
PROCESS FOR PREPARING ATAZANAVIR BISULFATE AND NOVEL
FORMS REFERENCE TO OTHER APPLICATIONS The present
application takes priority from U.S. provisional
application Nos. 60/568,043, filed May 4, 2004, and
60/607,533, filed September 7, 2004, the disclosures
of which are incorporated herein by reference. FIELD
OF THE INVENTION The present invention relates to a
process for preparing the HIV protease inhibitor
atazanavir bisulfate and novel forms thereof.
BACKGROUND OF THE INVENTION U.S. Patent No. 5,849,91 1
to Fassler et al. discloses a series of azapeptide HIV
protease inhibitors (which includes atazanavir) which
have the structure wherein Ri is lower alkoxycarbonyl,
R2 is secondary or tertiary lower alkyl or lower
alkylthio-lower alkyl, R3 is phenyl that is
unsubstituted or substituted by one or more lower
alkoxy radicals, or C4-C cycloalkyl, R4 is phenyl or
cyclohexyl each substituted in the 4-position by
unsaturated heterocyclyl that is bonded by way of a
ring carbon atom, has from 5 to 8 ring atoms, contains
from 1to 4 hetero atoms selected from nitrogen,
oxygen, sulfur, sulfinyl (-SO-) and sulfonyl (-SO 2- )
and is unsubstituted or substituted by lower alkyl or
by phenyl-lower alkyl, R5, independently of R2, has
one of the meanings mentioned for R2, andR ,
independently of Ri, is lower alkoxycarbonyl, or a
salt thereof, provided that at least one salt-forming
group is present which includes various
pharmaceutically acceptable acid addition salts
thereof. Several methods for preparing the azapeptides
are provided including preparation of a compound where
Ri and R , and R2 and R5 are in each case two
identical radicals, wherein a diamino compound of the
structure (a) OH r R H 2 A H2 is condensed with an
acid of the structure (b) or with a reactive acid
derivative thereof, wherein Ri and R2 are as defined
for Ri and R6 and for R2 and R5, respectively. In
forming atazanavir employing the above method the
diamino compound (a) which will have the structure 



is prepared by coupling the epoxidewith a
hyrazinocarbamate in the presence of isopropyl alcohol
to form the protected diamine which is treated with
hydrochloric acid in the presence a solvent such as
tetrahydrofuran to form the diamine (a) The diamine is
isolated and used in the next coupling step where it
is reacted with an acid (b) or a reactive ester
thereof employing a coupling agent such as
O-(l,2-dihydro-2-oxo- 1-pyridyl)-N,N,N ' ,N'
-tetramethyluronium-tetrafluoro-borate (TPTU). It has
been found that the diamine free base is unstable and
therefore undesirable for use in preparing the free
base of atazanavir. U.S. Patent No. 6,087,383 to Singh
et al. discloses the bisulfate salt of the azapeptide
HTV protease inhibitor known as atazanavir which has
the structure(also referred to as atazanavir bisulfate
or atazanavir sulfate). Example 3 of Singh et al.
describes the preparation of atazanavir bisulfate in
the form of Type-II crystals which are a hydrated
hygroscopic and crystalline form and Type-I crystals
which appear to be an anhydrous/desolvated crystalline
form. BRIEF DESCRIPTION OF THE INVENTION In accordance
with the present invention, novel forms of atazanavir
bisulfate are provided which includes Pattern C
material and Form E3. Pattern C material is preferred.
In addition, in accordance with the present invention,
a process is provided for preparing atazanavir
bisulfate in the form of Form A crystals (bulk drug)
(which are referred to as Type I crystals in Example 3
of U.S. Patent No. 6,087,383 to Singh et al). The Form
A crystals prepared by the process of the invention
have a desired substantially consistent particle size
distribution and substantially consistent mean
particle size, and are employed in the conversion to
Pattern C material, a partially crystalline material,
which is formulated with various excipients to prepare
the drug product. The process of the invention for
preparing Form A crystals of atazanavir bisulfate salt
employs a modified cubic crystallization technique
wherein sulfuric acid is added at an increasing rate
according to a cubic equation (as described
hereinafter), and includes the steps of reacting a
solution of atazanavir free base in an organic solvent
(in which the atazanavir bisulfate salt is
substantially insoluble) with a first portion of
concentrated sulfuric acid in an amount to react with
less than about 15%, preferably less than about 12%,
by weight of the atazanavir free base, adding seeds of
- 4 -atazanavir bisulfate Form A crystals to the
reaction mixture, and as crystals of atazanavir
bisulfate form, adding additional concentrated
sulfuric acid in multiple stages at increasing rates
according to a cubic equation to effect formation of
Form A crystals. In addition, in accordance with the
present invention, a process is provided for 



preparing a form of atazanavir which is derived from
and includes atazanavir bisulfate, and which is
referred to as Pattern C material. Pattern C may be
produced by suspending crystals of Form A in water and
drying. Alternatively, Pattern C material may be
formed by subjecting crystals of Form A to high
relative humidity of greater than about 95% RH (water
vapor) for at least 24 hours. Pattern C material may
also be formed by wet granulating the atazanavir
bisulfate or a combination of atazanavir bisulfate and
excipients and drying the wet granulation. In a
preferred embodiment, Form A crystals are mixed with
formulating excipients such as one or more bulking
agents, for example lactose, one or more
disintegrants, such as crospovidone, and wet
granulated to directly form Pattern C material in
admixture with the excipients. Further in accordance
with the present invention, a new form of atazanavir
bisulfate is provided, namely, Form E3 which is a
highly crystalline form of the triethanolate solvate
of atazanavir bisulfate. Form E3 is prepared by
slurrying atazanavir free base in ethanol, treating
the slurry with concentrated sulfuric acid, heating
and seeding the resulting solution with ethanol wet E3
crystals, treating the mixture with heptane (or other
solvent such as toluene or hexane), filtering and
drying. Still further in accordance with the present
invention, a process is provided for preparing Form A
crystals of atazanavir bisulfate which includes the
steps of preparing a triamine salt of the
structure(preferably the HCl (3 moles) salt) and
without isolating the triamine salt, reacting the
triamine salt with an active ester, preferably of the
structure in the presence of a base and organic
solvent to form atazanavir free base which, without
isolating, is converted to the atazanavir bisulfate
via a modified cubic crystallization technique as
described herein. In addition, in accordance with the
present invention, a novel atazanavir bisulfate
composition is provided which includes atazanavir
bisulfate as Form A crystals or Pattern C material,
and a pharmaceutically acceptable carrier therefor.
The pharmaceutically acceptable carrier may include
fillers, binders, disintegrants, lubricants, and other
conventional excipients. The various forms of
atazanavir bisulfate according to the invention may be
characterized using various techniques, the operation
of which are well known to those of ordinary skill in
the art. The forms may be characterized and
distinguished using single crystal X-ray diffraction,
which is based on unit cell measurements of a single
crystal of a form at a fixed analytical temperature. A
detailed description of unit cells is provided in
Stout & Jensen, X-Ray Structure Determination: A
Practical Guide, Macmillan Co., New York (1968),
Chapter 3, which is herein incorporated by reference.
Alternatively, the unique arrangement of atoms in
spatial relation within the crystalline lattice may be
characterized according to the observed fractional
atomic 



coordinates. Another means of characterizing the
crystalline structure is by powderX-ray diffraction
analysis in which the experimental or observed
diffraction profile is compared to a simulated profile
representing pure powder material, both run at the
same analytical temperature, and measurements for the
subject form characterized as a series of 2Qvalues.
Other means of characterizing the form may be used,
such as solid state nuclear magnetic resonance
(SSNMR), differential scanning calorimetry (DSC) and
thermal gravimetric analysis (TGA). These parameters
may also be used in combination to characterize the
subject form. Form A crystals may be characterized by
unit cell parameters substantially equal to the
following: Cell dimensions: a = 9.86(5) A b= 29.245(6)
A c = 8.327(2) A a = 93.56(2) b = 114.77(3) g =
80.49(3) Space group 1 Molecules/asymmetric unit 2
wherein the crystalline form is at about +22C. Form A
may be characterized by fractional atomic coordinates
substantially as listed in Table 3 and the crystal
structure substantially as shown in Figure 2. Form A
may be characterized by simulated and observed powder
X-ray diffraction patterns substantially as shown in
Figure 1. Form A may be characterized by a
differential scanning calorimetry (DSC) thermogram
having an endotherm with peak onset at about 165.6C
substantially as shown in Figure 3.Form A may be
characterized by a thermal gravimetric analysis (TGA)
curve having a negligible weight loss up to about
1000C to 1500C substantially as shown in Figure 4.
Form A may be characterized by the solid-state NMR
(SSNMR) chemical shifts substantially as shown in
Table 4 and by the spectrum substantially as shown in
Figure 5. Form A may be characterized by fractional
atomic coordinates substantially as listed in Table 5.
Form A salt may be characterized by moisture-sorption
isotherms with about 0.1% weight gain in the range
from 25 to 75% RH at 25C. hi one aspect of the present
invention, Pattern C may be characterized by the
observed powder X-ray diffraction pattern
substantially as shown in Figure 5. In a different
aspect of the present invention, Pattern C may be
characterized 



by a differential scanning calorimetry thermogram
substantially as shown in Figure 7 having an endotherm
typically in the range from about 76.7 to about 96.60C
and from about 156.8 to about 165.9C. In a different
aspect of the present invention, Pattern C may be
characterized by a thermal gravimetric analysis curve
having a weight loss of about 2.4% at about 125C and a
weight loss of about 4.4% up to about 1900C
substantially as shown in Figure 8. In accordance with
the present invention, Form E3 may be characterized by
crystallographic data as shown in Table 5,
substantially equal to the following: a = 10.749 A b =
13.450(4) A c 9.250(2) A a = 98.33(2) b = 95.92(3) g =
102.82(3) Space group Pl Molecules/asymmetric unit 1
when the crystalline form is at about -23C.In a
different aspect of the present invention, Form E3 may
be characterized by fractional atomic coordinates
substantially as listed in Table 6. In a different
aspect of the present invention, Form E3 may be
characterized by simulated and observed powder X-ray
diffraction patterns substantially as shown in Figure
9. In a different aspect of the present invention,
Form E3 may be characterized by a differential
scanning calorimetry thermogram having an endotherm
typically within the range from about 89.4 to about
96.60C substantially as shown in Figure 11. In a
different aspect of the present invention, Form E3 may
be characterized by a thermal gravimetric analysis
curve having a weight loss of about 14.7% at about
150C substantially as shown in Table 8. In a different
aspect of the invention, Form E3 may be characterized
by the crystal structure substantially as shown in
Figure 10. BRIEF DESCRIPTION OF THE FIGURES Figure 1
shows calculated (simulated) (22C) and observed
(experimental at room temperature) powder X-ray
diffraction patterns (CuKa l = 1.5418 A) of Form A;
Figure 2 shows the crystal structure of Form A; Figure
3 shows a differential scanning calorimetry (DSC)
thermogram of Form A; Figure 4 shows a thermal
gravimetric analysis curve (TGA) of Form A; Figure 5
shows a C-13 solid state NMR of Form A; 



Figure 6 shows an observed (experimental at room
temperature) powder X-ray diffraction pattern (CuKa l
= 1.5418 A) of Pattern C; Figure 7 shows a
differential scanning calorimetry thermogram of
Pattern C; Figure 8 shows a thermal gravimetric
analysis curve of Pattern C; Figure 9 shows calculated
(simulated) (22C) and observed (experimental at room
temperature) powder X-ray diffraction patterns (CuKa l
= 1.541 8 A) of Form E3;Figure 10 shows the crystal
structure of Form E3; and Figure 11 shows a
differential scanning calorimetry (DSC) thermogram of
Form E3, and a thermal gravimetric analysis curve of
Form E3. DETAILED DESCRIPTION OF THE INVENTION The
present invention provides, at least in part, forms of
atazanavir bisulfate, namely, Form E3 and Pattern C,
as novel materials, in particular in pharmaceutically
acceptable form. The term "pharmaceutically
acceptable", as used herein, refers to those
compounds, materials, compositions, and/or dosage
forms which are, within the scope of sound medical
judgment, suitable for contact with the tissues of
human beings and animals without excessive toxicity,
irritation, allergic response, or other problem
complications commensurate with a reasonable
benefit/risk ratio. In certain preferred embodiments,
crystalline forms of free base I and salts thereof are
in substantially pure form. The term "substantially
pure", as used herein, means a compound having a
purity greater than about 90% including, for example,
about 91%, about 92%, about 93%, about 94%, about 95%,
about 96%, about 97%, about 98%, about 99%, and about
100%. As used herein "polymorph" refers to crystalline
forms having the same chemical composition but
different spatial arrangements of the molecules,
atoms, and/or ions forming the crystal. As used herein
"solvate" refers to a crystalline form of a molecule,
atom, and/or ions that further contains molecules of a
solvent or solvents incorporated into the crystalline
structure. The solvent molecules in the solvate may be
present in a regular arrangement and/or a non-ordered
arrangement. The solvate may contain either a
stoichiometric or nonstoichiometric amount of the
solvent molecules. For example, a solvate with a
nonstoichiometric amount of solvent molecules may
result from partial loss of solvent from the solvate.
Samples of the crystalline forms may be provided with
substantially pure phase homogeneity, indicating the
presence of a dominant amount of a single crystalline
form and optionally minor amounts of one or more other
crystalline forms. The presence of more than one
crystalline form in a sample may be determined by
techniques such as powder X-ray diffraction (PXRD) or
solid state nuclear magneticresonance spectroscopy
(SSNMR). For example, the presence of extra peaks in
the comparison of an experimentally measured PXRD
pattern with a simulated PXRD pattern may indicate
more than one crystalline form in the sample. The
simulated 



PXRD may be calculated from single crystal X-ray data,
see Smith, D.K., A FORTRAN Programfor CalculatingX-Ray
Powder Diffraction Patterns," Lawrence Radiation
Laboratory, Livermore, California, UCRL-7196 (April
1963). Preferably, the crystalline form has
substantially pure phase homogeneity as indicated by
less than 10%, preferably less than 5 %, and more
preferably less than 2 % of the total peak area in the
experimentally measured PXRD pattern arising from the
extra peaks that are absent from the simulated PXRD
pattern. Most preferred is a crystalline form having
substantially pure phase homogeneity with less than 1%
of the total peak area in the experimentally measured
PXRD pattern arising from the extra peaks that are
absent from the simulated PXRD pattern. Procedures for
the preparation of crystalline forms are known in the
art. The crystalline forms may be prepared by a
variety of methods, including for example,
crystallization or recrystallization from a suitable
solvent, sublimation, growth from a melt, solid state
transformation from another phase, crystallization
from a supercritical fluid, and jet spraying.
Techniques for crystallization or recrystallization of
crystalline forms from a solvent mixture include, for
example, evaporation of the solvent, decreasing the
temperature of the solvent mixture, crystal seeding a
supersaturated solvent mixture of the molecule and/or
salt, freeze drying the solvent mixture, and addition
of antisolvents (countersolvents) to the solvent
mixture. Crystals of drugs, including polymorphs,
methods of preparation, and characterization of drug
crystals are discussed in Solid-State Chemistry of
Drugs, S.R. Byrn, R.R. Pfeiffer, and J.G. Stowell, 2nd
Edition, SSCI, West Lafayette, Indiana (1999). For
crystallization techniques that employ solvent, the
choice of solvent or solvents is typically dependent
upon one or more factors, such as solubility of the
compound, crystallization technique, and vapor
pressure of the solvent. Combinations of solvents may
be employed, for example, the compound may be
solubilized into a first solvent to afford a solution,
followed by the addition of an antisolvent to decrease
the solubility of the compound in the solution and to
afford theformation of crystals. An antisolvent is a
solvent in which the compound has low solubility.
Suitable solvents for preparing crystals include polar
and nonpolar solvents. In one method to prepare
crystals, atazanavir bisulfate is suspended and/or
stirred in a suitable solvent to afford a slurry,
which may be heated to promote dissolution. The term
"slurry", as used herein, means a saturated solution
of atazanavir bisulfate or a salt thereof, which may
also contain an additional amount of atazanavir
bisulfate or salt thereof to afford a heterogeneous
mixture of atazanavir bisulfate or salt thereof and a
solvent at a given temperature. Suitable solvents in
this regard include, for example, polar aprotic
solvents, and polar protic solvents, and mixtures of
two or more of these as disclosed herein. 



Seed crystals may be added to any crystallization
mixture to promote crystallization. As will be clear
to the skilled artisan, seeding is used as a means of
controlling growth of a particular crystalline form or
as a means of controlling the particle size
distribution of the crystalline product. Accordingly,
calculation of the amount of seeds needed depends on
the size of the seed available and the desired size of
an average product particle as described, for example,
in "Programmed cooling of batch crystallizers," J.W.
Mullin and J . Nyvlt, Chemical Engineering Science
(1971) 26:369-377. In general, seeds of small size are
needed to effectively control the growth of crystals
in the batch. Seeds of small size may be generated by
sieving, milling, or micronizing of larger crystals,
or by micro-crystallization of solutions. Care should
be taken that milling or micronizing of crystals does
not result in any change in crystalliniry from the
desired crystal form (i.e. change to amorphous or to
another polymorph). A cooled mixture may be filtered
under vacuum, and the isolated solids may be washed
with a suitable solvent, such as cold
recrystallization solvent, and dried under a nitrogen
purge to afford the desired crystalline form. The
isolated solids may be analyzed by a suitable
spectroscopic or analytical technique, such as SSNMR,
DSC, PXRD, or the like, to assure formation of the
preferred crystalline form of the product. The
resulting crystalline form is typically produced in an
amount of greater than about 70 weight % isolated
yield, but preferably greater than 90 weight % based
on the weight of atazanavir bisulfate originally
employed in the crystallizationprocedure. The product
may be comilled or passed through a mesh screen to
delump the product, if necessary. Crystalline forms
may be prepared directly from the reaction medium of
the final process step for preparing atazanavir
bisulfate. This may be achieved, for example, by
employing in the final process step a solvent or
mixture of solvents from which atazanavir bisulfate
may be crystallized. Alternatively, crystalline forms
may be obtained by distillation or solvent addition
techniques. Suitable solvents for this purpose include
any of those solvents described herein, including
protic polar solvents such as alcohols, and aprotic
polar solvents such as ketones. By way of general
guidance, the reaction mixture may be filtered to
remove any undesired impurities, inorganic salts, and
the like, followed by washing with reaction or
crystallization solvent. The resulting solution may be
concentrated to remove excess solvent or gaseous
constituents. If distillation is employed, the
ultimate amount of distillate collected may vary,
depending on process factors including, for example,
vessel size, stirring capability, and the like. By way
of general guidance, the reaction solution may be
distilled to about {fraction (1/10)} the original
volume before solvent replacement is carried out. The
reaction may be sampled and assayed to determine the
extent of the reaction and the wt % product in
accordance with standard process techniques. If
desired, additional reaction solvent may be added 



or removed to optimize reaction concentration.
Preferably, the final concentration is adjusted to
about 50 wt % at which point a slurry typically
results. It may be preferable to add solvents directly
to the reaction vessel without distilling the reaction
mixture. Preferred solvents for this purpose are those
which may ultimately participate in the crystalline
lattice as discussed above in connection with solvent
exchange. Although the final concentration may vary
depending on desired purity, recovery and the like,
the final concentration of free base I in solution is
preferably about 4% to about 7%. The reaction mixture
may be stirred following solvent addition and
simultaneously warmed. By way of illustration, the
reaction mixture may be stirred for about 1 hour while
warming to about 70C. The reaction is preferably
filtered hot and washed with either the reaction
solvent, the solvent added or a combination thereof.
Seed crystals may be added to any crystallization
solution to initiate crystallization.The various forms
described herein may be distinguishable from one
another through the use of various analytical
techniques known to one of ordinary skill in the art.
Such techniques include, but are not limited to, solid
state nuclear magnetic resonance (SSNMR) spectroscopy,
X-ray powder diffraction (PXRD), differential scanning
calorimetry (DSC), and/or thermogravimetric analysis
(TGA). One of ordinary skill in the art will
appreciate that an X-ray diffraction pattern may be
obtained with a measurement error that is dependent
upon the measurement conditions employed h particular,
it is generally known that intensities in a X-ray
diffraction pattern may fluctuate depending upon
measurement conditions employed and the shape or
morphology of the crystal. It should be further
understood that relative intensities may also vary
depending upon experimental conditions and,
accordingly, the exact order of intensity should not
be taken into account. Additionally, a measurement
error of diffraction angle for a conventional X-ray
diffraction pattern is typically about 0.2% or less,
preferably about 0.1% (as discussed hereinafter), and
such degree of measurement error should be taken into
account as pertaining to the aforementioned
diffraction angles. Consequently, it is to be
understood that the crystal forms of the instant
invention are not limited to the crystal forms that
provide X-ray diffraction patterns completely
identical to the X-ray diffraction patterns depicted
in the accompanying Figures disclosed herein. Any
crystal forms that provide X- ray diffraction patterns
substantially identical to those disclosed in the
accompanying Figures fall within the scope of the
present invention. The ability to ascertain
substantial identities of X-ray diffraction patterns
is within the purview of one of ordinary skill in the
art. The term "Form" as used herein with respect to
Form A and Form E3 refers to a homogeneous crystal
structure. The term "Pattern" as used herein with
respect to Pattern C material refers to a
characteristic x-ray diffraction pattern. 



The term "atazanavir bisulfate" as employed herein
refers to atazanavir bisulfate as well as atazanavir
sulfate. In carrying out the process of the invention
for preparing Form A crystals of atazanavir bisulfate
salt, a modified cubic crystallization technique is
employed wherein atazanavir free base is dissolved in
an organic solvent in which the atazanavirbisulfate
salt is substantially insoluble and includes acetone,
a mixture of acetone and N-methyl pyrrolidone,
ethanol, a mixture of ethanol and acetone and the
like, to provide a solution having a concentration of
atazanavir free base within the range from about 6.5
to about 9.7% by weight, preferably from about 6.9 to
about 8.1% by weight atazanavir free base. The
solution of atazanavir free base is heated at a
temperature within the range from about 35 to about
550C, preferably from about 40 to about 500C, and
reacted with an amount of concentrated sulfuric acid
(containing from about 95 to about 100% H2SO4) to
react with less than about 15%, preferably from about
5 to less than about 12%, more preferably from about 8
to about 10% by weight of the total atazanavir free
base. Thus, the starting solution of atazanavir free
base will be initially reacted with less than about
15%, preferably from about 5 to about 12%, by weight
of the total amount of sulfuric acid to be employed.
During the reaction, the reaction mixture is
maintained at a temperature within the range from
about 35 to about 550C, preferably from about 40 to
about 5O0C. The reaction is allowed to continue for a
period from about 12 to about 60 minutes, preferably
from about 15 to about 30 minutes. The reaction
mixture is seeded with crystals of Form A atazanavir
bisulfate employing an amount of seeds within the
range from about 0.1 to about 80% by weight,
preferably from about 3 to about 8% by weight, based
on the weight of atazanavir free base remaining in the
reaction mixture while maintaining the reaction
mixture at a temperature within the range from about
35 to about 550C, preferably from about 40 to about
500C. The reaction is allowed to continue until
crystallization begins. Thereafter, sulfuric acid is
added in multiple stages at an increasing rate
according to the cubic equation as described below to
form atazanavir bisulfate which upon drying produces
Form A crystals. The crystal particle size and
morphology of the atazanavir bisulfate salt formed are
dependent on the addition rate of the sulfuric acid,
which determines the crystallization rate. It has been
found that a modified "cubic" crystallization
technique (acid added at an increasing rate according
to a cubic equation) providesrelatively larger, more
well defined atazanavir bisulfate crystals, along with
a narrower particle size range and fewer fines, than a
constant addition rate crystallization. The slow
initial acid flow rate has been shown to favor crystal
growth over secondary nucleation. Thus, as the surface
area increases with particle size, the seed bed i s
able to accept the increasing acid flow rate without
inducing secondary 



nucleation. The slow initial addition rate allows time
for the crystals to grow larger, increasing the mean
size. The cubic crystallization provides a less
compressible filter cake, which aids in effective cake
deliquoring and washing, a s well a s giving a more
easily dried product with fewer hard lumps than the
constant addition rate crystallized product. The cubic
crystallization method employed i s a temperature
controlled crystallization derived from Mullin,
"Crystallization, 3rd Ed.", 1993, Butterworth-
Heineman, Pubs, and i s defined by the following
simplified equation: [fttiimmee 13 (1) 1 max - (. max
~ p n) x [ttiimmee t,otal J where Tmax Starting
temperature for crystallization T mjn = Ending
temperature for crystallization time = Elapsed time in
crystallization time total = Total crystallization
time. Since the crystallization of atazanavir
bisulfate i s controlled b y the addition rate o f
sulfuric acid, the temperature variable is replaced
with acid volume in Equation (1). In this equation,
the variable representing the minimum volume is
removed. Vtime (2) whereVtime = Volume of sulfuric
acid added during elapsed time period Vtotai = Total
volume of acid representing the 90% charge time =
Elapsed time in crystallization time total Total
crystallization time. Equation (2) is referred to as
"the cubic equation." By controlling the
crystallization rate using this expression, nucleation
is controlled within acceptable limits as the system
maintains a constant low level of supersaturation.
Form A crystals are identified by powder x-ray
diffraction pattern and crystal structure as shown in
Figures 1 and 2, respectively. The Form A crystals of
atazanavir bisulfate or the Pattern C material as well
as Form E3 prepared as described above are the final
atazanavir bisulfate and can be employed as drug
products for administration to patients. In accordance
with the process of the invention, Pattern C material
may be prepared by exposing Form A crystals to water
followed by drying. In another process in accordance
with the present invention, Pattern C material may be
formed by exposing crystals of Form A to high relative
humidity of greater than about 95% RH, preferably from
about 95 to about 100% RH (water vapor), for at 



least 24 hours, preferably from about 24 to about 48
hours. In another embodiment of the invention, Pattern
C material is prepared by wet granulating atazanavir
bisulfate Form A to produce granules of atazanavir
bisulfate and then drying the granules. In carrying
out the wet granulation process, the atazanavir
bisulfate will be granulated in water and dried at a
temperature within the range from about 40 to about
800C, preferably within the range from about 50 to
about 600C. The drying step will be preferably carried
out for at least about 2 hours, up to about 20 hours,
preferably from about 8 to about 10 hours. The Pattern
C material may also be formed by wet granulating
atazanavir bisulfate Form A in the presence of
conventional pharmaceutical excipients, for example,
one or more bulking agents, preferably lactose, one or
more disintegrants,preferably crospovidone, and drying
as described above to form Pattern C material in
admixture with the excipients. It is the Pattern C
material, Form A or Form E3, preferably Pattern C
material, which is formulated for administration in
the treatment of diseases caused by viruses as
described hereinafter. Pattern C material is
characterized by its powder x-ray diffraction pattern
as shown in Figure 3. The Form E3 is prepared by
slurrying atazanavir free base in ethanol, treating
the slurry with concentrated sulfuric acid employing a
molar ratio of acid: free base with the range from
about 1:1 to about 1.1:1, heating the resulting
solution at from about 30 to about 40C, seeding the
solution with ethanol wet E3 crystals of atazanavir
sulfate, treating the mixture with heptane (or other
solvent such as hexane or toluene), filtering, and
drying to yield atazanavir bisulfate Form E3
(triethanol solvate). The seeding step will employ an
amount of seeds to effect formation of E3 crystals,
for example a molar ratio of atazanavir bisulfate E-3
seeds:free base within the range from about 0.02:1 to
about 0.04:1. Form E3 is identified by powder x-ray
diffraction pattern as shown in Figure 7 and crystal
structure as shown in Figure 6. In accordance with the
present invention, the atazanavir in the form of its
free base is prepared by treating a solution of a
protected triamine salt of the structure (where PG
represents a protecting group such as
t-butyloxycarbonyl (Boc) or trifluoroacetyl,
preferably Boc, with an acid, preferably hydrochloric
acid (where Boc is used), or a base (where
trifluoroacetyl is used) in the presence of an organic
solvent such as methylene chloride, tetrahydrofuran,
or methanol, which solvent is preferablymethylene
chloride, at a temperature within the range from about
25 to about 500C, preferably from about 30 to about
400C5 to form the triamine acid salt, preferably the
hydrogen chloride salt of the structure and without
isolating the triamine acid salt, reacting the
triamine acid salt with an 



active ester of an acid of the structure preferably
the active ester of the structure in the presence of a
base such as K2HPO4, diisopropylethylamine,
Nmethylmorpholine, sodium carbonate, or potassium
carbonate, preferably K2HPO4, in the presence of an
organic solvent such as methylene chloride, a mixture
of ethyl acetate and butyl acetate, acetonitrile or
ethyl acetate, preferably methylene chloride, at a
temperature within the range from about 25 to about
500C, preferably from about 30 to about 4O0C to form
atazanavir free base. The protected triamine starting
material is prepared by reacting the epoxidewhere PG
is preferably Boc such as
N-(tert-butyloxycarbonyl)-2(S)-amino-l-phenyl-
3(R)-3,4-epoxy-butane, with the hydrazine carbamate
where PG is preferably Boc in the presence of
isopropyl alcohol or other alcohol such as ethanol or
butanol. Atazanavir bisulfate is useful for
administration to a warm-blooded animal, especially a
human being, for the treatment or prevention of a
disease that is responsive to inhibition of a
retroviral protease, especially a retroviral aspartate
protease, such as HIV-I or HFV-II gag protease, for
example a retroviral disease, such as ADDS or its
preliminary stages. Atazanavir bisulfate, especially
Pattern C material, Form A or Form E3, preferably
Pattern C material or Form A, may be used in a method
of treating diseases caused by viruses, especially by
retroviruses, especially AIDS or its preliminary
stages, wherein a therapeutically effective amount of
atazanavir bisulfate Pattern C material, Form A or
Form E3 is administered in a dose that is effective in
the treatment of said disease especially to a
warm-blooded animal, for example a human being, who on
account of one of the mentioned diseases, especially
AIDS or its preliminary stages, requires such
treatment. The preferred dose to be administered to
warm-blooded animals, for example human beings of
approximately 70 kg body weight, is from about 3 mg to
about 1.5 g, preferably from about 10 mg to about 1.25
g, for example from about 50 mg to about 600 mg per
person per day, divided preferably into 1 to 4 single
doses which may, for example, be of the same size.
Usually, children receive half of the adult dose. It
is preferably administered orally. Atazanavir
bisulfate Pattern C material, Form A or Form E3 is
employed for the above described pharmaceutical uses.
Suitable compositions containing Pattern C material or
Form A or Form E3 for oral administration include
tablets, powders, capsules, and elixirs. About 10 to
600 mg of active ingredient is compounded with
physiologically acceptable vehicle, carrier,
excipient, binder, preservative, stabilizer,
flavoring, etc., in a unit dose form as called for by
accepted pharmaceutical practice.Pharmaceutical
compositions for oral administration can be obtained
by combining the active ingredient with solid
carriers, if desired granulating a resulting mixture,
and processing the mixture, if desired or necessary,
after the addition of appropriate excipients, into
tablets, dragee cores, capsules or powders for oral
use. It 



is also possible for the active ingredients to be
incorporated into plastic carriers that allow the
active ingredients to diffuse or be released in
measured amounts. The bulking agents or fillers will
be present in the pharmaceutical compositions of the
invention in an amount within the range from about 0
to about 95% by weight and preferably from about 10 to
about 85% by weight of the composition. Examples of
bulking agents or fillers suitable for use herein
include, but are not limited to, cellulose derivatives
such as microcrystalline cellulose or wood cellulose,
lactose, sucrose, starch, pregelatinized starch,
dextrose, mannitol, fructose, xylitol, sorbitol, corn
starch, modified corn starch, inorganic salts such as
calcium carbonate, calcium phosphate, dicalcium
phosphate, calcium sulfate, dextrin/dextrates,
maltodextrin, compressible sugars, and other known
bulking agents or fillers, and/or mixtures of two or
more thereof, preferably lactose. A binder will be
optionally present in the pharmaceutical compositions
of the invention in an amount within the range from
about 0 to about 20% weight, preferably from about 1
to about 10% by weight of the composition. Examples of
binders suitable for use herein include, but are not
limited to, hydroxypropyl cellulose, corn starch,
pregelatinized starch, modified corn starch, polyvinyl
pyrrolidone (PVP) (molecular weight ranging from about
5,000 to about 80,000, preferably about 40,000),
hydroxypropylmethyl cellulose (HPMC), lactose, gum
acacia, ethyl cellulose, cellulose acetate, as well as
a wax binder such as carnauba wax, paraffin,
spermaceti, polyethylenes or microcrystalline wax, as
well as other conventional binding agent and/or
mixtures by two or more thereof, preferably
hydroxypropyl cellulose. The disintegrant will be
optionally present in the pharmaceutical composition
of the invention in an amount within the range from
about 0 to about 20% by weight, preferably from about
0.25 to about 15% by weight of the composition.
Examples of disintegrants suitable for use herein
include, but are not limited to, croscarmellose
sodium, crospovidone, potato starch, pregelatinized
starch, corn starch, sodium starchglycolate,
microcrystalline cellulose, or other known
disintegrant, preferably croscarmellose sodium. The
lubricant will be optionally present in the
pharmaceutical composition of the invention in an
amount within the range from about 0.1 to about 4% by
weight, preferably from about 0.2 to about 2% by
weight of the composition. Examples of tableting
lubricants suitable for use herein include, but are
not limited to, magnesium stearate, zinc stearate,
calcium stearate, talc, carnauba wax, stearic acid,
palmitic acid, sodium stearyl fumarate or hydrogenated
vegetable oils and fats, or other known tableting
lubricants, and/or mixtures of two or more thereof,
preferably magnesium stearate. Capsules are hard
gelatin capsules and also soft, sealed capsules made
of gelatin and a plasticizer, such as glycerol or
sorbitol. The hard gelatin capsules may include the
active ingredient in the form of granules, for example
with fillers, such as 



lactose, binders, such as starches, crospovidone
and/or glidants, such as talc or magnesium stearate,
and if desired with stabilizers. In soft gelatin
capsules the active ingredient is preferably dissolved
or suspended in suitable oily excipients, such as
fatty oils, paraffin oil or liquid polyethylene
glycols, it likewise being possible for stabilizers
and/or antibacterial agents to be added. The following
examples represent preferred embodiments of the
invention.EXAMPLE 1
l-I4-(Pyridin-2-yI)phenyIJ-5(S)-2,5-bis{[N-(methoxycar
bonyI)-L-tertleucinyl]
amino}-4-(S)-hydroxy-6-phenyl-2-azahexane, Bisulfate
salt (Form A) (Atazanavir bisulfate - Form A) A.
(l-[4-(Pyridin-2-yl)phenyI]-5(S)-2,5-bis[tert-butyloxy
carbonyl)amino]-4(S)-
hydroxy-6-phenyl-2-azahexane.3HCI (Triamine.3HCl
Salt)) To a 1000 mL, 3-neck, round-bottom flask fitted
with mechanical stirrer, nitrogen inlet and
temperature probe was added the protected triamine
l-[4-(pyridin-
2-yl)phenyl]-5(S)-2,5-bis[tert-butyloxycarbonyl)amino]
-4(S)-hydroxy-6-phenyl-2- azahexane ( 100 g, 0.178
mol), and CH2Cl2 (500 mL; 5 mL/g of protected triamine
input) (prepared as described in Z. Xu et al., Process
Research and Development for an Efficient Synthesis of
the HIV Protease Inhibitor BMS-232,632, Organic
Process Research and Development, 6, 323-328 (2002))
and the resulting slurry was agitated while
maintaining the temperature at from about 5 to about
22C. Concentrated hydrochloric acid (68 mL, 0.82 mole,
4.6 eq.) was added to the reaction mixture at a rate
such that the temperature of the reaction mixture
remainedbetween 5 and 3O0C. The reaction mixture was
heated to 30 to 40C and agitated until the reaction
was judged complete by HPLC assay. Water was added
(70-210 mL, 0.7-2.1 mL/g protected triamine input) to
the reaction mixture, the reaction mixture was
agitated for 15 minutes and the phases were allowed to
separate. The upper, product (triamine.3HCl salt)-rich
aqueous oil was transferred to an addition funnel. B.
(Active Ester of N-methoxycarbonyl-L-tert-leucine To a
3000 mL, 3-neck round bottom flask fitted with
mechanical stirrer, addition funnel, nitrogen inlet,
and temperature probe was added N-methoxycarbonyl-
L-tert-leucine (77.2g, 0.408 mol, 2.30 eq.),
1-hydroxybenzotriazole (HOBT) (60.8 g, 0.450 mol, 2.53
eq.), and N-ethyl N'-dimethylaminopropyl carbodiimide
(EDAC) (82.0 g, 0.430 mol, 2.42 eq.), followed by
CH2Cl2 (880 mL; 8.8 mL/g of protected triamine input)
and the mixture was stirred at ambient temperature
(18-25C) until formation of the active ester is
complete, as judged by HPLC. C.
l-[4-(Pyridin-2-yl)phenyl]-5(S)-2,5-bis{[N-(methoxycar
bonyl)-L-tertleucinyl]
amino}-4(S)-hydroxy-6-phenyl-2-azahexane (atazanavir
free 



base) Anhydrous dibasic potassium phosphate (K2HPO ;
226 g., 1.30 mol, 7.30 eq. wit protected triamine) was
dissolved in 1130 mL of water ( 11.3 mL/g of protected
amine; 5 mL/g of K2HPO4). The K2HPO4 solution was
added to the active ester solution prepared in Part B.
To the stirred active ester/aqueous K2HPO4 mixture was
slowly added the aqueoussolution of Part A hydrogen
chloride salt over a period of 1.5 to 2.0 h while
maintaining agitation and a pot temperature between 5
and 20C. After the addition of the solution of the
Part A hydrogen chloride salt was complete, the
reaction mixture (coupling reaction) was heated to
30-40C and agitated until the coupling reaction was
judged complete by HPLC assay. The coupling mixture
was cooled to 15 to 200C and the lower, product rich
organic phase was separated from the upper, spent
aqueous phase. The product rich organic phase was
washed with IM NaH2PO (880 mL; pH=l .5; 8.8 mL/g of
protected triamine input; 5 mole eq. wrt protected
triamine), the phases were allowed to separate, and
the spent aqueous phase was removed. The washed
product rich organic phase was stirred with 0.5 N NaOH
(800 mL; 8 mL/g of protected triamine input) until
HPLC assay of the rich organic phase showed the active
esters to be below 0.3 I.I. each. The phases were
allowed to separate and the spent aqueous phase was
removed. The rich organic phase was washed with 5% NaH
PO (450 mL, 4.5 mL/g of protected triamine input;
pH=4.3), the phases were allowed to separate and the
spent aqueous phase was removed. The rich organic
phase was washed with 10 w/v% NaCl (475 mL, 4.75 mL/g
of protected triamine input) and the spent aqueous
phase was removed. The concentration of title free
base in solution was 120 to 150 mg/mL with an
in-process calculated yield of 95-100 mol%. D. Solvent
Exchange from CH C into Acetone/N-Methylpyrrolidone To
the rich Part C free base solution in a 3000 mL,
3-neck round-bottom flask fitted with mechanical
stirrer, temperature probe, and distillation
condenser, was added N-methylpyrrolidone (148 mL; 1.25
mL/g of Part C free base based on inprocess
quantification assay). The solution was concentrated
to ca. 360 mL (2.5-3.5 mL/g of Part C free base) using
a jacket temperature of 700C or less; 500 mL of
acetone (4-5 mL/g of Part C free base) was added to
the concentrated solution and the mixture was
distilled to a volume of about 400 mL or less. The
acetone addition and distillation were repeated until
in-process assay indicated the CH2Cl2 level had
reached the target endpoint. At crystallization
volume,the CH2Cl content in the rich organic solution
was 0.77 v/v %. Acetone was added to the concentrated
free base solution to reach a total solution of 16
mL/g of free base. The bath temperature was maintained
at 40-50C to prevent crystallization of free base. The
solution was polish filtered through a 10-micron or
finer filter while 



maintaining the temperature at 40 to 50C. The polish
filter was rinsed with acetone (125 mL, 1.0 mL/g of
free base) and the rinse was added to the rich free
base acetone/N-methylpyrrolidone solution which was
used in the next step. E.
l-I^CPyridin-l-yOphenyll-SCSJ-Z^-bislIN^methoxycarbony
O-L-tertleuciny])
amino}-4(S)-hydroxy-6-phenyl-2-azahexane bisulfate
salt About 10% (2 g) of the total charge of
concentrated sulfuric acid (19 g, 1.10 eq.) was added
to the free base acetone/N-methylpyrrolidone solution
of Part D, while maintaining the temperature at
40-50C, via subsurface addition. The reaction mixture
was seeded with 5.0 wt % (wrt calculated free base in
solution) of bisulfate salt. The seeded mixture was
agitated at 40-50C for at least 30 minutes during
which time the bisulfate salt began crystallizing as
evidenced by the mixture increasing in opacity during
this time. The remaining sulfuric acid (17.8 g) was
added over ca. 5 h in five stages according to the
following protocol, defined by a cubic equation, while
keeping the temperature at 40-50C. The rate of each
addition stage was determined according to the cubic
equation described hereinbefore and is shown in the
table below. TABLE l After addition OfH SO was
complete, the slurry was cooled to 20-25C for at least
1 h with agitation. The slurry was agitated at 20-25
0C for at least 1 h. Thebisulfate salt was filtered
and the mother liquor was recycled as needed to effect
complete transfer. The filter cake was washed with
acetone (5-10 mL/g of free base; 1200 mL acetone). The
bisulfate salt was dried at NMT 550C under vacuum
until the LOD <1% to produce a crystalline material.
The crystalline product was analyzed by PXRD, DSC and
TGA patterns and SSNMR spectrum and found to be
(non-solvated) Form A crystals of the title bisulfate
(see Figures 1 to 5). TABLE 2 Table of
Crystallographic Data Form A T= temp(C) for the
crystallographic data. Z' = number of drug molecules
per asymmetric unit TABLE 3 Table Of Fractional
Parameters and Their Estimated Standard Deviations for
Form APREVENTING AUTOIMMUNE DISEASE This is
anon-provisional application claiming priority under
35 USC 119 to provisional application no. 60/568,460
filed May 5, 2004, the entire disclosure of which is
hereby incorporated by reference. Field of the
Invention The present invention concerns preventing
autoimmune disease in an asymptomatic 



human subject at risk for experiencing one or more
symptoms of the autoimmune disease. Background of the
Invention Lymphocytes are one of many types of white
blood cells produced in the bone marrow during the
process of hematopoiesis. There are two major
populations of lymphocytes: B lymphocytes (B cells)
and T lymphocytes (T cells). The lymphocytes of
particular interest herein are B cells. B cells mature
within the bone marrow and leave the marrow expressing
an antigenbinding antibody on their cell surface. When
a naive B cell first encounters the antigen for which
its membrane-bound antibody is specific, the cell
begins to divide rapidly and its progeny differentiate
into memory B cells and effector cells called "plasma
cells". Memory B cells have a longer life span and
continue to express membrane-bound antibody with the
same specificity as the original parent cell. Plasma
cells do not produce membrane-bound antibody but
instead produce the antibody in a form that can be
secreted. Secreted antibodies are the major effector
molecule of humoral immunity. The CD20 antigen (also
called human B-lymphocyte-restricted differentiation
antigen, Bp35) is a hydrophobic transmembrane protein
with a molecular weight of approximately 35 kD located
on pre-B and mature B lymphocytes (Valentine et al. J.
Biol. Chem. 264(19):1 1282-1 1287 (1989); and Einfeld
etal. EMBOJ. 7(3):711-717 (1988)). The antigen is also
expressed on greater than 90% of B cell non-Hodgkin's
lymphomas (NHL) (Anderson et al. Blood 63(6):
1424-1433 (1984)), but is not found on hematopoietic
stem cells, pro-Bcells, normal plasma cells or other
normal tissues (Tedder et al. J. Immunol.
135(2):973-979 (1985)). CD20 regulates an early
step(s) in the activation process for cell cycle
initiation and differentiation (Tedder et al, supra)
and possibly functions as a calcium ion channel
(Tedder et al. J. Cell. Biochem. 14D:195 (1990)).
Given the expression of CD20 in B cell lymphomas, this
antigen can serve as a candidate for "targeting" of
such lymphomas. In essence, such targeting can be
generalized as follows: antibodies specific to the
CD20 surface antigen of B cells are administered to a
patient. These anti-CD20 antibodies specifically bind
to the CD20 antigen of (ostensibly) both normal and
malignant B cells; the antibody bound to the CD20
surface antigen may lead to the destruction and
depletion of neoplastic B cells. Additionally,
chemical agents or radioactive labels having the
potential to destroy the tumor can be conjugated to
the anti- CD20 antibody such that the agent is
specifically "delivered" to the neoplastic B cells.
Irrespective of the approach, a primary goal is to
destroy the tumor; the specific approach can be
determined by the particular anti-CD20 antibody which
is utilized and, thus, the available approaches to
targeting the CD20 antigen can vary considerably. The
rituximab (RITUXAN(r)) antibody is a genetically
engineered chimeric murine/human monoclonal antibody
directed against the CD20 antigen. Rituximab is the
antibody called "C2B8" in US Patent No. 5,736,137
issued April 7, 1998 (Anderson et al). RITUXAN(r) is
indicated for the treatment of patients with relapsed
or refractory low-grade or follicular, CD20-positive,
B cell non-Hodgkin's lymphoma. In vitro mechanism of
action 



studies have demonstrated that RITUXAN(r) binds human
complement and lyses lymphoid B cell lines through
complement-dependent cytotoxicity (CDC) (Reff et al.
Blood 83(2):435- 445 (1994)). Additionally, it has
significant activity in assays for antibody-dependent
cellular cytotoxicity (ADCC). More recently,
RITUXAN(r) has been shown to have antiproliferative
effects in tritiated thymidine incorporation assays
and to induce apoptosis directly, while other
anti-CD19 and CD20 antibodies do not (Maloney et al
Blood 88(10):637a (1996)). Synergy between RITUXAN(r)
and chemotherapies and toxins has also been observed
experimentally. In particular, RITUXAN(r) sensitizes
drug-resistant human B cell lymphoma cell lines to the
cytotoxic effects of doxorubicin, CDDP, VP-16,
diphtheria toxin and ricin (Demidem et al Cancer
Chemotherapy &Radiopharmaceuticals 12(3):177-186
(1997)). In vivo preclinical studies have shown that
RITUXAN(r) depletes B cells from the peripheral blood,
lymphnodes, and bone marrow of cynomolgus monkeys,
presumably through complement and cellmediated
processes (RsK et al. Blood 83(2):435-445 (1994)).
Patents and patent publications concerning CD20
antibodies include US Patent Nos. 5,776,456,
5,736,137, 5,843,439, 6,399,061, and 6,682,734, as
well as US patent appln nos. US 2002/0197255A1, US
2003/0021781A1, US 2003/0082172 Al, US 2003/0095963
Al, US 2003/0147885 Al (Anderson et al); US Patent No.
6,455,043Bl and WO00/09160 (Grillo-Lopez, A.);
WO00/27428 (Grillo-Lopez and White); WO00/27433
(Grillo-Lopez and Leonard); WO00/44788 (Braslawsky et
al); WO01/10462 (Rastetter, W.); WO01/10461 (Rastetter
and White); WO01/10460 (White and Grillo-Lopez);
US2001/0018041A1, US2003/0180292A1, WO01/34194 (Hanna
and Hariharan); US appln no. US2002/0006404 and
WO02/04021 (Hanna and Hariharan); US appln no.
US2002/00 12665 Al and WO01/74388 (Hanna, N.); US
appln no. US 2002/0058029 Al (Hanna, N.); US appln no.
US 2003/0103971 Al (Hariharan and Hanna); US appln no.
US2002/0009444A1, and WO01/80884 (Grillo-Lopez, A);
WO01/97858 (White, C); US appln no. US2002/0128488A1
and WO02/34790 (Reff, M.);WO02/060955 (Braslawsky et
a/.);WO2/096948 (Braslawsky et al.);WO02/079255 (Reff
and Davies); US Patent No. 6,171,586Bl, and WO98/56418
(Lam et al); WO98/58964 (Raju, S.); WO99/22764 (Raju,
S.);WO99/51642, US Patent No. 6,194,551Bl, US Patent
No. 6,242,195Bl, US Patent No. 6,528,624Bl and US
Patent No. 6,538,124 (Idusogie et al); WO00/42072
(Presta, L.); WO00/67796 (Curd et al.); WO01/03734
(Grillo-Lopez et al.); US appln no. US 2002/0004587A1
and WO01/77342 (Miller and Presta); US appln no.
US2002/0197256 (Grewal, L); US Appln no. US
2003/0157108 Al (Presta, L.); US Patent Nos.
6,565,827Bl, 6,090,365Bl, 6,287,537Bl, 6,015,542,
5,843,398, and 5,595,721, (Kaminski et al); US Patent
Nos. 5,500,362, 5,677,180, 5,721,108, 6,120,767,
6,652,852Bl (Robinson etal); US Pat No. 6,410,391Bl
(Raubitschek et al); US Patent No. 6,224,866Bl and
WO00/20864 (Barbera-Guillem, E.); WO01/13945
(Barbera-Guillem, E.); WO00/67795 (Goldenberg); US
Appl No. US 2003/0133930 Al and WO00/74718 (Goldenberg
and Hansen); WO00/76542 (Golay et /.);WO01/72333
(Wolin and Rosenblatt); US Patent No. 6,368,596Bl
(Ghetie et al); US Patent No. 6,306,393 and US Appln
no. US2002/0041847 Al, (Goldenberg, D.); US 



