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by the Defense Advanced Projects Agency. The Governnent has certain rights
inthis i nmh% BACKGROUND OF THE | NVENTI ON Fi el d of l;ct%slgg)&g{bti on 15
This invention pertains to the field of nodul ati on of inmmune responses such

8
as those induced b netic vacci nes.; Background Antigen processing and
M‘m@\ge factor which determ nes the effectiveness of

present at i N\m\m

vacci nati o rformed with genetic vaccines or r’mmwﬂwmmmml 20
nmet hods. O her «gwmb2cul es i nvol ved in determ ning vacci ne S

i ncl ude cytokines (interleukins, interferons, chenokines, hermiigpoi etic
grow h factors, tunor necrosis factors and transformng gromh factors))

et vat | O ISR R LM B AT OR PO BRI HES QR e

system Characteristic feat ‘@ENF?TI@WR@(PHQE@W pl ei ot ropy and redundancy;
that is, one cytokine 2~ often has several functions and a given function

is often nedi ated by nore than one cytokine. In addition, several cytokines
have.additive or synergistic effects with other cytokines, and a nunber of
cytoﬁines al so share receptor conponents. 11 SEP 2002 WO 99/ 41368
PCTNS99/ 03020 2 Due to the conplexity of the cytokine networks, studies on
t he physiol ogical significance of a given cytokine have been difficult,

al t hough recent studies using cytokine gene-deficient mce have
significantly inproved our understanding on the functions of cytokines in
vivo. In addition to soluble proteins, several menbrane-bound costinulatory
5 nol ecul es pl ay fund ntal r Ant l.ation of inmune responses.
These nol ecul es i%ﬁﬁﬁ@ﬁ&%%¢§%@f@%@%&o 6 and CD 150
(SLAY), and they afieinv¥Riosalak ynaexpiieGsednaemt syypohaindercahd:Noaf t er activation
via antigen_recognition or through cell-cel]l interactions. T helper (TH)
cell's, Q%QZ?%%F%‘%@WWC‘% Pethe MsiTAEs APEPERHETAFESs Capsh Bediovammsitoduci ng a
l'ar ge nygbesr.of Misfif efienlentiyh Oki nes) and based on their cytokine synthesis
pattern TH cells are divided into two subsets (Paul and Seder (1994)

Cel 1 76: 241-2S1). THl cells produce high levels of LL-2 and IFN-y and no or
mniml levels of IL-4)B BQHNPLOM%IEHWEHWQ&, TH2 cells produce high
| evels of IL-4, IL-5 and IL-13, and IL-2 and IFN-y production is mninmal or
absent . gl oc@lehsvergibhvat e macrophages, dendritic cells and augnment 15 the

cytol ytl—c—a'cr'rm'tj}z—,oT—CDB+ cytotoxi ¢ T |lynphocytes and I~TK cells (1d.),
wherttéas TH2 cel | s1i§ WFH’@“@Flﬁulsit%ﬁF%ﬁ@I ‘H“fr%f"laﬁg%é IEnuRs SeSPHSSS A0 nedi at e
al | er gi Gs {3sNAMERE bl YéheliOvicBReLapaci ty

Background

Antigen processing and presentation is only one factor which determines the

effectiveness of vaccination, whether performed with genetic vaccines or more classical

20  methods. Other molecules involved in determining vaccine effectiveness include cytokines
(interleukins, interferons, chemokines, hematopoietic growth factors, tumor necrosis factors
and transforming growth factors), which are small molecular weight proteins that regulate
maturation, activation, proliferation and differentiation of the cells of the immune system.
Characteristic features of cytokines are pleiotropy and redundancy; that'is, one cytokine

25  often has several functions and a given function is often mediated by more than one
cytokine. In addition, several cytokines have additive or synergistic effects with other

cytokines, and a number of cytokines also share receptor components.



of TH2 cells to induce IgE isotype switching and differentiation of B cells
into I gE secreting cell (De Vries and Punnonen (1996) In ?t %g%

regul ati on of hurnoral imunity: basic and clinical aspect A ) ‘gnapper)
C.M, John Wley & Sons, Ltd., West Sussex, UK, p. 19~ 20 215). The exact
mechani sns wdaiq136egul ate the differentiation of T hel perpeeldosonate not
fully understood, but cytokines are believed to play a major role. IL-4 has
been shown to direct TH2 differentiatidn, whereas |L-12 induces devel oprent
of TH cells (Paul and Seder, supra.). In addition, it has been suggested

t hat nmenbrane bound costimul a Iec Ies ch as CD80, CD86 and CD150,
can direct TH1 and;j%‘r‘c 9 s °8§’9%i’“6% ul?aﬁﬁg’%r%fﬁ?@}by&o&gm?lhat
regul ate TidngRhdce OF 4 fiREPEdIRe Have &leﬁelfﬁéuﬂcemho Hedeat thdﬂes @rr%owo@{natl on and
differentiation of Bcells into Ig-secretl ng plasm cell cks et al.
(1995) Natereededyignt migphavs significansly Approutd qir understayg) glomﬂnmﬁvnghoss 0f285- 293;

unnonen Sroghes it 7 7in 0 el prqB S%@Ei‘;' R ST

m ce have ndﬂaamkaspham ﬁdxdmhattalrrdﬂemyé elilaonsf irhinesd 8spdfsear Thdsk motztulds hel per

(TH) cells a | er.m ni tco of several

viral, ba®© B@Fﬁ“@n@bgﬂaﬂ‘ ’tci%‘%' hﬂé@% dﬁﬂg?ﬁ Mkﬁ%‘{}gﬁf A¥H cells
general I Y typicall P ehpresbddi @bt cells dftet aSFRGDAZ aliRe IR é%m&tﬂr /' US99/ 03020
i nfecti onsﬁﬁwhgr epzi? dom ir?gfr,lt T(I:—(IsZSphenotyf)e oftdeNr?er egu ts in d?&sggem nat ed,
chroni c i Rtlbedllipigractimssr exanpl e) TH 1 phenotype is observed in tubercul oid
(resistant) form ofy d RR&0SE %P Enrh

mul i i bacillary (suscimq!‘%)cr ??e)capelée}gﬁgs Yamanur a Lréhc gflgﬂ{@%gﬁblf Sci ence 254:
277-219) . p&dmxhgm Jayge duatbercs’tdafgaeenmy%lpms; awr bgseh au ehelrid@tokink eyrBhesigt oki ne

A DS ( Va8l Bt T T R Rass 98BS N Rae ot AGB COIEy R B (e

survival t&Rmpremed mgmoa@amszemummaad h@ozgﬁﬂﬂﬁﬁdl Caklsyf den gLy aped based on
the capacity of peripheral blood |eukocytes to produce TNF-a and | L-10.

| ndi vi dual'd” Frerirashfin? cells pyadupe hellevely ofdhck fon e 113, 2od Had andi RNMeased ri sk
of fatal mRALAYAGONFGhaILE a%%@ﬁer VB! R8%4IBEIRE R d@ngnﬂ@&?ll% hr?éa ?ﬁ{éﬁ'{ hi gh

TNF-a production were nore kel'y to survive thé infection endorp et
al . (1997)helcyiobsic agaydty of ZD8 1m9tox10?tlmh@eyte&a@dﬁ‘ﬁ%mll§ (@anw@hr%@prﬁyi edlb |y
i nfluence f i nd
ther by ¢ RS SeLisiedChe R PRl ol iy oD AR IREl: R 0B0s S 6 e gherf 0
i nfected wf T2 detls whinduwe @Hm)twe syéntengardydi flewelatm e Ritals e fgftsecetirat al i 5

di sease with a TH2 not ype n treated th apti-IL rrAbs or
LS55 el el Brrmedth 58y e HieiPrerisi B o it abeati ooy ar e abl e
to Counte&%sazhkﬁc@aédaogﬁppérrw&ﬁm Wibnkedoni, Miel wadt Suésal&%)p 5. | munol .
148: 1182-1187). Simlarly, Ny protects nmice fromlethal Herpes Sinplex
Vi r us 2¢ HS%)5)i ﬁ'he@tapmechananmiqgumaetbeﬁrtffsren@fttwaIof T helpen deBnzre pot fibeudononas
aer ugi nos | .oon t r t . nts, such
20 as recgrgefsﬁogﬁté{PLﬁﬁklg%a%ééb%lg%d tygld)ﬁgfnq ‘E)Igl. lé 419 tsbg%(dnﬁﬁﬁ’ﬁn%nﬂ%g@

vari abl e frmmurﬁﬁatteﬁatronenhbyeaé mmmmdgchzamﬂlmdﬂemsafé"m aélls (K’mazﬁ)SeNer Engl . J.
Med. 331: 918:921),...The .a nistr Ki n s and ot her Iecul es to
Todul ate. PRt e B P soaterib PR o B b R 8 o edeng s
parti cul agucias €B3E, CHIH MM VD196, can Bir@OTH1 ANk T Dadvelopmehanditheatngent  of

di sease. However) present | y avail abl e i mmunonodul ator 25 treatnments can

have 8&verwlecdrstianasilzede celkdiiereniiationalsn atieel asvatiopauplifrrationandyi t y)
;3(:1“?]} 'S,?glgigf rén[m&ﬂ Eeéf?ﬁgtﬁ)g% s?ngfﬂngﬁasms Bt [ CTBRP MR Y SEY Alarnb D861 S
260-263; Lenschow et al (1996) Immunity 5: 285-293; Punnonen et al. (1993) Proc. Nat'l.
Acad. Sci. USA. 90: 3730-3734; Punnonen et al. (1997) J. Exp. Med. 185: 993-1004).
Studies in both man and mice have demonstrated that the cytokine synthesis
30 profile of T helper (Ty) cells plays a crucial role in determining the outcome of several viral,

bacterial and parasitic infections. High frequency of Tyl cells generally protects from lethal



probl enms. Thus, a need exists for itnnunonodul ators that exhibit inproved
properties relative to those currently avail able. The present invention
fulfills this and ot her needs. SUVMARY OF THE | NVENTI ON %? ;?e gﬁfsent
invention provides methods of obtaining a polynucleotide h h

modul at ory Y@ #%43¥680n an i nmune response that is induced byrassgesetic

vacci ne, either 1 ~;" ~ ~root 4 directly (i.e., as an inmunonodul at ory
pol ynucl eotide) or indirectly (i.e., upon.translation of the polynucleotide
to create an i mrunonodul atory pol ypeptide). The nmethods of the invention

i nvol ve: t|n rar r.ecombi nant cl eotides; and screening
the Iibr ar1§} bonis 3&’}?{%3?3 Xr}[3&%?he(gﬂtép%%t?ﬁnr{fﬁgﬁxﬁéﬁgﬁﬁ’?ﬁgrf?“%t‘fl ynucl eot i de
that exhi bhfestionei Fdr@kadiye, Tl tohetotypois dbbereddgh nibbRuRRCERRGN) FomsPt | de, an
enhanced ablllty to npdul ate an i Mmune response than a formof the nucleic

aci d fromleripng He? pheppiyps inigpsorstens; @alhbﬁtléa!ap(%gcep%t)dﬁens f¥mashyl e,
CpGrich S I that encode a
oSt ml atar ) [0 e a5 AR e SRR Bl B pRRA R B eD150
(SLAM 5 orcymkwtsmhqs'e profhe, sullad phengtype b hesmproporsed tne;sretectsftolrroAIBDSc an

includ t L t whi ch
he 11 br aiGLe8h T RLURRPARTP R on s BPAE TiebRR Bt mont i ng cei 1 s

whi ch exhi rbentngafbcw Geiaemid iodunktichly ddermirdd bade@ of thei capaenie of gipRdige of
interest or increased abil |t to express an i nmunonodul at or%/] nol ecul e. For
&

exanpl e, @99ddsukpgyiesito peod atendlr Bkilpdvidpoliom damiies witk higki ds can be
screened Dyoduesdd mv\%tlbﬂa@qhérbz{sé/d 8 R AR RRERACARCL NG, RUGHEL € aC 05
to activate cell contain a 5 receptor for the cytokine e receptor
for thHE cyeolienwitebigh G&Frmapiodection wetsanage likely torsurvave theinéepore@destinderpm a
heterologo encodes the cytokine receptor. For exanple,
t he opt|ntgéhaggbﬁh"aﬁgggréﬁgzﬂ be tested to identify those for which the
cells or culture neﬁytumarremﬁamdahdrmfatibﬂd&ﬁmgcearmneamam tidfatehyatibhl2 i nmune

response, or a predom nantly TH i ne res In soge enbodi nents,
the pol yndet EB‘E‘JigH}é‘gF ﬁ%ttva‘I‘Pé’sX“ét‘ E%EWHEU‘E}P%P“& é’rt} ctighs da‘FFaFerﬁTﬁﬁreexeéglﬁonse is
obt ai ned tB’ALE(/Q}mJe(%ﬁfé&Pd Qltﬁ‘gez?ﬁmalnﬁﬁrﬁ& o %eh&hllﬁ&@el%?%%ﬂgerﬁxﬁit%fa&f a nucleic
acid that is, or encodes a nol ecul e { ha i nvo i n nodul ating an

i mundS5r eﬂns@mevnh\mﬁrzebm%m HuF when tzpated seband Ik drmisbsdiriE-47, the fienueasth ot her
in two or

pol ynucl eé’?? HFC?H?A “g’gf”'é%%@cé‘?atége)sna%g‘q?%’% ?Iletgé gc{rlgIlr ac?fh g Q%Q "R'i%%% | east one
optim zed (Cbmdmrblen@ln(tl9@2)Uym»alnebt4&:lelﬁz2hblts7)a>€mnbart>s IFI*é-I‘{bhﬁd’ctstCé freel f or

[ ccponse. URAH FEREE PGS CAG (1O BRENGE P P o BRI T A POPa S v

created. |Hseia@fbkdsQRAleindbd orBaB@tink M ypiimtk@srh I Bchdditibe, cirRkine eestdbntt, uﬁdhher
i nvol ve: (3) reconbining at | east one optin zed r ecombi nant pol ynucl eot i de

with &0f] @Sf%@ﬂblﬂéﬁ%8fhat"ﬁé*l°w&eeqfkﬁlab‘éfif"(ﬂts AP GoamaReagaie or different
fromO th I u Iyah} of
reconblnaﬁ?ﬂ%g ﬁﬁ%ﬁgi??@ﬁ@?&?i?ﬁg%%Qgﬂ#%ngﬁ éf{ gsﬁkﬁﬁg??y%o identify
at | east one furt he’fhecnpimmtmedl cufe:gtokincmdtother mialeiulwlé’ni&(m@tepmhymucl eoti de

t hat exhibits an_enhanced ? ¥tkotnnp ate. an | Hp Qnse than a
form of t AEPRLET B RTINS tﬂ%’%ﬁ‘ & KO IERNIE ARRY am&‘é“é? %aé‘tpé and (5)

r epeat i ng s{gdjficait@dod] 4or thefealnte CofRitieyse. Mdwdvkr, pteeentlyratfhlable@ﬁmummdlator

reconbi nant pol ynucl eoti de_exhi bits an furtng ed apilify.to nDduIate

r. enhan
an i mitine TeEESBE S& hays sevaral gsadygtageh suchias pmspilicispy Saecrlﬁtﬁﬁno(m andugtnn of i prary
was creat gdmub St ?4? [l hERinfunBrhodulod thi %’Hdhﬁﬂstexteﬂeaﬁd' Jﬁqe‘?‘béﬁeﬂfal
r econbi nant polynucleo des i's screened by: expressing the reconbi nant
pol ynucl e@rdbdress. Thust huded exiets &1 donueprpdplatogatbatgxhipis irpprepad piepsttigs e pr oduced

package: ORI R 1Ry el Bl PR AR ARG b ERAETD, 2, PRV

cells that display the receptor; and identifying cells that exhibit a
nodul ation of an immne reSUMMAREOFERE INYENT#ONecept or. The invention
al so ovi des met hagds for obt |n|n ne

accessory nol ecul e ea?trese%’?ve{} SO e&ts &;&%%Q%&to%gaxmp% gor]mucﬁf’%&r%q% ant| gens
by a cel | hasih@séulivetyleoda thAMQhMﬁEneQE@aﬁSGItﬁgnalﬂtdubéthﬁWa gdneti©@:0¢Thd, Bttt

pol ynucl eoti des by subjecting 1 S to reconbination nucleic acids that
encode all or part of the accessory nolecule; and screening the library to
identify an optim zed reconbi nant pol ynucl eoti de that encodes a reconbi nant
accessory nol ecule that confers upon a cell an increased or decreased
ability to transport or present an antigen on a surface of the cel
conpared to an accessory nol ecul e encoded by the non-reconbi nant nucleic
acids In ~some enbodlnents the screenlng step 20 |nvoIves |ntrodu0|ng

Y

o, o, o N e



PCTNS99103020 (CD86) as the costinulator and the cell or culture mediumis
tested for ability to nodulate an i mune response. Thk?ifiwengizon provides
met hods of using DNA shuffling to obtain optim zed reconbi nant vector
modul es that encode cytokines and other gostinulators that exhibit reduced
i mrunogeni city conpared to a correspondi ng pol ypepti de encoded by a
nonopti m zed vector nodul e. The reduced i munogenicity can be detected by

A s s B R R s S
agai nst  tig peknakiehede bREeat MMM AR RPtBHPOTHRPHAB! TIRASAbd OBt @E NI ng

opti m zed i munonodul at ory sequences that éncode a cytoki ne antagonist. For
exanpl e, wuértmnlievaye:ckéatiogadbniry tof récouibuat polymiadsitides yhd k¢mening thept or and
a transnmenbrane .cy~t.oki he receptor having.a defective signal, sequence.
Exanpl oo PHEVQASE T0RR RS AP tmized reeRai! bo REicloplde L KB RUBR o
provi 4es. selfed oy heRhOstHRlpag RBRAS Gh 8RNINAG] KllinAo AMAHC AR, that has
a nodul atory effect on an I nmun esponse, or encodes a pol ypepti de that
has a nodebminee thaefaffexh obtheamclenmacik fromsplonk the liayevas csaitall. Examples r esponse
is induced by a genetic vaccine vector, the nethod conprising: ( 1)
creating lacﬁlﬂfyrfa mel?,&ﬁwﬂaﬂkynbﬂp%ﬂ?mw&ﬁegow Qftdesegiancesdbatiuci ei ¢
acids th i ] C eR~isn i 1

(2) ser conrisals hEbs R RaE, BY 1By N Colg B DS SRR ABADETRI ¢ hat
has, or eistadd) oan copkintl Zd@ steenndistepusedil th¢se phdthiristchaindhaiz, foarxanpienced
ability to nodul ate said i mmune response conpared to said at |east two

nucl elc aBfraducinggenetiy vaeeis Yacys Whichsemprise the libsay ebresambinsst Jualif auids de,

or the optim kJ° ept: e .t he i.m.ze
reconbi nalhton%)éﬁqg %ﬁ%f&égp f@ée\}ﬁ? \Lh\f% %‘glﬁlgelf ?nc&\g%gge:analg’m}gg rg?)ﬁﬁfra%@ a§r11n1 g}%%nre
aspect, tdegpdney 8NinkcRést BF Mi¢ksAe& #bilHtd etpre andf@sliohivduRbsy stolew. Fer f or a
pol ynucl eoti de that encodes an accessory nolecule that alters the transport

or pr eserxaniph adbragpiof greambiianhcyiekine-cnensingenusdric eudpeandiersgreeped by

creating a_lihrary.,.of recqnbi nant | ypucl eot i des, by ..subjegcti to . .

e conbi oaEite e Rl SoSRe Ao By TRk HGR o deu R B i bR kBngin g
accessor VreBapt&Cil the Ui, MiRtredepastifot e c?tfokin_lé%alﬁ’b@ hativelty (RS caMy6t @indeaci ds
differ fromeach other in two or nore nucleotides; and (2) screening the
library faxprespecofsem s hetatologewrmicteamacigdiay enpodescth grtokingtreceptnsdéas example,
optim zed, reconbi nant.. accessor | ecul.e that, confers .upon cell an

P onoodhs o aBEA 2RISR A betet AL ot byosg RSt R tafl Sl
surface %gcﬁih{% &@Eipa%ﬁ:‘m%&&iﬁg% d@rﬁﬁﬁﬁﬁ?‘%‘ﬁ% EH(%Jg)ﬁﬁé’leﬁip&i@EQqea r@d’oxﬁiﬁ@nﬂy

nucl ei ¢ aci ds subjected to reconbination; 1 SEP 2002 6a

conbi ni nglalhimmowe nebpoade.r econbi nant pol ynucl eoti de, or the optim zed

recomhi nant accessory nmolecule, with a geneti.g vaccine vector. ln another
hopech. "the fnvent | oSS O R s R Ry AR CrEelTRGRABr o
pol ynucl egi e &%hs@ﬁ%b?aiﬁ@ﬁg&sy: ahH)3edo | iﬁﬁgtat st dHbst! YO N FERN 5% mikleic

encodes a pol ypeptide that a ‘'nodul atory effect on an | mrune response,
wher ei n saidithanisuoreencedganselecide thatlisc svobyd an gedelaticg smoomnes xespdnse,, t he
met hod conpri sing; 1 creating.a |jbrary of reconbi nant | ynucl eoti des
fromat |'% %rtsmttﬁ%ﬁl:ﬁgem%geeoai? S Uifher BT, caebcaines i FHR OLmOTcEleofigs. Huc e o
aci ds en - i . i . I tr ki : :
surface-aﬂﬁﬁﬁmgg§g§§3¥¥&%%ﬁg%h gb%gﬁgﬁggﬁfﬂggﬁgfEéﬁ?ﬁ%%ﬁ%é?%%?%%ﬁ§“? é?eof,
and t:ie deast eas bptimized nebaibinadcpelgnubléddtide shat exhibeg ehhatbydtseifor dirohgatht t wo
nucl eoti des; and (2)screening the library for an optim zed reconbi nant

pol ynuc| ewcpdrs Rodgrepkde ansnheaneed abidityate rpdulae aeimmupe raspensathasal Sepadi de

t hat has,,.an enhan ) 14t : ajed 1k . r to
said o BRI e Brp A B o PR E AR AT, SR URE

r econbi nanéthp® kynfigthedinveiee: Q) redienisiningit Fast one optilisedRécopdiymept i de
encoded by the optim zed reconbi nant pol ynucl eotide, with a genetic vaccine

vector. BRIBRCcHEEORMETadNtTR fPrE obRNUIES Fidyiyhach isdhrosamenny dabersp) froraf a
cytot.axic, Twcel | /i nduci-ng sequence ( S),.1.0bt ai-ned _ft0 A ] i de
(Pres? piifig ﬁé&f‘%% F%’HB§ .forg}sg oﬂ)éo HeS ﬁo%h%{)l@ﬁ%%ﬁ evclgrr?gl;) THE g&%?%é%ﬁ@%ﬁ opes
attached degechih@ tRy hReARBiaby RAH&TN at leadtioBlel Agth3r ShMed AR ofi®idanat i on of

i mrunogeni ¢ agoni stic sequences (1 AS) as described in Exanple 3. Specific
kKilling (percent) is shown for an effector: target (ET) ratio of five.
Figure 4 shows a nmethod for preparing i munogeni ¢ agoni st sequences (I|AS).
Wl d-type (1~VT) and nutated forns of nucleic acids encoding a pol y~peptide
of interest are assenbl ed and subjected to DNA shuffling to obtain a

nucl eic acid encoding a poly-epitope region that contains potential agoni st
sequences. Figure 5 shows a schene for inproving immunostinulatory

a 1A I



| L-12 chinera obtai ned using the nethods of the invention exhibits inproved
ability to 5 activate human T cells. Figure 10 shows a del of how T cell
activation or anergy can be induced by .genetic vaccine ttS6Ps What encode
different B7-1 (CD80) and/or B7-2 (CD86) variants. Figure 11 shows a net hod
for using DNA shuffling to obtain CD80/CD86 variants that have inproved
capacity to induce T cell activation or aner%ﬁéqelo Figure 12 shows results

obt ai neBolyRugetidedbat s§ibits ea\enhaiced pbiditete mo @R iBmue respppserthan

provi de ' I v, GR. trate that.shuffled B7 chjimeras
provi de§°5§{£ﬁ{]é E{E@éﬁac@ﬁ?%éﬁ‘%h%a%bgﬁﬂﬁf r%&eéjs’ear??ésgﬁé’pa?ﬁglﬁhggﬁpg 24)’ t he
nucl eot h¢lgecesaue NGE StHeqUirt ReHBpEinALHd réSoriBia® polynlidlcb8ECHUIBitSRAURAEES -
Figure 15 shows an alignnent of the nucl eotide sequences of B7-1 (CD80)

genes f earanpethehlityrthanedilaie ak épmuae tespeisisithan it affie DESORREATI O

Defiéni ti,g\%z EO JThe term "cytokine" includes, for exanple, interleukins,

i nt er f elVOHY e HRIEK VAR ET K8t opoi etic growth factors, tumor necrosis
factors and transfoLdh0gm8h MClﬂtsfcﬁ{’Eflé)fn%entHh, aRNRAY JrheRtnhd sl |

nol ecul ar wei ght protelns that regulate maturation; activation,

prol i f epalyhosieatitds i fckenedbi adxipesssiaf thdrecembinantgfolyheldotitiensd thyghem The
term "screeni ng" describes, in general, a process that identifies optinal
25 i mufeded pertiiey orpelypentiddss arsgyeduged gs fistansivdth pproteig displageden the

nol ecul iJ I .Lon r.eeni includin foor exanpl e,
abi | i tygﬁg%?ﬁéggeeﬂg‘"‘gglésﬁ@@gf *?ea%r%ﬁee°§“e}gcpt§“%st§gféﬁﬂga'%lgg?%%é’tg'%‘%ﬁvess‘e"l“gcat ion is
a figr m plurdRy 6£6e13GhatlisgIacihe irébRplorf dndatiémityiandepthai &dlibisLRRMAL R o8 €
achi eved sinul taneously by expression of a selection marker, whi ch) in sone
' enet i cacimpunerespess megiatedy thelteeepéotpr essi ng the marker to survive while

other 30 cells d: . & (or vice versa). Screening narkers inclu f or

exanpl e) | ucifer a’srg?(rbv pyon gli‘ip?vé%ﬁ ’?%%%F% %F‘&W%}%gg%ﬁ?gzo

gal act Oadéa&eame%%eﬁotécuertﬁa%q&lgl;o»@5 m&kﬁspéﬁb%g&&tﬁar&aﬁﬁgm_%klade drug
and toxin resistance 'genes, and the |ike. Because of limtations i

st udyi neelpMhesrmethodumeolvespaatiag e library iof rexpnibimant palystalebitielss By subjecting

particul arly usef ul s<ir_eer1i ng nethaqds, In thgﬁé studi es, the genetic
vadei ne® FEFmbINALILRREISIFAEIAS FOHEIRES Y orBRE of hescegseomyimalecylsi@pdduced t o

test anidmals,. #RGibtdlS b [HEHRS Jneﬁ%§%re@5§$ﬁg§ﬁ§qﬁgwoﬁdémﬁg}:r?c%dpy a

anal yzi ng protective i nmne - responses or the quality or

st r engt fecombinaat aceeisopdmblesuleehdtesnfenseponsd dedl dnyingrbased o€ ekdrsasdé bbiiegtof r om
the i muni zed ani mal . Al t hough spaontaneous sel ecti on can and does occur in
t he coulfr&SPRH OF RFAIPRIANARHEER Plbf surfaretod dhaedl-compargs (A G RCeeSFUY MMAeLUle

per f of el Ml 1 Aco S RARIURI NS RIVBA! cup o IELELOh 0B iRE RS e] Of

a "heterologo nucl el ¢ acl as use onet orig Rates from

a %z@ur_Cﬁysnrr'e@iig@od&mgﬁm_emr—&% 6EtRbmBRmht FAhuclfided fntd 4 OEAtioSasane source,
is nodified fromits original form Thus, a heterol ogous gene in a host

cel | i nodctatébatngedes anhatigéstodnoio gdiboary of wedtors; péodianyg the Hvowy of ebdtorsbut
has been nodifi ed. di ficati.on of a hetero] ogous . sequence in the
appl i c eI mamen GE N ad el Biine Wmﬁww%@a& S} BOBA RS GEEeHE DA
shuffli i'ﬂgnur;r&léﬁicitkr?@tl{ee{n'ﬁﬁer{.ef er to a DNA segnment which is foreign or
het er ol ogous to the cell, “or honol ogous to the cell but in a position
within the host cHl sonmaheidimantsdf ihe inkéntiont the cplokimerthatiisoptahized di nari |y
found. Exogenous DNA segnents, are_expressed to yield, exogenous )
p0|2§peptmqgggl_\'m-12 and the screening is performed by growing miammalian cells which contain
the genetic vaccine vector in a culture medium, and detecting whether T cell proliferation or
T cell differentiation is induced by contact with the culture medium. In another embodiment,
the cytokine is interferon-c. and the screening is performed by expressing the recombinant
vector module as a fusion protein which is displayed on the surface of a bacteriophage to
30  form a phage display library, and identifying phage library members which are capable of

inhibiting proliferation of a B cell line. Another embodiment utilizes B7-1 (CD80) or B7-2



The term "gene" is used broadly to refer to any segnent of DNA associ ated
20 with a biological function. Thus, genes include codin ﬁqﬂpe?ﬁps and/ or
the regul atory sequences required for their expression. nes al so include
nonexpr ess egnents that, for exanple, formrecognition ences for
ot her proté?%gmﬁa%nes can be obtained froma variety of 5%3&8%@%9 ncl udi ng
cloning froma source of interest or sgnthesizing fromknown or predicted
sequence i nformation) and may include sequences designed to have desired 25
paranmeters. The term "isol ated”, when applied to a nucleic acid or protein,
denot es t [i@bsd)he thauosdteiudatarcand thercejh podudiure maliwes Beestddabl ability eemeduland dher
cellular conponents with which it is associated in the natural state. It is
pr ef er abl yMPH P ROAFgeneous state although it can be in either a dry or
aqueous sol ution, Preiifyn@dithriRdRGeneids ¥f @il BRiseahing 151648k Bhdiededisi ng 30
anal ytical chem stry techni ques such as pol yacryl am de gel el ectrophoresis
or hi gh p&cPEPivarVECtPy rqmuépsgw enFat oYt ABIRy androther sodimmlsiprs dint pxhitihe

pr edom na ' i o : / 9

PCT/ US99/ 8&\%3@%%@3&2{%&2E&Inﬁsaﬁ]esdﬁggtc%rﬁ%spéxrﬁ?%ﬁé&)?ﬁde ngﬂ%ﬁélé?gl? Tcul ar, an

i sol at ed gptimizedvesapandtledThs edncepemmuregehicity dan derdseadd Wyhinfroédanikg the gene
and encode ak rotei n qther t%sn t he qu%r%e of intergst. The ter[n "purified"
denot es t fEPKIRe A fOPEPEagE§ngodsd by thrTesomoapiiecior madyls into & mamma one band
in an el eqtkRRRAE MhberdBlimmbas felgorieat inucddtagiiRARNE dyfbRinet he nucleic acid or
protein is at |east about 50% pure, nore preferably at |east about 85%
pure, and nost prefEreamieyticnaljopsetides Frsthodoobebiinies opfimdzader m

"naturally- I noe i Lect . found in
natur e as A by el 8 B €Ll PR P ARHAE o DRy B i o &
pol ypept i dgtokine ponistsundl@letaisdiebls egokine eccthartani g tansesaitane vytakinoregeptars m

i ncludi ng viruses,. bacteria, protozoa) 10, S ants or mral i an
'Ei ssue) t s‘tm%%ﬁe Brave §‘§’F"’gfe§8_cq°?'oﬁ’fa§’pgﬁzi?c %de.@fﬁﬁﬁap%gﬁn%ﬁmﬁgﬁqﬁgs not been
intentionally nodifiléy mssseneinvemionipsovidesor mebog foroproducingandyscrssomgrfpng. The

.term "nucl ej (d..refers to deoxyribonucl eotides or ribonucleotides and
pol ymer s et uBElBoL Fefd ARad RN aE e PR PP RS rBfo e enERes
speci fi calpoyypeptidd et hdshendRNAbETRIDSS SEFMMUL] REfondE, vilfer&if Bhid ifinfiche
| cnown, anal ogues of natural nucleotides which 15 have simlar binding
proper t i esewenscHis ipdiceqd by a gerlic|vardnakscdorathy natkodeanpring: dd) Fieadng@nner

simiar t aialue Al pARALEALAGIELERb Feas MloSTR IR ReSM A GR! od. 2
particul ar nutlelc acid sequence also InplicCitly enconpasses conservatively
modi fi ed \eachi athesinttveroe aioré audeotiliegeandr(2)fsereenidg theslithaiyi forin eminizedd

conpl enment ary sequences and as well as the sequence explicitly indjcated.
Speci fi cal F%P,“ﬂak%fgléﬁelryatl%‘e strdhetdupriensRdes AS ogrwlzs r%f@mbéwap%lyp%de

gener at | ngh 4G4 aRCARaTdRd WBIEMC SNk 5aRABIAE A8lpBscRBmpafedTOLRA B! €0t ed

(or all) codons Is substi w t h m xed-base and/ or oxyi nosi ne resi dues
(Bat zer etlemt two( 1891 adids laail €3)AwimbiReg theldptintid@lirec@hbisehtpobinualeotidel ©85) J.

