Office de la Proprieté Canadian

Intellectuelle Intellectual Property
du Canada Office

Un organisme An agency of
d'Industrie Canada Industry Canada

CA 2652870 C 2014/12/02

(11)(21) 2 652 870

(12 BREVET CANADIEN
CANADIAN PATENT
13) C

(86) Date de déepot PCT/PCT Filing Date: 2007/05/22

(87) Date publication PCT/PCT Publication Date: 200//11/29
(45) Date de délivrance/lssue Date: 2014/12/02

(85) Entree phase nationale/National Entry: 2008/11/20

(86) N° demande PCT/PCT Application No.: |IB 200/7/001320
(87) N° publication PCT/PCT Publication No.: 200//135546
(30) Priorité/Priority: 2006/05/22 (US60/802,166)

(51) Cl.Int./Int.Cl. A67K 39/395 (2006.01),
A61K 39/00(2006.01), A67FP 35/00(2006.01),
COrK 16/24 (2006.01)

(72) Inventeur/Inventor:
SIMARD, JOHN, CH

(73) Proprietaire/Owner:
XBIOTECH INC., US

(74) Agent: GOUDREAU GAG

DUBUC

(54) Titre : TRAITEMENT DU CANCER PAR DES ANTICORPS ANTI-IL-1a
54) Title: TREATMENT OF CANCER WITH ANTI-IL-1a ANTIBODIES

(57) Abréegée/Abstract:

Treating a patient with anti-IL-1a antibody or anti-IL-1a immunization as a cancer treatment.

C an a dg http:vopic.ge.ca - Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca OPIC

OPIC - CIPO 191

,
L
X
e
e . ViNENEE
L S S \
ity K
.' : - h.l‘s_‘.}:{\: .&. - A L~
.
A

A7 /7]
o~




woO 2007/135546 A3 I D000 A1 00 0RO 0 0

CA 02652870 2008-11-20

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization [4

International Bureau

(43) International Publication Date
29 November 2007 (29.11.2007)

(51) International Patent Classification:
CO7K 16/24 (2006.01) AG61IP 35/00 (2006.01)
A61K 39/00 (2006.01)

(21) International Application Number:
PCT/1B2007/001320

(22) International Filing Date: 22 May 2007 (22.05.2007)

(25) Filing Language: English

(26) Publication Language: English
(30) Priority Data:

60/802,166 22 May 2006 (22.05.2006) US
(71) Applicant (for all designated States except US):
XBIOTECH INC. [CA/CA]; 1055 West Hastings
Street, Suite 300, Vancouver, British Columbia V6E 2E9

(CA).

(72) Inventor; and
(75) Inventor/Applicant (for US only): SIMARD, John
[CA/CH]; Am Eulachpark 35, CH-8404 Winterthur (CH).

(74) Agents: DUBUC, J. et al.; Goudreau Gage Dubuc, 2000
McGill College, Suite 2200, Montreal, Quebec H3A 3H3
(CA).

(10) International Publication Number

WO 2007/135546 A3

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ, CA, CH,
CN, CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES,
FI, GB, GD, GE, GH, GM, GT, HN, HR, HU, ID, IL, IN,
IS, JP, KE, KG, KM, KN, KP, KR, KZ, LA, LC, LK, LR,
LS, LT, LU, LY, MA, MD, MG, MK, MN, MW, MX, MY,
MZ, NA, NG, NI, NO, NZ, OM, PG, PH, PL, PT, RO, RS,
RU, SC, SD, SE, SG, SK, SL, SM, SV, SY, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, 8Z, TZ, UG, ZM,
/W), Burasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, 1,
FR, GB, GR, HU, IE, IS, IT, LT, LU, LV, MC, MT, NL, PL,
PT, RO, SE, SI, SK, TR), OAPI (BF, B, CFE, CG, CI, CM,
GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Published:

with international search report

before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments

(88) Date of publication of the international search report:
7 February 2008

(54) Title: TREATMENT OF CANCER WITH ANTI-IL-1o0 ANTIBODIES

(57) Abstract: Treating a patient with anti-IL-1o antibody or anti-IL-1o immunization as a cancer treatment.



[01]

102]

[03]

CA 02652870 2014-04-29

TREATMENT OF CANCER WITH ANTI-IL-10. ANTIBODIES

BACKGROUND OF THE INVENTION

Cancer generally kills by invading adjacent tissue structures, disrupting the
physiology of critical organs. The process of metastasis has been found to be
concurrent with de-differentiation of primary tumor lesions. A corollary of tumor de-
differentiation is tumor heterogeneity. The triad of de-differentiation, heterogeneity
and metastasis makes for a deadly mix. Once cancer has become both metastatic and
heterogeneous, the possibility of complete anti-tumor treatment is remote. The long-
standing hope has been to identify some common element of metastatic tumors, a
crucial feature that is retained during outgrowth and de-differentiation in even the
most heterogeneous tumors, a feature that is so intrinsic to the process of metastasis
that it is present in virtually all tumor cells regardiess of origin or tropism. With the
identification of such crucial elements, the notion of treating advanced, disseminated

disease may have a basis in reality.

BRIEF DESCRIPTION OF THE FIGURE

Figure 1. Graphs showing tumor responses in nude mice with human tumor
xenotransplants after treatment with anti-IL-lo antibodies. Mice are treated with
either mouse-anti-human anti-IL-1a monoclonal antibody (manIL-10) or hamster anti-
mouse IL-1a monoclonal antibody (hampIL-10) or both (manll-lo + papll-la). Mice
are given Smg/kg doses of each antibody twice weekly starting on day of
xenotransplant (Day 1 Tumeor) or after establishment of metastatic disease
(Established Tumor). Mice are sacrificed when carrying considerable tumor burden
and in obvious discomfort. Figure 1A, prostate tumor, day 1; Figure 1B, breast tumor,
day 1; Figure 1C, established prostate tumor; Figure 1D, established breast tumor.
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Figure 2. Anti-IL-la autoantibody formation on day 56 in C57BL/6 mice after
three subcutaneous injections with IL-la-PPD conjugate in alum (¢). Control

mice immunized with PPD in alum only (m).

