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Figure 10.
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rrREG-SC {mPEG-suncinimidet carbonate)



US 2008/0299128 A1

Dec. 4,2008 Sheet 14 of 38

Patent Application Publication

i




US 2008/0299128 A1

Dec. 4,2008 Sheet 15 of 38

Patent Application Publication

2

i i

SIHAESELY SAIDY DMLY

R S s

SISELIOS

G

SO BARISIIN

R A s

Z
Z
%
Z
%
7
Z
%

SR plojewunaipy SISCIB|ISoCIN]Y ewylsy

‘61 24nbi4



US 2008/0299128 A1

Dec. 4,2008 Sheet 16 of 38

Patent Application Publication

d 8 g \'4

54 1961-z1sgp 34 19061-Z3sgpeddex-Z1sgp 34 1001-Z15gp:i21sgp }mmwwmwmmm

‘02 @anbiy



US 2008/0299128 A1

Dec. 4,2008 Sheet 17 of 38

Patent Application Publication

rOP T ESEE Yoy
u\\i«!_‘lfe\::
7 P
- 3
x\ T 9BEYR0SY ASSELN
) aer g N, BEYTEERE 0081

- W\&Q\.ﬁ
/ ‘ 49 yp53
ﬂ nE 4L oBLearyNGod

zene 126 94106 1sap
N =P
Z8EUEIR 2L

{(g)

E64EE0GE Yoo jury

T £E96" £59€ ABIELI
\\V\\\t\%\v . BGIETLBYE 0%
s
/ A
g 1645 I

/
3

\P HEEH L 9RO

£1) ppueg pppy Y

DPELLZE SHEISAP
(1) [5G S1E
Z807E98 /1

BERLY 25FG iy

(v)

"1z @4nbig



US 2008/0299128 A1

Dec. 4,2008 Sheet 18 of 38

Patent Application Publication

) o LEDE™ OFEZ yosu ey
GLEFTREEE OB UBRY %

e T s i LZBETAGEE MG ELY
L ot Ve £ | L66EELOY 0797
flpos sier 7 \\\w\ GLOF BESF ARELW e

SroyI99F oYy

\

e
.

’_M

(L 10p 1493

da £719
e eddey 1 5O Mg ed

——

dq 224
A5 HTEH- | SOk ignd

s
-
D491 226 viddey-15ap
GLEZ 426 347901 158p 1) o 176

13 942 176 785 E98 21 ’

{a) (o)

“1Z @4nbiy



Patent Application Publication  Dec. 4,2008 Sheet 190f38  US 2008/0299128 A1

10

CH3

CH2

kappa

\—-:'P
hinge
8
Ny
i
14

A s
tPA-BsZ

Figure 22.



US 2008/0299128 A1

Dec. 4,2008 Sheet 20 of 38

Patent Application Publication

24 1981-21549p

o4 1961-g3s9p ceddey-Zisgp
24 10bI-zZ359p:zI159p

o4 10b-{8/0)z1sap

zisgp

4aJeu aZlg

=N W

4 % ¥ & £ }

g ¢ ¥ £ Z L

2P

“£Z 24anbiy



Patent Application Publication  Dec. 4,2008 Sheet210f38  US 2008/0299128 A1

=

= %

5

@

. \ £ 3

ﬁy RN g “_“;;“
:E‘: \\\:\x\ X L& g
\%\\ N 2

- \&K& n =

Figure 24.



Patent Application Publication  Dec. 4,2008 Sheet220f38  US 2008/0299128 A1

12.00

8.00 10.00

 dBst2-kappa:dBst2-ilgG1 Fc
6.00

e
"
2

= (Bst2:dBst2-lgG1 Fo H

Time {min}

4.00

2.00

3.5

UONBIIUDIN0D BAIIRIOY

Figure 25.



US 2008/0299128 A1

Dec. 4,2008 Sheet 23 of 38

Patent Application Publication

Tt ier e,

<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<< e

\M\H\..\S:c

LoEls

412950 G § G0 e
SR LSS LG8 B
4
: i
BEAOE LIy meeifgones A LA 000000 oeesne 0

08
058 2

‘97 2unbig



US 2008/0299128 A1

Dec. 4,2008 Sheet 24 of 38

Patent Application Publication

g
N

2EROLU BuiIse

24 1961-2I1SgPIZISHP +
JENOW BLUYISE

\\\\\\\ .

.1

ISNOW BUsSe

DSNOW [EUWION

LT 2anbig



N30l £ 188 Jauiy)

R e R~ e

LIOEUHGIUGO) 810 4

e ey T e

LONBLICUICD & mzcmowor:oz%

US 2008/0299128 A1

sioor Bunablel

Jopnsa Bunebie | e e T it

d XOTA 40

Dec. 4,2008 Sheet 25 of 38

“ @ aZ >

WBWICH SUBIQUISWSURY 10 pUT

e

{1-dINVQ) 21549 2snop

DY % LI WOD suBIgWeLLSUR) JO pug# ¥

v
951U Z1 S S1IBUNLD SSNOW-UBLLNY O UOEaLD

"8z 24nbi4g

Patent Application Publication



Patent Application Publication  Dec. 4,2008 Sheet260f38  US 2008/0299128 A1

[FNy+ BSTZ siBNA

Control
IFMy+controf siRNA

<
= 2

£

“r

™3 g‘&‘:

N

s %

oo

™ oot

EEE

DLW

c s C

. T Beee

o oo >

© SEEE

% L = - o ¢

s {QIRIOD O DI04 DOAN O DUNOE 2860



US 2008/0299128 A1

Dec. 4,2008 Sheet 27 of 38

Patent Application Publication

%Lb 20 o LAz g L'e B'6C YIS g+
9606 &0 L glé QL g'c RV IS LA O
Yol 50 oo L 4C 76 A 868 IS LAY O
20 ¥ £ Lo 201 i'p 6’8l VNS UDD
£l LG 296 042 8 o8l B-Ni
i G0 5'9C L o0 0'ce ICHUCT

HOdYe LAY Ol
9695 L0 a0 592 g9 La £8c YNHIS |+43
%8G 20 90 B'9S L4 g8 858 I 21384
YA 20 S0 2al gL &7 L'6¢ I8 7189
S0 80 Y4 gy i'e 88l TNEIS UOTD
20 90 B6°9¢ AN gt e BN
L G0 %9c { G0 oce IOAUOD

10OVY o4 iV 10 Pio4 10V 10
HO 4V o188
"0¢ 94nbi




—
-«
o0 & 5 4 & 4 3
o — 0
—
N %
a YN DNY DY NE T8y ..mEEww Nl M
P YRR TNV e Nl ¢ -2
W N s ¥ w
L] VR oy ey | g z
m v } -
ooy =
e
z
g mu

Dec. 4,2008 Sheet 28 of 38

\&mw\\‘\
VHHIS LR

" *}g aunbiy

Patent Application Publication



US 2008/0299128 A1

iy
asuodsay juspuadap-asng : A0Dap Zi1sd
.=}
[}
o
(=]
N
o
~
=
=*] ?
= “ £ G G % 5 B, S P
7] Gui/Bugl) A092p 2488 1 {uyBrig)ob) g 100 o
- + {ayBuol) e + {juyBugL) AN + (puyBugL) AN
(=]
(=3
o
<
I3
=P
a
3 Gu/Bu0oH 9y LWYOl

asuodsay juepusdep-asod : gV LINVOI-HUY + lugBuoL) s

{ryBunz) oy L-NvDl {fu/BugL) ANt 9 fonua]y Y

+ (uBugy) Al

'Z¢ aunbiy

Patent Application Publication



US 2008/0299128 A1

Dec. 4,2008 Sheet 30 of 38

Patent Application Publication

(juyBugQ ) Aooap zisg + (uwyBupl) ANdl ‘gt
(upbuQg) Acoep 2188 + (UiBUOL) ANl 1L
(pyBugg) Aovep z18g + (uwBuoL) ANddl Ot

{jJuyBugl) A0oep 2188 + (JuybuglL) ANl '6
{uyBrin L yoB) joauod + {(JuBuol) ANJE '8
(JuybuQot ) vsg jonuoD + (Juybugl) AN £
(QuBrigt) av L-WyDl + (upBugL) AM-L 'Y
jwBd1) gy Ly Dt + (urBuoL) ANdE 'S
(uuBUDOL) gV L-IAVOL + (uyBuD L) ANdL b
QuyBuz) ay L-IWvOL + (JuyBuQlL) AN-E 'S
{luyBuoL) ANl 2

g i o g I

44

3 2

413

i
o
(10aU00 01 PIOK) DFANH O JUSLIYIENE [j90 JE6N

Z¢ aunbig



Patent Application Publication  Dec. 4,2008 Sheet310f38  US 2008/0299128 A1

£ =
~
o £
S5
Q
=0 2
£ -~
S N T
mcg
000
STJ..I.
o N o
20t
B

IFNy (10ng/mil)

No treatment

Figure 33.




Patent Application Publication  Dec. 4,2008 Sheet320f38  US 2008/0299128 A1

sampies

Expression of Bst2

s foj jpuliis

Figure 34.



US 2008/0299128 A1

Dec. 4,2008 Sheet 33 of 38

Patent Application Publication

Buneubis

g0 JHES

BIBLUILO A-A0DBp Zisg

4

ACo8p 2189

aneo H |
i :

(puebijioidsoss)
(101deoal) wsoid Suipuig A urei0:d BUIpUI 2159

sadA] ]9 om] uiol 0] Aooap-zisg JuaieAalq Buisn
"G 2anbiy



Patent Application Publication  Dec. 4,2008 Sheet340f38  US 2008/0299128 A1

Clone no.

Figure 36.

1.5
1.0

4.5
3.5
3.0
2.5
2.0

(wu gov) sqy



US 2008/0299128 A1

Dec. 4,2008 Sheet 35 of 38

Patent Application Publication

58 'OMN Q1 238
8 ON G D3S
8 ON Gl DIS
8 ON Gl 03s
19 :ON Ol 038
02 'ON i D38
6/ -ON 1 O38
gL -ON I 038
L4 ON QI DES
4L ON QI O38
SLIOMAl D38

HREABEL DR LR RS

LEVSSALNILOEON AN DA ALY LIV LIS IO T T AL NENINSL T E8Y g AA
LSVYSSIIAILOADM YDA ALY LYY LIS IO TLAL N LML T LS 61-2
LEYSSITIATLOOOM % YADIAIVIORLISIFDITOALLSSINS 1LY £E1-2
LEVYSSALATILOAOM & AT ALY LAYV LIS IR T I AL N TN NS L TI8Y 11-8
LSVYSSALATLODOM s OYDAAYVYLAEILASI INIIALLS NS ILaY 62
LESYSSILATIOEOM PAADIRIVEOVY LIS TN TLALNINL L ILST L~Z
LSVYSSALNATILODOM MYOIALYLAILLAST INTOALLSINSILIY -2
LEVSSALIAILOTOM OVDARIVIOYYI TSI TAALLS IES I LAY 72
LSYSSILAILIOADM , YDA ALYLAOLLAST INTAALLSIES T LI 01-2
LEVSSALNILIOADM ALEEE 2P I DA ALY L OV LIS T TLAL N TNLNEL I LS yi-2
SYSSALIATLOOOM Ty 5L

H R S
3 EDIAATOSOAVOIAMY ESISADSALDLTLILALIMNATOOHS ARASTYN [ AA
BT PO T XATOMOIYOHAMNY 4 8T8 ADSALTOL T TLALAMITOO RS IMAS TN 612
‘i$»mHmmuwmwmmdmbzrpg&amgawmmbwuaHagmwmma>qmmwmm>gd@Qﬁz £E1-2
AOTMATOEOICEIAMS 48 ISIOSVIOLISTIOOIIANTDODS IO IOV 11-28
AT ATTONOAYEIAMEHE AF STUIDSALDLTL T IO IATIONS AL TS TN 65~
HESTSADSALDLTE TLGLINITOOES INASTYH L~2
SEISADSALIL IR TALOALATOODSIATOOTIVI -2
.memquwmmdg«vﬁ {AASTAIDSYLIOLTLIIONAIATEDODS AATDOVN -2
HZSTAIDSARIL TLTIL IAAMATIDOS A TS DVH 01-2
wwmAmmwm§Buaﬁaqamamxmqm@mmmx>mqsz ¥1-2
SHSTSIOSALDITLTALOALATIORS IASTYN GLB

!!!!!!!!!!!!!! Ao M S M G I S o T 0 R S R L T I I SR T S S i i
Vot oW o LT Rt
VLE 2anBiy



\sp!
<
o
m 96 [ON Qi 0I5 = =M AT ey o SEG on D D Ay o v o o e s o o T o o S o -8
2 §6:0M G 038~ A AN T EAD = DRI o e e e I AG T e e e 61-2
= — =~ A AN - EAD - DAL -~ e IY-————- O——g——— §1-2
= P6IONG OIS~ ~He AN - TEAD DAL - e e 4 ittt A e o o e e e £I-2
S €6 OM Qi 038 == ~H AN AT = DAL o Ko R O 1i-2
m CE ONQI OIS == P ——AN-—T-—E-D-DEL -~~~ — === e (0 &6-2
FB-ON QI DIS o o M AN oo e R o ) D K e o e o e —————— e AT o o o e e L-2
08 :CNOI O3S == =Y~ AN~ Y~ D =DA e e e S & T R -2
& 65 :ONQ 038 ——-MI-AN-——¥-——YI-H-Dh-—————————————— N-—-——d0--F--—-——————- ¥~
= 98 10N Q1 D39 YA
S 48 °ON 1 03S BT
s 98 1ON O UAS L7
]
@
=
< e € ¥ e btk T e e o e o o o [ e s s o o ve-2
< —= =g AR T e e e e N e e e Tem == 61-2
S o o (e By T e 7 e o R I S Tt s e E1-%
m ———Q——AW--l-—m—m I—I---¥9-N----D-——&—-——————~ I0-- Ti-2
e (e e A = L e i e B R L P e e ) o e L~ 6~-2
B € e B i e L 2 e by L-z
o (e J P T o R e v o o o s T o s s -2
Rt € R ¥ S R kb e R - e e 1 e K ¥z
e o D e o o B e Ao o o e R o st T Gi~Z
e (e R T o o o e e S T TO- - BL-E
HYIMEYSATIINGIODMIOOAMY 1S £ T 08 YOI LALIDAVYIL SIS SaLOIWATIVYD GL-i
B NN o v e B KRN N R o e o

g.€ 2anbiy

Patent Application Publication



US 2008/0299128 A1

Dec. 4,2008 Sheet 37 of 38

Patent Application Publication

ET'Pqywa '8

8¢y qvw /L
ST qvw 9
r1°C Qv °g
OoT'c qvwi *p

6'C qvw g
Sz qww g
¥’ qvw "1
Joqewt 2216 "W
uocilpuod Buppnpay (q) uoIpuod Bupnpas-uocu {(e)
8¢ 2.4nbiy



Patent Application Publication  Dec. 4,2008 Sheet380f38  US 2008/0299128 A1

&&m\\

CISAL+SAL
%A OV A+SAL

E0VA+2-10
E2OVA+2-14
EE OVA+2-15
B OVA+2-25

AOVA+2-4

R,

Total cells Macrophages Lymphocytes Neutrophiis Eosinophils

20

ju/siieo ;01

Figure 39.



US 2008/0299128 A1l

EFFECT OF BST2 ON INFLAMMATION

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] The present application claims priority to U.S.
patent application Ser. No. 11/471,853, filed Jun. 20, 2006,
the contents of which are incorporated by reference herein in
their entirety.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to molecules inhibit-
ing intercellular adhesion during inflammation and the use of
the same. The present invention also relates to using Bst2
protein or fragments thereof as a decoy or Bst2-binding anti-
body in inhibiting intercellular adhesion and activation of
cells participating in inflammation as well as small mol-
ecules. The present invention also relates to methods of dis-
covering Bst2 ligand and inhibitor of Bst2 ligand. The present
invention is also concerned with a composition comprising
the same, and a method for preventing or treating inflamma-
tion-associated diseases.

[0004] 2. General Background and State of the Art

[0005] Inflammation is a normal response of the body to
protect tissues from infection, injury or diseases. The inflam-
matory response begins with the production and release of
chemical agents by cells in the affected tissues. The chemical
agents cause redness, swelling, pain, heat and loss of func-
tion. Cells in inflamed tissues generate signals that recruit
leukocytes to the site of inflammation. Leukocytes must
adhere to endothelial cells to migrate from the bloodstream
into the site of inflammation. Also, leukocytes should adhere
to antigen-presenting cells to allow normal specific immune
responses, and should finally adhere to suitable target cells to
lyse pathogen-infected cells, cancer cells, or the like. The
recruited leukocytes eliminate any infective or injurious
agent and remove debris of damaged cells from the injured
tissue.

[0006] The infiltrating leukocytes play critical roles in tis-
sue regeneration and immune response in normal inflamma-
tion by engulfing invading microorganisms or dead cells.
However, the infiltrating leukocytes cause serious or lethal
status in pathological chronic inflammation. The abnormal
recognition of self cells as non-self (foreign) or excess
inflammation by sustained inflammatory responses causes a
variety of inflammatory diseases including diabetes mellitus,
atherosclerosis, cataract, reperfusion injury, infectious men-
ingitis, theumatoid arthritis, asthma, sepsis, inflammatory
bowel disease and multiple sclerosis.

[0007] The interaction between leukocytes and endothelial
cells is as follows.

[0008] Leukocytes have dual functions to act in a form
circulating in the bloodstream or adhering to specific cells. In
particular, adherent leukocytes interact with endothelial cells,
stabilize intercellular adhesion with antigen-presenting cells
or act as effector cells to migrate into inflammatory or
infected sites. For normal specific immune response, leuko-
cytes should adhere to antigen-presenting cells and should
finally adhere to suitable target cells to lyse pathogen-in-
fected cells, cancer cells, or the like. A massive invasion of
leukocytes occurs in anallograft rejection, skin infection orin
an injured area, and is also observed in various diseases
including degenerative joint diseases. such as osteoarthritis,
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psoriasis, multiple sclerosis, asthma, rheumatoid arthritis,
contact dermatitis and inflammatory bowel disease

[0009] In such diseases, greater than 95% of myeloid cells
move to and accumulate at the site of inflammation. Leuko-
cytes are crucial agents of the inflammatory response, which
exert antimicrobial, secretory and phagocytic activity. They
gather in tissues where inflammation is occurring or needs to
occur by producing a water-soluble mediator or through spe-
cific adhesion to various cells. In fact, anti-inflammatory
agents such as nonsteroidal anti-inflammatory drugs
(NSAIDs) or glucocorticoid exert therapeutic efficacy by pre-
venting the adhesion and influx of leukocytes. In animal
models, the inhibition of intercellular adhesion improves or
prevents diseases or allograft rejection in animal models of
autoimmune diseases. Recent clinical studies have revealed
that humanized monoclonal antibodies inhibiting LFA-1/
ICAM-1 or VLA-4/VCAM-1 interaction have significant
efficacy and good safety on autoimmue diseases including
psoriasis, multiple sclerosis and inflammatory bowel disease.
[0010] Theuncontrolled invasion of leukocytes into endot-
helial cells, which is a key feature in the pathogenesis of
inflammation-associated diseases, occurs by a multi-step pro-
cess, which begins with leukocyte adhesion and binding to the
surface of endothelial cells. The binding of leukocytes to
endothelial cell surface is mediated by cell surface molecules
present on the surface of leukocytes and endothelial cells
(Bevilacqua, J. Clin. Invest. 11:767-804, 1993). The cell sur-
face molecules are overexpressed as a result of migration of
leukocytes from the bloodstream.

[0011] The interaction between leukocytes and endothelial
cells is a critical factor in many inflammatory diseases. For
example, increased leukocyte-endothelial interaction leading
to hepatic microperfusion disorders is proposed as a major
contributor of hepatic failure (Croner et al., Microvasc. Res.
67:182-191, 2004). For example, atherosclerosis is a typical
inflammatory disease in which a number of inflammatory
cells including T lymphocytes and activated macrophages are
concentrated in the site of atherosclerosis. The accumulation
and adhesion of monocytes in discrete segments of arterial
endothelium is among the earliest detectable events in athero-
genesis and is a central feature of the pathogenesis of athero-
sclerosis (Ross, Nature 362:801-809, 1993). In this region,
proinflammatory cytokines are abundant, which include
interferon-gamma and tumor necrosis factor-alpha, regulat-
ing regional inflammatory response. A great number of adhe-
sion molecules are expressed on the surface of monocytes
(Valente et al., Circulation 86:11120-25, 1992), and endothe-
lial cells overlying atherosclerotic lesions express a number
of vascularligands (Poston et al., Am. J. Pathol, 140:665-673,
1992).

[0012] The extravasation of leukocytes across the endothe-
lial barrier is a critical event in the pathogenesis of inflam-
matory diseases such as rheumatoid arthritis. Endothelial
cells participate in the basic mechanism of arthritis, by which
various inflammation mediators, such as tumor necrosis fac-
tor-alpha and inflammation-inducing cytokines such as inter-
leukin-1 beta, activate endothelial cells. This leads to elevated
expression of endothelial cell adhesion molecules in rheuma-
toid arthritis, resulting in increased interaction between leu-
kocytes and endothelial cells. The recruitment of leukocytes
to vascular endothelial cells is also an important step of
asthma.

[0013] In the airway of patients with asthma, there are
increased numbers of activated eosinophils, CD25-positive T
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lymphocytes and immature macrophages with the phenotypic
characteristics of blood monocytes. The expression of HLA
class 1T increases in epithelial cells, macrophages, and other
infiltrating cells (Arm et al., Adv. Immunol 51:323-382,
1992).

[0014] An increased rate of leukocyte transmigration
across the blood-brain barrier is a major symptom in multiple
sclerosis. The interaction between tight junction proteins in
leukocytes and those in endothelial cells contributes to the
leukocyte extravasation to the central nervous system under
physiological conditions, and the altered expression of tight
Junction proteins is a pathological prerequisite for multiple
sclerosis (Worthylake et al., Curr. Opin. Cell Biol 13:569-
571, 2001).

[0015] As described above, since the adhesion of leuko-
cytes to endothelial cells is important in a variety of diseases,
the inhibition of intercellular adhesion may result in a thera-
peutic strategy for diverse inflammatory and immune dis-
eases.

[0016] With respect to the molecular biology, the following
molecules are known to participate in inflammation.

[0017] Cytokines: systemic inflammation, which is a gen-
eral response to serious bacterial infections or traumatic inju-
ries, may affect tissue systems distal to the early damage
(Lush and Kvietys, Microcirculation 7:83-101, 2000). Bac-
terial products and other inflammation-inducing mediators,
released from affected tissues, induce the formation of
inflammation-inducing mediators including tumor necrosis
factor-alpha (TNF-alpha), interleukin-1 beta, gamma-inter-
feron and interleukin-6. In sepsis, vascular endothelial dam-
age promotes the production of TNF-alpha and interleukin-1
beta. These cytokines directly act on endothelial cells and
enhance leukocyte adhesion (Pober et al., J. Tmmunol 137:
1893-1896, 1986; Dustin and Springer, J. Cell Biol. 107:321-
331, 1988; Cotran and Pober, J. Am. Soc. Nephrol. 1:225-235,
1988). These cytokines also activate blood neutrophils in
blood and vascular endothelium (Arai et al., Annu Rev Bio-
chem, 59:783-836, 1990). For example, TNF-alpha induces a
series of cytokines, chemokines and proteases by an autocrine
or paracrine pathway (Ghezzi and Cerami, Methods Mol.
Med. 98:1-8. 2004). Interleukin-6 induces mononuclear-en-
dothelial cell interaction and inflammatory damage through
expression of adhesion molecules, thus initiating a process of
atherosclerosis. Increased blood concentration of interleu-
kin-6 involves vascular inflammation and development of
atherosclerosis (Rader, N. Engl. J Med. 343:1179-1182,
2000). Interleukin-17 induces the expression of many media-
tors of inflammation, and is involved in the differentiation,
maturation and chemotaxis of neutrophil (Witowski et al.,
Cell Mol Life Sci. 61:567-579, 2004). Increased levels of
interleukin-17 have been associated with several pathological
conditions, including airway inflammation, rheumatoid
arthritis, intraperitoneal abscesses and adhesions, inflamma-
tory bowel disease, allograft rejection, psoriasis, cancer and
multiple sclerosis.

[0018] Cell surface adhesion molecules: a plurality of
inflammatory cytokines induce the expression of endothelial
cell-lymphocyte adhesion molecules (ELAMSs) on the cell
surface (Nortamo et al., Eur. J. Immunol. 21:2629-2632,
1991). They are divided into two classes: intercellular adhe-
sion molecule-1 (ICAM-1) and endothelial cell-lymphocyte
adhesion molecule-1 (ELAM-1) (Staunton et al., Cell
52:925-933, 1988). In response to various mediators, vascu-
lar endothelium expresses specific cell surface glycoproteins.
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The binding and extravasation of blood leukocytes are
achieved by interaction with a specific ligand or counter
receptor (Bevilacqua et al., 1993, 1994). Molecules partici-
pating in this process include intercellular adhesion mol-
ecule-1 (ICAM-1)asaligand for CD18, selectins recognizing
glycoonjugates on the leukocyte surface, and members of the
immunoglobulin superfamily interacting with other members
of the same family, leukocyte integrin molecules (Panes etal.,
J. Physiol. 269:H1955-1964, 1995; Khan et al., Microcircu-
lation 10:351-358, 2003; Nelson et al., Blood 82:3253-3258,
1993; Bevilacqua and Nelson, J. Clin. Invest. 91:379-387,
1993). Leukocyte rolling is regulated by selectins, and trans-
migration and adhesion of leukocytes on endothelial cells are
triggered by the beta 2 integrin, Mac-1 (CD11b/CD18,aMb2,
CR3), and LFA-1. Mac-1 and LFA-1 interact with a counter
receptor expressed on the surface of endothelial cells, ICAM-
L.

[0019] Prior art associated with inflammation therapy
include the following.

[0020] The U.S. Pat. No. 5,367,056 patent describes the
inhibition of the binding of polymorphonuclear leukocytes
(PMNs) to endothelial cells by treatment of molecules or
fragments thereof interrupting the binding to endothelial cell-
leukocyte adhesion molecules (ELAMSs) as receptors or
ligands. This patent also describes antisense nucleotides and
ribozymes for suppressing ELAM expression. This patent
further describes a method for identifying molecules which
inhibit the binding of ELAM to its ligand, and antibodies
against ELAM and its ligands.

[0021] The U.S. Pat. No. 5,863,540 patent discloses a
method of suppressing T cell activation by administering a
CD44 protein peptide or a derivative thereof in an amount
sufficient to suppress T cell activation. Also disclosed is a
method of inhibiting CD44-mediated cell adhesion or CD44-
mediated monocyte IL1 release by administering the CD44
protein peptide or derivative thereof in an amount sufficient to
inhibit CD44-mediated cell adhesion or monocyte IL1
release. Further disclosed is a method of transporting a drug
or cytotoxic agent to a site of inflammation by administering
the CD44 protein peptide or derivative thereof linked to the
drug or cytotoxic agent.

[0022] The U.S. Pat. No. 5,912,266 patent involves the
inhibition of intercellular adhesion mediated by the beta 2
integrin family of cell surface molecules. The patent discloses
apharmaceutical composition useful forinhibiting or treating
inflammatory and other pathological responses associated
with cell adhesion. This patent also discloses a method of
inhibiting or treating pathological conditions where leuko-
cytes and lymphocytes cause cellular or tissue damage.
[0023] The WO03026692 patent relates to the therapeutic
use of an antibody against CD3 antigen complexes in patients
with chronic articular inflammation and rheumatoid arthritis.
[0024] The EP1304379 patent relates to a humanized anti-
CD18 antibody comprising a portion or the whole of an
antigen-determining region capable of binding to CD18 anti-
gen.

[0025] TheU.S.Pat. No. 6,689,869 patent describes theuse
of a humanized anti-CD18 antibody in inhibiting influx of
leukocytes into the lung and other organs during sepsis, and
other infectious or non-infectious traumas. The humanized
anti-CD18 antibody can be used for inhibiting the ingress of
leukocytes into the lung and other organs in patients having
endotoxic shock or adult respiratory distress syndrome. The
antibody can be administered to treat asthma or leukocyte-
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mediated reperfusion damage post thrombolytic therapy.
Also, the antibody can be used to reduce or eliminate inflam-
mation in a patient being administered with an anti-infective
agent, or to assist in the administration of a therapeutic drug
to a patient during anticancer chemotherapy.

[0026] The U.S. Pat. No. 5,821,336 patent describes
polypeptides having a molecular weight of 160 kD, which are
mediators or precursors for mediators of inflammation,
derivatives thereof, such as mutants and fragments, and pro-
cesses for their preparation. Nucleotide sequences coding for
the polypeptides and derivatives, vectors comprising the
nucleotide sequences, antibodies against the polypeptides or
their derivatives and antibody derivatives are also disclosed in
this patent. Also described are diagnostic and therapeutic
methods for inflammatory conditions and Hodgkin’s lym-
phomas using the antibodies and antibody derivatives.

SUMMARY OF THE INVENTION

[0027] Inflammation requires at least three sequential steps
to attract immune cells that include leukocytes to the site of
inflammation, as follows: (1) immune cells including leuko-
cytes such as lymphocytes, polymorphonuclear leukocytes,
natural killer cells and macrophages are activated by cytok-
ines and/or intercellular interaction; (2) the aggregated
immune cells migrate and are recruited to the site of inflam-
mation, where they transduce related signals into endothelial
cells through adhesion to endothelial cells; (3) T lymphocytes
and macrophages are activated and secrete cytokines, such as
interleukin-2, to amplify the inflammatory response.

[0028] The present inventors found that Bst2 protein medi-
ates homotypic adhesion of immune cells or heterotypic
adhesion between immune cells and endothelial cells, which
play crucial roles in inflammation, and further found that an
antagonist of the protein acts in the major three steps of
inflammation and can thus be used in the prevention and
treatment of inflammation-associated diseases, thereby lead-
ing to the present invention.

[0029] In one aspect, the present invention is directed to a
method of preventing immune cells from binding to other
cells, comprising contacting the immune cells and/or the
other cells with a composition comprising Bst2 antagonist.
The other cells may be immune cells, endothelial cells,
smooth muscle cells, brain cells, spinal cord cells, peripheral
nerve cells, heart cells, skeletal muscle cells, lung cells, liver
cells, kidney cells, blood vessel cells, pancreatic cells, large
and small intestinal cells, stomach cells, esophageal cells,
nasoropharyngial cells, membraneous cells or connective tis-
sue cells. The Bst2 antagonist may be a Bst2 decoy. And the
Bst2 decoy may be a fragment of Bst2 or a variant thereof,
having similar or improved binding compared to the Bst2
protein towards another molecule or protein. The Bst2
antagonist may be further a Bst2 decoy fused to a stabilizing
protein, Bst2 decoy-Fc chimeric or fusion construct, Bst2-
decoy-albumin chimeric or fusion construct, or pegylated
Bst2-decoy. Further, the Bst2 antagonist may be a mono-
clonal antibody or an antibody-like protein domain which
specifically binds to Bst2 and/or mouse Dampl protein.
[0030] In another aspect of the invention, the Bst2 antago-
nist may be a chemical compound.

[0031] In yet another aspect, in the method described
above, the immune cells and the other cells may be either
located at a site of inflammation or at a site distant from
inflammation but which is able to transmit inflammatory and
immune cytokines or other inflammatory signals to the site of

Dec. 4, 2008

inflammation. Further, the composition may include a cell
adhesion or signal transmission inhibiting compound or an
immunosuppressive compound. In a preferred embodiment,
the cell adhesion inhibiting compound may be ICAMI
antagonist, or LFA antagonist.

[0032] In still another embodiment, the invention is
directed to a Bst2 decoy-Fc chimera. Preferably, the decoy
may be fused to any domain of an immunoglobulin. In par-
ticular, the Bst2 decoy may be fused to the hinge-CH2-CH3
portion of an IgG heavy chain Fe; Bst2 fusion protein that is
stabilized through IgG kappa chain-heavy chain disulfide
bonding; or Bst2 decoy-IgG Fec without other Bst2 dimeriza-
tion counterparts.

[0033] In another embodiment, the invention is directed to
a monoclonal antibody specific for Bst2 and/or a homologue
of Bst2. The homologue may be mouse Damp 1 protein.
Further, the monoclonal antibody may comprise two arms
one of which contains a region that specifically binds to a
protein other than Bst2 or homologue thereof. In particular, a
cell expressing Bst2 to which the monoclonal antibody is
bound prevents Bst2 ligand-Bst2 interaction or Bst2-Bst2
interaction.

[0034] Ina further alternative embodiment, the invention is
directed to a method of isolating a ligand for Bst2, compris-
ing:

[0035] (i) obtaining cells that bind to Bst2;

[0036] (ii) screening for ligand that binds to Bst2 from the

cells that express the ligand, thereby isolating the ligand for
Bst2.

[0037] In another embodiment, the invention is directed to
a transgenic mouse whose somatic and germ cells comprise a
functionally disrupted Damp or Bst2 gene, wherein the dis-
rupted gene is introduced into the mouse or an ancestor of the
mouse at an embryonic stage, wherein if homozygous for the
disrupted gene exhibits an inflammation related disorder.
[0038] Inyetanotherembodiment, the invention is directed
to atransgenic mouse whose somatic and germ cells comprise
a Damp gene which is fully or partially replaced with Bst2
gene, wherein the Bst2 gene is introduced into the mouse or
an ancestor of the mouse at an embryonic stage.

[0039] In another aspect, the invention is directed to a
method of reducing inflammation in a subject comprising
administering a composition comprising Bst2 antagonist to a
site of the inflammation.

[0040] In yet another aspect, the invention is directed to a
method of treating a subject of symptoms of a disease asso-
ciated with inflammation comprising administering a com-
position comprising Bst2 antagonist to the subject in need
thereof. The composition may comprise another anti-inflam-
matory compound. And the indicated disease may be athero-
sclerosis, theumatoid arthritis, asthma, sepsis, ulcerative coli-
tis, type [ diabetes, cataract, multiple sclerosis, acute
myocardial infarction, heart attack, psoriasis, contact derma-
titis, osteoarthritis, rhinitis, Crohn’s disease, autoimmune
diseases, cachexia, acute pancreatitis, autoimmune vasculitis,
autoimmune and viral hepatitis, delayed-type hypersensitiv-
ity, congestive, coronary restenosis, glomerulonephritis, graft
versus host disease, uveitis, inflammatory eye disease asso-
ciated with comeal transplant, brain injury as a result of
trauma, epilepsy, hemorrhage, stroke, sickle cell disease, type
1T diabetes, obesity, age-related macular degeneration
(AMD), Eczema, dermatitis, learning/cognitive disability,
neurodegenerative diseases, Parkinson’s disease, Alzheimer
disease, ulcerative colitis, radiation-induced injury, burn or
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electricity-induced injury, poisoning that causes tissue death
and immune cell infiltration, drug-induced injuries, inhala-
tion-induced injuries, radiation, aspiration-induced injury of
the lung, inflammation resulting from chemotherapy or radia-
tion therapy, autoimmune diseases, Lupus, Schogren disease,
demyelinating diseases including multiple sclerosis, inflam-
matory myopathy including polymyositis, scleroderma, pol-
varteritis nodosa, sarcoidosis, localized and generalized myo-
sitis ossificans, amyloid-associated diseases including
Alzheimer disease, herniated disc, spinal cord and nerve
damage, Reye syndrome, bacterial and viral encephalitis and
meningitis, Prion-related disease, Guillain-Barre syndrome,
rabies, poliomyelitis, cerebral hemorrhage, intracranial hem-
orrhage-related damage, chronic fatigue syndrome, throm-
bophlebitis, gout, granulomatosis, nephritis including glom-
erulonephritis and interstitial nephritis, insect-sting allergy,
anaphylaxis, asplastic anaemia, bone marrow failure, mul-
tiple organ failure, thyroiditis, insulitis, cirrhosis (chronic and
acute hepatitis), pulmonary embolism, toxin and drug-in-
duced liver disease, pancreatitis, ischemic intestinal diseases,
acute respiratory distress syndrome, or pericarditis.

[0041] In still another aspect, the invention is directed to a
method of assaying for chemical compound that is effective
to inhibit Bst2 mediated cell-cell binding, comprising deter-
mining a compound that binds to Bst2. Further, the Bst2
decoy may be recombinantly expressed in a host cell.
[0042] These and other objects of the invention will be
more fully understood from the following description of the
invention, the referenced drawings attached hereto and the
claims appended hereto.

