US 20120121634A1

a9y United States
a2y Patent Application Publication o) Pub. No.: US 2012/0121634 Al
CHEN et al. (43) Pub. Date: May 17, 2012
(54) SOLUBLE PD-1 VARIANTS, FUSION AG6IP 35/00 (2006.01)
CONSTRUCTS, AND USES THEREOF AG6IP 31/18 (2006.01)
A6I1P 31/22 (2006.01)
(75) Inventors: ZHIWEI CHEN, Hong Kong A61P 31/14 (2006.01)
(CN); Jingying Zhou, Hong Kong A6IP 31/20 (2006.01)
(CN) AG6IP 31/16 (2006.01)
CO7K 14/725 (2006.01)
(73) Assignee: The University of Hong Kong, AG6IP 37/04 (2006.01)
Hong Kong (CN)
(52) US.CL ....ccoveicerne. 424/188.1; 530/350; 536/23.5;
(21)  Appl. No.: 13/294,306 530/387.3; 536/23.4; 424/184.1; 424/208.1;
424/192.1; 604/20
(22) Filed: Nov. 11, 2011
57 ABSTRACT
Related U.S. Application Data
. L The subject invention provides novel soluble PD-1 (sPD-1)
(60)  Provisional application No. 61/412.557, filed on Nov. proteins, nucleic acids, and fusion constructs thereof, for
11, 2010. enhancing humoral and cell-mediated immunity of a subject.
L . . Also provided are therapeutic compositions comprising the
Publication Classification sPD-lpproteins, nucleicpacids, andpfusion consmlicts 0%" the
(51) Int.CL subject invention. In a preferred embodiment, the therapeutic
A61K 39/00 (2006.01) composition is formulated as a vaccine composition. Advan-
CO7H 21/00 (2006.01) tageously, the sPD-1 proteins, nucleic acids, and therapeutic
CO7K 19/00 (2006.01) compositions provide protective immunity against patho-
CO7H 21/04 (2006.01) genic infection including HIV infection. In additon, the sub-
A6IK 3921 (2006.01) ject invention can be used in the prevention and/or treatment
AGIM 37/00 (2006.01) of tumor or cancer.



wapdi-phe-dn
supdi-Ig¥h-p2d-iz

BE4~ L

gl oplfefe
wapd L LgRh-pld-fo
w2t

uoned[qng uonednddy judyeq

sHpdL-ple-dn
wgpedl - Lo nlg L
s e

wmpdEvpEéad
Yg¥egld-fia

9€ JO T3S TT0T ‘LT A6\

wapdiopidagfo
wapdt - PR s-pide
[

azpdl-pld-di
B T ek U - SR, e

FIG. 1A

IV $€91T10/210T SO



Patent Application Publication

marker

ight

ar we
contro
fc

lecul
Ve

O

M
i

-
T

O

at

May 17,2012 Sheet 2 of 36

d1-p24-

US 2012/0121634 Al




g od Bdaw

o .
o Samplig

ot

Mogmive dondnpls

10

Barnples

/

/

> 5

o~
st

s

a-mspdi-ped-fc
br-mspdt-p2d-lgv Ao
c-pd-fo

FIG 2A

negative control
R sampies

Megutive ool

uoned[qng uonednddy judyeq

9€ JO €3S TT0T ‘LT A6\

IV $€91T10/210T SO



e _ Hegstbve contad
Megntive conir

g

Hamples

Ruerples

Keguive vouly

e Tl

T

S e

a-mspd1-p24-fo FiG. 2B

b «f:@ss;}d%%ﬁ‘%"@f A 40
c-pd-fe

negative controf
- samples

uoned[qng uonednddy judyeq

9€ JO $ 1S TT0T ‘LT A6\

IV $€91T10/210T SO



Patent Application Publication

002

ae

¥

p= 108E05

IS A AL SIS
Ry
3K % K
e
& SR 5
SO

May 17,2012 Sheet 5 of 36

R ARLRS

A e S
s

RS EN AT
RO,
BTN SN D

mspd 1-lgVo-pR4 g

0008

(3013

1504
1400 -
12} -

B

1830 o
BOO
%GQQ
4§$;
20 ~

ety Apoue 2 (-AH jue

US 2012/0121634 Al

$
3 3
2 ot
2 .
S L.
&
B
&ﬂc
¥
o
3%



Patent Application Publication = May 17,2012 Sheet 6 of 36 US 2012/0121634 A1

i
i

i
S

Mo rospdtigP e egetive corteo

ol 008

epitope CTL response

H

&
i
1
s

¥ 3 M 3 ] 3 ¥ i

g 8 8§ & °

SeAROUBING LD Jod D48

AL



Patent Application Publication = May 17,2012 Sheet 7 of 36 US 2012/0121634 A1

fc: o
. 3C

k|

FIG

c-mspd?t

3

~pr2d-fe;

b-mspd1

a-p2d-fo;




Patent Application Publication = May 17,2012 Sheet 8 of 36 US 2012/0121634 A1

e b g e f’i«?ﬁﬁiiﬁfé o

&
.n.,..v
k.

mispett-pa-R

EX
CD4 epitepe CTL response

H
peddn

60
40+
20

safoouarls UOEIN fod D48



Patent Application Publication = May 17,2012 Sheet 9 of 36 US 2012/0121634 A1

1

i

1
PES

mepd tp-k  raspd MgV p2ats

!
|

(N} oy pdBeb-g 1A



Patent Application Publication = May 17,2012 Sheet 10 036  US 2012/0121634 Al

\

~pr A

]

P -gV

244

mshis-bop

£ gngnts . k_



Patent Application Publication = May 17,2012 Sheet 11 0of36  US 2012/0121634 Al

£
3
Fa <

&I EEERES

g

FIG.6B

Rt
2
]
&

BETies

TEE

tive contiod

sples

e

o

EREH



Patent Application Publication = May 17,2012 Sheet 12 036  US 2012/0121634 Al

FIG. 6D

it

B
6C

A X
HESH

P00

153

B

Apoupue 524 AT puR



FIG. 7A

feppdtopigefa

#a
s

-«
FEE~

EL IS S L
A pE A Ew

SN TR B 2 RS
st B RS

uoned[qng uonednddy judyeq

9€ JO €T IS TI0T ‘LT A6\

IV $€91T10/210T SO



Patent Application Publication

L~ [rde
Lo dd

~3 2

1
1

s

m

May 17,2012 Sheet 14 of 36

fe

i

P
o

44

-

o FEHEN

US 2012/0121634 Al




HEHF
gy s g
i Bamplos s PR Megativie conio Negative control

Sampley

Mygative comdrpd Semples

ot ud

------------------------------------------------ 1$c]

Mgt sontrod

ooy

Nepative contip

Pgative contig]

Samples SRR Samples

AR

a-mspdi-lddel-p2d-fo
b-mspd1-322mu-p24-c
c-p2dfc

negative control
e samples

uoned[qng uonednddy judyeq

9€ JO ST IS TI0T ‘LT A6\

IV $€91T10/210T SO



anti HiIV-1 p24 antibody titer

p= 001
o0 igG1
\ i lgG2a
pe= Q.08

8000 -

, p=i2 T
5000 -
4000 ~
3006
2000 - W
1000 -

{} K k4
padd-fe mapdt t8delp2d-io mspd1-322mu-p24-4¢
FIG. 9A

uoned[qng uonednddy judyeq

9€ JO 91 39S TI0T ‘LT A6\

IV $€91T10/210T SO



Patent Application Publication = May 17,2012 Sheet 17 0f36  US 2012/0121634 Al

s coring

B

sl

- T g e d R

g". g

SR

gy Y

E

k4

‘.,u..,muﬂ.mxﬁw
wwmm_

sepfoousids VORI 1Bd D48

160 -
1600 -

il
HHH

i



Patent Application Publication = May 17,2012 Sheet 18 0136  US 2012/0121634 Al

£ %
L - IS SR

B H b FE H
H

i

H

H

i

H

H

H

H

H

H

H

H i

U Y e 3
- & fesus H
H i

H

i

H

H

H

H

H

H

3

bkt 3
i
?
i
i
N
4
k4 :
A X X > o Iy
Ya @
™
w

o e
apdd-fo bmepd - 14debpddéte comepdt-323mu-pddde -PRE

FiG 9C



Patent Application Publication

SEC Per Million Splenocytes

May 17,2012 Sheet 19 of 36

US 2012/0121634 Al

FEUY £, Q00
4
140 } 7
3
; %
g 3
243 i ;
3
i
G
a}
£
i)
41
i
F -
{i} + ¥ ¥ * b T H : ¥
A reempedd ~Hdel- o fn mepd B3 38me-pdd-tn negalive tontad

G4 epitope CTL regponge

FIG. 9D



Patent Application Publication = May 17,2012 Sheet 20 036  US 2012/0121634 Al

0

p=0.007

O -

i

v Y v r v
24 sl kb p2dfe rspd- 22 palc PES

FIG. 10



Patent Application Publication = May 17,2012 Sheet 21 of36  US 2012/0121634 Al

(Rt

Mogative

Kample

% of Mgy

40 -

E

ol

10" 15" 10° 11

FIG. 11A

LR

B e e

o Nample

af

:§: b

Wi

HEE

ey R

¥ 1™ 4t 3

FIG. 11B negative
sample



Patent Application Publication

st HI-1 524 sty titsr

May 17,2012 Sheet 22 of 36

p= 0.5
9 p= .04
B ;
18155
16D
1400 ~
120 o
B0 ]
B0
B0
a&j{ WG ; ﬁ
& o X ?o;;g:,;:o X
fpat A8 S bp i
FiG. 11IC
A
L

US 2012/0121634 Al

FiG. 11D




mouse-spd1

FI1G. 12

p24

mouse-spd1
human-spd1

rabbit Fc

. linker (GGGSGGG )

| 42bp delete on the first

part of mspd1 exon 2 (75-116bp)
6bp delete on the IgV domain
of mspd1 (265-270bp)

uoned[qng uonednddy judyeq

9€ JO €TINS TI0T ‘LT A6\

IV $€91T10/210T SO



AgVPDE-p2i-f

151

’E?f&a

rabiat o

antibody and Tooell mapomses

FIG. 13B

uoned[qng uonednddy judyeq

9€ JO T INYS TI0T ‘LT A6\

IV $€91T10/210T SO



UG -

= LHEHH) -

= 12000 4
4000 -

gt

o

:“'{};ig

?«,ﬁ% ie,. e ~§~+§a

Hotug

uoned[qng uonednddy judyeq

9€ JO ST IS TI0T ‘LT A6\

IV $€91T10/210T SO



4
wi % F
5

h‘-hl

sPID sigVPER! oPD-1 sigVPD-

e,
e

§ o e

P %igt’%*?i}’*i Ry

Fih oy Fihisey ot d EYE D

- B B S 3o

uoned[qng uonednddy judyeq

9€ JO 97 1S TT0T ‘LT A6\

IV $€91T10/210T SO



.

44*‘4

¥

b

IMLKDTE

FiG. 130G

uoned[qng uonednddy judyeq

9€ JO LTINS TI0T ‘LT A6\

IV $€91T10/210T SO



Patent Application Publication = May 17,2012 Sheet28 o136  US 2012/0121634 Al

’*igx&m}kg i w'p:ﬁ Git

P14
FIG. 14A

11\;.{}';);;"‘_}.‘ 3 ~ES ot

RS




Patent Application Publication = May 17,2012 Sheet29 of36  US 2012/0121634 Al

FIG. 14C

23 ) 33 39
& b o a & § g

FiG. 14D



Patent Application Publication = May 17,2012 Sheet300f36  US 2012/0121634 Al

a

16T oells




Faes

“* ®
&

F1G. 130

HHE

FIG. 15D FIG. 15E

uoned[qng uonednddy judyeq

9€ JO TE NS TI0T ‘LT A6\

IV $€91T10/210T SO



FI(i. 16B

S oty

Lo 2
Feee 5PER-Top24-10

o slg VP12 410
adder

pative conrol

o

- l‘éi.

PDALY

PrnLe

Al trpated
kit g

uoned[qng uonednddy judyeq

9€ JO TE IS TI0T ‘LT A6\

IV $€91T10/210T SO



Patent Application Publication = May 17,2012 Sheet33 0f36  US 2012/0121634 Al

iy

S Anti-PD-12

nt-rabat Fe »

'?'

SN0 <

i

SPD-1-p2d-

SHIND} -

SHIHYY e x\

FiG. 17A
FlG. 178



e

= O

.
o
7%
Ay
E
o
parxs

IHI-PI
24t

FIG. 1

e d
o
RF
et

DCsP-L DC-slgV:
pAefe PD-1-p24-fo
FIG, T7E

3

DO only

uoned[qng uonednddy judyeq

9¢€ JO $€ JYS TI0T ‘LT A6\

IV $€91T10/210T SO



FIG. I8A

188

FiG. 18C

uoned[qng uonednddy judyeq

9€ JO SE IS TI0T ‘LT A6\

IV $€91T10/210T SO



3
N
o
ES r
-
p

P

HiHH

AeCledls treated with
BpesPD- b 24 prostein

HePogisve Control

Lo

..g}'}

FIG. 198

-

b1

uoned[qng uonednddy judyeq

9€ JO 9€ JYS TI0T ‘LT A6\

IV $€91T10/210T SO



US 2012/0121634 Al

SOLUBLE PD-1 VARIANTS, FUSION
CONSTRUCTS, AND USES THEREOF

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims the benefit of U.S. provi-
sional application Ser. No. 61/412,557, filed Nov. 11, 2010,
which is herein incorporated by reference in its entirety.

BACKGROUND OF THE INVENTION

[0002] Programmed death 1 (PD-1), expressed primarily
on T cells, is a receptor for B7-HI molecule (also known as
programmed death ligand 1 (PD-L1)) and B7-DC molecule
(also known as programmed death ligand 2 (PD-L.2)). PD-L1
is expressed on many different cell types, whereas PD-L2 is
expressed only on antigen-presenting cells such as B cells,
dendritic cells and macrophages.

[0003] The PD-1/PD-L pathway, which transmits negative
signals to immune cells, plays a critical role in the modulation
of immune responses during infection and cancer. The inter-
action of PD-1 with PD-L1/1.2 inhibits T cell function during
HIV infection. A recent study suggested that the blockade of
PD-1 during chronic simian immunodeficiency virus (SIV)
infection by anti PD-1 antibody resulted in enhanced B cell
responses as well as rapid expansion and restoration of STV-
specific polyfunctional CD8 T cells. Other studies suggested
that the blockade of the PD-1/PD-L pathway facilitates the
restoration of humoral and cell-mediated immune responses
during LCMV and HBV infection.

[0004] Human immunodeficiency virus type I (HIV-1) has
contributed to an estimated 25 million deaths since it was first
recognized in 1981. Currently, over 33 million people world-
wide are living with the virus. One of the existing HIV vac-
cine compositions, obtained by fusing HIV-1 p24 to DEC-
205 antibody, enhances CD4 T cell immune responses and
cytokine release. In addition, this vaccine composition con-
fers protection against vaccinia-gag viral challenge. How-
ever, this HIV vaccine composition does not improve Thl
CDS8 T cell response. Thus, improved HIV-1 vaccine compo-
sitions that enhance host immunity and protect against HIV
infection are needed. As will be clear from the disclosure that
follows, these and other benefits are provided by the present
invention.

BRIEF SUMMARY OF THE INVENTION

[0005] The subject invention provides soluble PD-1 (sPD-
1) proteins and nucleic acids, and therapeutic compositions
comprising sPD-1 proteins and nucleic acids, for enhancing
immunity of a subject. In one embodiment, the sPD-1 pro-
teins, nucleic acids, and compositions are formulated as a
vaccine composition.

[0006] One aspect of the subject invention provides sPD-1
protein variants. In an embodiment, the sPD-1 protein variant
is mspd1-14del, which has an amino acid sequence compris-
ing SEQ ID NO: 11. In an embodiment, the sPD-1 protein
variant is mspd1-322 mu, which has an amino acid sequence
comprising SEQ ID NO: 15. In an embodiment, the sPD-1
protein variant is hspd1-14del, which was found in healthy
Chinese people. The hspd1-14del variant has an amino acid
sequence comprising SEQ 1D NO: 25.

[0007] Another aspect of the invention provides nucleic
acid molecules that encode the sPD-1 proteins of the subject
invention. In an embodiment, the nucleic acid molecule
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encodes mspd1-14del, and has a sequence comprising SEQ
ID NO: 12. In an embodiment, the nucleic acid molecule
encodes mspd1-322mu, and has a sequence comprising SEQ
ID NO: 16. In an embodiment, the nucleic acid molecule
encodes hspdl-14del, and has a sequence comprising SEQ
ID NO: 26.

[0008] In addition, the subject invention provides sPD-1
fusion proteins. In specific embodiments, the subject sPD-1
fusion protein comprises SEQ ID NO: 13, SEQ ID NO: 17,
SEQ ID NO: 19, SEQ ID NO: 23, or SEQ ID NO: 27. The
subject invention also provides sPD-1 fusion nucleic acid
molecules. In specific embodiments, the subject sPD-1 fusion
DNA comprises SEQ ID NO: 14, SEQ ID NO: 18, SEQ ID
NO: 20, SEQ ID NO: 24, or SEQ ID NO: 28.

[0009] Another aspect of the subject invention provides
methods for the prevention and/or treatment of pathogenic
infection, cancer or tumor, and other diseases in which induc-
tion of antigen-specific protective immunity would be ben-
eficial. Advantageously, the methods of the subject invention
enhance host humoral and cell-mediated immunity. The
method comprises administering to a subject in need of such
treatment an effective amount of a fusion protein or fusion
nucleic acid molecule of the subject invention. In a preferred
embodiment, the subject method can be used in the preven-
tion and treatment of HIV or other pathogen infection. In
addition, the methods can be used in the prevention and/or
treatment of tumor or cancer.

[0010] The subject invention further provides for therapeu-
tic or pharmaceutical compositions. In an embodiment, the
composition comprises a therapeutically effective amount of
a protein and/or nucleic acid molecule of the subject inven-
tion and, optionally, a pharmaceutically acceptable carrier. In
a preferred embodiment, the therapeutic composition is a
vaccine composition.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] FIG. 1A shows alignment of amino acid sequences
of mspd1-p24-Fc, mspdl-IgVA-p24-Fc and p24-Fc fusion
proteins. FIG. 1B shows Western blot analysis of mspd1-p24-
Fe, mspdl-IgVA-p24-Fc and p24-Fc. Proteins are detected by
anti-rabbit Fe antibody.

[0012] FIG. 2 shows the binding ability of msPD1-p24-Fc¢
fusion proteins to sPD-1 ligands. (A) shows the binding abil-
ity of mspdl-p24-Fc, mspd1-IgVA-p24-Fc and p24-Fc to
mouse PD-L1, respectively. (B) shows the binding ability of
mspdl-p24-Fc, mspd1-IgVA-p24-Fc and p24-Fc to mouse
PD-L2, respectively.

[0013] FIG. 3 shows that wild-type sPD1 DNA elicits
humoral and cell-mediated immune responses against HIV
p24. (A) shows serum levels of anti-p24 IgGl and IgG2a
antibodies in mice immunized with p24-Fc, mspdl-p24-Fc
and mspd1-IgVA-p24-Fc fusion DNA, respectively. Bars rep-
resent the average values of three samples (+standard devia-
tions). (B) shows the number of IFN-y-secreting splenocytes
specific for p24 epitope gagAl (AMQMLKDTT) for CD8 T
cells. Bars represent the average values of three samples
(#standard deviations). (C) shows images of splenocytes iso-
lated from immunized mice. To analyze p24-specific immune
response, splenocytes were stained with H2d-Kd-AMQM-
LKDTI-PE tetramer for CD8 T cell population analysis. (D)
shows the number of [FN-y-secreting splenocytes specific for
024 epitope gag26 (TSNPPIPVGDIYKRWIILGL) for CD4
T cells. Bars represent the average values of three samples
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(#standard deviations). Data represent three experiments on
the same batch of immunized mice.

[0014] FIG. 4 shows that immunization with wild-type
msPD 1 fusion DNA protects mice against viral infection.
Balb/c mice immunized with p24-Fc, mspdl-p24-Fc or
mspdl-IgVA-p24-Fc were challenged with 4x10” PFU of
vaccinia VITT-HIV-gagpol intranasally three weeks after the
lastimmunization. The mice were sacrificed 3 days after viral
challenge.

[0015] Viraltiters in lungs were evaluated by plaque-form-
ing assay in Vero cells. Bars represent the average values of
five samples (+standard deviations).

[0016] FIG. 5shows thattargeting DCs using sPD-1-p24-fc
induces enhanced p24-specific antibody and T cell responses.
(A) Expression of PD-L1 and PD-L2 on purified CD11c+
BM-DCs isolated from Balb/c mice were confirmed by flow
cytometric analysis using anti-mouse PD-L1 or L2 antibodies
(solid line, not shaded). Cells stained with isotype antibody
control are shown as shaded histogram. (B) BM-DCs treated
with purified msPD-1-p24-fc and msPD1-IgVA-p24-fc pro-
teins to examine binding. Proteins bound to DCs were
detected by flow cytometry using an anti-rabbit Fc-FITC
antibody (solid line, not shaded) in parallel to DCs without
treatment of proteins as negative control (shaded). 2x10° DCs
treated with 20 pg of msPD-1-p24-fc or msPD1-IgVA-p24-fc
proteins were introduced to Balb/c mouse by tail vein injec-
tion once every three weeks for a total experimental duration
of six weeks. Mice that received untreated CD11c™ DCs
served as control. (C) Mice sera were collected and analyzed
for the presence of IgG1 and IgG2a antibodies specific
against HIV-1p24 by ELISA. (D) IFN-y producing CD8" and
CD4* cells were measured by ELISpot assay in mice spleno-
cytes stimulated using specific peptides gagAl and gag26,
respectively. H2-Kd-AMQMLKDTI-PE tetramer staining
was performed on isolated splenocytes and analyzed by flow
cytometry as a column graph of data from groups of immu-
nized mice. Bars represent the mean values of two replicate
mice with standard error depicted by error bars. Data are
representative of two independent immunization experi-
ments. ¥*P<0.05.

[0017] FIG. 6 shows that hspd1-p24-Fc elicits humoral and
cell-mediated immune responses against HIV-1 p24. (A)
shows that hsPD-1-p24-Fc binds to mouse PD-L1. (B) shows
that hsPD-1-p24-Fc binds to mouse PD-L.2. (C) shows high
sera levels of anti-p24 IgG1 and IgG2a antibodies in mice
immunized with hspdl-p24-Fc, when compared to mice
immunized with p24-Fc. (D) shows the numbers of IFN-y-
secreting splenocytes specific for p24 epitope gagAl (AM-
QMLKDTI) for CD8 T cells and the numbers of IFN-y-
secreting splenocytes specific for p24 epitope gag26
(TSNPPIPVGDIYKRWIILGL) for CD4 T cells. Bars repre-
sent the average values of three samples (+standard devia-
tions).

[0018] FIG. 7A shows alignment of amino acid sequences
of mspdl-p24-Fc, mspdl-14del-p24-Fc, mspdl-322mu-
p24-Fc, and p24-fc fusion proteins. FIG. 7B shows Western
blot analysis of mspdl-14del-p24-Fc, mspd1-322mu-p24-
Fc, and p24-Fc. Proteins are detected by anti-rabbit Fe anti-
body.

[0019] FIG. 8 shows the binding ability of mspd1-14del-
p24-Fc, mspd1-322mu-p24-Fc, and p24-fc fusion proteins to
sPD-1 ligands, respectively. (A) shows the binding ability of
mspd1-14del-p24-Fc, mspdl1-322mu-p24-F¢, and p24-Fc
fusion proteins to PD-L1, respectively. (B) shows the binding
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ability of mspd1-14del-p24-Fc, mspd1-322mu-p24-Fc¢, and
p24-Fc fusion proteins to PD-L2, respectively.

[0020] FIG. 9 shows that variant sSPD1 DNA elicits humoral
and cell-mediated immune responses against HIV p24. (A)
shows serum levels of anti-p24 IgG1 and Ig(G2a antibodies in
mice immunized with mspd1-14del-p24-Fc, mspd1-322mu-
p24-Fc, and p24-Fc fusion DNA, respectively. Bars represent
the average values of three samples (+standard deviations).
(B) shows the number of I[FN-y-secreting splenocytes specific
for p24 epitope gag AT(AMQMLKDTT) for CD8 T cells. Bars
represent the average values of three samples (+standard
deviations). (C) shows images of splenocytes isolated from
immunized mice. To analyze p24-specific immune response,
splenocytes were stained with H2d-K*-AMQMLKDTI-PE
tetramer for CD8 T cell population analysis. (D) shows the
number of I[FN-y-secreting splenocytes specific for p24
epitope gag26 (TSNPPIPVGDIYKRWIILGL) for CD4 T
cells. Bars represent the average values of three samples
(zstandard deviations). Data represent three experiments on
the same batch of immunized mice.

[0021] FIG. 10 shows that immunization with variant
msPD1 fusion DNA protects mice against viral infection.
Balb/c mice immunized with mspd1-14del-p24-Fc, mspdl-
322mu-p24-Fe, and p24-Fc fusion DNA were challenged
with 4x107 PFU of vaccinia VIT-HIV-gagpol intranasally
three weeks after the last immunization. The mice were sac-
rificed 3 days after viral challenge. Viral titers in lungs were
evaluated by plaque-forming assay in Vero cells. Bars repre-
sent the average values of five samples (+standard devia-
tions).

[0022] FIG. 11 shows that hspdl-14del-p24-Fc elicits
humoral and cell-mediated immune responses against HIV-1
p24. (A) shows that hspd1-14del-p24-Fc does not bind to
mouse PD-L1. (B) shows that hspd1-14del-p24-Fc does not
bind to mouse PD-L.2. (C) shows high sera levels of anti-p24
IgG1 and [gG2a antibodies in mice immunized with hspd1-
14del-p24-Fc, when compared to mice immunized with p24-
Fec. (D) shows the numbers of IFN-y-secreting splenocytes
specific for p24 epitope gagAl (AMQMLKDTT) for CD8 T
cells and the numbers of IFN-y-secreting splenocytes specific
for p24 epitope gag26 (TSNPPIPVGDIYKRWIILGL) for
CD4 T cells. Bars represent the average values of three
samples (xstandard deviations).