Bi ol . Chem 260:. 2605-2608; ssol..et al. (1992) ., Rossolini et al. (1994)
Mol . Cel | (DpRBigeErece ORIt PoHRREPHIGF Fr e by Bebrigtived GERbrmter changeabl y
W th genepo5lNAcofdd Wit e @RgO9adiRWedtogene. 2~ "Nucleic acid derived from
a gene" refers to a nucleic acid for whose synthesis the gene, or a

subsequence t her eof ,Infanether aspeqit the jnveotioreproaiies a methidafoeprotheisg 2ath nRNA) a

oA anpl | PLE PE G 4 istRT ok AR s o P ol PPRRE RE ahP B o6 oay

etc., are t@hbpodesd presdnfationot eigganby avell,des gethodRodbrisiug( 13 efeatiggla pr oduct s
is indicatjve of the presence 30 and/or abundance of_ the original gene
and/ or geh@rary fAECPMBENaNHPRlyRicisatides by gubjestipg sayrspomabingtpma phigality of

PCT/ US991 Q30RR 2kfs that encode all or part of the accessory molecule, wherein at least two of
the plurality of nucleic acids differ from each other in two or more nucleotides; and (2)
screening the library for an optimized recombinant polynucleotide that encodes an
optimized recombinant accessory molecule that confers upon a cell an increased or
decreased ability to transport or present an antigen on a surface of the cell compared to

an accessory molecule encoded by the nucleic acids subjected to recombination; and (3)



A nucleic acid is "operably linked" when it is placed into a functional

rel ati onship with another nucleic acid sequence. For instance) a pronoter
or enhancer is operably linked to a coding sequence if it 4 h&E€a%es t he
transcription of the coding sequence.g{fperably linked nmeans that the DNA
sequences bei NgombiK@diaioptimiRAGaInbifdR bbBMaUSoRdor B SHEmRAESSAry 10
join two protein coding regions, contiguous and in reading frame. However)
si nce enh&ereEmEnagé peacadory molasule withwasneticeysgeiat @detbr.om t he pronoter by
several kil obases a Lnt.ronic guences may. be of .variable l.engths) sone
pol ynucl eoti de el eng_ﬁf‘ _gmrlr%{yasgee(:t’gtgﬁf’rﬁ'ﬁmpq ?fﬂﬁlélas %meﬂ}‘i)gltflofzgrr?ﬁ}“éﬂ%gg‘? A

speci fic béehing fafdf poryrieldoainvERANASOMBBLISGH) &Fsct bR an BXANRE Fospéndel gand and
10 a receptor, neans a.freferentl al binding of one nolecule for another in
a m xt ur e ed¢odgpp pelypertidetthat hep Adradyladgryefiectan acimnegneggsponee, cdwesdider ed
specific if.,t i.ndi Al I bout 1.x 104 M'~ to about.1 x 106 M
~~ or gr eg{ng rl&%lllﬁg Q%@ ?)%15&6}% Eedc@%c%?'aﬁggne% JRCHRLT Gt We Pé%}é(f'@%ow &% cel |

i ndi cat es (I)hatatinge litehly ofegonthids palyhededtide® GotSat Nétst €Y Crittdiél acis,
expresses a peptide or protein encqded by a 15 heterol ogous nucleic acid.
Reconbi namthersh pachofihegleast fvuayrdaic asids Engodesieostigipionyipolynsptide nati ve
(non-reconpi m 0 3 Re% i .S, > ain
genes fouggélﬁﬁm%l ’efy%kﬁe\’/éur %r%rlr)]%g{ﬂ e c%o\%%gfre@ﬁ?pteﬁtel&ggﬁgéﬁ Orng&%tlgdi fied
and re-i nanpdweed. dindtthe dtHeast ed ninfteiantidf diffead fromaiash ofhbeintae 1easatwa0

enconpasses cel|s t cont ai .hucl ei ¢ aci d, endogenous to the cell that
has been ﬁBY:I‘F?t@‘ & W%ta(hﬁﬁ’fee}“é‘ﬁgl\‘ﬁa]ﬁ@a‘iyhtgr AR ePtaNized reCaMbINgRY P?\‘g\ém Q’:”@F! , such
modi fi cat ipR%iad, BFEMGRed Bpéﬁjrﬁ%@fe@%ﬁpf?ﬁn e negﬁeé AGEIRNN eflahEaRfGh | C

mut ati on) and rel ated techni ques. rec nt expressi on cassette" or
si mpl y antd ewgulegshshinyagseeshsd @ngpanetlossai! @ deast twonatciaicacidgend (Ht ed

of of fect IHgbisRs BESP R Tepobybist BeBSciGHEel o (o SPEmEsh ARy t b Such
25 SequengeypelRIcAsSIAbyaRs sRihREd ratehibintboll 3ot QRS §bendfad
optionally) transcription termnation signals.” Typically, tﬁe recombi nant
expr essi oMAEHEsECtE | ncl udes a nucleic acid to be transcribed (e.g., a
nucl eic acid encoding a desired pol ypeptide), and a pronoter. Additional
factors necessary or hBRPEEDESCRIPTEON QIyTHYIRAIVIDG:Say al so be used as
descri bed herein. , 00 TC o tispcl ude
nucl eot i de sequencg‘gﬁrteﬁlgs? %%&eer}fgrg%[g)égggﬁgeﬁglie Tﬁ%ga‘g&n“%glﬁg teﬁééi??ec S
secr et i orvbadinedfroaxfiBesspdypeptidedPreSE puwStrégorspst cel | . 11 1 1 SEP 20D2

sequences t hat | nf FRBCOTGEREC NpFLEERERe Hedl Srev BUTRLIIted | n an

expr essi qggtd@ggﬁgtgog;onA "reconbi nant pol ynucl eotide" or a "reconbi nant

pol ypeptide” is a non naturally occurring polynucleotide or.polipeptide
that includes nucl Bigsredsherothe gerivatorerfiigmynegsaigegensic sepspeetlvery, from
nmore than, one_ so ucleei ' 1L de, LGh. [GeTY}E] eic acid
or pol ypgdﬁ%ln 5&51%(%%8{%&)'& %Cgfg(glﬁ'@gg[{:e(r:%?{)i}{%g?\ntgﬁép\gﬁgﬁ%&o g:gpypepti de, or
can itseldfflvave been subjected to nutagenesis or other type of

nodi fication. The source, pol ynucl eotides. or._pol ypepti des from which the
di fferent nucleic S8FG 4&?‘8‘5%%/ WBLE%\%%BP?Bﬁﬁ’@ﬁ’@g’éméﬁégcfé?r?lséﬁquﬁ?cés sonet i nes
horol ogoysad)i Veild-typaneT) id raRaerBmas dfaluyiBRREiidencolial a pOlypaside dhe sane or a

simlar structure and/ or functionb and are often fromdifferent isolates,
ser ot ypegntersstrasd #pscmblgsieand cubjecd to PiHnshafing toobis aipvcles wid engodiigi e st at es,
for example. The ter Yl dent i . ‘identity," in the context of
two or mﬂpg}"?ﬁ‘f@?%ﬁeelOﬁaacog‘r&nﬁ@ﬁ%lﬁ%%tg é%’g&éﬁqg%ﬁ%es, refer to two or nore
sequences or subsepigeRGeRowBichanefot heprednginonuratieulatoseqichceedly per cent age
of ami no acid residues or nucleotides that are the 15 sane, when conpared
and ali gr@ﬂ/‘\ﬁ’éi-rfﬂl?ﬁxi mum correspondence, as neasured using one of the

fol | ow ng sequence i%{?ﬁ}&?béﬁﬂmﬂ'o@%ioﬁ:@ﬁ@e Y whYh MeSHBharlt NSRAEL df Blimanl he
phrase "substantial Py identital,” in the context of two nucleic acids or
pol ypept ilie®, genasfcen ke fceeeneino pfentify skuffediie ogeseothatznpiggerendgntihd? have at
| east 60% preferahly.80%. pnos ef g 90- 95% nucl eotide or am' no acid
resi due irﬁé’ﬁg?‘lcﬁasﬁaﬁﬁ% R4 ‘%@Dﬁ%tfglc’)prgﬁ%ggw’gned f or maxi num corr espondence,
as measured using pRErIfshébehé AlliowS agigharvespet fuactatliasan falveasst hnms or by
visual inspection. Preferably, the substantial identity exists over a -
regi on ofthatlecode yerenises ll-haebtpigedasingdhesethents of thsanvee4e dues in | ength, nore
preferably over a region of at |east about 100 residues, and npst
preferably the sequences are substantially identical over at |east about
150 residues. In sone enbodi nents, the sequences 25 are substantially
identical over the entire length of the coding regions. For sequence

o o o o o o, o - o,



1 1 SEP 2002 WD 99/41368 12 PCT/ US99/ 03020 Opti nmal alignnment of sequences
for conparison can be conducted, e.g., by the Iocal honol ogy al gorithm of
Smth & Waterman, Adv. .Appl. Math. 2:482 (1981), by the %HE%% ﬁl i gnnment
al gorithm of Needl eman & Winsch, J. Ml . Biol. 48:443 (19 o) qD e search
for simlarwoyyareshod of Pearson & Lipman, Proc. Nat '|.p&geshooses . USA 85
12444 ( 1988), by conputerized inplenentations of these algorithnms (GAP,
BESTFI T, FASTA, and TFASTA in the Wsconsin Genetics Software Package,
Genetics Conputer G oup, 57S Science Dr., Madison, W), or by visual

i nspection (see general Ausubel et infra). . One exanple.of an
algorithmthat is sd?l{rgg%[léo“fszge BRI f8y ppr)oehrf%%mn L?@a?féﬂ%%c%ﬂ%@? Ty and
sequence sklisdyakditiyud] SedidrthBlASIdedl. gowhiida whi ch is described in 10
Al'tschul et al., J._Ml. Biol. 215;403-410 (1990). Software for_ perform ng
BLAST anal yses is puBie asipwsvese|isefias sxprgisahvi Hedawansisries thata shffled or

Bi ot echnohogy chifeR dbRiireR @siﬁ%EhreHieéﬂthH@inenﬂbﬂﬂﬁﬂtsgﬂgfbve&r Qigy @ gori thm
involves first identifying high scoring sequence pair (HSPSS by

i denti fyi mgfiveledumandredds. of | ength Win the query sequence, which either
match or satisfy s Lilve-v reshol d.score T when.aligned with a
word of 15 the sane%gué%gﬂ]hoikvﬁgg] ogg# gg%%gcgrzaﬁgg%?orfnfrgy Faé’:‘ao érl?délag?o as the
nei ghbor heggenstit dacsine vectdrh thasdhoddd difAirém Bhul (CBB0pdnd)or B @D86Teeiass.i ni ti al
nei ghbor hood word hits act as seeds .initiating searches to find | onger

ds for
HSPs cont ai ni ng t hdigwrahbshays @ methed forusing R dwtfipgiopbian EBBYHCEBS ect i ons
al ong eacbaﬁﬁ%‘%ﬁa{!‘ﬁ&vefiﬂiaro%c?d {Bhcifo ﬁﬁ@cemlaaﬁdaﬁ&l@dngﬁwm score can be
increased. Cunul ative scores aré cal cul ated using, for nucleotide
sequentes, the par diigrerdshews Msglisohpingd groicecefigg agsay &ireltertd functiohiofg
resi dues; gl ways > 0) and N (penalty score for m smatching residues;, always
< 0). For ‘am no acid sequences, a scoring matrix is used to calculate the
cunmul ative score. Bigieasl pravidés dxpeimenratirekiltssvhich deaohstditer teattshuffledBE hal t ed

when: the cunul ative ali nt .score falls off by the quantity X fromits
the!

maxi mim a&ﬁ?’éfﬁéarc\)’éﬁelﬁﬁtﬁn EAMRER i ve score goes to zero or below) due to
the accumul ation OoffiQRE1PprefRis@n Zﬁgﬁﬂﬁgﬁf't%&m&é&ide%ﬂeﬁ&s%ﬁuﬁa‘aﬁ gient s; or
the end of either sequence is reached. The BLAST al gorithm paraneters W T,
and Xléet aontals-kOTecepensdquénges y and speed of the alignment. The BLASTN

program (for nucl egt] I i (W of 11,
an expectation (E) Ci%#u‘?%@ﬁ%%%%%@mgﬁt%ig%%ﬁﬁ%ﬁgﬁlézq%ﬁﬁcegﬁf a?@(g]grréi;bgri son of
bot h st r agetes fibmrhuaian,nbesacmonisgpuérebbs., t he BLASTP program uses as defaults
a wordlength (VW) of 3, an 30 expectation (E) of 10, and the BLOSUMb2
scoring matri x (see Heni kof f Wlégp{) roc. Natl. Acad. Sci. USA
89:10915) . , 11 SEP 2002 V\D[g% 8 %%g%%)i)@gozo 13 In addition to

cal cul ating percent sequence identity, the BLAST algorithmalso perforns a
stati sti cBefintiahysis of the simlarity between two sequences (see, e.g.,
Kar |i g & ATLSChul (399:3), -BrOGncNalides, (ARnpISTherkdihsicoBEAs 5787) . One
nmeasure of simlarity prov deg by the BLASTpaI gorithmis the smallest sum
pr obabi | i then{oR{nky, hemethpaitticpronth deprsa fumon deaesis factomfand ensforobalgrdvthy by

whi ch a mat ¢ch hetween two nucl.eot. d . am no. aci ences.. woul d occur by
chance. F arCFoésX FgTal dheps pty 3?33? rﬁ%lfcd’?ﬁrs ex(’ggﬂsr?t @?&&g?%%g{égr’aﬁr%wg’ ref erence
sequence kétivatien, pistifeteivh asdidiffprenatn bf thy/cellnofthe bnpard syetemof t he t est
nucleic acid to thgr reference, nugl ei.c acid iaz | ess tpjan ab?ut Q. 1% nor e
preferably |ess thane BBuECresnig, desfpidR fesrabRar agsp hatddsntfiesarimal, it 0. 001,
10 Angt hefmiishntRlilaRRy bREuIEWR e Vbl bwﬁ@nie@dme&egpéameﬁowu&s substaat i al |y
identical is that the two nol ecul es hybridize to each other under stringent
condi t i onén selengonzind aereenirpyiheliding: far gxamnde iabiliey4p indueey Jespred impmungo t he

bi ndi ng, dupl exin or.h i dj.zi.n [ Ly .0 & i cul ar

nucl eot i d&* %’dﬁ@naggst EIW&CE?’/ tiﬂhef#’?{’g‘ég{oq{:"oog %?éln%%;ﬂ’ \%/r}llfe%ﬁ l%/eﬁggcaglgggﬂedtnce i's
present i phyicalsEpdrationiredcHic@edstm@tanedusly 8l exetskichar ) sdAommaRdAwhicBi nd( s)
substantially" 15 refers to conpl enentary. hybridjzati on betweep a probe
nucl ei ¢ a&l WM egnesc cHpRstanpisciioNs © ieaprg%@gé}pﬁ'pgkggo AHTHEF W l%?’r‘g‘?ches t hat
can bgpaceQRaal G {¥sal eSHEnRY mdh@rshéthdidpRedanile, hitereRYDBiiEli zat i on nedi a
to achieve the desired detection of the target polynucleotide sequence.
"Stringent hybridization conditions" and "stringent hybridization wash



20 conditions” in the context of nucleic acid hybridization experinents
such as Southern and northern hybridizations axe sequence gepeggdemp) and
are different under different environnental paraneters. Lohger sequences
hybridi ze specifically at higher tenperatures. An extensive guide to the
hybri di zat i gr?*’&f‘”ﬁ%cl eic acids is found in Tijssen {1993)PCraleHtaedry

Techni ques in Biochem stry and Ml ecul gr Bi ol ogy--Hybridization with

Nucl eic 25 Acid Probes part | chapter 2 "Overview of princi pI es of

hybri di zati on and the strategy of nucleic acid probe assays") Elsevier, New
York. Genegalddkidatti 48! g%e§hﬁér£&€rﬁ rdfIRr Slcdad ndike@RELINMR U LLARM A ONS are

sel ected to be about | ower than the thermal nmelting point (Tm) for the
specific seegisteneeezeras, and deeflikge Begapsei of lignitpiong tithstedyingaimary pimgere|rgsporsagier
"stringent n on t equence,

but to no 'c')lt% téolc‘i '}s{élaou%%dé%saperl%%?%}%uﬁewQEHC%I r%‘Eter(ralétgoedrsa {h@se%?ud §LHg)ezlef ned

i oni ¢ streggetic mdnnhhatatcluwalrmhuxﬁﬂ%ﬂmrhtomeomaﬂgare Sreauesdueedylest di zes to a
perfect]y rratched robe. Very strin nt 2002, WD 99/.41368

PCT/ US90 1038385 B4 5 iRmpoAspoges 28 E‘B‘&aﬂw“ &‘F@qﬂ‘élyz’t“é PERS!¥n for a

parti cul ar jnphReespfiteLordyRhAyiag trétqwﬁg@fr&regg(mf@le zrahée%nﬁfaﬂa;e&goagbs for

hybri di zati on of corrpl enent ary nucl ei c_aci whi ch have nore than 100

conpl enent &sing lymghaidiealls derived fiom the immpnizedanimak Pitheghrpprtiepys splegioni s 50%

f or mam de t ng carried
out over ngl{R A i%é}gﬁglfr ’ﬂﬁp@df'ulr%l‘)?mtﬁ%gv? %%‘gr‘ém F%Qﬁ%n%é% ?4 ggﬁgt@ggo 15M NaCl
at 72C forpeafmud:dlﬂyanm nut es An exarrpl e of stringent wash conditions is a
0.2x SSC wash at 65C for utes Sse rrbrook infra., fO{D a
descriPtion of SsC fef‘%&eyous A feEmsnty ‘éhte FEPREAT Wl R PYBIPEREded by a
| ow st ri ngRREYc WS hastuGed 1RPEY, & mmgbz@gaﬁuﬂesm&b@sm@rfaﬂmgn@@megsamam medi um
stringency wash fox a duplex of) e.g., nore than 100 nucl eotides, is |x SSC
at 45C 10 hastcell, &, rﬁfrﬁmfé%samme%wp%dlﬁw% s oréginal orma SISt &r a dupl ex of ,
e.g., rmr%&J}@Bg&ﬂge&qﬁwﬁs)&h%ﬁau&é bt Kerbe A0 b e phiicHlaitisesty, For
short probes (e”g., about 0 nucleotides)) stringent conditions
typically bln\haﬂ heen mﬁrﬂed;@mﬁeﬁnanm@f@rhsteaﬂogoesgqudmammabmnphtlat@nd\/l Na* i on,

t ypi ca y & 01 qGor_ather salts) at pH
8 Lol RGca R sty SpdlHRE b SANEBINA Bhinfile Rl Hclelsplncd) B o
condi tionsa Dm sapsent mlchss me&grmt@eteMdgbustthmeaémldrmemolagmde@mamu buimg

agents such as, formam de. nal] to noise_ratio of 2x (or

hi gher) t h&PPSitiRaVIHGB? bféaceﬁldwclalﬁ aﬂﬁl"b‘I”%lP’é ¢ sleaisat ip potiordingsiy foupds| ar

hybri di zatg SHA cal g8 edelegih QR10d: S 1 Qybridi zation.

Nucl ei c am%ys%el\?\%%l ch d%gfrillot eﬂﬂ SI zet ? ea)tcg noitgﬁgdr%ueﬁ%er stringent
conditions are stil frhswbetmt:naluw bragélytio taddr 1o anytseemens of Piptdsepsisteghi ch t hey
encode,ar py of 20 a
ol o1 % ach B RRLRHTRtch L BB nelldt o Eh o e MOBACEPTY 0 by ¢ he
genetic CosiquenécsfrbmmxhéforIthtdle&prbssﬂon. Gdnat altsmmclndmrhmxpresschAqa@rmess or

| tid tial dent t hat. t ded b
Phe’ T T st e e Pemas (i emibIeggincs Py Ry saLeipe Gepdgat By daineg fom o0 Y
speci fi cal 4 yarfelytiSodresk, lh&l@d@@ém@goﬁérﬁe sQREOS et of Byhitiksizme &eRknowe| ei C

acid. Thus, a pol ypep tide is typically substantially identTcal to a second
pol ypept i oes Prqdm*ed{ﬁRM?@ﬂme@Wé» qnﬁ@avmltwgmqums digstameq todgys desiged

conseryat |%a§:aa_§#g§t| tutions. The phrase "specifically (or selectively) binds
to an anti 'specifically (or selectively) inmnoreactive with",
when referring to anef et l'isolaed’ ‘pwpztn a;bghedrtefaendeltacxaobiamd:imgcmEadtai on which
is determ at| resenc [ ot or__an. epi.t o omthe 30
rotel o 1 e Pt arieutar Snte §r st eSS R f e B SPULPBRLTRS and

ot her bi ol Rcialed il MeThtuth ctete. 1 Rprgerable th 4 NomugOmdaotate Attuph 106 betile
specified anti bodies bind to a_particul ar 1 1 SEP 2002 WD 99/41368

either a dry or aqueous solution. Purity and homogeneity are typically determined using
30  analytical chemistry techniques such as polyacrylamide gel electrophoresis or high

performance liquid chromatography. A protein which is the predominant species present in a



1J PCT/ US99/ 03020 protein and do not bind in a significant amunt to other
proteins present in the sanple. The antibodies raised against_ a I tival ent
antigenic polypeptide will generally bind to the protei ns? i $EEm2ki ch one
or nore of ‘;the epi topes wer e obtained. Specific binding to an anti body
under such ¥8AYI%ons may require an antibody that is sePEBVEWOBE ts
specificity for a particular protein. & variety of imunoassay formats nmay
be used to select antibodies specifically immunoreactive with a particul ar
protein. For exanple, solid-phase ELI SA i munoassays) Western blots) or

i munohi stpoepamtivs isrsybseaneallyqutified ypantethrf an isddiergenenemraabfroraopdnbodi es

specifically,i nor tive with a e See Harl ow and Lane (1988)
Ant i bodi e§e¥ Ng% ﬁ’ﬁgﬁ%‘ﬁ&&?’*f %?@°§tPfﬁ&lﬂrﬁt‘%&m%%%mcw& New Yor k
10 "Har| OVTh@'f@mLﬁﬂﬁﬁéd dé&tes%a%ﬁ&'ié@idld)& ﬁ?&elh%WéE‘H?éré%é’seﬁt?a'il%héba%@d

conditions that can be used to determ ne specific I munoreactivity.
Typically uaaxsdeqtrophqretmge!s@mecttlm\lbeltmct thetrthemiucleidpsidair prageisis at Waste

backgr qun %b n ure, 31?1%@2%&%&(1 &{Tl:gas? onP é ur¥ Lk ofsE péaigg.%gl a&%lasi Iabou I mes

backgr dun varr Ions

pol ynucl e@@?/daexresequence 15 refers to those pol ynucl eoti des t hat encode
i dentical or essent en i cal am,no |d s uences, ere

pol ynucl eot i de does Y QARG dS ‘éSE éﬁﬁglﬁle‘ttohaé%@ tf?‘ﬁ’Fil y

i denti cal 1§€&M€@§§1§ﬁne5ﬁ&ﬁlﬁ§ﬂ axkifitiBgy gce@wa@eﬁﬁrxn or bhenplengbivpepti@d®, a large
nunber of functionally |dent|caI nucl ei ¢ acl ds encode any given

pol ypept i delynrigotidpsaanense that i presestiones orgapismABciudDeAineshactaii prorda AGG al |
encodgut h : n

arai nite TP ek faBGAl ey B R icoBleo MRl Yo ROR A b MIELRRT, e
corres pondhnngatcb@dromnmbesl@rmdimdedvhytdmun tiel lsterdtory xirtaaxrdr}ccmde:dngol ypept i de.
Such nucl ei c acid variation ent var ations specr es

of "conservatively mdF é’da?}grPSgt t?ﬁssto Gegxyd V’%BPW&S%F‘&

descri bed phgirRisithetfelleitheN e Sr Soud Rl YREEHIIfeleh. /in%es %e&guu@e&neaeme/ pOSSI bl e
silent variation, except where otherw se noted. 25 of skill wll

r ecogni ze 'TAANCRIARARSCE BRRIFIC 3isgopaiBIg ikaove prplogasss priumimclapkifssvhich

or di ngki | I i

A N it S I e e
"sil ent vamrhttoom‘turadfy cgcunming reicksotdss. dJnMﬂsothce‘rimod@sated pphrypdqotnuclem S

inplicit in.each de ence. Furt Kill wll

r ecogni ze *PRATIUFHGR fff’dﬁ’gfcqg'lfﬁgt'maﬁief B?t’ée”gde dt”t'g §n%ﬂls %Ef&?tjt(f”'g'ns whi ch

alter, addegmerdelcem sabﬁlmt@hg mmlmndrpseqaensmhh apREIC eNhagQuérke ani no

acids (typical 5% nmore ty less than 1 9, in an encoded

|
sequence ﬁF@‘Cltlﬁnmggest&‘ag.tﬁ@Q’ 4e2engHA §g‘i'°t} t?%%‘l“?“‘?fﬁ'ﬂ" ¢ aé’él‘e\Férbry ations" where

the abper gatipRgs&Rkdks rnrwm&tqhesmm bbditibn FBnOfr ridte TR (BCAIT cYiohbisa
chemcally sim Far am no acid. Conservative substitution tables providing

functi onaLSlI!t;mElithWlélrmracd “prse st Secxyinosint residprswBateer ot @le(18P1) Nutteis Acidl | owi ng
five grou C ta i v itutions
[ive droups, g8 %SEO%t ﬁeemcrrété% 1901 &%"%i 2802660986 ;?sts Vi Pﬁr@@% i ne
(L), | sol ®usdoliti e k) (19A4)O\WI cal PFBbe.n&*IQaL%mlTrhete(nE)nuchraadusnBec( Y), Tryptophan

(W; Sul fur-contai Met hj o n|n ine (C); Basic: Arginine (R,
Lysine (K merf“?@ﬁ?*‘drn"@ §9pe: CR “’%)&W%/‘@EEEFGCTD) Gutanic acid (E),
Aspar agine (N), G ut\aBleR&cid@rivelGroPLganb SR ier i mieRAcid fd:3Mfbke Pr ot ei ns,
WH. Freeman and Conpany, for additional gr OUPI ngs of amno acids. In

Y

addi ti on, synigsisigitngsne, @ﬂbsqbrqqumcerrereoaélrtetltloﬁ@ c&rervadeﬁ 3 egRstewhhiusnal t er, add
or delete i %%h:iN oA al N an
encoded seanﬁﬁét%gé%@mg% e%ég’rt’gae??fé‘u ve Clgécldatl onastac‘]:j

" subseque A arhﬁltf&ﬂirotxothacméqmmmfmsuub;ddeﬁm mclanhphfwd DINApac. st s t hat 15
conprises a rt o sequ e of pucleic acids or anmino acids

(e.qg. F%‘ggtfr%l 35%6‘%‘?5 GisrapR,© SBYS&% E)cpfi’rB cbis indisatiyef hePEeieifnodi ment s
The p@@Seratd/br%@mahmfnre%wgdﬁsgerr@t&m%emranwpamslad pROl ynucl eot i de
sequences that, either directly or indirectly (i. e., through encoding a
pol ypeptide), can 20 nodul ate an i mmune response when present on a genetic
vacci ne vector. In another enbodi nent, the invention provides nethods for
optim zing the transport and presentation of antigens. The optim zed

i mrunonodul atory pol ynucl eoti des obtai ned using the nethods of the
invention are particularly suited for use in conj unction with vaccines,

i ncl udi ng genetic vacci nes. One of the advantages of genetic vaccines is
that one can incorporate genes 25 encoding i rmunonodul atory nol ecul es, such
as cytokines, costinulatory nol ecul es, and nol ecul es that inprove antigen
transport and presentatlon |nto the genetlc vaCC|ne vectors ThIS prOV|des

- v o, o o b1 L,



WD 99/ 41368 17 A. Creation of Reconbinant Libraries PCT/US99/03020 The

i nvention involves creating reconbinant |ibraries of pol {3“#!@ 2des t hat
are then screened to identify those library nenbers that®exhtrbiT a desired
property. The reconbinant |libraries can be created using of various
met hods. Th¥OJBY6% ate nucl eic acids used for the reconbl”ﬁﬁ%/—'ﬁ%?r‘i”‘l?&n vary
dependi ng upon the particular applicatijgn. For exanple, where a

pol ynucl eoti de that encodes a cytokine, chenokine, or other accessory

nol ecule is to be optimzed) different forns of nucleic acids that encode
all or part of the cyh@ldihgid &PeFERIsly k@ withHEE pRELSFS A AIncRBALCUl € are
subj ected to reconbi nati on. The nethods require at |east two variant forns
of a st art ragionghipyish anogites nuciipacjdsenuanee. f Kor instapee, & ardiograreendatrst isat es can
show subst r ach
other . but CPEA LSNPl s AP Al W bRl e M BT,
diversity @ebmlelemnkmrnmnsmat tbeDNlAeeqLescdsﬂ:emg lnﬂetilareaypwailylcanmgmnus aadg., the

differept variant forns ., are obtalnedfro E i ndi vi dual s
or straf ns “GFeRRCeSERARIY ‘?Pfeie oﬂ@g SRR W‘Hé‘h{eé g FamGnst i t ut e
rel ated segd4eBeERSsidck @Mahéves SamIRnIda R Hép@ﬁteﬂ fronPéhk Blolrfotey 8y kevkiapns) .

Al ternatively, the initial diversi ty can be induced, e.g., the second

vari ant f okpehasgs abemgrewer>we&ewasebq%waw&ﬂien&t%mnweﬁondse@me@e an
error-pron 3dse which lacks proof reading activity
(see Liao ?‘fgggfp%eﬁ%%%%ﬁllﬁg oo? the first variant fornm) or, by

replication of the fA smtifif bmdin'g nffmityrbctarbmhvsmcaécnleé rfort exemplefwlsgand ald s ar e

di scussed in further det i ersity between 20

subst r ifesaf%“ Ple Q1R 2 ?rté?lt agé‘ %ﬁl)’c’g ‘B*fe'boﬁeecﬁ eq’%’ a@BtX’erdfl af‘éé so:?]\e/e sequence
reconbi nat iRculed, tm,bmdmgrdwemcsleam tRebhsdeasd spédifd if Ha®iddgndimdy is
recombi nati on and sel ection. Hoyever, recursive sequence reconbination can
be enpl oyedbaub! 3R Mvetoﬁ’?qtll XfltqrMhe?rHr‘F?'Errovenents in a desired property.
Sequence reconbi nat igp t&xﬁmréegmaﬁmeeeéﬁ& ey ARk AL 6 £ i Eettﬁat apd
pernutations of formats escribed in further detail below) 2~ These
formats sheglbreglvates @bmmptrsmglmplaed or Represses argpideoprenden pmdm:hymati on
entail s, su |ve cycl es i r iversity.
That 18 " ofgeaPe B g Ro  BRUIRLOE! R Th B IERENTE BB BRI Bt e
sequence i demhm\tey(néroree@ﬁthnmt)rfemn bfithe ehillf Re;binhgxaﬂxtmemsfmprses@mfmgmfes mut at i ons.
T.n any given cy conmhi natj o occur in yivo or in

intracel | u\Fl dH’rtﬁ%%t’r"é&Wr{EFhﬁr"eu WB?TF’H TRSPE rmOUned 4ng e é‘giﬁ’p‘t“ieﬂ % rom
reconbi nat {RReE 8k Beid0nAHY TROtRH aish erBMpEXEs RlIPWatRBRb NI MM cBlcia0 Met hods of
nmut agenesi s (e.g., error-prone PCR or cassette nutagenesis) to either the
subst r at es ersloggonaiedhecefl gat hasdseronedifisdbwithonrengwiag thegualaic asid figmibey or

R R o S R S

reconbi nat amgirelagd techenuassi ng di fferent) vari ant forms of the sequence as
honol ogs fromdifferegnt individuals or séra ns an organl sm.. ot rel at ed
sequences from the <arfECOTPHRRT ERICSSIE AP 0L SR y%’t COMESIOP a3 Bdent | y
preferred gapadadi®@ainsinich @ehesaietdddtantly b Shthekcaly, &vidimapieica6id ekinags DNA
shuffling. The shuffling and screening or selection can be used to "evol ve"
i ndi vi dual thgenesapablpef @fgeﬁll%WEfélei‘rﬁ\?lsFB@@él sepgiinthogie rempatiglstvathsuclor  even
whol e no ob3and A tive

cycl esggf E%gg(rcrg% na§| osﬁ&%t%géé%sﬁgﬂd;gﬁg?ggkggﬁon c;&%ﬁ eﬁ%)etifor ?rg%@t o further
evol ve thetmmbeoncslar@isdEmtalWMeree@nbm&mrqseemmssﬂntesnccudenenucﬁmndre t he

pol ypept | d BRIRER] e SeRFF iR R g o BRNED BBl oy g0

nunbers of Aﬁlilxhaxﬁdl Cidtord itcésdry oi elpfulrin effetinpéxpssiiecinapalscyclsed as descrivedt r ast
to traditional,_pairwi se reconbination events. K Thus, ,the se

u .
r econbi nat P‘Hﬁ‘“t@fﬁ?‘ﬂ“&ﬂl‘é&“ BEESFIPR EASSHE £ Hspgudequcisatide;sganenges ﬁlﬂ(/ant ages in
that they prawl Qeoﬁaﬁf&qmcgaﬁa mc@e&v\%nOMawe@ga@pfoel@ﬂxm% mtlce@f these,
t hereby providing a very fast way of exploring the manner i n which
di fferent 15 conbinations of nmutations can affect a desired result. In.sone
i nstances, however, structural and/or functional information is avail abl e
whi ch, al though not required for sequence



reconbi nation, provides opportunities for nodification of the technique.
Exenpl ary formats and exanpl es for sequence reconbi nati on, sonetines
referred to as DNA shuffling, evolution, or nolecular br qugg gjpave been
descri bed by the 20 present inventors a@@ co-workers in co- en&
applications U. S. Patent Application Serial No. 08/198, 431, flled February
17, 1994, Serial No. PCT/US95/02126, filed, February 17, 1995, Seri al hb.

08/ 425, 6 fil [ i.al _No. 08/ 537, 874 :
O 425 Ol bbb R SR b Bns DR 0 a8 g [ B RS0
081 621, 858nekkprskidbicah aBe be 1RARJed Behh BkpriRiondBsLEe, 430) filed March 25)
1996, Seri al . PCT/ CTS96/ 05480, filed 25 April 18) 1996, Serial No.

081 650, 400, filed My r@@mblmspelwamtldﬂoor D BE6ABhIBAE, pOﬂypleptzlch b ¢ n8Bn- 1996)
Serial No. 08]721, 824, ept enber 27,. 1996, Set~al No . .

PCT/ L1SQ7¢1%3 °°‘?WW‘%%|P‘§¥B‘E°§?P6§F °§8$E/P§§%Ft s ol ACKC/ A8 #7i94239)
fileds Decs%gt?ﬁfceslzes 3&9\7@1 , ForiBte th bﬁ@ﬁcﬁl %7lg.rcﬂe'§é9c1& o#é&gﬁeptlﬁtee\?ﬁﬁ%ﬁ et al.,
Gene 164:49-53 (19 t'emmrer, Bi ol Technol ogy 13: 549 (199S); St emmer,
Proc. Natslouro&amdlelcSmld otp@yﬁeptx@& cdObely ndtﬁrﬁﬂjl o8ur(ifh® adgleic Semrpo)ypkiptide, e
370: 389- 391 9 et . al di ci ne_2 'l 1 SEP
2002 WO 9‘§/°&§ @%@Vf’g@?ﬁ @é@@t@%muw&w&s o1 g&QWPF OEPl(Oéiﬁcath\%tWéource

Bi ot echn ?tfo?‘ i r ref erence
inits e IC% %lr"éo ﬁ g@és%}efé".‘ﬁ%ho‘i’emm&ﬂ“ %ﬂref&o {dgﬁnﬁggﬁ Q)cionbl nant
pol ynucl enatludxess andiearved ae solnttinng lmgnoibg@rss(t éyhavm: ogiced«ca pelypeptideelhtas t he

subst rates for shuffling in¢lude, for exanp honol ogfous reconbi nation
(PCT/\0S0die5223;  Bifpiamenss a Spog)siretirg andéqrfgwwev <8t ipEreo ey feqrm different

Bot ot el n 5o Yerd s YRR encPls Jror il BEfom BB en: ideapd el 18r by
237: 1-7 (1986} Kunkeerms TidentRaf dripereeit ‘Glertity, gﬁﬂmelce@thtdfftdbroem&@l

mut agenesi s" in Nucleic acids & Ml ecul ar Biology, Eckstein and Lilley,
eds.) Sprmwbeévr aajé of a@ypmrfdmsmt(em%mfer tp HP QHBETBIPEHEICENRLBIDIT UARIS B ar e

ol i gonucl dir SLZeller a Al

T0: “oa57- o8l Trtesos < RelBE T bRs RO HosB Bl iy e bl gy
Met hads lsrameEﬂ'ﬁh’ﬂiTBd)mpaﬂré&ancsgl 5@01(m§-)8§121)r9 caRtgsddehdY, Baieasisll dsirgtoddNF
mut agenesi s (Taylor et al. ucl . Acids Res. 13: 8749-8764 ( 1985); Tayl or

et al., Mh@lfollomcngiseqaesce COBPagIBERIGIRAIS 01988)sua1Nasqmﬁ9m and Eckstein,

Nucl . Aci ds Res. 9- 9698 986 r.s et a cids,Res. 16:
15 791-802 (1988) Ig}f F“%ﬁténjf‘aﬁkﬁiqen?ﬁ% J8 thggon %0%(93“‘% IC $9945%) ) |

mut agene ;&égh@é‘s %Hfé’x%'té 1o&BE AbR s‘éﬁuérﬁé@éx%uﬁ&q(xé%k‘ 8lat hiVeQk ieaHaéO% Acad.
Sci. USA 82y 88-492 (1985) and Ku et al Met hods in Enzynol.” 154:

367-382) )prefmtbé;gé@%smsmcfw@b@aﬂb@ﬁ%dumleendmmlmamdrresduealdequtwwhen Aci ds

R 2. 9441-9456 984 K d Frit Met h En l.. 4.,
Feo. 305 PEMHC RAATEREC ot g SR CsanhTR A Mg ed SRE C0b SRyt DA | ¢ ,
et 20 al .geqNueh cofphiionResH rr"tﬁms 68y v1§§aq9ns§)eét%8i’)efer€ﬂ9' ﬁlb@{‘@sltan%‘dl itd@ﬁ)tllt?

nmet hods |ncI ude pol nt msmatc repair (Kramer et al 38: 879-88
(1984)), axintagemesegonsf thy seq;mmstdahs afi leadt abmstﬁOsesncmeam (eﬁgtrht moret al .

Nucl . Acids_ Res. 13: 44.31 985 t hod Enz
352 403%%3@‘7&)?%' Olﬁcﬁlaéf@‘@ﬂ 0 ?f&:ﬁ'é%‘it)éof)Eﬁ' ugééln Q%ﬂ?ﬁp%ﬁ% mﬂ?%ﬂ‘flﬁnc%?ﬂe.
Aci ds Ressubgténtxagf]%'%gel{n]cgﬁ@ Vé e?s?taﬁétﬁtl'SQ'P%sgcﬁjlgqu-l s&?s%ﬂfgﬁodwen&othe sequences,

restriction-purification et al

317: 2815- aéealt(sﬂaﬁhﬁﬁl)l& 1denuctageﬂethe snthry léngthad)f tgeﬁ(ﬁhﬁg(fﬁght&m s (Nanbiar et al.,
Sci ence 223: 1299-1301 (1984); Sakamar and Khorana, Nucl. Acids Res. 14:
6361 6372 (1988): VEMs§duancarompazisas, tmawal@igueaﬂzsuqnfgsstf as A FRfeePEmergupnnG et

, Nucl | 6
cormer i o MU nertfsors PoRist hehdie o Lhbdne Son M AR IR
Bi ot echnalndg¥ference sequences are input into a computer, subsequence coordinates are designated,
if necessary, and sequence algorithm program parameters are designated. The sequence
30  comparison algorithm then calculates the percent sequence identity for the test sequence(s)

relative to the reference sequence, based on the designated program parameters.



,1 1 SEP 20U2 WD 99/ 41368 PCTNS99/ 03020 20 B. Screening Methods A

reconbi nation cycle is usually followed by at |east one cycle_of screening
or selection for nolecules having a desired property or ¢ dr 8ER st ic. | f
a reconbination cycle is performed in vitro, the products of reconbination,
i.e., reconwplgmBéssegnents, are sonetines introduced intectekiwivefore the
screeni ng step. Reconbi nant segnents cg,fn al so be linked to an appropriate
vector or other regulatory sequences before screening. Alternatively,
products of reconbination generated in vitro are sonetines packaged as
viruses before scregni:ng..: i i i f j iyo,

reconbi nati on produ?p{slﬂglérl{gég{?g??%&eﬂ efgrrc}ro}é]g?]egﬁic%{ﬁcgné:%ﬁ\ésygthMi ch

r econbi nat thetcddomology algbrithmtdfi§mith BpWacahanpAdy. 440l MeooBRhENB] )sghent s ar e

extracted fromthe cells, apd tional |l acka Vi e fore
screeni ng_.h°ﬂ?é°g1_¥ ‘menb?lg%ﬂ‘_@é’gﬁﬁﬁi? an%l‘@é‘féo%%‘é@ﬂ’dé%% ﬁ:ﬂ?ﬂ‘ﬁ%rtgeperty or
char act er i gk fdr SinfiRrBENARAIUPeHsdR& LipenaR! PREINGY I Ucal KRI 2BHEsI. 24uc for

whi ch i nprovenent is sought, and many exanpl es are discussed below. It is

not usual | §9%cwssmpyterizzdimplementaiions aihesn elgavihos (FAP, BESTRTHASKA.ch

parti cul ar, predugts, o WEEo%E’i’R'd%ﬁéch§oé&§99£@kh&aﬁkne§£9€§@%ﬁ%r AIBYE s@£aui red
new or inproved properties or characteristics ftelative he starting
subst r at esScidrog De xXdagiban, Wa), getnetisua] ivgpectiondsaegetarnlcAusube wea/mnfya).conponent
sequences each havi a different intended rqle .gﬁ%.codin sequence,
regul atory sequenceg,gef%&ﬁ ﬁﬁ%‘éﬁ&@ﬁl&a és,sugﬁ’éebfc’??‘?t Y RE %ﬁrffﬂﬁg sequences,

i MrunonodWeqieftd/ideiy MAGE uen&BALIEReLS thRBIAITedgdriem Anhitigie deRfiB&idnt at | on)
and sequences affecting int Eg_{.ati on). Each e conmponent sequences can

f th
be variled AHYIeeti HeaBel Al (BIULIP) Seae PigTigen B BLORT eaf Ehen be
perfor med, ;s o8 5 RIRIbR) thio@8h tB?RQt'fgﬁhllrtrae%er h%@éhﬁol%@ﬁhf&ﬁn‘éﬁoﬂ ncreased

epi somal mafntenance 1n a target ce w thout the heed to attribute such

i mpr ovenenthttp:gweamyncbinlnmeh.gavdi Thidakgorithoniperiessifirg edppefycghigf scofrg vect or. 25

Dependi ng on the part.i ar, scr.eeni ot.0co ed for a desire roperty,
initial roUmey° B gé#‘%gh ‘rﬁlﬁnt@’gﬁg g“@%g'ﬁrgg % %‘glhp\gf’? g\;@v‘émisﬁquﬁ%&‘@gf}gl cells
due to hi gdhédrmns] @GhtisPnsorielpositieviied tixadhoRiasee Tfwitet laligHe@ withatvesrd sounds)
and ot her types of screenjing which are pot amenable to screening in

bact eri’al '8, lengileingelRrpashErauFee mh MBI Eh OC8 FHedetel P YPRIcH ¥R 5398 onbi nant
segment s fiQlesHbXe(AIRCHRD & VbR Meidse ﬁx'it?ﬁﬁei%t%o?ﬂ%@& wofd Hifd@bias kliggded use. 30
Final rounds of screening can'be perforrrfed in the precise cell type of

i nt ended usiiating sgarchey thiimblangen HSBegenpinangathemn nghaewprd)hits prg theogtendedimnces,
this cell be.. ined, f [ SEP: 368

PCT/ US99/ 0@8?‘5%%&?8%8@g?°P§é‘ﬁ‘éof%vfm&f‘l‘ *%g%ﬁhssv,&f“%t?’%ea}*éﬁgﬁ“é% eg‘%ér‘n%%i m zi ng
probl ens abcreavad NO@euiatdie tsgoresrard dalcalapd usiegtfor Mikkeosdersequencry, the psshaat i on st ep

identifies g subpopulation aof reconbinant segmant at have evol ved toward
ncqui A% | oM B BB et ol SRR re R e ot Ot et B st ul i
geneti c VagginBehin® FesidBRPAWEsH0)0 Fot HEnS Si@QQuenc B 2 kRFIAF RIANS uReGTENt S Ccan
be identified as conmponents of cells, conmponents of viruses or in free
form Mor ealchiar thheumudaiive seofe. Fxteagnp plfhoyorddite it sagh disggHobwre Balied shdd af t er
each roun Jo i: I ey £ i AL L 0 ty is
desired) g%l Q{Uggt@f&ggféé}g% p%grﬁg{llsf%btygﬁ?dgg@? %E%?“% g{égl I ngac%itg%sdegrrent S

sur vi vi ng alej the tumidetive sodre gaes seatianey/bsioive dus to thezaceunsuldjos of orerimeraa f ur t her

round Qf reconbination.. These reconbi nant _.segnents_can be iched wth

cach. e B e ey e R T AR ah s BEETRNEe FREoBf JREBTASEES, 't os
or furt herajpeaittind piraméttrs Ve af, and dktenmificte sankiriaity ad spésd of the@bigtndnt Thet r o or

in vivo. If the previous screening step identifies desired reconbinant

segment s dLAYMBIRETRM(fymuelentids ,Seqt’ﬁEe%G%éﬁéﬁ?@‘séﬂr‘yén%bwgtléﬂ o further
reconbi natéxg&tz[t)i n YENG) 0 Y cufifbr60, I, RELLGnd OcdrbfakifH o botn/saRSHopat i on in
vitro) or can be isolate egfore performng a round of In vitro

r econmbi natdntmo acBbseqesnses, the BLASTR@rograavisosss estubeanivaylagbW)déhtanf i es

hase Degrdir e BAEAS Prich kb e o B3 FRRRRTE S 8uilr QY501 o

reconbi nat @R .NalhgesiesOnds4 surd15)f reconbi nation, irrespective how
performed, generates further reconbi nant segnents whi ch enconpass 20
additional diversity than is present in reconbinant segnents resulting from
previ ous rounds. The second round of reconbination can be foll owed by a
further round of




screeni ng/ sel ection according to the principles discussed above for the
first round. The stringency of screening/selection can 11 gEp ogyzed bet ween
rounds. Also, the,nature of the screen and the property ‘being screened for
can vary between rounds if inprovenent in nore 25 than one property is
desired or wHognassi ri ng nore than one new property is depifRsheodd6li tiona
rounds of reconbination and screening can then be performed until the
reconbi nant segnents have sufficientlyl®volved to acquire the desired new
or inproved property or function. Various screening methods for particular
applications are de%crlbed herein. In 30 several instances, screening

i nvol ves expr essi ng r’carflé‘"t"éé%‘f?ﬂﬁuﬁé{?ﬁ P ?eﬂé@c‘b’rde'ﬁiﬁy)}b‘i&%’fﬁﬁ@élgé‘ﬁ@@ded by the
reconbi narmsogmfxm SALli e sa sxsfoh@lelsmraﬁg eﬁ%eﬁ%&a&n\e@st(pee e. ErREr‘ﬁh“ t hat
i's ;11 SEP 2002 WD 99141368 PCT/ US99/ 03020 22 di spl ayed the surface
of a repli&aBisehuyE8)irop Mekhdead. Boir Usk KRFIBE3- 5iﬂ7égf-kledn®pﬂrayf swadarbré used.

