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SUPPRESSION OF SPLAZ-INTEGRIN BINBING FOR TREATING AN
INFLAMMATORY CONDITION OR SUPPRESSING CELL PROLIFERATION

RELATED APPLICATIONS
[68G1] This application claims priority to U5, Provisional Patent Application No,
5 62/079,943, filed on November 14, 2014, the contents of which are hereby incorporated by

reference in the entirety for alf purposes.

STATEMENT AS TO RIGHTS TO INVENTIONS MADE UNDER
FEDERALLY SPONSORED RESEARCH OR DEVELOPMENT
{6862} This invention was made with support under Grant No. CA 13015, provided by the

10 National nstitutes of Health. The government has certain rights in this invention.

BACKGROUND OF THE INVENTION
166631  Integrins are activated by signaling from nside the cell (Inside-out signaling)
through global conformational changes of integrins. The present inventors recently
discovered that fractalkine activates integrins in the absence of CX3CR1 through the divect

15 binding of fractalkine to a ligand-binding site n the integrin headpiece (site 2) that 15 distinet
from the classical RGD-binding site (site 1). The inmventors propose that fractalkine binding
to the newly identified site 2 induces activation of site 1 though conformational changes (in
an aliosteric mechanism). It is reasoned that site 2-mediated activation of integrins is not
Hmited to fractalkine. Human secreted phospholipase A2 type A (SPLA2-HIA)}, a pro-

20 inflarmatory protein, binds to integrins avp3 and a4t {site 1} and this interaction initiates a
signaling pathway that leads to cell proliferation and inflaromation. Human sPLAZ2-TA does
not bind to M-type receptor very well. Here the inventors describe that sPLAZ2-IIA directly
activated purified soluble integrin avfi3 and transmembrane av3 on the cell sarface. This
activation did not require catalytic activity or M-type receptor. Docking simulation predicted

25 that sPLAZ-IIA binds to site 2 in the closed-headpiece of avB3. A peptide from site 2 of
mtegrin $1 specifically bound to sPLAZ-IIA and suppressed sPLAZ-TA-induced integrin
activation. This suggests that sSPLAZ-TIA activates av(3 through binding to site 2. sPLAZ-
1A also activated integrins 041 and ¢5B1 in a site 2-mediated manner. The present inventors
recently identified small compounds that bind to sPLAZ-TIA and suppress integrin-sPLAZ2-THA

30 interaction {e.g., Compound 21 or Cmpd21). Cmpd2! effectively suppressed sPLA2-HA-



16

o]
wh

36

WO 2016/077579 PCT/US2015/060370

induced integrin activation. These results define a novel mechanism of pro-mflammatory

action of sPLAZ-LA through integrin activation.

BRIEF SUMMARY OF THE INVENTION
[36804]  To onc aspect, the present invention provides a method for identifying an inhibitor
for integrin-sPLAZ-IA binding. The method comprises the steps of (a) contacting a test
compound with sSPLA2-TIA and an integrin B} fragment, i.e., a polypeptide comprising a site 2
sequence of an integrin B (e.g., any one of SEQ IDNO:1, 2, 3, or 4) but not the full length of
the integrin, vnder conditions that permit specific binding between sPLAZ-UA and the
polypeptide; and (b} determining the level of specific binding between sPLAZ-IIA and the
polypeptide, wherein a decrease in the level of specific binding compared to a control level of
specific binding between sPLA2-HA and polypeptide under the same conditions but in the
absence of the test compound indicates the compound as an inhibitor for integrin-sPLAZ-[IA
binding.
[G885]  In some cmbodiments, the integrin § fragment is present on the surface of a celf
{e.g., the U937 human monocytic lymphoma cell or the K562 cell). In some embodiments,
the integrin §f fragment is recombinantly expressed. In some embodiments, sPLAZ-TJA is
immobilized on a solid support. In some embodiments, the integrin § fragment is
immobilized on a solid support. To some embodiments, sPLAZ-1IA is labeled with a
fluorescent dye, for example, thworescein isothiocyanate (FITC). The integrin B fragment
may be in the length range of no more than 200, 130, 100, 80, 70, 60, 50, 48, 30, or 25 aming
acids. In some embodiments, the integrin § fragment comprises the amino acid sequence set
forth in SEQ 1D NG: 1. Insome embodiments, the integrin J fragment comprises the amino
acid sequence set forth in SEQ ID NG:2. In some embodiments, the integrin B fragment
comprises the amino acid sequence set forth in SEQ ID NG:3. In some embodiments, the
integein P fragroent comprises the aminoe acid sequence set forthin SEQ 1D NO4. Insome
embodiments, the integrin B fragment further comprises at least one heterologous amino acid
sequence at the C- and/or N-terminus of the amino acid sequence set forth in SEQ ID NO:,

2,3, or 4,

{88661 In a second aspect, the mvention provides a method for treating an inflammatory
condition or suppressing cell proliferation. The method inclodes the step of administering to
& subject an effective amount of an inhibitor for sPLAZ-TIA and integrin binding. To soroe

embodiments, the inhibitor is an integrin B fragment comprising the amino acid sequence set

[N
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forth in SEQ D NO:1. In some embodiments, the inhibitor is an integrin ff fragment
comprising the aming acid sequence set forth in SEQ ID NG:Z. In some embodiments, the
inhibitor is an integrin f fragment comprising the amino acid sequence set forth in SEQ D
NG:3. In some embodiments, the inhubitor is an integrin P fragment comprising the aminoe
acid sequence set forth in SEQ ID NG:4. In some embodiments, the inhibitor is an integrin
fragment comprising the amino acid sequence set forth in SEQ 1D NO:, Z, 3, or 4 but not the
full length integrin B. The fragment may be in the length range of less than 200, 150, 100, 80,
70, 60, 50, 40, 30, or 25 amino acids. The fragment may firther have one or two
heterologous amino acid sequences located at iis N-terminus and/or C-terminus, such as a tag
for aftinity to facilitate identification or isclation during a recombinant production process.

In some embodiments, the inhibitor is an integrin B fragment consisting of the amino acid
sequence sot forth in SEQ ID NO:1, 2, 3, or 4, optionally with one or two heterologous amine
acid sequences located at its N-terminus and/or C-torminus. When the inhibitor is a
polypeptide, e.g., an integrin } fragment described herein, it could be either a linear or cyclic
polypeptide, for example, a linear peptide or a cyclic peptide having the amino acid seqoence
of SEQ ID NO:1 or 3. In some cmbodiments, the inhibitor is Compound 21, In some
embodiments, the inhibitor is a nucleic acid encoding an integrin P fragment comprising the
amino acid sequence set forth in any one of SEQ ID NO:1, 2,3, or 4. Optionally, more than
one inhibitor can be used simythtancously, including a known anti-inflamymatory agent or anti-

temor agent such as chemotherapeoutic agent.

186671 In a third aspect, the present invention provides a composition that may be useful
for treating a condition mvolving an inflammatory condition or undesirable cell proliferation.
The composition comprises: (1) an effective amount of an inhibitor for sPLAZ-11A and
mtegrin binding and (2} a pharmaceutically acceptable carrier. In some embodiments, the
nhibitor is an integrin P fragment comprising the amino acid sequence set forth in any one of
SEQ I NG, 2, 3, or 4. In some embodiments, the inhibitor 1S an integrin P fragment
comprising the amino acid sequence set forth in SEQ 1D NO:T or SEQ 1D NG:3. Tnsome
embodiments, the inhibitor is an integrin B fragment comprising the amino acid sequence set
forth in SEQ 1D NO:1, 2, 3, or 4 but not the fudl length integrin B. The fragment may be in
the fength range of less than 204, 150, 104, 80, 70, 60, 50, 40, 30, or 25 amino acids. The
fragment may further have one or two heterologous amino acid sequences located at its N-
terminus and/or C-terminus, such as a tag for affinity to facilitate identification or isclation

during a recombinant production process. In some cmbodiments, the inhibitor is an infegrin
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f fragment consisting of the amino acid sequence set forth in SEQ ID NG, 2, 3, or 4,
optionally with one or two heterologous amino acid sequences located at its N-terminus
and/or C-teroinus. When the inbibitor is a polypeptide, e.g., an integrin B fragoend

described herein, it could be either 4 linear or cyclic polypeptide, for example, a lincar

(]

peptide or a cyelic peptide having the amino acid sequence of SEQ ID NGO:i or 3. Insome
embodiments, whergin the inhibitor is Compound 21, In some embodiments, the inhibitor ig
& nucleic acid encoding an integrin P fragment comprising the amino acid sequence set forth
in SEQ ID NO:1. In some embodiments, the inhibitor 18 a nucleie acid encoding an integrin
fragment comprising the amino acid sequence set forth in SEQ ID NO:Z. In some

10 embodiments, the mhibitor is a nucleic acid encoding an integrin f fragment comprising the
amino acid sequence set forth in SEQ 1D NO:3. In some embodiments, the inhibitor is a
nucleic acid encoding an integrin P fragment comprising the amino acid sequence set forth in
SEQ 1D NO:4. Optionally, the composition can further contain an additional therapeutic
compound, for example, an anti-inflammatory or anti-fumor agent (e.g., chemotherapeutic

15 agent).

[G8G8]  In = fourth aspect, the present invention provides a kit for treating an nflarmatory
condition or a condition involving undesirable cell proliferation. The kit contains a
composition effective for suppressing nflammatory and/or cell proliferation described in this
disclosure. In some cases, the kit contains a plurality of separate containers cach coniaining 2
20 pre-determined dose of the composition. Tn some cases, user instructions for the application

of the composition are included in the kit.

BRIEF DESCRIPTION OF THE DRAWINGS
#0891 Figure §. sPLAZ-IIA activates gvi3 integrin in cell-free conditions {through

direct integrin binding). a. Activation of soluble avfi3 by sPLAZ-TIA as & function of

o]
wh

vC39%1r concentration. Binding of soluble avp3 (5 pg/mb) to immobilized yC39%r in the
presence or absence of WT sPLAZ-TIA {50 ug/ml) was performed as described in the
methods. Data are shown as means + SEM of three independent experiments. b. Activation of
soluble ovP3 by sPLAZ-IIA as a function of sPLA2-HA concentration. Wells of 96-well
microtiter plates were coated with yC39%r (100 pg/ml) and incubated with soluble avfi3 (5
30 ugfml). Data are shown as means + SEM of three independent experiments. ¢. The effects of
sPLAZ-HA notations on infegrin ovP3 activation. Activation of soluble av(33 was measured
as described above. SPLAZ-HA (50 ug/mb) and yC39%r (100 pg/ml for ceating) were used.

R74E/R 100K, defective in miegrin-binding; H74Q, catalytically imactive; G295/D48E,
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defective in the binding to M-type receptor. &-f. The effects of sSPLA2-HA mustations on the
binding of yC39%r to integrin av{3 on the cell surface. The binding of FITC-labeled yC3991r
to the cells in the presence of sPLAZ-TIA (up 10 20 pg/od in the case of U937 cells {d) and 20
pg/ml in avp3-K562 () and B3-CHO {f) cells) was measured using flow cytometry as

5 described in the methods. Data are shown as means (median flucrescent intensity, MFE) £
SEM of three independent experimerds. g-1, The offects of sPLAZ-TIA mutations on the
binding of ADAMI1S to mtegrin avB3. The binding of FITC-labeled ADAMIS to av3 in the
presence of sSPLAZ-HA (20 pg/ml) in U937 (g), avB3-KS62 (h) and B3-CHO (i) cells was
measured using flow cytometry. Data are shown as means (MF1) + SEM of three independent

10 experimaents,

#0181 Figure 2. Docking simulation predicts that sPLAZ-1IA binds o a binding-site
that is distinct from the classical RGD-binding site in closed-headpiece avP3. a. A
docking model of sPLAZ-ITA-integrin ov3 (inactive) interaction. The headpiece of an
inactive form of integrin avf3 (PDB code 1IV2) was used as a target. b. A docking model of
15 sPLA2-HA-integrin avp3 {active) interaction {14). The headpiece of ligand-bound form of
mtegrin avP3 (PDB code 11.5G) was used as a target. The model predicts that sSPLAZ-[1A
{(PDB code 1DCY) binds to the classical RGD-binding site of the integrin avfi3 headpicce
{site 1}. The model predicts the position of the sccond sPLAZ-TTA-binding site {site 2). ¢.
Superposition of two models shows that the positions of two predicted sPLA2-TIA binding
20 sites are distingt. d. open-headpiece av{i3 structure (1LSG) with an RGD-containing peptide

(site 1),

{3811} Figure 3. Site 2 peptide from PB1 binds {0 sPLAZ-HIA. a. Alignment of peptides
from site 2 from different integrin § sabunits (B 275-294 = 3EQ 1D N(:1; B2 258-277 =
SEQ D NOG:2; 83 267-287 = SEQ 1D NO:3; P4 255-275 = SEQ ID NG:4). b. Binding of sitc
25 2 peptides from different integrin B subunits (S2-B1, B2, B3, and $4) to inunobilized sPLAZ-
A (20 pg/ml). The binding of peptides to immobilized sPLA2-IA was measared as
described to the methods, Data are shown as means = SEM of three independent experiments.
¢. Binding of 82-81 poptide to sPLAZ-UA a5 & fonction of sSPLAZ-U concontrations. The
binding of the peptide to fomobilized sPLAZ-UA was measuned as described 1o (b)Y, Data are
30 shownas means + 3EM of three independent experiments. d. Suppression of yC3991r to
U637 cells by site 2 peptide. The binding of FITC-labelod v{0399 to avB3 on US37 was
messured in How cytomeiry as described in the Methods section. Data are shown as means

SEM of MFT of three independent cxperiments. e, Suppression of vC39%0r 1o avB3-ES562 ¢ells
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by site 2 peptide. The binding of FITC-labeled vC399t to avB3 on ovii3-KS862 was meanred
in flow cyiometry as described in the Methods section. Data are shown as means + SEM of
MFI of three independent oxpevimentds, sFLAZ-HA (20 pg/ml} and site 2 peptides (200
ng/mi}y were used. £ Suppression of vC3%9r to B3-CHO celis by site 2 peptide. The binding
of FITC - Iabeled vC39%r to avP3 on P3-CHOG was measered in flow cytoraetry as described
in the Methods section. Data are shown as moans £ 3EM of MFI of three mdependent

gxperiments, sPLAZ-TIA (20 pg/ml) and site 2 pepiides (200 pg/mb were used.

[8012] Figure 4. sPLAZ-IIA enhances the binding of the fibronectin fragment that
contains CS-1 (HI124) to a4l through binding o sife 2. a. The binding of FITC-labeled
FN HI20 fragment {an o4 -specific higand) to ¢4B] on U937 cells was measured by flow
cytometry. WT sPLAZ-HA, catalytically inactive mutant (H47A), and the receptor-binding
mutant (G295/[348K) enbance the binding of H120 to a4 1, but the integrin-binding
defective nutant (R74E/R100E) does not. Data are shown as means = SEM of M of three
independent experiments. b, Site 2 peptide from B (82-B1) suppressed sPLA2-TTA-induced
o4l activation in U937 cells (20 pg/ml WT sPLAZ-TIA was used). Data are shown as means
+ SEM of MFI of three independent experiments, ¢, d, e, sPLAZ-11A mutations and 52- B
peptide affect 04B1 activation by sPLAZ-HA in 04-K3562 (¢ and d}, and 04-CHO {e) cells.
The binding of FITC-labeled FN H120 fragment to gdB 1+ cells was measured by flow
cytometry, sPLAZ-HA {20 ug/nd) and site 2 peptides (260 pg/rol) were used. Data are shown

as means £ SEM of MFI of three independent experiments.

[8013] FKigure 5. Cmpd2] blocks the binding of yC39%r 1o ¢vi3 on the cell surface
through binding to site 2. The effect of Cnpd21 on the binding of yC399t 10 avP3 and on
the sPLAZ-HA-nduced itegrin activation was studied. a. Structure of Cmpd21. Amino
acids with asterisk are B isomers. b. Cmpd21 suppresses the binding of sSPLAZ-TIA to avfi3.
Scluble avB3 was immobilized to a sensor chip and Cmpd21 was added to the solution phase
together with sPLAZ-TIA in surface plasmon resonance (SPR) study. ¢-¢. Cmpd21
suppressed the binding of FITC-fabeled yC39%4r enhanced by sPLAZ-T1A (20 pug/ml) to avi3
on U937 (¢}, avP3-K562 (d}, and B3-CHO cells (¢). The concentration of Cmpd21 indand e
18 SO uM. Data are shown as means + SEM of MFY of three independent experiments.

[#014] Figure 6. Cmpd2l suppresses sPLAZ-HA-induced a4fi1 activation in U937, ¢4-
K862, and e4-CHO cells, a. Cropd21 suppressed the binding of adf1 to sPLAZ-TIA.
Adhesion of ¢4-K562 cells to sPLAZ-HA {at 10 pg/ml coating concentration) in RPMI1640

medium was measured. Data are shown as means & SEM of three mdependent experiments,
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b-d. Cmpd21 sappressed the binding of FITC-labeled H120 enhanced by sPLAZ-TIA (20
pg/ml) to adfl on U937 (b, ad-K3562 (¢}, and a4-CHO cells (d). The concentration of
Cmpd2l in c and d is 50 M in d. Data are shown as means = SEM of MFT of theee

mdependent experiments.

#0151 Figure 7. sPLAZ-I1A enhances the binding of the RGIk-containing fibronectin
fragment (FN8-11) to a8p1 through binding to site 2. sPLA2-HA at 20 pg/ml and FN8-11
at 20 ug/ml were used if not indicated otherwise. a and b. Specific binding of sPLAZ-TJA to
integrin o3B3 1. FITC-labeled sPLAZ-HA (10 ng/mi) was incubated with K562 cells {a) or
U937 cells (b) in the presence of mouse 1gG, KH7Z (anti-aS mAb), SG73 (anti-04) or 7H3
{anti-B3 mAb) (10 pg/mi). Bound FITC was measured using flow cytometry. Data are shown
as means + SEM of MFT of three independent experiments. ¢. Comp21 suppresses sPLAZ
binding to a5P1. Adhesion of K562 cells to sPLAZ-UA {(coating concerdration 10 pg/ml) was
measured in the presence of Cmpd21. Data are shown as means + SEM of % adhesion of
three independent experiments. d-f. The effect of sPLAZ-TA mutants on the binding of
FITC-FIN8-11 was measured in U937 cells {d), K562 cells (¢}, and CHO cells (). Data are
shown as means + SEM of MFI of three independent experiments. FITC-sPLAZ-TIA was
used at 20 pg/ml if not indicated otherwise. g-1. The binding of FITC-FNS-11 to U937 cells
(g3, K562 cells (b}, or CHO cells {i} was measured in the presence of S2-B1 peptide. Data are
shown as means + SEM of MFI of three independent experiments. j-1L The binding of FITC-
FNE-11to U937 cells (3, K562 colis (k) or CHO cells {1} was measured m the presence of

Cmpd21. Data are shown as means = SEM of MFI of three independent experiments.