Figure 3. Antibody-dependent complement-mediated killing of EL-4 cells. EL-
4 cells were incubated with serial dilutions of mouse anti-mouse IL-la
polyclonal antiserum. The ratio of killed cells to viable cells is proportional to
the serum concentration. A human anti-mouse IL-la monoclonal antibody was
used as a positive control. Incubation with naive murine serum or with culture

medium alone served as the two negative controls.

DETAILED DESCRIPTION OF THE INVENTION

Targeting IL-la with an antibody can be used as a cancer treatment. In
particular, anti-IL-la. antibody can inhibit metastatic potential of tumors
through interruption of the physiological role tumor-derived IL- la plays in
tumor metastasis. Moreover, because IL-la 1s expressed by tumors, an
antibody targeting IL-la can cause direct tumor cytotoxicity through antibody

directed cellular cytotoxicity (commonly referred to as ADCC).

In an aspect, the present invention provides anti-IL-1a antibodies for use in
reducing the formation of new metastases comprising human cancer cells

which express IL-1a in a subject harboring said human cancer cells.

In another aspect, the present invention provides IL-1a for use in reducing the

formation of new metastases comprising human cancer cells which express IL-

la 1n a subject harboring said human cancer cells.

In another aspect, the present invention provides the use of anti-IL-la
antibodies for reducing the formation of new metastases comprising human
cancer cells which express IL-1a in a subject harboring said human cancer

cells.
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antibodies for the preparation of a medicament for reducing the formation of
new metastases comprising human cancer cells which express IL-1a 1n a

subject harboring said human cancer cells.

In another aspect, the present invention provides the use of IL-1a for reducing
the formation of new metastases comprising human cancer cells which express
IL-1a in a subject harboring said human cancer cells in a patient, whereby the

subject generates IL-1a autoantibodies.

In another aspect, the present invention provides the use of IL-la for the
preparation of a medicament for reducing the formation of new metastases
comprising human cancer cells which express IL-1a 1n a subject harboring
said human cancer cells 1n a patient, whereby the subject generates IL-1la

autoantibodies.

It 1s highly unexpected that interleukin-1 alpha (IL-1a) could be a target for
cancer therapy. To understand this requires a brief review of the history of the
so called interleukin-1 system. The IL-I system includes IL-1a, interleukin-1
beta (IL-1P), interleukin-1 receptor antagonist (IL-1ra), and interleukin-1
receptor 1 (IL-1RI1). After almost three decades since the discovery of IL-1a
and IL-1B, there has been little progress made in distinguishing separate
biological roles for the two gene products. The inability to elucidate the
independent biological functions of these two cytokines is evidenced by the

common reterence 1n the scientific literature simply to interleukin-1, which

has for decades been the nomenclature that collectively refers to IL-1a and/or
[L-1B. This failure to distinguish these two cytokines is as unique as it is
peculiar, considering the rather clear differences between IL-1a and IL-1:
they do not share significant protein sequence homology; they are under

different transcriptional regulation, resulting in temporal and spatial separation

of expression;

2a
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they are independently regulated through separate and individually complex post-
translational processing machinery; they are subjected to unique and separate post-
translation modifications; and they have different tissue distribution and are up-
regulated in response to different stimuli. Moreover, IL-10 1s membrane anchored via

a lipid tail and has lectin-like binding activity, whereas IL-18 is a secreted protein.

Considering the differences between these cytokines, it is worth understanding why
IL-1a and IL-1B should have been collectively referred as interleukin-1. Firstly, the
early assumption was that the two gene products represented only a single biological
activity, or to perhaps put a more fine point to it, that IL-1o had little notable
biological function. This disregarding of IL-1o resulted from the fact that there was
no known secretory mechanism for the cytokine, no transmembrane sequence that
would enable integration in the membrane, and no encoded signal sequence for
translocation to secretory vesicles. IL-lo. was thought to be contained in the
cytoplasm, and a role as an intracellular signaling molecule suggested little relevance
as a true cytokine. On the other hand, a post translational processing and secretory
pathway was quickly established for IL-1pB. In fact, the only relevance of IL-1o in the
so called interleukin-1 system, seemed to be that it was shown to induce signaling
through the IL-1 receptor-1, which was found to be induce signaling in response to
IL-1a and IL-1f. Because there was no mechanism for secretion, it was postulated
that IL-1a might only effect a physiological role when it was released from the
cytoplasm of dead cells. But the failure to {find significant levels of IL-1a in sera or

tissues under almost any circumstances seemed to minimize the possible importance

of IL-10.

It 1s thus quite unexpected that treatment of animals with an anti-IL-1a antibody can
protect the animals from aggressive forms of cancer. Similarly, immunization of
animals to induce anti-IL-1a antibody titer can protect the animals from tumors. The
mechanism of action is not yet clear and may involve one or more combinations of a
neutralization of host pro-tumor IL-lo production, neutralization of tumor IL-lo
production or direct cyto-toxicity of tumor via antibody directed cellular (ADCC) or

complement mediated killing (ADCK).
3
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Patients who can be treated according to the invention include both humans and non-

human mammals, such as companion animals, laboratory animals, animal models, etc.

(e.g., cats, dogs, sheep, pigs, goats).

