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VIRUSES AND METHODS FOR CONCENTRATING VIRUS PREPARATIONS I. FIELD OF THE
INVENTION 15 The present invention relates to compositions comprising
viruses, especially viral vectors, having significantly improved stability.
The compositions of the present invention are useful in maintaining the
stability of viruses during storage) and virus containing compositions of
the present invention are particularly useful for therapeutic uses such as
gene therapy. New methods for concentrating and purifying virus 20
preparations are also provided. II. BACKGROUND Viruses have become
increasingly important for therapeutic uses) such as vaccinations and gene
therapy, and there is a need to develop and prepare stable virus 25
containing compositions that can easily be stored and transported, yet
retain sufficient safety and efficacy. In particular, given the extensive
use of viral vectors in gene therapy, it is important to develop and
prepare formulations that can stably preserve live recombinant viruses when
they carry therapeutic transgenes. Moreover, there is a critical need for
formulations that can stabilize viral 30 preparations at temperatures above
-80C for extended periods of time. Virus containing compositions normally
require storage at -80C and cannot be stored at standard refrigeration
temperatures (e.g., 2C to 8C, or higher) for substantial periods of time.
This limitation represents a serious impediment not only to storage) but
also to processing, distribution, and widespread clinical use. 35 There is
also a need to develop virus-containing compositions that can maintain pH
in the range of about 7 to about 8.5 for extended periods despite being
exposed to refrigeration temperatures, and despite being subjected to harsh
conditions such as   1 3 AUG 2002 WO 99l41416 PC'fII)S99101873 5
freeze/thaw, especially the slow rates of freeze/thaw that can occur in
connection with larger scale production, handling) or distribution.
Maintenance of pH is important for viral preparations because at pH below
7.0 and above 8.5 the Live virus particles are vulnerable to Losing
viability due to physical and biological instability. Additional problems
relate to increasing virus concentrations. In particular. 10 high virus
concentration contributes significantly to virus instability. However,
increasingly higher concentrations of virus and viral vectors are required
for therapeutic use. Therefore, there is a critical need to develop
formulations that stabilize relatively high concentrations ,of virus,
especially under the harsh conditions mentioned above. And in addition)
there is a particular need to develop new methods 15 of concentrating an
existing virus preparation to achieve stable preparations at higher
concentration levels. The problems of instability associated with higher
vin.., concentrations are exacerbated significantly if one tries to
concentrate an existing virus preparation. This is in part due to the
additional mechanical shear forces that come to bear during efforts to
increase the concentration of an existing virus preparation. If 20 one
could find a method to concentrate a virus preparation without substantial
impairment to virus stability, then clinical dosages at any desired
concentration could be readily prepared (even when starting with material
having a lower concentration) and) importantly, the ability to concentrate
virus could eliminate problematic bottlenecks and other scale-up problems
during the purification process by allowing 25 significantly higher
throughput during various processing steps such as size exclusion
chromatography. There is thus a need for materials and methods to
accomplish the foregoing objectives. 30 iII. SUMMARY OF INVENTION The
present invention fills the above-mentioned needs by providing a stable
composition comprising virus in a formulation comprising a polyhydroxy
hydrocarbon buffered to maintain a pH in a range from about 7 to about 8.5
at a temperature in the range from about 2'C to 27C. 35 Also provided are
new methods of concentrating an existing virus preparation that allow one
to readily select and prepare clinical dosages in a wide range of desired
concentrations. A preferred method of concentrating a virus preparation
comprises:   1 ~ ,BUS Z002 WO 99/41416 PCT/US99/01873 -3 5 (a) adding a
polyhydroxy hydrocarbon to a virus preparation to a final golyhydroxy
hydrocarbon concentration of about 2070 or more, and (b) subjecting the
virus preparation to a filtration process wherein the concentration of
virus is increased by applying pressure to the preparation such that
diluent is removed from the virus preparation through a filter while the
virus is retained Also provided herein is a method for concentrating a
virus preparation comprising: 15 (a) centrifuging a composition which
comprises a first layer comprising a polyhydroxy hydrocarbon in a
concentration of 35% to 80% (v/v), the first layer overlaid with a second
layer comprising a polyhydroxy hydrocarbon in a concentration of 5% to 30%
(v/v), the second layer overlaid with a third layer comprising virus; and
20 (b) recovering the virus from the first layer. Furthermore, the present
inventors found that their new method of increasing virus concentration has
the additional advantage of enhancing further processing (e.g. 25 by
reducing or eliminating problematic bottlenecks during subsequent
purification by allowing significantly higher throughput during processing
steps such as size exclusion chromatography). Thus, in a preferred
embodiment, the method of concentrating virus preparations in accordance
with present invention further comprises a subsequent purification step
(e.g., size exclusion chromatography). In 30 this regard, the method of the
present invention is particularly useful when a step of size exclusion
chromatography is performed subsequent to ion exchange chromatography, and
the virus preparation is concentrated (in accordance with the present
invention) after the ion exchange chromatography but prior to the size
exclusion chromatography. Viral fractions obtained from anion exchange 35
chromatography, for example, typically contain high levels of salts and
possibly other impurities that further compromise virus stability during
concentration procedures. Thus, in a particularly preferred embodiment, the
present invention provides a method of purifying a virus preparation
comprising:   ~ 5 ~,i'~ ZO~L WO 99/41416 -4 PCT/US99/01873 5 (a) subjecting
the virus preparation to anion-exchange chromatography, wherein the virus
is eluted as a virus preparation product from an anion-exchange
chromatographic medium: 



(b) adding a polyhydroxy hydrocarbon to the virus preparation product 10 of
step (a) so that the concentration of polyhydroxy hydrocarbon in the
preparation reaches a final concentration of about 25 % or more; and (c)
increasing the concentration of virus in the virus preparation 15 product
of step (b) by applying pressure to the preparation such that diluent is
removed from the virus preparation through a filter while the virus is
retained; and (d) subjecting the concentrated virus preparation product of
step (c) to 20 one or more additional processing steps. The present
invention also provides virus preparations concentrated and/or purified by
the foregoing methods. 25 IV. DETAILED DESCRIPTION As noted above) the
present application discloses novel virus-containing compositions, as well
as novel methods of concentrating and purifying virus containing
compositions. With regard to compositions) the present inventors have
developed a novel 30 buffered formulation that can preserve viral
preparations with enhanced stability. In particular, the formulation can
stabilize viral preparations at temperatures well above -80C. More
important still, the compositions of the present invention are stable at
typical refrigeration temperatures of, e.g., 2 to 8C, or higher) for
substantial periods of time, preferably for several months or more. This is
a critical advantage because, as 35 mentioned above) in order to meet
clinical needs it is impractical to keep viral preparations frozen at -80C
during storage and transportation. An important feature of the compositions
of the present invention is the addition of a polyhydroxy hydrocarbon. As
used herein, a polyhydroxy hydrocarbon   1 3 Ai'i, ~~~~1 WO 99I41416 -5
PCT/US99/0l 873 5 means a branched, linear) or cyclic compound substituted
with 2 or more (preferably '' to 6, more preferably 2 to 4) hydroxy groups.