[B816] Figure 8. sPLAZ-IIA suppresses the binding of H128 to site 1in 0481, The
binding of H120 to o4-CHO cells as a fimction of sPLAZ-TIA concentrations. The binding of
FITC-H120 (30 pe/ml) was measured in flow cytomeiry (a). Diata are shown as means +
SEM of MFT of thres independont oxperiments (b)), * P<0.05 compared to the MFiar 20

pgmi sPLAZ-HA (arrow),

8017 FKigure 9. A medeal of sPLAZ-H A-induced integrin activation through site 2. A
model s proposed, in which sPLAZ-HA binds to site 2 of inactive/closed-headpices jutegring
and induces conformational changes and enhance Hgand binding to site 1 (the classical RGD-
binding site). This activation is blocked by a peptide that is derived from site 2 or a small

compound (Cmpd21) that binds o the integrin-binding site of sPLAZ-HAL

3
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[8G18] Figure 18. Lack of binding of sPLAZ-HA to integrin ligands vsed in the
present study. Wells of 96-well microtiter plates were coated with ligands (2 uM coating
concendration) and the remaining protein-binding sites were blocked with BSA. The wells

were then incubated with sPLAZ-HA (2 pM/ml in PBS) for 2 hours at room temperature, and

(]

bound sPLA2-11A was determined using HRP-conjugated anti-6His antibody. sPLAZ-ITA
{20 ng/ml coating concentration, 1% of input sPLA2-IIA} was used as a positive control.
Data are shown as means +/- SEM of triplicate experiments. Resulis indicate that there s

hittle or no binding of sPLAZ-TIA to the integrin Hgands used in this study.

[8019] FKigure 11, SIZ-B1 pepiide suppresces sPLAZ-TiA-induced chemmotaxis,

10 Chemotaxis was measured in modified Boyden chambers, | ug/ml sPLAZ-HA and 20 pg/ml
52-B1 peptide or control peptides in 600 ul RPMI 1640 medivm were placed in lower
charnber, and U937 cells (2 x 107 colls in 100 pl RPMI 1640 modiam) were placed in the
upper chamber, After 5 hours of Incubation at 37°C, cells in the lower chamber was counted.

Data indicate that site-2 peptides can be developed for therapeutic use,

15 [8028] Figure 12. Binding of linear and cyclic site T peptides 1o sPLAZ-T1IA and FEN.
{yclic site 2 peptides (B1 and B3) binding to sPLAZ-TA or fractalkine (FKN) was compared
i ELISA binding assays. Cyclic Bl peptide was very similar to linear B1 peptide in its
binding to sPLAZ-TIA or FKN, but cyclic B3 peptide showed stronger binding ability than
Imear B3 peptide.

20 DEFINITIONS

{3821} Inflammation” or an "inflammatory response” refers to an organism's immune
response to irritation, toxic substances, pathogens, or other stimnoll. The response can nvolve
inpate immunc components and/or adaptive mmunity. Inflamamation is generally
characterized as either chronic or acute. Acute fnflammmation is characterized by redness,

25 pain, heat, swelling, and/or loss of fimetion due to mfiltration of plasma proteins and
leukocyies to the affected area. Chronic inflammation is characierized by persistent
inflaromation, tissuc destruction, and atieropts af repait. Monocytes, macrophages, plasma B
cells, and other lymiphocytes are recruited to the affected area, and angiogenesis and fibrosis

gecur, often leading to scar tissue,

.
(]
o
o

166221  An "mflammatory condition” is one characterized by or involving an inflammatory
response, as described above. A list of exemplary inflammatory conditions includes: asthma,

autoimmune disease, chronic inflanymation, chrouic prostatitis, glomerulonephritis,
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hypersensitivities and allergies, skin disorders such as ecrema, inflamymatory bowel disease,
pelvic inflammatory discase, reperfusion injury, rheumatoid arthritis, transplant rejection, and

vascuiitis.

168231  Asused herein, "sPLAZ2-TIA" refers to a member of the phospholipase A2 (PLA2)

RN

fanily, a scercted phospholipase. In this application, an "sPLAZ-UA protein” refers 1o a full-
fength sPLAZ-TTA polypeptide sequence, including the human sPLAZ-HA (GenBank
Accession No. P14555, encoded by GenBank Accession No. M22430), its polymorphic
variants and species orthologs or homologs. An "sPLA-IIA polynucleotide” refers to a
nucleic acid sequence from the gene encoding the sPLAZ-TIA protein and may include both
10 the coding and non-coding regions. "sPLA2-HA ¢DNA," "sPLAZ-ITA mRNA," "sPLAZ-TIA
coding sequence,” and their variations refer to a nucleic acid sequence that encodes an

sPLAZ-I1A polypeptide.

[8024] Simlarly, the amino acid sequences of integrin chaing B, 82, B3, and B4 arc

provided in GenBank Accession Nos, POSS56, M15395, POS106, and X31841, encoded by
15 GenBank Accession Nos. XO7979, AAASB490.1, JO2703, and CAA36134. 1, respectively.

Each of these terms encompasses its corresponding polymorphic variants and interspecies

orthologs/homologs.

1862381 “An integrin P fragment” as used in the context of interference of sPLA2-11A and
integrin binding refers to a non-naturally cccurring polypeptide that (1) comprises a core

20 sequence or a sequence corresponding to the integrin f site 2 sequence, such as those set forth
m SEQ D NOs:1-4, which may fully correspond to a segment of the native integrin B protein
or may contain one or two aming acid residues baving been modified (e g, inserted, deleted,
or substituted) from the native the native integrin B protein sequence; {2} does not include the
full length of anintegrin B amine acid sequence (i.e., ncluding at most a fragmernt of the

25 imtegrin B) but optionally may include an additional 1,2,3,4,5,6, 7,8, 9, 10, 11, 12, 13, 14,
1§, 16, 17, 18, 19, 20, 25, 30, 35, 40, 45, or up to 50 amino acids of the native integrin B
sequence immediately next to the site 2 sequence at C- and/or N-terminus of the site 2
sequence. The fragment may be in the length range of no more than 200, 130, 100, 80, 70,
60, 50, 40, 30, or 25 aming acids. An integrin B fragment is capable of specifically binding to

30 sPLAZ-IIA due to the presence of the integrin J§ site-2 sequence but is not capable of signal
transduction carried out by wild-type Untegrin due to the absence of the remainder of the

ntegrin B chain, The mtegrin P fragment is therefore able to interfere with the binding
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between sPLAZ-HA and integrin by ouwtcompeting integrin P for sPLAZ-TA binding.
Optionally, the “mntegrin § fragment” may further comprise at least one peptide sequence of a
heterologous origin {i.e., not derived from the same integrin  profein sequence), for example,

any one of the “tags” known and used in the field of recombinant proteins: a peptide tag such

(]

as an AviTag, a peptide allowing biotinylation by the enzyme BirA and so the protein can be
isolated by streptavidin {GENDIFEAQKIEWHE), a Calmodulin-tag, a peptide bound by the
protein calmodulin (KRREWEKKNFIAVSAANRFKKISSSGAL)Y, a polyglutamate tag, a
peptide binding efficiently to anion-exchange vesin such as Mono-Q (EEEEEE), an E-tag, a
peptide recognized by an antibody {GAPVPYPDPLEPR), a FLAG-tag, a peptide recognized
10 by an antibody (DYKDDDDK), an HA-tag, a peptide recognized by an antibody
{(YPYDVPDYA), a His-tag, 5-10 histidines bound by a nickel or cobalt chelate (HHHHHH),
a Mye-tag, a short peptide recognized by an antibody (EQKLISEEDL), an S-tag
{(KETAAAKFERQHEHMDS), an SBP-tag, a peptide that specifically binds to streptavidin
(MDEKTTGWRGGHVVEGLAGELEQLRARLEHHPQGQREP), a Softag 1 for mammalian
15 expression (SLAELENAGLGGRS), a Softag 3 for prokaryotic expression (TQDPSRVG), a
Strep-tag, a peptide that binds to streptavidin or the modified streptavidin called streptactin
{Strep-tag H: WSHPQFEK), a TC tag, a tetracysteine tag that is recoguized by FIAsSH and
ReAsH biarsenical compounds (CCPGCC), a V3 tag, a peptide recognized by an antibody
{GEPIPNPLLGLDST), a VSV-tag, a peptide recognized by an antibody (YTDIEMNRLGK),
20 an Xpress tag (DLYDDDDK); or a covalent peptide tags such as an Isopeptag, a peptide that
binds covalently to pilin-C protein (TDEKDMTITFINKKDAE), a SpyTag, a peptide that
binds covalently to SpyCatcher protein (AHIVMVDBAYEPTK); or a protein tag such as a
BCCP tag (Biotin Carboxyl Carrier Protein), a protein domain biotinylated by BirA enabling
recognition by streptavidin, a Ghutathione-S-transferase (GST) tag, a2 protein that binds to
25  immobilized glutathione, 2 Green fluovescent protein (GFP) tag, @ protein that is
spontancously fluorescent and can be bound by nancbodies, a Maltose binding protein (MBP}
tag, a protein that binds to amylosc agarose, a Nus-tag, a Thiorcdoxin-tag, an Fe-tag, derived
from immunoglobulin Fe dorain, allow dimerization and solubilization. Can be used for
purification on Protein-A Sepharose; as well as other types of tags such as the Ty tag,
30 Furthermore, the integrin § fragment may also tnclade one or more D-amino acids or include

chemical modifications such as glycosylation, PEGylation, crosshnking, and the like.

[8826] “Inhibitors” or “suppressors” of sPLAZ-TIA and integrin binding refer to

compounds that have an inhibitory or disruptive effect on the specific binding between

1
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sPLAZ2-HA and an integrin § chain, as identified in in vitro and in vivo binding assays
described herein. In some cases, an inhibitor directly binds to cither sPLAZ-HA or integrin §
chain, especially the Bl or B3 chain, such that specific binding between sPLAZ-1IA and
mtegrin P is suppressed or abolished. For instance, a polypeptide such as an integrin B
fragment that specifically binds sPLA2-ITA may serve as an inhibitor. An exemplary tegrin
{ fragment as an inhibitor is a poptide consisting of the amino acid sequence set forth in SEQ
D NG, 2, 3, or 4, and the peptide can be linear or cyehic. The peptide may optionally
further inchide one or more heterclogous amine acid sequence located at the N-terminas
and/or C-terminus of the peptide. Inhibitors also include compounds such as small molecules
that are capable of reducing or chinudnating the binding between sPLAZ-HA and integrin B,
e.g., Compound 21. Assays for inhabitors of sPLAZ-TTA-integrin binding nclude, e g,
applying putative inhibitor compounds to a cell expressing the integrin P fragment in the
presence of sPLAZ-ITA under conditions that permit sPLAZ-11A-integrin binding and then
determining the effect of the compounds on the binding, as described herein. Assays for the
inhibitors also inchude cell-free systems, where samples comprising sPLAZ-IIA and the
integrin  fragment treated with a candidate inhibitor arc compared to a conirof sample
without the inhibitor to examine the extent of inhibition on the sPLAZ-IA-integrin binding.
Control samples (not treated with inhibitors) are assigned a relative binding level of 106%.
Inhibition of binding is achieved when the level of binding or relative to the control is abowt

90%, 80%, 70%, 50%. 20%, 10% or close to (%.

{88271 A composition "consisting essentially of a sSPLAZ-HA-integrin binding inhibitor” is
one that includes an inhibitor of specific binding between sPLAZ-UA and integrin §
{espocially integrin B1 or P3) but no other compounds that contribute significantly 1o the
mhibition of the binding. Such compounds may include inactive excipients, e.g., for
formulation or stability of a pharmaceutical composition, or active ingredients that do not
significantly countributc to the inhibition of sPLAZ-integrin binding. Exemplary compounds
consisting cssentially of a sPLA2-integrin inhibitor include therapeutics, medicaments, and

pharmaceutical compositions.

[B028]  As used herein, an "effective amount” or a "therapeutically effective amount” means
the amount of a compound that, when administered to a subject or patient for treating 2
disorder, 18 sufficient to provent, reduce the frequency of, or alleviate the symptoms of the
disorder. The effective amount will vary depending on a variety of the faciors, suchas a

particular compound used, the disease and its severity, the age, weight, and other factors of
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the subject to be treated. Amelioration of a symptom of a particular condition by
administration of 3 pharmaceutical composition described herein refers io any lessening,
whether permanent or tomporary, that can be associated with the administration of the
pharmaceutical composition. For example, the amount of an inhibitor of sPLA2-HA-mtegrin
binding is considered therapeutically effective for treating an inflammatory condition or a
condition involving undesired cell proliferation when treatment resulls in climinated
symptoros, delayed onset of symptoms, ot reduced frequency or severity of sympioms such

as discomfort, frritation, swelling, erc.

[B028] A “subjoct,” or "subject in need of weatment,” as used herein, refers to an individual
who seeks medical attention due to visk of, or actual sufference from, a condition involving
an undesirabic inflammatory reaction or cell proliferation. The term subjoct can include both
animals and humans. Subjects or individuals in need of treatment include those that
demonstrate symptoms of the inflammatory condition and/or undesirable cell proliferation or

are at risk of later developing these symptoms.

[6838]  The term “nucheic acid” or “polynucleotide” refers to deoxyribonucleotides or
ribomiclectides and polymers thereof in etther single- or double-stranded form. Unless
specifically limited, the torm encompasses nucleic acids containing known analogues of
natural nucleotides which have similar binding properties as the reference nucleic acid and
are metabolized in a mamner similar to naturally occorring nucleotides. Unless otherwise
indicated, a particular nucleic acid sequence also imphicitly encompasses conservatively
modified variants thereof {e.g., degenerate codon substitutions) and complementary
sequences as well as the sequence explicitly indicated. Specifically, degenerate codon
substitutions may be achieved by generating sequences in which the third position of one or
more selected (or all) codons is substituted with mixed-base and/or deoxyinosine residues
(Batzer ef al., Nucleic Acid Res., Y5081 (1991); Obtsuka er al., J. Bicl. Chem., 260:2605-
2608 (1985); and Cassol ef af., (1992); Rossolini et al, Mol Cell. Probes, 8:91-93 {1994)).
The terms nucleic acid and polynaciestide are used interchangeably with gene, cDNA, and
mBRNA encoded by 3 gooe.

39 ¢4

#0331 The terms “polypeptide,” “peptide,” and “protein” are used interchangeably herein
to refer to a polymer of amino acid residoes. The terms apply to amino acid polymers in
which one or more amino acid residue 1 an artificial chersical mimetic of a corresponding

naturally occurring amino acid, as well as to naturally occurring amine acid polymers and
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non-naturally occurring amino acid polymers. As used herein, the terms encompass amino
acid chains of any length, including foll length proteins (i e., antigens), wherein the amino

acid residues are Hinked by covalent peptide bonds.

{6832} The term “amino acid” refers to naturally occurring and synthetic amino acids, as
well as amine acid analogs and amine acid mimetics that function in g manner stmilar to the
naturally occurring amino acids. Naturally ocourring amino acids are those encoded by the
genetic code, as well as those amino acids that are later modified, e.g., hydroxyprohine,
y-carboxyglutamate, and O-phosphoserine. Amino acid analogs refers to compounds that
have the same basic chemical structure as a naturally occurring amino acid, i.e., an o carbon
that 1s bound to a hydrogen, a carboxyl group, an amino group, and an R group, 2.2,
homosering, norleucing, methionine sulfoxide, methionine methyl selfonium. Such analogs
have modified R groups {e.g., norleucing) or modified peptide backbones, but retain the same
basic chemical structure as a naturally occurring amine acid. “Amino acid mimetics” refers
to chemical compounds that have a structure that is different from the general chemical
structure of an amino acid, but that functions in a manner similar to 2 naturally occurring

amino acid.

#0331 Amino acids may be referred to herein by cither their commonly known three letter
symbols ot by the one-letier symbols recommended by the TUPAC-TUB Biochemical
MNomenclature Commission. Nucleotides, likewise, may be referred to by their commonly

accepted single-letter codes.

[3834] An "antibody” refers to a polypeptide substantially encoded by an immumeoglobulin
gene or immumnoglobulin genes, or fragments thereof, which specifically bind and recognize
an analyte (antigen). The recognized immunoglobulin genes include the kappa, lambda,
alpha, gamama, delia, epsilon and mu constand region genes, as well as the mayriad
immuneglobulin variable region genes. Light chains arc classified as either kappa or lambda.
Heavy chains are classified as gamma, mao, alpha, dehta, or epsilon, which in turn define the

inmnunoglobulin classes, 1gG, IgM, IgA, igD and IgE, respectively.

{88351  Ar exemplary immuonoglobulin (antibody) stroctural unit comprises a tetramer.
Each tetramer is composed of two identical pairs of polypeptide chains, each pair having one
"light” {(about 25 kID) and one "heavy” chain {(about 50-70 kI3). The N-terminus of cach

chain defines a variable region of about 100 t¢ 110 or more aming acids primarily responsible
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for antigen recognition. The terms variable Eght chain (Vi) and variable heavy chain (Vi)

refer to these light and heavy chains, respectively.

#0361 Antibodies exist, e.g., as intact imymunoglobuling or as 2 number of well
characterized fragments produced by digestion with varicus peptidases. Thus, for example,
pepsin digests an antibody below the disulfide linkages in the hinge region to produce F(ab)y,
a dimer of Fab which itself is a light chain jomed to Vu-Cil by a disulfide bond. The Fab);
may be reduced under mild conditions to break the disulfide hinkage in the hinge region,
thereby converting the F{al)» dimer into an Fab’' monomer. The Fab' monomer is essentially
an Fab with part of the hinge region (see Paul, Fundamental immunology, Third Ed., Raven
Press, NY (1993)). While various antibody fragments are defined in terms of the digestion of
an intact antibody, onc of skill will appreciate that such fragmeunts may be synthesized de
nove cither chenically or by utilizing recombinant DNA methodology. Thus, the term
"antibody,” as used heremn, also includes antibody fragments either produced by the
modification of whole antibodies or those synthesized de nove using recombinant DNA
methodologies {e.g., single chain Fv). These antibody fragments are also vsefisl for methods

requiring antigen recognition.

168377 Chimeric antibodies combine the antigen binding regiouns (variable regions) of an
antibody from one animal with the constant regions of an antibody from another animal.
Generally, the antigen binding regions are derived from a non-human amimal, while the
constant regions are drawn from homan antibodies. The presence of the human constant
regions reduces the likelihood that the antibody will be rejected as foreign by a buman

recipiont.