[0023] FIG. 12 shows the structures of various clones use-
ful according to the subject invention.

[0024] FIG. 13 shows the induction of potent p24-specific
immune responses by sPD-1-p24-fc vaccination. (A) Sche-
matic representation of constructs encompassing the soluble
form of PD-1 or with two amino acid deletions essential for
binding with PD-L1/L.2 (sIgV-PD-1), p24 and rabbit Fc under
the CMV promoter. Rabbit Fc was used as a tag for purifica-
tion purposes. (B) Mouse immunization schedule is depicted.
Balb/c mice were immunized with sPD-1-p24-fc, sIgV-PD-
1-p24-fc and p24-fc at week 0, 3 and 6 at a low dose of 20 pg
or a high dose of 100 pg i.m. with EP. Mice that received PBS
only served as a negative control. Mice sera and splenocytes
were collected two weeks after the final immunization for
analysis of antibody and T cell responses, respectively. (C)
Detection of specific IgG1 and IgG2a antibodies against
HIV-1 Gag p24 by ELIS A two weeks post immunization. (D)
Number of [FN-y-secreting CD8" and (E) CD4* T cells mea-
sured by ELISpot in specific response to HIV-1 Gag p24
epitopes gagAl and gag26, respectively. (F) IFN-y* secreting
cells in response to stimulation using three different peptide
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pools derived from 59 peptides that spans the whole HIV-1
Gag p24. (G) Representative H2-Kd-AMQMLKDTI-PE tet-
ramer staining of CD8" T cell population is shown in flow
cytometric plots or data amalgamated into a column graph
(H). Data are representative of three independent immuniza-
tion experiments. *P<0.05, **P<0.01, ***P<0.001.

[0025] FIG. 14 shows polyfunctionality of sPD1-p24-fc
induced T cells. Balb/c mice were immunized with sPD1-
p24-fc and sIgV-PD1-p24-fc ata dose of 100 pg i.m/EP. Mice
that received PBS alone served as control. Splenocytes were
collected and analyzed by flow cytometry following intracel-
lular staining using antibodies against IFN-y*, TNF-a, and
IL-2. (A) Scatter plots indicating CD8* or CD4* T cells
positive for IFN-y* and (B) TNF-a. (C) Column graphs
depicting single, double or triple positive CD8* or (D) CD4*
T cells for the cytokines IFN-y*, TNF-a, and IL-2. (E) Pie
chart analysis representing subpopulations of total cytokine
secreting CD8" or CD4* T cells positive for combinations of
[FN-y, TNF-qa, and IL-2. Columns represent the mean values
of three replicate mice with standard error as error bars. Data
are representative of two independent immunization experi-
ments. *P<0.05, **P<0.01.

[0026] FIG. 15 shows that vaccination with sPD-1-p24-fc
induces specific long lasting and protective immunity. Sera
and splenocytes derived from mice 30 weeks after immuni-
zation were isolated and examined for antibody and CD8*
and CD4" T cell responses. (A) Specific IgG1 and IgG2a
antibodies against HIV-1 Gag p24 detected by ELISA.
ELISpot assays using specific HIV-1 Gag p24 epitope for (B)
CD8* T cells and (C) CD4* T cells was performed to test the
ability of T cells to produce IFN-y. Mice previously immu-
nized with a dose of 100 pg DNA vaccines were challenged
with 2x10° PFUs of virulent WRgagpol three weeks post
immunization to examine immune protection. Each group
contained up to 5 mice. (D) Immunized mice were weighed
daily for eight days after vaccinia challenge. (E) Virus titers in
the lungs of immunized mice were evaluated by plaque for-
mation on Vero cell monolayers.

[0027] FIG. 16 shows expression and binding characteris-
tics of DNA vaccine constructs. (A) DNA vaccines encoding
sPD-1, the mutated form sIgV-PD-1, p24 and fc were tested
for protein expression by Western blotting. Lower sized band
represents p24-fc, while the higher sized band represents
sPD-1-p24-fc or slgV-PD-1-p24-fc. (B) 293T cells were tran-
siently transfected with PD-L1 or PD-L2 expression vectors,
and the binding profiles of recombinant proteins were exam-
ined. Flow cytometric signals were obtained by treating the
cells with purified proteins from the constructs followed by
detection using anti-rabbit Fc-FITC antibody. Controls
included transfected 293T cells stained with anti-rabbit Fc-
FITC antibody (negative, shaded) or anti-mouse PD-L.1 or [.2
antibodies (positive, solid line, not shaded).

[0028] FIG. 17 shows that targeting dendritic cells (DCs)
using sPD-1-p24-fc induces enhanced p24-specific antibody
and T cell responses. (A) Expression of PD-L.1 and PD-L.2 on
purified CD11c+ BM-DCs isolated from Balb/c mice was
confirmed by flow cytometric analysis using anti-mouse PD-
L1 or L2 antibodies (solid line, not shaded). Cells stained with
isotype antibody control are shown as shaded histogram. (B)
BM-DCs treated with purified sPD-1-p24-fc and sIgV-PD-1-
p24-fc proteins to examine binding. Proteins bound to DCs
were detected by flow cytometry using an anti-rabbit Fc-
FITC antibody (solid line, not shaded) in parallel to DCs
without treatment of proteins as negative control (shaded).
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2x10° DCs treated with 20 ug of sPD-1-p24-fc or sIgV-PD-
1-p24-fc proteins were introduced to Balb/c mouse by tail
vein injection once every three weeks for a total experimental
duration of six weeks. Mice that received untreated CD11¢*
DCs served as control. (C) Mice sera were collected and
analyzed for the presence of IgG1 and IgG2a antibodies spe-
cific against HIV-1 p24 by ELISA. (D) IFN-y producing
CD8™ and CD4* cells were measured by ELISpot assay in
mice splenocytes stimulated using specific peptides gagAl
and gag26, respectively. H2-Kd-AMQMLKDTI-PE tetramer
staining was performed on isolated splenocytes and analyzed
by flow cytometry as a column graph of data from groups of
immunized mice (F). Bars represent the mean values of two
replicate mice with standard error depicted by error bars. Data
are representative of two independent immunization experi-
ments. ¥P<0.05.

[0029] FIG. 18 characterizes sPD-1-p24-fc DNA vaccina-
tion. CD8" T cell ELISpot assay of immunization strategy by
im. (A) without electroporation (EP), (B) with purified p24-
fc and/or sPD-1-fc with EP, or (¢) using DNA vaccines with-
out rabbit Fc tag with EP. All data points represent the mean
sstandard error as error bars. *P<0.05.

[0030] FIG. 19 shows that human sPD-1-p24-fc elicits
similar p24-specific immunity in mice. (A) Binding profiles
of hu-sPD-1-p24-fc protein to murine PD-1 ligands tran-
siently expressed on 2937 cells. Flow cytometric signals were
obtained by treating the cells with husPD-1-p24-fc protein
followed by anti-rabbit Fc-FITC antibody for detection. Con-
trols included transfected 293T cells stained with anti-rabbit
Fc-FITC antibody (negative, shaded) or anti-mouse PD-L1-
or L.2- FITC antibodies (positive, solid line, not shaded).
Balb/c mice were immunized with hu-sPD-1- p24-fc and
p24-fc at a dose of 20 pg 1.m./EP, or received PBS only
serving as a negative control. (B) Detection of specific IgG1
and [g(G2a antibodies against HIV-1 Gag p24 by ELISA two
weeks post immunization in mice sera. (C) Frequencies of
IFN-y-secreting CD8+ and CD4+ T cells in mice splenocytes
measured by ELISpot assay in specific response to HIV-1
Gag p24 epitopes specific for CD4+ and CD8+ T cells,
respectively. Columns represent the mean values of three
replicate mice with standard error as error bars. Data are
representative of two independent immunization experi-
ments. *P<0.05, **P<0.01, ***P<0.001.

BRIEF DESCRIPTION OF THE SEQUENCES

[0031] SEQ ID NO: 1 is an amino acid sequence of the
wild-type soluble extracellular domain of mouse PD-1
(mouse spdl).

[0032] SEQ ID NO: 2 is a nucleic acid sequence of the
wild-type mouse spdl DNA.

[0033] SEQ ID NO: 3 is an amino acid sequence of HIV
p24 useful according to the subject invention.

[0034] SEQIDNO: 41is anucleic acid sequence of HIV p24
DNA useful according to the subject invention.

[0035] SEQID NO: 5 is an amino acid sequence of rabbit
Fc domain useful to the subject invention.

[0036] SEQIDNO: 6isanucleic acid sequence of rabbit Fe
DNA useful to the subject invention.

[0037] SEQID NO: 7 is an amino acid sequence of mspd1-
IgVA

[0038] SEQID NO: 8 is a nucleic acid sequence of mspd1-
IgVADNA.

[0039] SEQID NO: 9is an amino acid sequence of mspd1-
IgVA-p24-Fc fusion protein.
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[0040] SEQIDNO: 10isa nucleicacid sequence of mspd1-
[gVA-p24-Fc fusion DNA.

[0041] SEQ ID NO: 11 is an amino acid sequence of
mspd1-14del.

[0042] SEQIDNO: 12isanucleicacid sequence of mspd1-
14del DNA.

[0043] SEQ ID NO: 13 is an amino acid sequence of
mspd1-14del-p24-Fc fusion protein.

[0044] SEQIDNO: 14isanucleic acid sequence of mspd1-
14del-p24-Fc fusion DNA.

[0045] SEQ ID NO: 15 is an amino acid sequence of
mspd1-322mu.

[0046] SEQIDNO: 16isanucleic acid sequence of mspd1-
322mu DNA.

[0047] SEQ ID NO: 17 is an amino acid sequence of
mspd1-322mu-p24-Fc fusion protein.

[0048] SEQIDNO: 18isanucleicacid sequence of mspd1-
322mu-p24-Fc fusion DNA.

[0049] SEQ ID NO: 19 is an amino acid sequence of
mspd1-p24-Fc fusion protein.

[0050] SEQIDNO:20isanucleicacid sequence of mspd1-
p24-Fc fusion DNA.

[0051] SEQ ID NO: 21 is an amino acid sequence of the
wild-type soluble extracellular domain of human PD-1 (hu-
man spdl).

[0052] SEQ ID NO: 22 is a nucleic acid sequence of the
wild-type human spd 1 DNA.

[0053] SEQIDNO: 23 is an amino acid sequence of hspd1-
p24-Fc fusion protein.

[0054] SEQIDNO: 24 is a nucleic acid sequence of hspd1-
p24-Fc fusion DNA.

[0055] SEQIDNO: 25 1s an amino acid sequence ofhspd1-
14del.

[0056] SEQIDNO: 26 1s a nucleic acid sequence of hspd1-
14del DNA.

[0057] SEQIDNO: 27 is an amino acid sequence ofhspd1-

14del-p24-Fc fusion protein.

[0058] SEQ IDNO: 28 is a nucleic acid sequence of hspd1-
14del-p24-Fc fusion DNA.

[0059] SEQ ID NO: 29 is an amino acid sequence of a
linker sequence useful according to the subject invention.
[0060] SEQ ID NO: 30 is an amino acid sequence of a
linker sequence useful according to the subject invention.
[0061] SEQ ID NO: 31 is an amino acid sequence of a
linker sequence useful according to the subject invention.
[0062] SEQ ID NO: 32 is an amino acid sequence of a
linker sequence useful according to the subject invention.
[0063] SEQ ID NO: 33 is an amino acid sequence of a
linker sequence useful according to the subject invention.
[0064] SEQ ID NO: 34 is an amino acid sequence of a
linker sequence useful according to the subject invention.
[0065] SEQ ID NO: 35 is an amino acid sequence of a
linker sequence useful according to the subject invention.
[0066] SEQ ID NO: 36 is an amino acid sequence of a
linker sequence useful according to the subject invention.
[0067] SEQ ID NO: 37 is an amino acid sequence of a
linker sequence useful according to the subject invention.
[0068] SEQ ID NO: 38 is an amino acid sequence of a
linker sequence useful according to the subject invention.

[0069] SEQ ID NO: 39 is an amino acid sequence useful
according the subject invention.
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[0070] SEQ ID NO: 40 is an amino acid sequence useful
according the subject invention.

DETAILED DISCLOSURE OF THE INVENTION

[0071] The subject invention provides soluble PD-1 (sPD-
1) proteins and nucleic acids, and therapeutic compositions
comprising soluble PD-1 proteins and nucleic acids, useful
for inducing antigen-specific protective immunity against
infection and cancer. In one embodiment, the subject sPD-1
proteins, nucleic acids, and compositions are formulated as a
vaccine composition. In an embodiment, the subject inven-
tion provides novel fusion proteins mspdl-p24Fc, mspdl-
14del-p24Fc, mspdl1-322mu-p24Fc, and hspdl-14del-
p24Fc, and nucleic acid molecules encoding these fusion
proteins.

[0072] The subject invention is based on the findings that
the imnmune regulatory PD-1/PD-L pathway down-regulates
HIV-1-specific CD8* T cells responses. The present inventors
discovered a natural variant of PD-1 present in healthy people
that does not interact with either PD-L1 or PD-L2 (the ligands
of PD-1). In addition, a point mutation, which is essential for
PD-1 and its ligands interaction, is discovered.

[0073] Inone embodiment, the subject invention provides a
novel DNA vaccine design that mimics the binding of pro-
grammed death-1 (PD-1) to its ligands expressed on dendritic
cells (DCs) for functional activation, by fusing soluble PD-1
with an antigen of interest. Intramuscular immunization via
electroporation (EP) of the fusion DNA vaccine elicited
robust anti-Gag antibody titers in mice, with both IgG1 (Th2)
and IgG2a (Thl) responses detected. High frequencies of
Gag-specific, broadly reactive and polyfunctional T cells,
especially CD8+ T cells were elicited following immuniza-
tion. These responses were dose-dependent, long lasting and
conferred protection against intranasal challenge with viru-
lent vaccinia-Gag virus. Specifically, mspd-p24fc, mspdl-
14del-p24fc and mspd1-322mu-p24fc enhance HIV-1 Gag-
specific immune responses, as determined by the number of
IFN-y expressed CD4 and CD8 T cells using Elispot assays.
Thus, soluble PD-1-based DNA/EP vaccination of the subject
invention offers an easy, repeatable and effective way to
induce durable and protective CD8* cell immunity, which has
important implications for vaccine development and gene
therapy.

[0074] Inone embodiment, the mspdl-14del protein vari-
ant is obtained by deleting amino acids 26-39 of the wild-type
mspdl(Amino acids 26-39 are the first 14 amino acids
encoded by the second exon of the wild-type mouse PD-1
gene. These 14 amino acids of mspdlhave the same sequence
as the first 14 amino acids encoded by the second exon of the
human hspd1-14del homologue). The mspd1-322mu protein
variant is obtained by changing amino acid residue 108 of the
wild-type PD-1 protein from Met to Val. The hspd1-14del
variant, which is derived from a natural isoform of human
PD-1, has a deletion of amino acids 26-39 of the wild-type
hspd1 (encoded by the first part of the second exon of the
wild-type human PD-1 gene).

[0075] The mspdl-p24Fc fusion protein binds to PD-1
ligands PD-L1 and PD-L2, and the binding of PD-1 to PD-L
can be blocked by anti-PD-L1/L.2 antibodies. It is postulated
that the binding of mspd1-p24Fc fusion protein inhibits the
PD-1/PD-L pathway, which transmits negative signals to
immune cells. In comparison, none of mspd1-14del-p24Fc,
mspdl-322mu-p24Fc, and hspdl-14del-p24Fc fusion pro-
teins binds to PD-L.1 or PD-L2. This indicates that amino acid
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residues 26-39 encoded by DNA in exon 2 of spd1 and amino
acid residue 108 Met of mspdlare important for PD-L bind-
ing.

[0076] Advantageously, the administration of mspdl-
p24Fc, mspdl-14del-p24Fc, mspdl1-322mu-p24Fc, and
hspd1-14del-p24Fc fusion proteins, or fusion DNA thereof,
enhanced HIV-1 Gag-specific immune responses. As shown
in FIGS. 3-6 and 8-11, administration of mspdl-p24Fc,
mspd1-14del-p24Fc, mspdl-322mu-p24Fc, and hspdl-
14del-p24Fc DNA significantly increased anti-p24 [gGl
(Th2) and IgG2a (Thl) antibody titers. In addition, the
administration of mspdl-p24Fc, mspdl-14del-p24Fc,
mspd1-322mu-p24Fc, and hspdl-14del-p24Fc DNA also
significantly increased the number of IFN-y-expressing CD4
and CD8 T cells in mice. Specifically, mice immunized
mspdl-p24Fc, mspdl-14del-p24Fc, or mspdl-322mu-
p24Fc DNA had significantly reduced titers of challenge
virus upon vaccinia virus-gagpol (V1 T-gagpol) challenges.
[0077] In comparison, mspdl-IgVA-p24-Fc, which is
obtained by deleting amino acids 89-90 of the mouse PD-1
protein, does not bind to PD-1 ligands PD-L1 and PD-L2. In
addition, the administration of mspdl-IgVA-p24-Fc DNA
does not enhance humoral or cell-mediated immunity in
mice. Further, the administration of mspdl-IgVA-p24-Fc
DNA does not reduce HIV viral titers upon vaccinia virus-
gagpol (MVTT-gagpol) challenges.

PD-1 Variants and Fusion Constructs

[0078] A first aspect of the subject invention provides
sPD-1 protein variants. In one embodiment, the sPD-1 protein
variant is obtained by deleting amino acid residues 26-39 of a
wild-type sPD-1 protein. The wild-type sPD-1 protein is pref-
erably of mammalian origin (such as a wild-type mouse,
rabbit, non-human primates, or pig PD-1 protein), more pref-
erably, of human origin.

[0079] In an embodiment, the sPD-1 protein variant is
mspd1-14del, which has an amino acid sequence comprising
SEQIDNO: 11. In an embodiment, the sPD-1 protein variant
is mspd1-322mu, which has an amino acid sequence com-
prising SEQ ID NO: 15. In an embodiment, the sPD-1 protein
variant is hspd1-14del, which has an amino acid sequence
comprising SEQ ID NO: 25.

[0080] In certain embodiments, the subject invention
encompasses PD-1 protein variants that are homologous to
mspd1-14del (SEQIDNO: 11), mspd1-322mu (SEQ ID NO:
15), orhspd1-14del (SEQ ID NO: 25). In an embodiment, the
sPD-1 protein variant has an amino acid sequence that is at
least about 95%, 96%, 97%, 98%, 99%, or 99.5% identical to
SEQID NO: 11. In an embodiment, the sPD-1 protein variant
has an amino acid sequence that is at least about 95%., 96%,
97%, 98%, 99%, or 99.5% identical to SEQ ID NO: 15. Inan
embodiment, the sPD-1 protein variant has an amino acid
sequence that is at least about 95%, 96%, 97%, 98%, 99%, or
99.5% identical to SEQ ID NO: 25. In an embodiment, the
PD-1 protein variant does not comprise SEQ ID NO:7.
[0081] A second aspect of the subject invention provides
nucleic acid molecules that encode the sPD-1 proteins of the
subject invention. The nucleic acid molecules encompass
DNA molecules (e.g. genomic DNA and ¢cDNA) and RNA
molecules. In addition, the subject nucleic acid molecules
may be single-stranded or double-stranded.

[0082] In one embodiment, the nucleic acid molecule
encodes a sPD-1 protein, which is obtained by deleting amino
acid residues 26-39 of a wild-type sPD-1 protein (such as a
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wild-type human, mouse, or rabbit sPD-1 protein). In an
embodiment, the nucleic acid molecule encodes mspdl-
14del, and has a sequence comprising SEQ ID NO: 12. In an
embodiment, the subject nucleic acid molecule encodes
mspd1-322mu, and has a sequence comprising SEQ 1D NO:
16. In an embodiment, the subject nucleic acid molecule
encodes hspdl-14del, and has a sequence comprising SEQ
ID NO: 26.

[0083] In certain embodiments, the subject invention
encompasses nucleic acid molecules that are homologous to
nucleic acids encoding mspdl-14del, mspdl-322mu, or
hspd1-14del. In an embodiment, the nucleic acid molecule
has a sequence that is at least about 95%, 96%, 97%, 98%,
99%, or 99.5% identical to SEQ ID NO: 12, SEQ ID NO: 16,
or SEQ IDNO: 26. In an embodiment, the sPD-1 nucleic acid
molecule does not comprise SEQ ID NO: 8.

[0084] A third aspect of the invention provides PD-1 fusion
proteins. In one embodiment, the subject invention provides
PD-1 fusion proteins, comprising a sPD-1 protein fragment
fused with an antigenic protein fragment. In a further embodi-
ment, the sPD-1 fusion protein comprises a Fc domain. In one
embodiment, the soluble PD-1 protein is linked to the antigen
viaalinker sequence. In an alternative embodiment, the PD-1
fusion protein comprises a PD-1 protein fused with a Fe
domain, optionally via a linker sequence.

[0085] In an embodiment, the sPD-1 fusion protein com-
prises the wild-type mouse soluble PD-1 protein (mspd),
which has an amino acid sequence comprising SEQ IDNO: 1.
In an embodiment, the sPD-1 fusion protein comprises the
wild-type human sPD-1 protein (hspd1), which has an amino
acid sequence comprising SEQ ID NO: 21. In an embodi-
ment, the sPD-1 fusion protein is a variant mouse sPD-1
protein mspd1-14del, which has an amino acid sequence
comprising SEQ ID NO: 11. In an embodiment, the sPD-1
fusion protein is a variant mouse sPD-1 protein mspdl-
322mu, which has an amino acid sequence comprising SEQ
ID NO: 15. In an embodiment, the sPD-1 protein is a variant
human sPD-1 protein (hspd1-14del), and has an amino acid
sequence comprising SEQ 1D NO: 25.

[0086] The antigenic protein fragment can be derived from
an immunogenic fragment of viral, bacterial, fungal, or other
microbial pathogens including, but not limited to, human
immunodeficiency virus (HIV), HSV including HSV-1 and
HSV-2, KSHV, HPV including HPV-6, HPV-11, HPV-16,
and HPV-18, respiratory syncytial virus, rhinovirus, hepatitis
viruses including hepatitis A virus, hepatitis B virus, hepatitis
C virus, hepatitis D virus, hepatitis E virus, hepatitis F virus,
and hepatitis G virus, oncoviruses, human T-lymphotropic
virus Type I (HTLV-1), influenza virus, bovine leukemia virus
(BLV), Epstein-Barr virus, anpapillomavirus, preumococ-
cus, streptococcus, staphylococcus, neisseria, E. coli,
cytomegalovirus (CMV), respiratory syncytial virus, parain-
fluenza virus, adenovirus, flavivirus, dengue virus, Mycobac-
teria tuberculosis, and Plasmodium falciparu; and pathogens
causing diseases including, but not limited to, pertussis,
polio, measles, mumps, rubella, smallpox, zoster, anthrax,
tetanus, rabies, chickenpox, diphtheria, anthrax, plague,
encephalitis, pneumonia, typhus, typhoid fever, lyme disease,
cholera, shigella, leishmania, leprosy, toxoplasmosis, coc-
cidiomycosis, schistosomiasis, and malaria. The antigenic
protein fragment can also be derived from tumor or cancer
cells.

[0087] In one embodiment, the soluble PD-1, its variants,
and fusion proteins thereof serve as molecular or protein
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adjuvants to enhance immune response. Additionally, nucleic
acid molecules encoding the soluble PD-1, its variants, and
fusion proteins thereof can also be administered to a subject to
enhance immune response.

[0088] Inanembodiment, the antigenic protein fragment is
derived from an immunogenic fragment of an HIV protein
domain including, but not limited to, p24, gag, pol, nef, tat,
rev, gp120, and gp41. In an embodiment, the antigen protein
is derived from HIV p24. In a specific embodiment, the anti-
gen protein comprises SEQ ID NO: 3. In a further embodi-
ment, the sPD-1 fusion protein further comprises a Fc
domain. In an embodiment, the sPD-1 fusion protein com-
prises a rabbit Fc domain for protein purification purpose.
[0089] The term “Fc domain” encompasses the full length
and fragments of native human and animal Fc and Fe variant
molecules and sequences, including for example, IgG, IgM,
IgD, IgE, IgA and subtypes such as for example IgG1, 1gG2,
IgG3, 1gG4, 1gAl, and IgA2. As with Fc variants and native
Fc’s, the term “Fe domain” includes molecules in monomeric
or multimeric form, whether digested from whole antibody or
produced by other means.

[0090] Inanembodiment, the antigenic protein fragment is
derived from a tumor antigen.

[0091] The term “Fc variant” refers to a molecule or
sequence that is modified from a native Fc but still comprises
a binding site for the salvage receptor. Fc domains include
molecules having two or more polypeptide chains associated
covalently, noncovalently, or by both covalent and non-cova-
lent interactions. IgG molecules typically form dimers; IgM,
pentamers; IgD, dimers; and IgA, monomers, dimers, trim-
ers, or tetramers. Multimers may be formed by exploiting the
sequence and resulting activity of the native Ig source of the
Fc or by derivatizing (as defined below) such a native Fc.
[0092] The Fc domain within the scope of the invention can
be of antibodies of any isotype, including IgG, IgA, IgE, IgD,
and IgM. IgG isotype antibodies can be further subdivided
into IgG1, IG2, 1gG3, and IgG4 subtypes. IgA antibodies can
be further subdivided into IgAl and IgA2 subtypes. In a
specific embodiment, the Fc domain is 1gG1.