Polyhydroxy hydrocarbons for use in the present invention preferably are
polyhydroxy-substituted alkyl compounds (branched or unbranched),
preferably having 2 to 7 carbon atoms, and can include, e.g., glycerol,
sorbutol and polypropanol. Glycerol is particularly preferred. As 10 shown
by data provided below, the present inventors found that glycerol allows
for surprisingly high levels of stability for extended periods of time even
under standard refrigeration conditions. An effective amount of
,polyhydroxy hydrocarbon for compositions of the present invention is an
amount sufficient to stabilize the virus in the formulation of the 15
present invention without adversely affecting the effectiveness of the
virus for further use, especially in cases where the virus contains a
transgene for use in gene therapy. The polyhydroxy hydrocarbon is
preferably present at a final concentration of about 20 to 200 mg/mL. A
narrower range can be 80 to 120 mg/mL. More than one polyhydroxy
hydrocarbon can be used to achieve the desired total amount of 20
polyhydroxy hydrocarbon in the composition of the present invention. The
polyhydroxy hydrocarbon in compositions of the present invention can
optionally contain an aldehyde group. In particular) the polyhydroxy
hydrocarbon can be a disaccharide such as sucrose. Furthermore, even if the
polyhydroxy hydrocarbon selected for the composition does not contain an
aldehyde group, the composition can 25 additionally include a disaccharide,
such as sucrose, as a stabilizer and tonicityadjusting agent. When the
composition of the present invention already contains a suitable
polyhydroxy hydrocarbon (such as glycerol) and a disaccharide is employed
in preferred embodiments as an additional stabilizer or tonicity-adjusting
agent) .the disaccharide is preferably present in a range of 5 to 25 mg/mL,
more preferably 20 30 mg/mL, and preferably the disaccharide is sucrose.
Pharmaceutically acceptable divalent metal salt stabilizers, such as
magnesium salts, zinc salts and calcium salts, are used in preferred
embodiments of the composition of the present invention. Preferably, the
salt is a chloride salt or a magnesium salt, magnesium salt being
particularly preferred. Preferably) the salt 35 ( e. g. , the magnesium
salt) is present in an amount of from about 0. I to 1 mg/mL, more
preferably in an amount of about 0.4 mg/mL. Pharmaceutically acceptable
monovalent metal salt stabilizers such as potassium, sodium, lithium and
cesium salts may be included m preferred embodiments of the present
invention as optional stabilizers. Preferably, the salt is   1 3 AUu 200?
WO 99/41416 PCT1US99/01873 -6 5 sodium chloride present m the amount of 0.6
to 10.0 mg/ml, more preferably m an amount of about 5.8 mg/ml. In addition
to stabilizing the composition) sodium chloride may suppress the rate and
extent of the appearance of by-products of fermentation, resulting in a
more pharmaceutically elegant presentation that may have reduced
antigenicity potential due 10 to protein aggregates. The addition of sodium
chloride does not affect the pH of the formulation. The composition of the
present invention is capable of maintaining a pH in the range of about 7 to
about 8.5 for extended periods of time, even when subjected to harsh
conditions such as refrigeration and freeze/thaw. Moreover, the
compositions 15 can remain stable and maintain the required pH range even
when subjected to tl relatively slow rate of freeze/thaw that can occur in
connection with larger scale production, distribution, and handling. As
noted above, maintenance of pH is important for viral preparations, because
at pH below 7.0 and above 8.5 the live virus particles can become unstable
and degrade. The particular composition of viruses 20 makes viruses
difficult to stabilize and preserve. To accomplish pH maintenance under
harsh conditions) the present invention preferably comprises a buffer
system that can maintain an optimal pH in a range from about ?.0 to about
8.5 despite storage between -80C and 27C and despite being subjected to
freeze/thaw conditions. Since pH can vary depending on temperature, pH 25
ranges of the present invention are more specifically illustrated below
with reference to specific temperature ranges. For instance, at
refrigeration temperatures (e.g., about 2C to 8C) a preferred pH range is
about 7.7 to about 8.3, more preferably about 7. to about 8.2. At room
temperature (e.g., about 20C to 27C, preferably 22C 25 C), a preferred pH
range is about 7.3 to about 8.2, more preferably about 7.4 to 30 about 7.9.
A preferred buffer system of the present invention comprises sodium
phosphate monobasic dehydrate in a concentration of about 0.5 to 10 mg/mL
and tromethamine in a concentration of about 0.5 to 10 mg/mL. (Tromethamine
is also known as TR1S or "Trizma" available from Sigma Chemical Co.).
However, other 35 buffer systems can be used. For example) sodium phosphate
dibasic dehydrate can be used if coupled with an acidic form of tris
buffer. In a particularly preferred embodiment) the buffer system comprises
sodium phosphate monobasic dehydrate in a concentration of about I .7 mg/mL
and tromethamine in a concentration of about I .7   1 5 iii,; 2002 WO
99I41416 PCT/US99101873 5 mg/mL, and has the ability to maintain the
formulation in an optimal pH range of about 7.3 to about 7.9 at 25C. The
formulation of the present invention has the additional advantage of having
the ability to stabilize high concentrations of virus at the
above-mentioned harsh conditions (such as refrigeration temperatures and
freeze/thaw processing). In 10 particular, the formulation of the present
invention can maintain stability of the virus at concentrations ranging up
to 1 x l013 particles/mL. A preferable range of virus concentrations for
use in the present invention is m an amount of 1 x 109 to 1 x 10 ~'
particles/mL.) more preferably, up to 1 x 10t2 particles/mL) e.g. 1 x 109
(or 1 x 10~~) to 1 x 1012. 



