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NEBULIZATION OF MONOCLONAL ANTIBODIES 
FOR TREATING PULMONARY DISEASES 

RELATED APPLICATIONS 

0001. This application is a continuation-in-part applica 
tion of U.S. patent application Ser. No. 10/655,861, filed 
Sep. 5, 2003, which claims priority to and benefit of the 
filing date of U.S. Provisional Application Ser. No. 60/469, 
189, filed May 9, 2003 and U.S. Provisional Application Ser. 
No. 60/408,571, filed Sep. 6, 2002, all of which are incor 
porated by reference in their entirety. 

BACKGROUND 

0002 Asthma, bronchitis and emphysema are known 
collectively as Chronic Obstructive Pulmonary Diseases. 
These diseases are characterized as generalized airways 
obstruction, especially of Small airways, associated with 
varying degrees of Symptoms of chronic bronchitis, asthma, 
and emphysema. These diseases may often coexist in an 
individual, and it may be difficult to determine the primary 
cause of an airway obstruction. Airway obstruction is 
defined as an increased resistance to airflow during forced 
expiration. Obstruction of large airways may also occur in 
these diseases, particularly in asthma. Currently available 
therapy for asthma remains problematic. Similarly, 
improved therapy is also desirable for treating or preventing 
other pulmonary diseases, for example lung cancers. 
0003. Effective delivery to a patient is a critical aspect of 
any Successful drug therapy. Various routes of delivery exist, 
and each has its own advantages and disadvantages. Oral 
drug delivery of pills, capsules, elixirs, and the like is 
perhaps the most convenient method, but many drugs are 
degraded in the digestive tract before they can be absorbed. 
Subcutaneous injection is frequently an effective route for 
Systemic drug delivery, including the delivery of proteins, 
but enjoys a low patient acceptance. Since injection of drugs 
one or more times a day can frequently be a Source of poor 
patient compliance, a variety of alternative routes of admin 
istration have also been developed, including transdermal, 
intranasal, intrarectal, intravaginal, and pulmonary delivery. 
Thus, it is desirable to improve drug delivery methods and 
compositions, particularly for antibody-based therapeutics 
in treating or preventing pulmonary diseases. 

SUMMARY 

0004. Accordingly, this application provides composi 
tions and methods suitable for delivering antibody-based 
therapeutics. These antibody-based therapeutics can be par 
ticularly useful in preventing or treating pulmonary diseases 
or conditions Such as for example asthma. Examples of 
antibodies useful in this application include anti-C5 anti 
body or antibodies that inhibit activation of the complement 
cascade, for example, the antibodies as described in U.S. 
Pat. No. 6,355.245. In addition to antibodies, other thera 
peutics are also contemplated to be employed with the 
compositions and methods of the present application, for 
example, the chimeric complement inhibitor proteins as 
described in U.S. Pat. No. 5,627,264. Certain preferred 
embodiments employ pexelizumab or eculizumab as the 
antibody therapeutic. In certain embodiments, the methods 
Suitable for delivering antibody-based therapeutics for treat 
ing or preventing pulmonary diseases are not designed for 
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Systemic delivery of the therapeutics, and therefore, SyS 
temic effect of the therapeutics may not be observed using 
these methods. 

0005. A first aspect of the application provides a method 
for preventing or treating a pulmonary disease or condition 
in a Subject comprising administering to the Subject a 
therapeutically effective amount of an antibody that inhibits 
activation of the complement cascade or blocks the function 
of one or more Subsequently activated components of the 
complement System. In certain embodiments, an additional 
active agent is also administered to the Same Subject. Admin 
istration of the antibody and the additional active agent may 
occur Simultaneously or Sequentially in either order. In 
certain embodiments, the antibody and the additional active 
agent can be administered to the Subject via the same 
delivery method or route, for example, by inhalation. In 
alternative embodiments, the antibody and the additional 
active agent can be administered to the Subject via different 
delivery methods or routes, for example, the antibody deliv 
ered by inhalation and the additional active agent by injec 
tion or by oral intake. 
0006 A second aspect of the application provides an 
aeroSol composition comprising an antibody that inhibits 
activation of the complement cascade, wherein the compo 
Sition is Suitable for preventing or treating a pulmonary 
disease or condition in a Subject. The antibody is formulated 
in a composition Suitable for aeroSolization. The antibody 
may be formulated in combination with an additional active 
agent, and the combination formulation is Suitable for aero 
Solization. Alternatively, the antibody and an additional 
active agent may be formulated Separately, Such that they 
will be combined after aeroSolization occurs or after being 
administered to a Subject. 
0007. A third aspect of the application provides a nebu 
lization composition comprising an antibody that inhibits 
activation of the complement cascade, wherein the compo 
Sition is Suitable for preventing or treating a pulmonary 
disease or condition in a Subject. The antibody is formulated 
in a composition Suitable for nebulization. Similarly, the 
antibody may be formulated in combination with an addi 
tional active agent, and the combination formulation is 
suitable for nebulization. Alternatively, the antibody and an 
additional active agent may be formulated Separately, Such 
that they will be combined after nebulization occurs or after 
being administered to a Subject. 
0008 A further aspect of the application provides a 
biopharmaceutical package comprising an antibody that 
inhibits activation of the complement cascade and a nebu 
lizer, wherein the package is Suitable for preventing or 
treating a pulmonary disease or condition in a Subject. The 
biopharmaceutical package may further comprise an active 
agent in addition to the antibody. The biopharmaceutical 
package may also comprise instructions for use. 
0009 Pulmonary diseases or conditions contemplated by 
the application include, but are not limited to, asthma, 
bronchial constriction, bronchitis, a chronic obstructive pull 
monary disease (COPD), interstitial lung diseases, lung 
malignancies, C-1 anti-trypsin deficiency, emphysema, 
bronchiectasis, bronchiolitis obliterans, Sarcoidosis, pulmo 
nary fibrosis, and collagen vascular disorders. 
0010. The timing of administering a therapeutic to a 
Subject can vary, for example, depending on the identity of 

Samsung Bioepis Exhibit No. 1044 
Page 018



US 2005/0271660 A1 

the Subject or the pulmonary disease or condition to be 
treated or prevented, or both. For example, the administra 
tion may occur before the manifestation of the pulmonary 
condition (e.g., pre-asthmatic attack), during the manifesta 
tion of the pulmonary condition (e.g., during the asthmatic 
attack), or after the manifestation of the pulmonary condi 
tion (e.g., post-asthmatic attack). 
0.011) An antibody of the present application can be 
specific to C5 such that it prevents the cleavage of C5 into 
C5a and C5b. The antibody can be specific to the C5 
convertase. Alternatively, the antibody may be specific to a 
component of the complement System, for example, C5a, 
C5b, or C5b-9, and the antibody specific to the component 
preferably inhibits the component's function, for example, 
by blocking the component's binding to its respective recep 
tor, or by blocking its function in activating the Subsequent 
Signaling or events in the complement cascade. Certain 
embodiments employ eculizumab or pexelizumab, or both. 
An antibody or antibody therapeutic of the present applica 
tion can be a full length immunoglobulin, a monoclonal 
antibody, a chimeric antibody (e.g., a humanized antibody), 
a single chain antibody, a domain antibody, an Fab fragment, 
or an antibody having an Fab fragment and a mutated Fc 
portion. In certain embodiments, the mutated Fc portion 
does not activate complement, or the mutation(s) in the Fc 
portion decreases the Fc portions ability to activate comple 
ment. An antibody of the present application may be pro 
duced or processed in bulk and packaged in an ampule made 
of a Suitable material (e.g., glass or plastic) at different 
doses. 

0012. An additional active agent (or an active agent in 
addition to the antibody therapeutic) of the present applica 
tion can be another antibody therapeutic (e.g., an anti-IgE 
antibody such as Xolair(R) or omalizumab, an anti-IL-4 
antibody or an anti-IL-5 antibody), an anti-IgE inhibitor 
(e.g., Singulair(F) or montelukast Sodium), a Sympathomi 
metic (e.g., albuterol), an antibiotic (e.g., tobramycin), a 
deoxyribonuclease (e.g., pulmozyme), an anticholinergic 
drug (e.g., ipratropium bromide), a corticosteroid (e.g., 
dexamethasone), a f-adrenoreceptor agonist, a leukotriene 
inhibitor (e.g., Zileuton), a 5 Lipoxygenase inhibitor, a PDE 
inhibitor, a CD23 antagonist, an IL-13 antagonist, a cytokine 
release inhibitor, a histamine H1 receptor antagonist, an 
anti-histamine, an anti-inflammatory agent (e.g. cromolyn 
Sodium) or a histamine release inhibitor. 
0013 An example of formulation suitable for aerosoliza 
tion or nebulization of an antibody is in physiologic OSmo 
larity (e.g., between 280 and 320 mM) at a suitable pH (e.g., 
pH 6 to 8). A formulation of the present application may 
further comprise an excipient, for example polySorbate 80 
which can be used at 0.0015 to 0.02%. 

0.014) A nebulizer of the present application can be a jet 
air nebulizer (e.g., Pari LC Jet Plus or Hudson TUp-draft II), 
an ultrasonic nebulizer (e.g., MABISMist II), a vibrating 
mesh nebulizer (e.g., Micro air by Omron) and a shockwave 
nebulizer (EvitLabs Sonik LDI20). 

BRIEF DESCRIPTION OF THE DRAWINGS 

0.015 The patent or application file contains at least one 
drawing executed in color. Copies of this patent or patent 
application publication with color drawing(s) will be pro 
vided by the Office upon request and payment of the 
necessary fee. 
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0016 FIG. 1 illustrates blocking the generation of C5a 
and C5b-9 by anti-C5 mAb, BB5.1. Pharmacodynamic 
profile (A) of inhibition of C5b-9 mediated hemolysis from 
animals given a Single i.V. or i.p. injection of anti-C5 mAb 
(40 mg/kg) or control mAb (40 mg/kg). O represents data 
from 4 control animals that were given control mAb by 
either i.V. (n=2) or i.p. (n=2). A represents i.p. anti-C5 
mAb-treated animals (n=3). A represents i.v. anti-C5 mAb 
treated animals (n=3). C5a-mediated neutrophil migration 
(B) was analyzed in an in vitro assay. Zymosan activated 
sera (20%) was used as the source of C5a. Anti-C5 mAb 
(100 ug/ml) was added to serum sample prior to Zymosan 
activation as indicated (n=8). * indicates p<0.05 when 
compared to Zymosan activated Serum Samples. BALB/c 
mice were used in all figures except FIGS. 4 C and D. 
0017 FIG.2 shows airway response to OVA provocation 
and definition of three critical checkpoints. A: Representa 
tive DCP results indicating the longitudinal changes of 
sRaw. After aerosol challenge with 5% OVA for 10 min, the 
appearance of EAR was observed at 15 min, followed by the 
LAR at 5 h. B: Three critical points during the course of 
disease. Checkpoint 1: Anti-C5 mAb was given by i.p. 
injection on days 25, 29 and 31. Analysis of lower airway 
functions and quantification of airway inflammation were 
evaluated 5 h after aerosol challenge of 5% OVA on day 32. 
Checkpoint 2: Anti-C5 mAb was given by i.p. injection on 
day 33, after recovery from the first airway response on day 
32. AHR was assessed by evaluating the changes of RL and 
Cdyn from baseline in response to aerosol Mch challenge on 
day 35. Checkpoint 3: C5 inhibition was given by either i.v. 
or aerosol administration of BB5.1 during EAR on day 35. 
Lower airway function was determined during the peak of 
LAR, 5 h after 5% OVA provocation. 
0018 FIG. 3 shows contribution of C5 at checkpoint 1, 
the initiation of airway inflammation. Mean serum OVA 
specific antibody titers of 5-6 mice on day 32 were measured 
by ELISA(A). Cross hatched bars: OVA-specific IgG. Open 
bars: OVA-specific IgE. Also on day 32, animals were 
trachea cannulated for the measurement of RL (B) and Cdyn 
(C) 5 h after 5% aerosol OVA provocation, followed by 
histological analyses of lung (D). The mean histology score 
for control mAb-treated mice (F) is 2+0.28 compared to 
0.64+0.21 for corticosteroid-treated animals (G) and 
1.25+0.25 for anti-C5 mAb-treated animals (H) compared to 
total lack of inflammation, score=0, seen in Sham-mice (E). 
* indicates p<0.05 when comparing treated animals (i.e. 
corticosteroid or anti-C5 mAb treatment) with control mAb 
treated animals, while indicates p<0.05 when comparing 
corticosteroid treated mice with animals treated with anti 
body targeting C5 or C5aR in this and all following figures 
unless otherwise indicated. For clarity, all control mAb 
treated animals are labeled as control in all following 
figures. Arrow indicates eosinophil infiltration. Giemsa 
Stain, magnification=100x. 

0019 FIG. 4 shows contribution of C5 at checkpoint 2, 
the development of AHR. C5s BALB/cByJ mice (A&B) and 
C5d B10D2OSn mice (C&D) were immunized with OVA in 
identical manner (FIG. 2 B). Animals were randomized and 
given (i.p.) the indicated treatment on day 33. On day 35, 
aeroSol Mch challenges were administered through a trachea 
cannula during measurement of RL (A&C) and Cdyn 
(B&D). Changes in RL and Cdyn are expressed as a per 
centage of baseline after each aerosol challenge. Subgroups 
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of C5d mice with or without OVA immunization were 
reconstituted (i.v.) with 200 lug of rmC5a 3 hours prior to 
Mch challenges. For C5s BALB/c mice, * indicates p<0.05 
when comparing either Steroid or anti-C5 mAb treated 
animals with control mAb treated animals. For C5d 
B10D2OSn mice, * indicates p<0.05 when comparing the 
mAb treated animals (n=6) given either control mAb (n=3) 
or anti-C5 mAb (n=3) with OVA immunized C5d 
B10D2OSn mice reconstituted with rmC5a. There are no 
statistical differences between C5d animals treated with 
control mAb and anti-C5 mAb. 

