at the carboxyl group of
the basic amino acids arginine and lysine. Many recombinant trypsin have
been already described Such as e.g. recombinant trypsin from Pishia pastoris
(Roche Applied Science, September 2003) and some of them are
commercially available such as e.g. TrypLE™ Select (Invitrogen, Cat. No. e.g.
12563-011 ; 12563-029) or TrypZean (Sigma, Cat. No. e.g. T-3449). Preferred
recombinant trypsin used according to the iInvention is TrypLE™ GSelect
(Invitrogen, Cat. No. 12563-029) as described in the examples.

Dispase is a neutral protease produced from Bacillus polymyxa bacteria
(Dispase, a neutral protease from Bacillus polymyxa, is a powerful
fibronectinase and type |V collagenase, STENN K.S., LINK R.,, MOELLMANN
G., MADRI J., KUKLINSKA E., J. /nvest Dermatol. 1989 Aug;93(2):287-90).
Many recombinant dispase have been already described such as e.qg.

recombinant dispase |, recombinant dispase Il (Roche Applied Science,

~August 2004) or BD Dispase (BD Biosciences), and some of them are

commercially available such as e.g. Dispase (Invitrogen, Cat. No. e.g. 17105-
041), Dispase | (Sigma, Cat. No. e.g. D4818) or Dispase (StemCell
Technologies, Cat. No. e.g. 07913 ; 07923). Preferred recombinant dispase
used according to the invention is Dispase (Invitrogen, Cat. No. 17105-041) as
described in the examples.

Collagenase is a protease produced from Clostridium histolyticurn bacteria
that breaks the peptide bonds in collagen (isolation and characterization of
proteinase and collagenase from C/ Histolyticurn, MANDL 1., MACLENNAN
J.D., HOWES E.L., J Clin Invest. 1953 Dec;32(12):1323-9). Many collagenase
have been already described such as e.g. recombinant collagenase |l
(Collagenase Ill: A superior enzyme for complete disaggregation and
improved viability of normal and malignant human breast tissue, SPEIRS V.,
WHITE M.C. and GREEN A.R., /n vitro Cell. Dev. Biol. - Animal, 32:72-74,
February 1996), and some recombinant collagenase are commercially
available such as e.g. Collagenase type | (Sigma, Cat. No. e.g. C0130;
C1639), Collagenase type Il (Sigma, Cat. No. e.g. C0130; C1764 ; C688)5),
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Collagenase type Il (e.g. Gibco Invitrogen, Cat. No. e.g. 17102 ; Sigma, Cat.
No. e.g. C0255), Collagenase type IV (Sigma, Cat. No. e.g. C1889),
Collagenase type V (Sigma, Cat. No. e.g. C2014 ; C9263), Collagenase type
VIl (Sigma, Cat. No. e.g. C0773 ; C2399) or Collagenase type X! (Sigma, Cat.
No. e.g. C4785 ; C7657). Preferred recombinant collagenase used according
to the invention is collagenase Il (Gibco Invitrogen Cat. No. 17102) as
described in the examples.

Accutase is a protease of crustacean origin. Recombinant accutase are
commercially available such as e.g. Accutase (PAA, Cat. No. e.g. L11-007),
Accutase (Thermo, Cat. No. e.g. 21-201-0100V), Accutase (Interchim, Cat.
No. e.g. UPN68081), Accutase (Sigma, Cat. No. e.g. A6964), Accutase
(eBioscience, Cat. No. e.g. 00-4555) or Accutase (Millipore, Cat. No. e.g.
SCRO005). Preferred recombinant accutase used according to the invention is
Accutase (Sigma, Cat. No. A6964) as described in the examples.