S 63 18- 1990
pevt i ot Aptibedbyfihe Blady leBfn i s iBhun nap LD, pRédeddin o o
386- 388 ( 1i8&B3tion bﬂdﬁ@fob@&h@!by)whuﬁ aﬁnﬁaﬂbew&n b hedleoti@bd aihd &eidjenet i ¢

packages i ncl ude) r exanple, bacteria, eukaryotic 5 viruses) yeast, and
spor es. Tkﬁéq‘geéﬁeét‘Y%?dd&E‘Hé’dé’éa’%s orx %mquée&ﬁéga 1?‘6\“319?r§$¥1§‘§}arltf’ﬁrarl es are

bacteri Ophéﬁ?e%cé)ﬁﬁﬁéngwf@ﬂel s)hafléslt AP0 Bt HAORMpARG ST BRGERhiYeiPRtags M3, Fd
and F1. Mbst work has involved inserting |ibraries encoding pol ypeptides to
be di spl aylé@reifmr@e aialtiepcidisilgss Bran ghput 9.1 gnore predesahin egethiogbekiy0la atdisi on
protein. 19818 Devlin, 10 WO 91118989;

MacCafferty V%fegazb}%%%%&(asgﬁg%h Huse, WO 92/ 06204; Kang, WO 92118619
(gene NI 11). Such aAhotb¢romdigation matrtwmmjemsae:é sequsmogma‘c sesquegilyadentisaial | y but

not necessarll fron1t e coa epti 0o be displ ayed
Cnd o1 ¢ horto i St Pleris D RAE fth oBfed bleh e oo B iddor
Exogenous ‘%%Mn%%biﬁ%@&o’afe@er@fottﬁélblhdlﬁgaﬁhﬁlgx@g, opnym&ﬁngtdn m¥idcelem nus of
gene |11 or gene VIlIl although other insertion Sites are possible. 15

Eukar yot | con\bi e dpasicelarnusieotidessgquencedind ey siingpw (copskiinnis idgn that sgaveardis ogous
manner . W Mol oney
nmurine | e eesgq&zgﬁrgf@)l %ﬁ‘m‘%gé%"r‘%g%? lélgﬁ E’;\gﬁaﬂnﬁg‘% ?&#E)%F gs(?%gﬁlg{l . Acad.
Sci . USA 92fers3d 4dmPderbdnt{ry h%@lizatﬂudre@seenamr@bmclbie acid ent awrgeepiciegadoide

genetic pac S Inthis c tides are di.s ed fromthe outer
surface of*® F ﬁ@ggﬁg@norﬂymg@%}}a Ca“*gé%ég’“f ?’8‘&95”&5‘5{‘ % SHREEHY been
reported tie b@rgdizhticith&lia tDachioReRSIentedaBREI TR tiigetqolyniassids pores are

provi ded by Donovan et al., J. M. Biol. 196) 1-10 (1987). Cells can also
be used as®¥*€pt% cabl e genetic packages. Pol ypeptides to be displayed are

inserted into a gen%tﬁﬁééﬁmyﬁﬂd@atﬁﬁ'cbndmd% el “tBAkent ByteRAGRSEAnON the cells
surface. Bacterial cells including Salnonella typhinurium Bacillus

subt i 120s, cPsdtieiinths cantrxugl ek, acidhibridizatinn Fxpeamentkbushss 8outerprrdunoni a)
e 2 Ry ARRALIIARAR Nl SSELAB IR Ol 4 S RRGLAHGLAES nodosus,

I\/braxella%’ows es eci a erlt ar e Ted. Detalls of
out er Surfeameoqﬂfc@taE])aﬂa'naére Lcﬂ;mgﬂuamembebb(yblnadaepsecﬁicaw at,hlglbl&‘r tempefdtnBO8 and

references cited therein r..exanmpl.e, a oteln g coli is
suitabl e. Wﬁ‘é"é’is‘é’eéb‘ﬂ%@ﬁt“@g’“ﬁ’izglﬂ" n%?%ﬁ%i“?ﬁﬁgg ’@' ad;%?%r ot her
replicabl g 89808 ¢ec’ﬁ91q9é}qmgﬁhén§sntymdwe%may BIIBHL FObridizdRBY itk Mhucleic
associ ati on between DNA encoding a polypeptide to be screened and the

pol ypest i ddsid Arabes patty shapidr 24 Overwiewtof prindipesn! bybriizptipy andibe steatAgy @hb(e 1 1
SEP 2002 VO R9/:44308 ¢ assays”, Elsevier, New York. Generally, highly stringent hybridization

and wash conditions are selected to be about 5° C lower than the thermal melting point (T,)

for the specific sequence at a defined ionic strength and pH. Typically, under “stringent
conditions” a probe will hybridize to its target subsequence, but to no other sequences.
30 The T, is the temperature (under defined ionic strength and pH) at which

50% of the target sequence hybridizes to a perfectly matched probe. Very stringent



23 PCT/ US99/ 03020 genetic package, which displays a pol ypepti de as part of
a capsid enclosing the genone of the phage or other pagk % ybﬁérei n the
pol ypeptide is encoded by the genonme. The establi shrrent of "a physi cal

associ ati on between pol ypeptides and their genetic nmaterial allows

si mul t aneouwovassescreeni ng of very large nunbers of phagerhgsiozsng
different 5 pol ypeptides. Phage di spl a){l ng a polypeptide with affinity to a
target, e.g.) a receptor, bind to the térget and these phage are enriched
by affinity screening to the target. The identity of pol ypeptides di spI ayed

Lhase mot nElS AT B JHEREY BBS FIENDIIY B b PG Soch RS PRy fof

desired tah?ﬁ{dlﬁﬁ& &dﬂ&ﬂomoﬁ%mhb@amaewc¢rﬂpxb;uérkarwu&aay@wwmﬂhavm&s, or
t he pol ynucl eoti de that encodes 10 the peptide or polypeptlde can be used

as part of thgn @@%mx&ew&aa Wé‘due@m EVHEUR 2R BT R PRSELP P Mo nDdul at ory

Sequences d n and
THU The ol gt e L R o W R R TS LR Bl YRR
di sease$. |An eaatople biinghly s;negﬂnt \sashdmahtlcsus isdhifi Ne(iggg3tC fdnaboqu itself can

t dj t th f t
ggecﬁlgalllﬁg}lgtﬁn e%%?@%/%%s@@ﬂeaéﬁe log%ﬁfile ]%%nng g?ﬁ% Ort1 enhance TH

1 cell dif teMueatiaat Sa@ibrooRChjry.Afoe a G¥saitionef SPObLEE). SO, BBRAGYKIngencand i nduce
proliferati on of B | ynphocytes. The jnvention thus pravi des nethods for
enhanci ng Pa¥ i ﬁ*f?awégraﬂa Oéﬁ%rﬂrgsewdﬁéhfq ré@Ob?bagbﬂe‘mdowQ}lgéeﬁnﬁles%(eéwm

evol ving tHﬁdxﬁh'smﬁg%cgr»&ﬁsrpfo‘f’%ﬁﬁléﬁéf % R thdnS0b huddfidedls lmsg@’a‘PhS""Cng genes
encodi ng cytoki nes and rel ated nol ecuTes that are 20 i nvol ved in | mune
syst eml§ egdrdf momtesTAr sampdmlew stungerichi easlufoe d dipiexgefneg.i wmoredbani 108 vectors. O

Covar ds PO ier=f CRsCE FO 5P | RRGe, b EotuB o ar Bogect [ERBTC  he

host's capa@dléoyﬁdés@ sEger: esraatonp b REGEIRAVIRY GRicoMEntréiofOoflER b @Bbua € Net hods
of obtai ni ng inproved. i mmunonodul at ory, .nucleic acids that are cagabl e of

i nhi biting aéﬂ%éﬁ&ﬁﬁﬂéﬂ%ﬁ?%ﬂ IohYL D45 igp qonerHARITHET FRST SBifs) AR §Y tof

anti gen- spggi {nliGhehe@pérhtsre 1ﬁﬁﬁx@M%t Rhsttabsut B, St toHdMInk oM At the
structures and nechani sns that regul ate these events, nolecul ar breeding

t echni §lesadhievehwith theaddifionofsesahilizingnsenss sushpeformamidei Is generskarsignat tponal
design. Th i i I of DNA
shuffling gr ﬂ&’gﬁzx%r ﬁlé}g r)tdg%gir?%g?ée}r\{ae){%lr%?gbﬁélag \ﬁ?(g)\égnglgﬁaMt% Bat

pol ynucl eobybﬂﬂ&andﬁu%alymhﬂmteg detectiohefia §cidic heleritéaitivo Nudivtacfdy whish dorbi nant

pol ynucl eotides in the |ibrar when incl.uded i e vector
b 2 nt SBRGGTF R GHEL FEH YERTLoBOHEE e Ycar et o Bt aabTe of 1 1
SEP 2002 V\6192hAded hick4hdychdial Q30 2Rt enhianticNITHIE oQUREE W §Bendd dogy bNY an

i mmune response induced by the vector. The screening ste in sone

enbodi #&nt 3Nuh2Gihis sTegied hring &baW!W%CO&%é%%ﬂrwavéméec{/@c%zw%t i ncl udes
the reconbiy@nt polynucleotides into mamalian cells and determ ning

whet her the cells, or culture nmedium obtained by growing the cells, is
capabl e of nodul at i dgfugheriinmaatien metswomsdclc @ beguersds ergobypbptidanare vect or

nodul es obt |ned thro nuci n At ] on are. useful not only
as conponefit §tar§fa]l§éc{?8?'%ﬂls\%§é R%lyP/e ’fi %r FEPS g%%m% UgletcafSdtict i on of
pol ypept i dgmurldgicallyBdistreRtveyitiolst spesifioay bl’uhie td nﬁeq))olytpamde emddddiiby the

adm nistered to a panmmal to enhance or Siq ft Wne response
Pol ynuél eotecens nuslsiseride Ehusih Ralynspfideds R L'}/St“H% wWeticel P A§CHBE hods of t he

i nvention ?&?pegﬁdéj?&gxﬁﬁ)l@“ﬁm@tpeﬁfde@dl%{&tl By MRACEVdiRe sidititi@hsPe used
for production of cytokines and other inmmunonodul atory pol ypeptides that
are themsel ves used Ths phrhssr sgeeificilly (or sefpeiysiy binds tocanranhibpaint’ ot “specifively r ed,

t he sequen Jo) di ng

pol ynucl eo g;ém}:'gg) gﬁu&g}teaec?%h gp %ﬁ rFH.‘o"e‘(rg)écDEJ %L%{t%?ﬁ%’hg%lr sgoqztence used

to produc eblﬁmlng ppidnodtichus wgnﬁ:ﬁnmmbdpreéenmmf theprotimser aafepisdpee flomithe t he

art. . . .
30  protein, in the presence of a heterogeneous population of proteins and other biologics. Thus,

under designated immunoassay conditions, the specified antibodies bind to a particular



1. Imunostinul atory DNA sequences The invention provides nethods of

obt ai ni ng pol ynucl eoti des that are i nmmunostinul atory whent iSEPr#8iced i nto a
manmal . A i gonucl eoti des that contain hexaners with a central CpG fl anked
by two 5 purines (GA or ApA) and two 3' 20 pyrimdines (TpC or TpT)

ef ficientl ywosdusss cyt oki ne synthesis and B cell prolifesatiomoiobdri eg et
al. ( 1995) Nature 374: 546; Klinman t al. ( 1996) Proc. Nat'l. Acad. Sci.
USA 93: 2879; Pisetsky (1996) Inmmunity®5: 303-10) in vitro and act as
adjuvants in vivo. Cenetic vaccine vectors, in which immunostinulatory

sequence cont i are ins rte have incr ased, capacity to
enhance aPn‘H‘Gb dsdﬁéleﬁl?{mgﬁiglnkfgﬁ[{j aFl(SgrﬁcB?@tgférpé Fig} PEIGR! ‘?é SRERINARS on. " The
m ni mal | ghgbliehisedladas& aQJmlllQQﬂ%mhﬁ@%ﬁxd@oletlaWﬂ]tgheﬁé}ﬁlhy wadtomhéy in vitro
is eight (Kl innman et al., supra.). Twenty-ners with three CG notifs were

found to Brateisgient Vhighenepr Weoféhefqur&ﬁfverwa%ém@ﬁeWémgﬁemsynt hesi s
than a 15ad?§5dﬂﬁd@r§u¥@co§@txﬂ?§ﬂ1§ﬁreédﬂa}mant%tﬁa?fsrsﬁgc?e Vs DRGRcisHggested to
be involved in binding of DNA to cell surfactes (nmacrophages express

r eceptior sz pirmulaemmm e\ smw@gemunce@septfmts maly e ubsidriol sdhidapntibPiiset sky 30 el
al ., supra. % 1 11 aggo»%tV\D %Qu 1368 .25 PCT/U S99/. 5)3020 ording to
the i nventh ﬁ?aaY‘ﬁ“f"blP%{W‘ & VLA R U PRI BT EEFTRIG SPOT-PRASE ﬁhtl on random

DNA (e. g. imrhurdgd¥eyi} Weaémmwﬂ@ar imfitbKiehbc2 ity A6 ro@BiR0Mised [Nt
oligonucleotides that contain known 1SS, poly A C G or T sequences, or
conbi nat i BARCC{Ral BEpodiepspeciqaly W‘E’HTCP?WFWGI@§ Patteipe Sea Harlomeandddpe second
forms whi @bs@/{nfzs&méswmmm@hﬁeaz CBIdISMANS HalBBY BubREslcRO N ePork ar €

reconbi ned to produce a brary of reconbi nant pol ynucl eotides. The library
i s thth sdialeweadlend bé@ftaldevnph@s@f inEgaeAsay dermalsang aendlitions thdecanbhat  exhi bi t
I runost i t I I ened for
i nducti onl!;g(t:!{i/fb %E#n%lﬁlﬁ(rg%gL%tlﬁglﬁngggc{}?ﬁ%%w Pﬁ)teéllg 09 eiyecgﬁ of pc‘%ﬁ?a%l?br ary
into an alpgt dqastitaice bidkgmahd signaper. nerdnchgbmnymdallymose thao te@dUne timsés shown i n
Figure 5. Among the cytokines that can be used as an indicator of
|rrrrunost|?ﬁ51‘%f"€ﬂdy activity are) for exanple, IL-2, IL-4) IL-5 1L6) IL-10,
IL-12, 1L-13, |1L-18¢ &Qatlv%fy'rb{odx@a%aﬁé’elbné*o?‘apfaﬁéﬁlaxfﬁb’ Fv'\rfl@ﬁ&ﬂﬁ%e wéndeat i 0s of
IL4/IFNy | L-4/1L-2, 'FN-y, I L-13/1 13/1L-2. An
al terﬁat|!\¢€efss‘eﬁ1e?éhp¢1ym*?i§?m§ltha§en@¢@ 1dlelﬁle¢lm¢ﬁamnehy igentichkarzing #didy to i nduce
prolifer f as Becells, T
cells, asteg'(s:){;’tc %s ﬁr’é%%%tg%ggglsugﬁgt cl)dtea oE%&E%g%%ar{%ﬁR?Qﬁ@&q&éﬁgposcr eens

i ncl ude desteatliynigeritioel sequienass. dfec AROO fAb¢ doganarasy ob tis genatin cedrambress i n

WE o) asen b Trctoll eBie RER Gt agy??fémo*w%%dééﬂg’%% tying

reconbi nagt cqiehy0aU| €ati dea, C8at AGAdaeAJGaRlehcogt Meiafmiricadciduginiecause | SS
sequences_i nduce B cel | activation, and because of 20 several honol ogi es
bet weth smuﬁa%évedm‘?s&é’ﬁé”hé%ﬁﬂé%fé@ ipyperified by 8 codon. the exdop§an brAliedd eot i des

can be obfgl '? d chh& Peotl o§$dswcﬁfxéﬁr ViRl didlikd @8 e d&l;&‘o‘?}lﬂ €tldgLSLRBar' es of

reconbi nan ynuc es can al so be scree ed CTL and
anti body mekemqgie@natmnvwosxandvah@monﬁ fphichark qﬂecmmspﬁ‘r‘pommwﬂf ection)

cancer, or .aut, M nucl t hat exhi bit

t he de5| redéa %?%“‘é‘? ] %c%% F’&‘E??(égé@é& ? 9 %S%H?%ehe(r:ee revgld"g&%d afurther

i npr ovenemlypeﬁndie&ordeﬁhbésheery Ipus‘sfblld sligntavardatioa ) exeept Mereathebeise epeiat ed.

Optim zed | S nces .cap us S .an a uvan f.rom an act ual
vaccifre, 9pe %ﬁg‘?%‘&ﬁ’?@é‘ﬁﬁfg@ ne‘Pé§P° 5ﬁ°*6§°#i§3ﬁ& Bd®netic vaccine
vect or.  Zorgi19 et coa&mm'emnem b@%@ﬁﬁ@wyleralamhem memme i nvention
al so provides met hods for obtaining optim zed cytokines, cyt oki ne

ant agoni smslemdhummdm@ychchbsoﬁheqrdlazibt,eﬂes}o‘r‘sycmﬁh@%@h eef &mmewchc’rdect
I nhibit, which encodes a polypeptide is implicit in each described sequence.

Furthermore, one of skill will recognize that individual substitutions,
30  deletions or additions which alter, add or delete a single amino acid or a small percentage of

amino acids (typically less than 5%, more typically less than 1%) in an encoded sequence are



enhance i mune responses. For exanple) the nethods of the invention can be
used to obtain 1 1 SEP 2002 WD 99/ 4l 368 26 PCT/US99/0§ngEﬁ tic
vacci nes and ot her reagents (e.g.) optim zed cytokines, "and-t i ke) that)
when administered to a mammal ) inprove qg alter an i nmune response. These
optim zed i munonodul ators are useful for treating infectious diseases) as
wel | as other conditions such as inflamuatory disorders, in an antigen

non- speci i nne For- ex €. 5 t hods,. of the.inventian.can.bhe used
o dever o TP NSy rbRlisA S ATy, bereTB? ARRuE rbolfh MRy GERLHE s " The
opti m zedarhioWRRNPEN b 3h@hanPhiaG ik 8% ifodtid eCCHEBH aBl QOB sHutibA tabRR &G HIngN

wi th antigen-specific genetic vaccines to prevent or treat allergy. Four
basi ¢ necglanﬁl@mély&rmﬂmm@bmés wry wethi lotewsrie thart. athd llewsgelave groups each

i mmunot hera[i)%z of .alle Y. First, OEle can.. grri ni ster atreagent t hat causes a

decrease V"' ag’I"Poe?’céci%- aiaR PeisErvpEe f:%sﬁl@‘.lo%ge%f)ﬂﬁ? anothelagent can be

admi nisst ered t hat Pﬁuﬁﬁz&icarl;‘rliyé‘i%@@ﬁ@\lhxﬁln@t‘%&'\%ﬂge é\W)qualeﬁéiﬁg MYliseRukine (BhHhi r d,
cells

one can direct an increase in suppressive C . Finally, allergy
can be treated by i Atmitig Rhesylglanoie (E).Tyresere-§Petiybiophan €¥)ls. In this

obtan n feagents < nasl weRBAuEE, YT Rae TP or nore of these
i mrunot her apeuti c ggal;s. ATQEin@‘?RﬂQ?%in@f(KB,f}ﬁstjnﬁné{Olg)gnti on are used to obtain

anti-allergic cytokines that have one or nore pr rties such as inproved
specific activity) Angiovsdarsieacdt(DonGhfaneic acidt(Epdisparagimei(h),0Glucangiat (Qel | s,
are effective at . a | ower dose tha tural cytokines, and fewer side

ef f edfs. %ﬁé&» §r8€Lﬁ9&K! 984 Preternag W sk reren H&b&”ﬁ?@% %rﬁdamél grounipgs
IL-12, an 8] f: | L= 4 - . I rs,
o oni o AR RSERL I Sefichind A0 bealbg B RS T S pTMRTRAM, 2ho

I Mmunonoded delae 8 singinani@o adidiotiashatlgdrehtge of aninoraciie i amaidodad véqubnat her

accessory nol ecul es. Inclusion of optimal concentrations of the appropriate
nol ecul esrBalsocpprssB@tiyelyarqdibef varatiaesr esponse) and/or direct the

i nduction or repres i‘g{;bs%é% ng{etgéﬁgkﬂ Sequ¥ie o?fnu{zlmgﬁlsrogigl?‘{bs*}%i%%g&

pol ynucl eoti des that énco 'mz nol écul'es can be inclu in a
genetiisc vaaptiRsvect or ,a girt éMelofgdrisByZde oD R eGdencagad a6ids tde, gepes can
2~ be adm ni stered as pol ypeptides. In the nethods of the invention, a

| i brary ofolyraptidpl mgspectipdyynucl eot i des that encode i mrunonodul ators is
created by subjecting substrate nucleic acids to a reconbination protocol,

such as DCHi piptioh! dfitfe PFeanthﬁrElﬂﬁcS&]%nﬁqo"m to those of skill in the art.
The substTate nucreic acrds are typic y two or nore forns of a nucleic
acid that 30 encodeFThapresenmimenisiupravles ofethodt Eredtaining pblyhu@ed?id2002 WO

991 41368 PCT/ US99103020 27 Cytokines. are arm\réjg%}the ] mmn&m)du tors that
can be i niSABYRSAS (et whenfireqdy AbEE et (h&- HHOwS sRinepPORIPRRILY e si s

prof ibhes phaviaR Afikghide réﬁ!oﬁse'\ph kﬁe&ﬁp&?izkéln & vtaglglll(é]@éﬁor? f fQHRE er act
viral, bacterral and parasitic 1 nfections)~ and cytokines can dramatically
i nf | uencecrhiheli@bht, drdyvaltiog@retids mabaldsfesominizingehouispor and preséreatidroafs
di seases. Several cytokines, for exanple IL-1, |L-2, IL-3, IL-4, |IL-5,

| L-6) | L-3ntigeps ghe pptiguzed imigpnompodylatory polypucleqtidegobtpined ysing fheymethpds afg

| L-17, | : - TGR- Vi i TNE- 0
LT LS SRR AR B M P A P "

Vitro or vddciey ©ne dﬂmmm\iamgesi SMenttivvaceiabs RehAphabsethcoiporige ggies opri at e
cyt oki nes include, for exanple) B cell f‘)r oliferation, 1g synthesis, Ig

i sot Yde ssiicodingngmumonmerplatony prodicuiess sach ancyipkines, cosinidatephnplesyles, and

di ff tiafi f THL and TH2. cel| tivatj.on. Liferati f CTL
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I n some enbodi ments, the invention provides methods of obtaining optimzed
i nmunonodul at ors that can direct an inmmune response towa:rﬂal SEJE@Q} ra TH2
response. 15 The ability to influence the direction of onses in
this manner is of great inportance in devel opnent of genetic vaccines.

Al tering th&opygpassof TH response can fundanental |y changectissmsecone of an
i nfectious disease. A high frequency of, THL cells generally protects from

| et hal infections with intracellul ar pathogens, whereas a dom nant TH2
phenotype often results in dissem nated, chronic infections. For exanple,
in human, the 20 TI-lC&eapbvewaey{mbmsntlinbsam in the tuberculoid (resistant)
form of Ieprosy wh fo i.n | onmat

mul ti bacillary (susjcr:ié ﬁ% mlg%lg%l%rqeg P(@% cérﬁbman?ﬂ?rag?s Of(%g%g%ogggé?aénce 254:
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PCT/ US89/ Qatsete? FhEodriagXarm &)caﬁeimre%ubﬁﬁfeemowmhauseauéﬂdetoy is desired,
i ncluding protective imunity, enhanci ng tt he TH2 response can lead to
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mol ecul e nuclei ¢ aci ds’ can be expressed on phage or as purified protein and
t est ed usifergher mproemsnis @ 4 dasined RIPREY SSeAYEILe fespmbinatinpican be wbisvedint | y, when
anal yzi ng vacci nes,
one. oan | AR e R b e R R o p e I Rl o e
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one enbodi nent of the invention, cytokines are evolved that direct
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as adjuvants i enet | on | EN-a a particularly 30 preferred
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1 1 SEP 2002 WD 99141368 29 PCTNS99/ 03020 was the first cytokine to be used
in clinical practice. Today, IFN-a is used for a w de varlﬁ(?gpofggz
applications, including several types of cancers and viral diseases. IFN-a
also efficiently directs differentiation of human T cells into TH 1

phenot ype (‘I‘-’%??”%Fﬂ?hi et al. ( 1992) J. Inmmunol. 149: 2977§TURSRNEr, it has
not been thoroughly investigated in vagcination 5 nodels, because, in
contrast to human systens, it does not affect THl differentiation in mce.
The species difference was recently explained by data indicating that, |ike
I'L-12, | Fy@e bPAURSSr TS redbhbiNaiohOR whin BRBA Rk Sarlit foRRS ofiik MBI i Ne
cells, and STAT4 has been shown to be requi red in (L-12 nediated TH
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structural v i
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dat a i ndi EECEPIRUGR, Provides oppertiniiss feranadifiperonotithe tedhnylises as 30 one entity,

which is benefici algjefpiesfositdshdteR8nSbyof éaqmawpfc@&reﬁﬁiuon&%ﬁ@uﬁ@s of its T
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t r eat ment patients w th renal cancer resulted I n Several unexpected
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expr oss! ot serRPEse ol Bac R b P BRAT e BT B IR A ar e i i

conpar ed Senirh@siAbsSEMVSU0 Adb$E StSM.ﬁfeEéﬂaC @aieu&x l49H5$QIS‘9SﬁSten'!n&r addi tion)
some of the adverse effects of s mc |IL-12 treatnents are llkail to be

rel ated t &ia/{eshepiegyddiag-5pdHGoha tmeef’é”‘{Cuf{a‘tI dlcad Seb iS4 i 198hk K3

shuf f | ng t |; f v edy redu0| ng
t he t8>b<| Ci {%X)e?’keén at i}g%t’%%ﬁgﬁ@% ?U ﬁngE%Q%{hg%ggég%fczné Qret |?c vacci nes
that can induce TH2 responses are preferred, .



especially when inproved anti body production is desired. As an exanple,.

I L-4 has been shown to direct differentiation of TH2 celq$ SErR200R produce
high levels of IL-4, IL-5 and IL 13, and nediate allergic i mune
responses). | mune responses that are skewed towards TH2 20 phenotype are
preferred viveRv/¢jdéseti c vacci nes are used to i mmuni ze agaPasUSBHBMI NMUNE
di seases prophylactically. TH 1 respoqées are al so preferred when the
vaccines are used to treat and nodul at'’€ exi sting autoi nmune responses,
because autoreactive T cells are generally of THL phenotype (Liblau et al.

(1999) 1 oy}, colaRd o1 v Manudbith 40 s 5 Pl RS, AERENT CYtokine i

i nduction'o syn €si's ci én € unabl'e”"to produce 2~

| gE. Ast hhnmcogiochiad Byat@iease 1aﬁtee:aﬁa9€dranepdxpmash an |ncreased frequency of

I L-4 producing cells& and are geneti cal I|nk o the Ioc%s encodi ng
IL-4) which is on c® 8ﬁﬁ§@%§‘3°g?ﬁ”@”&§ leptifled sl f¥codi ng I L- 3,
IL-5, IL- %bmlrﬁmglévaﬁ@ MR cids lubedhs tmmatéf&rsmqﬁﬁ@%cmee%;emb@d T
cells, basophils and'mast cells, is a protein that has 153 am no aci ds and

tuo poﬁelrlthpmlplosplglrwmbylamfi BRTEISBOS T Rar. No. HOPRATRTY oxpamioetias ol y 5006
harany © L A m RS (ortdyial e Smity 36k Ay degeR 150081401 BRPS blisgn | "

PCT/ USQQlQB&)Sﬁbrﬂd‘)d’Szenc@fQH L1-143-1201t(1985); Xairteers Bloehsn. po23n1-7t(he8s); [Kunkelj n

i nducing I QE synthesis. IL-4 is the only cytqkipne kno i ct TH2
differenti gg‘? ?fﬁc’c’FWwaﬂuq]i"t’fe Q‘Q?ﬂﬁdé’f‘g;/g&?% Saf ‘iﬁ%‘?‘\ﬁ,\? ‘%‘2(’2? Féetting TH2
cell diff %@Bé{y BbUsRMh anWlﬂ[e?ae‘Bs' srer ¥ie¥erlah -Bert18gDNIISA Sief Aokl thaet T~ 1
cell differentiation. |nproved - agonlsts and ant agoni sts can be

gener dfed nﬁf’}hoﬁheﬁbf0llscmgdeﬁtldﬁ@rﬁﬁ@?m%tégaélbﬂlse(ZPLewnﬁ Swéthi /el AT Res. 1% r ecept or
consi sts qf Py f and.

an, | L-2R "' %4873‘ 5dok1§%3h§gegﬁgk P’ oénllﬁ'gdrle%geagm ({sdhgg 2 Mgg%}rir%ﬂ E%w"h?al n). The

I L-4R a- chéul I’329-§5@ H@Bé)dphypﬂohhxdbtamddlﬁhd mBIArremegnnams @apipot ﬁ)aé,SNucBOithsl L-4 and

2 chai n alehd oo C A SEpam B ke et ot Bl 47 FEBO B8 S Enct f onal

I L- 4R SolatibEexslelr, ﬂuézemtm 1@!19679%98/(1l986)§JdeiatsC‘ealzl tnichlsial Rés. the treat ment
of allergies. Usin i ds of the i nvention, one can

ffl
evol vé3a 81883 @9$54Saryeréémlgwuglhéﬂti'${§% h%%%lédl%%m RivtageResis W 4. Such
receptors yFCs- cyaﬁmg atésftﬁume?%&epgt PAc@asmn@s@@ﬁ 4§§ h@fu&&é ahg! |

medi at ed di seases as severée allergies. The shuffling redctions can
t ake advakake eod!., n@timdazln Edzyne:ti dis# )86@f3é%)é,rmutag¢nm1dgl gepredidasleX PN

activated 15 cel I pg i et e LN | cal

embodi nent", 124 éfﬁﬁf élAIC g&%ﬁp%?&@g@y |arsnerex§rFélsS$%’h8n % phage, and
mut ants t Imfynbv nd4.t3304367 @19%»7)1; Hrameperan. eNudf AdidyiRey. 18t 2207 £988))f arddFritzldne

bi ol ogi cal activity of the selecte nts i s then assayed using

el | “Bhsodr abichvieid pEs 36887 PSS AL B T g RSP AR BRBST for use

in geneti ¢yRG&N r@ffﬁr(KlrJ:me% e’ @@izss %39@8@(1@M)P rﬁ@@eﬁé’sxsflﬁfnﬁaﬁkir%@-ﬁ&&tB and T
cells, and it al so nbdul at es functions o

pr edoni nah@ﬁtytf@n&i@@%@df oy NPHlM'F'k@BSTUCéﬁl -4 0ES5); &ader, Madpdtivre, it is
consi dere t [ R - actions.
Fovever)  FEOBo5 8y a8 EsL AR oot MUl Bni SR P R B TS

| g- synt heglicils Rys. B4:5¢ 1 5 € 986k eecsaiznph-setectinmamioestgatioaiparificaion (¥eltsieegl ,of | L- 2

or  abF y PR 6t el A (b AL Py e AR unct  ons

i ncl udi ng Qﬂmwgp%e%\a@bOnmgmo(fwM)fSaamtaﬁaxhblwwu@h 38aSRes. 14L-15 is a
nor e recently i dent’i fi ed cyt oki ne produced W\{ multiple cell types. IL-15

shares se¥e6lap37215iA88) dYellsenal, Gerd 34 B1E323(19%) and Srurgsrdm praloNggld | L- 15

i nduce B g I L-15
producti o%’gldlﬁR?{?gﬁsgoigglléglrlé%ﬁ] cgtﬂl}r?mr} msfé%\?@y&xl%crg?@jaéva?ﬁ)é%@% 15 cannot
30 subst i Bid-Bad, mdréhemflntambiicual, dhglidn-Bloteshnplegy). si nce t hese m ce have
mul ti pl e i munodeficiencies. IL-2 has been shown to synergistically enhance
| L- 10-i nduced hurman



,1 1 SEP 2002 WD 99/ 41368 PCT/ US991 03020 32 Ig pr oducti on ~n the pr esence
of anti-CD40 mAbs, but it antagonized the effects of i Eﬁﬁ@

enhances | L-4-dependent |IgE synthesis by purified B ceI I e ot her
hand, 1L-2 was shown to inhibit IL-4-dependent nurine 1g3@ and IgE
synthesi s bdY®O¥4436§itro and in vivo. Simlarly) IL-2 inhiRgTesd903020

| L- 4- dependent human | gE synthesis by upfractionated 5 human PBMC) but the
effects were less significant than those of IFN-a or ffNy. Due to their
capacities to activate both B and T cells, IL-2 and IL-15 axe useful in
vacci nations. | #. fac¥creaningdMethedspr ot ei n and as a conponent of genetic
vacci nes) has been s .

| mprovi ng the speci f‘?gé@g?%@st?ﬁ&ggg L&mgg%rdg%g? aPIfeasligﬁ-Fe xggﬁg%h?%?ﬂgf I L-2
and | L-15 tonse@ecghn ﬁsmodn‘cults'ﬂmvmy,&dshuﬁfpmpm@' amlhhwadsnmfc ifrere¢ombénatioron 10

I ncreases tha advant ageous egf eci ¢ Ed to ?ﬂ_%pe |L-2 and |L-15.
Anot her cyt®8KF RPCBP™EE Y& 0 55 PPHCE® at&fﬁiemri S LHEMEES 4 geneti ¢
vacci nes ace@ehégnttudientiediRee®rehe §oh&nin§\g@§ltnaﬂamb§mhm§rhé&y&hars§ I L-6
iS a nonoc ederl ved cytokine that was originally described as a B cell

di f f er ent i eiiBFedrtaas spropriate vegen or StheiaspY ey PequsBtcs beforasareatise of its
ability to I v sL-6 has

al so been gﬁ%&mﬁﬂfﬁy gﬁbﬁgﬁg?éi 4- |aﬁgﬁgeggﬁéfegg{§¥%tgﬁggﬁseﬁéép% égd%so been
suggest ed tvirases b¢fo® scrseramg. dbteceraltinatipn isqstformedgr vzhmrrmmbgﬁne;ypmmm cgn
because neutralizin o] te bl ock ced | gE
oynthesi o, Sprakndp Serfiikg i v 0D BBt ReclE st ARG
Becausoof rédombpriteBimetddrd/xiia@ed H6m tHeeell, bidoptivhdlatpaciagef asBiraak, s, IL6 can
enhance the | evels of specific antibodies produced foll ow ng vacci nati on.
It is 20 pXFIOreires®iPg useful as a conponent of DNA vacci nes because high
l'ocal concentrati Onsrrfé%tu%fé&bén%{g%@selééﬁ% @&%n&r&%ﬂtﬁg dforMoSt  pot ent
effects on the cells adjacent to the transfected cells expressing the

i mrunogeni chapaérgiais t¢ be Bquiradier ih«rwrm@ﬁorsqbe@i:tﬁm%mé@twmm ipaavament i t h
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exanpl e5of tie myltakir bmstﬂyaﬁhxcwmrtuhnpkbﬂdombfammbmhn@ (t@ombmmmtgﬁmﬂs) of the

i nvention, |s usef eneti c vacci ne | L-8 maf or i |dent|f|ed as
L honocyt & HEA R RECE BRI SRERDEE T e S R P

