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ABSTRACT 

The present invention relates to methods for complexing a 
protein in a dispersed medium. Also disclosed are associated 
proteins produced by the methods of complexing of the 
present invention. Pharmaceutically effective stabilized pro 
tein dosages are also disclosed. The present invention also 
relates to a method for associating AHF protein in a dispersed 
medium. 
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METHOD OF COMPLEXING A PROTEIN BY 
THE USE OF A DSPERSED SYSTEMAND 

PROTEINS THEREOF 

CROSS-REFERENCES TO RELATED 
APPLICATIONS 

0001. This is a continuation of U.S. application Ser. No. 
10/872,638, filed Jun. 21, 2004, which is a continuation-in 
part of U.S. application Ser. No. 10/000,226, filed on Nov.30, 
2001, which claims the benefit of U.S. Provisional Applica 
tion Ser. No. 60/250,283, filed on Nov. 30, 2000, and U.S. 
Application Serial No. 09/997,936, filed on Nov. 30, 2001, 
which claims the benefit of U.S. Provisional Patent Applica 
tion Ser. No. 60/250,137, filed on Nov.30, 2000 (all of which 
are hereby incorporated by reference in their entirety). 

BACKGROUND OF THE INVENTION 

0002 1. Field of the Invention 
0003. The present invention relates to methods for com 
plexing a protein in a dispersed medium, a method for com 
plexing AHF protein in a dispersed medium, an associated 
protein produced by the methods of complexing a protein in 
a dispersed medium, and pharmaceutically effective stabi 
lized protein dosages. 
0004 2. Description of the Related Art 
0005 Advances in protein engineering have led to the 
large scale production of proteins and peptides for pharma 
ceutical purposes. However, for many proteins, the preserva 
tion of higher order structure, such as secondary, tertiary and 
quaternary conformation, is necessary to retain activity. The 
formulation of Such suitable protein and peptide based phar 
maceuticals is largely an unsolved problem. Proteins undergo 
physical and chemical instability, and these instabilities 
present unique difficulties in, the production, formulation, 
and storage of protein pharmaceuticals (Ahen et al., Pharma 
ceutical Biotechnology, Borchardt, Ed., pp 550, Plenum 
Press, New York (1992); Balasubramanian et al., Pharmaceu 
tical Research 17:343-349 (2000)). Denaturation, aggrega 
tion, and precipitation are frequent manifestations of physical 
instability. 
0006. Other pharmaceutical concerns of the protein prod 
ucts are shorter half-life and immune response following 
prolonged use of the drug (Ahem et al., Pharmaceutical Bio 
technology, Borchardt, Ed., pp 550, Plenum Press, New York 
(1992)). Delivery vehicles, such as liposomes, have been 
explored to improve stability, to prolong the circulation time, 
and to alter the immunogenecity issues (Balasubramanian et 
al., Pharmaceutical Research 17:343-349 (2000)). It is 
known that when liposomes are added to proteins, the stabil 
ity of proteins are improved since liposomes help reduce the 
amount of aggregation of the protein. However, the liposomes 
typically complex with only a small percentage of the total 
protein. Accordingly, the pharmaceutical developments of 
such delivery vehicles are hampered by poor association with 
proteins. 
0007 Thus, there is a need for suitable protein and peptide 
based pharmaceuticals having improved Stability during pro 
cessing and storage conditions; increased dosage spacing by 
increasing bioavailability, thus reducing cost and patient dis 
comfort; easy handling; and improved delivery to the site of 
vascular damage. The present invention is directed to over 
coming these and other deficiencies in the art by providing a 
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methodology to engineer a complex between a protein and a 
dispersed system based delivery vehicle. 

SUMMARY OF THE INVENTION 

0008. One aspect of the present invention relates to a 
method for complexing a protein in a dispersed medium. This 
method involves providing a protein and altering the confor 
mational state of the protein to expose hydrophobic domains 
therein. A stabilizer is bound to the exposed hydrophobic 
domains. The alteration is at least partially reversed to asso 
ciate at least a portion of the protein with the stabilizer. 
0009. Another aspect of the present invention relates to an 
associated protein produced by providing a protein, altering 
the conformational state of the protein to expose hydrophobic 
domains therein, binding a stabilizer to the exposed hydro 
phobic domains, and at least partially reversing the alteration 
to associate at least a portion of the protein with the stabilizer. 
0010. A further aspect of the present invention relates to a 
pharmaceutical effective stabilized protein dosage, in which 
less than about 1% to greater than about 90% of the protein is 
associated with the stabilizer. 
0011 Yet, another aspect of the present invention relates 
to a method for associating AHF protein in a dispersed 
medium. This method involves providing an AHF protein and 
altering the conformational state of the AHF protein to expose 
hydrophobic domains therein. A stabilizer is bound to the 
exposed hydrophobic domains. The alteration is at least par 
tially reversed to associate at least a portion of the protein with 
the stabilizer. 
0012 Still, another aspect of the present invention relates 
to a dispersion system-associated AHF protein produced by 
providing an AHF protein and altering the conformational 
state of the AHF protein to expose hydrophobic domains 
therein. A stabilizer is bound to the exposed hydrophobic 
domains. The alteration is at least partially reversed to asso 
ciate at least a portion of the protein with the stabilizer. 
0013 Yet, a further aspect of the present invention relates 
to a pharmaceutical effective stabilized AHF dosage, wherein 
above about 0.5%, preferably above about 3%, and more 
preferably above about 25% of the AHF is associated with a 
stabilizer. 
0014) Another aspect of the present invention relates to a 
method for complexing a protein in a dispersed medium. This 
method involves providing a protein and altering a conforma 
tional state of the protein to expose hydrophobic domains 
therein by contacting the protein with a mixture comprising 
ethanol at a concentration of about 10-50%. A stabilizer is 
bound to the exposed hydrophobic domains. The alteration is 
at least partially reversed to associate at least a portion of the 
protein with the stabilizer. 
0015 These and other aspects of the present invention will 
become apparent upon a review of the following detailed 
description and the claims appended thereto. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0016 FIG. 1A shows the temperature dependent changes 
in the secondary structure of lysozyme in ethanol-water mix 
tures by plotting ellipticity at 220 nm and 268 nm as a func 
tion of temperature. FIG. 1B shows the temperature depen 
dent changes in the tertiary structure of lysozyme in ethanol 
water mixtures by plotting ellipticity at 220 nm and 268 nm as 
a function of temperature. 
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0017 FIG. 2 is a plot of the % change in the ANS complex 
formation as a function of temperature. 
0018 FIG. 3 is a ribbon diagram of the three dimensional 
structure of lysozyme. 
0019 FIG. 4A shows the temperature dependent changes 
in the secondary, secondary-tertiary hybrid or intermediate, 
and tertiary structures of lysozyme at different protein con 
centrations ranging from about 1.40 uM to about 47.5 uM, in 
different ethanol-water mixtures with ethanol percentage 
ratios from about 20% ethanol to about 40% ethanol by plot 
ting ellipticity at wavelengths of 220 nm and 290 nm as a 
function of temperature. FIG. 4B shows the temperature 
dependent changes in the tertiary structure of lysozyme in 
ethanol-water mixtures by plotting ellipticity at wavelengths 
of 220 nm and 290 nm as a function of temperature. 
0020 FIG. 5A shows the secondary structures of 
lysozyme at different protein concentrations ranging from 
1.40 uM to 47.5 uM in water in the presence and in the 
absence of 20% ethanol. FIG.5B shows the tertiary structures 
of lysozyme at different protein concentrations ranging from 
1.40 uM to 47.5 uM in water in the presence and in the 
absence of 20% ethanol. 
0021 FIG. 6A is a graph of the far UV-CD spectra of the 
molar ellipticity of rh AHF in the appropriate buffer acquired 
between 20° C. and 90° C. over a wavelength range of from 
208 nm to 255 nm. FIG. 6B is a graph of the near UV CD 
spectra of the molar ellipticity of rhaFIF in the appropriate 
buffer acquired between 20° C. and 80°C. over a wavelength 
range of from 255 nm to 320 nm. FIG. 6C is a graph of the 
ellipticity of rh AHF at 215 nm and 295 nm as a function of 
temperature. 
0022 FIG. 7 is a graph of the temperature dependent 
changes in fluorescence intensity, measured in arbitrary units 
(“a.u.), of rhAHF. 
0023 FIG. 8 is a graph of the '% change in ANS fluores 
cence as a function of temperature. 
0024 FIG. 9 is a graph of the ellipticity of rhAHF as a 
function of temperature. 
0025 FIG. 10 is a graph of the molar ellipticity of rhAHF 
and rh AHF in liposomes. 
0026 FIG. 11A is a graph showing the controlled heating 
and recooling of rh AHF in the appropriate buffer carried out 
over the temperature range of from 20° C. to 90° C. in the 
absence of liposomes. FIG. 11B is a graph showing the con 
trolled heating and recooling of rh AHF in the appropriate 
buffer carried out over the temperature range of from 20° C. 
to 90° C. in the presence of liposomes. 
0027 FIG. 12 is a schematic representation of the folding 
characteristics of rhaHF and its relation to physical instabil 
ity pathways. 
0028 FIG. 13 is a schematic representation of the rhAHF 
liposome complex based delivery vehicle of the present 
invention. 
0029 FIG. 14 is a graph showing the effect of liposomes 
on the secondary structure of rhAHF. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

0030 The present invention employs the use of a solvent, 
such as ethanol, in a concentration of about 10-50%, to alter 
the conformation of a protein in order to form structures that 
are Suitable for triggered loading (i.e., to engineer a hydro 
phobic interaction between a protein and dispersed system, 
such as liposomes). These structures are distinctly different 
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from conventional intermediate structures such as molten 
globules. Conventional intermediate structures lack tertiary 
structural features, but pose Substantial secondary structural 
features. In contrast, ethanol-mediated structures utilized in 
the present invention have Substantial tertiary and secondary 
structural features. 
0031 One aspect of the present invention relates to a 
method for complexing a protein in a dispersed medium. This 
method involves providing a protein and altering the confor 
mational state of the protein to expose hydrophobic domains 
therein. A stabilizer is bound to the exposed hydrophobic 
domains. The alteration is at least partially reversed to asso 
ciate at least a portion of the protein with the stabilizer. 
0032. Another aspect of the present invention relates to an 
associated protein produced by providing a protein, altering 
the conformational state of the protein to expose hydrophobic 
domains therein, binding a stabilizer to the exposed hydro 
phobic domains, and at least partially reversing the alteration 
to associate at least a portion of the protein with the stabilizer. 
0033. A further aspect of the present invention relates to a 
pharmaceutically effective stabilized protein dosage, in 
which less than about 1% to greater than about 90% of the 
protein is associated with the stabilizer. 
0034. Another aspect of the present invention relates to a 
method for complexing a protein in a dispersed medium. This 
method involves providing a protein and altering a conforma 
tional state of the protein to expose hydrophobic domains 
therein by contacting the protein with a mixture comprising 
ethanol at a concentration of about 10-50%. A stabilizer is 
bound to the exposed hydrophobic domains. The alteration is 
at least partially reversed to associate at least a portion of the 
protein with the stabilizer. 
0035. In general, the present invention relates to a method 
for engineering the complexation of protein with a dispersed 
system and the complexed proteins prepared therefrom. A 
dispersed system is considered any system having a hydro 
phobic interior and a hydrophilic exterior. A stabilizer or 
excipient is added at the desired stage during an alteration in 
the conformational state of a protein. For example, it is added 
to a partially folded protein under controlled protein unfold 
ing conditions. The structures of the partially folded protein 
under the methods of the present invention are distinct from 
conventional intermediate structures such as molten globules. 
Whereas the conventional intermediate structures lack ter 
tiary structural features but have substantial secondary struc 
tures, the structures utilized in the present invention poses 
Substantial secondary and tertiary structures. For example, 
the near and far UV CD of protein in the presence of a 20% 
ethanol at 40°C. (FIG. 5B) show substantial tertiary struc 
tural features. In addition, under these solution conditions, the 
exposure of hydrophobic domains is higher than that of ther 
mal stress alone (FIG. 2). This may be due to the interaction 
of ethanol with protein that promotes the clustering of solvent 
molecules around hydrophobic groups. Such interaction has 
been shown to result in lowering of transition temperature 
(Tm) Remmeleet al., Biopharm. 2000,36-46, which is hereby 
incorporated by reference in its entirety). At higher alcohol 
concentrations, helical structures were formed (Bhakuni, 
Archives of Biochemistry and Biophysics 357:274-284 
(1998), which is hereby incorporated by reference in its 
entirety). Proteins formulated with lower alcohol concentra 
tions are preferable for parental dosage forms in order to 
prevent adsorption of proteins to Surfaces, provide easy han 
dling of the proteins. Moreover, proteins formulated with less 
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than about 50% alcohol concentrations are safer for human 
use and have an increased likelihood of activity because the 
structures are more native-like. 

