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Purification of Vaccinia Virus- and Recombinant Vaccinia Virus-based

Vaccines

The present invention provides methods for purification of native and
recombinant Vaccinia virus and/or Vaccinia virus particles. According to the
present invention, the use of this method facilitates purification of a vaccine
with high efficiency and desirable yield in terms of purity, biological activity,
and stability and is furthermore applicable for an aseptic production process in

lab-, pilot-, and industrial-scale.

Description of Related Art

Traditionally in medicine, a vector is a living organism that does not cause
disease itself, but which spreads infection by "carrying" pathogens (agents that
cause disease) from one host to another. A vaccine vector is a weakened
or killed version of a virus or bacterium that carries an inserted antigen (coding
for a protein recognized by the body as foreign) from a disease-causing agent
to the subject being vaccinated. A vaccine vector delivers the antigen in a
natural way into the body and stimulates the immune system into acting
against a "safe infection." The immune system is led into generating an
immune response against the antigen that protects the vaccinated subject

against future "risky infections."

In vaccine development, a recombinant modified virus can be used as the
vehicle or vaccine vector for delivering genetic material to a cell. Once in
the cell, genetic information is transcribed and translated into proteins,
including the inserted antigen targeted against a specific disease.
Treatment is successful if the antigen delivered by the vector into the cell
produces a protein, which induces the body's immune response against the

antigen and thereby protects against the disease.

A viral vector can be based on an attenuated virus, which cannot replicate in

the host but is able to introduce and express a foreign gene in the infected cell.
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The virus or the recombinant virus is thereby able to make a protein and
display it to the immune system of the host. Some key features of viral
vectors are that they can elicit a strong humoral (B-cell) and cell-mediated (T-

cell) immune response.

Viral vectors are commonly used by researchers to develop vaccines for the
prevention and treatment of infectious diseases and cancer, and of these,
poxviruses (including canary pox, vaccinia, and fowl pox) are the most

common vector vaccine candidates.

Pox viruses are a preferred choice for transfer of genetic material into new
hosts due to the relatively large size of the viral genome (appr. 150/200 kb)
and because of their ability to replicate in the infected cell's cytoplasm instead
of the nucleus, thereby minimizing the risk of integrating genetic material into
the genome of the host cell. Of the pox viruses, the vaccinia and variola
species are the two best known. The virions of pox viruses are large as
compared to most other animal viruses (for more details see Fields et al., eds.,
Virology, 3 Edition, Volume 2, Chapter 83, pages 2637 ff).

Variola virus is the cause of smallpox. In contrast to variola virus, vaccinia
virus does not normally cause systemic disease in immune-competent
individuals and it has therefore been used as a live vaccine to immunize
against smallpox. Successful worldwide vaccination with Vaccinia virus
culminated in the eradication of smalipox as a natural disease in the 1980s
(The global eradication of smallpox. Final report of the global commission for
the certification of smallpox eradication; History of Public Health, No. 4,
Geneva:; World Health Organization, 1980). Since then, vaccination has been
discontinued for many years, except for people at high risk of poxvirus
infections (for example, laboratory workers). However, there is an increasing
fear that, for example, variola causing smallpox may be used as a bio-terror
weapon. Furthermore, there is a risk that other poxviruses such as cowpox,

camelpox, and monkeypox may potentially mutate, through selection
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mechanisms, and obtain similar phenotypes as variola. Several
governments are therefore building up stockpiles of Vaccinia-based vaccines
to be used either pre-exposure (before encounter with variola virus) or post-
exposure (after encounter with variola virus) of a presumed or actual

smallpox attack.

Vaccinia virus is highly immune-stimulating and provokes strong B-
(humoral) and T-cell mediated immunity to both its own gene products and to
any foreign gene product resulting from genes inserted in the Vaccinia
genome. Vaccinia virus is therefore seen as an ideal vector for vaccines
against smallpox and other infectious diseases and cancer in the form of
recombinant vaccines. Most of the recombinant Vaccinia viruses described in
the literature are based on the fully replication competent Western Reserve
strain of Vaccinia virus. It is known that this strain has a high neurovirulence
and is thus poorly suited for use in humans and animals (Morita et al. 1987,
Vaccine 5, 65-70).

In contrast, the Modified Vaccinia virus Ankara (MVA) is known to be
exceptionally safe. MVA has been generated by long-term serial passages of
the Chorioallantois Vaccinia Ankara (CVA) strain of Vaccinia virus on
chicken embryo fibroblast (CEF) cells (for review see Mayr, A. et al. 1975,
Infection 3, 6-14; Swiss Patent No. 568,392). Examples of MVA virus strains
deposited in compliance with the requirements of the Budapest Treaty are
strains MVA 572, MVA 575, and MVA-BN deposited at the European Collection
of Animal Cell Cultures (ECACC), Salisbury (UK) with the deposition numbers
ECACC V94012707, ECACC V00120707 and ECACC V00083008,
respectively, and described in U.S. Patent Nos. 7,094,412 and 7,189,536.

MVA is distinguished by its great attenuation profile compared to its precursor
CVA. It has diminished virulence or infectiousness, while maintaining good
immunogenicity. The MVA virus has been analyzed to determine
alterations in the genome relative to the wild type CVA strain. Six major
deletions of genomic DNA (deletion I, II, lll, 1V, V, and VI) totaling 31,000
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base pairs have been identified (Meyer, H. et al. 1991, J. Gen. Virol. 72,
1031-1038). The resulting MVA virus became severely host-cell restricted
to avian cells. The excellent properties of the MVA strain have been
demonstrated in extensive clinical trials (Mayr, A. et al. 1978, Zbl. Bakt. Hyg.
|, Abt. Org. B 167, 375-390; Stickl, H. et al. 1974, Dtsch. med. Wschr. 99,
2386-2392), where MVA 571 has been used as a priming vaccine at a low
dose prior to the administration of conventional smallpox vaccine in a two-step
program and was without any significant adverse events (SAES) in more
than 120,000 primary vaccinees in Germany (Stickl, H et al. 1974, Dtsch.
med. Wschr. 99, 2386-2392; Mayr et al. 1978, Zbl. Bakt. Hyg. I, Abt. Org. B
167, 375-390).

MVA-BN® is a virus used in the manufacturing of a stand-alone third
generation smallpox vaccine. MVA-BN® was developed by further passages
from MVA strain 571/572. To date, more than 1500 subjects including
subjects with atopic dermatitis (AD) and HIV infection have been

vaccinated in clinical trials with MVA-BN® based vaccines.

The renewed interest in smallpox vaccine-campaigns with Vaccinia-based
vaccines has initiated an increased global demand for large-scale
smallpox vaccine production. Furthermore, the use of Vaccinia virus as a
tool for preparation of recombinant vaccines has additionally created
significant industrial interest in methods for manufacturing (growth and
purification) of native Vaccinia viruses and recombinant-modified Vaccinia

viruses.

Viruses used in the manufacturing of vaccines or for diagnostic purposes can be
purified in several ways depending on the type of virus. Traditionally,
purification of pox viruses including Vaccinia viruses and recombinant-
modified Vaccinia viruses has been carried out based on methods
separating molecules by means of their size differences. To enhance
removal of host cell contaminants (e.g. DNA and proteins), in particular DNA,

the primary purification by means of size separation has been supplemented
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by secondary methods such as enzymatic digestion of DNA (e.g. Benzonase
treatment). Most commonly, the primary purification of Vaccinia viruses and
recombinant-modified Vaccinia viruses has been performed by sucrose
cushion or sucrose gradient centrifugation at various sucrose concentrations.
Recently, ultrafiltration has also been applied either alone or in

combination with sucrose cushion or sucrose gradient purification.

