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undergone a process of transformation from the nornmal phenot ype

to a malignant phenotype capabl e of aut ononous WO 9 -

2~ growth. “Anplification and overexpression.of somatic cell genes
is considered to be a common prinmary event that ' - results in the
transformati on of normal cells to malignant cells. The malignant

phenot ypi c OW@P&ISH i stics encoded 5 by the oncogenic gencBCHPS681688cd on
during cell division to the progeny of the transforned cells.

Ongoi ng research i nvol vi ng oncogenes has identified at least forty
oncogenes operative in malignant cells and responsi ble for, or
associated wth, 10 transformtion. Oncogenes have been classified
into  different groups based on the Desddipeifonncti on or | ocation of
their gene products (such as the protein expressed by the
oncogene) . Oncogenes are believed to essential for 15
certain aspects RfmROETBLAR heOF AAREY PROTEN W@M“P“’"
HER- 2/ neu oncogeoR MAEBIGN. er of tﬂw?%lom nga pﬁ)‘%‘gﬁyﬁ I nase famly of
oncogenes and shares a high degree of honology with the epidermal growth
factor receptor. HER- 2/ neu presumably plays a role in cell 20
gromh and/or differentiation. HER- 2/ neu appears to I nduce

mal i gnanci es t hrough quantitative mechani sns t hat result fromincreased
or deregul at ed éﬁﬁgﬁéﬁﬁénféﬂlﬂn essentially normal gene product.
HER- 2/ neu (p185) is the DTQEG'BrEEQHHCtLHGeEbe@5 1§ ERyA&Rsh OPCOgENE-ted
The HER-2/ neu gene is anplified HER- 2/neu protein ‘s

over expr essed i rEovarst |Eﬁ§”&ﬁpt1de%ﬁuﬁ@¢snuFﬁ€+ﬁdFﬁgdtﬂQ%ESU1eS(ﬁQﬁ?Q&F9

colon, lunqo anghch p@]’.ﬁé@iﬁieéﬁnﬁgi elltlHERgmcﬂ'eUenhénciﬁé ata@d idufune
nallgnant transf ormati on. Is found in 50%.60% of ductal in situ 30

carci noma and 20RSRYRASSr &9 | HEPeééP‘*EaﬁEQF@“as iReLpding, for wEgsiantthe
fraction of aderaGaitwien@"BYE Ihd SidHarididsh@n which the HER-2/neu oncogene

is associated.

15 Background of the Invention

Despite enormous investments of financial and
human resources, cancer remains one of the major causes of
death. For example, cancer is the leading cause of death
in women between the ages of 35 and 74, Breast cancer is

20 the most common malignancy in women and the incidence for
developing breast cancer is on the rise. One in nine
women will be diagnosed with the disease. Standard
approaches to cure breast cancer have centexred around a
combination of surgery, radiation and chemotherapy. These

25 approaches have resulted in some dramatic successes 'in
certain malignancies. However, these approaches have not
been successful for all malignancies and breast cancer is
most often incurable when attempting to treat beyond a
certain stage. Alternative approaches to prevention and

30 therapy are necessary.

A common characteristic of malignancies is
uncontrolled cell growth. Cancer cells appear to have
undergone a process of transformation from the normal
phenotype to a malignant phenotype capable of autonomous



ovari es, prost at e, colon and |ung. HER- 2/ neu S

|nt|nately associated not only wth _the nalignant phenot ype,

but also with the aggressiveness of ther™ ~ WD 96/ 30514

PCT/ US96/ 01689 3 mal i gnancy, being
found in one-fourth of all invasive breast cancers. HER- 2/ neu

over expr essi WP96S0H4r r el at ed with a poor prognosis in boPETHSIE89;n(
ovari an cancer. HER- 2/ neu is a transnenbrane protein with a relative 5
nol ecul ar mass of 185 kd that is approxi mateky 1255 am no acids (aa) in
| engt h. It has an extracel |l ul ar binding domai n (ECD) of approxi mately
645 aa, with 40% honol ogy to epidermal growth factor recept or

(EGFR), a highgyowthhydAophdélficatiamsasdbosreeapressiaionat nsémabic ealila
o st o eS LBE SSAEaEUE! b (6D) o cLoBRHL Ky TILEL qert e

wi th 80% honol ogy to E
the current rapptbachesthe thansgarmeticm e ndogmalhice lshgoHER124nent

oncogene is assogéglgd tfﬁgem¢§1én§§€dph@n599p§5tc%Q&a&éeriQP{ yegnFPded

conmpounds and ﬁEOSItIOﬂS pr esent I nvent i on
this need, an@ tht be ﬁPG?BGEéCOSHE?S ar?epéﬁéﬂdaQVaﬁpégég cell dgyimapry

of the InventiontdOthe progeny Bt &ftley tT¥arkedrmelingepigsent invention
provi des pol ypeptides, _nucleic acid nolecules (directing the

expression of such pol YPRIRINMEs) TERRATCH [ alinVAd¥insss ONCEPPBEEi ngheRe

expressi on of Sun';BeﬁﬂifD@@taﬂeﬁéastf. OfoﬂS)e oncégxnetéweapémawéatmoﬂlalqgnhhe
manuf act ur e of acgEglcanent 25 for n|z tion a warm

| o
ani mal  agai nst naf'?ﬂnanﬁ?s??f’m LER Hheu a(?t‘?&?déﬁsg with,
associ ated. 10 Atpahyﬁepmatmbmu' nuommnagenasiruﬂuﬂnnbaemccaﬂdssgfhedthuato
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location of their gene products (such as the protein
expressed by the oncogene).

Oncogenes are Dbelieved to be essential for
15 certain aspects of normal cellular physiology. In this
regard, the HER-2/neu oncogene is a member of the tyrosine
protein kinase family of oncogenes and shares a high
degree of homology with the epidermal growth factor
receptor. HER-2/neu presumably plays a role in cell
20 growth and/or differentiation. HER-2/neu appears to
induce malignancies through quantitative mechanisms that
result from increased or deregulated expression of an
essentially normal gene product.
HER-2/neu (pl85) is the protein product of the
25 HER-2/neu oncogene. The HER-2/neu gene is amplified and
the HER-2/neu protein is overexptessed in a variety of
cancers including breast, ovarian, colon, lung and
prostate cancer. - HER-2/neu is related to malignant
transformation., It is found in 50%-60% of ductal in situ
30 carcinoma and 20%-40% of all breast cancers, as well as a
substantial fraction of adenocarcinomas arising in the
ovaries, prostate, colon and lung. HER-2/neu is
intimately associated not only with the malignant
phenotype, but also with the aggressiveness of the



30 polypeptide, nucleic acid nolecule, viral vector or

phar maceuti cal conposition . my be used for inmunization on a _one-tine
basis (e.g., when a malignancy is suspected) or =~ :on a periodic basis
(e.g., for an individual with an el evated risk of acquiring or
reacquiring a malignancy). WO 96/ 30514

PCT/ US96/ 01 8¢x96/30514 4 A nERETIUSPOMI6SI f o

i muni zation may be wuseful in the treatment of an existing
tumor or to prevent tunor occurrence3or reoccurrence.

In one enbodi nrent, the present I nvention 5 provides a pol ypeptide
encoded by a DNA sequence sel ected from (a) nucl eotides 2026 through

3765 of SEQ | D mglignancynd bHeingDNEosrdueim eonehdbultyhr i 6f zeallo dnvasive
nucl eoti de S e |_ement _ cl eotides 2026 through 3765, of
SEQ ID NO 1 undggg%%gera%e fgs’tri ?\%én?gg%#di?‘?eorr?sfpr\ﬁ?gl’l&nn 19 g:r? THyRted
sequence encodeWithpel ypeept irkogniesi sprigduseth dbreast nande oveeiponsances.
HER- 2/ neu pr ot eiRp. . bref er. [ paQl Mipepti d .t he
am no acid sequggléezfl)?}'}gl alS%QP% D%%?’f"'ﬁn%%gﬁgsrﬁgét%ﬁn‘ ng“t%tg’l d %7 ,erl{%%rltgggh
val i ne, ahi nvodetdlapsmasyrofi 18Hi kdt thhbr dsf appabxpmetetes 128651 amineast

an equival ent iggygs (rj(%%non . 1en§tROMPOSEL QR 5 ex%gxgﬁfg%;?ahinding
conprises a pol ypeptide of the présent I nvention in conbr nat1on

with a pharfeBaini (8P of apRegrimtelyarGdSer@agr wiithud®® homology to

In another  egpodesial, oFowtBOl YREMdHE refepedr CQERPR)LI 0Ny Of Wiy
present invention.is provided for the I nuni zation of a warm bl ooded
ani mal agai nst QYHEPPgﬂ%h%y transpefhrane hangbrro/ femadncoddMB)irs and a

associ ated. 1bn aagbbgytermidIDdciFeBplaskid @oRaknpPe@in)decer HPMASHtRIy S
used for t he Hgnufact re%ég a nedi canent._for imunization of a 25
war m bl ooded anPRBI 3394 Hat ﬁﬁwggﬁﬁﬁb§°iﬁcﬁﬁrch t he HER- 2/ neu oncogene

i s associ at ed. Due | n tanot kRe endifffivtrnities nughei ctinei d JEreGkl €
directing the eésﬁgggci:t?ens Oftoa t[}xoelfg%e tépecggggégi q tv&%cr}xe the HER-2/neu
oncogene is associated, there is a need in the art for
15 improved compounds and compositions. The present
invention fulfills this need, and further provides other
related advantages.

Summary of the Invention

20 Briefly stated, the present invention provides
polypeptides, nucleic acid molecules (directing the
expression of such polypeptides) and viral vectors
(directing the expression of such polypeptides) for use
for the immunization, or the manufacture of a medicament

25 for immunization, of a warm-blooded animal againét a
malignancy in which the HER-2/neu oncogene is associated.
A polypeptide or nucleic acid molecule according to this
invention may be present in a composition that includes a
pharmaceutically acceptable carrier or diluent. Such a

30 polypeptide, nucleic acid molecule, viral vector or
pharmaceutical composition may be used for immunization on
a one-time basis (e.g., when a malignancy is suspected) or
on a periodic basis (e.g., for an individual with an

elevated risk of acquiring or reacquiring a malignancy).



present invention is provided for immnization by 30 transfecting

the cells of a warm bl ooded_aninmal with the  nucleic acid nolecule. I n
anot her enbodi nent, such a nucl ei ¢ acid molecule is used for the
manuf acture of a medi cament for imruni zati on of a warm bl ooded ani nal

WO 96/ 30514 PCT/ US96/ 01689

5 agai nOMWBRMMI gnancy in which the HER-2/neu oncogene PCI/USI6N1689
associ at ed. I n anot her enbodinent, a viral vector directing

t he expression of a polypeptide according to 4he present 5 invention is
provi ded for immunization by infecting the cells of a warm bl ooded
animal with the vector. I n anot her enbodi nent, such a viral

vector is used fdd tmrdicamemnuffast udemohizatkdncamept ber wseful zain Ortlrgf
a warm bl oodegh I NSt l.gnan n vvh| ch_t he HER-
@Eédé}?é Y %ﬁ%lthg émofhe L aspRct B8 e o tumor

oncogene i s assocl at _
present inventi orPccursgnqe @écmcsumence upon ref erence to the fol I ow ng

detail ed description and atgpachgfed é ST R el vé)r];tllohne
Dr awi ngs i gure 1sﬁows e results 0 primng

naive T | yrrpho%yt%"so‘fld’%EF@ Z?WPWB%FRQW% }:dfarﬁjrmiﬂ csequerm Isele@cm:la
mar row- deri ved DEmie geagrateTtedtide MG throddy h#§5f59m59934fb Sﬁ&ﬂl‘

O o S B Aot aRce L e e Hpsrn, mucieot e
| ynphocyt es af t erselquimese afomplen@wttauyl i) Euétébﬁl&éé ho 8%s ﬁﬁf&:gh 3765 of
e U froe medi RS 10 Qb HI4RF APdaEetAly PEXAMGERE GEBAL BLOBRC vhergio
were 25 pl at®@ the oDNBG-seefulenceowbdaeist cirefol ppép€ide d(:ﬁ@f n?gr@dfé{efs an
oL oo S S SRRSO AR TR A RS 1 1Tp i e
embodlment, a polypeptide has the amino acid sequence of
SEQ ID NO:2 from lysine, amino acid 676, through wvaline,
amino acid 1255, or a variant thereof that produces at
15 least an equivalent immune response. A composition is
provided that comprises a polypeptide of the present
invention in combination with a pharmaceutically

acceptable carrier or diluent.

In another embodiment, a polypeptide or

20 composition of the present invention is provided for the
immunization of a warm-blooded animal égainst a malignancy
in which the HER-2/neu oncogene is associated. 1In another
embodiment, such a polypeptide or composition is used for
the manufacture of a medicament for immunization of a

25 warm-blooded animal against a malignancy in which the
HER-2/neu oncogene is associated.

In another embodiment, a nucleic acid molecule
directing the expression of a polypeptide according to the
present invention is provided for immunization by

30 transfecting the cells of a warm-blooded animal with the
nucleic acid molecule. In another embodiment, such a
nucleic acid molecule is used for the manufacture of a

medicament for immunization of a warm-blooded animal



pol ypepti de. CD4+ T |ynphocytes were isolated from aut ol ogous
peri pheral bl ood nononucl ear cells by p05|t|ve 30 selection__using

i imunoaffinity colfumms (Cell Pro, Inc. ~ Bothell, WA USA).
Ant i gen- pul sed APC were irradiated (10 Gy), and CD4+ T | ynphocytes were
added at 10[err] per well. . Proliferative response of T cells was

measur ed by Wi®6/30814 upt ake of ([err]H thym dine (1[err] C / wPCTUSSMIGE? on
day 7 for 16- WO 96/ 30514

PCT/ US96/ 01689 5 6 18 hours.
Proliferation assays were perfornmed in serum and cytokine-free medium
in 5 well replicates. The synbol s represent: [err] DC +

HER- 2/ neu pol ypeadailest +a mal@ohahCPiSA+twHicke! khe [HERH2/1eG +or{ddgerfdD/DRA+
T cells; and 5 1[éerr !é + HER- 2/ neu pol ypepti de. Figure 2
shows t he respon% cells to HER- 2/ neu pol ypeptide. Using the

primng assay described I ocandihpr ceribodivent] cel virdl onentonadidentisg
were tested f r o.keconbi -2l ne o] eptl 10
e Lorhers Ghe LE8RRRSETL oot Co0 Tl T M A 4 PO Bl
SC+CD4+HER- 2/heuitpw¢lyqaie9niéle pra@ided sfem émmbhpization by infectHingur the
shows that rats ¢ %1%&5‘% W ttaai-alblood&ERa%%li PRLyRepthde ‘F%&Jxop ragn

neu specific anti were inmmunized wth reconblnant rat
HER- 2/ neu 15 poRBoehes dembsz@me@t' i fURPL a griralgceestondigvarmed fawrthe

i muni zati ons Weggn@¥Sureash 20 rﬁ’éd/&a%&{tt £IVeRihud@¥stion ¥t LASm-

final imunization rats were assessed for anti body responses to rat

neu. Ani mals i MmPHPIIRA v#RimglgtagaingtrR Madd@ngdcypdpt Whd canghenBERzE{apu

adj uvant shoygd sh&bgeite id tfisdBlatRau specific responses. The control

was an ani mal i mmuni zed with human HER- 2/ neu pol ¥1pept i de (farei .
hese and other aspects of the present invehtion

will become evident upon reference to the following
detailed description and attached drawings.

15 Brief Description of the Drawings

Figure 1 shows the results of the priming of
naive T lymphocytes to HER-2/neu polypeptide by dendritic
cells. Bone marrow-derived DC were generated with GM-CSF
and IL6 from CD34+ stem cells. DC pulsed with HER-2/neu

20 polypeptide induced protein-specific proliferation of
autologous CD4+/CD45RA+ T lymphocytes after 7 days of
culturing T cells with DC. Bone marrow-derived CD34+ stem
cells cultured for one week in serum-free medium
containing GM-CSF and IL-6 were used as APC. APC were

25 plated into 96-well round-bottomed plates (Corning,
Corning, NY, USA) at various concentrations and incubated
for 16-18 hours with 20-25 pg/ml of recombinant HER-2/neu
polypeptide. CD4+ T lymphocytes were isclated from
autologous peripheral blood mononuclear cells by positive

30 selection using immuncaffinity columns (CellPro, Inc.,
Bothell, WA, USA). Antigen-pulsed APC were irradiated (10
Gy), and CD4+ T lymphocytes were added at 10° per well.
Proliferative response of T cells was measured by the
uptake of (°H)thymidine (1pCi/well) added on day 7 for 16-



protein). In separate experinents, rats inmmunized with 100 ug and
300 ug of purified whole rat neu did not devel op detectabl e neu
specific antibodies (data not 25 shown). Data represents the nean and
standard devi ati on of 3 animals. The synbols represent: [err] . rat
HER- 2/ neu pol ypeptide/ MPL; [err] rat HER- 2/ neu pol ypepti de/ vaccel ;
---[err]---- WPBMSY¥he: ---[err]- vaccel alone; and --- [er 89601682 1 0| .
"MPL" and "vaccel" are adjuvants (Ri bi, Bozeman, MI, USA). 30 "Neu" is
HER- 2/ neu prot ei n. Figure 4 shéws that breast cancer patients
have preexi stent imunity to HER- 2/ neu pol ypepti de. Pat i ent PBMC
were evaluated by tritiated thym di ne i ncorporation WO 96/ 30514

7 in 24 wel 18r dphirsat esProRefpoatsione assdys averecperfiomsed ipr earam-
than the mean andnd StQRdRifledeyed! e 4nCPE) werf LA LANIL! Welnhy
This HER-2/neu positiveé-stage Il reast cancer patient 'has a significant
response to 5 r&YOWOLlsarmepRaRANtHER- 28T (RS ypepiBRAR / neuThpobypept kde p'+

represent peptid 9&?&5'&'?&\2/ @egﬁgigt ei_%—' ) é '+ r(%)‘he/m%eal g:%ﬁg%gpﬁn&e

toxoid, and "hH epresent s cohbi nant "hunman

10 Det ai |l ed DescH{FO0DCO+ HER-2/Wéwigdypeptide. Prior to setting
forth the invention, it mag_be hel pf ul to an understanding thereof
to set forth definiti Bh8UEE Cer EBPHS t &hRs ISRRNSFseBf h&Mimafekls to

HER- 2/ neu pol ypemerde /neas popigpepeiaed, wafiags the ﬁnﬁn@oratés%g Hesdte bed
HER- 2/ neu protelg (the protein al so known as pl185 or, c-erbB2) having
the anmino acid sé@fefdg@ure dr &BH 3 14512 5 oM el £aneg sasiedes ke sted

t hr ough val i ngorantddponted 1t Steddiib ithin th erunainur HER-2 AdfRfd \slypeptide.
S et o V0 S o S hbac 1Y Mo sBlood, 20 LR
SC+CD4+HER-2/neu polypeptide. "SC" is stem cells.
Figure 3 shows that rats immunized with rat
HER-2/neu polypeptide develop rat neu specific antibodies.
Rats were immunized with recombinant rat HER-2/neu
15 polypeptide 25 ug in MPL or vaccel adjuvant. Three
immunizations were given, each 20 days apart. Twenty days
after the £final immunization rats were assessed for
antibody responses to rat neu. Animals immunized with rat
HER-2/neu polypeptide and the vaccel adjuvant showed high
20 titer rat neu specific responses. The control was an
animal immuniied with human HER-2/neu polypeptide (foreign
protein). In separate experiments, rats immunized with
100 ug and 300 ug of purified whole rat neu did not
develop detectable neu specific antibodies (data not
25 shown). Data represents the mean and standard deviation
of 3 animals. The symbols represent: —l— rat HER-2/neu
polypeptide/MPL; - @~ rat HER-2/neu polypeptide/vaccel;
----00---- MPL alone; -—O-— vaccel alone; and ---%¥--- control.
"MPL" and "vaccel" are adjuvants (Ribi, Bozeman, MT, USA).

30 "Neu" is HER-2/neu protein.
Figure 4 shows that breast cancer patients have

preexistent immunity to HER-2/neu polypeptide. Patient
PBMC were evaluated by tritiated thymidine incorporation



or nore am no acids are replaced by other am no acid(s) or non- am no

ac |dgs) whi ch do not substantially affect elicitation or_enhancenent of
an | mrune response to HER- 2/ neu protein (e.g., variant stinulates a
response by 25 helper T cells or cytotoxic T cells).

Proliferation of T cells - as used herein, i ncludes the nultiplication
of T cells OWHAPMs ¢ he stimulation of T cells I|eadi ngPEHUSIE01689

mul tiplication, i.e., the initiation of events leading to mtosis and
mtosis 30 itself. Met hods for detecting7proliferation of T cells are
di scussed bel ow. As noted above, the present invention is
directed toward conpounds and conpositions to elicit or enhance i mmunity

to the protein prodfctwekbr @epddcpyeshe Responsiwi) 961365lake scored as

PCT/ US96/ 01689 ter than th U @350
i ncl uding for nngSnSﬁc.eS".n g Wﬁ?“ and bloﬁgégaggiﬁgﬁﬁﬁhefggn(§2% it
anmpl i fi ed HER- 2Pfietthfeneontrol wedds; at eBhis HER-2/neu npblsgﬂ;aneretage 11

Associ ation Of praist 8aRbbE! CfatFEN?/ neks 00° Yidih & JEHH OABbAIRES (Ot
5 require that the protein exp?g23|on product of % ene fgﬁ%ntqbn

the tunor. Ror TeégaRpieanykrpapr HEBr3sinen PﬁéYPePb#%@elnTé%pﬁegbpéﬁ “p"

product may be h:@EQE¥SHtWFEBth.8éE' %E-O'MR 29Thed einDUlndlehie I v&t
eXpI’eSSI on nmmy subsequent A use of the present in ntlon IS

to elicit or 1oteéﬂﬁaﬁcet°>§a+d:ef%et|MNPautmmm rppAPhénantsfumea

to convert appRR272hBAUpODPhdpt/Rdd UNDr to HER-2/neu negative.
More specifically, the disclosure of the present I nvention, in one

aspect, shows that a pol ypepti de based on a particular portion

(HER- 2/ neu pol ypephidey péséheption Oitdie) 1@@HhE$8H0N product of the
HER- 2/ neu gene can be | Z€ YuS - endent hoc tes

(her ei naf t er "T ceIIs"%rh t?h5?5¥6?%,ggﬁﬁhagPﬁcﬁPﬁﬁﬁgﬁ nday &g |
response can behaﬂpfuzedqummwlamhheabh;ndingo ttheakeof rﬁﬂlgeaﬁCi&%ﬂﬂh

which such a prat@if;tfoRl 0fS.d5Ein terms to be used hereinafter.

HER-2/neu polypeptide - as used herein, refers
15 to a portion of the HER-2/neu protein (the protein also

known as pl85 or c-erbB2) having the amino acid sequence
of SEQ ID NO:2 from lysine, amino acid 676, through
valine, amino acid 1255; and may be naturally derived,
synthetically produced, genetically engineered, or a
20 functionally equivalent variant thereof, e.g., where one
or more amino acids are replaced by other amino acid(s) or
non-amino acid(s) which do not substantially affect
elicitation or enhancement of an immune response to HER-
2/neu protein (e.g., variant stimulates a response by

25 helper T cells or cytotoxic T cells).
Proliferation of T cells - as used herein,

includes the multiplication of T cells as well as the

stimulation of T cells leading to multiplication, i.e.,

the initiation of events leading to mitosis and mitosis

30 itself. Methods for detecting proliferation of T cells
are discussed below.

As noted above, the present invention is

directed toward compounds and compositions to elicit or

enhance immunity to the protein product expressed by the



20 overexpressed. The disclosure of the present invention al so shows,

i n anot her aspect, that nucleic acid nolecul es _di_recting the expression
of such a peptide nmay be used alone or in a viral vector for

I muni zat i on. In general, CD4+ T «cell populations are
25 considered to function as helpers/inducers through the

rel ease of | yWP96ReSMs when stinulated by a specific ant PGEHS%6Q%R v er |

a subset of CD4+ cells can act as cytotoxic T | ynphocytes (CTL).
Simlarly, CD8+ T cells are consi deredsto function by directly |ysing
antigenic 30 targets; however, under a variety of circunstances they

can secrete | ynphokines to provide hel per or DTH function. Despite the

potential of owaﬂwsdmbngonhogehéoninC1héing fphemaflypnanci®s iand wabé-
mar ker s are I| 0 ni Ljo tid b to ass |
or class | %@%%de% viﬁgﬁeﬁogqﬁﬁ%ﬁ% h r%ﬁglf¥¥%d HER2 nggu géﬂe is
PCT/U896/01689 associated with the mallgnanc1es Bssogiatsion Tl an
recognition of antj (in t c

mandat es t hat CD%&&§%315%8+Q$R 9?%g§l Qr%spdﬁ# 0 d f g#%&& t.%%%% of the
same antigen 3 mee@ém@haﬁdehedpﬂ:e#emezsp:emram:eosiuctmé mhnadugﬁgleoﬂoe 5

BT SRR S I e, R BE

for antigens i'ngest ed ant1 gen pres ore
CD4+ T cells geweeem|fxpreﬁéee@npiedeﬁ%|@ehsb?hhmV¢ka9 é%?éﬂﬁ&lOPo
the tunor cel sy a B&ﬁm&r}t el ,theng%teeﬁrrak?séggwﬁtﬁyces%bséa@ditrlg, He
of peptides to_ class MHC aqccurs pr ot eins pr esent

the cytosol and shfftthesi fed‘-‘ﬁ/ Phe the g%’t'esem'rt§EP’?ntb?’bt éSn<tq netheit or
external envirwnr@iHanifee @xcl gfgdctive Amictitihodduk0 fkhené S fdupdisyi n@

ot coont 15 ot SRS GobERA/ PG PRBHELTR it RRRGE/ nemAedakive

CD8+ T cells have broadly Mb&éeepatlfﬂosllpnstﬁmddis&tbéure oﬂ(ﬂhﬁﬂpﬁHSent
different antigens, a5 Jnel G160 QLpdbEr CshBSs £ndP! I ILTRHY based

resi de.
on a particular portion (HER-2/neu polypeptide) of the

15 protein expression product of the HER-2/neu gene can be

recognized by thymus-dependent lymphocytes (hereinafter

"T cells"™) and, therefore, the autochthonous immune T cell

response can be utilized prophylactically or to treat

malignancies in which such a protein is or has been

20 overexpressed. The disclosure of the present invention

also shows, in another aspect, that nucleic acid molecules

directing the expression of such a peptide may be used
alone or in a viral vector for immunization.

In general, CD4d+ T cell populations are

25 considered to function as helpers/inducers through the

release of 1lymphokines when stimulated by a specific

antigen; however, a subset of CD4* cells can act as

cytotoxic T lymphocytes (CTL). Similarly, CD8* T cells

are considered to function by directly 1lysing antigenic

30 targets; however, under a variety of circumstances they

can secrete lymphokines to provide helper or DTH function.