0036. The interaction of conventional intermediates with 
membranes has been described (Yoshimoto et al., Biotechnol. 
Prog. 15:480–487 (1999); Banuelos et al., Journal of Biologi 
cal Chemistry 270:29910-29915 (1995), which are hereby 
incorporated by reference in their entirety). However, use of 
the off pathway structures of the present invention in medi 
ating encapsulation by exposed hydrophobic domains has not 
been described. 

0037. In accordance with the present invention, the con 
formational state of a protein is altered to expose hydrophobic 
domains. The hydrophobic domains of a protein are exposed 
to enhance the ability of a stabilizer to associate with the 
protein. Association includes encapsulation. Unfolding in the 
presence of alcohol, preferably ethanol, is a preferred method 
for altering conformational states of proteins. Such complex 
ation is engineered to enhance the hydrophobic interaction 
and translocation of a protein in a dispersed system in an 
effort to increase the association efficiency of the protein, 
Such as secondary, tertiary, quaternary conformations, and/or 
intermediation conformational structures thereof. In this 
manner, problems of physical and chemical instability Such 
as denaturation, aggregation, and precipitation can be over 
come by leading to improvements in production, formulation, 
and storage of protein pharmaceuticals. 
0038. In the present invention, protein structural confor 
mational changes, may include native-like secondary struc 
tures (in the presence of ethanol), secondary proteinstructure, 
intermediate or secondary-tertiary hybrid protein structure 
changes, tertiary protein structure changes, and/or quaternary 
protein structure changes, etc. 
0039 Experimentally, the secondary, tertiary, and/or qua 
ternary structures (i.e., which experimentally include inter 
mediate protein structure conformations, such as secondary 
tertiary hybrid protein structures, etc.) of the protein are 
monitored under conformational altering conditions, which 
include unfolding. For example, the exposure of hydrophobic 
domains is confirmed by binding of a specific fluorescence 
probe to the exposed hydrophobic domains. In this manner, 
Such experiments are used to identify specific conformational 
states of a protein with exposed hydrophobic domains. Upon 
exposure of the desired hydrophobic domain, the stabilizer is 
added. 

0040. In general, specific conformational states with 
exposed hydrophobic domains may be generated by Subject 
ing proteins to heat (i.e., temperatures above the temperature 
optimum of a known protein), cold temperature (i.e., below 
the temperature optimum of a known protein), organic and 
inorganic solvents, co-solvent mixtures, and co-solutes under 
varying pH conditions. 
0041. In a preferred embodiment, the methods of the 
present invention are carried under conditions in which the 
temperature of the protein is between 40° C. and 74°C. 
0042. In accordance with the present invention, a method 
ology is presented to engineer a complex between the protein 
and the dispersed system based delivery vehicle, which over 
comes problems typically associated with shorter half-life 
and immune response following prolonged use of a drug by 
improving stability and prolonging the circulation time of the 
drug. In particular, the present invention solves the pharma 
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ceutically related problems stemming from the use of lipo 
Somes as delivery vehicles generally attributed to poor asso 
ciation of proteins. 
0043. According to the methodology of the present inven 
tion, such a protein was subject to conditions which changes 
the conformation of the protein to expose its hydrophobic 
domains and then to associate at least a portion of the protein 
with a stabilizer. The presentformulation strategy exploits the 
conformational changes induced by alcohols, such as ethanol, 
and/or properties of the intermediate structures of a protein. 
The first step is to form “structured intermediate states using 
alteration in the conformational state, such as controlled 
unfolding of the protein. Conditions are controlled carefully, 
enabling the exposure of domains that permit interaction with 
the excipient. 
0044) The present invention is not limited by the choice of 
protein. Any protein would be applicable, which includes, but 
is not limited to, biopolymers composed of natural and 
unnatural amino acids, and multi-domain proteins. 
0045 Also, the present invention is not limited by the 
choice of protein concentration, any protein concentration 
would be applicable. Suitable protein concentrations for use 
in methods of the present invention include concentrations 
from about 14 LM to about 47.5uM. 
0046. In particular, lysozyme was used as an example of a 
protein applicable to the methods of the present invention to 
investigate the use of a solvent for complex formation in a 
dispersed system. 
0047 Lysozyme was chosen as a representative protein for 
the following reasons. Lysozyme is a hydrophilic protein and 
its spontaneous encapsulation in neutral liposomes is limited. 
Significantly, thermal stress of a protein in aqueous systems 
do not generate intermediate structures, but such structures 
are observed in ethanol-water mixtures. 
0048 Lysozyme is a bacteriolytic protein which is under 
investigation as a therapeutic agent for AIDS (Tavio et al., 
Eur: J. Cancer 34:1634-1637 (1998); Lunardi-Iskandar et al., 
Nat. Med. 4:428-434 (1998); Witzke et al., Eur: J. Med. Res. 
2: 155-158 (1997), which are hereby incorporated by refer 
ence in their entirety). It has been shown that the transmission 
of HIV type I from mother to fetus in the first trimester is 
prevented by hcgbeta subunit and lysozyme present inhcgb 
core preparations (Lunardi-Iskandar et al., Nat. Med. 4:428 
434 (1998); Lee-Huang et al., Proc. Natl. Acad. Sci. USA 
96:2678-2681 (1999), which are hereby incorporated by ref. 
erence in their entirety). Recently, Lee-Huang et al. (Proc. 
Natl. Acad. Sci. USA 96:2678-2681 (1999), which is hereby 
incorporated by reference in its entirety) have shown that 
lysozyme obtained from other sources such as human milk 
and chicken egg white also possess activity against HIV-1. 
Detailed structural information is available to investigate 
structure-stability relationships of lysozyme. 
0049. For purposes of the present invention, liposomes are 
defined as microcapsules having a hydrophobic interior and a 
hydrophilic exterior synthesized from lipids. Stabilizers suit 
able for use in the present invention include Such liposomes. 
Other suitable dispersed systems include micelles, deter 
gents, and the like. 
0050. The composition of the liposomes can be modified 
to enhance the association with the native state, thus prevent 
ing denaturation. Liposomes may also interact with interme 
diate states without altering the refolding appreciably, 
thereby exerting a beneficial effect through stabilization of 
the intermediate states or inhibiting progression to conforma 
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tions that lead to other physical instabilities. Such as aggre 
gation. Alternatively, the liposomes may act as chaperones, 
assisting the protein to refold to a state that resembles more 
closely the native structure. Finally, liposomes may guide the 
protein refolding to unique intermediate structures that are 
stabilized and active, yet different from the folding interme 
diates that would exist in the absence of the liposomes. 
0051. The present invention enables the liposome associa 
tion of from less than about 1% to greater than about 90% of 
the lysozyme protein, preferably above about 1%, more pref 
erably above about 3%, more preferably from about 3% to 
about 90%, and most preferably from about 80% to about 
90% of the protein. It is understood that the '% association, 
including encapsulation, is related in part to the size of the 
protein, and the specific '% association for a given protein will 
vary accordingly with different size proteins. 
0052. The present invention is applicable to any method 
Suitable for changing the structural or conformational State of 
the protein to expose its hydrophobic domains, unfolding 
being preferred. While the use of solvents as a perturbant for 
the complex formation has been chosen as an example, the 
present invention is not limited to this method alone. For 
example, the use of solvents in combination with heat will 
typically expedite the changing of the conformational state of 
the protein. 
0053 Changing the conformational state, such as unfold 
ing, of the protein to expose its hydrophobic domains is 
possible by both chemical and/or physical perturbants. 
0054. In general, physical perturbants include, but are not 
limited to, thermal changes and/or pressure changes. For 
example, thermal changes include specific temperature 
ranges. For methods of the present invention, a preferred 
temperature range is from about 25°C. to about 95°C. 
0055 Chemical perturbants include, but are not limited to, 
chemical solvents (i.e., organic or inorganic solvents), co 
Solvent mixtures, co-solutes and the like. Chemical solvents 
include, but are not limited to, organic solvents, such as 
non-water based liquids (e.g., ethanol), inorganic solvents, 
and the like. 
0056 Co-solvents include, but are not limited to, solvent 
and water mixtures in different proportions (e.g., mixtures of 
ethanol and water) and buffer solutions (i.e., such as buffers 
with acidic or basic pH). 
0057. In accordance with the present invention, ethanol 
Solvents used in the present invention, include any commer 
cially available grade, which includes, but is not limited to, 
denatured ethanol, 190 Proof reagent grade ethanol, dena 
tured reagent grade, and/or 200 Proof reagent grade ethanol. 
0.058 Moreover, different ethanol-water mixtures include, 
but are not limited to, ethanol-water solutions, and/or ethanol 
phosphate buffered saline solutions (ethanol-PBS). The etha 
nol content in Such ethanol-water mixtures are present in a 
range from about 3% ethanol to about 80% ethanol, with a 
preferable range from about 20% ethanol to about 80% water, 
more preferably in a range from about 20% ethanol to about 
40% ethanol. 