0020 FIG. 5 shows contribution of C5 at checkpoint 3, 
during an on-going airway response. Animals that experi 
enced previous airway response to allergen provocation on 
day 32 were given a Second aeroSol allergen challenge on 
day 35. During the peak of EAR, animals were randomized 
and given (i.v.) the indicated treatment. Animals were tra 
chea cannulated for the measurement of RL (A) and Cdyn 
(B) 5 h after the OVA provocation. (n=7-8 mice per group.) 
0021 FIG. 6 shows BALF WBC counts and differential 
analysis. BALF was obtained 5 h after aerosol allergen 
provocation at checkpoint 1 (A) or at checkpoint 3 (B&C). 
Total BALF WBC counts (A&B) and their differential 
analyses (C) were performed by a pathologist in a double 
blind fashion. For 6 (C), open bars: alveolar macrophages. 
Cross hatched bars: Eosinophils. Solid bars: Neutrophils. 
Hatched bars: Lymphocytes. (n=6-8 mice per group.) 
0022 FIG. 7 shows BALF levels of inflammatory media 
tors. BALF was obtained 5 h after aerosol allergen provo 
cation at checkpoint 1 (cross hatched bars) or checkpoint 3 
(solid bars). BALF levels of IL-5 (A), IL-13 (B), histamine 
(C), eotaxin (D), RANTES (E), activated TGF-3 (F), TNF-C. 
(G) and proMMP9 (H) were measured by ELISA. (n=6-8 
Samples per group.) 
0023 FIG. 8 shows contribution of intrapulmonary C5 
activation at checkpoint 3. Results represent data pooled 
from 3 Separate experiments with identical experimental 
procedures. Animals were aerosol challenged with 5% OVA 
and randomized. During EAR, animals were then given 
aeroSol administration of one of the indicated treatments 
through a jet nebulizer. Sham-immunized mice were treated 
with aerosol PBS. All animals were trachea cannulated for 
the measurement of RL(A) and Cdyn (B) 5 h after the OVA 
provocation. BALF WBC counts (C) and proMMP9 (D) 
were analyzed in the majority of animals. The data from 
control mAb (n=15) and control sIgG treated mice (n=4) 
were pooled together. Except anti-C5 Fab (n=3), n=6-19 
animals in all other cohorts. 

0024 FIG. 9 shows the result of combined therapy on the 
development of AHR in subjects with established airway 
inflammation. The results were obtained based on check 
point 2 study as described herein. Treatment was delivered 
on day 32 by nebulization instead of i.p. Mch challenge 
occurred on day 35. For anti-C5, BB5.1 at 3 mg/ml was 
subjected to nebulization for 10 minutes. The steroid at 2 
mg/ml was nebulized for 10 minutes. For the combination, 
the final concentration was 3 mg/ml for BB5.1 and 2 mg/ml 
for the steroid, which was subjected to nebulization for 10 
minutes. 

0025 FIG. 10 shows exemplary formulations suitable for 
nebulization of an antibody. 
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0026 FIG. 11 shows the result of Mch challenge two 
days after nebulization treatment. 
0027 FIG. 12 shows the particle size distribution. 
0028 FIG. 13 shows nebulization and delivery efficien 
cies. 

0029 FIG. 14 shows SDS-PAGE analysis of aerosolized 
eculizumab. 

0030 FIG. 15 shows SEC HPLC analysis of aerosolized 
eculizumab using two different nebulizers. 
0031 FIG. 16 shows that repeated long term aerosol 
administrations of anti-C5 monoclonal antibody do not 
induce airway inflammation. The mice here were Subject to 
10-week treatments: sham mice were treated with PBS for 
10 min twice per week for 10 weeks; control mice were 
treated with HFN7.1 (an isotype-matched mouse antibody) 
for 10 min by nebulization, also twice a week for 10 weeks; 
the anti-C5 antibody (BB5.1) treated mice were treated with 
BB5.1 for 10 min by nebulization, also twice a week for 10 
weeks. 

DETAILED DESCRIPTION OF THE 
APPLICATION 

0032). Overview 
0033. The present application abbreviates certain terms 
as follows: 

0034 AHR: airway hyper-responsiveness; BALF: bron 
choalveolar lavage fluid; Cdyn-dynamic lung compliance; 
C5aR: C5a receptor; C5d: C5 deficient; C5s: C5 sufficient; 
DCP: double chamber plethysmograph; EAR: Early phase 
airway response; IC: immune complexes, LAR: Late phase 
airway response, Mch: methacholine; rmC5a: recombinant 
mouse C5a, RL: lung resistance, SRaw: Specific airway 
resistance; SIgG: Serum IgG. 
0035) The Complement System 
0036) The complement system acts in conjunction with 
other immunological Systems of the body to defend against 
intrusion of cellular and viral pathogens. There are at least 
25 complement proteins, which are found as a complex 
collection of plasma proteins and membrane cofactors. The 
plasma proteins make up about 10% of the globulins in 
vertebrate Serum. Complement components achieve their 
immune defensive functions by interacting in a Series of 
intricate but precise enzymatic cleavage and membrane 
binding events. The resulting complement cascade leads to 
the production of products with opSonic, immunoregulatory, 
and lytic functions. 
0037. The complement cascade progresses via the clas 
Sical pathway or the alternative pathway. These pathways 
share many components, and while they differ in their initial 
Steps, they converge and share the same "terminal comple 
ment” components (C5 through C9) responsible for the 
activation and destruction of target cells. 
0038. The classical complement pathway is typically 
initiated by antibody recognition of and binding to an 
antigenic Site on a target cell. The alternative pathway is 
usually antibody independent, and can be initiated by certain 
molecules on pathogen Surfaces. Both pathways converge at 
the point where complement component C3 is cleaved by an 
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active protease (which is different in each pathway) to yield 
C3a and C3b. Other pathways activating complement attack 
can act later in the Sequence of events leading to various 
aspects of complement function. 

0039) C3a is an anaphylatoxin (see discussion below). 
C3b binds to bacterial and other cells, as well as to certain 
Viruses and immune complexes, and tags them for removal 
from the circulation. (C3b in this role is known as opsonin.) 
The opsonic function of C3b is considered to be the most 
important anti-infective action of the complement System. 
Patients with genetic lesions that block C3b function are 
prone to infection by a broad variety of pathogenic organ 
isms, while patients with lesions later in the complement 
cascade Sequence, i.e., patients with lesions that block C5 
functions, are found to be more prone only to Neisseria 
infection, and then only Somewhat more prone (Fearon, in 
Intensive Review of Internal Medicine, 2d ed. Fanta and 
Minaker, eds. Brigham and Women's and Beth Israel Hos 
pitals, 1983). 
0040 C3b also forms a complex with other components 
unique to each pathway to form classical or alternative C5 
convertase, which cleaves C5 into C5a and C5b. C3 is thus 
regarded as the central protein in the complement reaction 
Sequence Since it is essential to both the alternative and 
classical pathways (Wurzner, et al., Complement Inflamm. 
8:328-340, 1991). This property of C3b is regulated by the 
serum protease Factor I, which acts on C3b to produce iC3b. 
While still functional as opsonin, iC3b cannot form an active 
C5 convertase. 

0041 C5 is a 190 kDa beta globulin found in normal 
Serum at approximately 75 ug/ml (0.4 uM). C5 is glycosy 
lated, with about 1.5-3 percent of its mass attributed to 
carbohydrate. Mature C5 is a heterodimer of a 999 amino 
acid 115 kDa alpha chain that is disulfide linked to a 656 
amino acid 75 kDa beta chain. C5 is Synthesized as a Single 
chain precursor protein product of a single copy gene 
(Haviland et al. J. Immunol. 1991, 146:362-368). The cDNA 
Sequence of the transcript of this gene predicts a Secreted 
pro-C5 precursor of 1659 amino acids along with an 18 
amino acid leader Sequence. 

0042. The pro-C5 precursor is cleaved after amino acid 
655 and 659, to yield the beta chain as an amino terminal 
fragment and the alpha chain as a carboxyl terminal frag 
ment, with four amino acids deleted between the two. C5a 
is cleaved from the alpha chain of C5 by either alternative 
or classical C5 convertase as an amino terminal fragment 
comprising the first 74 amino acids of the alpha chain. 
Approximately 20 percent of the 11 kDa mass of C5a is 
attributed to carbohydrate. The cleavage Site for convertase 
action is at or immediately adjacent to amino acid residue 
733 of the 1659-amino acid pro-C5 precursor sequence with 
an 18-amino acid leader sequence (SEQ ID NO:2 as 
described in U.S. Pat. No. 6,355.245). A compound that 
would bind at or adjacent to this cleavage Site would have 
the potential to block access of the C5 convertase enzymes 
to the cleavage Site and thereby act as a complement 
inhibitor. 

0.043 C5 can also be activated by means other than C5 
convertase activity. Limited trypsin digestion (Minta and 
Man, J. Immunol. 1977, 119:1597-1602; Wetsel and Kolb, J. 
Immunol. 1982, 128:2209-2216) and acid treatment (Yama 
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moto and Gewurz, J. Immunol. 1978, 120: 2008, Damerau 
et al., Molec. Immunol. 1989, 26:1133-1142) can also cleave 
C5 and produce active C5b. 
0044 C5a is another anaphylatoxin. C5b combines with 
C6, C7, and C8 to form the C5b-8 complex at the surface of 
the target cell. Upon binding of several C9 molecules, the 
membrane attack complex (MAC, C5b-9, terminal comple 
ment complex-TCC) is formed. When sufficient numbers 
of MACS insert into target cell membranes the openings they 
create (MAC pores) mediate rapid osmotic lysis of the target 
cells. Lower, non-lytic concentrations of MACS can produce 
other effects. In particular, membrane insertion of Small 
numbers of the C5b-9 complexes into endothelial cells and 
platelets can cause deleterious cell activation. In Some cases 
activation may precede cell lysis. 
0045. As mentioned above, C3a and C5a are anaphyla 
toxins. These activated complement components can trigger 
mast cell degranulation, which releases histamine and other 
mediators of inflammation, resulting in Smooth muscle 
contraction, increased vascular permeability, leukocyte acti 
Vation, and other inflammatory phenomena including cellu 
lar proliferation resulting in hypercellularity. C5a also func 
tions as a chemotactic peptide that Serves to attract pro 
inflammatory granulocytes to the Site of complement 
activation. 

0046 Pulmonary Diseases or Conditions, and the 
Complement System 

0047 Certain pulmonary diseases or conditions such as 
asthma can be characterized by a combination of chronic 
airway inflammation, airway obstruction and airway hyper 
responsiveness (AHR) to various stimuli. It is thought to be 
mediated primarily by adaptive immune responses including 
allergen-Specific CD4 T cells, Th2 cytokines, and allergen 
Specific IgE leading to pulmonary inflammation and AHR. 
Complement and its activated components, which form a 
central core of innate immune defense against bacterial, Viral 
and fungal invasions (Nagy et al., J. Allergy. Clin. Immunol. 
(2003) 112:729-734; Kasamatsu et al., Arerugi (1993) 
42:1616-1622; Bjornson et al., Am. Rev. Respir. Dis. (1991) 
143:1062-1066), can be activated through the classical path 
way, alternative pathway and the lectin pathway (Lachmann, 
Res. Immunol. (1996) 147:69-70). All three activation path 
ways converge at complement component C5 prior to the 
generation of C5a and C5b-9, both of which induce potent 
biological responses including tissue injury, inflammation, 
anaphylatoxic responses, and cell lysis at very low concen 
trations (Takafuji et al., Int. Arch. Allergy Immunol. (1994) 
104 Suppl. 1:27-29). In addition, C5 can be activated after 
allergen exposure (Nagata et al., J. Allergy Clin. Immunol. 
(1987) 80:24-32). Recent data from animal models of aller 
gic asthma Suggest that activated complement components, 
Such as C5a, provide a critical link between innate and 
adaptive immunity (Karp et al., Nat. Immunol. (2000) 
1:221-226). However, controversies remain in the art 
regarding the involvement of C5 and its activated compo 
nents in the pathogenesis of asthma (Karp et al., Supra; 
Gerard et al., Curr. Opin. Immunol. (2002) 14:705-708; Abe 
et al., J. Immunol. (2001) 167:4651-4660; Lukacs et al., Am. 
J. Physiol. Lung Cell. Mol. Physiol. (2001) 280(3):L512 
L518). 
0048 Several experimental models for bronchial asthma 
have indicated that C5 and its activated components are 
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involved in the development of airway inflammation and 
bronchoconstriction (or bronchial constriction). Inhibition 
Studies with various complement inhibitors markedly 
reduced AHR or airway inflammation in rodents (Abe et al., 
Supra; Lukacs et al., Supra). The potential involvement of C5 
activation was also extended to clinical observations that the 
Severity of clinical Symptoms was correlated with the extent 
of C5 activation (Gonczi et al., Allergy (1997) 52:1110 
1114). On the other hand, studies have shown that C5 
deficiency (C5d) leads to increased Susceptibility to aller 
gen-induced AHR in mice, and this finding is Supported by 
evidence of decreased production of IL-12, a key Th1 
cytokine reported to modulate the pathogenesis of asthma 
(Karp et al., Supra). The key question at the center of the 
debate is whether C5 and its activated components are 
pro-inflammatory or anti-inflammatory during the Sensitiza 
tion phase and the effector phase of the pathogenesis as 
Suggested respectively from Studies of C5d animals (Karp et 
al., Supra) and experiments with intervention during the 
course of disease (Abe et al., Supra; Lukacs et al., Supra). In 
addition, another key issue is whether intrapulmonary-acti 
Vated complement components play a significant role in the 
pathogenesis and overcome the potential anti-inflammatory 
effect of activated C5 components on the adaptive immune 
System (Karp et al., Supra). 
0049. The present application relates to the study of the 
contribution of C5 and its activated components at three 
critical points during the course of disease, which outlines 
the key mechanisms of this essential component of the 
innate immune System in the pathogenesis of asthma. Com 
prehensive analyses of lower airway function and quantifi 
cation of multiple parameters of airway inflammation have 
been conducted. AS described herein, the Study shows that 
C5 contributes to the initiation of airway inflammation, 
demonstrates the critical contribution of C5 in the develop 
ment of AHR in animals with established airway inflamma 
tion and the Significant role of activated C5 components in 
Sustaining an on-going airway response to allergen chal 
lenge. 
0050. The pathophysiological hallmark necessary for the 
development of asthma-like Symptoms is airway inflamma 
tion. Individuals with a genetic predisposition may have 
modulated adaptive immune responses to environmental 
exposures, including activation of allergen-Specific CD4 T 
cells, polarization of Th2 cytokines, Such as IL-4 and IL-5, 
which are critically involved in the production of allergen 
Specific IgE and the recruitment of eosinophils (Cieslewicz 
et al., J. Clin. Invest. (1999) 104:301-308). More recently, 
IL-13 was identified as a key player in the pathogenesis, and 
reported to be both necessary and Sufficient to induce the 
airway response in animals (Wills-Karp et al., Science 
(1998) 282:2258-2261). As shown by the study described 
herein, the broad spectrum of anti-inflammatory activities of 
corticosteroid, including modulating the Th2 cytokine pro 
file (FIGS. 7 A and B) and blocking the recruitment of 
inflammatory cells into lower airways (FIG.3 D), correlates 
with its potent antiasthmatic activity. Consistent with its 
anti-inflammatory activities reported earlier (Wang et al., 
Proc. Natl. Acad. Sci. U.S.A (1996) 93:8563-8568), C5 
inhibition at checkpoint 1 resulted in Significantly leSS 
airway inflammation without Significant impact on the adap 
tive immune System's responses to allergen exposures. Fur 
ther, C5d animals developed a Similar degree of airway 
inflammation as that developed by C5S animals. One poS 