Despite the potential of overlapping function, the

phenotypic CD4 and CD8 markers are linked to the

recognition of peptides bound to class II or class I MHC



As disclosed within the present invention, a 20 polypeptide portion of the

protein product expressed by the HER-2/neu oncogene IS recogni zed
by T cells. G rculating HER-2/ neu pol ypeptide is degraded to peptide
fragments. Peptide fragnents fromthe pol ypeptide bind to maj or

hi stoconpatibility conplex (MHC) antigens. By 25 display of a
pepti de bounWOS6IHE anti gen on the cell surface and r e®SFISP/YES%Dy
host T cells of the conbination of peptide plus self MHC antigen,

HER- 2/ neu pol ypepti de (including that exressed on a nalignant cell)
wll be I nrmunogenic to T cells. The exquisite specificity of the 30 T
cell receptor enables individual T cells to discrimnate bet ween

pepti des whi ch dirftfigensy a Theaglrecegnitieni df antigjehuein the context of
buring the | MunaJRspepse.t OctadePll diid 'bHELes rnbECEINS BRLYRERH UF

T cells expressin recept or
PCT/ US96/ 01689 ce ls respond to different antipens orwkhh HHagle adftigery

bi nding of the &eﬁaaﬁewamlerfm&nt cmmngpar{&es peptrhgeﬂ\ﬁﬁgﬁ%;y%)ﬁx

and_ t her eby becone activat ed I nduced roliferate
first enco'5unt‘é‘?‘“‘W"&‘F“&Cpe|a§’ﬁHi'-é-d"’§rraIti° nlﬁﬂ?‘l?érss gL i Mtthe ankigens Snest |

secrete Iyrrphokldmnod@.@ol i Beea&g arﬁb;dl f akegbhat € ingedtid efo&ect&ﬁn%m
menory T cells. The primary [ esponse wi “1 occur in vivo but

has been diffi Clﬂ”teste@tmg d&Fé&F i n T]W’E??Pre' %seq@en?eléﬁco@ﬂl‘%%?anﬂt h
the sane antécgynize téteti@éﬁg ytHa€ehlavei |Heérﬁaé|xﬁ@rrihlf agberchandedfor

nore i ntense |m"r<%1r1%.sr.esp g}se %econd r r{grsnpcigs occurlr?l{rfl]er
in vivo or in vi ThEY| £ ra5 éﬁﬁ%s‘y 3 ‘éh’é‘f‘l"?s“gaﬂfgfe‘ﬁ pfinding
neasuring thed dexfi epepliges| i ter atlays I MHOe olegues @fnlqyt ﬁblrneprotelns
oo on o e TOREL cysodif ObH Cofibhetiied” tlcpheceLhrons
of the T cell itselfoprrstiedms iim thesextesnaloengirpaméncubine eznluded.
i's consi der e, (Qeipd UH G 1 MBI PT1 OTLRE BXREBNY Cof eRESFROT peptides
with a precise class I binding motif which are present
15 outside the cell in high concentration. Thus, CD4* and
CDB* T cells have broadly different functions and tend to
recognize different antigens as '‘a reflection of where the
antigens normally reside.
As disclosed within the present invention, a
20 polypeptide portion of the protein product expressed by
the HER-2/neu oncogene is recognized by T cells.
Circulating HER-2/neu polypeptide is degraded to peptide
fragments. Peptide fragments from the polypeptide bind to
major histocompatibility complex (MHC) antigens. By
25 display of a peptide bound to MHC antigen on the cell
surface and recognition by host T cells of the combination
of peptide plus self MHC antigen, HER-2/neu polypeptide
(including that expressed on a malignant cell) will be
immunogenic to T cells. The exquisite specificity of the
30 T cell receptor enables individual T cells to discriminate
between peptides which differ by a single amino acid
residue.
During the immune response to a peptide fragment
from the polypeptide, T cells expressing a T cell receptor



to the antigen. The conpounds of this invention generally

20 conprise HER-2/ neu pol ypeptides or DNA nol ecul es that direct the
expression of such peptides, wherein the DNA nol ecul es may be present
in a viral vector. As not ed above, the polypeptides of the present

I nvention include vari ants of the pol ypeptide of SEQ ID NO 2 from ani no
acid 25 676 MOP8M4ani no acid 1255, that retain the abilit PCIE596/01689
stinmulate an inmune response. Such variants include vari ous
structural forns of the native polypeptide. 10Due to the presence of

I oni zabl e am no and car boxyl groups, for exanple, a HER-2/neu

pol ypeptide may be in the formof 30 an acidic or basic salt, or may be in
neutral form withdhiﬁhuaffbmimw bindinegifide meptddecMIE rouplesdwibyl
oxi dation or redygghlonge e VR tan Smih. E'”ahﬁe §ﬁgggbgf LEFéme

epti
I nvention al so |nclude Iyﬁ% |gés I'n whic e primary am
WO 96/ 30514 activated and 1nduced to pro${ﬁ¢{gg$4016g@ the first

11 StrUCtUr@n@@&hﬂ@rHEBtR/HebeBQiaaethQEI'ﬁuﬂBQk&'S@ QMmuneerEbﬂgs
coval ent or aggregative conjugates with ot pepti des Or§§ﬁ§¥§e pti des,

or chenical noi efidd ?ﬁ? 1Y§P995é??sgrdﬁ§§lfPFﬁFes angho engdaty
groups and the %ntbi keéffedidial ant d@émd@nre&emy be nrhepaysleﬂna:f I immune
exanpl e, by Ilnklgg articular functional oups to §n1no si_de

e

chains or at thefRSP - (L ngscur  in vivo “?h 35t eBBRE | kSt aFSo

i ncl udes HER- 2/ nautectpOhyp&JEEﬂzdﬂS W Shiboéquérnithoncauyieesy | witon.the same
Pol ypepti des 10

Cim Par Lo or s PORERSRR cPit RPRORY| dcear MBVOnCLA £ o) JEERHT abpan

pattern thanlmhembablﬂatanbecﬂhmeneds$npmth} Thelpestdrita gx peespones will

system  For |ns%%g%g re55|0@1%P }%%A eq&pdlnghgolxp tlge%esgonse
bacteria such as colS* typlca Iy provides " non- glycos F5Pe

nmol ecul es. Ris easijlyygesgedt bpnmeasuting thd degmdenrofotproliferatdions
are

the degree of cytokine production, or the generation of
cytolytic activity of the T cell population re-exposed in
15 the antigen. Substantial proliferation of the T cell
population in response to a ©particular antigen is
considered to be indicative of ‘prior exposure or priming
to the antigen.
The compounds of this invention generally
20 comprise HER-2/neu polypeptides or DNA molecules that
direct the expression of such peptides, wherein the DNA
molecules may be present in a viral vector. As noted
above, the polypeptides of the present invention include
variants of the polypeptide of SEQ ID NO:2 from amino acid
25 676 through amino acid 1255, that retain the ability to
stimulate an immune response. Such variants include
various structural forms of the native polypeptide. Due
to the presence of ionizable amino and carboxyl groups,
for example, a HER-2/neu polypeptide may be in the form of
30 an acidic or basic salt, or may be in neutral form.
Individual amino acid residues may also be modified by
oxidation or reduction.
Variants within the scope of this invention also
include polypeptides in which the primary amino acid



characterized by the amno acid triplet Asn-Alerr]-Z, where Alerr] S
any amno acid except Pro, and Z is Ser or_Thr. Vari ants_of HER-2/neu
pol ypeptides having inactivated N 20 glycosylation sites can be produced
by techni ques known to t hose of ordi nary skill in t he art,
such as ol i gonucl eotide synthesis and ligation or site-s CIfIC

mut agenesi s We@MSMies, and are within the scope of this E’?
Alternatively, NIlinked glycosylation sites 25 can be added to a

HER- 2/ neu pol ypepti de. The pol ¥peptides of this invention also
I ncl ude variants of the SEQ I D NGO 2 pol ypeptide (i.e., variants of

a pol ypeptide having the am no acid sequence of SEQ ID NG 2 from am no
acid 676 througstavataireci @atiss) HEAt2 Lgeu hpad vpepddideo asi dmodijfidede by
different fromt u bggaug n res

del eti ons, [ ns%;rrt%l‘ ??q %%leaﬁst ?fut |§%Fse%grtlveﬁ con gﬁfaltggﬁi gﬁgh ?ther
enmbodi nent, RERtHdes | aht SokwPentisesnt i of | thaégm%iqshe sughi ves
HER- 2/ neu poI ypefpt NGy F il N il

e Loey PlYHB ANGFRIZY N 1415 D) ;Lﬁas;ma /Useacéaom oups and the
12 an ifmbike r esporRtent 'd*sfﬁo‘éﬁ%ﬂq%mamd?ﬁn BESPareds f% e@xample,

herein, refers twy aumm:ﬁplphz&ama@esuhba&oﬁay §208P€ 08damindYa M side
sequences that are r@pabl e of ridi 48 under noderately stringent
0

hy
conditions to a MAAHOATIAL s@&ﬁeﬁce °¥ W’Hﬁ‘tary to a ‘naturally
occurring DNA sequence Theenpﬁdsengtt hmme(ibhl edlpol viprfludds PHER+RAneh

SEQ ID NG 2 herein eot i de 2026 t hrou 3765 of _S [ D .

NO 1).  Suit abl PR %p(ttéfef s“fﬂi g%ﬁtwt ‘flgiﬁ CPRET ngdE\ggﬁPﬁbd?ﬁ a

sol ution of BOX Q&teﬁdi%ﬁDSyeéstﬂ onV] éainda lan (@bi:ﬂeﬂé:,on h;glmrtieﬁﬂinmyabe

50[ err] C 65C, ni 0l W ce

65[err] C for 20 b nslt es vm tﬁE sql}tghtly fdlﬁerggg&% Wa]tfci‘g' d’elgﬁaé and

(contai ni ng 0. 1%19R8Ysylatdpeh Patteh-ylbrtihdnzmhg PRtiveqmodecslase dependindin

the scope of  yddH Sth&VeRpkeBsiodN8ySEERC! ForMnstiplbdPdlipréld s 8F

DNA encoding polypeptides in bacteria such as E. coli

15 typically provides non-glycosylated molecules. N-

glycosylation sites of eukaryotic proteins are
characterized by the amino acid triplet Asn-A;-Z, where A
is any amino acid except Pro, and 2 is Ser or Thr.
Variants of HER-Z/neu polypeptides having inactivated N-
20 glycosylation sites can be produced by techniques known to
those of ordinary skill in the art, such as
oligonucleotide synthesis and ligation or site-specific
mutagenesis techniques, and are within the scope of this
invention. Alternatively, N-linked glycosylation sites

25 can be added to a HER-2/neu polypeptide.
The polypeptides of this invention also include
variants of the SEQ ID NO:2 polypeptide (i.e., variants of
a polypeptide having the amino acid sequence of SEQ 1ID
NO:2 from amino acid 676 through amino acid 1255) that
30 have an amino acid sequence different from this sequence
because of one or more deletions, insertions,
substitutions or other modifications. In one embodiment,
such variants are substantially homologous to the native
HER-2/neu polypeptide and retain the ability to stimulate



15 the ability of a HER-2/neu polypeptide to produce an | mune
response may be readily determ ned (e.g., by anal yzing the ability of

t he nmut at ed HER- 2/ neu pol ypepti de to induce a T cell response using,
for exanple, the met hods descri bed herein). 20 General ly,

am no acid substitutions nmay be nade in a variety of ways to provide
ot her enbodi TEAPE3ASs4 variants within the present inv 1689
First, for exanpl e, am no acid substitutions may be made
conservatively; i.e., a substitute amno aci¥replaces an 25 amno acid
that has simlar properties, such that one skilled in the art of
peptide chem stry woul d expect the secondary structure and

hydropathic  naBfir eimmgpe (¥Rsponsey| ypéSupgsanbiat shomekoay,dl | s used

unchanged.  In ggreial . refersNeof iR Q@icﬂréjé’c?ﬁedgesa@tﬁ‘% faydpe’ @RIcBURAL
conservative 30 _ change ala, pro asn, ser, thr;

S:

(2) cys, ser, tyPy t g8l GQFQSH Ité‘atl eﬁ %ag,‘lg %egybridfﬁﬁm yé‘“délrg
his; and (5) phemoaysr:atélp slvrangAateWm;ons afo aanﬂlﬁcgéaﬁﬂﬁdatsle‘q%ence
change is to repl ace,an agano acid cilgro%p an amino acid from
anot her group complime 8%/ 368142 natur ccurrlng DNA seguence
PCT/ US96/ 01689 encoding the specified polypeptide portion of SEQAND! Ipex:2
way to nmake amin sbstltut 0 u varla%of he, esent
invention is to |?1 %%tlg an M%E%Pgégegm%%%gc?gs 'I’%hT 5I ?r%tﬁ@wi ?h
potential to NGizdd to 8hatsble NeGeratetyl esrihgentDtenditébhsr dspdnse)
5 o class | Miuehenyl €3 a(Lg gP&, £ 5%/8sc) GRS, 1.0 B ELHR
segnents (of a H y?%eu H F pgpt '(iiu th a not ?‘" "Wt theo Lﬁ‘
potential tol® ndpHo &iQkss hNbK/Hd)-Zlng meitec¥V°Es 658G, bé iXleASCT | edvempnight;
conput er anal ysi a_pr ot uence anal ysi s package,
T Sites, 10 that %Olé‘SF'Sgr gye%’?ﬁi’lﬁ?a?“&ﬁﬁ‘pﬁ?e%& gtﬁo%t - T né’d‘t?’ et
di stingui sh pot emtfi a2xsi De$xf cand Oebk rsSgNEEh LAy bo. 1% uﬁm .(Felsuah
and de la Cruz, Natu 349: Z&WP 1991). T searching _.al gorithns
are used: hfbr&%fz%ﬁg équencgs are Vgiso w1gn1n the “scope of

this invention. The :effect of any such modifications on

15 the ability of a HER-2/neu polypeptide to produce an
immune response may be readily determined (e.g., by
analyzing the ability of the mutated HER-2/neu polypeptide
to induce a T cell response using, for example, the
methods described herein). _

20 Generally, amino acid substitutions may be made
in a variety of ways to provide other embodiments of
variants within the present invention. First, for
example, amino acid substitutions may be made
conservatively; i.e., a substitute aminoc acid replaces an

25 amino acid that has similar properties, such that one
skilled in the art of peptide chemistry would expect the
secondary structure and  hydropathic nature of the
polypeptide to be substantially unchanged. In general,
the following groups of amino acids represent conservative

30 changes: (1) ala, pro, gly, glu, asp, gln, asn, ser, thr;
(2) cys, ser, tyr, thr; (3) val, ile, leu, met, ala, phe;
(4) lys, arg, his; and (5) phe, tyr, trp, his. BAn example
of a non-conservative change is to replace an amino acid

of one group with an amino acid from another group.



al gorithm described by Margalit (Feller and de la Cruz, 15 Nature

349:720-721, 1991; Margalit et al., J. |Imunol. 138: 2213-2229, 1987)
identifies epitope notifs according to al pha-helical periodicity and
anphi pathicity; (2) the Rot hbard and Tayl or algorithmidentifies
epitope notifs according to charge and polarity pattern (Rothbard and
20 Tayl or, WOB6SES193- 100, 1988). Segnents with both not PCIUSISAUEE nDst
appropriate for binding to class Il MHC nol ecules. CD8+ T cells
recogni ze peptide bound to class |  MHC 1gpol ecul es. Fal k et al
have determ ned that peptides binding to particular MC nolecules
share 25 discernible sequence notifs (Falk et al., Nature 351:290- 296,

1991). A peptide notif forArwitﬂu@irngwaiyn tichanaeocamind acidildubetitittoheeto
defined by Edna p t i d from HLA-

nol ecul es” of a cu f%ga%é 8? kggaEngghE VPSR et a.I',:A\2 iﬂﬁ?ﬁ}fy
The net hod |dent¢ﬁqeﬁFHﬁF43u?m%n9(%ﬂld@rl&v@r&géleAtAzs1wbthdpogepepaldEOas

b d
eing 9 am n(bﬁf‘cid@o'é'lééfé‘gﬂ(‘v)MHé hmgi)é%ﬁ]fé% PASHOEpd £5¢ H&f %ﬁ%@

at p03|t|ons 2 occurring

(L)
resi dues have® be¥n icd@s8si f F edBG m°166§i?$onbf012 CPRY, T4ce(1EK) resﬁonﬁél)y

and 8 (K). Pdiride segment® (3% A0mER-2/ 1 tid h
PCT/ US96/ 01689 gmer nmé/neu polypeptidel VR L eTiE
represents the thgdlsonatiFadi ngekgntiapeptpdebind to class II  MHC

The HLA-A2.1 Residledlés\bhay be identified by coqfuter Aﬂﬁ54¥f¥§‘j For
Posi tion Poi nt
Assi gnnent ﬁEﬁ?@Eﬁﬁ BPrmﬁ?ﬁfel" sgquence analygxs package, +J Sites,

Anchor Resi di@ thatStimegrpgbrtied several MomguterV aldorithms desigred to
Resi due dlstlngulsﬂ<potent1al sites for T cell recognition can be
used (Feller and de la Cruz, Nature 349:720-721, 1991).

Two searching algorithms are used: (1) the AMPHI
algorithm described by Margalit (Feller and de la Cruz,

15 Nature 349:720-721, 1991; Margalit et al., J. Immunol.
138:2213-2229, 1987) identifies epitope motifs according

to alpha-helical periodicity and amphipathicity; (2) the
Rothbard and Taylor algorithm identifies epitope motifs
according to charge and polarity pattern (Rothbard and

20 Taylor, EMBO 7:93-100, 1988). Segments with both motifs
are most appropriate for binding to <class II MHC
molecules. CD8% T cells recognize peptide bound to class

I MHC molecules. Falk et al. have determined that
peptides binding to particular MHC molecules share

25 discernible sequence motifs (Falk et al., Nature 351:290-
296, 1991). A peptide motif for binding in the groove of
HLA-A2.1 has been defined by Edman degradation of peptides
stripped from HLA-A2.1 molecules of a cultured cell line
(Table 2, from Falk et al., supra). The method identified

30 the typical or average HLA-A2.1 binding peptide as being 9
amino acids in 1length with dominant anchor residues
occurring at positions 2 (L) ahd 9 (V). Commonly
occurring strong binding residues have been identified at
positions 2 (M), 4 (E,K), 6 (V), and 8 (K). The



Weak Bi ndi ng AGI I AEL +1 Resi due

L YPKLYS F FDYTH

K PTN " M M G Y S V
H The derived peptide notif as currently defined is not

particularly stringent. Some HLA-A2.1 binding peptides do not contain
bot h doni nant W@#6R8M4r esi dues and the anino 10 acids flanki n§CTRNEAMEROnant
anchor residues play major roles in allowing or disallow ng

bi ndi ng. Not every peptide with the gurrent described binding notif
wi || bind, and some peptides wthout the notif wll bind.

However, the <current notif is wvalid enough to allow 15
i dentification oflmmm | Hesifapepresentsi ritiengaverdde of maing, bidding

current HLA- A2. (ljpwt[f gplaces 6 amino acids bet ween t he dom nant
anchor am no aci resi dues 2 and 9. Fol I ow ng

I dentification of peptide notifs 20 within a HER- 2/ neu pol ypepti de,

am no acid substitutions may be nmade _conservativel i

non- conser vat i vel y. The | atthe Hlifgdof §GE§FFFE?‘¥&?%tJa§e i ntended to
produce an Sipproved polvpeptide that is nore potent and/or nore

W 96/ 30514 Amino Abid Posibié&@dl Y| Cr ossoim@act i v
(MHC pol ynor phi spy).  An exanpl e of 1 633 rg)r4e 5pgt gng pol yp pt S iamaRe t pat
bi nds wi t h hi ghefF=———tFF Rty Ot eSO T IO C e tH G tr~JFrer e EreH e
pol ypepti de, ey iti peC| fid3for 5
natural pol ypept j2rch esdue ' ith roader

cross-reactivityl $smmge Bim:llng”lduces m}te ln:roacrl y K +2
Residue K
Weak Binding I AGIIAEL +1
Residue L YPKLYS
F FDYTH
K PTN
M M G
Y S A
H

The derived peptide motif as currently defined is not
particularly stringent. Some HLA-A2.1 binding peptides do
not contain both dominant anchor residues and the amino
10 acids flanking the dominant anchor residues play major
roles in allowing or disallowing binding. Not every
peptide with the current described binding motif will
bind, and some peptides without the motif will bind.
However, the current motif is valid enough to allow
15 identification of some peptides capable of binding. of
note, the current HLA-A2.1 motif places 6 amino acids
between the dominant anchor amino acids at residues 2 and

9.
Following identification of peptide motifs
20 ~within a HER-2/neu polypeptide, amino acid substitutions
may be made conservatively or non-conservatively. The
latter type of substitutions are intended to produce an
improved polypeptide that is more potent and/or more



cross-reactive inmmune responses (i.e., binds to a greater range of MHC

nol ecul es) than natural polypeptide. Simlarly, one or_npre am no
acids residing between 10 peptide notifs and having a spacer function
(e.g., do not interact with a MHC nolecule or T cell receptor) may be
substituted conservatively or non-conservatively. It wll be evident to
t hose of or W@9e30swki|l|l in the art that pol ypeptides coREHISR6AL689 e

or nor e amno acid 15 substitutions may be tested for beneficial or
adver se i mmunol ogi cal interactions byt5a variety of assays,
including those described herein for the ability to stinmulate T
cell recognition. Variants within the scope of this invention

may 20 al so, broadlyecmassvekgctiveoMBE npodyherphism) fi cahi example of

i ncludi ng the del eti I §] 1 N9 .acgj.ds, thas a MY

I nfl uence on tghg&d%;s?é%%@i %28?%%?%% 1s QJggl(rlopifa}]é | egl% g]t K’gth ﬂd@r
pol ypepti de. RELANEFYb&oa fhee diamee HHG) moledvdse af natlinedr ypakideptiiderhe
art that truncaigdnbat M ffecBind 0 RBghyEi8x! e‘g\ﬂ_e% f Eéiﬁspfsg?eéﬁg/ b
pol ypepti de may be used, proyldeg t he desired i mmunol ogi ca g(operples
are at | east NASUEALY RQMRRATASR -t 0 PRate¥AMRR | Oferdyt ROIHREPYEde with

HER- 2/ neu pol ypepbhder crosst-ecAetiest@ues BRE RfadeliflRées ndre’ HYRARGY
with other amino acids to prevent formation of 30 incorrect

i ntranmol ecul ar STO§FSEPRFELYE 1PMPRGeEeSPORPRH (i-erenhilfat F8n2 ITAYRH

approaches to mahagenesfs MHOVOlw®lecule®di f thah i omadiurad agsskyplpisider.
anm no acid residyes.to enhance exgression in e§%§ S stgys in _which
KEX2 protease Simidari¥yry POep, REepfore amino 30%3%iding  between

PCT/ US96/ 01889 peptide motifs and having a spack@ function {(e.g.,Ado not
R 2t b0l YASBLLEE RN SCURE Sbhlecul€ or, P OLELIEa 00 SN
full length subBRi2hhed cconshovativeBEQI DhdiDdonseriativededucdd anilio
5 acid sequenceel SePf &SENt €8 1 thod? bP NPdnarySUSHi O O96S the art that
polypeptides containing one or more amino acid
15 substitutions may be tested for beneficial or adverse
immunological interactions by a variety of assays,
including those described herein for the ability to
stimulate T cell recognition.
Variants within the scope of this invention may
20 also, or alternatively, contain other modifications,
including the deletion or addition of amino acids, that
have minimal influence on the desired immunological
properties of the polypeptide. It will be appreciated by
those of ordinary skill in the art that truncated forms or
25 non-native extended forms of a HER~2/neu polypeptide may
be used, provided the desired immunclogical properties are
at least roughly equivalent to that of full length, native
HER-2/neu polypeptide. Cysteine residues may be deleted
or replaced with other amino acids to prevent formation of
30 incorrect intramolecular disulfide bridges upon
renaturation. Other approaches to mutagenesis involve
modification of adjacent dibasic amino acid residues to
enhance expression in yeast systems in which KEX2 protease
activity is present.



may be isolated by screening an appropriate expression l'ibrary for

cl ones that express HER-2/pneu protein. The | i brary preparation and
screen may generally be perforned usi ng nmet hods known to those of
ordinary skill in the art, 10 such as nethods described in Sanbrook et
al ., Mol ecul ar Clonlng A Laboratory Manual, Cold Sprin

Har bor LIWOPERWSA4 s, Col d Spring Harbor, N Y., 1989, mhiﬂﬁgpﬁmgl

i ncorporated herein by r ef er ence. Briefly, a bact eri ophage
expression |ibrary may be plated and 1516ransferred to filters. The
filters may then be incubated with a detection reagent. In the
context of this I nvention, a "detection reagent" is any conpound
capabl e of binding to RER BERe?/pewt ePelypebthdemy mdyen penerallipt edieed
by any of a vari elp findaisikgova  geddine r 2dond! dEnghY S&ﬁé;!:di&ht Nhe
art. Typi cal detection reagents contai-n a "binding agent suc
Protein A, ProteiRratein. g’% Gengmiect seguenssl shato %qmtéﬂlérolﬁf\gth

Preferred renmﬁez"/&r@%s SRk Ofn CBEYTES. nBURST %ﬁhescnecqméyé 'amino
i nhi bitors, gg radi onucl i des, | um nescent gr oups, 25 | uor escent
ot3

groups and d seqpence pisf prapeytedt pa SEQ (HhoNOe2 - grcﬁ.ﬂfh sclones
horseradi sh peroxiflasee Wisslat®y B9 scr&iigff €8n %pﬁdeﬁila%l 08xpMéd i orft

substrate such as t et r amet hyl benzi di ne
2,2' -azino-di - 3- e]tﬂ'mab"e\hz or clppeszdifete WARTGHH CH%%‘%Y"e'-PI BEOE’in.  The

contai ni ng genoni Tilofasp pf@ﬂa&a@#ﬁm §d‘1€§erﬁ>§ﬁ¢5§eﬂﬁ%ﬂ/yn%b Pb&F £bimed €

isolated . and purifie chni ques known of or

skill in the artIP Tf%q%h o8 ﬁgﬁsﬁe %oﬂﬁgln?EY ski q%x%ﬁwﬁQF axty
Sanbr ook et 1@l sucH\/blasClﬂea'JhonI aestribel in Sambrd¥k 96t£3GH14 Molecular
PCT/ US96/ 01689 Labor at or

Col d Spring Har bot2 24 at ot esTakeratory Spﬁaﬁﬁailar bdrol YsPrﬁéQ Sfbor
Variants of the phdlypeptomiesd,haColdt Eprinkye Harleda | i NyYLo sy989) awhiah is

{ mnune r esponse Mgy GEIGLALY Dherin1eNty 1 0% fp Il VI NG the, seauence [

bacter:.ophage expression library may be plated and
15 transferred to filters. The filters may then be incubated
with a detection reagent. In the context of this
invention, a "detection reagent” is any compound capable
of binding to HER-2/neu protein, which may then be
detected by any of a variety of means known to those of
20 ordinary skill in the art. Typical detection reagents
contain a "binding agent," such as Protein A, Protein G,
IgG or a lectin, coupled to a reporter group. Preferred
reporter groups include enzymes, substrates, cofactors,
inhibitors, dyes, radionuclides, luminescent groups,
25 fluorescent groups and biotin. More preferably, the
reporter group is horseradish peroxidase, which may be
detected by incubation with a substrate such as
tetramethylbenzidine or 2,2'-azino-di~-3-ethylbenz-
thiazoline sulfonic acid. Plagques containing genomic or
30 <cDNA sequences that express HER-2/neu protein are isolated
and purified by techniques known to those of ordinary
skill in the art. Appropriate methods may be found, for

example, in Sambrook et al., Molecular Cloning: A



aspects described above and assaying the resulting pol ypeptide for
the ability to stinmulate an i nmune response, e.d. a T cell response.
For exanple, such assays may generally be perforned by contacting T
cells 10 with the nodified pol ypepti de and assayi ng the response.

Naturally occurring variants of the pol ypeptide may al so be isol ated by,
for exanpl e,W é’F’é@g‘?ng an appropriate cDNA or genom c | i BCEUS%MIE o DNA
sequence encodi ng the pol ypeptide or a variant thereof. 15 The
above-descri bed sequence nodifications mnayl7 be introduced using standard
reconbi nant techni ques or by automated synthesis of the nodified

pol ypepti de. For exanpl e, nutations can be introduced at particul ar

| oci by synt Mqta@ry oMagualc| 6olddépringcdidrbion nbaboratoriien)t €61d
sequence, flank | it nabling ligation to fragnments of
t he native sequerce. d&%{c?vq\:nt nﬁnyS ?§8§ the resulting reconstructed
sequence encodes an analod@@lanthavpﬁg the cnﬁiynﬁptmdaKJEWBmd reselihi othe
substi tuti on, (”abllfkvfﬁéogtlﬁélate an. immithb e&@%# &Y 'ma nerally
ollgonucleotlde di rected te- speci fi1 ¢ nutagenesi s procedures cah B%
enpl oyed to p?oﬂ‘%ﬁé‘tlflédgé?ife modifiying Bhet segrapceoidnenerer ahore edf the

according to  ddpectalbssésetivey  d8b6Li ORna r
Exenpl ary net hodsélf)éf maki ng t he al terations get ss’takylg%eab%ﬁ\g E@QHiE?Hg

di scl osed by ValRRYYRaPtide Eax sohe 33ebilidy to Bagleimulate alan Bomene

37:73, 1985, Geligonsdy OIeghpl WeT, celllFBonsed85, #&1%’xa %h e&lé@ir’
Ceneti c Engi neerin PrlnC|pIes and Met hods, Pl enum Press,
U.S. Patent NRESY YP sh8Ysgpnerallys e 4periormed by mwm T cells

PCT/ US96/ 0168® with the modified polypeptide ah@ assaying the ré@ 8hsens

I n nucl eotide s cops ruct ed for e f such HER- 2/ neu

pol ypept i des rrusi #%_51 ‘% Yo e‘é%’l:’v"emﬁ'uegfE igl ngf‘?%Tymt&Pet TRaY% o8t 79

sequences euubqwx#qﬁaﬂﬂqlhmAIfqnnexampabe coxpeaingt any appgophsatdatpna
or genomic 1library with a DNA sequence encoding the
polypeptide or a variant thereof.

15 The above-described sequence modifications may
be introduced using standard recombinant techniques or by
automated synthesis of the modified polypeptide. For
example, mutations can be introduced at particular loci by
synthesizing oligonucleotides containing a mutant

20 sequence, flanked by restriction sites enabling ligation
to fragments of the native sequence. Following ligation,
the resulting reconstructed sequence encodes an analogue
having the desired amino acid insertion, substitution, or
deletion.

25 Alternatively, oligonucleotide-directed site-
specific mutagenesis procedures can be employed to provide
a gene in which particular codons are altered according to
the substitution, deletion, or insertion required.
Exemplary methods of making the alterations set forth

30 above are disclosed by Walder et al., Gene 42:133, 1986;
Bauer et al., Gene 37:73, 1985; Cfaik, BioTechniques,
January 1985, 12-19; Smith et al., Genetic Engineering:
Principles and Methods, Plenum Press, 198l1; and U.S.
Patent Nos. 4,518,584 and 4,737,462.



