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enbryo proper. HASH2, the human orthol og of the MASH2 gene, was cloned in
1997 by Alders et al. (designated "ASgLg" by the authors). Alders et al.
(1997) Hum Mblec. Cenet. 6: 859-867. As described in WX1/ 62778,
expression studi es reveal ed t @ASBid3iABHBtruetanscri pt (terned CASB7439
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As described in WO01/62778, expression studies revealed that the HASH2
transcript (termed CASB7439 therein) is over-expressed in colorectal tumors compared
to adjacent normal colon and to other tested normal tissues. This gene is over
expressed in patients with stage | to IV adenocarcinoma. Thus, the protein can be
considered as a cancer antigen useful in an immunotherapeutic approach for
ameliorating a subject’s cancer, for instance by using recombinant CASB7439 as an

antigen specific cancer immunotherapeutic (ASCI).

SUMMARY OF THE INVENTION

Compounds and methods for increasing the recombinant production of
CASB7439 polypeptides are provided herein. In some embodiments are provided
modified CASB7439 polypeptides, as well as protein constructs comprising such
modified CASB7439 polypeptides. Said modified CASB7439 polypeptides comprise at
least one modification for enhanced production of CASB7439. Applicants also disclose
nucleic acid molecules comprising a polynucleotide sequence encoding modified
CASB7439 polypeptides and protein constructs comprising such modified CASB7439
polypeptides as described herein. In certain aspects, Applicants disclose protein
constructs having the amino acid (aa) sequences and the nucleotide sequence (DNA)

encoding them, as follows:



constructs having the am no acid (aa) sequences and the nucl eoti de sequence
(DNA) encoding them as follows: LVLO55 [SEQ ID NO 1 (aa); SEQ ID NO 2
(DNA)]; Wok10lB6443EQ | D NO 3 (aa); SEQ I D NG 4 (DNA)]; PCINP®B/OFBEQ | D
NO5 (aa); SEQID NGO 6 (DNA)]; LVL141 [SEQID NO 7 (aa); SEQ ID NO 8
(DNA)]; LVL144 [SEQID NGO 9 (aa); SEQID NO 10 (DNA)]; and LVL168 [SEQ ID
NGO 1l 1 (aa); SEQ ID NO 12 (DNA)]. Methods and processes utilizing the

nucl eic acid nol ecul es described herein for the production of protein
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FIGURES Figure 1/35. This figure presents a schematic di agram depi cting
var i ou$afregiopgxcipfent HEIYGQSB'ﬂﬁ@QC%PWféﬁtbPﬁ@r specifically: the DNA specific

(DNA bi ndi ng) & Bnpb&itmedil-Hire disclosed the use of the modified CASB7439

polypeptides or protein constructs described herein—or the nucleic acid molecules
encoding them—in the preparation of a medicament for treating colorectal cancer. In
some embodiments are disclosed protein constructs as disclosed herein for use in
therapy, particularly colorectal cancer therapy. In some embodiments are disclosed
methods for eliciting an immune response against CASB7439 in a subject with
colorectal cancer, the method comprising: (a) selecting a subject with colorectal cancer;
and (b) administering to the subject an effective amount of an immunogenic composition
comprising the modified CASB7439 polypeptides or construct as described herein and a
pharmaceutically acceptable carrier or excipient, wherein the carrier or excipient may

optionally comprise a buffer.

BRIEF DESCRIPTION OF THE FIGURES
Figure 1/35. This figure presents a schematic diagram depicting various regions of the
CASB7439 polypeptide, specifically: the DNA specific (DNA binding) domain, the bHLH
domain, and the proline-rich region. See Example 2 for details. Schematic
representations are also shown of the following regions: Nucleus targeting (gray arrow);
alpha helical (gray cylinders); coiled-coil (black cylinders); intrinsic disorder (black

arrows); and low complexity (gray box).



dormain, and the proline-rich region. See Exanple 2 for details. Schematic
representations are al so shown of the follow ng regions: Nucl eus targeting
(gray arrw@ppleai3piaa helical (gray cylinders); coil ed-coPCT(drR@oks7141
cylinders); intrinsic disorder (black arrows); and | ow conplexity (gray
box).Figure 2/35. This figure presents a schematic di agram depi cting
various truncates of the CASB7439 pol ypeptide (black arrows) aligned with
t he conpl et e CASB7439 pol ypeptide. See Exanple 4 for details. Figure 3/35.
This figure presents a schematic diagram of CASB7439 show ng the
approximate | ocation of the proline rich region, and identified and
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porti opobfoeptidé.oBxe Bxdrhple 4 foe dEBIB7439 pol ypeptide. Figure 4/35. An
alignnment is shown between the sequence of the unnodified CASB7439

pol ypeptide (SEQ ID NO1 3) and the pol ypepti de sequence resulting fromtwo
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21 contiguous amino acid residues (131-151, inclusive) are deleted. Further, a third
modification to the CASB7439 polypeptide can be envisioned in which 21 contiguous
amino acid residues (132-152, inclusive) are deleted. As shown in the Figure the
resulting modified CASB7439 polypeptide sequence (inset, circled) in the region of the
deletion is the same for all three modifications. This is because of the repeated RG
amino acid residues at positions 131-132 and 152-153 of SEQ ID NO:13.

Figure 5/35. This figure presents an amino acid sequence alignment between the
protein constructs of Example 6. CASB7439 = the HASH2 amino acid sequence (SEQ
ID NO:13); LVL088 (SEQ ID NO:27); LVL111 (SEQ ID NO:3); LVL137 (SEQ ID NO:5);
LVL138 (SEQ ID NO:33); LVL168 (SEQ ID NO:11).

Figure 6/35. This figure presents an alignment between the HASH2 (CASB7439) amino
acid sequence (SEQ ID NO:13) and the following protein constructs: LVL168 (SEQ ID
NO:11); pD1/3 (SEQ ID NO:39); and LVL144 (SEQ ID NO:9).



NO1 1) ; pD1/3 (SEQ ID NGO 39); and LVL144 (SEQ ID NO 9).Figure 7/35.

Real -ti me qPCR anal ysis of CASB7439 nRNA expression in normal (12) and

col or ect awocareBr44683) tissues. See Exanple 9. Figure 8pP8F/EPSa0NEHpDNdEnce
bet ween CASB7439 nRNA and protein expression in various human col orect al
(CRC) sanples. (black circles) represent the CASB7439 nRNA expression in
col on cancer sanples, whereas O (open circles) represent the CASB7439 nRNA
expression in normal adjacent tissues. The corresponding |evel of CASB7439
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expression, +/- very |ow expression, + |ow expression, ++ strong expr e55| on
and ++and@01prS@tﬁb¢fgﬁC@kﬁ3é§§Bb¢g-.SGRE:XGmQ|¢rary tumors, METS: metastasis,

NAT: normal adjacent tissues. Al sanples are col on adenocarci nomas except
t he sanpl es 22440 and 24762 whi ch are nuci nous carci nomas. See Exanple 9.
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(pools, matrix approach). See Exanple 10, Inbred Mouse Miltistrain
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CASB7439 peptides in the four inbred nouse strains discussed in the
precedi ng paragraph. Light gray = 0.2-0.4 % double positive (IFNg/ TNF a)
CD4 T- dedurs; 9/35.r kThe agnk d. (etides lwogeug ithe eetild BN@’BI?MB@) pr@[wfn Begekhge See
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constructs is set forth in this table. See Example 10.

Figure 10/35. The CASB7439 peptide matrix used for T-cell immunogenicity

investigations is shown. See Example 10.

Figure 11/35. CD4 response expressed as percent double positive (IFNy/TNFa) CD4 T-
cells in four strains of inbred mice (C57BL6, BALBC, CB6F1, and C3H) immunized with
LVL111 + ASO01B following re-stimulation with CASB7439 overlapping peptides (pools,

matrix approach). See Example 10, Inbred Mouse Multistrain Comparison Experiment.

Figure 12/35. CD4 response expressed as percent double positive (IFNy/TNFa) CD4 T-
cells in the four strains of inbred mice immunized with LVL111 + AS15 following re-
stimulation with CASB7439 overlapping peptides (pools, matrix approach). See
Example 10, Inbred Mouse Multistrain Comparison Experiment.



Figure 14/35. ldentification of CD4 | mmunogeni c CASB7439 peptides in
outbred CD1L mce (ASO1 B Top panel; AS15 Bottom panel). Light gray =

0. 2-0.4 wWwoaotwBeqaesi tive (I FNg/ TNF a) CD4 T-cells; dar CgmrEegors/0871520 doubl e
positive (I FNg/ TNFa) T-CD4 cells. See Exanple 10, | nmunogenicity of
CASB7439 in Mce: CASB7439 T-cell |munogenicity in Qutbred Mce. Figure
15/35. CD4 and CD8 T-cell responses expressed as percent double positive
(I'FNg/ TNF a) in individual CDL outbred mce i mmunized with LVL1 11, LVL168,
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ei t her Imyunegeqisiagn Guiteed Mige.or LviL144 (SEQ ID NO'9), fornulated with
AS15, following re-stinmulation with CASB7439 overl appi ng peptides (7 pools
of 7 peptides + peptide 24 (SEQ ID NO 76)). Figure 19/35. CD8 T-cell
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LVL144 formulated with AS15, following re-stimulation with CASB7439 overlapping
peptides (pools of immunodominant peptides). See Example 10, Studies of LVL111,
LVL168, and LVL144 in out-bred Mice.

Figure 16/35. CD4 T-cell responses (expressed as percent double positive
(IFNy/TNF)) in pooled peripheral blood leukocytes (PBL) isolated from HLA A2.1/DR-1
transgenic mice immunized with either LVL168 (SEQ ID NO:11) or LVL144 (SEQ ID
NO:9), formulated with AS15, following re-stimulation with CASB7439 overlapping
peptides (7 pools of 7 peptides/pool + peptide 24 (SEQ ID NO:76)).

Figure 17/35. CD8 T-cell responses (expressed as percent double positive
(IFNy/TNFa)) in pooled PBL isolated from HLA A2.1/DR-1 transgenic mice immunized
with either LVL168 (SEQ ID NO:11) or LVL144 (SEQ ID NO:9), formulated with AS15,
following re-stimulation with CASB7439 overlapping peptides (7 pools of 7 peptides +
peptide 24 (SEQ ID NO:76)).

Figure 18/35. CD4 T-cell responses (expressed as percent double positive

(IFNy/TNFa)) in splenocytes isolated from HLA A2.1/DR-1 transgenic mice immunized

-5-



following re-stimulation with CASB7439 over!| appi ng peptides (7 pools of 7
peptides + peptide 24 (SEQ ID NO 76)). Figure 20/35. Tine-course analysis
of the CASB248@3sqacific anti body response (1gd and | geRa)EPRe0YFEAED UpPON
LVL1 11 + ASO1 B or LVL1 11 + AS15 inmmunizations in CB6f1 inbred mce. See
Exanpl e 10, | munogenicity of CASB7439 in M ce: CASB7439- nedi ated Hunor al
Response. Figure 21/35. CASB7439-specific hunoral response in inbred CB6f1
mce (1gd@ and | g&a) upon inmmunizations with LVL1 11, LVL168, or LVL144
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mediated Humoral Response.

Figure 21/35. CASB7439-specific humoral response in inbred CB6f1 mice (IgG1 and
IgG2a) upon immunizations with LVL111, LVL168, or LVL144 formulated with AS15
adjuvant or with AS15 adjuvant alone. See Example 10, Immunogenicity of CASB7439
in Mice: CASB7439-mediated Humoral Response.

Figure 22/35. CASB7439-specific humoral immune response (IgG titer) in CD1 outbred
mice immunized with LVL111, LVL168, or LVL144 formulated with AS15 adjuvant, or
with AS15 adjuvant alone; naive mice were used as control. See Example 10, CD1

Mouse Studies.

Figure 23/35. TC1/CASB7439 #14 tumor graft in CB6f1 mice immunized with LVL111
formulated with ASO1B (top) or AS15 (bottom). See Example 11, Study #1.1. In the top
panel, the order of curves on the graph from top to bottom is ‘buffer’, LVL111 (10ug),
LVL111 (10ug) + ASO1B, and LVL111 (1pg) + ASO1B. In the bottom panel, the curve
at the bottom is LVL111(10ug) + AS15.



the AS1 5 group expired first. O the other groups, the 30nmg group had the
fewest survivors, followed by the 1ng group, then the 10ng group, which had
t he nost worviwviese3 (Bottonm) The survival curve of CB6f PCRiEPeO10MRUAL Zed
with ASO1 B alone or with the indicated dosages of LVL1 11 fornulated with
ASO1 B and chal | enged with TCl/ CASB7439 #14 cells. In this panel, the |ast
surviving mce fromthe 10ng and ASO1 B groups expired on the sane day. The
1mg and 30ng groups had the same percentage of survival at the final day.
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Figure 25/35. Survival curves from Example 11, Study #1.3 are presented. TF: tumor-
free. (Top) Survival curve for CB6f1 mice immunized with LVL111, LVL144, or LVL168
formulated with AS15, or AS15 alone, and challenged with TC1/CASB7439#14 cells.
(Bottom) Survival curve for CB6f1 mice immunized with LVL111, LVL144, or LVL168
formulated with AS15, or AS15 alone, and challenged with MC38/CASB7439#35 cells.

Figure 26/35. Survival curves from Example 11, Study #1.4 are presented. TF: tumor-
free. (Top) Survival curve of CB6f1 mice immunized with LVL144 or LVL168 formulated
with AS15, or with AS15 alone, and challenged with TC1/CASB7439 #14 cells. The
group immunized with LVL144 had a marginally greater percent survival. (Middle)
Survival curve for CB6f1 mice immunized with LVL144 or LVL168 formulated with
AS15, or AS15 alone, and challenged with clonal TC1/CASB7439 #14-2 cells. Mice
inoculated with LVL144 had a slightly higher percentage of survival. (Bottom) Survival
curve for CB6f1 mice immunized with LVL144 or LVL168 formulated with AS15, or



TC1/ CASB7439 #14-2 cells. The group of mce inoculated with LVL144 had a
slightly higher percent survival. (Bottom m ddle) Survival curve of CB6fl
m ce i MmMmoOzet/d6448 1. 55 ng of LVL168 and 2.5 ng of LVLPIA/HPoewwbsABEd W t h
AS15, or with AS15 alone, and challenged with TCl/ CASB7439 #14-2 cells. The
group of mce inoculated with LVL144 had the highest survival percentage.
(Bottom Survival curve of CB6f1 mce imunized with 0.77 ng of LVL168 and
1.25 ng of LVL144 formulated with AS15, or with AS15 al one, and chal | enged

with T%@A‘%ﬁé:”%nﬂ%ﬁeﬁ@éd %thTm‘:Iﬁ/@PlBB?MQ‘#%% bé!%cml\/ﬂkéqnc‘!&flé’teél\(}vﬂcr% had

a slightly higher percent survival. Figure 28/35. Survival curves from
Exanpl éVi144 Saddy $t2vizoes: e pr esent ed. TF: tum)rfree. (Top) Survival curve
of C57BI/6 mce immnized with 6.25 ng of LVL168 or 10 ng of LVL144

formul ated with AS15, or AS15 al one, and chall enged wi th TCl/ CASB7439 #14-2
cel I s. Figue 27V3811 8undisl cumals foom \Bxaofpléd 7 BBialyr# 2. € aramprevenest. Wi F htushck- ng  of

chal | efiged Wpbh Sredy Bispra SCHeR. Sicedmaunead i e 75 o YBipe B4 10 ve o
C57BI / &f e e sk TonMmiIZRA Witk ASh5o8r m@alb%lﬁﬁd ehalngeltvitf TEYIGAYB7

7439
formul ated with AS15, or ASI5 al one, and chall enged with TCI/ CASB7439 #14-2
cel | s. #1fat celig Sthev brasp @funice ispcdstes) wigh mV¢é6Bﬂaﬂ%a seghtly higher perqegt of

Chal L ofahidele ?W&ﬁ%é@ﬁ&g'oﬁ% 1Rt Wlod iRt 3 9B TS
1(‘: lrJ ?\rPeEmdpsepglof Svuti44 #farngulate:e1 p?]tegasnéd orTES151mDnéraed <¢Hail|ehg§d1rl_wuth/al
For o FE R TAE e D RIS & T orud i TS el S v s B piomitd

group GfgHer @Rrdede 8LV, Ie%ﬂcﬁﬁ nliﬁadlet) hsulivah esive RS ICBBTY rﬁlb!é\(m#ﬁ}mzefd%'tr@\/\’ed
by the group receiving LVL144. There were no survivors in the roug}@
evm th

recei vilnp 8819/ [AG1158 m deft &9 S\l A fosmpipdedb vittpB$15.nercwith

3.1

i th TEP AT IR TOUCP OB M L 2GS Thelbrollp G TicE OT AR INET L e

hi ghest VjhdAddrad therhighedt, surm/dalopmrderhtyxge heBgttonnp Bewahqulgvd_wLCB@ﬂ ﬂ?heﬂ e

of ' CoofTTNiAPY W Ze o S GESRY A% LBl aRle it el SThmip por ° v

with AS15 alone, and challenged with TC1/CASB7439 #14-2 cells. The group of mice
inoculated with LVL168 had a slightly higher percent survival.

Figure 28/35. Survival curves from Example 11, Study #2.2 are presented. TF: tumor-
free. (Top) Survival curve of C57BI/6 mice immunized with 6.25 ng of LVL168 or 10 ug
of LVL144 formulated with AS15, or AS15 alone, and challenged with TC1/CASB7439
#14-2 cells. (Top middle) Survival curve of C57BI/6 mice immunized with 3.1 pg of
LVL168 or 5 ug of LVL144 formulated with AS15, or AS15 alone, and challenged with
TC1/CASB7439 #14-2 cells. (Bottom middle) Survival curve of C57BI/6 mice
immunized with 1.55 pg of LVL168 or 2.5 ng of LVL144 formulated with AS15, or AS15
alone, and challenged with TC1/CASB7439 #14-2 cells. (Bottom) Survival curve of
C57BI/6 mice immunized with 0.77 ug of LVL168 or 1.25 ug of LVL144 formulated with
AS15, or AS15 alone, and challenged with TC1/CASB7439 #14-2 cells.

Figure 29/35. Survival curves from Example 11, Study #2.3 are presented. TF: tumor-

free. (Top) Survival curve of CB6f1 mice immunized with 6.25 pug of LVL168 or 10 ug
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formul ated with AS15 and chal l enged with TCl/ CASB7439 #14-2 cells. The
group of mce receiving LVL168 had the highest percent survival, foll owed
by the grwoporeacseissi ng LVL144. There were no survivors PPATEPROIGHOSTIPL
receiving only AS15. Saline buffer or AS15 al one were used as controls.
Figure 30/35. Survival curves from Exanple 11, Study #2.3. TF:. tunor-free.
(Top) Survival curve of CB6f1 mce imunized with 0.77 ng of LVL168 or 1.25
ng of LVL144 forrmulated with AS15 and chal |l enged with TCl/ CASB7439 #14-2

cel l's. of N1 9A0¥RNRIIatBH Whth &S $5 YhAGNAYAHRS Mgt TERRCASENESS #PERCRNE. SF'r’ié/ ival,
foll owed by the group receiving LVL144." There were no survivors in the

group Ge@dl of migeoigceivingllsyL 164 el e [Sghestwarcenirswevivdl, TBewed kydbeigioumi zed

chal | orgai e 214y dhelf 3ed helRsfiors o gl BTEEVED i AsE: 20fRe

LVL168 Sundvaiheurie @feSBo6fpanicenmnsuiizey alith Iheud asLVsu68iandng LgpuSEVET1Hm t he
group receiving LVL144 outlived the last survivor fromboth the AS1S5 group

and t héopiiated WHbOe 15 (asst ehatienged Withal CHEARB A3%0Bkt 2 Gallee ThtmarPwRAT wi th

0. 048 I

chal | enged?%&yh@gvﬁ(ﬁg\%Bgaggw?ﬂ% cel(]:ér4t Jﬁﬁgylgf%lﬁg/e\g'% ??‘é@g&ﬁvﬁ

LVL168 Livhd44 hd hereyivese np@luc\emrssmmhﬂ g@JIup reheivingsanlys ASibvi( Bgttam)s%urfvrv@m t he
L144 outl d t h th

0 000 S5 BB SEhAYES: MR S35 RUOL SRaehL D S PP

Fi gur e feiiditted Wil ABSE hiOchitlénded Wil TON RIASB 7Y Ik £4-NbIIEEMEhE JrBi®) bf i ce
i muni zed with 1 rr%hof LVL168 fornul ated with AS15; AS15 al one was used as

cont r olNfie@ pyceivite L¥ASES had the highesipaseenlrsufvivaln fatlower/ty the @soumaasiviegl wi t h

(1bg?t gf WY%%gﬁi&é%gtﬂswv aneﬁlﬁﬁ @ﬁ Re gi{\}r “@%y‘b@ﬁea?‘?raﬁﬁé;tr?aﬁler 8E6f 1

m ce | AEMD adede wierdudeargs obnttWk168 fornmul ated with AS15 and chal |l enged with
TC1/ CASB7439 #14-2 cells. AS15 al one was used as control in both male and
femal e CB6f1 mice. Anong the CB6f1 mce inmunized with LVL168 plus AS15,

there \wegife BJ/3BIOISUREl Cves TIneEx@nthid 1T Steaplies. TreremvefreeNQTbp) anong

the m CS%r\Slsgleclzu\é\I/engf éSB%S?’I ?Algen?mmﬁgfzggml&ag(%? ug of LVL168 or 1.25 ug of LVL144
formulated with AS15 and challenged with TC1/CASB7439 #14-2 cells. The group of
mice receiving LVL168 had the highest percent survival, followed by the group receiving
LVL144. There were no survivors in the group receiving only AS15. (Middle) Survival
curve of CB6f1 mice immunized with 0.19 pg of LVL168 or 0.31 ug of LVL144
formulated with AS15 and challenged with TC1/CASB7439 #14-2 cells. The group of
mice receiving LVL168 had the highest percent survival. The last surviving mouse from
the group receiving LVL144 outlived the last survivor from both the AS15 group and the
buffer group. (Bottom) Survival curve of CB6f1 mice immunized with 0.048 ng of
LVL168 or 0.078 pg of LVL144 formulated with AS15 and challenged with
TC1/CASB7439 #14-2 cells. The group of mice receiving LVL168 had the highest
percent survival. The last surviving mouse from the group receiving LVL144 outlived
the last survivor from both the AS15 group and the buffer group. Saline buffer or AS15

alone were used as controls.

Figure 31/35. TC1/CASB7439 #14-2 tumor graft in male and female CB6f1 mice

immunized with 1 ug of LVL168 formulated with AS15; AS15 alone was used as control
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Survival curve of C57BI/6 mce immunized with 1 ng of LVL168 fornul ated
with AS15 and chall enged with TCl/ CASB7439 #14-2 cells. AS15 al one was used
as controvoizniopss4asnal e and femal e C57BI/ 6 m ce. Anbng Phe/BR2XIBI0SB4M ce
i mmuni zed with LVL168 plus AS15, there were 2 TF males and 1 TF fenal es.
Anong the m ce receiving AS15 alone, there were 5 TF males and 1 TF fenul e.
Fi gure 33/35. CASB7439-specific hunoral imune response (IgGtiter) in male
(black circles) and female (gray circles) CB6F1 mice imunized with 1 ng of

LVL168 (g5 mitakeasmiaso %Erl@ QoW ﬁftﬁsﬁléwbp@%(&eefn%un%amﬁ% SReSFfic

hurmral I mrune response titer) inmale (b circles) and female
(gray @VLdBééQFW@B&YtBBNGtMSg&l/h&iﬁlB & was sed agycaftral (hatBan¥. or nul ated with
AS15, or with AS15 alone (right). Figure 34/35. CD4 T-cell responses
(expressed as percent double positive (IFNg/ TNF a)) in pooled PBL isol ated
f r om CiBtidtite 132¢35. i ITﬂiprp'aDed Buivivatttitverof matg ooferhMb@Gf(l Shie im0 Zedlyith

of rZ‘é' Jois phbuL &8 e v RolEphdgRekerasmiwits TeAeb 8480 #iaimodequence

(top). Ad¥% kel vas @SBANRESoAPHRA SIS Ae AR ‘Féi'ﬁéledQBBherrﬁ’é@' tAnMEngd ltr'Fé\lg/ TNF
a)) in pooled PBLs isolated from C57/BL6 m ce inmunized with either ng of

LVL168 Hmice NomuniZed gty lat@Soplug AP 1Astere averagtumosiiiead T F) malemrrr@
t 4
i gur e o) el TRl WeriY TPCaGt: BEPCRoB IR 15 el UL Babaice
CASB743}mr\pwt¢wI$e 39 053806 @cbl(hﬁﬂ.ur)lzéd)mtho’hpm afdl\d)1,680forRBMdted itht &S5
ht) . Fi 3 d t doubl
boai 11 PR elErasER) T CAT B T2 ele e i F 1 AREGRES HSed TR Y wi th
ei t her pbtiBhatf ahd/tehhde (CHFRIBIMNS. 1ARbnhArEW57BEE Mick imMehize dokitS¥b1@8 one,

following re-stinmulation wth a bank of 46 peptides (see Figure 9) covering

the enPlUSeABASENREDWEIGE dimmadasuenté Th fﬁma|e€Dé\n10r@e'l e m@ﬁﬁﬁ@é@g(@%ﬁ essed
as per%ﬁme Mglv\perggsgs \éqz%s(érlfd\lg -H\‘%nﬂaﬁé in pooled PBLs isolated from

C57/BL6 m¢e 1 muni ze ei the of LVL168 (SEQ ID NG 1 1)
formul ated with AS15, or ASl1 5 al one, foIIovving re-stinmulation wth a bank

of 46 r'}%) re%%%éS%%éﬂ'/q‘r%besp%)mﬂc%er%r% w%rrﬁ%ng rtespons%%%%er in ma(?e rE'black
circles) and female (gray circles) CB6F1 mice immunized with 1 pg of LVL168
formulated with AS15, or with AS15 alone (left). CASB7439-specific humoral immune
response (lIgG titer) in male (black circles) and female (gray circles) C57/BL6 mice
immunized with 1 ug of LVL168 formulated with AS15, or with AS15 alone (right).

Figure 34/35. CD4 T-cell responses (expressed as percent double positive
(IFNy/TNFa)) in pooled PBL isolated from CBG6F1 mice immunized with either 1 ug of
LVL168 (SEQ ID NO:11) formulated with AS15, or AS15 alone, following re-stimulation
with a bank of 46 peptides (see Figure 9) covering the entire CASB7439 protein
sequence (top). CD4 T-cell responses (expressed as percent double positive
(IFNy/TNF o)) in pooled PBLs isolated from C57/BL6 mice immunized with either 1 pg of
LVL168 (SEQ ID NO:11) formulated with AS15, or AS15 alone, following re-stimulation
with CASB7439 pooled peptides a bank of 46 peptides (see Figure 9) covering the
entire CASB7439 protein sequence (bottom left); CASB7439 peptide 39 (SEQ ID
NO:91) (bottom middle); or RPMI (bottom right).
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sequence (bottomleft); CASB7439 peptide 39 (SEQ ID NO 91 ) (bottom

m ddle); or RPM (bottomright). DETAILED DESCRI PTION One hurdle to a
conmrer ci avbyosese@asabl e i nunot herapeutic is the producPcompedtoosmmercial ly
accept abl e anounts of the reconbi nant cancer antigen. In general and
without Iimtation, a comercially acceptable production |level for a
reconbi nant pol ypeptide is roughly 5% of total protein produced by the host
cell, as estimated on a Coonmsie blue stained SDS-PAGE gel. There are

NUITET O3y {rE 38155, Whyc@s ngldaie BebYRRR! I(ERoressutEnss pBx ekt ChsLips! Yositid |
guantities when produced by reconbi nant means. Approaches to I ncreasing

pol ype BRNFET N @)l ire pooledi MBLuiselaieat wjnorrgCB@EfI re»cprlarmwmnedsy\&the&meoﬂ ePabn

accept SOHACR(SRaTE R ) BB A SRE PGl ele RUPPUERE HBTIRN | des

r emai NyiPOBMBAK @146 @reghdéu lEae- Flé’éredgﬁ%klémﬁb ithe O8rRiaé ECASBYa89 dreteny,
Applicants' investigated wh ther a nodi fied CASB7439 pol >t/pept| de woul d

pr oduc&eaeenrgs {ir- prebsi - ¢%bé¢§°%}$eﬁeé@?%‘?$ﬁ%’t aFeREEceNt ndeiie BAYBYE nent s
t
const st N bEeE RIS IR HBRR S18ES MBS IRl 2R BRI LOBE | o
such t h&1 1881(SEQ D pl:t 1 pforobil atdee withAS 1t -ari A3 5 e@nenfcllswrrgmﬁdnulhmrsorre
oot RS A0 T SR P e Gh b, SO =
enbodi RERtSGY @odlfo@rY'Iéﬁ)d@%BY&&b e wﬁmﬂow\l@lgﬂ (torh Ghiaiie)abr | east

anmino acid residue 193 of SEQ I D 13, but wherein a or a portion of

t he pr GIRMebREAM égitbn is del eted. In other enbodiments are provided
protein constructs conprising a nodified CASB7439 pol ypepti de as descri bed
herein. In sone enbodi nents, such protein constructs further conprise one
or nore heterol ogous pol ypepDETePdLEDrDES@RIIéﬁWi ments, the heterol ogous
pol ypepti de ‘JSI on art ner reater. detail Lgr?o ere.

D i ey bl ot e BB G Ao PRtk it b g hiis 154 Broaut

commercially acceptable amounts of the recombinant cancer antigen. In general and
without limitation, a commercially acceptable production level for a recombinant
polypeptide is roughly 5% of total protein produced by the host cell, as estimated on a
Coomasie blue stained SDS-PAGE gel.

There are numerous reasons why a native polypeptide sequence may yield only
small quantities when produced by recombinant means. Approaches to increasing
polypeptide production include varying host expression systems or codon optimization.
However, these standard approaches do not always result in acceptable polypeptide
production and the production for some polypeptides remains commercially prohibitive.
As described in greater detail below, Applicants' investigated whether a modified
CASB7439 polypeptide would produce acceptable protein levels by recombinant
means.

In some embodiments are provided modified CASB7439 polypeptides, wherein
the modification consists of or comprises C-terminal truncation of the CASB7439
polypeptide such that all or a portion of the proline-rich region is removed. In some
embodiments the CASB7439 polypeptide modification consists of or comprises deletion

of all or a portion of the proline-rich region. In some embodiments are provided
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conprise a heterol ogous pol ypeptide |ocated N-term nal of the nodified
CASB7439 pol ypeptide. In further particularly suitable enbodinents are
provi ded woabw/séonst ruct s wherei n the het erol ogous polrgpapreéidesiigl a
fragnent of the H. influenzae Protein D (as described in greater detai
bel ow) |ocated N-term nal of the nodified CASB7439 pol ypeptide. In sone
enbodi nents are provided protein constructs wherein the heterol ogous

pol ypepti de conprises a polyhistidine region. In further enbodi nents the

pol yhi %dcﬁlﬂlétﬁcﬁmﬂgepdlﬁép%@é ﬁ%t 'ré‘taH‘é’t I@aét%rﬁ"n@aécmp%sﬁd@1@§ of BEQPIPL €i N

construct. I n other enbodi nents e polyhistidine sequence is |ocated at
t he C tNQABnigt witereinealbera eorﬁloamﬁéhe plinedrighfregionds deletasdi nent s t he

Ponatruct 1 BeePERalTerie e eldsh Gl iRLeBCEamBAsfa 4 diodidh ot "
the N CASBTIBY pblybbptige eisedesaibest hetin. | m someakmboeimernts meatls grotein

pol yhi stidine r on co rises ten or nore consecutive histidine residues.
o % ot CPBSHURLS | IRt agBD S a1t S9"Ro NG GROGNS CPHPIRIGIESN CBhdT s ¢ en

Oor Nor @nflRAEHE! HR RetsEdIUdR FBHg;begﬂ@é is QCrRERA d\éﬁr@r ”éé“aésc?fbetdhﬁ drestef i ed

CASB7439 pol peptide. In sone e ments, nore than one pol yhi st dine
regi on detdjl Isawngredednapadicelasly guitadlef emlb@dlrraﬁml Shsh derteinbeanstercts n. I n

SOfTE egpﬁ%e@rﬁ Seferoldyoly péjcﬂ‘?pe?{tu%eloeat%ﬂnﬁl LB HfihS \gf'%g'rﬁg&ﬁﬁ% *@Aﬁ??ﬁ%ous

pol ype I's a carrrer n chem cal 1'y conjugated I ed
CASB74 p8lypebiigept ilde furttrers (p)lafetlcmltdntydlstmﬁable anﬁoqﬂment&edar@r pteided qrsteinuct s

conprising a, heterol ogou tide t I st di region and a
het br o PBBRELD oY sED: Tae R SHa R, peiiperie |5 8Lt Skl P ntiiieRgt o a e
provi degoRirpieiAs %@érﬁtﬁé&pw g@@é@f igetdig bélohﬁ}tI@é&b@gﬂuérnﬂﬂbvﬁfv’%é eodified s a
p0|thStIdIne reqlon and a eterologous pol ypeptidethat is a fusion

part nelC Ahrol¥paid@enent s are provided protein constructs conprising a

heter ol 090“% %é%ﬂﬁé@ﬁmeﬁ&%re‘ &o@ud@B';}fB{ abﬁh%}er OfWh%Flem ‘i’h%‘%@r@bggﬁ#hat

pol ypepti de t usi on partner, ogous pol ypepti
i s a caohipeptige comiprises a polyhlstldlne region. In further embodiments the polyhistidine

sequence is located in the C-terminal portion of the protein construct. In other
embodiments the polyhistidine sequence is located at the C-terminus of the protein
construct. In further embodiments the polyhistidine sequence is located in the N-
terminal portion of the protein construct. In other embodiments the polyhistidine
sequence is located at the N-terminus of the protein construct. In suitable embodiments
the polyhistidine region comprises ten or more consecutive histidine residues. In
particularly suitable embodiments the polyhistidine region comprises ten or more
consecutive histidine residues located N-terminal of the modified CASB7439
polypeptide. In some embodiments, more than one polyhistidine region may be
included at one or more of the locations described herein.

