
1  NON-AGGREGATING VIRUS FORMULATION Field of the
Invention Th~invention relates to a virus formulation
on which aggregation is  minimised. Background of the
Invention Viruses can used to deliver genes e.g in
gene theraphy. Such viruses  include retroviruses,
aden{.}virus., adeno-associated virus and herpes
simplex  virus. For example, an adenovirus  that de
fivers functional thymidine kinase, for  use in
therapy relating 3o life treatment of brain tumours
and the prvention of  their recurrence, is disclosed
in Vv()00t28059. It will be appreciated that , for
therapeutic use various regulatory  requirements must
be met .Stringent controls are required on the
production  viruses for gene therapy and the
stability of and potency of viral formulations are
critical considerations 15 WO00/28059 and US6544769
disclosed glycerol as a stabilliser of virus
formulation.US7235391 discloses glycerol as an
additive to virall formulations  for long term
stability at or above refrigerator
temperatures.Various other additives are disclosed,
including a variety of :sulking (.gents,
cryoprotectaa.nts,  'iyooprotectanis, bufferrss etc.
",) US6 44et J discloses a composition comprising
virus Loge 4it;i' will',  surc"rose, glycerol" m
gnesiu n chloride and, polys rhate PI.J. The presence
of  such a surfactant can cause The production o
micelles. It can also dissolve  protein. Ti-is may be
used as a buffer. The presence of n ionic species
such  as magnesium chloride us typical of a phosphate
buffered system. 25 The process by which sad E'novir3
vectors are prelcticed Ea, ruled and stored can
provide nEurnemus opportunities for viral protein
modifications that  can possibly lead to adenovirus
aggregation and decreased biological activity.  For
purified ::Cleo )viruses aggregation has teen
reported to be a function of  concen'r1ttiOn,
temperatf-,e, pH and storage cont_xiiner Traditional
analytical 30 methods are not capable of
distinguishing native monomeric viruses from  



aggregated particle populations. Summary of the
Invetion The present invention is based on the
discovery that, in the context Of  adenovirus
expressing thymidine kinase, and in particular as
described in WO00/28059 aggregation may be problem
and can lead to loss of polency but  be prevented.
According to one aspect of the invention, a
composition to comprises, a  virus a polyol and a
zwittaronic compound. The virus preterably a  3
adenovirus .Typically,  the adenovirus expresses
thymidine kinase, Preferably,  the pclyci is
gy{cerol. -]-he -v,tltteror'Jc compound is preferably
HEPES. A composition of the invention can be
Pion-ionic and/or salt-free.? H. can  ;.iso be serum
free. According to another aspect of the invention,
an ,say for viral  10 aggregation , co determining
the size of the viral p_'.rticl. s, e.g. wherein  the
'lr: l:r es eY ill admixture ,w it"h a _p[alyol or in
a !.4`,4r sition  the ... f _I'on.  Ifhe assay is
iwefei`ably conducted by dynamic light oafierino
(DLf3), also  r,noo as Photon orrelal'Cpl Spelt +.,
py (P CS), n.d permits th::, e.riaalj ks  viral
palthcles in TO native form during pr Cpl cti~on and
p rifir Icon pn e es 15 and Aus erta ies the
monitoring .I possible particle aggregate fo err
anon.  1 escription t; ,f rap. fefie i
En:hatkii_:i~l'i eats In general Cairn;, a
composition according to the i nvepntion it `y
comprise  components as or of the Oise described In
the prior an, to which reference is  made above'' the
Con ent of each of these publications is incorporated
herein by  re erennc_e. The virus may be a wild-Type,
or recombinant virus. The present  invention can be
u(E lsed w K a We range of viruses. These include
adenovirus, pox viruses, herpes viruses and ientivi
ruses, it is preferably an  aden, v"ir"al vector of
the type that can express of hettrrol gus Ilene,
jxodact. The  25 gene product way be suitable for use
in therapy, rag.. following resection of a  brain
tumour. 



The viral preparation may be ohta=ried by density
ractioriation, e.g. using  a s el; gradient, as is
well known to those of or dinar)` skill in the art.
he 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  knower. but
glycerol is preferred. The concentration of glycerol
in the formulation WO 2'D091Er_ '.17 fI T/GS 00 a/c,
"'M -13 is prefarably at least 2%, more prefarably at
I east 5" m.a; rip t 0`% (by weight  The composition
is preferably n"on-ioI ;. I here max' he no -al
adders. A s uggar such as sucrose r nay be usse in
the invention, b t its presence is  not essentiaal,
Sucrose is known as -a cryop;otectant, but it is
important to avoid  +ocal@ ")i` `ffect ; on 'fret?
intg. This is important because a composition of the
invention ;%dili iypioally be lyophilised',, and
store at low iom.peratlure, e.g. at  _aii ol.M. In,
addition to a pool 1, another component of the novel
formulation is a  t{t witterior, Its ny Such
compounds are known and are suitable for use in
%corriposi;ioi'Is ir.., tiled f therapeutic use.
HUES, 6,e. 4-,(2-ihvdfoxy I pt_e`;",- iii etih ne"..
Ifoni4 acii.., is prefe`' re '., it, it t"'ther
internal: organic n o  amine/a.cids may, ire; suitao
t. ...he ot nc ,t,:r ties i of thi srnponF;f is typ
ii illy z,t  i n dA, e.g. up tc i r0 r r 2r0 r', M. f
` ~I is toltnvvinc L::t3~ pies illustrate the in
tatlti:,rn  Example 1 Viral samples prepared for the
use described in `v'000 2801.59 were  analysed for
the presence of aggregates, when using a bur er
comprising 5 mM  HlOP'I S, 201/1, {glycerol, pH, ,8.
-0 Samples were froeon after particle size analysis
and e aralyssed after  one freeze-trhaw. in the case
o purified product form laed in the 20% giyoero `
containing final formdnulationn btliffer there were
no changes detected in the particle  