15 The term "diluent" as used herein can comprise a sol vent ( e. g. ,
water) preferably sterile water) or a mixture of a solvent and other
ingredients such as additional solvents, additional stabilizers, additional
buffers) and/or other substances that do not adversely affect safety,
efficacy and stability of the formulation. With regard to diluents)
stabilizers, buffers and the like, reference may be made, e. g. , to 20
Remington's Pharmaceutical Science, 15th Ed., Mack Publishing Company,
Easton, Pennsylvania. A surfactant, preferably a nonionic detergent such as
a polyoxyethylene fariy acid ester (e. g. , polyoxyethylenesorbitans such
as Polysorbate 20, Polysorbate 40) Polysorbate 60, or Polysorbate 80 from
ICI Americas, Inc.) Wilmington Delaware, or 25 Tween 20, Tween, 40, Tween
60 and Tween 80 from Sigma, St. Louis, Mo.), can optionally be included in
the composition of the present invention. Preferably) the nonionic
detergent is a polyoxyethylene fatty acid ester, and the polyoxyethylene
fatty acid ester is preferably Polysorbate 80, which can act as a
stabilizer in the composition of the present invention. The concentration
of non-ionic detergent is preferably in a 30 range of 0.03 to 0.3 mg/mL;
more preferably, 0.15 mg/mL. Compositions of the present invention can
further contain one or more "delivery-enhancing agents". A
"delivery-enhancing agent" refers to any agent which enhances delivery of a
therapeutic gene, such as a tumor suppressor gene to a cancerous tissue or
organ. Examples of such delivery-enhancing agents include but 35 are not
limited to detergents, alcohols, glycols, surfactants, bile salts, heparin
antagonists, cyclooxygenase inhibitors) hypertonic salt solutions, and
acetates. Detergents (as the term is used herein) can include anionic,
cationic, zwitterionic, and nonionic detergents. Exemplary detergents
include but are not   1 3 A[iu 2002 WO 99l41416 _g_ PCT/US99/01873 5
limited to taurocholate, deoxycholate, taurodeoxycholate, cetylpyridium,
benalkonium chloride, ZWrIZ'ERGENT 3-14 detergent) CHAPS
(3-[3-Cholamidopropyl) dtmethylammoniol]-i-propanesulfonate hydrate)
Aldrich), Big CHAP) Deoxy Big CHAP, TRTION-X-100 detergent, C12E8,
Octyl-B-D-Glucopyranoside) PLURONIC - F68 detergent, TVVEEN 20 detergent,
and TWEEN 80 detergent 10 (CALBIOCHEM Biochemicals). The use of
delivery-enhancing agents is described in detail in copending U . S .
patent application U.S.S.N. 08I889,335 filed on July 8, 1997) and
international Application Publication No. WO 97I25072) July 17, 1997, and
in U.S. patent application U.S.S.N. 09I112,0?4 filed on July 8) 1998,
International Application 15 PCT/LTS 981l4241. In addition, use of calpain
inhibitors in conjunction with viral vectors to increase transduction
efficiency is described in U.S. patent applications U.S.S.N. 09/172,685 and
60/104321 filed on October 15, l998. A wide range of viruses can be used in
the compositions of the present invention, including but not limited to
adenoviruses) pox viruses) iridoviruses) herpes 20 viruses) papovaviruses)
paramyxoviruses, orthomyxoviruses) retroviruses, adenoassociated virus,
vaccinia virus, rotaviruses, etc. (see, e.g., Anderson, Science ( 1992)
256: 808-813); adenoviruses being particularly preferred. The viruses are
preferably recombinant viruses, but can include clinical isolates)
attenuated vaccine strains, and so on. Thus, for example, an exemplary
recombinant adenovirus that can be used in 25 compositions of the invention
is AIC/NI53, which is disclosed in PCT patent application no. WO 95/I 1984.
The formulation of the present invention is particularly well suited for
stabilizing a recombinant virus, such as a live recombinant adenovirus (or
"viral vector"), for therapeutic use in gene therapy. For instance, the
virus used in the 30 present invention can comprise a tumor suppressor
gene, such as a wild-type p53 gene or an Rb gene (e.g., p110RB or p56 RB),
and with transgenes such as wild-type p53 inserted in a viral vector, the
composition of the present invention can be used as a pharrnaceutical
composition for treatment of cancer. In this regard) the formulations of
the present invention have a remarkable 35 ability to maintain the
viability of live virus, in particular a viral vector into which a
nucleotide sequence encoding a transgene such as p53 has been inserted.
This feature allows the virus to maintain its ability to infect target
cells so that the therapeutic protein encoded by the inserted transgene is
adequately produced.   WO 99/41416 -9 5 10 15 20 With specific regard to
p53 and its uses, it is noted that mutation of the p53 gene is the most
common genetic alteration in human cancers (Bartek ( 1991 Oncogene, 6:
1699-1703, Hollstein (1991) Science, 253: 49-53). Introduction of wild-type
p53 in mammalian cancer cells lacking endogenous wild-type p53 protein
suppresses the neoplastic phenotype of those cells {see) e.g., U.S. Patent
5,532,220). In the examples below, the virus is a live recombinant
adenovirus containing wild-type p53 gene. The particular viral vector
construct used in these examples is referred to herein as "A/C/N/53".
A/C/N/53 (also referred to as "ACN53") is a particularly preferred viral
vector construct described in copending application U S S N 08/328,673
filed on October 25, 1994, and in WO 95l11984 {May 4, 1995)) expressly
incorporated herein by reference. 1 3 ~Uu 2002 PCTlUS99101873 A
representative formula for preferred embodiments of the present invention
that contain Polysorbate 80 is set forth below: Active Substance Buffer
hpresentative Formula A/C/N/53 1X109tO1X1U~z particles/mL 0.5 to 10 mg/mL
0.5 to 10 mglmL 5 to 25 mg/mL 20 to 200 mg/mL 0.1 to 1 mg/mL 0.03 to 0.3
mg/mL 1 mL Sodium Phosphate Monobasic Tromethamine Stabilizer/tonicity
agent Sucrose Stabilizers Glycerol Magnesium Chloride Polysorbate 80
Solvent Water for Injection q.s. ad (The compositions are typically stored
in 1.0 mL dosages. "q.s. ad" m the formula above means adding sufficient
solvent to reach the 1 mL total volume). 