In some embodiments are provided protein constructs wherein the heterologous
polypeptide is a carrier protein chemically conjugated to the modified CASB7439
polypeptide

In some embodiments are provided protein constructs comprising a heterologous
polypeptide that is a polyhistidine region and a heterologous polypeptide that is a carrier
protein. In some embodiments are provided protein constructs comprising a

heterologous polypeptide that is a polyhistidine region and a heterologous polypeptide
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Applicants al so disclose enbodi nents of each of the constructs described in
t he paragraphs herein in which sone or all of any heterol ogous pol ypepti de,
such as awpabwhize443di ne regi on, has been renoved. Conpo®CTiEresloast4net hods
for the renoval of heterol ogous pol ypeptides are known in the art,
including wthout limtation digestion with endo- or exo- peptidases,

chem cal nodification or breakage of the bond between the heterol ogous

pol ypeptide and the renmai nder of the nolecule, and the like. Applicants

al so digsg! @se ARG drtFBHNOGE N dmE CTRBSAIHPRS -ark NERRide@MBRIEN @BSstructs
conprising any nodified CASB7439 pol ypeptide or protein construct

conpr i $bAgrigingodi fatendlagassadgPremidgpept isi@ pelytisddinebegidneraehaterelngoes

har ma i cge e reier. or
el o SoUPRERNS fodtasar el sbfheh drfh B M b SIS P 1S faBlr
conposiprdteims furt her corrprl se an adjuvant. In certain aspects, these
conposition I’IS uvant that elicits_at |east HL | n
Coabonse. 1 hrpkeans HReedbns SR bodimetls S eoah ot finea el Aeseslkania g at

| east %'a@a%%?h@'ﬁew in (ﬁ%éh 1s,o'if’rﬂ=9I ofRf of Qn@%@%r@l‘%@@gé rH%JNp’“éphB@ §QERPasi 4 ' 0”

conpri ses n other enbodi ments the conposition conprises CpG

some emb'dwaﬁiﬂmesr'egm taabesntremevednmiraneesieziand methasisefor tsowinneral of t he
conposi, l.es 0

composi S AIoB8E Ao o RnEiR' SRR koD RS cldSiion

f or mul afiihoendoAmplexcapeptiddses, dhernicabmddéication nubke:ékegaaifdhevbbedweeaeen
conpri in oI nucI eqti de. sequences tha he nmodi f.i ed CASB7439

pol ypeﬁ? @ ?fg'tdg’ agpetggggmp rﬁg rHO eICHI €sgHe t i ments are
di scl osed aAY)QFFéé?ﬂs %waoauvsab@g h%'#éih iHASUrR) n@t&nﬁ@é.ﬁr&w QRedS conpesitibes
herein. In sone enbodi nents ctor conprises prokaryotic expression

vect or Comrﬁ)”§t5‘|§lea@hﬁﬁ@ﬁj'ﬁéﬂt@Aﬁﬁ@f@%c@%yp%'ﬁﬁr PR BEORIE GRES L] EOTBRTHEESH On
t t h
vector, c%d‘fhe;ds)”gA%@nggﬁBé@tFm > P yBHE&rﬁ‘o%' YergRausHge Eﬁnfa(r:rg?faﬂ%%ll;} €

constru €en co for expression in a ho
Appl i cacteptableccaldiiscdoroseifiet wherdis thmn@rrrles ongx@p)enamﬂayodmllooaﬁgcbofnpnds@cuI e

as described herein or (ii) a,vector nucleic acid nolec Ie as

Goscri BB i of . a0 ASPEHBo HihEn AR S | CTEPE ab aluFTdm

group ekrtaipagdictsll thesd lcdmpo’RivdE comprise an adjuvant that elicits at least a TH1
immune response. In certain aspects, the adjuvant described herein comprises at least
one of: 3D-MPL, QS21, and CpG. In some embodiments the composition comprises
3D-MPL. In other embodiments the composition comprises CpG. In some
embodiments the composition comprises QS21. In some embodiments the composition
comprises QS21 and cholesterol. In some embodiments the composition comprises
cholesterol, 3D-MPL, and QS21 in a liposomal formulation.

Applicants also disclose herein nucleic acid molecules comprising polynucleotide
sequences that encode the modified CASB7439 polypeptides and constructs as
described herein. In some embodiments are disclosed a vector comprising such nucleic
acid molecules as described herein. In some embodiments the vector comprises a
prokaryotic expression vector. In some embodiments the vector comprises a eukaryotic
expression vector. In some embodiments the polynucleotide sequence that encodes
the construct has been codon optimized for expression in a host cell.

Applicants also disclose host cells comprising (i) a nucleic acid molecule as

described herein or (ii) a vector comprising a nucleic acid molecule as described herein.
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cells and mammual i an cells. Sone enbodi nents provide an i nmunogeni c
conposition conprising (i) a nucleic acid nol ecule described herein or (ii)
a vect or worgpro/s643g a nucl ei ¢ aci d nol ecul e as descri be#Cn@Ereén/o5aAd a
pharmaceutically acceptable carrier or excipient. In sone enbodi nents the
use of nodified CASB7439 pol ypeptides or the protein constructs descri bed
herein (or the nucleic acid nol ecules encoding them) in the preparation of
a nmedi canent for treating colorectal cancer is provided. In sone

enbodi MR ebeddrRbdiffnes f1é W'c@!l@é’s%@@@%%&a?ﬁﬂi bfj‘?)%cferrlai B8P ieRE N
constructs descri bed herein (or the nucleic aci | ecul'es encodi ng them

f or useelhantherapyaligneeliscul arI y col orectal cancer therapy. In sone

erood: ent i AR P LIRS 9 P FIAEAR, SR LETEATES, 9% 7>

sel ect |nug|ei:c aubj eodlequlé hdeseribee charkirc anc@l ;a ardtofi a:c)mpr@hfn@u@trefcieﬂ@ doid t he

subject |ve appunt of an i mmunogenic cO tion co rLsing a

modi 11 & BeibIn g pIETRCR UGNy ACCEbobl Caler T AERel n, and
a phar WHCGUM §é\hle)én€’<§&ﬁﬂbﬁ@' tRe CREdf Ao ecﬁ@ﬁBB?ﬂBg poNb%bﬁdé‘s brhﬁe%ﬁfbfélr?r or
exci pient may optionally conprise a buffer. In sonme enbodi ments of

met hodsoastsudts stascriee@iiereinh ori eunoglers @cisomuiesules entagdingethestniy |tf3€es an

adl ”Vars&%qelrﬁtuc?‘rﬁ)%‘? 5%%8%%%? i0f trte'éﬁngEéqT%c%‘i’sc%rf ng?g %B@'d@d the ahaivant

ne respons {'S of the net hod
d| scl osmbddenemte,arembscambam\/mndlﬂed@ASBE@@polypapmdemmr thie: prafeivebnstE2d

and Cp Iln s enbodi nments of the t hod describ rein, the, subj ect i's
2 hurn st El PErBRAPEIG BesrRa eI ool g dipTade’ herh 45810 |
has be Brtk@[d?@dcdﬂcﬁ’e@!a'ﬂcahc-?eraehél%p NQWsoR%e emﬁb@m%nté\ﬁﬁegrod“&eﬂ%etrﬁ)o% f@)93

am no aci d residue pol ypeptide of human origin (SEQ ID NGO 13). See,

Accessiefiting an ANEBHBIeSPPRSAFRINFtGAPBAERD h? @@BM@@ ﬁ@'éf&ﬁt@sfi&wp% tl'ﬂ% n'ade
in termBetRbq LM PRSP EPldeh iR HENGERIIBY LB ARGt Bnl%i) Administering

to the subject an effective amount of an immunogenic composition comprising a
modified CASB7439 polypeptide or protein construct as described herein, and a
pharmaceutically acceptable carrier or excipient, wherein the carrier or excipient may
optionally comprise a buffer. In some embodiments of the methods disclosed herein,
the immunogenic composition further comprises an adjuvant. In some embodiments of
the method described herein, the adjuvant elicits at least a TH1 immune response. In
some embodiments of the method disclosed herein, the adjuvant comprises at least one
of: 3D-MPL, QS21, and CpG. In some embodiments of the method described herein,
the subject is a human subject.

PROTEIN CONSTRUCTS
CASB7439 Polypeptides

CASB7439, as it has been termed herein, is also known as HASH2 or ASCL2.
HASH2 is a 193 amino acid residue polypeptide of human origin (SEQ ID NO:13). See,
e.g., Accession No. AAB86993. Herein, reference to CASB7439 features will be made
in terms of the polypeptide sequence provided in SEQ ID NO:13.

Proline-rich region
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Proline-rich regionA region of high proline-periodicity of is found in SEQ
ID NO 13 in the region of amno acids 127-158. Applicants terned the

regi on ofweBEBQWB6M®. 13 fromam no acid 133 to am no aci @CIEP2010/067T146i Ve,
the "proline-rich,” "polyproline,” "polyproline-like," or "polypro" region
or domain. Accordingly, as used herein, "proline-rich,” "polyproline,"”

"pol yproline-like," and "polypro" refers to this region (or domain) of the
CASB7439 protein. Mdifications This disclosure provides protein constructs

conprising a r@@%ﬁ?é@ﬂgﬁ%r&lﬂ@bé%ﬁ@”&rﬂs%&% # SEERR) NeRE3eX e 6Wof

enhancenent nodification. In sone enbodinents a portion of the B7439
pol ype@tmd@ap@w%m Agaplichnt® tarmed tbarrpglpsmfgs [ IDANOHl 3pfsemi amingfadiche

prolin b i nal ti of
Phe cASR 450 BER, 828,15, TRy B8 PrIbB I e gire: i ingils, 486

p?ﬂIj ygeppmlgl@rotwegbnsarln@praaihnoAlaMrdmgq;s|a:4;ua@edlhére]ﬁ "plolBEQidH) N§3li@oling)" sone
enbodi erol o ol ypeptide is pasitioned N-termn e
CASe 4TI BB S AP MTa MBI 10 sk R G (B AP Sl CASE Ehanced
expr essyr@cg,n_l n the cont ext of a nodified CASB7439 pol ypeptide refers to a
nodi fication intended to increase expression |levels of a protein construct
conprising said nodified CASB7439 pol ypepti de conpared to the expression of
an ot hg\/mgdﬁ ?ggji val ent protein construct conprising an unnodi fied CASB7439
pol ypepti EQ ID NG 13, i.e., sane vector, host cell, etc. Any of the
met hods knowhisi disd:lbeuramrof/idescﬂ:ecbteirnﬁ:asﬁsrﬁgnctsrcﬁmpmsinglarﬂ)ASBMB@ patypeptjdaebl eto
det er m_ne whet sing. a.nodified CASB

L 39
ol ypeBOTRESRaS ieAY HoP GBI A CMan, DT ied i Barmyhs S e G Thents a

ot her wipsgdad Bt \(Ré DASBY 23Fipd|\1RpEHE UStrehiVRE! Shitd pBRidANBBADFisiag 4HAIB739
pol ypeptide. In sone enbodi nents production may be assessed using SDS- PAGE

and m@@ﬂ@neofshaér@tr@rrmm@gr@mmaﬁom efthodpheNts iee enite Réginynal portiomef
enbodi en @3@ p?]egﬂﬁd @ 1 Gholdle EaRR{¢ ﬁ?a@r‘?}n}éﬁ%ﬂté ngB?%@rb@%% tide
sone of 1 on. he

eletlon o |ne rlch regi I'n sonme enbod ne
nodi f i catripoising amino acid re3|dues 1-117 of SEQ ID NO:13. In some embodiments a
heterologous polypeptide is positioned N-terminal of the CASB7439 polypeptide.

As used herein, "expression enhancement" or "enhanced expression" in the
context of a modified CASB7439 polypeptide refers to a modification intended to
increase expression levels of a protein construct comprising said modified CASB7439
polypeptide compared to the expression of an otherwise-equivalent protein construct
comprising an unmodified CASB7439 polypeptide of SEQ ID NO:13, i.e., same vector,
host cell, etc. Any of the methods known in the art for determining protein quantity are
acceptable to determine whether a given construct comprising a modified CASB7439
polypeptide has an increased expression level as compared to an otherwise-equivalent
protein construct comprising an unmodified CASB7439 polypeptide. In some
embodiments production may be assessed using SDS-PAGE and Coomasie Blue

staining.
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of the CASB7439 pol ypeptide conprises the deletion of all of the
proline-rich region. In sonme enbodi nents the nodification of the CASB7439
pol ypept iwo 20ma36443es t he del eti on of am no aci ds outsi #eTaEP2010057141
proline-rich region, in addition to deletion of the proline-rich region. In
sonme enbodi ments nodification is acconplished by the truncation of the
Cterminal portion of SEQ ID NO 13. Thus, in sonme enbodi nents a protein
construct is generated in which the Cterm nal am no acid residue of the

nodi i egbShveBof e PRINESRh g@:@,&prresponds to a residue |ocated N-term nal
of the proline-rich region SEQ ID NO 13. In sone enbodi nents a protein

construct i# g@merem imenighihenmpdid calia of gl CARBR43A piotypeptidelgempfisedhe
di f ' , : th

oy ol i ndle FRRHEE LY SR/ i REEFRRAPR° 1 Sethel Gl B e hatirsplich o

am no @ctrga CASIBgl439Tfﬂﬁd&ﬂd@dbmpﬁdigﬂ(@aﬁz@ﬁbmﬁ alpefim??ot&omzﬁ nilg E@gigg lr@127

am no aci re e , ,

(06 155me, shibopiRents e Mdgiicalion. of e GASBTAS) PohHienIggaco RRseS e

142, 14Rietibfi%f dfino ddds odidite dBe Prfhe-ho redion lin &ditdr?tPbelshibh PO 13.

In some enbodi ments the nodification conprises the deletion of part or all
of t he PEellerniRéLiEQEm. r egi on. I n some embodi nents a nodi fied CASB7439

pol ypept i de 17 SOMEDERn Gt w&ﬂoﬁ‘@alcg%r}}@%h&% Br%eseY@h%loofn & fHe €D ©

conti guous am no aC| reS| ave been
conti gmemsnalqmrnlmresf S&HQ €3 :NDd 3t oTlus; dmisbigoers badimentsai pioteaarqnenstwobﬁs SEQ

N e o0 o T 4 i bl el v
138, 133yp éﬂ@de 7&:6ﬂrespdr1”d?s tol 43resitird, lod4ted NH@rmlihéVof Wgréﬁ8+rlch5ﬁbgldf5%f1 or

152, |nclu5|ve In further enbodi nents, a nodified SB7439 polypeptlde

sequen&?@d}@@ﬁénd@ SPH‘GSEQbP@)”m)tS;Q ArPle GRNSERICE istgensrateguB ¥ itieaCaci d
Les! S eSpIRE RIS Gl ] o T TASIA ESRPUNER Rirtlieny
CASB7 4 3&sighad {quafad dehisghagmalae-rich region of SEQ ID NO:13. In some embodiments
the C-terminal amino acid residue of the modified CASB7439 polypeptide corresponds
to amino acid residue 117, 118, 119, 120, 121, 122, 123, 124, 125, 126, 127, 128, 129,
130, 131, 132, 133, 134, 135, 136, 137, 138, 139, 140, 141, 142, 143, 144, 145, 146,
147, 148, 149, 150, 151, or 152 of SEQ ID NO:13.

In some embodiments the modification comprises the deletion of part or all of the
proline-rich region. In some embodiments a modified CASB7439 polypeptide sequence
corresponds to SEQ ID NO:13 from which 21 or more contiguous amino acid residues
have been deleted. These 21 or more contiguous residues correspond to a contiguous
amino acid sequence of SEQ ID NO:13 starting at any one of residues 117, 118, 119,
120, 121, 122, 123, 124, 125, 126, 127, 128, 129, 130, 131, 132, 133, 134, 135, 136,
137, 138, 139, 140, 141, 142, 143, 144, 145, 146, 147, 148, 149, 150, 151, or 152,
inclusive. In further embodiments, a modified CASB7439 polypeptide sequence
corresponds to SEQ ID NO:13 from which 21 contiguous amino acid residues have
been deleted, said 21 contiguous residues starting at any one of residues 131, 132, and
133.

In some embodiments the modified CASB7439 polypeptide sequence
corresponds to SEQ ID NO:13 from which one or more of residues 133, 134, 135, 136,
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corresponds to SEQ ID NO 13 from which one or nore of residues 133, 134,
135, 136,137, 138, 139, 140, 141 , 142, 143, 144, 145, 146, 147, 148, 149,
150, 151 wo2»Bfy/136&63 have been del eted. I n sone enbodi mnemCs/EPh@omdduf i ed
CASB7439 pol ypepti de sequence corresponds to SEQ ID NO 13 from which two
or nore contiguous am no acid residues have been deleted in the region of
am no acid residues 133-153, inclusive. In sone enbodinents the nodified
CASB7439 pol ypepti de sequence corresponds to SEQ I D NO 13 from which

resi duggz133gt 39580, '1&@' H%QV¢43 0f4£EQg '34@014131@@%49091% deheysgl. 153
Exenpl ary non-l1miting enbodi nents i'nclude the foll'owng: " LVLD55,” SEQ I
NO 1 (haug;beenvideldated. SHD saneiCebedia)ents Live 18difGEQOUASENGE3S pabmeptldﬁ/LMl

(am. EERASeogBrantiy I SE0 PN R MebabR e & hert Sl ol a4
pﬁl %/pepelh%gges Isaveoidemeeletddtih tiae heejiet of anmnesagio regiduds thB3-1FBantlasine.
etero

anot her. cal 1T APMEorPORRIMenhaften: 0l EASLBAgorEMPoSRES: SRHENES | | | s

not norARksYorfdAURASED MRING: Q3Q‘Pcﬂ¥1%h|&ﬁ@é3|blue§r189'taa¢5?ﬁ indlQsvée & SEeY pnt
source or species than a reference nol ecule. As used herein, "heterol ogous"

mol eculN§E: 1hiavedeesn deleted. | Examplaiyoror-insitiog gsradimasts ineltigle dre lleweighs, and

purificatjo di nents the heterol ogous pol ypeptide may be
chem cally go‘ﬁ?gg’a?%g P@G@h@%@d. fied CASB7439 pol ypeptide, i.e., a carrier

protei n. 4 nLvthet, EQJD MO8 @a)he het er ol ogous pol ypepti de and the nodified
CASB7439 po i y. ke expressed as a single reconbi nant fusion

pr ot ei n. 1D Il‘g/gﬁg? gﬁ@ﬁ@'}@?ﬁé I?’a nodi fi ed CASB7439 pol ypepti de and

het er ol og.oug\/gqmy@ﬂg@ugq\j@ne ag?pr essed as a single reconbinant fusion

protein and chem cally conjugated to anot her heterol ogous
= LVL144, SEQID NO:9 (aa); and

= LVL168, SEQ ID NO:11 (aa).

Heterologous Sequences

In some embodiments the modified CASB7439 polypeptide is combined with a
heterologous polypeptide. The term "heterologous" with respect to a nucleic acid
molecule, a polypeptide or another cellular component, indicates that the component
occurs where it is not normally found in nature and/or that it originates from a different
source or species than a reference molecule. As used herein, "heterologous”
molecules include without limitation fusion proteins, carrier proteins, and purification
tags.

In some embodiments the heterologous polypeptide may be chemically
conjugated to the modified CASB7439 polypeptide, i.e., a carrier protein. In other
embodiments the heterologous polypeptide and the modified CASB7439 polypeptide
may be expressed as a single recombinant fusion protein. In other embodiments, a
modified CASB7439 polypeptide and heterologous polypeptide are expressed as a
single recombinant fusion protein and chemically conjugated to another heterologous
polypeptide.

The heterologous polypeptide may assist in providing T helper epitopes,

including T helper epitopes recognized by humans. In the case of a protein construct
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pol ypepti de. The heterol ogous pol ypeptide may assist in providing T hel per

epi topes, including T hel per epitopes recogni zed by humans. In the case of

a protei woansXBaaBconpri sing a CASB7439 pol ypepti de an@Ca/Eretiefnsiiegous

pol ypeptide that is a fusion protein, the heterol ogous pol ypeptide (fusion

partner) may assist in providing such epitopes or assist in expressing the

protein (expression enhancer) at higher yields than the native reconbi nant

protein. The fusion partner may be both an i munol ogi cal fusion partner and

an expregridihg e@@@Bﬁ@Bg’%bfgpﬁgld&%ha'e?'hefé&@lb@b% @Iﬁ%bﬁdj@ﬁhéfrl@teﬁ'f&bﬁ

chenical ly conjugated to an oTy eptide Of 1nterest. hem cal
coupl i meoten, athpqutp@mgcw@ polype (fesiopr pargier) daay lﬁ@Stﬁarlmm’dvndmg Buctany

' e . o f bl
T SSIEM bl el KRB B SE BiharkRIPA i ibts RS O
- mal ei el Glativy rmgtomipinant prateim. ddhesfusion phithérzimay berbutin aro MmMmiuab@igical
avai |l ahl e heterobi functional, |inkers such as CDAP and SPDP (using

manuf ad¢SiPR PAENERNG 3 EXRYFEFION ANPEPCIPER3EBEDI i ng reaction, the

pol ypepti de-carrier protein conjugate can easily be isolated and purified
by neans of a dialysis nethod, a gel filtration nmethod, a fractionation
met hod Castier. Pr¥ing ypes of carrier proteins used in some enbodinments will be

Carrier profordifler BRI Okitally Bl 8atefido Srbinel pEnpERGHS B ifliell THhe
i Mmune rc]:hem{umhseﬁuaigéty ajf?a pdally;aemmiwtloeajcambypanelnctmn b%ocarweddrqmlt @ aay manner t
non- exhaustive |ist of _carrier |ns used.in resen
i nvent KGRV iR @ rkeyﬂf?l“ﬁ 1o l@b\grﬁ%p%k\? IS SBPSHRIG] r'r\t'ﬁée fich as

bovi ne caRfodimdugh Ehrél|§ de'd?aRIt[l{VrﬁéI@ﬁ'n|G§l§¢|t?fylc§4y]§®éin"rﬁ|0%U§§teas utmﬁgpus or
di ptheria toxins (TT and , or reconbi nant fragnments thereof (fo

exanpl @Oﬁmﬁﬁalcﬁmif‘@ﬁ'aﬁy @gﬁﬁﬁble@Qﬁ@robvrun@ron@hénlwrarwcbca% |QPA|0ﬁﬁ(Q ®P&IP DT) ,
D' (LT R SR ALL R oS Bl Ko Rl Lo
pr ot ei rp)raﬁg;mr mwgmelqanEsasMw‘aeubolate:bhmd lpenﬁtembydnédnscuﬂ a didtiaietbdd,ry t he
fusi on g%?ﬁl%rgﬁén Fnhe?ﬁodt? %Sftractionation method, etc.
The types of carrier proteins used in some embodiments will be readily known to
the person skilled in the art. The function of some carrier proteins is to provide cytokine
help in order to help induce an immune response against the coupled polypeptide. For
example, a non-exhaustive list of carrier proteins which may be used in the present
invention include: Keyhole limpet Haemocyanin (KLH), serum albumins such as bovine
serum albumin (BSA), inactivated bacterial toxins such as tetanus or diptheria toxins
(TT and DT), or recombinant fragments thereof (for example, Domain 1 of Fragment C
of TT, or the translocation domain of DT), or the purified protein derivative of tuberculin

(PPD).
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enhances expression of difficult-to-express proteins remains enpirical.
Common fusion partners include the Ctermni of maltose-binding protein
(MBP), glwbabtwiea3St ransferase (GST), thioredoxin ( TRXPCTHES1H05TBI quitin
(Ub), and Small UWbiquitin-like Mdifier (SUMJ tags, each of which is
described in the literature. See, e.g., Marblestone (2006) Prot. Sci.
15:182-7; Hunt (2005) Protein Exp. & Purif 40:1-22; Hanmarstom et al.

(2002) Protein Sci. 11:31 3-321 . Imunogenic fusion partners include

prot ei i Qidy PanAdagnophi l us influenza B and the non-structural protein from
i nfluenzae virus, NS1 (hemaggl utinin). Another inmmunol ogical fusion partner
is the prot Blespite d aysilabitita. of Theneove rgenealusisor $ystemsf racesbimdréqubteimay be

used. LYIAJLDIRTENALLLIONRILRRNS N I TR
G & SRAGHE, BN e sk g

N- acety ase gene I’CI a et

al . (l%ﬁhn@snexpftéss?@‘iﬂﬂaﬂ)cultl-tb ex@remqs'otdm tednaine eh’rmarldeﬂepe}w‘mrpom fusgdon of
the Lyta nol ecule fo

the C ter end startin resjdue 17 for
exanp] SrBSHoaB 808 TRthel CatpaBPEEs R D). | Gt BBNeT at o

cycl asgrahGerde RESTEI tRioPEdSdin %TIQB(WQBBt At DBigBRh, (UM)ebsl srial Dfyath f,;(@grrent
retains the property of said adenylate cyclase proteln to target Antigen

Pr esentMatlifieTe ($YMBe t2osoembo @) 79Rich| s drecrérasodn nbat litefaturee | Aeentsdn a
het er ol I i r i nf 0 594
610 B MQB%E'FO%% @?gﬁré%@'tacﬁeg?e]&%r dtlg n |§5r?r%9 e"gglxhd %ggpro e|( %Bfrom
Haerropihidnumarshdimtmrataéoomp%dtém&iﬂﬁ11@13%2&1 EP O 594 610 B1) . In sone

ci rcunst anc

t t t
may be dos; TRUBSEE T SLERE TS M AEEE Bt Mo HEP OB M LR o
conpr i ghagther Aoh-aRastural Gftotedn arpntinflddhzet @Fus Mas1 a(nbm@ggmnﬁlmg)of/xﬁémbe' n D
(GB 971 7953.5) ﬁle/S SEQ ID NO 39). H. influenzae Profein

synt hegnmohogl@ piséon Padnefistthe pfotem awio aadid Ai dhal C seqisdRortigEd | D
NO 41 18LH9 rh%r BeSiyy. \TRAT is 299%%m %Y? Sl s @#@J cir‘g ﬁn s
u 1 on In the

processed uring secretiron, the cysteline residue at posi
pr ecur sgnthewsizecarn d\- beeighbsalarhme amnda:set eamidaak Ir¥EBA d(ua)dled ondéhenyppddoemnt , a

het er ol OQOHSeP! YREBS) 8808 HBELS75° R 38SsibB%0  Usethe repeat portion of the
Lyta molecule found in the C terminal end starting at residue 178, for example residues
188-305. Another suitable fusion partner is an adenylate cyclase (CyaA) protein or of a
fragment thereof, wherein said CyaA fragment retains the property of said adenylate
cyclase protein to target Antigen Presenting Cells. See W0O2005089792.

In one embodiment of the invention a heterologous polypeptide is Protein D from
Haemophilus influenzae (EP 0 594 610 B1), or a fragment thereof. Protein D is an IgD-
binding protein from Haemophilus influenzae (WO 91/18926, granted EP 0 594 610 B1).
In some circumstances, for example in recombinant immunogen expression systems it
may be desirable to use N-terminal fragments of protein D, for example comprising from
about 100 to about 110 N-terminal amino acids of protein D (GB 9717953.5) (pD1/3,
SEQ ID NO:39).

H. influenzae Protein D is synthesized as a precursor with an 18 amino acid
signal sequence (SEQ ID NO:41, see also Accession Number AAA24998). When the
signal sequence is processed during secretion, the cysteine residue at position 19 in the

precursor molecule becomes the amino terminal residue.
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approximately one-third of the processed H influenzae Protein D nol ecul e,
or the Ntermnal 100-1 10 am no acids of processed Protein D. In one
enbodi merwQ 20tve13baBer ol ogous protein conpri ses am no aciPATEPIIIGOEH41
Met - Asp-Pro joined to the Nterm nal 109 ami no acids of processed Protein D.
I n anot her enbodi nent, the heterol ogous protein conprises amno acid

resi dues Met-Asp-Pro joined to am no acid residues 2-109 of processed
Protein D (SEQ ID NO 39). In one enbodi ment, a nodified CASB7439

pol ypept i de®oinnRl mepRsShT e c t piiat or a
f ragnment th(lar?é)cr)]fg %ggﬁmooéoﬁﬁ%gf%&?n@g%dﬁgs %%‘?ﬁeﬁwﬁgﬁo{@ WSF

CASB7439ppsirpaieht dae-third pt theepriocesseast Hucinflignzaeehiotein| by m@awledom thet lNe B
subuni h XL i i_ca upcti @n egui r eof .
e Us elind 17 118 aud B, AP ABBb05 75" ot L B0 e BRI
L ags, :metefbl@geds am‘bwm daxmnqﬁ' LseﬁtammOObtlelnr@iUAmt mm I?r@djd’méde@ tae N-

et er ol ogqus y i de cont ai ns secr eader nc

b o sedBNtals 104 JeiBion ESitnPE asehe BaRery FSMBORTENhS ¢ ag,
€. 9., HeRAbNELSS pFHBR SHAMRRECahFRNIIH $68ld0és Métﬂsb“@oﬁbﬁfebl%%nﬁn@sdcﬁ’dles)
or an additional sequence for stability during reconbinant production.

Hi st i direRidyesy2188tabpsocasgediFraten i@ (85@1@ DCaB9)y avail abl e. For instance,

the vect ors\d Sheadfb8iiati X HSHEd ORsARY BoRoBBl e L RERANRE 201 ©

from Roche rig and usi ng agge ol'ypeptides are
avai | alahemﬁcradim(@ua@seinto SygAmrofElnelom fsagmeht themeofGESbbaNﬂmatS@Stwﬁjl.oﬂmer S.

nat 1 20PMel e RO T Moy MR e CANY i PVREP Lo R FEOGLT rpnsti & -

endopeRhbasRS - coty Ie%MbOQrRi BC|§{§'@Un|tf@fr Sh@%tmﬁ ort &% nQnrﬁWérb giA R OBetighan be
used to renove a term nal polyhistidine sequence wt he addi ti onal

sequen@8UIVRIENS Bifseeintorn Hﬁrﬁaje@mo pEIGIS; &i3; HVQ@ZQWnH\éOQQ ¥62204d in the

N-term nal region of the protein construct. In further enbodi nents the
pol yhi stidine sequence is |located at the N-term nus of the protein
constr Myhistidirm)tags;emmetatecéama agdgol yhi sti di ne sequence conprises 6, 7,

8 9, 10, 1?’[’ ()2fte dvan%égeods % mrrPur e a he eroFogous polypeptide which contains
secretory or leader sequences, pro-sequences, sequences which aid in purification
such as a histidine tag, e.g., a polyhistidine sequence (comprised of multiple histidine
residues), or an additional sequence for stability during recombinant production.

Histidine tag vectors and kits are commercially available. For instance, the
vectors for adding a six histidine tag to a polypeptide are available from Roche. Kits for
making and using histidine tagged polypeptides are available from Qiagen, Sigma,
Thermo Scientific, GE Healthcare and others. The histidine tag may also be followed by
a suitable amino acid sequence that facilitates a removal of the polyhistidine sequence
using endopeptidases. An exopeptidase, for instance, the Qiagen TAGZyme, can be
used to remove a terminal polyhistidine sequence without the additional sequence.

In some embodiments the polyhistidine sequence is located in the N-terminal
region of the protein construct. In further embodiments the polyhistidine sequence is
located at the N-terminus of the protein construct. In some embodiments the
polyhistidine sequence comprises 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, or more consecutive
histidines. In further embodiments the polyhistidine sequence comprises ten

consecutive histidines.
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hi stidines. In further enbodi nents the pol yhistidine sequence conprises ten
consecutive histidines.In sone enbodi nents the heterol ogous pol ypepti de

i ncl udes wopolwiss#Bi di ne sequence and one or nore unrel aCEEPaNONS71ACI ds. By
"unrelated am no acids” is intended one or nore amno acids that are not a
part of the pol yhistidine sequence, or fusion protein, and are not
naturally a part of the CASB7439 pol ypepti de sequence. For instance,

unrel ated am no aci ds nay be those included to provide a peptidase site,

they may si jplapphe 2IMAERYS HRE HERNER S ;bo'ﬁé) i€l Ol'ﬂbﬂﬂeéré'ﬁcﬁﬁ'ﬁstld?ﬁethe
| i ke. NUCLEI C ACI D MOLECULES ENCODI NG TRUCTS O her” enbodi nent s

of thi Seguendeoand eorso Pt gnarer eotﬂﬁiedaammuacldm Byi 'torelaigd emuwdacidae is
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disclosure. Favorable host cells include prokaryotic (i.e., bacterial) host cells, such as
E. coli, as well as numerous eukaryotic host cells, including fungal (e.g., yeast) cells,

insect cells, and mammalian cells (such as HEK293, CHO and VERO cells).