Appln no. US2003/0026801A1 (Weiner and Hartmann);
WO02/102312 (Engleman, E.); US Patent Application No.
2003/0068664 (Albitar et al); WO03/002607 (Leung, S.);
WO 03/049694, US2002/0009427A1, and US 2003/0185796 Al
(Wolin et al) ;WO03/061694(Sing and Siegall); US
2003/0219818 Al (Bohen et al); US 2003/0219433 Al
andWO 03/068821 (Hansen a/.); US2003/021981 8Al (Bohen
et al); US2002/0136719A1 (Shenoy et al); WO2004/032828
(Wahl et al), each of which is expressly incorporated
herein by reference. See, also, US Patent No.
5,849,898 and EP appln no. 330,191 (Seed et al); US
Patent No. 4,861,579 and EP332,865A2 (Meyer and
Weiss); USP 4,861,579 (Meyer et al); WO95/03770 (Bhat
et al); US 2003/0219433 Al (Hansen et al).
Publications concerning therapy with Rituximab
include: Perotta and Abuel "Response of chronic
relapsing ITP of 10 years duration to Rituximab"
Abstract # 3360 Blood 10(l)(part 1-2): p. 88B (1998);
Stashi etal "Rituximab chimeric anti-CD20 monoclonal
antibody treatment for adults with chronic idopathic
thrombocytopenic purpura" Blood 98(4):952-957 (2001);
Matthews, R. "Medical Heretics" New Scientist (7
April, 2001); Leandro et al "Clinical outcome in 22
patients with rheumatoid arthritis treated with B
lymphocyte depletion" Ann Rheum Dis 61:833-888 (2002);
Leandro etal. "Lymphocyte depletion in rheumatoid
arthritis: early evidence for safety, efficacy and
dose response. Arthritis and Rheumatism 44(9): S370
(2001); Leandro et al "An open study of B lymphocyte
depletion in systemic lupus erythematosus", Arthritis
&Rheumatism 46(l):2673-2677 (2002); Edwards and
Cambridge "Sustained improvement in rheumatoid
arthritis following a protocol designed to deplete B
lymphocytes" Rhematology 40:205-21 1 (2001); Edwards
et al "Blymphocyte depletion therapy in rheumatoid
arthritis and other autoimmune disorders" Biochem.
Soc. Trans. 30(4):824-828 (2002); Edwards et al
"Efficacy and safety of Rituximab, a B-cell targeted
chimeric monoclonal antibody: A randomized, placebo
controlled trial in patients with rheumatoid
arthritis. Arthritis and Rheumatism 46(9): S197
(2002); Levine and Pestronk "IgM antibody-related
polyneuropathies: B-cell depletion chemotherapy using
Rituximab" Neurology 52: 1701-1704 (1999); DeVita et
al "Efficacy of selective B cell blockade in the
treatment of rheumatoid arthritis" Arthritis &Rheum
46:2029- 2033 (2002); Hidashida et al "Treatment of
DMARD-Refractory rheumatoid arthritis with rituximab."
Presented at the Annual Scientific Meeting of the
American College of Rheumatology; Oct 24-29; New
Orleans, LA 2002; Tuscano, J. "Successful treatment of
hifliximab-refractory rheumatoid arthritis with
rituximab" Presented at the Annual Scientific Meeting
of the American College of Rheumatology; Oct 24-29;
New Orleans, LA 2002; Specks et al "Response of
Wegener's granulomatosis to anti-CD20 chimeric
monoclonal antibody therapy" Arthritis &Rheumatism
44(12):2836-2840 (2001).Arbuckle et at. describes the
development of autoantibodies before the clinical
onset of systemic lupus erythematosus (SLE) (Arbuckle
etal. N. Engl. J. Med. 349(16): 1526-1533 (2003)).
Summary of the Invention In a first aspect, the
present invention concerns a method of preventing an
autoimmune disease in an asymptomatic subject at risk
for experiencing one or more 



symptoms of the autoimmune disease, comprising
administering a CD20 antibody to the subject in an
amount which prevents the subject from experiencing
one or more symptoms of the autoimmune disease,
wherein the autoimmune disease is selected from the
group consisting of systemic lupus erythematosus
(SLE), anti-phospholipid antibody syndrome, multiple
sclerosis, ulcerative colitis, Crohn's disease,
rheumatoid arthritis, Sjogren's syndrome,
Guillain-Barre syndrome, myasthenia gravis, large
vessel vasculitis, medium vessel vasculitis,
polyarteritis nodosa, pemphigus, scleroderma,
Goodpasture's syndrome, glomerulonephritis, primary
biliary cirrhosis, Grave's disease, membranous
nephropathy, autoimmune hepatitis, celiac sprue,
Addison's disease, polymyositis/dermatomyositis,
monoclonal gammopathy, Factor VIII deficiency,
cryoglobulinemia, peripheral neuropathy, IgM
polyneuropathy, chronic neuropathy, and Hashimoto's
thyroiditis. In another aspect, the invention concerns
a method of preventing an autoimmune disease in an
asymptomatic subject at risk for experiencing one or
more symptoms of the autoimmune disease, comprising
administering a CD20 antibody to the subject in an
amount which prevents the subject from experiencing
one or more symptoms of the autoimmune disease. The
invention also pertains to a method of preventing an
autoimmune disease in an asymptomatic subject with
abnormal autoantibody levels, comprising administering
a CD20 antibody to the subject in an amount which
prevents the subject from experiencing one or more
symptoms of the autoimmune disease. The invention
further relates to an article of manufacture
comprising: (a) a container comprising a composition
comprising a CD20 antibody and a pharmaceutically
acceptable carrier or diluent within the container;
and(b) instructions for administering the composition
to an asymptomatic subject at risk for experiencing
one or more symptoms of an autoimmune disease, so as
to prevent the subject from experiencing one or more
symptoms of the autoimmune disease. Brief Description
of the Drawings FIG. IA is a sequence alignment
comparing the amino acid sequences of the light chain
variable domain (V1) of each of murine 2H7 (SEQ ID
NO:1), humanized 2H7.vl6 variant (SEQ ID NO:2), and
the human kappa light chain subgroup I (SEQ ID NO:3).
The CDRs of VL of 2H7 and hu2H7.vl6 are as follows:
CDRl (SEQ ID NO:4), CDR2 (SEQ ID NO:5 ), and CDR3 (SEQ
ID NO:6). FIG. IB is a sequence alignment comparing
the amino acid sequences of the heavy chain variable
domain (V1 ) of each of murine 2H7 (SEQ ID NO:7),
humanized 2H7.vl6 variant (SEQ ID NO:8), and the human
consensus sequence of the heavy chain subgroup III
(SEQ ID NO:9). The CDRs of VH of 2H7 and hu2H7.vl6 are
as follows: CDRl (SEQ ID NO:10), CDR2 (SEQ ID NO:11),
and CDR3 (SEQ ID NO:12). In FIG. IA and FIG. IB, the
CDRl, CDR2 and CDR3 in each chain are enclosed within
brackets, flanked by the framework regions, FR1-FR4,
as indicated. 2H7 refers to the murine 2H7 antibody.
The asterisks in between two rows of sequences
indicate the positions 



that are different between the two sequences. Residue
numbering is according to Kabat et al. Sequences of
Immunological Interest, 5th Ed. Public Health Service,
National Institutes of Health, Bethesda, Md. (1991),
with insertions shown as a, b, c, d, and e. FIG. 2
shows the amino acid sequence of the mature 2H7.vl6 L
chain (SEQ ID NO:13) FIG. 3 shows the amino acid
sequence of the mature 2H7.vl6 H chain (SEQ ID NO:14).
FIG. 4 shows the amino acid sequence of the mature
2H7.v31 H chain (SEQ ID NO:15). The L chain of 2H7.v31
is the same as for 2H7.vl6. FIG. 5 shows an alignment
of the mature 2H7.vl6 and 2H7.v511 light chains (SEQ
ID Nos. 13 and 16, respectively), with Kabat variable
domain residue numbering and Eu constant domain
residue numbering. FIG. 6 shows an alignment of the
mature 2H7.vl6 and 2H7.v51 1 heavy chains (SEQ ID Nos.
14 and 17, respectively), with Kabat variable domain
residue numbering and Eu constant domain residue
numbering.Detailed Description of the Preferred
Embodiments I. Definitions An "autoimmune disease"
herein is a disease or disorder arising from and
directed against an individual's own tissues or a
co-segregate or manifestation thereof or resulting
condition therefrom. Examples of autoimmune diseases
or disorders include, but are not limited to arthritis
(rheumatoid arthritis such as acute arthritis, chronic
rheumatoid arthritis, gout or gouty arthritis, acute
gouty arthritis, acute immunological arthritis,
chronic inflammatory arthritis, degenerative
arthritis, type II collagen-induced arthritis,
infectious arthritis, Lyme arthritis, proliferative
arthritis, psoriatic arthritis, Still's disease,
vertebral arthritis, and juvenile-onset rheumatoid
arthritis, osteoarthritis, arthritis chronica
progrediente, arthritis deformans, polyarthritis
chronica primaria, reactive arthritis, and ankylosing
spondylitis), inflammatory hyperproliferative skin
diseases, psoriasis such as plaque psoriasis, gutatte
psoriasis, pustular psoriasis, and psoriasis of the
nails, atopy including atopic diseases such as hay
fever and Job's syndrome, dermatitis including contact
dermatitis, chronic contact dermatitis, exfoliative
dermatitis, allergic dermatitis, allergic contact
dermatitis, dermatitis herpetiformis, nummular
dermatitis, seborrheic dermatitis, non-specific
dermatitis, primary irritant contact dermatitis, and
atopic dermatitis, x-linked hyper IgM syndrome,
allergic intraocular inflammatory diseases, urticaria
such as chronic allergic urticaria and chronic
idiopathic urticaria, including chronic autoimmune
urticaria, myositis, polymyositis/dermatomyositis,
juvenile dermatomyositis, toxic epidermal necrolysis,
scleroderma (including systemic scleroderma),
sclerosis such as systemic sclerosis, multiple
sclerosis (MS) such as spino-optical MS, primary
progressive MS (PPMS), and relapsing remitting MS
(RRMS), progressive systemic sclerosis,
atherosclerosis, arteriosclerosis, sclerosis
disseminata, ataxic sclerosis, neuromyelitis optica
(NMO), inflammatory bowel disease (IBD) (for example,
Crohn's disease, autoimmune-mediated gastrointestinal
diseases, 



colitis such as ulcerative colitis, colitis ulcerosa,
microscopic colitis, collagenous colitis, colitis
polyposa, necrotizing enterocolitis, and transmural
colitis, and autoimmune inflammatory bowel disease),
bowel inflammation, pyoderma gangrenosum, erythema
nodosum, primary sclerosing cholangitis, respiratory
distress syndrome, including adult or acute
respiratory distress syndrome (ARDS), meningitis,
inflammation of all or part of the uvea, iritis,
choroiditis, an autoimmune hematological disorder,
rheumatoid spondylitis,rheumatoid synovitis,
hereditary angioedema, cranial nerve damage as in
meningitis, herpes gestationis, pemphigoid
gestationis, pruritis scroti, autoimmune premature
ovarian failure, sudden hearing loss due to an
autoimmune condition, IgE-mediated diseases such as
anaphylaxis and allergic and atopic rhinitis,
encephalitis such as Rasmussen's encephalitis and
limbic and/or brainstem encephalitis, uveitis, such as
anterior uveitis, acute anterior uveitis,
granulomatous uveitis, nongranulomatous uveitis,
phacoantigenic uveitis, posterior uveitis, or
autoimmune uveitis, glomerulonephritis (GN) with and
without nephrotic syndrome such as chronic or acute
glomerulonephritis such as primary GN, immune-mediated
GN, membranous GN (membranous nephropathy), idiopathic
membranous GN or idiopathic membranous nephropathy,
membrano- or membranous proliferative GN (MPGN),
including Type I and Type II, and rapidly progressive
GN, proliferative nephritis, autoimmune polyglandular
endocrine failure, balanitis including balanitis
circumscripta plasmacellularis, balanoposthitis,
erythema annulare centrifugum, erythema dyschromicum
perstans, eythema multiform, granulpma annulare,
lichen nitidus, lichen sclerosus et atrophicus, lichen
simplex chronicus, lichen spinulosus, lichen planus,
lamellar ichthyosis, epidermolytic hyperkeratosis,
premalignant keratosis, pyoderma gangrenosum, allergic
conditions and responses, allergic reaction, eczema
including allergic or atopic eczema, asteatotic
eczema, dyshidrotic eczema, and vesicular palmoplanar
eczema, asthma such as asthma bronchiale, bronchial
asthma, and auto-immune asthma, conditions involving
infiltration of T cells and chronic inflammatory
responses, immune reactions against foreign antigens
such as fetal A-B-O blood groups during pregnancy,
chronic pulmonary inflammatory disease, autoimmune
myocarditis, leukocyte adhesion deficiency, lupus,
including lupus nephritis, lupus cerebritis, pediatric
lupus, non-renal lupus, extra-renal lupus, discoid
lupus and discoid lupus erythematosus, alopecia lupus,
systemic lupus erythematosus (SLE) such as cutaneous
SLE or subacute cutaneous SLE, neonatal lupus syndrome
(NLE), and lupus erythematosus disseminatus, juvenile
onset (Type I) diabetes mellitus, including pediatric
insulin-dependent diabetes mellitus (IDDM), adult
onset diabetes mellitus (Type II diabetes), autoimmune
diabetes, idiopathic diabetes insipidus, diabetic
retinopathy, diabetic nephropathy, diabetic
large-artery disorder, immune responses associated
with acute and delayed hypersensitivity mediated by
cytokines and T-lymphocytes, tuberculosis,
sarcoidosis, granulomatosis including lymphomatoid
granulomatosis, Wegener's granulomatosis,
agranulocytosis, vasculitides, including vasculitis,
large-vessel vasculitis (including polymyalgia
rheumatica and giant-cell(Takayasu's) arteritis),
medium-vessel vasculitis (including Kawasaki's disease
and polyarteritis nodosa/periarteritis nodosa),
microscopic polyarteritis, immunovasculitis, CNS
vasculitis, cutaneous vasculitis, hypersensitivity
vasculitis, necrotizing vasculitis such as 



systemic necrotizing vasculitis, and ANCA-associated
vasculitis, such as Churg-Strauss vasculitis or
syndrome (CSS) and ANCA-associated small-vessel
vasculitis, temporal arteritis, aplastic anemia,
autoimmune aplastic anemia, Coombs positive anemia,
Diamond Blackfan anemia, hemolytic anemia or immune
hemolytic anemia including autoimmune hemolytic anemia
(AIHA), pernicious anemia (anemia perniciosa),
Addison's disease, pure red cell anemia or aplasia
(PRCA), Factor VIII deficiency, hemophilia A,
autoimmune neutropenia, pancytopenia, leukopenia,
diseases involving leukocyte diapedesis, CNS
inflammatory disorders, multiple organ injury syndrome
such as those secondary to septicemia, trauma or
hemorrhage, antigen-antibody complex- mediated
diseases, antiglomerular basement membrane disease,
anti-phospholipid antibody syndrome, allergic
neuritis, Behcet's disease/syndrome, Castleman's
syndrome, Goodpasture's syndrome, Reynaud's syndrome,
Sjogren's syndrome, Stevens-Johnson syndrome,
pemphigoid such as pemphigoid bullous and skin
pemphigoid, pemphigus (including pemphigus vulgaris,
pemphigus foliaceus, pemphigus mucus-membrane
pemphigoid, and pemphigus erythematosus), autoimmune
polyendocrinopathies, Reiter's disease or syndrome,
thermal injury, preeclampsia, an immune complex
disorder such as immune complex nephritis,
antibody-mediated nephritis, polyneuropathies, chronic
neuropathy such as IgM polyneuropathies or
IgM-mediated neuropathy, thrombocytopenia (as
developed by myocardial infarction patients, for
example), including thrombotic thrombocytopenic
purpura (TTP), post-transfusion purpura (PTP),
heparin-induced thrombocytopenia, and autoimmune or
immune-mediated thrombocytopenia such as idiopathic
thrombocytopenic purpura (ITP) including chronic or
acute ITP, scleritis such as idiopathic
cerato-scleritis, episcleritis, autoimmune disease of
the testis and ovary including autoimmune orchitis and
oophoritis, primary hypothyroidism,
hypoparathyroidism, autoimmune endocrine diseases
including thyroiditis such as autoimmune thyroiditis,
Hashimoto's disease, chronic thyroiditis (Hashimoto's
thyroiditis), or subacute thyroiditis, autoimmune
thyroid disease, idiopathic hypothyroidism, Grave's
disease, polyglandular syndromes such as autoimmune
polyglandular syndromes (or polyglandular
endocrinopathy syndromes), paraneoplastic syndromes,
including neurologic paraneoplastic syndromes such as
Lambert-Eaton myasthenic syndromeor Eaton-Lambert
syndrome, stiff-man or stiff-person syndrome,
encephalomyelitis such as allergic encephalomyelitis
or encephalomyelitis allergica and experimental
allergic encephalomyelitis (EAE), myasthenia gravis
such as thymoma-associated myasthenia gravis,
cerebellar degeneration, neuromyotonia, opsoclonus or
opsoclonus myoclonus syndrome (OMS), and sensory
neuropathy, multifocal motor neuropathy, Sheehan's
syndrome, autoimmune hepatitis, chronic hepatitis,
lupoid hepatitis, giant-cell hepatitis, chronic active
hepatitis or autoimmune chronic active hepatitis,
lymphoid interstitial pneumonitis (LIP), bronchiolitis
obliterans (non-transplant) vs NSIP, Guillain-Barre
syndrome, Berger's disease (IgA nephropathy),
idiopathic IgA nephropathy, linear IgA dermatosis,
acute febrile neutrophilic dermatosis, subcorneal
pustular dermatosis, transient acantholytic
dermatosis, cirrhosis such as primary biliary
cirrhosis and pneumonocirrhosis, autoimmune
enteropathy 



syndrome, Celiac or Coeliac disease, celiac sprue
(gluten enteropathy), refractory sprue, idiopathic
sprue, cryoglobulinemia, amylotrophic lateral
sclerosis (ALS; Lou Gehrig's disease), coronary artery
disease, autoimmune ear disease such as autoimmune
inner ear disease (AIED), autoimmune hearing loss,
polychondritis such as refractory or relapsed or
relapsing polychondritis, pulmonary alveolar
proteinosis, Cogan's syndrome/nonsyphilitic
interstitial keratitis, Bell's palsy, Sweet's
disease/syndrome, rosacea autoimmune, zosterassociated
pain, amyloidosis, a non-cancerous lymphocytosis, a
primary lymphocytosis, which includes monoclonal B
cell lymphocytosis (e.g., benign monoclonal gammopathy
and monoclonal gammopathy of undetermined
significance, MGUS), peripheral neuropathy,
paraneoplastic syndrome, channelopathies such as
epilepsy, migraine, arrhythmia, muscular disorders,
deafness, blindness, periodic paralysis, and
channelopathies of the CNS, autism, inflammatory
myopathy, focal or segmental or focal segmental
glomerulosclerosis (FSGS), endocrine ophthalmopathy,
uveoretinitis, chorioretinitis, autoimmune
hepatological disorder, fibromyalgia, multiple
endocrine failure, Schmidt's syndrome, adrenalitis,
gastric atrophy, presenile dementia, demyelinating
diseases such as autoimmune demyelinating diseases and
chronic inflammatory demyelinating polyneuropathy,
Dressler's syndrome, alopecia areata, alopecia
totalis, CREST syndrome (calcinosis, Raynaud's
phenomenon, esophageal dysmotility, sclerodactyly, and
telangiectasia), male and female autoimmune
infertility, e.g., due to anti-spermatozoan
antibodies, mixed connective tissue disease, Chagas'
disease, rheumatic fever, recurrent abortion, farmer's
lung, erythema multiforme, post-cardiotomy syndrome,
Cushing's syndrome, bird-fancier's lung, allergic
granulomatous angiitis, benignlymphocytic angiitis,
Alport's syndrome, alveolitis such as allergic
alveolitis and fibrosing alveolitis, interstitial lung
disease, transfusion reaction, leprosy, malaria,
parasitic diseases such as leishmaniasis,
kypanosomiasis, schistosomiasis, ascariasis,
aspergillosis, Sampter's syndrome, Caplan's syndrome,
dengue, endocarditis, endomyocardial fibrosis, diffuse
interstitial pulmonary fibrosis, interstitial lung
fibrosis, pulmonary fibrosis, idiopathic pulmonary
fibrosis, cystic fibrosis, endophthalmitis, erythema
elevatum et diutinum, erythroblastosis fetalis,
eosinophilic faciitis, Shulman's syndrome, Felty's
syndrome, flariasis, cyclitis such as chronic
cyclitis, heterochronic cyclitis, iridocyclitis (acute
or chronic), or Fuch's cyclitis, Henoch-Schonlein
purpura, human immunodeficiency virus (HIV) infection,
SCID, acquired immune deficiency syndrome (AIDS),
echovirus infection, sepsis, endotoxemia,
pancreatitis, thyroxicosis, parvovirus infection,
rubella virus infection, postvaccination syndromes,
congenital rubella infection, Epstein-Barr virus
infection, mumps, Evan's syndrome, autoimmune gonadal
failure, Sydenham's chorea, poststreptococcal
nephritis, thromboangitis ubiterans, thyrotoxicosis,
tabes dorsalis, chorioiditis, giant-cell polymyalgia,
chronic hypersensitivity pneumonitis,
keratoconjunctivitis sicca, epidemic
keratoconjunctivitis, idiopathic nephritic syndrome,
minimal change nephropathy, benign familial and
ischemia-reperfusion injury, transplant organ
reperfusion, retinal autoimmunity, joint inflammation,
bronchitis, chronic obstructive airway/pulmonary
disease, silicosis, aphthae, aphthous stomatitis,
arteriosclerotic disorders, aspermiogenese, autoimmune



hemolysis, Boeck's disease, cryoglobulinemia,
Dupuytren's contracture, endophthalmia
phacoanaphylactica, enteritis allergica, erythema
nodosum leprosum, idiopathic facial paralysis, chronic
fatigue syndrome, febris rheumatica, Hamman-Rich's
disease, sensoneural hearing loss, hemoglobinuria
paroxysmatica, hypogonadism, ileitis regionalis,
leucopenia, mononucleosis infectiosa, traverse
myelitis, primary idiopathic myxedema, nephrosis,
ophthalmia symphatica, orchitis granulomatosa,
pancreatitis, polyradiculitis acuta, pyoderma
gangrenosum, Quervain's thyreoiditis, acquired spenic
atrophy, non-malignant thymoma, vitiligo, toxic-shock
syndrome, food poisoning, conditions involving
infiltration of T cells, leukocyte-adhesion
deficiency, immune responses associated with acute and
delayed hypersensitivity mediated by cytokines and
T-lymphocytes, diseases involving leukocyte
diapedesis, multiple organ injury syndrome,
antigen-antibody complex-mediated diseases,
antiglomerular basement membrane disease, allergic
neuritis, autoimmune polyendocrinopathies, oophoritis,
primary myxedema, autoimmune atrophic
gastritis,sympathetic ophthalmia, rheumatic diseases,
mixed connective tissue disease, nephrotic syndrome,
insulitis, polyendocrine failure, autoimmune
polyglandular syndrome type I, adultonset idiopathic
hypoparathyroidism (AOIH), cardiomyopathy such as
dilated cardiomyopathy, epidermolisis bullosa
acquisita (EBA), hemochromatosis, myocarditis,
nephrotic syndrome, primary sclerosing cholangitis,
purulent or nonpurulent sinusitis, acute or chronic
sinusitis, ethmoid, frontal, maxillary, or sphenoid
sinusitis, an eosinophil-related disorder such as
eosinophilia, pulmonary infiltration eosinophilia,
eosinophilia-myalgia syndrome, Loffler's syndrome,
chronic eosinophilic pneumonia, tropical pulmonary
eosinophilia, bronchopneumonic aspergillosis,
aspergilloma, or granulomas containing eosinophils,
anaphylaxis, seronegative spondyloarthritides,
polyendocrine autoimmune disease, sclerosing
cholangitis, sclera, episclera, chronic mucocutaneous
candidiasis, Bruton's syndrome, transient
hypogammaglobulinemia of infancy, Wiskott-Aldrich
syndrome, ataxia telangiectasia syndrome, angiectasis,
autoimmune disorders associated with collagen disease,
rheumatism, neurological disease, lymphadenitis,
reduction in blood pressure response, vascular
dysfunction, tissue injury, cardiovascular ischemia,
hyperalgesia, renal ischemia, cerebral ischemia, and
disease accompanying vascularization, allergic
hypersensitivity disorders, glomerulonephritides,
reperfusion injury, ischemic re-perfusion disorder,
reperfusion injury of myocardial or other tissues,
lymphomatous tracheobronchitis, inflammatory
dermatoses, dermatoses with acute inflammatory
components, multiple organ failure, bullous diseases,
renal cortical necrosis, acute purulent meningitis or
other central nervous system inflammatory disorders,
ocular and orbital inflammatory disorders, granulocyte
transfusion-associated syndromes, cytokine-induced
toxicity, narcolepsy, acute serious inflammation,
chronic intractable inflammation, pyelitis,
endarterial hyperplasia, peptic ulcer, valvulitis, and
endometriosis. A "B-cell" is a lymphocyte that matures
within the bone marrow, and includes a naive B cell,
memory B cell, or effector B cell (plasma cells). The
B-cell herein may be a normal or non-malignant B-cell.



A "B cell surface marker" or "B cell surface antigen"
herein is an antigen expressed on the surface of a B
cell that can be targeted with an antagonist which
binds thereto. Exemplary B cell surface markers
include the CDlO, CD19, CD20, CD21, CD22, CD23, CD24,
CD37, CD40, CD53, CD72, CD73, CD74, CDw75, CDw76,
CD77, CDw78, CD79a, CD79b, CD80, CD81, CD82, CD83,
CDw84, CD85 and CD86 leukocyte surface markers (for
descriptions,see The Leukocyte Antigen Facts Book, 2nd
Edition. 1997, ed. Barclay et al. Academic Press,
Harcourt Brace & Co., New York). Other B cell surface
markers include RP105, FcRH2, B cell CR2, CCR6, P2X5,
HLA-DOB, CXCR5, FCER2, BR3, Btig, NAG14, SLGC16270,
FcRHl, IRTA2, ATWD578, FcRH3, IRTAl, FcRH6, BCMA, and
239287. The B cell surface marker of particular
interest is preferentially expressed on B cells
compared to other non-B cell tissues of a mammal and
may be expressed on both precursor B cells and mature
B cells. The preferred B cell surface marker herein is
CD20. The "CD20" antigen, or "CD20," is an about
35-kDa, non-glycosylated phosphoprotein found on the
surface of greater than 90% of B cells from peripheral
blood or lymphoid organs. CD20 is present on both
normal B cells as well as malignant B cells, but is
not expressed on stem cells. Other names for CD20 in
the literature include "B-lymphocyterestricted
antigen" and "Bp35". The CD20 antigen is described in
Clark et al. Proc. Natl. Acad. Sd. (USA) 82:1766
(1985), for example. An "antagonist" is a molecule
which, upon binding to a B cell surface marker on B
cells, destroys or depletes B cells in a mammal and/or
interferes with one or more B cell functions, e.g. by
reducing or preventing a humoral response elicited by
the B cell. The antagonist preferably is able to
deplete B cells (i.e. reduce circulating B cell
levels) in a mammal treated therewith. Such depletion
may be achieved via various mechanisms such
antibody-dependent cell-mediated cytotoxicity (ADCC)
and/or complement dependent cytotoxicity (CDC),
inhibition of B cell proliferation and/or induction of
B cell death (e.g. via apoptosis). Antagonists
included within the scope of the present invention
include antibodies, synthetic or native sequence
peptides and small molecule antagonists which bind to
the B cell surface marker, optionally conjugated with
or fused to a cytotoxic agent. The preferred
antagonist comprises an antibody. "Antibody-dependent
cell-mediated cytotoxicity" and "ADCC" refer to a
cellmediated reaction in which nonspecific cytotoxic
cells that express Fc receptors (FcRs) (e.g. Natural
Killer (NK) cells, neutrophils, and macrophages)
recognize bound antibody on a target cell and
subsequently cause lysis of the target cell. The
primary cells for mediating ADCC, NK cells, express
Fcg RIII only, whereas monocytes express Fcg RI, Fcg
RII and Fcg RIII. FcR expression on hematopoietic
cells in summarized is Table 3 on page 464 of Ravetch
and Kinet, Annu. Rev. Immunol 9:457-92 (1991). To
assess ADCC activity of a molecule of interest, an in
vitro ADCC assay, such as that described in US Patent
No.5,500,362 or 5,821,337 maybe performed. Useful
effector cells for such assays include peripheral
blood mononuclear cells (PBMC) and Natural Killer (NK)
cells. Alternatively, or additionally, ADCC activity
of the molecule of interest maybe assessed in vivo,
e.g., in a animal model such as that disclosed in
Clynes et al PNAS (USA) 95:652-656 (1998). 



"Human effector cells" are leukocytes which express
one or more FcRs and perform effector functions.
Preferably, the cells express at least Fcg RIII and
carry out ADCC effector function. Examples of human
leukocytes which mediate ADCC include peripheral blood
mononuclear cells (PBMC), natural killer (NK) cells,
monocytes, cytotoxic T cells and neutrophils; with
PBMCs and NK cells being preferred. The terms "Fc
receptor" or "FcR" are used to describe a receptor
that binds to the Fc region of an antibody. The
preferred FcR is a native sequence human FcR.
Moreover, a preferred FcR is one which binds an IgG
antibody (a gamma receptor) and includes receptors of
the Fcg RI, Fcg RII, and Fcg RIII subclasses,
including allelic variants and alternatively spliced
forms of these receptors. Fcg RII receptors include
Fcg RIIA (an "activating receptor") and Fcg RIIB (an
"inhibiting receptor"), which have similar amino acid
sequences that differ primarily in the cytoplasmic
domains thereof. Activating receptor Fcg RIIA contains
an immunoreceptor tyrosine-based activation motif
(ITAM) in its cytoplasmic domain. Inhibiting receptor
Fcg RIIB contains an immunoreceptor tyrosine-based
inhibition motif (ITIM) in its cytoplasmic domain,
(see Daeron, Annu. Rev. Immunol. 15:203-234 (1997)).
FcRs are reviewed in Ravetch and Kinet, Annu. Rev.
Immunol 9:457-92 (1991); Capel et al., Immunomethods
4:25-34 (1994); and de Haas et al, J. Lab. Clin. Med.
126:330-41 (1995). Other FcRs, including those to be
identified in the future, are encompassed by the term
"FcR" herein. The term also includes the neonatal
receptor, FcRn, which is responsible for the transfer
of maternal IgGs to the fetus (Guyer et al., J.
Immunol. 117:587 (1976) and Kim et al, J. Immunol.
24:249 (1994)). "Complement dependent cytotoxicity" or
"CDC" refer to the ability of a molecule to lyse a
target in the presence of complement. The complement
activation pathway is initiated by the binding of the
first component of the complement system (CIq) to a
molecule {e.g. an antibody) complexed with a cognate
antigen. To assess complement activation, a CDC assay,
e.g. as described in Gazzano-Santoro et al., J.
Immunol Methods 202:163 (1996), maybe
performed."Growth inhibitory" antagonists are those
which prevent or reduce proliferation of a cell
expressing an antigen to which the antagonist binds.
For example, the antagonist may prevent or reduce
proliferation of B cells in vitro and/or in vivo.
Antagonists which "induce apoptosis" are those which
induce programmed cell death, e.g. of a B cell, as
determined by standard apoptosis assays, such as
binding of annexin V, fragmentation of DNA, cell
shrinkage, dilation of endoplasmic reticulum, cell
fragmentation, and/or formation of membrane vesicles
(called apoptotic bodies). The term "antibody" herein
is used in the broadest sense and specifically covers
monoclonal antibodies, polyclonal antibodies,
multispecific antibodies {e.g. bispeciflc antibodies)
formed from at least two intact antibodies, and
antibody fragments so long as they exhibit the desired
biological activity. "Antibody fragments" comprise a
portion of an intact antibody, preferably comprising
the antigen binding region thereof. Examples of
antibody fragments include Fab, Fab', 



F(ab')2, and Fv fragments; diabodies; linear
antibodies; single-chain antibody molecules; and
multispecific antibodies formed from antibody
fragments. For the purposes herein, an "intact
antibody" is one comprising heavy and light variable
domains as well as an Fc region. "Native antibodies"
are usually heterotetrameric glycoproteins of about
150,000 daltons, composed of two identical light (L)
chains and two identical heavy (H) chains. Each light
chain is linked to a heavy chain by one covalent
disulfide bond, while the number of disulfide linkages
varies among the heavy chains of different
immunoglobulin isotypes. Each heavy and light chain
also has regularly spaced intrachain disulfide
bridges. Each heavy chain has at one end a variable
domain (V11) followed by a number of constant domains.
Each light chain has a variable domain at one end (V1)
and a constant domain at its other end; the constant
domain of the light chain is aligned with the first
constant domain of the heavy chain, and the light
chain variable domain is aligned with the variable
domain of the heavy chain. Particular amino acid
residues are believed to form an interface between the
light chain and heavy chain variable domains. The term
"variable" refers to the fact that certain portions of
the variable domains differ extensively in sequence
among antibodies and are used in the binding and
specificity of each particular antibody for its
particular antigen. However, the variability is not
evenly distributed throughout the variable domains of
antibodies. It is concentrated in threesegments called
hypervaiiable regions both in the light chain and the
heavy chain variable domains. The more highly
conserved portions of variable domains are called the
framework regions (FRs). The variable domains of
native heavy and light chains each comprise four FRs,
largely adopting a b-sheet configuration, connected by
three hypervariable regions, which form loops
connecting, and in some cases forming part of, the
b-sheet structure. The hypervariable regions in each
chain are held together in close proximity by the FRs
and, with the hypervariable regions from the other
chain, contribute to the formation of the
antigenbinding site of antibodies (see Kabat et ah,
Sequences of Proteins of Immunological Interest, 5th
Ed. Public Health Service, National Institutes of
Health, Bethesda, MD. (1991)). The constant domains
are not involved directly in binding an antibody to an
antigen, but exhibit various effector functions, such
as participation of the antibody in antibody dependent
cellular cytotoxicity (ADCC). Papain digestion of
antibodies produces two identical antigen-binding
fragments, called "Fab" fragments, each with a single
antigen-binding site, and a residual "Fc" fragment,
whose name reflects its ability to crystallize
readily. Pepsin treatment yields an F(ab')2 fragment
that has two antigen-binding sites and is still
capable of cross-linking antigen. "Fv" is the minimum
antibody fragment which contains a complete
antigenrecognition and antigen-binding site. This
region consists of a dimer of one heavy chain and one
light chain variable domain in tight, non-covalent
association. It is in this configuration that the
three hypervariable regions of each variable domain
interact to define an antigenbinding site on the
surface of the VH-VL dimer. Collectively, the six
hypervariable regions 



confer antigen-binding specificity to the antibody.
However, even a single variable domain (or half of an
Fv comprising only three hypervariable regions
specific for an antigen) has the ability to recognize
and bind antigen, although at a lower affinity than
the entire binding site. The Fab fragment also
contains the constant domain of the light chain and
the first constant domain (CHl) of the heavy chain.
Fab' fragments differ from Fab fragments by the
addition of a few residues at the carboxy terminus of
the heavy chain CHl domain including one or more
cysteines from the antibody hinge region. Fab'-SH is
the designation herein for Fab' in which the cysteine
residue(s) of the constant domains bear at least one
free thiol group. F(ab')2 antibody fragments
originally were produced as pairs of Fab' fragments
which have hinge cysteines between them. Other
chemical couplings of antibody fragments are also
known.The "light chains" of antibodies
(immunoglobulins) from any vertebrate species can be
assigned to one of two clearly distinct types, called
kappa (K) and lambda (l), based on the amino acid
sequences of their constant domains. Depending on the
amino acid sequence of the constant domain of their
heavy chains, antibodies can be assigned to different
classes. There are five major classes of intact
antibodies: IgA5IgD, IgE, IgG, and IgM, and several of
these maybe further divided into subclasses
(isotypes), e.g., IgGl, IgG2, IgG3, IgG4, IgA, and
IgA2. The heavy chain constant domains that correspond
to the different classes of antibodies are called a,
d, e, g , and m, respectively. The subunit structures
and three-dimensional configurations of different
classes of immunoglobulins are well known.
"Single-chain Fv" or "scFv" antibody fragments
comprise the VH and VL domains of antibody, wherein
these domains are present in a single polypeptide
chain. Preferably, the Fv polypeptide further
comprises a polypeptide linker between the VH and VL
domains which enables the scFv to form the desired
structure for antigen binding. For a review of scFv
see Plckthun in The Pharmacology of Monoclonal
Antibodies, vol. 113, Rosenburg and Moore eds.,
Springer-Verlag, New York, pp. 269-315 (1994). The
term "diabodies" refers to small antibody fragments
with two antigen-binding sites, which fragments
comprise a heavy chain variable domain (V1 ) connected
to a light chain variable domain (V1) in the same
polypeptide chain (VH - V1) . By using a linker that
is too short to allow pairing between the two domains
on the same chain, the domains are forced to pair with
the complementary domains of another chain and create
two antigen-binding sites. Diabodies are described
more fully in, for example, EP 404,097; WO 93/1 1161;
and Hollinger etal, Proc. Natl. Acad. Sd. USA,
90:6444-6448 (1993). The term "monoclonal antibody" as
used herein refers to an antibody obtained from a
population of substantially homogeneous antibodies,
i.e., the individual antibodies comprising the
population are identical and/or bind the same epitope,
except for possible variants that may arise during
production of the monoclonal antibody, such variants
generally being present in minor amounts. In contrast
to polyclonal antibody preparations which typically
include different antibodies directed against
different determinants (epitopes), each 



monoclonal antibody is directed against a single
determinant on the antigen. In addition to their
specificity, the monoclonal antibodies are
advantageous in that they are uncontaminated by other
immunoglobulins. The modifier "monoclonal" indicates
the character of the antibodyas being obtained from a
substantially homogeneous population of antibodies,
and is not to be construed as requiring production of
the antibody by any particular method. For example,
the monoclonal antibodies to be used in accordance
with the present invention may be made by the
hybridoma method first described by Kohler et al,
Nature, 256:495 (1975), or may be made by recombinant
DNA methods (see, e.g., U.S. Patent No. 4,816,567).
The "monoclonal antibodies" may also be isolated from
phage antibody libraries using the techniques
described in Clackson et al, Nature, 352:624-628
(1991) and Marks et al, J. MoI Biol, 222:581-597
(1991), for example. The monoclonal antibodies herein
specifically include "chimeric" antibodies
(immunoglobulins) in which a portion of the heavy
and/or light chain is identical with or homologous to
corresponding sequences in antibodies derived from a
particular species or belonging to a particular
antibody class or subclass, while the remainder of the
chain(s) is identical with or homologous to
corresponding sequences in antibodies derived from
another species or belonging to another antibody class
or subclass, as well as fragments of such antibodies,
so long as they exhibit the desired biological
activity (U.S. Patent No. 4,816,567; Morrison et al,
Proc. Natl. Acad. Sd. USA, 81:6851-6855 (1984)).
Chimeric antibodies of interest herein include
"primatized" antibodies comprising variable domain
antigen-binding sequences derived from a non-human
primate (e.g. Old World Monkey, such as baboon, rhesus
or cynomolgus monkey) and human constant region
sequences (US Pat No. 5,693,780). "Humanized" forms of
non-human (e.g., murine) antibodies are chimeric
antibodies that contain minimal sequence derived from
non-human immunoglobulin. For the most part, humanized
antibodies are human immunoglobulins (recipient
antibody) in which residues from a hypervariable
region of the recipient are replaced by residues from
a hypervariable region of a non-human species (donor
antibody) such as mouse, rat, rabbit or nonhuman
primate having the desired specificity, affinity, and
capacity. In some instances, framework region (FR)
residues of the human immunoglobulin are replaced by
corresponding non-human residues. Furthermore,
humanized antibodies may comprise residues that are
not found in the recipient antibody or in the donor
antibody. These modifications are made to further
refine antibody performance. In general, the humanized
antibody will comprise substantially all of at least
one, and typically two, variable domains, in which all
or substantially all of the hypervariable loops
correspond to those of a non-human immunoglobulin and
all orsubstantially all of the FRs are those of a
human immunoglobulin sequence, except for FR
substitution(s) as noted above. The humanized antibody
optionally also will comprise at least a portion of an
immunoglobulin constant region, typically that of a
human immunoglobulin. For further details, see Jones
et al, Nature 321 :522-525 (1986); Riechmann et al,
Nature 332:323-329 (1988); and Presta, Curr. Op.
Struct. Biol. 2:593-596 (1992). The term
"hypervariable region" when used herein refers to the
amino acid residues of 



an antibody which are responsible for antigen-binding.
The hypervariable region comprises amino acid residues
from a "complementarity determining region" or "CDR"
(e.g. residues 24-34 (Ll), 50-56 (L2) and 89-97 (L3)
in the light chain variable domain and 31-35 (Hl), 50-
65 (H2) and 95-102 (H3) in the heavy chain variable
domain; Kabat et al, Sequences of Proteins of
Immunological Interest, 5th Ed. Public Health Service,
National Institutes of Health, Bethesda, MD. (1991))
and/or those residues from a "hypervariable loop"
{e.g. residues 26-32 (Ll), 50-52 (L2) and 91-96 (L3)
in the light chain variable domain and 26-32 (Hl),
53-55 (H2) and 96-101 (H3) in the heavy chain variable
domain; Chothia and Lesk J. MoI. Biol. 196:901-917
(1987)). "Framework" or "FR" residues are those
variable domain residues other than the hypervariable
region residues as herein defined. A "naked antibody"
is an antibody (as herein defined) which is not
conjugated to a heterologous molecule, such as a
cytotoxic moiety or radiolabel. Examples of antibodies
which bind the CD20 antigen include: "C2B8" which is
now called "Rituximab" ("RITUXAN(r)") (US Patent No.
5,736,137, expressly incorporated herein by
reference); the yttrium-[90]-labeled 2B8 murine
antibody designated "Y2B8" or "Ibritumomab Tiuxetan"
ZEVALIN(r) (US Patent No. 5,736,137, expressly
incorporated herein by reference); murine IgG2a "Bl,"
also called "Tositumomab," optionally labeled with
131I to generate the "131I-Bl" antibody (iodine 1131
tositumomab, BEXXAR(tm)) (US Patent No. 5,595,721,
expressly incorporated herein by reference); murine
monoclonal antibody "1F5" (Press et al. Blood
69(2):584-591 (1987) and variants thereof including
"framework patched" or humanized 1F5 (WO03/002607,
Leung, S.; ATCC deposit HB-96450); murine 2H7 and
chimeric 2H7 antibody (US Patent No. 5,677,180,
expressly incorporated herein by reference); humanized
2H7; huMax-CD20 (Genmab, Denmark; WO2004/035607);
AME-133 (Applied Molecular Evolution); A20 antibody or
variants thereof such as chimeric or humanized A20
antibody (cA20, hA20, respectively) (US 2003/0219433,
Immunomedics);and monoclonal antibodies L27, G28-2,
93-1B3, B-Cl or NU-B2 availablefrom the International
Leukocyte Typing Workshop (Valentine et ah, In:
Leukocyte Typing III (McMichael, Ed., p. 440, Oxford
University Press (1987)). The terms "rituximab" or
"RITUXAN(r)" herein refer to the genetically
engineered chimeric murine/human monoclonal antibody
directed against the CD20 antigen and designated
"C2B8" in US Patent No. 5,736,137, expressly
incorporated herein by reference, including fragments
thereof which retain the ability to bind CD20. Purely
for the purposes herein and unless indicated
otherwise, "humanized 2H7" refers to a humanized
antibody that binds human CD20, or an antigen-binding
fragment thereof, wherein the antibody is effective to
deplete primate B cells in vivo, the antibody
comprising in the H chain variable region (V11)
thereof at least a CDR H3 sequence of SEQ ID NO:12
(Fig. IB) from an anti-human CD20 antibody and
substantially the human consensus framework (FR)
residues of the human heavy- chain subgroup III
(V1JII). In a preferred embodiment, this antibody
further comprises the H chain CDR Hl sequence of SEQ
ID NO:10 and CDR H2 sequence of SEQ ID NO: 11, and
more preferably further comprises the L chain CDR Ll 



sequence of SEQ ID NO:4, CDR L2 sequence of SEQ ID
NO:5, CDR L3 sequence of SEQ ID NO:6 and substantially
the human consensus framework (FR) residues of the
human light chain K subgroup I (VKI), wherein the
VHregion may be joined to a human IgG chain constant
region, wherein the region may be, for example, IgGl
or IgG3. In a preferred embodiment, such antibody
comprises the VH sequence of SEQ ID NO:8 (vl6, as
shown in Fig. IB), optionally also comprising the VL
sequence of SEQ ID NO:2 (vl6, as shown in Fig. IA),
which may have the amino acid substitutions of D56A
and NlOOA in the H chain and S92A in the L chain
(v96). Preferably the antibody is an intact antibody
comprising the light and heavy chain amino acid
sequences of SEQ ID NOS: 13 and 14, respectively, as
shown in Figs. 2 and 3. Another preferred embodiment
is where the antibody is 2H7.v3 1 comprising the light
and heavy chain amino acid sequences of SEQ ID NOS:13
and 15, respectively, as shown in Figs. 2 and 4. The
antibody herein may further comprise at least one
amino acid substitution in the Fc region that improves
ADCC and/or CDC activity, such as one wherein the
amino acid substitutions are S298A/E333A/K334A, more
preferably 2H7.v31 having the heavy chain amino acid
sequence of SEQ ID NO:15 (as shown in Fig. 4). Any of
these antibodies may further comprise at least one
amino acid substitution in the Fc region that
decreases CDC activity, for example, comprising at
least the substitution K322A. US Patent No.
6,528,624Bl (Idusogie etal).A preferred humanized 2H7
is an intact antibody or antibody fragment comprising
the variable light chain sequence:
DIQMTQSPSSLSASVGDRVTITCRASSSVSYMHWYQQKPGKAPKPLIYAPSNLA
SGVP SRFSGSGSGTDFTLTISSLQPEDFATYYCQQWSFNPPTFGQGTKVEIKR
(SEQ ID NO:2); and the variable heavy chain sequence:
EVQLVESGGGLVQPGGSLRLSCAASGYTFTSYNMHWVRQAPGKGLEWVGAIYPG
N
GDTSYNQKFKGRFTISVDKSKNTLYLQMNSLRAEDTAVYYCARWYYSNSYWYFD
V WGQGTLVTVSS (SEQ ID NO:8). Where the humanized 2H7
antibody is an intact antibody, preferably it
comprises the light chain amino acid sequence:
DIQMTQSPSSLSASVGDRVTITCRASSSVSYMHWYQQKPGKAPKPLIYAPSNLA
SGVP
SRFSGSGSGTDFTLTISSLQPEDFATYYCQQWSFNPPTFGQGTKVEIKRTVAAP
SVFIFP
PSDEQLKSGTASWCLLNNFYPREAKVQWKVDNALQSGNSQESVTEQDSKDSTYS
LS STLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC (SEQ ID NO:
13); and the heavy chain amino acid sequence:
EVQLVESGGGLVQPGGSLRLSCAASGYTFTSYNMHWVRQAPGKGLEWVGAIYPG
N
GDTSYNQKFKGRFTISVDKSKNTLYLQMNSLRAEDTAVYYCARVVYYSNSYWYF
DV
WGQGTLVTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNS
GAL
TSGVHTFPAVLQSSGLYSLSSWTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPK
SCD
KTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKF
NWYV
DGVEVHNAKTKPREEQYNSTYRWSVLTVLHQDWLNGKEYKCKVSNKALPAPIEK
T 



ISKAKGQPREPQVYTLPPSREEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPEN
NYK
TTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPG
K (SEQ ID NO: 14) or the heavy chain amino acid
sequence:
EVQLVESGGGLVQPGGSLRLSCAASGYTFTSYNMHWVRQAPGKGLEWVGAIYPG
N
GDTSYNQKFKGRFTISVDKSKNTLYLQMNSLRAEDTAVYYCARVVYYSNSYW3/
4FDV
WGQGTLVTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNS
GAL
TSGVHTFPAVLQSSGLYSLSSWTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPK
SCD
KTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVWDVSHEDPEVKFN
WYV
DGVEVHNAKTKPREEQYNATYRWSVLTVLHQDWLNGKEYKCKVSNKALPAPIAA
TISKAKGQPREPQVYTLPPSREEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPE
NNY
KTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSP
GK (SEQ ID NO: 15). In the preferred embodiment of the
invention , the V region of variants based on 2H7
version 16 will have the amino acid sequences of vl6
except at the positions of amino acid substitutions
which are indicated in the table below. Unless
otherwise indicated, the2H7 variants will have the
same L chain as that of vl6. An "isolated" antagonist
is one which has been identified and separated and/or
recovered from a component of its natural environment.
Contaminant components of its natural environment are
materials which would interfere with diagnostic or
therapeutic uses for the antagonist, and may include
enzymes, hormones, and other proteinaceous or
nonproteinaceous solutes. In preferred embodiments,
the antagonist will be purified (1) to greater than
95% by weight of antagonist as determined by the Lowry
method, and most preferably more than 99% by weight,
(2) to a degree sufficient to obtain at least 15
residues of N-terminal or internal amino acid sequence
by use of a spinning cup sequenator, or (3) to
homogeneity by SDS-PAGE under reducing or nonreducing
conditions using Coomassie blue or, preferably, silver
stain. Isolated antagonist includes the antagonist in
situ within recombinant cells since at least one
component of the antagonist's natural environment will
not be present. Ordinarily, however, isolated
antagonist will be prepared by at least one
purification step. A "subject" herein i s a human
subject. An "asymptomatic" subject herein is one who
does not experience any symptoms of an autoimmune
disease. A "symptom" of a disease is any morbid
phenomenon or departure from the normal in structure,
function, or sensation, experienced by the subject and
indicative of disease.For the purposes herein, a
subject who is "at risk" for experiencing one or more
symptoms of an autoimmune disease is one who has a
higher than normal likelihood of experiencing the one
or more symptom(s) compared to individuals with
similar demographic characteristics. The at risk
subject may, for example, have an about 80-100%
probability of experiencing symptom(s) of the
autoimmune disease in 0-10 years. An "autoantibody"
herein is an antibody produced by a subject that binds
to a selfantigen 



also produced by the subject. By "abnormal"
autoantibody levels is intended a concentration of
autoantibody that exceeds the concentration of
autoantibody present in a normal subject who is not at
risk for experiencing the autoimmune disease of
interest. The expression "effective amount" refers to
an amount of the antagonist which is effective for
preventing the disease in question. The term
"immunosuppressive agent" as used herein for adjunct
therapy refers to substances that act to suppress or
mask the immune system of the mammal being treated
herein. This would include substances that suppress
cytokine production, downregulate or suppress
self-antigen expression, or mask the MHC antigens.
Examples of such agents include
2-amino-6-aryl-5-substituted pyrimidines (see U.S.
Pat. No. 4,665,077, the disclosure of which is
incorporated herein by reference); nonsteroidal
antiinflammatory drugs (NSAIDs); azathioprine;
cyclophosphamide; bromocryptine; danazol; dapsone;
glutaraldehyde (which masks the MHC antigens, as
described in U.S. Pat. No. 4,120,649); anti-idiotypic
antibodies for MHC antigens and MHC fragments;
cyclosporinA; steroids such as glucocorticosteroids,
e.g., prednisone, methylprednisolone, and
dexamethasone; methotrexate (oral or subcutaneous);
hydroxycloroquine; sulfasalazine; leflunomide;
cytokine or cytokine receptor antagonists including
anti-interferon-g , -b, or -a antibodies, anti-tumor
necrosis factor-a antibodies (infliximab or
adalimumab), anti-TNF immunoahesin (etanercept),
anti-tumor necrosis factor-b antibodies,
anti-interleukin-2 antibodies and anti-IL-2 receptor
antibodies; anti-LFA-1 antibodies, including
anti-CDlla and anti-CD18 antibodies; anti-L3T4
antibodies; heterologous anti-lymphocyte globulin;
pan-T antibodies, preferably anti-CD3 or anti-CD4/CD4a
antibodies; soluble peptide containing a LFA-3 binding
domain (WO 90/08187 published 7/26/90); streptokinase;
TGF-b; streptodornase; RNA or DNA from the host;
FK506; RS-61443; deoxyspergualin; rapamycin; T-cell
receptor (Cohen et al., U.S. Pat. No. 5,1 14,721);
T-cell receptor fragments (Offner et al, Science, 251
: 430-432 (1991); WO90/1 1294; Ianeway, Nature, 341:
482 (1989); and WO 91/01 133); and T cell receptor
antibodies (EP 340,109) such as T10B9. The term
"cytotoxic agent" as used herein refers to a substance
that inhibits or prevents the function of cells and/or
causes destruction of cells. The term is intended to
include radioactive isotopes (e.g. At211, 1131, 1125,
Y90, Re186, Re188, Sm153, Bi212, P32 and radioactive
isotopes of Lu), chemotherapeutic agents, and toxins
such as small molecule toxins or enzymatically active
toxins of bacterial, fungal, plant or animal origin,
or fragments thereof. A "chemotherapeutic agent" is a
chemical compound useful in the treatment of cancer.
Examples of chemotherapeutic agents include alkylating
agents such as thiotepa and CYTOXAN(r)
cyclosphosphamide; alkyl sulfonates such as busulfan,
improsulfan and piposulfan; aziridines such as
benzodopa, carboquone, meturedopa, and uredopa;
ethylenimines and methylamelamines including
altretamine, triethylenemelamine,
trietylenephosphoramide, triethiylenethiophosphoramide
and trimethylolomelamine; 



acetogenins (especially bullatacin and bullatacinone);
a camptothecin (including the synthetic analogue
topotecan); bryostatin; callystatin; CC-1 065
(including its adozelesin, carzelesin and bizelesin
synthetic analogues); cryptophycins (particularly
cryptophycin 1 and cryptophycin 8); dolastatin;
duocarmycin (including the synthetic analogues,
KW-2189 and CBl-TMl); eleutherobin; pancratistatin; a
sarcodictyin; spongistatin; nitrogen mustards such as
chlorambucil, chlornaphazine, cholophosphamide,
estramustine, ifosfamide, mechlorethamine,
mechlorethamine oxide hydrochloride, melphalan,
novembichin, phenesterine, prednimustine,
trofosfamide, uracil mustard; nitrosureas such as
carmustine, chlorozotocin, fotemustine, lomustine,
nimustine, and ranimnustine; antibiotics such as the
enediyne antibiotics (e. g., calicheamicin, especially
calicheamicin gammall and calicheamicin omegall (see,
e.g., Agnew, Chemlntl. Ed. Engl., 33: 183-186 (1994));
dynemicin, including dynemicin A; bisphosphonates,
such as clodronate; an esperamicin; as well as
neocarzinostatin chromophore and related chromoprotein
enediyne antiobiotic chromophores), aclacinomysins,
actinomycin, authramycin, azaserine, bleomycins,
cactinomycin, carabicin, carminomycin, carzinophilin,
chromomycinis, dactinomycin, daunorubicin,
detorubicin, 6-diazo-5-oxo-L-norleucine, ADRIAMYCIN(r)
doxorubicin (including morpholino-doxorubicin,
cyanomorpholino-doxorubicin, 2-pyrrolino-doxorubicin
and deoxydoxorubicin), epirubicin, esorubicin,
idarubicin, marcellomycin, mitomycins suchas mitomycin
C, mycophenolic acid, nogalamycin, olivomycins,
peplomycin, potfiromycin, puromycin, quelamycin,
rodorabicin, streptonigrin, streptozocin, tubercidin,
ubenimex, zinostatin, zorubicin; anti-metabolites such
as methotrexate and 5-fluorouracil (5-FU); folic acid
analogues such as denopterin, methotrexate,
pteropterin, trimetrexate; purine analogs such as
fludarabine, 6-mercaptopurine, thiamiprine,
thioguanine; pyrimidine analogs such as ancitabine,
azacitidine, 6-azauridine, carmofur, cytarabine,
dideoxyuridine, doxifluridine, enocitabine,
floxuridine; androgens such as calusterone,
dromostanolone propionate, epitiostanol, mepitiostane,
testolactone; anti- adrenals such as
aminoglutethimide, mitotane, trilostane; folic acid
replenisher such as frolinic acid; aceglatone;
aldophosphamide glycoside; aminolevulinic acid;
eniluracil; amsacrine; bestrabucil; bisantrene;
edatraxate; defofamine; demecolcine; diaziquone;
elfornithine; elliptinium acetate; an epothilone;
etoglucid; gallium nitrate; hydroxyurea; lentinan;
lonidainine; maytansinoids such as maytansine and .
ansamitocins; mitoguazone; mitoxantrone; mopidanmol;
nitraerine; pentostatin; phenamet; pirarubicin;
losoxantrone; podophyllinic acid; 2- ethylhydrazide;
procarbazine; PSK(r) polysaccharide complex (JHS
Natural Products, Eugene, OR); razoxane; rhizoxin;
sizofiran; spirogermanium; tenuazonic acid;
triaziquone; 2,2',2"-trichlorotriethylamine;
trichothecenes (especially T-2 toxin, verracurin A,
roridin A and anguidine); urethan; vindesine;
dacarbazine; mannomustine; mitobronitol; mitolactol;
pipobroman; gacytosine; arabinoside ("Ara-C");
cyclophosphamide; thiotepa; taxoids, e.g., TAXOL(r)
paclitaxel (Bristol- Myers Squibb Oncology, Princeton,
NJ.), ABRAXANE(tm) Cremophor-free, albumin-engineered
nanoparticle formulation of paclitaxel (American
Pharmaceutical Partners, Schaumberg, Illinois), and
TAXOTERE(r) doxetaxel (Rhone- Poulenc Rorer, Antony,
France); 



chloranbucil; GEMZAR(r) gemcitabine; 6-thioguanine;
mercaptopurine; methotrexate; platinum analogs such as
cisplatin and carboplatin; vinblastine; platinum;
etoposide (VP- 16); ifosfamide; mitoxantrone;
vincristine; NAVELBINE(r) vinorelbine; novantrone;
teniposide; edatrexate; daunomycin; aminopterin;
xeloda; ibandronate; CPT-Il; topoisomerase inhibitor
RFS 2000; difluorometlhylornithine (DMFO); retinoids
such as retinoic acid; capecitabine; and
pharmaceutically acceptable salts, acids or
derivatives of any of the above. J Also included in
this definition are anti-hormonal agents that act to
regulate or inhibit hormone action on tumors such as
anti-estrogens and selective estrogen receptor
modulators (SERMs), including, for example, tamoxifen
(including NOLVADEX(r) tamoxifen), raloxifene,
droloxifene, 4-hydroxytamoxifen, trioxifene,
keoxifene, LYl 1701 8, onapristone,and FARESTON-
toremifene; aromatase inhibitors that inhibit the
enzyme aromatase, which regulates estrogen production
in the adrenal glands, such as, for example,
4(5)-imidazoles, aminoglutethimide, MEGASE(r)
megestrol acetate, AROMASIN(r) exemestane,
formestanie, fadrozole, RIVISOR(r) vorozole, FEMARA(r)
letrozole, and ARIMIDEX(r) anastrozole; and
anti-androgens such as flutamide, nilutamide,
bicalutamide, leuprolide, and goserelin; as well as
troxacitabine (a 1,3-dioxolane nucleoside cytosine
analog); antisense oligonucleotides, particularly
those which inhibit expression of genes in signaling
pathways implicated in abherant cell proliferation,
such as, for example, PKC-alpha, RaIf and H-Ras;
vaccines such as gene therapy vaccines, for example,
ALLOVECTIN(r) vaccine, LEUVECTIN(r) vaccine, and
VAXID(r) vaccine; PROLEUKIN(r) rIL-2; LURTOTECAN(r)
topoisomerase 1 inhibitor; ABARELIX(r) rmRH; and
pharmaceutically acceptable salts, acids or
derivatives of any of the above. The term "cytokine"
is a generic term for proteins released by one cell
population that act on another cell as intercellular
mediators. Examples of such cytokines are lymphokines,
monokines; interleukms (ILs) such as IL-I 5 IL-I a,
IL-2, IL-3, IL-4, IL-5, IL-6, IL-7, IL-8, IL- 9, IL-1
1, IL-12, IL-15; a tumor necrosis factor such as TNF-a
or TNF-b; and other polypeptide factors including LIF
and kit ligand (KL). As used herein, the term cytokine
includes proteins from natural sources or from
recombinant cell culture and biologically active
equivalents of the native sequence cytokines,
including synthetically produced small-molecule
entities and pharmaceutically acceptable derivatives
and salts thereof. The term "hormone" refers to
polypeptide hormones, which are generally secreted by
glandular organs with ducts. Included among the
hormones are, for example, growth hormone such as
human growth hormone, N-methionyl human growth
hormone, and bovine growth hormone; parathyroid
hormone; thyroxine; insulin; proinsulin; relaxin;
prorelaxin; glycoprotein hormones such as follicle
stimulating hormone (FSH), thyroid stimulating hormone
(TSH), and luteinizing hormone (LH); prolactin,
placental lactogen, mouse gonadotropin-associated
peptide, inhibin; activin; mullerian-inhibiting
substance; and thrombopoietin. As used herein, the
term hormone includes proteins from natural sources or
from recombinant cell culture and biologically active
equivalents of the native sequence hormone, including
synthetically produced small-molecule entities and
pharmaceutically 



