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This invention provides methods for obtaining molecules that can modulate an immune response, and immunomodulatory molecules
obtained using the methods. The molecules find use, for cxample, in the tailoring of an immune response induced by a genetic vaccine for

a desired purpose.




Backgr ound Anti gen processing and presentation is only
one factor which deternines the ef fectiveness of vaccination, whether
performed with genetic vaccines or nore classical 20 met hods. O her

nol ecul es i nvolvoeslaizegs det er mi ni ng vacci ne effectiveness i nchorrgs®piooki nes
(interleukins, interferons, chenokines, hematopoietic growmh factors, tunor
necrosis factors and transformng rowh factors), which are snal

nol ecul ar wei ght proteins that regul ate mat urati on, activation,
proliferation and differentiation of the cells of the inmune system
Characteristic features of cytokines are pleiotropy and redundancy; that
i's, one cytokine 25 often has several functions and a given function is
"often nedi ated by nore than one cytokine. In addition, several

cyt oki nes haarmmﬁmmwqwovmwﬁmowm?mmm@mk' nes,
and a nunber of cytokines also share receptor conponents mo
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Due to the conplexity of thée cytoki ne networks, studies on the

physi ol ogi cal significance of a given cytokine have been difficult,
al t hough recent studies using cytokine gene-deficient m ce have
significantly inproved our understanding on the functions of

cytokines in vivo. In addition to sol uble proteins, several nenbrane-bound
costinmulatory 5 nol ecul es play a fundanental role in the regul ati on of

i nmune responses. These nol ecul es i ncl ude Cb40, CD40 |igand, CD27,
CD80, CD86 and CD150 (SLAM), and they are typically expressed on

| ynphoid cells after hr ough
cell-cell interactions AW%M&M&%BVWESW*]) cells, key
regul atd®s of the i mmnmbmmdemmrﬁdybmmﬁtshﬁponmcbﬂﬁranﬂm a large

number  of dﬁfégf'r&%tl gX(}logvlvaggesd byad;lecbeqa ense gd%]ncgcp ﬁ!of ect% g%h(clyn'.?he (sny %}n%?e%{ S

has certain rights in this invention.
BACKGROUND OF THE INVENTION

Field of the Invention
15 ‘This invention pertains to the field of modulation of immune responses such

as those induced by genetic vaccines.

. 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
(iﬁterleuldns, interferons, chemokines, hematopoietic growth factors, tamor necrosis factors
and transforming growth factors), which are small molecular weight proteins that regulate
maturation, activation, proliferation and differentiation of the cells of the immiune 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.



pattern TH cells are divided into two subsets (Paul and Seder (1994) Cell
76: 241-251). T[err] cells produce high |l evel s of IL-2 and | FN-[err]
and no or minimal levels of IL-4, IL-5 and IL- 13. In contrast, TH2
cell's produc®Oip/gyed evel s of I1L-4, IL-5 and IL 13, and IL-lﬁ:'larsQwﬁEN[err]
production is mninmal or absent. T[err] %:el | s activate macrophages,
dendritic cells and augnent 15 the cytolytic activity of CD38[err]
cytotoxic T | ynphocytes and NK cells (1d.), whereas TH2 cells provi de

efficient help for B A ' I ue to
the capacity Pyﬂgﬁzﬁ%e _‘ii%l&){i@afﬁig%gtgﬂﬁgé 'S0 y‘%’g&% té?ﬁ’slﬁ' E’ ald

di f f er ent i adigmificanée df a@*eh&y’noMehi\gIBeMﬁ‘emrt{mj;houglh receﬁ&&thdlésﬁegh'rc Emagd
Punnonen (1996 t. okl ne .re tion of hunoya |mmn|t asi c_an
clinical gs%?é‘&%igé ??é“ e@t‘?&%ﬁ%’?‘ ¢ MmprﬂYfﬂr?“W‘} tag, ’Sgﬁgﬂ‘el_ft"éFn°n’W5fst Sussex,
UK, p. 195-cyddkines #rdsibo. 1N BEHiSHA® sollile P FeviiaPneBatt- B&ﬁldtcbﬁxm éator%lu

differentiation of T helper cells are not fully" under st 0o
cyt oki nés am@le%‘FleéﬂY e} role indjegpgulasion of immunetresponssenTisoumolerwesi r ect

(Paul ana Sjede CBR, CHBIRER, Con clh EPRE P81 AT ANl end BT e ¢ nat
menbr ane botgrp:dall;&mprem& ah bmyphoidl cellvdftes activation visattigerrecégaittbn o@%&;gﬁnd CD150,

can direct ng@ and/ or TH2 devel opnent, and the sane 25 nol ecul es t hat
regul at e THEOSEIIMSTPRONS Nt i ation al so affect activation, proliferation and

differentiation of Brqg} én ,Ilg rd TIPSR s t al.
(1995) Nature 376: pleﬁ(mpé g by MRl ST s (1%%‘%1’%#8%%?

285- 29310 pupradising aé@rganwn'qez gééffemwmm&s, and based on thairayiokise synthesid. 90:

3730- 3734, E@tg
Studies in éj‘ti@%gf‘%llﬂr air%ldgg i‘ﬁgé’)eo lésrmn ?u %(F &i%ec%ﬁétg 9&831%&0%% %1561) SW hesi s
3ﬁ profil aell:)f:roludeélﬁghdeveﬂsTdféL-a]a)xd oaN-y andmica;tSmamml Lewelalof ?.oh GILLS][hnd ée]L.er m ni ng
t he out cone, of sever rasitjc infections.
H gh frequekfcy&ash ‘}2 QF P’é’db"ﬁﬁ‘égha}f“f’}'cf ‘%ﬂo%e]gf g a‘ﬂ[’) 3 aadir2 and
\F/:lC)Tlg LgJ/S ‘91 é?ggpégc(l)ucnon is minimal or absent. Tx1 cells activate macrophages, dendritic cells and augment

he cytolytic activity of CD8" cytotoxic T lymphocytes and NK cells (/d.), whereas Tj;2 cells

)

provide efficient help for B cells and they also mediate allergic responses due to the capacity

of T2 cells to induce IgE isotype switching and differentiation of B cells into IgE secreting
cell (De Vries and Punnonen (1996) In Cytokine regulatio;t of humoral immunity: basic and
clinical aspects. Eds. Snapper, C.M., John Wiley & Sons, Ltd., West Sussex, UK, p. 195-

20  215). The exact mechanisms that regulate the differentiation of T helper cells are not fully
understood, but cytokines are believed to play a major role. IL-4 has been shown to direct
Tu2 differentiation, whereas IL-12 induces development of Ty1 cells (Paul and Seder,
supra.). In addition, it has been suggested that membrane bound costimulatory molecules,
such as CDB80, CD86 and CD150, can direct Tyl and/or Ty2 development, and the same

25  molecules that regulate Ty cell differentiation also affect activation, proliferation and
differentiation of B cells into Ig-secreting plasma cells (Cocks et al. (1995) Nature 376:
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




i nfections, whereas dom nant T[err]2 phenotype often results in
di ssem nated, chronic I nfections. For exanple, [err] phenotype is
observed in tuberculoid (resistant) form of | eprosy and TH2
phenot ype in | WPO¥#d6%ous, nultibacillary (susceptible) |esieasugssaaiur a
.et al (1991) Science 254: 277-279). Simlagrly, late-stage H 'V patients have
[err]-like 5 cyt oki ne synthesis profiles, and [err] phenotype has been
proposed to protect from Al DS (Maggi et al. (1994) J. Exp. Med. 180:
489-495). Further.nore, the surviwvgl  from ni pgacocegl .septicema is
genetically dg{}%ﬁlﬂ?sh%erﬁaﬁ?g@'ﬁ%ﬁt 'il‘%é’h%né’%?gio VA rg?“q%gf ‘:ﬂ%ﬁg‘?r‘a?fe%’ chronie bl ood
| eukocyt es t OiriféctiohC Fod dambpR( Tl rdsbtype-is fbservedtin\tibditaloid frésivtant)aoinl éfes with
hi gh production of IL-10_have increased risk of fatal —nmeningococcal
di sease, wher ERDSEMhERPheRotyPg in leprampions suujiivarllay (pscepjible)desiqns (Y geasmig on
were nore lik BYARYLS i ;| S ; e (1997)
g) of 1(5/%15 SElc¥ DskIErTIRbE Wihdiy Méssftq/t o %g(l@anems have Ty Rlike

Lancet 349: 170 reat nents can
dramatical§y cytbkinesyothefieprofiles; ahd Tl fhienatypethanbéen proposed to prottctnieam AfDSige
activation, apd ther ut.co f o ctiqus di seases. .For exanpl e,
BALB/ c mice i %ﬁ%‘ﬁmgﬁﬁﬁgwﬁ&ﬁﬁgﬁggﬁﬁﬂw& tﬁﬁ}’é‘f‘ﬁaﬁﬁﬁmdi sseni nat ed
fatal 15  di gRASEodsbdalsepticEiZa @ BERALAP Aetehiibcd¥IQR daltBRANaBELitpiot PeripRérht | L- 4
mAbs or 1L-12, the frequency err] cells in the mce increases and

of
they are abl eblosd lspkesyies teawodupe TNE0Hg Sr10-nndividyals from familiepwithhighn et al .
1992) J. .l : : - Sl nd . ] from
othal er pos Pihetion SPR-To4a%% fhbdedoed bk 88 e inohindoont fckase R GE Bl i
i nf ect i on30 by families wifidighdINI-nasodaetiongvaromearedikelPad supvied the irfsotibn (Westandorpl n

addi tion, cytoki at mept s 20 as reconbi nant |L-2, have shown
beneficial ef Rggéﬁmf?ﬂfﬁ’aﬂ&%m 'vari abl e i munodefi ci ency

(Cunni ngham Rundl es et (3tokire kR&thkntblcanfigthatically iMibncSBJ1/Ti213H AR fetentiation

The admi ni stration of cytokines and other nolecules to nodulate i nmune

" responses i n #udrairephaganstivatipn apd therby the guicepeof infeetions diseasese fonexamplsease
can provide apax L gl f.). t for. t ' However,

presently avaFﬁ%g(cemlﬁ%ﬁgégnggﬁlngFg'gkgé9“1] o% Egiae%aﬁ r%gg% S aan(ﬂ sgx\ﬂj@%@%&lal :

di sadvant &fjesdissscwitiag Tihphehbtypd, buttwhep eedtéd withoantii -4 mAbs ordllel2] tha frequency

I mune respons against, the i munonpdul at,or. that i s .adm,ni st.ered, and
ot her pot ont | & 11 Coi in fhespice focredsph s they Freable ‘0 ¢Peraqt e RERERIRYAGE at or s
that exhi bit (CHateRwest aR(1592) . IRAunol. 148: 11€2-21 87 ESihflati TBR-y bt ¥nlc from
avai l abl e. The present invention fulfil]ls this and other needs,

SUMVARY OF THiethahRerres| Sixplgy Virus (HSV) infection, and MGl preventtlsthal infeetinons By,

G fect on an | radmtorebAUPhad of SR DRl fif, W Rididon, cyokdneRtalhl ol 0TV

20  asrecombinant IL-2, have shown beneficial effects in human common variable

immunodeficiency (Cunningham-Rundles et 2. (1994) N. Engl, J. Med. 331; 918-921).
The administration of cytokines and other molecules to modulate immune

responses in 2 manner most appropriate for treating a particular disease can provide a
significant tool for the treatment of disease. However, presently available immunomodulator

25  treatments can have several disadvantages, such as insufficient specific activity, induction of
immune responses against, the immunomodulator that is administered, and other potential
problems. Thus, a need exists for immunomodulators that exhibit improved properties

relative to those curreritly available. The present invention fulfills this and other needs.

SUMMARY OF THE INVENTION
30 The present invention provides methods of obtaining a polynucleotide that

has a2 modulatory effect on an immune response that is induced by a genetic vaccine, either
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directly (i.e., as an inmunonodul atory pol ynucleotide) or indirectly (i.e
upon transl atY@9p/43368 t he pol ynucl eotide to create an Pamussonsdul at ory
pol ypepti de. The nethods of the I nyention involve: creating a library
of reconbi nant pol ynucl eoti des; and screening the library to identify
at | east one optim zed reconbi nant pol ynucl eotide that exhibits, either by

5 1tself o g BhOnah K0R:RRGRARTARLY PARBHdd b REREAG T Aoh khakidiBy of

nodul ate an | response ormo e| Cc aci rom
whi ch t he | ithermiynuolestide ltcea:eadan 1Enmmpinedulatory polypeptidedEhe rhethodsyodithel e,

CpG rich polynucl eoti,de se ue es ucl eot.i de. sequences t hat
encode a codl¥CREATIPYRIVE: greg % ‘}Zl“n" polypygigot ‘%5’1%’&1 serepiag e or

CD40), CD15Gprary to 1de(n§5»%/least%e Gptﬁﬁkéd%éﬁinbﬂdﬂep@ﬁ[@ﬁﬂhwh&teﬁﬁb% @fther By t hese
nmet hods can include, for exanple, 10 introducin eneti c vaccine vectors

whi ch cofpr itsedf eri{bronghfhe engodsd nobmeptisicrananhanged ahility e medulate an imppey 2 cel |
and 'de”t ' T ¥sPGhst Blah 3 eg@&ﬂa?e%meg aid%brl wcﬁa%qﬁgﬁwag bnbathd mﬂgl te an

i nmun es onse eres | NnCrease ity to express an
I mun o nodul ddobudg, ﬁmé)ampleeCmech polynucl&kémdqeences polpmmieptidd seesmoestthatant

DIty of - EedR R RO TRG 466 B Ry R ST, EPA & (igmu for GER. EBBE i
contain a 13SLAKS, Q@h@ptohﬁé TRkt Pused Bfthés GRIModE cilinclhdle fir kkalgige can

be native to the cell, can be expressed from a heterol ogous
nucl ei ¢ 18ci enttqda@nem@wc@%vqsmwﬁecqwafhsr1 rary, pf regeimipant nucleic acidshe

opt 1 2ed C454 L) P18 Ae Al ARSI oo R AL Rlad bl b el 1

or culture e’ ca u0| ng a predom nan | mune
response, oOtresponse eﬁmta-esamqueased ability ar exbrelsmmmnspdmlstary rﬁﬁlecule For

In somne em%ﬁ%@p?@ the uck tgee%%% ?eéqacl duI %g&é%&yect on an
I mmune resp ? C d second
forms of a mesEhgihe ablllty of cﬁﬁhﬂestdﬁaddeﬂ By mrnuaamdies toaacﬁvdteeemk hidA@bnthisi.a
I nvol ved i n nodul ati ng an i nmune response,
receptor for the cytokine. The receptor for the cytokine can be native to the cell, or can be
expressed from a heterologous nucleic acid that encodes the cytokine receptor. For example,
the optimized costimulators can be tested to identify those for which the cells or culture
medium are capable of inducing a predominantly Ty2 immune response, or a predominantly
Tyl immune response.
20 . In some embodiments, the polynucleotide that has a modulatory effect on an
immune response is obtained by: (1) recombining at least first and second forms of a nucleic
acid that is, or encodes a molecule that is, involved in modulating an immune response,
wherein the first and second forms differ from each other in two or more nucleotides, to
produce a library of recombinant polynucleotides; and (2) screening the library to identify at
25  least one optimized recombinant polynucleotide that exhibits, either by itself or through the
encoded polypeptide, an enhanced ability to modulate an immune response than a form of
the nucleic acid from which the library was created. If additional optimization is desired, the
method can further involve: (3) recombining at least one optimized recombinant
polynucleotide with a further form of the nucleic acid, which is the same or different from
30 the first and second forms, to produce a further library of recombinant polynucleotides; (4)

screening the further library to identify at least one further optimized recombinant



wherein t:he first and secopd forns differ fromeach other in two or nore
nucl eoti des, to produce a library of reconbinant pol ynucl eoti des; and
(2) screening #epa}igrary to identify at 25 |east one optim zed

recombi nant polyrdcrebti de that exhibits, either by itself SFTURIMBHA t he
encoded pol ypeptide, an enhanced ability &0 nodul ate an i mune response
than a form of the nucleic acid fromwhich the |ibrary was created.

| f additional optimzation is desired, the nmet hod can further

i nvol ve: (3) -poiamslebtideniat athiti an tntaned apilityo Zedular QA findfd Yesponse than a
“polynucleotide with a further formof the nucleic acid, which is the sanme

or different frmefdonuelreadd fram vhith thedisamn) vrsfregted 1 29d ﬁ)oﬁﬂ‘é?@n&@ and @y
library of r e&%@é}g&?f‘ tunliﬁl%é’ M&%ﬁ%ﬁﬁ%ﬁes&n@inanmozl}énﬁfé&@& gitd {hefuittkl{rt her

library to identify dt least one further optl reconbl nan
WD 99141368 enhanced ability to modulate an immune response than a form of the nucleic acid from
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pol ynucl eat i q¥hiFithe bsapy gaseLeateft onhanced ability to nodul ate an i rmune

response than a fdofe@mbbdifents!6f tBé mvaiof, the RERaeF fBorhbigadti brary was
- created.; and (5) repeating (3% and (4), .as necessa(céé until the
further opti ricdBicleelidspisispragned pyeyprawingdag rgeombinanipalyuglgotides schat the

enhanced abi | {Yads Bl @ftidk! WYGAEE RORSEd W' hofef dibpiled B mpUC! @1 C

acid from 5 y was' Crea somne
enbodi ment s odurfadecofianephiostilogenetidpackag rcantycting thearepiichbie gerietic packages with a

pol ynucl egt i des j.s scr.een . o EXpressi the.rec I nant .. pol ynucl eot i des
so t hat tﬁ)e ﬁ’m{“}'é’iﬁﬂggﬁ?%@gé %}%Eeg “pﬁﬁgﬁ%ﬂmﬁg&é‘ HG&%%‘“%E"’T si ons
with a proteid ifinfint féfshsORedikted by the recspidf ace of a replicabl e genetic

package; contacting the replicable genetic packages with a 10 plurality

of cells that display Thenretienelstprovides meteqds farpblaiinga nolympeleatidesift bit a
The.i venti orgpies = Bl P et G TP IR0 BE leabtbolit hatnBGEH s by
encodes an aceeHsResegmethbdsdnsolveicheating aljhrary of recbiebihant pslpgmicleotides py edgertiag i on
of antig eﬂs bt\é rc%ombinatid;z nucleic acids that encode all or part of the accessory molecule; and
screening the library to identify an optimized recombinant polynucleotide that encodes a
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 non-recombinant nucleic acids. In some embodiments, the screening step
20  involves: introducing the library of recombinant polynucleotides into a genetic vaccine
vector that encodes an antigen to form a library of vectors; introducing the library of vectors |
into mammalian cells; and identifying mammalian cells that exhibit increased or decreased
immunogenicity to the antigen, .
In some embodiments of the invention, the cytokine that is optimized is
25  interleukin-12 and the screening is performed by growing mammalian 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 anothér 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
iﬁhibiting proliferation of a B cell line. Another embodiment utilizes B7-1 (CD80) or B7-2



cell. These nethods involve creating a library. of reconbi nant . .
pol ynucl eoti des by subjecting 15 to reconbination nucleic acids that
encode all or ﬁart of the accessory nol ecul e; and screening the

library to i A4398 an opti ni zed recombi nant pol ynucl eot i dBCT/HSMOMAE odes a
reconbi nant accessory nol ecul e that confgers upon a cell an increased or
decreased ability to transport or present an antigen on a surface of
the cell conpared to an accessory nol ecul e encoded by the

non- r econbi (CDE6) B4k SdstimRiod Snd the cEADFFRURTS QiR s Sostell T6r HAPRThotIE &P 20
I nvol ves: introducing the library of reconbi nant pol ynucl eotides into a
geneti c vacERwe responsey ect or t hat encodes an antigen to forma library of

vectors; introducing | R mé : lﬂffﬁlqg‘ﬂml . s; and
i dentifying manmal i ar}ﬁgg’lvaés&th%g% exﬁll E‘P?%fﬁlglrnggslﬁé‘ékor cr easggi =

i Mrunogeni cietomhinant Mectaxmddgles that encode cytokines and other costinmlaenythacedhitdi nent s of
the inventio he cytokine that .is optimzed is 25 . interleukin-12 and the
screent g, | S5 PEPIRRECHS SRR (A M T e aP PR BB B~ - he
geneti C Vvaceitinfizedsettos mbdulél Thélrédtced MlindBniciydasiBs efddichytheddiging I cel |
proliferation or T cell differentiation is induced by contact with

t he cul t ur ecyidkdmeancostimulaieneneqded by Bigirspapbinant vector mpdule intex ngmmakand

i nterferon- érfntniﬁé;\g e on) 1S, sing the
reconbi nant&& elét or ﬁmﬁ%ﬁ'ng'gg’o%é#ﬁ%%%ap 0 e#’ﬁ%@g' is displayed on
t he surface of a bacflTae invpitagalso pra¥iiies methods of optairimg ofitingizedy | i brary, and

i denti fyj ng. phage li.brary nenbers whi,ch ar.e capabl.e I nhy piting
prol i fe?’/dat i ..}mggmgdgateg %éq‘fepﬁeé?haiﬁ’bctoﬂ%? °§?FS’6%‘F‘?&§HP%3{°F F’?é‘g’l%?‘!‘?{#CDBO) or -
Eé:n? LSS 103((:)}3%kine agoiiéds 8R{udld 3 6uble cytokine receptor and a transmembrane cytokine reézeptor

(CDB6) as thavingadefastivenignal seauencs, cExagpies includg All.nl BR gpdi AlndR qnd thetlike f or

ability to nodul ate an i mune response. The

i nvention provides net hogmigk DESCRIFNONOFIHE DRAWIOESi N opti mi zed
reconbi nant vect or m%dul es .t hat 'enco?le cyt oki nes and other costinul ators
t hat exhi bit 1gure 1 shows an example of a’cytotoxic T-cell inducing sequence (CTIS)

15  obtained from HBsAg polypeptide (PreS2 plus S regions).

Figure 2 shows a CTIS having heterologous epitopes attached to the
cytoplasmic portion.
Figure 3 shows the derivation of immunogenic agonistic sequences (IAS) as
described in Example 3. Specific killing (percent) is shown for an effector: target (E:T) ratio
20  offive.
Figure 4 shows a method for preparing immunogenic agonist sequences
(IAS). Wild-type (WT) and mutated forms of nucleic acids encoding a polypeptide of
interest are assembled and subjected to DNA shuffling to obtain a nucleic acid encoding a
poly-epitope region that contains potential agonist sequences.
25 Figure 5 shows a scheme for improving immunostimulatory sequences by
DNA shuffling.
Figure 6 is a diagram of a procedure by which recombinant libraries of human
IL-12 genes can be screened to identify shuffled IL-12 genes that encode recombinant IL-12
having increased ability to induce T cell proliferation. _
30 Figure 7 shows the results of a high-throughput functional assay for vectors

that encode variants of IL-12 obtained using the methods of the invention.
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15  mouse IL-10 receptor sequences.

Figure 15 shows an alignment of the mucleotide sequences of B7-1 (CD80)

genes from human, rhesus monkey, and rabbit.
DETAILED DESCRIPTION

Definitions
20 The term “cytokine” includes, for example, interleukins, interferons,
chemokines, hematopoietic growth factors, tumor necrosis factors and transforming growth
factors. In general these are small molecular weight proteins that regulate maturation,
activation, proliferation and differentiation of the cells of the immune system.
The term “screening” describes, in general, a process that identifies optimal
25 immunomodulatory molecules. Several properties of the respective molecules can be used
in selection and screening including, for example, ability to induce a desired immune
response in a test system. Selection is a form of screening in which identification and
physical separation are achieved simultaneously by expression of a selection marker, which,
in some genetic circumstances, allows cells expressing the marker to survive while other

30  cells dic (or vice versa). Screening markers include, for example, luciferase, beta-
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‘heterologous gene in a host cell includes a gene that is endogenous to the particular host cell,
but has been modified. Modification of a heterologous sequence in the applications

15  described herein typically occurs through the use of DNA shuffling. Thus; the terms refer to
a DNA segment which is foreign or heterologous to the cell, or homologous to the cell but in
a position within the host cell nucleic acid in which the element is not ordinarily found.
Exogenous DNA segments are expressed to yield exogenous polypeptides.

The term “gene” is used broadly to refer to any segment of DNA associated

20  with a biological function. Thus, genes include coding sequences and/or the regulatory
sequences required for their expression. Genes also include nonexpressed DNA segments
that, for example, form recognition sequences for other proteins. Genes can be obtained from
a variety of sources, including cloning from a source of interest or synthesizing from known
or predicted sequence information, and may include sequences designed to have desired

25  parameters.

The term “isolated”, when applied to a nucleic acid or protein, denotes that -
the nucleic acid or protein is essentially free of other cellular components with which it is
associated in the natural state. It is preferably in 2 homogeneous state although it éan bein
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 presentin a
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15 Eave slmi ar gzsndxlng properties as the reference nucleic acid and are metabolized in 2 manner

similar to naturally occurring nucleotides. Unless otherwise indicated, a particular nucleic
acid sequence also implicitly encompasses conservatively modified variants thereof (e.g.
degenerate codon substitutions) and complementary sequences and as well as the sequence
explicitly indicated. Specifically, degenerate codon substitutions may be achieved by

20  generating sequences in which the third position of one or more selected (or all) codons is
substituted with mixed-base and/or deoxyinosine residues (Batzer et al. (1991) Nucleic Acid
Res. 19: 5081; Ohtsuka et al, (1985) J. Biol. Chem. 260: 2605-2608; Cassol ef al. (1992) ;
Rossolini ef af. (1994) Mol. Cell. Probes 8: 91-98). The term nucleic acid is used
interchangeably with gene, cDNA, and mRNA encoded by a gene.

25 *Nucleic acid derived from a gene” refers to a nucleic acid for whose
synthesis the gene, or a subsequence thereof, has ultimately served as a template. Thus, an
mRNA, a cDNA reverse transcribed from an mRNA, an RNA transcribed from that cDNA, a
DNA amplified from the cDNA, an RNA transcribed from the amplified DNA, etc., are all
derived from the gene and detection of such derived products is indicative of the presence

30  and/or abundance of the original gene and/or gene transcript in a sample.
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The term "natural | y-o @t‘ﬁ%ﬂa‘ﬁﬁm %é“aﬁééf&e? B“&@g@rfﬁ%g?ﬂg%m&tﬁe%&diﬁaﬁéfhﬂ&'gﬁ be

f ound cell replicates a heterologous nucleic acid, or expresses a peptide or protein encoded by a

“15  heterologous nucleic acid. Recombinant cells can contain genes that are not found within
the native (non-recombinant) form of the cell. Recombinant cells can also contain genes
found in the native form of the cell wherein the genes are modified and re-introduced into
the cell by artificial means. The term also encompasses cells that contain a nucleic acid
endogenous to the cell that has been modified without removing the nucleic acid from the

20  cell; such modifications include those obtained by gene replacement, site-specific mutation,
and related techniques.

A “recombinant expression cassette” or simply an “expression cassette” is a
nucleic acid construct, generated recombinantly or synthetically, with nucleic acid elements
that are capable of effecting expression of a structural gene in hosts compatible with such

25  sequences. Expression cassettes include at least promoters and optionally, transcription
termination signals. Typically, the recombinant expression cassette includes a nucleic acid
to be transcribed (e.g., a nucleic acid encoding a desired polypeptide), and a promoter.
Additionai factors necessary or helpful in effecting expression may also be used as described
herein. For example, an expression cassette can also include nucleotide sequences that

30  encode a signal sequence that directs secretion of an expressed protein from the host cell.
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the following sequence comparison algorithms or by visual inspection.

The phrase “substantially identical,” in the context of two nucleic acids or
polypeptides, refers to two or more sequences or saibsequcnces that have at least 60%,
preferably 80%, most preferably 90-95% nucleotide or amino acid residue identity, when

20 compared and aligned for maximum correspondence, as measured using one of the following
sequence comparison algorithms or by visual inspection. Preferably, the substantial identity
exists over a region of the sequences that is at least about 50 residues in length, more
preferably over a region of at least about 100 residues, and most preferably the sequences are
substantially identical over at least about 150 residues. In some embodiments, the sequences

25  are substantially identical over the entire length of the coding regions.