25   ~ 3 ~u~ 2002 WO 99I41416 - 10 PCT/'US99/01873 5 Four particularly
preferred embodiments are set forth below. (Polysorbatc 80 is present in
Examples 1 and 2) but absent m Examples 3 and 4). ExamQle 1 Example
A/C/N/53 7.5 x 10  7. ~ x 10 particles/mL particles/mL Sodium Phosphate
Monobasic Dihydrate 1.7 mglmL Tromethamine , 1.7 mg/mL Magnesium Chloride
Hexahydrate 0.4 mg/mL Sucrose 20 mg/mL Polysorbate 80 0.15 mg/mL Glycerol
100 mg/mL Water for Injection q.s. ad ImL pH 7.4 to 7.8 10 1.7 mglmL I .7
mg/mL 0.4 mg/mL 20 mg/mL 0.15 mg/mL 100 mglmL 1mL 7.4 to 7.8 EXamDle 3
Example 4 A/C/N/53 7.5 x 10 t ~ 7.5 x 10 ~ o particles/mL particles/mL
Sodium Phosphate Monobasic Dihydrate 1.7 mg/mL Tromethamine 1.7 mg/mL
Magnesium Chloride Hexahydrate 0.4 mg/mL Sucrose 20 mg/mL Glycerol 100
mglmL Water for Injection q.s. ad 1mL pH 7.4 to 7.9 1.7 mglmL 1.7 mg/mL 0.4
mg/mL 20 mg/mL 100 mg/mL ImL 7.3 to 7.8 The following ingredients: sodium
phosphate monobasic dihydrate, tromethamine) magnesium chloride
hexahydrate, sucrose, and glycerol 15 can all be obtained from, e.g., EM
Industries, INC., 7 Skyline Drive, Hawthorne, New York I0532. Polysorbate
80 is available from) e.g.) ICI Americas, lnc., Wilmington Delaware, 19897.
~ 3 ~! ~s zooa WO 99/414l6 PCT/US99I01873 5 Compositions of the present
invention can be prepared during purification of the virus in a gel
filtration chromatography column by combining the ingredients (excluding
Polysorbate-80) at the desired concentrations in the gel filtration column
(With regard to gel filtration methods, reference can be made, e. g. , to
Section V below). Then, if it is desired to dilute the concentration of the
virus, or to incorporate 10 Polysorbate-80) then diluents can be prepared
by standard techniques. An illustratwe example is set forth below: Charge
and dissolve sodium phosphate monobasic dihydrate) tromethamine) sucrose)
magnesium chloride hexahydrate and glycerol in approximately 75% of batch
volume of water for injection at room temperature in a stainless steel
vessel equipped 15 with agitator. Bring the batch of the resulting diluent
to final volume with water for injection. Check the pH. Calculate the
required volume of A/C/N/53 (adenovirus with wild-type p53 as a transgene)
Drug Substance in Suspension and the required volume of diluent to make
A/C/N/53 Injection. If the final A/C/N/53 Injection . will contain
Polysorbate 80, prepare a stock solution that contains 10% excess
Polysorbate 80 in 20 diluent. Charge the calculated amounts of A/C/N/53
Drug Substance in Suspension and diluent into a stainless steel container
and mix. Charge the Polysorbate 80 solution, prior to adding all of the
Diluent) based upon 10% of the total A/CIN/53 Injection batch volume if
required. Aseptically filter the suspension through a sterilized filter
(0.22 lute or equivalent). Test the filter integrity after filtration.
Collect 25 and fill the sterilized suspension into vials having the
appropriate volume. Stopper and seal the vials. Stability data for Examples
1, 2, 3, and 4 are set forth, respectively, in Tables 1) 2) 3) and 4 below.
In the Tables below) the antiproliferation assay is a bioassay used to
measure 30 the product's ability to suppress cancer cells and is based
generally on procedures used by Wills, et al., 1994, Human Gene Therapy,
5:1079-1088. The numbers listed indicate activity whereas the control has
no activity. The "Plaque Assay" measures virus particles in culture by
scoring the number of viral plaques as a function of dilution and is based
generally on procedures 35 described in Graham, F.L., and Prevec, L.,
Methods in Molecular Biology, vol. 7.Gene Transfer and Expression
Protocols, E.J. Murray, ed. (Humans Press Inc., Clifton NJ) pp. 109-128 (
l991 ); see also Graham) F.L., Smiley, J.) Russel, W . C., and Naim R., J.
Gen. Virol. vol. 36) pp 59-74 ( l977).   1 3 AUu 20'J2 WO 99I41416 - 12
PC'T/US99/01873 5 The "FACS" assay shows the ability of the virus to infect
cells, and these measurements are based generally on methods described In)
e. g. , International Patent Application PCT/CTS97/11865 (WO 98/0l582)
published January 15, 1998). In the next column to the right) the numbers
presented under the heading "Concentration" represent the concentration of
the total number of virus particles. Finally, the numbers 10 under the
heading "Particle/FACS ratio" represent the ratio of the total number of
virus particles as compared to the number of infectious virus particles)
thus indicating the relative potency of the virus preparation. The data
under the heading "UV" indicate the aggregation of the virus particles as
shown by the UV absorbance ratio for the wavelengths A32p/A26p as an
Indication 15 of light scatter. Basically, the absorbance at 320 nanometer
wavelength measures the amount of light scatter) whereas the absorbance at
260 nanometer waveleng correlates with amount of DNA. The temperatures
listed in the second column of the tables under "condition" represent the
storage temperature. The physiological assays are performed at 37C and 



20 the pH in the last column is measured at room temperature, approximately
25C. Table 1 Stability Data on Example 1
StabeletyConduwnAnuprohferattonPlaqueFACSConcentrationUVAssayAssayFAGSTime~
CxlQSx108x1010x1011RatioAmdAxnopHSPU/mLPFU/rnl.U/mLpart.lmLeniuai3.35.83.86
7.95210.237.531 week254.9102.278.06360.247.532 weeks43.