[0093] Inafurtherembodiment, the sPD-1 fusion protein of
the subject invention comprises a linker sequence that links
the soluble PD-1 domain to the antigen. In addition, the Fc
domain can also be linked to the fusion protein via a linker
sequence. Linker sequence is typically a peptide chain. The
length of the peptide may be, for example, 6, 7, 8, 9, 10, 11,
12,13, 14,15,16, 17,18, 19,20, 21,22, 23, 24, 25, 30, 40, 50
or more amino acid residues, but typically is between 5 and 25
residues.

[0094] Depending upon the length and side chain compo-
sition, a linker may have, but need not have, greater than
average flexibility. Flexibility can be calculated using algo-
rithms known in the art. In an embodiment, the linker
sequence is SEQ ID NO: 29. Examples of useful linkers
include, but are not limited to, 9Gly (SEQ ID NO: 30), 9Glu
(SEQ ID NO: 31), 9Ser (SEQ ID NO: 32), 5GlyCys2ProCys
(SEQ ID NO: 33), 4Gly3Ser (SEQ ID NO: 34), Ser Cys Val
Pro Leu Met Arg Cys Gly Gly Cys Cys Asn (SEQ ID NO: 35),
Pro Ser Cys Val Pro Leu Met Arg Cys Gly Gly Cys Cys Asn
(SEQIDNO: 36), Gly Asp Leu Ile Tyr Arg Asn Gln Lys (SEQ
ID NO: 37), and 9GlyProSerCysValProl.euMetArg-
CysGlyGlyCysCysAsn (SEQ ID NO: 38).

[0095] In a specific embodiment, the subject sPD-1 fusion
protein comprises SEQ ID NO: 13. In another specific
embodiment, the subject sPD-1 fusion protein comprises
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SEQ ID NO: 17. In another specific embodiment, the subject
sPD-1 fusion protein comprises SEQ ID NO: 19. In another
specific embodiment, the subject sPD-1 fusion protein com-
prises SEQ ID NO: 23. In another specific embodiment, the
subject sPD-1 fusion protein comprises SEQ ID NO: 27.

[0096] In addition, the subject invention provides sPD-1
fusion nucleic acid constructs, comprising a nucleic acid mol-
ecule encoding the subject sPD-1 fusion protein. In one
embodiment, the sPD-1 fusion construct comprises a nucleic
acid molecule encoding a sPD-1 protein fused with a nucleic
acid encoding a protein antigen. In a further embodiment, the
PD-1 fusion construct comprises a Fc DNA. In one embodi-
ment, the soluble PD-1 DNA is linked to the antigen DNA via
a linker sequence. Optionally, the Fc DNA is linked to the
sPD-1-antigen DNA via a linker DNA sequence.

[0097] The antigenic nucleic acid molecule of the subject
invention encodes immunogenic fragments of viral, bacterial,
fungal, or other microbial pathogens including, but not lim-
ited to, human immunodeficiency virus (HIV), HSV includ-
ing HSV-1 and HSV-2, KSHV, HPV including HPV-6, HPV-
11, HPV-16, and HPV-18, respiratory syncytial virus,
rhinovirus, hepatitis viruses including hepatitis A virus, hepa-
titis B virus, hepatitis C virus, hepatitis D virus, hepatitis E
virus, hepatitis F virus, and hepatitis G virus, oncoviruses,
human T-lymphotropic virus Type 1 (HTLV-1), influenza
virus, bovine leukemia virus (BLV), Epstein-Barr virus,
rotavirus, meningococcus, anpapillomavirus, preumococcus,
streptococcus, staphylococcus, E. coli, cytomegalovirus
(CMV), respiratory syncytial virus, parainfluenza virus,
adenovirus, flavivirus, dengue virus, Mycobacteria tubercu-
losis, and Plasmodium falciparu; and pathogens causing dis-
eases including, but not limited to, pertussis, polio, measles,
mumps, rubella, smallpox, zoster, anthrax, tetanus, rabies,
chickenpox, diphtheria, anthrax, plague, encephalitis, pneu-
monia, typhus, typhoid fever, lyme disease, cholera, shigella,
leishmania, leprosy, toxoplasmosis, coccidiomycosis, schis-
tosomiasis, and malaria.

[0098] In an embodiment, the antigenic nucleic acid mol-
ecule encodes a tumor antigen. In an embodiment, the fusion
nucleic acid molecule comprises the wild-type mouse PD-1
(mspd1) DNA (SEQ ID NO: 2). In an embodiment, the fusion
nucleic acid molecule comprises the wild-type human PD-1
(hspdl) DNA (SEQ ID NO: 22). In an embodiment, the
fusion nucleic acid molecule comprises a variant mouse PD-1
DNA that has a sequence of SEQ ID NO: 12 or SEQ ID NO:
16. In an embodiment, the fusion nucleic acid molecule com-
prises a variant human PD-1 DNA that has a sequence of SEQ
ID NO: 26. In a specific embodiment, the subject PD-1 fusion
DNA comprises SEQ ID NO: 14.

[0099] In another specific embodiment, the subject PD-1
fusion DNA comprises SEQ ID NO: 18. In another specific
embodiment, the subject PD-1 fusion DNA comprises SEQ
ID NO: 20. In another specific embodiment, the subject PD-1
fusion DNA comprises SEQ ID NO: 24. In another specific
embodiment, the subject PD-1 fusion DNA comprises SEQ
ID NO: 28. In certain embodiments, the PD-1 protein or
nucleic acid of the subject invention is typically substantially
free of other components, such as other biological molecules,
proteins or peptides, nucleic acids, lipids and carbohydrates.
The term “substantially free of,” as used herein, encompasses
preparations of the subject invention having less than about
20%, 10% and preferably less than 5% (by dry weight) con-
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taminating factors (such as biological molecules, proteins or
peptides, nucleic acids, lipids and carbohydrates and other
cellular components).

[0100] Ifdesired, the subject proteins and nucleic acid mol-
ecules can be modified by any suitable process. Strategies for
protein optimization are sometimes carried out using random
mutagenesis. In these cases positions are chosen randomly, or
amino acid changes are made using simplistic rules. For
example all residues may be mutated to alanine, referred to as
alanine scanning In addition, substitution of amino acids
other than those specifically exemplified or naturally present
in a fusion protein of the invention are also within the scope of
the subject invention. For example, non-natural amino acids
can be substituted for the amino acids of the fusion protein, so
long as the fusion protein having the substituted amino acids
retains substantially the same functional activity as the fusion
protein in which amino acids have not been substituted.

[0101] Examples of non-natural amino acids include, but
are not limited to, ornithine, citrulline, hydroxyproline,
homoserine, phenylglycine, taurine, iodotyrosine, 2,4-diami-
nobutyric acid, a-amino isobutyric acid, 4-aminobutyric
acid, 2-amino butyric acid, y-amino butyric acid, e-amino
hexanoic acid, 6-amino hexanoic acid, 2-amino isobutyric
acid, 3-amino propionic acid, norleucine, norvaline, sar-
cosine, homocitrulline, cysteic acid, T-butylglycine, T-buty-
lalanine, phenylglycine, cyclohexylalanine, p-alanine,
fluoro-amino acids, designer amino acids such as f-methyl
amino acids, C-methyl amino acids, N-methyl amino acids,
and amino acid analogues in general. Non-natural amino
acids also include amino acids having derivatized side
groups. Furthermore, any of the amino acids in the proteincan
be of the D (dextrorotary) form or L (levorotary) form.

[0102] The subject invention also concerns variants of
nucleic acid molecules that encode functional fusion proteins
of the invention. Variant sequences include those sequences
wherein one or more nucleotides of the sequence have been
substituted, deleted, and/or inserted.

[0103] The nucleotides that can be substituted for natural
nucleotides of DNA have a base moiety that can include, but
is not limited to, inosine, S-fluorouracil, 5-bromouracil,
hypoxanthine, 1-methylguanine, 5-methylcytosine, and trity-
lated bases. The sugar moiety of the nucleotide in a sequence
can also be modified and includes, but is not limited to,
arabinose, xylulose, and hexose. In addition, the adenine,
cytosine, guanine, thymine, and uracil bases of the nucle-
otides can be modified with acetyl, methyl, and/or thio
groups. Sequences containing nucleotide substitutions, dele-
tions, and/or insertions can be prepared and tested using
standard techniques known in the art.

[0104] Unless otherwise specified, as used herein percent
sequence identity and/or similarity of two sequences can be
determined using the algorithm of Karlin and Altschul
(1990), modified as in Karlin and Altschul (1993). Such an
algorithm is incorporated into the NBLAST and XBLAST
programs of Altschul et al. (1990). BLAST searches can be
performed with the NBLAST program, score=100,
wordlength=12, to obtain sequences with the desired percent
sequence identity. To obtain gapped alignments for compari-
son purposes, Gapped BLAST can be used as described in
Altschul et al. (1997). When utilizing BLAST and Gapped
BLAST programs, the default parameters of the respective
programs (NBLAST and XBLAST) can be used. See NCBI/
NIH website.
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[0105] The subject invention also contemplates those
nucleic acid molecules having sequences which are suffi-
ciently homologous with the nucleic acid sequences exem-
plified herein so as to permit hybridization with that sequence
under standard stringent conditions and standard methods
(Maniatis et al., 1982). As used herein, “stringent” conditions
forhybridization refers to conditions wherein hybridization is
typically carried out overnight at 20-25 C below the melting
temperature (Tm) of the DNA hybrid in 6x SSPE, 5x Den-
hardt’s solution, 0.1% SDS, 0.1 mg/ml denatured DNA. The
melting temperature, Tr, is described by the following for-
mula (Beltz et al., 1983):

Tm=81.5 C+16.6 Log [Na+]+0.41(% G+C)-0.61(%
formamide)-600/length of duplex in base pairs.

[0106] Washes are typically carried out as follows:

[0107] (1) Twice at room temperature for 15 minutes in 1x
SSPE, 0.1% SDS (low stringency wash).

[0108] (2) Once at Tm-20 C for 15 minutes in 0.2x SSPE,
0.1% SDS (moderate stringency wash).

[0109] Further, the subject invention provides expression
constructs comprising PD-1 nucleic acid molecules or fusion
constructs thereof. Expression constructs of the invention
generally include regulatory elements that are functional in
the intended host cell in which the expression construct is to
be expressed. Regulatory elements include promoters, tran-
scription termination sequences, translation termination
sequences, enhancers, and polyadenylation elements.

[0110] An expression construct of the invention can com-
prise a promoter sequence operably linked to a nucleic acid
sequence encoding a peptide of the invention. Multiple copies
of promoters or multiple promoters can be used in an expres-
sion construct of the invention. In a preferred embodiment, a
promoter can be positioned about the same distance from the
transcription start site as it is from the transcription start site
in its natural genetic environment. Some variation in this
distance is permitted without substantial decrease in pro-
moter activity. A transcription start site is typically included
in the expression construct.

[0111] For expression in animal cells, an expression con-
struct of the invention can comprise suitable promoters that
can drive transcription of the polynucleotide sequence. For
mammalian cells, suitable promoters include for example,
Pcmv, actin promoter, metallothionein promoter, NF-kappaB
promoter, EGR promoter, SRE promoter, [L.-2 promoter,
NFAT promoter, osteocalcin promoter, SV40 early promoter
and SV40 late promoter, Lck promoter, BMPS promoter, and
TRP-1 promoter.

Protection against Pathogenic Infection and Cancer

[0112] Another aspect of the subject invention provides
methods for the prevention and/or treatment of pathogenic
infection and/or cancer. Advantagously, the methods of the
subject invention induce antigen-specific humoral and cell-
mediated immunity. In one embodiment, the method com-
prises administering, to a subjectin need of such treatment, an
effective amount of a fusion protein or fusion nucleic acid
molecule of the subject invention.

[0113] Inan embodiment, the subject invention provides a
method of inducing protective immunity against pathogenic
infection and/or cancer. In a specific embodiment, the method
comprises administering a composition comprising a fusion
nucleic acid molecule, wherein the fusion nucleic acid mol-
ecule comprises a nucleic acid encoding an antigen of inter-
est; a sPD-1 nucleic acid encoding a wild-type soluble PD1
protein, a nucleic acid encoding a spd1-14 del protein of the
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invention, or a nucleic acid encoding a spd1-322 del protein
of the invention; and, optionally. a nucleic acid encoding Fe
domain and a linker nucleic acid sequence that links the
sPD-1 nucleic acid and the antigen nucleic acid. In one
embodiment, the composition is administered by intramus-
cular injection via electroporation (EP).

[0114] In another specific embodiment, the method com-
prises administering a composition comprising a fusion pro-
tein, wherein the fusion protein comprises an antigen of inter-
est; a soluble PD-1 protein selected from a wild-type soluble
PD1 protein, a spdl-14del protein of the invention, or a
spd1-322 del protein of the invention; and, optionally, a Fc
domain and a linker sequence that links the sPD-1 protein and
the antigen protein.

[0115] The methods can be used for prevention and/or
treatment of infection and other diseases where induction of
antigen-specific humoral and cell-mediated immunity is ben-
eficial. In a specific embodiment, the subject invention can be
used in the prevention and/or treatment of tumor or cancer.
[0116] The term “treatment” or any grammatical variation
thereof (e.g., treat, treating, and treatment etc.), as used
herein, includes but is not limited to, ameliorating or allevi-
ating a symptom of a disease or condition, reducing, sup-
pressing, inhibiting, lessening, or affecting the progression,
severity, and/or scope of a condition.

[0117] Theterm “prevention” or any grammatical variation
thereof (e.g., prevent, preventing, and prevention etc.), as
used herein, includes but is not limited to, delaying the onset
of symptoms, preventing relapse to a disease, decreasing the
number or frequency of relapse episodes, increasing latency
between symptomatic episodes, or a combination thereof.
Prevention, as used herein, does not require complete inhibi-
tion or elimination of symptoms.

[0118] The term “effective amount,” as used herein, refers
to an amount that is capable of treating or ameliorating a
disease or condition or otherwise capable of producing an
intended therapeutic effect.

[0119] The term “subject,” as used herein, describes an
organism, including mammals such as primates, to which
treatment with the compositions according to the subject
invention can be provided. Mammalian species that can ben-
efit from the disclosed methods of treatment include, but are
not limited to, apes, chimpanzees, orangutans, humans, mon-
keys; and other animals such as dogs, cats, horses, cattle, pigs,
sheep, goats, chickens, mice, rats, guinea pigs, and hamsters.
[0120] In certain embodiments, in case of prevention of
pathogenic infection or cancer, the sPD-1-based composition
of the invention is administered to a subject that does not
suffer from the pathogenic infection or cancer type to be
prevented, or a subject that does not exhibit symptoms of the
pathogenic infection or cancer type to be prevented.

[0121] In one embodiment, the subject invention can be
used in the prevention and/or treatment of infection by viral,
bacterial, fungal, or other microbial pathogens including, but
not limited to, human immunodeficiency virus (HIV), HSV
including HSV-1 and HSV-2, KSHV, HPV including HPV-6,
HPV-11, HPV-16, and HPV-18, respiratory syncytial virus,
rhinovirus, hepatitis viruses including hepatitis A virus, hepa-
titis B virus, hepatitis C virus, hepatitis D virus, hepatitis E
virus, hepatitis F virus, and hepatitis G virus, oncoviruses,
human T-lymphotropic virus Type I (HTLV-1), influenza
virus, bovine leukemia virus (BLV), Epstein-Barr virus,
rotavirus, meningococcus, anpapillomavirus, preumococcus,
streptococcus, staphylococcus, E. coli, cytomegalovirus
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(CMV), respiratory syncytial virus, parainfluenza virus,
adenovirus, dengue virus, Mycobacteria tuberculosis, and
Plasmodium falciparu; and pathogens causing diseases
including, but not limited to, pertussis, polio, measles,
mumps, rubella, smallpox, zoster, anthrax, tetanus, rabies,
chickenpox, diphtheria, anthrax, plague, encephalitis, pneu-
monia, typhus, typhoid fever, lyme disease, cholera, shigella,
leishmania, leprosy, toxoplasmosis, coccidiomycosis, schis-
tosomiasis, and malaria.

[0122] Ina specific embodiment, the subject invention can
be use to prevent and/or treat HIV infection. In certain
embodiments, the method comprises administering to a sub-
ject in need of such treatment an effective amount of a fusion
protein, comprising an amino acid sequence selected from
SEQIDNOs: 13,17, 19,23, and 27. In specific embodiments,
the subject method comprises administering to a subject in
need of such treatment an effective amount of a fusion DNA,
comprising a nucleic acid sequence selected from SEQ ID
NOs: 14, 18, 20, 24, and 28.

[0123] In additon, the methods can be used in the preven-
tion and/or treatment of diseases where enhanced humoral
and cell-mediated immunity is beneficial. In an embodiment,
the subject invention can be used in the prevention and/or
treatment tumor or cancer.

[0124] 1Inone embodiment, the sPD-1 protein useful for the
prevention and/or treatment of tumor comprises an antigenic
fragment derived from cancer or tumor cells. Soluble PD-1
proteins useful for the prevention and/or treatment of tumor
or cancer also include, for example, the wild-type mspd-1
(SEQ ID NO:1), the wild-type hspdl (SEQ ID NO: 21),
mspdl-14del (SEQIDNO: 11), mspd1-322mu (SEQ IDNO:
15), hspdl-14del (SEQ ID NO: 25), or fusion proteins
thereof. Additionally or alternatively, the PD-1 protein useful
for the prevention and/or treatment of tumor or cancer com-
prises an amino acid sequence that is at least 95%, 96%, 97%,
98%, 99%, or 99.5% identical to the wild-type mspd-1 (SEQ
ID NO:1), the wild-type hspdl (SEQ ID NO: 21), mspd1-
14del (SEQ ID NO: 11), mspd1-322mu (SEQ ID NO: 15),
hspd1-14del (SEQ ID NO: 25), or fusion proteins thereof.
[0125] In specific embodiments, sPD-1 nucleic acid mol-
ecules useful for the prevention and/or treatment of tumor or
cancer include, for example, the wild-type mspd-1 DNA
(SEQ

[0126] IDNO:2), the wild-type hspdl DNA (SEQ ID NO:
22), mspdl-14del DNA (SEQ ID NO: 12), mspd1-322mu
DNA (SEQ ID NO: 16), hspd1-14del DNA (SEQ ID NO:
26), or fusion DNA thereof.

[0127] Additionally or alternatively, the sPD-1 nucleic acid
molecule useful for the prevention and/or treatment of tumor
or cancer comprises a sequence that is at least 90%, 95%,
96%, 97%, 98%, 99%, or 99.5% identical to the wild-type
mspd-1 DNA (SEQ ID NO:2), the wild-type hspdl DNA
(SEQ ID NO: 22), mspdl-14del DNA (SEQ ID NO: 12),
mspd1-322mu DNA (SEQ ID NO: 16), hspd1-14del DNA
(SEQ ID NO: 26), or fusion DNA thereof.

Therapeutic Compositions and Routes of Administration

[0128] The subject invention further provides for therapeu-
tic or pharmaceutical compositions. In an embodiment, the
composition comprises a therapeutically effective amount of
a protein and/or nucleic acid molecule of the subject inven-
tion and, optionally, a pharmaceutically acceptable carrier.

[0129] Inone embodiment, the proteins and/or nucleic acid
molecules are formulated into a vaccine composition for
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administration to subjects having certain risks of pathogenic
infection. A vaccine composition is an antigenic preparation
that comprises one or more immunogenic antigens used to
produce active immunity to a disease. In addition, the com-
positions of the subject invention can be administered to a
subject with existing infection, and provide for customized
vaccine schedules and compositions to prevent or minimize
worsening of the diseases.

[0130] The subject invention contemplates therapeutic
compositions useful for practicing the therapeutic methods
described herein. The therapeutic composition can be any
form of pharmaceutical format, including injectable formu-
lations such as liquid and lyophilized injections.

[0131] Inaspecific embodiment, a therapeutically effective
amount of a protein and/or nucleic acid molecule of the sub-
ject invention is typically an amount such that when admin-
istered in a physiologically tolerable composition is sufficient
to achieve a plasma concentration of from about 0.01 micro-
gram (ug) per milliliter (mL) to about 200 ug/mL. Stated
differently, the dosage can vary from about 0.1 mg/kg to about
300 mg/kg, preferably from about 0.2 mg/kg to about 200
mg/kg, most preferably from about 0.5 mg/kg to about 20
mg/kg, in one or more dose administrations daily, for one or
several days.

[0132] Suitable non-toxic pharmaceutically acceptable
carriers foruse with the agent will be apparent to those skilled
in the art of pharmaceutical formulation. See, for example,
Remington’s Pharmaceutical Sciences, seventeenth edition,
ed. Alfonso R. Gennaro, Mack Publishing Company, Easton,
Pa. (1985). Suitable carriers include ethanol, dimethyl sul-
foxide, glycerol, silica, alumina, starch, sorbitol, inosital,
xylitol, D-xylose, mannitol, powdered cellulose, microcrys-
talline cellulose, talc, colloidal silicon dioxide, calcium car-
bonate, magnesium cabonate, calcium phosphate, calcium
aluminum silicate, aluminum hydroxide, sodium starch phos-
phate, lecithin, and equivalent carriers and diluents. Saline
solutions and aqueous dextrose and glycerol solutions can
also be employed as liquid carriers, particularly for injectable
solutions.

[0133] Suitable pharmaceutical excipients include starch,
glucose, lactose, sucrose, gelatin, malt, rice, flour, chalk,
silica gel, sodium stearate, glycerol monostearate, talc,
sodium chloride, dried skim milk, glycerol, propylene glycol,
water, ethanol, and the like. The therapeutic composition, if
desired, can also contain minor amounts of wetting or emul-
sifying agents, or pH buffering agents. In addition, if desired,
the composition can contain minor amounts of auxiliary sub-
stances such as wetting or emulsifying agents, pH buffering
agents and the like which enhance the effectiveness of the
active ingredient.

[0134] The amount of active ingredient that may be com-
bined with the carrier materials to produce a single dosage
form will vary, depending on the type of the condition and the
subject to be treated. In general, a therapeutic composition
contains from about 5% to about 95% active ingredient
(wiw). More specifically, a therapeutic composition contains
from about 20% (w/w) to about 80%, or about 30% to about
70%, active ingredient (w/w).

[0135] The preparation of a pharmacological composition
that contains active ingredients dissolved or dispersed therein
is well understood in the art and need not be limited based on
formulation. Typically such compositions are prepared as
injectables either as liquid solutions or suspensions; however,
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solid forms suitable for solution, or suspensions, in liquid
prior to use also can be prepared. The preparation also can be
emulsified.

[0136] The therapeutic composition of the subject inven-
tion can include pharmaceutically acceptable salts of the
components therein. Pharmaceutically acceptable salts
include the acid addition salts (formed with the free amino
groups of a polypeptide) that are formed with inorganic acids
such as, for example, hydrochloric or phosphoric acids, or
such organic acids as acetic, tartaric, mandelic and the like.
Salts formed with the free carboxyl groups also can be
derived from inorganic bases such as, for example, sodium,
potassium, ammonium, calcium or ferric hydroxides, and
such organic bases as isopropylamine, trimethylamine,
2-ethylamino ethanol, histidine, procaine and the like.
[0137] Asused herein, the terms “pharmaceutically accept-
able”, “physiologically tolerable” and grammatical varia-
tions thereof, as they refer to compositions, carriers, diluents
and reagents, are used interchangeably and represent that the
materials are capable of administration to or upona mammal.
[0138] The invention also provides a pharmaceutical pack
or kit comprising one or more containers filled with one or
more of the ingredients, e.g., compound, carrier suitable for
administration.

[0139] The compositions of the subject invention can be
administered to the subject being treated by standard routes,
including oral, inhalation, or parenteral administration
including intravenous, subcutaneous, topical, transdermal,
intradermal, transmucosal, intraperitoneal, intramuscular,
intracapsular, intraorbital, intracardiac, transtracheal, subcu-
taneous, subcuticular, intraarticular, subcapsular, subarach-
noid, intraspinal, epidural and intrasternal injection, infusion,
and electroporation, as well as co-administration as a com-
ponent of any medical device or object to be inserted (tem-
porarily or permanently) into a subject.

[0140] Inapreferred embodiment, the microparticles ofthe
subject invention can be formulated for parenteral adminis-
tration. The preparation of an aqueous composition that con-
tains one or more agents, such as a protein or nucleic acid
molecule of the subject invention, will be known to those of
skill in the art in light of the present disclosure. Typically,
such compositions can be prepared as injectables, either as
liquid solutions or suspensions; solid forms suitable for using
to prepare solutions or suspensions upon the addition of a
liquid prior to injection can also be prepared; and the prepa-
rations can also be emulsified.

[0141] The pharmaceutical forms suitable for injectable
use include sterile aqueous solutions or dispersions; formu-
lations including sesame oil, peanut oil or aqueous propylene
glycol; and sterile powders for the extemporaneous prepara-
tion of sterile injectable solutions or dispersions. In all cases
the form must be sterile and must be fluid to the extent that
easy syringability exists. It must be stable under the condi-
tions of manufacture and storage and must be preserved
against the contaminating action of microorganisms, such as
bacteria and fungi.

[0142] Sterile injectable solutions are prepared by incorpo-
rating the active ingredients in the required amount in the
appropriate solvent followed by filtered sterilization. Gener-
ally, dispersions are prepared by incorporating the various
sterilized active ingredients into a sterile vehicle which con-
tains the basic dispersion medium and the required other
ingredients from those enumerated above. In the case of ster-
ile powders for the preparation of sterile injectable solutions,
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the preferred methods of preparation are vacuum drying and
freeze-drying techniques, which yield a powder of the active
ingredient, plus any additional desired ingredient from a pre-
viously sterile-filtered solution thereof

[0143] Inaddition, the nucleic acid molecules and compo-
sitions of the subject invention can be delivered in vivo into a
host cell by methods known in the art. In one embodiment, the
nucleic acid molecules and compositions of the subject inven-
tion can be introduced in vivo via a viral vector such as
adeno-associated virus (AAV), herpes simplex virus (HSV),
retrovirus, papillomavirus, adenovirus, and Epstein-Barr
virus (EBV). In addition, the nucleic acid molecules and
compositions of the subject invention can also be introduced
in vivo via lipofection (DNA transfection via liposomes pre-
pared from synthetic cationic lipids) (Felgner et al., 1987).
Synthetic cationic lipids (LIPOFECTIN, Invitrogen Corp.,
La Jolla, Calif.) can be used to prepare liposomes to encap-
sulate the nucleic acid molecules of the invention. The nucleic
acid molecules of the subject invention can also be introduced
in vivo as naked DNA using methods known in the art, such as
transfection, microinjection, electroporation, calcium phos-
phate precipitation, and by biolistic methods.