For sequence comparison, typically one sequence acts as a reference sequence
to which test sequences are compared. When using a sequence comparison aigorithm, test
and reference sequences are input into a cor;xputer, 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.
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Pr ot e Ny T Of favward SSdre ¥ pair of matching residues; always > 0) and N (pemalty scors for

(D

mismatching residues; always < 0). For amino acid sequences, a scoring matrix is used to
calculate the cumulative score. Extension of the word hits in each direction are halted when:
‘the cumulative alignment score falls off by the quantity X from its maximum achieved
value; the cumulative score goes to zero or below, due to the accumulation of one or more

25  negative-scoring residue alignments; or the end of either sequence is reached. The BLAST
algorithm parameters W, T, and X determine the sensitivity and speed of the alignment. The
BLASTN program (for nucleotide sequences) uses as defaults a wordlength (W) of 11, an
expectation (E) of 10, a cutoff of 100, M=5, N=-4, and a comparison of both strands. For
amino acid sequences, the BLASTP program uses as defaults a wordlength (W) of 3, an

30  expectation (E) of 10, and the BLOSUMS62 scoring matrix (see Henikoff & Henikoff (1989)
Proc. Natl. Acad. Sci. USA 89:10915).
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50 resi dudd i ‘f-pfqrng:pﬁlpleﬁagptéry hybridization between a probe nucleic acid and a target nucleic acid

and embraces minor mismatches that can be accommodated by reducing the stringency of
the hybridization media 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 experiments such as Southern and
northern hybridizations are sequence dependent, and are different under different
environmental parameters. Longer sequences hybridize specifically at higher temperatures.
An extensive guide to the hybridization of nucleic acids is found in Tijssen (1993)
Laboratory Techniques in Biochemistry and Molecular Biology—-Hybridization with Nucleic

25  Acid Probes part 1 chapter 2 “Overview of principles of hybridization and the strategy of
nucleic acid probe assays”, Elsevier, New York. Generally, highly stringent hybridization
and wash conditions are selected to be about 5° C lower than the thermal melting point (Try)
for the specific sequence at a defined ionic sirength and pH. Typically, under “stringent
conditions” a probe will hybridize to its target subsequence, but to no other sequences.

30 " The Ty is the temperature (under defined ionic strenéth and pH) at which
50% of the target sequence hybridizes to a perfectly matched probe. Very stringent



preferably over a region of at |east about 100 residues, and nost .
preferably the sequences are substantially identical over at |east
about 150 residues. In sone enbodi nents, the sequences 25 are

subst anti al | YOi%%#136§ cal over the entire |l ength of the codirayrrusegyiozis.

For sequence conparison, typically one sggquence acts as a ref erence
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G oup, 575 medium sRégRikGAvdsh for aldaples 6f) e.gV\more BAn P00 ntickbfides) 9 $PSSE bdFeCSee
gener al I&] Ausubel et al, infra). One exanple of an

al gor i t h¥n t fextl Siminges. Anlsxanglelowriringensywash frarduplex of, e.g.. marpthae el i dentity

and sequencg, i3 i ' o Aalgari ' ' N in 10
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(HSPs) by i dgniiditié RperaRrdis WpicdBy atfledseaboi BOYE] Strihgeat conditvnS@EUR6BE, Whi ch
15 - achieved with the addiifion of destabilizing agents such as formamide. In general, a signal to
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-

noise ratio of 2x (or higher) than that observed for an unrelated probe in the particular
hybridization assay indicates detection of a specific hybridization. Nucleic acids which do
not hybridize to each other under stringent conditions are still substantially identical if the
polypeptides which they encode are substantially identical. This occurs, e.g., when a copy of

20 anucleic acid is created using the maximum codon degeneracy permitted by the genetic
code.

A further indication that two nucleic acid sequences or polypeptides are
substantially identical is that the polypepﬁde encoded by the first nucleic acid is
immunologically cross reactive with, or specifically binds to, the polypeptide encoded by the

25  second nucleic acid. Thus, a polypeptide is typically substantially identical to a second
polypeptide, for example, where the two peptides differ only by conservative substitutions.

The phrase “specifically (or selectively) binds to an antibody” or “specifically
(or selectively) immunoreactive with”, when referring to a protein or peptide, refers to a
binding reaction which is determinative of the presence of the protein, or an epitope from the

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




either natch or satisfy sone positive-valued threshold score T when aligned
“with a wrd of 15 the sane length in a database sequence. T is referred to
as the nei ghborhood word score threshold (Altschul et al., supra).
These initial wWepshedr hood word hits act as seeds for PGTASOYBP30ng
searches to find longer HSPs containing {fem The word hits are then
extended in both directions along each sequence for as far as the
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more 25 5 negaettigdarpseeinndy verishoefdmenpepssay Aormats snay b ased g sdect antbAdies sequence
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defaul ts a woigdREnaipBaiksV 19bordtonPMamid], ColXSiniE Maito PéEkativhs, New Yok t he
BLOSLUMG2 scoring nmatrix (see Heni kof f. & Heni kof f g19 Nat | .

89) .. Proc.
Acad. Scilf USHador arpidumsy”), for a description of impgunoassay fopmpts and ehnditions that can be
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ca
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sequences (see, e.g%, Karlin & Altschul (1993) Proc. Nat'l. Acad.
Sci. USA 90: backeray®87)  One neasure of sinmilarity provi ded by the

BLAST al gorithmis thecafiaA¢dly sudified wRates? bfa fabicha) polwiicitotidy seqiedles an

15  refers to those polynucleotides that encode identical or essentially identical amino acid
sequences, or where the polynucleotide does not encode an amino acid sequence, to
essentially identical sequences. Because of the degeneracy of the genetic code, 2 large
number of functionally identical nucleic acids encode any gfvcn polypeptide. For instance,
the codons CGU, CGC, CGA, CGG, AGA, and AGG all encode the amino acid arginine.

20  Thus, at every position where an arginine is specified by a codon, the codon can be altered to
any of the corresponding codons described without altering the encoded polypeptide. Such
nucleic acid variations are “silent variations,” which are one species of “conservatively
modified variations.” Every polynucleotide sequence described herein which encodes a
polypeptide also describes every possible silent variation, except where otherwise noted.

25  One of skill will recognize that each codon in a nucleic acid (except AUG, which is
ordinarily the only codon for methionine) can be modified to yield a functionally identical
molecule by standard techniques. Accordingly, each “silent variation” of a n-ucleic acid
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



5 i ndi cation of the probability by which a match hetween two nucl eoti de
or am no acid sequences woul d occur by chance. For exanple, a nucleic
acid is considered simlar to a ref erence sequence if the small est
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Anot her indication that two nucleic acid sequences are substantially
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t he hybridi zati on ne . | : qir}epq . the target
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as Sout hern and %Fl %’\ﬁ%ﬁ”ﬂ @bﬁ sbqeggk%%}éﬁ’ @sequence dependent, and
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sequences hée ridize Specifically at hlg@er t enper at ur es. An extensive
e
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wi th Nucleic Amgi%?ﬁbegﬂggipﬁﬂ%&a ter grr%hgivovw prlgllrifl'élddﬁi es of

hybri di zat i ondeletaia sihgle sminatacid pr a$mall percentagebﬁanuma&ndk ip an brcodedsaqeEhce

El sevier, New Yor‘k CGe eral i.gh fringent hybridization and
wash condi t 8 °é‘5%"‘} é'baﬁ{fggvgn%%géf 5 Clower than the thermal nelting

point (T[err]) Atmbs‘eb&nsea’eeﬁefslteamm@énﬂa@adi&fdr@ﬁ&daﬁm thast rength

and pH. Typical] und strin ndl tions’ robe va
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The T[ err] fegpgcﬁ@gerrperature (under defined ionic strength and pH) at

whi ch 0% of the target sequence hybridizes to a perfectly nmatched

probe. Very_stringent
Description of the Preferred Embodiments

The present invention provides methods for obtaining polynucleotide

sequences that, either directly or indirecﬂy (i.e., through encoding a polypeptide), can

20 niodulate an immune response when present on a genetic vaccine vector. In another
embodiment, the invention provides methods for optinﬁzing the transport and presentation of
antigens. The optimized immunomodulatory polynucleotides obtained using the methods of
the invention are particularly suited for use in conjunction with vaccines, including genetic
vaccines. One of the advantages of genetic vaccines is that one can incorporate genes

25  encoding immunomodulatory molecules, such as cytokines, costimulatory molecules, and
molecules that improve antigen transport and presentation into the genetic vaccine vectors.
This provides opportunities to modulate immune responses that are induced against the

antigens expressed by the genetic vaccines.
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conditions are selected to be equal to the T[err] for a particul ar probe.
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20  substrates is greatly augmented in subsequent steps of recursive sequence recombination.

Often, improvements are achieved after one round of recombination and
selection. However, recursive sequence recombination can be employed to achieve still
further improvements in a desired property. Sequence recox;xbination can be achieved in
many different formats and permutations of formats, as described in further detail below.

25  These formats share some common principles. Recursive sequence recombination entails
successive cycles of recombination to generate molecular diversity. That is, one creates a
family of nucleic acid molecules showing some sequence identity to each other but differing
in the presence of mutations. In any given cycle, recombination can occur in vivo or in vitro,
intracellular or extraceliular. Furthermore, diversity resulting from recombination can be

30 augmented in any cycle By applying prior methods of mutagenesis (e.g., error-prone PCR or
cassette mutagenesis) to either the substrates or products for recombination. In some

instances, a new or improved property or characteristic can be achieved after only a single



(or selectively) imunoreactive with", when referring to a protein or
peptide, refers to a bi ndi ng reaction which is determ native of the
presence of the protein, or an epitope fromthe 30 protein, in the
presence of WOR¥41d¢8ogeneous popul ati on of proteins and ot reTAisvwizoni cs.
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may be used to _select antibodies specifically i munoreactive with a
parti cuPar using 3N shuffing.cbbs shyifding snd seeping o selectignican be used torfevedeedsay's,

West bl . ' ' ' inel ed, t.0 sel ect
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Har | ow and (&&mener (1995) KiaT8&hpnolbgy 1 DH4H-358). Reitemative ycias yf Mabmbinatidnaind Spri ng

Har b Publ i cat.i , .Ne k .10 " I ndg Lane"),. . for. a description of
o 0as s g BN et bR aEoTgied 1 FAher SHpIvE the Gudlec aidbof inreg Buat ne
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nodi fied vaklLat.l s . | i equence, 15 . refers to
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- 15 combinations of mutations can affect a desired result. In some instances, however, structural

and/or functional information is available which, although not required for sequence
recombination, provides opportunities for modification of the technique.
Exemplary formats and examples for sequence recombination, sometimes
referred to as DNA shuffling, evolution, or molecular breeding, have been described by the
20  present inventors and co-workers in co-pending applications U.S. Patent Application Serial
No. 08/198,431, filed February 17, 1994, Serial No. PCT/US95/02126, filed, February 17,
1995, Serial No. 08/425,684, filed April 18, 1995, Serial No. 08/537,874, filed October 30,
1995, Serial No. 08/564,955, filed November 30, 1995, Serial No. 08/621,859, filed March
25, 1996, Serial No. 08/621,430, filed March 25, 1996, Serial No. PCT/US96/05480, filed
25  April 18, 1996, Serial No. 08/650,400, filed May 20, 1996, Serial No. 08/675,502, filed July
3, 1996, Serial No. 08/721, 824, filed September 27, 1996, Serial No. PCT/US97/17300,
filed September 26, 1997, and Serial No. PCT/US97/24239, filed December i7, 1997;
Stemmer, Science 270:1510 (1995); Stemmer et al., Gene 164:49-53 (1995); Stemmer,
Bio/Technology 13:549-553 (1995); Stemmer, Proc. Natl. Acad. Sci. U.S.A. 91:10747-10751
30  (1994); Stemmer, Nature 370:389-391 (1994); Crameri et al., Nature Medicine 2(1):1-3




t he codons CGEU. CGC, CEA, CGG AGA, and AGG all encode the am no acid

argi nine. 20 Thus, at every position where an arginine is specified by a
codon, the codon can be altered to any of the correspondi ng codons
descri bed wit h¥®@9%41368ri ng t he encoded pol ypeptide. Such PCT/UsO%03680c aci d
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ALl Phat o: G g0 Bosay ADlAE Eahmal 308 618 1ok SIS Gt 1 hSAA1CT "o
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acid (E), Aspaiseiisin{Md. A4 RN BD6GSYE98 (1986); Sayers et al., Nucl. Acids Res. 16
15  791-802 (1988); Sayers et al., Nucl. Acids Res. 16: 803-814 (1988)), mutagenesis using
uracil-containing templates (Kunkel, Proc. Nat'l. Acad. Sci. USA 82: 488-492 (1985) and
Kunkel et al., Methods in Enzymol. 154: 367-382)); mutagenesis using gapped duplex DNA
(Kramer et al., Nucl. Acids Res. 12: 9441-9456 (1984); Kramer and Fritz, Methods in
Enzymol. 154: 350-367 (1987); Kramer et al., Nucl. Acids Res. 16: 7207 (1988)); and Fritz et
20 al., Nucl. Acids Res. 16: 6987-6999 (1988)). Additional suitable methods include point
mismatch repair (Kramer et al., Cell 38; 879-387 (1984)), mutagenesis using repair-deficient
host strains (Carter et al., Nucl. Acids Res. 13: 4431-4443 (1985); Carter, Methods in
Enzymol. 154: 382-403 (1987)), deletion mutagenesis (Eghtedarzadeh and Henikoff, Nucl.
Acids Res. 14: 5115 (1986)), restriction-selection and restriction-purification (Wells et al.,
25  Phil. Trans. R. Soc. Lond. A 317: 415-423 (1986)), mutagenesis by total gene synthesis
(Nambiar et al., Science 223: 1299-1301 (1984); Sakamar and Khorana, Nucl. Acids Res. 14:
6361-6372 (1988); Wells et al., Gene 34: 315-323 (1985); and Grundstrém et al., Nucl.
Acids Res. 13: 3305-3316 (1985). Kits for mutagenesis are commercially available (e.g.,
Bio-Rad, Amersham International, Anglian Biotechnology).



10 See al so, Creighton (1984) Proteins, WH. Freeman and Conpany, for

addi tional groupings of am no acids. In addition, individual
substitutions, deletions or additions which alter, add or delete a
single ani no“@M¥I36E a snal | percentage of anino acids in EET/ssiomen
sequence are al so "conservatively ,godified variations".

A "subsequence” refers to a sequence of nucleic acids or amno acids that
15 conprise a part of a |onger sequence of nucleic acids or anmino acids
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A Creation of Reeﬂgghtg' A sdrkd € The invention
I nvol ves creating reconbl nant s+r rqregect?nd%qe%su% Vg%attpc?gsq%r are
t hen scr eenehhractenisticis to boacqiireder thelpnme;ty mechbrctsristivefor whikh improventasis r ed

property. Tgo%ght, and many examples are discussed below. It is not usually necessary to understand

15  the molecular basis by which particular products of recombination (recombinant segments)
have acquired new or improved properties or characferistics relative to the starting
substrates. For example, a genetic vaccine veétor can have many component sequences each
having a different intended role (e.g., coding sequence, regulatory sequences, targeting

_ sequences, stability-conferring sequences, immunomodulatory sequences, sequences

20 . affecting antigen presentation, and sequences affecting integration). Each of these

component sequences can be varied and recombined simultaneously. Screening/selection

can then be performed, for example, for recombinant segments that have increased episomal

maintenance in a target cell without the need to attribute such improvement to any of the
individual component sequences of the vector.

25 Depending on the particular screening protocol used for a desired property,
initial round(s) of screening can sometimes be performed in bacterial cells due to high
transfection efficiencies and ease of culture. Later rounds, and other types of screening
which are not amenable to screening in bacterial cells, are performed in mammalian cells to
optimize recombinant segments for use in an environment close to that of their intended use.

30  Final rounds of screening can be performed in the precise cell type of intended use (e.g., 2

human antigen-presenting cell). In some instances, this cell can be obtained from a patient




reconbi nant |ibraries can be created using any of various nethods. 5

The substrate nucleic acids used for the reconbi nati on can vary dependi ng
upon the particular application. For exanple, where a pol ynucl eotjde that
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e.g., the di f f er oNF STEMEEAT s"f‘%‘?‘?%‘s& ‘8‘%%‘3’%%%%3“%%?@&%‘%{ g{f’ﬁ‘\é"’g‘m .
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(e.g., allSel irgonestics aeafidingenetig Yasripatiop, RFRFnding gn th;sereen, if?FBF‘EP?‘@ SeEh e

| nduced, €. g..n { Dfentif edas5&@&%\@&{&1@@Eorﬁ;%hﬁl@miﬂ@es%?ﬂﬁe%tf&ﬂa. Bl6re than
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pol ymer ase Whine liound ok scrqening br seieatioman he pérfimgd {ftee eachirenmd of poopbinaiies.
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formin a mutator straif e ImProyEfenty, pﬁ’Bgfylggﬁrgé’ﬁfgﬂélggec%gs%‘%ﬁytﬁ further
detai | bel 0W)eolddin bfebdrMindht ¥@iehtt Yurlieinpadist 2dnd ofsththighdectivs agisetedt y
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Often, i ndr ovteadurther zonpd a&nwmu%-twsvﬁ@mbw&%ﬁesmﬁ%@&%ma Bad Wity

sel ecti on. Hoe"é’@ﬁ’&hero?ﬁétﬁ%%éééﬁmﬁ%?%%ﬂé%ﬂr@s&%kﬁ%gﬁm 6BSraR of fipthgty €d t O

achi eve still nts 1n a desired property. Sequence
r econmbi nat i onvatiauts thereaf: PAgairg tecombination camprageed irf ite envr vivar Hdeprevieps

tati f formats, i bed .in further detail belaw .25 Th
For ot & Shar cHBE BgnHeHs rErpreeo bR s S Al 08 on°
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showi ng stfre rseamhivation indwe,ior anths iwlated befomperiouRmBAFPRACKE VIO i the
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20  additional diversity is present in recombinant segments resulting from previous rounds.

The second round of recombination can be followed by a further round of

screening/selection according to the principles discussed above for the first round. The

stringency of screening/selection can be increased between rounds. Also, the nature of the

screen and the property being screened for can vary between rounds if improvement in more
25  than one property is desired or if acquiring more than one new property is desired.

Additional rounds of recombination and screening can then be performed unt_il the

recombinant segments have sufficiently evolved to acquire the desired new or improved

property or function.

Various screening methods for particular applications are described herein. In

30 several instances, screening involves expressing the recombinant peptides or polypeptides

encoded by the recombinant polynucleotides of the library as fusions with a protein that is
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cycle of in vivo or in vitro reconbination, as when using different,
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" whi ch dirERs Rvelisd insline ibaricmodns H5R 8 bedinlid oo o gl ed
resul t. | nop@VHI bfithdse PRE fork@EVRbion Blotdit LS g, Dower, W 19198h sShERNA

~information 1s avail agl e which, although not required for sequence

r econmbilBat (Wh9L/pr989; MacCasisrn WQ 1912400 47 (ene THRxdHuse, N0 92/06204; Kbmg, W@ hni que.
Exenpl ary : I ination. s ti nes
referred tgggmé}%ﬁ{}ﬁ?{%é?%o pﬁ?@%&@%ﬁ“ﬁ%ﬁ%@lsﬁﬁ'ue%eegﬂ\aﬁg,gmﬁgge been
descri bed Inycetdarily? from the agedoat prutein o palypepdde o-badisphiyed nd eitBerled\Etine U1
applications U. Pat ent | i cation rial . No. 08/198,43 1, filed
February 177 8%§ &Jﬂ PEQIFIN OF %@&Fﬁ%@ %"Gﬁ‘i’ﬂf cqdingsgquepeas are-fipn inserted

1995, Seri af orMear tASNAEmifB4f gére TR @r féle MITI hithoubH Yther 284rtiaH siftldare PBésivle, , 874,
filed QOctober 30, 1995, Serial Ng. 08/564, 955, filed Novenber 30,

1995, $8rial No. 08/Bkaryguvirysescag bemsedyio display poivpeptidesén arsmalogpusho.
08/ 621, 430 mahhdr® for afnPle 2dsplaly bt humitherePuliNused fo'dp 76 PIRAE mudihd €4

leul_{emia virus has been reported by Han et al., Proc. Natl. Acad. Sci. USA 92: 9747-9751

(1995). Spores can also be used as replicable genetic packages. In this case, polypeptides
_ are displayed from the outer surface of the spore. For example, spores from B. subtilis have
20  been reported to be suitable. Sequences of coat proteins of these spores are provided by
Donovan et al., J. Mol. Biol. 196, 1-10 (1987). Cells can also be used as replicable genetic
packages. Polypeptides to be displayed are inserted into a gene encoding a cell protein that
is expressed on the cells surface. Bacterial cells including Salmonella typhimurium, Bacillus
subtilis, Pseudomonas aeruginosa, Vibrio cholerae, Klebsiella pneumonia, Neisseria
25  gonorrhoeae, Neisseria meningitidis, Bacteroides nodosus, Moraxella bovis, and especially
Escherichia coli are preferred. Details of outer surface proteins are discussed by Ladner et
al,, US 5,571,698 and references cited therein. For example, the lamB protein of E. coli is
suitable.
A basic concept of display methods that use phage or other replicable genetic
30  package is the establishment of a physical association between DNA encoding a polypeptide
to be screened and the polypeptide. This physical association is provided by the replicable




25  April 18,.1996, Serial No. 08/650,400, filed May 20, 1996, Serial No.

08/ 675,502, filed July 3, 1996, Serial No. 08/721, 824, filed

. Sept ember 27, 1996, Serial No. PCT/US97/ 17300, filed Septenber 26,
1997, and Seri MOMIPCT/ USO7/ 24239, filed Decenber 17, 199PCTAUSI9NI00
Stemmer, Science 270:1510 (1995); Stemmerp£t al., CGene 164:49-53 (19995);
Stemrer, Bi o/ Technol ogy 13:549-553 (1995); Stemer, Proc. Natl. Acad.
Sci. US. A 91:10747-10751 30 (1994); Stenmer, Nature 370:389-391 (1994);
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I ncl ude, for anpl, npl ogous reconbi on (PCT/ US98/ 0522 Publ .
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see, Smth, t

123% FHibee 12%:,9&' é}?rﬁhécf’o’y %meﬁﬁéi%tﬁéﬁrﬁet. The;d@:ﬁﬁ%of

- Shortle, Sci ence (1985); "Carter, Biochem
(1986); Kunk ebalypeptides disﬂ‘llarsdé‘om tbese rpbage@fm o degmnuudi &omithrir rdspectivegednomes.

' |
I ReneSye. | Uinbitchetndis s Bvoéalips SRMaRY estavine o Birtrecioni YOHEEH foniediity
met hods are oéaugmtbe kﬁﬁ&dsﬁ:@d ibuRGyRenvetfic@Emess,or (&@bl;@ﬁclwmde &bt énBodeBNucl .

Aci ds Res, 6487- 6500 (1982), Met hods I,bn Enzynol. 100: 468-500
(1983), alfy mﬁag@gepwogﬂ:fmﬁgpanbeus aspayt-of 35@%!’?"6‘2987))
phosphot hi oat e- nodi fi ed DNA mut agenesis (Taylor et aI , Nucl. Acids
Res. 13: 87409- 876%(19&531un$@«¥|m@rﬁkd§&mund)}wak£at Siuein®s. 13: 8765-8787
(1985); Nakamaye tein Aci ds 14 9679- 9698 (1986);
Sayers et al., Nucl. A&VigkinggRan at‘ﬂai*}}’l CEgRASTOP %8}‘“"33%}3/@“5%&1‘
Nucl . Aci ds Reg. dlf}’eﬁcnu@@&xf %ﬁ?ﬁéﬁﬁﬁé autco%étcﬁtgﬁ‘étﬁﬁﬁssdléé%&% addition, recent

es kel ' USA 82

uracil-containing tenpla ] Proc. . Acad. Sci. :
488- 492 ( 19853tudigsctrongly suggest that DNA xtself can act as adJuvant by activating the cells of the

15 immune system. Specifically, unmethylated CpG-rich DNA sequences were shown to
enhance Ty1 cell differentiation, activate cytokine synthesis by monocytes and induce
proliferation of B lymphocytes. The invention thus provides methods for enhancing the

| immunomodulatory properties of genetic vaccines () by evolving the stimulatory properties
of DNA itself and (b) by evolving genes encoding cytokines and related molecules that are

20 involved in immune system regulation. These genes are then used in genetic vaccine vectors.

Of particular interest are IFN-a and IL-12, which skew immune responses
towards a T helper 1 (Tu1) cell phenotype and, thereby, improve the host’s capacity to
counteract pathogen invasions, Also provided are methods of obtaining improved
immunomodulatory nucleic acids that are capable of inhibiting or enhancing activation,

25  differentiation, or anergy of antigen-specific T cells. Because of the limited information
about the structures and fechanisms that regulate these events, molecular breeding
techniques of the invention provide much faster solutions than rational design.

The methods of the invention typically involve the use of 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
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- 15  methods known to those of skill in the art.

1. Immunostimulatory DNA sequences

The invention provides methods of obtaining polynucleotides that are
immunostimulatory when introduced into a mammal. Oligonucleotides that contain
hexamers with a central CpG flanked by two 5’ purines (GpA or ApA) and two 3’

20  pyrimidines (TpC or TpT) efficiently induce cytokine synthesis and B cell proliferation
(Krieg et al. (1995) Nature 374: 546; Klinman et al. (1996) Proc. Nat'l. Acad. Sci. USA 93:
2879; Pisetsky (1996) Immunity 5: 303-10) in vitro and act as adjuvants in vivo. Genetic
vaccine vectors in which immunostimulatory sequence- (ISS) containing oligos are inserted
have increased capacity to enhance antigen-specific antibody responses after DNA

25  vaccination. The minimal length of an ISS oligonucleotide for functional activity in vitro is
eight (Klinman et al., supra.). Twenty-mers with three CG motifs were found to be
significantly more efficient in inducing cytokine synthesis than a 15-mer with two CG motifs
(Id.). GGGG tetrads have been suggested to be involved in binding of DNA to cell surfaces
(macrophages express receptors. for example scavenger receptors, that bind DNA) (Pisetsky

30 etal.,supra).




10 reconpi nant, segnents are extracted fromthe cells, and optionally
packaged as viruses, bef ore screening. The

nat ure of screeni nq or selection depends on what property or

characteristi WQ¥A4I¥8pe acquired or the property or char act®rEPYE%%;
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af fecting antiegRf THeINA] Wiitininclndes dt least fishariseahd Gotos mipichidiffeg framieael) . Each

of these conponent sequences can be yaried and recaqnbi ned
si mul t anedus|ofher Btyve armers augeqlides, grg recom m‘%ﬁ‘r?r?‘ﬂ‘é?la g@“ﬁé’%]‘?ﬂ’f’wg@,amf or

exanple, for ob iRaant segments that have increased epi sonal
mai nt enance i'n“a target cell without the need to attribute such inprovenent
to any of the i rithieibrareils theo seyeamedto identificthese secombingat pobpueleotidoss

ntial  Poundt PRt S A e POl Qe O br cafl SRR PPEIY
due to high jnductionidyoRin geidhcion ef $iiré upsndheinetvh of drediberdry ntd 4napproptiate er
rounds, and ot her types of screening, .Wai ch _are not anenable to
screeni ng0i n cethoper 4{5138’@61 qf $his progedpieis W%H‘V?Iﬁ“rﬁé n‘ﬁﬁ‘ﬂ‘%ﬁap E%tf’#}gesttgat can
Rl 1 1 nt endeg e R B T o mei] L1 the
preci se cel | & Jipt0, H-12,7LdAdEdL Sand IFN-y5One gan also test iy phageesin Fagiahotdf- fing
cell). |0 S Omey DRt A Sty s ACh! mARERS, BRI hul fidRafive tckif
PCT1 US99/ 0302kthod is the determination of the ability to induce proliferation of cells involved in ifinune
15  responses, such as B cells, T cells, monocytes/macrophages, total PBL, and the like. Other
screens include detecting induction of APC activation based on changes in expression levels
of surface antigens, such as B7-1 (CD80), B7-2 (CD86), MHC class I and II, and CD14.
Other useful screens include identifying recombinant polynucleotides that
induce T cell proliferation. Because ISS sequences induce B cell activation, and because of
20  several homologies between surface antigens expressed by T cells and B cells,
polynucleotides can be obtained that have stimulatory activities on T cells.
Libraries of recombinant polynucleotides can also be screened for improved
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  berecovered from the cell and, if further improvement is desired, the shuffling and screening
can be repeated. Optimized ISS sequences can used as an adjuvant separatcly 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



to be treated with a view, for exanple, to m nimzing problens of
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accessory molecules. Inclusion of optimal concentrations of the appropriate molecules can

enhance a desired immune response, and/or direct the induction or repression of a particular

type of immune response. The polynucleotides that encode the optimized molecules can be

included in a genetic vaccine vector, or the optimized molecules encoded by the genes can
25  be administered as polypeptides.

