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(57) ABSTRACT 

Disclosed are surprising discoveries concerning the role of 
anionic phospholipids and aminophospholipids in tumor vas 
culature and in viral entry and spread, and compositions and 
methods for utilizing these findings in the treatment of cancer 
and viral infections. Also disclosed are advantageous anti 
body, immunoconjugate and duramycin-based compositions 
and combinations that bind and inhibit anionic phospholipids 
and aminophospholipids, for use in the safe and effective 
treatment of cancer, viral infections and related diseases. 
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COMPOSITIONS AND IMAGING METHODS 
COMPRISING DETECTABLY LABELED 

PHOSPHATDYLETHANOLAMINE-BINDING 
PEPTIDES 

0001. The present application is a continuation of 
co-pending U.S. application Ser. No. 14/107,240, filed Dec. 
16, 2013; which is a divisional of U.S. application Ser. No. 
12/117,255, filed May 8, 2008, which issued as U.S. Pat. No. 
8,653,034 on Feb. 18, 2014; which is a continuation of U.S. 
application Ser. No. 10/642,117, filed Aug. 15, 2003, which 
issued as U.S. Pat. No. 7,378,386 on May 27, 2008; which is 
a continuation-in-part of U.S. application Ser. No. 10/621, 
269, filed Jul. 15, 2003, which issued as U.S. Pat. No. 7,572, 
442 on Aug. 11, 2009; which claims priority to U.S. provi 
sional application Ser. No. 60/396,263, filed Jul. 15, 2002, the 
disclosures of which applications, including the specifica 
tion, claims, drawings and sequences, are specifically incor 
porated herein by reference without disclaimer. 

BACKGROUND OF THE INVENTION 

0002 1. Field of the Invention 
0003. The present invention relates to the fields of amino 
phospholipid and anionic phospholipid biology, tumor blood 
vessels and viral infections. It provides Surprising new com 
positions, methods and combinations for tumor vasculature 
targeting and cancer treatment, for inhibiting viral entry and 
spread and for treating viral infections. The invention further 
provides a number of preferred antibody, immunoconjugate 
and duramycin-based compositions that bind and inhibit ami 
nophospholipids and anionic phospholipids for use in the 
treatment of cancer, viral infections and related diseases. 
0004 2. Description of the Related Art 
0005 Tumor cell resistance to chemotherapeutic agents 
represents a significant problem in clinical oncology. Another 
major problem to address in tumor treatment is the desire for 
a “total cell kill', i.e., killing all so-called “clonogenic’ 
malignant cells that have the ability to grow uncontrolled and 
replace any tumor mass that might be removed by the therapy. 
Despite certain advances in the field, these are two of the main 
reasons why many prevalent forms of human cancer still 
resist effective chemotherapeutic intervention. 
0006 Due to the goal of developing treatments that 
approach a total cell kill, certain types of tumors have been 
more amenable to therapy than others. For example, the soft 
tissue tumors, e.g., lymphomas, and tumors of the blood and 
blood-forming organs, e.g., leukemias, have generally been 
more responsive to chemotherapeutic therapy than have solid 
tumors, such as carcinomas. 
0007. One reason for the susceptibility of soft and blood 
based tumors to chemotherapy is the greater accessibility of 
lymphoma and leukemic cells to chemotherapeutic interven 
tion. Simply put, it is much more difficult for most chemo 
therapeutic agents to reach all of the cells of a solid tumor 
mass than it is the soft tumors and blood-based tumors, and 
therefore much more difficult to achieve a total cell kill. 
Increasing the dose of chemotherapeutic agents most often 
results in toxic side effects, which generally limits the effec 
tiveness of conventional anti-tumor agents. 
0008 Another tumor treatment strategy is the use of an 
“immunotoxin', in which an anti-tumor cell antibody is used 
to deliver atoxinto the tumor cells. However, incommon with 
chemotherapeutic approaches, immunotoxin therapy also 
suffers from significant drawbacks when applied to solid 
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tumors. For example, antigen-negative or antigen-deficient 
cells can survive and repopulate the tumor or lead to further 
metastases. A further reason for Solid tumor resistance to 
antibody-based therapies is that the tumor mass is generally 
impermeable to macromolecular agents such as antibodies 
and immunotoxins. Both the physical diffusion distances and 
the interstitial pressure within the tumor are significant limi 
tations to this type of therapy. 
0009. An improved treatment strategy is to target the vas 
culature of solid tumors. Targeting the blood vessels of the 
tumors, rather than the tumor cells themselves, has certain 
advantages in that it is not likely to lead to the development of 
resistant tumor cells, and that the targeted cells are readily 
accessible. Moreover, destruction of the blood vessels leads 
to an amplification of the anti-tumor effect, as many tumor 
cells rely on a single vessel for their oxygen and nutrients. 
Exemplary vascular targeting agents (VTAS) are described in 
U.S. Pat. Nos. 5,855,866, 5,965,132, 6,261,535, 6,051,230 
and 6,451.312, which describe the targeted delivery of anti 
cellular agents and toxins to markers of tumor vasculature. 
0010. Another effective version of the vascular targeting 
approach is to target a coagulation factor to a marker 
expressed or adsorbed within the tumor vasculature or stroma 
(Huang et al., 1997: U.S. Pat. Nos. 6,093,399, 6,004,555, 
5,877.289, and 6,036,955). The delivery of coagulants, rather 
than toxins, to tumor vasculature has the further advantages of 
reduced immunogenicity and even lower risk of toxic side 
effects. As disclosed in U.S. Pat. No. 5,877,289, a preferred 
coagulation factor for use in Such tumor-specific "coaguli 
gands' is a truncated version of the human coagulation-in 
ducing protein, Tissue Factor (TF), the major initiator of 
blood coagulation. 
0011 Recently, the aminophospholipids phosphati 
dylserine (PS) and phosphatidylethanolamine (PE) were 
identified as specific markers of tumor vasculature (Ranet al., 
1998). This led to the development of new anti-PS and anti 
PE immunoconjugates for delivering anti-cellular agents, 
toxins and coagulation factors to tumor blood vessels (U.S. 
Pat. No. 6.312,694). In addition, it was discovered that uncon 
jugated antibodies to PS and PE exerted an anti-cancer effect 
without attachment to a therapeutic agent, which became 
known as the aminophospholipid “naked antibody’ approach 
to tumor vascular targeting and treatment (U.S. Pat. No. 
6,406,693). 
0012 Although the foregoing immunoconjugate and ami 
nophospholipid vascular targeting methods represent signifi 
cant advances in tumor treatment, certain peripheral tumor 
cells can Survive the widespread tumor destruction caused by 
Such therapies. Anti-angiogenic strategies, which inhibit the 
development of new vasculature from preexisting blood ves 
sels and/or circulating endothelial Stein cells, are therefore 
contemplated for use in combination with the VTA, coaguli 
gand and aminophospholipid targeting methods of U.S. Pat. 
Nos. 5,855,866, 6,093,399, 6,312,694 and 6,406,693. 
0013 Angiogenesis plays an important role in physiologi 
cal processes, such as embryogenesis, wound healing and 
menstruation, but is also involved in certain pathological 
events, such as in tumor growth, arthritis, psoriasis and dia 
betic retinopathy (Ferrara, 1995). As applied to tumor treat 
ment, anti-angiogenic strategies are based upon inhibiting the 
proliferation of budding vessels, generally at the periphery of 
a solid tumor. These therapies are mostly applied to reduce the 
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risk of micrometastasis or to inhibit further growth of a solid 
tumor after more conventional intervention (Such as Surgery 
or chemotherapy). 
0014 U.S. Pat. Nos. 6,342,219, 6,524,583, 6,342,221 and 
6,416,758 describe antibodies and immunoconjugates that 
bind to vascular endothelial growth factor-A (VEGF, for 
merly known as vascular permeability factor, VPF), a primary 
stimulant of angiogenesis. These antibodies have the impor 
tant advantage of inhibiting VEGF binding to only one of the 
two primary VEGF receptors. By blocking VEGF binding to 
VEGFR2, but not VEGFR1, these antibodies have an 
improved safety profile, maintaining beneficial effects medi 
ated via VEGFR1, e.g. in macrophage, osteoclast and chon 
droclast functions. 
0015. Although the foregoing methods have advanced the 
art of tumor treatment, the development of additional or alter 
native vascular targeting therapies is still sought. The identi 
fication of new markers of tumor vasculature is needed to 
expand the number of therapeutic options. The development 
of new naked antibodies with anti-cancer properties would be 
a particularly important advance, as this permits the same 
targeting moiety to be used both as a single-agent therapeutic 
and as a vascular targeting agent for the delivery of other 
drugs. Therapeutic agents that have both antiangiogenic and 
anti-vascular, i.e., tumor destructive, properties within the 
same molecule would be of great value. An even more impor 
tant advance would be the identification of a class of thera 
peutic agents with anti-cancer properties and therapeutic 
effects in other systems. The development of agents capable 
of treating both cancer and viral infections, two of the most 
significant medical challenges of this era, would be a remark 
able and important breakthrough. 

SUMMARY OF THE INVENTION 

0016. The present invention addresses the foregoing and 
other needs of the prior art by providing new methods and 
compositions for safe and effective tumor vascular targeting, 
anti-angiogenesis and tumor destruction, which methods and 
compositions are also Surprisingly effective in inhibiting viral 
entry, replication and spread and for treating viral infections 
and diseases. The invention is based, in part, on Surprising 
discoveries concerning the expression and role of anionic 
phospholipids in tumor vasculature and the involvement of 
aminophospholipids and anionic phospholipids in viral entry, 
replication and spread. The present invention further provides 
particularly advantageous antibodies and immunoconjugates 
that bind to aminophospholipids and anionic phospholipids, 
and a new class of peptide-based derivatives that bind to 
phosphatidylethanolamine. 
0017. Overview: 
0018. In a first overall embodiment, the invention provides 
new methods for tumor vascular targeting, tumor imaging and 
treatment based upon the unexpected finding that anionic 
phospholipids, such as phosphatidylinositol (PI), phospha 
tidic acid (PA) and phosphatidylglycerol (PG), (as well as 
phosphatidylserine, PS), are accessible and stably targetable 
markers of tumor vasculature. This embodiment arose from 
the unexpected discovery that antibodies against PA, PI, PG, 
and other anionic phospholipid components, specifically 
localize to the vasculature of solid tumors. 
0019. Further aspects within this embodiment were devel 
oped from the unexpected discovery that naked antibodies 
againstanionic phospholipids, such as PA, PI and PG (as well 
as PS), specifically inhibit tumor blood vessel angiogenesis 
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and induce tumor vasculature destruction and tumor necrosis 
in vivo in the absence of conjugation to effector molecules, 
Such as toxins or coagulants. The invention thus provides safe 
and effective methods of vascular targeting, anti-angiogen 
esis and tumor treatment using single component antibody 
based therapeutics that bind to anionic phospholipids. 
0020. An underlying surprising feature of the invention is 
that translocation of anionic phospholipids to the Surface of 
tumor vascular endothelial cells occurs, at least in a signifi 
cant part, independently of cell damage and apoptotic or other 
cell-death mechanisms. Anionic phospholipid expression in 
tumor vasculature is therefore not a consequence of, or a 
trigger for, cell death and destruction, but occurs on morpho 
logically intact vascular endothelial cells. This means that 
anionic phospholipid expression on tumor vasculature is not 
transient, but rather is stable enough to provide a target for 
therapeutic intervention. 
0021. Given the finding that anionic phospholipids are 
stably induced in tumor vasculature, the invention further 
provides a range of new methods and compositions for tumor 
vasculature imaging and destruction using immunoconju 
gates of antibodies against anionic phospholipids. These 
immunoconjugates comprise antibodies against anionic 
phospholipids that are operatively attached to therapeutic 
agents, such as toxins and coagulants, and are useful in the 
specific delivery of diagnostics and therapeutics to the Surface 
of tumor vascular endothelial cell membranes. The therapeu 
tic agents are delivered in intimate contact with the tumor 
vascular endothelial cell membrane, allowing either rapid 
entry into the target cell or rapid association with effector 
cells, components of the coagulation cascade, and Such like 
0022. In a second overall embodiment, the invention pro 
vides a number of preferred antibodies that bind to amino 
phospholipids and anionic phospholipids (and related immu 
noconjugates and compositions), which antibodies have 
structures and properties that provide advantages over those 
known in the art. These so-called “second generation” or 
improved antibodies will preferably be used in the anti-an 
giogenic, anti-cancer and anti-viral and other treatment meth 
ods disclosed herein. 

0023 The new classes of antibodies that bind to amino 
phospholipids and anionic phospholipids provided by the 
present invention overcome various drawbacks in the prior art 
by providing therapeutic antibodies without the pathogenic 
properties usually associated with antibodies to aminophos 
pholipids and anionic phospholipids in the art. The invention 
was developed, in part, using new immunization and screen 
ing techniques developed from the inventors' unique obser 
Vations on phospholipid behaviour in tumor vascular endot 
helial cells, and distancing the antibodies generated from 
anti-phospholipid antibodies associated with disease. Such 
antibodies not only have unique properties and improved 
safety, but are equally or more effective than existing anti 
bodies in comparative studies. The compositions and meth 
ods of these aspects of invention also extend to the use of 
immunoconjugates and combinations, using the specific cat 
egory of antibodies provided. 
0024 Prior to the present invention, antibodies that bind to 
aminophospholipids and anionic phospholipids and have the 
properties of the new antibodies disclosed herein were not 
known. However, in light of the invention disclosed herein, 
the art is now provided with the methodology for generating 
new candidate antibodies and with the techniques to test Such 
antibodies to identify further useful antibodies from the pool 
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of candidates. In light of this invention, therefore, a range of 
antibodies with advantageous properties and aminophospho 
lipid and anionic phospholipid binding profiles can be made 
that do not suffer from the notable drawbacks and side effects 
associated with the prior art antibodies. Such antibodies can 
thus be used in a variety of embodiments, including in the 
inhibition of angiogenesis and the treatment of cancer and 
viral infections. 

0025. In addition to the new immunization and screening 
techniques provided herein, antibodies that bind to amino 
phospholipids and anionic phospholipids and have a number 
of advantageous properties can now be identified by compe 
tition and/or functional assays using the monoclonal antibod 
ies 1B9, 1B12, 3B10, 2G7, 7C5, 9D2 or 3G4. Currently, the 
1B12, 3B10, 9D2 and 3G4 antibodies are preferred, as these 
antibodies do not require serum for phospholipid binding. 
The monoclonal antibodies 9D2 and 3G4 are more preferred, 
with monoclonal antibody 3G4 (ATCC 4545) currently being 
the most preferred. To identify additional antibodies that 
compete with any of the foregoing antibodies, preferably 
3G4, the preferred assays are currently competition assays 
based upon an ELISA, a number of which are described 
herein, and working examples of which are disclosed. 
0026. In a third overall embodiment, the present invention 
provides a new class of cell-imperimeant peptide-based 
derivatives that bind to the aminophospholipid, phosphati 
dylethanolamine (PE). These “PE-binding peptide deriva 
tives' comprise at least a first PE-binding peptide, preferably 
duramycin, which has been modified to substantially prevent 
non-specific toxicity, preferably by modifying the PE-bind 
ing peptide, preferably duramycin, to form a substantially cell 
impermeant or substantially non-pore forming PE-binding 
COnStruct. 

0027. The generation of a “substantially cell imperimeant” 
or “substantially non-pore forming PE-binding construct or 
duramycin is preferably achieved by attaching the PE-bind 
ing peptide or duramycin to at least a first cell imperimeant 
group, preferably a group that prevents clustering of the PE 
binding peptide or duramycin. The synthesis of a number of 
exemplary duramycin derivatives is described herein. The 
“cell impermeant group or groups' may be small molecules, 
inert carriers, or may themselves be targeting agents that 
impart a further targeting function to the resultant construct, 
Such as targeting to tumor vasculature. Thus, the PE-binding 
peptide can be the sole targeting agent linked to an inert 
carrier, or can be one of two agents that each impart a target 
ing function to the construct. Additionally, PE-binding pep 
tides, preferably duramycin, are operatively attached to effec 
tors, such that the PE-binding peptide or duramycin provides 
the targeting function and the attached agent has a Substantial 
therapeutic effect once delivered to the target cell. Preferred 
examples are PE-binding peptides or duramycin linked to 
anti-viral agents, such as nucleosides. 
0028. As PE is essentially absent from the surface of nor 
mal cells under normal conditions, the Substantially cell 
imperimeant PE-binding peptides of the present invention 
function to selectively bind to PE at the surface of aberrant 
cells or cells associated with disease, such as tumor vascular 
endothelial cells, proliferating and/or virally infected cells. 
Upon binding to such aberrant target cells, the PE-binding 
constructs or derivatives inhibit or interrupt PE functions in 
those cells, thus resulting in an overall therapeutic benefit, 
e.g., in the treatment of tumors and/or viral diseases. The 
successful use of substantially cell imperimeant PE-binding 
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peptides in inhibiting viral entry and spread is disclosed 
herein. In embodiments where the PE-binding peptides are 
attached to anti-viral agents, such as cidofovir, enhanced and 
safer anti-viral treatment is provided. 
0029. In a fourth overall embodiment, the invention fur 
ther provides an important new class of compositions and 
methods for inhibiting viral replication, infection and spread 
for use in treating viral infections and diseases. These meth 
ods are based on the Surprising insight that antibodies and 
peptides that bind to aminophospholipids and anionic phos 
pholipids, such as PS, PE, PI, PA and PG, particularly PS and 
PE, would be safe and effective anti-viral agents. Not only has 
this insight proven to be correct, but the present invention 
provides data showing the unexpectedly effective use of anti 
bodies and peptides that bind to aminophospholipids and 
anionic phospholipids in combating viral spread, meaning 
that these agents are broadly applicable in the treatment of a 
range of viral infections and associated diseases. 
0030 These discoveries further encompass new catego 
ries of immunoconjugates, compositions, kits and methods of 
use in which an antibody to an aminophospholipid oranionic 
phospholipid, particularly PS and PE, is operatively attached 
to an anti-viral agent. The substantially cell impermeant PE 
binding peptide derivatives, such as the duramycin peptide 
derivatives, may also be linked to anti-viral agents. Each of 
these agents thus provide new anti-viral drugs uniquely tar 
geted to virally infected cells. 
0031. The development of new safe, therapeutic agents 
effective in the treatmentofaberrantangiogenesis, cancer and 
viral infections and diseases is thus a breakthrough in the art. 
0032. Although uniquely effective, the various methods 
and compositions of the present invention can also be used to 
advantage in combination with other therapies and agents to 
provide combined treatment methods, and related composi 
tions, pharmaceuticals and kits of the invention. In a fifth 
overall embodiment, therefore, the invention further provides 
particular combined compositions, methods and kits, e.g. for 
cancer treatment, which have been selected and discovered to 
work Surprisingly well together, as explained in more detail 
herein. 

0033 
0034 Certain methods discovered to function well in the 
generation of antibodies with the sought properties are 
described herein in Example IV and embodied in the pending 
claims. These methods permitted the generation of the advan 
tageous antibodies of the invention as exemplified by the 
monoclonal antibodies 1B9, 1B12, 3B10, 2G7,7C5,9D2 and 
3G4, particularly 3G4 (ATCC 4545). 
0035. The present invention thus provides purified anti 
bodies, antigen-binding fragments and immunoconjugates 
thereof, which bind to at least one aminophospholipid or 
anionic phospholipid, preferably PS, and that effectively 
compete with the monoclonal antibody 1B9, 1B12, 3B10, 
2G7, 7C5,9D2 or 3G4, preferably with 9D2 or 3G4 (ATCC 
4545), and most preferably with 3G4, for binding to the 
aminophospholipid or anionic phospholipid, preferably PS. 
0036. As used throughout the entire application, the terms 
“a” and “an are used in the sense that they mean “at least 
one”, “at least a first”, “one or more' or “a plurality” of the 
referenced components or steps, except in instances wherein 
an upper limit is thereafter specifically stated. Therefore, an 
“antibody', as used herein, means “at least a first antibody’. 
The operable limits and parameters of combinations, as with 
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the amounts of any single agent, will be known to those of 
ordinary skill in the art in light of the present disclosure. 
0037. In certain aspects, the antibodies will effectively 
compete with the monoclonal antibody 1B9, 1B12, 3B10, 
2G7,7C5,9D2 or 3G4, preferably with9D2 or 3G4, and most 
preferably with 3G4 (ATCC 4545), for binding to an amino 
phospholipid or anionic phospholipid, preferably PS, or will 
have the aminophospholipid oranionic phospholipid binding 
profile of the monoclonal antibody 1B9, 1B12, 3B10, 2G7, 
7C5, 9D2 or 3G4, preferably of 9D2 or 3G4, and most pref 
erably of 3G4, as set forth in Table 4; and will not be serum 
dependent, i.e., will not require serum to bind to the amino 
phospholipid or anionic phospholipid; not be derived from a 
patient with a disease, and will not significantly inhibit coagul 
lation reactions in vitro, cause significant thrombosis in vivo 
or have lupus anticoagulant activities. 
0038 Preferably, such antibodies will also demonstrate an 
improvement in structural properties or in the range or degree 
of advantageous functional properties in controlled studies in 
comparison to an antibody in the literature, such as being IgG, 
having a higheraffinity or demonstrating enhanced binding to 
activated endothelial cells, increased inhibition of endothelial 
cell proliferation orangiogenesis, improved tumor blood ves 
sel localization, anti-cancer and/or anti-viral effects. 
0039 Particular aspects of the invention are therefore 
based on the inventors original, Surprising generation of 
antibodies having the foregoing, other disclosed and inherent 
advantageous properties. Now that a panel of preferred anti 
bodies, and a number of particularly preferred antibodies, 
have been provided, the present invention further encom 
passes a class of antibodies of defined epitope-specificity, 
wherein such antibodies, or antigen-binding fragments 
thereof, effectively compete with the monoclonal antibody 
1B9, 1B12, 3B10, 2G7, 7C5, 9D2 or 3G4, preferably with 
9D2 or 3G4, and most preferably with 3G4 (ATCC 4545), for 
antigen binding, such that they bind to essentially the same 
epitope as the monoclonal antibody 1B9, 1B12, 3B10, 2G7. 
7C5, 9D2 or 3G4, preferably with 9D2 or 3G4, and most 
preferably with 3G4 (ATCC 4545). 
0040. The invention as claimed is enabled in accordance 
with the present specification and readily available techno 
logical references, know-how and starting materials. None 
theless, on behalf of the present Applicant, Board of Regents, 
The University of Texas System, samples of the hybridoma 
cell line producing the 3G4 monoclonal antibody were sub 
mitted for deposit with the AmericanType Culture Collection 
(ATCC), 10801 University Blvd., Manassas, Va. 20110-2209, 
U.S.A. The samples were submitted by Avid Bioservices, 
Inc., 14272 Franklin Avenue, Tustin, Calif. 92780, U.S.A., a 
subsidiary of the licensee, Peregrine Pharmaceuticals, Inc., 
during the week beginning Jul. 8, 2002, were received on Jul. 
10 and Jul. 12, 2002, shown to be viable, and given ATCC 
Accession number PTA 4545 on Jul. 30, 2002. 
0041. This deposit was made under the provisions of the 
Budapest Treaty on the International Recognition of the 
Deposit of Microorganisms for the Purposes of Patent Proce 
dure and the regulations thereof (Budapest Treaty). The 
hybridoma will be made available by the ATCC under the 
terms of the Budapest Treaty upon issue of a U.S. patent with 
pertinent claims. Availability of the deposited hybridoma is 
not to be construed as a license to practice the invention in 
contravention of the rights granted under the authority of any 
government in accordance with its patent laws. 
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0042. In light of the panel of antibodies, the preferred 
antibodies and the techniques disclosed herein and known in 
the art, those of ordinary skill in the art are now provided with 
a new class antibodies that bind to aminophospholipids or 
anionic phospholipids and have advantageous properties. 
These antibodies are “like” or “based on the monoclonal 
antibodies 1 B9, 1B12, 3B10, 2G7, 7C5, 9D2 or 3G4. Prefer 
ably, the antibodies of the invention are “9D2-based or 9D2 
like antibodies', and most preferably, the antibodies of the 
invention are "3G4-based or 3G4-like antibodies'. The fol 
lowing description of “like' antibodies is provided in terms of 
the 3G4 antibody (ATCC 4545) for simplicity, but is specifi 
cally incorporated herein by reference as applicable to each of 
the 1B9, 1B12, 3B10, 2C7, 7C5 and 9D2 antibodies. 
0043 A3G4-like antibody is an antibody, or antigen-bind 
ing fragment thereof, that binds to Substantially the same 
epitope as the monoclonal antibody 3G4 (ATCC 4545) or that 
binds to at least a first aminophospholipid or anionic phos 
pholipid, preferably PS, at essentially the same epitope as the 
monoclonal antibody 3G4 (ATCC 4545). Preferably, the anti 
body, or antigen-binding fragment thereof, will bind to the 
same epitope as the monoclonal antibody 3G4 (ATCC 4545). 
0044) The terms “that bind to about, substantially or essen 

tially the same, or the same, epitope as the monoclonal 
antibody 3G4 (ATCC 4545) mean that an antibody “cross 
reacts” with the monoclonal antibody 3G4 (ATCC 4545). 
“Cross-reactive antibodies' are those that recognize, bind to 
or have immunospecificity for substantially or essentially the 
same, or the same, epitope, epitopic site or common amino 
phospholipid or anionic phospholipid epitope as the mono 
clonal antibody 3G4 (ATCC 4545) such that are able to effec 
tively compete with the monoclonal antibody 3G4 (ATCC 
4545) for binding to at least one aminophospholipid or 
anionic phospholipid, more than one aminophospholipid or 
anionic phospholipid or to all aminophospholipid or anionic 
phospholipids to which the monoclonal antibody 3G4 (ATCC 
4545) binds. "3G4-cross-reactive antibodies' are succinctly 
termed "3G4-like antibodies' and "3G4-based antibodies', 
and Such terms are used interchangeably herein and apply to 
compositions, uses and methods. 
0045. The identification of one or more antibodies that 
bind(s) to about, Substantially, essentially or at the same 
epitope as the monoclonal antibody 3G4 (ATCC 4545) is a 
straightforward technical matter now that 3G4, with its 
advantageous properties, has been provided. As the identifi 
cation of cross-reactive antibodies is determined in compari 
son to a reference antibody, it will be understood that actually 
determining the epitope to which the reference antibody 
(3G4) and the testantibody bind is not in any way required in 
order to identify an antibody that binds to the same or sub 
stantially the same epitope as the monoclonal antibody 3G4. 
However, considerable information on the epitope bound by 
3G4 is included herein and epitope mapping can be further 
performed. 
0046. The identification of cross-reactive antibodies can 
be readily determined using any one of variety of immuno 
logical Screening assays in which antibody competition can 
be assessed. All Such assays are routine in the art and are 
further described herein in detail. Each of U.S. Pat. Nos. 
6,342.219, 6,342,221, 6,524,583, and 6,416,758 are specifi 
cally incorporated herein by reference for purposes including 
even further Supplementing the present teaching concerning 
how to make antibodies that bind to the same or substantially 
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or essentially the same epitope as a given antibody, Such as 
3G4, or that effectively compete with a given antibody for 
binding to an antigen. 
0047 For example, where the test antibodies to be exam 
ined are obtained from different source animals, or are even of 
a different isotype, a simple competition assay may be 
employed in which the control (3G4) and testantibodies are 
admixed (or pre-adsorbed) and applied to an aminophospho 
lipid oranionic phospholipid antigen composition, preferably 
PS. By “aminophospholipid oranionic phospholipid antigen 
composition' is meant any composition that contains a 3G4 
binding antigen as described herein, Such as described in 
Table 4. Thus, protocols based upon ELISAs and Western 
blotting are Suitable for use in Such simple competition stud 
1S 

0048. In certain embodiments, one would or pre-mix the 
control antibodies (3G4) with varying amounts of the test 
antibodies (e.g., 1:10 or 1:100) for a period of time prior to 
applying to an antigen composition. In other embodiments, 
the control and varying amounts of testantibodies can simply 
be admixed during exposure to the antigen composition. In 
any event, by using species or isotype secondary antibodies 
one will be able to detect only the bound control antibodies, 
the binding of which will be reduced by the presence of a test 
antibody that recognizes Substantially the same epitope. 
0049. In conducting an antibody competition study 
between a control antibody and any test antibody (irrespec 
tive of species or isotype), one may first label the control 
(3G4) with a detectable label, such as, e.g., biotin or an 
enzymatic (or even radioactive) label to enable Subsequent 
identification. In these cases, one would pre-mix or incubate 
the labeled control antibodies with the test antibodies to be 
examined at various ratios (e.g., 1:10, 1:100 or 1:1000) and 
(optionally after a suitable period of time) then assay the 
reactivity of the labeled control antibodies and compare this 
with a control value in which no potentially competing test 
antibody was included in the incubation. 
0050. The assay may again be any one of a range of immu 
nological assays based upon antibody hybridization, and the 
control antibodies would be detected by means of detecting 
their label, e.g., using Streptavidin in the case of biotinylated 
antibodies or by using a chromogenic Substrate in connection 
with an enzymatic label (such as 3,3'5.5'-tetramethylbenzi 
dine (TMB) substrate with peroxidase enzyme) or by simply 
detecting a radioactive label. An antibody that binds to the 
same epitope as the control antibodies will be able to effec 
tively compete for binding and thus will significantly reduce 
control antibody binding, as evidenced by a reduction in 
bound label. 
0051. The reactivity of the (labeled) control antibodies in 
the absence of a completely irrelevant antibody would be the 
control high value. The control low value would be obtained 
by incubating the labeled (3G4) antibodies with unlabelled 
antibodies of exactly the same type (3G4), when competition 
would occur and reduce binding of the labeled antibodies. In 
a test assay, a significant reduction in labeled antibody reac 
tivity in the presence of a test antibody is indicative of a test 
antibody that recognizes the same epitope, i.e., one that 
“cross-reacts” with the labeled (3G4) antibody. 
0052 A significant reduction is a “reproducible', i.e., con 
sistently observed, reduction in binding. A 'significant reduc 
tion' in terms of the present application is defined as a repro 
ducible reduction (in 3G4 binding to one or more 
aminophospholipid or anionic phospholipids, preferably PS, 
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in an ELISA) of at least about 70%, about 75% or about 80% 
at any ratio between about 1:10 and about 1:1000. Antibodies 
with even more stringent cross-blocking activities will 
exhibit a reproducible reduction (in 3G.4 binding to one or 
more aminophospholipid or anionic phospholipids, prefer 
ably PS, in an ELISA or other suitable assay) of at least about 
82%, about 85%, about 88%, about 90%, about 92% or about 
95% or so at any ratio between about 1:10 and about 1:1000. 
Complete or near-complete cross-blocking, Such as exhibit 
ing a reproducible reduction in 3G4 binding to one or more 
aminophospholipid oranionic phospholipids of about 97% or 
about 96% or So, although by no means required to practice 
the invention, is certainly not excluded. 
0053 As to the second generation antibodies overall, the 
competition may be measured in reference to an antibody that 
at least binds to phosphatidylserine, wherein the second gen 
eration antibody effectively competes for binding to phos 
phatidylserine; in reference to an antibody that at least binds 
to phosphatidic acid, wherein the second generation antibody 
effectively competes for binding to phosphatidic acid; in ref 
erence to an antibody that at least binds to phosphatidylinosi 
tol, wherein the second generation antibody effectively com 
petes for binding to phosphatidylinositol; in reference to an 
antibody that at least binds to phosphatidylglycerol, wherein 
the second generation antibody effectively competes for 
binding to phosphatidylglycerol; in reference to an antibody 
that at least binds to cardiolipin, wherein the second genera 
tion antibody effectively competes for binding to cardiolipin; 
and optionally in reference to an antibody that at least binds to 
phosphatidylethanolamine, wherein the second generation 
antibody effectively competes for binding to phosphatidyle 
thanolamine. 

0054. In certain embodiments, the second generation anti 
bodies may be measured in reference to an antibody that binds 
to at least a first and second aminophospholipid or anionic 
phospholipid, and wherein the second generation antibody 
effectively competes for binding to the first and second ami 
nophospholipid or anionic phospholipid; in reference to an 
antibody that binds to at least a first, second and third amino 
phospholipid or anionic phospholipid, and wherein the sec 
ond generation antibody effectively competes for binding to 
the first, second and third aminophospholipid or anionic 
phospholipid; in reference to an antibody that binds to at least 
a first, second, third and fourth aminophospholipid oranionic 
phospholipid, and wherein the second generation antibody 
effectively competes for binding to the first, second, third and 
fourth aminophospholipid or anionic phospholipid; or in ref 
erence to an antibody that binds to at least a first, second, 
third, fourth and fifth aminophospholipid oranionic phospho 
lipid, and wherein the second generation antibody effectively 
competes for binding to the first, second, third, fourth and 
fifth aminophospholipid or anionic phospholipid. 
0055. In further embodiments, a second generation anti 
body may characterized as an antibody that exhibits signifi 
cant binding to at least one aminophospholipid or anionic 
phospholipid, no detectable binding to a choline-containing 
neutral phospholipid and that effectively competes with a 
monoclonal antibody of the invention, preferably 3G4 
(ATCC 4545). 
0056. In particular embodiments, the antibody exhibits 
significant binding to the anionic phospholipids PS, PA, PI, 
PG and CL; has a phospholipid binding profile of 
PS=PA=PI=PGdCL>PE, wherein > indicates at least 2-fold 
difference in binding and > indicates at least 10-fold differ 
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ence in binding to Such phospholipids; exhibits no detectable 
binding to phosphatidylcholine or sphingomyelin; and effec 
tively competes with the monoclonal antibody 3G4 (ATCC 
4545) for binding to each of the anionic phospholipids PS, 
PA, PIPG and CL. 
0057 Preferably, the second generation antibodies will 
have the foregoing characteristics and also exhibits signifi 
cant binding to at least one anionic phospholipid present at the 
cell Surface of activated, dividing, injured, apoptotic or virally 
infected cells. More preferably, the antibody also signifi 
cantly inhibits the proliferation of dividing endothelial cells 
without significantly altering quiescent cells, and more pref 
erably, has no significant lupus anticoagulant activities. 
0058 Functionally, the second generation antibodies will 
preferably Suppresses angiogenesis, have an anti-tumor effect 
and an anti-viral effect, preferably in vivo, and more prefer 
ably, will do so without causing significant thrombotic com 
plications in animals or patients. Thus, the preferred antibod 
ies possess the combined properties of an anti-angiogenic, 
anti-tumor vascular, anti-tumor and anti-viral agent. 
0059. The invention is exemplified by monoclonal anti 
body 3G4, produced by hybridoma ATCC 4545, or an anti 
gen-binding fragment of Such a monoclonal antibody. A 
hybridoma that produces a monoclonal antibody that binds to 
Substantially the same epitope as the monoclonal antibody 
3G4 (ATCC 4545) is another aspect of the invention. 
0060. The invention further provides antibodies that bind 
to Substantially the same epitope as the monoclonal antibody 
3G4 (ATCC 4545), prepared by a process comprising immu 
nizing an animal with a composition comprising at least a first 
immunogenic aminophospholipid or anionic phospholipid, 
including a composition comprising activated endothelial 
cells, and selecting from the immunized animal an antibody 
that Substantially cross-reacts with the monoclonal antibody 
3G4 (ATCC 4545); and antibodies that bind to substantially 
the same epitope as the monoclonal antibody 3G4 (ATCC 
4545), prepared by a process comprising immunizing an ani 
mal with a composition comprising at least a first immuno 
genic aminophospholipid oranionic phospholipid, including 
a composition comprising activated endothelial cells, and 
selecting a competing antibody from the immunized animal 
by identifying an antibody that substantially reduces the bind 
ing of the 3G4 (ATCC 4545) antibody to at least a first 
aminophospholipid or anionic phospholipid, preferably PS. 
0061. In the following descriptions of the compositions, 
immunoconjugates, pharmaceuticals, combinations, cock 
tails, kits, first and second medical uses and all methods in 
accordance with this invention, the terms “antibody” and 
“immunoconjugate', or an antigen-binding region thereof, 
unless otherwise specifically stated or made clear from the 
Scientific terminology, refer to a range of anti-aminophospho 
lipid or anti-anionic phospholipid antibodies as well as to 
specific 3G4-cross-reactive antibodies. 
0062. The terms “antibody' and “immunoglobulin', as 
used herein, refer broadly to any immunological binding 
agent, including polyclonal and monoclonal antibodies. 
Depending on the type of constant domain in the heavy 
chains, antibodies are assigned to one of five major classes: 
IgA, Igl), IgE, IgG, and IgM. Several of these are further 
divided into Subclasses or isotypes, such as IgG1, IgG2, IgG3. 
IgG4, and the like. The heavy-chain constant domains that 
correspond to the difference classes of immunoglobulins are 
termed C, 6, e, Y and L, respectively. The subunit structures 
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and three-dimensional configurations of different classes of 
immunoglobulins are well known. 
0063 Generally, where antibodies rather than antigen 
binding regions are used in the invention, IgG and/or IgM are 
preferred because they are the most common antibodies in the 
physiological situation and because they are most easily 
made in a laboratory setting. The “light chains' of mamma 
lian antibodies are assigned to one of two clearly distinct 
types: kappa (K) and lambda (W), based on the amino acid 
sequences of their constant domains. There is essentially no 
preference to the use of K or light chains in the antibodies of 
the present invention. 
0064. The use of monoclonal antibodies (MAbs) or 
derivatives thereof is much preferred. MAbs are recognized 
to have certain advantages, e.g., reproducibility and large 
scale production, which makes them Suitable for clinical 
treatment. The invention thus provides monoclonal antibod 
ies of the murine, human, monkey, rat, hamster, rabbit and 
even frog or chicken origin. Murine, human or humanized 
monoclonal antibodies will generally be preferred. 
0065. As will be understood by those in the art, the immu 
nological binding reagents encompassed by the term “anti 
body extend to all antibodies from all species, and antigen 
binding fragments thereof, including dimeric, trimeric and 
multimeric antibodies; bispecific antibodies; chimeric anti 
bodies; human and humanized antibodies; recombinant, 
engineered and camelized (camelised) antibodies, and frag 
ments thereof. 
0066. The term “antibody” is thus used to refer to any 
antibody-like molecule that has an antigen binding region, 
and this term includes antibody fragments such as Fab', Fab, 
F(ab'), single domain antibodies (DABs). Fv, sclv (single 
chain Fv), linear antibodies, diabodies, camelized antibodies 
and the like. The techniques for preparing and using various 
antibody-based constructs and fragments are well known in 
the art (see Kabat et al., 1991, specifically incorporated herein 
by reference). Diabodies, in particular, are further described 
in EP 404,097 and WO 93/11161, each specifically incorpo 
rated herein by reference; whereas linear antibodies are fur 
ther described in Zapata et al. (1995), specifically incorpo 
rated herein by reference. 
0067. The antibodies of the invention include those that 
bind to phosphatidylserine and comprises at least one CDR of 
an antibody provided herein, preferably the 9D2 or 3G4 
(ATCC 4545) antibody. For example, the invention provides 
antibodies that bind to phosphatidylserine and comprise at 
least one CDR from the monoclonal antibody 3G4 produced 
by the hybridoma deposited as ATCC PTA 4545; or at least 
one CDR that has the amino acid sequence of SEQID NO:2 
or SEQ ID NO:4, or a variant or mutagenized form of the 
amino acid sequence of SEQ ID NO:2 or SEQ ID NO:4, 
wherein such a variant or mutagenized form maintains bind 
ing to phosphatidylserine. 
0068 Certain antibodies thus comprise at least one CDR 
from the variable regions of each of the heavy and light chains 
of monoclonal antibody 3G4 (ATCC 4545), at least one 
CDR1-3 of the monoclonal antibody 3G4 (ATCC 4545), or 
CDR1-3 of the variable regions of each of the heavy and light 
chains of monoclonal antibody 3G4 (ATCC PTA 4545). 
Other antibodies comprise at least a first variable region that 
includes an amino acid sequence region having the amino 
acid sequence of SEQ ID NO:2 or SEQ ID NO:4, as exem 
plified by variable regions that include an amino acid 
sequence region encoded by the nucleic acid sequences of 