The "cells" prepared by digestion of chicken embryos with the enzymatic
compositions of the invention include but are not limited to fibroblasts, kidney
cells, liver cells, cardiac cells, muscle cells, epithelial cells, blood cells and
endothelial cells. '
According to one special embodiment of the invention, the enzymatic
composition of the invention is used for the digestion of chicken embryos
leading to the obtention of a chicken cell preparation consisting of isolated
chicken cells. According to the invention, said isolated chicken cells are
chicken 'embryo fibroblasts (CEFs), chicken embryo kidney cells (CEKCs) or
chicken embryo liver cells (CELCs), and preferably chicken embryo fibroblasts
(CEFs). '
According to another special embodiment of the invention, the enzymatic
composition of the invention is used for the digestion of chicken embryos
leading to the obtention of a chicken cell preparation consisting of a mixture of
chicken cells. According to the invention, said mixture of chicken cells
comprises CEFs, CEKCs, CELCs, cardiac cells, muscle cells, epithelial cells,

blood cells and/or endothelial cells.
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The cells are preférably extracted from Specific Pathogen Free (SPF) eggs.
SPF eggs are commercially available e.g. from Charles River Laboratories
(Wilmington, MA, USA). Said eggs are preferably more than 9 days old, more
preferably between 10 and 14 days old and even more preferably are 12 days
old. Before the extraction of the embryos, eggs are preferably disinfected.
Many methods and products dedicated to the disinfection of eggs are
available in the prior art. Incubation in a formol solution (e.g. 2% formol during
e.g. 1 minute) followed by a rinsing in ethanol (e.q. 70% ethanol) is particularly
preferred. Then the eggs are opened, the embryos are extracted, and heads
and feet are cut off. |

The embryos, not dissected, are then directly digested by the enzymatic
composition of the invention. According to the invention, the cell
disaggregation is obtained under the following conditions:

o a temperature of incubation comprised between 35°C and 39°C,
preferably between 36°C and 37°C, more preferably of 36°C, 36.5°C or
37°C, and even more preferably of 37°C; and

o a duration of incubation comprised between 1 and 3 hours, and
preferably of 2 hours.

The enzymatic compositions of the invention are surprisingly able to digest
chicken embryos which have not been previously dissected.

According to specific embodiment of the invention, the enzymes of the
enzymatic composition can also be added to the embryos at different times.
For instance, for an enzymatic composition comprising trypsin, dispase and
collagenase, the embryos can first be digested in presence of dispase and
collagenase and then, after a time interval, digested in presence of trypsin. As
an other example, for an enzymatic composition comprising trypsin, dispase
and accutase, the embryos can first be digested in presence of trypsin, then
after a time interval, digested in presence of dispase, and finally after a time
interval (which can be the same or different from the previous time interval)
digested in presence of accutase. According to the Invention, said time
interval is comprised between 15 minutes and 90 minutes, preferably between

20 and 80 minutes, more preferably between 30 and 60 minutes, and is more
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preferably 30 minutes, 35 minutes,. 40 minutes, 45 minutes, 50 minutes, 55

minutes or 60 minutes, and is even more preferably 60 minutes.

The mixture obtained is thén filtrated (e.g. using a seave made of INOX
commercially available e.g. from Fischer Bioblock, Cat No. A37532) to remove
the undigested tissues. The cells (e.g. CEFs; CEKCs; CELCs) are then
collected by centrifugation (e.g. 2300 rpm, 15 minutes). Said centrifugation
also permits to remove the enzymes (i.e. enzymes will be in the supernatant).
Method and conditions as described in Example 1 are preferably used.
According to the invention, the primary cells obtained can also either be used
directly or after one further cell passage as secondary cells.

The cells (i.e. primary or secondary) are then cultivated in an appropriate cell
culture medium. Cell culture media used according to the invention are
preferably free from animal product. Many media free from animal product has
been already described and some of them are commerci'ally available such as
for instance 293 SFM II; 293-F Cells, SFM Adapted; 293-H Cells, SFM
Adapted; 293fectin™ Transfection Reagent ;CD 293 AGT™; CD 293 Medium;
FreeStyle™ 293 Expression System; FreeStyle™ 293 Medium; FreeStyle™
293-F Cells, SFM Adapted; VP-SFM; VP-SFM AGT ™; Adenovirus Expression
Medium (AEM) Growth Medium for PER.C6® Cells; CD 293 AGT™; CD 293
Medium ; COS-7L Cells, SFM Adapted; EPISERF® Medium; OptiPro™ SFM
(all available from Invitrogen). The cells are preferably cultivated between 1
and 5 days, more preferably between 1 and 2 days and even more preferably
for 2 days before infection. The cells are preferably cultivated at a temperature
comprised between 30 and 37°C.