Dec. 8, 2005 

Sible explanation is that airways are directly exposed to 
allergens and infections. These exposures may activate other 
complement components, Such as C3a, which has very 
Similar proinflammatory properties (Takafuji et al., Int. 
Arch. Allergy Immunol. (1994) 104 Suppl. 1:27-29; Nagata 
et al., J. Allergy Clin. Immunol. (1987) 80:24-32), and was 
known to contribute to the pathogenesis (Gerard et al., Curr. 
Opin. Immunol. (2002) 14:705-708). The data provided in 
the present application indicate that activated C5 compo 
nents are critically involved but are not necessary for the 
initiation of airway inflammation, which requires the acti 
Vation of adaptive immune responses to aeroSol exposures of 
allergen (Cieslewicz et al., Supra). However, at checkpoints 
2 and 3 when airway inflammation was already well estab 
lished, the data described herein indicate that C5 inhibition 
has similar or better efficacy than corticosteroid in amelio 
rating airway inflammation and improving lower airway 
functions (see, e.g., FIGS. 4-8). 
0051. The second hallmark of asthma, the development 
of AHR in response to non-specific Stimuli, was Selected as 
another critical checkpoint. By pre-Screening Several Strains 
of C5s and C5d mice, the genetic influences on the function 
of muscarinic acetylcholine receptor responsible for the 
intrinsic AHR (De Sanctis et al., Am. J. Respir. Crit. Care 
Med. (1997) 156:S82-S88; Levitt et al., FASEB J. (1988) 
2:2605-2608.) are eliminated from the study described 
herein. Using animals that do not have intrinsic AHR, C5 
inhibition is shown to be sufficient to prevent the develop 
ment of AHR to aerosol Mch challenges in C5s BALB/c 
mice with established airway inflammation (FIGS. 4A and 
B) while reconstitution of C5d B10D2OSn mice with rmC5a 
restored AHR, also in the presence of established airway 
inflammation (FIGS. 4 C and D). These data suggest that 
C5, most likely C5a, serves as a direct link between the 
innate immune responses and the key components of the 
airways responsible for AHR. C5aR was found on airway 
Smooth muscle cells and airway epithelia (Drouin et al., J. 
Immunol. (2001) 166:2025-2032). Although the direct inter 
action of activated C5 components, in particular C5a, with 
receptors on airway Smooth muscles and epithelium was 
demonstrated previously (Irvin et al., Am. Rev. Respir. Dis. 
(1986) 134:777-783; Larsen, Annu. Rev. Immunol. (1985) 
3:59-85.), the data provided herein indicate that the main 
tenance of AHR depends upon complex interactions among 
airway epithelia, airway Smooth muscle cells, inflammatory 
cells and their inflammatory mediators as Suggested by 
minimal impact on the functions of lower airways during 
Mch challenges after Systemic reconstitution (i.v.) of sham 
B10D2.oSn mice with rmC5a (FIGS. 4 C and D). 
0052 The on-going airway responses after aerosol aller 
gen provocation, Serve as the third critical checkpoint in the 
study described herein. The development of EAR and LAR 
together with massive production and release of multiple 
inflammatory mediators provide a good opportunity to 
examine the complex interaction of activated C5 compo 
nents with other components of innate and adaptive immune 
responses and their role in pathogenesis. The data described 
herein demonstrate that C5 inhibition by either anti-C5 
monoclonal antibody (mAb) or its Fab fragment achieved 
Similar in Vivo efficacy in ameliorating intrapulmonary 
inflammatory activities as well as in improving functions of 
lower airways. 
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0053. The data here also suggest that in the presence of 
airway inflammation, activated C5 components function as 
the key regulators of the downstream inflammatory cascade. 
This regulatory effect is demonstrated by its ability to 
influence the migration of inflammatory cells into airway 
lumen as well as the activation and the release of multiple 
harmful mediators corresponding to the Significant changes 
of lower airway functions at checkpoint 3. C5a is probably 
the most potent activator of inflammatory cells (Takafuji et 
al., Supra) and C5aR has been identified on circulating 
leukocytes, mast cells, macrophages, and endothelial cells 
(Chenoweth et al., Proc. Natl. Acad. Sci. U.S.A. (1978) 
75:3943-3947). The disassociation of significant improve 
ment of lower airway functions with Significant presence of 
intrapulmonary inflammatory activities after anti-C5aR 
SIgG treatment is consistent with the hypothesis that the 
direct engagement of C5a with its receptors expressed on 
airway Smooth muscle cells and epithelia is, in part, respon 
Sible for airway constriction (Irvin et al., Supra). The data 
also indicate that the chemotactic activity and cell activation 
properties of C5b-9 (Czermak et al., Am. J. Pathol. (1999) 
154:1513-1524) are responsible for the significant intrapul 
monary inflammatory activities in the absence of C5aR 
engagement. In the presence of established airway inflam 
mation and IC, C5b-9 can sufficiently regulate the down 
Stream inflammatory cascade by triggering releases of mul 
tiple mediators such as proMMP9 independently of the 
engagement of C5a with its receptors expressed on inflam 
matory cells (FIG. 8 D). The presence of an elevated level 
of C5b-9 together with the presence of multiple inflamma 
tory mediators contributed to migration of inflammatory 
cells into the bronchial lumen in animals treated with 
anti-C5aR sIgG (FIG. 8 C). 
0.054 Both the adaptive and innate immune systems 
contributed in the complex process of the production and 
release of multiple inflammatory mediators, including leu 
kotrienes, prostaglandins, histamine, alkaline proteins, 
cytokines, chemokines, and enzymes, which are responsible 
for bronchoSpasm, altered vascular permeability, adherence 
and migration of inflammatory cells, mucosal edema and 
excessive mucous Secretion and ultimately lead to three 
unique but interdependent phenomena: airway inflamma 
tion, airway obstruction and AHR. Since there are many 
redundant biological mechanisms, under the right circum 
stances, Such as in genetically deficient animals, these 
redundant mechanisms may compensate and contribute in a 
more significant fashion. The complex relationship and 
interactions of these components are responsible for airway 
inflammation, obstruction and AHR, as well as other pull 
monary diseases or conditions. 
0.055 Lung parenchymal cells possess the ability to pro 
duce C5 and cleave C5 into activated fragments (Desai et al., 
J. Exp. Pathol. (1984) 1:201-216). The activation of C5 as 
part of innate immune responses may well be an innocuous 
by-product of a Self-defensive response, due in part to direct 
enzymatic cleavage of C5 (Maruo et al., J. Allergy Clin. 
Immunol. (1997) 100:253-260) after exposure to allergens 
(Nagata et al., Supra), house dust (Maruo et al., Supra), 
smoke (Robbins et al., Am. J. Physiol. (1991) 260:L254 
L259.) or airway infections (Nagy et al., J. Allergy. Clin. 
Immunol. (2003) 112:729-734; Kasamatsu et al., Arerugi 
(1993) 42:1616-1622; Bjornson et al., Am. Rev. Respir. Dis. 
(1991) 143: 1062-1066). The formation of intrapulmonary 
IC after allergen exposure may also activate complement 
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cascade (Larsen, Supra). This hypothesis proposes that acti 
Vated C5 components are primarily located at the epithelial 
Side of the airway and, in non-asthmatic individuals, the 
intrapulmonary activation of complement is well regulated 
(Varsano et al., Thorax (2000) 55:364-369). Consistent with 
this hypothesis, our data demonstrated that intrapulmonary 
C5 inhibition achieved similar efficacy as systemic C5 
inhibition at checkpoint 3 (FIG. 8) and at checkpoint 2. 
These data further Suggest that intrapulmonary activated C5 
components are major pro-inflammatory rather than anti 
inflammatory forces. 
0056. The study also shows the effect of C5 inhibition on 
the inflammatory mediators produced or released by neu 
trophils or eosinophils (FIG. 7). These inflammatory media 
tors, in particular TGF-B, RANTES and proMMP9, may 
cause irreversible damage to airways by inducing bronchial 
Smooth muscle hypertrophy and deposition of collagen 
under the basal membranes of respiratory epithelium, which 
leads to the remodel and repair of lower airways, the focal 
point for those individuals with a poor long term prognosis 
(Boulet et al., Am. J. Respir. Crit. Care Med. (2000) 
162:1308-1313). Accordingly, C5 inhibition, which utilizes 
a unique and different anti-inflammatory mechanism, may 
complement the potent anti-inflammatory effect of corticos 
teroid and other active agents, and have an added benefit for 
long term prognosis. 
0057 This study clearly demonstrates that the complex 
functional changes of airways seen in individuals with 
asthma coexist with the complex inflammatory processes. 
On one hand, activated C5 components, Such as C5a through 
its binding with airway C5aR, serve as the direct link 
between the innate immune system and AHR. On the other 
hand, both C5a and C5b-9 regulate the downstream inflam 
matory cascade through their chemotactic and cell activation 
activities in the presence of IC and established airway 
inflammation. Blocking the generation of C5a and C5b-9 not 
only improves the functioning of lower airways but also 
ameliorates intrapulmonary inflammatory activities. In con 
trast, C5aR antagonist Significantly improves functions of 
lower airways without a dramatic impact on intrapulmonary 
inflammatory activities. 
0058 Aerosol or Nebulization Compositions 
0059. In one respect, this application is directed to pull 
monary drug delivery compositions and/or devices for deliv 
ering an antibody that inhibits the activation of the comple 
ment cascade. The pulmonary drug delivery compositions 
are useful for treating a pulmonary disease or condition. For 
example, aerosol compositions are provided for the delivery 
of an antibody or an antibody combined with an additional 
active agent to the respiratory tract. The respiratory tract 
includes the upper airways, including the oropharynx and 
larynx, followed by the lower airways, which include the 
trachea followed by bifurcations into the bronchi and bron 
chioli. The upper and lower airways are called the conduc 
tive airways. The terminal bronchioli then divide into res 
piratory bronchioli which then lead to the ultimate 
respiratory Zone, the alveoli, or deep lung. 
0060 Pulmonary drug delivery may be achieved by inha 
lation, and administration by inhalation herein may be oral 
and/or nasal. Examples of pharmaceutical devices for pull 
monary delivery include metered dose inhalers (MDIs), dry 
powder inhalers (DPIs), and nebulizers. Exemplary delivery 

Samsung Bioepis Exhibit No. 1044 
Page 023



US 2005/0271660 A1 

systems by inhalation which can be adapted for delivery of 
the Subject antibody and/or active agent are described in, for 
example, U.S. Pat. Nos. 5,756.353; 5,858,784; and PCT 
applications WO98/31346; WO98/10796; WO00/27359; 
WOO1/54664; WO02/060412. Other aerosol formulations 
that may be used for delivering the antibody and/or active 
agent are described in U.S. Pat. Nos. 6,294,153; 6,344, 194; 
6,071,497, and PCT applications WO02/066078; WO02/ 
053190; WO01/60420; WO00/66206. 