Expression Vectors

To facilitate replication and expression, the nucleic acids can be incorporated into
a vector, such as a prokaryotic or a eukaryotic expression vector. Although the nucleic
acids disclosed herein can be included in any one of a variety of vectors (including, for
example, bacterial plasmids; phage DNA; baculovirus; yeast plasmids; vectors derived
from combinations of plasmids and phage DNA, viral DNA such as vaccinia,
adenovirus, fowl pox virus, pseudorabies, adenovirus, adeno-associated virus,
retroviruses and many others), most commonly the vector will be an expression vector
suitable for generating polypeptide expression products. In an expression vector, the
nucleic acid encoding the protein construct is typically arranged in proximity and
orientation to an appropriate transcription control sequence (promoter, and optionally,

one or more enhancers) to direct mRNA synthesis. That is, the polynucleotide
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to provide a phenotypic trait for selection_of transforned host cells, such
ae 81 hYRPAIGIIRE Tt SIS oRgE MIUPES] 080 PN O HRSIP) DRI elIFS

cul t ur @on@finsSH¢Bo3SMEBiRARY Gltk M6 PANARRICihltlatiBn F &% §tiemeeriptibrEer®Mator.
Exenpl ary procedures sufficCient to guide one of ordinary skill in the art

t hr ougH heheegiero@ntienally igrludes cxapiropiiate GRIBRAGES roic PETRHTYARY @3PiesRiobe 1dund

i n Samr e I C all : r r I | d
Shr - g A8Ren® tnd lexprddRICHe Abrs ORBAY Lork R Bhecf MBREZpleckibIE tpandeP C
Labor atgengs Narpralide3al prénotypad tralBpior rsglediiobaf ParesfermetDbibst céllssuheh e al .,
Current,. Prot o%gl s in. Ml ecul ar Bi ol o%)(ér&gfeene Publ.i sh:“n ASsocCi atcf};zﬁ%lggz

(and SOBPEERIAS e CheRsaPt NSRGYANS'ES 9f SUKafYOHiE gst! LR i i cul ar

Bi ol ogystrarySesnsBisiif rd¥pitasstsinfE oppiCur rent Protocol s in Ml ecul ar
Bi ol ogy, 4th e Wley & Sons, 1999. Exenpl aéé nucl ei ¢c_aci d nol ecul es t hat

encode pr ot Emgip&mm%etdyr% suifiignbdeatise oe eEordimnekyl indhe arbtheeyah  SEQ
1D NO e ?Ec%dc?g#%f%c&ﬁ&nbm Masptsoanst ﬁEtQﬁloQ B bdFoukiish §'am1ﬁbor§§ﬂuence

vari ant's share sequence rdentity vvltI e exenplary nuclelic aci
nmol eculaé, ddoledidamCamhirggedA haboratery Mansiki, |2d ed., tGad aBpringTAartaal ILahoratoey

i R A N T A R P A e e e
i's, the&pring Harbor Press, 2001; Ausubel et al., Current Protocols in Molecular Biology,
Greene Publishing Associates, 1992 (and Supplements to 2003); and Ausubel et al.,
Short Protocols in Molecular Biology: A Compendium of Methods from Current
Protocols in Molecular Biology, 4th ed., Wiley & Sons, 1999.
Exemplary nucleic acid molecules that encode protein constructs are
represented by SEQ ID NO:2, SEQ ID NO:4, SEQ ID NO:6, SEQ ID NO:8, SEQ ID
NO:10, and SEQ ID NO:12. Additional sequence variants that share sequence identity
with the exemplary nucleic acid molecule can be produced by those of skill in the art.
Typically, the nucleic acid variants will encode polypeptides that differ by no more than
1%, or 2%, or 5%, or 10%, or 15%, or 20% of the amino acid residues. That is, the
encoded polypeptides share at least 80%, or 85%, more commonly, at least about 90%
or more, such as 95%, 98%, 99%, or 99.5% sequence identity. It will be immediately
understood by those of skill in the art, that the polynucleotide sequences encoding the
protein constructs can themselves share less sequence identity due to the redundancy
of the genetic code. In some instances, the modified CASB7439 polypeptide or protein

construct has one or more amino acid modification relative to the amino acid sequence
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CASB7439ckef) é(cE?GptE/Piéﬁlly DR &SIt | SRR TDYAI G 7895, At 8196, N3+ 5% Cora@i HS 0H05%)! @rs ed
her ei n. Addltlona variants can arise through genetic drift, or can

pr oduc 88 %ar oF 1995 .alor yOUsImgeqrerceyiidertite gy a dﬁfﬁﬁﬁﬁ‘qﬂjtsé*@éﬁ@%ﬁ s€-Yr tfng/
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previo

o e OB bR, bR IRLEE el kel A5t o o gl
NO 6, SEfahtD NP BiseFAugR JdReli® drirnsr Sindbéd Prdddcéd aetiitially using site directed
or random mutagenesis, or by recombination of two or more preexisting variants. Such
additional variants are also suitable in the context of the CASB7439 polypeptide or

protein constructs disclosed herein.
In addition to the variant nucleic acids previously described, nucleic acids that
hybridize to one or more of the exemplary nucleic acids represented by SEQ ID NO:2,
SEQ ID NO:4, SEQ ID NO:6, SEQ ID NO:8, SEQ ID NO:10, and SEQ ID NO:12 can
also be used to encode CASB7439 polypeptides or protein constructs disclosed herein.
One of skill in the art will appreciate that in addition to the percent (%) sequence identity
measure discussed herein, another indicia of sequence similarity between two nucleic
acids is the ability to hybridize. The more similar are the sequences of the two nucleic
acids, the more stringent the conditions at which they will hybridize. The stringency of
hybridization conditions are sequence-dependent and are different under different
environmental parameters.  Thus, hybridization conditions resulting in particular
degrees of stringency will vary depending upon the nature of the hybridization method

of choice and the composition and length of the hybridizing nucleic acid sequences.
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“medi urge broken down into particular levels of stringency for more precise definition. Thus, as
used herein, "moderate stringency" conditions are those under which molecules with
more than 25% sequence mismatch will not hybridize; conditions of "medium
stringency" are those under which molecules with more than 15% mismatch will not
hybridize, and conditions of "high stringency" are those under which sequences with
more than 10% mismatch will not hybridize. Conditions of "very high stringency" are
those under which sequences with more than 6% mismatch will not hybridize. In
contrast, nucleic acids that hybridize under "low stringency conditions” include those
with much less sequence identity, or with sequence identity over only short
subsequences of the nucleic acid. It will, therefore, be understood that the various
variants of nucleic acids that are encompassed by this disclosure are able to hybridize
under stringent conditions to at least one of SEQ ID NO:2, SEQ ID NO:4, SEQ ID NO:6,

SEQ ID NO:8, SEQ ID NO:10, and SEQ ID NO:12 over substantially their entire length.
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appropriate for activating promoters, selecting transformants, or amplifying the inserted
polynucleotide sequences. The culture conditions, such as temperature, pH and the
like, are typically those previously used with the host cell selected for expression, and
will be apparent to those skilled in the art and in the references cited herein, including,
e.g., Freshney (1994) Culture of Animal Cells, a Manual of Basic Technique, third
edition, Wiley- Liss, New York and the references cited therein. In some embodiments,
a suitable culture temperature is 16°C; in others 37°C. Expression products
corresponding to the nucleic acids of the invention can also be produced in non-animal
cells such as plants, yeast, fungi, bacteria and the like. In addition to Sambrook, Berger
and Ausubel, details regarding cell culture can be found in Payne et al. (1992) Plant
Cell and Tissue Culture in Liquid Systems John Wiley & Sons, Inc. New York, NY;
Gamborg and Phillips (eds) (1995) Plant Cell, Tissue and Organ Culture; Fundamental
Methods Springer Lab Manual, Springer-Verlag (Berlin Heidelberg New York) and Atlas
and Parks (eds) The Handbook of Microbiological Media (1993) CRC Press, Boca
Raton, FL.
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A host cell is optionally chosen for its ability to modulate the expression of the

inserted sequences or to process the expressed protein in the desired fashion. Such
modifications of the protein include, but are not limited to, glycosylation, (as well as,
e.g., acetylation, carboxylation, phosphorylation, lipidation and acylation). Post-
translational processing for example, which cleaves a precursor form into a mature form
of the protein (for example, by a furin protease) is optionally performed in the context of
the host cell. Different host cells such as 3T3, COS, CHO, HelLa, BHK, MDCK,
HEK293, WI38, etc. have specific cellular machinery and characteristic mechanisms for
such post-translational activities and can be chosen to ensure the correct modification
and processing of the introduced, foreign protein.

For long-term, high-yield production of recombinant protein constructs disclosed
herein, stable expression systems are typically used. For example, nucleic acid
molecules that stably express a protein construct are introduced into the host cell using
expression vectors which contain viral origins of replication or endogenous expression
elements and a selectable marker gene. Following the introduction of the vector, cells

are allowed to grow for 1-2 days in an enriched media before they are switched to
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recovery of the encoded protein fromcell culture. Expressed prote| n
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ul traf ichtomatbgraphyenthofawgaeang astepsy aan beat us:ed eas hdesjredc hin comeblgtiagphy

phosphoce | u e chromat.ogra abi c teract I.oNn. C roma hy,

DT o o aiat s MAEE Boin; etk ok Sererragts et drametaghal

her ei nYHPhgg icax e paipl dydcinr eerieg paphyatioansteb€C tihmaddition to the references
noted herein, a variety of purification methods are well known in the art, including, e.g.,

b

those set forth in Sandana (1997) Bioseparation of Proteins, Academic Press, Inc.; and
Bollag et al. (1996) Protein Methods, 2™ Edition Wiley-Liss, NY; Walker (1996) The
Protein Protocols Handbook Humana Press, NJ, Harris and Angal (1990) Protein
Purification Applications: A Practical Approach IRL Press at Oxford, Oxford, U.K;
Scopes (1993) Protein Purification: Principles and Practice 3™ Edition Springer Verlag,
NY; Janson and Ryden (1998) Protein Purification: Principles, High Resolution Methods
and Applications, Second Edition Wiley-VCH, NY; and Walker (1998) Protein Protocols
on CD-ROM Humana Press, NJ.

In certain examples, the nucleic acids are introduced into cells via vectors
suitable for introduction and expression in prokaryotic cells, e.g., E. coli cells. For
example, a nucleic acid including a polynucleotide sequence that encodes a protein
construct can be introduced into any of a variety of commercially available or proprietary
vectors, such as the pET series of expression vectors (e.g., pETSb and pET2d).

Expression of the coding sequence is inducible by isopropyl B-D-1-
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chromat ography. Protein refolding steps can be used, as desired, in
conpleting configuration of the mature protein. Finally, high performnce
| i qui d chworatoogssaphy (HPLC) can be enpl oyed in the finaCTmpeemiosati on
steps. In addition to the references noted herein, a variety of
purification nmethods are well known in the art, including, e.g., those set
forth in Sandana (1997) Bi oseparation of Proteins, Academ c Press, Inc.;
and Bollag et al. (1996) Protein Methods, 2nd Edition WI ey-Liss, NY;
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heide are | AIPGRCEREPROACY Barbeduted {ede. b Tl orOn dito A1 and
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nucl ei ¢ acid including a polynucl eotide sequence that encodes a protein
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t hat e Q@qpﬁ% BF &o‘épﬁ %%tﬁglg?m sar%%gom)n mq%e ar% M’} ain%OR, C mmerC|aE
molecular biology service providers offer codon optimization, among other routine

technical services.

Prokaryotic

In bacterial systems, a number of expression vectors can be selected depending
upon the use intended for the expressed product. For example, when large quantities
of a polypeptide or fragments thereof are needed for the production of antibodies,
vectors which direct high level expression of fusion proteins that are readily purified are
favorably employed. Such vectors include, but are not limited to, multifunctional E. coli
cloning and expression vectors such as BLUESCRIPT (Stratagene), in which the coding
sequence of interest, e.g., a polynucleotide of the invention as described herein, can be
ligated into the vector in-frame with sequences for the amino-terminal translation
initiating Methionine and the subsequent 7 residues of beta-galactosidase producing a
catalytically active beta galactosidase fusion protein; pIN vectors (Van Heeke &
Schuster (1989) J Biol Chem 264:5503-5509); pET vectors (Novagen, Madison WI), in
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incorporated into expression vectors that are suitable for introduction and

expression in eukaryotic (e.g., insect or manmalian cells). Favorably, such
nucl ei ¢ awoas1amBes4dodon optim zed for expression in thePSEEPeIIODIT141
vector/host cell. Selected cells can be clonally expanded and characterized

for expression of the desired protein construct. Techni ques for codon
optim zation are known in the art. In addition, conmercial nolecular
bi ol ogy service providers offer codon optim zation, anong other routine

techni GafictsBlVArhip®- teﬁﬁlﬁﬁﬁr‘h)é%d)rﬁné i5 I?éié@l’rl ﬁémé%ﬁfkﬁ%rst@m@%ﬁ@%ndﬁhe like.

expression vectors can be selected endi ng upon the use 1 ntended for the
expr essrgopecieedimeots, @xxaitpble, veatas s DEW@% Iqlmhﬂrst ﬁJlé'E24)fln athsss \kebib.de or
fragnents thereof are needed for the production of antibodies, vectors

whi ch direct high |evel expression of fusion proteins that are readily
purifiéﬂMan@ntavorably enployed. Such vectors include, but are not Iinited

to, multifunctjo i %onl Hg nd I’eSSI on vectors such_as
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pol ynugbRiniAg cOhstithiiyd HViRBlEIBIR Fonfess dul Gshaped thct&raBicBRol haddRdahdit 0
the vector in-frame with sequences for the ami no-termnal translation

i ni ti afGY cRBthe vsachior AredudiiensafiiBe gesiied BxpessionayodictBethar gavigwsose@lase

pr oduci in | N
Dect or SuEn FRaRY’ B RerSlany Boah) ot A RRLEREE - HBRERLEEG Fle

vect or $n (éovagksm hdsidiesiona Winber ohbkolessibe systents, tiresluding botieplasmidsnend s
Ilgatedlnfr tha istidine tag; and the like. In some enbodi nents, a
sui t ablVEalas g]sys BEFPY, q‘rﬂtl'&FHers, pET24; in others, pET26. Eukaryotic

Simlarly, in yeast, such as Saccharonyces cerevisiae, a nunber of vectors
cont ai n| % constitutive or inducible pronoters such as al pha factor,

al coholMMYNQSENIRCPHFQRAT1GNSused for production of the desired

SO e PR AR PP e ST, bl 2L G,
nunber of elbhaovscauticalys becaptalhladantiiera grvoexcigeats rard svelhknawm ahd lrasete
syst em;élec?nd gy(/athuc}slel 5fzs?<ql in the art. For example, the carrier or excipient can favorably
include a buffer. Optionally, the carrier or excipient also contains at least one
component that stabilizes solubility and/or stability. Examples of solubilizing/stabilizing
agents include detergents, for example, lauryl sarcosine and/or tween. Alternative
solubilizing/stabilizing agents include arginine, and glass forming polyols (such as
sucrose, trehalose and the like). Numerous pharmaceutically acceptable carriers and/or
pharmaceutically acceptable excipients are known in the art and are described, e.g., in
Remington’s Pharmaceutical Sciences, by E. W. Martin, Mack Publishing Co., Easton,
PA, 5th Edition (975).

Accordingly, suitable excipients and carriers can be selected by those of skill in
the art to produce a formulation suitable for delivery to a subject by a selected route of
administration.

Suitable excipients include, without limitation: glycerol, Polyethylene glycol
(PEG), Sorbitol, Trehalose, N-lauroylsarcosine sodium salt, L —proline, Non detergent
sulfobetaine, Guanidine hydrochloride, Urea, Trimethylamine oxide, KCI, Ca®*, Mg?* ,
Mn?* | Zn** and other divalent cation related salts, Dithiothreitol, Dithioerytrol, and -

mercaptoethanol. Other excipients can be detergents (including: Tween80, Tween20,

-29.-



| MVUNOGENI C COMPCSI TI ONS Phar maceutical ly Acceptable Carriers or Excipients
Phar maceutically acceptable carriers and excipients are well known and can
be sel ectwo 2bw/3hage of skill in the art. For exanple, POE/EPAFI0IOETI4Dr

exci pient can favorably include a buffer. Optionally, the carrier or

exci pient also contains at | east one conponent that stabilizes solubility
and/or stability. Exanples of solubilizing/stabilizing agents include
detergents, for exanple, lauryl sarcosine and/or tween. Alternative
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Accordingly, suitable excipients and carriers can be selected by those of

skill in.the art to produce a formulation suitable for delivery to a
subj ectAdlﬂyé'ssel ected route of admi nistration. Suitable excipients include,
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Trehal ose, N-1auroyl sarcosi ne sodiumsalt, L -proline, Non detergent
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Di t hi ot'hrel h| oer er excipients can
be det ¢y eidfuatt nu:lsetdacmgi tahwdiein ad(Dh1Tm/asser2®mﬂfrurteores}§oﬁQ NHae!LQa,dJlEmptgsn BB,
nal t03|

Cectyl gl d t 3-08, Zwitt

7w 1t oriisavaSyesl B wrienee s afty e JBRng sestenpn Eihquiect or
deoxyClehalafion SoghitjEbdORARNEm b RRbESI ISR 1/bdihintbiagl anmoni um br o de).
Adj uvants Optional l'y, the imunogenic conpositions also include an

adjuvant. In the context of an inmunogenic conposition suitable for

adm ni Sy ect, such as a hunman subject, for the purpose of
elici tma@rﬁ%ﬁrﬁﬁ%}response agai nst CASB7439, the adjuvant is selected to

elicit a ThA bifakseypenmmene esspomse. |sT¢fmracl]euzed1tbyi the induction of CD4+ T
helper cells that produce IL-2 and IFN-y. In contrast, a "Th2" type immune response is
characterized by the induction of CD4+ helper cells that produce IL-4, IL-5, and IL-13.

TLR affectors, including without limitation 3D-MPL

One suitable adjuvant for use in combination with modified CASB7439
polypeptides is a TLR-4-modulator. One example is a non-toxic derivative of lipid A,
such as monophosphoryl lipid A or more particularly 3-Deacylated monophoshoryl lipid
A (3D-MPL). 3D-MPL is sold under the name MPL by GlaxoSmithKline Biologicals
S.A., and is referred throughout the document as MPL or 3D-MPL. See, for example,
US Patent Nos. 4,436,727; 4,877,611; 4,866,034 and 4,912,094. 3D-MPL primarily
promotes CD4+ T cell responses with an IFN-y (Th1) phenotype. 3D-MPL can be
produced according to the methods disclosed in GB2220211 A. Chemically it is a
mixture of 3-deacylated monophosphoryl lipid A with 3, 4, 5 or 6 acylated chains. In the
compositions of the present invention small particle 3D-MPL can be used. Small
particle 3D-MPL has a patrticle size such that it can be sterile-filtered through a 0.22um
filter. Such preparations are described in W094/21292.
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typically selected to enhance a Thl bi ased i mmune response in the subject,
or popul ation of subjects, to whomthe conposition is admnistered. Thl

| Mmune Rewpene13f43Th 1" type i mrune response i s charactPeriEredohyrithe

i nduction of CD4+ T hel per cells that produce IL-2 and IFN-g . In contrast,
a "Th2" type inmune response is characterized by the induction of CD4+

hel per cells that produce IL-4, IL-5 and IL-13. TLR affectors, including
wi thout limtation 3D-MPL One suitable adjuvant for use in conbination W th
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I MuUNos ant s El hat are simlar in structure to that O MPL or

3D- VPL)1 4086 QM 294 iR 6392 Rar ot Rindedaranayiantstiadesanoyiaminald-oteb-azee a
Sub- PO ONRLS e RdecEhb NSk GablarFlronia, £ 68 bl Agepaghayant s. I

ot her e van nt heti c dérivat A, sone
of whi cphater é\\de 99ra436d Em.d W.(R—O@/@Aﬁin satrtd O&hd9T MH’WdJeDPb(uBSar&R)n(SE[( jmted
to: odecénoygoxy%(e}fradecal[noylgr%?n)gf 4- 040(5 “aza-9-[(R)-3-hydroxytetradecanoylamino]
decan-1,10-diol,1 -dihydrogenophosphate 10-(6-aminohexanoate) (WO 01/46127).

Other TLR-4 ligands which can be used are alkyl Glucosaminide phosphates
(AGPs) such as those disclosed in WO 98/50399 or US Patent No. 6,303,347
(processes for preparation of AGPs are also disclosed), suitably RC527 or RC529 or
pharmaceutically acceptable salts of AGPs as disclosed in US Patent No. 6,764,840.
Some AGPs are TLR-4 agonists, and some are TLR-4 antagonists. Both are thought to
be useful as adjuvants.

Other suitable TLR-4 ligands, capable of causing a signaling response through
TLR-4 (Sabroe et al, JI 2003 p1630-5) are, for example, lipopolysaccharide from gram-
negative bacteria and its derivatives, or fragments thereof, in particular a non-toxic
derivative of LPS (such as 3D-MPL). Other suitable TLR agonists are: heat shock
protein (HSP) 10, 60, 65, 70, 75 or 90; surfactant Protein A, hyaluronan
oligosaccharides, heparan sulphate fragments, fibronectin fragments, fibrinogen
peptides, b-defensin-2, and muramyl dipeptide (MDP). In one embodiment the TLR
agonist is HSP 60, 70 or 90. Other suitable TLR-4 ligands are as described in WO

2003/011223 and in WO 2003/099195, such as compound |, compound Il and
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Saponi r\}vh'la‘cg‘| Po\é"rinn%ﬁ shaking, and for precipitating cholesterol. When saponins are near cell

membranes they create pore-like structures in the membrane which cause the
membrane to burst. Haemolysis of erythrocytes is an example of this phenomenon,
which is a property of certain, but not all, saponins.

Saponins, particularly immunologically active saponin fractions, are known as
adjuvants in vaccines for systemic administration. The adjuvant and haemolytic activity
of individual saponins has been extensively studied in the art (Lacaille-Dubois and
Wagner, supra). For example, Quil A (derived from the bark of the South American tree
Quillaja Saponaria Molina), and fractions thereof, are described in US 5,057,540 and
"Saponins as vaccine adjuvants”, Kensil, C. R., Crit Rev Ther Drug Carrier Syst, 1996,
12 (1-2):1-55; and EP 0 362 279 B1. Particulate structures, termed Immune Stimulating
Complexes (ISCOMS), comprising fractions of Quil A are haemolytic and have been
used in the manufacture of vaccines (Morein, B., EP 0 109 942 B1; WO 96/11711; WO
96/33739). The haemolytic saponins QS21 and QS17 (HPLC purified fractions of Quil
A) have been described as potent systemic adjuvants, and the method of their
production is disclosed in US Patent No.5,057,540 and EP 0 362 279 B1. Other

saponins which have been used in systemic vaccination studies include those derived
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O her adjuvants that can be used in i Mmunogeni ¢ conpositions wth CASB7439,
e.g., on their own or in conbination with 3D-MPL, or another adjuvant
descri bedwbepwirie44ar e saponi ns, such as QS21 . Saponi nsPaETEPL@QYHTI4i N:
Lacail | e-Dubois, M and Wagner H. (1996. A review of the biological and

phar macol ogi cal activities of saponins. Phytonedicine vol 2 pp 363- 386).
Saponins are steroid or triterpene glycosides wdely distributed in the

pl ant and mari ne ani nal ki ngdons. Saponins are noted for form ng coll oi dal
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5, 057, 540 and Saponl ns as vaccine adjuvants”, Kensil, C. R, Cit Rev Ther

Drug C%m “daf?’aﬁg”%&@{cgé’cﬁ)c’dsl 55: and EP 0 362 279 B 1. Particul ate

structures, ating Conpl exes (I1SCOMS), conprising
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Morein, B., EP 0 109 942 E@‘% WO 96/ 1 996/ 3373£H_ The
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production is disclosed in US Patent No.5, 057,540 and EP 0 362 279 B 1.
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oligonucleotides for use in the immunogenic compositions of the present invention are
CpG containing oligonucleotides, optionally containing two or more dinucleotide CpG
motifs separated by at least three, suitably at least six or more nucleotides. A CpG
motif is a Cytosine nucleotide followed by a Guanine nucleotide. The CpG
oligonucleotides of the present invention are typically deoxynucleotides. In a specific
embodiment the internucleotide in the oligonucleotide is phosphorodithioate, or suitably
a phosphorothioate bond, although phosphodiester and other internucleotide bonds are
within the scope of the invention. In some embodiments are oligonucleotides with
mixed internucleotide linkages. Methods for producing phosphorothioate
oligonucleotides or phosphorodithioate are described in US Patent Nos. 5,666,153,
5,278,302 and WO 95/26204.

In an alternative embodiment, a TLR agonist is used that is capable of causing a
signaling response through TLR-9. In one embodiment, the TLR agonist capable of
causing a signaling response through TLR-9 is HSP90. Combinations of different
adjuvants, such as those mentioned herein, can also be used in compositions with
CASB7439. For example, as already noted, QS21 can be formulated together with 3D-
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for exanple, CASB7439 can favorably be enployed in i nmunogeni ¢ conpositions
wi th an adjuvant conprising a conbination of Q821 and chol esterol.

| mmunost iwouberie64430 i gonucl ei ¢ Aci ds One sui tabl e adj uramEPR@0/06E@1 | N
conmbi nation with CASB7439 is a bacterial DNA TLR agoni st capabl e of causing
a signaling response through TLR-9, i.e., a TLR-9 agonist, nore
specifically DNA containing unnet hyl ated CpG nucl eotides, in particular
sequence contexts known as CpG notifs. CpG containing oligonucleotides

i nduce ppipr AETLBE b‘$2Fh13D-(Rﬁ|ﬂ9m?t\X8@éﬂ? p8!ih S EdeR s i1desn &Y o val kukpown
and are described, for exanple, in 967 02555, WD 99/ 33488 and U.S. Pat ent
Nos. 628085 200 :dn@ng,dee,sabstangaily Ablly, Typialiuthiesstio dein thesaapesof 2.5 : 1

ol i gonycl.eot i des ui e ' ti.des for_ use d e i [
commositi bhel 8P VRE S E8kny e R A aiaslt oS, dPME LR EHER T 881 des.
opt i ondipbyormalrfbahmiation,talso orcomisirattbmwith ©@pG.de CpG noti fs separated by at
| east three, suitably at |east six or nore nucleotides. A CpG notif is a
Cyt osi ne nucl eotide followed by a Guani ne nucl eotide. The CpG

ol i gongppits deh CWlorcbRl Papegnt invention are typically deoxynucl eotides.
In a specific enbodi ment the internucleotide in the oligonucleotide is

phosphor odi Seiasiiee, ofod sbiacibyiih goloresphearteti ipatrarteipationain K grethods
hosphagdi Lot | [ Wi thin i he .of the

P vent HEREH 8 Shlitie bY FHRYFGRRINES, A & Biabhbolh "ol dcopifibhEndH

i nt er ndiedreot. i besdm @ leageslimbbtshodsbjectr is jestidd do rigtgrhisgifdheit lkanedreus cells

ol i gonucl eot i r odithioate, are described in US Patent Nos.

S, 606, 758055 6588030 LRARHE oo hmog el {O8 HiAdndsin, Eolarstal cibker O T

agoni stknbwnUpethd hat 1 MokRDRP! Rchhiqias SArtd nfethb bt RBtEAHNAGSRhEMEPUHh

TLR-9. In one enbodinent, the TLR a&gm st caéggge of causin &}an?,éﬁg]n?%l i ng ]
t'®; suc

r espon$anegipgs §all PLiEsye expresiss. CADRBA A H AR reddisglasechin

as those nmentioned herein, can al so be used in conpositions with CASB7439.
For exanple, as already noted, QS21 can be fornul ated together wi th 3DWVPL.
The ratio of Q521 : 3D MPL WXPERIMENEAL £XBMRPIcEShe order of 1 : 10 to 10 :

1; suchhas 1:5 to 5 : 1, and often substantially 1 : 1. Typically, the
ratio %@ﬁm?i?—ae range of 2.5 : 1

Two nucleic acid molecules encoding protein constructs comprising a CASB7439
polypeptide were generated in the pET19b vector. A His-tag was juxtaposed to the N-
terminal end of the CASB7439 sequence. These clones were termed LVLO0O7 [SEQ ID
NO:15(aa); SEQ ID NO:16 (DNA)] and LVL010 [SEQ ID NO:17 (aa); SEQ ID NO:18
(DNA)], respectively). It was observed that an unintended mutation had occurred in the
LVLOO7 clone, resulting in a one amino substitution of proline to leucine (at amino acid
residue 17 with reference to SEQ ID NO:13). The nucleic acid molecules were utilized
with three different host cell types, namely the E. coli strains BLR DE3, BL21 DE3, and
Rosetta DE3. Inductions were carried out at two temperatures per induction (16°C or
37°C) and with 1mM of IPTG. See Materials and Methods section, below, for protocol
details.

Proteins were harvested for each induction and analyzed by Western blot and by
SDS-PAGE with Coomassie-blue staining. In these experiments, the detection of the

protein was visible only in western blot.
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to 1 : 1 3DMPL: QS21 . Another conbination adjuvant is 3DMPL plus QS21 in
a |liposomal fornulation, also in conbination with CoG Subjects with

Col or ect aWoOCareBs443el ecti on of a subject wi th col orect alPCeareen/0fn1
participation in the nethods described herein can be by clinical diagnosis,
nmol ecul ar di agnosi s, or a conbination thereof. In some enbodi nents a
subject is tested to determne if their cancerous cells express CASB7439
(HASH2). dinical nethods for diagnosing colorectal cancer are known in the
art. Mpwgpig@p techni ques and net hods for determ ning whether a cancerous
cell or TIssue expresses CASB?439\4éHASH2) are disclosed in WX01/62778.
EXPERI ARmarmetiarpaiySesrhing €ASBTHGO etk evereardedrobie cevesling e tollowing ot ei n
constr [ sing a CASB7439 pol ypepti de were generated in the pET19b
vect or%ﬁiéﬁﬂf@??%%%ﬁas j uxtaposed to the Nterm nal end of the CASB7439
sequence. = Theasrpil RNAsstiteral elemzmt lodatitlrbétheenindcNGtidd aad 2BSER WD 1 6
(DNA)] and :N\&gio [SEQ ID NO 17 (aa); SEQ ID NGO 18 (DNA)], respectively).

It was obse t hat an uni ntended nmutati on had occurred in the LVLOO7

clone, resugbbNGC dbrRedf tRThOSestiRSsddutinicen of proline to |eucine (at
amno acid residue 17 with reference to SEQ 1D NO 13). The nucleic acid

mol ecul es" warelegtide sequengetriehtin Asgintner Gasioan26/398 aswne acids@ncodemel y t he E.

coli straj n@%é}?&?ggégée Qﬁﬁﬁh@gﬁlﬁgfﬁ%%%%&géﬁﬁsmre carried

out at two tenper S per iIn i on and w 1mM of | PTG
See Mat ern abmimmdcilfisehodsceseith iadrigh soetaofrid poinpp(1dtt@ol details. Proteins

h ted f h i nduct i d I d by W n bl at
B e Bl mSBRD:  WER AR S 2eRlale] BoRvEL A2 %8s on
of the protghmnovasg visible only in western blot. Exanple 2 Bioinformatic

anal yses of the CASB7439 gene were carried out, revealing the follow ng
structural peks-lpopdelix domain (HLH) (IPRO00014) within the amino acid sequence

(residues 56-108 of SEQ ID NO:13)
= a first region of intrinsic disorder within the amino acid sequence (residues 118-
164 of SEQ ID NO:13)
= a second region of intrinsic disorder within the amino acid sequence (residues
118-164 of SEQ ID NO:13)
Applicants also identified a region with a high proline periodicity from amino acid 127 to
158. Applicants designated the region from amino acid 133-153, inclusive, of SEQ ID
NO:13 (aa) the proline-rich region. The proline-righ region, along with some of the other
features mentioned in this example are depicted in schematic fashion in Figure 1/35,

along with regions mentioned elsewhere herein.

Example 3
The unmodified CASB7439 DNA nucleotide sequence (SEQ ID NO:14) was

codon-optimized by the commercial DNA synthesis services provider, Geneart (unique
identifier 0606597), and cloned. Geneart AG, BioPark, Josef-Engert-Str. 11D-93053
Regensburg, Germany. The CASB7439 nucleotide sequence was obtained from the
clone by PCR amplification and used to generate two constructs. In the first construct,
LVLO16 [SEQ ID NO:29 (aa), SEQ ID NO:30 (DNA)] the CASB7439 sequence was
inserted in the pET21b (+) vector in fusion with the pD1/3 protein (from Haemophilus
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a hairpin RNA structural elenent |ocated between nucleotide 2 and 27 of SEQ
I D NO 14 62% GC content of the nucl eotide sequence nucleotide sequence
rich in Avgizniomeesddons (26/ 193 am no aci ds encoded) amCmEPaciodsHeguence
with a high | evel of basic am no acids residues amno acid sequence with a
hi gh isoelectric point ( 11.18) a |low conplexity region within the am no
aci d sequence (residues 7-27 of SEQ ID NO 13 helix-I|oop-helix domain (HLH)
(1 PRO0O0014) within the am no acid sequence (residues 56-1 08 of SEQ I D NO

13) /ﬁﬂJe'ﬁEaé)e&' tHQ leerHMen 'eﬂ%'d?f tﬁ’é ENIL1430 djuRntde I@fﬁé%c%%%dﬁ@ﬁlu@cnce
(residues 118-" 164 of 3) a second region of intrinsic disorder

wi t hi nLMh@18iSREe Boe: &b@@n@@@(l%@cﬁ%@mmme@m?w WBs Neetteg)in the
i I '
ant no_ 2512 180% 4EqBL WERF ARPERReH o) Sulb ol o TR Tk BBl eld o

133- 15&,va|iuatéd1f3:r\peodtmtloSEﬁQtH1éDBNa DE3 K.azplitahd 69T @ndrEr°Ci with negvl af IP‘II'Ge
proline-ri I O W th so f the other features ntione

Phis cEspftion ag aeieEiabie bH LEHERaDIoE AP R5HNSH bR BG4 "8 BeTod6RY o t
regi ongghenti oned el sewhere herein. Exanple 3 The unrmdl fied CASB7439 DNA

nucl eoti de sequence (SEQ ID NO 14) was codon-optim zed by the commerci al
DNA synt hesFouser SBM@S? demairgewets ehqsen fquéurthes mvestigatie®eswryve and

cl oned. e Bi oPa r S

Gor man " BRG Pidknio BEChledE 1ot N th, e RbIREER, FEABRCTE Brva
PCR ambindimg:dd)merm,andtlnsbldthdnrgamerate two constructs. In the fi rst
construct, LVLO16 [SEQ ID NG 29 (aa), SEQ ID NG 30 (DNA)] the CASB7439
sequence was inserted in the pET21 b (+) vector in fusion with the pD1/3
prot ei ExghigsHaenmophi | usi nfl uenzae) at the N-term nal end of the CASB7439

sequence. Tn the second construct,
The nucleus targeting domain, the DNA binding domain, the bHLH domain and

the proline-rich region of the CASB7439 were chosen to investigate protein production
from constructs comprising nucleotide sequences encoding CASB7439 polypeptides.
Different sections of the CASB7439 nucleotide sequence were PCR amplified from the
codon-optimized Geneart clone described herein and inserted in the pET19b (+) vector,
resulting in five constructs having a different CASB7439 sequence (truncated in some
fashion or complete); each construct with a polyhistidine tail at the N-terminal of the
CASB7439 sequence. See Figure 2/35.