1#038] "Humanized" antibodics combine an even smaller portion of the non-human
antibody with human conmponenis. Generally, a2 bumanized antibody comprises the
hypervariable regions, or complementanily determining regions (CDR), of a non-human
antibody grafted onto the appropriate framework regions of 2 human antibody. Autigen
binding sites may be wild type or modified by one or more amino acid substitutions, e g,
modified to resemble human immunoglobulin more closely. Both chimeric and humanized
antibodies are made using recombinant techniques, which are well-known in the art (sec, e.g.,

Jones ot al,, Nature, 321:522-525 (1986)).

{88391 The phrase "specifically (or selectively) binds to an antibody” or "specifically (or

sclectively) immunoreactive with," when referring to a protein or peptide, refers to a binding
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reaction that is determinative of the presence of the protein in the presence of a
heterogeneous population of proteins and other biclogics. Thus, under designated
imnnmoassay conditions, the specified antibodies bind 1o a particular protein and do not bind
m a significant amount to other proteins present in the sample. Specific binding to an
antibody vnder such conditions may reqoire an antibody that is selected for its specificity for
a particular protein, e.g., sSPLAZ-HA or an integrin o or [} chain. For example, antibodies
raised against sPLAZ-TIA can be sclected to obtain antibodies specifically mmunoreactive
with that protein and not with other proteins, except for polymorphic variants, e.g., proteins at
least 8%, 45%, 90%, 95%, or 99% identical to sPLAZ-TIA or a fragment thereof e.g., a
domain or unigue subsequence. A variety of innmunoassay formats may be used to select
antibodies specifically immumoreactive with a particular protem. For example, sohd-phase
ELISA mmmoassays, Western blots, or immumohistochemistry are routinely used to select
moneclonal antibodies specifically immunoreactive with a protein. See Harfow and Lane
Antibadies, A Laboratory Manual, Cold Spring Harbor Publications, NY {1988) fora
description of immunoassay formats and conditions that can be used to determine specific
immunoreactivity. Typically, a specific or selective reaction will be at least twice the

background signal or noise and more typically more than 10 to 100 times background.

DETAILED DESCRIPTION OF THE INVENTION
L Introduoction
[6848] Seccreted PLAZ type HHA (sPLAZ-UA} was first isolated and purified from
rhewmatoid synovial fluid (1), sPLAZ-11A is an acute phase reactant and its plasma
concentration markedly increases in diseases that involve systemic inflammation such as
sepsis, theumatoid arthritis, and cardiovascular disease (up to 1000-fold and > 1 pg/mi).
Inflaramatory cytokines such as [L-6, TNF-q, and IL-1f3 induce synthesis and release of
sPLAZ-HA in arterial smooth muscle cells and hepatocytes, which are the major sources of
the plasma sPLA2-IIA in these systemic inflammatory conditions (2.3). In addition to being
a pro-inflammatory protein, sPLA2-TA expression is elevated in neoplastic prostatic tissue
{4) and dysregulation of sPLAZ-HA may play a role in prostatic carcinogenesis (5), and is a2
potential therapeutic target in prostate cancer (6).
13841} Notably some bioclogical effects associated with sSPLAZ-1A are mmdependent of its
catalytic fumction (7). Catalytically mactive sPLAZ-HA mutants retaines the ability to

enhance cyclooxygenase-2 expression in connective tissue mast cells (7). Also inactivation
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of sPLAZ-IIA by bromophenacyl bromide does not affect the ability of sPLAZ-HA to induce
sccretion of B-glucuronidase, 1L-6, and IL-8 from human cosinophils (). it has thus been
proposed that sPLAZ-11A action is mediated through mteraction with specific roceptors.
Indeed the enzyme binds to a high affinity receptor of 180 kD4 present on rabbit skeletal
muscle {9). This so-called M {muscle)-type receptor belongs to the superfamily of C-type
fecting and mediates seme of the physiological effects of mammalian sSPLA2Z-UA, and binding
of sPLAZ-IIA to this receptor induces mternalization of sSPLAZ2-TA (10). However, the
mteraction between sPLAZ-HA and the M-type receptor is species-specific, and uan

sPLA2-HA binds to the buman or mouse M-type receptor very weakly (110

[3842] Integrins are a family of cell adhesion receptors that recognize ECM hgands and
cell surface ligands (12}, Integrins arc transmembrane heierodimers, and at least 18 wand 8 §
subunits are known {13}, Iategrins transduce sigonals to the cell upon ligand binding (12).

The inventors previously reported that sSPLA2-IA binds fo integring avp3 and 04P1 and
mduces profiferative signals in an integrin-dependent manner. sPLAZ-TIA specifically binds
to integrin ovP3 and adf1 (14). The mtegrin-binding site does not include the catalytic center
or the M-type receptor-binding site. W and the catalytically imactive nustant {the H47Q
mutant) of sSPLAZ-HA indoces intracelludar signals in monocytic cells, but an mntegrin-binding
defective mutant (the R74E/R100E mutant) does not {14}, These resulis suggest that
integring may serve as recepiors for sPLAZ-11A and mediate pro-inflaromatory action of
sPLAZ2-HA in human. The inventors screened for small compounds that bind to sPLA-IA
and inhibit integrin binding and obtained several compounds and compound 21 (Cmpd21),
which supprossed avB3-mediated cell adhesion and migration (135). These findings indicate
direct binding of sPLAZ-IA to ntegrins 15 critical for pro-inflammatory actions of sPLAZ-

TIA.

166431 Tt has been proposed that integrin activation is mediated by signaling from inside the
cell (inside-out signaling), and that integrin activation is associated with global
conformational changes of the integrin molecule (16,17). The inventors recently discovered
that the chernokine domain of fractalkine (FKN-CD) directly binds to several fntegrins and
this interaction is critical for fractalkine/CX3CRY signaling (18). FEN-CD induces ternary
complex formation (integrin-FEN-CD-CX3CR1) on the cell surface, suggesting that integring
act as co-receptor for FKN-CED in FKN/CX3CR1 signaling {i8). Notably the inventors
discovered that FKN-CD can activate integrins in the absence of CX3CR 1 through divect

binding to integrins probably in an allosteric mechanism (19). The inventors identified a new

16
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FEN-CD-binding site i integrins (site 2} that 15 distinct from the classical RGD-binding site
{(sitc 1). The position of site 2 was predicted by docking simulation of intcraction between
FEN-CD and integrin avP3 that has a closed-headpicce conformation. This is based on the
premise that site 2 is open n the closed-headpiece avf3. A peptide from site 2 (residues 267-
286 of P3) directly binds to FKN-CD and suppresses FKN-CD-induced integrin activation
(19). The mvendors thus proposed a model, in which FEN-CD binding to site 2 induces

activation of stte 1 though conformational changes (in an allosteric mechanism).

{6844} The site 2-mediated activation of integrins may not be limited to FKN-CD. In the
present paper the inventors deseribe that sSPLAZ-UA divectly activates ttegrins (ov(3, mdfl,
and a3f1) in celi-free conditions and/or on the cell surface. sPLAZ-1IA nustants that are
catalytically inactive or defective in binding to M-type receptor still activate integrins, while
the ntegrin-binding defective nutand did not. This suggests that direct ntegrin binding is
required, but catalytic activity or M-type receptor 1s not. sPLAZ-TIA is predicted to bind to
site 2 in avP3 in a closed-headpiece conformation in docking simulation. Consistently, the
inventors obtained evidence that a peptide from siie 2 effectively suppressed the sPLA-TA-
mduced mtegrin activation, suggesting that this activation involves the binding of sPLA-TIA
to site 2. Cmpd21 cffectively suppressed sPLA2-HA-indoced integrin activation. These
results define a novel mechanism of pro-inflammmatory action of sPLA2-HA through integrin

activation

. Recombinant Expression of Polypeptides

A, General Recombmant Technology

[#045] Basic texts disclosing general methods and technigues in the field of recombinant
genetics include Sambrook and Russell, Molecular Cloning, A Laboratory Manual (3rd ed.
2001); Kriegler, Gene Transfer and FExpression: A Labovatory Manual {1990}); and Ausubel

et al., eds., Current Protocols in Molecular Biology (1994).

{8846} For nucleic acids, sizes are given in cither kilobases (kb) or base pairs (bp). These
are cstimates derived frorn agarose or acrylamide gel electrophoresis, from sequenced nucleic
acids, or from published DNA sequences. For proteins, sizes are given in kilodaltons (kDa)
or amino acid residue numbers. Proteins sizes are estimated from gel electrophoresis, from

sequenced proteins, from derived amine acid sequences, or from published protein sequences.

(88471 Oligonucleotides that are not commercially available can be chemically synthesized,

e.g., according to the sofid phase phospboramidite triester method first described by
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Beaucage & Caruthers, Tefrahedron Left. 22: 1859-1862 (1981}, using an automated
synthesizer, as described in Van Devanter ef. af., Nucieic Acids Res. 12: 61593-6168 {1984},
Purification of chgonucleotides s performed using any arf-recognized strategy, e.g., native
acrylamide gel electrophoresis or anmon-exchange HPLC as described in Pearson & Reanier,

J. Chrom. 255: 137-149 (1983).

(]

[6848] The polynucleotide sequence encoding a polypeptide of intercst, e.g., an integrin B
fragment polypeptide, and synthetic oligonucleotides can be verified after cloning or
subcloning using, e.g., the chain termination method for sequencing double-stranded

templates of Wallace ef ¢/, Gene 16: 21-26 (1981).

10 B. Clonine and Subcloning of a Coding Sequence

[3849]  The polynucleotide sequeonces cocoding human integrin B1, B2, B3, and 4 are
known as GenBank Accession No. X07979, AAASS490.1, 102703, and CAA36134.1,
respectively. The corresponding amino acid sequences are GenBank Accession Nos. PO5556,
M15395, POS106, and X51841, respectively. These polynucleotide sequences may be

15 obtained from a commercial supplier or by amplification methods such as polymerase chain

reaction {PCR),

1668561  The rapid progress in the studies of buman genome has made possible a cloning
approach where a human DNA sequence database can be searched for any gene segment that
has a certain percentage of sequence homology to a known nucleotide sequence. Any DNA
20 sequence so wdentified can be subsequently obtained by chomical synthesis and/or PCR
technigue such as overlap extension method. For a short sequence, completely de novo
synthesis may be sufficient; whereas further 1solation of foll length coding sequence froma
human ¢DNA or genomic library using a synthetic probe may be necessary to obtain a larger

gene.

b
N

{68511 Alternatively, a polynucleotide sequence encoding an integrin chain can be isolated
from a ¢cDINA or genomic DNA hibrary using standard cloning techniques such as PCR,
where homology-based primers can often be derived from a known mucleic acid sequence
encoding an integrin polypeptide. This approach is particularly useful for identifying
variants, orthologs, or homologs of integrin chains such as B, B2, B3, and B4. Most

30 cowmwnonly used techuigues for this purpose are described iu standard texts, e.g., Sambrook

and Russell, supra.

18
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[66852] coDNA libraries saitable for obtaining a8 coding sequence for a human integrin chain
may be commercially available or can be constructed. The general methods of isolating
mRNA, making cDNA by reverse transcription, ligating cDNA into a recombinant vector,

trapstecting into a recombinant host for propagation, screening, and cloning are well known

(]

{(see, e.g., Gubler and Hoffman, Gene, 28; 263-260 (1983); Ausubel ef al, supra). Upon
obiaining an amplified segment of nucicotide sequence by PCR, the segment can be further
used as a probe to 1selate the full length polynucieotide sequence encoding the gene of
mterest {e.g., integrin $1 or B3 chain) from the ¢cDNA library. A general description of
appropriate procedures can be found in Sambrook and Russell, supra. A similar procedure
10 can be followed to obtain a sequence encoding a human integrin chain from a human
genomic library, which may be commercially available or can be constructed according to
varipus art-recognized methods. Based on sequence homology, degenerate ohigonucleotides
can be designed as primer sots and PCR can be performed under suitable conditions (see, e.g.,
White ef al., PCR Protocols: Current Methods and Applications, 1993; Griffin and Griffin,
15 POR Technology, CRC Press Inc. 1994) to amplify a segment of nucleotide sequence from a

cENA or genomic library.

{8853}  Upon acquiring a polynucleotide sequence encoding an integrin f§ site-2 sequence,
the sequence can then be subcloned into a vector, for instance, an expression vector, so that a
recomabinant polypeptide (e.g., an integrin § fragment) can be produced from the resulting

20 coustruct. Further modifications to the coding sequence, e.g., nucleotide substitutions, may

be subsequently made to alter the characteristics of the polypeptide.

C. Modification of a Polvnucleotide Coding Sequence

{88541 The amino acid sequence of an integrin § fragment polypeptide may be modified

while maintaining or enbancing the polypeptide's capability to inhibit endothelial ccll

o]
RN

proliferation, as determined by the in vitre or in vivo methods described below. Possible
modifications 1o the amino acid sequence may inchude conservative substitations; deletion or
addition of one or more amino acid residues (e g, addition at one terminal of the polypeptide
of a tag sequence such as 6 x His to facilitate purification or identification) at cither or both of

the N- and C-termin.

30 (BG5S A variety of mutation-generating protocols are established and described in the art,
and can be readily used to modify a polynucleotide sequence encoding an jntegrin P fragment

polypeptide. See, e.g., Thang et al., Proc. Nail. Acad. Sci. US4, 84 4504-4509 (1997}; and
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Stemmer, Nature, 378; 385-301 (1994), The procedures can be used separately or in
combination to produce varianis of a set of nucleic acids, and hence variants of encoded
polypeptides. Kits for mutagenesis, library coustruction, and other diversity-generating

methods are commercially avatlable.

[6856] Mutational methods of generating diversity include, for example, site-directed
mutagenesis (Botstein and Shortle, Science, 229: 1193-1201 (1985)), nuitagencsis using
gracil-containing templates (Kunkel, Proc. Nadl, Acad. Sci. USA, 82: 488-492 {1985},
oligomicleotide-directed mutagenesis (Zoller and Smith, Nucl, 4cids Res., 16: 6487-6500

{1982)), phosphorothicate-modified DNA mutagenesis (Taylor ef al., Nucl Acids Res., 13:

§749-8764 and 8765-8787 (1985)), and mutagenesis using gapped duplex DNA (Kramer ef
al., Nucl Acids Res., 12: 9441-9456 {1984)).

166571 Other possible methods for generating mutations include point mismatch repair
{Kramer ef af,, Celi, 38: 879-887 (1984)), mutagenesis using repair-deficient host strains
(Carter 1 af., Nucl, Acids Res., 13 44314443 (1985)), deletion mutagenesis (Eghtedarzadch
and Henikoff, Nucl Acids Res., 14: 5115 (1986}, restriction-sclection and restriction-
purification (Wells et al., Phil. Trans. R Soc. Lond. A, 317 415-423 (1986)}}, mutagenesis by
total gene synthesis (Nambiar e ¢, Science, 223: 1299-1301 (1984}, double-strand break
repair { Mandecki, Proc. Natl Acad. Sci. USA, 83: T177-7181 {1986}), mutagenesis by
polymucleotide chain termivation methods (U.S. Patent No. 5,963,408), and error-prone PCR

{(Leung of ¢l , Bioctechnigues, 1. 11-15 {198GY).

D. Modification of Nucleic Acids for Preferred Codon Usage m a Host Oreanism

[8858] The polynucleotide sequence encoding an integrin § fragment can be further altered
to coincide with the preferred codon usage of a particular bost. For example, the preferred
codon usage of one strain of bacterial cells can be used to derive a polynucleotide that
encodes an integrin P fragment and includes the codons favored by this strain. The frequency
of preferred codon usage exhibited by a host cell can be calculated by averaging frequency of
preferred codon usage in a large number of genes expressed by the bost cell (e.g., calculation
service is available from web site of the Kazusa DNA Research Institate, Japan). This
analysis is preferably limited to genes that are highly expressed by the host cell.

166591 At the completion of modification, the coding sequences are verified by sequencing

and are then subcloned into an appropriate expression vector for recombinant production of

the integrin B fragment polypeptides.
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E. Chemical Synthesis of Polypeptides

[8868] The amino acid sequences of human integrin 1, §2, P3, and B4 chains have been
established {e.g., GenBank Accession Nos, PO3556, M15395, PO5106, and X51841,

respetively). Polypeptides of known sequences, especially those of relatively short length
A o . Led

(]

such as an tntegrin B fragment, may be synthesized by solid-phase peptide synthesis methods
using procedures similar to those described by Morrifield ef «l., /. Am. Chem. Soc., 88:2149-
2156 (1963); Barany and Merdfield, Solid-Phase Peptide Synthesis, in The Peptides:
Analysis, Synthesis, Biology Gross and Meienhofer (eds.), Academic Press, N.Y., vol. 2, pp.
3-284 (1980); and Stewart ef al., Solid Phase Feptide Synthesis 2nd ed., Pierce Chem. Co.,
10 Rockford, UL (1984). During synthesis, N-g-protected amino acids having protected side
chains are added stepwise to a growing polypeptide chain hinked by its C-ternunal and to a
solid support, i.e., polystyrene beads. The peptides are synthesized by linking an aming
group of an N-g-deprotected amino acid to an a~carboxy group of an N-g-protected amino
acid that has been activated by reacting it with a reagent such as dicyclohexylcarbodiimide.
15 The sttachment of a free aming group to the activated carboxyl leads to peptide bond
formation. The most commonly used N-o-protecting groups inchide Boc, which is acid

labile, and Fmoc, which is base labile.

{8861} Materials suitable for use as the solid support are well known to those of skill in the
art and include, but are not Hinited to, the following: halomethyi resins, such as chloromethyl
20 resin or bromomethyl resing hydroxymethyl resins; phenol resins, such as 4-(0-{2.4-
dimethoxyphenyl}-Fmoc-aminomethyliphenoxy resing tert-alkyloxycarbonyl-hydrazidated
resins, and the like. Such resins are commercially available and their methods of preparation

are known by those of ordinary skill in the art.

#0621 Briefly, the C-terminal N-g-protected amino acid is first attached to the solid

Nl
W

support. The N-a-protecting group is then removed. The deprotectied a-amino group is
coupied to the activated a-carboxylate group of the next N-g-protected amino acid. The
process 1s repeated vntil the desired peptide is synthesized. The resulting peptides are then
cleaved from the insoluble polymer support and the amino acid side chains deprotected.
Longer peptides can be derived by condensation of protected pepiide fragments. Details of
30 appropriate chemistries, resins, protecting groups, protected amine acids and reagents are
well known in the art and so are not discussed in detail herein (See, Atherton ef al., Solid
FPhase Peptide Synthesis: 4 Fraciical Approach, IRL Press (1989}, and Bodanszky, Pepiide

Chemistry, A Practical Textbook, Ind Ed., Springer-Veriag {1993},
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HE  Expression and Purification of Recombinant Polypeptides
{8863} Following verification of the coding sequence, a polypeptide of interest {e.g., an
integrin B fragment) can be produced using routine technigues in the ficld of recombinant

genetics, relyving on the polynucleotide sequences encoding the polypeptide disclosed herein.