Vaccinia Viruses-based vaccines have in general been manufactured in
primary CEF (Chicken Embryo Fibroblasts) cultures. Vaccines manufactured
in primary CEF cultures are generally considered safe as regards residual
contaminants. First, it is scientifically unlikely that primary cell cultures from
healthy chicken embryos should contain any harmful contaminants (proteins,
DNA). Second, millions of people have been vaccinated with vaccines
manufactured on CEF cultures without any adverse effects resulting from the
contaminants (CEF proteins and CEF DNA). There is, therefore, no
regulatory requirement for the level of host cell contaminants in vaccines
manufactured in primary CEF cultures, but for each vaccine the manufacturer
must document its safety. The regulatory concern for vaccines manufactured in
primary CEF cultures relates to the risk of adventitious agents (microorganisms
(including bacteria, fungi, mycoplasma/spiroplasma, mycobacteria, rickettsia,
viruses, protozoa, parasites, TSE agent) that are inadvertently introduced into

the production of a biological product).

In the current methods for purification of Vaccinia viruses, manufactured in
primary CEF culture the level of CEF protein may be up to 1 mg/dose and
the CEF DNA level may exceed 10 pg/dose of 1 x 10% as measured by the
TCID50. These levels are considered acceptable from a safety and regulatory
perspective as long as the individual vaccine manufacturer demonstrates that
the levels to be found in the Final Drug Product (FDP) are safe at the
intended human indications. Due to the risk of presence of adventitious
agents in vaccines manufactured in primary cell cultures and the associated
need for extensive, expensive biosafety testing of each vaccine batch

manufactured, there is a strong stimulus for the vaccine industry to change
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to continuous cell lines. Once a continuous cell line has been characterized the

need for testing for adventitious agents of the production batches is minimal.

However, switch from primary to continuous cell culture for production of
Vaccinia and Vaccinia recombinant vaccines is expected to impose stricter
safety and regulatory requirements. In fact, the regulatory authorities have
proposed new requirements for levels of DNA contaminants in vaccines
manufactured using continuous cell lines (See Draft FDA guideline), which
may be as low as 10 ng host-cell DNA /dose. To achieve such low level of
host cell contaminants, new and improved methods for purification are

needed.

It appears that vaccinia virions are able to bind to heparin through the surface
protein A27L (Chung et al. 1998, J. Virol. 72, 1577-1585). It has further been
suggested that affinity chromatography (Zahn, A and Allain, J.-P. 2005, J. Gen.
Virol. 86, 677-685) may be used as basis for purification of certain virus

preparations.

For efficient purification of vaccinia virus and recombinant vaccinia virus-based

vaccines, some significant challenges need to be overcome.

1. Vaccinia virions are far too large to be effectively loaded onto commercially
available heparin columns, e.g., the Hi-Trap heparin column from Amersham
Biosciences used by others (Zahn, A and Allain, J.-P. 2005, J. Gen. Virol. 86,
677-685) for lab-scale purification of Hepatitis C and B viruses. The Vaccinia
virion volume is approximately 125 times larger than Hepatitis virion. (The
diameter of the Vaccinia virus is, thus, appr. 250 nm as compared with the
hepatitis C and B virions diameter being appr. 50nm). Thus, available
matrices as, e.g., used in the column-based approach may not allow for
adequate entrance of virions into the matrix, loading of sufficient amounts of
virus particles or sufficiently rapid flow through the column to meet the needs
for industrial scale purification. Zahn and Allain worked with virus load up
to 1 x 10% in up to 1.0 ml volume. For pilot-scale purification to achieve
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sufficient material for early clinical trials virus loading capacity higher than 1
x 10", preferably up 1 x 10", in volumes higher than 5 L, preferably up to
50 L, is needed. For industrial purification of Vaccinia virus loading capacity
higher than 1 x 10", preferably higher than 1 x 10" in volumes higher than
300 L, preferably higher than 600 L, is needed.

2. The large size of the Vaccinia virus may prevent effective steric access
between the specific surface proteins of the virions and the ligand immobilized
to the matrix. Currently described lab-scale methods of use for purification of
small virus particles may therefore not be industrially applicable to purification

of Vaccinia virus.

3. Due to the high number of functional surface molecules interacting with the
ligand used for binding of the Vaccinia virus particles, elution of bound
Vaccinia virus may require more harsh and therefore potentially denaturing
conditions to elute and recover the Vaccinia virus particles in a biologically
effective form in high yields. The matrix, the ligand design, the method of
ligand immobilization, and the ligand density may therefore require careful
design to mediate an effective binding of the Vaccinia virus and to permit an

effective elution of biologically active Vaccinia virus particles.

4. To achieve a bio-specific purification of Vaccinia virus particles with
high biological activity there is a need in the art for development of
industrially usable ligands identical to or very similar to the presumed
native ligand for Vaccinia target cell entry. Thus, use of a ligand displaying
highly specific and highly effective binding to the Vaccinia virus would be
advantageous as it would improve purification by its ability to specifically
sort out biologically active Vaccinia virus particles thereby increasing the

purity, viability, and functionality of the purified Vaccinia virus.

5. Vaccinia virions are too large to be sterile filtered. The method used in this
invention has therefore been developed by to be applicable for an aseptic

industrial-scale manufacturing process in a way ensuring full compliance with
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regulatory requirements regarding sterility of vaccines. In line with the above
and for the purpose of this invention, the column substituted with the ligand
should be applicable for sterilization-in-place or should be available as a pre-

sterilized unit.

Description of the Invention

In particular, the present invention is directed to a method for the purification
of biologically active Vaccinia virus comprising:

a) loading a solid-phase matrix, to which a ligand is attached, with a
Vaccinia virus contained in a liquid-phase culture;

b) washing the matrix, and

C) eluting the virus.

The ligand is a substance that, on the one hand, can be attached to the solid-
phase matrix, e. g., by binding or coupling thereto and that, on the other
hand, is able to form a reversible complex with the Vaccinia virus. Thus, by
interacting with the virus, the virus is reversibly retained. The ligand can be a
biological molecule as, for example, a peptide and/or a lectin and/or an
antibody and/or, preferably, a carbohydrate. The ligand may also comprise or
consist of sulfate. In a further embodiment, the ligand comprises one or more
negatively charged sulfate groups. Furthermore, the ligand can also be a
hydrophobic molecule as, for example, an aromatic phenyl group. The ligand
can be attached to the matrix directly, e.g, by direct binding, or can be
attached to the matrix indirectly though another molecule, e.g. by coupling

through a linker or spacer.

The solid-phase matrix can be a gel, bead, well, membrane, column, etc. In
a preferred embodiment of the invention, the solid-phase comprises or is a
membrane, in particular a cellulose membrane. However, a broad range of
other polymers modified with specific groups capable to bind the virus can be
used. Preferred are hydrophilic polymers. Examples are cellulose derivatives

(cellulose esters and mixtures thereof, cellulose hydrate, cellulose acetate,
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cellulose nitrate); aggarose and its derivatives; other polysaccachrides like
chitin  and chitosan; polyolefines  (polypropylene);  polysulfone;
plolyethersulfone; polystyrene; aromatic and aliphatic polyamides;
polysulfonamides; halogenated polymers (polyvinylchlorid, polyvinyifluorid,

polyvinylidenfluorid); polyesters; homo- and copolymers of acryinitrile.