US 2015/O 132220 A1 

SEQ ID NO:1 or SEQ ID NO:3. Such sequences are the 
sequences of Vh and VK of the 3G4 Sclv encompassing 
CDR1-3 (complementarity determining regions) of the vari 
able regions of the heavy and light chains. 
0069. In certain embodiments, second generation antibod 
ies are provided that have enhanced or superior properties in 
comparison to an original anti-aminophospholipid or anti 
anionic phospholipid antibody, such as 3G4 (ATCC 4545). 
These are exemplified by antibodies that comprise at least one 
CDR that has a variant or mutagenized form of the amino acid 
sequence of SEQID NO:2 or SEQID NO:4, wherein such a 
Variant or mutagenized form maintains binding to phosphati 
dylserine. 
0070 The anti-aminophospholipid or anti-anionic phos 
pholipid antibodies thus include those that comprises at least 
a first variable region that includes an amino acid sequence 
region of at least about 75%, more preferably, at least about 
80%, more preferably, at least about 85%, more preferably, at 
least about 90% and most preferably, at least about 95% or so 
amino acid sequence identity to the amino acid sequence of 
SEQ ID NO:2 or SEQ ID NO:4; wherein said anti-amino 
phospholipid or anti-anionic phospholipid antibody at least 
substantially maintains the biological properties of the anti 
aminophospholipid or anti-anionic phospholipid antibodies 
of the present invention, as exemplified by the 3G4 antibody. 
(0071 Identity or homology with respect to these and other 
anti-aminophospholipid or anti-anionic phospholipid anti 
body sequences of the present invention is defined herein as 
the percentage of amino acid residues in a candidate sequence 
that are identical to the sequences of SEQID NO:2 or SEQID 
NO:4, or to the sequence of another anti-aminophospholipid 
or anti-anionic phospholipid antibody of the invention, after 
aligning the sequences and introducing gaps, if necessary, to 
achieve the maximum percent sequence identity. The main 
tenance of substantially the same, or even more effective 
biological properties of the anti-aminophospholipid or anti 
anionic phospholipid antibody used for the sequence com 
parison is particularly important. Such comparisons are eas 
ily conducted, e.g., using one or more of the various assays 
described in detail herein. 
0072. In further embodiments, the antibodies employed 
will be “humanized', part-human or human antibodies. 
“Humanized' antibodies are generally chimeric monoclonal 
antibodies from mouse, rat, or other non-human species, 
bearing human constant and/or variable region domains 
(part-human chimeric antibodies'). Various humanized 
monoclonal antibodies for use in the present invention will be 
chimeric antibodies wherein at least a first antigen binding 
region, or complementarity determining region (CDR), of a 
mouse, rat or other non-human monoclonal antibody is opera 
tively attached to, or 'grafted” onto, a human antibody con 
stant region or "framework”. 
0073 "Humanized' monoclonal antibodies for use herein 
may also be monoclonal antibodies from non-human species 
wherein one or more selected amino acids have been 
exchanged for amino acids more commonly observed in 
human antibodies. This can be readily achieved through the 
use of routine recombinant technology, particularly site-spe 
cific mutagenesis. 
0074 Entirely human, rather than “humanized', antibod 
ies may also be prepared and used in the present invention. 
Such human antibodies may be obtained from healthy sub 
jects by simply obtaining a population of mixed peripheral 
blood lymphocytes from a human subject, including antigen 
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presenting and antibody-producing cells, and stimulating the 
cell population in vitro by admixing with an immunogeni 
cally effective amount of an aminophospholipid or anionic 
phospholipid sample. The human anti-aminophospholipid or 
anti-anionic phospholipid antibody-producing cells, once 
obtained, are used in hybridoma and/or recombinant antibody 
production. 
0075) Further techniques for human monoclonal antibody 
production include immunizing a transgenic animal, prefer 
ably a transgenic mouse, which comprises a human antibody 
library with an immunogenically effective amount of an ami 
nophospholipid or anionic phospholipid sample. This also 
generates human anti-aminophospholipid or anti-anionic 
phospholipid antibody-producing cells for further manipula 
tion in hybridoma and/or recombinant antibody production, 
with the advantage that spleen cells, rather than peripheral 
blood cells, can be readily obtained from the transgenic ani 
mal or mouse. 
0076 Antibodies in accordance with the invention may be 
readily prepared by selecting an antibody that substantially 
cross-reacts or competes with the monoclonal antibody 9D2 
or 3G4 (ATCC PTA 4545). Suitable preparative processes 
and methods comprise: 

0077 (a) preparing candidate antibody-producing 
cells; and 

0078 (b) selecting from the candidate antibody-pro 
ducing cells an antibody that substantially cross-reacts 
or competes with the monoclonal antibody 9D2 or 3G4 
(ATCC PTA 4545). 

I0079. One process of preparing suitable antibody-produc 
ing cells and obtaining antibodies therefrom may be con 
duced in situ in a given patient. That is, simply providing an 
immunogenically effective amount of an immunogenic ami 
nophospholipid or anionic phospholipid sample to a patient 
will result in appropriate antibody generation. Thus, the anti 
body is still "obtained” from the antibody-producing cell, but 
it does not have to be isolated away from a host and subse 
quently provided to a patient, being able to spontaneously 
localize to the tumor vasculature and exert its biological anti 
tumor effects. However, such embodiments are not currently 
preferred. 
0080 Suitable antibody-producing cells may also be 
obtained, and antibodies subsequently isolated and/or puri 
fied, by stimulating peripheral blood lymphocytes with ami 
nophospholipid or anionic phospholipid in vitro. 
I0081. Other methods comprise administering to an animal 
an immunizing composition comprising at least a first immu 
nogenic aminophospholipid or anionic phospholipid compo 
nent and selecting from the immunized animal an antibody 
that substantially cross-reacts or competes with the mono 
clonal antibody 9D2 or 3G4 (ATCC PTA 4545). These meth 
ods generally comprise: 

0082 (a) immunizing an animal by administering to the 
animal at least one dose, and optionally more than one 
dose, of a composition comprising an immunogenically 
effective amount of an immunogenic aminophospho 
lipid or anionic phospholipid; and 

I0083) (b) obtaining a suitable antibody-producing cell 
from the immunized animal, such as an antibody-pro 
ducing cell that produces an antibody that substantially 
cross-reacts or competes with the monoclonal antibody 
9D2 or 3G4 (ATCC PTA 4545). 

I0084. A preferred "composition comprising an immuno 
genically effective amount of an immunogenic aminophos 
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pholipid or anionic phospholipid, as used herein, is a com 
position comprising activated endothelial cells. “Activated 
endothelial cells' are preferably prepared by placing endot 
helial cells under at least a first condition, or in contact with at 
least a first factor, which activates the endothelial cells, and/or 
mimics a tumor environment, for a time effective to Substan 
tially maintain cell viability and stimulate expression of at 
least one anionic phospholipid at the Surface of the endothe 
lial cells. 

0085 Examples “conditions' effective to prepare acti 
vated endothelial cells are hypoxic and/or acidic environ 
ments. Examples of “factors' effective to prepare activated 
endothelial cells are effective concentrations of HO, throm 
bin, inflammatory cytokine(s). Such as IL-1C., IL-1B, inter 
feron or TNFC, and generally, combinations of conditions 
and/or factors that mimic a tumor environment. 

I0086 Irrespective of the nature of the immunization pro 
cess, or the type of immunized animal, Suitable antibody 
producing cells are obtained from the immunized animaland, 
preferably, further manipulated by the hand of man. “An 
immunized animal', as used herein, is a non-human animal, 
unless otherwise expressly stated. Although any antibody 
producing cell may be used, most preferably, spleen cells are 
obtained as the source of the antibody-producing cells. The 
antibody-producing cells may be used in a preparative pro 
cess that comprises: 

I0087 (a) fusing a suitable anti-aminophospholipid or 
anti-anionic phospholipid antibody-producing cell with 
an immortal cell to prepare a hybridoma that produces a 
monoclonal antibody in accordance with the present 
invention; and 

I0088 (b) obtaining a suitable anti-aminophospholipid 
or anti-anionic phospholipid antibody in accordance 
with the invention from the hybridoma. 

0089 "Suitable' anti-aminophospholipid or anti-anionic 
phospholipid antibody-producing cells, hybridomas and anti 
bodies are those that produce, or exist as, anti-aminophos 
pholipid or anti-anionic phospholipid antibodies, preferably 
antibodies that substantially cross-react or compete with the 
monoclonal antibody 9D2 or 3G4 (ATCC PTA 4545). 
0090 Hybridoma-based monoclonal antibody preparative 
methods thus include those that comprise: 

0091 (a) immunizing an animal by administering to the 
animal at least one dose, and optionally more than one 
dose, of a composition comprising an immunogenically 
effective amount of an immunogenic aminophospho 
lipid oranionic phospholipid, preferably a composition 
comprising activated endothelial cells; 

0092 (b) preparing a collection of monoclonal anti 
body-producing hybridomas from the immunized ani 
mal; 

0093 (c) selecting from the collection at least a first 
hybridoma that produces at least a first anti-aminophos 
pholipid or anti-anionic phospholipid monoclonal anti 
body in accordance with the invention, optionally an 
anti-aminophospholipid or anti-anionic phospholipid 
antibody that Substantially cross-reacts or competes 
with the monoclonal antibody 9D2 or 3G4 (ATCC PTA 
4545); and 

0094 (d) culturing the at least a first antibody-produc 
ing hybridoma to provide the at least a first anti-amino 
phospholipid or anti-anionic phospholipid monoclonal 
antibody; and preferably 
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0.095 (e) obtaining the at least a first anti-aminophos 
pholipid or anti-anionic phospholipid monoclonal anti 
body from the cultured at least a first hybridoma. 

0096. In identifying an anti-aminophospholipid or anti 
anionic phospholipid antibody that Substantially cross-reacts 
with the monoclonal antibody 9D2 or 3G4 (ATCC PTA 
4545), the selecting step may comprise: 

0097 (a) contacting an aminophospholipid or anionic 
phospholipid sample, preferably a PS sample, with 
effective amounts of the monoclonal antibody 9D2 or 
3G4 (ATCC PTA 4545) and a candidate antibody; and 

0.098 (b) determining the ability of the candidate anti 
body to substantially reduce the binding of the 9D2 or 
3G4 antibody to the aminophospholipid oranionic phos 
pholipid, preferably PS, sample; wherein the ability of a 
candidate antibody to substantially reduce the binding of 
the 9D2 or 3G4 antibody to the aminophospholipid or 
anionic phospholipid, preferably PS sample is indicative 
of an anti-aminophospholipid or anti-anionic phospho 
lipid antibody that binds to substantially the same 
epitope as the monoclonal antibody 9D2 or 3G4 (ATCC 
PTA 4545). 

0099. The selecting step may further comprise: 
0.100 (a) contacting a first aminophospholipid or 
anionic phospholipid sample, preferably PS, with an 
effective binding amount of the monoclonal antibody 
9D2 or 3G4 (ATCC PTA 4545) and determining the 
amount of 9D2 or 3G4 that binds to the aminophospho 
lipid or anionic phospholipid, preferably PS; 

0101 (b) contacting a second aminophospholipid or 
anionic phospholipid sample, preferably PS, with an 
effective binding amount of the monoclonal antibody 
9D2 or 3G4 (ATCC PTA 4545) in combination with an 
effective competing amount of a candidate antibody and 
determining the amount of 9D2 or 3G4 that binds to the 
aminophospholipid or anionic phospholipid, preferably 
PS, in the presence of the candidate antibody; and 

0102 (c) identifying an anti-aminophospholipid or 
anti-anionic phospholipid antibody that binds to Sub 
stantially the same epitope as the monoclonal antibody 
9D2 or 3G4 (ATCC PTA 4545) by selecting a candidate 
antibody that reduces the amount of 9D2 or 3G4 that 
binds to the aminophospholipid or anionic phospho 
lipid, preferably PS, preferably by at least about 80%. 

0103 All selection criteria, as used herein, are preferably 
conducted in the absence of serum, to avoid the drawbacks 
with generating antibodies that could mimic the pathological 
antibodies of patients, which bind to aminophospholipids or 
anionic phospholipids in conjunction with proteins. 
0104 AS non-human animals are used for immunization, 
the monoclonal antibodies obtained from such a hybridoma 
will often have a non-human make up. Such antibodies may 
be optionally subjected to a humanization process, grafting or 
mutation, as known to those of skill in the art and further 
disclosed herein. Alternatively, transgenic animals, such as 
mice, may be used that comprise a human antibody gene 
library. Immunization of such animals will therefore directly 
result in the generation of Suitable human antibodies. 
0105. After the production of a suitable antibody-produc 
ing cell, most preferably a hybridoma, whether producing 
human or non-human antibodies, the monoclonal antibody 
encoding nucleic acids may be cloned to prepare a “recom 
binant monoclonal antibody. Any recombinant cloning tech 
nique may be utilized, including the use of PCRTM to prime 
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the synthesis of the antibody-encoding nucleic acid 
sequences. Therefore, yet further appropriate monoclonal 
antibody preparative methods include those that comprise 
using the antibody-producing cells as follows: 

0106 (a) obtaining at least a first suitable anti-amino 
phospholipid oranti-anionic phospholipid antibody-en 
coding nucleic acid molecule or segment from a Suitable 
anti-aminophospholipid or anti-anionic phospholipid 
antibody-producing cell, preferably a hybridoma; and 

0107 (b) expressing the nucleic acid molecule or seg 
ment in a recombinant host cell to obtain a recombinant 
anti-aminophospholipid or anti-anionic phospholipid 
monoclonal antibody in accordance with the present 
invention. 

0108. However, other powerful recombinant techniques 
are available that are ideally suited to the preparation of 
recombinant monoclonal antibodies. Such recombinant tech 
niques include the phagemid library-based monoclonal anti 
body preparative methods comprising: 

0109 (a) immunizing an animal by administering to the 
animal at least one dose, and optionally more than one 
dose, of a composition comprising an immunogenically 
effective amount of an immunogenic aminophospho 
lipid oranionic phospholipid, preferably a composition 
comprising activated endothelial cells; 

0110 (b) preparing a combinatorial immunoglobulin 
phagemid library expressing RNA isolated from the 
antibody-producing cells, preferably from the spleen, of 
the immunized animal; 

0111 (c) selecting from the phagemid library at least a 
first clone that expresses at least a first anti-aminophos 
pholipid or anti-anionic phospholipid antibody, option 
ally one that Substantially cross-reacts or competes with 
the monoclonal antibody 9D2 or 3G4 (ATCC PTA 
4545); 

0112 (d) obtaining anti-aminophospholipid or anti-an 
ionic phospholipid antibody-encoding nucleic acids 
from the at least a first selected clone and expressing the 
nucleic acids in a recombinant host cell to provide the at 
least a first anti-aminophospholipid or anti-anionic 
phospholipid antibody; and preferably 

0113 (e) obtaining the at least a first anti-aminophos 
pholipid or anti-anionic phospholipid antibody 
expressed by the nucleic acids obtained from the at least 
a first selected clone. 

0114. Again, in Such phagemid library-based techniques, 
transgenic animals bearing human antibody gene libraries 
may be employed, thus yielding recombinant human mono 
clonal antibodies. 
0115 Irrespective of the manner of preparation of a first 
anti-aminophospholipid or anti-anionic phospholipid anti 
body nucleic acid segment, further Suitable antibody nucleic 
acid segments may be readily prepared by Standard molecular 
biological techniques. In order to confirm that any variant, 
mutant or second generation anti-aminophospholipid oranti 
anionic phospholipid antibody nucleic acid segment is Suit 
able for use in the present invention, the nucleic acid segment 
will be tested to confirm expression of an anti-aminophos 
pholipid oranti-anionic phospholipid antibody in accordance 
with the present invention. Preferably, the variant, mutant or 
second generation nucleic acid segment will also be tested to 
confirm hybridization understandard, more preferably, stan 
dard stringent hybridization conditions. Exemplary Suitable 
hybridization conditions include hybridization in about 7% 
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sodium dodecyl sulfate (SDS), about 0.5 M NaPO, about 1 
mM EDTA at about 50° C.; and washing with about 1% SDS 
at about 42°C. 
0116. As a variety of recombinant monoclonal antibodies, 
whether human or non-human in origin, may be readily pre 
pared, any of the treatment methods of the invention may be 
executed by providing to the animal or patient at least a first 
nucleic acid segment that expresses a biologically effective 
amount of at least a first anti-aminophospholipid or anti 
anionic phospholipid antibody in the patient. The “nucleic 
acid segment that expresses an anti-aminophospholipid or 
anti-anionic phospholipid, 3G4-like or 3G4-based antibody' 
will generally be in the form of at least an expression con 
struct, and may be in the form of an expression construct 
comprised within a virus or within a recombinant host cell. 
Preferred gene therapy vectors of the present invention will 
generally be viral vectors, such as comprised within a recom 
binant retrovirus, herpes simplex virus (HSV), adenovirus, 
adeno-associated virus (AAV), cytomegalovirus (CMV), and 
the like. 
0117 Cell Impermeant Duramycin Derivatives: 
0118. The invention further provides substantially cell 
impenneant phosphatidylethanolamine (PE)-binding peptide 
constructs and derivatives, which comprise at least a first 
PE-binding peptide that has been modified to form a substan 
tially cell impermeant PE-binding construct. 
0119 Preferably, the invention provides pharmaceutical 
compositions comprising, in a pharmaceutically acceptable 
carrier, a biologically or therapeutically effective amount of 
at least a first substantially cell imperimeant PE-binding con 
struct, which comprises at least a first PE-binding peptide that 
has been modified to form a substantially cell impermeant 
PE-binding construct. Thus, the substantially cell imper 
meant PE-binding constructs are constructs for pharmaceuti 
cal, pharmacological and therapeutic, i.e., medical uses, pref 
erably for use in treating viral infections. In certain 
embodiments, the invention provides a substantially cell 
impermeant PE-binding construct other than cinnamycin 
linked to biotin. 
I0120 Most preferably, the substantially cell imperimeant 
PE-binding peptide derivatives of the invention are substan 
tially cell imperimeant duramycin peptide derivatives and 
pharmaceutical compositions thereof. The duramycin pep 
tide is typically modified to form a substantially cell imper 
meant duramycin derivative by operative attachment to at 
least a first Substantially cell imperimeant group. Operative 
attachment of a Substantially cell imperimeant group may be 
via the lysine residue at amino acid position 2 in SEQ ID 
NO:9. 
I0121 The substantially cell imperimeant group may have a 
positive or negative charge at physiological pH or may be 
polar at physiological pH. Exemplary groups include Sulfate, 
Sulfonate, phosphate, carboxyl, phenolic, quaternary ammo 
nium ion and amine groups. A pharmaceutical composition 
comprising duramycin linked to biotin is aparticular example 
within the invention. 
I0122) Substantially cell imperimeant duramycins may also 
be operatively attached to a Sugar, oligo- or polysaccharide, 
amino acid, peptide, polypeptide, protein or a polyalcohol 
group. Certain cell imperimeant duramycins are those opera 
tively attached to a carrier protein or “an inert carrier protein', 
Such as neutravidin, Streptavidin, albuminor an immunoglo 
bulin carrier protein (an inert immunoglobulin carrier pro 
tein), of which duramycin attached to human IgG (HIgG) is 
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particularly preferred. Other examples of cell impermeant 
duramycins are those linked to targeting agents, preferably 
wherein the targeting agent is a protein, antibody, or antigen 
binding region thereof, that binds to a component of a tumor 
cell, tumor vasculature or tumor stroma or to a virally-in 
fected cell. Examples of targeting agents that bind to a com 
ponent of a tumor cell, tumor vasculature or tumor stroma are 
taught in U.S. Pat. Nos. 6,093,399, 6,004,555, 5,877,289, and 
6,036,955, each specifically incorporated herein by refer 
CCC. 

0123 Conjugates, Compositions and Kits: 
0.124. Unless otherwise specifically stated or made clearin 
scientific terms, the terms “antibody and fragment thereof, 
as used herein, therefore mean an “unconjugated or naked” 
antibody or fragment, which is not attached to another agent, 
particularly a therapeutic or diagnostic agent. These defini 
tions do not exclude modifications of the antibody, Such as, by 
way of example, modifications to improve the biological half 
life, affinity, avidity or other properties of the antibody, or 
combinations of the antibody with other effectors. 
0.125 Similarly, the terms PE-binding peptide and dura 
mycin “derivative’, as used herein, mean PE-binding and 
duramycin peptides that are not specifically attached to a 
selected therapeutic agent, particularly an anti-viral agent. 
Naturally, as the preferred PR-binding peptide and duramy 
cin "derivatives” of the invention are already attached to at 
least a first Substantially cell imperimeant group, this defini 
tion refers to the lack of an attached agent “selected for a 
therapeutic effect, particularly an anti-viral effect. 
0126 The invention further provides a range of antibody 
(immunoconjugate) and peptide conjugates. The immuno 
conjugates of the invention comprise an anti-aminophospho 
lipid or anti-anionic phospholipid antibody, preferably one 
that binds to Substantially the same epitope as, or competes 
with, the monoclonal antibody 9D2 or 3G4 (ATCC PTA 
4545), operatively attached to at least a first biological, diag 
nostic or therapeutic agent. Any of the range of antibodies 
described above may be used in Such an immunoconjugate. 
0127. The “biological agent” need not directly be a thera 
peutic or diagnostic agent. For example, as the invention can 
be used in connection with prodrugs, including ADEPT 
embodiments, the biological agent may be an agent, prefer 
ably an enzyme, which cleaves a Substantially inactive pro 
drug to release a Substantially active drug. Such agents and 
enzymes are described below in relation to the prodrug and 
ADEPT method embodiments. 
0128. As to “diagnostic agents', preferred diagnostic 
agents for attachment are in vivo diagnostic agents. Such 
diagnostic immunoconjugates may be used in imaging pre 
apoptotic and apoptotic cells in a range of diseases, in com 
bined tumor imaging and treatment, and in methods of using 
the invention as a Surrogate marker to monitor chemotherapy. 
0129 Suitable detectable labels include an X-ray detect 
able compound, Such as bismuth (III), gold (III), lanthanum 
(III) or lead (II); a radioactive ion, such as copper', gal 
lium7, gallium, indium''', indium'', iodine'', 
iodine', iodine'', mercury', mercury', rhenium', 
rhenium', rubidium, rubidium', technetium’" or 
yttrium', a nuclear magnetic spin-resonance isotope, such as 
cobalt (II), copper (II), chromium (III), dysprosium (III), 
erbium (III), gadolinium (III), holmium (III), iron (II), iron 
(III), manganese (II), neodymium (III), nickel(II), Samarium 
(III), terbium (III), vanadium (II) or ytterbium (III); or 
rhodamine or fluorescein. 
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0.130 Regarding “therapeutic agents”, certain preferred 
therapeutic agents are cytotoxic, cytostatic or anti-cancer 
agents. The antibodies of the invention, preferably 9D2- or 
3G4-like antibodies, may therefore be linked to at least a first 
radiotherapeutic, chemotherapeutic, anti-cellular, cytotoxic, 
anti-angiogenic or apoptosis-inducing agent or to an anti 
tubulin drug or cytokine. 
I0131 Currently preferred agents are the cytotoxic agent, 
gelonin; cytokines, such as TNFC., IL-12 and LEC (liver 
expressed chemokine); anti-cancer agents with anti-angio 
genic effects, as in Table E. anti-cancer agents that induce 
apoptosis, as in Table F. and anti-tubulin drugs from the 
combretastatin family. 
I0132) For attachment to at least a first biological, diagnos 
tic, cytotoxic, cytostatic or anti-cancer agent, antibodies that 
bind to Substantially the same epitope as, i.e., compete with, 
the monoclonal antibody 9D2 or 3G4 (ATCC PTA 4545) are 
particularly preferred. Given the Surprising connection 
between the antibodies and peptides of the invention and viral 
infections, the present invention further provides a range of 
new therapeutic conjugates for use intreating viral infections. 
Other preferred therapeutic agents for attachment to antibod 
ies are therefore anti-viral agents or drugs. The anti-viral 
immunoconjugates of the invention comprise an antibody 
that binds to at least a first aminophospholipid or anionic 
phospholipid, preferably to an aminophospholipid, and most 
preferably to PS or PE, operatively attached to at least a first 
anti-viral agent or drug. 
0133. The peptide conjugates of the invention comprise a 
substantially cell imperimeant PE-binding peptide, preferably 
a duramycin peptide, operatively attached to at least a first 
anti-viral agent or drug. Such peptide conjugates are herein 
termed “PE-binding peptide anti-viral conjugates' or suc 
cinctly, 'anti-viral peptide conjugates'. Any of the range of 
PE-binding peptides described above may be used in such a 
conjugate, with duramycin being particularly preferred. 
0.134 Virtually any one or more “anti-viral agents or 
drugs’ may be attached to an antibody that binds to at least a 
first aminophospholipid or anionic phospholipid, preferably 
to an aminophospholipid, and most preferably to PS or PE; or 
to a PE-binding peptide, preferably a duramycin peptide. 
Anti-retroviral drugs may be used, for example, nucleoside 
reverse transcriptase (RT) inhibitors (NTRIs), non-nucleo 
side RT inhibitors and protease inhibitors. Other suitable 
anti-viral agents for attachment to the antibodies and peptides 
of the invention include those set forth in Table G, particularly 
AZT or cidofovir. 
0.135 For antibody- and peptide-based conjugates, the 
term "conjugate' is generally used to define the operative 
association of the antibody or peptide with another effective 
agent and is not intended to refer Solely to any type of opera 
tive association, and is particularly not limited to chemical 
"conjugation’. Recombinant fusion proteins are particularly 
contemplated. So long as the antibody or peptide is able to 
bind to the target aminophospholipid oranionic phospholipid 
and the attached agent functions sufficiently as intended, 
particularly when delivered to the target site, any mode of 
attachment will be suitable. 
0.136 The invention further provides compositions com 
prising at least a first purified anti-aminophospholipid oranti 
anionic phospholipid antibody, or antigen-binding fragment 
or immunoconjugate thereof, optionally one that binds to 
essentially the same epitope as the monoclonal antibody 9D2 
or 3G4 (ATCC PTA 4545), or a substantially cell impermeant 
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PE-binding peptide derivative, preferably a substantially cell 
impermeant duramycin derivative, or an anti-viral conjugate 
thereof. The compositions preferably comprise a biologically 
effective amount of any Such agent, Such as an amount effec 
tive to bind a target antigen, inhibit proliferation, viral repli 
cation or Such like. 
0.137 The compositions of the invention are preferably 
pharmaceutically acceptable compositions, particularly 
those for the substantially cell imperimeant PE-binding pep 
tide derivatives, preferably substantially cell impermeant 
duramycin derivatives. The pharmaceutical compositions 
include those formulated for parenteral administration, Such 
as for intravenous administration, or for administration as a 
liposome or as an aerosol. The aerosol formulations are par 
ticularly suitable for treating viral infections. Pharmaceutical 
compositions preferably comprise a biologically ortherapeu 
tically effective amount of any Such agent, such as an amount 
effective for treating a disease or disorder, particularly angio 
genesis, cancer or a viral infection. 
0138 Aspects of the invention further include composi 

tions, pharmaceutical compositions, combinations, mixtures, 
medicaments and/or medicinal cocktails of agents, compris 
ing at least a first purified anti-aminophospholipid or anti 
anionic phospholipid antibody, or antigen-binding fragment 
or immunoconjugate thereof, optionally one that binds to 
essentially the same epitope as the monoclonal antibody 9D2 
or 3G4 (ATCC PTA 4545), or a substantially cell impermeant 
PE-binding peptide derivative, preferably a substantially cell 
impermeant duramycin derivative, or an anti-viral conjugate 
thereof, in combination with a biologically or therapeutically 
effective amount of at least a second biological agent. All 
Such combinations preferably comprise combined biologi 
cally or therapeutically effective amounts, such as combined 
amounts effective to inhibit proliferation or viral replication, 
or to treat a disease Such as an angiogenic disease, cancer or 
a viral infection. 
0.139. In the compositions, the “at least a second biological 
agent will often be a diagnostic or therapeutic agent, but it 
need not be. For example, the second biological agent may be 
a component of a pharmaceutical composition Such as a dis 
persion agent or an absorption delaying agent. Other biologi 
cal agents, such as agents for making antibodies and prodrugs 
for use in prodrug and ADEPT methods, and diagnostic 
agents, are preferably maintained in combination, but sepa 
rately, from the first composition of the invention and are 
therefore discussed below in reference to the kits of the inven 
tion. “In combination, but separately’ means in close con 
finement together, but not part of the same composition, Such 
as not part of the same Solution or pharmaceutical composi 
tion. 

0140. As to the “at least a second therapeutic agent, the 
term “second is in reference to the anti-aminophospholipid 
or anti-anionic phospholipid antibody, fragment or immuno 
conjugate, or Substantially cell imperimeant PE-binding pep 
tide, duramycin derivative or anti-viral conjugate thereof, 
being the “first therapeutic agent. 
0141 Where the invention is intended for use in cancer 
treatment, the at least a second therapeutic agent will prefer 
ably be “at least a second, distinct anti-cancer agent'. The 
second, anti-cancer agents for combined use may be radio 
therapeutic, chemotherapeutic, anti-angiogenic or apoptosis 
inducing agents, cytokines or antibodies or an antibody 
therapeutic agent constructs that bind to a tumor cell, an 
intracellular antigen released from a necrotic tumor cell or to 
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a component of tumor vasculature (i.e., anti-cancer immuno 
toxins or coaguligands). The term "chemotherapeutic agent'. 
as used herein, includes genes, vectors, antisense constructs 
and ribozymes. 
0142. Certain preferred second, anti-cancer agents for 
combined use are those that complement or enhance the 
therapeutic effect of the anti-aminophospholipid or anti-an 
ionic phospholipid antibody or Substantially cell imperimeant 
PE-binding peptide derivative and/or those selected for a 
particular tumor type or patient. “Therapeutic agents that 
complement or enhance the therapeutic effect” include radio 
therapeutic agents, vascular permeability enhancing agents, 
anti-angiogenic agents, apoptosis-inducing agents, certain 
cytokines, anti-tumor cell immunotoxins, as well as selected 
chemotherapeutic agents. Currently preferred “selected che 
motherapeutic agents' are chemotherapeutic agents with 
anti-angiogenic effects, as in Table E. chemotherapeutic 
agents that induce apoptosis, as in Table F, calcium flux 
inducing agents, inflammatory cytokines, H2O, thrombin, 
and anti-tubulin drugs from the combretastatin family. DOXo 
rubicin, etoposide and actinomycin-D are further preferred, 
with docetaxel being most preferred. 
0143. The invention further provides a liposome, lipid car 

rier, complex, mixture, Supramolecular structure multimo 
lecular aggregate or lipid-based drug delivery system com 
prising at least a first purified anti-aminophospholipid oranti 
anionic phospholipid antibody, or antigen-binding fragment 
or immunoconjugate thereof, preferably one that binds to 
essentially the same epitope as the monoclonal antibody 9D2 
or 3G4 (ATCC PTA 4545), or a substantially cell impermeant 
PE-binding peptide derivative, preferably a substantially cell 
impermeant duramycin derivative, or an anti-viral conjugate 
thereof. The liposome or liposome-like composition may be 
in the form of a monolayer, bilayer, multimolecular aggre 
gate, vesicle, helix, disc, tube, fiber, torus, hexagonal phase, 
gel phase, liquid-crystalline phase, liquid-crystalline multi 
molecular aggregate, micelle, reverse micelle, microemul 
Sion, emulsion, microreservoir, oil globule, fat globule, wax 
globule and/or colloidal particle. 
014.4 Liposomes or liposome-like compositions gener 
ally comprise an "outer membrane' or bulk aqueous phase 
and "central core” or inner aqueous phase. In preferred 
embodiments, the liposome or liposome-like composition is a 
stealthed liposome, lipid carrier, complex, mixture, Supramo 
lecular structure multimolecular aggregate or lipid-based 
drug delivery system. "Stealthed' liposomes and liposome 
like compositions comprise a biologically effective amount 
of at least a first stealthing agent in operative association with 
the outer membrane. A “stealthing agent' is a component that 
increases the biological half life of a liposome or liposome 
like composition when operatively associated with the outer 
membrane of the liposome or liposome-like composition. In 
“operative association, the outer membrane of the liposome 
or liposome-like composition is preferably “coated with the 
one or more stealthing agents. 
0145 Effective stealthing agents include a range of bio 
compatible hydrophilic polymers, such as polyamines, poly 
lactic acid, polyglycolic acid, polylactic-polyglycolic acid 
(PLGA), polypeptides and related materials. A preferred 
stealthing agent is polyethylene glycol (PEG) component, 
wherein the resulting stealthed liposomes are termed "PEGy 
lated liposomes”. 
0146 Preferred liposomes of the invention are stealthed or 
PEGylated liposomes wherein an antibody to an aminophos 



US 2015/O 132220 A1 

pholipid or anionic phospholipid, or antigen-binding frag 
ment thereof, preferably one that competes with the mono 
clonal antibody 9D2 or 3G4 (ATCCPTA4545), is operatively 
associated with the outer membrane of the liposome, prefer 
ably where the liposome is “coated with the antibody or 
fragment thereof. 
0147 Particularly preferred liposomes are such “anti 
body-coated stealthed or PEGylated liposomes wherein at 
least a first therapeutic agent, such as an anti-viral agent or 
preferably an anti-cancer agent, is operatively associated with 
the liposome or dispersed within the liposomal formulation. 
Preferably, the therapeutic, anti-viral or anti-cancer agent is 
operatively associated with or maintained within the central 
core of the liposome. Exemplary anti-cancer agents are radio 
nuclide(s) and chemotherapeutic agents, such as anti-tubulin 
drugs, docetaxel and paclitaxel, with docetaxel being pre 
ferred. 
0148 For combinations with biological, diagnostic, anti 
angiogenic, anti-cancer agents and stealthed liposomes, anti 
bodies that bind to Substantially the same epitope as, i.e., 
compete with, the monoclonal antibody 9D2 or 3G4 (ATCC 
PTA 4545) are particularly preferred. Where the invention is 
intended for use in treating a viral infection or disease, the at 
least a second therapeutic agent will preferably be “at least a 
second, anti-viral agent or drug’. The invention thus also 
provides a range of combined anti-viral compositions and 
formulations, not limited to the 3G4 and like antibodies. 
014.9 These aspects of the invention can be conveniently 
described as a composition, pharmaceutical composition, 
combination, mixture, medicament and/or medicinal cocktail 
comprising at least a first anti-viral agent or drug in combi 
nation with a biologically or therapeutically effective amount 
of at least one purified anti-aminophospholipid or anti-an 
ionic phospholipid antibody, or antigen-binding fragment or 
immunoconjugate thereof, optionally one that binds to essen 
tially the same epitope as the monoclonal antibody 9D2 or 
3G4 (ATCC PTA 4545), or a substantially cell impermeant 
PE-binding peptide derivative, preferably a substantially cell 
impermeant duramycin derivative, or an anti-viral conjugate 
thereof. 
0150. In the foregoing description, the anti-viral agent or 
drug is recited as the 'at least a first anti-viral agent or drug 
and the antibody, fragment, immunoconjugate, Substantially 
cell impermeant PE-binding peptide, duramycin derivative or 
an anti-viral conjugate thereof is recited as the second com 
ponent of the combination. This is a matter of grammatical 
convenience. 
0151. The one or more anti-viral agents or drugs for use in 
the present combined compositions may be selected from any 
anti-viral agent or drug available at the time of practicing the 
invention, including the range of anti-viral agents and drugs 
described herein for attachment to antibodies and peptides of 
the invention. By way of example, anti-retroviral drugs such 
as NTRIs, non-nucleoside RT inhibitors and protease inhibi 
tors, anti-viral agents as set forth in Table G, and preferably, 
AZT or cidofovir. 