A. Expression Systems

18664}  To obtain high level expression of a nucleic acid encoding a polypeptide of mterest,
one typically subclones the polymuscleotide coding sequence into an expression vector that
contains a strong promoter to direct transcription, 3 transcription/translation terminator and a
ribosome binding site for translational initiation. Suitable bacterial promoters are well known
n the art and described, e.g., in Sambrook and Russell, supra, and Ausubel ef af, supra.
Bacterial ¢xpression systoms for cxpressing the sPLAZ-HA or integrin polypoptide are
available i, e.g., £, cofi, Bacillus sp., Salmonella, and Caulobacier. Kits for such expression
systems are commercially available. Eunkaryotic expression systems for mammalian cells,
yeast, and inseet cells are well known in the art and are also commercially available. In one
embodiment, the cukaryotic cxpression vector is an adenoviral vector, an adeno-associated

vector, or a retroviral vector,

[8865] The promoter used to divect expression of a heterologous nucleic acid depends on
the particular application. The promoter is optionally posttioned about the same distance
from the heterologous transcription start site as it is from the transcription start site n its
natural setting. As is known in the art, however, some variation in this distance can be

accommodated without loss of promoter function.

[B866] In addition to the promwoter, the expression vector typically includes 8 transeription
unit or expression cassette that contains all the additional elements required for the
expression of the desired polypeptide in host cells. A typical expression cassette thus
contains a promoter operably linked to the nucleic acid sequence encoding the polypeptide
and signals required for efficient polyadenylation of the transeript, ribosome binding sites,
and translation termination. The nucleic acid sequence encoding the desired polypeptide is
typically hinked to a cleavable signal peptide sequence to promote scerction of the
recombinant polypeptide by the transformed cell. Such signal peptides mclade, among
others, the signal peptides from tissue plasminogen activator, insulin, and neuron growth
factor, and juvenile hormone esterase of Heliothis virescens. 1§, however, a recombinant
polypeptide (such as an integrin § fragrment) is intended to be expressed on the bost cell

surface, an appropriate anchoring sequence s used n concert with the coding sequence.

22
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Additional clements of the cassette may include enhancers and, if genomic DNA s used as

the structural gene, mtrons with functional splice donor and acceptor sites.

{8867} In addition to a promeoter sequence, the expression cassette should also contain a
transcription termination region downstream of the structural gene to provide for efficient
termination. The tormination region may be obtained from the same gene as the promaoter

sequence or may be obtained from different genes.

[8868] The particular cxpression vector used to transport the genctic information into the
cell 15 not particularly critical. Any of the conventional vectors used for expression in
eukaryotic or prokaryoetic cells may be used. Standard bacterial expression vectors include
plasmids such as pBR322 based plasmids, pSKF, pET23D, and fusion expression systems
such as GST and LacZ. Epitope tags can alse be added to recombinant proteins to provide

convenient methods of isolation, e.g., c-mye.

{6869} Expression vectors containing regulatory elements from cukaryotic viruses are
typicatly used in cukaryotic expression vectors, e.g., SV40 vectors, papilloma virus vectors,
and vectors derived from Epstein-Barr viras. Other exemplary eukaryotic vectors inchude
pMSG, pAVOOY/A", pMTOIW/A", pMAMneo-3, baculovirus pDSVE, and any other vector
aliowing expression of proteins under the direction of the SV40 early promoter, SV4{ later
promeder, raetallothionein promoter, muring manwuary tumor virus promoeter, Rous sarcoma
vitus promoter, polyhedrin promoter, or other promoters shown effective for expression in

cukaryotic cells,

[B876] Some expression systems have markers that provide gene amplification such as
thymidine kinase, hygromycin B phosphotransferase, and dihydrofolate reductase.
Alternatively, high vield expression systems not invelving gene amplification are also
suitable, such as a baculovirus vector in insect cells, with a polynucleotide sequence encoding
the desived pelypeptide under the direction of the polyhedrin promoter or other strong

baculovirus promoters.

{8871} The clements that are typically included in expression vectors also include a
replicon that funections in £, ¢ofi, a gene encoding antibiotic resistance to permit selection of
bacteria that barbor recombinant plasmids, and unique restriction sites in nonessential regions
of the plasmid to allow insertion of cukaryotic sequences. The particular antibiotic resistance
gene chosen is not critical, any of the many resistance genes known in the art are suitable.

The prokaryotic sequences are optionally chosen such that they do not interfere with the

o
i
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replication of the DNA i evkaryotic cells, if necessary. Similar to antibiotic resistance
sclection markers, metabolic selection markers based on known metabolic pathways may also

be used as a means for selecting transformed bost cells.

8072} Then periplasmic expression of a recombinant protein (e.g., an integrin § fragment)
18 desired, the expression vector further comprises a sequence encoding a secretion signal,
such as the . coli OppA (Periplasmic Oligopeptide Binding Protein) seeretion signal or a
modified version thereof, which is directly connected to 5' of the coding sequence of the
protein to be expressed. This signal sequence directs the recombinant protein produced in
cytoplasm through the cell membrane into the periplasnic space. The cxpression vector may
further comprise a coding sequence for signal peptidase 1, which is capable of enzymatically
cleaving the signal sequence when the recombinant protein is entering the periplasmic space.
More detailed deseription for periplasmic production of a recombinant protein can be found

in, e.g., Gray ef al., Gene 3%: 247-254 (1983), U8, Patent Nos. 6,160,089 and 6,436,674,

(8073} As discussed above, a person skilled in the art will recognize that various
conservative substitutions can be made to an jntegrin i fragment or its coding sequence while
still retaining the biological activity of the polypeptide, e.g., the ability to transduce pro-
mflammatory signals. Moreover, modifications of a polynucieotide coding sequence may
also be made to accommodate preferred codon usage in a particular expression host without

altering the resulting amino acid sequence.

B. Transfection Methods

[8074] Standard wansfection methods are used to produce bacterial, mammalian, yeast,
msect, or plant cell lines that express large quantities of a recombimant polypeptide, which are
then purified using standard techniques (see, e.g., Colley ef @l J. Biol Chem. 264: 17619-
17622 (1989, Guide 1o Protein Purification, in Methods in Enzymaology, vol. 182 (Deutscher,
ed., 1990)). Transformation of eukaryotic and prokaryotic cells are performed according to
standard techniques (see, e.g., Morrison, J. Bacr. 132: 348-351 (1977); Clark-Curtiss &
Curtiss, Methods in Enzymology 181 347-362 (Wu ef al., eds, 1983),

#8751 Any of the well-known procedures for introducing foreign nucleotide sequences
into host cells may be used. These inclade the use of calcium phosphate transfection,
polybrene, protoplast fusion, electroporation, liposomes, microinjection, plasma vectors, vival
vectors and any of the other well-known methods for introducing cloned genomic DNA,

cDNA, synthetic DNA, or other foreign genetic material into a host cell {see, e.g., Sambrook
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and Russell, supra). 1t is only necessary that the particular genetic engineering procedure
used be capable of successfully intreducing at least one gene into the host cell capable of

expressing the recombinant polypeptide.

C. Purification of Recombinantly Produced Polvpepiides

5 [89761 Omce the expression of a recombinant polypeptide in transfected host cells 18
confirmed, e.g., by an immunoclogical assay, the host cells are then coltured in an appropriate

scale for the purpose of purifying the recombinant polypeptide.

i. Purification of Recombinantly Produced Polypeptide from Bacteria

186777  When desired polypeptides are produced recombinantly by transformed bacteria in
10 large amounts, typically afier promoter fnduction, although expression can be constitutive,
the polypeptides may form insoluble aggregates. There are several protocols that are saitable
for purification of protein inchusion bodies. For example, purification of aggregate proteins
{hereinafier referred to as inclusion bodies) typically involves the extraction, separation
and/or purification of inclusion bodies by distuption of bacterial cells, .., by incubation in a
buffer of about 100-150 pg/ml fysozyme and .1% Nonidet P40, a non-ionic detergent. The
cell suspension can be ground using a Polytron grinder (Brinkman Instroments, Westbury,
WYY Aliernatively, the cells can be sonicated onice. Aliernate raethods of fysing bactevia
are described in Ausubel et gf. and Sambrook and Russell, both supra, and will be apparent to

those of skill in the art.

20 [8878] The cell suspension is gencrally contrifuged and the pellet containing the inchision
bodies resuspended in buffer which does not dissolve but washes the inclusion bodies, e.g.,
20 mM Tris-HCH (pH 7.2), T mM EDTA, 150 mM NaCl and 2% Triton-X 100, a non-ionic
detergent. It may be necessary to repeat the wash stop to remove as much cellular debris as

possible. The remaining peliet of inclusion bodics may be resuspended in an appropriate

b
N

buffer {e.g., 20 mM sodium phosphate, pH 6.8, 150 mM NaCl). Other appropriate buffers
will be apparent o those of skill in the art.

#3781 Following the washing step, the inclusion bodies are solubilized by the addition of a
solvent that is both a strong hydrogen acceptor and a strong hydrogen donor {or a

combination of solvenis each having one of these properties). The proteins that formed the

o
o
o

nclusion bodies may then be renatured by dilution or dialysis with a compatible buffer.
Suitable solvents mclude, but are not hmited to, urea (from about 4 M to about § M),

formamide (at least about 80%, volume/volume basis), and guaniding hydrochloride (from

-]
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about 4 M to about 8 M). Some solvents that are capable of solubilizing aggregate-forming
proteins, such as SDS (sodivm dodecyl suifate) and 70% formic acid, may be inappropriate
for use n this procedure due to the possibility of irreversible denaturation of the proteins,
accompanied by a lack of tmmunogenicity and/or activity, Although guanidine
hydrochloride and similar agents are denaturants, this denaturation is not trreversible and
renaturation may occur upon removal (by dialysis, for example) or dilution of the denaturant,
allowing re-formation of the tunwmologically and/or biclogically active protein of interest,
After solubilization, the protein can be separated from other bacterial proteins by standard
separation techniques. For further description of purifying recombinant pofypeptides from
bacterial inclusion body, see, e.g., Patra ef al., Frotein Expression and Purification 18: 182-

190 (2000).

[6088] Altomatively, it is possible to purify recombinant polypeptides from bacterial
periplasm. Where the recombinant protein is exported tio the periplasm of the bacteris, the
periplasnic fraction of the bacteria can be isolated by cold osmotic shock n addition to other
methods known to those of skill in the art (see e.g., Ausubel ef af., supra). To isolate
recombinant proteins from the periplasm, the bacterial cells are centrifuged to form a pellet.
The pellet is resuspended in a buffer containing 20% sucrose. To lyse the cells, the bacteria
are centrifuged and the pellet is resuspended in ice-cold 5 mM MgSQ, and kept in an ice bath
for approximately 10 minotes. The celi suspension is cenirifuged and the supernatant
decanted and saved. The recombinant profeins present in the supernatant can be separated
from the host proteins by standard separation technigues well known to those of skill m the

art,

2. Standard Protein Separation Technigues for Purification
#0848} When a recombinant polypeptide is expressed in host cells in a soluble form, its
purification can follow the standard protein purification procedure described below. This
standard purification procedure 1s also suitable for purifving polypeptides obtained from

chemical synthesis {(e.g., an integrin § fragment).

i Solubility Fractionation
{88821 Often as an initial step, and if the protein mixture is complex, an initial salt
fractionation can scparaic many of the unwanted host cell proteins (or proteins derived from
the coll culture media) from the recombinand protein of interest. The preferved salt is

ammoni sulfate. Anvmonium sulfate precipitates proteins by effectively reducing the
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amount of water in the protein mixture. Proteins then precipitaie on the basis of their
solubility. The more hydrophobic a protcin is, the more likely it is to precipitate at lower
anmmonium sulfate concentrations. A typical protecol 1s to add saturated amomonium sulfate
to a protein solution 50 that the resultant ammonium sulfate concentration s between 20-
30%. This will precipitate the most hydrophobic proteins. The precipitate s discarded
{unless the protein of interest is hydrophobic) and ammonium sulfate is added o the
supernatant 1o a concentration known to preciptiate the protein of interest. The precipitate is
then solubilized in buffer and the excess salt removed if necessary, through either dialysis or
diafiliration. Other mothods that rely on solubility of proteins, such as cold ethanol
precipitation, arc well known to those of skill in the art and can be used to fractionate

complex protein nuxiures.

i, Size Differential Filtration
{66831 Based on a caleulated molecular weight, a protein of greater and lesser size can be
isolated using ultrafiltration throogh membranes of different pore sizes {for example, Amicon
or Millipore membranes). As a first stop, the protein mixture is ulirafiltered through a
membrane with a pore size that has a lower molecular weight cut-off than the molecular
weight of a protein of interest, e.g., anintegrin B fragment polypeptide. The retentate of the
ultrafiltration is then lirafiltered against a membrane with a molecular cut off greater than
the molecular weight of the protein of interest. The recombinant protein will pass through the

membrane into the filtrate. The filtrate can then be chromatographed as described below,

iti.  Colwmn Chromatography
{6884} The proteins of trderest (such as an infegrin B fragment) can also be separated from
other proteins on the basis of their size, net surface charge, hydrophobicity, or affinity for
ligands. In addition, antibodies raised against an integrin P fragment can be conjugated to
coluran matrices and the corresponding polypeptide immunopurified. AH of these methods

are well known in the art.
{68857 It will be apparent to one of skill that chromatographic techniques can be performed
at any scale and using equipment from many different manufacturers (e.g., Pharmacia

Biotech).

b
-~
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IV,  Inhibitors of sSPLAZ-HIA and Integrin Binding

A, Inhibtiory nucleic acids

(G086}  Inhibition of sPLAZ-HA or integrin gene expression can be achieved through the
use of inhibitory nucleic acids. Inbibitory nucleic acids can be single-stranded nucleic acids
or oligonucleotides that can specifically bind to a complementary nucleie acid sequence. By
binding to the appropriate target scquence, an RNA-RNA, a DNA-DNA, or RNA-DNA
duplex or triplex is formed. These nucleic acids are often termed “antisense” because they
are usually complementary to the sense or coding strand of the gene, although recemly
approaches for usc of "sense” nueleic acids have also been developed. The term "inhibitory
nucleic acids” as used herein, refers 10 both "sense” and "antisense” nucleie acids. In
addition, inhibition of sPLAZ2-[{A-integrin binding can be achieved by administration of a

nucleie acid encoding and directing the expression of an integrin B fragment.

180871 In one crbodiment, the inhibitory nucleic acid can specifically bind to a targe
sPLAZ-HA or integrin polynucieotide. Administration of such inhibitory nucleic acids can
inhibit undesired inflammatory responsces by reducing or climinating the effects of sPLAZ-
ITA-indergrin binding and its downstream signals. Nucleotide sequences encoding sPLAZ-
1A and miegrin o and P chains are known for several specics, including the human ¢DNA,
COme can derive a suitable inhibitory mueleic acid from the human sPLAZ-TIA or integrin o or

B chain, and their polymorphic variants or interspecies orthologs/homologs.

[8088] By binding to the target nucleic acid, the inhibitory nucleic acid can inhibit the
function of the target nucleic acid. This could, for example, be a result of blocking DNA
transcription, processing or poly{ A) addition to mRNA, DNA rephcation, translation, ot
promoting inhibitory mechanisms of the cells, such as promoting RNA degradation.
Inhibitory nucleic acid methods therefore encompass a number of different approaches to
altcring expression of specific genes that operate by different mechanisms. These different
types of inhibitory nucleic acid technology are described 1n Helene and Toulme, Riochim.

Riophys. Acta., 1049:99-125 (1990).

{6889} Inhibitory nucleic acid therapy approaches can be classified into those that target
DINA sequences, those that target RNA seguences (including pre-mRNA and mENA), those
that target proteins (sense strand approaches), and those that cause cleavage or chemical

modification of the target nucleic acids.
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{68981 Approaches targeting DNA fall into several categories. Nucleie acids can be
designed to bind to the major groove of the duplex DNA to form a triple helical or "iriplex”
structure,  Alternatively, fnhibitory nucleic acids are designed to bind to regions of single
stranded DNA resulting from the opening of the duplex DNA during replication or

transcription. See Helene and Touolme, supra.

166911  More commonly, mhibitory nucleic acids are designed to bind to mBNA or mRNA
precursors. Inhibitory nucleie acids are used to prevent maturation of pre-mRNA. Inhibitory
nucleic acids may be designed o interfere with RNA processing, splicing or translation. The
inhibitory nucleic acids are often targeted to mRNA. In this approach, the inhibitory nucheic
acids are designed to specifically block translation of the encoded protein. Using this
approach, the inhibitory mucleic acid can be used to sclectively suppress certain celular
functions by inhibition of translation of mRNA encoding critical profeins. For example, an
inhibitory antiscuse nucleic acid complementary to regions of a target mENA inhibits protein
expression (see, e.g., Wickstrom er af., Proc. Nat'l Acad. Sci. USA, 85:1028-1032 {1988);
and Harel-Bellan ef af., Exp. Med., 168:2309-2318 (1988}). As described in Helene and
Toulme, supra, inhibitory nucleie acids targeting mRNA have been shown to work by several

different mechanisms in order to mhibit wansiation of the encoded proteins).

16892} The inhibitory nucleic acids introduced into the cell can also encompass the "sense”
strand of the gene or mRNA to trap or compete for the enzymes or binding proteins involved

in mRNA translation, See Helene and Toulme, supra,

[8093] The inhibitory nucleic acids can also be used to induce chemical inactivation or
cleavage of the target genes or mRNA. Chemical inactivation can occur by the induction of
crosslinks between the inhibitory micleic acid and the target nucleic acid within the cell.
Alternatively, irreversible photochemical reactions can be induced in the farget nucleie acid
by means of a photoactive group attached to the inbibitory nucleic acid. Other chemical
modifications of the target mucleic acids mduced by appropriately derivatized inhibitory

nucleic acids may also be used.