BRIEF DESCRIPTION OF THE DRAWINGS

[0043] The present invention will become more fully
understood from the detailed description given herein below,
and the accompanying drawings which are given by way of
illustration only, and thus are not limitative of the present
invention, and wherein

[0044] FIG. 1is an amino acid sequence alignment show-
ing sequence similarity between human Bst2 and mouse
Damp 1:

[0045] FIGS. 2A-2B show the locations of PCR primers
used in a process for cloning a human Bst2 decoy and a mouse
Damp1 decoy into an expression vector;

[0046] FIGS. 3A-3B show the results of electrophoresis
analysis of a human Bst2 decoy and a mouse Damp 1 decoy;
[0047] FIG. 4 shows the expression pattern of Bst2 gene
during homotypic aggregation of U937 cells;

[0048] FIG. 5 shows the promoting effect of Bst2 overex-
pression on homotypic aggregation of U937 cells;

[0049] FIGS. 6A-6E show the effect of a Bst2 decoy on
homotypic aggregation of U937 cells;

[0050] FIGS. 7A-7G show the effect of a Bst2 decoy on
intercellular adhesion between human vascular endothelial
(HUVEC) cells and U937 cells;

[0051] FIGS. 8A-8F show the dose-dependent effect of a
Bst2 decoy on intercellular adhesion between HUVECs and
U937 cells;

[0052] FIGS. 9A-9G show the effect of Bst2 siRNA on
intercellular adhesion between HUVECs and U937 cells;
[0053] FIGS.10A-10B show the effect of Bst2 overexpres-
sion on aggregation of Jurkat cells and interleukin-2 (IL.-2)
production in Jurkat cells;

[0054] FIGS. 11A-11B show the effect of a Bst2 decoy and
Bst2 siRNA on aggregation of Jurkat cells;
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[0055] FIGS. 12A-12B are graphs showing the effect of a
Bst2 decoy on aggregation of Jurkat cells and IL-2 produc-
tion;

[0056] FIG. 13 shows the change in the number of sedi-
mented immune cells upon treatment of a Bst2 decoy;
[0057] FIG. 14 shows the decreased levels of cytokines
upon treatment of a Bst2 decoy;

[0058] FIGS. 15A-15D show the functional similarity
between human Bst2 and mouse Damp 1;

[0059] FIGS.16A-16D show the inhibitory effect of a Bst2
decoy and mouse Damp 1 decoy on ovalbumin-induced
asthma in mice;

[0060] FIG. 17 shows PEG moieties used in preparation of
PEG-conjugated forms of a Bst2 decoy:

[0061] FIG. 18 shows the improved metabolic degradation
of PEG-conjugated Bst2 decoy;

[0062] FIG. 19 shows the expression and distribution of
Bst2 in inflammation-associated diseases;

[0063] FIGS. 20A-20D show schematics of Bst2 decoy
fused to Fcregion. A, the Bst2 decoy itself, B, the Bst2 decoy
fused to the hinge-CH2-CH3 portion of an IgG heavy chain
Fe; C, Bst2 fusion protein that is stabilized through the natu-
rally-occurring IgG kappa chain-heavy chain disulfide bond-
ing; D, Bst2 decoy-IgG Fc is expressed without other Bst2
dimerization counterparts;

[0064] FIGS.21A-21D show representative vector maps of
Bst2 decoy-IgG Fc fusion proteins of F1G. 20;

[0065] FIG. 22 shows PCR-cloning and fusion strategy;
[0066] FIGS.23A-23B show PAGE of purified Bst2 decoy
and other Fc fusions. A, representative PAGE gel (4-12%
gradient gel, Invitrogen) stained with Coomassie depicting
various Bst2 fusion proteins following affinity purification.
B. Page after size-exclusion chromatography;

[0067] FIGS. 24A-24B show direct binding of Bst2 decoy
to immune cells on A, Bst2 coated plate; and B, BSA coated
plate;

[0068] FIG. 25 shows plasma half-life of Bst2 decoy or Fe¢
fusions;
[0069] FIG. 26 shows inhibitory effect of Bst2 decoy-Fc¢

fusions in the binding between Bst2 decoy and cells;

[0070] FIGS. 27A-27D show the effect of Bst2 decoy-Fc
fusions on a mouse model of asthma;

[0071] FIGS. 28A-28B show creation of human-mouse
chimeric Bst2 mice. A. The genomic locus for murine (top,
black) and human (bottom, gray). Exons are shown as rect-
angular boxes. The end of the trans-membrane domain is
indicated with an arrow and the location of the initiating
methionine (ATG) is indicated with an asterisk. The approxi-
mate physical distance spanning coding exons are indicated
below the genomic locus. The diagram is not drawn to scale.
B. Strategy for making chimeric human-mouse BST2;
[0072] FIGS. 29A-29E show that endogenous Bst2 is
required for heterotypic aggregation between endothelial
cells (HUVEC) and monocytic cells (U937) after stimulation
with IFNy. A, Control; B, IFNy stimulation of inflammation;
C, IFNy stimulation of inflammation+control siRNA; D,
TFNy stimulation of inflammation+Bst2 siRNA; E, Quantita-
tive analysis of the Bst2 siRNA results from A-D;

[0073] FIG. 30 shows that Bst2 siRNA treatment or ICAM1
siRNA treatment does not affect ICAM1 expression or Bst2
expression in IFNy-treated HUVEC, respectively. RT-PCR
analyses were performed;

[0074] FIGS. 31A-31G show combination treatment of
Bst2 siRNA and ICAM1 siRNA, and shows additive effects in
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heterotypic adhesion assay. A, Control; B, IFNy stimulation
of inflammation; C, IFNy stimulation of inflammation+con-
trol siRNA; D, IFNy stimulation of inflammation+Bst2
siRNA; E, IFNy stimulation of inflammation+ICAMI
siRNA; F, TFNy stimulation of inflammation+ICAMI
siRNA+Bst2 siRNA; G, Quantitative analysis of Bst2 siRNA
and ICAM1 siRNA results from A-F;

[0075] FIGS. 32A-32M show dose-dependent response of
anti-ICAMI or Bst2 decoy in heterotypic adhesion assay. A
shows Control; B, C, D, E, and F show IFNy stimulation of
inflammation+increasing dosage of ICAM-1 Ab; G shows
IFNy stimulation of inflammation+control BSA; H shows
IFNy stimulation of inflammation+control IgG; I, J, K, and L
show [FNy stimulation of inflammation+increasing dosage of
BST2 decoy; M shows quantitative analysis of the dose-
dependent response of anti-ICAMI and Bst2 decoy results
from A-L;

[0076] FIG. 33A-33C show that combination treatment of
Bst2 decoy and anti-ICAM results in additive effects in cell
adhesion. Suboptimal doses of Bst2 decoy (100 ng/ml) and
anti-ICAM1 (1 ug/ml) were used. Cell adhesion was com-
pletely inhibited to the control level when both Bst2 decoy
and anti-ICAM1 were used;

[0077] FIG. 34 shows relative expression level of Bst2
mRNA after cytokine treatment. Bst2 mRNA level (in log
ratio) is shown after Jurkat, HUVEC (human vascular endot-
helial cells), HelLa or CASMC (coronary artery smooth
muscle cells) were treated with serum, PMA (12 or 18 hours),
OKT (12 or 18 hours), TNF-alpha, interferon gamma or
PGIJ2, as indicated. Bst2 mRNA level was measured by real-
time PCR;

[0078] FIG. 35 shows a schematic for a method to force
interaction and signaling between cell A, which expresses the
ligand for Bst2, and cell B, which expresses the receptor for
protein or compound Y. The bivalent fusion protein composed
of Bst2 decoy and protein or compound Y may function as an
adaptor to force interaction between cells A and B. In doing
s0, signaling between cell A and cell B may be improved;

[0079] FIG. 36 shows binding of phage clones to Bst2/
Damp 1 decoy;
[0080] FIGS. 37A-37B show anti-Bst2/Damp 1 mono-

clonal antibody (A) Heavy chain variable regions; and (B)
kappa chain variable regions; and

[0081] FIGS. 38A-38B show anti-Bst2 monoclonal anti-
bodies transiently expressed and purified on a PAGE gel. (A)
under non-reducing conditions; (B) under reducing condi-
tions.

[0082] FIG. 39 shows the change in the number of sedi-
mented immune cells upon treatment of anti-Bst2/Damp 1
monoclonal antibody in ovalbumin-induced asthma in mice.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0083] In the present application, “a” and “an” are used to
refer to both single and a plurality of objects.

[0084] As used herein, “antagonist” or “blocker” refersto a
substance that inhibits, blocks or reduces the activity of a
protein that induces inflammation. The action mechanism of
the antagonist is not specifically limited. Examples of the
antagonist include organic or inorganic compounds; poly-
meric compounds, such as proteins, carbohydrates and lipids;
and composites of multiple compounds. For example, a “Bst2
antagonist” or “Bst2 blocker” may include a substance that
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inhibits, blocks or reduces the activity of Bst2 protein in its
activity in inducing inflammation.

[0085] As used herein, “Bst2 ligand” or “Bst L” refers to
the molecule that specifically binds to Bst2.

[0086] As used herein, a “homologue” of a protein is one
which is considered to possess similar activity or similar
specific activity to the reference protein, regardless of its level
of general sequence similarity to the reference protein.
[0087] The term “inflammatory diseases”, as used herein,
refers to all diseases that result from the body’s defense
responses or infectious responses against harmful influences,
which results in states (physical, chemical and biological
states) of having symptoms such as redness, swelling, tender-
ness, pain, fever and dysfunction.

[0088] Theterm “modification”, as used herein, indicates a
process in which a non-peptide polymer is linked to Bst2
protein, or a fragment thereof.

[0089] The term “non-peptide polymer”, as used herein,
refers to a biocompatible polymer in which two or more
repeating units are linked to each other. Examples of the
non-peptide polymer include polyethylene glycol, polypro-
pylene glycol (PPG), co-poly(ethylene/propylene) glycol,
polyoxyethylene (POE), polyurethane, polyphosphazene,
polysaccharide, dextran, polyvinyl alcohol, polyvinyl pyr-
rolidone, polyvinyl ethyl ether, polyacryl amide, polyacry-
late, polycyanoacrylate, lipid polymer, chitins, hyaluronic
acid, and heparin. A preferred non-peptide polymer is poly-
ethylene glycol.

[0090] The term “operably linked”, as used herein, refers to
a functional linkage between a nucleic acid expression con-
trol sequence and a second nucleic acid sequence coding for
atarget protein in such a manner as to allow general function
to occur. For example, a promoter may be operably linked to
a nucleic acid sequence coding for a protein and affect the
expression of the coding sequence. The operable linkage to a
vector may be prepared using a genetic recombinant tech-
nique well known in the art, and site-specific DNA cleavage
and ligation may be achieved using enzymes generally known
in the art.

[0091] The term “prevention™, as used herein, means all
activities that inhibit inflammatory diseases or delay inci-
dence of inflammatory diseases through administration of the
composition. The term “treatment” “treating” and “therapy”,
as used herein, refers to all activities (curative therapy, pro-
phylactic therapy and preventative therapy) that alleviate and
beneficially affect humans suffering from inflammatory dis-
eases.

[0092] The term “siRNA”, as used herein, refers to a short
double-stranded RNA molecule that is able to induce RNA
interference (RNAI) through cleavage of the target mRNA.
The term “specific” or “specific to”, as used herein, means an
ability to suppress only a target gene while not affecting other
genes in cells. In the present invention, siRNA molecules
specific to Bst2 are provided.

[0093] As used herein, “similar” activity to a reference
activity is considered to be greater than about 80% as mea-
sured through objectively defined parameters of the indicated
activity.

[0094] As used herein, “small molecular weight compound
or modulator” or “chemical compound” refers to a chemical
compound that is distinguished from biological molecules
such as carbohydrates, polypeptides, nucleic acids, or lipids.
The small molecular compound or modulator may include
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without limitation antagonists, agonists, peptide mimetics,
inhibitors, ligands, and binding factors for Bst2/Bst2 L bind-
ing.

[0095] As used herein, “variant” refers to a protein or a
fragment thereof, which has a sequence different from a
native amino acid sequence of a protein, by a deletion, an
insertion, a non-conservative or conservative substitution or a
combination thereof For example, amino acid exchanges in
proteins and peptides which do not generally alter the activity
ofthe proteins or peptides are known in the art (H. Neurath, R.
L. Hill, The Proteins, Academic Press, New York, 1979). The
most commonly occurring exchanges are Ala/Ser, Val/lle,
Asp/Glu, Thr/Ser, Ala/Gly, Ala/Thr, Ser/Asn, Ala/Val, Ser/
Gly, Thy/Phe, Ala/Pro, Lys/Arg, Asp/Asn, Leu/Ile, Leu/Val,
Ala/Glu and Asp/Gly, in both directions.

[0096] Theterm “vector”, as used herein, which describes a
vector capable of expressing a protein of interest in a suitable
host cell, refers to a genetic construct that comprises essential
regulatory elements to which a gene insert is operably linked
in such a manner as to be expressed in a host cell.

[0097] Bst2 Protein

[0098] Bst2 participates in intercellular adhesion during
inflammation. In one aspect, the present invention provides
antagonists of Bst2 (Bone Marrow Stromal Antigen-2) pro-
tein so as to prevent intercellular adhesion and activation of
immune cells to the endothelial cells or with each other during
inflammation.

[0099] The present inventors, through studies using (1) a
homotypic aggregation model of human U937 monocytic
cells to investigate the effect of Bst2 on aggregation of
immune cells, (2) a heterotypic aggregation model between
U937 cells and HUVEC:s to investigate the effect of Bst2 on
intercellular adhesion between immune cells and endothelial
cells, (3) a Jurkat T-cell model to investigate the effect of Bst2
on T lymphocyte activation, found that Bst2 protein partici-
pates in an inflammation process in which leukocytes migrate
to the site of inflammation, recognize extracellular matrix
components to interact with cells, and adhere to the cells. The
present inventors further found that an antagonist of Bst2
protein effectively inhibits such intercellular adhesion and is
thus able to effectively treat inflammatory diseases.

[0100] The Bst2 protein was initially identified in bone
marrow stromal cells and is considered to be involved in the
differentiation and proliferation of cells. A ¢cDNA encoding
Bst2 was cloned in 1995, and the BST-2 gene was found to be
located on human chromosome 19p13.2 (Ishikawa et al.,
Genomics 26:527-534,1995). The Bst2 gene consists of five
exons and four introns. Bst2 is a 30- to 36-kD type II trans-
membrane protein consisting of 180 amino acids (Ohtomo et
al., Biochem. Biophys. Res. Commun. 258:583-591, 1999).
Damp 1 gene, a mouse homologue of human Bst2 gene, has
45% DNA sequence identity to the human Bst2 gene, and as
shown in FIG. 1, has less than 40% amino acid sequence
similarity to human Bst2. The Bst2 protein is predominantly
expressed in the liver, lung, heart and placenta, and in lower
levels in the pancreas, kidneys, skeletal muscle and brain.
BST-2 surface expression on fibroblast cells accelerates the
stromal cell-dependent growth of murine bone marrow-de-
rived pre-B cells. This result suggests that Bst2 regulates
pre-B-cell growth or plays a critical role in B cell activation in
rheumatoid arthritis. Bst2 is also overexpressed in some types
of cancer, including oral cancer, breast cancer, adenoma and
cervical cancer. It is to be noted that in referring to FI1G. 1, the
edges of the transmembrane domain are not limited to the
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sequence as shown. The transmembrane regions may be plus
or minus 5 amino acids in either the N— or C-termini of the
region.

[0101] With respect to Bst2 protein, the isolation and
expressionofa gene encoding Bst2 protein (EP1033401), and
the use of the Bst2 protein in cancer diagnosis (W0O01/57207
and WO01/51513) have been reported. The Bst2 protein is
divided into three domains: cytoplasmic, transmembrane and
extracellular domains, and an intracellular domain contains
cytoplasmic and transmembrane domains.

[0102] Inflammatory Diseases

[0103] The present inventive composition may be used for
preventing or treating all types of inflammatory diseases that
involve Bst2 overexpression. In fact, Bst2 was overexpressed
in various inflammatory diseases including asthma, athero-
sclerosis, rheumatoid arthritis, psoriasis, Crohn’s disease,
ulcerative colitis, chronic active gastritis, acute appendicitis,
and Lupus ervthmatosus (FIG. 19). Thus, diseases which may
be prevented or treated by the present composition include
without limitation, atherosclerosis, rheumatoid arthritis,
asthma, sepsis, ulcerative colitis, multiple sclerosis, acute
myocardial infarction, heart attack, psoriasis, contact derma-
titis, osteoarthritis, rhinitis, Crohn’s disease, type IT diabetes,
diabetic neuropathy, chronic obstructive pulmonary disease,
cachexia, acute pancreatitis, autoimmune vasculitis, autoim-
mune and viral hepatitis, delayed-type hypersensitivity, con-
gestive, coronary restenosis, glomerulonephritis, graft versus
host disease, uveitis, inflammatory eye disease that may be
associated with corneal transplant, brain injury as a result of
trauma, epilepsy, hemorrhage or stroke. Bst2 blockers may be
also useful for treatment of sickle cell disease. Recurrent
inflammation and vasculopathy occur in sickle cell disease.
Adhesion of leukocytes to other blood cells and endothelium
has been shown to contribute to vaso-occlusion in sickle cell
disease (Okpala I. Curr Opin Hematol. 2006, January;13(1):
40-4). In addition, the concept that activation of the proin-
flammatory pathway can be a mechanism for obesity-associ-
ated insulin resistance has emerged in recent years (Roytblat
et al., Obes Res. 2000, 8(9):673-5; Straczkowski et al., Sci-
ence. 1996, 271(5249):665-8; Hirosumi et al., Nature. 2002,
420(6913):333-6). Bst2 blockers may be also beneficial for
insulin-resistance, type II diabetes and obesity.

[0104] Other inflammation associated diseases include
age-related macular degeneration (AMD), Eczema, dermati-
tis, learning/cognitive disability, neurodegenerative diseases,
Parkinson’s disease, Alzheimer disease, ulcerative colitis,
radiation-induced injury, burn or electricity-induced injury,
poisoning that causes tissue death and immune cell infiltra-
tion, drug induced injuries, inhalation-induced injuries,
radiation, aspiration-induced injury of the lung, inflammation
resulting from chemotherapy or radiation therapy, autoim-
mune diseases including Lupus, Schogren disease, demyeli-
nating diseases including multiple sclerosis, inflammatory
myopathy including, polymyositis, scleroderma, polyarteri-
tis nodosa, sarcoidosis, localized and generalized myositis
ossificans, amyloid-associated diseases including Alzheimer
disease, herniated disc, spinal cord and nerve damage, Reye
syndrome, bacterial and viral encephalitis and meningitis,
Prion-related disease, Guillain-Barre syndrome, rabies,
poliomyelitis, cerebral hemorrhage, intracranial hemor-
rhage-related damage, chronic fatigue syndrome, throm-
bophlebitis, gout, granulomatosis, nephritis including glom-
erulonephritis and interstitial nephritis, insect-sting allergy,
anaphylaxis, asplastic anaemia, bone marrow failure, mul-
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tiple organ failure, thyroiditis, insulitis, cirrhosis (chronic and
acute hepatitis), pulmonary embolism, toxin and drug-in-
duced liver disease, pancreatitis, ischemic intestinal diseases,
acute respiratory distress syndrome, and pericarditis.

[0105] Bst2 Decoy

[0106] Any soluble form of Bst2 protein or a fragment or
variant thereof can be used as a decoy that binds competi-
tively to a molecule or a site to which an immune cell express-
ing Bst2 would bind to induce inflammation. The Bst2 frag-
ment used as a decoy is not specifically limited so long as it
has an inflammation-suppressing effect by inhibiting inter-
cellular adhesion, but is preferably a Bst2 protein having a
deletion of the whole or a portion of the intracellular domain.
In an exemplified embodiment, the Bst2 protein fragment is a
Bst2 protein fragment comprising the amino acid sequence of
SEQ ID NO:1. The Dampl protein fragment is a Dampl
protein fragment comprising the amino acid sequence of SEQ
ID NO:2. The Bst2 protein fragment and Dampl protein
fragment were found to effectively inhibit the intercellular
adhesion induced by Bst2.

[0107] It is to be understood that in certain aspects of the
invention, mouse Damp1 may be used in place of Bst2 and
they may be used interchangeably. For instance, when Bst2
decoy is used, it is also contemplated that Damp1 decoy may
be used, including any chimera of Damp! decoy. It is also
comtemplated that Damp 1 and its variants may be used for
treatment or reduction of inflammation in a subject along with
Bst2. Accordingly, it is understood that any specific usage of
Bst2 indicated in this application applies to Dampl as well
and may be claimed in the same manner.

[0108] The scope of the present invention includes protein
having a native amino acid sequence of the Bst2 protein or a
fragment or variant thereof, and DNA and RNA capable of
encoding such protein that has an inflammation-suppressing
effect by inhibiting intercellular adhesion and signaling.
[0109] Inaddition, the protein or fragment thereof provided
in the present invention, may be in the form of having native
sugar chains, increased sugar chains compared to a native
form or decreased sugar chains compared to the native form,
or may be in a deglycosylated form. The increase, decrease or
removal of sugar chains of the protein may be achieved by an
ordinary method, such as a chemical method, an enzymatic
method, ora genetic engineering method using a microorgan-
ism. Genetic engineering method includes deleting one or
more carbohydrate moieties found in native sequence of Bst2,
Bst2 decoy, Bst2 decoy Fe, and/or adding one or more gly-
cosylation sites that are not present in the native proteins.
[0110] Bst2 Decoy/Bst2 Decoy-Fc Variants

[0111] Overly rapid clearance, particularly of small pro-
teins, can limit therapeutic efficacy. Injected protein thera-
peutics may be processed by plasma proteases, bind to plasma
proteins or receptors on the endothelial cells or blood cells,
which may result in uptake of the protein. Proteins that escape
from the vascular capture may then be cleared in the liver or
the renal glomeruli. In the renal system, the protein will enter
the urine and leave the body. The glomerular barrier discrimi-
nates proteins both on the basis of molecular size and molecu-
lar charge (Brenner et al., Am J Physiol., 1978, 234:F455).
Thus, increases in molecular size or negative charge can
reduce renal clearance (Wilson et al., J Gen. Physiol., 1970,
74:495).

[0112] General strategies to improve in vivo activity and
duration of action of the Bst2 decoy include PEGylation,
chemical modifications aiming to decrease clearance, protein
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cross-linking to albumin, multimerization, direct fusion to
albumin using recombinant DNA technology, fusion to Fc
and so forth. In addition, glycoengineering is also applicable
as a strategy for increasing the in vivo activity and prolonging
the duration of action of the Bst2 decoy or Bst2 decoy-Fc.
Extra N-linked oligosaccharides are attached to consensus
sequences (Asn-X/Ser/Thr, where X is any amino acid except
proline) (Imperiali B and Shannon K L. Biochemistry, 1991,
30: 4374). N-linked carbohydrates have been added to pro-
teins such as Epo, Mpl ligand or even leptin which normally
lacks carbohydrates entirely. Glycoengineered proteins
showed substantially increased in vivo activity and duration
of action (Elliott S. et al., Nat. Biotechnol. 2003, 21:414).
[0113] Bst2 decoy (Bst2 decoy-Fc) variants with higher
affinity binding to Bst2 L can be generated. Dimerization
domain of Bst2 may be involved in controlling ligand-bind-
ing affinity of Bst2. Dimerization of Bst2 is thought to play a
role in Bst2 signal transduction. The receptors for interleu-
kins 2, 3, 5, and 6 and granulocyte macrophage colony stimu-
lating factor, contain two different subunits (Hatakeyama M,
et al., Science. 1989, 244(4904):551-6; Kitamura T, et al.,
Cell. 1991, 66(6):1165-74). The ligand binding subunits of
the granulocyte colony stimulating factor receptor, prolactin
receptor and growth hormone receptor form homodimers
(Larsen A, et al., ] Exp Med. 1990, 172(6):1559-70, Kelly P
A, et al., Recent Prog Horm Res. 1993, 48:123-64). Dimer-
ization has been indicated to yield high-affinity receptors and
to provide the first step in the signal transduction pathway
(Cunningham B C, et al. Science. 1991, 254(5033):821-5;
Nicola N A, Metcalf D, Cell. 1991, 67(1):1-4).

[0114] Because homodimerization of Bst2 is likely to play
a role in Bst2 L (ligand)-induced signal transduction, it is
contemplated that Bst2 decoy (Bst2decoy-Fc) variants with
higher affinity binding may be made by mutating amino acid
residues within the potential dimerization domain.

[0115] SMART analysis of Bst2 predicts a coiled coil
domain in the amino acid regions 0f 96-153 (human Bst2) (or
102-149, rat Bst2) or in the corresponding region in the
mouse Dampl. Coiled-coil domain of Bst2 may be involved
in Bst2 dimerization.

[0116] Determination of the Dimerization Domain of Bst2
[0117] Cytokine-induced dimerization of Bst2 can be dem-
onstrated in stable cells transfected with two differently-
tagged Bst2 (such as HA-Bst2 and Bst2-Flag) or after tran-
sient transfection with expression vectors for tagged-Bst2.
Dimerization of Bst2 is demonstrated by co-immunoprecipi-
tation of the tagged Bst2 proteins. Dimerization of the wild-
type Bst2 receptor may be shown. When dimerization of Bst2
is confirmed, information on critical residues for dimeriza-
tion can be obtained after deletion analysis, alanine scanning
mutation analysis, and/or site-directed mutagenesis. The
mutations may be made in the entire extracellular domain or
the coiled coil domain. While dimerization of the wild-type
receptor may be shown, mutants containing a deletion or
substitution in important residues for dimerization would not
coimmunoprecipitate. Bst2 mutants containing a deletion or
substitution in the dimerization domain may function as a
dominant-negative mutant to block inflammatory responses
and inhibit cell-cell adhesion after cytokine stimulation when
transiently transfected into Bst2-containing cells. When sta-
bly expressed in Dampl -/~ cells (for example, Damp1 /-
mouse embryonic fibroblasts), these mutants may not be able
to manifest inflammatory responses or cell-cell adhesion effi-
ciently.
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[0118] Many deletion variants, insertion variants or substi-
tution variants are screened for use as high-affinity Bst2
decoy or Bst2 decoy-Fc. Deletion, insertion or substitution
may be introduced to the target mutation sites in the entire
extracellular domain, coiled coil domain or dimerization
domain identified as described above. The location of the
mutation sites may be, for example, in the regions of low
homology in the human Bst2, rat Bst2 and mouse Dampl.
Deletion of the target amino acid residue, insertion of one or
more amino acid residues adjacent to the target amino acid
residue, or substitution of the target amino acid residue may
be made. The target amino acid residues may be single or
multiple amino acid residues. Amino acid sequence deletions
or insertions may be made from 1-5 contiguous residues,
because radical deletions/insertions may result in complete
loss of the biological activity.

[0119] The target amino acid residues for deletion, inser-
tion or substitution include the critical residues for Bst2
dimerization identified as described above. Other sites of
interest include those in which the amino acid residues are
similar or identical in human Bst2, rat Bst2 and mouse
Dampl. For substitutional mutagenesis, random mutagenesis
may be conducted.

[0120] Screening for Bst2 Decoy- or Bst2 Decoy-Fc Vari-
ants
[0121] 1. The Bst2 decoy- or Bst2 decoy-Fc variants are

screened using the cell-cell adhesion assay. Variants with
higher affinity inhibit the cell-cell adhesion more efficiently
than the parent Bst2 decoy or Bst2 decoy-Fc protein.

[0122] 2. The variants of Bst2 decoy-Fc are screened using
the solid-phase assay as described here. Plates are coated with
anti-Fe antibody and incubated with the Bst2 decoy-Fc vari-
ants. The source cell line for Bst2 L (see Example 29-1, under
Identification of an abundant in vitro cell source for Bst2 L) or
U937 cells (see Example 20) is then radiolabeled with
3H-thymidine and added to the well. After isolation and vali-
dation of Bst2 L (see Examples 28-34), COS7 cells trans-
fected with the expression vector for Bst2 I may be radiola-
beled and also used for the assay. After fixation, the adherence
of radiolabeled cells is measured.

[0123] 3. The methods described herein enable a person of
ordinary skill in the art to identify mutants with higher bind-
ing affinity without the need for protein purification.
Mutagenic Bst2 PCR primers are designed for random
mutagenesis of selected amino acid residues or any random
amino acid in the extracellular domain, coiled-coil domain or
dimerization domain. PCR products encoding mutations are
subcloned into the digested Bst2 expression vector. COS7
cells are transiently transfected with mutant Bst2 ¢cDNAs. In
this method, Bst2 variants containing mutations in the extra-
cellular domain, coiled coil domain or dimerization domain
are expressed on the surface of the transfected cells for pan-
ning. Cells are added to panning plates coated with purified
Bst2 L. Cells expressing Bst2 decoy with higher affinity for
Bst2 L are then screened by indirect immunofluorescence or
FACS analysis with FITC-labeled human Bst2 L-Fc, fol-
lowed by secondary antibody staining. Plasmid DNA is
recovered from the cells attached to the plate and used for the
next cycle of enrichment. Bst2 decoy or Bst2 decoy-Fe is
modified to contain the selected mutated sequences. The vari-
ant Bst2 decoy or Bst2 decoy-Fc containing the selected
mutations is tested in the cell-cell adhesion assay for func-
tional validation.
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[0124] Production of Bst2, Bst2 Decoy, Bst2 Decoy Fc
Proteins, Bst2 L, a Portion of These Proteins or Mutants of
These Proteins

[0125] Thescope of the present invention includes methods
of constructing the expression vectors for Bst2, Bst2 decoy,
Bst2 decoy Fe proteins, Bst2 L, a portion of these proteins or
mutants of these proteins for expression in host cells of mam-
malian, insect, fungal, plant or bacterial origin and methods
of purifying these proteins. Bst2, Bst2 decoy, Bst2 decoy Fc
or Bst2 L include those derived from Bst2 and Bst2 I homo-
logues from mice, rats, rabbits, dogs, primates and other
animals. For the construction of expression vectors for
recombinant protein production, it would be necessary to
chemically synthesize the corresponding genes or fragments
of Bst2, Bst2 decoy, Bst2 decoy Fc, Bst2 L or their mutants
with codon-optimized nucleotide sequences for each expres-
sion system.

[0126] Expression vectors designed for Bst2, Bst2 decoy,
Bst2 decoy Fe or Bst2 L expression in mammalian, insect
(baculovirus, Schneider cells), fungal, plant or bacterial cells
are constructed by inserting the DNA fragment encoding
Bst2, Bst2 decoy, Bst2 decoy Fc or Bst2 L adjacent to the host
cell-specific promoter in a host cell-specific vector, which can
be in a plasmid or viral form. These proteins may be
expressed as a tagged fusion protein in mammalian, insect,
fungal, plant or bacterial cells. Tags are short protein
sequence, which has high binding affinity to antibodies or
specially modified solid supports. The tag may include but not
necessarily limited to Histidine, Flag, V5, GST and HA tags.
Tagged Bst2 decoy is purified based on the affinity of the tag
to the solid support such as columns or beads. Additional
steps including liquid chromatography may be used to
increase the purity of all of the Bst2-related proteins.

[0127] The protein or fragment of Bst2, Bst2 decoy or Bst2
L, if desired, may be modified by acetylation of the N-termi-
nal amine, amidation of C-terminal carboxyl group, phospho-
rylation of serine, threonine or tyrosine residues, methylation
of the alpha-amino groups of lysine, arginine and histidine
residues, deamidation of glutaminyl and asparaginyl resi-
dues, hydroxylation of proline and lysine, biotinylation,
palmitylation, sulfation, famesylation, and the like.

[0128] The Bst2 or Bst2 L protein, Bst2 decoy, a fragment
thereof, or a variant thereof, which has an inflammation-
suppressing effect by inhibiting intercellular adhesion, may
be naturally isolated or synthesized (Merrifield, J. Amer.
Chem. Soc., 85:2149-2156, 1963), or may be prepared by a
recombination method based on DNA sequence (Sambrook
et. al., Molecular Cloning, Cold Spring Harbour Laboratory
Press, New York, USA, 2nd Ed., 1989). When a genetic
recombination technique is used, a desired protein may be
obtained by inserting a nucleic acid encoding the Bst2 or Bst2
L protein, a fragment thereof or a variant thereof into a suit-
able expression vector, transforming a host cell with the
expression vector, culturing the host cell to express the
desired protein, and recovering the produced protein from the
culture.

[0129] 1. Preparation of recombinant Bst2, Bst2 decoy,
Bst2 decoy Fe, Bst2 L, a portion of these proteins or mutants
[0130] Successful recombinant protein-based approaches
require the ability to produce biologically active protein that
can be easily scaled up for mass production. The compatibil-
ity of codon usage between the native gene sequence of the
above Bst2-related proteins and that of the expression host is
an important consideration.
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[0131] In addition to the therapeutic utilities of the Bst2
decoy and Bst2 decoy Fe proteins, recombinant proteins of
Bst2, Bst2 decoy, Bst2 decoy Fc, Bst2 L, a portion of these
proteins or mutants of these proteins are required for screen-
ing variants of anti-Bst2 antibody or anti-Bst2 L antibody.
[0132] Recombinant Bst2, Bst2 decoy, and Bst2 decoy Fe
proteins are also used in assays to identify Bst2 L involved in
the binding interaction. Bst2 [, can be Bst2 itself, or other
proteins, peptides or molecules.

[0133] Bst2, Bst2 decoy, Bst2 decoy Fc and Bst2 L, por-
tions of them and mutants can be used to screen for peptides
or small molecule inhibitors or agonists of the Bst2-Bst2 L
interaction. Such screening assays include high-throughput
protein-protein binding assays, cell-based assays, immunoas-
says or biochemical screening assays of chemical libraries,
suitable for identifying small molecule drug candidates.
[0134] Recombinant Bst2, Bst2 decoy, Bst2 L, portions and
mutants thereof may be also useful for recombinant protein-
based vaccine approaches.

[0135] 1-1. Expression of Bst2, Bst2 Decoy, Bst2 Decoy
Fc, Bst2 L, a Portion of These Proteins or Mutants of These
Proteins (Various Bst2-Related Proteins) in Mammalian
Cells

[0136] Many mammalian expression vectors and host cell
systems are commercially available. Mammalian expression
system has been described in Example 4.

[0137] 1-2. Expression of the Various Bst2-Related Pro-
teins in Baculovirus

[0138] In addition to the mammalian cells, glycosylated
Bst2, Bst2 decoy, Bst2 L and other Bst2-related proteins can
be derived from invertebrate cells including insect cells such
as Drosophila S2, Sf9 as well as plant cells. For baculovirus
expression, the corresponding Bst2 or Bst2 L sequences are
fused upstream of an epitope tagged, for example, poly-his
tagged baculovirus expression vector. Bst2 decoy F¢ may be
used without other tag. Many baculovirus expression vectors
are commercially available. Viral infection and protein
expression is performed as described by O’Reilley et al.,
Baculovirus expression vectors: A laboratory Manual,
Oxford: Oxford University Press (1994). Recombinant bacu-
lovirus is generated by cotransfecting the Bst2, Bst2 decoy
baculovirus vectors and BaculoGold virus DNA (Pharmin-
gen) into S9 cells (ATCC) using lipofectin. After 4-5 days of
incubation at 28° C., the released viruses are harvested and
used for amplification.

[0139] Poly-his tagged Bst2, Bst2 decoy or Bst2 L are
purified by Ni**-chelate affinity chromatography (Rupert et
al. Nature, 362:175, 1993). Purification of Bst2 decoy Fc can
be performed using protein A column chromatography.
[0140] 1-3. Expression of the Various Bst2-Related Pro-
teins in Pichia pastoris

[0141] Pichia pastoris is a unicellular eukaryote that has
many similarities to . coli in terms of ease of cloning foreign
genes, as well as having a tightly controlled inducible expres-
sion in cultures that are easy to handle (Kocken, C. H. et al.,
Infect. Immun. 67:43-49. 1999). Being a eukaryote, P. pas-
toris is capable of several posttranslational modifications, for
instance, the ability to form disulfide bonds that enable proper
folding of proteins, and Pichia is also known to potentially
glycosylate proteins (Yadava A and Ockenhouse, Infect.
Immun. 71:4961, 2003).

[0142] The genes of the various Bst2-related proteins are
chemically synthesized using nucleotide sequences opti-
mized for Pichia codon usage. P. pastoris constructs, for
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example, PicZa. (Invitrogen), a zeocin-selectable plasmid, is
used for cloning and expression of the Bst2-related proteins in
P. pastoris. The plasmid contains an alcohol oxidase 1 pro-
moter from P. pastoris fused to the a-mating factor from
Saccharomyces cerevisiae for directing the protein to the
secretory pathway. Upon induction with methanol, the pro-
tein is expressed under control of the alcohol oxidase 1 pro-
moter and secreted into the culture medium.

[0143] After constructing PicZa expression vectors of vari-
ous Bst2-related proteins, £. coli XL-1 blue cells are trans-
formed with the constructs, and zeocin-resistant clones are
screened for the insert by PCR and restriction digestion.
Positive clones are used to transform P. pastoris. The trans-
formation mixture is plated on yeast-peptone-dextrose-sorbi-
tol plates containing zeocin. For expression, the positive
clones are grown in buffered glycerol medium for about 24 h.
The cells are pelleted and induced with fresh medium con-
taining 1% methanol for another 24 h. Supernatants are tested
for expression by ELISA or Western blotting to detect various
Bst2-related proteins. The Pichia-expressed protein is puri-
fied from culture supernatant.

[0144] 1-4. Expression of the Various Bst2-Related Pro-
teins in Yeast
[0145] Yeast expression vectors are constructed for intrac-

ellular production or secretion using codon-optimized
sequences. For secretion, DNAs encoding Bst2, Bst2 decoy,
Bst2 L, portions or mutants of these proteins, can be cloned
into the selected plasmid with DNA encoding the ADH2/
GAPDH promoter, the yeast alpha factor secretory signal/
leader sequence. Yeast cells can be transformed with the
expression plasmids and cultured in selected fermentation
media (Hsiao et al. Proc. Natl. Acad. Sci. USA, 76:3829,
1979). The yeast supernatants are analyzed by TCA precipi-
tation, SDS-PAGE and Coomassie blue staining. Recombi-
nant Bst2-related proteins can be isolated from concentrated
supernatant using selected column chromatography methods.
[0146] 1-5. Expression of Bst2, Bst2 Decoy in E. coli
[0147] Under certain conditions, some of the above Bst2-
related proteins may be produced in E. coli. However, it is
known that not all soluble proteins produced in . coli may be
correctly folded, and incorrectly folded proteins may form
insoluble aggregates in the form of inclusion bodies (Carrio,
M. M., and A. Villaverde. 2002. J. Biotechnol. 96:3-12).
[0148] The DNA sequence encoding the Bst2-related pro-
teins selected for expression in E. coli system is amplified
using PCR primers containing suitable restriction enzyme
sites. A variety of expression vectors are commercially avail-
able. The vector is digested with restriction enzyme and
dephosphorylated. The PCR amplified sequences are then
ligated into the vector. The ligation mixture is then used to
transform E. coli strain. Transformants are selected and plas-
mid DNA is isolated. Selected clones are grown in liquid
culture medium and then used for a larger scale culture,
during which the expression promoter is turned on. The cell
pellet can be solubilized and the solubilized Bst2-related
proteins may then be purified using, for example, a metal
chelating column, if the protein is expressed from a vector
containing a poly-his sequence and enterokinase cleavage
site.

[0149] 2. Preparation of Bst2, Bst2 Decoy, Bst2 Decoy Fec,
Bst2 L, a Portion of These Proteins or Mutants by Peptide
Synthesis

[0150] Bst2, Bst2 decoy, Bst2 decoy Fc, Bst2 L, various
portions thereof or mutants may be produced by direct pep-
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tide synthesis using solid phase technique or by a combina-
tion of solid phase and solution phase methods (Stewart etal.,
Solid Phase peptide Synthesis, W.H. Freeman Co., San Fran-
cisco, Calif., (1969); Barlos K et al. Int J Pept Protein Res.
1991; 37: 513-520; Babiker E et al. ] Org Chem. 1978; 43:
4196-4199). Various portions of these Bst2-related proteins
may be chemically synthesized separately and combined
using chemical or enzymatic methods to produce the full
length Bst2, Bst2 decoy, Bst2 [ or mutants.

[0151] Peptide synthesis method may be also useful to pro-
duce modified versions of these proteins (for instance, phos-
phorylated version).

[0152] Peptides can be synthesized using L form or D form
amino acids. In particular, mammalian proteases and pepti-
dases cannot degrade peptides synthesized from D-amino
acids. D form Bst2 decoy or various portions of D form Bst2
decoy would be very stable in vivo despite their small sizes
and may be administered in drinking water or mixed with
food, air spray and/or patches.

[0153] The Bst2 protein or a fragment thereof, provided in
the present invention, which has an inflammation-suppress-
ing effect by inhibiting intercellular adhesion or interaction
and imnune cell activation, may be in a monomeric or mul-
timeric form. A multimer may be formed by various methods
commonly known in the art, and the method for forming a
multimer is not specifically limited.

[0154] Themultimer may be a dimer, trimer, tetramer, pen-
tamer, hexamer, and so on without limitation. For example, a
multimer may be prepared using a sequence inducing multi-
mer formation, for example, isoleucine zipper (ILZ)
sequence inducing trimer formation, or surfactant protein-D
(SP-D) inducing dodecamer formation. Otherwise, a multi-
mer may be prepared by conjugating two or more polypep-
tides, which each have been produced in a monomeric form,
for example, using a linker.

[0155] The multimer may form parallel or anti-parallel
structure, or a combination of parallel and anti-parallel struc-
tures of the Bst2 protein or a fragment thereof. While Bst2 is
thought to function as a homodimer, the orientation of each
monomer in the homodimers is not known. For construction
of the expression vectors for the multimer that contains anti-
parallel structure of the Bst2 protein or a fragment thereof, the
coding sequences for the anti-parallel structured Bst2 protein
or a fragment thereof should be chemically synthesized with
codon-optimized nucleotide sequences. In the expression
vector, each Bst2 protein (or a fragment) unit may be linked
by a synthetic linker. A synthetic linker includes a Gly/Ser-
rich synthetic linker (Berezov A et al., 2001, ] Med Chem
44:2565) or a flexible Gly linker (Kim et al. Proc. Natl. Acad.
Sci. USA 96:10092, 1999).