!6.63.417.84230.237.494 weeks43 4173.917.79200.237.638
weeks45.88.83.387.80230.247.6112 weeks43.9362.247.80350.247.725 months4not
testednot tested1.578.21520.267.606 months4307.62.747 68280.287.589
months43 I193.477.19'210.287.581 1 months4nor testednot testednt6
71-0.29nt12 months42 6100.816.13760.307 62 2rJ 'Retest of 9 month UV
samples. 6.89 x 10" particles/ml At~/Ai~ = 0.28   3 HLJ LCil2 WO 99/41416
-13 5 10 StabihryCondwonAnuprohferanonAssayTtmc'Cx104SPUImLinitial3.31
week2 52 43 weeks42 44 weeks43.28 weeks46 912 weeks45.55 months4ria tested6
months43 39 months4?.31 1 months4not rated fnt)12 months4I 8 Table 2
Stability Data on Example 2
PlaqueFACSConcentrationPan~ciesAssayFACSx107x108x1010RatioPFU/ntLU/mLpan
/rnL4.81 9910.0507 1l.64nd'-6 92.139.79468.42.509.24378.62.608.10318
31.098.6079not testedi .748.0346732.108.2539131.977.5939not
testednt7.48-940.604 9482 ' Not determined due to assay interference "
Retest of 9 month UV samples. 7.37 x 10' parttcles/mL, As_dA~~ = d.24
StabilityCondmonAnuproliferationAssayTtrne'Cx105SPUImLtmttal3.21 week254 42
weeks42.34 weeks42.78 weeks45 912 weeks43.06 months42 49 months42.811
months4not tested (nt)12 months42.2 Table 3 Stability Data on Example 3
PCT/US99/01873 U \. A~o/A:eo PH 0.24 7 36 046 742 0.24 7.5 I 0 22 7 55 0.25
7.54 0.24 7.64 0.27 7.S5 0.23 7.52 0.24* 7.53 0.23 nt 0.26 7.59
PlaqueFACSConcentration.7rtICItSUVAssayFACSx108x1010x1011RatioAs~lA7~PFI.I/
mLU/mLpartJrnL6.32.597.45290.244 31.657 49450.248.03.627.27200.247.64.086
971 70.248.72.697.00260.25150 707.101010.256 42.4S7
12290.2S942.517.0628026ntnt6.71-0.259.80.746 75910.26 P~ 7.G7 ?.68 7.49
7.75 7.82 ?.80 7.76 7.8l nt 7.81   1 3 AJS 2002 WO 99/4141G PCT/US99/01873
- 14 5 10 EXAMPLE 5 Formulation for Example 5: A/C/N/53 (7.5x 10"
ParticleslmL), Tromethamine (TRIS) ( 1.7 mglmL), Sodium Phosphate Monobasic
Dihydrate ( 1.7 mg/mL). Sucrose (20 15 mg/mL), Magnesium Chloride
Hexahydrate (0.4 mglmL), Glycerol ( 100 mglmL), Sodium Chloride (5.8
mg/mL)) Fill Volume = 10 mL. Table 5 Stability Data on Example 5 Table 4
Stablhty Data on Example 4
StabdttyCondmonAnnproLferauonPlaqueFACSConcentranony~iGl~.L
VAssayAssayFACSTtme~Cx10x10xl0gx1010RanoAt,~~':~"PHSPUIrnLPFUImLUImLpan
1mLtntual3.34 72.368.91380 ~:7 371 week252.39 31 408.25590 247 372
weeks42.88 02 168.8041nd'7 374 weeks42.96.6'_'.549.35370.207 638
weeks46.97.22 567.G0300.247.6012 weeks44 48.61.457.20500.237.736 months43
67 I2.857.92280.217.5t;9 months42.9l 11 877.26390.207 6011 months4not
tested (nt)ntnt6.93-0.2'nt12 months42.4220.707.151020.237.61 ' Not
detetzrtmed due to assay tnterfercnce. StatinhtyCondutan
AnnprohferattonAssayTime'C x105SPUImLmetal4.51 month4 8.04 month4 I3.0 FAGS
Concentranon partycle~ UV FACS x1010 x1011 ltatto AttdA:ea PH U/mL part /mL
1.87 7.81 42 0 23 7.80 



1.67 7.83 47 0.Z3 7.80 1.58 7.84 50 0.23 7 70   1 3 ~U~, 2002 WO 99/414I6
PCT/US99/01873 - 15 5 In some cases) particulates have been observed to
form in the formulation during storage at 4C. Analysis of the particulates
by SDS-PAGE suggests that the particulates are composed of minor impurities
(i. e., additional proterns and some immature viral particles), and thus
these particulates do not affect the viability of the 10 formulation.