5 could hybridize to produce secondary mRNA structures, such as | oops or

hai r pi ns, whi ch woul d adversel y- af f ect transl ati on of the nRNA. _

Al though a nutation site nay be  predetermned, it is not necessary that
the nature of the mut ati on per se be predeterm ned. For exanple, in
order 10 to select for optinumcharacteristics of nutants at a gi ven
site, random W@9§30Mési s may be conducted at the target cBEHNSENI6WNe
expressed HER-2/ neu pol ypeptide nmut ants screened for the desired
activity. Not all rmutations in agnucl eotide sequence which 15
encodes a HER- 2/ neu pol ypeptide will be expressed in the final product.
For exanpl e, nucleotide substitutions may be nmade to enhance

expression, primarily toMuadidns iseconclbrot ister ustequenbespscdmsthmted

transcribed mRNA e : r n p 44
to provide 20 co oo}g Fﬁgtregrgégrrlmr%rgg |ﬁl y[f% gﬁ%?e#%@%% seﬁ # é
host, such as thecmse.kmmelzveccme peaténgnfoavedofisther coding. seghénces

expr essi on. pret %??HP'NPPP%S@S péa%e BhEEEH, dg%ﬁ%&%néoomt

naturally occurrlng ed, are pre era produc
recombi nant  DNA Cmmdu@rldize toSreduret ﬁ@@gndanle pRNA strugtweresngsuch

DNA sequence encogli ng) gopkR- 3£‘neHaP%Ylﬁ)§Pt Igfich WHIPe2 LGFOPNLIRNafrsect

expr ession vector and expressi ng DNA sequence In a reco I nant

nmi crobial , nanmal FEPHation |9fse§:*te d@WA-exp‘Ne%"sqw s%/s‘l“éﬁfﬁ"t}ﬁﬁ’ers%d\?am RE

promoting 30 exppesddtdrmined, DNV SERENCRSceMGAMidHAL R MAluReSs dase
provided by this invention can be assenbl ed from cDNA fraament s and

short ol i gonucl edMFHRF1THIREE, S8y Per AFedetermipedes org| recth dekdes o

provi de a synibetts @%Il@:ct £ohi cdpﬂmu&napalb&ﬂaafeﬁ@msl neer traftdntsa at a
r econbi nant ' / 30514

PCT/ US96/ 01689 given site; ¥ahdom mutagenesis gmay be .gppducted, afo thy
and expressed targeta codmoniEnminithe dxparseedpt HERaR/neut . polypeptide

Reconbi nant eXpr%ﬁ&ééﬁEé”“% éé%é%pQ i@hg g@%&red activity.
Not all mutations in a nucleotide sequence which
15 encodes a HER-2/neu polypeptide will be expressed in the
final product. For example, nucleotide substitutions may
be made to enhance expression, primarily to avoid
secondary structure loops in the transcribed mRNA (see,
€e.g., European Patent Application 75,444A), or to provide
20 codons that are more readily translated by the selected
host, such as the well-known E. coli preference codons for
E. coli expression.
The polypeptides of the present invention, both
naturally occurring and modified, are preferably produced
25 by recombinant DNA methods. Such methods include
inserting a DNA sequence encoding a HER-2/neu polypeptide
into a recombinant expression vector and expressing the
DNA sequence in a recombinant microbial, mammalian or
insect cell expression system under conditions promoting‘
30 expression. DNA seguences encoding the polypeptides
provided by this invention can be assembled from cDNA
fragments and short oligonucleotide 1linkers, or from a
series of oligonucleotides, to provide a synthetic gene
which is capable of being inserted in a recombinant



sequence encodi ng a HER- 2/ neu pol ypepti de operably linked 5 to suitable
transcriptional or translational reqgulatory el enents derived from
manmal i an, mcrobial, viral or insect genes.  Such regulatory

el enents include a transcriptional pronoter, an optional operator
sequence to control transcription, a sequence encoding suitable nRNA 10
ri bosomal bWRI9#WSHi t es, and sequences which control the  PCYESNOEP| on of
transcription and translation. An origin of replication and a

sel ectable marker to facilitate recognilgon of transformants nmay
additional ly be I ncorporated. 15 DNA regi ons are operably

| i nked when they are functionally related to each other. For exanpl e,
DNA for a siegpaespdpri devéctar et @ngd | caxpréssed opdmabl § | i reeeikinant
DNA for a pol yp%@ah@%rk?t@i.&n&f fi_]_essed as a precursor whi ch
participates in the secfetion of the polypeptide;, a 20 pronoter is
operably linked to a codi Rgcembirart §xpressioncoNerbdPsst heontairscrad ptONMm
of the sequence; | ROSRR § el | te.qi ﬁmﬁr I | t

codi ng sequences’ie:‘e!ruietﬁf:{a S pggi tai (?Léewéius?g’éais ‘f\ooly%e m td%t_)r?nésflarai{isgnl.ﬁ&d
General ly, 3 &Per&BiyaPlakeFanssTiPEdRPRyuRT &F@nsilatiprataskepilampry

secretory |eadeigmenit8 Ge2dvBd EkafE. mamm&PNan SCRERERFial, SHGRAI NG
HER- 2/ neu pol ypepti des which are tQ be expressed iLn a n1crqoraan|sm

wi || preferablyI0SSCEi n IR0t r onsSPRBL TeIULBLPAEY pr EARPEPEFY ¢ Agte @

transcription oftri@Nacirip@ional "BMomoBEr, an optiodXPr&Setfibr VEsdutince HOr
bacteri al use ri.se .a sel ectable nmarker and bacterial origin

ma co .
of replicat ic(?ﬁ‘téé’ﬂ'i VeRR T EdPter & aFPPUSHSE | §BFRIpRYs fudsable mR
conpri sing génetdibosomadntsindfinighesinedd, kavdnseboentgs whighClcentripBRItE
éé¥f889278%;é§ ter%H%gtiggmg¥(¥ Ansé¥¥§é¥o andzbran¥¥%8$%§$ﬁé nf%ﬁigin-
exanpl e, pKK223<F ( Repliaetioffi nen€heai csdlectableUppsaker SwedefdcihitatGEML

(Promega Biotec, Mdni®ionW: of transformants may additionally be

incorporated.
15 DNA regions are operably linked when they are
functionally related to each other. For example, DNA for

a signal peptide (secretory leader) is operably linked to
DNA for a polypeptide if it is expressed as a precursor
which participates in the secretion of the polypeptide; a

20 promoter is operably linked to a coding segquence if it
controls the transcription of the sequence; or a ribosome
binding site is operably linked to a coding sequence if it
is positioned so as to permit translation. Generally,
operably linked means contiguous and, in the case of

25 secretory leaders, in reading frame. DNA sequences

| encoding HER-2/neu polypeptides which are to be expressed
in a microorganism will preferably contain no introns that
could prematurely términate transcription of DNA inte
mRNA.

30 Expression vectors for Dbacterial use may
comprise a selectable marker and bacterial origin of
replication derived from commercially available plasmids
comprising genétic elements of the well known cloning
vector pBR322 (ATCC 37017). Such commercial vectors



USA). These pBR322 "backbone" sections are conbined with an appropriate
pronoter and the structural sequence to be 5 expressed. E. coli 1is
typically Transforned using-. derivatives of pBR322, a plasmid derived
froman E. coli species (Bolivar et al., Gene 2:95, 1977). pBR322

cont ai ns genes for anpiccillin and tetracycline resistance and thus
provi des si npWOPEMBM for identifying transformed cells. 10 PCT/US96/01689
Promoters comonly used in reconbi nant m crobial expressi on vectors

i nclude the [ERR] -1 actanmase (penicillinase) 20 and | actose pronoter system
(Chang et al., Nature 275:615, 1978; and CGoeddel et al., Nature
281:544, 1979), the tryptophan (trp) pronoter system (CGoeddel et

al . Nucl . 15 Adhdiudies. f6r4e3ample98pKK2RA-EurBhaamadha eFingpShenacabs,

36, 776) and the t@ngbP%DtE&eEQﬁP'ihwip f“%ﬂfﬂhe r%fﬁkec, Méﬁfﬁ??raﬁ Pry

Manual , Cold Sprin oratory, A'particularly’
useful bacterial BRPIessiToeseyPBEIR2 "béﬁﬁbgyg"tnecphgg% pERRFORPERFY with
pronot er and C'85ZBSabBQEBP£§Pé|ﬁrgﬁotéﬁp£§§595e stEm@§@}£lV§5&ﬁEﬁbe to be
avai |l abl e fron1the Aner i can ype ture Collection which incorporate
derivatives of > expressedr] P[&-r] 9oddnotisr tyPigGadlyl as¥rasfermed using
resident in E de® VLt St&Si BeJ BB@JQQ\TCG ?pﬁg%ﬁda%rﬁ%@eﬁro&?%rﬂeﬁt chlE-
coli RRL (ATCC 53082) 25 ronot er sequences

yeast vectors SPPR&P&JEBOlivRr etpﬁbnot@ﬁ%? * Fr 197&étaPﬁ8§ﬁ?oﬁ@PﬁalnS

3- phosphogl YQGhéEefBlrn%&@J.Q:'i“lllﬁW&'ﬁdette@racyél15!!Okesﬂ‘»@é‘%ce and thus
255: 2073, 1980) or Oth%@% sY colytic enz nes gkbss
83

Enzynme Reg. 7:1B§°V: RN “ﬁnylﬁ@ tiﬁ?ﬁﬁﬂﬁﬂediFEAQSO
1978), such agoenol ase, gl wwmwyd@monlﬁmmt&combdﬁbndr adenabial

hexoki nase, éruvate decar box ﬁs ho, phofructoklnase

gl ucose- 6- phospha épressf§5n¥?858r531%ﬁ @%% b$ TLAGFAMASEs of PO ChFAiBaSe)
ki nase, WRa964L80844 promoter system (Chang et al., Nature 275:615,
PCT/ US96/ 01689 trlosephosph at e

i somer ase, phosphddi’Béosand sfinsdded ghqg al- 'gﬂwiﬁﬂﬁ nagg*'5@intaﬂﬂ1§)vecFB?s

and pronoters for tegptbphan (trp) promoter system (Goeddel et al., Nucl.

15 Acids Res. 8:4057, 1980; and European Patent Application
36,776) and the tac promoter (Maniatis, Molecular Cloning:
A Laboratory Manual, Cold Spring Harbor Laboratory, p.412,
1982). A particularly useful bacterial expression system
employs the phage A P, promoter and cI857ts thermolabile

20 repressor. Plasmid vectors available from the American
Type Culture Collection which incorporate derivatives of
the A P, promoter include plasmid pHUB2, resident in E.
coli strain JMB9 (ATCC 37092} and pPLc28, resident in E.
coli RR1 {ATCC 53082).

25 Suitable promoter sequences in yeast vectors
include the promoters for metallothionein, 3-
phosphoglycerate kinase (Hitzeman et al., J. Biol. Chen.
255:2073, 1980) or other glycolytic enzymes (Hess et al.,
J. Adv. Enzyme Reg., 7:149, 1968; and Holland et al.,

30 Biochem. 17:4900, 1978), such as enolase, glyceraldehyde-
3-phosphate dehydrogenase, hexokinase, pyruvate
decarboxylase, phosphofructokinase, glucose-6-phosphate

"isomerase, 3-phosphoglycerate mutase, pyruvate kinase,



yeast expression are further described in R Htzeman et al ., European

Patent Application 73,657. .5 Preferred . yeast vectors can. be
assemnbl ed usi ng DNA sequences from pBR322 for Sel ection and replication
in E. coli (Amp[err] gene and origin of replication) and yeast DNA
sequences including a glucose-repressi ble ADH2 pronoter g @ ﬁ@ftor
secretion | wheBesiFhe ADH2 pronoter has been 10 descri bed'ﬁg}

al. (J. Biol. Chem 258:2674, 1982) and Beier et al. (Nature

300: 724, 1982). The yeast a-factor | e&der, which directs secretion of
het er ol ogous proteins, can be inserted between the pronoter and the
structural gene to be expressed (see, e.g., Kurjan et al., 15 Cell 30:933,

1082: and Bitt etriosephqsphake Napmeraseacada.hosph?séucoses;iscsqer@@m and
1984) . The #Jﬂ%ﬁln ﬁgyen%ﬁitg%iel%%ctozé“%%é 5?oh8t89§t¥d} WEar ihts

3' end, one or re-usetu . restriction sites to acilitate fusion of
t he | eader yeysenespressionr argn fugshes. despdbed, discR i plibABP2N akE 20

transl ational cgptrog,s 5§g§ﬁu§;%éd1 ReSat98n VeSS @5B. tO be used in
transform ng ve??ebra?e ce géBrOVId dn by viral sour

. For
exanpl e, cofmonly used p‘?’éﬁ*ﬁﬁré?eé’ Yea%ﬁd"éﬁﬁaﬁﬁetcénarl%e déFF%’B $O|‘hsmg

pol yoma, adenovpfjySséquences! fidh pBRIER 4br (S2i4dtiondhidt@plication in
cytomegal ovirus. DNA'25 sequences derived fromthe SVA40 V|rgt enomBNA
exanpl e, SvBo 6pidi fAmRaGeReaARd| QFEILP ot EFPL AR

and pol yadenyl akkglefité€s ¥R U ndsed t@lde]s\é-&@ptrbeszhler ADH2 gepmnoa:er
el enents required for exEreSS|on of a het rolo nce

us equ
The early andaPfaPafapFoRoBefsetion 1aRFfar ti ik §§§WE%e% % s&S58 h
are ggz g' HEQoFaangriﬁam by khels&ngse@saa fre‘grrfrﬁmahl cbhéhso 53 tﬁugms

e vira ori of replicatio iers e e
1978). Smal | er QPBP&rQBF §9A=G”ff‘*&gﬁ'\!}nts“‘ﬁ&;’”"&lg(?"b(z,%('nse(].ll\l%lyI %@ﬁ'd@?sfhe
approxi mat el y 230 rhpt8edUdcR XM Oa{ FO s secretithh 26/ aweamlogous
PCT/ US96/ 01689 22 the Hnd Il site

toward the Bgl proseins) ogaredben ingerted between the promoter and the
structural gene to be expressed (see, e.g., Kurjan et al.,

15 Cell 30:933, 1982; and Bitter et al., Proc. Natl. Acad.
Sci. USA 81:5330, 1984). The leader sequence may be
modified to contain, near its 3' end, one or more useful
restriction sites to facilitate fusion of the leader
sequence to foreign genes. The transcriptional and

20 translational control sequences in expression vectors to
be used in transforming vertebrate cells may be provided

by wviral sources. For example, commonly used promoters

and enhancers are derived from polyoma, adenovirus 2,
simian virus 40 (SV40), and human cytomegalovirus. DNA

25 sequences derived from the SV40 viral genome, for example,
SV40 origin, early and late promoter, enhancer, splice,

and polyadenylation sites may be used to provide the other
genetic elements required for expression of a heterologous

DNA sequence. The early and late promoters are

30 particularly useful because both are obtained easily from
the virus as a fragment which also contains the SV40 viral
origin of replication (Fiers et al., Nature 273:113,
1978). Smaller or larger SV40 fragments may also be used,
provided the approximately 250 bp sequence extending from



viral origin of replication is included. Further, viral genom c

pronoter, control and/or signhal sequences may be _utilized, provided
such control sequences are conpatible 5 wth the host cell chosen.
Exenpl ary vectors can be constructed as disclosed by Ckayama and
Berg, M. Cell. Biol. 3:280, 1983. A useful system for
st abl e hi gh Wﬂ?!ﬂ“%%bre55|on of mammal i an receptor c ﬂ*@ﬂgﬁmhurine
manmary 10 epithelial cells can be constructed substantially as

descri bed by Cosnman et al. (Ml . Inmmunol. 22935, 1986). A preferred
eukaryotic vector for expression of Lbel F4A protein DNA is pDC406
(McMahan et al., EMBO J. 10: 2821, 1991), and includes regul atory
sequences deri veGhEr drarch BMOsitemaawandutbedeBadi difcysitie uto¢ated  iandhe
Epst ei n-Barr S ed. v ncl 0
pDC410, which are egljggiﬁhmﬁé?Pg%}fgégl i g%agﬁ%gééﬁgd ¥QEFHQQ4 %&%%g

by substituting tIeRCERY mmme¥ﬂﬁ%rQQHQRﬁh|Qﬂ¢ or %ﬂgnﬁ%eaﬁ@M@QSﬁ%n@éM|#§
the SV40 | arge T antiigen, gﬂ@ag%e%o m}r eEénEf&rn a@&é&@cw hhal @nBlltiblle

restriction S|te out Si the nultiple cloning site has been del et ed,
meki ng t he Bgl® I"%ﬁhtetQFtFHQFq:héeﬁﬁlt??ﬂi?quonlﬁif@ﬁ%%¥y veghpPgfe. can be

A useful cell |ireonshtaucielows fdisQRseeBly 20kd Rithd Cahd OBep§, CMRIES e .
vectors, such as DC406 ang 3[(%09 mhlch contain the EBV origin of
replication, is °1cv3i/2E NAlRRFeC CRL 10478). The CV-L/EBNA cell line
was derived by transfeat ugafal bheté&w-fofestabldchidh NLaveglergkpression

et Al T B AR R i I—
enhancer/proﬁbﬂeneplthellal cellsTraasfobeedcbnstrueﬂé@ asubstadritd alliych as
e e st TR 1 AR REL 50, ). SR B 985E S,
PCT/ US96/ 01689 A preferred eukaryotic vector Xdr expression of LbelF43A
protein DNA is pDC406 (McMahan et al., EMBO J. 10:2821,
1991), and includes regulatory sequences derived £from
15 Sv40, human immunodeficiency virus (HIV), and Epstein-Barr
virus (EBV). Other preferred vectors include pDC409 and
pDC410, which are derived from pDC406. pDC410 was derived
from pDC406 by substituting the EBV origin of replication
with sequences encoding the SV40 large T antigen. pDC409
20 differs from pDC406 in that a Bgl II restriction site
outside of the multiple cloning site has been deleted,
making the Bgl II site within the multiple cloning site
unigue.
A useful cell line that allows for episomal
25 replication of expression vectors, such as pDC406 and
pDC409, which contain the EBV origin of replication, is
CV-1/EBNA (ATCC CRL 10478). The CV-L/EBNA cell line was
derived by transfection of the CV-1 cell line with a gene
encoding Epstein-Barr virus nuclear antigen-I (EBNA-1) and
30 constitutively express EBNA-1 driven from human CMV
immediate-early enhancer/promoter.
Transformed host cells are cells which have been
transformed or transfected with expression vectors
constructed using recombinant DNA technigues and which



cont ai n sequences encodi ng a HER- 2/ neu pol ypeptide of the pr esent
invention. Transformed host cells nmay express the desired HER-2/neu
polypeptide, but host celTs transtor med Tor purposes of cloning or
anplifying HER-2/neu DNA do not 5 need to express the HER-2/neu

pol ypepti de. Expressed pol ypeptides will preferably be secreted into
t he cul tur ewo963e8per nat ant, dependi ng on the DNA sel ect ed, PORUSHIBIORY SO

be deposited in the cell nenbrane. Sui t abl e host cells

for expressi on of 10 reconbi nant proteikas include prokaryotes, yeast or
hi gher eukaryotic cells under the control of appropriate
pronoters. Prokaryotes include gram negative or gram positive
organi snms, f orcorep! Qeqtﬁncéﬂﬂéncdﬁlnd&’ﬁl ﬂlﬂ:R-Z/neu Hb@fﬁfe;ﬁukﬁr Y&t i €he
cel I's include establlshed CE{';' lin of .15 i.n ga ian _origin as
descri bed bel o®@*e%&RY dryugntion.;  Transfozmed, P@ CEE) deYS‘BXB’ée% FBSed

to produce dig i Y AN ERER £/ nygre Pp o Digseptiisie)g bt sostlece vl ti:aﬁsfoﬂwd

t t t | d
bactorial . funghr: BASREeSeRF AR oo BOntyihe HBEra/are BRACHF oot

for exanple,5 byn&é:dlwados ekpressalthe CHBR-2¢ n¥ect po bypept iader at OE){pNEEHad:l

El sevier, New Prokar yot.i.c, expressi on_h ts may
be used for pdx‘ﬁ)reé)l;tsli%éns o"fllﬁEF?% ﬁfbpldﬁ >Ppep§?%5et%%a3t [0 }3)? FEEUW% 25
ext ensi ve pr oswpegriatant, adependiirguldn dehe DNRoEed®ictgd, butPrmear gdsoc

expression vectors, %e&elr@éd Knc%]l’gr bgglolqgmgf: nore phenotypic sel ectabl e

mar kers, for exarrp pro & hs conferring antibiotic
resi stance or suppl ylﬁ‘\-‘gt@bl&ut othQ?phl c eldud renfon, asdpressidmin of 30

replication;§ecogbmiSthdit throdOils tpn@mag epmm,.r@st | Ofbast ¥t haaheihe
host . Sui t abl e prokaryotic hosts transfornation 1nclude E.
coli, Bacillus®ukaxy¥atiq s cellsgy|upsied I ath% yplFoRtredm @hd fRPrepsiate

species Wi thi npréméters. Pr¥aPPs851l4nclude gram negative or gram
PCT/ US96/ 01689 . 24 ) L
positive organisms, for example E. coli or Bacilli.

Higher eukaryotic cells include established cell lines of

15 insect or mammaiian origin as described below. Cell-free

translation systems could also be employed to produce

HER-2/neu polypeptides using RNAs derived from DNA

constructs. Appropriate cloning and expression vectors

for use with bacterial, fungal, yeast, and mammalian

20 cellular hosts are described, for example, by Pouwels et

al., Cloning Vectors: A Laboratory Manual, Elsevier, New
York, 1985.

Prokaryotic expression hosts may be used for

expression of HER-2/neu polypeptides that do not require

25 extensive proteolytic and disulfide processing.

Prokaryotic expression vectors generally comprise one or

more phenotypic selectable markers, for example a gene

encoding proteins conferring antibiotic resistance or

supplying an autotrophic requirement, and an origin of

30 replication recognized by the host to ensure amplification

within the | host. Suitable prokaryotic hosts for

transformation include E. coli, Bacillus subtilis,

Salmonella typhimurium, and various species within the



genera Pseudononas, Streptomyces, and Staphyl ococcus, al t hough

ot her hosts may al so be enpl oyed. Reconbi nant HER- 2/ neu

pol ypeptides may also be = expressed in yeast host s, preferably
from the 5 Saccharonyces species, such as S. cerevisiae. Yeast of

ot her genera, such as Pichia or Kluyveromces may al so be enpl oyed.
Yeast vect or swaidsB30sIeneral |y contain an origin of repli EETAUSIOI6890m
the 2[err] yeast pl asm d or an aut ononmously replicating sequence
(ARS), a pronoter, DNA 10 encoding the HBR- 2/ neu pol ypepti de,
sequences for pol yadenylation and transcription termnation and

a sel ection gene. Preferably, yeast vectors will include an origin
of replication, agenexsecPapbdomenies pétnéptdmugces, t anddsf Staphydacotchsoi h

yeast and E COIIaltﬁmg%er&%Il%OS%gpP‘ggl L.'I.Qo r&%lfd(}%% gene of E.

coli and th evisiae trp ene, des a sel ection
mar ker for a nmut ant st rRﬂqvn‘dvfln?a&stHBm(nﬁgl twmpuqest omgyowlso be
tryptophan, and ag deﬂ-ved ggg{n a ﬁ?ﬁ?d . ge
to induce transcrip |on ﬁ a 20 structur F sequence vvnstream e

presence of the t?f)FCharWSé%ﬁ-‘bnsPﬂC%% yBHSE BEstS ceFergehvheet heﬁf%sc-w@fas

an ef fective gpnéfOogeRétaf Okudiet §§tPBShL§ asﬁfﬂwy«bép&n;ba'es mayl QWD 1o
t he absence of tryptophan. e yeast T“transtormation

protocol s are 25°MRhBYRA- toYe?ﬁBSEeCB‘PrSSWH 9?%9“%79)/ geatain apy origin
exenpl ary techpi quepdeasakiBad berdm Ndegd alzy (Rrdfst Naphasff@d. oCi - an

USA 75:1929, 1978), I nvol ves sel ecting or Tr p+ transformants
in a selective me@PLPReBERILY | RePbicot BT Se‘!“?%&;t (hﬁﬁoge\n prerotey ,50PNA
casam no aci dgp 28hObaeese. My 30 uERULTheyadep) e 20 Bheel’ acﬂ,
Host strains trangﬁ‘%rrre d by vectors conp r| SI n e ADI-lflg%orrSteer i

be grown for BRpYRLeRYIAtiPT [ARR néd'PGﬁFébH’é%@’t‘l ng}eé'f“lm%mn y@é’é’t ’a
extract, 2% pept oeeleaﬂgbrl%&wcose:M@%nt st vetkbbBs8Qiny/ Thcadedi ar

and 80 rrg/m uracil, . pressi on 96/ 30514

PCT/ US96/ 01689 origin o replication, and seégctable marker permitting
transformation of both yeast and E. coli, e.g., the
15 ampicillin resistance gene of E. coli and the S.
cerevisiae trpl gene, which provides a selection marker
for a mutant strain of yeast lackinq the ability to grow
in tryptophan, and a promoter derived from a highly
expressed yeast gene to induce transcription of a
20 structural sequence downstream. The presence of the trpl
lesion in the yeast host cell genome then provides an
effective environment for detecting transformation by

growth in the absence of tryptophan.
Suitable yeast transformation protocols are
25 known to those of skill in the art. An exemplary
technique described by Hind et al. (Proc. Natl. Acad. Sci.
USA 75:1929, 1978), involves selecting for  Trpt
transformants in a selective medium consisting of 0.67%
yeast nitrogen base, 0.5% casamino acids, 2% glucose, 10
30 mg/ml adenine and 20 mg/ml uracil. Host strains
transformed by vectors comprising the ADH2 promoter may be
grown for expression in a rich medium consisting of 1%
yeast extract, 2% peptone, and 1% glucose supplemented
with 80 mg/ml adenine and 80 mg/ml uracil. Derepression



of the ADH2 pronoter occurs upon exhaustion of medium gl ucose. Crude
yeast supernatants are harvested by filtration and held at 4C prior
“to further purification. _ Vari ous manmal i an or I nsect (e.g.,
Spodoptera or 5 Trichoplusia) cell culture systens can al so be enployed to
express reconbi nant pol ypepti de. Bacul ovirus systens for production of
het er ol ogous W%6/3088t i des i n i nsect cells are reviewed, PORWSICBIEIDI| e,
by Luckow and Summers, Bi o/ Technol ogy 6:47, 1988. Exanpl es of
sui tabl e mammal i an 10 host cell lines includg the COS-7 |ines of nonkey
ki dney cells, described by Juzman (Cell 23:175, 1981), and ot her
cell lines capable of expressing an appropriate vector I ncl udi ng, for
exanpl e, CV-1/EBAA (thECCACRR If¥ohbterd occes! updnl2éxh3dsStiéhi FSemBanGiner
ovary (CHO, COS,.NS-1, 15 F§La and BHK cel | I%neg. Manmal j an ex QFSSLOH
vectors may  cOMPTPEe nofifPERsc¥oBEE oI BIRGHStANER 2256 FILTTES y
replication, a sfilebdeis amd drelandtedb@nmeior ittkefhrther phbefgeacidn. be
expressed, and other 5 or_3' flanking., nontranscribed sequences, and 5
margihlag

or 3' nontranslated 20 sefFERYS s°ﬁe&€§§&Fy(erﬁbos§HEdBPﬁGFﬁg°r
sites, a pol yadenyppis i) ¢dll Sfllture @9ik@emaNdafCaeRbobeSkpsoyadldto
transcriptional term nation seguences. . Puiifjed HER- 2/ neu
pol ypepti des nmaySHRTHFEpIFEAPINERE (BPIYRTRG s t aBREVABEI YR cBBPLEDS ERE
to express the 2proddonbomanit thiétatskogouspr pdugbepiidddeibNAnsdctd heells
present invention_ which.are the urified.fromcul tur nedi,a Qr _cel
extracts.  For %ﬁ%npfgylegﬁgérngFEnt§”?W§ﬁF' §V%teﬁ%gyﬁ7cha§%cr§P8mers'
reconbi nant pol yBépt Teehnolagicubtdit,e 1988nediExamplese ofi rsati tableecnamathddan
using a co ci Vi, | i onesNty af d fLkt ch. n
Am con ?:ER/I Iﬁlﬁ%)%r ggll-"gl Iailclg%lr%5 S.Irﬁlgn ?I B’rh%t I on u-{li%irpé]ﬁ:o# o‘\?vfr’ﬁlg(éilélh(%l%%e9
concentration steellshedesncired dte Glayznen a(elile®3:d78, 19800+t akbhd other
purification matgiyx; ;ifR¥s € Syl ; fin 1
conprise a counter st rulct usr eéggg%gien ot E%@égﬂﬁ 9%}’30%*2%%&& véteor
PCT/ US96/ 01689 including, for example, CV-1/EBNA (ATCC CRL 10478), L

cells, C127, 3T3, Chinese hamster ovary {(CHO), COS, NS-1,

15 Hela and BHK cell lines. Mammalian expression vectors may

comprise nontranscribed elements such as an origin of

replication, a suitable promoter and enhancer linked to

the gene to be expressed, and other 5' or 3* flanking

nontranscribed sequences, and 5' or 3' nontranslated

20 sequences, such as necessary ribosome binding sites, a

polyadenylation site, splice donor and acceptor sites, and
transcriptional termination sequences.