0059 Buffer solutions suitable for use in the present 
invention include, but are not limited to, phosphate buffer 
solution, saline, Tris-HC1, water, and the like. 
0060 Co-solutes include other chemical components and/ 
or molecules in Solution along with a protein of the present 
invention, which includes, but is not limited to, organic com 
pounds (e.g., urea or conventional detergents) and inorganic 
compounds and/or salts, which correspond to aforemen 
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tioned organic/inorganic compounds (e.g., ions such as Na", 
Guanidine hydrochloride, etc.). Several organic solvents are 
compatible with protein and include, but are not limited to, 
alcohols, such as methanol, ethanol, glycerol, ethylene gly 
col, and the like. 
0061. In accordance with the present invention, it was 
determined that use of different experimental conditions 
based upon the different types of chemical and/or physical 
perturbants significantly affected the different protein confor 
mation states and/or characteristics experimentally observed. 
0062. In particular, it was determined that protein com 
plexation with different chemical perturbants, stabilizers, 
excipients, solutions, etc., Such as those defined above, occurs 
under different experimental conditions, achieved by use of 
chemical or reagent grade solvents (i.e., ethanol or other 
chemical Solutions) as commercially available, and/or differ 
ent buffer solutions at a different pH or within a pH range and 
at different protein concentrations as indicated therein. 
0063 For methods of the present invention, a suitable pH 
may have a specific value from about 6 to about 8. Such as a 
pH of 7.4. Methods of the present invention also may be 
conducted within a suitable pH range from about 6 to about 8. 
0064. Lysozyme was subjected to thermal stress in etha 
nol-water mixtures to generate intermediate structures. In 
water, the melting curve obtained for tertiary and secondary 
structural changes overlap (Tm of 74°C.) (FIGS. 1A and 1B). 
These data indicate that there are no intermediates in water, 
but the thermal stress of lysozyme in ethanol-water generated 
secondary-tertiary hybrid or intermediate structures. Such 
conclusions were drawn based on the melting profiles in 
which the Tm measured by secondary and secondary struc 
tures do not overlap (FIGS. 1A and 1B). 
0065. In order to investigate the effect of ethanol on 
unfolding of the protein, thermal denaturation studies were 
carried out for lysozyme in ethanol-water mixtures. Addition 
of ethanol as low as 5%, decreased the Tm(s) measured by 
secondary structural changes by 2°C. (FIGS. 1A and 4A). 
However, the Tm (t) measured by monitoring the tertiary 
structure decreases as the ethanol concentration was 
increased (FIGS. 1B and 4B). At lower ethanol concentra 
tions, such as from 0% to 10%, the midpoint of the melting 
profile measured by secondary and tertiary structure overlap: 
Tm (s)and Tm (t) were equal but as the ethanol concentration 
was increased, the difference between Tm (s) and Tm (t) 
increased (FIGS. 1A-Band FIGS. 4A-B). For example, in the 
presence of 20% ethanol. Tm (s) was found to be 72.5°C., 
whereas Tm (t) is 68°C. (FIGS. 1A-B and FIGS. 4A-B). 
0066. In addition, in the presence of 20% ethanol at 70°C., 
lysozyme lost all of its tertiary structural characteristics, but 
has substantial residual secondary structural features. At 70° 
C., lysozyme displays the properties of intermediate states 
(FIGS. 4A and 4B, which show data results which explain 
Such results as based upon different experimental conditions, 
i.e., different reagent grades of ethanol, defined pH condi 
tions and different lysozyme material batches). 
0067. In the temperature range of from about 68° C. to 
about 72.5°C., the protein displays the properties of an inter 
mediate state. This intermediate structure exposes the hydro 
phobic domains suitable for complex information. The expo 
sure of hydrophobic domain can also be achieved by the 
addition of ethanol. For example, in the temperature range of 
30° C. and 50° C., ethanol does not alter the conformation of 
the protein as is indicated by the native like CD profiles, but 
promotes the exposure of hydrophobic domains. The 
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observed ethanol induced conformational changes or genera 
tion of intermediate structure, may be due to the interaction of 
the solvent with protein. Timasheff and Inoue (Biochemistry 
7:2501-2513 (1968), which is hereby incorporated by refer 
ence in its entirety) suggested that addition of third compo 
nent to a binary (protein-water system) have important effects 
on the forces that stabilize the native and altered structure of 
the proteins. As a protein unfolds, the non-polar residues 
come into contact with the solvent system. In this process, the 
organic component used as an additive tends to cluster about 
these residues. Thus, in the presence of ethanol exposure of 
few hydrophobic residues may be thermodynamically 
favored. 
0068. The observed off pathway unfolding profile induced 
by ethanol may be due to its interaction with protein 
(Bhakuni, Archives of Biochemistry and Biophysics, 357: 
274-284 (1998), which is hereby incorporated by reference in 
its entirety). The interaction of alcohol with proteins has been 
extensively investigated. Timasheff and Inoue (Biochemistry 
7:2501-2513 (1968), which is hereby incorporated by refer 
ence in its entirety) suggested that addition of third compo 
nent to a binary (protein-water) system have important effects 
on the forces that stabilize the native and altered structure of 
proteins. As a protein unfolds, the non-polar residues come 
into contact with the solvent system. In this process, the 
organic component used as an additive tends to cluster about 
these residues. Thus, in the presence of ethanol, exposure of 
few hydrophobic residues may be thermodynamically 
allowed and these contacts may not be favored in hydrophilic 
environments. 
0069. Further, the solvent based excipients may provide 
easier pharmaceutical processing and handling conditions 
during isolation, shipping, storage and administration of the 
therapeutic proteins. Apart from ethanol, other solvents such 
as glycerol, have been shown to be compatible for the stability 
of lysozyme (Rariy et al., Biotechnol. Bioeng. 62:704-710 
(1999); Rariyet al., Proc. Natl. Acad. Sci. USA 94:13520 
13523 (1997); Knubovets et al., Proc. Natl. Acad. Sci. USA 
96:1262-1267 (1999), which are hereby incorporated by ref. 
erence in their entirety). In addition, other pharmaceutically 
acceptable solvents, such as propylene glycol, may be Suit 
able candidates for the development of protein pharmaceuti 
cals as they are well tolerated for Subcutaneous administra 
tion. This is because most of the proteins are Subcutaneously 
administered. 
0070 Antihemophilic (AHF) protein was also used as 
an example of a protein applicable to the methods of the 
present invention to investigate the use of a solvent for com 
plex formation in a dispersed system. 
0071 Recent advances in biotechnology and protein engi 
neering, together with cloning of the gene coding for AHF 
(Toole et al., Nature 312:342-7 (1984); Wood et al., Nature 
312:330-7 (1984), which are hereby incorporated by refer 
ence in their entirety), have made it feasible to manufacture 
recombinant human AHF (“rhaFHF). The recombinant 
preparation promises to be a source of unlimited Supply, 
together with the freedom from the complications of trans 
mission of blood-borne viruses. However, the commercially 
available protein pharmaceutical has been reported to 
undergo the aforementioned physical instability problems 
with concomitant loss of therapeutic activity, thus requiring a 
new formulation strategy. This requires an understanding of 
its complex structure and dynamic folding features. Structur 
ally, the AHF can be divided into a heavy chain, including 
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domains A1 and A2, and a light chain, including domains A3, 
C1 and C2. The heavy and the light chains are connected in 
space by a third distinct B domain (Fay, Thromb. Haemost. 
70:63-7 (1993); Foster et al., Blood Rev. 3:180-91 (1989), 
which are hereby incorporated by reference in their entirety). 
However, the important features related to the folding behav 
ior of this large multi-domain protein are unknown in the art, 
and may be an integral part of an effective approach towards 
development of a stable formulation. 
0072 Recombinant human factor VIII (AHF) is a multi 
domain protein used in the treatment of patients with classical 
Hemophilia A. Because of its complex structure and folding 
characteristics, the present clinical formulation has several 
disadvantages: (1) formulations show physical instability, 
denaturation of the protein promoting aggregation that is 
associated with the concomitant loss of activity (2) formula 
tions have a short half life in circulation, requiring frequent 
administration of the drug and (3) formulations illicit immune 
response requiring higher doses of frequent administration. 
This translates into not only higher cost but also patient dis 
comfort. 
0073. In order to overcome the above-noted problems, the 
present invention provides a method wherein the Antihemo 
philic protein is associated with the dispersion system, Such 
as liposomes, through complex association, including encap 
Sulation by the liposomes. 
0074 Thus, another aspect of the present invention relates 
to a method for associating AHF protein in a dispersed 
medium. This method involves providing an AHF protein and 
altering the conformational state of the AHF protein to expose 
hydrophobic domains therein. A stabilizer is bound to the 
exposed hydrophobic domains. The alteration is at least par 
tially reversed to associate at least a portion of the protein with 
the stabilizer. 
0075 A further aspect of the present invention relates to a 
pharmaceutically effective stabilized AHF dosage, wherein 
above about 0.5%, preferably above about 3%, and more 
preferably above about 25% of the AHF is associated with a 
stabilizer. 

0076 Since AHF is a multidomain protein several inter 
mediates are possible and the association of a specific inter 
mediate may be advantageous over another. This is most 
likely due to the association of a specific region of the protein 
which may influence several aspects, such as protein refold 
ing, and provide less immune response due to the association 
of the C2 domain. The use of a combination of perturbants, 
Solvent and heat, to enhance the effect and achieve exposure 
at lower temperatures is also provided by the present inven 
tion, as is stabilization of the AHF complex with hydrophobic 
domain interaction. 

0077. Since the process of denaturation is related to an 
alteration in the conformational State of the protein antihe 
mophilic factor (AHF/factor VIII), used in the treatment of 
Hemophilia A, such as unfolding at the molecular level, the 
conformational changes as the protein unfolds were analyzed 
and novel methods at key steps in the process were applied. In 
accordance with the present invention, biophysical studies 
were carried out to understand the conformational changes, 
e.g., folding/unfolding properties of rh AHF in detail, with 
specific experimental approaches to investigate the existence 
of intermediate structures and their role in aggregation. 
0078. The interest in using liposomes as an AHF formu 
lation excipient is three-fold. (1) Liposomes have previously 
been shown to stabilize protein againstaggregation and act as 
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molecular chaperones, altering the protein-folding pathway 
(Yoshimoto et al., Biotechnol. Prog. 15:480-7 (1999); Bala 
subramanian et al., Pharm. Res. 17:344-50 (2000), which are 
hereby incorporated by reference in their entirety). (2) Sur 
face modified liposomes have been shown to alter the circu 
lation time of protein therapeutics, making them attractive 
delivery vehicles for biotechnology—derived products 
(Kanaoka et al., Int. J. Pharm. 188: 165-72 (1999); Woodle, 
Chem Phys Lipids 64:249-62 (1993), which are hereby incor 
porated by reference in their entirety). It has been docu 
mented that the AHF binds strongly to PS containing phos 
pholipids (Gilbert et al., J. Biol. Chem. 267:15861-8 (1992); 
Gilbert et al., Biochemistry 32:9577-9585 (1993), which are 
hereby incorporated by reference in their entirety) in vivo. In 
the present invention, the interaction of the protein with PS 
containing liposomes was examined to develop alterations in 
the protein-folding pathway and Such alterations were 
exploited in the development of the delivery vehicle of the 
present invention. (3) Liposomes were used to shield the 
epitope regions, such as C2, to reduce immune response and 
antigenicity by lipid binding. 
0079. In accordance with the present invention, liposomes 
were used as an excipient to stabilize the AHF protein against 
the physical instability. Circular Dichroism (“CD) and fluo 
rescence spectroscopy was used to study the temperature 
dependent folding/unfolding characteristics of the protein in 
the presence and absence of liposomes. ANS (1.8 anilini 
naphthalene Sulfonate), a fluorescent probe that partitions 
into hydrophobic domains, was used to detect exposure of the 
AHF hydrophobic domains. The unfolding of the protein was 
associated with the exposure of hydrophobic domains as 
observed by ANS fluorescence. In the presence of 10% etha 
nol, exposure of hydrophobic domains was possible with 
structures closer to native state. Through equilibrium refold 
ing studies it was found that the thermally denatured protein 
in the presence of liposomes follows a different folding path 
way and may be due to the interaction of the liposomes with 
the AHF protein, possibly resulting in the formulation of a 
complex. The ramification of the present observation is that, 
this protein-liposome complex can be exploited as a delivery 
vehicle, not only to improve stability of factor VIII but also to 
prolong its circulation time in vivo. 
0080. In this invention, a liposome-containing AHF for 
mulation has been developed to provide stability, improve the 
circulation time of the protein, and reduce immune responses, 
thus overcoming the problems associated with present clini 
cal formulations. 
0081. Thus, an important aspect of this invention is the 
lipid-AHF protein complex based delivery vehicle. Option 
ally, this lipid-protein association can be coated with mol 
ecules such as Poly Ethylene Glycol (PEG) to provide stealth 
properties to the delivery vehicle. 
0082. The present invention enables the encapsulation of 
above about 3% of the protein, preferably above about 25% (t 
about 3%) of the AHF protein. The present invention enables 
the association of above about 0.5%, preferably above about 
3%, more preferably above about 25%, and most preferably 
above about 75% of the AHF protein with a stabilizer. 

Examples 

0083. The invention will be illustrated in greater detail by 
the following specific examples. It is understood that these 
examples are given by way of illustration and are not meant to 
limit the disclosure or the claims to follow. 
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I0084. The following include experimental procedures 
used in the examples of the present invention. 

Example 1 
Experimental Materials 

I0085 Hen egg-white lysozyme was purchased from 
Sigma (St. Louis, Mo.) as a crystallized dialyzed and lyo 
philized powder (Batch No. 57M7045). Spectroscopy grade 
solvents were purchased from Pharmaco, Inc. (Brookfield, 
Conn.), and used without further purification. ANS 
(1-anilino-8-naphthalene sulfonate), a probe of hydrophobic 
domains (Purohit et al., Biochemistry 36:12355-123633 
(1998); Balasubramanian et al., Molec. Pharmacol. 53:926 
932 (1998); Alojet al., Arch. Biochem. Biophys. 155:478-479 
(1973), which are hereby incorporated by reference in their 
entirety), was purchased from Molecular Probes, Inc. (Eu 
gene, Oreg.). The ethanol-water mixtures of the following 
examples were prepared by mixing appropriate Volumes of 
ethanol and water as described in US Pharmacopia. 