Nonetheless, in a preferred embodiment to further clarify the formulation
(to prevent possible particulate formation), an optional step of
rrucrofiltration can be carried out to remove any potential particulates
with little loss of viral particles. (When carrying out microfiltration, ~t
should be noted that sufficient microfiltratlon membrane surface area per
filtration volume is critical to avoid loss of virus as the particulate is
15 removed.) In addition, in a preferred embodiment, the present inventors
have found that agitation) such as stirring) can accelerate particulate
formation and is therefore an additional optional step in the clarification
process. Thus, gentle stirring ( e. g . , 20 overnight, 10C) using a
magnetic stirbar) followed by microfiltration was shown to remove the
particulates such that no more particulate would reform upon restirring. It
was also found that cycles of freeze/thaw could promote particulate
formation during restirring. Thus) in another prefenred procedure, one or
more 25 freeze/thaw cycles can optionally be carried out, followed by
stirring, and then microfiltration) for the prevention of particulate
fonmation during storage of the virus final product at refrigeration
temperatures (e.g. 4C).   13 ~i:;?"~ WO 99/4l416 - 16 5 Methods of
Concentrating and Purifying Virus-Containin; Compositions: PCT/US99/01873
The present application also discloses a new method of stably concentrating
an 10 existing virus preparation by employing tangential flow filtration
(hereafter sometimes referred to as "TFF'"), allowing one to readily select
and prepare clinical dosages in a wide range of desired concentrations. The
new method of concentrating a virus preparation comprises: 15 (a) adding a
polyhydroxy hydrocarbon to a virus preparation to a final polyhydroxy
hydrocarbon concentration of about 20% or more; and (b) subjecting the
virus preparation to a filtration process wherein the concentration of
virus is increased by applying pressure to the 20 preparation such that
diluent is removed from the virus preparation through a filter while the
virus is retained. The methods of the instant invention are amenable to a
wide range of viruses, including but not limited to adenoviruses, pox
viruses, iridoviruses, herpes viruses) 25 papovaviruses) paramyxoviruses)
orthomyxoviruses) retroviruses) adeno-associated virus, vaccinia virus,
rotaviruses) etc.; adenoviruses being particularly preferred. The viruses
are preferably recombinant viruses) but can include clinical isolates,
attenuated vaccine strains, and so on. The present invention is
particularly useful fo concentrating recombinant viruses carrying a
heterologous transgene for use in gene 30 therapy. Such viruses are
especially wlnerable to potentially destabilizing forces, such as the
additional shear mechanical forces accompanying methods of concentrating
virus preparations. An exemplary recombinant adenovirus that can be
concentrated by the method of the invention is A/C/N/53, which is disclosed
in PCT Patent Application No. WO 95I11984. 35 The filtration process used
to concentrate the virus according to the method of the present invention
can include any filtration process (e.g.) ultrafiltration) where the
concentration of virus is increased by forcing diluent to be passed through
a filter in such a manner that the diluent is removed from the vines
preparation whereas the virus is unable to pass through the filter and
thereby remains, in concentrated form, in the 40 virus preparau on.
Ultrafiltration is described in detail in, e. g. , Microfiltration and   1
3 AUK 2C02 ' WO 99/41416 PCT/US99/01873 _ 17_ 5 Ultrafrltration: Principles
and Applrcations, L. Zeman and A. Zydney (Marcel Dekhar. Inc., New York,
NY, 1996). A particularly preferred filtration process is Tan~enttal Flow
Filtration ("TFF') as described m, e.g. , MILLEPORE catalogue enutled
"Pharmaceutical Process Filtration Catalogue" pp. 177-202 (Bedford,
Massachusetts, 1995/96). Preferred TFF apparatus comprises either a
Pellicon II or Pellicon XL filter 10 system from Millipore Corporation, 80
Ashby Rd., Bedford. Massachusetts (internet address: www.millipore.com)) a
Pellicon XL system being particularly preferred. In a preferred embodiment,
the methods of the present invention are Gamed out at temperatures in a
range from about 2C to 27C. 15 Other concentration processes can be
employed to concentrate virus preparations in accordance with the present
invention. For instance, employment of polyhydroxy hydrocarbon can
advantageously be used to concentrate a virus preparation by
centrifugation. Thus, the present invention also provides a method for
concentrating a virus preparation comprising: 20 (a) centrifuging a
composition which comprises a first layer comprising a polyhydroxy
hydrocarbon in a concentration of 35% to 80% (vlv)) the first layer
overlaid with a second layer comprising a polyhydroxy hydrocarbon in a
concentration of 5% to 30% (v/v), the second layer 25 overlaid with a third
layer comprising virus; and (b) recovering the virus from the first layer.
By way of example) an adenovirus preparation can be concentrated by low
speed centrifugation at 3,200 g using swing bucket rotors of a Beckman
centrifuge. To accomplish this) the virus preparation can be placed into
multiple Sml tubes, each tube 



30 containing 6.25% volume of 70% glycerol in a first layer at the tube
bottom, overlaid with 2.5% volume of 20% glycerol, with the virus
preparation laid on top. The preparation is then centrifuged at 3,200 g at
4C for approximately 16 hours to pellet the concentrated virus into the
glycerol layers and then the newly-concentrated virus preparation is
subsequently recovered from the first layer. Virus concentrated by the 35
procedures described above had good light scattering characteristics and
had suitable mfectivity properties. With regard to the polyhydroxy
hydrocarbon used in the methods of the present invention) a "polyhydroxy
hydrocarbon" means a branched, linear, or cyclic compound substituted with
2 or more (preferably 2 to 6, more preferably 2 to 4) 40 hydroxy groups,
and an effective amount of polyhydroxy hydrocarbon is an amount   WO
99/41416 -18 ~ 3 pus zooz PCT/US99/01873 5 sufficient to stabilize the
virus against potentially destabilizing forces, such as the mechanical
shear forces that occur during the concentration process. Preferably, the
polyhydroxy hydrocarbon in the virus-concentrating methods of the present
invention is present in a minimum concentration of 20%, more preferably
25%. Polyhydroxy hydrocarbons for use in the present invention preferably
are polyhydroxy-substituted 10 alkyl compounds (branched or unbranched))
preferably having 2 to 7 carbon atoms, and can include glycerol) sorbitol
and polypropanol. Glycerol is particularly preferred. The inventors' new
method of increasing virus concentration has the additional advantage of
enhancing processing, e.g.) by eliminating problematic bottlenecks by 15
allowing significantly higher throughput during various processing steps
such as size exclusion chromatography. Thus, in a preferred embodiment, the
method c,. concentrating virus preparations in accordance with present
invention can be applied to methods of purifying viruses where a size
exclusion chromatography step (e.g., gel filtration) is performed
subsequent to anion exchange chromatography. In this 20 embodiment, there
are additional threats to virus stability stemming not only from the
mechanical shear forces needed to concentrate the virus prior to the
rate-limiting size exclusion chromatography step, but also due to the fact
that the virus preparation eluted from the anion exchange chromatography
step typically contains high levels of salts and other Impurities that
further compromise virus stability. Thus) in a 25 particularly preferred
embodiment, the present invention provides a method of purifying a virus
preparation comprising: (a) subjecting the virus preparation to
anion-exchange chromatography, wherein the virus is eluted as a virus
preparation 30 product from an anion-exchange chromatographic medium; (b)
adding a polyhydroxy hydrocarbon to the virus preparation product of step
(a) so that the concentration of polyhydroxy hydrocarbon in the preparation
reaches a final concentration of about 25% or more; 35 and (c) increasing
the concentration of virus in the virus preparation product of step (b) by
applying pressure to the preparation such that diluent is removed from the
virus preparation through a filter while 40 the virus is retained; and   1
3 ~Uu 200? WO 99I41416 - 19 PCT/US99/01873 5 (d) subjecting the
concentrated virus preparation product of step (c ) to one or more
additional processing steps. In the preferred embodiment set forth above in
connection with anion exchange 10 chromatography, the minimum level of
glycerol is 25% (rather than the 20% minimum level in general applications
of the concentration methods of the present invention) because this
patvcular application must take into account the additional threat to
stability posed by the high salt concentrations in the product eluted from
the anion exchange column. The addition of 25% glycerol (preferably 30%)
results in stability of 15 the salt-containing DEAF pool for >10 days at,
e.g., 4C; therefore subsequent steps of virus concentration and/or gel
filtration can be performed on separate days with substantial flexibility
across a 10 day period. As will be appreciated, the employment of
polyhydroxy hydrocarbon in the higher concentration of 25% or more can also
be used in methods of the present invention when the virus preparation
contains high salt 20 content due to other processing conditions. V.