acceptable derivatives and salts thereof.The term
"growth factor" refers to proteins that promote
growth, and include, for example, hepatic growth
factor; fibroblast growth factor; vascular endothelial
growth factor; nerve growth factors such as NGF-b;
platelet-derived growth factor; transforming growth
factors (TGFs) such as TGF-a and TGF-b; insulin-like
growth factor-I and -II; erythropoietin (EPO);
osteoinductive factors; interferons such as
interferon-a, -b, and -g ; and colony stimulating
factors (CSFs) such as macrophage-CSF (M-CSF);
granulocyte-macrophage-CSF (GM-CSF); and
granulocyte-CSF (G-CSF). As used herein, the term
growth factor includes proteins from natural sources
or from recombinant cell culture and biologically
active equivalents of the native sequence growth
factor, including synthetically produced
small-molecule entities and pharmaceutically
acceptable derivatives and salts thereof. The term
"integrin" refers to a receptor protein that allows
cells both to bind to and to respond to the
extracellular matrix and is involved in a variety of
cellular functions such as wound healing, cell
differentiation, homing of tumor cells and apoptosis.
They are part of a large family of cell adhesion
receptors that are involved in cell-extracellular
matrix and cellcell interactions. Functional integrins
consist of two transmembrane glycoprotein subunits,
called alpha and beta, that are non-covalently bound.
The alpha subunits all share some homology to each
other, as do the beta subunits. The receptors always
contain one alpha chain and one beta chain. Examples
include Alphabetal, Alpha3betal, Alpha7betal, LFA-I
etc. As used herein, the term integrin includes
proteins from natural sources or from recombinant cell
culture and biologically active equivalents of the
native sequence integrin, including synthetically
produced small-molecule entities and pharmaceutically
acceptable derivatives and salts thereof. For the
purposes herein, "tumor necrosis factor alpha (TNFa)"
refers to a human TNFamolecule comprising the amino
acid sequence as described in Pennica et al, Nature,
312:721 (1984) or Aggarwal eta!., JBC, 260:2345
(1985). A "TNFa inhibitor" herein is an agent that
inhibits, to some extent, a biological function of
TNFa, generally through binding to TNFa and
neutralizing its activity. Examples of TNF inhibitors
specifically contemplated herein are Etanercept
(ENBREL(r)), Infliximab (REMICADE(r)) and Adalimumab
(HUMIRA(tm)). Examples of "disease-modifying
anti-rheumatic drugs" or "DMARDs" include
hydroxycloroquine, sulfasalazine, methotrexate,
leflunomide, etanercept, infliximab (plus oraland
subcutaneous methrotrexate), azathioprine,
D-penicillamine, Gold (oral), Gold (intramuscular),
minocycline, cyclosporine, Staphylococcal protein A
immunoadsorption etc. The term "prodrug" as used in
this application refers to a precursor or derivative
form of a pharmaceutically active substance that is
less cytotoxic to tumor cells compared to the parent
drug and is capable of being enzymatically activated
or converted into the more active parent form. See,
e.g., Wilman, "Prodrugs in Cancer Chemotherapy"
Biochemical Society Transactions, 14, pp. 375-382,
615th Meeting Belfast (1986) and Stella et al,
"Prodrugs: A Chemical Approach to Targeted Drug
Delivery," Directed Drug Delivery, Borchardt et al.,
(ed.), pp. 247-267, Humana Press (1985). The prodrugs
of this invention include, but are not 



limited to, phosphate-containing prodrugs,
thiophosphate-containing prodrugs, sulfatecontaining
prodrugs, peptide-containing prodrugs, D-amino
acid-modified prodrugs, glycosylated prodrugs,
b-lactam-containing prodrugs, optionally substituted
phenoxyacetamide-containing prodrugs or optionally
substituted phenylacetamide-containing prodrugs,
5-fluorocytosine and other 5-fluorouridine prodrugs
which can be converted into the more active cytotoxic
free drug. Examples of cytotoxic drugs that can be
derivatized into a prodrug form for use in this
invention include, but are not limited to, those
chemotherapeutic agents described above. A "B cell
malignancy" is a malignancy involving B cells.
Examples include Hodgkin's disease, including
lymphocyte predominant Hodgkin's disease (LPHD); non-
Hodgkin's lymphoma (NHL); follicular center cell (FCC)
lymphoma; acute lymphocytic leukemia (ALL); chronic
lymphocytic leukemia (CLL); hairy cell leukemia;
plasmacytoid lymphocytic lymphoma; mantle cell
lymphoma; AIDS or HIV-related lymphoma; multiple
myeloma; central nervous system (CNS) lymphoma;
post-transplant lymphoproliferative disorder (PTLD);
Waldenstrom's macroglobulinemia (lymphoplasmacytic
lymphoma); mucosa-associated lymphoid tissue (MALT)
lymphoma; and marginal zone lymphoma/leukemia.
Non-Hodgkin's lymphoma (NHL) includes, but is not
limited to, low grade/foUicular NHL, relapsed or
refractory NHL, front line low grade NHL, Stage III/IV
NHL, chemotherapy resistant NHL, small lymphocytic
(SL) NHL, intermediate grade/follicular NHL,
intermediate grade diffuse NHL, diffuse large cell
lymphoma, aggressive NHL (including aggressive front
line NHL and aggressive relapsed NHL), NHL relapsing
after or refractory to autologous stemcell
transplantation, high grade immunoblastic NHL, high
grade lymphoblastic NHL, high grade small non-cleaved
cell NHL, bulky disease NHL, etc. II. Selecting At
Risk Subjects According to the preferred embodiment of
the present invention, the subject selected for
treatment herein is generally an individual from a
high risk cohort of asymptomatic individuals at high
risk for developing moderate-severe disease in a
definable time frame. For instance, the subject may
have an about 80-100% likelihood of developing the
disease in 0-10 years. As the subject is asymptomatic,
one will evaluate one or more surrogate markers of
disease. For instance, autoantibody production may be
evaluated, and/or one may evaluate genomic and/or
proteomic signatures to select a high risk individual.
Alternatively, or additionally, an autoimmune profile
maybe obtained by FACs analysis of B-cell subsets from
whole blood. A sample may be taken from the subject
which undergoes one or more diagnostic/prognostic
assays to assess the likelihood the subject has of
developing an autoimmune disease. The sample may be
obtained from body cells, such as those present in the
blood, tissue biopsy, surgical specimen, or autopsy
material. The sample may, for example, be serum, whole
blood, cell lysate, milk, saliva or other secretions,
but preferably 



serum. One may evaluate polynucleotide(s), including
oligonucleotide sequences, genomic DNA and
complementary RNA and DNA molecules. The
polynucleotides may be used to detect and quantitate
gene expression in biopsied tissues in which mutations
or abnormal expression of gene(s) may be correlated
with risk of developing disease. Genomic DNA used for
the diagnosis or prognosis may be obtained from body
cells, such as those present in the blood, tissue
biopsy, surgical specimen, or autopsy material. The
DNA may be isolated and used directly for detection of
a specific sequence or may be amplified by the
polymerase chain reaction (PCR) prior to analysis.
Similarly, RNA or cDNA may also be used, with or
without PCR amplification. To detect a specific
nucleic acid sequence, direct nucleotide sequencing,
reverse transcriptase PCR (RT-PCR), hybridization
using specific oligonucleotides, restriction enzyme
digest and mapping, PCR mapping, RNAse protection, and
various other methods may be employed.Oligonucleotides
specific to particular sequences can be chemically
synthesized and labeled radioactively or non-
radioactively and hybridized to individual samples
immobilized on membranes or other solid-supports or in
solution. The presence, absence or excess expression
of gene(s) may then be visualized using methods such
as autoradiography, fluorometry, or colorimetry. In
order to provide a basis for the diagnosis or
prognosis or risk for developing the disease, the
nucleotide sequence of the gene(s) can be compared
between normal sample and diseased sample from a
patient with the disease in order to establish
abnormal expression. Another method to identify a
normal or standard profile for expression is through
quantitative RT-PCR studies. RNA isolated from body
cells of a normal individual, particularly RNA
isolated from tumor cells, is reverse transcribed and
real-time PCR using oligonucleotides specific for the
relevant gene is conducted to establish a normal level
of expression of the gene. Standard values obtained in
both these examples may be compared with values
obtained from samples from subjects who are
symptomatic for a disorder. Deviation from standard
values is used to establish susceptibility to the
disease in question. Once susceptibility to disease is
established and a treatment protocol is initiated,
hybridization assays or quantitative RT-PCR studies
may be repeated on a regular basis to determine if the
level of expression in the subject begins to
approximate that which is observed in the normal
subject. The results obtained from successive assays
may be used to show the efficacy of treatment over a
period ranging from several days to months. Where
susceptibility to disease is assessed by studying
nucleic acid, preferably microarray(s) are used to
compare the nucleic acid profile of the subject to
control profile(s). Microarrays may be prepared, used,
and analyzed using methods known in the art (for
example, see Schena et al. PNAS USA 93:10614-10619
(1996); Heller et al, PNAS USA 94:2150-2155 (1997);
and Heller, M, Annual Review of Biomedical Engineering
4:129-53 (2002)). For example, microarrays containing
multiple genes generated by printing PCR 



products derived from cDNA clones (Invitrogen,
California and Genentech, Inc.) on glass slides
optionally coated with 3-ammopropyltriethoxysilane
(Aldrich, Milwaukee WI) and 1,4-
phenylenediisothiocyanate (Aldrich, Milwaukee WI)
using a robotic arrayer (Norgren Systems, Mountain
View, California). RNA isolation may be accomplished
by CsCl stepgradient, (Kingston, Current Protocols in
Molecular Biology 1:4.2.5-4.2.6 (1998)). Probes for
array analysis may be generated by conservative
amplification and subsequent labeling as follows:
double-stranded DNA generated from total RNA
(Invitrogen, Carlsbad, CA) may be amplified using a
single round of a modified in vitro transcription
protocol (MEGASCript T7 from Ambion, Austin, Texas
(Gelder et al, Proc. Natl. Acad. ScL USA 87:1663-1667
(1990)). The resulting cRNA may be used as a template
to generate a sense DNA probe using random primers,
using MMLV-derived reverse transcriptase (Invitrogen,
Carlsbad, CA). Probes may then be hybridized to arrays
overnight in 50% formamide / 5XSSC at 37 C and washed
the next day in 2XSSC, 0.2% SDS followed by 0.2XSSC,
0.2% SDS. Array images may be collected using a
CCD-camera based imaging system (Norgren Systems,
Mountain View, California) equipped with a Xenon light
source and optical filters appropriate for each dye.
Full dynamic-range images may be collected (Autograb,
Genentech Inc) and intensities and ratios extracted
using automated gridding and data extraction software
(glmage, Genentech Inc) built on a Matlab (the
MathWorks, Natick, Massachusetts) platform. Microarray
procedures are also described in US2003/0219818A1,
Bohen et al. In another aspect, the subject
susceptible to the disease is identified using an
assay to detect autoantibodies, such as those noted in
the table below, hi the preferred embodiment,
autoantibody production is assessed qualitatively, and
preferably quantitatively. The autoantibody or
antibodies to be evaluated generally vary with the
autoimmune disease to be prevented. Exemplary
auto-antibodies associated with selected autoimmune
diseases are reflected in the table below. Table
1LIPOSOMES USEFUL FOR DRUG DELIVERY STATEMENT OF
PRIORITY [0001] This Application claims benefit of
priority of the United States Provisional Patent
Application No. 60/567,921 filed on May 3, 2004, which
is incorporated herein by reference in its entirety
for all purposes. FIELD OF THE INVENTION [0002] This
invention relates generally to the field of liposomes,
and more specifically to liposome compositions useful
for delivery of therapeutic or diagnostic entities.
BACKGROUND OF THE INVENTION [0003] Liposomes, or lipid
bilayer vesicles, have been used or proposed for use
in a variety of applications in research, industry,
and medicine, particularly for the use as carriers of
diagnostic or therapeutic compounds in vivo. See, for
example: Lasic, D. Liposomes:from physics to
applications. Elsevier, Amsterdam, 1993. Lasic, D, and
Papahadjopoulos, D., eds. Medical Applications of
Liposomes. Elsevier, Amsterdam, 1998. Liposomes are
usually characterized by having an interior space
sequestered from 



an outer medium by a membrane of one or more bilayers
forming a microscopic sack, or vesicle. Bilayer
membranes of liposomes are typically formed by lipids,
i.e. amphophilic molecules of synthetic or natural
origin that comprise spatially separated hydrophilic
and hydrophobic domains. See Lasic D., 1993, supra.
Bilayer membranes of the liposomes can be also formed
by amphiphilic polymers and surfactants
(polymerosomes, niosomes). A liposome typically serves
as a carrier of an entity such as, without limitation,
a chemical compound, a combination of compounds, a
supramolecular complex of a synthetic or natural
origin, a genetic material, a living organism, a
portion thereof, or a derivative thereof, that is
capable of having a useful property or exerting a
useful activity. For this purpose, the liposomes are
prepared to contain the desired entity in a
liposomeincorporated form. The process of
incorporation of a desired entity into a liposome is
often referred to as "loading". The
liposome-incorporated entity may be completely or
partially located in the interior space of the
liposome, within the bilayer membrane of the liposome,
or associated with the exterior surface of the
liposome membrane. The incorporation of entities into
liposomes is also referred to as encapsulation or
entrapment,(0004] and these three terms are used
herein interchangingly with the same meaning. The
intent of the liposomal encapsulation of an entity is
often to protect the entity from the destructive
environment while providing the opportunity for the
encapsulated entity to exert its activity mostly at
the site or in the environment where such activity is
advantageous but less so in other sites where such
activity may be useless or undesirable. This
phenomenon is referred to as delivery. For example, a
drug substance within the liposome can be protected
from the destruction by enzymes in the body, but
become released from the liposome and provide
treatment at the site of disease. [0005] Ideally, such
liposomes can be prepared to include the desired
compound (i) with high loading efficiency, that is,
high percent of encapsulated entity relative to the
amount taken into the encapsulation process; (ii) high
amount of encapsulated entity per unit of liposome
bilayer material; (iii) at a high concentration of
encapsulated entity, and (iv) in a stable form, i.e.,
with little release (leakage) of an encapsulated
entity upon storage or generally before the liposome
appears at the site or in the environment where the
liposome-entrapped entity is expected to exert its
intended activity. [0006] Therefore, there is a need
in the art to provide various liposome compositions
that are useful for delivery of a variety of
compounds, especially therapeutic, diagnostic, or
imaging entities. SUMMARY OF THE INVENTION [0007] The
present invention is based on the discovery that
substituted ammonium and polyanion are useful for
loading and retaining entities inside liposomes.
Accordingly the present invention provides methods and
liposome compositions .useful for delivery of a
variety of entities, especially therapeutic entities,
that is, entities useful in the diagnosis, prognosis,
testing, screening, treatment, or prevention of an
undesirable condition, e.g., a disease, in living
organism ,such as a human, a plant, or an animal. 



[0008] In one embodiment, the present invention
provides a composition comprising a liposome in a
medium, wherein the inside of the liposome contains a
substituted ammonium (Dwherein each of Ri, R2, R ,
arid R is independently a hydrogen or an organic group
having, inclusively, in totality up to 18 carbon
atoms, wherein at least one of Ri, R2, R3, and R4 is
an organic group, wherein the organic group is
independently a hydrocarbon group having up to 8
carbon atoms, and is an alkyl, alkylidene,
heterocyclic alkyl, cycloalkyl, aryl, alkenyl, or
cycloalkenyl group or a hydroxy-substituted derivative
thereof, optionally including within its hydrocarbon
chain a S, O, or N atoms, forming an ether, ester,
thioether, amine, or amide bond, wherein at least
three of R , R2, R3, and R4 are organic groups, or the
substituted ammonium is a sterically hindered
ammonium, such as, for example, where at least one of
the organic groups has a secondary or tertiary carbon
atom directly linked to the ammonium nitrogen atom.
Preferably, the substituted ammonium compound
encapsulated into liposomes has a negative logarithm
of the acidic (deprotonation) dissociation constant
(pKa) of at least about 8iO, at least about 8.5, at
least about 9.0, at least 9.5, or at least 10.0, as
determined in an aqueous solution at ambient
temperature. [0009] In another embodiment, the present
invention provides a composition comprising a liposome
in a medium, wherein the inner space of the liposome
contains a polyanion and wherein the polyanion is a
polyanionized polyol or a polyanionized sugar. The
liposome preferably contains a transmembrane gradient
capable of effecting the loading of an entity into the
liposome. In one embodiment, the transmembrane
gradient is a gradient of an ammonium, a quarternary
ammomium, or a primary, secondary, or tertiary
substituted ammonium compound having in a diluted
aqueous solution at ambient temperature a negative
logarithm of the acidic (deprotonation) dissociation
constant (pKa) of at least about 8.0, at least about
8.5, at least about 9.0, at least 9.5, or at least
10.0. The liposome optionally contains an entrapped
entity, for example, a therapeutic, a detectable
marker, or a globally cationic organic molecule.
[00010] In yet another embodiment, the composition
provided by the present invention further comprises an
entity encapsulated in the liposomes of the present
invention. Preferably, the entity is encapsulated
within the inner space of the liposome. For example,
the inner space of the liposome further comprises an
anti-neoplastic therapeutic and wherein the toxicity
level of the composition to a subject is at least
equal to or less thanthe toxicity level of the
anti-neoplastic therapeutic administered to the
subject without the composition. [0010] In yet another
embodiment, the composition provided by the present
invention is a liposome composition comprising a
camptothecin compound. The composition has an
anticancer activity at least two times, four times, or
ten times higher than the camptothecin compound
similarly administered in the absence of the
composition, while the toxicity of the composition
does not exceed, is at least two times, or at least
four times 



lower than the toxicity of the camptothecin compound
similarly administered in the absence of the
composition. In a one embodiment, the camptothecin
compound is a pro drug, and is contained in the
liposome of at least 0.1 mg, at least 0.2 mg, at least
0.3 mg, at least 0.5 mg, or at least 1mg per 1mg of
the liposome membrane materials, e.g., lipids. The
camptothecin compound is preferably encapsulated in
the liposome substantially within the inner space of
the liposome. In one instance, the camptothecin
compound is irinotecan (CPT-I l). [0011] In yet
another embodiment, the composition provided by the
present invention is a liposome composition of a vinca
alkaloid or a derivative thereof. The composition has
the 24-hour drug retention within the liposome after
24 hours exposure in the blood of a mammal in vivo of
at least 50%, at least 60%, or at least 70% of the
original drug load. The vinca alkaloid or a derivative
thereof is preferably encapsulated in the liposome
substantially within the inner space of the liposome.
One example of the mammal is a rat. Exemplary vinca
alkaloids and derivatives are vincristine,
vinblastine, and vinorelbine. [0012] In still another
embodiment, the present invention provides a method of
encapsulating an entity into a liposome. The method
comprises contacting the liposomes of the present
invention with an entity, e.g., therapeutic or
detectable entity. Preferably, the contacting is
performed under the conditions when the concentration
of substituted ammonium or a polyanion of the present
invention in the medium is lower than that in the
inner space of the liposomes. In one embodiment, the
liposome composition is contacted with an entity in an
aqueous medium. [0013] In still another embodiment,
the present invention provides a method of
encapsulating an entity into a liposome. The method
comprises contacting the liposornecontaining
composition of the present invention with a
pre-entity, wherein the pre-entityis capable of being
converted to an entity under a condition, and
providing the condition inside the liposome whereby
converting the pre-entity to the entity inside the
liposome. In one case, the entity is an organic
compound, and the pre-entity is a basic derivative
thereof. [0014] In still another embodiment, the
present invention provides a kit for making
liposome-encapsulated entities. The kit comprises a
container with a liposome of the present invention,
and, optionally, a container containing an entity,
and/or instructions for a user, e.g. to encapsulate an
entity. BRIEF DESCRIPTION OF THE DRAWINGS [0015]
Figure 1 shows blood pharmacokinetics of the liposome
lipid (circles) and the drug (triangles) after i.v.
bolus administration of CPT-I I-loaded liposomes to a
rat. The liposomes are loaded using TEA-Pn method (See
Example 9). [0016] Figure 2 shows the dynamics of
drug-to-liposome lipid ratio in the blood of a rat in
vivo following i.v. bolus administration of the
liposome loaded with CPT-1 1 using TEA-Pn method (See
Example 9). [0017] Figure 3 shows antitumor efficacy
of freeCPT-1 1 and liposomal CPT-1 1 



against BT-474 human breast cancer xenografts in nude
mice. "Control" designates the mice treated with drug-
and liposome-free vehicle only. (See Example 10).
[0018] Figure 4 shows the dynamics of the animals'
body weights during the treatment of BT-474
tumor-bearing nude mice with free CPT-1 1 or liposomal
CPT-1 1. "Control" designates the mice treated
with-drug- and liposome-free vehicle only. (See
Example 10). [0019] Figure 5 shows the dynamics of
drug-to-liposome lipid ratio in the blood of a rat in
vivo following i.v. bolus administration of the
liposome loaded with CPT-1 1 using TEA-SOS method.
(See Example 14). [0020] Figure 6 shows antitumor
efficacy of free and liposomal CPT-1 1 against HT-29
human colon cancer xenografts in nude mice. The
on-panel caption indicates the drug loading method and
the administered dose per injection. "Saline control"
designates the mice treated with drug- and
liposome-free vehicle only. (See Example 15).[0021]
Figure 7 shows the dynamics of the animals' body
weights during the treatment of HT-29 tumor-bearing
nude mice with free or liposomal formulations of CPT-1
1. The error bars represent standard deviation of the
data. "Saline control" designates the mice treated
with drug- and liposome-free vehicle only. (See
Example 15). [0022] Figure 8A shows blood
pharmacokinetics of the liposome lipid after i.v.
bolus administration of Topotecan-loaded liposomes to
a rat. The on-panel caption indicates the drug loading
method and the drug content of the liposomes. (See
Example 24). [0023] Figure 8B shows the dynamics of
drug-to-liposome lipid ratio in the blood of a rat in
vivo following i.v. bolus administration of the
liposomes loaded with Topotecan The on-panel caption
indicates the drug loading method and the drug content
of the liposomes. (See Example 24). [0024] Figure 9
shows the in vitro cytotoxicity of free, liposomal, or
HER2-targeted immunoliposomal Topotecan (TEA-Pn
method) against SKBr-3 breast carcinoma cells. (See
Example 27). [0025] Figure 10 shows the in vitro
cytotoxicity of free, liposomal, or HER2-targeted
immunoliposomal Topotecan (TEA-SOS method) against
SKBr-3 breast carcinoma cells. (See Example 32).
[0026] Figure 11 shows antitumor efficacy of various
Topotecan (TPT) formulations against BT-474 human
breast cancer xenografts in nude mice. "Saline
control" designates the mice treated with drug- and
liposome-free vehicle only. (See Example 29). [0027]
Figure 12 shows the dynamics of the animals' body
weights during the treatment of BT-474 tumor-bearing
nude mice with free Topotecan (TPT), liposomal
Topotecan (Ls-TPT), or anti-HER2 immunoliposomal
Topotecan (F5 ILs-TPT). "Control" designates the mice
treated with drug- and liposome-free vehicle only.
(See Example 29). [0028] Figure 13A shows antitumor
efficacy of Topotecan formulations against BT- 474
human breast cancer xenografts in nude mice. Free
Topotecan (Free TPT) or liposomal Topotecan (Ls-TPT)
were administered at one-eighth of their
maximumtolerated doses. Error bars represent standard
deviation of the data. "Control" designates 



the mice treated with drug- and liposome-free vehicle
only. (See Example 31). [0029] Figure 13B shows
antitumor efficacy of Topotecan formulations against
BT- 474 human breast cancer xenografts in nude mice.
Free Topotecan (Free TPT) or liposomal Topotecan
(Ls-TPT) were administered at one-fourth of their
maximum tolerated doses. Error bars represent standard
deviation of the data. "Control" designates the mice
treated with drug- and liposome-free vehicle only.
(See Example 31). [0030] Figure 13C shows antitumor
efficacy of Topotecan formulations against BT- 474
human breast cancer xenografts in nude mice. Free
Topotecan (Free TPT) or liposomal Topotecan (Ls-TPT)
were administered at one-half of their maximum
tolerated doses. Error bars represent standard
deviation of the data. "Control" designates the mice
treated with drug- and liposome-free vehicle only.
(See Example 31). [0031] Figure 13D shows antitumor
efficacy of Topotecan formulations against BT- 474
human breast cancer xenografts in nude mice. Free
Topotecan (Free TPT) or liposomal Topotecan (Ls-TPT)
were administered at their maximum tolerated doses.
Error bars represent standard deviation of the data.
"Control" designates the mice treated with drug- and
liposome-free vehicle only. (See Example 3 1) . [0032]
Figure 14 shows the dynamics of the average body
weights during the treatment of BT-474 tumor-bearing
nude mice with free Topotecan (Free TPT) or liposomal
Topotecan (Ls-TPT) administered at their maximum
tolerated doses. "Control" designates the mice treated
with drug- and liposome-free vehicle only. (See
Example 31). [0033] Figure 15 shows the cytotoxicity
of free 6-(3-aminopropyl)-ellipticine (Free AE),
liposomal 6-(3-aminopropyl)-ellipticine (Ls-AE) , or
HER2-targeted immunoliposomal
6-(3-aminopropyl)-ellipticine (F5 ILs-AE) ) against
BT-474 breast carcinoma cells in vitro. (See Example
35). [0034] Figure 16 shows the in vitro cytotoxicity
of free 6-(3-aminopropyl)-ellipticine (Free APE),
liposomal 6-(3-aminopropyl)-ellipticine (Ls-APE), or
EGFR-targeted immunoliposomal
6-(3-aminopropyl)-ellipticine (C225-ILs-APE) against
breastcarcinoma cells with low (MCF-7) or high
(MDA-MB468) expression of EGF receptor. (See Example
36). [0035] Figure 17 shows blood pharmacokinetic
attributes of the liposomally formulated
6-(3-aminopropyl)ellipticine (APE): blood
pharmacokinetics of the liposome lipid (Panel A, open
circles), the drug (Panel A, filled circles), and the
dynamics of drugto- liposome lipid ratio (Panel B)
after i.v. bolus administration of APE liposomes to a
rat. (See Example 37). [0036] Figure 18 shows blood
pharmacokinetic attributes of vinorelbine formulated
into liposomes (Ls-VRB), and anti-HER2 immunoliposomes
(F5-ILs-VRB): blood pharmacokinetics of the liposome
lipid (Panel A), the drug (Panel B), and the dynamics
of drug-to-liposome lipid ratio (Panel C) after i.v.
bolus administration of vinorelbine liposomes to a
rat. (See Example 43). [0037] Figure 19 shows blood
pharmacokinetics of the liposome lipid after i.v.
bolus 



administration of vinorelbine-loaded liposomes to a
rat. The liposomes are loaded using pre-entrapped
triethylammonium dextransulfate (DS-TEA), ammonium
dextransulfate (DS-A), or ammonium sulfate (S-A). (See
Example 44). [0038] Figure 20 shows the dynamics of
drug-to-liposome lipid ratio in the blood of a rat in
vivo following i.v. bolus administration of the
liposomes loaded with vinorelbine using pre-entrapped
triethylammonium dextransulfate (DS-TEA), ammonium
dextransulfate (DS-A), or ammonium sulfate (S-A). (See
Example 44). [0039] Figure 2 1 shows blood
pharmacokinetics of the liposome lipid after i.v.
bolus administration of vinorelbine-loaded liposomes
to a rat. The liposomes are loaded using pre-entrapped
triethylammonium sucroseoctasulfate (TEA-SOS) and have
the mean size 'as indicated at the on-panel caption.
(See Example 45). [0040] Figure 22 shows the dynamics
of drug-to-liposome lipid ratio in the blood of a rat
in vivo following i.v. bolus administration of
vinorelbine-loaded liposomes. The liposomes are loaded
using pre-entrapped triethylammonium sucrooctasulfate
(TEASOS) and have the mean size as indicated at the
on-panel caption. (See Example 45).[0041] Figure 23
shows blood pharmacokinetics of the liposome lipid in
a rat after i.v. bolus administration of vinorelbine
formulated into liposomes (Ls-VRB) or anti-HER2
immunoliposomes (F5-ILs-VRB) using TEA-SOS method.
(See Example 46). [0042] Figure 24 shows the dynamics
of drug-to-liposome lipid ratio in the blood of a rat
in vivo following i.v. bolus administration of
vinorelbine formulated into liposomes (Ls-VRB) or
anti-HER2 immunoliposomes (F5-ILs-VRB) using TEA-SOS
method. (See Example 46). [0043] Figure 25 shows the
in vitro cytotoxicity of free vinorelbine (free VRB),
liposomal vinorelbine (Ls-VRB), or HER2-targeted
immunoliposomal vinorelbine (F5- Ils-VRB) against
HER2-overexpressing human breast cancer cells
MDA-MB-453. (See Example 48). [0044] Figure 26 shows
the in vitro cytotoxicity of free vinorelbine (free
VRB), liposomal vinorelbine (Ls-VRB), or HER2-targeted
immunoliposomal vinorelbine (F5- Hs-VRB) against
HER2-overexpressing CaLu-3 human non-small cell lung
cancer cells. (See Example 49). [0045] Figure 27 shows
the in vitro cytotoxicity of free vinorelbine (free
VRB), liposomal vinorelbine (Ls VRB/SOS-TEA), or
HER2-targeted immunoliposomal vinorelbine (F5-ILs
VRB/SOS-TEA) against HER2-overexpressing human breast
cancer cells SKBr-3. (See Example 50). [0046] Figure
28 shows antitumor efficacy of the free vinorelbine
(free VRB) or liposomal vinorelbine (Ls VRB) against
HT-29 human colon cancer xenografts in nude mice.
"Saline" designates the mice treated with drug- and
liposome-free vehicle only. Error bars represent
standard deviation of the data. (See Example 51).
[0047] Figure 29 shows the dynamics of the average
body weights during the treatment of HT-29
tumor-bearing nude mice with free vinorelbine (free
VRB), liposomal 



vinorelbine (Ls VRB), or vehicle only (saline). Error
bars represent standard deviation of the data. (See
Example 51). [0048] Figure 30 shows antitumor efficacy
of the free vinorelbine (free VRB) or liposomal
vinorelbine (Ls VRB) in a syngeneic C-26 murine colon
carcinoma model.The dose of the drug per injection was
as indicated on the on-panel caption. Error bars
represent standard deviation of the data. "Saline"
designates the mice treated with drugand liposome-free
vehicle only. (See Example 52). [0049] Figure 3 1
shows the dynamics of the average body weights during
the treatment of mice bearing syngeneic C-26 murine
colon carcinoma tumors with various doses of free
vinorelbine (free VRB), liposomal vinorelbine (Ls
VRB), or with vehicle only (saline). The dose of the
drug per injection was as indicated on the on-panel
caption. (See Example 52). [0050] Figure 32 shows
antitumor efficacy of the free vinorelbine (Free drug)
or scFv F5-conjugated, anti-HER2 immunoliposomal
vinorelbine prepared by a TEA-SOS method (F5-lLs-VRB
TEA-SOS), anti-HER2 immunoliposomal vinorelbine
prepared y a TEA-Pn method (F5-ILs-VRB TEA-Pn) against
HER2-overexpressing human breast carcinoma (BT-474)
xenografts in nude mice. "Saline control" designates
the mice treated with drug- and liposome-free vehicle
only. (See Example 53). [0051] Figure 33 shows the
dynamics of the average body weights during the
treatment of mice bearing HER2-overexpressing human
breast carcinoma (BT-474) xenografts with free
vinorelbine, scFv F5-conjugated, anti-HER2
immunoliposomal vinorelbine prepared using a TEA-SOS
method, anti-HER2 immunoliposomal vinorelbine prepared
by a TEA-Pn method, or with vehicle only. For
explanation of the symbols, see the caption to Figure
32. (See also Example 53). [0052] Figure 34 shows
antitumor efficacy of the free vinorelbine (Free drug)
or scFv F5-conjugated, anti-HER2 immunoliposomal
vinorelbine prepared using various amounts of
PEG-lipid against HER2-overexpressing human breast
carcinoma (BT-474) xenografts in nude mice. The error
bars are standard deviation of the data. "Vehicle
control" designates the mice treated with drug- and
liposome-free vehicle only. (See Example 54). [0053]
Figure 35 shows antitumor efficacy of the free
vinorelbine (free NAV), liposomal vinorelbine (NAV
Lip), or FC225Fab'-conjugated,
anti-EGFRimmunoliposomal vinorelbine (C225-NAV Lip)
against EGFR-overexpressing human glioblastoma (U87)
xenografts in nude mice. "Saline" designates the mice
treated with drug- and liposome-free vehicle only.
(See Example 55).[0054] Figure 36 shows blood
pharmacokinetics of the liposome lipid and the
dynamics of the drug/liposome lipid ratio in the blood
of a rat after i.v. bolus administration of
doxorubicin formulated into liposomes using
triethylammonium sulfate method. (See Example 56).
[0055] Figure 37 shows antitumor efficacy of the
liposomal doxorubicin (Ls-Dox), or scFv F5-conjugated,
anti-HER2 immunoliposomal doxorubicin (F5 ILs-Dox)
prepared using various amounts of PEG-lipid against
HER2-overexpressing human breast 



carcinoma (BT-474) xenografts in nude mice. The
on-panel caption shows the amount of PEG-lipid
expressed in mol.% of liposome phospholipids. "Saline
control" designates the mice treated with drug- and
liposome-free vehicle only. (See Example 57). [0056]
Figure 38 shows blood pharmacokinetics of liposomal
vinblastine in a rat. (See Example 58). [0057] Figure
39 shows the dynamics of the drug/liposome lipid ratio
in the blood of a rat after i.v. bolus administration
of liposomal vinblastine. (See Example 58). [0058]
Figure 40 shows the in vitro cytotoxicity of free
vincristine (Free VCR), liposomal vincristine
(Ls-VCR), or HER2-targeted immunoliposomal vincristine
(F5- ILs-VCR) against HER2-overexpressing human breast
cancer cells SKJBr-3. (See Example 61). [0059] Figure
4 1 shows blood pharmacokinetics of the liposome lipid
in a rat after i.v. bolus administration of
vincristine formulated into liposomes of different
average size (indicated on the on-panel caption). (See
Example 62). [0060] Figure 42 shows the dynamics of
the drug/liposome lipid ratio in the blood of a rat
after i.v. bolus administration of vincristine
formulated into liposomes of different average size
(indicated on the on-panel caption). (See Example 62).
[0061] Figure 43 shows antitumor efficacy of the free
vincristine (free VCR), liposomal vincristine prepared
by triethylammonium citrate method (Ls-VCR Citrate),
liposomal vincristine prepared by triethylammonium
sucrooctasulfate method (Ls-VCR SOS), or scFv
F5-conjugated, anti-HER2 immunoliposomal vincristine
prepared by triethylammonium sucrooctasulfate method
(F5 ILs-VCR SOS) against HER2-overexpressing human
breast carcinoma (BT-474) xenografts in nude mice.
"Saline control" designates the mice treated with
drug- and liposome-free vehicle only. (See Example
64). [0062] Figure 44 shows the dynamics of the
average body weights during the treatment of mice
bearing HER2-overexpressing human breast carcinoma
(BT-474) xenografts with free vincristine (free VCR),
liposomal vincristine prepared by triethylammonium
citrate method (Ls-VCR Citrate), liposomal vincristine
prepared by triethylammonium sucrooctasulfate method
(Ls-VCR SOS), scFv F5-conjugated, anti- HER2
immunoliposomal vincristine prepared by
triethylammonium sucrooctasulfate method (F5 ILs-VCR
SOS), or with vehicle only (saline control). (See
Example 64). [0063] Figure 45 shows antitumor efficacy
of the free vincristine (vincristine), liposomal
vincristine (nt-vcr), or C225 Fab'-conjugated,
anti-EGFR immunoliposomal vincristine (C225-vcr)
against EGFRvIII-overexpressing human brain cancer
(U87) xenografts in nude mice. "Saline" designates the
mice treated with drug- and liposomefree vehicle only.
(See Example 65). [0064] Figure 46 shows blood
pharmacokinetics of CPT-1 1 and the dynamics of the
percentage of CPT-1 1 present in the active (lactone)
form in the blood of a rat after i.v. bolus
administration of liposomal CPT-1 1. (See Example 69).



[0065] Figure 47 shows blood pharmacokinetics of CPT-1
1 and the dynamics of the percentage of CPT-1 1present
in the active (lactone) form in the blood of a rat
after i.v. bolus administration of CPT-1 1 solution
(free CPT-1 1). (See Example 69). DESCRIPTION OF THE
PREFERRED EMBODIMENTS [0066] The present invention
relates in general to methods and liposome
compositions useful for delivery a variety of
entities, especially therapeutics and imaging agents.
It is the discovery of the present invention that
substituted ammonium and polyanion are useful for
loading and retaining the entities, e.g., compound,
inside liposomes. Accordingly, the present invention
provides liposome compositions and kits containing
substituted ammonium and/or polyanion and methods of
making these liposome compositions.[0067] According to
one feature of the present invention, it provides a
composition of liposomes containing within its inner
space one or more substituted ammonium compounds of a
formula wherein each of R , R2, R , and R4 is
independently a hydrogen or an organic group, and
wherein at least one of R , R2, R3, and R is an
organic group, such as, an alkyl, alkylidene,
heterocyclic alkyl, cycloalkyl, aryl, alkenyl, or
cycloalkenyl group, a hydroxysubstituted derivative
thereof, optionally including within its hydrocarbon
chain a S, O, or N atoms, e.g., forming an ether
(including an acetal or ketal), ester, sulfide
(thioether), amine, or amide bond therein. If less
than three of Ri, R , R3, and R4 are organic groups,
then, according to the invention, at least one, and
preferably two, of the organic groups has a secondary
or tertiary carbon atoms (i.e., carbon atoms having 2
or 3 carbon-carbon bonds, respectively) directly
linked to the ammonium nitrogen, i.e., the substituted
ammonium is a sterically hindered ammonium. Generally,
the presence of titratable ammonium, such as
unsubstituted ammonium ion (NH4 +), as well as primary
and secondary straight chain alkylammonium ions in the
inner space of the liposome of the present invention
is known to provide for enhanced encapsulation of weak
amphiphilic bases, for example, via a mechanism of
"active", "remote", or "transmembrane gradientdriven"
loading (Haran, et al., Biochim. Biophys. Acta, 1993,
v. 1152, p. 253-258; Maurer-Spurej, et al., Biochim.
Biophys. Acta, 1999, v. 1416, p. 1-10). However these
ammonia compounds possess hydrogen atoms that easily
enter into reactions of nucleophilic substitution, and
otherwise react chemically with the liposome-entrapped
entities, and therefore are capable of impairing the
chemical integrity of the entitites during or after
the liposome loading (entrapment) process. Thus, it is
desirable for an entrapped substituted ammonium
compound to be more chemically inert, lacking chemical
functions which are unstable or readily reactive with
the liposome components, that may include an
encapsulated entity. Unexpectedly, we discovered that
liposome compositions comprising within their inner
space a substituted tertiary and quaternary ammonium
that do not have a substitutable hydrogen, or a
sterically hindered primary or 



secondary ammonium, in which the access to an ammonium
hydrogen atom is sterically hindered by a neighbor
bulky organic group, such as having one or two
secondary ortertiary carbon atoms linked to the
ammonium nitrogen, show not only outstanding
entityloading capacity, but also improved stability of
the liposome-entrapped entity, e.g., a drug, against
premature release from the liposome in the living
body. [0068] In one embodiment, the liposome-entrapped
substituted ammonium compound is pharmaceutically
inert, that is, does not elicit an adverse
physiological response when administered to a living
subject, e.g. a human or an animal, within an amount
of the liposome membrane material that is sufficient
to deliver an effective dose of the liposome-entrapped
entity. In another embodiment, the substituted
ammonium of the present invention has an acceptable
level of toxicity to a subject. Usually an acceptable
level of toxicity means that the toxic dose, e.g., a
maximum tolerated dose (MTD), or a dose causing 50%
lethality (LD50) of the substituted ammonium of the
present invention is at least twice, at least four
times, at least eight times, or at least ten times
higher than the toxic dose of a liposome-entrapped
entity, e.g., drug, loaded inside the liposomes of the
present invention. For example, triethylammonium
sulfate has an acceptable level of toxicity according
to the present invention since its LD50 is about 40
times higher than the LD50 of doxorubicin, an
anti-cancer drug. The toxicity levels or physiological
responses of substituted ammoniums, as well as of the
entities of interest, if not already known, can be
readily established via routine techniques well known
by persons skilled in the biomedical art. See, for
example, S.C. Gad. Drug Safety Evaluation, Wiley, New
York, 2002. One method of quantifying the toxicity of
free and/or liposomally formulated drug is described
in Example 16 herein. [0069] In one preferred
embodiment, the substituting organic groups among Ri,
R2, R , or R are of the size and physico-chemical
properties sufficient to ensure that the substituted
ammonium fopns in aqueous environment substantially a
true (molecular) solution, but not micelles, bilayers,
or similar self-assembled structures. Therefore, the
substituted ammonium of the present invention
preferably has little or substantially no distribution
into the bilayer portion of liposomes, therefore
minimizing the risk of destabilization,
solubilization, or permeabilization of the liposomes
entrapping the substituted ammonium. [0070] The
organic group of the substituted ammonium is typically
a hydrocarbon containing, inclusively, up to 8 carbon
atoms, up to 6 carbon atoms, or up to 4 carbonatoms,
and in totality, the substituting groups contain,
inclusively, up to 18, up to 16, up to 12, or up to 9
carbon atoms. These substituting hydrocarbon groups
include any combination of interlinked primary,
secondary, or tertiary carbon atoms, as well as
cycloalkyl groups being linked at their termini
directly to the ammonium nitrogen to form a
heterocycle, or to a carbon atom of an ammonium
hydrogen-substituting group. These substituted alkyl
groups can also include heteroatoms, e.g., oxygen,
nitrogen, or sulfur in their carbon chains forming a
functional group, e.g., ether, acetal, amine, or
sulfide group, as well as forming a functional group,
e.g., hydroxyl group, linked to the alkyl carbon 



chain. Examples of the organic group of the present
invention include, without any limitation, alkyls,
alkylidenes, heterocyclic alkyls, cycloalkyls, aryls,
alkenyls, cycloalkenyls, or hydroxy-substituted
derivatives thereof, e.g., a hydroxy-substituted
alkylidene forming a ring inclusive of N in the
substituted ammonium. [0071] In another embodiment,
the substituted ammonium is: a heterocyclic ammonium,
i.e. an ammonium wherein at least two of R , R , R ,
or R4 form a ring; a sterically hindered primary
ammonium; or a sterically hindered secondary ammonium.
In general, a sterically hindered primary or secondary
ammonium includes any substituted ammonium with one or
two of the R , R2, R3, and R substituted with alkyl
groups that sterically crowd the molecule, e.g., any
substituted ammonium with one or two of the Ri, R2,
R3, and R4 substituted with one or two cycloalkyl
groups or alkyl groups having at least one secondary
or tertiary alkyl carbon atom linked to the nitrogen
of the substituted ammonium. Examples of such
heterocyclic, sterically hindered primary ammoniums,
and sterically hindered secondary ammonium include,
without any limitation, isopropylethylammonium,
isopropylmethylammonium, diisopropylammonium,
tertbutylethylammonium, dicychohexylammonium,
protonized forms of morpholine, pyridine, piperidine,
pyrrolidine, piperazine, tert-bu\y\amine,
2-amino-2-methylpropanol- 1,
2-amino-2-methyl-propandiol-l,3, and
/r-(hydroxyethyl)-aminomethane. These substituted
ammonium compounds are generally commercially
available in the form of various salts, or are readily
prepared from their corresponding amines by
neutralization with acids. [0072] In yet another
embodiment, the substituted ammonium is a tertiary or
quaternary ammonium including, without any limitation,
trimethylammonium, triethylammonium, tributylammonium,
diethylmethylammonium,diisopropylethylammonium,
triisopropylammonium, N-methylmorpholinium,
Nhydroxyethylpiperidinium, N-methylpyrrolidinium, and
N, N'-dimethylpiperazinium, tetraraethylammonium,
tetraethyl ammonium, and tetrabutyl ammonium. These
substituted ammonium compounds are generally
commercially available in the form of various salts,
or are readily prepared from their corresponding
amines by neutralization with acids. [0073] In yet
another embodiment, the substituted ammonium compound
according to the invention is a globally cationic
compound, that is, under the conditions of the entity
encapsulation, typically, in aqueous solution at a pH
between about pH 2 and about pH 8, bears net positive
charge, e.g. as a result of ionization (protonation)
of the nitrogen atom. [0074] In yet another
embodiment, the substituted primary, secondary, or
tertiary ammonium compound encapsulated into liposomes
has a negative logarithm of the acidic (deprotonation)
dissociation constant (pKa) of at least about 8.0, at
least about 8.5, at least about 9.0, at least 9.5, or
at least about 10.0, as determined in a diluted
aqueous solution at ambient temperature (typically 25
0C). Parameter pKa is a well known characteristic of
ammonium compounds that generally characterizes the
strength of their basic properties, and methods for
pKa determination are conventional and routine in the
art. The pKa 



values for many amines and their protonated forms
(ammoniums) are tabulated in reference books of
chemistry and pharmacology. See, for example, IUPAC
Handbook of Pharmaceutical Salts, ed. by P.H. Stahl
and C G Wermuth, Wiley-VCH, 2002; CRC Handbook of
Chemistry and Physics, 82nd Edition, ed. by D.R.Lide,
CRC Press, Florida, 2001, p. 8-44 to 8-56. Generally,
higher pKa characterizes stronger bases. Exemplary
substituted ammonium compounds, as well as
unsubstituted ammonium (listed as their conjugated
amine bases) have the following pKa values:
pyrrolidine,l 1.31; piperidine,l 1.12;
diisopropylamine, 11.05; diethylamine, 10.93;
triethylamime, 10.75; dimethylamine, 10.73;
tert-butylamine, 10.68; cyclohexylamine, 10.66;
methylamine, 10.66; ethylamine, 10.65; propylamine,
10.54; Isopropylamine, 10.53; N-ethylpiperidine,
10.45; dicyclohexylamine,10.4; N-methylpiperidine,
10.38; diethylmethylamine, 10.35;
dimethylpropylamine,10.15; trimethyl amine, 9.8;
piperazine, 9.73 (I) ,5.33 (II); 2-amino-
2-methylpropanol, 9.69; N,N'-dimethylpiperazine, 9.66
(I),5.2 (II); diethyl-(2- hydroxyethyl)amine, 9.58;
ethanolamine, 9.5; N-hyrdoxyethylpyrrolidine, 9.44;
diethanolamine, 9.28; ammonia, 9.27;
dimethyl-(2-hydroxyethyl)amine, 8.83; 2-amino-2-
methylpropanediol-1,3, 8.8; morpholine, 8.5;
tris-(hydroxymethyl)-aminomethane, 8.3;
N-methylglucamine, 8.03; triethanolamine, 7.76;
N-ethylmorpholine, 7.67; Nhydroxyethylmo f holine,
7.39; imidazole, 7.03; pyridine, 5.23. As a rule,
substitution of alkyl or cycloalkyl group for a
hydrogen in an ammonium compound increases pKa value.
Notably, multiple hydroxyl or ether functions in the
substituting alkyl groups, or the presence of
aromaticity in a nitrogen-containing heterocyclic
group reduce pKa value relative to similar substituted
ammonia without hydroxyl or ether functions. The
compounds with more than one ammonium group usually
have pKa of the second and subsequent ammonium group
much lower than of the first one. We unexpectedly
discovered that substituted ammonia with higher pKa
values, that is, formed by more strongly basic amines,
were more effective than those formed from weaker
amines in stabilizing the drug inside liposomes. For
example, both IHP and SOS salts of triethylammonium
(pKa = 10.75) were notably more effective than
corresponding salts of triethanolammonium (pKa = 7.76)
in stabilizing irinotecan within the liposomes in vivo
(Example 73). [0075] The substituted ammonium
contained in the liposome composition of the present
invention can be in any suitable form, e.g., salt.
Suitable salts include pharmaceutically acceptable
salts. See, for example, P.H.Stahl, CG. Wermuth (eds),
Handbook of Pharmaceutical Salts, Wiley-VCH, Weinheim,
2002. In one embodiment, the substituted ammonium is a
salt containing one or more polyanions of the present
invention. Optimally the counter-ion (anion) in the
substituted ammonium salt of the present invention
renders the salt water soluble, is pharmaceutically
inert, capable of forming precipitates or gels when in
contact with a therapeutic or detectable entity,
and/or is less permeable through the liposome membrane
than the substituted ammonium or its non-dissociated
amine fopn . In general, the substituted ammonium salt
of the present 



invention forms a true solution in the intraliposomal,
e.g. aqueous, space, and does not form a significant
amount of a condensed phase such as micelle, bilayer,
gel, or crystalline phase. The relative amount of a
substituted ammonium and a salt-forming anion, e.g.,
polyanion, is at or near the point of stiochiometric
equivalency, and typically has the pH on the range of
3-9, more often, pH 4-8, dependent, for example, on
the dissociation constant of the conjugated base of
the substituted ammonium ion. [0076] In general, the
substituted ammonium is contained inside, that is, in
the inner (interior) space of the liposomes of the
present invention. In one embodiment, thesubstituted
ammonium is partially or substantially completely
removed from the outer medium surrounding the
liposomes. Such removal can be accomplished by any
suitable means known to one skilled in the art, e.g.,
dilution, ion exchange chromatography, size exclusion
chromatography, dialysis, ultrafiltration,
precipitation, etc. [0077] According to another
feature of the present invention, it provides a
composition of liposomes containing a polyanion. The
polyanion of the present invention can be any suitable
chemical entity with more than one negatively charged
groups resulting in net negative ionic charge of more
than two units within the liposome interior, e.g.,
aqueous, space. The polyanion of the present invention
can be a divalent anion, a trivalent anion, a
polyvalent anion, a polymeric polyvalent anion, a
polyanionized polyol, or a polyanionized sugar.
Sulfate, phosphate, pyrophosphate, tartrate,
succinate, maleate, borate, and citrate are, without
limitation, the examples of such di- and trivalent
anions. In one preferred embodiment, the polyanion of
the present invention is a polyanionic polymer, having
an organic (carbon) or inorganic backbone , and a
plurality of anionic functional groups, i.e functional
groups ionizable to a negative charge in a neutral
aqueous solution, and integrated or appended to the
backbone. A polymer is a natural or synthetic
compound, usually of high molecular weight, consisting
of repeated linked units, each a relatively light and
simple molecule. Exemplary polyanionic polymers are
polyphosphate, polyvinylsulfate, polyvinylsulfonate,
anionized polyacrylic polymers, anionized, e.g.,
polysulfonated polyamines, such as polysulfonated
poly(ethylene imine); polysulfated, polycarboxylated,
or polyphosphorylated polysaccharides; acidic
polyaminoacids; polynucleotides; other
polyphosphorylated, polysulfated, polysulfonated,
polyborated, or polycarboxylated polymers. Such
polyvalent anions and polymers are well known in the
art and many are commercially available. A polymeric
anion of the present invention is preferably a
biodegradable one, that is, capable of breaking down
to non-toxic units within the living organism.
Exemplary biodegradable polymeric anion is
polyphosphate. [0078] In another preferred embodiment,
the polyanion is a polyanionized polyol or a
polyanionized sugar. A polyol is an organic molecule
having a plurality of hydroxyl groups linked to, e.g.,
linear, branched, or cyclic, carbon backbone. Thus, a
polyol can be characterized in other terms as a
polyhydroxylated compound. Preferably, a majority of
carbon atoms in a polyol are hydroxylated. Polyols
(polyatomic alcohols) are moleculeswell known in the
art. Both straight chain (linear or branched) and
cyclic polyols can be 