[0156] When the Bst2 fragment unit is small enough to be
directly synthesized through peptide synthesis, both L form-
and D form multimers may be produced.

[0157] The Bst2 protein, or fragment thereof, which has an
inflammation-suppressing effect by inhibiting intercellular
adhesion, or interaction and immune cell activation, may be
modified by a non-peptide polymer.

[0158] In a further detailed aspect, the antagonist includes
non-peptide polymer-modified Bst2 protein or a fragment
thereof, which has an inflammation-suppressing effect by
inhibiting intercellular adhesion or interaction and immune
cell activation.

[0159] Thelinkage of the Bst2 protein, or fragments thereof
with a non-peptide polymer include covalent bonds and all
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types of non-covalent bonds, such as hydrogen bonds, ionic
interactions, van der Waals forces and hydrophobic interac-
tions. Preferably, the polymer is linked with a protein through
a specific reactive group. Examples of reactive groups of the
polymer include an aldehyde group, a propionic aldehyde
group, a butyl aldehyde group, a maleimide group, a ketone
group, avinyl sulfone group, a thiol group, a hydrazide group,
a carbonyldimidazole (CDI) group, a nitrophenyl carbonate
(NPC) group, a trysylate group, an isocyanate group, and
succinimide derivatives. The non-peptide polymer reacts
with reactive groups of a polypeptide, for example, an N-ter-
minus, a C-terminus and/or side chain of amino acid residues
(e.g., side chain of a lysine residue, a histidine residue or a
cysteine residue).

[0160] The Bst2 protein, which has an inflammation-sup-
pressing effect by inhibiting intercellular adhesion, or inter-
action and immune cell activation, may be linked with a
non-peptide polymer in a molar ratio of 1:1 to 1:10, prefer-
ably 1:1 to 1:2. When the Bst2 protein, or fragment thereof, is
modified by two or more non-peptide polymers, the non-
peptide polymers are identical or different. The proteins may
have improved in vivo stability and metabolism through
modification with non-peptide polymers.

[0161] In still another aspect, the present invention pro-
vides a composition for preventing or treating inflammatory
diseases, comprising one or more selected from among, as
described above, Bst2 protein or a fragment thereof having an
inflammation-suppressing effect by inhibiting intercellular
adhesion or interaction and immune cell activation; non-pep-
tide polymer-modified Bst2 protein or a fragment thereof
having an inflammation-suppressing effect by inhibiting
intercellular adhesion.

[0162] The present composition may be applied to humans,
as well as to livestock whose inflammatory diseases can be
inhibited or reduced by administration of Bst2, such as
bovine, horses, sheep, swine, goats, camels, antelopes, dogs
and cats. In this context, the present inventors found that
human Bst2 and mouse Damp1 have functional similarity and
act on cells having the same origin as well as a different
origin.

[0163] Instill another detailed aspect, the present invention
relates to a method of preventing or treating inflammatory
diseases, comprising administering to a patient one or more
proteins selected from among Bst2 protein or a fragment
thereof having an inflammation-suppressing effect by inhib-
iting intercellular adhesion or interaction and immune cell
activation.

[0164]

[0165] Fusion of the decoy Bst2 to the Fc portion of an
antibody is described. The resulting fusion was able to pro-
long the therapeutic effect of the decoy Bst2 protein allowing
for a more favorable dosing schedule. Fusion to albumin has
also been shown to extend serum half life of small proteins.
Like fusion of Bst2 decoy to the Fc portion of an antibody,
fusion of Bst2 decoy to albumin may increase the serum
half-life of Bst2 decoy.

[0166] Many potential therapeutic proteins including the
Bst2 decoy are smaller than 40 kDa and therefore susceptible
to renal clearance by glomerular filtration. These small pro-
teins rarely make perfect pharmaceuticals. The redesign of
proteins to promote longer serum half-life is an important
medical and commercial goal. Since proteins must generally

Decoy Protein Stabilization By Fc Fusion
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be administered by injection, it is preferable to have thera-
peutic proteins that minimize the frequency of protein admin-
istration.

[0167] In general, a protein’s effective molecular weight
may be increased by fusion to a heterologous carrier protein,
such as to albumin or the Fe region of an antibody which may
aid in purification of the protein (Capon et al. Nature. 1989
February 9;337(6207):525-31; Yeh P. et al. Proc. Natl Acad.
Sci. USA, 89:1904-1908, 1992). The heterologous sequence
could be any sequence as long as it allows the resulting
chimeric protein to retain at least one of the biological activi-
ties of the Bst2 decoy.

[0168] Bst2 is thought to exist as a homodimer on the cell
surface (Ohtomo et al., Biochem Biophys Res Commun.
1999, 258(3):583-91). It is also thought that Bst2 requires
dimerization for its activity. Thus, heterologous sequences
which promote association of the Bst2 decoy monomers to
form dimers, trimers and higher multimeric forms are pre-
ferred. The construction of an Fc chimeric protein using a
small protein with a molecular weight of less than 40 kDa
results in a dramatic extension of serum half-life (Lo et al.,
PCT WO00/40615, 2000). Bst2 decoy-Fc is a recombinant
chimeric fusion protein consisting of the extracellualr domain
of human Bst2 and the Fc region of human IgG. Bst2 decoy-
Fc was produced as a dimer and to some extent as a higher
multimer.

[0169] Rat Bst2 Decoy-Fc

[0170] Rat Bst2 has 44% and 70% amino acid similarity to
human Bst2 and mouse Dampl, respectively (Kupzig t al.,
2003, Traffic 4(10): 694). Putative coiled coil domain is
present in the region of amino acids 96-153 (or 102-149) in
human Bst2 protein, and in the corresponding regions of the
rat Bst2 protein and mouse Damp1 protein.

[0171] The observation that mouse Damp] decoy inhibits
cell-cell interaction between human endothelial cells and
human monocytic U937 cells, and that, human Bst2 decoy
functions in the mouse asthma model indicates that Bst2
decoy and Bst2 decoy-Fc function in a cross-species manner.
The efficacy of mouse Dampl decoy (Fc fusion), rat Bst2
decoy (Fc fusion) or human Bst2 decoy (Fc fusion) proteins
may be investigated in any animal disease model including
mouse, rat, rabbit, dog or primate, interchangeably without
species barrier. Alternatively, Fc fusion of decoys derived
from Bst2 homologues from rabbits, dogs or primates can be
used. For antibody treatment in mice, anti-mouse Dampl
antibodies or rat anti-Damp1 antibodies could be used. For
antibody treatment in rats, rabbits, dogs or primates, antibody
specific for the Bst2 homologues from these animals can be
used. One method to generate panels of monoclonal antibod-
ies against mouse Dampl is to use Dampl -/- mice. Damp1
—/- (knockout) mice are generated by well-known homolo-
gous recombination methods.

[0172] Ratanti-Damp1 monoclonal antibodies can be pro-
duced using rat hybridoma technology (Lebacq-Verheyden et
al., Hybridoma. 1983, 2(3):355-8.). Similarly, antibody treat-
ment in rats can be performed using mouse anti-rat Bst2
monoclonal antibodies.

[0173] Constitutive Damp 1 —/- (Knock-Out) Mice
[0174] Damp 1 —/- mice are generated by homologous
recombination methods. As indicated above, mouse anti-
Damp1 monoclonal antibodies can be obtained using Damp1
—/- mice. In addition, Damp1 -/~ mice are useful to generate
information on which disease models may be pursued with
the Bst2 blockers (Bst2(Damp1) decoy, anti-Bst2(Dampl)).
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Because it is quite expensive to produce purified protein
drugs for preclinical studies, it is difficult to try numerous
disease models. On the other hand, most of the disease-in-
ducible treatments used for the animal models, for example,
collagen or adjuvant treatment for arthritis models, ovalbu-
min treatment for asthma models, or any other treatments
commonly used in animal models, can be easily implemented
without much cost. By comparing the severity of the symp-
toms and disease progression in Damp 1 /- and wild-type
mice after various disease-inducible treatments, valuable
information can be obtained regarding which disease models
may be pursued with the Bst2 blockers. In this manner, more
treatment options using Bst2 blockers may be generated.
[0175] Tissue Specific Damp 1 —/- (Knock-Out) Mice
[0176] Although transgenic expression of a dominant nega-
tive protein of Damp1 or Bst2, or simple Damp1 -/~ (knock-
out) as described above may be relevant to human disease or
the inflammatory/autoimmune pathways, deletion of Damp 1
in a specific cell-type would be also valuable to study gene
function of Damp1/Bst2 and deduce the gene function of
Bst2.

[0177] Site-specific recombinase-systems such as the
widely used CreloxP system (Lasko M et al. Proc. Natl. Acad.
Sci. USA, 93:5860, 1996; Orban P et al., Proc. Natl. Acad.
Sci. USA, 89:6861, 1992) may be used. In this system, two
transgenic mouse lines are required to facilitate tissue-spe-
cific Damp 1 knockout. The first mouse line expresses Cre
recombinase under the control of a tissue-specific promoter
of choice. Currently, nearly forty~fifty Cre lines are available,
and the availability and variety of Cre lines increase. The
second line carries loxP sites around Damp . After intercross-
ing, the Damp1 gene is removed from cells expressing Cre
recombinase. One or both copies of the Dampl gene can be
targeted, for example, to examine dosage-sensitivity of the
Dampl gene.

[0178] Tissue Specific, Inducible Damp1 /- (Knock-Out)
Mice
[0179] Physiological relevance of the Dampl gene func-

tion in disease may further require temporal control in addi-
tion to tissue-specificity. One way to achieve inducible
expression of tissue-specific Cre recombinase is the use of
steroid receptor ligand-regulated forms of Cre by fusing a
mutant estrogen receptor (ER) ligand-binding domain to the
C-terminus of Cre. These fusion proteins are induced by the
synthetic estrogen antagonist 4-OH tamoxifen but are insen-
sitive to endogenous beta-estradiol. Three different mutant
estrogen receptors, mouse ERTM (Danielian P S, Curr. Biol.
8:1323, 1998), human ERT (Logie and Stewart, Proc. Natl.
Acad. Sci. USA, 92:5940, 1995) and human ERT2 (Feil R et
al., Biochem. Biophys. Res. Commun. 237:752, 1997), are
available. By placing CreER under the control of a tissue-
specific promoter, one can generate a Damp1 knock-out sys-
tem in a tissue-specific, tamoxifen-inducible manner. The
second transgenic line carries loxP sites around Damp1. After
intercrossing, the Damp1 gene is removed from cells express-
ing Cre recombinase in tamoxifen-inducible manner.

[0180] In another approach, tetracycline-sensitive systems
may be used. Tetracycline binds to the tetracycline transacti-
vator protein, tTA, or “reverse tetracycline transactivator pro-
tein, rtTA. These complexes repress or activate the Dampl
expression by binding to the Tet operator (tetO). To achieve
Tet-inducible knockout of Damp1 in atissue-specific manner,
triple transgenic mice are required. In the first line, tTA or
rtTA protein is expressed under the control of a tissue-specific
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promoter/enhancer. Second line carries Tet-operator pro-
moter (tetO) and Cre-recombinase. Only in the presence of
tTA or rtTA, and tetracycline delivered in the drinking water,
the tetO promoter is activated and Cre recombinase is
expressed. Third line carries loxP sites flanking Dampl.
Then, the Cre recombinase excises the Dampl gene in a
tissue-specific, Tet-inducible manner.

[0181] Transgenic Dampl or Bst2 Knockdown Animals
Via RNAi (RNA Interference) Using shRNA

[0182] Giventhe difficulty of applying gene knockout tech-
nology to species other than mice, RNA interference (RNAi)
may be used in silencing the expression of Damp1 or Bst2 in
mice or other animals, respectively. It would be possible to
silence Damp1 gene in mice or Bst2 homologues in other
animals using short pieces of Damp1 or Bst2 siRNA in trans-
genic animals. Tissue-specific Dampl or Bst2 knockdown
using RNA interference could be an alternative approach for
generating loss of function models.

[0183] RNA interference is the sequence-specific, post-
transcriptional gene silencing mediated by small double-
stranded RNA (dsRNA) homologous to the sequences of the
silenced gene. The mediators of sequence-specific messenger
RNA degradation are 21- and 22-nucleotide small interfering
RNAs (siRNAs) generated by cleavage from longer dsRNAs
(Bernstein E et al. Nature 409:363, 2001, Elbashir SM et al.
Nature 411:494, 2001). These siRNAs are incorporated into a
multiprotein RNA-inducing silencing complex. The anti-
sense strand guides the silencing complex to its homologous
target mRNA resulting in cleavage. It has been shown that
double strand-specific RNase inside the cell called Dicer can
process small hairpin RNA structures (shRNA) resulting in
the generation of micro RNAs. By inhibition of translation,
micro RNA can effectively silence gene expression making it
possible to target genes using only one vector. The shRNA
systems can be used to generate transgenic animals that
silence gene expression stably.

[0184] Dampl or Bst2 siRNA: Damp1 or Bst2 siRNA may
be designed by incorporating corresponding sequences of the
human Bst2 siRNA used in FIG. 9, or siRNAs may be newly
designed. In order to select potential Damp1(Bst2)-siRNA
sequences for the generation of Damp 1 (Bst2) shRNAs, mam-
malian cells such as Cos-7 cells are cotransfected with agreen
fluorescent protein (GFP)-Damp1(Bst2) fusion construct
plus different siRNAs directed against Damp 1(Bst2). Expres-
sion and knockdown of the Damp1(Bst2)-GFP fusion protein
is analyzed by immunoblotting.

[0185] Construction of the Damp1(Bst2)-shRNA expres-
sion vector: Both pol IIT and pol II promoters are used to
synthesize short hairpin RNA (shRNA) for knockdown of
gene expression in mammalian cells and animals. For con-
struction of the shRNA expression vector, the most efficient
of the siRNAs as screened above is then cloned into an
shRNA expression plasmid in which sense and antisense
strands of short Damp1(Bst2) sequences are transcribed into
hairpin structures under the control of, for example, a U6
promoter, as a DNA sequence encoding the Damp1(Bst2)-
shRNA, and then processed into functional siRNAs by double
strand-specific RNase, Dicer, inside the cells. An shRNA
expression vector is generated by cloning the corresponding
DNA oligonucleotides into an shRNA expression plasmid
such as pSilencer 1.0-U6 from Ambion (Austin, Tex., USA).
The oligonucleotides cover the sense and antisense sequence
of Damp1(Bst2) and a 7 bp loop, and the annealed product
contains appropriate restriction enzyme sites. This duplex is
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ligated into pSilencer 1.0-U6. This vector is then used to
endogenously express shRNA in mammalian cells. The con-
trol RNAi vector is constructed by insertion of a sequence that
expresses a siRNA with limited homology to any known
sequences in the mouse or human genomes.

[0186] Generation of transgenic animals expressing
Dampl or Bst2-shRNA: Using pronuclear injection method,
Xia et al. (PLOS Genet. 2006; 2(1): ¢10) were able to show
that shRNAs transcribed from the human Pol II promoter
such as human ubiquitin C promoter could mediate gene
silencing in mice. The transgenic mice were made by pro-
nuclear injection of the linearized construct into the fertilized
eggs. Similarly, one may use any kind of tissue-specific pro-
moter coupled to Damp1- or Bst2 shRNA for generation of
transgenic mice by simple pronuclear injection.

[0187] Alternatively, adeno-associated viral (AAV) vectors
(A. Auricchio et al., Hum. Mol. Genet. 10 (2001), pp. 3075-
3081) or lentiviral vectors (Golding M C et al. Proc. Natl.
Acad. Sci. USA 2006 Apr. 4;103(14):5285-90) expressing the
Dampl - or Bst2 shRNA may be used to deliver the transgene
into animals.

[0188] Transgenic Animals Expressing Bst2, Bst2 L, Por-
tions or Mutants of Bst2 or Bst2 L

[0189] Transgenic animals (a mouse or rat) overexpressing
the entire Bst2 or Bst2 L (or any portion of it), are useful in the
development and screening of therapeutically useful reagents
such as anti-Bst2, Bst2 decoy, Bst2 decoy Fc and anti-Bst2 L.
The transgenic lines can be designed to express the Bst2 or
Bst2 L proteins constitutively, in an inducible-manner, a tis-
suie-specific manner, or a tissue-specific/inducible manner.
[0190] Transgenic animals expressing Bst2 or Bst2 L (or
any portion of it) could show pathological conditions associ-
ated with overexpression of Bst2 or Bst2 L. These animals
can be treated with the Bst2 blocker and a reduced incidence
of the pathological condition, compared to untreated animals
bearing the Bst2 or Bst2 L transgene, would indicate a poten-
tial therapeutic benefit. When a dominant-negative version of
Bst2 (Dampl) or Bst2 L (Damp1 L) is identified (one which
interferes with the function of the wild type protein), trans-
genic animals expressing the dominant negative forms of
these proteins may be generated to test whether the disease
process is inhibited. Transgenic animals expressing the domi-
nant negative protein of human Bst2 can be bred with Bst2
knock-in mice prior to testing the disease process.

[0191] Transgene expression cassettes contain the tran-
scription unit including the Kozak consensus sequence, cod-
ing exons of the Bst2 or Bst2 L, portions or mutants of these
proteins, a termination signal (poly-A-tail) and regulatory
elements controlling the expression of the transgene. Numer-
ous tissue-specific promoter/enhancers are available in the
literature. Inducible systems including tetracycline- or
tamoxifen-inducible systems to control the temporal expres-
sion are commercially available (see above, under Tissue
Specific, Inducible Damp1 -/~ (Knock-Out) Mice). Methods
for generating transgenic mice or rats have become conven-
tional (U.S. Pat. No. 4,736,866 and 4,870,009).

[0192] Transgenic Animals Expressing Bst2 Decoy, Bst2
Decoy-Fc and Bst2 Decoy-Albumin Fusion

[0193] Transgenic animals expressing the extracellular
domain of Bst2 or Dampl (or any portion of it), or extracel-
lular domain of Bst2, or Damp1 (or any portion of it) fused to
the Fe fragment or albumin, can be used to assess therapeutic
effects of the Bst2 decoy (Fc) under the pathological condi-
tions. Transgenic mice expressing these proteins may be bred
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with knock-in mice expressing Bst2 to assess the therapeutic
effects of the Bst2 decoy (Fc) protein, in monotherapy or in
combination therapy, under any pathological condition. The
transgenic lines can be designed to express these proteins
constitutively, in an inducible-manner, a tissue-specific man-
ner, or a tissue-specific/inducible manner.

[0194] Knock-In Mouse—Creation of Human-Mouse Chi-
meric Bst2 Mice

[0195] Because the amino acid sequence homology
between human Bst2 and mouse Damp 1/rat Bst2 is not exten-
sive, it is not possible to test the efficacy of the panels of the
anti-human Bst2 antibodies in murine or rat immune, inflam-
matory disease models. One way to overcome this problem is
to generate knock-in mice expressing human Bst2, in this
case, the human-mouse chimeric Bst2. The knock-in mice
may have the entire coding region of Damp! replaced by
human or just the extracellular domain of Damp1 replaced by
the extracellular domain of human Bst2 resulting in a chi-
meric protein. Although transgenic mice expressing human
Bst2 may be used for this purpose, an overexpression system
is not an ideal system to test the efficacy of the Bst2 blockers.
A knock-in approach that allows the human-mouse chimeric
Bst2 expression at the physiological level supercedes the
transgenic approach. A knock-in mouse expressing human-
mouse chimeric Bst2 may be produced according to standard
knock-in homologous recombination protocol, and may be
carried out using an exemplified construct such as shown in
FIG. 28. The knock-in mice are treated to induce immune-
inflammatory conditions. Anti-human Bst2 antibodies are
administered.

[0196] These mice are also useful for testing the efficacy of
combination therapy with anti-human Bst2 antibody or Bst2
decoy-Fe with various rat antibodies against mouse protein
target. For example, knock-in mice expressing human Bst2
may be treated with collagen to induce arthritis (Andrenetal.,
J Immunol. 2006, 63(4):282-9) and then treated with human
Bst2 decoy-Fe or anti-human Bst2 in combination with any
single agent, two agents, three agents or four agents of rat
anti-mouse TNFR (TNF alpha receptor I or 1) (Abcam), rat
anti-mouse IL.-6 receptor (Genzyme), rat anti-mouse IL-1
receptor (Abcam) or murine CTLA4-Ig (in-house). Murine
CTLA4-Ig has been shown to inhibit T cell responses in rat
(Shiraishi T et al. 2002, Am J Transplant 2:223).

[0197] Animal Disease Models to Test Efficacy of the Bst2
Blockers
[0198] Useful animal models to test efficacy of the Bst2

blockers include but are not limited to; rat or mouse collagen-
induced arthritis model (Webb et al., Eur J Immunol. 1996,
26(10):2320-8; Andren et al., Scand J Immunol. 2006,
63:282), rat or mouse adjuvant induced arthritis model
(Harunaetal., Arthritis Rheum. 2006, 54(6):1847-1855; Hida
et al., ] Autoimmun. 2005 September;25(2):93-101), ovalbu-
min-induced asthma model (Sy et al., Int Immunopharmacol.
2006, 6(7):1053-60), osteoarthritis model (Averbeck et al., J
Rheumatol. 2004 October;31(10):2013-20), graft versus-
host disease (GvHD) model (Zhang et al., Blood, 2006, 107:
2993-3001; Baliga et al., Transplantation. 1994,
58(10):1082-90), type 1 diabetes model in NOD (non-obese
diabetic) mice or BB (BioBreeding) rat (Yang Y, Santamaria
P. Clin Sci. 2006, 110(6):627-39), ischemia/reperfusion
model (Arumugam et al. Nat Med. 2006 June;12(6):621-3),
septic shock model (Motobu et al. Phytother Res. 2006,
20(5):359-63), autoimmune uveitis model (Yilmaz et al. Curr
Eye Res. 2005, 30(9):755-62), experimental allergic
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encephalomyelitis (EAE) in mice that is an animal model for
multiple sclerosis (Mujtaba et al., ] Immunol. 2005,175(8):
5077-86), brain embolism model in rabbit (Chapman D F,
Stroke. 2001,32(3):748-52), mouse colitis model for Crohn’s
disease and inflammatory bowel disease (Yen D et al. J Clin
Invest. 2006,116(5):1310-6), concanavalin A-induced liver
damage model for autoimmune or viral hepatitis (Li et al.,
Hepatology. 2006 June;43(6):1211-9), psoriasis model (Gud-
jonsson J E, Elder I T. Eur J Hum Genet. 2006,14(1):2-4), and
corneal allograft rejection model in rabbit (Shirao E,
Deschenes I, Char D H. Curr Eye Res. 1986, 5(11):817-22).
The animal models to study AMD have been described (Dith-
mar et al., Arch Ophthalmol 2001,119(11):1643-9; Cousins
et al., Exp Eye Res. 2002, 75(5):543-53).

[0199] Blockage of Bst2 may suppress early acceleration of
atherosclerosis by stabilizing established atherosclerosis.
This hypothesis can be tested in streptozotocin-treated (dia-
betic) apoE-null mice or LDL-receptor knock-out mice
(Jackson laboratories) (Bucciarelli et al., Circulation, 2002,
106(22):2827). Csaky K. Exp Eye Res. 2002, 75(5):543-53).
Many patients with type IT diabetes develop atherosclerosis.
The effect of Bst2 blockers in type II diabetes and atheroscle-
rosis can be tested in db/db apoE-null double mutant mice.
[0200] The concept of whether interference with the Bst2
action is beneficial for treatment of antibody-mediated
autoimmune disease is initially tested by measuring antibody
responses to sheep red blood cells and key hole limpet
hemocyanin as described in Linsley P S, Wallace P M,
Johnson J, Gibson M G, Greene J L, Ledbetter J A, Singh C,
Tepper M A. Science. 1992, 257(5071):792-5.

[0201] Other autoimmune disease models include lupus-
like illness (Finck et al., Science. 1994, 265(5176):1225-7)
and glomerulonephritis model in rats (Nishikawa et al., Eur J
Immunol. 1994, 24(6):1249-54.). Donor specific transplanta-
tion tolerance can be tested using diabetic mice which has
received pancreatic islet cell xenografts (Lenschow et al.,
Science, 1992, 257(5071):751). Tolerance can also be dem-
onstrated in a vascularized murine cardiac allograft model
(Larsen et al., Nature, 1996, 381(6581):434-8; Pearson etal.,
Transplantation, 1995, 59(3):450) and skin allograft rejection
model in mice (Tepper et al., Transplant Proc. 1994, 26(6):
3151-4) and renal transplantation model (Laskowski I A. J
Am Soc Nephrol. 2002, 13(2):519-27).

[0202] Combination Therapy

[0203] Immune, inflammatory diseases are complex disor-
ders mediated by complex net work of immune, inflammatory
signaling. These events may be closely linked to each other,
however, the underlying cellular and molecular processes
may differ considerably. Therefore, complete remission of
immuno-inflammatory diseases may require combined thera-
pies. Usually, combined therapies that may vary in their abil-
ity to affect various proinflammatory processes have been
shown to be superior to monotherapy.

[0204] The concept for combination therapy with the Bst2
blockers has been tested in vitro with cell-cell adhesion assay
using ICAM1 (intercellular adhesion molecule) as an
example (Example 25 and Example 26). ICAMI was chosen
because ICAM1 has been shown to regulate many genes
critical for immune, inflammatory pathways and extensively
studied for its involvement in many inflammatory, immune
diseases.

[0205] ICAMI is the target cell counter-receptor of the
lymphocyte function-related antigen, LFA-1 (CD11¢/CD18),
a member of the integrin subfamily expressed in leukocytes.
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The interaction between these two molecules is crucial for
triggering the cellular immune reaction. ICAM-1 is also
thought to play a role in acute rejection of allografted tissues.
ICAM1 and LFAl are involved in cell-cell interaction
between antigen presenting cells and T cells. ICAM1 on
APCs can bind its receptor LEA1 on T cells and ICAM1 on T
cells can bind LFAl on APC (Mackay C R, Imhof B A,
Immunol Today, 1993, 14:99). Increasing evidence supports
the notion that several molecules previously considered to be
adhesion molecules are also capable of delivering costimula-
tory signals for T cell activation (e.g., LFA3, LFA1 and
ICAM1) (Mackay CR Imhof B A, Immunol Today, 1993,
14:99). Costimulatory molecules provide T cells with addi-
tional signals that result in the initiation and enhancement of
proliferation (Steinman R M Young ] W. 1991, Curr. Opin
Immunol 3:361).

[0206] Combination Therapy for Cardiovascular Diseases
[0207] Combination therapy for cardiovascular diseases
may be accomplished with statin, ACE inhibitors, beta block-
ers, calcium channel blockers, ReoPro, Clopidogrel, and
renin-angiotensin inhibitors. Endothelial cell dysfunction is
associated with cardiovascular disorders such as atheroscle-
rosis, hypertension, and vascular smooth muscle cell prolif-
eration. Bst2 expression is induced by inflammatory cytok-
ines such as TNF alpha, interferon gamma and histamine
which indicates that Bst2 may be involved in cardiovascular
disease. Therefore, blocking Bst2, either as a monotherapy or
in combination with conventional therapies including statin,
ACE inhibitors, beta blockers, calcium channel blockers,
ReoPro, Clopidogrel, and renin-angiotensin inhibitors may
improve treatment of cardiovascular diseases.

[0208] Moreover, Bst2 is induced by inflammatory cytok-
ines in smooth muscle cells. Proliferation of smooth muscle
cells can reduce the success rate of angioplasty, a procedure
that increases the diameter of the atherosclerotic artery, typi-
cally coronary artery. Blocking Bst2 may decrease smooth
muscle cell proliferation and increase the success rate of
angioplasty.

[0209] Combination Therapy for Rheumatoid Arthritis
[0210] Combination therapy for rheumatoid arthritis with
CTLA4-Ig or blockers of TNF alpha, IL6 or IL1. Rheumatoid
arthritis (RA) is a complex inflammatory disorder charactet-
ized by chronic synovial inflammation, bone erosion and
cartilage destruction. Blockage of a single proinflammatory
cytokine, tumor necrosis factor (TNF alpha) effectively
inhibited the arthritic process in clinical trials. However, com-
plete remission of signs and symptoms of RA is rarely
achieved by the TNF alpha blockers alone suggesting that
several proinflammatory pathways may act independently of
TNF alpha. TNF alpha blockade has been shown to arrest
bone erosion in a large number of patients whose clinical
signs of inflammation show no response. The effects of TNF
alpha on bone are independent from a clinical response in the
signs and symptoms of disease. The relative role of TNF alpha
in joint inflammation, bone erosion and cartilage destruction
may therefore differ.

[0211] Blockage of a major target molecule of TNF alpha,
interleukin-1 (IL-1), has been shown to have some effects on
RA. IL-1 has shown its effects on cartilage damage, although
monotherapy of IL-1 receptor antagonist did not eliminate the
clinical signs and symptoms of arthritis in a majority of
patients. Although complete remission of signs and symp-
toms of RA is rarely achieved by any of the monotherapies,
not even by TNF inhibition, preliminary results of combined

Dec. 4, 2008

inhibition of TNF alpha/IL-1, TNF alpha/RANKL or TNF
alpha/IL-1/RANKL in experimental models suggested that
such treatment may have additive effects. These results
strengthen the rationale for using combined blockade of more
than one proinflammatory pathway for treatment of rheuma-
toid arthritis.

[0212] Recently, anti-IL6 or cytotoxic T lymphocyte asso-
ciated-antigen 4-Ig (CTLA4-Ig) has also shown to be benefi-
cial for the treatment of arthritis. The promoter region of the
Bst2 gene has binding sites for STAT3, which mediates inter-
leukin-6 (IL-6) response gene expression suggesting that the
expression of Bst2 may be regulated by the IL6-STAT3 path-
way (Ohtomo et al., Biochem Biophys Res Commun. 1999,
258(3):583-91). Blockade of Bst2 that is a downstream target
of IL.6 may be beneficial for treatment of RA.

[0213] Cytotoxic T lymphocyte associated antigen 4
(CTLA4) is a T cell receptor upregulated after T cell activa-
tion. In most cases, signals from the T-cell receptor (TCR)
alone are insufficient to result in optimal immune responses
and a second, costimulatory signal is required to overcome a
threshold for T cells to respond. This enhancement of TCR
signals is provided primarily by CD28 on the T cells, which
can be triggered by B7 expressed on the antigen-bearing cells.
Once activated, T cells express a second receptor, CTLA-4,
that can also bind the same B7 molecules. In contrast to
CD28, CTLA-4 inhibits T-cell responses.

[0214] CTLA4-Igis a recombinant chimeric fusion protein
consisting of the extracellular domain of human CTLA4 and
the Fc region of human IgG (Abatacept, Bristol-Myers
Squibb). CTLA4-Ig binds to the APC (antigen presenting
cell) B7 molecule, blocking its interaction with the CD28
receptor on the T cell, thus blocking the costimulatory inter-
action with CD28 on T cells (Linsley et al., J Exp Med. 1991,
174(3):561-9). CTLA4-Ig has been shown to be effective in
the treatment of rheumatoid arthritis (Moreland et al., Nat
Rev Drug Discov. 2006, 5(3): 185-6). Thus, combined treat-
ment of the Bst2 blockers with CTLA4-Ig, or blockers of TNF
alpha, IL6 or IL.1 may be beneficial for treatment of arthritis.

[0215] Rat collagen-induced arthritis model or rat adju-
vant-induced model may be used. Mouse anti-rat Bst2 anti-
body, human Bst2 decoy-Fc, rat Bst2 decoy-Fc or mouse
Dampl decoy-Fc may be tested in combination with mouse
anti-rat TNFR, -rat 1L6 receptor or -rat IL1 receptor mono-
clonal antibodies, or with murine CTLA4-Ig. Murine
CTLA4-Ig produced as reported in Lane et al. (Lane et al.,
Immunology, 1993, 80(1):56-61) can be used in rat models as
shown by other studies (Shiraishi et al., Am ] Transplant.
2002, 2(3):223-8). Mouse CTLA4-Ig can be made from the
chimeric gene of the extracellular portion of the mouse
CTLA-4 gene and the constant region of human IgGl.
Human CTLA4-Ig (Abatacept, Bristol Squibb) may be used
in rat model of collagen-induced arthritis as well.

[0216] Theknock-in mice expressing human Bst2 may also
be used. Knock-in mice are treated with collagen or adjuvant
to induce arthritic condition and then treated with anti-human
Bst2 antibody or human Bst2 decoy-Fc in combination with
rat anti-mouse TNF alpha receptor (Abcam),—mouse 1L6
receptor (Genzyme) or—mouse IL.1 receptor (Abcam) mono-
clonal antibodies, or with mouse CTLA4-Ig. Anti-Bst2 treat-
ment may also be used for treatment of more common form of
arthritis, osteoarthritis, which also has an inflammatory com-
ponent.
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[0217] Combination Therapy for Asthma

[0218] Combination therapy for asthma, in particular with
theophiline, glucocorticoid, TNF alpha blockers or anti-
ICAMLI, is described. Most descriptions of the pathologic
features of asthma include bronchial smooth muscle hyper-
trophy/contraction, mucosal edema and thickening of the epi-
thelial basement membrane and inflammatory cells, particu-
larly eosinophils, in submucosal tissue. These events are
thought to occur in a sequential manner leading to the patho-
logic features of asthma. Current treatment for asthma
include: anticholinergics, steroids, competitive agonist of
adenosine and long and short acting beta 2 agonists. A com-
bined therapy of the Bst2 blockers with these conventional
treatments may be beneficial for asthma. Furthermore, our
gene expression profile data indicate that Bst2 is highly
inducible in smooth muscle cells after inflammatory stimula-
tion such as interferon gamma (FIG. 34). These data indicate
the possibility that Bst2 may be involved in smooth muscle
cell physiology, and that, the Bst2 blockers might manifest
some additional beneficial effects, in addition to the previ-
ously characterized anti-inflammatory responses, during the
course of asthma treatment. For these reasons, combination
therapy of the Bst2 blockers with conventional asthma thera-
pies may have additive effects.

[0219] When asthma becomes progressively more severe
or the patient does not respond to theophylline therapy, the
patients are treated with corticosteroids. Combination
therapy of the Bst2 blockers and corticosteroids may allow a
decrease in the dose of corticosteroids, thus reducing their
side effects.

[0220] Roles of ICAM1, alpha 4 integrin and TNF alpha in
ovalbumin-induced asthma model in rats or primates have
been demonstrated (Taylor et al., Am I Respir Cell Mol Biol.
1997, 17(6):757-66). Combined inhibition of Bst2 with
blockers of ICAM1, TNF alpha and/or alpha 4 integrin may
be effective in treatment of asthma. Mouse anti-rat ICAM1
antibodies, rat anti-mouse ICAM1 antibodies, mouse anti-rat
TNFR antibodies, rat anti-mouse TNFR antibodies, mouse
anti-rat alpha 4 integrin antibodies and rat anti-mouse alpha 4
integrin antibodies are commercially available for preclinical
studies using murine or rat models. Mouse anti-rat ICAM1
antibodies, rat anti-mouse ICAM1 antibodies, mouse anti-rat
TNFR antibodies, rat anti-mouse TNFR antibodies, mouse or
rat anti TNF alpha antibodies, mouse anti-rat alpha 4 integrin
antibodies and rat anti-mouse alpha 4 integrin antibodies are
commercially available for preclinical studies using murine
or rat models.

[0221] Combination Therapy for Autoimmune Hepatitis
[0222] Combination therapy for autoimmune hepatitis
(AIH), in particular, with corticosteroid, is described.
Autoimmune hepatitis is a chronic, progressive liver disease.
Possible triggering factors include viruses, other autoimmune
disorders and drugs. The natural history of autoimmune hepa-
titis shows a poor prognosis, with frequent progression to
cirrhosis and hepatic insufficiency in untreated patients. ATH
rarely undergoes spontaneous regression.

[0223] The molecular mechanisms contributing to the
pathogenesis include: reactions of autoantibodies against
autoantigens, cell adhesion molecules and cytokines; and the
occurrence of angiogenesis (Medina et al., Aliment Pharma-
col Ther. 2003, 17(1):1-16). Elevated serum levels of inter-
cellular adhesion molecule-1 (sSICAM-1), vascular cell adhe-
sion molecule-1 (sVCAM-1), (s)E-selectin, (s)P-selectin and
soluble interleukin-2 receptor (sIL-2R), 1L4, LFA1, LFA3,

Dec. 4, 2008

TGF beta occur in patients with ATH (Simpson et al., Bur J
Gastroenterol Hepatol. 1995, 7(5):455-60). In chronic viral
hepatitis, autoimmune hepatitis, T cell mediated immune
mechanims play a major role in the pathogenesis of tissue
damage (Bruck et al., Isr Med Assoc J. 2000, 2 Suppl:74-80).
[0224] The treatment of choice for ATH patients is gluco-
corticoids, as monotherapy or in combination with azathio-
prine (Czaja A J, Drugs 57:49-68, 1999, Cook et al., Q I Med.
1972, 40:159; Murray-Lyon et al., Lancet, 1973, 1:735-7).
Although corticosteroids reduce the incidence of cirrhosis
during initial therapy, cirrhosis develops despite therapy in
more than 90% of patients within 5-10 years (Davis et al.,
1984, Gastroenterology 87:1222-7).

[0225] Treatment with corticosteroids is associated with
well-known, dose-dependent side-effects (Summerskill et al.
Gut 16:876-83, 1975, Czaja A I, In: Krawitt E [, Wiesner R
H, eds. Autoimmune Liver Disease. New York; Raven Press,
1991:143-66). Hyperglycemic effects and hypertension are
also frequent. Therefore, special attention must be paid to
diabetic patients, as well as to patients with metabolic bone
disease triggered by the liver disease.

[0226] Combination therapy of anti-Bst2 or Bst2 decoy
with corticosteroids could be beneficial to maintain remission
of the disease. This combination may allow a decrease in the
dose of corticosteroids, thus reducing their side-effects and
achieving better results than with corticosteroids at high
doses.

[0227] The use of anti-Bst2 or Bst2 decoy can be investi-
gated using the models such as the concanavalin A-induced
liver damage model in mice (Kaneko et al., Biochem Biophys
Res Commun. 2006, 345(1):85-92) using mouse anti-Dampl
antibody that can be generated using Dampl —/- mice, rat
anti-mouse Dampl or human-, rat- or mouse Bst2 (Damp1)
decoy-Fc orin thicacetamide-induced liver cirrhosis model in
rats (Zimmermann et al., Gastroenterol Hepatol. 2006, 21(2):
358-66) using mouse anti-rat Bst2 or human-, rat- or mouse
Bst2 (Damp1) decoy-Fe.

[0228] Combination Therapy for Transplantation

[0229] Combination therapy for transplantation, in particu-
lar with cyclosporine, rapamycin, or anti-L.FA1 antibody, is
described. Adhesion molecules have been demonstrated to be
critically involved in graft rejection and are obvious molecu-
lar candidates for targeted intervention therapy. Adhesion
molecules affect the cellular mechanisms of allograft rejec-
tion by controlling trafficking of host leukocytes into the
allograft. Trafficking of cells into the allograft is mediated by
binding of adhesion molecule receptor ligand pairs between
circulating leukocytes and vascular endothelium. Within the
allograft, adhesion molecules can also participate in T-cell
recognition of target cells.

