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15 relatively large diameter (approximately 80 nm) and fragile structure of adenoviruses

make their purification challenging using conventional methods, e.g., cesium chioride
density centrifugation and gel filtration chromatography, which have scale limitations.
Chromatographic protocols for purifying live adenoviruses are known, e.g., see U.S.
Patent No. 5,837,520, however, small amounis of contaminating proteins and

20  incomplete virus particles, e.g., empty capsids, are found in virus preparations using
these protocols. This is a significant problem since empty capsids and other protein
contaminants can be immunogenic in vivo. Therefore, it would be advantageous to
have an effective process that provides a sample of highly purified viable virus, while
significantly reducing levels of incomplete virus particles. Improved virus purity

25  without sacrifice to virus yield would be beneficial in large-scale adenovirus
production.

Thus, there is a need in the art for improved purification methods for
adenoviruses that can resolve live virus from incomplete viral particles and other
contaminating proteins in the viral preparation. The present invention addresses this

30 and other needs in the art.
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15 Thus, a method for purifying biologically active adenovirus from a contaminated

sample pool is provided, which inciudes the steps of contacting the sample pool with a
hydroxyapatite chromatographic medium to reversibly bind the biologically active
adenovirus to the hydroxyapatite, followed by eluting the bound biologically active
adenovirus from the hydroxyapatite.

20 In a specific embodiment, the sample pool used in a method of the invention
contains a buffered solution including about 50 mM sodium phosphate pH about 7.5,
about 400 mM sodium chioride, about 2% sucrose, about 2 mM MgCl,, and about
10% glycerol.

25 DETAILED DESCRIPTION OF THE INVENTION

In accordance with the present invention, there may be employed molecular

Fi

biology, microbiology, or recombinant DNA techniques within the ordinary skill of the
art to prepare, grow and cultivate viruses used in a method of the invention. Such
techniques are explained fully in the literature. See, e.g., Sambrook, Fritsch &

30 Maniatis, Molecular Cloning: A Laboratory Manual, Second Edition (1989), Cold
Spring Harbor Laboratory Press, Cold Spring Harbor, New York; DNA Cloning: A
Practical Approach, Volumes | and Il (D.N. Glover ed. 1985); Oligonucleotide
Synthesis [M.J. Gait ed. (1984)}; Nucleic Acid Hybridization [B.D. Hames & S.J.



30 Mani atwe,n2Mmdqecul ar Cl oning: A Laboratory Manual , Secongrhchotigg(1989),
Cold Spring Harbor Laboratory Press, Cold Spring Harbor, New York; E%IA
Cloning: A Practical Approach, Volunes | and Il (D.N. G over ed. 19 )MA”[]%
Adigonucleotide Synthesis [MJ. Gait edy (1984)]; Nucleic Acid

Hybridi zation [B.D. Harries & S.J. WD 02/ 44348 PCT/ US01/ 44684 2 7 NMAY 2005

3 Higgins eds. (1985)]; Transcription And Translation [B.D. Hanmes & S.J.

Hi ggi ns, Higgins eds48283)]: Tuainsatiptitsn AnddiransletipiR[B.D. Harsha&yS.Jetligqin®ss)g. ;

Vol coul s OB B PRI oILEPBAE -k S i eSege: IOtk moaan i Oty a6t ar -
Bi ol ogy,Ed é/\i(lR‘tym%s@ﬂ%saP]w\- Prafctibhl GuiteSTR Rol&éulat Clorsts[B. F3B4r

Vi rol ogy: | abor at ory nmanual”. Academ c Press, New York, (Burleson, ed.,

1992) . THP84)InCamenb Rreipoolsde MaleawanBiblogy, Johni Wileyd Boos,dgtchlMy acti ve
q . : . te i i $ \ . o
oot & n AGfiskehah ey 94 bty i aoly Blpu A tier RrrRam Nab ¥tk ¢ er m

" cont am mrilesoAEaANS 1892ndesi rabl e inpurity in a sanple containing
adenovirus, e.g., an enpty capsid (which is an imuature viral Earticl e

| acki ng vi r al Thipiaveniienquavideaiange for porifying bicdegicallyactivie irasesuch

as pM 11, and is t . capable of adhering to ar .penetrating.a suitable

cel ), drailidnesmpless yirloBE dter oyl and ol Bralein Penginaity 49 801 ot i ns
Il or Bk ugingd 8 hydré:d)apBlied fleiurg. 9., host or nedia 15 derived proteins
such as BSA, which is a common cell culture conponent in manmalian
systléns) . An Hawermapondminaatomesssanpindesirable iompuriy frod sampidhaentaining