Purified HER-2/neu polypeptides may be prepared

by culturing suitable host/vector systems to express the

25 recombinant translation products of the DNAs of the

present invention, which are then purified from culture

media or cell extracts. For example, supernatants from

systems which secrete recombinant polypeptide into culture

media may be first concentrated using a commercially

30 available protein concentration filter, such as an Amicon

or Millipore Pellicon ultrafiltration unit. Following the

concentration step, the concentrate may be applied to a

suitable purification matrix. For example, a suitable

affinity matrix may comprise a counter structure protein



26 (i.e., a protein to which a HER-2/neu pol ypeptide binds in a
specific interaction based on structure) or lectin or ant i body

nol ecul e bound to™—a suitable Tsupport. Al ternatively, an anion
exchange resin can be enployed, 5 for exanple, a matrix or substrate
havi ng pendant di et hyl am noet hyl (DEAE) groups. The matrices can
be acryl wossapsiagar ose, dextran, cellul ose or other typ®@CT/USIHIEEON| y
enployed in protein purification. Alternatively, a cation exchange
step can be enpl oyed. Sui tabl e cation 10 2exchangers include various

I nsol ubl e matrices conprising sul f opropyl or carboxynet hyl groups.

Sul f opr opyl groups are preferred. Gel filtration chromatography
al so provi degi se Jyean prtein in‘wiwtg.cm WERER~2¢neu polypeptide biAids nirty
chromat ography is a

erred. nmeth f.l p HeR:y .
pol ypept i des. P%rsggﬁ tE&, 1ﬁ5553F§ﬁa8 ba%egn#%bo%#ggcagalnspﬁ RS G5ER. Fheu
pol ypeptide may aisibday  maisefulle | doundffi bty achrgmateglaphysupport-

puri fication, lete::naq:t \Jél@l ngagreggggﬁ t%a@{?% V\Péé.ukng% gy tgﬂ?%§ed

Finally, one rever se- phas perf or mance
chr omat ograph§ fQRP mmyle. st &ps matrlérrplQ?yl n@‘lb#’y@f@phdm%lnw Pﬂl‘@nt

media (e.g., SiileRy thylavi(BEARENdadupRt hyl TRE QldieficRls ph.ahl Cbe
gr oups) nay be en;ﬁﬁnoe ﬁﬁ u#ther?purlﬁvﬁﬁ HER- 2/ neu pol

tl
conposi ti on. Soﬁérﬂafbﬂenof a@ﬁé°§8r e HF Pur | CRLARLIBRE 25T SO ég‘?g Fanes

various conbi nat b&&ﬁenlﬁaéhﬁi&fé&enerﬁmdu t;ﬁlrlficlalt(ibhde Mh@ﬁﬁeeneew,
reconbi nant pol ypepti de.

I nant eptide
produced in apgetaPral*ChePEre %@%r"@l"e[@ol?f“‘?wg T’?‘ﬁf g fion
extraction fooMmefighing®ed | €hgludéolvarstisbyimstsl ukle nﬁé'ér:.c'?éb comprising
concentrati on, - out ueous i on. exchange or excl ysi
chr omat ogr aphy s?E%g 95¥#bh°ﬁe??8¥ﬁg tPVEuP§° ps‘chr Haf%%?%%ﬁ§ H?éﬁﬁi)
may be enpl oyed b&hfer&edal Gelr i fitatavhorst epbrombtogpbaphy ceblso

ggp;gzed in expressmgﬁgﬁmeans é¥“yd¥§%&lh86LFﬁ£hP£P$§£“ can be di srupted

PCT/ US96/ 01689 Affinity chromatography is a preferred method of
15 purifying HER-2/neu polypeptides. For example, monoclonal
antibodies against the HER-2/neu polypeptide may also be
useful in affinity chromatography purification, by
utilizing methods that are well-known in the art.

Finally, one or more reverse-phase high

20 performance liquid chromatography (RP-HPLC) steps
employing hydrophobic RP-HPLC media (e.g., silica gel
having pendant methyl or other aliphatic groups) may be
employed to further purify a HER-2/neu polypeptide
composition. Some or all of the foregoing purification

25 steps, in various combinations, can also be employed to
provide a homogeneous recombinant polypeptide.

Recombinant HER-2/neu polypeptide produced in
bacterial culture is preferably isolated by initial
extraction from cell pellets, followed by one or more

30 concentration, salting-out, aqueous ion exchange or size
exclusion chromatography steps. High performance 1liquid
chromatography (HPLC) may be employed for final
purification steps. Microbial cells employed in expression
of recombinant LbeIF4A protein can be disrupted by any



27 conveni ent met hod, I ncl udi ng freeze-thaw cycling,

soni cation, mechanical disruption, or use of cell |ysing agents..
Fernmentati on of yeast which express HER-2/neu 5 pol ypeptide as a secreted
protein greatly sinplifies purification. Secreted reconbinant protein
resulting from a large-scale fernentation can be purified Ggy

met hods WaR638¥ds to those disclosed by Udal et RIT/USIGOL
Chromat og. 296:171, 1984). This reference describes two 10 sequential,
reverse-phase HPLC steps for purification of27 reconmbi nant human GwW CSF
on a preparative HPLC col um. Preparations of HER- 2/ neu
pol ypepti des synt hesi zed i n reconbi nant culture may contain non-
HER- 2/ neu cel | coopeeabést | nmetdiodg prdineilngingn amfinesize-thawand ®fclang,

The HER 2/ nou. porgReRtFhdnT r gecRaRebl’ 'ﬁ?%h§§1°n-rhe§ep€o%§§ ol Ty

ordinarily wll bgestsyeast, prokaryotic non- human eukaryotic
origin. Such p arg t | Ly free er.Jy . of Al
which 20 may be normally ggg@%?%%‘g?n t°% t%QA'IQ—ER r?g‘u Sgéfg%% a};sE'cH OEIE}H]’S

is found i n n& upelyreptidepesbesaof seckgted protein greau&ucnsﬁmgiifies
synt hesi s prOV|d%§rggleg£gaﬂates€EE39?d recéﬁﬁ éﬂﬁ?&{&hnf¥% gpqﬁﬁpr

this i nvention exanpl e any O e comerc
sol i d-phase 25 PechAFgeescatsy Herapntapian s@m e { PRLNELLR! | By d masiHass

phase synthesisangBbeds ton eHush éﬁ§d¥bséa”(gy aﬁP al é@qugqtla .y

added to a growing amno acid chain Merrifield,
Soc. 85:2149- 214k romatggs 96: 17EqU|1p9rﬁ,4ﬁt fo'Fha*at 6ﬁﬁﬁésn§9nm@§r§bsﬁ two |

pol ypept i des 1igs 2@queak¥BLGI auéwérs@uahhael &Pl %eﬁé’pﬁbkerp%rlﬂﬁgtléﬁ of
Appl i ed Bi osystens, Inc. of Foster ener al be

oper ated accor di FGSCRPERENERRWPAR{ GMeTSE ‘?"%?tlptf P6ﬁ§1"e HPLC column W t hi n
one aspect of the present ppepata®ionsise of Of HEER/ZldLU PObYDEM D hdHr

a DNA nol ecul e that direct ; . ,

synthesize in recombinant culture may contain non-

HER-2/neu cell components, including proteins, in amounté

15 and of a character which depend upon the purification

steps taken to recover the HER-2/neu polypeptide from the

culture. These components ordinarily will be of yeast,

prokaryotic or non-human eukaryotic origin. Such

preparations are typically free of other proteins which

20 may be normally associated with the HER~2/neu protein as

. it is found in nature in its species of origin.

Automated synthesis provides an alternate method
for preparing polypeptides of this invention. For
example, any of the commercially available solid-phase

25 techniques may be employed, such as the Merrifield solid
phase synthesis method, in which amino acids are
sequentially added to a growing amino acid chain. (See
Merrifield, J. Am. Chem. Soc. 85:2149-2146, 1963.]}
Eguipment for automated synthesis of polypeptides is

30 commercially available from suppliers such as BApplied
Biosystems, Inc. of Foster City, CA, and may generally be
operated according to the manufacturer's instructions.

Within one aspect of the present invention, use

of a HER-2/neu polypeptide {(or a DNA molecule that directs
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28 t he expression of such a peptide) to generate an inmune

response to the HER-2/neu protein (including that expressed on
a malignancy in which a HER-2/neu oncogene is associ ated) may be

det ect ed. Representative exanples of 5 such malignancies include breast,
ovari an, col ONO96/358 and prost ate cancers. An i mune rRBCHB60168Y { he
HER- 2/ neu protein, once generated by a HER- 2/ neu pol ypeptide, can be

| ong-1ived and can be detected |ong after inaanization, regardl ess of
whet her the protein is present or absent in 10 the body at the tine of
testing. An i mmune response to the HER- 2/ neu protein generated by

reaction to a HERIY nespression ypépisudh canpéptiidelecteddgepesatei mnnginmme

t he presence f%iégﬁgg] f is of +
or CD8+ T cells. re spem?lc:ﬁq{!5h gggg?{s ?so ggggiéron1kg&gﬁhg rfégﬁ
i ndi vi dual by rowspressschrarguednalsigoangy Bp whichi goHERH faeueoncigrrig yis
gradient — centrifugalinng OsT\ay bep‘é%'tgl%%é' bll@é)éjrééé'mg(acﬂégeséxﬁ%{ers of

i ncubat ed wi th HER- 2/ neu protein. For exanple, T cel
i ncubated in vitrepch mabirgwwaygn(ctlyﬂlecawpysn » dayayian, 3'57‘]_’15‘?‘?:] A ypg pnd

HER-2/neu 20 profgddt{de/Peaatbys. © [ﬁﬁrll%dﬁheofrél%rfseor%e't@xeorﬂﬁﬁﬁﬂﬁﬁeu
nunbers of cells ‘synthesizing HER: 2/ neu prot ei n It may be desirable

to incubate anot HR¥FO¥RIHUANGT enpr@Eed by as ré/pRut ARl ¥peRkide nfcan be

HER- 2/ neu prot ei m dfy-SEived 28nd can ClS’é‘t tekec@d long afteieEhhbfization,
activation of CD4+ or CD8+ T cell be detected in a variety of

ways. Met hods fBPIedRtS RS “he"s'lfé-’cu'?f}ec Prot&dn is RYSSARY RY ak??ﬂ,‘}‘the“
detecting tpe thepboliyf atatine ©imel &£l tsstiﬁ@ Pr @@U GitrinfiheOf r &g stiddNeso

(e.g., lynphokin t eneratlon of to ytic 30 activity (
generation of cyt%%%x %RT;ZQQ Q?ne tFSrLMEﬁgifﬁéﬁ“pF%t%|ﬂ§s 2/ pey
CD4+ T cells, a porfmspeibe camﬁb@odefewtdwtnyteﬁmmfnﬁngffdetnelbresence
activation is the det ecti on

e 0T call .08 AT e herThapIalenta: 26 BsC et pEE TaEEpy Sor ool

or CD8* T cells. More spec1f1cally, T cells isolated from

15 an immunized individual by routine techniques (such as by
Ficoll/Hypague density gradient centrifugation of
peripheral blood lymphocytes) are incubated with HER-2/neu
protein. For example, T cells may be incubated in vitro
for 2-9 days (typically 4 days) at 37°C with HER-2/neu

20 protein (typically, 5 pg/ml of whole protein or graded
numbers of cells synthesizing HER-2/neu protein). It may
be desirable to incubate another aliquot of a T cell
sample in the absence of HER-2/neu protein to serve as a
control. ) -

25 Specific activation of CD4* or CD8* T cells may
be detected in a variety of ways. Methods for detecting
specific T cell activation inclﬁde detecting the
proliferation of T cells, the production of cytokines
{e.g., 1lymphokines), or the generation of cytolytic

30 activity (i.e., generation of cytotoxic T cells specific
for HER-2/neu protein). For CD4t T cells, a preferred
method for detecting specific T cell activation is the
detection of the proliferation of T cells. For CD8*

T cells, a preferred method for detecting specific T cell
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29 activation is the detection of the generation of cytolytic
activity. Detection of the proliferation of T cells nay be
acconplished by a variety of known techniques. For 5 exanple, T
cell proliferation can be detected by measuring the rate of DNA
synthesis. WO9%3S14 which have been stinmul ated to pPEFUSREAI6EY
exhibit an increased rate of DNA synt hesi s. A typical way to neasure
the rate of DNA synthesis is, for exa@®ple, by pulse-Ilabeling
cultures of 10 T cells wth tritiated thym dine, a nucleoside precursor
which is incorporated into newly synthesized DNA. The anount  of
tritiated thym atwivatiorcipdihe albteatdon [of the grenerathed ofi oytelykdai d
scintillation spgg{*@g%&}oneter. O her ways to detect T cel
proliferation Include 15 neasuring increases in interleukin-2 (IL-2)
producti on, Ca[err] fl|Retectdony@fyuphgkdrodiferasion of T cells may be
3-(4, 5-dinethyl thiagfbrdshed BY ) a2 vadiBBgNYbet SkiAaP! ItdBhniQueql.NAl T ¥BEY,
synt hesi s of | ynphoki nes (Such as interferon-gamua) can be neasured or
the rel ative Aunpédmpie;T Efekl thealidfaratdoposan &e fetected byl1gspsuring

protein may be qepatifdid. of DNA synthedds.US€ @ c€XPEESHiYh Oha¥re been
HER- 2/ neu pol ypepti de T cells, which recogni ze the HER- 2/ neu protein
can be prol i PEIBpLRted tqiREPLifqrgte é%@ﬁgﬂé,analnﬁéﬁﬁésﬁeﬁ?tefBF DNA

| muni zation wit SyRchEEE g/ neuapepididRl( i wly, 135 Red26£é N@he2Sratdn dMADRA
conti nued expansion_in the numer of ece for therapeutic

T gells sary.

attack against aSVAWBTS1R #AtcHer SxamPler by nBHLSHCLgRTMAne SULERFSs o8t
Typically, abouT cell$. @ithertyig/ilegedt cchyaficliine,10d ngtkgosbady praeugisor
wll Dbe adnm nistered . by . e LNt rader nal , ubcut ane o] 0
I ntravenous roumémé& ﬁr%ef %??ge%p%%)%zf e 18 ?ibcﬁﬁwrl% [%¥?%7b§3g’%é; BHi'abofﬂél
mg/ kg, w th abouamsuferrjof/ kgtrtbdrd 200ymédiheg/ kgncorppartedul acdry be
preferred. It | ; j den h : f%g | r t
t he nunber and f?%%%Jé%%lgg%fgyig&a%ml%?%jféa??g?\“\?\}]f Aerl ;#eérql: éﬁi%ﬁp?té“r?tﬁg %é
response of the Other ways to detect T cell . proliferation include
15 measuring increases in interleukin-2 (IL-2) production,

ca®* flux, or dye uptake, such as 3-(4,5-dimethylthiazol-2-

yl}-2,5-diphenyl-tetrazolium. Alternatively, synthesis of

lymphokines (such as interfercon-gamma) can be measured or
the relative number of T cells that can respond to intact

20 pl85"R-2/ne¥ protein may be quantified.
By use or expression of a HER-2/neu polypeptide,
T cells which recognize the HER-2/neu protein can be
proliferated in vivo. For example, a medicament for
immunization with a HER-2/neu peptidg (i.e., as a vaccine)
25 can induce continued expansion in the number of T cells

necessary for therapeutic attack against a tumor in which

the HER-2/neu oncogene is associated. Typically, about
0.01 pg/’kg to about 100 mg/kg body weight will be
administered by the intradermal, subcutaneous or

30 intravenous route. A preferred dosage is about 1 pg/kg ‘to
about 1 mg/kg, with about 5 pg/kg to about 200 pg/kg
particularly preferred. It will be evident to those
skilled in the art that the number and £frequency of
administration will be dependent upon the response of the
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30 patient. It nmay be desirable to adm nister the HER-2/neu

pol ypeptide repetitively. It wll be evident to those skilled in this
art that nore than one HER- 2/ neu pol ypepti de may be adm ni stered,

ei ther simultaneously or 5 sequentially. Preferred peptides for use in
a medi canment wo9e#08K i mruni zation are those that include t h@CIHSAGOIEH (
sequence of SEQ ID NO 2 begi nning at about the |ysine resi due at am no
acid position 676 and extending to about 3¢ he valine residue at am no
acid position 1255. It wll 10 be appreciated by those in the art

“that the present I nvention contenpl ates the use of an intact

HER- |2/ ne|U_ p?'@é&&ﬁhkde ax wely s désirsble cn‘o sadnind srelry iyt imm-izarmu
a plurality o eptide Nei t.her .intac [efr] I Ln.n
pepti de _havi ng t R g 38. o J&lgr 15&t| & t*’?e eevﬁdreg'c:;el R &P e
](czlomal n (i.e., S mtlllde haw ngthais aram nba'acmlosequehaa 0fon8EQ HER-3n2u
rom am no aci osi ti,on | 03| i_.on 650, m_nus
about one to f.vgoplg%ep%ﬁg mz?ﬁ'd vﬁ tah e% %r sﬁli%lt%%%g%&%o
acid positions) aeguentdadlyne fRneflemmdl mpmdeszﬁor use in aA medHRamendgy
pol ypeptide (or fucl f,lmﬁunf%@on | Sre. YR CERDLY shRi UL f%zﬁlyaeaad

t he above net hods as nmaceuti c conposition
vacci ne). Phaﬁem@eu:tel caf GE@oEPt INHE dgeeiniiing cé?rprqls?élfonﬂér Ttsrige

polypeptides in, §n| ue%lﬂ’c‘ﬂ tJl-hmF‘ pdglacrl%c%‘#tsl Qﬂd %:&%mﬂ%@e&t@t&%ut

carrier, eXC|p|ent or carriers 'l be nont oxi c
recipients at t hechgoseafeneaneesidue: opfe eARERR | BRLD Eﬁﬁ?-’é’;/%"d 125 5TheItué'@-nof

a HER-2/neu g gl )&%%%béstéa CWJ WHIdeONiw t th&hermt hehapeuths ag&eﬁe&m s
al so cont enpl at ed. addition to the HER-2/neu pol ptj de
(whi ch funct‘:'HfPé’t&é’“ancaﬂF?ﬁB}ﬁte?t they BEedelf r @5 eiPbAF cl%g% neu

ot her conponents pdl;t;k&zat\m@clarse,weauclasasuamebhc:be s§0th a pohypemeide into

del
prGOIt g?;ysan?wﬁ?gﬁél rrxltjl agt%rylgg;bSt anQ%S desi ggelther gr?tacphanf&Hgi'E'e'e"

protein nor a peptlde hav:mg the amino acid sequence of

15 its entire extracellular domain {i.e., a peptide having an
amino acid sequence of SEQ ID NO0O:2 from amino acid
position 1 up to amino acid position 650, plus or minus
about one to five positions, and with or without the first
21 amino acid positions) are used alone for immunization.

20 A HER-2/neu polypeptide (or nucleic acid) is
preferably formulated for use in the above methods as a
pharmaceutical composition fe.g.., vaccine) .
Pharmaceutical compositions generally comprise one or more
polypeptides in combination with a pharmaceutically

25 acceptable carrier, excipient or diluent. Such carriers
will be nontoxic to recipients at the dosages and
concentrations employed. The use of a HER-2/neu
polypeptide in conjunction with chemotherapeutic agents is
also contemplated.

30 In addition to the HER-2/neu polypeptide (which
functions as an antigen), it may be desirable to include
other components in the vaccine, such as a vehicle for
antigen delivery and immunostimulatory substances designed
to enhance the protein's immunogenicity. Examples of
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31 vehicles for antigen delivery include_ alumnumsalts, ]
wat er-in-oil enulsions, biodegradable oil vehicles, oil- i n-wat er
enul si ons, bi odegradabl e m crocapsules, and  |iposones. Exanpl es
of immnostinulatory substances 5 (adjuvants) I ncl ude
N- acet yl nur IHPP6IOSH ani ne- D- i sogl utanmi ne (MDP), |i popoPGTUEWOE| des
(LPS), gl ucan, IL-12, GWCSF, gamm interferon and IL-15. It wll be
evident to those of ordinary skill in this @it that a HER- 2/ neu
pol ypeptide for a vaccine my be prepared 10 synthetically or be
natural |y derived. Wil e any suitable carrier known to those
of ordi nary eatiidlesn tieg aentigenbedebpvenred include aluptiaumacealtsal
conposi tions of | S Jd et 0 e Ler sy | epgnding
on the node of a%r#ersﬁ sltq}-?tlllongrf%igg%%ypwﬁg%ﬂg?raggﬁs%sf é’?nne‘(%leﬁ/fée%/eesgsegggs
desi r ed. ipgrater pgmudsiens, admifdegradabhe suekrrzecapmd@saneoasd
i nj ection, Do Sid £ prekﬁaﬁ\pwscoaﬁrl&ﬁ&umgeamuigtbpy, 8Lpehahced
fat, a wax or_a buffer. For oral” adm nistration, any o t he above
carriers or a®sof?¥WANESr, suchir@lYddni t ol NAFe¥iRUraEY1l-dratapine-D-
magnesi um st ear géSglutsifiindm (MPGhar LDBopol y-sA¢HERide=L! |WPBIS. glucan,
gl ucose, = sucrosg and = nagn carbonate, nm

a

b | .
Bi odegr adabl e ni ErokdmeF¥sCSE, es@'@ff{g@, iRfsALeman &ad 5%1'&3)-e£§ggle"§0”bebe

enpl oyed as edidér td Whddee qghasrdcRltly ¢&lileoaposhisoagtothhbi a RBR-
I nventi on. Su%} abl e _Dbi odeﬁgr agabl e.__m crospheres are b di scl osed,
for exanple, in tf2Y paPEAYPREE1GS] gfPDegand’accing o7Bay g Pe o PERPIFRE,

pol ypepti de by $pnthemirsalllat ed be natulablyheebi welegr adabl e m crosphere or
associated with t he w.f ace m cr.osphere. For | e, ofi n

of _t.he e
a 30 preferred enbodi nent’, % epolail%ep "}l}eahr%zfviﬁar ﬁ%rarﬁnﬁgnacF% HHEse
sequence of SEQ ¢BHiN@2y f rekdlli nin actlle 678xrt hroagh kel nemployedi dinl128be

£ T e e QAU B ons8 SHOSHRSCR;  chE LDDE o
approxi matel y 25C#F¥iemswill vary depending on the mode of administration
15 and whether a sustained release is desired. For
parenteral administration, such as subcutaneous injection,
the carrier preferably comprises water, saline, alcohol, a
fat, a wax or a buffer. For oral administration, any of
the above carriers or a solid carrier, such as mannitol,
20 lactose, starch, magnesium stearate, sodium saccharine,
talcum, cellulose, glucose, sucrose, and magnesium
carbonate, may be employed. Biodegradable microspheres
(e.g., polylactic galactide) may also be employed as
carriers for the pharmaceutical compositions of this
25 invention. Suitable biodegradable microspheres are
disclosed, for example, in U.S. Patent Nos. 4,897,268 and
5,075,109. A HER-2/neu polypeptide may be encapsulated
within the biodegradable microsphere or associated with
the surface -of the microsphere. For example, in a
30 preferred embodiment, a polypeptide having the amino acid
sequence of SEQ ID NO:2 from amino acid 676 through amino
acid 1255 is encapsulated within a biodegradable
microsphere. In this regard, it is preferable that the
microsphere be larger than approximately 25 microns.
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32 Phar maceuti cal conpositions (including vaccines) may
al so contain diluents such as buffers, antioxidants such as ascorbic
acid, |low nol ecular weight (less than about 10 residues) pol ypepti des,

proteins, amno acids, 5 carbohydrates including glucose, sucrose or
dextrins, WO3sting agents such as EDTA, gl utathi one aPETHISPEAI1689
stabilizers and excipi ents. Neutral buffered saline or saline m xed
wi th nonspecific serum al bum n are exenpl ar3g appropriate diluents.
Preferably, product is fornmulated 10 as a |yophilizate using appropriate
exci pi ent sol utions (e.g., sucrose) as diluents. As an
alternative to the preBeatmdcenticadl compdisRtionsu (elclpdihgd@accihes)
subj ect inventi I ngl yde . CO LLLQn pabl e, of..del i vering_nucleic
aci d nol ecul es %@y gﬁ%%ﬁi%%nt%}gkﬁﬁgakhgg %ﬁoﬁyS%%tngfers' an§d%ﬁlgan S
conposi tions suichclasleasecvpbe nacidvi rbkdw vmolecslde. geighet r blessisebafisee
WO 90/ 07936, WO 2 : : 2 : 69 . 94/ ),
adenovi rus. (see Berkne | B ot auhal qleitBeRTaaes  bedulplis, anyat)) d5362)
Hum Gene Thér. carkoBydpates gobnchuding ncghiicase al sucxgse Gomet de3tr30s134,
1993; and KollscBklating! -agif- Rl - a8CBDTRC! - gl i 2h% b2REL
pox virus (see U.S. “Patent No. 4,769, 330; U S. “Patent. No. -
5,017, 487; and WHRBdLHEONS) pnd, KEciRieRtEsce Woussplidorhfered saking coxcid
mol ecul e conpl exadihe @miRely&AkthoRidhspRceelte s@2uhsSatbiRi 34237 &¥empaady

nucl ei ¢ acid associ at ed MAt%_ | i posones, (see Wang et al., Proc. tl?
Acad. Sci. USA 2PPr8Rriage dijysnrs. | Preferably.. Brofughiis SogaupREefny
be | i nka® t askia | agophiiliaateVvaisithgdaeppyoptisat(escaexCupieht elsolutiahs,

Hum Gene Ther. ,3:147-154. 1992; tton.et al., Proc. 30 Natl. Acad. Sci.
USA 89: 6094, f%@?}f Suctppet é%fﬁ%kﬂﬁ%§s- conpositions include
DNA- |l i gand (see Wi et al .AsJ. aBi olalternaCieen 21 16985- pEe8EntdO86n aod

LS o S8R90y, obESaBEL YT el upFhef, Mobie e et
compositions capable of delivering nucleic acid molecules
15 encoding a HER-2/neu polypeptide. Such compositions
include recombinant viral vectors (e.g., retroviruses (see
WO 90/07936, WO 91/02805, WO 93/25234, WO 93/25698, and WO
94/03622), adenovirus (see Berkner, Biotechnigques 6:616-
627, 1988; Li et al., Hum. Gene Ther. 4:403-409, 1993;
20 Vincent et al., Nat. Genet. 5:130-134, 1993; and Kolls et
al., Proc. Natl. Acad. Sci. USA 91:215-219, 1994}, pox
virus (see U.S. Patent No. 4,769,330; U.S. Patent No.
5,017,487; and WO B89/01973)), naked DNA (see WO 90/11092),
nucleic acid molecule complexed to a polycationic molecule
25 (see WO 93/03709), and nucleic acid associated with
liposomes (see Wang et al., Proc. Natl. Acad. Sci. USA
84:7851, 1987). In certain embodiments, the DNA may be
linked to killed or inactivated adenovirus (see Curiel et
al., Hum. Gene Ther. 3:147-154, 1992; Cotton et al., Proc.
30 Natl. Acad. 8ci. USA 89:60%4, 1992). Other suitable
compositions include DNA-ligand (see Wu et al., J. Biol.
Chem. 264:16985-16987, 1989) and lipid-DNA combinations
(see Felgner et al., Proc. Natl. Acad. Sci. USA 84:7413-
7417, 1989). In addition, the efficiency of naked DNA
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33 uptake into cells_ Jmay be increased by coating the DNA onto

biodegr adabl e beads. I'n addition to direct in vivo procedures,
ex vivo procedures may be used in which cells are renoved 5 from an
animal, nodified, and placed into the sane or another animal. It wll
be evi dent W@96/384 can utilize any of the conpositi onsPCRIEINGOLE8dve for
i ntroduction of HER- 2/ neu nucleic acid nolecules into tissue cells in
an ex Vivo context. Protocols for 3yiral, physical and 10

chem cal nethods of uptake are well known in the art.

Accordingly, the present invention is useful for enhanci ng or

eliciting, in aupabkentnoo cellscmbyube, increasexk|byllcvatiimgurther @NRORERO

(e.g., the genekggggnﬁ]géggf ‘?.gé;%?" respeci fic cytolytic T cells). As

used herein fers to any warm bl ooded ani mal ,
preferably a human. Anpaiddamimnytbe cifdelatct ¢d wivp cpnoeeduresich aaxs

breast cancer, erix)éﬁyg ﬁ%}m{c% tléér'% be. f\fseed OE_nd%%%’iqabégjtllsonagigferaefp'teogea}f'd

i nfection). prepar
or isolated5 cdxponeant andimagd, ZOndeﬂ:!lasﬂl ngndbu:tlarwad | imt¢ edthieo, same or

macrophages, ”D%%%‘é? afimal. Ce'i ‘t@gﬁhdﬁé‘déﬂh&?f thél ?QC a%e'dé;flni‘% be

i sol ated by any of a variety o ‘techniques we nown ose
ordinary skill iamyt et athe(moastrrpeél Inategacrkotenfpry introduction of

cent i fugat i on) serTHY el lnaoTRN o s o Gch dilesh it Peells S | 80124 ©dnf 1M @

patient afflicted with a HER 2/neu assocl at ed mal i gnancy, may
rei ntroduced i nt8 avivo paPnERXt af t erPrqtanoksnt for viral, PhYSPIrFEaJpreaQ'%t

invention aligyo FhewieaeSmebRLASER: uptakd e RRNYPRAbLACIn! Ph@dghition to
bei ng i munogenic to 30 T cells, appears to stinmulate B-cells to

produce ant i bodi es caﬁ&ﬁP‘édbP%-‘éco%? ZPFRP TR XYRRE iSH Vigeptsefatl for

Anti bodi es Spe@lnﬂ'ﬂa@zc.’LﬁF &r eweLHingXhifi b ;fautanrtdlcsng cell alchil k¥, ofa
about 10[err] Iltgrs/rm e or better%1 for HER—2/ r ot ei ntmagl be found
'n a variety of BadyPFuLBEUPACFEAPRRSS (€-G., the genefation of antigen-

specific cytolytic T cells). As used herein, the term

15 "patient" refers to any warm-blooded animal, preferably a

human. A patient may'be afflicted with cancer, such as

breast cancer, or may be normal (i.e., free of detectable

disease and infection). A "cell culture"™ is any

preparation of T cells or isolated component <cells

20 (including, but not limited to, macrophages, monocytes, B

cells and dendritic cells). Such cells may be isolated by

any of a variety of techniques well known to those 6f

ordinary skill in the art (such as Ficoll-hypagque density

centrifugation). The cells may (but need not) have been

25 1isolated from a patient afflicted with a HER-2/neu

associated malignancy, and may be reintroduced into a
patient after treatment.

