NON- AGGREGATI NG VI RUS FORMULATION Field of the
I nvention This invention relates to a virus
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Background of the Invention Viruses can be used to
deliver genes, e.g. in gene thgrapy. Such viruses
i ncl ude retroviruses, adenovirus adeno associ at ed
virus and herpes si mpl ex

| e, an
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stability of and pote f viral fornulatigns are ,
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di pelueiserdiloyresed, Rendvislisibdddndedssotiawdd UBus and herpes simplex
f ormul at.i ons. US7235391 di scl oses gl ycerol as an
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dirtives are disclosed, 1ncluding a
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presenc u a surf an e the pr.oduction, ..
o RIS L 9o dhe ARy ared T SEbT0Rob 258 Geleer fioi gl b iations
usafk @Rical dusidefationge presence of an |on| c speci es

such as nesium chloride _is typical

hospha TR andy b pR it ol Caisl am arstabiliser of virus
adgpRVidiishs.V 8E70B83G BisBloe8s gfeerdPds iahi RitRR%oSAral RFmulations,
can provi de nunerous opportunities for viral protein
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US6544769 discloses a composition comprising virus together with

surcrose, glycerol, magnesium chloride and polysorbate 80. The presence of
such a surfactant can cause the production of micelles. It can also dissolve
protein. Tris may be used as a buffer. The presence of an ionic species such
as magnesium chloride is typical of a phosphate-buffered system.

The process by which adenoviral vectors are produced, purified and
stored can provide numerous opportunities for viral protein modifications that
can possibly lead to adenovirus aggregation and decreased biological activity.
For purified adenoviruses, aggregation has been reported to be a function of
concentration, temperature, pH and storage container. Traditional analytical
methods are not capable of distinguishing native monomeric viruses from
aggregated particle populations.

Summary of the Invention

The present invention is based on the discovery that, in the context of
adenovirus expressing thymidine kinase, and in particular as described in
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aggregated particle populations. Sumary of the

I nventi on The present inventi op I's based on the

di scovery that, in the context“of adenovirus

exg\‘rgessi g&? t hym di ne kinase, and in particular as
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The virus may be a wild-type, or recombinant virus. The present
invention can be utilised with a wide range of viruses. These include
adenovirus, pox viruses, herpes viruses and lentiviruses. It is preferably an
adenoviral vector of the type that can express a heterologus gene product. The

25 gene product may be suitable for use in therapy, e.g. following resection of a
brain tumour.

The viral preparation may be obtained by density fractionation, e.g. using
a salt gradient, as is well known to those of ordinary skill in the art. The virus
may also be purified and formulated with chromatographic purification methods

30 (e.g. anion exchange and size exclusion) combined with tangential flow filtration
(TFF).

The polyol may be added at this stage, or earlier. Many polyols are

known, but glycerol is preferred. The concentration of glycerol in the formulation
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of a brain tunmour. The viral preparati on may be

obt ai ned by density fracti onat? using a salt
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| | EWatiopd ¢ the invention. Exanple 1 Viral sanples
prepared for the use described in W00/ 28059 were
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HEPES, 20% glycerol, pH 7.8.

Samples were frozen after particle size analysis and re-analysed after
one freeze-thaw. In the case of purified product formulated in the 20% glycerol-
containing final formulation buffer there were no changes detected in the particle
size profile of the sample. However, when the samples containing aggregated
viruses were re-evaluated after one freeze and a thaw a clear change in particle
size profile was detected. Similar results were obtained for all other tested
samples.

Effect of repeated freeze/thaw on the particle size profile of a purified
batch was evaluated. No aggregates could be detected even after five
consecutive freeze and thaw cycles of the purified samples.

Example 2

In this Example, particle size distributions were obtained using Nicomp
380 ZLS Particle Sizing System. This equipment uses DLS in the particle size
analysis (http://www.pssnicomp.com/nicomptheory.htm): a laser beam is
directed to the analysed sample and the intensity of scattered light is measuring
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ultracentrifuge tubes had been pooled and diluted 5-fold into 5 mM HEPES.

To obtain a positive aggregated sample, samples taken during the

25  purification processes of were incubated at + 37°C for different times: 0 d, 2 d
and 7 d without the addition of glycerol.

Glycerol was added into the selected samples to obtain final
concentration of 20%. An equal volume of 5 mM HEPES was added into other
set of HEPES pre-treated samples.

30 Samples containing viruses formulated into final formulation buffer (20%
glycerol, 5 mM HEPES, pH 7.8) were incubated at + 37 °C and analysed without
any pre-treatments.