0061 Pressurized metered dose inhalers (pMDIs) are the 
most commonly used inhaler worldwide. The aerosol is 
created when a valve is opened (usually by pressing down on 
the propellant canister), allowing liquid propellant to spray 
out of a canister. Typically, a drug or therapeutic is contained 
in Small particles (usually a few microns in diameter) 
Suspended in the liquid propellant, but in Some formulations 
the drug or therapeutic may be dissolved in the propellant. 
The propellant evaporates rapidly as the aerosol leaves the 
device, resulting in Small drug or therapeutic particles that 
are inhaled. Propellants typically used in such pMDIs 
include but are not limited to hydrofluoroalkanes (HFAS). A 
Surfactant may also be used, for example, to formulate the 
drug or therapeutic, with pMDIs. Other solvents or excipi 
ents may also be employed with pMDIS, Such as ethanol, 
ascorbic acid, Sodium metabisulfate, glycerin, chlorobu 
tanol, and cetylpyridium chloride. Such pMDIs may further 
include add-on devices Such as, for example, Spacers, hold 
ing chambers and other modifications. 
0.062 Nebulizers produce a mist of drug-containing liq 
uid droplets for inhalation. They are usually classified into 
two types: ultraSonic nebulizers and jet nebulizers. A new 
type of nebulizer is also available, which does not require 
ultrasound or air preSSure to function. Single breath atom 
izers have also been developed (e.g., Respimate), which is 
used to deliver a drug in a Single inhalation and may be 
preferred because of less contamination. Jet nebulizers are 
more common and use a Source of pressurized air to blast a 
Stream of air through a drug-containing water reservoir, 
producing droplets in a complex process involving a vis 
cosity-induced Surface instability that leads to nonlinear 
phenomena in which Surface tension and droplet breakup on 
baffles play a role. Ultrasonic nebulizers produce droplets by 
mechanical vibration of a plate or mesh. In either type of 
nebulizer, the drug is usually contained in Solution in the 
liquid in the nebulizer and So the droplets being produced 
contain drug in Solution. However, for Some formulations 
(e.g., Pulmicort) the drug is contained in Small particles 
Suspended in the water, which are then contained as particles 
Suspended inside the droplets being produced. Certain 
excipients are usually included in formulations Suitable for 
nebulization, Such as Sodium chloride (e.g., to maintain 
isotonicity), mineral acids and bases (e.g., to maintain or 
adjust pH), nitrogen headspace Sparging, benzalkonium 
chloride, calcium chloride, Sodium citrate, disodium editate, 
and polysorbate 80. 
0.063. The third type of inhaler is the dry powder inhaler 
(DPI). In DPIs, the aerosol is usually a powder, contained 
within the device until it is inhaled. The therapeutic or drug 
is manufactured in powder form as Small powder particles 
(usually a few millionths of a meter, or micrometers, in 
diameter). In many DPIs, the drug or therapeutic is mixed 
with much larger Sugar particles (e.g., lactose monohydrate), 
that are typically 50-100 micrometers in diameter. The 
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increased aerodynamic forces on the lactose/drug agglom 
erates improve entrainment of the drug particles upon inha 
lation, in addition to allowing easier filling of Small indi 
vidual powder doses. Upon inhalation, the powder is broken 
up into its constituent particles with the aid of turbulence 
and/or mechanical devices Such as Screens or Spinning 
Surfaces on which particle agglomerates impact, releasing 
the Small, individual drug powder particles into the air to be 
inhaled into the lung. The Sugar particles are usually 
intended to be left behind in the device and/or in the 
mouth-throat. 

0064 One aspect of the application provides an aerosol 
composition comprising an antibody that inhibits activation 
of the complement cascade, wherein the composition is 
Suitable for preventing or treating a pulmonary disease or 
condition in a Subject. An aerosol antibody composition can 
be a composition comprising aeroSolized antibody or a 
composition comprising an antibody in a formulation Suit 
able for aerosolization. The antibody may be formulated in 
combination with an additional active agent, and the com 
bination formulation is Suitable for aeroSolization. Alterna 
tively, the antibody and an additional active agent may be 
formulated separately, such that they will be combined after 
aeroSolization occurs or after being administered to a Sub 
ject. 

0065. Another aspect of the application provides a nebu 
lization composition comprising an antibody that inhibits 
activation of the complement cascade, wherein the compo 
Sition is Suitable for preventing or treating a pulmonary 
disease or condition in a Subject. A nebulization antibody 
composition can be a composition comprising a nebulized 
antibody or a composition comprising an antibody in a 
formulation suitable for nebulization. Similarly, the anti 
body may be formulated in combination with an additional 
active agent, and the combination formulation is Suitable for 
nebulization. Alternatively, the antibody and an additional 
active agent may be formulated Separately, Such that they 
will be combined after nebulization occurs or after being 
administered to a Subject. 
0066. A further aspect of the application provides a 
biopharmaceutical package comprising an antibody that 
inhibits activation of the complement cascade and a nebu 
lizer, wherein the package is Suitable for preventing or 
treating a pulmonary disease or condition in a Subject. The 
biopharmaceutical package may further comprise an active 
agent in addition to the antibody. The biopharmaceutical 
package may also comprise instructions for use. 

0067. An antibody of the present application can be 
specific to C5 such that it prevents the cleavage of C5 into 
C5a and C5b. The antibody can be specific to the C5 
convertase. Alternatively, the antibody may be specific to a 
component of the complement System, for example, C5a, 
C5b, or C5b-9, and the antibody specific to the component 
preferably inhibits the component's function, for example, 
by blocking the component's binding to its respective recep 
tor, or by blocking its function in activating Subsequent 
Signaling or events in the complement cascade. Certain 
embodiments employ eculizumab or pexelizumab, or both. 
An antibody or antibody therapeutic of the present applica 
tion can be a full length immunoglobulin, a chimeric anti 
body (e.g., a humanized antibody), a single chain antibody, 
a domain antibody (e.g., a domain antibody as developed by 
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Domantis, defined as the Smallest functional binding units of 
antibodies, corresponding to the variable regions of either 
the heavy (VH) or light (VL) chains of human antibodies), 
an Fab fragment, or an antibody having an Fab fragment and 
a mutated Fc portion. In certain embodiments, the mutated 
Fc portion does not activate complement, or the mutation(s) 
in the Fc portion decreases the Fc portion's ability to activate 
complement. An antibody of the present application may be 
produced or processed in bulk and packaged in an ampule 
made of a Suitable material (e.g., glass or plastic) at different 
doses. The antibody may be stable in a formulation at a 
concentration ranging from 1 mg/ml to 200 mg/ml. 

0068 An additional active agent (or an active agent in 
addition to the antibody therapeutic) of the present applica 
tion can be another antibody therapeutic (e.g., an anti 
complement or anti-C5 antibody, an anti-IgE antibody Such 
as Xolair(E) or Omalizumab, an anti-IL-4 antibody or an 
anti-IL-5 antibody), an anti-IgE inhibitor (e.g., Singulair(R) 
or montelukast Sodium), a sympathomimetic (e.g., 
albuterol), an antibiotic (e.g., tobramycin), a deoxyribonu 
clease (e.g., pulmozyme), an anticholinergic drug (e.g., 
ipratropium bromide), a corticosteroid (e.g., dexametha 
Sone), a f-adrenoreceptor agonist, a leukotriene inhibitor 
(e.g., Zileuton), a 5 Lipoxygenase inhibitor, a PDE inhibitor, 
a CD23 antagonist, an IL-13 antagonist, a cytokine release 
inhibitor, a histamine H1 receptor antagonist, an anti-hista 
mine, an anti-inflammatory agent (e.g. cromolyn Sodium) or 
a histamine release inhibitor. AS used herein, an active agent 
may also be referred to as a therapeutic or a drug. 

0069. An example of formulation suitable for aerosoliza 
tion or nebulization of an antibody is in physiologic OSmo 
larity (e.g., between 280 and 320 mM) at a suitable pH (e.g., 
pH 6 to 8). A formulation of the present application may 
further comprise an excipient, for example polySorbate 80 
which can be used at 0.0015 to 0.02%. 

0070 U.S. Pat. No. 5,474,759 discloses aerosol formu 
lations that are Substantially free of chlorofluorocarbons, and 
having particular utility in medicinal applications. The for 
mulations contain a propellant (Such as 1,1,1,2,3,3,3,-hep 
tafluoropropane), a medium-chain fatty acid propylene gly 
col diester, a medium-chain triglyceride, optionally a 
Surfactant, and optionally auxiliary agents Such as antioxi 
dants, preservatives, buffers, Sweeteners and taste masking 
agents. 

0071 Other pharmaceutically acceptable carriers may 
also be used in a formulation of the present application. The 
phrase “pharmaceutically acceptable' is employed herein to 
refer to those compounds, materials, compositions, and/or 
dosage forms which are, within the Scope of Sound medical 
judgment, Suitable for use in contact with the tissues of 
human beings and animals without excessive toxicity, irri 
tation, allergic response, or other problem or complication, 
commensurate with a reasonable benefit/risk ratio. The 
phrase “pharmaceutically acceptable carrier as used herein 
means a pharmaceutically acceptable material, composition 
or vehicle, Such as a liquid or Solid filler, diluent, excipient, 
Solvent or encapsulating material, involved in carrying or 
transporting the Subject antagonists from one organ, or 
portion of the body, to another organ, or portion of the body. 
Each carrier must be “acceptable' in the Sense of being 
compatible with the other ingredients of the formulation and 
not injurious to the patient. Some examples of materials 
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which can Serve as pharmaceutically acceptable carriers 
include: (1) Sugars, Such as lactose, glucose and Sucrose; (2) 
Starches, Such as corn Starch and potato Starch; (3) cellulose, 
and its derivatives, Such as Sodium carboxymethyl cellulose, 
ethyl cellulose and cellulose acetate; (4) powdered traga 
canth; (5) malt, (6) gelatin; (7) talc.; (8) excipients, Such as 
cocoa butter and Suppository waxes; (9) oils, Such as peanut 
oil, cottonseed oil, Safflower oil, Sesame oil, olive oil, corn 
oil and Soybean oil, (10) glycols, Such as propylene glycol, 
(11) polyols, such as glycerin, Sorbitol, mannitol and poly 
ethylene glycol, (12) esters, Such as ethyl oleate and ethyl 
laurate; (13) agar, (14) buffering agents, Such as magnesium 
hydroxide and aluminum hydroxide; (15) alginic acid, (16) 
pyrogen-free water, (17) isotonic Saline; (18) Ringer's Solu 
tion; (19) ethyl alcohol; (20) phosphate buffer solutions; and 
(21) other non-toxic compatible Substances employed in 
pharmaceutical formulations. 
0072 Methods of preparing these formulations or com 
positions include the Step of bringing into association a 
compound of the present application with the carrier and, 
optionally, one or more accessory ingredients. In general, the 
formulations are prepared by uniformly and intimately 
bringing into association a compound of the present appli 
cation with liquid carriers, or finely divided Solid carriers, or 
both, and then, if necessary, Shaping the product. 
0073. A nebulizer of the present application can be a jet 
air nebulizer (e.g., Pari LC Jet Plus or Hudson TUp-draft II), 
an ultrasonic nebulizer (e.g., MABISMist II), a vibrating 
mesh nebulizer (e.g., Micro air by Omron) and a shockwave 
nebulizer (EvitLabs Sonik LD120). 
0074 “Aerosol composition” means an antibody and/or 
an active agent described herein in a form or formulation 
that is Suitable for pulmonary delivery. The aerosol compo 
Sition may be in the dry powder form, it may be a Solution, 
Suspension or Slurry to be nebulized, or it may be in 
admixture with a Suitable low boiling point, highly volatile 
propellant. It is to be understood that more than one antibody 
and optionally other active agents or ingredients may be 
incorporated into the aeroSolized formulation or aeroSol 
composition and that the use of the term “antibody” or 
“active agent' in no way excludes the use of two or more 
Such antibodies or other agents or ingredients. 
0075. In certain preferred embodiments, an antibody or 
active agent retains more than 50% of its activity after 
nebulization, preferably more than 70%. In certain preferred 
embodiments, an antibody or active agent retains more than 
50% of its purity after nebulization, preferably more than 
70%. 

0076 Active agent formulations suitable for use in the 
present application include dry powders, Solutions, Suspen 
Sions or Slurries for nebulization and particles Suspended or 
dissolved within a propellant. Dry powders suitable for use 
in the present application include amorphous active agents, 
crystalline active agents and mixtures of both amorphous 
and crystalline active agents. The dry powder active agents 
have a particle size Selected to permit penetration into the 
alveoli of the lungs, that is, preferably 10 um mass median 
diameter (MMD), preferably less than 7.5 um, and most 
preferably less than 5 tim, and usually being in the range of 
0.1 um to 5 um in diameter. The delivered dose efficiency 
(DDE) of these powders is >30%, usually >40%, preferably 
>50 and often >60% and the aerosol particle size distribution 
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is about 1.0-5.0 lim mass median aerodynamic diameter 
(MMAD), usually 1.5-4.5 um MMAD and preferably 1.5- 
4.0 um MMAD. These dry powder active agents have a 
moisture content below about 10% by weight, usually below 
about 5% by weight, and preferably below about 3% by 
weight. Such active agent powders are described in WO 
95/241.83 and WO 96/32149, which are incorporated by 
reference herein. 

0.077 Dry powder active agent formulations are prefer 
ably prepared by Spray drying under conditions which result 
in a Substantially amorphous powder. Bulk active agent, 
usually in crystalline form, is dissolved in a physiologically 
acceptable aqueous buffer, typically a citrate buffer having a 
pH range from about 2 to 9. The active agent is dissolved at 
a concentration from 0.01% by weight to 1% by weight, 
usually from 0.1% to 0.2%. The solutions may then be spray 
dried in a conventional Spray drier available from commer 
cial suppliers such as Niro A/S (Denmark), Buchi (Switzer 
land) and the like, resulting in a Substantially amorphous 
powder. These amorphous powders may also be prepared by 
lyophilization, Vacuum drying, or evaporative drying of a 
Suitable active agent Solution under conditions to produce 
the amorphous Structure. The amorphous active agent for 
mulation So produced can be ground or milled to produce 
particles within the desired size range. Dry powder active 
agents may also be in a crystalline form. The crystalline dry 
powderS may be prepared by grinding or jet milling the bulk 
crystalline active agent. 

0078. The active agent powders of the present application 
may optionally be combined with pharmaceutical carriers or 
excipients which are Suitable for respiratory and pulmonary 
administration. Such carriers may serve Simply as bulking 
agents when it is desired to reduce the active agent concen 
tration in the powder which is being delivered to a patient, 
but may also serve to improve the dispersability of the 
powder within a powder dispersion device in order to 
provide more efficient and reproducible delivery of the 
active agent and to improve handling characteristics of the 
active agent Such as flowability and consistency to facilitate 
manufacturing and powder filling. Such excipients include 
but are not limited to (a) carbohydrates, e.g., monosaccha 
rides Such as fructose, galactose, glucose, D-mannose, Sor 
bose, and the like; disaccharides, Such as lactose, trehalose, 
cellobiose, and the like, cyclodextrins, Such as 2-hydrox 
ypropyl-..beta.-cyclodextrin; and polysaccharides, Such as 
raffinose, maltodextrins, dextrans, and the like; (b) amino 
acids, Such as glycine, arginine, aspartic acid, glutamic acid, 
cysteine, lysine, and the like; (c) organic Salts prepared from 
organic acids and bases, Such as Sodium citrate, Sodium 
ascorbate, magnesium gluconate, Sodium gluconate, 
tromethamin hydrochloride, and the like; (d) peptides and 
proteins Such as aspartame, human Serum albumin, gelatin, 
and the like; and (e) alditols, Such as mannitol, xylitol, and 
the like. A preferred group of carriers includes lactose, 
trehalose, raffinose, maltodextrins, glycine, Sodium citrate, 
human Serum albumin and mannitol. 