The present invention alsoc discloses that HER-

2/neu polypeptide, in addition to being immunogenic to

30 T cells, appears to stimulate B-cells to produce

antibodies capable of recognizing HER-2/neu polypeptide.

Antibodies specific (i.e., which exhibit a binding

affinity of about 10’ liters/mole or better) for HER-2/neu

protein may be found in a variety of body fluids including
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34 sera and ascites. Briefly, a _body fluid sanple is
i solated froma warm bl ooded ani mal, such as a human, for whomit is
desired to determ ne whet her-antibodi es specific for HER-2/neu

pol ypeptide are present. The body 5 fluid is incubated wth HER- 2/ neu
pol ypept i de (@ M conditions and for a tinme  suffFCH

permt i mmunoconpl exes to form between the pol ypeptide and

anti bodi es specific for the protein. For ex3#dple, a body fluid and
HER- 2/ neu pol ypepti de nmay be incubated at 4[err]C for 10 24-48 hours.
Followng the incubation, the reaction mxture is tested for the

presence of i m’rurﬁﬁﬁﬁmlaé‘ﬁesascne%t ectBoiefdiy.on@ obogtr eflwhtincsamplex ds
formed between ;sdiERed NP Y MM%O@@@ %@,tlhmd' %acﬁp@%' fa Gidnfdn, HEFS

2/ neu pol ypeptide nay be acconplished by a variety of
t echni ques, sucHhoR #fadlbﬁmﬂﬂ%h’é%‘&ystﬂmjﬁserw Wh%ﬁffﬁfrre anfpikadies

| munosor bent assspeci(ffild $Wr HER-2/neu polypepichiadll @rel PFeBAESAYThe body

i ncl ude t he doubl e . npnocl onal anti bod san Wi ch i nmmunoassay

techni que of > id) ¥t afncubgiess wigy e%‘f'R 2ineghg H‘?L]Oﬂpeptn‘ﬂ?ocllﬂ'f%r
20 polyclonal amrdiadwnssandnbich foassa)as {;Wlde siiffalc;entl N to Ii:bé:iﬁkiaem
and Hunter, eds.,, Radioi oassa ods, and Rﬁrw ngst one,

Edi nbur gh,  1970)*™{fpeom &3, 1 top| OIM ?ﬁﬁ td’fe ige jjan

(U.S. Patent 4mEhdibs specufmasurf@;rr ahepigraitiedn. OfFod abaingde,l lagamhy
(Brown et al., J BI em 55: 4980- 4983, 980) ; o
enzyne- | i nked fr’% #*E&ﬁg}asga%%&%e%’s $ Mg BRy mf:b'gagfgnﬁf:e? Ref Hes
and Ross 1d. 28i48 . hod@heﬁl F35Yoﬁi54 S, 1ncLQ&2ion, the reaction

I mmunocyt ochem cal . technl cl.udi uor ochr onmes

the use
(Broove e o Cairtdi 1) Ruarad 588 e ' Bestife) O, immuns Same Lo T T
of activity [ Bowdbeteops art af. one o©FrmoreNdmmundcatpl&ges WSAkmeH 2A306Ewést)0

Sdion © to (RRTIAREREeREa T SRR Bt e s PP wen-
i Mmunoassays are 24met alplod ypeptidei mpyt hbse aimsumpldedhedn by a variety of
15 known techniques, such as radioimmunoassays (RIA) and

enzyme linked immunosorbent assays (ELISA).

Suitable immunoassays include the  double
monoclonal antibody sandwich immunoassay technique of
David et al. {U.s. Patent 4,376,110); monoclonal-

20 polyclonal antibody sandwich assays (Wide et al., in
Kirkham and Hunter, eds., Radioimmunoassay Methods, E. and
S. Livingstone, Edinburgh, 1970); the "western blot"
method of Gordon et al. (U.S. Patent 4,452,901);
immunoprecipitation of labeled ligand (Brown et al.,

25 J. Biol. Chem. 255:4980-4983, 1980); enzyme-linked
immunosorbent assays as described by, for example, Raines
and Ross (J. Biol. Chem. 257:5154-5160, 1982} ;
immunocytochemical techniques, including the use of
fluorochromes (Brooks et al., Clin. Exp. Immunol. 39: 477,

30 1980); and neutralization of activity [Bowen-Pope et al.,
Proc. Natl. Acad. Sci. USA 81:2396-2400 (1984)], all of
which are hereby incorporated by reference. In addition
to the immunocassays described above, a number of other
immunoassays are available, including those described in
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35 U S. Patent Nos.: 3,817,827; 3,850,752; 3,901, 654;
3,935,074; 3,984,533; 3,996, 345; 4,034,074, and 4,098, 876, all of which
are herein incorporated by reference. For detection purposes,
HER- 2/ neu polypeptide 5 ("antigen") may either be |abeled or

unl abel ed. wé%@%” unl abel ed, the antigen finds use in af§THSPHRI6$%N
assays. I n addition, unlabeled antigen can be used in conbination

with | abel ed nmol ecul es t hat are ré&ctive wth

i mmunoconpl exes, or in conbination with | abel ed anti bodies 10 (second

anti bodies) that are reactive with the anti body di rected agai nst

HER- 2/ neu pol ypebi$ de, Batemtas Bosi bodide$17,823peci3i50,0t52:mmuBePdbebin.
Al ternatively, i@s@%?&e% 984, 5Y3; BF odd, 3%“34 0 @bﬁbﬁ’d and 11868, 847k,

is labeled, th e rep orter group can incl ude fadi oi sof opes
f1 uor ophores, 152 %n%gwﬂﬁ$chlﬂﬁen@§€6#§ lBFOEEQﬁékﬁdlhﬂe##ferﬁm@ge and ot her

| abel s are well known in tﬁg%.a@kt@@qlgﬁe g@§§ s4&ed, ggﬁ; df93§ gggbgﬁet%gs

the follown U S. . patents:
3,996, 345; and 4{2atigen") may eitner TPBi c%ﬂ%/l% aﬁ Fepipbeledy, alhegen

i s adsorbed 20 umlibeledy fese Shtdgen CEOAAS chsaehih. aggﬁiaemyeioﬂraéshps.
bi ndi ng sites on_t he face are tgfn bl ocked with an ppropriate agent,

such as bovi ne s%ﬁuﬁ?i FhteRn paehe ?Rﬁ&gqqmﬁﬁqv%ﬁeﬁsﬁﬁrhﬁlc&@ﬁ#“§§i8ﬁ1
(NGS), or BLOTTGrith (bulébebed sol mblecubds nonflpde dr yasé | kK wba&hivé SO with
salts and.an i foa

contains 25 a P{ ti t .The.

well is then |ncu "Fﬁ%caomq\ahéxesgarﬁﬁ &1 RO 8%9 gp wit oﬁﬁ§giﬁﬂga§§ét??$?es

3-nfi bogy- Tlh@I isa'sgﬂ:q;@aanbe?appés ed thatneate ré?\ctm ewdthernthe | hne€abolg
ilute usua Mid,on ch,.cqntains. a_small . unt

(0. 1% 5. 0% 30 b%l%/\%c&’fﬁ) %%J“Is%teﬁ' HFn PR ??’B§Rtl SBFhBEEr?B’L'lgg\a%EF

i ncubating for aspedifig efior| e.mgmhogﬂobunmnt 0 aﬁlmnatnmp@cl ftloe biandi:.ggnt o

occur, the well e oV nbou ot d cub ed

&sn Washieds! x%atg §abe 1elNDOUNGL HIOT §iy ol ABBgaLacuDRhe

wi th an anti-species speci fic i nmunogl obulin Ant i bo mlth a
reporter reporter group can include radiocisotopes, fluorophores,

15 enzymes, luminescers, or dye particles. These and other
labels are well known in the art and are described, for
example, in the following U.S. patents: 3,766,162;
-3,791,932; 3,817,837; 3,996,345; and 4,233,402,

Typically in an ELISA assay, antigen is adsorbed

20 to the surface of a microtiter well. Residual protein-
binding sites on the surface are then blocked with an
appropriate agent, such as bovine serum albumin (BSA),
heat-inactivated normal goat serum (NGS), or BLOTTO
(buffered solution of nonfat dry milk which also contains

25 a preservative, salts, and an antifoaming agent). The
well 1is then incubated with a sample suspected of
containing specific antibody. The sample can be applied
neat, or, more often, it can be diluted, usually in a
buffered solution which contains a small amount (0.1%-5.0%

30 by weight) of protein, such as BSA, NGS, or BLOTTO. After
incubating for a sufficient 1length of time to allow
speci'fic binding to occur, the well is washed to remove
unbound protein and then incubated with an anti-species
specific immunoglobulin antibody labeled with a reporter



WD 96/ 30514 PCT/ US96/ 01689

36 group. The reporter group can be chosen froma variety of

enzynmnes, i ncl udi ng hor ser adi sh per oxi dase, bet a-

gal act osi dase, al kal i ne phosphatase, and gl ucose oxi dase. Suf ficient
time is allowed for specific binding to occur, 5 then the well is again
washed to reMR¥¥8¥ound conj ugat e, and the substrate fRETYSIEOISHS, y e

I s added. Color is allowed to devel op and the optical density of the
contents of the well is determ ned visuaBéy or instrunmentally.

In one preferred enbodi ment of this aspect of 10 the present invention, a
reporter group is bound to HER- 2/ neu protein. The step of

detecting i MmMunO&SHPl-exdhe repprvervesovrnewn ke sehinsemtfingn ya amyrietlyoofd
HER- 2/ neu Pr @heiyheand ”ﬁ(blqﬂﬁfgt' nghapsepsmce ggram&é'&@ of ga-

reporter group. 15 another preferred
reporter groGﬁlP§t856ﬂﬂs?o §l§é&6ﬂﬂ 2heeBbayasapadnd sﬂuspﬁslm}udgse

the antibodi es SB&QEﬁerﬁQrtHEB Z@n%uloﬂéatgb& spble f$teBindingf to occur,
det ecti ng | exes l.nvol ve wzggéﬂ enovi n subsfantially any
d t

unbound ant i bad 88) Garfyte A8 8gEon F‘Boﬁ?}“g‘(%)“mm fpniugate,
substantial ly an)andnb'ohmd sibsardte fant thedyewdighd heB (£Bdedbt ectedubyt e s

presence or abse t.he orter rou . iere the a dy speC|f|c
for HER ZInQE%SgOFeFﬁ devﬁé?ﬁv%ﬁng% ﬁﬁﬂ%ﬁ J%Qﬁ?@Qé gidgﬁh

i s an anti-hunanodntheougll2bs determlnedlvxauhhuydoprBﬁetrmmbﬁﬁ&mmy ment for
det ecting | munoconpl XG5S ond oﬁp? é].el.recgrgﬁ.ﬁoéu{nen on %ha(fg?%gé:%%fg of

capabl e of binding to the inminoc
i nvol ves (a) ¥ddit mr@mtecmve;nt(l@p,rmwter Mamnabmydany HER-

unbound ol ecul ez /@ | begedl. 4ot SRk NGt 1 BRBERERy Or ARARNGRLIC.L0°

reporter group. An exanple a nol ec able o
i munoconpl exes P@VOlVGEroFémﬁvﬁng substantially t amy | uﬂhpuad(kﬂﬂﬁﬂajn@me

skilled in the apirotein and then detecting the presence or absence of the
reporter group.

15 In another preferred embodiment, a reporter
group is bqund to a second antibody capable of binding té
the antibodies specific for HER-2/neu protein. The step
of detecting immunocomplexes involves {(a) removing
substantially any unbound antibody, (b} adding the second

20 antibody, (c) removing substantially any unbound second
antibody and then (d) detecting the presence or absence of
the reporter group. Where the antibody specific for HER-
2/neu protein is derived from a human, the second antibody
is an anti-human antibody.

25 In a third preferred embodiment for detecting
immunocomplexes, a reporter group is bound to a molecule
capable of binding to the immunocomplexes. The step of
detecting inveolves (a) adding the molecule, (b) removing
substantially any unbound molecule, and then (c) detecting

30 the presence or absence of the reporter group. An example
of a molecule capable of binding to the immunocomplexes is
protein A.

It will be evident to one skilled in the art
that a variety of methods for detecting the



t hat a variety of met hods for detecting t he WO

96/ 30514 PCT/ US96/ 01689 :

37 " immunoconpl exes may be enployed within the present i nventi on.
Reporter groups suitable for use in any of the “nmet hods include

radi oi sot opes, fluorophores, enzynes, | um nescers, and dye particles.
5 WOP6E0314| at ed aspect of the present invention, "X‘@f’gmon of
i mmunoconpl exes formed between HER- 2/ neu pol ypeptide and antibodies
in body fluid which are specific fd@7 HER- 2/ neu pol ypepti de may be
used to nonitor the effectiveness of cancer therapy, which

I nvolves a 10 HER- 2/ neu pol ypeptide, for a malignancy in which the HER-
2/ neu oncogene Aimmupngconplexies Sampyes bef (RpBidyed d vakkin theromresent

i ndi vi dual priog,L@nafgnsub tordild Alitdbie £ JsRenap
anal yzed for theni n?rgnggqnpﬁg%g%ﬁl ﬁ%@g sq;r%e‘ﬁ%o olfogi es &gs%ﬁryﬁ)gf}g‘c?ve.
Briefly, the nBfbbepdsof ipsludgmuidddpiiserepedet e AP LoOPNOSER / s arffiZ38nase

conpared. A jypyRetastial asdadge ddtdikaedunber of imunoconpl exes in the
second sanple (post-therapy initiation) relative to the first sanple

(pre-therapyp reflects sutRedsfiflatrd apjpect of the prepgpti GiRRTIPD.

exanpl es are of Getedtb¥napsof ikfluhbtofpltdON LEKNEO! B¥LWERh OTHER-2/neu
limtation. WD 96/ 30514 . , . . .
PCT/ US96/ 01689 Polypeptide and antibodies in body fluid which are

specific for HER-2/neu polypeptide may be used to monitor
the effectiveness of cancer therapy, which involves a
- 10 HER-2/neu polypeptide, for a malignancy in which the HER-
2/neu oncogene is associated. Samples of body fluid taken
from an individual prior to and subsequent to initiation
of therapy may be analyzed for the immunocomplexes by the
methodologies described above. Briefly, the number of
15 immunocomplexes detected in both samples are compared. A
substantial change in the number of immunocomplexes in the
second sample (post-therapy initiation} relative to the

first sample (pre-therapy) reflects successful therapy.
The following examples are offered by way of

20 illustration and not by way of limitation.



38 EXAMPLES

EXAMPLE 1 EXPRESSI ON AND.PURI FI CATI ON OF_RECOVBI NANT HUMAN HER- 2/ NEU
PCLYPEPTIDE 5 “The human HER-2/ neu pol ypeptlde was recovered
by the PCR nethod (e.g., US Patent Nos. 4,683, 195;

4,683, 202; 4,800, 159) froma plasm d prepared according to Di Fiore et
al | (Ki ng ctWEI96RB0SBE| ence 229: 974- 976, 1985 10 Di  Fi or e PCHPSI01689

Sci ence 237:178-182, 1987) using ol i gonucl eotide primers that
additionally introduced a BssHI | restB8ction site and an enteroki nase
protease site on the 5 end and an EcoRl site on the 3 end. The
primer for t he 5' -end was 15

5' - TCTGGCGOGCT GGAT GACGATGACAAGAAACGACGGCEXRMERBSATC- 3' (SEQ | D NO: 3)
while the primer for the 3'-end was

5' - TGAATTCTCGAGT CATTACACT GGCACGT CCAGACCCAG 3! ( SEQ | D NO 4) .
The resulting 1.8 kb PCR fragnent was suUB&YTEd L into the T-vector from
Novagen (Madi son gx¥essiSpAnBeRIFRATIS of REEGREGNS TR REREE /54PBESH¥ESDE
determ ned onsthe ABlI 373 aut omat ed DNA sequencer (Applied Biosystens
Inc., Foster Cty, CA USA) using overl apping sequenci ng priners. PCR
fragnents with sequence tlmte GRmads RERIednkd pOEyPedtiddaths reddVRraRflUfnCe
for the human HER- 2/ neuy é ID NO 1; 25 Coussens et al., SC|ence
230: 1132, 1985;*F hfarra’r’erﬁ%o Bet €. Inat ule 5319:PA5ERt1 9)Smer ¢4 £ $R3y 195;
connected in thet,B83,Q02; 4, amadssg ffltaﬂEanaatsdEiEdBﬁﬁéibérédteﬂcé&cﬁing to

nodi fied E. coli t hi oredo educt as 6Xh | ne_affinity
t ag empl oyedPt nFAPERTR 2P Fnl(g{'} ngurg% a(:}at'l &Fiﬁ"cteneé@cpqr dsIdG 30t 985+
fusion protEdn DivasFibmeor par ailed | BtHendde 28I DTEEDHE N 198r7¢duois'>a$rﬁ;
fusion partner.

fusion protein Wais lgsou'buﬁc“’er?é"&f |O:1t %nggsAn%%nt?n@di%é?ngg ggg? %‘g‘&‘g f"‘br
expression in EBssIiI restrictionD £i/e30fridl an enterokinase protease site
PCT/ US96/ 01689 on the 5' end and an EcoRI site on the 3' end. The primer
for ~ the 5'-end was
15 5'-TCTGGCGCGCTGGATGACGATGACAAGAAACGACGGCAGCAGAAGATC~3"
(SEQ ID NO:3) while the primer for the 3'-end was
5'-TGAATTCTCGAGTCATTACACTGGCACGTCCAGACCCAG-3" {SEQ ID
NO:4). The resulting 1.8 kb PCR fragment was subcloned
into the T-vector from Novagen (Madison, WI, USA) and the

20 sequence of selected clones was determined on the ABI 373
automated DNA sequencer (Applied Biosystems Inc., Foster
City, CA, USA) using overlapping sequencing primers. PCR
fragments with sequence that corresponded to the published
DNA sequence for the human HER-2/neu cDNA (SEQ ID NO:1;

25 Coussens et al., Science 230:1132, 1985; Yamamoto et al.,
Nature 319:230, 1986)were then connected in the correct
reading frame via the BssHII site to a modified E. coli
thioredoxin reductase. A 6Xhistidine affinity tag
employed in Ni-NTA affinity purification of the expressed

30 fusion protein was incorporated into the thioredoxin
reductase fusion partner. This cDNA for the trxA-human
HER-2/neu polypeptide fusion protein was subcloned into a

modified pET expression vector for expression in E. coli.



39 VWi | e thioredoxin reductase has been reported to
stabilize and solubilize other heterol ogous proteins expressed in E.
coti 1t did not appear to offer any significant advantage for human
HER- 2/ neu pol ypeptide 5 expressionin E coli. Wile a significant
proportion of t he trxA-HER- 2/ neu pol ypeptide fusion protein was

sol ubl e, woaBspority was expressed in inclusion bodi es. PCTIV8960168%0n
protein was al so subjected to degradation during expression in
E. coli. The presence of the thioredoxin 3@ reductase fusion partner
may, however, stabilize the protein during purification.

The availability of nonocl onal anti bodies to thioredoxin reductase

provi des a conveni enmumrekthlmeaekhﬁWrduﬁbassQUhaéi baéhOBeported to
For purificatig of t he

HER- 2/ peu_15 tide with the
t hi or edoxi n r edtie? %é&?%ﬁmn?ﬁppaFgﬁB?lllzecoﬂ?E?ﬁlnBegﬁEXgﬁﬁ?gsafPFRF?§“fag,
the E. coli pelésprewsed inresuspedlded mtmlnromeasepipelatrblt@r&mﬂai any
| ysozyme and sonicat ed. The usi bodi i sol ate
centrifugation, XAt 1rca‘n\%lasha‘e‘:‘d' aé&aﬂﬂeth (9erox3‘é‘ﬁ‘8f‘atg%§tﬁ nfﬁ P8 ?’pe%gﬁe
bei ng overnbgh¢xptessionmovin EPScolihe Whsheda sighhifiusnvnprbpdresonace
solubilized in purifi.cation. The N colum wa ute
W th | m dazol o ThE ExanEoa ey nolliceitd eidion BrbhelR BAR JRTuBLE.
recovery of a Hlj @t eyl pas ypeptesisedisimgibbles powtiocdiesas Themi88¥eHs%
25 pure full rotein t heg Hg ! t appna d
pr ot ein. Fromég‘gé%frp t"errrg%%g i on, t%%n % née%gocg/%r"eo sﬁ%ilgg/a
>98% HER- 2/ neuexms,q)ieqn i e, E. Tdwmli. ﬂ‘eehrpngmcesemf hthei thapeedekin

known to thege L é%%iﬁ ciégyg% SChy for L i :
Sanbr ook 30 et a?& eCLﬁsuﬁp nin g qL&Eor&F%%& Fanud) éﬁgﬁgﬁgd End
Col d Spring Harwti-‘etborétlm-ngr e!?&}srl iogel d SpTiheg avaikatygrit ewof

York, USA monoc MR P/ 3Pddodies to thioredoxin reductase provides a
PCT/U896/01689

convenient marker to follow during purification.

For purification of the human HER-2/neu
15 polypeptide with the thioredoxin réductase fusion partner
containing the 6XHis affinity tag, the E. coli pellet was
resuspended with pfotease inhibitors and lysozyme and
sonicated. The inclusion bodies were isolated by
centrifugation, and are washed 3X with deoxycholate, the
20 last wash being overnight to remove LPS. The washed
inclusion bodies are solubilized in GuHCl for Ni
purification. The Ni column was eluted with Imidazole in
urea and dialyzed against 10 mM Tris pH8. The recovery of
HER-2/neu polypeptide using this protocol was from 80%-95%
25 pure full length protein with the main contaminant being
degraded protein. From 500 ml of fermentation, 20 mg were
recovered. It was >98% HER-2/neu polypeptide. The
techniques used herein are well known tec those in the art
and have been described, for example, in J. Sambrook
30 et al., Molecular Cloning: A Laboratory Manual, 2nd Ed.,
Cold Spring Harbor Laboratory Press, 1989, Cold Spring
Harbor, New York, USA.



40 EXAMPLE 2 DENDRI TI C CELLS CAN
PRI ME HUMAN HER- 2/ NEU PCLYPEPTI DE 5 A Generation of DC Cul tures From
Bone Marrow DC cultures Wer e gener at ed from CD34+
hemat opoi etic progenitor cells (HPO). CD34+ cells were purified from
bone marrow of normal donors using the cell separation system Ceprate
LC Kit (Cell woge3bsmshel |, WA, 10 USA). Purity of recover e®CUUSH#6/01689 | S
was det erm ned by flow cytonmetric analysis to be 80%to 95% CD34+
cells were cultured in serumfreegg nedium (X-VIVO 10,

Bi owhittaker, Inc., Wal kersville, MD, USA) suppl enented W th
L-glutamne (584 [J[err]g/l), penicillin (10 1Um), 15 streptomycin
(100 [err]g/mM), 100 ng/mM human r G\ CSF and 50 ng/ M human rlL-6
(I'munex, Seattle, WA, USA). After 0 to %g' ys of culture tinme, cells
wer e harvested and used for phenotyplﬁ‘al"1 % cell stimulation assays.
Gwvt CSF al one and i nDexpeiTIcaCEIRs Cant PRIME -HbMaN HERF2/ e Bodyeerrroescri bed
20 to induce the in vitro gromth of DC. In experinents using KLH and
OVA as antigens to prime naive T cells, GwW CSF pl us IL-6

consistently 5 ghve Generatimpareb|D€ Cufibnzes FromtBond Margwew but with a

| ower background and t hus hi g sti tio ndex. s ¢ red

GW CSF plus IL-4 or TNF[erﬁi %@.{tureg {f_&‘%ég ?ﬂl!m ng (ﬁss EPER" ©Ccb3a+
Bone marrow der i hewatrRaie T BEPGERLEEOS nc§éﬂ-§m(HPC’ fre@Dﬁédl waldent ¥ené ng

G CSF and |L-6 %E?fi‘é&dféémAB&xe maﬁfé&foﬁ BHLMI CdB56E 9Nl nd- e daYSEL
Primng ability of DC was determ ned by cul turlkné themwth autol o%ous

nai ve T IynpﬁSE?F%E“P‘h SHELEPeSEREe S LbsEBite RldREopr ARthell
anti gen recombi ngsh) humeu HEF ZMeteqtetrepten « edh)s (vlé)s detéﬁﬁirlé]d by .

o o6 IPROCY! 83 one ey ronet 2187 anhdTsRE R E g0s o 9547 b de1ns

were cultured in serum=-free medium (X-VIVO 10,
Biowhittaker, Inc., Walkersville, MD, USA) supplemented
with L-glutamine (584 'pg/l), penicillin (10 IU/ml),
15 streptomycin (100 ug/ml), 100 ng/ml human rGM-CSF and 50
ng/ml human rIL-6 (Immunex, Seattle, WA, USA). After 0 to
17 days of culture time, cells were harvested and used for
phenotyping and T cell stimulation assays. GM-CSF alone
and in combination with IL-4 or TNFa have been described
20 to induce the in vitro growth of DC. In experiments using
KLH and OVA as antigens to prime naive T cells, GM-CSF
plus IL-6 consistently gave a comparable total
stimulation, but with a lower background and thus a higher
stimulation index as compared to GM-CSF plus IL-4 or TNFa.
25
B. T Cell Priming Assay

Bone marrow derived CD34+ HPC cultured in serum-
free medium containing GM-CSF and IL-6 were used as APC
after a culture period of 0-17 days. Priming ability of

30 DC was determined by culturing them with autologous, naive
T lymphocytes in the presence or absence of the protein
antigen recombinant human HER-2/neu polypeptide (hHNP) (10

pg/ml). CD4+ T lymphocytes were isolated from peripheral



41 bl ood nononucl ear cells by positive selection using
I mmunoaffinity colums (CellPro,_Inc., Bothell. WA USA). CD4+ CDASRA+

(naive) T lynphocytes were selected from CD4+ T | ynphocytes using an
anti-CD45RA mAb directly conjugated 5 to FITC (Inmunotech, Westbrook,
MVE, USA) by flow cytonetric sorting. The CD4+ CD45RA+ T cells
obtai ned WO®ESM 990 pure. DC cultures were plated i REGUSHPIEHE,
round- bottoned plates (Corning, Corning, NY, USA) at vari ous
concentrations and incubated for 16-18 houdd with 10 hHNP 10 [err]g/m
final concentration. Antigen-pulsed DC were Irradiated (10 Gy), and
aut ol ogous CD4+ CDA5RA+ T | ynphocytes were added (5 Xx

10[err]/wel | ). blog olmergnu¢lear cekkporke opogitive s sebteseitenredsibngt he
uptake of (L grld NI NS Kol (LY 1radech oty Sukor gify 12

hours. 15 Proll eratlon assays were for me serumfree

cyt oki ne-free neRtIRD4SHAS r @diivies & elmmytﬁswgapesslectedngeme024+

shows the resu'fslfﬁpﬁéﬁﬁﬁéHJdgi%b'Ed*%dﬁi-ChﬁgﬁhamAb dieetRh ydeBAsugat el
responses to_ hHNP. Simlar data was obtained with T cells ffromnine

out of ten morne® 28ITCngi (Ammpgotech, Westbrook, ME, USA) by EShepLE
3 ASSAonEd T il TESFt Negg L OV ‘FﬁEQd@lIQY WWYTE ﬂiﬁ@%@&iﬁéd

Three assays can be d for the tect]on of I espo
a standard pr'ofT¢ e:@t%' oﬁurﬁssay?) aCultures o E§rRy Prie? gt o Swell

frequency eventsourdibatdonéd i fdates dl(Iomtrmngasseyarnih@A) NYﬁonusmt i oael

lif 30 abl f d :
Mo prol i f TREION rERRCTREr AT aMh AbrON TR G G IcEo R ohghes RLTR

correl ati onlov thHYP eTOIr g/ml r EDpeE Cyorndersytatdon-.r eamttwgen-puliedebtswreAny

Egegl Llr::negr?lalsfera Jve re?%)ns% )det %%tded autolfog%rgsPBLc S cogg*glered Jro

lymphocytes were added (5 x 10%well). Proliferative
response of T cells was measured by the uptake of
(3H)thymidine (1 pCi/well) added on day 6 for 16-18 hours.
15 Proliferation assays were performed in serum-free and
cytokine-free medium. The results are shown in Figure 1.
Figure 2 shows the results of testing CD4+ T cells, from a
normal donor, for responses to hHNP. Similar data was
obtained with T cells from nine out of ten normal
20 individuals.