Example 2 
Liposomal Preparation and Protein Encapsulation 

I0086) 10 umol/ml of DMPC (dimyristoyl phosphatidyl 
choline) was dissolved in chloroform and the solvent was 
evaporated using a rotary evaporator to form a thin film in a 
round bottomed flask. MLVs (“multi-lamellar vesicles') 
encapsulating the protein were formed by dispersing the lipid 
film in 20% ethanol-water mixture containing 2 mg/ml of 
lysozyme with gentle swirling at 30° C., 40°C., and 70° C. 
The solvent was removed using nitrogen and replaced by 
distilled water. This procedure was used to encapsulate the 
protein in its native-like structure or intermediate structure; 
but for the encapsulation of native states, the lipid film and the 
protein was dispersed in water at 30° C. 
I0087 Protein encapsulation was performed in accordance 
with the above procedure using the following Solutions: 
I0088 Solution A 200 ul ethanol in 800 ul 
water-approximately 20% ethanol 
I0089. Solution B 300 ul ethanol in 700 ul 
water-approximately 30% ethanol 
(0090 Solution C 500 ul ethanol in 500 ul water 
=approximately 50% ethanol 
(0091 Solution D–600 ul ethanol in 400 ul 
water-approximately 60% ethanol 
0092 Solution E 700 ul ethanol in 300 ul 
water-approximately 70% ethanol 

Example 3 

Circular Dichroism Experiments 

(0093 CD spectra were acquired on a JASCO J715 spec 
tropolarimeter calibrated with d10 camphor sulfonic acid. 
Temperature scans were acquired using a Peltier 300 RTS unit 
and the melting profiles were generated using software pro 
vided by the manufacturer. The spectra were acquired at 
heating rates of 60° C./hr and 120° C./hr: the data presented 
here are for 60° C./hr. For all the samples, a 10 mm cuvette 
was used to acquire the data. Samples were scanned in the 
range of from 260 nm to 200 nm for secondary structural 
analysis, and the protein concentration used was 20 g/ml. For 
near UV CD studies, the spectra were acquired in the range of 
from 360 nm to 270 nm, and the protein concentration used 
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was 0.66 mg/ml. CD spectra of the protein were corrected by 
Subtracting the spectrum of the solvent alone, and multiple 
scans were acquired and averaged to improve signal quality. 
0094. The refolding experiments were performed by dilu 
tion of the 70% or 30% (v/v) ethanol-water sample 10-fold 
with water to give 7% or 3% solvent respectively. The spectra 
were normalized for the effect of dilution by increasing the 
path length accordingly. For example, for 70% ethanol-water 
solution, the path length used was lmm and for 7% solution 
the path length of the cuvette was increased to 10 mm to 
account for the dilution. In addition, the contribution of the 
dilution effects were analyzed as follows: (1) the mean resi 
due ellipticity was computed to normalize for the concentra 
tion of the protein and the path length of the quartz cuvette 
used; (2) the shape of the spectra also was analyzed as the 
shape does not vary with dilution. 

Example 4 

Fluorescence Studies 

0095 Fluorescence spectra were acquired on an SLM 
8000C spectrofluorometer (Urbana, Ill.). Emission spectra 
were acquired over the range of from 400 nm to 550 nm, using 
a slit width of 4 nm on the excitation and emission paths. The 
excitation monochromator was set at 380 nm and the emis 
sion was monitored at 482 nm. Correction for the inner filter 
effect was performed by appropriate procedures (Lakowicz, 
Principles of Fluorescence Spectroscopy, Plenum Press, New 
York, (1986), which is hereby incorporated by reference in its 
entirety). Samples were maintained at the desired tempera 
ture using a water bath (Neslab RTE 110, NESLAB Instru 
ments. Inc., Newington, NH). Spectra were corrected through 
the use of an internal reference and further processed using 
software provided by the manufacturer. 

Example 5 

Equilibrium Folding Analysis 

0096. A two-state unfolding model was applied to analyze 
the equilibrium unfolding data. Each unfolding curve was 
normalized to the apparent fraction of the unfolded form 
(F), using the relationship: 

Fae (obs ,a)/(u? ,a) 

where Y is the ellipticity (at 220 nm or 290 nm) at a given 
temperature, and Y, and Y are the spectral values for 
unfolded and native structures, respectively.Y., and Y, are 
obtained by performing a linear regression analysis of the 
spectrum plateau region at high and low temperatures, 
respectively. 

Example 6 

ANS Binding Studies 

0097. ANS (1-anilino-8-naphthalene sulfonate) was dis 
Solved at 1 mg/ml containing 2% ethanol, and a small volume 
was added to a solution of 10M of lysozyme in water, to give 
a final probe concentration of 0.3M. The initial fluorescence 
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intensity of the probe was normalized to account for the 
general solvent effects of ethanol on fluorescence measure 
mentS. 

Example 7 
Biological Activity Assay 

0098. The activity of lysozyme was determined by mea 
suring the catalytic activity of the protein as described earlier 
(Rariyet al., Biotechnol. Bioeng 62:704-710 (1986); Rariyet 
al., Proc. Natl. Acad. Sci. USA 94:13520-13523 (1997), 
which are hereby incorporated by reference in their entirety). 
The refolded protein was diluted 20 times into an assay mix 
ture containing a prefiltered cell Suspension of 0.16 mg/ml of 
M. lysodeikticus and the change in absorbance at 450 nm was 
monitored for the bacteriolytic activity of the protein. Control 
experiments were performed for ethanol concentrations of 
from 0% to 100% and the resultant data indicated that the 
presence of ethanol did not contribute to the activity measure 
ment. 

Example 8 
Separation of Free Protein from Liposome Bound 

Protein 

0099. The liposome bound protein was separated from 
free protein by dextran centrifugation gradient. 0.5m1 of the 
liposome bound protein was mixed with 1 ml of 20% w/v of 
dextran and 3m1 of 10% w/v of dextran was layered over the 
above solution. Then 0.5m1 of water layered on the top of the 
above solution. The gradient was centrifuged for 35 min at 
45K RPM using Beckman SW50.1 rotor. 

Example 9 
Molecular Topology of Liposomal Protein 

0100. The surface of the protein exposed to bulk aqueous 
compartment was investigated using acrylamide quenching 
and trypsin digestion. The fluorescence quenching by acry 
lamide is carried out to determine the accessibility of the 
protein Surface to collisional quencher and would provide 
information on the location of the protein in liposomes. 

Example 10 
Thermal Denaturation Studies 

0101 Thermal stress is very often used as a denaturant to 
unfold protein (Morozova et al., Biophys. Chem., 41:185-191 
(1991), which is hereby incorporated by reference in its 
entirety) and to investigate the formation of intermediate 
structure(s). As unfolding of lysozyme in water follows a 
two-state model without the formation of intermediate(s) 
(Ikeguchi et al., Biochemistry 25:6965-6972 (1986), which is 
hereby incorporated by reference in its entirety), ethanol was 
used in combination with thermal stress to generate interme 
diate structure(s). 

Example 11 
Secondary Structure and Unfolding 

0102 Far-UV CD spectra were acquired for lysozyme at 
different temperatures in various ethanol-water mixtures and 
a melting curve was generated using ellipticity values at 220 
nm (FIG. 1A). In water, lysozyme undergoes thermal unfold 
ing with a Tm of 74°C. The addition of ethanol (5% to 60% 
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v/v) resulted in the reduction of the Tm to 72.5° C. The 
Superposition test was applied for the melting curves obtained 
for lysozyme in the presence and in the absence of ethanol, to 
determine the effect of ethanol on unfolding cooperativity 
(Luo et al., Proc. Natl. Acad. Sci. USA 96:11283-11287 
(1999), which is hereby incorporated by reference in its 
entirety). In water, the unfolding transition curve was broader 
compared to that observed in ethanol-water mixtures, Sug 
gesting a weaker cooperative transition for lysozyme in water. 
At 40° C., in the presence of ethanol, the protein retained 
several of its native-like secondary structure features. 

Example 12 

Tertiary Structure and Unfolding 

0103) The melting of lysozyme in various ethanol-water 
mixtures was studied by near-UV CD spectra and a melting 
curve was generated by plotting ellipticity values at 290 nm as 
a function oftemperature (FIG. 1B). The Tm decreased as the 
ethanol concentration was increased. In water, the melting 
curve obtained for tertiary structural change overlaps with 
that observed for secondary structure, with a Tm around 74° 
C. This observation is consistent with previously reported 
results (Knubovets et al., Proc. Natl Acad. Sci. USA, 96:1262 
1267 (1999), which is hereby incorporated by reference in its 
entirety) suggesting that intermediate(s) are not formed dur 
ing unfolding of lysozyme in water. Further, unlike secondary 
structural changes, the unfolding of tertiary structure in water 
was more cooperative, similar to that observed in ethanol 
water mixtures. However, it is interesting to note that the 
folding characteristics of secondary and tertiary structures 
measured for lysozyme in ethanol-water mixtures did not 
overlap (FIGS. 1A and 1B). For instance, at lower ethanol 
concentrations (20% v/v), the midpoint of transition for the 
near UV CD spectrum occurred around 68.75° C. while in 
contrast, the transition detected by far UV CD was higher, 
approximately 72.5°C. In the temperature range between 
68.75° C. and 72.5°C., the protein existed in a conformation 
where it lost its tertiary structure but has intact secondary 
structure. This molecular property is a characteristic of inter 
mediate state. However, at 40° C., the conformation of the 
protein is highly comparable to that of the native state. The 
cooling curve acquired for the secondary and tertiary struc 
tural changes were reversible. Similarly, the near UV CD 
spectra of the unfolding of the lysozyme at higher ethanol 
concentrations (60% v/v) showed that the protein melted 
around 60° C., whereas the Tm determined by far UV CD 
spectra was 72.5°C. Thus, the midpoint of the melting curve 
for secondary and tertiary structure did not overlap, indicat 
ing the existence of intermediate structure(s). 

Example 13 

Effects of Thermal Denaturation on the Exposure of 
Hydrophobic Domains 

0104. Unfolding of the protein often results in the expo 
sure of hydrophobic domains and the binding of fluorescence 
probes such as 1.8 anilinonaphthalene sulfonate (ANS) have 
been used effectively to investigate the surface properties of 
the unfolding proteins (Aloi et al., Arch. Biochem. Biophys. 
155:478-479 (1973); Balasubramanian et al., Mol. Pharma 
col. 53 :926-932 (1998); Purohit et al., Biochemistry, 36: 
12355-12363 (1998), which are hereby incorporated by ref 
erence in their entirety). The fluorescence intensity of the 
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lysozyme-ANS complex was monitored in ethanol water 
mixtures as a function of temperature (FIG. 2). In water, the 
fluorescence intensity was unchanged in the temperature 
range of 25°C. to 50° C. while an increase in intensity was 
observed in the same temperature range for the lysozyme 
ANS complex in 10% and 20% V/v ethanol-water mixtures. 
The data Suggests that the exposure of hydrophobic domains 
occurs at lower temperatures in ethanol-water mixtures com 
pared to that observed in water, possibly due to clustering of 
Solvent molecules around the hydrophobic amino acids. In 
this temperature range, the conformation of the protein is 
comparable to the native state and does not indicate the for 
mation of intermediate states. In order to account for the 
contribution of solvent enhanced fluorescence and weak 
binding of the probe to the native state, the initial fluorescence 
intensity of the probe was normalized and the temperature 
dependent effects were calculated as % change rather than 
absolute fluorescence intensity. 