[0230] Immuno-suppressant cyclosporine or rapamycin is
used in transplantation medicine as a potent calcineurin
inhibitor. However, patients treated with calcineurin inhibi-
tors are associated with nephrotoxic effects that can lead to
renal failure (Miller et al., ] Heart Lung Transplant, 1995,14:
S227; Vitko S, Viklicky O. Transplant Proc. 2004, 36(2
Suppl):243S-247S). Other side effects include neurotoxicity,
hyperkalemia and hypertension.

[0231] Combination therapy of Bst2 decoy or anti-Bst2
with either subthreshold or a moderate dose of cyclosporine
or rapamycin may have a beneficial synergistic immunosup-
pressive effect with a decreased nephrotoxic potential.
[0232] Thetransplantation animal models to test efficacy of
the Bst2 blockers include skin allograft rejection model in
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mice (Tepper et al., Transplant Proc. 1994, 26(6):3151-4),
graft versus-host disease (GvHD) model (Zhang et al., Blood,
2006, 107:2993-3001; Baliga et al., Transplantation. 1994,
58(10):1082-90), comeal allograft rejection model in rabbit
(Shirao et al., Curr Eye Res. 1986, 5(11):817-22), pancreatic
islet cell xenograft model (Lenschow et al., Science, 1992,
257(5071):751), murine cardiac allograft model (Larsen et
al., Nature, 1996,381(6581):434-8; Pearson et al., Transplan-
tation, 1995, 59(3):450) and renal transplantation model.
[0233] For preclinical studies, mouse anti-Damp]1, rat anti-
mouse Dampl, mouse anti-rat Bst2, human-, rat-, mouse
Bst2(Dampl) decoy-Fc are used depending on the models in
combination with different doses of cyclosporine or rapamy-
cin. Graft survival and T cell activation/proliferation are
examined.

[0234] Combination Therapy for Multiple Sclerosis
[0235] Combination therapy for multiple sclerosis, in par-
ticular with blockers of alpha 4 integrin, is described. Mul-
tiple sclerosis (MS) is a common demyelinating and inflam-
matory disease of the central nervous system (CNS) with a
presumed autoimmune inflammatory etiology. Antibodies to
block the adhesion of activated T cells to endothelial cells can
reduce the inflammatory feature of the multiple sclerosis
plaque. Current treatments include monoclonal antibody
against alpha 4 integrins (Natalizumab), interferon beta and
glatiramer (Ropper A H, 2006, N Engl J Med. 354:965;
Rudick R A, et al., N Engl ] Med. 2006,354(9):899-910.)
[0236] Combination therapy of anti-Bst2 or Bst2 decoy
with monoclonal antibody against alpha 4 integrins may be
beneficial. The use of anti-Bst2 or Bst2 decoy can be inves-
tigated using experimental allergic encephalomyelitis (EAE)
model in mice using anti-Damp 1 antibody, mouse anti-mouse
Dampl that can be generated using Dampl -/- mice, rat
anti-mouse Damp1 or human-, rat- or mouse Bst2 (Damp1)
decoy-Fc with rat anti-mouse alpha 4 integrin (Abcam).
[0237] Combination Therapy to Minimize Tissury Injury
[0238] Tissueinjury can occur as a result of ischemia, hem-
orrhage, trauma, swelling, burns or exposure to chemicals,
toxins or drugs. Cell deaths as a result of inflammatory reac-
tions to tissue injury often increase tissue damage. By block-
ing Bst2, tissue injury may be minimized. For example, ste-
roids such as glucocorticoids are used to minimize brain
damage after stroke. Blocking Bst2 either during or immedi-
ately after stroke, in combination with steroids, may mini-
mize the extent of final brain damage. Similarly, blocking
Bst2 during or immediately after myocardial infarction, may
decrease the extent of heart damage.

[0239] Combination Therapy for Crohn’s Disease

[0240] Combination therapy for Crohn’s disease, in par-
ticular with anti alpha 4 integrin antibodies is described.
Crohn’s is a chronic debilitating disease characterized by
severe T helper cell (Th)1-driven inflammation of the colon.
The role of Bst2 antagonist can be tested using mouse model
of colitis (Gonzalez-Rey et al., Gastroenterology. 2006 June;
130(6):1707-20). For inflammatory bowel disease, combina-
tion therapy with anti alpha 4 integrin antibodies may be
beneficial.

[0241] Combination Therapy for Metabolic Syndrome
[0242] Combination therapy for metabolic syndrome, in
particular with metformin, TZD, statin, NSAID, ACE inhibi-
tors and angiotensin receptor blockers is described.

[0243] In recent years, the concept that activation of the
proinflammatory pathway can be a mechanism for obesity-
associated insulin resistance has emerged. Tumor necrosis
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factor alpha (TNF)- is elevated in adipose tissue and blood
from obese rodents, and blockade of TNF alpha improves
insulin sensitivity. Interleukin (IL)-6 and monocyte chemoat-
tractant protein (MCP-1) can also cause insulin resistance and
elevated levels of TNF alpha, IL-6 and I[-8 have been
reported in diabetic and insulin-resistant patients (Roytblat et
al., Obes Res. 2000, 8(9):673-5; Straczkowski et al., J Clin
Endocrinol Metab. 2002, 87(10):4602-6; Hotamisligil et al.,
Science. 1996, 271(5249):665-8; Sartipy P, Loskutoff D 1.
Proc Natl Acad Sci U S A. 2003,100(12):7265-70; Hotamis-
ligil et al., J Clin Invest. 1995,95(5):2409-15). In addition,
elevated levels of the inflammatory marker C-reactive protein
(CRP) are observed in patients with insulin-resistance (Visser
etal.,,JAMA. 1999, 282(22):2131-5). Furthermore, treatment
with high-dose salicylate can inhibit Ikappa B kinase (IKK),
a major kinase in the inflammatory pathway. and reverse
glucose intolerance and insulin resistance in obese rodents
(Yuan et al., Science. 2001, 293(5535):1673-7).

[0244] Insulin resistance can promote endothelial dysfunc-
tion, and anti-TNF-alpha blockade yields a rapid improve-
ment of endothelial function. Systemic inflammation, insulin
resistance, and endothelial dysfunction have been implicated
in the development of cardiovascular disease. The endothe-
lium is responsible for the maintenance of vascular homeo-
stasis. In physiological conditions, it acts by keeping vascular
tone, blood flow and membrane fluidity. Endothelial dysfunc-
tion occurring in the metabolic syndrome is the result of
effects of the inflammatory cytokines such as TNF-alpha.
Thus, the metabolic syndrome is considered to be a state of
chronic inflammation accompanied by endothelial dysfunc-
tion, for example, causing an increased incidence of ischemic
cardiovascular events, insulin resistance and high mortality.
Therefore, therapies capable of blocking inflammatory con-
dition are thought to consequently minimize the cardiovas-
cular risk, type 1I diabetes and dyslipidemia due to metabolic
syndrome.

[0245] The following medication is widely used to treat the
metabolic syndrome: oral anti-diabetics such as metformin
and thiazolidinediones (TZD), anti-hypertensives such as
angiotensin-coverting enzyme (ACE) inhibitors and angio-
tensin receptor blockers (ARBs) and lipid-lowering statin
drugs, and non-steroidal anti-inflammatory drug (NSAID).
These drugs that have been shown to reduce the incidence
and/or delay the onset of type 2 diabetes and athrosclerosis
were shown to have apparent anti-inflammatory properties.

[0246] Metformin has been shown to activate AMPK that
plays a central role in regulation of energy homeostasis and
metabolic stress. Metformin also dose-dependently inhibited
tumor necrosis factor (TNF)-alpha-induced NF-kappaB acti-
vation and TNF-alpha-induced IkappaB kinase activity
(IKK). Furthermore, metformin attenuated the TNF-alpha-
induced gene expression of various proinflammatory and cell
adhesion molecules, such as vascular cell adhesion molecule-
1(VCAML1), E-selectin, intercellular adhesion molecule-1
(ICAM1), and monocyte chemoattractant protein-1 (MCP1).
Angiotensin-converting enzyme (ACE) inhibitors and angio-
tensin receptor blockers (ARBs) reduce markers of inflam-
mation, and reduce risk of developing type 2 diabetes. Insu-
lin-sensitizing drugs, Thiazolidinediones (TZDs), are
selective ligands of peroxisome-proliferator-activated recep-
tor gamma (PPAR gamma) widely used in the treatment of
type 2 diabetes. PPARs are members of the nuclear hormone
receptor superfamily of transcription factors and are key
regulators in various pathophysiological processes related to
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energy metabolism including lipid and carbohydrate metabo-
lism and inflammation. PPAR gamma is abundantly
expressed in adipose tissue and PPAR gamma signaling path-
ways are reported to exert anti-inflammatory effects by inhi-
bition of NF-kappaB. Consistent with these results, both in
vitro and in vivo studies provide evidence that TZDs have
anti-inflammatory properties. TZDs inhibit macrophage acti-
vation and decrease inflammatory cytokine expression and
release in macrophage and monocyte. In vivo, treatment with
TZDs decreases circulating mononuclear cells nuclear NF-
kB content while increasing, in the same cells, expression of
1kB, an NK-kB inhibitor, inhibiting inflammatory mediators
such as interleukin-1 beta (IL-1 beta), IL. 6, adhesion mol-
ecules, VCAM-1 and P-selectin and monocyte.

[0247] Bst2 Ligand (Bst2 L)

[0248] The Bst2 decoy that consists of the extracellular
domain of the receptor protein, Bst2, inhibits both homo-
typic- and heterotypic cell-cell interactions in vitro. Because
the extracellular domain of any given receptor is the domain
that interacts with its ligand, the Bst2 decoy-mediated inhi-
bition of the cell-cell interaction indicates that 1) a naturally-
occurring ligand for Bst2 (Bst2 L) exists, 2) interaction
between Bst2 and Bst2 L is required for cell-cell adhesion,
and 3) the Bst2 decoy must interact with naturally occurring
Bst2 L and inhibit the cell-cell interaction in the adhesion
assay by neutralizing Bst2 L, thereby negatively regulating
immune inflammatory reactions.

[0249] The observation that the Bst2 decoy inhibits U937
attachment to HUVEC indicates that Bst2 L is present on cell
surface of unstimulated U937 cells. Another observation that
the Bst2 decoy inhibits homotypic aggregation of activated T
cells or activated U937 cells suggest that Bst2 L may be
expressed on the surface of T cells and/or U937 cells both
before and after activation. Bst2 L expression may be upregu-
lated after activation of T cells or U937 cells. Therefore, Bst2
L may be expressed in U937 cells (or other monocytic cell
lines), T cells, or primary hematopoietic cells either before or
after activation, for example, T cell activation conditions or
LPS stimulation conditions. Bst2 L may be also expressed in
B cells, dendritic cells, endothelial cells or fibroblasts.
[0250] Bst2 L may be proteins or molecules. Bst2 I may be
membrane proteins or soluble proteins. It is possible that
many different Bst2 L proteins or molecules may exist that
show the different binding specificities and functional char-
acteristics of the Bst2 receptor. It is also contemplated that
Bst2 itself could be the potential functional ligand of Bst2, as
Bst2 is known to form ahomodimer. Bst2 on the inflamed cell
may recognize Bst2 on the infiltrated leukocytes and immune
cells. Itis possible that all Bst2 L proteins or molecules could
be completely unrelated with respect to the functional or
binding characteristics of each other. Therefore, the func-
tional characteristics whether they mediate rate-limiting steps
in the inflammatory or immune responses should be tested
thoroughly in order to establish the therapeutic target for the
Bst2 decoy (Bst2 decoy-Fc) and the subsequent development
for therapeutic material for prevention and/or treatment of the
inflammatory conditions. Other Bst2 L proteins or molecules
that may not be in the rate-limiting steps in the inflammatory
pathways may mediate other important pathways in different
disease processes.

[0251] Demonstration of the existence Bst2 L is a signifi-
cant feature of the present invention, because Bst2 [ may be
a target for interaction with anti-inflammatory molecules.
Antibodies against Bst2 [ may become a therapeutic anti-
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body for treatment of various immune and inflammatory dis-
eases. Chimeric molecules of the extracellular domain of
Bst2 L to Fc may be beneficial as well. It is possible that Bst2
L may be involved in, for example, T cell co-stimulatory (or
inhibitory) signaling for T cell activation. Although Bst2 L
would bind to Bst2, Bst2 L may interact with many other
receptors on T cells or antigen presenting cells that mediate
co-stimulatory or co-inhibitory signal. Agonistic or antago-
nistic antibodies or Fc fusion proteins of these new sets of
receptors may become protein therapeutic drugs for treatment
of various immune, inflammatory diseases.

[0252] In addition, by using Bst2 L, a direct binding assay
or binding competition assay may be set up for screening Bst2
decoy-(Fc) variants or small molecule modulators of Bst2.
These assays enable inventors to screen Bst2 decoy variants
or small molecule modulators of Bst2 to inhibit or augment
the Bst2-Bst2 L interaction.

[0253] Anti-Bst2 L Antibody

[0254] If administration of Bst2 L. (mouse Dampl L)
enhances immune, inflammatory responses, it is logical to
generate anti-Bst2 L to treat various immune, inflammatory
diseases. Combination therapy of anti-Bst2 antibody and
anti-Bst2 L antibody is also contemplated.

[0255] Anti-Bst2 Antibody

[0256] Conventional IgG antibodies are bivalent with the
ability to bind to two antigens. This ability greatly increases
their functional affinity and confers high retention time on
many cell surface receptors and antigens. Anti-Bst2 antibod-
ies could be antagonistic or agonistic antibodies, that inhibit
or augment immune, inflammatory responses, respectively.
Both antagonistic and agonistic anti-Bst2 antibodies may be
obtained in the following examples of many different anti-
Bst2 antibody formats.

[0257] 1. The anti-Bst2 antibodies of the invention may be
humanized monoclonal antibodies or human monoclonal
antibodies. An entirely antigenic murine mAb becomes
human friendly when small parts of the murine antibodies are
engrafted onto human immunoglobulin molecules creating
either chimeric antibodies where only the Fc part of the
immunoglobulin molecule is human, or humanized antibod-
ies where only the complementarity determining regions
(CDR) of the immunoglobulin are murine and 90 to 95% of
the molecule is human. In one respect, fully human mono-
clonal antibodies may be generated in transgenic mice by
employing conventional methods such as HuMAb-Mouse
(GenPharm-Medarex) or XenoMouse (Abgenix, Inc.) tech-
nology. Humanized antibodies include human immunoglo-
bulins in which residues from a CDR of the recipient are
replaced by residues from a CDR of a non-human species
such as mouse, rat or rabbit having the desired specificity,
affinity and biological function.

[0258] Human antibodies also can be produced using tech-
niques such as phage display libraries (Hoogenboom and
Winter, J. Mol. Biol, 1991, 227:381, Marks etal., J. Mol. Biol.
1991, 222:581). Methods for humanizing non-human anti-
bodies are well known. Humanization can be performed fol-
lowing the method of Winter et al. as disclosed in Jones etal.,
Nature, 1986, 321:522; Riechmann et al., Nature, 1988, 332:
323; and Verhoeyen et al., Science, 1988, 239:1534 by sub-
stituting rodent CDR sequences or CDRs for the correspond-
ing sequences of a human antibody. Such humanized
antibodies are chimeric antibodies (U.S. Pat. No. 4,816,567).
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Typically, humanized antibodies are antibodies where CDR
residues are substituted by residues from analogous sites in
rodent antibodies.

[0259] 2. The anti-Bst2 antibodies of the invention may be
Nanobodies. Heavy chain antibodies that function without
light chains are naturally occurring in nurse sharks, wobbe-
gong sharks and Camelidae (Greenberg A S. et al. 1995,
Nature 374:168; Nuttall S D. et al. Mol. Immunol. 2001,
38:313; Hamers-Casterman C. et al. 1993, Nature 363:446).
Their antigen-binding site is reduced to a single domain, the
VhH domain. Because the variable domain of the heavy chain
antibodies is the smallest fully functional antigen-binding
fragment with a molecular mass of only 15 kDa, this entity is
referred to as Nanobody.

[0260] Nanobody may become a new class of therapeutic
antibodies. Nanobodies have superior properties compared
with classical antibodies in that they are small, very stable,
easy to produce in large quantities and easy to reformat into
multi-valent or multi-specific proteins. Nanobodies may be
administered through non-injectable means. Thus, Nanobod-
ies offer the binding affinity and specificity of antibodies,
with the small size, stability and pharmacokinetics of small
molecules.

[0261] The small size of Nanobodies make them particu-
larly suitable for targeting antigens in obstructed locations
such as tumors where penetration is critical, or in the regions
that are inaccessible to conventional antibodies. Anti-Bst2
Nanobodies could be useful for in vitro diagnostic immu-
noassays and in vivo imaging applications. Anti-Bst2 Nano-
bodies may cross the Blood-Brain barrier and thus may
deliver the therapeutic Nanobody into the brain.

[0262] Anti-Bst2 Nanobody can be obtained using phage
display technique. Nanobody library is constructed from the
immunized dromedary as described (Conrath K E. et al. Anti-
microb Agents Chemother. 2001, 45:2807). The phage dis-
play library is then used for panning on human Bst2 coated on
microtiter plates. Selection of enriched clones is performed
by ELISA, and clones are sequenced. Proteins are purified
from positive clones.

[0263] 3. The anti-Bst2 antibodies of the invention may be
bispecific antibodies. Bispecific antibodies are monoclonal
antibodies, preferably human or humanized antibodies that
have dual-targeting specificities. Bispecific antibodies are
derived from the recombination of variable domains of two
antibodies with different specificities; Bispecific antibodies
are thus capable of binding both antigens of their parental
antibodies. In the case of anti-Bst2, one of the binding speci-
ficities could be for Bst2 and the other may be for Bst2 L, or
any other cell surface protein, for example, receptors on T
cells or other inflammatory proteins on the surface of the
same cells that express Bst2 under inflammatory or autoim-
mune conditions. These bispecific anti-Bst2 antibodies may
function as antagonistic or agonistic antibodies.

[0264] Methods for making bispecific antibodies are well
known (Traunecker et al., EMBO ], 1991, 10:3655; WO
93/08829; Suresh et al., Methods in Enzmology, 1986, 121:
210; Milstein and Cuello, 1983, Nature, 305:537). Briefly,
antibody variable domains with the desired binding specifici-
ties are fused to immunoglobulin constant domain. This
fusion contains an immunoglobulin heavy-chain constant
domain (part of the hinge, CH2 and CH3 regions) and pref-
erably contains the first heavy chain constant region (CH1).
DNAs encoding the immunoglobulin heavy chain fusions and
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the immunoglobulin light chain are inserted into separate
expression vectors and are cotransfected.

[0265] 4. The anti-Bst2 antibodies of the invention may be
single-chain variable fragment antibody (scFV). Recombi-
nant approaches have led to the development of single chain
variable fragment antibody (scFv). A monomeric scFv has a
molecular mass of only about 30 kDa, which is expressed in
a variety of systems as a single VL-VH pair linked by a
Gly/Ser-rich synthetic linker (Berezov A. et al., 2001, ] Med
Chem 44:2565). When expressed in bacteria or eukaryotic
cells, the scFv folds into a conformation similar to the corre-
sponding region of the parental antibody. It was shown to
retain comparable affinity to that of a Fab (Kortt et al., 1994,
Eur I Biochem 221:151). ScFvs are amenable to various
genetic modifications such as humanization and the produc-
tion of fusion proteins to enhance their potential as therapeu-
tic agents. For example, Pexelizumab, a humanized scFv that
binds to the C5 component of complement has been shown to
reduce myocardial infarctions during coronary artery bypass
graft surgery (Varrier et al., 2004, JAMA 291:2319).

[0266] ScFvs of different specificity can also be linked
together to produce bispecific antibodies that bind two differ-
ent receptors on single or different cells. In the case of anti-
Bst2, it could be bispecific antibody-like molecules with an
anti-Bst2 scFv and anti-Bst2 L scFv, or with anti-Bst2 scFv
and any other cell surface proteins, for example, receptors on
T cells or other inflammatory proteins on the surface of the
same cells that express Bst2 under inflammatory or autoim-
mune conditions.

[0267] Phage display method may be used to produce anti-
Bst2 scFv. In this method, large repertoires of antibody vari-
able region cDNAs are collected from the B cells and com-
binations of VHs and VLs are expressed in the form of scFvs
on the surface of filamentous bacteriophage. The phages that
express scFvs are to be panned from antigen-coated plates.
The affinity of the anti-Bst2 scFv may be improved by mutat-
ing the CDRs of the construct and then repeating the panning
procedure.

[0268] 5. The anti-Bst2 antibodies of the invention may be
Fab, Fab2 bispecific antibodies, Fab3 trispecific antibodies,
bivalent minibody, trivalent triabody, or tetravalent tetrabod-
ies.

[0269] 6. The anti-Bst2 antibodies of the invention may be
monoclonal antibodies. Monoclonal antibodies are prepared
using hybridoma methods, such as those described by Kohler
and Milstein (Nature, 1975, 256:495). Mouse, rat, hamster or
other host animals, is immunized with an immunizing agent
to generate lymphocytes that produce antibodies with binding
specificity to the immunizing antigen. In an alternative
approach, the lymphocytes may be immunized in vitro.
[0270] Monoclonal Antibody to Bst2

[0271] The use of immune therapy has become popular
recently in case where the protein target of a disease has been
determined. The highly specific targeting allowed by thera-
peutic antibodies results in virtually no side effects, even at
relatively high doses. This also makes use of the antibodies’
naturally inherent serum stability, providing the basis for a
long-acting therapeutic molecule.

[0272] Antibody therapeutics generally falls into one of
two categories that are not mutually exclusive. The first cat-
egory is dependent on the variable region (target protein
recognition portion) of the antibody. The specific epitope
recognized by the antibody will allow the antibody to inhibit
the binding of the target protein with other proteins (inhibi-
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tory or antagonistic effect) interfering with cell-cell interac-
tions or terminating signal transduction through the target
protein, or generate an artificial signal as a result of its binding
with the target protein in the absence of a required secondary
protein (activation or agonistic effect) as is the case of dimer-
ization-dependent receptor signaling or receptor-dependent
ligand mimicking. The second category depends on the con-
stant region (Fc portion) of the antibody, that determines
which, if any, immune effector functions will become acti-
vated as a result of the binding of the Fc portion of the
antibody with its cognate Fc receptor present on the immune
effector cells. The presence of a specific target protein on the
surface of a target cell targets that cell for destruction by an
effector function.

[0273] By developing an antibody that s highly specific for
Bst2, we have been able to create a therapeutic antibody that
shares many of the characteristics of the decoy Bst2 mol-
ecule, in that it is capable of interfering with cell-cell adhe-
sion and acting as a therapeutic protein in inhibiting disease-
specific inflammatory response.

[0274] In certain cases that deal with the pathogenic
mechanisms of the mucosal immune system, antibodies may
be administered orally or nasally. The mucosal immune sys-
tem is unique, as tolerance is preferentially induced after
exposure to antigen, and induction of regulatory T cells is a
primary mechanism of oral tolerance. Orally administered
antibody can be rapidly taken up by the gut-associated lym-
phoidtissue (GALT), where it exerts its immunologic effects.
Oral administration of antibody can signal T cells in the gut in
a fashion that delivers a weak but effective signal in enhanc-
ing the regulatory function of T cells. Oral administration of
CD3 specific antibody has been demonstrated in experimen-
tal autoimmune encephalitis (EAE) model. These studies
showed that the Fe portion of the CD3-specific antibody was
not required. An orally administered F(ab")2 fragment of
CD3-specific antibody suppressed EAE.

[0275] Antibody Engineering
[0276] 1. Antibody Engineering
[0277] Once therapeutic anti-Bst2 antibodies are available,

the next step is to engineer the antigen-binding domains (af-
finity maturation, stability) and alter the effector functions
(antibody-dependent cellular cytotoxicity (ADCC), comple-
ment-dependent cellular cytotoxicity (CDC), and clearance
rate). Another way to improve the potency of anti-Bst2 anti-
bodies is to pursue antibody-toxin conjugate, bispecific anti-
body and/or to explore FcR (Fc receptor) polymorphism.
[0278] Anti-Bst2 antibodies block interaction between
Bst2 and Bst2 L after binding to the cell bound Bst2 to result
in intervention of a cellular signal. For antibody engineering,
it is important to characterize the anti-Bst2 antibodies if they
cross-link to elicit intracellular signal for apoptosis, deliver
toxins to a cell after internalization, or use effector functions
to kill cells. All these parameters of anti-Bst2 may be impor-
tant in treatment of autoimmune/inflammatory conditions.
[0279] 1-1. Improvement of Anti-Bst2 Antibodies Via
Engineering of the Antigen Binding Domains

[0280] 1-1-1. F(ab) Fragment of Anti-Bst2

[0281] F(ab) fragments of anti-Bst2 may be used when
rapid clearance or a short-half life is required such as in the
case of ReoPro (Centocor). Because of their smaller size,
F(ab) fragments may better penetrate solid tissues. F(ab) frag-
ments can be made in E. coli rather than in mammalian cells.
Cross-linking of Bst2 by a bivalent, full-length anti Bst2
antibodies may cause apoptosis of the target cells. Depending
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on the diseases to be treated, such apoptosis may be either
advantageous or deleterious. Use of an F(ab) may be benefi-
cial if cross-linking of Bst2 by a full-length anti-Bst2 anti-
body is deleterious.

[0282] 1-1-2. Affinity Maturation

[0283] Somatic hypermutation of immunoglobulin genes is
critical in the generation of high-affinity antibodies in vivo
but occurs only after immunization. Thus, in phage display
libraries from nonimmunized donors, high-affinity antibod-
ies are rarely found. In vitro affinity maturation is often
needed to improve antibodies from such libraries. Regardless
of whether anti-Bst2 antibody is derived from phage library,
hybridoma or other technologies, the antibody affinity may
need improvement. Affinity may not only be important for
efficient blockage of the Bst2-Bst2 L interaction, but also for
a reduced dosage and cost-effectiveness.

[0284] With regard to antibody affinity, however, it may not
be always the case that anti-Bst2 antibodies with the strongest
binding would be the best selection. One antibody may bind
strongly to Bst2 but cover only part of the Bst2 L binding site
on Bst2, whereas another antibody may bind to Bst2 less
strongly but accurately cover the Bst2 L, binding site. The
latter may be the better choice. In studies by Adams et al.
using anti-Her2 antibodies (Cancer Res. 61:4750, 2001), the
highest affinity antibody did not exhibit optimal penetrance to
a solid tissue/tumor. High affinity scFv fragments were
retained in the periphery of the tumor, whereas the medium
affinity antibodies penetrated throughout the tumor. Depend-
ing on the diseases to treat, impaired tissue penetrance may be
a potential concern for affinity maturation of anti-Bst2 anti-
bodies.

[0285] 1-1-2-1. General Methods for Affinity Maturation
[0286] In affinity maturation (Levin and Weiss, Mol. Bio-
Syst. 2:49, 2000), residues in the CDRs are varied using
mutagenesis, and the resulting mutated antibodies are
screened for improved binding and efficacy. Several methods
of affinity maturation have been published. These include
affinity maturation via phage (Gram et al. PNAS 89:3576,
1992; Lowman et al., J. Mol. Biol., 1993, 234, 564), ribo-
some-display (Lipovsek et al. J. Immunol. Methods 290
(2004), pp. 51-67), yeast surface-display (Graff et al. Protein
Eng. Des. Sel. 17 (2004), pp. 293-304), error-prone PCR
(Schlapschy et al. Protein Eng. Des. Sel. 17 (2004), pp. 847-
860), mutator bacterial strains (Low et al. J. Mol. Biol. 260:
359, 1996), stepwise focused mutagenesis (Wu et al. PNAS
95:6037, 1998) and saturation mutagenesis (Nishimiya et al.
J. Biol. Chem. 275:12813, 2000; Yang et al. J. Mol. Biol.
254:392, 1995; Chowdhury and Pastan Nat. Biotechnol.
17:568, 1999). Other techniques often use alanine-scanning
or site-directed mutagenesis to generate limited collections of
specific variants.

[0287] 1-1-2-2. Affinity Maturation Via Look-Through
Mutagenesis (LTM) Method

[0288] Recently, Rajpal et al. (Bioren, San Carlos, Calif.)
has developed Look-Through Mutagenesis (LTM) technol-
ogy to optimize antibodies using the yeast display system.
LTM may be applicable to the affinity maturation of anti-Bst2
antibodies. LTM may be also useful for screening high-affin-
ity variants of Bst2 decoy (or Bst2 decoy-Fc). A brief descrip-
tion of the method according to Rajpal et al. is illustrated
below for affinity maturation of anti-Bst2 antibodies.

[0289] LTM is a multidimensional mutagenesis method
that allows a single amino acid mutation in all positions for
each CDR for rapid affinity enhancement. In LTM, targeted
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positions are substituted with either the wild-type residue or
one of nine amino acids representing the major side chain
chemistries-small (A), nucleophilic (S, H), hydrophobic (L,
P), aromatic (Y), acidic (D), amide (Q), or basic (K). LTM
generates a series of single mutations within a CDR where
each wild type residue is substituted by one of nine selected
amino acids.

[0290] First, the anti-Bst2 scFv construct is assembled by
overlap PCR using codons optimized for both S. cerevisiae
and E. coli, and subcloned into yeast display vector. This
original construct serves as the template for subsequent anti-
Bst2 LTM libraries. For anti-Bst2 LTM library construction,
individual CDR oligonucleotides are synthesized to encode a
mutagenized CDR with one target amino acid substitution for
each CDR position. PCRs containing LTM oligonucleotide
mixtures are used to amplify LTM-substituted CDR frag-
ments. In the triple CDR library, oligonucleotides for CDR1,
CDR2 and CDR3 are combined to produce libraries with
three mutagenized CDRs (both for VH and VL. domains).
Corresponding antibody libraries are then displayed on the
cell surface of yeast.

[0291] After positive selection, clones that result in higher
affinity binding to Bst2 are sequenced, and those beneficial
mutations are mapped. To identify synergistic mutations for
improved binding, libraries of combinatorial beneficial muta-
tions are generated by mixed degenerate DNA probes.
Degenerate oligonucleotides encoding the selected amino
acid mutations and the wild-type amino acid are synthesized
and assembled to produce these libraries. For positive clone
selection, Bst2 (or Bst2 decoy) is biotinylated. Cells are incu-
bated with biotinylated Bst2 and bound to Streptavidin beads.
A pulse-chase strategy to label the yeast cells with biotiny-
lated Bst2 (or Bst2 decoy) and chase with unlabeled Bst2 (or
Bst2 decoy) is used to select for clones that display greater
binding to biotinylated Bst2 (or Bst2 decoy). These clones
can be sorted by FACS. After several rounds of selections,
mutations conferring higher affinity could be obtained. All
scFvsare then subcloned into expression vectors and secreted
into the E. coli. Binding affinities of the scFv antibodies are
measured by using a BlAcore surface plasmon resonance
system (BIAcore, Switzerland).

[0292] 1-1-3. High Affinity Antibodies without Affinity
Maturation
[0293] Hoet et al. at Dyax has constructed human F(ab)

libraries having a combination of naturally occurring heavy
chain CDR3 and light chain sequences obtained from human
donors, and synthetic diversity in antigen contact sites in
heavy CDR1 and CDR2. F(ab)s selected for binding to four
human drug targets using the Dyax F(ab) library showed
higher affinities than approved therapeutic antibodies (Hoet
et al. Nature Biotechnol. 23:344, 2005). Such F(ab) libraries
may provide an efficient means to generate high-affinity anti-
Bst2 antibodies circumventing the need for affinity matura-
tion.

[0294] 1-1-4. Elimination of the Asn-Linked Glycosylation
in the Variable Domain

[0295] The Asn-linked glycosylation in the antibody vari-
able domain could affect antigen binding (Leibiger et al.
Biochem J.338:529, 1999). If the Asn-linked glycosylation is
observed in the variable domain of the anti-Bst2 antibodies
and the carbohydrate is not required for binding or biological
activity of the antibodies, the Asn in the variable region may
be removed by altering the Asn to Ala, Gln or other amino
acids.

Dec. 4, 2008

[0296] An Asn-Gly or Asp-Gly sequence in CDR has been
reported to undergo spontaneous isomerization to form isoas-
partic acid (Cacia et al. Biochemistry 35:1897, 1996). For-
mation of isoaspartate may debilitate or abrogate the binding
of the antibody. If CDRs in the anti-Bst2 antibodies contain
these sequences, substitution of the Asn or Asp with Ala, Gln,
or Glu may be beneficial. One can determine if these substi-
tutions can maintain the antibody binding and efficacy.

[0297] The presence of methionine in a CDR could be
problematic as well if the methionine is oxidized and this
interferes with binding. If this is the case with anti-Bst2
antibodies, one can investigate substituting methionine with
other amino acids.

[0298] 1-1-5. Increase in Stability of Anti-Bst2 Through
Mutagenesis of the Antigen Binding Domains

[0299] Stability of anti-Bst2 may be obtained by altering
specific residues that influence stability, grafting of the CDRs
from an unstable scFv onto a more stable framework as has
been shown by Angal et al. (Mol. Immunol. 30:105, 1993), or
altering the VH-VL interface via introduction of disulfide
bonds as shown by Schuurman et al. (Mol. Immunol. 38:1,
2001).

[0300] 1-2. Improvement of Anti-Bst2 Antibodies Via Fc
Engineering
[0301] Unlike small molecular weight drugs, which must

be able to both bind a target and affect its function, therapeutic
antibodies can bind a target and direct the immune system to
attack it through effector functions: antibody-dependent cel-
lular cytotoxicity (ADCC), complement-dependent cytotox-
icity (CDC) and phagocytosis. However, monoclonal anti-
bodies that function by blocking a ligand-receptor
interaction, which may be the case of anti-Bst2 antibodies,
can function without utilizing effector mechanisms (Agus et
al. J. Clin. Oncol. 23 (2005), pp. 2534-2543; Wang et al.
Angiogenesis 7 (2004), pp. 335-345).

[0302] Nevertheless, enhanced effector function could be
beneficial in the action of anti-Bst2 antibodies. For example,
all CD20-directed monoclonal antibody therapies result in
temporary B cell depletion for the treatment of autoimmune,
inflammatory conditions, specifically rheumatoid arthritis,
due to the effector functions. Infliximab (anti-TNF alpha) is
also known to result in CDC and ADCC following binding to
TNF alpha in vivo (Scallon et al. Cytokine, 1995).

[0303] For anti-Bst2 antibodies, it is important to decide
whether activation of ADCC, CDC and/or subsequent
destruction of the target cell are beneficial or deleterious for
the treatment of diseases. One way to assess the effect of
ADCC and CDC on the therapeutic function of anti-Bst2 is to
test the efficacy of anti-Bst2 antibodies in FcyR knock-out
mice.

[0304] 1-2-1. Use of Bst2 Knock-In FcyR Knock-Out
(Double Mutants) to Determine Whether the Effector Func-
tions are Advantageous or Deleterious.

[0305] ADCC and phagocytosis are mediated through
interaction with a set of closely related Fc gamma receptors
(FeyR) with both activating and inhibitory activities; CDC
through interaction with proteins in the complement system
(e.g. Clq, C3, C4, etc.); and half-life/clearance rate through
binding of antibodies to the neonatal Fc receptor (FcRn). The
role of FcyR (and potentially ADCC) in the mechanism of
action of anti-Bst2 antibodies can be investigated by using
mice deficient in the common gamma chain (FcyR -/-) (Takai
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et al. Cell 76:519, 1994), lacking the activation Fc receptors
FeyRIand FeyRIIL and mice deficient in FeyRIIB (Takai et al.
Nature 379:346, 1996).

[0306] Bst2 knock-in mice crossed with FcyR knock-out
would be used. When Bst2 knock-in is generated in C57B1/6
mice, for example, an FcyR-deficient strain is crossed to
C57B1/6 and back-crossed to establish a syngenic strain. This
syngenic strain is then mated with Bst2 knock-in mice to
generate FcyR—/-/Bst2/Bst2 and FcyRIIB-/-/Bst2/Bst2
mice. These double mutant mice are subject to disease-induc-
ible treatments. Mice are then treated with anti-Bst2 antibod-
ies.

[0307] 1-2-2. Improvement of Anti-Bst2 Activity Through
Enhancement of Effector Functions and/or Stability

[0308] If anti-Bst2 antibodies use ADCC for therapeutic
action, engineering the IgG Fc to improve effector function
(via improved binding to FcyR and/or complement) could be
a valuable enhancement to the therapeutic antibody.
Improved binding has been achieved by mutating residues in
the Fc (Shields et al. J. Biol. Chem. 276:6591, 2001), removal
of the fucose moiety from the conserved carbohydrate in the
Fc (Shields et al. J. Biol. Chem. 277:26733, 2002; Shinkawa
etal. J. Biol. Chem. 276:3466, 2003) and multiple Fc (Scallon
et al., Mol. Immunol. 41:73, 2004).

[0309] 1-2-2-1.Via Amino Acid Changes in the Fc

[0310] Alteration of amino acid residues in the human IgG
has been shown to enhance FcyR binding and effector func-
tion. Much of such work focused on the hinge (residues
216-230) and lower hinge region (residues 231-236). In
recent years, a comprehensive map of the binding site on
human IgG1 for human FeRI, FCRIIA, FcRIIB, FcRIIIA, and
FcRn receptors has been published (Shields et al., J. Biol.
Chem. 276:6591, 2001 and references therein). In this study,
select IgG1 variants with improved binding to FcRIITA
exhibited significant enhancement in ADCC. It has been also
reported that it may be possible to improve Clq binding by
alteration of specific IgG1 residues (Idusogie et al., J. Immu-
nol. 166 (2001), pp. 2571-2575).

[0311] The neonatal Fc receptor (FcRn) plays a role in
clearance rate of therapeutic monoclonal antibodies (Lencer
and Blumberg, Trends Cell Biol. 15 (2005), pp. 5-9). In con-
trast to the FcyRs which are immunoglobulin superfamily
members, FcRn is structurally related to MHC class I, com-
prising a y-chain that non-covalently associates with a.2-mi-
croglobulin (Martin et al. Mol. Cell 7 (2001), pp. 867-877).

[0312] The information generated by Shields et al. would
be helpful to design anti-Bst2 variants with improved binding
to FeyR to enhance effector functions. Increase of the half-life
of anti-Bst2 may be obtained by changing their affinity for
FcRa.

[0313] 1-2-2-2. Defucosylation of Anti-Bst2 Antibodies for
Enhanced Effector Function

[0314] Another way to improve effector functions of anti
Bst2 antibodies may be by changing glycosylation (fucosy-
lation or sialylation) at Asn297 in the Fc domain.

[0315] Glycosylation of 1gG is essential for binding to all
Fc gamma receptors (Jefferis and Lund, Immunol. Lett.
82:57. 2002). On human IgG, the Asn297-linked carbohy-
drate is found in the Fc domain. This complex carbohydrate is
composed of a core oligosaccharide that contains GlcNAc
(N-acetylglucosamine) and mannose. The core also contains
various additional monosaccharides attached such as galac-
tose, fucose, GIcNAc, and/or galactose-sialic acid at one or
both of the terminal N-acetylglucosamine. Over 30 different
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covalently attached glycans have been detected at this single
glycosylation site (Routier et al., J. Immunol. Methods 213:
113, 1998).