Subsequent lsyhstrhtbs, SFopBeaniles @ g&eQ¥WactiRe PR td? BIMNfiahE cd ong_nt‘é I:z?ce.ﬁéh@hto
activate basophils resulting in enhanced histam ne and | eukotriene rel ease
fr om t hese heding adiffexgptinepded rele (44.-Bding peayencs, ragheey Grausheestargdtirgr ophils to
cyt oki ne-a maekL e t hese cells
from neut rgiﬁgﬁﬁgta?‘ggﬁﬁl?ﬂ% Se&gbl'iﬁtsa’r ef orgr}{&{auﬁaéo he u:ex:iicep %@&%Z“ ved IL-8
was sugf@eswederting antigl preSERISOEAI W01 GO¢sAIRERSAETIURG)/ B8B20tBS: at t enuat e

i nf | ammat or%/lBevents occurri I ls. 1L-8

o SO e en i it el BB Chbrt o B Sty RSB gt

and | gE sypih@ei e feyfoRgddNfor Bifabiptd, fop Frabbinky seyneRBMat and ifdiédséd @ikolBacel |'s in
vitro. This inhibitory effect, was independent of IFN-a, |FN-y ar

pr ost agl anmaw@zmeuwémﬁ egligrithopy thgnged i a5nputy S%GWP%@B% t‘I@E‘%Wt hesi s by
PBMC deri vegh; Jx&xﬁm&ﬁp%mr&s&;ﬁ&dc%ﬁhe Jeegr to its capacity to attract
inflammatory cells 8, 11 ke other chenotactic agents, is useful in

pot ent Rating the furﬂ,ﬂpmﬂm onph@mwlaescr@nmwmméssed lfCrT@IdstIred@rCIDBW vacci nes
(acting as The nproved by
using the Bﬁ& ??ciu F (Iéf slree FEthods {thrféﬁ%lz Fér?floféﬁtg% %rll)q%tgllx%bglsi%?llg oﬁgéi wth

i nproved spassfdction efﬁtmwxds)amamﬂ ofcummftatermxmdedncemperegmoﬁsdra@mb@ t ar get

cells. Interleukin-5 and antagonists t, C al. so be optlnlzed usi ng
Che met hodHish et PRYAIE (T 9 BIRE HeRecieR: g&l efIFB cRjorgies fomamppliag opls Brimarily
produced Dby thkI%c Iemﬁbﬂa:&?éghﬁn@mue@sa%rm%mtoam%%s% thmamfe@mtex{ded el N the
pathogene5|s 0 l'ergic orders because of its ability to I nduce

eosi nopfi | Final fobnds 0&6:Qr§¢nms camberssfommediin the grecise cadhypenfiinandsddse (e85, gur vi val
factor in e tralizing
rn)noclonallggmglrggg?erse{m“cﬁﬁllgll-Dr ﬁﬁ%ﬁ?gkghﬁﬁiﬁﬁfxné%g?%gaﬁﬁr?gpgﬁﬁ ‘
hyperactivity in nouse nodels, and IL-5 def|C|ent m ce do not devel op

eosi nophilia. These data al so suggest that |IL-5 antagoni sts nmay have

t herapeutic potential in the treatnment of allergic eosinophilia. IL-5 has
al so been shown to enhance both proliferation of, and I g synthesis 20 by,
activated nouse and hunan B cells. However) other studies suggested that
IL-5 has no effect on proliferation of human B cells, whereas it activated
eosi nophils. IL-5 apparently is not crucial for maturation or
d|fferent|at|on of conventlonal B ceIIs because antlbody responses inlL-5

I Y - o o o o o o e I Y



1 1 SEP 2002 WD 99141368 PCT/ US99/ 03020 3~4 The invention provides nethods
of evolving an IL-5 antagonist that efficiently binds tof&r8EM@Wralizes
IL-5 or its receptor. These antagoni sts are useful as a conponent of

vacci nes u prophyl axis and treatnent of aIIergles | . aci ds
encodi ng |L- §9&€%¥ exanpl e, from human and ot her anﬂH|Ia'DE%%@#%§, are
shuffled and screened for binding to iagmobilized IL-SR for the initial
screeni ng. Pol ypeptides that exhibit the desired effect in the initial
screeni ng assays can then be screened for the highest biological activity
usi ng assaybe seandd veith d vibw, ot éxamplef to grinivtizindfroblemS ofiepamdgaiciiged fhis | i nes
cultured in.the presence of reconbinant wild-type IL-5. Alternatively,
shuf fl ed PEYSR achains are screened for i nproved binding to IL-5. 10 Tunor
necrosis factors (aTfdgredhing oPfikclifttitdp iHQRIERS LES @}fu@atl@h SPresothbiAdt € targets
for nodification and use in genetic vaccines. hﬁ which was originally
descri bed sg&ﬂf@éﬁdhfé@ﬂverﬁv%edaﬁsrgférd@mmgormﬁa|nietvyartrapremsisdesxrrécpmsm obf tunors,

17 k |
I ¢ hoohumire el Bhed BRI oo g B3R bR B A T8 e
and i nducesn bdmécmx;ﬁmﬁ hemmoméntsscéwdtsatonmooemsf dfavinosts or in filds ferytt. M@rﬂﬁhﬁn

stimul ates the duct.ion of acute g{gci,ﬁg f‘ Bd i nduces
prol i f er aCPOIPUBY O CHFYPE YsFlectiongen B 5?@5‘75 P Tound of Teqompiaations hogenesi s
of endot oxi n shock.1f Arfkeriiip adwemmhmsiprfo?édw@ﬁes%ﬁ: at Bast BV @bualiyli Ch i s

involved in interactions between Band , 1s rapidly upreqgul at ed

wi t hin f oGpllasHen of reqompinagy segraents SpAtYiRg 2 fFrTaunG ofcEpgRing/seiestian prg St

pol yclignal, Bae@bl ro@et drYabBRa @RS Sh¥&dedothbRBhd sethshid BhBE & Gmbntdiwith V-
Monocl onalto 20 al’ltrlo%ﬁidl es SpEéI fic orer%T F-a soé%t&he p55 TNIII:ﬂ-:I’\"éll rgcept or
strongl y iendhidtier ot ‘gfih mtﬂwssmﬂdm@derm?a&t@tongaltakﬁdbmtbioﬂ'ﬁlubd:rl cl ones or

their nmenbran deficient .for re resj.stant .to endotoxic
shock, "and LBr bt Reehrefriiiaio Ll R RS b B Bt idS T oD

m ce. Phasgednidg stdpiiddnsifittsdeBiged3ddymbaiand segrhéiets dsrcombpornts optellshtgeinat oi d
arthritis are in progress) after promsing results ohtained in the phase II
trials. 25OMPRACHECHOFSUBECteda fi”H\FéWF‘P‘B‘H“%%Qﬁ VY SBeANDS SuBieftedd fFe, evol ve

a sol ybl er&%aalanh%maér daffBE QYRa a&merye;fxmm@ggmwéf,wufoapabl e of acting
as an antagonist for TNF activity. Nucleic acids that encode TNF-aR and

exhi bi t squehmemm \i‘emsctrsa}'y ifgheprevigustshrsemeg mralldermfwed@lrtq/rem@named in cDNA
orart e LERm.as bata of s£ @l nals SR0. AL SLARKSRE] OALES B oSNl [f ed.
, e.g., on

The shuffl nuacl erc aC| s are ‘expresse ich 30
mut ant s arcalssebaﬁirmchrbmmtofbi vich ﬁeOarﬂH}\iFa-txan.Mtheémiﬁrrmtﬂ@fm‘eémbmtt)on | f desired,
t he i nproved &Pé’FSEP 2002 WO 99I4J]HG8 PCT./ US99/ 0302 5 mutants can be
subj ect ed 'TEPIVE By PElommers 8enerales ST GG ARAN, SGEMPRE W RCR SCPRESS hyf £ | ed

genes 7gan i s4bdie&tigthidis BREen®In rBRED iR S8 e re.smmg e Ereai@ds RER@eNi ng.
Anot her target of interest for application of the nethods of the invention

is interferon-y, arihestronérashd ef eepminatipg a@chqufglﬂ@eéﬁvy@ﬁvr@e{:wm ef ne. The
receptor f } SO (o] n of 90 kD,

a 228 am n%g%]crr beégttorngggehﬂhﬁ‘l’ gljrtﬂé'f prﬂxcfb‘(l)é%%s%% rans%££h§%g¥?@§? oﬁlﬁé and a 222
am no aci dtnmg&n!capédcraamag/safleagomcan belinaranssd tetweaen rot&dno‘hlsq,elmpxianmdoﬂ‘tm

functional activity. A single chaj rQvi ffinit ndi_n (10'9
LI0T Wy st apd ey prds SR b g Ha TR PR GPPCIEBhEEE o e | ze
upon bk gamgnkhéighopéty if B&irbDsS Cadgiidiny mofBat die nkw p%i)%itj' fleatiiegal to that of
nouse at the amno acid level. The IO human and nouse recept ors only bind

human and Asgiiienal Femdy of reeagbination widycremipg anithen be papbermed Hetildhenel pox vi r uses
have hono r sequence
i A e B A A e
vitro. Theseetoduogwes bi nd human, bovine, rat (but not nouse) |FN-y) and
may have in vivo activit nlsts 11 eight . telnsare
conserved in hunanc\garﬂ?%%reci'@"w}%ﬂsg{g %pll‘cAlb(?ﬂSﬁIée fclnég&(eée‘? vacci ni a
Vi ruspol Fiikvwefal pelaiiqee ptieeesg mudndésceaprmgmgsmeme&mibu&nq;@haam P619septide’

extracel | ul ar ortion of, MmFN-~yR with_a kD of 100-300 pM has been

expr essed ePePdehieihe T%@PP@WW%‘F#@H@CSM ‘WEWW%%%OT(S&“M%WN%P of human
SLE) with nsl FN-Y receptor (100 ng/three tines a week i.p.) inhibits the
onset of glonerul onephritis. All mce treated with sIFN-y or anti-IFNy
mAbs were alive 4 weeks 20 after the treatnent was di scontinued, conpared
with 50%in a placebo group, and 78% of IFN-Y-treated m ce died. The

net hods of the invention can be used to evolve soluble | FN-yR receptor

pol ypeptides with inproved affinity) and to evolve IFN-y with inproved
specific activity and i nproved capacity to activate cellular inmune
responses.. In each case nuclelc aC|ds 25 encodlng the respectlve

e o o



nol ecul es can inprove the efficacy of vaccinations (e.g. when used as
adj uvants). Diseases that can be treated using high-afthlg N- YR
pol ypepti des obtai ned using the nethods of the inventio Ccl ude) for
exanpl e, multi Ie sclerosis, system c |upus erythematosus &ﬁLE) or gan
rej ection atP&¥P8eat ment, and graft versus host di seasePC PP0phe
sclerosis, for exanple, is characterizgd by increased expression of |FNy
in the brain of the patients, and increased production of IFNy by
patients’ T cells in vitro. IFN-"y treatnent has been shown to

si gni fi cantshly@XACRE Qface dhige Ic&cﬂeﬂg@xeﬁd PhcRORIF R Skarh e, BAkel dikplly @8l be 10
Transf orm ng growth factor g } i s anot her cytoki ne that can be
rogaled!

optim zed upesl Sagsegi Gwige actli Aead. §&i H@Atgﬂeﬁ%’ﬁﬁ&lj@%@) beMinienglent i on.
TG ~i t e N I cel| types, and
it has al %6'9 5‘%8;{1%‘6%?{9‘3%5@%&6&@5 '%e% at gérki}%fbyg ? Ladrﬁer eh‘e] )é’gl | s of

t he i Mune,59y§o& Othet @plicabld gbhktlllp‘a&cagésdhctlﬁdﬁ; fok exiipdd, bhedrhy, Bikandtid cel | s, and
it al so suppr esses deveI opnent of and differentiation of cytotoxic T cell's
15 and?® NK YEBIeF-easti@rd sRor43as been shown to direct 1gA switching -in both
murine and human B ¢gl Leiid J;acmes rﬂé&ﬁefﬁ@%us‘é@fdr@@ﬂﬁ?hgﬁﬁgg o€ a
transcription in nurine and human orting the concl usion that
TGF- (3 camadgiephigecrartioplarly dilpmenioysnphags, taeﬁpsm@mal agpMil3.FdeapHEiMestt o direct
I gA switc S f ch almat
| duci ng. o cns Monil s Bl RrdiesecRir RAAAALS B oe MgV BRRr U

because ofor gVHI qsfahsnphamfarmprgalﬁxs‘lmmueme Sed, fegctf&w‘EGW@@lIlQSthDﬁtlin as a

conponent t her ut | cal V, cin i.pr d specific
ot vitdy el BeRnireGerEy SRS ERp dErrB A b TP P atRE Ve

i ncreas ed obapefol gilvial.f feh § ACUNRREH cbBprikea Yibh Al sdMBRe, shalR-budt Oki nes
that can be optim zed using the nmethods of the invention also 25 include
gr anul ocymecegssribnirontthenirea Joagretaist RO YIEPEEHy badigplayed sad eityt e gererlBphage
col ony stij ﬁg\éli,‘ ntiation
of bone m?’?@g\?\/‘\gg Fﬁftggg{){ it g?g)rm-l -c%:ly glwrrctﬁ.tgllrﬁ g@ﬁgéﬁec‘sagk}%gﬁgln]%gsﬁ: ‘gtl on of
G CSF and aGwin€8RhsNgerirfinus afigdny Il mpgeovélllﬁ elthough gthéminsertbvosdesmes pasible.BM)
transq%ant ation an radl ot‘perac& ruseﬁ%lcp 1| nf fctl glréss anda ;f%%e the patients
have t© spend in hoelFPaTs HERehrs B DRy £P F0°pPOREE i on

fol 1 owi ng nﬁN?chB@szxBﬁblemSplaG}o@EEnir&c&gﬂlﬁﬁﬁﬁm tB@p'ﬁBd)ﬂM&lbﬁHy&huhneVWI | e G\ CSF
has 127 am no acids. Human G CSF is 73%.identjcal at the amno acid |evel

to muri ne lagkemip vgugas peargeppriogh nlrmea 356 eI 494380 0UST LA AiE It he t wo
proteins gmfb?ﬁ; Ss%%&'f;e%oaggo%%séde% 1¥db§eygen§'f gé FkBES 1At thésgéi?mgﬁe gigdseceptor

(dineric nononeri c an tor for

Gh4- CSF i sredlisphyediram Iﬂuemuter suwfapt efthe sperel Flor weslpter nosds dtotreldl swbtt/is he BNA

encod Ie) E. ependent of
G av Beappen e i S e P SRRRT bl S it sportis wlobBERRAEP IR D
very wel | Dasowandr «/g.J. MoWBioe 96, tlIri@ (1985 at Gedlstean dsebxpasadasweplicalrie gomstie pot ent

G CSF m ght redu e the coséepl tlentﬁeqand to the ealt% care.. Jreatnents

h
with thes@act],‘%eék PlyRePLfies 9 ar§ﬁ’?§|¢ A0 87G° HHaTREC LRrPtEi et oy o
l'i kel'y tolsrbﬂﬁl%Eseﬂ'gﬁfhetcH@s SRANER. Baaaimrs ROy JaBRbHeInBphimsalin R nef
probl ems with inmunogenicity. The nethods of “the invention are useful for
evol vi ng &UURE Paeudlomenasivegirosq) Vikiocholirsg Kiekiirllgpaenmanise NVeisserigct i vity, as
wel | Y1 e.Y: G CSF
and/ or §G\/%@;Eh%8%eﬁe&?g}eégl mg’%a%‘f’%\é{s%e%eegﬁgﬁe&gp\%rm ty,gﬁ]ezs. %&ésﬁwle obt ai ned
f r om cDNAEkdHerialia esi dre pm“eded/elbaelssaﬁectawrfamotsmmrbldesdusstd by bainerey | i brary

For " oxampl)Ubr ks ) A0 RPIE S0 QGRS AT RPN 4R P R B Sui 1 abl 0

host cell sfigbg.) CHO cells), and 15 assaying the supernatants using
receptor-positive cell lines. Alternatively, phage display or rel ated
t echni ques can be usbasic cag%@pwfdssphgm&@éb%r%%ﬁgﬁPv@heémhcmlﬁe%lefWet

anot h S nt o

& ot CURERS e FRIRL KPS ch RS R RGP o 84 pI5PB8 "1
and/ or at totersgrebmsd adé fiwipblypepnidé. dihgephfdiced ksocizivd i previdel ysthe kealicableow f ast est
are selected. Shuffled genes fromthese cells are isolated; if 20 desired,
t hese genes can be used for additional rounds of shuffling and sel ection.
Ciliary neurotrophic factor (CNTF) is another suitable target for
application of the nethods of the invention. CNTF has 200 am no acids which
exhi bit 80% sequence identity between rat and rabbit CNTF pol ypepti des.
CNTF has IL-6-1ike infla~runatory effects, and induces synthesis of acute
phase proteins. CNTF is a cytosolic protein which 25 belongs to the

| L-6/1 L 11/ LTF/ oncost at| n M fam I Y, and becorres b| oI ogl caI I y actl ve onI y

Y T o



30 helices contribute to the dimer interface. Lys-155 nutants | ose
activity, and some d u-153 nutants have 5-10 hi gher biol opycgEp agpivity.
The receptor for CNTF consists of a specific 1 1 SEP 2002 WD 99141368 38
PCTNS99/ 03G28 ofd¥ids receptor chain, gp 130) and a LIF-/3 pece :(020 The CNTFR
a-chain | acks a transnenbrane dOITB.I n portion, instead belng anchor ed.

At high concentration) CNTF can nedi atZ22 CNTFR-i ndependent responses.

Sol ubl e CNTFR bi nds CNTF and thereafter can bind to LIFR and i nduce
signaling through gpl130. CNTF enhances survival of several types of
neurons, a&AeFtipperkegs whishdisplays 4 pelypaptidsiappart @ﬁﬁd@bsléﬁncmmlthﬂﬁe@mdpfsease (in
t;ontrast F receptor
knockout rtrllge h%%%gﬂgg ég%p‘b{'&mﬁﬂn(eét@?%ﬁepgﬁgf%g d%i)?g‘grgtellllo CNTF knockout
m ce exhi lesthblsbmbntdé plwstcsl geositiat whween p@l}dﬂ'ﬁtx&émdﬁl&ﬂ@@ﬁm@hﬂﬁia{y i n nouse

nodel s. De eased1 ex ressi on of CQIT fs so é}‘?Ob er.veéi, n gsychi atric
patients. 2PRASBT} aé‘F TESS PP PeYis aﬁetnﬂm nf fuafarag ‘iﬁ:ﬁ{?f‘ ence 1/100
000, 5% f @Blypéptites BERS dxsgﬂ%%hﬁol e&nh&cﬂvi@x Mﬂﬁﬂi}stb aftgrderde 81 SRLEhiGaha Si de
effects after doses higher t subcutaneously élncludlng

anor exi a, tvsF éaget %@esemb@@@rwﬂvﬁ bﬁ?fﬁlév Q@Senmgrmﬂ@%arwrﬂ?l

Y of )
h i ted i
oot an PoRAREeiBaBERO A hgs (e BRSAR M Bk ol B EmIE PO LT

di ff er ent Usimguirot mgthoal a gmﬂ)@pﬁr&e iidestificd as hdlieg & Wodinp effaity fon aalasires mr@em ng

met hods of the inventi.o e used. t obtain, nodifi epti des
Chat _exhi 67 s SABeRita i e Borarerilhal megieg Bt b haie OB ot 1y s
al so qbt aitieglebideus boigpdptige tMRLB Sk as PhIbd deRghicivacgmnduct ed using nucl eic
acids encoding CNTF. In a preferred enbodi ment, an IL-6/LIF/ (CNTF) hybrid

i s obtained by shuffling using an _excess of oligonucl eotides that encode to
the receptor bfndi ré“"é‘i"?éé’jﬁﬂ’l”?(fgmm”# ‘é’”’é"ss%ﬁ‘l‘edﬂfe’can then be used to

test for lack of biddonnsten drt@atlchliyBinBiidncs 8@PIAGe achiRthtfoniaRd Tj; BTy BCreen is
followed by a test for high affinity binding to the Cir'TF receptor, and,

i f desi r e@¢ll differentiatinnl and Ssephy thg Spsemenfrinferiais disedsee caddjtion 1aeest  The
shuff| ed GATE AREUASBLJRR: BAM RRICLERALE: &AnkAS) bV iiaE Eellsafine X hi b !
reduced i mmunogen upon admnistration"to a Anot her way in
whi ch 1$ he imagendystamt Speeifealdy, slumetéﬂamgcn@td@bwmeqvmes \wenhq“mrtocan be used
to optlmz qve \Wen a CNTF
cDNA is op@lrag%-ry* éuﬁgﬁret% lon acﬁ Qe Sé%%%e thésm"fab}p ’}q\@ggﬁ Tny %%1°40 per cent of
t he total prlNsz‘-atmh@ﬁBdﬁdphoSytsaawhcemedmoﬂ' mugpztovxdeszeaﬁag fﬁzwnhirrc&@ttmﬁent with
optim zed, CNTF, f ei ther the shuffled ?1?0&8’{} u? ressmn vect or
26 i n DNAUTERUEmASSIalaRy PIapeses of BRI IRF2) AP ATy properiesEp 2002
WO 991 41368pRA iR mm&%%gwga@&%aagw&tewamg@ 0ﬁ¥n€§ 2ld raﬁde@mﬁc@em&{%}e Lou
Gehrlg s di sease) etic neuropat hy, stroke) and brain surgery.
Pol yndel emvme@mt!hmunemmeamamkl’m@esge@mrwhs@uwé IngAnEliA YEINUYICES. t he
met hods of the inv [ o At | east
three cl asses of cﬁcgt ?P\lgglqt@fir‘eg 4l<nown a'gdase%ﬁg@clg@r(uc ur &% %ﬁ&lﬁ]g{TDkl nes
(such as topapdsatRlecdlpen) \Tl) €elcghenoiicraad, thgehyhingsowdike Host’ Mﬂaaéity tCP- 3, MCP-4)
MP-la, M che -1, ELR Mg,
'br0) { Pr EHESE A AR BV 0 5 PR ERR oo ot SIRE TRk nes can
attract Otrﬂﬂﬁndﬁnﬁldhﬁto&ﬁ%bclmﬁdx@sttﬁatlaiCeElHdllﬁl ubleTGhhitifinBereRhDE Mg hetvatidipns, ther eby
S

pot ent i at t he i mmune respaonse that are attracted by different 10

t ypes2of éﬁgfﬁamtwesoruanersna%antlz@rspéesfé%wys Bysayprorfyeimitedgnioriation and
neut r ophi Fb%m ﬁ%@@@ﬁc‘?&r%ymd Qc&&sﬁgﬁﬁp}éﬁﬁé u@@@ev@m RAbLiAStRRLS for

neut rophi I's but "not nmonocyt es chenoki nes attract nohocytes and
| ynphocyt eshibaies nbthe nﬁrmnoopmvicb)'m@ﬁsemtmsmwaoné desjgmhocytes. Cenetic

vaccine vectors Canfhglrnsc:%oldg gtj t edigve% {ypxcgl?y vl vengela Qs?enc;[f DNA shuffling or

other methods to create a library of recombinant polynucleotides. The library is then

30  screened to identify recombinant polynucleotides in the library, when included in a genetic

vaccine vector or administered in conjunction with a genetic vaccine, are capable of



15 pol ynucl eoti des that encode surface-bound accessory nol ecul es, such as
those that are involved in nodul ati on and potentiation of n esponses
These nol ecul es, which include, for exanple, B7-1 (CDBO)ﬂ‘Egﬁg

CD40, ligand for CD40, CTLA-4, CD28, and CD150 (SLAM, can be subjected to
DNA shuffli P8t ai n variants have altered and/ or i mprRSEESIYERY i ti es.

20 Optim zed recombinant pol ynucl eotidgs that encode CD1 nol ecul es are al so
useful in a genetic vaccine vector, for certain applications. CD 1 are
nonpol ynor phi ¢ nol ecul es that are structurally and functionally related to
MHC ol ecul@gincidd BUitleARbd Mrerifddhn i mn%cl)dsgﬁld@é\eh'b}//'tﬁe' \’%§tor amgsdrée
function as an antigen presenting nol ecul e (Porcelh 95) nnuno

59: 1 ). CHBep it spntviegivogimeRissrcen swdlve migdwring atgeeetc,fe\{alcgyw vﬁqtoczﬁlaameluwry 25

ef ficient nsfectio target
R S i e s T R °e¥se?est s

i kely to bomsdmédhen bbmainetby gswing se. ce%m@@l@huﬁ&]ahﬁgammrmat rast to MHC
nol ecul es) exhibit limted allelic diversity in an outbred popul ation
(Porcelti  T&RA%%. ), large popul ations of individuals with different genetic
backgrounds can be b%ﬁﬁlueafs&gm%m eI riddufes atkthﬁle@uuo@ﬁgwme'oﬁ&al
properties of 30 CD 1 nol ecul es can be inproved huffling

met hods of recerabingiipa ate uspful not only as EPopLIOf\EENYO wawgsaemrsp@wes@g/ 03020

Cpt 1 m zed BRAOARA DA TA0R S AN Qo IR RURTHE! e CBDbAL S B ch ) 1O
in a genetic vaccl e enes and thelr optimzation for various
pur poses asmatimatioeskaice or shifran mieume tesipabeo\Rolynbelemide sgqulreat osdiogk pr ot el ns

HSP h I b | ved f [ d tati d
br oce st nguif® th PR peara TR 4L g LS b P (OO AP LR AET or
i nduction oiccxﬁp%fcix eQiséd BEFroMALIbOSY Fdllinkd arRIVARR GRS unonidMRBgeENi city of
specific antlgenlc peptides (Blachere et al. (1997) J. Exp. Med.

186: 1315- 2p9lypepiidsas thaspre themselgsasried th«;yapautgeom@tombylvca@cfarsentvé&deémd the is
ikely 1O sabanesrfe GREnsall P@rﬂﬂdupﬁ&ys&mgd@émwhg BahfIBERs AR and

t her eby i npriove t Icacy o enet'c vaccl nes Ing can be
used to f uddtéresned apd the dedubed aprinpand jeawsnce wsedl teckirodpcd Polyphptidesnsinget i vity, of

heat shock Reconbi nantly produced cyt oki ne,
chennkpﬁ g &§%@w§§°¥ ﬁ%%%rhﬁe polypeptldes as well as antagonists of

t hese nDIecuIes can Qe useg g Eiéencg:th type of immune response to a
given stinulus. Ho f pol ypepti des soneti nes has
short com ngs, incl ucrhﬂ@v&hmnprohailes‘mbthéce of hbtginingppBnseeotidesthatatd t to store
(nust 15 be stored at an tequi renent_for | arge volunes. Also, bolus
i nj ect oo RO ST REgieh HiRa & (B EPRBRE. OISt AT GO

pol ynucl eofdxd@ers wata c@:ﬂﬁa@@ kel egmbs &ﬁﬂhesqm%)mﬁr ﬂ.@%) Qrﬁd whher nol ecul es
overcones nost or all of ese pro e, can_be prepared

in high pupmwdeSs(Ts%szf@s) ofaigrdy dyeceevickiiesinthesis aﬁéﬁ Cﬁ?fl Srlifesiion easy to
manuf act ur ericy @dgbés)%mrpw 4 KRS8 TR 0B} PhoANA ! o1 13 of
cytoklnes ovide |ong-Tasting, consistent expr essi on,

admi ni st ra2876anseftskg(§1%9ﬁ)animtty 6e3341A) igerftenr ald aptxas Iaé)gtm@bed vaxs. %ﬁtng safe. The
functions of .c noki nes nd acces ecul es are redundant
and ol of ot FSpRE ST RE E DR RRY R BB e lar R

cyt oki nes pive eitteakddrrap LR cABdnk Ofifiger-petilie aibatly feidaeds afier DNAuci ng and
enhanci ng anti gen sge0|f|c 25 i mmune responses- foll owi ng vacci nati on.

Fur t he#hor éaccmﬁ@nrra ¢ mipimpllengdiien ke ¢lisanwsicotids ok funetionalRetivibria y¥sriy
mol ecul es a ?éﬂ?xgéiét}ﬁlq Lot r?@km %&W&mee@da@nfsm&@mdtmne response

that is des OW n CC|na I on. an exanple, IL-4 has been shown
to direct dgmﬁ@nénmpa:tqfﬁmermfn ﬂrmmeswobmemﬁ@m mao@déendwgm tveGeimotss | L- 4)

| 227 r ot P oPReEs b Gaftp Bl LR S BRRRE S DN ARl PO o
| L-2 and Iﬁmcmbhagamdcpmdrea&wordebr&yadplt yqaeengaﬂmmtdmmonﬁeENNWmmkgr t he

nost useful conbination of cytokines and accessory nol ecules is
et al., supra.).




~ ~ sE~ zooz wo 99i at3ss 41 PCT/US99/ 03020 also |ikely to depend on the
antigen used in the vaccination. The invention provides a 6/ $ER @W2to this
probl em of obtaining an optim zed genetic vaccine cocktail. Different

conbi nati ons _of cytoki nes) chenoki nes and accessory nol ecul es are assenbl ed
into vector ¥OU¥ft} t he net hods described herein. These vEETHSY3PR t hen
screened for their capacity to induce gsmmune responses in vivo and in
vitro. Large libraries of vectors, generated by gene shuffling and
conbi nat ori al nol ecul ar biol ogy, are screened for maxi mal capacity to
direct immune responsafiidgav@icdsventiet, a B¥ANDL Qenetutelitbylubiectied?o phenot ype, as
desired. Alibrary of different vectors can be generated by assenbling

di f f er ent TespEIbiReHOpRRAT BNS, (2.6 0 Fagmanip of bymak imieie, or othst geaginicPNAYt oki ne

ant agoni st s : i y . and

i munosti r?ﬁ?%r{ugl\rég&dégg})&teﬁgggﬁq& 82@?%% a%’ﬁ@%ﬁ@%?%b%@ gﬁ]géloﬁé met hods
descri bed timeeodi The DNA, ghkiqhnnds aalrdst Ciosrprodiseckendtfvands Widdi differafren tdek
transfectiqn and expression. can be incluyded.  If e pat hogens) is known,
Speci 1 o YA Bt EnBaS TBHEg R d s FATROBEN Codite R JBRe) Fre A E bat hogen ban
be incor pgoBhededtigéso these vectors providing protective 15 immunity agai nst

t he pathogens) (as in genejti c vaccines). |nitial screening is preferably
carried out in vitrbhe ey isthemserecnet froidentify Bese recamieant prlymygigeddssi nto cel | s

whi ch ar e i # Siradle i&rﬁﬂun@gin%]\jl&yrg&)%p!efﬁgg F6r egéa;niaﬁr ﬁ@iigﬁ})j an b@%cr&nﬁ@}'olr s capabl e

of producing cytokines that e indicative of the type of [ nmune response
desired. Fujuctiontokine@sygoct®s,in figr upneinpbdictiornes the lihrany yntd en spprapeined t o

identify r nbi pant 20 pal ynucl eoti.des .t hat are _capabl e, of inducing T
cetls 1Py SFERRE A REEsRboras PREGRGH ISR L Pllee, BrieaR HRehioReb AR Tocel
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in vivo, L?Shﬁbo’ gn'ilﬁdklﬁﬂgé*ss?’}dl_l%ﬁﬂ' @5%1??&3&0 t?ﬁ_é _ 6#‘%‘%5?18%’(%8?%@1@:&1 he
met hods_ o, e AMEFRT, AARTOS, 1§ SRR, f AL1 5010 AV ailehaROLREhingD against a

| ethal infection. Another screening nethod involves injection of Lei shmani a
maj or par awithodds tha tieermimstipm dsthoibilBAtBhduagipe@i f¢raamid ablbsripvol g di gnronepl asni ds
are injec .Y i B- i.nt.o e ¢e Lhen~si.ze of the
Foot pad sugpristysier's Biop 1 8 )poREKBERRe bl B PO MU BCOREE®, Dol Ve
det ect i on sagens gclide detkging iridactidnnt @ Ciaotivatibi bash ppdmthgaamysipussibn Beéld | ensi s.

Hi gh levels ipdicate a TH2 re , i level s of | indicate a
THL respo r‘?g E”.rgce i“tlﬁe’éﬁﬂcﬁﬁfpéﬁi'mﬁﬁ%\g ééﬁgg)%ﬂ%@@f H@dé@g‘gggg‘éssf ul
results in ani mal roE&SeMAY LreBRSHcIEdR i¥@ifiNg refbribHmNSolyullelides habCr €€ni ng
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desired i indupre] eelbpolifsuation/discass [ arsauansss insice Boelbactivaronapmid ieeapse @ i nduce
Funct Pong 2P Rt h kB RRbd ekl B e R € e e oat i mul at | ng
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CTL and antibody responses in vivo and for improved protection from infection, cancer,

allergy or autoimmunity. Recombinant polynucleotides that exhibit the desired property can

25 be recovered from the cell and, if further improvement is desired, the shuffling and screening
can be repeated. Optimized ISS sequences can used as an adjuvant separately from an actual

vaccine, or the DNA sequence of interest can be fused to a genetic vaccine vector.

2. Cytokines, chemokines, and accessory molecules

The invention also provides methods for obtaining optimized cytokines,
30  cytokine antagonists, chemokines, and other accessory molecules that direct, inhibit, or

enhance immune responses. For example, the methods of the invention can be used to obtain



are delivered to the sites of the entry of the pathogen (e , the lung or
gut). 3. Agonists or antagonists of cellular receptors LP bgggent i on

al so provides nethods for obtaining optimzed reconbi nant "po ynucleotldes

t hat encode“% Ep“é]de or polypeptide that can interact with a cellular
receptor that vol ved in nediating an i nmune respons&TH§EGHi ni zed

r econbi nant polynucleotldes can act as2@&n agoni st or an antagoni st of the
receptor. Cytokine antagonists can be used as conponents of genetic vacci ne
cocktails. 15 Bl ocki ng i munosuppressi ve cytoki nes, rather than adding

si ngl e pr ogenttiavaacihestand ythenyreagents ¢sg., apsindiiek eltpkines, pat teatike) tiet,then i Nnrune
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vacci ne cocktail, as well as fect can be inproved using the DNA
shuf fling lmqve@speexﬁ”mtaﬁéntmmmvpéwcremn aftpr indroducsion s¥eureerirlis.gaare rational e
can be app 0 S.
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i nfl ammatory responsgs. .The 0 activiti.e ncl ude.
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inhibition of proliferation and IL 2 production by T |Iynphocytes. The
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di sease ( Kuprrfemmahe reffoaS3 Y hedlynuaigotid2E@ipt enkededuioptimozed nipdechles prndice and

acquired i, Listeria re s evated in
| L- 10 defi ?ITS%? ")ré‘la éene% DaCet vec}or o%é%ﬁngzg °§ecu ] %@W%Besc has al so
been sjggestadstidihatd gaobipemidds.f f erences in the IeveI s of 1L-10 production
may affect the risk_of p nts to di.e f ation occal
infection. Famli esI‘IAII"EFI‘ ‘&IP%IP ffhe invepriof, 651@' g WE"“ f‘ﬁ‘gge‘g@ed risk
of fatal. %E&&ﬁﬁm%orﬁmuawpg%@@h b b ERABK (u‘ﬂﬁ?atteerﬂm}{ooacﬁik t¢4 - (1997) Lancet
349: 170). 20 I1L-10 has been shown’ to activate normal and malignant B cells
in vitro, reembinatigoprotogel smbp%laNAtSbquﬂ@gaor mpmetgqocblmohmm tatstafslflidyt oki ne
for normal I ViV | Lci v mal | evels
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t hat 130- 1CGenedas mﬂmmtdo&ulﬁtowfﬁmguitate B cell functl on through inhibition
of the accessory cell function of nonocytes. However, |L-10 appears to play
a 25 role in the growmh and expansion of malignant B cells. Anti-IL-10.
nmonocl onal anti bodi es



and |IL-10 antisense oligonucl eoti des have been shown to inhibit
transformation of B cells by EBV in vitro. In addition, B cell Iyrrphomas
are associated with EBV and nost EBV+ | ynphomas produce hi ggo#g

I L-10, which is derived both fromthe human gene and the h gue of I L-10
encoded by WBWAIMSDS-rel ated B cell |ynphomas al so secr eP€T/li$gi320 | evel s
of IL-10. Furthernore, patients with %tectable serum | L-10 at the tinme of
di agnosi s 11 SEP2~2 W 99141368 "as PCT/ US99/ 03020 of

i nt er nedi at e/ hi gh- grade non- Hodgki n" s Iyrrphorra have short survival, further
suggesting a role f I ci es.
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45 PCT/ US &cERhOr sequences
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neutralize the |o ogical activities of IL-10/viral - 10.
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proliferation by T cells, and for its capacity to inhibit the enhancing
effects of IL-10 on prollferatlon of B cells activated by1apt55pqm

nonocl onal antibodies. An IL-10 antagoni st can al so be generated by

evol vi ng IL‘%ﬁ? 4? gbtaln variants that bind to IL-10R with _hi gher than
wild-type affe W43 but without receptor 15 activation. THE/UHY%t%ge of
this approach is that one can evolve anglL-10 nolecule with inproved
specific activity using the same nmethods. In a preferred enbodi ment, IL-10
i s shuffled using honol ogous cDNAs encoding |L-10 derived from human and
ot her mamviibi examslepeheesincremseadnitdseldmmuaitgBniesirdciacludigg piotealive ilnmiflitgan be

i ncluded in the ShUtrﬁ%fFé A |ibrar reconbi nants i s screened for

% of %L- %0
i nproved bFHBNHEE 118 npq Cap dead i ingreassi aptivogy predvcjiongrpickaripiEdnd t o
I L- 10R can be reCOVqr}?e‘ibepyl‘p@@&!s'afelp'rc;&aymggt rta@t%ét@ﬂgﬂs%fthe}_rﬂfnﬁne
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receptors%t&@‘f%‘ﬁ??«gu%'ﬁ fgﬁg IILSIQ fd é%ﬂ@?dﬁ%@‘“ﬁﬂ%cyt es,
proliferat ppimaforBoRRATT1 68k hétvate MAcrRPREN Qbriititi€ cdllsafld BbhRAL thbagolpgen
previously generated illustrating the (gener al feasibility of the approach
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nol ecul e) B lravuvwatemnﬁgmemélégrﬁa Wé’“?lrf?rﬂi’r’?‘ﬂ%ﬂ (%rm'afe SHViHes F-ar) when
using related but distinct nolecules. Through 30 using the nethods of the

i nvention, one can obtain agonists or antagonists that avoid these

potential drawbacks. For exanple) one can use relatively snmall peptides as
agoni sts that can 1 1 SEP 2002
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cross-reactive inmmunity to the natural nolecule. In a presently preferred
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peptide or polypeptide that exhibits an enhanced ability to nodul ate an

i mune 3r edpRdASeCaR in papirast jo umnisestense H deesdotiaffasl Tmtedi fiergntiatioe i reise- DNA

shuffling : | LD ; kizowh; L0 t hose of

skill in t@é S%trc{g.?alggrﬁ Ea’geg‘ig%d I gﬁ)&%&%gﬁggg?éﬁ%@&@%ﬁ%ﬂ‘% blg ’ f(gzq)i(lqpérlessi ng the

pepti des emnoeteST ATy actieatibn riauman nellstbet ot anmivire cells, had §TAT4 Baspegnul at i on of

replicabl e geneti c pack; and. i i.fying those ers th ind to a
arget of ShEp b febactn 032 Medialsd G AR T SERE oot e

pol ynucl eggp.dgs).t hat are obtained using the nethods of the invention can be
used in several ways. For exanple, the polynuc]eotide can 20 be placed in a
genet il€ vacci ne vecﬁaﬁ’fﬂfyQh%é?ur}glﬁélséc?ﬁ?ffﬁ%?dIB?mCé’pfSF%WIé}ﬂéIFé‘}cﬁr%iaén cont r ol
sequences, a6 [{mj I j p b i tion of

t he vect orsu?%%tatgb%g rram"raafpd %52}%?? , tdﬁigﬁél 3?’32’?@8@? e dé{a%%]tgﬁgﬁf)l aced in

t he vect orl 08 st ud estombinattecanddigemeratesfoem the netral Hiversity indbese genss.dion (e. g. ,

genelll or,geneM 11) jn order to.preserve the conformati.qn . of the mnetic.
A tor nat 1 475 P sl e SRS Bl et R E Bl ot Saf PPl e el { oc
directly inikads foe tRitek sreRionREOBibIRGicEleEae BE fisidh pidienURNAtleophagsi ne to form
a codi ng sequence for a "m notope-on-antigen”_ structure. The pol ynucl eoti de

that dhcodEsomtieants yith isPeavehPaiency gehseireivibtRiellecainbyes selestvaly Bmi ra genetic
vapcine, @b, 6adh R8vilS 9eud® @Bﬁa{&%ﬁnﬁrﬂiﬂ?ﬁ‘dv@dﬁﬁaﬁgkém‘ﬁ-é?écﬁ%&g@lﬂeﬂerEd as
a vaccine. As one exXxanple of this type of applicalion, a codi ng sequence of
a mimeti c sgegad fdefurtberianalyiviusined scretoioamutsnts il optimabeapaditato §@cehdodes t he