used. Exemplary polyols of the present invention are,
without limitation: ethyleneglycol; glycerol, treitol,
erythritol, pentaerythritol, mannitol, glucitol,
sorbitol, sorbitan, xylitol, lactitol, maltitol,
fructitol, and inositol. A sugar usually comprises a
cyclic acetal, a cyclic ketal, a ketone, or an
aldehyde group, or an adduct thereof, within a group
of interlinked predominantly hydroxylated carbon
atoms. Sugars are often naturally occurring compounds.
Hydrolysis of sugars in aqueous medium leads to units
called monosaccharides. Typically, in an aqueous
solution a monosaccharide sugar molecule of five or
six carbon atoms forms a cyclic hemiacetal, a ring
structure. Preferably, sugars of the present
inventions are monosaccharides or disaccharides, that
is, consist of one or two monosaccharide units, each
having from three to seven, preferably from three to
six carbon atoms. Exemplary sugars of the present
invention are, without limitation, monosacharide
hexoses, such as glucose (dextrose), galactose,
mannose, fructose; monosaccharide pentoses, such as
xylose, ribose, arabinose, and disaccharides, such as
lactose, trehalose, sucrose, maltose, and cellobiose.
Compounds comprised of several interlinked sugar units
forming a ring (cyclodextrins) and their derivatives
can be also used. Reduction of sugars is one method to
obtain polyols. More stable "non-reducing" and
non-metabolizable disaccharides, such as sucrose or
trehalose, are preferred. Various polyols,
monosaccharides, and disaccharides are commercially
available. [0079] A polyanionized polyol or sugar is a
polyol or a sugar having its hydroxyl groups
completely or partially modified or replaced with
anionic groups (anionized). Thus, a polyanionized
polyol or polyanionized sugar comprises a polyol
moiety or a sugar moiety along with anionic groups
linked thereto. Exemplary anionic groups include,
without any limitation, carboxylate, carbonate,
thiocarbonate, dithiocarbonate, phosphate,
phosphonate, sulfate, sulfonate, nitrate, and borate.
It is preferred that at least one anionic group of a
polyanionized sugar or polyol is strongly anionic
group, that is, is more than 50% ionized in the broad
range of pH, e.g. , pH 3-12, preferably, pH 2-12, when
in the aqueous medium, or, alternatively, has a log
dissociation constant (pKa) of 3 or less, preferably
of 2 or less. Polyanionization of a polyol or a sugar
can be achieved by a variety of chemical processes
well known in the art. For example, reaction of
polyols and/or sugars with sulfur trioxide or
chlorosulfonic acid in pyridine or 2-picoline results
in some or all hydroxyl groups esterified with
sulfuric acid residues (sulfated), providingfor a
polysulfated sugar or polyol. Exemplary sulfated sugar
of the present invention is sulfated sucrose
including, without limitation, sucrose hexasulfate,
sucrose heptasulfate, and sucrose octasulfate (See
Ochi. K., et al., 1980, Chem. Pharm. Bull, v. 28, p.
638- 641). Similarly, reaction with phosphorus
oxychloride or diethylchlorophosphate in the presence
of base catalyst results in polyphosphorylated polyols
or sugars. Polyphosphorylated polyols are also
isolated from natural sources. For example, inositol
polyphosphates, such as inositol hexaphosphate (phytic
acid) is isolated from corn. A variety of sulfated,
sulfonated, and phosphorylated sugars and polyols
suitable to practice the present invention are
disclosed, e.g., in U.S. Pat. 5,783,568 and U.S. Pat.
5,281,237, 



which are incorporated herein by reference. It was
unexpectedly discovered that polyanionised
polyhydroxylated compounds with only strong acid
dissociation steps, e.g. the groups having pKa of less
than about 3.0, preferably less than about 2.0, such
as, for example, sulfate monoesters (pKa 1.0 or less),
provide liposomal encapsulation with better drug
retention than polyanionized polyhydroxylated
compounds having also weakly acidic dissociation
steps, such as phosphate monoesters (step 1, pKa about
1.5; step 2, pKa about 6.7; see Stahl and Wermuth, Op.
cit., 2002). Example 73 below illustrates this
discovery. Complexation of polyols and/or sugars with
more than one molecule of boric acid also results in a
polyanionized (polyborated) product. Reaction of
polyols and/or sugars with carbon disulfide in the
presence of alkali results in polyanionized
(polydithiocarbonated, polyxanthogenate) derivatives.
A polyanionized polyol or sugar derivative can be
isolated in the form of a free acid and neutralized
with a suitable base, for example, with an alkali
metal hydroxide, ammonium hydroxide, or preferably
with a substituted amine, e.g., amine corresponding to
a substituted ammonium of the present invention, in a
neat form or in the form of a substituted ammonium
hydroxide providing for a polyanionic salt of a
substituted ammonium of the present invention.
Alternatively, a sodium, potassium, calcium, barium,
or magnesium salt of a polyanionized polyol/sugar can
be isolated and converted into a suitable form, e.g.,
a substituted ammonium salt form, by any known method,
for example, by ion exchange. [0080] The polyanion of
the present invention usually has a charge density of
at least two, three, or four negatively charged groups
per unit, e.g., per carbon atom or ring in a carbon
chain or per monosaccharide unit in a sugar. The
polyanionized sugar or cyclic polyol of the present
invention preferably has at least 75% of available
hydroxyl groupspolyanonized, and more preferably 100%
of available hydroxyl groups polyanionized. In
addition, polyanionization inside the liposomes of the
present invention is usually at a level that is
compatible with or facilitates the delivery and
release of the entity entrapped inside the liposomes
at the site of its intended action, but decreases the
release of the entrapped entity prematurely, i.e.,
before the liposome reaches its site of intended
action. [0081] According to the present invention, the
degree of polyanionization inside the liposomes can be
used to regulate the release characteristics, e.g.,
release rate and kinetics of an entity entrapped
inside the liposomes. In general, the degree of
polyanionization can be assessed based on the amount
of polyanionized sugar or polyol relative to the total
amount of anion(s) or in the case of polyanion being
the only kind of anion, the percentage of
polyanionization with respect to the total
polyanionization capacity of the polyanion, e.g.,
polyanionized sugar or polyol or a mixture thereof
inside the liposomes of the present invention. In one
embodiment, polyanionized sugar or polyol is mixed
with one or more of other anions and the less the
amount of polyanionized sugar or polyol over the
amount of other anion(s), the faster the entity is
released from the liposomes. [0082] Usually if an
entrapped entity is released from the liposomes at the
site of its intended activity too slowly, the desired
entity release rate can be achieved by using a 



mixture of polyanionized sugar or polyol with one or
more other monovalent or polyvalent anions, e.g.,
chloride, sulfate, phosphate, etc. Alternatively, one
can use mixtures of polyanionized sugar or polyols
with various degrees of polyanionization. In one
embodiment, the degree of polyanionization inside the
liposomes of the present invention is between 0.1% to
99%, 10% to 90%, or 20% to 80% of the total anion(s)
inside the liposomes, e.g., with an entrapped entity.
[0083] In general, the liposome composition of the
present invention can contain one or more polyanions
of the present invention in any suitable form, e.g.,
in the form of an acid or a salt comprising a
polyanion and a cation. The amount of polyanion, e.g.,
polyanionized sugar or polyol can be
stoichiometrically equivalent to or different from the
amount of the cation. In one embodiment, the liposome
composition of the present invention contains one or
more polyanion salts of a cation, wherein there is a
cation concentration gradient or a pH gradient present
across the liposome membrane. In another embodiment,
the liposome composition of the present invention
contains one ormore substituted ammonium polyanion
salts of the present invention. In yet another
embodiment, the liposome composition of the present
invention contains the polyanion inside the liposomes
while the polyanion in the medium containing the
liposomes is partially or substantially removed by any
suitable means known to one skilled in the art, e.g.,
dilution, ion exchange chromatography, size exclusion
chromatography, dialysis, ultrafiltration, absorption,
precipitation, etc. In still another embodiment, the
liposome with entrapped polyanion, e.g., polyanionized
polyol or polyanionized sugar, has also a
transmembrane gradient effective in retaining
substances within the liposome. Examples of such
transmembrane gradients are pH gradient,
electrochemical potential gradient, ammonium ion
gradient, substituted ammonium ion gradient, or
solubility gradient. A substituted ammonium gradient
typically includes a substituted form of ammonium ion
comprising at least one C-N bond, such as, primary,
quaternary, tertiary, or quaternary ammonium. Methods
of creating transmembrane gradients are routine in the
art of liposomes. [0084] According to yet another
feature of the present invention, the liposome
composition of the present invention contains one or
more substituted ammoniums and/or polyanions of the
present invention and a chemical or biological entity,
e.g., therapeutics or detectable entity. For example,
the entity contained in the liposome composition of
the present invention can be a therapeutic agent, ink,
dye, magnetic compound, fertilizer, lure, biocatalyst,
taste or odor modifying substance, bleach, or any
entity that is detectable by any suitable means known
in the art, e.g., magnetic resonance imaging (MRI),
optical imaging, fluorescent/luminescent imaging, or
nuclear imaging techniques. Conveniently, an entity
contained in or loadable to the liposome composition
of the present invention is a weakly basic and
membrane-permeable (lipophilic) entity, e.g., an
amine-containing or nitrogen base entity. (0085] In
one embodiment, the entity contained in the liposome
composition of the 



present invention is a therapeutic agent. [0086] In
another embodiment, the entity contained in the
liposome composition is an anticancer entity. A
partial listing of some of the commonly known
commercially approved (or in active development)
antineoplastic agents by classification is as
follows.[0087] Structure-Based Classes:
Fluoropyrimidines- 5-FU, Fluorodeoxyuridine, Ftorafur,
5'-deoxyfluorouridine, UFT, S-I Capecitabine;
pyrimidine Nucleosides- Deoxycytidine, Cytosine
Arabinoside, 5-Azacytosine, Gemcitabine,
5-Azacytosine- Arabinoside; .
Purines-6-Mercaptopurine, Thioguanine, Azathioprine,
Allopurinol, Cladribine, Fludarabine, Pentostatin,
2-Chloro Adenosine; Platinum Analogues- Cisplatin,
Carboplatin, Oxaliplatin, Tetraplatin, Platinum-DACH,
Ormaplatin, CI-973, JM-216;
Anthracyclines/Anthracenediones- Doxorubicin,
Daunorubicin, Epirubicin, Idarubicin, Mitoxantrone;
Epipodophyllotoxins-Etoposide, Teniposide;
Camptothecins- Iririotecan, Topotecan, Lurtotecan,
Silatecan, 9-Amino Camptothecin, 10,1 1-
Methylenedioxy Camptothecin, 9-Nitro Camptothecin, TAS
103, 7-(4-methyl-piperazinomethylene)- 10,
11-ethylenedioxy-20(S)-camptothecin,
7-(2-N-isopropylamino)ethyl)- 20(S)-camptothecin;
Hormones and Hormonal Analogues-Diethylstilbestrol,
Tamoxifen, Toremefine, Tolmudex, Thymitaq, Flutamide,
Bicalutamide, Finasteride, Estradiol, Trioxifene,
Droloxifene, Medroxyprogesterone Acetate, Megesterol
Acetate, Aminoglutethimide, Testolactone and others;
Enzymes, Proteins and Antibodies- Asparaginase,
Interleukins, Interferons, Leuprolide, Pegaspargase,
and others; Vinca Alkaloids-Vincristine, Vinblastine,
Vinorelbine, Vindesine; Taxanes-Paclitaxel, Docetaxel.
[0088] Mechanism-Based Classes: Antihormonals-See
classification for Hormones and Hormonal Analogues,
Anastrozole; Antifolates-Methotrexate, Aminopterin,
Trimetrexate, Trimethoprim, Pyritrexim, Pyrimethamine,
Edatrexate, MDAM; Antimicrotubule Agents-Taxanes and
Vinca Alkaloids; Alkylating Agents (Classical and
Non-Classical)- Nitrogen Mustards (Mechlorethamine,
Chlorambucil, Melphalan, Uracil Mustard),
Oxazaphosphorines (Ifosfamide, Cyclophosphamide,
Perfosfamide, Trophosphamide), Alkylsulfonates
(Busulfan), Nitrosoureas (Cannustine, Lomustine,
Streptozocin), Thiotepa, Dacarbazine and others;
Antimetabolites- Purines, pyrimidines and nucleosides,
listed above;
Antibiotics-Anthracyclines/Anthracenediones,
Bleomycin, Dactinomycin, Mitomycin, Plicamycin,
Pentostatin, Streptozocin; topoisomerase
Inhibitors-Camptothecins (Topo I),
Epipodophyllotoxins, m-AMSA, Ellipticines (Topo II);
Antivirals-AZT, Zalcitabine, Gemcitabine, Didanosine,
and others; Miscellaneous Cytotoxic
Agents-Hydroxyurea, Mitotane, Fusion Toxins, PZA,
Bryostatin, Retinoids, Butyric Acid and derivatives,
Pentosan, Fumagillin, and others.[0089] In addition to
the above, an anticancer entity include without any
limitation, any topoisomerase inhibitor, vinca
alkaloid, e.g., vincristine, vinblastine, vinorelbine,
vinflunine, and vinpocetine, microtubule
depolymerizing or destabilizing agent, microtubule
stabilizing agent, e.g., taxane, aminoalkyl or
aminoacyl analog of paclitaxel or docetaxel, e.g.,
2~-[3-(N,N-Diethylamino)propionyl]paclitaxel, 7-(N
5NDimethylglycyl) 



paclitaxel, and 7-L-alanylpaclitaxel, alkylating
agent, receptor-binding agent, tyrosine kinase
inhibitor, phosphatase inhibitor, cycline dependent
kinase inhibitor, enzyme inhibitor, aurora kinase
inhibitor, nucleotide, polynicleotide, and
farnesyltransferase inhibitor. [0090] In another
embodiment, the entity contained in the liposome
composition of the present invention is a therapeutic
agent of anthracycline compounds or derivatives,
camptothecine compounds or derivatives, ellipticine
compounds or derivatives, vinca alkaloinds or
derivatives, wortmannin, its analogs and derivatives,
or pyrazolopyrimidine compounds with the aurora kinase
inhibiting properties. [0091] In yet another
embodiment, the entity contained in the liposome
composition of the present invention is an
anthracycline drug, doxorubicin, daunorubicin,
mitomycin C, epirubicin, pirarubicin, rubidomycin,
carcinomycin, N-acetyladriamycin, rubidazone, 5-
imidodaunomycin, N-acetyldaunomyeine, daunoryline,
mitoxanthrone; a camptothecin compound, camptothecin,
9-aminocamptothecin, 7-ethylcamptothecin, 10-
hydroxycamptothecin, 9-nitrocamptothecin, 10,1
1-methylenedioxycamptothecin, 9- amino-10,
11-methylenedioxycamptothecin, 9-chloro-10,l 1-
methylenedioxycamptothecin, irinotecan, topotecan,
lurtotecan, silatecan, (7-(4-
methylpiperazinomethylene)- 10,
11-ethylenedioxy-20(S)-camptothecin, 7-(4-
methylpiperazinomethylene)-
10,11-methylenedioxy-20(S)-camptothecin,
7-(2-Nisopropylamino) ethyl)-(20S)-camptothecin; an
ellipticine compound, ellipticine, 6-3-
aminopropyl-ellipticine,
2-diethylaminoethyl-ellipticinium and salts thereof,
datelliptium, retelliptine. [0092] In yet another
embodiment, the entity contained in the liposome of
the present invention is a pharmaceutical entity
including, without limitaion any of the following:
antihistamine ethylenediamine derivatives
(bromphenifamine, diphenhydramine); Anti protozoal:
quinolones (iodoquinol); amidines (pentamidine);
antihelmintics (pyrantel);anti-schistosomal drugs
(oxaminiquine); antifungal triazole derivatives
(fliconazole, itraconazole, ketoconazole, miconazole);
antimicrobial cephalosporins (cefazolin, cefonicid,
cefotaxime, ceftazimide, cefuoxime); antimicrobial
beta-lactam derivatives (aztreopam, cefmetazole,
cefoxitin); antimicrobials of erythromycine group
(erythromycin, azithromycin, clarithromycin,
oleandomycin); penicillins (benzylpenicillin,
phenoxymethylpenicillin, cloxacillin, methicillin,
nafcillin, oxacillin, carbenicillin); tetracyclines;
other antimicrobial antibiotics, novobiocin,
spectinomycin, vancomycin; antimycobacterial drugs:
aminosalicyclc acid, capreomycin, ethambutol,
isoniazid, pyrazinamide, rifabutin, rifampin,
clofazime; antiviral adamantanes: amantadine,
rimantadine; quinidine derivatives: chloroquine,
hydroxychloroquine, promaquine, qionone; antimicrobial
qionolones: ciprofloxacin, enoxacin, lomefloxacin,
nalidixic acid, norfloxacin, ofloxacin; sulfonamides;
urinary tract antimicrobials: methenamine,
nitrofurantoin, trimetoprim; nitroimidazoles:
metronidazole; cholinergic quaternary ammonium
compounds (ambethinium, neostigmine, physostigmine);
anti- 



Alzheimer aminoacridines (tacrine); anti-Parkinsonal
drugs (benztropine, biperiden, procyclidine,
trihexylhenidyl); anti-muscarinic agents (atropine,
hyoscyamine, scopolamine, propantheline); adrenergic
dopamines (albuterol, dobutamine, ephedrine,
epinephrine, norepinephrine, isoproterenol,
metaproperenol, salmetrol, terbutaline); ergotamine
derivatives; myorelaxants or curane series; central
action myorelaxants; baclophen, cyclobenzepine,
dentrolene; nicotine; beta-adrenoblockers (acebutil,
amiodarone); benzodiazepines (ditiazem);
antiarrhythmic drugs (diisopyramide, encaidine, local
anesthetic series-procaine, procainamide, lidocaine,
flecaimide), quinidine; ACE inhibitors: captopril,
enelaprilat, fosinoprol, quinapril, ramipril;
antilipidemics: fluvastatin, gemfibrosil, HMG-coA
inhibitors (pravastatin); hypotensive drugs:
clonidine, guanabenz, prazocin, guanethidine,
granadril, hydralazine; and non coronary vasodilators:
dipyridamole. [0093] According to the present
invention, the entity contained in the liposome
composition of the present invention can also be a
pre-entity, e.g., a pro-drug or an agent that is
capable of being converted to a desired entity upon
one or more conversion steps under a condition such as
a change in pH or an enzymatic cleavage of a labile
bond. Such conversion may occur after the release of
the pro-drug from the liposome interior at the
intended site of the drug/liposome action. However,
the pre-entity can be converted intothe desired active
entity inside the liposomes of the present invention
prior to the use of the liposomes as a delivery
vehicle, e.g., administration to a patient. For
example, an entity can be modified into a pre-entity
so that it is easier to be loaded into the liposomes
and then it can be converted back into the desired
entity once it is inside the liposomes of the present
invention. In this manner, according to the present
invention, the entities that are generally not
amenable to 'active" , remote or other gradient-based
loading methods, can be effectively loaded into
liposomes, e.g., into the liposome interior space, in
their native, unmodified form. [0094] Globally
cationic compounds, that is, compounds capable of
attaining a net positive ionic charge under the
liposome loading conditions, especially the compounds
containing a titratable amine, are known to
effectively load into liposomes exhibiting
transmembrane ion gradients. If an entity of interest
is an organic compound and is not not a globally
cationic compound having a titratable amine, a
derivative thereof having the requisite ionic
properties can be prepared by a suitable modification,
e.g., according to the methods described in Woodle et
al., in WO 96/25147. For example, an amine group can
be introduced by esterif cation of a hydroxyl group of
the entity with an amino acid. Alternatively, a
hydrophobic group can be introduced into a
water-soluble compound to aid in its partition into
the liposome membrane and subsequent traversing of the
membrane to the intraliposomal compartment, i.e.,
inside the liposomes. Another useful modification to
create a liposome-loadable pre-entity is the formation
of a carbonyl group adduct, e.g., a hydrazone, an
oxime, an acetal, or a ketal. A modified
amino-containing group can be hydrolyzed or otherwise
chemically split from the modified compound after 



the loading of the modified compound into the
liposomes according to the present invention. Typical
processes to intraliposomally regenerate the entity
from a pre-entity are hydrolysis, photolysis,
radiolysis, thiolysis, ammonolysis, reduction,
substitution, oxidation, or elimination. These
processes can be effected, without limitation, by the
change of pH or by an enzymatic action. For example,
paclitaxel or docetaxel, a non-ionic entities, are
converted into their 2'-(diethylaminopropionyl)- or T
- (diethylaminopropionyl) esters, which are weak bases
(pre-entities). After loading into the liposomes by
any known method, including, without limitation,
"active" , "remote", "transmembrane-gradient-based "
or "solubility gradient based"' methods, and/or the
methods of the present invention, the intraliposomal
2'-(diethylaminopropionyl)-paclitaxel is converted
into original paclitaxel by stimulating its hydrolysis
through the increase of pH to above pH 7.0. Thus, a
liposome encapsulating a neutral taxane molecule
within its interior space is obtained with the
drug/lipid ratio of over 0.05 mole per mole of the
liposome lipid, without the help of hydrophilic
covalent modifications of the taxane molecule (e.g. by
attachment of PEG), cyclodextrine taxane compexes, or
taxanesolubilizing, micelle-forming surfactants.
[0095] According to the present invention, the
liposomes contained in the liposome composition of the
present invention can be any liposome known or later
discovered in the art. In general, the liposomes of
the present invention can have any liposome structure,
e.g., structures having an inner space sequestered
from the outer medium by one or more lipid bilayers,
or any microcapsule that has a semi-permeable membrane
with a lipophilic central part where the membrane
sequesters an interior. A lipid bilayer can be any
arrangement of amphiphilic molecules characterized by
a hydrophilic part (hydrophilic moiety) and a
hydrophobic part (hydrophobic moiety). Usually
amphiphilic molecules in a bilayer are arranged into
two dimensional sheets in which hydrophobic moieties
are oriented inward the sheet while hydrophilic
moieties are oriented outward. Amphiphilic molecules
forming the liposomes of the present invention can be
any known or later discovered amphiphilic molecules,
e.g., lipids of synthetic or natural origin or
biocompatible lipids. Liposomes of the present
invention can also be formed by amphiphilic polymers
and surfactants, e.g., polymerosomes and niosomes. For
the purpose of this disclosure, without limitation,
these liposome- forming materials also are referred to
as "lipids". [0096] According to the present
invention, the liposomes contained in the liposome
composition of the present invention can also be
targeting liposomes, e.g., liposomes containing one or
more targeting moieties or biodistribution modifiers
on the surface of the liposomes. A targeting moiety
can be any agent that is capable of specifically
binding or interacting with a desired target. In one
embodiment, a targeting moiety is a ligand. The
ligand, according to the present invention,
preferentially binds to and/or internalizes into, a
cell in which the liposome-entrapped entity exerts its
desired effect (a target cell). A ligand is usually a
member of a binding pair where the second member is
present on or 



in a target cells or in a tissue comprising the target
cell. Examples of ligands suitable for the present
invention are: the folic acid, protein, e.g.,
transferrin, growth factor, enzyme,peptide, receptor,
antibody or antibody fragment, such as Fab\ Fv, single
chain Fv, single-domain antibody, or any other
polypeptide comprising antigen-binding sequences
(CDRs) of an antibody molecule. A ligand-targeted
liposome wherein a targeting moiety is an antibody or
a target antigen-binding fragment thereof is called an
immunoliposome. In a preferred embodiment, the
liposome carrying a targeting moiety, e.g., a ligand,
is internalized by a target cell. In yet another
embodiment, a targeting moiety is a ligand that
specifically interacts with a tyrosine kinase receptor
such as, for example, EGFR, HER2, HER3, HER4, PD-GFR,
VEGFR, bFGFRor IGFR receptors. In still another
embodiment, the targeting moiety specifically
interacts with a growth factor receptor, an angiogenic
factor receptor, a transferrin receptor, a cell
adhesion molecule, or a vitamin receptor. [0097]
According to another embodiment of the present
invention, the liposomes contained in the liposome
composition exhibit a transmembrane concentration
gradient of a substituted ammonium and/or polyanion of
the present invention. Preferably, the higher
concentration is in the interior (inner) space of the
liposomes. In addition, the liposome composition of
the present invention can include one or more
trans-membrane gradients in addition to the gradient
created by the substituted ammonium and/or polyanion
of the present invention. For example, the liposomes
contained in the liposome composition of the present
invention can additionally include a transmembrane pH
gradient, ion gradient, electrochemical potential
gradient, and/or solubility gradient. [0098] According
to yet another embodiment of the present invention,
the liposome composition of the present invention can
be provided in a kit comprising a container with the
liposomes, and optionally, a container with the entity
and an instruction, e.g., procedures or information
related to using the liposome composition in one or
more applications. Such instruction can be provided
via any medium, e.g., hard paper copy, electronic
medium, or access to a database or website containing
the instruction. [0099] The liposome membrane
composition of the present invention can be made by
any suitable method known to or later discovered by
one skilled in the art. In general, a variety of lipid
components can be used to make the liposomes of the
present invention. Lipid components usually include,
but are not limited to (1) uncharged lipid components,
e.g., cholesterol, ceramide, diacylglycerol, acyl(poly
ethers) or alkylpoly(ethers); (2)neutral
phospholipids, e.g., diacylphosphatidylcholines,
sphingomyelins, and diacylphosphatidylethanolamines,
(3) anionic lipids, e.g., diacylphosphatidylserine,
diacylphosphatidylglycerol, diacylphosphatidate,
cardiolipin, diacylphosphatidylinositol,
diacylglycerolhemisuccinate,
diaclyglycerolhemigluratate, cholesterylhemisuccinate,
cholesterylhemiglutarate, and the like; (4)
polymer-conjugated lipids, e.g., N-[methoxy-
(poly(ethylene glycoOdiacylphosphatidylethanolamine,
poly(ethylene glycol)- diacylglycerol, poly(ethylene
glycol)-ceramide; and (5) cationic lipids, e.g.,
1,2,-diacyl- 3-trimethylamrnonium-propane (DOTAP),
dimethyldioctadecylammonium bromide 



(DDAB), and
l^-diacyl-sn-glycero-S-ethylphosphocholine. Monoacyl-
substituted derivatives of these lipids, as well as
di- and monoalkyl-analogs can be also employed. [0100]
Various lipid components can be selected to fulfill,
modify or impart one or more desired functions. For
example, phospholipid can be used as principal
vesicleforming lipid. Inclusion of cholesterol is
useful for maintaining membrane rigidity and
decreasing drug leakage. Polymer-conjugated lipids can
be used in the liposomal formulation to increase the
lifetime of circulation via reducing liposome
clearance by liver and spleen, or to improve the
stability of liposomes against aggregation during
storage, in the absence of circulation extending
effect. While inclusion of PEG-lipids in the amount
1mol% or above of the liposome lipid is asserted to
have a several-fold prolongation of the liposome blood
circulation time (see, e.g., U.S. Pat. 5,013,556), we
have surprisingly discovered that liposomes of the
present invention are quite longcirculating, and the
addition of PEG-lipid to the liposome composition only
extended the circulation longevity for less than
two-fold, if at all. In addition, charge-modulating
(titratable) lipids can be used to help delivery of
liposome encapsulated entities to cytosolic or nuclear
targets via facilitating some classes of entities
escaping the confines of endosomal pathway. [0101] In
one embodiment, the liposomes of the present invention
include lecithin, cholesterol, and an amphipathic
polymer. The lecithin included in the liposomes of the
present invention can be a natural lecithin, a
hydrogenated natural lecithin, a synthetic lecithin,
1,2-distearoyl-lecithin, dipalmitoyl lecithin,
dimyristoyl lecithin, dioleolyl lecithin,
l-stearoyl-2-oleoyl lecithin, or 1-palmitoyl-2-oleoyl
lecithin whereas the amphipathic polymer can be a
polyethylene glycol-lipid derivative, e.g.,
polyethylene glycol phosphatidylefhanolamine,
polyethylene glycol-diacylglycerol,
orpolyethyleneglycol-ceramide derivative, where the
poly(ethylene glycol) portion has molecular weight
from about 250 to about 20,000, most commonly from
about 500 to about 5,000. In another embodiment, the
lecithin and cholesterol ratio in the liposomes of the
present invention is about 3:2 by mole. In yet another
embodiment, the amphipathic polymer is at least 0.1
mole% of the liposome-forming lipid in the liposomes
of the present invention. In yet another embodiment,
the amount of an amphipathic polymer is between 0.1
mole% and 1mole% of the liposome-forming lipid in the
liposomes of the present invention. Preferably, the
amphipathic polymer is a neutral polymer, i.e.
possesses under the drug loading conditions the net
ionic charge of zero, for example, PEGdiacylglycerol,
PEG-dialkylglycerol, or PEG-ceramide. It was
unexpectedly discovered that inclusion of ionically
neutral amphipathic lipids up to PEG-lipid content of
about 5.7 mol.% of total lipid afford high efficiency
liposome loading of, e.g., vinca alkaloids, such as
vinorelbine, while in the case of anionically charged
PEG-DSPE the loading efficiency noticeably declined at
the PEG-lipid content of 1.6 mol.% or more (Example
72). ' [0102] In still another embodiment, the
liposomes of the present invention contain a 



camptothecin derivative, e.g., a camptothecin prodrug
such as irinotecan and is comprised of lecithin and
cholesterol, e.g., at a ratio of about 3:2 by mole,
and an amphipathic polymer, e.g., at an amount of at
least 0.1 mole % or less than 1% of the
liposomeforming lipid. [0103] Liposomes of the present
invention can be made by any method that is known or
will become known in the art. See, for example, G.
Gregoriadis (editor), Liposome Technology, vol. 1-3,
1st edition, 1983; 2nd edition, 1993, CRC Press, Boca
Raton, FL. Examples of methods suitable for making
liposome composition of the present invention include
extrusion, reverse phase evaporation, sonication,
solvent (e.g., ethanol) injection, microfluidization,
detergent dialysis, ether injection, and
dehydration/rehydration. The size of liposomes can be
controlled by controlling the pore size of membranes
used for low pressure extrusions or the pressure and
number of passes utilized in microfluidisation or any
other suitable methods. In one embodiment, the desired
lipids are first hydrated by thin-film hydration or by
ethanol injection and subsequently sized by extrusion
through membranes of a defined pore size; most
commonly 0.05 mm, 0.08 mm, or 0.1 mm.[0104] Liposome
compositions containing the substituted ammonium
and/or polyanion of the present invention inside the
liposomes can be made by any suitable methods, e.g.,
formation of liposomes in the presence of the
substituted ammonium and/or polyanion of the present
invention, e.g., in the form of salt. The substituted
ammonium and/or polyanion outside of the liposomes can
be removed or diluted either following liposome
formation or before loading or entrapping a desired
entity. Alternatively, liposome composition containing
the substituted ammonium and/or polyanion of the
present invention can be made via ion exchange method
directly or via an intermediate free acid step having
a gradient of substituted ammonium of the present
invention, e.g., substituted ammonium salt of
polyanionized sugar or polyol. Such liposomes can be
neutralized using the amine or its salt with a
volatile acid, e.g., carbonate. The resulting liposome
solution can be used directly or alternatively the
salt contained therein can be removed if desired,
e.g., by evaporation and crystallization followed by
dissolution in an aqueous medium. [0105] Preferably,
the liposome composition of the present invention has
a transmembrane concentration gradient of the
substituted ammonium and/or polyanion, e.g., the
concentration of the substituted ammonium and/or
polyanion salt inside the liposome is higher, usually
at least 100 times higher, than the concentration of
the substituted ammonium and/or polyanion in the
medium outside the liposome. [0106] In one embodiment,
the concentration of the substituted ammonium and/or
polyanion salt inside the liposome is at least 100
times higher than the concentration of the substituted
ammonium and/or polyanion salt in the medium outside
the liposome and is at least at a concentration of
about 1OmM, 5OmM, 0.1M, 0.2M, 0.5M, 0.6M, 0.7M, or
1.0M,_wherein molarity is calculated based on the
substituted ammonium. In another embodiment, the
concentration of the substituted ammonium and/or
polyanion salt inside 



the liposome is at least 100 times higher than the
concentration of the substituted ammonium and/or
polyanion salt in the medium outside the liposome and
is at a concentration of about 0.65M or about LOM.
[0107] In addition, the liposome composition of the
present invention usually has a pH outside which is
compatible with or helpful for maintaining the
stability of a desired entity during the loading
process, along with the high loading efficiency, e.g.,
above 90%entrapment. For example, pH in the range of
4-7, or pH 4.5-6.5, is preferred. In particular,
according to the present invention, loading of a
camptothecin compound, e.g., topotecan or irinotecan,
is best accomplished at the pH of the outer medium in
the range between about 4.0 and about 7.0, more
preferably between about pH 5.0 and pH 6.5. Loading of
a vinca derivative, e.g., vincristine, vinorelbine, or
vinblastine is best accomplished at pH about 5.0-7.0,
more preferably at pH about 6.5. [0108] According to
the present invention, a desired entity can be loaded
or entrapped into the liposomes by incubating the
desired entity with the liposomes of the present
invention in an aqueous medium at a suitable
temperature, e.g., a temperature above the component
lipids phase transition temperature during loading
while being reduced below the phase transition
temperature after loading the entity. The incubation
time is usually based on the nature of the component
lipids, the entity to be loaded into the liposomes,
and the incubation temperature. Typically, the
incubation times of few minutes to several hours are
sufficient. Because high entrapment efficiencies of
more than 85%, typically more than 90%, are achieved,
there is usually no need to remove unentrapped entity.
If there is such a need, however, the unentrapped
entity can be removed from the composition by various
mean, such as, for example, size exclusion
chromatography, dialysis, ultrafiltration, adsorption,
or precipitation. It was unexpectedly found that
maintaining of the low ionic strength during the
incubation of an entity, such as, in particular, a
camptothecin derivative or a vinca alkaloid
derivative, with the liposomes of the present
invention, followed by the increase in ionic strength
at the end of the incubation, results in higher
loading efficiency, better removal of unentrapped
drug, and better liposome stability against
aggregation. Typically, the incubation is conducted,
e.g., in an aqueous solution, at the ionic strength of
less than that equivalent to 50 mM NaCl, or more
preferably, less than that equivalent to 30 mM NaCl.
Following the incubation, a concentrated salt, e.g.,
NaCl, solution may be added to raise the ionic
strength to higher than that of 50 mM NaCl, or more
preferably, higher than that of 100 mM NaCl. Without
being bound by a theory, we hypothesize that the
increase of ionic strength aids dissociation of the
entity from the liposome membrane, leaving
substantially all entity encapsulated within the
liposomal interior space. [0109] In general, the
entity-to-lipid ratio, e.g., drug load ratio obtained
upon loading an entity depends on the amount of the
entity entrapped inside the liposomes,
theconcentration of entrapped substituted ammonium
and/or polyanion, e.g., salt, the physicochemical
properties of the entrapped entity and the type of
counter-ion (anion), e.g., polyanion used. Because of
high loading efficiencies achieved in the compositions



and/or by the methods of the present invention, the
entity-to-lipid ratio for the entity entrapped in the
liposomes is over 80%, over 90%, and typically more
than 95% of the entity-to-lipid ratio calculated on
the basis of the amount of the entity and the liposome
lipid taken into the loading process (the "input"
ratio). Indeed, practically 100% (quantitative)
encapsulation is common. The entity-to lipid ratio in
the liposomes can be characterized in terms of weight
ratio (weight amount of the entity per weight or molar
unit of the liposome lipid) or molar ratio (moles of
the entity per weight or molar unit of the liposome
lipid). One unit of the entity-to-lipid ratio can be
converted to other units by a routine calculation, as
exemplified below. The weight ratio of an entity in
the liposomes of the present invention is typically at
least 0.05, 0.1, 0.2, 0.35, 0.5, or at least 0.65 mg
of the entity per mg of lipid. In terms of molar
ratio, the entity-to-lipid ratio according to the
present invention is at least from about 0.02, to
about 5, preferably at least 0.1 to about 2, and more
preferably, from about 0.15 to about 1.5 moles of the
drug per mole of the liposome lipid. In one
embodiment, the entity-to-lipid ratio, e.g., drug load
ratio of camptothecin derivatives is at least 0.1 ,
e.g., 0.1 mole of camptothecin derivative per one mole
of liposome lipid, and preferably at least 0.2. In
another embodiment, the entity-tolipid ratio, e.g.,
drug load is at least about 300 mg entity (e.g., vinca
alkaloid or a derivative thereof) per mg of liposome-
forming lipid. In yet another embodiment, the
entity-to-lipid ratio, e.g., drug load is at least
about 500 mg entity (e.g. camptothecin derivative or
camprothecin prodrug) per mg of liposome-forming
lipid. Surprisingly, the invention afforded stable and
close to quantitative liposomal encapsulation of a
camptothecin derivative drug, e.g., irinotecan, at the
drug-to-lipid ratio of over 0.8 mmol of the entity per
1 g of liposome lipid, over 1.3 mmol of entity per 1 g
of liposome lipid, and even at high as 1.7 mmol entity
per 1 g liposome lipid (see Example 74). [0110] If the
liposome comprises a phospholipid, it is convenient to
express the entity content in the units of weight
(mass) amount of the drug per molar unit of the
liposome phospholipid, e.g., mg drug / mmol of
phospholipid. However, a person skilled in the art
would appreciate that the drug content can be
equivalently expressed in a manner independent of the
presence of phospholipids in a liposome, and
furthermore, can beequivalently expressed in terms of
a molar amount of the drug per unit (mass or molar) of
the liposome lipid content. For example, a liposome
containing 3 molar parts of
distearoylphosphatidylcholine (DSPC, molecular weight
790), 2 molar parts of cholesterol (molecular weight
387), and 0.015 molar parts of poly(ethylene glycol)-
derivatized distearoylphosphatidylethanolamine
(PEG-DSPE, molecular weight 2750), and containing a
drug doxorubicin (molecular weight 543.5) at the
drug/lipid ratio of 150 mg/mmol phospholipid, the same
drug content can be equivalently expressed in terms of
mg drug/mg total lipid as follows: (a) Calculate the
molar amounts of liposome lipid components normalized
to the molar unit of liposome phospholipids (DSPC and
PEG-DSPE in this example) by dividing the molar
quantity of a component by the total of the molar
quantities of the liposome 



phospholipids: DSPC 3/(3+0.01 5) = 0.99502 Cholesterol
2/(3+0.015) = 0.66335 PG-DSPE 0.0 15/(3+0.0 15) =
0.00498 (b) Calculate the mass amount of total
liposome lipid corresponding to a unit molar amount of
liposome phospholipid and the components molecular
weights: Total lipid, mg/mmol phospholipid =
0.99502x790 + 0.66335x387 + 0.00498x2750 1056.48 (c)
Calculate the mass amount of drug per mass unit of
total lipid by dividing the drug content expressed in
mass units per molar unit of phospholipid by the
number obtained in step (b): Doxorubicin, mg/mg total
lipid = 150/1056.48 = 0.14198. (d) Calculate the molar
amount of the drug per unit mass of total lipid by
dividing the number obtained in step (c) by the drug
molecular weight (in this case, 543.5) : Doxorubicin,
mmol/g total lipid 0.141 98/543 .5x 1000 = 0.26 1. (e)
Calculate the molar part of phospholipids in the
liposome lipid matrix: Phospholipid molar part =
(total moles of phospholipids)/(total moles amount of
lipids) = (3+0.015)/(3+2+0.015) = 0.6012. (f)
Calculate the molar ratio of doxorubicin to total
lipid.[0111] Doxorubicin, mol/mol of total lipid =
(Phospholipid molar part)x(Doxorubicin, g/mole
phospholipid)/(Doxorubicin molecular weight) =
0.6012x150/543.5 = 0.166 [0112] Thus, the relationship
between drug-to-lipid and drug-to-phospholipid ratio
expressed in various units is readily established. As
used herein, a "lipid" includes, without limitation,
any membrane-forming components of the liposome
membrane, such as, for example, polymers and/or
detergents. [0113] The liposome entrapped substituted
ammonium and/or polyanion salt solution of the present
invention usually has an osmotic strength (osmolality)
which helps to keep the liposomes stable against
osmotic damage (swelling and/or burst) without
sacrificing the loading capacity of the liposomes. In
one embodiment, the osmolality of the liposome
composition of the present invention is in the range
of 0.1 to 1.5 mol/kg or, preferably, 0.2 to 1.0
mol/kg. Surprisingly, we found that liposomes of the
present invention are stable against adverse effect of
high intraliposomal osmotic strength on the drug
loading. Intraliposomal osmolarities of as high as
0.727 mol/kg were well tolerated, resulting in
practically quantitative loading of a drug up to the
theoretical maximum of stoichiometric exchange of
intraliposomal substituted ammonium ions for molecules
of the drug (in the case of irinotecan, one drug
molecule per one substituted ammonium ion), even
though the osmolarity of the extraliposomal aqueous
medium during the co-incubation of the drug and the
liposomes was close to the physiological value of
about 0.3 mol/kg (Example 74). [0114] In general, the
liposome composition of the present invention is quite
stable 



during storage, e.g., as measured by the percentage of
entrapped entity released outside of the liposomes or
still maintained inside of the liposomes after a
certain time period from the initial loading of the
entity inside the liposomes of the present invention.
For example, the liposome composition of the present
invention is stable at 40C for at least 6 months,
e.g., less than 10% of entrapped entity is released 6
months after the initial loading of the entity. In one
embodiment, the liposome composition of the present
invention is stable at 40C for at least 2 years, e.g.,
less than 20% of entrapped entity is released 2 years
after the initial loading of the entity. [0115] It is
advantageous for a liposome-entrapped entity to remain
encapsulated in the liposome until the liposome
reaches the site of its intended action, e.g., in the
case of aliposomal antitumor drug administered in a
patient, a tumor. The liposomes of the present
invention showed surprising stability against the
release (leakage) of the entrapped entity under in
vivo conditions, e.g. in the blood of a mammal. The
exposure time needed for 50% release of the entrapped
entity, e.g. drug, from the liposomes (halfrelease
time) in the blood of a rat in vivo was more than 24
hours. In particular, liposomes loaded with vinca
alkaloid drugs, e.g., vinblastine, vincristine, and
vinorelbine, showed remarkable stability against drug
leakage in vivo, with half-release time of at least 24
hours, or the amount of entity remaining encapsulated
after 24 hours in the blood in vivo at least about 50%
of the pre-administration value. Typically the
half-release time over 33 hours , or the amount of
encapsulated entity remaining encapsulated after 24
hours in the blood in vivo at least about 60%, was
observed; and even the half-release time over 46
hours, or the amount of encapsulated entity after 24
hours in the blood in vivo at least about 70% of the
pre-administration value, was common. Sometimes the
half-release time for an encapsulated drug in the
blood in vivo was over 93 hours, and even over 120
hours. The liposome loaded with camptothecin
derivatives, such as topotecan and irinotecan, also
showed exceptional in vivo stability in the blood,
with 79-85% of the original drug load remaining
encapsulated after 24 hours. Remarkably, the liposomes
of the present invention, while having such low in
vivo drug release rate in the blood circulation,
showed substantial in vivo antitumor activity
exceeding that of the free drug (i.e administered as a
solution). |0116] The liposomes of the present
invention provided unexpected combination of the high
efficiency of the entrapped therapeutic agent and low
toxicity. In general, the activity of a therapeutic
entity liposomally encapsulated according to the
present invention, e.g., the anti-neoplastic activity
of a camptothecin derivative in a mammal, is at least
equal to, at least two times higher, or at least four
times higher than the activity of the therapeutic
entity if it is administered in the same amount via
its routine non-liposome formulation, e.g., without
using the liposome composition of the present
invention, while the toxicity of the liposomally
encapsulated entity does not exceed, is at least
twice, at least three times, or at least four times
lower than that of the same therapeutic entity
administered in the same dose and schedule but in a
free, non-encapsulated form. For 



example, it is generally known that liposomal
encapsulation of anti-cancer camptothecin derivatives
by the published methods of others results in the
increased toxicity (lowermaximum tolerated dose, lower
50% lethality dose) compared to unencapsulated drug.
See U.S. Pat. 6,355,268; U.S. Pat. 6,465,008; Colbern,
et al. Clinical Cancer Res. 1998, v. 4, p. 3077-3082;
Tardi, et al. Cancer Res., 2000, v. 60, p.3389-3393;
Emerson, et al. Clinical Cancer Res. 2000, v. 6,
p.2903-2912. Liposomally encapsulated camptothecin
pro-drugs, such as irinotecan (CPT-1 1), which is a
water-soluble, cationic camptothecin pro-drug
derivative, have substantially higher, e.g. at least 4
times, and even 10 times, higher antitumor activity
assessed in an in vivo tumor model than the drug in
the absence of a liposomal formulation, e.g., in a
free (solution) form. This is even more remarkable
since a therapeutic compound, e.g., a camptothecin
pro-drug, requires enzymatic activation, e.g., by the
action of endogenous non-specific carboxylesterase,
but according to the present invention is encapsulated
substantially within the interior space of the
liposome. On the other hand, surprisingly, the
toxicity of camptothecin prodrug such as CPT-1 1 in
the liposomal form (drug/lipid mass ratio over 0.1 ,
e.g., 0.2-0.6 or more) according to the present
invention was over 2 times, over 3 times, and even
over 4 times lower that than of the free
(unencapsulated) pro-drug CPT-1 1. Moreover, a
prolonged drug release from the CPT-1 1 liposomes in
vivo was achieved, with more than 50%, and even more
than 70% (79-86%) of the original drug content still
remaining in the liposomes 24 hours after
administration into the bloodstream, and with
half-release times in excess of 24 hours, typically in
excess of 48 hours. The prolonged remanence of the
drug in the liposome in vivo was associated with
higher antitumor effect. Surprisingly, the slowest in
vivo CPT- 11release and the highest antitumor activity
was observed in the liposomes containing low-molecular
polyanionized sugar derivative (sucrose octasulfate)
rather than a polymeric anion (polyphosphate) (Example
15), [0117] According to another embodiment of the
present invention, the liposome composition of the
present invention can be provided as a pharmaceutical
composition containing the liposome composition of the
present invention and a carrier, e.g.,
pharmaceutically acceptable carrier. Examples of
pharmaceutically acceptable carries are normal saline,
isotonic dextrose, isotonic sucrose, Ringer's
solution, and Hanks' solution. A buffer substance can
be added to provide pH optimal for storage stability.
For example, pH between about 6.0 and about 7.5, more
preferably pH about 6.5, is optimal for the stability
of liposome membrane lipids, and provides for
excellent retention of the entrapped entities.
Histidine, hydroxyethylpiperazine-ethylsulfonate
(HEPES),morpholipo-ethylsulfonate (MES), succinate,
tartrate, and citrate, typically at 2-20 mM
concentration, are exemplary buffer substances. Other
suitable carriers include, e.g., water, buffered
aqueous solution, 0.4% NaCl, 0.3% glycine, and the
like. Protein, carbohydrate, or polymeric stabilizers
and tonicity adjusters can be added, e.g., gelatin,
albumin, dextran, or polyvinylpyrrolidone. The
tonicity of the composition can be adjusted to the
physiological level of 0.25-0.35 mol/kg with glucose
or a more inert compound such as lactose, sucrose,
mannitol, or dextrin. These compositions may be 



sterilized by conventional, well known sterilization
techniques, e.g., by filtration. The resulting aqueous
solutions may be packaged for use or filtered under
aseptic conditions and lyophilized, the lyophilized
preparation being combined with a sterile aqueous
medium prior to administration. [0118] The
pharmaceutical liposome compositions can also contain
other pharmaceutically acceptable auxiliary substances
as required to approximate physiological conditions,
such as pH adjusting and buffering agents, tonicity
adjusting agents and the like, for example, sodium
acetate, sodium lactate, sodium chloride, potassium
chloride, calcium chloride, etc. Additionally, the
liposome suspension may include lipid-protective
agents which protect lipids against free-radical and
lipidperoxidative damages on storage. Lipophilic
free-radical quenchers, such as alphatocopherol and
water-soluble iron-specific chelators, such as
ferrioxamine, are suitable. [0119] The concentration
of the liposomes of the present invention in the fluid
pharmaceutical formulations can vary widely, i.e.,
from less than about 0.05% usually or at least about
2-10% to as much as 30 to 50% by weight and will be
selected primarily by fluid volumes, viscosities,
etc., in accordance with the particular mode of
administration selected. For example, the
concentration may be increased to lower the fluid load
associated with treatment. This may be particularly
desirable in patients having
atherosclerosis-associated congestive heart failure or
severe hypertension. Alternatively, liposome
phapnaceutical compositions composed of irritating
lipids may be diluted to low concentrations to lessen
inflammation at the site of administration. [0120] The
amount of liposome pharmaceutical composition
administered will depend upon the particular
therapeutic entity entrapped inside the liposomes, the
disease state being treated, the type of liposomes
being used, and the judgment of the
clinician.Generally the amount of liposome
pharmaceutical composition administered will be
sufficient to deliver a therapeutically effective dose
of the particular therapeutic entity. [0121] The
quantity of liposome pharmaceutical composition
necessary to deliver a therapeutically effective dose
can be determined by routine in vitro and in vivo
methods, common in the art of drug testing. See, for
example, D.B.Budman, A.H.Calvert, E.K.Rowinsky
(editors). Handbook of Anticancer Drug Development,
LWW, 2003. Therapeutically effective dosages for
various therapeutic entities are well known to those
of skill in the art; and according to the present
invention a therapeutic entity delivered via the
pharmaceutical liposome composition of the present
invention provides at least the same, or 2-fold,
4-fold, or 10-fold higher activity than the activity
obtained by administering the same amount of the
therapeutic entity in its routine non-liposome
formulation. Typically the dosages for the liposome
pharmaceutical composition of the present invention
range between about 0.005 and about 500 mg of the
therapeutic entity per kilogram of body weight, most
often, between about 0.1 and about 100 mg therapeutic
entity/kg of body weight. [0122] Typically, the
liposome pharmaceutical composition of the present
invention is 



prepared as a topical or an injectable, either as a
liquid solution or suspension. However, solid forms
suitable for solution in, or suspension in, liquid
vehicles prior to injection can also be prepared. The
composition can also be formulated into an
enteric-coated tablet or gel capsule according to
known methods in the art. [0123] The liposome
composition of the present invention can be
administered in any way which is medically acceptable
which may depend on the condition or injury being
treated. Possible administration routes include
injections, by parenteral routes such as
intramuscular, subcutaneous, intravenous,
intraarterial, intraperitoneal, intraarticular,
intraepidural, intrathecal,_or others, as well as
oral, nasal, ophthalmic, rectal, vaginal, topical, or
pulmonary, e.g., by inhalation. For the delivery of
liposomally drugs formulated according to the
invention, to tumors of the central nervous system, a
slow, sustained intracranial infusion of the liposomes
directly into the tumor ( a convectionenhanced
delivery, or CED) is of particluar advantage. See
Saito, et al., Cancer Research, vol.64, p. 2572-2579,
2004; Mamot, et al., J . Neuro-Oncology, vol. 68, p.
1-9, 2004._ The compositions may also be directly
applied to tissue surfaces. Sustained release,
pHdependent release, or other specific chemical or
environmental condition mediated release
administration is also specifically included in the
invention, e.g., by such means as depot injections, or
erodible implants. EXAMPLES [0124] The following
examples are intended to illustrate but not to limit
the invention in any manner, shape, or form, either
explicitly or implicitly. While they are typical of
those that might be used, other procedures,
methodologies, or techniques known to those skilled in
the art may alternatively be used. EXAMPLE 1.
Preparation of the solutions of substituted ammonium
salts. [0125] Trialkylammonium and dialkylammonium
sulfate solutions useful for loading drugs (e.g.,
doxorubicin) into liposomes were prepared by diluting
sulfuric acid with water to a concentration of 0.25 M
and then titrating the sulfuric acid solution with one
of a variety of amines. The substituted amines used in
this example were triethylamine, trimethylamine,
dimethylamine, diethylamine, or diethanolamine. After
the addition of the amines, the resulting solution was
diluted to a final concentration of 0.2 M of the
substituted ammonium salt. Osmolality was determined
using a dew point osmometer. The properties of
resulting substituted alkylammonium sulfate salt
solutions are shown in the Table 1 below. Table 1.
Properties of various dialkylammonium and
trialkylammonium sulfate solutions Salt Osmolality,
mmol/kg pH Dimethylammonium sulfate 472 5.65
Dimethylethanolammonium sulfate 509 5.72
Diethylammonium sulfate 519 5.85 Trimethylammonium
sulfate 497 5.81 Triethylammonium sulfate 559 5.33 