The method and further embodiments of the invention can overcome the
limitations of currently known methods preventing industrial-scale, effective
purification of Vaccinia virus particles with high biological activity and purity.
The method is superior in terms of yield, process time, purity, recovery of
biologically active Vaccinia virus particles and costs to existing pilot-scale
methods for purification of Vaccinia virus particles, which are primarily based
on sucrose-cushion centrifugation and/or diafiltration or non-specific ion-
exchange chromatography. It is also superior in terms of yield, process time,
purity, recovery of biologically active Vaccinia virus particles, and costs to the
only existing large-scale method for purification of Vaccinia virus particles,

which is based on ultrafiltration, enzymatic DNA degradation, and diafiltration.

According to the present invention, Vaccinia virus can be purified under aseptic
conditions to obtain a biologically active, stable, and highly pure virus

preparation in high yield. The Vaccinia viruses can be native or recombinant.

The present invention provides an improved method for aseptic purification of
Vaccinia viruses in lab-, pilot-, and, preferably, in industrial-scale, leading to a

biologically active, stable and highly pure virus preparation in high yield.

This invention provides a more time-effective and cost-effective process for
purification of Vaccinia viruses and recombinant Vaccinia viruses, Modified
Vaccinia virus Ankara (MVA) and recombinant MVA, MVA-BN® and
recombinant MVA-BN®, leading to a biologically active, stable and highly pure

virus preparation in high yield.
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In another embodiment, this invention provides virus preparations produced by

the method of the invention.

Use of the eluted Vaccinia virus or recombinant Vaccinia virus, or Modified
Vaccinia virus Ankara (MVA) or recombinant MVA or MVA-BN® or
recombinant MVA-BN®, all preferably obtained by the method according to the
present invention, for the preparation of a pharmaceutical composition, in
particular a vaccine, is also an embodiment of the invention. The virus and/or
pharmaceutical preparation is preferably used for the treatment and/or the

prevention of cancer and/or of an infectious disease.

A method for inducing an immune response or for the vaccination of an
animal, specifically of a mammal, including a human, in need thereof,
characterized by the administration of a Vaccinia virus or recombinant Vaccinia
virus, or Modified Vaccinia virus Ankara (MVA) or recombinant MVA or MVA-
BN® or recombinant MVA-BN® vaccine prepared by a process comprising a

purification step as described above is a further embodiment of the invention.

As used herein, an "attenuated virus" is a strain of a virus whose
pathogenicity has been reduced compared to its precursor, for example by
serial passaging and/or by plaque purification on certain cell lines, or by other
means, so that it has become less virulent because it does not replicate, or
exhibits very little replication, but is still capable of initiating and stimulating a
strong immune response equal to that of the natural virus or stronger, without

producing the specific disease.

According to a further preferred embodiment of the present invention,
glucosamine glycan (GAG), in particular heparan sulfate or heparin, or a

GAG-like substance is used as ligand.

As used herein, "glycosaminoglycans” (GAGs) are long un-branched
polysaccharides consisting of a repeating disaccharide unit. Some GAGs are

located on the cell surface where they regulate a variety of biological
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activities such as developmental processes, blood coagulation, tumor

metastasis, and virus infection.

As used herein, "GAG-like agents" are defined as any molecule which is
similar to the known GAGs, but can be modified, for example, by the
addition of extra sulfate groups (e.g. over-sulfated heparin). “GAG-like
ligands” can be synthetic or naturally occurring substances. Additionally,
the term "GAG-like ligands" also covers substances mimicking the
properties of GAGs as ligands in ligand-solid-phase complexes. One
example for a "GAG-like ligand" mimicking GAG, specifically heparin, as
ligand is Sulfate attached to Reinforced Cellulose as solid-phase, thus
forming Sulfated Reinforced Cellulose (SRC) as ligand-solid-phase
complex. The use of SRC complex is also a preferred embodiment of the
present invention. Stabilized Reinforced Cellulose membranes can be

obtained, for example, from Sartorius AG.

As used herein, "Bulk Drug Substance" refers to the purified virus
preparation just prior to the step of formulation, fill and finish into the final

vaccine.

As used herein, "Biological activity" is defined as Vaccinia virus virions that
are either 1) infectious in at least one cell type, e.g. CEFs, 2) immunogenic
in humans, or 3) both infectious and immunogenic. A “biologically active”
Vaccinia virus is one that is either infectious in at least one cell type, e.g.
CEFs, or immunogenic in humans, or both. In a preferred embodiment, the

Vaccinia virus is infectious in CEFs and is immunogenic in humans.

As used herein, "contaminants" cover any unwanted substances which
may originate from the host cells used for virus growth (e.g. host cell DNA
or protein) or from any additives used during the manufacturing process’

including upstream (e.g. gentamicin) and downstream (e.g. Benzonase).
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As used herein, "continuous cell culture (or immortalized cell culture)"
describes cells that have been propagated in culture since the establishment
of a primary culture, and they are able to grow and survive beyond the
natural limit of senescence. Such surviving cells are considered as
immortal. The term immortalized cells were first applied for cancer cells
which were able to avoid apoptosis by expressing a telomere- lengthening
enzyme. Continuous or immortalized cell lines can be created e.g. by

induction of oncogenes or by loss of tumor suppressor genes.

As used herein, "heparan sulfate" is a member of the glycosaminoglycan
family of carbohydrates. Heparan sulfate is very closely related in structure
to heparin, and they both consist of repeating disaccharide units which are
variably sulfated. The most common disaccharide unit in heparan sulfate
consists of a glucuronic linked to N-acetyl glucosamine, which typically makes

up approx. 50% of the total disaccharide units.

As used herein, "heparin" is a member of the glycosaminoglycan family of
carbohydrates. Heparin is very closely related in structure to heparan sulfate,
and they both consist of repeating disaccharide units which are variably
sulfated. In heparin, the most common disaccharide unit consists of a sulfated
iduronic acid linked to a sulfated glucopyranosyl. To differentiate heparin from
heparan sulfate, it has been suggested that in order to qualify a GAG as
heparin, the content of N-sulfate groups should largely exceed that of N-
acetyl groups and the concentration of 0-sulfate groups should exceed those
of N-sulfate (Gallagher et al. 1985, Biochem. 4. 230: 665-674).

As used herein, "industrial scale" or large-scale for the manufacturing of
Vaccinia virus or recombinant Vaccinia virus-based vaccines comprises
methods capable of providing a minimum of 50,000 doses of 1.0 x 108 virus
particles (total minimum 5.0 x 10" virus particles) per batch (production run).
Preferably, more than 100,000 doses of 1.0 x 108 virus particles (total

minimum 1.0 x 10" virus particles) per batch (production run) are provided.
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As used herein, "lab-scale" comprises virus preparation methods of

providing less than 5,000 doses of 1.0 x 108 virus particles (total less than 5.0
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30

x 10" virus particles) per batch (production run).

As used herein, "pilot-scale” comprises virus preparation methods of
providing more than 5,000 doses of 1.0 x 108 virus particles (total more
than 5.0 x 10" virus particles), but less than 50,000 doses of 1.0 x 10° virus
particles (total minimum 5.0 x 10'? virus particles) per batch (production

run).

As used herein, "Primary cell culture”, refers to the stage where the cells
have been isolated from the relevant tissue (e.g. from specific pathogen
free (SPF) hens eggs), but before the first sub-culture. This means that the

cells have not been grown or divided any further from the original origin.

As used herein, "Purity" of the Vaccinia virus preparation or vaccine is
investigated in relation to the content of the impurities DNA, protein,
Benzonase, and gentamicin. The purity is expressed as specific impurity,

which is the amount of each impurity per dose (e.g. ng DNA/dose).

As used herein, “purification” of a Vaccinia virus preparation refers to the
removal or measurable reduction in the level of some contaminant in a

Vaccinia virus preparation.