"M | oop"” qf hepatitis. r i [ [ i Ml oop i s
a six am (railoffeg%lg%fwglé%H%I‘Lépeglgaﬂgh@gg Sgi%geog?m({}gg@g% h"[e)‘”?‘}ecg?%ﬁé@ﬁ fchis
found at arddn@ion idinQiGRRINZAT2yMEL@He41BGEs ok8 bPETdiIEBP AR spadfids 139- 147
(nunberin ithin the S protein sequence). The Ml oop in the natural HBsAg
pr ot ei%h i%meg%Y&O@ESWW n ‘ﬁ’é‘&%&ﬁ%ﬁo WPB6W RFHB 7 (Chen et al., Proc.
Nat ‘1. Acad. Sci. 1USA.s SFhapd B FrcdQRlent $A9GIhatheeqs B Naspoascchamiet al .,
the M1 oop forns an epitope of the HBSAg that is non-overlapping and

separ at e hesalsodieen diawn tq atips Bradpivanteadephagselah sesporsegeleniss sgrtie he probabl e
Cys- Cys di fi 5&9‘[‘1 j i iel 4 pﬁr_t- in, am no acids
139- 147 a?g&lﬁaﬁ%\% |ng’é}lg§%ﬁ>zlgﬁg¥%&§gt$1§% zlng:gtﬂl E%%?lyélng t herefore
sim | ar t dukctiatally eunidué eytdkive. dtagthe oslydittetodandriclcpnokint bosvmptadgte, pr ot ei ns pl ||

and pYLII where, mi not segue s ar ced. . Ther one . can insert a
ot ape. GUPRISFLE Lo R SR Prqed oA RRASR air ) FEb R S agi onof

t he HBSAQ (B¥bY\0 £85 iMkdS €04 8T Sternld) ol (B0 BBBKNAIR A8 et USAGTRBOBE an exanpl e
of a suitable target for awgepti de m netic_obtained using the_ nethods. The

CCR6 1 ecepeenntly bieschke eradr{§lP8MEYase Birieli 19: pristeaopstiatod dhpt a fusion betMgem chem
Bi ophys. 0 212- ' ' Lo

14893- 148§§§%nf %g%mtg geggltsﬁé%isﬁé% Ig\é/rclaeﬁ%q %lst %gd‘éyr]%’ 3{% tba Irea{ﬁh?ganmgﬁ&il) nmat ure
dendri ti c gerek bxpresedd separatelg. Thesmdath mdichte that © dcpoasible ta shufftedL113 gsneses of

D1 oS 30 Pk e fordie aten g e B afelchor R S TRRL o O

acti vat i NngroWdiRBrof@inPEAVitide ofe dadubdimalhRfaa bériphetablbod TBgLidMet 0 a gi wen
antigen and thus pronote uptake by dendritic cells after imunization with

the antigen antigen-mnmetic fusion or a DNA vector that expresses the
antigen. Another application of this nmethod of the invention is to obtain
nol ecul es 20 that can act as an agoni st for the macrophage scavenger
receptor (MSR, see) Woch et al., Hum Gene Ther. 9: 1439-1447 (1998)). The
MSR is involved in nmediating the effects of various i nmmunonodul ators. Anmong
these are bacterial DNA, including the plasm ds used in DNA vaccination)
and ol i gonucl eoti des, which are often potent inmunostinul ators.

o, . - o,



guantities to produce an effect. Also nediated by the MSRis the ability of
ol i gonucl eoti des that contain dG residues to stinulate 4P g02nd enhance

the activity of inmunostimulatory CpG notifs, and of |ipopol ysaccharides to
activate macro es. Some of these activities are toxic. Each of these

i mmunonodul ﬁ’toc?g’én Qong with a variety of polyanionic |i F&t3$99%360bi nds to

the MSR. The nethods of the invention ggn be used to obtain mnetics of one
or WO 991 41368 49 1 1 SEP 2002 PCT/ US99/ 03020 nore of these

i mmunonodul ators that bind to the MSRwith high affinity but are devoid of

t oxi ¢ propgleiidsof a6kt BIVELL-C2 PR, efdSing@igectSebdctibn GSILLITHANASS withinat or s or
adjuvants. The MSR is a trinmeric int egral menbr ane gl ycoprotein. The three

ext racel | uR@st PeteRtEetivifioson huan Ticells. fi-d R mutaglssas bapxpresedrie EHE ety ferhe

t ransmenbr OB+ t el i cal
o T P RO B LA SRt AR Rl el

531- 535 ( 1890 contérragdrsro JL- i;Z:meherﬁupg-naIﬁnts tem blembnaarhyed)lbasccb@mﬁplemﬁcnt

pol ynu n the extracel | ul ar
recept gr glgfrlggtﬁﬁaﬁggt&%ﬂa%#‘fsgﬂfté‘i%ﬂgﬁggﬁﬁ to pl astic surfaces. The
libraries can be expicegsftdn @fegolwemdiaaxgﬂordLaplgayes imB gersebit eaRmed t o
identify those that bind to the receptors with high affinity. 10 The

opt i ni zed YeE BT PPSFED ey ifEc T Rorfeled IF Hé’nlﬁa\SPF%’cFleBantfﬁt“él IRBYMPScan be

i ncor por at §flichNhQlidRhd HEReG L Aﬁ'lﬁlégr%ﬂé@”ﬁ%aste% EMPSURLI0 ih iR ieatiRAul at ory
effect on the i mmune response. stinmul atory nol ecul es capabl e of

i nhibiti ngof@atxexmﬁmemg celbqanmtreselmd in|pefverat mmted@d\)ermefﬁaﬂef@par@tt al.

anti gen- fi Vi of obt.ai

opt i ni Zed ﬁgécs ulmﬁ'é te"e cl eéobt’/f)c}ggsweggrd L2 g en egg‘?% &Y © §?neeh%apabl e of
i nhi biti ngvaecrmarahammtgg lddchx@fétsslmﬂtwdDd‘lwhd'leisfthf endlé eisel@Bd inQfircdléongye Of
antigen-specific T cells. T cell ctlvatlogols jnitiated when T cells

recogni ze TREPY CABRAEG to dhoshphsgpd 2teh SYStemtie ROl ROns ot adfitiop soRpied

nol ecul es. @0advBRe PIASHE s £ BNE QéarrAsHd H€NkdlY %%G&lhﬂ@@t&?s'dnﬁsuﬁm such as
nonocytes, dendritic cel 20 (DC), Langerhans cells or cells. Act| vation
of CD4+ T hekftlife(updeaf hauss me@@gmsz | INA ishufling mpy alpw S¢1e@@ptf@ra sharerpalst  an
antigeni c a%‘g nol ecul es) whereas CD8+ T
cel | segecogﬁﬁfﬁéerg% (Pl %‘g?eﬁ?l{]% (ezxg;nf% ex h%kﬁﬁ/lﬁ—f)éeécl ass | nol ecul es.
Tnportantly, howevern, oﬂn@caxgsn geneomvntxnbmataam ingecti Tn2pespbnsdesme pefaned,
sufficient for |%uct| on E’ﬁ rollcdgratdl n and cy ﬁ&Qe synt hesis. An
addi t i onal SREELY SEFRITRTQve aEf 2 ¥pr°fi HOR BESHEF 23S ¥ GREPS, PG red. The
costi nul atsﬁb\ynﬁicﬁﬁ@t'dlfféerﬁﬁdérﬁéfﬂqlz\éélﬁ (WBRB brodtideaig e elSoft1D-4, 1155 lmdmnds B7-1

(CD80) or (CD86) typically expressed on the antigen presenting cells.
In the abs’e"n@@ fﬁffd‘%“hﬁ %%Wﬁsmrve%.lgwe rq%onfesd@‘laf%ﬁ‘i“{ﬁdf’mfﬁsﬁécurs or
T cel l arﬁeﬁcﬁﬂ:ﬂ geﬁ&c%%i&ek%u&é& t%nmgiga‘mét a@%gﬁe al S0
functions a |gan 1 and However, 1n contrast to 8,

CTLA- 4 nedliseses pra:phoémmlkye Tmegnapcmmraye %sognethrmbwn'endm Yascig& aam@/e@m to i nduce

o O 1 S0 gy RSl M respol Yepa MR MGbe ThAIped?r AN AT
PCT/ US99/ C@Q&ﬂly&ﬁ' TRT pherdtige BAblau bray.€1986mmhoiMToldy 163448 .ll-oisraigtileat e

several immunol ogi cal responses, d the been jnplic ed tq be of
i npor t anc éMYShPRUHE CYRFnnE ‘P‘B’@ﬁ‘?'h‘if I swﬂ’eﬁéé};aﬂéﬁF‘Bﬁs‘mc%{ Fé‘? 10 BB SN t y

and cafxceryr CRREmb BRS ARYiANEL @@daﬁteuqvlbh%%mseeeﬂséqqe&y%xmeﬁl%uﬁtﬁh 7-1 andl or
B7-2 have aI so been shown to have therapeutic potential in the t r eat ment

of the aboebs, nednm 9mdca<blvéla!ep§é@ thadegus mcpqlrps By frighiethie oefclﬁrpmwlecﬁf(ugenet ic
vacci nes. |II ystr r f__AR zt%g s, but
t he sane prdlsg Bl p e | Qe r58“°§m51§§“c%8‘ﬁ 5? ’F@sﬁ ﬁ‘ t e) excépt |Con4 that the T
cel I's recqgedueed Byrwetivated T cells, basophils and mast cells, is a protem that has 153 amino acids

and two potential N-glycosylation sites. Human IL-4 is only approximately 50% identical to

30  mouse IL-4, and IL-4 activity is species-specific. In human, IL-13 has activities similar to



antigenic peptides in the context of MHC class | nolecules. Both B7-1 and
B7-2 bind to CD28 and CTLA-4, even though the sequence simlarities between
these four nolecules are 10 very limted (20-30% . It is WbSEPaBE to

obt ai n nmut a{lp9g3kd? B7-1 and B7-2 that only influence bindi t ne |igand
but not to the g?hﬂr, or inprove activity through one Ii%ghgg\’?%oﬁ?zg
decreasing the activity through the otXer. Mreover) because the aff nities
of B7 nolecules to their |igands appear to be relatively low) it would al so
be desirable to find nutations that inprove/alter the activities of the

mol ecul es thaspofet, burlht i3onkehs notest Gan Hob i inducmstige naithesispledicthe omly  of

usef ul rru%%t'i(l)lg OQ%ctg%lsrgctgfzail&% ect(i)gmlnexi ty of the nolecules. The invention
provi des PROAs o ‘Over ot ng These™difficulties, enabli ng one to generate
and identify functilapedveyIldR bfcnisanire 8350 wefubindiresting T4 call ti€ferdiistRhat i ve
capacities to induce T cell activation, differentjiation, cytokine

product i onvhemasimproved -4 antpganists.can direeh T eph didiensiation dmipevied ds4 of t he

i nvent k0N o s &ARnfapoHkt aah Bt kR sitddbyBRarkiRNE 120 oBls1dbid DAk rlbdr, ITRE! Uence
binding to one ligand but not to the other, or_ that iInprove activity

t hrough oRlker4IrecgRinEicansists af adérdiagichan {148 kRdighyaffipity binding hnipsad ot He?R ~ DNA

shuffling, is.likel t f.u LB di;scoyeri new B7
variants \X/'icﬁ (T QF sé%@é%}l g%ﬁ%"l@%seg%?enadﬁ% %ﬁ{é}gp%léﬁrﬂggﬁf 3R8D?§ma1¥§ﬂaéfl ﬁ’,& 4. B7
vari ants Whiahd Hcl3 tebépergbmpleRs. Béth IL-4 apd Iy e3linaedeipbdpyiory ation wf thdildecr eased
activity throygh CTLA-4) are_expected to have i nproved 25 capacity to

i nduce acf‘&?&i‘f%%bibtfexﬂ"%féﬂnlg.m'?}gaé%‘?ﬂt“ﬁia%“ﬁ,"ng?‘"s\é&nmi“%?rﬁ ROLFRHIERNYP nd” and act

through Chloidt aWddohdTPil-OR Exbnatd V4 &M@p&ﬁ@dﬁé’ﬂﬂ?hﬂ desdaeanfdonns irduhdhi t hr ough
CD28) are expected to be Eotent negative regulators of T cell functions and

t 0 i nduce of dleegiesnbeing g shfilingmethedpafthe ingenben, onhean evelzoadvide flon- net hod
is used t £ ) L+ 1AL - i i ch have
altered rglr%t(?f \gllreﬁ%:tglﬁgg?ér §veg Sfﬁél?ﬂ%]'ﬁ%g‘#ﬂgg“@é&%‘ %%%61%3%8%0@& ed
to wild-typenBaidmheTy? esl mddintal diseefesrsnathsaptrodillvegids) Thdwhufflidgd erent forns

of substrate. used in the rec i nation reacti.o re.B7 c fro 1 1 SEP
2002 VD 05 8 TN SIS GO T B AEH STRA TRt FERACEH Toe

obt ai ned bylisTRMRGSankA@¥Mel PRintaRe S8 a@fpicak bhboditedt Weshafled 11L-AR lUghaihg RT- PCR
Typi cal |y, genes encodi ng these variant B7 nolecules are incorporated into
genetic vib@nheexpsesseskan anhegsdridgnuantaties Riathto Ihd witeimpenved siisity afet or s can be
used to mpghfyedSTRVLIER SRR bE fhe Tl Gl miGRPRARAS ssaYRA LM el DALy har bor B7
genes thg?ggé%dcpzérﬁliﬂysgagta mougﬁ eCD28 rr<'§1re usgr?eul ssla?\{ I n@ﬁcfng% ?or

exanpl e, pssegsective i mmune responses, whereas vectors that harbor genes
encodi ng B7 genes that ficientl - the h-CTLA-4 are usef ul. in

i nduci ng, for exanﬁ??@?%&é?gﬁgéOé{, acﬁll(iaarré@éjro fozilufee’ﬁfgﬁqlcgrgccmes'U‘2

aut oapd i gedts segbwihdactorded defivatddB SiTEcedlstana itiatso Snodalaeh tirFundiodswfor cell's or

cell s induci &% aut oi nmune, reactions, the antigen 10 rrad:/@al ready be present
on the suPatedlsdi-2iparefomigantlyparducedydl i Hige J4Fll slopespamdniberséqis.dds nay be

transf ect ggsjqerel RRIAPREMBR d%fl?%&h Eg?@l%}peﬁéﬁﬁﬁﬂ? PRk .'d;-@cﬁvrhvgx?ﬂ,ez alsb gure 11

illustrates a screening protocol’ one can use to 1dentify B7-1 (CD80)
and/ or B7h® pp@DB @irecy affectanngreliferatidnand 1g-smthesis by Bealindhe gompmex nduce T cel |

activation or ane and.t h Licatian of thi t kat I escribed in
nore det aﬁm}mnor%l(l!aarg}%?' 8r°R"."m%Ls§%é§\9/§rrear ﬁéézlf)egrl%glé éesno gog%gg%ﬁicheét%cg’t he
vari apf s oaitchhevettdgemortdhior at guagpike andondtipladefageinahdit muny tfarsonsy - based

sel ection, systens. The l|ibrary of .B7-1 and, B7-2.nol ecules is transfected
it o cel | BENRIEE SRRt A R B APRE Ll 1 BTBr o T cel |
or any celdentifdd@ylokRBpaddtkel by bRiplesdRBEyRS. 10415 BhdrésBel@4l, Bt nbKQll,
cross-reactivity with man regardi fﬁg B7 'l i.gand bi ndi n_g). An i nt ernal

1y arep

mar ker - gesivitien With [L-3cBoth k-3 eedilLi- 1 isdureB qel gpayvthpnd diferertipdion.odowevaber per

cell. Sol ubl e. CTLAs nd 28. nol I an. I f,Qr in the
FFow oyt oRBER eI SRR aR T SRR B0 M P R OB kiR 10
porti om Ofubk@errol tRE filnetidn@f [IVP irOM D, biRee thtsalmitd Haye afultipkee nol ecul es and to

enabl e easy staiping. by |abeled anti-1gG mAbs, as described by van der
Merwe et .UT(O??HW%*FS-M hap dgen shgwn tojypeFgisticpy ephapg iﬂ%ﬁ&f%@?%m t he

| ibrary of B7 nolecules are then stained with the




25 sol ubl e CTLA-4 and CD28 nol ecul es. Cells denonstrating increased or
decreased CTLA 4/CD28 binding ratio will be sorted. The plasm ds. are then
recovered and the shuffled 87 variant-encodi ng sequences i dbAt$ER @®W2 These
sel ected B7 variants can then be subjected to new rounds of shuffling and
sel ection, dRPEIEhey can be further anal yzed using fundiGT4fa1038%says as
descri bed below. 30 The B7 variants cagp al so be directly sel ected based on
their functional properties. For in vivo studies, the B7 nol ecul es can al so
be evol ved to function on nouse 1 1 SEP 2002 WD 99/41368 52

PCT/ US99/ 0@ @28u6tednl 1 the BAGERE b PdntiCOD A ASs, But ihan?ldgintdidie Wl Jrutant-B7
nol ecul es are picked _and the plasm ds are i sol at “ed. These pl asm ds are then

t r ansf ect etlalpherdansay ILg‘bﬁePﬁP@ﬁbIrSfilsvi@}hﬁélqyé’““g%% cells. Gty ?tbﬁ’r@a@fbﬂll-g and t he
capaci ti esyQfshLheREniTLt ANk %eﬁeﬁdé?u@ﬁthﬁetI%GT aﬁ@iglEssyhtﬁes?sr@)It}ﬁt%%gro t?n of the
advant ages of this approach hat no assunpti ons on t

affinitiesvier Spdailyf [le? mhéastedili 'E«-Id@ehdmhumand&}idmﬂmse bmdéactmmadedposm bly new

h be id £ I dd
o dendr | 1 RSP 66t e Pt £ e BRI B e oy B pifeTect "

(e.g., w&ﬁelecapm&sza adtiatite beth BSad Ti dellé, Me-22ad Bebs g usqBilay vaemhatidnat Int he
"first T cell gnal " i s induced by, .for exanpl e anti - CD3 npnocl onal

ant i bodi es aC‘TILC%IaF PIRtein aPg e & ROTBRORCH QT SeTa1iS YASEINesy hasderro e WR HOWPYYS tehose of
SKi |11 1 0@y b vt DRLHENGAG, o5 R Rceine 10 IR aSYEA Aol 1 erat  on.

cyt oki ne producti on, activity or expressioh of activation antigens such

as |L-2 rele@qdﬂ/bnetlcomg md%AS Drougbluee tb@DVwégfélumfmathsgétheg}yemwm cT
cell clones as T ce S t te antigen Der p I,
Wil 0 onrrdtils BafeiSy GEi8EhmaTs o MBS on (Veser et al
(1992) J. | mmunol. Aﬂ&herE%mMBﬁpaﬂMﬂaamtaesafoeoptd&mtiofnlaﬁﬁiuiehﬁgerﬁaa enhance
or inhibit T cell oliferatjo r enhance or inhibit CTL 15 responses.
Sinmlarly V&?‘Peéﬁ{:%o“{‘%'to tm%‘k%ﬂnpg?’ééfw&%f&&d? Wﬂf”g“ ad&c(é‘séﬂ%‘R?We product i on
or expres Sdeﬁﬂecﬂfytc%ﬁfe'tl\’a@tv'aé)éh%?ﬂ liy 98508 beASs ABARH AFtrdYiatidr0h 6@ B,

cyt oki ne-specific ELIS | ow cytonmetry can be identified. The B?

vari ants atisulpsesy factor-a bagsdie odith Akjlityriereniandeds rupls sesrated tyacovaredheslldi seases,

al ler e Y/ ich act
hr ouch 20 G0 b PreERhABLS o BEaRcs ARG EP LAt BB RL AR T S
CTLA- 4) withdt Ih&\veari crhhgﬂmedam;f@umn igE synthess bmtlse\mburﬂmmgfantﬂlc-él ls. In

et vity (et el o Dot 0T es S S ¥l TmBtB: negat i ve

regul at or scapdcity to@bduct WICIBRASe 8t Jolent NBtiEies &pdheaameanaml odBQEWYIL-Thus, by
i ncorporating genes encodi ng these variant B? nol ecules into genetic

vacci ne vettepeahanes e keyels ﬁﬁp%ﬁ%ﬂlptﬂéﬁ producgdsfolioyuiag KpcsingtiomdLis f y

ant i ged- SRRRichilafAy fseag! Qé}ﬁ%PDNXe&E&ﬁe% vbdiale MG BOY cFlcHRRBS dhat

effi meje@nt ﬁ%ﬁaccta ?egga%]a@ﬂ are useful in ind uem%{g Sr nga gﬁ%

protecti vebe|anhrm\reé theslpmts‘ééipg qulmwtqnedlf@r@nttmellha‘a@@nt tgéné@nﬁmeddi ng B7
genes that fficient act thro re us A for
exanpl e) G eV ahce an tlhgl Lénr(’g<§/r11(f) 1§f’ Cgkgée‘ﬁl-tﬁgl 2§ op ecfl ﬁétrllwg' c T cells.
In sone sumpﬁbtvtd)a@resﬁbtchvag obuam‘edmsDDNAeshhﬁhrgrwnHiaJvSmBEb HeRefigdl ageoasut 0i nmune
reactions, the antigen. may al ready be present on the surface of the 11
SEP 2002 Whangbs WHEEReH30pCTNS99/ 03020 target cell, and the variant B7

Mol eculses My be trARSEAGH8% dBibiaRpS eNE ey efindesl cvhanﬁédlﬁemsa}@mg anti gen
gene. The nethods of the invention are also useful for obtainin

vari ants tthte niedhods piibe insersiands pesfil ingenetips/apainedi el wasnyiginialln identifiegd or TH2
cell differ t o 1 and
B7-2 nol e%u?géonlgér?hfﬂ nvg’encﬁl g lo'grlllgréﬁ‘)tg“‘loLJ h Q&I\('gt r%ﬁ?&m g{f}iﬁl‘ﬂ; ceﬁﬁt%E%sl on

(Fr eeman @t)soahowr(tb%ﬁben’ndﬁ&mfdr)'r c2lls &id39 adﬁua:tbbanDplats redultmgweﬁ)mcﬁéll 80:

707) . ell differentjation can be by a L oki ne
product i oﬁ‘ $Re frdde ?‘ﬁmﬁﬁ%‘if%ﬁ? ’%&bﬁ%esﬁﬁ@ﬁ gﬂ‘l"‘& ﬂakﬁ‘ q—[géiaf’cF’% qt s of

| L-4, 3oL- %&Mnﬁpfo chokihs-a@tivated Bndotidiigiatll Rldndlhyesd, bhdCik pratectlidesE&Mk from
differentiation whereas high levels of LEFN-y or |L-2 production can be 10
used as a neuFrdpdH-resdiadamags. Thprefoss, endotheliplsal! daived B8 aves suageted tal tered
capacity to induce TNl or TH2 cell differentiation are useful, for exanple,
in the treatnment of allergic, malignant, autoi nmune and infectious diseases
and in vaccination. Al so provided by the invention are methods of obtaining
B7 variants that have enhanced capacity to induce |IL-10 production by
antigen-specific T cells. Elevated




15 production of I1L-10 is a characteristic of regulatory T cells) which can
suppress proliferation of antigen-specific CD4+ T cells (G oux et al.

(1997) Nature 389: 737). DNA shuffling is performed as descr#3eSER 2802,
after which reconbi nant nucl ei ¢ aci ds encodi ng B7 variants havi ng enhanced
capabi | ity WR9%4h¥8cing | L-10 can be identified by, for eRGHAHIYIEL| SA or
flow cytometry using intracytoplasm csgytokine staining. The variants that

i nduce high 20 levels of IL-10 production are useful in the treatnent of
all ergic and autoi mune di seases. D. Optim zation of Traraport and
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{del ta) amdenyof epshitdiwi}-8 wBbdhpravadepiciaactvity ankdangith impreveieqpieskiondh eavage
speci{)d'cit of 11t he proteasone and can enhance class | epitope
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recently di scover etht@egkig@3s H¥RnfbeHiE theresf!6dh a3 Heloptifzed nsindr@eol ogue MC14,
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i ndi vi du r ot eas C opent s that..ar ecifically i.nvol,ved in class |
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et al. ( 1996) J. Biol. em 271: 17275-17280. In a preferred enbodi nent)

fani |y shinemizetwvitssupgtimal iconogpitatipns i dl-di yut Backen cffegkrn legyuiesiagb¥ prot easone
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IL-5 may also regulate B cell function., including IgE synthesis, by autocrine mechanisms.



1 1 SEP 2002 WD 99/41368 PCT/ US99/ 03020 SS After the reconbination reaction
is conpleted, the resulting library of reconbi nant pol ynucl eotides is
screened to identify those which encode proteasone conponkht&EPha#eng t he
desired effect on class | epitope production. For exanple, the reconbinant
pol ynucl eot iREY4L¥A be introduced into a genetic vacci ne V&SP ch al so
encodes a particular antigen of interest. The library of vectors can then
be introduced into mamralian cells which are then screened to identify
cells which exhibit increased antigenspecific inmunogenicity. Methods of
anal yzi ng pr ot easonerGhietiidypraVifes didal B olvihe &Qﬁ.s%agm&lhaﬁ oettrup et
al. (1997} Proc. Nat'l. Acad.” Sci. USA 94: 8970-897S an d?oettrup et al.
(1997) Eur effirientlprbindhioland aéitraB@81136 or itshi@ceplare T hest hntedopistsauneusefuhasese t he

or ot easore BUETKES “HEURe KA ro PR TR N PR Ee aBOHPS S ¢ he.

pr ot easone eagsdingiILys, fof Exadiple, fofmihui@n andcthdr Snagtiidlied dpeties, Rfcafefkd eldass |

nol ecul es. Such nol ecul es. can be applied to gene therapy protocols in which
it is desi reBFed {5 bindierto imraohibzed HogRAerdhe ipitist sceseaigenbelirsphidasdiats expr essed
in the cel leghig$ iR de§Rl ete®in twﬁnam?eemgaﬁa%,ca&m%n gock b LRy WRIeQt her wi se
be processed for class | presentation allowng the cell to be recogni zed by
t he i mune bijegicahrctigiic hsikg agkpyasich as inpibtiowohgrowih efyiL15Mepdridims cellsdimas t s wi | |
ther apeut 1 & SEY BB R R o b VR L M B Bl o iPE B ibRcea o e
protect ed fchaifs aasdreenetfer ings@ed badinghellspeci ficity of the proteasome and

|t rmy o1 mpor t ant TR TEREIT At FE Shb el FESBPREE 35 OLAEEAS Syst om
be functi onglhoqif@tised uséinfgehdiib @hccaRPentF-of wﬁitaﬁwlawﬁgmn?raegcﬂyéd ades
perform ng DNA shuffling sinmultaneously on the two gene famlies followed
by random centbstivdherayasolat ability 1o iRt pecotsiser morylissclovidia pigipindiat isat e mat ched
pr Ot €01 Y1 I o itk RRSRAkicE BP Elnfob Gllck RSin 1 ufran B0y IRSWRL ISR TR

i nvention provides nethods of Inproving transport of antfgenic peptides
fromthe cyi®sakatecopmand pyesgen tund ihtheeethe gpittasisbEsev el moihflmmmaandryt her eby to
the cel |l surface in the context, of . MVHC ¢l ass | nol.ecul es. hance,

xpr eodt on CEPRAR FORIE BaBeTdes PP EeF ARG RN s e,

par ti cul ar Ifyrdbihsts MPNOMES a RGN @ rble th BE pich¥bEndislop bistdxind@oby Phocyt es. This
is useful in the devel opnment of DNA vacci nes and in gene therapy. 1 1 SEP
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(Powis et al. ( 1996) Proc. Nat '1. Acad. Sci. USA 89: |463-1467; Koopnman
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pr oduc i n presentatli f i I: i n 0 mce
N th drar upt ed TAP ol gbis BThe BFAE, BT 088, MR RER bl Baatb TG
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primates, are shuffled. The shuffled nucleic acids are expressed, e.g., on phage, after which

30 mutants are selected that bind to TNF-a with improved affinity. If desired, the improved



TAP genes are a good target for gene shuffling because of natural

pol ynor phi sm and because these genes of several manmmalianqgpggp eggphave been
cl oned and sequenced, including human (Beck et al. (1992) J. M. Biol.
228: 433-441; GCenbank Accession No. Y13582; Powis et al., supra.), gorilla
TAPI (Laud Y@ %%{1368(1996) Human 20 |nmunol. 50: 91-102), ReUYPIOHRI ser et
al. (1988) Proc. Nat'l. Acad. Sci. USé 85: 2255 2259; Marusina et al.
(1997) J. Imunol. 158: 5251-5256, TAl f: Genbank Accession Nos. U60018)
U60019, U0020, U60021) U60022, and L76468-L67470; TAP2: Cenbank Accession
Nos. U600 JAP1)
Gonbank AQCRES SR KB AR TR St O Teg ™ i A mATERE kel o o,
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met hods ofotrhguifed feferctional atiglty.eA peleshain prpvidkithigh effinity higdiog (IAP108nd TAP2
genes usi .Substtat t |eas for f ~TAPL and/or TAP2
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vectors iQ,. § I . i means to enhance
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contaip the evol ved TAP genes can induce. LNt i ne res S .agai nst
Che. 260 marrgreepert oes direeh amp LRt SUAR 0 PR aeh e aShn o

mal i gnant @ellirehtedfscetdizdt express | ow | evel s of MHC class | nol ecul es using
retroviral vectors gr electroporation. ‘gréansfecti on S’Hi ciency can be

moni tored usi ng markEmediedse theigrantign capbedsedtp gplestobie IENsRtetePt%ncoded by
t he sane : . ; I . i : 'St green

fl uor esce}éﬁ%ﬁg? %ﬁ\rlllhﬂﬁilp I@E%Qﬁﬁlgf’l(aar'lsotqgIeggléfifwon%gg%ﬂggég??&fr?reloaﬁgglt?loélg, as a
mar ker of iiBfroeddfcapdcipto abvatgetieler imamume résponsesorln exthiggiemyclticewdeyt onetry, and

t he eyol ved TAP genes .are then,recpvered.fromthese cells b for exanpl e,
PCR of” by “F8&E¥ irﬁsﬁcitwgp%lmqp?}%e’%c?’@?%?ﬂwtesg%uegéeq‘ﬁ‘ée ‘f‘:’é’sé'é’aﬁ)af hen subj ect ed
into new bby4AES irdDISA UibfatiésRbm Sotivated T o¢lisafuth Kieemvead Bihei grirfidses), ey

optim zatiqgn is desired., Mol ecul ar, eyol yti on of TpP@ﬂen S, can tﬂe conbi ned
with simuPtBisrEgie resemppaionapdirasned th ddeqily; hasg respmpigat nudeicaridsidous

evol utionegydl bﬁolﬁiiﬁﬁﬁvﬁgﬁﬁgﬁﬁd%ﬂvifyulﬁ R cade R BN Bed IRR-/&S e GiBfayy Of
presentation of " antigenic peptides follow ng' DNA vacci nation. The
of shuffled nucleic acids can be expressed on phage, which are screened to identify mutants
30  that bind to IFN-y with improved affinity. In the case of IFN-y, the shuffled library is

analyzed for improved specific activity and improved activation of the immune system, for



1 1 SEP 2002 WD 99/41368 58 PCT/ US99/ 03020 antigen can be evol ved, using
gene shuffling) to contain structures that allow opti mal pqeﬁqﬁpamNDn of
desired antigenic peptides when optinal TAP genes are expressed. TAP genes
that are opty r presentation of antigenic peptides o [yen
anti gen naynga%?&gerent from TAP genes that are opti nal égeﬂﬁ?gg)%tation
of antigenic peptide of another antigedé Gene shuffling technique is ideal,
and perhaps the only, method to solve this type of problens. Efficient
presentation of desired antigenic peptides can be anal yzed using specific
cyt ot oxi ¢ Fxampiphpositeztiviton oémangsltes/mayroplegsiasiangsseneTidvokied - Noy oduct i on
or CTL activity of the T | m%hocykes us&ng met hods %nown to, those of skil
in the art MOFCEE 7 MRAALET Wée S Sh LS AR I(%)Hl(ﬁﬁéef“ﬁ @S AYBYANS 10 Seauences
Certain proteins areibaids eat ¢lbg ke usighesiSatifine IFKNY RN pepars | epi t opes
because theg are nore readily used by the cellular machinery involved in

t he necessé

tgingd eingcthe methedsor tieanvgntiondnptliudsp Pr prasyde: Multidhsclerfés. i nvent i on

provi de drftRHhd $568ioR RhHRERL
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degr adat i vdiseasep¥ultipkdilarysis,fordxample] is elpiractgueediryeisenssad expresaiod of Fd-use of

t hese pol ypeptides ;.0 ephance, .presentati on o epi.t rom.ot her

rotei ne. PR RERAB R RER P R SRRl B S et A D C PR

| nduci ng SENI¢ GeameftGld K2kn sihinGh sig@ificdnely saeekbhte teadideysel(Rl RhPAsO@EKE cl ass |
epitopes for the purpose of vaccinating agai nst the pathogen fromwhich the
heterologoH§“§ﬁF;opes are derived. One 20 exanple of a CTIS is obtained
fromthe hepatitis Brraifbam k BeRr §1*dﬁn§fbgz anaﬁir&ef\pﬂaﬁéth%&ﬂ pshown to be an
effective carrier for its o CTL epitopés when delivered as a protein
under cert aptimigeshidi vsedmgenedNActimsusing Heimathods ohthe inventiodsTERBrhes gionth t he
HBsAg al so_i nduces..hi.gh | evel.s, Q Ctivity. | Qventi on _provides a
Shor ter o ST PHE RS Bl ffE W brasdtiel TN PR SRERE “Very
ef fi ci ent | yhotllatoryciffette gn fHEkelBRIf theiitunasydted TAR-Rinhibit€Ptolifarstiontof bath | evel s

that are hjgher. than with the HBSA roteip or,wth the plasm ncodi n
the full-I %@5 ﬁcﬂ&ﬁ@dlﬁ)e}fw@efﬁs&e@&%@m%gf wdgiterergipiap %‘gﬂ"\t}’é‘&df?@ﬁ] HBsAg
i s desgsi begh i cExarmeires s vaditkhewslicaifediTp AfswacHidd R tofh miWnd Rudi-asir e 1.

The ER | ocalization of the truncated polypeptide nmay be inportant in
achi evi ng sdist Hiyas ajsp shomaty induce| gemalingtai tgAscoptirna npeipe pablsymasdhecdlni ng t he

CTL epitop : 3 : : I 7: R552- RSH5;
Craiu et aﬁ'ﬁ’p{nﬁlgg%%gﬁ]}%%%%ﬁ#&?& B,?égg&% &%1%91&%93% 5‘15@%0855). The preS2
regi on and the trandnenbitanpacite i drecpigdwsivitehiflg, T&Fpkis wegfit spesmpbricoh may be
i nportant f he Lndu&t%on qt(@ﬁstronk Q%toﬁoxic.innune .1 ~ skEa 200z WO
991 41368 59 /RGP 33523 & IPBIITE PORRIRTSR! FRBUY Pufi€ a4 ET'S pol ypept i de
has a $0 nphiarkdal WeidIb&alss BLitFPofAt atilprolifefativSefROGIJH-Bist@efaf 4sach one or nore
het er ol ogous class | epitope sequences to the Ctermnal end of the

pol ypept i deonyones of theeneutigel cencerayaptipgsnl @y vaparpraved pregifisipftiéardemat i on.
SUCh. SeqUEReR st e difBiiale AR Rl Quli ey ha3ied baRILORERDL CGAR2IAY

mechani snms. The si ze the pol ypeptide is not subject to the nornal

constr ai nt theofildttppe TGE-Bve HBsAg structure. Therefore the length of the

het er ol ogous sequen nd thus the nu r. of. include L epitopes is
flexible. This is s%%ﬁ?%‘nse?: &g ?’%%Htﬁwg%aﬁls’ﬁgéhﬁrné%(? s‘?gg’ a Vie?lq[nya?{go i ncl ude a
| ong sgfjueticRde graindodytet@loni stiraulatingl fidt] (6-C8FR) and granuicdytethassphags@ipagnces, or

alternatively different variations of. a single CTL se nce, allows DNA
Shut 1 ng FERAGHSIEY (Y GOF)agBRF SHOKIRE RSE FIGERTFIR CADSY TFGAN HEE et hods

of obtaini gg ihﬂ&%g%ﬁﬁkﬁpﬁg@}%g%& REmLRRGEs dABFWh 6v-CoFusRIfCHs Ccapabl e
of specific lysi's of ctells expressing the natural ;gltope sequence. In sone

cases, theimmavstresovery fiom pne mawew (Bl trirfsplapfetiaqpmand radigsbereny, redugingiuced by t he

nat ural epitope (s anpl e 3 d_Fi e AS- | L may be
dr awn fron%"gec%rgealnﬁgpéﬁ@crptgg?x&ehaél{gfsg?nggﬁﬁ?slp g#‘tﬁgffelsﬁ uégcfgg‘)g/[%t% nat ur al
sequeng@. pdiidiios foMdYing N R 0acina i) CRESE &nelys airincdacit prerine whiloPE(-C$  be

overconme by recruiting T cells fro | arge ool. In, order to.discover
such | AS, DHid 24ARH a8 R aiSF SOl 1B 2 eeriing FRREVAd BERR Gle
(excl udi ng perhaps the positions of the so-called anchor residues) can be
vari ed over the range of the 19 ami no acids not normally present at the
position. DNA shuffling methodol ogy can be used to scan a | arge range of
sequence possibilities.