[0316] The presence or absence of the fucose moiety has
been shown to play a significant role in binding to FeyR.
De-fucosylated monoclonal antibodies exhibited signifi-
cantly increased binding to FcyR and showed enhanced
ADCC in vitro (Shields et al., J. Biol. Chem. 277 (2002), pp.
26733-26740, Shinkawa et al. J. Biol. Chem. 276 (2003), pp.
3466-3473; Nimmerjahn and Ravetch, Science 310:1510,
2005; Niwa et al. Cancer Res. 64 (2004), pp. 2127-2133).
[0317] Subsequently, an engineered Chinese hamster ovary
cell line in which a-1,6-fucosyltransferase was knocked out
has been established (Yamane-Ohnuki et al. Biotechnol.
Bioeng. 67 (2004), pp. 614-622). Gly Art (Zurich) and BioWa
(Princeton, N.J.) developed technology that engineers cell
lines to make antibodies with decreased fucosylation. Anti-
bodies produced with this cell line lacked fucose and the
defucosylated antibodies showed enhanced ADCC in vitro
(Niwa et al. Cancer Res 64:2127, 2004).

[0318] 1-2-2-3. Fc Sialylation Change in Anti Bst2 Anti-
bodies for Enhanced Effector Function

[0319] Fc receptors sense the presence on IgG of both
fucose and sialic acid residues. Recent studies showed that Fc
sialic acids at the Asn297 site are critical in determining the
interaction of IgG and Fc receptors for antibody activity
(Kaneko et al. Science 313:670, 2006) further supporting a
role of glycosylation in immune response. Sialylation of the
Asn297-linked glycan of IgG resulted in reduced binding
affinities to the FcyRs and reduced in vivo cytotoxicity.
[0320] The sialylation change in anti-Bst2 antibodies
might be beneficial in improving the potency of anti-Bst2
antibodies. The influence of sialic acids on anti-Bst2 activity
can be investigated by performing surface plasmon resonance
binding analysis (BlAcore analysis) with neuraminidase-
treated, asialylated anti-Bst2 antibodies and the sialic acid-
containing anti-Bst2 antibodies. Anti-Bst2 antibodies
enriched in sialic acid content may be obtainable by lectin
affinity chromatography. Binding affinity of asialylated- and
sialic acid-containing anti-Bst2 antibodies to activating or
inhibitory FcyRs should be compared first. These antibodies
may show differences in binding affinity for the FcyRs, while
they would not show any differences in binding affinity for
Bst2. The in vivo efficacy of asialylated (neuraminidase-
treated) anti-Bst2 antibodies is then tested using animal mod-
els and compared with that of sialylated anti-Bst2 antibodies
or normal, untreated anti-Bst2 antibodies. Because the
sequences of IgG oligosaccharides are determined by the
level of glycosyltransferases or glycosidases, sialylation
change in anti-Bst2 antibodies may be achieved by cell engi-
neering.

[0321] 1-2-2-4 Attachment of Xencor’s Fc Variants to Anti-
Bst2 F(ab)

[0322] Attachment of new Fc variants such as Xencor’s to
anti-Bst2 F(ab) may enhance anti-Bst2 potency.

[0323] Lazar et al. at Xencor (Monrovia, Calif)) used a
combination of computational design algorithms and high
throughput protein screening to change amino acids in the Fc
region, either enhancing or decreasing the response by the
immune system (Lazar et al. PNAS 103:4005, 2006). Xencor
has engineered a series of Fc variants with optimized FeyR
affinity and specificity. When the Xencor’s new Fc was
attached to trastuzumab (Herceptin; Genentech, S. San Fran-
cisco, Calif., USA) and rituximab (Rituxan; Genentech), it
improved the antibodies’ potency by about 500-fold in an in
vitro assay; altered rituximab was also more potent in a mon-
key model.
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[0324] 1-2-3. Improvement of Anti-Bst2 Activity Through
Elimination of Effector Functions

[0325] Indifferentcases, depending on the diseases to treat,
effector functions of anti-Bst2 antibodies may be unneces-
sary or even detrimental. For example, anti-CD3 (Xu, M. L. et
al. Cell. Immunol. 200 (2000), pp. 16-26; Carpenter et al. .
Immunol. 165 (2000). pp. 6205-6213; Bolt et al. Eur. .
Immunol. 23 (1993), pp. 403-411) and anti-CD4 (Newman et
al. Clin. Immunol. 98 (2001), pp. 164-174) targeted to T cells
showed deleterious side-effects due to binding of the mono-
clonal antibodies to FcyR-bearing cells, effecting T cell
depletion or activation. In the case of anti-CD3, engineered
variants with reduced FcyR binding alleviated the problem
(Herold et al. Diabetes 54 (2005), pp. 1763-1769; Carpenter
et al. Biol. Blood Marrow Transplant. 11 (2005), pp. 465-
471).

[0326] 1-2-3-1. Use of [gG4 or IgG2 for Anti-Bst2

[0327] When effector functions of anti-Bst2 are not war-
ranted, one could use either human IgG2 or IgG4, since these
two subclasses are inefficient at or lack complement fixation
(Presta L G, J Allergy Clin Immunol. 2005, 116(4):731).
Because lack of complement activation by 1gG4 has been
consistently reported, given the choice between using IgG2 or
1gG4, 1gG4 is thought to be the better choice. However,
antibodies of a specific subclass may not be equivalent in the
efficacy of their effector function (Chan et al. Mol. Immunol.
41 (2004), pp. 527-538).

[0328] 1-2-3-2. Removal of Asn297-Linked Glycosylation
from the Anti-Bst2 Antibodies

[0329] Absence of the carbohydrate attached to Asn297 of
the Fc was reported to result in reduced effector functions in
some cases (Leatherbarrow et al. Mol. Immunol. 22 (1985),
pp- 407-415). Furthermore, a recent report of a phase II clini-
cal trial of aglycosylated anti-CD3 (Keymeulen et al. N. Eng].
J.Med. 352 (2005), pp. 2598-2608) in type 1 diabetes showed
some promise.

[0330] 1-2-3-3. Mutagenesis of Residues in the Anti-Bst2
Fe for Decreased Binding to FcR

[0331] Using the comprehensive map of the binding site on
human IgG1 disclosed by Shields et al. (Shields etal., J. Biol.
Chem. 276:6591, 2001 and references therein), it may be
possible to design anti-Bst2 variants with decreased binding
to FeyR or FcRN.

[0332] 1-2-3-4. Fc Hinge Variants of Anti-Bst2 for
Decreased Effector Function

[0333] When the effector functions are not advantageous
for anti-Bst2 antibodies, hinge variants of anti-Bst2 may be
pursued. Exchanging hinge regions between IgG subclasses
showed that the hinge is important for FcyR and C1q binding.
Specific mutations in the hinge (Leu235Glu) or outside the
hinge (Asp265Ala) showed reduced binding to FcyR (Shields
et al. J. Biol. Chem. 276 (2001), pp. 6591-6604; Lund et al.
FASEB J. 9 (1995), pp. 115-119; Morgan et al. Immunology
86 (1995), pp. 318-324; Clynes et al. Nat. Med. 6 (2000), pp.
443-446). Hinge variant anti-CD3 monoclonal antibodies
with debilitated effector function are now in clinical trials
(Herold et al. Diabetes 54 (2005), pp. 1763-1769; Carpenter
et al. Biol. Blood Marrow Transplant. 11 (2005), pp. 465-
471).

[0334] 1-3. Improvement of Anti-Bst2 by Generating
Bispecific Antibodies

[0335] Bispecific antibody that targets Bst2 and another
drug target for inflammatory diseases that are expressed on
the same cell may elicit ADCC and CDC more efficiently.
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Such bispecific Bst2 antibodies may be more potent than
antibodies targeting a single antigen. Bispecific antibodies
that target epidermal growth factor receptor and insulin like
growth factor receptor were reported to be more potent than
antibodies targeting a single antigen (Lu D. J. Biol. Chem.
279:2856, 2004).

[0336] 1-4. Improvement of Anti Bst2 by Generating Anti-
body Conjugates with Toxic Materials

[0337] Another way to improve the power of antibodies is
by linking them to toxins or radioactive ligands. The antibody
binds the target on the cells, internalizes, delivers the toxin
and kills the cell. These toxins are attached to antibodies by
using a linker that is cleaved by intracellular enzymes such as
cathepsins. The choice of both the drug and the linker are
crucial. If the linker is cleaved outside the cell, toxins are
released in the bloodstream. Anti-Bst2 antibodies that inter-
nalize after binding to Bst2 are required for targeted delivery
of toxins. Some anti-Bst2 antibodies may bind strongly to
Bst2 but not at an epitope that is optimal for internalization.
Forthis reason, development of screening techniques to select
for anti-Bst2 antibodies which are most efficiently internal-
ized is required. Methods for screening antibodies with
enhanced internalization have been developed (Marks J D,
Methods Mol. Biol. 248:201, 2004; Neve et al. Biochem.
Biophys. Res. Commun. 280 (2001), pp. 274-279; Heitner et
al. J. Immunol. Methods 248 (2001), pp. 17-30).

[0338] 1-5. Improvement of Anti Bst2 Antibodies Via FcR
Polymorphism
[0339] FcR polymorphism appears to play a significant role

in many diseases including autoimmune diseases, infectious
diseases, cardiovascular diseases, atherosclerosis and trans-
plantation biology (van Sorge et al. Tissue Antigens 61
(2003), pp. 189-202; Karassa et al. Biomed. Pharmacother. 58
(2004), pp. 286-291; Kastbom et al. Rheumatology 44
(2005), pp. 1294-1298; van Sorge et al. J. Neuroimmunol.
162 (2005), pp. 157-164; Brouwer et al. I. Infect. Dis. 190
(2004), pp. 1192-1198; Gruel et al. Blood 104 (2004), pp.
2791-2793; Gavasso et al. Atherosclerosis 180 (2005), pp.
277-282; vander Meer et al. Thromb. Haemost. 92 (2004), pp.
1273-1276; Pawlik et al. Transplant. Proc. 36 (2004), pp.
1311-1313).

[0340] It has been also reported that FeyR polymorphic
forms of patients affect response to therapeutic monoclonal
antibodies such as rituximab (anti-CD20) for cancers (Car-
tron et al. Blood 99 (2002), pp. 754-758; Carton et al. Blood
104 (2004), pp. 2635-2642; Treon et al. J. Clin. Oncol. 23
(2005), pp. 474-481; Ghielmini et al. Ann. Oncol. 16 (2005),
pp. 1675-1682), rituximab for systemic lupus erythematosus
(Anolik et al. Arthritis Rheum. 48 (2003), pp. 455-459), and
alemtuzumab (anti-CD52) for chronic lymphocytic leukemia
(Lin et al., Blood 105 (2009), pp. 289-291).

[0341] Thus, in diseases where FcyR polymorphism may
play a role. engineering of anti-Bst2 antibodies with
enhanced or reduced binding to FcyR may provide a new class
of therapeutic anti-Bst2 monoclonal antibodies.

[0342] Stem Cell Expansion

[0343] Bst2 is also thought to play a role in cell growth and
proliferation to promote growth and differentiation of
hematopoietic cells. As a bone marrow stromal cell antigen
and an adhesion protein, Bst2 may play a major role for
critical cell-cell interaction in hematopoiesis and differentia-
tion of other stem cells.

[0344] The growth and differentiation of many hematopoi-
etic cells in vivo require direct contact with stromal cells that
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produce a variety of growth factors and, in some systems,
direct contact between stromal cells and hematopoietic cells
is required for cell growth and differentiation (Daniel et al.,
Haematol. Blood Transfus. 32:172, 1989). Thus, bone mar-
row stromal cells and bone marrow stromal cell antigens are
important regulators of cell survival and apoptosis.

[0345] The bone marrow contains various types of stem
cells. Among them are hematopoietic stem cells, which are
the precursors of all blood cells, and mesenchymal stem cells.
Mesenchymal stem cells transdifferentiate into many differ-
ent cell types; bone cells, adipocytes, chondrocytes, ten-
docytes, neural cells and stromal cells of the bone marrow.
Bst2 may also regulate differentiation of mesenchymal stem
cells.

[0346] The importance of stromal cells in regulating the
proliferation and apoptosis is further exemplified in the regu-
lation of cell survival and apoptosis of cancer cells including
leukemia cells. For instance, AML leukemia cells were
shown to be protected from chemotherapy-induced apoptosis
when the leukemia cells are incubated with bone marrow
stromal cells (Garrido et al., Exp. Hematol 29:448, 2001,
Konopleva M et al. Leukemia 16:1713, 2002). Recent study
showed that Bst2 directly mediates the regulatory effects of
bone marrow stromal cells on the leukemia cells, leading to
leukemia-cell protection from chemotherapy-induced apop-
tosis (Ge et al., Blood 107:1570, 2006). Consistent with such
role of Bst2 in chemosensitivity, Bst2 has also been reported
to be up-regulated in tamoxifen-resistant breast cancer cells
(Becker et al., Mol. Cancer Ther. 4:151, 2005) suggesting
potential multiple functions of Bst2 in different cancers. All
of these studies suggest that Bst2 is a pleiotropic protein that
mediates multiple functions.

[0347] Bst2 agonists, Bst2 peptide mimetics and Bst2
ligands may be used to stimulate stem cell growth/prolifera-
tion in vitro for a large preparation of stem cells. Ex vivo
expanded stem cells may be used for transplantation. For
example, mesenchymal stem cells cultured in vitro may be
used for the enhancement of hematopoietic stem cell trans-
plantation by rebuilding the bone marrow microenvironment
which is damaged after radiation- and/or chemotherapy.
[0348] Bst2 agonists, Bst2 peptide mimetics and Bst2
ligands may be used for ex vivo expansion of mesenchymal
stem cells for gene therapy. It is thought that mesenchymal
stem cells are promising as vehicles for gene transfer and
therapy. Cultured mesenchymal cells may home to the bone
marrow after transplantation, differentiate and produce the
intact protein.

[0349] Small Molecular Weight Modulators of Bst2
[0350] Tt is another aspect of the present invention to pro-
vide small molecular weight (m.w.) modulators of Bst2 for
treatment of prevention of various immune/inflammatory dis-
eases. Bst2 modulators can affect the function or activity of
Bst2 in a cell and modulate or affect Bst2-Bst2 L interaction
and signal transduction. In addition, Bst2 modulators can
affect downstream targets and molecules that are regulated
by, or that interact with, Bst2 in the cell.

[0351] The major factor for small m.w. compounds is
whether the interaction interface between Bst2 and Bst2 L is
small enough so that a small molecule could disrupt or aug-
ment enough of the Bst2/Bst2 [ interactions to produce an
inhibitor or activator with high affinity. Protein-protein inter-
action of the receptor and ligand usually requires a large
interaction interface. Of these many residues, however, it is
possible that only few residues in a very small area may
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contribute to the binding activity. Mutational studies suggest
that protein-protein interactions in many cases are driven by a
small set of the contact residues, termed “hot spots,” whose
footprints are not significantly larger than those covered by
small molecules (Clackson T, Wells J A. Science. 1995;267:
383-386; DeLano W L. Curr Opin Struct Biol. 2002;12:14-
20. Wells J A. Proc Natl Acad Sci USA. 1996;93:1-6).

[0352] If Bst2 binds to Bst2 L through small epitopes, the
potential for finding small molecule ligands may be good.

[0353] Antagonist and Agonist Modulators of Bst2

[0354] Bst2 modulators include antagonists, agonists, pep-
tide mimetics, inhibitors, ligands, and binding factors.
Antagonists include compounds, materials, or drugs that
antagonize, inhibit, reduce, block, suppress, diminish,
decrease, or eliminate Bst2 protein function and/or activity in
acell’s Bst2-Bst2 L interaction and/or Bst2 downstream sig-
naling pathways. Agonist modulators of Bst2 include com-
pounds or drugs that agonize, enhance, stimulate, increase,
augment, or amplify Bst2 protein function and/or activity in a
cell’s Bst2-Bst2 L interaction and/or Bst2 downstream sig-
naling pathways.

[0355] Utility of Bst2 Modulators

[0356] While anti-Bst2 antibodies and Bst2 decoy (Fc)
could have a therapeutic role in immune/inflammatory dis-
eases, small m.w. inhibitors with sufficient affinity to block
Bst2 binding to Bst2 ligand would be also therapeutically
valuable for the treatment of various immune/inflammatory
diseases.

[0357] In addition to immune/inflammatory diseases,
antagonist modulators of Bst2 could be also valuable for the
treatment of some types of cancer. Bst2 may be involved in
interaction between bone marrow stromal cells and cancer
cells such as leukemic cells, leading to leukemic cell survival,
as exemplified in recent studies by Ge Y et al. (Blood 107:
1570,20006). Bst2 may also play an important role for stromal
cell interaction with cancer cells for tumor progression and
invasion in some cancer such as prostate cancer or breast
cancer.

[0358] Bst2 agonists, Bst2 peptide mimetics and Bst2
ligands may be therapeutically valuable for the treatment of
patients with immune deficiency including HIV patients or
immune compromised patients. Bst2 peptide mimetics syn-
thesized with D form amino acids would be stable in vivo.
These stable peptides may have greater therapeutic potential
compared to the I. form mimetics.

[0359] Bst2 agonists, Bst2 peptide mimetics and Bst2
ligands may also play a role in the treatment of anemia or
bone diseases including osteoporosis. The hematopoietic sys-
tem requires nurturing from a supportive stromal environ-
ment allowing maintenance and differentiation of hematopoi-
etic stem cells (HSC). However, only a limited number of
these stromal cell clones support hematopoiesis in the
absence of cytokine supplementation. Bst2 agonists, Bst2
peptide mimetics and Bst2 ligands may be useful to promote
hematopoiesis.

[0360] Bst2 agonists, Bst2 peptide mimetics and Bst2
ligands may be used for the treatment of bone marrow cells
which have been damaged after radiation-and or chemo-
therapy. By restoring the bone marrow microenvironment,
these Bst2 modulators may be useful for the treatment of
cancer patients under chemotherapy or radiation therapy.
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[0361] 1. High Throughput Screening (HTS) Methods for
Bst2 Modulators.

[0362] Several high throughput screening (HTS) methods
are designed below based on the known properties of Bst2
and/or Bst2 L for screening of Bst2 modulators. Hit com-
pounds identified by HTS methods are further evaluated by
several secondary assay methods as indicated below.

[0363] 1-1. High Throughput Screening of Bst2 Inhibitors
by Detecting Direct Binding to Bst2 with Fluorescence Ther-
mal Shift Assay.

[0364] Most small molecules that bind to Bst2 may modu-
late Bst2 activity in some manner, due to preferential or
higher affinity binding to functional areas or sites on Bst2, for
example, the Bst2 [ binding site or the dimerization site
important for the Bst2-Bst2 dimer formation. Screening and
small molecule detection assays for identification of small
molecules that can bind to Bst2 or Bst2 peptides can be
designed using thermal shift assays. For thermal shift assays,
all that is needed is the purified Bst2 protein and a chemical
library. Fluorescence-based thermal shift assays would be
particularly useful when the in vivo Bst2 ligands are
unknown.

[0365] The drugs or binding molecules determined by this
technique can be further assayed by methods, such as those
described herein under Secondary screening assays, to deter-
mine if the molecules affect or modulate function or activity
of Bst2.

[0366] 1-1-1. Thermal Shift Assay

[0367] The fluorescence-based thermal shift assay (3-Di-
mensional Pharmaceuticals, Inc., 3DP, Exton, Pa.) as
described in U.S. Pat. Nos. 6,020,141 and 6,036,920 to Pan-
toliano et al.; J. Zimmerman, 2000, Gen. Eng. News, 20(8);
Pantoliano et al. J. Bioimol Screen 6:429, 2001, Lo M C et al.
Anal Biochem. 332:153, 2004) is a general method for iden-
tification of inhibitors of target proteins from compound
libraries. Pantoliano et al. described their fluorescence-based
thermal shift assay apparatus for high-throughput drug
screening.

[0368] In this assay, using an environmentally sensitive
fluorescent dye to monitor protein thermal unfolding, the
ligand-binding affinity is assessed from the shift of the
unfolding temperature (Delta Tm) obtained in the presence of
the compounds relative to that obtained in the absence of the
compounds.

[0369] To monitor protein unfolding, the fluorescent dye
such as Sypro orange is used. Sypro orange is an environmen-
tally sensitive dye. The unfolding process exposes the hydro-
phobic region of proteins and results in a large increase in
fluorescence, which is used to monitor the protein-unfolding
transition.

[0370] Fully automated instrumentation has been designed
and implemented by Pantoliano et al. to perform miniaturized
fluorescence-based thermal shift assays in a microplate for-
mat for the high throughput screening of compound libraries
(J. Biomol. Screen 6:429, 2001).

[0371] Thethermal shift assay may be also conducted in the
iCycler iQ Real Time Detection System (Bio-Rad, Hercules,
Calif.), originally designed for PCR, as described by Lo et al.
(Anal Biochem. 332:153, 2004). The system contains a heat-
ing/cooling device for accurate temperature control and a
charge-coupled device (CCD) detector for simultaneous
imaging ofthe fluorescence changes in the wells of the micro-
plate. The reaction contains Bst2 (approximately 1 uM),
Sypro orange, compound (0, 10, 50, 100 uM), and the buffer.
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The plate is heated from 25 to 89° C. with a heating rate of
0.5° C./min. The fluorescence intensity is measured with
Ex/Em:490/530 nm. The fluorescence imaging data are ana-
lyzed according to Equations disclosed by Pantoliano etal. (J.
Biomol. Screen 6:429, 2001). By fitting the fluorescence
intensity to the equation, the midpoint temperature of transi-
tion, Tm, is obtained for each well.

[0372] 1-2. High Throughput Screening of Bst2 Modula-
tors by Detecting the Bst2-NFkB Pathway Using Dual
Luciferase Reporter Assays

[0373] Bst2 overexpression results in NFkB activation in
mammalian cells (Matsuda et al., Oncogene 22:3307, 2003).
Although the detailed signaling mechanism of Bst2 in the
inflammatory pathways remains unknown, previous report by
Matsuda et al. suggests that Bst2 overexpression and activa-
tion lead to the activation of NFkB-mediated transcription via
NFkB response element.

[0374] Using this property of Bst2, high-throughput dual
luciferase reporter assays (Promega, Madison, Wis., Paguio
et al., Cell Notes 16:22, 2006) have been designed for the
screening of Bst2 modulators by coupling Bst2 inhibition or
activation to the regulation of luciferase reporter gene tran-
scription.

[0375] 1-2-1. DNA Constructs for HTS Dual Luciferase
Assays and Stable Cell Lines

[0376] In this assay. the first plasmid is constructed to
express, for instance, firefly luciferase coupled to tandem
NFkB response elements upstream of firefly luciferase and a
selection marker such as hygromycin (Promega). The second
plasmid expresses Bst2 and another luciferase such as Renilla
luciferase as an internal control—a selection marker (such as
neomycin) fusion (Promega). The dual reporter luciferase
Bst2 assay method has a built-in control using Renilla
luciferase. The firefly luciferase activity for each sample is
normalized using the Renilla luciferase activity.

[0377] Mammalian cells and cells transfected with the
reporter constructs and the doubly transfected stable cell lines
are then obtained for the high throughput screening assays.
Control stable cell lines expressing an empty vector are also
obtained. Bst2 expressing stable cells would show higher
luciferase activity as reported in studies by Matsuda et al.
(Oncogene 22:3307, 2003) compared to the control stable
cells that contain an empty vector of the Renilla Iuciferase-
neomycin fusion.

[0378] 1-2-2. HTS Dual Reporter Luciferase Bst2 Assay
[0379] The screening assay is performed in a 384 well
format using each compound (usually 10 uM or higher con-
centrations). Ten thousand cells/well are plated. Half of the
wells are stimulated with compounds and half are mock
stimulated. Cells are harvested after several hours. Luciferase
activity is determined using the Dual Glo Luciferase Assay
System (Promega) and quantified using the luminomitor.
Results from a sample plate of NFkB-fire fly luciferase/Bst2
screen are obtained. Hits may be defined as reporter expres-
sion greater than three- to four-fold inhibition or activation
above the average of the uninduced control. The control
luciferase value obtained from the control stable cells would
indicate the highest level of inhibition. All assays are per-
formed in quadruplicates. Induction or inhibition is calcu-
lated as the average firefly (NFkB)-stimulated LU/average
mock stimulated RLU.

[0380] 1-2-3. Titration Experiments to Validate Hits
[0381] The doubly transfected stable NFkB response ele-
ments/Bst2 cell line is plated at 10,000 cells/well in a 96-well
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plate. Each compound is serially diluted 1:2, and added to
wells in quadruplicates. Cells are incubated with antagonists
or agonists for several hours, harvested and analyzed using
the Dual Glo Assay System (Promega). Luciferase activity is
measured on the GloMax 96 Microplate Luminometer
(Promega).

[0382] 1-3.High Throughput Screening of Bst2 Expression
Modulators by Monitoring the Expression of the Bst2 Pro-
moter/Luc Using Dual Luciferase Assay

[0383] There are many precedents of using the promoter
containing reporter constructs for identifying small molecu-
lar weight therapeutics. For example, the promoters of BMP-
2, BMP-4 and BMP-7 have been fused with the reporter
molecule either beta galactosidase or luciferase to screen for
the small molecules which can bind to the promoter and
increase the expression of the reporter gene.

[0384] From the experiments using microarray it is evident
that there are number of therapeutically important molecules
which can induce BST2 (interferon gamma, TNF alpha, his-
tamine, etc). In addition, from the literature search, it is evi-
dent that some other molecules could also do the same. In
addition, (Blood 107:1570, 2006; Matsuda et al. Oncogene
22:3307, 2003; Goto et al. Blood 84:1922, 1994) the pro-
moter region of the Bst2 gene has been analyzed. A number of
important sites were found including that for AML, GATA1,
STAT and AP1. All of these studies indicate that transcription
regulation of Bst2 is an important regulatory mechanism of
Bst2 function or activity in a cell.

[0385] HTS assays can be designed to identify compounds
that bind to the regulatory sequences in the Bst2 gene. Bst2
promoter region (approximately 1 kb or more) is fused to
upstream of the luciferase gene. Compounds screened after
this assay may modulate the level of Bst2 gene expression. In
the secondary screening assays, compounds are screened for
inhibitory or stimulatory activity with respect to the cell-cell
adhesion and inflammatory function of Bst2.

[0386] 1-3-1. DNA Constructs and Stable Cell Lines
[0387] The Bst2 promoter region spanning 759 bp
upstream of the translation start site and 211 bp of exon 1 is
PCR amplified using forward (5'-ttcacgctagecccctttgeagat-
gaagaaacaggetcaga-3' (SEQ 1D NO:75)) and reverse (5'-
ttcacctcgaggeaggagatgggtgacattgegacacte-3'  (SEQ  ID
NO:76)) primers containing restriction enzyme sites for Nhel
and Xhol as reported by Ge et al. (Blood 107:1570,2006). For
constructing DNA vectors containing longer fragments of the
Bst2 promoter, Bst2 promoter region spanning 1 kb or more is
PCR amplified. The amplified product is digested with Nhel
and Xhol and ligated to the corresponding sites of the reporter
gene vector expressing fire fly luciferase. This construct is
used for high throughput screening using luciferase assay.
[0388] 1-3-2. HTS Dual Reporter Luciferase Assay Using
the Bst2 Promoter/Luciferase Fusion Construct

[0389] In the HTS format, mammalian cells are added to
the wells of the 384 well plates, and cotransfected with the
Bst2 reporter gene construct and an internal control Renilla
luciferase reporter gene using Fugene 6 reagent (Roche).
Luciferase activities are assayed using the Dual luciferase
assay system (Promega) and normalized.

[0390] 1-4. High Throughput Screening of Bst2 Modula-
tors by Detecting Bst2-Bst2 Interaction Using Fluorescence
Polarization Technology

[0391] Bst2 is thought to exist as a homodimer on the cell
surface (Ohtomo et al., Biochem Biophys Res Commun.
1999, 258(3):583-91). It is also thought that Bst2 requires
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dimerization for its activity. To be consistent with this, the
Bst2 decoy protein (extracellular domain of Bst2) was
expressed and secreted as a dimer (See FIG. 3, panel B).
[0392] Furthermore, the extracellular domain of Bst2 con-
tains a predicted coiled coil region which may play a role in
Bst2 dimerization. All these results suggest that Bst2 interacts
with Bst2.

[0393] Using this property of homodimerization of Bst2, a
high throughput competitive Bst2 binding assay for the Bst2
modulators with the ability to block Bst2-Bst2 interaction is
devised as indicated below.

[0394] This screening method utilizes the technique of
fluorescence polarization (Roehrl et al. Biochemistry
43:16056, 2004), which is one of the most sensitive high
throughput methods for the study of protein-protein interac-
tions, and HyperCyt flow cytometry platform. In this method,
a fluorescently labeled Bst2, Bst2 decoy, Bst2 coiled coil
(Bst2 CC) or any fragment of these proteins is excited by
polarized light. Dissociation of Bst2 from fluorescently
labeled Bst2, Bst2 decoy. Bst2 CC or any fragment of these
proteins in the presence of small molecules can be detected by
binding competition assay in the HTS format.

[0395] 1-4-1. HyperCyt

[0396] HyperCyt is a conventionally used automated high-
throughput flow cytometry (HTFC) analysis platform by
which cell samples are rapidly aspirated from microplate
wells and delivered to the flow cytometer (Edwards B S
Molecular Pharmacology 68:1301, 2005; Young S M et al.
(2005) ] Biomol Screen 10: 374-382; Arnold L A et al. Sci-
ence STKE (2006) 2006:p 13). This screening approach
allows high throughput protein-protein interaction assays to
be performed in a no-wash homogeneous format that would
not be feasible with conventional fluorescence plate-readers.
The HyperCyt platform for HTFC screening has been shown
to be a robust, sensitive, and highly quantitative method with
which to screen lead compound libraries (Ramirez et al.,
(2003) Cytometry 53A: 55-65; Kuckuck et al., (2001)
Cytometry 44: §83-90).

[0397] 1-4-2. Fluorescein-Labelled Bst2 Reagents,
Recombinant Bst2 Proteins and Stable Cell Lines

[0398] Fluorescein-labelled Bst2, Bst2 decoy, Bst2 CC or
any fragment of these proteins is prepared. Bst2, Bst2 decoy
or Bst2 decoy Fc recombinant protein is expressed and puri-
fied. Stable cell lines expressing Bst2 are generated. If the
Bst2 mutant that does not internalize after binding to Bst2 can
be identified, this Bst2 mutant, instead of the wild type Bst2,
may be used to generate stable cell lines to screen the Bst2
modulators.

[0399] 1-4-3. HTS Fluorescence Polarization Assay by
Detecting Bst2-Bst2 Interaction

[0400] The fluorescence polarization assay measures the
ability of test compounds to compete with a fluorescent Bst2,
Bst2 decoy, Bst2 CC or any fragment of these proteins, for
binding to cell membrane Bst2 or purified Bst2, Bst2 decoy or
Bst2 decoy Fc.

[0401] For the high-throughput assay, a chemical library is
screened in 384 well format. Control wells contain unlabeled
Bst2 proteins or buffer alone. Unlabeled Bst2 decoy, Bst2 CC
or any fragment ofthese proteins is added at a 100-fold higher
concentration that completely blocks binding of the fluores-
cently labeled Bst2 decoy, Bst2 CC or any fragment of these
proteins. Another control that contains buffer alone is also set
up. Fluorescence polarization values of these positive and
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negative controls determine 0% and 100% inhibition of
recruitment of Bst2, Bst2 decoy, Bst2 CC or any fragment of
these proteins.

[0402] Additions to wells are in sequence as follows: 1) test
compounds and control reagents (usually 10 uM and up); 2)
Bst2 stable cells (107 cells/ml); 3) (after incubation at 4° C.)
fluorescein labeled Bst2 decoy, Bst2 CC or any fragment of
these proteins. After an additional incubation at 4° C., plates
are analyzed by flow cytometry with the HyperCyt platform.

[0403] In another format, the high-throughput assays can
be performed using purified Bst2, Bst2 decoy or Bst2 decoy
Fe. Prior to setting up HTS, the binding constant of Bst2 and
the screening concentrations are determined. Kd value is
determined after binding of the serial dilutions of Bst2, Bst2
decoy or Bst2 decoy Fc protein to the fluorescently labeled
Bst2, Bst2 decoy, Bst2 CC or -any fragment of these proteins.
Binding is measured using fluorescence polarization (excita-
tion at 485 nm, emission at 530 nm) with plate reader. The
data are analyzed using programs such as SigmaPlot and the
Kd value is determined. After the Kd value determination, test
compounds are added to the wells. Bst2, Bst2 decoy or Bst2
decoy Fc protein is added and fluorescently labeled Bst2,
Bst2 decoy, Bst2 CC or any fragment of these proteins, is
added. Positive and negative controls with excess amount of
unlabeled Bst2, Bst2 decoy, Bst2 CC or any fragment of these
proteins, or buffer alone, are set up. Fluorescence polarization
and fluorescence intensity are measured with a plate reader.

[0404] Test compound inhibition of fluorescent peptide
binding is calculated as described in studies by Edwards B S
et al. Molecular Pharmacology 68:1301, 2005) as 100x[1-
(MFITest-MF1Blocked)/(MFIUnblocked-MFIBlocked)],
in which MFT is the median fluorescence intensity of cells in
wells containing test compounds, blocked control wells and
unblocked control wells.

[0405] After the initial screening, the dose response analy-
sis using a competition binding assay determines the IC50
value of the compounds.

[0406] 1-5. High Throughput Screening of Bst2 Modula-
tors by Detecting Bst2-Bst2L Interaction Using Fluorescence
Polarization Technology

[0407] 1-5-1. Bst2 L Expressing Cell

[0408] The HTS assay described below requires Bst2 L
expressing cells or purified Bst2 L or Bst2 L fragments. One
of the Bst2 L expressing cells is U937 cells as shown in our
experiments (FIGS. 6, 7 and 24). The observation that the
Bst2 decoy inhibits U937 attachment to interferon gamma-
treated HUVEC indicates that Bst2 L is present on cell sur-
face of unstimulated U937 cells (FIG. 7). Another observa-
tion that the Bst2 decoy inhibits homotypic aggregation of
activated T cells (FIG. 12) or activated U937 cells (FIG. 6)
suggest that Bst2 [ may be expressed on the surface of T cells
and/or U937 cells both before and after activation. In support
of these results, direct binding of U937 cells to the purified
Bst2 decoy protein has been shown (FIG. 24).

[0409] When the Bst2 L protein and nucleotide sequence
are identified, the purified Bst2 L, or fragments thereof, or
CHO cells or COS cells stably transfected with Bst2 L can be
used in replacement of U937 cells.

[0410] 1-5-2. HTS Fluorescence Polarization Assay by
Detecting Bst2-Bst2 L Interaction

[0411] Using the interaction of the purified Bst2 decoy (or
Bst2) and the Bst2 L. expressing U937 cells (or any Bst2 L
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expressing cells), the high throughput binding competition
assay for screening Bst2 modulators is designed as indicated
below.

[0412] This HTS assay is based on displacement of the
fluorescently labeled Bst2 or Bst2 decoy from membrane
Bst2 L on the Bst2 L-expressing cells such as U937 cells. The
fluorescence polarization assay measures the ability of test
compounds to compete with a fluorescent Bst2 or Bst2 decoy
for binding to the membrane Bst2 L or purified Bst2 L (or
fragments).

[0413] Forthehigh-throughput assay, additions to wells are
in sequence as follows:

[0414] Test compounds are added to the well first and then
U937 cells are added. After incubation, fluorescent labeled
Bst2, Bst2 decoy or fragments thereof are added. After an
additional incubation at 4° C., plates are analyzed by flow
cytometry with the HyperCyt platform.

[0415] In another format, this HTS assay can be performed
using purified Bst2 L or fragments thereof, and fluorescently
labeled Bst2, Bst2 decoy or fragments thereof. Test com-
pounds are added to the wells, Bst2 L or Bst2L fragment is
added and fluorescently labeled Bst2, Bst2 decoy or frag-
ments thereof is then added. Positive and negative controls are
set up as described above in HTS fluorescence polarization
assay for the detection of Bst2-Bst2L interaction. Fluores-
cence polarization and fluorescence intensity are measured
with a plate reader.

[0416] Inanother format, this high-throughput assay can be
performed using purified Bst2 or Bst2 decoy and fluores-
cently labeled Bst2 L peptide. Test compounds are added to
the wells, Bst2 or Bst2 decoy protein is added and fluores-
cently labeled Bst2 T peptide is added. Positive control and
negative control are set up. Fluorescence polarization and
fluorescence intensity are measured with a plate reader.
[0417] 1-6. High Throughput Screening of Bst2 Modula-
tors by Detecting the Interactions Between Bst2-Bst2 Peptide
Mimetics Using Fluorescence Polarization Technology
[0418] 1-6-1. Bst2 Peptide Mimetics

[0419] Small peptides that bind to Bst2 with high affinity
can serve as peptide mimetics of Bst2. Such peptides can be
identified via phage display as described below. High
throughput binding competition assay for Bst2 modulators is
devised by detecting the interaction between Bst2 and Bst2
peptide mimetics using fluorescence polarization technology.
[0420] 1-6-2.Isolation of Bst2 Peptide Mimetics that Bind
to Bst2 with High Affinity Via Phage Display

[0421] Bst2 peptide mimetics that bind to the extracellular
domain of Bst2 with high affinity may be screened via phage
display. Vast libraries of peptides can be created through
cloning complex mixtures of combinatorially synthesized
oligonucleotides into phage display vectors. The filamentous
phage display system, whereby the expressed peptides are
displayed as fusions to phage coat proteins has been effective
in the discovery of peptide ligands (Devlin et al. Science
249:404, 1990; Greenwood et al. . Mol. Biol. 220:821, 1991;
Scott and Smith Science 249:386, 1990).

[0422] Phage pools are incubated with beads coated with
the Bst2 decoy protein or the control beads, and the positive
pools are selected by magnetic separation method. Affinity
purification of the population of phage particles on Bst2
decoy beads is used to recover peptides with binding activity.
Sequencing the appropriate segment of the DNA of each
captured phage provides the primary sequence of peptides
that bind Bst2 decoy. Bst2 peptide mimetics are further



US 2008/0299128 A1l

screened in functional assays to select those with activity to
stimulate inflammatory responses.

[0423] 1-6-3. Confirmation of the Ability of the Bst2 Pep-
tide Mimetics to Bind Bst2

[0424] Whether the selected peptide has the ability to bind
Bst2 is confirmed in the binding assay of the labeled Bst2 L
expressing cells such as U937 cells to immobilized Bst2
decoy or Bst2 decoy Fc protein. Different concentrations of
the Bst2 peptide mimetics is added to this binding assay to
measure binding competition.

[0425] In another format, the binding assay can be set up
with immobilized Bst2 L expressing cells such as U937 cells,
and Bst2 decoy Fc or biotinylated Bst2 decoy as a probe.
[0426] In another format, when the Bst2 L, protein is iden-
tified, the binding assay of '*°I-labeled Bst2 L to immobilized
Bst2 decoy or Bst2 decoy Fe can be performed.

[0427] 1-6-4. Confirmation of the Bst2 Peptide Mimetic
Activity in Biological Assays

[0428] Biological function of the Bst2 peptide mimetics
can be assessed in many different assays. One of such assays
is as follows: HUVECs are transfected with the expression
vector for Bst2 or an empty vector. After 48 hours of trans-
fection, cells are treated with Bst2 peptide mimetics or con-
trol peptides. Gene expression for inflammatory mediators
and adhesion molecules is analyzed by RT-PCR and the pro-
tein expression of these genes is determined by immunoblot-
ting. Bst2 peptide mimetics stimulate inflammatory
responses in the Bst2-expressing HUVECs.