In the methods of the invention, a library of recombinant polynucleotides that

encode immunomodulators is created by subjecting substrate nucleic acids td a

recombination protocol, such as DNA shuffling or other method known to those of skill in

the art. The substrate nucleic acids are typically two or more forms of a nucleic acid that

30 encodes an immunomodulator of interest.
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15  The ability to influence the direction of immune responses in this manner is of great
importance in development of genetic vaccines. Altering the type of Ty response can
fundamentally change the outcome of an infectious disease. A high frequency of Tyl cells
generally protects from lethal infections with intracellular pathogens, whereas a dominant
Ty2 phenotype often results in disseminated, chronic infections. For example, in human, the

20 Tyl phenotype is present in the tuberculoid (resistant) form of leprosy, while the Ty2
phenotype is found in lepromatous, multibacillary (susceptible) lesions (Yamamura et al.
(1991) Science 254: 277). Late-stage AIDS patients have the Ty2 phenotype. Studies in
family members indicate that survival from meningococcal septicemia depends on the
cytokine synthesis profile of PBL, with high IL-10 synthesis being associated with a high

25  risk of lethal outcome and high TNF-o. being associated with a low risk. Similar examples
are found in mice. For example, BALB/c mice are susceptible to Leishmania major
infection; these mice develop a disseminated fatal disease with a T2 phenot}‘rpc. Treatment
with anti-IL-4 monoclonal antibodies or with IL-12 induces a Tyl response, resulting in
healing. Anti-interferon-y monoclonal antibodies exacerbate the disease, For some

30 applications, it is preferable to direct an immune response in the direction of a Ty2 response.
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The screening methods for improved cytokines, chemokines, and other

- 15 accessory molecules are generally based on identification of modified molecules that exhibit
improved specific activity on target cells that are sensitive to the respective cytokine,
chemokine, or other accessory molecules. A library of recbrhbinant cytokine, chemokine, or
accessory molecul-e nucleic acids can be expressed on phage or as purified protein and tested
using in vitro cell culture assays, for example. Importantly, when analyzing the recombinant

20  nucleic acids as components of DNA vaccines, one can identify the most optimal DNA
sequences (in addition to the functions of the proiein products) in terms of their
immunostimulatory properties, transfection efficiency, and their capacity to improve the
stabilities of the vectors. The identified optimized recombinant nucleic acids can then be
subjected to new rounds of shuffling and selection.

25 In one embodiment of the invention, cytokines are evolved that direct
differentiation of Ty1 cells. Because of their capacities to skew immune responses towards a
Tx1 phenotype, the genes encoding interferon-o. (IFN-o) and interleukin-12 (IL-12) are
preferred substrates for recombination and selection in order to obtain maximal specific
activity and capacity to act as adjuvants in genetic vaccinations. IFN-a is a particularly

30  preferred target for optimization using the methods of the invention because of its effects on

the immune system, tumor cells growth and viral replication. Due to these activities, IFN-a
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The scr eeni ngnethods for their expression and biological assay as fusion proteins on bacteriophage.

15  Recombinants with improved potency and selectivity profiles are being selectively bred for
improved activity. Variants which demonstrate improved binding to IFN-a. receptors can be
selected for further analysis using a screen for mutants with optimal capacity to direct Tyl
differentiation. More specifically, the capacities of IFN-o. mutants to induce IL-2 and IFN-y
production in in vitro human T lymphocyte cultures can be studied by cytokine-specific

20  ELISA and cytoplasmic cytokine staining and flow cytometry. |

TL-12 is perhaps the most potent cytokine that directs Tyl responses, and it
has also been shown to act as an adjuvant and enhance Ty1 responses following genetic
vaccinations (Kim et al. (1997) J. Immunol. 158: 816). IL-12 is both structurally and
functionally a unique cytokine. It is the only heterodimeric cytokine known to date,

25  composed of a 35 kD light chain (p35) and a 40 kD heavy chain (p40) (Kobayashi et al
(1989) J. Exp. Med. 170: 827, Stemn et al. (1990) Proc. Nat'l. Acad. Sci. USA 87: 6808).
Recently Lieschke et al. (1997) Nature Biotech. 15: 35) demonstrated that a fusion between
p35 and p40 genes results in a single gene that has activity comparable to that of the two
genes expressed separately. These data indicate that it is possible to shuffle IL-12 genes as

30  one entity, which is beneficial in designing the shuffling protocol. Because ofits T cell

growth promoting activities, one can use normal human peripheral blood T cells in the
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'DNA) ( Pi set%Rsrially whep imprpved agtibgdy production is desired. As an example, IL-4 has been
' shown to direct differentiation of Ty2 cells (which produce high levels of IL-4, IL-5 and IL-

- 13, and mediate allergic immune responses). Immune responses that are skewed towards Ty2

20  phenotype are preferred when genetic vaccines are used to immunize against autoimmune
diseases prophylactically. Tyl responses are also preferred when the vaccines are used to
treat and modulate existing autoimmune responses, because autoreactive T cells are
generally of Tul phenotype (Liblau et al. (1995) Immunol. Today 16:34-38). IL-4 is also the
most potent cytokine in induction of IgE synthesis; IL-4 deficient mice are unable to produce

25 IgE. Asthma and allergies are associated with an increased frequency of IL-4 producing
cells, and are genetically linked to the locus encoding IL.-4, which is on chromosome 5 (in
close proximity to genes encoding IL-3, IL-5, IL-9, IL-13 and GM-CSF). IL-4, which is
produced by activated T cells, basophils and mast cells, is a protein 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, I1-13 has activities similar to
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identified. The biological activity of the selected mutants is then assayed using cell-based

assays.
IL-2 and IL-15 are also of particular interest for use in genetic vaccines, IL-2
20  acts as a growth factor for activated B and T cells, and it also modulates the functions of
NK-cells. IL-2 is predominantly produced by Tyl-like T cell clones, and, therefores, it is
considered mainly to function in delayed type hypersensitivity reactions. However, IL-2 also
has potent, direct effects on proliferation and Ig-synthesis by B cells. The complex
immunoregulatory properties of IL-2 are reflected in the phenotype of IL-2 deficient mice,
25  which have high mortality at young age and multiple defects in their immune functions
including spontaneous development of inflammatory bowel disease. IL-15 is 2 more recently
identified cytokine produced by multiple cell types. IL-15 shares several, buf not all,
activities with IL-2. Both IL-2 and IL-15 induce B cell growth and differentiation. However,
assuming that IL-15 production in IL-2 deficient mice is normal, it is clear that IL-15 cannot
30 substitute for the function of IL-2 in vivo, since these mice have multiple

immunodeficiencies. IL-2 has been shown to synergistically enhance IL-10-induced human



25 be recovered fromthe cell and, if further inprovenent is desired, the

shuffling and screening can be repeated. Optim zed | SS sequences can
used as an adjuvant separately from an actual vacci ne, or the DNA
sequence of WAY¥#SEX can be fused to a genetic vacci ne veotaIvus99/03020

2. Cytokines, chenokines, and accessory, ol ecul es The

I nvention al so provides nethods for obtaining optimzed cytokines, 30
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met hods of %Eﬂg ‘llcrt\lvég%?%ﬁre%egln e used to o tgtﬁnmﬁﬁng&)&egé&%&/ 21‘13368
PCT/ US99/ 02@R0 enhances IL-4-dependent IgE synthesis by purified B cells. On the other hand, I8

genetic vaccines and.qther reagenis (e. opi im zed,cytoki nes, and the

l'i ke) that ,waﬁﬁéﬂ’f’“m_mh_‘ 1&@*&'%@%@%@6%&%% wviegg @din an i mune
response. TH8S SindRkiyMLZEHhibited TL-4-08PAQNPRUh-ATER SyritheRisb§ShfthetioRdted I €at i NQ

i nfectious diseases, as well as other conditions such as inflammtory
di sor def s, buma RBMG, befabe offeats sysezclessisignificantdhan those of IFN-o or IFN-y. Due toFor '

exanpl e, the.ne of [Ow%enk s \ . Qpt i m zed

I mmunonodul a orf}&?ﬁéﬁéoc%flgsig?%?ﬁtgg ggﬁ@ Hﬁﬁ%ﬁ&g‘?g? gg&%ﬁ%ﬁolgltv %@%&W

i Munonodullfat,dLs2, as proteinrand ecaitonsponen obgenasevheaines) hasdicen shovmng infprbvedhe W t h
antigen-spegific neti,c vaccgi nes.to .._prevent or treat allergy. Four
basi ¢ mech& }cg%ofifeevaae}a%qoam PERYIRg e FPeBifc R gpd(Pereression  specific

i mmunot her g@x¥isfinefitd SO anf I-$§ ¢ uSS6¥ tREIDNAI shiiBlingPmétBGBVR theli@htigraUses a
decrease 10 in allergen-specific TH2 cells. Second, a reagent can be

admi ni 40 er durreanesitheadvantageays affsets compared to wildrtipelilt 2angdh-1Speci fic [err]
e L, on oy SRR A B ALl |
cells. | n tvhécines accordirtgda iz methatly bHthe ireventionds imerlenkia-6dLL6 isrgnérveyteet hods of
the invent idg{i]ve%%yt% ; %ithrz]xt wgvgsaoq—leg?x}aﬁy Elps%;['ibed as a B cell differentiation factor or B cell

stimulatory factor-2 because of its ability to enhance Ig levels secreted by activated B cells.

15 IL-6 has also been shown to enhance IL-4-induced IgE synthesis. It has also been suggested

that IL-6 is an obligatory factor for human IgE synthesis, because neutralizing anti-IL-6

mAbs completely blocked IL-4-induced IgE synthesis. IL-6 deficient mice have impaired

capacity to produce IgA. Because of its potent activities on the differentiation of B cells, IL-

6 can enhance the levels of specific antibodies produced following vaccination. Itis

20  particularly useful as a component of DNA vaccines because high local concentrations can
be achieved, thereby providing the most potent effects on the cells adjacent to the transfected
cells expressing the immunogenic antigen. IL-6 with improved specific activity and/or with :
improved expression levels, obtained by DNA shuffling, will have more beneficial effects ’
than the wild-type IL-6. |

25 Interleukin-8 is another example of a cytokine that, when modified according '
to the methods of the invention, is useful in genetic vaccines. IL-8 was originally identified '
as a monocyte-derived neutrophil chemotactic and activating factor. Subsequently, IL-8 was
also shown to be chemotactic for T cells and to activate basophils resulting in enhanced
histamine and leukotriene release from these cells. Furthermore, IL-8 inhibits adhesion of

30 neutrophils to cytokine-activated endothelial cell monolayers, and it protects these cells from
neutrophil-mediated damage. Therefore, endothelial cell derived IL-8 was suggested to




are effegtive in achieving,one or nore of these inmunotherapeutic goals.
The nmethods of the 15 invention are used to obtain anti-allergic cytokines
t hat have one or nore properties such as i mproved specific activity,

i nproved secr eWP8¥4368t er i ntroduction into target cells, arBCT/US99/03020
effective at a | ower dose than natural cggokines, and fewer side effects.
Targets of particular I nterest include interferon-[err], IL-10,

I L-12, and antagonists of IL-4 and |L-13. The

optim zed i mygRme tHiladhdicty eRhtsQBdingAR the RGOTRY HRRSod L WRlse ot 8ARS 20
t hat encode the I mmunonodul ators, can be adm nistered alone, or in

conbi nat i on wodhlatgs Hrmunoglobulingprednstien, gndiphibidulLedrindnged 1gS4 and IgE synshesishy

concentratio r opri | ec , | red

I une res poﬁétg, an%?%aggd&%ﬁm%ﬁ%g%ﬁﬁagp " ?lgﬁ'r ggugil%ﬁﬁ%?y %fegg‘? I cul ar
type of i muniep&danoSFN-d/BNRryyrustgRadih B Sinf ddditios, TL @dahibite] sppritanzbizse d

nol ecul es _can _be I ncluded i n a genetjc vaccine vector, or the

opti ni zed3no gk eymhesis by DRME dsyivedifeomyaippic Patigatso Bue tojts CHRAAT AR as
pol ypept i des jnfammatory cells, IL-8, like other_ch&n&t&@ic ?Eénﬁ?ﬂ%séftxl ih ggteht{bﬁﬁg{h'eo n, a

library of reconbi nant pol yAucl eoti es tha ) enco I mmunonodul at or s
i s created byunstitnabpropertiesafbarcinas, inchudingdNA uasicidiss (acting as an adjuvast)odhé nat i on

protocol, sugh . shuf,fling or other netho ownt 0 t hose skill in
Phe ot The seueel BfteB A 3 e onBvafty EppARYE Hitpig melBREofthe o' of &
nucl ei ¢ aci d iiveiionI obtaif NC-B&fth ihprovEed’pacifiv autivity Bid/dfwithihroved expression in

WO 99/ 41368
PCT/ US99/1630 fayget cells. 27

Cyt oki nes are anong t ' 1 theR@ | : H&j.Ng t he
met hods of the invent imc%tr'?i.'1 t%@ﬁ%ﬂt%ﬁ%ﬁem skgﬁ?f%sép%%ﬁggg?gﬂgi al role
i n the capacimeshods$ of the inventinzm fon st in genetio warcinesa Ui-5 vs privharilpprodused by Talgpe
parasitic infections., and cytokines can dramati call) . i.Lhfl.uence the
B cacy of | dania F apmditn Bt B iRt e B AL PRl of lcnac ieruE o
Several 5 beshetofte abilifyds in@dcREpsisophilial IL-Shcts ad dn-edsindplildiffdréntiation dnd 6,

I L-7, IL-lg, IL-9, IL-10 [L-11, IL-

<

survival factor in both mouse and man. Blocking IL-S activity by use of neutralizing
monoclonal antibodies strongly inhibits pulmonary eosinophilia and hyperactivity in mouse
models, and IL-5 deficient mice do not develop eosinophilia. These data also suggest that
IL-S-antagonists may have therapeutic potential in the treatment of allergic eosinophilia,
IL-5 has also been shown to enhance both proliferation of, and Ig synthesis

20 by, activated mouse and human B cells. However, other studies suggested that IL-5 has no
effect on proliferation of human B cells, whereas it activated eosinophils. IL-5 apparently is
not crucial for maturation or differentiation of conventional B cells, because antibody
responses in IL-5 deficient mice are normal. However, these mice have a developmental
defect in their CD5™ B cells indicating that IL-5 is required for normal differentiation of this

25 B cell subset inmice. At suboptimal concentrations of IL-4, IL-5 was shown to enhance IgE
synthesis by human B cells i vitro. Furthermore, a recent study suggested that the effects of
IL-5 on human B cells depend on the mode of B cell stimulation. IL-5 significantly
enhanced IgM synthesis by B cells stimulated with Moraxella catarrhalis. In addition, IL-5
synergized with suboptimal concentrations of IL-2, but had no effect on Ig synthesis by

30 SAC-activated B cells. Activated human B cells also expressed IL-5 mRNA suggesting that

IL-5 may also regulate B cell function, including IgE synthesis, by autocrine mechanisms.



12, 1L-13, IL-14, IL-15, IL-16, IL-17, 1L-18, GCSF, GWCSF, IFN-J[err],
|FN-[err], TG-[err] , TNF- a, TNF-[err], IL- 20(|\/DA-7) and flt-3
l'i gand have been shown stimul ate i mune responses in vitro or in
vivo. | muneWDWéBsbns that can be enhanced using appropriBiTassytanid nes

i nclude, for exanple, B cell proliferati on g synthesis, Ig isotype
swtching, T cell 10 proliferation and4 cytokl ne synt heS| S,
differentiation of [err] and TH2 cells, activation and proliferation

of CTLs activation agd cytokine oduct nono es/ magr ophages/
dendritic cells, andq-g? ’F&?&‘Qﬂﬂ é{F‘{ef)H‘eg’Pd%%r?ﬁ%/]?’ @e‘%lagmﬁ? Hat

nonocyt es/ ngnEeRAERE to and neutralizes IL-5 or its receFtol' Wﬁa&t%ﬂﬂ'a@ﬁéﬁl adde

i nvention provides nmethods of obtaining i mzed | mmunonodul at ors

that can di fosponens of Yaseines use%fgbwgéhxlasMszream[eewf]aﬂmgxea Npgleic@eigbnse. 15
The abilit t
e abili yench’dlhé‘ﬁ, ﬁporﬁ?(g%@g ?&nxﬁggx@hf’&d%fm k%p&ﬂﬁhne@%&&s%sh&ﬂ &‘ax}sgl [rg[‘lnﬁg

Is of great opnen vaccl nes
the typée ofscfeanerd]forhnqhngmﬁnmmblhzed IL-5R fmdlmmﬂhbdcfe;nm@amWefpﬁ@ethﬂtCOﬁE of an

infectious h freque err] cells eneral ly
protects fr dafls“?‘ﬂ?f% tip “Wgt%’ FIRS 255 sl°ﬁ?3‘FnB%§%??§féﬂ@”e‘W%s a
doni nant blolog{cﬁraf:ﬁw@hﬁﬁg"aé@?s sabh mnmﬁuh b mﬁﬁs Bift celfs D1 C

infections. For exanple, In human, the 2 err] phenotype is present in
t he tuber cutudinredin tepresense pf reeamehingmt deﬁL-Smlﬂeemthy [sbuffigd IL-5R o-

phenot ype i t cillary (susceptible) |esions
(Yamanura e %ADF%%IIC&&?%%E%IH%‘% Zlg%a 277). Late-stage AIDS patients
have the [err] phenoTymer nebtosidifaetors (o and B) and their receptonsiany asol satlibtefapetshat

survival fr | ngoco cal. sept.icenm a dﬁ@énds on the cyt oki ne
synt hesi s pPbfP use {p geficHE ¥aeeimps: sOnYRich vas eriginally descgbedased with a
h a

high 25  réaskectth bé@ﬁ@@fﬁ@h&ﬁ@ﬁ@ca‘&%&&cﬁﬁ ofhﬁmli'@isrd 1%5}5}0@&&9& jated wit

low risk. Sim/lar exarrpl are found For ‘exanpl e, BALB/c

nmce are s u@’&@f??‘il B law tha'Lt’@F%‘l%’dﬁPﬁ al] gfllsyin the h“maﬁl h?‘b’cff’ll?}ﬁng petvation. TOF-

Wt ant -1 Raaioechils ikt SRRt RS b AVERNARmhER) o1

responsks, r wldmes,rsgniuhtes the produetidri afgeuté\pbdse proteinsf mdcmdt{cw prlifemtiocddnal

-anti bodi es gxacerb di sease.. Fg i ca ns, it is
pref er abl e &tga@?%l% H WW?@@%E@@%@?@S&#@& &‘Baﬁ err]
response.  membrane-bound ford¥3fINFid GABNF-w), which is involved in interactions between B-

PCTI / US99/ 03020
and T-cells, is rapidly upregulated within four hours of T cell activation. mTNF-a plays a

role in the polycional B cell activation observed in patients infected with HIV. Monoclonal

20  antibodies specific for mTNF-a or the pSS TNF-o. receptor strongly inhibit IgE synthesis
induced by activated CD4* T cell clones or their membranes. Mice deficient for p55 TNF-
oR are resistant to endotoxic shock, and soluble TNF-aR prevents autoimmune diabetes
mellitus in NOD mice. Phase III trials using sSTNF-aR in the treatment of rheurnatoid
arthritis are in progress, after promising results obtained in the phase II trials.

25 The methods of the invention can be used to, for example, evolve a soluble
TNF-oR that has improved affinity, and thus is capable of acting as an antagc__mist for TNF
activity. Nucleic acids that encode TNF-oR and exhibit sequence diversity, such as the
natural diversity observed in cDNA libraries from activated T cells of human and other
primates, are shuffled. The shuffled nucleic acids are expressed, e.g., on phage, after which

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




28 . For ,exanple, where increased nucosal inmunity is desired,

I ncl udi ng protective immunity, enhanci ng the TH2 response can lead to
i ncreased anti bod roduction, particularly IgA T

hel per [err] c¥O%H4 % probably the nost inportant regul at oFSTEFORB% mune
~system [err] cells are divided into two gqbsets, based on their cytokine
synthesis pattern 5 (Mosmann and Coffinan (1989) Adv. Imrunol. 46: 111).
‘[err] cells produce high | evel s of the cytokines IL-2 and IFN-[err]
and no or M& COnRt TH2
cell s pro ducnﬁlﬁﬁﬁtﬁ L:%ev esﬁbs)gét?dl th”ﬁf}thexl JssLag’l% ﬁgﬁ%ﬁlhﬁ)a&% ?a’xct'ia dﬁfa tﬁ@sﬁzfﬂ d gen Ig ﬁfy
~production i scanbesubjermdltmﬂmmomsmﬂs offlmfﬂlpgwmerangl vat e macrophages

dendriti | d t.Lh ]
Cytot oxi 6 T | ynphocyt oMt et af Ml o Ginien o mistiafa S o iRiengohls. 10
(1994) Cel | Tigterférbhy, azmlwaammaﬁﬁgérﬁstwﬁm deolghd. | THe@eeptoctopIINy B cel |'s

and al so nedi ate allergic responses due to the capacity of TH2 cells

to i nduce 3 gEconsists phabinding gqmgqgenég)gcoprotem ofPq Klgracd?g iaminosidsxirgpelieley s j nt o
| gE secreti ngpo?‘&tlrl §n§f§ﬁ%&gﬁ§9re§fon%d%waﬁ)m gﬁlg&uaw}{uha% aagé?ta‘é}lycos rl%n\?ngc '

USA 90: 3730)~ he screenimg ne
cytoki nes, c hmfndqnmezhfor ﬁmchomlheInVrQS A simpledminqrgvides hfghlafﬁmtyaﬁﬂuge(tm? A0ty

based on idengjficat t npdifi | ecul es t hat d
Spoci11¢ act | Ve BrersirienlBerpelivy, ety Comoris Bz nhen lwagbotbpe

cyt oki ne, The RORETIN- ﬂﬁce;ﬁ’d’r 1@53twrdeﬁﬁs&s SR ¥F H8Us€ Btth€Smindadid Rva mof
r econbi nant cytoklne enoki ne, accessory nol ecul e nucl ei c acids

can be ex¥ es@é@n ﬁlﬁaijéefélﬁmé@ﬂbmdfh“@@n prbmeysy , respsetivgly. Vaccinigsi ng i n

o el | CUSHOE AR o | Ao AR Flo AIPS Sk I ARRLYIAG e

reconbi nant 2 el c-aclds as co vaccl nes € can
I dentify the aminad adpsdqnerice bdfarity (~20‘V6,ehmmccq&b(elolﬁeﬁ'ﬂxintneomaltzmddm’mct i ons

o oper s, 4 ek ot o g P F P B

stabilities o;fwad%awwmsy amIg&usumnteigﬁat Sfdtefies rdcaervEERMiNan FHus)UC! ei ¢

aci ds can then subj ected to new rounds_of shuffling and sel ection.
25 15 myxoma and Shopsfibrampyeys (Ap vaesinia viaus) MR palypepides.dndieisg ar e

evol ved t hat Os%[( %tDsu-uctmesd'Anfe%féEﬁﬁl (ﬁmr é@ffanhﬁﬁlykvﬁﬁ;eérlﬁ ﬁ@ﬁ%? Has the' r

capacities t ew | nmune f eésponses pheno
genes encodi ngen atpeestetin insect ¢dlE I\Fl‘femhl) of NFB/Wnhiee (aaménise moddl of htmah?SLBar e

e i speci VRS N-f Sigptor (0P pelfee BRpCA Medk o0 SUPRAS it ant o ( n genet i c
vacci nat i ons. glbhib¥uloféphkitis, SAIRmRA fireatédwilli LIFN-y or anti-IFN-y mAbs were alive 4 weeks
20  after the treatment was discontinued, compared with 50% in a placebo group, and 78% of
IFN-y-treated mice died.
The methods of the invention can be used to evolve soluble IFN-yR receptor

polypeptides with improved affinity, and to evolve IFN-y with improved specific activity and
improved capacity to activate cellular immune responses. In each case nucleic acids

25  encoding the respective polypeptide, and which exhibit sequence diversity (e.g., that
observed in cDNA libraries from activated T cells from human and other primates), are
subjected to recombination and screened to identify those recombinant mucleic acids that
encode a polypeptide having improved activity. In the case of shuffled [IFN-yR, the library
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



30 preferred target for optim zation using the nethods of the invention

because of its effects on the i nmune system tunor cells growth and
viral replication. Due to these activities, IFN-[err] WO

99/ 41368 WO 99/41368 PCT/US99/03020

PCT/ US99/ 03020 36 29

was the first cytokine to be used in clinical practice. Today, IFN-[err] is
used for a wide variety of applications, including several types of

cancers anGxyhpleb sﬁ@%&ﬁﬁhod Eﬂ\h&rﬁ&ﬁlzs/ﬁes?é?;]ﬂﬁéés'aﬁ i Bshy/ The evoly W% al

differentiation of human T cells into phenotype "(Parronchi e
(1992) J moleculqsmpmvszt@e efficapy pf vaceinetiong (e.d. whemused as acbmtsb hor oughl y

i nvestigated in vacc C ast.to hunan
systens, it does notb [cgtrﬂr’ig%g%&mé%%%a#ﬁﬁﬁ'% {ypep ides The

speci es d| fdbmmdmangvﬂfe msﬂmﬂmbfme iiwa{tmnrﬁmm&ayfodatammmfﬁu!ﬁpﬂd fterdspgt , | i ke

I L-12, ces ‘E§§4 activation i hurran cells but not in

muri ne éel IS¥Ste’3’ﬁd“1§T’ eﬂ’é?s HE), organ rejectiom, afteg tuatmenty and: graft versys hosty

nedi at ed [ efigehsedMiIS16 Stidradid %ex&ﬂﬁil@ﬁé ﬁla%fen%dlﬁ"mcréa]s@@%réﬂﬁbgﬁ 382:
171). 10 Fani lingis a preferre rret Abd for

opti m zi ng ip tebrain of the patients, mdmmwedmmwmmwmmmw a&lis ifBlilra genes,

Feconbi nante e reuien i8Rl o iR PAPapats g et mlon i RL AR e o

al I ow rapi dnpﬁr@.l | el anal ysis of reconbinant interferons, one can enpl oy

hi gh t hroughput net hqds for, fhei essi_on and blologlcal assay as
f usi oanr oteins on biERUPEHREgawth] °t°r@5%§ﬁﬂrmﬂeswwrhm%d pot ency

and sel ect igptiin¥zel fétfusé AeAdt vERIMGusifg @6 hrenehyom@ﬁkv&ﬁron TGF-B[H%%FC’

activity. Variants which denonstrate 1 nproved binding
receptors degnlatery activitieson|egsentiadly alh celf typesyand ibkasialso ftagenﬁhowg teshaye cerapiex or

mutants w thy &n r{@)l:fec ﬁé Ee\ﬁﬂfﬁhg ﬁ@x‘h] Tﬁithﬁ Lf f ei‘g%‘if’atflfg Mor e

specrfrcally, e’ capacities o err mut a
| FN-[ er r] BandTgnlls,chndhuarlno shppmsses\dleveloprﬂimmﬁ‘nni[dﬁﬁﬂeﬂﬁeﬁqﬂcﬁ‘cwtde'BSell@an be

Zhgd} F ﬁ%hlg(?e@s '?81‘?%' enshown odgéc&gg sw%élu.rpgl 1%% te%clilqt?masr} gi ning

cells. It was also shown to induce germline a transcription in murine and human B cells,

supporting the conclusion that TGF- can specifically induce IgA switching.
" Dueto its capacity to direct IgA switching, TGF-p is useful as a component

of DNA vaccines which aim at inducing potent mucosal immunity, e.g. vaccines for

20  diarrhea. Also, because of its potent anti-proliferative effects TGF-B is useful as a
component of therapeutical cancer vaccines. TGF-f with improved specific activity and/or
with improved expression levels/kinetics will have increased beneficial effects compared to
the wild-type TGF-8.