Example 14 

Interaction of Ethanol-Induced Conformational 
States with Liposomes 

0105. When the protein is subjected to thermal stress in 
ethanol-water mixtures, the unfolding of the protein gener 
ates intermediate structures with exposed hydrophobic 
domains. This molecular characteristic is suitable for the 
liposomal encapsulation. In order to test this hypothesis we 
carried out the encapsulation of the protein in the presence of 
20% ethanol-water mixtures at 40° C. at which the protein 
exists in a conformation where it exposes hydrophobic 
domains but does not have any properties of the conventional 
intermediate structures, whereas at 70° C., the protein dis 
plays the properties of an intermediate state. The solvent was 
removed by a nitrogen stream or by dialysis. It is appropriate 
to mention here that solvent removal resulted in the refolding 
of the protein as inferred from the equilibrium refolding 
experiments. Several control experiments including the 
encapsulation of the native state, i.e., protein in water (in the 
absence of ethanol) at 40°C., was also carried out (Table 1). 
Additional experiments, including the encapsulation of the 
protein in water (in the presence and in the absence of etha 
nol) at 70° C., were also carried out (Table 1). The free protein 
is separated from liposome bound protein by dextran cen 
trifugation gradient and the '% encapsulation of the protein 
was estimated by BCA protein quantitation, UV absorbance 
and fluorescence assay. It is clear from the data that the 
intermediate structure mediated encapsulation into the lipo 
Somes yielded higher encapsulation efficiency compared to 
the native state of the protein. 

TABLE 1 

% Protein Associated, 
Sample (n = 12) + SE (mean) 

Native state, pH 7.4, 30° C. and 40° C. 
Conformational state with exposed 
hydrophobic domain with high 
tertiary structure 
(pH 7.4, 10-20% ethanol, 40° C.) 
Conventional Intermediate (at 70° C., 
20% ethanol) and Unfolded State 
(70° C. in the absence of ethanol) 

37+ 8.85% (at 40° C., n = 10) 
59 + 18.33% (n = 12) 

47 - 15.94% and 439.61% 
(n = 12) 
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Example 15 
Additional Molecular Topology Studies of Liposo 

mal Protein 

0106. This example further exemplifies additional 
molecular topology studies of liposomal protein studies, con 
ducted via use of materials prepared by and/or by experimen 
tal procedures described in Example 8 and other examples 
above. As in Example 8, the present example describes use of 
circular dichroism (cd) experiments to investigate secondary 
and tertiary protein structural changes. 

Example 16 
Circular Dichroism (CD) Experiments 

0107. In each of the following experimental sections, CD 
spectra were acquired on a JASCO J715 spectropolarimeter 
calibrated with do-camphor Sulfonic acid. Temperature 
scans were acquired using a Peltier 300 RTS unit and the 
unfolding profiles generated using software provided by the 
manufacturer. 
0108. The temperature dependent changes in secondary 
and tertiary (FIGS. 4A and 4B) structure of lysozyme in 
ethanol-water mixtures, are compared by plotting ellipticity 
at 220 nm and 290 nm as a function of temperature. The 
melting profiles were collected over the temperature range of 
from 25° C. to 95°C. with a heating rate of 60° C./hr at every 
0.5°C. intervals. Each data point is an average of three experi 
ments. F, the fraction of protein in the unfolded state, is 
calculated as described above in the experimental procedures. 
0109 For secondary structure, the path length of the 
cuvette used was 10mm, and the concentration of protein was 
20 uM/ml. For tertiary structural measurements, the path 
length of the cuvette used was 10 mm, and the concentration 
of protein was 0.66 mg/ml. 20 uM/ml. For tertiary structures 
used in these experiments, a 10 mm quartz cuvette was used 
to acquire the data. Samples were scanned over the range of 
360-270 nm and the protein concentration was typically ~660 
uM/ml. Presence of ethanol resulted in the formation of inter 
mediate structures in the unfolding pathway of the protein, in 
contrast, an aqueous environment did not promote any Such 
intermediate structures. For example, in 20% (v/v) ethanol 
PBS mixture (pH=7.4), the Tm for the secondary and tertiary 
structures were 61.75° C. and 58° C. In phosphate buffer 
(pH=7.0) the Tm were -73 °C. and 72.25° C. respectively. 

Example 17 

Secondary and Tertiary Structural Changes (FIGS. 
4A and 4B) Secondary Structure and Unfolding 

0110 Far-UV CD spectra were acquired for lysozyme at 
different temperatures in the indicated ethanol-water or etha 
nol-buffer mixtures (pH-7.0 or 7.4) and unfolding curves 
were generated using ellipticity values at 220 nm (FIG. 4(a)). 
The spectra were acquired at a heating rate of 60°C./hr. For 
all samples, a 10 mm quartz cuvette was used to acquire the 
data. Samples were scanned over the range of 260-200 nm 
and the protein concentration was typically ~20 uM/ml. 

Example 18 

Tertiary Structure and Unfolding 

0111. Near-UV CD spectra were acquired for lysozyme at 
different temperatures in the indicated ethanol-water or etha 
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nol-buffer mixtures (pH-7.0 or 7.4) and unfolding curves 
were generated using ellipticity values at 290 nm (FIG. 4(b)). 
The spectra were acquired at a heating rate of 60° C./hr. 
0112 For all samples used in these experiments, a 10 mm 
quartz cuvette was used to acquire the data. Samples were 
scanned over the range of 360-270 nm and the protein con 
centration was typically ~660 uM/ml. Presence of ethanol 
resulted in the formation of intermediate structures in the 
unfolding pathway of the protein, in contrast, an aqueous 
environment did not promote any Such intermediate struc 
tures. 

0113 For example, in 20% (v/v) ethanol-PBS mixture 
(pH-7.4), the Tm for the secondary and tertiary structures 
were 61.75° C. and 58°C. In phosphate buffer (pH-7.0) the 
Tm were -73°C. and 72.25° C. respectively. The aforemen 
tioned differences in Tm between the secondary and tertiary 
structures clearly indicate the presence of intermediate struc 
tures. 

0114 Significantly, the grade of ethanol (i.e., reagent, Sol 
vent, absolute, commercial grade, etc.) appears to influence 
the experimental conditions under which Such intermediate 
structures are generated. Hence, specific temperature or tem 
perature ranges in combination with solvents, such as ethanol 
are useful to promote protein conformational structures, 
which include secondary, intermediate and/or tertiary protein 
structures, with exposed hydrophobic domains. Such inter 
mediate structures are useful to engineer a hydrophobic inter 
action with liposomes to increase encapsulation efficiency. 
0115. In light of above (i.e., with regard to secondary 
structure and unfolding), the melting profile and transition 
temperature (Tm) measured by both secondary and tertiary 
structural changes in proteins, such as lysozymes, studied in 
the present invention, were sensitive to different and/or 
changes in experimental conditions. Such experimental con 
ditions include changes in pH, components, buffer Solutions, 
solvent grades and protein concentrations (FIGS. 4A and 4B). 
In particular, it was also observed that the Tm changed from 
one lysozyme batch to another based upon Such changes in 
experimental conditions (i.e., three different lysozyme 
batches were tested under different experimental conditions). 
0116. In particular, these experiments determined that use 
of different experimental conditions based upon the different 
types of chemical and/or physical perturbants significantly 
affected the different protein conformation states and/or char 
acteristics experimentally observed. In particular, it was 
determined that protein complexation with different chemical 
perturbants, stabilizers, excipients, Solutions, etc. occurs 
under different experimental conditions, achieved by use of 
different buffer solutions at a different pH or within a pH 
range, use of chemical or reagent grade solvents (i.e., of 
ethanol or other chemical solutions) as commercially avail 
able and at different protein concentrations as indicated 
therein. 
0117. In all cases, secondary structural changes in tested 
proteins, such as lysozymes, as a function of thermal stress in 
ethanol-water mixtures were found to retain substantial 
residual secondary structural characteristics, found to be less 
cooperative compared to the tertiary structural changes, lead 
ing instead to the generation of intermediate structures char 
acterized as a hybrid structure having secondary and tertiary 
structural characteristics. For example, at 70° C., a tested 
protein lost all of its tertiary structural characteristic change, 
whereas secondary protein or Substantially residual second 
ary protein structure(s), characteristics, or features were 
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observed. At 40°C., the tested protein retained both second 
ary and tertiary structural features. 
0118. As previously indicated, such a protein may be sta 
bilized in its different corresponding protein structural or 
conformational Stated under appropriate reaction conditions. 
For example, a stabilized secondary or Substantially second 
ary protein structure(s) form with exposed hydrophobic 
domains may beformed by contact with a 20% ethanol-water 
mixture or 20% ethanol-phosphate buffered saline solution at 
pH range from about 7.0 to about 7.4 at temperature range 
from about 70° C. to about 74°C., binding a stabilizer to the 
exposed hydrophobic domains, which may include at least 
partially reversing the alteration to associate at least a portion 
of the protein with the stabilizer. Further such a protein may 
be stabilized in its secondary-tertiary hybrid intermediate 
protein structure(s) with exposed hydrophobic domains by 
contacting with a 20% ethanol-water mixture or 20% ethanol 
phosphate buffered saline solution at pH range from about 7.0 
to about 7.4 at temperature range from about 58° C. to about 
62° C., binding a stabilizer to the exposed hydrophobic 
domains, which may include at least partially reversing the 
alteration to associate at least a portion of the protein with the 
stabilizer. 

0119 Ethanol mediated stabilization of helical hydropho 
bic core structure, which include the A, B, and D helices may 
be responsible for the observation of residual secondary 
structure (FIG. 3). Overall, at 70° C., lysozyme exists in 
intermediate structure and displays properties of that inter 
mediate structure state in 20% ethanol-water mixtures. 

Example 19 

Temperature Dependence of Secondary and Tertiary 
Structure of Lysozyme in Various Ethanol-Water 

Mixtures 

0120. The temperature dependent changes in secondary 
(FIG. 1A) and tertiary (FIG. 1B) structure of lysozyme in 
ethanol-water mixtures, are compared by plotting ellipticity 
at 220 nm and 268 nm as a function of temperature. The 
melting profiles were collected over the temperature range of 
from 25° C. to 95°C. with a heating rate of 60° C./hr at every 
0.5°C. intervals. Each data point is an average of three experi 
ments. F, the fraction of protein in the unfolded state, is 
calculated as described above in the experimental procedures. 
For secondary structure, the path length of the cuvette used 
was 10 mm, and the concentration of protein was 20 uM/ml. 
For tertiary structural measurements, the path length of the 
cuvette used was 10mm, and the concentration of protein was 
0.66 mg/ml. 

Example 20 

Exposure of Hydrophobic Domains of Lysozyme in 
Ethanol-Water Mixtures Probed by ANS Complex 

Formation 

0121 ANS was dissolved at high concentration in water 
and small volume was added to a solution of 10 uM of 
lysozyme, to a final probe concentration of 0.3 uM. The 
samples were excited at 380 nm and the emission was moni 
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tored at 482 nm. Results are shown in FIG. 2. Each data point 
is an average of three experiments. 

Example 21 

Ribbon Diagram Of The Three Dimensional Struc 
ture Of Lysozyme 

0.122 The hydrophobic core comprising four major heli 
ces are marked as A (5-15), B (25-36), C (88-101), and D 
(109-115), in FIG. 3. 

Example 22 
Secondary and Tertiary Structural Changes 

I0123. The temperature dependent changes in secondary 
and tertiary (FIGS. 4A and 4B) structure of lysozyme in 
ethanol-water mixtures, are compared by plotting ellipticity 
at 220 nm and 290 nm as a function of temperature. The 
melting profiles were collected over the temperature range of 
from 25° C. to 95°C. with a heating rate of 60° C./hr at every 
0.5°C. intervals. Each data point is an average of three experi 
ments. F, the fraction of protein in the unfolded state, is 
calculated as described above in the experimental procedures. 

Example 23 
Experimental Materials 

0.124 rhAHF protein was provided by Baxter Health Care 
(Deerfield, Ill.), and was used without further purification. 
ANS (1-anilino-8 naphthalene sulfonate), a hydrophobic 
probe (Aloi et al., Arch. Biochem. Biophysics 155:478-479 
(1973); Purohit et al., Biochemistry 36:12355-63 (1997); 
Balasubramanian et al., Mol Pharmacol 53:926-32 (1998), 
which are hereby incorporated by reference in their entirety) 
was purchased from Molecular Probes, Inc. (Eugene, Oreg.). 
Lipids were obtained from Avanti polar lipids (Alabaster, 
Ala.), and used without purification. 