The present invention also relates to a method for producing a wild type, an
attenuated and/or a recombinant virus comprising a step of preparation of
cells from chicken embryos using an enzymatic composition as previously
described.

The method for producing a wild type, an attenuated and/or a recombinant
virus comprising a step of preparation of cells from chicken embryo using an
enzymatic composition of the invention, may also comprise a step of infection

of said cells with a virus. Step of infection cells with a virus is well known to
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the one skilled in the art. As used throughout the entire application, "infection”
refers to the transfer of the viral nucleic acid to a cell, wherein the viral nucleic
acid is replicated, viral proteins are synthesized, or new viral particles
assembled. The one skilled in the art is a‘ble to select the most appropriate
cells for the production of a specific virus. For instance, in the specific
embodiment where the virus to produce is a poxvirus, the cells used are
preferably CEFs. Step of infection of cells with a virus is performed in an
appropriate cell culture medium which can be the same or different from the
cell culture medium used for the preparation of said cells. Cell culture media
used according to the invention are preferably free from animal product. Many
media free from animal -product have been already described and some of
them are commercially available as previously described. Preferred cell
culture media used for the infection step is Basal Medium Eagle cell culture
medium (Invitrogen). The cell culture medium is preferably seeded with
between 0.5 to 1.5 and more preferably between 1.1 and 1.3 and even more
preferably about 1.2 Embryo/L of cell culture medium. In the specific
embodiment where the virus to produce is MVA, the MVA is seeded in the cell
culture vessel at a MOI which is preferably comprised between 0.001 and 0.1,
more preferably between 0.03 and 0.07 and even more preferably about 0.05.
The method for producing a wild type, an attenuated and/or a recombinant
virus comprising a step of preparation of cells from chicken embryo using an
enzymatic composition of the invention, may also comprise a step of culture of
the infected cells. Step of culture of the infected cells until progeny virus Is
produced is well known to the one skilled in the art. Said step can comprise
growth adhering to surfaces, growth in suspension in presence or not of
(micro)carriers, or combinations thereof. Culturing can be done for instance In
dishes, roller bottles or in bioreactors, using batch, fed-batch, continuous
systems, hollow fiber, and the like. In order to achieve large scale production
of virus through cell culture it is preferred in the art to have cells capable of
growing in suspension in presence or not of (micro)carriers, and it is preferred
to have cells capable of being cultured in media free from animal product. Cell

culture media used according to the invention are preferably free from animal
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product. Many media free from animal product have been already described
and some of them are commercially available as previously described. Step of
culture of the infected cells is performed in an appropriate cell culture medium
which can be the same or different from the cell culture medium used for the
preparation of said cells and from the cell culture medium used for the
infection of said cells with a virus. Preferred cell culture medium used for the
culture of infected cells is Basal Medium Eagle (Invitrogen). The infected cells
are preferably cultivated for between 1 and 6 days, more preferably be-tween 2
and 4 days and even more preferably 3 days. The infected cells are preferably
cultivated at a temperature comprised between 30°C and 37°C.

The method for producing a wild type, an attenuated and/or a recombinant
virus-comprising a step of preparation of cells from chicken embryos using an
enzymatic composition of the invention, may also comprise a step of
recovering of the viruses produced from the supernatant and/or from the cells.
When the viruses are recovered from the cells (i.e. from the cells only, or from
the cells and from the supernatant), the step of recovering of the viruses
produced can be preceded by a step allowing the disruption of the celi
membrane. This step leads to the liberation of the viruses from the cells. The
disruption of the cell membrane can be induced by various techniques well
known by the one skilled in the art. These techniques comprise but are not
limited to freeze/thaw, hypotonic lysis, sonication (by using a sonicator) and
microfluidization (by using a microfluidizer). Sonicators are commercially
available from e.g. Heraeus PSP, Biologics, Misonix or GlenMills. Preferred
sonicators used according to the present invention are SONITUBE 20 kHz
type SM 20-120-3 and SONITUBE 35 kHz type SM 35-400-3 (Heraeus PSP).
Microfluidizers are commercially available from e.g. Microfluidics Corporation.
The packaging cell membrane can also be disrupted by using a using a SLM
Aminco French press. The packaging cell membrane can also be disrupted by
using a high speed homogenizer. High speed homogenizers are commercially
available from e.g. Silverson Machines or lka-Labotechnik. Preferred high
speed homogeneizer used according to the present invention is a
SILVERSON L4R (Silverson Machines).