Cytokines that can be optimized using the methods of the invention also

25  include granulocyte colony stimulating factor (G-CSF) and granulocyte/macrophage colony
stimulating factor (GM-CSF). These cytokines induce differentiation of bone marrow stem
cell into granulocytes/macrophages. Administration of G-CSF and GM-CSF.- significantly
improve recovery from bone marrow (BM) transplantation and radiotherapy, reducing
infections and time the patients have to spend in hospitals. GM-CSF enhances antibody

30  production following DNA vaccination. G-CSF is a 175 amino acid protein, while GM-CSF

has 127 amino acids. Human G-CSF is 73% identical at the amino acid level to murine G-




| L-12 is. perhaps the nost potent cytokine that directs [err] responses, and

It has al so been shown to act as an adjuvant and enhance [err]
responses follow ng enetic vacci nations (Kimet al. 1997534 J.
| munol . 158: AWM _12 i s both structurally and f YUy a

uni que cytokine. It is the only heterodiagric cytokine known to date, 25
conposed of a 35 kD light chain (p35) and a 40 kD heavy chain (p40)

(Kobayashi et al - (1989) J. Exp. Med. 170: 827; Stemet al. (1990)
Proc. Nat'l. 4¢3 the®lvo plofeths8Kow 86189 cross-reactivilye CRUSK Yiad d BniddicRerRired@btor
((1997) Nature Biotech.” 15: 35) denonstrated that a fusion between

p35 and p40 ¢dimesc witk kiD©0E~209 pd, snangmerigre Ad nMYaandthereggptarfor GMatiap abl e to

that of the tywo . ) L aglicate that
11 s possi b SRR Cof BhRIARASERAIN encifig®, 88 R ordlfifig
benefici al i Respémst @ GIOSF! kel tihesfdepandent pf GMECEF avaBetiea(sseh wTH-1)s GICEIRis|

rowh pronoting activities, one can use noynal__human _peri pher.al blood T
ge| s i ﬁ fhe nontgxicandis presentlwoggt;g@fg@gelfas aJrug. However,ﬂ@treatﬂxent is expensive,

PCT/ US99/ 030204 more potent G-CSF miPht reduce the cost for patients and to the health care. Treatréhts
selection of the nost active FL-12 genes, enhabling direct selection of

| L- 12 nut ant svithithdse tytekines are typically shart-lastingzod theipetients asnlikelyrigmever peqdthe | |- 12

mut ants can be expressed.in.CHO cel.l s . ..and the ability
of the super ﬁ%’?%ﬁ?agnf%%%'ﬁg‘écmﬂ ‘@‘8*’4‘“8? gﬁ’lro?lg?’ gwtgﬁé%g@@%%m ed (Figure

6). The C_o]pf:ent r5 atiEEfI‘Sl%fméﬂiodh igfﬂlaimhﬁioﬁm&&?faltfm‘\émlvﬁnyﬁh JQISrI]"m?dlltmﬂ}I\/lzGﬁFl 112)ased
on a specific | that detects a tag fused to, shu -

mol ecul ed®  which have improved specific aFtﬁ’é"@Wﬁ(Yfeg_ta? S‘il?ercﬂ"?}@@m‘{?%g‘a‘]w é’cgﬂ:o‘)‘“h/r"rl L-12
genes Into g?ﬁ?sgreaéﬁﬁ | RECSF an&or?ﬁlcyﬁubﬁic%&%ﬁévﬁ%s% el diverdity, dfe saf ety

of IFN-[err] enonstrated 1 n numerous clinical sfudies and
in everyday hiuspbbtaihedfrem tDNA libtarieh from divierse spegies,afe shiffled tg ereathelibrary of nent

of 2L L i) 60l S8k CREBSERkfoHi b R et BB L e o°

| L-12 gene agickingQ6RAIRS MHandféctigg theiplamids into a sidtable hes cell (., AHMcedl), b al

OXPressl QU | iy the Sapeomstants aing seccptor-posive oall ines: Aléraatively, phage Sisplay or
related techniques can be used, again using receptor-positive cell lines. Yet another
screening method involves transfecting the shuffled genes into G-CSF/GM-CSF-dependent
cell lines. The cells are grown one cell per well and/or at very low density in large flasks,
and the cells that grow fastest are selected. Shuffled genes from these cells are isolated; if

20  desired, these genes can be used for additional rounds of shuffling and selection.

Ciliary neurotrophic factor (CNTF) is another suitable target for application
of the methods of the invention. CNTF has 200 amino acids which exhibit 80% sequence
identity between rat and rabbit CNTF polypeptides. CNTF has IL-6-like inflammatory
effects, and induces synthesis of acute phase proteins. CNTF is a cytosolic protein which

25  belongs to the IL-6/IL-11/LIF/oncostatin M -family, and becomes biologically active only
after becoming available either by cellular lesion or by an unknown release mechanism.
CNTF is expressed by myelinating Schwann cells, astrocytes and sciatic nerves.
Structurally, CNTF is a dimeric protein, with a novel anti-paralle] arrangement of the
subunits. Bach subunit adopts a double crossover four-helix bundle fold, in which two

30  helices contribute to the dimer interface. Lys-155 mutants lose activity, and some Glu-153

mutants have 5-10 higher biological activity. The receptor for CNTF consists of a specific



m nimal conpared to those observed after system c bolus injectians. In

addi tion, sone of the adverse effects of systemc IL-12 treatnents
are I|ker to be related to its unusually |ong hal f-1ife (up to 48
hours in nonR@PRISEHNA shuffling may all ow sel ection for aPCHeyPRIZhal f- 15
life, thereby reducing the toxicity eveggafter high bolus doses.

In other cases, genetic vaccines that can induce TH2 responses are

preferred, especially when inproved anti body production is desired.
As an exanutMeTF febe;ﬂoﬂbaan,b@«m and a LIS @asepth0 THE CNTFR Q- éﬁaﬁmﬂéslaat ion of TH2
cells (which produce high levels of IL-4, I1L-5 and IL- and

medi at e al |tEgRembraRs domaincporisms wstead heing (FRI-snghosed s‘é’shlglh%m%mféﬁ@k ENEE
tovards THz,q 0 ediaRORRIRARe ethBecPle3h ése%o}’x‘fﬂferbﬂﬁﬂfﬁinﬁs EREF 'aﬂ@fﬁ used to
err

i mruni ze agal nst aut ol mmn | seases prop actica
responses auaebmusmLﬁiMﬂnndade sigreting theoughtgplliﬂe@Na‘Fenhmek suvival of sevéraleat and

nodul at i Sti aut oi e res onses, beca act ve T.cel|ls are
gener al | (y}?'p ?gﬁ ear?g]%@ts(’}f ﬁl?a@tmﬂﬂi %gé’g#“? seagefipcpntrast

16: 34- 38) tb!NGI" néurtkdpRictfiiftor, and newrdBShiR). ONTFr¥éeplor !&ﬁodkﬂut'rﬂdélﬁévbon of IgE
synthesis; I1L-4 deficient mce are unabhle to produce 25 Ast hma and

al | ergi es aSeeeraEeies pepremdeficityat pivth, ard G ER kngcken meipr-gxhiyit such gﬁﬁﬁ-‘bdum ng
cells, and @E@aﬂﬁﬁ@ﬂﬂ%&e&&éﬁ%‘és {%%H&‘ﬁsé REdE, ﬁ@&ggg&&d,k%ﬁé%o@fgm' s on

chr onpsome 0oSe proximty to genes enco
| L-9, | L- 13 samdtiGhé dBSéryed ihlpsythiatitei patienits Phase I stugiepih patiehtbwith ALS\(aimeal T cel | s,

b hi | d t t t .has, 153 d
two_potidhe ameREE -y ATLOML T bt e okl Wiy Wpd SghBswR ide ot y S0k
i dentical teffedid after@RbE Righbr tHan S F/kgldaflsm:tmsowy (ﬁclﬁﬁﬁ%\%ﬁexwgvgi 1811 Jess, I N

human, |L-13 has act|V|t|es sin
PCT/ US99/ 03eattivation of herpes simplex virus (HSV1), cough, increased oral secretions). Antibodies 31

108! 6 A G

differenti a@N’Bﬁwnhdlfferentxmmunologxcalproperuﬂsrrproved | L-2 agonists are al so

usef ul 1|5n directing [I'ﬁ rcLon%beMnoglag gc;e%mmnlg%e ds of the invention can be used to

obtain modified CNTF polypeptides that exhibit decreased immunogenicity in vivo; higher

specific activity is also obtainable usi_ng the methods. Shuffling is conducted using nucleic
acids encoding CNTF. Ina preferredzerr-lbodiment, an IL-6/LIF/(CNTF) hybrid is obtained
by shuffling using an excess of oligonucleotides that encode to the receptor binding sites of

20  CNTF. Phage display can then be used to test for lack of binding to the IL-6/LIF receptor.
This initial screen is followed by a test for high affinity binding to the CNTF receptor, and, if
desired, functional assays using CNTF responsive cell lines. The shuffled CNTF
polypeptides can be tested to identify those that exhibit reduced immunogenicity upon
administration to a mammal.

25 Another way in which the recombination and screening methods of the
invention can be used to optimize CNTF is to improve secretion of the polypeptide. When a
CNTF cDNA is operably linked to a leader sequence of ANGF, only 35-40 pt;rcent of the
total CN'TF produced is secreted.

Target diseases for treatment with optimized CNTF, using either the shuffled

30 gene in an expression vector as in DNA vaccines, or a purified protein, include obesity,



whereas i.nproved | L-4 antagonists can direct [err] cell differentiation.
| nproved IL-4 5 agoni sts and antagoni sts can be generated by shuffling

of IL-4 or soluble IL-4 receptor. The | L-4 receptor consists of an

| L-4R [err] - ch¥O990186) kD high-affinity binding unit) and aRCFUS®R3020
[err]-chain (these cytokine receptors sh a comon [err]-chain). The IL4R
[err]-chain is shared by I L-4 and I'L-13 receptor conplexes. Both IL-4
and |L-13 induce phosphorylation of the IL- 4R a-chain, but
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provide a functional IL-4R Soluble IL-4 receptor current In clinical
trials for tHeainsegeyent of allergies. Using the DNA shuffling
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IL-2 are refl th‘{ i{f}}?t he phenotype of IL-2 deficient mce, 25 which have
hi gh nortali tasmfis YRR e and nultiple defects in their inmune functions

i ncl udi ng spont aneous deafit 05688 veclrs taifalso Wohide bptirkio¥Blecahiigase. |L-15 is a
nore recently | dentified :&goki ne produced by nultiple cell types.

| L- 15 shddes pobiptglegtidesihat epende gyrface-bound acogssorymelpaides,fuelhay thosp thaaren | - 2
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that IL- 15 production | lent mce I'S normal, ear that
| L-1 5 cannotin@Qde, fos example, BV <t (CDBO0) Bé-2f(GD86), CD4@ flighd- far CP46;iCThA-4iGN28, t hese
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and/or improved activities.

20 Optimized recombinant polynucleotides that encode CD1 molecules are also
useful in 2 genetic vaccine vector for certain applications. CD1 are nonpolymorphic
molecules that are structurally and functionally related to MHC molecules. Importantly,
CD1 has MHC-like activities, and it can function as an antigen presenting molecule (Porcelli
(1995) Adv. Immunol. 59: 1). CD1 is highly expressed on dendritic cells, which are very

25 efficient antigen presenting cells. Simultaneous transfection of target cells with DNA
vaccine vectors encoding CD1 and an antigen of interest is likely to boost the immune
response. Because CD1 cells, in contrast to MHC molecules, exhibit limited allelic diversity
in an outbred population (Porcelli, supra.), large populations of individuals with different
genetic backgrounds can be vaccinated with one CD1 allele. The functional properties of

30 CD1 molecules can be improved by the DNA shuffling methods of the invention.
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I g production in the presence of anti-CD40 mAbs, but it antagoni zed the
effects of | WOP4)368 2 al so enhances |L-4-dependent PpaiUSSYMIcRESIi S by
purified B cells. On the other hand, |Lg? was shown to inhibit
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suggestgd ) that IL-6 is an obliga Or¥l§'r actor for human |1 gE synthesis,
becausaY ne a@P¥Ant 35tiYYy. 4 heat phocls proteins, gﬁhﬁ% Bffbl et el y bl ocked IL4-i nduced

| gE synthesis. |L-6 ggbinbin bdueed \FtdkireBRdofhe, and | 0 produce
| gA. Because of its potent 9Ig%:ytpi‘?%/ities on fhe él)i f?’earner?‘tmlegst%ﬁg‘%b%%m% cells,

| L- @olypeptidesy agiwell asizatagenisis of these molaciles, cambe used th iefuqncottia type of
fol |l owi ng ol o, lt.is 20 ' rl.v.usef.ul as,a conponent of DNA
Yrﬁx%uhpx%%#obl etP & ég{en & ulus ﬁ?g‘%év%kh% a s%mLon %@"%}@ﬁi’%‘{}g

vacci nes because hi centrati ons ¢ d, thereby
provi di ng sheetmsthapshionodmitgs) mehuding shdrtiealfiit, Mghrakpase, difficalt tohort (musf ect ed

cells pressing t i nogeni ¢ .antigen. 1L-6 with ipprqved specific

ot vi 05 aarere 10 dd s FREmey 2o i P, A bals IR e by DNA
shuf f1ing, syhétimd3aMmese 81k effey) A dnfihistratidh beFd1Fnucieotides i@ BncoiEmyi | d-type 1 L-6.
25 Interl eukin-8 is another exanple of a cytokine that,

when modi f Fegmbewcyiokines or other mglecwles oieraemes most of ARk of thessiproblams. NAsef ul i n
geneti ¢ vagg Rffiple, dan Be YRFartd inHighPulity, sLtble, felipGrature resistant, noninfectious,

casy to manufacture. In addition, polynucleotide-mediated administration of cytokines can

20  provide long-lasting, consistent expression, and administration of polynucleotides in general
is regarded as being safe.

The functions of cytokines, chemokines and accessory molecules are
redundant and pleiotropic, and therefore can be difficult to determine which cytokines or
cytokine combinations are the most potent in inducing and enhancing antigen specific

25  immune responses following vaccination. Furthermore, the most useful combination of
cytokines and accessory molecules is typically different depending on the type of immune
response that is desired following vaccination. As an example, IL-4 has beeﬂ shown to
direct differentiation of T2 cells (which produce high levels of IL-4, IL-5 and IL-13, and
mediate allergic immune responses), whereas IFN-y and IL-12 direct differentiation of Tyl

30  cells (which produce high levels of IL-2 and IFN-y), and mediate delayed type immune

responses. Moreover, the most useful combination of cytokines and accessory molecules is




as a nonocyte-derived neutrophil chenotactic and activating factor.
Subsequently, |L-8 was al so shown to be chenotactic for T cells and
to activate basophils resulting in enhanced hi stam ne and | eukotri ene
rel ease fromt MR¥4¥P| s, Furthernmore, 1L-8 inhibits adhesi A¢THSI%G020
neutrophils to cytokine-activated endothekjal cell nonolayers, and it
protects these cells from neut rophi | - medi at ed damage. Therefore,

endot helial cell derived IL-8 was suggested to WO 99/ 41368
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| nt ﬁr Lleukic n- ﬁgen&ﬂtéd hylhs%gﬂl?lﬁigtdﬁfdrdﬂﬁ evodfed pemivters, fevobedngtdkifies, {evolieiing t Ihe

nmet hods of the invention r use in genetjic vaccines. IL-51is primarily
produced méqlq%tagomsts, ?ero@ef)@era eé’f;ﬁ\é“é ‘E"Sesﬁ?ré{?‘%‘qeﬁﬂ@_r tant role in
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15  immunity against the pathogen(s) (as in genetic vaccines).

Initial screening is preferably carried out in vitro. For example, the library
can be introduced into cells which are tested for ability to induce differentiation of T cells
capable of producing cytokines that are indicative of the type of immune response desired.
For a Tyl response, for example, the library is screened to identify recombinant

20  polynucleotides that are capable of inducing T cells to produce IL-2 and IFN-y, while
screening for induction of T cell production of IL-4, IL-5, and IL-13 is performed to identify
recombinant polynucleotides that favor a Ty2 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 T2 response, while low levels of IgE

30 indicate a Tul response.



| L-5 antagoni sts may have therapeutic potential in the treatnment of .
al l ergi c eosinophili a. I L-5 has al so been shown to
enhance both proliferation of, and I g synthesis 20 by, activated nouse
and hunman B W@%A41364However, ot her studi es suggested that |pcrausomasozo

effect on proliferation of human B cellsy, whereas it activated eosinophils.
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conventional B cells, because antibody responses in I L-5 deficient
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efficiently binds tc-af\8Omstsgrantagomsts of ceBularrecaptors ecept or. These
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prophylaxis and treatnment of allergies. Nucleic acids encodi ng |L-5,
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15  Blocking immunosuppressive cytokines, rather than adding single proinflammatory
cytokines, is likely to potentiate the immune response in a more general manner, because
several pathways are potentiated at the same time, By appropriate choice of antagonist, one
can tailor the immune response induced by a genetic vaccine in order to obtain the response
that is most effective in achieving the desired effect. Antagonists against any cytokine can be

20  used as appropriate; particular cytokines of interest for blocking include, for example, IL-4,
IL-13, IL-10, and the like.

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




cul tured.in the presence of reconbinant wild-type IL-5. Alternatively,

-shuffled I L-5R a- chains are screened for inproved binding to IL-5.
10 Tunmor necrosis factors ([err] and [err]) and their
receptors are MORY4BE¥t able targets for nodificati on REAUI3920
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PCT/ US99/1§30Adsteria monocytogenes were shown to be elevated in IL-10 deficient mice (Dai et al. (1987)

J. Immunol. 158: 2259). It has also been suggested that genetic differences in the levels of

IL-10 production may affect the risk of patients to die from complications meningococcal
infection. Families with high-IL-IO production had 20-fold increased risk of fatal outcome
of meningococcal disease (Westendorp et al. (1997) Lancet 349: 170).

20 IL-10 has been shown to activate normal and malignant B cells in vitro, but it
does not appear to be a major growth promoting cytokine for normal B cells in vivo, because
IL-10 deficient mice have normal levels of B lymphocytes and Ig in their circulation. In
fact, there is evidence that IL-10 can indirectly downregulate B cell function through
inhibition of the accessc;ry cell function of monocytes. However, IL-10 appears to play a

25  rolein the growth and expansion of malignant B cells. Anti-IL-10 monoclonal antibodies
and I.-10 antisense oligonucleotides have been shown to inhibit transformation of B cells by
EBV in vitro. In addition, B cell lymphomas are associated with EBV and most EBV*
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
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t he case of IFN-[E€rr] R, the rary I’IUC?EI C
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| mproved aqidmoaadgue encofled BycEpsteini-Bar siyis) EILAO0R is more than 1000 fold less than that
of hIL-10, and in some situations, such as when treating EBV-associated B cell

malignancies, it may be beneficial if 6ne can also block the function of viral IL-10. Taken
together, this soluble form of IL-10R is unlikely to be effective in antagonizing IL-10 in
25  vivo.

To obtain an IL-10 antagonist that has sufficient affinity and antagonistic
activity to function in vivo, DNA shuffling can be performed using polynucléotides 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.
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swi t chi ng, e}err I's useful as a conB of DNA vacci nes which

aimat i nducdﬂ' Ugegtiemef Brerlls setivateddry At &L 4(@mgn0clpaelcqnﬁwlqsor 20  di arrhea.
Al so, because of its p [ f s useful
A component o £ 40 ldenll dplals b8 ARty REbvint B 1p B daid 1, 1

i nproved specvakiauts thet bind b)IL-El ﬂE/w;ﬂx higher thawwtlht}'mpﬂ'mim@utéwphoesmmr

levels/ki ﬁEt Ié:cﬁvalﬁ‘oll.l eaéldgmta{]g%%?g&sea%pl%g&ef hx% one cgr]; gv%fve an 10105 ?ecule with

improved specific activity using the same methods. In a preferred embodiment, IL-10 is
shuffled using homologous cDNAs encoding IL-10 derived from human and other
mammalian species. In addition, a gene encoding viral IL-10 can be included in the
shuffling, A library of IL-10 recombinants is screened for improved binding to human IL-10

20  receptor. Library members bound to IL-10R can be recovered by anti-IL-10R monoclonal
antibodies. This screening protocot is likely to result in IL-10 molecules with both
antagonistic and agonistic activities. Because initial screen demands for higher affinity, a
proportion of the agonists are likely to have improved specific activity when compared to
wild-type human IL-10. The functional properties of the mutant IL-10 molecules are

25  determined in biological assays similar to those described above for ultrahigh-affinity IL-10
receptors (cytokine synthesis and MHC class II expression by monocytes, proliferation of B
and T cells). An antagonistic IL-4 mutant has been previously generated illus;trating 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 o~chain

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



the wild-type TG-[err]. Cytokines that can be
optim zed using the nethods of the invention also 25 include granul ocyte
colony stinulating factor (G CSF) and granul ocyt e/ macr ophage col ony
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which have i@ etle fReftichicin BEiskd id obtaif -2 inkia-2 S aHiriehatRRhikR GRbhAGS t hat
have G CSF and/ or GW CSF activity. G CSF and/or GVt CSF nucl el ¢ aci ds

havi ng sequbilifetodintagenize .- 10activity. t hose obtained fromcDNA libraries
from di verse speci esyyaf ecatHL] Lol 688%Es BrblALATYDNA vaccine pBJUIL | €0

G CSF and/ or GwW CSF geéenes. rarres can pbe screenéd by, exanpl e,
' therapy vectors, maximal local effect is desirable. Therefore, in addition to a soluble form of

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 soiuble and transmembrane forms can be used. Where 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 autoirnmune reaction could be induced against the natural molecule, eithef 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
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can bind to LIFR and induce signaling through gpl 30. CNTF enhances survival
of severald conveniently conducted by expressing the peptides encoded by the library members on the

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;inazlt 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 miretic. 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 enqodes the
mimotope-on-antigen structure can be used within a genetic vaccine, 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
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I nvention ze ecreti t he

pol ypept i d?’av@gﬂyiﬁbs (?990’&\‘#}3;—?1%‘3@“3@6 ?‘EB?W 8%‘%%5‘3?% f sequence
of hNGF, ondes, a&xcﬁ(lrmnﬁ@mtthecﬁloddrm migrate th Sites lof &Een Mtal (DA ek &L, FREFLT ed.
Target di seases _for treatnen optim zed CNIE, using, either, the

shuf f1 &3 30Yed. 483 éﬁﬁ%ﬂ%%rfé&q lzﬁlfis\ﬂéfc'{b&m%@e MIPBrasaamimstis peptide that
purified priotghhle of Elﬁilvh\ﬂﬁ 3€5dah rovide 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 véctor 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 imm;mostimulatory
CpG motifs, and of lipopolysaccharides to activate macrophages. Some of these activities
are toxic. Each of these 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
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genetic vacci ¢&opéttor for certain applications. CD are nonpol ynorphic
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plasmé 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 IT 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 for induction of
T cell proliferation and cytokine synthesis. An additional costimulatory sigm;l, “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 et
al. (1996) J. Exp. Med. 184: 783).
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mutatlons that 1mprove/alter the activities of the molecules. However, rational design does

15  not enable predictions of useful mutations because of the complexity of the molecules.

The invention provides methods of overcoming these difficulties, enabling
one to generate and identify functionally different B7 molecules with altered relative
capacities to induce T cell activation, differentiation, cytokine p;'oduction, anergy 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 different forms of substrate used in the recombination reaction are B7 cDNAs from
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and 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 described 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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15  responses. Similarly variants that have altered capacity to induce cytokine production or

expression of activation antigens as measured by, for example, cytokine-specific ELISAs or
flow cytometry can be identified.
The B7 variants are useful in modulating immune responses in autoimmune

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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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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proteasome), many different proteolytic specificities can potentially be achieved. Evolving

the specific LMP-like subunits can therefore create new proteasome compositions which
20  have enhanced functionality for the presentation of epitopes.

The methods involve performing DNA shuffling using as substrates two or
more forms of polynucleotides which encode proteasome components, where the forms of
polynucleotides differ in at least one nucleotide. Shuffling is performed as described herein,
using polynucleotides that encode any one or more of the various proteasome components,

25  including, for example, LMP2, LMP7, MECL-1 and other individual proteasome
components that are specifically involved in class I epitope presentation. Examples of
suitable substrates are described in, e.g., Stohwasser et al. (1997) Eur. J. Immunol. 27: 1182-
1187 and Gaczynska et al. (1996) J. Biol. Chem. 271: 17275-17280. In a preferred
embodiment, family shuffling is used, in which the different substrates are proteasome

30 component-encoding polynucleotides from different species.
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15  and which would otherwise be processed for class I presentation allowing the cell to be
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 protein need to be pr;)tected 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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ant i bodi es : ' ' e nor e
s ot ¢ SpeetpBPCOECT il B yu: R6ly ogeed, PherdfGRIRL G045 BDef
functi onal Tdwsphosyteoin the peripbeyp of TAP-deficiet micelis edremeiybiow] dginsfebtionadfi vi ti es
of IL- 1’9 Iv 'I“r'&f’lgetllé&-b%cq{ into these cells restores the level of MHC class I expression.

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 L76468-1.67470; TAP2: Genbank
Accession Nos. U60087, U60088, U6089, U60090, U60091 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.