«Antibodies” as used herein includes intact polyclonal or monoclonal
immunoglobulin molecules; immunoglobulin fragments, such as monomeric and
dimeric Fab, F(ab");, scFv, and Fv; and non-naturally occurring molecules such as
diabodies, minibodies, Kappa bodies, Janusins, and the like. Antibodies useful in
therapeutic methods of the invention comprise an IL-la binding site and specifically
bind to IL-1a. “IL-1a binding sites” as used herein include IL-1a binding sites which
naturally occur in the variable portion of antibodies. IL-lo binding sites also include
binding sites which differ from naturally occurring 1L-1a binding sites by between 1
and 15 (e.g., 1,2,3,4,5,6,7,8,9,10, 11, 12, 13, 14, or 15) conservative amino acid
substitutions and which specifically bind to IL-la. Typically, an antibody which
specifically binds to IL-1la provides a detection signal at least 10-, 20-, or 100-fold
higher than a detection signal provided with a non-1L-1a antigen when used in an
immunochemical assay. Preferably, antibodies which specifically bind to [L-10 do not
detect other proteins in immunochemical assays and can immunoprecipitate [L-1o

from solution.

Polyclonal antibodies can be obtained by immunizing an appropriate host with IL-1a
using well-known methods. However, monoclonal antibodies are preferred.
Monoclonal antibodies (e.g., full-length, scFv, Fv) can be prepared using any
technique that provides for the production of antibody molecules by continuous cell
lines in culture. These techniques include, but are not limited to, the hybridoma
technique, the human B-cell hybridoma technique, and the EBV-hybridoma
technique. See Roberge et al., Science 269, 202-204, 1995; Kohler et al., Nature 256,
495-497, 1985; Kozbor et al., J. Immunol. Methods 81, 31-42, 1985; Cote et al., Proc.
Natl Acad Sci. 80, 2026-2030, 1983; and Shimamoto et al., Biologicals, 2005
Sep;33(3):169-74. Single chain antibodies can be generated by chain shuffling from
random combinatorial libraries. Takeda et al., Nature 314, 452-454, 19385.
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Single-chain antibodies also can be constructed using a DNA amplification method,
such as PCR, using hybridoma cDNA as a template. Single-chain antibodies can be
mono- or bispecific, and can be bivalent or tetravalent. Construction of tetravalent,
bispecific single-chain antibodies is well known in the art. A nucleotide sequence
encoding a single-chain antibody can be constructed using manual or automated
nucleotide synthesis, cloned into an expression construct using standard recombinant
DNA methods, and introduced into a cell to express the coding sequence.
Alternatively, single-chain antibodies can be produced directly using, for example,
filamentous phage technology. Burton et al., Proc. Natl. Acad. Sci. §8, 11120-23,
1991; Verhaar et al., Int. J. Cancer 61, 497-501, 1993.

[L-1o antibodies useful in the invention can be purified from any cell which expresses
the antibodies, including host cells which have been transfected with antibody-
encoding nucleic acid molecules. The host cells are cultured under conditions
suitable for expression of the antibodies. Appropriate host cells and culture

conditions can be selected from the wide variety known in the art.

Purified antibodies are separated from other compounds that normally associate with
the antibody in the cell, such as certain proteins, carbohydrates, or lipids. Purification
methods include, but are not limited to, size exclusion chromatography, ammonium
sulfate fractionation, ion exchange chromatography, affinity chromatography, and
preparative gel electrophoresis. A preparation of purified antibodies 1s at least 80%
pure; preferably, the preparations are 90%, 95%, or 99% pure. Purity of the
preparations can be assessed by any means known in the art, such as SDS-
polyacrylamide gel electrophoresis. A preparation of purified antibodies of the
invention can contain more than one type of antibody which specifically binds to 1L-

1a.

Full-length polyclonal or monoclonal antibodies, however prepared, can be cleaved
with standard techniques to obtain functional antibody fragments such as Fab or
F(ab"),. See Cheung et al., Protein Expr. Purif. 32, 135-40, 2003. Binding proteins
which are derived from immunoglobulins and which are multivalent and

multispecific, such as the “diabodies” described in WO 94/13804 and Holliger et a!.,
5
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Proc. Natl. Acad. Sci. US4 90, 6444-48, 1993; the “minibodies” described in Martin
et al., EMBO J, 13, 5303-09, 1994; “Kappa bodies” described in Il ef al., Protein
Eng. 10, 949-57, 1997; and “Janusins” (bispecific single chain molecules) described
in Traunecker et al., EMBO J. 10, 3655 3659, 1991, and Traunecker et al., Int. J.
Cancer Suppl. 7, 51-52, 1992, can be prepared.

Any IIL-lo antibody useful in the invention also can be produced using chemical
methods to synthesize its amino acid sequence, such as by direct peptide synthesis
using solid-phase techniques (Merrifield, J. Am. Chem. Soc. 85, 2149-54, 1963;
Roberge et al., Science 269, 202-04, 1995). Protein synthesis can be performéd using
manual techniques or by automation. Automated synthesis can be achieved, for
example, using Applied Biosystems™ 431A Peptide Synthesizer (Perkin Elmer).
Optionally, fragments of antibodies can be separately synthesized and combined using
chemical methods to produce a full-length molecule. The newly synthesized
molecules can be substantially purified by preparative high performance liquid
chromatography (e.g., Creighton, PROTEINS: STRUCTURES AND MOLECULAR
PRINCIPLES, WH Freeman and Co., New York, N.Y., 1983). The composition of a
synthetic polypeptide can be confirmed by amino acid analysis or sequencing (e.g.,
using Edman degradation).

Those skilled in the art can use known injectable, physiologically acceptable sterile
solutions to prepare suitable pharmaceutical compositions comprising antibodies of
the invention. Aqueous isotonic solutions, such as saline or corresponding plasma
protein solutions, are readily available and can be used to prepare ready-to-use
solutions for parenteral inj ection or infusion. Pharmaceutical compositions can be
stored as lyophylisates or dry preparations, which can be reconstituted with a known
injectable solution before use. A pharmaceuticél composition can be supplemented
with known carrier substances or/and additives (e.g., serum albumin, dextrose,
sodium bisulfite, EDTA, etc.). Pharmaceutical compositions of the invention
typically comprise a pharmaceutically acceptable vehicle, such as an inert diluent.