EXAMPLE 2. Preparation of liposomes with entrapped
dialkylammonium and trialkylammonium salts, and
loading of a substance into these liposomes. [0126]
Distearoylphosphatidylcholine (DSPC), cholesterol
(Choi), and N-(methoxypoly( ethylene
glycol)-oxycarbonyl)-distearoylphosphatidylethanolamin
e (PEG-DSPE)(prepared from poly( ethylene glycol) with
mol. weight 2,000) were co-dissolved in chloroform in
a molar ratio of 3:2:0.015, and the chloroform was
removed at 55-60 0C by rotary evaporation. The dried
lipid film was then hydrated in a solution of one of
each dialkyl- or trialkyl ammonium sulfates listed in
Example 1 at 60 0C for 30 min. The lipid suspension
was extruded under pressure through two stacked
polycarbonate track-etched membrane filters with the
pore size of 0.1 mm (Corning Nuclepore). The liposome
size determined by quasielastic light scattering
method was approximately 110-120 ran. Unencapsulated
trialkylammonium or dialkylammonium salts were removed
from the external medium of the liposomes by gel
filtration using a cross-linked dextran gel (Sephadex
G-75, Amersham Pharmacia Biotechnology) column eluted
with HEPESbuffered saline, pH 7.2-7.4, and the
liposomes were collected in a void-volume fraction of
the column. Doxorubicin hydrochloride USP (lyophilized
powder containing 5 weight parts of lactose per 1 part
of doxorubicin) was added to the liposomes at a
concentration of 150 mg drug/mmol of liposome
phospholipid. The mixture was incubated at 55 0C for
45 min, chilled on ice for 10 min, and unencapsulated
drug was removed by gel filtration chromatography
using a Sephadex G-75 column eluted with
HEPES-buffered saline, pH 7.4. The presence of free
doxorubicin (characterized by the appearance of a
slower moving red colored band) was visually
undetectable. The purified doxorubicin-loaded
liposomes were analyzed for phospholipid and
doxorubicin according to Examples 70 and 7 1
(spectrophotometric method), respectively. The
resulting drug loading efficiencies are shown in Table
2. Table 2. Loading of doxorubicin in liposomes with
entrapped solutions of dialkyl- and trialkylammonium
salts. Input drug/phospholipid ratio 150 mg/mmol.
Liposome-entrapped salt: Drug/phospholipid ratio
Entrapment in liposomes (mg/mmol) Efficiency (%)
Trimethylammonium sulfate 140.74  10.35 93.8  5.7
Triethylammonium sulfate 163.81  16.41 109.2  11.6
Diethylammonium sulfate 158.16  18.34 105.4  7.8
Dimethylethanolammonium sulfate 155.08  8.5 1 103.4
11.6EXAMPLE 3. Preparation of liposomes containing
various dialkyl-, trialkyl-, and
heterocyclic-substituted ammonium sulfate salts and
loading of doxorubicin into these liposomes. [0127]
The substituted ammonium sulfate salt solutions were
prepared as in Example 1 using commercially available
alkyl-substituted, hydroxyalkyl-substituted and
heterocyclic amines. Liposomes were formed as in
Example 1, except that instead of the lipid film
hydration step, the neat lipids were dissolved in
ethanol (approximately 100 ml of ethanol for every 50
mmol of phospholipid) and mixed with the substituted
ammonium 



salt solution at 60-650C so that the resulting lipid
dispersion contained about 10 vol.% of ethanol. [0128]
Doxorubicin loading was accomplished by adding
doxorubicin solution (2 mg/ml in HEPES-buffered saline
pH 6.5) to the liposomes at a ratio of 155 mg
drug/mmol liposome phospholipid (PL) and heating at 58
0C for 45 min in a hot water bath. The resulting
liposomes were separated from any residual
unencapsulated doxorubicin and analyzed for drug and
lipid content as in Example 1. The results are shown
in Table 3.Table 3. Loading doxorubicin into liposomes
with entrapped sterically hindered substituted alkyl,
dialkyl-, trialkyl- and heterocyclic ammonium salts
solutions. Amine used to prepare substituted
Osmolality, drug load, mg/mmol Loading ammonium salt
mmol/kg phospholipid efficiency, % Trimethylamine 497
149.4  7.9 96.4  4.9 Tri ethyl amine 559 149.6  6.9
96.5  4.3 Dimethylethanolamine 509 163.1  6.6 105.3
4.5 Dimethylamine 472 158.6  7.4 102.3  4.9
Diethylamine 519 156.7  13.0 101.1  8.5
Diisopropylamine 533 159.9  6.2 103.2  4.1
Tris(hydroxymethyl)-minomethane 423 179.9  15.3 116.1
11.5 1-Piperidineethanol 506 153.5  7.1 99.0  4.5
4-Methylmo f holine 465 152.4  9.8 98.3  6.2
Piperidine 479 158.5  12.5 102.3  8.2
1-Methylpyrolidine 492 153.6  12.3 99.1  7.8
Dimethylpiperazine 378 158.0  6.5 101.9  4.3 EXAMPLE 4
. Preparation of triethylammonium polyphosphate
(TEA-Pn) solution. [0129] Linear sodium
poly(phosphate) having 13-18 phosphate units per
molecule (Phosphate glass; CALGON(r), obtained from
Sigma Chemical Company) was dissolved in water to a
concentration of about 1.3 M phosphate. The solution
was passed through a column packed with 120 mL of
sulfonated polystyrene-divinylbenzene copolymer cation
exchange resin beads (Dowex 50Wx8-200, Dow Chemical
Co.) in the hydrogen form. The column was
pre-equilibrated with aqueous 3 - 3.6 M HCl to bring
the resin into hydrogen form, and washed with
deionized water to neutral pH. Fifteen ml of the
sodium polyphosphate solution was applied on the
column and eluted with deionized H O. The column
eluent was monitored using a conductivity detector.
The column outflow corresponding to the conductivity
peak was titrated with neat triethylamine to pH
5.5-6.0. The solution was analyzed for residual sodium
by potentiometry using a sodium-sensitive glass
electrode and for phosphate content using an inorganic
phosphate assay as in Example 1. The solution having
residual sodium content of less than 1% was diluted to
afinal phosphate concentration of 0.55 M. The solution
typically has a TEA concentration of 0.52-0.55 M, pH
of 5.5-6.0, and osmolality of 430-480 mmol/kg EXAMPLE
5. Removal of unentrapped polyphosphate salts from
liposome 



preparations. [0130] Liposomes (120 nm in size) with
entrapped fluorescent marker 8- hydroxypyrene
trisulfonate were prepared according to Kirpotin, et
al., Biochemis y 36:66-75, 1997, and mixed with the
solution of sodium polyphosphate. The mixture was
loaded on size exclusion columns containing
cross-linked dextran beads (Sephadex G- 75), 6%
agarose beads (Sepharose 6B-CL), or 4% agarose beads
(Sepharose 4B-CL), all from Amersham Pharmacia, and
eluted with MES-Dextrose buffer (pH 5.5). The
effluents were assayed for phosphate content using the
phosphate assay of Bartlett (1959), and for the
liposome content by spectrofluorometry. Of the studied
gel-chromarography carries, Sepharose CL-6B provided
complete separation of the polyphosphate from the
liposomes at the sample/column bed volume ratio of 13.
EXAMPLE 6. Preparing solution of triethylammonium
sucroseoctasulfate (TEA-SOS). [0131] Sodium sucrose
octasulfate (equivalent weight 144.8) is the sodium
salt of sucrose derivative in which all hydroxyl
groups have formed sulfuric acid esters. Sucrose
octasulfate (SOS) sodium salt was purchased from
Toronto Research Chemicals, Toronto, Canada, p/n
S699020. Six grams of sodium sucrose octasulfate was
dissolved in 16.57 ml of deionized water to give a
final concentration of about 2.5 N of the sulfate
groups.. The solution was treated by ion exchange as
in Example 4. The solution of sucroseoctasulfuric acid
obtained as an ion exchange column effluent was then
titrated with neat triethylamine to pH 5.7
(neutralization point), and the pH and osmolality of
the solution were determined. The resulting solution
had the calculated triethylammonium concentration of
0.643 M, pH 5.7, and the osmolality of 530 mmol/kg.
The presence of residual sodium was undetectable by
potentiometry (less than 0.1%). EXAMPLE 7. Liposomes
loaded with Irinotecan (CPT-Il) using substituted
ammonium salts: preparation and in vitro drug release
in the presence of blood plasma. [0132] In this
example, sulfate, citrate, pyrophosphate,
triphosphate, and linear polyphosphate (13-18 mer)
were studied as anions in the liposome-entrapped
substitutedammonium salt solutions. Phosphate polymers
were chosen because of their biodegradability and
because polyphosphates are found naturally in the
cells, as opposed to other synthetic polymeric anions
(polyacrylate, dextran sulfate, and the like). Also,
the viscosity of solutions of low molecular weight
polyphosphates was lower than that of other polymers,
making polyphosphates more process-friendly. [0133]
The following materials were used for preparation of
salt solutions. 1. Sodium polyphosphate, NaO-[PO
Na]n-Na, n-13-18, purchased from Sigma (Product No.
P-8510, "Phosphate Glass, Practical Grade " , also
known as sodium hexametaphosphate or by the brand name
CALGON); 2. Pentasodium tripolyphosphate, Na5P3OiO,
purchased from Sigma (Product No. T-5883); 3.
Tetrasodium pyrophosphate decahydrate, Na4P2O7-IOH2O, 



purchased from Sigma (Product No. P-9146). 4. Ion
exchange resins Dowex 50Wx4 (4% cross-linked
sulfonated polystyrene resin, 100-200 mesh) purchased
from Sigma (Product No. 50X4-200) or Dowex HCR-W2 (8%
cross-linked sulfonated polystyrene resin 50-100 mesh)
purchased from Sigma (Product No. 1-8880) were used
interchangeably. The resins were washed by decantation
in the following order: three times with deionized
water, twice with IN HCl (3x excess over the resin by
volume), three times with water, twice with IN NaOH,
three times with water, three times with IN HCl, and
three times with water. After the decantation, the
resins were in H+-form. 5. Trimethyl amine (TMA),
aqueous solution 40%, from Aldrich Chemical Co.
(Product No. 43, 326-8). The concentration was
established by acid titration to be around 5.9 N. 6.
Triethylamine (TEA), 99%, HPLC Grade, from Fisher
(Product No. 04884). The concentration by acid
titration was 6.9-7.1 N. [0134] Water was purified
through reverse osmosis, ion exchange, and organic
removal to achieve organic free "16-18 MOhm" quality.
[0135] Aqueous solutions of pyrophosphate,
triphosphate, and polyphosphate salts were prepared by
ion exchange method. Solutions of sodium polyphosphate
(3g in 25 mL of water), pyrophosphate (4g in 27 mL of
water), or polyphosphate (6.7g in 30 mL of water) were
loaded on the column containing 100 mL (bed volume) of
the ion exchangeresin prepared as above. The column
was eluted with water, and fractions were collected.
The fractions showing acidic pH (pH<3) were pooled.
Triplicates of 0.5-mL aliquots of the pooled fraction
containing the phosphate acid were diluted with 20 mL
water and titrated with 0.100 N NaOH to the end point
of pH 4.5-5.0 (Fisher analytical solution) to
determine normality. The pooled fractions after ion
exchange were titrated with trimethylamine (to obtain
trimethylammonium salts) to pH 5.4-5.5. After
titration, the solutions were diluted, if necessary,
to obtain a final concentration of trimethylammonium
close to 0.5 N. [0136] Trimethylammonium and
triethylammonium sulfates were prepared by diluting
1.39 mL of concentrated (17.9 M) sulfuric acid with 80
mL water, and titrating the diluted solution with neat
triethylamine or aqueous trimethylamine under the
control of a pH-meter to equivalence point (pH
5.1-5.5). The volume was adjusted to 100 mL with
water. [0137] Trimethylammonium citrate solution was
prepared by dissolving 1.572 g of citric acid
monohydrate ACS from Sigma (Product No. C-1909) in 20
mL of water, and titrating the solution with aqueous
trimethylamine to the point of equivalence. The volume
was adjusted to 25 mL with water. [0138] The solutions
were filtered through a 0.2-mm cellulose acetate
filter using positive pressure. Osmolality and pH of
the solutions was measured using a vapor pressure
osmometer and glass-calomel electrode pH-meter,
respectively. The normality 



of the anion in the phosphate solutions was determined
by blue phosphomolybdate spectrophotometric assay (see
Example 70) after acid hydrolysis (5 min. 100 0C, 3N
H2SO ). Anion normality took into account only the
acidic functional groups that are substantially
ionized at pH 5.5. Cation normality was determined on
the basis of the added trialkylammonium base. The
obtained solutions had the following properties (Table
4):Table 4. Properties of substituted ammonium salt
solutions for CPT-1 1 loading into liposomes. Salt
cation normality anion normality pH Osmolality
(mmol/kg) TMA citrate 0.58 0.60 5.1 791 TMA sulfate
0.50 0.50 5.4 625 TMA pyrophosphate 0.44 0.54 5.4 651
TMA triphosphate 0.57 0.68 5.4 695 TMA polyphosphate
0.49 0.58 5.5 336 TEA sulfate 0.54 0.50 5.35 719
[0139] Cholesterol and DSPC were purchased from Avanti
Polar Lipids, Alabaster, Alabama, USA. PEG-DSPE (PEG
mol. weight 2,000) was from Shearwater Polymers,
Huntsville, AL, USA. DSPC, cholesterol, and PEG-DSPE
in the weight ratio of 3:1:0.1 (molar ratio
approximately 3:2:0.03) were dissolved in chloroform
(Fisher; Optima grade, stabilized with amylene) at 60
mg/mL of DSPC. The solution was dispensed into Pyrex
tubes at 30 mg of DSPC (0.5 mL) per tube and slowly
evaporated at reduced pressure using rotary evaporator
at 60 0C. The lipid films were dried under vacuum (100
micron mercury, oil pump) for 30-60 minutes at room
temperature. [0140] Dry lipid films were hydrated by
gentle shaking in the above aqueous salt solutions at
60 0C for 15-20 minutes. The lipids formed a milky
suspension (multilamellar vesicles). This milky
suspension was subjected to five cycles of freezing in
the mixture of dry ice and isopropanol (-80 0C, 3
minutes) and thawing in a water bath at 60 C for 3
minutes. Then, the lipid suspension was extruded 10
times (doublestrokes) through two stacked
polycarbonate membrane filters (Nucleopore, Whatman,
pore size 0.1 mm) using a manually operated
reciprocating extruder (Avanti Polar Lipids) heated at
60 C. [0141] The extruded liposomes were kept at 60 C
for five minutes and quenched in ice water (0-4 C) for
five minutes. Then, the liposomes were separated from
the gradient-forming salt solution into the loading
buffer MES-Dextrose (50 g/L of Dextrose ACS, 0.975 g/L
of 2-(N-morpholino)-ethanesulfonic acid (MES), and
sufficient amountof 5M NaOH to bring the pH to 6.4) by
gel-chromatography on Sephadex G-75. Liposomes appear
in the void volume fraction (approximately 30% of the
column bed volume). [0142] CPT-1 1 (Irinotecan
hydrochloride) preparation containing 0.860 mg of the
CPT-1 1 base per 1mg of the solid was dissolved in
0.001N HCl to make a stock solution 



of 16.5 mg/mL CPT-1 1 base. This solution was mixed
with the liposomes in MESDextrose buffer to achieve
the ratio of 150 mg CPT-1 1 per 1 mmol of liposome
phospholipids. The mixture was incubated at 55 0C in a
water bath, with occasional gentle shaking
(approximately every five minutes) for 30 minutes,
then quickly chilled in ice water (0-4 0C). The
liposomes were separated from the unencapsulated drug
by gelchromatography on Sephadex G-75, using
MES-Dextrose as eluent. The encapsulated drug was
determined by a spectrophotometric assay (Example 7
1), and the phospholipids determined using an
extraction assay (Example 70). [0143] In vitro drug
release from so obtained CPT-1 1-loaded liposomes in
the presence of 50% human plasma was studied as
follows. Frozen human donor plasma was thawed as 37
0C, centrifuged at 14,50Og for 10 minutes, and
filtered through a 0.45-mm cellulose acetate syringe
filter. The liposome preparations with loaded CPT-1 1
were sterilized by passage through 0.2-mm
surfactant-free cellulose acetate (SFCA) sterile
syringe filter. 0.5-mL of the liposomes were mixed
with 0.5 mL of plasma in sterile 1.5- raL copolymer
Eppendorf tubes, sealed, and incubated on a rocking
platform at 37 C for 24 hours. Blank sample contained
0.5 mL of sterile MES-Dextrose instead of liposomes.
The liposomes were isolated by gel-chromatography on a
beaded cross-linked 2% agarose gel (Sepharose CL-2B,
Pharmacia; 10 mL bed volume) using 144 mM NaCl, 5 mM
HEPES-Na, pH 7.4 buffer (HBS-5). The liposomes
appeared at the void volume fraction, while plasma
proteins and released drug (if any) were retarded by
the gel. The liposome fractions were assayed for CPT-1
1 and phospholipids, and the drug/phospholipids ratio
(output ratio) was determined. Readings of the blank
samples (plasma only) were subtracted from the
readings of the liposome-containing samples. Percent
of the drug remaining in the liposomes after the
incubation was determined by dividing output
drug/lipid ratio by the input drug/lipid ratio
(drug/lipid ratio prior to incubation with plasma).
The loading and release data are summarized in Table
5.Table 5. Loading of CPT-1 1 into liposomes with
tertiary alkylammonium salts and in vitro release of
the drug in the presence of human plasma. Entrapped
salt solution Before incubation with plasma After
incubation with plasma drug/lipid encapsulation
drug/lipid drug remaining ratio efficiency (%) ratio
encapsulated (%) TMA sulfate 127.2  5.6 84.8  3.8
132.1  6.9 103.8  10.0 TMA pyrophosphate 136.2  9.0
90.8  6.0 132.3  5.0 97.1  10.1 TMA triphosphate 132.9
88.6 129.2 97.3 TMA-Pn 134.4  9.3 89.6  6.2 135.0  7.4
100.4  12.4 TEA sulfate 131.1  6.5 87.4  4.4 125.2
5.0 95.5  8.6 EXAMPLE 8. In vivo stability of the
liposomes loaded with CPT-Il using pyrophosphate,
triphosphate, polyphosphate, citrate, and sulfate
trialkylammonium salts. [0144] While camptothecin
liposomes may show acceptable drug leakage in blood 



plasma in vitro, the drug may leak more quickly in the
blood circulation in vivo. Therefore, a panel of CPT-1
1 liposome formulations was screened for drug
stability in the blood circulation in vivo using a
single time point assay in mice. [0145] The liposomes
were prepared and loaded with CPT-1 1 as described in
Example 6, with the following modifications. Instead
of using PEG-DSPE from Shearwater Polymers, we used
similar PEG-DSPE from Avanti Polar Lipids. To afford
quantification of the liposome lipid matrix in the
blood/tissue samples, a nonexchangeable radioactive
label, [3H]-Cholesteryl hexadecyl ether ([3H]-CHE;
(Amersham, USA) was added to the chloroform solution
of the lipids in the amount of 0.25 mCi/mmol of
phospholipids. The lipid solutions were dispensed into
Pyrex tubes at 12 mg of DSPC/tube, and lipid films
were formed by rotary evaporation/vacuum drying. Lipid
films were hydrated in 0.7 mL of the gradient-forming
substituted ammonium salt solutions. Lipid
concentration in the liposomes with entrapped
phosphate-containing salts was determined by
radioactivity scintillation counting. The preparations
without entrapped phosphate-containing salts were also
assayed for phospholipids without extraction as
described in Example 70, and used as lipid
radioactivity standards. Portions of the liposome-drug
mixtures prepared for the loading were saved and
assayed toconfirm the pre-loading ratio of the added
CPT-1 1 to the liposome lipid prior to loading ("input
ratio"). Volume-averaged mean and standard deviation
of the liposome size distribution were determined by
quasi-elastic light scattering (QELS) using Gaussian
model. The properties of these liposomes are
summarized in Table 6. Table 6. Characterization of
CPT-1 1 loading into [3H]-CHE-labeled liposomes for in
vivo stability study Entrapped salt solution
drug/lipid ratio drug/lipid ratio loading liposome
size, before loading after loading efficiency (%)
(meanSD) nm TMA citrate 159.2  3.5 156.7  3.6 98.5
4.4 122.1  25.3 TMA sulfate 156.1  2.5 156.1  3.1
100.0  3.6 122.2  28.4 TMA pyrophosphate 164.6  5.8
156.6  4.3 95.2  6.0 121.1  19.9 TMA triphosphate
163.6  5.7 156.0  3.2 95.3  5.3 122.4  12.9 TMA
polyphosphate 170.5  8.0 162.4  4.0 95.3  6.8 123.0
12.7 TEA sulfate 153.  3.3 154.9  4.9 101.0 5.3 121.1
18.0 [0146] Six-week-old female CD-I mice (Charles
River) received tail vein injections of these
liposomal CPT-1 1 formulations at the dose of 10 mg/kg
(0.2 mg CPT- 11/mouse) in duplicate. Eight hours
later, the mice were anesthetized and exsanguinated
through open heart puncture. The blood was collected
into heparinized syringes (10-20 ml of 1000 U/ml
heparin USP) and transferred into weighed tubes
containing 0.4 ml of the phosphate-buffered
physiological saline solution (PBS) containing 0.04%
EDTA (Gibco BRL), kept on ice. The tubes were weighed
to determine weights of the blood samples, blood cells
were separated by centrifugation at 9,000g for 5
minutes, and supernatants containing PBS-diluted
plasma, were saved for drug and liposome lipid assays.
CPT-1 1 



was quantified by fiuorometric assay (Example 71).
Liposome lipid was quantified by quenching-corrected
radioactivity scintillation counting. The liposome and
phospholipidradioactivity standards were counted in
parallel with the plasma samples. Percent of the drug
that remained encapsulated was calculated by dividing
the drug/radioactivity ratio in the plasma samples by
the drug/radioactivity ratio of the injected
liposomes. Due to the fast elimination of free CPT-1 1
from the blood (see Example 69) and the known
stability of the [3H]-CHE against lipid exchange, the
assays' readings were considered indicative of the
blood content of liposomal CPT-1 1 and lipid. Percent
of injected lipid dose (%LD.) remaining in the
circulation was calculated assuming 100% of the
injected bolus entered the circulation; blood volume
being 6.3% of the mouse body weight, and hematocrit of
45%. The results are summarized in Table 7. Table 7.
In vivo stability of CPT-1 1-encapsulation and
circulation longevity of CPT-1 1 loaded liposomes in
mice at a single point (8 hours) post injection.
%I.D., % of injected dose. Liposome-entrapped salt
Drug/lipid ratio, % of Liposome lipid, pre-injection
value % LD. in the blood TMA citrate 80.2  7.8 18.8
3.4 TMA sulfate 70.1  4.8 23.6  1.8 TMA pyrophosphate
67.3  9.2 23.2  3.1 TMA triphosphate 70.6  6.0 24.9
8.2 TMA polyphosphate 107.5  8.9 24.3  3.4 TEA sulfate
76.6  13.1 23.6  0.1 [0147] All preparations showed
the level of drug encapsulation after 8 hours in the
blood in vivo at 70-80% of the pre-injection level,
while the liposomes containing polyphosphate were the
most stable (drug encapsulation remains at about
100%). EXAMPLE 9. Blood pharmacokinetics of CPT-Il
liposomes prepared using riethylammonium
polyphosphate. [0148] The formulation of liposomal
CPT-1 1 using triethylammonium polyphosphate salt was
prepared as outlined in Example 3. The lipids - DSPC,
cholesterol, and N- (methoxy- roly(ethylene glycol)
(M.w. 2000)-oxycarbonyl)-DSPE (PEG-DSPE) (all from
Avanti Polar Lipids, Inc.) - were combined as dry
powders in the molar ratio of 3:2:0.015 and dissolved
in 100% ethanol (USP grade, approx. 0.15 mL/100 mg of
the lipids) at 62- 65 C. For pharmacokinetic studies,
3H-cholesteryl hexadecyl ether (3H-CHE, obtained from
Amersham Pharmacia) was added to the lipids in the
amount of 0.5 mCi/mmol of phospholipids as a
non-exchangeable radioactive lipid label. The aqueous
solution of TEA-Pn (0.5 M triethylammonium, pH
5.7-6.2) was prepared as in Example 4. TEA-Pn solution
(10 times the volume of added ethanol) was mixed with
the lipid solution at 60- 65 C and stirred at this
temperature until a homogeneous milky suspension of
multilamellar vesicles was formed. This suspension was
extruded 15 times through 2 stacked polycarbonate
track-etched filters (Corning Nuclepore) with the pore
size of 100nm using argon pressure extruder (Lipex
Biomembranes) at 60-65 C, and resulting 



unilamellar liposomes were quickly chilled in ice and
then let attain ambient temperature. Ethanol and
unincorporated polyphosphate salt were removed by gel
chromatography on Sepharose CL-4B column eluted with
MES-Dextrose buffer (5 mM MES, 50 g/L dextrose, pH
adjusted to 6.5 with NaOH). [0149] A stock solution of
CPT-1 1 (Irinotecan hydrochloride) containing 20 mg/mL
Irinotecan base in water was added to the liposomes at
a drug/lipid ratio of 150-200 mg/mmol phospholipids,
and the mixture was incubated with occasional
agitation for 45- 60 minutes at 60-62 C. The
incubation mixture was quickly cooled down and
incubated for 10 minutes at 0 0C, then allowed to
attain ambient temperature. 1/20 of the volume of 2.88
M NaCl was added to adjust to physiological ionic
strength and improve the removal of membrane-bound
CPT-1 1 (as opposed to the drug encapsulated within
the liposome interior). Unencapsulated drug was
removed by gel chromatography on Sephadex G-25 or G-75
column (Amersham Pharmacia) eluted with HBS-6.5 buffer
(5 mM 2-(4-(2- hydroxyethyl)-piperazino)-ethylsulfonic
acid (HEPES), 144 mM NaCl, pH 6.5). Liposome fractions
eluted in the void volume were combined, sterilized by
0.2 micron filtration, and stored at 4-6 C before use.
The liposomes were characterized by lipid
concentration, drug concentration, and particle size
as in Example 7. The liposomes had the average size of
108 nm and CPT-1 1 content of 139  18 mg of CPT-1 1
base per mmol of phospholipids. [0150] The longevity
of the liposome lipid and liposome drug in the blood
and the characteristics of drug release from the
liposomes in vivo were studied in female Sprague-
Dawley rats (190-21Og) with indwelling central venous
catheters. The rats were injected with a 0.2-0.3 mL
bolus of 3H-CHE-labeled Irinotecan liposomes (0.05
mmol phospholipids, or 7-8 mg CPT-1 1 per kg of the
body weight). Blood samples (0.2-0.3 mL) were drawn at
various times post injection using heparin-treated
syringe. The withdrawn blood volume was replenished
using phosphate buffered physiological saline. The
blood samples were diluted with 0.3 ml of ice-cold PBS
containing 0.04% EDTA, weighed, and the blood cells
were separated by centrifugation. The supernatant
fluids were collected and assayed for CPT-1 1 using
the fluorometric procedure of Example 71, and for the
liposome lipid label by scintillation radioactivity
counting using conventional methods. The liposome
preparations with known drug and 3H-CHE-lipid
concentrationwere used as standards. Radioactivity
standards contain equal amount of diluted rat plasma
to account for quenching. The amount of CPT-1 1 and
the liposome lipid in the blood was calculated
assuming the blood volume in ml as 6.5% of the body
weight in grams, and the hematocrit of 40%. The total
amount of the lipid and the drug in the blood was
expressed as % of injected dose (% LD., %ID) and
plotted against post-injection time. The percent of
drug remaining in the liposomes was calculated by
dividing the drug/lipid ratio in the blood samples by
the drug/lipid ratio of the injected liposomes (taken
as 100%). Because the plots generally showed good
agreement with monoexponential kinetics (linearity in
semi-logarithmic scale), blood half-lives of the 



drug, the lipid, and of the drug release from the
liposomes, were calculated from the best fit of the
data to monoexponential decay equation using the TREND
option of the Microsoft EXCEL computer program
(Microsoft Corp., USA). The results are shown on
Figure 1. From the best fit parameters, the blood
half-lives for lipid and drug were 16.4 hours and 6.61
hours, respectively. Under these conditions, free
CPT-1 1 clears from the circulation very rapidly (see
Example 69). [0151] The blood drug/lipid ratio
revealed biphasic character of the CPT-1 1 release
from the liposomes (Figure 2). In the first 24 hours,
the release of drug followed was linear over time
(R=O.992) giving evidence for zero-order release
kinetics. Only after about 75% of the drug was
released at 24 hour time point, further release became
non linear. For 24 hours, the liposomes released the
drug at a constant rate of about 3.6% of the initial
load/hour. Thus, 50% of the drug was released over the
period of approximately 14 hours. Zero-order release
of the drug is an attractive quality in sustained
release formulations, as the rate of drug release
remains constant over time. EXAMPLE 10. Antitumor
efficacy of CPT-Il liposomes prepared using
triethylammonium polyphosphate against breast cancer
xenografts in nude mice [0152] Antitumor efficacy of
CPT-1 1 liposomes was studied in the model of human
breast carcinoma BT-474, an estrogen-dependent ductal
adenocarcinoma that overexpresses C-ErbB2 (HER2)
receptor. . BT-474 cells were obtained from American
Type Culture Collection (Rockville, MD). A BT-474
sub-line with higher tumor growth rate was established
from a fast-growing xenograft tumor nodule raised as
described below. The cells were propagated in vitro in
RPMI-1460 medium with 10% fetal calf serum, 0.1mg/mL
streptomycin sulfate, and 100 U/ml Penicillin G in
T-150 flasks, and split 1:3 every week. NCR nu/nu
female mice (4-6 week old; Taconic Farms) were
subcutaneously implanted (at the base of tail) with
60-day sustained-release 0.72-mg 17b- estradiol
pellets (Innovative Research of America, Inc.), and in
two days were inoculated subcutaneously in the upper
back area with 0.1 mL suspension containing 2x1 07
BT-474 cells in cell growth medium. The tumor
progression was monitored by palpation and caliper
measurements of the tumors along the largest (length)
and smallest (width) axis twice a week. The tumor
sizes were determined twice weekly from the caliper
measurements using the formula (Geran, R.I., et al.,
1972 Cancer Chemother. Rep. 3:1- 88): Tumor volume =
[(length) x (width)2] / 2 [0153] At day 13 after
inoculation, the tumor reached an average size of 200
mraJ and the animals were randomly assigned to three
groups of 13-15 animals. [0154] Liposomal CPT-1 1 was
prepared as in Example 8 (drug/phospholipid ratio 192
mg/mmol; average liposome size 86.8 nm). Free and
liposomal CPT-1 1 were diluted with MES-dextrose
vehicle to 5 mg/ml of CPT-1 1 base The animals were
injected via the tail vein with free CPT-1 1,
liposomal CPT-1 1, or vehicle only on days 14, 18, 21,
and 25 



post tumor inoculation. The drug-containing
formulations were given at the dose of 50 mg CPT-I
I/kg per injection, which is the average of the doses
reported in the literature for the CPT-1 1 studies in
rodent tumor models. [0155] To assess
treatment-related toxicity, the animals were also
weighted twice weekly. The observations were made
until day 60 post inoculation, at which time the
estrogen supplementation pellet was exhausted. Average
tumor volumes across the groups were plotted together
and compared over time. As shown in Figure 3, while
free CPT-1 1 reduced the rate of tumor growth, in the
group that received liposomal treatment the tumors
regressed dramatically. While at day 36 in the control
group the tumors reached the maximum allowable size
averaging 3,500 mm3, and at day 46 in the group
treated with free drug the tumors were about 1,000 mm3
at average, at the same time point none of the animals
in the liposome-treated group had a palpable
tumor.[0156] The treatment related toxicity was
assessed by the dynamics of animals' body weight
(Figure 4). Neither group revealed any significant
toxicity. The weight of the animals in the control
group was consistently increasing. There was a slight
decrease in the average body weight of the animals
receiving liposomal CPT-1 1, by about 3.3%, on the day
of the last treatment. This weight loss was reversed,
however, and the animals reached their expected
weight. This decrease in the mean body weight was not
statistically significant by Student's t-test compared
to pretreatment weight (p=0.274). Thus, all treatments
were tolerated without significant toxicity. [0157J
Thus, the liposome formulation of CPT-1 1 obtained by
loading of the drug via pre-entrapped sterically
hindered substituted ammonium salt (triethylammonium)
of a polyanionic, biodegradable polymer
(polyphosphate) showed extended blood life, sustained
release characteristics, and increased antitumor
activity in the studied tumor model without an
appreciable increase in toxicity. EXAMPLE 11.
Comparative assessment of CPT-Il loaded liposomes
prepared using pre-entrapped triethylammonium salts:
effect of liposome size, drug/lipid ratio, and the
nature of pre-entrapped anion. [0158] Two prototype
formulations of CPT-1 1-loaded liposomes were
prepared, one using the liposomes with pre-entrapped
TEA-Pn, and the other with pre-entrapped TEASOS.
Preparation of these liposomes included the following
manufacturing steps. [0159] 1) Combining the lipids by
co-dissolving in ethanol. The lipid matrix composition
consisted of 1,2-Distearoyl-SN-phosphatidylcholine
(DSPC) (MoI. wt. 790) 3 molar parts (59.8 mol.%);
Cholesterol (Choi) (MoI. weight 387) 2 molar parts
(39.9 mol.%); and N-(omega-methoxy-poly( ethylene
glycol)-oxycarbonyl)-l,2- distearoylphosphatidyl
ethanolamine (MoI. weight 2787) (PEG-DSPE) 0.015 molar
parts (approx. 0.3 mol.%). DSPC and PEG-DSPE were
purchased from Avanti Polar Lipids, Birmingham,
Alabama. Cholesterol (highest purity grade) was
purchased from Calbiochem. Dry lipids were weighed
with the accuracy of +0.1 mg in a borosilicate glass
container and combined with absolute ethanol at the
ratio suitable for the lipid dispersion 



step below. Because of the high transition temperature
of DSPC (55C) the dissolution was typically performed
at 55-6O0C until clear solution was obtained.[0160] 2)
Preparing the TEA-Pn and TEA-SOS solutions. Sodium
polyphosphate (n=13-18) was from Sigma Chemical Co.,
p/n P 8510. Sodium sucrose octasulfate was purchased
from Toronto Research Chemicals, Toronto, Canada, p/n
S699020. The salts were weighed down and dissolved in
water to provide 1.2-2.5 N solutions. Anion exchangers
Dowex 50Wx8-200 or Dowex HCR-W2 in H+-form (available
from Sigma) were used to convert the sodium salts into
free acids. Before the first use, the resins were
washed by stirring with 3 volumes of the following
solutions, followed by decanting: (1) 1.0-1.2 M
aqueous HCl 2 times; (2) Water 2 times; (3) 1.0-1 .2 M
aqueous NaOH 2 times; (4) Water 2 times; (5) 1.0-1.2 M
aqueous HCL, 2 times. The suspension of washed resin
in water was packed under gravity flow in a suitable
size chromatography column to have at least 8 mL of
the packed resin for each mL of the sodium salt
solutions. The resin was further equilibrated by
passage of 2 column volumes of 3.0-3.6 M aqueous HCL,
followed by 5 column volumes of water or until the
conductivity of the eluate falls below lmicro-S. After
use, the columns were regenerated by sequential
passage of: 1.-1.2 M HCl - 3 column volumes; 3.0-3.6 M
HCl - 2 column volumes; water - at least 5 column
volumes, or until the conductivity of the eluate falls
below 1 mS, and stored under 0.2-um filtered water at
room temperature. The Pn and SOS sodium salt solutions
were applied on the drained surface of the column
(approximately 1ml for each 4 ml of the packed resin
volume) and allowed to flow under gravity at the rate
of about 1-2 ml/min for the resin bed size of 75-1 50
mL. The column was eluted with water. The eluate was
tested for conductivity. The fractions with 10 mS or
higher conductivity were collected. If more
concentrated solutions of polyacids are required, the
collection can start at 20-50 mS, but at the expense
of somewhat higher loss of the gradient-forming salt.
In the case of polyphosphoric acid, the collected
solution is kept refrigerated (0-4 0C) until the amine
titration step because of the hydrolytic instability
of the phosphodiester bond at low pH. The collected
eluates would have a pH of less than 0.7 (typically
about 0.4) and conductivity of about 120-200 mS.
Optionally, the amine titration step is performed
without delay because the stability of polyphosphate
at low pH. HPLC-grade triethylamine (99.5+% purity)
from Fisher, p/n 04884 was used to titrate the acid
solutions obtained from ion exchange. The normality of
neat TEA was determined by potentiometric titration.
0.100-mL Aliquots of TEA (0.100 ml) were taken into 20
ml of water in triplicate. The aliquots are titrated
with 0.1 N HCl standard solution to the pH end point
(glass electrode) of 5.5-6.0. The calculated normality
(7.07 N) was close to thetheoretical value of 7.17N. A
measured volume of the polyphosphoric (Pn) acid or
sucrose octasulfuric (SOS) acid solution was titrated
with neat TEA under the control of pH (glass)
electrode. Thorough stirring was required to disperse
the amine. Titration endpoint was pH 5.6-6.2. The
volume of added TEA was accurately recorded. The
volume of titrated solution was measured, and the
concentration of TEA was calculated on the basis of
the added TEA volume and normality. Water was added as
necessary to 



adjust the TEA concentration to required 0.550.05 N or
0.650.03 N, as indicated below. The amount of residual
sodium in the obtained TEA-Pn or TEA-SOS solutions was
determined by potentiometry using sodium-selective
glass electrode (Corning). One mL of the solution was
diluted with 19 mL of water, and the sodium
concentration was determined using the increment
method according to the electrode manufacturer's
manual. The amount of residual sodium was less than
1mM, typically less than 0.5 mM. The obtained TEA-Pn
or TEA-SOS solutions were passed through 0.2 mun
cellulose acetate sterile filter using positive
pressure feed. The final pH and osmolality of the
solutions was measured and recorded. We use pH calomel
micro-combination all-glass electrode for pH
measurements, and vapor pressure/dew point osmometer
for osmolality measurements. The solutions were stored
refrigerated until use. [0161] 3). Preparing lipid
dispersion in the gradient-forming buffer by mixing of
ethanolic solution of the lipids with the gradient-
forming buffer. The lipids were dispersed in the
gradient-forming salt solution using ethanol mixing
method. All steps were performed at 60-650C. The
lipids were dissolved in 100% Ethanol USP at a
concentration of about 0.5-0.6 M of DSPC in a chemical
resistant glass pear-shaped flask or tube. The
gradient-forming salt solution (TEA-Pn or TEA-SOS) was
pre-warmed to 60-65C and added to the ethanolic lipid
solution at once, and the components were thoroughly
mixed by swirling and/or vortexing. The final amount
of ethanol was about 10 vol.%. For preparations of the
scale in excess of 0.1 mmol phospholipid, the
resulting suspension was placed on a rotary evaporator
at 60-65C and vacuumized with rotation until the
evolution of ethanol stopped, as manifested by the end
of foam formation. For the scale of 0.1 mmol
phospholipid or less, ethanol was not removed from the
lipid dispersion at this step. The resulting lipid
suspensions were kept at 60-650C and used promptly for
the extrusion step.[0162] 4). Sequential extrusion of
the lipid dispersion through defined pore membranes.
For the lipid suspension volumes up to 1mL we used a
manually operated reciprocating extruder supplied by
Avanti Polar Lipids. The extruder is charged with 19
mm track-etched filter membranes and thermostatted by
virtue of a metal heating block. For the volumes from
1 to 10 mL, we used a thermostatted, gas pressure
operated, unidirectional flow extruder from Lipex
Biomembranes. The extruder is charged with 25 mm
filter membranes. The lipid suspensions were
repeatedly extruded at 60-650C using manual feed or
argon gas pressure, as appropriate, through a series
of 2 stacked polycarbonate membrane filters (the
filters from Corning-Nuclepore and Osmonics Corp. were
equally suitable) having nominal pore sizes of 100
run, 80 nm, or 50 nm. Where the effect of liposome
size was of interest, the extrusion was stopped at 100
nm, 80 nm, or 50 nm step. The exact type of filters
used and number of extrusions is indicated below for
each experiment. The extruded liposomes were kept at
60-650C for about 15 min. and quickly cooled down to
2-4C in an ice bath. After about 15 min. in the ice
bath, the liposomes were allowed to reach room
temperature. 



[0163] 5). Removal of extraliposomal gradient-forming
buffer and transfer of the liposomes into a
drug-loading buffer. Non-encapsulated gradient-forming
salt was removed, and the liposomes were transferred
into the drug loading buffer using size exclusion
chromatography (SEC). Tangential flow filtration,
hollow fiber dialysis, of other scalable step can be
used in scale-up manufacture. It is advantageous to
ensure the complete removal of the extraliposomal
polyanion by treatment of the liposomes with an
anion-exchange resin (e.g., Dowex-1 or Dowex-2
quaternary ammonium cross-linked polystyrene beads).
Drug-loading buffer contained 50 g/L anhydrous
Dextrose USP, and 5 mM tissue-culture certified HEPES
in water, adjusted to pH 6.5 with NaOH. The buffer was
vacuum-filtered through 0.2 micron Nylon filter
(Whatman). The extruded liposomes were chromatographed
on a column with Sepharose CL-4B (Pharmacia) and
eluted with the drug-loading buffer. The liposomes
appeared in the void volume fraction and were
collected, based on the eluate turbidity, in the
volume of about 2x of that applied. The eluted
liposomes were assayed for phospholipid concentration
according to Example 70, particle size by QELS, and
stored at 4-6C. [0164] 6) Incubation of liposomes with
the drug. Stock solution of CPT-1 1 (Irinotecan
Hydrochloride) was prepared immediately before mixing
with the liposomes bydissolving Irinotecan
Hydrochloride in water to achieve concentration of 20
mg/mL drug base. The pH of the solution was between
4.0 and 5.0. The drug solution was filtered through
0.2 micron polyethersulfone (PES) sterile filter using
positive pressure. Aliquots of the liposomes in the
drug loading buffer produced at the step 5 above were
mixed at room temperature with the stock Irinotecan
solution to achieve the drug/lipid input ratio in the
range of 0.15-0.55 g of drug for mmol of liposome
phospholipid. Particular input drug/lipid ratios are
indicated below, where appropriate. The pH of the
mixtures was adjusted to 6.5 with 1M NaOH, the
mixtures in glass vials were incubated on the
thermostatted water bath at 58-62C with slow agitation
for 30-45 min, quickly cooled down in ice-water bath
(0-2C), and left at this temperature for 15 min. Then
the liposomes were allowed to warm up to room
temperature for the next step (removal of
unencapsulated drug and transfer into the storage
buffer). This step resulted in the encapsulation
efficiency of more than 95%, typically 98-100% in the
whole range of studied drug/lipid ratios. [0165] 7).
Removal of unencapsulated CPT-11, transfer of the
liposomes into the storage buffer,final filtration,
and storage. Unencapsulated drug was removed and the
liposomes were transferred into the storage buffer
using size exclusion chromatography. The storage
buffer contained 20 mM HEPES, 135 mM NaCl, pH 6.5
(adjusted with NaOH) in water, and was 0.2-micron
vacuum-filtered before use. Gel-chromatography. on
Sephadex G-75 (Amersham Pharmacia Biotech) was
performed essentially as described under Step 2
above.- CPT-1 1liposomes eluted from the column (void
volume fraction) were assayed for liposome
phospholipid and CPT-1 1 (by spectrophotometry, see
Examples 70 and 71), and volume-weighted mean particle
size by QELS. The drug 



concentration was adjusted, if necessary, to be in the
range of 2.0-4.0 mg/mL. The liposomes were filtered
through 0.2 micron polyethersulfone sterile filters
and aseptically dispensed into sterile polypropylene
vials (Corning Cryo-Vials) or PTFE-lined screw-cap
borosilicate 4-mL glass vials to approximately 70-80%
of the vial volume. The vials were aseptically closed
(in air), labeled, and stored at 4-6C. EXAMPLE 12.
Effect of drug/lipid ratio on the drug loading
efficiency and in vivo drug retention of
TEA-Pn-containing liposomes [0166] Liposomes with
entrapped aqueous 0.65N solution of TEA-Pn, pH 6.1,
osmolality 531 mmol/kg, were prepared following the
procedure of Example 11. The349 60 lipid dispersion
was extruded ten times through two stacked 100 ran
pore size polycarbonate filters. Liposome lipid matrix
also included [3H]-CHE at 0.5 mCi/mmol phospholipid.
The liposome size before drug loading was 98.5 + 34.3
nm. The liposomes were loaded at initial
drug-to-phospholipid ratios of 200, 300, 400, and 500
mg CPT-1 1/ mmol phospholipid. The drug and
phospholipid amounts in the liposomes were determined
by spectrophotometry according to Example 71, and by
phospholipid extraction-digestion-blue
phosphomolybdate assay of Example 72, respectively.
[0167] To evaluate in vivo drug release rate, the
method of Example 8 was followed. The liposomes were
injected via tail vein into 6-week-old female Swiss
Webster mice (body weight 18-22 g) at a dose of 5 mg
CPT-I I/kg. At 8 and 24 hours post injection, the
mice, in groups of 3, were anesthetized, and
exsanguinated via open heart puncture. The blood was
mixed with 0.4 mL of ice-cold 0.04% EDTA in PBS, the
blood cells were separated by centrifugation, and the
plasma concentration of CPT-1 1was measured by
spectrofiuorometry as described in Example 71. Lipid
was determined by measuring the amount of [3H]-CHE
using quenching-corrected liquid scintillation
counting, and the amount of drug retained in the
liposomes was calculated by dividing the determined
drug/lipid ratio by the drug/lipid ratio in the
injected liposomes. Because of the fast blood
clearance of free CPT-1 1, resulting in low blood
level, we assumed that all assayed drug was in the
liposomal form. [0168] The results are presented in
Table 8. The differences between drug retention among
the groups were not statistically significant. As a
result of these studies, we concluded that increasing
the drug load up to 500 mg/mmol will not adversely
affect drug loading or in vivo stability. This ratio
was adopted for further studies. Table 8. The effect
of drug/lipid ratio on the drug loading and in vivo
drug retention in Irinotecan TEA-Pn liposomes (average
+ standard deviation).EXAMPLE 13. Drug loading
efficiency of CPT-Il loading into TEA-SOScontaining
liposomes: effect of liposome size and in vivo drug
retention in mice. [0169] Liposomes with entrapped
solutions containing prepared as in Example 11 using
gradient forming solution having 0.643 N TEA-SOS, pH
5.7, osmolality 530 



mmol/kg. Lipid dispersion was extruded ten times
through two stacked polycarbonate filters with the
pore size of 50 nm, 80 nm, or 100 nm. Liposome lipid
matrix also included [3H]-CHE at 1.5 mCi/mmol of
liposome phospholipid. The liposome size was
detennined by dynamic light scattering. The liposomes
were loaded with CPT-1 1 at initial
drug-to-phospholipid ratios of approximately 550 mg
Irinotecan/mmol of phospholipid. The drug loaded
liposomes were sized by QELS and assayed as described
in Examples 70 and 7 1. [0170] Female Swiss Webster
mice (8-10 weeks, average 27-30 grams) were injected
via tail vein with these CPT-1 1 liposome formulations
at a drug dose of 10 mg/kg. The mice were sacrificed
at 24 h and the blood was collected and assayed for
CPT-1 1 and liposome lipids as in Example 11. The
results are summarized in Table 9. Table 9. Irinotecan
loading and in vivo drug retention in TEA-SOS
liposomes. [0171] Surprisingly, the liposomes with
triethylammonium salt of sucrose octasulfate, a
non-polymeric polyanionized organic hydroxylated
organic compound (sugar), provided dramatically better
(4-5 fold) in vivo drug retention in liposomes
compared with similar liposomes with a polyanionic
polymer (polyphosphate). EXAMPLE 14. Blood
pharmacokinetics of CPT-1 1-Ioaded SOS-TEA liposomes
in rats. [0172] Liposomes (100 nm extrusion membrane
pore size) were prepared as described in Example 12
The liposomes was administered intravenously at a dose
of 10 mg CPTl I/kg to two nine-week-old female Sprague
Dawley rats (Harlan) (body weight about 200 g) with
indwelling central venous catheter at a dose of 10 mg
CPT-I I/kg (17.6mmol of phospholipids/kg). Blood
samples were taken at prescribed time points and
analyzed for drug and liposome lipid content as in
Example 9. The data were expressed as the % injected
lipid dose/ml of plasma and the % drug retained inside
the liposome at each time point, plotted against post
injection time, and half-lives for liposome lipid, as
well as half-lives for drug release from the
liposomes, were calculated by best fit to a
monoexponential kinetic model (Fig. 5). The half-life
of drug release from CPT-1 1 loaded TEA-SOS liposomes
was 56.8 hours, much longer than that of the similar
TEA-Pn liposomes. EXAMPLE 15. Antitumor activity of
free CPT-Il, and CPT-Il encapsulated into TEA-Pn and
TEA-SOS-containing liposomes in athymic nude mice
bearing subcutaneous xenografts of human colon
carcinoma (HT-29). [0173] The liposomes were prepared
as in Example 11 using TEA-Pn solution with 0.65 M
TEA, pH 6. 1, and osmolality 53 1 mmol/kg, or TEA-SOS
solution with 0.643 M TEA, pH 5.7, and osmolality 530
mmol/kg. The extrusion included 10 passages through
two stacked polycarbonate membranes with pore size 100
nm. The resulting TEA-Pn and TEA-SOS liposomes had the
size of 112.3+15.5 nm and 120.5+42.5 nm, respectively
(mean+ SD of the size distribution). The liposomes
were loaded with CPT-1 1 at the input
drug/phospholipids ratio of 500 mg/mmol. The resulting
liposomes had the drug content 



of 465.6 + 26.5 (93% loading efficiency) and
499.9+22.5 mg (100% loading efficiency) of CPT-1
1/mmol phospholipid for the TEA-Pn and TEA-SOS
formulations, respectively. [0174] HT-29 cells were
obtained from American Type Culture Collection,
Rockville, MD, and propagated in DMEM medium
supplemented with 10% fetal calf serum, 50 U/ml
penicillin G, and 50 mg/mL of streptomycin sulfate at
37C, 5% CO as recommended by the supplier. NCR nu/mi
homozygous athymic male nude mice (6 week old, weight
at least 16 g) were obtained from Charles River. The
mice were inoculated subcutaneously in the right flank
with 0.1 mL of the suspension containing 5 x 10 6
cells suspended in the growth medium without
antibiotics. Eleven days later the animals having
tumors with the size between 150 mm3 and 350 mm3 were
assigned to the treatment groups according to the
following method. The animals were ranked according to
the tumor size, and divided into 6 categories of
decreasing tumor size. Six treatment groups of 11
animals/group were formed by randomly selecting one
animal from each size category, so that in each
treatment group all tumor sizes were equally
represented.Starting at day 13, the animals received
four tail vein injections, at the intervals of 4 days,
of the following preparations: 1) Control
(HEPES-buffered saline pH 6.5); 2) Free CPT- 11 50
mg/kg, administered as freshly prepared 5 mg/mL
solution in unbuffered physiological saline; 3) TEA-Pn
liposomal CPT-1 1 at 25 mg/kg per injection; 4) TEA-Pn
liposomal CPT-1 1 at 50 mg/kg per injection; 5)
TEA-SOS liposomal CPT-1 1 at 25 mg/kg per injection;
6) TEA-SOS liposomal CPT-1 1 at 50 mg/kg per
injection. The animal weight and tumor size were
monitored twice weekly as described in Example 10. The
weight of tumor was subtracted from the animal
weighing results to obtain animal body weight. The
animals were observed for 60 days following tumor
inoculation. When the tumors in the group reached 20%
of the mouse body weight, the animals in the group
were euthanized. There were complete tumor regressions
in some groups without the signs of tumor regrowth at
the end of study. The tissues from the tumor
inoculation site from these animals were collected and
preserved for pathological analysis for residual tumor
cells. {0175] The results of this study are shown in
Figures 6 and 7. Free CPT-1 1 had only minor effect on
the tumor growth. All liposomes had pronounced effect
resulting in tumor regression later followed by
regrowth in most animals. 50 mg/kg dose was more
effective than 25 mg/kg dose in both TEA-Pn and
TEA-SOS CPT-1 1 liposomes. Average tumor doubling
times calculated from the tumor size data (Fig.7)
were: control - 4.2 days; free drug, 50 mg/kg - 4.8
days; TEA-Pn liposomal drug, 25 mg/mg - 43.6 days;
TEA-Pn liposomal drug, 50 mg/kg - 47.5 days; TEA-SOS
liposomal drug at 25 mg/kg - 48.2 days, and TEA-SOS
liposomal drug at 50 mg/kg - over 56 days (doubling
time was not reached). Thus, liposomal CPT-1 1
prepared according to the present invention was at
least about 10-fold more active than the free drug,
given at the same dose and schedule. Unexpectedly,
TEA-SOS CPT-1 1 liposomes were prominently more
effective in reducing tumor growth than TEA-Pn CPT-1 1
liposomes administered at the same dose. While in 



the groups treated with free drug and TES-Pn liposomal
drug at 50 mg/kg per injection there were no animals
without tumor regrowth, in the groups receiving 25
mg/kg of each liposomal formulation, one animal (9.1%)
was tumor- free at the end of study, and in the group
receiving 50 mg/kg of TEA-SOS liposomal CPT-1 1
formulation, at the end of study 4 animals (36.4%)
were tumor- free without signs of regrowth.[01 76] The
drug manifested some toxicity. The animals receiving
free CPT-1 1, but not liposomal CPT-1 1, experienced
temporary morbidity (loss of alertness, humped
posture, ruffled fur, decreased mobility) for about
one hour after drug injection. The animals receiving
free CPT-1 1 suffered permanent loss of about 6% of
weight during treatment, and did not recover, The
animals receiving both liposomal CPT-1 1 formulations
experienced transient weight loss at the time between
second and third injections averaging about 5% (at 25
mg/kg) or about 9% (at 50 mg/kg) of the pretreatment
value, and eventually attained normal weight.
Therefore, the toxicity of liposomal drug was not more
than that of the free (non-liposomal) drug, while the
efficacy of the liposomal drug was substantially
higher. The weight loss was reversed when the drug
treatment was finished, and all animals recovered
their weight without terminal morbidity or toxic
deaths. Later on, the animals gained weight
concomitantly with tumor regressions. In the saline
control group, animals that developed large tumors
experienced weight loss evidently due to tumor-related
morbidity. Overall, the liposome drug formulation
where the drug was loaded into the liposomes having
pre-entrapped polyanionized sugar (sucrose
octasulfate) proved to be the most efficacious while
having less toxicity than the non-liposomal drug.
EXAMPLE 16. Toxicity of free and liposomal CPT-Il in
mice. [0177) Acute toxicities of free CPT-1 1 and
liposome-encapsulated CPT-1 1 prepared according to
the present invention were compared by determining the
maximum tolerated dose (MTD) following single i.v.
injection in regular (immunocompetent) mice. [0178]
The following materials were used: [0179] 1) CPT-1 1
(Irinotecan Hydrochloride) preparation having
Irinotecan Hydrochloride 98.9% by HPLC, and moisture
7.6%. In this study drug formulations were prepared on
the "as is" basis, without correction for the moisture
content or the Irinotecan base content. [0180] 2)
Liposomal CPT-1 1 (Ls-CPT-1 1) was prepared as in
Example 11, using lipid matrix of DSPC 200 mol. parts,
Cholesterol 133 mol. parts, PEG-DSPE 1 mol. part;
entrapped solution TEA-SOS having 0.65 M TEA, pH 6.4;
drug loaded into liposomes in 5 mM HEPES buffer, 5%
dextrose, pH 6.5,at 6O0C for 30 min at the input
drug/lipid ratio500 mg drug/mmol of phospholipid.
Loading efficiency was >99%. Liposome size (volume
average mean  standard deviation by QELS): 101  37 nm.
Liposomes were formulated in the vehicle, 20 mM
HEPES-Na, 135 mM NaCl; pH 6.5. Drug concentrations in
the injected formulations were as stated in the Tables
below. (0181] 3) Free CPT-I l solution. Free drug
stock solution was prepared by dissolving Irinotecan
Hydrochloride in 5% aqueous dextrose at 22 mg/mL, and
sterilized by 0.2-mm 



filtration. This stock solution was diluted with
sterile 5% dextrose prior to injection. [0182] 4)
Animals. Female Swiss Webster mice, 6-8 week old, were
from Harlan, USA. [0183] MTD determination generally
followed the protocol adopted by the United States
National Cancer Institute Developmental Therapeutics
Program. The protocol included the following three
steps: [0184] Step 1): Range-seeking step with the
dose escalation factor of 1.8. The groups of two
animals were injected into the tail vein with
increasing doses of the free or liposomal Irinotecan,
beginning with the dose of 60 mg/kg, and continuing
with the dose escalation factor of 1.8, until acute
mortality or terminal morbidity (within > 1 day post
injection) is observed in any of the animals. The dose
one step below the mortality/terminal morbidity dose
is recorded. [0185J Step 2): Range-seeking step with
the dose escalation factor of 1.15. The groups of two
animals were injected into the tail vein with
increasing doses of the free or liposomal Irinotecan,
beginning with the dose recorded at Step 1, and
continuing with the dose escalation factor of 1.15,
until acute mortality or terminal morbidity (within >
1 day post injection) is observed in any of the
animals. The dose one step below the
mortality/terminal morbidity dose is recorded at
tentative MTD. [0186] Step 3): Validation step. The
group of 5 animals is injected i.v. (tail vein) with
free or liposomal Irinotecan at tentative MTD
determined at Step 2. The animals are followed for 7
days, the animal body weight is recorded twice weekly
and compared with the pre-injection weight. General
health of the animals is observed (alertness,
grooming, feeding, excreta, skin, fur, and mucous
membrane conditions, ambulation, breathing,posture).
If during the observation period there is no
mortality, progressive morbidity, or weight loss in
excess of 15% of the pre-injection body weight, the
dose is considered to be validated as acute single
injection MTD. If any of these effects occur, the
experiment is repeated at the next lower dose by a
factor 1.15. [0187] To obtain additional statistics
for validation step, the body weight dynamics of
surviving animals was followed for up to 11 days post
injection. The dose of more than 324 mg/kg of the
liposomal Irinotecan was impossible to administer
because of the concentration and injection volume
limitations. The results are presented in Table 10.
Table 10. MTD seeking study of CPT-1 1 formulations in
mice. RESULTS005/015349 67 [01 88] Thus, while the MTD
of free CPT-11 was 80 mg/kg, the MTD of liposomal
CPT-1 1, surprisingly, was not achieved even at the
highest administered dose of 324 mg/kg. Therefore,
liposome encapsulation of CPT-1 1 according to the
present invention has reduced the drug toxicity at
least 4 - fold. EXAMPLE 17. Storage stability of
CPT-Il -loaded TEA-SOS liposomes against drug leakage.