More specifically, evolved.soluble IL-10R is studied for its capacity to
bl ock the inhibitory 10 effects of IL-10 on cytokine synthesis and MHC
class Il expregsion by nobnocytes, proliferation by T cells, and for
its capacity tB’%%ﬁf%%/t the enhancing effects of IL- 1 0 onPCTUS99/03020
proliferation of B cells activated by antgy CD40 nonocl onal anti bodi es.
An | L-10 antagoni st can al so be generated by evolving IL-10 to obtain
variants that bind to IL- 10R with higher than wild-type affinity, but

without receptor 15  qaé mmbam:heﬂnenmh&amm&r@ﬁnmgDumnfm@g:dsﬂr@n hat
one can evolve an IL- 10 nolecule with nproved 1?})emflc activity

using the santdieAiRograes uspgas ﬂbgfa&S,abl@aséMMTAﬂle or TAF2 POIYD“CJ.@HMW | ed
usi ng honol Og%ﬁen% @ﬁ@rqh Qﬂeﬁsﬁne%chg&fdkéggtlgﬂ (ix%h“ ”’1%‘9 Hodia
n a can e |ncluded

“mamal i an specl'e tion, a gene encodi ng viraf
in the sdquénﬁ:és degiveddidm hnvaa}ymaﬁmilian :hﬁ)ecres amnisecha ritessubsirates o elndﬂmko r

i d bj h
| LC10R car? bR ﬁey%a”%ﬁwaﬂfaesmes PO A versty SEpiR HEdookeh
screeni ng progsimstbed TAP bdnd dbtdifed @R drk réund bk sHubfiiPhfiCselcBfing\bdntbe BRYjfbted

antagoni stic and agoni sti c activities. Because initial screen demands for

hi gher af fi ni toyaddigional shufflipg/sgsesning seunds torolteinafyriher optimiged TAP{ensogingo have

I mproved spec ﬁg{u! |ty when conpared to wi | d-type human |L-10.
The functi ona g&oper I'es of the nutant IL-10 nolecules are 25 determ ned
I n biol ogi cal assays srlmmcanfytopnmtze&@AH&nmmﬂg@dlyahﬂmdésdtomahbrary of

ultrahigh-affinit rec tokl hesj s and MHC cl ass
N expres%qaonreﬁ %B%g‘é? SEnes Jhe,geng %4%38 i the | sam%g 25 3|tqTgst antjgen

ant agoni sti c_bfiheretl Hrihis Stasis lumgnﬁeeeﬂeauéﬂa\mgﬁrﬁesa&tmn, thbd\&hbdted NG the
general feasibility of the agproach Kruse et al. (1992) EMBO J. 11:

3237-3244) . (presentation tofH% resplt.aMutsntsiof TAPs may act s¢lectiviely tp incragseecul e

Uhat €111 i enp bbbl s bl loih wilen St B b L 411 ke

agoni stic actl
PCT/ US99/ 030 261herwme limiting, or to cause transport of a peptide that would normally neverbe 46

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 moiecules on
tumor cells and obtain efficient presentation of antigenic tumor-specific peptides. Thus,
vectors that contain the evolved TAP genes can induce potent immume responses against the
20  malignant cells. Shuffied 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 a;xd recovery, if
further optimization is desired.
Molecular 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



Anot her exanple of an IL-10 antagonist is |IL-20/nda-7, which is.a 206.

am no acid secreted protein. This protein was originally characterized as
nda-7, which is a mel anoma cel | -derived negative regul ator of tunor
cell growth VOi%%#gékt al. (1995) Oncogene 11: 2477; RCIB%8)/030200C.
Nat'l. Acad. Sci. USA 93: 9160). IL-20/4gla-7 is 5 structurally rel ated
to IL-10, and it antagoni zes several functions of IL-10 (Abstract of the
13t h European | nmunol ogy Meeting, Ansterdam 22-25 June 1997). In contrast
to |L-10, : néi ; BirtuthreCHi ). .and CD86
(B7-2) on rﬁt%?c%o%%%{ﬁguzmg@%&%ﬁ@@%&?égul atgtsnprogﬁlﬁ?}\]}ng? TNF-a and
| L- 6. | L- 2@reschiationalf desiredhimtigerds peptideswhenoptimal TAP gene$ fiblekmessed. STAP

PHA- acti vat ed PBMC. The .inhvention provi.des t hods of .inprovin enetic 10
vacci nes by iREE HSPBF‘?‘BIr{Qroqxeﬁeft? lorﬁgggfgbcggg%&? ﬂf e R SBREY y&&cci ne
vectors. Tiafferent fromEAMNEASs 1@kt skd\ebtial fon ptesenttdA ob Bntigsid pépdide Bf iother

| L-20/ nda-7 variants that exhibit inprov ability to antagonize

| bit ed :
| L- 10 adt i @ntigen. Gene shuffling technique is ideal,\ apd perhapsfhcply, anethad g splyesthisitypeysed as

a conponen Ne | F desired anti “3% an_a%ﬁ%ﬂ. | ocal
effect is éggtlfo}rﬂaggkéeﬁﬁl;ﬁégpéf %?ltg,ggllpn g%l%ei taino%%. ugegﬁétgl?ez rm%?igIS a

cyt oki ne aspemifieryttoxiaT iymphocmesbion exanipde, by ofeasuking thetcypking ptoductivnive

gener at ed. e .. ble formcan he.given i urified polypeptide form
to patients ,°“Y‘8%°fé§§t§1"é°?‘° S“_smﬁmegifx‘)g °_L\“§‘tf’rr‘\¥]‘°§?;?¢shﬁmlﬁ?°taé¥natively, a
omonant as & conpoefoimictCaliieRe §Eerke and] Al vecror . 11
this cdle, either or bAfMWEPRSSt he sol ubl e and transmenbrane forns can be

used. Where both 20 Cerfa@i ptbleins aiGbefisrabls iktvtineto icaryBHT claddg epitdpagoni st are
encoded by the sane vector, _the target cells express both forns,

resul ting ibEcaeschexare mer msadily wseddyy the sellniapmachuney inyplvediinthenecessary t oy get
cell surfa i ¥ Loid ' Tk B viedti : c dontieoin o The
?orc):g{lg% 16 A6 1 Epé o?la'ﬁ@nééegiagoﬂ’. The Mviedtion provides methods of 1}<31esr%txlf¥ud%

peptides o ept 1 des [ using these thods can su ite for
t he nat ur alexpresyedpalyrsptiddshat erc ppitionlarly efficiantdn traversikg the yarinus biokymthetic

costi at ' kC.abl L ffect on the

i m"'run‘req éyst%{el%d%%ﬁﬁ#e&%gye;gﬁg © él%ggi)(%g@ﬁ% #’%&Féﬁ&ngn%(g{hga VAN egge of

adm ni st er ipplypeptidestiorealsance preschiatiorc I Thegitap s fronotherqirbtems.t hensel ves i s t hat
an autoi nmune reaction coul d.be induced. agai nst .t he naj ur ml ecul e,
either due to SRP W&‘}téﬂﬁwﬂﬂ'@ﬁwﬁ&ﬁw?%&a’tﬁﬁ“é i ne or

ot her 1Dl e@dipfehcR(CPIS), WilsiEdal Be G5AIS carry heterolo €6 tlavl a{:{apea ibdr¥ne gal or
cellular) when using related but distinct nolecules. Through 3 using the

met hods of of Wescinatingrepias! thappthogemirem mdich thejenieralogous epitapengre drrived- Onat avoi d
these 20 e« 1€BE4 §*{ﬂg ?#@glﬁd%m R hefat AR Srfa@ Mnng I (E3R e, Wufthinye! v snal |

pepti dés as a
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 efficiently 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 Figlire 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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mmc the activity of the natural inmunonodul ator, or antagonize the
activity, w t Wep/41368 i nduci ng cross-reactive i munity toPqIAEENE0W al

nol ecule. In a presently preferred sghbodi ment, the optin zed agoni st
or antagoni st obtai ned using the nethods of the I nvention is about 50
am no acids or length or less, nore preferably about 30 amino acids or 5

| ess, and no f e loute@$ Stis The
agoni st or %%sggﬁs'é ﬁ%&@é{hét?un@g I%uq”ig ' e??bﬁnial? s‘I eas%&gf)glt%‘flﬁeﬁam no
acids in | engbks;b]amdttmhroae prmimelhaﬂaiojogaus dla;a!;cpxtope sequmbmjoﬂg(hmalagql ds in

~length. Polyn Ian t he codin t|c
pepti de can é’l’ﬁ’ﬁ’?i?’ ?:?’é‘?%@“l%m yh% E‘g‘fme ﬁ{?me’g{ | on I'n order

to optimze tsgtﬁlences are tﬁeﬁ&%ﬁﬁﬁls@@ﬁe@l@ﬁﬁ%ﬁ@elﬁtessﬁfg neeehdnisirisy Tiefsidelof thei met i c

peptide. 10 he optim zed agonl st aqr_antagoni st _E)Pg(ﬁt i des

or pol ypept i d:eb'pent@emmbmtbghe normal consiaip e ﬁ@ngp\qe,}g?rsé,gytr@ﬁturpe"@)g fant
| | eot t:hat
Brcods s pepiiciehif ofS BE0L Mo MaublcR i il e bESU bf tholuded CTI HASFLsE 2!

nmodul ate an flexible. Irnmmomamnamnymmgwm dFhe ability ﬂoénthdgddmmeqmnm
met hods such as DNA shuffling

th d.h
Ot her i se. knoRNARFRABE PRI dsiprt clpil Siienceap ity e ietgent Vatahord "
conveni ently d?%ﬂxgﬁt@&éeg eﬁwﬁlmlmtsmgﬂﬁgﬁmd&ﬁo@rmd lieg. the library

nmenbers on the surface of a population of replicable genetic packages
and i dentli0f yi ng t hose Tsribemtion slsrprovides metfjodgiof aytainipghuyaynogfnic Agpists

e.g., a rece ' N

pol ynucl eot i Egeeguanﬁ%st(%) W}%%tl%‘lluﬁeegTLs caﬁaﬁ?ﬁfsg%ﬁmggf{?ods of Qﬁ#ge P?\n\}rglnt i on
cian bg used |@n&pt\/seqt&hcdl\&ys%me&ms,ﬁ)eamhatymB&atpﬂhg«mftﬂe&?ﬂ; mpowns iguced be

pl aced in a genetic vacci ne vector, under t 0 r|a e

expr essi on coittpopatural °P1t°9§é€f6'e€f‘€§’§ 9? ktﬁré‘ Mﬂdg"eﬂ awvi

expressed upOg,h RLRA Wokh&i dfferth GroMaRdt idubddity the natural secﬁﬁﬁﬂ%ﬁh thik wd?,Si red,
t he pol ynucl eoti de can be placed in the vector enbedded in the coding

sequence I15f tpver sponsivencssito given ¢ritope cande auareqmedty Te@piEng i icsl slﬁP“b?HEﬂ“t 0

preserve, th epc»ol. Tn 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.

20 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 JAS. This process is illustrated in Figure 4.

In practice, oligonucleotides are typically constructed in accordance with the

25  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,

30  such as that of HBsAg. The resulting plasmid constructions can be used for DNA-based

immunization and CTL induction.



conformation of the mnetic. Alternatively, the m netic-encodi ng

pol ynucl eotide can be 25 inserted directly into the antigen-encodi ng
sequence of the genetic vaccine to forma coding sequence for a

"m ot ope-on‘-"Qﬁ?’?’é@n" structure. The pol ynucl eotide that &¢T8EX03p3qe

m not ope- on-antigen structure can be usgd within a genetic vaccine, or can
be used to express a protein that is itself admnistered as a

vacci ne. As one_exanple of this type of, application, a_coding
sequence of a nEneti 'ﬂS@‘pVFﬁf@‘ﬁPg’“r’ﬁ{“feﬁﬂ‘iﬂ‘fgﬂ”’PP&‘g”’ﬁ“ﬂd%ﬁ’!ﬂf’l‘@ﬁtide that 30
encodes the "M | oop"44pinispratigiepatitis B surface antigen (HBsAg) protein.

The Mloop is a TheinPro?&d REmaehddil 'Mn%é!%ﬂ!&é?i‘n flebyrigy st ei ne
resi dues, which is fogndisat am no 254 WO 991(13‘139@%}ﬂ y

PCT/ US99/ 03tyeation are useful for treating and/or preventing the various diseases and conditions with

acids 139-147 unper. i L £ hi %iﬂ : in the
nat ur al § HBS” ﬁffh(tﬂe r%?p e’%é‘%’t%gﬁ%&g é{@ r%%%ﬁ%?‘%’ g% y th?‘u g&#'gg gg 0161 n a{ﬁgta%‘%l%tgfl RFHB7
(Chen et alreagerts itaindddccoritiing Acthel methods of thicinventitif\are ASefullifl Bathpedphykati® 96) ) .

A di Ch ., the M f [ f he HBsA
Chat | s moroRemPYpHR g discph ineRaing ats stoor Lty Pairah agel Mgy
epi t opes. ogheﬁglaé}#oogglnqsi cif,mammals. TRE feasdfs dbtairdel Gising HeamleRtidy&n @48 behsdlfhd de

bond in thi ic part ofthe protern, amno acids 139-147 are
| i kely in dreatyeht of agtoinironneadiseases inthidingsfor exampleerbeumatpidrathatiss SLE,  sini | ar

to that,.found in regi Qn d e} I I n L and
pVM 1 | H\Rhe;ééa%etes mglﬁ‘ﬁﬁbxﬁgaagze@g%eﬁ{:}gas&% %‘ﬁ%ﬁgt%%ylgglﬁggpgﬁ %ﬁ}e“, ’acl)lﬁggl (Igtg’r%ei nsert
a m not o]E)e sﬁbﬁo&ik.f‘ﬁ&ﬂsdﬁiﬁ othet inﬂdammatorymhbiﬁdm, iriclutling IBDy psotiasis) pameieatifid)i S
region of t HBsAg am no_aci d sequence.. 10 ; ) A he chenoki ne
recept or C@P{g"wu%‘_’%%ﬁﬁ%e”ﬁ\es’é’a% Feafdasing egReic Ffeings ﬁ'é'b‘f‘?lﬂé vectors
m netic obtygs Hife dfipBients bt RSiHS the HikehddeROhE BHERIOA! Girttié vaceink 38368 Tbr ane
domai n protein (Dieu et alL, Biochem Biophys. Res. Comm 236: 212-217
(1997) and.3nd gher reagents obtained usingthe methadoof theigemtion capbe)jused-totreatallpngies| ved in
t he ch at Gt ' Mook ds } feund in
the bl a3d S et Bychbovir Bt G fREBIakdfs heve gred Bguee {16 oo

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 ﬁeaﬁng 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 (International 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




15 Med.. 188: .373-386 (1998)). CCR6 binds the chenokine MP-3a, so a

m metic peptide that I s capabl e of activating CCR6 can provide a
further chenmpattractant function to a given antigen and thus pronote
upt ake by dend™MQP¥H¥E| | s after inmunization with the antigdifT/US99/03020
antigen-mnetic fusion or a DNA vector thgy expresses the antigen.

Anot her application of this nmethod of the invention is to obtain nol ecul es
20 that can act as an agonist for the macrophage scavenger receptor (MR
see, Woch et yatmune responsdddid mése Biprophiate to Schickd @ Qeshdd ridcl 898 k)., cdfr@diyBR i S
involved in nmediating the effects of _various immunonodul ators. Anpng
‘these are bactcemmanlypssigned B8 PatentApplipatiop Seu#iNgs_used i n_, entitledS{@enetic

vacci nati on, 0] | e [

I mmunost i nul a?{)}rg%lgé V&Q&%g%?égﬂé‘gug‘?eg\gﬁi@%%’? O’(C)Iegrrg? 21? ﬁéc:%%mc Pocs eF Idg't ure
(e.g., phosphdsed7en3onoayis)iciseahetihees pdantagédhs to qnaridyi <genetic wacqind thattis tavgaiell e
bacterial gor plasmd nmust, be ,used in relatively |large,. yantjties
o pr oduce an TRHIHIRRRIES e 6, TR ARG o S g progesing el

ol i gonucl eot i 4gigable targetingMbthda ik Aksariskd ik B5HeAURS cbmdhly At ALEUS paRht S and
enhance the activity of i munosti nul at or ) G notifs, and of

| i popol ysacchapplitetion Serigld¥e. vat e nacendiferh Jeesgetion pkGaetic Vizosine Mectors; tfiledon

are toxic. Ea ' r ' variety of
pol yani oni c | %ﬁ%‘g%‘g@% %g‘@‘%&ﬁ%&ﬁﬂ?ﬁ#@ﬁé\éﬁ@&? of the invention
can be used to obtai n nb¢Rrtid vascind veotoss that include the optimized rechiftbii&hit 41368
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mor e of f[H sePPm’éﬁWHﬂ?ﬁﬂbmyqeﬁ%ﬁbe‘MWF@‘?%hm %%Wﬂﬁ‘“ﬁf‘@ﬁi ty but
are devoi d of yymans)to ig%%i&bﬁt}ﬁfaﬁaﬁ%f ﬁ%phyﬂéﬁbin%lﬁﬁtrbﬁo&%%%c@ﬁ% %a_r‘ermﬁifczek as

i mrunostimul ators or uvants. o . > s a trineric
i nt egral nmenbrcamks deliyearedinyiveiby administrationde an individualpatiend,dppically by systamie ni nal

cysteine-rich _geqion e ¢ e Q t. ' 5. by a
7 br ous. eqi oAMERER AT eg SBaRROLY hubftriottyr HERANERRY BRgeg Al ehoranal,
col I agen- | i ke afidl) vagidaledal, budcal@eute 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 et al. (1987) Proc. Natl.
Acad. Sci. USA 84: 7413-7414), as well as use of viral vectors (e.g., adenoviral (see, e.g.,
Bermns 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 ez al. (1992) J. Virol. 66(5) 2731-2739;
Johann et al. (1992) J. Virol. 66 (5):1635-1640 (1992); Sommerfelt et 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



Kodama et al)., Nature 343: 531-535 (1990)). Therefore, screening of the
| ibrary of reconbi nant pol ynucl eoti des can be acconpli shed by
expressing the extracel lul ar receptor structure and artificially
attachi ng i tWO@8%4iBésti c surfaces. The libraries can be exmorgmsesiiom. g.,
by phage display, and screened to ident} 5y those, that bind to the
receptors with high affinity. 10 The opt|n1zed r econbi nant

pol ynucl eotides identified by this nmethod can be incorporated into
ant | gen- en%&u}qsezema@?&ﬁubwm@wﬁeo 5887 CRAY 2 1(988) BS, Pitbntife ! 1©

i nun afory mol ecul es
capabl e of 4 1‘317;3|65; (Bamgetml WQW&%WIS&&); Ketm (696?4) Human Gene Therapy 5:793-

N <o provt S S8 EY Fin, B 151350 ShSiut G o aprview of AAV
pol ynucl eotviegigfs; $d2also, UdbROWSK . sq&eqho 8193 @ﬁt?fl‘i?&t@hﬂfet BN(I9BEY MBI CEN.
enhanci ng the activatl on fferentiation aner

of
ant i genSspeiph $@d 1)1325413260; Tratgchin, e‘a&‘;t(i‘MM% Gedl. blﬂl :t4 722k dfermonat and  cel | s
t
| SC0U 2 Wik RESHA Pigc R SR S PR o8 SO P oMo
such as rrorﬁan;ulsksetaﬂe(tﬂmww@-ocaﬁ03822}38280[96911heufkagerhans cells or B cells.

Activation of CD4[ery IIs s recognition by the T cel |l
receptor (TCR) of an 'Ik‘ﬂ?a-gé ﬂébgﬁéetﬁ?tr’l’mflﬂﬂ %‘i“’ﬁlﬁ@k‘f ass U

nol ecul es, introduceddiftc@pintd ke, Etlch'ﬁs fRbdl& Sege! lmsm snssmtssde Dthepmefi8ds ONt ext
of MHC cl ass | nol ecul es. mportantly, however, recognition of the

ant i gerllc eph #sdbiplistic’ mpmgdmeé#a@ﬁmmfwmaﬁ%@m &> Spnford et al.USRY |

lif t |
e ot e, b BB 0 I 001 S0 gL kB
via CD28, vdf laaﬂmnhnal decotd)ng toghe mvennoxi | TheeseimetBodsiarg Eﬂﬂ))mtoml;&'ér 2 v¥oD36) ,

typically e sse ant i res I n n t he absence
of the cost 5?%%;%5??3? mﬁﬁ'ﬂ‘fpégﬁ‘\?s gn‘ﬁ"\)’gfo 9#‘%‘@53‘?8{“8?1‘% cells are

-rendered reintro@it@6in€o a BmmMeKli lAslfGﬂbth@ n@Rﬂs oﬁawexﬁxg(g@hﬁ&hc&des gffunctions
as a ligand for B7-1 and B7- , In contrast to CD28, CTLA-4

medi at d2 a q&evwvmmﬁmammoysm@awd@é?w the desived levelpf nduce
aner gy and felsbRB&Ratond! unas et al. (1994) Immunity 1: 405; Karandi kar et

al. (1996) J. Exp. Med. 184: 783).
' Genetic vaccine vectors (e.g., adenoviruses, liposomes, papillomaviruses,

retroviruses, etc.) 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 moré 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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B7-1 and B7-2 have been shown to be able to regul ate several i mmunol ogi cal
responses, andWh¥#M¥&ve been inplicated to be of inportanc®GTASMMEZOmMuNne
regul ation in vacci nations, allergygzautoi munity and cancer. Gene

t herapy and genetic vaccine vectors expressing B7-1 and/or B7-2 have
al so been shown to have therapeutic potential inthe 5 treatment of the

above menti ongsmgtsfRASEhetekehtInveRiiom W Vadiefy e adiebiscagikrshn BORRE, £z, Vacci nes.
Figure 10 illustrates interaction of APC and [err] T cells, but the sane

‘principle is buifsedgaline addiiedike] These sglntions gfetsterilerpad ganerallyifise of undesitable T
| | i ze. ] Lgeni i 0t t MHC ¢l |
o s 22D, ek s comp bl b, AERLE? oy AR e 25

It he seguc(ance sé%ﬁihm.i Thaa?nipﬁﬁiﬁogils inaly lBesgtein pharmacantieatlylaecepiable aﬂ:lﬁliary gifb&tﬁnces ]

imte 20-309% . It is desirable to, optain mutatio in _B7-1 _and. B7-2 that
only  inPtiseried twm%ateahyawi?sﬁg%@ﬁm i P?@dm@n&_ﬁﬁép,ffmw i mpr ove
activity thr OH&Qts%ﬁicitj/ %Mnga ents a}i@t_hkﬁk&i,;f&r é?ﬁﬁf)l@,go&ihﬁla@&itb,‘éb&iﬁmtcﬁfoﬁﬂélh the

other. Moreover, because’the affinities o ol ecules to their
| i gands appeapotassiupechieidas daleiinychleside, sodiugdagtate andsibe hie. The¢anedntrationeff | nd

nmut ati ons that _ipprovel/alter the actihviti of .t ecul es wever.
Tht Fonaldes; BHbu@e ity bk Bebdaloh &8 val oGy TR ERHSireR PR
because of t hbasedspheiivblimes, visbezities|bedyweight and the like in accordance with theThe
i nvention &rovi des net hods. of, overcaom ng these difficulties, enabling

one to geh®r aPEFUGH megsf admmisttation selersqd and thempatisntnreed npl ecul es with

altered rel ative Forhdstdnb Siftabie drdeil §Emihiskidn & Ldn¥Rf dFP8) liquid
differentiation, cytokine production, anergy and/or t ol’er'ance.

Thr ough use ofolutinss,suctasds efféctiveiamount of the paskagsd sudeinadid snspendediinidfnents, n B7- 1

and 20 B7-2 t |y .infl bindi t L gan t.not to the

ot her, or tha?'}c?%f)?vg{\%)éggteP%ﬁ&'%ﬂgé%ﬁgﬁggﬁéi#g{éa%ﬁ \k/lﬁﬁta“gn%l%cr easi ng
“the activity pledetegdinddathotitof the 2BV indretfiént,i a8 tiquids, bdlids,| gyamules or gelatinpe) t he
nost powerful nethod jn discovering new B7 variants with altered. relative
binding 15  SUSHPMION: ined apryorsiatedionth axsrd hsuitablgemuylgions, kablehformas capdrclydgy ough
CD28 wi th i MPp@Y&Snore of lac @s%}éu&o&é{n&ﬁﬂfélz‘ébﬂ;ﬁolg&fdiﬁﬁﬁﬁ‘dipﬁ%sl Qb dtarbh) pBediRN

t
CTLA-4) are expected to have inproved capacity to induce activation of
T cells. |n cearchdmgacaph, misrdcrystaliingpellulpspianaria aelating eollofdabsiligen dioxide, CTLA- 4

with inpr Ovedcx%géah}{élfoxe s(oaﬂg'l, cht, Ea&%&ﬁ%@eﬁ&e‘?‘&&iﬁéia&iﬁ, inlaroﬂ}ég&%@, are

- expected to

colorants, fillers, binders, diluents, buffering agents, moistening agents, preservatives,

20 flavoring agents, dyes, disintegrating agents, and pharmaceutically compatible carriers.
Lozenge forms can comprise the active ingredient in a flavor, usnally 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

25  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,

30 orin a formulation that provides for slow release of the active ingredient.



be potent negative regulators of T cell functions and to induce tol erance
and anergy. DNA shuffling or other reconbination

nmet hod is used to generate B7 (e.g., B7-1/CD80 and B7-2/ CD386)
variants whi¥R9MH43¥8 altered rel ative capacity to act throP§R/UE®/03026D28 and
CTLA-4 when conpared to wild-type B7 noggcules. In a preferred enbodi nent,
the different forns of substrate used in the reconbi nation reaction are BY
cDNAs from WD 99141368

PCTI US99/ 03020 The ackaged nucleic acids, alone or in combination with other suitable °1

vari ous species. Such %NAS can be obfai ned by net hods known to those of
skill in tompenents, can be made injelpsrepoRfprdations (e.g., they can be “nebulized”) thypgi cal | vy,
genes encodjf ...Et@:%ﬁ Gia{Ha1aR0h, dﬁ&oé@k&&ﬂ{aﬁ&ﬁaﬁbé B{éﬁédﬁ%%&&ﬂﬁiz% Seceptable
geneti c vaccClne vectors enco an an vect'ors can be
used t o nodirbpelladts, sumlmmm&mahaﬁe,qnbpmeeﬁm&ﬁmdtﬁéarkbors t hat har bor

B7 genes that efficientl ct .thro 28 a ful |n I nduci ng,
for exarple, prot ectg Y %g%@éad%@ ’Wﬁ‘é‘iéo example, { hat har bor
genes encodiyBghsBdridieRRish tdnaist ol pabieiabd Muchsd aa@mgbuﬁ&ﬁrfbéé esgskul i n

i nducing, fo exarrp1 tol erance "and "aner gy of allergen-
aut oant i gerﬁupmscwtmb@séf inghide patutahor syntheticdtighyceridesiony hmmms iln tunor

cells or Hlﬁ 0 | ready
be present on hgﬂéﬁ# ng%ﬁ% ﬂo%&%ar g&glcgl | ,“ n?fht%ﬁﬁe s\ggfr]a%og}bwgﬁecul es
may be the packageti matleid atid with@ bades moindingf foreiaimiple liqlid aighgenddss ant i gen
gene. ure trate SC eenlng protocol that one can use to
i dent i f Bmﬂyﬁ%‘gﬁg@ﬁy&ﬂ&p&&pm Mari ant s t hat have increased
capacity -to induce TFsﬁAdlatfaﬁimlem &@n@aﬁmmsemntéaeha@mreﬁﬁﬁ;u@myof this
strategy is described in nore detail in Exanple

Sever al appntzastear (inthejoints) intrayenous, Mﬂl@nmgamﬂbmrmealmd exanpl e,
. f B7-1
“ana By oS Cobodur@ et TElol; BARGH 8 nbF b0 KB Nel DA Bhokigll

expr ess t heshichredneontamantiexidanis, GffSrs/ 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
exz—unple, 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 can 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 an& 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.




cells or .any cell line froma different species with [imted or no
cross-reactivity with man regardi ng B7 ligand binding). An internal
mar ker gene can be incorporated in order to 20 anal yze the c/%g;/ nunber
per cell. Sol uBPP%#¥%h. 4 and CD28 nol ecul es can be gener at e§CTUSINORY ¢ oy
use in the flow cytometry experinents. Typscally, these will be fused with
the Fc portion of 1gG nolecule to inprove the stability of the

nol ecul es and to enabl e easy staining by | abel ed anti-I1gG mAbs, as
descri bed by van der MelwBet@inirihg thé dffectixgpamdvitiof. thelVibtor 92, administered 9 . The
cells transfected with the |ibrary of B7 nolecules are then stained with

the 25  sol uBfaimenronprephylaxIsabam misstion of atker cendton, the Abscian SYAHAS WiEtPeas ed
or decr eased foklcfies, progressith FEE iblalelalinE Blofikiith bi anlyeSRf kffilodids ¥ afly. 30 ds

are then recovered an l ed B/ vari ant - encodi ng sequences
i dentified. Thesrldl dost epivBlentafainalred smelein acith mizevestabis dotmaadoutd pgto 1 mgew

rounds of shufflin el ecti.on, d/or.they c e.further, .anal,yzed
usi ng functi oﬁéﬁwpgcmﬁg\%ﬂgg, ﬂgggﬁﬁf Bfe‘{]ectggﬁlg%] togﬁhver the Dicleic d0id 4fe The

B7 variants Cégdlvidtédto bﬁl&ﬁnregﬁrwhwma@xbmbe&ehpaﬁd n@dleit Bd.'AdminiStkdtion 3an be
properties. For in_ vivo studies, the B7 nolecules can also be evolved to
function on nerge@plished via single or divided dpgesq 1368

PCr TUS991 03020 . P s s c ot D2

. . tions, i tered t atient .
cells. Bacterial col om‘%‘sh"‘\?ﬁ ““Sﬁ’pé‘é“n% §sc3\nm¥?1sl r?ﬁsfgren? srﬁlﬁ egﬁipelse are picked
and t he suffedisgfrom aalisease $og- sndulfectibuediseapd eramtoiismameaditonder) it pmaméwntt ed

i nt ti ' I d it lls, dt
capaci 11 ef8 or BIERGGE 1 e et ai PRt ames the Giereciad &S ik iFoiar, afAnpial”
t he advant agegdeghaté ﬂaiaacq?f?mmhs definkd\@ta "BRrapERI¢AIB! dffeBveqidsd. N Anloundi NY
affinities or specificities to the known |igands are made, and

possi bl y new #activg for this uspwl dpmendapon e grvenity of thejdinepteiand i srnespl siats of 8§ be
0w | 1, 0% S gt G0 eyt
provi ded t hat deplemditig ¢m 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 LDsp (the dose lethal to 50% of the
population) and the EDs, (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 pharmacentical 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



T cell signal” is induced by, for exanple, anti-CD3.nonoclonal antibodies.