[8084] Cleavage, and therefore nactivation, of the target nucleic acids can be affected by
attaching to the inhibitory nucleic acid a substitaent that can be activated to induce cleavage
reactions. The substituent can be one that affocts either chemical, photochemical or
cnzymatic cleavage. For example, one can contact an mRNAantisense cligomucleotide

hybrid with a nuclease which digests mRNADNA hybrids. Alternatively cleavage can be
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iduced by the ase of ribozymes or catalytic RNA. In this approach, the imhibitory nucleic
acids would comprise etther naturally occwrring RNA (ribozymes) or synthetic nucleic acids

with catalytic activity,

[6895] Inhbitory nucleic acids can also include RNA aptamers, which are short, synthetic
oligonucleotide sequonces that bind to proteins (see, e.g., Li et al., Nuc. Acids Res.,
34:6416-24 (2006)). They are notable for both high affinity and specificity for the targeted
molecule, and have the additional advantage of being smaller than antibodies (usually less
thap 6 kD). RNA aptamers with a desired specificity are generally selected from a
combinatorial library, and can be modified to reduce vulnerability to ribonucleases, using

methods known in the art.

B. Inactivating antibodics

[6696] Inhibition of signal transduction by sPLAZ-TIA and integrin binding can be achieved
with an inactivating antibody. An inactivating antibody can comprise an antibody or
antibody fragment that specifically binds to any onc of sPLAZ-HA and integrin n and p
chains and subsequently abolishes or reduces the binding between sPLAZ-HA and integrin.
Inactivating antibody fragments include, e.g., Fab fragments, heavy or light chain variable
regions, single complementary determining regions (CDRs), or combinations of CRDs with
the desired target protein binding activity. Antinactivating antibody for sPLAZ-HA-integrin
binding can be a naturally ocourring antibody derived from any appropriate organism, 2.g.,
mouse, rat, rabbit, gibbon, goat, horse, sheep, efc., or an artificial antibody such a5 a single

chain andibody (scFv), a chimeric antibody, or a humanized antibody.

#0877 The chimeric antibodies of the invention may be monovalent, divalent, or
polyvalent immnoglobuling. For cxample, a monovalent chimeric antibody is a dimer (HL)
formed by & chimoeric H chain associated through disultide bridges with a chimeric L. chain,
as noted above. A divalent chimeric antibody is a tetramer (H2 L) formed by two HL dimers
associated throogh at least one disulfide bridge. A polyvalent chimeric antibody 18 based on

an aggregation of chaios.

. ldentification of sPLA2-TIA and Intesrin Binding Inhibitors

[6698]  One can identify compounds that are effective inhibitors of sSPLAZ-IA and integrin
binding by screening a variety of compounds and mixtures of compounds for their ability to
suppress the binding between sPLAZ-TIA and an integrin P fragment comprising an site-2

sequence. The testing can be performed in a cell-based system or in a cell-free system, using
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either the fusll length sequence of the sPLA2-TA and an integrin B fragment, or a minimal
region or subsequence of sSPLAZ-IIA (which is sufficient to support the specific binding

between sPLAZ-HA and integrin ) and av fotegrin § fragment.

{88991  One aspect of the present invention is directed to metheds for screening compounds
that have the activity to inhibit sSPLA2-TIA specific binding with integrin § at the site-2 of
mtegrin B. Such compounds can be in the form of @ mixture of suitable inhibitors, or each in
substantially isolated form. An example of an in vifro binding assay can comprise an sPLAZ-
1A polypeptide and an integrin § fragment, where the level of sPLAZ-HA binding to the
integrin B fragment i determined in the presence or absence of a test corapound. Optionally,
one of the sSPLAZ-ITA or the an integrin P fragment is tromobilized to a solid substrate or
support. A detectable label, e.g., a radioactive or fluorescent label, can be provided for
sPLAZ-HA or the integrin § fragment, cither directly or indirectly {through a second molecule
that specifically recognizes sPLA2-TIA or the infegrin B fragment}, to facilitate detection of

sPLAZ2-HA and integrin binding.

[0166]  Another typical binding assay conprises colls expressing an integrin f fragment on
their surface and a free sPLAZ-TIA polypeptide, where the level of sPLAZ-TIA binding to the
mtegrin P fragment is determined in the presence or absence of a test compound. Suitable
cells include any cultored cells such as mammalian, insect, microbial {e.g., bacterial, yeast,
fungal}, or plant cclls. In some cobodiments, the cclis recombinantly express the integrin
fragment. Inthis type of cell-based system, the level of sPLAZ-TA binding to the integrin B

fragment can be determined divectly by measuring the binding.

{81831 insome embodiments, the assays are designed to screen large chemical hibraries by
automating the assay steps and providing compounds from any convenient sowree to assays,
which are typically run in parallel {e.g., in microtiter formats on microtiter plates in robotic

N\

)

B88aYS).

(81621 Inthese screcning assays it is optional to have positive controls to ensore that the
components of the assays are performing properly. For example, a known inhibitor of
sPLAZ-HA and integrin binding can be incubated with one sample of the assay, and the
resulting change in signal determined according to the methods herein.

13143} Essentially any chemical compound can be tested as a poteuntial inhibitor of sSPLAZ-
A and mtegrin binding by using methods of the present invention. Most preferred ave

generally compounds that can be disselved in aqocous or organic (especially DMSO-based)
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solutions are used. It will be appreciated that there are many suppliers of chemical
compounds, such as Sigma (5t. Louis, MO), Aldrich (5t. Louis, MO), Sigma-Aldrich

{St. Louts, MO}, and Fluka Chemika-Biochemica Analytika (Buchs, Switzerland).

[#104] Inhibitors of sPLAZ-IIA and integrin binding can be identified by screening a
combinatorial library containing a large number of potential therapeutic compounds
{potential modulator compounds). Such “combinatorial chemical libraries” can be screened
int ong or more assays, as described herein, to identify those library members (particular
chemical species or subciasses) that display a desired characteristic activity. The compounds
thus identified can serve as conventional “lead compounds™ subject to modification and

further testing or can be directly used as potential or actual therapeutics.

[#185] Proparation and screening of combinatorial chemical libraries are well known o
those of skill in the art. Such combinatorial chemical libraries inchude, but are not mited to,
peptide libraries (see, e.g., U.S. Pat. No. 5,010,175; Furka, fnt. ./ Pept. Prot. Res., 37.487-
493 {1991); and Houghton et al., Nature, 354:84-88 1991)} and carbohydraite libraries (seg,

chemistries for generating chemical diversity hibraries can also be used. Such chemistries
mclade, but are pot Hmited to: peptoids (PCT Pub. No. WO 91/19735); encoded peptides
{(PCT Pub. No. W 93/20242); random bio-oligomers (PCT Pub. No. WG 92/00091);
henzodiazepines (U5, Pat. No. 5,288,514); diversomers, such as hydantoins,
benzodiazepines and dipeptides (Hobbs ef ¢l Proc. Nat. dAcad. Sci. US4, 90:6909-65913
(1993)); vinylogous polypeptides (Hagihara ot al., J. dmer. Chem. Soc., 114:6568 {1992});
nonpeptidal peptidomimetics with -D-glucose scaffolding (Hirschmann er al., J. 4dmer.
Chem. Soc., 114:9217-921% (1992)); analogous organic syntheses of small compound
hibrarics (Chen e al., J. Amer. Chem. Soc., 116:2661 (1994)); oligocarbamates (Cho et al,
Science, 261:1303 (1993}); and/or peptidyl phosphonates (Campbell e7 o/, J Org. Chem,,
59:658 (1994}), nucleic acid libraries {(see Ausubel, Berger and Sambrook, all supra), peptide
nucleic acid libraries (see, e.g., U.S. Pat. No. 5,539,083), antibody librarics {see, e.g., Vaughn
et al., Nature Biotechnology, 14(33:309-314 (1996) and PCT/UIR96/103287), small organic
molecule hibraries (see, e.g., benzodiazepines, Baum C&EN, Jan, 18, page 33 (1993};
isoprenoids (.S, Pat, No. §,569,588); thisrolidinones and metathiazanones (.S, Pat,
No. 5,549.974); pyrrolidines (U.S, Pat. Nos. 5,525,735 and 5,519,134); morpholine

compounds (U.S. Pat. No. 5,506,337); and benzodiazepines (U.S. Pat. No. 5,288,514)).
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[8166] Alernatively, one can identify compounds that are suitable mkhibitors of sPLAZ-TIA
and integrin specitic binding by screening a variety of compounds and mixtures of
compounds for their ability to suppress sPLAZ-UA or integrin o or § chain cxpression.
Methods of detecting expression levels are well known in the art, and include both protein-
and nucleic acid-based methods.

183877  For oxample, a test agent can be contacted in vitre with cells expressing sSPLAZ-LA,
An agent that inhibits sSPLAZ-TIA expression is one that results in a decrease in the level of
sPLA2-HA polypeptide or transcript, as measured by any appropriate assay common in the
art (e.g., Nerthern blot, RT-PCR, Western blot, or other hybridization or affinity assays},
when compared to expression without the test agent. In some embodiments, a test nucleic
acid inhibitor can be introduced into a cell, e.g., osing standard transfection or transduction
techniques, and the level of sPLAZ-IIA expression detected. A typical decrease is a reduction
in the expression level by at least 10%, or higher {e.g., at least 20%, 30%, 50%, 75%, %0%, or

80%) compared the level of expression in the absence of the test inhibitor,

V. Conditions Invelving Inflammatoery Responses and Cell Proliferation

[#168] Identification and diagnosis of conditions nvolving inflammation or endesirable
cell proliferation, as well as methods of monitoring the effectiveness of a therapeutic regimen
as described herein, are included in the present invention. As explained above, inflammation
is generally characterized by redness, swelling, pain, and occasional loss of fimetion.
However, symptoms vary among tissucs, so that some inflammmatory conditions are not easily
detectable (e.g., atherosclerosis). Undesitable cell proliferation, ou the other hand, is often
determined by way of detecting 8 benign or malignant growth, inchiding an abnormal

expansion of a particular cell or tissue type, such as various types of tumors and cancers.

11691 Although the inflanuoatory response can play a role in the healing process by
destroying, diloting, and isolating injurious agents and stinudating repair of the affected
tissue, inflammatory responses can also be harmful, For example, inflammation resulis in
leakage of plasma from the blood vessels. Although this leakage can have benceficial effecis,
1t causes pain and when uncontrolled can lead to loss of fumction and death (such as aduit
respiratory distress syndrome). Anaphylactic shock, arthritis, and gout are among the

conditions that are characterized by uncontrolled or inappropriate inflammation.

161168]  Omn a cellular level, an mflammatory response is typically initiated by endothelial

cells producing molecules that attract and detain inflammatory cells {e.g, myeloid cells such
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as neutrophils, cosinophils, and basophils) at the site of injury or iivitation. The inflammatory
cells then are transported through the endothelial barrier into the surrounding tissue. The
result is accunmlation of inflaromatory cells, in particular neutrophils. Such accurulation is

easily detectable by one of skill.

6111} Adaptive imunune cells (T and B cellsy are often involved in inflammatory
conditions. These cells release eytokines and antibodies in response to the source of the
frritation, Thus, an inflammatory response can also be detected by detecting a change in the
level of inflammatory cytokines, e.g., in a localized region of irritation or in the scrom or
plasma of ancindividual, It will be appreciated by those of skill in the art that cach of these
symptoms can be detected in an individual for the purposes of diagnosis. Further, a subject
undergoing therapy for an inflammatory condition can be monitored, for instance, by
detecting any changes in severity of the symptoms. Such inflammatory conditions include

rheumatoid arthritis, Alzheimer’s disease, multiple sclerosis, and atherosclerosis.

VL Pharmaceutical Compositions and Administration

{0112} The present mvention also provides pharmaceutical compositions comprising an
effective amount of an inhibitor of sPLAZ-TIA and integrin binding for inhibiting a pro-
inflanumatory signal or a pro-proliferation signal, therefore useful in both prophylactic and
therapeutic applications designed for various discases and condifions involving undesited
mflammation and/or cell proliferation. Pharmaceutical compositions of the invention are
suitable for use in a varicty of drug debivery systems. Suitable formulations for gse in the
present invention are found n Remingion’s Pharmaceutical Sciences, Mack Publishing
Company, Philadelphia, PA, 17th ed. (1985). For a brief review of methods for drug

delivery, see, Langer, Science 24%9:; 15271533 (1954,

11131 The pharmaceutical compositions of the present invention can be administered by
various routes, e.g., oral, subcutaneous, fransdermal, intramuscular, intravenous, or
mtraperitoneal. The routes of administering the pharmaceatical compositions mchude
systeric or local delivery to a subject suffering from a condition exacerbated by
mflammation at daily doses of about 0.01 - 5060 mg, preferably 3-500 mg, of an inhibitor of
sPLAZ-HA-integrin binding for a 70 kg adolt human per day. The appropriate dose may be
administered in a single daily dose or as divided doses presented at appropriaie intervals, for

exarnaple as two, three, four, or more subdoses per day.
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[8114] For preparing pharmaceutical compositions containing an inhibitor of sSPLA2-TIA-
integrin binding, inert and pharmaceutically acceptable carriers are used. The pharmaceutical
carrier can be cither solid or Hauid. Selid form preparations inclade, for example, powders,
tablets, dispersible gramules, capsules, cachets, and suppositories. A solid carrier can be one
or more substances that can alse act as diluents, flavoring agents, solubilizers, hubricants,
suspending agonts, binders, or tablet disintegrating agents; it can also be an encapsulating

material.

(8115} Inpowders, the carrier is generally a finely divided solid that is in a mixture with
the finely divided active component, e.g., an inhibitor of sPLAZ-11A and integrin binding. In
tablets, the active ingredient (the inhibitor) 1s mixed with the carrier having the necessary

binding properties in suitable proportions and compacted in the shape and size desired.

1116} For proparing pharmaceutical compostiions in the form of suppositories, a low-
melting wax such as a mixture of fatty acid glycerides and cocoa butter is first melted and the
active ingredicnt is dispersed therein by, for example, stirring. The molten homogencous

ouxture is then poured into convenient-sized molds and allowed to cool and solidify.

#1171 Powders and tablets preferably contain between about 5% to about 70% by weight
of the active ingredient. Suitable carriers include, for cxample, magnesium carbonate,
magnestin stearate, tale, lactose, sugar, pectin, dextrin, starch, tragacanth, methy! cellulose,

sodium cartboxymethyl cellulose, a low-melting wax, cocoa butter, and the hike.

[8118] The pharmaceutical composttions can include the formwlation of the active
compound of an sPLA2-I{A-integrin binding inhibitor with encapsulating material as a
carrier providing a capsule in which the inhibitor (with or without other carriers) is
surrounded by the carrier, such that the carrier is thus in association with the compound. Ina
similar manner, cachets can also be included. Tablets, powders, cachets, and capsules can be

used as solid dosage forms suitable for oral administration,

(6119}  Ligquid pharmaceutical compositions inchude, for example, solutions suitable for oral
or parcnteral administration, suspensions, and ennilsions suitable for oral administration.
Sterile water sohutions of the active component (e.g., an inhibitor of sPLAZ-ITA and ntegrin
binding) or sterile sohutions of the active component in solvents comprising water, buffered
water, saline, PBS, cthanol, or propviene glycol are examples of iquid compositions suitable
for parenteral administration. The compositions may contain pharmaceutically acceptable

auxiliary substances as required to approximate physioclogical conditions, such as pH

Lod
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adjusting and buffering agents, omicily adjusting agents, wetiing agents, detergents, and the

like.

[#126]  Sterile solutions can be prepared by dissolving the active component {e.g., an
nhibitor of sPLAZ-1IA and integrin binding) n the desired solvent system, and then passing
the resufting sclotion through a membrane filicr to sterilize it or, alternatively, by dissolving
the sterile compound in a previously sterilized solvent under sterile conditions. The resulting
aqueous solutions may be packaged for use as is, or lyophilized, the lyophilized preparation
being combined with a sterife aqueous carrier prior o administration. The pH of the
preparations typically will be botween 3 and 11, more preferably from 8 10 9, and most

preferably from 7 to &,

121} The pharmaccutical compositions containing the inhibitor can be administercd for
prophylactic and/or therapeutic treatments. In therapeutic applications, compositions are
administered to a patient already suffering from a condition that may be exacerbated by an
gndesirable inflammatory reaction in an amount sutficient to provent, cure, reverse, or af least
partially slow or arrest the symptoras of the condition and is complications. An amount
adequate to accomplish this is defined as a "therapeutically effective dose.” Amounts
effective for this use will depend on the severity of the disease or condition and the weight
and general state of the patient, but generally range from about 0.1 mg to about 2,000 mg of
the inhibitor per day for a 70 kg patient, with dosages of from about 5 mg to about 500 mg of

the inhibitor per day for a 70 kg paticnt being more commonly used.

{8122} Inprophylactic applications, pharmaceutical compositions countairdng an inhibitor of
sPLAZ-HA-mtegrin binding arc administered to a patient susceptible to or otherwise at risk of
developing a disease or condition involving an undesirable tnflammatory response and/or
undesirable cell proliferation in an amount sufficient to delay or prevent the onset of the
symptoras. Such an amount 8 defined to be & "prophylactically effective dose.” In this use,
the precise amounts of the inhibitor again depend on the patient's state of health and weight,
but generally range from about 0.1 mg to about 2,000 mg of the inhubitor for a 70 kg patient
per day, more commonly from about 5 mg to about 500 mg for a 70 kg paticot per day.

#1231  Single or multiple administrations of the compositions can be carried out with dose
fevels and pattern being selected by the treating physician. In any cvent, the pharmaceutical

formulations should provide a quantity of a compound sufficient to effectively inbibit the
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undesirable inflarmmatory response mediated by sPLAZ-integrin binding in the patient, either

therapeutically or prophylactically.

Vil Therapeutic Applications Using Nucleic Acids
11241 A variety of inflaromatory conditions or undesitable cell proliferation can be treated
5 by therapeutic approaches that involve introducing into a cell an inhibitory nucleic acid

encoding an inhibitor of sPLAZ-TIA and tntegrin binding {e. g, an integrin § fragment) such

that the expression of the mhibitor leads to reduced or abolished sPLAZ-I{A-integrin binding

in the cell. Those amenable to treatment by this approach include a broad spectrum of

conditions involving undesirable fnflammation and/or cell proliferation. For discussions on
10 the application of gene therapy towards the treatment of genetic as well as acquired discases,

see, Miller Nature 3587:455-460 (1992); and Mulligan Science 26$:926-932 {1993),

A, Vectors for Nucleic Acid Delivery

[8125]  For delivery te a cell or organism, an inhibitory nucleic acid of the invention can be
meorporated into a vector. Examples of vectors used for such purposes include expression
plasmids capable of directing the expression of the mhibitors in the target cell. In other
instances, the vector is a viral vector system wherein the polynucleotide is fncorporated into a
viral geneme that is capable of transfecting the target cell. To a preforred embodiment, the
inhibitory nucleic acid can be operably linked to expression and control sequences that can
direct transcription of sequence in the desired target host cells. Thus, one can achieve

20 reduced binding of sPLAZ-HA and integrin under appropriate conditions in the target cell.