Pharmaceutical compositions of the invention can be administered by different routes

known to those skilled in the art. For systemic application, the intravenous,
6
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intravascular, intramuscular, intraarterial, intraperitoneal, oral, intranodal, or
intrathecal routes can be used. More localized application can be effected
subcutaneously, intracutaneously, intracardially, intralobally, intramedullarly,
intrapulmonarily, or directly in or near the tissue to be treated. Depending on the
desired duration and effectiveness of the treatment, compositions may be
administered once or several times, for example on a daily basis for several days,

weeks or months, and in different dosages.

The dosage will depend on age, condition, sex and extent of the disease in the patient
and can vary from 0.25 mg/kg to about 50 mg/kg of patient body weight. Cancers
which can be treated include, but are not limited to, blood cancers (e.g., leukemias,
jymphomas) and cancers of solid tissues (e.g., bladder, bone, brain, breast, cervix,

colon, esophagus, kidney, liver, lung, pancreas, prostate, stomach).

In one embodiment, the patient is immunized against IL-lo to induce IL-la
antibodies. Any methods of immunization known in the art can be used to achieve the
desired antibody response (see below). In general, recombinant IL-1a can be used in
a formula containing an adjuvant to achieve immunization; a nucleic acid sequence
encoding IL-1a can be used to make a recombinant virus or organism which can be
used to immunize; or recombinant IL-1a can be chemically linked to virus-like

particles, which act as immunostimulatory complexes.
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ADJUVANT EXAMPLE
Inorganic Salt Aluminum hydroxide,
calcium phosphate,
beryllium hydroxide
Incomplete Freund’s
adjuvant

Delivery systems

Cytokines GM-CSF, IL-12, IL-1, IL-2
Recombinant Virus Influenza

Virus-like particle 2/6 VLP containing bovine
conjugate rotavirus VP2 and human
rotavirus VP6

Attenuated Salmonella
fyphimurium |

Bacterial Products
Adjuvant, BCG, plasmid

bNA

e
Complexes (ISCOMS) containing viral proteins

 GM-CSF, [1-12, IL-1, IL-2 |

Influenza

Recombinant Bacteria

[22]
The above disclosure generally describes the
present invention. A more complete understanding can be obtained by reference to
the following specific examples, which are provided for purposes of illustration only

and are not intended to limit the scope of the invention.
EXAMPLE 1

Animals and tumor cells

[23] Data are generated using Athymic nu/nu mice (8-10-weeks-old, NCI, Frederick, MD).
Mice are injected subcutaneously in the flank with 5 x10° tumor cells suspended in
200ul of DMEM. Since we expected that IL-1a might provide a general mechanism
for tumor cell viability, we tested several tumor cells lines for inhibition with anti-1L-
la, injecting animals with tumor cells derived from either breast (MDA-MB-436 or
MDA-MB-231, Nozaki et al. Biochem Biophy Res Comm 275, 60-62 (2000)) or
prostate (PC-3, Chung et al. The Prostate 38:199-207 (1999); Singer CF et al. Clin
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Cancer Res. 2003 Oct 15;9(13):4877-83) lineages, which have previously been shown

to express IL-1a .

Mice are injected with mouse anti-human IL-1a antibodies to antagonize tumor 1L-1a
production. Mice receive either 5mg/kg IgG1 monoclonal antibody (clone 364-3B3-
14, BioLegend) or 5mg/kg IgG2a monoclonal antibody (Clone 1F3B3, ProMab),
administered intraperitoneally twice per week, starting on the day of tumor
implantation or after evidence of a primary tumor lesion of at least about 3mm’. Two
other groups of mice receive the IgG1l monoclonal antibody or IgG2a monoclonal
antibody as well as 5mg/kg of an anti-mouse anti-IL-lo. monoclonal antibody
(Hamster anti-mouse IL-10. is purchased from BD PharMingen (San Diego, Calif)), in

order to neutralize endogenous IL-1a production.

Animals are kept alive for 56 days unless sacrificed earlier for humanitarian reasons,
due to excessive tumor burden. Each week animal body weights are recorded and
observable tumor volume is measured. Animals are sacrificed when there 1s evident
tumor-related morbidity (weight loss, lethargy). Mice are sacrificed using a CO;
chamber. Metastases are harvested and stored separately after thorough examination
of abdominal and peritoneal cavities and major organs, including liver, lymph nodes,
spleen and lungs. Aggregate tumor mass is calculated. Survival and tumor burden

results are expressed as mean +/- SE.
EXAMPLE 2

Immunohistochemistry

Metastatic tumor specimens resected with surrounding tissue are taken from some
animals for histological analysis. Formalin-fixed, paraffin-embedded tumor
preparations are generated at time of sacrifice. Histological analysis is performed
using both the anti-murine and anti-human IL-1a antibodies, as well anti-VEGF, anti-

ICAM-1, anti-E-Selectin and anti-VCAM staining 1s performed.
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EXAMPLE 3

PCR

RNA is extracted from each of the tumor cell lines and from tumor biopsies taken
from mice with established subcutaneously transplanted tumors. Cells are analyzed
using RT-PCR for IL-la transcripts. Primers are designed to specifically identify
human IL-1a, so that there is no confusion in tumor biopsy samples whether or not
the IL-10. transcripts are derived from the tumor cells or from endogenous production.
Additionally, IL-1o mouse specific primers are designed to identify endogenous IL-
1o that might have been produced from infiltrating leukocytes or from surrounding
tissue of the tumor microenvironment, Since IL-la from either source may be

important in creating a favorable tumor microenvironment.

Total RNA is isolated from tumor samples with Trizol™ (Gibco/BRL Life
Technologies, Rockville, MD, USA) as directed by the manufacturer. Contaminating
DNA is removed with RNase free DNAse. One ug of DNAse freated total RNA (or
water as a negative control) is incubated with 1ug oligo dT primer at 95°C for 3 min
and then 68°C for 10 min. Eight ul of 5x buffer, 4l DTT (0.1M), 2pl of ANTP
(10mM), 1ul RNase inhibitor, and 1ul superscrip:cr Teverse transcriptase are added to
each reaction according to the method of Lee et al. (Journal of Orthopaedic Research,
21 (2003) 62-72).