0152. Further embodiments of the invention concern kits 
comprising, in at least a first composition or container, at least 
a first purified anti-aminophospholipid or anti-anionic phos 
pholipid antibody, or antigen-binding fragment or immuno 
conjugate thereof, optionally one that binds to essentially the 
same epitope as the monoclonal antibody 9D2 or 3G4 (ATCC 
PTA 4545), or a substantially cell imperimeant PE-binding 
peptide derivative, preferably a substantially cell impermeant 
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duramycin derivative, or an anti-viral conjugate thereof, in 
combination with a biologically or therapeutically effective 
amount of at least a second biological agent, component or 
system. 
0153. The “second biological agents, components or sys 
tems' are not limited to therapeutic or diagnostic agents. For 
example, second biological agents, components or systems 
may comprise components for modification of the antibody 
and/or for attaching other agents to the antibody. Certain 
preferred second biological agents, components or systems 
are prodrugs or components for making and using prodrugs, 
including components for making the prodrug itself and com 
ponents for adapting the antibodies of the invention to func 
tion in such prodrug or ADEPT embodiments. 
0154 The at least a 'second diagnostic agent, component 
or system” may be a diagnostic agent, component or system 
directly or indirectly detectable by an in vitro diagnostic test. 
“Directly detectable in vitro reporter agents’ include radio 
labels, reporter agents detectable by immunofluorescence 
and luciferase. “Indirectly detectable in vitro reporter agents' 
function in conjunction with further exogenous agent(s). Such 
as detectable enzymes that yield a colored product on contact 
with a chromogenic Substrate. These include 'secondary anti 
bodies', which are attached to a direct or indirect detectable 
agent, such a radiolabel or enzyme, and 'secondary and ter 
tiary antibody detection systems' in which the tertiary anti 
body is attached to the detectable agent. 
0155 Preferred diagnostic kits of the invention are those 
comprising a diagnostic agent, component or System detect 
able by in vivo diagnosis or imaging. An advantage of the 
imaging embodiments of the invention is that the same anti 
body can be used for imaging and treatment. The invention 
therefore provides kits and medicaments that comprise: 

0156 (a) a first pharmaceutical composition compris 
ing a diagnostically effective amount of an anti-amino 
phospholipid or anti-anionic phospholipid antibody, or 
antigen-binding fragment thereof, preferably one that 
binds to essentially the same epitope as the monoclonal 
antibody 9D2 or 3G4 (ATCC PTA 4545), operatively 
attached to a detectable label or diagnostic agent; and 

0157 (b) a second pharmaceutical composition com 
prising a therapeutically effective amount of anti-ami 
nophospholipid or anti-anionic phospholipid antibody, 
or antigen-binding fragment or immunoconjugate 
thereof, preferably one that binds to essentially the same 
epitope as the monoclonal antibody 9D2 or 3G4 (ATCC 
PTA 4545). 

0158 For use in therapeutic embodiments, the kits will 
comprise “at least a second therapeutic agent”. Preferably, 
Such kits comprise a combined biologically ortherapeutically 
effective amount of at least the two specified agents, such as 
combined amounts effective to inhibit proliferation or viral 
replication, or to treat a disease such as an angiogenic disease, 
cancer or a viral infection. 

0159 Interms of cancer treatment, the kits of the invention 
include antibodies for use in combination with prodrugs and 
ADEPT. In such compositions, the antibody or fragment 
thereof is “modified to provide a converting or enzymatic 
capacity'. This can be achieved by making a catalytic anti 
body. Preferably, the antibody is operatively associated with, 
preferably covalently linked or conjugated to, at least a first 
converting agent or enzyme capable of converting at least one 
prodrug to the active form of the drug. 
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0160 The enzymatic or enzyme-conjugated antibody or 
fragment will combined with an initially separate formulation 
of the “prodrug’. The prodrug will be an inactive or weakly 
active form of a drug that is that is converted to the active form 
of the drug on contact with the enzymatic capacity, converting 
function or enzyme associated with the anti-aminophospho 
lipid or anti-anionic phospholipid antibody of the invention, 
preferably one that competes with the monoclonal antibody 
9D2 or 3G4 (ATCC PTA 4545). 
0161 Accordingly, kits are provided that comprise, pref 
erably in separate compositions and/or containers: 

0162 (a) a biologically effective amount of at least a 
first anti-aminophospholipid or anti-anionic phospho 
lipid antibody, or antigen-binding fragment thereof, 
preferably one that competes with the monoclonal anti 
body 9D2 or 3G4 (ATCC PTA 4545), which has an 
enzymatic function, preferably where the antibody or 
fragment is operatively associated with, covalently 
linked or conjugated to, at least a first enzyme; and 

0163 (b) a biologically effective amount of at least a 
first Substantially inactive prodrug that is converted to a 
Substantially active drug by the enzymatic function of 
or by the enzyme associated with, linked to or conju 
gated to the anti-aminophospholipid or anti-anionic 
phospholipid antibody or fragment thereof. 

0164 Suitable enzymes that cleave a substantially inactive 
prodrug to release a Substantially active drug include arylsul 
fatase, serratia protease, thermolysin, Subtilisin, a carbox 
ypeptidase, a cathepsin, D-alanylearboxypeptidase, f-galac 
tosidase, neuraminidase, B-lactamase, penicillin amidase and 
cytosine deaminase. 
0.165. Other than prodrugs, the at least a second, anti 
cancer agent may be any of the second, anti-cancer agents 
described above in relation to the combined anti-cancer com 
positions of the invention. For treating viral infections, the at 
least a second, anti-viral agent may also be any of the second, 
anti-viral agents described above in relation to the combined 
anti-viral compositions of the invention. However, the “kits' 
may comprise the at least two recited the agents “in combi 
nation, but separately, thus providing even more flexibility 
in the selection of agents. 
0166 The kits of the invention may therefore comprise 
combined biologically or therapeutically effective amounts 
of at least the two specified agents within a single container or 
container means, or within distinct containers or container 
means. The kits may also comprise instructions for using the 
biological and therapeutic agents included therein. Imaging 
components may also be included in combination, but sepa 
rately with the therapeutic kits. 
(0167 
0168 The present invention provides a number of meth 
ods and uses of the anti-aminophospholipid or anti-anionic 
phospholipid antibodies, including the 9D2- and 3G4-like 
antibodies, and the substantially cell impermeant PE-binding 
peptide and duramycin derivatives. Concerning all methods, 
the terms 'a' and “an are used to mean “at least one', 'at 
least a first”, “one or more' or “a plurality” of steps in the 
recited methods, except where specifically stated. This is 
particularly relevant to the administration steps in the treat 
ment methods. Thus, not only may different doses be 
employed with the present invention, but different numbers of 
doses, e.g., injections or inhalations, may be used, up to and 
including multiple injections or inhalations. 

Anti-Angiogenic and Tumor Treatment: 
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0169. Various useful in vitro methods and uses are pro 
vided that have important biological implications. First pro 
vided are methods of, and uses in, binding aminophospholip 
ids or anionic phospholipids, preferably PS or PE, which 
generally comprise effectively contacting a composition 
comprising an aminophospholipid or anionic phospholipid, 
preferably PS or PE, with at least a first anti-aminophospho 
lipid or anti-anionic phospholipid antibody, or antigen-bind 
ing fragment thereof, preferably an antibody that binds to 
Substantially the same epitope as the monoclonal antibody 
9D2 or 3G4 (ATCC PTA 4545), or with a substantially cell 
impermeant duramycin derivative. The “contacting is under 
conditions effective to allow the formation of bound com 
plexes, and any complexes so formed are detected. The detec 
tion methods and uses may be used in connection with bio 
logical samples, e.g., in diagnostics for apoptosis, tumors and 
virally infected cells, and diagnostic kits based thereon are 
also provided. 
0170 Proliferation inhibition methods and uses are pro 
vided, which preferably use the antibodies, antigen binding 
fragments and immunoconjugates of the invention. Methods 
to inhibit endothelial cell proliferation and/or migration gen 
erally comprise contacting a population of cells or tissues that 
includes a population of endothelial cells with a composition 
comprising a biologically effective amount of at least a first 
anti-aminophospholipid or anti-anionic phospholipid anti 
body, optionally one that binds to substantially the same 
epitope as the monoclonal antibody 9D2 or 3G4 (ATCC PTA 
4545), or an antigen-binding fragment thereof, under condi 
tions effective to inhibit endothelial cell proliferation and/or 
migration. 
0171 The foregoing methods and uses can be performed 
in vitro and in vivo, in the latter case, wherein the tissues or 
cells are located within an animal and the anti-aminophos 
pholipid or anti-anionic phospholipid antibody is adminis 
tered to the animal. In both cases, the methods and uses 
become methods and uses for inhibiting angiogenesis, com 
prising contacting a population of potentially angiogenic 
blood vessels, or a tissue comprising a population of poten 
tially angiogenic blood vessels, with an anti-angiogenic com 
position comprising a biologically effective amount of at least 
a first anti-aminophospholipid or anti-anionic phospholipid 
antibody, optionally one that binds to Substantially the same 
epitope as the monoclonal antibody 9D2 or 3G4 (ATCC PTA 
4545), or an antigen-binding fragment thereof, under condi 
tions effective to inhibit angiogenesis. 
0172. Where populations of potentially angiogenic blood 
vessels are maintained ex vivo, the present invention has 
utility in drug discovery programs. In vitro Screening assays, 
with reliable positive and negative controls, are useful as a 
first step in the development of drugs to inhibit or promote 
angiogenesis, as well as in the delineation of further informa 
tion on the angiogenic process. Where the population of 
potentially angiogenic blood vessels is located within an ani 
mal or patient, the anti-angiogenic composition is adminis 
tered to the animal as a form of therapy. 
0173 Anti-angiogenic and anti-vascular therapies are pro 
vided in terms of animals and patients that have, or are at risk 
for developing, any disease or disorder characterized by 
undesired, inappropriate, aberrant, excessive and/or patho 
logical vascularization. It is well known to those of ordinary 
skill in the art that as aberrant angiogenesis occurs in a wide 
range of diseases and disorders, a given anti-angiogenic 
therapy, once shown to be effective in any acceptable model 
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system, can be used to treat the entire range of diseases and 
disorders connected with angiogenesis. 
0.174. The methods and uses of the present invention are 
particularly intended for use in animals and patients that have, 
or are at risk for developing, any form of vascularized tumor; 
macular degeneration, including age-related macular degen 
eration; arthritis, including rheumatoid arthritis; atheroscle 
rosis and atherosclerotic plaques; diabetic retinopathy and 
other retinopathies; thyroid hyperplasias, including Grave's 
disease; hemangioma: neovascular glaucoma; and psoriasis. 
(0175. As disclosed in U.S. Pat. Nos. 5,712.291 and 6,524, 
583, specifically incorporated herein by reference, each of the 
foregoing treatment groups are by no means exhaustive of the 
types of conditions that are to be treated by the present inven 
tion. U.S. Pat. Nos. 5,712.291 and 6,524,583 are incorporated 
herein by reference for certain specific purposes, including 
the purpose of identifying a number of other conditions that 
may be effectively treated by an anti-angiogenic therapeutic; 
the purpose of showing that the treatment of all angiogenic 
diseases represents a unified concept, once a defined category 
of angiogenesis-inhibiting compounds have been disclosed 
and claimed (in the present case, anti-aminophospholipid or 
anti-anionic phospholipid antibodies, optionally those that 
bind to Substantially the same epitope as the monoclonal 
antibody 9D2 or 3G4 (ATCC PTA 4545)); and the purpose of 
showing that the treatment of all angiogenic diseases is 
enabled by data from only a single model system. 
0176). In addition to the treatment of angiogenic and vas 
cular diseases, important and unified aspects of the present 
invention are compositions and methods for treating cancer. 
Such methods comprise administering to an animal or patient 
that has, or is at risk for developing, cancer, a biologically or 
therapeutically effective amount of at least a first composition 
comprising at least a first purified anti-aminophospholipid or 
anti-anionic phospholipid antibody, or antigen-binding frag 
ment or immunoconjugate thereof, preferably one that binds 
to essentially the same epitope as, or competes with, the 
monoclonal antibody 9D2 or 3G4 (ATCC PTA 4545), or a 
substantially cell imperimeant PE-binding peptide derivative, 
preferably a substantially cell imperimeant duramycin deriva 
tive. 

0177. The cancer treatment methods of the invention, even 
those using the antibodies, do not rely solely on exerting 
anti-vascular and/oranti-angiogenic effects. The cancer treat 
ment methods and uses of the invention are suitable for treat 
ing all forms of cancer, including animals and patients that 
have, or are at risk for developing, a vascularized solid tumor, 
a metastatic tumor or metastases from a primary tumor. The 
methods of the invention preferably exert an anti-cancer 
effect without causing significant thrombotic complications. 
0.178 Both unconjugated or naked antibodies, and frag 
ments thereof, and immunoconjugates may be used in the 
cancer treatment aspects of the invention. As to the use of 
immunoconjugates, the invention provides methods for deliv 
ering selected therapeutic or diagnostic agents to tumors. 
Such embodiments comprise administering to an animal or 
patient having a tumor a biologically effective amount of a 
composition comprising at least a first immunoconjugate in 
which a diagnostic or therapeutic agent is operatively 
attached to an anti-aminophospholipid or anti-anionic phos 
pholipid antibody, or antigen-binding fragment thereof, pref 
erably one that binds to Substantially the same epitope as, or 
competes with, the monoclonal antibody 9D2 or 3G4 (ATCC 
PTA 4545). 
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0179 The invention therefore provides tumor diagnostic, 
prognostic, imaging and related methods using an anti-ami 
nophospholipid or anti-anionic phospholipid antibody, or 
antigen-binding fragment thereof, preferably one that binds 
to Substantially the same epitope as, or competes with, the 
monoclonal antibody 9D2 or 3G4 (ATCC PTA 4545), to 
detect pre-apoptotic and apoptotic cells. Such methods can be 
used as a Surrogate marker to monitor the progress of other 
treatment, particularly chemotherapy, or to form an image of 
a tumor prior to treatment. 
0180. The use of the invention as a surrogate marker to 
monitor the progress of cancer treatment, particularly chemo 
therapy, comprises: 

0181 (a) subjecting an animal or patient with a tumor to 
at least a first treatment designed to exert an anti-tumor 
effect; and 

0182 (b) subsequently administering to the same ani 
mal or patient a diagnostically effective amount of at 
least a first anti-aminophospholipid or anti-anionic 
phospholipid antibody, or antigen-binding fragment 
thereof, preferably one that binds to substantially the 
same epitope as, or competes with, the monoclonal anti 
body 9D2 or 3G4 (ATCC PTA 4545), operatively 
attached to a detectable label or diagnostic agent, 
thereby forming a detectable image of the tumor, pref 
erably an image of pre-apoptotic or apoptotic tumor 
cells or tumor vascular endothelial cells within the 
tumor; and preferably 

0183 (c) analyzing the detectable image of the tumor, 
preferably the image of the pre-apoptotic or apoptotic 
tumor cells or tumor vascular endothelial cells within the 
tumor, thereby assessing the progress or effectiveness of 
the at least a first treatment designed to exert an anti 
tumor effect. 

0.184 The combined imaging and cancer treatment meth 
ods comprise: 

0185 (a) forming an image of a tumor by administering 
to an animal or patient having a tumor a diagnostically 
minimal or effective amount of at least a first anti-ami 
nophospholipid or anti-anionic phospholipid antibody, 
or antigen-binding fragment thereof, preferably one that 
binds to Substantially the same epitope as, or competes 
with, the monoclonal antibody 9D2 or 3G4 (ATCC PTA 
4545), operatively attached to a detectable label or diag 
nostic agent, thereby forming a detectable image of the 
tumor, and 

0186 (b) subsequently administering to the same ani 
mal or patient a therapeutically optimized or effective 
amount of at least a first anti-aminophospholipid oranti 
anionic phospholipid antibody, or antigen-binding frag 
ment or immunoconjugate thereof, preferably one that 
binds to essentially the same epitope as, or competes 
with, the monoclonal antibody 9D2 or 3G4 (ATCC PTA 
4545), thereby causing an anti-tumor effect. 

0187. For use in the cancer treatment methods of the 
invention, the currently preferred antibodies are those that 
bind to Substantially the same epitope as, or compete with, the 
monoclonal antibody 9D2 and 3G4 (ATCC PTA 4545). In 
terms of immunoconjugates, anti-aminophospholipid oranti 
anionic phospholipid antibodies, preferably those that com 
pete with the monoclonal antibody 9D2 and 3G4 (ATCCPTA 
4545), linked to an anti-cancer agent from Table E or Table F. 
a combretastatin, gelonin, TNFO, IL-12 and LEC are cur 
rently preferred. The currently preferred substantially cell 
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impermeant PE-binding peptide derivatives use in cancer 
treatment are duramycin derivatives, most preferably dura 
mycin linked to biotin or duramycin linked to HIgG. 
0188 Within the antibody-based cancer treatment meth 
ods of the invention, the invention further provides prodrug 
treatment methods, which generally comprise: 

0189 (a) administering to an animal or patient with a 
tumor a first pharmaceutical composition comprising a 
first anti-aminophospholipid or anti-anionic phospho 
lipid antibody, or antigen-binding fragment thereof, 
preferably one that competes with the monoclonal anti 
body 9D2 or 3G4 (ATCC PTA 4545), which antibody or 
fragment thereof has an enzymatic function, preferably 
where the antibody or fragment is operatively associated 
with, covalently linked or conjugated to, at least a first 
enzyme; wherein the antibody or fragment localizes to 
the tumor after administration and 

0.190 (b) subsequently administering to the animal or 
patient, after an effective time period, at least a second 
pharmaceutical composition comprising a biologically 
effective amount of at least one substantially inactive 
prodrug; wherein the prodrug is converted to a Substan 
tially active drug by the enzymatic function of, or by the 
enzyme associated with, linked to or conjugated to the 
anti-aminophospholipid or anti-anionic phospholipid 
antibody, or fragment thereof, localized within the 
tumor. 

0191 The present invention further provides a range of 
combination cancer treatment methods, comprising adminis 
tering to an animal or patient with cancer a therapeutically 
effective combined amount of at least a first purified anti 
aminophospholipid oranti-anionic phospholipid antibody, or 
antigen-binding fragment or immunoconjugate thereof, 
optionally one that binds to essentially the same epitope as the 
monoclonal antibody 9D2 or 3G4 (ATCC PTA 4545), or a 
substantially cell imperimeant PE-binding peptide derivative, 
preferably a substantially cell imperimeant duramycin deriva 
tive, and at least a second, distinct therapeutic or anti-cancer 
agent. 
0.192 Generally speaking, the at least a second anti-cancer 
agent may be administered to the animal or patient before, 
during or after administration of the anti-aminophospholipid 
or anti-anionic phospholipid antibody, 9D2- or 3G4-based 
therapeutic or Substantially cell imperimeant duramycin 
derivative. The at least a second anti-cancer agent may be 
administered to the animal or patient “substantially simulta 
neously with the anti-aminophospholipid or anti-anionic 
phospholipid antibody, 9D2- or 3G4-based therapeutic or 
Substantially cell imperimeant duramycin derivative; Such as 
from a single pharmaceutical composition or from two phar 
maceutical compositions administered closely together. 
0193 Alternatively, the at least a second anti-cancer agent 
may be administered to the animal or patientata time sequen 
tial to the administration of the anti-aminophospholipid or 
anti-anionic phospholipid antibody, 9D2- or 3G4-based 
therapeutic or Substantially cell imperimeant duramycin 
derivative. At a time sequential’, as used herein, means 
'staggered'. Such that the at least a second anti-cancer agent 
is administered to the animal or patientata time distinct to the 
administration of the anti-aminophospholipid oranti-anionic 
phospholipid antibody, 3G4-based therapeutic or substan 
tially cell imperimeant duramycin derivative. 
0194 In sequential administration, the two agents are 
administered at times effectively spaced apart to allow the 
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two agents to exert their respective therapeutic effects, i.e., 
they are administered at “biologically effective time inter 
vals. The at least a second anti-cancer agent may be admin 
istered to the animal or patient at a biologically effective time 
prior to the anti-aminophospholipid oranti-anionic phospho 
lipid antibody, 9D2- or 3G4-based therapeutic or substan 
tially cell imperimeant duramycin derivative, or at a biologi 
cally effective time subsequent to that therapeutic. 
0.195 Any therapeutic or anti-cancer agent may be used as 
the second, therapeutic or anti-cancer agent in the combined 
cancer treatment methods of the invention, including any of 
the therapeutic or anti-cancer agents described above in rela 
tion to the anti-cancer compositions and kits of the invention. 
Preferred agents are those that complement or enhance the 
therapeutic effects of the antibodies, fragments, immunotox 
ins or peptide derivatives, such as vascular permeability 
enhancing agents, anti-angiogenic agents, apoptosis-induc 
ing agents, calcium flux inducing agents, inflammatory 
cytokines, antibodies and immunotoxins to tumor cells and 
necrotic tumor cells, chemotherapeutic agents from Table E 
or Table F, a combretastatin, doxorubicin, etoposide and acti 
nomycin-D. 
0.196 Docetaxel is a particularly preferred agent for use in 
combination therapy. Docetaxel may be administered sepa 
rately to the anti-aminophospholipid or anti-anionic phos 
pholipid antibody, substantially cell impermeant PE-binding 
peptide or duramycin derivative, either before or afterwards. 
As to simultaneous administration, docetaxel may be given in 
separate or the same formulations, optionally within a lipo 
some or stealthed liposome, and preferably within the core of 
a stealthed liposome coated with an antibody that binds to an 
aminophospholipid or anionic phospholipid, preferably an 
antibody that binds to essentially the same epitope as, or 
competes with, the monoclonal antibody 9D2 or 3G4 (ATCC 
PTA 4545). 
(0197) Treating Viral Infections: 
0198 Particularly important and surprising developments 
of the invention concern antibodies, immunoconjugates, pep 
tides, peptide conjugates, compositions, combinations, kits, 
methods, uses and medicaments for inhibiting viruses and for 
treating or preventing viral infections. In a first instance, the 
anti-viral methods of the invention concern contacting a com 
position comprising, or population of cells or tissue(s) that 
contains or is suspected to contain, a virally infected cell with 
at least a first composition comprising a biologically effective 
amount of at least a first purified antibody that binds to an 
aminophospholipid oranionic phospholipid, preferably to PS 
or PE, optionally one that binds to essentially the same 
epitope as, or competes with, the monoclonal antibody 9D2 
or 3G4 (ATCC PTA 4545), or antigen-binding fragment, 
immunoconjugate or anti-viral conjugate thereof, or a Sub 
stantially cell imperimeant PE-binding peptide derivative, 
preferably a substantially cell imperimeant duramycin deriva 
tive, or an anti-viral conjugate thereof. The virally infected 
cell is preferably a eukaryotic cell. Such as an animal cell, and 
preferably a mammalian or human cell. 
0199 The anti-viral methods and uses can be performed in 
vitro and in vivo. In the in vitro embodiments, the methods 
have important utilities. For example, in drug discovery pro 
grams for the development of anti-viral drugs or combina 
tions thereof, as well as in the delineation of further informa 
tion on viral infection, replication and spread. The in vitro 
anti-viral methods may also be used in purging viruses from 
biological samples. Such as cell populations and tissue cul 
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tures for laboratory use, from Samples, tissues, seeds, plant 
parts and plants for agricultural use, and from blood and 
tissue samples for therapeutic use. In the in vivo methods, 
where the cells, populations or tissues are located within an 
animal, the anti-aminophospholipid oranti-anionic phospho 
lipid antibody, fragment, immunoconjugate, Substantially 
cell impermeant PE-binding peptide, duramycin derivative or 
anti-viral conjugate thereof, is administered to the animal as 
anti-viral therapy. 
0200. In both cases, the compositions, methods and uses 
inhibit one or more steps or stages necessary for a productive 
or ongoing viral infection, including inhibiting viral entry. 
Preferably, the compositions, methods and uses inhibit viral 
replication and/or spread, Such as inhibiting one or more steps 
of viral transcription, translation, assembly, packaging and/or 
egress within or from an infected host cell. Such as a mam 
malian or human cell. The invention therefore preferably 
limits or substantially confines viral infections to initially 
infected cells and cell populations, thus substantially inhibit 
ing or preventing the Subsequent or ongoing infection of 
additional host cells or tissues. 

0201 The anti-viral treatment methods of the invention 
preferably concern administering to an animal or patient hav 
ing, Suspected of having or at risk for developing a viral 
infection or associated disease at least a first composition 
comprising a biologically effective amount of at least a first 
purified antibody that binds to an aminophospholipid or 
anionic phospholipid, preferably to PS or PE, optionally one 
that binds to essentially the same epitope as, or competes 
with, the monoclonal antibody 9D2 or 3G4 (ATCC PTA 
4545), or antigen-binding fragment, immunoconjugate or 
anti-viral conjugate thereof, or a Substantially cell imper 
meant PE-binding peptide derivative, preferably a substan 
tially cell imperimeant duramycin derivative, or an anti-viral 
conjugate thereof. 
0202 Currently preferred therapeutic agents for use in 
anti-viral treatment are antibodies that bind to an aminophos 
pholipid, preferably to PS or PE, and immunoconjugates of 
Such antibodies operatively attached to at least a second, 
distinct anti-viral agent; duramycin peptides and derivatives 
linked to biotin or linked to HIgG, and conjugates of PE 
binding peptides, preferably duramycins, operatively linked 
to at least a second, distinct anti-viral agent. Suitable anti 
viral agents for attachment to the antibodies and peptides 
include those set forth in Table G, such as AZT or cidofovir. 
0203 As the invention inhibits one or more steps or stages 
necessary for productive or ongoing infection common to all 
viruses, the anti-viral methods and uses of the invention are 
suitable for treating all viruses, both enveloped and non 
enveloped viruses, including those that infect plants, animals, 
Vertebrates, mammals and human patients. The invention is 
suitable for treating all viruses that infect vertebrates, as listed 
herein in Table H, particularly humans, and particularly 
viruses that are pathogenic in animals and humans. The viral 
infections and associated and resultant diseases that can be 
treated by the invention include those viruses and diseases set 
forth in Table J, as exemplified by treating CMV. RSV. 
arenavirus and HIV infections, and the diseases hepatitis, 
influenza, pneumonia, Lassa fever and AIDS. 
0204. The anti-viral treatment methods of the invention 
may also be used in combination with other therapeutics and 
diagnostics. The combined treatment methods comprise 
administering to an animal or patient with a viral infection a 
therapeutically effective combined amount of at least a first 
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composition comprising at least a first purified antibody that 
binds to an aminophospholipid oranionic phospholipid, pref 
erably to PS or PE, optionally one that binds to essentially the 
same epitope as, or competes with, the monoclonal antibody 
9D2 or 3G4 (ATCC PTA 4545), or antigen-binding fragment, 
immunoconjugate or anti-viral conjugate thereof, or a Sub 
stantially cell imperimeant PE-binding peptide derivative, 
preferably a substantially cell imperimeant duramycin deriva 
tive, or an anti-viral conjugate thereof, and at least a second, 
distinct therapeutic or anti-viral agent. 
0205 The at least a “second, distinct' anti-viral agent is in 
reference to the anti-aminophospholipid oranti-anionic phos 
pholipid antibody, fragment or immunoconjugate, or Substan 
tially cell impermeant PE-binding peptide, duramycin deriva 
tive or anti-viral conjugate thereof, being the “first anti-viral 
agent. The at least a second anti-viral agent may be adminis 
tered to the animal or patient during administration of, or 
Substantially simultaneously with, the first anti-viral agent of 
the invention; or before or after, i.e., sequential to the admin 
istration of the first anti-viral agent of the invention. 
0206. Any therapeutic or anti-viral agent may be used as 
the second therapeutic or anti-viral agent in the combined 
anti-viral treatment methods of the invention, including any 
of the anti-viral agents described above in relation to the 
anti-viral conjugates, compositions and kits of the invention. 
0207. The foregoing cancer and anti-viral treatment meth 
ods and uses will often involve the administration of the 
pharmaceutically effective composition to the animal or 
patient Systemically, Such as by transdermal, intramuscular, 
intravenous injection and the like. For treating viral infec 
tions, particularly respiratory viral infections, delivery to the 
lung is another preferred embodiment, as may be achieved 
using an aerosol. However, any route of administration that 
allows the therapeutic agent to localize to the site of the tumor 
or viral infection will be acceptable. Therefore, other suitable 
routes of delivery include oral, rectal, nasal, topical, and 
vaginal. For uses and methods for the treatment of arthritis, 
e.g., intrasynovial administration may be employed, as 
described for other immunological agents in U.S. Pat. No. 
5,753.230, specifically incorporated herein by reference. For 
conditions associated with the eye, ophthalmic formulations 
and administration are contemplated. 
0208 Administration', as used herein, means provision 
or delivery of anti-aminophospholipid or anti-anionic phos 
pholipid antibody or 9D2- or 3G4-based therapeutics, or sub 
stantially cell imperimeant PE-binding peptide derivatives, 
preferably duramycin derivatives in an amount(s) and for a 
period of time(s) effective to exert a therapeutic effect. The 
passive administration of proteinaceous therapeutics is gen 
erally preferred, in part, for its simplicity and reproducibility. 
0209 However, the term “administration' is herein used 
to refer to any and all means by which the therapeutics are 
delivered. “Administration therefore includes the provision 
of cells that produce the anti-aminophospholipid or anti-an 
ionic phospholipid antibody, 3G4-based or duramycin 
derivative therapeutics in an effective manner. In such 
embodiments, it may be desirable to formulate or package the 
cells in a selectively permeable membrane, structure or 
implantable device, generally one that can be removed to 
cease therapy. Exogenous administration will still generally 
be preferred, as this represents a non-invasive method that 
allows the dose to be closely monitored and controlled. 
0210. The therapeutic methods and uses of the invention 
also extend to the provision of nucleic acids that encode 
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anti-aminophospholipid or anti-anionic phospholipid anti 
body, 3G4-based or duramycin derivative therapeutics in a 
manner effective to result in their expression in vivo. Any 
gene therapy technique may be employed, such as naked 
DNA delivery, recombinant genes and vectors, cell-based 
delivery, including ex vivo manipulation of patients cells, 
and the like. Liposomes and stealthed liposomes will be pre 
ferred for use in some embodiments. 
0211. The pharmaceutical compositions and treatment 
methods of the invention employ “therapeutically effective 
amounts of an anti-aminophospholipid oranti-anionic phos 
pholipid antibody, optionally one that binds to substantially 
the same epitope as the monoclonal antibody 9D2 or 3G4 
(ATCC PTA 4545), oran antigen-binding fragment or immu 
noconjugate of Such an antibody, or a Substantially cell 
impenneant PE-binding peptide derivative, preferably a sub 
stantially cell imperimeant duramycin derivative, or an anti 
viral conjugate thereof. The “therapeutic effects” and conse 
quent “therapeutically effective amounts are measured by 
different parameters in cancer treatment vs. anti-viral treat 
ment. 

0212. In cancer treatment, the amounts of the agents are 
effective to specifically kill at least a portion of tumor cells, 
tumor or intratumoral vascular endothelial cells; to specifi 
cally induce apoptosis in at least a portion of tumor cells, 
tumor or intratumoral vascular endothelial cells; to specifi 
cally promote coagulation in at least a portion of tumor or 
intratumoral blood vessels; to specifically occlude or destroy 
at least a portion of blood transporting vessels of the tumor, to 
specifically induce necrosis in at least a portion of a tumor; 
and/or to induce tumor regression or remission upon admin 
istration to an animal or patient. 
0213. In treating viral infections and related diseases, the 
amounts of the agents are effective to inhibit one or more 
requirements for ongoing viral infection, Such as viral entry, 
and preferably, viral replication, egress and spread from the 
infected host cells. The amounts may also kill or remove at 
least a portion of the virally infected cells in a manner that 
counteracts viral replication, spread and ongoing infection. 
Overall, the amounts of the agents are effective to reduce, 
significantly reduce or eradicate the viral infection upon 
administration to an animal or patient. 
0214. The terms “preferentially' and “specifically', as 
used herein, mean that the anti-aminophospholipid or anti 
anionic phospholipid antibody, 3G4-based therapeutics, or 
substantially cell imperimeant PE-binding peptide deriva 
tives, preferably duramycin derivatives, achieve anti-cancer 
or anti-viral effects that are substantially confined to the dis 
ease site, and do not substantially cause coagulation, destruc 
tion and/or tissue necrosis in normal, healthy tissues of the 
animal or subject. The structure and function of healthy cells 
and tissues is therefore maintained Substantially unimpaired 
by the practice of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0215. The following drawings form part of the present 
specification and are included to further demonstrate certain 
aspects of the present invention. The invention may be better 
understood by reference to one or more of these drawings in 
combination with the detailed description of specific embodi 
ments presented herein. The U.S. file of this patent contains at 
least one drawing executed in color. Copies of this patent with 
color drawing(s) will be provided by the Patent and Trade 
mark Office upon request and payment of the necessary fee. 
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0216 FIG. 1. Localization of anti-PS antibody (3SB) to 
vascular endothelial cells in L540 human Hodgkin’s lym 
phoma, 3LL murine lung carcinoma and B16 murine mela 
noma tumors in mice. Tumor-bearing SCID mice were 
injected intravenously with 201g of anti-PS (3SB) or anti-CL 
(D11) mouse IgM. The blood circulation was perfused with 
saline 1 h later. Mice were sacrificed 1 h later and tumor and 
organs were harvested and Snap-frozen. Mouse IgM was 
detected on frozen sections using goat anti-mouse IgM-per 
oxidase conjugate. Anti-PS antibody specifically localized to 
blood vessels (indicated by arrows) in all tumors. No local 
ization was observed in mice injected with control, anti-CL 
IgM. 
0217 FIG. 2A and FIG.2B. Binding of 9D2 antibody and 
annexin V to phospholipids adsorbed to plastic. Phospholip 
ids were adsorbed to plastic of microtiter plates. After block 
ing with 10% serum, 9D2 antibody (FIG. 2A) or annexin V 
(FIG.2B) were added a concentrations ranging from 6.66 nM 
to 0.005 nM in the presence of 10% serum. The plates were 
washed and the bound 9D2 antibody and annexin V were 
detected using goatanti-rat IgM-HRP and rabbitanti-annexin 
V IgG followed by anti-rabbit-HRP respectively. 
0218 FIG. 3. Inhibition of binding of 9D2 antibody and 
annexin V to anionic phospholipids on H-O-treated endot 
helial cells with competing phospholipid liposomes. 9D2 
antibody and annexin V (6.66 nM) were pre-incubated with 
various phospholipid liposomes (200 ug/ml) DPBS buffer 
containing 10% serum. The bound 9D2 antibody and annexin 
V were detected using goat anti-rat IgM-HRP and rabbit 
anti-annexin V IgG followed by anti-rabbit-HRP respec 
tively. Binding in the presence or absence of competing lipo 
Somes was determined. Standard deviations of triplicate mea 
surements were less than 10% of the mean values. 
0219 FIG. 4. Localization of biotinylated 9D2 antibody 
and annexin V to vascular endothelial cells and tumor cells in 
orthotopic MDA-MB-231 human breast tumors in mice. 
Nu/numice bearing MDA-MB-231 tumors in their mammary 
fat pads were injected intravenously with 50 lug of biotiny 
lated 9D2 antibody or 100 lug of biotinylated annexin V. One 
h later, their blood circulation was perfused with saline. 
Tumor and organs were removed and Snap-frozen. Localized 
9D2 and annexin V were detected on the frozen sections using 
streptavidin-HRP conjugate. Tumor sections derived from 
mice injected with saline or control rat IgM served as negative 
controls. 