size profile of the sample. However, when the samples
containing aggregated  virtues ware re-evaluated
ratter one freeze and a thatv a clear change in
particle 25 size profile was detected Similar results
were obtained for all other tested  Samples. Effect
of repeated freeze;/1t aw on the particle size
profile of a purified  batch was evaluated. Io agggr
gates could be detected even after five  Cuose<utive
freeze, and thaw cycles of the purified samples. -30
Example 2 In this Example, particle size
distributions were obtained using Nlicomp  380 ZLS
Particle Sizing System. This equipment uses DLS In
the particle size  analysis
(httpp://wvm,.pssnicomp.com/riicom,otheory.htm)_ a
laser bears is  directed to the analysed sample and
the intensity of scattered light is measuring W
1)Ot)IClsll;p t'i_tlk aUt9gj:t (t MdP4PS.v 4 frori,
0an le, c attering of light + curs when the las
3eaarn nc Ades" with the  solid pal i' lev. present
in ti .,ample offer. The intensity of scattered light
in a  artiou.lai direotbn changes perkdically with
runes the dispersed particles  move around in the
liquid. 7h e erilailt Is eagle size, the, faster the
,parti les . move in the surrounding liquid and the
faster the change in intensity of scattered  Ii T.
Particle radius can be calculated based on data
obtained from the  ' IatutU3tM5 in the light
it+d?t"Yi silt' versus time profile. G`Uf'a?tlly,
a..*"tc31Ytr Nano S  particle shin g equipment from
Malvern Instruments i`s` used.`" for the
determination  of vial particle sizes. This equipment
utii!zes also DLS method for pa(tif l she 10
analyse-. According to the equipment m}al.ufacturer
DLS can We parkins  clown to i nli`1, t hetea.s
retthods based on laser t ffiaction can elitably size
pafrticles down to teatcitlt "' 00 nm. r 'tches of
adenoviruses were mac iv, up, comprising ) th product
tn7F:4'i in i+'sti, `'F `+r j()J:'r .jn,fs, R) the
llI`kvtinlQ,l t_, dew...rY195cuC': in "r}tC)tvt
ll22,3r..; 9, + IrP i%f  1 i:.Fr nu: ad+t t:3 bu er
as d ;s .ride': in ` xalmp e at h (H) comprise{': ;_
art pla s b,;tore a @d fte tangential flow filtr6
tion (T, EE). This was, done in other to study  the
effect of MCI on the vital particle lability and
aggregation in-process.  



Normally samples taken after TFF process contain
negligible amounts of CSC!. he bathes were analysed
for the presence of adevnl viral aggre>gaates, in  20
order to evaluate tier effect o` glycer=ol on the
adenovirus particle she  measurements. Samples
contained caesium chloride (CsC l). Those saIrriples
were =obtained after the ar enovirus--containing:
hands collected from the  ultracentrifuge tubes had
been pooled and diluted 5-told into 5 rniv1 HE f S.
To obtain a positive aggregated sample, samples taken
during thp,  2.5 purification processes of were
Incubated at i- 37C for different ..lilies: U d, ;''
d and 7 d without the addition of glycerol. Glycerol
was added into the selected saf$ Plcs to obtain final
.tot " e- z of _11c.r ii -n equal vrylurnts of PES
was added into J'!.her d~n(:,~rrtvatlar of 5 rnM Ht~
set of HEPE:s yo-treated samples. 30 Samples
containing viruses formulated into final formulation
buffer (20%  glycerol, 5 mM HEPES, pH 7.8) were
incubated at + 37 u and analysed without  any
pre-treatments. Viral aggregates were also prepared
by means of immunoprecipitation  using polyclonal
adenovirus antibody (Abeam, Cambridge, UK; dilution
1:100). +r tN. ?dltS=!4@'%71. Ffl PTla.1 0ai=ltb 6.93
after parole On anrly pis, aD samples were frozen and
stored s J0 +e .  Samples That '(w rs incubated for 7
d at -i- 37C and 7 +3unoprec p!ta%t"eS l ng:: tor
i,il tion  poiyclo a.l anilbody vaere thawed once to
deteirninr` the effect of huffe,r of the Sample
partide size 5 It should be borne in mind that
sar`iple buffer o ornppositioint can al' r t e  Wined
barlicle, :ibex yTh n the sample {:; luffer contains
0% glycerol, the  rneasu red viral particle she is
about 200 nnt whereas in the -:ample that hn~-, been
takes-i prior to OF t:ruiihroo[ gly:,wolj the cize is
:bout i?ts rsiE. Act=4r.;int;  to the literature, the
S i meter" ct one idact; a:denoviru s particle about
10 8490 nrn. The differences beats=teen observed and
repotted virus particle sizes, -. pe+.ially+ in the
case of gh c.er,,0-r ontclning mpless, can be
pl'im,-A by the  