EXAMPLES

[0144] Following are examples that illustrate embodiments
for practicing the invention. These examples should not be
construed as limiting. All percentages are by weight and all
solvent mixture proportions are by volume unless otherwise
noted.

Example 1
Construction of Mouse sPD-1 Vaccine Candidates

[0145] This Example illustrates the construction of mouse
sPD-1-p24 fusion constructs. To construct mouse sPD-1-p24-
Fc construct, PVAX vector that carries the wild-type msPD-1
gene and p24 gene was fused with rabbit Fc DNA. The vector
and the p24-Fc DNA were linked by a linker encoding
GGGSGGG (SEQ ID NO: 29). The transcription is under the
control of promoter Pcmv.

[0146] Mouse sPD1 protein variant mspdl-IgVA was
obtained by deleting amino acids 89-90 of the mouse PD-1
protein, which forms the C"D loop of the IgV domain and 1s
essential for PD-1 and PD-L1/L.2 interaction. PVAX vector
carrying mspd1-IgVA was linked with p24-rabbit Fc DNA
via a linker encoding GGGSGGG (SEQ ID NO: 29) linker
sequence. In addition, p24-Fc fusion construct was obtained
by linking the PVAX vector carrying p24 with rabbit Fc DNA.
The transcription is under the control of promoter Pcmv.
[0147] FIG. 1A shows alignment of amino acid sequences
of msPdl1-p24-Fc, mspd1-IgVA-p24-Fc, and p24-fc fusion
proteins. FIG. 1B shows Western blot results of various fusion
constructs useful according to the subject invention. Briefly,
293T cells were transfected with various fusion constructs
using polvethylenimine (PEI) and the supernatants were col-
lected 72 hours post transfection. Proteins were detected by
anti-rabbit Fc antibody. FIG. 1B shows that msPd1-p24-Fc
and mspd1-IgVA-p24-Fc are about 72KD in size, while p24-
Fc is about 50KD in size. The results also show that msPd1-
p24-Fc, mspd1-IgVA-p24-Fc, and p24-Fc fusion proteins are
soluble.

Example 2

Binding Ability of Mouse sPD-1 Fusion Protein to
sPD-1 Ligands

[0148] This Example shows the binding ability of msPD-1
fusion proteins to mouse sPD-1 ligands. Briefly, 293T cells
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were transfected with PD-L (PD-L1 and PD-1.2). The binding
of sPD-1 proteins to PD-1 ligands was detected by FITC-anti
rabbit Fc antibody using flow cytometer, and the results were
analyzed by flowJo.

[0149] The results, as shown in FIGS. 2A-B, reveal that
mspd1-p24-Fc binds to mouse PD-1 ligands PD-L.1 and PD-
L2. In contrast, the variant mspd1-IgVA fusion protein does
not bind to mouse PD-1 ligands. In addition, p24-Fc does not
affect the interaction between PD-1 and PD-L1/1.2.

Example 3

Induction of Humoral and Cell-Mediated Immune
Responses by Wild-Type Mouse sPD1 Vaccine

[0150] This Example shows that the wild-type msPD1-
p24-Fc potently induces humoral and cell-mediated immune
responses. Briefly, Balb/c mice were primed at week 0 and
boosted at week 3 and week 6 with 20ug mouse DNA vectors
encoding msPdl-p24-Fc, mspdl-IgVA-p24-Fc, or p24-Fc
via intramuscular electroporation. Mice that received PBS
served as controls.

[0151] Two weeks after the last immunization, mice sera
were collected and contacted with HIV-1 p24 viral proteins.
The levels of anti-p24 IgG1 and IgG2a antibodies were mea-
sured by ELISA. The level of anti-p24 antibody in control
samples is not shown because the absorbance readouts of
these samples fell below the cutoff values for determining
antibody titers. The anti-p24 antibody endpoint titer is
defined as the reciprocal of the highest dilution of a test
sample that produces a reading of at least two-fold greater
than that of the control sample with the same dilution. The
results show that mice immunized with mspd1-p24-Fc had
high IgG1 and IgG2a titers, when compared to mice immu-
nized with p24-Fc or mspd1-IgVA-p24-Fc.

[0152] To examine p24-specific immune responses, the
number of I[FN-y-secreting splenocytes specific for p24
epitope gag Al (AMQMLKDTI) (SEQ ID NO: 39) for CD8 T
cells and the number of splenocytes specific for p24 epitope
2ag26 (TSNPPIPVGDIYKRWIILGL) (SEQ ID NO: 40) for
CDAT cells was determined using ELIspot assay. In addition,
splenocytes isolated from immunized vaccinated mice were
subject to H2d-Kd- AMQMLKDTI-PE tetramer staining, and
CD8 T cell and CD4 T cell population was analyzed.

[0153] The results show that mice immunized with mspd1-
p24-Fc had high anti-p24 antibody titers (FIG. 3A) and high
number of IFN-y-secreting splenocytes (FIGS. 3B and 3D),
when compared to mice immunized with p24-Fc or mspd1-
IgVA-p24-Fe. Splenocytes isolated from mice immunized
with mspd1-p24-Fc contained about five-fold higher H2d-
Kd-AMQMLKDTI tetramer-positive cells (FIGS. 3C), when
compared to mice immunized with p24-Fc or mspd1-IgVA-
p24-Fc.

Example 4

Reduction of VIT-HIV-Gagpol Titers in Mice
Immunized with Wild-Type Mouse sPD1 Fusion
Protein

[0154] This Example shows that immunization with the
wide-type msPD1 fusion protein protects against viral infec-
tion. Briefly, Balb/c mice were primed at week 0 and boosted
at week 3 and week 6 with 20ug mouse DNA encoding
msPd1-p24-Fe, mspdl-IgVA-p24-Fc, or p24-Fc via intra-
muscular electroporation. Mice that received PBS served as



US 2012/0121634 Al

controls. Three weeks after immunization, mice were chal-
lenged with 4x107PFU vaccinia VTT-HIV-gagpol intrana-
sally. The mice were sacrificed 3 days after viral challenge
and viral titers in the lungs were evaluated by plaque assay.
The results show that mice imnunized with mspd1-p24-Fc
exhibited significantly reduced VT T-HIV-gagpol titers upon
viral challenge (FIG. 4).

[0155] FIG. 5 shows that targeting dendritic cells using
sPD-1-p24-fc induces enhanced p24-specific antibody and T
cell responses.

Example 5

Induction of Humoral and Cell-Mediated Immune
Responses by Wild-Type Human sPD1 Vaccine

[0156] Human sPD-1-p24-F¢ was constructed by fusing
PVAX vector carrying hsPD-1-p24 with rabbit Fc DNA. The
vector and the p24-Fc DNA were linked by a linker encoding
GGGSGGG (SEQ ID NO: 29). The transcription is under the
control of promoter Pcmv.

[0157] To analyze the binding ability of hsPD-1-p24-Fc to
sPD-1 ligands, 293T cells were transfected with mouse PD-
L1 and PD-L2, respectively. The binding of sPD-1 proteins to
PD-1 ligands was detected by mouse sPD-1-Fc¢ proteins and
FITC-anti rabbit Fc antibody using flow cytometer, and the
results were analyzed by flowJo. The results, as shown in
FIGS. 6A and 6B, reveal that hspdl-p24-Fc fusion protein
binds to PD-1 ligands.

[0158] To examine the induction of immune responses by
hsPD-1-p24-Fc, Balb/c mice were primed at week 0 and
boosted at week 3 and week 6 with 20 ig mouse DNA encod-
ing hsPD1-p24-Fc or p24-Fc via intramuscular electropora-
tion. Mice that received PBS served as controls.

[0159] Two weeks after the last immunization, mice sera
were collected. The levels of anti-p24 IgG1 and 1gG2a anti-
bodies were measured by ELISA. The levels of anti-p24
antibody in control samples is not shown because the absor-
bance readouts of these samples fell below the cutoff values
for determining antibody titers. The anti-p24 antibody end-
point titer is defined as the reciprocal of the highest dilution of
a test sample that produces a reading of at least two-fold
greater than that of the control sample with the same dilution.
The results, as shown in FI1G. 6C, reveal that mice immunized
with hspd1-p24-Fc had high IgG1 and 1gG2a titers, when
compared to mice immunized with p24-Fc.

[0160] To examine p24-specific immune response, the
number of IFN-y-secreting splenocytes specific for p24
epitope gag Al (AMQMLKDTI) (SEQ ID NO: 39) for CD8 T
cells and the number of [FN-y-secreting splenocytes specific
for p24 epitope gag26 (TSNPPIPVGDIYKRWIILGL) (SEQ
IDNO: 40) for CD4 T cells was determined by ELIspot assay.
Bars represent the average values of three samples (tstandard
deviations). The results, as shown in FIG. 6D, reveal that
wild-type hsPD1 (hspd1-p24-Fc) binds to mouse PD-L1 and
PD-L2, and potently elicits humoral and cell-mediated
immune responses.

Example 6

Construction of Mouse sPD-1 Variant Vaccine Can-
didates

[0161] This Example illustrates the construction of variant
msPD-1 vaccine candidates. Mouse sPD1 variants, mspd1-
14del and mspdl1-322mu, were constructed (FIG. 7A). The
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mspdl-14del variant is obtained by deleting amino acids
26-39 of the wild-type mspd1 (encoded by the first part of the
second exon of the wild-type mouse PD-1 gene). The mspd1-
322mu variant is obtained by changing amino acid residue
108 of the wild-type mouse PD-1 protein from Met to Val.
[0162] Mouse sPD-1 fusion constructs were obtained by
fusing PVAX vector carrying mspdlvariant-p24 with rabbit
Fc DNA. The PVAX vector and the p24-Fc¢ DNA were linked
by a linker encoding GGGSGGG (SEQ ID NO: 29). The
transcription is under the control of promoter Pemv.

[0163] FIG. 7A shows alignment of amino acid sequences
of msPdl-p24-Fc, mspdl-14del-p24-Fc, mspdl1-322mu-
p24-Fc, and p24-Fc fusion proteins. FIG. 7B shows Western
blot results of various fusion proteins useful according to the
subject invention. Briefly, 293T cells were transfected with
various fusion constructs using polyethylenimine (PEI) and
the supernatants were collected 72 hours post transfection.
Proteins were detected by anti-rabbit Fc antibody. FIG. 7B
shows that mspd1-14del-p24-Fc, and mspd1-322mu-p24-Fc
are about 72KD in size, while p24-Fc is about 50KD in size.
The results also show that mspd1-14del-p24-Fc, and mspd1-
322mu-p24-Fc fusion proteins are soluble.

Example 7

Binding Ability of Mouse sPD-1 Variant Fusion Pro-
teins to sPD-1 Ligands

[0164] This Example shows that msPD-1 variant fusion
proteins, mspdl-14del-p24-Fc and mspd1-322mu-p24-Fc,
do not bind to mouse sPD-1 ligands PD-L1 and PD-L2 (FIG.
8). Briefly, 293T cells were transfected with PD-L (PD-L1
and PD-L2). The binding of sPD-1 proteins to PD-1 ligands
was detected by mouse sPD-1-p24-Fc proteins and FITC-anti
rabbit Fc antibody using flow cytometer, and the results were
analyzed by flowJo.

Example 8

Induction of Humoral and Cell-Mediated Immune
Responses by Variant sPD 1 Vaccines

[0165] This Example shows that msPD 1 variants potently
elicit humoral and cell-mediated immune responses. Briefly,
Balb/c mice were primed at week 0 and boosted at week 3 and
week 6 with 20 pg mouse DNA vectors encoding mspdl-
14del-p24-Fc, mspdl1-322mu-p24-Fc, or p24-Fc via intra-
muscular electroporation. Mice that received PBS served as
controls.

[0166] Two weeks after the last immunization, mice sera
were collected. The levels of anti-p24 TgG1 and IgG2a anti-
bodies were measured by ELISA. The level of anti-p24 anti-
body in control samples is not shown because the absorbance
readouts of these samples fell below the cutoff values for
determining antibody titers. The anti-p24 antibody endpoint
titer is defined as the reciprocal of the highest dilution of a test
sample that produces a reading of at least two-fold greater
than that of the control sample with the same dilution. The
results show that mice immunized with mspd1-14del-p24-Fc
or mspd1-322mu-p24-Fc had high IgG1 and [gG2a titers,
when compared to mice immunized with p24-Fc.

[0167] To examine p24-specific immune response, the
number of IFN-y-secreting splenocytes specific for p24
epitope gag AT (AMQMLKDTTI) (SEQ ID NO: 39) for CD8 T
cells and the number of IFN-y-secreting splenocytes specific
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for p24 epitope gag26 (TSNPPIPVGDIYKRWIILGL) (SEQ
IDNO: 40) for CD4 T cells was determined by ELIspot assay.
[0168] The results show that mice immunized with mspd1-
14del-p24-Fc or mspdl-322mu-p24-Fc had high anti-p24
antibody titers (FIG. 9A) and high number of IFN-y-secreting
splenocytes (FIGS. 9B and 9D). Splenocytes isolated from
mice immunized with mspdl-14del-p24-F¢ or mspdl-
322mu-p24-Fc¢ contained higher H2d-Kd-AMOQMLKDTI
tetramer-positive cells (FIG. 9C), when compared to mice
immunized with p24-Fc.

Example 9

Reduction of VTT-HIV-Gagpol Titers in Mice
Immunized with Variant Mouse sPD 1 Fusion Pro-
teins

[0169] This Example shows that immunization with variant
mspd1-14del-p24-Fc or mspdl-322mu-p24-Fc protects
against HIV infection. Briefly, Balb/c mice were primed at
week 0 and boosted at week 3 and week 6 with 20 pug mouse
DNA encoding mspd1-14del-p24-fc or mspd1-322mu-p24-
Fc via intramuscular electroporation. Three weeks after
immunization, mice were challenged with 4x10’PFU of
VTT-HIV-gagpol intranasally. Mice that received PBS served
as controls.

[0170] Themice were sacrificed 3 days after viral challenge
and viral titers in lungs were evaluated by plaque assay. The
results show that mice immunized with mspd1-14del-p24-Fc
or mspd1-322mu-p24-Fc exhibited significantly reduced
VTT-HIV-gagpol titers upon viral challenge (FIG. 10).

Example 10

Induction of Humoral and Cell-Mediated Immune
Responses by Variant Human sPD1 Vaccine

[0171] 1In this Example, variant hsPD1 construct, hsPD1-
14del-p24-Fc, was constructed. To analyze the binding abil-
ity of hsPD1-14del-p24-Fc protein to mouse PD-L1 and
PD-L2, 293T cells were transfected with PD-L.1 and PD-L.2,
respectively. The binding of hsPD1-14del-p24-Fc protein to
PD-1 were detected by FITC-anti rabbit Fc antibody using
flow cytometer, and the results were analyzed by flowJo. The
results, as shown in FIGS. 11A and 11B, reveal that hspd1-
p24-Fc fusion protein binds to PD-1 ligands.

[0172] To examine the induction of immune responses by
hsPD1-14del-p24-Fc, Balb/c mice were primed at week 0
and boosted at week 3 and week 6 with 20 pm/mice DNA
encoding hsPD1-14del-p24-Fc or p24-Fc via intramuscular
electroporation. Mice that received PBS served as controls.
[0173] Two weeks after the last immunization, mice sera
were collected. The levels of anti-p24 IgG1 and 1gG2a anti-
bodies were determined by ELISA. The levels of anti-p24
antibody in control samples are not shown because the absor-
bance readouts of these samples fell below the cutoff values
for determining antibody titers. The anti-p24 antibody end-
pointtiteris defined as the reciprocal of the highest dilution of
a test sample that produces a reading of at least two-fold
greater than that of the control sample with the same dilution.
[0174] To examine p24-specific immune response, the
number of IFN-y-secreting splenocytes specific for p24
epitope gagAl (AMQMLKDTI) (SEQ ID NO: 39) for CD8 T
cells and the number of [FN-y-secreting splenocytes specific
for p24 epitope gag26 (TSNPPIPVGDIYKRWIILGL) (SEQ
IDNO: 40) for CD4 T cells was determined by ELIspot assay.
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Although hspd1-14del-p24-Fc protein does not bind to
PD-1, the results show that hspd1-14de1-p24-Fc significantly
enhanced humoral and cell-mediated immune responses
upon HIV viral challenge (FIGS. 11C and 11D).

Example 11

Antigen Targeting to Dendritic Cells by sPD-1-
Based Vaccine Amplifies CD8* T Cell Immunity

[0175] This Example shows that sPD-1-based vaccine
improves CD8* T cell immunity by targeting vaccine anti-
gens to dendritic cells (DCs), while blocking the negative
effects of the PD-1/PD-L pathway on T cell function simul-
taneously.

[0176] HIV-1 Gag p24 was chosen as a test antigen because
it has been commonly used in other DC targeting strategies as
a model immunogen”®. Three DNA vaccines, p24-fc, sPD-
1-p24-fc, and sIgV-PD-1-p24-fc, were designed (FIGS. 13a
and 16a). slgV-PD-1-p24-fc differs from sPD-1-p24-fc by
two essential amino acids in the functional IgV domain of
sPD-1, rendering it unable to bind PD-1 ligands14.

[0177] The results show that PD-L 1 and PD- L2 interact
with recombinant sPD-1-p24-fc protein, but do not interact
with sIgV-PD-1-p24-fc or p24-fc proteins (FIG. 165).
[0178] Inaddition, Balb/c mice bone marrow (BM) derived
CD1 1 ¢+DCs that expresses PD-L1 and PD-L.2 (FIG. 172)
binds to sPD-1- p24-fc, but does not bind to sIgV-PD-1-p24-
fc (FIG. 17b).

[0179] 2x10° BM-DCs were pulsed with 20 g sPD-1-p24-
fc or control proteins, and infused back into Balb/c mice via
the tail vein in accordance to a standard immunization sched-
ule"*® (FIG. 135). Compared to sIgV-PD-1-p24-fc, sPD-1-
p24-fe-pulsed BM-DCs elicited higher levels of anti-p24
IgG1 (Th2) and [gG2a (Thl) antibody responses (p<0.05;
FIG. 17¢). Increased levels of p24-specific CD8+ T cell
immunity was also evident as determined by IFN-y ELISpot
(FIG. 17d) and H2-Kd-AMQMLKDTI (Gag-Al) tetramer
assays '7'® (FIG.17¢). The results show that the sPD-1-based
protein vaccine induced p24 specific CD8+ T cell immunity
by targeting dendritic cells.

[0180] The results also show that sPD-1-p24-fc can be used
as a DNA vaccine against infection. The present inventions
have previously shown that intramuscular (i.m.)/EP enhances
the immunogenicity of DNA vaccines consistently'>*-°,
[0181] Inthis Example, i.m. sPD-1-p24-fc/EP vaccination
was conducted, using a vaccine dose of 20 pg or 100 pug (FIG.
135). The results show that sPD-1-p24-fc/EP elicited signifi-
cantly higher levels of IgG1 (4-fold; p<0.01) and IgG2a
(8-fold; p<0.01) antibody responses, when compared to the
sIgV-PD-1-p24-f¢/EP control (FIG. 13¢), in addition to
potent and dose-dependent anti-Gag CD8+ (p<0.001) and
CD4* (p<0.05)T cell responses as determined by IFN-y*
ELISpots (FIGS. 134 and 13e). Specifically, approximately
700 and 1600 ELISpots/10° splenocytes were found against
the CD8™-specific Gag-Al epitope at the doses 20 ug and 100
ug, respectively. This greatly contrasts with the 200-300
ELISpots/10° splenocytes against the same epitope elicited
by 1 mg/i.m. ADVAX (a codon-optimized HIV DNA vac-
cine) or 10° TCID50/i.m. ADMVA (a vaccinia MVA-vec-
tored HIV-1 vaccine) as previously described by the present
inventors™>'®,

[0182] The p24-specific T cell immunity was not confined
to the single Gag-Al epitope. Approximately 800-1000
ELISpots/106 splenocytes was reactive to each of the three
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non-overlapping peptide pools spanning the entire p24 pro-
tein, indicating a broad breadth in anti-Gag Gag T cell
responses following vaccination with sPD-1-p24-fc/EP (F1G.
13F). Additionally, over 12.7% and 22% of CD&* T cells were
positive for H2-Kd-Gag- Al tetramer binding in the 20 ug and
100 pg sPD-1-p24-fc/EP dose groups respectively, which is
significantly higher than that of the sIgV-PD-1-p24-fc/EP
group (p<0.05, FIGS. 3g and 13/%), and is comparable to those
observed in Balb/c mice using a heterologous prime-boost
protocol with two live vectors, L. monocytogenes and Ad5 *°.
[0183] In addition, this Example investigates the ability of
p24-specific T cell populations to secrete IFN-y, TNF-a and
IL-2 in response to antigen stimulation. Compared to sIgV-
PD-1-p24-fc/EP, sPD-1-p24-fc/EP elicited substantially
higher frequencies of p24- specific CD8" T cells producing
[FN-y (47.1%) and TNF-c.(23.6%), and elevated frequencies
of p24-specific CD4' T cells producing [FN-y (6.8%) and
TNF-0 (3.6%) (F1IGS. 14a and 14b). The results show that the
proportion of effector-producing CD8* and CD4* T cell
populations was similar in the order of IFN-y+/TNF-c+
>IFN-y+>IFN-y+/TNF-0+/IL-2+ (FIGS. 14¢ and 144). Upon
analyzing total cytokine-producing p24-specific CD8+ T
cells, high frequency of cells secreting IFN-y (42.2%), IFN-
¥/TNF-o (44.8%) and IFN-y/TNF-o/IL-2 (9.4%) are indica-
tive of enhanced vaccine potency (FIG. 14e).

[0184] To characterize sPD-1-p24-fc/EP vaccination and
investigate its underlying mechanism(s) of immune induc-
tion, additional experiments were performed. Specifically,
this Example compared sPD-1-p24-fc DNA vaccination with
or without EP at the 20 ng dose. Without EP, sPD-1-p24-fc
induced 10-fold less IFN-y*-secreting CD8*T cells than sPD-
1-p24-fc/EP (FIGS. 18a and 134), likely due to the omission
of EP’s effective recruitment of DCs to the site >. In addition,
the lack of statistical difference between sPD-1-p24-fc and
sIlgV-PD-1-p24-fc induced CD8* T cells when delivered
without EP (FIG. 18¢) indicates that sPD-1 alone does not
have a strong adjuvant effect.

[0185] In another experiment, mice were co-immunized
with a mixture of 20 pg of sPD-1-fc and p24-fc by i.m./EP,
and no statistical difference between these two groups in their
IFN-y*/CD8"* T cell response was found (FIG. 186), indicat-
ing that de novo synthesis of sPD-1-fc alone was insufficient
to potentiate immunogenicity. This shows the importance of
DC-targeting via fusion of the antigen to sPD-1.

[0186] To exclude a role of rabbit-Fc in enhancing p24-
specific inmunity, the rabbit Fc fragment was removed from
sPD-1-p24-fc and p24-fc to generate sPD-1-p24 and p24
DNA vaccines for immunization. In corroboration to sPD-1-
p24-fc/EP, sPD-1-p24/EP induced significantly higher levels
of IFN-y+/CD8" T cell response than p24/EP (FIG. 18c¢).
Also, there was no statistical difference between sPD-1-p24-
fe/EP and sPD-1-p24/EP in their ability to induce p24-spe-
cific IFN-y+/CD8+ T cell responses (FIGS. 135 and 18c¢).
[0187] In another experiment, a human (hu-)sPD-1-p24-fc
vaccine was used for comparative study, as it is known that
hu-sPD-1 cross-reacts with murine PD-L1 and PD-[.223
(FIG. 19a). The results show that hu-sPD-1-p24-fc/EP
induced significantly greater levels of p24-specific [FN-y*/
CD8+T cell and antibody responses, when compared to p24-
fc/EP in Balb/c mice (FIGS. 195 and 19¢). Anti-human PD-1
responses were also induced due to the sequence divergence
from murine PD-1, which may account for the difference
between murine sPD-1-p24-fc/EP and hu-sPD-1-p24-fc/EP
in the observed immunogenicity profile (i.e. p24-specific
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CD4+T cell response was weak in mice immunized with
hu-sPD-1-p24-fc/EP) (FIG. 13¢ and FIG. 19¢).

[0188] To determine whether sPD-1-p24-fc/EP elicited
long-lived p24-specific memory T cell responses, groups of
mice 7.5 months were sacrificed after the third immunization
with 20 pug DNA vaccine. Besides persistent anti-p24 1gG1l
and IgG2a antibody responses (FIG. 15a), p24-specific CD8+
(p<0.05) and CD4+ (p<0.05) memory T cell responses were
sustained in mice immunized with sPD-1-p24-f¢/EP com-
pared with controls (FIGS. 155 and 15¢).