Those constructs shown on Figure 2/35 were evaluated for protein expression in
BLR DE3 E.coli strain at 37°C and 16°C with 1mM of IPTG. As depicted in Figure 2/35,
these constructs comprised full-length CASB7439 [LVL060, SEQ ID NO:19 (aa), SEQ
ID NO:20 (DNA)]; CASB7439 truncated to remove the nucleus targeting domain [Const-
1, SEQ ID NO:21 (aa), SEQ ID NO:22 (DNA)]; CASB7439 truncated to remove the
proline-rich region [LVL0O55, SEQ ID NO:1 (aa), SEQ ID NO:2 (DNA)]; CASB7439
truncated to remove the DNA binding domain [LVL056, SEQ ID NO:23 (aa), SEQ ID
NO:24 (DNA)]; CASB7439 truncated to leave the basic helix-loop-helix (bHLH) domain
[LVLO57, SEQ ID NO:25 (aa), SEQ ID NO:26 (DNA)]. Due to experimental error,
Const-1 lacked a stop codon, resulting in the translation of a portion of the vector
nucleotide sequence (resulting with an additional 21 amino acids in the C-terminal
region, starting with LED...). The production of LVL055 following incubation at 16°C (C-
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LVLO18 [SEQ ID NGO 31 (aa); SEQ ID NO 32 (DNA)], the CASB7439 was inserted
in the peET21 b (+) vector (w thout any Protein D conponent). These

const r uctwowerog3emal uat ed for production in the BLR DE3PEI/EPed10/08114160C and
370C with 1mM of I PTG Production was detectable by Western blot as an
insoluble protein, mainly produced at 160C. Four of the CASB7439 donuai ns
were chosen for further investigation to inprove protein production: the
nucl eus targeting donmain, the proline-rich region, the DNA bindi ng domain,

and t heghlikhideRidted)ENaERIEafy dBR T @MSalGoRhsHE LR Bldhed ROIPAGE ndi ng
domai n, the bHLH domain and t'he proline-rich region of the CASB7439 were

chosengdeb investigate protein production fromconstructs conpri sing

nucl eoti de sequences encodi ng CASB7439 pol ypeptides. Different sections of
t he CASB7439 nucl eoti de sequence were PCR anplified fromthe

codon- gxahple6d Geneart clone described herein and inserted in the pET19b

(+) vector, resuylti in five constrycts having a different CASB743
Senuence (i Based oouNB ey I e NN drague e B CEIHOSIMETS BETIS0R P a

pol yhi §Hgir€iﬁb@ettﬁbl prafiné igh NehRinmivhaé (Rf rétB%i@%Wé&%g%@U@m% CSRfniriagur e
2/ 35. ose constructs shown on Figure 2/35 were evaluated for protein
expr esPogion ¢f the RobEePde.oSeedhe sieacrntiop7at Fadres sB3niana 413V vtich PIBCUSHAs

[vLo66) Gl EleRTed by bi¥eR e MRS, BRI PeRe e . S S
ngrrtz)\zle ﬁgﬁ&ai@apmches fpetremgvalafdhe pfdloasich régioBEQ | D NO 21 (aa), SEQ ID

SEQ I D NO 1 %(%%%Bé%?tﬁ%lztéél@‘%@%ﬁﬁ%&%ﬁgmgﬁ&gs%mé@i% fore i Ondi{i?Lm%/Lgai’
bi ndi ngASEPI3Y pbiybEide AR IHenNSdefed ddin CHRAHD(UNY %A iddANe 07666439
truncated to | eavé the basic helix-loop-helix (bHLH) domain [LVLO57, SEQ ID
NO 25 Cigestedspod] Dseetedan (mNAlg!l. inDhwo taiffergpk veriont 40 egnesate &lloyingicked
a stop pAYAMtsr esulting in the translation of a portion of the vector
(i) LVLO88, comprising the CASB7439 gene with the 21 amino acid proline-rich
region deleted, fused with a polyhistidine-tail at the C-terminal in the pET26b (+) vector
(SEQ ID NO:27 (aa), SEQ ID NO:28 (DNA)) and
(i) LVL111, comprising the CASB7439 gene with the 21 amino acid proline-rich
region deleted and both an N-terminal- and C-terminal-polyhistidine-tail in the pET19b
(+) vector (SEQ ID NO:3 (aa), SEQ ID NO:4 (DNA)).
The LVL111 construct (see SEQ ID NO:3) was cloned following the same
strategy used for the LVLO55, i.e., using the pET19 (+) vector which includes a
polyhistidine-tail composed of 10 histidines followed by the enterokinase site. This
resulted in a 23 amino acid fusion partner (SEQ ID NO:42) at the N-terminus.
Other constructs were generated with the codon optimized synthetic gene
discussed in Example 3 (unique identifier 0606597), including the following:
= LVLO90 (a protein construct comprising (from the N-terminus) Protein D,
fulllength optimized CASB7439, and a 6-His in pET21 vector) (SEQ ID
NO:43 (aa); SEQ ID NO:44 (DNA))
= LVL112 (a protein construct comprising (from the N-terminus) SUMO
Protein, full-length optimized CASB7439 in a pSUMO vector) (SEQ ID

NO:45 (aa); SEQ ID NO:46 (DNA))

-37-



nucl eoti de sequence (resulting with an additional 2 1 amno acids in the
C-termnal region, starting with LED...). The production of LVLO55

f ol | owi ngwOneuwbiasi4en at 16C (Cterm nal truncated) was clpeampPyolddsagt abl e on
a Coonmssi e- bl ue stai ned SDS- PAGE gel. Exanple 5 Based on the results
described in Exanple 4, new constructs were designed to (i) renove the
proline-rich region while (ii) retaining other regions of the Ctermnal
portion of the polypeptide. See the description of Figures 3/35 and 4/ 35,

whi ch discuss {i)yWV§3 qdSpidi&At bcﬁrﬂs@r@c?rcoprﬁﬁ@rq]‘?ﬁorﬁptﬁeoﬁﬁ%rmﬁd&? ”SUK?@

pol ypeptide and (ii) vari ous al ternate approaches for renoval o
proline-rich regPeieinA Qﬁ)ﬂanp@ﬁ@lhmfz|élﬁ1g§mt<?rli>élmlced1M%BM%Q:|Id @emféUN@]uence

di f d rdered from Geneart
?Sn: gge ?Eleﬁt |n?| {é‘%étggé%gg)ﬁﬁg) %le‘f) nser%@gQI parallel in two
di fferent V'?(f:]tlor EVL%%g(aepwt@nt dtxﬁws{trﬁjlct gmnmlscr@w:sﬁrasmctrm rxl(ie)rmhws@ﬁ&JMQ
conprisin e e ani no a prolin r on
Golbtea Pused wPrden: gASATAdY ilneats ot ambnedd (d7nima PSHME DesBiban
(+) vector (SEQ &@@%Nou 2R FEQIDNSSBADNIW) ) and (i1) LVLL 11

conprising the SB7439 gene vvlth he 2 1 amno acid proline-rich region
del et ed and bot hLHthtérmom@n cmugt tC@MArsHIG PisPphihet iNden@inus) | SUMQ he

ET19b t I
Eons”ué?(zzz SReotPB e AT a0 W) s Prinb A e rﬂ?#g%%é@“'ﬁsaed for
the LVLO55, i.e. pSUMCDged:tbe ﬁEQDNQSWQaa)oSE‘mI[ENO bz [DNA3) a

| yhistid t d th t
Site. I'SFHB#OBEQEFP&Q P PR3 ReaER PR OBr P DAPPR rP RSB0 145 N5 S PUh ¢ he
N-t er m(pH&a nddsheivngonst r uct s vvere generated with the codon optim zed

synthetic gene discussed in Exanple 3 (unique identifier 0606597R/|
i ncl udi ng tﬁ’éocfttﬂt'PB\MfWLOE;ﬁ\W_@Q@W'ﬁZ% ofteian evrstant érducban witsi HEM(HTém t he

N-ter ma?zh?é P?@& &N 8¢ f Uninieh A% P el dBraBHofeteay? 331 A phodiichibs Was PET21

vect or)
visualized only by Western blot. One purification lot from four 800 mL culture flasks

resulted in 0.4 mg of protein. On the other hand, LVL111 was easily detectable
following Coomassie-blue staining. The recombinant protein LVL111 was produced and
purified over 8 lots. Several lots of LVL111 (each from four 800 mL culture flasks) were
estimated to produce in the range from 3.3 mg/lot to 10 mg/lot of purified protein. Thus,
production of LVLO88 was lower than that seen for LVL111. The purified protein was
also tested for its reactivity with several anti-CASB7439 monoclonal antibodies and a

positive reactivity was obtained in all cases.

Example 6
Removal of the C-terminal polyhistidine-tail from the LVL111 construct was

investigated.  The nucleic acid molecule encoding the polypro (-) CASB7439
polypeptide without the portion encoding the C-terminal polyhistidine was amplified by
PCR from the LVL111 construct and cloned into the pET19b vector. This construct was
designated LVL137. The LVL137 construct was essentially LVL111 without the
nucleotide sequence encoding a C-terminal polyhistidine tail. SEQ ID NO:5 (aa); SEQ
ID NO:6 (DNA). The removal of the C-terminal polyhistidine-tail had no apparent impact
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NGO 43 (aa); SEQID NGO 44 (DNA)) LVL1 12 (a protein construct conprising
(fromthe N-termnus) SUMO Protein, full-length optimzed CASB7439 in a
pSUMO vecworp1o(1S&@31 D NO 45 (aa); SEQ I D NO 46 (DNA)) LYCI/EP3010A5THDt el n
construct conprising (fromthe N-term nus) SUMO Protein, pDl/3 protein,
full-length optimzed CASB7439 in a pSUMO vector) (SEQ ID NGO 47 (aa); SEQ
ID NO. 48 (DNA)) LVL1 14 (a protein construct conprising (fromthe
N-term nus) SUMO Protein, CASB7439 truncated at amno acid 117 in a pSUMO

vect or on( tﬁ%%r‘o'au&{%rfl%\/e@ams §ﬁ9,¥|rk£h iy éébrhé@ﬂé\)s}améaﬂsbéw(@E quqﬂ EVD137
construct conprising (fromthe term nus) SUMO Protein, i'ed CASB7439

wi t h t ipeoducedithe saineHeyalgif oroteiemsvledl 1 Hl.a pSUMD vect or) (SEQ | D NO 51 (aa);
SEQ ID NO 5 : |
one 1 oot £ 15k Thisleie MiPLARUEle SRbddiRf B BRI cASE AR o Gl RIS Y
ana: yzelmbra.émﬁrﬂmbpmﬂl_ 'frgr'ttherﬂmasrb(ﬂﬂmgm)tlmﬂthéﬁmasml& asduatcelatd V\hen
ana e e ctro tica rogucti on wa I Ssua

oot o bspgrloBEaS VeFEh .7 PP toogs  eR-ern il 1S Sed

resul t ed No:33. (]‘éaﬁ“%Eb 1Dy REE3 A (DAR) h‘ﬁlsoé&@étrdé@@%lbké@% éémﬂ@ént%%bhb’ed

detectabl e foll owm ng Coonassi e bl ue st al ni ng he reconbrnant protein LVL1
11 was IWQﬁ@mlamwlpma@d veascdiffgult 4o detesebevigstermrdotof LVL1 11 (each

fromfour LE&?\‘CCB%B} H{of?cfuﬁéagﬁé%dd esn‘?fﬁbﬁfgtlﬁ%ettgﬁpit(mé“ﬁ?t Irhiddi & rﬂ?@ge

from33rrg i ed UCtIO
LVLO88 pahyprd avye CASBYE 30hpolypestivef wangﬁderéfbd itha pHTRAI le;hamynrelreamm al so

et o, eIk Ao DAY B ibls PR R SAab B e
the C s waist.@mleytag skhdémss &7d thd 58Rd bnethb\é,&sén@@@éhé usstpemém ly, the
' nvest Icggor?s for thee flrnsltj(élg?wlt gm?r% acélr[;es(?l(c:lﬂles(,3 of("a t%%oprgtne?n E:Qr?str%%t %/lvere aﬁered to ?r?g 439
following nucleotide sequence: 5 ATG CAT CAT CAT CAT CAT CAT GAC... 3’ (SEQ
ID NO:35). (The original codons were 5° ATG CAC CAT CAC CAT CAC CAT GAT...
3 (SEQ ID NO:36).) This construct was designated LVL160. SEQ ID NO:37 (aa); SEQ
ID NO:38 (DNA). By gel and Western blot analysis, protein production appeared as
weak as that obtained with LVL138.
A nucleic acid molecule encoding a protein construct with a ten polyhistidine tag
at the N-terminal of the polypro (-) CASB7439 polypeptide was generated in a pET24
kanamycin resistant vector. This construct was identified as LVL168. SEQ ID NO:11
(aa); SEQ ID NO:12 (DNA). The production level was comparable to the level observed
for LVL111. An alignment of several of the constructs discussed in this Example is
found in Figure 5/35.
The results for the constructs discussed in this Example and Example 1 are

summarized in Table 1, below.

#LVL Description Vector Production
LVLOO7 Long His-CASB7439 PET19b(+) gel-/blot+
LVLO10 Long His-CASB7439 PET19b(+) gel-/blot+
LVLO16 pD1/3-CASB7439-OPT-6His PET21b(+) gel-/blot +
LVL111 Long His-Del-poly-Pro-domain-His-OPT pET19b(+) | gel+++/ blot +++
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pol ypeptide wi thout the portion encoding the Cterm nal polyhistidine was
anplified by PCR fromthe LVL1 11 construct and cloned into the pET19b
vector. TWD20mars44suct was designated LVL137. The LVL13PCT@mpPam00s5ti4nas
essentially LVL1 11 without the nucleotide sequence encoding a C-termnal
polyhistidine tail. SEQID NOS5 (aa); SEQID NO 6 (DNA). The renoval of the
C-term nal pol yhistidine-tail had no apparent inpacton the production

| evel . As anal yzed by coomasi e-stai ned SDS-PAGE gel , LVL137 pr oduced the

same | Pr ot i as L fTe_nuct er d,I e
pol yprp fL CASB7439 pol ypy&gl QQ V\IQS then anpli Uv&gﬂd? Wba{fﬁ% na r

t

(070684Q)/L387It het | o198 /BaDchpmucdomarnOFTT onefl pET®L P 1§+ veplar-+wi | h a

Si X po dine tag at the Ntermnal (1\1138 SEOQ 1D DID
ce@ﬂ'é\b@t +of

NO. 34 y38Thi s c Gitis- D@bpowwlobﬁqr@@lné)e’rgmfu > R T30b B

pl‘ ot 6| A o O C ___‘;'_'3_7'7'- ek 1 | co Abst VL lJI ot i ul 1 C

acid n IS ~Deks B'éfr%lo@mad” \rq}’-rt: PR AR @r i %?JT/ *{he
ol ypr [SB743 [ Y at eu LY

Pesiygt nt vect or.. AE?PIQ\%V ?!éi}ﬁ er ?e%ﬁﬁ%ggq-utl | 7£bd@£%bér{efrmvp a r{gd.'@oﬂf

st r uct Tiablec 1 £ &xpredsetrvieedis fdrecopstrybiissiisaliseed trafxarapiesricd, and 6t e 5° end of
t he CASBgtasct geatees izani"igetAllbty) ptdtriction gaserfatly id Visibfa ordy bgivagsteramslgto aci d
resi dugshedfwihdle-ce ojisaitdiscubfdotet to 3BBPAGEEr R dohdirudnehdt pddmeiing nucl eot i de
Sequene|++5/bloil - gro8AdtideAd C%-HEA STbIeA] CH¥mase Biue(sEEHRINGIVAA whdle-delihe
origin Sa@@@®JM@t§SDéT@§éC T CAC CAT CAC CAT GAT... 3" (SEQID

NO 36) ,g’hq@t,&fqu “@hl&%ng?éél r&ted LVL160. SEQ ID NO 37 (aa); SEQID
NO: 38 g

d
ﬁ 2 A Geml?ﬁl |a‘é (g@éabm reguct i on gppeare
e e WG R g
polypr

sti

(o] ener. d N a. myci n
Coo! 1 el o eﬁﬁ?%@ B RRERh fer BeBrleraee' B D No 1 1
(aa); O(“BKﬁ i on Ievel was conparable to the |evel
obser vd@Hig Hipiigine fag Wit 19Ih%}@ﬁ§?n'feslﬂ‘ue§everal of the constructs discussed
in this Exanple is found in Figure 5/35.

Example 7
Another CASB7439 construct was generated in fusion with a fragment of protein

D from Haemophilus influenzae. As shown in SEQ ID NO:39 (aa) (SEQ ID NO:40
(DNA)), amino acids Met-Asp-Pro were fused to 108 N-terminal amino acids of
processed Protein D (amino acid residues 2-109 of processed Protein D). SEQ ID
NO:39 is referred to herein as 1/3pD or 1/3 Protein D. The synthetic CASB7439
nucleotide sequence obtained from Geneart (0706840) (proline-rich region deleted) was
subcloned in pET26-1/3pD, a kanamycin resistant plasmid which contains the 1/3pD, to
obtain LVL141. The sequence of LVL141 is set forth in SEQ ID NO:7 (aa) and SEQ ID
NO:8 (DNA). Production was comparable to LVL111.

This clone was then mutated by PCR to remove the four amino acid linker (Ala-
Ala-Ala-His) between the 1/3pD and CASB7439 components. The sequence of the
resulting construct, designated LVL144, is set forth in SEQ ID NO:9 (aa) and SEQ ID
NO:10 (DNA). Production was comparable to LVL111. Figure 6/35 shows an alignment
of CASB7439 (SEQ ID NO:13); LVL168 (SEQ ID NO:12), PD1/3 (SEQ ID NO:39), and
LVL144 (SEQ ID NO:9).
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The results for the constructs discussed in this Exanple and Exanple 1 are

summari zed in Table 1, below Table 1. Expression |evels for constructs

di scussedwpnofx@maBes 1, 3, and 6. A construct that res®RCTEP2010/057141

gel -/ bl ot+" production generally is visible only by western bl ot when

whol e-cell lysate is subjected to SDS-PAGE. A construct that results in "

gel +++/ bl ot +++" production is clearly visible by Coonmase bl ue staining

when whol e-cell lysate is subjected to SDS-PAGE. 6His: Histidine tag = 6

hi sti dipygmigesgdues Long His = 23aa ( MGHHHHHHHHHHSSGHI DDDDKH) ( SEQ | D NO: 42)
r__Pégid

Del - pol'y-Pro-domai n: CASB7439 nodified by deletion of the proline-rich
r egi on Sofuilizajod desteof LML #8681 Hi snodi f: Histidine tag nodified for codon

9t on. 2L stidin oron
hor cin 10+ S0 anicy BEFeR, el ChPlighd e SRE SRS e B G BR G,
CASB748M quasidne bufies tgamsteraéddo i8M fureh doufidrt bnd StorgimenMbiUrpa 02V D

(D) ) MRS 1618 LR TAGEMB N Glo o T oot RIS ARl ds of

pr ocessafiELs R gested At NOLAES dotiasdIshBE sdtubilZelfin BrHRDPASER hlifdrlithold) - SEQ
ID NO39 is referred to herein as 15’;%“ 1/3 Protein D. The synthetic

CASB743%eahnerl aoy irekducig) agemnts, suiinps omT&hRaand Wil esaMthout li Mo rich
: . g ’ K SPOOE ST i
Wb o CEBIARh, Y8 oRUARLAAEEr bR st Pbhitehs  SOHIAEF p3adhel 22 0
forth iperfSiEed B BRaracf{eniap Larid 68Eotdn NOHHR §ikiedh. b UPfens listedon Tabte 2orrae abl e
to LVL1 11. Thi.s one .was.t he ted, by PCR to .regove the four 1 N0
hoi d | Twiedied Rigroters o Biieds LTS cmotelt ity dh P Babesa R BhnalRMAC s
The seqEpEs, Mok MNAEIS Yhiv TCEFORHT. 0'Gere BESIneN Afir didiydid ddit 10806 Wb th in
SEQ I D NG 9 gaa) and SEQ ID NGO 10 (DNA'). Producti on was conparable to LVL1

11. Fi §Biodng) Fevingsly ogﬁdﬁipnggm;ﬁh\tthe buffer by two rinses. Dialysis was performed
overnight in 100mL of each of the sixteen buffers listed in Table 2 under agitation at

4°C. Samples were then harvested from units, put into eppendorfs and centrifuged for 5
minutes at 20,000g. Soluble proteins stayed in suspension but non-soluble proteins
precipitated and lead to pellets after centrifugation. Buffers in which the LVL168 protein
was soluble are listed in Table 2.

Supernatants were tested by gel SDS-PAGE and the concentrations of the
remaining soluble proteins were measured by the RC DC method using the
manufacturer's instructions. A kit for carrying out the RC DC method of the Modifiied
Lowry method is available from BioRad Laboratories, 1000 Alfred Nobel Drive,

Hercules, CA 94547). Samples were kept at 4°C for a stability test.

Stability tests of LVL168
LVL168 proteins from the solubility assay were kept for 7 days at 4°C. Twenty

microliters of each of the samples 2, 3, 5, 6, 9 to 16 were transferred to other tubes and
tested for their stability at 4°C, 37°C or room temperature for 2 additional days.
Samples were centrifuged for 5 minutes at 20,000g. Supernatants were resolved by
SDS-PAGE and profiles were analyzed for degradation, aggregation or loss of protein
by comparison to the original purified protein. The protein was stable in the majority of
the buffers tested.
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of CASB7439 (SEQ ID NO'1 3); LVL168 (SEQ ID NO 12), PD1/3 (SEQ I D NO 39),
and LVL144 (SEQ ID NG 9). Exanple 8 Sol ubilization tests of LVL168

Gener al | ywoporwf3s42d protein constructs conpri si ng CASB728%/BEree1e/0Sakubl i zed
in 6M guani dine buffer, transferred to 8Murea buffer, and stored in 4M
Urea, 20rM HEPES, 1nmM TCEP, 150nM NaCl, pH7.0. Prelimnary results
performed in snmall volumes suggested that LVL168 could al so be sol ubilized
in a phosphate buffer without urea nor any reducing agents, such as EDTA or

TCEP (Iln 0T Oor__ W tout_Nact . 1NO pr eCli pl Tati O Was ODServeadjal ter

di al y$i's 4n those buffers Sol ubi | i Baffeon assays wer e perform=<$otlmbility
char agertze—MLE Fable—2—Ine
hundr m iters of pur| f | ed pggl@g p||7_cg ein sarrpl es in 8M Jr|ﬁ§o|gg|t9f er,
20mM QM NadCl , 1M TCEP, pH7 8 V\Ere put into mni di t

et B T A A A T TE At

| ister Tn Tapgf e Z under agitation at 4C. oanmples_were 1 Nen nafvested om

units p@t i é%&mﬁar%n%ﬁrl%é@mmw f OMMETrFRu OB’ Bt !v @@@?'e

Sol ublre—p+ steFrs—stayet—rSuSPersoT— oo st e—pretem i pre s  at ed
and | (=ad4t o pellets aftmsqemmml\ﬂuggp omM EllH'I'fAQI’p]i—I?I:B] V\/m ch th |h§/¢|ﬂ,|5|&

pr ot elbnwvas sholiubhle gre listed in Tabhle 2 Qllnpr natants were l1ested h\/ ge|
SDS- PAGEzand [t h t ' rﬁf@b ot ¢i e
nmeasu ed5by t eqwgﬂ%w%?% ﬁﬁgﬂ ‘'manuf’ a%rﬁﬁlr’g?tplb?_ﬁ%teﬁuc |o§r§1)lsLWé it

for cé
avail §

UDORME Irdaiz6l, MBOMM NECIE AeIMEDTA | REM-POEP, pRL hpd | S
Bi oRad Laboratorles 3000 Al fred Nobel Drive, PO | [ cA

' pr—at dC Tor a Stanrtity test, Stanr iy tests §f
| peastivi Bisiner 688 trile NeddiLitinM EPTAS S apMECEPKpIBS.7 of IMsolable ot

h rec nf &ar\h nf fhg ca%:e A O th 16 war ol
trans GOaM Tiin50nl NaGh &4 mb ter? i BT weeEo 1G <3760
room f{ re for 2 additiod@aMieEd, pH 8

9 50mM Tris, 250mM NaCl, 270mM Sucrose, 0.3ML-A rginine, Soluble
1mM TCEP, pH 8.5
10 20mM Naz;HPO4, 150mM NaC6I,O1mM EDTA + 1mM TCEP, pH Soluble
11 20mM N3;HPO4, 5Mm NaCl, 1mM EDTA + 1Mm TCEP, pH 6.0 Soluble
12 20mM NazHPO4, 5mM NaCl, 1mM EDTA pH 6.0 Soluble
13. 20mM NazHPO4, 5mM NaCl + 1mM TCEP + pH 6.0 Soluble
14 20mM NazHPO4, 5mM NaCl pH 6.0 Soluble
15 20mM Na,HPO4, 5mM NaCl pH 6.5 Soluble
16 20mM NazHPO4, 150mM NaCl pH 6.0 Soluble

Table 2. Solubility and stability tests of LVL168.

For the reader's convenience, a summary of the constructs mentioned herein and

their relative production is provided in Table 3.
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Sanmpl es were centrifuged for 5 mnutes at 20,000y. Supernatants were
resol ved by SDS-PAGE and profiles were anal yzed for degradation,
aggr egat iwo 20r0/136888 of protein by conparison to the ori gcmnaP2@uosfised

pr ot ei

n.

The protein was stable in the magjority of the buffers tested. Table

2. Solubility and stability tests of LVL168. For the reader's convenience,

a summary of the constructs nmentioned herein and their
S provided in Tabl e 3. Table 3. See Table 1 abbreviations.

relative production
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Ul yl UVVI Ty
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I qu§é|-/6|| | VVd.D

LVL088

Del-poly-Pro-domain-OPT-6His

PET26b(+

gel-/blot +

LVL111

Long His-Del-poly-Pro-domain-His-OPT

gel+++/ blot +++

LVL137

Long His-Del-poly-Pro-domain-OPT

gel+++/blot +++

LVL138

6His-Del-poly-Pro-domain-OPT

gel-/ blot +

LVL141

1/3pD-Del-poly-Pro-domain-OPT-6His

gel+++/blot +++

LVL144

1/3pD-Del-poly-Pro-domain-OPTHis mut

linker

PET26b(+)

gel+++/ blot +++

LVL160

Hismodif--Del-poly-pro-domain-OPT

pPET24b(+)

gel-/blot +

LVL168

10His-del-poly-pro-domain-OPT

pPET24b(+)

gel+++/ blot +++

Table 3. See Table 1 abbreviations. The following additional abbreviations are utilized
in Table 3:

trunc: truncated
const: construction
mut: sequence mutated to remove unrelated amino acids between the pD1/3 and
modified CASB7439 polypeptide
linker: unrelated amino acids between two part of the molecule
DNA bind: DNA binding domain

bHLH alone: Basic helix-loop-helix domain
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aliquots of 1nL were taken before and after induction. Aliquots were then
centrifuged (10 mn, 4C, 20000 x g) and bacterial pellets were kept at -20
C until awmalzysis644Fhe anal ysis was perfornmed fol |l ow ng ®CBEPBUSETI4Pr ot ei n
extraction according to the manufacturer's reconmendati ons. BugBuster,
manuf act ured by Novagen, is commercially available from VAR Expression

| evel was determ ned by Coonassie-blue staining of SDS-PAGE gels and by
Western blots. The solubility was eval uated after detection of the protein
i n the\pgblistanavéobde supernatants fromthe BugBuster's extraction.
ExpresSion - Large scale inductions: E. coli BLR (DE3) strains were

t ransf or med ExprésstonnsImalt staladnductidasicri bed herein, put on LB agar plates
cont ai ni ng r 5 The
resul ting btaEQt P FQF% g)t&r‘ﬁ'% Wédé)trbﬁsﬁgﬂ% at eq‘?)h (g[}sfoer\]re gﬁto %tgrr%g&%oo mL
f1 asks pot ohB.ukRSBratHi (L)) \agtah pldtes apptaiping ahe apptodriatd |a©t|b|éﬂc n(g@ dg/f of

Kananmycj n or 100 carbenicili and t 37 each an OD600
or" o kapatiysi ondoB el pabRE el Aat SR VBRI aR alei G cThe dsifiey o

then coatefadMnh ks 9§ec¥h6 iR6E AR QMHCbﬂ‘HBtNI@erﬂéWeeﬁbt‘éﬂw @‘ou?ébe (APS)
reconbi nant protein by the addition of 1mM PTG To induce at 160C, the

gr owi ngnedivmuwin ving arspritRte camibimici €@ vaeniheuKapemyeie ehdlerg drer mhef

cul tur 1 nt ai ned under those
condi 1 i 258, it et 37 o b0l oy B R T i 4G 6000 x g)
and bacteri quaebmsv\&rmbeeltejpmeaadmm &f amiM IP @y af eittadri m‘iCporoﬁ'e%Zs IrSmal |
al i quot s, of 1n1_vve taken before and after induction for, Bu

nd an ST clP BUEBetoRbE Car i vaopgrd ool Bies e Gl i B8 gt Betore
Purifi Wdu %Céwreﬁéuorﬁ)@k kted ﬁed@ﬂftﬁnérﬂwéwdqﬂelwltuwmsméﬁ Ut b3 fV Tri s
buffer (p &) containing 500 mM NaCl, 10vM TCEP) and a m xture of

pr ot caSEOW i 1§ teorand( maiiaied undeathessesondsiensearal6hes-e Tioyweceiat e Chy

£ S BT, B TSR, 0o S A A on

IPTG to the growing culture. Induction was maintained at 37 °C for 3 hours. Small

aliquots of 1mL were taken before and after induction.

Aliquots were then centrifuged (10 min, 4°C, 20000 x g) and bacterial pellets
were kept at -20 °C until analysis. The analysis was performed following a BugBuster
protein extraction according to the manufacturer's recommendations. BugBuster,
manufactured by Novagen, is commercially available from VWR. Expression level was
determined by Coomassie-blue staining of SDS-PAGE gels and by Western blots. The
solubility was evaluated after detection of the protein in the pellets or in the

supernatants from the BugBuster’s extraction.

Expression - Large scale inductions:

E. coli BLR (DE3) strains were transformed with constructions as described
herein, put on LB agar plates containing the appropriate antibiotic and incubated
overnight at 37°C. The resulting bacterial lawn was used to inoculate the desired
number of 800 mL flasks of LB APS medium with the appropriate antibiotic (40 pg/ml of
Kanamycin or 100ug per ml of carbenicilin) and put at 37°C to reach an ODegqgo of 0.5 to
1.0. The 2.5L flasks containing 800ml of growing culture were then cooled down on ice

1hr before inducing the expression of the recombinant protein by the addition of 1mM
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system (Constant System. Soluble (supernatant) and insol uble (pellet)
conponents were separated by centrifugation at 20 000y for 20 m nutes at
4C. Becawwo 20a8B7439 reconbi nant proteins are expected POTIERROI0AFT1EL S,
supernatants were di scarded. Usually, the insoluble conponents (pellets)
were resol ubilized in 501M bi ci ne buffer pH 8.0 containing 6M guani di ne
HCl, 500"M NaCl, 10OvM TCEP, and then centrifuged (20 000 x g for 20 mn).
The supernatant was | oaded on a 5m H's Trap colum (CE Heal thcare) already

preequijptar al*c?ﬁ’wdb@e bheert ecﬁbgﬁéw?hﬁf&ﬁthr@%s‘@obféﬁﬁ% BH”E&BHé AbLiPPeforuer ed

to 1InM Arter |oading, the colum ™was washed once wth the sane buffer. The
6M GnHMdustiaot Frbpe:uag@stwevasthereputal@w tioyorew atr163C (a8l ropietainedDHv e MR Pesss;
500n Vy?ﬁiwl &%M ur@H 8.0). Elution was performed using a 20rM HEPES

buf f er 8 Ui ng 8M Urea, 500nM NaCl, 1mM TCEP and 250 mM

i m dazol e. Samtpte@s/vérreamrmtfuge@mﬁ mt4°®1ﬁomerxeg eamil tyatm@hampeﬁas viRAekepand

fractions_containing. the protein |nterest pool ncentrated on a
Contr | P “BeitlBlcalen et sim S malpiiys e ol TaG AR e bpie #h | on.
One or gkéP irkduRRsn 9br §E§B(J§t'e?—%n@><§rﬂé!§ééa‘b9 @@WA@EW ?/Ve(s't?é’rﬁetﬁlgﬁéxb&%%emgz

Heal t hcare) were done, depending of the purity needed, in 8M U ea

HEPES, P900Ca#onNaCl, 1mv TCEP, pH 8,0, before the last desalting step. The
desal ting wasdone on a &5 desalting colum preequilibrated with the final
20mM HEPES buffer (pH 7.0) containing 4M Urea, 150 NaCl and 1nM TCEP.
Protei n samPlueficatiohe 1m -aliquoted in tubes and stored at - 80C. Protein

anal ysi s-concentrati determ natio tein ncent r at i.on ef,er m ned
usi ng an RC eﬁ'ﬁg ﬁeﬂsa/g%rgyreﬁmr}q%g Oltml H@ % '5& gp'ﬁli\ﬁﬁferq?ﬁ' ég}issay
was US%@nMn%@ODhﬁM' Nﬁ@ﬁﬂ@tﬂl\b'ﬂGEm Md §Qﬁ'ﬁt&@'@5¥’9ﬂﬂéé§e phititaes {Conplekaf f er
with classic or BCA assa gh contents of urea and reducer

agent s EDWriwe). g Baaterie \é@reolwsw)( ﬁatterpbxosémﬁatmrbyamata SAMAR PEOLS! 8 AaYilrd zed
by SDSCB[?‘%aSEﬁ% Cﬁ"F)Eer?t%ﬁﬁ utsh ?{5@5 é aﬁl?nrmhetﬁ?g)\%ﬁsﬁagﬂ@a&lér%tl&t

degradati on rot ati1on
system (Constant System Soluble ( supernatant ) and insoluble (pellet) components
were separated by centrifugation at 20 000g for 20 minutes at 4°C. Because
CASB7439 recombinant proteins are expected in the pellets, supernatants were
discarded.

Usually, the insoluble components (pellets) were resolubilized in 50mM bicine
buffer pH 8.0 containing 6M guanidine HCI, 500mM NaCl, 10mM TCEP, and then
centrifuged (20 000 x g for 20 min). The supernatant was loaded on a 5ml His Trap
column (GE Healthcare) already preequilibrated in the previous buffer but with TCEP
concentration lowered to 1mM. After loading, the column was washed once with the
same buffer. The 6M GnHCI chaotrope agent was replaced by 8M Urea (8M Urea,
20mM HEPES, 500mM NaCl, 1mM TCEP, pH 8.0). Elution was performed using a
20mM HEPES buffer (pH 8.0) containing 8M Urea, 500mM NaCl, 1mM TCEP and 250
mM imidazole. Samples from elution fractions were analyzed by SDS-PAGE, and
fractions containing the protein of interest were pooled, concentrated on a centrifugal
device if needed, and used for the second step of purification.

One or two steps of SEC (size exclusion chromatography) (Superdex 200, GE
Healthcare) were done, depending of the purity needed, in 8M Urea, 20mM HEPES,
500 mM NaCl, 1mM TCEP, pH 8,0, before the last desalting step. The desalting was
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Exanpl e 9 CASB7439 Expression Validation in Normal and col orectal cancer
(CRC) Tissues Applicants perforned real-time gPCR anal ysis of CASB7439 nRNA
expr essi omoi201BB643RC sanpl es and 12 normal col on sanpl eeColPadAa71fir om

Cori xa Corporation. CASB7439 nRNA was at |east 10-fold overexpressed in CRC
conpared to normal colon in 63% of CRC sanples tested conpared to nor nal

ti ssues (data reported as average CASB7439/ b-actin expression ratio)
(Figure 7/35). In addition, Applicants detected CASB7439 protein by

| MTUNOidHBIRSE 5%idsalting dbI AT e LA RBUER, R Mial 20 EPES buTEARR 439

nonocl onal anti body (40-12) (antibody di scussed el sewhere herein);
CASB743PD)montaining i Udea, d0stMiNaGl@ndal mMldf GEBNt ti ssue secti ons.

Addi ti onal es re neLogi ¢ (Gene
M croarray) ‘?ﬁ]{ yszeirﬁﬁﬁg%g% lﬁﬁ@igééwwrﬁauae@%%@é%@g NA was found to
be highly expressed in CRC sanples fromall stages of the disease (data not
shown) . App |ctants erforrred real -tjme gqPCR anal ysis of CASB7439 nRNA

D {] A .
expressi on '8 e 5PRCCNiaiion SIEig .-'-10 on sanpl es obtai ned from

Cori xa Cor pWr&berBonc@ﬁﬁﬁFéﬁ%d%%eﬂﬁﬁeatushr@% RO-Bo! ot‘é}’rﬁé fhﬁécﬁﬁ'edl n CRC
conpared to normal colon in 63% of CRC sanples teste nor mal

t i ssuesopgriethep syt BeRes) av&l&@ésmswasﬁd guadeithe emmrégglmlﬁy ratgon)e
ﬂi‘sﬂ‘;%ﬁé@}; h@d&ﬁﬁgﬁ‘uﬁﬁf %uﬁgér‘?@l 1dl 53|5?_E5W§%%r %@ﬁﬁ&éaﬁ)% %?ﬁgrﬁé%f u%'%% ’

bot t omaoti redbm’na:gecnrtg/)pt%ndmm goantities cﬂrf;nabphﬁemrmepaﬂatlbn sgare alsx apglyzed

pl acen 445-3457. 1n col orectal .cancer
(RO | by et Ehalpaistt Biaands BELoBRaNP FEoape pEsrFoR BN G CFaaREeq | n
70% of MUsEbrbieHs HAS LPSSEam @At 431 Prot ei n Expression in CRC and Nor mal
Adj acent Colon Tissues In order to analyze CASB7439 protein expression by
i munof | uorescence in normal and CRC tissues, a specific rabbit

anti - CASBZA39gnDNnocl onal anti body (40-12) was devel oped. Rabbit hybridomas
rai sed CASB7439 were obtained fromthe comrercial provider

Epi t omGASB 39 xutessior datidatinn iAgbdrimedand colbinectaidmncer (dHCedissues

Applicants performed real-time gPCR analysis of CASB7439 mRNA expression

in 83 CRC samples and 12 normal colon samples obtained from Corixa Corporation.
CASB7439 mRNA was at least 10-fold overexpressed in CRC compared to normal
colon in 63% of CRC samples tested compared to normal tissues (data reported as
average CASB7439/B-actin expression ratio) (Figure 7/35). In addition, Applicants
detected CASB7439 protein by immunofluorescence (IF) in human CRC tissues using a
rabbit anti-CASB7439 monoclonal antibody (40-12) (antibody discussed elsewhere
herein); no CASB7439 protein was detected in normal adjacent tissue sections.