[0189] Five batches of liposomal CPT-1 1 were prepared
using the TEA-SOS method (Example 11), at the
drug/lipid input ratio of 500-550 mg/mmol
phospholipid. The liposomes were prepared using
membrane extrusion through polycarbonate membrane with
80 ran or 100 nm pore size, as indicated in the table
below. The liposomes were 0.2- mm filter sterilized
and stored at 3.4-14.5 mg/mL of CPT-1 1 in 135 mM
NaCl, 20 mM HEPES-Na, pH 6.5 (storage buffer), at
4-8C. After the indicated storage time, the leaked
drug was removed by gel-chromatography on Sephadex
G-75 using the storage buffer as eluent. The drug and
phospholipid concentrations in the liposomes before
and after gel-chromatography were assayed using
spectrophotometry method and acid digestion-blue
phosphomolybdate method, respectively, as described in
Examples 70 and 7 1. CPT- 11 liposomes prepared
according to the present invention were very stable.
The leakage of CPT- 11 from these liposomes during
storage was less than 5% over 6 months (Table
10).Table 11. Encapsulation stability of CPT-1 1
liposomes during storage (data are meanSE). Liposome
Extrusion CPT-I l concentration, Storage time, % drug
remaining Lot # pore size, nm mg/ml months
encapsulated 1 80 3.440.06 6 99.023.77 2 80 7.880.19 6
102.384.78 3 100 4.570.06 6 96.384.69 4 100 4.62-fcO.l
l 6 95.724.36 5 80 14.520.42 3 103.45.92 EXAMPLE 18.
Liposomes loaded with Topotecan. [0190] Liposomes with
entrapped TEA-Pn solution and TEA-SOS solution were
prepared as in Example 11. Stock solution of Topotecan
Hydrochloride (GlaxoSmithKline, PA, USA) was prepared
immediately before mixing with the liposomes by
dissolving Topotecan Hydrochloride in water at 15-20
mg/ml, counting on the actual Topotecan HCl content.
The pH was adjusted to 3.0 with 1N HCl. The drug
solution was filtered through 0.2 micron
polyethersulfone (PES) sterile Filter using positive
pressure. Aliquots of the TEA-Pn or TEA-SOS-containing
liposomes in the drugloading buffer were mixed at room
temperature with the stock Topotecan HCl solution to
achieve the drug/lipid input ratio in the range of
0.15-0.45 g/mmol of liposome phospholipid. Preferred
ratio was 0.35 g of Topotecan HCl for mmol of liposome
phospholipid. The mixtures in glass containers were
incubated on the thermostatted water bath at 55-62C
with slow agitation for 30-60 min, quickly cooled down
in ice-water bath (0-2C) and left at this temperature
for 5-15 min. This step resulted in the encapsulation
efficiency of 89-90% (TEA-Pn gradient) or 97-100%
(TEA-SOS gradient). Unencapsulated Topotecan was
removed, and the liposomes were transferred into the
storage buffer using size exclusion column
chromatography. Before application on the column, the
ionic strength of the liposome preparation was
increased by mixing with 1/20 



vol. of 2.88 M aqueous sodium chloride, and the
mixture was incubated for about 15 min. We
unexpectedly found that adjusting the ionic strength
of the liposome medium from the low value during the
loading (typically equivalent to less than 20 mM NaCl)
tothe higher value of above 20 mM NaCl, and preferably
to 50 mM NaCl and above, improved the removal of
unencapsulated drug and increased the stability of
Topotecanloaded liposomes against aggregation,
possibly by facilitating the removal of membranebound
Topotecan, as opposed to the drug encapsulated in the
liposome interior. The rest of the procedure followed
Example 11, step 7. For the results, see Table 12
below. EXAMPLE 19. Preparation of
anti-HER2-immunoliposomal formulations of Topotecan.
[0191] Topotecan immunoliposomes specifically
internalizable by cancer cells overexpressing HER2
(C-ErbB-2) surface receptor tyrosine kinase
oncoprotein were prepared by conjugating Topotecan
liposomes to anti-HER2 single chain human Fv antibody
fragment, F5, selected from the phage display library
for its high internalization into HER2-overexpressing
cells (Poul, et al., 2000, J . Molecular Biology, v.
301 , p.1149- 1161). F5 is a 27-KDa protein that binds
to extracellular domain of HER2 receptor with affinity
of about 150 nM, causing rapid internalization (Neve,
et al., 2001, Biophys. Biochim. Res. Commun. v. 280,
p.274-279). For liposome conjugation, the method of
U.S. Pat. No. 6,210,707 and of Nielsen, et al. (2002),
Biochim. Biophys. Acta, v. 1591, p. 109-1 18, were
generally followed. A hydrophilic lipopolymer
conjugate of F5 was first prepared. C-tepninus of F5
amino acid chain had an added terminal terminal
cysteine group (F5Cys). The F5Cys construct was
expressed in E.coli and isolated from the . bacterial
lysate by Protein A column chromatography. Protein A
eluted fractions were adsorbed on anion-exchange resin
to remove pyrogens and host DNA, and treated with a
thiol reducing agent to liberate the thiol group of
the terminal cysteine. The reduced F5Cys was further
purified by ion exchange chromatography using SP
Sepharose Fast Flow (Amersham Pharmacia). The purified
protein was conjugated to a thiol-reactive lipid-poly(
ethylene glycol) linker,
N-(3-(N-maleimido)propyonylamido)-
poly(oxyethylene)-oxycarbonyl)-l,2-distearoylphosphati
dyl ethanolamine (MaI-P EGDSPE), a derivative of PEG
with mol. weight 2,000 (Figure 4.1), commercially
produced by Avanti Polar Lipids, Inc., Alabama, USA.
The protein and the linker were incubated in aqueous
buffer solution at the molar ratio of 1:4, and the
un-reacted linker was quenched with 1mM cysteine.
During the reaction, terminal cysteine of F5Cys is
covalently attached to maleimido group of the linker.
The resulting F5-PEG-DSPE conjugate was water soluble
in the form of micelles having high apparent
molecularweight (500-850 KDa), and was separated from
unreacted protein (about 25%) by size exclusion
chromatography. The amount of protein in the purified
conjugate was determined by UV spectrophotometry at
280 nm, and the amount of the linker was assayed using
a spectrophotometry method identical to that used for
phospholipid quantification (see Example 70) The
purified F5-PEG-DSPE conjugate was stable in water,
fully immunoreactive, and was stable against
denaturation and loss of reactivity for 



at least 1 hour at 650C and at least 3 months at 370C.
[0192] To prepare anti-HER2 immunoliposomal Topotecan,
Topotecan-loaded liposomes of Example 18 were mixed
with F5-PEG-DSPE in the aqueous saline buffer at the
ratio of 15 microgram of protein per 1micromole of
phospholipid (about 45 F5 copies per liposome). The
mixture was incubated for 40 min. at 600C, chilled on
ice, and chromatographed on a column with Sepharose
CL-4B (cross-linked 4% agarose beads, Amersham
Pharmacia) to remove residual micellar conjugate,
unconjugated protein, and any traces of extraliposomal
drug that may have been released during the
incubation. The liposomes with membrane-incorporated
F5-PEG-DSPE were eluted with 5 mM HEPES- 144 mM NaCl
buffer pH 7.4, collected in the void volume of the
column, sterile-filtered and dispensed for storage
(4-6C). The amount of liposome-incorporated F5 was
typically >80% of the added conjugate. It was
determined by SDS-PAGE of the liposomes with
quantification of the Coomassie-stained F5 band by
densitometry. Drug and lipid concentrations in the
immunoliposome preparations were determined similarly
to non-targeted liposomes. The properties of Topotecan
liposomes and F5- immunoliposomes (Examples 18-19) are
summarized in Table 12. Table 12. Characteristics of
Topotecan liposomes and immunoliposomes. Liposome- F5
scFv Drug/lipid ratio, % Liposome size, entrapped
attachment: g/mol phospholipid encapsulation MeanSD,
nm salt Input Output TEA-Pn No 173.6 155.25.9 89.43.4%
96.438.7 TEA-Pn Yes 173.6 156.25.2 90.03.0% 96.233.8
TEA-SOS No 347.2 340.814.7 98.24.2% 99.132.6EXAMPLE
20. Effect of loading buffer pH and drug/lipid ratio
on the Topotecan loading into liposomes. [0193]
Liposomes (DSPC/Chol/PEG-DSPE, 3:2:0.01 5 molar ratio)
with entrapped 0.5 N TEA-Pn, pH 6.2, osmolality 413
mmol/kg, were prepared using the ethanol injection
method (Example 18), extruded through two stacked
polycarbonate filters with 100 nm pore size 5 times
and with 50 nm pore size 10 times. The loading buffer
was 5 mM MES, 50 g/L Dextrose, adjusted to various pHs
in the range 5.0-6.5. The liposome size was 73.1  21.3
nm by QELS. The liposomes were loaded by mixing a
Topotecan stock solution (20 mg/ml) with the liposomes
in the loading buffer at the input drug-tophospholipid
ratio of 100 mg/mmol, incubating the mixture at 60 C
for 45 min, quenching on ice for 15 min and removing
the unencapsulated drug using a Sephadex G- 75 column
eluted with 20 mM HEPES, 135 mM NaCl, pH 6.5.
Topotecan and phospholipid were quantified by
spectrophotometry (Examples 70 and 71). The results
(Table 13) indicated that Topotecan loading was nearly
quantitative in the range of pH 5.5-6.5. Table 13.
Effect of loading buffer pH on the % of Topotecan
encapsulation into the 



liposomes with entrapped TEA-Pn. Loading buffer pH %
encapsulation 5.0 50.12.1 5.5 97.28.1 6.0 115.51 5.0
6.5 102.18.1 [0194] The effect of drug to lipid ratio
(0.15-0.45 mg/mmol phospholipid) on the loading
efficiency was also studied. The liposomes with
entrapped TEA-Pn (0.5 M TEA, pH 5.8, osmolality 480
mmol/kg) were prepared as above, except the final
extrusion step was ten times through two stacked 0.08
mm polycarbonate filters. The loading was at pH 6.5.
The liposome size was 93.1  15.1 nm by QELS. The
results (Table 14) showed that drug loading efficiency
was over 85% over the whole range of drug/lipid ratios
studied.Table 14. Effect of drug/lipid ratio on the
encapsulation efficiency of Topotecan into the
liposomes containing TEA-Pn. Topotecan/phospholipid
ratio, mg/mmol % encapsulation (meanSE) Input ratio
Output ratio (after loading) 168.2 166.91 1.1 99.26.6
224.4 232.547.6 103.721.2 280.3 253.519.8 90.4 7.0
336.4 298.318.0 88.75.3 392.5 361.236.8 92.09.4 448.5
394.929.5 88.06.6 EXAMPLE 21. Topotecan liposome
stability in vitro in the presence of plasma. [0195]
Liposomes (DSPC/Chol/PEG-DSPE, molar ratio 3:2:0.015)
with entrapped 0.5 N TEA-Pn, pH 6.2, osmolality 413
mmol/kg, were prepared as described in Example 18.
Liposomes with the size of 96.4  29.3 nm were produced
by extrusion ten times through two stacked 100 nm pore
size polycarbonate filters. For quantitation of the
liposome lipid in plasma, [3H]-CHE was included in the
lipid solution at 0.5 mCi/mmol of DSPC. Topotecan was
loaded at pH 6.0, 58 C for 45 min at a
drug/phospholipid ratio of 150 mg/mmol. The efficiency
of loading was 148.48  10.26 mg Topotecan/ mmol
phospholipid (99.0  6.8 %). [0196] The liposomes were
incubated with 50% human plasma in a multiwell
microdialysis device (Spectra-Por MicroDialyzer
10-well, Spectrum, USA). Human donor plasma was
diluted by the equal volume of HEPES-buffered saline
(20 mM HEPES, 135 mM NaCl), pH 6.5, containing 0.02%
sodium azide and charged into the lower reservoir of
the dialyzer (32 mL). The wells (0.4 mL) were
separated from the reservoir by a polycarbonate
membrane with 30 nm pore size, to afford free passage
of plasma proteins and small molecules but not the
liposomes. The liposomes were mixed with calculated
amounts of plasma and HEPES-buffered saline to achieve
the 



concentration of 2.5 mM phospholipid and 50 vol.% of
plasma. The device was incubated at 370C, and the
contents of the reservoir were stirred slowly. After 8
hours of incubation, the contents of the lower
reservoir were changed for fresh 50% plasma. At
thegiven time points (see below) 50-mL aliquots were
withdrawn from the wells, and chromatographed on the
columns containing 2.2-2.4 mL of Sepharose CL-2B,
eluent HEPES-buffered saline to separate the liposomes
from plasma proteins and free drug. The liposomes were
collected in the void volume fractions. Topotecan was
quantified by fluorometry using excitation at 384 nm
and emission at 524 ran after solubilization of the
plasma samples in 90% aqueous isopropanol-0.1 N HCl,
and the lipid was quantified by scintillation counting
Of[3H]-CHE (quenching corrected). The determined
drug-to-lipid ratio at time was compared to the
initial ratio prior to incubation to obtain the % of
Topotecan that remained encapsulated at each time
point. After 8 hours of incubation, the amount of drug
remaining in the liposome was about 55% of its initial
value (Table 15). Table 15. In vitro release of
Topotecan from the liposomes loaded by TEA-Pn gradient
in 50% human plasma at 37C. Incubation time ,hours %
drug remaining encapsulated 1 95.55.4 4 76.87.3 8
55.94.1 24 55.416.8 EXAMPLE 22. Topotecan liposomes
with entrapped TEA-Pn gradient at various drug/lipid
ratios: in vivo drug retention and circulation
longevity in mice. [0197] The liposomes
(DSPC/Chol/PEG-DSPE at 3:2:0.015 molar ratio,
containing [3H]-CHE at 0.5 mCi/mmol DSPC) with
encapsulated gradient-forming salt solution (0.5 N
TEA-Pn, pH 6.2, osmolality 413 mmol/kg) were prepared
as in Example 18 using extrusion 12 times through two
stacked 100 nm pore size polycarbonate filters. The
liposome size was 107.7  19.1 nm by QELS. The
liposomes in 5 mM HEPES, 50 g/L Dextrose, pH 6.5 were
mixed with the aqueous stock solution of Topotecan (20
mg/ml) at drug/phospholipid ratios in the rangel
30-360 mg /mmol, followed my incubating the mixture at
58 0C for 45 min, placing on ice for 15 min and
removal of unencapsulated drug by Sephadex G-75
chromatography. Twelve-week old female FvB mice were
injected with the liposomes via the tail vein at a
dose of 5 mg Topotecan per kg body weight (approx. 0.2
mg Topotecan/animal) in triplicate. At indicated
times, typically 8hours or 24 hours post injection,
the mice were anesthetized, exsanguinated, and the
blood samples were assayed for the drug and the
liposome lipid as in Example 8. The results are shown
in Table 16. After 24 hours, about 6-32% of the
initial drug load remained encapsulated. Higher loads
of the drug (>200 mg/mmol phospholipid) resulted in
longer drug retention. Table 16. In vivo drug
retention and circulation longevity of prototype
Topotecan liposomes loaded using TEA-Pn gradient
method to different drug/lipid ratios. 



Encapsulated Lipid remaining in circulation, %
Topotecan remaining encapsulated, drug/phospholipid
injected dose % of initial load ratio, mg/mmol After 8
hours After 24 hours After 8 hours After 24 hours
127.210.9 36.12.0 18.78.1 5 1.77.1 6.722.5 207.221 .6
32.15.2 9.841 .88 75.613.0 13.83.5 30i.324.5 34.43.2
8.044.25 79.24.2 25.64.4 360.335.6 33.62.4 8.684.96
73.57.0 32.39.8 EXAMPLE 23. In vivo drug retention and
circulation longevity of Topotecan liposomes loaded
using different entrapped ammonium and
triethylammonium salts. [0198] The liposomes composed
of DSPE, cholesterol, and PEG-DSPE (3:1 :0.1 by
weight), also containing [3H]-CHE at 0.22 mCi/mmol
DSPE, were prepared as in Example 18, except that the
extrusion step included 10 passages through 2 stacked
200- nm pore filters, 10 passages through 2 stacked
100-nm pore filters, and 20 passages through 2 stacked
50-nm pore filters. The liposomes contained the
following salt solutions: (0199) 0.5 N ammonium
dextran sulfate solution (A-DS) was prepared from
sodium dextran sulfate (M.w. 5000), purchased from
Sigma, and converted into ammonium salt by the ion
exchange procedure similar to that of Example 4. The
solution of dextran sulfuric acid was immediately
titrated with 12.4 M aqueous ammonia. The A-DS
solution has pH 5.66, osmolality 208 mmol/kg.[0200]
0.48 N ammonium sucrose octasulfate (A-SOS) was
prepared similar to Example 6, but ammonium hydroxide
was used for titration. The solution had pH 6.27,
osmolality 258 mmol/kg. [0201] 0.47 M triethylammonium
sucrose octasulfate (TEA-SOS) was prepared as in
Example 6. The solution has pH 6.6, osmolality 297
mmol/kg. [0202] Topotecan was loaded into the
liposomes in the aqueous solution of 10 mM MES-Na, 50
g/L dextrose, pH 6.5, by incubating the liposomes with
the drug at 61-62C and input drug/phospholipid ratio
of 3461 mg/mmol, for 40 min, followed by incubating on
ice for 10 min. The liposomes were purified from
unencapsulated drug by chromatography on Sephadex
G-25, eluent - aqueous 2 mM Histidine, 144 mM NaCl, pH
6.6 (HCl). [0203] Seven to nine week old female Swiss
Webster mice were injected via the tail vein with
these liposomal Topotecan formulations at the dose of
5 mg Topotecan per kg body weight (approx. 0.2 mg
Topotecan/animal) in triplicate. After 8 hours or 24
hours post injection the blood was collected and
analyzed for Topotecan and liposome lipid as in
Example 22. [0204] The results are presented in Table
17 below. While all three liposome formulations
demonstrated very close liposome circulation
longevity, having about 23- 



28% of the injected dose remaining in blood 24 hours
post injection, unexpectedly the drug retention in
TEA-SOS liposomes and in A-SOS liposomes was better
than in A-DS liposomes both in terms of magnitude
(about 2-fold improvement in drug retention) and
statistical significance (statistical significance at
95% confidence level by 2-tailed nonpaired Student's
t-test p=0.0257 and p=0.00995, respectively; and by
Mann's U-test the difference was significant with
a=0.01). Drug retention in TEA-SOS containing
Topotecan liposomes was better than in A-SOS
containing Topotecan liposomes.Table 17. In vivo drug
retention and circulation persistence of Topotecan
liposomes prepared using TEA-SOS, ammonium-SOS
(A-SOS), and ammonium dextran sulfate (ADS. Gradient
Drug/phospho- Loading Liposome Lipid remaining in
Topotecan remaining lipid ratio, efficiency, size, nm
circulation, % encapsulated. % of initial mg/mmol %
injected dose load After 8 After 24 After 8 After 24
hours hours hours hours A-DS 288.120.6 83.36.0
76.922.7 43.71.2 27.71.5 43.66.8 18.71 .5 A-SOS
346.214.3 100.04.1 99.728.9 42.32.2 23.42.0 53.30.8
31.33 .2 TEA-SOS 340.814.7 98.54.2 99.132.6 42.12.3
23.02.9 57.05.6 38.16 . 1 EXAMPLE 24. Drug and lipid
plasma pharmacokinetics of liposomal Topotecan in rats
[0205] The circulation longevity and Topotecan release
parameters were assessed in rats. The liposomes
(DSPC/Cholesterol/PEG-DSPE molar ratio 3:2:0.015) were
prepared by ethanol mixing/extrusion method and loaded
with Topotecan using TEA-Pn gradient or TEA-Sucrose
octasulfate (TEA-SOS) gradient as described in Example
18 and loaded at various drug/lipid ratios (15-450
mg/mmol phospholipid). For lipid matrix
quantification, the liposome lipid contained [3H]-CHE
at 0.5-1.5 mCi/mmol DSPC. Female Sprague Dawley rats
(6-8 week old; body weight about 200 g) with
indwelling central venous catheters were injected i.v.
(via the catheter) with the Topotecan liposomes at the
dose of 4 - 5 mg/kg of body weight. The catheter was
flushed with saline. At selected times (up to 48 hours
post injection) the blood samples (0.2-0.3 mL) were
drawn via the catheter into heparinized syringes,
mixed with 0.4 mL of cold phosphate buffered saline
with 0.04% EDTA, blood cells were separated by
centrifugation, and the supernatants (PBS-diluted
plasma) were assayed for lipid by H-CHE radioactivity
counting (quenching corrected), and for Topotecan by
fluorometry (Example 7 1). The assay results were
corrected for plasma dilution, calculated from the
weight of obtained blood sample and assuming a
hematocryt of 40%. The total blood dose of the drug
and lipid was estimated from the blood volume
calculated as 6.5% of the body weight. The percent of
Topotecan retained in the liposomes was calculated by
comparing the drug/lipid ratio at a given time point
to the drug/lipid ratio of the injected liposomes.
Table 18 below summarizes blood half-lives of the
lipid, the drug, and the half-lives fordrug release,
as well as other properties of the liposomes.
Pharmacokinetic (PK) curves are shown on Figures 8A
(lipid) and 8B (drug/lipid ratio). In summary, the
blood PK 



curves for both drug and lipid fit well to single
exponent model (R2 0.984-0.999). Despite their 90-100
nm size and very small amount of PEGylated lipid (0.3
mol.%), the liposomes unexpectedly showed good
circulation longevity (plasma half-lives of the lipid
component were in the range of 11-16 hours). The
slowest release of Topotecan (halftime 22.9 hours) was
observed with the liposomes loaded using the TEA-SOS
method. Table 18. Circulation half-life (ti /2) of
lipid, drug, and half-time for drug release from the
prototype Topotecan liposomes in rats. Entrapped salt,
Topotecan load, Liposome Injected tl/2 tl/2 t 1/2
ofdrug No. of and concentration mg / mmol size, nm
dose, lipid, drug, release, animals phospholipid
(meanSD) mg/kg hours hours hours per group TEA-Pn 0.5N
124.39.7 92.323.3 4 15.8 4.13 5.34 3 TEA-Pn 0.5N
360.335.6 107.719.1 5 12.8 6.06 9.97 2 TEA-SOS 0.643N
439.215.9 108.813.4 5 10.8 7.36 22.87 2 EXAMPLE 25.
Drug stability against leakage during storage of
Topotecan liposomes [0206] The samples of several
prototype formulations prepared for the abovedescribed
studies, were stored at 4-6C for various times to
assess the storage stability of the encapsulated
Topotecan against drug leakage from the liposomes. The
liposome samples were passed through Sephadex G-75
columns, eluted with 20 mM HEPES, 135 mM NaCl, pH 6.5,
to remove extraliposomal drug, and analyzed for drug
content by spectrophotometry and for lipid by [3H]-CHE
radioactivity counting. The results (Table 19)
indicate good retention of Topotecan in the liposomes
during storage.Table 19. Drug retention in prototype
Topotecan liposomes during storage. Liposome
gradient-forming Liposome size, Initial drug load,
Storage Drug load after salt meanSD, nm mg drug/mmol
time, storage as % of phospholipid months initial
TEA-Pn 0.500 N pH 6.2 96.429.3 148.510.3 8 101.65.5
TEA-Pn 0.500 N pH 6.2 107.719.1 127.210.9 6 94.66.2
TEA-Pn 0.500 N pH 6.2 107.7 19.1 207.221.6 6 113.99.4
TEA-Pn 0.500 N pH 6.2 107.719.1 301.324.5 6 112.99.3
TEA-SOS 0.643 N pH 5.6 108.813.4 439.215.9 2 97.89.4
EXAMPLE 26. In vitro uptake of liposomal and
immunoHposotnal Topotecan by HER2-overexpressing
cancer cells. [0207] This study addressed the capacity
of Topotecan-loaded anti-HER2- immunoliposomes
prepared according to the invention to deliver
Topotecan specifically into HER2-overexpressing cells
in cell culture. The (immuno)liposomes were prepared
and loaded with Topotecan using TEA-Pn method of
Example 19. HER-2 overexpressing human breast
carcinoma cells (SKBr-3, ATCC) were grown in modified
McCoy 5A medium (without tricine) supplemented with
10% fetal calf serum, 50 mg/mL streptomycin sulfate
and 50 U/ml penicillin G (complete growth medium) in
T-75 flasks 



at 37C, 5% CO , to confluency. The cells were
harvested by trypsinization, inoculated into 24-well
cell culture plates at 150,000 cells/well in 0.5 mL of
the complete growth medium, and allowed to acclimate
overnight. The medium was replaced with 0.5 mL of
complete growth medium containing Topotecan
formulations at the selected concentration in the
range of 0.01-0.1 mM phospholipid. Triplicate wells
were used for each condition. Control wells were
incubated in the absence of drug and/or liposomes (to
obtain background readings for drug assay). The plates
were incubated with slow agitation at 37C, 5% CO2 for
4-8 hours. The media were aspirated, and the cells
were rinsed 4 times with 1mL portions of cold Hanks'
balance salt solution containing Ca and Mg salts. The
cells were solubilized by adding 0.1 mL of 1% Triton
X-100 in water, and the amount of drug in the cell
lysates was determined by fluorometry (Example 7 1).
The standard curve was obtained in the range of
10-2500 ng Topotecan/well, and fit to second order
polynomial (to account for self-quenching at higher
drug concentration) aftersubtracting the cell
autofluorescence background. When a microplate
fluorometer was used, the filter selection was 400/30
nm for excitation, 530/25 ran for emission. Both
cuvette- and microplate fluorometers gave the same
results. [0208] The results of two experiments are
summarized in Table 20 below. There was prominent
cellular uptake of HER2-targeted liposomal drug
(50-300 times higher than of no-targeted liposomal
Topotecan). Interestingly, uptake of free Topotecan
was also significantly lower than of HER2-targeted
immunoliposomal Topotecan. This may be explained by
rapid hydrolysis of the camptothecin lactone ring of
Topotecan molecule in the cell growth medium in the
presence of serum, generating the carboxylate form of
the drug which may have lower cell permeability and
lower cytotoxicity. In summary, the ability of
cell-targeted, internalizable, ligand-conjugated
immunoliposomes to deliver Topotecan intracellularly
was confipned. Table 20. In vitro cellular uptake of
Topotecan liposomes and anti-HER2 immunoliposomes
containing TEA-Pn (nd, not determined). For liposome
characteristics see Table 12. EXAMPLE 27. Cytotoxicity
of liposomal and immunoliposomal Topotecan against
HER2-Overexpressing Cancer Cells In Vitro. [0209] Once
the capacity of anti-HER2 Topotecan immunoliposomes
for intracellular drug delivery into
HER2-overexpressing cancer cells was established
(Example 26), it was important to ensure that the
internalized liposomes can release the drug in its
active form. To this end, in vitro cytotoxicity of the
free Topotecan (i.e., Topotecan formulated as a
solution), liposomal Topotecan, and
anti-HER2-immunoliposomal Topotecan was studied. The
liposomal Topotecan fopnulations were prepared, and
SK.Br-3 cells were grown and harvested as described in
Example 26. The cells were inoculated into 96-wellcell
culture plates at 5,000 cells in 0.1 mL of the
complete growth medium, in triplicate, and left to
acclimate overnight. Edge-most rows and columns of the
plate were left empty. Sterile preparations of
Topotecan liposomes, immunoliposomes, or free drug
(freshly prepared by diluting Topotecan 20 mg/mL
stock, pH 3, into unbuffered saline to 2 



itig/mL) were diluted with complete drug medium to
achieve concentrations starting from 90, 30, or 10
mg/mL and serially diluted down in the medium by the
factor of 3. The media in the wells were replaced with
0.2 mL of drug/liposome dilutions , and incubated at
37C, 5% CO , for specified time (4-6 hours). One well
in each row was incubated with drug-free medium to
serve as a non-treated control. The drug-containing
media were aspirated from the wells, the cells were
rinsed with 0.2 mL of drug-free medium, and 0.2 mL of
fresh drug-free medium was added to all wells. The
plates were incubated for 4 days at 37C, 5% CO2.
Without medium change, 0.03 mL of the 2 mg/mL solution
of a tetrazolium dye (Thiazolyl Blue, MTT) (Sigma
Chemical Co.) in serum-free medium was added to each
well. The plates were incubated for additional 2-3
hours at 37C, 5% CO2. The media were aspirated, and
the wells were filled with 0.2 mL of 70 vol.% aqueous
isopropanol, 0.075 N HCl, and agitated gently until
the formazan dye dissolves (15-30 min). The optical
density of the formazan solutions was determined using
microplate photometer at 540 nm. The cell viability as
% of non-treated control was calculated as the ratio
of the optical density in the experimental wells to
the optical density in the wells containing
non-treated cells, corrected for background. The data
were plotted against the drug concentration, and the
IC50 dose was estimated graphically from intersection
of the viability-concentration curve with the 50%
viability line. [0210] The results are presented in
Figure 9. The drug dose resulting in 50% growth
inhibition (IC50) for free Topotecan or non-targeted
liposomal Topotecan was in excess of 30 mg/mL; for
F5-Immunoliposomal Topotecan, 0.15 mg/mL. These
results are consistent with the targeted drug uptake
data.EXAMPLE 28. Comparative stability and plasma
pharmacokinetics of liposomal and F5-immunoliposomal
Topotecan in mice. [0211] Topotecan liposomes
containing radioactive lipid label [ H]-CHE at 1.5
mCi/mmol of phospholipid were prepared according to
Examples 11 and 19 using an ethanol lipid solution
mixing-extrusion procedure under the following
conditions: gradient-forming salt solution: 0.643 N
triethylammonium sucrose octasulfate; polycarbonate
membrane extrusion: 15 passages through 2 stacked PCTE
filters, 80 nm pore size; Topotecan loading:
drug/phospholipid input ratio 350 mg/mmol (calculated
for Topotecan free base); F5 scFv conjugation was
performed as described in Example 19. The liposomes
had the following characteristics: [0212] Size by
QELS: weight average 101.2 nm; standard deviation,
20.1 nm. [0213] Drug encapsulation: Topotecan
liposomes (Topo-Ls) 359.327.4 mg/mmol phospholipid;
Topotecan F5scFv-immunoliposomes (Topo-F5-ILs)
326.315.9 mg/mmol phospholipid. [0214] The study was
performed generally as in Example 22. The groups of
nine male Swiss Webster mice (8-10 week old, 24-27 g)
were injected via tail vein with Topo-Ls, Topo-F5ILs,
or freshly prepared Topotecan 1mg/mL in unbuffered
saline, at the dose of 5 mg Topotecan base per kg of
the body weight (equivalent to the lipid dose of 14-16



mimol of phospholipid/kg body weight). At 1 hour, 8
hour, or 24 hour post injection time points, 3 animals
per time point were exsanguinated via open heart
punction under Ketamine/Xylazine anesthesia, the blood
was collected into tubes containing PBS-EDTA, and
assayed for Topotecan (fluorometry) and liposome lipid
(by radioactivity scintillation counting). The amounts
of drug and lipid dose remaining in the blood at given
time points were calculated from the administered dose
being taken as 100%, assuming the blood amount per
animal as 6.3% of the body weight, and packed blood
cell fraction of 45%. The amount of drug remaining
encapsulated in the liposomes at each time point was
calculated for each animal individually by comparing
drug/lipid radioactivity ratio of the plasma samples
with that of the injected liposomes. The amount of
free Topotecan in the plasma samples collected at 1
hour post injection was less than 1% of the injected
dose (indeed, they were below the detection limit of
our assay method); therefore, further time points of
the free Topotecan group were not studied. Because of
the fast blood clearanceand low blood levels of free
Topotecan we assumed that essentially all Topotecan
found in the blood at all time points represents
liposomally encapsulated Topotecan. [0215] The results
are summarized in Table 2 1 below. Remarkably, the
liposomes prepared according to the invention retained
79-85% of the original drug load even 24 hours after
injection into the bloodstream of the animals. The
differences between average plasma values of the lipid
or drug between the liposome and immunoliposome groups
were in the range of 1.8- 13.6% and were close to, or
within the range of, assay errors. Probabilities of
the null hypothesis between the liposome and
immunoliposome group with regard to drug or lipid
values at each time point, calculated using Student's
ttest, were in the range of 0.543-0.938. We conclude
that the differences in residual blood levels of the
drug or lipid between the two preparations were
negligible and statistically indistinguishable. Table
21. The amounts of liposome lipid, Topotecan, and of
Topotecan remaining encapsulated in the liposomes in
the plasma of mice at various time points post i.v.
injection. Time post injection Lipid, % of Drug, % of
Drug/Lipid, % of preinjected dose injected dose
injection value F5-conjugated liposomal Topotecan
(Topo-F5ILs): 1 hour 57.58+4.95 55.457.23 96.14+7.32 8
hours 35.373.84 34.185.87 96.31+1 1.92 24 hours 15.51
+11.84 12.30+9.02 79.36+8.03 Liposomal Topotecan
(unconjugated) (Topo-Ls): 1 hour 58.88+9.51 57.63+9.45
97.905.29 8 hours 39.61 +1.99 38.82+1.49 98.06+4.44 24
hours 15.84+3.85 13.452.64 85.257.03 EXAMPLE 29.
Antitumor efficacy of liposomal and anti-HER2-
immunoliposomal Topotecan in BT-474 xenograft model. 



[0216] In this study we used the first prototype
Topotecan immunoliposomes that use
triethylammonium-polyphosphate gradient for drug
entrapment. The liposomes wereprepared generally
following the methods of Examples 11 and 19. Lipid
matrix components - DSPC (Avanti Polar Lipids; 3 mol.
parts), Cholesterol (Calbiochem, 98.3%; 2 mol. parts)
and methoxy-PEG(2000)-DSPE (Avanti Polar Lipids, 0.015
mol. parts) - were combined with 100% ethanol USP to
give the solution containing 0.5 mM phospholipid at
600C. The ethanol lipid solution was diluted at 600C
with the aqueous triethylammonium polyphosphate
solution (0.608 M triethylamine, 0.65 N phosphate, pH
6.1, osmolality 531 mmol/kg), mixed thoroughly, and
extruded 10 times through 2 stacked polycarbonate
membranes with the pore size of 100 nm (Nuclepore,
Corning) using thermostatted gas-pressure extruder
(Lipex Biomembranes) at 600C. The extruded liposomes
were chilled on ice, and unencapsulated
triethylammonium polyphosphate was removed by gel
chromatography on Sepharose CL-4B using 5% dextrose-5
mM HEPESNa buffer, pH 6.5, as eluent. The liposome
size was 103.835.1 nm by QELS. The liposomes in this
buffer were incubated with Topotecan hydrochloride at
600C for 30 min. at the ratio of 0.35 mg Topotecan
base per mmol of phospholipid. At the end of
incubation, the liposomes were chilled on ice and
chromatographed on Sephadex G-75, eluent 20 mM
HEPES-Na, 135 mM NaCl, pH 6.5, to remove any
unencapsulated drug. The drug content was determined
by fluorometry, and the lipid content by phosphate
assay as previously reported. Liposomal Topotecan so
obtained has 365.423.1 mg Topotecan base per mmol of
phospholipid. To prepare HER2-targeted Topotecan
immunoliposomes, a portion of this liposomal Topotecan
preparation was incubated with the purified conjugate
of anti-HER2 scFv F5 and maleimido-PEG-DSPE linker
generally as described in Example 19. Briefly,
F5-PEG-DSPE conjugate in aqueous 10% sucrose- 10 mM Na
citrate solution, pH 6.5, was combined with Topotecan
liposomes at the ratio of 15 mg protein per mmol of
liposome phospholipid, and incubated at 6O0C for 30
min. The incubation mixture was chilled on ice and
chromatographed on Sepharose CL-4B, eluent 20 mM
HEPES-Na, 135 mM NaCl, pH 6.5, to remove any
unincorporated scFv conjugate. The drug-to-lipid ratio
decreased by 14 % following this additional
incubation. [0217] The Topotecan liposome and
immunoliposome formulations containing 1-2 mg/mL of
Topotecan were passed through 0.2 micron sterile
syringe filter, dispensed aseptically into
polypropylene vials and stored at 4-6C for up to 1
month before use.[0218] Free Topotecan was freshly
prepared by dissolving Topotecan Hydrochloride powder
at 2 mg/mL in 5% dextrose and sterilized by passage
through 0.2-micron syringe filter. [0219] A
HER2-overexpressing BT-474 human breast adenocarcinoma
xenograft model was established as described in
Example 10. At day 13 post tumor inoculation, the
animals having tumors in the range of 120-350 cubic mm
were selected and randomized into 3 treatment and 1
control group of 12 animals each. At days 14, 18, and
2 1 post tumor inoculation the mice were treated with
i.v. (tail vein) injections of Topotecan formulations
at the per injection dose of 5 mg/kg body weight, or
with equal volume of 



physiological saline. General health of the animals
was monitored daily. Tumor sizes and body weights were
monitored twice weekly for up to day 53 post tumor
inoculation. The animals whose tumors reached 20% of
the body weight, or those with progressive weight loss
reaching 20% or more were euthanized. [0220] Figures
11 and 12 show the tumor growth and animal body weight
data, respectively. Liposomal Topotecan formulations
were more active in tumor growth suppression than the
free drug, and F5-targeted liposomal formulation was
more active than the non-targeted one. The average
tumor sizes at the end of the observation period were
significantly different among the treatment groups (p
values by non-paired 2-tailed Student's t-test
werel.2xl q 6 for free v. immunoliposomal drug, 0.0001
14 for free v. liposomal drug, and 0.0071 8 for
liposomal v. immunoliposomal drug). Thus, liposomally
encapsulated Topotecan was more active than the free
drug, and anti-HER2 immunoliposomal Topotecan was more
active than non-targeted liposomal drug. In the
liposomal and immunoliposomal group, after initial
regression, tumor regrowth occurred within 10 days of
the last treatment. There was no tumor regression in
the free drug group. It was noticed that the liposomal
formulations of Topotecan at a given dose were more
toxic than the free drug. There was gastrointestinal
toxicity. The animals receiving liposomal Topotecan
developed diarrhea and suffered body weight loss
averaging about 14% at its peak. While in the
non-targeted liposomal group the animals recovered,
except one (12.5%) that had persistent 15% weight loss
at the end of study, in the F5-targeted group five
animals (4 1.6%) developed terminal morbidity and
expired; and two more (16.7%) had persistent weight
loss of about 15%. In the control group and free drug
group, there was no weight loss or treatment-related
morbidity.EXAMPLE 30. Maximum tolerated dose (MTD) of
free and liposomal Topotecan in mice given in 3 weekly
i.v. injections. [0221] This study used a liposome
Topotecan formulation prepared as in to Example 29,
except the triethylammonium polyphosphate solution was
replaced with triethylammonium sucrose octasulfate
solution having 0.65 M triethylammonium, pH 6.2; and
for extrusion 80-nm polycarbonate membrane filters
were used instead of 100-nm. Volume-weighted liposome
size determined by quasi-elastic light scattering
method in Gaussian approximation (QELS) was 95. l 19.6
nm (averageSD); drug/lipid ratio was 369.118.3 mg/mmol
phospholipid. Five-six week old female Swiss-Webster
mice (18- 20 g) in the groups of two received three
i.v. (tail vein) injections of free or liposomal
Topotecan on a once-a-week schedule, starting from the
dose of 2 mg/kg Topotecan base per injection and
increasing to each subsequent group by the factor of
1.8 to the dose of 37.8 mg/kg. Immunoliposomal
Topotecan was not included in this study. Animal body
weight and general health was monitored daily.
Progressive weight loss of more than 20% or natural
death at any time in any of two animals in a group
during the period often days since the beginning of
treatment were considered indicative of the toxic
dose. According to the animal mortality and weight
data MTD was determined to fall within the range of 



11.7-21 mg/kg for free Topotecan, and 2.0-3.6 mg/kg
for liposomal (Prototype 2) Topotecan. In the second
study, the mice received injections of the free,
liposomal, or F5- immunoliposomal Topotecan (prepared
from the liposomal Topotecan of this Example as
described in Example 29) with the doses from 2.0 mg/kg
(liposomal/immunoliposomal Topotecan) or 12 mg/kg
(free Topotecan), and increased to each subsequent
group by the factor of 1.15 until the dose next to the
upper range of the established MTD interval was
achieved. The highest dose that did not result in
death or terminal morbidity in any of the animals was
considered an MTD and was found to be 18.4 mg/kg for
free Topotecan, 3.0 mg/kg for liposomal Topotecan, and
3.0 mg/kg for immunoliposomal Topotecan. Thus,
liposomal Topotecan showed greater toxicity than the
free drug. EXAMPLE 31. Antitumor efficacy of liposomal
Topotecan in BT-474 xenograft model at the range of
0.125-1.OxMTD [0222] The Topotecan liposomes and
F5-immunoliposomes of Example 30 were used in this
study. BT-474 subcutaneous xenografts were raised in
nude mice as in Example 29. At day 18 after tumor cell
inoculation the animals with tumors (105-345 cubic
mm,average about 200 cubic mm) were randomized into
treatment groups of 6 animals/group, and a control
group of 8 animals/group. The animals received free or
liposomal Topotecan at IxMTD, 0.5xMTD, 0.25xMTD, or
0.125xMTD at three i.v. (tail vein) injections at day
19, 23, and 27 post tumor inoculation. The control
group received injections of physiological saline. The
tumor sizes and animal body weights were monitored as
in Example 29. To obtain animal body weight
measurements, the tumor weight (calculated from the
tumor size assuming tumor density of 1.0) was
subtracted from the total animal weight measurements.
All drug formulations at MTD showed antitumor activity
(Figures 13A-13D). There was no significant difference
in efficacy between free and liposomal drug given at
their respective MTD or at identical fractions (1/2,
1/4, or 1/8) thereof. Thus, liposome encapsulation of
the drug using TEA-SOS gradient resulted in about
6-fold increase in antitumor activity, but also in the
similar increase in drug toxicity. Dynamics of animal
body weights revealed that all treatments were
non-toxic except the treatment with free Topotecan at
MTD which showed transient decrease in body weight
(about 15% of the pre-treatment value) that later
resolved (Figure 14). EXAMPLE 32. Preparation and
targeted in vitro cytotoxicity of Topotecan liposomes
prepared using triethylammonium sucrooctasulfate
entrapment method. [0223] Liposomal Topotecan was
prepared generally following the procedure of Example
18, using the entrapped solution of TEA-SOS having 643
mM TEA, pH 5.7, osmolality 530 mmol/kg, and
drug/phospholipid ratio of 170 mg/mmol. The liposomes
had 155 mg drug/mmol phospholipid; 90% loading
efficiency, and particle size 105 nm. These liposomes
were incubated with the micellar solution of
F5-PEG-DSPE conjugate at about 30 scFv per liposomes
(15 mg antibody/mmol phospholipid) at 600C for 1hour 



generally as described in Example 19.
Antibody-conjugated liposomes were separated by SEC
using Sepharose CL-4B and formulated into HBS-6.5
HEPES-buffered saline. There was no detectable change
in drug/lipid ratio during the attachment of anti-HER2
scFv (F5). [0224] The uptake of Topotecan formulations
by cancer cells was determined as follows.
HER2-overexpressing human breast adenocarcinoma cells
(SK-Br-3, ATCC HTB-30) were plated into 24-well cell
culture plates at 150,000 cells/well and
acclimatedovernight. The cells were incubated (in
triplicate) with F5-targeted and non-targeted
liposomal Topotecan in complete growth medium at
liposome concentrations of 0.1 mM and 0.01 mM for 4
hours at 370C. The cells were rinsed 4 times with
Hanks' Balanced Salt Solution, solubilized in 0.1%
Triton X-100 - 70% acidified isopropanol mixture 1:
10, and the amount of cell-associated Topotecan per
well was determined by fluorometry. The results (mean
standard error) are summarized in Table 22. The
targeted liposomes delivered 100-300 times more drug
into the targeted cells than nontargeted liposomes.
Table 22. Uptake of liposomal Topotecan by SK-Br-3
breast carcinoma cells. Formulation Topotecan uptake
at 0.1 Topotecan uptake at 0.0 1 mM phospholipid,
ng/well mM phospholipid, ng/well Non-targeted liposome
4.76  0.24 0.607  0.088 HER2-targeted liposome 533.8
13.7 197.0 + 4.6 Ratio: Targeted/Non-targeted 112.1
8.6 324  55 [0225] Cytotoxicity of these Topotecan
fopnulations against SKBr-3 breast cancer cells was
determined as described in Example 27. SKBr-3 cells
were inoculated into 96- well plates at 5,000
cells/well, acclimated overnight, and incubated with
increasing concentrations (0.004-30 mg/mL) of free,
liposomal, or F5-immunoliposomal Topotecan in cell
growth medium for 4 hours at 37C. The drug-containing
media were removed and the cells were allowed to grow
in the drug-free medium for 72 hours. The quantity of
viable cells per well was determined using Thiazolyl
Blue(MTT) tetrazolium assay and expressed as % of that
of control (non-treated) cells. The results are
presented on Figure 10. Topotecan immunoliposomes were
more cytotoxic (IC50 0.15-0.5 mg/mL) than nontargeted
Topotecan liposomes (ICs0  3.1 . mg/mL) and free
Topotecan (IC 0 > 2.3 mg/mL) EXAMPLE 33. In vivo
stability of Topotecan liposomes of different size.
[0226] The liposomes containing TEA-Pn were prepared
as in Example 22 using extrusion 12 times through 100
nm pore size polycarbonate membranes or additionally
12 times through 50 nm pore size polycarbonate
membranes. Topotecan (TPT) was added at a ratio of 150
mg /mmol phospholipid.. The loading was completed at
58 0C for 45 min a hot water bath, followed by
quenching on ice. The efficiency of loading for the
50-nm- and 100-nm-extruded liposome was 126.80  19.24
mg TPT/ mrnol PL (84.5 12.8 %) and 148.48  10.26 mg
TPT/ mmol PL (99.0  6.8 %), respectively. Female Swiss
Webster mice in the groups of three were injected
intravenously with one of the two formulations of
Ls-TPT at a dose of 5 mg TPT/kg. The mice were
sacrificed after 6 h and the blood was collected.
Plasma was analyzed for TPT and liposome lipid as 



described in Example 22. The results are presented in
Table 23. Table 23. In vivo stability of Ls-TPT of
different sizes loaded using TEA-Pn entrapment method.
Liposome size, nm Drug in plasma, % Liposome lipid in
Drug/lipid ratio, % of preof injected dose plasma, %
of injection value injected dose 74.2  21.6 32.93
1.97 45.7  2.2 72.06  5.51 96.4  29.3 33.26  3.56 37.6
5.3 88.41  15.68 EXAMPLE 34. Synthesis and liposome
encapsulation of 6-(3-aminopropyl) ellipticine
(6-APE). [02271 6-(3-aminopropyl)ellipticine was
prepared from ellipticine in a two-step method based
on the procedure by Werbel et al, J. Med. Chem. 1986,
v.29, p.1321-1322. 501.4 mg of ellipticine base (NSC
71795) (Aldrich Chemical Co.) was stirred with
approximately 100 mg of sodium hydride (Sigma; washed
with anhydrous petroleum ether) in 5 ml of dry
dimethylformamide (DMF) at room temperature for 30
min. To this mixture, a solution of 678 mg of
N-bromopropylphtalimide (Aldrich) in 2 mL of dry DMF
was added dropwise. The purple-colored reaction
mixture was stirred under argon overnight, treated
with 1mL of water, and poured into 60 ml of water. The
mixture was extracted twice with 25 mL of methylene
chloride, the extract was dried over anhydrous sodium
sulfate, and passed through a layer of neutral
alumina. The alumina layer was rinsed twice with 10 mL
of methylene chloride and the combined filtrate and
rinses were brought to dryness in vacuum. The product
was stirred overnight with 20 ml of absolute ethanol
and 2 ml of anhydrous hydrazine at room temperature.
The obtained slurry was filtered under vacuum, a
yellow filtrate was diluted with 50 mL of 0.2 N NaOH
and extracted with two portions (75 ml and 50 ml) of
chloroform. The chloroform extract was dried over
Na2SO and brought to dryness in vacuum. Crude product
(yield 408 mg) waschromatographed on silica 60 column
eluted isocratically with chloroform-methanol mixture
(7:3 by volume), saturated with dry trimethylamine.
The fractions eluted in a second yellow-colored band,
following un-reacted ellipticine, were shown to
contain the desired compound in approximately 30%
yield. The structure was confirmed by 1HNMR. TLC: Rf
0.29-0.31 (Silica 60; CHCl3-MeOH 7:3 by volume,
saturated with trimethylamine). Ellipticine, Rr 0.8
1-0.83. The obtained compound was converted into
dihydrochloride salt by dissolving in anhydrous
ethanol and titration with 6 N HCl solution in dry
isopropanol. The orange crystals of 6-APE
dihydrochloride (NSC 176328) were filtered out, rinsed
with ether, and dried in vacuum. Yield of
dihydrochloride 86%. [0228] The liposomes were
prepared by hydration of the neat lipid film of DSPC,
Cholesterol, and PEG(M.w. 2,00O)-DSPE (3:2:0.015 molar
ratio) in a solution of trimethylammonium
polyphosphate (TMA-Pn) at 0.5 M TMA, pH 5.6, at 6O0C,
followed by six cycles of rapid freezing (-780C) and
thawing (6O0C), and extrusion ten times through two
stacked 50-nm pore size polycarbonate filters.
Unencapsulated TMA-Pn was 



removed using a Sepharose CL-4B column eluted with
HEPES-Dextrose (5 raM HEPES, 5 % Dextrose, pH 5.5).
The liposome size was 85.7  32.1 nm. |0229]
Concentrated 6-APE solution (10 mg/ml) was added to
the TMA-Pn-containing liposomes at a
drug-to-phospholipid ratio of 100 mg APE/mmol
phospholipid, the mixture was incubated at 58 C for 45
min, and quickly cooled down on ice for 15 min.
Unencapsulated drug was removed by gel chromatography
on a Sephadex G-75 column eluted with HEPES-Dextrose
buffer (5 raM HEPES-Na, 5 % dextrose, pH 6.5).
Liposome-entrapped APE was then quantitated by
spectrophotometry as in Example 7 1, and liposome
phospholipid was determined using the extraction assay
of Example 70. The drug encapsulation was practically
quantitative. EXAMPLE 35. Preparation of HER2-targeted
immunoliposomal 6-APE and cytotoxicity of 6-APE
formulations against HER2-overexpressing BT-474 breast
cancer cells in vitro. [0230] Liposomes with
encapsulated 6-APE (Ls-APE) were prepared as in
Example 34 above. Anti-HER2 immunoliposomes with
encapsulated 6-APE (F5-ILs-APE) were prepared from
Ls-APE by the method of Example 19. An MTT-based cell
viability assay of Example 27 was used to determine
the cytotoxicity of 6-APE delivered as a solution,
Ls-APE, or as HER2-targeted F5-ILs-APE against
HER2-overexpressing human breastcarcinoma cells
(BT-474). The cells were exposed to drug-containing
media for 6 hours, and post-incubated in drug-free
medium for 3 days. The results are shown on Figure 15.
The IC50 for free APE is 0.26 mg APE/ml, for
F5-ILs-APE was 0.756 mg APE/ml, and for nontargeted
Ls-APE was 5 1.0 mg APE/ml. There was a 67.5 fold
difference in activity between targeted and
nontargeted liposomal 6-APE, indicating a considerable
targeted delivery effect. EXAMPLE 36. EGFR-targeted
immunoliposomal formulations of 6-APE and cytotoxicity
against cancer cells in vitro. [0231] 6-APE-loaded
liposomes were prepared as described in Example 34.
EGFRtargeted immunoliposomes were prepared by
attachment of EGFR-specific Fab' antibody fragments as
follows. An EGFR-specific IgG MAb C225 (cetuximab,
ERBITUX(tm), Imclone Systems) was digested with pepsin
to produce (Fab ) fragments. Purified (Fab )2
fragments were reduced by treatment with 10-20 mM
2-mercaptoethylamine for 15 min at 37 0C, and Fab'
fragments were purified by gel filtration using
Sephadex G-25. The presence of reactive thiol groups
was typically about 0.9 thiol groups per protein
molecule (quantified using Ellmann's reagent).
C225Fab' were covalently conjugated to an amphiphilic
linker MaI-PEG-DSPE (Avanti Polar Lipids, AL) in
aqueous solution at pH 6.2-6.5 and protein-linker
molar ratio of 1:4 for 2-4 hours at room temperature,
or overnight at 4-60C, to produce C225Fab'-PEG-DSPE
conjugate with the yield 30-50 % of the protein. This
micelle-forming conjugate was separated from
non-reacted protein by size exclusion column
chromatography on 3% agarose - 4% polyacrylamide
beaded gel (Ultrogel AcA34, obtained from Sigma
Chemical Co.), eluted with HBS-6.5 buffer. The 



conjugate was recovered in void volume fractions.
Immunoliposomal 6-APE was formed by incubating these
liposomes with C225 Fab'-PEG-DSPE with drug-loaded
liposomes at the ratio of 30 mg C225 protein/mmol
liposome phospholipid for 30 min at 6O0C, quenching on
ice for 15 min, and purifying the immunoliposomes by
gel chromatography on a Sepharose CL-4B column also
eluted with HBS-6.5 buffer (the liposomes appear in or
near the void volume of the column). [0232] MDA-MB-468
EGFR-overexpressing human breast cancer cells and
MCF-7 human breast cancer cells with low EGFR
expression (ATCC, Rockville, MD) were cultured in
their supplier-recommended growth media, and the
cytotoxicity of free, liposomal, and
anti-EGFR-immunoliposomal 6-APE against these cells
was studiedaccording to the method of Example 27 The
cells were incubated with drug-containing media for 6
hours, followed by 3 days post-incubation in the
drug-free medium. The results are shown in Figure 16.
In MDA-MB-468 cells IC50 for the free 6-APE was about
0.1 mg/ml, and for C225-ILs-APE about 0.9 mg/ml. In
MCF-7 cells IC50 was about 0.1 for the free 6-APE was
about 0.5 mg/ml , and for C225-ILs-APE about 14 mg/ml.
IC50 of Ls-APE in both cell lines was >30 mg/ml. Thus,
EGFR-targeted 6-APE-loaded immunoliposomes
demonstrated antigen-specific cytotoxic activity in
EGFRoverexpressing MDA-MB-468 breast cancer cells, but
not in MCF-7 breast cancer cell that do not
overexpress EGFR. In MCF-7 cells, the targeted and
nontargeted 6-APE liposomes were equally active.
EXAMPLE 37. Pharmacokinetics of liposomal 6-APE in
rats. [0233] Liposomes with entrapped TEA-Pn solution
(557 mM phosphate groups, 500 mM TEA, pH 5.8,
osmolality 480 mmol/kg) and lipid composition of DSPC,
cholesterol, and PEG-DSPE (molar ratio 3:2:0.015) were
prepared as in Example 11 above. Ethanolic solution of
the lipids was combined at 6O0C with 10 volumes of the
aqueous TEA-Pn solution, and extruded ten times
through two stacked 80 nm pore size polycarbonate
membranes. Unencapsulated TEA-Pn was removed using a
Sepharose CL-4B column eluted with MES-Dextrose (5 mM
MES-Na, 5 % Dextrose, pH 5.5). The liposome size was
92.3  23.3 nm by QELS. A non-exchangeable radioactive
lipid label [JH]-CHE was included in the lipid matrix
at 0.5 mCi/mmol phospholipid. The liposomes were
loaded with 6-APE as described in Example 34. (0234]
The pharmacokinetic study followed the protocol of
Example 9. Female Sim Albino rats (9 weeks, 200 g)
were injected i.v. at a dose of 10 mg 6-APE/kg. Blood
was drawn at prescribed time points and the plasma was
analyzed for 6-APE by fluorometry. Plasma aliquots
(0.05-0.2 ml) were mixed with 1-2 mL of 90% aqueous
isopropanol-0. l N HCl, and the 6-APE was quantified
by fluorescence as in Example 71. The lipid was
quantified by [3H]-CHE radioactivity scintillation
counting. [0235] The results are shown in Figurel 7.
The blood half-life (ti/2 ) of the drug was 13.7 hours
and of the liposome lipid 16.6 hours (panel A). The
half-life of the drug release from liposomes was 77.9
hours, demonstrating remarkable encapsulation
stability 