[0189] To investigate if cellular immunity elicited by sPD-
1-p24-fc/EP leads to protection, Balb/c mice immunized with
DNA vaccines ata dose of 100 ug (FIG. 135) were challenged
intranasally with 2x10° PFUs of a virulent strain of vaccinia
modified to express HIV-1 gag and pol (WRgagpol). Eight
days post-challenge, a significant reduction in virus titers in
the lungs was observed in mice vaccinated with sPD-1-p24-
fc/EP compared to controls (p<0.01; FIG. 154d). Mice immu-
nized with the placebo or sIgV-PD-1-p24-fc/EP showed
>25% body weight loss within eight days afier virus inocu-
lation in contrast to mice immunized with sPD-1-p24-fc/EP
that survived the challenge with <7% body weight loss (FIG.
15¢). Since there were no anti-vaccinia neutralizing antibod-
ies involved, the results indicated that p24-specific T cell
immunity induced by sPD-1-p24-fc/EP provided significant
protection against mucosal challenge by a virulent virus.
[0190] To summarize, this Example demonstrates that tar-
geting of HIV-1 p24 to DCs via sPD-1 as a DNA vaccine
enhanced the magnitude, breadth and polyfunctionality of
specific CD8*T cell immunity. The sPD-1-based DNA vac-
cine can be used for inducing protective and long-lasting
CD8+ T cell immunity against pathogenic infections includ-
ing HIV-1, tuberculosis, and malaria.

Material and Methods

[0191] Construction of sPD-1-Based Vaccine and Controls
[0192] Three DNA vaccines, sPD-1-p24-fc, slgV-PD-1-
p24-fc, and p24-fc, were constructed in the background of
pVAX1 (FIG. 134). The coding sequence for the extracellular
domain of murine PD-1 (sPD-1) was obtained by nested PCR
from mouse cDNA 10,26, and the HIV-1 p24 fragment was
amplified from a primary isolate HIV-102HNsg4 ofa Chinese
patient without codon-optimization®”. To increase the flex-
ibility of the fusion protein, a linker was applied between the
sPD-1 and HIV-1 p24 gene.

[0193] A mutant form of sPD-1 (sIgV-PD-1) was also
cloned following the same strategy as wild type PD-1. sIgV-
PDI does not react with PD-1 ligands “** due to a two essen-
tial amino acid (position 89-90) in-frame deletion in the IgV
domain. Plasmid expressing HIV-1 p24 alone served as a
control.

[0194] All of the plasmids contained a rabbit Fc tag to
facilitate protein purification and characterization. DNA
transfection into (HEK-)293T cell was performed using Poly-
ethylenimine (PEI), and protein expression was detected by
Western blotting assay using anti-rabbit Fc antibody.

[0195] Recombinant proteins were purified from the trans-
fected cell supernatants by affinity chromatography using
Protein G Sepharose (Invitrogen), and protein concentration
was measured by Micro BCA Protein Assay Kit (Thermo
Scientific).

Binding Characteristics of sPD-1 Fusion Proteins

[0196] 10° 293T cells transiently expressing PD-L1 and
PD-L.2 were incubated with 2 g of purified sPD-1-p24-fc,



US 2012/0121634 Al

sIgV-PD-1-p24-fc or p24-fc fusion protein. Goat anti-rabbit
IgG (H+L)-FITC (Invitrogen) was used to capture the posi-
tive cells. Transfected 293T cells stained by FITC-rat anti-
mouse PD-L1 or PD-L2 antibodies (eBioscience) and FITC-
rat IgG1 isotype served as positive and negative controls,
respectively. Data was acquired on FACSCalibur instrument
(BD Biosciences) and analyzed using BD CellQuest soft-

ware.

Mouse Immunization

[0197] Allanimal experiments were approved by the Com-
mittee on the Use of Live Animals in Teaching and Research
ofthe University of Hong Kong. 5-8 weeks old female Balb/c
mice were bred under standard pathogen-free conditions in
the Laboratory Animal Unit, University of Hong Kong. Mice
were housed in cages under standard conditions with regu-
lated temperature and humidity, fed with pelted food and tap
water, and cared for according to the criteria outlined in the
Guide for the Care and Use of Laboratory Animal.

[0198] Theimmunization procedure was similar to the pre-
vious protocols described in'*® (FIG. 135). Mice received
three DNA immunizations by intramuscular (i.m.) injection
with or without EP given every three weeks at a dose 020 pg
or 100 pg per mouse. Two weeks after the final immunization,
mice were sacrificed, and sera and spleen cells (splenocytes)
were collected for immune response analysis.

Enzyme-Linked Immunosorbent Assay (ELISA)

[0199] Specific antibody responses were assessed by
ELISA as previously described'>'S. Briefly, high affinity,
protein-binding ELISA plates (BD Bioscieces) were coated
with HIV-1 p24 protein (Abcam). Serial diluted sera were
then added and antibodies detected by goat-radish peroxidase
(HRP)-labeled anti-mouse IgG1 or IgG2a antibody (Sigma).
Relative antibody titer was expressed as the reciprocal high-
est dilution of samples producing at least two-fold greater
optical density readout over that of the control serum sample
at the same dilution.

Evaluation of HIV-I Gag p24-Specific T Cell Responses
[0200] IFN-y-producing T cells were evaluated by an
ELISpot assay (Millipore) as previously described 15,16.
2ug/ml of HIV-1 p24 peptide or peptide pools (at a final
concentration of 2ug/ml for each peptide, donated by NIH)
were used to stimulate splenocytes in vitro. Peptide pool
consisting of 59-members of Gag p24 libraries were divided
into 3 pools of 19-20 peptides that span from amino acids
1-87 (pool 1), 77-167 (pool 2) and 157-231 (pool 3). Peptide
gag Al (AMQMLKDTI) is specific for CD8* T cells, whereas
peptide gag26 (TSNPPIPVGDIYKRWIILGL) is specific for
CD4* T cells™>'*.

[0201] Cells stimulated by 500 ng/ml PMA plus 1 pg/ml
calcium ionocycein or left in media only served as positive and
negative controls, respectively. Cells were stimulated at 37°
C., 5% CO2, and 100% humidity for 20 h. Spots were iden-
tified by an immunospot reader and image analyzer (Thermo
Scientific).

[0202] For intracellular cytokine staining (ICS), spleno-
cytes were stimulated with HIV-1 p24 peptide pool (2 pg/ml
for each peptide) in the presence of co-stimulatory anti-CD28
antibody (2 pg/ml, eBioscience) for 20-24 h at 37° C. 10
ug/ml Brefeldin A (BFA; Sigma) was added for the last Sh to
accumulate intracellular cytokines Cells were washed and
incubated with 2.4G2 mAb for 15 min at 4° C. to block Fey.

May 17, 2012

After surface staining with anti-mouse CD3-APC/cy7, CD4-
PE/cy5, CD8-Percp/ey5.5 antibodies (eBioscience), cells
were permeabilized in 100 pl Fixation/Permeabilization solu-
tion (BD Biosciences) for 20 min at 4° C., washed with
Perm/Wash™ buffer (BD), and then stained intracellularly
with anti-IFN-y-PE, anti-IL-2-PE/cy7, anti-TNF-o-FITC
(eBioscience). Tetramer positive CD8* T cell population was
evaluated using phycoerythrin (PE)-conjugated major histo-
compatibility complex (MHC) class I tetramer H2d-Kd-AM-
QMLKDTI (Beckman Coulter). Flow cytometric data were
acquired and analyzed on a BD Arial I1I flow cytometer (BD
Biosciences).

Mouse Immunization of Antigen Pulsed-Dendritic Cells

[0203] Bone marrow DCs (BM- DCs) from Balb/c mice
were enriched by Dynabeads Mouse DC Enrichment Kit
(Invitrogen). Two million CD11c+ BM-DCs were co-cul-
tured with 20 ug of purified sPD-1-p24-fc or sIgV-PD-1-p24-
fe proteins for 1 hat 4° C. Cells were then washed extensively
with PBS and transduced into mice via tail vein injection.
Untreated DCs alone served as control. Immunization proce-
dure and immune responses analysis were the same as
described above.

Vaccinia Viral Challenges

[0204] Immunized mice were challenged intranasally with
2x10° PFUs vaccinia strain Western Reserve (WR) virus
modified to express HIV-1 gag and pol genes. Animal body
weight was monitored daily. Groups of animals were also
sacrificed 8 days post challenge to measure viral titers in their
lungs. Lung homogenates were prepared by physical disrup-
tion, and virus titers in the lungs were determined by a plaque-
forming assay on monolayer Vero cells and monitored for
cytopathic effect.

Statistical Analysis

[0205] All statistical analyses were performed using the
paired one- tailed Student’s t test. P values less than 0.05 were
considered statistically significant. Data were presented as
mean valueszthe standard error of at least three independent
experiments.

[0206] All references, including publications, patent appli-
cations and patents, cited herein are hereby incorporated by
reference to the same extent as if each reference was indi-
vidually and specifically indicated to be incorporated by ref-
erence and was set forth in its entirety herein.

[0207] The terms “a” and “an” and “the” and similar refer-
ents as used in the context of describing the invention are to be
construed to cover both the singular and the plural, unless
otherwise indicated herein or clearly contradicted by context.
[0208] Recitation of ranges of values herein are merely
intended to serve as a shorthand method of referring individu-
ally to each separate value falling within the range, unless
otherwise indicated herein, and each separate value is incor-
porated into the specification as if it were individually recited
herein. Unless otherwise stated, all exact values provided
herein are representative of corresponding approximate val-
ues (e.g., all exact exemplary values provided with respect to
a particular factor or measurement can be considered to also
provide a corresponding approximate measurement, modi-
fied by “about,” where appropriate).

[0209] The use of any and all examples, or exemplary lan-
guage (e.g., “such as™) provided herein, is intended merely to
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better illuminate the invention and does not pose a limitation
on the scope of the invention unless otherwise indicated. No
language in the specification should be construed as indicat-
ing any element is essential to the practice of the invention
unless as much is explicitly stated.

[0210] The description herein of any aspect or embodiment
of the invention using terms such as “comprising”, “having”,
“including” or “containing” with reference to an element or
elements is intended to provide support for a similar aspect or
embodiment of the invention that “consists of”, “consists
essentially of”, or “substantially comprises” that particular
element or elements, unless otherwise stated or clearly con-
tradicted by context (e.g., a composition described herein as
comprising a particular element should be understood as also
describing a composition consisting of that element, unless
otherwise stated or clearly contradicted by context).

[0211] It should be understood that the examples and
embodiments described herein are for illustrative purposes
only and that various modifications or changes in light thereof
will be suggested to persons skilled in the art and are to be
included within the spirit and purview of this application.
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SEQUENCE LISTING
<160> NUMBER OF SEQ ID NOS: 40
<210> SEQ ID NO 1
<211> LENGTH: 178
<212> TYPE: PRT
<213> ORGANISM: mouse
<220> FEATURE:
<223> OTHER INFORMATION: wild-type mouse spdl
<400> SEQUENCE: 1
Met Trp Val Arg Gln Val Pro Trp Ser Phe Thr Trp Ala Val Leu Gln
1 5 10 15
Leu Ser Trp Gln Ser Gly Trp Leu Leu Glu Val Pro Asn Gly Pro Trp
20 25 30
Arg Ser Leu Thr Phe Tyr Pro Ala Trp Leu Thr Val Ser Glu Gly Ala
35 40 45
Asn Ala Thr Phe Thr Cys Ser Leu Ser Asn Trp Ser Glu Asp Leu Met
50 55 60
Leu Asn Trp Asn Arg Leu Ser Pro Ser Asn Gln Thr Glu Lys Gln Ala
65 70 75 80
Ala Phe Cys Asn Gly Leu Ser Gln Pro Val Gln Asp Ala Arg Phe Gln
85 90 95
Ile Ile Gln Leu Pro Asn Arg His Asp Phe His Met Asn Ile Leu Asp
100 105 110
Thr Arg Arg Asn Asp Ser Gly Ile Tyr Leu Cys Gly Ala Ile Ser Leu
115 120 125
His Pro Lys Ala Lys Ile Glu Glu Ser Pro Gly Ala Glu Leu Val Val
130 135 140
Thr Glu Arg Ile Leu Glu Thr Ser Thr Arg Tyr Pro Ser Pro Ser Pro
145 150 155 160
Lys Pro Glu Gly Arg Phe Gln Pro Glu Phe Arg Gly Gly Gly Ser Gly
165 170 175
Gly Gly
<210> SEQ ID NO 2
<211> LENGTH: 537
<212> TYPE: DNA
<213> ORGANISM: mouse
<220> FEATURE:
<223> OTHER INFORMATION: wild-type mouse spdl
<400> SEQUENCE: 2
atgtgggtee gygcaggtace ctggteatte acttgggety tgetgeagtt gagetyggeaa 60
tcagggtgge ttetagaggt ccccaatggg cectggaggt ccoctcaccett ctacccagec 120
tggctcacag tgtcagaggyg agcaaatgcec accttcacct gecagettgte caactggteg 180
gaggatctta tgctgaactg gaaccgcctg agtcccagea accagactga aaaacaggcec 240
gccttetgta atggtttgag ccaacccgte caggatgcce gettccagat catacagetg 200
cccaacaggce atgacttcca catgaacatc cttgacacac ggcgcaatga cagtggcatc 360
tacctctgtg gggecatete cctgcaccee aaggcaaaaa tcgaggagag ccctggagca 420
gagctcgtygg taacagagag aatcctggag acctcaacaa gatatcccag ccectegecce 480
aaaccagaag gccggtttcea accggaattc cggggtggtyg gtggttcagyg aggagga 537
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-continued

<210> SEQ ID NO 3

<211> LENGTH: 231

<212> TYPE: PRT

<213> ORGANISM: HIV

<220> FEATURE:

<223> OTHER INFORMATION: HIV p24

<400> SEQUENCE: 3

Pro Ile Val Gln Asn Leu Gln Gly Gln Met Val His Gln Pro Ile Ser
1 5 10 15

Pro Arg Thr Leu Asn Ala Trp Val Lys Val Ile Glu Glu Lys Ala Phe
20 25 30

Ser Pro Glu Val Ile Pro Met Phe Ser Ala Leu Ser Glu Gly Ala Thr
35 40 45

Pro Gln Asp Leu Asn Thr Met Leu Asn Thr Val Gly Gly His Gln Ala
50 55 60

Ala Met Gln Met Leu Lys Glu Thr Ile Asn Glu Glu Ala Ala Glu Trp
65 70 75 80

Asp Arg Leu His Pro Val Gln 2la Gly Pro Val Ala Pro Gly Gln Met
85 90 95

Arg Glu Pro Arg Gly Ser Asp Ile Ala Gly Thr Thr Ser Asn Leu Gln
100 105 110

Glu Gln Ile Gly Trp Met Thr Asn Asn Pro Pro Ile Pro Val Gly Glu
115 120 125

Ile Tyr Lys Arg Trp Ile Ile Leu Gly Leu Asn Lys Ile Val Arg Met
130 135 140

Tyr Ser Pro Thr Ser Ile Leu 2Zsp Ile Arg Gln Gly Pro Lys Glu Pro
145 150 155 160

Phe Arg Asp Tyr Val Asp Arg Phe Tyr Lys Thr Leu Arg Ala Glu Gln
165 170 175

Ala Ser Gln Glu Val Lys Asn Trp Met Thr Glu Thr Leu Leu Val Gln
180 185 190

Asn Ser Asn Pro Asp Cys Lys Thr Ile Leu Lys Ala Leu Gly Pro Ala
195 200 205

Ala Thr Leu Glu Glu Met Met Thr Ala Cys Gln Gly Val Gly Gly Pro
210 215 220

Gly His Lys Ala Arg Val Leu
225 230

<210> SEQ ID NO 4

<211> LENGTH: 693

<212> TYPE: DNA

<213> ORGANISM: HIV

<220> FEATURE:

<223> OTHER INFORMATION: HIV p24

<400> SEQUENCE: 4

cctatagtge aaaaccteca ggggcaaatg gtacatcage ccatatcacce tagaacttta 60
aatgcatggyg taaaagtaat agaagagaag gcettttagtc cagaagtaat acccatgttt 120
tcagcattat cagaaggagc caccccacaa gatttaaaca ccatgctaaa cacagtgggyg 180
ggacatcaag cagccatgca aatgttaaaa gaaaccatca atgaggaagc tgcagaatgg 240

gatagattgc atccagtgca ggcagggcca gttgcaccag gccagatgag agaaccaagg 300
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18
-continued
ggaagtgaca tagcaggaac tactagtaat cttcaggagc aaataggatyg gatgacaaat 360
aatccaccta tcccagtagyg agaaatctat aaaagatgga taatcctggg gttaaataaa 420
atagtaagaa tgtatagccc taccageatt ctggacataa gacaaggacc aaaggaacce 480
tttagagact atgtagaccg gttctataaa actctaagag ccgagcaagc ttcacaagag 540
gtaaaaaatt ggatgacaga aaccttgttg gtccaaaatt cgaacccaga ttgtaagact 600
attttaaaag cattgggace agcagctaca ctagaagaaa tgatgacage atgtcaggga 660
gtggggggac ctggccataa agcaagagtt ttg 693

<210> SEQ ID NO 5

«211> LENGTH: 288

<212> TYPE: PRT

<213> ORGANISM: rabbit

<220> FEATURE:

<223> OTHER INFORMATION: rabbit Fc domain

<400> SEQUENCE: 5

Met Gln Tyr Ile Lys Ala Asn Ser Lys Phe Ile Gly Ile Thr Glu Leu
1 5 10 15

Lys Lys Leu Gly Gly Ser Asn Asp Ile Phe Asn Asn Phe Thr Val Ser
20 25 30

Phe Trp Leu Arg Val Pro Lys Val Ser Ala Ser His Leu Glu Gln Tyr
35 40 45

Leu Glu Ala Thr Asn Thr Lys Val Asp Lys Thr Val Ala Pro Ser Thr
50 55 60

Cys Ser Lys Pro Met Cys Prco Pro Pro Glu Leu Leu Gly Gly Pro Ser
65 70 75 80

Val Phe Ile Phe Pro Pro Lys Pro Lys Asp Thr Leu Met Ile Ser Arg
85 90 95

Thr Pro Glu Val Thr Cys Val Val Val Asp Val Ser Gln Asp Asp Pro
100 105 110

Glu Val Gln Phe Thr Trp Tyr Ile Asn Asn Glu Gln Val Arg Thr Ala
115 120 125

Arg Pro Pro Leu Arg Glu Gln Gln Phe Asn Ser Thr Ile Arg Val Val
130 135 140

Ser Thr Leu Pro Ile Ala His Gln Asp Trp Leu Arg Gly Lys Glu Phe
145 150 155 160

Lys Cys Lys Val His Asn Lys Ala Leu Pro Ala Pro Ile Glu Lys Thr
165 170 175

Ile Ser Lys Ala Arg Gly Gln Pro Leu Glu Pro Lys Val Tyr Thr Met
180 185 190

Gly Pro Pro Arg Glu Glu Leu Ser Ser Arg Ser Val Ser Leu Thr Cys
195 200 205

Met Ile Asn Gly Phe Tyr Pro Ser Asp Ile Ser Val Glu Trp Glu Lys
210 215 220

Asn Gly Lys Ala Glu Asp Asn Tyr Lys Thr Thr Pro Thr Val Leu Asp
225 230 235 240

Ser Asp Gly Ser Tyr Phe Leu Tyr Ser Lys Leu Ser Val Pro Thr Ser
245 250 255

Glu Trp Gln Arg Gly Asp Val Phe Thr Cys Ser Val Met His Glu Ala
260 265 270

Leu His Asn His Tyr Thr Gln Lys Ser Ile Ser His Ser Pro Gly Lys
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-continued

275 280 285
<210> SEQ ID NO 6
<211> LENGTH: 880
<212> TYPE: DNA
<213> ORGANISM: rabbit
<220> FEATURE:
<223> OTHER INFORMATION: rabbit Fc domain
<400> SEQUENCE: 6
atcctgatge agtacatcaa ggccaacagt aagttcatceg gaatcaccga gettaagaag 60
ctgggagget caaacgacat attcaacaac ttcacagtgt ccttetggtt gegggttece 120
aaggtctetg ctagecacct cgaacaatac ctggaggcca ccaacaccaa agtggacaag 180
accgttgege cctegacatg cagcaagece atgtgcccac cccoctgaact cctgggggga 240
ccgtectgtet tcatcttecee cccaaaacce aaggacacce tcatgatcte acgcaccecc 300
gaggtcacat gcgtggtggt ggacgtgagce caggatgacc ccgaggtgca gttcacatgg 360
tacataaaca acgagcaggt gcgcaccgcec cggcecgecge tacgggagca gcagttcaac 420
agcacgatce gegtggteag caccctecee atcgegeace aggactggcet gaggggcaag 480
gagttcaagt gcaaagtcca caacaaggca ctcccggece ccatcgagaa aaccatctece 540
aaagccagag ggcageccect ggagccgaag gtctacacca tgggecctee cegggaggag 600
ctgagcagca ggteggteag cctgacctge atgatcaacg gettctacce ttecgacatce 660
tcggtggagt gggagaagaa cgggaaggca gaggacaact acaagaccac gcecgaccegtyg 720
ctggacageg acggetecta cttectetac agcaagetcet cagtgeccac gagtgagtgg 780
cagcggggeyg acgtctteac ctgcetcegtyg atgcacgagg ccttgcacaa ccactacacyg 840
cagaagtcca tctececcacte tcctggtaaa taatctagag 880
<210> SEQ ID NO 7
<211> LENGTH: 176
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: mspdl-IgV
<400> SEQUENCE: 7
Met Trp Val Arg Gln Val Pro Trp Ser Phe Thr Trp Ala Val Leu Gln
1 5 10 15
Leu Ser Trp Gln Ser Gly Trp Leu Leu Glu Val Pro Asn Gly Pro Trp

20 25 30

Arg Ser Leu Thr Phe Tyr Pro 2la Trp Leu Thr Val Ser Glu Gly Ala

35 40 45
Asn Ala Thr Phe Thr Cys Ser Leu Ser Asn Trp Ser Glu Asp Leu Met

50 55 60
Leu Asn Trp Asn Arg Leu Ser Pro Ser Asn Gln Thr Glu Lys Gln Ala
65 70 75 80
Ala Phe Cys Asn Gly Leu Ser Gln Gln Asp Ala Arg Phe Gln Ile Ile
85 90 95
Gln Leu Pro Asn Arg His Asp Phe His Met Asn Ile Leu Asp Thr Arg
100 105 110

Arg Asn Asp Ser Gly Ile Tyr Leu Cys Gly Ala Ile Ser Leu His Pro

115 120 125
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-continued

Lys Ala Lys Ile Glu Glu Ser Pro Gly Ala Glu Leu Val Val Thr Glu
130 135 140

Arg Ile Leu Glu Thr Ser Thr Arg Tyr Pro Ser Pro Ser Pro Lys Pro
145 150 155 160

Glu Gly Arg Phe Gln Pro Glu Phe Arg Gly Gly Gly Ser Gly Gly Gly
165 170 175

<210> SEQ ID NO 8

<21l> LENGTH: 531

<212> TYPE: DNA

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

<223> OTHER INFORMATION: mspdl-IgV

<400> SEQUENCE: 8

atgtgggtcee ggcaggtace ctggtcatte acttgggetyg tgctgcagtt gagetggcaa 60
tcagggtgge ttctagaggt ccccaatggg ccectggaggt ccctcacctt ctacccagece 120
tggctcacag tgtcagaggg agcaaatgcce accttcacct gcagcttgte caactggteg 180
gaggatctta tgctgaactg gaaccgcctg agtcccageca accagactga aaaacaggcec 240
geettetygta atggtttgag ccaacaggat geccgettee agatcataca getgeccaac 200
aggcatgact tccacatgaa catccttgac acacggcgea atgacagtgg catctaccete 360
tgtggggceca tcetecctgea ceccaaggcea aaaatcgagg agagccctgg agcagagetce 420
gtggtaacag agagaatcct ggagacctca acaagatatc ccagccccte gcccaaacca 480
gaaggccggt ttcaaccgga attccggggt ggtggtggtt caggaggagyg a 531

<210> SEQ ID NO 9

<211> LENGTH: 695

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: mspdl-IgV-p24-Fc¢ fusion protein

<400> SEQUENCE: 9

Met Trp Val Arg Gln Val Pro Trp Ser Phe Thr Trp Ala Val Leu Gln
1 5 10 15

Leu Ser Trp Gln Ser Gly Trp Leu Leu Glu Val Pro Asn Gly Pro Trp
20 25 30

Arg Ser Leu Thr Phe Tyr Pro 2la Trp Leu Thr Val Ser Glu Gly Ala
35 40 45

Asn Ala Thr Phe Thr Cys Ser Leu Ser Asn Trp Ser Glu Asp Leu Met
50 55 60

Leu Asn Trp Asn Arg Leu Ser Pro Ser Asn Gln Thr Glu Lys Gln Ala
65 70 75 80

Ala Phe Cys Asn Gly Leu Ser Gln Gln Asp Ala Arg Phe Gln Ile Ile
85 90 95

Gln Leu Pro Asn Arg Hig Asp Phe His Met Asn Ile Leu Agp Thr Arg
100 105 110

Arg Asn Asp Ser Gly Ile Tyr Leu Cys Gly Ala Ile Ser Leu His Pro
115 120 125

Lys Ala Lys Ile Glu Glu Ser Pro Gly Ala Glu Leu Val Val Thr Glu
130 135 140

Arg Ile Leu Glu Thr Ser Thr Arg Tyr Pro Ser Pro Ser Pro Lys Pro
145 150 155 160
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Glu Gly Arg Phe Gln Pro Glu Phe Arg Gly Gly Gly Ser Gly Gly Gly
165 170 175