Example 24 
Preparation of Liposomes 

0.125. In the procedure according to the conventional 
method: 0.30 mg/ml DMPC, 0.15 mg/mlbPS and 0.04 mg/ml 
DSPE-PEG dissolved in chloroform were taken in a round 
bottomed flask and the solvent was removed using a rotary 
evaporator, depositing the lipid as a thin film along the walls 
of the flask. Multilamellar vesicles (MLV) encapsulating the 
protein were formed by dispersing the lipid film in the appro 
priate buffer (0.4 M NaCl and 50 Mm Tris) containing 0.5 
mg/ml of the protein, with gentle Swirling at room tempera 
ture. 
I0126. In the procedure according to the present method: 
0.30 mg/ml DMPC, 0.15 mg/mlbPS and 0.04 mg/ml DSPE 
PEG dissolved in chloroform were taken in around-bottomed 
flask and the solvent was removed using a rotary evaporator, 
depositing the lipid as a thin film along the walls of the flask. 
Multilamellar vesicles (MLV) encapsulating the protein were 
formed by dispersing the lipid film in the appropriate buffer 
(0.4 MNaCl and 50 Mm Tris and ~10% v/v ethanol) contain 
ing 0.5 mg/ml of the protein, with gentle Swirling at room 
temperature or at 37°C. The protein stock solution was pre 
pared by adding 50 ml of 95% ethanol to 450 ml of the protein 
solution in the specified buffer. Ethanol was then removed 
using a liquid nitrogen flow at room temperature or at about 
37°C. A graph of data generated from this example showing 
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the effect of liposomes on the secondary structure of rh AHF: 
Far-UV CD spectra of rhaHF were acquired in the presence 
and absence of PEGylated liposomes composed of DMPC 
(dimyrsitolphosphatidyl choline), bPS (brain phosphati 
dylserine) and DSPE-PEG (distearoyl phosphatidyl ethano 
lamine-Polyethylene Glycol-2000) is shown in FIG. 14. 
0127. In the present invention, several preparation proce 
dures were attempted to achieve the goals. 0.3 mg/ml DMPC, 
0.15 mg/ml bPS, cholesterol dissolved in chloroform were 
taken in a round bottomed flaskand the solvent was removed 
using a rotary evaporator, depositing the lipid as a thin film 
along the walls of the flask. The MLV s thus formed were 
filtered through a polycarbonate filter (0.22 LM) to form 
SUVs below 200 nm. The liposomes encapsulating the pro 
tein were formed by mixing the liposomes in protein contain 
ing buffer and ethanol followed by gentle swirling at 37°C. or 
at higher temperatures to generate intermediate structures. 
The average diameter of the particles was 160 nm. The PEGy 
lation of these particles was performed by adding DSPE 
PEG. 

Example 25 
Circular Dichroism Experiments 

0128 CD spectra were acquired on a JASCO-715 spec 
tropolarimeter calibrated with d10 camphor sulfonic acid. 
Samples were scanned in the range of from 205 nm to 255 nm. 
for secondary structure analysis, and typically, the protein 
concentration used was about from 20 uml to 22 uM/ml. For 
near-UV CD studies, spectra were acquired in the range of 
from 320 nm to 255 nm, using a 10 mm quartz cuvette, and the 
protein concentration used was about 0.5 mg/ml. CD spectra 
of the protein were corrected by subtracting the spectrum of 
the buffer baseline and multiple scans were acquired and 
averaged to improve signal quality. The CD spectra of 
samples containing liposomes may be distorted as a result of 
light scattering. The contribution due to light scattering was 
corrected as follows: (1) the ellipticy values at from 350 nm to 
400 nm were monitored and used as a baseline that was 
Subtracted from the scans; (2) multiple scans were acquired 
and averaged to improve the signal quality. The spectra thus 
obtained were invariant with the path length of the cuvette, 
dilution of the sample or position of the sample along the light 
path, indicating that the effect of scattering on the spectra was 
minimal. 

Example 26 
Fluorescence Studies 

0129. Fluorescence spectra were acquired on a SLM 
8000C spectrofluorometer (Urbana, Ill.). The intensity of the 
emission spectra was monitored over the range of from 300 
nm to 400 nm, using a slit width of 4 nm on the excitation and 
emission paths. The excitation monochromator was set at 280 
nm and a 295 nm long pass filter was used to minimize 
scattering effects. The melting of the protein was followed by 
monitoring the decrease in the intensity of the emission at 330 
nm over the temperature range of from 25° C. to 90° C. 
Samples were equilibrated at the desired temperature for 
approximately 3 to 4 minutes using a water bath (Neslab RTE 
110). 

Example 27 
Equilibrium Folding Analysis 

0130. A two-state unfolding model was used to analyze 
the equilibrium unfolding data. To compare the transitions 
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detected by several methods, each unfolding curve was nor 
malized to the apparent fraction of the unfolded form (F 
using the relationship: 

where Y is the molar ellipiticity (at 215 nm or 295 nm) at a 
given temperature, and Y, and Y are the spectral values 

app). 

Pacif 

for unfolded and native structures, respectively.Y., and Y, 
are obtained by taking the average of the spectrum plateau 
region at high and low temperatures, respectively. 

Example 28 
ANS Binding Studies 

I0131 ANS (1-anilino-8-napthalene sulfonate) was dis 
Solved in high concentration in the appropriate buffer and a 
small volume was added to a solution of 10 nM/ml rhARF, to 
give a final probe concentration of 50 nM/ml. The excitation 
wavelength was 380 nm and the emission was monitored at 
482 nm. Correction for the inner filter effect was performed 
by appropriate procedures as described above (Lakowicz, 
Principles of Fluorescence Spectroscopy, New York, Plenum 
Press (1986), which is hereby incorporated by reference in its 
entirety). 

Example 29 
Biological Activity Assay of rh AHF 

I0132) RhAHF clotting activity was determined by a one 
stage activated partial thromboplastin time (APTT) assay 
using micronized silica or CaCl as an activator and AHF 
deficient plasma as the substrate. The APTT assay was per 
formed using a COAG-A-MATE coagulation analyzer (Orga 
non Teknika Corporation, Durham, N.C.). Briefly, rhAHF 
was added to AHF deficient plasma and the clotting time was 
monitored. The activity of the rhAHF was then obtained from 
a calibration curve constructed using the clotting times deter 
mined from various dilutions of a lyophilized reference con 
centrate of known activity. 

Example 30 
Thermal Denaturation Studies of rhAHF 

0.133 Because the process of physical instability is related 
to protein unfolding at the molecular level, the immediate 
objective was to analyze the rhaFIF protein unfolding in 
detail. Thermal denaturation studies have been commonly 
employed to understand the structural stability of protein 
therapeutics and to develop a pharmaceutically stable formu 
lation (Tsai et al., Pharm. Res. 10:649-59 (1993); Balasubra 
manian et al., Pharm. Res. 17:344-50 (2000), which are 
hereby incorporated by reference in their entirety). 

Example 31 
Effect of Temperature of Secondary Structure 

I0134) Temperature induced changes in rhaHF secondary 
structure was studied by acquiring the far-UV CD spectra 
(255 nm to 205 nm, FIG. 6A). At 20°C., a broad negative 
band at 215 nm Suggested that the protein existed predomi 
nantly in B-sheet conformation. This is in agreement with the 
structure, proposed based on homology modeling (Panet al., 
Nat. Struct. Biol. 2:740-4 (1995), which is hereby incorpo 
rated by reference in its entirety). As the temperature is 
increased over the temperature range of from 20°C. to 50°C., 
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there were no significant changes in the far-UV CD spectrum; 
indicating that the secondary structure of the protein was not 
altered. In the temperature range of from 50° C. to 65°C., the 
ellipticity, at 215 nm increased progressively with increasing 
temperature Suggesting an increase in the B-sheet conforma 
tion. At temperatures over 65° C., significant changes were 
observed in the spectral characteristics. The CD spectra had 
red-shifted by approximately 2 nm and appearance of a posi 
tive band in the range from 205 nm to 210 nm range Suggested 
the formation of anti-parallel B-strands possibly leading to 
formation of aggregates eventually stabilized by intermolecu 
lar B-strands (Hilbich et al., J. Mol. Biol. 218:149-63 (1991); 
Hammarstrom et al., J. Biol Cherm 274:32897-903 (1999), 
which are hereby incorporated by reference in their entirety). 
Thus the secondary structure appeared to undergo the follow 
ing conformational transition: 
0135 parallel-fsheet . . . increased B-sheet content . . . 
anti-parallel B-sheets. 
Far-UV spectral data was used to calculate the F, the 
apparent fraction in the unfolded form, according to the 
method described herein. 

Example 32 

Effect of Temperature on Tertiary and Secondary 
Structure and Evidence for the Existence of Struc 

tured Intermediates 

0136. While the near-UV CD spectrum is indicative of the 
tertiary structure, the far-UV CD spectrum is indicative of the 
secondary structure. The temperature dependence of the near 
UV CD spectrum over the wavelength range of from 255 nm. 
to 320 nm was investigated (FIG. 6B). At 20°C., there were 
two positive peaks at about 295 nm and about 268 nm and as 
the temperature was increased, the intensity of the peaks 
decreased. 
0.137 The near-UV CD spectrum was used to calculate the 
temperature dependence of the unfolding of tertiary structure. 
With increase in temperature, ellipticity at 295 nm decreased 
and thus F, increased with midpoint of main transition 
occurring approximately in the range of from 50° C. to 52°C., 
(FIG. 6C). The temperature dependence of far-UV CD spec 
trum was monitored over the wavelength range of from 205 
nm to 255 nm and the main transition detected by far-UV CD 
was considerably higher, approximately from 60° C. to 62 
C., (FIG. 6C). Such a difference in the temperature at which 
tertiary and secondary structural changes occurred confirmed 
the existence of intermediate unfolded state(s) (Ptitsyn et al., 
FEESLett 262:20-24 (1990), which is hereby incorporated by 
reference in its entirety). While the multistage transition was 
apparent for the far-UV CD spectra, it was relatively less 
apparent for the near-UV CD spectra. 
0138 Factor VIII is a multi-domain protein with several 
tryptophan residues and changes in Trp fluorescence may 
provide information on gross tertiary structural changes in the 
protein, spanning different domains. Fluorescence emission 
spectra of rh AHF were acquired over the temperature range 
of from 25°C. to 90° C. to detect changes in Trp fluorescence 
(FIG. 7). The data indicated multistage transitions and they 
did not overlap with the one observed by far-UVCD. Depend 
ing on 96 change in fluorescence intensity and near UV CD, 
several molecular species were identified (S11, S12, S13). In 
the temperature range of 20-50° C., the structure was identi 
fied as S11, possessing native like secondary and tertiary 
structural features with Small conformational change in C2 
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domain resulting in exposure of hydrophobic domains. In the 
temperature range of 50-65° C., species S12 was identified 
and may involve aggregates. The conformational state above 
65° C., was designated as S13 and may involve substantial 
aggregation as was clear from far UV CD studies that dis 
played spectral characteristics of intermolecular beta strands 
at higher temperatures. Control experiments were carried out 
with Tryptophan to evaluate the temperature dependent inac 
tivation of the excited state and fluorescent intensity and the 
results indicate that in the temperature range of 20-50% the 
fluorescent intensity loss may be due to the inactivation and 
not involve Substantial conformational change. This was fur 
ther confirmed by Near UV CD studies. 

Example 33 

Effects of Thermal Denaturation of the Exposure of 
Hydrophobic Domains 

0.139. To determine whether rhAHF forms intermediate 
structures with exposed hydrophobic domains during the 
unfolding process, the complexation of the protein with ANS, 
a probe of hydrophobic domains (Alojet al., Arch. Biochem. 
Biophysics 155:478-479 (1973); Purohit et al., Biochemistry 
36:12355-63 (1997); Balasubramanian et al., Mol. Phar 
macal. 53:926-32 (1998), which are hereby incorporated by 
reference in their entirety) was monitored. The fluorescence 
intensity of protein bound ANS increased with increasing 
temperature (FIG. 8). Over the temperature range of from 25° 
C. to 45° C. the increase in ANS intensity was almost linear 
Suggesting a progressive increase in the exposure of hydro 
phobic domains of SI. Over the temperature range of from 
50° C. to 60°C., there was a substantial increase in intensity 
(about 40% increase in intensity at 65° C.), Suggesting more 
exposure of hydrophobic domains and/or aggregate forma 
tion and may be associated with SI. The sharp increase in 
fluorescence of the protein-ANS complex in the temperature 
range of from 85°C. to 90° C. was an indication of protein 
aggregation, which occurred as a result of protein conforma 
tional changes that increased the exposure of hydrophobic 
domains and was consistent with the formation of SI. 