EXAMPLE 4

all-1a Antibody Reduces Metastatic Incidence

Nu/nu mice bearing established metastatic tumors are treated twice weekly with
intraperitoneal injections of PBS, 5Smg/kg of mapll-1o b, or Smg/kg of yanll-la b
together with Smg/kg of panlL-1a b. Two groups of tumor bearing mice are used,
those injected subcutaneously with 5x10° MDA-MB-436 or PC-3 tumor cells.

Antibody is administered twice weekly, starting either on the day of subcutaneous
injection of tumor cells or after tumor growth of 3mm’. See Table 1.

10
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Table 1. Description of Experimental Design and Animal Numbers

PBS | apll-1o+paIl-1a | manll-lo namll-10 |
DIMDA-MBA436 6 6 6 6
| —_ — N I — |
D1PC-3 6 6 6 ‘ 6
_ ) S I
EstMDA-MB436 6 6 l 6 l 6
EstP(C-3 6 6 T 6 i 6

Visible tumor colonies are counted on the organs at the time of sacrifice. The number
of surface liver metastases is determined by inspection of the tissue to visualize tumor
foci. The number metastatic foci on the diaphragm, intestine and peritoneal wall and

lymph nodes is determined in a similar fashion.

In the breast tumor models visible lymph node, lung and liver metastases are reduced
by treatment with either maplL-la or by combination treatment with panll-la b +
namlL-1a b. One hundred percent of the control treated mice developed ascites in
contrast to ascites formation in only 10% of anti-IL-lo treated mice. Similar
observations are made with the prostate tumor model, where mice receiving either
capll-1a or papll-10 b + papll-1a b have reduced metastatic burden. In both breast
and prostate tumor models, mice administered pamlL-la b showed no apparent

reduction in metastasis at time of sacrifice. See Table 2.

11
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Table 2. Control of xenotransplanted tumors by treatment with alL.-10 antibody.

_;)TMDA-MB;36 —I;ES LmagL-l o +-ham11:ﬂ manlL-1a _;;mIL-*l 0. ‘
B Ascites ’r-6(100) - 0(0) IR 1(17)* I 4(66)
] - , . R _
. Lymph node 6(100) 1(17) 2(33) - 6(100)
S - . S N
Peritoneal 6(100) 0(0) | 1(17) 6(100)
) Iivc;r | 6(1(;(;) | 1(1;) ‘ 3(50) H6(100) -
EstMD;;-MB436 | PBS 1 ma;]IL-la + hamIi,-l oL mahIL-EZ hamIL-I;
— Kscite; 6(ﬂl 00) IR O(O; — i 0(0) 4(66)
B Lymph node; - 6(100) 4(66) B 5(83) H 6(1003
; - Peritoneal ﬁ 6(100) ‘ 3(50) 5(83) | .....6(1 00) T
Live;m | 6(10(;)L 3(50;““ 5*(8“3“) ﬁ 6(1 (;-0)
: DIPC-3 * | PBS ’ :nahIL-Ia + pamlL- 1; mahIL-I;L namlL~10
- Ascites 6(160) O(ﬁO)} - ) a(E) ; 3(50)
Lymph node | 6(100) WO(O) ”_?;(33) | 5"-(.83)#
B Peritoneal 6(160) i 1(1 7;_ | .2(3 3) | 6(100) ‘
Liver 6(100) I 0(0) 1(17) Mg(ﬂio-(;) .T

12
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EstPC3 # PBS ;Ii-la + namlL-~10 m;hIL-la | hamll-10.
h Ascitesm | 6(100)* 0 : | 0 5(83)
‘—__—ijmph node - | 6(100) - ?:ESO) l 3(50) I 6(?(-)0)- _’
P;;i;oneal . 6(166; 4-(-665 o 2(3 3-)*" 6({&)—)——?
| R — o - |
) Liver B 6(100) 3(50) | 2(33) | 6(100) |

[32] All PBS-treated mice are sacrificed by Day 50, whereas no allL-1o~treated mice
succumb to either bréast or prostate xenotransplanted tumors after 60 days. alL-la
treatment targeting tumor expressed IL-1a or endogenous (mainly leukocyte) derived
IL-1o. reduces metastatic burden in mice bearing either breast or prostate
xenotransplanted cancer. all.-1o treatment targeting tumor expressed IL-1o has a
statistically more potent anti-tumor effect, whereas combined anti-tumor and anti1-
endogenous allL-la antibody treatment provides an almost complete block of

metastatic tumor growth in nu/nu mice bearing either breast or prostate tumors. See

Figure 1.

133] Animals receiving either maplL-1a or nanlL-1a or combination of the two antibodies
have reduced severity of clinical course of disease. All control animals eventually
appear moribund and require sacrifice prior to the end of the study. In contrast, the
animals receiving manIL-l1a + pagpIL-lo are unexceptional in appearance, are well-
sroomed, active, show no signs of distress, exhibit normal growth and weight gain,
and all survive for the duration of the experiment. Mice receiving the antibody
combination do, however, reveal metastatic lesions observable after careful
postmortem survey of organs. This is particularly evident in animals that have
established metastatic tumors before beginning treatment. It appears that mice that
receive treatment only after established metastatic lesions develop are unable to
subsequently clear all the established lesions. However, metastatic lesions in these

treated mice are apparently arrested.
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This effect can be analyzed after inoculating mice with breast or prostate tumor and
sacrificing the animals at time of detectable metastatic disease, which is the same
course of disease where animals received treatment. The abundance and size of
metastatic lesions is noticeably greater in these mice than what is observed post-
mortem in animals receiving the maplL-1a + pamlL-10t combination. It appears that the

antibody treatment results in regression of the established metastatic disease.