Pro Ile Val Gln Asn Leu Gln Gly Gln Met Val His Gln Pro Ile Ser
180 185 190

Pro Arg Thr Leu Asn Ala Trp Val Lys Val Ile Glu Glu Lys Ala Phe
195 200 205

Ser Pro Glu Val Ile Pro Met Phe Ser Ala Leu Ser Glu Gly Ala Thr
210 215 220

Pro Gln Asp Leu Asn Thr Met Leu Asn Thr Val Gly Gly His Gln Ala
225 230 235 240

Ala Met Gln Met Leu Lys Glu Thr Ile Asn Glu Glu Ala Ala Glu Trp
245 250 255

Asp Arg Leu His Pro Val Gln Ala Gly Pro Val Ala Pro Gly Gln Met
260 265 270

Arg Glu Pro Arg Gly Ser Asp Ile Ala Gly Thr Thr Ser Asn Leu Gln
275 280 285

Glu Gln Ile Gly Trp Met Thr Asn Asn Pro Pro Ile Pro Val Gly Glu
290 295 300

Ile Tyr Lys Arg Trp Ile Ile Leu Gly Leu Asn Lys Ile Val Arg Met
305 310 315 320

Tyr Ser Pro Thr Ser Ile Leu 2Zsp Ile Arg Gln Gly Pro Lys Glu Pro
325 330 335

Phe Arg Asp Tyr Val Asp Arg Phe Tyr Lys Thr Leu Arg Ala Glu Gln
340 345 350

Ala Ser Gln Glu Val Lys Asn Trp Met Thr Glu Thr Leu Leu Val Gln
355 360 355

Asn Ser Asn Pro Asp Cys Lys Thr Ile Leu Lys Ala Leu Gly Pro Ala
370 375 380

Ala Thr Leu Glu Glu Met Met Thr Ala Cys Gln Gly Val Gly Gly Pro
385 390 395 400

Gly His Lys Ala Arg Val Leu Met Gln Tyr Ile Lys Ala Asn Ser Lys
405 410 415

Phe Ile Gly Ile Thr Glu Leu Lys Lys Leu Gly Gly Ser Asn Asp Ile
420 425 430

Phe Asn Asn Phe Thr Val Ser Phe Trp Leu Arg Val Pro Lys Val Ser
435 440 445

Ala Ser His Leu Glu Gln Tyr Leu Glu Ala Thr Asn Thr Lys Val Asp
450 455 460

Lys Thr Val Ala Pro Ser Thr Cys Ser Lys Pro Met Cys Pro Pro Pro
465 470 475 480

Glu Leu Leu Gly Gly Pro Ser Val Phe Ile Phe Pro Pro Lys Pro Lys
485 490 495

Asp Thr Leu Met Ile Ser Arg Thr Pro Glu Val Thr Cys Val Val Val
500 505 510

Asp Val Ser Gln Asp Asp Pro Glu Val Gln Phe Thr Trp Tyr Ile Asn
515 520 525

Asn Glu Gln Val Arg Thr Ala Arg Pro Pro Leu Arg Glu Gln Gln Phe
530 535 540

Asn Ser Thr Ile Arg Val Val Ser Thr Leu Pro Ile Ala His Gln Asp
545 550 555 560
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Trp Leu Arg Gly Lys Glu Phe Lys Cys Lys Val His Asn Lys Ala Leu
565 570 575

Pro Ala Pro Ile Glu Lys Thr Ile Ser Lys Ala Arg Gly Gln Pro Leu
580 585 590

Glu Pro Lys Val Tyr Thr Met Gly Pro Pro Arg Glu Glu Leu Ser Ser
595 600 6505

Arg Ser Val Ser Leu Thr Cys Met Ile Asn Gly Phe Tyr Pro Ser Asp
610 615 620

Ile Ser Val Glu Trp Glu Lys 2Asn Gly Lys Ala Glu Asp Asn Tyr Lys
625 630 635 640

Thr Thr Pro Thr Val Leu Asp Ser Asp Gly Ser Tyr Phe Leu Tyr Ser
645 650 655

Lys Leu Ser Val Pro Thr Ser Glu Trp Gln Arg Gly Asp Val Phe Thr
660 665 670

Cys Ser Val Met His Glu Ala Leu His Asn His Tyr Thr Gln Lys Ser
675 680 685

Ile Ser His Ser Pro Gly Lys
590 695

<210> SEQ ID NO 10

<211> LENGTH: 2104

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: mspdl-IgV-p24-Fc

<400> SEQUENCE: 10

atgtgggtcc ggcaggtacc ctggtcattc acttgggetg tgctgcagtt gagetggcaa 60
tcagggtggc ttctagaggt ccccaatggg ccctggaggt ccctcacctt ctacccagece 120
tggctcacag tgtcagaggg agcaaatgcc accttcacct gcageottgte caactggteg 180
gaggatctta tgctgaactg gaaccgcctg agtcccagca accagactga aaaacaggcec 240
gecttetgta atggtttgag ccaacaggat geccgettece agatcataca gcetgeccaac 300
aggcatgact tccacatgaa catccttgac acacggegca atgacagtgg catctaccte 360
tgtggggeca tctcectgea ccccaaggca aaaatcgagg agagecctgyg agcagagete 420
gtggtaacag agagaatcct ggagacctca acaagatatc ccagccccte gcccaaacca 480

gaaggccggt ttcaaccgga attceggggt ggtggtggtt caggaggagg acctatagtg 540

caaaacctce aggggcaaat ggtacatcag cccatatcac ctagaacttt aaatgcatgg 600
gtaaaagtaa tagaagagaa ggcttttagt ccagaagtaa tacccatgtt ttcagcatta 660
tcagaaggayg ccacccecaca agatttaaac accatgetaa acacagtyggg gggacatcaa 720
gcagccatge aaatgttaaa agaaaccatce aatgaggaag ctgcagaatg ggatagattg 780

catccagtge aggcagggece agttgcacca ggccagatga gagaaccaag gggaagtgac 840
atagcaggaa ctactagtaa tcttcaggag caaataggat ggatgacaaa taatccacct 900
atcccagtag gagaaatcta taaaagatgg ataatcctgg ggttaaataa aatagtaaga 960
atgtatagcc ctaccagcat tctggacata agacaaggac caaaggaacc ctttagagac 1020
tatgtagacc ggttctataa aactctaaga gccgagcaag cttcacaaga ggtaaaaaat 1080
tggatgacag aaaccttgtt ggtccaaaat tcgaacccag attgtaagac tattttaaaa 1140

gcattgggac cagcagctac actagaagaa atgatgacag catgtcaggyg agtgggggga 1200



US 2012/0121634 Al May 17,2012

-continued

cctggeccata aagcaagagt tttgatcctg atgcagtaca tcaaggccaa cagtaagttce 1260
atcggaatca ccgagcttaa gaagctggga ggctcaaacg acatattcaa caacttcaca 1320
gtgtcecttet ggttgegggt tcccaaggte tectgctagec acctcgaaca atacctggag 1380
gccaccaaca ccaaagtgga caagaccgtt gcgecctcga catgcagcaa gcccatgtge 1440
ccacceoctyg aactectggyg gggaccgtet gtcettcatcet tocccccaaa acccaaggac 1500
acceteatga tetcacgcac ccoccgaggte acatgegtgg tggtggacgt gagecaggat 1560
gaccccgagg tgcagttcac atggtacata aacaacgage aggtgcgeac cgeccggecg 1620
ccgetacggyg agcagcagtt caacagcacg atccgegtgg tcagcacccet ceccategeg 1680
caccaggact ggctgagggg caaggagttc aagtgcaaag tccacaacaa ggcactcccyg 1740
gcececcateg agaaaaccat ctccaaagec agagggcage ccctggagcec gaaggtctac 1800
accatgggcce ctcececggga ggagctgage agcaggtcegg tcagectgac ctgcatgate 1860
aacggcttet acccttecga catcteggtg gagtgggaga agaacgggaa ggcagaggac 1920
aactacaaga ccacgccgac cgtgctggac agcgacgget cctacttect ctacagcaag 1980
ctetcagtge ccacgagtga gtggeagegy ggcgacgtet tcacctgete cgtgatgeac 2040
gaggccttge acaaccacta cacgcagaag tccatcteec actcetectgg taaataatcet 2100
agag 2104
<210> SEQ ID NO 11

<211> LENGTH: 164

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: mspdl-14del

<400> SEQUENCE: 11

Met Trp Val Arg Gln Val Pro Trp Ser Phe Thr Trp Ala Val Leu Gln
1 5 10 15

Leu Ser Trp Gln Ser Gly Trp Leu Leu Ala Trp Leu Thr Val Ser Glu
20 25 30

Gly Ala Asn Ala Thr Phe Thr Cys Ser Leu Ser Asn Trp Ser Glu Asp
35 40 45

Leu Met Leu Asn Trp Asn Arg Leu Ser Pro Ser Asn Gln Thr Glu Lys
50 55 60

Gln Ala Ala Phe Cys Asn Gly Leu Ser Gln Pro Val Gln Asp Ala Arg
65 70 75 80

Phe Gln Ile Ile Gln Leu Prc Asn Arg His Asp Phe His Met Asn Ile
85 90 95

Leu Asp Thr Arg Arg Asn Asp Ser Gly Ile Tyr Leu Cys Gly Ala Ile
100 105 110

Ser Leu His Pro Lys Ala Lys Ile Glu Glu Ser Pro Gly Ala Glu Leu
115 120 125

Val Val Thr Glu Arg Ile Leu Glu Thr Ser Thr Arg Tyr Pro Ser Pro
130 135 140

Ser Pro Lys Pro Glu Gly Arg Phe Gln Pro Glu Phe Arg Gly Gly Gly
145 150 155 160

Ser Gly Gly Gly
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<210> SEQ ID NO 12
<211> LENGTH: 495
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: mspdl-14del
<400> SEQUENCE: 12
atgtgggtcee ggcaggtace ctggtcattc acttgggcetyg tgctgcagtt gagcetggcaa 60
tcagggtgge ttetagectg gcetcacagtg tcagagggag caaatgcecac cttcacctge 120
agcttgteca actggtegga ggatcttatg ctgaactgga accgectgag tceccagcaac 180
cagactgaaa aacaggccge cttctgtaat ggtttgagec aaccecgtceca ggatgeccege 240
ttccagatca tacagetgec caacaggcat gacttccaca tgaacatcct tgacacacgg 200
cgcaatgaca gtggcatcta cctetgtggg gecatctece tgcaccccaa ggcaaaaatce 360
gaggagagcce ctggagcaga gctcgtggta acagagagaa tcctggagac ctcaacaaga 420
tatcccagee cctegeccaa accagaagge cggtttcaac cggaattecg gggtggtggt 480
ggttcaggag gagga 485
<210> SEQ ID NO 13
<211> LENGTH: 683
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: mspdl-14del-p24-Fc
<400> SEQUENCE: 13
Met Trp Val Arg Gln Val Pro Trp Ser Phe Thr Trp Ala Val Leu Gln
1 5 10 15
Leu Ser Trp Gln Ser Gly Trp Leu Leu Ala Trp Leu Thr Val Ser Glu
20 25 30
Gly Ala Asn Ala Thr Phe Thr Cys Ser Leu Ser Asn Trp Ser Glu Asp
35 40 45
Leu Met Leu Asn Trp Asn Arg Leu Ser Pro Ser Asn Gln Thr Glu Lys
50 55 60
Gln Ala Ala Phe Cys Asn Gly Leu Ser Gln Pro Val Gln Asp Ala Arg
65 70 75 80
Phe Gln Ile Ile Gln Leu Pro Asn Arg His Asp Phe His Met Asn Ile
85 90 95
Leu Asp Thr Arg Arg Asn Asp Ser Gly Ile Tyr Leu Cys Gly Ala Ile
100 105 110
Ser Leu His Pro Lys Ala Lys Ile Glu Glu Ser Pro Gly Ala Glu Leu
115 120 125
Val Val Thr Glu Arg Ile Leu Glu Thr Ser Thr Arg Tyr Pro Ser Pro
130 135 140
Ser Pro Lys Pro Glu Gly Arg Phe Gln Pro Glu Phe Arg Gly Gly Gly
145 150 155 160
Ser Gly Gly Gly Pro Ile Val Gln Asn Leu Gln Gly Gln Met Val His
165 170 175
Gln Pro Ile Ser Pro Arg Thr Leu Asn Ala Trp Val Lys Val Ile Glu
180 185 190
Glu Lys Ala Phe Ser Pro Glu Val Ile Pro Met Phe Ser Ala Leu Ser
195 200 205
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-continued

Glu Gly Ala Thr Pro Gln Asp Leu Asn Thr Met Leu Asn Thr Val Gly
210 215 220

Gly His Gln Ala Ala Met Gln Met Leu Lys Glu Thr Ile Asn Glu Glu
225 230 235 240

Ala Ala Glu Trp Asp Arg Leu His Pro Val Gln Ala Gly Pro Val Ala
245 250 255

Pro Gly Gln Met Arg Glu Pro 2rg Gly Ser Asp Ile Ala Gly Thr Thr
260 265 270

Ser Asn Leu Gln Glu Gln Ile Gly Trp Met Thr Asn Asn Pro Pro Ile
275 280 285

Pro Val Gly Glu Ile Tyr Lys 2rg Trp Ile Ile Leu Gly Leu Asn Lys
290 295 300

Ile Val Arg Met Tyr Ser Pro Thr Ser Ile Leu Asp Ile Arg Gln Gly
305 310 315 320

Pro Lys Glu Pro Phe Arg Asp Tyr Val Asp Arg Phe Tyr Lys Thr Leu
325 330 335

Arg Ala Glu Gln Ala Ser Gln Glu Val Lys Asn Trp Met Thr Glu Thr
340 345 350

Leu Leu Val Gln Asn Ser Asn Pro Asp Cys Lys Thr Ile Leu Lys Ala
355 360 365

Leu Gly Pro Ala Ala Thr Leu Glu Glu Met Met Thr Ala Cys Gln Gly
370 375 380

Val Gly Gly Pro Gly His Lys Ala Arg Val Leu Met Gln Tyr Ile Lys
385 390 395 400

Ala Asn Ser Lys Phe Ile Gly Ile Thr Glu Leu Lys Lys Leu Gly Gly
405 410 415

Ser Asn Asp Ile Phe Asn Asn Phe Thr Val Ser Phe Trp Leu Arg Val
420 425 430

Pro Lys Val Ser Ala Ser His Leu Glu Gln Tyr Leu Glu Ala Thr Asn
435 440 445

Thr Lys Val Asp Lys Thr Val Zla Pro Ser Thr Cys Ser Lys Pro Met
450 455 460

Cys Pro Pro Pro Glu Leu Leu Gly Gly Pro Ser Val Phe Ile Phe Pro
465 470 475 480

Pro Lys Pro Lys Asp Thr Leu Met Ile Ser Arg Thr Pro Glu Val Thr
485 490 495

Cys Val Val Val Asp Val Ser Gln Asp Asp Pro Glu Val Gln Phe Thr
500 505 510

Trp Tyr Ile Asn Asn Glu Gln Val Arg Thr Ala Arg Pro Pro Leu Arg
515 520 525

Glu Gln Gln Phe Asn Ser Thr Ile Arg Val Val Ser Thr Leu Pro Ile
530 535 540

Ala His Gln Agsp Trp Leu Arg Gly Lys Glu Phe Lys Cys Lys Val Hig
545 550 555 560

Asn Lys Ala Leu Pro Ala Pro Ile Glu Lys Thr Ile Ser Lys Ala Arg
565 570 575

Gly Gln Pro Leu Glu Pro Lys Val Tyr Thr Met Gly Pro Pro Arg Glu
580 585 590

Glu Leu Ser Ser Arg Ser Val Ser Leu Thr Cys Met Ile Asn Gly Phe
595 600 605

Tyr Pro Ser Asp Ile Ser Val Glu Trp Glu Lys Asn Gly Lys Ala Glu
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-continued

610 615 620

Asp Asn Tyr Lys Thr Thr Pro Thr Val Leu Asp Ser Asp Gly Ser Tyr
625 630 635 640

Phe Leu Tyr Ser Lys Leu Ser Val Pro Thr Ser Glu Trp Gln Arg Gly
645 650 655

Asp Val Phe Thr Cys Ser Val Met His Glu Ala Leu His Asn His Tyr
660 665 670

Thr Gln Lys Ser Ile Ser His Ser Pro Gly Lys
675 680

<210> SEQ ID NO 14

«211> LENGTH: 2068

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: mspdl-l4del-p24-Fc

<400> SEQUENCE: 14
atgtgggtce ggcaggtace ctggtcatte acttgggctg tgetgcagtt gagetggeaa 60

tcagggtgge ttetagectyg getcacagty tceagagggag caaatgcecac ctteacctge 120

agcttgteca actggtegga ggatcttatg ctgaactgga accgectgag tceccagcaac 180
cagactgaaa aacaggccge cttctgtaat ggtttgagec aaccecgtceca ggatgeccege 240
ttccagatca tacagetgec caacaggcat gacttccaca tgaacatcct tgacacacgg 200
cgcaatgaca gtggcatcta cctetgtggg gecatctece tgcaccccaa ggcaaaaatce 360
gaggagagce ctggagcaga gctegtggta acagagagaa tcctggagac ctcaacaaga 420
tatcccagee cctegeccaa accagaagge cggtttcaac cggaatteceg gggtggtggt 480
ggttcaggag gaggacctat agtgcaaaac ctccaggggc aaatggtaca tcagcccata 540
tcacctagaa ctttaaatgc atgggtaaaa gtaatagaag agaaggcttt tagtccagaa 600
gtaataccca tgttttcage attatcagaa ggagecacce cacaagattt aaacaccatg 660
ctaaacacag tggggggaca tcaagcagcee atgcaaatgt taaaagaaac catcaatgag 720

gaagctgcag aatgggatag attgcatcca gtgcaggcag ggccagttge accaggcecag 780

atgagagaac caaggggaag tgacatagca ggaactacta gtaatcttca ggagcaaata 840
ggatggatga caaataatcc acctatccca gtaggagaaa tctataaaag atggataatce 900
ctggggttaa ataaaatagt aagaatgtat agccctacca gcattctgga cataagacaa 960

ggaccaaagg aaccctttag agactatgta gaccggttct ataaaactct aagagccgag 1020
caagcttcac aagaggtaaa asattggatyg acagaaacct tgttggtcca aaattcgaac 1080
ccagattgta agactatttt aaaagcattg ggaccagcag ctacactaga agaaatgatyg 1140
acagcatgte agggagtggg gggacctgge cataaagcaa gagttttgat cctgatgcag 1200
tacatcaagg ccaacagtaa gttcatcgga atcaccgagce ttaagaagct gggaggctca 1260
aacgacatat tcaacaactt cacagtgtcc ttcetggttge gggttcccaa ggtetetget 1320
agccaccteg aacaatacct ggaggccace aacaccaaag tggacaagac cgttgegece 1380
tcgacatgca gcaagcccat gtgcccacce cctgaactcce tggggggacce gtctgtette 1440
atcttceccee caaaacccaa ggacacccte atgatctcac gcaccceccga ggtcacatge 1500

gtggtggtgg acgtgagcca ggatgacccce gaggtgcagt tcacatggta cataaacaac 1560
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gagcaggtge gcaccgeceeg gecgecgeta cgggagcage agttcaacag cacgatcege 1620
gtggtcagca ccctecccat cgegcaccag gactggetga ggggcaagga gttcaagtge 1680
aaagtccaca acaaggcact cccggcccce atcgagaaaa ccatctccaa agecagaggyg 1740
cagccectgg agccgaaggt ctacaccatg ggcectecce gggaggagcet gagcagcagg 1800
tcggtcagee tgacctgcat gatcaacgge ttctaccctt ccgacatctce ggtggagtgg 1860
gagaagaacg ggaaggcaga ggacaactac aagaccacge cgaccgtget ggacagegac 1920
ggcteoctact tectctacag caagctctea gtgeccacga gtgagtggca geggggegac 1980
gtecttcacct getcegtgat gecacgaggec ttgcacaacc actacacgca gaagtcecate 2040
tceccactete ctggtaaata atctagag 2068
<210> SEQ ID NO 15

<211> LENGTH: 178

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: mspdl-322mu

<400> SEQUENCE: 15

Met Trp Val Arg Gln Val Pro Trp Ser Phe Thr Trp Ala Val Leu Gln
1 5 10 15

Leu Ser Trp Gln Ser Gly Trp Leu Leu Glu Val Pro Asn Gly Pro Trp
20 25 30

Arg Ser Leu Thr Phe Tyr Pro Ala Trp Leu Thr Val Ser Glu Gly 2la
35 40 45

Asn Ala Thr Phe Thr Cys Ser Leu Ser Asn Trp Ser Glu Asp Leu Met
50 55 60

Leu Asn Trp Asn Arg Leu Ser Pro Ser Asn Gln Thr Glu Lys Gln Ala
65 70 75 80

Ala Phe Cys Asn Gly Leu Ser Gln Pro Val Gln Asp Ala Arg Phe Gln
85 90 95

Ile Ile Gln Leu Pro Asn Arg His Asp Phe His Val Asn Ile Leu Asp
100 105 110

Thr Arg Arg Asn Asp Ser Gly Ile Tyr Leu Cys Gly Ala Ile Ser Leu
115 120 125

His Pro Lys Ala Lys Ile Glu Glu Ser Pro Gly Ala Glu Leu Val Val
130 135 140

Thr Glu Arg Ile Leu Glu Thr Ser Thr Arg Tyr Pro Ser Pro Ser Pro
145 150 155 160

Lys Pro Glu Gly Arg Phe Gln Pro Glu Phe Arg Gly Gly Gly Ser Gly
165 170 175

Gly Gly

<210> SEQ ID NO 16

«211> LENGTH: 537

<212> TYPE: DNA

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

<223> OTHER INFORMATION: mspdl-322mu
<400> SEQUENCE: 16

atgtgggtce ggcaggtace ctggtcattc acttgggctg tgetgcagtt gagetggeaa 60

tcagggtygge ttctagaggt ccccaatggy ccectggaggt coctcacctt ctacceagee 120
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tggctcacag tgtcagaggg agcaaatgcc accttcacct gcagettgte caactggtceg 180
gaggatctta tgctgaactyg gaaccgcctg agtcccagca accagactga aaaacaggec 240
gcecttetgta atggtttgag ccaacccgte caggatgece gettccagat catacagetg 300
cccaacagge atgactteca cgtgaacatc cttgacacac ggcogcaatga cagtggeate 260
tacctetgty gggecatete ccetgcaccee aaggcaaaaa tcgaggagag ccectggagcea 420
gagctegtgg taacagagag aatcctggag acctcaacaa gatatcccag cceectegece 480
aaaccagaag gccggtttceca accggaattc cggggtggtg gtggttcagg aggagga 537

«210> SEQ ID NO 17

<211> LENGTH: 697

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: mspdl-322mu-p24-Fc

<400> SEQUENCE: 17

Met Trp Val Arg Gln Val Pro Trp Ser Phe Thr Trp Ala Val Leu Gln
1 5 10 15

Leu Ser Trp Gln Ser Gly Trp Leu Leu Glu Val Pro Asn Gly Pro Trp
20 25 30

Arg Ser Leu Thr Phe Tyr Pro 2Ala Trp Leu Thr Val Ser Glu Gly Ala
35 40 45

Asn Ala Thr Phe Thr Cys Ser Leu Ser Asn Trp Ser Glu Asp Leu Met
50 55 60

Leu Asn Trp Asn Arg Leu Ser Pro Ser Asn Gln Thr Glu Lys Gln Ala
65 70 75 80

Ala Phe Cys Asn Gly Leu Ser Gln Pro Val Gln Asp Ala Arg Phe Gln
85 90 95

Ile Ile Gln Leu Pro Asn Arg His Asp Phe His Val Asn Ile Leu Asp
100 105 110

Thr Arg Arg Asn Asp Ser Gly Ile Tyr Leu Cys Gly Ala Ile Ser Leu
115 120 125

His Pro Lys Ala Lys Ile Glu Glu Ser Pro Gly Ala Glu Leu Val Val
130 135 140

Thr Glu Arg Ile Leu Glu Thr Ser Thr Arg Tyr Pro Ser Pro Ser Pro
145 150 155 160

Lys Pro Glu Gly Arg Phe Gln Pro Glu Phe Arg Gly Gly Gly Ser Gly
165 170 175

Gly Gly Pro Ile Val Gln Asn Leu Gln Gly Gln Met Val His Gln Pro
180 185 190

Ile Ser Pro Arg Thr Leu Asn 2Ala Trp Val Lys Val Ile Glu Glu Lys
195 200 205

Ala Phe Ser Pro Glu Val Ile Pro Met Phe Ser Ala Leu Ser Glu Gly
210 215 220

Ala Thr Pro Gln Asp Leu Asn Thr Met Leu Asn Thr Val Gly Gly His
225 230 235 240

Gln Ala Ala Met Gln Met Leu Lys Glu Thr Ile Asn Glu Glu Ala Ala
245 250 255

Glu Trp Asp Arg Leu His Pro Val Gln Ala Gly Pro Val Ala Pro Gly
260 265 270
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Gln Met Arg Glu Pro Arg Gly Ser Asp Ile Ala Gly Thr Thr Ser Asn
275 280 285