B. Gene Delivery Systems

1126]  Asused herein, “gene debivery system” refers to any means for the delivery of an
inhibitory nucleic acid of the invention to a target cell. Viral vector systems useful in the
mtroduction and expression of an inhibitory nucleic acid include, for example, naturally

25 occurring or recombinant viral vector systems. Depending opon the particular appheation,
suitable viral vectors nclude replication competent, replication deficient, and conditionally
replicating viral vectors. For example, viral vectors can be derived from the genome of
human or bovine adenoviruses, vaceinia virus, herpes virus, adenc-associated virus, minute

vitas of mice (MVM), HIV, sindbis virus, and retrovirases (including but net linited to Rous

.
(]
o
o

sarcoma virus}, and MoMLV, Typically, the inhibitory nucleic acid is inserted into such
veetors to allow packaging of the gene construct, typically with accompanying viral DNA,

followed by infection of a sensitive host cell and expression of the gene of interest.
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(81271 Similarly, viral envelopes used for packaging gene constructs that inclade the
inhibitory nucleic acid can be modified by the addition of receptor ligands or antibodics
specific for a receptor to permit receptor-mediated endocytosis into specific colls (see, e.g.,

WO 93/20221, WO 93/14188, and WO 94/06923),

[#128] Retroviral vectors may also be useful for introducing the inhibitory pucleic acid of
the invention into target cells or organisms. Retroviral vectors are produced by genetically
manipulating retroviruses. The viral genome of retrovirases is RNA. Upon infection, this
genomic RNA is reverse transcribed into a DNA copy which is integrated into the
chromosomal DNA of transduced cells with a high degree of stability and efficiency. The
mitegrated DNA copy is referred to as a provirus and is inherited by daughter cells as is any
other gene. The wild type retroviral genome and the proviral DNA have three genes: the
gayg, the pol and the eny genes, which are flanked by two long terminal repeat {LTR)
sequences. The gag gone encodes the internal structural (mucleocapsid) proteins; the pol gene
encodes the RMNA directed DNA polymerase (reverse transcriptase); and the env gene encodes
viral envelope glycoproteins. The §° and 3° LTRs serve to promote trapnscription and
polyadenylation of virion RNAs, Adjacent to the 57 L'TR are sequences necessary for reverse
transcription of the genome (the tRNA primer binding site) and for ¢fficient encapsulation of
viral RNA into particles {the Psi site) (see, Molligan, In: Experimental Manipulation of Gene
Expresgion, Inouye {ed), 155-173 (19¢3); Mann ef af., Cell 35:153-159 (1943}; Cone and

Mulligan, FProceedings of the National Academy of Sciences, .S A., 81:6349-6353 (1984)).

{8129} The design of retroviral vectors is well known to those of ordinary skill in the art.
In brief, if the sequences necessary for encapsidation {or packaging of retrovital RNA into
mfectious virions) are missing from the viral genome, the result 1s 4 cfs acting defect which
prevents encapsidation of genoemic RNA., However, the resulling mutant is still capable of
directing the synthesis of all virion proteins. Retroviral genomes from which these sequences
have beon deleted, as weil as cell lines containing the mutard genoroe stably integrated into
the chromosome are well known in the art and are used to construct retroviral vectors,
Preparation of retroviral vectors and their uses are deseribed in many poblications inclading,
e.g., Buropean Patent Application EPA 0 178 220; U.S. Patent 4,405,712, Gilboa
Bictechnigues 4:504-512 (1986} Mann ef ¢, Cell/ 33:153-159 (1983); Cone and Mulligan
Proc. Natl, Acad. Sci. USA 81:6349-6353 (1984); Eglitis ef al. Biotechnigues 6:6(8-614
(1988 Miller er af. Biotechnigues T:981-990 {1989); Miller {1992) supra; Mulligan (1993},
supra; and WO 92/07943,
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[8138] The retroviral vector particles are prepared by recombinantly nserting the desired
inhibitory nucleic acid sequence into 8 retrovirus vecior and packaging the vector with
retroviral capsid proteins by use of a packaging ccll line. The resultant retroviral vector
particle is incapabie of replication in the host cell but is capable of integrating into the host
cell genome as a proviral sequence containing the desired nucleotide sequence. As a result,
the patient is capable of producing, for exampie, the inhibitory nucleic acid, thus eliminating

or reducing unwanted inflammatory conditions.

{6131} Packaging ccll lines that arc used to prepare the vetroviral vector particles are
typicatly recombinant mammalian tissue culture cell fines that produce the necessary vival
structural proteins required for packaging, but which are meapable of producing mfectious
virions. The defeciive retroviral vectors that are used, on the other hand, lack these structural
genes but encode the remaining proteins necessary for packaging. To prepare a packaging
cell line, one can construct an infectious clone of a desired retrovirus in which the packagiong
site has been deleted. Cells comprising this construct will express all structural viral proteins,
but the introduced DNA will be incapable of being packaged. Alternatively, packaging cell
lines can be produced by transforming a cell line with one or more expression plasmids
encoding the appropriate core and envelope protemns. In these cells, the gag, pol, and env

genes can be derived from the same or different retroviruses.

11321 A number of packaging ccll lines suitable for the present invention are also
available in the prior art. Examples of these cell lines inclode Crip, GPESS, PA3 17 and
PGE3 (see Miller ef af,, J. Virol 65:2220-2224 (1991)). Examples of other packaging coll
lines are described in Cone and Mulligan Proceedings of the National Academy of Sciences,
{/SA4, 81:6349-6353 (1984); Danocs and Mulligan Proceedings of the National Academyv of
Sciences, USA, 83:6460-6464 {1988); Eghitis ef of. (1988), supra; and Miller (1990), supra.

C. Pharmaceutical formulations

[6133] When used for pharmaceutical purposes, the inhibitory nucleic acid is generally
formulated in a suitable buffer, which can be any pharmaceutically accoptable buffer, such as
phosphate buffered saline or sodinm phosphate/sodiom sulfate, Tris buffer, glveine buffer,
sterile water, and other buffers known to the ordinarily skilled artisan such as those described

by Good er al. Biochemistry 5:467 (1966},

18134} The compositions can further include a stabilizer, an enhancer, and/or other

pharmaceutically acceptable carriers or vehicles. A pharmaceutically acceptable carrier can
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contain a physiologically acceptable compound that acts, for example, to stabilize the
inhibitory nucleic acids of the invention and any associated vector, A physiclogically
acceptable compound can inchude, for example, carbolydrates, such as glucose, sucrose or
dextrans, antioxidants, such as ascorbic acid or ghitathione, chelating agents, low molecular
weight proteins or other stabilizers or excipients. Other physiclogically acceptable
compounds include welting agents, emulsifying agenis, dispersing agents or preservatives,
which are particularly useful for preventing the growth or action of microorganisms. Various
preservatives are well known and inclhude, for example, phenol and ascorbic acid. Examples
of carriers, stabilizers or adjovants can be found in Remington’s Pharmaceutical Sciences,

Mack Publishing Company, Philadelphia, PA, 17th ed. (1985).

D. Adwministration of Formulations
[#138]  The formmulations cortdaining an inhibitory rucleic acid can be delivered to any
tissue or organ using any delivery method known to the ordinarily skilled artisan. In some
embodiments of the invention, the nucleic acid is formulated in mucosal, topical, and/or
buccal formulations, pacticularly muccadhesive gel and topical gel formulations. Excroplary
permeation enhancing compositions, polymer matrices, and mucoadhesive gel preparations

for transdermal delivery are disclosed in U5, Patent No. 5,346,701

1#136]  The formulations containing the inhibitory uucleic acid are typically administered to
a cell. The cell can be provided as part of a tissue or as an isolated cell, such as n tissue

culture. The cell can be provided in vive, ex vive, or in vitro.

{81371  The formulations can be introduced into the tissue of interest in vivo or ex vivo by a
variety of methods. In some embodiments of the invention, the inhibitory nucleic acid is
introdoced into cells by such methods as microinjoction, caleimm phosphate precipitation,
fiposome fusion, ubirasound, clectroporation, or biolistics. 1n further embodiments, the

nucleic acid s taken up divectly by the tissue of interest.

[#138] insome ombodiments of the invention, the inhibitory nucleic acid is administered ex
vivo to cells or tissues explanted from a paticnt, then retumed to the patient. Examples of ex
vivo administration of therapeutic gene constracts include Nolta o1 al., Froc Nail. Acad. Sci.
USA 93(61:2414-9 (1996); Koc ¢f al., Seminars in Oncology 23(11:46-65 {1996}; Raper ef ¢,
Annals of Surgery 2232 116-26 (1996); Dalesandro et al., J. Thorac. Cavdi. Surg.,

11(20416-22 (1996); and Makavov ef al., Proc. Natl. dcad. Sci. US4 93(1):402-6 (1996},

4{
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[8139] Effective dosage of the formulations will vary depending on many different factors,
inchuding means of administration, target site, physioclogical state of the patient, and other
medicines administered. Thus, treatment dosages will need to be titrated to optimize safety
and efficacy. In determining the effective amount of the vector to be administered, the
physician should evaluate the particular nueleic acid used, the discase state being diagnosed;
the age, weight, and overall condition of the patient, circulating plasma levels, vector
toxicitics, progression of the disease, and the production of anti-vector antibodies. The size
of the dose also will be determined by the existence, nature, and extent of any adverse side-
effects that accompany the administration of a particular vector. To practice the present
imvention, doses ranging from about 10ng- 1 g, 100 0g - 100 mg, Tug - 10 mg, or 30 - 300
ng mnhibitory nucleic acid per patient are typical. Doses generally range between about 0.01
and about 50 mg per kilogram of body weight, preferably between aboot 0.1 and about 5 mg/
kg of body weight or about 10° - 16" or 10" viral particles per injoction. In general, the dose
equivalent of a naked nucleic acid from a vector is from about 1 ug - 100 ug for a typical 70
kg patient, and doses of vectors which include a retroviral particle are caleulated to yield an

equivalent amount of an inhibitory nucleic acid.

VHI. KITS

[#148] The invention alsc provides kits for treating or preventing an inflammatory
condition or undesirable ccll proliferation by inhibiting the specific binding between sPLAZ-
A and mtegrin according to the method of the present invention. The kits typically inchude
a container that contains a pharmaceutical composition having an cffective amount of an
inhibitor for the specific binding between sPLAZ-ITA and ntegrin, as well as informational
material containing instructions on how 1o dispense the pharmaceutical composition,
mclading description of the type of patients who may be treated {e.g., a porson suffering from
or at risk of developing a condition fnvolving undesired inflammatory response or
undesirable cell proliferation), the schedule (e.g., dosc and frequency of adnunistration) and

route of administration, and the like.

EXAMPLES
{6141} The following examples are provided by way of illostration only and not by way of
fimdtation. Those of skill in the art will readily recogunize a variety of non-critical parameters

that could be changed or modified to yield essentially the same or similar resulis.

41
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Example 1
EXPERIMENTAL PROCEDURES
[B8342)  Materials-U937 monocytic cells and Chinese hamster ovary (CHO) cells were

obtained from the American Type Cultire Collection. K562 erythroleukemia cells that

(]

express homan integrin av3 (avf3-KS62} (20} were provided by Eric Brown (University of

California, San Francisco, CA). K562 cells that express human integrin o4 (ad-K562), CHO

cells that express buman imtegrin B3 (B3-CHO) or integrin a4 {ed-CHO) were described (14).

Recombinant sohible avB3 was synthesized in CHO-KI cells using the soluble av and B3

expression constructs and purified by Ni-NTA affinity chromatography as described (21).

10 Fibrinogen y-chain C-terminal domain that lacks residues 400411 (yC39%tr) was synthesized
as described (22). Fibronectin H120 fragment (FN-H120) (18), Fibronectin type [H domains
811 (FNB-11} {19}, and ADAMIS (23) were synthesized as GST fusion proteins as
described in the cited references. Anti-human $3 mAb AV 10 was provided by B. Felding-
Habermann (The Scripps Rescarch Institine, La Jolla, CA). HRP-conjugated anti-His tag

15 antibody was purchased from Qiagen (Valeneia, CA). Copd21 was synthesized as described

(15).

[8143]  Svuthesis of sPLAZ-1IA-Recombinant sPLAZ-TIA protems (WT and mutants) were
synthesized as deseribed {14) asing PET28a expression vector. The proteins were synthesized
in E. coli BL21 and induced by isopropyl B-D-thicgalactoside as insolubie proteins. The

20 proteins were solabilized in 8 M urea, purified by Ni-NTA affinity chromatography under
denatured conditions, and refolded as previcusly described (14}, The refolded proteins were

>4(% homogeneous upon SDS-PAGE.

181441 Svnthesis of site 2 peptides-6His tag was introduced to the BamHI site of pGEX-2T
using 5-GATCTCATCATCACCATCACCATG-3" and 5™

25 GATCCATGGTGATGGTGATGATGA-3 (resulting vector is designated pGEX-2T6His).
GST fusion protein of site 2 peptide (QPNDGQSHVGSDNHYSASTTM, residues 267-287
of B3, C273 is changed to S} and a scrambled site 2 peptide
{(VHDSHYSGQGAMSDNTNSPQT) was synthesized by subcloning oligonucleotides that
encodes these sequences into the BamHI/EcoR1 site of pGEX-2THHis, The inventors

30 synthesized the proteins fn E. coli BL21 and purified using glutathione-Sepharose affinity
chromatography {(18). The corresponding B1, B2, and B4 peptides were generated as

described (18).
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181481  Binding of soluble avfi3 to y(39%r-ELISA-type binding assays were performed as
described previously (18}, Bricfly, wells of 96-well immulon 2 microtiter plates (Dynatech
Laboratories, Chantilly, VA) were coated with 100 pl 0.1 M NaHCO; containing vC399tr or
ADAMIS for 2 h at 37°C. Remaining protein binding sites were blocked by incabating with
PBS5/0.1% BSA for 30 min at room temperature. After washing with PBS, sohible
recomabinant av3 (5 pg/ml) in the presence or absence of sPLAZ-ITA (WT or mutants) was
added 1o the wells and incubated in HEPES-Tyrodes buffer (10 mM HEPES, 150 mM NaCl,
12 mM NaHCGOs, 0.4 mM NaH,PO,, 2.5 mM K, 0.1% glucose, $.1% BSA) with 1 mM
Cal(l, for 2 h at room temperature, After unbound avp3 was removed by rinsing the wells
with binding buffer, bound avp3 was measured using anti-integrin B3 mAb {AV-10) followed

by HRP-conjugated goat anti-mouse 1gG and peroxidase substrates.

18146} Binding of laheled ligands 10 integvins on the cell surface-The cells were cultared to
nearly confluent in RPMI 1640/10% FCS (K562 and U937) or DMEM/10% FCS (CHO
cells). The cells were resuspended with RPMI 1640/0.02% BSA or DMEM/1.02% BSA and
incubated for 30 min at room temperature to block remaining protein binding sites. The cclls
were then incubated with WT sPLAZ-TIA or mutants for § min at room temperature and then
mecubated with FITC-labeled integrin ligands {(yC39%x, FN-H120, FN§-11, and ADAMIS)
for 15 min at room temperature. For blocking experiments, sPLA-HA was preincubated with
S2-B1 peptide for 30 min at room temperature. The cells were washed with PBS/L.02% BSA
and analyzed by FACSCalibur (Becton Dickinson, Mountain View, CA). For inhibition
studies using Copd21, sPLAZ-TIA was preincubated with Cmipd21 for 30 minutes at room

temperafure.

181471 Binding of 52 peptide to proteins-ELISA-type binding assays were performed as
described previously (18). Briefly, wells of 96~-well Fnunulon 2 microtiter plates (Dynatech
Laboratories, Chantilly, VA were coated with 100 pl 0.1 M NaHCO; containing sPLAZ-T1A,
vC39%, FN-H120 for 2 h at 37°C. Remaining protein binding sites were blocked by
incubating with PBS/0.1% BSA for 30 min at room temperature. After washing with PBS,
S2 peptides were added to the wells and incubated in PBS for 2 h at room temperature., After
uvobound S2 peptides wore removed by rinsing the wells with PBS, bound 52 peptides (GST-

tagged) were measured using HRP-conjugated anti-GST antibody and peroxidase substrates.

18348)  Adhesion assays-Adhesion assays were performed as described previously (18).

Briefly, well of 96-well Immulon 2 microtiter plates were coated with 100 pl 0.1 M NalHCO;
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containing sPLAZ-HA (10 pg/ml) and were incubated for 2 h at 37°C. Remaining protein
binding sites were blocked by incubating with PBS/0.1% BSA for 30 min at room
temperature. Atter washing with PBS, 04-K3562, or K562 cclls in 100 pl RPMI 1640 were

added to the wells and incuobated at 37°C for 1 howr in the presence of Cmpd21 (0-100 pM) .

(]

After unbound celis were removed by rinsing the wells with RPMI 1640, bound cells were

guantified by measuring endogenous phosphatase activity.

[8849]  Chemoiaxis-Chemotaxis was measured in modified Bovden Chambers (Transwell).
One pg/mol sPLAZ-HA and 20 pg/ml S2-B1 peptide or control peptides in 600 i RPMI 1640
medium were placed in the lower chamber, and U937 cells (2 x 105 celis in 100

10 RPMI1640 medium) were placed in the upper chamber. After 5 h incubation at 37°C, cclis in

the lower chamber were counted.

1831881  Docking simularion-Docking simulation of interaction between sPLAZ-HA
(1DCY.pdb) and integrin ovB3 was performed using AutoDock3 as described (24). In the

present study the inventors used the headpioce (residues 1-438 of av and residues 55-432 of

ot
o

133y of avP3 {closed-headpicce formy, UV 2.pdb). Cations were not present in ovp3 during
docking simulation, as in the previous studies using ovP3 {open-headpiece form, 1L5G.pdb)

(14, 24).

18188} {hher methods-Treatment differences were tested using ANOV A and a Tukey
muftiple comparison test to conirol the global type I error using Prism 3.0 (Graphpad

20 Software). Surface plasmon resonance studies were performed as described (18).

RESULTS
W182)  sPLAZ2-UA activates soluble integrin avfi3 in cell-free conditions-The inventors
recently reported that FEN-CD can activate integrins in the absence of CX3CRI through
direct binding to site 2 of integrins {19). A peptide from site 2 of ntegrin B3 (S2-B3 peptide)
25  directly binds to FKN-CD and suppresses FKN-CD-induced integrin activation (19). The
newly identified site 2 is distinct from the classical RGD-binding site (site 1), The inventors
propose that FKN-CD binding to site 2 mnduces activation of site 1 though conformational
changes {in an allosteric mechanism). The site Z-mediated activation of integrins may not be

Hmited to FKN-CD, and the jnventors tested if other known integrin ligands activate av33.