Additional expression data for CASB7439 were generated by GenelLogic (Gene
Microarray) analysis using standard techniques. CASB7439 mRNA was found to be
highly expressed in CRC samples from all stages of the disease (data not shown).
Applicants performed real-time qPCR analysis of CASB7439 mRNA expression in 83
CRC samples and 12 normal colon samples obtained from Corixa Corporation.
CASB7439 mRNA was at least 10-fold overexpressed in CRC compared to normal
colon in 63% of CRC samples tested compared to normal tissues (data reported as
average CASB7439/B-actin expression ratio) (Figure7/35).
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by the hybridomas were first screened by ELI SA using the reconbi nant
protein LVL1 11 (SEQ ID NO 3). The specificity of the mAbs were verified by
West ern bwotzowsiseg3LVL1 11 and cell |ysate obtai ned fromCa/RrPe@onbilaant cel l
|l i ne engi neered to express CASB7439 (see bel ow, TCl/ CASB7439). CASB7439
protein expression in TCl/ CASB7439 tunors (grown in mce), SW620 and

SW 480 cells (CASB7439 positive human col orectal cancer cell line), and in
HCT- 116 cells (CASB7439 negative hunman col orectal cancer cell l|ine) was

assessed by |iJEpRAEMURERRFEIESONS EIQteEh@n B?“@RSBWQQW ABsH VRRNIE b ¢ ed

for CASB7439 protein expression validation. Applicants obtalined from NDRI
( Nat i ogé¥ rmbs@a@@om%bla\raéﬁ verny v Ievieh et the mdtam ok relenic csvwsmub@pt inams JFK

Boul e ) f%f@% f S es. of
bot h ngje rHﬁhor n%uggﬁccgppléf?%géuéj romrgl) t)eqﬁe%é ?v?‘gﬁismfm 5 of
t hese icotdjrwtdluabrscern(ﬁll%s) aibswed, |GABBM&@rmRNIAShagm@meuowmtpl be arg-fold
screened 17 %ﬁé&}n&; 17 nor adj acent tissues and 5 netastasis.
Qut of CY9'exp G}?&g@ irean fisgugs ase 3 were positive for CASB7439
protein expression (76.5%. Al these CASB7439-positive sanples were

adenocar ci nomas. None of the nornal adjacent tissues expressed detectable
| evel s GASBYI97Aein Expeessiondn GRe anst MeimaliAdiagent Geton Riseiess wer e positi ve

(60% for Cﬁ?ﬂ%@@to"%ﬂ& L @K@B?E?% gi?otgﬂ‘%x@%fségh {’Y I ‘ﬁﬁSr%sEPu‘??eCAr?B7439

protein and expres Fon was s y rea me gPCR
anal ysinermpelr ért ORC tissusg, acyecifie rabioihantHEFsSBIM 39ombnoelonarardibddy ¢40rE L)

dj t I ti i 67 st I f t k
The. condst QR ApsE: Haoh!! XSRS Fort FRsREChRR e s AP TP edtin: eq
in Fi gebmniérdfal pﬁsmemwmb@mmgﬁ@ 66BN BY 1A SeieBrE3 OT e ﬁ{A@jsnprlamUced
I mmunof | uorescence al so di spl ayed the_hi hest SB7439 nRNA | evel s. anpl e

10 | nmiwdhehyeridamas V\@A@Bvszt@grqewemwe&l aggherre,c@mblmaﬁhm@éhp& Win
| nbred é’%@}elﬂq\lé@dyﬁ@eﬁ c?fﬁzjut Wetré( W ﬁu%é“it?]ﬁ@stér‘h Bl Cusi ba”k

of peptides was nerate (lt)l ne synt esi s met to cover the enti
sequendtdLafl 1 tdrad ceII lysate obtalned from a recombinant cell line engineered to express

CASB7439 (see below, TC1/CASB7439). CASB7439 protein expression in
TC1/CASB7439 tumors (grown in mice), SW-620 and SW-480 cells (CASB7439

positive human colorectal cancer cell line), and in HCT-116 cells (CASB7439 negative

human colorectal cancer cell line) was assessed by immunofluorescence with the
mAbs. The mAb 40-12 was selected for CASB7439 protein expression validation.

Applicants obtained from NDRI (National Disease Research Interchange, 8 Penn
Center, 8" Floor, 1628 JFK Boulevard, Philadelphia, PA 19103) OCT-embedded frozen
tissue samples of both CRC and normal adjacent tissue from 17 different individuals; for
5 of these individuals, metastatic tissues were also obtained. Applicants screened 17
primary tumors, 17 normal adjacent tissues and 5 metastasis. Out of 17 primary CRC
tumors analyzed, 13 were positive for CASB7439 protein expression (76.5%). All these
CASB7439-positive samples were adenocarcinomas. None of the normal adjacent
tissues expressed detectable levels of CASB7439 protein. Of the metastatic tissues, 3
of 5 were positive (60%) for CASB7439 protein expression.

The correlation between the CASB7439 protein and mRNA expression was
studied in 16 CRC tissues by real-time gPCR analysis performed using routine

techniques on both cancer and normal adjacent colon tissues. Ki67 staining was used
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CASB7439 protein (Figure 9/35). Each peptide was a 15-ner, overlapping the
next peptide by 11 am no acids. To investigate the i mmunodom nant regions,
14 pool s wb 2pep36448s were arranged according to a natri PCIEPROWIOSTI4BNY t WO
pool s of peptides had only one common peptide (Figure 10/35). For T-cell

I munogenicity studies in mce, up to 15 inbred mce and up to 10 outbred
m ce per group have received four intranuscul ar immunizations every two

weeks, with various doses (fromO to 30ng) of various reconbi nant CASB7439

protei g §qBlreAltRA ?“?‘fatrltler'A‘SQJﬂeBccS’r"'relQt‘ﬁ;nIS belEWée?h PALBT£30 %rr@tefﬁsﬁnerr‘ﬁWN@t ary

adj uvants. Once fornmulated with antigen, ASOl1 B is conposed
( 100ngexpiesaion iggres¢ntodrig/myyrei B/33. pamse)ammse/vmoh mh@uted %SIB?%Q i gen,

11 pReSREE B el SN R R s e R AR RN B 1™ ™

protein mxed with 25m of a 2X concentration adjuvant. Therefore, each

nouse in th AgOl B group received 5 ng MPL and 5 ng Q521 . Each nouse in
t he Asé—@@i%é—recei ved 5 ng MPL, 5 ng Q821 , and 5 ng CpG7909. After the

| ast i nmHiinedbhiely ciREASB$49Y |rE’EN4§eV\’eC%SE3ﬁ4@i9”?Q:efIrlﬁfﬁwuﬁ@éﬁcﬁg- inFbred
CASB74 munogeni crty analysis in rnbred mce, spleens or S were
anal yz&Mice ndi vi dual | y or pool ed. For CASB7439 i nmmunogeni city analysis in
CD1 out bred : ioVi Y.

T8 §t8d¥ SREF-cal fERy eﬁé.ygf@§3%9 ndild Y bgﬁﬁ o??%?sigésl 06

i sol ated spl enocytes were resuspende i'nal” ConcentT ati on
cel | s peas genemtdePMly ddidibe csyrithiesis madihods Wbt boxldwethfeolehmm Bgquattiet of dise

Peni ci | 1
ze”wéftﬁﬁﬂ%@a?nﬁ%t RBHEL s S AT LoSb IS WoBAy S TG kphES (BB A
Cell's hapgddeem shimims ateed. Wié mmﬁ@@t@tméqmnﬁmmoﬁmﬁar@%@%@ 19658610F

(used at a final concentration of 1ng/m/peptide in RPM 1640 + additives +
5% heatpﬁpmﬁﬁ WeEs agargss) acegrding: toar @Matiix gHcls that Argwol rS)'s phpeptisies s,

I L-2, fon A{%}E@@%%ﬁﬁﬂ?gﬁ@ggﬁ erforned, according to classical

procedur wer e treated with brefeldin A and
fixed. Surf &oe Tstali mmmgnogermty sindieSO8 mae, dpnt® %tlmbreﬂ)zrna:ﬁda@Bpstpem fic

nonocl gnal anti bodi e rneabilized and st ai ned th

speci fioy%ﬁdmcgna?r gﬁqqpoﬁav%srepeo{vgc\iﬁour wﬁramuscular Immuniza ons every wo
weeks, with various doses (from 0 to 30ug) of various recombinant CASB7439 proteins
formulated with AS01B or AS15, both of which are GSK proprietary adjuvants. Once
formulated with antigen, AS01B is composed of MPL (100ug/ml) and QS21 (100ug/ml)
in liposomes). Once formulated with antigen, AS15 is composed of MPL (100ug/ml),
QS21 (100ug/ml) and CpG7909 (840 ug/ml) in liposomes. Each immunization
contained 25ul of recombinant CASB7439 protein mixed with 25ul of a 2X concentration
adjuvant. Therefore, each mouse in the ASO1B group received 5 yg MPL and 5 ug
QS21. Each mouse in the AS15 group received 5 uyg MPL, 5 ug QS21, and 5 ug
CpG7909. After the last immunization, spleens or PBLs were obtained from the mice.
For CASB7439 immunogenicity analysis in inbred mice, spleens or PBLs were analyzed
individually or pooled. For CASB7439 immunogenicity analysis in CD1 outbred mice,
each spleen was processed individually.

The PBLs or isolated splenocytes were resuspended at a final concentration of
10x10° cells per ml in RPMI 1640 culture medium with the following additives: Penicillin-
Streptomycin (1X), non-essential amino acids (1X), 2-Mercaptoethanol (55mM), sodium
pyruvate (100mM), L-Glutamine (200mM). Cells have been stimulated with the
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against IL-2, IL-5 |IFNg and TNFa proteins. Cells have been anal yzed by
flow cytonetry using a BD FACSCanto |I1. Data are expressed in percentages
of doubl eyo2nto/Met4BFNg+ and TNFa+ CD4 or CD8 T-cells. | mora®2Mo0sHE41

Mul tistrain T-cell | nmrunogenicity Conpari son Experinent Applicants conpared
the i munogenicity of the CASB7439 protein, formulated with either ASO1 B
or AS15, in C57BI/6, Balb/C, CB6f1 (first generation progeny of C57BI/6
crossed with Bal b/ C mce) and C3H i nbred m ce purchased from Charl es River,
Sennevi Qﬁ@s JERY L, of
reconblp% ﬁt CA B?4 9 pr ofaéﬁsﬂ@fe?%&# gfrjé)nﬁl at eg Ehé?tgw\hé/ﬁyé%pﬁé@%r
AS15. ThRP M d0st nedibveot 1586 hedt-iaadtivaded EBS).oA® |ptna)¢ellufarfstamng RIGR)fer per

717 o1 GERHOBE, 4 b-Sor BBt INF kitser Boa /PRSore: RESAGNG 5 FA9RAKI | on

and i n kb Hdfesl 2/adr SBmuidiRnAedfs verdweatd P Rith Nrefdfin Tx @Bl fixed. Surface
(doubl e positive | FNg+ and d TNFa+) response was observed in any of the four

i nbr ed stainisg o5 G4 asd Cih% waasing3with Fiaansd Rbfasreqiiipmodesonaeantivbdies. i n

i nbred e 7 I i i The
irrrrunoJrFql eﬁh%é\'[gm g':)etzﬁ%%é& & Che d\‘/lmgt%hrét% %\g'ﬂgg ?gﬁgon@oﬁ%rfra ESIE{CI)%'SSHI ?@%I

NO 13 agaiist ICP(BLLS: IFNptande TRIF o PEsdeind. NZ &L hat@abdér3 dnalyked by fldw | D
NO 1 3) Balb/c: peptide 24 (aa 93 to 107 of SEQ ID NG 13) CB6f1 :

pept i deytomedry yging= BY FACsCatte . DDQ@ af{& eXRR$SE-In Leretaees of doublef SEQ

| D NO 550f SEQ ID NO 13), 16-19 (aa 6
1to 8#%}'?"’%@13“ g’ﬁ?ﬁ)ﬁ%@“’iﬁ“i’i@? 61- 183 of SEQ I D NO 13). | nbred
Mouse T-cell |nmunogenicity Studies of LVL1 11, LVL168 and LVL144
L L 1 V 168, and 144 vvere studl e in inbred CB6f1
Lt E%er, Senneville,
C, Canada)A M@rﬂ@%ﬁrﬂdﬁﬂé@'tﬂ@ﬁnﬁw@%%ém&%ﬁoﬁwEA@BVmepk@té/mtfbrr‘nU%ted

r econbi nant SB7439 proteins (LVL1 11, LVL168 and LVL144) fornulated with
AS15. mdibheitherunt2iBi 9nAS15, in CS7BI/6 Balb/C, CB6f1 (first generation progeny of

C57BI/6 crossed with Balb/C mice) and C3H inbred mice purchased from Charles River,

Senneville, QC, Canada. Five mice per group were immunized with 10 ug of
recombinant CASB7439 protein (LVL111) formulated with either ASO1B or AS15. The
spleens were collected and pooled (one pool of five spleens per group). The CD4 T-cell
response (double-positive IFNy+ and TNFa+) to LVL111 for each strain is presented in
Figure 11/35 for the ASO1B formulation and in Figure 12/35 for the AS15 formulation.
No CD8 T-cell (double-positive IFNy+ and TNFa+) response was observed in any of the
four inbred mouse strains.

The CASB7439 immunodominant peptides identified in inbred mice immunized
with CASB7439+AS15 are presented in Figure 13/35. The immunodominant peptides
and the with the corresponding regions of SEQ ID NO:13 are:

= (C57Bl/6: peptide 39 (SEQ ID NO:91) (aa 153 to 167 of SEQ ID NO:13)

= Balb/c: peptide 24 (aa 93 to 107 of SEQ ID NO:13)

= CBO6f1: peptides 7-8 (aa 25 to 43 of SEQ ID NO:13) and 23-24 (aa 89 to 107 of
SEQ ID NO:13)

=  C3H: peptides 9-11 (aa 33 to 55 of SEQ ID NO:13), 16-19 (aa 61 to 87 of SEQ
ID NO:13) and 41-43 (aa 161-183 of SEQ ID NO:13).
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contai ned 25m of reconbi nant CASB7439 protein mxed with 25m of a 2X
concentration adjuvant as described el sewhere herein. The CD4 and CD8
T-cel |l respanpese{sdoubl e positive I FNg and TNFa) were neasmPeaooy7141
intracellular staining and flow cytonmetry analysis in individual inbred
CB6f1 mce, after restinmulation of splenocytes with the CASB7439 pepti des
matri x. (Data not shown) The inmunizations with the all three constructs
triggered a CD4 T-cell inmmune response against the same i rmunogenic regions

(aa 25 |hedRiseSEELI %H@nééerﬂ&ﬂ/ 8RR 4 VEAA 1of vEIRES bRy NFL33) ' n CB6f1

I nbred™m ce. T munogeni Clt{ﬂ_ CASB/7439 in Mce:. CASB/439 T-cel
| mrunogeni cimmumg@mclfby et LMLt &1,aDdL tad, mneldL il tt vverfaswsedqm@breos@%ém Il e,

Caseradbegr 41 B L PRRLEE e Sife el B0t e VBRS e e+ 8, SR "o
i ][rm;nlz ?Zg go;e:momrtalugﬁdd EBuﬂvgﬁfesr@\mwhwoavgteeI@AfsBMt&% r;ycotrwérlrar?mc_xrﬁgBMwaﬁgm
Cre " 7. EEEely b de LViabE) &b St AR A e v ey Thae A CHo AT IR

i ntr aC%bhté'.r?erd %@Io@lrét%n%lﬁarﬁt' @NSBY&?MQT?théﬁn%Hu%M%ﬁ 251 bR dioK itlentrifiorm C€,

after restimulation of splenocytes 9 peptides matri X.

Tabl es adfuvaheaCABBIH3d eBdwhareuhegeni thpeqdi)‘ﬂ éod Chaénk-ce¢ll eebponsesi{doudle m ce
i muni zed.,. W t i the B7439+AS01 39+AS15 are rese i n
i gur e Posie 1P A Tbe) dvﬁrerragﬁ%&eg SRRl s erg And: T SR

regi On%nb?@&t inf irRflidubl GRBreautbeed nﬂb@eaﬁé}v ﬁés%rﬁdl‘@ud‘rpbf @Weﬂgcﬁtég'v@iﬁ £
CASB7439 (expressed in ternms of the amno acid positions of SEQ |ID NO 13):

pept | dEASBHBY peptiest mabix1 (Patgmmt) shaum)1Ihe lﬁé"pumaétsor@ewmb tpeallsthiee o 83
f SE h
(():DB T-QCbP?tN%rﬁn]Jtn%%éEngnﬁﬁmf gelé%ﬁ;}nll%ge%?l%?gghdée a&%}gipout EIQ(;}1 m ce&g%vné(g tGhe

f ol | owregjopo(daa @6d00f3 GASBTYHY NCBER drid &D893tp: 1(Gyept BEEs IO NCA:83] aaCB61t 0 83
of SEQ.ID NO 13) peptides 24-26 (aa 93 to 115 of SEQ ID NO 13) and

pepti dd'"384{EE-125 to 139 of SEQ ID NO 13). (Data not shown.) Outbred Mouse
T-cell I mmunoaenicitv Studies of LVL1 11. LVL168 and LVL144

Immunogenicity of CASB7439 in Mice: CASB7439 T-cell Imnmunogenicity in Qutbred
Mice

CD1 outbred mice (Charles River, Senneville, QC, Canada) were immunized four
times every two weeks with the recombinant CASB7439 protein (LVL111) formulated
with either ASO1B or AS15. Each immunization contained 25ul of recombinant
CASB7439 protein mixed with 25ul of a 2X concentration adjuvant as described
elsewhere herein. The CD4 and CD8 T-cell responses (double positive IFNy and
TNF o) were measured by intracellular staining and flow cytometry analysis in individual
CD1 mice, after restimulation of splenocytes with the CASB7439 peptides matrix.

Tables of the CASB7439 CD4-immunogenic peptides identified in outbred mice
immunized with either CASB7439+AS01B or CASB7439+AS15 are presented in Figure
14/35 top and bottom, respectively. The CD4 T-cell immunogenic regions identified in
CD1 outbred mice covers the following regions of CASB7439 (expressed in terms of the
amino acid positions of SEQ ID NO:13): peptides 8-10 (aa 29 to 51 of SEQ ID NO:13),
peptides 16-18 (aa 61 to 83 of SEQ ID NO:13) and peptides 24-26 (aa 93 to 115 of
SEQ ID NO:13). The CD8 T-cell immunodominant regions identified in CD1 outbred
mice cover the following portions of CASB7439 (SEQ ID NO:13): peptides 16-18 (aa 61
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The CASB7439+AS15- nmedi ated CD4 and CD8-T-cell responses induced by LVL1 11,
LVL168 and LVL144 were tested in individual outbred CDL m ce purchased from
Char | es Rvoenio/Benseville, QC, Canada. Five mce per gr @up/EpPeaeioyad: f our

i ntramuscul ar i muni zations every two weeks conposed of 10 ng of CASB7439
reconbi nant protein (LVL1 11, LVL168 or LVL144) fornulated wth AS1l 5.
(Each i nmuni zati on contai ned 25m of reconbi nant CASB7439 protein m xed
with 25m of a 2X concentration adjuvant as descri bed el sewhere herein.

Five mi¢@sidi $EQ IDONDF 1), Peites'Ef-061(HRW ©eth 5'bf SER ﬁ:ﬁNd‘%PHﬁcﬁ %EptlJé"D

weeks after the fourth |rrrrun| zat1 on, the m ce were sacrificed.

CD8 T- S@l(hrarl@sporiseof GdsyHP dQds). t (Desa neighewitl) TNFa) wer e rreasured by
intracellular staining and flow cytonetry anal ysis after splenocytes
restinmulation with four pools of peptides (pool 1: peptides 8-9-10, pool 2:
pept i deutbediMedss Tmﬂllm&turmgghlcdesuﬂﬂes%f 2L Bid Lvbd B8 4ndiefitliddes

mminogeni ¢ 1Bt BRB7AR08RE b pvaRiecs Cpan LG el dpspaesLmcaeicay 5 1
Lo B3 996 | ALAR ahAILWDALDRRIS datedh TRt Blibal 6D 10RSERIRLR  12)

wer e actlvated after immuni zations with each of the three CASB
constrtr@trs Gharles| Rives, ﬁennewmwml_(&amadat/ DRve- W%@Qérﬁr@UW@é}@lVEchf@W

and. coRtterialiae it Riahon et P8, hEsAD el "BlURLEE 87 CREGTHT wor e

tested redfbrﬁb'iﬁbletd thtétrAZL\lltml, EVE 866 agnLYLMLe fdrihupsted swith BSmb.celEach
purchased fromthe Pasteur Institute, Paris, France. 9 mce per grou

recei v&AMupizatiphcoatARd 22 qfﬁ@ﬁﬂﬁi‘tz'a@m(ﬁé88\7639/ PrateiniBixRe Wbhed &

Soﬁ?g?ngﬁ %ﬁtﬁ%ﬁ econblsgénst%ﬁ@%gg@e% ?gé%t m@%ﬁﬁw Fﬂ%% gg&%(on

concentwese imnmuadjedweittt a aalimkebufferbed el sevx/nere herein. Two m ce in t he

trol ,th the. t al T h
Fourth i smtmoneeks SRR RS St P D5izAfon (B8 miechBis Saeitese e find "
r espong@g t@)suht SelPREsEdnsRs | FMIbRNGHotNva) IFM) ndeaNE8dwBYe measured by

intracellular staining and flow cytometry analysis after splenocytes restimulation with

four pools of peptides (pool 1: peptides 8-9-10, pool 2: peptides 16-17-18, pool 3:
peptides 24-25-26 and pool 4: peptides 30-31-32). The data are presented in Figure
15/35. The same CD4 T-cell immunogenic regions of SEQ ID NO:13, specifically
peptides 16-18 (aa 61 to 83 of SEQ ID NO:13) and peptides 24-26 (aa 93 to 115 of
SEQ ID NO:13) were activated after immunizations with each of the three CASB7439

constructs formulated with AS15.

HLA A2.1/DR1-transgenic Mouse T-cell Immunogenicity Studies of LVL144 and LVL168
The CASB7439+AS15-mediated CD4 and CD8-T-cell responses induced by two
constructs (LVL168 or LVL144) were tested in pooled HLA A2.1/DR1-transgenic mice (3

pools of 3 mice) purchased from the Pasteur Institute, Paris, France. 9 mice per group

received four intramuscular immunizations every two weeks composed of 6.25ug of
LVL168 or 10ug LVL144, formulated with AS15. Each immunization contained 25pl of
recombinant CASB7439 protein mixed with 25ul of a 2X concentration adjuvant as
described elsewhere herein. Two mice in the control group were immunized with the

adjuvant alone.
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intracellular staining and flow cytonetry analysis after PBLs and

spl enocytes restinulation with 7 pools of peptides covering the entire
CASB7439 woaqumnisetppool 1: peptides 1-7 (SEQ | D NCS: 53- POY/EPRP@OI05 A1

pepti des 8-14 (SEQ I D NCS: 60-66), pool 3: peptides 15-21 (SEQ ID

NCS: 67-73), pool 4: peptides 22-28 (SEQ I D NCS: 74-80), pool 5: peptides
29-35 (SEQ | D NOS81-87), pool 6: peptides 36-42 (SEQ | D NCS: 88-94) and pool
7: peptides 43-46 (SEQ I D NCS: 95-98)]. Moreover, the human HLA DR

| rmunodom ngQlo ReBkd After the Ricfan Pnrw%&ﬁﬁor’{"atﬁetrﬁ%ee\ﬁeié‘géé’rif%a' | Yhe Bis4

results presented in Figures 16-19 show that the same CD8 T-cell
i munododi &R Treg)l sesiqnsgsi (HesibiE pe8itive plpiy cwdzz'f)!\lﬁos) wcte vaewracﬂtl@y
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ot aeahoa LT RSB NSt ol Bahl o pebtides erd Lot agh SPOREE) HBl o at ed
with A bpﬁdeé Pabva (geQ RIS : B?meman?épﬁdéﬁz Qé\iﬁﬁé}?@) N@N&%O Yolo]
CASB7439- nedi at ed Hurmral Response CB6f1 Mouse Studi es CASB7439- rre I at ed

hunor ald: rp@@b@ﬁr%a%% (D Qo DoNCOSIBY 23 popl 1L peptigest 361h2 Gk 1k N@Se%ﬁé} ASO1
B or A 0, 0% at e | 1

m oe (a0, pARCR Blniies u Bl (EGIFRRCSEE 90ff2S (REEF e hunil! FLABR
recei vadrrfwodonnmarmpaﬂ:ldéazm SE(mlllarNOoT&) wuertfestedomdwedqmllyEaifhe results

I mmuni zati on on ai ned nbi nant SB74 d with 25n
of " ad] QeGSR EohEn{ o35 sy ok desae ald eadbpUbeep ainodomiRt

I muni ¥@§|bﬁfﬂ élrﬁtfblets\f@z QgelkéeﬁtfdeE'M)t iéeacft@blfefdhaﬂtéﬁTHﬂh@rﬂiétths With aBek kethe
experi ment CASB7439 medi at ed hunoral response to LVL1 11, LVL168 or LVL144

was asé‘é@s@‘ﬂSBM?PQ\lQP@%Iﬂ@BfoWﬁ%f@d(\@NaﬁSﬂé RITDks, Petifiec?4 iis @lsoqe, humamday .

Fifty [ Wo

neeks ith Ao I AURIEIDRNG DebRU. | ThEFEUSEME o BURNTELCIF 5y ekund

LVL144expenmahttied whicth tAS15aoe CABBAGISD pepjrdesasveaie cased oto gestipulakach
splenocytes obtained from 5 individual mice per group immunized with either LVL168 or

LVL144 formulated with AS15. (Data not shown.)

Immunogenicity of CASB7439 in Mice: CASB7439-mediated Humoral Response CB6f1
Mouse Studies
CASB7439-mediated humoral response to 10 ug of CASB7439 (LVL111)

formulated with either ASO1B or AS15, used at 1/10 of the human dose, was assessed

in inbred CB6f1 mice (Charles River, Senneville, QC, Canada). Nineteen mice per
group received four intramuscular immunizations every two weeks. Each immunization
contained 25ul of recombinant CASB7439 protein mixed with 25ul of adjuvant (2X
concentration). The mice were bled just prior to each immunization and two weeks after
the fourth immunization. In another experiment, CASB7439-mediated humoral
response to LVL111, LVL168 or LVL144 was assessed in inbred CB6f1 mice (Charles
River, Senneville, QC, Canada). Fifty mice per group received four intramuscular
immunizations every two weeks with 10 ug of CASB7439 recombinant protein (LVL111,
LVL168 or LVL144) formulated with AS15 or with AS15 alone as a control group. Each
immunization contained 25ul of recombinant CASB7439 protein mixed with 25ul of a 2X
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i mmuni zation contai ned 25m of reconbi nant CASB7439 protein m xed wth 25m
of a 2Xconcentration adjuvant as described el sewhere herein. The mce were
bl ed two woekn/ab44¢r the fourth i muni zation. The anti - CABEPAB9/0FYE and

| g&a serum anti body titers have been determ ned by ELI SA, according to
standard procedures. Briefly, the CASB7439 reconbi nant protein was coated
in a 96-well plate in phosphate buffer saline (PBS). After blocking with
bovi ne serum al bumin 1% in PBS-Tween (0.1 %, sera fromimunized mce was

i ncubatghcdirdtdf & @ep$ ok HeseSedBEWRErSHEreirf TRE MEAWRrEBRY A% wleks
 gGl or 1g&x ed

specific goat anti-IgGl o a- HRP | abel mouse antibody (Southern
Bi ot eclaftasthecfouste smnBinizatingham AL, USA) was added for one hour at 37C.
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positive nouse serum Figure 20/ 35 depicts the tinme-course analysis of the
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respong@ded fbnksedinRe. 1 THeCélomakRViddactibre vernNstopPed bysadbing MM sliffurid-VL168
or LVL144)._ | munogenicitv of CASB7439 in M ce: CASB7439-nedi ated Hunor al

Respo_n@éi _ LhevSil2 bage pgeeIneasssed 30 40BMaksiag Wﬁfam%§M@MQW@SB7439
(Char1 §20I 0y Ok, Srppdie P Ul 10 qifbdT SRR oodh SUERRERAEH™ Gur
i nt r amasst@ahdard curve, using specific total 1gG, 1gG1 or 1gG2a capture antibodies and an
internal CASB7439 positive mouse serum.
Figure 20/35 depicts the time-course analysis of the IgG1 and IgG2a antibody
titers in sera of mice immunized with CASB7439 (LVL111) formulated with either ASO1B
or AS15. The data demonstrate that AS15 triggers a higher Th1 (approximately 10-fold
higher 1gG2a/lgG1 ratio after 4 immunizations compared to ASO1B (IgG2a is a
surrogate marker of type 1 immune response). As shown in Figure 21/35, CASB7439
protein formulated with AS15 triggers a very strong 1gG1 and 1gG2a antibody response
in inbred CB6f1 mice, whatever the construct used (LVL111, LVL168 or LVL144).

Immunogenicity of CASB7439 in Mice: CASB7439-mediated Humoral Response CD1

Mouse Studies

CASB7439-mediated humoral response upon CASB7439 immunizations
(LVL111, LVL168 or LVL144) was assessed in outbred CD1 mice (Charles River,
Senneville, QC, Canada). Ten mice per group received four intramuscular
immunizations every two weeks with 10 ug of CASB7439 recombinant protein (LVL111,
LVL168 or LVL144) formulated with AS15 (or with AS15 alone as a control group).

Each immunization contained 25ul of recombinant CASB7439 protein mixed with 25ul
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i mruni zations every two weeks with 10 ng of CASB7439 reconbi nant protein
(LVLl 11, LVL168 or LVL144) fornulated with AS15 (or with AS15 al one as a
control gwoupj)o/13E8h | mmuni zati on contai ned 25m of recechinrarm/€ASB7439
protein mxed with 25m of a 2X concentration adjuvant as descri bed

el sewhere herein. Two weeks after the fourth i munization, the mce were

bl ed and the anti- CASB7439 total 1gG serum anti body titers were determ ned
by ELI SA, as al ready described. CD1 m ce inmunized with various CASB7439
constr b ééﬂc%nﬂrétlorlré(&%@gntoés dedclitdd RNHPO naref@r v _strong

CASB7439- speci f hunoral 1 nmmune response (Figure 22/35). The data
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protein r|ne t unor ri ne col orectal cancer

el | 5 Rr oV ITEAA RNon o stetily KoRaa rABES A sRacic MRS (ORGP piESPBERS on i n
mce. Tlglrd UOB5). C@h'e%é’t@’"#d&ﬁét@@'tbfaﬂoé @Vicdeslidiy nic %he@ anWCAéB'?%Q HRBKI
Unlver5|ty, Baltinore, MD). They were generated Tromprimary lung cells of

C57BI / &teriwas inducee byUddd<di arecemnparedeio lovL 1gdvamd EXLANY respegtiiely 1usdd hin
acti Vato‘ﬁﬂ) é@l ggcogene as described previously (Lin et al. (1996) Cancer
Res. Jan 1 ZQ ):21-6. MZ38 cells, a murine col orectal adenocarci noma cell
line, were purchased from ATCC (Manassas, VA). These cells were stably

t ransf gt ed!vm' ih a construct encodi ng CASB7439 using the non-1|i posomal

t ransf agent Fugene-6 (Roche, M ssissauga, ON, Canada), according
to t he ARROLIrAGH EffieAC\Sof CASEIESYAICINS MifK.:| Rlutite TRNUradsddl &%%%nge_m
(pcDNA3. I7Zeocine) coding for the enfire sequence of t rotein
and cont ai nPnfuingebEIdieMpdel sxrigesingdhe, Cﬁgﬁméarprﬁﬁtwswq H_CFﬂJg’@HréDQS and
added S e oyer ht .
Ator toorale; S5 ey Mreiihd “EirsEll SalderCERTERS SRSHR LAY
medi umCASB)%&SBemedlarmm vatoetinkBJorotection in mice. TC- 1 tumor cells were kindly

provided by T. C. Wu (Johns Hopkins University, Baltimore, MD). They were

generated from primary lung cells of C57BI/6 mice by the successive transfer of HPV16
EG6 and E7 genes and an activated ras oncogene as described previously (Lin et al.
(1996) Cancer Res. Jan 1;56(1):21-6. MC38 cells, a murine colorectal
adenocarcinoma cell line, were purchased from ATCC (Manassas, VA).

These cells were stably transfected with a construct encoding CASB7439 using
the non-liposomal transfectant reagent Fugene-6 (Roche, Mississauga, ON, Canada),
according to the manufacturer's recommendations. Briefly, a plasmid
(pcDNA3.1/Zeocine) coding for the entire sequence of the CASB7439 protein and
containing a zeocine-resistance gene, has been mixed with Fugene-6 and added on top
of TC-1 or MC38 tumor cells in serum-free medium overnight. After transfection, cells
were allowed to recover for 24 hours in culture medium + 10% heat-inactivated FBS.
Cells were then harvested and distributed in 96-well plates (50 ul of cell suspension per
well) for limiting dilutions. After cell seeding, the medium was replaced with culture
medium + 10% heat-inactivated FBS containing 100ug/ml of zeocine (Invitrogen,
Burlington, ON, Canada). After selection, each clone was harvested and allowed to
grow in 24-well plates and frozen. The expression of CASB7439 mRNA in
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Cells were then harvested and distributed in 96-well plates (50 m of cel
suspension per well) for limting dilutions. After cell seeding, the nedi um
was repl avodowvtdtadul t ure nedi um + 10% heat - i nact i vat ed PEBEPe@0to&ilni ng
100mg/ M of zeocine (lnvitrogen, Burlington, ON, Canada). After selection,
each clone was harvested and allowed to grow in 24-well plates and frozen.
The expression of CASB7439 nRNA i nTCl/ CASB7439 and MC38/ CASB7439 cel |l s was
verified by real-tinme gqPCR, using CASB7439-specific TagMan priners and
probe. THCASBABY BnAIRRESSRATE LI BaKe WACU-MRLS BY R HnkhopcRadl
reaction kit using a TagMan 7900 machi ne ( Agp i ed Bi osystem Foster ty,
CA, USBASBHBIHSRIfU3daplen dirimenspard srahe. h @etf@ehtlrags@%aorebytlmhevm bl ot
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doses of cells (from1x105 to 2 x 106 cells per nouse) were injected in
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Chal |l e i ments series of four studies ( 1 .1-1 .4) were designed
to assg@%%%é%ﬁ ‘medi ated in vivo tunmor protection. CGenerally, in
each of thegg darmipkltheesptiBalotdse of T@3$fo1r mos% BBl tvigidr fdidllienge in
intranuscul ar imunizations at two week intervals, with various doses (O,

1, 10 &ncgovarpusglosereofserlsi (from etSisi 2O coslis7RgiomgLsR)evare intesded flor t he

tud t t
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CB6T 1 1 R ML Sround optimal for challenge with the MC38/CASB7439#35 cells.