T cell activation can be anal yzed by net hods known to those of skill
in the art, including, for exanple, 10 measuring proliferation, cytokine
production, Y¥PP%43%8 vity or expression of activation PCIYHSOY®NA such as

| L-2 receptor, CD69 or HLA-DR nol ecul e Usage of antigen-specific T
cell clones, such as T cells specific for house dust mte antigen Der p I,

will allow anal ysis of antigen-specific T cell act ivation (Yssel et
al . (1992) add ark AE8eHbEd in AfbBs defadiBn SétB)publidatiantiss Remingtond Fhalmlldid, €d that can
enhance or inhibit T cell proliferation or enhance or inhibit CTL 15

r esponses. Ssiende; bith ¢d Magkryblishing{fomnapy, Eeston,Reansylisniai(1380).0 i nduce cyt oki ne

production or ]mk% f ' ks F r oy, for
exanpl e, cytoki ne- sp@é?ﬁl C Pg%gﬂgﬁ&%w%logwecyf on%rg%ggeglﬁﬁl%‘ga%cm%
i dent i f i edthat express the polypeptides, can be fackagad mpackapdispensee derdesdndikits fopdul at i ng

| Mmune fesponses Jn aut.oi nmune | seases, . all ergy,, cancer, infectious
i seased and TR AR ERIAH vETRgSP TSl G RIS PRoGR O fispgnset @asiogs a1

i mproved aegédtyth bie dr3fste hit BosdRClofRSREpRGided.| Tybidaly GHéRicliddsAord) W || have

| nproved capacity to induce activation of T cells. In contrast, B7 variants

whi ch bi nd aémigistration of e comppunds wilklre mowided with thepeckesingalergwitha suitalde wi t h
decr eased Y bl e ens L€ ators
of T ool I il dn bR bl is st i oRBAGRE ARSI bR B

i ncor por at Forexgmplesthe fabeldhayostatéithaethe antive comidindwdithin thepack aging ig asedilifor

vacci ne,vectars 25 . encodi.n n antigen, it.i ossible to nodify

ant i g_eﬁgspgﬁ?t?‘?@ me(‘,’]é‘e m?egg?}grqgsggs_e, 3\‘7‘&‘?’{’6‘?‘3" i_s’ﬁ%fﬁcr?t“m“"’ﬁ PHVRIBEEnes t hat
ef fici ent| yeaflg oer QieiSesEPéSnditichs Hinbdrt melifatell BY W pBEntiIR suf¥ptiBM 8,2
protective imune responses, whereas vectors that harbor genes encodi ng B7
genes t hat mmnmaha@mmeémpr)seact t hrough CTLA, -4 are useful in inducing,
for. exanple, tolerance and anergy of al l ergen- or

autoantigen-specific T cells. In soggaNmpuR§i ons, such as in tunor cells or

cells 30 inducing autoinune reactions, the antigen may_ already be
present on the surf acte fpRovipgexamples are offered to {Hjustapyg, butyees to limit the present
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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 aét through CD28 and CTLA-4 when
compared to wild-type B7 mo.lecules. 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.




target cell, and the variant B7 polecules may be transfected in the absence

of additional exogenous antigen gene. The
met hods of the invention are al so useful for obtaining B7 variants that
have i ncr eased™OP8P6% veness in directing either [err] PETUS99/03020

differentiation. Differential 5 rol es pave been observed for B7-1 and
B7-2 nolecules in the regulation of T helper [err] cell

differentiation (Freeman et al. (1995) Immunity 2: 523; Kuchroo et al.
(1995) Cel | g8erequimy of BT variansH cel | differentiation can be measured by

anal yzi ng the cytokine Eﬂg& SRGH Rarti cul ar
vari gnt ng gh | gvel S ofmé ; & ﬁ&&&&ééétgﬁdepnfy thosé()%é%ﬂgx catl og

are an in of
ef ficient [ermbddating inimuhercsponseain arinimsnediscabrsgilletgyyabeer,ohfettithis fiiseas§ or

I L-2 d f
7 vari ant s wHEHV AT PRPBARAAR 7Y POt eepatig Sf bl v ife gy *1 1O

differentiation are useful, for exanple, in the treatnent of al I ergic,
mal i gnant ,5 At RIb magmmmmammm seases and in vaccinati on

Al so provided by the i tion of obtalmnc B7 varjants t

have enhanced capaci ty%& ‘?fﬁ'al%g%ﬁm g}&r RS A rapptectht ﬂ sells thatay YI'
cell's. El evat géindtexpredfiiRddablefifesql.g.) EO8D deBis &aaﬁaémﬁie@fohswsreﬂtfspé&mmt ory
T cells, which can suppress proli feration antigen-specific CDerr]

T cel | s (G oubimited ¢f|no crosHTEAGH Vi With ag gegardpg A7 um\b@mx | Atyigtemsl marker
performed as g&l a%:{tge‘%ﬂco%%?dm%i&e?{oaﬁ&k%(}gég@g% P&?,E r qyic! el ¢ acids

encodi ng B7 var havi ng en I nducing IL-10 can
be identit0ed by, for SxhblelCTLAR &fd/CDI8 mo]eculesfztecgma;tedmﬂmmates}na*@)w

intracytopl asm c cyt oki ne stajni The v hat uc,

over s o P b G p o en P B eribl 2ob Pt Red it B B péifion
aut oi mune di gfy Qﬁolecule to improve the stabilidy of the fHalecilsaal t®éhable eﬁy%&%ﬁﬁ %y and
Present ati on of q|E1%ens The i nvention al so é)row des

net hods of oblehsled #i-lgemeanpelonal antibadies, andpscribed by wandss Merwe ¢twf. §d9Dd Exrat
t t
can inprove tpgy r@@@?p@e%&i& bt gﬁgﬁrli@nggh%gdgécﬁl&%&ﬁ%‘%&neéwﬂ

l'ibrary of reconblnant ynuc Screene
i denti fif35 t hthesolibia CTEAchad CIR8 momme&ud:ei}s deinerstritingdndregsedoraldcrpaseder t i es

hanel ves. ool b-41E04p ruingie fe 3ot ThEBamifs yr LG B SRR HmBPed e

pol ynucl eot i desguénes idéntiditd. | TheS kefebred Bhem&wtm theRbe SUbfRPIAN bt rounds of

appl i cations. Pr ot easqnes The.
class | pept i duling eisgleetionand san ‘?ﬁrﬁlﬁh%’ta%ﬂﬁﬁ singiupstiopal asays esdescribed
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 analysis of antigen-specific T cell activation.

Mutants are identified that can enhance or inhibit T cell proliferation or enhance or inhibit



30 nol ecul es are generated by cellul ar proteasones. Interferon-gamma can

stinulate antigen presentation, and part of the mechani sm of action
of interferon nmay be due to induction of WO 99/ 41368
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t he proteasone beta-subunits LMP2 and 7, which replace the honol ogous
bet a- subuni ts Y (delta) and X (epsilon). Such a replacenent changes
t he peptide cl eavage specificity of the pr ot easone and can enhance

class | epiéﬁpféfqom.n QARG vhrtants tha hive di@tel RdpRitftoindiRP Eﬁbﬁﬂ%production

subunits, as wel'l as other”recently discovered proteasone subunits such as
t he MECL- 1 or8xpressionof ajivationi3ntigens ag measwrgd hy.tfer gxgmple, oftokine-specifin EERASr e not

speci al i zed_i;n_antigen re ti ,ncarparat | into
cell's by Dlﬁﬁ\ﬂf’?'a?xg’frgﬁyﬁn{W&eﬁEﬁﬁﬁﬁ%&egHﬂi apkgﬁe%;ﬁ%o & ggéft ope

pr esent at i GRoww&eishdvwn iaMkupotEntially interferon-inducible subunits can
enhance epitope presentation. It is likely that the peptides generated by
t he proteasone ont ai.pi ng. 1 he, Lnt eron-i nduyci bl e subunits are
transpofted to he eﬁg'gﬁﬂ‘ﬁgﬁfﬁgﬁ’}éﬁ’%&?ﬁﬁ’%?@gﬁbﬁ}éaﬂfﬁ nol ecul es.

The invention provi dBscaifidiffedentiaf rolds foriBT-handB LR anvleealesint thadegelationnf T

I ncreased or decreased ahility to specificall rocess MHC cl ass, |

epi topes. Asipst enllflifferentiarien have beenmgggﬁrmégﬁq]f és?idmf”gmﬁ’s%gi%’o obt ai n
evol ved prahehRs o REE9SHCA oM7) HAY Bar \2Wen for B VaRE(H fhairt iR $noshi Ch mi ght
enhance the 1 munogeni ci'ty of soie proteins and/or enhance the 15

activity ofeffebtivesn Bimerting either Euk ¢rcku2 2elb difisrentiation. Theelpdifferentistion careause t he
transitjion from . NQN-speci fic, prot | :

epi T opeltpBrPRe b BebaE I SAGs iR Balea By Ul Piniiar vt | o
sone but noighlidveldbof 114, I3 A fo@ T3 iareciudnditation ubefficienst Tag eclhdiforentidtiod Wi t h

t he prot easone), many._different cp.r oteqgl yti¢c specjfi %Lrt | eg, can

pot ent i al | ywhsgeas Bighdeysls of 95 Fg2 produ _n°fﬁ§‘§%’éﬁ‘fﬁat,mfk?‘-q i HL"é‘hbuni ts can
therefore CLSaLRIMEN BY OiRS R A68H Py B MM TEN 02D ,2 cdlRliferBithans &€

functionality tor the presentati on of epitopes. . . )
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 et al. (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 leyels 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




The met hads i nvol ve perform ng DNA shuffling using as substrates two or
nore forms of pol ynucl eotides which encode proteasone conponents, where the

forms of pol ynucl eotides differ in at |east one nucleotide. Shuffling
is perforned aWQ98tIsg bed herei n, usi ng pol ynucl eot i dPETISV032GCc0de
any one or nore of the various proteasoneggonponents, 25 I ncl udi ng, for

exanpl e, LMP2, LMP7, MECL-1 and other individual proteasone
conponents that are specifically involved in class | epitope presentation.

Exanpl es_of compon%ﬁ{‘s bpéehaws;d&sﬁee an.eﬁz lﬁaﬁetd@aﬁﬁenbeﬁmmae céingbsed c¥aB3W@SSer et
al. (1997) Eur. J. Inmmnol. 27: 7 and Gaczynska et al .

(1996) J. Bi olhght@henmé)?and aﬁpmxeamn (MO) &Mcﬁe& (1989) J. Espidéadh Fidnt |
famly shuffli S u | , easomne
30 corrponent8 Elg é&%e%gqb%%cgﬁﬁc Ilg‘gtl |“§ ;r %A @?ﬁ"r‘: @é‘llée%éﬁ(e LT

WO 99/ 41368  (Nature Biotechnol. (1997) 15: 35) demonstrated that a ﬁlsmn between p35 and p40 genes
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After the ?ecEisiapsinglesenrdhatdrs acivityroprarkiy to et hadip &rmes e’mrfﬁ%ﬁ y of
reconbi nant  pelyvAug) aQtddRgly! & 1B eemasHupddte Bhd dnfie) HRSRcNR! Gt &BGRLE

pr ot easone conponent S haV|ng the desired effect on class | epitope
product i on. Fuothichsisbrpeiiial ithdesigning thetshlfﬂm ipredecol- Jbe subunitseadtll-d 2 sancaise tse
par 11 cul ar  anERERERHE FEOF S aBelafin tblof br B Sfhupts con RO RS

i ntroduced i Niéparately and¥BrgeiRt usifg cotrahsFectibisf thitt@o vkbrs pesviding siditionaldent i f y
cells which exhibit increased antigen- specific |nnunogen|C|ty

Met hods oft0 anﬁ*l“ﬂ‘i‘ﬁ@m’é?géﬁseasone activity are described in, for

exanpl e, Goettrup et %IZQE?QQJeﬂrQEsml\tjﬁérebulatﬁﬁl%?alléﬁxhresg@@eﬁﬁore&%ﬂe8975

and Groettrup et
Al t ernati vel ylL-b%inducen Tnl;eelitdaﬁermmddbwmqsﬂﬁmﬂbhﬂ’amomee%ﬂ%mh}bﬂet eins

whi ch bi nd Sti sgné{xeélé)bc;ﬂgl aé? By LA al?c}‘l ‘I"liolh@%{ ce '? %%Sﬁjcglgn mcgor%m%igé# tsy

t hus ant agoni asore ac y ‘and shi
ability to pr ﬁe‘sﬁfﬂliletdﬂﬁaﬁnbncﬁtlﬁhﬁieﬂlﬂeaZ thStdssiter able to carry out these functions upon

15  administration to a mammal.

Cytokine genes, including I1.-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 subematants to
induce proliferation of activated human peripheral blood T cells was studied. Figure 8
indicates the consistency of the level of T cell proliferation induced in this assay, indicating

30 that the assay can be used to distinguish the activities between supematants that have

different capacities to induce T cell activation. In other words, the assay provides means to



nol ecul es can be applied to gene therapy protocols in which it is desirable

to | ower the I mmunogeni city of exogenous proteins expressed in the
cells as a result of the gene therapy, 15 and whi ch woul d ot herw se be
processed fO¥YOBY438 | presentation allow ng the cell to becrusswesewcogni zed
by the i mmune system Such high-affinity,l owactivity LMP-1ike subunits wll
denonstrate i nmunosuppressive effects ﬁ%ﬁch are al so of use in other

t her apeutic protocols where cells expressing a non-self protein need

t b t P i T

Speor 1t i sEre tot ErBRVR L TIRE i RON e supermatpots of mppsected eSS ovy 20

may ) have ¢ aecmr:'(withleaﬂ optitnized LAl 2-eficudingipblyaaclediide Wﬁﬁmﬁfﬁmr abifliay tlo]tiﬂilﬁc& wo hed. A
t t |, .S t ti t .

Por thor ot T SBvatiog R esish SRGOR Fiire S, Shovw gt e, el 1ond2 IR 1| | g

si mul t aneoyighificaty ift@eas¥PabBfty & thavbe i @8 aé@ﬁm&@@edr@WB%ec%lg.

conbinations of the two in order to discover appropriate
proteol §tic and trarfigue 6 illustrates a;gemeriaf strategy 6o scre@ting of evolved cytokine genes. 2.

Antigen Tr . Jhe invention. provi des. et hods of
i mpr ovi ng tallrcil %%%%ﬁrctexg? plg is &t b’eennilblénﬁgpwtalggﬁr approac$ F-%PEIF?{?@Y[&}"?O%?&F vaen
compart men usihg)cdn]ttppes dﬁfﬂv&ﬁﬁ each’ clqtdkﬁllél 373 éicﬂﬁptehel(;@CSF tah Kd’&oﬁedfl by ther f ace
in the context o C cl.ass | ecul es. Enhanced, expressjon_of_ antigenic
peptides r é@%ﬂﬂpgm“myuﬁ%'gﬁﬁéﬂg% sensivip etk line dnk in the,sereening; In addition,

i nproved agkHongk indfis @&ﬁﬁ@{n@rve&m@x&m&eﬁﬁm CHO RO g%/ BSmmiinell That'S €F Ul
I.n the devel opnent of A vaccines and in gene therapy. WO
99/ 413488  canbe transfected in vitro can be used as host cells. In addition to CHO cell, other good host

PCTI US99/ 0 . . 56
' one. enbetie sty cplllines W26, COS-1, GON7.29% 3 AP feshhsisqlaiod boman s ¢ e
associ at ed prkénting célisOsch Y BOmBFies) B cellOardldendriticaees t hat exhibit inproved

~anti gen presentation. TAP genes are nenbers of ATP-binding cassette
famly of nenbrane

Example 3

Cytotoxic T-cell Inducing Sequences Derived from Hepatitis B Surface Antigen and
15 Strongly Immunogenic Agonistic T cell Epitopes T

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:
_M_QWNSTTFHQTLQDPRVRGLYFPAGGSSSGTVNPVLTTASPLSSIFSRIGDPALNME
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




transl ocators.,K These proteins transport antigenic peptides to MAC cl ass |
nol ecul es and are 5 I nvolved in the expression and stability of MHC
class | nolecules on the cell surface. Two TAP genes, TAPI and TAP2,
have been cl or@%43@ate (Powis et al. (1996) Proc. Nat'l|. PCTUSOROA e
USA 89: 1463-1467; Kooprman et al. (1997) furr. Opin. Imunol. 9: 80-88§;

- Monaco (1995) J. Leukocyte Biol. 57: 543-57). TAPl and TAP2 form a

het er odi mer and t hese genes are required for transport of peptides
into the endaggiasofthe ﬁ@*ﬂeﬁﬁﬂdiﬁlocﬂhﬁih&hd dyeaplabhlic compainénd whiki€ itdan bs adcessed

nol ecul es. The essential role of TAP gene@gr duct s i? rgl ent at.i on

of
anti geni ¢ pepditheepitapeproeespipgmeckaqism phthg o S SRuciyre psfqrade as
TAP1-deficie - I ’ «.ﬁ(@ﬂl reduced | evel s of surface
expression o::ﬁl otopic ¥ 11981 g3 : e g)_. selection of CD8[err] T cells
in the thyrmus is stronglGTI8 égueferdbly Tisahin conjwictiomhwithyemipunung gentpegenistic T

| ynphocytes in the i phery of . TAP- i ci.ent...m ' 4

Tr ansf ect i%on $AUCHES &‘%’A aré%ggnpbeao?@n?‘ﬁ%,gaﬂ.pgglgg%éf isfarugéé %c(r?gg %ﬁ%@g%vel of
- MHC class | exfk eesitopéifrom HBsAg was replaced with an alAfthegioadingiéodoningheDNAar get  f or
gene shuffling because of natural pol ynor phi sm and _becayse .t hese

genes of seveseqgienneofithd epitppes Jde resyl ngiats that) ip sgrae gages, the reachalygs gxqaleyy |
i ncl udi ng hungan e e ( L . 1¢33-441; GCenbank
Accessi on No%ﬂggﬁf%‘uﬁgm%s eé{ﬁlg\?@bgumﬁlr}gﬁa}%%kfﬁég%%l (Laud et al.

(1996) Human 20 | nmunol. 50: 91-102), nouse (Reiser et al. (1988) Proc.
Nat'l. Acad. Sci. USA 85: 2255- Exsgoplednr usi na et al. (1997) J.

| mmunol . 158: 5251-5256, TAP1l: Genbank Accession Nos. =~ U60018, U60019,
U60020, UBD021, U60022, JweatmpstefOhegity, Agoreginpard Cachexignsing Accessi on
Nos. U60087, Us0088, U6089, Optaded InsmnomodylatonsMeleeyles hanst er ( TAPL,
Genbank Accessi on Nos. A9 bouleb AR ksif- 68 thels NOS.
25 AF001 156 and AFO@@%%%&%%&ErHD{I’&é&%%%S %gg_n. shown that poi nt

mut ati ons i n JPARe invention adiese imawideoanéty of applidationspih addition theusg prevacéingtiony and
pepti de presentation. sp, functi anal di.fferences in, TAR

derived from HereraR ﬁ;tff%ifé&%%wnae‘ed%%ﬁ%%ﬁ@?\‘}%? OIE—‘gbreS@x%rerrﬁs%? ate Wil hunan
TAP and 1§ TARAmEHSAIRieBirbule systeAD 2 tBhtlnfdi@uRs Which kepalateifn@itinG edsponses,

wher eas nmouse TAP is restrictive and sel ect against pe t'gde.s W th
C-term nal snag'lc}’@@nes,ﬁ@l@ﬂ#ﬁ?ﬂﬂ%ﬁ@b?@y&hepwqql\ﬁ?vdeé%ﬂg’é& SAUZRE i ds.

The basis for, tAlS SENEG mbld¥ied fir the treatmdf¥IFBY¥ity, 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. Congenital leptin deficiency

20  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.

25 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.

30 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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The net hods of the invention involve perform ng DNA shuffling of TAP1

and TAP2 genW@%éBffy as substrates at |east two forns of TREFIUSAHER2r TAP2
pol ynucl eoti de sequences which difher in at |east one nucleotide
position. In a preferred enbodi nent, TAP sequences derived from
several manmmal i an species are used as the substrates for shuffling. S

Nat ural pol polpepliics e ked iH @ekbEd OcchiRedthBVTHdEnveaRbd 1 bvidiMashdds s Of
substrate. |f desired, optim zed TAP genes obtained from one round of

shuffling oStAcTatingveRiorghatdnduseprogustion phigcreased levels oflptin andﬁmCNTF
shuf f i ng/ screeni ng i ng
pol ynucl eot i des. ﬁ‘ﬁé‘&@ﬁo&&f%@ﬁ&éﬁu&l{%ﬁgéml éfq%éﬁrlg‘r‘ﬁ zeq ﬁﬁggﬁcodl ng
pol ynucl eotusetfa fok thnrueatrdentnfanyrenﬁ, chéhexiapamdrélated disorB4rs. gemﬁ%mvobﬁmﬁ@nes can

b d on .th | et _ant t t. |f
Chi o ot g [ UAEPRE BFGoolof CATEF 8 ameﬁgéas@?@%%mﬂw%&ﬁ;ﬁied
pr esent at | OdkatnPle RS Febeptokleanhd dvolvad 1 ébm%l 5GHU1S otk tilatRRs APohnAfe

selectively to increase expression of a particular ant| gen pept| de
fragment f o#finif fenlepin, eThe redepiox for deptin snmise i found in theHypothilawus (Mércerey, or to

cause trans f t ver . e 15 t ansferred
ot he Reks o PERSTER 2672 of Trep kw35 Rl Bl Saiminance of E

When used ibalanbe; andintte¢honfid plexs ahd ieptomeninges) which formaRRAE lthetb’.l@ﬂ?ﬁiﬁﬂt

evol ve TA(Fjﬁgrenes provide a means to enhance expression of MHC class |

nol ecul tumor cells and obtain efficient presentation of
antigenic tunor-specific peptides, Thus, vectors that contain the
evol ved TAP genes can i nduce potent immune responses agai nst the 20

mal i gnant cel | s. Shuftfis endersinpd ghatithe empl@@ndmh@ﬁemtedbspm&hemﬁngmﬁmt cel |

lines that ;g§ I nol. e S

retroviral vec aﬁ?ezp%?os oﬁﬁgﬁg#g%é ugho%a& hzf‘%%t"i’ﬁéihtgq 03@223 can be

noni t or ed Lauggagtedwmngdnnsl,mﬂmcah aad agrhebﬂmf:]ludﬁheﬁ}ﬁﬁﬂie spirit and ir@iew of,

encode by the tor as,the TAP genes. Cel|s . expressing equal |evels
U5 A o acie B B Enroich R Al GRRSRt RS Ak, PEARRERE | 255

rml ecul es applicutioRy dited hérbin 3k heréb%ﬁﬂc@tﬂéfﬂteﬁ@ﬁeﬁﬁﬂ@&for Al furpde®) sorted using

flow cytonetry, and the evol ved TAP genes are t hen recovered from

these cells by, for exanple, PCR or by recovering the entire vectors.




These sequences can then subjected into new rounds of shuffling, selection
and recovery, if further optimzation is desired.

Mol ecul ar evol ution of TAP genes can be conbined with sinultaneous 30

evol ution of tWeouHaisred anti gen. Simultaneous evol ution of PEHESYRIG ed

antigen can further i nprove the effdscacy of presentation of-antigenic

pepti des foll ow ng DNA vacci nation. The WO )
PCT/ US99/ 03020 ‘ l]ﬂ‘iﬁﬁ&“ﬂj\ ‘!ll
anti gen can PRHATASVGHAIMEPAS: gene shuffling, to contain a

al | ow opti mal presentation of desired antigenic peptides when opti nmal
. TAP genes are expressed. TAP genes that are optinmal for presentation
of antigenic peptides pf Q@eHlbd/RPorithingdPolRutIddAde that has 8inbli@iaent effetium TAP
genes that are optinmal for presentation of antigenic peptide of another 5
anti gen. Qenaenshmifi¢ iesppnsee ctrvcedse 2 pelypaptids thathasia pedwlaipry offeet oygnymmpRs hod t o
solve thisg type .of .probl . | Ll .JBH.ISHI . desired

anti geni ¢ s')’pe d%pﬂxésg’ that s lrl)“eh?ceg g?’ gggrg uﬁs’%ﬁ%‘g Q&Eor,%g%g@%ﬁd '

anaf y c cytotoxic T

| ynphocyt es, for exanpl e, chaatingealibriny ofrecémbinat pstimeleptidesiantli on or CTL
~activity of the T |ynphocytes using methods, known, t.o those.of skill in the -
art. 5 sereening ¢ terideqti @WWJ”@EE’H@HE es And

| mmunogeni ' i i frdéulatory effect on an

Certain pr68t ég%hgl%oe&ggita%}éars’%ﬁceodfsh% ob(?teﬁtg%eséfg&%grry I\}I?I class | epitopes
because t Hey imhmnevssponsemduded by s gehetiy vachine vestdrul ar machi nery invol ved in
the necessary processi n or cl.ass | 1 to i

i nventi on %rovi des met hods‘”’%ﬁf&?%‘éﬁw 'ﬁ?%&com%QMt@%ﬁég‘%@g%gﬁo\e§B%ﬁ&§%s t hat
are parti oyl agnbaded bl ieiresdimbinant golvedledtidg extiits ua entancedabilisyoinnadnlat 205  and
degradative steps leading to class | epitope (;)resent tion E{gﬂ tg_{% use of
these 10 [omusepAsPense Campagadiia s aen-1sraupgnlp IWGBPH%@%E! B diOrE WSt her

pr ot el ns. 11 created.
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2.  The method of claim 1, wherein the optimized recombinant

2  polynucleotide is incorporated into a genetic vaccine vector.

3.  The method of claim 1, wherein the optimized recombinant
2 polynucleotide, or a polypeptide encoded by the optimized recombinant polynucleotide, is

3 administered in conjunction with a 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

HOW N e

repair-deficient host mutagenesis.