The naplL-10 + pamlL-1a treated mice that receive antibody injection starting Day 1
ofter tumor inoculation are almost completely prevented from developing metastasis.
Only a single animal (17%) in each of the breast or prostate tumor group develops a

metastatic lesion.

Xenotransplanted human tumors are used in a nude mouse model of tumor metastasis.
The use of human tumors, expressing human IL-1a. , allows us to attempt to treat mice
by targeting either: human IL-1a expressed on tumors; murine II.-1a expressed on
leukocytes (which for the sake of simplicity we shall refer to as endogenous IL-la
production); or by administering two different antibodies, simultaneously targeting
both endogenous and tumor-derived IL-1a. This allows us to begin to disentangle,
somewhat, the role in metastasis of tumor-derived IL-la from that of endogenous
produced IL-1a (expressed from leukocytic infiltrate or from tissues of the tumor

microenvironment).

Results suggest that both endogenous and tumor-derived IL-1a play a role in tumor
metastasis, because antibody directed against either source of IL-1a each improves
survival in mice. Antibody directed against endogenous IL-1o. 1s, however,
considerably less effective at providing long-term survival benefit and does not
protect mice from metastasis compared with antibody targeting tumor-derived IL-10.
Evidently, IL-1a expression from the tumors themselves is sufficient to promote

metastasis in these models.

Antibody directed against IL-10, expressed by the tumor has potent anti-tumor effects.
The profound anti-tumor effects in animals receiving anti-tumor-IL-10 antibody

appears to involve a physiological blockade of IL-1a in tumor metastasis, but may
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also involve direct tumoricidal action of the antibody. We expect that targeting tumor-
expressed IL-10 using an IgG1 antibody, an antibody subclass that efficiently induces
complement fixation and antibody directed cellular cytotoxicity (ADCC), may
represent a considerable tumoricidal action against the IL-1o expressing tumors in the
nude mouse model. However, if the anti-tumor effect of antibody directed against
tumor-derived IL-10, acts exclusively via an ADCC or other cytotoxic mechanism,
there would not be an expectation for synergistic effect with the two antibodies. Nor
would it be expected that antibody directed against endogenous IL-1a would impact
survival; whereas, there is consistent, albeit modest, survival benefit seen in animals
treated with antibody directed against endogenous IL-lo. It is possible that the
survival benefit seen from targeting anti-endogenous lL-la with the npapll-lo
antibody is a result of yamIL-10. crossreactivity with human IL-1a, thereby targeting
tumor directly. We examined crossreactivity for the anti-murine IL-1a antibody, to
assess whether the survival benefit is a direct result of crossreactivity of the antibody
with tumor expressed IL-la, inducing ADCC of the tumor, physiological IL-la
blockade of the tumor IL-1a production, or both. There 1s no apparent cro ssreactivity
with the antibody. Furthermore, the panIL-lo antibody does not efficiently bind

murine Fc receptors and would not likely induce an effective ADCC response.

From the results of differential targeting of endogenous and tumor-expressed IL-1a 1n
a xenotransplant model in nude mice we conclude that physiological blockade of 1L-
10, can reduce the lethality of tumors. The synergistic effect of survival benefit for the
anti-IL-10, antibody combination, directed at both endogenous and tumor-derived 1L-
1o, , provides compelling evidence that both tumor and endogenous sources of IL-1a
are important in tumor metastasis in this model. These results also shed favorable
light on other reports that suggest 1L-1o plays a physiological role in the dynamic
interplay between tumor and host; and that IL-1a. expression can enhance metastatic

potential of tumors.

Targeting IL-lo. production by tumor cells using a monoclonal antibody 1s an
effective means of prolonging survival and reducing metastatic burden. Antibody

targeting of IL-la expressing tumors would be of potential therapeutic value in
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human disease setting and may represent and effective therapeutic target for

numerous forms cancer either early or advanced stages of disease.

It has been reported elsewhere that as much as 20% of persons analyzed have IL-1a-
neutralizing autoantibody present in their sera. Moreover, these persons are reportedly
healthy during lengthy observation periods. Similarly, IL-la knockout mice are
without an apparent phenotype (Horai et al. J. Exp. Med. 1998 187:1463-1475).
Finally, it has been reported elsewhere (Svenson et al.) that animals can be simply and
efficiently immunized with IL-1a to induce potent, neutralizing antibody responses
against the cytokine. These findings suggest that an active immunotherapy, such as an
immunization with IL-1o to induce neutralizing autoantibody, might also be an
effective means of treating IL-10, expressing human cancer.

EXAMPLE 5§
Materials and Methods
Measurement of anti-IL-1  antibody titers by ELISA

Human or murine IL-1q, respectively, are incubated on 96 well ELISA plates over
night, using 0.5ug/ml with a volume of 100ul per well. The plates are then washed 4
times with phosphate buffered saline (PBS) + 0,05% Tween 1l20, then saturated with a
blocking solution containing 1% bovine serum albumin (BSA) in PBS + 0.05%
Tween 20. 200 pl of this blocking buffer are used per well for 1-2 hours at room
temperature. Then plates are washed again 4 times with PBS + 0.05% Tween 20
(PB ST)‘. 100ml of serially diluted serum samples (1:2 dilutions in PBST + 1%BSA)
are then édded and incubated for one hour at room temperature or at 4°C over night.
Then plates are washed again 4 times with PBST. Horseradish peroxidise (HRP)
coupled anti-Fc antibody is then added as a secondary antibody (dilute 1:2000 in
PBST with 1% BSA in, 100ul per well, 1hour, room temperature). Human: 0.2ul goat
anti human IgG-HRP in 400ul PBST + 1%BSA. Mouse: 0.5u] HRP goat anti mouse
IgG (H+L). Then plates are washed again 4 times with PBST. The colouring reaction

is made with ABTS buffer (3-ethylbenzthiazoline-6-sulfonic acid, Sigma Cat. No. A-
16
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1888, 150 mg, 0.1 M citric acid, Fishe;Manhydrous, Cat. No. A-940, 500 ml, Adjust
pH to 4.35 with NaOH pellets, Aliquot at 11 ml per vial and store at -20°C, 40% SDS
(80 g SDS in 200 ml dd H,0), Add 200 ml DMF (N.N-dimethyl formamide)). 100pl
of the ABTS buffer are added to each well. The reaction is stopped by adding 100pl
of 2% oxalic acid solution when good contrast is visible. The optical density is then
measured with an ELISA reader at a wavelength of 405nm.