As used herein, "Recombinant Vaccinia virus" is a virus, where a piece of
foreign genetic material (from e.g. HIV virus) has been inserted into the viral
genome. Thereby, both the Vaccinia virus genes and any inserted genes will

be expressed during infection of the Vaccinia virus in the host cell.

As used herein, "Stability" means a measure of how the quality of the virus
preparation (Bulk Drug Substance (BDS) or Final Drug Product (FDP))
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varies with time under the influence of a variety of environmental factors
such as temperature, humidity and lights, and establishes a retest period for
the BDS or a shelf-life for the FDP at recommended storage conditions
(Guidance for industry Q1A (R2).

As used herein, a "Virus preparation" is a suspension containing virus. The
suspension could be from any of the following steps in a manufacturing
process: after virus growth, after virus harvest, after virus purification (typically

the BDS), after formulation, or the final vaccine (FDP).

As used herein "vaccinia virus forms" refer to the three different types of virions
produced by infected target cells: Mature virions (MV), wrapped virions
(WV), and extra-cellular virions (EV) (Moss, B. 2006, Virology, 344:48-54).
The EV form comprises the two forms previously known as cell-associated
enveloped virus (CEV), and extra-cellular enveloped virus (EEV) (Smith,
G. L. 2002, J. Gen. Virol. 83: 2915-2931).

The MV and EV forms are morphologically different since the EV form
contains an additional lipoprotein envelope. Furthermore, these two forms
contain different surface proteins (see Table 1), which are involved in the
infection of the target cells by interaction with surface molecules on the
target cell, such as glycosaminglycans (GAGs) (Carter, G. C. et al. 2005, J.
Gen. Virol. 86: 12791290). The invention involves use of the purification of all

forms of Vaccinia Virus.

The different forms of Vaccinia virions contain different surface proteins,
which are involved in the infection of the target cells by interaction with
surface molecules on the target cell, such as glycosaminglycans (GAGs)
(Carter, G. C. et al. 2005, J. Gen. Virol. 86: 1279-1290). These surface
proteins will as mentioned supra be referred to as receptors. On the MV
form, a surface protein named p14 or A27L (the latter term will be used in this

application) is involved in the initial attachment of the virions to the target
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cell. A27L binds to GAG structures on the target cell prior to entry into the cell
(Chung C. et al. 1998, J. Virol. 72: 1577-1585), (Hsiao J.C. et al. 1998 J. Virol.
72: 8374-8379), (Vazquez M. et al. 1999, J. Virol. 73: 9098-9109) (Carter G.C.
et al. 2005, J. Gen. Virol. 86: 1279-1290). The natural ligand for A27L is
presumed to be the GAG known as heparan sulfate (HS). Heparan Sulfate
belongs to a group of molecules known as glycosaminglycans (GAGs). GAGs
are found ubiquitously on cell surfaces. (Taylor and Drickamer 2006,
Introduction to Glycobiology, 2" edition, Oxford University Press).
GAGs are negatively charged molecules containing sulfate groups. The
A27L protein is located on the surface of the virions and is anchored to the
membrane by interaction with the A17L protein (Rodriguez D. et al. 1993, J.
Virol. 67: 3435-3440) (Vazquez M. et al. 1998, J. Virol. 72: 10126-10137).
Therefore, the interaction between A27L and AI17L can be kept intact
during isolation in order to retain full biological activity of the virions. The
specific nature of the protein-protein interaction between A17L and A27L
has not been fully elucidated, but it has been suggested that a presumed
"Leucine-zipper" region in the A27L is involved in the interaction with A17L
(Vazquez M. et al. 19981, J. Virol. 72: 10126-10137).

The invention encompasses the use of the affinity interaction between the A27L
surface protein on the MV form and glucosaminglycans, in particular Heparan

Sulfate, for purification of the MV form of Vaccinia Virus.

The term “ligand”, thus, refers both to a receptor on a target cell and to the
specific binding structure attached to a solid-phase matrix used for purification

of Vaccinia.

The same principle as described above can be applied to interactions
between other target cell surface structures and other Vaccinia surface
proteins of the MV form participating in the Vaccinia virus' recognition of,
attachment to, entry into and/or fusion with the target cell (see Table 1). Other

WV and EV surface proteins are summarized in Table 1. The entire A27L
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protein, or fragments thereof containing the binding region for the GAG
ligand can be used as agents to elute Vaccinia viruses-GAG complexes from a
solid-phase column of the invention. Fragments can be readily generated by
routine molecular techniques and screened for their ability to dissociate
Vaccinia viruses-GAG complexes using routine techniques known in the

art, such as by measuring eluted, biologically active virus.

The presumed native GAG-ligand for the MV form of Vaccinia is Heparan
Sulfate (HS) and can be one of the suitable ligands. The invention also
comprises use of "non-native" ligands for purification of Vaccinia virus. Such
non-native ligands are compounds with a high degree of structural and/or
conformational similarity to native ligands. As an example, Heparin, which is a
close analogue to the native ligand for A27L, HS, can be used for affinity-
purification of MV form by interaction with the A27L surface protein, see further
below. Heparin has been shown to partially inhibit the binding between target
cells and Vaccinia virus and can therefore also be used for affinity purification
of the MV form of Vaccinia. Other GAG-ligands and GAG-like ligands can

also be used.

In one embodiment of the invention, Heparan Sulfate, used for affinity
purification of the MV form of Vaccinia, binds A27L on biologically active
Vaccinia viruses, but does not bind inactive Vaccinia viruses or Vaccinia

virus fragments.

The ligand makes possible the elution of the bound Vaccinia virus under such
mild conditions that the Vaccinia virus fully retain their biologically activity.
This means that the structure of A27L and the interaction between A27L and
A17L can be kept intact.

The binding and elution characteristics for the GAG-ligand substituted matrix
depend not only on the individual characteristics of the matrix and ligand, but

also on the interplay between the two.
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By modifying e.g. the ligand density or by attaching, e.g. binding or coupling
of, the ligand to the matrix by "arms" or "spacers" of different length and
chemical characteristics (hydrophobicity, hydrophilicity) the binding strength
between the target GAG- ligand structure and the A27L surface protein on the
Vaccinia virus can be altered, which can be used to e.g. enhance the capture

or ease the elution.

To enhance the purification method, the matrix in the form of a

chromatography gel or membrane to be used for the purification preferably:

e Has a high pore size (to make as many ligands as possible accessible
to the Vaccinia virus)

e Has a rigid structure to allow for fast flow rates

e |s available in a form permitting direct or indirect attachment, e.g. by

binding or coupling, of ligands

e Is applicable for sterilization in place or available as a pre-sterilized

unit, e.g. by using radiation.

in one embodiment, the solid phase matrix is a gel or membrane with a pore
size of 0.25 um, preferably of more than 0.25 pym, more preferably of 1.0-
3.0 um demonstrating a linear flow rate under actual purification conditions
of 10 cm/min, preferably 20 cm/min. The pore size of the matrix can be 0.25-
0.5 ym, 0.5-0.75 pm, 0.75-1.0 ym, 1.0-2.0 pm, 2.0-3.0 pm, or greater than
3.0 ym.

In one embodiment, with the solid phase matrix containing a heparan sulfate as
an immobilized ligand, the virus harvest from the upstream virus growth
process is loaded in a crude (unpurified) form with a flow rate of 10cm/min,
preferably 20cm/min at a virus concentration of 10° virions per mL in pilot

scale and 107 virions per mL in industrial scale.
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In one embodiment, there are three steps in the purification process of the

invention, which are common for most affinity chromatography processes:

1) Loading of Vaccinia virus or Vaccinia recombinant virus onto the solid
phase;
2) Washing of the solid phase to remove contaminants; and

3) Elution of the Vaccinia virus or recombinant virus to be isolated.