CA 02768562 2012-01-18

WO 2011/009613 PCT/EP2010/004478
14

[0037] The method for producing a wild type, an attenuated and/or a recombinant
virus comprising a step of preparation of cells from chicken embryos using an
enzymatic composition of the invention, may also comprise one or more steps
of purification of the recovered viruses. Purification step(s) can be for instance
but are not limited to :

o A clarification allowing under suitable conditions the withdrawal of the
cellular debris. Said clarification can be performed by e.g. depth filtration.
Depth filtration includes but is not limited to the use of one or more
commercially available products such as Sartopure®‘ filters from
Sartorius (e.g. Sartopure® PP2), CUNO Incorporated AP series depth
filters (e.g. AP01), CUNO Incorporated CP series depth filters (e.g.
CP10, CP30, CP50, CP60, CP70, CP90), CUNO Incorporated HP series
depth filters (e.g. HP10, HP30, HP50, HP60, HP70, HP90), CUNO
Incorporated Calif. series depth filters (e.g. CA10, CA30, CA50, CA60,
CA70, CA90), CUNO Incorporated SP series depth filters (e.g. SP10,
SP30, SP50, SP60, SP70, SP90), CUNO Delipid and Delipid Plus filters,
Millipore Corporation CE series depth filters (e.g. CE15, CE20, CEZ25,
CE30, CE35, CE40, CE45, CE50, CE70, CE75), Millipore Corporation
DE series depth filters (e.g. DE25, DE30, DE35, DE40, DE45, DESO,
DES55, DE560, DE65, DE70, DE75), Millipore Corporation HC filters (e.g.
A1HC, B1HC, COHC), CUNO PolyNet™ Filters (e.g. PolyNet™ PB
P050, P100, P200, P300, P400, P500, P700), Millipore Clarigard and
Polygard filters, CUNO Life Assure filters, ManCel Associates depth
filters (e.g. PR 12 UP, PR12, PR 5 UP); and PALL or SeitzSchenk
Incorporated filters. In order to improve the clarification capacity of the
available depth filtration units, it can be useful to éouple two or more
units with decreasing pore sizes. In this embodiment, the mixture to be
clarified passes through the first depth filtration unit where the biggest
contaminants are retained and subsequently passes through the second
depth filtration unit. With this regard, according to a preferred
embodiment of the invention, the clarification is performed by depth

filtration, preferably over filters having a pore size of 8 ym coupled to
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filters having a pore size of 5 ym. Preferred filters having a pore size of 8
um and 5 um used according to the present invention are Sartopure®
filters commercially available from Sartorius (Sartopure® PP2).
According to the invention, the depth filtration is preferably performed at
a flow rate of 1 L/minute.

o A concentration which can be performed by e.g. microfiltration or
ultrafiltration. Microfiltration is a pressure driven membrane process that
concentrates and purifies large molecules. More specifically, a solution is
passed through filters whose pore size has been chosen to reject the
viruses in the retentate and allow small molecules (e.g. proteins) to pass
through the filters into the permeate. Microfiltration reduces the volume
of the extraction solution. With this regard, the microfiltration is therefore
performed by using filters having a pore size lower than 0.2 um,
preferably a pore size comprised between 0.01 and 0.15 uym, more
preferably between 0.09 and 0.15 uym, and even more preferably a pore
size of 0.1 ym. Filters used according to the invention are preferably
autoclavable commercially available filters such as for instance Prostak
Microfiltration Modules (Millipore) wherein Prostak Microfiltration Module
PSVVAG021, PSVVAG041 and SK2P12E1 are preferred.