: hydroxygé)datite medi um used, under. zaht hand buf f er condi tqu_gnIs i rk.accorldance
with t hePdSMVEHE; S AHEORY paresid LyBiehds an aBndiugs Xireh paficisdaesing ¥&ak n he
adenovi riyRASAAP Lentaitlieg bRSdlirsdrafth iri¥htlee vir@StotHiReBBE 3IpWR A isqibt t her eof
when used in 20 reference to a nethod of the Present invention, neans at

| east a GEEblealstheringio ot prnatralivgtaaviteiie sell), @ pudleicagidamolgauls a/dreal and

o e BBl g I BASHR MLGE Rer T BB BHOR (L Bt oo
convgnt i gtilednrotding aucte s BSAghich i€ a, commbhidell GatufN component in |
mamimalian systems). An advantage of the present purification method is that the
. hydroxyapatite medium used under salt and buffer conditions in accordance with the
invention reduces the leve! of incomplete virus particies in the adenovirus sample.
The term "purifying”, and grammatical variations thereof, when used in
20 reference to a method of the present invention, means at least a 50% reduction of
totai contaminants, in particular, free viral and non-viral proteins, in an adenovirus
sample, as quantitated by silver stain. SDS gel chromatography, over an adenovirus
sample that is purified using a conventional purification method (i.e., a purification
method known in the art other than the use of hydroxyapatite, e.g., DEAE
25  chromatography) before a purification step of the present invention. Preferably the
reduction in total contaminants is at least 80%. Most preferably the reduction in total
contaminants is 90% or better. The reduction in empty capsids is at least 50%,
preferably 75%, more preferably 80%, and most preferably 85% or better, as
quantitated using reverse phase HPLC by measuring a viral protein precursor to
30 adenovirus protein VIl ("pVII") [see Galibert et al., Gene 6: 1 (1979) and Herisse et
al., Nucl. Acids Res. 8: 2173 (1980)], which is not found in mature, infectious

adenoviruses. It is noted that a method of the present invention that is scaled up for
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viral vector to a host cell for use In
15 the virus cannot reproduce after it infects a cell. These viruses are well-known in the
art,

An adenovirus can include a heterdlogous nucleic acid sequence e.g., a
therapeutic gene, that can be transferred from the viral vector to a host cell for use in
gene therapy. A "therapeutic gene” is a DNA sequence that encodes a particular

20 sequence of amino acids which comprise all or part of one or more proteins and that
has a desired therapeutic effect. The therapeutic gene may or may not include
regulatory DNA sequences, such as promoter sequences, which determine, for
example, the conditions under which the gene is expressed. Preferably, a therapeutic
gene replaces an absent or mutated gene that causes an increase in pathologicai cell

25  growth or proliferation of cells. Once in a host cell, a therapeutic gene can exhibit a
corresponding therapeutic effect by, e.g., remaining extrachromosomal such that the
gene is expressed by the cell from the extrachromosomal location, or incorporating
into the host cell genome in a recombination event with the endogenous gene.
Methods for introducing heterologous nucleic acid sequences into a viral vector are

30  well known in the art.

Examples of therapeutic genes include tumor-suppressor genes, e.g., Rb and
mutants thereof, p53 and mutants thereof, p21 and mutants thereof, DCC, NF-1,
Wilm's tumor, NM 23, BRCA-1, BRCA-2, BRUSH-1, p586, H-NUC, thyroid hormone
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p53 “gen e adenovir
minimum concentration of sodium chioride is at least 150 mM in buffered solutions

used throughout the method. The minimum sodium chloride concentration prevents
the virus from irreversibly binding to the hydroxyapatite medium. More preferably,
buffered solutions used in this invention contain from about 350 to 450 mM sodium

20 chloride. Itis noted that concentrations of 500 mM or greater sodium chioride can
cause the virus to become unstable, and preferably are not used in a method of the
invention. One skilled in the art can substitute other salts for sodium chloride, if
desired, at suitable concentrations (having similar conductivity), including monovalent
ionic and cationic salis, e.g., KCl or NH4Cl, or divalent anionic and cationic salts, e.g.,