20 A synthetic gene segnent containing multiple copies of the original

epi t ope sequence can be prepared such that each copy possefssgﬁ ?[gfmall
nunber of nucl eoti de changes. The gene segnent can be Sth I create a
di verse range of CTL epitope sequences, sonme of which should function as

| AS. This PrO¥&d¥8is illustrated in Figure 4. In practi cRGT/EAP/GOHuCI eot i des
are typically constructed in accordangg with the 25 above design and

pol ymeri zed enzymatically to formthe~synthetic gene segnent of the

concat enat ed epitopes. Restriction sites can be incorporated into a
fraction t i q | : I £or I jon of

gi ven si zgsféﬁ(gglg r%?g{aﬁgsggﬁ:%{%%ﬁ%?g ré%%;bge%-)gsﬁ‘?x\séf‘gg?rﬁ%%ﬁ r\?\Aé:eﬂophave

di ff er ent (dmeuewitiekD afd2G0phs munbnete~ potndM)t arsll thé aSptoriier @di-E3Hisacont ai ni ng

Juch as t Tte P higBrprRen Pk TR AR AL AR R o8 bed 1 or
DNA- bas ed rdspahgé ioZ@I0SBN CaN tinds Hepdnaehy 6f GRIACSF dvaillab5¥RudPR2IAVG, $2E9H 368

PCT/ US99/ 03020 60 E. GCenetic Vaccir:e Pharmaceutical Conpositions and
Met hod® ofRONMF pRAsE PEsanEn WoTking yept Belkbas & deviy ddnvisden thediegtmsal iy epensNst i des and

pol ypept i desm ol Hbig: é-@é?gﬁi%meo%?thyg&mr %t%ﬁtaﬁg?ottihpgeaﬁﬂgérg TeRhGYRNt I ng the
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according to the nethods,.of the.inyeptiaon are useful i.n both prophyl axis
and t her a5§5n°otfeaflﬁefqlgﬁ§a?’brﬁ§“°&g§gﬁ‘é@g%{°f] ‘H81I?1ﬁ‘8f ‘th IHOEEEYEYed by any
bacterial, fungal, Thehtthod9sf tBd edntipRhdd QEFRNFor0dvo VHEGICSF aldl6r GRIACEML S
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antigens appropri ateglidrp hewt@FdpRid Fact? (ONTF)AR Bnotidh SuiBRGArbQ TSt bplica@gendi ng,
commonl y assi gned US Pat ent Kpd:ﬁlll cation Serial No. , enti tol ed "Antigen

Li brary 28f thegihpesefithpinventipn. GNTRRas 209 aging geifewhigh exhibin§0% spguenges TTC
At t or ney : TR e .@W}gg Eehikd S dapdtaggncodes the
r econbi na%&a P?lgg%qlég%gl%bggptl J?d?apﬁgbes pl ace Engeﬂr gt e cc?}lot%r' ol of a

pr onot er ) effect, andandicgtsyathesis/oftaputophasé protems SPETF fsi acymsalingiretein whick pr onot er

used expres h i LC I ptide can itself be timzed using
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entitled "Genetic Vacci ne Vector Engineering," filed on February 10, 1999
as TTC Attorney Docket No. 18097-030100US). It is sonetines advantageous to
enpl oy a genetic vaccine that is targeted 5 for a parti Q‘;LaiErPt get cell
type (e.g., an antigen presenting cell or an antigen pro i Zd“ ell);

sui tabl e t awget/aiag net hods are described in copendi ng, ceomosdoyimdssi gned US
patent application Seri al ., entitl gd "Targeting of Genetic Vaccine
Vectors," filed on February 10, 1999 TTC Attorney Docket No.

18097- 030200US. Ceneti c vaccr ne vectors that include the optim zed

reconbi na ue [ bed he n can be
del i ver edra:ttlﬂ:k:O ‘fp?ﬁl?f{gl? %Ou a%ﬁ@r{gcﬁeg O?Srhg 3@%%quan“ c or
pr ophyl actrhafsnieftne dbxﬁappaxsxen u\émdbmeg deI nncarsryd vehhlgh esncerntibg QUIF vered in
vivo by administration to an indivi dua#O qué:l[gnt typically by stem c
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fol |l oned bgrvereencnpxi reenfoh dtfidu aodfirth,hed CNITF &nodkbat rmc@ent}mlernstuph defiond |y after
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): 3251-3260; Tratschin, et al. (1984) M. Cell. Biol., 4:2072- 2081;

Her monat  &erredafanpeonehassasgang BNGE respensive cplb eps. HigshuifehCNET: 6466- 6470:
MeLaughl §am
63: gggzzr g%lg%e)p?hes Cg‘% ?ﬁégtfoat{é%e O%Ekhaﬁ)%\lxkﬁ’lgr{a L%rgcgl%}mu}wﬁéﬂmrl R%rr ses a

geneti c vadminisgatcano benamntat.oduced directly |nto ati ssue, such as nuscle.
See, g., USPN 5,580,859. O her, tho h_as. i,stic"

part i 3 e-nmedi at ed tMRHEF BRhEM rl‘c‘frli‘t esré‘"e°m aé T 6Pge H‘te&ﬁfis °fldf§SP

4,945, 050mvH§BNc§n B3R HRDtiAIR CNTFIs Minbfﬂ%@ecféﬁ"onbﬂﬂxé@@lyﬁéph@@ Whengenet i ¢
vaccines into cells of a mammal according to the invention. These nethods

are usefuCNﬁﬁtCDé‘rﬂsﬁO?WblY Hinkegd ypa iCMCF%HWFBWFMQHQP%FCH%‘P&I) but al so
for ex vi °Q"‘d fl-‘fﬂé&ﬁﬁ;écﬂ'?sé%f-et&lel | s for reintroduction into a mammal . As for
ot her I'vering genetic vaccines, if 15 necessary, vaccine

adni ni st ratr onis rTamadxeadsqs rﬁorareaterentt\mhmtlnnz;drﬂ{%ude&ﬂrhedtht ghudltedof

i mmunQuodul at.i on. CGenet vacci vectors % Urg enqr\{crl $88 | i posones,
papi | P gf’}‘d‘%e’éj"pfeéfl?rb\’ﬁcprés1§ E9Nean peadntni stered directly to the
manmal for transduction of cells in vivo. The genetr c vacci nes obtai ned
using the nethods of the invention can be formul ated as



20 pharmaceutical conpositions for adm nistration in any suitable manner)

i ncludi ng parenteral (e.g., subcutaneous, intranuscul ar, intradetznal, or
intravenous), topical) oral, rectal, intrathecal, buccalq {eEg. 2002
sublingual ), or local adm nistration, such as by aerosol or transdermally)
for prophyl@¥4368nd/ or therapeutic treatment. Pretreat rBGRUSPOMRI n) for
exanpl e) by use of hair-renoving agengs, may be useful in transdernal
delivery. Suitable 25 methods of adm nistering such packaged nucl ei ¢ acids
are avail able and well known to those of skill in the art, and, although
nor et hana@ysiropRidiReriblekSis YSES 0@ GREAE'BHSERE), &aRAE hbGbpAy, GRIKBOSETI On, a
particular route can often provide a nore i nmedi ate an m)re effective
reacti on PHRHrFUEESBE her route. Pharmaceutical |y acceptable carriers are
determ ned in part DAl | .l stered, as
wel | as by the par tﬁ?&nﬁ%{ot@%ﬁ%%h@g@%ﬁ&gﬁ% m nlagsfgrg ?t elggdo%gn sﬂq ion.

Accor di ngmgthoddreitie inwendomandenchaied et a/gentticsuacdindveetot.oxtrietstthice blasses of

phar eutl ca 99/ 4136 " 0 PCT/ US99 03020 cQnposi tions
of the pr 4 i““FW&h‘BCi“Shf"LaS/‘i\g%ﬁf‘i“&W Gfﬁgﬁ%% ésug YEpRotactig), l§e8used e.g.,

buf f ered a@hioamesaqa@thtabm@ kevMCHhemeps) MEB-o\Iral £ MVababi RANZES), gener al l'y
free of undesir e matter. These conpositions may be sterilized by

convent i offEMOkiRes (sughrie Fr8IRdi-1 BLRaMig P i@dﬁﬁ?ﬂ’é}%@d Sthal @89 dstwré ons may
contain [ I CEY 1D Eg red to
appr oxi rrg{wgy:ﬁgga (%g%"cl‘?gl ng%ﬁ |rt§‘?8§1§ﬁg%% a%gdlaggﬁﬁ’g% ?’gg an %#f ering
agent s, t DxEting yhachylmtmnqlnagenmwuamtsmdnee Oekemaﬁame(ateammﬂﬁjyehfferemli um

aceta odi chl or t assi mch orid i um chl ori.de, sodium
oot alS B df et SR AR PR ] BB PR ERBEYES: or i hese
fornul at i GeseragNCIRCEhehalkeney are@hémaontttdctabie f@reieetedpads Putin6Bfot yndegegd on fl uid
vol unes, viscositjies, body weight and the like in accordance wth the 10
particul af" QTH&@OW%%%CW@W&%# #ii Leephecyteyby pat eHEORPEE i (efiemekineeds.

Formul at i g9§ct§]z.lng gRlgsfor oral admnistration can consist of (a) liquid

sol utions) suc S an effectlve anount of the packaged nucleic acid
suspended in dil ueﬂesqtlcgaumeafsctwatcmalsostaﬂutﬁ@p@m@&@%@b;namb) capsul es,
sache r .tah ont | r.d ned.anmgunt of the active

i ngr e ?olynuc}es dseg th& ncocﬁ: £ ?rglnaﬁ rg 0 ecPIe? Such agg)oselthg suspenS| ons in
an appr opinwat/ed xhlnwdutinorsamd p(atdmmun babinﬁmemsbasm%es&raimmmef evhich can i ncl ude
one or nore | act ose)_ _sucrose t ol oy bi p hat es,
corn star‘(‘,’ﬁlug‘bé TR YRIE A h&%&?’é&&g 6), G4 Wé?‘)équ?‘ﬁeEtw‘* Eﬁ% acaci a)
gel atin, gRldmisdabLAM)icaPbe fbRykd®, DNA@mrng% bER vEQMksiye dldkd) nmagnesi um
Stearate, stearic aci d and ot her excipients, colorants, fillers, binders,
di l uents, N@(PHIEPTPP\@ aag\@msS noi st eni ng agents, preservatives, 20 flavoring
agentg, dyes, disi Pk h@%ﬁ%@p&@@;}&iuﬂa%ﬁ@w& CB?HoYecﬁL@éTB@EIH)
carriers. Lozenge s can co the active i ngredient

usual |y smﬁ@m @ndxcamamea/eotbr Ior egamapblicatiors. GBI Iareasmpﬁysmm’phles corrprl 5| ng

t he actlveln ient _in i nert .ba su elatin and glycerin or
sucrose and e%l f‘j"éaﬁﬁﬂi‘%?faﬁ%?“ggﬁ°§° @Mﬂ?tﬁcggl@gqﬂ%ﬁctu 'nﬁﬁtf,ng'?t raddition to
the acti vepi ﬂ&rmcame)acmﬁersi@astckxmﬁmmnrhstaﬂen@reh prebdntin moRENEG(HoZRM: t hat the
genetic 25 vaccj nes, en adm nj stered orally) nmust be protected from

di gest i on{193nigvi 1@”’[“9% Fall) )F%JC'EBWBW‘E‘W@?P‘:%P‘E ﬁ?é‘rd“Bf/cﬂléﬁb}F“é%rﬁéert’ he vacci ne

vect ofs V"'éfﬂc&t%ﬂ(@%ﬂ%h&sé&ﬁ Eé?lsrgfﬂﬂﬁﬁnéoﬁs t&lfeeti Y tdret BAsGith A enzymatic
hydrol ysis or by packaging the vector in an appropriately resistant carrier

such-as avdctipovestoss envbdingChi 2t aptaptigenrod injesest rlkelyrto hoast the sminuwe are wel |

k h d,
o | o s S BRETRS Sk MR EC 20 B Pl SBRCRIAR! o1 e
of the aciiay@uibR@mpegilfivh (Porcelli, ku Pk, 1&Q0 gopMatidnl cFinditidens WitH ditisesy 03020 The

packaged nucl eic acids, alone or in conbination with other sujtable
genetic backgrounds can be vaccinated with one CD1 allele. The functional properties of

30  CDI molecules can be improved by the DNA shuffling methods of the invention.



conmponents) can be nmade into aerosol fornulations (e.g., they can be
"nebulized") to be adm nistered via inhalation. Aerosol for qu,l gbgoml can be
pl aced into pressurized acceptabl e propellants, such as

di chl or odi f 1 uor onet hane, propane, nitrogen, and the |ike. Suitable

formul ati onvgwrixect al adm ni stration include, for exanmaEyusugpmsitories,
whi ch consi st of the packaged nucleic L@ci d with a suppository base.

Sui t abl e suppository bases include natuUral or synthetic triglycerides or
paraffin hydrocarbons. In , addition, it is also possible to use gel atin
rectal capsules V\:hl e| c acid
with a base, incl udlﬁm? %%%&Ean;aﬁﬁﬁ@gmﬁg?{ 09% %/ré%r%lts?f lé@%ﬁ maﬁ&et hyl ene
gl ycol s, amdgmnaﬁa‘cmne acchr OT AP lyemes and:thmlrr‘ulbt&nuzms fornatial parfosds gpar ent er al
admnlstr tion, .such as, [for anple, by intraartjcular (in the joints),

i ntravenod¥’ “sis?ﬁlpéﬂ?u%%ﬁe}”aqﬁ%w ﬁ(f"t’%&rr H%ﬁt}/hwﬁf”ioaﬂb‘?r@g}né‘aqh as Sﬁa@ﬁ%ﬁut aneous
routes, i RkbYEevAIFHUMpANEL feRnAAEAdProde SRz VT btigehe HSPPO hdyvest | on

sol utions, which can _contain antioxidants, buffers, bacteriostats, and

sol ut ed t KBAWTHterdeicas a@JH@nf@rmﬁpawp@ﬁCPé T seit estivetioniand itenkangsood - of t he

i nt ended r QELE nsi ons that
can i ncl uéﬁ&h{% Hltc |§‘1§gagent gg&léxfkgbggg?g%%?@y%l'z ®V7}J%ng%(2%tes

stabilizerl86: 133]r$el22r)r@§1em H&P70/ie sncoilet tyreegepetaotacaine vaktot,hi is likely endnhae
conpositions can be,adm n red, .for.exanple,. by intravepous infusion,
CoaPrS ! SReriatiy 25 AOr g i AP oA AL e e o sTRcE R oh Bl |

Par ent er algedtiviychics AN ARhENGgicht bensed @UEHRE ihitbed thapiopériad, tichlamgpr ef erred
20 net hods of adm nistration. The formul ati ons of packaged nucl e| c acid can

be prd8enediyvanhagiivity. of Beabshoek prgreins. tiok &s B3Bi0ed cont ai ners, such as anmpoul es
and vials. |njectiqfecsabiidigprodatd c?#&&%%bﬂ@l@n@%ﬂd Be.R5ehasel rom sterile
powders, granules, and tabl éts of t kind previously described. Cells

tr ansducedolbyepttlldeﬁ, m&ﬂb@ewagﬂmsafchﬂa@mdleela?ﬁ, eﬂmh; ubest tadirflusncetties tgpe of
|ntravenousl or 25 .Th 0, |stered to patient, in

t he cont exrf‘mo]i‘le 't Onse gw “.Stﬁ%“ht |}icl);n eé'%b%?é ms °fn|°g|p81|¥?cptt§ effect a
benefi ci a|sorhh&ﬂiea[h€$ﬂhbﬂcornﬁﬁg30m81&dmg\sHthlaﬁ'ailfd mgh eRpeREe, Biffidult td oredpae W |1 be

determ ned by the efficacy of th(ra articul ar ector enpl oyed and the

condi t?oanFm’EeHét B yeayemeRy for LEeq YmBS S\R/e?‘ﬁ?ﬁtmlﬁi’“c\?a%%l ar surface
area of themfmtdseMlse 5ife Beects! wahaclstmrbﬁoxzsozﬁuatotfdla@m%@o@&@ will be
determ ned by the existence, nature extent of any 30 adverse

si de- ef f etcembinant ca@@omwetmeleadfmw@@ma%m@ﬁhowl%f these pioblgmar DVWéct or) or
transduce W 9/ 41368 65
PCT/ usgglg%r%géij“‘flg et ﬁ@ﬁé“{gﬁgl’@‘?f Igg{aiu”\g/ggné raé’i&%s?géit;wéggléﬁe?@r gt o be

adm ni st eessy to mahufectire.elutaddinion, polypuddiivé-sedisted hdramistrad aotl |cymk10c:s cat her

condi t.j on, hysi ci an eval uat es. vec toxicities ression pf the

i seach. BRI ao T PR P RaL PP R b PRy R HERIT e ener ol

t he dose esqggay@dagbmﬁé safe. Naked nucleic acid froma vector is fromabout 1
pg to 1 ng for a ty,lpl cal .70 kil ogram_ patjent, and doses of vectors used to

deliver the nucleic hﬁcf'i“\ﬂ“‘a}sé’f@éﬁﬁﬂﬂsa‘ibéﬂmpﬁeﬂi‘inéP%Fe%ﬁﬁfye‘a?}F‘iPaqse‘FPc anount of

t herapeut | &auﬂm ﬁ'd a&}ogm ﬁfér{hé?éfﬁxtercﬁﬁ bORHERN (PG @RERWRl ingl & Singl e or
di vi ded doses. era eut1c applications, compositions are adm nistered
to a pati eytpklsmcﬁmmaugnsfar@m momp@@atsle lﬂcelcgg ancanmampﬁmmmpdq@ease or

aut oi ne_di sor s ffi nt cur ast

parti &fly r&?’}“’e”fsl’?ﬂgst‘inlg Vacc rg&lm%s 5&(1)%”%1} %} r% use lc%nqn%ﬁ%’tonggequate to
acconpl i sbytbkihés ang a&eisb@e@blaﬁleals 'thpled i peftdrént a&ﬂeydxﬁé betkitye ofli@eune Anount s
effective for this use will depend ypon the severlt%ixof t he di sease and the

general stepEsethatisdesyad fOéIH‘t"mgVﬁ"é’éﬂaf’?P SRR agplenthrd haspeenslmvhiost r at i ons of
the conmpogj-id aRy a‘ﬁahoh%fwmem ﬁ&rﬁemo@leeﬁ@ﬂmgxs%mﬁqLd%aqe 18nglaf r equency
as required an erated by t patient. 1n any 15 event) t he' conposition
shoul d prmﬂdxa@ aﬁerxwfxmrmnempothwhwaﬂthmdpBLdt’-é;rn@ differqnpiptioniofFeht i on to
ef fec veI ati,e i ositions
ar e adh s EEh oA or P A Bp O B e AR R b BT 00 e
that can Repensey, Meedvendrionst usehie castindioh s heypskines bndistcesadg eidleuiss Wi sease or
ot her condition.



20 The toxicity and therapeutic efficacy of the genetic vaccine vectors
provi ded by the invention are determ ned using standard pharnaceuti cal
procedures in cell cultures or experinmental aninals. One gap S?Ptfwfn ne the
LDSO (the dose | ethal to SO% of the popul ation) and the EDso (the dose

t her apeut i C¥PPY41&8f ective in 50% of the popul ation) usi nBCHFHEH es
presented herein and those ot herw se lgpown to those of skill in the art. 25
A typi cal pharmaceutical conposition for intravenous adm nistration would
be about 0.1 to 10 ng per patient per day. Dosages fromO.1 up to about 100
Ny per paklsehkelPRrdefay ofldhe dagdaseet)in e vatdinttiofh| YhovAesmtibRprodideda i S

adm ni stered to a secluded site and not into the blood strean) such as into
a body cafqletpnde tiisreblem ofiphitiniae anpptistigueendigyaecinnidoatel Diffgitet dosages are
possi bl e N 0

par ent er aH]n %’r%ﬁ%:’fsc?g é%{i:{)"r?ro%glg?ﬁd?%zségw ﬁ@%@@%s%%;sgﬁg;gmg;r%%{, %to t hose
skilled i nsmgme arethods &s@b%&rﬁﬁﬂ?hdé&&ﬁdrﬂdx@ﬂ&n@ﬁe@ﬁ/fdﬂm@Bﬁﬁ@toand are
descrlg)ed cln nor e det ai | E’E‘ publ | i cations as Renmington's

Phar nacear’thea{Wféeﬁ%°é’sesi’Sf’ﬁo MVEIck Publishing Conpany, Easton,

Pennsyl vani a (1980)LargEhiGrafied dﬂv\tablergen&aﬁea BE pére shehitgepd teftsinadrd he

i nventi on, ggﬁ enetic vaccines that express the, polypeptides, can be

packaged MR °l°¥ﬁ §rﬁéﬁ§%ﬂed REvmaeal C%Pi‘iﬂtyk‘f’tdge‘fté)‘PmélEFrﬁef'H%ieél‘qVW@dsgenet| c
vacci nes kf efantPIBL,1 of P eeas JRAFISA Bbratl) SIREMSEL vEQYL €&Shel hat contain
one or nore unit dosage orms are provided. Typically, instructions for
adni ni st r agrierated by asﬂqmbbmmbffemmgfwctd promotpusoievalead) vytokinesh@vgaesRagi ng, al ong

wth bl e i.catio b t the co nd s suitable for
't oat Rt OhROCert A8 G B BB A o b I bocs NSRBI ° 2V (Pat e ¢
t he aCtI VEnmeiseiiinletoni sefliehcds actperokae dag be ﬁreplﬁ'ecf wding Méthddl degceivéd ng a
particul ar infectious di sease, aut ogaém;ruq i sorder,, tunpr, or for

prevent i né}erfifl NAaTAMG S AL ForgRouRdsdaat fash “‘i’f%f?ﬂl“ﬁ‘%ﬁ"féw{‘ ARA SXBFESIORTN AF ed by)
or pot ent jralulidd. FUBCHEIHIZBL(S 1§ Bhowd, SFRETTBDNANseh AR RnERSTRARS R0 FAVPLES The
foll ow ng exanpl es are offered toillustrate, but not to limt the present
15 i nvent %HCHSM@PQMQOWF@?@WW%F‘ i§{9ethgSE VeStary PIOVIARE Proteqtivg0) and/ or

chut 1 g Rtk aR e S B | 1 2nd 572 pol ypept i dos

t hat have altered Hmoiltsgmmig 1apxtcfcvabﬂ){ agied 20t MM Hiok Bxampde, m‘dAlbsalmuf fling is

dt t ib B7,. 2/ ts that
nave al t SrBEe AT AR Aol B P B 2 SREeHe Sl conpar ed

to wld- tyd@@olazf}ff@d@mglc%km&ytmt@ﬁélhddcanBZop@b\ks@eBfﬂmumrré bisc gp@ed.es are
generated by RT-PCR and these sequences are shuffl ed uss?n fam |y DNA

shuf f i ngFOrZ§HAIr?5§PﬁFE’rfP%e"GWPHu‘ﬁﬁh'}”“fyﬁ%%‘Ef?n?ﬁ)‘ﬁR@F“ frfgcomiinget B7- 1 nucl eot i de
SEqUERE e A ABRNE tafluELAUEE o BavSRTPEN @b 1halind .| Yy BNA ShUTT 11 ng

is a feaS|b e approac n evol vi ng | 'ecul es. 1 1'SEP 2002
screening for induction of T cell producnon of IL 4 IL-5, and IL-13 is pcrfonned to identify

’;1

recombinant polynucleotides that favor a Tx2 response.
Screening can also be conducted in vivo, using animal models. For example,

vectors produced using the methods of the invention can be tested for ability to protect

25  against a lethal infection. Another screening method involves injection of Leishmania major
parasites into footpads of BALB/c mice (nonhealer). Pools of plasmids are injected i.v., i.p.
or into footpads of these mice and the size of the footpad swelling is followed. Yet another
in vivo screening method involves detection of IgE levels after infection with
Nippostrongylus brasiliensis. High levels indicate a Ty2 response, while low levels of IgE ~

30 indicate a Tyl response.



WD 99/ 41368 67 Screening of B7 variants PCT/US99/03020 The library is then
screened to identify those variants that are useful in nnqwlggéqg@%nnune
responses i n autoi mmune di seases, allergy, cancer, infecti‘ou i se and
vacci nation. Any of several approaches for screening of the variants can be
used: A FIBQR%3&hetry-based sel ection system The |ibrZEJUSP/OM201 and
B7-2 nolecules is transfected into ceh?s that normally do not express these
nol ecules {e.g., COS-7 cells or any cell line fromdifferent species with
limted or no cross-reactivity with man regarding B7 |igand binding). An

internal marker geRrgc&shlP&uitdinAnBRAl Ab&s drbeRY dL¥eritPindda}Z 9 LS COpY
nunber per cell. 10 Sol uble CTLA-4 and CD28 nbl ecul'es are generated to

facilitat écreehingichoby eopdustadite {estdrpamandni or Tidphienaypey pr fohetber dsoitedbl e

pol ypepti re fuse i t rd i Qn: . I |e. .t inprove the
stabili tygxg?urféhr%p ﬂ%ﬁ%égﬁ%%ﬁgnﬂgt%qg%ggﬁ llea%gg {91151%1% |°rtf"§ég ri/a%alartl el ed anti - | gG
nonocl onainfetion indainass. as descri bed by van der Merwe et al. ((1997) J. Exp.

Med. 185: 393). The cells transfected with the library of B7 nol ecul es are
Phen oo nad with Bsoineie BREBIE YRR LR o8 URE AL

denmonst r ajnfRbodsNEERGRNH D4t TN L d5elle Cddidts hafh@nhi vrdiséxd] ik @feltRaegt SOt ed.
The plasm ds are then recovered and the shuffled sequences identified.

These sel el menberofinfertipus diseasss buhalsp ip reyemion of B infertigasywhehayettrs shuf f 1 i ng
and sel ec} i qm. : r [ ckional assays as
descri bedyggpévv%%g%ﬁg?lt%gﬁehg le&t&ﬁ&fggé;%g}’ oggrg(f%ﬁé}%%{l%& g%‘pbperti es. yBact eri al

col oni es that cont gi Ny I &rgir SadoRts o PGl e g @nt B7 nol ecul es are pi cked
and the plasmds are + e then transfected into

anti gth present i ng Toeknvention atsh presideemethodsifer abisining optimizadirecompanti t i es of
t hese nut : Lvate, T 1S | . .1 he ant ages of
i o appr Bl o B Bocla fldes by BORLY @ 8ftan MR Lt AR AL ASS

af finiti eshans ivpleed fnimédiatiag at rinine réspawe The gpirdz}d @bemigassi bl y new
activities through yet to be identified l.i %? ds can be found. T cell
act i vat i oPPlEHgIepRIes Fap AL AN IEONE A5 FRHEOHISE FEFEP BN, cyt oki ne producti on,

CTL activity or expigkfeafta@nistClah ¥hde@Bs @lpoSisoBeidtc d8cctde céekkfGEPT OF
CD69 or HLA-DR nol ecul es. Usage of antigen-specific T cell clones) such as

T cel |5 sBlegking gnmhenosgprassveseyiakings, rather dhaapddipesinge profnflammgldrows  anal ysi s of
antigen-s J: £ J I ] I | i ] can enhance
or 1 i b Begiissyis Bl BBl B un fuleBiet BhiSed B w6 b8 D005 W0
991 41368 €8<RAPTENS94 &8 PR©OntETed at ths prymstone. BYiappropmidty choaeiofiattagohisabnehave
altered capatl?(:}kt ﬁﬁto i nduce cy.té)ki & Prag ucCtaicccer ar aexFréeD%si n eofonaélgti vation
anti gens & FhOALT BB VBY K0} lgxuﬁﬁg?ye,gcyf oler At S FEST 19 T ELISAEP TP £ 1 ow

cyt onet r ytheEnmde: effettBe iiesthickag tetdssieb ffeanenhtagdhid® agaipst ahy dyekirdeicambdased

assay i s shown are shown_in Fiagre %3 C. A{))i lity to direct either Txl or
TX2 c¥l | el pearerpriaie; RFRicuBEeAQRSS A micssbior plarkingmelyds, &y epgmnple, dbid B7- 2
ol ecul esyji_{y e rg8Weafikon of T helper cell differentiation have been
identifie {BFr eenan et al. (1995) Imunity 2: 523;

The invention provides methods of obtaining cytokine antagonists that exhibit

greater effectiveness in blocking the action of the respective cytokine. Polynucleotides that
encode improved cytokine antagonists can be obtained by using gene shuffling to generate a
25  recombinant library of polynucleotides which are then screened to identify those that encode
an improved antagonist. As substrates for the DNA shuffling, one can use, for example,
polynucleotides that encode receptors for the respective cytokine. At least two forms of the
substrate will be present in the recombination reaction, with each form differing from the
other in at least one nucleotide position. In a preferred embodiment, the different forms of

30  the polynucleotide are homologous cytokine receptor genes from different organisms. The



Kuchroo et al. (1995) Cell 80: 707), one can screen for B7 variants that
are the nost effective in directing either THL or TH2 cell differentiation.
TH cell differentiation can be 10 neasured by anal yzi ng { Iggpciyipki ne
production profiles induced by each particular variant. H gh | evels of

[ L-4, |L-SVex®P4¥8 | L-13 are an indication of efficient HERUEPI020
differentiation whereas high levels of3 I FN-y or IL-2 production can be used
as a marker of THl cell differentiation. B7 variants that altered capacity
to induce TH or TH2 cell differentiation are likely to be useful in the
treatment reQIIltil?gjtl!itﬁﬁrg loB recSRbih AR B8l imuc Rt @ FHAEs cARRLd (D iRAGf/IkRe that di Seases
and in vaccination. D. Enhanced IL-10 Ipr‘oduct ion. Elevated production of

| L-10 i s encedrysakinerantgonistowvitl g désaredalyinity endl Higogiodiaettviyan suppr ess
proliferation of antigen- Ciofil + ; [.at...(1997) Narure
389. 737). Theref ori}‘é,ogg a{glpfeioaf%}fegyp%egge;tghglr%%rft%%@gg(vlegéh’?hd?%tahose t hat
have enhage&dnecapgonistin 2 Qeretic Vaacine vckiail 1 wetlas hew ittereffoyt cambé geprovepeci fic T
cells._ 1L-10 production can be asured, for. exanple, by ELISA or flow

cyt omet r yUsRg tﬁngNm shufinegprthaedse the vk el st i ﬁisﬁﬁéﬁd- THE SR REONRY t hat

i nduce hi gh geayslea t@aibtiiﬁﬁag%dqrsgguﬁ&'&ﬁht@df%w M&nésmnkeklxeu%ﬁ@@hm@s of

all ergi c and aut oi mmune di seases. anple 2 25 Evol ution Cyt oki nes For

| nproved iSpedipdsithe mest potertyaniirlatymatary px3okaer Depnde datenll- E/iaghi§itsthi s - exanpl e
descri bes . i L WaNe ivVity
and/ or i rr%?%d\}g%&ce%%‘?a sé@lX ﬁyﬁggégﬁg&@ﬁgn?}fﬁg&aéﬁg? ?ééﬁgggg?ﬁ%&?lgestao ??ﬁsf ected
i nt o manmi) inalndeighibiion bEMHL ¢lass Tle@pressidn qnob@wetytesy inhibitma ofiprododtiongf TH1L

responpses i O lnproves the efficacy of,. tic.vacgcinati ons. Evol ved
Rt tilmegiyiisty gf'gz’(lj&@?%gyg?gm“’yﬁmi“ Ent P der S1RRRRY0 99103020
conponent $,RHudBRS 'rrqylﬁﬁﬁejgesesrhe kilznitidarics o FILPEY RAraGeldulBEy GndlaehRlE Ne conposed
of a 35 kD light chain (p35) and a 40 kD heavy chal n (p40) (Kobayashi et
al . ( 198ymupe am jpflampalgry rESEONSeg 7S cleiryfempnsgiated in Hopl deficat miget ' 1. Acad.
Sci. USA 8/. € hesS j 1997) 15:
35 domondlTarnd 1T S P h Tt b haout M B AR b 42

si ngl e gediseabd@Euhhamsa!A¢993) Cel 7T @oPpadmbddgionpbdtih anate fand krguiredomgamiy toexpr essed
separatel y. Accordingl an | L-12. gene is. fled as.o ent | hat
enbodbs ohPRrE IRt e PR Gl Rt S T O el e Pateh oot g

pr ot ocol . J Theusdlbis8i 1239011t hds-aka beasugdested thet gxgiatifaenceepataleadlyofi n t he
sane expression vector, or the subunits can be expressed separately and

screened Hsitryodustipmmay alfact BaEska! Pty iR dieEnst epmadicpiasy MERiRgecaErdl ti onal 10

shuf f 11 ng; 8d-hial G8hSes wWithdh 12L1%Roda QRN 26- M@ Thelddsdd Rk bEQI dltdgne Of
al l ergic responses. For exanple, 1L-12 induces THL cell differentiation and
downr egul efiresningheoctaiisesss fWnssendorple: al2(19RNilsnees 34R7Qynt hesi s both in vivo

and ig,vitro, and i nduc =y i . r di,ngl jt..is
desirable to obtai #’Zﬁh%sp efnn%%%'h@@l{aﬁp{lﬁg\%%g% ehlgé%‘gﬁecgitl%ggg?of i3’/&t(l)ljut t hese
rtlfncl:tz I oNnsdatp ast aﬂ:ﬁeaﬁﬂbrﬁerairﬁzijéraagrdvﬂh ptomoangreytokahe fofy¢mlheelgerlieisq,;b¢agge})1/di ng

- gengs rom humaps and nonhu ri nat es e. gener.a - 0
honol ogou 'tq/;elﬁﬂeﬁﬁ'@ e igve yprmy %@5@%@lﬁ‘*ﬂ?ﬁ%ﬁgia‘gg?%&fé%%@a?‘? provi di ng
a good st gkt {ne@ ipévi%&lcétﬁﬁt Ifiamchwnaimm&hbmegﬁaté BleRfMcOdn whuf | ed | L-12

genes was o_bt ai ned by shuffling p35 and p40 _subunits derived irom human)
rhesus noiakdition @4thy aghsesoryxell dungtionnignongeiesg Stowvevanbh-14rPpeporatayd into

vect o : r Q sheqtp. LEnA0Muuded for

bi ol oﬁgslsca gea%?fe vg? Waag@é’%gﬁmﬁiorﬁofrﬁnﬁpgﬁteﬁ %aﬂBé%gngemo ori|%t snT cel ?l growt h

pr onot i ngarm@dLi1Viahiiesse dligoruslepiides hdyvke bednshoer toriohibia trafsfiorenatigeafiBodells bt bl ood T

cells in ? sel ecti .of the nost active |.L-12. en i directly to
sel ect | Lt g"hfff’&rk‘ 8&}‘?’}1 Bt‘ﬁg l’f%"i‘f’mﬁ%atr%ﬁstsoce\%fql\‘ﬂﬂ?Eggsﬂo“rilmr?gttr?éaén\p%" cells. .
lymphomas produce high levels of IL-10, which is derived both from the human gene and
the homologue of IL-10 encoded by EBV. AIDS-related B cell lymphomas also secrete high
30 levels of IL-10. Furthermore, patients with detectable serum IL-10 at the time of diagnosis



25 As shown in Figure 7, a functional screening assay has been successfully
established. In this assay, COS-7 cells were first transfected wth vectors
encodi ng I1L-12 subunits. Forty-eight hours after transf edt 556 L capacity
of these c P%/gw%super natants to induce proliferation of activated human
peri pheral bl'60d "t cells was studied. Figure 8 indicates tHS¥E ¥ st ency of
the level of T cell proliferation i'nduled in this assay, indicating 30 that
t he assay can be used to distinguish the activities between supernatants
that have different capacities to induce T cell activation. In other words)
t he assay qfimeingdistefegirgadegion-HodgkiSE BniphZmu\ie @Ghdrd 368ivaIDURGAMNESSSHR020
screen for_ | dL-12-1ike.actjvities in culture supernatants of

t ransf ect eacfogg{)rﬁ?ﬁ,&nbﬁc?ta%‘?gw&‘%&?nceyﬁ?q%ﬁ?éﬁs'I L- 12- encodi ng pol ynucl eot i de
was tested for abil AhtdgdningTdu0an Dusredn bE befdficiadinlsevVerdliiMBetioResdd t's,. shown in
Figure 9, show that the shuffled IL-12 has an significantly increased

abi |ity td3ligayedisqasesepnd ip¥eqcingtioro hheeffrseefdbipcking of 11 Q s ge emhangementifgur e 6

i Il ustrat r r { G i genes. The
Speci e cana BARiEts G I Ahag LD, BEFRTNAD oPlhe SUEE T I A DGO,

cyt oki nes vabamatioss ang ictk redtmpe ©f sapiags infeoouls diseasas Margbvakiandl-1For exanpl e,
GWt CSF can_he evol ved, by, t he . pproach. by . usin he GW CSF sensitive
cell line a‘?g-gim?trlls lfsﬁ%d g‘é?eetéeﬁf%cﬂ.%#l?;lcegl |1 I %nr?)es éﬂ%&ﬁgﬁﬁ P%‘*‘?‘ﬂ?‘gs&% | e the
vect or s arle-ioraad sira CL-2d, and itanagho Be hiesyl irabyostitR g¥atralbdtiathbr itidine 10 can be
transfected in vitro can be_used as host cells. In addition to CHO cell)

ot her good®HRERF REANFE PRYfdfs, Hembining ap [l kG anjgeonig! widrgeng theggpg vectors gy 937" and

freshly i sRhaddn ?é&{é&ﬁer@ytdfmrea@s@&ﬁjeﬂgo&@ilnln%axirﬁmhmﬁﬁe oRAcYieRs B cells
and dendritic cells. Exanple 3 totoxic T-cell Inducing Sequences Derived

f r om Hepatthe umoBcelsr Xabufliagof el raswdts in 18- S wighigipyovedspasigeniiGtyA§oni stic T
cel | Epi th-el%tﬁggécg%c%ogmcaﬁ% ﬁ@?ngi%l 295 :Fe?z‘?ne%[ 8*%%%%01}8%% leas RO YPEPL de

sequence capa esentation of epitopes and a
strat egy finflanith@orgppiveiciseasesn Inf10DNh ispraved spagifit actilits ey also bt nefidlaya
i mrunogeni ¢ _agonistic T cell epi.topes. The HBsAfg pol ype.gtide PreS2 plus S
regi ons) WELPEINHIAERUNEEPY YFEOPAN FIRIBRRE IPBRREFFSPANSEAgHE JABPS B i no aci d

posi ti1gn ke3rebdpaired byReth69eisHad Reghyalb Reiued the BEmMiRSAciky b thadt Odctors.

met hi oni ne), transformng a cg/stel ne codon TGT into the Stop codon TGA. The
ani no aci d sequenceApntgoaist ¢flhd dhashest Bedq by seagratinges wiwpiegform of IL-10