o A diafiltration which is an improvement of microfiltration (as previously
described) and involves diluting said fraction comprising the viruses with
a solution to effect a reduction in the concentration of the impurities In
said fraction. The dilution of the fraction comprising the viruses allows
washing out more of the impurities from said fraction. It is understood
that the diafiltration may be carried out in a batch mode, semi-continuous
mode, or a continuous mode. The diafiltration can be advantageously
used to change the buffer in which the virus is comprised. For example,
it can be useful to exchange the buffer used in the purification process
against a pharmaceutically acceptable buffer. According to the invention,
the microfiltration Is performed by using filters having a pore size lower
than 0.2 ym, preferably a pore size comprised between 0.01 and 0.15

um, more preferably between 0.09 and 0.15 pm, and even more
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preferably a pore size of 0.1 pm. Filters used according to the invention
are preferably autoclavable commercially available filters such as for
instance Prostak Microfiltration Modules (Millipore) wherein Prostak
Microfiltration Module PSVVAG021, PSVVAG041 and SK2P12E1 are
- preferred.

o A chromatography using a cation or an anion exchange adsorbent, and
preferably an anion exchange adsorbent. According to the invention, the
functional groups of the anion exchange adsorbent can be primary,
secondary, tertiary or quaternary amino group such as for instance
dimethylaminoethyl (DMAE), diethylaminoethyl (DEAE),
trimethylaminoethyl (TMAE), triethylaminoethyl (TEAE), the group -R-
CH(OH)-CH2-N+-(CHa)3 (also named Q group; see Streamline® resins,
Phérmacia) or other groups such as for instance polyethyleneimine (PEI)
that already have or will have a formal positive charge within the pH
range of 7.0 to 9.0. Preferred functional groups of the anion exchange
adsorbent are selected from the group consisting of dimethylaminoethyi
(DMAE), diethylaminoethyl (DEAE), trimethylaminoethyl (TMAE) and
triethylaminoethyl (TEAE), and are more preferably trimethylaminoethy!
(TMAE). The anion exchange adsorbent can consist in, but ts not limited
to, e.g. a beads-formed matrix or a membfane.

- According to a preferred embodiment of the invention, the
anion exchange adsorbent consists in a beads-formed
matrix. Matrix can be e.g. agarose, hydrophilic polymer,
cellulose, dextran or silica. Chains (e.g. dextran chains) are
coupled to the matrix. Functional groups as previously
described are attached to the chains through chemically
stable bonds (e.g. ether bonds). Preferred functional
groups of the beads-formed matrix are trimethylaminoethyl
(TMAE). Anion exchange adsorbents consisting in beads-
formed matrix used according to the Invention are
preferably autoclavable such as for instance UNOsphere®
Q (BioRad), UNOsphere® S (BioRad), STREAMLINE™ Q
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Sepharose® XL (Amersham Biosciences),
STREAMLINE™ SP  Sepharose® XL (Amersham
Biosciences) or BioSepra® Q hyperZ (Pall Corporation).
Pfeferred autoclavable anion exchange adsorbent
consisting in a beads-formed matrix éccording to the
present invention is UNOsphere® Q (BioRad).
UNOsphere® Q (BioRad) consists in hydrophilic spherical
polymeric beads having a diameter of 120 um and carring
trimethylaminoethyl (TMAE) functional groups.

According to another preferred embodiment of the
invéntion, the anion exchange adsorbent consists in a
membrane. Fuhctional groups of the membrane can be as
previously described. Preferred functional groups of the
membrane are trimethylaminoethyl (TMAE). According to a
preferred embodiment of the invention, the membrane
used has a pore size lower than the size of the virus. With
this regard, when the virus is an poxvirus (which have a
size of 200 nm), the membrane has a pore size comprised
between 1 and 5 um, and preferably a pore size of 3 pm.
Anion exchange adsorbents consisting in membranes used
according to the invention are preferably autoclavable such
as for instance Sartobind® 75 Q (Sartorius).