Example 34 

Conformational Changes in the Protein and its Impli 
cation 

0140. In order to get an insight into the conformational 
changes in the protein that promotes the reported aggregation 
process and decrease in activity, the protein was incubated at 
various temperatures and the changes in the far-UV CD spec 
trum was monitored (FIG.9). For the incubation study carried 
out at 90° C., formation of intermolecular B-strands was 
observed and the protein on annealing did not recover the 
native-like secondary structural features and the loss of native 
structural features was concomitant with loss of biological 
activity. It is speculated that the partially folded, structured 
intermediates (SI) with exposed hydrophobic domains pro 
mote aggregation and the aggregates are possibly stabilized 
by intermolecular B-strands resulting in loss of activity of the 
protein. This speculation is strongly reflected in the observed 
increase in ANS fluorescence at elevated temperatures. For 
the incubation studies at 37° C. and 47°C. that corresponded 
to formation of SI, no significant change in CD characteris 
tics was observed, while at 60° C. that corresponded to for 
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mation of SI, an increase in the intensity of the band at 215 
nm and a small blue shift was noted which is consistent with 
previous observations. 

Example 35 

Conformational Analysis of Liposomal rhAHF 

0141 Though it has been documented that AHF binds 
strongly to PS containing phospholipids in Vivo, not much is 
known about the nature of interaction and molecular charac 
teristics of the complex betweenPS containing liposomes and 
AHF. In order to understand the nature of this interaction, 
preliminary spectral studies were carried out. Conformation 
of factor VIII in the presence of liposomes examined by 
far-UV CD is shown in FIG. 10. The CD spectrum of protein 
in its native conformation is given for comparison (FIG. 10). 
In the native state, the protein exists predominantly in beta 
sheet conformation. The CED spectrum of liposome-associ 
ated rhAHF displayed a less intense negative band at 215 nm. 
and a small red shift indicating a change in the conformation 
of the native protein. 
0142 Change in the Trp fluorescence of the protein was 
also followed in the presence of the liposomes as a means to 
probe the conformational state of the protein. In the presence 
of liposomes, an increase in fluorescence intensity was 
observed relative to that of the protein sample in the absence 
of liposomes. In addition, the Trp emission spectrum was 
blue-shifted relative to that of the native protein, though the 
observed shift was very small, most likely as a result of 
interaction of the non-polar region of the protein with the 
liposomal membrane. This interaction might offer shielding 
for the fluorophore containing domains from the external 
environment and may prevent aggregation of the protein. 

Example 36 
Effect of Liposomes on Equilibrium Refolding of 

rhAHF 

0143. In order to get an insight into the effect of liposomes 
on the unfolding and refolding pathway of the protein and 
understand the role of intermediates, equilibrium refolding 
studies of factor VIII were carried out under controlled heat 
ing and recooling conditions at different temperatures in the 
presence and absence of liposomes. 
014.4 FIG. 11A shows the melting and recooling of the 
secondary structure of the protein in the absence of lipo 
Somes. With increasing temperature, there were significant 
changes in the spectral characteristics. The melting as already 
described appeared to occur in two stages; a prominent tran 
sition with a Tm of from about 60° C. to about 62° C. and a 
very broad transition at about 70° C. The formation of inter 
molecular B-strands was prominent attemperatures265 C. 
and there was a significant red shift in the far-UV CD spec 
trum accompanied by broadening of the 215 nm negative 
band and occurrence of a positive band in the range of from 
200 nm to 210 nm. On re-cooling the thermally denatured 
sample, there was no recovery of the native like secondary 
structure and broadened band at 215 nm was persistent. In the 
present of liposomes, as observed in FIG. 11B, the melting of 
the secondary structure again appeared to occur in two stages. 
While the first transition was similar to the one observed for 
the native protein, the second transition occurred over a 
broader temperature range. This may possibly be the result of 
the liposomes forming a complex with the protein. On re 
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cooling, the denatured protein in the presence of liposomes 
appeared to recover few of its native-like secondary structural 
features (FIG. 11B). Further, fluorescence studies validated 
the CD data, where the protein on re-cooling in the presence 
of liposomes showed significant recovery in intensity from 
about 48% to about 50% while the free protein showed only 
from about 20% to about 30% recovery in fluorescence inten 
sity. The re-cooled protein in the presence of liposomes was 
also found to be marginally more active in comparison to the 
free protein. 
0145. In these experiments, the liposome based formula 
tion was achieved by engineering a complex formation 
between AHF and the phosphatidyl serine (PS) head group 
containing liposomes. This complex was stabilized through 
hydrophobic interactions between liposomes and specific 
intermediate states in protein conditions including 37°C. and 
10-20% ethanol, exploiting chaperone like molecular charac 
teristics in the lipid assembly. The complexed intermediate 
also aids in refolding of the protein to its native state. The 
association of the liposome with the AHF protein resulted in 
increased stability, preventing aggregation (Table 2). 

TABLE 2 

Percent AHF Protein Associated Using Conventional and 
Present Technology 

Sample % Protein associated 

Conventional method 
Present methodology 

49 (n = 1) to 45.5 + 11.5 (n = 4) 
71.3 (n = 1) to 60.25 + 7.27 (n = 4) 

0146 The liposome loaded protein was separated from the 
free factor VIII by rapid sedimentation as describe previously 
(Gilbert et al., J. Biol Chem. 266:815-822 (1990), which is 
hereby incorporated by reference in its entirety). The com 
plex was spun at rate of 15,000 g at 4°C. for 45 minutes. The 
Supernatant and the resuspended pellets were analyzed by 
fluorescence spectroscopy. The unbound protein was sepa 
rated from liposome bound protein by dextran centrifugation 
gradient. The samples were spun at 185,000 g for 30 min. 
using SW50.1 Beckman rotor. The samples were analyzed by 
fluorescence and activity assay to determine the encapsula 
tion efficiency. 
0147 The molecular association prepared in accordance 
with the present invention showed comparable activity to 
present conventionally administered formulations as shown 
by the activity data in Table 3. 

TABLE 3 

Activity Data 

Concentration based 
Sample on activity (units/ml) 

Free AHF Protein 23.1 
Protein + liposome (conventional 16.3 
method) 
Protein + liposome (present 21.6 
methodology) 

0.148. In order to increase the bioavailability of AHF, the 
complex/delivery vehicle was coated with polyethylene gly 
col using PEG-phosphatidyl ethanolamine as one of the lipid 
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components in liposomes. This also addresses the immuno 
genicity problems by providing stealth like properties to the 
protein-lipid complex. 
0149. It has been documented that partial unfolding of the 
protein results in increased exposure of hydrophobic domains 
and promotes aggregation (Balasubramanian et al., Pharm. 
Res. 17:344-350(2000), which is hereby incorporated by ref 
erence in its entirety). Hence, thermal denaturation studies of 
rhAHF were carried out to understand the subtleties involved 
in the unfolding process and its contribution towards physical 
destabilization. The melting of the protein was a multistage 
process and small changes observed in the secondary struc 
ture coupled with progressive loss of tertiary structure as the 
unfolding proceeded, suggested the transition of the native 
confirmation of the protein to structured intermediate state(s). 
The data here suggests the existence of at least three “struc 
tured intermediate' states and such changes can cause protein 
inactivation by promoting aggregation. Further, analysis 
based on the equilibrium refolding studies indicated that 
while the formation of the intermediate state SI was revers 
ible, appearance of SI and SI in the unfolding pathway 
resulted in the protein loosing its structure irreversibly. The 
above observations suggest that intermediate state(s) forma 
tion occurring after or coinciding with the first major transi 
tion could possibly result in irreversible loss of proteinstruc 
ture (as shown in the schematic representation of FIG. 12) 
leading to precipitation of the protein. 
0150. The conformation of the AHF proteinas determined 
by fluorescence spectroscopy indicates that sufficient expo 
Sure of hydrophobic domains occur in the temperature range 
of from 50° C. to 65° C. Such exposure can accelerate the 
aggregation process. Also, CD data indicate that the forma 
tion of intermolecular f-strands occur at elevated tempera 
tures. These observations lead to the hypothesis that the 
aggregate could possibly be stabilized by intermolecular 
B-strands and such stabilization in turn could promote pre 
cipitation over a period of time. Indeed, it has been docu 
mented that intermolecular f-strands mediate physical insta 
bility in proteins (Hilbich et al., J. Mol. Biol. 218:149-163 
(1991); Hammarstromet al., J. Biol. Chem. 274:32897-32903 
(1999), which are hereby incorporated by reference in their 
entirety). 
0151. A very common approach to counter physical insta 
bility problems in proteins has been to use excipients (Tsai et 
al., Pharm Res. 10:649-659(1993); Carpenter et al. Pharm. 
Res. 14:969-975 (1997), which are hereby incorporated by 
reference in their entirety). However, the typical excipients 
used have been chosen empirically and the rationale under 
lying the formulation design assumes protein unfolding to be 
a two stage process (i.e., at any chosen time in the unfolding 
process, there exist only two kinds of populations; folded and 
unfolded molecules). While this might be valid for small 
proteins such as lysozyme and cytochrome C, such an 
assumption is an over simplification of the complex nature of 
the problem for multi-domain proteins like rhAHF. The stud 
ies of the present invention clearly suggest a multistage 
unfolding process and this can have profound implications. It 
has been found that the choice of an excipient should be based 
on its preferential interaction to the partially folded structures 
as such interactions can possibly enhance the ability of the 
excipient to guide these structures back to the native state. 
0152 Liposomes have previously been shown to stabilize 
protein against aggregation by preferentially interacting with 
the intermediate structures (Balasubramanian et al., Pharm. 
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Res. 17:344-350 (2000), which is hereby incorporated by 
reference in its entirety). As AHF has been shown to bind 
Strongly to PS containing phospholipids in vivo, PS contain 
ing liposomes were used to characterize the interaction with 
the protein. It has been documented that the presence of PS in 
membranes is essential for mediation of AHF binding (Gil 
bert et al., Biochemistry 32:9577-9585 (1993), which is 
hereby incorporated by reference in its entirety). Also, the PS 
binding site has been localized to the C2 domain, which is 
part of the light chain of AHF, though not much is known 
about the spatial orientation of the other five domains (Foster 
et al., Blood 75:1999-2004 (1990), which is hereby incorpo 
rated by reference in its entirety). However, based on a model 
proposed for the interaction of coagulation factor V (fV) 
(Gilbert et al., J. Biol. Chem. 265:815-822 (1990); Kalafatiset 
al., Biochemistry 33:486-493 (1994); Lecompte et al., J. Biol. 
Chem. 269:1905-1910, which are hereby incorporated by 
reference in their entirety), (a rhAHF homologue) with phos 
pholipid, it has been proposed that regions other than C2 
domain sequence may also be involved in membrane binding 
(Saenko et al. J. Biol. Chem. 270: 13826-13833 (1995), which 
is hereby incorporated by reference in its entirety). Though 
the exact nature of this interaction is not known it is envi 
Sioned that PS containing liposomes interact with the protein, 
inducing conformational changes, resulting in the intercala 
tion of the hydrophobic regions of C2 domain of the protein 
into the bilayer membrane. The polar head groups probably 
interact with the hydrophilic regions, offering additional sta 
bility to the complex. Further, it is speculated that the lipo 
Somes may provide a hydrophobic environment to the unfold 
ing protein, thereby interacting preferentially with the 
partially folded structures and preventing intermolecular 
association. Initial spectral characterization studies suggest 
that the interaction of the liposomes with the protein appears 
to be dependent on the nature of the intermediate state as 
reflected in the reversibility associated with these intermedi 
ate states. In the presence of liposomes, while the formation 
SI was completely reversible, appearance of SI resulted in 
irreversible loss of proteinstructure. However, there was par 
tial recovery of the native-like features following formation 
of SI. It is also reasoned that the association with the PS 
containing liposomes induces the native structure of the pro 
tein to adopt a "non-native' like conformation and probably 
plays an important role in the unfolding/refolding process. 
Assuming that the protein sub-units in the heavy and light 
chains melt in a particular sequence during the denaturation 
process, in the event of liposomes binding to C2, unfolding/ 
refolding process. Assuming that the protein sub-units in the 
heavy and light chains melt in a particular sequence during 
the denaturation process, in the event of liposomes binding to 
C2, this sequential melting of the sub-units might be altered. 
This is reflected in the observation from the fluorescence and 
far-UV CD studies that suggests that the protein, in the pres 
ence of liposomes, appear to take a different unfolding/re 
folding pathway. If this is true, then the lipid molecules asso 
ciated with the protein might also be involved in guiding the 
protein towards its native state. Nevertheless, irrespective of 
the nature of the complex, this study gives a perspective to 
address the formulation issues concerning this complex pro 
tein and is discussed further infra. 