0220 FIG. 5. Combined effects of hypoxia and inflamma 
tory cytokines on PS exposure. bend.3 cells were treated for 
24h with IL-1C. and TNFC. under normoxic (white bars) and 
hypoxia (gray bars) conditions. The cell monolayers 
remained intact and viable under these conditions. PS exter 
nalization was determined by measuring binding of I 
annexin V. The level of PS exposure was expressed as a 
percentage of that in cells treated with combination of acti 
nomycin D and TNFC. 
0221 FIG. 6A and FIG. 6B. Anti-tumor effects of anti-PS 
antibody (3SB) in animals with Syngeneic and Xenogeneic 
tumors. 1x10" cells of murine colorectal carcinoma Colo 26 
(FIG. 6A) or human Hodgkin’s lymphoma L540 (FIG. 6B) 
were injected subcutaneously into the right flank of BALB/c 
mice (FIG. 6A) or male CB17 SCID mice (FIG. 6B), respec 
tively. Tumors were allowed to grow to a size of about 0.6-0.9 
cm and then the mice (4 animalspergroup) were injected ip. 
with 201g of naked anti-PS antibody (open Squares) or saline 
(open circles). Treatment was repeated 3 times with a 48 hour 
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interval. Animals were monitored daily for tumor measure 
ments and body weight. Mice were sacrificed when tumors 
had reached 2 cm, or earlier if tumors showed signs of 
necrosis or ulceration. Control mouse IgM gave similar 
results to Saline. 
0222 FIG. 7. Anti-tumor effects of 9D2 antibody in mice 
bearing L540 human Hodgkin’s lymphoma. Groups of 
tumor-bearing mice were injected with 100 ug of 9D2 anti 
body (closed circles) intraperitoneally 3 times per week, as 
opposed to control (open squares). The tumor size was taken 
by calipers twice a week. The tumor Volume is plotted against 
the number of days after tumor cell injections. The numbers in 
parentheses indicate number of mice with regressed tumors/ 
total number of mice per group. 
0223 FIG.5A, FIG.8B, FIG. 8C, FIG.8D, FIG.8E, FIG. 
8F and FIG.8G. Anti-tumor effects of anti-PS antibody, 3G4, 
in animals with Syngeneic and Xenogeneic tumors. Cells of 
murine Meth. A tumors (FIG. 8A), human MDA-MB-231 
breast cancer (FIG. 8B and FIG. 8E), human Hodgkin’s lym 
phoma L540 (FIG. 8C and FIG. 8D) and MDA-MB-231 
cancer (FIG. 8F and FIG. 8G) were injected into mice. 
Tumors were allowed to grow to the sizes shown before 
treatment. The human Hodgkin’s lymphoma cells were 
allowed to form large tumors. Each group of mice was 
injected intraperitoneally 3 times per week with 100 ug of 
3G4 antibody as opposed to control (3G4 is stated on FIG. 
8A, FIG.8B, FIG.8C; and shown by open circles on FIG.8D, 
FIG.8E, FIG.5F). Animals were monitored twice a week for 
tumor measurements. The tumor volume is plotted against the 
number of days after tumor inoculation (FIG. 8A) or against 
the days of treatment (FIG. 8B and FIG.5C) for 20-30 days 
(FIG. 8A, FIG. 8B and FIG. 8C; numbers in parentheses 
indicate number of mice with regressed tumors/total number 
of mice pergroup) or 60 days (FIG.8D, FIG.8E and FIG.8F). 
The 3G4 antibody and chimeric 3G4 antibody (ch3G4) were 
used to treat MDA-MB-231 cancer cells, as opposed to con 
trol (FIG. 8G). 
0224 FIG.9A and FIG.9B. Inhibition of CMV replication 
in vitro by 3G4 antibody. CMV-infected HHF-R2 cells were 
treated with 3G4 (top two panels). The control wells were left 
untreated (bottom two panels) or were treated with the isotype 
matched control IgG antibody GV39G (middle two panels). 
Cells were observed at different time points: day 3 (left col 
umn) and day 9 (right column). Infected cells appear green 
under the fluorescent microscope. Antibody treatment at 100 
ug/ml (FIG.9A) and 50 g/ml (FIG.9B). 
0225 FIG. 10. Concentration dependent inhibition of 
CMV replication in vitro. CMV-infected HHF-R2 cells were 
treated with different concentrations of 3G4 (top panels). The 
control wells were left untreated (bottom panel) or were 
treated with the isotype matched control IgG antibody 
GV39G (middle panels). Cells were observed on day 9. 
Infected cells appear green under the fluorescent microscope. 
0226 FIG. 11A, FIG. 11B and FIG.11C. Quantification of 
CMV viral load in antibody-treated cells and inhibition of 
replication at a late stage of the viral replication cycle. Mono 
layers of human fibroblasts were infected with CMV at a low 
m.o. i. of 0.01 pfu/cell and treated with the indicated concen 
trations of the 3G4 antibody; the control antibody, GV39G; or 
the control anti-colchicine antibody, C44 (FIG. 11A: 
Untreat., untreated control). Monolayers of human fibro 
blasts were infected with CMV at a high m.o. i. of 3 pfu/cell 
and treated with 50 ug/ml or 100 ug/ml of the 3G4 antibody or 
the control antibody, GV39G (FIG. 11B). Monolayers of 
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human fibroblasts were infected with CMV at a high m.o.i. 
the 3G4 antibody or the control antibody, GV39G were added 
at the indicated time points after infection (FIG. 11C). In each 
of FIG. 11A, FIG. 11B and FIG. 11C, the viral load in cells 
and Supernatants was quantified using a standard plaque 
assay. 
0227 FIG. 12. Inhibition of RSV replication in vitro by 
3G4, 1B9 and 3SB antibodies. RSV-infected A-549 cells 
were treated with 3G4, 1B9 or 3SB or left untreated as con 
trol. Treatment with 1 B9 (green) and 3SB (red) resulted in a 
log decrease inviral replication (vs. control in blue). The even 
more pronounced anti-viral effect of 3G4 is shown in pink. 
0228 FIG. 13A, FIG. 13B, FIG. 13C, FIG.13D, FIG.13E, 
FIG.13F, FIG.13G, FIG.13H, FIG.13I, FIG.13J, FIG.13K, 
FIG. 13L, FIG. 13M, FIG. 13N, FIG. 13O, FIG. 13P. FIG. 
13Q and FIG. 13R. Structures of duramycin derivatives. The 
chemical structures for exemplary duramycin derivatives 
from Example XV are depicted. In each of the compounds of 
FIG. 13A to FIG. 13O, the PE-binding peptide, duramycin, 
has been attached to a cell imperimeant group to prevent the 
construct from exerting significant, non-specific toxic effects. 
The schematic structure of the parent duramycin cyclic pep 
tide is shown in FIG. 13P. The linear sequence is represented 
by SEQ ID NO:9, and the structures of the modified amino 
acids in the sequence are depicted in FIG. 13O. FIG. 13R 
depicts an exemplary duramycin anti-viral construct, in 
which duramycin is linked to cidofovir. 
0229 FIG. 14A, FIG. 14B, FIG. 14C and FIG.14D. Bind 
ing specificities of duramycin derivatives. The duramycin 
derivatives were prepared as described in Example XV and 
their specificities determined using ELISAS and competition 
ELISAs, as described in Example XVI. FIG. 14A, phospho 
lipid binding profile of duramycin derivatives against a panel 
of phospholipids, showing specificity for PE; FIG. 14B, 
serum has no significant effect on PE binding: FIG. 14C and 
FIG. 14D, results from competition ELISAs confirming 
specificity of duramycin derivatives for PE. 
0230 FIG. 15. Inhibition of CMV replication in vitro by 
duramycin derivatives. CMV infected HHF-R2 cells were 
treated with duramycin derivatives (DLB)NA and (DIM) 
HIgG. The control wells were left untreated. Cells were 
observed at different time points: day 4 (left panels) and day 
6 (right panels). Infected cells appear green under the fluo 
rescent microscope. (DLB)NA and (DIM), HIgG inhibit 
viral spread from singly-infected cells. 
0231 FIG. 16. Selective inhibition of dividing endothelial 
cells by anti-PSantibodies. The anti-PS antibodies 3SB, 9D2 
and 3G4 were tested for inhibitory effects on endothelial cells 
in vitro as in Example XVIII. Each of the 3SB, 9D2 and 3G4 
antibodies exhibit selective inhibition of dividing (subconi 
luent) endothelial cells as opposed to quiescent (confluent) 
cells. The 9D2 and 3G4 antibodies both have a greater inhibi 
tory effect than 3SB. 
0232 FIG. 17A and FIG. 17B. Anti-angiogenic and vas 
cular targeting effects of the 3G4 antibody in tumor-bearing 
mice. Nude mice bearing MDA-MB-231 orthotopic tumors 
were treated 3 times a week with 100 g/dose 3G4 antibody 
(treated, right panels) or with the same dose of an isotype 
matched, control antibody (control, left panels). At the con 
clusion of treatment, animals were perfused and tumors were 
Snap-frozen, cut and stained with an antibody to murine 
CD31 (rat, anti-mouse CD31), a pan-endothelial marker of 
murine vasculature (FIG. 17A), or embedded in paraffin and 
strained with H&E (FIG. 17B). Comparing the tumor sec 
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tions from the control and treated animals shows that the 
administration of the 3G4 results in anti-angiogenic (FIG. 
17A) and vascular targeting (FIG. 17B) effects. 
0233 FIG. 18A and FIG. 18B. DNA and amino acid 
sequences of the complementarity determining regions 
(CDRs) of the 3G4 antibody. DNA and amino acid sequences 
for the heavy (FIG. 18A: SEQ ID NO:1 and SEQID NO:2) 
and light (FIG. 18B; SEQID NO:3 and SEQID NO:4) chains 
are presented, and the restriction sites in the DNA sequences 
are shown. The leader sequence is distinguished from the 
mature protein, which begins as shown by the first arrow in 
each of FIG. 18A and FIG. 18B. Exemplary means of grafting 
each variable sequence with a human constant region are set 
forth, wherein the first part of the respective human constant 
region sequences (SEQID NO:7 and SEQID NO:8) is shown 
by the second arrow in each of FIG. 18A and FIG. 18B. 
0234 FIG. 19A and FIG. 19B. Comparison of the PS 
binding of the IgG anti-PS antibody, 3G4, with the IgM 
anti-PS antibody, 3SB. The PS binding of the IgM antibody, 
3SB (0) and two IgG antibodies, 3G4(A) and 3B10 (), was 
determined by ELISA using antibody concentrations up to 
3.375 nM (FIG. 19A). The PS binding of the 3SB (0), 3G4 
(A) and 3B10 () antibodies at concentrations of up to 0.06 
nM is shown separately (FIG. 19B). 
0235 FIG. 20. Inhibition of binding of 3G4 antibody to 
immobilized PS using competing phospholipid liposomes. 
The 3G4 antibody (0.1 ug/ml) was pre-incubated for 30 min 
utes with various liposomes made from pure phospholipids 
(PS-L, PE-L, PI-L, PC-L, CL-L, PA-L and PG-L) or buffer 
alone (control). The mixtures were then added to PS-coated 
ELISA plates, washed and bound antibodies were detected 
using secondary antibodies and OPD. Binding in the presence 
of the listed liposomes is shown and compared to 3G4 anti 
body binding in the absence of any liposome. 
0236 FIG. 21. Binding of chimeric 3G4 to phospholipids. 
The chimeric 3G4 antibody (ch3G4) was prepared as 
described in Example XIX. Phospholipids (PS, PI, PE, PC, 
SM, CL, PG and PA) were adsorbed to plastic of microtiter 
plates. After blocking, chimeric 3G4 antibody was added at 
the concentrations shown. The plates were washed and the 
bound chimeric 3G4 antibody was detected via secondary 
antibody binding and development. 
0237 FIG. 22. Localization of chimeric 3G4 to tumor 
vascular endothelium in vivo. Biotinylated ch3G4 (top pan 
els) and control IgG (bottom panels) were administered to 
mice bearing MD-MBA-435s tumors. Tumor sections were 
stained with Cy3-conjugated streptavidin to detect the bioti 
nylated antibodies (left panels). Staining with the MECA 32 
antibody followed by FITC-tagged anti-rat IgG secondary 
antibody was conducted to detect vascular endothelium 
(middle panels). The red and green images are merged (right 
panels), whereupon biotinylated proteins bound to the tumor 
vascular endothelium appear yellow. The coincident staining 
of the localized3G4 antibody and the MECA 32 marker of the 
vascular endothelium is shown by the yellow color on the 
Superimposed images (top right). 
0238 FIG.23. Enhancement of macrophage phagocytosis 
of PS-positive cells by 3G4. HL-60 tumor cells were labeled 
with the green fluorescent dye CFDA, and PS exposure was 
induced by 200 uM HO. Treated cells were harvested and 
opSonized for 1 hr using 5 g/ml 3G4 or an isotype-matched 
control antibody (BBG3). Target cells were then added to 
macrophages, which were isolated from mouse bone marrow 
and cultured in chamber slides for 5 days in media containing 
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5 ng/ml GM-CSF. After 2 hrs, the slides were fixed and 
phagocytosis was visually counted under the fluorescent 
microscope. Results are presented as the percentage of 
phagocytosing macrophages (macrophages that have phago 
cytosed at least one tumor cell). 
0239 FIG. 24A and FIG. 24B. Induction of PS exposure 
on endothelial cells by docetaxel. Human umbilical vein 
endothelial cells (HUVEC) and human microvessel endothe 
lial cells (HMVEC) were treated with 10 nM of docetaxel for 
24 hrs. Cells were harvested, washed with PBS and incubated 
with 3G4 at 10 for 30 mins. on ice. The cells were thenwashed 
twice, FITC labeled goat anti-mouse IgG was added and the 
cells incubated for a further 30 mins. on ice. The cells were 
then washed and analyzed by FACS using a FACSCalibur 
cytometer (Becton-Dickinson, San Jose, Calif.) with 
CellOuest acquisition software. Both treated HUVEC (FIG. 
24A) and HMVEC (FIG. 24B) show significant increases in 
3G4 binding as compared to untreated cells. 
0240 FIG. 25A, FIG. 25B and FIG. 25C. Induction of PS 
exposure on tumor cell lines by docetaxel. Mouse lewis lung 
carcinoma 3LL, mouse colon carcinoma Colo26 and human 
breast cancer MDA-MB-435 cells were treated with 10 nM of 
docetaxel for 24 hrs. Cells were harvested, washed with PBS 
and incubated with 3G4 at 10 ug/ml for 30 mins. on ice. The 
cells were then washed twice, FITC labeled goat anti-mouse 
IgG was added and the cells incubated for a further 30 mins. 
on ice. The cells were then washed and analyzed by FACS 
using a FACSCalibur cytometer (Becton-Dickinson, San 
Jose, Calif.) with CellOuest acquisition software. The treated 
3LL (FIG. 25A), Colo26 (FIG.25B) and MDA-MB-435 cells 
(FIG. 25C) show significant increases in 3G4 binding as 
compared to untreated cells. 
0241 FIG. 26. Induction of PS exposure on human breast 
cancer MDA-MB-231 cells by docetaxel. Human breast can 
cer MDA-MB-231 cells were treated with 10 nM of docetaxel 
for 24 hrs. Cells were harvested, washed with PBS and incu 
bated with chimeric 3G4 (ch3G4) or control, human IgG for 
30 mins. on ice. The cells were then washed twice, FITC 
labeled anti-IgG was added and the cells analyzed by FACS, 
as above. There is a significant increase in ch3G4 binding as 
compared to control, human IgG. 
0242 FIG. 27. Treatment with anti-PS antibodies 
increases survival of mCMV-infected mice. Balb/C mice 
were infected with mCMV and treated with 3G4 or ch3G4 as 
described in Example XXI. The mice were monitored for 
survival past 90 days after infection. 
0243 FIG. 28. Treatment with the duramycin-biotin 
derivative, DLB increases survival of mCMV-infected mice. 
Balb/C mice were infected with mCMV and treated with 
DLB as described in Example XXII. The mice were moni 
tored for survival past 90 days after infection. 
0244 FIG.29A and FIG.29B. Binding of chimeric3G4 to 
cells infected with Vaccinia virus. U937 cells were infected 
with Vaccinia virus and stained with the chimeric 3G4 anti 
body (ch3G4) or control human IgG (HIgG) on day 2 after 
infection. FIG. 29A, uninfected U-937 cells. FIG. 29B, Vac 
cinia virus-infected U937 cells. The peaks in FIG. 29A and 
FIG. 29B are: left (red) peak, secondary antibody alone con 
trol; middle (blue) peak, control HIgG, right (green) peak, 
ch3G4. 

0245 FIG.30A, FIG.30B, FIG.30C and FIG.30D. Inhi 
bition of Pichinde virus replication in vitro by 3G4 antibody. 
Vero cells were infected with Pichinde virus at an m.o. i. of 
0.01 pfu/cell. The infected cells were treated with 100 ug/ml 
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of 3G4 (FIG. 30A) or isotype-matched control antibody, 
GV39G (FIG. 30B). On day 2 after infection, the cells were 
harvested with trypsin and allowed to adhere to slides. The 
cells were fixed with acetone, and stained with anti-PICrabbit 
polyclonal serum followed by goat anti-rabbit biotin conju 
gated secondary antibody. Infected cells are stained red 
brown. Secondary antibody alone produced no staining (FIG. 
30C). The % infected cells in the 3G4 vs. control treated cells 
is also shown (FIG. 30D). 
0246 FIG. 31. Duramycin-Human IgG (HIgG) conjugate 
inhibits Metha tumor growth in vivo. BALB/c mice bearing 
Meth A tumor cells were treated with the duramycin-HIgG 
conjugate (D-SIAB), HIgG, in which duramycin is conju 
gated to HIgG using the SIAB linker, or with control HIgG as 
described in Example XXV. 
0247 FIG. 32. Duramycin conjugate is not cytotoxic. The 
naturally occurring duramycin compound and the biotiny 
lated duramycin construct, DLB were tested for cytotoxic 
effects on human umbilical vein endothelial cells (HUVEC) 
using an MTT assay. 
0248 FIG. 33. Duramycin-antibody conjugate enhances 
macrophage phagocytosis of apoptotic cells. A duramycin 
antibody conjugate was constructed by linking duramycinto 
C44, a mouse IgG antibody, to create duramycin-C44 
(DuC44). Apoptotic HL-60 cells were incubated with mouse 
bone-marrow derived macrophages in the presence of 
DuC44, a control mouse antibody, BBG3 and the 3G4 anti 
body. Phagocytosis was evaluated as percent phagocytes 
positive for uptake. Data are mean values+S.E. 

DESCRIPTION OF ILLUSTRATIVE 
EMBODIMENTS 

0249 Solid tumors and carcinomas account for more than 
90% of all cancers in man. Although the use of monoclonal 
antibodies and immunotoxins has been investigated in the 
therapy of lymphomas and leukemias (Vitetta et al., 1991), 
these agents have been disappointingly ineffective in clinical 
trials against carcinomas and other solid tumors (Abrams and 
Oldham, 1985). A principal reason for the ineffectiveness of 
antibody-based treatments is that macromolecules are not 
readily transported into solid tumors. Even once within a 
tumor mass, these molecules fail to distribute evenly due to 
the presence of tight junctions between tumor cells, fibrous 
stroma, interstitial pressure gradients and binding site barri 
ers (Denekamp, 1990; Dvorak et al., 1991). 
0250 In developing new strategies for treating solid 
tumors, the methods that involve targeting the vasculature of 
the tumor, rather than the tumor cells, offer distinct advan 
tages. An effective destruction or blockade of the tumor ves 
sels arrests blood flow through the tumor, resulting in an 
avalanche of tumor cell death. Antibody-toxin and antibody 
coagulant constructs, examples of VTA which selectively 
destroy and/or occlude tumor blood vessels, have already 
been used to great effect in the specific targeting and destruc 
tion of tumor vasculature, resulting in tumor necrosis (Bur 
rows et al., 1992; Burrows and Thorpe, 1993: WO 93/17715; 
WO96/01653: Huang et al., 1997: each incorporated herein 
by reference). 
0251 VTAS exert their primacy action on the pre-existing 
blood vessels of solid tumors, and differ from anti-angiogenic 
agents that prevent new blood vessel formation. There are 
numerous advantages of VTAS over other cancer therapies. 
First, a single vessel provides the nutrition for and facilitates 
removal of waste products of metabolism from hundreds or 
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thousands of tumor cells, and only has to be damaged at one 
point to block blood flow upstream and downstream. VTAs 
are thus particularly effective on established tumors. Second, 
endothelial cell killing, although one useful mechanism, is 
not required. A change of shape or local initiation of blood 
coagulation can be sufficient. Third, the endothelial cell is 
adjacent to the blood stream, ensuring adequate drug delivery. 
Fourth, the target is a normal diploid cell that is unlikely to 
acquire genetic mutations that render it drug resistant. Fifth, a 
Surrogate marker of biological activity, i.e., blood flow, is 
measurable. 
0252 Sixth, temporary effects on vascular function may 
be sufficient for significant anti-tumor effects. Studies indi 
cate that over 99% of tumor cells in vivo can be killed during 
a 2 hour period of ischemia. Finally, unlike angiogenesis 
inhibitors, VTAs only require intermittent administration to 
synergize with conventional treatments, rather than chronic 
administration over months or years. 
0253 Cytotoxic VTAs are described in the following pat 
ents: U.S. Pat. Nos. 5,660,827, 5,776,427, 5,855,866, 5,863, 
538, 5,965,132, 6,004,554, 6,051,230, 6,261,535 and 6,451, 
312, each incorporated herein by reference. Where 
antibodies, growth factors or other binding ligands are used to 
specifically deliver a coagulant to the tumor vasculature. Such 
agents are termed "coaguligands’. Coaguligand VTAS are 
described in the following patents: U.S. Pat. Nos. 6,093.399, 
6,004,555, 5,877.289 and 6,036,955, each incorporated 
herein by reference. 
0254. A currently preferred coagulant for use in coaguli 
gands is truncated Tissue Factor (tTF) (Huang et al., 1997: 
WO 96/01653; U.S. Pat. No. 5,877,289). TF is the major 
initiator of blood coagulation (Rufetal., 1991; Edgington et 
al., 1991). At sites of injury, Factor VII/VIIa in the blood 
comes into contact with, and binds to, TF on cells in the 
perivascular tissues. The TF:VIIa complex, in the presence of 
the phospholipid surface, activates factors IX and X. This, in 
turn, leads to the formation of thrombin and fibrin and, ulti 
mately, a blood clot (Ruf and Edgington, 1994). 
0255. The recombinant, truncated form of tissue factor 
(tTF), lacking the cytosolic and transmembrane domains, is a 
soluble protein that has about five orders of magnitude lower 
coagulation inducing ability than native TF (Stone et al., 
1995: Huang et al., 1997). This is because TF needs to be 
associated with phospholipids for the complex with VIIa to 
activate IXa or Xa efficiently. However, when tTF is delivered 
to tumor vascular endothelium by means of a targeting anti 
body or agent, it is brought back into proximity to a lipid 
Surface and regains thrombogenic activity (Huang et al., 
1997: U.S. Pat. Nos. 6,093,399, 6,004,555, 5,877,289 and 
6,036,955). A coaguligand is thus created that selectively 
thromboses tumor vasculature. 
0256 Truncated TF has several advantages that commend 

its use in vascular targeted coaguligands: human tTF is 
readily available, and the human protein will have negligible 
or low immunogenicity in man; humantTF is fully functional 
in experimental animals, including mice; and targeted tTF is 
highly potent because it triggers the activation of a cascade of 
coagulation proteins, giving a greatly amplified effect (U.S. 
Pat. Nos. 6,093,399, 6,004,555, 5,877,289 and 6,036,955). 
0257. A range of suitable target molecules that are avail 
able on tumor endothelium, but largely absent from normal 
endothelium, have been described. For example, expressed 
targets may be utilized, such as endoglin, E-selectin, P-selec 
tin, VCAM-1, ICAM-1, PSMA, a TIE, a ligand reactive with 
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LAM-1, a VEGF/VPF receptor, an FGF receptor, C. B. inte 
grin, pleiotropin or endosialin (U.S. Pat. Nos. 5,855.866 
5,877,289; Burrows et al., 1992: Burrows and Thorpe, 1993: 
Huanget al., 1997: Liu et al., 1997: Ohizumiet al., 1997: each 
incorporated herein by reference). 
0258. Adsorbed targets are another suitable group, such as 
VEGF, FGF, TGFB, HGF, PF4, PDGF, TIMP, a ligand that 
binds to a TIE or a tumor-associated fibronectin isoform (U.S. 
Pat. Nos. 5,877,289, 5,965,132, 6,051,230 and 6,004,555). 
Fibronectin isoforms are ligands that bind to the integrin 
family of receptors. Tumor-associated fibronectin isoforms 
are targetable components of both tumor vasculature and 
tumor stroma. The monoclonal antibody BC-1 (Carnemolla 
et al., 1989) specifically binds to tumor-associated fibronectin 
isoforms. 
0259) Other targets inducible by the natural tumor envi 
ronment or following intervention by man are also targetable 
entities, as described in U.S. Pat. Nos. 5,776,427, 5,863,538 
and 6,036,955. When used in conjunction with prior suppres 
sion in normal tissues and tumor vascular induction, MHC 
Class 11 antigens may also be employed as targets (U.S. Pat. 
Nos. 5,776.427, 5,863,538, 6,004,554 and 6,036,955). 
0260 One currently preferred target for clinical applica 
tions is vascular endothelial adhesion molecule-1 (VCAM-1) 
(U.S. Pat. Nos. 5,855.866, 5,877,289, 6,051,230, 6,004,555 
and 6,093.399). VCAM-1 is a cell adhesion molecule that is 
induced by inflammatory cytokines IL-1C., IL-4 (Thornhill et 
al., 1990) and TNFC. (Munro, 1993) and whose role in vivo is 
to recruit leukocytes to sites of acute inflammation (Bevilac 
qua, 1993). 
0261 VCAM-1 is present on vascular endothelial cells in 
a number of human malignant tumors including neuroblas 
toma (Patey et al., 1996), renal carcinoma (Droz et al., 1994), 
non-small lung carcinoma (Staal-van den Brekelet al., 1996), 
Hodgkin’s disease (Patey et al., 1996), and angiosarcoma 
(KuZu et al., 1993), as well as in benign tumors, such as 
angioma (Patey et al., 1996) and hemangioma (Kuzu et al., 
1993). Constitutive expression of VCAM-1 in man is con 
fined to a few vessels in the thyroid, thymus and kidney (Kuzu 
et al., 1993; Bruijn and Dinklo, 1993), and in the mouse to 
vessels in the heart and lung (Fries et al., 1993). 
0262 Certain of the data presented herein even further 
supplement those provided in U.S. Pat. Nos. 5,855.866, 
5,877,289, 6,051,230, 6,004,555 and 6,093,399, and show the 
selective induction of thrombosis and tumor infarction result 
ing from administration of an anti-VCAM-1tTF coaguli 
gand. The results presented were generated using mice bear 
ing L540 human Hodgkin lymphoma. When grown as a 
xenograft in SCID mice, this tumor shows close similarity to 
the human disease with respect to expression of inflammatory 
cytokines (Diehl et al., 1985) and the presence of VCAM-1 
and other endothelial cell activation molecules on its vascu 
lature. 
0263. Using a covalently-linked anti-VCAM-1tTF coag 
uligand, in which tTF was directly linked to the anti 
VCAM-1 antibody, it is shown herein that the coaguligand 
localizes selectively to tumor vessels, induces thrombosis of 
those vessels, causes necrosis to develop throughout the 
tumor and retards tumor growth in mice bearing solid L540 
Hodgkin tumors. Tumors generally needed to be at least about 
0.3 cm in diameter to respond to the coaguligand, because 
VCAM-1 was absent from smaller tumors. Presumably, in 
small tumors, the levels of cytokines secreted by tumor cells 
or host cells that infiltrate the tumor are too low for VCAM-1 
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induction. This is in accordance with the studies in U.S. Pat. 
Nos. 5,855,866, 5,877,289, 6,051,230, 6,004,555 and 6,093, 
399, where the inventions were shown to be most useful in 
larger Solid tumors. 
0264. Although VCAM-1 staining was initially observed 
more in the periphery of the tumor, the coaguligand evidently 
bound to and occluded blood transporting vessels—as it was 
capable of curtailing blood flow in all tumor regions. Further 
more, one of the inventors contemplates that the thrombin 
generation caused by the initial administration of the coag 
uligand likely leads to further VCAM-1 induction on central 
vessels (Shifter et al., 1993), resulting in an amplified signal 
and evident destruction of the intratumoral region. This type 
of coagulant-induced expression of further targetable mark 
ers, and hence signal amplification, is also disclosed in U.S. 
Pat. No. 6,036,955. 
0265. As shown herein, although localization to VCAM 
1-expressing vessels in the heart and lungs of mice was 
observed upon administration of an anti-VCAM-1 coaguli 
gand, this construct did not induce thrombosis in Such non 
tumor sites. Furthermore, the anti-VCAM-1 coaguligand was 
no more toxic to mice than was a control coaguligand of 
irrelevant specificity, again indicating that the constitutive 
expression of VCAM-1 on heart and lung vessels did not lead 
to toxicity. This data is important to the immediate clinical 
progress of coaguligand therapy, given that VCAM-1 is a 
naturally occurring marker of tumor vascular endothelium in 
humans. However, this phenomenon also provided the inven 
tors with a unique insight, leading to a totally different 
approach to tumor vasculature destruction. 
a. Tumor Treatment with Naked Antibodies to Aminophos 
pholipids 
0266 The inventors sought to understand the mechanism 
behind the ability of the anti-VCAM-1 coaguligand to bind to 
the VCAM-1 constitutively expressed on blood vessels in the 
heart and lungs, and yet not to cause thrombosis in those 
vessels. There are numerous scientific possibilities for this 
empirical observation, generally connected with the pro 
thrombotic nature of the tumor environment and any fibrin 
olytic predisposition in the heart and lungs. 
0267 Generally, there is a biological equilibrium between 
the coagulation system (fibrin deposition) and the fibrinolytic 
system (degradation of fibrin by enzymes). However, in 
malignant disease, particularly carcinomas, this equilibrium 
is disrupted, resulting in the abnormal activation of coagula 
tion (hypercoagulability or the “prothrombotic state'). 
Despite extensive research, a clear molecular explanation for 
the prothrombotic nature of the tumor environment could not 
be discerned until recently. 
0268. After detailed analyses of many possible options, 
the inventors reasoned that the failure of the anti-VCAM-1 
coaguligand to cause thrombosis in vessels of normal tissues 
was due to the absence of the aminophospholipid, phosphati 
dylserine (PS) from the luminal surface of such vessels. To 
complete the theory, therefore, not only would phosphati 
dylserine have to be shown to be absent from these normal 
vessels, but its presence on the luminal side of tumor-associ 
ated vessels would have to be demonstrated. 

0269. The inventors therefore used immunohistochemical 
staining to evaluate the distribution of a monoclonal anti 
phosphatidylserine (anti-PS) antibody injected intravenously 
into tumor-bearing mice. These studies revealed that the 
VCAM-1 expressing vessels in the heart and lungs lacked PS, 
whereas the VCAM-1 expressing vessels in the tumor 
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expressed PS. The need for surface PS expression in coaguli 
gand action is further indicated by the inventors finding that 
annexin V, which binds to PS, blocks anti-VCAM-1tTF 
coaguligand action, both in vitro and in vivo. 
0270. The lack of thrombotic effect of the anti-VCAM-1 
coaguligand on normal heart and lung vessels was thus 
explained, at least in part: the absence of the aminophospho 
lipid, phosphatidylserine, means that the normal vessels lack 
a procoagulant Surface upon which coagulation complexes 
can assemble. In the absence of surface PS, anti-VCAM 
1tTF binds to VCAM-1 expressing heart and lung vessels, 
but cannot induce thrombosis. In contrast, VCAM-1 express 
ing vessels in the tumor show coincident expression of Sur 
face PS. The coaguligand thus binds to tumor vessels and 
activates coagulation factors locally to form an occlusive 
thrombus. 
0271 In addition to delineating the tumor-specific throm 
botic effects of anti-VCAM-1 coaguligands, the specific 
expression of the aminophospholipid, phosphatidylserine, on 
the luminal surface of tumor blood vessels also allowed the 
inventors to explain the prothrombotic phenotype observed, 
but not understood, in earlier studies. The PS expression plays 
a significant role in the prothrombotic state of tumor vascu 
lature. 
0272 Following their discovery that the representative 
aminophospholipid, phosphatidylserine, was specifically 
expressed on the luminal surface of tumor blood vessels, but 
not in normal blood vessels, the inventors reasoned that other 
aminophospholipids had potential as targets for therapeutic 
intervention. The inventors therefore developed tumor vascu 
lature targeting and treatment methods based on targeting the 
aminophospholipids phosphatidylserine and phosphatidyle 
thanolamine (PE). 
0273 A particularly surprising aspect of the inventors 
studies was that administration of an unconjugated anti-ami 
nophospholipid antibody was effective in tumor treatment. 
This gave rise to important new avenues of tumor treatment 
using unconjugated or “naked' antibodies that bind to ami 
nophospholipids. These tumor vasculature targeting and 
treatment methods are described in U.S. Pat. No. 6,406,693, 
incorporated herein by reference. Although anti-tumor 
effects in art-accepted animal models are demonstrated in 
U.S. Pat. No. 6,406,693, and extended herein, the ability of 
aminophospholipids to act as safe and effective targetable 
markers of tumor vasculature could not have been predicted 
from studies previous to U.S. Pat. No. 6,406,693. 
0274. Once the discovery of aminophospholipids as spe 

cific markers of tumor vasculature had been proven, the 
inventors began to develop a range of aminophospholipid 
targeted immunotoxins and coaguligands for use in tumor 
treatment. As explained in U.S. Pat. No. 6,406,693, this led to 
the unexpected discovery of naked anti-aminophospholipid 
antibodies for use in tumor treatment. In investigating the 
potential of aminophospholipid targeting in the context of 
delivering a toxin or coagulant to the tumor vasculature, the 
inventors serendipitously found that naked anti-PS antibodies 
had a destructive effect on tumor vasculature in vivo in the 
absence of any additional effector moiety. The ability of anti 
aminophospholipid antibodies to both specifically localize to 
tumor vasculature and to exert a concomitant destructive 
effect, leading to tumor necrosis, was most unexpected. 
0275. The present invention provides surprising and 
improved, “second generation' anti-PS antibodies for use, 
amongst other embodiments, as naked antibodies in tumor 
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treatment. A panel of second generation anti-PS antibodies is 
disclosed herein, of which the monoclonal antibodies 9D2 
and 3G4 (ATCC 4545) are currently preferred, along with 
particular immunization and screening techniques for the 
generation and selection of further antibodies with such 
advantageous properties. It is also shown herein that vascular 
damage to tumor vessels by anti-PS antibodies is mediated, at 
least in part, through host effectors. These and other insights 
of the present inventors allow for naked antibody treatment to 
be optimized, both when used alone, and in combination with 
other anti-cancer agents, as taught herein. 