MAMNSTTF ALY T, I X :
N TSGFLGPLL T NG LT 11 DGR S KT BRI T S Whar e hi 1580 ¢
si ngl e- | etll.- 40 withdad ¢fH60 aM, wherassithtswildstyps edrfactibeumibttipom hasaffimgi ddés at t he
start of t 2 and . S i gns .are un | ined, and.th use
Ld-restri czp gBwnéﬂu?%lﬁe{sﬁgjo@Sﬂ%arré’-(ifﬁsdo rsflihgg"s rf%ére%g%rg?]i TR represents
the anrpi f iighisitibyof bid16 ekl 626t At FPL-CO.MGteovRr, lafileitly Wf Sirdl UL OKE-foor thi's
truncat ed pol ?/pepti de is_shown in_ Fi gure 1. During pratein biosynthesis,
(o]

the N-ter fPRAlosRegIRdrd Sy EprienHBEAFUHAP ShdoRiitmoreshar KR8 fif eavthehigfugh 30
the menbr apgrofo, LiEinRBLOREASHs Subiblsivwidh WanEBev.-IR6cidtbd Btepart of the S

region is a transnenbrane structure which |ocks the pol ypeptide into the
ER. The r ewedigndnaigs, @ mayrbeibeadficial if pnejcag@lso pyoke thaduregpma3dR! 111 GRkeIS99/ 03020

(2900 o A PRSI L0501 L0 S B OR BL RTRAI o Wher
structzdreviwrns what is referred to as
To obtain an IL-10 antagonist that has sufficient affinity and antagonistic
activity to function in vivo, DNA shuffling can be performed using polynucleotides that
encode IL-10 receptor. IL-10 receptor with higher than normal affinity will function as an
IL-10 antagonist, because it strongly reduces the amount of IL-10 available for binding to
30  functional, wild-type IL-10R. In a preferred embodiment, IL-10R is shuffled using

homologous ¢cDNAs encoding IL-10R derived from human and other mammalian species.



the Cytotoxic T-cell Inducing Sequence (CTIS). ACTISis preferably used in
conjunction with an i mmunogeni c agoni stic sequence (IAS). @§E?n ié(arrpl e of
an | AS, each position of a 12 amno acid Ld-restricted cl1a Z:E tope from
HBsAg was r@B[?E@ejgls wi th an al ani ne-encodi ng codon in the DNA seguence of

t he epitope! esults denonstrate that) in sone casesPCTHE%tivity is
greater than if the CIL response is idduced by the natural epitope (Figure
3). Exanple 4 10 Treatnment of Cbesity, Anorexia, and Cachexia using

Optim zed | munonodul at ory Ml ecul es Opti m zed i mmunonodul at ory nol ecul es

t hat are cintaigmeeht ofhungpntahdémoeselbd$ reseptohsequanvens shownfin Aguiesid ton a wi de

variety of, appli,cati oy ddition.to use in vaccination. For exanple,
there is i uéggtgéqeﬁ S@Uﬁ%%#%@% ﬁg{,« sgléﬁl%ﬁ% PS5 ﬁgmégf'daé%‘:ﬂtﬁrsé‘f‘g’ associ at ed
with 15 dysprdnetdfrity0fA fHage liraiyRE IS VS teeehtorabwdnmibliahts BB RCdteesedbi Ch regul ate
i mmune responses, e.g. cytokines, can induce _or inhibit_obesity. The

i nvent i on UPPEVEdRiRdingRfishitfledil- Hit to hrgpmer Yihbn - Malutvas Bri0 sdldsdiitles for

t he treat gel f i : (W= I &: i bldaak y
neur of Fophy o Pach o ikl AL HAIARE ARGNE K Bankathlid PRSI cown
to play alkdDean e redowverddvadpqmmidht ! Ophonoblesal aytibodien gl desirad, thespuffinglahi ci ency

20 results in severe_ early-aonset obesity.in h (,Mant ague et al . (1997)
Nature. 387¢ M BEAEHT P Al Rt B kBt PR R BBl 5 and

di abet es @ska6iadhes)s\rtifd chapity 10 ndtalied mebisloattd] dcasitisd FICE O(dabiagueen et al .
(1997) Proc. Nat'l. Acad. Sci. USA 94: 6%22 6461) . Antagoni sts of CNTF
and/ or | epfqrasnesifically erobred solphle A0 fsstidisd fr IS argmiby OBIock AdrypiteUchexi a.
25 Thgg meLhadsoal - 108 c{BYRO a8k Mﬁ@cblgspngsme;s%%ylmk,gﬁesand/or CNTF
nol ecul es that have inproved specific activity. The methods are al so useful

for obt ai praligeratinpbyvenlls pndior heepaditytto wkibitishe enharngingeedfettanifofeai city in
vVivo; | |Ci [ . t : fi O, ) because the

w | d-t ypmgg%ﬁ\li%%ﬁ!ogl ok?ﬁﬁﬁsya%gﬁa?{dgd %ﬁggDﬁﬁ%E%%élgnsa&%nsb%E t he production of
hi gh | evel s of antiAQNTR angbiisdhessvbegenadiad by stodviaglllt-10 @ obtaiman. 30

| nproved cyt oki pe | ecul es prepared usjng t Jref hods of the invention are
admi ni st e/ n&égﬁaﬁﬁ%ﬁriﬁ%ﬁh g‘ﬁﬁ?ﬁt&“%@f%e@g&ﬁ’f%b‘éﬁvﬂt Bi8€Phat encode

i mproved Lankiich. angheFan@I S this adprdacBERhAQRe WA Q814 13681 PRdleHIPNEN3020 72

pol ypeptides are used in genetic vaccine vectors. The invention also

provi des impravdspestificashunaisingghesame arethodh dr 2 pisired eppetiment Bnlls i ncreased
| evel s of i N . . i t n al so be used
to obt ai nSllrngg%gdedr%%n ?}@ ﬁg[ogg}ggﬁy?-egg g?ﬁftggeﬁ ﬁéig{“éetgtg\o rrg{eﬂ%{ﬁ%fahgﬂgl%gxi a, cachexi a,
and r el at edrohasion sheciss. Thndditions a gerieedeadingtviradLakftcag bainslugediih theept i n and/ or

CNTF are evql,ved in DNA shufflin thads. [For. exanpl e lLeptin
recept or gl?i"ﬁhlﬂg' é\tjg’fa\/rg?ihﬁlgloéﬁ“toﬁsbﬂ’agtséso C%ﬁﬁr]% ford %r%vﬁ‘gﬁmﬁxgé @hu aﬁﬁ]a‘rllged

af finpby teEptbelibiry nldhtbefseaiit oML f10R chuel retbverdd BY afti-ILs 1 (ROmBbcldaalt he

hypot hal anus g,l\/br cer et al. I99_61, FEBSLett. 387: 113), a region known to
be i nvol vewibodiesa] it wrrspiag piotocalis HERIY DFEsiHdRIL-hharolepule Wt bl 0i d pl exus and
| ept oneni 0 tiesO B ebdte RAPMLRR ALRakQ FH b ltrinily o | S
understoogﬁt?%g%swh@qag&gﬁgaggﬁg%d eenbo%i r%ents descri bed Hher ei ﬁnla}lfg for

i |1 ustr at pxopomion pHibesgonistsyaraliictiyt th hevevmpiovedspavlit Ritiyity whescamparsdanges i n

i ght thereqgf wi.ll b ested t erson Ki || i,n the art and are to be
i ncl uded W EHYRY l}uﬂlénglﬁ?#?ﬂ‘eaéﬁrclf%ﬁﬂa?e% \e/vélg‘cfosff Thtfléetqléﬁglr?og?ftu ?E(S)hmand scope of
t he appendeemshaiiibiolodichl HsH9k kimilhid totitse Pttt abovader yadheghtafApipl lLclat i ons

cited herein are hereby jncor ed ~reference for all purposes.
receptors %cytokine s thcsfs ang %‘% classkﬁ/expresselon by monocytes, proh?eratpon o?g

and T cells). An antagonistic IL-4 mutant has been previously generated illustrating the
general feasibility of the approach (Kruse et al. (1992) EMBO J. 11: 3237-3244). One
amino acid mutation in IL-4 resulted in a molecule that efficiently binds to IL-4R a-chain

30  but has minimal IL-4-like agonistic activity.



1 1 SEP 200Z 73 CLAIMS A nethod for producing and screening for a
pol ynucl eotide that has a nodul atory effect on an inmune r¢$pgaEPs@0020r
encodes a pol ypeptide that has a nodul atory effect on an i nmune response,

wherei n sai ¢yd J¥¥yHag response is induced by a genetic vacgj r, the
met hod conprising: ( 1 ) creating a library of reconbi naﬁ'{d}%}‘%ﬁ% eoti des

fromat least two nucleic acids that dd&fer fromeach other in two or nore
nucl eoti des; and (2) screening the library for an optim zed reconbi nant

pol ynucl eotide that has, or encodes an optim zed reconbi nant pol ypeptide
that has, an 10 enh&netbef esbnple ofantlb- IfBa@Raus isdhi 2y/mémTivehichas pébfse conpar ed
to said at_|. . | C L as; t hm zed

r econbi nanatnlug%?cr;/dn%ec teegt[5 ?Jéﬁh %‘?}g#rﬁgé‘“o‘g{f}%%%g‘é%f%éé%?%aaﬁy dﬁgﬁ%g}ﬁ?ﬁ e
encoded bymtlhenapelldezed negtontepulant ofmhymoall gotth Jeang el 4/h(1895eneti ¢ vacci ne

tor. 15 2. Th lajm, 1 in th i nj f (3 i
s por st gt R o T Plasohi et o iR BTl qomerr ol oS
vacci ng VeghfirallP relatéifio TEL DOGd Rfan@b i JevedhBR&INAs BM-%mkﬂcn&zPJ (3)

conprises formng a conposition conprisi ng the optimz reconmbi nant
pol ynucl eot3tigleurogsan {immuenhedyiviceting, Aaestardarn 2at25 gereyi98pr iln eordmstdalBdiby t he

tim d i } i I tor. 4.
The. met hod o s A dle Bl IOt B o s R RS o B ot e
i S creat ecinbyt wregniote podstibe of BYF -traodili-hellg@mha-G alss ieshantsy pofdufidA of

shuffling,.error-prone P igonucl eot i de- di rected. nut agenesi s,

o aci | - nadF SO S SgSAs PeM, R R i el R P R deTee s 1 1
SEP 20002 #Acdines bhencoBondioh f IL0Ahds genddialofhd g @Al d1ge vdeeord. The ary of
reconbi nant pol ynucl eoti des conprises; reconbining a plurality of nucleic
aci ds, when®hads efdn inyentiogican ba usediojopipipil-Fi e kargaisdiat pehibibimpiéddes a

pol ypepti dg:that, 1.S5.-:1¥0olved -in nodul ati ng an i mune response, wherein at
| east tvvodag{‘l}% ean%F%nrx%em{%Qag "Wucleic acids 5 differ fromeach other in two
or nore nucl eoti des\hewa gutadduecatagbrestlis ipedasye @mpoaao oD NAnacqiod oy igerel eot i des.

The met hoqhg;];pycxjegtiorrg r?)hxiynwgﬁgc%il cr;'ffetcr| 5 dtr:rs?rta&ng;xeliler:f%rQ?{n a%gi%rg iosaessé]ubft)er orcr)x{ o) 0
15  acytokine antagonist, a transmembrane form of the antagonist can be generated. The
soluble form can be given in purified polypeptide form to patients by, for example,
intravenous injection. Alternatively, a polynucleotide encoding the cytokine antagonist can
be used as a component as a component of a genetic vaccine or a gene therapy vector. In
this case, either or both of the soluble and transmembrane forms can be used. Wh'ere both
20  soluble and transmembrane forms of the antagonist are encoded by the same vector, the
target cells express both forms, resulting in maximal inhibition of cytokine function on the
target cell surface and in their immediate vicinity.
The peptides or polypeptides obtained using these methods can substitute for
the natural ligands of the receptors, such as cytokines or other costimulatory molecules in
25  their ability to exert an effect on the immune system via the receptor. A potential
disadvantage of administering cytokines or other costimulatory molecules themselves is that
an autoimmune reaction could be induced against the natural molecule, either due to
breaking tolerance (if using a natural cytokine or other molecule) or by inducing cross-
reactive immunity (humoral or. cellular) when using related but distinct molecules. Through
30  using the methods of the invention, one can obtain agonists or antagonists that avoid these

potential drawbacks. For example, one can use relatively small peptides as agonists that can



the conbining of (3): (i) reconbining at | east one optim zed reconbi nant

pol ynucl eotide with 10 a further nucleic acid, which is the sane or
different fromat |east one of the plurality of nucleic fdi$EP 2802 produce a
further library of reconbi nant pol ynucleotides; (ii) screening the further
library forWa®dséest one further optim zed reconbi nant petyuswloanti de t hat
has, or encodes a further optim zed rqﬁonbinant pol ypepti de that has, an
enhanced ability to nodul ate an i mmune response conpared to 15 a further
nucleic acid fromwhich the further library was created; and (iii)

repeating fi). g QCt(v‘xtkl)f e nﬁﬁ{aﬁﬁﬂn&%o&mw bhgka 81%&& meégftng | nant

pol ynucl eot 1 de t hat encodes a t her p imze I'hant
pol ypepti dadmhlatcrdsaseacta/eﬁmnmtme,rtoelwhanmmoaﬂnullelIma pmemrtychnéfanrm an i nmune

d f h i d fror h.the furth l'ib
wasor oat daroRg ey 1 Bipted insr e edni 5o et e BhERept N o T ecomi nant

pol ynucl eghvedgorEis @Bshe S0 @&hind Rl draadii’ @ tRERh e prefepdly ARAE Jodehihdh Al dsean
interact with a cellular receptor involved in mediating an i mune response,

wher ei A t Hess:Be Mestaseferably dnabon20taming agisls it leath.ons dass. dde agonisy ondniagowst
ant agoni Stpeﬁ’tidet;| efe?a%ﬁpaq st aboul4%m§1€'?ac1%99ﬁledg%1 8nd 136 gﬁ?f{s ap eas(t:l aim7,
ecep tor e er

wherei n the cel Iar I's a macro scaven ep or. 9. The

met hod of abbla|8r$m?n0 anhbmelength ﬁ@l)mema.ﬂda&thatébelptmrcodlsg saqherce eﬂhé maxmttChe group

consi stin a.cytokine re to ne recepto he

met hod of %g?téflcca%%s% PefHes gm%{?f i §§d° g%‘ﬁ%‘“ﬂamm t@/f%’&‘f" m mcs the

activity Qi(prassrbatwnednnhmcha&chcﬁmydfh& migreppeptidhut does not induce i nmmune

reactivity to the natural d 11. The method of claim7, wherein the
%ﬂpn@ﬁsﬁ

library is screened ishef 2nREONHY PERTIERSFROPEPLfSE M EBEPERYY so t hat
t he encod%dnel-gmla%@@ré 5t fed AlbidanRN %Q&E’Jtld@@&d%&%exﬂﬁ@ﬁ@ﬁ@ﬁnﬁtﬁ lcfeuﬁfyons with a

protein displ ayéd on the surface of a bacteriophage;, contacting-the
bact eri oph}a-‘gethM ¢niode apeptidel qupylmtld@ﬂhla@xhlhm arthnépﬂca@' altihty to modypstorn and

|dent|fy|n t ha hi bi L onse 15
nedi at ed bﬂm[%ﬁ regpé)&saeptrgr 1or ’%cgnl%é% %%ch‘ T Q?Odgﬁ? Cfm%‘c‘héll
bact eri opm&gememrmrdeme@mrmar dhatvae k@cphﬁtgehoaadfslkh&nplid)etrﬁSé‘retrﬁngeacoded by

gg % r Il llé le S %{)%\gglggq\l/y:f;qq&&c%@v]egprggng(%Ige p%{)tlgcs encoded byt | ﬁl?rarr;e x;[lehn?bcclarsf o%rti[leh er )

surface of a population of replicable genetic packages and identifying those members that
bind to a target of interest, e.g., a receptor.
The optimized recoml;inant polynucleotides that are obtained using the
methods of the invention can be used in several ways. For example, the polynucleotide can
20  beplaced in a genetic vaccine vector, under the control of appropriate expression control
sequences, so that the mimetic peptide is expressed upon introduction of the vector into a
mammal. If desired, the polynucleotide can be placed in the vector embedded in the coding
sequence of the surface protein (e.g., genelll or geneVIII) in order to preserve the
conformation of the mimetic. Alternatively, the mimetic-encoding polynucleotide can be
25  inserted directly into the antigen-encoding sequence of the genetic vaccine to form a coding
sequence for a “mimotope-on-antigen” structure. The polynucleotide that encodes the
mimotope-on-antigen structure can be used within a genetic vagcine, or can be used to
express a protein that is itself administered as a vaccine. As one example of this type of
application, a coding sequence of a mimetic peptide is introduced into a polynucleotide that
30  encodes the “M-loop” of the hepatitis B surface antigen (HBsAg) protein, The M-loop is a

six amino acid peptide sequence bounded by cysteine residues, which is found at amino



optim zed reconbi nant pol ynucl eotide into a genetic vacci ne vector and

adm ni stering 20 the vector to a mammal, wherein the optim zed recombi nant
pol ypeptide is expressed and acts as an agoni st or antagont dtSt 280e
receptor. 14. The nethod of claim 7, which nethod further conprises

pr oduci ng tﬁ@?:?ﬁﬂ"i fi zed reconbi nant pol ypeptide encoded HFTHYGH0 i zed

r econbi nant 1 1 SEP 2002 76 pol ynucl gotide and i ntroducing the optim zed
reconbi nant pol ypeptide into a manmal in conjunction with a genetic vacci ne

vector. |I 5. The nethod of claim7, wherein the optim zed reconbi nant
pol ynucl eoddidie 30347 (imeibteig wlnﬁxomas p&ﬂélh g@memp qeé MploBp & tROhitelel BRgence of
a genetic 5 vaccine vector. hod of claim 15, wherein the

opti i zed Pr@@mmsamzes@vglﬁmneﬁwraa@“ibedx REFHBE (fchea ef ¢t Sra- Nach €689 de

sequence t{atyenoedes; Qodﬂetﬂ)@%b)t A@eoﬁnwof@@ﬁemt Hﬁ@\ﬂll&?'f&ﬁﬁ%bﬁ% pedff. The
nmet hod of claim5, wherein the optin zed reconbi nant ol ynucl eoti de

conpri ses the HBshe 8w m@osremybm& Fidspparate fiomet legat Save athes B e grapitopes.

phosphay e- guanos ne g af. 146 JIBL0% 0L v Ll DG OBL Bhed

reconbi’nant pol ynuc mze
t hat i nhi bproginaamiab lacidgis- 1r4eaﬁ:tlikelly in é.Bych@ conffbvenatieh. (thik strﬁctﬁﬂeasi theeréfdre wher ei n

the optim zed reconbi nant. pol ypept.i I S av ri ant  of pol | de
sel ected fHOHAaGRYHHInRsTesaLs S‘egﬁa‘?‘?ﬂ’f%f’ §85Rrofeins I?Iﬁtaéi?f"}é/ﬁgﬁﬁife | L- 10,

IL-12, an apiagrnk n&:@ alle%‘la%ed BRerBf AR Yaf insetk a blimStop@8iaiAdt @Rk agoNi st of
| L-13. 20. The net wherein the opti mzed reconbl nant

pol ynucl eompfh@dsmt}@n&@d@@ inte thipregigo of te HfsAgaminp aciisequenes. net hod of claim

20, wheyrein the ant Vs gnt of an
I L-10 iri\decept or or a%ﬁf&%@};w&@ L}ép\t/%?:ldﬁ@ar;mak@he mst]hool‘:etg%let a| m wher ein
the opti mm'enbtilccebtanﬂad nsamgmpmleb}m:iscl‘hm@@ﬁl@reem@des7-aransnmnbmmleabmam '11SEP
2002 77 23, e DEt P B S BilBi5E RS B3 952 S P 08N 8 9 BidiScRomE L

(CD80) or protein
272: 14893-14898 (1997)) that is involved in the chemoattraction of immature dendritic

cells, which are found in the blood and migrate to sites of antigen uptake (Dieu et al., J. Exp.

15 Med. 188:373-386 (1998)). CCR6 binds the chemokine MIP-3q, so a mimetic peptide that
is capable of activating CCR6 can provide a further chemoattractant function to a given
antigen and thus promote uptake by dendritic cells after immunization with the antigen
antigen-mimetic fusion or a DNA vector that expresses the antigen.

Another application of this method of the invention is to obtain molecules

20  that can act as an agonist for the macrophage scavenger receptor (MSR; see, Wloch et al.,
Hum. Gene Ther. 9: 1439-1447 (1998)). The MSR is involved in mediating the effects of
various immunomodulators. Among these are bacterial DNA, including the plasmids used in
DNA vaccination, and oligonucleotides, which are often potent immunostimulators.
Oligonucleotides of certain chemical structure (e.g., phosphothio-oligonucleotides).are

25  particularly potent, while bacterial or plasmid DNA must be used in relatively large
quantities to produce an effect. Also mediated by the MSR is the ability of oligonucleotides
that contain dG residues to stimulate B cells and enhance the activity of immunostimulatory
CpG motifs, and of lipopolysaccharides to activate macrophages. Some of these activities
are toxic. Each of ihcse immunomodulators, along with a variety of polyanionic ligands,

30  binds to the MSR. The methods of the invention can be used to obtain mimetics of one or



B7-2 (CD86) variant and the screening of (2) conprises screening variants
with altered activity through CD28 or CTLA-4. 24. The nethod of claim 22,
wherein the costinulator is a variant of a 5 polypeptide selected fromthe
group consisting of CDL, CD40, CD154 (ligand for CD40) AndSERn®® (sSLAM .

25. The net WOI*BK6%| ai m 22, wherein the costinulator is &CTyswkiee. 26. The
met hod of claim?25, wherein the cytokigge is a variant of a polypeptide
selected fromthe group consisting of I'L-1, IL-2, IL-3, IL-4, IL-5, IL-6,
lL 10 7, IL-8, IL-9, IL-10, IL-11, IL-212, IL-13, IL-14, IL-15, IL-16,

I L-17, | Lydd?e o@/&s@%ﬁmu%&l@tﬂﬁﬁat%ind{t& El)lrerfISR Withindgh afififhylbhe 40 il 7) - 27.

The nmethod of claim 26, wherein the |library of reconbinant pol 5nucl eoti des
i S screendkibpropetesi Pughmimetidneptidey arsfusefiit askinpasostmutathesionadiuvems.r econbi nant

pol ynucl eoti des to Acti LLs: Whi i receptor for the
cytokine. 1 ~ 28. @ee qur%}?Efgaﬁ%fﬂl]L(s:ﬁngg}r%?%&g%h%@g?oﬁmttﬁ%e@gI & contain a
het er ol ogeusacalildiral-enainkltyitbiat-ricnegidasart bene@erbp e rdnomerhbienecdonala ne. 29.
The nethod of_ claim 26, wherein the cytokjne is an_interl eukin-12 vari ant
and ¢ hé sgwéé&br%grﬁssonﬁwfwweeﬁew? st B OHERTAFolAgeR-Bkq EPIAFCHSEfont ai n
the genet ikoa¥ag &l MENYRFLIAB: 931-585 2RO THéfeforREHe TR SHIE BiGLSGEI Ng whether T
cell proliferation or T cell differentiation is induced by contact with the
cul ture négPERinagEolyIrdeatides o botccemplisirQly exprrasing the exfracellaskecarion s an

i nterferon; i : ii } f : P 2002 78
expr essi ngt t ergr%edc%ﬂ ?1% ntttugl&@ﬁt&? e%?%rggesgg{etlﬁg%%g %%gﬁé%%sé'éd?géonbi nant
pol ypept i dgphagedisplap,dmd edteensd folidintifysthedettimt hing twothe ragemors plityhigh affinityhe

surface of.. a bacteriophage; contacting t acteri age with a plurality
of B o | 35° aRiiacd SRR | i BHagicer Reviiey SREnEErES] Abedtbolidn ¢ of
i nhi bi ti ngntpaRlgkh-Sficating Seq@EnctdB efaleL¢ hsir mddulatbReerfeet dhaHe Rim@leal m 26,
wherein the i mmune response of interest is differentiation of T cells to
T, ~1 cel | $*s89r#€t he screening is performed by contacting a population of T
cells with the cytokines encoded by the nmenbers of the |ibrary of 10
reconbi nant pol ynud- egestisadateny molegeler 4apahlaef inhibiking or exbansinggcivatien.encode a
cyt oki ne that i nducesdiffprentiptien|or anergy qirapieaeaspeciicl ealld i nterferon-y.

15 Also provided are methods of obtaining optimized recombinant

polynucleotides that, when expressed, are capable of inhibiting or enhancing the activation,
differentiation, or anergy of antigen-specific T cells, T cell activation is initiated when T
cells recognize their specific antigenic peptides in the context of MHC molecules on the
plasma membrane of antigen presenting cells (APC), such as monocytes, dendritic cells

20  (DC), Langerhans cells or B cells. Activation of CD4" T cells requires recognition by the T
cell receptor (TCR) of an antigenic peptide in the context of MHC class II molecules,
whereas CD8" T cells recognize peptides in the context of MHC class I molecules.
Importantly, however, recognition of the antigenic peptides is not sufficient fc?r induction of
T cell proliferat'ion and cytokine synthesis. An additional costimulatory signal, “the second

25  signal”, is required. The costimulatory signal is mediated via CD28, which binds to its
ligands B7-1 (CD80) or B7-2 (CD86), typically expressed on the antigen presenting cells. In
the absence of the costimulatory signal, no T cell activation occurs, or T cells are rendered
anergic. In addition to CD28, CTLA-4 (CD152) also functions as a ligand for B7-1 and B7-
2. However, in contrast to CD28, CTLA-4 mediates a negative regulatory signal to T cells

30  and/or to induce anergy and tolerance (Walunas et al. (1994) Immunity 1: 405; Karandikar er
al. (1996) J. Exp. Med. 184: 783).



32. The nethod of claim 25, wherein the cytokine encoded by the optim zed
reconbi nant pol ynucl eoti de exhi bits reduced i nmunogenicity conpared to a
cyt oki ne encoded by a non-optim zed pol ynucl eoti de, and tihe SEpdgged
|nnunogen|cvky94%6 5 detected by introducing a cytoki ne encoded by the
reconbi nant 'pol'yhucl eotide into a mammal and det er mi ni ng RAABSAEEHN i rmune
response i s induced agai nst the cytokijte. 33. The nethod of claim 22,
wherein the costinulator is a B7-1 (CD80) variant or a B7-2 (CD36) variant,
and the screening of (2) conprises testing for an ability to costimnulate an
i mmune response. 20B34 and' Bé-2rietdizdn eifowaltaberatBe towkgl ¢ sevedabinmninblskizgd

r econbi nant pol¥gggleoh enco ki ne ant agoni st. 35, The nethod of

Claim 34, THEPE B e Pse hY SEmPETGE SOt REMEOR Foun

consi st i NG/a6dinaAoRN hlkRge a@th‘erllf\lnﬂ? aﬁ@@a@péroeemderapg dnd %%ﬁ@ﬁbﬁé%ﬂﬁé vedbeki ne
receptor having a defective signhal sequence. 1 '~~~ 79 36. The

met hod of SXPHEFYRSRE-1 aprberdd 72 have ab@bmswratﬁthawmrsmeupgp@tcmakinalm of a
pol ypept i 3&@% &{tﬁéjabfo('ﬂﬁkﬁd&ﬁecg& swﬁllﬁg@mo% e%&&@&;ﬁflfl v"a)é edR 31

The netho a|n15 erein t optim z r 8conbi nant ynuc ot i de
encodes an optim zeﬂlgmedonﬂblsmacstmqmlctymmme@andé}mﬁrfe:ebf buttbeameg a 5

0ot i i 260 LB FUTRGPY nlE ot T BIEDRL e dp e S R nant

pol ypept i d@tigaralbededin thositdxNer MHRTREONbRANdsY BoTE7-1 BRABE2baRRense. 39. A
met hod for_producin Lgﬁand screening for a polynucl eotide that encodes 10 an

accessory ¢RA%aad I linheve theteh thefequenessipidariticpbetysecadase ur ewlestlesait i gens by
a cellyy thﬂmﬁﬁqu@@@@y 134 Airatle t%)ob&rmathmsﬁ]éwb@ﬁw Qfmarts@smb' nant

pol ynucl eoti'des by subjecting to reconbination a ura Ity of "nucleic acids
t hat encodeflughte b)mdlmﬁamtonoflgatnh Sutanot wboeter 110G bdtleflty thheigbione Bgand east two

ﬁLCT ggt Ipljg; lle d%é/ea(s%.: c?wﬁ/ tgr ,Eghthg P{h%ref\doré’o?gp @e%gtﬁe eftgmfée& o} two or nore

of “an op corrbl nant

pol ynucl eahdletlck Ifradhexengande@paﬂ tOpd ncmlmyilomeambldrb&adatbealeﬁﬁsﬁm findrol ecul e
that confers upon a cell an |ncrease% or decreased ability to transport or
present arDy#igng Byt rroyeelierthe ssputigyortheaniequies cHapayed atfotﬁlala475‘§% g¥8sory

mol ecylse %98{3@1@ pmamhbﬁs d?UEéﬁﬁ'n%tﬁﬁhQ&c&Qe%P@k@&ﬁ amfy%f&ﬁq,mm@tl on; and
(3) conmbining the optim zed reconbi nant PO ynucl eotl de, or :
The invention provides methods of overcoming these dxfﬁcultxes enablmcr

one to generate and identify functionally different B7 molecules with altered relative
capacities to induce T cell activation, differentiation, cytokine pi‘oduction, anmergy and/or
tolerance Through use of the methods of the invention, one can find mutations in B7-1 and

20  B7-2 that only influence binding to one ligand but not to the other, or that improve activity
through one ligand while decreasing the activity through the other. DNA shuffling is likely
to be the most powerful method in discovering new B7 variants with altered relative binding
capacities to CD28 and CTLA-4. B7 variants which act through CD28 with improved
activity (and with decreased activity through CTLA-4) are expected to have improved

25  capacity to induce activation of T cells. In contrast, B7 variants which bind and act through
CTLA-4 with improved activity (and with decreased activity through CD28) are expected to
be potent negative regulators of T cell functions and to induce tolerance and anergy.

DNA shuffling or other recombination method is used to generate B7 (e.g.,

B7-1/CD80 and B7-2/CD86) variants which have altered relative capacity to act through

30 CD28 and CTLA-4 when compared to wild-type B7 molecules. In a preferred embodiment,

the differen! forms of substrate used in the recombination reaction are B7 cDNAs from



optim zed reconbi nant accessory nolecule, wth a genetic vaccine vector.
40. The nethod of claim 39, wherein the screening conprises: 1 ~s>P
200z so introducing the library of reconbi nant pol ynucl eol il d¥&P 20020 a
genetic vacw'o §/4y3 ctor that encodes an antigen to forma |ibr ar% of
vectors; introducihg the library of vectors into nammali &fT¢&YE205n
screening for manmalian cells that exhishit increased or decreased 5

i mmunogentlty to the antigen. 41. The nethod of claim 39, wherein the
accessory nol ecul e conpri ses a proteasone or a TAP pol ypeptide. 42. The
nmet hod of ehduss@Ries. WheheDNALban rcbessdby netloeckiosynao thHakd Sfskillbin Chetat] OXi C
T-cell inducing sequence. 10 43. The nethod of claim42, wherein the
cytotoxic ﬂcg@mgspghgggi ng sequence is obtained froma hepatitis B surface

antigen. 44. The netRad.mf, o6leabibodl m\eéwaﬁhrnBt7h§o1@&ffe%§§eq5%{,5mit€&m{oe
conprises an 1117111711110gel11C agOﬁllSt sequence. 15 45. The net hod of

cl ai m 39, wprstievsrcinheccapbicadinganintigd) sebane sesvedtoBCan bpGedtomadifyt he
optim zed gﬁ%m}%é@%% &ﬂ!ré@ﬂ?rﬁs@qyéﬁg)?s ti’lglthgrb?‘r ?g?&teé ﬁxat"e%&'eﬁsl AEGLRE 4G The
mi, n Ining o conp ormng°a

met hod of c wherei e co rises
conposi t i oD28napnissfuhig inducing for exanpld, pretedivb imamie pspoyises,olieedat detoror a

pol ypepti de encoded by the timze econbi nant ucl eotide, and a
enot 1o valtl o agiegincodge s soi Saketireaor erasehCIOA RHERS ™ o et hod
further copaukifgTor REhpIE, thierahdtn€ REREYd Mberdén- bBditodntijer-HeaNPTRENG (At | east
one optim zed reconbi nant pol ynucl eotide wth a fin-ther nucleic acid,

which is tFRMSHioss, supltasdn wimor eallsar ealls induging Biimgrune Fractinnelteq antigen] 1 SEP
A e S e g L R iy SR A
| east one frausfdeeed iotht Rpsezeec rddomatrixnganbuspotiganigehe digate 11 Hbstraseodes a
| Coom ek BEEESARh | SE b e SARFM SRR RSt EBeARRESESSY O
cel | conpaugehdve iiRfeaRdCRmS0Y i ifdic€T dtibactingdd darttyeyt it helgdpBitfioa ol s
strategy is described in more detail in Example 1.
15 Several approaches for screening of the variants can be taken. For example,
one can use a flow cytometry-based selection systems. The library of B7-1 and B7-2
molecules is transfected into cells that normally do not express these molecules (e.g., COS-7
cells or any cell line from a different species- with limited or no cross-reactivity with man
regarding B7 ligand binding). An internal marker-gene can be incorporated in order to
20  analyze the copy number per cell. Soluble CTLA-4 and CD28 molecules can be generated
to for use in the flow cytometry experiments. Typically, these will be fused with the Fc
portion of IgG molecule to improve the stability of the molecules and to enable easy staining
by labeled anti-IgG mAbs, as described by van der Merwe et al. (J. Exp. Med. 185: 393,
1997). The cells transfected with the library of B7 molecules are then stained with the
25  soluble CTLA-4 and CD28 molecules. Cells demonstrating increased or decreased CTLA-
4/CD28 binding ratio will be sorted. The plasmids are then recovered and the shuffled B7
variant-encoding sequences identified. These selected B7 variants can then be subjected to
new rounds of shuffling and selection, and/or they can be further analyzed using functional
assays as describéd below.
30 The B7 variants can also be directly selected based on their functional

properties. For in vivo studies, the B7 molecules can also be evolved to function on mouse
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The B7 variants are useful in modulating immune responses in autpimmune

diseases, allergy, cancer, infectious disease and vaccination. B7 variants which act through

20  CD28 with improved activity (and with decreased activity through CTLA-4) will have
improved capacity to induce activation of T cells. In contrast, B7 variants which bind and
act through CTLA-4 with improved activity (and with decreased activity through CD28) will
be potent negative regulators of T cell functions and to induce tolerance and anergy. Thus,
by incorporating genes encoding these variant B7 molecules into genetic vaccine vectors

25  encoding an antigen, it is possible to modify antigen-specific T cell responses. Vectors that
harbor B7 genes that efficiently act through CD28 are useful in inducing, for example,
protective immune responses, whereas vectors that harbor genes encoding B7 genes that
efficiently act through CTLA-4 are useful in inducing, for example, tolerance and anergy of
allergen- or autoantigen-specific T cells. In some situations, such as in tumor cells or cells

30  inducing autoimmune reactions, the antigen.may already be present on the surface of the
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or Ty2 cell differentiation are useful, for example, in the treatment of allergic, malignant,
autoimmune and infectious diseases and in vaccination.

Also provided by the invention are methods of obtaining B7 variants that
have enhanced capacity to induce IL-10 production by antigen-specific T cells. Elevated

15  production of IL-10 is a characteristic of regulatory T cells, which can suppress proliferation

of antigen-specific CD4" T cells (Groux et al. (1997) Nature 389: 737). DNA shuffling is
performed as described above, after which recombinant nucleic acids encoding B7 variants
having enhanced capability of inducing IL-10 can be identified by, for example, ELISA or
flow cytometry using intracytoplasmic cytokine staining. The variants that induce high

20 levels of IL-10 production are useful in the treatment of allergic and autoimmune diseases.

D. Optimization of Transport and Presentation of Antigens
The invention also provides methods of obtaining genetic vaccines and
accessory molecules that can improve the transport and presentation of antigenic peptides. A
library of recombinant polynucleotides is created and screened to identify those that encode
25  molecules that have improved properties compared to the wild-type counterparts. The
polynucleotides themselves can be used in genetic vaccines, or the gene products of the

polynucleotides can be utilized for therapeutic or prophylactic applications.

1. Proteasomes

The class I peptides presented on major histocompatibility complex
30  molecules are generated by cellular proteasomes. Interferon-gamma can stimulate antigen

presentation, and part of the mechanism of action of interferon may be due to induction of
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recognized by the immune system. Such high-affinity low-activity LMP-like subunits will
demonstrate immunosuppressive effects which are also of use in other therapeutic protocols
where cells expressing a non-self protefn need to be prétected from an immune response.
The specificity of the proteasome and the TAP molecules (discussed below)
20  may have co-evolved naturally. Thus it may be important that the two pathways of the class I
processing system be functionally matched. A further aspect of the invention involves
performing DNA shuffling simultaneously on the two gene families followed by random
combinations of the two in order to discover appropriate matched proteolytic and transport

specificities.

25 2. Antigen Transport

The invention provides methods of improving transport of antigenic peptides
from the cytosolic compartment to the endoplasmic reticulum and thereby to the cell surface
in the context of MHC class I molecules. Enhanced expression of antigenic peptides results
in enhanced immune response, particularly in improved activation of CD8" cytotoxic

30  lymphocytes. This is useful in the development of DNA vaccines and in gene therapy.
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TAP genes are a good target for gene shuffling because of natural
polymorphism and because these genes of several mammalian species have been cloned and
sequenced, including human (Beck et al. (1992) J. Mol. Biol. 228: 433-441; Genbank
Accession No. Y13582; Powis et al., supra.), gorilla TAP1 (Laud et al. (1996) Human

20 Immunol. 50: 91-102), mouse (Reiser et al. (1988) Proc. Nat'l. Acad. Sci. USA 85: 2255-
2259; Marusina et al. (1997) J. Immunol. 158: 5251-5256, TAP1: Genbank Accession Nos.
U60018, U60019, U60020, U60021, U60022, and L76468-167470; TAP2: Genbank
Accession Nos. U60087, U60088, U6089, U60090, U6009! and U60092), hamster (TAP1,
Genbank Accession Nos. AF001154 and AF001157; TAP2, Genbank Accession Nos.

25  AF001156 and AF001155). Furthermore, it has been shown that point mutations in TAP
genes may result in altered peptide specificity and peptide presentation. Also, functional
differences in TAP genes derived from different species have been observed. For example,
human TAP and rat TAP containing the rTAP2a allele are rather promiscuous, whereas
mouse TAP is restrictive and select against peptides with C-terminal small

30  polar/hydrophobic or positively charged amino acids. The basis for this selectivity is
unknown.
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and TAP2 genes using as substrates at least two forms of TAP1 and/or TAP2 polynucleotide
scquenceé wﬁich differ in at least one nucleotide position. In a preferred embodiment, TAP
sequences derived from several mammalian species are used as the substrates for shuffling.