(panel B).EXAMPLE 38. Synthesis and liposomal
encapsulation of 2-(2-(N,Ndiethylamino)
ethyI)ellipticinium (2-DAE). [0236]
2-(2-(N,N-diethylamino)ethyl-ellipticinium chloride
(NSC 359449) is an anti cancer ellipticine derivative
which is prepared by alkylation of ellipticine with
2-(N 5Ndiethylamino) ethylchloride in methanol in the
presence of triethylamine (see Werbel, L.M., Angelo,
M., Fry, D.M., and Worth, D.F. J Med. Chem. 1986,
29:1321-1322). Liposomes containing entrapped TEA-Pn
were prepared as described in Example 37. 2- DAE.2HC1
was incubated with the TEA-Pn liposomes in 5 mM
HEPES-Na, 5% Dextrose, pH 7.4, at a
2-DAE-to-phosholipid ratio of 100 mg/mmol. The amount
of loaded drug was 88.2 mg APE/mmol PL (efficiency
88.2 %). EXAMPLE 39. Pharmacokinetics of liposomal
2-DAE in rats. [0237] Blood pharmacokinetics of
liposomal 2-DAE (Example 38) was studied in rats as in
Example 37. The tU2 of 2-DAE was 17.8 h and of the
liposome lipid matrix, 18.2 h (A). The half-life of
the drug release from liposomes in the blood was tt/2
= 677 h (B). Thus, these liposomes were
extraordinarily stable against drug leakage in the
bloodstream. EXAMPLE 40. Loading of vinorelbine into
liposomes using TEA-Pn method. The effect of pH.
[0238] The liposomes were prepared by the ethanol
injection method as in Example 11 using TEA-Pn
solution of 0.608 M TEA, 0.65 M phosphate groups, pH
6.1, and osmolality 531 mmol/kg, and lipid suspension
extrusion 15 times through two stacked 100 nm pore
size polycarbonate membranes. The resulting liposome
size was 108.3  17.1 nm by QELS Vinorelbine (VRB) in
the form of stock solution of vinorelbine bitartrate
10 mg/mL USP was added to the liposomes in aqueous 5
mM HEPES-Na, 5% dextrose, pH 6.5, at a
drug-to-phospholipid ratio of 350 mg/mmol, the pH was
adjusted to the desired value using 1-5 N NaOH. and
the mixture was incubated at 582 0C for 30 min. The
mixture was then chilled on ice for 15 min, and
unencapsulated drug was removed by Sephadex G-75 gel
filtration chromatography, eluting with HBS-6.5 buffer
(20 mM HEPES-Na, 135 mM NaCl, pH 6.5). Aliquots of
purified liposomes were then solubilized in acid
isopropanol and analyzed for vinorelbine using
spectrophotometry at 270 nm. Liposome phospholipid was
quantified using the phosphate assay of Bartlett
(1959) after methanol-chloro form extraction.[0239]
The calculated drug-to-lipid ratios after loading were
as shown in Table 24. Vinorelbine loading was
quantitative (i.e. practically 100%) and independent
of pH in the studied range. Table 24. Vinorelbine
loading into liposomes with entrapped TEA-Pn at
various pH values of external buffer pH
Drug-to-phospholipid ratio (mg/mmol) Loading
efficiency (%) 5.0 347.6  6.35 99.3  1.8 5.75 355.2
11.2 101.5  3.2 



6.25 377.0  21.5 107.7 6.6 7.0 374.3  29.58 106.9  9.0
EXAMPLE 4 1 Liposomal vinorelbine prepared by TEA-Pn
method at various drug/lipid ratios: encapsulation
efficiency and in vivo stability in mice. [0240]
Liposomes with entrapped TEA-Pn solution were prepared
according to Example 40 except that [3H]-CHE was
included in the lipid matrix at 1.5 mCi/mmol
phospholipid. The liposome size was 98.5  34.3 nm by
QELS. The liposomes were mixed with vinorelbine
bitartrate USP in aqueous buffer of 5 mM HEPES-Na, 5%
dextrose, pH 6.5 at the drug-to-phospholipid ratio of
150-450 mg VRB/mmol, and incubated at 582 0C for 30
min. No pH adjustment was made following the addition
of the drug. The vinorelbine-loaded liposomes (Ls-VRB)
were isolated and analyzed for the drug and
phospholipid as in Example 40. [0241] Female five-six
week old Swiss Webster mice (Harlan Bioresearch) in
the groups of three were injected intravenously with
Ls-VRB-Pn at a dose of 5 mg VRB/kg. The lipid dose
varied according to the degree of loading and can be
determined from the above calculated drug-to-lipid
ratios. At 8 hours or 24 hours post injection, the
animals were anesthetized, exsanguinated, and the
blood was collected on ice into weighed tubes
containing known amounts of PBS with 0.04% EDTA . The
blood cells were separated by centrifugation, and the
supernatants were analyzed for liposome lipid by
[3H]-CHE. radioactivity scintillation counting and for
vinorelbine using HPLC as follows. The samples were
spiked with vinblastine (internal standard), extracted
with diethyl ether,evaporated, and the residues were
dissolved in the mobile phase consisting of aqueous 50
raM triethylammonium acetate (pH 5.5) and acetonitrile
(58:42 by volume) The samples were loaded on a Ci
reverse phase silica column (Supelco C-1 8 column, 250
mm x 4 mm i.d., particle size of 5 mm) preceded by a
C- 18 guard column. The column was eluted
isocratically with the above mobile phase at a flow
rate of 1.0 ml/min. VRB was detected using an
absorbance detector at 280 nm. Typical retention times
for VRB and vinblastine (internal standard) were 9.1
min and 7.8 min, respectively. (0242] The results are
shown in Table 25. The loading efficiency decreased
with the increase in drug/lipid ratio, from
practically 100% at 150 mg/mmol to about 66% at 450
mg/mmol. It was noted that the addition of vinorelbine
bitartrate at the ratios of over 250 mg vinorelbine
per mmol phospholipid caused substantial acidification
of the liposome suspension (pH <4.0) that lead to
reduced loading efficiency. Thus, the need for pH
control during the drug loading step was established.
The amounts of liposome matrix detected in the blood
after 8 hours were in the range of 30.4  6.6 % of
injected dose (%id) to 38.6  5.2 %id without apparent
relation to the absolute amount of injected lipid.
After 24 hours there was still from 6.4 %ID to 14.8
%ID of the lipid matrix detectable in the blood. The
amount of drug that remained encapsulated after 8
hours varied from 37% to 63%. However, as 24 hours
post injection the drug levels dropped below detection



limit of the employed analytical method. Table 25.
Encapsulation efficiency and in vivo drug retention of
liposomal vinorelbine prepared at different drug/lipid
ratios using TEA-Pn method (without loading buffer pH
adjustment). The drug retention data are mean  SD
(N=3). Vinorelbine/phospholipid ratio % drug remaining
encapsulated at 8 hours post injection Input, mg/mmol,
Output, mg/mmol, Encapsulation calculated measured
efficiency, % 150 156 104.0 36.6  4.2 250 238 95.2
56.3  1.3 350 260 74.3 65.9  2.3 450 299 66.4 63.0  4.
1EXAMPLE 42. Vinorelbine loading into liposomes using
TEA-SOS method at various drug/lipid ratios. [0243]
TEA-SOS liposomes for drug loading were prepared as in
Example 40 except that the TEA-SOS solution with 0.65
M TEA, pH 5.4, osmolality 521 mmol/kg was used instead
of TEA-Pn solution, and the liposomes were extruded
through 80 nm pore size polycarbonate membranes. The
liposome size was 86.6  12.9 nm by QELS. VRB was added
to the liposomes in aqueous 5 mM HEPES-Na, 5%
Dextrose, pH 6.5, at various drug-to-phospholipid
ratios, and the mixture was subsequently incubated at
60 0C for 30 min. The VRB-loaded liposomes were then
isolated and analyzed as in Example 40. (0244) The
calculated drug-to-lipid ratios in the VRB liposomes
are shown in Table 26. Remarkably, as opposed to
polymeric anion assisted loading, vinorelbine loading
in the liposomes with polyanionized sugar (sucrose
octasulfate) was practically quantitative
independently of the drug/lipid ratio for up to 450 mg
VRB/mmol phospholipid, and only slightly less (88%) at
550 mg VRB/mmol phospholipid. Table 26. Dependence of
vinorelbine loading into liposomes on drug-to-lipid
ratio Vinorelbine/phospholipid ratio, mg/mmol Loading
efficiency (%) Total Encapsulated into liposomes 11 50
159.9  11.5 106.6  8.1 250 255.  12.4 102.2  5.1 350
381.8  16.3 109.1  5.1 450 456.1  29.5 101.4  6.6 550
486.2  26.0 88.4  4.2 EXAMPLE 43. Preparation of
HER2-targeted immunoliposomes loaded with vinorelbine
by TEA-Pn method, and comparative blood
pharmacokinetics of HER2-targeted and nontargeted
vinorelbine liposomes in rats. [0245] Anti-HER2 scFv
F5-PEG-DSPE conjugate was prepared as in Example 19.
HER2-targeted vinorelbine immunoliposomes were
prepared by incubation of nontargeted 



vinorelbine liposomes (Example 41, loaded at
drug/phospholipid ratio of 350 mg/mmol) with
F5-PEG-DSPE conjugate (Example 19) in aqueous 20 mM
HEPES-Na, 135 mM NaCl, pH 6.5 buffer at the
protein/phospholipid ratio of 15 mg/mmol at 60 0Cfor
30 min. Unincorporated F5 conjugate was removed by gel
chromatography on a Sepharose 4B column eluted with
the same buffer. Non-targeted liposomes (Ls-Pn-VRB)
and HER2 -targeted ones (F5-ILs-Pn-VRB) were
administered i.v. to female Albino rats (8-9 weeks
old; 200 g) at a dose of 5 mg VRB/kg. At various time
points, blood was collected as described in Example 9,
and analyzed for VRB and the liposome lipid as in
Example 4 1. Blood half-life of the liposome lipids
and the 50% drug release time were calculated from the
lipid concentration-time plots or by drug/lipid
ratio-time plots, respectively, by finding best fit to
monoexponential kinetics using the MICROSOFT EXCEL
(Microsoft Corp.) spreadsheet TREND function. The
results (Figure 18) indicated that both targeted and
non-targeted vinorelbine liposomes had identical drug
and lipid pharmacokinetics with lipid half-life of
about 12.1 hours and 50% drug release time of about
4.3 hours. EXAMPLE 44. Preparation and comparative in
vivo stability of vinorelbine liposomes prepared using
ammonium and substituted ammonium salts. [0246]
Ammonium dextran sulfate (DS-A) solution with pH 5.8,
0. 65 M NH4 +, osmolality of 390 mmol/kg, and
triethylammonium dextran sulfate solution (DSTEA) with
pH 6.0, 0. 65 M NH +, osmolality 465 mmol/kg, were
prepared from Dextran sulfate with mol. weight 10,000
(Sigma Chemical Co.) according to the method of
Example 4, using titration with 12.4 M aqueous ammonia
or neat triethylamine, respectively. Ammonium sulfate
(S-A) aqueous solution 325 mM, pH 5.1, osmolality 703
mmol/kg, was prepared from analytical grade ammonium
sulfate. All three solutions contained less than 1%
Na+ of the total cation content. Liposomes entrapping
these solutions were prepared using the ethanol
mixing-extrusion method of Example 4 1
(DSPC/Cholesterol/PEG-DSPE 3:2:0.015 molar ratio).
Radioactive lipid label [3H]-CHE was included in the
lipid matrix at 1.5 mCi/mmol phospholipid. Extrusion
step consisted of 10 passages through two stacked 0.1
mm polycarbonate membranes. VRB was added to the
liposomes in 5 mM HEPES-Na, 5% Dextrose, pH 6.5, at a
drug-to-phospholipid ratio of 350 mg/mmol, the pH was
adjusted to 6.5 using 1N NaOH, and the mixture was
incubated at 58-60C 0C for 30 min. The reaction was
then chilled on ice for 15 min, and unencapsulated
drug was removed using Sephadex G-75 gel filtration
chromatography, eluting with aqueous 20 mM HEPES-Na,
135 mM NaCl, pH 6.5. The purified, vinorelbine-loaded
liposomes were analyzed for VRB spectrophotometrically
and forphospholipid using the phosphate assay of
Bartlett (1959) (see Examples 70, 71). Blood
pharmacokinetics of the liposomal lipid and drug was
studied in rats as in Example 43. [0247] The results
are shown in Figures 19-20, and in Table 27. Liposomes
loaded with triethylammonium dextransulfate were
compared with those loaded using ammonium salt of
dextran sulfate. Unexpectedly, those loaded using the 



triethylammonium salt were considerably more stable
than those loaded using ammonium salt. The
pharmacokinetics of the liposomal carrier itself was
similar with the three different formulations and was
thus primarily dependent on the lipid composition
employed. Leakage of vinorelbine from Ls-VRB loaded
using triethylammonium dextran sulfate was about three
times slower than from those loaded using ammonium
dextransulfate. The liposomes loaded using ammonium
sulfate had the fastest drug leakage rate. Table 27.
Comparative in vivo stability of drug encapsulation
into liposomes using entrapped ammonium and
substituted ammonium salt. Formulation, Liposome size,
Blood half-life Time to 50% drug release
liposome-entrapped nm, mean  SD of the lipid in the
blood, hours salt (by QELS) matrix, hours DS-TEA 120.8
28.5 9.5  3.3 66.3  13.4 DS-A 107.8  15.4 11.2  0.6
22.9  1.7 S-A 114.5.  15.6 10 .7  0.2 1.77 0.16
EXAMPLE 45. Preparation and in vivo stability of
vinorelbine loaded liposomes of various size. [0248J
[3H]-CHE-labeled liposomes (1.5 mCi/mmol phospholipid)
with entrapped solution of triethylammonium sucrose
octasulfate (0.65 M TEA, pH 6.4, osmolality 502
mmol/kg) were prepared by the ethanol mixing-extrusion
method of Example 11. The extrusion step contained 15
passages through two stacked polycarbonate membranes
with the pore size of 0.05, 0.08, or 0.1 mm.
Vinorelbine loading, isolation of vinorelbine
liposomes, and liposome characterization followed the
method of Example 40. Female Albino rats (8-9 weeks
old; 200 g) were used to study liposome in vivo
stability. Liposome lipid and drug pharmacokinetics
was studied in rats as in Example 43.[0249] The
results are shown in Figures 21, 22, and in the Table
28 below. Liposomes extruded through 0.05, 0.08, and
0.1 mm polycarbonate filters were compared and shown
to have similar drug and liposomal carrier
pharmacokinetics, as well as a similar extent of
contents leakage. The drug release from the liposomes
in blood was characterized by the 50% release times in
the range of approximately 40-80 hours, well above 24
hours. Table 28. Characterization of vinorelbine
liposomes. Liposome size, Drug load, Loading Blood
half-life of Time to 50% nm, mean  SD mg/mmol
efficiency, % the lipid matrix, drug release in (by
QELS) phospholipid hours the blood, hours 87.6  28.1
352.4 13.9 100.7  4.0 14.6  0.7 39.7  3.1 98.5  15.1
322.6  22.7 92.2  6.5 13.0  0.2 47.9  3.8 109.6  24.6
357.0  10.5 102.0  3.0 14.3  0.3 78.0  1.4 EXAMPLE 46
. Preparation of HER2-targeted vinorelbine liposomes
using TEA-SOS entrapment method, and pharmacokinetics
of HER2 scFv-targeted and non-targeted
imrnunoliposomal vinorelbine in rats. 



[0250] Liposomes were prepared, loaded with
vinorelbine at the 350 mg/mmol drugphospholipid ratio,
and analyzed as described in Example 43, except that
TEA-SOS solution of Example 45 was substituted for
TEA-Pn solution. Extrusion step included 15 passages
through 0.08 mm pore size polycarbonate filters. The
liposome size was 95.0  26.0 nm by QELS. F5scFv-linked
anti-HER2 vinorelbine immunoliposomes were prepared
from these vinorelbine liposomes, and blood
pharmacokinetics of the liposomal lipid and drug of
HER2-targeted and nontargeted liposome vinorelbine was
studied in rats as described in Example 43.
Circulation half-life of the liposome lipid was 11.4
hours and 10.3 hours, and the 50% drug release time
was 30.9 hours and 30.3 hours for F5-ILs-VRB and
Ls-VRB, respectively. Thus, the lipid and drug
pharmacokinetics of Ls-VRB and F5- ILs-VRB was very
close, indicating that the introduction of the
scFv-PEG-DSPE conjugate neither affected clearance of
the carrier itself nor resulted in increased leakage
of the drug from the carrier while in the circulation
(Figs. 23, 24).EXAMPLE 47. Preparation and
pharmacokinetic properties of vinorelbine liposomes
comprising non-ionic lipid derivatives of
poly(ethylene glycol). [0251] Methoxy-PEG (MoI. weight
2,000)-derivative of synthetic C20-ceramide
(PEGceramide) was obtained from Northern Lipids, Inc.,
Canada.. Methoxy-PEG(Mol. weight
2,000)-distearoylglycerol (PEG-DSG) (SUNBRIGHT GS20)
was from NOF Corp., Japan. [0252] Liposomes having the
lipid composition of DSPC, cholesterol, and PEG-lipid
(PEG-ceramide or PEG-DSG) in the molar ratio of
3:2:0.3 and entrapped TEA-SOS solution (0.65 M TEA, pH
6.4, osmolality 502 mmol/kg) were prepared by the
ethanol mixing/extrusion method of Example 11. The
extrusion step included two passages through two
stacked polycarbonate membrane filters 2 times using
pore size 0.2 mm and 10 times using 0.08 mm pore size.
The liposomes were loaded with vinorelbine at the
drug/phospholipid ratio of 350 mg/mmol, characterized
by size, drug, and lipid concentration, and their
pharmacokinetics was studied in rats as in Example 46.
Both formulations showed prolonged circulation time of
the lipid matrix and slow release of the drug in vivo,
with at least 50% of the drug remaining encapsulated
after 24 hour in the blood in vivo, as shown in the
Table 29 below. Table 29 Characterization of
vinorelbine liposomes with various PEG-lipids.
PEG-lipid Liposome size, Drug load, Loading Blood
half-life Time to 50% drug nm, mean  SD mg/mmol
effciency% of the lipid release in the blood, (by
QELS) phospholipid matrix, hours hours PEG-ceramide
103.3  30.9 291.4  18.0 83.26  5.14 14.0 102.7 PEG-DSG
101.3 20.1 359.3  7.2 102.7  2.1 15.1 24.6 [0253]
Remarkably, the increased PEGylation of these
liposomes (PEG lipid content about 5.7 mol.% of the
total lipid) had practically no effect on the liposome
blood circulation longevity compared to the similar,
size-matched liposomes having low PEGylation of about
0.3 mol. % of total lipid (Example 45, 109.6 nm, t
)/2=14.3 hours; 



98.5 nm, t )/2=13.0 hours).EXAMPLE 48. Preparation of
HER2-targeted liposomal vinorelbine and cytotoxicity
of free, HER2-targeted, and non-targeted liposomal
vinorelbine against MDA-MB-453 cells in vitro. [0254]
Vinorelbine-loaded liposomes (Ls-VRB) were prepared as
in Example 42 (without [3H]-CHE) using drug loading at
pH 6.0 and 350 mg vinorelbine/ mmol phospholipid.
Anti-HER2 immunoliposomal vinorelbine (FS-ILs-VRB) was
formed by incubating these liposomes with F5-PEG-DSPE
conjugate as described in Example 19 and 42 above,
except that [3H]-CHE was not added. "Free" vinorelbine
was prepared by dilution of vinorelbine bitartrate 10
mg/ml solution USP into the cell culture medium.
[0255] MDA-MB-453 are human breast adenocarcinoma
cells (American Type Culture Collection, Rockville,
MD) that moderately overexpresses HER2 receptor (about
3x1 04 tolxlO copies/cell). Cytotoxicity of VRB
delivered as the free drug, as nontargeted liposomal
vinorelbine, or as HER2-targeted (F5)-immunoliposomal
vinorelbine against MDA-MB-453 cells was determined as
described in Example 27, except that the cells were
plated in 96 well microtiter plates under the
supplierrecommended growth conditions (Leibowitz L- 15
with 10% fetal calf serum, no CO2 supplementation) at
a density of 10,000 cells/well, and the drug
formulations were added in a series of 1:3 stepwise
dilutions starting with 0.03-0. 1 mg/ml. The cell
viability data were plotted against drag concentration
(Figure 25) and drag concentrations required to reduce
the cell viability to 50% (IC50) were estimated from
the graphs. ICs0 of F5- targeted vinorelbine liposome
0.06 mg/ml) was close to that of the free drug (0.07
mg/ml) and substantially lower than that of
non-targeted liposomes (2.2 mg/ml). This represents a
37-fold enhancement in activity as a result of cancer
cell-specific targeted delivery of the drag. EXAMPLE
49. Cytotoxicity of free, HER2-targeted, and
non-targeted liposomal vinorelbine against CaLu-3
cells in vitro. [0256] The liposomes and methods of
the previous example (Example 48) were used to study
cytotoxicity of free vinorelbine, Ls-VRB, and
F5-ILs-VRB in HER2- overexpressing human non-small
cell lung carcinoma cells CaLu-3 (American Type
Culture Collection, Rockville, MD). The cells were
grown in RPMl- 1460 medium with 10% fetal calf serum
in the presence of 5% CO2. The results are shown in
Figure 26. The IC50 for free VRB was 1.2 mg/ml, 10
mg/ml for F5-ILs-VRB, and 50 mg/ml fornontargeted
Ls-VRB. This represents a 5-fold enhancement in
liposome-encapsulated drug activity as a function of
targeted delivery to the cells. EXAMPLE 50.
Cytotoxicity of free, HER2-targeted, and non-targeted
liposomal vinorelbine against SKBr-3 cells in vitro.
[0257] The liposomes and methods of Example 48 and the
were used to study cytotoxicity of free vinorelbine,
Ls-VRB, and F5-ILs-VRB in HER2-overexpressing human
breast carcinoma cells SKBr-3 (American Type Culture
Collection, Rockville, MD), except that the cells were
grown in the modified McCoy 5A medium with 10% fetal 



calf serum in the presence of 5% CO , plated at a
density of 5,000 cells/well , and the drug was
incubated with the cells for 6 h. [0258] The results
are shown in Figure 27. The IC50 for free VRB was 0.28
mg/ml, 0.17 mg/ml for F5-ILs-VRB, and 0.8 mg/ml for
nontargeted Ls-VRB. This represents a 4.7-fold
enhancement in drug activity as a function of targeted
delivery. EXAMPLE 51 In vivo antitumor efficacy of
liposomal vinorelbine in HT29 human colon cancer
xenografts in mice. [0259] Small unilamellar vesicle
liposomes (93.2  26.4 nm by QELS) were prepared from
distearoylphosphatidylcholine, cholesterol, and
PEG-DSPE (3:2:0.045 molar ratio) by hydration from a
concentrated ethanolic solution in an aqueous solution
of triethylammonium sucroseoctasulfate (0.6 M
triethylammonium, pH 5.7-6.2), followed by repeated
extrusion through polycarbonate membranes (100 nm pore
size), removal of extraliposomal polyanionic salt, and
loading with vinorelbine by incubation with the
liposomes in isoosmotic buffer pH 6.5, drug/lipid
ratio of 325 mg VRB/mmol phospholipid, at 60 0C as
described in Example 42. [0260] Female BALB/c
homozygous nude mice (6-8 weeks, weighing 17-2Og) were
injected subcutaneously in the flank area with IxIO6
of HT-29 human colon carcinoma cells (American Type
Culture Collection, Rockville, MD). Starting with day
16 posttumor inoculation, when the mean tumor diameter
reached 5-8 mm, the mice were randomly divided into
three groups of six animals each and treated with free
or liposomal vinorelbine at a dose of 5 mg/kg through
the tail-vein every three days for a total of four
injections. For the control group, mice were treated
with an equal volume of saline. The tumor size of each
mice was measured using a caliper and the tumor volume
wascalculated using the formula: (tumor length)x(tumor
width)2/2. To assess treatmentrelated toxicity, the
animals were also weighed twice weekly. Liposomal
vinorelbine was shown to be considerably more
efficacious in suppressing the growth of HT-29 tumors
that free vinorelbine, causing tumors to regress,
while in the free drug group the tumors always
continued to grow (Figure 28). There was little change
in animals' body weight during the course of treatment
indicating that the treatment was well tolerated, and
that liposomalization did not increase the drug
toxicity (Figure 29). EXAMPLE 52 In vivo antitumor
efficacy of liposomal vinorelbine against C- 26
syngeneic murine colon cancer tumors. [0261] Liposomal
vinorelbine and free vinorelbine were prepared as in
Example 48. Male BALB/c mice (6-8 weeks, weighing
17-20g) were inoculated subcutaneously with 2x1 0 of
C-26 murine colon carcinoma cells. At day 17
post-inoculation, when the mean tumor diameter reached
5-8 mm, mice were randomly divided into six treatment
groups of five animals/group. The tumor bearing mice
were injected through the tail-vein with free
vinorelbine at 6 mg/kg, 8 mg/kg, or 12 mg/kg, and with
liposomal vinorelbine at 4 mg/kg or 6 mg/kg every
three days for a total of four injections. For the
control group, mice were injected with equal volume of
normal saline. Tumor sizes and animals body 



weights were followed as in Example 51. Liposomal
vinorelbine even at 4 mg/kg, was considerably more
efficacious in reducing the tumor growth than free
drug at 12 mg/kg (Figure 30), The animal body weights
in the course of treatment showed little change (<10%
decrease) indicating that the toxicity of liposomal
vinorelbine was not increased compared to that of free
drug (Figure 3 1) . EXAMPLE 53 In vivo antitumor
efficacy of HER2-targeted liposomal vinorelbine
against BT-474 human breast cancer xenograft tumors in
mice: effect of loading counter-ion. [0262] VRB-loaded
liposomes 99.5  10.2 nm in size were prepared by the
TEA-Pn method of Example 4 1 and TEA-SOS method of
Example 42, respectively, except that [3H]-CHE was not
added. VRB was loaded at the drug/phospholipid ratio
of 350 mg/mmol. HER2-targeted liposomal vinorelbine
was formed by incubating these liposomes with
F5-PEG-DSPE conjugate (see Example 19) as described in
Example 43. BT-474 HER2-overexpressing human breast
carcinoma xenografts were raised in homozygous nude
mice as in Example 10. At day 25 post tumor cell
inoculation, whenthe tumors reached about 200 mm3 in
size (range 144-309 mm3), the mice were randomized
into four groups of eight animals/group, and treated
i.v. with 5 mg/kg of free VRB, F5-ILs-VRB with Pn as a
counter-ion, or F5-ILs-VRB with SOS as a counter-ion,
at a dose of 5 mg/kg weekly for a total of three
injections. The control group received equal volume of
normal saline. The tumors and animal body weights were
monitored as in Example 10. HER2-targeted liposomal
vinorelbine loaded using sucrose octasulfate was
noticeably more efficacious in reducing tumor growth
than the same targeted construct loaded using
poly(phosphate), and both immunoliposomal preparations
were considerably more efficacious than free
vinorelbine when administered at a dose of 5 mg VRB/kg
(Figure 32). The drug-treated mice demonstrated little
change in weight indicating that the treatment was
well tolerated (Figure 33). EXAMPLE 54. In vivo
antitumor efficacy of HER2-targeted liposomal
vinorelbine against BT-474 human breast cancer
xenograft tumors in mice: effect of PEGylation. [0263]
The liposomes of DSPC and cholesterol in the molar
ratio 3:2 were prepared according to Example 48 by
hydration of the lipid matrix of DSPC, cholesterol,
and PEGdistearoylglycerol with PEG mol. weight 2,000
(GS-20, NOF Corp., Japan) at a molar ratio 3:2:0.01 5
("0.5%PEG") or 3:2:0.3 ("10%PEG") via ethanolic
solution method in an aqueous triethylammonium
sucroseoctasulfate, followed by membrane extrusion
according to Example 48. VRB was loaded into the
liposomes at the drug/phospholipid ratio of 350
mg/mmol. F5 immunoliposomal vinorelbine was formed by
incubating these liposomes with F5-PEG-DSPE conjugate
(Example 19) as described in Example 43. Nude mice
with BT-474 xenografts were raised and treated i.v.
with free VRB, F5-ILs- VRB-"0.5%PEG", or
F5-ILs-VRB-"10%PEG" at 5 mg/kg as in Example 53. As
shown in Figure 34 , F5-ILs-VRB with higher PEGylation
provided with a non-ionic PEG lipid 



derivative PEG-DSG was noticeably more efficacious in
reducing tumor growth than F5- ILs-VRB with lower
amount of PEG-DSG, while both preparations were more
active than the free drug. EXAMPLE 55 In vivo
antitumor efficacy of EGFR-targeted liposomal
vinorelbine against U87 human brain cancer xenograft
tumors in mice. [0264] The liposomes (86.6  12.9 ran
in size by QELS) with encapsulated 0.65 M TEA-SOS
solution were prepared and loaded with VRB according
to Example 42. AntiEGFR-immunoliposomal VRB
(C225Fab'-ILs-VRB) was prepared by incubation of VRB
liposomes with the PEG-DSPE conjugate of an anti-EGFR
antibody Fab' fragments as described in Example 36.
[0265] Male NCR mi/nu mice (5-6 weeks, weighing 17-20
g) were injected subcutaneously in the flank area with
1x1 07 of U87 human glioblastoma cells (ATCC)
suspended in the growth medium in a total volume of
150 ml. When the tumor reached an average size of 250
mm3, mice were randomly divided into four groups of
10-12 animals. The mice were treated with three weekly
i.v. injections of "free" VRB, nontargeted Ls- VRB, or
C225Fab'-ILs-VRB at a dose of 5 mg VRB/kg.. The
control group received an equal volume of saline. The
tumor sizes and animal body weights were monitored as
in Example 10. C225-Fab'-ILs-VRB was noticeably more
efficacious in suppressing the growth of
EGFR-overexpressing human brain cancer xenograft
tumors than either nontargeted liposomal vinorelbine
or free vinorelbine at an equal dose (Figure 35).
EXAMPLE 56. Preparation and pharmacokinetics of
doxorubicin encapsulated in the liposomes using
triethylammonium sulfate method. [0266] Liposomes with
various lipid matrix composition (as indicated in the
table below) were formed as described in Example 2.
N-Glutaryl-DSPE (GIu-DSPE) was from Avanti Polar
Lipids, AL, USA. A neat lipid film was formed from the
lipid solution in chloroform using rotary evaporation,
trace volatiles were removed under vacuum (90 mm Hg, 2
hours), the lipid film was hydrated in a
triethylammonium sulfate (TEA-SO ) solution (0,65 N
TEA), subjected to six cycles of rapid freeze and
thaw, and extruded through two stacked 0.1 mm pore
size polycarbonate filters ten times and through two
stacked 0.05 mm pore size polycarbonate filters ten
times. For lipid matrix quantification in the blood
samples, [3H]-CHE was included in the lipid matrix at
0.5-1 .5 mCi/mmol phospholipid. The liposomes with
entrapped TEA-SO 4 solution were loaded with
doxorubicin according to Example 2. The liposomes in
HEPES-buffered saline (20 mM HEPES-Na, 135 mM NaCl, pH
6.5) were incubated with doxorubicin hydrochloride
(drug/phospholipid ratios of 140-170 mg/mmol) at 60 0C
for 45 min followed by quenching on ice and removal of
unencapsulated doxorubicin by gel chromatography.
Doxorubicin was assayed by spectrophotometry (Example
71), and phospholipid was assayed by Bartlett method
(Example 70). The properties of resulting liposomes
are summarized in Table 30 below.Table 30. Properties
of liposomal doxorubicin at various lipid
compositions. Lipid composition (molar ratio) Liposome
size, nm drug/phospholipid 



(mean  SD by QELS) (mg/mmol) DSPC/Chol/PEG-DSPE
(3:2:0.015) 81.8  27.3 163.6  4.4 DSPC/Chol (3:2) 79.1
27.9 137.0  17.5 DSPC/Chol/Glu-DSPE (2.85:2:0.15) 83.6
27.2 141 .7  10.4 DSPC/Chol/PEG-DSPE (2.7:2:0.3) 83.7
23.1  175.0  6.8 [0267] Blood pharmacokinetics of
these doxorubicin-containing liposomes having lipid
composition of DSPC/Chol/PEG-DSPE 2.7:2:0.3 was
studied in rats at a single i.v. dose of 5 mg
doxorubicin/kg as described in Example 9. The
liposomes were long circulating (half-life of about 28
hours) (Figure 36). The stable
doxorubicin-tophospholipid ratio indicated that the
formulation was remarkably stable against the drug
leakage in the circulation, losing less than 25 % of
the drug over a 48-hour time period. EXAMPLE 57.
Doxorubicin-loaded liposomes and anti-HER2
immunoliposomes prepared by TEA-sulfate method:
preparation and in vivo antitumor efficacy against
HER2-overexpressing human breast cancer xenografts.
[0268] Doxorubicin-loaded liposomes having various
lipid compositions and properties (listed in the table
below) were prepared as described in Example 56.
Doxorubicin-loaded anti-HER2 immunoliposomes were
prepared from doxorubicinloaded liposomes by
co-incubation with anti-HER2 scFv F5-PEG-DSPE
conjugate (approx. 30 scFv/liposome) as described in
Example 19. NCR nu/nu mice bearing the subcutaneous
human breast tumor xenograft (BT-474) were raised,
treated (in groups of 10-12 animals) with liposomal or
anti-HER2 immunoliposomal doxorubicin at a dose of 5
mg/kg once weekly for a total of three weeks once the
tumors reached an average size of 200 mm3, and the
tumor progression and animal body weights were
monitored as described in Example 29. For non-targeted
doxorubicin liposome formulations, the lipid
compositions containing no PEG-DSPE, 0.5 mol.%
PEG-DSPE, or 10 mol.% PEGDSPE, were studied; for
F5-immunoliposomal doxorubicin, the formulations with
0.5 mol.% PEG-DSPE and 10 mol.% PEG-DSPE were studied
(here the quantity of PEGDSPE is expressed as mol. %
of liposome phospholipid). The results (Figure 37,
Table 3 1) demonstrated that all doxorubicin
treatments were effective in retarding the tumor
growth. On the basis of tumor sizes at day 53 post
inoculation, the differences in tumorgrowth inhibition
among all three non-targeted liposome groups did not
raise to statistical significance (ANOVA p=0.081), but
the immunoliposome doxorubicin was significantly more
efficacious than non-targeted liposomal doxorubicin
(ANOVA p=5.5x1 0~10), the "10%PEG-DSPE" formulation
being more efficacious than "0.5%PEG-DSPE" (Student's
t-test, p=0.027). In the"10%PEG-DSPE" FS-ILs group,
the tumors regressed to 1mm3 or less in 67% of
animals, while in "0.5%PEG-DSPE" F5-ILs group only in
9%. In the control group (saline treatment) the tumors
exceeded the acceptable size limit of 15% body weight
at day 38-43. Table 3 1. Liposomal doxorubicin in vivo
antitumor efficacy study: liposome 



characteristics and treatment outcomes. Lipid
composition Liposome drug/phospholipid Average tumor
size size, ran ratio, mg/mmol at day 58, mm3 (mean
SD) (mean  SD) (mean  SEM) DSPC/Chol/PEG-DSPE 83.4
23.3 136.7  6.7 490  74 (3:2:0.015) DSPC/Chol (3:2)
80.5  26.6 151.2  1.9 587  6 1 DSPC/Chol/PEG-DSPE
(2.7:2:0.3) 8 1.0  24.7 140.1  4.2 365  60
DSPC/Chol/PEG-DSPE not measured 140.7  2.8 119  39
(3:2:0.015) + F5 scFv-PEG-DSPE DSPC/Chol/PEG-DSPE
(2.7:2:0.3) not measured 132.9  2.2 15.5  7.6 + F5
scFv-PEG-DSPE EXAMPLE 58 Preparation of liposomal
vinblastine and blood pharmacokinetics of liposomal
vinblastine in rats. [0269] Liposomes with entrapped
aqueous TEA-SOS solution (0.65 M TEA, pH 6.4,
osmolality 502 mmol/kg) and size 99.5  10.2 nm (mean
SD by QELS) were prepared by the method of Example 11
using extrusion 2 times through two stacked 0.2 mm
polycarbonate membranes and ten times through two
stacked 0.08 mm polycarbonate membranes. Vinblastine
(VBL) in the form of vinblastine sulfate USP was added
at a drug-to-phospholipid ratio of 150 mg/mmol. The pH
of the drug-liposome mixture was adjusted to 6.5 using
1N NaOH, and the mixture was subsequently incubated at
60 0C for 30 min. The reaction was then cooled on ice
for 15 min and unencapsulated drugremoved using
Sephadex G-75 gel filtration chromatography, eluting
with 5 mM HEPESNa, 135 mM NaCl, pH 6.5. The purified
liposomes were then analyzed for VBL
spectrophotometrically and for phospholipid by
Bartlett method as in Examples 70 and 7 1. [3H]-CHE
was included in the formulation at a ratio of 1.5
mCi/mmol phospholipid. The liposomal vinblastine had
152.4  12.0 mg VBL/mmol phospholipid (quantitative
encapsulation). [0270] Blood pharmacokinetics of the
liposomal vinblastine in female Albino rats (8-9 weeks
old; 200 g) at a dose of 5 mg VBL/kg was studied as
described in Example 9. Vinblastine was quantified in
blood plasma samples as described in Example 4 1
(using vinorelbine as internal standard). Vinblastine
liposomes showed good circulation longevity (plasma
half-life of the lipid component 12.8  0.04 hours)
(Figure 38) and very good stability against drug
leakage from the liposomes with greater than 70 % of
the initial vinblastine load remaining encapsulated
after 24 h (Figure 39). The post-injection time to
achieve release of 50% of the encapsulated drug was
found to be 40.6  1.2 hours. EXAMPLE 59 Preparing
liposomes loaded with vincristine using TEA-SOS method
and the effect of pH on the loading efficiency. [0271]
Liposomes with the size of 86.6  12.9 nm (by QELS),
lipid composition of DSPC/Chol/PEG-DSPE in the molar
ratio of 3:2:0.015 and entrapped aqueous TEA-SOS 



solution (0.65 M TEA, pH 5.4, osmolality 52 1mmol/kg)
were prepared by the method of Example 11 using
extrusion step of 15 passages through two stacked 0.08
mra pore size polycarbonate membranes. Vincristine
(VCR) was added to the liposomes in 5 mM HEPES-Na, 5%
dextrose aqueous buffer, pH 6.5, as vincristine
sulfate at a drug-tophospholipid ratio of 350 mg
vincristine/ mmol phospholipid, the pH was adjusted to
the indicated ratio using 1N NaOH, the mixture was
incubated at 60 0C for 30 min, chilled on ice for 15
min, and the liposomes were separated from
unencapsulated drug using Sephadex G-75 gel filtration
chromatography, eluting with HBS-6.5 (20 mM HEPES, 135
mM NaCl, pH 6.5). The purified liposomes were then
analyzed for vincristine by spectrophotometry using
absorbance at 265 nm after solubilization in acid
isopropanol, and for the phospholipid content using
the phosphate assay of Bartlett (1959). [0272] The
results are shown below in Table 32. The drug loading
was in excess of 90% in the range of pH 4.5-7.5, and
practically quantitative at pH 5.0-7.5. At pH
3.5,which is the pH observed in the liposome mixture
after addition of the drug, but without pH adjustment,
the loading was considerably lower. Table 32.
pH-Dependence of vincristine loading into liposomes
with entrapped TEASOS. pH Drug/phospholipid ratio,
mg/mmol Loading efficiency (%) 3.5 39.7  4.9 11.3  0.2
4.5 327.2  20.6 93.5  5.4 5.0 360.6  5.8 103.O d = 1.7
5.5 371.2  30.2 106.1  9.1 6.0 347.7  20.4 99.3  5.8
6.5 347.7  20.9 99.4  5.9 7.0 377.3  22.2 107.8  6.8
7.5 371.5  24.9 106.1  7.6 EXAMPLE 60. Preparing
liposomes loaded with vincristine using TEA-SOS
method: effect of the drug/lipid ratio on the loading
efficiency. [0273] SOS-TEA-containing liposomes were
prepared as in Example 59 and loaded with vincristine
sulfate at a drug-to-phospholipid ratio of 150-550 mg
vincristine/ mmol phospholipid at pH 6.5 according to
the procedure of Example 59. The liposomes purified
from unencapsulated drug were then analyzed for VCR by
spectrophotometry and for the liposome phospholipid
using the assay of Bartlett (1959). The drug loading
efficiency was in excess of 90% over the whole studied
range of drug/lipid ratios, and was practically
quantitative between 150-450 mg vincristine/ mmol
phospholipid (Table 33).Table 33. Vincristine loading
into liposomes containing TEA-SOS at different
drug-tolipid ratios. Input drug-to-phospholipid
Encapsulated drug-to- Loading efficiency (%) (mg/mmol)
phospholipid (mg/mmol) 150 163.6  6.6 109.0  4.8 250
251.1  17.0 100.5  6.8 350 347.7  20.9 99.4  5.9 



450 452.0  18.8 100.4  4.2 550 52 1.6 24.9 94.8  4.3
EXAMPLE 61. Preparing immunoliposomal vincristine and
cytotoxicity of liposomal and immunoliposomal
vincristine against cancer cells in vitro. (0274)
Liposomal vincristine (Ls-VCR) was prepared as
described in Example 59 using the drug/phospholipid
ratio of 350 mg/mmol. HER2-specific F5-immunoliposomal
vincristine (F5-ILs-VCR) was prepared from the
liposomal vincristine by co-incubation with anti-HER2
scFv F5-PEG-DSPE conjugate as described in Example 19.
"Free" vincristine (VCR) solution was prepared by
dilution of vincristine sulfate USP in water, followed
by sterile filtration. Cytotoxicity of VCR, Ls-VCR,
and F5-ILs-VCR against HER2-overexpressing human
breast carcinoma cells SKBr-3 (ATCC) was determined by
MTT-based cell viability assay using the procedure of
Example 27, wherein the cells were inoculated into
96-well microtiter plates at 5,000 cells/well,
acclimated overnight, and incubated with the
drug-containing media for 4 hours, followed by
post-incubation in a drug-free medium for 3 days. The
results are shown on Figure 40. The IC50 was 75 ng/ml
for free VCR, 11 ng/ml for F5-ILs-VCR, and 3 mg/ml for
Ls-VCR. The targeted liposomal vincristine prepared
according to the invention was 6.8 times more active
than the free drug, and 273 times more active than
non-targeted liposomal drug, showing substantial
enhancement in anticancer activity as a function of
cell-specific drug delivery. EXAMPLE 62 Blood
pharmacokinetics of Ls-VCR in rats. [0275] Liposomes
with entrapped SOS-TEA solution (0.65 M TEA, pH 5.8,
osmolality 530 mmol/kg), and lipid composition of
DSPC/Chol/PEG-DSPE (molar ratio 3:2:0.015), also
containing [3H]-CHE at 1.5 mCi/mmol phospholipid, were
prepared bythe method of Example 11using extrusion
step of 10 passages through two stacked polycarbonate
membranes with the pore size of 80 nm or 100 nm. The
liposomes were loaded with VCR at pH 6.5,
drug/phospholipid ratio of 350 mg/mmol, as described
in Example 59. The VCR-loaded liposomes were
administered i.v. to female albino rats ( 180-220 g)
at a dose of 5 mg VCR/kg, and the blood
pharmacokinetics of the drug and the liposome lipid
was studied as described in Example 9. The amount of
VCR in the blood samples was quantified by HPLC as
described in Example 41, except that the volume ratio
of aqueous triethylammonium acetate (pH 5.5) and
acetonitrile in the mobile phase was 65:35. The
typical retention time for VCR was 8.8 min. The
results are shown in Figure 4 1 and Table 34. Both
preparations had extensive circulation longevity
(blood half-lives of 12-17 hours). Liposomal
vincristine was remarkably stable against drug leakage
in both preparations (half-release time over 120
hours) (Figure 42). Table 34. Characteristics of
liposomes loaded with vincristine at 350 mg/mmol
phospholipid using TEA-SOS method. Extrusion Liposome
Drug load, t i/2b lipid, ti/2bVCR, t,/2 VCR pore size,
nm size, nm mg/mmol hours hours release, hours (mean
SD) phospholipid 



80 101.2  20.2 347.7  20.93 17.5  1.5 16.0  2.0 >120
100 125.6  32.0 366.8  18.1 1 12.1  0.7 12.0  0.8 Not
detectable EXAMPLE 63. Blood pharmacokinetics of
Ls-VCR in rats at various drug/Iipid ratios. [0276]
Liposomes with entrapped SOS-TEA solution (0.65 M TEA,
pH 6.4, osmolality 485 mmol/kg), and lipid composition
of DSPC/Chol/PEG-DSPE (molar ratio 3:2:0.015) also
containing [3H]-CHE at 1.5 mCi/mmol phospholipid were
prepared by the method of Example 11 using extrusion
step of 10 passages through two stacked polycarbonate
membranes with the pore size of 50 nm or 80 nm. The
liposomes were loaded with VCR at pH 6.5 as described
in Example 59 by adding a stock 20 mg/mL aqueous VCR
sulfate solution at the calculated drug/lipid ratios
of 100, 200, or 350 mg/mmol phospholipid. The
efficiency of drug loading was over 96% for all
preparations. The VCR-loaded liposomes were
administered i.v. to female albino rats (8-9 week old,
190-220 g) at a dose of 5 mg VCR/kg, and the blood
pharmacokinetics of thedrug and the liposome lipid was
studied as described in Example 62. The results are
shown in Table 35. Liposomal vincristine had good
circulation longevity (blood half-life of the drug
about 20-30 hours) and was exceptionally stable at all
studied sizes and drugto- lipid ratios (half-life of
drug release over 93 hours). Table 35. Characteristics
of liposomes loaded with vincristine using TEA-SOS
method at various drug/lipid ratios. Extrusion
Liposome VCR, mg/mmol ti/2 lipid, ti/2 VCR, ti/2 drug
pore size, size, nm phospholipid hours hours release,
nm (mean  SD) added encapsulated hours 50 76.8  27.2
100 96.1  3.0 35.6  2.7 30.3  4.0 227  96 200 193.3
3.9 20.8  2.2 18.4  0.7 244  130 350 375.2  10.0 24.8
0.9 19.6  0.9 93.2  6.7 80 101.6  25.3 100 104.5  2.1
33.0  7.6 26.8  4.8 153  10 EXAMPLE 64. Preparation of
HER2-targeted liposomal vincristine and antitumor
efficacy of non-targeted and HER2-targeted liposomal
vincristine against HER2-overexpressing human breast
cancer xenografts in mice. [0277] Vincristine-loaded
liposomes (Ls-VCR-SOS) using TEA-SOS method were
prepared according to Example 63 (with omission of
[3H]-CHE component) using 50 nm pore size membrane
extrusion and drug loading at drug/phospholipid ratio
of 100 mg/mmol. F5 immunoliposomal vincristine
(F5-ILs-VCR) was formed by incubating Ls- VCR-SOS with
anti-HER2 scFv F5-PEG-DSPE conjugate (Example 19) as
described in Example 43. Vincristine-loaded liposomes
using TEA-citrate (Ls-VCR-Cit) were prepared similarly
to Ls-VCR-SOS liposomes, except that triethylammonium
citrate solution (prepared by titrating aqueous citric
acid with neat triethylamine to pH 5.1 and adjusting
the concentration to 0.65 M triethylamine) was
substituted for TEA-SOS solution. The treatment study
design followed the method of Example 10. Subcutaneous



xenograft tumors of BT-474 human breast carcinoma were
raised in nude mice, and when the tumors reached the
size of 250 mm3 (rangel44-309 mm3) the mice in the
groups of eight to nine, were treated with free VCR,
Ls-VCR, or F5-ILs-VCR at a weekly i.v. dose of 2 mg
VCR/kg for a total of three weeks, starting at day 19
post tumor inoculation. The tumor sizes and animal
body weights were monitored as described in Example
10. For thecontrol group, mice were treated with an
equal volume of saline. The differences in tumor sizes
between the treatment groups were statistically
assessed at day 63 post tumor inoculation using
Mann-Whitney test. The dynamics of average tumor size
in the groups is shown in Figure 43. F5-ILs-VCR
demonstrated maximum efficacy when compared to either
Ls-VCR or free VCR, causing at day 63 complete tumor
regressions in six out of eight animals (75%).
Ls-VCR-Cit was also effective, causing complete tumor
regressions still observed at day 63 in two out of
nine animals (22%), however, it was less effective
than F5-ILs-VCR (p<0.005). Ls-VCR-SOS and free VCR
were equally effective (p>0.2) and less effective than
either F5-ILs-VCR or Ls-VCR-Cit. Thus, surprisingly,
with celltargeted delivery, a liposomal drug
encapsulated using a polyvalent anion of the present
invention proved more efficacious than the drug
liposomally encapsulated via nonbinding anion. Animal
body weight dynamics showed that all liposomal VCR
preparations were less toxic than free VCR, causing
less body weight loss during treatment (Figure 44).
EXAMPLE 65. Preparation of EGFR-targeted liposomal
vincristine and antitumor efficacy of non-targeted and
EGFR-targeted liposomal vincristine against
EGFR-overexpressing human brain cancer xenografts in
mice. [0278] Vincristine-loaded liposomes (Ls-VCR)
were prepared using TEA-SOS method as in Example 64.
EGFR-targeted immunoliposomal vincristine was prepared
by co-incubation of the liposomes with anti-HER2 Fab'
C225Fab-PEG-DSPE conjugate as described in Example 36.
[0279] Male NCR im/nu mice (5-6 week old , weighing
17-20 g) were injected subcutaneously in the flank
area with 0.15 ml of the cell growth medium containing
Ix 107 U87 human glioblastoma cells stably expressing
epidermal growth factor receptor (HERl) mutant
EGFRvIII. At day 11 when the mean tumor size reached
300-400 mmJ , the mice were randomly divided into four
groups of 10-12 animals/group. Treatments with free
VCR (vincristine sulfate 1mg/mL in saline), Ls-VCR, or
C225Fab-ILs-VCR at i.v. dose of 1.5 mg/kg were
administered on days 11, 18, and 25 post tumor
inoculation. Mice in the control group were similarly
injected with an equal volume of normal saline. The
tumor sizes and mouse body weights were monitored as
in Example 10. The results are shown in Figure45. All
animals treated with VCR formulations showed
retardation of tumor growth compared to control
animals. There was no significant difference
betweenthe groups treated with free VCR and Ls-VCR.
EGFR-targeted C225Fab-ILs-VCR was more efficacious
than free or non-targeted liposomal VCR. EXAMPLE 66.
Preparation of liposomes with entrapped
triethylammonium inositol hexaphosphate (TEA-IHP)
solution. 