B. Tumor Treatment Using Antibodies to Anionic 
Phospholipids 

(0276 U.S. Pat. No. 6,406,693 explains that the amino 
phospholipids phosphatidylserine and phosphatidylethanola 
mine are normally segregated to the inner Surface of the 
plasma membrane bilayer in different cells (Gaffet et al., 
1995; Julien et al., 1995) and that this lipid segregation cre 
ates an asymmetric transbilayer. Although the existence of 
membrane asymmetry has been discussed for some time, the 
reason for its existence and the mechanisms for its generation 
and control are poorly understood (Williamson and Schlegel, 
1994), particularly in cells other than platelets. 
(0277. The inventors earlier demonstrated that PS is trans 
located to the surface of tumor vascular endothelial cells and 
that this occurs, at least in significant part, independently of 
apoptotic or other cell-death mechanisms (U.S. Pat. No. 
6,406,693). Thus, PS surface expression in the tumor envi 
ronment is not a consequence of cell death, nor does it trigger 
immediate cell destruction. Despite PS exposure being 
detected consistently on intact vascular endothelial cells in 
various Solid tumors, the tumor vascular endothelium is not 
frankly apoptotic, but is morphologically sound (although 
different to that in normal tissues) and metabolically active. 
This is important for therapeutic methods based on PS target 
ing, meaning that PS translocation to the outer membrane in 
tumor vascular endothelial cells is sufficiently stable for PS to 
serve as a targetable entity for Successful therapy (using either 
naked antibodies or therapeutic conjugates). 
(0278. Despite the important discoveries of U.S. Pat. No. 
6,406,693 (and U.S. Pat. No. 6,312,694, see below), the sug 
gestions for phospholipid-based targeting of tumor vascular 
endothelial cells were confined to the targeting of aminophos 
pholipids, such as PS and PE. Through the development of 
biological tools with exquisite specificity for different phos 
pholipids and aminophospholipids, the present inventors 
have now identified a new category of phospholipids that are 
Surprisingly upregulated on tumor vascular endothelial cells. 
These are the anionic phospholipids, which are shown herein 
to also be specific and stable markers of tumor vasculature, 
permitting therapeutic intervention using both naked antibod 
ies and immunoconjugates that bind to anionic phospholip 
ids. 
0279 Anionic phospholipids are largely absent from the 
Surface of resting mammalian cells under normal conditions. 
Phosphatidylserine, which is the most abundant anionic phos 
pholipid of the plasma membrane, is tightly segregated to the 
internal leaflet of the plasma membrane in most cell types 
under normal conditions (1.2). Phosphatidylinositol (PI), 
another major anionic phospholipid, is also predominantly 
situated in the internal leaflet of the plasma membrane (Cal 
deron and DeVries, 1997). The minor anionic phospholipids, 
phosphatidic acid (PA) and phosphatidylglycerol (PG), have 
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only been examined in a few cells types, but they also appear 
to be mainly situated in the internal leaflet of the plasma 
membrane (Hinkovska-Galcheva et al., 1989). Cardiolipin 
(CL), another anionic phospholipid, is present in the mito 
chondrial membrane and is absent from the plasma mem 
brane (Daum, 1985). 
0280. The neutral phospholipids are also asymmetrically 
distributed in the plasma membrane. The neutral aminophos 
pholipid, phosphatidylethanolamine (PE) is predominately 
on the internal leaflet. The choline-containing neutral phos 
pholipids, phosphatidylcholine (PC) and sphingomyelin 
(SM), are predominantly on the external leaflet. 
0281 PS asymmetry, along with that of PE, is maintained 
by an ATP-dependent transporter, aminophospholipid trans 
locase (Mg." ATPase), which catalyzes the transport of ami 
nophospholipids from the external leaflet to the internal leaf 
let of the plasma membrane (Seigneuret and Devaux, 1984). 
Loss or collapse of PS and PE asymmetry results from the 
outward movement of these phospholipids in the plasma 
membrane and is caused either by inhibition of the translo 
case (Bitbol et al., 1987; Comfurius et al., 1990), activation of 
PS transporters and/or activation of Scramblase enzymes, 
Ca' dependent enzymes that transport all lipids bidirection 
ally (Zhao et al., 1998). 
0282 Loss of PS asymmetry is observed under different 
pathological and physiological conditions, including cell 
injury, programmed cell death and apoptosis (6, 7), cell aging 
(8), activation of platelets (Rote et al., 1993: Zwaal et al., 
1989), injury (Boyle et al., 1996) and malignant transforma 
tion (Sugimura et al., 1994). Exposure of PS also plays a role 
in intercellular fusion of myoblasts (9) and trophoblasts (10), 
cell migration (Vogt et al., 1996) and cell degranulation (13). 
Endothelial cells externalize PS in response to increased Ca" 
fluxes induced by thrombin (Qu et al., 1996), calcium iono 
phore or phorbol esters (Julien et al., 1997), hyperlipidemia 
(Lupu et al., 1993), and non-lytic concentrations of comple 
ment proteins C5b-9 (Christiansen et al., 1997). Spontaneous 
PS exposure has been also observed in malignant cells in the 
absence of exogenous activators or cell injury (19). 
0283. Several major consequences follow membrane PS 
exposure. Phagocytic macrophages recognize, attach and 
eliminate PS-positive senescent and apoptotic cells (McEvoy 
et al., 1986: Tait and Smith, 1999). PS also mediates attach 
ment of T lymphocytes to thrombin-activated endothelial 
cells (Quet al., 1996). The complement system is activated by 
PS and contributes to the lysis of PS-positive cells (Test and 
Mitsuyoshi, 1997). Finally, PS exposure contributes to a pro 
coagulant shift on the endothelium (Williamson and Schle 
gel, 1994: Bombeli et al., 1997) by providing a negatively 
charged lipid surface for assembly and activation of coagula 
tion complexes (Bevers et al., 1985; Dachary-Prigent et al., 
1996). The prothrombotic character of the tumor endothelium 
has long been recognized (Donati and Falanga, 2001). 
0284. Despite the focus on PS in the scientific literature, 
and the inventors earlier work confined to aminophospholip 
ids such as PS and PE (U.S. Pat. Nos. 6,406,693 and 6.312, 
694), the present inventors hypothesized that a wider category 
of phospholipids could become exposed on tumor vascula 
ture. Due to the increased stress conditions of the tumor 
microenvironment, the inventors reasoned that a range of 
anionic phospholipids could be upregulated on tumor vascu 
lature, providing potential new opportunities for therapeutic 
intervention. 
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0285. The inventors realized that injury and activation of 
tumor endothelium are caused by: 1) tumor-derived cytok 
ines, such as interleukin-1 and tumor necrosis factor, which 
activate the endothelium and induce expression of cell adhe 
sion molecules (Shaughnessy et al., 1989; Orret al., 2000); 2) 
reactive oxygen species (ROS) generated by leukocytes that 
adhere to the endothelium (Orr et al., 2000); and 3) ROS 
generated by tumor cells themselves as a byproduct of 
metabolism (Shaughnessy et al., 1989: Soares et al., 1994) or 
as a result of exposure to hypoxia followed by reoxygenation 
(Zulueta et al., 1995). These observations suggested that Ca" 
fluxes might be generated by these stresses within the tumor 
endothelium that, in turn, cause exposure of PS and PE, 
through activation of scramblase or inhibition of aminophos 
pholipid translocase. 
0286. However, the inventors extended these insights to 
the hypothesis that anionic phospholipids, not just the ami 
nophospholipids PS and PE, would be upregulated on tumor 
vasculature. To detect cell Surface anionic phospholipids, the 
inventors generated a new monoclonal antibody, 9D2, which 
reacts with anionic but not neutral phospholipids. 9D2 thus 
differentiates from general aminophospholipid binding 
agents, as it binds to the anionic aminophospholipid, PS, but 
not to the neutral aminophospholipid, PE. The 9D2 antibody 
is also more specific for anionic phospholipids than is the 
natural ligand, annexin V, which strongly binds to PE, in 
addition to anionic phospholipids (Blankenberg et al., 1998). 
0287. As detailed in the present application, the inventors 
found that 9D2 and annexin V localize specifically to tumor 
endothelium after intravenous injection to mice bearing vari 
ous types of solid tumors. This finding validates the inventors 
hypothesis that anionic phospholipids routinely become 
exposed on the Surface of tumor vascular endothelium and 
can be used as target molecules for tumor therapy (and imag 
ing). The present invention thus provides a range of new 
methods and antibody-based compositions for use in target 
ing anionic phospholipids and treating tumors, both in terms 
of naked antibodies and in the deliver), of cytotoxic drugs, 
cytokines, coagulants and Such like. In addition to targeting 
PS, as taught in U.S. Pat. Nos. 6,406,693 and 6.312,694, the 
currently preferred anionic phospholipids for targeting by the 
present invention are PI, a major anionic phospholipid, PA 
and PG, with targeting CL also being contemplated in certain 
embodiments. 
0288 One of the major findings to emerge from the 
present invention is that anionic phospholipids are exposed 
on the surface of tumor endothelium (Example VI). This 
phenomenon was demonstrated using two independent 
reagents that bind selectively to anionic phospholipids: a 
monoclonal antibody, 9D2, developed by the inventors par 
ticularly to validate this point, and annexin V. The 9D2 anti 
body and competing antibodies are further preferred compo 
nents of the present invention. 
0289 9D2 antibody and annexin V bind with high affinity 
and specificity to anionic phospholipids adsorbed to plastic, 
as liposomes, or presented on the membrane Surface of acti 
vated or apoptotic endothelial cells in vitro. 9D2 binds 
strongly to PS, PA and CL, but more weakly to PI and PG. 
Annexin V binds to PE in addition to PS, CL, PA, PI and PG, 
as found previously (Andree et al., 1990; Schlaepfer et al., 
1987: Boustead et al., 1993; Blackwood and Ernst, 1990). 
Recognition of anionic phospholipids by 9D2 antibody was 
identical in the presence and absence of serum, indicating that 
binding does not require serum co-factors. Binding of 9D2 to 
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anionic phospholipids, did not require Ca" ions, whereas the 
binding of annexin V did require Ca". 
0290 Cross-blocking studies on PS-coated plates showed 
that 9D2 and annexin V do not block each other's binding to 
PS. This indicates that the two reagents recognize different 
epitopes on the PS molecule, or, more likely, differently 
packed forms of PS. Annexin V is thought to bind to planar PS 
surfaces, whereas anti-PS antibodies are thought to bind to 
hexagonally packed PS (Rauch and Janoff, 1990). Both forms 
are probably present on PS-coated plates. These practical 
cross-blocking studies (Example VI) also serve to show that 
antibodies which effectively compete for binding to anionic 
phospholipids, i.e., bind to essentially the same epitope, can 
be readily identified once a reference antibody (e.g. 9D2) is 
provided. 
0291. The present application also shows that 9D2 anti 
body and annexin V specifically localize to tumor vessels, and 
to tumor cells in and around necrotic regions of all tumors 
examined in vivo (Example VI). Between 15 and 40% of 
blood vessels in the tumors had anionic phospholipid-positive 
endothelium. In contrast, none of the blood vessels in normal 
tissues had detectable externalized anionic phospholipids. 
0292. The specificity of staining of tumor vasculature by 
9D2 was demonstrated by: 1) the lack of tumor vessel staining 
by control rat IgM; 2) the blocking of 9D2 or annexin V 
binding to HO-treated endothelial cells in vitro by lipo 
Somes prepared from anionic phospholipids, but not neutral 
phospholipids; 3) the finding that extraction of phospholipids 
from tumor sections with detergents or organic solvents abol 
ished staining; and 4) the lack of localization of either 9D2 or 
annexin V to the quiescent endothelium in normal organs. 
0293. The main anionic phospholipid that is localized by 
9D2 or annexin V on tumor vasculature is likely to be PS, as 
this is the most abundant anionic phospholipid and its expo 
Sure on the cell Surface is regulated by environmental influ 
ences or injury. However, other anionic phospholipids (e.g., 
PI, PA, PG) are also likely to be exposed, despite being less 
1.5 abundant. 
0294 Although not detected by 9D2, the major neutral 
phospholipid, PE, is likely to contribute, together with PS, to 
the annexin localization observed on tumor vessels. PE is also 
known to be exposed on tumor endothelium, and the position 
of PE in the plasma membrane is regulated in a similar man 
ner to PS (U.S. Pat. No. 6,406,693). PE is segregated to the 
internal leaflet of the plasma membrane in part by amino 
phospholipid translocase, although at a slower rate than PS 
(Devaux, 1992), and is transported to the external surface by 
scramblase (Zhou et al., 1997). PE, like PS, is also exposed 
during apoptosis and cell activation (Emoto et al., 1997: 
Umeda and Emoto, 1999). 
0295) To examine the mechanism of exposure of anionic 
phospholipids on tumor endothelial cells, a series of studies 
was performed in which endothelial cells in vitro were treated 
with various factors and conditions known to be present in the 
tumor microenvironment (Example VII). Hypoxia followed 
by re-oxygenation, acidity, and thrombin increased PS expo 
sure on viable endothelial cells to between 10 and 22% of the 
level seen when all cells are apoptotic. Inflammatory cytok 
ines (TNFC. and IL-1) also caused a weak but definite induc 
tion of PS exposure. 
0296. These findings are consistent with the possibility 

that, in tumors, exposure of anionic phospholipids on the 
vascular endothelium is induced by hypoxia/reoxygenation 
in combination with inflammatory cytokines, thrombin and 
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acidity. Although the precise mechanism does not need to be 
understood to practice the present invention, ROS may be 
generated by tumor cells as a bi-product of metabolism or in 
response to hypoxia (Zulueta et al., 1995). Cytokines released 
by tumor cells may induce leukocytes adhesion molecules on 
the endothelium that mediate adherence of activated mac 
rophages, polymorphonuclear cells and platelets to tumor 
endothelium and further secretion of ROS. The ROS may then 
induce PS translocation through oxidation of thiol-containing 
transport molecules or peroxidation of lipids (Herrmann and 
Devaux, 1990), possibly by causing an influx of Ca" or 
release of Ca" from intracellular stores (Wang and Joseph, 
2000). 
0297 Exposure of PS and other anionic phospholipids in 
part explains the procoagulant status of tumor endothelium 
that has long been recognized (Donati and galanga, 2001). 
The anionic phospholipids provide the surface upon which 
coagulation factors concentrate and assemble (Bevers et al., 
1985; Dachary-Prigent et al., 1996). It also provides an 
attachment site for circulating macrophages (McEvoy et al., 
1986), T lymphocytes (Qu et al., 1996) and polymorpho 
nuclear cells that assists in leukocyte infiltration into tumors. 
0298 Antibodies and other ligands that bind to anionic 
phospholipids can thus be used for the targeting, imaging 
and/or treatment of tumor blood vessels. Anionic phospho 
lipids are attractive as tumortarget vessels for several reasons: 
they are abundant (PS is present at 3x10" molecules percell); 
they are on the luminal surface of tumor endothelium, which 
is directly accessible for binding by vascular targeting agents 
in the blood; they are present on a major percentage of tumor 
endothelial cells in diverse solid tumors; and they are essen 
tially absent from endothelium in all normal tissues. 
0299 Vascular targeting agents employing drugs or 
coagulants have been shown to be highly effective, and some 
times curative, in mice with large Solid tumors (Huang et al., 
1997; Nilsson et al., 2001; U.S. Pat. Nos. 5,660,827, 5,776, 
427, 5,855,866, 5,863,538, 5,965,132, 6,004,554, 6,051,230, 
6,261,535, 6,093,399, 6,004,555, 5,877,289 and 6,036,955). 
The present invention thus provides naked antibodies and 
vascular targeting agents directed against anionic phospho 
lipids for use in targeting tumor vasculature in the diagnosis 
and treatment of cancer in man. 
0300 Although a precise molecular understanding of how 
naked antibodies directed against anionic phospholipids and 
aminophospholipids function in tumor treatment is not nec 
essary in order to practice the treatment, the inventors have 
contemplated several mechanisms that may account for the 
observed endothelial cell killing. The favored mechanisms 
(particularly for the 3G4 antibody described herein) are Fc 
domain-mediated immune effector functions, such as anti 
body-dependent cellular cytotoxicity (ADCC), complement 
dependent cytotoxicity (CDC) and antibody mediated phago 
cytosis. Cell-mediated cytotoxicity, complement-mediated 
lysis and/or apoptosis, antibody-induced cell signaling and/or 
disturbances to the cytoskeleton may also be involved. 
0301 Binding of intact antibodies against anionic phos 
pholipids and aminophospholipids, particularly 3G4, to the 
vascular endothelial cell surface means that the Fc portions of 
the antibodies protrude into the vessel lumen. As antibody Fc 
fragments activate the complement pathway, the observed 
cellular destruction may be a result of complement-directed 
lysis. Antibody binding thus activates the complement-de 
pendent coagulation cascade, causing multi-component com 
plexes to assemble and, ultimately, to generate a lytic com 
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plex that permeabilizes the target cell. “Complement 
activated ADCC may also be operating in the destruction, in 
which complement binds to the antibody-coated target cell, 
and in which cells, such as neutrophils, having receptors for 
complement, lyse the target cell. 
0302 As the naked or unconjugated antibodies, including 
the antigen binding fragments thereof, bind to anionic phos 
pholipids and aminophospholipids at the Surface of the tumor 
vascular endothelial cells, they will forman antibody coating 
on the luminal Surface. This may function to attract immune 
effector cells, such as cytotoxic T cells and/or natural killer 
(NK) cells, which will then exert a cell-mediated cytotoxic 
effect on the vascular endothelial cells. 
0303 Antibody binding to anionic phospholipids and 
aminophospholipids may also induce apoptosis in the tumor 
vascular endothelial cells. Although there are no known 
reports of antibody binding to PS actually inducing apoptosis 
(rather than PS being a marker resulting from apoptosis), the 
inventors consider this to be another possible mechanism for 
the observed anti-tumor effects. 
0304. It is also possible that antibody binding to anionic 
phospholipids and aminophospholipids at the Surface of 
tumor vascular endothelial cells may cause disturbances in 
the cytoskeletalal organization of the cell. As the cytoskeleton 
plays a role in the organization of surface membranes, and as 
antibody binding may disturb (or further disturb) the mem 
brane, binding of antibodies to anionic phospholipids and 
aminophospholipids may transmit changes to cytoskeletal 
proteins that interact with the bilayer. It is already known that 
the spatial organization of cytoskeletal proteins controls 
membrane stability and cell shape, and it is possible that 
perturbation of some cytoskeletal equilibrium may have far 
reaching consequences on cell integrity. 
0305. A further mechanism of operation of the invention 
may be that antibody binding to anionic phospholipids and 
aminophospholipids at the endothelial cell Surface may ini 
tiate signal transduction by, as yet, undefined pathways. Anti 
body binding may also disturb known signal transduction 
pathways, e.g., by altering the conformation and/or interac 
tions of membrane receptors, signal transduction proteins, 
membrane channels, and the like. Signals for cell destruction 
(apoptosis) may be initiated or mimicked, and/or preserva 
tion/homeostatic signals may be inhibited. 
0306 Although of scientific interest, determining the 
exact nature of the vascular destruction achieved by the naked 
antibodies to anionic phospholipids and aminophospholipids 
is not necessary to practice the treatment. Given that the 
administration of these categories of antibodies is shown to 
advantageously result in specific anti-tumor effects in vivo, 
the treatment can be utilized irrespective of the molecular 
mechanism that underlies this phenomenon. The use of naked 
antibodies that bind to anionic phospholipids and aminophos 
pholipids, thus represents an important advance in tumor 
therapy, providing advantages in preparation and cost. 

C. Antibodies to Anionic Phospholipids and 
Aminophospholipids 

0307 As the present invention identifies a new category of 
tumor vasculature markers, the anionic phospholipids, naked 
antibodies and immunoconjugates that bind to one or more 
anionic phospholipids, optionally in combination with ami 
nophospholipids, can now be used in tumor diagnosis and 
treatment. 
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(0308 C1. Polyclonal Antibodies 
0309 Means for preparing and characterizing antibodies 
are well known in the art (see, e.g., Antibodies: A Laboratory 
Manual, Cold Spring Harbor Laboratory, 1988; incorporated 
herein by reference). To prepare polyclonal antisera an ani 
mal is immunized with a composition comprising an immu 
nogenic anionic phospholipid and/or aminophospholipid, 
including cells treated with HO and other agents, as taught 
herein, and antisera collected from that immunized animal. A 
wide range of animal species can be used for the production of 
antisera. Typically the animal used for production of anti 
antisera is a rabbit, mouse, rat, hamster, guinea pig or goat. 
Because of the relatively large blood volume of rabbits, a 
rabbit is a preferred choice for production of polyclonal anti 
bodies. 

0310. The amount of immunogen composition used in the 
production of polyclonal antibodies varies upon the nature of 
the immunogen as well as the animal used for immunization. 
A variety of routes can be used to administer the immunogen; 
Subcutaneous, intramuscular, intradermal, intravenous, intra 
peritoneal and intrasplenic. The production of polyclonal 
antibodies may be monitored by Sampling blood of the immu 
nized animal at various points following immunization. A 
second, booster injection, may also be given. The process of 
boosting and titering is repeated until a suitable titer is 
achieved. When a desired titer level is obtained, the immu 
nized animal can be bled and the serum isolated and stored. 
The animal can also be used to generate monoclonal antibod 
1CS 

0311. As is well known in the art, the immunogenicity of 
a particular composition can be enhanced by the use of non 
specific stimulators of the immune response, known as adju 
vants. Exemplary adjuvants include complete Freund's adju 
vant, a non-specific stimulator of the immune response 
containing killed Mycobacterium tuberculosis; incomplete 
Freund's adjuvant; and aluminum hydroxide adjuvant. 
0312. It may also be desired to boost the host immune 
system, as may be achieved by associating anionic phospho 
lipids and aminophospholipids with, or coupling to, a carrier. 
Exemplary carriers are keyhole limpet hemocyanin (KLH) 
and bovine serum albumin (BSA). Other albumins such as 
ovalbumin, mouse serum albumin or rabbit serum albumin 
can also be used as carriers. 

0313 AS is also known in the art, a given composition may 
vary in its immunogenicity. However, the generation of anti 
bodies against anionic phospholipids and aminophospholip 
ids is not particularly difficult. For example, highly specific 
anti-phosphatidylserine antibodies were raised in rabbits 
immunized by intramuscular injections of phosphati 
dylserine-containing polyacrylamide gels and with phos 
phatidylserine-cytochrome c vesicles (Maneta-Peyret et al., 
1988: 1989; each incorporated herein by reference). The use 
of acrylamide implants enhanced the production of antibod 
ies (Maneta-Peyret et al., 1988: 1989). The anti-phosphati 
dylserine antibodies raised in this manner are able to detect 
phosphatidylserine in situ on human platelets (Maneta-Peyret 
et al., 1988). The groups of Inoue, Rote and Rauch have also 
developed anti-PS and anti-PE antibodies (see below). 
0314. Although the generation of antibodies against 
anionic phospholipids and aminophospholipids can be 
achieved by various means, certain preferred methods are 
described herein in Example IV. 
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0315 C2. Monoclonal Antibodies 
0316 Various methods for generating monoclonal anti 
bodies (MAbs) are also now very well known in the art. The 
most standard monoclonal antibody generation techniques 
generally begin along the same lines as those for preparing 
polyclonal antibodies (Antibodies: A Laboratory Manual, 
Cold Spring Harbor Laboratory, 1988; incorporated herein by 
reference). A polyclonal antibody response is initiated by 
immunizing an animal with an immunogenic anionic phos 
pholipid and/or aminophospholipid composition and, when a 
desired titer level is obtained, the immunized animal can be 
used to generate MAbs. Preferably, the particular screening 
and selection techniques disclosed herein are used to select 
antibodies with the sought after properties. 
0317 MAbs may be readily prepared through use of well 
known techniques, such as those exemplified in U.S. Pat. No. 
4,196,265, incorporated herein by reference. Typically, this 
technique involves immunizing a Suitable animal with the 
selected immunogen composition. The immunizing compo 
sition is administered in a manner effective to stimulate anti 
body producing cells. Rodents such as mice and rats are 
preferred animals, however, the use of rabbit, sheep and frog 
cells is also possible. The use of rats may provide certain 
advantages (Goding, 1986, pp. 60-61; incorporated herein by 
reference), but mice are preferred, with the BALB/c mouse 
being most preferred as this is most routinely used and gen 
erally gives a higher percentage of stable fusions. 
0318. Following immunization, somatic cells with the 
potential for producing the desired antibodies, specifically B 
lymphocytes (B cells), are selected for use in the MAbgen 
erating protocol. These cells may be obtained from biopsied 
spleens, tonsils or lymph nodes, or from a peripheral blood 
sample. Spleen cells and peripheral blood cells are preferred, 
the former because they are a rich source of antibody-produc 
ing cells that are in the dividing plasmablast stag, and the 
latter because peripheral blood is easily accessible. Often, a 
panel of animals will have been immunized and the spleen of 
animal with the highestantibody titer will be removed and the 
spleen lymphocytes obtained by homogenizing the spleen 
with a syringe. Typically, a spleen from an immunized mouse 
contains approximately 5x107 to 2x10' lymphocytes. 
0319. The antibody-producing B lymphocytes from the 
immunized animal are then fused with cells of an immortal 
myeloma cell, generally one of the same species as the animal 
that was immunized. Myeloma cell lines suited for use in 
hybridoma-producing fusion procedures preferably are non 
antibody-producing, have high fusion efficiency, and enzyme 
deficiencies that render then incapable of growing in certain 
selective media which support the growth of only the desired 
fused cells (hybridomas). 
0320 Any one of a number of myeloma cells may be used, 
as are known to those of skill in the art (Goding, pp. 65-66, 
1986; Campbell, pp. 75-83, 1984; each incorporated herein 
by reference). For example, where the immunized animal is a 
mouse, one may use P3-X63/Ag8, X63-Ag8.653, NS1/1. Ag 
41, Sp210-Ag14, FO, NSO/U, MPC-11, MPC11-X45-GTG 
1.7 and S194/5XX0 Bul; for rats, one may use R210.RCY3, 
Y3-Ag 1.2.3, IR983F,4B210 or one of the abovelisted mouse 
cell lines; and U-266, GM1500-GRG2, LICR-LON-HMy2 
and UC729-6, are all useful in connection with human cell 
fusions. 
0321 Methods for generating hybrids of antibody-pro 
ducing spleen or lymph node cells and myeloma cells usually 
comprise mixing somatic cells with myeloma cells in a 4:1 
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proportion, though the proportion may vary from about 20:1 
to about 1:1, respectively, in the presence of an agent or agents 
(chemical or electrical) that promote the fusion of cell mem 
branes. Fusion methods using Sendai virus have been 
described by Kohler and Milstein (1975; 1976; each incorpo 
rated herein by reference), and those using polyethylene gly 
col (PEG), such as 37% (v/v) PEG, by Geller et al. (1977: 
incorporated herein by reference). The use of electrically 
induced fusion methods is also appropriate (Goding pp. 
71-74, 1986; incorporated herein by reference). 
0322 Fusion procedures usually produce viable hybrids at 
low frequencies, about 1x10 to 1x10. However, this does 
not pose a problem, as the viable, fused hybrids are differen 
tiated from the parental, unfused cells (particularly the 
unfused myeloma cells that would normally continue to 
divide indefinitely) by culturing in a selective medium. The 
selective medium is generally one that contains an agent that 
blocks the de novo synthesis of nucleotides in the tissue 
culture media. Exemplary and preferred agents are aminop 
terin, methotrexate, and azaserine. Aminopterin and methotr 
exate block de novo synthesis of both purines and pyrim 
idines, whereas azaserine blocks only purine synthesis. 
Where aminopterin or methotrexate is used, the media is 
Supplemented with hypoxanthine and thymidine as a source 
of nucleotides (HAT medium). Where azaserine is used, the 
media is Supplemented with hypoxanthine. 
0323. The preferred selection medium is HAT. Only cells 
capable of operating nucleotide Salvage pathways are able to 
survive in HAT medium. The myeloma cells are defective in 
key enzymes of the Salvage pathway, e.g., hypoxanthine 
phosphoribosyltransferase (HPRT), and they cannot survive. 
The B cells can operate this pathway, but they have a limited 
life span in culture and generally die within about two weeks. 
Therefore, the only cells that can survive in the selective 
media are those hybrids formed from myeloma and B cells. 
0324. This culturing provides a population of hybridomas 
from which specific hybridomas are selected. Typically, 
selection of hybridomas is performed by culturing the cells by 
single-clone dilution in microtiter plates, followed by testing 
the individual clonal supernatants (after about two to three 
weeks) for the desired reactivity. The assay should be sensi 
tive, simple and rapid, Such as radioimmunoassays, enzyme 
immunoassays, cytotoxicity assays, plaque assays, dot 
immunobinding assays, and the like. 
0325 The selected hybridomas would then be serially 
diluted and cloned into individual antibody-producing cell 
lines, which clones can then be propagated indefinitely to 
provide MAbs. The cell lines may be exploited for MAb 
production in two basic ways. A sample of the hybridoma can 
be injected (often into the peritoneal cavity) into a histocom 
patible animal of the type that was used to provide the somatic 
and myeloma cells for the original fusion. The injected ani 
mal develops tumors secreting the specific monoclonal anti 
body produced by the fused cell hybrid. The body fluids of the 
animal. Such as serum or ascites fluid, can then be tapped to 
provide MAbs in high concentration. The individual cell lines 
could also be cultured in vitro, where the MAbs are naturally 
secreted into the culture medium from which they can be 
readily obtained in high concentrations. 
0326 MAbs produced by either means will generally be 
further purified, e.g., using filtration, centrifugation and vari 
ous chromatographic methods, such as HPLC or affinity 
chromatography, all of which purification techniques are well 
known to those of skill in the art. These purification tech 
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niques each involve fractionation to separate the desired anti 
body from other components of a mixture. Analytical meth 
ods particularly Suited to the preparation of antibodies 
include, for example, protein A-Sepharose and/or protein 
G-Sepharose chromatography. 

D. Second Generation Antibodies to Anionic Phospholipids 
and Aminopliospholipids 
0327. The present invention provides “second generation' 
antibodies that bind to aminophospholipids and anionic phos 
pholipids, which antibodies have improved properties and/or 
do not suffer from the drawback associated with the antibod 
ies in the prior art. A panel of Such antibodies is disclosed 
herein, of which the monoclonal antibodies 9D2 and 3G4 are 
currently preferred, with the 3G4 (ATCC 4545) antibody 
being particularly preferred. The invention also provides par 
ticular immunization and screening techniques, which permit 
“like' or “competing antibodies with advantageous proper 
ties and/or less drawbacks to be produced. 
0328 D1. Antibody Properties 
0329. The second generation antibodies of the invention 
bind to aminophospholipids and anionic phospholipids and 
yet do not have pathogenic properties usually associated with 
antibodies to such phospholipids. This was made possible, in 
part, by the new immunization and Screening techniques 
developed by the inventors. 
0330 Anti-phospholipid syndrome(s) (APS) are associ 
ated with autoantibodies termed “anti-cardiolipin' antibodies 
and “lupus anticoagulant antibodies’. These syndromes are 
associated with a predisposition towards venous and arterial 
thromboemboli, thrombocytopenia and a number of neuro 
logical syndromes. The anti-phospholipid antibodies in these 
patients are thus "pathogenic antibodies'. 
0331 Although described for years as “anti-phospholipid 
antibodies' and “anti-PS antibodies', such pathogenic anti 
bodies in fact recognize protein cofactors that bind to cardio 
lipin, PS or both, not the phospholipids themselves (Galli et 
al., 1990; 1993; McNeil et al., 1990; Rote, 1996). Anti-car 
diolipin antibodies recognize a particular region (between 
residue 281 and residue 288) on 32-glycoprotein I, whereas 
lupus anticoagulantantibodies recognize prothrombin. Simi 
larly, anti-PE antibodies that occur in disease states bind to PE 
in combination with proteins, such as low and high molecular 
weight kininogen (HK), prekallikrein and factor XI (Sugi and 
McIntyre, 1995; 1996a, 1996b). Based upon this type of 
protein recognition, the anti-phospholipid antibodies in 
patients displace the protein cofactors from the phospholip 
ids, thus creating the symptoms of disease. 
0332 The antibodies of the present invention have been 
particularly selected on the basis of not binding to amino 
phospholipids and anionic phospholipids in combination 
with protein cofactors, but rather are “true' anti-phospholipid 
antibodies. As such, the antibodies of the invention do not 
bind or displace the protein cofactors from the phospholipids 
and are therefore safe for administration. Indeed, mice treated 
with the antibodies of the invention at high doses for pro 
longed periods showed no changes in coagulation capability, 
yet mice respond with APS when injected with anticardio 
lipin or lupus anticoagulant antibodies. 
0333. Irrespective of the underlying mechanisms, anti 
phospholipid antibodies occurring in the human population 
are correlated with autoimmune diseases, e.g., systemic lupus 
erythematosus (Branch et al., 1987; Staub et al., 1989: Drou 
Valakis and Buchanan, 1998; Smirnov et al., 1995; Rauchet 
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al., 1986; Rauch and Janoff, 1990) and recurrent pregnancy 
loss (Rote et al., 1995; Rote, 1996; Vogt et al., 1996; 1997: 
Katsuragawa et al., 1997). No such symptoms have been 
associated when the antibodies of the present invention are 
administered to mice or monkeys. 
0334 Also, the epitope recognized by the antibodies of the 
invention, such as the 9D2 and 3G4 (ATCC 4545) antibodies, 
is not the same as that recognized by annexin V. This is shown 
herein, as the agents do not crossblock each others’ binding to 
phospholipids. The epitope recognized by the 3G4 and 9D2 
antibodies is probably a hexagonally packed form of PS, 
which is the immunogenic form. Annexin V likely binds to 
planar PS in addition to the hexagonal form. The hexagonal 
form of PS concentrates into protuberances in the plasma 
membrane associated with cell activation and into “blebs' on 
apoptotic cells. The restricted distribution of the antibodies of 
the invention, such as the 9D2 and 3G4 (ATCC 4545) anti 
bodies, thus further contributes to the lack of detectable tox 
icity and lack of effect on coagulation of the antibodies. 
0335. In order to generate antibodies to aminophospholip 
ids and anionic phospholipids with advantageous properties 
and/or reduced or essentially no side effects, the present 
invention provides preferred immunization and Screening 
methods. Other immunization techniques and antibodies 
have been reported in the literature (Umeda et al., 1989; 
Igarashi et al., 1991; Rote et al., 1993), including those with 
reported specificity for the type offatty acid chains involved 
(Levy et al., 1990; Qamar et al., 1990). However, the present 
immunization techniques, and particularly the selection of 
antibodies that are not serum dependent, provides particular 
benefits. 
0336 Umeda et al. (1989) reported the production of 
monoclonal antibodies recognizing stereo-specific epitopes 
of phosphatidylserine. However, the Umeda system suffers 
from the drawback of using direct immunization of phos 
phatidylserine into mouse spleen using a Salmonella-coated 
aminophospholipid sample (Umeda et al., 1989). Many of the 
antibodies reported by Umeda et al. (1989) also exhibit anti 
coagulant activity, which is a drawback not associated with 
the antibodies of the present invention. The binding profile of 
the 3G4 antibody is different to that of the PSC8 antibody of 
Umeda et al. (1989). 
0337 The antibodies of the invention also have the advan 
tage of recognizing all or most anionic phospholipids, which 
can provide more targets for binding. Therefore, the second 
generation antibodies of the invention can be defined as hav 
ing Substantially the same, or the same, phospholipid speci 
ficity as the 9D2 or 3G4 (ATCC 4545) antibodies, as dis 
closed herein in Table 4, and as not being serum dependent. 
0338 Igarashi et al. (1991) also reported the induction of 
anti-PS antibodies, but again used intrasplenic immunization 
and only a slight increase of the titer was observed when the 
antigen was again injected intravenously. Most of the MAbs 
from Igarashi et al. (1991) cross-reacted with DNA and many 
exhibited lupus anticoagulantactivity, neither of which draw 
backs exist in the antibodies developed by the present inven 
tors. The binding profile of the preferred, 3G4 antibody of the 
invention is also different to those of the antibodies in Table 1 
of Igarashi et al. (1991). 
0339. Others have reported the lupus anticoagulant activi 
ties of murine monoclonal antibodies that cross react with 
more than one anionic phospholipid (Alving et al., 1987: 
Rauch and Janoff, 1990), but the present inventors have expe 
rienced no difficulty in obtaining antibodies free from lupus 
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anticoagulant activity. This represents a distinct advantage of 
the methods, antibodies and competing antibodies in accor 
dance with the present invention. 
0340. In addition to avoiding the use of antibodies from 
patients, such as described in Rauch et al. (1986), Hasegawa 
et al. (1994), Ravirajan et al. (1995) and Menonet al. (1997), 
the present application also demonstrates the advantageous 
properties of the antibodies provided by this invention in 
side-by-side comparisons with existing antibodies from the 
literature, such as the 3SB antibody described by Rote et al 
(1993). Although the 3SB antibody has properties suitable for 
use in various of the methods disclosed herein, the antibodies 
developed by the present inventors nonetheless out-perform 
the 3SB antibody in comparative studies, e.g., as shown 
herein by the increased anti-viral effects of the 3G4 antibod 
ies as opposed to the 3SB antibody (Example XIII). 
0341 The antibodies of the present invention can also be 
characterized by their affinity. Prior to the invention, the anti 
bodies in the literature had relatively weak affinity (where 
reported). In certain embodiments, the second generation 
antibodies of the invention are therefore defined as those that 
have an affinity for PS of at least equal to the affinity of the 
9D2 or 3G4 (ATCC 4545) antibodies for PS, in particular, the 
affinity when measured in an ELISA as described herein, as 
disclosed in Table 3, and as not being serum dependent. 
0342. More preferably, the second generation antibodies 
of the invention are defined as those having an affinity for PS 
of at least equal to the affinity of the 9D2 or 3G4 (ATCC 4545) 
antibodies for PS, as disclosed in Table 3, and as having 
Substantially the same, or the same, phospholipid specificity 
as the 9D2 or 3G4 (ATCC 4545) antibodies, as disclosed in 
Table 4, and as not being serum dependent. Most preferably, 
the second generation antibodies are those having an affinity 
for PS of at least equal to the affinity of the 3G4 (ATCC 4545) 
antibody for PS, as disclosed in Table 3, and as having the 
same phospholipid specificity as the 3G4 (ATCC 4545) anti 
body, as disclosed in Table 4, and as not being serum depen 
dent. 

(0343 D2. CDR Technologies 
0344 Antibodies are comprised of variable and constant 
regions. The term “variable', as used herein in reference to 
antibodies, means that certain portions of the variable 
domains differ extensively in sequence among antibodies, 
and are used in the binding and specificity of each particular 
antibody to its particular antigen. However, the variability is 
not evenly distributed throughout the variable domains of 
antibodies. It is concentrated in three segments termed 
“hypervariable regions, both in the light chain and the heavy 
chain variable domains (other than camelized antibodies dis 
cussed below). 
0345 The more highly conserved portions of variable 
domains are called the framework region (FR). The variable 
domains of native heavy and light chains each comprise four 
FRs (FR1, FR2, FR3 and FR4, respectively), largely adopting 
a B-sheet configuration, connected by three hyperVariable 
regions, which form loops connecting, and in some cases, 
forming part of the B-sheet structure. 
0346. The hypervariable regions in each chain are held 
together in close proximity by the FRs and, with the hyper 
variable regions from the other chain, contribute to the for 
mation of the antigen-binding site of antibodies (Kabat et al., 
1991, specifically incorporated herein by reference). The 
constant domains are not involved directly in binding an 
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antibody to an antigen, but exhibit various effector functions, 
Such as participation of the antibody in antibody-dependent 
cellular toxicity. 
0347 The term “hypervariable region’, as used herein, 
refers to the amino acid residues of an antibody that are 
responsible for antigen-binding. The hyperVariable region 
comprises amino acid residues from a “complementarity 
determining region' or “CDR' (i.e. residues 24-34 (L1), 
50-56 (L2) and 89-97 (L3) in the light chain variable domain 
and 31-35 (H1), 50-56 (H2) and 95-102 (H3) in the heavy 
chain variable domain; Kabat et al., 1991, specifically incor 
porated herein by reference) and/or those residues from a 
“hypervariable loop' (i.e. residues 26-32 (L1), 50-52(L2) and 
91-96 (L3) in the light chain variable domain and 26-32 (H1), 
53-55 (H2) and 96-101 (H3) in the heavy chain variable 
domain). “Framework” or “FR residues are those variable 
domain residues other than the hyperVariable region residues 
as herein defined. 