0079 The dry powder active agent formulations may be 
delivered using Inhale Therapeutic Systems dry powder 
inhaler as described in WO 96/09085 which is incorporated 
herein by reference, but adapted to control the flow rate at 
a desirable level or within a suitable range. The dry powders 
may also be delivered using a metered dose inhaler as 
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described by Laube et al. in U.S. Pat. No. 5,320,094, which 
is incorporated by reference herein. 
0080 Nebulized solutions may be prepared by aerosoliz 
ing commercially available active agent formulation Solu 
tions. These solutions may be delivered by a jet nebulizer 
such as the Raindrop, produced by Puritan Bennett, the use 
of which is described by Laube et al., Supra. Other methods 
for delivery of Solutions, Suspensions of Slurries are 
described by Rubsamen et al, U.S. Pat. No. 5,672,581. A 
device that uses a vibrating, piezoelectric member is 
described in Ivri et al., U.S. Pat. No. 5,586,550, which is 
incorporated by reference herein. 
0081 Propellant systems may include an active agent 
dissolved in a propellant or particles Suspended in a propel 
lant. Both of these types of formulations are described in 
RubSamen et al., U.S. Pat. No. 5,672.581, which is incor 
porated herein by reference. 
0082 In certain embodiments, an aerosol or nebulization 
antibody composition can be combined with one or more 
other aerosol or nebulization treatments, Such as Sympatho 
mimetics (e.g., albuterol), antibiotics (e.g., tobramycin), 
deoxyribonucleases (e.g., pulmozyme), anticholinergic 
drugs (e.g., ipratropium bromide), or corticosteroids. 
0083. In certain embodiments, an aerosol or nebulization 
antibody composition can be combined with one or more 
other therapies (concurrently or sequentially) administered 
via nebulization, inhalation, intravenous or oral routes, Such 
as Sympathomimetics (e.g., albuterol), anticholinergic drugs 
(e.g., ipratropium bromide), inflammation inhibitors (e.g., 
cromolyn Sodium), leukotriene inhibitors (e.g., Zileuton), 
anti-IgE inhibitors (e.g., Singulair(B) or corticosteroids. 
0084. As described herein, an antibody or therapeutic 
may be formulated as microparticles. Microparticles having 
a diameter of between 0.5 and 10 microns can penetrate the 
lungs, passing through most of the natural barriers. A 
diameter of less than ten microns is generally required to 
bypass the throat; a diameter of 0.5 microns or greater is 
usually required to avoid being exhaled. 
0085. In certain embodiments, the subject antibody or 
therapeutic is formulated in a Supramolecular complex, 
which may have a diameter of between 0.5 and 10 microns, 
which can be aggregated into particles having a diameter of 
between 0.5 and 10 microns. 

0086. In other embodiments, the subject antibodies or 
therapeutics are provided in liposomes or Supramolecular 
complexes appropriately formulated for pulmonary delivery. 
0.087 (i). Polymers for forming Microparticles 
0088. In addition to the Supramolecular complexes 
described above, a number of other polymers can be used to 
form the microparticles. AS used herein, the term “micro 
particles' includes microspheres (uniform spheres), micro 
capsules (having a core and an outer layer of polymer), and 
particles of irregular shape. 

0089 Polymers are preferably biodegradable within the 
time period over which release of the antibody or therapeutic 
is desired or relatively Soon thereafter, generally in the range 
of one year, more typically a few months, even more 
typically a few days to a few weekS. Biodegradation can 
refer to either a breakup of the microparticle, that is, 
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dissociation of the polymers forming the microparticles 
and/or of the polymers themselves. This can occur as a result 
of change in pH from the carrier in which the particles are 
administered to the pH at the Site of release, as in the case 
of the diketopiperazines, hydrolysis, as in the case of poly 
(hydroxy acids), by diffusion of an ion Such as calcium out 
of the microparticle, as in the case of microparticles formed 
by ionic bonding of a polymer Such as alginate, and by 
enzymatic action, as in the case of many of the polysaccha 
rides and proteins. In Some cases linear release may be most 
useful, although in others a pulse release or “bulk release” 
may provided more effective results. 
0090 Representative synthetic materials are: diketopip 
erazines, poly(hydroxy acids) Such as poly(lactic acid), 
poly(glycolic acid) and copolymers thereof, polyanhydrides, 
polyesterS Such as polyorthoesters, polyamides, polycarbon 
ates, polyalkylenes Such as polyethylene, polypropylene, 
poly(ethylene glycol), poly(ethylene oxide), poly(ethylene 
terephthalate), poly Vinyl compounds Such as polyvinyl 
alcohols, polyvinyl ethers, polyvinyl esters, polyvinyl 
halides, polyvinylpyrrollidone, polyvinylacetate, and poly 
Vinyl chloride, polystyrene, polysiloxanes, polymers of 
acrylic and methacrylic acids including poly(methyl meth 
acrylate), poly(ethyl methacrylate), poly(butylmethacry 
late), poly(isobutyl methacrylate), poly(hexylmethacrylate), 
poly(isodecyl methacrylate), poly(lauryl methacrylate), 
poly(phenyl methacrylate), poly(methyl acrylate), poly(iso 
propyl acrylate), poly(isobutyl acrylate), poly(octadecyl 
acrylate), polyurethanes and co-polymers thereof, celluloses 
including alkyl cellulose, hydroxyalkyl celluloses, cellulose 
ethers, cellulose esters, nitro celluloses, methyl cellulose, 
ethyl cellulose, hydroxypropyl cellulose, hydroxy-propyl 
methyl cellulose, hydroxybutyl methyl cellulose, cellulose 
acetate, cellulose propionate, cellulose acetate butyrate, cel 
lulose acetate phthalate, carboxylethyl cellulose, cellulose 
triacetate, and cellulose Sulphate Sodium salt, poly(butic 
acid), poly(Valeric acid), and poly(lactide-co-caprolactone). 
0.091 Natural polymers include alginate and other 
polysaccharides including dextran and cellulose, collagen, 
albumin and other hydrophilic proteins, Zein and other 
prolamines and hydrophobic proteins, copolymers and mix 
tures thereof. AS used herein, chemical derivatives thereof 
refer to Substitutions, additions of chemical groups, for 
example, alkyl, alkylene, hydroxylations, oxidations, and 
other modifications in the art. 

0092 Bioadhesive polymers include bioerodible hydro 
gels described by H. S. Sawhney, C. P. Pathak and J. A. 
Hubell in Macromolecules, 1993, 26, 581-587, polyhyalu 
ronic acids, casein, gelatin, glutin, polyanhydrides, poly 
acrylic acid, alginate, chitosan, and polyacrylates. 

0093. To further illustrate, the matrices can be formed of 
the polymers by Solvent evaporation, Spray drying, Solvent 
extraction and other methods known to those skilled in the 
art. Methods developed for making microSpheres for drug 
delivery are described in the literature, for example, as 
described by Mathiowitz and Langer, J. Controlled Release 
5, 13-22 (1987); Mathiowitz, et al., Reactive Polymers 6, 
275-283 (1987); and Mathiowitz, et al., J. Appl. Polymer 
Sci. 35, 755-774 (1988). The selection of the method 
depends on the polymer Selection, the size, external mor 
phology, and crystallinity that is desired, as described, for 
example, by Mathiowitz, et al., Scanning Microscopy 4,329 
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340 (1990); Mathiowitz, et al., J. Appl. Polymer Sci. 45, 
125-134 (1992); and Benita, et al., J. Pharm. Sci. 73, 
1721-1724 (1984). 
0094. In solvent evaporation, described for example, in 
Mathiowitz, et al., (1990), Benita, and U.S. Pat. No. 4,272, 
398 to Jaffe, the polymer is dissolved in a volatile organic 
solvent. The antibody and/or therapeutic, either in soluble 
form or dispersed as fine particles, is added to the polymer 
Solution, and the mixture is Suspended in an aqueous phase 
that contains a Surface active agent Such as poly(Vinyl 
alcohol). The resulting emulsion is stirred until most of the 
organic Solvent evaporates, leaving Solid microSpheres. 

0095. In general, the polymer can be dissolved in meth 
ylene chloride. Several different polymer concentrations can 
be used, for example, between 0.05 and 0.20 g/ml. After 
loading the Solution with drug, the Solution is Suspended in 
200 ml of vigorously stirring distilled water containing 1% 
(w/v) poly(vinyl alcohol) (Sigma Chemical Co., St. Louis, 
Mo.). After four hours of stirring, the organic solvent will 
have evaporated from the polymer, and the resulting micro 
spheres will be washed with water and dried overnight in a 
lyophilizer. 

0.096 Microspheres with different sizes (1-1000 microns, 
though less than 10 microns for aerosol applications) and 
morphologies can be obtained by this method which is 
useful for relatively stable polymerS Such as polyesters and 
polystyrene. However, labile polymerS Such as polyanhy 
drides may degrade due to exposure to water. For these 
polymers, hot melt encapsulation and Solvent removal may 
be preferred. 

0097. In hot melt encapsulation, the polymer is first 
melted and then mixed with the solid particles of antibodies 
or therapeutics, preferably Sieved to appropriate size. The 
mixture is Suspended in a non-miscible Solvent Such as 
Silicon oil and, with continuous stirring, heated to 5 C. 
above the melting point of the polymer. Once the emulsion 
is Stabilized, it is cooled until the polymer particles Solidify. 
The resulting microSpheres are washed by decantation with 
petroleum ether to give a free-flowing powder. MicroSpheres 
with diameters between one and 1000 microns can be 
obtained with this method. The external surface of spheres 
prepared with this technique are usually Smooth and dense. 
This procedure is useful with water labile polymers, but is 
limited to use with polymers with molecular weights 
between 1000 and 50000. 

0098. In spray drying, the polymer is dissolved in an 
organic Solvent Such as methylene chloride (0.04 g/ml). A 
known amount of antibody and/or therapeutic is Suspended 
(if insoluble) or co-dissolved (if soluble) in the polymer 
Solution. The Solution or the dispersion is then Spray-dried. 
MicroSpheres ranging in diameter between one and ten 
microns can be obtained with a morphology which depends 
on the Selection of polymer. 
0099 Hydrogel microspheres made of gel-type polymers 
Such as alginate or polyphosphazines or other dicarboxylic 
polymers can be prepared by dissolving the polymer in an 
aqueous Solution, Suspending the material to be incorporated 
into the mixture, and extruding the polymer mixture through 
a microdroplet forming device, equipped with a nitrogen gas 
jet. The resulting microSpheres fall into a slowly stirring, 
ionic hardening bath, as described, for example, by Salib, et 
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al., Pharmazeutische Industrie 40-111A, 1230 (1978). The 
advantage of this system is the ability to further modify the 
Surface of the microSpheres by coating them with polyca 
tionic polymerS Such as polylysine, after fabrication, for 
example, as described by Lim, et al., J. Pharm. Sci. 70, 
351-354 (1981). For example, in the case of alginate, a 
hydrogel can be formed by ionically crosslinking the algi 
nate with calcium ions, then crosslinking the Outer Surface of 
the microparticle with a polycation Such as polylysine, after 
fabrication. The microsphere particle size will be controlled 
using various size extruders, polymer flow rates and gas flow 
rateS. 

0100 Chitosan microspheres can be prepared by dissolv 
ing the polymer in acidic Solution and crosslinking with 
tripolyphosphate. For example, carboxymethylcellulose 
(CMC) microsphere are prepared by dissolving the polymer 
in an acid Solution and precipitating the microSpheres with 
lead ions. Alginate/polyethyleneimine (PEI) can be prepared 
to reduce the amount of carboxyl groups on the alginate 
microcapsules. 

0101 (ii). Pharmaceutical Compositions 
0102) The microparticles can be suspended in any appro 
priate pharmaceutical carrier, Such as Saline, for administra 
tion to a patient. In the most preferred embodiment, the 
microparticles will be stored in dry or lyophilized form until 
immediately before administration. They can then be SuS 
pended in Sufficient Solution, for example an aqueous Solu 
tion for administration as an aerosol, or administered as a 
dry powder. 

0103 (iii). Targeted Administration 
0104. The microparticles can be delivered to specific 
cells or organ, especially phagocytic cells and organs. Where 
Systemic delivery of the drug or therapeutic is desirable, 
endocytosis of the microparticles by macrophages in the 
lungs can be used to target the microparticles to the Spleen, 
bone marrow, liver, lymph nodes, and other parts of the 
body. 

0105 The microparticles can also be targeted by attach 
ment of ligands, Such as those described above, which 
Specifically or non-specifically bind to particular targets, for 
example, particular targets within the pulmonary System or 
associated with a pulmonary disease or condition (e.g., a 
target specific for cancerous cells in the lung). Examples of 
Such ligands also include antibodies and fragments including 
the variable regions, lectins, and hormones or other organic 
molecules having receptorS on the Surfaces of the target 
cells. 

0106 (iv). Storage of the Microparticles 
0107. In certain embodiments, the microparticles are 
Stored lyophilized. The dosage is determined by the amount 
of encapsulated antibodies and/or therapeutics, the rate of 
release within the pulmonary System, and the pharmacoki 
netics of the antibodies and/or therapeutics. 
0108) (v). Delivery of Microparticles 
0109 The microparticles can be delivered using a variety 
of methods, ranging from administration directly into the 
nasal passages So that Some of the particles reach the 
pulmonary System, to the use of a powder instillation device, 
to the use of a catheter or tube reaching into the pulmonary 
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tract. AS described above, dry powder inhalers are commer 
cially available, although those using hydrocarbon propel 
lants are no longer used and those relying on the intake of 
a breath by a patient can result in a variable dose. Examples 
of Suitable propellants include hydrofluoroalkane propel 
lants, such as 1,1,1,2-tetrafluoroethane (CF3CH2F) (HFA 
134a) and 1,1,1,2,3,3,3-heptafluoro-n-propane 
(CF3CHFCF3) (HFA-227), perfluoroethane, monochloroif.- 
luoromethane, 1,1 difluoroethane, and combinations thereof. 
0110. Therapeutic Methods 
0111. A first aspect of the application provides a method 
for preventing or treating a pulmonary disease or condition 
in a Subject comprising administering to the Subject a 
therapeutically effective amount of an antibody that inhibits 
activation of the complement cascade. In certain embodi 
ments, an additional active agent is also administered to the 
Same Subject. Administration of the antibody and the addi 
tional active agent may occur Simultaneously or Sequentially 
in either order. 