25  NagSO; or (NH4)2S04.

A "buffered solution” is an aqueous solution which contains sodium chloride

and a suitable buffer to maintain the pH of the solution between about 6.8 10 9.0,
preferably between about pH 7.0 1o 8.0, most preferably between about pH 7.4 to 7.6.
In a specific embodiment of the invention, the pH is 7.5. Buffers having a pKa within

30 the desired pH range are preferred. A buffered solution does not cause an adenovirus
to irreversibly bind to a hydroxyapatite medium. Buffered solutions are used, e.g.,in a
sample pool containing the adenovirus, to eq'uilibrate and wash (equilibration and
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preferably akguhubloRYdr 2gREBiSbUGEred solutions that can be used in a method of
15 this invention are described in International Patent Publication No. WO 99/414186,
| which is incorporated herein by reference in its entirety. For example, depending on
the virus concentration, a buffer used in the invention can contain iess than 1%
‘glycerol to about 20% glycerol and/or less than 1% to about 5% sucrose. At1x 10™
or less virus particles per mi, the concentrations of glycerol and sucrose can be about
20  5to 10% and about 0.5 to 2 % respectively.

A "sample pool" is a buffered solution that contains adenovirus and a
contaminant, which may have been prepared from a conventional purification method,
from which the further purification of the adenovirus is desired. Preferably, a sample
pool is formulated with additional stabilizing or tonicity-adjusting agents, as described

25 above. in one embodiment a sample pool contains about 50 mM NaPO, (pH 7.5), 400
mM NaCl and 10% glycerol.

A sample pool typically contains a concentration range of adenovirus from
about 1 x 10° to about 1 x 10 per ml. Preferably, the sample poo! is formulated with
one or more stabilizing agents, such as glycerol and sucrose, as described above,

30  particularly when higher concentrations of virus are used.

A sample pool can be prepared from a cell lysate. For example, cells such as
293 cells, infected with adenovirus are removed from the growth environment and
their cell membranes disrupted, e.g., by physiological or chemical means, according to
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adenovi a0d seme pEinewnpsseaThled virgh pateinsand noRrdral paplein epriaminants, nenbr anes
oL 0! el B A&, L L R (TS SBE R TR e
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Surprisingly, these contaminants are efficiently removed by a purification method
using hydroxyapatite, which improves the purity, resolution and quality of adenovirus
in the sample compared with the conventional viral purification methods.
The hydroxyapatite medium used in a method of the invention can be prepared
20 as a chromatographic column according to conventional methods well known in the
art. For example, an HA column can be prepared for traditional (gravity) column
chromatography, fast performance chromatography or high pressure liquid
chromatography using radial or axial flow fiuidized bed columns, as desired.
The hydroxyapatite medium is preferably washed and equilibrated using a
25  buffered agueous solution, as described supra, before purifying the adenovirus
according to this invention. In a specific embodiment, an equilibration buffer used to
equilibrate the hydroxyapatite contains about 50 mM NaPOQO, (pH 7.5), 400 mM NaCl,
2% sucrose, 10% glycero} and 2 mM MgCl,. The column can be equilibrated until the
eluent reaches the pH and conductivity of the buffer, typically about five to ten bed
30  volumes.
After the hydroxyapatite is washed, the sample pool is contacted with the
hydroxyapatite media to permit the adenovirus 1o reversibly bind to the hydroxyapatite



cell | ys‘éft(b()?c%msal ning the adenovirus is preferably fi rstPSUlU]Swuéﬁl to one

or nore conventional chronat ography nethods to provide a virus sanplZe/ Nab 00,
which is further purified according to a nethod of the invention. For
exanple, a cell l|ysate containing 5 adegovirus can be processed to

enzymati cal |y degrade DNA and RNA followed by a conventional purification
nmet hod, i ncl udi ntg ani on- exchange chromato raphy, gel  filtration

(si ze- eﬁedaaeﬁﬁp aaHpanis egrasst rouswhsrm@ Be h%%ﬁ%@’i“@ﬁﬂ%?@iﬁﬂ%@@@ﬁhy or

|mmblllg.6ﬁ?%e\; affinity chromatograpy. Conbinations of these nethods can
use S|re e.g., see U S Patent No. 5,837,520, which is .

i ncor por at ed ﬂherrmdmmphﬁter eflangmedichn contairenthierdund fiefevirais| is, wastesd
convent i gtg nmet hod used | s an ani on- excg(enge hrorrato raph