EXAMPLE 3
AssAYy FOR DETECTING Low FREQUENCY LYMPHOCYTE PRECURSORS
25
Three assays can be used for the detection of
CD4* responses: a standard proliferation assay, a

screening method for low frequency events, and a limiting
dilution assay (LDA). Conventional proliferative assays

30 are capable of readily detecting primed responses. The
proliferative response stimulation index provides a rough
correlation with precursor frequency of antigen-reactive
T cells. Any specific proliferative response detected
from PBL is considered to be a2 primed response.
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42 To provide a nore quantitative interpretation of CD4+
T cell responses, the assay system devel oped for  detecting |ow

| ynphocyt e precursor frequency responses (descri bed below) is used. This
assay is sinple and cost- 5 effective. |In circunstances in which nore
preci sion i s WO%¥WsHed, the precursor frequency is validat edPEUSSMIE ng

di lution assays (Bishop and Orosz, Transplantation 47:671- 677, 1989).
Responses greater than detected in norngd 10 individuals are defined
as a prined response and inply exi stent immunity. Low r esponses,
detectable only by LDA conditions are considered to be unprinmed
responses. An absent Tesporsiddya Uidrerquantispinse limverpreaatibat of
defined by the n | 0O ti Si Syl ,de

t ol erance/ anergy.e'bHEI PopLE ’%{;ﬁ%g%%\‘el’m tﬂ%rl%%re%y@%?g#'r %dg%% °pregspgﬁ’s:es
can be det ect 8@tpAtEBAV kW ondfmphasiyiteer BERGBr 8L ayErequanayas responses
unpri ned respons : L 1 t hemys: e t [ f
el | munber & 0f oaact iod TeRT s Te 1Tt o B0 By e susdrRae, a0k £8sE ]

t hyni di ne upt ake®fABFREVRAg t WE? CLAGUBS BRRERS niReWhighpHeRER cPFechdiee is
(AMLR) to self Migededfnith@eprddit sols PORsffericy p1§06§§f<§'a§@dfb§renqmiting
pr ot ei ns and exogenously added_serum pr ot ei ns. oelicit

and det ect unpri fE4UFLIER| pESays 4BL3ROD5RY SPERE % or TIRFRISGEEAOP “¥d36dAses
based on Poi ssong77, $88pjing statistics wa used (In: Pinnacles,
Chiron Cor poration, 1:

S
-2, 1991). This type of apalysis applies

specifically to IOM/frequeéﬁip%R%ﬁﬁs PRefhat, Fﬁapmaégté%ﬁQwa Rr normal
frequency i s ll0esdintihahduaes narieerdefimed | asi i 3gronedr aplspoalise Cand Uigply
many replicates I K 0 t ect stati st.ical L gnificant
nunber of po'siti\%(gagg.sli:gf‘u:I %ﬁg8§é¥¥éalg§f ?ﬁ5%8ﬁ5F§Sige§FF+X%§?r8%{yf§Y Lba
aut ol ogous r €opeasaondy aget t¢ans ide red nownbposinpinieedontesgons®sch asn
PHA or tetanus tx@edl apckgdiad BGIAELNE ONLM Qedflhse lower than that

defined by the normal population analysis is considered to

15 be tolerance/anergy.

In general, primed CD4* T cell responses can be
detected in conventional proliferative assays, whereas
unprimed responses are not detectable in the same assays.
Detection of small numbers of unprimed T cells is limited

20 Dby confounding background thymidine uptake including the
autologous mixed lymphocyte response (AMLR) to self MHC
antigen plus responses to processed self serum proteins
and exogenously added serum proteins.

To elicit and detect unprimed T cells, an assay

25 system for low frequency responses based on Poisson
sampling statistics was wused (In: Pinnacles, Chiron
Corporation, 1:1-2, 1991). This type of analysis applies
specifically to low frequency events in that, if the
precursor frequency is less than the number of cells in

30 one replicate culture, many replicates are required to
detect a statistically significant number of positives.
Theoretically, the analysis will correct for autologous
responses by setting up a known positive contrel (such as

PHA or tetanus toxoid) and known negative control (no
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43 antigen) and evaluating all data points fromlowest to hi ghest
i rrespective of the experimental group to which they belong. A cutoff
val ue is cal cul ated based on the equation cutoff = M+ (F + SD), where
M= arithnetic mean, 5 F = 3.29, a factor fromtables of standardized

nor mal dMQ 263834 on chosen so not nore than 0. 1% of the POI/URSSO1689
negatives" of a normally distributed background will be above the
cutoff, and SD = standard devi ati on. In t49 s . screening assay, wells
above the cutoff are considered 10 true positives that potentially contain
a | ynphocyte that is specifically proliferating to the antigen of

i nt erest. Al ahtigenksandat éwakuatiingy nphdc atapr peimisor ffrbﬁq;miwe/ﬁu lSTE:)o
ossi bl e using thi h | d rod nation_requjres ol ma

gnal ysis. 15 9 tRignOEE N reBpEEL $Fe AR m%xﬁﬁﬁﬁ gn%af group to HER—CQ
/ NEU POLYPEPTI DEtBRABEDbeVoag: NE ALE@EFEE value is calculatedl wshﬂh dl'Yor Oghe
HER- 2/ NEU PROTEI nm s _stu

were Fi scher strg{ﬁ%&mn %Utgﬂ (]?Ifg 45 FoPPER) w{%ﬁ %lr\%'?‘me!tlc mea
Labor at ori es, >PoFtage - 29, NP) faCt%l faP®  tables rrelfntatmrdmzed heormal
Uni versity of 2&%@{5@9@@ AAbSEh fs%“x‘néé'ﬁnérl:‘”ﬂ:g{ nspequ oePaifloge aL%ee

condi tions and routlnel for experinmental studies et ween
nont hs of age. é’s nlazaPPBHaka dlstrlbu‘iﬁﬂs&i'@rkgﬁaﬂgdmmlell be

i mmuni zed with relseﬁé)l maat dtﬁ:toff, HiR 26pew aehuaspal GRvaRERGH .1 N f'nvemgty
of adjuvants MPL, Vaccel; V‘ﬁfozerran SA) . Animals receive

50 [err]g of rHNEFRESREPY laﬁsgﬁj u l%uﬁ?ﬂf’ﬁne’iﬂ%l gutoffeaxe copsjderader
the aninmal s BRretbeespeditdtés athecopdtentially contain a lymphocyte that

is specifically proliferating to the antigen of interest.

Although estimations of lymphocyte precursor frequency is
possible using this method, precise determination requires
formal LDA analysis.

15
EXAMPLE 4
HER-2/Nev POLYPEPTIDE BASED VACCINE ELICITS
IMMUNITY TO HER-2/NEU PROTEIN
20

A. Animals
Rats used in this study were Fischer strain 344
{CDF (F-344)/CrlBR) (Charles River Laboratories, Portage
MI). Animals were maintained at the University of
25 Washington Animal facilities under specific pathogen free
conditions and routinely used for experimental studies
between 3 and 4 months of age.

B. Immunization

30 Fischer rats were immunized with recombinant rat
HER-2/neu polypeptide (rHNP) in a variety of adjuvants
(MPL, Vaccel; Ribi, Bozeman, MT, USA). Animals received
50 pg of rHNP mixed with adjuvant subcutaneously. Twenty

days later the animals were boosted with a second
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44 I muni zation of 50 [err]g of rHNP adm nistered in the sane

fashi on. Twenty days after the booster inmunization ani mal s were
tested for the presence of antibodies di rected agai nst rat HER- 2/ neu
protein (neu). 5 C. Cell Lines Two cell lines were used
as a source WO%@SM roteins. SKBR3, a human breast canc®FTUEIS01689c
that is a marked overexpressor of HER-2/neu (Anerican Type Culture 10
Col l ection, Rockville, MD), was naintai nedd4én culture in 10% f et al
bovi ne serum (FBS) (Gem ni Bi oproducts, Inc., Cal abasas, CA) and RPM.
DHFR- &8, an NIH 3T3: cell Iine cotransfected with cneu-p and pSV2- DHFR
(American Type immu@ulzatienCodfedOi iy &OckHNA eade)j,sudesjad Zhea samy ce

15 of non-tran i ng neu rot ej Ber. nar a
Nat|. Acad. Sci fﬁ%ﬂ'c&r 685?"’8@ %%) .a&ﬁﬁ( seié‘@l I B °ngFne1%‘é’uzatl°n
mai nt ai ned i n 103%3#ABE sandvdxs bet:e:sltes:i notbf | ethe plespetes nefli uantibddies

4.5g/ L gl ucose. | I r h the same nedi um
suppl emrent ed w t% %!_@%[ g]%%]nf% tﬁ%?r exa%ga%f&eev"re}‘r HI rd passage to

mai ntai n the deu transfect ant. D. Prepar atlon of Cell Lysates
Lysates of both SKBREand 1R GS were prepared 25 and used as a source of
neu protein. Briefl buffer consisting of tris base, sodium
chl ori de and Triton- XT’{°l°/5-'ebH 1iDegasWerepHEel. as PAOLRRURCE nhEDi AeH S

were added; apr gitdndind PO/ $KkBR3 DefNZRdhAH NSrdaldt et PR 1 m{elrmat ils M

of the IyS|s buffer was used to suspend 10[err] 30 cells. The cells were
vortexed for 15 3R R¥REPHRY ©sSOrnofytER-R4netn (ABBFiGHR | TYRR sFubtuke

dA!I pr opedurﬁe vw:elecﬁ;daﬂrfmam%re /| qgm,tn gaécnﬁ%hfdaiﬁgdgl iff tdtmture in
i sruption the cells e .m crof uge err or m nut es
Super nat ant A Esﬁﬁ%mg’cf‘?% c?F¥ P§) an‘& e PIPLIMASa | LS

Calabasas, CA) and RPMI. DHFR-G8, an NIH/3T3 cell line
cotransfected with cneu-p and pSV2-DHFR (American Type
Culture Collection, Rockville, MD), was used as a source

15 of non-transforming rat neu protein (Bernards et al.,
Proc. Natl. Acad. Sci. USA 84:6854-6858, 1987). This cell
line’ was maintained in 10% FBS and Dulbecco's modified
Eagle's medium with 4.5g/L glucose. DHFR~GB cells were
passaged through the same medium supplemented with 0.3 uM

20 methotrexate at every third passage to maintain the neu
transfectant.

D. Preparation of Cell Lysates
Lysates of both SKBR3 and DHFR-G8 were prepared
25 and used as a source of neu protein. Briefly, a 1lysis

buffer consisting of tris base, sodium chloride and
Triton-X (1%) pH 7.5 was prepared. Protease inhibitors
were added; aprotinin {(lpg/ml), benzamidine (1lmM) and PMSF
{lmM). 1 ml of the lysis buffer was used to suspend 10’
30 cells. The cells were vortexed for 15 seconds every 10
minutes for an hour until disrupted. All procedures were
performed on ice in a 4°C cold room. After disruption the
cells were microfuged at 4°C for 20 minutes. Supernatant
was removed from cell debris and stored in small aliquots



W06/ 30514 - PCT/ US96/ 01689

45 at -70[err]C until used. Presence of hunan and rat neu in the

| ysat es was docunented by Western bl ot anal ysis. E. ELISA for Rat neu
Anti body Responses 5 ' 96 well Inmmulon 4 plates (Baxter SP,
Rednond, WA: Dynat ech Laboratories) were incubated overnight at 4C
with a rat MQ9IEH fic nonocl onal antibody (Oncogene Sc p0168% 165 4,
at a concentration of 10 [err]g/m diluted i n carbonate buffer

(equi nol ar concentrations of Na2CO3 and 10 4NaHCO3 pH 9.6). After

I ncubation, all wells were bl ocked w th PBS-1% BSA (Sigma Chemical, St.
Louis, MO, USA), 100 [err]l/well for 3 hours at roomtenperature. The
pl ate was waglited 7@° ChuRBSEl 0uses Twekresencd yafithamnagf abid-R@Y, neumim rthe

ate | | _
Gol oot on,  RockdrPres iRy SRaRet b HeEe e R ol B 0l T vere

added to alternating rows. The pl ate was i ncubated overni ght at

4lerr]C. The pkate wagshhedr Reeskbu Ant‘MHcJa%IE &S-sépﬁ%;fween and
experinmental sera wa ons: 1:25 to 1:200.
The sera was >di | uted 20 i APESlly, Builon FhSPIRtEs [ [RpfiepiBe IRRIMPISHO,

NaN[err] and thega: pyngeetR! Libdra€ores)l%er@SAncubalebebibrRight | &t efhc
sera was added/wel | and incubated 1 hour at roomtenperature. Each

experimental seMitRasaadtRi theua #PEFifie h nonogionadndantibodyie| |Ongggansut

rat neu. ant i at FLah, Sgf adps 0Xx4

( HRP) vvél;s added Stc:g@[ﬁ ﬁg )\'/velr‘bltlsl sé'? 'aaltg 2 1&%6%&d€%1{%n8¥ anBE{gﬁlB ,&ng}%d

i ncubated for 43nricagbepate buffepofeqeimelan wandentgatiiamsCof, NaeCOngnsh

Hei ghts, 1L,g N_aHE&-BEO'g'.@ N9 A 1i3RLKART R, TE 1 ’Qeroﬂi%ggﬁ% ad‘ﬂ:cﬁ?efc{y
d I added. Col or

Laboratories, Gaithefsburg, ) devel opi ng reagent was 3
reacti on was re#dtht P@ﬁ‘égt iBSA ($domat Chemical, 458 .nfhouishe MO SPAdach 00

serumdi |l ution kc h eu t [
m nus the OD of W?Zg%&l lEF(%ts-e%%IE}éBlérAscgregt gﬁeﬁ%ﬁﬂ%e%t?ﬂégom gﬁléngfig\e% was

i mmuni zed with washed with PBS-0.5% Tween and lysates of DHFRG8, a murine
cell line transfected with rat neu DNA (American Type

15 Culture Colléction, Rockville, MD, USA); a source of rat
neu protein, were added to alternating rows. The plate
wés incubated overnight at 4°C. The plate was then washed
with PBS-0.5% Tween and experimental sera was added at the
following dilutions: 1:25 to 1:200. The sera was diluted

20 in PBS-1% BSA-1l% FBS-25 ug/ml mouse IgG-0.01% NaNj; and then
serially into PBS-1% BSA. 50 pl of diluted sera was
added/well and incubated 1 hour at room temperature. Each
experimental sera was added to a well with rat neu and a
well without rat neun. Sheep anti-rat 1Ig F(ab'):

25 horseradish peroxidase (HRP) was added to the wells at a
1:5000 dilution in PBS-1% BSA and incubated for 45 minutes
at room temperature (Amersham Co., Arlington Heights, IL,
USA). Following the final wash, TMB (Kirkegaard and Perry
Laboratories, Gaithersburg, MD) developing reagent was

30 added. Color reaction was read at an optical density of
450 nm. The OD of each serum dilution was calculated as
the OD of the rat neu coated wells minus the OD of the
PBS-1% BSA coated wells. Sera from animals immunized with



WD 96/ 30514 46 t he adjuvants al one and

an ani mal i nmuni zed w th_hHNP (foreign protein) were also evaluated in a
simlar manner. The results are shown in Figure:3. 5 F. T Cel
Proliferation Assays For anal ysis of HER-2/neu pol ypeptide
specific responses: Fresh spleen or |ynph node cells are harvested by

nmechani cal di ¥OP8B4% and passage through wire nmesh and WESHUS96/01689
10[err] spleen cells/well and 1 x 10[err] |ynph node 10 cells/well are
plated into 96-well round bottommcrotiter 46 plates (Corning, Corning,
NY) with 6 replicates per experinmental group. The nedia consists
of EHAA 120 (Biofluids) with L-glutam ne, penicillin/streptonycin, 2-
mer capt oet hanol , théhdagdpEeets @dlane and’ iarcubadmal wi knmurs zegol yptipt iR

After 4 days, meléﬁﬁ@:ptﬂx%%iw)tbae}epﬂso eQhrubt&drifl g hy gjtﬂe méxﬂ{

6-8 hours and counted expressed as a stlnu lon 1 n
(SI) which is defThRedesults FH@ ﬁﬁaﬂno?-ntﬁ’eg%ﬂa@rl mental wells divided by
t he nean of the control wells (no antigen). For analysis of HER-2/neu

20 protein speci |c res cgs%§ ggleen or Iggzh node cells are cultured
for 3in vitro st analysis 1 x 10[err]
cul tured spleen or Iyrrph nEde Tamelyﬁsiref HE}Rl-aVﬁdul r}idlﬁfeptﬁbb Bt s tcer
Plnﬂjﬁga??l ﬁ?f;rgo dsrﬁ?q%\a/e Sdur i fﬁeéc’(ﬁ' rsg ’é%g:]g%;‘ %g @c%ﬁé aq’é% hapvethifite
of rat neu) . bY tmrchahidmls diswepltioneandpphsesgeai throug efideCime¥h and
il ati on i ndew WS i <2 dSf e REethecerrust et Y FOER Avih s
di vi ded by t ht0 meeglls/weld e pdlat®d vieltbs 96nwelht kgemd . bottom microtiter
plates (Corning, Corning, NY) with 6 replicates  per
experimental group. The media consists of EHAA 120
(Biofluids) with L-glutamine, peniéillin/streptomycin, 2-
mercaptoethanol, and 5% FBS. Cells are incubated with
15 polypeptides. After 4 days, wells are pulsed with 1 pCi
of [*H]lthymidine for 6-8 hours and counted. Data is
expressed as a stimulation index (SI) which is defined as
the mean of the experimental wells divided by the mean of
the control wells (no antigen). For analysis of HER-2/neu
20 protein specific responses: Spleen or lymph node cells
are cultured for 3 in vitro stimulations. At the time of
analysis 1 x 10° cultured spleen or lymph node T cells are
plated into 96 well microtiter plates as described above.
Cells are incubated with 1lpg/ml immunoaffinity column
25 purified rat neu (from DHFR-G8 cells as the source of rat
neu) . After 4 days, wells were pulsed with 1 npCi of
[3H]thymidine for 6-8 hours and counted. Data is expressed
as a stimulation index which is defined as the mean of the
experimental wells divided by the mean of the control

30 wells (no antigen).
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47 EXAMPLE 5 PRLMED _RESPONSES TO
HUVAN HER- 2 / NEU PCLYPEPTI DE CAN BE DETECTED | N PATI ENTS W TH
BREAST CANCER 5 Heparini zed bl ood was obtained froma patient
with stage Il HER-2/neu overexpressing breast cancer. Per i ghsral bl ood
nononucl ear WOEA6I3881¢ PBMC) wer e separ at ed by Ficoll Hyﬂ'zﬁf Sity
centrifugation. PBMC were pl ated at a concentration of 2 X
10[err]/well into 96-well 10 round-bottomed¥ plates (Corning, Corning,

NY, USA). 24 well replicates were perfornmed for each experinental
group, Antigens consisting of HER-2/neu derived peptides (15-20 am no

acids in length with number of first anEX8MPLE 3cid in sequence |isted) 25
[err]g/m, human HER-2/ ”%IMQDSRE%L’QE Hﬂﬁm« ﬁﬁW)NBuchﬁL%éﬂr%iﬁ tetanus

toxoid 1 [err]g/m, and derived fromtetanus 25
[err]g/m were added to CANe%R:IEEEﬁFTﬁ%IIN BAZHINTE MIZH BREAYT QANCER \was

performed in nedia cont ai ni ng 10% hurman sera. Proliferative response
of T cells was neasured by the_  uptake of {’ r] thym d| ne 2
(1 [err]Ci/wél 1) added onﬁeeﬁlrw:f%ﬁd 16198 r #as pghfad wef:j en

reactive wells, ,gpre §€9§@d B5 QR M f o%@eﬁpﬁbssmgvasbﬂéw& ercddm .t he
nmean and 3 standard devi ati ons of the no ant.l gﬁ%iﬂ The resaq:l tds
are shown in Fi §grapheral bigod JpoppnyqleaTe £§ ég t FERE HRPaF

significant 25 p Sp?ﬂééllo AgS é??&fﬁﬁén§ﬂﬂyD centrlfugatlon F?EMUthere
foregoing, it w be evident t

oygh s e
the invention hé’\}é Eerft 30 o‘é@lﬁq%(ftﬁ'é’f’el g uﬁgos"éesﬁbf ngggurs?é] i on
vari ous 1dirbupdtbotsoney el atede mehmMgdemoahung,f riyn t BSA) . 24

well replicates were performed for each experimental
group. Antigens consisting of HER-2/neu derived peptides
(15-20 amino acids in length with number of first amino
acid in sequence listed) 25 pug/ml, human HER-2/neu

15 polypeptide (hHNP) 1 pg/ml, tetanus toxoid 1 pg/ml, and
p30 a peptide derived from tetanus 25 pg/ml were added to

each 24 well replicate. The assay was performed.in media
containing 10% human sera. Proliferative response of T
cells was measured by the uptake of (°®H) thymidine
20 (1 uCi/well) added on day 4 for 10 hours. Positive wells,
antigen reactive wells, were scored as positive if the cpm
was greater than the mean and 3 standard deviations of the
no antigen wells. The results are shown in Figure 4.
This stage II breast cancer patient has a significant
25 response to recombinant hHNP.

From the foregoing, it will be evident that,

although specific embodiments of the invention have been

30 described herein for purposes of illustration, various
modifications may be made without deviating from the

spirit and scope of the invention.
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Sequence Listing (1) GENERAL | NFORMATI ON: (1) APPLI CANT: University
of Washi ngton (1) TITLE OF I NVENTI ON: COVPOUNDS FOR ELI CI TI NG OR
ENHANCI NG | MMUNE REACTI VI TY TO HER- 2/ neu PROTEI N FOR
PREVENTI ON W0 96/30514 OR TREATMENT OF MALI GNANCI ES | RETE%6RI6s

HER- 2/ neu ONCOGENE | S ASSOCI ATED (iii) NUMBER OF
SEQUENCES: 4 (i v) CORRESPONDENCE ADDRESS: (A) ADDRESSEE: SEED
and BERRY LLP (B) STREET: 6300 Colunbia Center. 701 Fifth Avenue
(© CTY: Seattle. (D) STATE: Washi ngton (E) COUNTRY

USA (F) ZIP: 98104- 7092 Seguente)LiOMMITER READABLE FORM

(A) MEDI UM TYPE: Fl oppy di sk (B) COVPUTER: | BM PC conpati bl e

(C) OPERATI NG SYSTEM PC- DOS/ Ms- DOS (D) SOFTWARE: Patentln

Rel ease #1.0,. \Versian . (vi) CURRENT APPLI CATI ON DATA:
(A) APPLI CAﬂlé\ﬁ@B@EéﬁeWﬁ“m- (B) FILING DATE: 28- MAR 1996

(C CLASSI FI CATI ON: Vi il)l ATTORNEY/ AGENT | NFORVATI ON:
(i) APPLICANT: University of Washington

(ii) TITLE OF INVENTION: COMPOUNDS FOR ELICITING OR ENHANCING IMMUNE
REACTIVITY TO HER-2/neu PROTEIN FOR PREVENTION
OR TREATMENT OF MALIGNANCIES IN WHICH THE HER-2/neu
ONCOGENE IS ASSOCIATED

(111) NUMBER OF SEQUENCES: 4

(iv) CORRESPONDENCE ADDRESS:
(A) ADDRESSEE: SEED and BERRY LLP
(B) STREET: 6300 Columbia Center. 701 Fifth Avenue
(C) CITY: Seattle
(D) STATE: Washington
(E) COUNTRY: USA
(F) ZIP: 98104-7092

{v) COMPUTER READABLE FORM:
(AY MEDIUM TYPE: Floppy disk
(B) COMPUTER: IBM PC compatible
(C) OPERATING SYSTEM: PC-DOS/MS-DOS
{D) SOFTWARE: PatentIn Release #1.0., Version #1.30

(vi) CURRENT APPLICATION DATA:
(A) APPLICATION NUMBER:
(B) FILING DATE: 28-MAR-1996
(C) CLASSIFICATION:

{viii) ATTORNEY/AGENT INFORMATION:
(A) NAME: Sharkey, Richard G.
(B) REGISTRATION NUMBER: 32.629
(C) REFERENCE/DOCKET NUMBER: 920010.448PC

(ix) TELECOMMUNICATION INFORMATION:

(A) TELEPHONE: (206) 622-4900
(B) TELEFAX: (206) 682-6031

(2) INFORMATION FOR SEQ ID NO:1:



(A) NAME: Sharkey. Richard G (B) REQ STRATI ON NUMBER: 32.629

(O REFERENCE/ DOCKET NUMBER: 920010. 448PC (i x) TELECQVMJUN CATI ON
' NFORVATI ON: (A~ TELEPHONE. (206) 622- 4900 (B)

TELEFAX: (206) 682-6031 (2) | NFORMATI ON FOR SEQ I D NO 1:
96/ 30514 - PCT/ US96/ 01689

49 (ivyo SEZSENCE CHARACTERI STI CS: (A) LENGTPFI/USI681688 s
pairs (B) TYPE: nucleic acid (C) STRANDEDNESS: single
(D TOPOLOGY: |inear (i x) FEATURE: 49 (A) NAME/ KEY: CDS

(B) LOCATION: 1..3765 (xi) SEQUENCE DESCRI PTION: SEQ ID NO 1: ATG
GAG CTG GCG GCC TTG TGC CGC TGG GGG CTC CTC CTC GCC CTC TTG 48 Met
G u Leu Ala Al a (i9USKQUENCE GHARACTERISTICSY Leu Leu Ala Leu Leu 1

S (/) LENGTH: 3768 base paid® CCC CCC GGA GCC GCG AGC ACC CAA
GIG TGC ACC GGC ACA @CTHEG miFeic acid 96 Pro Pro Gy Ala Ala Ser Thr dn
Val Cys Thr Ay Thr (SPSTYRNDEONESS - single 20 . 25

30 (D) TOPOLOGY: 1inear

(ix) FEATURE:
(A) NAME/KEY: CDS
(B) LOCATION: 1..3765

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:1:

ATG GAG CTG GCG GCC TTG TGC CGC TGG GGG CTC CTC CTC GCC CTC TIG 48
Met Glu Leu Ala Ala Leu Cys Arg Trp Gly Leu Leu Leu Ala Leu Leu

1 5 10 15
CCC CCC GGA GCC GCG AGC ACC CAA GTG TGC ACC GGC ACA GAC ATG AAG 96
Pro Pro Gly Ala Ala Ser Thr GIn Val Cys Thr Gly Thr Asp Met Lys

. 20 25 . 30
CTG CGG CTC CCT GCC AGT CCC GAG ACC CAC CTG GAC ATG CTC CGC CAC 144
Leu Arg Leu Pro ‘Ala Ser Pro Glu Thr His Leu Asp Met Leu Arg His

35 40 45
CTC TAC CAG GGC TGC CAG GTG GTG CAG GGA AAC CTG GAA CTC ACC TAC 192
Leu Tyr GIn Gly Cys GIn Val Val Gin Gly Asn Leu Glu Leu Thr Tyr
50 55 60

CTG CCC ACC AAT GCC AGC CTG TCC TTC CTG CAG GAT ATC CAG GAG GTG 240
Leu Pro Thr Asn Ala Ser Leu Ser Phe Leu GIn Asp Ile GIn Glu Val

65 70 75 80

CAG GGC TAC GTG CTC ATC GCT CAC AAC CAA GTG AGG CAG GTC CCA CTG 288
GIn Gly Tyr Val Leu Ile Ala His Asn Gln Val Arg GIn Val Pro Leu

85 90 95

CAG AGG CTG CGG ATT GTG CGA GGC ACC CAG CTC TTT GAG GAC AAC TAT 336

GIn Arg Leu Arg Ile Val Arg Gly Thr GIn Leu Phe Glu Asp Asn Tyr
100 105 110
GCC CTG GCC GTG CTA GAC AAT GGA GAC CCG CTG AAC AAT ACC ACC CCT 384

Ala Leu Ala Val Leu Asp Asn Gly Asp Pro Leu Asn Asn Thr Thr Pro



CTG CGG CTC CCT GCC AGI CCC GAG ACC CAC CTG GAC ATG CTC CccC CAC 144
Leu Arg Leu Pro Ala Ser Pro Qu Thr H's Leu Asp Met Leu Arg Hi s

35 40 - 45 CTC TAC CAG GGC TGC CAG GIG
GTG CAG GGA AAC CTG GAA CTC ACC TAC 192 Leu Tyr Adn dy Cys G n Val
Val Gn dy Asn Leu Gu Leu Thr Tyr 50 55

60 CTG CCC MNL9Q¥14CCC AGC CTG TCC TTC CTG CAG GAT ATC CAG RGIUS#§/01689

240 Leu Pro Thr Asn Ala Ser Leu Ser Phe Leu G@n Asp Ile dn Qu Val 65

70 75 860 CAG GBC TAC GIG CTC ATC GCT
CAC AAC CAA GIG AGG CAG GIC CCA CTG 288 A n Ay Tyr Val Leu lle Ala
H's Asn G n Val Arg Gn Val Pro Leu 85