Anti-tumor Efficacy in Mice: Immunizations and Challenge Experiments

A series of four studies (1.1-1.4) were designed to assess the CASB7439-
mediated in vivo tumor protection. Generally, in each of these four studies, groups of
CB6f1 mice were given four intramuscular immunizations at two week intervals, with
various doses (0, 1, 10 or 30 ug) of the specific recombinant CASB7439 protein chosen
for the study, formulated with either ASO1B or AS15 at a final concentration as
described elsewhere herein, with a saline buffer, with the CASB7439 protein alone or
with the adjuvants alone. Two weeks after the fourth immunization, CB6f1 mice were
challenged by subcutaneous injection with 250,000 TC-1/CASB7439 #14, 100,000
MC38/CASB7439#35 cells or 250,000 TC-1/CASB7439 #14-2 tumor cells. After
challenge, the size of the tumors was measured three times a week for each mouse.
According to protocol, mice with tumors bigger than 200 mm? were sacrificed. Survival
curves were then plotted.

An additional three studies were carried out (2.1-2.4) to investigate doses other
than 0, 1, 10 or 30 ug of the recombinant CASB7439 protein. Study 2.4 assessed the
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chal | enged by subcutaneous injection with 250,000 TC- 1/ CASB7439 #14,

100, 000 MC38/ CASB7439#35 cells or 250,000 TC- 1/ CASB7439 #14-2 tunor cells.
After chawvDenge3etdBe size of the tunors was neasured three/RPRomsSHINEEK foOr
each nouse. According to protocol, mce with tunors bigger than 200 mMm®
were sacrificed. Survival curves were then plotted. An additional three
studies were carried out (2.1-2.4) to investigate doses other than 0, 1, 10
or 30 ng of the reconbi nant CASB7439 protein. Study 2.4 assessed
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"AS015".) The curves show that 1n CB6f1 mce receiving CASB7439 protein
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Tumor growth was followed for 42 days, but no survival curves were plotted

because too few mice were sacrificed at day 42. However, tumor growth curves were
plotted for each group. Figure 23/35, top and bottom panels, present the tumor growth
curves obtained with the ASO1B and the AS15 formulations, respectively. (Note: AS15
is mis-identified in this figure as “AS015”.) The curves show that in CB6f1 mice
receiving CASB7439 protein formulated with either AS0O1B or AS15, the
TC1/CASB7439#14 tumor growth is slowed.

Study #1.2
Groups of fourteen mice received a different dosage of LVL111 (1, 10 and 30ng)

or control. Mice were intramuscularly immunized four times at two week intervals with
the different doses of LVL111 formulated with either ASO1B or AS15 at a final
concentration as described elsewhere herein. Four control groups were also
immunized with AS01B-only, AS15-only, saline buffer-only, or 30ug LVL111-only. Two
weeks after the fourth immunization, each mouse was subcutaneously challenged with
250,000 TC-1/CASB7439#14 cells. After challenge, the size of the tumors was
measured three times a week for each mouse. According to protocol, mice with tumors

bigger than 200 mm? were sacrificed. A survival curve was drawn.

-56 -



or control. Mce were intranuscularly immnized four tinmes at tw week
intervals with the different doses of LVL1 11 fornulated with either ASO1 B
or AS15 awoaofo/m3ed43concentrati on as descri bed el sewher e Ph@meP2ono/0FOur

control groups were also imunized with ASO1 B-only, ASl1 5-only, saline
buffer-only, or 30ng LVL1 11-only. Two weeks after the fourth immunization,
each nouse was subcut aneously chall enged with 250, 000 TC- 1/ CASB7439#14
cells. After challenge, the size of the tunors was neasured three tines a

veek for eafrhe%@.ﬁ@s nﬁ‘ﬁ&é’cédﬂhﬂg rﬁ.eenmﬁm%d mr%cwmhfémét%dbwgwswan
200 nm?2 were sacrificed. A survival curve was drawn. The results indicate
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Thirty eight CB6f1 mce per group were intranuscularly inmunized four tines

at two week intervals with 10 ng of LVL1 11, LVL168 or LVL144 fornmul ated

with AZlGyakq8 final concentration as described el sewhere herein. A control
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final
challenge, the size of the tumors has been measured three times a week for each

mouse. According to protocol, mice with tumors bigger than 200 mm? have been
sacrificed. The results indicate that LVL111, LVL168 and LVL144, formulated with
AS15, are all protective against a TC1/CASB7439#14 or MC38/CASB7439#35
challenge. See Figure 25/35.

Study #1.4
Sixty-six CB6f1 mice per group were intramuscularly immunized four times at two

week intervals with 10 ug of the LVL168 or LVL144 formulated with AS15 at a final
concentration as described elsewhere herein. A control group immunized with AS15
alone was also tested.

Two weeks after the fourth immunization, twenty two mice per group were
subcutaneously challenged with either 250,000 TC-1/CASB7439#14 cells (non-clonal
population), 250,000 TC-1/CASB7439#14-2 (clonal population) cells, or 100,000
MC38/CASB7439#35 cells. After challenge, the size of the tumors was measured three
times a week for each mouse. According to protocol, mice with tumors bigger than 200
mm? were sacrificed. The TC1/CASB7439#14-2 challenge appeared more aggressive
than the TC1/CASB7439#14 challenge, as evidenced by the earlier death of the control
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concentration as descri bed el sewhere herein. A control group inmmunized with
AS15 al one was also tested. Two weeks after the fourth inmunization, twenty
two m ce wenrogvismadwer e subcut aneously chal |l enged wi t h ecrh®ro1256871000

TC- 1/ CASB7439#14 cel | s (non-cl onal popul ation), 250,000 TC 1/ CASB7439#14- 2
(clonal population) cells, or 100,000 MC38/ CASB7439#35 cells. After

chal l enge, the size of the tunors was neasured three tinmes a week for each
nouse. According to protocol, mce with tunors bigger than 200 m2 were
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herein. Study #2.1 Fifteen CB6f1 mice per group were intranuscularly
i nmuni %?d fgtr times with various equinolar doses of either LVL168 or
LVL144 ated with AS15 at a final concentration as described el sewhere

herein. For Flﬁ‘éeila6§86f1hﬁ1iéé)blep‘giré‘lg) b GRPAAGSEFarkeIMeMUAIREd fBur fimed- with 3- 1
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t he AS15, control group, the f ets of equinol ar, doses of LVL144 and
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mouse. Mice with tumors bigger than 289 mm? (17mm X 17mm) were sacrificed.
Survival curves for each group were drawn. See Figure 27/35, which depicts the
survival curves obtained with equimolar doses of LVL168 and LVL144, formulated with
AS15 after a TC1/ CASB7439 #14-2 tumor challenge. TF stands for tumor-free mice.
In comparison with the AS15 control group, the four sets of equimolar doses of LVL144

and LVL168 seem to inhibit tumor growth similarly in CB6f1 mice.

Study # 2.2
Fifteen C57BI/6 mice per group were intramuscularly immunized four times with

various equimolar doses of LVL168 or LVL144 formulated with AS15 at a final
concentration as described elsewhere herein. For LVL168, the following doses of
antigen were used: 0.77, 1.5, 3.1 and 6.25 ug per mouse. For LVL144, the following
doses of antigen were used: 1.25, 2.5, 5 and 10 ug per mouse. As control groups, mice
were also immunized with AS15 alone or a buffer. Two weeks after the fourth
immunization, all mice were subcutaneously challenged with 250.000 TC-1/CASB7439
#14-2 (clonal population) cells. After challenge, the size of the tumors was measured
three times a week for each mouse. Mice with tumors bigger than 289 mm? (17mm X

17mm) were sacrificed. Survival curves for each group were drawn. See Figure 28/35,
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Fifteen C57BI/6 mce per group were intranuscularly immunized four tines
wi th various equi nolar doses of LVL168 or LVL144 fornulated with AS15 at a
final cormwerbroiassan as descri bed el sewhere herein. For PULEPS)10005H41

foll owi ng doses of antigen were used: 0.77, 1.5, 3.1 and 6.25 ng per nouse.
For LVL144, the follow ng doses of antigen were used: 1.25, 2.5, 5 and 10
ng per nouse. As control groups, mce were also i munized with AS15 al one
or a buffer. Two weeks after the fourth i mmunization, all mce were
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mce in the i nmuni zed groups, the AS1 5 group, or the buffer group was
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control group. Two weeks after the fourth inmunization, all mce were
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See Figures 29/35 and 30/ 35, which Ofgl ct the survival curves obtained with

the di ﬁﬂé@@ﬁﬂe@tﬁw rkedengRsS aithy 12501006 § Grt-ASIB 14739#14-2 (clonal population)

cells. After challenge, the size of the tumors was measured three times a week for each
mouse. Mice with tumors bigger than 289 mm? (17mm X 17mm) were sacrificed.
Survival curves for each group were drawn. See Figures 29/35 and 30/35, which depict
the survival curves obtained with the different equimolar doses of LVL168 and LVL144,
formulated with AS15 after a TC1/CASB7439 #14-2 tumor challenge. TF stands for
tumor-free mice.

The two lowest equimolar doses tested did not appear to significantly inhibit the
tumor growth. At the four highest doses, more tumor protection was observed in those
mice immunized with LVL168 plus AS15 as compared to LVL144 plus AS15.

Study #2.4
The lack of protection observed in C57BI/6 mice immunized with CASB7439

formulated with AS15 against a TC1/CASB7439 #14-2 tumor challenge, as observed in
study # 2.2, was further investigated. Fifteen CB6f1 or C57BI/6 mice per group were
intramuscularly immunized four times with 1 ug of LVL168 formulated with AS15, at a

final concentration as described elsewhere herein. Male and female groups of mice
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formul ated with AS15 after a TCl/ CASB7439 #14-2 tunor chall enge. TF stands
for tunor-free mce. The two | owest equi nol ar doses tested did not appear
to si gni fwoantngedsshi bit the tunor growmh. At the four RCHP10068eE, nore
tunor protection was observed in those mce immunized with LVL168 plus AS15
as conpared to LVL144 plus AS15. Study # 2.4 The |ack of protection
observed in C57BI/6 mce imuni zed wth CASB7439 formul ated with AS15

agai nst a TCl/ CASB7439 #14-2 tunor challenge, as observed in study # 2.2,

was fu%ﬁﬁfnde'av@ﬁﬁ'ﬁ%beé* Lﬁfé@ﬂnA@va@er%rst%%@' $€hdFhteR). P&epaf 4t Rediiof
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lgG were obtai ned in both male and female CB6f1 mce i mmuni zed with LVL168

+ AS151Vha6ant ifsoldy nespieedy irepofee exaedelastats MBIV Bibcmicese Seri bigree
33/ 35. RAgd i al bl eeds were obtained 14 days after the fourth inmunization.
The CDAZ3 and CD8 T-cell responses (double positive IFNg and TNFa) were
measur ed by Partial ddeddsulvare sbtaimed @4 ataysfaften thg tfoomth imnamidagions, Tlaes CD4

d b I Ls from gith C57BI/ 6 5
pool s gndsChecd Fal ra%ciﬂé)esm@l@ﬁﬁeaosﬁ'%] Bins Hact 1 NEooBere rrgeses gy ¢
coveri nqratdéﬁulgﬂtsté.mngﬁa?Wﬂa& n@yeandwm@d@b lde88ribate M EstempRe (1BEQftEP
NO 91 ) was tested with PBLs from Sinmilar CASB7439-specific CD4

T- cel | ARSpHRgeLithappeBRITmereCH7Bl/a mider éouerly) Omer Eniedt REMEIPUM WEtS nal e
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addition, peptide 39 (SEQ ID NO:91) was tested with PBLs from C57BIl/6. Similar
CASB7439-specific CD4 T-cell responses (approximately 0.1 % frequency) were
obtained in both male and female CB6f1 mice immunized with LVL168 + AS15; a
CASB7439-specific CD8 T-cell response (0.05 % frequency) was obtained only in the
male mice. See Figures 34/35 and 35/35, top panels. No CASB7439-specific CD4 or
CD8 T-cell response was detected in C57BI/6 mice immunized with 1 pg LVL168 +
AS15 after PBL restimulation with a pool of peptides covering the entire CASB7439
sequence or CASB7439 peptide 39 (SEQ ID NO:91) (aa 153 to 167 of SEQ ID NO:13).

See Figures 34/35 and 35/35 (bottom panels). Note that the CASB7439 peptide 39
(SEQ ID NO:91) was utilized independently here because it had previously been
identified as a low CD4 T cell immunogenic peptide in the splenocytes of C57BI/6 mice

immunized four times with 10 ug LVL168 + AS15. See Figure 13 in Example 10.

Two weeks after the fourth immunization, all mice were subcutaneously
challenged with 250,000 TC-1/CASB7439#14-2 cells. After challenge, the size of the
tumors was measured three times a week for each mouse. Mice with tumors bigger
than 289 mm? (17mm X 17mm) were sacrificed. Tumor growth and survival curves for
each group were drawn. Figure 31/35 and 32/35 depict, respectively, the tumor growth
and survival curves obtained with male or female CB6f1 or C57BI/6 mice immunized
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mal e mce. See Figures 34/35 and 35/35, top panels. No CASB7439-specific
CD4 or CD8 T-cell response was detected in C57BI/6 mce imunized with 1 ny
LVL168 + weDbbioaf36483 PBL restinulation with a pool of pepCird®g000vani ng the
entire CASB7439 sequence or CASB7439 peptide 39 (SEQ ID NO91 ) (aa 153 to
167 of SEQ ID NO 13). See Figures 34/35 and 35/35 (bottom panels). Note
that the CASB7439 peptide 39 (SEQ ID NO 91 ) was utilized independently
here because it had previously been identified as a low CD4 T cell
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exper i zpptiat cwﬁlcfeuggs%gqﬁﬁ%ncg%m psé‘pt.%gef @(é’e Q@fto a@ of 4R | YRS g3 Rele! to

study i rmunogeni ci t tunor “protection . On the ot her hand,
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ID NO 13) Figure 13/35, Exanple 10] and CASB7439- specific CD8 T-cells, as
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-61 -



LVLO55 protei n MGHHHHHHHHHHSSGHI DDDDKHVDGGTLPRSAP PAPPVPVGCAARRRP
ASPEL L RCSRRRRPA

TAET GCCAARTARRNBRERNRVKL VNL GFQAL RQHVPHGGASKKL SKVET L RSAVEY T RARRERI057141
LAEHDAVRNALA SEQ I D NO 2 LVLO 55 DNA

at gggccat cat cat cat cat cat cat cat cat cacagcagcggccat at cgacgacgacgaca
agcat at ggat ggt ggcaccct gccgegt agcget ccgeccggecaccgecggttccggttggttg

t gcggcgegt cgt cgt ccggecgageccggaact get gegt t gcagecgt cgt cgecgt ccggcece
accygcygRRuGENGEgyt gt gcggcageggt t gcgegt cgt aacgaacgt gaacgt aaccgt g

t gaaact ggt gaacct gggct tt caggcgct gcgt cagcat gt gccgcat ggcggt gcgagcaa
aaaact gi§caddafPggaaaccct gcgt agcgeggt ggaat at at t cgt gcget gcaacgtct g
ct ggcc %%%g%%}ﬁ gcgt aacgcgctggectaa SEQ ID NO 3 LVLIII protein
NGHHHH HHHS HNDGGTLPRSAP PAPPVPVGCAARRRP ASPEL L RCSRRRRPA
TAET GGHBAAAYARRNERERBIRVKDMNDICG ! CRRRRRPA

éégﬂaﬁmég%ﬁﬁgﬁ@ﬁﬁ@g%&%@E%@%@%@E?E@Eﬁ%&%@%m

at gggccargahvataahcat cat cat cat cat cacagcagcggccat at cgacgacgacgaca
agcat at ggat ggt ggcaccct gccgegt agcgcaccgecggcet ccgecggtt ccggttggttg
t gcggecgegt cgt cgt ccggecgageccggaact get gegt t gcagecgt cgt cgecgt ccggec
accgcggaaaceggbggt ggt gcggcageggt t gcgegt cgt aacgaacgt gaacgt aaccgt g
t gaaact ggt gaacct gggct tt caggcgct gcgt cagcat gt gccgeat ggcggt gcgagcaa
aaaact gagdaaagtldgaaaccct gcgt agcgeggt ggaat at at t cgt gcget gcaacgt ct g

ctggccgageatoat 9690k gegt 22cae0cl A3GCIH AGLAL AeLGeasRIOCGILL L8  fegaca

agcatatggatggtggcaccctgccgecgtagegectececgecggecaccgecggttecggttggttg

tgcggcgcgtegtecgtceccggecgageccggaactgectgegttgecagecgtegtecgecgtecggec
accgcggaaaccggtggtggtgcecggcagecggttgecgegtecgtaacgaacgtgaacgtaaccgtyg
tgaaactggtgaacctgggctttcaggcgectgcgtcagcatgtgecgcatggecggtgcecgagecaa
aaaactgagcaaagtggaaaccctgcgtagcgcggtggaatatattcecgtgegectgecaacgtcectg
ctggccgaacatgatgcggtgcgtaacgcgctggcecctaa

SEQ ID NO:3

LVL111 protein
MGHHHHHHHHHHSSGHIDDDDKHMDGGTLPRSAPPAPPVPVGCAARRRPASPELLRCSRRRRPA
TAETGGGAAAVARRNERERNRVKLVNLGFQALRQHVPHGGASKKLSKVETLRSAVEY TRALORL
LAEHDAVRNALAGGLRPQAVRPSAPRGGSSEPGSPRSAYSSDDSGCEGALSPAERELLDESSWL
GGYHHHHHH
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cgagcgcgccgcgt ggt ggt agcagcgaaccgggt agcccgegt agcgcect at agcagcgat ga

t agcggct gcgaaggt gccct gagcccggcecggaacgt gaact gct ggattttagcagcet ggetg

ggcggct atwaten/Beadcaecat cattaa SEQ ID NO 5 LVL137 pr oP€EIrEP2010/057141
MGHHHHHHHHHHSSGHI DDDDKHVDGGTLPRSAP PAPPVPVGCAARRRP  ASPEL L RCSRRRRPA
TAETGGGAAAVARRNERERNRVKL VNL GFQAL RQHVPHGGASKKL SKVETLRSAVEY! RALQRL
LAEHDAVRNAL AGEL RPQAVRPSAPRGGSSEPGSPRSAYSSDDSGCEGALSPAE RELLDFSSW. GGY SEQ
ID NO 6 LVLI 37 DNA

at gggcegicabcabcat cat cat cat cat cat cacagcagcggccat at cgacgacgacgaca

agcat at ggat ggt ggcaccct gccgegt agcgcaccgecggcet ccgecggttccggttggttg

t gcggcéé@tlégt e€yticcggcgageccggaact get gegt t gcagecgt cgt cgececgt ccggec

aCC909%%g?;g%@gtcggfc89’&889@&@&&@&&%%&%@%%%%%%%9@398 Qggg&gagcgaca
t gaaact ggtgaacct gggcttt caggcgct gcgt cagcat gt'gccgcat ggcggt gcgagcaa

aaaact gagedaagbgyaanggct gegt agcyoygtggrRastcatgattogt gcgectggaacgyet gogt tyg
CtggCC aacat gat gc t t aacqgcqgct cC t tct tccqgca C ttcatc

S on St e e (e deciRen B s R o A SRR
t agcggceicgegaaggtgeget gagsscggeggaregigaaciggai-ggabtcbhagcaget ggcigecgtyg

ggcggctattaaSEQ ID NO 7 LVL141 protein
VDPSSHSSRVANTENKSERT f I AHREASEY PR S AR ACGORDY CEEDE ARM REERESAA 9 caa

| HDHFL HRHRKOGRYYM: DFTLKE) GBlEMEENE NDEGT L PRSAP
PPVPVGE%EE%E%% EELLRCSRRRRPA%’%%(II;AAAVARRNE&EE@%@ELVNLG%%AL yret

PHGGASKKIISKYETE RSAVE Y RAY CIRE 4 ARHMIAVRNAIIAGESRPOAVRPE SAPROESSEPGBPR- cgtc
SAYSSDQ%@GE@%B§Bég§E§&E§§§y¥é§aggijﬁﬂéggtagcccgcgtagcgcctatagcagcgatga

tagcggctgcgaaggtgccecctgageccggeggaacgtgaactgectggattttagecagetggetyg

ggcggctatcatcatcatcaccatcattaa

SEQ ID NO:5

LVL137 protein
MGHHHHHHHHHHSSGHIDDDDKHMDGGTLPRSAPPAPPVPVGCAARRRPASPELLRCSRRRRPA
TAETGGGAAAVARRNERERNRVKLVNLGFQALRQHVPHGGASKKLSKVETLRSAVEY TRALORL
LAEHDAVRNALAGGLRPQAVRPSAPRGGSSEPGSPRSAYSSDDSGCEGALSPAERELLDESSWL
GGY

SEQ ID NO:6

LVL137 DNA
atgggccatcatcatcatcatcatcatcatcatcacagcagcggeccatatcgacgacgacgaca
agcatatggatggtggcaccctgccgecgtagegcaccgecggetecgeecggttecggttggttg
tgcggcgcgtegtecgtceccggecgageccggaactgectgegttgecagecgtegtecgecgtecggec
accgcggaaaccggtggtggtgcecggcagecggttgecgegtecgtaacgaacgtgaacgtaaccgtyg
tgaaactggtgaacctgggctttcaggcgectgcgtcagcatgtgecgcatggecggtgcecgagecaa
aaaactgagcaaagtggaaaccctgcgtagcgcggtggaatatattcecgtgegectgecaacgtcectg
ctggccgaacatgatgcggtgcgtaacgcgcectggceccggtggtetgegtececgecaggeggttegte
cgagcgcgccgcegtggtggtagcagecgaaccgggtageccgegtagegectatagcagecgatga
tagcggctgcgaaggtgccecctgageccggeggaacgtgaactgectggattttagecagetggetyg
ggcggctattaa
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SEQ ID NO 8 LVLI 41 DNA

at ggat ccaagcagccat t cat caaat at ggcgaat acccaaat gaaat cagacaaaat catta

tt gct cacowoQgtogstaigeggt t at t t accagagcat acgt t agaat ct aaagc &CTIEPeO057141
t gcacaacaggct gatt atttagagcaagatttagcaat gact aaggat ggt cgtttagt ggtt
attcacgatcactttttagatggcttgact gat gttgcgaaaaaattcccacat cgtcatcgta
aagat ggccgtt act at gt cat cgactttacctt aaaagaaat t caaagt t t agaaat gacaga
aaact t t gaaaccgcggccgcacat at ggat ggt ggcaccct gccgegt agcgcaccgecggct
ccgccggttccggtt ggtt gt gcggegegt cgt cgt ccggecgageccggaact get gecgtt geca
gccgt cgt cgecgt ccggecaccgcggaaaccggt ggt ggt gcggcageggt t gcgegt cgt aa
cgaacgtty&act daccgt gt gaaact ggt gaacct gggct tt caggecgcet gcgt cageat gt g
ccgcatggﬁggﬁggggggggaaaactgagcaaagtggaaaccctgcgtagcgcggtggaatata
ttcgt gcgct gcaacgt ci gct ggccgaacat gat gcggt gcgt aacgcgcet ggcecggt ggt ct
QCQtCC@Eé@@ﬁggNMéﬁT@M§3@Kngkmﬁﬁﬁﬁ@KﬁRﬂﬁﬂiiﬁg@@@ga@@QQQLa@Dbﬁ@f@mGRLVV

R i S T

| HDHFL DAL TDVAKKEPHRHRKDGRY Y VI DFTL KEI (5 L EMI'ENF ETDGGT L PRSAPPAPPVPV
QA CUREGFOAE RENPEREA S5 PR

GCAARRRPASPEFF RESRRRRPATAETES
SKKLSK%E?%B@BVE&EBAL§E¢Eﬁ@iﬂ%§&@%ﬂd¥3§éﬂﬂ@ﬁVRPSAPRGESSEPGSPRSAYSS
DDSGCEGAL SPAERELLDFSSW.GGYHHHHHH SEQ | D NO. 10 LVLI 44 DNA

at ggat ccaagcagccat t cat caaat at ggcgaat acccaaat gaaat cagacaaaat catta
tt gct cagegtgokgckageggt tat t t accagageat acgt t agaat ct aaagcact t gegt t

t gcacaacaggct gattatttagagcaagatttagcaat gact aaggat ggtcgtttagtggtt
LVL141 DNA

atggatccaagcagccattcatcaaatatggcgaatacccaaatgaaatcagacaaaatcatta
ttgctcaccgtggtgctagecggttatttaccagagcatacgttagaatctaaagcacttgegtt
tgcacaacaggctgattatttagagcaagatttagcaatgactaaggatggtcgtttagtggtt
attcacgatcactttttagatggcttgactgatgttgcgaaaaaattcccacatcgtcatcgta
aagatggccgttactatgtcatcgactttaccttaaaagaaattcaaagtttagaaatgacaga
aaactttgaaaccgcggccgcacatatggatggtggcaccctgecgegtagecgcaccgecggcet
ccgccggttcececggttggttgtgecggegegtegtegteccggegageccggaactgetgegttgea
gccgtcecgtcecgececgtceccggeccaccgecggaaaccggtggtggtgecggecageggttgegegtegtaa
cgaacgtgaacgtaaccgtgtgaaactggtgaacctgggctttcaggcgectgecgtcagcatgtyg
ccgcatggcggtgcgagcaaaaaactgagcaaagtggaaaccctgcgtagecgecggtggaatata
ttcgtgcgctgcaacgtctgectggecgaacatgatgecggtgecgtaacgecgectggecggtggtet
gcgtccgcaggecggttecgtceccgagegegecgegtggtggtagcagecgaaccgggtageccgegt
agcgcctatagcagcgatgatagcggctgcgaaggtgceccecctgageccggeggaacgtgaactge
tggattttagcagctggctgggcggctatcatcatcatcaccatcattaa
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attcacgatcactttttagat ggcttgact gat gtt gcgaaaaaattcccacat cgtcatcgta
aagat ggccgtt act at gt cat cgacttt acctt aaaagaaat t caaagt t t agaaat gacaga
aaact t t gaseceaBgyBggcaccct gccgegt agcgcaccgecggcet ccgcecg@rrmEpgeons7141
ggt t gt gcggcgcegt cgt cgt ccggcgageccggaact get gegt t gcagecgt cgt cgecgt ¢
cggccaccgcggaaaccggt ggt ggt gcggcagcggt t gcgecgt cgt aacgaacgt gaacgt aa
ccgt gt gaaact ggt gaacct gggct tt caggcgct gcgt cagcat gt gccgcat ggcggt gcg
agcaaaaaact gagcaaagt ggaaaccct gcgt agcgcggt ggaat at at t cgt gcgcet gcaac

gt ct gctsggeapaapabgat gcggt gcgt aacgcget ggeeggt ggt ct gcgt ccgcaggeggt
t cgt ccgagcgecgecgegt ggt ggt agcagcgaaccgggt agcccgegt agegect at agcagce

gat gat ageddét §Egaagat gccet gagcccggcggaacgt gaact get ggat ttt agcagcet .
990t999ﬁ@%%H%§hMﬁ§ éﬁkgﬁ%fﬁfﬁﬁggééggﬁﬁ%ﬁ?%ﬁs%R%N@h é&D&¥%¢§§%ﬁ%§§§ﬁEVV
MHHHHHHHHHA LPRS APPAP PVPV RRPASPEL L RRRRPATAE AR
RNERERNIRVKEVNLGF QAR ROFVPRGEGASKIKLSKVE TITREAVEYERAEQRE L AESDANRBAL A PVPV
R R R e R o AR R AR AR LIk MY i A VL 68
DNA at gcat cat catcarcatcatcat catcatcatgacggt ggcaccctgeccgcgtagcgcaccygce
cggct cogreggi/ECCyggh Vgl R YLORDUERII W20 IOt GPogagec o ggaas SR FYRRISAY S S
ttgcagccgt cgt cgccgt ccggccaccgcggaaaccggt ggt ggt gcggcagcggt t gcgegt
cot aacTRREGTGANE L AREEDP bt GAREEt GgU4acct gaget [t caggaget gcat cage
at gt gccgcat ggcggt gcgagcaaaaaact gagcaaagt ggaaaccct gcgt agcgecggt gga
atatattc tgcgctgcaacgtctgctggccgaacatgatgcggtgcgtaacgcgctggccggt
ggtctgéﬁgb gcHggéggt t cgt ccgagecgegecgegt ggt ggt agcagcgaaccgggt agec
cgcgt ageggglabggcagcgat gat agcggct gcgaaggt gccct gagcccggcggaacgt ga
actgctggattttagcagct ggct gggcggctattaa SEQ I D NO 13
atggatccaagcagccattcatcaaatatggcgaatacccaaatgaaatcagacaaaatcatta
ttgctcaccgtggtgctagecggttatttaccagagcatacgttagaatctaaagcacttgegtt
tgcacaacaggctgattatttagagcaagatttagcaatgactaaggatggtcgtttagtggtt
attcacgatcactttttagatggcttgactgatgttgcgaaaaaattcccacatcgtcatcgta
aagatggccgttactatgtcatcgactttaccttaaaagaaattcaaagtttagaaatgacaga
aaactttgaaaccgatggtggcaccctgccgegtagegecaccgecggcteecgecggtteecggtt
ggttgtgcggcgcgtcgtcgtceccggegageccecggaactgetgegttgcagecgtegtegecgte
cggccaccgcggaaaccggtggtggtgecggecageggttgegegtegtaacgaacgtgaacgtaa
ccgtgtgaaactggtgaacctgggcetttcaggcgectgegtcagcatgtgecgcatggeggtgeg
agcaaaaaactgagcaaagtggaaaccctgcgtagcgecggtggaatatattcgtgegetgcaac
gtctgctggccgaacatgatgcggtgecgtaacgecgectggecggtggtctgegteccgecaggeggt
tcgtccgagecgegecgegtggtggtagcagecgaaccgggtageccgegtagegectatagecage
gatgatagcggctgcgaaggtgccctgagccecggcggaacgtgaactgectggattttagecaget

ggctgggcggctatcatcatcatcaccatcattaa

SEQ ID NO:11

LVL168 protein
MHHHHHHHHHHDGGTLPRSAPPAPPVPVGCAARRRPASPELLRCSRRRRPATAETGGGAAAVAR
RNERERNRVKLVNLGFQALRQHVPHGGASKKLSKVETLRSAVEY IRALOQRLLAEHDAVRNALAG
GLRPQAVRPSAPRGGSSEPGSPRSAYSSDDSGCEGALSPAERELLDESSWLGGY
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Accession No. AAB86993, HASH2 protein MDGGTLPRS APPAP
PVPVGCAARRRPASPEL L RCSRRRRPATAETGGGAAAVARRNERE  RNRVK
L VNL GFQALWQIEVIIHGEIASKKL SKVETLRSAVEY| RAL QRL L AEHDAVRNAL AGGPRPGRYRPS57141

APRGPPGT TPVAASPSRASSSPGRGGSSEPGSPRSAYSSDDSGCEGAL SPAERELLDFSSW.GG Y SEQ | D

NO 14 HASH2 DNA

at ggacggcggcacact gcccaggt ccgecgecccct gcgeccecccgt ccct gt cgget gecget g

cccggcggagacccgegt ccccggaact gt t gcget gcageccggecggecggegaccggecaccgce

agagaceggaggcgacgeageggcecgt agcgcggegcaat gagcgcgagecgcaaccgegt gaag

ct ggt gaact t gggct t ccaggcget gcggcagcacgt gccgcacggcggcgeccagcaagaagce

t gagcaaggtlggagliégcet gcget cagecgt ggagt acat ccgegegcet gcagegect get gge

cgagcacgacgeegtgggcaacgrgct 99c499a99aGt o ?%%%998%%&ggggﬁggégéaccgc
t ftettcgfcec

gcgccccgcgggecgecagggaccaccccggt cgeecgect cgecccteccgceg
c?ggccg@ggggggﬁgggtgg?g@ttg@nﬂgﬂgﬂgﬁgﬂ%gﬂgg¢f?&ftggtg?gaf?aga@cg@02gci
L0 a390e0 0019801 651 0000R0CACAR00! ACLCARGL 61,6061 9L L 2099005 S 5t

MGHHHHIGHHES SEHY DRRRKEMGETE RRSARRARRM N\ GGAARBRBASPEL k RESRRRRBA cage
TAETGGGAAAVARRNERERNRVKL VNL GF QAL ROHVPHGGASKKL SKVETL RSAVEY! RAL

QRL
L AEHDAVRRACACEL RPEATRPSA PERGAISEPESPRSAYSERNY 992
SGCEGA%%BAEBE%5@5§§M%§§§éé@%}ﬂé%@g%éé%é@@é@d@lg@@@tgcgtaacgcgctggccggt

at gggccat cat cat cat cat cat cat cat cat cacagcagcggccat at cgacgacgacgaca
agcat atg§ac§6e§6eac a8t geeEagdt CRPIRICEAIIFOECcoEgPce P EgReggaigragce
cgct gceee9¢9gagacecgcgl c6LLa93act HIAG9Q0A9¢C09C99699E035€995 gt ga

actgctggattttagcagctggctgggcggctattaa

SEQ ID NO:13

Accession No. AAB86993, HASH2? protein
MDGGTLPRSAPPAPPVPVGCAARRRPASPELLRCSRRRRPATAETGGGAAAVARRNERERNRVK
LVNLGFQALRQHVPHGGASKKLSKVETLRSAVEY ITRALQRLLAEHDAVRNALAGGLRPQAVRPS
APRGPPGTTPVAASPSRASSSPGRGGSSEPGSPRSAYSSDDSGCEGALSPAERELLDESSWLGG
Y

SEQ ID NO:14

HASH2 DNA
atggacggcggcacactgcccaggtceccgecgecccecctgegecceccecececgteceectgteggetgegetg
cccggcggagacccgcecgtececccggaactgttgegetgcagecggeggecggcecgaccggecaccge
agagaccggaggcggcgcagcggceccgtagegeggegecaatgagegegagegecaaccgegtgaag
ctggtgaacttgggcttccaggcgectgcggcagcacgtgceccgcacggecggcgceccagcaagaagce
tgagcaaggtggagacgctgcgctcagcecgtggagtacatccgegecgetgcagecgectgetgge
cgagcacgacgccgtgcgcaacgcecgcectggecgggagggctgaggecgcaggecgtgeggecgtet
gcgccccgcgggcecgceccagggaccaccceccggtecgecgectegeecctecegegettettegtecce
cgggccgcgggggcagctcecggageccggeteccecgegtteecgectactegtecggacgacagegyg
ctgcgaaggcgcgctgagtcecctgecggagegegagctactcecgacttcecteccagetggttaggggge
tactga
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accgcagagaccggaggcggcgcagcggccgt agcgcggcegcaat gagcgcgagcgcaaccgceg
t gaagct ggt gaact t gggct t ccaggcgcet gcggcagcacgt gccgcacggecggcegecagcaa
gaagct gagweagmrggagacgct gcgct cagccgt ggagt acat ccgcgegcet geagmpeatoys7141
ct ggccgagcacgacgccgt gcgcaacgcgcet ggcgggagggcet gaggccgcaggcecgt gcgge
cgt ct gcgccececgegggecgecagggaccaccccggt cgeccgect cgeecct cccgegettcettce
gt ccccgggecgegggggcagcet cggageccggcet ccccgegtt ccgect act cgt cggacgac
agcggct gcgaaggcgcegcet gagt cct gcggagecgegagcet act cgactt ct ccaget ggtt ag

ggggct agigapSEQ. hB NO. 17 LVLA O protein
MGHHHHHHHHHHSSGHI DDDDKHVDGGT L PRSAPPAPPVPVGCAARRRPASPEL L RCSRRRRPA