...The
convent WiiRa Wash b gvhish Fapdienibesanaadiidenbse &eﬂﬁiﬁbgaé?ﬁ@ﬁ/%bf@%ﬂi s and.
f ' ,
Donesof IEr B T3GRB SaeL A hshis 1 SqaRbriIe ot B Gic EBAE™, 1°0
hexon, eolimR th@@d&pbmws gan bemtutleddhm@ha hydro@hlpa(rterunnyg aayradigsj elution

remain in the sanpl es Sur prisin ese contam nants are efficient|y

r enovedob§tep gulion F%Bh?%ﬁhﬂ’f@ﬂfh%u'%hgﬁtﬁg mgfgaf&s%waeathUﬁ@r) V\Lﬁgaﬁilwﬁﬁlum IS he
purity, S h

t he coneéﬁig%ﬁékg@ﬁﬁggwﬁﬁg%¢|ca ﬂ§§q§§ﬁ¥ dg aPOUt%Qﬁpggggégyﬁﬁnmﬁédgﬂé$tsed
in a metd)adgQR00 meMi socﬁs.nml phosphntaia qyudijEration baﬁeastfei'a‘chaat ov@baghi ¢ col um
accordlng t o conyenti onal nethopﬁﬂmell known in the %e%For exanpl e, an HA

col im ¥elynmegradigitisysed: listapeiutionds degirad "th?)e@@ﬂ’ﬂjﬁﬁ FRHRAL ogr aphy,
fast peghofi ﬁﬁﬁﬁf?@b%ﬁiﬁ@@fa@@@&%@gﬁ $5645 250! M h ﬁfHéfP tography

usi ng ra |a or axi a lze UITTIS as desi

hydr oxyapat i Taenpedsentrnsthodds «pea‘brmedm heténfpmlamqel rande ﬁbnnbh:m.ltrfgtoa:?,()“@
buf fered aque fé{ﬁ@m utio

s_desc before purifying the

adenovi ME PaeierRly frgm about 5 t%%ﬂi @fipst Pﬁeér%tﬂﬁ&hq methog iR perarmedat
equilib a bout
50" Nt TR e, € 0abRh BY 27 3 lte nofed g BY KRBT BEEREIS GRS
ThelXxol vimes amy tegie o irteversibhcbindtto the belunal depéndirg onethetdait quirditivths and
conduct i vi of .the buffer, tygd'%ca |y, about five to ten bed 30, vol unes.
S ter t RESGP ot S nG S0an s s haVing Ak SUOR e SRR RRIBZow (1 t he

conditions in accordance with the invention as desired.

The non-viral proteins and high molecular weight contaminants elute in the
spent charge and wash of the column. The empty capsids bind more tightly {o
20  hydroxyapatite than the biologically active virus, and thus empty capsids do not elute

from the hydroxyapatite with the biologically active virus. The fractions off the column

can be analyzed by UV absorbance, Resource Q analytical HPLC and rp-HPLC, and

used to make a single pool of purified biologically active adenovirus.



hydroxyapatite nmedia to permt the adenovirus to reversibly bind to the

hydr oxyamas é2a3380 02/ 44348 PCT/ USOL/ 44684 2 7 NMAY 2005 S8pandsdiacss

contam nants to pass through the nmedia, thus separating the contaningp&imy
fromthe virus. The hydroxyapatite colum, which contains the bound 2003
adenovirus, is washed wth a wash buffgr, which can be the sanme buffer used
to equilibrate (equilibration 5 buffer) the hydroxyapatite. After washing

t he adenovi rus-bound hydroxyapatite colunm, the adenovirus can be el uted
fromthe hydroxyapatite using a gradient elution or step elution to
phosphaiﬁgﬂgegguiIibration buffer (elution buffer). If gradient elution is
desired enovirus can be eluted using, e.g., about a 5 to 30 bed

vol une gradi ghis Example @moﬂ@l@at@MeﬁpﬂhxﬁUﬁh@h@ﬁﬂh@d@fﬂﬁe pesddnt Imention buffer.
Preferably, a 10 bed 10 volunme gradient is used. If step elution is desired,