90 1185 CAG AGG CIZ) CGG ATT GIG CE2s GBC ACC CAG CTC TTT
GAG GAC AAC TAT 336 A@n Arg Leu Arg Ile Val Arg Gy Thr d n Leu Phe

G u Asp Asn TBWC ACA GGG GCC TCC CUPOGGA GGC CTG CGG GAG CT®BAG CTT CGA AGC 43210

GCC CTG GCC THAG 384
Ao Lou Ala Vol 1ag Aop ASh Gy fub P o et oAch ap Tt i Sprer w0

96/ 30514 PCT/ US96/ 01689

50 5 CA GGG
TOC CCA GGA ﬁcéﬁ{%%e %E@ﬁf%%"‘ g/]xe IC\G&%‘B%%% hr G ‘;‘ﬂca(A:lc a
Ser Pro Ay u A ¢ 'ty hELEdeASYs n Aggdisn Pro Gln 135
140 CTC ACA G ATC TTG AAA GG GIC TTG CAG CGG AAC HfC caG

480 Leu Thr Gu lle_Leu Lys G(?élC\;T?/ Val Leu Ile Gn Arg Asn Pro G n 145

150 CTC TGC TAG £4G GAC A TTG TGG 1406 GACTATCT T TAC AAGGMEAC ACCRZBIT
TTG TGG AAG &8 BRCTITEITASPARG Nacleu Trp LysomspLéle pe HIgrLysl Asmasp Thr | le
Leu Trp Lys Asp Il e Phe Hl65Lys Asn 170 175

AAC CAG CTG GCT CTC ACA CTG ATA GAC ACC AAC CGC TCT CGG GCC TGC 576

Asn GIn Leu Ala Leu Thr Leu I1e Asp Thr Asn Arg Ser Arg Ala Cys

180 185 190
- CAC CCC TGT TCT CCG ATG TGT AAG GGC TCC CGC TGC TGG GGA GAG AGT 624
His Pro Cys Ser Pro Met Cys Lys Gly Ser Arg Cys Trp Gly Glu Ser
195 200 ' 205
TCT GAG GAT TGT CAG AGC CTG ACG CGC ACT GTC TGT GCC GGT GGC TGT 672
Ser Glu Asp Cys GIn Ser Leu Thr Arg Thr Val Cys Ala Gly Gly Cys
210 215 220

GCC CGC TGC AAG GGG CCA CTG CCC ACT GAC TGC TGC CAT GAG CAG TGT 720

Ala Arg Cys Lys Gly Pro Leu Pro Thr Asp Cys Cys His Glu Gln Cys

225 230 235 240

GCT GCC GGC TGC ACG GGC CCC AAG CAC TCT GAC TGC CTG GCC TGC CTC 768

Ala Ala Gly Cys Thr Gly Pro Lys His Ser Asp Cys Leu Ala Cys Leu

245 250 255
CAC TTC AAC CAC AGT GGC ATC TGT GAG CTG CAC TGC CCA GCC CTG GTC 816
His Phe Asn His Ser Gly Ile Cys Glu Leu His Cys Pro Ala Leu Val
260 265 270
ACC TAC AAC ACA GAC ACG TTT GAG TCC ATG CCC AAT CCC GAG GGC CGG 864
Thr Tyr Asn Thr Asp Thr Phe Glu Ser Met Pro Asn Pro Glu Gly Arg
275 280 285
TAT ACA TTC GGC GCC AGC TGT GTG ACT GCC TGT CCC TAC AAC TAC CTT 912

Tyr Thr Phe Gly Ala Ser Cys Val Thr Ala Cys Pro Tyr Asn Tyr Leu
290 295 300



165
ATA
Ile
190
624
195
ACG
Thr

220
720
230
AAG
Lys
255
816
260
GAG
Au
285
912
295

170 175 AAC CAG CTG GCT CTC ACA CTG
GAC ACC AAC _CCC TCT CGG GCC_TGC 576 Asn A n Leu Ala Leu Thr. Leu
Asp Thr Asn Arg Ser Arg Ala Cys 180 185

CAC CCC TGT TCT CCG ATG TGT AAG GGC TCC CGC TGC TGG GGA GAG AGT

Hs Pro Q/s Ser Pro Met Cys Lys Gy Ser Arg Cys Trp Gy G u Ser
09630514 200 205 TCT GAG GAT TEFTEANIE? CTG

CGC ACT GIC TGI GCC GGI GGC TGT 672 Ser A u Asp Cys @ n Ser Leu

Arg Thr vVal Cys Ala Ay Ay Cys 510 215

GCC CCC TGC AAG GGG CCA CTG CCC ACT GAC TGC TGC CAT GAG CAG TGr

Ala Arg Cys Lys Gy Pro Leu Pro Thr Asp Cys Cys Hs Qu @n Cys 225

235 240 CGCT GCC GGC TGC ACG GGC CcC

CAC TCTT@AACT GAC GTG EEACTOCTGCTACC CTC GTC TGO CACCTA GACCAXC CA8 Thr @sp Pro

H s SerSéxsfhOAsplval GlyaSEyCysethr Leu Val Cys Pro Leu?Wfs Asn Gln 250

CAC TT8b5 AAC CAC AGT3(¥C ATC TGT GAG3f§G CAC TGC CCAzgpC CTG GIC

H s Phe Asn Hi s Ser Gy IIe Cys GQu Leu His Cys Pro Ala Leu Val

-

oo AT TG A A A CAG 8&&0 ﬂfyéf@cfééf%@&* (fﬂrgﬁ he

Sor Net® ro hdr r GIn A‘"g LYty 280
TAT ACA TTC GGC TGT GTG ACTQ&C TGT CCC TA&%C TAC CTT

T Th Thr Al Tyr L 290
yroTh e e et i t?FG T8 TaY 553 o 085G AT a6 Cac He CBA 6A8" 1056

PCT/ US96/ 01BemCys Ala Arg Val Cys Tyr Gly Leu Gly Met Glu His au Arg Glu

340 345 350

GTG AGG GCA GTT ACC AGT GCC AAT ATC CAG GAG TTT GCT GGC TGC AAG 1104
Val Arg Ala Val Thr Ser Ala Asn Ile GIn Glu Phe Ala Gly Cys Lys
355 360 365

AAG ATC TTT GGG AGC CTG GCA TTT CTG CCG GAG AGC TTT GAT GGG GAC 1152
Lys Ile Phe Gly Ser Leu Ala Phe Leu Pro Glu Ser Phe Asp Gly Asp
370 375 380

CCA GCC TCC AAC ACT GCC CCG CTC CAG CCA GAG CAG CTC CAA GTG TTT 1200
Pro Ala Ser Asn Thr Ala Pro Leu GIn Pro Glu GIn Leu GIn Val Phe
385 390 395 400

GAG ACT CTG GAA GAG ATC ACA GGT TAC CTA TAC ATC TCA GCA TGG CCG 1248
Glu Thr Leu Glu Glu Ile Thr Gly Tyr Leu Tyr Ile Ser Ala Trp Pro
405 410 415

GAC AGC CTG CCT GAC CTC AGC GTC TTC CAG AAC CTG CAA GTA ATC CGG 1296
Asp Ser Leu Pro Asp Leu Ser Val Phe Gin Asn Leu GIn Val Ile Arg
420 425 430

GGA CGA ATT CTG CAC AAT GGC GCC TAC TCG CTG ACC CTG CAA GGG CTG 1344
Gly Arg Ile Leu His Asn Gly Ala Tyr Ser Leu Thr Leu Gln Gly Leu
435 440 445

GGC ATC AGC TGG CTG GGG CTG CGC TCA CTG AGG GAA CTG GGC AGT GGA 1392
Gly Ile Ser Trp Leu Gly Leu Arg Ser Leu Arg Glu Leu Gly Ser Gly
450 455 460

CTG GCC CTC ATC CAC CAT AAC ACC CAC CTC TGC TTC GTG CAC ACG GTG 1440
Leu Ala Leu Ile His His Asn Thr His Leu Cys Phe Val His Thr Val
465 470 475 480



TCT ACG GAC GIG GGA TCC TGC ACC CTC GIC TGC CCC CTG CAC AAC CAA 960
Ser Thr Asp Val Ay Ser Cys Thr Leu Val Cys Pro Leu H's Asn G n 305

310 315 320 GAG GTG ACA GCA GAG GAT GGA
ACA CAG CGG TGT GAG AAG TGC AGC AAG 1008 Au Val Thr Ala Gu Asp Gy
Thr Adn Arg Cys Qu Lys Cys Ser Lys 325 330

335 CCC TGT WS/ GTG TGC TAT GGT CTG GGC ATG GAG CAC TTXCRUSIRIEE
1056 Pro Cys Ala Arg Val Cys Tyr Ay Leu Gy Met Qu His Leu Arg G u

340 345 36 GIG AGG GCA GIT ACC AGI GCC
Ml ATC CAG GAG TTT GCT GGC TGC MG 1104 VvVal Arg Ala Val Thr Ser Al a
Asn Ile dn Qu Phe Ala Ay Cys Lys 355 360

365 AAG ATCCTTTTGGOAE 6AB CTT GTECZRGTAAC CCETAC @A GRYCCTESCTT TAC ACTAT GHIASBAC
1152 Lys || e PrbeTr@ AspSetn lLeu PheaArfid Asn- Pro I?h@ GInUATRELelPlleu A5 THrY Asp

370 375 CCA GCC TCC 496 ACT GCC CCG
CTC CAG CCA GAG CAG CTCCAAGTG TTT 1200 Pro Al a Ser Asn Thr Al a
Pro Leu @ n

505 e ﬁg“ggba gg* %{; LT @gﬁA AP
TcA aca Tas &% 3% g; Leu Tyr Ile
Ser Ala Trp Pro 5 405 4161

415 GAC AGC CIG_CCT GAC CIC AGC GTCTCCAGAAC CTG_ CAA GTA A

1296 Asp Ser GGLTH HECAGEC (G G CALLTGH EG@GE (AnGaG: GCEARC \AG TGTe Ar 91584
420 Gin Leu Cyp@la Arg Gly His Cys Trp A3y Prodalycere A @oEXsac M Goc
GCC TAC TCG CTG ACCSISTG CM GGG CTG 520 1344 A $2Arg Ile Leu H s Asn
Gy Ala Tyr Ser Leu Thr Leu G n dy Leu 435 440

445 GGC ATC GAGAACGERICAGE @A TTTATICOGE GAC TRG GRGGTERABTECGAG @AA TEET GGA1632

1392 Gy Ile vaarAsh Qyd Ser @iv PreuLél r$@ly LB GYuOCH Yal@u@ly Gy Ay
450 530 455 535 460 CT&f3CC CTC ATC CAC CAT AAC
ACC CAC CTC TGC TTC GTG CAC ACG GIG 1440 Leu Ala Leu Ile His H's Asn

Thr H's Leu Qg meczg éA@"G%GT@FC Y& AB8BAG TAT GTG AAT GCC A CAc TBT 1680
475 Arg Val L In Gly Leu Pro Arg Glu Tyr Val Asn Ala Arg His Cys
545 550 555 560

TTG CCG TGC CAC CCT GAG TGT CAG CCC CAG AAT GGC TCA GTG ACC TGT 1728
Leu Pro Cys His Pro Glu Cys GIn Pro GIn Asn Gly.Ser Val Thr Cys '
565 570 575

TIT GGA CCG GAG GCT GAC CAG TGT GTG GCC TGT GCC CAC TAT AAG GAC 1776
Phe Gly Pro Glu Ala Asp GIn Cys Val Ala Cys Ala His Tyr Lys Asp
580 585 590

CCT CCC TTC TGC GTG GCC CGC TGC CCC AGC GGT GTG AAA CCT GAC CTC 1824
Pro Pro Phe Cys Val Ala Arg Cys Pro Ser Gly Val Lys Pro Asp Leu
595 600 605 '

TCC TAC ATG CCC ATC TGG AAG TTT CCA GAT GAG GAG GGC GCA TGC CAG 1872
Ser Tyr Met Pro Ile Trp Lys Phe Pro Asp Glu Glu Gly Ala Cys Gln
610 615 620

CCT TGC CCC ATC AAC TGC ACC CAC TCC TGT GTG GAC CTG GAT GAC AAG 1920
Pro Cys Pro Ile Asn Cys Thr His Ser Cys Val Asp Leu Asp Asp Lys
625 630 635 640

GGC TGC CCC GCC GAG CAG AGA GCC AGC CCT CTG ACG TCC ATC ATC TCT 1968
Gly Cys Pro Ala Glu GIn Arg Ala Ser Pro Leu Thr Ser Ile Ile Ser
645 650 . 655

GCG GTG GTT GGC ATT CTG CTG GTC GTG GTC TTG GGG GIG GTC TTT GGG 2016



WD 96/ 30514 PCT/ US96/ 01689
52 CCC TGG GAC CAG CTC TTT CGG AAC CCG CAC CAA GCT CTIG CTC CAC ACT _ .
1488 Pro Trp Asp G n Leu Phe Arg Asn Pro His G n Ala Leu Leu His Thr

485 490 495 GCC AAC CGG CCA GAG GAC GAG
TGT GIG GEC GAG ‘GEC CTG GCC TGC CAC 1536 Ala Asn Arg Pro Qu Asp GQu
Cys Val d yWOPE30SM4y Leu Ala Cys Hi s 500 PCT/US96/016895() 5

510 CAG CTG TGC GCC CGA GGG .CAC TGC TGG GGT CCA GGG CCC ACC CAG TGT

1584 A n Leu Cys Ala Arg Ay His Cys Trps8y Pro Ay Pro Thr Gn Cys

515 520 525 GIC AAC TGC AGC CAG TTC CI'T
CGG GGC CAG GAG TGC GIG GAG GAA TGC 1632 Val Asn Cys Ser @ n Phe Leu

Arg Ay d rAla ¥alCysl Gy IGeuled LeuCyal Val V@a3OLeu Gly Val Val Phe GBH85

540 CGA GTA CTG CAGHEEG CTC CCC AGGHERG TAT GIG AAT g88C AGG CAC TGT
1680 Arg Val Leu Gn Gy Leu Pro Arg Gu Tyr Val Asn Ala Arg H s Cys 545
2/54?3 oc CA (/ixrc CTC ATC ARG TGA (gec; O&AGT%G ANG Aﬁ?‘ézt;e Hﬁrﬁgﬁcé(%ﬁscﬁé Cng . UTGQ/T ]
Adn Pro Gln1 o Lﬁ@l r?hrn nLys Ile '?981'}1’8% ggg et Atg

570
575 TTT  GEA %—ZAGGCTGAC C%Eq'GT GTGGCCTG?BECC CAC TAT AAG GAC

1776 Phe G pPefy Ghot AL ASReChl: O YR ol i AR drsaa Bk 1 a2 oo

TGC ccc AGAredeusren kAn GurThea@lukeu Val GluiBroyLey JhpRsorer @k val Ala Arg
Cys Pro Ser Ad$0al Lys Pro Asf%.eu 59300 600

605 TCC TAC ATG CCC ATC TGG AAG TTT CCA GAT GAG GAG GEC GCA TGC CAG

1872 Ser TyGCGMG BEG AAC cCAGr GLA 0AG ARG 0BG OATASETACAM GAG ACG\GAS BT&Y'Ss G260

610 Ala Met Pro @sh GIn Ala GIn Met Arg 11@20eu C@ GTGEThEE uAllén AAC TGC ACC
CAC TCC TGI706TG GAC CTG GATZIBAC AAG 19290 720

AGG AAG GTG AAG GTG CTT GGA TCT GGC GCT 11T GGC ACA GTC TAC AAG 2208
Arg Lys Val Lys Val Leu Gly Ser Gly Ala Phe Gly Thr Val Tyr Lys
725 730 735

GGC ATC TGG ATC CCT GAT GGG GAG AAT GTG AAA ATT CCA GTG GCC ATC 2256
Gly Ile Trp Ile Pro Asp Gly Glu Asn Val Lys Ile Pro Val Ala Ile
740 745 750

AAA GTG TTG AGG GAA AAC ACA TCC CCC AAA GCC AAC AAA GAA ATC TTA = 2304
Lys Val Leu Arg Glu Asn Thr Ser Pro Lys Ala Asn Lys Glu Ile Leu
755 760 765

GAC GAA GCA TAC GTG ATG GCT GGT GTG GGC TCC CCA TAT GTC TCC CGC 2352
Asp Glu Ala Tyr Val Met Ala Gly Val Gly Ser Pro Tyr Val Ser Arg
770 775 780

CTT CTG GGC ATC TGC CTG ACA TCC ACG GTG CAG CTG GTG ACA CAG CTT 2400
Leu Leu Gly Ile Cys Leu Thr Ser Thr Val Gin Leu Val Thr GIn Leu
785 790 795 800

ATG CCC TAT GGC TGC CTC TTA GAC CAT GTC CGG GAA AAC CGC GGA CGC 2448
Met Pro Tyr Gly Cys Leu Leu Asp His Val Arg Glu Asn Arg Gly Arg
805 810 815

CTG GGC TCC CAG GAC CTG CTG AAC TGG TGT ATG CAG ATT GCC AAG GGG | 2496
Leu Gly Ser GIn Asp Leu Leu Asn Trp Cys Met Gin Ile Ala Lys Gly
820 825 830

ATG AGC TAC CTG GAG GAT GTG CGG CTC GTA CAC AGG GAC TTG GCC GCT 2544
Met Ser Tyr Leu Glu Asp Val Arg Leu Val His Arg Asp Leu Ala Ala



Pro Cys Pro Ile Asn Cys Thr H's Ser Cys Val Asp Leu Asp Asp Lys 625

630 635 640_ GGC TGC_CCC GCC GAG CAG AGA
GCC ACGC CCT CTG ACG TCC ATC ATC TCT 1968 Gy Cys Pro Ala Qu dn Arg
Ala Ser Pro Leu Thr Ser Ile Ile Ser - 645

650 655 GCG GIG GIT GGC ATT CTG CTG GIC GTG GTC TTG GGG
GIG GIC TTT W“ 2016 WO 96/ 30514 /0596/01689

PCT/ US96/ 01689 53 AIa Val Val dy
Ile Leu Leu Val Val Val Leu @y Val Val PHelt Ay 660

665 670 ATC CTC ATC AAG CGA CGG CAG CAG AAG ATC CGG AAG
TAC ACG ATG CGG 2064 lle Leu Ile Lys Arg Arg G n A@n Lys Ile Arg Lys
Tyr Thr Met Arg 83% 675 B40 680 845 685 AGA
CTG CTG CAG GAA ACG GAG CTG GTG GAG CCG CTG ACA CCT AGC G&A : 2112 Arg
Leu Leu G n CGE AROrGTG OTA-GUC VAG AGTUCCRr AAQ-EAT GIC AAAOCATICACASGHC TTC 690 2592

695 Arg Asn Val70éu V [yATSérG@@ ASCHTAGaBlGs e MIIGASHPhATC CTG AAA
GAG ACG GAG CTGgsp 2160 Ala gygt Pro Asn G nggga Gn Met Arg Ile Leu Lys
Gu Thr A u Leu 705 710 715

o i R ST R

GAT GGG
GAGAATGTG%ATTCCAGTG&%&ATC GIyIIeTrp ProAspGIy
Au Asn Val Lys Ile Pro_Val Ala Ile

750 AAA GTGUTGGRAAGIE ARE M&W‘b&@ CAAN €26\ CREC TTAZGBB
2304 Lys Val GlyEIx lgysaial §§§ HerlysefrapMet E\}e L&uaﬁu@emﬂe @ﬁu Arge Leu

755 _ 760

CGG CGG TTC ACC CAC CAG AGT GAT GTG TGG AGT TAT GGT GTG ACT GTG 2736
Arg Arg Phe Thr His GIn Ser Asp Val Trp Ser Tyr Gly Val Thr Val
900 905 910

TGG GAG CTG ATG ACT TTT GGG GCC AAA CCT TAC GAT GGG ATC CCA GCC 2784
Trp Glu Leu Met Thr Phe Gly Ala Lys Pro Tyr Asp Gly Ile Pro Ala
915 920 925

CGG GAG ATC CCT GAC CTG CTG GAA AAG GGG GAG CGG CTG CCC CAG CCC 2832
Arg Glu Ile Pro Asp Leu Leu Glu Lys Gly Glu Arg Leu Pro Gin Pro
930 935 940

CCC ATC TGC ACC ATT GAT GTC TAC ATG ATC ATG GTC AAA TGT TGG ATG 2880
Pro 1ie Cys Thr Ile Asp Val Tyr Met Ile Met Val Lys Cys Trp Met
945 950 955 960

ATT GAC TCT GAA TGT CGG CCA AGA TTC CGG GAG TTG GTG TCT GAA TTC 2928
Ile Asp Ser Glu Cys Arg Pro Arg Phe Arg Glu Leu Val Ser Glu Phe
965 970 975

TCC CGC ATG GCC AGG GAC CCC CAG CGC TTT GTG GTC ATC CAG AAT GAG 2976
Ser Arg Met Ala Arg Asp Pro Gln Arg Phe Val Val Ile Gln Asn Glu
980 985 990

GAC TTG GGC CCA GCC AGT CCC TTG GAC AGC ACC TTC TAC CGC TCA CTG 3024
Asp Leu Gly Pro Ala Ser Pro Leu Asp Ser Thr Phe Tyr Arg Ser Leu
995 1000 1005

CTG GAG GAC GAT GAC ATG GGG GAC CTG GTG GAT GCT GAG GAG TAT CTG 3072
Leu Glu Asp Asp Asp Met Gly Asp Leu Val Asp Ala Glu Glu Tyr Leu
1010 1015 1020



GAC GAA GCA TAC GIG ATG GCT GGI' GTG GEC TCC CCA TAT GIC TCC CGC 2352

Asp Gu Ala Tyr Val Met Ala Ay Val Ay Ser Pro Tyr Val Ser Arg 770
775 780 CIT CTG GG&C ATC TGC CIG ACA TCC ACG GIG CAG CTG
GIG ACA CAG CTT 2400 Leu Leu Gy Ile Cys Leu Thr Ser Thr Val A n Leu
Val Thr @ n Leu 785 790 795

800 ATG CCOvoAdnRuSiC TGC CTC TTA GAC CAT GIC CGG GAA AAC CRCT/OR%/A132
2448 Met Pro Tyr Ay Cys Leu Leu Asp His Val Arg GQu Asn Arg Gy Arg

805 810 885 CITG GCC TCC CAG GAC CTG CTG
AAC TGG TGT ATG CAG ATT GCC AAG GGG 2496 Leu Ay Ser G n Asp Leu Leu
Asn Trp Cys Met @ n lle Ala Lys Ay 820 825

830 ATG AGC TAC CTG GAG GAT GIG CGG CTC GTA CAC AGG GAC TTG GCC GCT

2544 Net Sergilly Cet-€nG @Al @EPTIRNTCTGTLE0A BAU CET SCEVTG BT BT Ga6a Al 38120
v 96/:30514 va1 pro GIn GIn Gly Phe Phe Cys Pro Asp Pro Ala Pro msy Ala B8/ US96/ 01689

54 C GIG CTG
GTC AAG AGT AAC cat orc MR atT aca cac 118 2592 Arg Asn Val Leu
Val Lys Ser 855
se0 oo ordX ﬁé ?&J‘@g"l}x E%?@ Eﬁé‘é} Gar 168
2640 4y Leumﬁd Metn, 1§ |AL9 R, S&R T AT RE" a Asp 865
870 GGG GGC AAGIERG coc ATC AAG
TGGATGGCGCTGGAGTCCATTCTCCGC 2688G s Val Pro Ile Lys

Trp Met Al a 6GIGAT CTEACAI CTA G6G CAB aAG CCC TCT GAA GAE 6@8@8/&(: AGG 3216 890
895 CGG CCRIFTAsp\Ceu Tt AGGHCLe®Gude SSCONGLITATILGHR BMGARST GTG
2736 1060 1065 1070

TCT CCA CTG GCA CCC TCC GAA GGG GCT GGC TCC GAT GTA TTT GAT GGT 3264
Ser Pro Leu Ala Pro Ser Glu Gly Ala Gly Ser Asp Val Phe Asp Gly
1075 1080 1085

GAC CTG GGA ATG GGG GCA GCC AAG GGG CTG CAA AGC CTC CCC ACA CAT 3312
Asp Leu Gly Met Gly Ala Ala Lys Gly Leu GIn Ser Leu Pro Thr His
- 1090 1095 1100

GAC CCC AGC CCT CTA CAG CGG TAC AGT GAG GAC CCC ACA GTA CCC CTG 3360
Asp Pro Ser Pro Leu GIn Arg Tyr Ser Glu Asp Pro Thr Val Pro Leu
1105 1110 1115 ’ 1120

CCC TCT GAG ACT GAT GGC TAC GTT GCC CCC CTG ACC TGC AGC CCC CAG 3408
Pro Ser Glu Thr Asp Gly Tyr Val Ala Pro Leu Thr Cys Ser Pro Gin
1125 1130 1135

CCT GAA TAT GTG AAC CAG CCA GAT GTT CGG CCC CAG CCC CCT TCG CCC 3456
Pro Glu Tyr Val Asn GIn Pro Asp Val Arg Pro Gln Pro Pro Ser Pro
1140 1145 1150

CGA GAG GGC CCT CTG CCT GCT GCC CGA CCT GCT GGT GCC ACT CTG GAA 3504
Arg Glu Gly Pro Leu Pro Ala Ala Arg Pro Ala Gly Ala Thr Leu Glu
1155 1160 1165

AGG CCC AAG ACT CTC TCC CCA GGG. AAG AAT GGG GTC GTC AAA GAC GTT 3552
Arg Pro Lys Thr Leu Ser Pro Gly Lys Asn Gly Val Val Lys Asp Val
1170 1175 1180

TTT GCC TTT GGG GGT GCC GTG GAG AAC CCC GAG TAC TTG ACA CCC CAG 3600
Phe Ala Phe Gly Gly Ala Val Glu Asn Pro Glu Tyr Leu Thr Pro Gin
1185 1190 1195 - 1200



Arg Arg Phe Thr Hs An Ser Asp Val Trp Ser Tyr Ay Val Thr Val

900 905 910 TGG GAG _CTG ATG ACT TTT GGG
GCC AAA CCT TAC GAT GGG ATC CCA GCC 2784 Trp G u Leu Met Thr Phe Gy
Ala Lys Pro Tyr Asp Ay Ile Pro Ala 915 920

925 CGG GAG ATC CCT GAC CTG CTG GAA AAG GGG GAG CGG CTG CcCcC CAG cce
2832 Arg G u™O9%35l$ Asp Leu Leu Gu Lys Gy Ju Arg Leu Pr8CTUES681689

930 935 940 CCC ATC TGC ACC ATT GAT GIC
TAC ATG ATC ATG GIC AAA TGT TGG ATG 5880 Pro Ile Cys Thr Ile Asp Val
Tyr Met Ile Met Val Lys Cys Trp Met 945 950

955 960 ATT GAC TCT GAA TGT CGG CCA AGA TTC CGG GAG TTG

GTG TCT GAA GGACGGA GCT GRI2ECT ICAG AEH CGAEr CCH GCTOLET ACH FiCoARY GCAIGECAr g @648Leu
Val Ser Q@ u BheGly Ala Ala Pro GIn Pr@@fis Pro Pro Pro Ala Phe9Sér Pro Ala

975 TCC CGC ATG GCC AGG ¢#gh CCC CAG CGC 7[00 GTG GIC AT@AG AAT GAG
2976 Ser Arg Met Ala Arg Asp Pro G n Arg Phe Val Vval Ile @n Asn Qu

980 C GAC AARBETC TAT TAC TGG GAC CAPBAC %@cﬂ{ %ﬁf% % GEFC AGl3¢gC
A

I1C 9 2o gl Koy S Th o M2 Jog0 ¢

1 1000
1005 CTG GAG GACGA CATGGGGGACI%?G GIG GAT GCT@&G GAG TAT CTG

3072 Leu G HARRCRE AR Tl e’ RA lﬁ”¢ i5cA Hho At %g&%@@yr “Sraa

PCT/ US96/ 016§§° Pro Ser Thr Phe Lys Gly Thr Pro Thr Ala Glu AsnsPro GlusTarcocc cac cac
GGC TTC TTC TGT CcAZAC ccT aoc codBe oot aoc 1245 3120 val Pro G n @ n

Gy Phe Phe C¥s Pro Asp Pro Ala Pro Ay Ala Gy 1025 1030
1035 CTG GGT CTﬁOWEC GTG CCA GTG TGA 3768
Leu Gly Leu Asp Val Pro Val
1250 1255

(2) INFORMATION FOR SEQ ID NO:2:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 1255 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear
(i1) MOLECULE TYPE: protein
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:2:

Met Glu Leu Ala Ala Leu Cys Arg Trp Gly Leu Leu Leu Ala Leu Leu
1 5 10 15

Pro Pro Gly Ala Ala Ser Thr GIn Val Cys Thr Gly Thr Asp Met Lys
20 25 30

Leu Arg Leu Pro Ala Ser Pro Glu Thr His Leu Asp Met Leu Arg His
35 40 45

Leu Tyr GIn Gly Cys GIn Val Val Gin Gly Asn Leu Glu Leu Thr Tyr
50 55 60

Leu Pro Thr Asn Ala Ser Leu Ser Phe Leu GIn Asp Ile Gln Glu Val
65 70 75 80

GIn Gly Tyr Val teu Ile Ala His Asn Gln Val Arg G1n Val Pro Leu
85 90 95



GCC ATG GIC CAC CAC AGG CAC CGC AGC TCA TCT ACC AGG AGTI G&C GGr 3168
Gy Met Val Hs Hs Arg His Arg Ser _Ser Ser_Thr Arg Ser Ay @