5. Themethod of claim 1, wherein the polynucleotide that has a
modulatory effect on an immune response is obtained by:
(1) recombining at least first and second forms of a nucleic acid that is,
or encodes 2 molecule that is, involved in modulating an immune response, wherein the first

and second forms differ from each other in two or more nucleotides, to produce a library of

(o SRV -

recombinant polynucleotides; and



In one enbodi ment, the invention provi des Cytotoxic.T-cell Inducing

Sequences (CTI'S), which can be m rol ogous class | epitopes
for the purpose of vacci nﬁifﬂﬂlﬂmmmmm Fpat hogen from which the
het er ol ogousW@IV#3¢es are derived* Cne'20" &xahple of a @UTAISHR03EI ai ned
fromthe hepatitis B surface antigen (HgpAg), which has been shown to
be an effective carrier for its owmn CTL epitopes when delivered as a
protein under certain conditions. DNA inmunization with plasmds

expressimg the HBSAg al §2) screeningthéitia§ tdlidentifl aMBhst ofd optifdizedGtdotibinant The

I nvention provides a shorter, truncated fragnent of t he HBsAg

pol ypeptd deolynneleptida that exdiihits, eithgr byrifself pethrough the enended m@;cnjz;_anemhmm y, and
e e . . . . B
oot o1 n oy "l o bRt ekl SesFos o eIl et il il AP

pol ypepld ddibrdsy whhasated.of a CTI S derived from HBsAg is described in

Exanple 3; and a diagramof a CTISis shown in Figure 1.

The ER | ocalization of the truncated pol ypepti de may be inportant in

achi evirg sui tabl e pé.ot ctheyntetimd|of blaina§,iwhereid the resthod furtike compprisesthaisteps1g t he

CTL epi tzope§_ (see 30 Cresswel | & Hughes (1997) Curr. Biol. 7: R552-R555;

Crai u et al®® (1997) Proc. Nat'l. Acad. Sci. USA 94: 10850-10855). The

preS2 region and the tra(snsmmbaﬁ%amadteﬁemﬁmﬂ&e&mbmm olfiftkidBtidecPi t Opes
in

whi ch may be inportant for the _induction of a strong cytotoxic inmmune
WO 9914136gvitha er form of the nucleic acid, which is the same or different from the first and

PCT/ US9% 0O : . - 59
response,  BERd L fo prodice  fither bty offecombipaatpolymclentidest o <y e ur e
(see Fidure 1), it is (4) sgeminghhefuttherdibtany to identifipat least enelfmitie ol ogous
class | ,epitape sequences tpo the Gtermpal en f the | ypepti de

W ¢ hout ThaAPHed S RoaR pomye g et s ek Pirepssdbinerm g .
Sequences - dmeuhd RSpchi@ihhi B Fdint oF thdHicklcash fonfWhich BR BERF 88 krdftedBmaani Sis.
The size of the 5 pol ygeptlde is not subject to the normal constraints of

the natide HBsAg struct dPrePrHBBéone (4), as necesyaey, uatifhofigther aptimieeder ol ogous
sequencR) angohfbitint fitydukibide hibitd'al MARE efitlncPIbRY &mbdulate an immune

11  response than a form of the nucleic acid from which the library was created.

7.  The method of claim 1, wherein the optimized recombinant
polynucleotide encodes a peptide or polypeptide that can interact with a cellular receptor
involved in mediating an immune response, wherein the peptide or polypeptide acts as an

HOW N e

agonist or antagonist of the receptor.

—t

8.  The method of claim 7, wherein the cellular receptor is a macrophage

2 scavenger receptor.

1 9. The method of claim 7, wherein the cellular receptor is selected from
2  the group consisting of a cytokine receptor and a chemokine receptor.

1 10. The method of claim 9, wherein the chemokine receptor is CCR6.




flexible. This.is shown sch o i moure 2. The ability to include a
| ong sequence cont ai nﬂmumllml "“I"“IBI e and distinct class |
sequences, or alternatively difderent variqations of a_si nggl e CTL
sequence, al | o8 MR huffiing nethodol ogy to be applied. 1BCT/USI03020

The invention al so provides nethods of obtsai ni ng | mmunogeni ¢ Agoni st
Sequences (1 AS) which induce CTLs capable of specific lysis of cells
expressi ng the natural epi t ope sequence. In sone cases, the
reactivity is greater than if the CTL response is induced by the

Grawn 1 {Toma T co T P pepelBFainh bk el ArhPRATE R oy

nat ural sexjuedtdty dfia nhtiias ligay forkhe recapt® butl eV fidueyigtrunt eeadtiviiyue theepi t ope
can be overcone by recruiting T cells froma | arger pool. In order to
di scover sucHafudligande ani no acid at each position of a CTL-inducing
pepti de (excluding perhaps the positions of the so-called anchor residues)

can be varied over t he range_qf the 19 amno acids not, normally
present atl the positiok? %‘@%ﬂgﬁ?]ﬂﬁﬂ»wmm”ﬁg‘}[ﬂﬁ%l‘weﬁe&\b%e used to
scan a | arge range of seq i Sk ‘}[;yd HJ"x}ah' ; A

synt hetic dene segnent co%?@?%}n%g mul t1p eﬁ%%é)bni%ggm(%es%ohtgat&eieélic%dgfi epi t ope
sequence can peptides eppolyeptides hretprotticedaas fusionp with @ peteis displayed wnthe surfadsof aof
nucl eoti de . &hanges. The gene segnent can be shuffled to create a

di verse ra%gereﬂfca{éﬁ'ﬁe'ggﬂ’%g & sequences, sone of which should function
as |AS. Th§s process is ilcontadtingtiRGeplicatité geneic phekages with a plurality of cells that | n
practice, oligonucleotides are typically constructed in accordance with the
25  aboved deBIplaY the eI alr i zed enzymatically to formthe synthetic gene
segment ofy t he CONC REARALkAPAURADi1 o BRIl QR ibinbirefidfiseDe
incorporated into a fraction he ol 1 gonucl eotides to allow for

cl eavage ahd mealised bydthe ekepgorven si ze ranges of the concatenat ed

epi topes, nost of which will have different sequences and thus will be
potential LAS. The epi t ope- cont ai ni ng gene segnent can be joined by
appropriatke cloni ng nelhoddemsthed cf¢l8m B)whersindlhe rephicelie genstic pkAge is The

resulting plasmd,econstructi ons can.b sed, for - e .
i mruni zat i‘on s&ﬁlﬁteﬁfmi siitagl %’ﬁ?’sung of aga&lemgha ge’\ﬂﬁ%fggéb% da )
PCT/ US99/ 03020
1 14. The method of claim 13, wherein the replicable genetic package is an

2 M13 bacteriophage and the protein is encoded by genelll or geneVIL

1 15. The method of claim 7, which method further comprises introducing the
2  optimized recombinant polynucleotide into a genetic vaccine vector and administering the

3 vector to a mammal, wherein the peptide or polypeptide is expressed and acts as an agonist
4  or antagonist of the receptor.

1 16. The method of claim 7, which method further comprises producing the
2 peptide or polypeptide encoded by the optimized recombinant polynucleotide and

3  introducing the peptide or polypeptide into 2 mammal in conjunction with a genetic vaccine
4  vector.

1 17. The method of claim 7, wherein the optimized recombinant

2  polynucleotide is inserted into an antigen-encoding nucleotide sequence of a genetic vaccine

3  vector.
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60 E. Genetic Va Phar maceutical Conpositions and
Met hods of Al :@!{mﬂ

T LR ANL L e
i mproved i mrunonodul at ory pol ynucl c o eptides of the
invention ar¥wOg%#Be8 for treating and/or preventi*ng t he vAGTAEYWIYeases

and conditions with 5 which the resp ive antigens are associated. For
exanpl-e, genetic vaccines that enploy the reagents obtai ned accordi ng
to the methods of the invention are useful in both prophylaxis and

t herapy of infectious diseases, including those caused by any bacterial,

fungal, viral, or of her t ens of na | s. .The reagenis obtai ned
usi gg t e i nvention Ban F§’6’“’§3°E§%@ %@?’Vfl’e’emw‘?‘?é%ﬁ%rﬁmﬁ% oi mune
di seases | %gggégmg is ihPSduBBiAR) Fnucleb@it B Rhek itichéddes fn MIbEp ofLth HBEA@bET €s

mel litus, enia gravis, reactive arthritis, ankylosing spondylitis,
and nul 13i plpelypeptide. scl erosis. These and ot her inflammatory conditions,

i ncluding IBD, psoriasis, pancreatitis, and vari ous
i mmunodef i ci encies, can be treated using genetic vaccines that include
vectors 1 and ot Har Themsthedef claigbt.ar the pptimizedresmabiBdd of t he

i nventiqgn. CGenetic.,vaccine v or. . S obtained using -
the. met Hoa@oBmesck RoBpenf e sequenge FEF iRy ofRTRRS 71 TG

asthma. Moreover, the use of genetic vaccines have great prom se for the
treatment of C201C e YU AU | Whein BB DERAR SoorBinkdiduCi Ng_an

i mmune response agai st ‘cancer ous cells, e body's I mmune system can
be enli g edolyauslestide encodesd potypeptide thatrimhdbits an allergic reaction. In presently
preferred enbodi nents, the reagents obtained using the invention are
used in conjunction with a genetic vaccine vector. The choice of vector and
components 20  can 2l.s Thsenatimdi oficlaini 2, ovhereircthp pelypeptiteis splastpbiem dfe
treating allergy ar,other conditions. F exanmpl e. aptigen
associ at%ed FFPIRCOPFIRHNE; @}‘tﬂ'&ﬁ%{’r'?‘i lﬁﬁﬁgﬁmﬂgﬁi‘d}% MA@ 4o n%éo%sﬁ ?Ir%'?’eaa usi ng
recombi nat | Sihoeike oFEl.-SCdndQn afifdiadisf HRE. ogous to those described herein.
Such net hods, and antigens appropriate for various conditions, are
descri bed in copendi ng, conmonly assi gned US Patent Application
Serial Np. ent | THeankthodufilgwherkin tireanpyimZed récombinantpolyoncléotidhi ch was
filed on February 10, 1999 TTC Attorney Docket No. 18097- 02871
0US. The? po?%‘??ﬂ?é%ﬂt?@é“sf?ﬂi’]é)ncodes t he reconbi nant anti geni c pol ypepti de
can be pl aced under the control of a pronoter, e.g., a high activity

or tissue-specific pronoter. .Th . pr.onot gr . X
anti genit pol ypepti d& 'ca-h‘eilfli%‘?‘f“ﬁ?“ﬂﬁ?’iwei%ﬁ&ﬁgﬁﬁg&égfﬁ"%%%ﬁ%ﬁgg i on and
sel ecti op NE4RBYS T NG eRERdtor ID-20AMBA-7Tdescr i bed herein, as described in 30

I nternational Application No. PCT/US97/17300 (International Publication No.
WO

1 24. The method of claim 1, wherein the optimized recombinant
2  polynucleotide encodes a costimulator. '

25. The method of claim 24, wherein the costimulator is B7-1 (CD80) or

2 B7-2 (CD86) and the screening step involves selecting variants with altered activity through
3 CD28or CTLA-4.
1 26. The method of claim 24, wherein the costimulator is CD1, CD40,

-2 CD154 (ligand for CD40) or CD150 (SLAM).

1 27. The method of claim 24, wherein the costimulator is a cytokine.



98/ 13487). The. reagents obtai ned usi n$ t he nethods of the invention can

al so be used in conj unction wit llm“"ﬂfﬂmmﬁgulgeneti C vacci nes,
+ e (D SRR AR IR 41368

whi ch are capable of tailoring an
PCTI US99/ 0302(0VO 99/41368 PCT/US99/03920
i mmune response as i s nost appropriate tqZJachi eve a desired effect (see,

e.g., copending, commonl y assigned US Patent Application Serial No.
, entitled "Genetic Vacci ne Vector Engineering,"” filed on February
10, 1999 as TTC Attorney Docket No. 18097-030100US). It is sonetines

advant ageous to enploy a genetjc vaccine that i|s tar.getfe 5 fqr a
particul al target celi%8 y%@“(‘%‘l‘ .chgﬁ‘f“&ﬁthﬁE‘Pﬁ-Fégg‘frfg?ﬁé‘%@?‘}ﬁW n antigen
processing c eonsist it gb eyt tyi t BITE- ]| '
copendi ng,g c?r#r%ﬁ ;152255?%%?61U%q1|5a3?g%$’mmm’a%g?%gilso%%rﬁlgﬁﬂ@u’
entitled 3Tallgds,lhe4pll-GeHels,dLAAIE i8e GVeCEBIG-CSF{ TR0, BiN-0,, IFN-y, mediiluar y
10, 1999 gs ;ﬁg\@tt_ﬁrney Docket No. 18097-030200US.

Geneti c vdcct é’c ors that include the optim zed reconbi nant 10

pol ynucl eoti des obtai ned as described herein can be delivered to a mammal

(i ncludin huma i ndu ther.apeutic [ o ne
response. ancci ne deli ergﬁwﬁqﬂ%:f@ﬁ,wﬂerexn@xgﬁﬁ:w%&%&%*fb@dﬁ%ﬁ%
admi ni st r at i kcteenadbyit@tihy the dbilityddtitekihes chygded by thy réeymbiviadtolyducleotides to
adm ni stration_(e.g., intravenous, Intraperitoneal, intramuscular,

subder mal 3 i @etvatecgls which contain a zepepfor forhg qylgkinesr 51 | puccal route or they
can be inhaled) or they can be adm nistered by 15 topical application.

Al ternatively, vectors cap be delivered to cells vivo such as cells
expl ant ed If rom an i ndi3® d%‘?mﬁtg?‘#%ﬁf?@@?g"."l}er‘?lﬂ/%ﬁggﬂ’@g‘,n a@)&ﬁ@%’%‘f ow
aspiratesy ti id that erfdb@e Be)re@btor ik HRcFRkinglonor hemat opoi etic stem
cells, foll O\If\lg‘g&gf}c“rigan%{eant at irgér%bof t he °Z‘§| Ins into a patient,
usual ly after selection for cells which have incorporated the vector.

A large nynber of delijer ynoRbHodIst 23] Whetbih thelehd¥ie isinteAke-Df ardithd | i n the
20 art. Such nethods include, for exanple |Iposone-based gene delivery

(Debs and 2Zhuscrganirgdy performed by:
3 growing mammalian cells which contain the genetic vaccine vector ina

4  culture medium; and
5 detecting whether T cell proliferation or T cell differentiation is induced
6 by contact with the culture medium.

32. The method of 28, wherein the cytokine is interferon-c. and the

screening is performed by:

expressing the recombinant polynucleotides so that the encoded
peptides or polypeptides are produced as fusions with a protein displayed on the surface of a
replicable genetic package;

contacting the replicable genetic packages with a plurality of B cells;
and

identifying phage library members that are capable of inhibiting
proliferation of the B cells.

\DO G0 3 O W K W N e
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33. The method of claim 28, wherein the immune response of interest is

2 differentiation of T cells to Tyl cells and the screening is performed by contacting a



WD 93/ 24640; Mannino and Goul d- Fogeri te (1988 Techni ques 6(7): 682-691;
Rose U S. Pat No. 5,279, 83%ﬂ!ﬂ' WO 91/ 06309; and Fel gner

t
et al. (1987) Proc. Natl. | 7413-7414), as well as
use of viraWe¢liss (e.g., adenovi ra (see : BET/HS9903028 |
(1995) Ann. NYAcad. Sci. 772: 95-104; Akgi et aI (1994) Gene Ther. 1:
367-384; 25 and Haddada et al. (1995) Curr. Top. McrobioL I munol. 199

(Pt 3): 297-306 for review, papillomaviral, retroviral (see, e.g.,
Buchscher \fclﬁpufahon@?%ﬁsvdmthé okiff eRdoded’ emersofmehﬂmﬁeﬂ et al.
(1992)J. 66 (5):1635-1640 (1992) omerfelt et al., (1990) Virol.

176: 58-49; regérhbipant eolmcleopdmyl ldrnnfv;rsgdqbrarzs@erzbmilgswodm eytelinedhaty| | .
Vi rol 5:2 A et al., PCT/US94/ 05700, and
Rosenbugg g’ﬁﬁceﬁ ééceli?ﬁf&‘gcg% unc ﬁyt al I 'munol ogy, Third Edition

Paul (ed) Raven Press, Ltd., New York and the references therein, and
vu et ap, Sene Theragy ifdmdhod iiidm27, Rfidleilt 8 19ikiR Yibddd By le'oflimized
PCTI US98/ 0ZkéMbinant polynucleotxde exhxblts rednced immunogenicity compared to a cytokine 62
vectors (see, West et al i rqlo 160; 38-47;: Carter .et al ...(1989)
U.S. Pa?en?n%edb)’an"n'%’ r"géfh e Zeducesimeamog et {y( é@?}ted otin
(1994) "?&g@ﬁ‘éﬁ% * I&Wenéocfea% the recombitfasé dﬁdﬁ&l@éﬂ&ﬁxﬁt&%%&mﬂalaﬂl n. lnvst.
94: 1351 an S (supra) fo? an overyvi e%v of vectors; see
al so, Lébkdwmmywsemmmmnemwmmcemmﬁhmm (1985) MoL.
Cell. 5 Biol. 5(11):3251-3260; Tratschin, et al. (1984) M. Cell. Biol,
4:2072-208 1; Hernonat and Miuzyczka (1984) Proc. Natl. Acad. Sci.
USA 8116466- 6470: ML adhemethodof ¢laim 24 wheyindhgrostimulatoris BA-1 (GDID &1 . ( 1989)
Viro &Qta& "Naked" DNA
and/ or ENAB?% mﬁpf&ﬁégéenéggeneﬁ ain'héﬁ‘tg |c?1sémt:uzlaart1e fmmune cr’lrtlsf oduced
directly into a ti ssue, such as nuscle. See, e.g., USPN 5,580,859. O her
methods j10 - such assg’ birgk kbl of QhigPRWiflAngBRiAbALkldiisker TRl i On (see,
e.g., Sanford et al. 4, 945 050; USPN 5, 036 006) are also
sui tabl @ f@blynmleoudelcnqodesa(m’toymﬁ@ma@MCm nes into cells

1 37. The method of claim 36, wherein the cytokine antagonist is selected
2 from the group consisting of a soluble cytokine receptor and a transmembrane cytokine
3 receptor having a defective signal sequence.

38. The method of claim 36, wherein the cytokine antagonist is selected
2  from the group consisting of AIL-10R and AIL-4R.

39. The method of claim 1, wherein the optimized recombinant
2 polynucleotide encodes a polypeptide capable of inducing a predominantly Tyl immune

response.

40. The method of claim 1, wherein the optimized recombinant
2 polynucleotide encodes a polypeptide capable of inducing a predominantly T2 immune

response.



of a mammal according to the invention. e met hods are useful not only
for in vivo i ntroduct iiqk HJ &ﬁi manmal , but also for ex vivo
modi fication of cells for S Lon into a manmmal . As for other
met hods of delWQ8¥13$ genetic vaccines, if 15 necessary, 9p(@3020

adm nistration is repeated in order to nmgjgntain the desired |evel of

i nmunonodul ati on. Cenetic vaccine vectors (e.g.,
adenoviruses, |iposones, papillonmaviruses, retroviruses, etc.) can be
adm nistered directly to the mammal for transduction of cells in

vivo. The genetic vaccines, obtaj ped uysjng the .hods of the invention can
be fornul dted as 20 ﬂhaﬁﬂ@éﬂ“‘;ﬁ%m% Bgliyf“fcg%g‘d?'g'?te&ﬁ‘f#ﬁ?‘&cf%ﬁ?%n in any
sui tabl e m}ﬁ&eculeqﬁ%'ikﬂbfagesﬁﬁer ERGRKRr presentatiok 8f ShtigerShy LI TROHEhod

i ntranmuscul ar, 1 ntradermal, or intravenous), topical, oral, rectal,
intrathecdl , domposihg:(e.g., sublingual), or local admnistration, such as by
aerosol or transder nal J. f.0r 0 | i -an 1 C
treat ment .4 Pretreat nent ofmgﬁ a,‘ll?‘%ryghe%}xb@%gh%@{&%g&ﬁég%?c "feli&{ro- renovi ng
agents, ney kgcoafpfatibn mitldid s dek sRbdekd] rpar ¥f thSuicesiblyandlérule; sl hods of

adm ni stering such packaged nuclei ¢ acids are avajlable and well known to
t hose 6 of skill in tseeayng thelibraryle ideetifyan ARffaizedsse }oute can be

used to adi'n' ;Boglnﬁéle&idg al bfctidedla recgmbinaxﬁ(l@%%ﬂ’}t hOieul &thR%ohfefsipsh a B Can
often provid nore |1 nedi ate and nore effective reacfion than
anot her r cut eincreased or decreased ability to transpircoripeesent ian eatigey oma sfacadftbe edk ri er s

are determned in part by 'the rticul ar,.3 conposition bein
admi ni st eged,wﬁ’?a‘iﬁgfq a“ﬁgaﬁﬁpnf Wgﬁﬁﬁ? f’f°8§‘idah¥ Ql?’?erf‘)ﬁg%pt’ %le"émt%maﬁrﬁc %IS'S'[ er the
conposition. Accordingly, there is a wide variety of suitable formulations

of pharmaceuti cal 9/ 413 . - .
- PCr/ US99/ 01302 0 42, The methox\gf 3m 411, &gerem the screening involves: 63

conposi ti gns of the presenritrddaviggthe dbraryofYéombingnt@olynagletidss inwrargeasts can be

used, e.g., . buffered saline and the |ike. These solutions are sterile
and gener & | yvagqinavestor thagraspdes g antigen to form a library of vectors;

4 introducing the library of vectors into mammalian cells; and

5 identifying mammalian cells that exhibit increased or decreased

6 immunogenicity to the antigen.

1 43. The method of claim 41, wherein the accessory molecule comprises a

2  proteasome or a TAP polypeptide.

44. The method of claim 41, wherein the accessory molecule comprises 2

2 cytotoxic T-cell inducing sequence,

1 45. The method of claim 44, wherein the cytotoxic T-cell inducing
2 sequence is obtained from a hepatitis B surface antigen.

1 46. The method of claim 41, wherein the accessory molecule comprises an

2 immunogenic agonist sequence.



matter. These conpositions may be sterilized by conventional, well known
sterilization techni ques. The conpositions nmay contain
pharmaceutically acceptable auxiliary substances 5 as required to
approxi mat e plygybeisgPi cal conditions such as pH adj usting ecwudesbiosr i ng
agents, toxicity adjusting agents and the |like, for exanple, sodium
acetate, sodiumchloride, pot assi um chl oride, calciumchloride,
sodium |l actate and the |ike. The conceqﬂggt g on of geneti c vaccine
vector in these fornulations can vary wdely, and will be sel ected
primarily based on fl ui e%alunes viscosities, body weight and the
li ke in accordance wi th NHg particul ar node of adm nistration sel ected
and the patient's needs. Forrmul ati ons suitable for

oral adm nistration can consi st (a) |igiH dnen sol utions, such as an
ef fective anount of the Kag eicacld siuspendepniy. ,ﬂ &# gnts,
such as water, saline or . @eetl S Or ets, each

a9l

containing a redet er mi ned € active ingredient, as
liquids, solids, gPMafitiddElFhalNtin; (c) 15 suspensions in an
appropriate I|qU|d and STPPREi t 2W e emul sions. Tablet forms can include
one or nore of |actose, sucrose, manhitol, sorbitol, calcium phosphates,
corn starch, potato starch, tragacanth, mcrocrystalline cellul ose,
acacia, gelatin, colloidal silicon dioxide, croscarmnel | ose sodi um
tal c, magnesium stearate, stearic acid, and other excipients,

colorants, fillers, binders, diluents, buffering agents, noistening agents,
preservatives, 20 flavoring agents, ﬁﬁﬁf’ di si ntegrati ng agents, and
pharmaceutical Iy conpatible carriers. 2L.ozenge forns can conprise the
active ingredient in a f Ev$#, usual | y sucrose and acacia or

tragacant h, as wel | MNie | es conprising the active ingredient in an

i nert base, such as gel atin and glycerin or sucrose and acaci a

enul sions, gels, and the |ikg Conta'?kTﬁym addition to the active
! | S [eco $Eg t he genetic 25

ingredient, carrier %?g (Sﬁg'
vacci nes, when adm RSt C1 € rom-digestion. This

is typically C : oaneX|ng t he vacci ne vector
wth a corrposﬂ“["i‘“&nL rgetcted e resistant to acidic and enzymatic
hydrol ysis or by péEkﬁEg}PWg t \@‘@t dor |aﬁd6'|9"a9 ropriately resi st ant
carrier such as a |iposome. Meg{isatths T W vectors fromdigestion are
wel | known in the art. The pha conpositions can be
encapsul ated, e.g., in liposonmes, 30 or in a fornulation that provides

for slow rel ease of the active ingredient.

1124
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WO 99/ 41368 . . .