‘the el utstg hdrexapsdie Becorapaiisqpwihisosryentianalcdmsnuliegtion erathadl y about

gkt om At ENOTRNEGnakaf GRANS BB PICNSIR G RAREY ofh, Rub R, 1 °
pr ef er abbg cehs, weid @htinediesiaeltdsates usigna temasaitiha! BEAE emonaé)mwang;@ to
27C. It is noted that at |ess than about 15C, the 15 virus may begin to

i r r ever shiaiporaphygnetede ol heraamplR Reriiiprathe REARrenigded 8 SdridaRptein

Oot 1 m 2 UAAHABh shePfoRRER & prelaBEt MbrhoRRaR YL (b Bfsbpetr”

non- vi rﬁl'otéllh(})tEI ns and hi gh nol ecul ar wei ght contam nants elute in the

spent charge_and wash of the columm. The enpty capsids bind nore tightly to
20 WY dr oxyapahetREARZe0l washrepactas ﬁysaam peol/for yse "&ﬁcpl{f}ﬁﬁétl@ﬁrﬁﬁah@ﬁpm ds

- do not St{'ﬁ%%vé ﬁﬂﬁ%ﬁg@%{@ﬁ#ﬁ’@@%mﬁa% @% : ,4%@@&/1; g}' a?lﬂtf) rus

The fractions can be anaf ance, rce Q
anal yt i ghicetdPL Gyarskyapatielcoluamd (Ousrd Otom,MBiBe 20 sht)gingl 'p60d1836rm,url fied

Pt ol 00t ulirated ntd 50 i NaPSy (ot &5, 466 miv Nat, 5% Suicrose and 2 mi MoCly,
were prepared by packing. The buffered DEAE pool was applied to the
15  hydroxyapatite column, washed with equilibration buffer as described, and the
adenovirus eluted using a gradient elution to 600 mM phosphate in equilibration buffer
or by step elution with 250 mM phosphate in equilibration buffer,
Reverse-phase HPLC and size-exclusion HPLC showed that in the
hydroxyapatite eluate compared with the DEAE pool there was a significant reduction
20  inincomplete virus particles and free viral proteins, e.g., at least 75% reductions in
pVIH, reduction of free penton to undetectable levels and 40% reduction in free hexon.
Densitometric analyses of silver stained SDS-PAGE demonstrated that
hydroxyapatite also efficiently removed total non-viral protein contaminants, 7.e., an 80
to 90% reduction of proteins which are resolved from intact virions in CsCl gradients
25 (e.g., 70 to 85% reductions in BSA), and high molecular weight complex proteins, i.e.,
a 25% reduction of unidentified proteins cosedimenting with the \)irus in CsCl
gradients. In experiments where BSA was spiked into the feed to the column, the
BSA passed through the column without binding fo the hydroxyapatite under the buffer
conditions described, demonstrating that the hydroxyapatite chromatography
30 efficiently resolves BSA from the sample. |
Polymerase chain reaction analyses of nucleic acids present in the eluate
showed an 8-fold reduction in short fragments and a 100-fold reduction in medium
fragments.



EXAVPLE WOPH4B4hnpl e denonstrates a purification met hod FCTIFLB686ent
i nvention using hydroxyapatite in conparison with a conventi onal ViZW$MW2%5
purification nmethod. 5 Adenoviruses containing the p53 gene (ACN53), -
cultivated from manmal i an 293 cells, wgye captured fromcell |ysates using
a conventional DEAE ani on-exchange chronat ography nmet hod. The sanpl e pool
fromthe DEAE contained a 31 kDa protein ( whi ch_corresponds to a

I

Vi
precursor of A4ENeSH Pﬁhycﬂj’%lf%?@fit@chfomﬁ@%ﬂg% é‘B)G%@é’chffﬁr @w §8lt 10 The

DEAE po r : : i LELGatd t hod _ of
the i nvenpdanpERsiRd) fpdiy M rEYPRE selilet P dbLab bbbty Sl 5°rs ©,
10% gl yaeingl gfrehtlmsommafbf use trogenash&rapy or otibercvivustapplicafione requarivty 1. 6 X