effect at sample busier cornpositi:o As g"iy,eroi
makes; the s iil?e buffer more  vise oud. rf a
eY`iterit i''t the uirounci;r .offer is stood down, o
irrtj i%.,  ' nca E Et par !c`l sizing. The Nicorn x
paarbci i+.infgj sulrrnert may be c. On _.., s a
sump(:on that the :analyzed sample is of muiateo . r
.que ..._ buife '':?itri  certain pre set properties.
Alan Rose I ha s': measuring ;- rsn"N::ers are
hanged to correspond those of gl}cera ccnt.aining
buffer, the obtained results  can he recaaculatted to
obtain corre{ oarhktle she readings. It was found
that glycerol seems to have an effect on the oh';
rved  2.0 particle she but also appears to protect
adenoviruses from aggregation.  Aggregated viruses
were not detected in any of the analysed samples
that. were  incubated a + 370 " for 0 d and 2 d.
After 7 d incubation at + :37C; aggregated  particles
appeared in the samples that were pretreated just
before particle size  analysis. However, at 7 d time
point the virus sample formulated in finial f'`'
fort-elation buffer appeared to be still tree of
detectable pparbole aggregates.  Also there was no
deteot.able aggregation of viruses when gleam! was
KoWded  In the sample buffer during the incubation at
, 371C. Samples ft~ere frozen after  each analysed
time ppoint.. When frozen samples from 7 d time point
were  "hawed and re-analysed particle sizes of the
pie-treated samples taken before 30 TFF appeared to
be affected whereas viruses in the final formulation
buffer  seemed to be inta+ct. Addition of polyclonal
adenovirus antibody caused aggregation at viral
particles. The presence of adenoviral aggregates in
the antibody-treater; sample  was confirmed by
transmission electron microscopy (TENT). There were
no t4/O B iO 17-11 "'i!'C,GE Mi',I:1fren?q 13  G
,sire :rifle,. i t the untreated oo `h,o Sample. i
iow'tiv :r, b j =. luste4s of  iggie9 atOdl denovi us
es were detected in the 1P hody Ir ated wpi '. There
weree, no agg gates present in arty of the foal d
unlfe5s Tp s  formulated in the Wal tormuiationtl
buff--r. During the pre nina y e(p ^E'if`-;r'.ts,
the limit of detection of Ni omp 380 AS Palcie Sizing
System was found to be  1 x 10" no,l,...tggrNateed
viral particles oe m'l. Currently r'_eta ,~~`.e r
Nano S`  



particle sizing equipment i ; being used for the
prrfic le size analyses. Urnil of  detection for this
equipment has been con-.`armed aiso to be 1 x 10"
viral vial fides  per mi Aggregation of viral
cai'iicles leads to decrease in the signal intensity.
T1,72 RP(V /3 2217=? , k 7 ir" o'r ;r/0f 0oro'>':T  f
L.AIM S 24~r1:~i!:jYF36"3i ~t3f -J 'Llrl~.ti.  1 A
corny sItforn COMP !31ng a virus, a i clyol can d a
2. A composition according to t tarn 1, wherein the
virus is an a,enovrirus.  A t ornosltion ac Zri4 ing
to claim 2 wherein the ede'nov rus 5 iE1;tY(ilGlfl is
kinase. 4. A coImposition Cxc r in( to any preceding
clam, wherein the po'yol is  tr iycer ai 5. A
composition according to arty p recew lr.g claim,
Herein Vic zvvilterork,  co6mpow is HEPES. 10 6. A
composition according to arty preceding claim, which
is nonionic.  r A composition according to any p
eceding claim, s -hichE is lyophn;s<ad. +i. An assay
l`,Jd"%'I':" c. i t'!'f%'=tion, which _sro' prises
analysing Ifif-ci be,,  .  viral p3{`P:-iS In sample.
r.,IEC -::'-i(1 ,.; s. particles ultrcn ( iE kt:i 4.i
ir. :i1ili ~;P fr.pHCie,  and {,,, 6 rl::''nino loom
to We "whether the ample ntains su t antially only  1
cceotct i non-aggregated pr rticles.. 9. An assay
according to c.aim r7 ,wherein the partIclCs are in a
composition  a.cCCd'1:1!rl to any claims of 1 to 7.
10. An assay according to claim 8 or claim 9..
wherein the analysing by  dynamic. light scant ing.
20 11. An assay according to any of claim 0 to 10,
wherein the size is no more  than 200 nfm., 12. An
assay accorrding. to claim ?1, wherein the size is no
more than IOU  n ";. 