0348. The DNA and deduced amino acid sequences of the 
Vh and VK chains of the 3G4 antibody (ATCC 4545) are 
provided herein as SEQ ID NO:1, 2, 3 and 4, respectively. 
These sequences encompass CDR1-3 of the variable regions 
of the heavy and light chains of the antibody. In light of the 
sequence and other information provided herein, and the 
knowledge in the art, a range of 3G4-like and improved 
antibodies and antigen binding regions can now be prepared 
and are thus encompassed by the present invention. 
0349. In certain embodiments, the invention provides at 
least one CDR of the antibody produced by the hybridoma 
deposited as ATCC 4545. In other embodiments, the inven 
tion provides a CDR, antibody, or antigen binding region 
thereof, which binds to at least a first aminophospholipid or 
anionic phospholipid, preferably PS, and which comprises at 
least one CDR of the antibody produced by the hybridoma 
deposited as ATCC 4545. 
0350. Further aspects of the invention concern at least one 
CDR that has the amino acid sequence of SEQID NO:2 or 
SEQ ID NO:4, or a variant or mutagenized form thereof. 
Other aspects of the invention concern a CDR, antibody, or 
antigen binding region thereof, which binds to at least a first 
aminophospholipid or anionic phospholipid, preferably PS, 
and which comprises at least one CDR with the amino acid 
sequence of SEQID NO:2 or SEQID NO:4, or a variant or 
mutagenized form thereof, wherein such a variant or 
mutagenized form maintains binding to the aminophospho 
lipid or anionic phospholipid, preferably PS. 
0351. In one particular embodiment, the invention pro 
vides an antibody, orantigenbinding region thereof, in which 
the framework regions of the 3G4 antibody (ATCC 4545) 
have been changed from mouse to a human IgG, Such as 
human IgG1 or other IgG Subclass to reduce immunogenicity 
in humans. In other embodiments, the sequences of the 3G4 
antibody (ATCC 4545) are examined for the presence of 
T-cell epitopes, as is known in the art. The underlying 
sequence can then be changed to remove T-cell epitopes, i.e., 
to “deimmunize” the antibody. 
0352. The availability of the DNA and amino acid 
sequences of the Vh and VK chains of the 3G4 antibody (SEQ 
ID NO:1, 2, 3 and 4) means that a range of antibodies can now 
be prepared using CDR technologies. In particular, random 
mutations are made in the CDRs and the products screened to 
identify antibodies with higher affinities and/or higher speci 
ficities. Such mutagenesis and selection is routinely practiced 
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in the antibody arts. It is particularly suitable for use in the 
present invention, given the advantageous screening tech 
niques disclosed herein. 
0353. These techniques are used to generate antibody vari 
ants with improved biological properties relative to the parent 
antibody from which they are prepared, such as the 9D2 and 
3G4 (ATCC 4545) antibodies. Such variants, or second gen 
eration compounds, are typically Substitutional variants 
involving one or more Substituted hyperVariable region resi 
dues of a parent antibody. A convenient way for generating 
Such substitutional variants is affinity maturation using phage 
display. 
0354. In affinity maturation using phage display, several 
hyperVariable region sites (e.g. 6-7 sites) are mutated togen 
erate all possible amino Substitutions at each site. The anti 
body variants thus generated are displayed in a monovalent 
fashion from filamentous phage particles as fusions to the 
gene III product of M13 packaged within each particle. The 
phage-displayed variants are then screened for their biologi 
cal activity (e.g. binding affinity) as herein disclosed. In order 
to identify candidate hypervariable region sites for modifica 
tion, alanine Scanning mutagenesis can be performed to iden 
tify hyperVariable region residues contributing significantly 
to antigen binding. 
0355 CDR shuffling and implantation technologies can 
also be used with the antibodies of the present invention, 
preferably the 9D2 and 3G4 (ATCC 4545) antibodies. CDR 
shuffling inserts CDR sequences into a specific framework 
region (Jirholtet al., 1998, specifically incorporated herein by 
reference). CDR implantation techniques permit the random 
combination of CDR sequences into a single master frame 
work (Soderlind et al., 1999, 2000, each specifically incorpo 
rated herein by reference). Using such techniques, the CDR 
sequences of the 3G4 (ATCC 4545) antibody, for example, 
are mutagenized to create a plurality of different sequences, 
which are incorporated into a scaffold sequence and the 
resultant antibody variants screened for desired characteris 
tics, e.g., higher affinity. 
0356. In light of the information in the present disclosure, 
the antigenbinding fragment of the antibodies, preferably the 
9D2 and 3G4 (ATCC 4545) antibodies, can also be mini 
mized, giving enhanced Stability. This can be achieved by 
preparing single domain binding proteins based upon immu 
noglobulin V, and V-like domains (Nuttall et al., 2000, 
specifically incorporated herein by reference). 
0357 Alternatively, or in addition, the crystal structure of 
the antigen-antibody complex can be delineated and analyzed 
to identify contact points between the antibody and target 
aminophospholipid or anionic phospholipid, e.g., P.S. Such 
contact residues and neighboring residues are candidates for 
Substitution. Once Such variants are generated, the panel of 
variants is Subjected to screening, as described herein, and 
antibodies with analogous but different or even Superior prop 
erties in one or more relevant assays are selected for further 
development. 
0358 D3. Camelized Antibodies 
0359 Further examples of antibodies of the invention are 
"camelized' antibodies. Antibodies from camels and llamas 
(Camelidae, camelids) include a unique kind of antibody, 
which is devoid of light chains and thus formed by heavy 
chains only. These have been termed “camelized antibodies'. 
The antigen-binding site of Such antibodies is one single 
domain, referred to as V. (VHH). 
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0360. As the DNA and amino acid sequences of the Vhand 
VK chains of the 3G4 (ATCC 4545) antibody are provided 
herein (SEQID NOs: 1,2,3 and 4), camelized versions of the 
3G4 antibody can also be prepared. Mutations and structural 
adaptations can be made to reshape a V of a V-V pair into 
a single-domain V, with retention of a sufficient variability 
(Muyldermans et al., 2001, specifically incorporated herein 
by reference). Such V constructs are small, robust and 
efficient recognition units (Riechmann and Muyldermans, 
1999) with potent antigen-binding capacity, which can pro 
vide the further advantage of interacting with novel epitopes 
that are inaccessible to conventional V-V pairs. Thus, cam 
elised antibodies are akin to FV fragments, but can have 
additional benefits. 

0361 U.S. Pat. No. 5,800.988, U.S. Pat. No. 6,005,079, 
PCT application No. WO94/04678, PCT application No. WO 
94/25591, Riechmann and Muyldermans (1999) and Muyl 
dermans et al. (2001) are each specifically incorporated 
herein by reference for the purpose of even further describing 
and enabling the production of camelized antibodies. Accord 
ingly, the CDR from the 3G4 antibody can be grafted on the 
framework of the variable domain of the heavy chain immu 
noglobulin of the Camelidae antibody. 
0362 D4. CDR Sequences 
0363. Further aspects of the invention therefore concern 
isolated DNA segments and recombinant vectors encoding 
CDR regions of antibody heavy and light chains, such as 9D2 
and 3G4, and preferably 3G4 (ATCC 4545), heavy and light 
chains, and the creation and use of recombinant host cells and 
phage through the application of DNA technology, which 
express such CDR regions. 
0364 The invention thus provides an isolated polynucle 
otide that contains a nucleotide sequence that encodes at least 
one CDR of the antibody produced by the hybridoma depos 
ited as ATCC 4545. The invention further provides an isolated 
polynucleotide that contains a nucleotide sequence that 
encodes a CDR, antibody, or antigen binding region thereof, 
which binds to at least a first aminophospholipid or anionic 
phospholipid, preferably PS, and which comprises at least 
one CDR of the antibody produced by the hybridoma depos 
ited as ATCC 4545. 

0365. Further aspects of the invention concern an isolated 
polynucleotide that contains a nucleotide sequence that 
encodes at least one CDR that has the amino acid sequence of 
SEQ ID NO:2 or SEQID NO:4, or a variant or mutagenized 
form thereof. Other aspects of the invention concern an iso 
lated polynucleotide that contains a nucleotide sequence that 
encodes a CDR, antibody, or antigen binding region thereof, 
which binds to at least a first aminophospholipid or anionic 
phospholipid, preferably PS, and which comprises at least 
one CDR with the amino acid sequence of SEQID NO:2 or 
SEQ ID NO:4, or a variant or mutagenized form thereof, 
wherein such a variant or mutagenized form maintains bind 
ing to the aminophospholipid or anionic phospholipid, pref 
erably PS. 
0366. In other aspects of the invention, the isolated poly 
nucleotide contains the nucleotide sequence of SEQID NO:1 
or SEQID NO:3, or a variant or mutagenized form thereof. In 
particular, the isolated polynucleotide contains the nucleotide 
sequence of SEQID NO:1 or SEQID NO:3, or a variant or 
mutagenized form thereof, which nucleotide sequence 
encodes a CDR, antibody, or antigen binding region thereof 
that binds to at least a first aminophospholipid or anionic 
phospholipid, preferably PS, wherein any such variant or 
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mutagenized form maintains binding to the aminophospho 
lipid or anionic phospholipid, preferably PS. 
0367 The present invention thus concerns polynucleotide 
and DNA segments, isolatable from any mammal, preferably, 
human or murine, that are free from total genomic DNA and 
are capable of expressing CDR regions of anti-anionic phos 
pholipid oranti-aminophospholipid antibody heavy and light 
chains, such as 9D2 and 3G4, and preferably 3G4 (ATCC 
4545), heavy and light chains. As used herein, the terms 
"polynucleotide segment” and “DNA segment” refer to poly 
nucleotides and DNA molecules that have been isolated free 
of total genomic DNA of a particular species. Included within 
the term “polynucleotide segment” and “DNA segment, are 
DNA segments and Smaller fragments of Such segments, and 
also recombinant vectors, including, for example, plasmids, 
cosmids, phage, viruses, and the like. 
0368 Similarly, a DNA segment comprising a coding seg 
ment or isolated gene portion encoding purified CDR regions 
of anti-anionic phospholipid oranti-aminophospholipid anti 
body heavy and light chains, such as 9D2 and 3G4, and 
preferably 3G4, heavy and light chains, refers to a DNA 
segment including Such coding sequences and, in certain 
aspects, regulatory sequences, isolated Substantially away 
from other naturally occurring genes or protein encoding 
sequences. In this respect, the term “gene' is used for sim 
plicity to refer to a functional protein, polypeptide or peptide 
encoding unit. As will be understood by those in the art, this 
functional term includes the native antibody-encoding 
sequences and Smaller engineered segments that express, or 
may be adapted to express, Suitable antigenbinding proteins, 
polypeptides or peptides. 
0369 “Isolated substantially away from other coding 
sequences' means that the coding segment or isolated gene 
portion of interest forms the significant part of the coding 
region of the DNA segment, and that the DNA segment does 
not contain large portions of naturally-occurring coding 
DNA, such as large chromosomal fragments or other func 
tional genes or cDNA coding regions. Of course, this refers to 
the DNA segment as originally isolated, and does not exclude 
genes or coding regions later added to the segment by the 
hand of man. 

0370. In particular embodiments, the invention concerns 
isolated coding segments or isolated gene portions and 
recombinant vectors incorporating DNA sequences that 
encode CDR regions of anti-anionic phospholipid or anti 
aminophospholipid antibody heavy and light chains, such as 
9D2 and 3G4, and preferably 3G4, heavy and light chains, 
that comprise at least a first sequence region that includes an 
amino acid sequence region of at least about 75%, more 
preferably, at least about 80%, more preferably, at least about 
85%, more preferably, at least about 90%, 91%, 92%, 93%, 
94%, and most preferably, at least about 95%, 96%, 97%, 
98% or 99% or so amino acid sequence identity to the amino 
acid sequence of SEQ ID NO:2 or SEQ ID NO:4; wherein 
said CDR regions at least Substantially maintain the biologi 
cal properties of the CDR regions of amino acid sequences 
SEQID NO:2 or SEQID NO:2. 
0371. As disclosed herein, the sequences may comprise 
certain biologically functional equivalent amino acids or 
“conservative Substitutions'. Other sequences may comprise 
functionally non-equivalent amino acids or “non-conserva 
tive substitutions' deliberately engineered to improve the 
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properties of the CDR or antibody containing the CDR, as is 
known those of ordinary skill in the art and further described 
herein. 
0372. It will also be understood that amino acid and 
nucleic acid sequences may include additional residues. Such 
as additional N- or C-terminal amino acids or 5' or 3' 
sequences, and yet still correspond to a sequence of the inven 
tion, so long as the sequence meets the criteria set forth above, 
preferably including the maintenance or improvement of bio 
logical protein activity where protein expression is con 
cerned. The addition of terminal sequences includes various 
non-coding sequences flanking either of the 5' or 3' portions 
of the coding region, and also control regions. 
0373 The nucleic acid segments of the present invention 
may thus be combined with other DNA sequences, such as 
promoters, polyadenylation signals, additional restriction 
enzyme sites, multiple cloning sites, other coding segments, 
and the like. Such that their overall length may vary consid 
erably. It is therefore contemplated that a nucleic acid frag 
ment of almost any length may be employed, with the total 
length preferably being limited by the ease of preparation and 
use in the intended recombinant DNA protocol. 
0374 Recombinant vectors therefore form further aspects 
of the present invention. Particularly useful vectors are con 
templated to be those vectors in which the coding portion of 
the DNA segment is positioned under the control of a pro 
moter. Generally, although not exclusively, a recombinant or 
heterologous promoter will be employed, i.e., a promoter not 
normally associated with coding sequences in their natural 
environment. Such promoters may include bacterial, viral, 
eukaryotic and mammalian promoters, so long as the pro 
moter effectively directs the expression of the DNA segment 
in the cell type, organism, or even animal, chosen for expres 
Sion. 
0375. The use of promoter and cell type combinations for 
protein expression is known to those of skill in the art of 
molecular biology. The promoters employed may be consti 
tutive, or inducible, and can be used under the appropriate 
conditions to direct high level expression of the introduced 
DNA segment, Such as is advantageous in the large-scale 
production of recombinant proteins or peptides. 
0376. The expression of the nucleic acid sequences of the 
invention may be conveniently achieved by any one or more 
standard techniques known those of ordinary skill in the art 
and further described herein. For example, the later descrip 
tion of the recombinant expression of fusion proteins applies 
equally well to antibodies and antibody fragments that are not 
operatively associated with another coding sequence at the 
nucleic acid level. 

E. Further Antibody Preparation Techniques 

0377 E1. Antibodies from Phagemid Libraries 
0378 Recombinant technology now allows the prepara 
tion of antibodies having the desired specificity from recom 
binant genes encoding a range of antibodies (Van Dijk et al., 
1989; incorporated herein by reference). Certain recombinant 
techniques involve the isolation of the antibody genes by 
immunological Screening of combinatorial immunoglobulin 
phage expression libraries prepared from RNA isolated from 
the spleen of an immunized animal (Morrison et al., 1986: 
Winter and Milstein, 1991; Barbas et al., 1992; each incor 
porated herein by reference). 
0379 For such methods, combinatorial immunoglobulin 
phagemid libraries are prepared from RNA isolated from the 
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spleen of the immunized animal, and phagemids expressing 
appropriate antibodies are selected by panning using cells 
expressing the antigen and control cells. The advantages of 
this approach over conventional hybridoma techniques are 
that approximately 10 times as many antibodies can be pro 
duced and screened in a single round, and that new specifici 
ties are generated by H and L chain combination, which 
further increases the percentage of appropriate antibodies 
generated. 
0380. One method for the generation of a large repertoire 
of diverse antibody molecules in bacteria utilizes the bacte 
riophage lambda as the vector (Huseet al., 1989; incorporated 
herein by reference). Production of antibodies using the 
lambda vector involves the cloning of heavy and light chain 
populations of DNA sequences into separate starting vectors. 
The vectors are subsequently combined randomly to form a 
single vector that directs the co-expression of heavy and light 
chains to form antibody fragments. The heavy and light chain 
DNA sequences are obtained by amplification, preferably by 
PCRTM or a related amplification technique, of mRNA iso 
lated from spleen cells (or hybridomas thereof) from an ani 
mal that has been immunized with a selected antigen. The 
heavy and light chain sequences are typically amplified using 
primers that incorporate restriction sites into the ends of the 
amplified DNA segment to facilitate cloning of the heavy and 
light chain segments into the starting vectors. 
0381 Another method for the generation and screening of 
large libraries of wholly or partially synthetic antibody com 
bining sites, or paratopes, utilizes display vectors derived 
from filamentous phage such as M13, florfd. These filamen 
tous phage display vectors, referred to as “phagemids', yield 
large libraries of monoclonal antibodies having diverse and 
novel immunospecificities. The technology uses a filamen 
tous phage coat protein membrane anchor domain as a means 
for linking gene-product and gene during the assembly stage 
of filamentous phage replication, and has been used for the 
cloning and expression of antibodies from combinatorial 
libraries (Kang et al., 1991; Barbas et al., 1991; each incor 
porated herein by reference). 
0382. This general technique for filamentous phage dis 
play is described in U.S. Pat. No. 5,658,727, incorporated 
herein by reference. In a most general sense, the method 
provides a system for the simultaneous cloning and screening 
of pre-selected ligand-binding specificities from antibody 
gene repertoires using a single vector system. Screening of 
isolated members of the library for a pre-selected ligand 
binding capacity allows the correlation of the binding capac 
ity of an expressed antibody molecule with a convenient 
means to isolate the gene that encodes the member from the 
library. 
0383 Linkage of expression and screening is accom 
plished by the combination of targeting of a fusion polypep 
tide into the periplasm of a bacterial cell to allow assembly of 
a functional antibody, and the targeting of a fusion polypep 
tide onto the coat of a filamentous phage particle during phage 
assembly to allow for convenient screening of the library 
member of interest. Periplasmic targeting is provided by the 
presence of a secretion signal domain in a fusion polypeptide. 
Targeting to a phage particle is provided by the presence of a 
filamentous phage coat protein membrane anchor domain 
(i.e., a epIII- or cpVIII-derived membrane anchor domain) in 
a fusion polypeptide. 
0384 The diversity of a filamentous phage-based combi 
natorial antibody library can be increased by shuffling of the 
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heavy and light chain genes, by altering one or more of the 
complementarity determining regions of the cloned heavy 
chain genes of the library, or by introducing random muta 
tions into the library by error-prone polymerase chain reac 
tions. Additional methods for Screening phagemid libraries 
are described in U.S. Pat. Nos. 5,580,717: 5,427,908; 5,403, 
484; and 5.223,409, each incorporated herein by reference. 
0385 Another method for the screening of large combi 
natorial antibody libraries has been developed, utilizing 
expression of populations of diverse heavy and light chain 
sequences on the Surface of a filamentous bacteriophage. Such 
as M13, florfd(U.S. Pat. No. 5,698,426; incorporated herein 
by reference). Two populations of diverse heavy (Hc) and 
light (Lc) chain sequences are synthesized by polymerase 
chain reaction (PCRTM). These populations are cloned into 
separate M13-based vector containing elements necessary for 
expression. The heavy chain vector contains a gene VIII 
(gVIII) coat protein sequence so that translation of the heavy 
chain sequences produces gVIII-Hc fusion proteins. The 
populations of two vectors are randomly combined such that 
only the vector portions containing the Hc and Lc sequences 
are joined into a single circular vector. 
0386 The combined vector directs the co-expression of 
both HC and Lc sequences for assembly of the two polypep 
tides and surface expression on M13 (U.S. Pat. No. 5,698, 
426; incorporated herein by reference). The combining step 
randomly brings together different He and Lc encoding 
sequences within two diverse populations into a single vector. 
The vector sequences donated from each independent vector 
are necessary for production of viable phage. Also, since the 
pseudo gVIII sequences are contained in only one of the two 
starting vectors, co-expression of functional antibody frag 
ments as Lc associated gVIII-Hc fusion proteins cannot be 
accomplished on the phage Surface until the vector sequences 
are linked in the single vector. 
0387 Surface expression of the antibody library is per 
formed in an amber Suppressor Strain. An amber stop codon 
between the Hc sequence and the gVIII sequence unlinks the 
two components in a non-suppressor Strain. Isolating the 
phage produced from the non-suppressor Strain and infecting 
a suppressor strain will link the Hc sequences to the gVIII 
sequence during expression. Culturing the Suppressor Strain 
after infection allows the coexpression on the surface of M13 
of all antibody species within the library as gVIII fusion 
proteins (gVIII-Fab fusion proteins). Alternatively, the DNA 
can be isolated from the non-suppressor strain and then intro 
duced into a Suppressor Strain to accomplish the same effect. 
0388. The surface expression library is screened for spe 
cific Fab fragments that bind preselected molecules by stan 
dard affinity isolation procedures. Such methods include, for 
example, panning (Parmley and Smith, 1988; incorporated 
herein by reference), affinity chromatography and solid phase 
blotting procedures. Panning is preferred, because high titers 
of phage can be screened easily, quickly and in Small Vol 
umes. Furthermore, this procedure can select minor Fab frag 
ments species within the population, which otherwise would 
have been undetectable, and amplified to substantially 
homogenous populations. The selected Fab fragments can be 
characterized by sequencing the nucleic acids encoding the 
polypeptides after amplification of the phage population. 
0389 Another method for producing diverse libraries of 
antibodies and Screening for desirable binding specificities is 
described in U.S. Pat. No. 5,667,988 and U.S. Pat. No. 5,759, 
817, each incorporated herein by reference. The method 
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involves the preparation of libraries of heterodimeric immu 
noglobulin molecules in the form of phagemid libraries using 
degenerate oligonucleotides and primer extension reactions 
to incorporate the degeneracies into the CDR regions of the 
immunoglobulin variable heavy and light chain variable 
domains, and display of the mutagenized polypeptides on the 
Surface of the phagemid. Thereafter, the display protein is 
screened for the ability to bind to a preselected antigen. 
0390 The method for producing a heterodimeric immu 
noglobulin molecule generally involves (1) introducing a 
heavy or light chain V region-coding gene of interest into the 
phagemid display vector; (2) introducing a randomized bind 
ing site into the phagemid display protein vector by primer 
extension with an oligonucleotide containing regions of 
homology to a CDR of the antibody V region gene and con 
taining regions of degeneracy for producing randomized cod 
ing sequences to form a large population of display vectors 
each capable of expressing different putative binding sites 
displayed on a phagemid Surface display protein; (3) express 
ing the display protein and binding site on the Surface of a 
filamentous phage particle; and (4) isolating (screening) the 
Surface-expressed phage particle using affinity techniques 
Such as panning of phage particles against a preselected anti 
gen, thereby isolating one or more species of phagemid con 
taining a display protein containing a binding site that binds a 
preselected antigen. 
0391) A further variation of this method for producing 
diverse libraries of antibodies and screening for desirable 
binding specificities is described in U.S. Pat. No. 5,702,892, 
incorporated herein by reference. In this method, only heavy 
chain sequences are employed, the heavy chain sequences are 
randomized at all nucleotide positions which encode either 
the CDRI or CDRIII hypervariable region, and the genetic 
variability in the CDRs is generated independent of any bio 
logical process. 
0392. In the method, two libraries are engineered to 
genetically shuffle oligonucleotide motifs within the frame 
work of the heavy chain gene structure. Through random 
mutation of either CDRI or CDRIII, the hypervariable 
regions of the heavy chain gene were reconstructed to result 
in a collection of highly diverse sequences. The heavy chain 
proteins encoded by the collection of mutated gene sequences 
possessed the potential to have all of the binding characteris 
tics of an immunoglobulin while requiring only one of the two 
immunoglobulin chains. 
0393 Specifically, the method is practiced in the absence 
of the immunoglobulin light chain protein. A library of phage 
displaying modified heavy chain proteins is incubated with an 
immobilized ligand to select clones encoding recombinant 
proteins that specifically bind the immobilized ligand. The 
bound phage are then dissociated from the immobilized 
ligand and amplified by growth in bacterial host cells. Indi 
vidual viral plaques, each expressing a different recombinant 
protein, are expanded, and individual clones can then be 
assayed for binding activity. 
0394 E2. Antibodies from Human Lymphocytes 
0395 Antibodies against phospholipids occur in the 
human population. However, these antibodies are typically 
associated with disease and their use in the present invention 
should preferably be avoided. However, human lymphocytes 
from healthy Subjects can be used as appropriate as starting 
materials for generating an antibody for use in the invention. 
0396. In vitro immunization, or antigen stimulation, may 
also be used to generate a human antibody for use in the 
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present invention. Such techniques can be used to stimulate 
peripheral blood lymphocytes from normal, healthy subjects 
simply by Stimulating antibody-producing cells with anionic 
phospholipids and aminophospholipids in vitro. 
0397 Such “in vitro immunization' involves antigen-spe 
cific activation of non-immunized B lymphocytes, generally 
within a mixed population of lymphocytes (mixed lympho 
cyte cultures, MLC). In vitro immunizations may also be 
supported by B cell growth and differentiation factors and 
lymphokines. The antibodies produced by these methods are 
often IgM antibodies (Borrebaeck and Moller, 1986; incor 
porated herein by reference). 
0398 Another method has been described (U.S. Pat. No. 
5,681,729, incorporated herein by reference) wherein human 
lymphocytes that mainly produce IgG (or IgA) antibodies can 
be obtained. The method involves, in a general sense, trans 
planting human lymphocytes to an immunodeficient animal 
so that the human lymphocytes “take' in the animal body; 
immunizing the animal with a desired antigen, so as to gen 
erate human lymphocytes producing an antibody specific to 
the antigen; and recovering the human lymphocytes produc 
ing the antibody from the animal. The human lymphocytes 
thus produced can be used to produce a monoclonal antibody 
by immortalizing the human lymphocytes producing the anti 
body, cloning the obtained immortalized human-originated 
lymphocytes producing the antibody, and recovering a mono 
clonal antibody specific to the desired antigen from the 
cloned immortalized human-originated lymphocytes. 
0399. The immunodeficient animals that may be 
employed in this technique are those that do not exhibit rejec 
tion when human lymphocytes are transplanted to the ani 
mals. Such animals may be artificially prepared by physical, 
chemical or biological treatments. Any immunodeficient ani 
mal may be employed. The human lymphocytes may be 
obtained from human peripheral blood, spleen, lymph nodes, 
tonsils or the like. 
0400. The “taking of the transplanted human lympho 
cytes in the animals can be attained by merely administering 
the human lymphocytes to the animals. The administration 
route is not restricted and may be, for example, Subcutaneous, 
intravenous or intraperitoneal. The dose of the human lym 
phocytes is not restricted, and can usually be 10° to 10 
lymphocytes per animal. The immunodeficient animal is then 
immunized with the desired antigen. 
04.01. After the immunization, human lymphocytes are 
recovered from the blood, spleen, lymph nodes or other lym 
phatic tissues by any conventional method. For example, 
mononuclear cells can be separated by the Nicoll-Hypaque 
(specific gravity: 1.077) centrifugation method, and the 
monocytes removed by the plastic dish adsorption method. 
The contaminating cells originating from the immunodefi 
cient animal may be removed by using an antiserum specific 
to the animal cells. The antiserum may be obtained by, for 
example, immunizing a second, distinct animal with the 
spleen cells of the immunodeficient animal, and recovering 
serum from the distinct immunized animal. The treatment 
with the antiserum may be carried out at any stage. The 
human lymphocytes may also be recovered by an immuno 
logical method employing a human immunoglobulin 
expressed on the cell Surface as a marker. 
0402. By these methods, human lymphocytes mainly pro 
ducing IgG and IgA antibodies specific to one or more 
selected anionic phospholipids and aminophospholipids can 
be obtained. Monoclonal antibodies are then obtained from 
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the human lymphocytes by immortalization, selection, cell 
growth and antibody production. 
0403 E3. Transgenic Mice Containing Human Antibody 
Libraries 
0404 Recombinant technology is now available for the 
preparation of antibodies. In addition to the combinatorial 
immunoglobulin phage expression libraries disclosed above, 
another molecular cloning approach is to prepare antibodies 
from transgenic mice containing human antibody libraries. 
Such techniques are described in U.S. Pat. No. 5,545,807, 
incorporated herein by reference. 
0405. In a most general sense, these methods involve the 
production of a transgenic animal that has inserted into its 
germline genetic material that encodes for at least part of an 
immunoglobulin of human origin or that can rearrange to 
encode a repertoire of immunoglobulins. The inserted genetic 
material may be produced from a human source, or may be 
produced synthetically. The material may code for at least 
part of a known immunoglobulin or may be modified to code 
for at least part of an altered immunoglobulin. 
0406. The inserted genetic material is expressed in the 
transgenic animal, resulting in production of an immunoglo 
bulin derived at least in part from the inserted human immu 
noglobulin genetic material. It is found the genetic material is 
rearranged in the transgenic animal, so that a repertoire of 
immunoglobulins with part or parts derived from inserted 
genetic material may be produced, even if the inserted genetic 
material is incorporated in the germline in the wrong position 
or with the wrong geometry. 
0407. The inserted genetic material may be in the form of 
DNA cloned into prokaryotic vectors such as plasmids and/or 
cosmids. Larger DNA fragments are inserted using yeast 
artificial chromosome vectors (Burke et al., 1987; incorpo 
rated herein by reference), or by introduction of chromosome 
fragments (Richer and Lo, 1989; incorporated herein by ref 
erence). The inserted genetic material may be introduced to 
the host in conventional manner, for example by injection or 
other procedures into fertilized eggs or embryonic stem cells. 
0408. In preferred aspects, a host animal that initially does 
not carry genetic material encoding immunoglobulin con 
stant regions is utilized, so that the resulting transgenic ani 
mal will use only the inserted human genetic material when 
producing immunoglobulins. This can be achieved either by 
using a naturally occurring mutant host lacking the relevant 
genetic material, or by artificially making mutants e.g., in cell 
lines ultimately to create a host from which the relevant 
genetic material has been removed. 
04.09 Where the host animal carries genetic material 
encoding immunoglobulin constant regions, the transgenic 
animal will carry the naturally occurring genetic material and 
the inserted genetic material and will produce immunoglobu 
lins derived from the naturally occurring genetic material, the 
inserted genetic material, and mixtures of both types of 
genetic material. In this case the desired immunoglobulin can 
be obtained by screening hybridomas derived from the trans 
genic animal, e.g., by exploiting the phenomenon of allelic 
exclusion of antibody gene expression or differential chro 
mosome loss. 
0410. Once a suitable transgenic animal has been pre 
pared, the animal is simply immunized with the desired 
immunogen. Depending on the nature of the inserted mate 
rial, the animal may produce a chimeric immunoglobulin, e.g. 
of mixed mouse/human origin, where the genetic material of 
foreign origin encodes only part of the immunoglobulin; or 
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the animal may produce an entirely foreign immunoglobulin, 
e.g. of wholly human origin, where the genetic material of 
foreign origin encodes an entire immunoglobulin. 
0411 Polyclonal antisera may be produced from the trans 
genic animal following immunization. Immunoglobulin-pro 
ducing cells may be removed from the animal to produce the 
immunoglobulin of interest. Preferably, monoclonal antibod 
ies are produced from the transgenic animal, e.g., by fusing 
spleen cells from the animal with myeloma cells and screen 
ing the resulting hybridomas to select those producing the 
desired antibody. Suitable techniques for Such processes are 
described herein. 
0412. In an alternative approach, the genetic material may 
be incorporated in the animal in Such a way that the desired 
antibody is produced in body fluids such as serum or external 
secretions of the animal. Such as milk, colostrum or saliva. 
For example, by inserting in vitrogenetic material encoding 
for at least part of a human immunoglobulin into a gene of a 
mammal coding for a milk protein and then introducing the 
gene to a fertilized egg of the mammal, e.g., by injection, the 
egg may develop into an adult female mammal producing 
milk containing immunoglobulin derived at least in part from 
the inserted human immunoglobulin genetic material. The 
desired antibody can then be harvested from the milk. Suit 
able techniques for carrying out such processes are known to 
those skilled in the art. 
0413. The foregoing transgenic animals are usually 
employed to produce human antibodies of a single isotype, 
more specifically an isotype that is essential for B cell matu 
ration, such as IgM and possibly Ig|D. Another preferred 
method for producing human antibodies is described in U.S. 
Pat. Nos. 5,545,806; 5,569,825; 5,625,126; 5,633,425; 5,661, 
016; and 5,770,429; each incorporated by reference, wherein 
transgenic animals are described that are capable of Switching 
from an isotype needed for B cell development to other iso 
types. 
0414. In the development of a B lymphocyte, the cell 
initially produces IgM with a binding specificity determined 
by the productively rearranged V and V, regions. Subse 
quently, each B cell and its progeny cells synthesize antibod 
ies with the same L and H chain V regions, but they may 
switch the isotype of the H chain. The use of mu or delta 
constant regions is largely determined by alternate splicing, 
permitting IgM and Ig) to be coexpressed in a single cell. The 
other heavy chain isotypes (gamma, alpha, and epsilon) are 
only expressed natively after a gene rearrangement event 
deletes the C mu and C delta exons. This gene rearrangement 
process, termed isotype Switching, typically occurs by 
recombination between so called Switch segments located 
immediately upstream of each heavy chain gene (except 
delta). The individual switch segments are between 2 and 10 
kb in length, and consist primarily of short repeated 
Sequences. 
0415 For these reasons, it is preferable that transgenes 
incorporate transcriptional regulatory sequences within 
about 1-2 kb upstream of each switch region that is to be 
utilized for isotype Switching. These transcriptional regula 
tory sequences preferably include a promoter and an 
enhancer element, and more preferably include the 5' flanking 
(i.e., upstream) region that is naturally associated (i.e., occurs 
in germline configuration) with a Switch region. Although a 5' 
flanking sequence from one Switch region can be operably 
linked to a different Switch region for transgene construction, 
in Some embodiments it is preferred that each Switch region 
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incorporated in the transgene construct have the 5' flanking 
region that occurs immediately upstream in the naturally 
occurring germline configuration. Sequence information 
relating to immunoglobulin Switch region sequences is 
known (Mills et al., 1990; Sideras et al., 1989; each incorpo 
rated herein by reference). 
0416. In the method described in U.S. Pat. Nos. 5,545,806; 
5,569,825; 5,625,126; 5,633,425; 5,661,016; and 5,770,429, 
the human immunoglobulin transgenes contained within the 
transgenic animal function correctly throughout the pathway 
of B-cell development, leading to isotype Switching. Accord 
ingly, in this method, these transgenes are constructed so as to 
produce isotype Switching and one or more of the following: 
(1) high level and cell-type specific expression, (2) functional 
gene rearrangement, (3) activation of and response to allelic 
exclusion, (4) expression of a sufficient primary repertoire, 
(5) signal transduction, (6) Somatic hypermutation, and (7) 
domination of the transgene antibody locus during the 
immune response. 
0417. An important requirement for transgene function is 
the generation of a primary antibody repertoire that is diverse 
enough to trigger a secondary immune response for a wide 
range of antigens. The rearranged heavy chain gene consists 
of a signal peptide exon, a variable region exon and a tandem 
array of multi-domain constant region regions, each of which 
is encoded by several exons. Each of the constant region 
genes encode the constant portion of a different class of 
immunoglobulins. During B-cell development, V region 
proximal constant regions are deleted leading to the expres 
sion of new heavy chain classes. For each heavy chain class, 
alternative patterns of RNA splicing give rise to both trans 
membrane and secreted immunoglobulins. 
0418. The human heavy chain locus consists of approxi 
mately 200 V gene segments spanning 2 Mb, approximately 
30 D gene segments spanning about 40 kb, six J segments 
clustered within a 3 kb span, and nine constant region gene 
segments spread out over approximately 300 kb. The entire 
locus spans approximately 2.5 Mb of the distal portion of the 
long arm of chromosome 14. Heavy chain transgene frag 
ments containing members of all six of the known V fami 
lies, the D and J gene segments, as well as the mu, delta, 
gamma 3, gamma 1 and alpha 1 constant regions are known 
(Berman et al., 1988; incorporated herein by reference). 
Genomic fragments containing all of the necessary gene seg 
ments and regulatory sequences from a human light chain 
locus is similarly constructed. 
0419. The expression of successfully rearranged immuno 
globulin heavy and light transgenes usually has a dominant 
effect by Suppressing the rearrangement of the endogenous 
immunoglobulin genes in the transgenic nonhuman animal. 
However, in certain embodiments, it is desirable to effect 
complete inactivation of the endogenous Ig loci So that hybrid 
immunoglobulin chains comprising a human variable region 
and a non-human (e.g., murine) constant region cannot be 
formed, for example by trans-Switching between the trans 
gene and endogenous Ig sequences. Using embryonic stem 
cell technology and homologous recombination, the endog 
enous immunoglobulin repertoire can be readily eliminated. 
In addition, Suppression of endogenous Ig genes may be 
accomplished using a variety of techniques, such as antisense 
technology. 
0420. In other aspects of the invention, it may be desirable 
to produce a trans-Switched immunoglobulin. Antibodies 
comprising Such chimeric trans-Switched immunoglobulins 
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can be used for a variety of applications where it is desirable 
to have a non-human (e.g., murine) constant region, e.g., for 
retention of effector functions in the host. The presence of a 
murine constant region can afford advantages over a human 
constant region, for example, to provide murine effector func 
tions (e.g., ADCC, murine complement fixation) so that Such 
a chimericantibody may be tested in a mouse disease model. 
Subsequent to the animal testing, the human variable region 
encoding sequence may be isolated, e.g., by PCR amplifica 
tion or cDNA cloning from the source (hybridoma clone), and 
spliced to a sequence encoding a desired human constant 
region to encode a human sequence antibody more Suitable 
for human therapeutic use. 
0421 E4. Humanized Antibodies 
0422 Human antibodies generally have at least three 
potential advantages for use in human therapy. First, because 
the effector portion is human, it may interact better with the 
other parts of the human immune system, e.g., to destroy 
target cells more efficiently by complement-dependent cyto 
toxicity (CDC) or antibody-dependent cellular cytotoxicity 
(ADCC). Second, the human immune system should not rec 
ognize the antibody as foreign. Third, the half-life in the 
human circulation will be similar to naturally occurring 
human antibodies, allowing Smaller and less frequent doses to 
be given. 
0423 Various methods for preparing human antibodies 
are provided herein. In addition to human antibodies, 
"humanized' antibodies have many advantages. “Human 
ized' antibodies are generally chimeric or mutant mono 
clonal antibodies from mouse, rat, hamster, rabbit or other 
species, bearing human constant and/or variable region 
domains or specific changes. Techniques for generating a 
so-called “humanized' antibody are well known to those of 
skill in the art. 