15 cn),  .equilibrated into 50 MM NaPO4 (pH 7.5), 400 nM Nad, 2% sucrose and
2 mv My&igh PURf¥r e prepared by packing. The buffered DEAE pool was applied to
t he 15 hydroxyapatite colum, washed w th equil&bration buffer as descri bed,
and The adenovirus eluted using a gradient elution to 600 nM phosphate in

equi | i br at i ofTheyirésent inventiorshapbetndiesorived hei witk refersnpbate certain
equi libration buffer. Reverse-phase HPLC and sjze-excl usion HPLC showed t hat

in the PRgigred\amkadiments and ancsmmapied SipemobKieupmariaions Wihapreaids those
signifi L clLl : P i -4 o i fer I

or ot ei ndriled i et e iverthrl BGERE, Bbaficldstp fitel 33 bagdify BUte | o,
t o undetkimshlidch &lles and 40% reduction in free hexon. Densitonetric

anal yses of silver stained SDS- PAGE denonstrated that hydroxyapatite al so
efficiently renoved total non-viral protein contam nants, i.e., an 80 to
90% reduction of proteins which are resolved fromintact virions in CsCl
gradients 25 (e.g., 70 to 85% reductions in BSA), and high nol ecul ar wei ght
conplex proteins, Le., a 25%reduction of unidentified proteins
cosedinenting with the virus in CsCl gradients. In experinents where BSA
was spiked into the feed to the colum, the BSA passed through the colum
wi t hout binding to the hydroxyapatite under the buffer conditions

descri bed, denonstrating that the hydroxyapatite chromat ography 30
efficiently resolves BSA fromthe sanple. Polynerase chain reaction anal yses
of nucleic acids present in the eluate



showed an 8-fold reduction in short fragnments and a 100-fold reduction in
medi um fragnments. WO 02/ 44348 PCT/ US01/ 44684 2 7 MAY 2005 10 Thus ?@ﬁzﬁé
hydr oxyapatite chromat ography under the buffer and salt conditions %Z i“‘bed
to purify adenovirus sanples provides an adenovirus sanple - having great

resol uti w f@lgAﬁW'e in gene therapy or other virus applications requiring
hi gh puri F * * * The present invention has been described herein with
reference to certain preferred enbodi mrents and an exanpl e. Since obvious

variations wl| appear to .those, ski ' e irt A 9amplepddlon is not to

be consi der ed A Mt %{OFIPHF@L"& a%%novghlﬁ@%g*ye?fﬁ;%ﬁ"ﬁfg?h whi ?h follow 2 7 MAY

2005 \AEc%ﬁ\éin .. A nethod for purifying adenovirus fromcontam nants in a
ol," co

sanpl e po rising: contacting the sanple pool, wherein the sanple
pool conpri sesconsaxdingrthe sEoWi&ipoeInW e@@hﬁ'@rﬁ%?cﬂ?%@m%ﬁ%bout 150 to 500

mM with a  hydroxyapatit ] ' i weilsebl y bind the
adenovi ru%‘3‘3’(“8¥I %@8@0@%&%@ 8%%“5%#%30 mwﬁgﬁﬁ’d lad(gnovi rus fromthe
hydr oxyapﬁdrggyap%{mgmomds@dpﬁifc reddilm tb,revérsibyy bindlike ademedrusdel conpri ses

sodium chloride in a concentration of about 400 M 3. The nethod of claim
1, wher ei thethysiroyspeiiigapadi t e chromat ographic mediumis equilibrated with a

buffer conprisj ' | tHa hijjign of from about 150 to
500 mM before ?‘Hﬂ“@@p@'@%‘%@@%g°ﬁhe qgg?r‘i)%%gpool with the
hydroxyapatite. 4. The method of claim1, further conprising the step of
washi ng tE_e The method of claim 1, wherein the sample pool comprises sodium

chioride in a concentration of about 400 mM.

3. The method of claim 1, wherein the hydroxyapatite chromatographic
medium is equilibrated with a buffer comprising sodium chioride ata
concentration of frorm about 150 to 500 mM before the step of contacting the
sample pool with the hydroxyapatite.

4. The method of claim 1, further comnprising the step of washing the
hydrexyapatite with a buifer comprising sodium chloride in a concentration of
150 to 500 mM, wherein the hydroxyapatite comprises an adenovirus bound
thereto.

5. The method of claim 1, whergin the adenovirus is eluted using a buffer
comprising sodium chloride in a concenfration from about 150 mM to 500 miM.

6. The method of claim 1 wherein the sample pool comprises a sodium
chloride concentration of from about 350 mM to 450 mM.

7. The method of claim 1, wherein the sample pool is prepared from an

eluate of a conventional chromatography medium.