1045 1050 1055 GGG GAC CTG ACA CTA GGG CTG
GAG CCC TCT GAA GAG GAG GCC CcC AGG 3216 Ay Asp Leu Thr Leu @y Leu
Gu Pro Ser u GQu Gu Ala Pro Arg 1060 1065

1070 TCT COMOGI#®SECA CCC TCC GAA GGG GCT GGC TCC GAT GTA TPCT/USHI0168%T
3264 Ser Pro Leu Ala Pro Ser Gu Gy Ala Ay Ser Asp Val Phe Asp Ay

1075 1080 §685 GAC CTG GGA ATG GGG GCA GCC
AAG GGG CTG CAA AGC CTC CCC ACA CAT 3312 Asp Leu Ay Mt Gy Ala Ala
Lys Ay Leu Gn Ser Leu Pro Thr H's 1090 1095

1100 GAC CCC AGC CCT CTA CAG CGG TAC AGI GAG GAC CCC ACA GIA CCC CTIG

3360 Asp PrqgiheArg’Léu lAsag GenvaY Ard By S EInULétf PhéaQu A AH Ty 0 Leu 1105
1110 145 105 1120 CCC TCR1gAG ACT GAT GGC TAC

GIT GCC CCC CTG ACC TGC AGC CCC CAG 3408 Pro Ser Gu Thr Asp Ay Tyr

}/ille,oAl a Pro Aﬂ%u"@m%%gﬁ’({#’o &%&#&%"A‘&‘ &% 1@%"‘6%0 CGG OCC CAG

occ ccT Tee coc 157 3456 pro @ dMyr val Asn @ #2Pro Asp Val Arg Pro Gn

Pro Pro Ser Pro 11 1145 1150
CGA GAG GGC‘@&T“&@JJC&HC%? E@:é%tﬁtdfﬁucﬁ‘ﬂ @iﬁé@éﬁ&éﬁueﬁm &R 3504
Arg Gu Gy Proldku Pro Ala Alal®®g Pro Ala Gyla Thr Leu Gu

1155 1160 1165 AGG CCC AAG ACT CTC TCC CCA
GGG. AAG AAT legdteTGlwlde Akl IECG Gy Val Lew3bhe GlmAgAse PiosGr Leu Ser
Pro Ay Lys BW6n Ay Val Val 156 Asp Val 188170 160 1175

1180 TTT GCC TTT GGG GGT GCC GIG GAG AAC CCC GAG TAC TTG ACA CCC CAG

3600 Phe Al v GEhYAsp Thrvdhie Gell APNLYS Aspillie Phe HigULydAsro G n 1185
1190 uoss & 1195’1\22I ¢ o ﬂ%os'ﬁ ¢ lﬁ

Asn Gin Leu Ala Leu Thr Leu Ile Asp Thr Asn Arg Ser Arg Ala Cys
180 185 190

His Pro Cys Ser Pro Met Cys Lys Gly Ser Arg Cys Trp Gly Glu Ser
195 200 205

Ser Glu Asp Cys GIn Ser Leu Thr Arg Thr Val Cys A]é Gly Gly Cys
210 215 220

Ala Arg Cys Lys Gly Pro Leu Pro Thr Asp Cys Cys His Glu GIn Cys
225 230 235 240

Ala Ala Gly Cys Thr Gly Pro Lys His Ser Asp Cys Leu Ala Cys Leu
245 250 255

His Phe Asn His Ser Gly Ile Cys Glu Leu His Cys Pro Ala Leu Val
260 : 265 270

Thr Tyr Asn Thr Asp Thr Phe Glu Ser Met Pro Asn Pro Glu Gly Arg
275 . 280 285

Tyr Thr Phe Gly Ala Ser Cys Val Thr Ala Cys Pro Tyr Asn Tyr Leu
290 295 300

Ser Thr Asp Val Gly Ser Cys Thr Leu Val Cys Pro Leu His Asn Gin
305 310 315 320

Glu Val Thr Ala Glu Asp Gly Thr Gin Arg Cys Glu Lys Cys Ser Lys
325 330 335



WD 96/ 30514

PCT/ US96/ 01689 . o 56 GGA GGA CGCT GCC
CCT CAG CCC CAC CCT CTT CCT GCC TTC AGC CCA GCC 3648 Gy Ay Ala Ala
Pro @n Pro His Pro Pro Pro Ala Phe Ser Pro Al a 1205

1210 1215 TTC GAC AAC CTC TAT TAC TGG GAC CAG GAC CCA CcA
GAG CGG GGG (W99630514 3696 Phe Asp Asn Leu Tyr Tyr Trp Asp PCI/USN6AIEY Pro
AQu Arg Ay Al a 1220 1225 1230
CCA CCC AGC ACC TTC AAA GGG ACA CCT ACG GChgGAG AAC CCA GAG TAC

3744 Pro Pro Ser Thr Phe Lys Gy Thr Pro Thr Ala Gu Asn Pro Qu Tyr

1235 1240 1245 CTG GGI' CTG GAC GIG CCA GIG
TGA 3768 Leu Gy Leu Asp Val Pro Val
1250 Pro Cys Al@%rg Val2lys RyORBVA Le(MG1yORtSER HPs NGQuZArg Glu (1)
SEQUENCE CHARACTERI STI @3p 346A) LENGTH. 125g am no aC| ds

(B) TYPE: am no acid (D) TOPOLOGY: i near (i)

G teu e A% MAREL T g R SRR e B g 0 T

5 15 ProPro yAIaAIaSer ThrGIn

Val Cys Thr

30 Leu Arg ﬂe‘é‘ gl% Pﬁsygﬁerpﬁw @gj Pl Ley; Ps”’L@ﬁJ 280 PRRASPRIYARSP Hi s

35 0 40 45 Leu Gn dy Qs G@n Val Val
Gn @y Asn Leu Qu Leu Th 55

60 Leu Pro THO AkhSer a(\sseThrLKb Beo Lraueﬁme‘?rocﬂu B3 Leb &1al ¥alGPhe Val

385 390 395 400

Glu Thr Leu Glu Glu Ile Thr Gly Tyr Leu Tyr Ile Ser Ala Trp Pro
405 410 415

Asp Ser Leu Pro Asp Leu Ser Val Phe Gln Asn Leu Gln Val Ile Arg
420 | 425 430

Gly Arg Ile Leu His Asn Gly Ala Tyr Ser Leu Thr Leu Gln Gly Leu
435 440 445

Gly Ile Ser Trp Leu G1y Leu Arg Ser Leu Arg Glu Leu Gly Ser Gly
450 455 460

Leu Ala Leu Ile His His Asn Thr His Leu Cys Phe Val His Thr Val
465 470 475 480

Pro Trp Asp GIn Leu Phe Arg Asn Pro His Gin Ala Leu Leu His Thr
485 490 495

Ala Asn Arg Pro Glu Asp Glu Cys Val Gly Glu Gly Leu Ala Cys His
500 505 510

~ GIn Leu Cys Ala Arg Gly His Cys Trp Gly Pro Gly Pro Thr GIn Cys
515 520 525

Val Asn Cys Ser GIn Phe Leu Arg Gly GIn Glu Cys Val Glu Glu Cys
530 535 540

Arg Val Leu Gin Gly Leu Pro Arg Glu Tyr Val Asn Ala Arg His Cys
545 550 555 560

Leu Pro Cys His Pro Glu Cys GIn Pro GIn Asn Gly Ser Val Thr Cys
565 570 575



65 70 75 80 dn dy
Tyr Val Leu Ile Ala Hs Asn Gn_Val Arg Gn Val Pro Leu

85 90 95 WD 96/ 30514

PCT/ US96/ 01689 : 57 A@n Arg Leu Arg
Ile Val Arg Gy Thr A n Leu Phe Gu Asp Asn Tyr 100

105 096/30514 110 Ala Leu Ala Val Leu Asp Asn Gy PCHUR9601688, Asn
Asn Thr Thr Pro 115 ' 120 125 Val
Thr Ay Ala Ser Pro Gy Gy Leu Arg Gu $8u G n Leu Arg Ser 130

135 140 Leu Thr Qu Ile Leu Lys Gy Ay Val Leu Ile dn
Arg Asn Pro G n 145 150 155

160 Leu Cys Tyr @n Asp Thr Ile Leu Trp Lys Asp Il e Phe H s Lys Asn

165 Phe Gly Pro GT® Ala Asp GIn Cys Val Ala7Cys AnH{3 TykelysMsp Leu Thr Leu
Il'e Asp Thr Asn Arg 8§80 Arg Ala Cys 585 180 K9p 185 -
190 H's Pro Cys Ser Pro Met Cys Lys Ay Ser Arg Cys Trp Ay A u Ser

195 r A n Ser Leu
e Arg ThrPre/al?ro(%he %?g V] yM(aSI ?/rg c%g(s) Pro Szefgél y S L% ‘Pr@‘sﬁpqe}w
220 Ala Arg Cys Lys Ay Pro Leu Pro Thr Asp Cys &/s Hs Qu G@n Cys 225

23 24 a €] Thr Ay Pro
Lys H's Seﬁeﬁsgg&%t EE%%AFaTr&/gé_gﬁe Pro Asp (9|u éig Gﬂ Wa é’ysqﬁsn

230

Pro Cys Pro Ile Asn Cys Thr His Ser Cys Val Asp Leu Asp Asp Lys
625 630 635 640

Gly Cys Pro Ala Glu Gin Arg Ala Ser Pro Leu Thr Ser Ile Ile Ser
645 650 655

Ala val Val Gly Ile Leu Leu Val Val Val Leu Gly val Val Phe Gly
660 665 670

INe Leu Ile Lys Arg Arg GIn Gin Lys Ile Arg Lys Tyr Thr Met Arg
675 680 685

Arg Leu Leu Gin Glu Thr Glu Leu' Val Glu Pro Leu Thr Pro Ser Gly
690 695 700

Ala Met Pro Asn Gln Ala Gln Met Arg Ile Leu Lys Glu Thr Glu Leu
705 710 715 720

Arg Lys Val Lys Val Leu Gly Ser Gly Ala Phe Gly Thr Val Tyr Lys
725 730 735

Gly Ile Trp Ile Pro Asp Gly Glu Asn Val Lys Ile Pro Val Ala Ile
740 745 750

Lys Val Leu Arg Glu Asn Thr Ser Pro Lys Ala Asn Lys Glu 1le Leu
755 760 765

Asp Glu Ala Tyr Val Met Ala Gly Val Gly Ser Pro Tyr Val Ser Arg
770 775 780

Leu Leu Gly Ile Cys Leu Thr Ser Thr Val Gln Leu Val Thr Gln Leu
785 790 795 800

Met Pro Tyr Gly Cys Leu Leu Asp His Val Arg Glu Asn Arg Gly Arg
805 810 815



245 250 255 His Phe Asn Hs Ser Ay Ile

Cys Qu Leu Hs Cys Pro Ala Leu Val L 260 265
270 Thr Tyr Asn Thr Asp Thr Phe Gu Ser Met Pro Asn Pro Gu Gy Arg

275 280 285 Tyr Thr Phe Gy Ala Ser Cys
Val Thr Ala Cys Pro Tyr Asn Tyr Leu 290 295

300 Ser ThiWeeeB308H Gy Ser Cys Thr Leu Val Cys Pro Leu HRCTAS6/91689 305
310 315 320 G@u Val Thr Ala Gu Asp Gy
Thr A n Arg Cys Gu Lys Cys Ser Lys 60 325

330 335 WD 96/ 30514

PCT/ US96/ 01689 58 Pro Cys Ala Arg
Val Cys Tyr Gy Leu Ay Met Qu His Leu Arg G u 340

345 Leu Gly SerSBTh A¥plLedriguAhsh Yop CYBrMebeGInAl B ASd Lysg1¢d N G u Phe
Ala Ay Cys Lys 820 355 825 360 830 365 Lys
Ile Phe Gy Ser Leu Ala Phe Leu Pro G u Ser Phe Asp Ay Asp 370

375 | 1S n Al Rro u dn
S an val MBESeL, ?@Qu GTG Rsp! Fa1SRF ggu valTHie ﬁ‘gpﬁﬁg L&Y AT WiB

400 du Thr Leu U Gu lle Thr e% Tyr Leu Tyr I1'e Ser Ala Trp Pro
405

' 410 2 y.Asp S u Pro.Asp Leu Ser
val Phe @ nPR8 rﬁgge}[pleﬁgp vaj L|y|seS§§r Bro Asn Ahjis Val Ly@zg{e Lrﬁr Asp Phe 425
430 8 8 860

Gly Leu Ala Arg Leu Leu Asp Ile Asp Glu Thr Glu Tyr His Ala Asp
865 870 875 880

Gly Gly Lys Val Pro Ile Lys Trp Met Ala Leu Glu Ser Ile Leu Arg
885 890 895

Arg Arg Phe Thr His Gin Ser Asp Val Trp Ser Tyr Gly Val Thr Val
900 905 910

Trp Glu Leu Met Thr Phe Gly Ala Lys Pro Tyr Asp Gly Ile Pro Ala
915 920 925

Arg Glu Ile Pro Asp Leu Leu Glu Lys Gly Glu Arg Leu Pro Gin Pro
930 935 940

Pro 11e Cys Thr Ile Asp Val Tyr Met Ile Met Val Lys Cys Trp Met
945 950 955 960

Ile Asp Ser Glu Cys Arg Pro Arg Phe Arg Glu Leu Val Ser Glu Phe
965 970 975

Ser Arg Met Ala Arg Asp Pro GIn Arg Phe Val Val Ile Gln Asn Glu
980 985 990

Asp Leu Gly Pro Ala Ser Pro Leu Asp Ser Thr Phe Tyr Arg Ser Leu
995 1000 1005

Leu GTu Asp Asp Asp Met Gly Asp Leu Val Asp Ala Glu Glu Tyr Leu
1010 1015 - 1020

Val Pro Gin Gln Gly Phe Phe Cys Pro Asp Pro Ala Pro Gly Ala Gly
1025 1030 1035 1040

Gly Met Val His His Arg His Arg Ser Ser Ser Thr Arg Ser Gly Gly
1045 1050 1055



Gy Arg Ile Leu Hs Asn Ay Al a Tyr Ser Leu Thr Leu A n Ay Leu 435

440 445 Gy lle Ser Trp Leu Gy Leu Arg Ser_Leu Arg Gu
Leu Ay Ser Ay 450 455 460 Leu Al a
Leu Ile H's His Asn Thr H's Leu Cys Phe Val H's Thr Val 465
470 475 - 480 Pro Trp Asp A n Leu Phe Arg
Asn Pro Hi s WPR6/3SH Leu Leu His Thr 485 PCT/US96/01689 490
495 Ala Asn Arg Pro Qu Asp Qu Cys Val Ay Qu Gy Leu Ala Cys His
500 505 580 dn Leu Cys Ala Arg Ay Hi s
Cys Trp Ay Pro Ay Pro Thr A n Cys 515 520
525 Val Asn(,ysSerGInPheLeuArgGIyGInGIuQ/sVaIGIuGIuQ/s
530 535 540 Arg Val Leu dn Ay Leu Pro
Arg Gu Tyr 13 Ads DedNTar Aresr G1ys L&Y ©104%r0 Ser Glu Glu Glu AlaSBfd Arg
555 90680 Leu Pro Cys 1iggs Pro G u Q/s ﬁm Pro Gn Asn Ay
Ser Val Thr Cys 565 575
WD 96/ 30514 / US96/ 01689
50 Pho GISyer'PIr:'r(')o égtg%AAf aPrXSISDerGGl]u &go G]}XI Ser Asp éila]splge Aslpy F?g s Asp
580 590 Pro P Phe Cys Val Ala Arg
%g Pro Ser A%pyLé{Jall’:‘u'ly ¥4setpé1y ﬁFaDA'ra LIl,vs Gly Leu élgn Ser Leu Pro Thr His 600

1090 1095 1100

Asp Pro Ser Pro Leu GIn Arg Tyr Ser Glu Asp Pro Thr Val Pro Leu
1105 1110 1115 1120

Pro Ser Glu Thr Asp Gly Tyr Val Ala Pro Leu Thr Cys Ser Pro GIn
1125 1130 1135

Pro Glu Tyr Val Asn Gln Pro Asp Val Arg Pro GIn Pro Pro Ser Pro
1140 1145 1150

Arg Glu Gly Pro Leu Pro Ala Ala Arg Pro Ala Gly Ala Thr Leu Glu
1155 1160 1165

Arg Pro Lys Thr Leu Ser Pro Gly Lys Asn Gly Val Va]l Lys Asp Val
1170 1175 1180

Phe Ala Phe Gly Gly Ala Val Glu Asn Pro Glu Tyr Leu Thr Pro GIn
1185 1190 1195 . 1200

Gly Gly Ala Ala Pro Gin Pro His Pro Pro Pro Ala Phe Ser Pro Ala
1205 1210 1215

Phe Asp Asn Leu Tyr Tyr Trp Asp GIn Asp Pro Pro Glu Arg Gly Ala
1220 1225 1230

Pro Pro Ser Thr Phe Lys Gly Thr Pro Thr Ala Glu Asn Pro Glu Tyr
1235 1240 1245

Leu Gly Leu Asp Val Pro Val
1250 - 1255

(2) INFORMATION FOR SEQ ID NO:3:
(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 48 base pairs
(B) TYPE: nucleic acid



Ser
615
Leu
640
645
Val

670
675
Leu
700
710
Ser
735
740
Ser
765
770
Ser
795
Asn
815

Tyr Met Pro Ile Trp Lys Phe Pro Asp Gu Qu Ay Ala Cys Gn 610

620 Pro Cys Pro Ile Asn Cys Thr Hs Ser Cys Val Asp
Asp Asp Lys 625 630 635
Gy Cs Pro Ala Au @n Arg Ala Ser Pro Leu Thr Ser Ile Ile Ser .
650 655 Ala Val Val Gy Ile Leu Leu
Val Val WO86/@s5¥4 \Val Val Phe Gy 660 PCT/US96/0168% 6 5
Ile Leu Ile Lys Arg Arg G_.n @ n Lys Ile Arg Lys Tyr Thr Met Arg
680 682 Arg Leu Leu G n du Thr Qu
Val Gu Pro Leu Thr Pro Ser Ay 690 695
Ala Met Pro Asn G n Ala G n Met Arg Ile Leu Lys Au Thr Qu Leu 705
(CH1STRANDEDNESS: single 720 Arg Lys Val Lys Val Leu vy
Gy Ala Phe Ay (DrTORGLOGY: Tinear 725 730
Ay Ile Trp lle Pro Asp Gy GQu Asn Val Lys Ile Pro Val Ala lle
745 750 Lys Val Leu Arg GQu Asn Thr
Pro Lys Ala Asn Lys Gu |lle Leu 755 760
Asp Gu Ala Tyr Val Met Ala Ay Val Gy Ser Pro Tyr Val Ser Arg
775 780 Leu Leu Gy Ile Cys Leu Thr
Thr Val dn, Leu 7 790
() s@b"‘ﬁ@?%%@r %ayllbW‘q_:eu Leu Asp His Val Arg Gu
Arg Ay A 805 810
TAFREIS060 JERATGACEA TGACAAGAAA CGACGGCAGC AGMGATC 48

PCT/ US96/ 01689

(2) INFORMATION FOR SEQ ID NO:4:

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 39 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:4:
TGAATTCTCG AGTCATTACA CTGGCACGTC CAGACCCAG 39



s, o 0y S g Lo Lo T e R

Ai'g Leu Val H's Arg Asp Leu Ala Al a 835

845 Arg Asn Val Leu Val Lys Ser Pro Asn His Val Lys Ile Thr Asp Phe

850 855 _ 860 Gy Leu A a Acg Leu Leu Asp
Ile Asp G UVORSRESIY Tyr His Ala Asp 865

875 880 dy Ay Lys val Pro Ile Lys Trp Met AIa Leu Gu
Ser Ile Leu Arg 885 63 890

895 Arg Arg Phe Thr Hs @n Ser Asp Val Trp Ser Tyr Ay Val Thr Val

900 905 910 Trp GQu Leu Met Thr Phe Ay
Ala Lys Pro Tyr Asp Ay Ile Pro Ala Claims 915 920

925 Arg Qu Ile Pro Asp Leu Leu Gu Lys Ay GQu Arg Leu Pro Gn Pro

930 935 . 940 Pro Ile Cys Thr Ile Asp Val
Tyr Met Ile Met Val Rys GPs Podymeptdds encoded by ags5pPNA  sequence
955 selected fr8R9 Ile Asp Ser Gu Cys Arg Pro Arg Phe Arg G u Leu

Val Ser du Phe
975 Ser Arg Met Alaf®g E‘EEIPFB-‘@% APQGPﬁBr%Fhvél"GPl O FERSEP AR+ 15

980 and 985 990 Asp Leu Ay Pro Ala Ser Pro
Leu Asp Ser Thr Phe T Ser 000 ,

1005 Leu G u Asp Asp %5\595‘1%& s&qy‘eREBsLetd‘a&al h)ﬁ!%bl%%e ate @u"Pﬁ}‘eEé'r&de
1010 sequence cbipliementary to nucledfifes \&026ProhrCughG3n 66l wfPsggPhe

%gSPrO AS&L'F"I\%&' %n%rf%4 o&era%egy s%r:.ngent conditions, w?mereln the DNA

sequence encodes a polypeptide that produces an immune
response to HER-2/neu protein.

2. A polypeptide having the amino acid sequence of
SEQ ID NO:2 from lysine, amino. acid 676, through valine, amino
acid 1255, or a.variant thereof that produces at least an

equivalent immune. résponse.

3. A polypeptide according to claim 2 having the
amino acid sequence of SEQ ID NO:2 from amino acid 676 through
amino acid 1255.

4, A composition comprising a polypeptide
according to any one of claims 1, 2 or 3, in combination with
a pharmaceutically acceptable carrier or diluent.

5. A polypeptide according to any one of claims 1,
2 or 3, or a composition according to claim 4, for the
immunization of a warm-blooded animal against a malignancy in
which the HER-2/neu oncogene is associated.

6. Use of a polypeptide according to any one of
claims 1, 2 or 3, or a composition according to claim 4, for

the manufacture of a medicament for immunization of a warm-



Sjs et VAl Ha M Mg s Arg Ser ser ser Tor g Ser %AHIIIlllIIIIIIIlIIIIIIlI|III

PCT/ US96/ 01689 61 dy" Asp Leu "Tht
Leu Ay Leu Qu Pro Ser Qu Gu Gu Ala Pro Arg 1060

1065 1070 Ser Pro Leu Ala Pro Ser Qu Ay Ala Ay Ser Asp
Val Phe Asp W0pS6/30514 1075 . 1080 PCT/US6I036R8 Asp
Leu Gy Met Ay Ala Ala Lys Gy Leu A n Ser Leu Pro Thr Hi s 1090

1095 1100 Asp Pro Ser Prggleu A n Arg Tyr Ser Gu Asp Pro
Thr Val Pro Leu 1105 1110 1115

1120 Pro Ser Au Thr Asp Ay Tyr Val Ala Pro Leu Thr Cys Ser Pro @ n

1125 blooded Bh3mal against a maligdéncyrdnG whigh VYae ABR-E/hdif 0
Asp Val Ar P o] 1140 1145
1120 Arg %Eﬁ%‘a%ﬁe {'IQ_eg%r eEtérAla Arg Pro Ala Gy Ala Thr Leu GQu

1155 1160 1165 Arg Pro Lys Thr Leu Ser Pro
Gy Lys Asn Ay Val Vaj Ly I

11%0 yPhe Al a >Fl>he a a+G Z}a Va‘ﬁ\é’jl u Asn é dmlq‘culieu %llelﬁz; % ntff85
1190 expressmfll a polypeptide aqmln@ ;tOGa}WAICmeAIoef Rl@i@sn 1Rr o
Hs Pro Pro PrerA3a fdie iagunizathba by transfecting tﬁgoéeléf ofs 2 =
1210 1215 Phe Asp Asn_Leu Tyr Tyr Trp Asp n p "B o

Gu Arg dy g}goded animal with the nuclelc acid molecule.

8. A nucleic acid molecule according to claim 7

wherein the cells are transfected ex vivo and subsequently
delivered to the animal.

9. Use of a nucleic acid molecule directing the
expreésion;oﬂ a polypeptide :according to any one of claims 1,
2 or 3, for the manufacture of a medicament for immunization
of a warm-blooded animal against a malignancy in which the
HER~2/neu oncogene is associated.

10. A viral vector directing the expression of a
polypeptide according to any one of claims 1, 2 or 3 for
immunization by infecting the cells of a warm-blooded animal
with the vector.

1l1. A viral vector according to claim 10 wherein

the cells are infected ex vivo and subsequently delivered to
the animal.

12. Use of a viral vector directing the expression
of a polypeptide according to any one of claims 1, 2 or 3, for
the manufacture of a medicament for immunization of a warm-
blooded animal against a malignancy in which the HER-2/neu
oncogene is associated.



1230 Pro Pro Ser Thr Phe Lys Gy

1220 1225 o
Thr Pro Thr Ala Gu Asn Pro Gu Tyr. = - =x.4:.1235 —_ 1240
1245 Leu Ay teu ASp val Pro Val 1250 1255 (2)
| NFORVATI ON FOR SEQ | D NO 3: (1) SEQUENCE CHARACTERI STI CS:
(A) LENGTH: 48 base pairs (B) TYPE: nucleic acid
96/ 30514 WO 96/30514 PCT/US96/01689
PCT/ US96/ 01689 i 62 (O
STRANDEDNESS: si ngl e (D TOPQMGY: linear (xi) SEQUENCE
DESCRI PTI ON:  SEQ I D NO 3: TCTGGCGCGC TEGATGACGA TGACAAGAAA CGACGGCAGC
AGAAGATC 48 (2) | NFORMVATI ON FOR SEQ | D NO 4: (1)
SEQUENCE CHARACTERI STI CS: (A) LENGTH: 39 base pairs (B)
TYPE: nucleic acid (C) STRANDEDNESS: single (D)
TOPOLOGY: |inear
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(xi) SEQUENCE DESCRI PTION: SEQ I D NO 4: TGAATTCTCG AGTCATTACA CTGGCACGTC

CAGACCCAG -39 . WD 96/30514

PCT/US967 01689 63

Cl ai s 1. A polypeptide encoded by a DNA seguence
selected from (a) nucl eotides 2026 through 3765 of SEQ I D NO 1;
and WOPEISIINA sequences that hybridize to a nucl eot PERUSICHIEACe

conpl enentary to nucl eotides 2026 through 3765 of SEQ ID NO 1 under
noderately stringent conditions, wherei 2/4he DNA sequence encodes a

pol ypepti de that produces an i mune response to HER-2/neu protein.

2. A polypeptide having the am no acid sequence of SEQ ID NO 2 from

| ysine, am no acid 676, through valine, amno acid 1255, or a vari ant
thereof that produces at |east an equival ent immune response. 3.
A pol ypeptide according to claim 2 having the am no acid sequence of SEQ ID
NO.2 fromam no acid 676 through am no acid 1255. 4 A

conmposition  conpri m.ﬁ_—aa&pﬂw& cl ai ms
1, 2 or 3, in conbin ith a pharmaceutically accept ablf carri pr or
diluent.

/
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5. A pol ypeptide according to any one of clains 1, 2 or 3, or a
conposition according to claim4, for_the i nmunization of a_warm bl ooded
ani mal agai nst a malignancy in which the HER- 2/ neu oncogene i s associ at ed.
6. Use of a polypeptide according to any one of clains 1, 2 or 3, or a
conposition according to claim4, for the manufacture of a nedi canent for

i muni zat i on™WOPSASMr m WO 96/ 30514 PCTIUS96/01689

PCT/ US96/ 01689 64 bl ooded ani nal agai nst a
mal i gnancy in which the HER- 2/ neu oncoggyg is associ at ed. 7. A
nucl ei c acid nol ecul e directing he expression of a polypeptide

according to any one of clainms 1, 2 or 3 for imuni zation by transfecting
the cells of a warm bl ooded animal with the nucleic acid nol ecul e.

8. A nucleic acid nolecule according to claim7 wherein the cells are
transfected ex vivo and subsequently delivered to the animal. 9.
Use of a nucleic acid nolecule directing the expression of a pol ypeptide

according to any one of 2 PR T T T O T e TR T U e 0] a
medi canent for imrunizati op of a warm bl ooded ani mal agai nst a jml i gnancy
in which the HER- 2/ neu loBepgene i s associ at ed.
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10. A viral vector directing the expression of a polypeptide according to

any one of claims 1, 2 or 3 for inmupization_ by infecting the cells of a
war m bl ooded animal with the vector. 11. A viral vector

according to claim 10 wherein the cells are infected ex vivo and .
subsequently delivered to the aninal. 12. Use of a viral vector

directing th@v@m%i on of a pol ypeptide according to any OPCINGN960168% s 1,
2 or 3, for the manufacture of a medi canment for inmunization of a warm

bl ooded ani mal agai nst a malignancy in V\Q}"h t he HER- 2/ neu oncogene is
associ at ed.
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