0112 The term “preventing” is art-recognized, and when 
used in relation to a condition, Such as a local recurrence 
(e.g., pain), a disease Such as cancer, a Syndrome complex 
Such as heart failure or any other medical condition, is well 
understood in the art, and includes administration of a 
composition which reduces the frequency of, or delays the 
onset of, symptoms of a medical condition (e.g., asthma) in 
a Subject relative to a Subject which does not receive the 
composition. Thus, prevention of cancer includes, for 
example, reducing the number of detectable cancerous 
growths in a population of patients receiving a prophylactic 
treatment relative to an untreated control population, and/or 
delaying the appearance of detectable cancerous growths in 
a treated population versus an untreated control population, 
e.g., by a Statistically and/or clinically significant amount. 
Prevention of an infection includes, for example, reducing 
the number of diagnoses of the infection in a treated popu 
lation versus an untreated control population, and/or delay 
ing the onset of Symptoms of the infection in a treated 
population versus an untreated control population. Preven 
tion of pain includes, for example, reducing the magnitude 
of, or alternatively delaying, pain Sensations experienced by 
Subjects in a treated population versus an untreated control 
population. 

0113. The term “treating” includes prophylactic and/or 
therapeutic treatments. The term “prophylactic or therapeu 
tic' treatment is art-recognized and includes administration 
to the host of one or more of the subject compositions. If it 
is administered prior to clinical manifestation of the 
unwanted condition (e.g., disease or other unwanted State of 
the host animal) then the treatment is prophylactic, (i.e., it 
protects the host against developing the unwanted condi 
tion), whereas if it is administered after manifestation of the 
unwanted condition, the treatment is therapeutic, (i.e., it is 
intended to diminish, ameliorate, or Stabilize the existing 
unwanted condition or side effects thereof). 
0114 Pulmonary diseases or conditions contemplated by 
the application include, but are not limited to, asthma, 
bronchial constriction, bronchitis, a chronic obstructive pull 
monary disease (COPD), interstitial lung diseases, lung 
malignancies, C-1 anti-trypsin deficiency, emphysema, 
bronchiectasis, bronchiolitis obliterans, Sarcoidosis, pulmo 
nary fibrosis, and collagen vascular disorders. 
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0115 The subject or patient receiving this treatment is 
any animal in need, including primates, in particular 
humans, and other mammals Such as equines, cattle, Swine 
and sheep, and poultry and pets in general. 
0116. The phrase “therapeutically effective amount” as 
used herein means that amount of a compound, material, or 
composition comprising a compound of the present inven 
tion which is effective for producing Some desired thera 
peutic effect by inhibiting C5 or activation of the comple 
ment cascade in at least a Sub-population of cells or an organ 
in an animal and thereby blocking the biological conse 
quences of that function in the treated cells or an organ, at 
a reasonable benefit/risk ratio applicable to any medical 
treatment. 

0117 The timing of administering a therapeutic to a 
Subject can vary, for example, depending on the identity of 
the Subject or the pulmonary disease or condition to be 
treated or prevented, or both. For example, the administra 
tion may occur before the manifestation of the pulmonary 
condition (e.g., pre-asthmatic attack or pre-bronchial con 
Striction), during the manifestation of the pulmonary con 
dition (e.g., during the asthmatic attack or bronchial con 
Striction), or after the manifestation of the pulmonary 
condition (e.g., post-asthmatic attack or post-bronchial con 
Striction). 
0118. The phrase “inhibits the activation of complement 
cascade” refers to any inhibitory effect or action on any 
component of the complement System as described above 
conferred by an antibody or active agent of the present 
application. The inhibitory effect may be manifested by 
decrease in or lack of a response typical to activation of 
complement. For example, typical cellular and other bio 
logical responses to activation of complement include, but 
are not limited to, release of histamine, Smooth muscle 
contraction, increased vascular permeability, leukocyte acti 
Vation, chemotaxis (e.g., movement of granulocytes to the 
Site of complement activation), and other inflammatory 
phenomena including cellular proliferation. In certain 
embodiments, the inhibitory effect is specific to the C5 
component. In certain embodiments, the inhibitory effect is 
Specific to C5 convertase, for example, blocking C5 con 
vertase's function to convert C5 into C5a and C5b-9. In 
certain embodiments, the inhibitory effect is specific to C5a. 
In certain embodiments, the inhibitory effect is specific to 
C5b or C5b-9. 

EXAMPLES 

0119) The following examples are offered by way of 
illustration and not by way of limitation. 
0120 Materials and Methods 
0121 Animals: Male C5s BALB/cByJ, C57BL/6J mice 
and C5d B10D2OSn/J, AKR/J and SWR/J mice were pur 
chased from the Jackson Laboratory and housed in a patho 
gen free facility. In addition to serum C5b-9 mediated 
hemolysis, the C5 genotype was further confirmed by PCR 
performed on tail DNA using a pair of primers (5'-CAC GAT 
AAT GGG AGT CAT CTG GG-3 (SEQ ID NO:1) and 
5'-AAG TTG GAG TGT GGT CTTTGG GCC-3' (SEQ ID 
NO:2) that amplify a 280-bp DNA fragment from both C5s 
and C5d DNA. This fragment encodes a HindIII site that is 
Selectively destroyed by a mutation in the C5 gene, Such that 
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HindIII (New England BioLabs, MA) digestion selectively 
cleaves the C5s but not the C5d PCR products into 150 and 
130-bp fragments. All animal protocols were reviewed by 
Institutional Committee and were in accordance with NIH 
guidelines. 

0122) Reagents: Anti-mouse C5 mAb (BB5.1) (Wang et 
al., Proc. Natl. Acad. Sci. U.S.A (1996) 93:8563-8568) and 
an isotype matched irrelevant control mAb (HFN7.1), which 
is Specific to human fibronectin, were purified from ascites. 
BB5.1 Fab, which was purified with a kit (Pierce Biotech 
nology), had retained similar activity of BB5.1 and was 
more than 97% in purity. The anti-C5aR SIgG, which was 
shown to prevent mortality in experimental Sepsis (Riede 
mann et al., J. Clin. Invest. (2002) 110:101-108), was able 
to prevent Zymosan induced neutrophil migration. Both 
anti-C5aRSIgG and the control sIgG were purified from Sera 
harvested from C5aR deficient mice (Gerard et al., Curr. 
Opin. Immunol. (2002) 14:705-708) that were repeatedly 
immunized with either PBS or peptide spanning the N-ter 
minus of the mouse C5aR and one extra cysteine (Riede 
mann et al., Supra) emulsified with CFA. Antibodies from 
either ascites or Serum Samples were purified by protein A 
affinity chromatography (Amersham). Corticosteroid (dex 
amethasone) was purchased from Sigma. Recombinant 
mouse C5a, which was free of endotoxin contamination and 
had potent chemotactic activity in neutrophil migration 
assay, was cloned and purified as previously reported 
(Riedemann et al., Supra). 
0123 Induction of Airway Inflammation and Severe Air 
way Response 

0124 BALB/c and B10D2OSn Mice 10-12 wks of age 
were Sensitized on day 1 and day 14 with i.p. injection of 20 
Aug OVA (Grade V: Sigma) emulsified in 2 mg aluminum 
hydroxide (Alum Inject; Pierce Biotechnology). Mice were 
immunized with 1% OVA for 10 min via airway on days 28, 
29 and 30 with a jet nebulizer (Harvard Apparatus) con 
nected to a single housing chamber (Buxco Electronics, 
Inc.). On day 32, all sensitized animals were aerosol chal 
lenged with 5% OVA for 10 min. In checkpoint 3 experi 
ments, BALB/c mice were aerosol challenged with 5% OVA 
again on day 35. Sham C5s or C5d mice were immunized 
with Alum only and aerosol challenged with PBS instead of 
OVA. 

0.125 Non-Invasive Measurement of sRaw 
0.126 sRaw, which measures the resistance of both upper 
and lower airways, was measured by a DCP in conscious 
animals with spontaneous breathing (Buxco). The DCP was 
used to monitor the longitudinal changes of SRaw prior to 
and after each 5% OVA aerosol challenge. In checkpoint 3 
experiments, a DCP was used to ensure the appearance of 
EAR prior to randomizing animals into different treatment 
groupS. 

O127) 
0128 Changes in RL and Cdyn were measured by using 
Buxco Biosystem software and a Buxco whole body 
plethysmograph. Mice were anesthetized (Avertin, 160 
mg/kg) and tracheas cannulated. Spontaneous breathing was 
blocked by pancuronium bromide (0.3 mg/kg i.p.). Respi 
rations were maintained by a Harvard Apparatus Inspira 
ventilator, which calculated a tidal Volume and respiratory 
rate according to body weight. Measurements of RL and 
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Cdyn were performed during the peak of LAR, 5 h after 
aerosol challenge with 5% OVA. Real-time changes of RL 
and Cdyn were recorded by Buxco software and reported as 
the mean value of five min of recording. AHR was evaluated 
based on changes of RL and Cdyn during aeroSol Mich 
challenges. Changes in RL and Cdyn were expressed as a 
percentage of baseline after each aeroSol challenge. ABuxco 
aeroSol control and Sonicating nebulizer unit was attached to 
the ventilator for aerosol delivery of Mch through tracheal 
cannulation. PBS or Mch (1.6 mg/ml) was delivered at the 
rate of 10 puffs or 20 puffs per 10 seconds, with each puff 
of aerosol delivery lasting 15 ms. 

0129 C5 Inhibition 

0130 (1) For C5 inhibition at checkpoint 1, anti-C5 mAb 
(BB5.1) or a control mAb (HFN7.1) was administered i.p. at 
40 mg/kg on days 25, 29, and 31. Dexamethasone (2 mg/kg) 
was used as a positive control. (2) Animals that experienced 
airway response to 5% OVA provocation on day 32 were 
randomized for the following studies. For C5 inhibition at 
checkpoint 2, animals were given one i.p. injection of either 
dexamethasone (2 mg/kg), anti-C5 mAb (40 mg/ml) or 
control mAb (40 mg/kg) on day 33. On day 35, animals were 
anesthetized and tracheas cannulated for measurement of RL 
and Cdyn during aerosol Mch challenges. (3) At checkpoint 
3, anti-C5 mAb (40 mg/kg), control mab (40 mg/kg), or 
dexamethasone (2 mg/kg) was administered by i.v. injection 
20 min after aerosol challenging animals with 5% OVA on 
day 35. For intrapulmonary C5 inhibition at this critical 
point, animals were given aerosol administration of either 
anti-C5 mAb (3 mg/ml), anti-C5 Fab (3 mg/ml), control 
mAb (3 mg/ml), anti-C5aR sIgG (3 mg/ml), control sIgG (2 
mg/ml), or corticosteroid (2 mg/ml) for 10-30 min by using 
a jet nebulizer connected to a single chamber housing the 
animal. Sham-immunized mice were given sham treatment 
with the same volume of PBS solution administered through 
the same route. The results from three intrapulmonary C5 
inhibition experiments, which were conducted with identical 
protocols, were pooled together. 

0131) Analysis of Bronchoalveolar Lavage Fluid (BALF) 
0132) Approximately 5.5 h after allergen provocation, 
after the measurement of RL and Cdyn, BALF was har 
vested by instilling 1 ml PBS through the tracheal cannula, 
followed by gentle aspiration. The BALF was resuspended 
in 400 lul PBS. The total numbers of WBC in BALF were 
counted by using a hemocytometer or an automatic cell 
counter as in the aerosol experiments (Cell-Dyn 3700 
Abbott). Cytospin slides were prepared, fixed and stained 
using Diff-Quik (VWR International, Inc.). The WBC dif 
ferential was determined by a certified pathologist after 
counting a total of 300 WBC per slide on a 100x micro 
scopic lens. The BALF levels of proMMP9, activated TGF 
f3, RANTES, eotaxin and IL-13 (R&D Systems, Inc.), IL-5 
(Amersham Pharmacia Biotech, Inc.), and histamine (Immu 
notech, Inc.) were measured by ELISA according to the 
manufacturers instructions. 

0133) Analysis of Serum OVA Specific Antibodies 

0134) Serum samples were harvested 5 h after 5% aller 
gen provocation on day 32 for OVA specific IgG and IgE by 
ELISA 
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0135) Lung Histology 
013.6 Lung was inflated with 10% buffered formalin (1 
ml) through tracheal cannulation and fixed in 10% formalin 
at least 24 h. Lung Samples were Stained with Giemsa. 
Double blind histological analysis was performed to quan 
tify airway inflammation according to the following criteria. 
0: No detectable airway inflammation; 1: Less than 25% 
bronchials and Surrounding vasculature were found with 
either perivascular or peribronchial inflammatory cell infil 
tration; 2: Approximately 25-50% of bronchials and Sur 
rounding vasculature were affected; 3: Approximately 
50-75% bronchials and Surrounding vasculature were 
affected; 4: >75% of bronchials and surrounding vasculature 
were affected. 