>~XAMPLES OF METHODS OF THE PRESENT INVENTION 25 The following examples
illustrate preferred embodiments of the present invention; the scope of the
invention is not to be construed as limited thereby. Brief Overview - A
concentrated batch starts with frozen crude viral materials originating
from fermentation recovery. In one embodiment) the adenovirus 30 product is
first purified by anion exchange chromatography. Then) prior to loading the
preparation onto a size exclusion column, the anion exchange pool can be
concentrated by tangential flow filtration (T'FF) in the presence of 30!o
(v/v) glycerol. Alternatively, in another embodiment) the TFF concentration
step can be carried out in the presence of 20% (v1v) or more (preferably
25%) glycerol after size exclusion 35 chromatography.  Preparation of
Starting Materials by Anion-Eachaxige Chromatography Prior to TFF 40 In a
preferred embodiment, an adenovirus anion exchange pool is prepared for
concentration as follows. Frozen viral material from fermentation and
recovery steps   1 3 AUu 2002 WO 99/4l416 -20 PCT/US99/018 i3 5 is thawed
and filtered through a 0.45 pm hydrophilic membrane. The salt concentration
of the filtrate is adjusted by adding 4M sodium chloride. This feed
solution is then applied to a Fractogel EMD DEAE-650M column
pre-equilibrated with 50 mM sodium phosphate pH 7.5, 260 mM sodium
chloride) 2 mNl magnesium chloride, 2% (w/v) sucrose (Buffer A). The
adenovirus binds to the anion exchange 10 resin, whereas the majority of
media and host cell impurities pass through the column ending up in the
spent charge. The column is initially washed with 4 volumes of buffer A
followed by a second isocratic wash of 8 bed volumes of 94% buffer A and 6%
buffer B (50 mM sodium phosphate pH 7.5, 600 mM sodium chloride, 2 mM
magnesium chloride) 2% (w/v) sucrose) to remove additional impurities. The
virus is 



15 eluted from the column with a 30 bed volume linear gradient from 6% to
100%n buffer B. The Adenovirus peak of the elution profile as determined by
A2go i~ collected. Then glycerol is added to the DEAE pool at a final
concentration of 30% (v/v) for further processing. 20  Concentration of
DEAE Pool Using T~ential Flow FYttration The DEAF pool (prepared in
accordance with the above description) is 25 concentrated to 10- to 20-fold
by using a Millipore TFF unit (Pellicon XL System) with 1 million molecular
weight cut-off Biomax membranes. The process is carried out either at 2-10C
or room temperature (25C). The following filtration parameters are used in
this procedure: average inlet pressure = 14 psi; average permeate pressure
= o psi; average flux rate = 13 liters/hour-square meter. The final
concentration e` 30 adenovirus achieves approximately 1.0-2.0 x 10t 3
particles per ml. Based on the Resource Q-HPLC and UV absorbance (A26o)
analysis) the recovery of concentration step is >80Jo with no significant
aggregation (light scattering assay by A32o1A2~). 35  Buffer Ezchange by
Size Eaclnsion Chmmato~ra>ah~ (Gel Fllttationl The concentrated adenovirus
preparation is applied to a Superdex-200 size exclusion column
pre-equilibrated with 20 mM sodium phosphate pH 8.0, 100 mM 40 sodium
chloride) 2 mM magnesium chloride, 2% (wlv) sucrose, IO% glycerol (Buffer
C) or 11 mM sodium phosphate, 14 mM Tris) 2 mM magnesium chloride, 2% (w/v)
sucrose, 10% glycerol, pH 7.8 (Buffer D). The column is eluted with
equilibration   13 AUo 2~~2 WO 99I41416 PC'T/US99/a1873 _71 _ 5 buffer. The
Adenovtrus peak of the elution profile as deterrtuned by A2go !s collected
and pooled. The concentrated adenovirus preparation is filtered through a
0.2 ~tm hydrophilic Durapore membrane (Stericup, Millipore) at 2 to 10C,
and can be stored at -80C, or at higher temperatures (such as 2 to 10 C).
10  Concentration of Superdea-2O0 Pool Using Tantentisl Flow Filtration As
discussed above, a preferred embodiment of the present mvent~on involves 15
concentrating the virus after anion exchange chromatography) but before gel
filtration. However, in another embodiment, the disclosed methods of
concentrating virus preparations can also be used after the gel filtration
step (even if no virus concentration step was employed in between the anion
exchange step and the gel filtration step). In this case, the filtration
parameters are the same as those for concentration of a DEAF 20 pool,
except that the polyhydroxy hydrocarbon (e.g., glycerol) can be added to
the Superdex-200 pool at a final concentration as low as 20% (v/v) since it
is no longer necessary to deal with the high salt concentrations in the
DEAF pool. In this regard, it should be noted that in cases where the
addition of polyhydroxy hydrocarbon is postponed until after gel
filtration, the DEAF pool should be applied inurtediately to the 25 gel
filtration column (due to the wlnerability of the DEAF pool - with its high
salt concentration). Thus, it can be seen that an additional advantage of
adding polyhydroxy hydrocarbon to the DEAF pool (in accordance with the
present invention) is increased flexibility in terms of the time interval
and storage options during the period of time between anion-exchange
chromatography and subsequent processing. 30 The methods of concentrating
virus preparations can be applied in connection with a variety of
purification methods. For additional information on purification methods,
reference can be made, e. g. , to Huyghe et al., Human Gene Theranv) Vol.