0424 Humanized antibodies also share the foregoing 
advantages. First, the effector portion is still human. Second, 
the human immune system should not recognize the frame 
work or constant region as foreign, and therefore the antibody 
response against Such an injected antibody should be less than 
against a totally foreign mouse antibody. Third, injected 
humanized antibodies, as opposed to injected mouse antibod 
ies, will presumably have a half-life more similar to naturally 
occurring human antibodies, also allowing Smaller and less 
frequent doses. 
0425. A number of methods have been described to pro 
duce humanized antibodies. Controlled rearrangement of 
antibody domains joined through protein disulfide bonds to 
form new, artificial protein molecules or "chimeric' antibod 
ies can be utilized (Konieczny et al., 1981; incorporated 
herein by reference). Recombinant DNA technology can also 
be used to construct gene fusions between DNA sequences 
encoding mouse antibody variable light and heavy chain 
domains and human antibody light and heavy chain constant 
domains (Morrison et al., 1984; incorporated herein by ref 
erence). 
0426 DNA sequences encoding the antigen binding por 
tions or complementarity determining regions (CDR's) of 
murine monoclonal antibodies can be grafted by molecular 
means into the DNA sequences encoding the frameworks of 
human antibody heavy and light chains (Jones et al., 1986: 
Riechmann et al., 1988; each incorporated herein by refer 
ence). The expressed recombinant products are called 
“reshaped' or humanized antibodies, and comprise the 
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framework of a human antibody light or heavy chain and the 
antigen recognition portions, CDR's, of a murine monoclonal 
antibody. 
0427. Another method for producing humanized antibod 
ies is described in U.S. Pat. No. 5,639,641, incorporated 
herein by reference. The method provides, via resurfacing, 
humanized rodent antibodies that have improved therapeutic 
efficacy due to the presentation of a human Surface in the 
variable region. In the method: (1) position alignments of a 
pool of antibody heavy and light chain variable regions is 
generated to give a set of heavy and light chain variable region 
framework Surface exposed positions, wherein the alignment 
positions for all variable regions are at least about 98% iden 
tical; (2) a set of heavy and light chain variable region frame 
work Surface exposed amino acid residues is defined for a 
rodent antibody (or fragment thereof); (3) a set of heavy and 
light chain variable region framework Surface exposed amino 
acid residues that is most closely identical to the set of rodent 
Surface exposed amino acid residues is identified; (4) the set 
of heavy and light chain variable region framework Surface 
exposed amino acid residues defined in step (2) is Substituted 
with the set of heavy and light chain variable region frame 
work Surface exposed amino acid residues identified in step 
(3), except for those amino acid residues that are within 5A of 
any atom of any residue of the complementarity determining 
regions of the rodent antibody; and (5) the humanized rodent 
antibody having binding specificity is produced. 
0428. A similar method for the production of humanized 
antibodies is described in U.S. Pat. Nos. 5,693,762; 5,693, 
761; 5,585,089; and 5,530,101, each incorporated herein by 
reference. These methods involve producing humanized 
immunoglobulins having one or more complementarity 
determining regions (CDR's) and possible additional amino 
acids from a donor immunoglobulin and a framework region 
from an accepting human immunoglobulin. 
0429 Each humanized immunoglobulin chain usually 
comprises, in addition to the CDR's, amino acids from the 
donor immunoglobulin framework that are capable of inter 
acting with the CDR's to effect binding affinity, such as one or 
more amino acids that are immediately adjacent to a CDR in 
the donor immunoglobulin or those within about 3 A as 
predicted by molecular modeling. The heavy and light chains 
may each be designed by using any one, any combination, or 
all of the various position criteria described in U.S. Pat. Nos. 
5,693,762; 5,693,761; 5,585,089; and 5,530,101, each incor 
porated herein by reference. When combined into an intact 
antibody, the humanized immunoglobulins are substantially 
non-immunogenic in humans and retain Substantially the 
same affinity as the donor immunoglobulin to the original 
antigen. 
0430. An additional method for producing humanized 
antibodies is described in U.S. Pat. Nos. 5,565,332 and 5,733, 
743, each incorporated herein by reference. This method 
combines the concept of humanizing antibodies with the 
phagemidlibraries also described in detail herein. In a general 
sense, the method utilizes sequences from the antigenbinding 
site of an antibody or population of antibodies directed 
against an antigen of interest. Thus for a single rodent anti 
body, sequences comprising part of the antigenbinding site of 
the antibody may be combined with diverse repertoires of 
sequences of human antibodies that can, in combination, 
create a complete antigen binding site. 
0431. The antigen binding sites created by this process 
differ from those created by CDR grafting, in that only the 
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portion of sequence of the original rodentantibody is likely to 
make contacts with antigen in a similar manner. The selected 
human sequences are likely to differ in sequence and make 
alternative contacts with the antigen from those of the original 
binding site. However, the constraints imposed by binding of 
the portion of original sequence to antigen and the shapes of 
the antigen and its antigenbinding sites, are likely to drive the 
new contacts of the human sequences to the same region or 
epitope of the antigen. This process has therefore been termed 
“epitope imprinted selection (EIS). 
0432 Starting with an animal antibody, one process 
results in the selection of antibodies that are partly human 
antibodies. Such antibodies may be sufficiently similar in 
sequence to human antibodies to be used directly in therapy or 
after alteration of a few key residues. Sequence differences 
between the rodent component of the selected antibody with 
human sequences could be minimized by replacing those 
residues that differ with the residues of human sequences, for 
example, by site directed mutagenesis of individual residues, 
or by CDR grafting of entire loops. However, antibodies with 
entirely human sequences can also be created. EIS therefore 
offers a method for making partly human or entirely human 
antibodies that bind to the same epitope as animal or partly 
human antibodies respectively. In EIS, repertoires of anti 
body fragments can be displayed on the Surface of filamen 
tous phase and the genes encoding fragments with antigen 
binding activities selected by binding of the phage to antigen. 
0433 Additional methods for humanizing antibodies con 
templated for use in the present invention are described in 
U.S. Pat. Nos. 5,750,078; 5,502,167; 5,705,154; 5,770,403; 
5,698,417; 5,693,493: 5,558,864; 4,935,496; and 4,816,567, 
each incorporated herein by reference. 
0434 E5. Mutagenesis by PCRTM 
0435 Site-specific mutagenesis is a technique useful in 
the preparation of individual antibodies through specific 
mutagenesis of the underlying DNA. The technique further 
provides a ready ability to prepare and test sequence variants, 
incorporating one or more of the foregoing considerations, 
whether humanizing or not, by introducing one or more 
nucleotide sequence changes into the DNA. 
0436 Although many methods are suitable for use in 
mutagenesis, the use of the polymerase chain reaction 
(PCRTM) is generally now preferred. This technology offers a 
quick and efficient method for introducing desired mutations 
into a given DNA sequence. The following text particularly 
describes the use of PCRTM to introduce point mutations into 
a sequence, as may be used to change the amino acid encoded 
by the given sequence. Adaptations of this method are also 
suitable for introducing restriction enzyme sites into a DNA 
molecule. 
0437. In this method, synthetic oligonucleotides are 
designed to incorporate a point mutation at one end of an 
amplified segment. Following PCRTM, the amplified frag 
ments are blunt-ended by treating with Klenow fragments, 
and the blunt-ended fragments are then ligated and Subcloned 
into a vector to facilitate sequence analysis. 
0438 To prepare the template DNA that one desires to 
mutagenize, the DNA is Subcloned into a high copy number 
vector, Such as pUC19, using restriction sites flanking the 
area to be mutated. Template DNA is then prepared using a 
plasmid miniprep. Appropriate oligonucleotide primers that 
are based upon the parent sequence, but which contain the 
desired point mutation and which are flanked at the 5' end by 
a restriction enzyme site, are synthesized using an automated 
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synthesizer. It is generally required that the primer be 
homologous to the template DNA for about 15 bases or so. 
Primers may be purified by denaturing polyacrylamide gel 
electrophoresis, although this is not absolutely necessary for 
use in PCRTM. The 5' end of the oligonucleotides should then 
be phosphorylated. 
0439. The template DNA should be amplified by PCRTM, 
using the oligonucleotide primers that contain the desired 
point mutations. The concentration of MgCl, in the amplifi 
cation buffer will generally be about 15 mM. Generally about 
20-25 cycles of PCRTM should be carried out as follows: 
denaturation, 35 sec. at 95°C.; hybridization, 2 min. at 50° C.; 
and extension, 2 min. at 72° C. The PCRTM will generally 
include a last cycle extension of about 10 min. at 72°C. After 
the final extension step, about 5 units of Klenow fragments 
should be added to the reaction mixture and incubated for a 
further 15 min.at about 30°C. The exonuclease activity of the 
Klenow fragments is required to make the ends flush and 
suitable for blunt-end cloning. 
0440 The resultant reaction mixture should generally be 
analyzed by nondenaturing agarose or acrylamide gel elec 
trophoresis to verify that the amplification has yielded the 
predicted product. One would then process the reaction mix 
ture by removing most of the mineral oils, extracting with 
chloroform to remove the remaining oil, extracting with buff 
ered phenol and then concentrating by precipitation with 
100% ethanol. Next, one should digest about half of the 
amplified fragments with a restriction enzyme that cuts at the 
flanking sequences used in the oligonucleotides. The digested 
fragments are purified on a low gelling/melting agarose gel. 
0441. To subclone the fragments and to check the point 
mutation, one would subclone the two amplified fragments 
into an appropriately digested vector by blunt-end ligation. 
This would be used to transform E. coli, from which plasmid 
DNA could subsequently be prepared using a miniprep. The 
amplified portion of the plasmid DNA would then be ana 
lyzed by DNA sequencing to confirm that the correct point 
mutation was generated. This is important as Taq DNA poly 
merase can introduce additional mutations into DNA frag 
mentS. 

0442. The introduction of a point mutation can also be 
effected using sequential PCRTM steps. In this procedure, the 
two fragments encompassing the mutation are annealed with 
each other and extended by mutually primed synthesis. This 
fragment is then amplified by a second PCRTM step, thereby 
avoiding the blunt-end ligation required in the above proto 
col. In this method, the preparation of the template DNA, the 
generation of the oligonucleotide primers and the first PCRTM 
amplification are performed as described above. In this pro 
cess, however, the chosen oligonucleotides should be 
homologous to the template DNA for a stretch of between 
about 15 and about 20 bases and must also overlap with each 
other by about 10 bases or more. 
0443) In the second PCRTM amplification, one would use 
each amplified fragment and each flanking sequence primer 
and carry PCRTM for between about 20 and about 25 cycles, 
using the conditions as described above. One would again 
Subclone the fragments and check that the point mutation was 
correct by using the steps outlined above. 
0444. In using either of the foregoing methods, it is gen 
erally preferred to introduce the mutation by amplifying as 
Small a fragment as possible. Of course, parameters such as 
the inciting temperature of the oligonucleotide, as will gen 
erally be influenced by the GC content and the length of the 
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oligo, should also be carefully considered. The execution of 
these methods, and their optimization if necessary, will be 
known to those of skill in the art, and are further described in 
various publications, such as Current Protocols in Molecular 
Biology, 1995, incorporated herein by reference. 
0445. When performing site-specific mutagenesis, Table 
A can be employed as a reference. 

TABLE A 

Amino Acids Codons 

Alanine Ala A. GCA GCC GCG GCU 
Cysteine Cys C UGC UGU 
Aspartic acid Asp D GAC GAU 
Glutamic acid Glu E GAA GAG 
Phenylalanine Phe F UUC UUU 
Glycine Gly G GGA. GGC GGG GGU 
Histidine His H CAC CAU 
Isoleucine Ile I AUA AUC AUU 
Lysine Llys K AAA AAG 
Leucine Leu L UUA UUG. CUA CUC CUG. CUU 
Methionine Met M AUG 
Asparagine ASn N AAC AAU 
Proline Pro P CCA CCC CCG CCU 
Glutamine Glin Q CAA CAG 
Arginine Arg R AGA AGG CGA CGC COG CGU 
Serine Ser S AGC AGU UCA, UCC UCG UCU 
Threonine Thir T ACA ACC ACG ACU 
Waline Wall W. GUA GUC GUG GUU 
Tryptophan Trp W UGG 
Tyrosine Tyr Y UAC UAU 

0446 E6. Antibody Fragments and Derivatives 
0447 Irrespective of the source of the original antibody 
against an anionic phospholipid or aminophospholipids, 
either the intact antibody, antibody multimers, or any one of a 
variety of functional, antigen-binding regions of the antibody 
may be used in the present invention. Exemplary functional 
regions include scFv, Fv, Fab', Fab and F(ab')2 fragments of 
antibodies. Techniques for preparing Such constructs are well 
known to those in the art and are further exemplified herein. 
0448. The choice of antibody construct may be influenced 
by various factors. For example, prolonged half-life can result 
from the active readsorption of intact antibodies within the 
kidney, a property of the Fc piece of immunoglobulin. IgG 
based antibodies, therefore, are expected to exhibit slower 
blood clearance than their Fab' counterparts. However, Fab' 
fragment-based compositions will generally exhibit better 
tissue penetrating capability. 
0449 Antibody fragments can be obtained by proteolysis 
of the whole immunoglobulin by the non-specific thiol pro 
tease, papain. Papain digestion yields two identical antigen 
binding fragments, termed "Fab fragments', each with a 
single antigen-binding site, and a residual "FC fragment'. 
0450 Papain should first be activated by reducing the sul 
phydryl group in the active site with cysteine, 2-mercaptoet 
hanol or dithiothreitol. Heavy metals in the stock enzyme 
should be removed by chelation with EDTA (2 mM) to ensure 
maximum enzyme activity. Enzyme and Substrate are nor 
mally mixed together in the ratio of 1:100 by weight. After 
incubation, the reaction can be stopped by irreversible alky 
lation of the thiol group with iodoacetamide or simply by 
dialysis. The completeness of the digestion should be moni 
tored by SDS-PAGE and the various fractions separated by 
protein A-Sepharose or ion exchange chromatography. 
0451. The usual procedure for preparation of F(ab') frag 
ments from IgG of rabbit and human origin is limited pro 
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teolysis by the enzyme pepsin. The conditions, 100x antibody 
excess w/w in acetate buffer at pH 4.5, 37° C., suggest that 
antibody is cleaved at the C-terminal side of the inter-heavy 
chain disulfide bond. Rates of digestion of mouse IgG may 
vary with subclass and it may be difficult to obtain high yields 
of active F(ab')2 fragments without some undigested or com 
pletely degraded IgG. In particular, IgG, is highly suscep 
tible to complete degradation. The other Subclasses require 
different incubation conditions to produce optimal results, all 
of which is known in the art. 

0452. Pepsin treatment of intact antibodies yields an 
F(ab') fragment that has two antigen-combining sites and is 
still capable of cross-linking antigen. Digestion of rat IgG by 
pepsin requires conditions including dialysis in 0.1 Macetate 
buffer, pH 4.5, and then incubation for four hours with 1% 
W/w pepsin, IgG1 and IgG, digestion is improved if first 
dialyzed against 0.1M formate buffer, pH 2.8, at 4°C., for 16 
hours followed by acetate buffer. IgG, gives more consistent 
results with incubation in staphylococcal V8 protease (3% 
w/w) in 0.1 M sodium phosphate buffer, pH 7.8, for four 
hours at 37° C. 

0453 An Fab fragment also contains the constant domain 
of the light chain and the first constant domain (CH1) of the 
heavy chain. Fab' fragments differ from Fab fragments by the 
addition of a few residues at the carboxyl terminus of the 
heavy chain CH1 domain including one or more cysteine(s) 
from the antibody hinge region. F(abt), antibody fragments 
were originally produced as pairs of Fab' fragments that have 
hinge cysteines between them. Other chemical couplings of 
antibody fragments are also known. 
0454. An Fv’ fragment is the minimum antibody frag 
ment that contains a complete antigen-recognition and bind 
ing site. This region consists of a dimer of one heavy chain 
and one light chain variable domain in tight, con-covalent 
association. It is in this configuration that the three hyperVari 
able regions of each variable domain interact to define an 
antigen-binding site on the Surface of the V-V, dimer. Col 
lectively, the six hyperVariable regions confer antigen-bind 
ing specificity to the antibody. However, even a single vari 
able domain (or half of an Fv comprising only three 
hyperVariable regions specific for an antigen) has the ability 
to recognize and bind antigen, although at a lower affinity 
than the entire binding site. 
0455 “Single-chain Fv or “scFv” antibody fragments 
(now also known as “single chains') comprise the V and V. 
domains of an antibody, wherein these domains are present in 
a single polypeptide chain. Generally, the Fv polypeptide 
further comprises a polypeptide linker between the V and V. 
domains that enables the sRv to form the desired structure for 
antigen binding. 
0456. The following patents are specifically incorporated 
herein by reference for the purposes of even further supple 
menting the present teachings regarding the preparation and 
use of functional, antigen-binding regions of antibodies, 
including schv, Fv, Fab', Fab and F(ab') fragments of anti 
bodies: U.S. Pat. Nos. 5,855,866; 5,877,289; 5,965,132: 
6,093,399; 6,261,535 and 6,004,555. WO 98/45331 is also 
incorporated herein by reference for purposes including even 
further describing and teaching the preparation of variable, 
hypervariable and complementarity determining (CDR) 
regions of antibodies. Moreover, the successful production of 
schv constructs within the scope of the present invention is 
detailed in Example XIV. 
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0457. “Diabodies' are small antibody fragments with two 
antigen-binding sites, which fragments comprise a heavy 
chain variable domain (V) connected to a light chain vari 
able domain (V) in the same polypeptide chain (V-V). By 
using a linker that is too short to allow pairing between the 
two domains on the same chain, the domains are forced to pair 
with the complementary domains of another chain and create 
two antigen-binding sites. Diabodies are described in EP 
404,097 and WO 93/11161, each specifically incorporated 
herein by reference. “Linear antibodies’, which can be bispe 
cific or monospecific, comprise a pair of tandem Fd segments 
(V-C1-V-C1) that form a pair of antigen binding 
regions, as described in Zapata et al. (1995), specifically 
incorporated herein by reference. 
0458 In using a Fab' or antigen binding fragment of an 
antibody, with the attendant benefits on tissue penetration, 
one may derive additional advantages from modifying the 
fragment to increase its half-life. A variety of techniques may 
be employed, Such as manipulation or modification of the 
antibody molecule itself, and also conjugation to inert carri 
ers. Any conjugation for the sole purpose of increasing half 
life, rather than to deliver an agent to a target, should be 
approached carefully in that Fab' and other fragments are 
chosen to penetrate tissues. Nonetheless, conjugation to non 
protein polymers, such PEG and the like, is contemplated. 
0459 Modifications other than conjugation are therefore 
based upon modifying the structure of the antibody fragment 
to render it more stable, and/or to reduce the rate of catabo 
lism in the body. One mechanism for such modifications is the 
use of D-amino acids in place of L-amino acids. Those of 
ordinary skill in the art will understand that the introduction 
of such modifications needs to be followed by rigorous testing 
of the resultant molecule to ensure that it still retains the 
desired biological properties. Further stabilizing modifica 
tions include the use of the addition of stabilizing moieties to 
either the N-terminal or the C-terminal, or both, which is 
generally used to prolong the half-life of biological mol 
ecules. By way of example only, one may wish to modify the 
termini by acylation or amination. 
0460 Moderate conjugation-type modifications for use 
with the present invention include incorporating a salvage 
receptor binding epitope into the antibody fragment. Tech 
niques for achieving this include mutation of the appropriate 
region of the antibody fragment or incorporating the epitope 
as a peptide tag that is attached to the antibody fragment. WO 
96/32478 is specifically incorporated herein by reference for 
the purposes of further exemplifying Such technology. Sal 
vage receptor binding epitopes are typically regions of three 
or more amino acids from one or two lops of the Fc domain 
that are transferred to the analogous position on the antibody 
fragment. The salvage receptor binding epitopes of WO 
98/45331 are incorporated herein by reference for use with 
the present invention. 

F. Immunoconjugates Binding to Anionic Phospholipids and 
Aminophospholipids 

0461 The present inventors earlier developed a range of 
immunoconjugates that bind to aminophospholipids for use 
in targeting tumor vasculature (U.S. Pat. No. 6.312,694, spe 
cifically incorporated herein by reference). These agents use 
aminophospholipid-binding proteins, such as annexins and 
kininogens, and antibodies againstaminophospholipids, Such 
as PS and PE, to deliver attached therapeutic agents to tumor 
and intratumoral vasculature. The present invention now pro 
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vides selected anti-PS antibodies with improved properties, 
such as 3G4 (ATCC 4545) and 9D2, and these and competing 
antibodies can now also be used as the antibody portions of 
immunoconjugates. 
0462. In addition to the use of vascular targeting agents 
that bind to aminophospholipids (U.S. Pat. No. 6,312.694), 
the present discovery that anionic phospholipids, as well as 
aminophospholipids, are stable and targetable entities within 
tumor vasculature provides for the use of a range of new 
tumor vascular targeting agents. The new compounds, not 
Suggested in the earlier work directed to aminophospholipids, 
use antibodies directed against anionic phospholipids to 
deliver toxins, cytokines, coagulants and other therapeutic 
agents to anionic phospholipids upregulated on tumor and 
intratumoral vasculature. As detailed above in regard to the 
naked antibodies, the development of these aspects of the 
invention required the generation of biological tools, particu 
larly antibodies, with exquisite specificity for different phos 
pholipids, anionic phospholipids and aminophospholipids. 
0463. As the present invention shows that anionic phos 
pholipids and aminophospholipids, such as PS, PE, PI, PA 
and PG, and most particularly PS and PE, are safe and effec 
tive targets for anti-viral therapy, antibodies and peptides that 
bind to these components, particularly PS and PE, may now 
be advantageously linked to a range of known anti-viral 
agents. These anti-viral conjugates include both peptide 
based and antibody-based conjugates, the latter of which may 
be termed anti-viral immunoconjugates or “immunoviro 
cides'. 
0464. In these aspects of the invention, any antibody 
against an anionic phospholipid can be used to prepare an 
immunoconjugate, immunotoxin or coaguligand, with anti 
bodies such as the second generation antibodies, particularly 
9D2-like and 3G4-like antibodies, with their advantageous 
anionic phospholipid binding profiles, being preferred. 
Agents for use in Such immunoconjugates preferably include 
anti-cellular or cytotoxic agents, coagulants (coagulation fac 
tors), cytokines, radiotherapeutic agents, anti-angiogenic 
agents, apoptosis-inducing agents, anti-tubulin drugs and 
anti-viral agents (and the PE-binding peptides, such as dura 
mycin derivatives, as disclosed in detail herein). In the anti 
viral immunoconjugates, there is no requirement to use a 
second generation antibody as disclosed herein, although 
these can certainly be employed. Any antibody to aminophos 
pholipids or anionic phospholipids may be thus be linked to 
an anti-viral agent to forman anti-viral immunoconjugates or 
immunovirocide in accordance with the present invention. 
0465 F1. Anti-Cellular and Cytotoxic Agents 
0466 For certain applications, the therapeutic agents will 
be cytotoxic or pharmacological agents, particularly cyto 
toxic, cytostatic or otherwise anti-cellular agents having the 
ability to kill or suppress the growth or cell division of cells, 
particularly tumor endothelial cells or tumor cells. In general, 
these aspects of the invention contemplate the use of any 
pharmacological agent that can be conjugated to an antibody 
against an anionic phospholipid, preferably a 9D2-based or 
3G4-based antibody, and delivered in active form to the tar 
geted endothelium. 
0467 Exemplary anti-cellular agents include chemothera 
peutic agents, as well as cytotoxins. Chemotherapeutic agents 
that may be used include: hormones, such as steroids; anti 
metabolites, such as cytosine arabinoside, fluorouracil, meth 
otrexate or aminopterin; anthracyclines; mitomycin C. Vinca 
alkaloids; demecolcine; etoposide; mithramycin; anti-tumor 
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alkylating agents, such as chlorambucil or melphalan. Other 
embodiments may include agents such as cytokines. Basi 
cally, any anti-cellular agent may be used, so long as it can be 
Successfully conjugated to, or associated with, an antibody in 
a manner that will allow its targeting, internalization, release 
and/or presentation to blood components at the site of the 
targeted cells, such as endothelial cells. 
0468. There may be circumstances, such as when the tar 
get antigen does not internalize by a route consistent with 
efficient intoxication by the toxic compound, where one will 
desire to target chemotherapeutic agents, such as anti-tumor 
drugs, cytokines, antimetabolites, alkylating agents, hor 
mones, and the like. A variety of chemotherapeutic and other 
pharmacological agents have now been Successfully conju 
gated to antibodies and shown to function pharmacologically, 
including doxorubicin, daunomycin, methotrexate, vinblas 
tine, neocarzinostatin, macromycin, trenimon and C-aman 
itin. 
0469. In other circumstances, any potential side-effects 
from cytotoxin-based therapy may be eliminated by the use of 
DNA synthesis inhibitors, such as daunorubicin, doxorubi 
cin, adriamycin, and the like. These agents are therefore pre 
ferred examples of anti-cellular agents for use in certain 
aspects of the present invention. In terms of cytostatic agents, 
Such compounds generally disturb the natural cell cycle of a 
target cell, preferably so that the cell is taken out of the cell 
cycle. 
0470 A wide variety of cytotoxic agents are known that 
may be conjugated to an antibody against an anionic phos 
pholipid, preferably a 9D2-based or 3G4-based antibody. 
Examples include numerous useful plant-, fungus- or bacte 
ria-derived toxins, which, by way of example, include various 
A chain toxins, particularly ricin A chain: ribosome inacti 
Vating proteins, such as Saporin or gelonin, C.-sarcin; aspergil 
lin; restrictocin, ribonucleases, such as placental ribonu 
clease; diphtheria toxin; and pseudomonas exotoxin, to name 
just a few. 
0471. Of the toxins, the use of gelonin and ricin A chains 
are preferred. The use of gelonin as the effector or toxin 
portion of immunoconjugates that bind to markers expressed, 
accessible to binding, adsorbed or localized on intratumoral 
blood vessels of a vascularized tumor is described in U.S. Pat. 
No. 6,051,230, specifically incorporated herein by reference, 
and in U.S. Pat. No. 6,451.312, which particularly concerns 
gelonin linked to VEGF as a targeting agent. 
0472. As to ricin A chains, a further preferred toxin moiety 

is toxin A chain that has been treated to modify or remove 
carbohydrate residues, so-called deglycosylated A chain 
(dgA). Deglycosylated ricin A chain is preferred because of 
its extreme potency, longer half-life, and because it is eco 
nomically feasible to manufacture it in a clinical grade and 
scale. 
0473. It may be desirable from a pharmacological stand 
point to employ the smallest molecule possible that neverthe 
less provides an appropriate biological response. One may 
thus desire to employ smaller A chain peptides that will 
provide an adequate anti-cellular response. To this end, it has 
been discovered that ricin A chain may be “truncated by the 
removal of 30 N-terminal amino acids by Nagarase (Sigma), 
and still retain an adequate toxin activity. It is proposed that 
where desired, this truncated A chain may be employed in 
conjugates in accordance with the invention. 
0474 Alternatively, one may find that the application of 
recombinant DNA technology to the toxin A chain moiety 
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will provide additional benefits in accordance the invention. 
In that the cloning and expression of biologically active ricin 
A chain has been achieved, it is now possible to identify and 
prepare Smaller, or otherwise variant peptides, which never 
theless exhibit an appropriate toxin activity. Moreover, the 
fact that ricin A chain has now been cloned allows the appli 
cation of site-directed mutagenesis, through which one can 
readily prepare and Screen for A chain-derived peptides and 
obtain additional useful moieties for use in connection with 
the present invention. 
0475 F2. Cytokines 
0476 Cytokines and chemokines are particular examples 
of agents for linking to the antibodies of the present invention. 
A range of cytokines may be used, including IL-3, IL-4, IL-5, 
IL-7, IL-8, IL-9, IL-11, IL-13, TGF-B, M-CSF, G-CSF, 
TNFB, LAF, TCGF, BCGF, TRF, BAF, BDG, MP, LIF, OSM, 
TMF, IFN-O, IFN-B. More preferred cytokines include 
IL-1C., IL-1B, IL-2, IL-6, IL-10, GM-CSF, IFNY, monocyte 
chemoattractant protein-1 (MCP-1), platelet-derived growth 
factor-BB (PDGF-BB) and C-reactive protein (CRP) and the 
like. Particularly preferred examples are TNFC, TNFC. induc 
ers and IL-12. 
0477 TNFC. increases vascular permeability. This agent is 
contemplated for attachment to an antibody of the invention, 
particularly where the resultant immunoconjugate is used in 
combination therapy for the treatment of cancer. The anti 
body will deliver the attached TNFC. to the tumor environ 
ment, and the enhanced vascular permeability cause in the 
tumor will facilitate the penetration of a second anti-cancer 
agent into the tumor, thus amplifying the overall anti-tumor 
effect. schv constructs are particularly contemplated for use 
in such embodiments. This is partly because TNFC. functions 
as a trimer and the scEw constructs will be able to trimerize 
readily. 
0478 IL-12, for example, may be attached to an antibody 
and used to redirect host defenses to attack the tumor vessels. 
In using IL-12, an SeFv form of antigenbinding region may be 
preferred. The chemokine LEC (liver-expressed chemokine, 
also known as NCC-4, HCC-4, or LMC) is another preferred 
component (Giovarelli et al., 2000). LEC is chemotactic for 
dendritic cells, monocytes, T cells, NK cells and neutrophils 
and can therefore improve host-mediated anti-tumor 
responses. 
0479 F3. Coagulation Factors 
0480. An antibody against an anionic phospholipid, or a 
second generation antibody based upon the preferred 9D2 
and 3G4 (ATCC 4545) antibodies of the invention, may be 
linked to a component that is capable of directly or indirectly 
stimulating coagulation, to form a coaguligand. U.S. Pat. 
Nos. 6,093,399, 6,004,555, 5,877,289 and 6,036,955 are spe 
cifically incorporated herein by reference for purposes of 
further describing the operative association of coagulants 
with antibodies to form coaguligands. 
0481. The antibodies of the invention may be directly 
linked to the coagulant or coagulation factor, or may be linked 
to a second binding region that binds and then releases the 
coagulant or coagulation factor. As used herein, the terms 
"coagulant' and "coagulation factor are each used to refer to 
a component that is capable of directly or indirectly stimulat 
ing coagulation under appropriate conditions, preferably 
when provided to a specific in vivo environment, such as the 
tumor vasculature. 
0482 Preferred coagulation factors are Tissue Factor 
compositions, such as truncated TF (tTF), dimeric, multim 
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eric and mutant TF molecules. “Truncated TF (tTF) refers to 
TF constructs that are rendered membrane-binding deficient 
by removal of Sufficient amino acid sequences to effect this 
change in property. A 'sufficient amount” in this context is an 
amount of transmembrane amino acid sequence originally 
sufficient to enter the TF molecule in the membrane, or oth 
erwise mediate functional membrane binding of the TF pro 
tein. The removal of such a “sufficient amount of transmem 
brane spanning sequence' therefore creates a truncated 
Tissue Factor protein or polypeptide deficient in phospholipid 
membrane binding capacity, such that the protein is Substan 
tially a soluble protein that does not significantly bind to 
phospholipid membranes. Truncated TF thus substantially 
fails to convert Factor VII to Factor VIIa in a standard TF 
assay, and yet retains so-called catalytic activity including 
activating Factor X in the presence of Factor Vila. 
0483 U.S. Pat. Nos. 5,504,067, 6,156,321, 6,132,729 and 
6,132,730 are specifically incorporated herein by reference 
for the purposes of further describing such truncated Tissue 
Factor proteins. Preferably, the Tissue Factors for use in these 
aspects of the present invention will generally lack the trans 
membrane and cytosolic regions (amino acids 220-263) of the 
protein. However, there is no need for the truncated TF mol 
ecules to be limited to molecules of the exact length of 219 
amino acids. 
0484 Tissue Factor compositions may also be useful as 
dimers. Any of the truncated, mutated or other Tissue Factor 
constructs may be prepared in a dimeric form for use in the 
present invention. As will be known to those of ordinary skill 
in the art, such TF dimers may be prepared by employing the 
standard techniques of molecular biology and recombinant 
expression, in which two coding regions are prepared in 
frame and expressed from an expression vector. Equally, vari 
ous chemical conjugation technologies may be employed in 
connection with the preparation of TF dimers. The individual 
TF monomers may be derivatized prior to conjugation. All 
such techniques would be readily known to those of skill in 
the art. 

0485. If desired, the Tissue Factor dimers or multimers 
may be joined via a biologically-releasable bond. Such as a 
selectively-cleavable linker or amino acid sequence. For 
example, peptide linkers that include a cleavage site for an 
enzyme preferentially located or active within a tumor envi 
ronment are contemplated. Exemplary forms of such peptide 
linkers are those that are cleaved by urokinase, plasmin, 
thrombin, Factor IXa, Factor Xa, or a metalloproteinase, such 
as collagenase, gelatinase or stromelysin. 
0486 In certain embodiments, the Tissue Factor dimers 
may further comprise a hindered hydrophobic membrane 
insertion moiety, to later encourage the functional association 
of the Tissue Factor with the phospholipid membrane, but 
only under certain defined conditions. As described in the 
context of the truncated Tissue Factors, hydrophobic mem 
brane-association sequences are generally stretches of amino 
acids that promote association with the phospholipid envi 
ronment due to their hydrophobic nature. Equally, fatty acids 
may be used to provide the potential membrane insertion 
moiety. 
0487. Such membrane insertion sequences may be located 
either at the N-terminus or the C-terminus of the TF molecule, 
or generally appended at any other point of the molecule so 
long as their attachment thereto does not hinder the functional 
properties of the TF construct. The intent of the hindered 
insertion moiety is that it remains non-functional until the TF 
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construct localizes within the tumor environment, and allows 
the hydrophobic appendage to become accessible and even 
further promote physical association with the membrane. 
Again, it is contemplated that biologically-releasable bonds 
and selectively-cleavable sequences will be particularly use 
ful in this regard, with the bond or sequence only being 
cleaved or otherwise modified upon localization within the 
tumor environment and exposure to particular enzymes or 
other bioactive molecules. 

0488. In other embodiments, the tTF constructs may be 
multimeric or polymeric. In this context a "polymeric con 
struct” contains 3 or more Tissue Factor constructs. A "mull 
timeric or polymeric TF construct” is a construct that com 
prises a first TF molecule orderivative operatively attached to 
at least a second and a third TF molecule or derivative. The 
multimers may comprise between about 3 and about 20 such 
TF molecules. The individual TF units within the multimers 
or polymers may also be linked by selectively-cleavable pep 
tide linkers or other biological-releasable bonds as desired. 
Again, as with the TF dimers discussed above, the constructs 
may be readily made using either recombinant manipulation 
and expression or using standard synthetic chemistry. 
0489. Even further TF constructs useful in context of the 
present invention are those mutants deficient in the ability to 
activate Factor VII. Such "Factor VII activation mutants' are 
generally defined herein as TF mutants that bind functional 
Factor VII/VIIa, proteolytically activate Factor X, but are 
substantially free from the ability to proteolytically activate 
Factor VII. Accordingly, such constructs are TF mutants that 
lack Factor VII activation activity. 
0490 The ability of such Factor VII activation mutants to 
function in promoting tumor-specific coagulation is based 
upon their specific delivery to the tumor vasculature, and the 
presence of Factor VIIa at low levels in plasma. Upon admin 
istration of such a Factor VII activation mutant conjugate, the 
mutant will be localized within the vasculature of a vascular 
ized tumor. Prior to localization, the TF mutant would be 
generally unable to promote coagulation in any other body 
sites, on the basis of its inability to convert Factor VII to 
Factor VIIa. However, upon localization and accumulation 
within the tumor region, the mutant will then encounter Suf 
ficient Factor VIIa from the plasma in order to initiate the 
extrinsic coagulation pathway, leading to tumor-specific 
thrombosis. Exogenous Factor VIIa could also be adminis 
tered to the patient. 
0491 Any one or more of a variety of Factor VII activation 
mutants may be prepared and used in connection with the 
present invention. There is a significant amount of Scientific 
knowledge concerning the recognition sites on the TF mol 
ecule for Factor VII/VIIa. It will thus be understood that the 
Factor VII activation region generally lies between about 
amino acid 157 and aboutamino acid 167 of the TF molecule. 
However, it is contemplated that residues outside this region 
may also prove to be relevant to the Factor VII activating 
activity, and one may therefore consider introducing muta 
tions into any one or more of the residues generally located 
between about amino acid 106 and about amino acid 209 of 
the TF sequence (WO 94/07515; WO94/28017: each incor 
porated herein by reference). 
0492. As detailed in U.S. Pat. Nos. 6,093,399, 6,004,555, 
5,877.289 and 6,036,955, a variety of other coagulation fac 
tors may be used in connection with the present invention, as 
exemplified by the agents set forth below. Thrombin, Factor 
V/Va and derivatives, Factor VIII/VIIIa and derivatives, Fac 
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tor IX/IXa and derivatives, Factor X/Xa and derivatives, Fac 
tor XI/XIa and derivatives, Factor XII/XIIa and derivatives, 
Factor XIII/XIIIa and derivatives, Factor Xactivator and Fac 
tor Vactivator may be used in the present invention. 
0493 Russell's viper venom Factor X activator is contem 
plated for use in this invention. Monoclonal antibodies spe 
cific for the Factor X activator present in Russell's viper 
Venom have also been produced, and could be used to spe 
cifically deliver the agent as part of a bispecific binding 
ligand. 
0494 Thromboxane A is formed from endoperoxides by 
the sequential actions of the enzymes cyclooxygenase and 
thromboxane synthetase in platelet microsomes. Thrombox 
ane A is readily generated by platelets and is a potent vaso 
constrictor, by virtue of its capacity to produce platelet aggre 
gation. Both thromboxane A and active analogues thereof 
are contemplated for use in the present invention. 
0495. Thromboxane synthase, and other enzymes that 
synthesize platelet-activating prostaglandins, may also be 
used as "coagulants' in the present context. Monoclonal anti 
bodies to, and immunoaffinity purification of thromboxane 
synthase are known; as is the cDNA for human thromboxane 
synthase. 
0496 C2-antiplasmin, or C2-plasmin inhibitor, is a pro 
teinase inhibitor naturally present in human plasma that func 
tions to efficiently inhibit the lysis of fibrin clots induced by 
plasminogen activator. C2-antiplasmin is a particularly potent 
inhibitor, and is contemplated for use in the present invention. 
0497 As the cDNA sequence for C2-antiplasmin is avail 
able, recombinant expression and/or fusion proteins are pre 
ferred. Monoclonal antibodies against C2-antiplasmin are 
also available that may be used in the bispecific binding 
ligand embodiments of the invention. These antibodies could 
both be used to deliver exogenous C2-antiplasmin to the 
target site or to garner endogenous C2-antiplasmin and con 
centrate it within the targeted region. 
0498 F4. Anti-Tubulin Drugs 
0499 A range of drugs exert their effects via interfering 
with tubulin activity. As tubulin functions are essential to 
mitosis and cell viability, certain “anti-tubulin drugs are 
powerful chemotherapeutic agents. "Anti-tubulin drug(s)', as 
used herein, means any agent, drug, prodrug or combination 
thereof that inhibits cell mitosis, preferably by directly or 
indirectly inhibiting tubulin activities necessary for cell mito 
sis, preferably tubulin polymerization or depolymerization. 
0500 Some of the more well known and currently pre 
ferred anti-tubulin drugs for use with the present invention are 
colchicine; taxanes, such as taxol; Vinca alkaloids, Such as 
vinblastine, Vincristine and vindescine; and combretastatins. 
Other Suitable anti-tubulin drugs are cytochalasins (including 
B, E), dolastatin, auristatin PE, paclitaxel, ustiloxin D, 
rhizoxin, 1069C85, colcemid, albendazole, azatoxin and 
nocodazole. 