Step 1. Loading of Vaccinia virus or recombinant virus onto a solid-

phase matrix

Loading to the solid phase with, e.g., Heparane Sulphate or another GAG or
GAG-like structure attached as ligand, can be performed by a batch-,
column- or membrane approach.

The membrane approach can have some benefits, specifically for large bio-
molecules, in particular for large viruses like Vaccinia viruses: For example,
large pore sizes and the availability of the ligand on the surface of the
membrane allow high binding capacities of even large viral particles. The
membrane approach is, thus, a preferred embodiment of the present
invention.

In all embodiments mentioned above, the Vaccinia virus or recombinant virus
to be isolated is present in a liquid phase. When the Vaccinia virus or
recombinant virus gets close to the GAG or GAG-like ligand the Vaccinia
virus will bind specifically to or be "captured by" the GAG-ligand, thereby the
Vaccinia virus or recombinant Vaccinia virus can be temporarily immobilized

on the solid phase, while the contaminants will remain in the liquid phase.

By appropriate selection of the ligand type, ligand density and ligand steric
configuration, the binding parameters of Vaccinia virus via A27L surface
protein to the column can be altered, thereby providing means for

optimization of the purification parameters.



10

15

20

25

30

WO 2008/138533 19 PCT/EP2008/003679

Step 2. Washing of the solid phase to remove contaminants

When the binding of the biologically active Vaccinia viruses or recombinant
viruses to the ligand has proceeded sufficiently, the host cell contaminants (in
particular host cell DNA and proteins) that remain in the liquid phase can be
removed by washing the solid phase, to which the Vaccinia virus is bound,

with an appropriate washing medium.

Step 3. Eluting the Vaccinia virus or recombinant virus by specific or

non-specific agents

The biologically active Vaccinia viruses or recombinant viruses can be eluted.

The elution of the captured Vaccinia virus can be performed, for example, by:

1) Agents specifically disrupting the specific interaction between, e.g.,

V the GAG-ligand and the A27L surface protein on the Vaccinia virus
(to be called specific agents), or by

2) Agents non-specifically disrupting the electrostatic interaction
between, e.g., the negatively charged GAG-ligand and the
positively charged A27L surface protein (to be called non-specific

agents).

According to further embodiments of the present invention, the Vaccinia virus
is eluted with GAG or a GAG-like ligand or part thereof, with the GAG-binding
domain of A27L or part thereof, and/or with an 0-glycoside-binding cleaving

enzyme.
Elution of the virus is, further, preferably performed with sodium chloride,

more preferably by an increasing NaCl concentration gradient ranging from
0.15Mto 2.0 M.

Pre-treatment
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Prior to loading on the solid phase, a pre-treatment of the virus suspension
can be performed, specifically in order to remove contaminants from the
Vaccinia virus in the liquid-phase culture.
Pre-treatment can be one or more of the following steps either alone or in
combination:
1) Homogenization of the host cells

- Ultrasound treatment

- Freeze/thaw

- Hypo-osmotic lysis

- High-pressure treatment

2) Removal of cell debris
- Centrifugation

- Filtration

3) Removal/reduction of host cell DNA
- Benzonase treatment
- Cationic exchange

- Selective precipitation by cationic detergents

According to a further embodiment of the invention, the pH value of the viral
suspension is decreased just prior to loading in order to improve the binding
of the virus particle to the ligand. The pH value of the viral suspension can be
decreased from appr. pH 7.0-8.0 to 4.0-6.9, in particular to pH 4.0, 4.2, 4.4,
45, 46, 48, 5.0, 5.2, 54, 55, 5.6, 58, 6.0, 6.2, 6.4, 6.5, 6.6, 6.8, 6.9.
Preferably, the pH value is decreased from pH 7.0-8.0 to pH 5.8.
Subsequently, just after loading and before elution, the pH value is again
increased to pH 7.0-8.0, in particular to pH 7.0, 7.2, 7.4, 7.5, 7.6, 7.8, 8.0,
preferably to pH 7.7, in order to improve the stability of the viral particles.
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Post-treatment

Depending on the agent used for elution of the Vaccinia virus or recombinant
virus, post-treatment can be performed to enhance the purity of the virus
preparation. The post-treatment could be ultra/diafiltration for further removal of
impurities and/or specific or non-specific agents used for elution. To obtain
an efficient purification of the virus, it is also preferred to combine the
purification according to the invention with one or more further purification
steps, e.g., by ion-exchange(s). lon-exchange(s) can, then, also be

performed as post-treatment step(s).

In order to prevent aggregation of the purified virus suspension and, thus, to,
inter alia, improve the detection of infectious particles, in particular by the
TCID50 method, it can also be suitable to increase the pH value after elution
of the virus, in particular to a pH value of up to 9 or more, in particular to pH
75,76,7.8,80,8.2,684,85,8.6,88,9.0,9.2,94,95, 9.6, 9.8, 10.0, 10.2,
10.4, 10.5. Preferably, the pH value is increased from, in particular, pH 7.0,
7.2,74,75,7.6,7.8, 8.0, preferably pH 7.7, to pH 9.0.

According to a further embodiment of the present invention, the Vaccinia
virus sample contains host-cell DNA in the range of 10-20 ug per dose
(1x10® TCIDsp — 3.2x10° TCIDso), preferably 10 ng, more preferably less
than 10 ng host-cell DNA per 108 virus particles after performance of the

purification steps according to the invention, i.e, after elution of the virus.

The practice of the invention employs techniques in molecular biology, protein
analysis, and microbiology, which are within the skilled practitioner of the art.
Such techniques are explained fully in, for example, Ausubel et al. 1995, eds,

Current Protocols in Molecular Biology, John Wiley & Sons, New York.

Modifications and variations of this invention will be apparent to those skilled in
the art. The specific embodiments described herein are offered by the way of

example only, and the invention is not to be construed as limited thereby.
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In one embodiment, the invention provides a more time-effective and cost-
effective process for purification of Vaccinia viruses and recombinant-modified
Vaccinia viruses in higher yield, comprising one or more of the following
steps:

a) loading a solid-phase matrix with a liquid-phase virus
preparation, wherein the solid-phase matrix comprises a ligand
appropriate for interacting with the virus, e.g. by reversibly binding
the virus

b) washing of the matrix, and

c) eluting the virus.

Additional aspects and advantages of the invention will be set forth in part in the
description which follows, and in part will be obvious from the description, or

may be learned by practice of the invention.

In a preferred embodiment, the method comprises the following steps:

a. Loading a column, membrane, filter or similar solid-phase
matrix comprising one or more appropriate virus-binding
ligands with a liquid-phase virus preparation,

b. Washing of the matrix with an appropriate solvent to
remove contaminants, and

c. Eluting the Vaccinia virus with an appropriate solvent to
achieve a highly pure, biologically active, stable virus

preparation.

In a further preferred embodiment, the method comprises the following steps:

a. Loading a column, membrane, filter or similar solid-phase matrix
comprising one or more appropriate glucosamine glycan (GAG)
or GAG-like virus-binding ligands with a liquid-phase virus

preparation
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b. Washing of the matrix with an appropriate solvent to remove
contaminants, and

c. Eluting the Vaccinia virus with a solvent resulting in an
concentration gradient of a non-specific eluent such as NaCl, H+
or of specific eluent such as a GAG-like compound or and A27L
peptide or peptide-fragment to achieve a highly pure, biologically

active, stable virus preparation.