6, pp. 1403-1416 (1995) and U.S. Patent Application Serial No. 08I989,227)
35 expressly incorporated herein by reference. VI. STABILITY DATA FOR
METHODS OF CONCENTRATING VIRUS PREPARAT10NS USING TANGENTIAL, FLOW
FILTRATION 40 As shown by the experimental data below, the methods of the
present invention allow for greatly enhanced virus stability, despite the
mechanical shear   1 3 All; 2002 WO 99I41416 PCT/US99/01873 5 forces of
concentrating the virus, and despite harsh condlttons such as high salt
levels in a DEAF pool. Thus, methods of the present invention allow for)
inter aha, 10 15 20 25 30 35 40 45 50 ( 1 ) ready preparation of clinical
dosages at any desued concentration (even when starting with material
having a lower concentration), (2) enhancement of processing (e.g.) by
allowing significantly higher throughput dunng size exclusion
chromatography), and (3) stability of the salt-containing DEAE pool for >
10 days at 210C (thus allowing for subsequent steps of virus concentration
and/or gel filtration to be performed on separate days with substantial
flexibility across a 10 day period. A. Concentratin; Virus Subsequent to
DEAF Chromato~ra~hv In the following three examples, stable concentrations
of adenovirus were prepared by concentrating DEAE Pools in 30% glycerol (in
accordance with the methods of the present invention). The preparations
were then subjected to further purification by Superdex-200 gel filtration
chromatography to obtain the final formulation for testing. Example D-1
Final Formulation: 20 mM NaPi, 100 mM NaCI. 2 mM MgCl2, 2% sucrose) 10%
glycerol, pH 8 at 2-10C. Results: Particles/FACS = 24 Light Scattering
(A320/A260) = 0.22 Conc. = 1.6 x IOt3 particles/ml Example D-2 



Final Formulation: 14 mM Tris base, 11 mM NaPi) 2 mM MgCl2, 2% sucrose, 10%
glycerol, pH 7.8 at 2-10C. Results: ParticlesIFACS = 17 Light Scattering
(A320/A260) = 0.25 Conc. = 1.5 x 103 particles/ml Example D-3 Final
Formulation: 20 mM NaPi) 100 mM NaCI, 2 mM MgCl2, 2% sucrose, 10% glycerol,
pH 8 at 2-10C.. Results: Particles/FACS = 24 Light Scattering (A320/A260) =
0.25 Conc. = 1.3 x 10t3 particles/ml.   1 3 AU< <G~0? WO 99I41416
PCT/US99/01873 -23 5 B. Concentrating Virus Subsequent to Gel Filtration 10
Example S-1 In the following example, the virus preparation was
concentrated in 209c glycerol subsequent to gel filtration. 15 Final
Formulation: 16 mM NaPi, 80 mM NaCl, 1.6 mM MgCl2, 1.6% sucrose, 20%
glycerol, pH 8 at 2-10C. Results: ParticlesIFACS = 72; Light Scattering
(A320/A260) = 0.26 20 Conc. = 1.66 x 103 particles/ml All publications,
patents and patent applications cited herein are incorporated in 25 their
entirety by reference to the same extent as if each individual publication,
patent or patent application was specifically and individually indicated to
be incorporated by reference. Modifications and variations of this
invention will be apparent to those skilled 30 in the ari. The specific
embodiments described herein are offered by way of example only, and the
invention is not to be construed as linuted thereby.   1~3 AUu 200Z z~ What
is claimed is: 1. A method for concentrating a virus preparation
comprising: (a) adding a polyhydroxy hydrocarbon to a virus preparation to
a final polyhydroxy hydrocarbon concentration of about 20% or more; and (b)
subjecting the virus preparation to a filtration process wherein the
concentration of virus is increased by applying pressure to the preparation
such that diluent is removed from the virus preparation through a filter
while the virus is retained. 2. the method of claim 1 wherein the
filtration process comprises ultrafiltration. 3. The method of claim 1
wherein the filtration process comprises tangernial flow filtrati on. 4. A
method of purifying a virus preparation comprising: (a) subjecting the
virus preparation to anion-exchange chromatography, wherein the virus is
eluted as a .virus preparation product from an anionexchange
chromatographic medium; (b) adding a polyhydroxy hydrocarbon to the virus
preparation product of step (a) so that the concentration of polyhydroxy
hydrocarbon in the preparation reaches a level of about 25% or more; and
(c) increasing the concentration of vine in the virus preparation product
of step (b) by applying pressure to the preparation such that dsluent is
removed from the virus preparation through a filter while the virus is
retained; and (d) subjecting the concentrated virus preparation product of
step (c) to one or more additional processing steps. S. The method of claim
1 wherein the virus is a recombinant virus. 6. The method of claim 1
wherein the virus is a recombinant virus carrying a therapeutic transgene
for use in gene therapy. 7. The method of claim 4 wherein an additional
processing step comprises size exclusion chromatography.   1 3 AUu 2C02 25
8. ?he method of claim 4 wherein the process of step (c) comprises
tangential flow filtration. 9. The method of claim 8 wherein the process of
step (c) is carried out using an apparatus comprising a Pellicon XL
filtration system. 10. A virus preparation concentrated by the method of
claim 1. 11. A virus preparation purified by the method of claim 4. 12. A
method for concentrating a virus preparation comprising: low speed
centrifugation of a composition which comprises a first layer comprising a
polyhydmxy hydrocarbon in a concentration of 35% to 80% (v/v), the first
layer overlaid with a second layer comprising a polyhydroxy hydrocarbon in
a concentration of 5% to 30% (vlv), the second layer overlaid with a third
layer comprising virus; and 



(b) recovering the virus fzom the first layer.
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