Viral aggregates were also prepared by means of immunoprecipitation

using polyclonal adenovirus antibody (Abcam, Cambridge, UK; dilution 1:100).
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incubated at + 37°C for 0 d and 2 d. After 7 d incubation at + 37°C, aggregated

particles appeared in the samples that were pre-treated just before particle size

analysis. However, at 7 d time point the virus sample formulated in final

25 formulation buffer appeared to be still free of detectable particle aggregates.

Also there was no detectable aggregation of viruses when glycerol was included

in the sample buffer during the incubation at + 37°C. Samples were frozen after

each analysed time point. When frozen samples from 7 d time point were

thawed and re-analysed, particle sizes of the pre-treated samples taken before

30 TFF appeared to be affected whereas viruses in the final formulation buffer
seemed to be intact.

Addition of polyclonal adenovirus antibody caused aggregation of viral

particles. The presence of adenoviral aggregates in the antibody-treated sample

was confirmed by transmission electron microscopy (TEM). There were no
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the effect of sanple buffer conposition. As glycero

makes the sanple buffer nore vi,scous, particle
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However, at 7 d tine point the virus sanple fornul ated

in final formulation buffer appeared to be still free

of detectable particle aggregates. Al so there was no
det ect abl e aggregati on of viruses when glycerol was
included in the sanple buffer during the incubation at

+ 37 0C. Sanples were frozen after each anal ysed tine

poi nt. Wen frozen sanples from7 d tinme point were

t hawed and re-anal ysed, particle sizes of the

pre-treated sanples taken before TFF appeared to be

af fected whereas viruses in the final fornulation

buffer seemed to be intact. Addition of polyclona
adenovirus anti body caused aggregation of vira

particles. The presence of adenoviral aggregates in

the anti body-treated sanpl e was confirmed by

transm ssion el ectron mcroscopy (TEM. There were
noaggregates in the untreated control sanple. However,

bi g clusters of aggregated adenoviruses were detected

in the anti body-treated sanple. There were no

aggregates present in any of the tested purified

sanples fornmulated in the final fornulation buffer.

During the prelimnary experinents,
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particle sizing equipnent is being used for the
particle size analyses. Limt 91‘ detection for this
equi pnent has been confirned alfso to be 1 c101 1 viral
particles per m . Aggregation of viral particles |eads
t oCl8tMBase in the signal intensity. CLAIMS 1. A
CORPOSi KRR B tfishgd Uit | %Rk a2l d.
zwitteronic Idé)on”poun IS g clon”pgz)lo&%on agcor ;@rgamcompoun
cl & m 1A QMTmO@Itnontao:eoudngto dlamah velkeraipvihe wisus ®.andadenovirus.
cogposi ki d 2] .
a dgﬁOVI Irb‘u(gd?'nXpﬁtg)gwség&@tréﬂﬁﬁéa&%%asSfe“?@?h%ggenokus expresses
comycmdmedirmaaecor ding to any preceding claim wher ei n

pol lycero A conposi,tion_according,,t

- brebenriip il AfSaiing dorth Brreroc Bt cradrBb isapolyol i
|s glE&EE. 6. A conposi tion according to any preceding
cl alm which is non-ionic. 7. A conpositjon according

todany ArFRASHPNAWORINGHH Ry |p§eq9§/itﬂ§7n‘i>|ﬁ'|%é’wer8'n the Zwitteronic

asgdﬁm §9hd i }g,.q@ﬂaEgggr egation, which conprises analysing
S|ze of the viral rtlcles in a sanple, wherein

th@ par ficomeosiios acaorst twtanyeoramdw\ngaclpwnwmich inion-ionic.

geZer m Ridy ?rrﬂorsfh RGO t;ﬂgéecf g@ alﬁﬂﬂ%ﬁaﬁ ?snltyebmr?sed

ubstantial Iy on y acce non-

pa8ti cl As.as9ay for mlsaggragatamd I\l\ﬂl‘@pf‘t coraprasan dhalysirey tersize of the
the particles are in a conposition accordin
ol Srdlepasicias A sample. WieTaRORe RerbeSinmy M aterd i inp polyol.
cl ghdnd@tertir@ngifiont it arral westher itfe BamEknadmtginki didkstantially only

scatteri n% 11. An assay a?cordl ng to any of claim3$8
t 029¢ePIRMH r’@%aQQﬁ%g%tF’g@af@% more than 200 nm 12. An

ﬁ;?:yt ag\ﬁ%’sgéﬁgcéd?di%b% Ralh. 8, W &hMhé Bartkiesearb $n B%omposition
according to any claims of 1 to 7.
10.  An assay according to claim 8 or claim 9, wherein the analysing is by
dynamic light scattering.
11.  An assay according to any of claim 8 to 10, wherein the size is no more
than 200 nm.
12.  An assay according to claim 11, wherein the size is no more than 100

nm.