o A gel filtration : According to the invention, the sample containing the

virus is treated on a solid support comprising beads having a diameter

comprised between 3 and 160 ym, advantageously between 80 and 160

um, preferably between 40 and 105 um, more preferably between 25

and 75 um, more preferably between 20 and 80 ym, and even more

preferably between 20 and 60 um. According to the invention, said

support has a porosity closed to the diameter of the virus (e.g. 200-300

nm for poxvirus) so that the latter does not penetrate into the beads. On

the other hand, the molecules which are smaller in size penetrate into

the beads and the migration thereof is slowed. The supports used for gel
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filtration can be based e.g. on agarose, dextran, acrylamide, silica,
ethylene glycol/methacrylate copolymers, or mixtures thereof such as for
instance mixtures of agarose and dextran. According to the invention,
the supports are preferably used without functional groups. Gel filtration
chromatography supports are commercially available such as for
Instance:

- Ethylene glycol/methacrylate gel filtration chromatography
supports (e.g. Toyopeari® HW 55, Toyopearl® HW 65 and
Toyopearil® HW 75, having a bead ~diameter comprised
between 20 and 60 ym, Tosohaas);

- Allyl dextran/methylene bisacrylamide gel filtration
chromatography supports (e.g. Sephacryl™ S300 HR
having a bead diameter comprised between 25 and 75 ym;
Sephacryl™ $400 HR having a bead diameter comprised
between 25 and 75 uym; Sephacryl™ S500 HR having a
bead diameter comprised between 25 and 75 um,
Sephacryl™ S1000 SF having a bead diameter comprised
between 40 and 105 um, all from Pharmacia);

- N-acrylaminohydroxypropanediol gel filtration
chromatography supports (e.g. Trisacryl having a bead
diameter comprised between 80 and 160 um, Biosepra);

- Agarose gel filtration chromatography supports (e.g.
Macro-Prep SE having a bead diameter comprised
between 20 and 80 um, Bio-Rad).

Ethylene glycol/methacrylate gel filtration chromatography supports (e.g.
Toyopearl® HW 55, Toyopearl® HW 65 and Toyopearl® HW 75, having
a bead diameter comprised between 20 and 60 uym, Tosohaas) are

preferred.
[0038] The method for producing a wild type, an attenuated and/or a recombinant
virus comprising a step of preparation of cells from chicken embryos using an
enzymatic composition of the invention, may also comprise a step of

incubation in presence of one or more nucleases. Step of incubation In
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presence of one or more nucleases (i.e. endonuclease or exonucleases) is
performed in order to degrade the nucleic acids (e.g. DNA; RNA) present in

solution. Nucleases preferably used according to the present invention are

- endonucleases. Endonucleases can be classified based on their substrates as

follows: deoxyribonucleases (DNases) which degrade DNA; ribonucleases
(RNases) which degrade RNA; and endonucleases that degrade DNA and
RNA. Endonucleases DNases include but are not limited to DNase |, DNase |}
and endodeoxyribonuclease V. Endonucleases RNases include but are not
imited to RNase |, RNase Illl, RNAse E, RNAse F and RNAse P.
Endonucleases that degrade DNA and RNA include but are not limited to
Benzonase®. In a preferred embodiment of the invention, step of incubating
the viruses produced is performed in presence of Benzonase®. Benzonase®
degrades nucleic acid (e.g. DNA; RNA) by hydrolyzing internal phosphodiester
bonds between specific nucleotides. Upon complete digestion, all free nucleic
acids (e.g. DNA; RNA) present.in solution are reduced to 5’-monophosphate
terminated oligonucleotides which are 3 to 8 bases in length. Benzonaze® has
no proteolytic activity. Benzonaze® used according to the present invention Is
preferably pharmaceutically acceptable. Phafmaceutically acceptable
Benzonaze® are commercially available (e.g. Eurogentec under the reference
ME-0280-10; Merck under the reference e.g. 1.01653.0001). According to the
invention, the concentration of nuclease(s) used is in a range of 5 to 100 U/ml,
preferably in a range of 5 to 50 U/ml, and more preferably 10 U/ml.

The method for producing a wild type, an attenuated and/or a recombinant
virus according to the invention are suitable for an aseptic industrial-scale
manufacturing process to en<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>