Monitoring of animals during tumor challenge

Animal health was recorded by monitoring appearance, food and water intake, natural
behaviour as well as provoked behaviour using the following scoring system: Score 0:
no deviation form normal; Score 1: mild deviation from normal; Score 2: moderate
deviation from normal; Score 3: substantial deviation from normal. If 3 is scored more
than once, an extra 1 is given to each, making a maximum score of 15. Score 0-3:
Normal. Score 4-7: Monitor carefully. Score 8-15: The animal is suffering. The
animal is euthanized. The animals were also euthanized when they had a body weight
loss of more than 15% or the body temperature dropped more than 3.0°C.

Tumor cell lines

EL-4 cells were obtained from the American Type Culture Collection (ATCC,
Manassas VA, USA). EL-4 was established from a lymphoma induced in a C57BL/6
mouse by 9,10-dimethyl-1,2-benzanthracene. Cells were cultured in Dulbecco's
modified Eagle's medium with 4 mM L-glutamine adjusted to contain 1.5 g/L sodium
bicarbonate and 4.5 g/L glucose, 90%; fetal calf serum, 10%.

PC-3 cells were obtained from American Type Culture Collection (ATCC, Manassas
VA, USA). The PC-3 cells line was initiated from a bone metastasis of a grade IV
prostatic adenocarcinoma from a 62-year-old male Caucasian. The cell line was
grown using Ham's F12K medium with 2 mM L-glutamine adjusted to contain 1.5
g/L sodium bicarbonate, 90%; fetal bovine serum, 10%.
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Immunization of mice with IL-1a and IL-1b conjugated with PPD

IL-1a and IL-1B were obtained from eBioscience (San Diego, _.CA)T_ PPD was obtained
from the Statens Serum Institute (Copenhagen, Denmark). The method for
conjugation was adapted from Svenson et al. (Svenson M. 2000). IL-1o or IL-1b were
incubated for 48 h at 4°C with PPD at a ratio of 0.41 (w/w) and in the presence of
0.1% glutaraldehyde (IL-1/PPD = 0.41). As a control PPD was treated in parallel but
without IL-1a or IL-1B. The conjugate was then adsorbed to Al(OH); (Rehydragel;
Reheis Chemical, ‘Dublin, Ireland) so that there was 1.5% Al(OH); in the final
volume. Incubation with Alum was for 90min at room temperature. The particles were
then washed with 0.9% NaCl and resuspended it in 0.9% NaCl at 11 pg IL-10/100 pl
suspension, assuming a 70% adsorption of IL-1a to Al(OH); (found in pilot studies
using '2I-IL-10)). The IL-1B conjugate was prepared the same way. Control
suspensions were diluted identically to match the amount of PPD in the IL-10-PPD

conjugate. The conjugates were stored at 4°C until use.
EXAMPLE 6
Generation of an anti-IL-10, antibody response in C57BL/6 mice

As the immune system is tolerant against self-proteins such as cytokines, however,
such active vaccination has to break self tolerance. In case of most self proteins
immune tolerance is caused by a lack of specific T cells as a consequence of negative
selection in the thymus. In contrast, potentially self-reactive B cells are usually
present. When injecting the self-protein like IL-1a alone, these B cells do not respond,
due to the lack of T cell help. Coupling a foreign protein such as PPD to the self
antigen IL-10, T cell help for the B cell stimulation is provided, because the T cells
recognize PPD which results in antibody production of stimulated B cells against 1L-
1a and PPD. Therefore, we vaccinated mice with an IL-10-PPD conjugate in alum to
ensure effective T-cell help for the IL-1B specific B-cells. Antibody titers were
determined by ELISA. Groups of 5 mice received subcutaneous immunizations with

15ug of recombinant IL-1a conjugated to 10 pg-PPD using an incubation step with
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olutaraldehyde. The IL-10-PPD conjugate is then absorbed to alum. Mice received

three such subcutaneous immunizations with 2 weeks time interval.

Immunized mice produced high titers of anti-IL-1a. antibodies, whereas the control
mice immunized with PPD in alum failed to induce detectable antibody titers (Fig. 2).
Induction of anti-IL-l1o antibodies required at least 2 injections. After only one
injection of recombinant IL-10~-PPD conjugate in alum no antibody response was
detected in sera. But after a third injection of recombinant IL-1a-PPD conjugate in

alum all vaccinated mice produced anti-IL-10 antibodies.

EXAMPLE 7
Active immunization against IL-1a protects mice against tumor challenge with EL-4

C57BL/6 mice were actively immunized by three injections of 15ug murine IL-lo
conjugated with 10 pg PPD in alum on days 0, 14 and 28 by subcutaneous

administration in the neck region. The injection volume was 100 pl, and the amount
of aluminium hydroxide was approx. 1mg. Control mice were treated similarly but
with a preparation that contained the same amount of PPD and aluminium hydroxide

but that did not contain IL-1a. Blood was sampled from the tail vain on days 0, 23,

42, and 56 in order to confirm the formation of anti-IL1o antibody responses by

ELISA. On day 56 after the first immunization, all mice received an inoculum of
1,000 EL-4 lymphoma cells. Subsequently, mice were observed daily during the
following four weeks. At the first onset of signs of sickness, mice were euthanized for

macroscopic and histological quantification of tumor growth and metastass.