In one particularly preferred embodiment, the method is used for the
purification of biologically active Vaccinia virus and comprises the following

steps:

a. Loading a column, membrane, filter or similar solid-phase matrix
substituted with a Heparin (HP) with a Vaccinia virus preparation
dissolved in a neutral buffer (pH 6.5 to 8.5, preferably >= pH
7.5) with a physiological salt concentration (approximately 150
mM NacCl),

b. Washing of the matrix with a sufficient amount of the loading
buffer to ensure complete elution of all non-binding Vaccinia virus
particles and non-binding contaminants, and

c. Eluting the Vaccinia virus with an increasing concentration of
NaCl, from 0.15 to 2.0 M NaCl, to initially remove contaminants
with less affinity than the Vaccinia virus particles and to finally

elute the biologically active Vaccinia virus particles.

In another particularly preferred embodiment, the method is used for the
purification of biologically active Vaccinia virus and comprises the following

steps:

a. Loading a column, membrane, filter or similar solid-phase

matrix substituted with a Heparin (HP) with a Vaccinia virus
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preparation dissolved in a neutral buffer (pH 6.5 to 8.5,
preferably >= pH 7.5) with a physiological salt concentration
(approximately 150 mM NaCl). An appropriate buffer is
Phosphate Buffered Saline (PBS), e.g. 0.01 to 0.1 M phosphate,
0.15 M NaCl, pH 7.5. Other appropriate buffers are Tris-NaCl,
e.g.0.01t0 0.1 M Tris, 0.15 M

. Washing of the matrix with a sufficient amount of the

loading buffer e.g. PBS (0.01 M phosphate, 0.15 M NaCl, pH
7.5) to ensure complete elution of all non-binding Vaccinia virus
particles and nonbinding contaminants, as measured by the
return of the 280 nm absorbance signal to the pre-loading

baseline, and

. Eluting the Vaccinia virus with an increasing concentration of

NaCl in PBS, starting with 0.15 M and ending with 2.0 M NaCl.

In another particularly preferred embodiment, the method is used for the

purification of biologically active Vaccinia virus and comprises the following

steps:

Loading a column, membrane, filter or similar solid-phase
matrix substituted with a Heparin (HP) with a Vaccinia virus
preparation dissolved in a neutral buffer (pH 6.5 to 8.5,
preferably >= pH 7.5) with a physiological salt concentration
(approximately 150 mM NaCl). An appropriate buffer is
Phosphate Buffered Saline (PBS), e.g. 0.01 to 0.1 M
phosphate, 0.15 M NaCi, pH 7.5. Other appropriate buffers are
Tris-NaCl, e.g. 0.01 to 0.1 M Tris, 0.15 M NaCl, pH 8.0, and
HEPES-NaCl, e.g. 0.01 to 0.1 M HEPES, 0.15 M NaCl, pH
7.5,
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b. Washing (Wash 1) of the matrix with a sufficient amount of the

C.

loading buffer e.g. PBS (0.01 M phosphate, 0.15 M NaCl, pH
7.5) to ensure complete elution of all non-binding Vaccinia virus
particles and non-binding contaminants, as measured by the
return of the 280 nm absorbance signal to the pre-loading
baseline,

Washing (Wash 2) of the matrix with an additional washing buffer
e.g. Glycine Buffered Saline (GBS) 0.02 M, 0.15 M NaCl, pH 9.0)

to remove loosely bound contaminants, and

. Eluting the Vaccinia virus with an increasing concentration of

NaCl in GBS 0.02 M pH 9.0, starting with 0.15 M and ending with
2.0 M NaCl.

In another particularly preferred embodiment, the method is used for the

purification of biologically active Vaccinia virus and comprises the following

steps:

Loading a column, membrane, filter or similar solid-phase matrix
substituted with a Heparane Sulphate (HS) with a Vaccinia virus
preparation dissolved in a neutral buffer (pH 6.5 to 8.5,
preferably >= pH 7.5) with a physiological salt concentration
(approximately 150 mM NaCl). An appropriate buffer is
Phosphate Buffered Saline (PBS), e.g. 0.01 to 0.1 M phosphate,
0.15 M NaCl, pH 7.5. Other appropriate buffers are Tris-NaCl,
e.g. 0.01to 0.1 M Tris, 0.15 M

Washing of the matrix with a sufficient amount of the loading
buffer e.g. to ensure complete elution of all non-binding Vaccinia
virus particles and non-binding contaminants, as measured by the
return of the 280 nm absorbance signal to the pre-loading
baseline, and

Eluting the Vaccinia virus with an increasing concentration of Low
Molecular Weight Heparin, 0.01 to 0.5 M, in PBS 0.1 M, NaCl
0,15 M, pH 7.5.
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In another particularly preferred embodiment, the method is used for the
purification of biologically active Vaccinia virus and comprises the following

steps:

a. Loading a column, membrane, filter or similar solid-phase matrix
substituted with a Heparane Sulphate (HS) with a Vaccinia virus
preparation dissolved in Phosphate Buffered Saline (PBS), 0.02 M
phosphate, 0.15 M NaCl, pH 7.5,

b. Washing of the matrix with a sufficient amount of the loading
buffer e.g. to ensure complete elution of all non-binding Vaccinia
virus particles and non-binding contaminants, as measured by
the return of the 280 nm absorbance signal to the pre-loading
baseline, and

c. Eluting the Vaccinia virus with an increasing concentration of an
HS-derived oligosaccharide. The basic repeating disaccharide
unit in HS-derived oligosaccharide is a,(31- » 4-linked sequence
of glucosamine and uronic acid. The glucosamine residues are
either N-acetylated (GIcNAc) or N-sulphated (GIcNSQO3-). Other
monosaccharide residues e.g. iduronic acid and substitutions
may occur, e.g. 2-0-sulphated iduronic acid. The oligosaccharide
consists of 2 to 10 repeating disaccharide units. The
oligosaccharide concentration used for elution of the Vaccinia
virus particles runs from 0.01 M to 0.5 M in PBS, 0.02 M
phosphate, 0.15 M NaCl, pH 7.5.

In another particularly preferred embodiment, the method is used for the
purification of biologically active Vaccinia virus and comprises the following

steps:
a. Loading a column, membrane, filter or similar solid-phase matrix
substituted with a Heparane Sulphate (HS) with a Vaccinia virus
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preparation dissolved in Phosphate Buffered Saline (PBS), 0.02 M
phosphate, 0.15 M NaCl, pH 7.5,

. Washing of the matrix with a sufficient amount of the loading

buffer e.g. to ensure complete elution of all non-binding Vaccinia
virus particles and non-binding contaminants, as measured by the
return of the 280 nm absorbance signal to the pre-loading

baseline, and

. Eluting the Vaccinia virus with an increasing concentration of an

Vaccinia virus particles surface protein or a peptide or peptide-
fragment derived hereof. The preferred surface protein is A27L,
the preferred peptide is A27L, and the preferred A27L peptide-
fragment is fragment containing 4 — 10 amino acid residues of
the A27L peptide sequence responsible for the binding between
A27L and the HS. The peptide concentration used for elution of
the Vaccinia virus particles runs from 0.01 M to 0.5 M in PBS,
0.02 M phosphate, 0.15 M NaCl, pH 7.5.