Leu Gln Glu Gln Ile Gly Trp Met Thr Asn Asn Pro Pro Ile Pro Val
290 295 300

Gly Glu Ile Tyr Lys Arg Trp Ile Ile Leu Gly Leu Asn Lys Ile Val
305 310 315 320

Arg Met Tyr Ser Pro Thr Ser Ile Leu Asp Ile Arg Gln Gly Pro Lys
325 330 335

Glu Pro Phe Arg Asp Tyr Val Asp Arg Phe Tyr Lys Thr Leu Arg Ala
340 345 350

Glu Gln Ala Ser Gln Glu Val Lys Asn Trp Met Thr Glu Thr Leu Leu
355 360 365

Val Gln Asn Ser Asn Pro Asp Cys Lys Thr Ile Leu Lys Ala Leu Gly
370 375 380

Pro Ala Ala Thr Leu Glu Glu Met Met Thr Ala Cys Gln Gly Val Gly
385 390 395 400

Gly Pro Gly His Lys Ala Arg Val Leu Met Gln Tyr Ile Lys Ala Asn
405 410 415

Ser Lys Phe Ile Gly Ile Thr Glu Leu Lys Lys Leu Gly Gly Ser Asn
420 425 430

Asp Ile Phe Asn Asn Phe Thr Val Ser Phe Trp Leu Arg Val Pro Lys
435 440 445

Val Ser Ala Ser His Leu Glu Gln Tyr Leu Glu Ala Thr Asn Thr Lys
450 455 460

Val Asp Lys Thr Val Ala Pro Ser Thr Cys Ser Lys Pro Met Cys Pro
465 470 475 480

Pro Pro Glu Leu Leu Gly Gly Pro Ser Val Phe Ile Phe Pro Pro Lys
485 490 495

Pro Lys Asp Thr Leu Met Ile Ser Arg Thr Pro Glu Val Thr Cys Val
500 505 510

Val Val Asp Val Ser Gln Asp Asp Pro Glu Val Gln Phe Thr Trp Tyr
515 520 525

Ile Asn Asn Glu Gln Val Arg Thr Ala Arg Pro Pro Leu Arg Glu Gln
530 535 540

Gln Phe Asn Ser Thr Ile Arg Val Val Ser Thr Leu Pro Ile Ala His
545 550 555 560

Gln Asp Trp Leu Arg Gly Lys Glu Phe Lys Cys Lys Val His Asn Lys
565 570 575

Ala Leu Pro Ala Pro Ile Glu Lys Thr Ile Ser Lys Ala Arg Gly Gln
580 585 590

Pro Leu Glu Pro Lys Val Tyr Thr Met Gly Pro Pro Arg Glu Glu Leu
595 600 505

Ser Ser Arg Ser Val Ser Leu Thr Cys Met Ile Asn Gly Phe Tyr Pro
610 615 620

Ser Asp Ile Ser Val Glu Trp Glu Lys Asn Gly Lys Ala Glu Asp Asn
625 630 635 640

Tyr Lys Thr Thr Pro Thr Val Leu Asp Ser Asp Gly Ser Tyr Phe Leu
645 650 655

Tyr Ser Lys Leu Ser Val Pro Thr Ser Glu Trp Gln Arg Gly Asp Val
660 665 670

Phe Thr Cys Ser Val Met His Glu Ala Leu His Asn His Tyr Thr Gln
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675

680

Lys Ser Ile Ser His Ser Pro Gly Lys

690

<210> SEQ I
<211> LENGT
<212> TYPE:

D NO 18
H: 2110
DNA

695

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: mspdl-322mu-p24-Fc

<400> SEQUE

atgtgggtce
tcagggtgge
tggctcacag
gaggatctta
gccttetgta
cccaacaggce
tacetetgty
gagctegtygg
aaaccagaag
atagtgcaaa
gcatgggtaa
gcattatcag
catcaagcag
agattgcatc
agtgacatag
ccacctatce
gtaagaatgt
agagactatg
aaaaattgga
ttaaaagcat
gggggacctyg
aagttcatcg
ttcacagtgt
ctggaggcca
atgtgececac
aaggacaccce
caggatgacc
cggcecgecgce
atcgcgeacce
ctcecggece

gtctacacca

NCE: 18

ggcaggtace
ttctagaggt
tgtcagaggy
tgctgaactyg
atggtttgag
atgacttcca
gggecatete
taacagagag
geeggtttea
acctccaggyg
aagtaataga
aaggagccac
ccatgcaaat
cagtgcaggce
caggaactac
cagtaggaga
atagccctac
tagaccggtt
tgacagaaac
tgggaccage
gccataaagce
gaatcaccga
cettetggtt
ccaacaccaa
cecctgaact
tcatgatcte
ccgaggtgca
tacgggagca
aggactggcet
ccatcgagaa

tgggcectee

ctggtcatte
cceccaatggg
agcaaatgece
gaaccgectg
ccaaccegte
cgtgaacatce
cetgeacece
aatcctggag
accggaatte
gcaaatggta
agagaaggct
cccacaagat
gttaaaagaa
agggccagtt
tagtaatctt
aatctataaa
cagcattetg
ctataaaact
cttgttggte
agctacacta
aagagttttyg
gcttaagaag
gegyggttece
agtggacaag
cctgggggga
acgecaccece
gttcacatgg
gcagttcaac
gaggggcaag

aaccatctcce

c¢cgggaggay

acttgggetyg

cectggaggt

accttcacct

agtcccagca

caggatgcce

cttgacacac

aaggcaaaaa

acctcaacaa

cggggtagty

catcagccca

tttagtccag

ttaaacacca

accatcaatg

gcaccaggec

caggagcaaa

agatggataa

gacataagac

ctaagagceg

caaaattcga

gaagaaatga

atcctgatge

ctgggaggct

aaggtetety

acegttgege

cegtetgtet

gaggtcacat

tacataaaca

agcacgatcce

gagttcaagt

aaagccagag

ctgagcagea

685

tgctgcagtt gagctggcaa

cecctecacett ctacccagec

gcagettgte caactggteg

accagactga aaaacaggcc

gcttccagat catacagcetg

ggcgcaatga cagtggcatce

tegaggagag cectggagea

gatatcceag ceectegece

gtggttcagy aggaggacct

tatcacctag aactttaaat

aagtaatacc catgttttca

tgctaaacac agtgggggga

aggaagctygc agaatgggat

agatgagaga accaaggygga

taggatggat gacaaataat

tcctggggtt aaataaaata

aaggaccaaa ggaacccttt

agcaagctte acaagaggta

acccagattyg taagactatt

tgacagcatyg tcagggagtg

agtacatcaa ggccaacagt

caaacgacat attcaacaac

ctagecacet c¢gaacaatac

cctegacatyg cageaagecce

tcatctteee cccaaaacce

gcgtggtggt ggacgtgage

acgagcaggt gcgcaccgec

gegtggtcag caccctecee

gcaaagtcca caacaaggca

ggcagcccct ggagecgaag

ggtcggtcay cctgacctge

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860
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atgatcaacg gcttctacce ttccgacatce tcggtggagt gggagaagaa cgggaaggca 1920
gaggacaact acaagaccac gccgaccgtg ctggacagceg acggctcecta cttectctac 1980
agcaagctct cagtgcccac gagtgagtgg cagecggggeg acgtcttcac ctgctecgty 2040
atgcacgagg ccttygcacaa ccactacacyg cagaagtcca tctcccacte tectggtaaa 2100
taatctagag 2110
<210> SEQ ID NO 19

<211> LENGTH: 697

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

«220> FEATURE:

<223> OTHER INFORMATION: mspdl-p24-Fc

<400> SEQUENCE: 19

Met Trp Val Arg Gln Val Pro Trp Ser Phe Thr Trp Ala Val Leu Gln
1 5 10 15

Leu Ser Trp Gln Ser Gly Trp Leu Leu Glu Val Pro Asn Gly Pro Trp
20 25 30

Arg Ser Leu Thr Phe Tyr Pro 2Ala Trp Leu Thr Val Ser Glu Gly Ala
35 40 45

Asn Ala Thr Phe Thr Cys Ser Leu Ser Asn Trp Ser Glu Asp Leu Met
50 55 60

Leu Asn Trp Asn Arg Leu Ser Pro Ser Asn Gln Thr Glu Lys Gln Ala
65 70 75 80

Ala Phe Cys Asn Gly Leu $Ser Gln Pro Val Gln Asp Ala Arg Phe Gln
85 90 95

Ile Ile Gln Leu Pro Asn Arg His Asp Phe His Met Asn Ile Leu Asp
100 105 110

Thr Arg Arg Asn Asp Ser Gly Ile Tyr Leu Cys Gly Ala Ile Ser Leu
115 120 125

His Pro Lys Ala Lys Ile Glu Glu Ser Pro Gly Ala Glu Leu Val Val
130 135 140

Thr Glu Arg Ile Leu Glu Thr Ser Thr Arg Tyr Pro Ser Pro Ser Pro
145 150 155 160

Lys Pro Glu Gly Arg Phe Gln Pro Glu Phe Arg Gly Gly Gly Ser Gly
165 170 175

Gly Gly Pro Ile Val Gln Asn Leu Gln Gly Gln Met Val His Gln Pro
180 185 190

Ile Ser Pro Arg Thr Leu Asn Ala Trp Val Lys Val Ile Glu Glu Lys
195 200 205

Ala Phe Ser Pro Glu Val Ile Pro Met Phe Ser Ala Leu Ser Glu Gly
210 215 220

Ala Thr Pro Gln Asp Leu Asn Thr Met Leu Asn Thr Val Gly Gly His
225 230 235 240

Gln Ala Ala Met Gln Met Leu Lys Glu Thr Ile Asn Glu Glu Ala Ala
245 250 255

Glu Trp Asp Arg Leu His Pro Val Gln Ala Gly Pro Val Ala Pro Gly
260 265 270

Gln Met Arg Glu Pro Arg Gly Ser Asp Ile Ala Gly Thr Thr Ser Asn
275 280 285

Leu Gln Glu Gln Ile Gly Trp Met Thr Asn Asn Pro Pro Ile Pro Val
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290 295 300

Gly Glu Ile Tyr Lys Arg Trp Ile Ile Leu Gly Leu Asn Lys Ile Val
305 310 315 320

Arg Met Tyr Ser Pro Thr Ser Ile Leu Asp Ile Arg Gln Gly Pro Lys
325 330 335

Glu Pro Phe Arg Asp Tyr Val Asp Arg Phe Tyr Lys Thr Leu Arg Ala
340 345 350

Glu Gln Ala Ser Gln Glu Val Lys Asn Trp Met Thr Glu Thr Leu Leu
355 360 355

Val Gln Asn Ser Asn Pro Asp Cys Lys Thr Ile Leu Lys Ala Leu Gly
370 375 380

Pro Ala Ala Thr Leu Glu Glu Met Met Thr Ala Cys Gln Gly Val Gly
385 390 395 400

Gly Pro Gly His Lys Ala Arg Val Leu Met Gln Tyr Ile Lys Ala Asn
405 410 415

Ser Lys Phe Ile Gly Ile Thr Glu Leu Lys Lys Leu Gly Gly Ser Asn
420 425 430

Asp Ile Phe Asn Asn Phe Thr Val Ser Phe Trp Leu Arg Val Pro Lys
435 440 445

Val Ser Ala Ser Hig Leu Glu Gln Tyr Leu Glu Ala Thr Asn Thr Lys
450 455 460

Val Asp Lys Thr Val Ala Pro Ser Thr Cys Ser Lys Pro Met Cys Pro
465 470 475 480

Pro Pro Glu Leu Leu Gly Gly Pro Ser Val Phe Ile Phe Pro Pro Lys
485 490 495

Pro Lys Asp Thr Leu Met Ile Ser Arg Thr Pro Glu Val Thr Cys Val
500 505 510

Val Val Asp Val Ser Gln Asp Asp Pro Glu Val Gln Phe Thr Trp Tyr
515 520 525

Ile Asn Asn Glu Gln Val Arg Thr Ala Arg Pro Pro Leu Arg Glu Gln
530 535 540

Gln Phe Asn Ser Thr Ile Arg Val Val Ser Thr Leu Pro Ile Ala His
545 550 555 560

Gln Asp Trp Leu Arg Gly Lys Glu Phe Lys Cys Lys Val His Asn Lys
565 570 575

Ala Leu Pro Ala Pro Ile Glu Lys Thr Ile Ser Lys Ala Arg Gly Gln
580 585 590

Pro Leu Glu Pro Lys Val Tyr Thr Met Gly Pro Pro Arg Glu Glu Leu
595 600 505

Ser Ser Arg Ser Val Ser Leu Thr Cys Met Ile Asn Gly Phe Tyr Pro
610 615 620

Ser Asp Ile Ser Val Glu Trp Glu Lys Asn Gly Lys Ala Glu Asp Asn
625 630 635 640

Tyr Lys Thr Thr Pro Thr Val Leu Asp Ser Asp Gly Ser Tyr Phe Leu
645 650 655

Tyr Ser Lys Leu Ser Val Prc Thr Ser Glu Trp Gln Arg Gly Asp Val
660 665 670

Phe Thr Cys Ser Val Met His Glu Ala Leu His Asn His Tyr Thr Gln
675 680 685

Lys Ser Ile Ser His Ser Pro Gly Lys
690 695
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<210> SEQ ID NO 20
<211> LENGTH: 2110
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: mspdl-p24-Fc
<400> SEQUENCE: 20
atgtgggtcece ggcaggtace ctggtcattc acttgggcetg tgctgcagtt gagcetggcaa 60
tcagggtgge ttectagaggt ccccaatggg cectggaggt cectcacctt ctacccagec 120
tggctcacag tgtcagaggg agcaaatgce accttcacct gecagettgte caactggteg 180
gaggatctta tgctgaactyg gaaccgectg agtcccagea accagactga aaaacaggec 240
gececttetgta atggtttgag ccaacccegte caggatgcce gettccagat catacagetg 200
cccaacagge atgacttcecca catgaacatc cttgacacac ggcgcaatga cagtggcate 360
tacctectgtg gggccatete cctgcaccee aaggcaaaaa tcgaggagag ccctggagcea 420
gagctegtgyg taacagagag aatcctggag acctcaacaa gatatcccag ccectegece 480
aaaccagaag gecggtttea accggaatte cggggtyggty gtggtteagy aggaggaccet 540
atagtgcaaa acctccaggyg gcaaatggta catcagecca tatcacctag aactttaaat 600
gcatgggtaa aagtaataga agagaaggct tttagtccag aagtaatacc catgttttcea 660
gcattatcag aaggagccac cccacaagat ttaaacacca tgctaaacac agtgggggga 720
catcaagcag ccatgcaaat gttaaaagaa accatcaatg aggaagctgc agaatgggat 780
agattgcatc cagtgcaggc agggccagtt gcaccaggcec agatgagaga accaagggdga 840
agtgacatag caggaactac tagtaatctt caggagcaaa taggatggat gacaaataat 200
ccacctatcee cagtaggaga aatctataaa agatggataa tcctggggtt aaataaaata 9260
gtaagaatgt atagccctac cagcattctyg gacataagac aaggaccaaa ggaacccttt 1020
agagactatg tagaccggtt ctataaaact ctaagagccg agcaagcttce acaagaggta 1080
aaaaattgga tgacagaaac cttgttggtc caaaattcga acccagattyg taagactatt 1140
ttaaaagcat tgggaccagc agctacacta gaagaaatga tgacagcatyg tcagggagtyg 1200
gggggacctyg gccataaage aagagttttyg atcctgatge agtacatcaa ggccaacagt 1260
aagttcatcg gaatcaccga gcttaagaag ctgggaggct caaacgacat attcaacaac 1320
ttcacagtgt ccttetggtt gcgggttcce aaggtctctg ctagccacct cgaacaatac 1380
ctggaggcca ccaacaccaa agtggacaag accgttgcge cctcgacatg cagcaagecce 1440
atgtgeccac ceectgaact cctgggggga cegtetgtet tcatettece cccaaaacce 1500
aaggacacce tcatgatcte acgecacccee gaggtcacat gegtggtggt ggacgtgage 1560
caggatgacce ccgaggtgea gttcacatgg tacataaaca acgagcaggt gegcacegec 1620
cggecgecege tacgggagea gcagttcaac agcacgatce gegtggtceag caccctecce 1680
atcgcgcace aggactgget gaggggcaag gagttcaagt gcaaagtcca caacaaggca 1740
cteececggece ccatcgagaa aaccatctcec aaagccagag ggcagcccct ggagccgaag 1800
gtctacacca tgggecctee ccgggaggag ctgagcagea ggtcggtcag cctgacctge 1860
atgatcaacg gcttctacce ttccgacate tcggtggagt gggagaagaa cgggaaggca 1920
gaggacaact acaagaccac gccgaccgtg ctggacageg acggctecta cttectetac 1980
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agcaagctct cagtgcccac gagtgagtgg cagcggggceg acgtcttcac ctgctccgtg 2040
atgcacgagg ccttgcacaa ccactacacg cagaagtcca tctcccactce tcctggtaaa 2100

taatctagag 2110

<210> SEQ ID NO 21

<211> LENGTH: 176

<212> TYPE: PRT

<213> ORGANISM: human

<220> FEATURE:

<223> OTHER INFORMATION: human spdl

<400> SEQUENCE: 21

Met Gln Ile Pro Gln Ala Pro Trp Pro Val Val Trp Ala Val Leu Gln
1 5 10 15

Leu Gly Trp Arg Pro Gly Trp Phe Leu Asp Ser Pro Asp Arg Pro Trp
20 25 30

Asn Pro Pro Thr Phe Ser Pro 2la Leu Leu Val Val Thr Glu Gly Asp
35 40 45

Asn Ala Thr Phe Thr Cys Ser Phe Ser Asn Thr Ser Glu Ser Phe Val
50 55 60

Leu Asn Trp Tyr Arg Met Ser Pro Ser Asn Gln Thr Asp Lys Leu Ala
65 70 75 80

Ala Phe Pro Glu Asp Arg Ser Gln Pro Gly Gln Asp Cys Arg Phe Arg
85 90 95

Val Thr Gln Leu Pro Asn Gly Arg Asp Phe His Met Ser Val Val Arg
100 105 110

Ala Arg Arg Asn Asp Ser Gly Thr Tyr Leu Cys Gly Ala Ile Ser Leu
115 120 125

Ala Pro Lys Ala Gln Ile Lys Glu Ser Leu Arg Ala Glu Leu Arg Val
130 135 140

Thr Glu Arg Arg Ala Glu Val Pro Thr Ala His Pro Ser Pro Ser Pro
145 150 155 160

Arg Pro Ala Gly Gln Pro Glu Phe Arg Gly Gly Gly Ser Gly Gly Gly
165 170 175

<210> SEQ ID NO 22

<211> LENGTH: 531

<212> TYPE: DNA

<213> ORGANISM: human

<220> FEATURE:

<223> OTHER INFORMATION: human spdl

<400> SEQUENCE: 22

atgcagatce cacaggcegee ctggccagte gtetgggegg tgctacaact gggcetggegyg 60
ccaggatggt tcttagactc cccagacagg cectggaace cccccacctt ctecccagec 120
ctgetegtgyg tgaccgaagg ggacaacgce accttcacct geagettete caacacatceg 180
gagagctteg tgctaaactyg gtaccgcatg ageccccagea accagacgga caagetggece 240
gecettecceg aggaccgeag ccagceccgge caggactgece gettoogtgt cacacaactg 200
cccaacggge gtgactteca catgagegtyg gtcagggece ggogcaatga cageggeace 260
tacctetgtg gggccatete cctggecccece aagacgcaga tcaaagagag cctgcgggca 420

gagctecaggyg tgacagagag aagggcagaa gtgcccacag cccaccecag ceccteacee 480
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aggccagecyg gccagecgga attceggggt ggtggtggtt caggaggagy a 531

<210> SEQ ID NO 23

<211> LENGTH: 695

<212> TYPE: PRT

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

<223> OTHER INFORMATION: hspdl-p24-Fc

<400> SEQUENCE: 23

Met Gln Ile Pro Gln Ala Pro Trp Pro Val Val Trp Ala Val Leu Gln
1 5 10 15

Leu Gly Trp Arg Pro Gly Trp Phe Leu Asp Ser Pro Asp Arg Pro Trp
20 25 30

Asn Pro Pro Thr Phe Ser Pro 2Ala Leu Leu Val Val Thr Glu Gly Asp
35 40 45

Asn Ala Thr Phe Thr Cys Ser Phe Ser Asn Thr Ser Glu Ser Phe Val
50 55 60

Leu Asn Trp Tyr Arg Met Ser Pro Ser Asn Gln Thr Asp Lys Leu Ala
65 70 75 80

Ala Phe Pro Glu Asp Arg Ser Gln Pro Gly Gln Asp Cys Arg Phe Arg
85 90 95

Val Thr Gln Leu Pro Asn Gly Arg Asp Phe His Met Ser Val Val Arg
100 105 110

Ala Arg Arg Asn Asp Ser Gly Thr Tyr Leu Cys Gly Ala Ile Ser Leu
115 120 125

Ala Pro Lys Ala Gln Ile Lys Glu Ser Leu Arg Ala Glu Leu Arg Val
130 135 140

Thr Glu Arg Arg Ala Glu Val Pro Thr Ala His Pro Ser Pro Ser Pro
145 150 155 160

Arg Pro Ala Gly Gln Pro Glu Phe Arg Gly Gly Gly Ser Gly Gly Gly
165 170 175

Pro Ile Val Gln Asn Leu Gln Gly Gln Met Val His Gln Pro Ile Ser
180 185 190

Pro Arg Thr Leu Asn Ala Trp Val Lys Val Ile Glu Glu Lys Ala Phe
195 200 205

Ser Pro Glu Val Ile Pro Met Phe Ser Ala Leu Ser Glu Gly Ala Thr
210 215 220

Pro Gln Asp Leu Asn Thr Met Leu Asn Thr Val Gly Gly His Gln Ala
225 230 235 240

Ala Met Gln Met Leu Lys Glu Thr Ile Asn Glu Glu Ala Ala Glu Trp
245 250 255

Asp Arg Leu His Pro Val Gln 2la Gly Pro Val Ala Pro Gly Gln Met
260 265 270

Arg Glu Pro Arg Gly Ser Asp Ile Ala Gly Thr Thr Ser Asn Leu Gln
275 280 285

Glu Gln Ile Gly Trp Met Thr Asn Asn Pro Pro Ile Pro Val Gly Glu
290 295 300

Ile Tyr Lys Arg Trp Ile Ile Leu Gly Leu Asn Lys Ile Val Arg Met
305 310 315 320

Tyr Ser Pro Thr Ser Ile Leu 2Zsp Ile Arg Gln Gly Pro Lys Glu Pro
325 330 335

Phe Arg Asp Tyr Val Asp Arg Phe Tyr Lys Thr Leu Arg Ala Glu Gln



US 2012/0121634 Al May 17,2012
36

-continued

340 345 350

Ala Ser Gln Glu Val Lys Asn Trp Met Thr Glu Thr Leu Leu Val Gln
355 360 355

Asn Ser Asn Pro Asp Cys Lys Thr Ile Leu Lys Ala Leu Gly Pro Ala
370 375 380

Ala Thr Leu Glu Glu Met Met Thr Ala Cys Gln Gly Val Gly Gly Pro
385 390 395 400

Gly His Lys Ala Arg Val Leu Met Gln Tyr Ile Lys Ala Asn Ser Lys
405 410 415

Phe Ile Gly Ile Thr Glu Leu Lys Lys Leu Gly Gly Ser Asn Asp Ile
420 425 430

Phe Asn Asn Phe Thr Val Ser Phe Trp Leu Arg Val Pro Lys Val Ser
435 440 445

Ala Ser His Leu Glu Gln Tyr Leu Glu Ala Thr Asn Thr Lys Val Asp
450 455 460

Lys Thr Val Ala Pro Ser Thr Cys Ser Lys Pro Met Cys Pro Pro Pro
465 470 475 480

Glu Leu Leu Gly Gly Pro Ser Val Phe Ile Phe Pro Pro Lys Pro Lys
485 490 495

Agsp Thr Leu Met Ile Ser Arg Thr Pro Glu Val Thr Cys Val Val Val
500 505 510

Asp Val Ser Gln Asp Asp Pro Glu Val Gln Phe Thr Trp Tyr Ile Asn
515 520 525

Asn Glu Gln Val Arg Thr Ala Arg Pro Pro Leu Arg Glu Gln Gln Phe
530 535 540

Asn Ser Thr Ile Arg Val Val Ser Thr Leu Pro Ile Ala His Gln Asp
545 550 555 560

Trp Leu Arg Gly Lys Glu Phe Lys Cys Lys Val His Asn Lys Ala Leu
565 570 575

Pro Ala Pro Ile Glu Lys Thr Ile Ser Lys Ala Arg Gly Gln Pro Leu
580 585 590

Glu Pro Lys Val Tyr Thr Met Gly Pro Pro Arg Glu Glu Leu Ser Ser
595 600 605

Arg Ser Val Ser Leu Thr Cys Met Ile Asn Gly Phe Tyr Pro Ser Asp
610 615 620

Ile Ser Val Glu Trp Glu Lys 2Asn Gly Lys Ala Glu Asp Asn Tyr Lys
625 630 635 640

Thr Thr Pro Thr Val Leu Asp Ser Asp Gly Ser Tyr Phe Leu Tyr Ser
645 650 655

Lys Leu Ser Val Pro Thr Ser Glu Trp Gln Arg Gly Asp Val Phe Thr
660 665 670

Cys Ser Val Met His Glu Ala Leu His Asn His Tyr Thr Gln Lys Ser
675 680 685

Ile Ser His Ser Pro Gly Lys
690 695

<210> SEQ ID NO 24

<211> LENGTH: 2104

<212> TYPE: DNA

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

<223> OTHER INFORMATION: hspdl-p24-Fc
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<400> SEQUENCE: 24
atgcagatce cacaggcegec ctggccagte gtetgggegyg tgctacaact gggetggegy 60
ccaggatggt tcettagactce cccagacagg cectggaace cccccacctt ctecccagec 120
ctgctegtgg tgaccgaagg ggacaacgcce accttcacct gcagcttete caacacatceg 180
gagagcttcg tgctaaactg gtaccgcatg agccccagca accagacgga caagctggec 240
geetteceeg aggacegeag ccageccgge caggactgee getteoegtgt cacacaactg 200

cccaacggge gtgactteca catgagegty gteagggece ggegeaatga cageggeace 360
tacctetgty gggecatete cctggeccce aagacgcaga tcaaagagag cctgegggea 420
gageteaggyg tgacagagag aagggcagaa gtgcccacag cccaccecag cccctcacec 480

aggccagecg gccagecgga attccggggt ggtggtggtt caggaggagyg acctatagtg 540

caaaacctce aggggcaaat ggtacatcag cccatatcac ctagaacttt aaatgcatgg 600
gtaaaagtaa tagaagagaa ggcttttagt ccagaagtaa tacccatgtt ttcagcatta 660
tcagaaggag ccaccccaca agatttaaac accatgctaa acacagtyggyg gggacatcaa 720
gcagccatge aaatgttaaa agasaccatc aatgaggaag ctgcagaatyg ggatagattg 780
catccagtge aggcagggee agttgcacca ggccagatga gagaaccaag gggaagtgac 840
atagcaggaa ctactagtaa tcttcaggay caaataggat ggatgacaaa taatccacct 900
atcccagtag gagaaatcta tasaagatgy ataatectgg ggttaaataa aatagtaaga 960

atgtatagcce ctaccagcat tctggacata agacaaggac caaaggaacc ctttagagac 1020
tatgtagacc ggttctataa aactctaaga gccgagcaag cttcacaaga ggtaaaaaat 1080
tggatgacag aaaccttgtt ggtccaaaat tcgaacccag attgtaagac tattttaaaa 1140
gcattgggac cagcagctac actagaagaa atgatgacag catgtcaggg agtgggggga 1200
cctggecata aagcaagagt tttgatcctg atgcagtaca tcaaggccaa cagtaagttce 1260
atcggaatca ccgagettaa gaagetggga ggctcaaacg acatattcaa caacttcaca 1320
gtgtcettet ggttgegggt teccaaggte tetgctagec acctcgaaca atacctggag 1380
gccaccaaca ccaaagtgga caagaccgtt gegecctega catgcagcaa geccatgtge 1440
ccaccecectg aactectggg gggaccgtcet gtcttcatct tccccccaaa acccaaggac 1500
accctcatga tctcacgcac ccccgaggtce acatgegtgg tggtggacgt gagccaggat 1560
gaccccgagg tgcagttcac atggtacata aacaacgagce aggtgcgcac cgeccggcecg 1620
ccgctacggg agcagcagtt caacagcacg atccgegtgg tcagcaccct ceccategeg 1680
caccaggact ggctgagggyg caaggagttc aagtgcaaag tccacaacaa ggcacteecg 1740
gceeccateg agaaaaccat ctecaaagee agagggcage ccctggagece gaaggtcetac 1800
accatgggcee ctecceggga ggagctgage agcaggtegg tcagectgac ctgcatgatce 1860
aacggcttet acccttecga catcteggtyg gagtgggaga agaacgggaa ggcagaggac 1920
aactacaaga ccacgccgac cgtgctggac agcgacgget cctacttect ctacagcaag 1980
ctctecagtge ccacgagtga gtggcagegg ggcgacgtcet tcacctgete cgtgatgceac 2040
gaggccttge acaaccacta cacgcagaag tccatctceccc actctectgg taaataatct 2100

agag 2104

<210> SEQ ID NO 25
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<211> LENGTH: 162