0137 C5b-9 Mediated Hemolytic Assay and in Vitro C5a 
Mediated Neutrophil Migration Assay 
0.138 Serum harvested at the indicated time was used as 
the source of C5b-9, which mediated the hemolysis of 
chicken RBC as previously reported (Wang et al., Supra). 
Mouse sera (Sigma) were incubated with either BB5.1 (100 
ug/ml) or the same volume of PBS prior to activation with 
Zymosan (1 mg/ml, Sigma). Diluted Sera (20%) were used as 
the Source of C5a for neutrophil chemotaxis experiments. 
0139 Statistical Analysis 
0140. The data were expressed as the means-S.E.M. 
Students one-tailed t-test assuming equal variance was used 
(MS Windows). A P value less than 0.05 was considered 
Significant. 
0141 Blocking the Generation of C5a and C5b-9 by 
Anti-C5 mAb, BB5.1 
0.142 Functional inhibition of complement component 
C5 by anti-C5 mAb was determined by the pharmacody 
namic profile of blocking serum C5b-9 mediated hemolytic 
activity (FIG. 1 A). In addition, C5a mediated neutrophil 
migration was determined in an in vitro assay (FIG. 1 B). 
The pharmacodynamics of C5 inhibition by a single i.v. 
injection of anti-C5 mAb, BB5.1, is very different from the 
pharmacodynamics of a Single i.p. injection during the first 
5 h after administration. More than 80% of C5b-9 mediated 
hemolysis was inhibited within 1 h of i.v. administration of 
BB5.1, compared to less than 30% of inhibition by i.p. 
injection. Administration of anti-C5 m-Ab continued block 
ing more than 60% of hemolysis between 5 h and 48 h after 
i.v. injection while approximately 56% of hemolysis was 
blocked during this period of time after i.p. injection. Serum 
Samples harvested from control mAb treated mice had more 
than 80% of normal hemolytic activity during the entire 
period of the study (FIG. 1A). Hemolytic activity gradually 
returned to the normal range one wk after a Single injection 
of anti-C5 mAb. 

0.143 An in vitro neutrophil migration assay was 
employed to test the ability of anti-C5 mAb on blocking the 
generation of C5a (FIG. 1 B). Inhibition of serum samples 
with anti-C5 mAb prior to Zymosan activation significantly 
blocked human neutrophil chemotaxis which was mediated 
by the presence of C5a after Zymosan activation, as Seen in 
Zymosan activated control sera (FIG. 1, B). Since anti-C5 
mAb, BB5.1, blocked the generation of both C5a and C5b-9 
and did not bind to C5a directly, this anti-C5 mAb is 
probably specific to blocking cleavage of C5 by C5 conver 
taSe. 
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0144. Development of Severe Airway Response in OVA 
Sensitized Animals and Definition of Three Critical Points 

0145 OVA-sensitized animals immediately developed a 
Severe airway response after aerosol challenge with 5% 
OVA (FIG. 2 A). A typical airway response to aerosol 
provocation with allergen consisted of an early-phase airway 
response (EAR), which is known to be mediated by the 
release of histamine by mast cells, and a late-phase airway 
response (LAR), which is mediated by the combination of 
effects of infiltration of inflammatory cells, edema and 
bronchial constriction (Larsen, Annu. Rev. Immunol. (1985) 
3:59-85). The airway response after 5% OVA provocation 
was monitored by a non-invasive double chamber plethyS 
mograph (DCP) in each mouse to measure the longitudinal 
changes of specific airway response (SRaw), which indicates 
the appearance of EAR and LAR (FIG. 2 A). EAR was 
typically a brief elevation of SRaw 15 min after 5% OVA 
provocation and LAR was typically observed 5 h later, 
consistent with an earlier report (Cieslewicz et al., J. Clin. 
Invest. (1999)104:301-308). Both EAR and LAR have mag 
nitudes between 5 to 30 fold over the baseline. The severe 
airway response during the peak of LAR was generally 
evident as animals showed obvious labored breathing. Since 
inhibition of C5 can be achieved by the administration of 
anti-C5 mAb, we Sought to dissect the critical involvement 
of C5 and its activated components at three critical points 
(FIG. 2 B) during critical stages of the disease. The three 
critical checkpoints are: 1) initiation of airway inflamma 
tion, one of the two hallmarks of asthma’s pathogenesis; 2) 
development of AHR to nonspecific stimuli, another hall 
mark of asthma, and 3) Sustainment of an on-going airway 
response after allergen provocation. Both checkpoint 2 and 
checkpoint 3 are designed to evaluate the contribution of C5 
in Subjects that had experienced Severe airway response 
previously (FIG. 2 B) and had established airway inflam 
mation. Checkpoint 3 Studies were conducted during an 
on-going airway response after allergen provocation by 
administering treatment via either an i.v. or aeroSol route 
during the EAR. Functions of lower airways and quantifi 
cation of airway inflammation were evaluated during the 
peak of LAR, 5 h after 5% OVA provocation. 
0146 Checkpoint 1: Involvement of C5 in the Initiation 
of Airway Inflammation 
0147 C5 inhibition at checkpoint 1, at the time of repeat 
aeroSol Sensitization of 1% OVA, had no significant impact 
on serum levels of OVA-specific IgE or IgG on day 32 (FIG. 
3A). Corticosteroid treated mice also had elevated levels of 
OVA-specific IgE and IgG, that may have been generated 
long before the corticosteroid or anti-C5 mAb was admin 
istered on day 25. Sham treated mice had a negligible level 
of OVA Specific IgG or IgE. As a result of repeated admin 
istration (i.p.) of anti-C5 mAb, approximately 80% of C5b-9 
mediated hemolysis was inhibited on day 32 (21.1%+4) as 
compared to the normal hemolytic activity Seen in control 
mAb and corticosteroid treated mice (92.70%+6.8). Two key 
functions of lower airways were examined by tracheal 
cannulation at 5 h after 5% OVA provocation. The increase 
in lung resistance (RL) is commonly associated with Sig 
nificant obstruction of lower airways (FIG. 3 B) and a 
decrease in the dynamic lung compliance (Cdyn) is associ 
ated with the loSS of lung elasticity, an important character 
istic of the return to normal volume after pressure changes 
seen in a normal lung (FIG. 3 C). The significantly 
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increased RL and reduced Cdyn Seen in control mAb-treated 
mice indicated an increased airway obstruction (FIGS. 3 B 
and C). Sham-mice provided normal ranges of RL and Cdyn 
at 5 h after exposure to aerosol PBS solution. 
0.148 Correlating to its potent anti-inflammatory and 
anti-asthmatic activities, corticosteroid treatment at check 
point 1 Significantly blocked the increase of RL and pre 
vented the loss of Cdyn. Similarly, C5 inhibition at check 
point 1 markedly reduced the increase of RL 5 h after 
allergen provocation with an RL of 1.66 cm H2O/ml/sec 
ondit.0.2, compared to an RL of 2.17 cm H2O/ml/sec 
ondi-0.33 seen in control mAb treated animals (FIG. 3 B). 
C5 inhibition also slightly reduced the loss of Cdyn (FIG.3 
C). Double blind histological analysis (FIG. 3 D) of lung 
tissue confirmed data from the function analysis and dem 
onstrated that control mAb-treated BALB/c mice had severe 
perivascular and peribronchial infiltration of inflammatory 
cells (FIG. 3 F). A significant reduction of histology score 
was observed in corticosteroid treated mice (FIG. 3 G) 
while less impressive reduction was observed in anti-C5 
mAb-treated mice (FIG. 3 H). Similar to severe allergic 
asthma in humans, eosinophils were the predominant 
inflammatory cells (more than 50%) in the perivascular and 
peribronchial lesions along the airways (FIGS. 3 F-H). 
0149 Checkpoint 2: Contribution of C5 in the Develop 
ment of AHR in Animals with Established Airway Inflam 
mation 

0150. In addition to airway inflammation, AHR to non 
specific stimuli is another hallmark of asthma. AHR was 
evaluated as changes of RL and Cdyn expressed as a 
percentage of baseline in response to increasing doses of 
aerosol methacholine (Mch) challenges (FIGS. 4A and B). 
Control mAb-treated BALB/c mice had significant increases 
of RL and Significant losses of Cdyn during the course of 
aeroSol Mch challenges, while sham-mice responded only 
modestly to aeroSol Mch challenges. Two of eight among 
control mAb-treated mice died during high doses of aeroSol 
Mch challenge due to Severe respiratory StreSS. In contrast, 
C5 inhibition prevented dramatic increases of RL and the 
reduction of Cdyn during the course of aerosol Mch chal 
lenges, Similar to those animals treated with corticosteroid 
(FIGS. 4A and B). The loss of Cdyn and increase of RL 
during the course of aeroSol Mch challenges compared to 
Sham-mice were probably due to the presence of established 
airway inflammation in these animals. There were no notice 
able differences in the degree of airway inflammation among 
the three treated cohorts. Anti-C5 mAb treated mice had 
approximately 45% of normal hemolytic activity on day 35. 

0151. In order to compare our results of C5 inhibition at 
checkpoint 2 with data from a previous report (Karp et al., 
Nat. Immunol. (2000) 1:221-226), the presence or absence 
of native intrinsic AHR was examined in Some Strains of 
normal C5d mice as previously reported (De Sanctis et al., 
Am. J. Respir. Crit. Care Med. (1997) 156:S82-S88; Levitt 
et al., FASEB.J. (1998) 2:2605-2608). Non-immunized C5d 
AKR/J mice have dramatic airway responses to increasing 
doses of aeroSol Mch challenges with Significant increases 
of RL over baseline (84.2%+16.7 with 20 puffs Mich) and a 
significant reduction of Cdyn under baseline (40%+5.4 with 
20 puffs of Mch) whereas C5d SWR/J and BIOD2OSn mice 
have minimal changes of RL and Cdyn, indistinguishable 
from C5 sufficient (C5s) BALB/c mice and C57BL/6 mice, 
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with no more than a maximal change of 15% of either RL 
or Cdyn away from baseline (n=3 for each Strain, data not 
shown). Next, C5d BIOD2oSn mice, which do not have 
intrinsic AHR, were immunized and challenged with aeroSol 
Mch in the identical manner as C5s BALB/c mice in FIGS. 
4A and B. Subgroups of sensitized C5d animals were also 
given either control or anti-C5 mAb treatment on day 33. 
C5d B10D2OSn mice developed a similar degree of airway 
inflammation as C5S mice, with an average histology Score 
of 1.91+0.37 (n=6) compared to a histology score of 
2.25+0.25 in C5s BALB/c mice (n=4). No noticeable his 
tological difference was observed between anti-C5 mAb and 
control mAb treated C5d mice. In contrast to a previous 
report (Karp et al., Supra), increasing doses of aerosol Mch 
challenges did not induce Significant changes of lower 
airway functions in OVA immunized B10D2OSn mice 
(FIGS. 4 C and D). Treatment with either anti-C5 mAb or 
control mAb on day 33 had no impact on the development 
of AHR. The data from both mAb treated cohorts were 
pooled together as an mAb treated cohort (FIGS. 4 C and 
D). Furthermore, reconstitution of OVA immunized 
B10D2.oSn mice with recombinant mouse C5a (rmc5a) 
completely restored AHR in response to aerosol Mch chal 
lenge as indicated by the significant increase of RL and 
reduction of Cdyn (FIGS. 4 C and D). 
0152 Reconstitution of rmC5a was not sufficient for the 
development of AHR since sham-B10D2.OSn mice recon 
Stituted with rmC5a did not have significant changes of 
lower airway functions during Mch challenge (FIGS. 4 C 
and D). Analysis of Serum samples harvested from each 
mouse after Mch challenges confirmed the C5 deficient 
status of B10D2.OSn mice with average hemolytic activity 
of 8.1%+0.9 compared to 108%+/3.8 of C5s BALB/c mice. 
Furthermore, random tail Samples (n=2) from each lot of 
C5s and C5d animals were analyzed to confirm the C5 
genotype Status. 

0153 Checkpoint 3: Contribution of C5. During an On 
Going Airway Response 
0154) The role of C5 in Sustaining an on-going airway 
response was also examined. Intervention was given during 
the peak of EAR, which was monitored by DCP at 15 min 
after aerosol exposure to 5% OVA on day 35. All control 
mAb-treated BALB/c mice developed severe LAR with 
significant increases of RL and reductions of Cdyn 5 h after 
allergen provocation (FIGS. 5 A and B). 
O155 Administration of treatment through i.v. injection 
during EAR was Selected to achieve rapid Systemic C5 
inhibition, which completely blocked the development of 
LAR with minimal increase of RL 5 h after 5% OVA 
provocation (FIG. 5 A) and prevented much of the loss of 
lung elasticity indicated by the minimal reduction of Cdyn 
(FIG. 5 B). Interestingly, corticosteroid treatment did not 
eliminate the development of LAR with significant elevation 
of RL and reduction of Cdyn at 5 h. 
0156 Although no immediate impacts (within 5 h) on 
lower airway functions were observed after i.V. corticoster 
oid treatment (FIG. 5A), this treatment significantly modu 
lated the intrapulmonary IL-13 (FIG. 7 B) and significantly 
improved lower airway functions 24 h later. Double blind 
histologic analysis of lung tissue showed comparable levels 
of perivascular and peribronchial infiltration of inflamma 
tory cells from the animals 5 h after i.v. intervention with 
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either corticosteroid, anti-C5 mAb or control mAb, similar 
to the histological sample shown in FIG. 3 F. 
0157 Effect of C5. Inhibition on the Migration of Inflam 
matory Cells 
0158. The migration of inflammatory cells from airway 
tissue inflammation into bronchial lumen as enumerated was 
also examined by bronchial alveolar lavage fluid (BALF) 
WBC analysis. There was a significant reduction of total 
BALF inflammatory cells in anti-C5 mAb-treated BALB/c 
mice compared to control mAb-treated mice at checkpoint 1 
(FIG. 6A). The blockade on the migration of inflammatory 
cells by C5 inhibition exceeded the degree of improved 
lower airway function (FIGS.3 Band C) and reduced tissue 
inflammation (FIG. 3 D). Similarly, when BALF was har 
vested at checkpoint 3 (FIG. 6B), C5 inhibition again had 
Significant blockade on the migration of inflammatory cells 
into bronchial lumen, with significantly lower BALF WBC 
counts in anti-C5 treated animals than in animals treated 
with either corticosteroid or control mAb. This result is in 
dramatic contrast to the prominent presence of perivascular 
and peribronchial infiltration of inflammatory cells in lung 
tissue harvested before allergen provocation on day 35. The 
Significant blockade on the migration of inflammatory cells 
by C5 inhibition correlated with the significantly enhanced 
efficacy of C5 inhibition over corticosteroid therapy at 
checkpoint 3 (FIGS. 5 A and B). 
0159) Sham mice provided the baseline level of BALF 
WBC counts, which are primarily normal alveolar macroph 
ages (82.3%+10.3) in WBC differential analysis (FIG. 6 C). 
Eosinophils constituted more than 45% of BALF inflamma 
tory cells from all OVA immunized animals, regardless of 
the therapeutic intervention. There was a significant reduc 
tion in the percentage of neutrophils recovered in BALF 
from the animals treated at checkpoint 3 with either corti 
costeroid (4.5%+2.8) or anti-C5 mAb (6.3%+3.3) versus 
control mAb treated mice (18.3%+4.4). No significant 
reductions occurred in the percentages of eosinophils or 
lymphocytes in BALF samples from the animals given 
intervention at checkpoint 3 (FIG. 6 C). 
0160) Effect of C5. Inhibition on Intrapulmonary Th1/Th2 
Cytokine Profile and Inflammatory Mediators 