5  Natural polymorphism of the genes can provide additional diversity of substrate. If desired,
optimized TAP genes obtained from one round of shuffling and screening can be subjected
to additional shuffling/screening rounds to obtain further optimized TAP-encoding
polynucleotides.

To identify optimized TAP-encoding polynucleotides from a library of

10  recombinant TAP genes, the genes can be expressed on the same plasmid as a target antigen
of interest. If this step is limiting the extent of antigen presentation, then enhanced
presentation to CD8" CTL will result. Mutants of TAPs may act selectively to increase
expression of a particular antigen peptide fragment for which levels of expression are
otherwise limiting, or to cause transport of a peptide that would normally never be

15  transferred into the RER and made available to bind to MHC Class 1.

When used in the context of gene therapy vectors in cancer treatment,
evolved TAP genes provide a means to enhance expression of MHC class I molecules on
tumor cells and obtain efficient presentation of antigenic tumor-specific peptides. Thus,
vectors that contain the evolved TAP genes can induce potent immune responses against the

20  malignant cells. Shuffled TAP genes can be transfected into malignant cell lines that express
low levels of MHC class I molecules using retroviral vectors or electroporation.
Transfection efficiency can be monitored using marker genes, such as green fluorescent
protein, encoded by the same vector as the TAP genes. Cells expressing equal levels of
green fluorescent protein but the highest levels of MHC class I molecules, as a marker of

25  efficient TAP genes, are then sorted using flow cytometry, and the evolved TAP genes are
then recovered from these cells by, for example, PCR or by recovering the entire vectors.
These sequences can then subjected into new rounds of shuffling, selection and recovery, if
further optimization is desired.

Moiccular evolution of TAP genes can be combined with simultaneous

30  evolution of the desired antigen. Simultaneous evolution of the desired antigen can further

improve the efficacy of presentation of antigenic peptides following DNA vaccination. The
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5  antigen. Gene shuffling technique is ideal, and perhaps the only, method to solve this type
of problems. Efficient presentation of desired antigenic peptides can be analyzed using
specific cytotoxic T lymphocytes, for example, by measuring the cytokine production or

CTL activity of the T lymphocytes using methods known to those of skill in the art.

3. Cytotoxic T-Cell Inducing Sequences And Immunogenic Agonist
10 Sequences

Certain proteins are better able than others to carry MHC class I epitopes
because they are more readily used by the cellular machinery involved in the necessary
processing for class I epitope presentation. The invention provides methods of identifying
expressed polypeptides that are particularly efficient in traversing the various biosynthetic

15  and degradative steps leading to class I epitope presentation and the use of these
polypeptides to enhance presentation of CTL epitopes from other proteins.

In one embodiment, the invention provides Cytotoxic T-cell Inducing
Sequences (CTIS), which can be used to carry heterologous class I epitopes for th%: purpose
of vaccinating against the pathogen from which the heterologous epitopes are derived. One

20  example of a CTIS is obtained from the hepatitis B surface antigen (HBsAg), which has
been shown to be an effective carrier for its own CTL epitopes when delivered as a protein
under certain conditions. DNA immunization with plasmids expressing the HBsAg also
induces high levels of CTL activity. The invention provides a shorter, truncated fragment of
the HBsAg polypeptide which functions very efﬁ;:iently in inducing CTL activity, and

25  attains CTL induction levels that are higher than with the HBsAg protein or with the
plasmids encoding the full-length HBsAg polypeptide. Synthesis of a CTIS derived from
HBsAg is described in Example 3; and a diagram of a CTIS is shown in Figure 1.

The ER localization of the truncated polypeptide may be important in
achieving suitable proteolytic liberation of the peptide(s) containing the CTL epitopes (see

30  Cresswell & Hughes (1997) Curr. Biol. 7: R552-R555; Craiu et al. (1997) Proc. Nat'l. Acad.
Sci. USA 94: 10850-10855). The preS2 region and the transmembrane region provide T-

helper epitopes which may be important for the induction of a strong cytotoxic immune
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response. Because the truncated CTIS polypeptide has a simple structure (see Figure 1), it is

possible to attach one or more heterologous class I epitope sequences to the C-terminal end
of the polypeptide without having to maintain any specific protein conformation. Such
sequences are then available to the class I epitope processing mechanisms. The size of the
polypeptide is not subject to the normal constraints of the native HBsAg structure. Therefore
the length of the heterologous sequence and thus the number of included CTL epitopes is
flexible. This is shown schematically in Figure 2. The ability to include a long sequence
containing either multiple and distinct class I sequences, or alternatively different variations
of a single CTL sequence, allows DNA shuffling methodology to be applied.

The invention also provides methods of obtaining Immunogenic Agonist
Sequences (IAS) which induce CTLs capable of specific lysis of cells expressing the natural
epitope sequence. In some cases, the reactivity is greater than if the CTL response is induced
by the natural epitope (see, Example 3 and Figure 3). Such IAS-induced CTL may be drawn
from a T-cell repertoire different from that induced by the natural sequence. In this way,
poor responsiveness to a given epitope can be overcome by recruiting T cells from a larger
pool. In order to discover such IAS, the amino acid at each position of a CTL-inducing
peptide (excluding perhaps the positions of the so-called anchor residues) can be varied over
the range of the 19 amino acids not normally present at the pos.ition. DNA shuffling
methodology can be used to scan a large range of sequence possibilities.

A synthetic gene segment containing multiple copies of the original epitope
sequence can be prepared such that each copy possesses a small number of nucleotide
changes. The gene segment can be shuffled to create a diverse range of CTL epitope
sequences, some of which should function as IAS. This process is illustrated in Figure 4.

In practice, oligonucleotides are typically constructed in accordance with the
above design and polymerized enzymatically to form the synthetic gene segment of the
concatenated epitopes. Restriction sites can be incorporated into a fraction of the
oligonucleotides to allow for cleavage and selection of given size ranges of the concatenated
epitopes, most of which will have different sequences and thus will be potential IAS. The
epitope-containing gene segment can be joined by appropriate cloning methods to a CTIS,
such as that of HBsAg. The resulting plasmid constructions can be used for DNA-based

immunization and CTL induction
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and therapy of infectious diseases, including those caused by any bacterial, fungal, viral, or
other pathogens of mammals. The reagents obtained using the invention can also be used for
treatment of autoimmune diseases including, for example, rheumatoid arthritis, SLE,
10  diabetes mellitus, myasthenia gravis, reactive arthritis, ankylosing spondylitis, and multiple
sclerosis. These and other inflammatory conditions, including IBD, psoriasis, pancreatitis,
and various immunodeficiencies, can be treated using genetic vaccines that include vectors
and other components obtained using the methods of the invention. Genetic vaccine vectors
and other reagents obtained using the methods of the invention can be used to treat allergies
15  and asthma. Moreover, the use of genetic vaccines have great promise for the treatment of
cancer and prevention of metastasis. By inducing an immune response against cancerous
cells, the body’s immune system can be enlisted to reduce or eliminate cancer.
In presently preferred embodiments, the reagents obtained using the invention
are used in conjunction with a genetic vaccine vector. The choice of vector and components
20 can also be optimized for the particular purpose of treating allergy or other conditions. For
example, an antigen associated with treating a particular condition can be optimized using
recombination and selection methods analogous to those described herein. Such methods,
and antigens appropriate for various conditions, are described in copending, commonly
assigned US Patent Application Serial No. , entitled “Antigen Library
25  Immunization,” which was filed on February 10, 1999 as TTC Attorney Docket No. 18097-
028710US. The polynucleotide that encodes the recombinant antigenic polypeptide can be

placed under the control of a promoter, e.g., a high activity or tissue-specific promoter. The
promoter used to express the antigenic polypeptide can itself be optimized using
recombination and selection methods analogous to those described herein, as described in
30 International Application No. PCT/US97/17300 (Intemational Publication No. WO
98/13487). The reagents obtained using the methods of the invention can also be used in

conjunction with multicomponent genetic vaccines, which are capable of tailoring an
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& bC 10  suitable targeting methods are described in copending, commonly assigned US patent -

application Serial No. , entitled “Targeting of Genetic Vaccine Vectors,” filed on
February 10, 1999 as TTC Attorney Docket No. 18097-030200US.
Genetic vaccine vectors that include the optimized recombinant

10  polynucleotides obtained as described herein can be delivered to a mammal (including
humans) to induce a therapeutic or prophylactic immune response, Vaccine delivery vehicles
can be delivered in vivo by administration to an individual patient, typically by systemic
administration (e.g., intravenous, intraperitoneal, intramuscular, subdermal, intracranial,
anal, vaginal, oral, buccal route or they can be inhaled) or they can be administered by

15  topical application. Alternatively, vectors can be delivered to cells ex vivo, such as cells
explanted from an individual patient (e.g., lymphocytes, bone marrow aspirates, tissue
biopsy) or universal donor hematopoietic stem cells, followed by reimplantation of the cells
into a patient, usually after selection for cells which have incorporated the vector.,

A large number of delivery methods are well known to those of skill in the

20  art. Such methods include, for example liposome-based gene delivery (Debs and Zhu (1993)
WO 93/24640; Mannino and Gould-Fogerite (1988) BioTechniques 6(7): 682-691; Rose
U.S. Pat No. 5,279,833; Brigham (1991) WO 91/06309; and Felgner ez al. (1987) Proc. Natl.
Acad. Sci, USA 84: 7413-7414), as well as use of viral vectors (e.g., adenoviral (see, e.g.,
Berns et al. (1995) Ann. NY Acad. Sci. 772: 95-104; Ali et al. (1994) Gene Ther. 1: 367-384;

25  and Haddada et al. (1995) Curr. Top. Microbiol. Immunol: 199 ( Pt 3): 297-306 for review),
papillomaviral, retroviral (see, e.g., Buchscher et al. (1992) J. Virol. 66(5) 2731-2739;
Johann et al. (1992) J. Virol. 66 (5):1635-1640 (1992); Sommerfelt ez al., (1990) Virol.
176:58-59; Wilson et al. (1989) J. Virol. 63:2374-2378; Miller et al., J. Virol. 65:2220-2224
(1991); Wong-Staal et al., PCT/US94/05700, and Rosenburg and Fauci (1993) in

30 Fundamental Immunology, Third Edition Paul (ed) Raven Press, Ltd., New York and the

references therein, and Yu et al., Gene Therapy (1994) supra.), and adeno-associated viral
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“Naked” DNA and/or RNA that comprises a genetic vaccine can be
introduced directly into a tissue, such as muscle. See, e.g., USPN 5,580,859, Other methods

10 such as “biolistic” or particle-mediated transformation (see, e.g., Sanford et al., USPN
4,945,050; USPN 5,036,006) are also suitable for introduction of genetic vaccines into cells
of a mammal according to the invention. These methods are useful not only for in vivo
introduction of DNA into a mammal, but also for ex vivo modification of cells for
reintroduction into a mammal. As for other methods of delivering genetic vaccines, if

15  necessary, vaccine administration is repeated in order to maintain the desired level of
immunomodulation.

Genetic vaccine vectors (e.g., adenoviruses, liposomes, papillomaviruses,
retroviruses, ezc.) can be administered directly to the mammal for transduction of cells in
vivo. The genetic vaccines obtained using the methods of the invention can be formulated as

20  pharmaceutical compositions for administration in any suitable manner, including parenteral
(e.g., subcutaneous, intramuscular, intradermal, or intravenous), topical, oral, rectal,
intrathecal, buccal (e.g., sublingual), or local administration, such as by aerosol or
transdermally, for prophylactic and/or therapeutic treatment. Pretreatment of skin, for
example, by use of hair-removing agents, may be useful in transdermal delivery. Suitable

25  methods of administering such packaged nucleic acids are available and well known to those
of skill in the art, and, although more than one route can be used to administer a particular
composition, a particular route can often provide a more immediate and more effective
reaction than another route.

" Pharmaceutically acceptable carriers are determined in part by the particular -

30  composition being administered, as well as by the particular method used to administer the

composition. Accordingly, there is a wide variety of suitable formulations of pharmaceutical
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particular mode of administration selected and the patient's needs.

Formulations suitable for oral administration can consist of (a) liquid
solutions, such as an effective amount of the packaged nucleic acid suspended in diluents,
such as water, saline or PEG 400; (b)'capsules, sachets or tablets, each containing a
predetermined amount of the active ingredient, as liquids, solids, granules or gelatin; (c)
suspensions in an appropriate liquid; and (d) suitable emulsions. Tablet forms can include
one or more of lactose, sucrose, mannitol, sorbitol, calcium phosphates, corn starch, potato
starch, tragacanth, microcrystalline cellulose, acacia, gelatin, colloidal silicon dioxide,
croscarmellose sodium, talc, magnesium stearate, stearic acid, and other excipients,
colorants, fillers, binders, diluents, buffering agents, moistening égents, preservatives,
flavoring agents, dyes, disintegrating agents, and pharmaceutically compatible carriers.
Lozenge forms can comprise the active ingredient in a flavor, usually sucrose and acacia or
tragacanth, as well as pastilles comprising the active ingredient in an inert base, such as
gelatin and glycerin or sucrose and acacia emulsions, gels, and the like containing, in
addition to the active ingredient, carriers known in the art. It is recognized that the genetic
vaccines, when administered orally, must be protected from digestion. This is typically
accomplished either by complexing the vaccine vector with a composition to render it
resistant to acidic and enzymatic hydrolysis or by packaging the vector in an appropriately
resistant carrier such as a liposome. Means of protecting vectors from digestion are well
known in the art. The pharmaceutical compositions can be encapsulated, e.g., in liposomes,

or in a formulation that provides for slow release of the active ingredient.
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subcutaneous routes, include aqueous and non-aqueous, isotonic sterile injection solutions,

which can contain antioxidants, buffers, bacteriostats, and solutes that render the formulation

15  isotonic with the blood of the intended recipient, and aqueous and non-aqueous sterile
suspensions that can include suspending agents, solubilizers, thickening agents, stabilizers,
and preservatives. In the practice of this invention, compositions can be administered, for
ex:;meIe, by intravenous infusion, orally, topically, intraperitoneally, intravesically or
intrathecally, Parenteral administration and intravenous administration are the preferred

20  methods of administration. The formulations of packaged nucleic acid can be presented in
unit-dose or multi-dose sealed containers, such as ampoules and vials.

Injection solutions and suspensions can be prepared from sterile powders,
granules, and tablets of the kind previously described. Cells transduced by the packaged
nucleic acid caﬁ also be administered intravenously or parenterally.

25 The dose administered to a patient, in the context of the present invention
should be sufficient to effect a beneficial therapeutic response in the patient over time. The
dose will be determined by the efficacy of the particular vector employed and the condition
of the patient, as well as the body weight or vascular surface area of the patient to be treated.
The size of the dose also will be determined by the existence, nature, and extent of any

30  adverse side-effects that accompany the administration of a particular vector, or transduced

cell type in a particular patient.
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In therapeutic applications, compositions are administered to a patient

suffering from a disease (e.g., an infectious disease or autoimmune disorder) in an amount

10  sufficient to cure or at least partially arrest the disease and its complications. An amount
adequate to accomplish this is defined as a "therapeutically effective dose." Amounts
effective for this use will depend upon the severity of the disease and the general state of the
patient's health Single or multiple administrations of the compositions may be administered
depending on the dosage and frequency as required and tolerated by the patient. In any

15  event, the composition should provide a sufficient quantity of the proteins of this invention
to effectively treat the patient.

In prophylactic applications, compositions are administered to a human or
other mammal to induce an immune response that can help protect against the establishment
of an infectious disease or other condition.

20 The toxicity and therapeutic efficacy of the genetic vaccine vectors provided
by the invention are determined using standard pharmaceutical procedures in cell cultures or
experimental animals. One can determine the LDsg (the dose lethal to 50% of the
population) and the EDj, (the dose therapeutically effective in 50% of the population) using
procedures presented herein and those otherwise known to those of skill in the art.

25 A typical pharmaceutical composition for intravenous administration would
be about 0.1 to 10 mg per patient per day. Dosages from 0.1 up to about 100 mg per patient
per day may be used, particularly when the drug is administered to a secluded site and not
into the blood stream, such as into a body cavity or into a lumen of an organ. Substantially
higher dosages are possible in topical administration. Actual methods for preparing

30  parenterally administrable compositions will be known or apparent to those skilled in the art
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indication on the label that the compound is sultable for treatment of an indicated condition.

For example, the label may state that the active compound within the packaging is useful for

10  treating a particular infectious disease, autoimmune disorder, tumor, or for preventing or

treating other diseases or conditions that are mediated by, or potentially susceptible to, a

mammalian immune response.

EXAMPLES

The following examples are offered to illustrate, but not to limit the present

15  invention.

Example 1

Altered ligand specificity of B7-1 (CD80) and/or B7-2 (CD86) by DNA shuffling
This Example describes the use of the DNA shuffling methods of the

invention to obtain B7-1 and B7-2 polypeptides that have altered biological activities.

20  DNA shuffling
DNA shuffling is used to generate a library of B7 (B7-1/CD80 and B7-

2/CD86) variants that have altered relative capacity to act through CD28 and CTLA;4 when
compared to wild-type B7 molecules. Typically, B7 cDNAs from various species are
generated by RT-PCR, and these sequences are shuffled using family DNA shuffling.

25  Alignments of human, rhesus monkey and rabbit B7-1 nucleotide sequences are shown in
Figure 15, demonstrating that family DNA shuffling is a feasible approach when evolving

B7 molecules.
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10 Soluble CTLA-4 and CD28 molecules are generated to facilitate the flow
cytometry experiments. Typically, these soluble polypeptides are fused with the Fc portion
of IgG molecule to improve the stability of the molecules and to enable easy staining by
labeled anti-IgG monoclonal antibodies, as described by van der Merwe et al. ((1997) J. Exp.
Med. 185: 393). The cells transfected with the library of B7 molecules are then stained with
15  the soluble CTLA-4 and CD28 molecules. Cells demonstrating increased or decreased
CTLA-4/CD28 binding ratio are sorted. The plasmids are then recovered and the shuffled
sequences identified. These selected B7 variants can then be subjected to new rounds of
shuffling and selection, and can be further analyzed using functional assays as ;icscribed

below.

20 B. Selection based on functional properties.

Bacterial colonies that contain plasmids that include mutant B7 molecules are
picked and the plasmids are isolated. These plasmids are then transfected into antigen
presenting cells, such as dendritic cells, and the capacities of these mutants to activate T cells
is analyzed. One of the advantages of this approach is that no assumptions are made as to

25  the binding affinities or specificities to the known ligands, and possibly new activities
through yet to be identified ligands can be found.

T cell activation can be analyzed by measuring proliferation, cytokine
production, CTL activity or expression of activation antigens such as IL-2 receptor, CD69 or
HLA-DR molecules. Usage of antigen-specific T cell clones, such as T cells specific for

30  house dust mite antigen Der p I, allows ana.lysis of antigen-specific T cell activation.

Mutants are identified that can enhance or inhibit T cell proliferation or enhance or inhibit
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5 C. Ability to direct either Tyl or Ty2 cell differentiation,

Because differential roles for B7-1 and B7-2 molecules in the regulation of T

helper cell differentiation have been identified (Freeman et al. (1995) Immunity 2: 523,
Kuchroo et al. (1995) Cell 80: 707), one can screen for B7 variants that are the most
effective in directing either Tyl or Ty2 cell differentiation. Ty cell differentiation can be

10  measured by analyzing the cytokine production profiles induced by each particular variant.
High levels of IL-4, IL-5 and /or IL-13 are an indication of efficient T12 cell differentiation
whereas high levels of IFN-y or IL-2 production can be used as a marker of Tyl cell
differentiation. B7 variants that altered capacity to induce Ty1 or Ty2 cell differentiation are
likely to be useful in the treatment of allergic, malignant, autoimmune and infectious

15  diseases and in vaccination.

D. Enhanced IL-10 production.
" Elevated production of IL-10 is a characteristic of regulatory T cells, which
can suppress proliferation of antigen-specific CD4" T cells (Groux er ak (1997) Nature 389.
737). Therefore, B7 variants can be screened to identify those that have enhanced capacity
20  to induce IL-10 production by antigen-specific T cells. IL-10 production can be measured,
for example, by ELISA or flow cytometry using intracytoplasmic cytokine stainings. The
variants that induce high levels of IL-10 production are useful in the treatment of allergic

and autoimmune diseases.

Example 2

25 Evolution Of Cytokines For Improved Specific Activity
And/Or Improved Expression Levels

This example describes a method to evolve a cytokine for improved specific
activity and/or improved expression levels when the genetic vaccine is transfected into
mammalian cells. IL-12 is the most potent cytokine directing Ty1 responses, and it

30  improves the efficacy of genetic vaccinations. Evolved IL-12 molecules are useful as
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IL-12 plays several roles in the regulation of allergic responses. For example,
IL-12 induces Tyl cell differentiation and downregulates the Ty2 response. IL-12 inhibits
IgE synthesis both in vive and in vitro, and also induces IFN-y production. Accordingly, it is
desirable to obtain an optimized IL-12 that better able to carry out these functions upon

15  administration to a mammal.

Cytokine genes, including IL-12 genes, from humans and nonhuman primates
are generally 93-99% homologous (Villinger et al. (1995) J. Immunol. 155:3946-3954),
providing a good starting point for family shuffling. A library of shuffled IL-12 genes was
obtained by shuffling p35 and p40 subunits derived from human, rhesus monkey, cat, dog,

20 cow, pig, and goat, and incorporated into vectors and the supernatants of these transfectants
are analyzed for biological activity as shown in Figure 6. Because of its T cell growth
promoting activities, it is possible to use normal human peripheral blood T cells in the
selection of the most active IL-12 genes, enabling directly to select IL-12 mutants with the
most potent activities on human T cells.

25 As shown in Figure 7, a functional screening assay has been successfully
established. In this assay, COS-7 cells were first transfected with vectors encoding IL-12
subunits. Forty-eight hours after transfection, the capacity of these culture supernatants to
induce proliferation of activated human peripheral blood T cells was studied. Figure 8
indicates the consi:s.tency of the level of T cell proliferation induced in this assay, indicating

30 that the assay can be used to distinguish the activities between supernatants that have

different capacities to induce T cell activation. In other words, the assay provides means to
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cells include cell lines WI-26, COS-1, COS-7, 293, U937 and freshly isolated human antigen

presenting cells, such as monocytes, B cells and dendritic cells.

Example 3

Cytotoxic T-cell Inducing Sequences Derived from Hepatitis B Surface Antigen and
15 Strongly Immunogenic Agonistic T cell Epitopes

This Example describes the preparation of a polypeptide sequence capable of
efficient presentation of T cell epitopes and a strategy for the application of DNA shuffling
to discover strongly immunogenic agonistic T cell epitopes. .

The HBsAg polypeptide (PreS2 plus S regions) was truncated by the

20  introduction of a stop codon at amino acid position 103 (counting from the beginning of the

PreS2 initiator methionine), transforming a cysteine codon TGT into the Stop codon TGA.
The amino acid sequence of the truncated protein was therefore:
MQWNSTTFHQTLQDPRVRGLYFPAGGSSSGTVNPVLTTASPLSSIFSRIGDPALNME
NITSGFLGPLLVLQAGFFLLTRILTIPQSLDSWWTSLNFLGGTTV*

25  where the standard single-letter code for amino acids is used. The methionine residues at the

start of the PreS2 and S regions are underlined, and the mouse L°-restricted CTL epitope is
double-underlined; the asterisk (*) represents the artificially introduced Stop codon.
_ A likely structure for this truncated polypeptide is shown in Figure 1. During
protein biosynthesis, the N-terminal region of the HBsAg polypeptide is transported through '
30  the membrane of the endoplasmic reticulum (ER). The first part of the S regionis a

transmembrane structure which locks the polypeptide into the ER. The remaining C-terminal
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class I epitope from HBsAg was replaced with an alanine-encoding codon in the DNA
sequence of the epitope. The results demonstrate that, in some cases, the reactivity is greater

than if the CTL response is induced by the natural epitope (Figure 3).

Example 4

Treatment of Obesity, Anorexia, and Cachexia using
Optimized Immunomodulatory Molecules

Optimized immunomodulatory molecules that are obtained using the methods
of the invention find use in a wide variety of applications, in addition to use in vaccination.
For example, there is increasing evidence that certain forms of obesity are associated with
dysfunction of the immune system, and that molecules which regulate immune responses,
e.g. cytokines, can induce or inhibit obesity. The invention provides methods of optimizing
immune regulatory molecules for the treatment of obesity, anorexia and cachexia.

Leptin and ciliary neurotrophic factor (CNTF) are examples of cytokines that
have been shown to play a role in the development of obesity. Congcni‘tal leptin deficiency
results in severe early-onset obesity in human (Montague et al. (1997) Nature 387: 903-908),
and CNTF has been shown to correct obesity and diabetes associated with leptin deficiency
and resistance (Gloaguen et al. (1997) Proc. Nat'l. Acad. Sci. USA 94: 6456-6461).
Antagonists of CNTF and/or leptin may be useful in the treatment of anorexia and/or
cachexia.

The methods of the invention are used to generate leptin and/or CNTF
molecules that have improved specific activity. The methods are also useful for obtaining
improved cytokines that exhibit reduced immunogenicity in vivo, immunogenicity is a
particular concern for CNTF, because the wild-type CNTF is highly antigenic, which results
in the production of high levels of anti-CNTF antibodies when administered to a human.
Improved cytokine molecules prepared using the methods of the invention are administered

as polypeptides, or the shuffled nucleic acids that encode improved leptin and/or CNTF
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useful for the treatment of anorexia, cachexia, and related disorders. In this embodiment,

5  antagonists of leptin and/or CNTF are evolved using the DNA shuffling methods. For

example, a leptin receptor can be evolved to obtain a soluble form that has an enhanced

affinity for leptin. The receptor for leptin in mice is found in the hypothalamus (Mercer et

al. (1996) FEBS Lett. 387: 113), a region known to be involved in maintenance of energy

balance, and in the choroid plexus and leptomeninges, which form part of the blood/brain

10 bamier.

It is understood that the examples and embodiments described herein are for
illustrative purposes only and that various modifications or changes in light thereof will be
suggested to persons skilled in the art and are to be included within the spirit and purview of

15  this application and scope of the appended claims. All publications, patents, and patent

applications cited herein are hereby incorporated by-reference for all purposes.
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h 1010%] & ()- L1094 ‘%1 )( )- creating a library of recombinant polynuclieotides from at least

two nucleic acids that differ from each other in two or more nucleotides; and
(2) screening the library for an optimized recombinant
polynucleotide that has, or encodes an optimized recombinant polypeptide that has, an
10 enhanced ability to modulate said immune response compared to said at least two
nucleic acids; and
3) combining the optimized recombinant polynucleotide, or the
optimized recombinant polypeptide encoded by the optimized recombinant
polynucleotide, with a genetic vaccine vector.
15 2. The method of claim 1, wherein the combining of (3) comprises
incorporating the optimized recombinant polynucleotide into a genetic vaccine vector.
3. The method of claim 1, wherein the combining of (3) comprises forming
a composition comprising the optimized recombinant polynucleotide, or the optimized
recombinant polypeptide encoded by the optimized recombinant polynucleotide, and a
20  genetic vaccine vector.
4. The method of claim 1, wherein the library of recombinant
polynucleotides is created by a process selected from the group consisting of DNA
shuffling, error-prone PCR, oligonucleotide-directed mutagenesis, uracil-mediated

mutagenesis, and repair-deficient host mutagenesis.
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modulating an immune response, wherein at least two of the plurality of nucleic acids
5  differ from each other in two or more nucleotides, to produce the library of recombinant
polynucleotides.
0. The method of claim 5, wherein the method further comprises, prior to
the combining of (3):
(i) recombining at least one optimized recombinant polynucleotide with
10 a further nucleic acid, which is the same or different from at least one of the plurality of
nucleic acids, to produce a further library of recombinant polynucleotides;

(11) screening the further library for at least one further optimized
recombinant polynucleotide that has, or encodes a further optimized recombinant
polypeptide that has, an enhanced ability to modulate an immune response compared to

15  a further nucleic acid from which the further library was created; and

(ii1) repeating (i) and (ii) to screen for a further optimized recombinant
polynucleotide that has, or encodes a further optimized recombinant polypeptide that
has, a further enhanced ability to modulate an immune response compared to a further
nucleic acid from which the further library was created.

20 7. The method of claim 5, wherein the optimized recombinant
polynucleotide encodes an optimized recombinant polypeptide that can interact with a

cellular receptor involved in mediating an immune response, wherein the optimized

recombinant polypeptide acts as an agonist or antagonist of the receptor.
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scavenger receptor.
9. The method of claim 7, wherein the cellular receptor is selected from the
group consisting of a cytokine receptor and a chemokine receptor.

5 10. The method of claim 7, wherein the optimized recombinant polypeptide
mimics the activity of a natural ligand for the receptor but does not induce immune
reactivity to the natural ligand.

11. The method of claim 7, wherein the library is screened by:
expressing the recombinant polynucleotides so that the encoded
10 recombinant polypeptides are produced as fusions with a protein displayed on the
surface of a bacteriophage;
contacting the bacteriophage with a plurality of cells that display the
receptor; and
identifying cells that exhibit a modulation of an immune response
15  mediated by the receptor.
12. The method of claim 11, wherein the bacteriophage comprises an M13
bacteriophage and the protein is encoded by gene III or geneVII.
13. The method of claim 7, which method further comprises introducing the
optimized recombinant polynucleotide into a genetic vaccine vector and administering
20  the vector to a mammal, wherein the optimized recombinant polypeptide is expressed
and acts as an agonist or antagonist of the receptor.
14. The method of claim 7, which method further comprises producing the

optimized recombinant polypeptide encoded by the optimized recombinant
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polynucleotide is inserted into an antigen-encoding nucleotide sequence of a genetic
5  vaccine vector.

16.  The method of claim 15, wherein the optimized recombinant
polynucleotide is introduced into a nucleotide sequence that encodes a hepatitis B
surface antigen polypeptide.

17. The method of claim 5, wherein the optimized recombinant

10 polynucleotide comprises a nucleotide sequence rich in unmethylated cytidine-
phosphate-guanosine.

18. The method of claim 5, wherein the optimized recombinant
polynucleotide encodes an optimized recombinant polypeptide that inhibits an allergic
reaction.

15 19. The method of claim 18, wherein the optimized recombinant polypeptide
is a variant of a polypeptide selected from the group consisting of interferon-a,
interferon-y, IL-10, IL-12, an antagonist of I[L-4, an antagonist of IL-5, and an
antagonist of IL-13.

20. The method of 1, wherein the optimized recombinant polynucleotide

20  encodes an antagonist of IL-10.

21. The method of claim 20, wherein the antagonist of IL-10 is a soluble or
defective variant of an IL-10 receptor or a IL-20/MDA-7 variant.

22. The method of claim 5, wherein the optimized recombinant

polynucleotide encodes a costimulator.
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activity through CD28 or CTLA-4.
24. The method of claim 22, wherein the costimulator is a variant of a
5 polypeptide selected from the group consisting of CD1, CD40, CD154 (ligand for
CD40) and CD150 (SLAM).

25. The method of claim 22, wherein the costimulator is a cytokine.

206. The method of claim 25, wherein the cytokine is a variant of a
polypeptide selected from the group consisting of IL-1, IL-2, IL-3, IL-4, IL-5, IL-6, IL-

10 7,1L-8,1L-9,IL-10, IL-11, IL-12, IL-13, IL-14, IL-15, IL-16, IL-17, IL-18, GM-CSF,
G-CSF, TNF-a, IFN-a, IFN-y, and IL-20 (MDA-7).

27. The method of claim 26, wherein the library of recombinant
polynucleotides is screened by testing the ability of cytokines encoded by the
recombinant polynucleotides to activate cells which contain a receptor for the cytokine.

15 28. The method of claim 27, wherein the cells contain a heterologous nucleic
acid that encodes the receptor for the cytokine.

29.  The method of claim 26, wherein the cytokine is an interleukin-12
variant and the screening is performed by:

growing mammalian cells which contain the genetic vaccine vector in a
20  culture medium; and
detecting whether T cell proliferation or T cell differentiation is induced
by contact with the culture medium.

30. The method of claim 26, wherein the cytokine is an interferon-o variant

and the screening is performed by:
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recombinant polypeptides are produced as fusions with a protein displayed on the

surface of a bacteriophage;

contacting the bacteriophage with a plurality of B cells; and

5 identifying phage library members that are capable of inhibiting

proliferation of the B cells.

31. The method of claim 26, wherein the immune response of interest is

differentiation of T cells to T1 cells and the screening is performed by contacting a

population of T cells with the cytokines encoded by the members of the library of

10 recombinant polynucleotides and identifying library members that encode a cytokine

that induces the T cells to produce IL-2 and interferon-y.

32.  The method of claim 25, wherein the cytokine encoded by the optimized

recombinant polynucleotide exhibits reduced immunogenicity compared to a cytokine

encoded by a non-optimized polynucleotide, and the reduced immunogenicity is

15  detected by introducing a cytokine encoded by the recombinant polynucleotide into a

mammal and determining whether an immune response is induced against the cytokine.

33. The method of claim 22, wherein the costimulator is a B7-1 (CD80)

variant or a B7-2 (CD86) variant, and the screening of (2) comprises testing for an

ability to costimulate an immune response.

20 34. The method of claim 5, wherein the optimized recombinant

polynucleotide encodes a cytokine antagonist.

35. The method of claim 34, wherein the cytokine antagonist is selected from

the group consisting of a soluble cytokine receptor and a transmembrane cytokine

receptor having a defective signal sequence.
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37. The method of claim 5, wherein the optimized recombinant

polynucleotide encodes an optimized recombinant polypeptide capable of inducing a
5  predominantly Tyl immune response.

38. The method of claim 5, wherein the optimized recombinant
polynucleotide encodes an optimized recombinant polypeptide capable of inducing a
predominantly Ty2 immune response.

39. A method for producing and screening for a polynucleotide that encodes

10 an accessory molecule that alters the transport or presentation of antigens by a cell, the
method comprising:

(D creating a library of recombinant polynucleotides by subjecting to
recombination a plurality of nucleic acids that encode all or part of the accessory
molecule, wherein at least two of the plurality of nucleic acids differ from each other in

15  two or more nucleotides; and

(2) screening the library for an optimized recombinant
polynucleotide that encodes an optimized recombinant accessory molecule that confers
upon a cell an increased or decreased ability to transport or present an antigen on a
surface of the cell compared to an accessory molecule encoded by the nucleic acids

20  subjected to recombination; and

(3) combining the optimized recombinant polynucleotide, or the

optimized recombinant accessory molecule, with a genetic vaccine vector.

40.  The method of claim 39, wherein the screening comprises:
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vaccine vector that encodes an antigen to form a library of vectors;
introducing the library of vectors into mammalian cells; and
screening for mammalian cells that exhibit increased or decreased
5 immunogenicity to the antigen.
41. The method of claim 39, wherein the accessory molecule comprises a
proteasome or a TAP polypeptide.
42. The method of claim 39, wherein the accessory molecule comprises a
cytotoxic T-cell inducing sequence.
10 43.  The method of claim 42, wherein the cytotoxic T-cell inducing sequence

is obtained from a hepatitis B surface antigen.

44.  The method of claim 39, wherein the accessory molecule comprises an
immunogenic agonist sequence.
15 45. The method of claim 39, wherein the combining of (3) comprises
incorporating the optimized recombinant polynucleotide into a genetic vaccine vector.
46.  The method of claim 1, wherein the combining of (3) comprises forming
a composition comprising the optimized recombinant polynucleotide, or a polypeptide
encoded by the optimized recombinant polynucleotide, and a genetic vaccine vector.
20 47.  The method of claim 39, wherein the method further comprises, prior to
the combining of (3):
(i) recombining at least one optimized recombinant polynucleotide with

a further nucleic acid, which is the same or different from at least one of the nucleic
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(i1) screening the further library for at least one further optimized
recombinant polynucleotide that encodes a recombinant accessory molecule that confers
5 upon a cell an increased or decreased ability to transport or present an antigen on a
surface of the cell compared to an accessory molecule encoded by the nucleic acids
subjected to recombination in (i); and
(i11) repeating (i) and (ii) to screen for a further optimized recombinant
polynucleotide that encodes a recombinant accessory molecule that confers upon a cell
10  an increased or decreased ability to transport or present an antigen on a surface of the
cell compared to an accessory molecule encoded by the nucleic acids subjected to
recombination in (i).

48.  The method of claim 1, wherein said screening of (2) comprises selecting

any optimized recombinant polynucleotide that has, or encodes a polypeptide that has, a
15  modulatory effect on an immune response induced by a genetic vaccine vector.

49, The method of claim 6, wherein said screening of (i) comprises selecting
any further oplimized recombinant polynucleotide that has, or encodes a further
optimized recombinant polypeptide that has, an enhanced ability to modulate an
immune response compared to a nucleic acid from which the further library was created.

20 50. The method of claim 39, wherein said screening of (2) comprises
selecting any optimized recombinant polynucleotide that encodes an optimized
recombinant accessory molecule that confers upon a cell an increased or decreased

ability to transport or present an antigen on a surface of the cell compared to an

accessory molecule encoded by the nucleic acids subjected to recombination.
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54. The method of claim 52, wherein screening of (2) comprises screening

10 for a B7-1 variant having an altered binding activity to CD28 or CTLA-4.
55. The method of claim 54, wherein the screening of (2) comprises
screening for a B7-1 variant having a decreased CTLA-4/CD28 binding ratio.
56. The method of claim 55, wherein the screening of (2) comprises
screening for a B7-1 variant having an increased CTLA-4/CD28 binding ratio.
15 57.  The method of claim 33, wherein the immune response is an increase or
decrease in T cell activation.
58. The method of claim 5, wherein the genetic vaccine vector encodes a
cancer antigen.
59. The method of claim 22, wherein the genetic vaccine vector encodes a
20  cancer antigen.
60. A method for producing and screening for a polynucleotide that has a
modulatory effect on an immune response, or encodes a polypeptide that has a
modulatory effect on an immune response, wherein said immune response is induced by

a genetic vaccine vector, the method comprising:
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(1) creating a library of recombinant polynucleotides from at least
two nucleic acids, wherein each of the at least two nucleic acids encodes a
costimulatory polypeptide, chemokine, cytokine, surface-bound accessory molecule
polypeptide, or antagonist of any thereof, and the at least two nucleic acids differs from
each other in at least two nucleotides; and

2) screening the library for an optimized recombinant
polynucleotide that has, or encodes an optimized recombinant polypeptide that has, an
enhanced ability to modulate said immune response compared to said at least two
nucleic acids; and

3) combining the optimized recombinant polynucleotide, or the
optimized recombinant polypeptide encoded by the optimized recombinant

polynucleotide, with a genetic vaccine vector.

ol. The method of 60, wherein each of the at least two nucleic acids encodes

a B7-1 polypeptide of a different mammalian species.