In another particularly preferred embodiment, the method is used for the

purification of biologically active Vaccinia virus and comprises the following

steps:

. Loading a column, membrane, filter or similar solid-phase matrix

substituted with a Heparane Sulphate (HS) with a Vaccinia virus
preparation dissolved in Phosphate Buffered Saline (PBS), 0.02 M
phosphate, 0.15 M NaCl, pH 7.5,

. Washing of the matrix with a sufficient amount of the loading

buffer e.g. to ensure complete elution of all non-binding Vaccinia
virus particles and non-binding contaminants, as measured by the
return of the 280 nm absorbance signal to the pre-loading

baseline, and

. Eluting the Vaccinia virus with an enzyme capable of

partially cleaving one or more glycoside linkages between the

repeating disaccharide units, inside the repeating disaccharide
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unit or elsewhere in the HS molecule. Preferred enzymes are
Heparin Lyase |, Il and Ill. The elution is performed by
saturation of the column with the enzyme solution. After an
appropriate digestion time the unbound complex of Vaccinia
virus particles and GAG-residues bound to the Vaccinia virus
particles is eluted with PBS, 0.02 M phosphate, 0.15 M NacCl,
pH 7.5. The Vaccinia virus particle-GAG-residue complex is
dissociated with a mild NaCl solution e.g. PBS 0.02 M, 0.15 M
NaCl, pH 7.5 and the GAG-residues are removed by

diafiltration.

EXAMPLES

Affinity purifications are made applying either column chromatography with e.g.

Toyopearls or membrane chromatography using e.g. a membrane (e.g.
Sartobind MA 75 (Sartorius)) both of which are substituted with a GAG-ligand

(e.g. Heparin or Heparan Sulfate).

The below mentioned examples are all in lab-scale.

Example 1:

1)

3)

Two ml of a highly concentrated and previously purified Vaccinia
virus preparation with approximately 2 x 10° virus particles per ml
were applied to a column with packed with Toyopeafl AF-Heparin.
The column was washed with PBS 0.01 M, 0.15 M NaCl, pH 7.2.
The A280 absorbance signal used for monitoring of Vaccinia virus
particle and host cell protein concentrations returned to baseline
(the pre-loading value) after 12 minutes. The washing continued for
a total of 25 minutes.

The bound Vaccinia virus particles were eluted by a NaCl
concentration gradient in PBS 0.01 M, pH 7.2. The concentration of
NaCl was increased linearly from 0.15 M to 2.0 M. The elution
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4)

started after approximately a total of 30 minutes (5 minutes after
starting the gradient). The major peak was eluted 7 minutes later
(at T = 37 minutes). The peak contained a high concentration of
Vaccinia virus particles as assessed by the Laser Scattering signal
used for monitoring of Vaccinia virus particles. The elution was
completed after approximately 25 minutes (T = 55 minutes).

The eluate was analyzed by a Vaccinia Virus specific ELISA
showing a virus recovery rate of appr. 70%-90%. Host cell protein
was analysed by use of the BCA total protein assay showing appr.
10% of protein in the eluate. Host cell DNA was analysed by a total
DNA assay showing an additional removal of DNA of appr. 40% in

the wash and flow-through.

Example 2:

1)

2)

4)

Two ml of a highly concentrated and previously purified Vaccinia
virus preparation with approximately 2 x 10° virus particles per ml
was applied to a Sartobind MA75 Heparin membrane.

The membrane was washed with PBS 0.01 M, 0.15 M NaCl, pH
7.5. The A280 absorbance signal used for monitoring of Vaccinia
virus particle and host cell protein concentrations returned to
baseline (the pre-loading value) after 12 minutes. The washing
continued for a total of 16 minutes.

The bound Vaccinia virus particles were eluted by a NaCl
concentration gradient in PBS 0.01 M, pH 7.5. The concentration of
NaCl was increased linearly from 0.15 M to 2.0 M. The elution
started after approximately a total of 20 minutes (4 minutes after
starting the gradient). The major peak was eluted 5 minutes later (at
T = 25 minutes). The peak contained a high concentration of
Vaccinia virus particles as assessed by the Laser Scattering
signal used for monitoring of Vaccinia virus particles.

The eluate was analyzed by a Vaccinia Virus specific ELISA

showing a virus recovery rate of appr. 55%. Host cell protein was
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analyzed by use of the BCA total protein assay and revealed a
protein recovery of appr. 5% in the eluate. Host cell DNA was
analyzed by a total DNA assay and revealed appr. 10% DNA in the

eluate.

Example 3:

1)

2)

4)

Two ml of a highly concentrated Vaccinia virus preparation
with approximately 2 x 10° virus particles per ml are applied to

a Sartobind MA75 Heparin membrane.

The membrane is washed with PBS 0.01 M, 0.15 M NaCl, pH 7.5.
The A280 absorbance signal is used for monitoring of Vaccinia
virus particle and the host cell protein concentrations until it returns
to baseline (the pre-loading value). The washings are continued for
a total of 20 minutes.

The bound Vaccinia virus particles are eluted by a pH
concentration gradient in GBS 0.02 M, 0.15 M NaCl. The initial pH
is 8.5, increasing to pH 10.5. The concentration of NaCl is
increased linearly from 0.15 M to 2.0 M.

The eluate is analyzed by titration for viable (infectious)
Vaccinia virus particles by a Tissue Culture cytopatic effect assay
(TCID50), for total number of Vaccinia virus particles by a real-time
gPCR for Vaccinia DNA, for host cell protein by use of the BCA total
protein assay and for host cell DNA by use of a real-time qPCR.
The recovery can be >60% and biological activity of the

recovered Vaccinia virus can be >75%.

Example 4:

1) Two ml of a highly concentrated Vaccinia virus preparation with

2) The membrane is washed with PBS 0.01 M, 0.15 M NaCl, pH 7.5. The

approximately 2 x 10° virus particles per ml are applied to a
Sartobind MA75 Heparin membrane.
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4)

A280 absorbance signal is used for monitoring of Vaccinia virus
particle and the host cell protein concentrations until it returns to
baseline (the pre-loading value). The washings are continued for a

total of 20 minutes.

The elution is performed with a concentration gradient of low-
molecular weight heparin (LMW-HP) in PBS 0.1 M, 0.15 M NaCl, pH
7.5. The gradient is run from 0.01 to 0.5 M LMW-Heparin.

The eluate is analyzed by titration for viable (infectious) Vaccinia
virus particles by a Tissue Culture cytopathic effect assay
(TCID50), for total number of Vaccinia virus particles by a real-time
gPCR for Vaccinia DNA, for host cell protein by use of the BCA
total protein assay and for host cell DNA by use of a real-time gPCR.
The recovery can be >70% and biological activity of the recovered

Vaccinia virus can be >80%.

Example 5:

1)

3)

4)

Two ml of a highly concentrated Vaccinia virus preparation with
approximately 2 x 10° virus particles per ml are applied to a
Sartobind MA75 Heparin membrane.

The membrane is washed with PBS 0.01 M, 0.15 M NaCl, pH 7.5. The
A280 absorbance signal is used for monitoring of Vaccinia virus
particle and the host cell protein concentrations until it returns to
baseline (the preloading value). The washings are continued for a total
of 20 minutes.

The elution is performed with a concentration of a gradient of A27L
peptide (A27LP) in PBS 0.1 M, 0.156 M NaCl, pH 7.5. The gradient is run
from 0.01 to 0.5 M A27LP.

The eluate is analyzed by titration for viable (infectious) Vaccinia virus
particles by a Tissue Culture cytopatic effect assay (TCID50), for total
number of Vaccinia virus particles by a real-time qPCR for Vaccinia
DNA, for host cell protein by use of the BCA total protein assay and for
host cell DNA by use of a real-time qPCR. The recovery can be
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>70% and biological activity of the recovered Vaccinia virus can be
>80%.