11



hydr oxyapatite with a buffer conprising sodiumchloride in a concentration
of 150 to 500 MM wherein the hydroxyapatite conprises an adenovirus bound
thereto. 5. The nmethod of claim 1, wherein the adenovirus is elut ed%ymw a
buffer conprising sodiumchloride in a concentration from about 15 £
500 MM 6. The nethod of claim1l wherein the sanple pool conprises a sodium

chlori de goncenhbahiBy of ofaird M aherdin BGonvbitionsbohromatagraph¥ met hod of
claim1l, erein the sanple pool is prepared froman eluate of a -
convent i onaddiginriemat ogr aphy nmedium 11 2 7 MAY 2005 8. The nethod of claim
7 wherein the conventional tography nediumis: an ani on exchange
resin; an i mmﬁplqrﬁ%eﬁ"g}%glg%ir}%%ﬂgffi nity resin; a size exclusion

chr omat ogr aphy grafirmgbiedemetd lomnaffisigdresim; hydr ophobi ¢ i nteraction

chromat ography. 9. The nmethod of claim 1. wherein the eluting step is a
gradi ent el uti GhSiz®eXeoBOMNENBAI9NIEARYY 88N $he method of claim 1, wherein

the el uting Stequéap.m E&@d)iqu\gﬁg%@fb%meﬁg% embmhpng. 11. The nethod of

claim1l1, wherei sanp conprises gly or sucrose. 12. The
met hod of claim 11, wherein the concentration of adenovirus in the sanple

pool is equal to or |ess than 1014 gty cl e . ; met hod of
claimi, whereit& W@tm&ﬁi%é ‘@B‘?{'ﬁﬂ tg'gzeh'gln%tﬁi%? %%8@‘*&8%2"’3%&?2. The
net hod of sh@idi hoé’)ﬁH’a‘t@.i n the adenovirus is ACN53. 15. The nmethod of claim

1, wherein the adenovirus conprises a nucleic acid sequence fromthe p53
gene or fromthe p21 gene.

10. The method of claim 1, wherein the eluting step is a step elution with
250 mM phosphate, .

11.  The method of claim 1, wherein & the sample pool comprises glyceroi

Oor sucrose.

12. The method of dlaim 1, wherein the concentration of adenovirus in the
sample pool is equal to or Jess than 1 x 10™ particles per ml.

13.  The method of qlaim 1, wherein the adenovirus comprises a
therapeutic gene.

14,  The method of claim 1, wherein the adenovirus is ACN53,

15.  The method of claim 1, wherein the adenovirus comprises a nucleic
acid sequence from the p53 gene or from the p21 gene.

16. A method of claim 1, which reduces the concentration of a contaminant
in the sample pool by at least 80%.

17. A method of claim 1, which reduces the concentration of empty capsids
by at least 75%, |
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16. A-+nethod of claim1, which reduces the concentration of a contani nant
in the sanple pool by at least 80% 17. A nethod of claim1, whi chdjﬁﬁces
the concentration of enpty capsids by at |least 75% 12 2 7 MAY 20 51005
met hod of claim 1, which reduces the concentration of BSA by at |east 70%

19. A net hod f d & fBEA I I
MESTANRN-1 bl BY bl R fedicds ma pabmmtTBiBSA tyatpl  poo

conprisin rng the sa pool with a hydroxyapatite chronat ographl C
medi um t OlegaeyPO%i bl y bind the adenow rus to the hydroxyapatite: washing the
adenovi rus- bound hydroxyapatite with a buffered solution; and eluting the
bound adenovirus fromthe hydroxyapatite, wherein the sanple pool is a

buffered ggl ut} BADEI Sirfiting BashodAismsodiaminansspsamplepbalbout 7. 5,
about 400§f971\/l sg\ %ﬁ]gﬁ o@% dg gabout 2% sucrose, about 2 mM MgCl a, and about

10% gl ycercoinpriaing: t he concentration of total contam nants is reduced by at
least 80% 13 . iaciing the sample poo! with a hydroxyapatite chromatographic

medium to reversibly bind the adenovirus to the hydroxyapatite;

washing the adenovirus-bound hydroxyapatite with a buffered soiution;
and

eluting the bound adenovirus from the hydroxyapatite,
wherein the sample pool is a buffered solution comprising about 50 mM
sodiumn phosphate pH about 7.5, about 407'0,mM sodium chloride, about 2%
sucrose, about 2 mM MgCl;, and about 10% glycerol, and the concentration of
total contaminants is reduced by at {east 80%.
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