0501. As described in U.S. Pat. Nos. 5,892,069, 5,504,074 
and 5,661,143, each specifically incorporated herein by ref 
erence, combretastatins are estradiol derivatives that gener 
ally inhibit cell mitosis. Exemplary combretastatins that may 
be used in conjunction with the invention include those based 
upon combretastatin A, B and/or D and those described in 
U.S. Pat. Nos. 5,892,069, 5,504,074 and 5,661,143. Combre 
tastatins A-1, A-2, A-3, A-4, A-5, A-6, B-1, B-2, B-3 and B-4 
are exemplary of the foregoing types. 
05.02 U.S. Pat. Nos. 5,569,786 and 5,409,953, are incor 
porated herein by reference for purposes of describing the 
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isolation, structural characterization and synthesis of each of 
combretastatin A-1, A2, A-3, B-1, B-2, B-3 and B-4 and 
formulations and methods of using Such combretastatins to 
treat neoplastic growth. Any one or more of such combretast 
atins may be used in conjunction with the present invention. 
0503 Combretastatin A-4, as described in U.S. Pat. Nos. 
5,892,069, 5,504,074, 5,661,143 and 4,996.237, each specifi 
cally incorporated herein by reference, may also be used 
herewith. U.S. Pat. No. 5,561,122 is further incorporated 
herein by reference for describing suitable combretastatin 
A-4 prodrugs, which are contemplated for combined use with 
the present invention. 
0504 U.S. Pat. No. 4,940,726, specifically incorporated 
herein by reference, particularly describes macrocyclic lac 
tones denominated combretastatin D-1 and Combretastatin 
D-2, each of which may be used in combination with the 
compositions and methods of the present invention. U.S. Pat. 
No. 5,430,062, specifically incorporated herein by reference, 
concerns stilbene derivatives and combretastatin analogues 
with anti-cancer activity that may be used in combination 
with the present invention. 
0505 F5. Anti-Angiogenic Agents 
0506 Anti-angiogenic agents are useful for attachment to 
the antibodies and peptides of the invention. Many anti-can 
cer agents have an anti-angiogenic effect as part of their 
mechanism of action. Any one or more of Such agents 
described for use in combination therapies, including those in 
Table E, may also be conjugated to an antibody of the inven 
tion, as described herein. Certain other agents have been 
discovered, designed or selected to have an anti-angiogenic 
effect as a primary mechanism of action. Examples of Such 
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agents are described below, any of which may also be used to 
prepare an immunoconjugate or used separately in combina 
tion therapy with the invention. 
0507 Numerous tyrosine kinase inhibitors useful for the 
treatment of angiogenesis, as manifest in various diseases 
states, are now known. These include, for example, the 4-ami 
nopyrrolo2,3-dipyrimidines of U.S. Pat. No. 5,639,757, spe 
cifically incorporated herein by reference, which may also be 
used in combination with the present invention. Further 
examples of organic molecules capable of modulating 
tyrosine kinase signal transduction via the VEGFR2 receptor 
are the quinazoline compounds and compositions of U.S. Pat. 
No. 5,792,771, which is specifically incorporated herein by 
reference for the purpose of describing further combinations 
for use with the present invention in the treatment of angio 
genic diseases. 
0508 Compounds of other chemical classes have also 
been shown to inhibit angiogenesis and may be used in com 
bination with the present invention. For example, steroids 
Such as the angiostatic 4.9(11)-steroids and C21-oxygenated 
steroids, as described in U.S. Pat. No. 5,972,922, specifically 
incorporated herein by reference, may be employed in com 
bined therapy. U.S. Pat. Nos. 5,712.291 and 5,593.990, each 
specifically incorporated herein by reference, describe thali 
domide and related compounds, precursors, analogs, metabo 
lites and hydrolysis products, which may also be used in 
combination with the present invention to inhibit angiogen 
esis. The compounds in U.S. Pat. Nos. 5,712.291 and 5,593, 
990 can be administered orally. Further exemplary anti-an 
giogenic agents that are useful in connection with combined 
therapy are listed in Table B. Each of the agents listed therein 
are exemplary and by no means limiting. 

TABLE B 

Inhibitors and Negative Regulators of Angiogenesis 

Substances 

Angiostatin 
Endostatin 
16 kDa prolactin fragment 

Laminin peptides 

References 

O'Reilly et al., 1994 
O'Reilly et al., 1997 
Ferrara et al., 1991; Clapp et al., 1993: D’Angelo et al., 
1995; Lee et al., 1998 
Kleinman et al., 1993: Yamamura et al., 1993: 
Iwamoto et al., 1996; Tryggvason, 1993 

Fibronectin peptides 
Tissue metalloproteinase inhibitors 
(TIMP 1, 2, 3, 4) 
Plasminogen activator inhibitors 
(PAI-1, -2) 
Tumor necrosis factor C. (high dose, in 
vitro) 

Interferons (IFN-C, -f, Y) 
ELR-CXC Chemokines: 
IL-12; SDF-1, MIG: Platelet factor 4 
(PF-4); IP-10 
Thrombospondin (TSP) 

SPARC 

2-Methoxyoestradiol 
Proliferin-related protein 
Suramin 

Thalidomide 
Cortisone 

Grant et al., 1998: Sheu et al., 1997 
Sang, 1998 

Soffet al., 1995 

Frater-Schroder et al., 1987 

RayChadhury and D'Amore, 1991; Tada et al., 1994 
Moore et al., 1998: Lingen et al., 1998 
Moore et al., 1998: Hiscox and Jiang, 1997: Coughlin 
et al., 1998: Tanaka et al., 1997 

Good et al., 1990; Frazier, 1991; Bornstein, 1992: 
Tolsma et al., 1993: Sheilbani and Frazier, 1995: 
Volpert et al., 1998 
Hasselaar and Sage, 1992; Lane et al., 1992: 
Jendraschak and Sage, 1996 
Fotsis et al., 1994 
Jackson et al., 1994 
Gagliardi et al., 1992; Takano et al., 1994; 
Waltenberger et al., 1996: Gagliardi et al., 1998; 
Manetti et al., 1998 
D'Amato et al., 1994; Kenyonet al., 1997 Wells, 1998 
Thorpe et al., 1993 Folkman et al., 1983 Sakamoto 
et al., 1986 
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Inhibitors and Negative Regulators of Angiogenesis 

Substances References 

Linomide 
et al., 1998 

Fumagillin (AGM-1470; TNP-470) 
Tamoxifen 

Haran et al., 1994 
Korean mistletoe extract Yoon et al., 1995 
(Viscum album coloratum) 

Sipos et al., 1994: Yoshida et al., 1998 
Gagliardi and Collins, 1993; Linder and Borden, 1997: 

Vukanovic et al., 1993; Ziche et al., 1998: Nagler 

Retinoids Oikawa et al., 1989; Lingen et al., 1996; Majewski 
et al. 1996 

CM101 Hellerqvist et al., 1993; Quinn et al., 1995; Wamil 
et al., 1997: DeVore et al., 1997 

Dexamethasone Hori et al., 1996; Wolff et al., 1997 
Leukemia inhibitory factor (LIF) Pepper et al., 1995 

0509 Certain preferred components for use in inhibiting 
angiogenesis are angiostatin, endostatin, Vasculostatin, can 
statin and maspin. The protein named “angiostatin' is dis 
closed in U.S. Pat. Nos. 5,776,704; 5,639,725 and 5,733,876, 
each incorporated herein by reference. Angiostatin is a pro 
tein having a molecular weight of between about 38 kD and 
about 45 kD, as determined by reducing polyacrylamide gel 
electrophoresis, which contains approximately Kringle 
regions 1 through 4 of a plasminogen molecule. Angiostatin 
generally has an amino acid sequence Substantially similar to 
that of a fragment of murine plasminogen beginning at amino 
acid number 98 of an intact murine plasminogen molecule. 
0510. The amino acid sequence of angiostatin varies 
slightly between species. For example, in human angiostatin, 
the amino acid sequence is Substantially similar to the 
sequence of the above described murine plasminogen frag 
ment, although an active human angiostatin sequence may 
start at eitheramino acid number 97 or 99 of an intact human 
plasminogen amino acid sequence. Further, human plasmi 
nogen may be used, as it has similar anti-angiogenic activity, 
as shown in a mouse tumor model. 

0511 Certain anti-angiogenic therapies have already been 
shown to cause tumor regressions, and angiostatin is one Such 
agent. Endostatin, a 20 kDa COOH-terminal fragment of 
collagen XVIII, the bacterial polysaccharide CM101, and the 
antibody LM609 also have angiostatic activity. However, in 
light of their other properties, they are referred to as anti 
vascular therapies or tumor vessel toxins, as they not only 
inhibit angiogenesis but also initiate the destruction of tumor 
vessels through mostly undefined mechanisms. 
0512 Angiostatin and endostatin have become the focus 
of intense study, as they are the first angiogenesis inhibitors 
that have demonstrated the ability to not only inhibit tumor 
growth but also cause tumor regressions in mice. There are 
multiple proteases that have been shown to produce angiosta 
tin from plasminogen including elastase, macrophage metal 
loelastase (MME), matrilysin (MMP-7), and 92 kDa gelati 
nase 13/type IV collagenase (MMP-9). 
0513 MME can produce angiostatin from plasminogen in 
tumors and granulocyte-macrophage colony-stimulating fac 
tor (GMCSF) upregulates the expression of MME by mac 
rophages inducing the production of angiostatin. The role of 
MME in angiostatin generation is Supported by the finding 
that MME is in fact expressed in clinical samples of hepato 
cellular carcinomas from patients. Another protease thought 
to be capable of producing angiostatin is stromelysin-1 

(MMP-3). MMP-3 has been shown to produce angiostatin 
like fragments from plasminogen in vitro. The mechanism of 
action for angiostatin is currently unclear, it is hypothesized 
that it binds to an unidentified cell surface receptor on endot 
helial cells inducing endothelial cell to undergo programmed 
cell death or mitotic arrest. 

0514 Endostatin appears to be an even more powerful 
anti-angiogenesis and anti-tumor agent although its biology 
is less clear. Endostatin is effective at causing regressions in a 
number of tumor models in mice. Tumors do not develop 
resistance to endostatin and, after multiple cycles of treat 
ment, tumors enter a dormant state during which they do not 
increase in Volume. In this dormant state, the percentage of 
tumor cells undergoing apoptosis was increased, yielding a 
population that essentially stays the same size. Endostatin is 
thought to bind an unidentified endothelial cell surface recep 
tor that mediates its effect. 

0515 U.S. Pat. No. 5,854.205, to Folkman and O'Reilly, 
specifically incorporated herein by reference, concerns 
endostatin and its use as an inhibitor of endothelial cell pro 
liferation and angiogenesis. The endostatin protein corre 
sponds to a C-terminal fragment of collagen type XVIII, and 
the protein can be isolated from a variety of sources. U.S. Pat. 
No. 5,854.205 also teaches that endostatin can have an amino 
acid sequence of a fragment of collagen type XVIII, a col 
lasen type XV, or BOVMPE 1 pregastric esterase. Combina 
tions of endostatin with other anti-angiogenic proteins, par 
ticularly angiostatin, are also described by U.S. Pat. No. 
5,854.205, such that the combined compositions are capable 
of effectively regressing the mass of an angiogenesis-depen 
dent tumor. 

0516 CM101 is a bacterial polysaccharide that has been 
well characterized in its ability to induce neovascular inflam 
mation in tumors. CM101 binds to and cross-links receptors 
expressed on dedifferentiated endothelium that stimulates the 
activation of the complement system. It also initiates a cytok 
ine-driven inflammatory response that selectively targets the 
tumor. It is a uniquely antipathoangiogenic agent that down 
regulates the expression VEGF and its receptors. CM101 is 
currently in clinical trials as an anti-cancer drug, and can be 
used in combination with this invention. 

0517. Thrombospondin (TSP-1) and platelet factor 4 
(PF4) may also be used in the present invention. These are 
both angiogenesis inhibitors that associate with heparin and 
are found in platelet C.-granules. TSP-1 is a large 450 kDa 
multi-domain glycoprotein that is constituent of the extracel 
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lular matrix. TSP-1 binds to many of the proteoglycan mol 
ecules found in the extracellular matrix including, HSPGs, 
fibronectin, laminin, and different types of collagen. TSP-1 
inhibits endothelial cell migration and proliferation in vitro 
and angiogenesis in vivo. TSP-1 can also Suppress the malig 
nant phenotype and tumorigenesis of transformed endothelial 
cells. The tumor Suppressor gene p53 has been shown to 
directly regulate the expression of TSP-1 such that, loss of 
p53 activity causes a dramatic reduction in TSP-1 production 
and a concomitant increase in tumor initiated angiogenesis. 
0518 PF4 is a 70aa protein that is member of the CXC 
ELR family of chemokines that is able to potently inhibit 
endothelial cell proliferation in vitro and angiogenesis in 
vivo. PF4 administered intratumorally or delivered by an 
adenoviral vector is able to cause an inhibition of tumor 
growth. 
0519 Interferons and metalloproteinase inhibitors are two 
other classes of naturally occurring angiogenic inhibitors that 
can be delivered according to the present invention. The anti 
endothelial activity of the interferons has been known since 
the early 1980s, however, the mechanism of inhibition is still 
unclear. It is known that they can inhibit endothelial cell 
migration and that they do have some anti-angiogenic activity 
in vivo that is possibly mediated by an ability to inhibit the 
production of angiogenic promoters by tumor cells. Vascular 
tumors in particular are sensitive to interferon, for example, 
proliferating hemangiomas can be successfully treated with 
IFNO. 

0520 Tissue inhibitors of metalloproteinases (TIMPs) are 
a family of naturally occurring inhibitors of matrix metallo 
proteases (MMPs) that can also inhibit angiogenesis and can 
be used in the treatment protocols of the present invention. 
MMPS play a key role in the angiogenic process as they 
degrade the matrix through which endothelial cells and fibro 
blasts migrate when extending or remodeling the vascular 
network. In fact, one member of the MMPs, MMP-2, has been 
shown to associate with activated endothelium through the 
integrin O?33 presumably for this purpose. If this interaction 
is disrupted by a fragment of MMP-2, then angiogenesis is 
downregulated and in tumors growth is inhibited. 
0521. There are a number of pharmacological agents that 
inhibit angiogenesis, any one or more of which may be used 
as part of the present invention. These include AGM-1470/ 
TNP-470, thalidomide, and carboxyamidotriazole (CAI). 
Fumagillin was found to be a potent inhibitor of angiogenesis 
in 1990, and since then the synthetic analogues of fumagillin, 
AGM-1470 and TNP-470 have been developed. Both of these 
drugs inhibit endothelial cell proliferation in vitro and angio 
genesis in vivo. TNP-470 has been studied extensively in 
human clinical trials with data Suggesting that long-term 
administration is optimal. 
0522 Thalidomide was originally used as a sedative but 
was found to be a potent teratogen and was discontinued. In 
1994 it was found that thalidomide is an angiogenesis inhibi 
tor. Thalidomide is currently in clinical trials as an anti-cancer 
agent as well as a treatment of vascular eye diseases. 
0523 CAI is a small molecular weight synthetic inhibitor 
of angiogenesis that acts as a calcium channel blocker that 
prevents actin reorganization, endothelial cell migration and 
spreading on collagen IV. CAI inhibits neovascularization at 
physiological attainable concentrations and is well tolerated 
orally by cancer patients. Clinical trials with CAI have 
yielded disease stabilization in 49% of cancer patients having 
progressive disease before treatment. 
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0524 Cortisone in the presence of heparin or heparin frag 
ments was shown to inhibit tumor growth in mice by blocking 
endothelial cell proliferation. The mechanism involved in the 
additive inhibitory effect of the steroid and heparin is unclear 
although it is thought that the heparin may increase the uptake 
of the steroid by endothelial cells. The mixture has been 
shown to increase the dissolution of the basement membrane 
underneath newly formed capillaries and this is also a pos 
sible explanation for the additive angiostatic effect. Heparin 
cortisol conjugates also have potent angiostatic and anti-tu 
mor effects activity in vivo. 
0525) Further specific angiogenesis inhibitors may be 
delivered to tumors using the tumor targeting methods of the 
present invention. These include, but are not limited to, Anti 
Invasive Factor, retinoic acids and paclitaxel (U.S. Pat. No. 
5,716,981; incorporated herein by reference); AGM-1470 
(Ingber et al., 1990; incorporated herein by reference); shark 
cartilage extract (U.S. Pat. No. 5,618,925; incorporated 
herein by reference); anionic polyamide or polyurea oligo 
mers (U.S. Pat. No. 5,593,664; incorporated herein by refer 
ence); oxindole derivatives (U.S. Pat. No. 5,576,330; incor 
porated herein by reference); estradiol derivatives (U.S. Pat. 
No. 5,504,074; incorporated herein by reference); and thiaz 
olopyrimidine derivatives (U.S. Pat. No. 5.599,813; incorpo 
rated herein by reference) are also contemplated for use as 
anti-angiogenic compositions for the combined uses of the 
present invention. 
0526 Compositions comprising an antagonist of an O?3. 
integrin may also be used to inhibitangiogenesis as part of the 
present invention. As disclosed in U.S. Pat. No. 5,766,591 
(incorporated herein by reference), RGD-containing 
polypeptides and salts thereof, including cyclic polypeptides, 
are suitable examples of CB integrin antagonists. 
0527. As angiopoietins are ligands for Tie2, other methods 
of therapeutic intervention based upon altering signaling 
through the Tie2 receptor can also be used in combination 
herewith. For example, a soluble Tie2 receptor capable of 
blocking Tie2 activation (Lin et al., 1998a) can be employed. 
Delivery of Such a construct using recombinant adenoviral 
genetherapy has been shown to be effective in treating cancer 
and reducing metastases (Lin et al., 1998a). 
0528. The angiopoietins, in common with the members of 
the VEGF family, are growth factors specific for vascular 
endothelium (Davis and Yancopoulos, 1999; Holash et al., 
1999; incorporated herein by reference). The angiopoietins 
first described were a naturally occurring receptor activator or 
agonist, angiopoietin-1 (Ang-1), and a naturally occurring 
receptor antagonist, angiopoietin-2 (Ang-2), both of which 
act by means of the endothelial cell tyrosine kinase receptor, 
Tie2. 
0529. Two new angiopoietins, angiopoietin-3 (mouse) and 
angiopoietin-4 (human) have also been identified (Valenzuela 
et al., 1999). Angiopoietin-3 appears to act as an antagonist 
(like Ang-2), whereas angiopoietin-4 appears to function as 
an agonist (like Ang-1) (Valenzuela et al., 1999). A protein 
termed angiopoietin-3 was also cloned from human heart and 
reported not to have mitogenic effects on endothelial cells 
(Kim et al., 1999). 
0530. Whereas VEGF is necessary for the early stages of 
vascular development, angiopoietin-1 is generally required 
for the later stages of vascularization. VEGF thus acts to 
promote endothelial cell differentiation, proliferation and 
primitive vessel formation. Angiopoietin-1 acts, via the Tie2 
receptor, to promote maintenance and stabilization of mature 
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vessels. Angiopoietin-1 is thus a maturation or stabilization 
factor, thought to convert immature vessels to immature ves 
sels by promoting interactions between endothelial cells and 
surrounding support cells (Holash et al., 1999). 
0531 F6. Apoptosis-Inducing Agents 
0532. The present invention may also be used to deliver 
agents that induce apoptosis in any cells within the tumor, 
including tumor cells and tumor vascular endothelial cells. 
Many anti-cancer agents have, as part of their mechanism of 
action, an apoptosis-inducing effect. Any one or more of such 
agents described for use in combination therapies, including 
those in Table F, may also be conjugated to an antibody of the 
invention, as described herein. Certain other agents have been 
discovered, designed or selected to have an apoptosis-induc 
ing effect as a primary mechanism. Examples of Such agents 
are described below, any of which may also be used to prepare 
an immunoconjugate or used separately in combination 
therapy with the invention. 
0533. Many forms of cancer have reports of mutations in 
tumor Suppressor genes. Such as p53. Inactivation of p53 
results in a failure to promote apoptosis. With this failure, 
cancer cells progress in tumorigenesis, rather than become 
destined for cell death. Thus, delivery of tumor suppressors is 
also contemplated for use in the present invention to stimulate 
cell death. Exemplary tumor Suppressors include, but are not 
limited to, p53, Retinoblastoma gene (Rb), Wilm's tumor 
(WTI), bax alpha, interleukin-1b-converting enzyme and 
family, MEN-1 gene, neurofibromatosis, type 1 (NF1), cdk 
inhibitor p 16, colorectal cancer gene (DCC), familial 
adenomatosis polyposis gene (FAP), multiple tumor Suppres 
sor gene (MTS-1), BRCA1 and BRCA2. 
0534 Preferred for use are the p53 (U.S. Pat. Nos. 5,747, 
469; 5,677.178; and 5,756.455; each incorporated herein by 
reference), Retinoblastoma, BRCA1 (U.S. Pat. Nos. 5,750, 
400; 5,654,155; 5,710,001:5,756,294; 5,709,999; 5,693,473; 
5,753,441; 5,622,829; and 5,747.282; each incorporated 
herein by reference), MEN-1 (GenBank accession number 
U93236) and adenovirus E1A (U.S. Pat. No. 5,776,743: 
incorporated herein by reference) genes. 
0535. Other oncogenes that inhibit apoptosis or pro 
grammed cell death include, but are not limited to, bcr-abl, 
bcl-2 (distinct from bcl-1, cyclin D1; GenBank accession 
numbers M14745, X06487; U.S. Pat. Nos. 5,650,491; and 
5.539,094; each incorporated herein by reference) and family 
members including Bcl-X1, Mcl-1, Bak, A1, A20. Overex 
pression of bcl-2 was first discovered in T cell lymphomas. 
bcl-2 functions as an oncogene by binding and inactivating 
Bax, a protein in the apoptotic pathway. Inhibition of bcl-2 
function prevents inactivation of Bax, and allows the apop 
totic pathway to proceed. Thus, inhibition of this class of 
oncogenes, e.g., using antisense nucleotide sequences, is con 
templated for use in the present invention in aspects wherein 
enhancement of apoptosis is desired (U.S. Pat. Nos. 5,650, 
491; 5,539,094; and 5,583,034; each incorporated herein by 
reference). 
0536. Other compositions that may be delivered by the 
antibodies of the present invention include genes encoding 
the tumor necrosis factor related apoptosis inducing ligand 
termed TRAIL, and the TRAIL polypeptide (U.S. Pat. No. 
5,763,223; incorporated herein by reference); the 24 kD apo 
ptosis-associated protease of U.S. Pat. No. 5,605,826 (incor 
porated herein by reference); Fas-associated factor 1, FAF1 
(U.S. Pat. No. 5,750,653; incorporated herein by reference). 
Also contemplated for use in these aspects of the present 
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invention is the provision of interleukin-13-converting 
enzyme and family members, which are also reported to 
stimulate apoptosis. 
0537 Compounds such as carbostyril derivatives (U.S. 
Pat. Nos. 5,672,603; and 5,464,833; each incorporated herein 
by reference); branched apogenic peptides (U.S. Pat. No. 
5,591.717: incorporated herein by reference); phosphoty 
rosine inhibitors and non-hydrolyzable phosphotyrosine ana 
logs (U.S. Pat. Nos. 5,565,491; and 5,693,627; each incorpo 
rated herein by reference); agonists of RXR retinoid receptors 
(U.S. Pat. No. 5,399,586; incorporated herein by reference): 
and even antioxidants (U.S. Pat. No. 5,571,523; incorporated 
herein by reference) may also be used. Tyrosine kinase inhibi 
tors, such as genistein, may also be linked to the antibodies of 
the present invention (as supported by U.S. Pat. No. 5,587. 
459; incorporated herein by reference). 
0538 F7. Anti-Viral Agents 
0539. As anionic phospholipids and aminophospholipids, 
particularly PS and PE, become exposed on virally infected 
cells, the antibodies of the invention, such as the 9D2 and 3G4 
(ATCC 4545) antibodies, may also be linked to any one or 
more anti-viral agents. Additional reasons underlying these 
aspects of the invention, and the advantages thereof, are 
described in more detail below in regard to the PE-binding 
peptide, anti-viral conjugates. 
0540 Exemplary anti-viral agents are for linking to anti 
bodies or peptides are also described in more detail in con 
nection with the PE-binding peptide, anti-viral conjugates of 
the invention. Any one or more anti-viral agents, including 
those in Table G, may be conjugated to an antibody of the 
invention, as described herein. Such anti-viral agents may 
also be used separately in the combination anti-viral therapies 
of the invention. 

G. Biologically Functional Equivalents 
0541. Equivalents, or even improvements, of antibodies 
and effectors can now be made, generally using the materials 
provided above as a starting point. Modifications and changes 
may be made in the structure of such an antibody and still 
obtain a molecule having like or otherwise desirable charac 
teristics. For example, certain amino acids may substituted 
for other amino acids in a protein structure without appre 
ciable loss of interactive binding capacity. These consider 
ations also apply to toxins, anti-angiogenic agents, apoptosis 
inducing agents, coagulants and the like. 
0542. Since it is the interactive capacity and nature of a 
protein that defines that protein's biological functional activ 
ity, certain amino acid sequence Substitutions can be made in 
a protein sequence (or of course, the underlying DNA 
sequence) and nevertheless obtain a protein with like (ago 
nistic) properties. It is thus contemplated that various changes 
may be made in the sequence of the antibodies or therapeutic 
agents (or underlying DNA sequences) without appreciable 
loss of their biological utility or activity. Biological func 
tional equivalents made from mutating an underlying DNA 
sequence can be made using the codon information provided 
herein in Table A, and the Supporting technical details on 
site-specific mutagenesis. 
0543. It also is well understood by the skilled artisan that, 
inherent in the definition of a “biologically functional equiva 
lent protein or peptide, is the concept that there is a limit to 
the number of changes that may be made within a defined 
portion of the molecule and still result in a molecule with an 
acceptable level of equivalent biological activity. Biologi 
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cally functional equivalent proteins and peptides are thus 
defined herein as those proteins and peptides in which certain, 
not most or all, of the amino acids may be substituted. Of 
course, a plurality of distinct proteins/peptides with different 
Substitutions may easily be made and used inaccordance with 
the invention. 
0544 Amino acid substitutions are generally based on the 
relative similarity of the amino acid side-chain Substituents, 
for example, their hydrophobicity, hydrophilicity, charge, 
size, and the like. An analysis of the size, shape and type of the 
amino acid side-chain Substituents reveals that arginine, 
lysine and histidine are all positively charged residues; that 
alanine, glycine and serine are all a similar size; and that 
phenylalanine, tryptophan and tyrosine all have a generally 
similar shape. Therefore, based upon these considerations, 
arginine, lysine and histidine; alanine, glycine and serine; and 
phenylalanine, tryptophan and tyrosine; are defined herein as 
biologically functional equivalents. 
0545. In making more quantitative changes, the hydro 
pathic index of amino acids may be considered. Each amino 
acid has been assigned a hydropathic index on the basis of 
their hydrophobicity and charge characteristics, these are: 
isoleucine (+4.5); Valine (+4.2); leucine (+3.8); phenylala 
nine (+2.8); cysteine/cystine (+2.5); methionine (+1.9); ala 
nine (+1.8); glycine (-0.4); threonine (-0.7); serine (-0.8); 
tryptophan (-0.9); tyrosine (-1.3); proline (-1.6); histidine 
(-3.2); glutamate (-3.5); glutamine (-3.5); aspartate (-3.5); 
asparagine (-3.5); lysine (-3.9); and arginine (-4.5). 
0546. The importance of the hydropathic amino acid index 
in conferring interactive biological function on a protein is 
generally understood in the art (Kyte and Doolittle, 1982, 
incorporated herein by reference). It is known that certain 
amino acids may be substituted for other amino acids having 
a similar hydropathic index or score and still retain a similar 
biological activity. In making changes based upon the hydro 
pathic index, the Substitution of amino acids whose hydro 
pathic indices are within +2 is preferred, those which are 
within +1 are particularly preferred, and those within +0.5 are 
even more particularly preferred. 
0547. It is thus understood that an amino acid can be 
substituted for another having a similar hydrophilicity value 
and still obtain a biologically equivalent protein. As detailed 
in U.S. Pat. No. 4,554,101 (incorporated herein by reference), 
the following hydrophilicity values have been assigned to 
amino acid residues: arginine (+3.0); lysine (+3.0); aspartate 
(+3.0+1); glutamate (+3.0+1); serine (+0.3); asparagine (+0. 
2); glutamine (+0.2); glycine (O); threonine (-0.4); proline 
(-0.5+1); alanine (-0.5); histidine (-0.5); cysteine (-1.0); 
methionine (-1.3); valine (-1.5); leucine (-1.8); isoleucine 
(-1.8); tyrosine (-2.3); phenylalanine (-2.5); tryptophan (-3. 
4). 
0548. In making changes based upon hydrophilicity val 
ues, the Substitution of amino acids whose hydrophilicity 
values are within +2 is preferred, those which are within +1 
are particularly preferred, and those within +0.5 are even 
more particularly preferred. 

H. Conjugation 
0549. Antibodies to aminophospholipids and anionic 
phospholipids, including selected anti-PS antibodies with 
improved properties, such as 9D2 and 3G4 (ATCC 4545), 
may be conjugated or attached to, or operatively associated 
with, anti-cellular and cytotoxic agents to prepare “immuno 
toxins’: to coagulants, either directly or indirectly, to prepare 
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"coaguligands'; or to anti-viral agents, such as nucleosides, 
to prepare anti-viral immunoconjugates or “immunoviro 
cides’. PE-binding peptides such as duramycin may also be 
conjugated or attached to, or operatively associated with, 
inert carriers, targeting agents or anti-viral agents, to prepare 
a range of PE-binding peptide derivatives and anti-viral pep 
tide conjugates. 
0550 Although covalent linkages are preferred, other 
means of operative attachment may also be used. For 
example, linked constructs may be generated using avidin: 
biotinbridges. In addition to the knowledge available to those 
of ordinary skill in the art, co-owned U.S. Pat. No. 6,093.399 
is specifically incorporated herein by reference for purposes 
of even further describing and enabling the use of avidin: 
biotin in the operative attachment of antibodies and targeting 
agents to biological and therapeutic agents. 
0551. The two agents may also be joined by a second 
binding region, preferably an antibody or antigen binding 
region thereof. This is exemplified by coaguligands wherein 
the targeting agent is linked to the coagulant via a second 
binding region (U.S. Pat. Nos. 6,093,399, 6,004,555, 5,877, 
289, and 6,036,955, each specifically incorporated herein by 
reference), which have been made and used successfully in 
the treatment of cancer. Where the first targeting agent is an 
antibody or antigenbinding region, the use of a second bind 
ing region that is also an antibody, or antigen binding region, 
results inabispecific antibody construct. The preparation and 
use of bispecific antibodies in general is well known in the art, 
and is further disclosed herein. 
0552. Immunoconjugate technology is now generally 
known in the art. However, certain advantages may be 
achieved through the application of certain preferred technol 
ogy, both in the preparation and purification for Subsequent 
clinical administration. For example, while IgG based con 
structs will typically exhibit better binding capability and 
slower blood clearance than their Fab' counterparts, Fab' frag 
ment-based constructs will generally exhibit better tissue 
penetrating capability. 
0553. Additionally, while numerous types of disulfide 
bond containing linkers are known that can be successfully 
employed in antibody and peptide conjugation, certain link 
ers will generally be preferred over other linkers, based on 
differing pharmacological characteristics and capabilities. 
For example, linkers that contain a disulfide bond that is 
sterically “hindered are to be preferred, due to their greater 
stability in vivo, thus preventing release of the coagulant prior 
to binding at the site of action. 
0554 Each type of cross-linker, as well as how the cross 
linking is performed, will tend to vary the pharmacodynamics 
of the resultant conjugate. One may desire to have a conjugate 
that will remain intact under conditions found everywhere in 
the body except the intended site of action, at which point it is 
desirable that the conjugate have good “release' characteris 
tics. Therefore, the particular cross-linking scheme, includ 
ing in particular the particular cross-linking reagent used and 
the structures that are cross-linked, will be of some signifi 
CaCC. 

0555 Depending on the specific agents to be conjugated, it 
may be necessary or desirable to provide a peptide spacer 
operatively attaching the antibody or PE-binding peptide and 
the second or therapeutic agent. Certain peptide spacers are 
capable of folding into a disulfide-bonded loop structure. 
Proteolytic cleavage within the loop would then yield a het 
erodimeric polypeptide wherein the antibody and the thera 
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peutic agent are linked by only a single disulfide bond. An 
example of Such a toxin is a Ricin A-chain toxin. 
0556. When certain other toxin compounds are utilized, a 
non-cleavable peptide spacer may be provided to operatively 
attach the antibody and the toxin compound of the fusion 
protein. Toxins which may be used in conjunction with non 
cleavable peptide spacers are those which may, themselves, 
be converted by proteolytic cleavage, into a cytotoxic disul 
fide-bonded form. An example of such a toxin compound is a 
Pseudonomas exotoxin compound. 
0557. A variety of chemotherapeutic and other pharmaco 
logical agents have now been Successfully conjugated to anti 
bodies and shown to function pharmacologically. Exemplary 
antineoplastic agents that have been investigated include 
doxorubicin, daunomycin, methotrexate, vinblastine, and 
various others. Moreover, the attachment of other agents such 

Linker 

SMPT 

SPDP 

LC-SPDP 

Sulfo-LC-SPDP 

SMCC 

Sulfo-SMCC 

MBS 

Sulfo-MBS 

SIAB 

Sulfo-SIAB 

SMPB 

Sulfo-SMPB 

EDC Sulfo-NHS 

ABH 

as neocarzinostatin, macromycin, trenimon and C.-amanitin 
has been described. These attachment methods can be 
adapted for use herewith. 
0558 Any covalent linkage to the antibody or PE-binding 
peptide should ideally be made at a site distinct from the 
functional site(s). The compositions are thus “linked in any 
operative manner that allows each region to perform its 
intended function without significant impairment, in particu 
lar, so that the resultant construct still binds to the intended 
antigen or to PE and so that the attached agent Substantially 
maintains biological activity and/or recovers biological activ 
ity when released from the construct. 
0559 Attachment of biological agents via the carbohy 
drate moieties on antibodies is also contemplated. Glycosy 
lation, both O-linked and N-linked, naturally occurs in anti 
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bodies. Recombinant antibodies can be modified to recreate 
or create additional glycosylation sites if desired, which is 
simply achieved by engineering the appropriate amino acid 
sequences (such as Asn-X-Ser, Asn-X-Thr, Ser, or Thr) into 
the primacy sequence of the antibody. 
0560 H1. Biochemical Cross-Linkers 
0561. In additional to the general information provided 
above, antibodies or PE-binding peptides may be conjugated 
to therapeutic or other agents using certain preferred bio 
chemical cross-linkers. Cross-linking reagents are used to 
form molecular bridges that tie together functional groups of 
two different molecules. To link two different proteins in a 
step-wise manner, hetero-bifunctional cross-linkers can be 
used that eliminate unwanted homopolymer formation. 
Exemplary hetero-bifunctional cross-linkers are referenced 
in Table C. 

TABLE C 

HETERO-BIFUNCTIONAL CROSS-LINKERS 

Spacer Arm Length 
Reactive Toward Advantages and Applications after cross-linking 

Primary amines Greater stability 11.2 A 
Sulfhydryls 
Primary amines Thiolation 6.8A 
Sulfhydryls Cleavable cross-linking 
Primary amines Extended spacer arm 15.6A 
Sulfhydryls 
Primary amines Extended spacer arm 15.6A 
Sulfhydryls Water-soluble 
Primary amines Stable maleimide reactive group 11.6A 
Sulfhydryls Enzyme-antibody conjugation 

Hapten-carrier protein conjugation 
Primary amines Stable maleimide reactive group 11.6A 
Sulfhydryls Water-soluble 

Enzyme-antibody conjugation 
Primary amines Enzyme-antibody conjugation 9.9A 
Sulfhydryls Hapten-carrier protein conjugation 
Primary amines Water-soluble 9.9A 
Sulfhydryls 
Primary amines Enzyme-antibody conjugation 10.6A 
Sulfhydryls 
Primary amines Water-soluble 10.6A 
Sulfhydryls 
Primary amines Extended spacer arm 14.5A 
Sulfhydryls Enzyme-antibody conjugation 
Primary amines Extended spacer arm 14.5A 
Sulfhydryls Water-soluble 
Primary amines Hapten-Carrier conjugation O 
Carboxyl groups 
Carbohydrates Reacts with Sugar groups 11.9A 
Nonselective 

0562 Hetero-bifunctional cross-linkers contain two reac 
tive groups: one generally reacting with primary amine group 
(e.g., N-hydroxy Succinimide) and the other generally react 
ing with a thiol group (e.g., pyridyl disulfide, maleimides, 
halogens, etc.). Through the primary amine reactive group, 
the cross-linker may react with the lysine residue(s) of one 
protein (e.g., the selected antibody, fragment or PE-binding 
peptide)and through the thiol reactive group, the cross-linker, 
already tied up to the first protein, reacts with the cysteine 
residue (free sulfhydryl group) of the other protein. 
0563 Compositions therefore generally have, or are 
derivatized to have, a functional group available for cross 
linking purposes. This requirement is not considered to be 
limiting in that a wide variety of groups can be used in this 
manner. For example, primary or secondary amine groups, 
























































































































