TAET GGEXARYARRKERERNRVKL VNL GFQAL ROHVPHGGASKKL SKVETLRSAVEY! RALQRL
LAEHDA Y,
R R A S R o

at gggc CAETSCCARAHABRNERE RER ¢l Cilt (R R CHGCRSKALCHHE §AB GACHATRALORL
agcat a t
R e e e e
accgcagagaceggaggrpitJEAEELYSLgt agcgcggcgecaat gagcgcgagcgcaaccgcg

t gaagct ggt gaact t gggctt ccaggcgcet gcggcagcacgt gccgcacggcggcgcecagcaa
gaagct gagcaaggt ggagacgct gcgct cageccgt ggagt acat ccgecgegcet gcagegcect g

ct ggccgagcapgaegeegt gcgcaacgcgcet ggcgggagggcet gaggccgcaggecgt gcgge
cgt ct gcgecccgegggecgecagggaccaccccggt cgecgect cgeect cccgegettcettce
gtccccégﬁ@@dcﬁﬁgggcagctcggagcccggctccccgcgttccgcctactcgtcggacgac

agcggetgegaangegeget gagt cot 9e90a0cac3a9el At egaghteleGagGL a9l t & gaca

ggggctactga SEQ I'D NO 19
agcatatggacggcggcacactgcccaggtceccgecgcecccecctgegeccceceegteecttgteggetg
cgctgcccggcecggagacccecgcecgtececccggaactgttgegetgcagecggeggecggcgaccggcec
accgcagagaccggaggcggcgcageggceccgtagegeggegecaatgagegegagegcaaccgceg
tgaagctggtgaacttgggcttccaggcgectgcggcagcacgtgeccgcacggcggcecgeccagecaa
gaagctgagcaaggtggagacgctgcgctcageccgtggagtacatccgegegctgecagegectg
ctggccgagcacgacgccgtgcgcaacgcegectggecgggagggcetgaggececgcaggecgtgegge
cgtctgcgccececgecgggecgceccagggaccaccccggtegecgectegecctececgegettette
gtccccecgggcecgecgggggcagcectecggagececggectececcegegttecgectactegtecggacgac
agcggctgcgaaggcgcgctgagtcecctgecggagecgcegagectactegacttectccagetggttag

ggggctactga

SEQ ID NO:17

LVL0O10 protein
MGHHHHHHHHHHSSGHIDDDDKHMDGGTLPRSAPPAPPVPVGCAARRRPASPELLRCSRRRRPA
TAETGGGAAAVARRNERERNRVKLVNLGFQALRQHVPHGGASKKLSKVETLRSAVEY TRALORL
LAEHDAVRNALAGGLRPQAVRPSAPRGPPGTTPVAASPSRASSSPGRGGSSEPGSPRSAYSSDD
SGCEGALSPAERELLDFSSWLGGY

-67 -



LVLO60 protein
MGHHHHHHHHHHSSGHI DDDDKHVDGGT L PRSAPPAPPVPVGCAARRRPASPEL L RCSRRRRPA
TAET GCCAARYARRINBRERNRVKL VNL G- QAL ROHVPHGGASKKL SKVETL RSAVEY TRARLEPI057141
LAEHDAVRNAL AGEL RPQAVRPSAPRGPPGT TPVAASPSRASSSPGRGGSSEPGSPRSAYSSDD
SGCEGALSPAERELLDFSSW.GGYSEQ | D NO 20 LVLO 60 DNA
at gggccat cat cat cat cat cat cat cat cat cacagcagcggccat at cgacgacgacgaca
agcat at ggat ggt ggcaccct gccgegt agcget ccgecggecaccgecggttccggttggttg
t gcggcgegt 6ot gL €gggcgageccggaact get gegt t gcageegt cgt cgeegt ccggec
accgcggaaaccggt ggt ggt gcggcagcggt t gcgegt cgt aacgaacgt gaacgt aaccgt g
t gaaactlggtgldae¥tigggct t t caggcget gecgt cageat gt gccgeat ggecggt gcgageaa
aaaact %%g;gg%@%ggﬁéé%gﬁQ&Q&é@&ag&gagéc%gﬁo%tc%?%%?%%ggg%98 §8§£8<%£cgaca
ct ggccgaacat gat gcggt gcgt aacgcgct ggcecggt ggt ¢t gcgt'ccgcaggeggitcgtc
cgagcgeacegedtggtocgoegggd acgacgrrgytdgeRgegagocggageccgygcgageagogcty
ctctcc cat gat gqgt agcagcgaacc t agcgce t agcgcct at agcagcgat gat
PO e P T G S R e SR
gcggct alccaaaSEQab Byt 2dgfensd s g Rr@itRigrgeggegeaatgagegegagegecaacegey
MGHHHHHHHHHHSSGHI DDDDKHVAT AET GGGAAAVARRNERERNRVKL VNL GFQAL RQHVPHG
GASKKL SKOEPCRSAVEYF RAE G ¢ W AN ACAIRPOAIRE S APREPPET T PVARSPE I caa
RASSSPGREGSSERGSPRIAY SHRRSCREGAL SRAERELLPFS S BGYL EDRAANKARKEARL s AMAT AEQSEQ
ID NO 22 Const-1 DNA
at gggc CADESrEacarearear sy eat T CHHERgIygocaranegac gacgadgasiacogc
agcat al 9ggeeae69c993835599L 998 99t 8630600 Qat L 9cgeat cglagegaacal 9 crrc
acgt aaccgt gt'/gaaact ggf gaacct gggcttt caggcgct gcgt cagcat gt gccgcat ggce
gtccccecgggcecgecgggggcagcectecggagececggectececcegegttecgectactegtecggacgac

agcggctgcgaaggcgcgctgagtcecctgecggagecgcegagectactegacttectccagetggttag

ggggctactga

SEQ ID NO:19

LVL0O60 protein
MGHHHHHHHHHHSSGHIDDDDKHMDGGTLPRSAPPAPPVPVGCAARRRPASPELLRCSRRRRPA
TAETGGGAAAVARRNERERNRVKLVNLGFQALRQHVPHGGASKKLSKVETLRSAVEY TRALORL
LAEHDAVRNALAGGLRPQAVRPSAPRGPPGTTPVAASPSRASSSPGRGGSSEPGSPRSAYSSDD
SGCEGALSPAERELLDFSSWLGGY
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ggt gcgagcaaaaaact gagcaaagt ggaaaccct gcgt agcgcggt ggaat at att cgt gcgc

t gcaacgt ct gct ggccgaacat gat gcggt gcgt aacgcgcet ggcecggt ggt ct gcgt ccgca
ggcggt t cgvoegagisgeidccgcegt ggt ccgeccgggt acgacgcecggt t gcagcgagrEre@Egm57141
cgt gcgagcagct ct ccgggt cgt ggt ggt agcagcgaaccgggt agcccgcgt agcgcect at a
gcagcgat gat agcggct gcgaaggt gccct gt ct ccggcggaacgt gaact gctggattttag
cagct ggct gggcggct at ct cgaggat ccggct gct aacaaagcccgaaaggaagcet gagttg
gctgct gccaccget gagcaataa SEQ I D NO 23 LVL0O56 Protein
MGHHHHHHAHHIES RIGH) PDDDKHVNRVKL VNL GFQAL RQHVPHGGASKKL SKVETLRSAVEY! R
ALQRLLAEHDAVRNAL AGE. RPQAVRPSAPRGPPGT TPVAASPSRASSSPGRGGSSEPGSPRSA
YSSDDSGFECALSPREREL LDFSSW.GGY SEQ | D NO. 24 LVLO 56 DNA

at gggc
agoat ot GRGCCD of Dasact Dot GAACCTQgdeT i CagaeDe  acat cagear of accat " "

tggc?gb@@g&g@gaafaatggagcef&gﬁgmpgﬁﬁgn%quygggggcggtggaagat?tg@?tggttg
gCgC g aac (o] ccgaaca a C C aacqgc cC C C C
PN ey i L e i S SR
?a?ccgbgﬁga?qa?abcggc?@g@@g@@%g@Eﬁfgﬁnﬁynym@mcgggha?aaegfga?g@gffccgtg
at agcagcgat gat agcggct gcgaaggt gccct gt ct ccggcggaacgt gaact gct gga
ttagca&@@%&(?gaaég@g%?%ﬁ?&%@%%?@%%%%\ﬂ?@@? Igltgfg“égﬁatggcgg gegageaa
MGHHHHEHHHHHSSGHE DEDDKEVAAAY VNG QAL ROHYPHEGASKKL SKy g

VETLRSAVEY| RALQRLLAEHDAVRNALA SEQ | D 1 2 6 LVLO 57 DNA
ctggccgaacatgatgcggtgcgtaacgcecgcectggeccggtggtetgegtececgecaggeggttegte

cgagcgcaccgcgtggtccgeccgggtacgacgceccggttgcagecgagecccgagecgtgecgageayg
ctctcecgggtegtggtggtagcagecgaaccgggtageccgegtagegectatagcagegatgat
agcggctgcgaaggtgccecctgtctcececggecggaacgtgaactgectggattttagcagectggetgg
gcggctattaa

SEQ ID NO:21

Const-1 Protein
MGHHHHHHHHHHSSGHIDDDDKHMATAETGGGAAAVARRNERERNRVKLVNLGFQALRQHVPHG
GASKKLSKVETLRSAVEYTIRALQRLLAEHDAVRNALAGGLRPQAVRPSAPRGPPGTTPVAASPS
RASSSPGRGGSSEPGSPRSAYSSDDSGCEGALSPAERELLDESSWLGGYLEDPAANKARKEAET
AAATAEQ
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at gggccat cat cat cat cat cat cat cat cat cacagcagcggccat at cgacgacgacgaca

agcat at ggcggcagcggt t gcgegt cgt aacgaacgt gaacgt aaccgt gt gaaact ggt gaa

cct gggct twoagyeigetsgcgt cageat gt gccgceat ggcggt gcgagcaaaaaa®ryapeHAMS7141

gt ggaaaccct gcgt agcgeggt ggaat at at t cgt gcget gcaacgt ct gct ggccgaacat g

at gcggt gcgt aacgcgct ggcctaa SEQ I D NO 27 LVL0O88 Protein MDGGTLPRS APPAP
PVPVGCAARRRPASPEL L RCSRRRRPATAET GGGAAAVARRNERE RNRVK

LVNL GFQAL ROQHVPHGGASKKL SKVETLRSAVEY! RAL QRLLAEHDAVRNALAGGELRPQAVRPS
APRGGSSERGSBREAYSSDDSGOEGAL SPAEREL L DFSSW.GGYHHHHHH SEQ | D NO: 28 LVLO 88 DNA
at ggat ggt ggcaccct gccgegt agcgcaccgccgget ccgecggt t ccggt t ggt t gt gcgg

cgcgt cregtcégg¥fageccggaact get gegt t gcagecgt cgt cgeecgt ccggecaccgce

gaca
g9aaaceqlqala9Lcogeagegol L dearal aLAacoaseal 9aacgl eaccol gl g
ct ggt gaacct'gggctttcaggcgcet gecgt cagcat gt gccgea gt gcgagcaa a C

t gagca?@gaggaatgccafgggg@@@?@g@g@m&@%@gc?@g@gmtgcaa??tgfg@d;@@@cgtga
Cgaaca C C aacqgc C cC C cgagc
LR A e A e T R e e P 93 tooe
gCtgCg@@g@hg@@@hgagﬁ3ngﬁggﬁﬁﬁﬁﬁ@Eﬁﬁadﬂﬁﬂﬂ@@kb@h@QQQggﬁ@@Cﬁgggtggtgcgc
ct at cat cat cat caccat catt aaSE LVLO16 Protein

MDPSSHESRRRNTENKSEKY ¥ F A W@%@Rﬁﬂ@&ﬁ?@é@ﬁﬁﬁﬁmﬁﬁcgca

| HDHFL VAKKEPERERKDGRYOY RLEMEENGE FAAAYBDTE] L ERSAREAR
PVPVGC%%%%PASEELLRCSRRRRPATA%%AVARRNEREE{N%@LVNLGF Rd{)lv  05°

GCASKESKVETIRGAVEYE RA R T AEFDAVNAI ACCURPOAVR SAPREPPCT TRVARS: £ 4 -
P RASS SRR BER R RSO SR G SRR R b G BEEE g gar c e cag

cagctggctgggcggctatctcgaggatccecggectgctaacaaagecccgaaaggaagcectgagttyg

gctgctgccaccgctgagcaataa

SEQ ID NO:23

LVL0O56 Protein
MGHHHHHHHHHHSSGHIDDDDKHMNRVKLVNLGFQALRQHVPHGGASKKLSKVETLRSAVEYIR
ALOQRLLAEHDAVRNALAGGLRPOAVRPSAPRGPPGTTPVAASPSRASSSPGRGGSSEPGSPRSA
YSSDDSGCEGALSPAERELLDESSWLGGY

SEQ ID NO:24

LVL0O56 DNA
atgggccatcatcatcatcatcatcatcatcatcacagcagcggeccatatcgacgacgacgaca
agcatatgaaccgtgtgaaactggtgaacctgggctttcaggcgetgcgtcagcatgtgeccgea
tggcggtgcgagcaaaaaactgagcaaagtggaaaccctgcgtagecgecggtggaatatattegt
gcgctgcaacgtcectgcectggecgaacatgatgeggtgegtaacgegetggecggtggtetgegtce
cgcaggcggttcecgtccgagegcaccgcegtggteccgecgggtacgacgeccggttgcagecgagecc
gagccgtgcgagcagcectcectceccecgggtegtggtggtagcagecgaaccgggtageccgegtagegcec
tatagcagcgatgatagcggctgcgaaggtgceccctgtectececggeggaacgtgaactgectggatt
ttagcagctggctgggcggctattaa
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SEQ ID NGO 30 LVLO 16 DNA

at ggat ccaagcagccat t cat caaat at ggcgaat acccaaat gaaat cagacaaaat catt a

tt gct cacowoQotogissagcggt t at t t accagagcat acgt t agaat ct aaagc RCTIEPeQON0S57141
t gcacaacaggct gattatttagagcaagatttagcaat gact aaggat ggtcgtttagtggtt
attcacgatcactttttagat ggcttgact gat gtt gcgaaaaaattcccacat cgtcatcgta
aagat ggccgtt act at gt cat cgactttacctt aaaagaaat t caaagt t t agaaat gacaga
aaact t t gaaaccgcggccgcaat ggat ggt ggcaccct gccgegt agcget ccgeccggecaccg

ccgot t eggatrbogbt gsgcggegegt cgt cgt ccggcgageccggaact gect gegtt gcagece
gt cgt cgccgt ccggccaccgcggaaaccggt ggt ggt gcggcageggt t gcgegt cgt aacga
acgt gaadgladcegpgegnaact ggt gaacct ggget tt caggcget gecgt cageat gt geccg

Catggcﬂ%%ﬁﬁgﬁgﬁﬁﬁﬁéééﬁfBﬁ@ﬁﬁﬁﬁ%ﬁé&ﬁﬁ?ﬁ%ﬁﬂﬁﬁﬁ%ﬁ%@%@%Qékﬂﬁ?ﬁ%@ﬁé&£§KKLSK
gt gcgct gcaacgt ct gct ggccgaacat gat gcggt gecgt aacgcget ggccggfggt ct gcg

t ccgcafFdaHeLygl ¢ EHagRgLALEYEGRIGHtA cgccgggt acgacgeccggt t gcagcgagce
ccgagccgt gcgagcagct ct ccgggt cgt ggt ggt agcagcgaaccgggt agcccgegt agcg
cct at agcagcgat gat agcggct gcgaaggt gccct gt ct ccggcggaacgt gaact gct gga
ttttagcagctggaibgggcggct at ct cgagcac caeca ccaccaccactga SEQ ID NO 31 LVLO18
Prot ei n_ VMDGGTLPRS APPAP PVPVGCAARRRPASPELLRCSRRRRPATAETGGGAAAVARRNERE RNRVK
L VNL GFAXEROMVPRIBGASKKL SKVETLRSAVEY! RAL QRLL AEHDAVRNAL AGGL RPQAVRPS

APRGPPGEEE&éégEgBA§§§E§B§§§§ER§§EB§A¥§§BQ§@GB@A@§BAEBEtb&Eééyléi%gaca
YLEHHHHHHSEQ I D NO 32 LVLO 18 DNA

at ggat GcgGea6eE6gEegegy agtett CeicffarccitOggrotegqeebat tatgegotoaa
CgcgtCQkﬁ%%%%@@%gégg8&88%g§ﬁé&éé&%&é#%&&%%%@@%%&%%%&958899&&3&9&&gcaaa

ggaaaccggt ggt ggt gcggcagc t gcgcgtcgt aacgaacgt gaacgt aaccgt gt gaaa
gtggaaaccctgcgtagecgecggtggaatatattcgtgecgectgcaacgtectgectggecgaacatg

atgcggtgcgtaacgcgctggcecctaa

SEQ ID NO:27

LVL088 Protein
MDGGTLPRSAPPAPPVPVGCAARRRPASPELLRCSRRRRPATAETGGGAAAVARRNERERNRVK
LVNLGFQALRQHVPHGGASKKLSKVETLRSAVEY ITRALQRLLAEHDAVRNALAGGLRPQAVRPS
APRGGSSEPGSPRSAYSSDDSGCEGALSPAERELLDEFSSWLGGYHHHHHH

SEQ ID NO:28

LVL088 DNA
atggatggtggcaccctgccgcecgtagecgcaccgeccggceteccgecggttecggttggttgtgegg
cgcgtcecgtcgtceccggcgageccggaactgetgegttgcagecgtegtegecgtececggecaccge
ggaaaccggtggtggtgcggcagcggttgcgegtcgtaacgaacgtgaacgtaaccgtgtgaaa
ctggtgaacctgggctttcaggcgectgcgtcagcatgtgeccgecatggecggtgcgagcaaaaaac
tgagcaaagtggaaaccctgcgtagecgcggtggaatatattcgtgecgectgcaacgtetgetgge
cgaacatgatgcggtgcgtaacgcgctggeccggtggtetgegteccgcaggeggttecgteccgage
gcgccgegtggtggtagecagecgaaccgggtageccgegtagegectatagecagegatgatageg
gctgcgaaggtgccctgageccggcecggaacgtgaactgectggattttagecagectggetgggegyg

ctatcatcatcatcaccatcattaa
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ct ggt gaacct gggcttt caggcgct gcgt cagcat gt gccgcat ggcggt gcgagcaaaaaac

t gagcaaagt ggaaaccct gcgt agcgcggt ggaat at at t cgt gcgct gcaacgt ct gct ggc
cgaacat gawgeggigegBaacgcgct ggccggt ggt ct gecgt ccgcaggeggt t egrEre@Egms7141
gcaccgcgt ggt ccgccgggt acgacgccggt t gcagcgagcccgagceccgt gcgagcagcetctc
cgggt cgt ggt ggt agcagcgaaccgggt agcccgcgt agcgcct at agcagcgat gat agcgg

ct gcgaaggt gccct gt ct ccggcggaacgt gaact gct ggattttagcagct ggct gggcggce

t at ct cgagcaccaccaccaccaccactga SEQ ID NO 33 LVL138 Protein
VHHHHHHPGGTEPRSAPBAPPVPVGCAARRRPASPEL L RCSRRRRPATAET GGGAAAVARRNER
ERNRVKL VNL GFQAL RQHVPHGGASKKL SKVETLRSAVEY! RALQRLLAEHDAVRNALAGGELRP
QAVRPSAPRELEESEPESPRSAYSSDDSGCEGAL SPAERELLDFSSW.GGY SEQ I D NO 34 LVLI

DNA at g6aceakscaeGabARe6RT 9AL 9 A95AGEGG5C69h 39688 AT S SHRGTESICCEY
ttccggttggttgtgcggegegt cgt cgt ccggcgageccggaact gct gegtt gcagecegt cg

t cgccgticidggc.oact ¥ gyaancRggr gor GOl JoggeagCydtgeyecgreghdacganegiAPPAP
gaccg sapcaL gl anaactont gancal aagel 1l 6a005ach aeaL ERacal o1 96£06RLG: ouvo

gcggt gcgagcaaaaaact gagcaaagt ggaaaceccect gcgt agcgeggt ggaa
gct gcaacghcKyLEgYE TYRARAL g ER YOOI GG IAaturg lc00ee0g/ggEEPRCGPPGTIPVAAS

ot 00 agCA At SOLBCE DETARGb ToCtt SdgLLeDQeuaaabb gaet got oyt e
t agcagct ggct gggcggctattaaSEQ | D NO. 35 Modified |i nker DNA

at gcat cat cat cat catcatgac SEQ I D NO 36 Unnodi fied |inker DNA
SEQ ID NO:30

LVL0O16 DNA
atggatccaagcagccattcatcaaatatggcgaatacccaaatgaaatcagacaaaatcatta
ttgctcaccgtggtgctagecggttatttaccagagcatacgttagaatctaaagcacttgegtt
tgcacaacaggctgattatttagagcaagatttagcaatgactaaggatggtcgtttagtggtt
attcacgatcactttttagatggcttgactgatgttgcgaaaaaattcccacatcgtcatcgta
aagatggccgttactatgtcatcgactttaccttaaaagaaattcaaagtttagaaatgacaga
aaactttgaaaccgcggccgcaatggatggtggcaccctgeccgegtagegetcecgecggecaccyg
ccggttceccggttggttgtgecggecgegtecgtegteccggegageccggaactgetgegttgecagec
gtcgtcgccecgtececggeccaccgecggaaaccggtggtggtgeggcageggttgegegtegtaacga
acgtgaacgtaaccgtgtgaaactggtgaacctgggctttcaggcgctgegtcagecatgtgecg
catggcggtgcgagcaaaaaactgagcaaagtggaaaccctgcecgtagecgeggtggaatatattce
gtgcgctgcaacgtctgctggeccgaacatgatgecggtgegtaacgecgcectggecggtggtetgeg
tccgcaggecggttecgtceccgagegecaccgegtggtececgecgggtacgacgecggttgcagecgagce
ccgagccgtgcgagcagcectcectececgggtecgtggtggtagcagecgaaccgggtagececcgegtageg
cctatagcagcgatgatagcggctgcgaaggtgccctgtctcecggecggaacgtgaactgcectgga
ttttagcagctggctgggcecggctatctcgagcaccaccaccaccaccactga

SEQ ID NO:31

LVL0O18 Protein
MDGGTLPRSAPPAPPVPVGCAARRRPASPELLRCSRRRRPATAETGGGAAAVARRNERERNRVK
LVNLGFQALRQHVPHGGASKKLSKVETLRSAVEY ITRALQRLLAEHDAVRNALAGGLRPQAVRPS
APRGPPGTTPVAASPSRASSSPGRGGSSEPGSPRSAYSSDDSGCEGALSPAERELLDESSWLGG
YLEHHHHHH
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atgcaccat caeca tcaeca tgat SEQ ID NO 37 LVL160 Protein

VHHHHHHDGGT L PRSAPPAPPVPVGCAARRRPASPEL L RCSRRRRPATAET GGGAAAVARRNER
ERNRVKL VNY GRQAIRIHYPHGGASKKL SKVETLRSAVEY! RAL QRLL AEHDAVRRAT ABBIRB57141
QAVRPSAPRGGSSEPGSPRSAYSSDDSGCEGAL SPAERELLDFSSW.GGY SEQ I D NO 38 LVLI 60
DNA at gcat cat cat cat cat cat gacggt ggcaccct gccgcgt agcgcaccgccggct ccgeccgg

ttccggttggtt gt gcggegegt cgt cgt ccggecgageccggaact get gegt t gcagecgt cg
t cgccgt ccggeccaccgcggaaaccggt ggt ggt gcggcageggt t gcgegt cgt aacgaacgt
gaacgt aaccgt gt gaaact ggt gaacct gggct t t caggcgct gcgt cagcat gt gccgeat g
gcggt gcgagcaaaaaact gagcaaagt ggaaaccct gcgt agcgecggt ggaat at at t cgt gc
gct gca&é@t éPg¥Pggécgaacat gat gcggt gecgt aacgecget ggceggt ggt ct gegt ccg
caggcggttgghcegagcgcgecgegt ggt ggt agcagcgaaccgggt agcccgegt agegect
at agcagcgat gat agcggct gcgaaggt gccct gagcccggcggaacgt gaact gect ggat tt
t agcageitggettgggoggetattaacSEQ 4P NABYddBpbcPyoteguntccggttggttgtgegg

I\/DPSSHSSNMANI'E\/KEDKI | | AHRGASGYL PEHT ESKA: AFAE%DYLEEDLAWQDGQLW
| HDHFL BEC POV ARK R PRRERKECARVAN BT KE "GSIEMPERIPE TG MBI NG 20577 3p15 TRa
at ggat eeaageaggoeayt 6ot gaaat &3 ggrganpiacocanabgaaatgagasagaatcaytagaaa
ttgctcaccgt tgctagcggttatttaccagagcat acgtt agaat ct aaagcacttgcgtt

tgcacaé%&%&%gégFFagg%gbﬁﬁﬁ%%ﬁﬁﬁﬁ %é%ﬁ%&%ﬁ%ﬁﬁ%%ﬁ@&?é&@&ggFgaﬁgﬁ faaaac
at t cacgateaehhbbthagahggst oacd 9ol gidgrgraaaaatieesasat gebsayedt detggce

aagat ggccgttactatgtcatcgactttacctt aaaagaaatt caaagtttagaaat gacaga
cgaacatgatgcggtgcgtaacgcgctggeccggtggtectgegtececgcaggeggttecgteccgage

gcaccgcgtggtceccgeccgggtacgacgceccggttgcagecgagecccgageccgtgecgagecagetcete
cgggtcgtggtggtagcagcgaaccgggtagcecccgegtagecgectatagecagecgatgatagegyg
ctgcgaaggtgccctgtctceccggeggaacgtgaactgectggattttagecagetggectgggegge

tatctcgagcaccaccaccaccaccactga

SEQ ID NO:33

LVL138 Protein
MHHHHHHDGGTLPRSAPPAPPVPVGCAARRRPASPELLRCSRRRRPATAETGGGAAAVARRNER
ERNRVKLVNLGFQALRQHVPHGGASKKLSKVETLRSAVEY TRALOQRLLAEHDAVRNALAGGLRP
QAVRPSAPRGGSSEPGSPRSAYSSDDSGCEGALSPAERELLDESSWLGGY

SEQ ID NO:34

LVL138 DNA
atgcaccatcaccatcaccatgatggtggcaccctgeccgecgtagegcaccgcecggcetcececgecgg
ttccggttggttgtgcggecgegtegtegtececggegageccggaactgetgegttgecagecgteg
tcgccgtceccggceccaccgcecggaaaccggtggtggtgeggcageggttgegegtegtaacgaacgt
gaacgtaaccgtgtgaaactggtgaacctgggctttcaggcgctgecgtcagcatgtgececgecatg
gcggtgcgagcaaaaaactgagcaaagtggaaaccctgcecgtagegeggtggaatatattegtge
gctgcaacgtctgctggeccgaacatgatgcggtgecgtaacgecgetggececggtggtetgegtecg
caggcggttcgtccgagcgegceccgegtggtggtagcagecgaaccgggtageccgegtagegect
atagcagcgatgatagcggctgcgaaggtgceccecctgageccggecggaacgtgaactgetggattt
tagcagctggctgggcggctattaa
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aaactttgaaacc SEQ ID NO 41 H . influenzae Protein D
MKLKTLALSLLAAGVLAGCSSHSSNVANTQVKSDKI | I AHRGASGYL PEHTLESKAL AFAQQAD
YL EQDL AMWDGRLOMSb44BHF L DG TDVAKKFPHRHRKDGRYYVI DFTLKEI QSL BNTEREHIKS7141
DCKQAQVYPNRFPLVWKSHFRI HTFEDEI EFI QALEKSTGKKVG YPEI KAPWFHHQNGKDI AAE
TLKVLKKYGYDKKTDWYLQTFDFNELKRI KTELLPQVIGVDLKLVQLI AYTDWKET QEKDPKGY
VW/NYNYDWVFKPGAVAEVVKYADGVGPGW M. VNKEESKPDNI VYTPLVKELAQYNVEVHPYTV
RKDAL PEFFTDVNQWDALLNKSGATGVFTDFPDTGVEFLKGA K SEQ I D NO 42 Long

pol yhi stricdirpe ybag s MGHHHHHHHHHHSSGHI DDDDKHSEQ | D NO. 43 LVL090 Protein
MDPSSHSSNVANT QVKSDKI | | AHRGASGYL PEHT L ESKAL AFAQQADYL EQDL AMTKDGRL WV

| HDHFL BT OVARRKEPRREIRKDERYYVI DFTLKEI QSLEMIENFETKDGKQAQVYPNRFPLVK

SHFRI HIF YPEI KAPWEHHQNGKDI AAETLKVLKKYGYDKKTDM
WLQT%E%%E&EE%%E%%%%l AYTDVKETQEKDPKGYVWNYNYDWWVFKPGAVA
EVVKYADGVGPGWM.VNKEESKPDNI VYTPL VKEL AQYNVEVHPYTVRKDAL PAFFTDVNQWY
DVLLNK%%T%FT “PDTGVEFLKG KAAAVDGGT L PRSAPPAPPVPVGCAARRRPASPEL LR
CSRRRRPATA VARRNERERNRVKL VNL GFQAL RQHVPHGGASKKL SKVETLRSAVE
Y RAL QR AEHBDAYRNAL AGEE RRQAVRPSAPRGPPGT TPVAASPSRASSSPGRGGSSEPGSP

RSAYSSDDSGCEGAL SPAEREL L DFSSW.GGYLEHHHHHHSEQ | D NO 44 LVLO 90 DNA
at ggat CEH5GEAGEEaEEEatEaaAt i 'ygcgaat acccaaat gaaat cagacaaaat catt a
ttgct caccgt ggt gct agcggt t attt accagagcat acgt t agagt ct aaagcactt gegtt
t gcacaacaggct gatt atttagagcaagatttagcaat gact aaggat ggt cgtttagt ggtt
att cacFatcaeét t'Pt Bdgat ggct t gact gat gt t gcgaaaaaat t cccacat cgt caccgt a

LVL160 Protein
MHHHHHHDGGTLPRSAPPAPPVPVGCAARRRPASPELLRCSRRRRPATAETGGGAAAVARRNER
ERNRVKLVNLGFQALRQHVPHGGASKKLSKVETLRSAVEY TRALOQRLLAEHDAVRNALAGGLRP
QAVRPSAPRGGSSEPGSPRSAYSSDDSGCEGALSPAERELLDESSWLGGY

SEQ ID NO:38

LVL160 DNA
atgcatcatcatcatcatcatgacggtggcaccctgeccgecgtagegcaccgcecggcetcececgecgg
ttccggttggttgtgcggecgegtegtegtececggegageccggaactgetgegttgecagecgteg
tcgccgtceccggceccaccgcecggaaaccggtggtggtgeggcageggttgegegtegtaacgaacgt
gaacgtaaccgtgtgaaactggtgaacctgggctttcaggcgctgecgtcagcatgtgececgecatg
gcggtgcgagcaaaaaactgagcaaagtggaaaccctgcecgtagegeggtggaatatattegtge
gctgcaacgtctgctggeccgaacatgatgcggtgecgtaacgecgetggececggtggtetgegtecg
caggcggttcgtccgagcgegceccgegtggtggtagcagecgaaccgggtageccgegtagegect
atagcagcgatgatagcggctgcgaaggtgceccecctgageccggecggaacgtgaactgetggattt
tagcagctggctgggcggctattaa

SEQ ID NO:39

1/3pD Protein
MDPSSHSSNMANTQOMKSDKIITAHRGASGYLPEHTLESKALAFAQQADYLEQDLAMTKDGRLVV
IHDHFLDGLTDVAKKFPHRHRKDGRYYVIDFTLKEIQSLEMTENFET
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aagat ggt cgtt act at gt cat cgactttacctt aaaagaaat t caaagt t t agaaat gacaga
aaact t t gaaaccaaagat ggcaaacaagcgcaagtttat cct aat cgtttcccacttt ggaaa
t cacat t t twoaatwised4acct t t gaagat gaaat t gaat t t at ccaaggct t agRaEAFRLTIOAST141
ct ggcaaaaaagt agggat t t at ccagaaat caaagcacct t ggt t ccaccat caaaat ggt aa
agat at t gct gct gaaacgct caaagt gt t aaaaaaat at ggct at gat aagaaaaccgat at g
gtttacttacaaactttcgattttaat gaattaaaacgtat caaaacggaattacttccacaaa
t gggaat ggattt gaaat t agt t caatt aatt gct t at acagat t ggaaagaaacacaagaaaa
agacccaaagget kat kgggt aaact at aat t acgat t ggat gt t t aaacct ggt gcaat ggca
gaagt ggt t aaat at gccgat ggt gt t ggcccaggt t ggt at at gt t agt t aat aaagaagaat
ccaaacdt/galadlat t gt gt acact ccgt t ggt aaaagaact t gcacaat at aat gt ggaagt

gcatcc%&gﬁgggggg 85?889@%&5@5&5&5 %&éﬁéﬁ%%%@%ﬁ%%QQQEg?9@5955%catta
gat gt ctt at't gaat aaat caggggcaacaggt gtatttact gattt cccagat act ggcgt gg

aat t ct ttagadggaatbaangcygecyeaazd gyt guiggracecgtegegtagegeycegegegtt
ggcaccgccggtt ccqgt t gcggcgcgt cgt.cgt ccggcgagecc actgctgcgt

s T o R e e R e R

gt aacgaacgtgaacghaaccgt 94 gaaact g gapaeitgggebbeaggecgetgcgt cageatcgta

t gt gccgcat ggcggt gcgagcaaaaaact gagcaaagt ggaaaccct gcgt agcgcggt ggaa
tatatt@696%%828835%@%@?%E%iﬁﬁﬁﬁﬁéﬁﬁﬁ%é%&ﬁﬁiﬁ%@é&ﬁgégaé%Egbg%ﬁgﬁ¥%Fcaga

gt ct gcglheeacaggaeggtt cgt ccgagecgecaccgegt ggt ccgecgggt acgacgecggttge
agcgagcccgagccgt gcgagcagct ct ccgggt cgt ggt ggt agcagcgaaccgggt agcccg

cgt agcgcct at agcagcgat gat agcggct gcgaaggt gccct gt ct ccggcggaacgt gaac

t gct ggatit taggaget ggct gggeggcet at ct cgagcaccaccaccaccaccacSEQ | D NO 45 LVL112