I0153. It has been reported that the C2 domain of the pro 
tein is involved in high affinity interaction with the phospho 
lipids present on the surface of the platelets (Foster et al., 
Blood 75:1999-2004 (1990), which is hereby incorporated by 
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reference in its entirety). Further, it has been shown that 
inhibitors against the C2 domain are primarily responsible for 
neutralizing AHF activity in vivo (Scandella et al., Throm. 
Res. 101:377-385(2001), which is hereby incorporated by 
reference in its entirety). The liposomal raHF dispersions 
produced in this invention shield the epitope regions of the 
protein to reduce immune response and the antigenicity. In 
order to determine specifically whether the C2 domain is 
shielded in liposomes, an ELISA (“enzyme-linked immun 
osorbent assay) using C2 domain specific antibodies was 
prepared. Protein bound liposomes were coated onto Nunc 
Maxicorp plates by incubating overnight at 4°C. in carbonate 
buffer. The antibody binding (as measured by OD) was found 
to be far less for the liposome bound protein than for free 
protein, indicating the epitope region is not available for the 
antibody binding. In addition to ELISA, fluorescence 
quenching by acrylamide was carried out to determine the 
accessibility of fluorophore on the protein to collisional 
quenchers. This data would provide on the location of the 
protein in liposomes. The quenching experiment indicated 
that the lipidic rhAHF produced by this procedure indicated 
that the quenching efficiency of 0.2M acrylamide is 38% 
lower for liposome bound protein than that for the free pro 
tein. The results support the ELISA assay in which the part of 
the protein molecule is shielded as a result of lipid binding. 
0154 The observations supra illustrate the desirable fea 
tures of using liposomes as a stabilizer in rhaFIF formula 
tions. The complex formation between the protein and lipid 
may further enhance the stability of the protein in vivo by 
preventing enzyme(s) inactivation. Further, Surface modified 
liposomes can also be used as a safe delivery vehicle (Woodle 
et al., Biochim. Biophys. Acta 1105:193-200 (1992), which is 
hereby incorporated by reference in its entirety). One of the 
approaches to achieve this has been to coat the Surface with 
hydrophilic polymers such as polyethyleneglycol(PEG)(Kli 
banov et al., FEBS Lett. 268:235-237 (1990), which is hereby 
incorporated by reference in its entirety). PEGylated lipo 
somes have also been shown to circulate in the blood for a 
longer time, by evading the RES system (Lasic et al., Bio 
chim. Biophys. Acta 1070:187-19201991); Papahadopoulos 
et al., Proc. Natl. Acad. Sci. USA 8: 11460-4(1991), which are 
hereby incorporated by reference in their entirety). The fea 
sibility of using PEGylated liposomes as a means to (1) pro 
mote complex formation and stabilize the protein (FIGS. 13) 
and (2) as a vehicle to deliver the rh AHF in vivo thereby 
increasing its circulation time has been explored. Preliminary 
studies have shown that the activity of the protein associated 
with liposomes is comparable to that of the free protein. 
Heating in the presence of the solvent will expedite the 
desired conformational changes required for the liposomal 
association of the AHF protein. 

Example 37 

Complexation of Interferon-Gamma 

0155 20 Lum of interferon-gamma was dissolved in phos 
phate buffered saline containing 10% ethanol to generate 
structures that are suitable for triggered loading. The CD 
spectra of interferon-gamma in the presence and in the 
absence of ethanol at 25° C. and 40° C. showed that confor 
mation of the protein was not altered significantly in the 
presence of ethanol. The protein retained Substantial second 
ary and tertiary structures at this ethanol concentration, which 
Suggests that the structures generated are not traditional inter 
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mediates such as molten globule. Further, the Tm based on 
thermal melting of Interferon-gamma in PBS saline was 
found to be 56.7° C. and it decreased to 43.8° C. in the 
presence of ethanol further Suggesting the clustering of etha 
nol molecules around hydrophobic groups. This molecular 
structure is suitable for engineering a hydrophobic interaction 
between protein and liposomes. The structure generated in 
the presence of 10% ethanol at 40°C. was utilized to encap 
sulate in liposomes made of DMPC:PG mixtures. Approxi 
mately 6.75 mg of Dimyristoyl Phosphatidyl Choline 
(DMPC) and 0.675 mg of Dimyristopyl Phosphatidyl Glyc 
erol (DMPG) in chloroform solution was evaporated to form 
a thin film around the sides of a round bottomed flask. The 
film was hydrated using 25 um of interferon-gamma dis 
solved in phosphate buffered saline, in the presence and in the 
absence of 10% ethanol at 25° C. and 40° C. The ethanol in 
samples was evaporated using jet of dry nitrogen and was 
replaced with phosphate buffered saline. The free protein was 
separated from liposome-associated protein by Dextranden 
sity gradient. Protein and liposome samples in different gra 
dient were analyzed by BCA protein assay kit, fluorescence 
or by measuring absorbance at 280 nm to determine the 
protein associated with liposomes. The structure suitable for 
triggered loading (in the presence of 10% ethanol at 40°C.) 
mediated higher liposome association (typically 6-10% high 
er)compared to native state. 

Example 38 

Complexation of Factor VIII 

0156 50 um of Factor VIII was dissolved in TRIS buffer 
(300 mM NaCl, 25 mM Tris, 5 mM CaCl2.2H20, pH=7.0) 
containing 10% and 20% ethanol to generate structures that 
are suitable for triggered loading. Full length or B-domain 
deleted FVIII was expressed in COS-7 or CHO cells and 
chromatographically purified. The CD spectra of Factor VIII 
in the presence and in the absence of ethanol at 25°C. and 40° 
C. showed that conformation of the protein was not altered in 
the significantly in the presence of ethanol. The protein 
retained Substantial secondary and tertiary structures at this 
ethanol concentration suggesting that the structures gener 
ated are not traditional intermediates such as molten globule. 
Further, the Tm based on thermal melting of Factor VIII was 
found to be 60.1° C. and it decreased to 51.5° C. in the 
presence of ethanol further Suggesting the clustering of etha 
nol molecules around hydrophobic groups. This molecular 
structure is suitable for engineering a hydrophobic interaction 
between protein and liposomes. The structure generated in 
the presence of 10% ethanol at 40% was utilized to encapsu 
late in liposomes made of Dimyristoyl Phosphatidyl Choline 
(DMPC): Phosphatidyl Serine (PS) mixtures. Approximately 
1.69 mg of DMPC and 0.868 mg of brain PS in chloroform 
solution was evaporated to formathin film around the sides of 
a round bottomed flask. The film was hydrated using TRIS 
buffer and was extruded using 200 micron polycarbonate 
filers. The protein was associated with liposomes in the pres 
ence and in the absence of ethanol at 20° C. and 37°C. The 
ethanol in samples was evaporated using jet of dry nitrogen 
and was replaced with phosphate buffered saline. The free 
protein was separated from liposome-associated protein by 
Dextran density gradient. Protein different gradient fractions 
was analyzed by RCA proteinassay, fluorescence or by absor 
bance at 280 nm to determine the '% protein association with 
liposomes. The structure Suitable for triggered loading, for 



US 2010/01 0587.0 A1 

e.g., in the presence of 10% ethanol at 40°C. resulted in, 57% 
(fluorescence assay, n=2) of the protein. The protein associa 
tion mediated by native state for e.g., at 37°C. was found to 
be 45.2+16.8(n=16) based on activity assay. However, it is 
appropriate to mention that the interaction mediated under 
these experimental conditions may be different and may not 
be compared for association efficiency. Liposome composi 
tion also plays an important role in protein association. For 
example, native state of FVIII readily interacts with PS con 
taining liposomes due to electrostatic interaction. In the pres 
ence of ethanol, the hydrophobic interaction may mediate 
protein association with liposomes that may interfere with 
electrostatic interaction. In the presence of ethanol, the 
hydrophobic interaction may mediate protein association 
with liposomes that may interfere with electrostatic interac 
tion. 
(O157. While the invention has been described with pre 
ferred embodiments, it is to be understood that variations and 
modifications may be resorted to as will be apparent to those 
skilled in the art. Such variations and modifications are to be 
considered within the purview and the scope of the claims 
appended hereto. 
What is claimed is: 
1. A method for complexing a protein in a dispersed 

medium, said method comprising: 
providing a protein; 
altering a conformational state of the protein to expose 

hydrophobic domains therein by contacting the protein 
with a mixture comprising ethanol at a concentration of 
about 10-50%: 

binding a stabilizer to the exposed hydrophobic domains; 
and 

at least partially reversing said alteration to associate at 
least a portion of the protein with the stabilizer. 

2. The method according to claim 1, wherein the mixture 
has a pH range from about 7.0 to about 7.4. 

3. The method according to claim 1, wherein said contact 
ing is carried out at a temperature of about 40°C. to about 74° 
C. 

4. The method according to claim3, wherein said contact 
ing is carried out at a temperature of about 70° C. to about 74° 
C. 

5. The method according to claim3, wherein said contact 
ing is carried out at a temperature of about 58°C. to about 62° 
C. 
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6. The method according to claim3, wherein said contact 
ing is carried out at a temperature of about 40°C. 

7. The method according to claim 1, wherein the protein is 
interferon-gamma. 

8. The method according to claim 1, wherein the protein is 
Factor VIII. 

9. The method according to claim 8, wherein the protein is 
AHF. 

10. The method according to claim 1, wherein said revers 
ing comprises solvent removal. 

11. The method according to claim 1, wherein said revers 
ing comprises dialysis. 

12. The method according to claim 1, wherein said altering 
comprises unfolding the protein. 

13. The method according to claim 1, wherein said altering 
comprises stabilizing secondary or Substantially secondary 
protein structure(s) of the protein. 

14. The method according to claim 1, wherein said revers 
ing comprises refolding the protein. 

15. The method according to claim 1, wherein the mixture 
is an ethanol-water mixture. 

16. The method according to claim 1, wherein the mixture 
is an ethanol-phosphate buffered saline Solution mixture. 

17. The method according to claim 1, wherein the ethanol 
is denatured ethanol. 

18. The method according to claim 17, wherein the ethanol 
is 190% proof grade ethanol or 200% proof grade ethanol. 

19. A method for complexing AHF protein in a dispersed 
medium, comprising: 

providing an AHF protein; 
altering the conformational state of said AHF protein to 

expose hydrophobic domains therein; 
binding a stabilizer to said exposed hydrophobic domains; 

and 
at least partially reversing said alteration to associate at 

least a portion of said protein with said stabilizer. 
20. A method for complexing a protein in a dispersed 

medium, said method comprising: 
providing a protein; 
altering a conformational state of the protein to expose 

hydrophobic domains therein; 
binding a stabilizer to said exposed hydrophobic domains; 

and 
at least partially reversing said alteration to associate at 

least a portion of the protein with the stabilizer. 
c c c c c 