Within 30 days after tumor challenge, control mice showed signs of sickness due to

tumor progression, as evidenced by disseminated macroscopically visible metastasis
in visceral organs. In contrast, none of the mice actively immunized against IL-la

showed clinical signs of disease.
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EXAMPLE 8
Passive immunization against IL-1 & protects against mouse lymphoma EL-4

C57BL/6 mice were actively immunized against IL-1lo with 3 subcutaneous injections
of IL-1a-PPD conjugate in alum. After 56 days their serum was collected and

generation of anti-IL-1o autoantibody titers were confirmed by ELISA. 200l of such
serum was passively transferred to 6 weeks old C57BL/6 mice. These passive serum
transfers were repeated every week. Control C57BL/6 mice received 200pl of serum

from naive C57BL/6 mice with weekly intervals. Together with the first serum
transfer all mice received an inoculum of 1,000 EL-4 lymphoma cells. Subsequently,
mice were observed daily during the following four weeks. At the first onset of signs
of sickness, mice were euthanized for macroscopic and histological quantification of

tumor growth and metastasis.

Within 30 days, control mice succumbed to the tumor, as evidenced by disseminated

macroscopically visible metastasis in visceral organs. In contrast, none of the mice

receiving the passive serum transfer with polyclonal anti-IL-1o. antiserum showed

clinical signs of disease.
EXAMPLE 9

Passive immunization against IL-1a protects SCID mice against PC-3 xenografted

C57BL/6 mice were actively immunized against IL-1o with 3 subcutaneous injections
of IL-1a-PPD conjugate in alum. After 56 days their serum was collected and

generation of anti-IL-1o autoantibody titers were confirmed by ELISA. 200 pl of
such serum was passively transferred to 6 weeks old female SCID mice. These
passive serum transfers were repeated every week. Control SCID mice received 200
ul of serum from naive C57BL/6 mice with weekly intervals. Together with the first
serum transfer all mice received a subcutaneous inoculum of 10’ PC-3 cells into the

flanks. Mice with palpable tumors were identified every week.
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Within 30 days, control mice had developed palpable tumors at the site of inoculation,

whereas none of the mice receiving the passive serum transfer with polyclonal anti-

IL-1o antiserum developed a palpable tumor.

EXAMPLE 10

ADCK — Antibody dependent complement mediated killing

C57BL/6 mice were actively immunized against IL-1a with 3 subcutaneous injections
of IL-10-PPD conjugate in alum. After 56 days their serum was collected and
generation of anti-IL-1a autoantibody titers were confirmed by ELISA. Sera were
heat inactivated. 50 pl of an EL-4 cell suspensions were plated into 96 well plates. To
each of these wells 15 pl of 1:2 serial dilutions of the heat inactivated serum was
added. Plates were then incubated for 20 minutes at 37°C. Then 25ml of murine
serum were added to each well. After another S5h incubation at 37°C wells are
photographed and then the cells counted in a counting chamber using trypan blue to

distinguish dead from alive cells.

The polyclonal mouse-anti-mousellL-1o. antiserum mediated complement dependent

killing of EL-4 tumor cells in a concentration dependent fashion. See Figure 3.
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CLAIMS

10.
11.

12.

13.
14.

15.
16.

. Anti-IL-1a antibodies for use in reducing the formation of new metastases comprising

human cancer cells which express IL-1a in a subject harboring said human cancer

cells.

The anti-IL-1a antibodies of claim 1, wherein the subject 1s a human.

. The anti-IL-1a antibodies of claim 1, wherein the subject is a mouse, a pig, a goat, a

dog, a cat, or a sheep.

The anti-IL-1a antibodies of any one of claims 1 to 3, wherein the cancer is metastatic.
The anti-IL-1a antibodies of any one of claims 1 to 4, wherein the cancer 1s breast or
prostate cancer.

The anti-IL-1a antibodies of any one of claims, 1 to 5 wherein the antibodies are
polyclonal.

The anti-IL-1a antibodies of any one of claims, 1 to 5 wherein the antibodies are
monoclonal.

The anti-IL-1a antibodies of any one of claims, 1 to 5 wherein the antibodies are Fab,
F(ab")2, scFv, Fv, diabodies, minibodies, Kappa bodies, or Janusins.

IL-1¢ for use in reducing the formation of new metastases comprising human cancer
cells which express IL-1a in a subject harboring said human cancer cells, whereby the
subject generates IL-1a autoantibodies.

The IL-1a of claim 9, wherein the subject i1s a human.
Use of anti-IL-1a antibodies for reducing the formation of new metastases comprising
human cancer cells which express IL-1a in a subject harboring said human cancer

cells.

Use of anti-IL-10 antibodies for the preparation of a medicament for reducing the
formation of new metastases comprising human cancer cells which express IL-1a 1n a
subject harboring said human cancer cells.

The use of claim 11 or 12, wherein the subject 1s a human.

The use of claim 11 or 12, wherein the subject is a mouse, a pig, a goat, a dog, a cat, or
a sheep.

The use of any one of claims 11 to 14, wherein the cancer is metastatic.

The use of any one of claims 11 to 15, wherein the cancer 1s breast or prostate cancer.
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The use of any one of claims 11 to 16, wherein the antibodies are polyclonal.

The use of any one of claims 11 to 16, wherein the antibodies are monoclonal.

The use of any one of claims 11 to 16, wherein the antibodies are Fab, F(ab')2, scFv,
Fv, diabodies, minibodies, Kappa bodies, or Janusins.

Use of IL-1a for reducing the formation of new metastases comprising human cancer
cells which express IL-1a in a subject harboring said human cancer cells in a patient,
whereby the subject generates IL-10 autoantibodies.

Use of IL.-1a for the preparation of a medicament for reducing the formation of new
metastases comprising human cancer cells which express IL-1a 1in a subject harboring
sald human cancer cells, whereby the subject generates IL-1a autoantibodies.

The use of claim 20 or 21, wherein the subject is a human.
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Figure

Established Prostate Tumor
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Figure 2
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Figure 3

ADCK with EL-4 cells
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