0.161 BALF harvested from control mAb treated mice 
had markedly increased levels of IL-5 and IL-13 (FIGS. 7 
A and B) as compared to sham mice. Corticosteroid treat 
ment markedly reduced the BALF levels of IL-5 and IL-13, 
however, this did not translate into an immediate improve 
ment of lower airway function (FIGS.5A and B) during the 
5h period of treatment. The dramatic improvement of lower 
airway functions (FIGS.5A and B) seen after C5 inhibition 
at checkpoint 3 did not correlate with any reduction of 
BALF level of IL-5 and IL-13. The statistical difference of 
the BALF level of IL-13 between anti-C5- and corticoster 
oid-treated mice equals a p value of 0.051 C5 inhibition or 
corticosteroid therapy at checkpoint 3 did not influence the 
BALF level of histamine (FIG. 7 C). This was expected 
Since histamine had probably already been released into the 
airway lumen upon the engagement of IgE receptors of mast 
cells by aerosol allergen provocation and was responsible 
for the appearance of EAR when therapeutic intervention 
was given. Eosinophils, the most prominent inflammatory 
cells along lower airways (FIGS. 3 F-H), are probably 
responsible for the production of eotaxin, RANTES and 
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TGF-3 (FIGS. 7 D-F) in asthmatic individuals. Control 
mAb-treated animals had significantly elevated BALF levels 
of eotaxin (FIG. 7 D), RANTES (FIG. 7 E), or activated 
TGF-B (FIG.7 F), compared to negligible or non-detectable 
levels of these mediators in Sham-mice. In contrast, C5 
inhibition had a marked impact on BALF levels of eotaxin, 
RANTES, and activated TGF-0 when given either at check 
point 1 (Figs., D and E) or checkpoint 3 (FIG. 7 F). 
Corticosteroid treatment only reduced the BALF level of 
TGF-B when given at checkpoint 3 but had no obvious 
impact on the production and release of eotaxin or RANTES 
when given at checkpoint 1. 

0162 Neutrophils are commonly believed to be respon 
sible for the production of bronchial TNF-C. and proMMP9. 
C5 inhibition significantly reduced BALF levels of TNF-C. 
(FIG. 7 G) when given at checkpoint 1, significantly dif 
ferent from control mAb-treated mice. The bronchial level 
of proMMP9 was dramatically reduced and was signifi 
cantly different from control mAb-treated and corticoster 
oid-treated mice when C5 inhibition was given at checkpoint 
3 (FIG. 7 H). 
0163 Checkpoint 3: Contribution of Intrapulmonary 
Activation Of C5. During an On-Going Airway Response 

0164. The massive migration of inflammatory cells from 
airway tissue inflammation into bronchial lumen probably 
results from powerful chemotactic forces from the epithelial 
mucosa of the airway. Thus, C5 may be activated intrapul 
monarily during an airway response to allergen provocation. 
The functions of lower airways and parameters of inflam 
mation were evaluated after blocking the intrapulmonary 
activation of C5. The potential impact at checkpoint 3 by 
inhibitory receptors, such as FcyRIIB (Katz, Curr. Opin. 
Immunol. (2002) 14:698-704; Ravetch et al., Annu. Rev. 
Immunol. (2001) 19:275-90), were also evaluated, as the 
result of interaction between intrapulmonary C5 and anti-C5 
mAb and the Subsequent formation of immune complexes 
(IC). 
01.65 Effect of intrapulmonary C5 inhibition with anti 
C5 mAb was directly compared to anti-C5 Fab in order to 
achieve this goal. Furthermore, the efficacy of an anti-C5aR 
Serum IgG (SIgG) was evaluated in order to dissect the role 
of intrapulmonary C5a versus C5b-9 at this checkpoint. As 
demonstrated in FIGS. 8 A and B, control mAb-treated 
animals developed Severe LAR with Significant increases of 
RL and Significant reductions of Cdyn, in Significant contrast 
to the normal RL and Cdyn Seen in Sham-mice. AeroSol 
administration of corticosteroid blocked the development of 
LAR as evidenced by the reduction of RL with correspond 
ing preservation of Cdyn. Blocking intrapulmonary C5 
activation with aerosol administration of either anti-C5 mAb 
or anti-C5 Fab during the peak of EAR also prevented the 
development of LAR with minimal increase of RL and 
minimal reduction of Cdyn (FIGS. 8A and B). RL and Cdyn 
of both anti-C5 treated cohorts were significantly different 
from control mAb treated animals. Blocking the binding of 
intrapulmonary C5a to its receptors with an anti-C5aR sIgG 
also prevented the development of LAR with minimal 
increase of RL and minimal reduction of Cdyn similar to 
animals treated with anti-C5 mAb. There was no statistical 
difference between the three cohorts treated with either 
anti-C5 mAb, anti-C5 Fab, or anti-C5aR sIgG (FIGS. 8 A 
and B). 
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0166 When the parameters of intrapulmonary inflamma 
tory activities were examined, Such as the migration of 
inflammatory cells (FIG. 8 C) and the BALF level of 
proMMP9 (FIG. 8 D), significant differences were found 
between blocking intrapulmonary activation of C5 verSuS 
blocking the binding of C5a to its C5aR. Aerosol adminis 
tration of either anti-C5 mAb or its Fab fragment during 
EAR significantly blocked both the migration of inflamma 
tory cells into bronchial airway lumen and the elevation of 
BALF level of proMMP9, whereas blocking the engagement 
of C5aR had no significant impact on these two key inflam 
matory parameters Similar to the animals treated with con 
trol mAb (FIGS. 8 C and D). Consistent with its ability to 
block the development of LAR (FIGS. 8A and B), aerosol 
administration of corticosteroid also ameliorated intrapul 
monary inflammatory activities with marked reduction of 
the migration of inflammatory cells and the production of 
proMMP9 (FIGS. 8 C and D) indicating the importance of 
inflammatory activities at the epithelial side of the bronchial 
lumen. Aerosol administration of anti-C5 mAb, anti-C5 Fab 
or anti-C5aR SIgG did not have any impact on serum C5b-9 
mediated hemolytic activity. 

0167 Combination Therapy: 
0168 AS demonstrated in FIG. 9, animals treated with a 
non-specific control antibody had significant increases of 
lung resistance during the course of Mch challenges. In this 
study, two animals challenged with high doses of Mch died 
due to severe respiratory stress. In contrast, both the Steroid 
and anti-C5 treated animals have only moderate increases of 
lung resistance, higher than normal Sham immunized ani 
mals but significantly lower than control placebo treated 
mice. Combined treatment with both anti-C5 antibody and 
Steroid Significantly further reduced the increases of lung 
resistance during the course of Mch challenges. Based on 
this result, both steroid and C5 inhibitor can prevent the 
development of airway hyper-responsiveness to non-specific 
aerosol stimuli in asthmatic individuals with established 
airway inflammation. 

0169 Nebulization Formulations 
0170 Examples of formulations suitable for nebulization 
of an antibody are shown in FIG. 10. FIG. 11 further 
demonstrates the effectiveness of nebulization treatment. 
The results shown in FIG. 11 were obtained following a 
Study that employed the same protocol as the Checkpoint 2 
Study described herein, except that the treatment here was 
delivered by nebulization on day 32 instead of i.p. For 
anti-C5 antibody, 3 mg/ml of BB5.1 was subject to 10 min 
nebulization, and 2 mg/ml Steroid was also Subject to 10 min 
nebulization. For the combination therapy, the final concen 
trations subjected to 10 min nebulization were: 3 mg/ml for 
BB5.1 and 2 mg/ml for the steroid. 

0171 FIG. 12 further shows that eculizumab in Formu 
lation 1 (FIG. 10) at 30 mg/ml can be effectively and 
efficiently nebulized by a conventional nebulizer such as the 
Pari LC Jet Plus or a specialty nebulizer such as Sonik LDI. 
FIG. 12 shows that a majority of the particles after nebu 
lization were less than 5 uM, which is suitable for deep lung 
delivery. 

0172. As shown in FIG. 13, eculizumab in Formulation 
1 (FIG. 10) can be effectively and efficiently delivered by a 
conventional nebulizer, comparable to the aerosol charac 
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teristics of an existing pulmonary drug delivered by inha 
lation, Pulmozyme(R), also using a conventional nebulizer. 
Eculizumab in Formulation 1 (FIG. 10) can also be effec 
tively and efficiently delivered by a specialty nebulizer, for 
example, Sonik LDI. 
0173 Using SDS-PAGE and HPLC analyses, FIG. 14 
and FIG. 15 demonstrate that eculizumab can be effectively 
and efficiently delivered by nebulization. Eculizumab in a 
suitable formulation was nebulized using either the Pari-Jet 
Air nebulizer or the Sonik LDI nebulizer. The nebulized 
antibody, in a spray form, was collected from the mouth 
piece of the nebulizer (e.g., F1D2F), and different sizes of 
mouth pieces (e.g., F1D2C1-C5) were used. The SDS 
PAGE and HPLC analyses demonstrated the integrity of the 
nebulized antibody through various sizes of the Spray mouth 
piece, as shown by the purity of the samples analyzed. 

REFERENCES 

0.174 All publications and patents mentioned herein, are 
hereby incorporated by reference in their entirety as if each 
individual publication or patent was Specifically and indi 
vidually indicated to be incorporated by reference. 
0175 Equivalents 
0176 Those skilled in the art will recognize, or be able to 
ascertain using no more than routine experimentation, many 
equivalents to the Specific embodiments of the application 
described herein. Such equivalents are intended to be 
encompassed by the following claims. 
We claim: 

1. A method for preventing or treating a pulmonary 
condition in a Subject comprising administering to the 
Subject a therapeutically effective amount of an antibody 
that inhibits activation of the complement cascade and an 
additional active agent. 

2. The method of claim 1, wherein the pulmonary con 
dition is Selected from the group consisting of: asthma, 
bronchitis, a chronic obstructive pulmonary disease (COPD) 
interstitial lung diseases, lung malignancies, C-1 anti-trypsin 
deficiency, emphysema, bronchiectasis, bronchiolitis oblit 
erans, Sarcoidosis, pulmonary fibrosis, and collagen Vascular 
disorders. 

3. The method of claim 1, wherein the subject is a human. 
4. The method of claim 1, wherein the antibody is specific 

to C5. 
5. The method of claim 1, wherein the antibody is specific 

to C5 convertase. 
6. The method of claim 1, wherein the antibody is specific 

to C5a or C5b-9. 
7. The method of claim 1, wherein the antibody is 

eculizumab or pexelizumab. 
8. The method of claim 1, wherein the antibody is selected 

from the group consisting of: a full length immunoglobulin, 
a single chain antibody, a domain antibody, a Fab fragment, 
and an antibody having a Fab fragment and a mutated Fc 
portion. 

9. The method of claim 7, wherein the mutated Fc portion 
does not activate complement. 

Dec. 8, 2005 

10. The method of claim 1, wherein the antibody is 
administered prior to manifestation of the pulmonary con 
dition, during manifestation of the pulmonary condition, or 
after manifestation of the pulmonary condition. 

11. The method of claim 1, wherein the additional active 
agent is a corticosteroid. 

12. The method of claim 1, wherein the corticosteroid is 
dexamethasone. 

13. The method of claim 1, wherein the antibody and the 
additional active agent may be administered to the Subject 
by the same delivery method or route. 

14. The method of claim 1, wherein the antibody and the 
additional active agent may be administered to the Subject 
by different delivery methods or routes. 

15. An aerosol composition comprising an antibody that 
inhibits activation of the complement cascade, wherein the 
composition is Suitable for preventing or treating a pulmo 
nary condition in a Subject. 

16. The aerosol composition of claim 15, wherein the 
antibody is formulated in a composition Suitable for aero 
Solization. 

17. The aerosol composition of claim 15 further compris 
ing an additional active agent. 

18. A biopharmaceutical package comprising: a) an anti 
body that inhibits activation of the complement cascade; and 
b) a nebulizer, wherein the package is Suitable for preventing 
or treating a pulmonary condition in a Subject. 

19. The biopharmaceutical package of claim 18, wherein 
the nebulizer is Selected from the group consisting of a jet air 
nebulizer, an ultraSonic nebulizer, a vibrating mesh nebu 
lizer and a shockwave nebulizer. 

20. The biopharmaceutical package of claim 19 further 
comprising instructions for use. 

21. The biopharmaceutical package of claim 19 further 
comprising an additional active agent. 

22. A pulmonary drug delivery kit comprising: a) an 
inhaler; and b) an antibody formulated for inhalation deliv 
ery. 

23. The kit of claim 22, wherein said inhaler is a metered 
dose inhaler. 

24. The kit of claim 23, whereon the metered dose inhaler 
is a preSSurized metered dose inhaler. 

25. The kit of any one of claims 22 or 23, wherein said 
inhaler further comprises a holding chamber. 

26. The kit of claim 22, wherein said inhaler is a nebulizer. 
27. The kit of claim 26, wherein said nebulizer is an 

ultraSonic nebulizer. 

28. The kit of claim 26, wherein said nebulizer is a jet air 
nebulizer. 

29. The kit of claim 22, wherein said inhaler is a dry 
powder inhaler. 

30. A pulmonary drug delivery kit comprising a) an anti 
C5 antibody composition comprising 1 mg/ml to 200 mg/ml, 
and b) a label indicating administration by nebulization. 
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