[0429] 1-6-5. High Throughput Screening of Bst2 Modu-
lators with Fluorescence Polarization Technology Using the
Bst2 Peptide Mimetics

[0430] The HTS assay is performed in a similar manner as
described above. Briefly, Bst2 peptide mimetic is fluores-
cently labeled. Mammalian cells are stably transfected with
the expression vector for Bst2. If Bst2 mutant that does not
internalize after binding to Bst2 is known, this Bst2 mutant is
transfected into mammalian cells to screen the Bst2 modula-
tors.

[0431] For the HTS assay, test compounds are added to the
wells. Bst2 expressing stable cells are added and then the
fluorescently labeled Bst2 peptide mimetics are added. Fluo-
rescence polarization and fluorescence intensity are mea-
sured with a plate reader as above.

[0432] In another format, purified Bst2 or Bst2 decoy can
be used in place of Bst2 expressing stable cells. Dose-depen-
dent response of the compounds is assessed to validate the
hits.

[0433] 2. Secondary Assays to Validate Hits After High
Throughput Screening

[0434] The initial hits must be verified using a series of
profiling assays in any drug discovery process. The hit veri-
fication by secondary assays is to determine if the inhibition
or activation by the small molecular weight compounds has
biological relevance. The secondary assays described herein
are only a few examples of possible alternative assays that can
be used to validate hit compounds.

[0435] 2-1. Hit Validation by Bst2-Bst2 L. Binding Assay
[0436] Activity of the small m.w. compound is measured by
the Bst2-Bst2 L interaction as a function of compound con-
centration in an ELISA format. Biotinylated Bst2 decoy (or
Bst2 decoy Fc) is immobilized in the wells of a streptavidin-
coated (or anti-Fc antibody-coated) 96-well plate. Serial dilu-
tions of the selected lead compounds are added to a solution
of Bst2 L and the Bst2 [ mutant (if available) that does not
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bind to Bst2 decoy as a control, and incubated with the immo-
bilized Bst2 decoy. Unbound Bst2 L is washed from the plate.
Bound Bst2 L is measured with anti-Bst2 L antibody labeled
with horseradish peroxidase followed by calorimetric reac-
tion for horseradish peroxidase.

[0437] 2-2. Hit Validation by Bst2-Bst2 L Binding Assay
Using Biacore Surface Plasmon Resonance Technology
[0438] The Bst2-Bst2 L binding may be analyzed with
Biacore’s surface plasmon resonance technology in a solution
competition format. A concentration series of each com-
pound is incubated with recombinant Bst2 L and then injected
onto a chip surface with captured recombinant Bst2 decoy.
Binding is measured at equilibrium and calculated as the
percentage of maximum binding.

[0439] 2-3. Hit Validation by Glutathione S Transferase
Pull-Down Assay

[0440] GST-Bst2 decoy protein is expressed in . coli and
purified. Radiolabeled (3°S)-Bst2 L. can be obtained by using
a TNT T7 transcription/translation system. A serial dilution
of hit compound is prepared in DMSQO. 1 ul of hit compound
of each concentration is added to tubes. Beads containing
GST-Bst2 decoy protein is added. Radiolabeled-Bst2 L is
then added and incubated. Pull-down assay is performed fol-
lowing manufacturer’s instructions.

[0441] 2-4. Hit Validation by Cell-Cell Adhesion Assay
Using Fluorescently Labeled Cells

[0442] Cell adhesion assays are performed as described by
Edwards et al. (Molecular Pharmacology 68:1301, 2005).
Bst2 cells (stable cells expressing Bst2) are labeled with
red-fluorescent Fura-Red (Invitrogen) and Bst2 L cells (stable
cells expressing Bst2 L or U937 cells may be used) with
green-fluorescent 5,6-carboxyfluorescein diacetate succin-
imidyl ester (Invitrogen) and maintained on ice until the
experiment. Three hundred microliters of Bst2 cells (1x10°
cells/ml) and 300 pl of Bst2 L cells (3x10° cells/ml) are
incubated separately for 5 min at 37° C. in the presence or
absence of test compounds (100 uM final). Cells are then
combined and analyzed in the flow cytometer, during which
time the cell suspension is continuously stirred at 300 rpm and
37° C. with a magnetic microstirbar. After 90 s of stirring to
determine basal levels of cell adhesion, compounds are added
at different concentrations. Bst2 cells are resolved into two
fractions in the flow cytometer: singlets that are uniformly red
fluorescent and conjugates containing red/green co-fluores-
cence (red fluorescent Bst2 cells adhered to green fluorescent
Bst2 L cells). At each indicated time point, the percentage of
adherent Bst2 cells is calculated as 100x(number of conju-
gates )/ (number of conjugates+number of singlets).

[0443] 2-5. Hit Validation by Luciferase Reporter Assay
[0444] Bst2 antagonist or agonist activity may be con-
firmed with luciferase reporter assay using (NFkB)n-luc, a
plasmid containing multiple NFkB sites upstream of a
luciferase reporter. 293T cells are transfected with the
(NFkB)n-luc and a mammalian expression vector for Bst2.
After 48 h, cells are treated with varying concentrations of the
selected compounds. After 6 hours of incubation, luciferase
assay is performed and luminescence is measured using lumi-
nometer.

[0445] 2-6. Hit Validation by Transcription Assay

[0446] The transcription assay determines if the small mol-
ecules inhibit or augment Bst2-mediated signal transduction
in the inflammatory pathways in the cellular environment.
One such assay is as follows. HUVECs are transfected with
the expression vector for Bst2 or an empty vector. After 48
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hours of transfection, cells are treated with various concen-
trations of hit compounds. Gene expression for inflammatory
mediators and adhesion molecules is analyzed by RT-PCR
and the protein expression of these genes is determined by
immunoblotting or ELISA.

[0447] Bst2 and Angiogenesis

[0448] Angiogenesis is the growth of new capillary blood
vessels. Inflammation can promote angiogenesis and new
vessels also enhance tissue inflammation. Thus, angiogenesis
and inflammation are codependent processes (Jackson et al.
FASEB ] 11:457, 1997), while angiogenesis and inflamma-
tion can also occur independently of each other. Especially,
chronic inflammation can stimulate vessel growth. Angiogen-
esis is required for embryogenesis, tissue repair after injury,
growth and the female reproductive cycle. Angiogenesis also
contributes to the pathology ofcancer and a variety of chronic
inflammatory diseases including psoriasis, diabetic retinopa-
thy, rheumatoid arthritis, osteoarthritis, asthma and pulmo-
nary fibrosis. For example, angiogenesis is required to sup-
port the growth of most solid tumors beyond a diameter of2-3
mm. Recent studies show that angiogenesis inhibitors block
tumor progression. Moreover, cancer is not the only disease in
which the use of angiogenesis inhibitors can make a differ-
ence. Angiogenesis plays a critical role in age-related macular
degeneration and diabetic retinopathy. These conditions
cause sight loss when blood vessels infiltrate the retina, cloud
it, and eventually destroy it. Indeed, the blood vessel blockers
(antibodies, small molecular weight compounds) are the new-
est and most effective treatment for age-related macular
degeneration, the leading cause of blindness in people over
65. Angiogenesis inhibitors may reduce inflammation and
inhibitors of chronic inflammation may be expected to inhibit
angiogenesis where the stimulus for vascular growth is
derived from inflammatory cells (Stogard et al. J Clin Invest
103:47, 1999). It is possible that Bst2 induces angiogenesis
and that the Bst2 blockers may have anti angiogenic activities
inhibiting neovascularisation.

[0449] Delivery

[0450] Regarding delivery, in addition to conventional
routes of administration such as subcutaneous, intravenous,
intramuscular and intraperitoneal injections, Bst2 blockers
may be administered by transdermal patches and controlled-
release methods. Controlled-release of Bst2 blocking
reagents such as Bst2 decoy or Bst2-binding antibody can be
accomplished locally or systemically by implanting Bst2
blocking reagents that has been encapsulated or bound to
solid matrix that can degrade or empty over time to release the
Bst2 blocking reagent over longer period of time than injec-
tions. Bst2 blocking reagents may also be applied topically in
a cream or ointment form to treat skin disease or injury.
[0451] The present composition may be administered in a
pharmaceutically effective amount. The term “pharmaceuti-
cally effective amount”, as used herein, refers to an amount
sufficient for treatment of diseases, which is commensurate
with a reasonable benefit/risk ratio applicable for medical
treatment. An effective dosage amount of the composition
may be determined depending on the type of disease, severity
of the illness, the patient’s age and gender, drug activity, drug
sensitivity, administration time, administration routes, excre-
tion rates of a drug, duration of treatment, drugs used in
combination with the composition; and other factors known
in medical fields. The present composition may be adminis-
tered as individual therapeutic agents or in combination with
other therapeutic agents, and may be administered sequen-
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tially or simultaneously with conventional therapeutic agents.
This administration may be single or multiple dosing. Taking
all factors into consideration, it is important to conduct
administration with a minimum of doses capable of giving the
greatest effects with no adverse effects, and the doses may be
readily determined by those skilled in the art.

[0452] Thepresentinvention is not to be limited in scope by
the specific embodiments described herein. Indeed, various
modifications of the invention in addition to those described
herein will become apparent to those skilled in the art from
the foregoing description and accompanying figures. Such
modifications are intended to fall within the scope of the
appended claims. The following examples are offered by way
of illustration of the present invention, and not by way of
limitation.

EXAMPLES
Example 1
Cell Culture

[0453] A human monocytic cell line U937 (ATCC, U.S;
Cat. CRL-1593.2) was suspension-cultured in RPMI-1640
(Gibco-BRL) supplemented with 10% fetal bovine serum
(FBS; Gibco-BRL), 100 U/ml of penicillin (Gibco-BRL) and
100 pug/ml of streptomycin (Gibo-BRL) at 37° C. under a 5%
CO, atmosphere.

[0454] Human umbilical vein endothelium cell line
HUVEC (Cambrex, U.S.; Cat. CC-2517A) was subcultured
in EGM-2 medium (Cambrex, U.S.) supplemented with 10%
FBS at 37° C. under a 5% CO2 atmosphere. In the following
examples, cells were pretreated with 0.5% FBS, instead of
10% FBS, for 16 hrs. According to given conditions, cells
were pretreated with human recombinant interferon-gamma
(10 ng/ml, Calbiochem, U.S.) and PMA (1 ng/ml, Cambio-
chem) or a medium for a predetermined period of time.
[0455] A mouse monocytic cell line WEHI-274.1 (ATCC,
Cat. CRL-1679), and a mouse endothelial cell line, SVEC
4-10 (ATCC, Cat. CRL-2181), were cultured and pretreated
according to the same method as in the human cell lines.
[0456] A human T-lymphocyte cell line Jurkat (ATCC,
TIB152 clone) was suspension-cultured in RPMI-1640
(Gibco-BRL) supplemented with 10% FBS, 100 U/ml of
penicillinand 100 pg/ml of streptomycin at 37° C. under a 5%
CO, atmosphere.

[0457] Protein expression and purification were carried out
using CHO-S cells (Invitrogen, Cat. 11619-012). CHO-S
cells were suspension-cultured in F12/HAM (Gibco-BRL)
medium supplemented with 10% FBS, 100 U/ml of penicillin
and 100 pg/ml of streptomycin at 37° C. under 5% CO,
atmosphere.

Example 2

Cloning of Human Bst2 Gene and Mouse Damp1
Gene

[0458] An expression vector of histidine-tagged Bst2 was
constructed as follows. Full-length cDNA (NM004335) of
human Bst2 gene was synthesized by Origene Technologies
(USA), and amplified by PCR using Pfu ultra HF DNA poly-
merase (Stratagene) in a volume of 50 ul. A PCR product was
cloned into a pCMV HA vector (Clontech) using Sall and
Notl.

[0459] Vectors for expressing decoys of Bst2 and Dampl
were constructed as follows. FIG. 2 shows the locations of
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PCR primers used in cloning the decoys. A DNA fragment
coding for the extracellular region of human Bst2 protein was
obtained by PCR, and was fused at the N-terminus to a signal
sequence P of tPA (tissue Plasminogen activator) to promote
extracellular secretion after being expressed. The DNA frag-
ment was also fused at the C-terminus to a six-histidine tag to
facilitate determination of protein expression levels and pro-
tein purification. The Bst2 decoy did not contain 11 amino
acid residues at the C-terminus and also did not contain the
transmembrane and cytoplasmic domains. The PCR product
was treated with a final concentration of 0.8% dimethyl sul-
foxide (DMSO; Sigma), digested with BamHI and Xbal, and
cloned into apCDNA 3.1 vector (Invitrogen). In other experi-
ments, the nucleotide sequences of the human Bst2 decoy
were codon-optimized for the mammalian expression system
and the DNA fragments were chemically synthesized.
[0460] Full-length cDNA (NM 198095) of mouse Damp1
gene was obtained by RT-PCR using mRNA isolated from
mouse liver. A RT-PCR product was digested with BamHI
and Xbal and cloned into pCDNA 3.1 (Invitrogen). A decoy
region was determined by amino acid sequence homology
analysis between human Bst2 and mouse Dampl. As a result,
a vector expressing the soluble Bst2 fragment of SEQ ID
NO:1 and another vector expressing the soluble Damp] frag-
ment of SEQ ID NO:2 were obtained.

Example 3
Real-Time Quantitative RT-PCR

[0461] Intracellular expression levels of specific genes
were analyzed by real-time quantitative RT-PCR using ABI
Prism 7900HT (Applied Biosystems, Foster City, Calif.) and
a SYBR-Green assay kit. Primers and probes used were
designed using Primer Express software (Applied Biosys-
tems).

[0462] 10 ng of single-stranded cDNA was placed in a
reaction tube and subjected to multiplex TagMan PCR (50 pl)
using the TagMan Universal PCR Master Mix. The relative
amount of target cDNA was calculated using the comparative
cycle threshold (CT) method. PCR products were analyzed
by agarose gel electrophoresis.

[0463] The relative levels of a specific gene A were
expressed as a change compared to a control sample (untrans-
fected cells). All values were obtained using a 2-CT (C,, -C,,,
C,,=C, ,~C, 5, C,=C,, ,~CtOB) calculation method relative
to a normalization gene B (human GAPDH gene) in trans-
fected cells. Each value was obtained from each sample in
triplicate. The above experiments were carried out to quantify
the expression of the Bst2 gene and interleukin-2.

Example 4

Expression and Purification of Soluble Bst2 Protein
Fragment or Damp 1 Protein Fragment

[0464] Inorder to express the above-prepared soluble Bst2
protein fragment or Damp1 protein fragment, a vector DNA
was transiently or permanently introduced into specific ani-
mal cells. Transient transfection was performed by calcium
phosphate (CaPO,) precipitation, as follows. 24 hrs before
transfection, 7x10° 293T cells (ATCC) were seeded onto a
150-mm cell culture plate and cultured. One hour before
transfection, the culture medium was exchanged with IMDM
medium (Cambrex) supplemented with 2% fetal bovine
serum (FBS; GIBCO-BRL). 1.5 ml of TE buffer (1 mM Tris,
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0.1 mM EDTA, pH 8.0) containing 75 pg of DNA and 250
mM calcium was mixed with 1.5 ml of HEPES buffer (50 mM
HEPES, 140 mM NaCl, 1.4 mM Na,HPO,, pH 7.05), was
incubated for about 1 min at room temperature, and was
applied to the pre-cultured cells. The cells were incubated in
a CO, incubator at 37° C. for 6 hrs. After the DNA/calcium
solution was removed, the cells were refed with serum-free
medium and further cultured for 72 hrs or longer, and the
culture medium was then recovered. Separately, a permanent
cell line was established using lipofectamine and dihydro-
folate reductase as a selectable marker, as follows. 48 hrs
before transfection, 1.35x10° CHO-DUKX-B11 (dhfr™) cells
(ATCC) were seeded onto a 100-mm cell culture plate and
cultured in IMDM medium complemented with 10% FBS.
0.6 ml of serum-free IMDM medium containing 18 pug of
DNA was mixed with 0.6 ml of serum-free IMDM medium
containing 54 ul of Lipofectamine 2000 (Invitrogen), and was
incubated at room temperature for 45 min. The DNA/lipo-
fectamine mixture was supplemented with 8.8 ml of serum-
free IMDM medium and applied to the pre-cultured cells. The
cells were incubated in a CO, incubator at 37° C. for 6 hrs.
The medium was exchanged with a selection medium, 10%
dialyzed FBS-containing IMDM medium. To analyze the
transiently expressed protein, the cells were further cultured
for 72 hrs or longer. The medium was then recovered and
passed through a 0.2-um filter (Millipore). The produced Bst2
decoy protein was analyzed by immunoblotting using anti-
Bst2 polyclonal antibody (Roche) or anti-histidine antibody
(Roche).

[0465] For large-scale expression and purification of the
soluble Bst2 protein fragment or Damp]1 protein fragment,
host cell lines into which a Bst2 or Damp1 expression vector
was stably introduced were selected as production cell lines,
as follows. CHO cells deleted in dihydrofolate reductase
(DHFR) gene were transfected with an expression vector.
Since the expression vector carried a dhfr gene, dihydrofolate
reductase was used as a selectable marker. After 48 hrs, the
transfected CHO cells were seeded onto a 96-well cell culture
plate in a density of 1x10° cells/well and cultured in a medium
containing 20 nM methotrexate (MTX) to amplify the DHFR
gene. After two weeks, the medium was recovered and sub-
jected to ELISA using anti-Bst2 antibody to compare clones
for the expression levels of Bst2 decoy protein. Clones exhib-
iting high expression levels were selected and exposed to
gradually increased concentrations of MTX up to 300 nM to
complete gene amplification. Thereafter, the medium was
collected from each clone and subjected to ELISA and immu-
noblotting in order to finally select a production cell line
exhibiting the highest protein expression levels. Since the
Bst2 decoy protein was produced in the culture medium under
serum-free conditions, the expressed protein was purified
from the collected medium using the six-histidine tag added
to the C-terminus. Protein purification was performed by
NTA chelating chromatography using a column, NTA chelat-
ing agarose CL-6B (Peptron Inc.). The purity of the purified
protein was analyzed by electrophoresis and ELISA, and the
amount of the purified protein was determined by a BCA
method (Biorad, USA) and UV spectrophotometry.

[0466] The human Bst2 decoy and the mouse Dampl
decoy, purified as described above, were analyzed by 4-20%
SDS-PAGE (FIG. 3, panel A). The treatment of 1% dithio-
threitol (DTT) and N-glycosidase F (Sigma) resulted in the
Bst2 decoy being a dimeric glycoprotein (FIG. 3, panel B).
The results of the following examples were obtained using,
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among the prepared decoys, a soluble Bst2 protein fragment
having the amino acid sequence of SEQ ID NO:1 and a
soluble Dampl protein fragment having the amino acid
sequence of SEQ ID NO:2.

Example 5

Evaluation of the Effect of Bst2 Protein on Homo-
typic Aggregation of U937 Cells

Example 5-1

Change in Expression Levels of Bst2 During Aggre-
gation of U937 Cells

[0467] Expression levels of Bst2 protein were examined
during aggregation of human U937 monocytic cells. 1x10°
U937 cells were treated with PMA (2 ng/ml) and LPS (10
pg/ml) for 24 hrs to induce homotypic cell aggregation of
U937 cells, and were observed for the degree of homotypic
cell aggregation under a phase-contrast inverted microscope
(Olympus 1X71, state, USA). To determine the degree of cell
aggregation, the size of formed cell aggregates was measured
as pixel intensity, using Adobe’s Photoshop software, version
7.0. The standard deviation values shown in drawings were
calculated from mean values of six randomly selected aggre-
gates. Thereafter, all used cells were recovered, and total
RNA was isolated and subjected to RT-PCR using a set of
primers of SEQ ID NOS:3 and 4 to assess Bst2 expression
levels.

(SEQ ID NO:3)
Sense oligomer: 5'-TTTTCTCTTCTCAGTCTC-3'

(SEQ ID NO:4)
Antisense oligomer: 5'-GCATCTACTTCGTATGAC-3'

[0468] One hour later U937 cells were treated with PMA
and LPS to induce homotypic aggregation, intracellular Bst2
expression increased by about three times. This increased
level was maintained for 24 hrs. These results indicate that
Bst2 gene expression increases during homotypic aggrega-
tion of U937 cells (FIG. 4).

Example 5-2

The Effect of Bst2 Protein on Homotypic Aggrega-
tion of U937 Cells

[0469] Inorder to determine whether the increased expres-
sion of Bst2 gene is essential for the homotypic aggregation
of U937 cells, cell aggregation was assessed when Bst2 pro-
tein was overexpressed.

[0470] 1x106 U937 cells, which had been cultured under
the aforementioned conditions, were seeded onto a 96-well
cell culture plate (NUNC) and treated with PMA (2 ng/ml,
Calbiochem)and LPS (10 ug/ml, Calbiochem) for 24 hrs. The
cells were then observed for the degree of homotypic cell
aggregation under a phase-contrast inverted microscope
(Olympus 1X71, state, USA).

[0471] Bst2 protein itself did not induce aggregation of
U937 cells, whereas the PMA/LPS treatment stimulated
homotypic aggregation of U937 cells. Transient overexpres-
sion of Bst2 increased homotypic aggregation of the PMA/
LPS-stimulated U937 cells by about four times (FIG. 5).
These results indicate that Bst2 expression promotes homo-
typic aggregation of the activated monocytic leukocytes.
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Example 5-3

Inhibition of Homotypic Aggregation of U937 Cells
Using Bst2 Decoy

[0472] In order to confirm whether the increased expres-
sion of Bst2 gene is essential for homotypic aggregation of
U937 cells, cell aggregation was assessed when the action of
Bst2 protein was suppressed.

[0473] U937 cells were pretreated with PMA and LPS to
induce cell aggregation, and were treated with serial dilutions
of medium (decoy medium) containing a Bst2 decoy tran-
siently expressed in CHO-S cells. The Bst2 decoy was found
to decrease U937 cell aggregation induced by PMA and LPS
by 50% in comparison with the culture (control medium) of
CHO-S cells not expressing the Bst2 decoy (FIG. 6). These
results indicate that the Bst2 decoy inhibits homotypic aggre-
gation of U937 cells.

Example 6

Evaluation of the Effect of Bst2 Protein on Hetero-
typic Aggregation Between Two Different Cell Types

Example 6-1

Inhibition of Aggregation Between U937 and
HUVECs Using Bst2 Decoy

[0474] HUVECs (1-5x10* cells/ml) were seeded onto a
12-well cell culture plate. After one day, the medium was
exchanged with a low-serum medium containing 0.5% FBS,
and the cells were pretreated with interferon-gamma (IFN-9;
Calbiochem) in a final concentration 10 ng/ml for 24 hrs.
Then, the pretreated HUVECs were co-cultured with U937
cells (2x10° cells/ml, 500 pl) at 37° C. for 4 hrs. The co-
culture was washed with phosphate buffer three or four times,
and the remaining cells were fixed with 4% paraformalde-
hyde and microscopically observed.

[0475] U937 cells showed a decreased binding to IFNy-
treated HUVECs when the Bst2 decoy-containing medium
was added to the culture. In the control medium that does not
contain the Bst2 decoy, U937 cells bound to IFNy-treated
HUVEC:s efficiently and formed heterotypic cell aggregates.
The treatment of a control medium or albumin did not affect
cell aggregation (FIG. 7). In FIG. 7, a “normal medium”
HUVECs not pretreated with IFN-y did not bind to U937
cells. In contrast, IFN-y-treated HUVECs bound to U937
cells and formed heterotypic cell aggregation. HUVECs
treated with a Bst2 decoy protein-containing medium,
obtained from the culture pretreated with IFN-y, exhibited
decreased aggregation with U937 cells. The treatment of a
basic medium or albumin did not affect cell aggregation (FIG.
7). InFIG. 7, a “normal medium” indicates a FBS-containing
general medium, and a “control medium” indicates a culture
fluid of cells not expressing a Bst2 decoy protein. In addition,
the heterotypic cell aggregation was inhibited in such a man-
ner of being dependent on concentrations of the Bst2 decoy
(FIG. 8).

BExample 6-2

Inhibition of Aggregation Between U937 and
HUVECs Using Bst2 siRNA

[0476] Various siRNA molecules acting in a Bst2-specific
manner were constructed (QIAGEN). A total of 23 siRNA
molecules specific to Bst2 were constructed.
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[0477] The test results below were obtained using siRNA
consisting of an antisense RNA strand, complementary to
Bst2 mRNA encoded by the sequence of SEQ 1D NO:5, and
a sense RNA strand complementary to the antisense RNA
strand.

[0478] HUVECs were transfected with an expression vec-
tor for Bst2, treated with or without IFN-y and then trans-
fected with Bst2 siRNA. These cells were assessed for U937
cell adhesion.

(SEQ ID NO:5)
Target sequence: 5'-AAGCGTGAGAATCGCGGACAA-3'

(SEQ ID NO:6)
Sense oligomer: 5'-r (UUGUCCGCGAUUCUCACGC)A(TT)-3"

(SEQ ID NO:7)
Antisense oligomer: 5'-r(GCGTGAGRATCGCGGACAA)d
(TT) -3"

[0479] Exogenously expressed Bst2 promoted U937 cell
binding to HUVECs treated with or without INF-y. Bst2
sIRNA treatment resulted in decreased U937 cell adhesion
(FIG. 9). Together with the data shown in FIG. 29 demon-
strating the inhibitory effect of Bst2 siRNA on cell adhesion
between untransfected HUVEC and U937 cells, these results
suggest that Bst2 plays a role in the HUVEC-U937 adhesion.

Example 7

Fvaluation of the Effect of Bst2 Protein on Homo-
typic Aggregation of T Lymphocytes and Activity of
the Aggregation

Example 7-1

The effect of Bst2 Overexpression on Homotypic
Aggregation of T Lymphocytes and IL-2 Production

[0480] Human Jurkat T cells were induced to form homo-
typic cell aggregation and activated, as follows.

[0481] When Jurkat cells (5x10° cells/ml) were incubated
with anti-CD3 monoclonal antibody (OKT3: 10 ug/ml, BD
Pharmingen) at 4° C. for 20 min and then with anti-mouse
immunoglobulin polyclonal antibody (25 pg/ml, Zymed) 37°
C. for 1 hr, cell aggregation occurred, and the cells were
activated and induced to produce interleukin-2 (IL-2) (FIGS.
10 and 11). According to the same method, when green fluo-
rescent protein (GFP) overexpression was induced, there was
no effect. In contrast, when Jurkat cells were transfected with
a Bst2-overexpressing vector and were induced to activate,
homotypic cell aggregation increased (FIG. 10, panel A).
1L-2 mRNA levels upon T cell activation were measured by
real-time RT-PCR (Example 3). IL-2 mRNA expression was
elevated by about two times under Bst2 overexpression in
comparison with GFP overexpression (FIG. 10, panel B).

Example 7-2

The effect of Bst2 Decoy and Bst2 siRNA on Homo-
typic Aggregation of T Lymphocytes and IL.-2 Pro-
duction

[0482] Jurkat cells were pretreated with a Bst2 decoy 30
min before activation, were activated using anti-CD3 mono-
clonal antibody, and were evaluated for inhibition of cell
aggregation. The cells were treated with a relative amount of
serial dilutions of an animal cell culture fluid containing a
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Bst2 decoy. The size of aggregates was represented as a ratio
to the size of aggregates of a non-treatment group.

[0483] The Bst2 decoy pretreatment under the activation
condition resulted in a significant decrease in aggregation of
Jurkat cells. In addition, the 3-fold increased expression of
1L-2 by Jurkat cell activation was decreased again to the basal
level by the Bst2 decoy treatment (FIGS. 11 and 12).

[0484] The data presented herein indicate that Bst2 is
important for inflammation and immunity. Blocking Bst2
function may reduce inflammation-induced diseases. In
immunocompromised subjects such as AIDS patients and
patients with immune deficiency, increasing immune signal-
ing may benefit them. A bivalent fusion protein composed of
Bst2 decoy and another molecule Y, which may be a protein or
a compound, can act as an adaptor forcing interaction and
signaling between the cell that expresses Bst2 ligand, and
another cell which expresses the receptor forY. See FIG. 35.

Example 8

Evaluation of the Action of Bst2 Decoy in a Mouse
Model of Asthma

Example 8-1
Asthma Induction in Mice

[0485] A mouse model of asthma was prepared by sensi-
tizing mice (C57B6, 8 weeks) with ovalbumin. In detail, mice
were initially sensitized for five continuous days by intranasal
injection of ovalbumin. After three weeks, mice were intra-
nasally sensitized again with ovalbumin for five continuous
days. One week after the secondary sensitization, mice were
challenged intranasally with ovalbumin three times every 24
hrs to induce asthma. Herein, a Bst2 decoy was intravenously
injected into mice 30 min before sensitization with ovalbu-
min, and was injected into mice 30 min before the first sen-
sitization and the last injection of ovalbumin. Three days after
the last injection, serum samples, lung tissues, and the like
were collected from mice.

Example 8-2

Bst2 Decoy-Induced Changes in the Number of
Sedimented Immune Cells

[0486] In mice sensitized with ovalbumin and treated with
a Bst2 decoy, the total number of infiltrating cells and the
number of each cell type (neutrophils, eosinophils and lym-
phocytes) were remarkably decreased in bronchoalvelar lav-
age fluid (FIG. 13).

Example 8-3
The Effect of Bst2 Decoy on Cytokine Production

[0487] When a Bst2 or Dampl decoy was injected into a
mouse model of asthma which was induced by sensitization
and challenge with ovalbumin, expression levels of cytokines
(interleukin-4 (IL-4), interleukin-5 (IL-5) and interleukin-13
(IL-13)) were measured as follows. After bronchoalveolar
lavage, lung tissues were excised from mice, and proteins
were isolated from the lung tissues. Cytosolic proteins were
isolated using lysis buffer containing NP-40. The isolated
proteins were separated on a SDS-PAGE gel, and were trans-
ferred onto a PVDF membrane by a wet transfer method. The
blot was incubated in a 1:1000 dilution of each several pri-
mary antibodies (anti-IL-4 antibody (Setotec Inc.), anti-IL-5
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antibody (Santa Cruz Inc.), anti-IL-13 antibody (R&D Inc.),
and anti-actin antibody (Sigma Inc.)). The bound primary
antibodies were detected with a HRP-conjugated secondary
antibody (anti-rabbit HRP-conjugated IgG) using ECL
reagent. The levels of cytokines, such as IL-4, IT1.-5 and TL-13,
were found to increase in the lung tissue of mice with asthma
induced by sensitization and challenge with ovalbumin. Also,
when ovalbumin-sensitized asthmatic mice were injected
with a Bst2 decoy protein, cytokine levels decreased with
increasing doses of the decoy protein. These results indicate
that the Bst2 decoy protein has a therapeutic effect on asthma
(FIG. 14).

Exaniple 9

Evaluation of Functional Similarity Between Human
Bst2 Protein and Mouse Damp1 Protein

[0488] There is about 35% amino acid sequence similarity
between human Bst2 protein and mouse Damp I protein. In
this regard, it was examined whether the two proteins would
exhibit functional similarity in cell-cell adhesion assays in
vitro and in the murine asthma model in vivo. Human Bst2
and mouse Damp1 proteins were examined for an inhibitory
effect on adhesion between IFN-y-treated HUVECs and
U937 cells according to the same method as in Example 6.

Example 10
Preparation of Anti-Bst2 Polyclonal Antibody

[0489] The purified Bst2 and Dampl decoy proteins
expressed in CHO-S cells were mixed with a Ribi adjuvant at
aratio of 1:1, and were injected into rabbits with time intet-
vals of two weeks. During immunization, blood samples were
collected and examined for antibody production. After three
immunizations, serum samples were obtained from rabbits.
Anti-Bst2 polyclonal antibody was purified by affinity chro-
matography using a column in which Bst2 protein was bound
to an immobilized support.

Example 11

Preparation of PEG-Conjugated Forms for Improve-
ment of Metabolism of Bst2 Decoy

Example 11-1
Preparation of PEG-Conjugated Forms

[0490] PEG conjugation was carried out by two types of
PEG: (1) aldehyde PEG and (2) succinimidyl carbonate PEG
(FIG.17). First, aldehyde PEG conjugation was carried out as
follows. 1 mg of Bst2 decoy protein was dialyzed in 0.1 M
phosphate buffer (pH 7.5), and was mixed with a 30-fold
molar ratio of (mPEG12000-OCH2COGIy-Gly),(2,4-di-
amino butylic acid)-PEG'-NHS, followed by incubation at
room temperature of 2 hrs with agitation. Separately, for
carbonate PEG conjugation, 1 mg of Bst2 decoy protein was
dialyzed in 0.1 M phosphate buffer (pH 5.0), and was mixed
with a 20-fold molar ratio of succinimidyl carbonate PEG,
followed by incubation at room temperature of 2 hrs with
agitation. After the reaction was completed, PEG-conjugated
Bst2 decoys were isolated and purified using a size exclusion
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column (Superdex-200, Pharmacia), and were dialyzed in 50
mM phosphate buffer (pH 7.4).

Example 11-2

The Enhancing Effect of PEG-Conjugated Forms on
In Vivo Stability of Bst2 Decoy

[0491] The PEG-conjugated forms of Bst2 decoy, prepared
in Example 11-1, were injected into the tail vein of 7 week-old
male Sprague-Dawley rats in a dose of 0.4 to 2 mg/kg. A
negative control group was injected with an equal dose of
physiological saline. Also, an equal dose of Bst2 decoy pro-
tein was used as a positive control. Blood samples were
collected before drug administration, and 2 min, 5 min, 10
min, 30 min, 1 hr, 2 hrs, 6 hrs, 12 hrs and 24 hrs after drug
administration from the jugular vein using a cannula. The
collected blood samples were analyzed by ELISA. A 96-well
plate was coated with an anti-Bst2 decoy antibody (100 ng/ml
in PBS) at 4° C. for 8 hrs or longer, and was blocked with
albumin in PBS at 37° C. for 2 hrs. The plate was reacted with
aproper dilution of rat serum or Bst2 decoy (standard sample)
at 37° C. for 2 hrs. The plate was then reacted with a mono-
clonal antibody (mAb conjugated with horseradish peroxi-
dase, Roche Inc.) recognizing the histidine tag added to the
C-terminus of Bst2 decoy at 37° C. for 2 hrs. After being well
washed, the plate was treated with a substance of peroxidase,
and absorbance was measured at 450 nm. Quantitation of the
PEG-conjugated Bst2 decoys present in blood was performed
using the standard samples (FIG. 18). In FIG. 18, “201B-H”
indicates a human Bst2 decoy sample, and “201B-HP” indi-
cates an aldehyde PEG-conjugated human Bst2 decoy
sample.

Example 12

Expression and Distribution of Bst2 in Inflamma-
tion-Associated Diseases

[0492] Tissues of patients with various inflammatory dis-
eases were obtained for investigating expression and distri-
bution of Bst2. Obtained tissues include: lung tissue of
asthma patient, arterial blood vessel of atherosclerosis
patient, skin lesions of psoriasis patient, intestine tissue of
Crohn’s disease patient, intestine/colon tissue of ulcerative
patient, stomach tissue of chronic active gastritis patient, and
cecum tissue of acute appendicitis patient. Fach tissue was
selected as a representative lesion showing typical inflamma-
tion phenotype.

[0493] For asthma, a paraffin block of the lung tissue, pre-
pared by fixing the lung tissue in 10% formaldehyde and
embedding the tissue in paraffin, was sectioned into a thick-
ness of 1.5 um, and was mounted onto glass slides. The slides
were stained with hematoxylin and eosin to investigate the
changes in the lung tissue according to allergen and drug
administration. Histostaining was performed with the poly-
clonal antibody prepared in Example 10. Other tissues were
prepared in a similar manner. Compared to the normal tissue,
Bst2 protein was overexpressed in inflammation-associated
diseases. Bst2 was detected in immune cells, vascular endot-
helial cells and other cell types (FIG. 19).
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Example 13

Cell Culture
[0494] Cell culture was performed as described in Example
1.

Example 14

Construction of the Expression Vectors for the
Human Bst2 Decoy and Bst2 Decoy Fc Fusions

[0495] Fusion constructs are prepared based on expression
vector pCDNA 3.1 or other dhfr vectors commercially avail-
able.

[0496] FIG. 20 shows a schematic of Bst2 decoy and other
Fc fusions. These are schematic representations of possible
fusion proteins. Referring to FIG. 20, FIG. 20A shows the
Bst2 decoy itself, FIG. 20B shows the Bst2 decoy fused to the
hinge-CH2-CH3 portion of an IgG heavy chain Fc with sepa-
rate expression of Bst2 decoy to form a Bst2 decoy dimer on
the head of each fusion protein. FIG. 20C shows a form in
which Bst2-kappa fusion is expressed in concert with the
Bst2-IgG Fe fusion to allow the stable formation of Bst2
decoy dimer on the head of each fusion protein that is stabi-
lized through the naturally-occurring IgG kappa chain-heavy
chain disulfide bonding. FIG. 20D shows a form in which the
Bst2 decoy-IgG Fe is expressed without other Bst2 dimeriza-
tion counterparts. Dimerization of the hinge-CH2-CH3 pot-
tion of the fusion occurs in each case where the IgG Fe portion
is expressed due to the naturally-occurring disulfide bonding
between these chains.

[0497] FIG. 21 shows vector maps of Bst2 decoy-1gG Fe
fusion proteins described above. Representative expression
vectors depicting the expression vectors for the IgG1 and
1gG2 Fe fusions are illustrated. FIG. 21A shows Bst2 decoy
(dBst2). The Bst2 decoy expression vector was constructed
by PCR-cloning an Xbal site 5' of the start of the decoy
protein with an N-terminal tPA signal peptide and C-terminal
His-tag followed by a BamH1 site on the 3' end; this insert
was cloned into pcDNA3.1 cut with Xbal and BamH1. FIG.
21B shows dBst2-IgG1Fc fusion. The hinge-CH2-CH3
region of IgG1 heavy chain was PCR-cloned and fused to the
C-terminal end of Bst2 decoy with a 5' Xho1 and 3' Not1 site;
this insert was cloned into pcDNA3.1 cut with Xhol and
Notl. FIG. 21C shows dBST-kappa fusion. The constant
region of the IgG kappa light chain was PCR-cloned and
fused to the C-terminal end of Bst2 decoy with a 5' Xho1 and
3' Notl1 site; this insert was cloned into pcDNA3.1 cut with
Xho1 and Notl. (d) dBST-IgG2HC fusion. The hinge-CH2-
CH3 region of IgG2 heavy chain was PCR-cloned and fused
to the C-terminal end of Bst2 decoy with a 5' Xhol and 3'
Notl site; this insert was cloned into pcDNA3.1 cut with
Xhol and Notl.

Example 15
Vector Construction

[0498] An expression vector of histidine-tagged Bst2
decoy was constructed as follows.

[0499] Immunoglobulin gene fragments were cloned from
a human blood cell cDNA library (Clontech) by PCR: the Fc
region (hinge, CH1 and CH2 region) of human IgG1 heavy
chain (Genbank No: BC089417., primers 1, 2), the constant
region of human immunoglobulin kappa chain (Genbank No:
BC067092, primers 3. 4), and the constant region (CH1-
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hinge-CH2-CH3) of human IgG2 heavy chain (Genbank No:
AJ294731, primer 5, 6). The sequence of PCR primers used in
cloning the fragment are as follows.

Sequence 1
(SEQ ID NO:8)
201-H-5': 5'-ctc cca gga cga gcc caa atc ttg-3'!