Example 6:

1)

2)

3)

4)

5)

Two ml of a highly concentrated Vaccinia virus preparation with
approximately 2 x 10° virus particles per ml are applied to a
Sartobind MA75 Heparin membrane.

The membrane is washed with PBS 0.01 M, 0.15 M NaCl, pH 7.5. The
A280 absorbance signal is used for monitoring of Vaccinia virus
particle and the host cell protein concentrations until it returns to baseline
(the pre-loading value). The washings are continued for a total of 20
minutes.

The elution is performed with a glycoside linkage cleaving enzyme
Heparin Lyase in PBS 0.1 M, 0.15 M NaCl, pH 7.5. The membrane is
saturated with Heparin Lyase by running 2 volumes of Heparin Lyase
through the column.

After allowing 60 minutes for enzymatic cleavage of the glycoside
linkage, the unbound complexes of Vaccinia virus particles and heparin-
residues bound to the Vaccinia virus particles are eluted with PBS,
0.02 M phosphate, 0.15 M NaCl, pH 7.5. The Vaccinia virus particle-
GAG-residue complex is dissociated with PBS 0.02 M, 0.3 M

NaCl, pH 7.5. The Heparin-residues are removed by diafiltration.

The eluate is analyzed by titration for viable (infectious) Vaccinia
virus particles by a Tissue Culture cytopatic effect assay (TCID50), for
total number of Vaccinia virus particles by a real-time gPCR for Vaccinia
DNA, for host cell protein by use of the BCA total protein assay and for
host cell DNA by use of a real-time gPCR. The recovery can be >70%
and biological activity of the recovered Vaccinia virus can be >80%.

Example 7:

1)

Two mi of a highly concentrated and previously purified Vaccinia virus

preparation with approximately 2 x 10% virus particles per ml were



10

15

33

WO 2008/138533 PCT/EP2008/003679

2)

3)

applied to a Sulfated Reinforced Cellulose membrane.

The membrane was washed with PBS 0.01 M, 0.15 M NaCl, pH 7.5.
The A280 absorbance signal was used for monitoring of Vaccinia
virus particle and the host cell protein concentrations until it returned to
baseline (the pre-loading value). The washings were continued for a
total of 25 minutes.

The bound Vaccinia virus particles were eluted by a NaCl concentration
gradient in PBS 0.01 M, pH 7.5. The concentration of NaCl was increased
linearly from 0.15 M to 2.0 M. The elution started after approximately
a total of 30 minutes (5 minutes after starting the gradient). The major
peak was eluted 5 minutes later (at T = 35 minutes). The peak contained
a high concentration of Vaccinia virus particles as assessed by the
Laser Scattering signal used for monitoring of Vaccinia virus particles.
The eluate was analyzed by a Vaccinia Virus specific ELISA
showing a virus recovery rate of approx 40%. Host-cell protein was
analyzed by use of the BCA total protein assay and showed a protein
recovery of approx 5% in the eluate. Host-cell DNA was analyzed by a
total DNA assay and showed approx 5% DNA in the eluate.
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Surface VV form |References
protein

(gene)

A2.5L MV (1]
A9L MV [2]
A13L MV [3]
A14L MV [4-7]
A14.5L MV [8]
A16L MV [9;10]
A17L MV [11-13]
A21L MV [14]
A25L MV [15]
A26L MV [15;16]
A27L MV [17-22]
A28L MV [23;24]
A33R EV [25-27]
A34 R EV [28-31]
A36R wv [32-37]
A38L [38;39]
A56R EV [40-43]




WO 2008/138533

35

PCT/EP2008/003679

Surface VV form |References
protein

(gene)

B5R EV (44-46]
D8L MV [47]
D13L MV

E10R MV [48]
FoL MV [49]
F12 WV [37;50]
F13L EV [51-55]
G3L MV [9]

G4L MV [66;57]
GI9R MV [9;58]
H2 R MV [59]
H3L MV [60-62]
12L MV [63]

I5L MV [64]
J5L MV [9]

K2L WV/EV [65-68]
L1R MV [69]
L5R MV [70]
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Claims
1. A method for the purification of biologically active Vaccinia virus
comprising:

i) loading a solid-phase matrix, to which a ligand is attached, with

a Vaccinia virus contained in a liquid-phase culture;
ii) washing the matrix; and

iii) eluting the virus.

2. The method according to claim 1, wherein said method is an industrial-

scale process.
3. The method according to claim 1 or 2, wherein said method is aseptic.

4. The method according to any of the preceding claims, wherein the eluted

Vaccinia virus contains less than 10 ng host-cell DNA per 108 virus particles.

5. The method according to any of the preceding claims, wherein the

Vaccinia virus is a recombinant Vaccinia virus.

6. The method according to any of the preceding claims, wherein the

Vaccinia virus is MVA or recombinant MVA.

7. The method according to any of the preceding claims, wherein the solid-

phase matrix comprises or is a membrane.

8. The method according to claim 7, wherein the solid-phase matrix

comprises or is a cellulose membrane.

9. The method according to any of the preceding claims, wherein said

matrix comprises a pore size of greater than 0.25 pm.
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10. The method according to any of the preceding claims, wherein the

ligand is glucosamine glycan (GAG) or a GAG-like ligand.

11.  The method according to any of the preceding claims, wherein the

ligand comprises a negatively charged sulfate group.

12.  The method according to any of the preceding claims 9-11, wherein the

ligand is heparan sulfate or heparin.

13. The method according to any of the preceding claims, wherein

contaminants are removed from the Vaccinia virus in the liquid-phase culture.

14. The method according to any of the preceding claims, wherein the
Vaccinia virus is eluted with GAG or a GAG-like ligand or part thereof.

15.  The method according to any of the preceding claims, wherein the
Vaccinia virus is eluted with the GAG-binding domain of A27L, or part thereof.

16. The method according to any of the preceding claims, wherein the

Vaccinia virus is eluted with an 0-glycoside-binding cleaving enzyme.

17. The method according to any of the preceding claims, wherein the

Vaccinia virus is eluted with sodium chloride (NaCl).

18.  The method according to claim 17, wherein the Vaccinia virus is eluted

by an increasing NaCl concentration gradient ranging from 0.15 M to 2.0 M.

19. The method according to any of the preceding claims additionally

comprising a purification step by ion-exchange.

20. The method according to any of the preceding claims, wherein the pH

value of the virus preparation is adjusted to a pH ranging from 4.0-11.0.
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21.  The eluted Vaccinia virus obtained by the method according to any of

the preceding claims 1-20 for use as a pharmaceutical composition.
22.  The virus according to claim 21 for use as a vaccine.

23. The eluted Vaccinia virus obtained by the method according to any of
the preceding claims 1-20 for treating and/or preventing cancer and/or an

infectious disease.

24. A pharmaceutical composition comprising the eluted Vaccinia virus
obtained by the method according to any of the preceding claims 1-20 and,

optionally, a pharmaceutical acceptable carrier and/or diluent.

25. The pharmaceutical composition according to claim 24, wherein said

composition is a vaccine.

26. The pharmaceutical composition according to claim 24 or 25 for

treating and/or preventing cancer and/or an infectious disease.

27. Use of the eluted Vaccinia virus obtained by the method according to
any of the preceding claims 1-20 for the preparation of a pharmaceutical
composition, preferably a vaccine, for treating and/or preventing cancer

and/or an infectious disease.

28. A method for generating an immune response comprising
administering the eluted Vaccinia virus obtained by the method according to
any one of claims 1-20 to an animal, including a human.

29. The method according to claim 28, wherein the animal is a mammal.

30. The method of claim 29, wherein the mammal is a human.
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