<212> TYPE: PRT

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

<223> OTHER INFORMATION: hspdl-14del

<400> SEQUENCE: 25

Met Gln Ile Pro Gln Ala Pro Trp Pro Val Val Trp Ala Val Leu Gln
1 5 10 15

Leu Gly Trp Arg Pro Gly Trp Phe Leu Ala Leu Leu Val Val Thr Glu
20 25 30

Gly Asp Asn Ala Thr Phe Thr Cys Ser Phe Ser Asn Thr Ser Glu Ser
35 40 45

Phe Val Leu Asn Trp Tyr Arg Met Ser Pro Ser Asn Gln Thr Asp Lys
50 55 60

Leu Ala Ala Phe Pro Glu Asp Arg Ser Gln Pro Gly Gln Asp Cys Arg
65 70 75 80

Phe Arg Val Thr Gln Leu Pro 2Asn Gly Arg Asp Phe His Met Ser Val
85 90 95

Val Arg Ala Arg Arg Asn Asp Ser Gly Thr Tyr Leu Cys Gly Ala Ile
100 105 110

Ser Leu Ala Pro Lys Ala Gln Ile Lys Glu Ser Leu Arg Ala Glu Leu
115 120 125

Arg Val Thr Glu Arg Arg Ala Glu Val Pro Thr Ala His Pro Ser Pro
130 135 140

Ser Pro Arg Pro Ala Gly Gln Pro Glu Phe Arg Gly Gly Gly Ser Gly
145 150 155 160

Gly Gly

<210> SEQ ID NO 26

<211> LENGTH: 489

<21l2> TYPE: PRT

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

<223> OTHER INFORMATION: hspdl-l4del

«<400> SEQUENCE: 26

Ala Thr Gly Cys Ala Gly Ala Thr Cys Cys Cys Ala Cys Ala Gly Gly
1 5 10 15

Cys Gly Cys Cys Cys Thr Gly Gly Cys Cys Ala Gly Thr Cys Gly Thr
20 25 30

Cys Thr Gly Gly Gly Cys Gly Gly Thr Gly Cys Thr Ala Cys Ala Ala
35 40 45

Cys Thr Gly Gly Gly Cys Thr Gly Gly Cys Gly Gly Cys Cys Ala Gly
50 55 60

Gly Ala Thr Gly Gly Thr Thr Cys Thr Thr Ala Gly Cys Cys Cys Thr
65 70 75 80

Gly Cys Thr Cys Gly Thr Gly Gly Thr Gly Ala Cys Cys Gly Ala Ala
85 90 95

Gly Gly Gly Gly Ala Cys Ala Ala Cys Gly Cys Cys Ala Cys Cys Thr
100 105 110

Thr Cys Ala Cys Cys Thr Gly Cys Ala Gly Cys Thr Thr Cys Thr Cys
115 120 125

Cys Ala Ala Cys Ala Cys Ala Thr Cys Gly Gly Ala Gly Ala Gly Cys
130 135 140
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Thr Thr Cys Gly Thr Gly Cys Thr 2Ala Ala Ala Cys Thr Gly Gly Thr
145 150 155 160

Ala Cys Cys Gly Cys Ala Thr Gly Ala Gly Cys Cys Cys Cys Ala Gly
165 170 175

Cys Ala Ala Cys Cys Ala Gly 2la Cys Gly Gly Ala Cys Ala Ala Gly
180 185 190

Cys Thr Gly Gly Cys Cys Gly Cys Cys Thr Thr Cys Cys Cys Cys Gly
195 200 205

Ala Gly Gly Ala Cys Cys Gly Cys Ala Gly Cys Cys Ala Gly Cys Cys
210 215 220

Cys Gly Gly Cys Cys Ala Gly Gly 2Ala Cys Thr Gly Cys Cys Gly Cys
225 230 235 240

Thr Thr Cys Cys Gly Thr Gly Thr Cys Ala Cys Ala Cys Ala Ala Cys
245 250 255

Thr Gly Cys Cys Cys Ala Ala Cys Gly Gly Gly Cys Gly Thr Gly Ala
260 265 270

Cys Thr Thr Cys Cys Ala Cys 2la Thr Gly Ala Gly Cys Gly Thr Gly
275 280 285

Gly Thr Cys Ala Gly Gly Gly Cys Cys Cys Gly Gly Cys Gly Cys Ala
290 295 300

Ala Thr Gly Ala Cys Ala Gly Cys Gly Gly Cys Ala Cys Cys Thr Ala
305 310 315 320

Cys Cys Thr Cys Thr Gly Thr Gly Gly Gly Gly Cys Cys Ala Thr Cys
325 330 335

Thr Cys Cys Cys Thr Gly Gly Cys Cys Cys Cys Cys Ala Ala Gly Ala
340 345 350

Cys Gly Cys Ala Gly Ala Thr Cys Ala Ala Ala Gly Ala Gly Ala Gly
355 360 365

Cys Cys Thr Gly Cys Gly Gly Gly Cys Ala Gly Ala Gly Cys Thr Cys
370 375 380

Ala Gly Gly Gly Thr Gly Ala Cys Ala Gly Ala Gly Ala Gly Ala Ala
385 390 395 400

Gly Gly Gly Cys Ala Gly Ala Rla Gly Thr Gly Cys Cys Cys Ala Cys
405 410 415

Ala Gly Cys Cys Cys Ala Cys Cys Cys Cys Ala Gly Cys Cys Cys Cys
420 425 430

Thr Cys Ala Cys Cys Cys Ala Gly Gly Cys Cys Ala Gly Cys Cys Gly
435 440 445

Gly Cys Cys Ala Gly Cys Cys Gly Gly Ala Ala Thr Thr Cys Cys Gly
450 455 460

Gly Gly Gly Thr Gly Gly Thr Gly Gly Thr Gly Gly Thr Thr Cys Ala
465 470 475 480

Gly Gly Ala Gly Gly Ala Gly Gly Ala
485

<210> SEQ ID NO 27

<211> LENGTH: 681

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: hspdl-l4del-p24-Fc

<400> SEQUENCE: 27



US 2012/0121634 Al May 17,2012
40

-continued

Met Gln Ile Pro Gln Ala Pro Trp Pro Val Val Trp Ala Val Leu Gln
1 5 10 15

Leu Gly Trp Arg Pro Gly Trp Phe Leu Ala Leu Leu Val Val Thr Glu
20 25 30

Gly Asp Asn Ala Thr Phe Thr Cys Ser Phe Ser Asn Thr Ser Glu Ser
35 40 45

Phe Val Leu Asn Trp Tyr Arg Met Ser Pro Ser Asn Gln Thr Asp Lys
50 55 60

Leu Ala Ala Phe Pro Glu Asp Arg Ser Gln Pro Gly Gln Asp Cys Arg
65 70 75 80

Phe Arg Val Thr Gln Leu Pro Asn Gly Arg Asp Phe His Met Ser Val
85 90 95

Val Arg Ala Arg Arg Asn Asp Ser Gly Thr Tyr Leu Cys Gly Ala Ile
100 105 110

Ser Leu Ala Pro Lys Ala Gln Ile Lys Glu Ser Leu Arg Ala Glu Leu
115 120 125

Arg Val Thr Glu Arg Arg Ala Glu Val Pro Thr Ala His Pro Ser Pro
130 135 140

Ser Pro Arg Pro Ala Gly Gln Pro Glu Phe Arg Gly Gly Gly Ser Gly
145 150 155 160

Gly Gly Pro Ile Val Gln 2Asn Leu Gln Gly Gln Met Val Hisg Gln Pro
165 170 175

Ile Ser Pro Arg Thr Leu Asn Ala Trp Val Lys Val Ile Glu Glu Lys
180 185 190

Ala Phe Ser Pro Glu Val Ile Pro Met Phe Ser Ala Leu Ser Glu Gly
195 200 205

Ala Thr Pro Gln Asp Leu Asn Thr Met Leu Asn Thr Val Gly Gly His
210 215 220

Gln Ala Ala Met Gln Met Leu Lys Glu Thr Ile Asn Glu Glu Ala Ala
225 230 235 240

Glu Trp Asp Arg Leu Hig Pro Val Gln Ala Gly Pro Val Ala Pro Gly
245 250 255

Gln Met Arg Glu Pro Arg Gly Ser Asp Ile Ala Gly Thr Thr Ser Asn
260 265 270

Leu Gln Glu Gln Ile Gly Trp Met Thr Asn Asn Pro Pro Ile Pro Val
275 280 285

Gly Glu Ile Tyr Lys Arg Trp Ile Ile Leu Gly Leu Asn Lys Ile Val
290 295 300

Arg Met Tyr Ser Pro Thr Ser Ile Leu Asp Ile Arg Gln Gly Pro Lys
305 310 315 320

Glu Pro Phe Arg Asp Tyr Val Asp Arg Phe Tyr Lys Thr Leu Arg Ala
325 330 335

Glu Gln Ala Ser Gln Glu Val Lys Asn Trp Met Thr Glu Thr Leu Leu
340 345 350

Val Gln Asn Ser Asn Pro Asp Cys Lys Thr Ile Leu Lys Ala Leu Gly
355 360 365

Pro Ala Ala Thr Leu Glu Glu Met Met Thr Ala Cys Gln Gly Val Gly
370 375 380

Gly Pro Gly His Lys Ala Arg Val Leu Met Gln Tyr Ile Lys Ala Asn
385 390 395 400
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Ser Lys Phe Ile Gly Ile Thr Glu Leu Lys Lys Leu Gly Gly Ser Asn
405 410 415

Asp Ile Phe Asn Asn Phe Thr Val Ser Phe Trp Leu Arg Val Pro Lys
420 425 430

Val Ser Ala Ser His Leu Glu Gln Tyr Leu Glu Ala Thr Asn Thr Lys
435 440 445

Val Asp Lys Thr Val Ala Pro Ser Thr Cys Ser Lys Pro Met Cys Pro
450 455 460

Pro Pro Glu Leu Leu Gly Gly Pro Ser Val Phe Ile Phe Pro Pro Lys
465 470 475 480

Pro Lys Asp Thr Leu Met Ile Ser Arg Thr Pro Glu Val Thr Cys Val
485 490 495

Val Val Asp Val Ser Gln Asp Asp Pro Glu Val Gln Phe Thr Trp Tyr
500 505 510

Ile Asn Asn Glu Gln Val Arg Thr Ala Arg Pro Pro Leu Arg Glu Gln
515 520 525

Gln Phe Asn Ser Thr Ile Arg Val Val Ser Thr Leu Pro Ile Ala His
530 535 540

Gln Asp Trp Leu Arg Gly Lys Glu Phe Lys Cys Lys Val Hig Asn Lys
545 550 555 560

Ala Leu Pro Ala Pro Ile Glu Lys Thr Ile Ser Lys Ala Arg Gly Gln
565 570 575

Pro Leu Glu Pro Lys Val Tyr Thr Met Gly Pro Pro Arg Glu Glu Leu
580 585 590

Ser Ser Arg Ser Val Ser Leu Thr Cys Met Ile Asn Gly Phe Tyr Pro
595 600 505

Ser Asp Ile Ser Val Glu Trp Glu Lys Asn Gly Lys Ala Glu Asp Asn
610 615 620

Tyr Lys Thr Thr Pro Thr Val Leu Asp Ser Asp Gly Ser Tyr Phe Leu
625 630 635 640

Tyr Ser Lys Leu Ser Val Pro Thr Ser Glu Trp Gln Arg Gly Asp Val
645 650 655

Phe Thr Cys Ser Val Met Hig Glu Ala Leu Hisg Asn His Tyr Thr Gln
660 665 670

Lys Ser Ile Ser His Ser Pro Gly Lys
675 680

<210> SEQ ID NO 28

<211> LENGTH: 2062

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: hspdl-l4del-p24-Fc

<400> SEQUENCE: 28

atgcagatce cacaggegee ctggecagte gtetgggegg tgctacaact gggetggegy 60
ccaggatggt tcttageect gctegtggtyg accgaagggg acaacgccac ctteacctge 120
agcttecteca acacatcgga gagettegtg ctaaactggt accgcatgag ceccagcaac 180
cagacggaca agctggecege ctteccegag gaccgceagece ageccggeca ggactgeege 240

ttcegtgteca cacaactgec caacgggegt gacttccaca tgagcgtggt cagggeccgg 300

cgcaatgaca gcggcaccta cctetgtggg gecatctece tggcccccaa gacgcagate 360
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asagagagce tgcgggcaga gctcagggtyg acagagagaa gggcagaagt geccacagee 420

caccccagee cctcacccag gecageagge cagecggaat teoggggtgg tggtggttcea 480
ggaggaggac ctatagtgca aaacctccag gggcaaatgg tacatcagec catatcacct 540
agaactttaa atgcatgggt aaaagtaata gaagagaagg cttttagtcc agaagtaata 600
cccatgtttt cagcattate agaaggagce accccacaag atttaaacac catgctaaac 660
acagtggggyg gacatcaagc agccatgcaa atgttaaaag aaaccatcaa tgaggaagcet 720
gcagaatggg atagattgca tccagtgcag gcagggccag ttgcaccagg ccagatgaga 780
gaaccaaggg gaagtgacat agcaggaact actagtaatc ttcaggagca aataggatgg 840
atgacaaata atccacctat cccagtagga gaaatctata aaagatggat aatcctgggg 200
ttaaataaaa tagtaagaat gtatagccct accagcattc tggacataag acaaggacca 960

aaggaaccct ttagagacta tgtagaccgg ttctataaaa ctctaagage cgagcaagcet 1020
tcacaagagy taaaaaattg gatgacagaa accttgttgg tccaaaatte gaacccagat 1080
tgtaagacta ttttaaaagc attgggacca gcagctacac tagaagaaat gatgacagca 1140
tgtcagggag tggggggacc tggccataaa gcaagagttt tgatcctgat gcagtacatce 1200
aaggccaaca gtaagttcat cggaatcacce gagcttaaga agetgggagg ctcaaacgac 1260
atattcaaca acttcacagt gtccttcetgg ttgegggtte ccaaggtete tgctagecac 1320
ctcgaacaat acctggaggc caccaacacc aaagtggaca agaccgttge gecctcgaca 1380
tgcagcaagc ccatgtgcce acccectgaa ctectggggg gaccgtctgt cttceatctte 1440
cceccaaaac ccaaggacac cctcatgate tcacgcacce ccgaggtcac atgegtggtg 1500
gtggacgtyga gecaggatga cecegaggty cagttcacat ggtacataaa caacgageag 1560
gtgcgcaccyg cecggecgece gctacgggag cagcagttca acagcacgat ccgegtggte 1620
agcaccctee ccatcgegea ccaggactgg ctgaggggea aggagttcaa gtgcaaagte 1680
cacaacaagg cactccegge ccccatcgag aaaaccatct ccaaagcecag agggcagecc 1740
ctggagecga aggtctacac catgggeect coccgggagyg agetgagcag caggteggte 1800
agcctgacct gcatgatcaa cggcttctac ccttecgaca tceteggtgga gtgggagaay 1860
aacgggaagg cagaggacaa ctacaagacc acgccgaccg tgctggacag cgacggetcec 1920
tacttecectet acagcaagcet ctcagtgcece acgagtgagt ggcagcgggyg cgacgtette 1980
acctgeteeg tgatgecacga ggccttgcac aaccactaca cgcagaagte catcteccac 2040
tctecctggta aataatctag ag 2062
<210> SEQ ID NO 29

<211> LENGTH: 7

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: linker sequence

<400> SEQUENCE: 29

Gly Gly Gly Ser Gly Gly Gly
1 5
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<210> SEQ ID NO 30

<211> LENGTH: 27

<212> TYPE: PRT

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

<223> OTHER INFORMATION: linker sequence

<400> SEQUENCE: 30

Gly Leu Tyr Gly Leu Tyr Gly Leu Tyr Gly Leu Tyr Gly Leu Tyr Gly
1 5 10 15

Leu Tyr Gly Leu Tyr Gly Leu Tyr Gly Leu Tyr
20 25

«210> SEQ ID NO 31

<211> LENGTH: 9

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: linking sequence

<400> SEQUENCE: 31

Glu Glu Glu Glu Glu Glu Glu Glu Glu
1 5

<210> SEQ ID NO 32

<211l> LENGTH: 27

<212> TYPE: PRT

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

<223> OTHER INFORMATION: linker sequence

<400> SEQUENCE: 32

Ser Glu Arg Ser Glu Arg Ser Glu Arg Ser Glu Arg Ser Glu Arg Ser
1 5 10 15

Glu Arg Ser Glu Arg Ser Glu Arg Ser Glu Arg
20 25

«210> SEQ ID NO 33

<211> LENGTH: 9

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: linking sequence

<400> SEQUENCE: 33

Gly Gly Gly Gly Gly Cys Pro Pro Cys
1 5

<210> SEQ ID NO 34

<211> LENGTH: 21

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: linking sequence

<400> SEQUENCE: 34

Gly Leu Tyr Gly Leu Tyr Gly Leu Tyr Gly Leu Tyr Ser Glu Arg Ser
1 5 10 15

Glu Arg Ser Glu Arg
20
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<210> SEQ ID NO 35

<211> LENGTH: 13

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: linking sequence

<400> SEQUENCE: 35

Ser Cys Val Pro Leu Met Arg Cys Gly Gly Cys Cys Asn
1 5 10

<210> SEQ ID NO 36

«211> LENGTH: 14

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: linking sequence

<400> SEQUENCE: 36

Pro Ser Cys Val Pro Leu Met 2rg Cys Gly Gly Cys Cys Asn
1 5 10

<210> SEQ ID NO 37

<211> LENGTH: 9

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: linking sequence

<400> SEQUENCE: 37

Gly Asp Leu Ile Tyr Arg Asn Gln Lys
1 5

<210> SEQ ID NO 38

<211> LENGTH: 23

<21l2> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: linking sequence

<400> SEQUENCE: 38

Gly Gly Gly Gly Gly Gly Gly Gly Gly Pro Ser Cys Val Pro Leu Met
1 5 10 15

Arg Cys Gly Gly Cys Cys Asn
20

<210> SEQ ID NO 39

<211> LENGTH: 9

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: linking sequence

<400> SEQUENCE: 39

Ala Met Gln Met Leu Lys Asp Thr Ile
1 5

<210> SEQ ID NO 40

<211> LENGTH: 20

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: linking sequence
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<400> SEQUENCE: 40

Thr Ser Asn Pro Pro Ile Prc Val Gly Asp Ile Tyr Lys Arg Trp Ile

1 5 10

Ile Leu Gly Leu
20

15

We claim:

1. A soluble PD-1 protein comprising an amino acid
sequence selected from the group consisting of SEQ ID NO:
11, SEQ ID NO: 15, and SEQ ID NO: 25.

2. A PD-1 nucleic acid molecule encoding a soluble PD-1
protein of claim 1.

3. A soluble PD-1 fusion protein, comprising a soluble
PD-1 protein fragment and an antigenic protein fragment,
wherein the soluble PD-1 protein fragment comprises an
amino acid sequence selected from the group consisting of
SEQ ID NO: 1, SEQ ID NO: 21, SEQ ID NO: 11, SEQ ID
NO: 15, and SEQ ID NO: 25.

4. The soluble PD-1 fusion protein of claim 3, wherein the
antigenic protein fragment is derived from an immunogenic
protein fragment of a viral, bacterial, or fungal pathogen, or
cancer or tumor cells.

5. The PD-1 fusion protein of claim 4, wherein the patho-
gen is selected from human immunodeficiency virus (HIV),
HSV, respiratory syncytial virus, rhinovirus, hepatitis A virus,
hepatitis B virus, hepatitis C virus, hepatitis D virus, hepatitis
E virus, hepatitis F virus, hepatitis G virus, oncoviruses,
human T-lymphotropic virus Type I (HTLV-1), influenza
virus, bovine leukemia virus (BLV), Epstein-Barr virus,
rotavirus, anpapillomavirus, preumococcus, streptococcus,
staphylococcus, E. coli, cytomegalovirus (CMV), respiratory
syncytial virus, parainfluenza virus, adenovirus, flavivirus,
dengue virus, Mycobacteria tuberculosis, or Plasmodium fal-
ciparum.

6. The PD-1 fusion protein of claim 4, wherein the anti-
genic protein fragment is derived from HIV p24.

7. The PD-1 fusion protein of claim 3, further comprising
a Fc¢ domain.

8. The PD-1 fusion protein of claim 7, further comprising
a linker sequence, wherein the linker sequence links the
soluble PD-1 domain and the antigen.

9. The PD-1 fusion protein of claim 3, comprising an amino
acid sequence selected from the group consisting of SEQ 1D
NOs: 13,17, 19, 23, and 27.

10. A sPD-1 fusion nucleic acid molecule encoding a PD-1
fusion protein of claim 3.

11. The sPD-1 fusion nucleic acid molecule of claim 10,
wherein the nucleic acid molecule comprises a sequence
selected from the group consisting of SEQ 1D NOs: 14, 18,
20, 24, and 28.

12. A vaccine composition comprising the sPD-1 fusion
nucleic acid molecule of claim 10.

13. A method for preventing or treating pathogenic infec-
tion and/or tumor or cancer, comprising administering, to a
subject in need of such prevention or treatment, an effective
amount of a fusion nucleic acid of claim 10.

14. The method of claim 13, wherein the pathogenic infec-
tion is caused by a pathogen selected from human immuno-
deficiency virus (HIV), HSV, respiratory syncytial virus, rhi-
novirus, hepatitis A virus, hepatitis B virus, hepatitis C virus,
hepatitis D virus, hepatitis E virus, hepatitis F virus, hepatitis
G virus, oncoviruses, human T-lymphotropic virus Type 1
(HTLV-1), influenza virus, bovine leukemia virus (BLV),
Epstein-Barr virus, rotavirus, anpapillomavirus, preumococ-
cus, streptococeus, staphylococeus, E. coli, cytomegalovirus
(CMYV), respiratory syncytial virus, parainfluenza virus,
adenovirus, flavivirus, dengue virus, Mycobacteria tubercu-
losis, or Plasmodium falciparum.

15. The method of claim 14, wherein the fusion nucleic
acid comprises an antigenic nucleic acid fragment encoding
HIV p24 and the pathogenic infection is HIV infection.

16. The method of claim 15, wherein the fusion nucleic
acid comprises an amino acid sequence selected from the
group consisting of SEQ ID NOs: 14, 18, 20, 24, and 28.

17. The method of claim 13, wherein the fusion nucleic
acid 1s delivered by injection.

18. The method of claim 17, wherein the fusion nucleic
acid is delivered via electroporation.

19. A method for preventing or treating pathogenic infec-
tion and/or tumor or cancer, comprising administering, to a
subject in need of such prevention or treatment, an effective
amount of a fusion protein of claim 3.

20. The method of claim 19, wherein the pathogenic infec-
tion is caused by a pathogen selected from human immuno-
deficiency virus (HIV), HSV, respiratory syncytial virus, rhi-
novirus, hepatitis A virus, hepatitis B virus, hepatitis C virus,
hepatitis D virus, hepatitis E virus, hepatitis F virus, hepatitis
G virus, oncoviruses, human T-lymphotropic virus Type 1
(HTLV-1), influenza, bovine leukemia virus (BLV), Epstein-
Barr virus, rotavirus, anpapillomavirus, stzreptococcus, sta-
phylococcus, E. coli, shigella, cytomegalovirus (CMV), res-
piratory syncytial virus, adenovirus, flavivirus, Mycobacteria
tuberculosis, or Plasmodium falciparum.

* ok gk ok 3k
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