Sequence 2
(SEQ ID NO:9)
201-IgGl-3': 5'-ggcggccge TCA ttt acc cgg gga-3'

Sequence 3
(SEQ ID NO:10)
201-L-5': 5'-ctc cca gga ccg tac ggt ggc tgc-3!

Sequence 4
(SEQ ID NO:11)
201-kappa-3': 5'-ggcggccge TTA aca ctc tecc cct-3°

Sequence 5
(SEQ ID NO:12)
201-H2-5': 5'-ctc cca gga cgc ctc cac caa ggg-3'

Sequence 6
(SEQ ID NO:13)
201-IgG2-3': 5'-ggcggccge TCA ttt acc cag aga-3'

Example 16

Human Bst2 Decoy-Fc Fusion Constructs (IgGl, 2,
and 4)

[0500] Three different constructions of human Bst2 decoy-
Fc fusion were cloned into the expression vector pCDNA3.1
(Invitrogen). A DNA fragment coding for the extracellular
region of human Bst2 protein was obtained by PCR, and was
fused at the N-terminus to the signal peptide sequence of tPA
to promote extracellular secretion after being expressed. The
BST2extracellular fragment was also fused at the C-terminus
to IgG1 Fc region of IgG1, IgG2 and IgG4 or the constant
region of kappa chain. The overlapped PCR product was
digested with Xhol and Notl, and cloned into the vector
peDNA3.1 (Invitrogen). These fused fragments were pro-
duced by overlap PCR and primers were as follows and des-
ignated “pcDNA-dBST2-IgGl  Fe¢”?, “pcDNA-dBST2-
kappa”, and “pcDNA-dBST-IgG2HC” or pcDNA-dBST2-
IgG4Fc.

Example 17
PCR Cloning and Fusion Strategy

[0501] PCR cloning and fusion strategy is set forth in FIG.
22. The following priners were used.

Sequence 7
(SEQ ID NO:14)
tPAgig XhoI Fw: 5'-cgctegagacagecatcATGgatyg-3"'

Sequence 8

(SEQ ID NO:15)
201-H-5': B'-cte cca gga cga gce caa ate ttg-3!
Sequence 9

(SEQ ID NO:16)
201-H-3': B'-ttg ggc tcg tec tgg gag ctg ggg-3!
Sequence 10

(SEQ ID NO:17)
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-continued
201-IgGl-3': 5'-ggcggccge TCA ttt acc cgg gga-3'!

Sequence 11
(SEQ ID NO:18)
201-L-5': 5'-ctc cca gga ccg tac ggt ggc tge-3'

Sequence 12
(SEQ ID NO:19)
201-L-3': 5'-acc gta cgg tcc tgg gag ctg ggg-3'

Sequence 13
{SEQ ID NO:20)
201-kappa-3': 5'-ggcggccge TTA aca cte tee cet-3!

Sequence 14
(SEQ ID NO:21)
201-H2-5': 5'-ctc cca gga cgc ctc cac caa ggg-3'

Sequence 15

(SEQ ID NO:22)
201-H2-3': 5'-gtg gag gcg tcc tgg gag ctg ggg-3'
Sequence 16

(SEQ ID NO:23)
201-IgG2-3': 5'-ggcggccge TCA ttt acc cag aga-3'

Sequence 17
(SEQ ID NO:24)
201-H4-3'; 5'-cat att tgg act cgt cct ggg agc-3'

Sequence 18

(SEQ ID NO:25)
201-H4-5'; 5'-ctc cca gga cga gtc caa ata tgg
tee ¢-3!

Sequence 19

(SEQ ID NO:26)
201-IgG4-3'; 5'-gge gge c¢ge TCA ttt ace cag aga
cag g-3'

Example 18
Expression of Soluble Decoy-Fc Fusion Proteins

[0502] Soluble Bst2 decoy-Fc fusion proteins were pre-
pared after transient transfection as described in Example 4.
Stable cell lines expressing Bst2 decoy and Bst2 decoy Fc
fusion proteins were established as described in Example 4.
Large-scale expression and purification were performed as
described in Example 4.

Example 19
PAGE of Purified Bst2 Decoy and Other Fc Fusions

[0503] Fc fusion proteins were purified from the culture
media. After concentration by ultra-filtration, a two-step
chromatography process was used, including Protein A affin-
ity chromatography (Amersham Biosciences, MabSelect)
and size-exclusion chromatography (Amersham Bio-
sciences, Superdex 200).

[0504] Fc fusion proteins were loaded on protein A-packed
column previously equilibrated with PBS buffer (1.06 mM
potassium phosphate monobasic, 155.17 mM sodium chlo-
ride, 2.97 mM sodium phosphate dibasic, pH 7.4). The col-
umn was washed with excess amount of PBS to remove
contaminants. Bound antibodies were eluted by low pH
buffer, such as 50 mM glycine-HCl using a step gradient and
neutralized with the equal volume of 1M Tris (pH 8.0).
[0505] An additional size-exclusion chromatography step
was employed to remove immunoglobulin multimers. The
purified antibody multimer mixture was loaded onto a Super-
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dex 200 column previously equilibrated with PBS (pH 7.4).
The linear flow rate of the buffer was selected from rates
within the range of 50 cmv/h to 150 em/h.

[0506] FIG. 23 shows a representative PAGE gel (4~12%
gradient gel, Invitrogen) stained with Coomassie depicting
various Bst2 fusion proteins following affinity purification.
FIG. 23B shows that high molecular weight, multimeric
forms can be removed by appropriate size-exclusion chroma-
tography.

Example 20
Direct Binding of Bst2 Decoy to Immune Cells

[0507] Flat-bottomed 96-well plates were coated with Bst2
decoy with sodium bicarbonate (100 mM, pH 9.5) for 2 hrs at
37° C. The plates were washed with PBS (pH 7.4) and incu-
bated with 1% bovine serum albumin (BSA)at 25° C. Aftera
rinse with PBS (pH 7.4) containing 1 mM CaCl, and 0.5 mM
MgCl,, U937 cells (1x10%ml) were added to each dBst2-
coated well. After 2 hrs of incubation at 37° C., unbound cells
were removed by two gentle washes with RPM11640 media
(Gibco-BRL) and bound cells were fixed with 2% paraform-
aldehyde for 20 minutes, washed, and stained with 0.5%
crystal violet. After 30 minutes at 25° C., the plates were
washed with PBS and bound cells were counted.

[0508] FIG. 24 shows direct binding of Bst2 decoy to U937
cells. U937 cells were attached to the wells containing Bst2
decoy but not BSA.

Example 21
Plasma Half-Life of Bst2 Decoy-Fc Fusions

[0509] FIG. 25 shows plasma half-life of Bst2 decoy or Fc¢
fusions. The Bst2 decoy protein fused to various stabilizing
IgG Fe regions demonstrated enhanced serum stability, as
indicated by a representative pharmacokinetics plot for two
Bst2 decoy-IgG1 fusions compared to Bst2 decoy alone.

[0510] To determine plasma half-life of Bst2 decoy or other
Fc fusions, rats (Sprague-Dawley males) were surgically
implanted with intravenous catheter. During subsequent ses-
sions, the catheters were connected to an infusion pump. The
protein sample was infused by hand over 1 min through
catheters flushed with heparinized saline to reduce the risk of
clotting. The end of the infusion was designated as time 0.
Blood samples (0.4 ml) were withdrawn from the catheters at
various time points. The plasma was separated by centrifu-
gation and applied to a sandwich ELISA assay for determi-
nation of the plasma concentration of BST2 decoy or other Fc
fusion proteins. The wells in a 96 well plate were coated with
(100 pl/well) a S ug/ml solution of rabbit anti-BST2 poly-
clonal antibody in 50 mM carbonate buffer (pH 9.2) and
blocked with 1% BSA/PBS. Each plasma sample diluted to
fall into the linear range of the standard curve were incubated
at 25° C. for 90 min. After PBS washing, the wells were
incubated with horseradish peroxidase-labeled goat anti-Hu-
man IgG (1:50,000 dilution, Fe¢ specific, Sigma, Cat. No.
A-0170) at room temperature for 1 hour and then treated with
TMB substrate (Pierce). The plates were read at 450 nm in a
plate reader and the data were analyzed using the four-param-
eter curve-fitting program. For standard curve for each dif-
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ferent protein, each purified protein standard was used in the
solution of 1% BSA, 1% rat pre-immune serum with appro-
priate concentrations.

Example 22

Inhibition of Bst2 Decoy-Fc Fusions in the Binding
Between Bst2 Decoy and Cells

[0511] Bst2 decoy-IgG Fc fusion proteins demonstrate a
concentration-dependent inhibition of U937 cell binding to
Bst2 decoy coated cell culture plates indicating that the Bst2
decoy-1gG Fe fusion proteins are functional.

[0512] Competitive inhibition of Fc fusion proteins in the
binding between BST2 decoy and cells was measured as
follows. Flat-bottomed 96-well plates were coated with Bst2
decoy (50 ug/ml) with sodium bicarbonate (100 mM, pH 9.5)
for 2 hirs at 37° C. The plates were washed with PBS (pH 7.4)
and incubated with 1% bovine serum albumin (BSA)at 25° C.
After a rinse with PBS (pH 7.4) containing 1 mM CaCl, and
0.5 mM MgCl,, U937 cells (1x10%ml) were added to each
Bst2-coated well. Before the addition, cells were pre-incu-
bated with BST2 decoy-Fe fusion proteins for 2 hrs at 37° C.
Bound cells were counted as described in Example 20.

Example 23

The Effect of Bst2 Decoy-Fc Fusions on a Mouse
Model of Asthma

[0513] A mouse model of asthma was prepared as
described in Example 8-1.

[0514] The effect of Bst2 decoy-Fc fusions on immune cell
infiltration was assessed as described in Example 8-2. When
ovalbumin-sensitized mice were treated with a Bst2 decoy,
the total number of infiltrating cells was decreased and, espe-
cially, the number of neutrophils, eosinophils and lympho-
cytes except for macrophage was decreased in bronchoalveo-
lar lavage (BAL) (FIG. 27).

[0515] Expression of 11-4, IL-5 and IL-13 was measured in
the murine asthma model as described in Example 8-3 after
injection with Bst2 decoy or Bst2 decoy Fc fusion proteins.
The level of these cytokines was decreased suggesting thatthe
Bst2 decoy proteins may have therapeutic effects on asthma
(data not shown).

Example 24
Creation of Human-Mouse Chimeric Bst2 Mice

[0516] A human-mouse chimeric BST2 mouse is made
using the type of construct as exemplified in FIG. 28. The
targeting vector which replaces the extra-cellular domain and
C-terminus of mouse BST2 (DAMP-1) with the extra-cellular
domain and C-terminus of human BST2 to be used for
homologous recombination in mouse embryonic stem (ES)
cells or other mouse cells is shown. Proper homologous
recombination involves homologous recombination in the
flanking arms shown (x) and cells with proper homologous
recombination would be resistant to selection (e.g. Neomycin
or G418 or other selection marker used). Cells with proper
homologous recombination are selected by screening with
either Southern blotting or PCR after selecting for the Neo-
mycin (G418), which is an exemplified marker. Other selec-
tion markers may be used. To eliminate the Neomycin, or any
other marker, in the targeting vector, one can either transfect
recombined ES cells with an expression vector for Cre recom-
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binase prior to making chimeric mice or one can mate the
chimeric mice with a mouse expressing Cre recombinase.
The chimeric mice can be generated using the recombined ES
cells through standard techniques for generating knock-out,
knock-in or other types of transgenic mice. Since the extra-
cellular portion of the human-mouse chimeric BST2 is iden-
tical to the extracellular domain of human BST2, mice can be
used to test human BST2 antibody in preclinical studies.
Another option s to replace the entire coding region of mouse
BST2 gene with the coding region of human BST2 gene, not
just the coding region of the extracellular domain as it is
shown in this figure, using the same strategy described here.

Example 25

Experimental Procedure for Combination Therapy In
Vitro

[0517] HUVECs were cultured in 12-well plates with or
without transfection of Bst2 siRNA or control siRNA for 6 hr,
then treated with or without IFNy for 24 hr. In some experi-
ments, cells were treated with crude media containing Bst2
decoy or mouse anti-human ICAM1 antibodies. After a wash
with PBS (phosphate buffered saline), U937 cells were resus-
pended in serum free medium at 2x10° cells/ml. Assays were
initiated by the addition of 200 ul U937 cells to HUVEC for
a final volume of 1 ml. After 4 hr at 37° C., unbound U937
cells were removed by washing plates three times with PBS.
Bound cells were fixed by the addition of 4% paraformalde-
hyde in PBS, and the bound cells were counted under micros-
copy in different fields. All statistical analyses were pet-
formed in Excel and statistical significance were evaluated
with Student’s t test. In some experiments, RNA samples
were obtained from HUVECs after treatment with IFNy and/
or siRNAs, and real-time polymerase chain reaction (RT-
PCR) analyses were performed.

Example 26
Results

[0518] FIG. 29 shows that endogenous Bst2 is required for
heterotypic aggregation between endothelial cells (HUVEC)
and monocytic cells (U937) after stimulation with IFNy. In
order to show that the blockage of the endogenous Bst2 is
important for inhibition of the heterotypic aggregation,
HUVEC was treated with Bst2 siRNA to suppress endog-
enous expression of Bst2 prior to IFNy treatment (10 ng/ml,
24 hr). FIG. 30 shows that Bst2 siRNA treatment or ICAMI
siRNA treatment does not affect ICAM1 expression or Bst2
expression in IFNy-treated HUVEC, respectively. RT-PCR
analyses were performed.

[0519] As shown in FIGS. 29 and 30, although both Bst2
and ICAMI are considered to play a role in cellular adhesion,
it is not known whether these two proteins cross-talk and
function in an overlapping pathway or in independent, non-
overlapping pathways. For combined anti-adhesion therapy,
combined inhibition of two adhesion proteins that function in
redundant pathways may be less effective than that with two
proteins in non-overlapping pathways. When ICAMI siRNA
was added to the Bst2 siRNA reaction (B+T siRNA), [CAM1
siRNA did not result in further decrease in Bst2 expression,
suggesting that ICAM1 is not required for Bst2 expression.
Similarly, addition of the Bst2 siRNA to the ICAM1 siRNA-
mediated reaction (I+B siRNA) did not cause any further
reduction in ICAMI1 expression, suggesting that Bst2 is not



US 2008/0299128 A1l

required for ICAM1 expression. These data indicate that Bst2
and ICAM1 may mediate cell adhesion via non-overlapping
pathways.

[0520] FIG. 31 shows that combination treatment of Bst2
siRNA and ICAM1 siRNA shows additive effects in hetero-
typic adhesion assay. And FIG. 32 shows the dose-dependent
response of anti-ICAM1 or Bst2 decoy in heterotypic adhe-
sion assay, and a quantitative analysis of the dose-dependent
response of anti-ICAM1 and Bst2 decoy.

[0521] Based on the siRNA experiments in FIG. 31, cell
adhesion assay was performed in the presence of mouse anti-
human ICAM1 antibody or Bst2 decoy. Conditioned media
containing Bst2 decoy was used. The amount of Bst2 decoy in
the crude cell supernatant was roughly estimated by compar-
ing the band intensities of the His-tagged Bst2 decoy and the
protein standard after SDS-PAGE.

[0522] FIG. 33 shows that combination treatment of Bst2
decoy and anti-ICAM shows additive effects in cell adhesion.
Suboptimal doses of Bst2 decoy (100 ng/ml) and anti-ICAM1
(1 ug/ml) were used. Cell adhesion was completely inhibited
to the control level when both Bst2 decoy and anti-ICAM1
were used.

[0523] Theresults shown in FIGS. 29-33 suggest that com-
bined treatment of the Bst2 blockers and blockers of other
immune, inflammatory mediators may be beneficial for treat-
ment of many immune, inflammatory disorders. Such block-
ers that may be used with the Bst2 blockers include CTLA4-
Ig or blockers of TNF alpha, I1.6,11.1, LFA1, alpha 4 integrin,
ICAMI1 or VCAMI. In addition, combination treatment of
the Bst2 decoy-Fc or anti-Bst2 with cyclosporine or gluco-
corticoid that suppress immune, inflammatory responses may
be beneficial for transplantation conditions or many diseases
that require corticosteroid treatment, respectively.

[0524] For preclinical studies in rat or mouse models, rat or
mouse monoclonal antibodies against many of the rat or
mouse proteins listed above (TNFR, IL6R, ILIR, LFAI,
alpha 4 integrin, [CAM1, VCAMI) are commercially avail-
able (Abcam or other companies). CTL A4-Ig may have to be
produced in-house. For the protein targets where monoclonal
antibodies are not available or if it is not desirable to use
monoclonal antibodies, soluble receptor decoy proteins of the
corresponding protein targets, for example, TNFR-Fc
(soluble TNFR1), could be used for combination therapy in
animal models.

Example 27
The Possibility that Bst2 May be Its Own Ligand

[0525] Bst2 is known to form a homodimer after activation.
Consistent with this, it appears that Bst2 decoy is expressed as
a dimer or higher multimers. This dimerization property of
Bst2 suggests the possibility that Bst2 may serve as its own
ligand in cell-cell interaction.

[0526] For testing this possibility, U937 cells are incubated
with anti-Bst2 antibody, and the antibody-treated U937 cells
are added to HUVECs after interferon treatment. In another
experiment, U937 cells are treated with Bst2 siRNA or con-
trol siRNA, and the siRNA-treated U937 cells are added to
HUVEC:s after interferon treatment.

[0527] IfBst2 on U937 cells is required for cell-cell inter-
action, U937 cells treated with anti-Bst2 or Bst2 siRNA
would not bind to HUVECs. These results indicate that Bst2
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on U937 cells interacts with Bst2 on HUVECs for adhesion
identifying Bst2 as one of the possible Bst2 L proteins.

Example 28

Identification of Bst2 L Using Genome Wide Full-
Length cDNA (GFC) Arrays and Fluorometry

[0528] Bst2 L may be screened using the GFC-Arrays (Ge-
nome Wide Full-Length cDNA Arrays) (OriGene Technolo-
gies, Rockville, Md.). GFC-Arrays are sets of transfection-
ready cDNA plasmids in the mammalian expression vector
pCMVsport6 (GIBCO) arrayed in disposable 384 well plates.
Each well contains 62.5 ng of a single lyophilized ¢cDNA, a
concentration optimized forreverse transfection into a variety
of cells. The standard protocol for reverse transfection is
appropriate for most commonly used cell types. The collec-
tion contains over 24,000 transfection-ready full-length
human ¢DNA clones. GFC array also provides a subset of
human gene arrays such as the arrays of Transmembrane
Proteins and Druggable Genes (genes for enzymes/receptors
to which drugs can be targeted). These two subset arrays (or
the whole set arrays) may be screened for binding activity to
Bst2 decoy Fc.

[0529] Briefly, by means of a high-throughput transfection
methodology, individual genes are transfected into human
cells such as 293T, CHO cells, COS cells or any other mam-
malian cells. To each well of 384-well plates containing 62.5
ng of a distinct cDNA is added 20 ul of serum-free medium
containing FuGENE 6 (Roche). Forty microliters of 20%
FBS DMEM media containing 293T, CHO cells, COS cells or
other mammalian cells are plated in each well. After 48 h at
37° C. in 5% CO2, optimized amount of Bst2 decoy Fc is
added to each well and labeled with FITC labeled anti-Fc
antibody. Fluorescence is analyzed using microplate fluo-
rometry (384 well format). Each well that scores positive is
retested on both Bst2 decoy Fe and control Fe. After screen-
ing with GFC-Arrays, each positive well is validated via
standard transfection with the specific cDNA plasmid. All
cDNAs in GFC-Arrays are available separately in OriGene
(Rockville, Md.).

Example 29
Isolation of Bst2 L Via Expression Cloning

[0530] Expression cloning method requires identifying an
abundant in vitro cell source for Bst2 L to construct a plasmid
c¢DNA expression library. The ¢cDNA expression library is
then screened for Bst2 L using Bst2 decoy Fe or biotinylated
Bst2 decoy with a panning technique.

Example 29-1

Identification of an Abundant In Vitro Cell Source
(Source Cell) for Bst2 L.

[0531] Recombinant Bst2 decoy-Fc fusion protein is used
to identify a putative cell line or primary cells expressing Bst2
L abundantly on the surface. Various cell lines and primary
hematopoietic cells are screened. The possible cell sources
for Bst2 L include but are not limited to, T cells, monocyte/
macrophage cell lines such as human U937 cells, mouse
RAW 264.7 cells, primary hematopoietic cells, B cells, den-
dritic cells, endothelial cells and fibroblasts. Mouse and rat
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cell lines are searched as well using rat Bst2 decoy-Fc fusion
protein and mouse Damp1 decoy-Fc fusion protein, respec-
tively.

[0532] Because the human Bst2 decoy and the mouse
Damp1 decoy function interchangeably in the cell adhesion
assay and in the in vivo ovalbumin-induced asthma model as
shown in FIGS. 15 and 27, the source cell line may be
screened by both the mouse Dampl decoy-Fe and human
Bst2 decoy-Fc fusion proteins regardless of the species of the
cell lines or primary cells used.

[0533] Cell lines or primary cells are screened for the pres-
ence of Bst2 L by indirect immunofluorescence or FACS
(Fluorescence-activated cell sorter) analysis after staining
with FITC-labeled human Bst2 decoy-Fc or mouse Dampl
decoy-Fc fusion proteins, followed by secondary antibody
staining, for example, with goat F(ab') anti human IgG sec-
ondary antibody (Smith C A, Gruss H I, Davis T, Anderson D,
etal. 1993, Cell 73, 1349-1360). The cells are then analyzed
by FACS.

Example 29-2

Validation of the Bst2 L Source Cell Via FACS
Analysis with FITC-Labeled Bst2 Decoy-Fc

[0534] The source cell line identified as above should show
significant specific binding to FITC-labeled Bst2 decoy-Fc
compared to the control Ig. Secondary antibody alone and
purified human IgG Fe alone should not bind to the surface of
the source cell line. These results indicate that binding of the
Bst2 decoy-Fc is due to the Bst2 or Damp1 decoy moiety but
not to the Fc portion of the probe. In order to further demon-
strate the binding specificity, the binding should be inhibited
by unconjugated Bst2 decoy but not by the unrelated control
protein.

Example 29-3

Validation of the Bst2 L Source Cell Via Visualiza-
tion of Bst2 L with '*°I-Bst2 Decoy (Fc)

[0535] For validation, the source cells are incubated with
1257 Jabeled-Bst2 decoy, or -Bst2 decoy Fc in the presence or
absence of an excess amount of nonradioactive Bst2 decoy
protein. Iodination by the lactoperoxidase method has been
described (Urdal et al., 1988, J. Biol. Chem. 263:2870-2877).
Cells are then incubated with crosslinker [bis(sulfosuccinim-
idyl)suberate]. Proteins are solubilized with 1% Triton X-100
cocktail, subjected to SDS-PAGE and visualized by autorad-
iography.

[0536] When the source cell line is found and validated as
described (Example 29-1, 29-2 and 29-3), it may be possible
to obtain a variant cell line that expresses an elevated number
of the Bst2 L after many cycles of FACS analysis of the most
brightly stained cell source.

Example 29-4

Construction of a Plasmid ¢cDNA Expression Library
from a Source Cell Line for Panning

[0537] Forisolationof Bst2 L, a cDNA expression library is
constructed from the Bst2 L source cell identified and vali-
dated as above. A directional oligo-dT primed plasmid cDNA
library is constructed from the source cell nRNA and ligated
into the mammalian expression vectors (Invitrogen). The
library is divided into pools of 1000 clones, and plasmid DNA
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of each pool is obtained. According to the method of Seed and
Aruffo (Seed B, Arrufo A. Proc. Natl. Acad. Sci. USA, 1987,
84:3365) and its modification by Lacey et al. (Cell, 93:165,
1988), DNAs from individual pool are transfected into COS7
cells. After approximately 48-72 hr, cells are stained with
human Bst2 decoy-Fc fusion for approximately 1 hr, washed
and then fixed with paraformaldehyde or glutaraldehyde.
Cultures are treated with enzyme-linked secondary antibod-
ies such as alkaline-phosphatase conjugated goat anti-human
IgG (Fe specific) antibody and immune complexes are
detected by assaying for, for instance, alkaline phosphatase
activity. One positive pool is selected, plasmid DNA is pre-
pared for E. coli transformation. The E. coli transformants are
used for the next cycle of enrichment. By repeating this cycle,
the specific cDNA encoding the Bst2 L protein can be highly
enriched yielding single cDNA clones.

[0538] The selected plasmid DNA is then transfected into
COS7 cells and immunostained with either human 1gG Fe
domain, human Bst2 decoy-Fc fusion protein, or unrelated Fc
fusion protein, followed by FITC-conjugated secondary anti-
body. At this stage, only the human Bst2-Fc¢ fusion protein
should bind to the source cell. These results then indicate that
this source cell (orcell line) encodes Bst2 [ and displays Bst2
L on its cell surface.

[0539] Inanalternative approach, panning plates are coated
with anti human IgGl Fe polyclonal antibody (Jackson
Immunoresearch) and then coated with Bst2 decoy-Fc.
Blocking with bovine serum albumin may be necessary.
COS7 cells transfected as described above are then added to
the plates and adherent cells are suspended by treatment with
EGTA and EDTA. The rest of the method for panning is
similar as described above.

Example 29-5

Isolation of Bst2 L Via Expression Cloning Using
Biotinylated Bst2 Decoy as a Probe and Panning

[0540] Inanalternative approach, if the source cell contains
a very high level of Bst2 L, Bst2 L. may be isolated using
biotinylated Bst2 decoy as a probe by following the method
by Harada etal. (Proc. Natl. Acad. Sci. 1990, USA 87:857).In
this method, biotinylated Bst2 decoy is crosslinked to cells
expressing Bst2 L, and Bst2 L-expressing cells are enriched
by panning on anti-biotin antibody-coated plates. It was
reported that cross-linking is essential, for cells would not
attach to the panning plate without it.

[0541] Construction of cDNA library and transient trans-
fection to COS7 cells are performed as described above (see
Example 29-4). After 48-72 hr, cells are detached by incuba-
tion with PBS containing 5 mM EDTA. Biotinylated Bst2
decoy is added and crossed-linked to cells. Cross-linked cells
are added to the panning plate coated with anti-biotin anti-
body. Plasmid DNA is recovered from the cells attached to the
plate and is used to transform E. coli. The amplified plasmid
DNA is used for the next cycle of enrichment until it yields a
single clone. COS7 cells transfected with one of these clones
should then bind '**I-labeled Bst2 decoy specifically.

Example 29-6

Isolation of a Full-Length ¢cDNA of Bst2 L After
Panning

[0542] Asthe DNA insert obtained after panning in expres-
sion cloning (see Examples 29-4 and 29-5) is likely to be a
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shorter truncated cDNA, a full-length cDNA cloning is nec-
essary. Commercially available cDNA libraries (Clontech) is
searched first using the short cDNA selected from the above
procedures as a probe. The full-length cDNA of Bst2 L is
obtained by screening a ¢cDNA library from the source cell
line using the short cDNA as a probe. Northern blot analysis
of the mRNAs from the source cell line would show the Bst2
L transcript(s). Commercially available Northern blots
(Clontech) may also be used to visualize the transcript.
[0543] After obtaining a full-length ¢cDNA, nucleotide
sequencing is performed. Sequences for a signal peptide,
potential kinase domain, or any other interesting domains are
searched.

[0544] 1If a signal peptide is detected in the nucleotide
sequences, whether Bst2 L 1s released into media is tested.
Bst2 L is epitope-tagged (for example, hemagglutinin) at the
C-terminal and 2937 cells are transfected with the expression
vector for the Bst2 L-tag (HA). Western blot of cell extracts or
conditioned media is probed with anti-tag (HA) antibody. If
released into conditioned media, a smaller band than that
observed in cell extracts are detected in the conditioned
media. Affinity purification of the soluble protein and N-ter-
minal sequence analysis of the soluble protein reveal the
cleavage site.

Example 30

Direct Purification of the Rat Bst2 L or Damp! L
from an Abundant Animal Tissue Source (or Cell
Line) and the Homologue Search for Human Bst2 L

[0545] The direct purification method described here can
be applied to human cell line membrane preparations if an
abundant source cell line for the human Bst2 L is identified
using the method described in Example 29-1. The cell line (or
cell culture) sources, however, may not be convenient or too
expensive to provide sufficient material for biochemical char-
acterization and purification. Thus, alternate tissue sources
from animals may be pursued. Animal Bst2 L such as rat-,
dog-, rabbit-Bst2 [ or Damp1 L could be identified first for
subsequent human homologue search. Animal Bst2 L can be
identified using direct purification methods after identifying
an abundant tissue source in rats, dogs, rabbits, mice or other
animals.

[0546] The first step for this method is to identify an abun-
dant in vivo tissue source for Bst2 L in animals. Although any
species of animals may be used, the methods described below
are illustrated using rats.

[0547] The distribution of Bst2-specific binding activity in
rat tissues is examined by uptake studies (Yang et al. J. Exp.
Med 174:515, 1991) of '**I-Bst2 decoy-BSA or RSA (rat
serum albumin). The methods below, the modification of the
method used for isolation of the receptor for advanced glyca-
tion end products (RAGE), are illustrated with '*°I-Bst2
decoy-RSA as a binding probe. Once the uptake study dem-
onstrates a major site of Bst2 L, direct purification including
affinity purification steps using the Bst2 decoy-BSA
Sepharose 4B column is performed using solubilized and
fractionated membrane proteins. All column fractions are
analyzed for binding activity by the solid-phase Bst2 decoy
binding assay (see below). At the end of the purification step,
the protein bands are excised and electro-eluted for amino
acid sequencing analysis. The human homologue may be
searched and cloned afterward.
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Example 30-1

In Vivo Tissue Distribution of BST2 Decoy Binding
Activity

[0548] Invivo animal tissue source for Bst2 L can be iden-
tified by measuring the sequestration of '*’I-labeled Bst2
decoy-RSA (rat serum albumin) or-BSA (bovine serum albu-
min). For tissue distribution studies, formaldehyde modified
Bst2-RSA or Bst2-BSA is prepared as described in other
studies (Horiuchi et al. ] Biol Chem 261: 4962, 1986), by
incubating RSA or BSA with formaldehyde. The protein is
then radioiodinated. Similarly, normal RSA or BSA is iodi-
nated to a comparable specific activity. Freshly drawn rat
RBC are labeled with *'Cr to allow subsequent correction for
tissue counts for blood-associated radioactivity.

[0549] The distribution of Bst2-specific binding activity in
rat tissues is examined by uptake studies of '*°I-Bst2-RSA
(BSA). Either '*’I-Bst2-RSA(BSA) or "*’I-normal RSA
(BSA) is injected intravenously into rats along with 3'Cr-
labeled RBC (red blood cell). Aliquots of blood are drawn at
several time intervals, and various organs are removed and
counted for radioactivity. The specificity of Bst2 ligand
uptake in organs is assessed by injecting the animals with
excess nonlabeled Bst2-RSA(BSA) before administration of
the labeled Bst2. The RBC are lysed with water, and protein
is precipitated with 20% TCA. The tissue-to-blood isotope
ratio is calculated by the formula as described in Williamson
et al. Diabetes 36:813 (1987). Whole organ counts are cor-
rected for blood associated counts.

[0550] Tissue accumulation of Bst2-RSA(BSA) should not
be affected by the prior injection of excess nonlabeled RSA
(BSA), while pre-treatment of rats with excess nonlabeled
Bst2-RSA(BSA) should decrease the accumulation of Bst2-
RSA(BSA) in that organ. The uptake of Bst2-RSA(BSA)
should remain low in all other major organs, with or without
the nonlabeled competitor. When these criteria are met, the
organ represents a potentially rich source for the isolation of
the Bst2-binding proteins.

Example 30-2

Confirmation of the In Vivo Tissue Source for Bst2 L
Via Solid-Phase Binding Assay and Ligand Blotting
Assay

[0551] Once the uptake study demonstrates a major site of
BST2 decoy protein sequestration and the potential tissue
source for Bst2 L, membrane proteins of the tissue are pre-
pared according to the standard protocols specific to the tis-
sues or organs. The binding activity of tissue extracts can be
demonstrated by solid phase binding assay and ligand blot-
ting assay with '*’I-Bst2 decoy as described below. These
assays confirm and validate the in vivo tissue source for Bst2
L.

[0552] Solid-Phase Binding Assay.

[0553] A solid-phase binding assay is required to facilitate
the isolation of the Bst2 L from tissue. Detergent-solubilized
membrane proteins are immobilized onto nitrocellulose and
probed for ligand specific binding activity with '*°I-Bst2
decoy-RSA or '#°I-Bst2 decoy-Fe. The ligand should bind to
the '**I-Bst2 decoy in a saturable and dose-dependent man-
ner, and the binding should be blocked by antibody to Bst2



US 2008/0299128 A1l

and/or by unlabeled Bst2 decoy-Fc or Bst2 decoy. Expression
of Bst2 L in transfected cells should also allow the cells to
bind *2*1-Bst2 decoy in a saturable and dose-dependent man-
ner. Using similar detergent-solubilized membrane prepara-
tions from other organs, the same solid phase Bst2 binding
assay may be performed to confirm the in vivo source of the
Bst2 L.

[0554] Ligand Blotting Assay to Visualize Bst2 L. from the
Identified Tissue Source.

[0555] Ligand blotting assay to visualize the Bst2 [, band
from the identified tissue source is carried out. Proteins
obtained from the identified tissue source for Bst2 L are
electrophoretically separated on SDS-PAGE and blotted onto
nitrocellulose membranes, incubated with *>°I-BST2-BSA
(or Bst2 decoy Fc), and the ligand binding is evaluated by
autoradiography.

Example 30-3

Direct Purification of Bst2 L from Solubilized Mem-
brane Preparations of the In Vivo Tissue Source

[0556] After identification and confirmation of the in vivo
tissue source of Bst2 L as described above, direct purification
of Bst2 L can be performed using the solid-phase Bst2 decoy
binding assay (see Example 30-2) as a means of monitoring
Bst2 L activity. Membrane preparations from animal tissues
(Example 30-1) or Bst2 L source cell lines (human or other
species) (Example 29-1) are used.

[0557] Several purification steps including column chro-
matography and affinity chromatography can be used. It is
desirable to employ Bst2 (Bst2 decoy)-BSA sepharose 4B
column for affinity purification after one or two crude purifi-
cation steps such as DEAE column or Sephadex column. The
proteins bound to the afffiity column are eluted, concentrated
and analyzed for '2°-Bst2 (Bst2 decoy)-BSA binding activity.
Preparative electrophoresis is then performed. The protein
bands are excised and electro-eluted for N-terminal amino
acid sequencing analysis.

[0558] Human homologue can be identified based on the
rat, dog or rabbit Bst2 L. sequences or mouse Dampl L
sequences.

Example 31
Isolation of Bst2 L. Via Yeast Two Hybrid System

[0559] Bst2 Lisisolated using the yeast two-hybrid system
that relies on the reconstitution of the GAL4 transcriptional
activator in the yeast S. cerevisiae (Fields S and Song OK,
1989, Nature 340:245-246). For example, commercially
available library obtained from activated human T cells
(Clontech) may be screened with the bait containing the
extracellular domain of Bst2 using commercially available
yeast two-hybrid kit.

Example 32

Validation of the Isolated Bst2 L Via In Vitro Bind-
ing Assay

[0560] The Bst2 L isolated as above (Examples 28-31)
should bind Bst2 (Bst2 decoy) specifically in vitro. The Bst2
(Bst2 decoy)-Bst2 L interaction can be determined in many
different assays, and several examples of such assays are
described below.
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[0561] 1In one aspect, COS7 cells are transfected with the
expression vector containing the full-length cDNA, and incu-
bated with various concentrations of 1*°I-labeled Bst2 decoy-
Fc in the presence or absence of unlabeled Bst2 decoy (Bst2
decoy-Fc) or unrelated protein (unrelated protein-Fc) in
excess. Unlabeled Bst2 decoy (Bst2 decoy Fc) should com-
pletely block binding of radiolabeled Bst2 decoy-Fc. These
results will indicate that Bst2 L specifically binds biologically
active Bst2, Bst2 decoy or Bst2 decoy-Fc. The binding data
are then analyzed to determine the affinity and number of sites
per cell as described (Munson P I, Rodbard D, 1980, Anal.
Biochem.1 107:220-239).

[0562] In another aspect, Bst2-Bst2L interaction can be
determined by FACS analysis. 293 cells, CHO cells or COS
cells are transiently transfected with Bst2 L. After 24-48 hr,
the cells are then incubated for 1 hr with a recombinant
biotinylated Bst2 decoy Fc. The cells are furtherincubated for
30 minutes with phycoerythrin-conjugated streptavidin
(Gibco BRL) and then analyzed by fluorescence activated cell
sorting (FACS).

[0563] In another aspect, Bst2-Bst2 L interaction can be
determined by co-immunoprecipitation assay. Purified Bst2
L is incubated with Bst2 decoy Fc and immunoprecipitated
with protein A sepharose. Precipitates are resolved by SDS-
PAGE and visualized by immunoblot with anti-Bst2 L.
[0564] Inanotheraspect,arecombinant Bst2 L is produced,
for example, in E. coli, and ***I-labeled Bst2 L is exposed to
the wild-type, deletion mutants of Bst2, Bst2 decoy or Bst2
decoy-Fc, and control proteins immobilized to nylon filters
after non-reducing SDS-PAGE. '*’I-labeled Bst2 L should
recognize the Bst2 proteins. This assay confirms the direct
binding of Bst2-Bst2 L in vitro. When various deletion
mutants of Bst2, Bst2 decoy or Bst2 decoy Fc proteins are
employed, the binding domain of Bst2 that binds to Bst2 L
can be also determined.

Example 33
In Vitro Function of the Isolated Bst2 L

[0565] Cells treated with recombinant Bst2 [ may elicit
inflammatory responses. Cells including HUVECS are
treated with recombinant Bst2 [, inflammatory cytokines
such as interferon gamma, or combination of Bst2 L. and
cytokines. Cytokine production of these cells and U937 adhe-
sion to these cells are measured. It is expected that Bst2 alone
or in combination with inflammatory cytokines would
enhance inflammatory responses and cell-cell adhesion. Bst2
decoy or Bst2 decoy-Fc should block these effects in vitro.
Similarly, T cell activation and proliferation assays can be
used to test the in vitro function of Bst2 L. These data indicate
that Bst2 L directly mediates cell-cell interactions and Bst2
and Bst2 L are key regulators of immune, inflammatory
responses. These assays can be repeated using rat or mouse
cells to examine whether human Bst2 L, functions in the rat or
mouse system. These data indicate that Bst2 L directly medi-
ates cell-cell interactions and that Bst2 and Bst2 L are key
regulators of immune-inflammatory responses.

Example 34
In Vivo Function of the Isolated Bst2 L

[0566] Mice or rats are injected with recombinant Bst2 [,
Dampl L or rat Bst2 L. After injection, in vivo inflammatory
parameters such as cytokine release are assessed. It is
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expected that Bst2 I (Damp1 L) injection would result in
proinflammatory responses. These inflammatory responses
should be blocked by the injection of Bst2 (Damp1) decoy Fc
or anti-Bst2 (Dampl) antibodies. In another approach, anti-
Bst2 I antibodies should also show anti-inflammatory
effects. Such anti-Bst2 L antibodies can then be used as
another therapeutic agent blocking the Bst2-Bst2 [ interac-
tion.