[0280] A polyanionized polyol, inositol hexaphosphate
(IHP) dodecasodium salt, was obtained from Sigma
(St.Louis, MO). Aqueous solution containing 0.65 M
triethylammonium and 0.681 M of phosphate groups, pH
6.5, and osmolality of 718 mmol/kg, was prepared by
ion-exchange on the Dowex 50Wx8-200 cross-linked
sulfonated polystyrene resin followed by titration
with neat TEA and dilution with water according to the
procedure of Example 4. The residual sodium content
was less than 1% of the sum of cations. Dry lipids
(150 mmol DSPC, 100 mmol Choi, 0.75 mmol PEGDSPE) were
dissolved in 0.5 ml of 100% ethanol USP at 60 0C and
mixed with 4.5 ml of triethylammonium inositol
hexaphosphate solution pre-heated to the same
temperature. The ethanol was partially removed by
rotary evaporation at 30-40 mm Hg and 40-45 0C until
the mixture showed no bubbling. The lipid suspension
was then extruded at 60-65 0C 15 times through two
stacked 0.1 mm pore size polycarbonate membranes. The
resulting liposomes were 104.3  39.0 nm in size by
QELS. The unencapsulated triethylammonium IHP was
removed by gel chromatography on a Sepharose 4B
column, eluted with 5 mM HEPES-Na, 5% dextrose, pH 6.5
buffer, and the liposomes were quantified by
phospholipid concentration using Bartletfs method with
extraction according to Example 70. EXAMPLE 67.
Loading of drugs into liposomes with entrapped TEA-IHP
solution. [0281 j The liposomes of Example 67 were
loaded with CPTl 1or vinorelbine Vinorelbine was
loaded at a drug-to-phospholipid ratio of 175 or 350
g/mol, and CPTl 1 at a ratio of 250 or 500 g/mol. The
drugs were added to the liposomes in the HEPESdextrose
buffer (Example 67) at the input drug/phospholipid
ratios, indicated below (see Table 36). If necessary,
the pH was adjusted to 6.5-6.8 using 1N NaOH. The
mixtures were incubated at 60 0C for 30 min, cooled
down on ice for 15 min, and chromatographed on a
Sephadex G-25 gel filtration column, eluted with 5 mM
HEPESNa, 145 mM NaCl, pH 6.5. Aliquots of the purified
liposomes were solubilized in acidified methanol and
analyzed by spectrophotometry (Example 71).
Phospholipid wasquantified by the method of Bartlett
(1959) with extraction (Example 70). Both drugs loaded
quantitatively (i.e., practically 100%) into the
liposomes, as shown below in Table 36. Table 36.
Properties of drugs loaded into liposomes with
entrapped inositol hexaphosphate. Drug Input
drug/lipid ratio, Encapsulated drug/lipid ratio,
Loading efficiency, % g/mol phospholipid g/mol
phospholipid Vinorelbine 175 175.3  8.0 100.2  4.5
Vinorelbine 350 352.3  11.8 100.6  3.3 CPT-I l 250
265.1  11.2 106.1  4.7 CPT-I l 500 5 18.7  27.8 103.7
5.8 EXAMPLE 68. Chemical stability of free or
liposomal CPT-I l in the 



presence of mouse plasma in vitro. [0282] In the body,
CPT-1 1, which is a pro-drug, undergoes chemical
transformation to form an active drug metabolite known
as SN-38. Both SN-38 and CPT-1 1 are also converted
from their active lactone forms into an inactive
products known as a SN-38 or CPT-1 1 carboxylates. In
this Example the effect of liposomalization of CPT-1 1
in accordance with the present invention on the CPT-1
1 chemical conversion into these products in the
presence of blood plasma was studied. Liposomes with
entrapped triethylammonium sucroseoctasulfate (0.65 M
TEA, pH 6.4, osmolality 485 mmol/kg) and lipid
composition of DSPC, Cholesterol, and PEG-DSPE in a
molar ratio of 3:2:0.015 were prepared according to
Example 11, using extrusion ten times through two
stacked 0.08 mm polycarbonate filters. The liposomes
were 87.4  19.2 nm in size by QELS. CPT-1 1 was loaded
at approximately 500 mg of CPT-1 1 base/mmol liposome
phospholipid by incubation in an aqueous 5 mM
HEPES-Na, 5% dextrose, pH 6.5, at 60 C for 30 min.,
followed by quenching on ice for 15 min. The CPT-1
1-loaded liposomes were then purified on a Sephadex
G-75 column eluted with HEPES buffered saline (5 mM
HEPES, 145 mM NaCl, pH 6.5). The resulting CPT-1 1
liposomes had 536.5  20. lmg CPT-1 1/mmol of
phospholipid. Free CPT-1 1 solution was prepared by
freshly dissolving Irinotecan Hydrochloride USP at 1
mg/ml in 144 mM aqueous NaCl, acidifiedto pH 3 with
diluted HCl. Ten-ml aliquots of free or liposomal
CPT-1 1 or free CPT-1 1 were mixed with 90 ml of
heparin-stabilized mouse plasma (Harlan Bioproducts,
USA) and incubated at 37 C in a shaking water bath. At
a given time point liposome samples, in triplicate,
were chromatographed on Sepharose CL-4B size exclusion
columns (2 ml bed volume) eluted with HBS-6.5, and the
drug-containing fractions were detected by
fluorescence. The first (void volume) and second
(trailing) drug-containing peaks were collected and
considered as the liposomally encapsulated and
released drug fractions. The samples were extracted
with 400 ml of ice-cold methanol by vortexing for 10 s
followed by centrifugation at 14,100xg for 5 min. The
supernatants were analyzed for CPT-1 1 and its
conversion products by HPLC using modification of a
method by Warner and Burke, J Chromatogr., Ser. B
Biomed. ScL Appl. 1997, vol. 691, p.16 1-71. The
mobile phase consisted of 3% triethylammonium acetate
pH 5.5 (solution A) and acetonitrile (solution B)
delivered at 1.0 ml/min in a linear gradient of 20
vol%B to 50 vol.%B in 14 min. The eluted products were
detected by fluorescence with an excitation at 375 nm
and emission at 500 nm. The retention times were 5.3
min (CPT-1 1 carboxylate), 6.8 min (SN-38
carboxylate), 9.3 min (CPT-1 1) and 11.0 min (SN-38).
The results (Table 37) indicated that while free CPT-1
1 and CPT-1 1 released from the liposomes underwent
conversion, intraliposomal CPT- 11was quite stable.
Table 37. Conversion of free and liposomal CPT-1 1
into SN-38 and carboxylate forms in mouse plasma in
vitro. Sample Time, hours CPT-1 1, % SN-38, % lactone
carboxylate lactone carboxylate 



Free CPT- 11 2 1.9  0.4 35.2 1.9 4.4 0.1 58.4 2.1 12
<0. 1 11.5 0.9 9.9  0.8 78.6  1.3 24 <0.1 <0.1 22.5
9.8 77.5  9.8 Ls-CPT-I l 12 97.7  0.1 <0.1 2.3  0.1
<0.1 (encapsulated) 24 97.7  0.1 <0.1 2.3  0.1 <0.1
Ls-CPT-I l 12 60.5  10.4 25.0  7.1 5.0  0.3 9.5  3.0
(released) 24 78.3  6.7 14.0  5.2 6.5  0.5 1.2
1.7EXAMPLE 69. In vivo chemical stability of free or
liposomal CPT-11 in rats. [0283] Liposomal CPT-1 1 was
prepared as in Example 68 using triethylammonium
sucroseoctasulfate having 0.65 M TEA, pH 6.4, and
osmolality 502 mmol/kg. The liposome size was 98.5
18.4 ran, and CPT-1 1 encapsulation was 510.1  16.5 mg
CPT- 11/nimol phospholipid. The liposomal and free
CPT-1 1 was administered intravenously at the dose of
25 mg/kg into female Albino rats (180-220 g) with
indwelling central venous catheters, and the blood
samples were withdrawn at intervals over the period of
48 hours. The blood samples were mixed with ice-cold
PBS containing 0.04% EDTA and quickly centrifuged to
remove blood cells. Aliquots of the supernatant fluids
were assayed for CPT-1 1, SN-38, and their carboxylate
forms by HPLC as in Example 68 above. The results are
shown in Figures 46 and 47. Whereas the free CPT-1 1
was cleared very rapidly, being undetectable after 30
min, the liposomal CPT-1 1was persistent in the
circulation (t /2 15.2 hours) with 37.8 % of the drug
in the blood at 24 h, and approximately 10 % of the
drug still in the circulation after 48 h. There was no
detectable conversion of the liposomal form of CPT-1 1
to either SN-38 or the carboxylate form of CPT-1 1.
Free CPT-1 1, i.e. administered as a solution, cleared
from the circulation quite fast (half-life of about 16
min), and there was appreciable conversion to the
carboxylate form of the drug. EXAMPLE 70.
Quantification of the liposome phospholipid. [0284]
Modified acid digestion - blue phosphomolybdate method
I. This method is modified after Bartlett (1959).
10-20 ml aliquots of liposomes are placed into
heatresistant glass tubes, digested by heating with
0.5 ml of 10 N sulfuric acid for 2 hours at 110-1300C,
mineralized by addition of 50 ml of 9% hydrogen
peroxide, and heated for additional 30 min. until no
hydrogen peroxide is detected by an indicator paper
strip. The digested samples at ambient temperature are
diluted with 1ml of 0.2% aqueous ammonium molydbate,
mixed with 0.1 ml of 5% aqueous ascorbic acid, and
incubated on a boiling water bath for 10 min. The
absorbance of reduced phosphomolybdate complex is
measured at 800 ran and compared to a standard curve
concurrently produced using inorganic phosphate
standard solutions. [0285] Modified acid digestion -
blue phosphomolybdate method II. This method is a
modification of the method by Morrison (1964). 5 ml
aliquots of liposomes having 1-10mM phospholipid are
mixed with 60 ml of concentrated sulfuric acid and 10
ml of 30% hydrogen peroxide in heat-resistant glass
tubes. The mixtures are heated at 200-2200C for 10
min., diluted with 0.7 ml of deionized water, mixed
with 10 ml of 10% aqueous sodium 



sulfite, incubated on a boiling water bath for 5 min,
and chilled down to ambient temperature. 200 ml of 2%
aqueous ammonium molybdate and 10 ml of 10% aqueous
ascorbic acid are added, and the samples are incubated
on a boiling water bath for 10 min. Samples are
quickly chilled to ambient temperature, and the
absorbance of reduced phosphomolybdate complex is
determined at 825 nm against the blank sample. The
amount of phospholipid is determined from the standard
curve obtained in the same run using standard
solutions having 2, 4, 6, 8, and 10 mM potassium
dihydrogen phosphate. [0286J Extraction method. 25-100
ml aliquots of liposomes are extracted 3 times with
200 ml portions of methanol-chloroform mixture (1:2 by
volume). The organic phases are combined in a
heat-resistant glass tube, and the solvents are
removed in vacuum. The residues are treated with ION
sulfuric acid and further assayed for phosphorus
according to the method I above. [0287] Unless
indicated otherwise, the analytical data are presented
as the mean  standard error of triplicate runs.
EXAMPLE 71. Quantification of drugs in the liposomes.
[0288J Spectrophotometry quantification. Aliquots of
liposomes (10-50 ml) are mixed with 1mL of 70 vol. %
aqueous isopropanol containing 0.075-0.1 N HCl, and
the absorbance against the blank sample is measured at
the following wavelengths: doxorubicin, 485 nm; CPT-1
1 and topotecan, 372 nm; ellipticines, 306 nm,
vinorelbine, 270 nm; vincristine and vinblastine, 265
nm. The amount of drug is determined by comparison to
a concurrently run standard curve. [0289] Fluorometric
quantification. Aliquots of liposome-containing
samples (e.g., blood plasma) are diluted with
acidified isopropanol (0.02-0.1 ml aliquots: 1mL of
70% isopropanol-0.075 N HCl; >0.1 ml aliquots: 90%
isopropanol-0.1 N HCl to 1 mL). If protein
precipitation occurs, the samples are incubated on ice
1-2 hours and clarified by centrifugation 10 min at
12,100xg. The fluorescence of the supernatants is
measured at the following wavelengths: CPT-I I,
excitation 370 nm, emission 423-425 nm;Topotecan,
excitation 380-385 nm, excitation 520.-525 nm;
ellipticines, excitation 306 nm, emission 520 nm. The
amount of drug is calculated from concurrently run
Standard curves after subtraction of the blank
fluorescence. EXAMPLE 72. Effect of lipopolymers on
the loading efficiency of vinorelbine into liposomes.
[0290] Liposomes composed of DSPC 200 molar parts,
cholesterol 133 molar parts, and poly(ethylene
glycol)(mol. weight 2,000)-derivatized lipids PEG-DSPE
(1-20 molar parts) or PEG-DSG (20 molar parts),and
containing encapsulated 0.65 M TEA-SOS solution were
prepared according to the method of Example 11, using
80 nm pore size membrane for extrusion step. The
liposomes were loaded with vinorelbine at the
drug/phospholipid ratio of 350 mg/mmol and purified
from unencapsulated drug according to the method of
Example 40. The liposomes were assayed for drug and
lipid content as described in Examples 70, 71, and for
the liposome size by QELS using 



volume-weighted Gaussian approximation. The results
(Table 38) indicated that while anionic PEG
derivative, PEG-DSPE, at the amount of more than 1
mole % of the liposome phospholipid (0.3 mole % of the
total lipid), had negative effect on the drug loading
efficiency, the neutral derivative, PEG-DSG,
surprisingly, did not affect the loading efficiency
even at 9.1 mole % of the liposome phospholipid (5.7
mole % of total lipid). Table 38. Properties of
vinorelbine liposomes prepared by TEA-SOS method at
various amounts of PEG-lipid derivatives. PEG-lipid
PEG-lipid Liposome size, Drug load, Loading amount,
mol. % nm (mean SD) mg/mmol efficiency, % of total
lipid phospholipid encapsulation PEG-DSPE 0.3 108  32
359.5  17.8 102.7  5.2 PEG-DSPE 0.6 H O 18 346.6  14.5
99.0  4.1 PEG-DSPE 1.8 104  35 332.0  14.0 94.9  3.8
PEG-DSPE 2.9 94  33 259.8  9.5 74.2  2.0 PEG-DSPE 4.0
100  36 155.4  7.0 44.4  0.9 PEG-DSPE 5.7 103  3 1
61.2  5.2 17.5  0.3 PEG-DSG 5.7 97  36 362.7  14.2
103.6  4.2EXAMPLE 73. Effect of intraliposomal
drug-trapping agent on the blood longevity of CPT-Il
in mice. [0291] Liposomes with entrapped 0.65 N
solutions of triethylammonium (TEA) or
triethanolammonium (TEOA) salts of inositol
hexaphosphate (IHP, phytic acid) or sucrose
octasulfate were prepared and loaded with CPT-1 1 at
500 g/mol phospholipid following general procedure of
Example 66. The liosomes were administered
intravenously to Swiss- Webster mice in the dose of 5
mg CPT-I I/kg body weight. Twenty four hours later,
the mice were anesthetized, and exsanguinated via open
heart puncture. The blood was collected, analysed for
CPT-1 1 content in the blood plasma by HPLC as
described in Exampe 68, and the drug amount was
expressed as % of injected dose remaining in the blood
(%ID). TEOA-IHP was less effective in improving the
blood longevity of the drug than TEA-IHP, TEOA-SOAS,
and TEA-SOS (Table 39). Table 39. CPT-1 1 remanence in
the blood 24 hours following intravenous
administration of CPT-1 1 liposomes in mice.
Intraliposomal drug-trapping agent %ID remaining in
the blood TEOA-IHP 2.74  0.54 TEA-IHP 5.86  0.20
TEOA-SOS 7.03  0.17 TEA-SOS 11.32  0.46 EXAMPLE 74.
Drug loading into liposomes containing 1.05 N
diethylammoriium sucrose octasulfate [0292] Aqueous
solution of 1.05 N diethylammonium sucrose octasulfate
(DEA-SOS) pH 



6.0, osmolarity 727 mmol/kg, was prepared using
ion-exchange/titration method of Example 6 using neat
diethylamine (99.5% purity). The lipid matrix of 3
molar parts DSPC, 2 molar parts Cholesterol, and 0.015
molar parts PEG2000-DSPE, was formulated into
liposomes (volume-weighted average size 92.4 nm) in
the presence of DEA-SOS solution, and CPT-1 1was
loaded in the liposomes as various drug/lipid input
ratios using the method of Example 11.
Non-encapsulated drug was removed by
gel-chromatography, and the amount of encapsulated
drug per unit lipid (drug/lipid output ratio)
wasdetermined. Encapsulation efficiency was calculated
as % of drug/lipid output ratio relative to input
ratio. The results are shown in Table 40. The loading
achieved it's maximum level of about 1.76 mol drug per
mol phospholipid (1.67-1 .70 mol drug/g total lipid),
which is in good agreement with the amount (1.78 mol
diethylammonium/mol phospholipid) based on the
diethyammonium content of the liposomes, assuming
stiochiometric exchange of intraliposomal
diethylammonium ions for the drug molecules and
estimated intraliposomal entrapped volume of
approximately 1.7 1/mol phospholipid. Table 40.
Loading of CPT-1 1 in DSPC/Chol/PEG-DSPE liposomes
containing 1.05 N DEA-SOS. Drug/lipid input ratio,
mol/g Drug/lipid output ratio, mol/g Encapsulation
efficiency, % 1.25 1.247 + 0.038 99.8  3.0 1.50 1.534
0.052 102.3  3.5 1.80 1.669  0.043 92.7  2.4 2.06
1.690  0.054 82.0  2.6 2.20 1.704  0.062 77.5  2.8
2.42 1.685  0.103 69.6  4.3 [0293] Unless indicated
otherwise, the analytical data are presented as the
mean  standard error of triplicate runs. The rat
plasma pharmacokinetic data are the mean  standard
error of duplicate runs. [0294] Although the invention
has been described with reference to the presently
preferred embodiment, it should be understood that
various modifications can be made without departing
from the spirit of the invention. Accordingly, the
scope of the invention should be determined with
reference to the appended claims, along with the full
scope of equivalents to which such claims are
entitled. The disclosures of all cited articles and
references, including patent applications and
publications, are incorporated herein by reference for
all purposes.What is claimed is: A composition
comprising a liposome in a medium, said liposome
having an interior space separated from the medium by
a membrane comprising one or more lipids, wherein the
interior space of said liposome contains a substituted
ammonium having a formula wherein N is an ammonium
nitrogen atom, each of Ri, R , R3, R is independently
a hydrogen atom or an organic group having each
independently not more than 8 carbon atoms, and in
totality not more than 



18 carbon atoms inclusive, wherein at least one of Ri,
R , R3, R is an organic group; wherein the organic
group is independently alkyl, alkylidene, heterocyclic
alkyl, cycloalkyl, aryl, alkenyl, cycloalkenyl, or a
hydroxy-substituted derivative thereof, optionally
including a S, O, or N atoms forming an ether, ester,
thioether, amine, or amide bond; and wherein at least
three of R , R2, R3, R4 are the organic groups; or at
least one of the organic groups has a secondary or
tertiary carbon atom directly linked to the ammonium
nitrogen atom; and wherein said interior space also
comprises an anion. 2. The composition of Claim
1wherein the organic groups independently each have
not more than 6 carbon atoms. 3. The composition of
Claim 1 wherein the organic groups have in totality
not more than 16 carbon atoms.4. The composition of
Claim 1 wherein the organic groups have in totality
not more than 12 carbon atoms. 5. The composition of
Claim 1 wherein said substituted ammonium forms a true
solution in water. 6. The composition of Claim 1
wherein substantially all said substituted ammonium is
contained within said interior space of the liposome.
7. The composition of Claim 1 wherein said substituted
ammonium is pharmaceutically inert. 8. The composition
of Claim 1 wherein said substituted ammonium is
selected from the group consisting of isopropyl
ethylammonium, isopropylmethylammonium,
diisopropylammonium, tertbutylethylammonium,
dicychohexylammonium, morpholinium, pyridinium,
piperidinium, pyrrolidinium, piperazinium,
tertbutylammonium, 2-ammonio-2-methylpropanol-l ,
2-ammonio-2- methyl-propandiol-1 ,3,
tris-(hydroxyethyl)-ammoniomethane, N,N'-
diethyl-ethanolammonium,
N,N',N"-tris-(2-hydroxyethyl)ammonium, N,
N'-bis-(2-hydroxyethyl)ethylammonium,
trimethylammonium, triethylammonium,
diethylmethylammonium, diisopropylethylammonium,
triisopropyl ammonium, Nmethylmorpholinium,
l-(2-hydroxyethyl)piperidinium, 1-
methylpyrrolidinium, 1, 4-dimethylpiperazinium,
tetramethylammonium, tetraethylammonium, and
tetrabutylammonium 9. The composition of Claim 1
wherein the concentration of the substituted ammonium
in the interior space of the liposome is higher than
the concentration of the substituted ammonium in the
liposome-containing medium.10. The composition of
Claim 1 wherein the concentration of the substituted 



ammonium in the interior space is at least about a
concentration of 0.05 M, 0.1 M, 0.2 M, 0.5 M, 0.6 M,
or 0.7 M. 11. The composition of Claim 1 wherein the
concentration of the substituted ammonium in the
interior space is about 0.65 M. 12. The composition of
Claim 1wherein the anion is a divalent anion, a
trivalent anion, a polyvalent anion, a polymeric
anion, a polyanionized polyol, or a polyanionized
sugar. 13. A composition comprising a liposome in a
medium, said liposome having an interior space
separated from the medium by a membrane comprising one
or more lipids, wherein said interior space comprises
an anion selected from the group consisting of a
polyanionized polyol or polyanionized sugar, and
wherein said liposome comprises a transmembrane
gradient effective for retention of an entity within
said liposome. 14. The composition of Claim 13 wherein
said transmembrane gradient is an ion gradient, an
ammonium ion gradient, a pH gradient, an
electrochemical potential gradient, a solubility
gradient, or a gradient of a substituted ammonium ion
comprising at least one C-N bond. 15. The composition
of any of the Claims 1 to 14 wherein said anion
comprises (i) a polyol moiety selected from the group
consisting of a monosaccharide, a disaccharide, a
linear polyhydroxylated compound, a cyclic
polyhydroxylated compound, an aliphatic alcohol having
more than one hydroxyl group, an alicyclic alcohol
having more than one hydroxyl group, or a heterocyclic
alcohol having more than one hydroxyl group, and(ii)
linked to said polyol moiety, at least two strongly
anionic functional groups. 16. The composition of
Claim 15 wherein at least one of said strongly anionic
functional groups is a sulfuric acid ester, a
phosphoric acid ester, a boric acid ester, a sulfonic
acid group, a phosphonic acid group, a thiocarbonic
acid group, a dithiocarbonic acid group, a derivative
thereof, or an analog thereof. 17. The composition of
Claim 15 wherein said polyol moiety is selected from
the group consisting of arabinose, ribose, xylose,
glucose, galactose, sorbose, fructose, maltose,
sucrose, lactose, trehalose, ethylene glycol,
prolylene glycol, glycerol, treitol, erythritol,
pentaerythritol, ribitol, arabitol, sorbitol,
mannitol, lactitol, maltitol, fructitol, glucitol,
xylitol, or inositol. 18. The composition of Claim 15
wherein said polyanion is polysul fated 



sucrose having from 3 to 8 sulfate groups per
molecule. 19. The composition of Claim 15 wherein said
polysulfated sucrose is sucrose octasulfate. 20. The
composition of Claim 15 wherein said polyanion is
inositol hexaphosphate. 21. The composition of Claim
15 wherein the concentration of said anion in said
liposome interior is at least about 0.05, 0.1, 0.2,
0.5, 0.6, 0.7, or 1.0 gram-equivalent/L. 22. The
composition of Claim 15 wherein the concentration of
said anion in said liposome interior is about 0.65
gram-equivalent/L or about 1.0 gram-equivalent/L.23.
The composition of any of the Claims 1 - 22 further
comprising an entity other than said substituted
ammonium and said anion. 24. The composition of Claim
23 wherein the entity is a globally cationic entity, a
therapeutic entity, or a detectable marker. 25. The
composition of Claim 23 wherein said entity is present
in said interior space at a concentration which
exceeds the concentration of said entity in said
medium. 26. The composition of Claim 23 wherein said
medium is essentially free from said entity. 27. The
composition of Claim 23 wherein molar ratio of said
entity to the totality of said lipids is at least
about 0.05, at least about 0.1, at least about 0.2, at
least about 0.3, at least about 0.5,at least about
0.7, or at least about 1.0. 28. The composition of
Claim 24 wherein said therapeutic entity is an
antimicrobial therapeutic, antiviral therapeutic, or
an anti-neoplastc therapeutic. 29. The composition of
Claim 24 wherein said therapeutic entity is an
aminoglycoside antibiotic or a fluoroquinolone
derivative. 30. The composition of Claim 28 wherein
said therapeutic entity is selected from a group
consisting of: a topoisomerase inhibitor, a
farnesyltransferase inhibitor, a tyrosine kinase
inhibitor, a cyclindependent kinase inhibitor, a
phosphatase inhibitor, an aurora kinase inhibitor, a
microtubule depolymerizing agent, a microtubule
stabilizing agent, an alkylating agent, an enzyme, an
enzyme inhibitor, a histone deacetylase inhibitor, an
antimetabolite, a receptor-binding agent, ahormone, a
hormone antagonist, a nucleotide, a polynucleotide, a
derivative of any of the foregoing, a pro-drug of any
of the foregoing, and an analog of any of the
foregoing. 3 1. The composition of Claim 28 wherein
said anti-neoplastic therapeutic is selected from a
group consisting of an anthracycline compound, a 



camptothecin compound, a vinca alkaloid, an
ellipticine compound, a taxane compound, a wortmannin
compound, a pyrazolopyrimidine compound, a derivative
of any of the foregoing, a pro-drug of any of the
foregoing, and an analog of any of the foregoing. 32.
The composition of Claim 24 wherein said therapeutic
entity is selected from a group consisting of:
doxorubicin, daunorubicin, mitomycin C, epirubicin,
pirarubicin, rubidomycin, carcinomycin,
Nacetyladriamycin, rubidazone, 5-imidodaunomycin,
Nacetyldaunomycin, daunoryline, mitoxanthrone,
camptothecin, 9- aminocamptothecin,
7-ethylcamptothecin, 10-hydroxycamptothecin, 9-
nitrocamptothecin, 10,1 1-methylenedioxycamptothecin,
9-amino-10,l 1- methylenedioxycamptothecin,
9-chloro-10,l 1- methylenedioxycamptothecin,
irinotecan, topotecan, lurtotecan, silatecan,
(7-(4-methylpiperazinomethylene)- 10, 11-ethyl
enedioxy- 20(S)-camptothecin,
7-(4-methylpiperazinomethylene)- 10, 11-
methylenedioxy-20(S)-camptothecin,
7-(2-N-isopropylamino)ethyl)- (20S)-camptothecin,
vincristine, vinblastine, vinorelbine, vinflunine,
vinpocetine, vindesine, ellipticine,
6-3-aminopropyl-ellipticine, 2-
diethylaminoethyl-ellipticinium and salts thereof,
datelliptium, retelliptine, paclitaxel, docetaxel, a
derivative of any of the foregoing, a pro-drug of any
of the foregoing, and an analog of any of the
foregoing.. 33. The composition of Claim 24 wherein
said therapeutic entity is selected from a group
consisting of: an antihistamine ethylenediamine
derivative, bromphenifamine, diphenhydramine, an
anti-protozoal drug, quinolone, iodoquinol, an amidine
compound, pentamidine, an antihelminticcompound,
pyrantel, an anti-schistosomal drug, oxaminiquine, an
antifungal triazole derivative, fliconazole,
itraconazole, ketoconazole, miconazole, an
antimicrobial cephalosporin, cefazolin, cefonicid,
cefotaxime, ceftazimide, cefuoxime, an antimicrobial
beta-lactam derivative, aztreopam, cefmetazole,
cefoxitin, an antimicrobial of erythromycine group,
erythromycin, azithromycin, clarithromycin,
oleandomycin, a penicillin compound, benzylpenicillin,
phenoxymethylpenicillin, cloxacillin, methicillin,
nafcillin, oxacillin, carbenicillin, a tetracycline
compound, novobiocin, spectinomycin, vancomycin; an
antimycobacterial drug, aminosalicyclc acid,
capreomycin, ethambutol, isoniazid, pyrazinamide,
rifabutin, rifampin, clofazimine, an antiviral
adamantane compound, amantadine, rimantadine, a
quinidine compound, quinine, quinacrine, chloroquine,
hydroxychloroquine, primaquine, amodiaquine,
mefloquine, an antimicrobial qionolone, ciprofloxacin,
enoxacin, lomefloxacin, 



nalidixic acid, norfloxacin, ofloxacin, a sulfonamide;
a urinary tract antimicrobial, nitrofurantoin,
trimetoprim; a nitroimidazoles derivative,
metronidazole, a cholinergic quaternary ammonium
compound, ambethinium, neostigmine, physostigmine, an
anti-Alzheimer aminoacridine, tacrine, an
anti-Parkinsonal drug, benztropine, biperiden,
procyclidine, trihexylhenidyl, an anti-muscarinic
agent, atropine, hyoscyamine, scopolamine,
propantheline, an adrenergic compound, dopamine,
serotonin, albuterol, dobutamine, ephedrine,
epinephrine, norepinephrine, isoproterenol,
metaproperenol, salmetrol, terbutaline, a serotonin
reuptake inhibitor, an ergotamine derivative, a
myorelaxant of a curare series, a central action
myorelaxant, baclophen, cyclobenzepine, dentrolene,
nicotine, a nicotine receptor antagonist, a
beta-adrenoblocker, acebutil, amiodarone, a
benzodiazepine compound, ditiazem, an antiarrhythmic
drug, diisopyramide, encaidine, a local anesthetic
compound, procaine, procainamide, lidocaine,
flecaimide, quinidine; an ACE inhibitor, captopril,
enelaprilat, fosinoprol, quinapril, ramipril; an
opiate derivative, codeine, meperidine, methadone,
morphine, an antilipidemic, fluvastatin, gemfibrosil,
an HMG-coAinhibitor, pravastatin, a hypotensive drug,
clonidine, guanabenz, prazocin, guanethidine,
granadril, hydralazine, a non-coronary vasodilator,
dipyridamole, an acetylcholine esterase inhibitor,
pilocarpine, an alkaloid, physostigmine, neostigmine,
a derivative of any of the foregoing, a pro-drug of
any of the foregoing, and an analog of any of the
foregoing. 34. The composition of Claim 24 wherein at
least 90% of said entity remains encapsulated in the
liposome after 6 months at 2 - 8 0C. 35. The
composition of Claim 24 wherein at least 80% of said
entity remains encapsulated in the liposome after 2
years at 2 - 8 0C. 36. The composition of Claim 24
wherein said entity is encapsulated in the liposomes
of said composition at a first entity-to-lipid ratio,
and wherein 24 hours following administration of said
composition into the bloodstream of a mammal, said
entity remains encapsulated in said liposomes at a
second entity-to-lipid ratio wherein the second
entity-tolipid ratio is over 50%, at least 60%, or at
least 70% of the first substance-to-lipid ratio. 37.
The composition of Claim 36 wherein the entity is a
vinca alkaloid, an analog thereof, or a derivative
thereof. 38. The composition of Claim 36 wherein the
entity is vinorelbine. 39. The composition of Claim 36
wherein said mammal is a rat. 40. A composition
comprising a liposome comprising one or more lipids 



and an anti-neoplastic therapeutic entity encapsulated
therein at an entity-to lipid molar ratio of at least
about 0. 10,wherein said liposome composition has in
vivo anti-neoplastic activity at least a four- fold
higher than the anti-neoplastic activity of the entity
in a free non-liposomal form, and wherein the toxicity
of said liposome composition administered to a mammal
is equal or less than the toxicity of said entity
administered to said mammal in a free non-liposomal
form. 4 1. The composition of Claim 40 wherein the
toxicity of said liposome composition administered to
a mammal is at least two times less or at least three
times less than the toxicity of said entity
administered to said mammal in a free non-liposomal
form. 42. The composition of Claim 40 wherein the
toxicity of said liposome composition administered to
a mammal is at least four times less than the toxicity
of said entity administered to said mammal in a free
nonliposomal form. 43. The composition of Claim 40
wherein the entity is a pro-drug. 44. The composition
of Claim 40 wherein said entity is a camptothecin
topoisomerase I inhibitor, a camptothecin prodrug, an
analog thereof, or a derivative thereof. 45. The
composition of Claim 44 wherein said camptothecin
prodrug is irinotecan. 46. The composition of Claim 44
wherein said entity administered into the bloodstream
of a mammal has a half-release time from said
liposomes of at least 10 hours.47. The composition of
Claim 44 wherein said entity administered into the
bloodstream of a mammal has a half-release time from
said liposomes of at least 24 hours. 48. The
composition of Claim 44 wherein said liposome
comprises a polyanion selected from a group consisting
of a polyanionized sugar and polyanionized polyol. 49.
The composition of Claim 48 wherein said polyanion is
sucrose octasulfate, or inositol hexaphosphate. 50.
The composition of Claim 44 wherein said liposome
comprises a biodegradable polyanionic polymer. 5 1.
The composition of Claim 50 wherein the biodegradable
polyanionic polymer is polyphosphate. 52. The
composition of Claim 44 wherein said liposome contains
a substituted ammonium compound having a formula
R,.(R2-)N+(-R3)-R4 wherein N is an ammonium nitrogen
atom, each of Ri, R2, R3, R4 is 



independently a hydrogen atom or an organic group
having each independently not more than 8 carbon
atoms, and in totality not more than 18 carbon atoms
inclusive, wherein at least one of Ri, R , R , R is an
organic group; wherein the organic group is
independently alkyl, alkylidene, heterocyclic alkyl,
cycloalkyl, aryl, alkenyl, cycloalkenyl, or a
hydroxy-substituted derivative thereof, optionally
including a S, O, or N atoms forming an ether, ester,
thioether, amine, or amide bond; andwherein at least
three of R , R2, R3, R4 are the organic groups; or at
least one of the organic groups has a secondary or
tertiary carbon atom directly linked to the ammonium
nitrogen atom. 53. The composition of any of the
Claims 40-52 wherein said topoisomerase inhibitor is
entrapped at a concentration of at least about 0.30
mole drug per mol. lipid. 54. The composition of any
of the Claims 40-53 wherein said topoisomerase
inhibitor is entrapped at a concentration between
about 0.40 mole drug per mole lipid and about 1.7 mole
drug per mole lipid. 55. The composition of Claims
40-54 wherein said mammal is a mouse. 56. The
composition of any of the Claims 40-55 wherein said
anti-tumor activity is determined in vivo in an HT-29
tumor model or a BT-474 tumor model. 57. The
composition of Claims 46-47 wherein said mammal is a
rat. 58. A composition for administering a vinca
alkaloid drug, comprising liposomes in a medium, said
liposomes having an interior space and a membrane
separating said interior from said medium, said
membrane comprising one or more lipids, said liposomes
comprising a vinca alkaloid drug entrapped in the
liposomes at a first drug/lipid ratio, wherein 24
hours following administration of said composition
into the bloodstream of a mammal, the vinca alkaloid
drug remains entrapped in aid liposomes at a second
drug/lipid ratio which is over about 50% of said first
drug/lipid ratio. 59. The composition of Claim 58
wherein said second drug/lipid ratio is at least about
60% of said first drug/lipid ratio.60. The composition
of Claim 58 wherein said second drug/lipid ratio is at
least about 70% of said first drug/lipid ratio. 6 1.
The composition of Claim 58-60 wherein said first
drug/lipid molar ratio is at least 0.05, at least 0.1,
or at least 0.2. 62. The composition of Claim 6 1
wherein said first drug/lipid mass ratio is at least
about 0.05 mg/mmol, at least about 0.1 mg/mmol, or at
least about 0.3 mg/mmol. 63. The composition of any of
the Claims 58-62 wherein said liposomes 



comprise an inside/outside transmembrane ion gradient
effective for retaining of the drug within the
liposomes. 64. The composition of any of the Claims
58-63 wherein said interior space comprises a
polyanion selected from the group of polymeric
polyanion, polyanionized polyol, or polyanionized
sugar. 65. The composition of Claim 63 or 64 wherein
said interior space comprises ammonium ion or a
substituted ammonium ion. 66. The composition of Claim
65 wherein the substituted ammonium ion is a primary
ammonium, a secondary ammonium, a tertiary ammonium,
or a quaternary ammonium ion. 67. The composition of
Claim 63 or 64 wherein said interior space comprises a
substituted ammonium ion having a formula R,.(R
2-)N+(-R3)-R4 wherein N is an ammonium nitrogen atom,
each of Ri, R , R , R is independently a hydrogen atom
or an organic group having each independently not more
than 8 carbon atoms, and in totality not morethan 18
carbon atoms inclusive, wherein at least one of Ri, R
, R , R is an organic group; wherein the organic group
is independently alkyl, alkylidene, heterocyclic
alkyl, cycloalkyl, aryl, alkenyl, cycloalkenyl, or a
hydroxy-substituted derivative thereof, optionally
including a S, O, or N atoms forming an ether, ester,
thioether, amine, or amide bond; and wherein at least
three of Ri, R2, R , R are the organic groups; or at
least one of the organic groups has a secondary or
tertiary carbon atom directly linked to the ammonium
nitrogen atom; and wherein said interior space also
comprises an anion. 68. The composition of Claim 65
wherein said polyanion is comprised in said interior
space at a concentration of at least 0.05
gram-equivalent/L, at least 0.2 gram-equivalent/L, at
least 0.5 gram-equivalent per liter, or at least 0.6
gram-equivalent/L. 69. The composition of any of the
Claims 58-68 wherein said vinca alkaloid drug is
vincristine, vinblastine, vinorelbine, vinflunine,
vindesine, vinpocetine, an analog thereof, or a
derivative thereof. 70. The composition of Claim 69
wherein said vesicle-forming lipid comprises
phosphatidylcholine and cholesterol. 71. The
composition of Claim 70 wherein said
phosphatidylcholine is selected from the group
consisting of a natural lecithin, a hydrogenated
natural lecithin, a synthetic lecithin,
1,2-distearoyl-lecithin, 1,2- dipalmitoyl-lecithin,
1,2-dimyristoyl-lecithin, 1,2-dioleoyl-lecithin, 1-
stearoyl-2-oleoyl-lecithin, and l-palmitoyl-2-oleoyl
lecithin.72. The composition of Claim 70 wherein said
phosphatidylcholine and said 



cholesterol are contained in molar ratio of about 3:2.
73. The composition of any of the Claims 58-68 wherein
said lipids comprises a neutral PEG-lipid derivative
or an anionic PEG-lipid derivative. 74. The
composition of Claim 73 wherein said neutral PEG-lipid
derivative is from about 0.1 mol. % to about 10 mol. %
of the totality of said lipids. 75. The composition of
Claim 73 wherein said neutral PEG lipid derivative is
PEG-ceramide or PEG-diacylglycerol. 76. The
composition of Claim 73 wherein said anionic PEG-lipid
derivative is contained at less than 1mol% of the
total lipid. 77. The composition of Claim 76 wherein
said anionic PEG-lipid derivative is
N-(PEG)-diacyl-phosphatidylethanolamine. 78. The
composition of any of the Claims 58-77 wherein said
mammal is a rat. 79. A composition for administering a
vinca alkaloid drug, comprising liposomes in a medium,
said liposomes having an interior space and a membrane
separating said interior from said medium, said
membrane comprising lipids, wherein said lipids
comprise lecithin and cholesterol in the molar ratio
of about 3:2; andwherein said vinca alkaloid drug is
contained in said liposomes at the drug/lipid ratio
from about 0.15 mg/mmol lecithin to about 0.55 mg/mmol
lecithin; and wherein said interior space also
contains a biodegradable polyanionic polymer, a
polyanionized polyol, or a polyanionized sugar; and
wherein said polymer or sugar is contained in said
interior space of the liposomes at a concentration
from about 0.5 gram-equivalent/L to about 1.0
gram-equivalent/L; and wherein said vinca alkaloid
drug is vinorelbine, vincristine, or vinblastine. 80.
The composition of Claim 79 wherein said polyanionized
sugar is sucrose octasulfate. 81. The composition of
Claim 80 also comprising an ionically neutral
poly(ethylene glycol)-lipid derivative in the amount
from about 0. 1 mol.% to about 10 mol.% of the total
lipid. 82. The composition of Claim 8 1 wherein said
poly( ethylene glycol)-lipid derivative is
poly(ethylene glycol)-dialkylglycerol, poly(ethylene
glycol)-diacylglycerol, or poly(ethylene
glycol)-ceramide, wherein molecular weight of
poly(ethylene glycol) portion of said poly(ethylene
glycol)-lipid derivative is from about 250 to about
10,000. 



83. The composition of Claim 80 also comprising an
anionic poly(ethylene glycol)-lipid derivative in the
amount from about 0.1 mol.% to about 0.9 mol.% of the
total lipid. 84. The composition of Claim 83 wherein
said anionic poly(ethylene glycol)-lipid derivative is
PEG-phosphatidylethianolamine, whereinmolecular weight
of the poly(ethylene glycol) portion of said
poly(ethylene glycol)-lipid derivative is from about
250 to about 10,000. 85. The composition of any of the
Claims 79-84 wherein half-release time of said vinca
alkaloid drug from said liposomes in the blood
circulation of a mammal is over 24 hours. 86. The
composition of Claim 85 wherein the mammal is a rat.
87. A composition comprising a liposome having an
interior space and comprising a taxane compound
wherein said taxane compound is contained essentially
within the interior space of said liposome. 88. The
composition of Claim 87 wherein said taxane is
ionically neutral molecule. 89. The composition of
Claim 88 wherein the molecular structure of said
taxane does not comprise a hydrophilic polymer moiety.
90. The composition of any of the Claim 87-89 wherein
the amount of said encapsulated taxane is at least
0.05 mole per mole of said lipid. 91. The composition
of Claim 89 wherein the amount of said encapsulated
taxane is at least 0.1 mole per mole of said lipid.
92. The composition of any of the claims 87-92 wherein
said interior space is essentially free from a
solubilizing aid selected from a micelleforming
surfactant compound and a cyclodextrin compound. 93.
The composition of any of the Claims 87-92 wherein
said taxane is paclitaxel or docetaxel.94. The
composition of any of the preceding claims wherein
said lipids comprise a lipid derivatized with a
hydrophilic polymer. 95. The composition of Claim 94
wherein said hydrophilic polymerderivatized lipid
comprises up to 20 mole % of the totality of said
lipids. 96. The composition of Claim 94 wherein said
hydrophilic polymerderivatized lipid comprises less
than 1 mole % of the totality of said lipids. 97. The
composition of Claim 94 wherein said liposome has
blood circulation longevity in a mammal of less than
two times higher than the circulation longevity of an
identically composed liposome except for the absence
of said hydrophilic polymer-derivatized lipid. 98. The
composition of Claim 97 wherein said mammal is a rat.
99. The composition of Claim 96 wherein said
hydrophilic polymerderivatized lipid comprises from
about 0.1 mole % to about 0.9 mole % 



of the totality of said lipids. 100. The composition
of any of the Claims 94-99 wherein said hydrophilic
polymer is poly(ethylene glycol), or a derivative
thereof. 101 . The composition of any of the Claims
94-100 wherein said hydrophilic polymer-derivatized
lipid is a poly(ethylene glycol)-derivatized
phospholipid, a poly(ethylene glycol)-derivatized
diacylglycerol, a poly(ethylene glycol)-derivatized
dialkylglycerol, a poly(ethylene glycol)-derivatized
ceramide, a poly(ethylene glycol)-derivatized fatty
acid, a poly(ethylene glycol)-derivatized fatty
alcohol, or a poly(ethylene glycol)-derivatized
sterol.102. The composition of any of the Claims
94-101 wherein said hydroph lic polymer is
poly(ethylene glycol) having at least three ethylene
glycol units. 103. The composition of any of the
Claims 94-101 wherein said hydrophilic polymer is
poly(ethylene glycol) having molecular weight from
about 200 to about 10,000. 104. The composition of any
of the Claims 94-101 wherein said hydrophilic polymer
is poly(ethylene glycol) having molecular weight from
about 500 to about 5,000. 105. The composition of any
of the preceding claims wherein said liposome
comprises a targeting moiety. 106. The composition of
Claim 105 wherein said targeting moiety is a protein,
a peptide, a polysaccharide, a polynucleotide, natural
small molecule, a synthetic small molecule, a
combination thereof, or a derivative thereof. 107. The
composition of Claim 105 wherein said targeting moiety
is a naturally, synthetically, or recombinantly
produced protein comprising an antigen binding
sequence of an antibody. 108. The composition of Claim
105 wherein said targeting moiety is an antibody, an
antigen-binding fragment thereof, a single-chain
protein comprising the antigen-binding polypeptide
sequences of an antibody, a single-domain antibody, an
analog of any of the foregoing, or a derivative of any
of the foregoing. 109. The composition of Claim 105
wherein said targeting moiety is linked to said
liposome membrane and exposed to said medium.10. The
composition of Claim 109 wherein said linked targeting
moiety comprises a hydrophilic polymer that links said
liposome membrane to said moiety. 11. The composition
of Claim 110 wherein said hydrophilic polymer is poly(
ethylene glycol). 12. The composition of Claim 111
wherein said poly( ethylene glycol) has 



molecular weight from about 250 to about 30,000. 13.
The composition of any of the Claims 104-1 12 wherein
said targeting moiety effects internalization of said
liposome in a cell. 14. The composition of any of the
Claims 104-1 12 wherein said targeting moiety
selectively binds to a receptor tyrosine kinase, a
growth factor receptor, an angiogenic factor receptor,
a transferrin receptor, a cell adhesion molecule, or a
vitamin receptor. 15. The composition of Claim 114
wherein said tyrosine kinase receptor is a growth
factor receptor 16. The composition of Claim 115
wherein said tyrosine kinase growth factor receptor is
an EGFR, ErbB-2 (HER-2), ErbB-3 (HER3), or ErbB- 4
(HER4). 17. The composition of Claim 114 wherein said
angiogenic factor receptor is bFGF receptor, or VEGF
receptor. 18. The composition of Claim 114 wherein
said cell adhesion molecule is an integrin. 19. The
composition of any of the claims 113-1 18 wherein said
cell is a malignant cell.120. A method of
encapsulating an entity into a liposome comprising a
step of contacting the composition of any of the
Claims 1 - 22 with the entity for the time sufficient
for said substance to become encapsulated into said
liposome. 121. The method of Claim 120 wherein at
least a portion of said entity enters the liposome
interior space. 122. The method of Claim 120 wherein
at least 90% of said entity enters the liposome
interior space. 123. The method of Claim 120 wherein
the proportion of said entity that becomes
encapsulated into the liposomes is at least 80%, at
least 90%, or at least 95%. 124. The method of Claim
120 wherein the entity is a globally cationic entity,
a therapeutic entity, or a detectable marker. 125. The
method of Claim 120 wherein molar ratio of said entity
to the totality of said lipids is at least about 0.05,
about 0.1, about 0.2, or about 0.3. 126. The method of
Claim 120 wherein said therapeutic entity is an
antimicrobial therapeutic, antiviral therapeutic, or
an anti-neoplastic therapeutic. 127. The method of
Claim 120 wherein said therapeutic entity is an
aminoglycoside antibiotic or a fluoroquinolone
derivative. 128. The method of Claim 124 wherein said
therapeutic entity is selected 



from a group consisting of: a topoisomerase inhibitor,
a farnesyltransferase inhibitor, a tyrosine kinase
inhibitor, a cyclindependent kinase inhibitor, a
phosphatase inhibitor, an aurora kinase inhibitor, a
microtubule depolymerizing agent, a microtubule
stabilizing agent, an alkylating agent, an enzyme, an
enzyme inhibitor, a histone deacetylase inhibitor, an
antimetabolite, a receptor-binding agent, a hormone, a
hormone antagonist, a nucleotide, a polynucleotide, a
derivative of any of the foregoing, a pro-drug of any
of the foregoing, and an analog of any of the
foregoing. 129. The method of Claim 124 wherein said
therapeutic entity is selected from a group consisting
of an anthracycline compound, a camptothecin compound,
a vinca alkaloid, an ellipticine compound, a taxane
compound, a wortmannin compound, a pyrazolopyrimidine
compound, a derivative of any of the foregoing, a
pro-drug of any of the foregoing, and an analog of any
of the foregoing. 130. The method of Claim 124 wherein
said therapeutic entity is selected from a group
consisting of: doxorubicin, daunorubicin, mitomycin C,
epirubicin, pirarubicin, rubidomycin, carcinomycin,
Nacetyladriamycin, rubidazone, 5-imidodaunomycin,
Nacctyldaunomycin, daunoryline, mitoxanthrone,
camptothecin, 9- aminocamptothecin,
7-ethylcamptothecin, 10-hydroxycamptothecin, 9-
nitrocamptothecin, 10,1 1-methylenedioxycamptothecin,
9-amino-10,l 1- methylenedioxycamptothecin,
9-chloro-10,l 1- methylenedioxycamptothecin,
irinotecan, topotecan, lurtotecan, silatecan,
(7-(4-methylpiperazinomethylene)-10,l 1-ethyl
enedioxy- 20(S)-camptothecin,
7-(4-methylpiperazinomethylene)-10,l 1-
methylenedioxy-20(S)-camptothecin,
7-(2-N-isopropylamino)ethyl)- (20S)-camptothecin,
vincristine, vinblastine, vinorelbine, vinflunine,
vinpocetine, vindesine, ellipticine,
6-3-aminopropyI-ellipticine, 2-
diethylaminoethyl-ellipticinium and salts thereof,
datelliptium, retelliptine, paclitaxel, docetaxel, a
derivative of any of the foregoing, a pro-drug of any
of the foregoing,. and an analog of any of the
foregoing..The method of Claim 124 wherein said
therapeutic entity is selected from a group consisting
of: an antihistamine ethylenediamine derivative,
bromphenifamine, diphenhydramine, an anti-protozoal
drug, quinolone, iodoquinol, an amidine compound,
pentamidine, an antihelmintic compound, pyrantel, an
anti-schistosomal drug, oxaminiquine, an antifungal
triazole derivative, fluconazole, itraconazole,
ketoconazole, miconazole, an antimicrobial
cephalosporin, cefazolin, cefonicid, cefotaxime,
ceftazimide, cefuoxime, an antimicrobial beta-lactam
derivative, aztreopam, cefmetazole, cefoxitin, an
antimicrobial of 



erythromycine group, erythromycin, azithromycin,
clarithromycin, oleandomycin, a penicillin compound,
benzylpenicillin, phenoxymethylpenicillin,
cloxacillin, methicillin, nafcillin, oxacillin,
carbenicillin, a tetracycline compound, novobiocin,
spectinomycin, vancomycin; an antimycobacterial drug,
aminosalicyclc acid, capreomycin, ethambutol,
isoniazid, pyrazinamide, rifabutin, rifampin,
clofazimine, an antiviral adamantane compound,
amantadine, rimantadine, a quinidine compound,
quinine, quinacrine, chloroquine, hydroxychloroquine,
primaquine, amodiaquine, mefloquine, an antimicrobial
qionolone, ciprofloxacin, enoxacin, lomefloxacin,
nalidixic acid, norfloxacin, ofloxacin, a sulfonamide;
a urinary tract antimicrobial, nitrofurantoin,
trimetoprim; a nitroimidazoles derivative,
metronidazole, a cholinergic quaternary ammonium
compound, ambethinium, neostigmine, physostigmine, an
anti-Alzheimer aminoacridine, tacrine, an
anti-Parkinsonal drug, benztropine, biperiden,
procyclidine, trihexylhenidyl, an anti-muscarinic
agent, atropine, hyoscyamine, scopolamine,
propantheline, an adrenergic compound, dopamine,
serotonin, albuterol, dobutamine, ephedrine,
epinephrine, norepinephrine, isoproterenol,
metaproperenol, salmetrol, terbutaline, a serotonin
reuptake inhibitor, an ergotamine derivative, a
myorelaxant of a curare series, a central action
myorelaxant, baclophen, cyclobenzepine, dentrolene,
nicotine, a nicotine receptor antagonist, a
beta-adrenoblocker, acebutil, amiodarone, a
benzodiazepine compound, ditiazem, an antiarrhythmic
drug, diisopyramide, encaidine, a localanesthetic
compound, procaine, procainamide, lidocaine,
flecaimide, quinidine; an ACE inhibitor, captopril,
enelaprilat, fosinoprol, quinapril, ramipril; an
opiate derivative, codeine, meperidine, methadone,
morphine, an antilipidemic, fluvastatin, gemfbrosil,
an HMG-coA inhibitor, pravastatin, a hypotensive drug,
clonidine, guanabenz, prazocin, guanethidine,
granadril, hydralazine, a non-coronary vasodilator,
dipyridamole, an acetylcholine esterase inhibitor,
pilocarpine, an alkaloid, physostigmine, neostigmine,
a derivative of any of the foregoing, a pro-drug of
any of the foregoing, and an analog of any of the
foregoing. 132. The method of any of the Claims 120-
13 1 wherein said contacting is in an aqueous
solution. 133. The method of Claim 132 wherein said
aqueous solution has pH in the range of about 4 to
about 7. 134. The method of Claim 132 wherein said
aqueous solution has ionic strength equivalent or less
than that of 50 mM sodium chloride. 



135. The method of Claim 132 wherein said aqueous
solution has ionic strength equivalent or less than
that of 20 mM sodium chloride. 136. The method of
Claim 132, wherein the aqueous solution has pH between
about 6.0 and about 7.0, and the entity is a vinca
alkaloid, an analog thereof, or a derivative thereof.
137. The method of Claim 136 wherein the pH of the
aqueous solution of about 6.5, and the entity is
vinorelbine. 138. The method of Claim 135 wherein the
pH of the aqueous solution is between about 5 and
about 7, and the substance is a camptothecin
derivative.139. The method of Claim 139 wherein the pH
of the aqueous solution is between about 5.0 and about
6.5 , and the substance is Topotecan or Irinotecan.
140. The method of Claim 134 or 135, wherein following
said contacting, the ionic strength of said aqueous
solution is increased to more than that of 50 niM
sodium chloride. 141. The method of Claim 140 wherein
said ionic strength value is increased to at least
that of 100 mM sodium chloride. 142. The method of
Claim 141 wherein said ionic strength value is
increased to at least that of 150 mM sodium chloride.
143. A method for preparing a liposomes containing an
encapsulated entity, said process comprising the steps
of: (a) providing a pre-entity of said entity; (b)
encapsulating said pre-entity into a liposome having
an interior space; and (c) providing a condition
inside the liposome to convert said encapsulated
pre-entity into said entity within the interior space
of said liposome to obtain said entity in a
liposomally encapsulated form wherein said entity is
an organic compound or a compound comprising a
coordination complex of a metal of the platinum group.
144. The method of Claim 143 wherein said
encapsulating step comprises contacting the pre-entity
with said liposome having a transmembranegradient for
the time sufficient for encapsulation of said
derivative into said liposome. 145. The method of
Claim 144 wherein said transmembrane gradient is an
ion gradient, a pH gradient, an electrochemical
potential gradient, or a solubility gradient. 146. The
method of Claim 144 wherein said ion gradient is a
gradient of an ion selected from the group of ammonium
ion, and a substituted form of ammonium ion comprising
at least one C-N bond. 147. The method of Claim 144
wherein said pre-entity is a globally cationic 



derivative of the entity. 148. The method Claim 143
wherein said compound is a pharmaceutical. 149. The
method of Claim 148 wherein said organic compound is a
taxane compound 150. The method of Claim 149 wherein
said taxane compound is paclitaxel or docetaxel. 15 1.
The method of Claim 149 wherein said pre-entity
comprises an ester of the hydroxyl group in any of the
positions 2' or 7' of the taxane molecule wherein said
ester comprises a titratable amine. 152. The method of
Claim 15 1 wherein said pre-entity is 2'-( 2-(N,N'-
diethylamino)propionyl)-paclitaxel or 2'-( 2-(N,N'-
diethylamino)propionyl)-docetaxel. 153. The method of
Claim 143 wherein said condition is a change in
pH.154. The method of Claim 143 wherein said condition
is an enzymatic cleavage of a labile bond. ' 155. The
method of Claim 143 wherein said condition is the
process of hydrolysis, photolysis, radiolysis,
thiolysis, ammonolysis, reduction, substitution,
oxidation, or elimination. 156. A kit for providing a
liposomally encapsulated entity, comprising the
composition of any of the claims 1 - 22, an
instruction for using the composition to encapsulate
an entity, and optionally, in a separate container,
the entity. 157. A kit of Claim 156 wherein the entity
is a globally cationic substance, a therapeutic
entity, or a detectable marker. 158. A composition of
any of the Claims 1-1 19 wherein the liposome
comprises a substituted ammonium compound having in a
aqueous solution at ambient temperature a pKa value of
at least 8.0, at least 8.5, at least 9.0, at least
9.5, or at least 10.0. 159. A method of any of the
Claims 120-142 wherein the composition contacted with
the entity comprises a liposome, said liposome
comprises a substituted ammonium compound having in a
aqueous solution at ambient temperature a pKa value of
at least 8.0, at least 8.5, at least 9.0, at least
9.5, or at least 10.0. 