30 [83153}] The inventors previously reported that sPLAZ-HA binds to integring avp3 and 041

and induces signals through integrin pathways (14). The inventors studied if sPLAZ-ITA
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enhances the binding of recombinant sohible avB3 to w399, an avB3-specific ligand
(22,25} in cell-free conditions. yC39%tr was immobilized to wells of microtiter plates and
measured the binding of scluble av3 to yC3991r in the presence of sPLAZ-11A. To keep
soluble integrin inactive 1 mM Ca’ was included in the assay. WT sPLA2-IIA enhanced the
5 binding of yC39%r to av3 in a concentration-dependent manner (Figs. la and ib). In
contrast to WT sPLAZ-TTA, the R74E/R100E murtant (Integrin-binding defective) (14) was
defective n this function (Fig. 1b). H47(Q {catalytically mactive) and G295/D48E (M-type
receptor-binding defective) mutants behaved like WT sPLA2-TIA (Fig. 1¢). These findings
suggest that sPLAZ-IIA activates ov3 in cell-froe conditions and this activation requives the

10 intogrin-binding site of sPLAZ-TIA but does not require catalytic activity or recepior binding.

1#154] The inventors studied if sPLAZ-UIA activates integrins on the cell surface by
measuring the binding of FITC-labeled v(C39%1r to cells using flow cytometry. WT sPLA2-
A activated ovB3 on U937 {avB3-+){Fig. 1d), K562 cells that express recombinant avf3
{avP3-K562 cells) (Fig. 1), and CHO cells that express hamster gv/human B3 hybrid (B3-

CHO cells) (Fig. 11). The effects of sPLAZ-UA mutations on sPLAZ-HA-immduced avp3

ot
o

activation were similar to those in solable avB3. These findings suggest that sPLAZ2-IJA
activates ovB3 on the cell surface in a manner similar to that of soluble vp3, and that the

sPLAZ-HA-induced avp3 activation is not cell-type specific.

[8188] It is possible that the effect of sPLAZ-TA on avB3 may be specific to yC39%r. The
20 inventors thos used the disintegrin domain of human ADAMIS, which has an RGD motif and
specifically binds to avf3 (23). The binding of FITC-labeled ADAM1S disintegrin domain
was markedly enhanced by WT sPLAZ-[IA, but not by R74E/RIG0E, in U837 (Fig. 1g),
avP3-K562 (Fig. 1) and B3-CHO cells (Fig. 11}, suggesting that the effect of sPLA2-TTA on
the Hgand binding to avp3 is not unique to yC39%tr, 1t was confirmed that sPLA2-UA does
25 not directly interact with the integrin Hgands vsed in this study (Fig. 10). sPLAZ2-HA directly

binds to integrins.

8186]  Docking simulation predicts that sPLAZ-IA binds (o site 2 in an inactive form of
avfi3-The mventors studied if sPLAZ-TIA-induced activation of avp3 involves the binding of
sPLAZ-HA to site Z of avf3. Docking simulation of the interaction between sPLAZ-HA and
30 the closed-headpiece form of avp3 (PDB code LIV2) predicts that sPLA2-TIA binds to site 2
with ligh affinity {(docking energy -22.1 keal/mol) (Fig. 2a), as i the case of FKN-CD (191

Site 2 is located at the opposite side of site 1 {Figs. 2b and Ze¢). The RGD peptide binds binds
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to site 1 in the open-headpicce avfi3 (Fig. 2d). Amino acid residues in sPLAZ-TIA and
integrin ovf3 that are involved in sPLA2-TIA- ovf33 intogrin arc listed in Table 1. The
docking model predicts that Arg74 and Arg100 arc within the sPLAZ-UA/ovp3 interface at
site 2 {Fig. 1a), suggesting that the imtegrin binding interface in sPLAZ-UA at site 2 overlaps
with that of site 1. This predicts that sSPLA2-UA may activate integrins through direct

binding to site 2, and that the R74E/RI00E mutant may be defective in this function.

[8187) sPLAZ2IIA divectly binds to a peptide dervived from site 2 of integrin §1-The
imventors proviously identified a peptide sequence {e.g., residues 256-288 of B3, S2-43
peptide) from site 2 of gvP3 that directly mteracts with FEN-CD (Fig. 3a). The peptide
suppresses FEN-CD-mediated integrin activation, but control scrambled peptide does not
{19). The inventors studied if site Z-derived peptides bind to sSPLAZ-HA. It was cxpected
that S2-f3 peptide binds to sPLAZ-HA, because the anyine acid residues in S2-B3 peptide are
located within the integrin-binding interface of sPLAZ-HA in the docking model (Table 1),
Interestingly, site 2 peptides from B1 (S2-B1 peptide) bound better to sPLAZ-IA m a
concentration-dependent manuer than S2-B3 peptide (Fig. 3b and 3¢). Control GST or
scrambled S2-B3 peptide (82-Biscry did not bind to sPLA2-HA. This suggests that site 2 has
different binding specificity to FKN-CD and sPLA2-TIA. 82-81 peptide suppressed sPLAZ-
HA-mediated avP3 activation in U937 (Fig. 3d), avp3-K562 (Fig. 3¢}, and B3-CHO (Fig. 3H
cells, while cordrol GST or 32-B3scr peptide did not. These findings suggest that sPLAZ-UA
binds specifically to site 2 and that the binding of sPLAZ-1IA to site 2 is ¢ritical for sPLAZ-

HA-mediated avi3 activation.

[B188]  PLAZ2-TTA4 activates adB] in a site 2-dependent manner.-The inventors have
reported that sSPLAZ-ITA directly binds to another integrin, 64B1, and induces signals in an
o4 f1-dependent manner (14). The inventors found that sPLAZ-TIA enhanced the binding of
FITC-labeled fibronectin fragment specific to 4Bl (H120) 1o U937 cells {ad+) (Fig. 4a},
K562 cells that express recombinant ad (04-KS62) (Fig. 4¢), and CHQO cells that express
recombinant o4 {a4-CHO) (Fig. 4¢). This suggests that sPLAZ-UA activates adfil. WT
sPLA2-HA markedly jncreased the binding of H120 to adf1, while R74E/R100E did not
{Fig. 4a, 4c, and 4¢}. The H47Q or G295/D48K mutants induced odPl activation, ke WT
sPLAZ-HA, suggesting that catalytic activity or receptor binding of sPLAZ-UA is not
important. S2-f1 peptide suppressed the binding of H120 10 0481 ncreased by sPLAZ-TIA,

while control GST or S2-B3scr peptide did not (Fig. 4b, 4d and 4e). These results suggest
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that sSPLA2-HA activates integrin 041 through divect binding to site 2 in a manner similar to

that of av(33.

18188)  Campd2] that binds to SFLA2-TIA Inhibits sPLAZ ITA-mediated ovf3 and a4fi

activation-The inveniors receutly identified small compounds that bind to sPLAZ-HA and

RN

suppress sPLAZ-HA binding to avB3 (13), including corapound 21 (Cmpd21) (Fig. Sa).
Cmpd21 was selected because of its ability to bind to WT sPLAZ-TIA but not 1o
R74E/RIG0E (15). Cmpd21 binds to the integrin-binding site of sPLAZ-HA and suppresses
adhesion of gvp3-K562 cells to yC39%r (15). Consistently, Cmpd21 suppressed the binding
of sPLAZ-IIA to avP3 1n a concentration-dependent manwer in surface plasmon resonance

10 studies (Fig. 5b). The mventors found that Cmpd21 suppressed the vC399tr binding to avB3-
K562, U937, and §3-CHO cells in a concentration-dependent manner in three different cell
types (Fig. 5S¢, 5d and 5¢). Cmpd21 also suppressed the adhesion of 0d4-K562 cells to sPLAZ-
IIA in a concentration-dependent manner (Fig. 6a), suggesting that the effect of Cmpd21 is

not limited to sPLAZ-11A-avP3 interaction. Cmpd21 suppressed sPLA2-IIA-induced binding

ot
o

of H120 10 04P1 iu three difforent cell types (Fig. 6b-d). These findings suggest that
Cmpd21 sappresses sPLAZ-TTA-mediated ovP3 and e4f1 activation through site 2 by

binding to the integrin-binding site of sSPLAZ-TIA.

10168)  sPLAZ2-UA enhances the hinding of the fibronectin fragment that contains the RGD
motif to 0541~ The interaction between the RGD-containing cell-binding fibronectin type HI

20 fragment and integrins has been extensively studied as a prototype cell-extracelular matrix
interaction. The inventors decided to study if sPLAZ-11A enhances the binding of this
fragment to integrin a5B1 using vat fibronectin domains 8-11 (FN&-11). The inventors thus
studied FN8-11 binding to o531 and found that sPLAZ-TIA bound to integrin o581 in K562
cells, in which o581 is the only Bl integrin, and that mAb KH72 specific to o3 suppressed the

25 binding, suggesting that sPLAZ-UA s a ligand of «S5B1 (Fig. 7a). The binding of sPLA2-TIA
to U837 cells was suppressed by KH73 {anti-aS), 7E3 (anti-avB3), and SG73 (anti-a4),
suggesting avp3, and g4 1, in addition to a3P1, are invelved in sPLAZ-IIA binding to U937
cells (Fig. 7b). Cmpd2i effectively suppressed the adhesion of K562 cells to sPLA2-HA
{Fig. 7¢). These findings suggest that sPLA2-IIA interacts with a5B1. The inventors

30 discovered that sPLAZ-TTA markedly increased the binding of FITC-labeled FNB-11 to 051
on U937, K562, and CHO cells, while R7T4E/R100E did not (Figs. 7d-f). The H47Q or
G295/D48K mutants induced aSP1 activation, like WT sPLAZ-TTA. These findings suggest

that sSPLA2-HA activates integrin o581, and that catalytic activity or receptor binding of
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sPLAZ-IIA is not required for this process, as in the case of ovP3 and adBi. 52-Bl peptide
suppressed the binding of FNE-11 to SB1 increased by sPLAZ-ITA, while control GRT or

7
/

scrambled B3 peptide did not (Fig. 7g-1). Cmpd21 suppressed sPLAZ-HA-induced binding
of FNR-11 to aSB1 in three different cell types (Fig. 74-1), suggesting Cmpd21 suppresses
sPLAZ-HA-induced a5B1 activation through site 2 as well. Taken together, these results
suggest that sPLAZ-TIA enhances FNR-11 1o integrin a3p1 through direct binding of sPLAZ-

A to site 2, as in the case of avB3 and 04 1.

[0161]  sPLA2-NTA suppresses H120 binding to a4f1 at high concentrations.-1f sPLAZ-IIA
binds to site 1 {(14) and site 2 (the present study), it is predicted that sSPLAZ2-HA competes
with Hgands for binding to site 1. To address this question, the inventors determined the
offect of SPLAZ-IIA as a function of sPLAZ-IIA concentrations up to 500 pg/ml. The
binding of H120 to a4-CHO celis was maximum at 20 ng/ml sPLAZ-TIA and then reduced as
sPLAZ-HA concentration increases (Fig. 8). This suggests that 1) sPLA2-HA at low
concentrations binds to site 2 of closed adB1 (site 1 closed, site 2 open) and activates a4dB1
{(sitc 1 open). 2) when site 2 is saturated with sPLAZ-TA, sPLAZ-HA competes with HI120

for binding to site 1 {open} and reduce the binding of H120.

BISCUSSION

{8162} The present study establishes that sSPLAZ-HA activates integrins avP3, adfi, and
e5B1 through direct binding to site 2. sPLAZ-HA activated recombinant soluble avp3 in ccll-
free conditions, suggesting that inside-out signals or other molecules are not involved. This
process does not inclade catalytic activity or receptor binding of sPLAZ-1IA since muitating
the catalytic center or receptor-binding site of sPLAZ-IJA did not affect sPLAZ-IJA-mediated
integrin activation. sPLA2-TIA induced wdegrin activation through binding to site 2 is a novel
mechanism of integrin activation and pro-inflammatory action by sSPLA2-IIA. sPLAZ-TIA

may activate other integrins through divect binding.

[8163] sPLAZ-HA-mediated integrin activation happens in biclogical fluids (at least in
tears). In the present study, >5 pg/ml sPLAZ-TIA was requived to detect sPLAZ-TIA-imduced
integrin activation. Notably, the conceniration of sPLAZ-HA 1s exeeptionally high in human
tears (26-28). In normal subjects, the concentration of sPLAZ-TIA in tears is 54.5 +/- 33.9
pg/ml, one of the highest levels of sPLAZ-TIA reported in any novmal human secretions (29).
Thercfore integrin activation by sPLAZ-I1A happens at least in tears. sPLAZ-1IA appears to

be socreted by both the lacrimal glands and the goblet cells of conjunctival epithelia (26,30).
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Since sPLAZ-TA is bacteriocidal and kills Listera at much lower concentrations (<0.1 nM), it
is possible that the primary functions of sPLAZ-1IA at such high concentrations in tears might
be tndegrin activation. It is likely that sPLA2-HA in tears may play a vole in enhancing
mmmune response to bacterial pathogens through local integrin activation in tears or perhaps
in other tissues, Serum fevels of sSPLAZ-HA are increased only up to 1 ug/ml during systenic
nflavuoation (2, 3). sPLAZ-IIA may vot effectively activate integrins at these
concentrations. It 18, however, possible that sPLAZ-HA may be highly concentrated in
diseased tissues in chronic mflammation or on the cell surface through binding to

proteoglycans.

[#164] The sPLAZ-TIA-induced integrin activation is expected to enhance interaction
between cells and extraceilular matrix {(e.g., fibrinogen and fibronectin} and thereby induce
massive proliferative signals, Since integrins are involved in growth factor signaling through
crosstalk with growth factor receptors, sPLAZ-TTA-induced integrin activation is also
expected to enhance cellular responsiveness 1o growth factors. The inventors have reported
that integrins crosstalk with several growth factor veceptors through direct binding to growth
factors {e.g., fibroblast growth factor-1 (24, 31-33), msulin-hike growth factor-1 (34-37),
neuregulin-1 (38), and fractalkine (1R8)). The inventors propose that sPLAZ-TA-induced
integrin activation indirectly affects intracclular signaling by these growth factors through

enhancing tutegrin binding to growth factors.

[8165] The inventors establish that site 2 is involved in integrin activation by sPLAZ-TIA
{the current study) and FKN-CD (19} (Fig. 9). This is a new mechanism of udegrin
activation. It has previously been reported that the binding of a RGD-mimetic peptide
mduces changes in the tertiary structure of avpB3 (39) and allbB3 (40) in the B3 I-like domain.
RGD or ligand-mimetic peptides activate purified, non-activated allbf3 (41) and avi3 (42).
This process does not require inside-out signal fransduction and U appears that RGD or
higand-mimetic peptide triggers conformational changes that lead to full activation of
mtegrins. These findings suggest that these peptides enhance integrin affinity by
conformational changes in the headpicce possibly through additional ligand-binding sites in
the integrin (41). A previous study suggests that there are two RGD-binding sites in integrin
¢iTbf3, and that one binding site acts as an allosteric site based on binding kinetic studies
{43). Also, another study suggests that two distinet cyclic RGD-mimetic peptides can
stmultancously bind to distinet sites in allbf3, and the ostimated distance between two

higand-binding site is about 6.1 +/- 0.5 nm {44). The possibie allosteric higand-binding site
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has not been pursued probably because the avf3 structure (ligand occupied, open-headpiece)
contains only one RGD-binding site (39). in our docking mode] the distance between site 1
and site 2 is about 6 nm. Thus, the position of site 2 1s consistent with the previous report.
Based on previous studies it is likely that the newly identified site 2 has Higand specificity that
overlaps with that of site [, interacts with integrin lgands other than FKN-CD {e.g., RGD),
and is poientially involved in integrin regulation in an allosteric mechanism. 1t is reasonable
1o assurne that FKN-CD or sPLAZ-HA binding to site 2 induces counformational changes in
mmtegring. B was suspected that other proteins also bind to site 2 and affect integrin functions.
Also it is likely that integrins other than avp3, adPl, and ¢S5BT are activated by site 2-

mediated mechanism. It would be Underesting to address this question in future studies.

[#166] It is unclear whether sPLAZ-TTA-indaced integrin activation requires global
conformational changes in integrins. In current models of integrin activation, activation of Bl
integring induces a swing-out movement of the hybrid domain and exposes epitopes
recognized by activation-dependent antibodies (anti-homan Bl HUTS4 and HUTS21){(45).
The HUTS4 and HUTS21 epitopes are located in the hybrid domain of $1 (46,47}, In ouwr
preliminary experiments, sPLA-TIA did not change reactivity of B Udegrins to HUTS4 and
HUTS21 in U937, K562, and 04-K 562 cells in RPMI1640 medium under the conditions in
which sPLAZ-TIA enhanced the binding of Bl integrins to ligands. It is possible that the
binding of sPLAZ-HA to site 2 induces only local conformational changes within the
headpicce of integrins. Interestingly, the open-headpiece (PDB code 1L3Q) and closed-
headpiece (PDB code 1JV2) conformations of avP3 are very stmilar (39,48}, Swrprisingly,
the docking simulation distinguished the two conformations and predicted the posttion of site
2 1o the closed-headpiece form. It was shown that sPLAZ-TIA (the current study) FKIN-CD
{19} actually bind to site 2 and the binding of sPLAZ-1A and FKN to site 2 is requirved for
mntegrin activation using the peptides from site 2. It is Hkely that integrins that are activated
by sPLAZ-{IA and FKN-CD through site 2 have conformations similar to the open-headpiece
ovfi3 that has no global conformational changes compared to the closed-headpiece form. The
open- and closed-headpicee conformations of avB3 may really reflect the fact that integrins
can be activated without global conformational changes through allosteric mechanism.
8167  The site 2-derived integrin peptides were used for establishing that sPLAZ-[IA
really binds to site 2, and the interaction is involved in integrin activation. It was studied if
S2Z-B1 peptide acts as an antagonist for sPLAZ-11A-mediated pro-inflamamatory signals (Fig.

11, 82-Bl peptide suppressed chemotaxis induced by sPLAZ-HA. Although it is unclear if

S{
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S2-B1 peptide suppressed the binding of sPLAZ-TIA to site 1 or stte 2 at this point, the results

suggest that S2-B1 peptide bas potential as a therapeutic.

[#168] Specific inhibitors of sPLAZ-TIA catalytic activity S-3920/LY315920Na and 5-
3013/LY333013 failed to demonstrate a significant therapeutic effect in rheumatoid arthritis
5 (49) and asthma (50). Our previous study suggests that sPLAZ-ITA-integrin interaction may
be a potential target for chronic inflammatory diseases (14). Cmpd21 was sereened for its
ability to bind to the integrin-binding site of sSPLAZ-HA (15). Indeed Cmpd2 1 suppressed the
binding of sPLA2-TA to integrins, and, in the present study, the mventors demonstrated that
Cmpd21 suppressed the sPLAZ-T1A -induced integrin activation via site 2 as well. It would be

10 interesting to study if Coipd21 or its variants suppress inflammation in vive in future studies.