Example 35

Biochemical and Biological Characterization of Bst2
Ligand

[0567]
criteria.
[0568] Measurement of the binding properties of the full-
length Bst2 L protein. COS7 cells are transfected with the
expression vector containing the full-length cDNA, and incu-
bated with various concentrations of '**I-labeled Bst2 decoy-
Fc and cell-bound radioactivity is measured. Competition
with excess unlabeled Bst2 or Bst2 decoy-Fc, but not unre-
lated protein or unrelated protein-Fc, should completely
block binding of radiolabeled Bst2 decoy-Fc. These results
indicate that Bst2 L specifically binds biologically active
Bst2, Bst2 decoy or Bst2 decoy-Fe. The binding data are
analyzed to determine the affinity and number of sites per cell
as described in Munson P I, Rodbard D, 1980, Anal. Bio-
chem.1 107:220-239.

[0569] Determination of the ligand-binding domain of Bst2
using '**I-labeled Bst2 I as a probe. A recombinant Bst2 [ is
produced, for example, in E. coli, and '*°1 labeled Bst2 L is
exposed to the wild-type or deletion mutants of Bst2 or Bst2
decoy-Fe and control proteins immobilized to nylon filters
after non-reducing SDS-PAGE as described in studies by
Chenetal. (Chenetal.,1995; J. Biol. Chem. 270:2874-2878).

Bst2 Lisolated should meet the following biological

Example 36
Construction of Bst2/Dampl Oriented Fab Library

[0570] Human Bst2-decoy or mouse Dampl-decoy protein
expressed in CHO cells was immunized into rabbits (New
Zealand White) by the appropriate amount of injection with
adjuvant (RIBI’s or Freund’s Incomplete/Complete) until the
saturation of antibody titer specific to Bst2/Damp]1 antigens.
The antibody titer of immunized rabbits was determined by
enzyme linked immunosorbent assay (ELISA) using horse-
radish peroxidase (HRP)-conjugated anti-His antibodies
which recognize His tagged at C-termini of decoy proteins.
[0571] For preparation of Fab-display phage libraries, total
RNA was prepared from bone marrow and spleen of the
immunized rabbit using TRI reagent. First-strand cDNA was
synthesized by using the Superscript 1I First-strand synthesis
system with oligo (dT) priming (Invitrogen).

[0572] The first-strand cDNAs from each rabbit were sub-
jected to first round PCR using Expand High Fidelity PCR
System (Roche Molecular System) and 10 primer combina-
tions for the amplification of rabbit V, coding sequence and 4
primer combinations for the amplification of rabbit VH cod-
ing sequences were used. Human Ck and Cg,l coding
sequences were amplified from Fab. The anti-sense primers
consist of a hybrid rabbit/human sequences designed for the
fusion ofrabbit V,; and V, coding sequences to human C, and
CH1 coding sequences. In the second round of PCR, the first
round variable region rabbit V, were overlapped with human
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constant CH1, and the first round variable region rabbit VL
were overlapped with human constant Ck. In the third round
of PCR, the chimeric light chain products and chimeric heavy
chain fragments were joined by an overlap extension PCR.

Example 36-1
The First Round PCR Primer Sets
[0573]

* Vk5' sense Primers

(SEQ ID NO:27)
RSCVK1 5' ggg ccc agg cgg ccg agc tcg tgm tga ccc
aga ctc ca 3!

(SEQ ID NO:28)
RSCVK2 5' ggg ccc agg cgg ccg agc tcg atm tga cce
aga ctc ca 3!

(SEQ ID NO:29)
RSCVK3 5' ggg ccc agg cgg ccg agc tcg tga tga ccc
aga ctg aa 3'

* VK 3' reverse Primers

(SEQ ID NO:30)
RHybK1-B 5' aga tgg tgc age cac agt teg ttt gat
ttc cac att ggt gcc 3!

(SEQ ID NO:31)
RHybK2-B 5' aga tgg tgce age cac agt teg tag gat
c¢te cag cte ggt ccee 3!

(SEQ ID NO:32)
RHYbK3-B 5' aga tgg tge age age agt teg ttt gae
gac cac cte ggt cee 3!

* VA 5' senge Primers

(SEQ ID NO:33)
RSCL1 5' ggg cce agg ¢gg ccg age teg tge tga cte
agt cge cet ¢ 3

* VA3' reverse Primers

(SEQ ID NO:34)
RHybL-B 5' aga tgg tgc age cac agt teg gee tgt gac
ggt cag ctg ggt cecc 3!

* VH 5' gense Primers

(SEQ ID NO:35)
RHyVH1 5' gect gec caa cca gec atg gee cag teg gtg
gag gag tce rgg 3!

(SEQ ID NO:36)
RHyVH2 5' gct gec caa caa gec atg gee cag teg gtg
aag gag tecc gag 3!

(SEQ ID NO:37)
RHyVH3 5' gct gec caa cca gec atg gee cag teg ytg
gag gag tee ggg 3!

(SEQ ID NO:38)
RHyVH4 5' gct gec caa cca gec atg gee cag sag cag
ctg rtg gag tec gg 3!

* VH 3' reverse Primers

(SEQ ID NO:39)
RHyIgGCH1-B 5' cga tgg gecc ctt ggt gga gge tga rga
gay ggt gac cag ggt gecc 3!

* Primer for Amplification of the Human C; Region
and the pelB Leader Sequence from a Cloned

Human Fab
(SEQ ID NO:40)
HKC-F(sense} 5' cga act gtg gect gea cea tet gte 3!
(SEQ ID NO:41)
Lead-B(reverse) 5' ggc cat gge tgg ttg gge age 3°'
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*Primers for Amplification of the Human CH1 chain
from a Cloned Human Fab

(SEQ ID NO:42)
HIgGCH1-F(sense) 5' aga agc gta gtc cgg aac gtc 3!

(SEQ ID NO:42)
dpseqg(reverse) 5' aga agc gta gtc cgg aac gtc 3!

Example 36-2
The Second Round PCR Primer Sets
[0574]

* Primers for PCR Assembly of Rabbit VL Sequences
with the Human CK PCR Product

(SEQ ID NO:44)
RSC-F(sense} 5' gag gag gag gag gag gag gcg g9y
cce agg cgg ccg age te 3!

(SEQ ID NO:41)
Lead-B(reverse) 5' ggc cat gge tgg ttg gge age 3!

* Primers for PCR Assembly of Rabbit VH Sequences
with the Human CH1 PCR Product

(SEQ ID NO:45)

lead VH(sgense) 5' gect gec caa cca gec atg gee 3!
(SEQ ID NO:46)
dpseq(reverse) 5' aga agc gta gtc cgg aac gtc 3!

Example 36-3
The Third Round PCR Primer Sets

[0575] Primers for PCR Assembly of Chimeric Light-chain
Sequences with Chimeric Heavy-chain(Fd) Sequences

(SEQ ID NO:44)
RSC-F(sense] 5' gag gag gag gag gag gag gcg ggg
cce agg cgg ccg age tc 3!

(SEQ ID NO:47)

dp-EX(reverse) 5' gag gag gag gag gag gag aga agc
gta gtc cgg aac gtc 3!
[0576] The resulting PCR products digested with Sfil were
ligated into phagemid vector pComb3X (gene bank
AF268281) and transformed into XL1-Blue/F'. The phage
library was obtained from the overnight culture media after
absorption of helper phage VSCM13, followed by the addi-
tion of PEG and NaCl.

Example 37

Panning of Fab Libraries for Anti-Bst2 or Anti-
Damp1 Antibodies

[0577] A Total of four rounds of panning were performed.
For high affinity antibody clone to Bst2 and Damp1, dynal-
bead (DYNAL, Cat. No. 143.01) panning method using
obtained chimeric Fab phage library was used.

[0578] Dynalbeads M270, Epoxy were coated with Bst2
decoy, Damp1 decoy or bovine serum albumin (BSA) for
16-24hrat37° C. Bst2 decoy coated beads were washed with
PBS (1.06 mM potassium phosphate monobasic, 155.17 mM
sodium chloride, 2.97 mM sodium phosphate dibasic, pH 7.4)
and 0.5% tween 20 in PBS and then suspended in 0.5% BSA
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in PBS. For removal of nonspecific binding, Bst2 phage
library were preincubated with BSA coated beads. The pre-
cleared phage pools were incubated with Bst2-beads for 2 h at
room temperature and washed with 0.5% tween20 in PBS at
several times by the magnetic separation method for removal
of nonspecific binding phages. Specific binding phage were
eluted by the incubation of 0.1M sodium citrate (pH 3.0, 0.45
ml) for 10 min twice and neutralized with the addition of 1M
Tris-HCI (pH 9.5, 0.1 ml). The eluted phages were infected to
logarithmically growing XL1-Blue F' and amplified by helper
phage VSCMI13 for overnight. Phages were prepared by the
precipitation with 4% PEG and 3% NaCl (w/v), and then
suspended with 1% BSA and 0.02% NaN3 in PBS buffer. The
output phage pool of each round was monitored by phage
ELISA in using anti-HA-Horseradish peroxidase (Roche, Cat
No 2 013 819). The Damp1 decoy specific phage pools were
selected as the same protocol as Bst2 specific ones described
above.

Example 38

Screening of Fab Libraries for Antibodies Specific
for Both Bst2 and Damp1

[0579] For selection of clones reactive to both Bst2 and
Dampl, single phage clone was inoculated in 2xYT broth
containing 30 pg/ml tetracyclin, 50 ug/ml carbenicillin, and
1% glucose and cultured at 37° C. overnight. Culture super-
natant was sub-cultured in 2xY'T broth containing 30 pg/ml
tetracyclin, 50 pg/ml carbenicillin on a 96 deep-well plate and
amplified in using helper phage VSCM13 and kanamycin.
After overnight culture, the phage supernatant was obtained
by centrifugation for 30 min at 3000 rpm and used in the
Bst2/damp1 binding assay in an ELISA format.

[0580] Each well on a 96well maxi-sorp plate (Nunc) was
coated with 1 pg of Bst2 decoy or Dampl decoy at 4° C.
overnight and blocked by incubation of 5% BSA in TBS (50
mM Tris-HCI, 150 mM NaCl, pH7.4) for 2 hr 37° C. Then,
100 ul of phage supernatant was subsequently added for 1 hr
37° C. Each well was washed with 0.05% Tween20 in TBS
(7.4 pH) and added with 100 pl of horseradish peroxidase
conjugated anti-HA antibody for 1 hrat 37° C. After washing
as above, 200 pl OPD (0-Phenylenediamine dihydrochloride,
0.4 mg/ml, Sigma) solution was added, followed by the addi-
tion of 50 ul of 3M sulfuric acid (50 pl) as a stop solution.
Results are shown in FIG. 36.

Example 39
Expression of Selected Antibodies

[0581] Positive phage clones obtained above were analyzed
by DNA sequencing and chosen based on sequence align-
ment. See FIG. 37.

[0582] For expression in whole IgG1 form, each phage Fab
DNA fragment was cloned into the expression vector, pCDH
and pCDK, derived from pCDNA 3.1 (Invitrogen).

[0583] pCDH is an intermediate cloning vector for the
expression of a full-length IgG heavy chain. The CH1-CH2-
CH3 domains of an IgG heavy chain were PCR amplified
from a whole pCDH is an intermediate cloning vector for the
expression of a full-length IgG heavy chain. The CH1-CH2-
CH3 domains of'an IgG heavy chain was PCR amplified from
a whole blood cell ¢cDNA library (Clontech) using primers
R1-CHI and CH3-Notl cloned into the EcoR1, Notl site of
pecDNA3.1 following EcoR1 and Notl restriction digestion.
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A secretable full length TgG heavy chain was reconstructed by
fusing the secretion signal for tPA 5' to the heavy chain
variable region through overlap PCR cloning by first PCRing
the tPA signal peptide with primers R1-tPAS and tPA3 from
the library used above and PCRing the variable region and
CHI1 from the phagemid used to express the Fab fragment
with Heavy_CH1_Rev and the primer specific for the vari-
able region (Ra_Hv_Fw1 through Ra_Hv_Fw9); these two
PCR fragment were then fused through an overlap PCR reac-
tion with primers R1-tPAS and Heavy_CHI1_Rev, digested
with EcoR1 and Agel and cloned into pCDH digested with
the same enzymes.

[0584] pCDK is an intermediate vector for the expression
of the 1gG light chain made by PCR cloning the light chain
with primers H3-light and light-Xbal, digesting the PCR
product with HindIIl and Xbal and cloning into pcDNA3.1
digested with the same enzymes. A secretable full length IgG
light chain was reconstructed by fusing the secretion signal
for tPA 5" to the light chain variable region through overlap
PCR cloning by first PCRing the tPA signal peptide with
primers H3-tPA5 and tPA3 from the library used above and
PCRing the variable region and CK from the phagemid used
to express the Fab fragment with specific primer pairs for the
variable regions (Ra_Kp_F1 through 6 and Ra_Kp_Rva
through d); these two PCR fragment were then fused through
an overlap PCR reaction with primers H3-tPAS and the spe-
cific light chain 3' primer, digested with HinDIII and BsiWI
and cloned into pCDK digested with the same enzymes.

(SEQ ID NO:48)
R1-CH1 5' cgcgaattegectecaccaagggeccateg 3!

(SEQ ID NO:49)
CH3-Notl 5' ggcggcecgceteatttaccegggga 3!

(SEQ ID NO:50)
R1-tPA5 5' cgcgaattcaggacctcaccatgggatgg 3!

(SEQ ID NO:51)
tPA3 5' ggagtggacacctgtaget 3!

(SEQ ID NO:52)
Heavy CH1 Rev 5' ccacgctgctgagggagtagagte 3!

(SEQ ID NO:53)
RaHv_F1l: 5' gcaacagctacaggtgtccactece cagcagcagcetg
atggag 3' 42mer

(SEQ ID NO:54)
Ra Hv F2: 5' gcaacagctacaggtgtccactce caggagcagetg
atggagt 3' 43mer

(SEQ ID NO:55)
Ra Hv F3: 5' gcaacagctacaggtgtccactce caggagcagetg
gtggagt 3' 43mer

(SEQ ID NO:56)
Ra Hv F4: 5' gcaacagctacaggtgtccactece cagtcggtgaag
gagtccg 3' 43mer

(SEQ ID NO:57)
Ra_Hv_F5: 5' gcaacagctacaggtgtccactece cagtcgttggag
gagtccg 3' 43mer

(SEQ ID NO:58)
Ra_Hv_Fé: 5' gcaacagctacaggtgtccactee cagtcggtggag
gagtcc 3' 42mer

(SEQ ID NO:59)
Ra_Hv_F7: 5' gcaacagctacaggtgtccactcce cagcggttggag
gagtcc 3' 42mer
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(SEQ ID NO:60)
Ra_Hv_F8: 5' gcaacagctacaggtgtccactcc cagcagcagetg
gtggag 3' 42mer

(SEQ ID NO:61)
Ra_Hv_F9: 5' gcaacagctacaggtgtccactcc cagtcgctggag
gagtcc 3' 42mer

(SEQ ID NO:62)
H3-light: 5' gegaagcttcgaactgtggetgcaccatet 3!

(SEQ ID NO:63)
light-Xbal: 5' gegtctagattaacactcteccet 3!

(SEQ ID NO:64)
H3-tPA5: 5' gcgaagcttaggacctcaccatgggatgg 3!

(SEQ ID NO:65)
Ra_Kp_F1l: 5' gcaacagctacaggtgtccactcc gagctcgatatg
acccagac 3' 44mer

(SEQ ID NO:66)
Ra_Kp_F2: 5' gcaacagctacaggtgtccactcc gagctcgtgetg
aaccca 3' 42mer

(SEQ ID NO:67)
Ra_Kp F3: 5' gcaacagctacaggtgtecactee gagetegtgatg
acccagac 3' 44mer

(SEQ ID NO:68)
Ra_Kp F4: 5' gcaacagctacaggtgtecactee gagetegatetyg
acccagac 3' 44mer

(SEQ ID NO:69)
Ra_Kp Rva: 5' cgeegtacyg taggatcetecageteggt
¢e 3' 29mer

(SEQ ID NO:70)
Ra_Kp Rvb: B' cgeegtacy tttgatttecacattggt
gee 3' 30mer

(SEQ ID NO:71)
Ra Kp Rve: 5' cgeegtacyg tttgacgaccaccete
ggte 3' 28mer

(SEQ ID NO:72)
Ra_Kp Rvd: B' cgeegtacy taggatcetecagetegy
tece 3' 30mer

[0585] For expression in whole IgG1 form, each phage Fab
DNA fragment was cloned into the expression vector,
pCDNA 3.1 (Invitrogen).

[0586] In order to express monoclonal antibodies (mAb,
1gG1) selected above, a vector DNA was transiently or stably
introduced into mammalian cells. Transient transfection was
performed by calcium phosphate (CaPO,) precipitation, as
follows. One day before transfection, 7x10° cells of 293T
(ATCC) were seeded and cultured onto a 150-mm cell culture
plate. One hour before transfection, the culture medium was
exchanged with IMDM medium (Cambrex) supplemented
with 2% fetal bovine serum (GIBCO-BRL). TE buffer (1 mM
Tris, 0.1 mM EDTA, pH 8.0) containing 75 pug of DNA and
250 mM calcium in a volume of 1.5 ml, was mixed with the
equal volume of HEPES buffer (50 mM HEPES, 140 mM
NaCl, 1.4 mM Na,HPO,, pH 7.05). The mixture was incu-
bated for about 1 min at room temperature and was applied to
the pre-cultured cells. The cells were incubated in a CO2
incubator at 37° C. for 6 hrs. After the DNA/calcium solution
was removed, the cells were added with serum-free medium
and further cultured for 72 hrs or longer, and then the culture
medium was harvested. Each mAb was purified from the
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culture media in using Protein A affinity chromatography
(Amersham Biosciences, MabSelect). Culture media were
loaded on protein A-packed column previously equilibrated
with PBS buffer (1.06 mM potassium phosphate monobasic,
155.17 mM sodium chloride, 2.97 mM sodium phosphate
dibasic, pH 7.4). The column was washed with PBS buffer for
removing the contaminants about 20 column volumes. Bound
antibodies were eluted by low pH buffer, such as 50 mM
glycine-HCI using a step gradient and neutralized with the
equal volume of 1M Tris (pH 8.0). The purified protein
samples were subject to gel electrophoresis in 4-20% native
PAGE (4-20% native PAGE, Invitrogen). See F1G. 38 for the
purified proteins in gel.

Example 40
Competitive Binding Assay (In Vitro)

[0587] Competitive inhibition of mAbs specific for Bst2 or
Damp] in the binding between BST2 decoy and cells was
measured as described in Example 22.

Example 41
The Effect of mAbs on a Mouse Model of Asthma

[0588] A mouse model of asthma was prepared as
described in Example 8-1. The effect of anti-Bst2/Dampl
antibodies on immune cell infiltration was assessed as
described in Example 8-2. In mice sensitized with ovalbumin
and treated with each mAb, the total number of infiltrating
cells was decreased in bronchoalveolar lavage (BAL) (FIG.
39) after treatment with some anti-Bst2/Damp] antibodies.
The anti-Damp1 antibody 2-15 did not block immune cell
infiltration significantly. One possibility is that the 2-15
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monoclonal antibody may bind strongly to Damp1 decoy but
may not accurately cover the potential Dampl L binding site.

Example 42
Diagnostic Methods to Measure Inflammatory Status

[0589] Bst2 mRNA expression is increased in inflamma-
tory condition. Measuring Bst2 mRNA level with quantita-
tive PCR, real-time PCR or northern blot in cells and tissues
isolated from a subject can yield useful information on the
inflammation status of those cells and tissues. Measuring
Bst2 protein levels by immunoblotting with antibody specific
for Bst2 or alternatively with immunofluorescence micros-
copy and FACS (fluorescence activated cell sorter) using
fluorescently-labeled antibody capable of binding to Bst2 on
the cell membrane may also yield information regarding the
inflammation status of those cells. Frequently, membrane
proteins such as Bst2 can be cleaved to produce soluble Bst2
fragment which circulate in the body. Bst2 circulating in body
fluids such as serum and urine, may be quantified with anti-
body specific for circulating Bst2 fragment, using commonly
utilized methods such as radioimmunological assay (RIA)
and ELISA. Quantification of circulating Bst2 fragment may
reflect the inflammation status of the host and may be useful
for diagnostic and therapeutic purposes.

[0590] All of the references cited herein are incorporated
by reference in their entirety.

[0591] Those skilled in the art will recognize, or be able to
ascertain using no more than routine experimentation, many
equivalents to the specific embodiments of the invention spe-
cifically described herein. Such equivalents are intended to be
encompassed in the scope of the claims.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 74

<210> SEQ ID NO 1

<211> LENGTH: 180
<212> TYPE: PRT
<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 1

Met Ala Ser Thr Ser Tyr Asp Tyr Cys Arg Val Pro

1 5 10

Asp Lys Arg Cys Lys Leu Leu Leu Gly Ile Ile

20 25

Gly

Ile Ile Val Ile Leu Gly Val Pro Leu Ile Ile Phe

35 40 45
Asn Ser Glu Ala Cys Arg Asp Gly Leu Arg Ala Val
50 55 60

Asn Val Thr His Leu Leu Gln Gln Glu Leu Thr
65 70 75
Phe

Gln Asp Val Glu Ala Gln Ala Ala Thr

85 90

Cys Asn

Ala Leu Met Ala

100

Glu
105

Ser Leu Asp Ala Lys Ala Gln

Val Glu Glu Leu Glu Gly Glu Ile Thr Thr Leu Asn

Met

Leu

Thr

Met

Glu Ala

His

Gly

His

Glu ZAsp
15

Gly

Val
30

Leu Leu

Ile Lys 2Ala

Glu Cys Arg

Gln Lys Gly

Thr Val

95

Met

Gln
110

Lys Lys

Lys Leu Gln
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-continued

115 120 125

Asp Ala Ser Ala Glu Val Glu Arg Leu Arg Arg Glu Asn Gln Val Leu
130 135 140

Ser Val Arg Ile Ala Asp Lys Lys Tyr Tyr Pro Ser Ser Gln Asp Ser
145 150 155 160

Ser Ser Ala Ala Ala Pro Gln Leu Leu Ile Val Leu Leu Gly Leu Ser
165 170 175

Ala Leu Leu Gln
180

<210> SEQ ID NO 2

<211> LENGTH: 172

<212> TYPE: PRT

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 2

Met Ala Pro Ser Phe Tyr His Tyr Leu Pro Val Pro Met Asp Glu Met
1 5 10 15

Gly Gly Lys Gln Gly Trp Gly Ser His Arg Gln Trp Leu Gly Ala Ala
20 25 30

Ile Leu Val Val Leu Phe Gly Val Thr Leu Val Ile Leu Thr Ile Tyr
35 40 45

Phe Ala Val Thr Ala Asn Ser Val Ala Cys Arg Asp Gly Leu Arg 2la
50 55 60

Gln Ala Glu Cys Arg Asn Thr Thr His Leu Leu Gln Arg Gln Leu Thr
65 70 75 80

Arg Thr Gln Asp Ser Leu Leu Gln Ala Glu Thr Gln Ala Ash Ser Cys
85 90 85

Asn Leu Thr Val Val Thr Leu Gln Glu Ser Leu Glu Lys Lys Val Ser
100 105 110

Gln Ala Leu Glu Gln Gln Ala Arg Ile Lys Glu Leu Glu Asn Glu Val
115 120 125

Thr Lys Leu Asn Gln Glu Leu Glu Asn Leu Arg Ile Gln Lys Glu Thr
130 135 140

Ser Ser Thr Val Gln Val Asn Ser Gly Ser Ser Met Val Val Ser Ser
145 150 155 160

Leu Leu Val Leu Lys Val Ser Leu Phe Leu Leu Phe
165 170

<210> SEQ ID NO 3

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Sense oligomer

<400> SEQUENCE: 3

ttttetette teagtete 18

<210> SEQ ID NO 4

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Antisense oligomer

<400> SEQUENCE: 4



US 2008/0299128 A1l

45

-continued

Dec. 4, 2008

gcatctactt cgtatgac

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 5

LENGTH: 21

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Target sequence

SEQUENCE: 5

aagcgtgaga atcgeggaca a

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 6

LENGTH: 21

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Sense oligomer

SEQUENCE: 6

uuguccgega uucucacget t

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 7

LENGTH: 21

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Antisense oligomer

SEQUENCE: 7

gegtgagaat cgeggacaat t

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 8

LENGTH: 24

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Primer

SEQUENCE: 8

ctcccaggac gagceccaaat cttg

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 9

LENGTH: 24

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Primer

SEQUENCE: 9

ggeggeeget catttacceg ggga

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 10

LENGTH: 24

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Primer

SEQUENCE: 10

ctececaggac cgtacggtgyg ctge

18

21

21

21

24

24

24
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<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 11

LENGTH: 24

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Primer

SEQUENCE: 11

ggcggecget taacactcte ccect

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 12

LENGTH: 24

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Primer

SEQUENCE: 12

ctcccaggac gectecacca aggg

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 13

LENGTH: 24

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Primer

SEQUENCE: 13

ggeggeeget catttaccca gaga

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 14

LENGTH: 24

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Primer

SEQUENCE: 14

cgectegagac agecateatg gatg

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 15

LENGTH: 24

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Primer

SEQUENCE: 15

ctececaggac gageccaaat cttg

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 16

LENGTH: 24

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Primer

SEQUENCE: 16

ttgggctegt cctgggaget gggg

<210>
<211>
<212>
<213>

SEQ ID NO 17

LENGTH: 24

TYPE: DNA

ORGANISM: Artificial Sequence

24

24

24

24

24

24
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<220> FEATURE:
<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 17

ggcggcecget catttacceg ggga

<210> SEQ ID NO 18

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 18

ctcccaggac cgtacggtgg ctgce

<210> SEQ ID NO 19

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 19

accgtacggt cctgggaget gggg

<210> SEQ ID NO 20

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 20

ggeggecget taacactcte ceoct

<210> SEQ ID NO 21

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 21

cteceaggac gectecacca aggg

<210> SEQ ID NO 22

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 22

gtggaggegt cctgggaget gggg

<210> SEQ ID NO 23

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 23

24

24

24

24

24

24
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ggcggcecget catttaccca gaga

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 24

LENGTH: 24

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Primer

SEQUENCE: 24

catatttgga ctcgtcetgg gage

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 25

LENGTH: 28

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Primer

SEQUENCE: 25

ctcccaggac gagtccaaat atggtcecce

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 26

LENGTH: 28

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Primer

SEQUENCE: 26

ggeggeeget catttaccca gagacagyg

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 27

LENGTH: 38

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Primer

SEQUENCE: 27

gggeccagge ggecgagete gtgmtgacee agactceca

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 28

LENGTH: 38

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Primer

SEQUENCE: 28

gggcccagge ggecgagete gatmtgacce agacteca

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 29

LENGTH: 38

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Primer

SEQUENCE: 29

gggcccagge ggecgagete gtgatgacce agactgaa

24

24

28

28

38

38

38
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<210> SEQ ID NO 30

<211> LENGTH: 42

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 30

agatggtgca gccacagttc gtttgattte cacattggtg cc 42

<210> SEQ ID NO 31

<211> LENGTH: 42

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 31

agatggtgca gccacagttc gtaggatcte cagctceggte cc 42

<210> SEQ ID NO 32

<211> LENGTH: 42

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 32

agatggtgca gccacagtte gtttgacsac caccteggte ce 42

<210> SEQ ID NO 33

<211> LENGTH: 40

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 33

gggeccagge ggecgagete gtgetgacte agtegeccte 40

<210> SEQ ID NO 34

<211> LENGTH: 45

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 34

agatggtgca gecacagtte ggectgtgac ggtcagetgyg gtece 45

<210> SEQ ID NO 35

<211> LENGTH: 42

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 35

getgeccaac cagecatgge ccagteggtg gaggagteer gg 42
<210> SEQ ID NO 36

<211> LENGTH: 42

<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
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<220>
<223>

<400>

FEATURE:
OTHER INFORMATION: Primer

SEQUENCE: 36

gctgceccaac aagccatgge ccagteggtg aaggagtceeg ag

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 37

LENGTH: 42

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Primer

SEQUENCE: 37

gctgceccaac cagccatgge ccagtegytg gaggagtceeg gg

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 38

LENGTH: 44

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Primer

SEQUENCE: 38

getgeccaae cagecatgyge ccagsageag ctgrtggagt ccgy

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 3¢

LENGTH: 45

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Primer

SEQUENCE: 39

cgatgggeee ttggtggagg ctgargagay ggtgaccagg gtgec

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 40

LENGTH: 24

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Primer

SEQUENCE: 40

cgaactygtygg ctgcaccate tgte

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 41

LENGTH: 21

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Primer

SEQUENCE: 41

ggccatgget ggttgggeag ¢

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 42

LENGTH: 21

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Primer

SEQUENCE: 42

42

42

44

45

24

21
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agaagcgtag tccggaacgt ¢

<210> SEQ ID NO 43

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 43

agaagcgtag tccggaacgt ¢

<210> SEQ ID NO 44

<211> LENGTH: 41

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 44

gaggaggagg aggaggaggc ggggcccagg cggccgaget ¢

<210> SEQ ID NO 45

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 45

getgeccaae cagecatgge ¢

<210> SEQ ID NO 46

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 46

agaagcgtag tceggaacgt ¢

<210> SEQ ID NO 47

<211> LENGTH: 39

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 47

gaggaggagy aggaggagag aagcgtagte cggaacgte
<210> SEQ ID NO 48

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 48

cgegaatteg ceteccaccaa gggeccateg

21

21

41

21

21

39

30
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<210> SEQ ID NO 4%

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 49

ggcggcecget catttacceg ggga

<210> SEQ ID NO 50

<211> LENGTH: 29

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 50

cgcgaattca ggacctcacc atgggatgg

<210> SEQ ID NO 51

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 51

ggagtggaca cctgtaget

<210> SEQ ID NO 52

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 52

ccacgetget gagggagtag agte

<210> SEQ ID NO 53

<211> LENGTH: 42

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 53

gcaacageta caggtgtcca cteocageag cagetgatgg ag

<210> SEQ ID NO 54

<211> LENGTH: 43

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 54

24

29

19

24

42

gcaacageta caggtgtcca cteccaggag cagetgatgg agt 43

<210> SEQ ID NO 55

<211> LENGTH: 43

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
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<220>
<223>

<400>

gcaacagcta caggtgtcca ctceccaggag cagetggtgyg agt

<210>
<211>
<212>
<213>
<220>
<223>

<400>

gcaacagcta caggtgtcca ctceccagteg gtgaaggagt ccg

<210>
<211>
<212>
<213>
<220>
<223>

<400>

geaacageta caggtgteca cteccagteg ttggaggagt ceg

<210>
<211>
<212>
<213>
<220>
<223>

<400>

FEATURE:
OTHER INFORMATION: Primer

SEQUENCE: 55

SEQ ID NO 56

LENGTH: 43

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Primer

SEQUENCE: 56

SEQ ID NO 57

LENGTH: 43

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Primer

SEQUENCE: 57

SEQ ID NO 58

LENGTH: 42

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Primer

SEQUENCE: 58

gcaacagceta caggtgtcca ctecccagteg gtggaggagt cc

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 59

LENGTH: 42

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Primer

SEQUENCE: 59

gcaacagcta caggtgtcea ctecccagegg ttggaggagt cc

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO &0

LENGTH: 42

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Primer

SEQUENCE: 60

gcaacagcta caggtgtcea ctecccageag cagetggtgg ag

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 61

LENGTH: 42

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Primer

SEQUENCE: 61

43

43

43

42

42

42
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gcaacagcta caggtgtcca ctceccagteg ctggaggagt cc

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 62

LENGTH: 30

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Primer

SEQUENCE: 62

gcgaagctte gaactgtgge tgcaccatcet

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 63

LENGTH: 24

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Primer

SEQUENCE: 63

gcgtctagat taacactcte ccct

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 64

LENGTH: 29

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Primer

SEQUENCE: 64

gegaagetta ggaceteace atgggatyg

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 65

LENGTH: 44

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Primer

SEQUENCE: 65

gcaacagceta caggtgtccea ctcegagete gatatgacce agac

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 66

LENGTH: 42

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Primer

SEQUENCE: 66

gcaacageta caggtgtcca cteogagete gtgetgaace ca

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 67

LENGTH: 44

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Primer

SEQUENCE: 67

gcaacageta caggtgteca ctecogagete gtgatgacce agac

42

30

24

29

44

42

44
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<210> SEQ ID NO 68

<211> LENGTH: 44

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 68

gcaacagcta caggtgtcca ctceccgagcete gatctgacce agac 44

<210> SEQ ID NO 69

<211> LENGTH: 29

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 69

cgccgtacgt aggatctcca gcteggtec 29

<210> SEQ ID NO 70

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 70

cgecgtacgt ttgattteca cattggtgee 30

<210> SEQ ID NO 71

<211> LENGTH: 28

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 71

cgeegtacgt ttgacgacca ccteggte 28

<210> SEQ ID NO 72

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 72

cgccgtacgt aggatctceca geteggtece 30

<210> SEQ ID NO 73

<211> LENGTH: 41

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 73

ttecacgetag ceecctttge agatgaagaa acaggetcag a 41
<210> SEQ ID NO 74

<211> LENGTH: 39

<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
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<220> FEATURE:
<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 74

ttcacctega ggcaggagat gggtgacatt gecgacactce

39

What is claimed is:

1. A method of preventing immune cells from binding to
other cells, comprising contacting the immune cells and/or
the other cells with a composition comprising Bst2 antago-
nist.

2. The method according to claim 1, wherein the other cells
are immune cells, endothelial cells, smooth muscle cells,
brain cells, spinal cord cells, peripheral nerve cells, heart
cells, skeletal muscle cells, lung cells, liver cells, kidney cells,
blood vessel cells, pancreatic cells, large and small intestinal
cells, stomach cells, esophageal cells, nasoropharyngial cells,
membraneous cells or connective tissue cells.

3. The method according to claim 1, wherein the Bst2
antagonist is a Bst2 decoy.

4. The method according to claim 3, wherein the Bst2
decoy is a fragment of Bst2 or a variant thereof, having similar
or improved binding compared to the Bst2 protein towards
another molecule or protein.

5. The method according to claim 1, wherein the Bst2
antagonist is Bst2 decoy fused to a stabilizing protein, Bst2
decoy-Fc chimeric or fusion construct, Bst2-decoy-albumin
chimeric or fusion construct, or pegylated Bst2-decoy, or
Bst2 decoy fused with other stabilizing protein

6. The method according to claim 1, wherein the Bst2
antagonist is a monoclonal antibody or an antibody-like pro-
tein domain which specifically binds to Bst2 and/or mouse
Dampl protein.

7. The method according to claim 1, wherein the Bst2
antagonist is a chemical compound.

8. The method according to claim 1, wherein the immune
cells and other cells are either located at a site of inflammation
or at a site distant from inflammation but can transmit inflam-
matory and immune cytokines or other inflammatory signals
to a site of inflammation.

9. The method according to claim 1, wherein the compo-
sition further comprises a cell adhesion and signal transmis-
sion inhibiting compound or an immunosuppressive com-
pound.

10. The method according to claim 9, wherein the cell
adhesion inhibiting compound is ICAM1 antagonist, or LFA
antagonist.

11. A Bst2 decoy with anti-inflammatory activity.

12. A Bst2 decoy-immunoglobulin Fe chimera.

13. The Bst2 decoy-Fc fusion according to claim 11,
wherein the decoy is fused to any domain of an immunoglo-
bulin.

14. A monoclonal antibody specific for Bst2 and/or a
homologue of Bst2.

15. The monoclonal antibody according to claim 14, com-
prising two arms in which one arm is specific for a protein
other than Bst2 or homologue thereof.

16. The monoclonal antibody according to claim 14,
wherein the homologue is mouse Damp 1 protein.

17. The monoclonal antibody according to claim 14,
wherein a cell expressing Bst2 to which the monoclonal anti-
body is bound prevents Bst2 ligand-Bst2 interaction or Bst2-
Bst2 interaction.

18. A method of isolating a ligand for Bst2, comprising:

(1) obtaining cells that bind to Bst2;

(i) screening for ligand that binds to Bst2 from the cells
that express the ligand, thereby isolating the ligand for
Bst2.

19. A transgenic mouse whose somatic and germ cells
comprise a functionally disrupted Damp or Bst2 gene,
wherein said disrupted gene is introduced into the mouse or
an ancestor of the mouse at an embryonic stage, wherein if
homozygous for the disrupted gene exhibits an inflammation
related disorder.

20. A transgenic mouse whose somatic and germ cells
comprise a Damp gene which is fully or partially replaced
with Bst2 gene, wherein said Bst2 gene is introduced into the
mouse or an ancestor of the mouse at an embryonic stage.

21. A method of reducing inflammation in a subject com-
prising administering a composition comprising Bst2 antago-
nist to a site of the inflammation.

22. A method oftreating a subject of symptoms of a disease
associated with inflammation comprising administering a
composition comprising Bst2 antagonist to the subject in
need thereof.

23. The method according to claim 20, wherein the com-
position comprises another anti-inflammatory compound.

24. The method according to claim 22, wherein the disease
is selected from: atherosclerosis, rheumatoid arthritis,
asthma, sepsis, ulcerative colitis, type I diabetes, cataract,
multiple sclerosis, acute myocardial infarction, heart attack,
psoriasis, contact dermatitis, osteoarthritis, rhinitis, Crohn’s
disease, autoimmune diseases, cachexia, acute pancreatitis,
autoimmune vasculitis, autoimmune and viral hepatitis,
delayed-type hypersensitivity, congestive, coronary resteno-
sis, glomerulonephritis, graft versus host disease, uveitis,
inflammatory eye disease associated with corneal transplant,
brain injury as a result of trauma, epilepsy, hemorrhage,
stroke, sickle cell disease, type II diabetes, obesity, age-re-
lated macular degeneration (AMD), Eczema, dermatitis,
learning/cognitive disability, neurodegenerative diseases,
Parkinson’s disease, Alzheimer disease, ulcerative colitis,
radiation-induced injury, burn or electricity-induced injury,
poisoning that causes tissue death and immune cell infiltra-
tion, drug-induced injuries, inhalation-induced injuries,
radiation, aspiration-induced injury of the lung, inflammation
resulting from chemotherapy or radiation therapy, autoim-
mune diseases, Lupus, Schogren disease, demyelinating dis-
eases including multiple sclerosis, inflammatory myopathy
including polymyositis, scleroderma, polyarteritis nodosa,
sarcoidosis, localized and generalized myositis ossificans,
amyloid-associated diseases including Alzheimer disease,
herniated disc, spinal cord and nerve damage, Reye syn-
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drome, bacterial and viral encephalitis and meningitis, Prion-
related disease, Guillain-Barre syndrome, rabies, poliomyeli-
tis, cerebral hemorrhage, intracranial hemorrhage-related
damage, chronic fatigue syndrome, thrombophlebitis, gout,
granulomatosis, nephritis including glomerulonephritis and
interstitial nephritis, insect-sting allergy, anaphylaxis, asplas-
tic anaemia, bone marrow failure, multiple organ failure,
thyroiditis, insulitis, cirrhosis (chronic and acute hepatitis),
pulmonary embolism, toxin and drug-induced liver disease,

Dec. 4, 2008

pancreatitis, ischemic intestinal diseases, acute respiratory
distress syndrome, and pericarditis.

25. A method of assaying for chemical compound that is
effective to inhibit Bst2 mediated cell-cell binding, compris-
ing determining a compound that binds to Bst2.

26. A method for producing a Bst2 decoy comprising
recombinantly expressing the Bst2 decoy in a host cell.
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