Protein HHHHHGSDSEVNQEAKPEVKPEVKPETHI NLKVSDGSSE! FFKI KKTTPLRRLVEAFAKRQ
GKEMVDSIEHRFL YDGL RE QADQAPEDLONMEDNDI | EAHREQ GGDGGTLPRSAPPAPPVPVGCAAR

QVETUREAVETT RACCH L AEHEAVRNAL ACL RV SAPRER T TURAGPAS PG 0%
YLEQDLAMTKDGRLVVIHDHFLDGLTDVAKKFPHRHRKDGRYYVIDEFTLKEIQSTLEMTENFETK
DGKOAQVYPNRFPLWKSHEFRIHTFEDEIEFIQGLEKSTGKKVGIYPEIKAPWEFHHONGKDIAAE
TLKVLKKYGYDKKTDMVYLOQTFDFNELKRIKTELLPOMGMDLKLVQLIAYTDWKETQEKDPKGY
WVNYNYDWMEKPGAMAEVVKYADGVGPGWYMLVNKEESKPDNIVYTPLVKELAQYNVEVHPYTV
RKDALPEFFTDVNOMYDALLNKSGATGVFTDFPDTGVEFLKGIK

SEQ ID NO:42

Long polyhistidine tag
MGHHHHHHHHHHSSGHIDDDDKH
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RGGSSEPGSPRSAYSSDDSGCEGAL SPAERELLDFSSW.GGY SEQ | D NGO 46 LVLI 12 DNA
at gggt eat caecat cat cat cacgggt cggact cagaagt caat caagaagct aagccagagg

t caagccageiogh et gagact cacat caat t t aaaggt gt ccgat ggat crCtapagans7i41
cttcttcaagat caaaaagaccactccttt aagaaggct gat ggaagcgtt cgct aaaagacag

ggt aaggaaat ggactcctt aagattctt gt acgacggt att agaat t caagct gat caggccc

ct gaagat tt ggacat ggaggat aacgat att att gaggct caccgcgaacagat t ggaggt ga

t ggt ggcaccct gccgcgt agcgct ccgeccggcaccgeccggtt ccggt t ggtt gt gcggegegt
cgtcgt@ﬁggqgag@cqggaactgctgcgttgcagccgtcgtcgccgtccggccaccgcggaaa
ccggtggtg %cggcagcggttgcgcgtcgtaacgaacgtgaacgtaaccgtgtgaaactggt
gaacct gygert €ag§eget gcgt cageat gt gccgeat ggcggt gcgagcaaaaaact gage
aaagt 99ARRCHCLAGAlA9GEC 9t oA 1Al 1G9, 869CLA6 A6 ghahICEIBCLGRAGR VY
at gat gcggt gcgt aacgcgct ggccggt ggt ct gcgt ccgcaggecggt t cgt ccgagcgcacc

gcgt ggticioge é@ggﬂEUQHK@E@@M@E%WWEM@EEQGK@B@WQ@@RFPLWK

cgt ggt

na00 gL g T L B aE oAt ot paa LGRS s DRI B P & TR o 47
LVL113VEEQE@DHNELKRIKTELLPQMGMDLKLVQLIAYTDWKETQEKDPKGYWVNYNYDWMFKPGAMA
NGHHHHHHGSDSEVN%EAKPEVKPEVKPETHINLKVSDGSSEIFFKIKKTTPLRRLNEA
GKENMDSERFEYDHEF K CADGAPESH BVEDND 1 EAHREG AP SSHS SRNANTENRSBRY T T AN MY
HRGASGYIvPIERK ERRAL AT ARRAENHERREANIDERI AT R BEe PRVAKKERRRERIE X F1.1.R
GRYYVI DFTLKE | QSLEMIENFETAAANDGGT L PRSAPPAPPVPVGCAARRRPASPEL LRCSRR
WATA@WWAWWWW@&@@RU@W@$EWWT@BSAVE

L QRL L ASHRAYRNAL A RPIVRESAR E%Tﬁ%w&%%ﬁ%%%EﬁéEME PGSP
SSDDSGCEGAL PAI:R LDFSSW.GGY SEQ I D NO 48 LVLI 13

RSAYSSDDSGCEGALSPAERELLDESSWLGGYLEHHHHHH

L’1
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atggg teat caeca tcatcatcacgggt cggact cagaagt caat caagaagct aagccagagg
t caagccagaagt caagcct gagact cacat caat t t aaaggt gt ccgat ggat ct t cagagat
cttcttcaayaroszsasgaccact ccttt aagaaggct gat ggaagegt t cgct 2aAAPACIAYS7141
ggt aaggaaat ggact cctt aagat t ctt gt acgacggt at t agaat t caagct gat caggccc
ct gaagat t t ggacat ggaggat aacgat at t at t gaggct caccgcgaacagat t ggaggt ga
t ccaagcagccat t cat caaat at ggcgaat acccaaat gaaat cagacaaaat catt at t gct
caccgt ggt gct agcggtt attt accagagcat acgt t agaat ct aaagcactt gcgtttgcac
aacaggeigathakbt agagcaagat t t agcaat gact aaggat ggt cgt ttagtggttattca
cgatcactttttagat ggcttgact gat gttgcgaaaaaattcccacat cgtcat cgt aaagat
ggccgt tHEPEPgPVat cgact t t acct t aaaagaaat t caaagt t t agaaat gacagaaaact

tt9333%%%?9%%898885%88&99&&%%&%%%% Q&%&EQ%E%%%%EQQSQ GOSE9H catta
t ccggt t ggtt gt gcggcgcegt cgt cgt ccggecgagcccggaact get gegt t gcagecgt cgt

cgccgt ctggtcaccgtggaaategyt gyt ot goygergegdgiticgtgegbggtaasgaaegt gycgtt
aacgt aaccgt gt gaaac aacct cttt cgct gcat cagcat gt gccgcat

et P R R SR S R
ct gcaacgtetgchggecgaacai gat gegot gogiaacgageiggecggtggtehgegt§egeccgta
aggcggt t cgt ccgagcgcaccgegt ggt ccgccgggt acgacgeccggt t gcagcgageccga

ccgt gc@é@%&@@gégEg@%?gﬁgﬁﬁ %%5%%&@@@@@@%3&63@63?%53@%% acaga
agcagcgakaatagedget 95932094 @LLLd HLILCO0GFaacggaachget ggattt t 8ggaaa
gcagct gctgg%% gctat SEQ I D NO 49 LVL114 Protein

MGHHHH B! RPEVKPEY/KPETH NA\BRESSEPPEKICRKF T PE RRE VEAFARIREZ Lcca

KEMDSIREL YDA RL DVEDNDI . 1 FAHREQ g@%@AE’EéE’Et\/E’é/ t
RRPASPELL] ECSRRRRgP; §TE Ag ég%AAVARﬁNERERNRVQEVQN;LEGFEE L R(C;]-IVPHGGASéK; gK; ng @ jtaa
KVETL RSAVEYI RSCORE L AEHDAYRNAL2e SE(Q 12 MN@2 350 oyl at4aDNAgaaaaccgatatg

gtttacttacaaactttcgattttaatgaattaaaacgtatcaaaacggaattacttccacaaa
tgggaatggatttgaaattagttcaattaattgcttatacagattggaaagaaacacaagaaaa
agacccaaagggttattgggtaaactataattacgattggatgtttaaacctggtgcaatggceca
gaagtggttaaatatgccgatggtgttggcccaggttggtatatgttagttaataaagaagaat
ccaaacctgataatattgtgtacactccgttggtaaaagaacttgcacaatataatgtggaagt
gcatccttacaccgtgcgtaaagatgcactacccgegtttttcacagacgtaaatcaaatgtat
gatgtcttattgaataaatcaggggcaacaggtgtatttactgatttcccagatactggegtgg
aattcttaaaaggaataaaagcggccgcaatggatggtggcaccctgccecgegtagegetcececgec
ggcaccgccggttccggttggttgtgeggcgegtecgtecgteccggegagececggaactgetgegt
tgcagccgtcgtcgececgtecggeccaccgecggaaaccggtggtggtgecggecageggttgegegte
gtaacgaacgtgaacgtaaccgtgtgaaactggtgaacctgggctttcaggcgctgecgtcagea
tgtgccgcatggcggtgcgagcaaaaaactgagcaaagtggaaaccctgegtagegeggtggaa
tatattcgtgcgctgcaacgtctgetggeccgaacatgatgcecggtgecgtaacgcecgetggececggtyg
gtctgcgtccgcaggecggttecgtceccgagecgecaccgegtggteccgecgggtacgacgecggttge
agcgagcccgagccgtgecgagcagcectcecteccecgggtecgtggtggtagcagecgaaccgggtageccg
cgtagcgcctatagcagcgatgatagecggectgcgaaggtgcecctgtctececggecggaacgtgaac
tgctggattttagcagctggctgggcecggectatctcgagcaccaccaccaccaccac
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at gggt eat caecat cat cat cacgggt cggact cagaagt caat caagaagct aagccagagg

t caagccagaagt caagcct gagact cacat caat t t aaaggt gt ccgat ggat ct t cagagat
cttcttcaayaroszsasgaccact ccttt aagaaggct gat ggaagegt t cgct 2aAAPACIAYS7141
ggt aaggaaat ggact cctt aagat t ctt gt acgacggt at t agaat t caagct gat caggccc

ct gaagat t t ggacat ggaggat aacgat at t at t gaggct caccgcgaacagat t ggaggt ga

t ggt ggcaccct gccgegt agcget ccgecggeaccgecggtt cecggt t ggt t gt gcggegegt

cgt cgt ccggcgagcccggaact get gecgt t gcagecgt cgt cgecgt ccggccaccgcggaaa
ccogt ggEgotrgcgacageggt t gcgegt cgt aacgaacgt gaacgt aaccgt gt gaaact ggt
gaacct gggct t t caggcgct gcgt cagcat gt gccgcat ggcggt gcgagcaaaaaact gagce
aaagt ggeaacéctfg§egeagcgcggt ggaat at at t cgt gcget gcaacgt ct gect ggccgaac

atgatg i
VD NCEARPLVRBEVKBE T N KVECESE) ERRT KK TPL R KA ARRS ™
GKEMDSIGREMYBGR RE-QAOOAPERD DMEDNINH TEAHREQHBEDGGFLPRSAPRARPPYPYGOAARC AAR

KVETL REAVEVP AL R L AEFEAVRAT
KVETLR R GGS

EGAL SPAEREILEBESSW GEYSEQ . ADI INGrRIN2. AMIIR PLBVENA r@RgEQLEAPVAASPSRASSSPG
caecatcatcatcacg gtc gactca aagt caat caagaagct aagccagagg

{ CangcCRGAREECaREeRT fanHcT Caent G T Gar GCoegat ggat ot t cagagat
cttcttcaagat caaaaagaccact ccttt aagaaggct gat ggaagcgt t cgct aaaagacag

ggt aaggaaat ggact cct t aagat t ct t gt acgacggt at t agaat t caagct gat caggccc
ctgaagé@@tégagﬁﬁééaggataacgatattattgaggctcaccgcgaacagattggaggtga

t ggt gg6as6GHOeRECTt agcgcaccgeegget ccgecggt t ccggt t ggt t gt gcggegegt

cgt cgt ccggcgagecccggaact get gegt t gcagecgt cgt cgecgt ccggecaccgecggaaa
ccggt ggttggugeggcagecgyts jegoyt el sacmatgicgaadfcaaccgbghgaanet ggtagagy

tcaagccagaagtcaagcctgagactcacatcaatttaaaggtgtccgatggatcttcagagat

cttcttcaagatcaaaaagaccactcctttaagaaggctgatggaagcecgttcgctaaaagacag
ggtaaggaaatggactccttaagattcttgtacgacggtattagaattcaagctgatcaggeccc
ctgaagatttggacatggaggataacgatattattgaggctcaccgcgaacagattggaggtga
tggtggcaccctgceccgegtagecgeteccgecggecaccgecggtteecggttggttgtgeggegegt
cgtcgtccggcgagecccggaactgetgegttgcagecgtegtegecgtececggeccaccgcecggaaa
ccggtggtggtgcggcagecggttgegegtecgtaacgaacgtgaacgtaaccgtgtgaaactggt
gaacctgggctttcaggcgctgcgtcagcatgtgccgcatggecggtgcgagcaaaaaactgagce
aaagtggaaaccctgcgtagcgcggtggaatatattcecgtgegectgcaacgtctgetggecgaac
atgatgcggtgcgtaacgcgectggeccecggtggtctgegtecgcaggeggttegteccgagegcecacc
gcgtggtceccecgcececgggtacgacgccggttgcagecgageccgagecgtgecgagcagetcecteecgggt
cgtggtggtagcagcgaaccgggtagcccecgegtagegectatagcagecgatgatageggetgeg
aaggtgccctgtctccggecggaacgtgaactgctggattttagcagectggectgggeggetat
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gaacct gggct t t caggcgcet gegt cagcat gt gccgeat ggcggt gcgagcaaaaaact gagce

aaagt ggaaaccct gcgt agcgcggt ggaat at at t cgt gcgct gcaacgt ct gct ggccgaac

at gat gcggwgegtisegegct ggccggt ggt ct gcgt ccgcaggeggt t cgt ¢c @auEPeaon57141

gcgt ggt ggt agcagcgaaccgggt agcccgegt agcgect at agcagcgat gat agcggct ge

gaaggt gccct gagcccggecggaacgt gaact gct ggattttagcaget ggct gggecggetat SEQ 1 D NO
53 Peptide 1 MDGGTLPRSAPPAPP SEQ I D NO 54 Peptide 2 TLPRSAPPAPPVPVG SEQ I D
NO 55 Peptide 3 SAPPAPPVPVGCAAR SEQ I D NO 56 Peptide 4 APPVPVGCAARRRPA SEQ
I D NO 53 Reptibde;5 PVGCAARRRPAS PEL SEQ ID NO 58 Peptide 6

AARRRPASPELLRCSSEQ | D NO 59 Peptide 7 RPASPELLRCSRRRR SEQ I D NO. 60 Peptide
8 LVL113 Protein

MGHHHHHHGSDSEVNQEAKPEVKPEVKPETHINLKVSDGSSEIFFKIKKTTPLRRLMEAFAKRQ
GKEMDSLREFLYDGIRIQADQAPEDLDMEDNDITIEAHREQIGGDPSSHSSNMANTOMKSDKITIIA
HRGASGYLPEHTLESKALAFAQQOADYLEQDLAMTKDGRLVVIHDHFLDGLTDVAKKFPHRHRKD
GRYYVIDFTLKEIQSLEMTENFETAAAMDGGTLPRSAPPAPPVPVGCAARRRPASPELLRCSRR
RRPATAETGGGAAAVARRNERERNRVKLVNLGFQALROHVPHGGASKKLSKVETLRSAVEYIRA
LORLLAEHDAVRNALAGGLRPOAVRPSAPRGPPGTTPVAASPSRASSSPGRGGSSEPGSPRSAY
SSDDSGCEGALSPAERELLDESSWLGGY

SEQ ID NO:48

LVL113 DNA
atgggtcatcaccatcatcatcacgggtcggactcagaagtcaatcaagaagctaagccagagg
tcaagccagaagtcaagcctgagactcacatcaatttaaaggtgtccgatggatcttcagagat
cttcttcaagatcaaaaagaccactcctttaagaaggctgatggaagcecgttcgctaaaagacag
ggtaaggaaatggactccttaagattcttgtacgacggtattagaattcaagctgatcaggeccc
ctgaagatttggacatggaggataacgatattattgaggctcaccgcgaacagattggaggtga
tccaagcagccattcatcaaatatggcgaatacccaaatgaaatcagacaaaatcattattgcet
caccgtggtgctagcggttatttaccagagcatacgttagaatctaaagcacttgecgtttgecac
aacaggctgattatttagagcaagatttagcaatgactaaggatggtcgtttagtggttattca
cgatcactttttagatggcttgactgatgttgcgaaaaaattcccacatcgtcatcgtaaagat
ggccgttactatgtcatcgactttaccttaaaagaaattcaaagtttagaaatgacagaaaact
ttgaaaccgcggccgcaatggatggtggcaccctgeccgegtagegctececgecggecaccgecggt
tccggttggttgtgcggecgegtecgtegtececggecgageccggaactgectgegttgecageecgtegt
cgccgtccggceccaccgcecggaaaccggtggtggtgeggcageggttgecgegtecgtaacgaacgtyg
aacgtaaccgtgtgaaactggtgaacctgggctttcaggcgctgegtcagecatgtgecgecatgg
cggtgcgagcaaaaaactgagcaaagtggaaaccctgcgtagegecggtggaatatattecgtgeg
ctgcaacgtctgctggccgaacatgatgecggtgecgtaacgecgetggeccggtggtcectgegtcececge
aggcggttcgtccgagecgcaccgegtggtcecgecgggtacgacgecggttgcagecgagececgag
ccgtgcgagcagctctececgggtecgtggtggtagcagecgaaccgggtagececcgegtagegectat
agcagcgatgatagcggctgcgaaggtgccctgtctceccggecggaacgtgaactgectggatttta
gcagctggctgggcggcectat
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PELLRCSRRRRPATA SEQ I D NO 61 Peptide 9 RCSRRRRPATAETGG SEQ I D NGO 62
Peptide 10 RRRPATAETGGGAAA SEQ ID NGO 63 Peptide 11 ATAETGGGAAAVARR SEQ I D
NO 64 Pew0Oi208/182443 GGGAAAVARRNERE SEQ | D NGO 65 Pept i de PC3/ERANVARRNE RERNRV
SEQ I D NO 66 Peptide 14 ARRNERERNRVKLVN SEQ I D NO 67 Peptide 15
ERERNRVKLVNLGFQ SEQ I D NO 68 Peptide 1 6 NRVKLVNLGFQALRQ SEQ I D NGO 69
Peptide 17

SEQ ID NO:49

LVL114 Protein
MGHHHHHHGSDSEVNQEAKPEVKPEVKPETHINLKVSDGSSEIFFKIKKTTPLRRLMEAFAKRQ
GKEMDSLRFLYDGIRIQADQAPEDLDMEDNDITEAHREQIGGDGGTLPRSAPPAPPVPVGCAAR
RRPASPELLRCSRRRRPATAETGGGAAAVARRNERERNRVKLVNLGFQALROQHVPHGGASKKLS
KVETLRSAVEYTIRALQRLLAEHDAVRNALA

SEQ ID NO:50

LVL114 DNA
atgggtcatcaccatcatcatcacgggtcggactcagaagtcaatcaagaagctaagccagagg
tcaagccagaagtcaagcctgagactcacatcaatttaaaggtgtccgatggatcttcagagat
cttcttcaagatcaaaaagaccactcctttaagaaggctgatggaagcecgttcgctaaaagacag
ggtaaggaaatggactccttaagattcttgtacgacggtattagaattcaagctgatcaggeccc
ctgaagatttggacatggaggataacgatattattgaggctcaccgcgaacagattggaggtga
tggtggcaccctgceccgegtagecgeteccgecggecaccgecggtteecggttggttgtgeggegegt
cgtcgtccggcgagecccggaactgetgegttgcagecgtegtegecgtececggeccaccgcecggaaa
ccggtggtggtgcggcagecggttgegegtecgtaacgaacgtgaacgtaaccgtgtgaaactggt
gaacctgggctttcaggcgctgcgtcagcatgtgccgcatggecggtgcgagcaaaaaactgagce
aaagtggaaaccctgcgtagcgcggtggaatatattcecgtgegectgcaacgtctgetggecgaac
atgatgcggtgcgtaacgcgcectggcec

SEQ ID NO:51

LVL115 Protein
MGHHHHHHGSDSEVNQEAKPEVKPEVKPETHINLKVSDGSSEIFFKIKKTTPLRRLMEAFAKRQ
GKEMDSLRFLYDGIRIQADQAPEDLDMEDNDITEAHREQIGGDGGTLPRSAPPAPPVPVGCAAR
RRPASPELLRCSRRRRPATAETGGGAAAVARRNERERNRVKLVNLGFQALROQHVPHGGASKKLS
KVETLRSAVEYTIRALOQRLLAEHDAVRNALAGGLRPQAVRPSAPRGGSSEPGSPRSAYSSDDSGC
EGALSPAERELLDFSSWLGGY
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LVNLGFQALRCQHVPHSEQ |1 D NO. 70 Pepti de 18 GFQALRQHVPHGGAS SEQ I D NO 71 Pepti de
1 9 LRQHVPHGGASKKLS SEQ ID NO 72 Peptide 20 VPHGGASKKLSKVET SEQ I D NO 73
Pepti de 2WOGABKKESEKVETLRSA SEQ | D NO 74 Peptide 22 KLSKYETIHRIAVEYI1465EQ | D
NO 75 Peptide 23 VETLRSAVEYI RALQ SEQ ID NO 76 Peptide 24 RSAVEYI RALQRLLA
SEQ I D NO 77 Peptide 25 EYI RALQRLLAEHDA SEQ I D NO 78 Pepti de 26
ALCQRLLAEHDAVRNA
SEQ ID NO:52
LVL115 DNA
atgggtcatcaccatcatcatcacgggtcggactcagaagtcaatcaagaagctaagccagagg
tcaagccagaagtcaagcctgagactcacatcaatttaaaggtgtccgatggatcttcagagat
cttcttcaagatcaaaaagaccactcctttaagaaggctgatggaagcecgttcgctaaaagacag
ggtaaggaaatggactccttaagattcttgtacgacggtattagaattcaagctgatcaggeccc
ctgaagatttggacatggaggataacgatattattgaggctcaccgcgaacagattggaggtga
tggtggcaccctgccgegtagecgecaccgecggectececgecggttecggttggttgtgeggegegt
cgtcgtccggcgagecccggaactgetgegttgcagecgtegtegecgtececggeccaccgcecggaaa
ccggtggtggtgcggcagecggttgegegtecgtaacgaacgtgaacgtaaccgtgtgaaactggt
gaacctgggctttcaggcgctgcgtcagcatgtgccgcatggecggtgcgagcaaaaaactgagce
aaagtggaaaccctgcgtagcgcggtggaatatattcecgtgegectgcaacgtctgetggecgaac
atgatgcggtgcgtaacgcgctggeccecggtggtctgegtecgcaggeggttegteccgagegegec
gcgtggtggtagcagcgaaccgggtagcecccgegtagegectatagcagegatgatageggetge
gaaggtgccctgagcccecggcggaacgtgaactgctggattttagcagectggectgggeggetat

SEQ ID NO:53
Peptide 1
MDGGTLPRSAPPAPP

SEQ ID NO:54
Peptide 2
TLPRSAPPAPPVPVG

SEQ ID NO:55
Peptide 3
SAPPAPPVPVGCAAR

SEQ ID NO:56
Peptide 4
APPVPVGCAARRRPA

SEQ ID NO:57
Peptide 5
PVGCAARRRPASPEL

SEQ ID NO:58

Peptide 6
AARRRPASPELLRCS
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SEQ I D NO 79 Peptide 27 LLAEHDAVRNALAGG SEQ I D NO 80 Peptide 28
HDAVRNALAGGLRPQ SEQ | D NO 81 Peptide 29 RNALAGE.RPQAVRPSEQ | D NO 82
Pepti de WOAGBLRRIAVRPSAPR SEQ | D NO. 83 Peptide 31 RPQRUREBAHRGFPA@& SEQ | D
NO 84 Peptide 32 VRPSAPRGPPGITPV SEQ ID NGO 85 Peptide 33 APRGPPGITPVAASP
SEQ I D NO 86 Peptide 34 PPGITPVAASPSRAS SEQ ID NO 87 Peptide 35
TPVAASPSRASSSPG SEQ | D NO. 88

SEQ ID NO:59
Peptide 7
RPASPELLRCSRRRR

SEQ ID NO:60
Peptide 8
PELLRCSRRRRPATA

SEQ ID NO:61
Peptide 9
RCSRRRRPATAETGG

SEQ ID NO:62
Peptide 10
RRRPATAETGGGAAA

SEQ ID NO:63
Peptide 11
ATAETGGGAAAVARR

SEQ ID NO:64
Peptide 12
TGGGAAAVARRNERE

SEQ ID NO:65
Peptide 13
AAAVARRNERERNRV

SEQ ID NO:66
Peptide 14
ARRNERERNRVKLVN

SEQ ID NO:67
Peptide 15
ERERNRVKLVNLGEFQ

SEQ ID NO:68
Peptide 16
NRVKLVNLGEFQALRQ

SEQ ID NO:69

Peptide 17
LVNLGFQALRQHVPH
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Pepti de 36 ASPSRASSSPGRGGS SEQ I D NGO 89 Pepti de 37 RASSSPGRGGSSEPG SEQ | D
NO 90 Peptide 38 SPGRGGSSEPGSPRS SEQ I D NO 91 Peptide 39 GGSSEPGSPRSAYSS
SEQ | D Nawo2moPspts3de 40 EPGSPRSAYSSDDSGSEQ | D NO. 93 PepTiEkeo14/D57141
PRSAYSSDDSGCEGA SEQ | D NO 94 Peptide 42 YSSDDSGCEGALSPA SEQ I D NO. 95
Pepti de 43 DSGCEGALSPAEREL SEQ ID NO 96 Peptide 44 EGALSPAERELLDFS SEQ I D
NG 97 Peptide 45

SEQ ID NO:70
Peptide 18
GFQALRQHVPHGGAS

SEQ ID NO:71
Peptide 19
LROHVPHGGASKKLS

SEQ ID NO:72
Peptide 20
VPHGGASKKLSKVET

SEQ ID NO:73
Peptide 21
GASKKLSKVETLRSA

SEQ ID NO:74
Peptide 22
KLSKVETLRSAVEYT

SEQ ID NO:75
Peptide 23
VETLRSAVEYTIRALQ

SEQ ID NO:76
Peptide 24
RSAVEYIRALQRLLA

SEQ ID NO:77
Peptide 25
EYTRALOQRLLAEHDA

SEQ ID NO:78
Peptide 26
ALOQRLLAEHDAVRNA

SEQ ID NO:79
Peptide 27
LLAEHDAVRNALAGG

SEQ ID NO:80
Peptide 28
HDAVRNALAGGLRPQ

SEQ ID NO:81

Peptide 29
RNALAGGLRPQAVRP
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SPAERELLDFSSW.G SEQ | D NO 98 Peptide 46 AERELLDFSSW.GGYWe claim 1. A
nodi fi ed CASB7439 pol ypeptide conprising at | east one expression
enhancenew0 20odi3b446at i on, wherei n the expressi on enhancecgmp2omasfidcat i on
conprises at |east the deletion of part or all of the proline-rich region
of SEQID NO 13. 2. A protein construct conprising a nodified CASB7439

pol ypeptide of claim 1l and further conprising one or nore heterol ogous

pol ypeptides. 3. The protein construct of claim3, wherein the protein
construct conprises a construct selected from (a) LVLO55 (SEQID NO1 ) ;
(b) LVIEolEp(REQHD NG 3); (O LVL137 (SEQ ID NO5); (d) LVL141 (SEQ ID

NO 7); &) ;k¥Lid4 (SEQ ID NGO 9); and (f) LVL16E8 (SEQID NO1 1) . 4. An
inwunog%%%nggggggkﬁﬁon conprising the protein construct of any one of
clainms 1I-3, and a pharmaceutically acceptable carrier or excipient, wherein
t he ca%%ie&Do&oeégipient may optionally conprise a buffer. 5. The

!nnuno%e igdpo position of claim4, further conprising an adjuvant. 6. The
i mruno @ ¢ §§g§§§E£&on of claimb5, wherein the adjuvant elicits at |east a
Thl i &'E . 7. The inmmunogeni c conposition of claim4, 5, or 6,
wherein_t he_adjuvant conprises at |east one of: TLR-4 agoni st,

i munol&ti ¢&l MY 4¢éti ve saponin fraction, TLR- 9 agonist.8. The i nmunogenic
conposifEPéRI6f 3él ai m 7 wherein said TLR-4 agonist is 3D MPL.
VRPSAPRGPPGTTPV

SEQ ID NO:85
Peptide 33
APRGPPGTTPVAASP

SEQ ID NO:86
Peptide 34
PPGTTPVAASPSRAS

SEQ ID NO:87
Peptide 35
TPVAASPSRASSSPG

SEQ ID NO:88
Peptide 36
ASPSRASSSPGRGGS

SEQ ID NO:89
Peptide 37
RASSSPGRGGSSEPG

SEQ ID NO:90
Peptide 38
SPGRGGSSEPGSPRS

SEQ ID NO:91
Peptide 39
GGSSEPGSPRSAYSS

SEQ ID NO:92

Peptide 40
EPGSPRSAYSSDDSG
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9. The i mmunogeni c conposition of claim7 or 8 wherein said TLR-9 agoni st

is a CpG oligonucleotide. 10. The i mrunogeni ¢ conposition of claim7, 8 or

9 wher ei rweant/i3manol ogi cal |y active saponin fraction PST@B2M0/05M21 The

i mrunogeni ¢ conposition of any of clains 7-1 0, conprising 3D-MPL. 12. The

i munogeni ¢ conposition of any of clainms 7-1 1 conprising CpG 13. The

i nmmunogeni ¢ conposition of any of clainms 7-1 2 conprising Q521 . 14. The

i mrunogeni ¢ conposition of claim 13, further conprising cholesterol. 15. A

nucl ei graciteh wBl.ggul e conprising a pol ynucl eoti de sequence that encodes the

protei pgeagkrygt of any of claims 1-3. 16. A nethod of inducing an

I rNNUNeRRSRRRSE sLEEEEASB7439 in a human or non-hunman ani mal conprising

adm nistering to tﬁe human or non- human ani nal an effective anount of a

conpos%%onPCQBpghsing an adjuvant and a protein conprising a polypeptide
49

sequence selec fromthe group consisting of: (a) the polypeptide
sequen g@é%ﬁ%@ﬁkﬁﬁkg SEQ ID NO 9; and (b) the polypeptide sequence set
forth i 1 °1.17. A nethod of treating a human or non-human ani nal

cancer ot ¢&l FS:PRat express CASB7439; and (b) adm nistering to the human
or nonFf&eAcadrmal an effective amount of a conposition conprising an
adj uvarttCaR§2&SpreREFN conprising a pol ypeptide sel ected fromthe group
consisting of: (i) the construct set forth in SEQID NG 9; and (ii) the
const r %R &t NPePPh in SEQ ID NO:'1 1. 18. An irmmunogeni ¢ conmposition as
defi nedeirhidkartds 7-14 for use in a nethod of inducing an i nmune response
t o CASBEA3GPRRRELAUREN or non human ani mal, said method conpri sing
adm nistering an effective amount of said i nmmunogenic

SEQ ID NO:97

Peptide 45

SPAERELLDFSSWLG

conprisjing _the s%ﬁps of : (a) selecting a human or non-hurman ani mal havi ng
ma

SEQ ID NO:98
Peptide 46
AERELLDEFSSWLGGY

-85 -



conposition. 19. |Imunogeni c conposition according to claim 18 which
conprises a protein conprising a polypeptide selected fromthe group

consi sti myoab10/3e443t he construct set forth in SEQ | D NOP@TI/ER2@lob)141 he
construct set forth in SEQID NO1 1. 20. Use of an inmunogeni c conmposition
as defined in clains 7-14 in the manufacture of a nedicament for use in a
nmet hod of i1nducing an i mmune response to CASB7439 in a human or non human
animal, said nmethod conprising adm nistering an effective anount of said

| munogeBicmikonposition. 2 1. Use according to claim20 wherein said

| munogeni ¢ conposition conprises a protein conprising a pol ypeptide

sel ected frdm t h& godiiiedcoASBYdBAgraypentide cvrvpdsingtatuleasis enefexpression SEQ

I'D NO 28Rkt MBGiREIRS " YUaterdfl R LB IBstER 'dRnEdmédnt  modification

comprises at least the deletion of part or all of the proline-rich region of SEQ ID NO:13.

2. A protein construct comprising a modified CASB7439 polypeptide of claim
1 and further comprising one or more heterologous polypeptides.

3. The protein construct of claim 3, wherein the protein construct comprises
a construct selected from:

(@) LVLO55 (SEQID NO:1);
(b)  LVL111 (SEQID NO:3);
(¢) LVL137 (SEQID NO:5);
(d)  LVL141 (SEQID NO:7);
(e) LVL144 (SEQID NO:9); and
(f) LVL168 (SEQ ID NO:11).

4. An immunogenic composition comprising the protein construct of any one
of claims 1-3, and a pharmaceutically acceptable carrier or excipient, wherein the carrier
or excipient may optionally comprise a buffer.

5. The immunogenic composition of claim 4, further comprising an adjuvant.

0. The immunogenic composition of claim 5, wherein the adjuvant elicits at

least a Th1 immune response.
7. The immunogenic composition of claim 4, 5, or 6, wherein the adjuvant

comprises at least one of: TLR-4 agonist, immunologically active saponin fraction, TLR-

9 agonist.
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8. The immunogenic composition of claim 7 wherein said TLR-4 agonist is
3D-MPL.
9. The immunogenic composition of claim 7 or 8 wherein said TLR-9 agonist

is a CpG oligonucleotide.

10. The immunogenic composition of claim 7, 8 or 9 wherein said
immunologically active saponin fraction is QS21.

11.  The immunogenic composition of any of claims 7-10, comprising 3D-MPL.

12.  The immunogenic composition of any of claims 7-11 comprising CpG.

13.  The immunogenic composition of any of claims 7-12 comprising QS21.

14.  The immunogenic composition of claim 13, further comprising cholesterol.

15. A nucleic acid molecule comprising a polynucleotide sequence that

encodes the protein construct of any of claims 1-3.

16. A method of inducing an irnmuneresponse to CASB7439 in a human or
non-human animal comprising administering to the human or non-human animal an
effective amount of a composition comprising an adjuvant and a protein comprising a
polypeptide sequence selected from the group consisting of:

(a) the polypeptide sequence set forth in SEQ ID NO:9; and

(b)  the polypeptide sequence set forth in SEQ ID NO:11.
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17. A method of treating a human or non-human animal comprising the steps
of:

(@) selecting a human or non-human animal having cancerous cells that
express CASB7439; and

(b) administering to the human or non-human animal an effective amount of a
composition comprising an adjuvant and a protein comprising a polypeptide selected
from the group consisting of:

(i) the construct set forth in SEQ ID NO:9; and

(i) the construct set forth in SEQ ID NO:11.

18.  An immunogenic composition as defined in claims 7-14 for use in a
method of inducing an immune response to CASB7439 in a human or non human
animal, said method comprising administering an effective amount of said immunogenic

composition.

19.  Immunogenic composition according to claim 18 which comprises a
protein comprising a polypeptide selected from the group consisting of:

(@)  the construct set forth in SEQ ID NO:9; and

(b)  the construct set forth in SEQ ID NO:11.

20. Use of an immunogenic composition as defined in claims 7-14 in the
manufacture of a medicament for use in a method of inducing an immune response to
CASB7439 in a human or non human animal, said method comprising administering an

effective amount of said immunogenic composition.

21. Use according to claim 20 wherein said immunogenic composition
comprises

a protein comprising a polypeptide selected from the group consisting of:

(i) the construct set forth in SEQ ID NO:9; and

(i) the construct set forth in SEQ ID NO:11.
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