Example 2
[6169] ELISA binding assays were performed 1o test and compare the binding ability of
pepiides comprising the aming ackd soquences of SEQ I N1 and SEQ ID NO:3, either as
Hnear peptides (lnear bl and Hnear b3 in Fig. 12} ov cyclic peptides {cyelic bl and cyclic B3
15 mFig V3, to oPLAZ-HA and fraciallane (FKN). Wells of 96-well microtiter plates were
coated with sPLAZ-TIA or FKM at 10 ug/mi coating concentrations, while remaining protein
binding sites wers bocked with BSA. Wells were tucubated with site 2 peptides {GET
fusion) m PBY for | howr and bound GST was determined veing andti-GST antibodies (HRP-

conjugated) and peronidase substrate.

200 8178} Daia are shown in Figure 172 comparing cyclic site 2 peptides {(B1 and B3} binding to
sPLAZ-HA or FKN. Cyelic B peptide showed binding ability very similar to hnear Bl
peptide in its binding to sPLAZ-TA or FKN, but cyclic B3 peptide showed a stronger binding
ability to sPLAZ-HA and FEN than linear 83 peptide. In additional testing, linear B1 and 3
peptides did not bind to other ligands {e.g., 3DF-1, IGF-1}, wherceas both cyclic Bl and B3

25 peptides bound to the Hgands.

{8171} All patents, patent applications, and other publications cited in this application,
meclading published aming acid or polynoclestide sequences, are incorporated by reference in

the entirety for all purposes.
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Table 1. Amino acid residues involved in the interaction between sPLAZ-TA and integrin
ovP3. Amino acid residues within 6 angstrom between sPLAZ-TIA and ovB3 were selected
using pdb viewer (version 4.1). Amine acid residues in 53 site 2 peptide (S2-B3}) are shown in

bold.

oV

R3

SPLAZ-IEA

Gluls, Lysd2, Asndd,
Glyd%, Hes0, Valsl, Glus?2,
Asn77, SerSi, Hisel, TrpY3
Argi122, Ala397, Arg398,
Ser399

Prol160, Vallol, Serio2, Metl6s,
Seri6g, Proliéy, Prol 70, Glul7i,

JAlal72, Lenl73, Glul74,

Asnl75,

Lcul8S, Proldo, Metl&7,
Phel88, His192, Vall93, Leul94,
Glu206, Ala2e3, Giv2ed,
Gin267, Ghv276, Sev277,
Aspl78, Asn279, His2R{,
Ser282, Ala283, Thr2¥S, Thriié

Lucll, Thei3, Glyi4, Lys1s
Ser3s, Prods, Lys37, Asp3s,
141239, Argd?, Val45, Thrdé,
Hisd7, Cyv49, Cy5{, ArgS3,
Ser7l, Gly72, Ser73, Arg74,
CysS7, Argl00, Asnll, Lys102,
[Thrid3, ThriQ4d, Tyrlgs,
Asni06, Lys107, Lys10s,
Tyr109, Tyril2, Argiif, Seri2,
Prol122, Argl23, CysiZ4
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THAT IS5 CLAIMED iS:

1. A method for identifying an inhibitor for integrin-sPLAZ-1IA binding,
comprising the steps of:

{a) contacting a test compound with sPLAZ-UA and an jntegrin P fragment
comprising the amino acid sequence set forth in SEQ 1D NO:, 2, 3, or 4, under conditions
that permit specific binding between sPLAZ-HA and the integrin 8 fragment;

(b} determining the level of specific binding between sPLAZ-IIA and the
integrin B fragment, wherein a decrease in the level of specific binding compared to a control
level of specific binding between sPLAZ-ITA and the integrin B fragment under the same
conditions but n the absence of the test compound indicates the compound as an inhibitor for

integrin-sPLAZ-IIA binding.

2. The method of claim 1, wherein the integrin P fragment is present on

the surface of a cell

3. The method of claim 2, wherein the integrin  fragment is

recorabinantly expressed.

4, The method of claim 1, wherein sPLAZ-IIA is immobilized on a solid

support.

5. The method of claim 1, wherein the integrin § fragment is immobilized

on a solid support.

6. The method of claim 1, wherein sPLAZ-TIA is labeled with a

fluorescent dye.

7. The method of claim 6, wherein the fluorescent dye is fluorescein

isothiocyanate (FITC).

3. The method of claim 1, wherein the integrin B fragment comprises the

amino acid sequence set forth in SEQ ID NG: 1.

3, The method of claim 1, wherein the integrin B fragment comprises the

amine acid sequence set forth in SEQ 1D NO:3.
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18, The method of claim 1, wherein the integrin B fragment further
comprises at least one heterologous amine acid sequence at the C- and/or N-terminus of the

amino acid sequence set forth in SEQ ID NGO, 2, 3, or 4.

1%, The method of claim 2, wherein the cell s U937 human monocytic
tymphoma cell

12 The method of claim 2, wherein the cell is K562 cell.

3. A method for treating an inflammatory condition or suppressing cell

proliferation, comprising the step of administering to 3 subjoct an cffective amount of an

inhibitor for sPLAZ-1TA and intogrin binding.

14. The method of claim 13, wherein the inhibitor is an integrin p fragment

comprising the amino acid sequence set forth in SEQ 1D NO:1, 2, 3, or 4.

15. The method of claim 14, wherein the inhibitor is a peptide comprising

the amino acid sequence set forth in SEQ 1D NO:1 or 3.

16.  The roethod of clain 158, wherein the inhibitor is a peptide consisting
of the anmino acid sequence set forth in SEQ 1D NO:1 or 3, optionally further comprising a

heterologous amino acid sequence.

i7. The method of claim 16, wherein the peptide is Hinear or cyclic.
18, The method of claim 13, wherein the nhibitor s Compound 21,
19, The method of claim 13, wherein the inhabitor 15 2 nucleic acid

encoding an integrin B fragment comprising the amino acid sequence set forth in SEQ ID

NO:E 2,3, o0 dl

28. A composition comprising (1) an effective amount of an inhibitor for

sPLA2-HA and integrin binding and (2) a pharmaceutically acceptable carrier.

2. The composition of claim 28, wherein the inhibitor is an integrin §

fragment comprising the amino acid sequence sot forth i SEQ D NG, 2, 3, or 4.
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22, The composition of claim 28, wherein the inhibiter is a peptide

comprising the amino acid sequence set forth in SEQ ID NO:t or 3.

23. The composition of claim 22, wherein the inhibitor is a peptide
consisting of the aming acid sequence set forth in SEQ 1D NO:1 or 3, optionally finther

comprising a heterclogous aming acid sequence.

24. The method of claim 22, wherein the peptide is Hnear or cyclic.
25, The composition of claim 28, wherein the nhibitor s Compound 21,
6. The composition of claim 28, wherein the inhibitor is a nucleic acid

encoding an integrin B fragment comprising the amino acid sequence set forth in SEQ ID

NO:E 2,3, o0 dl

7. The composition of claim 28, further comprising an additional

therapentic compound.

28. A kit for treating an inflaromatory condition or suppressing cell

profiferation, said kit coraprising the composition of claim 28,

59



WO 2016/077579 PCT/US2015/060370

1/21 ‘

uble ovi3

C 5ol

Figure 1

€
= =
=

Z
oy

P

%
23

A

& Soluble avp3
b Soluble avf3

& 2

1

{oseon Bapag fesron) Duguw

‘ SUBSTITUTE SHEET (RULE 26)



WO 2016/077579

R3-CHO

f

U837

PCT/US2015/060370

2/21 ‘

L}.\\ s

N & X 2

e e ::,‘
c
" (@)
LR o
-
o
=
Rl
LL
":‘%&
] e
L
-- o
5 9
B S
™ 10 =
o T
X *
0
o
S

%
e

SUBSTITUTE SHEET (RULE 26)



WO 2016/077579

i

=
Wy

R

3/21

S22 )

RN 83

®

g UB37/ADAMAS

_‘,

PCT/US2015/060370

h ovp3-K562/ADAMIS

SUBSTITUTE SHEET (RULE 26)

+

Figure 1 (cont)

SFITL ADAMAE




+

PCT/US2015/060370

4/21

WO 2016/077579

B-propeller
domain of av

SPLAZ2-IIA

“Qpen” avBd with sPLAZ-HA
-like domain of

e areermeoi S
%

oo

g “Open” avR3 with RGD peptide

b
§
i

[-like domain of
B3

£
%

s@peniclosed” avi3

“Closed™ qvB3 with sPLAZJI
sPLA2-IIA

&
C

B-propeller
domainof av ¢

Figure 2

SUBSTITUTE SHEET (RULE 26)

+



WO 2016/077579 PCT/US2015/060370

5/21 ‘

g g
S,

7! :_/‘,gu,x

15

SV W g ey
b L S T N T < o

P Wl P

to sPLAZHA

ke o
¥

A
Z
€ Site 2 peptide binding

o \\Q o \\\: o N
R oot ¥ R N W

Figure 3

d Alignment of site 2 peptides

to sPLAZIA

b Site 2 peptide binding

{ospa0] Buipug

‘ SUBSTITUTE SHEET (RULE 26)



WO 2016/077579 PCT/US2015/060370

6/21

e  avp3-K562 f

MAFY

g

Figure 3 (cont)

SUBSTITUTE SHEET (RULE 26)



WO 2016/077579 PCT/US2015/060370

g
b
o
|
'.‘\\\“
o
=
[
& .
g fa
-
'Q B (Y
<
o
4N S
Rl
LL
o
%
]
oo
£
L
wd
«

‘ SUBSTITUTE SHEET (RULE 26)



WO 2016/077579

c

Wi

8/21

a4-K562 d

2]

e od4-CHO

R
] Pl TR

Figure 4 (cont)

SUBSTITUTE SHEET (RULE 26)

PCT/US2015/060370

ad-Kb62

+




PCT/US2015/060370

9/21

WO 2016/077579

W LED y m %
A s nn.\!\M
.A ) e 3 ]
: e 3 . “\\\\\M |
) 2 - = i s ﬁ@\w | .
“% RRIE 9
Ed y
5
. S s
x&“ \\\\\\\\\\\\,\\\“ﬂ\ 2
] \ \
: “ % “
Z % ]
7 “ 2
e “. ~
saces : %
: \\ 1
13 \ “
s . “ )
w“ e N bt 2
# gz o~ G R
B . | : €
%, ) “ “\ .
: : :
% “ | .
ﬂu % ] 2
4 \\ \\
= “\ .“ :
- Q..mv % o P .
2 | s.. “\\\\ F] N.x.
g | .
_. ; ¥, ", & "
d (X &Y %, 3
%% \ .
2 \vn. ' 3“} At i i
, 4 \ &
) -
%, e
- L2 =
S ,
........ ¥
“
%,

S350
S0
T
g
g3t

SUBSTITUTE SHEET (RULE 26)

+



WO 2016/077579 PCT/US2015/060370

10/21

d avp3-K562

AT SR S Beaf 8
PO PO P DS

.

WiFl

Figure 5 (cont)

‘ SUBSTITUTE SHEET (RULE 26)



WO 2016/077579 PCT/US2015/060370

11/21

d  Adhesion of a4-K562 cells
to sPLAZ-IA

haion

Yescle

Figure 6

SUBSTITUTE SHEET (RULE 26)



WO 2016/077579 PCT/US2015/060370

12/21

C oad-Kbe2

3 10 20 50 &0 50

T epvrned Foo B
Cmpddd (il

Figure 6 (cont)

SUBSTITUTE SHEET (RULE 26)



WO 2016/077579

UBE7sPLAZ binding

b

a KBB2/sPLAZ binding

_‘,

£y

~
oy
33

e
¥

3

13/21

LN

SUBSTITUTE SHEET (RULE 26)

PCT/US2015/060370

UOISOHDY

SR

+

Figure 7



WO 2016/077579

£ K562/PLAZ munt

d  u937PLAZ mut

=

AEY

N

o

PCT/US2015/060370

14/21

(i

i3
S

Frafy 05 Tl 195
s

P—

5
13

CHOSPLAZ mut

f
i

15

SUBSTITUTE SHEET (RULE 26)

Figure 7 (cont)



WO 2016/077579

K562/52-H1

15/21

1

4

g wus3zisz-p

B
o

i1z
1%

PCT/US2015/060370

CHO/S2-

45%
oy

-

I

SUBSTITUTE SHEET (RULE 26)

+

Figure 7 (cont)



K Ks62/Cmpd21

=

WO 2016/077579

} UB3TICmpd2l

16/21
N
R
o
P
RN,

PCT/US2015/060370

g
N
R
£
&
O |
g 9 2 & &
L & 08 %
14w

SUBSTITUTE SHEET (RULE 26)

+

Figure 7 (cont)



WO 2016/077579 PCT/US2015/060370

17/21

sPLAZ HI2D
(R figns
2 s {_} L
4 Pty E&&

& Fememe b N
{ngfmY

A A A

//?‘/”.‘/,'//A‘e‘(//////////z

Relative cell ny

0 400 200 300 400 500
sPLAG-HA (ugimi}

‘ Figure 8

SUBSTITUTE SHEET (RULE 26)



WO 2016/077579 PCT/US2015/060370

18/21

SPLAD-IIA

Site 2 peplides ) Site 2
Cmpd21 The position of
site 2 peptideg
integrin
Headpiece
{top view)
s : {Classical RGD-
sPLAZ-HIA | binding site)

Fibrinogen yC308r (ovi3)
ADAMIS (avB3)
Fibronectin H120 {(o4p1)
Fibronectin FN8-11 {03 1)

Figure 9

‘ SUBSTITUTE SHEET (RULE 26)



%‘8

ligands (2 ulM)



L L ,
Lt %ou Bt L L
o o) % -t A

masguIny jjen



+

WO 2016/077579

S8

& 0s

SPLAZ-HAHD b

PCT/US2015/060370

21/21

Binding of linear and cyclic site 2
peptides to sPLAZWIA and FRN

ST SPLAHADID ndorogim}
By e DR Iyl bl
e BY Mrear e

&2 pep inderaging £ pep foroninl

FHN {10 microgind)

FEN {10 svorogimh)
g R fopelo by

wle bty L

'&xﬁg

A W % 0

Walla of 86aweall

2

a3 pep rvinroging 2 pap imiorging

oiraeiter phaier e otuleg with sPLAGA or favtaiiane (FRNG at 10 ey

nd coating concantralions and remaining profain bnding sites ware blocked with BS&,
Wity wors intululed with site 3 poplides (G5T fudion} in PES for 1 i and bound G8T
was delermingd using and-08T antibodias (HRP-conjugaied) and peroxidase

substrates. The dals s shown as means +- SER (n=3).

Figure 12

SUBSTITUTE SHEET (RULE 26)

i



INTERNATIONAL SEARCH REPORT International application No.

PCT/US2015/060370

A. CLASSIFICATION OF SUBJECT MATTER

|PC(8) - A61K 38/00 (2016.01)

CPC - A61K 38/00 (2016.02)

According to International Patent Classification (IPC) or to both national classification and IPC

B.  FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

1PC(8) - A61K 38/00, 38/04, 38/16; A61P. 29/00 (2016.01)
CPC - A61K 38/00, 38/04, 38/16; CO7K 14/4702 (2016.02)

Décumentation searched other than minimum documentation to the extent that such documents are included in the fields searched
USPC - 14/1.1; 514/12.2 (keyword delimited)

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

PatBase, Google Patents, ProQuest, PubMed
Search terms used: sPLA2 secretory phospholipase A2 integrin inhibitor

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 2009/0092595 A1 (Takada et al) 09 April 2009 (09.04.2009) entire document 13
Y . 18, 28
X US 2013/0078253 A1 (FANG et al) 28 March 2013 (28.03.2013) entire document 20-22, 24, 26, 27
Y ' 25,28 '
Y YE et al. “Identification of inhibitors against interaction between pro-inflammatory sPLA2-IIA 18, 25
protein and integrin avp3,” Bioorg Med Chem Lett. 24 October 2012 (24.10.2013), Vol. 23, Pgs.
1-17 [Original Pgs. 340-5] entire document
P, X FUJITA et al. “Proinflammatory secreted phospholipase A2 type lIA (sPLA-IIA) induces integrin | 1-28
activation through direct binding to a newly identified binding site (site 2) in integrins av33, adp1,
and a581," J Biol Chem. 14 November 2014 (14.11.2014), Vol. 2015 290, Pgs. 259-71 entire
document -
A SAEGUSA et al. “Pro-inflammatory secretory phospholipase A2 type 1A binds to integrins av3 |1-28
and a4B1 and induces proliferation of monocytic cells in an integrin-dependent manner,” J Biol
Chem. 17 July 2008 (17.07.2008), Vol. 283, Pgs. 26107-15 entire document ’

l:] Further documents are listed in the continuation of Box C. D See patent family annex.

hd Special categories of cited documents:

“A” document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand
to be of particular relevance the principle or theory underlying the invention
“E” earlier application or patent but published on or afier the international  “X” document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive
“L” document which may throw doubts on priority claim(s) or which is step when the document is taken alone
gnegat‘or:as;zzh(sa}; ;h:c?fl_:le)cljl)canon date of another citation or other “Y” document of particular relevance; the claimed invention cannot be
pe p considered to involve an inventive step when the document is
“«y . . - G ! P nent
0" document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination
means being obvious to a person skilled in the art
“P”  document published prior to the international filing date but later than  «g» 4ocument member of the same patent family

the priority date claimed .

“T” later document published after the international filing date or priority
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Date of the actual completion of the international search

19 February 2016
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INTERNATIONAL SEARCH REPORT

International application No.

PCT/US2015/060370

Box No. 1 Nucleotide and/or amino acid sequence(s) (Continuation of item 1.c of the first sheet)

1. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the international search was

carried out on the basis of a sequence listing:

a. D forming part of the international application as filed:
D in the form of an Annex C/ST.25 text file.
D on paper or in the form of an image file.

b. D furnished together with the international application under PCT Rule 13ter.1(a) for the purposes of international search

only in the form of an Annex C/ST.25 text file.

c. IX] furnished subsequent to the international filing date for the purposes of international search only:

in the form of an Annex C/ST.25 text file (Rule 13ter.1(a)).

D on paper or in the form of an image file (Rule 13fer.1(b) and Administrative Instructions, Section 713).

2. In addition, in the case that more than one version or copy of a sequence listing has been filed or furnished, the required
statements that the information in the subsequent or additional copies is identical to that forming part of the application as
filed or does not go beyond the application as filed, as appropriate, were furnished.

3. Additional comments:
SEQ ID NOs:1-4 were searched.
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