PCTI US99103020 64

The packaged nucleic acids, alone or in conbination with other suitable
conponents, ca¥O#MIEde into aerosol fornulations (e.g., tRGIV/ESAHINY
"nebul i zed") to be adm ni stered via inhalation. Aerosol fornulations
can be placed into pressurized accept ablFIG. 3 propel l ants, such as

di chl or odi f | uor onet hane, propane, nitrogen, and the like. 5

Sui t abl e fornulatk@ns for rectal adm nistration include, for exanple,
suppositories, which consist of the packaged hucleic acid with a

supposi tory base. suppository dde CMIEMIAM Héur al or
synthetic triglycerijdes or paraffin hydrocarbpns. i@ qgg'tion,it IS
al so possible to ys¢ gel atin rectal capsul es onsi M o conbi nati on

of t he packégvd nuc/|gc acid with ghase Nghudi ng,—f xanpl e,
liquid triglyceride$, 10 anﬁ paripfﬁggﬁydrocarbons.
Fornul ations suitable for g St @i @3A suchgaspiphor exanpl e,

trfavenous, intranuscul ar,
intradermal, intraperitong t fleS4A r outjils S11Acl ude
aqueous and non-aqueous, | ection sol utions, whi ch
can contain antioxi fiagts, 8, LiAd solllt dd28hat render

of_t i nt ended recipient, and
'g;sgﬁﬁat can incl ude

jgents, stabilizers, and
preservatives. Int 'ion, conpositions can be
adni ni stered, for®° T qvenous i nfusion, orally,

topi cal |y, intraperitonealIy,EfEF?-vesically or i ntrathecally.
Parenteral adm nistration and intravenous adm nistration are the preferred
20 nmet hods of administration. The formnul ati ons of packaged nucleic acid

aqueous and non-aqu
suspendi ng agents,

can be presented in unit-dose or multi-dose seal ed containers, such
as anpoul es and vi al s. | nj ection solutions and
suspensi ons can be prepared fromsteril e powders, granul es, and

tabl ets of the kind previously described. Cells transduced by the packaged
nucl eic acid can al so be adm nistered intravenously or parenterally. 25

The dose adm nistered to a patient, in the context of the present invention
shoul d be sufficient to effect a beneficial therapeutic response in the
patient over time. The
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dose will be determ ned by the efficacy of the particular vector enployed
and the condition of the patient, as well as the body wei ght or
vascul ar surface area of the patient to be treated. The size of the
dose al so wi WoOI@3eRet er mi ned by the existence, nature, andPGUsSee30 any 30
adverse side-effects that acconpany the adm nistration of a particul ar

vector, or transduced cell type in a particular patient.
WD 99141368 FIG. 4
PCT/ US99/ 03020 65

In determ ning the effective amount of the vector to be adninistered in the
treat nent orvwrgaﬁuﬁﬁag:s of an infectionppaddrer condition, the physician
eval uat es vectort { oXtett+es—Ppt ogFess+enr—ei—t he dlsease and the
production of antr=vector—eanti bedress—++—eny. -A—————general, the dose
equi val ent of a naked nucleic acid froma vector is fromabout 1 [err]g to
l1mg 5 for a typical 70 kilogramjpatient, and doses of vectors used to

deliver the nucleic acid are al culated to yield an equival ent anount
of therapeutic nucleic acid. Adm ni dt r af\S8@M&HH be acconpl i shed vi a
single or divided doses. I n therapeutic applications,
conpositions are admnistered to a patient suffering froma disease

(eg., an infectious disease or autoi mmune disorder) in an anmount 10
sufficient to CUre or at reast partraity arrest tie—drsease—and its
conplications. “An anount adeqoate to acconptisirethrs—Ts defined as a
"therapeutically effective dose." Anounts effective for this use wll
depend upon the severity of the disdase %m%ﬁﬁﬁggeneral state of the
patient's health. Single or nmultiplg adm nistrati ons of the conpositions
may be adm ni stered dependi ng¥Yon the dosage and frequency as required
and tolerated by the patient. In any 15 event, the conposition should
provide a sufficient quantity of the proteins of this invention to
effectively tré&at—the pattrent. Hrprophyl actic
applications, CONMpPoOSITIONS are adm imsteredto a tomerto

Poly-epitope region containing potential agonist sequences
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ot her mammal t.o induce an jnmune response that can hel p protect against the

- est abl i shment of an infectious di sease or other condition. 20

The toxicity and therapeutl c efficacy of the genetic vaccine vectors
provi ded w%?"r‘?f’ i nvention are determ ned using st anddr/usso/030z0
pharmaceutical procedures in cell cultures or experinmental animals.
One can determine the LD[err] (the dose lethal to 50% of the
popul ation) and the ED[err] (the dose tgﬁgga%ﬁutically effective in 50% of
~ the popul ation) using pr ocedur es ted herein and those ot herw se
- known to those of skill jn the grt. A typi cal

phar maceut i cal conposi t|implsovm almmunostlmulaim woul d be

per pationt - per SoYS E%!"%S)pwa'%ﬁar W#Wﬁet drag is

adm nistered to a secluded site and not into the blood stream such
as into a body cavity or into a |lunmen of an organ. Substantially
hi gher dosages are possi bre~n =0pic ak adrﬁandostﬂmm on. Act uaI met hods for

preparing 30 par ent er al | yadmt nmstTabl e be known or
apparent to those skilled int art polyA c, G T 41368

PCT/ US99/ 03020 Assembiy 66

and are described in nore detail in such publications as Rem ngton's

Phar maceuti cal Scignce, 1%th ed., Mack Publishing Conpany, Easton,
Pennsyl vani a (1980). The mul tival ent antigenic

pol ypepti des of the invention, fand genetlc vacci nes t hat express the
pol ypepti des, can be packaged |n0? oK !ﬁ'@penser devices, and kits for 5
adm ni stering genetic vacci nes m For exanpl e, packs or di spenser
devi ces that contain one or nore unit dosage forns are provided.
Typically, instructions fqg i stration of the compounds will be
provi ded with the packagl g% a suitable i ndi cation on the
| abel that the conpound | % or @eat ment of an indicated

condi tion. For exa QG may state that the active conpound
within the packaging is use

/>

- enhanced cytokine synthesis
by human P

!nn:?cv: studies: / - :'mmoved activatlon of
- SCID-hu mice uman B lymphocytes

- large animals
- human
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10 treating a particular infectious disease, .autoi mmune di sorder, tunor,

or for preventing or treating other diseases or conditions that are
nmedi ated by, or potentially susceptible to, a manmal i an i nmune
response. WO 99/41368 EXREPUSS/03020

The follow ng exanples are offered to illustrate, but not tolimt the
present 15 invention. FIG.6

Exanple 1 Al tered |igand speC|T|C|ty of B7-1 (CD80) and/or B7-2
(CD86) by DNA shuffling Thi s Exanpl e descri bes the use
of the DNA shuffling nethods of the invention to obtain B7-1 and B7-2

pol ypept i debtatyaef ket2egenes er ed bi ol ogi cal acti Vi igh@gral
DNA shuf f | i ndp8¥ pé@buions) generate a library of B/ ..

s DNA shuffling
0 and B7-

and CTLA4 whem————— conpared to wi | d-type BY
cDNAs from vaIloIs—=peci eS are gener atr &4 '::Z_,..
sequences ar eSHOETTRd using fam |y DNA shuffli N8\

ypically, B7
and t hese

-2 M i gnnents of
human, rhesus nonkey and rabbit B7-1 nucl eoti de ss are shown in

Figure 15, denondt r at i ng that famly DNA shuffling is|a feasible approach
when evol vi ng B7 nol ecul es. WO 99) 41368

PCT/ US99/ 03020 S . Robotic colony pigiing
Screening of B7 \ ar Pent g;f;,::;nzel:f:" ' (one colony/ wel)

potent T cell proliferation

96 wells x 50

High throughput plasmid
purification,
(e.g. PERFECTprep-96 kit)

Transfer of supernatants to
human T cell cultures

Transfection to CHO cells
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The library is. then screened to  identify those variants that are useful in
nodul ating i nmune responses in autoi nmune di seases, allergy, cancer,

i nfectious di sease and vaccination. Any of several ap f or
~screening of tWR¥ABants can be used: 5 A Fl Og%m%%plﬁﬁz
cytonetry-based sel ecti on system The library of B7-1
and B7-2 nolecules is transfected into ¥F#G.§ that nornmal |y do not
express these nolecules (e.g., COS-7 cells or any cell line fromdifferent
species with Iinited or no cross-reactivity with man regarding B7

| i gand bi ndi ng) . Kl ti | AsS898ofFan be incorporated in order
to anal yze the co 'gh QRF‘& "_“1) anantz Sol ubl e CTLA-4
and CD28 nDIecuIes are genera e o facilitate the flow cytonetry

experinments. Typically, thes ﬁﬂ%&%@%l pepjides are fused with the Fc

portion of IgGrnﬂeculgiFg (%¥%2Rétamlity of the nol ecul es and
to enabl e easy stai niqahgud | abel ed anti-1gG nonocl onal anti bodies, as
descri bed by van der Merwe et al. ((1997) J. Exp. Med. 185: 393). The

cells transfected w t10Q000 | f B7 nol ecules are then stained with 15
t he sol ubl e CTLA 4 and CD28 i i

decr eased LA- B tlijgqeare sorted. The plasm ds are then
recovered and thé&sshuf gdentified. These sel ected B7
variants can the®be s ct f shuffling and

sel ection, and can be j055d1
bel ow. 20
Bacteri al col oni es thazoannn.

ctional assays as descri bed
nctional properties.
ude nutant B7 nol ecul es

are pi cked and the pl ese plasm ds are then
transfected into antigen 0 g~ --I§| such as dendritic cells,
and the capacities of these ‘ﬁut aﬁt set 0 @ct iwat g T cells i s anal yzed.
One of the advantages of this approach is tq?t no assunptions are nmade as
to 25 the binding affinities oﬂ'ggé%|$géh% es to the known |igands, and
possi bly new activities through yet to be identified |igands can be
f ound. T cell activation can be analyzed by measuring
proliferation, cytokine ivity or expression of
activation antigens such asuhhfI%%géégﬁgghgﬁggigiulz HI LA- DR nol ecul es.

Usage of antigen-speci fixpoboe | ones, such as T cells specific for 30
all ows analysis of antigen-specific T cel

28??Sasrzh.n]te ankh?:&dﬁﬁgég! 4 i ed that can enhance or inhibit T cell
proliferation or enhance80000 njithi h
60000
40000
20000

0 "o

)
[ TGRSR ORI 8 - A
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WD 99/ 41368
PCT/ US99/ 03020

CTL responses. Simlarly variants that have altered capacit é g nduce

cyt oki ne pr vdeomi3eh or expression of activation ant¥ W2Yeasured
by, for exanple, cytokine-specific ELI SAs or flow cytonetry can be
sel ected. Results obtained using a proliferation-based assay is shown
are shown in Figure 13. 5 C. Ability to direct either [err] or
[err] cell differentiation, Because differential roles
for B7-1 and B7-2 nolecules in the regulation of T hel per cell
differentiation have been identifjed (Freeman et_al. (1995) Imunity 2:

523; Kuchroo et gl | (1995) Cer—=FAgfr—tomtmcan screen for B7
variants that are the rost of fLoms ing either [err] or TH2
cell differentiation. THicell di fTer measur ed by

anal yzi ng the cytokine |pfoducti on_prof ==ee=r=rdugedhidy each particul ar

vari ant. Hi gh | eJels of IL- AL ==""13 are an indication of
efficient TH2 cell difflefentiati on v:r.=:==-_-:-—-:_—__§ | evel s of IFN-y or

I L-2 production can be fused as a mar ker__Qfl = I4—'

differentiation. B7 var]i ants that| E=—=—- F=%0 i nduce [err] cell
differentiation are | likely I e=8 = treatment of allergic,
mal i gnant, autoi nmune gnd i nf ectl *"Hﬁ_ﬁiﬁ"& vacci nation.

D. Enhanced | L3» 0 product on. | = 0 El evat ed production
of 1L-10 is a chafacter]i §tic of «kguatemd T-EHES Which can
suppress proli ferglﬂn ofi _antigeny loT cells (Goux et al.

(1997) Nature 3898 :737) . Th
identify those thag '-"!ave fenhanced
by antigen- spemfl‘? Mdel:ls. IL-1

s¥an be screened to

—% - | ”‘,__
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for exanple, by ELISA or f]low cytonetry using intracytoplasm c cytokine

- stainings. The variants that induce high |evels of |IL-10 production
are useful in the treatnent of allergic and aut oi mune di seases.
Exanpl e 2 25 WO 99/41368 Evol uti on OF Cytoki nes FoPCHUIPAIEY
Specific Activity And/ O | nproved
Expression Level s Thi s exanpl e describes a nethod to
evol ve a cytokine for inproved specific activity and/or inproved

expression | evel s when the genetic vaccine is transfected into
manmal i an cells. 1L-12 is the nost potent cytokine directing [err]

responses, and it 30 I nproves the efficacy of genetic vaccinations.

Evol ved 1L-12 nol ecul es are useful as MD 99/41368

PCT/ US99/ 03020 i 69
conponents of genetic VaCCINBS IL-12 is a heterodlnerlc Qytoklne conposed
of a 35 kD | i ght chalnp(p35) and a 40 kD heavy (p40) (Kobayash
et al. (1989) J Exp. Med. 1: 827; Stern et al gl%O) Proc. Nat'l.
Acad. Sci. USA 87: 6808). Regently Li eschke et al. TNat ure

genes 5 results in a sin e that has activit rable to that of

Bi ot echnol . (1997) 15: 35) dﬁhnjéérated that a fusion peet@¥een p35 and p40
e g 2
the two genes expressed rately. Accordingly, an 1L-12 gene is

shuffled as one entidy that ccﬁes bot h subunits, ichis
beneficial in desig@ng the,g i ng protocol. The ggenet s of 1L-12 can
al so be expre ed sepﬁhat I n the sane expression vector, or the
subunits can be e@pRessed parately and screenqs

ug%n
cotransfections ﬁe t wo eshuffling

, providing addi
strat egi es. '

2

FIG. 9
128 256 512 1024
Dilution of Supernat

Vector with Shuffled IL.-12 Chi
Provides Improved Human T cell ac

32 64

16
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I L-12 plays several roles in the regulation of allergic responses. For
exanpl e, I L-12 induces [err] cell differentiation and downregul at es
the [err] response. IL-12 inhibits | gE synthesis both in vivo and in
vitro, and a¥e®/M418uces | FN-y production. Accordingly, it PCZ/US99/03020
desirable to obtain an optim zed IL-12 that better able to carry out these
functions upon 15 adm nistration to a mamal .

Cyt oki ne genes, including IL-12 genes, from humans and nonhunman pri nates
are general ly 93-99% honol ogous (Villinger et al. (1995)8J | munol .

155: 3946- 3954) , providing a good starting point foE fam |y shuffling.
A library of shuffled IL-12 gene§ was obt ai ned by ghuffl ing p35 and
p40 subunits derived from hunan;$x hesus nonkey, cat, dogg 20 cow, pig,
and goat, and incorporated int@®ectors and the supernat@dnts of these

transfectants are anal yz'@l'g or biological activity»sas shown in Figure
6. Because of itg T cell grow 2 g pronoting activitigs, it is possible
to use nornmal hu@pan peripheral @lood T cells in the c selection of the
nost active |L-18 genes, enabli directly to select IL-82 nmutants with the

nost potent acti@ties on hunalg @ cells. 25 As shown in

Figure 7, a funcw onal screergcgg?ssay has been successﬁlly
established. In .&his assay, -7 cells were first transfected with vectors
encoding IL-12 © subunits. Forty-eight hours after t4ansfection, the
capacity of thes8 culture superpatants to i nduce oliferation of
activated human %ri pheral blood T cells was studied. Figure 8

i ndi cates the comsi stency of thé level of T cell proliferation induced in
this assay, indi 5atjnng 30 that_the assay can be used to distinguish the
activities betwe®Ph-guperngis spacities to
induce T cell acht\V@ti oy '
WD 99/ 41368
PCT/ US991 03020

FIG. 10

Z» 1\ CD28

class [l MHC
D80/
c D86| V/7/7/7/

class 1 MHC

encoding different CD80 and/or CD86 var

Model of induction of T cell activation or anergy

8

: O
<

a 9
T o o5
E £ [=%- )
2 & +« 9%
2 2 88
e < QE
2 O
£

5

9/24

SUBSTITUTE SHEET (RULE 26)



screen for inproved IL-12-]ike activities in culture supernatants of
transfected cells. A vector with an optim zed |IL-12-encoding

pol ynucl eoti de was tested for ability to induce human_T ce M
activation. R¥QPYH368shown in Figure 9, show that the shuf fTEdY Y has an
significantly increased ability to induce T cell activation conpared to

wld-type IL-12. 5 Figure 6 illustrates a general
strategy for screening of evolved cytokine genes. The specific
exanple is given for 1L-12 but simlar approach applies to all cytokines
when using cell types sensitive fqggeqgh cytokine. For exanple,

GVt CSF can be evol ved by the same approach by using the GW CSF
sensitive cell line TF-1 in the screening. In addition, al t hough in
this exanple the vectors cted i e Is any mammal i an cell
that 10 can be ¢f %rgqtsﬁ?m% V@Hﬁ“{;ﬁe?ﬁét‘gaé’t? imsreved| |s. 1n

addi tion to CHO cel IC,aP@FMrtfgdW%Jt cell activaiians orn@nef@¥ cell |ines W-26,
COs-1, COS-7, 293, W37 and freshly isolated human antigen presenting
cells, such as nonocytes, B cells and dendritic cells.

Exanpl e 3 Library Sf/&s¥oOXi ¢ T-cel | 1 nducing Seqmerﬂmmsbved from
Hepatitis B Swnﬁmenw’geh@en and 15 e o) Strongly

| mmunogeni ¢ Agost=st+e—T cel | Epitopes Thi s Exanpl e
descri bes the pm on of_a_polypeptide sqgu | e of

efficient presemt=tiom of T cell epitopes and a §&# ffor the
application of DRATSHIUffling to di scover st¥ime nmunogeni ¢
agonistic T cell egitopes. The HBsAg pol ypepti de (PreS2

plus S regions) wag truncated by the 20 introductiorn of a stop codon at
am no acid positionq 103 'fﬁcountl n fromthe beg| nni ng |of Rdbbig: colony pickifige S2
initiator methionije)'dentiticatipniapd pg Qﬁfﬂa cyst ei ne codon |TGT (¢netcglotyheelit op
codon TGA. Tkmiw ence of the trundated protein was

t heref ore: M YFPAGGSSSGTVNPVYTTASPLSSI FSRI GDPALNMVE
Nl TSGFLGPLLVLQAGFFYLTRI LTI PQSLDSV\WI'SLNFLGGTTV* 25 \Mere t he standard

single-letter code’'for amno acids is used. The net gE@EEsaR resi dues at the
start of the Preg -and, S regi ons are underlined, /fouse
L[err]-restrict ZLaedipi t ope i s doubl e- und the asterisk (*)
represents the QEEEEs ally introduced Stop codon. A

i kely struct urh| s truncated pol ypeptide i 9s5RaNsd N Figure 1.
Duri ng protein biosynthesis, the N-term nal regl on of the HBsAg
pol ypeptide is tranfported t hr ough 30 the nenbrane of the endopl asm c
reticulum (ER). Thelfirst part of the Sregionis a

Coculture with T cells Vector purification,
{e.g. by robot or by
PERFECTprep-86 Kkit)

Transfection to dendritic celis/
U837 cells
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transnmenbrane structure which | ocks the polypeptide.into the ER, The

remai ni ng C-term nal WO 99/ 41368

PCT/ US99/ 03020 71
regi on of thWO®M3eeptide is |ocated in the cytopl asm c comqrarssmenio where
it can be accessed by the epitope processing nmechani smof the cell.
This structure forns what is referred to as the Cytotoxic T-cel

| nduci ng Sequence (CTIS). A CTIS is preferably used in
conjunction with an i munogenic agoni@ﬂﬁél? sequence (LAS). As an exanple
of an I AS, each position of a 12 amno acid L[err]-restricted cl ass |
epi t ope froanBsg% ced with anj pe- en odln codon in the DNA
sequence of the FP@%E“F@ $§§¥Ifgr@ ﬁ?drg QnQ one cases, the
reactivity is greater than if the CTL response is induced by the

nat ural epitope ﬁFlgure g}
Exanpl e 4 10 Proliferation of human peripheralieloodoT celis n raspanss i a, and

Cachexi a using anti-CD3 mAbs and COS-7 cells trQﬁhf%&tFﬂ%lW?”Dd”' atory

Mol ecul es Optim zed i nmunono atory nolecules that are
obt ai ned using the ds of the invention find use in a w de
variety of applications,-in addition to use in vaccination. For

exanple, there is increasing evidence that certai
associated with 15 dysfunction of the inmmne s
whi ch regul ate i nmurkd QSponses e.g. cyto
i nhibit obesity. The inventi ﬁontl'esl nmet hods

regul atory nol ecules for;the eat nent of obesit
Leptin and ci Mgary 5000t r opfffp BZedor (ONTF) ar

rms of obesity are
and t hat nol ecul es
, can i nduce or

tim zing i nmune
orexi a and cachexi a.
npl es of cytokines

t hat ha been shoimm to play a role in the | opment of obesity.
Congeni t al Ieﬁ%«n def|C|ency
O 10000
5000-

Hn Jn

N~ 5 P
85 2 %3
- [T
o< - - %
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20 results in severe ear|y-onset obesity in human (Montague et al. (1997)

Nat ure 387: 903-908), and CNTF has been shown to correct obesity and
di abet es associated with | eptin deficiency and resistance (d oaguen
et al. (1997) woeamiadslat' | . Acad. Sci. USA 94: 6456-6461). PCT/US99/03020

Ant agoni sts of CNTF and/or leptin may be useful in the treatnent of

anor exi a and/ or cachexia. 25 The net hods of the
invention are used to generate |eptin and/ or CNTF nol ecul es that have

i nproved specific activity. The nethods are al so useful for obtaining

i nproved cytokines that exhibit reduced i mMmunogenicity in vivo;

I nmunogenicity is a particul ar concern for CNTE, because the
"wild-type CNTF is highly antigenic, which results in the production
of high levels of anti-CNTF anti bodi es when adm nistered to a human. 30

| mproved cytoki ne nol ecul es prepared using the nmethods of the invention are

adm ni stered as pol ypeptides, or the shuffled nucleic acids that
encode i nproved | eptin and/ or CNTF WO 99/ 41368

PCT/ US99/ 03020 72

pol ypeptides are used iggenetic vaccine vectors. The invention also

provi des net hods of O genepating-vectors that induce pwoduction of

i ncreased | evel s of Iepr"n andf or CNTF. The net hods of
the invention can also Be usedjto obtain reagents that arg useful for

the treatnent of anorex'ﬁa, cachexia, and related disordlers= In this
enbodi nent, 5 ant agoq sts of leptin and/or CNTF are|evplved using the

DNA shuffling nmethods. xanple, a leptinre pr can be evol ved
to obtain a soluble formthat nas| an enhanced a ky for leptin.
The receptor for |epti n9n mce found in the hypot s (Mercer et
al. (1996) FEBS Lett. 3|§_:7: 113),}Ja regi on known to be Dl vexd i N
mai nt enance of energy ¢ bal ancle, and in the chor oi sxgs and
| ept oneni nges, which fo@n part|df the blood/brain 10 [T Hr.
[*]
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It is understood that the exanples and enbodi nents descri bed herein are for
Illustrative purposes only and that various nodifications or changes in

| ight thereof will be suggested to persons skilled in the art and are
to be includwdsmsiséd n the spirit and purview of 15 this ®gVusa¥B3P9n and
scope of the appended clainms. Al publications, patents, and patent
applications cited herein are hereby incorporated by-reference for all

pur poses. WO 99/ 41368
PCT/ US99/ 03020 73 VHAT
IS CLAIMED | S: 1 1. A method for obtaining a

pol ynucl eotide that has a nodul atory effect on 2 an i nmune response, or
encodes a pol ypeptide that has a nodul atory effect on an inmune 3
response, that is induced by a genetic vaccine vector, the method

conprising: 4 creating a library of reconbi nant
pol ynucl eoti des; and 5 screening the Iibrary to
identify an optim zed reconbi nant 6 polynucleotlde that has encodes a

pol ypeptide that hgs, a nmdy atgrgg gffeoctngn an

e es onse i nduced
by a genetic vaceci evve BEH o g L § t|n1zed
r econbi nant pol ynu%l%ot il € g( tﬁewp§I yﬁé& e 9 Uénbé"ﬂ&jﬁby T
r econbi nant polynu |@Bot i d& éxhi bi H skan elgh ced%'lity@@ nod aée an 10
i mune response conpgr ed tEb% nongrgconbithght po%)@ucl ed} e fr@9rwhich the
library was 1 1 08 ted. 8 8 5 & 22 S Q & %2
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1 . 2. The pethod of claim1, wherein the optim zed
reconbi nant 2 pol ynucl eotide is incorporated into a genetic vaccine
vector. 1 3. The nethod of claim1, wherein ég
optim zed recl¥MaIB 2 pol ynucl eotide, or a pol ypeptide &FCOH &%V t he
- optim zed reconbi nant pol ynucl eotide, is 3 adm ni stered in conjunction
Wi th a genetic vaccine vector. 1 4. The nmethod of claim
1, wherein the library of reconmbinant 2 polynucleotides is created by a
process selected fromthe group consisting of DNA shuffling, 3 error-prone
PCR, oligonucl eotide-directed mutagenesis, uracil-nmedi ated nut agenesi s, and

4 repair-deficient host nutagenesis. 1 5. The net hod
of claim 1, wherein the polynucleotide that has a 2 nodul at ory effect on
an i nmune response is obtained by: 3 (1) reconbining

at least first and second forns of a nucleic acid that is, 4 or encodes a
nol ecul e that is, involved in nodul ating an i nmune response, wherein the
first 5 and second forns differ fromeach other in two or nore

nucl eot i des, to,_.prgo@uceoaul | bra.nc, gf Q., o @coni pagt Qplﬂyg:uclgq_t.lz_des and

WD 99/ 41368 IS 83920 ®
74 7 E m§ Qggnég@tmﬂ MMg%ﬂﬁ%§Weu
| east one opt|n1z ecoigl ant 5 0 25

3]

FIG. 14 (continued)

.CTAAAGAATCGCAACCAAGAGAGTGAAACAGGAAACC

a GAcCGTCACCAACACCCGCTTCTCTGTGGATGAAGTGACTCTGACAGTTGGCAGgG

q GACCACCACTGAGACTCGCTTCACAGTGGATGAAGTGATTCTGACAGTGGATAGCGTGA

a TCTGAAAGCAATGGACGGCATCATCTATGGGACAATccmccccc:CAGGcccachTAA
q CCCCGCGAATGACACATATGAAAGCATCTTCAGTCACTTCCGAGAGTATGAGATT

ad CCCTGCAGGGGATGAGTACGAACAAGTCTTCAAGGATCTCCGAGTTTACAAGATT

q TCGCAAGGTGCCGGGAAACTTCACGTTCACACACAAGAAAGTAAAACATGAAAA!

g CCTAGAGATCCACAATGGCTTCATCCTCGGGAAGATTCAGCTACCCAGGCC

g CCTCCTAACCTCTGGAGAAGTGGCGAGAGTTCTGTGTCCAGGTGAAACCATCTGT!
g CCTCACGGTCCCCATAGGGGTGAGAAAGTTTTGTEGTCAAGGTGCTGCCCCGCT

q CCGAATTAACAAGGCAGAGTGGTCGGAGGAGCAGTGTTTACTTATCACCACGGAG
q TTTCACTGTGACCAACCTGAGCATCTTAGTCATATCTATGCTGCTATTCTGTG

-seq CCGAAGTAACAAGGGGATGTGGTCTAAAGAGCAGTGCATCTCCCTCAC. .CAG
-seq TTTCACCGTGACCAACGTCATCATCTTCTTTGCCTTTGTCCTGCTGCTCTCCGG
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8 polynucleotide that exhibits, either by itself or through the encoded
nol ecul e, an enhanced 9 ability to nodul ate an i mmune response than a

formof the nucleic acid fromwhich the 10 library was created. 1
6. The net hw@%R1368 ai i 5, wherein the nethod further conpraTassybsem st eps 2
of : 3 (3) reconbining at | east one optim zed

reconbi nant pol ynucleotide 4 with a further formof the nucleic acid, which
is the sane or different fromthe first and 5 second forns, to produce a
further library of reconbi nant pol ynucl eotides; 6 (4)
screening the further library to identify at |east one further 7 optim zed
reconbi nant pol ynucl eoti de that exhibits an enhanced ability to nodul ate an
8 immune response than a formof the nucleic acid fromwhich the library
was created.; and 9 (5) repeating (3) and (4), as
necessary, until the further optim zed 10 reconbi nant pol ynucl eoti de

exhi bits an further enhanced ability to nodul ate an i mmune 11 response

than a forn1of the nucleic acid fr n1mh|ch t he I|brary mas creat ed. 1
7. The nethp éalqbl ﬁf |nmt e oph*nlzed econbl nt 2 8
polynucleotl':d gnco anS & %acﬂ with a
cel lular rece ﬁaol Eh ne |ng n espo wherein the
peptide or po%y pt|d§ gcts San 4§ goni §§ % ag% oni s t he
receptor. 13 & 55 5E Thg@jethoq;g cl 7, V\/Igs in the
cel lular receg & is%ﬁ‘acro gge 2 H gcaveldney rei or. o
9. The netho@ & clam@7, int%e&*cell & re or i % Felected from2
t he group cong$j g'tl ng gfga cy ne rocgpt or 2 %1 a cg Ki n% Hecept or.
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i nduce i nmmune

12. The net hod of

wherei n the chenoki ne receptor

1

wherein the library is screened by: 2

, Wherein the peptide or polypepti%ﬁyééﬁg%ggthe 2
| i gand.

i gand for the receptor but does not

10. The et hod of claim9,
WO 99/ 41368

E

11. The met hodV@PY4{pesi m 7
reactivity to the 3 natura

activity of a natural
claim7,

is CCR6.
PC! TUS99/ 03020

1

1
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geneVi | . .

or

2 ML3 bacteriophage and the protein is encoded by genell

whi ch nethod further conprises introducing the 2
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an 3
22. The
encodes
1

21. The nethod of claim
wherein the

I L-4,

Bot¥

group consi sting of
an ant agoni st of

I L-13.

defective IL-1 O receptor

1

wherein the optim zed
2

23. The nmethod of claim?22,

| L-10 i s sol uble or

19. The nmethod of claim1,

- reconbi nant 2 pol ynucl eoti de conprises a nucl eoti de sequence rich in
IL-12,

20. The nethod of claiml
24. The nethod of claim1,

I L-10,
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wherein the optimzed reconbinant pol ynucl eotide 2
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i nterferon-y,

| L-10.
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wherein the polypeptide is selected fromthe 2
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interferon-[err],
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| L-9,
GMW+ CSF,

1

77

wherein the cytokine is selected fromthe 2
I L-8,

| L-18,
1
wherein the

nucl eic acid that encodes the receptor for

PCT/US99/03020

o31l. The, met hod,of 28, wherein the
by
o\
o~

1

is a cytokine.
I L-7,

IL-17,

I L-6,

20 (MDA-7).
reconbi nant pol ynucl eoti des 2

wherein the costinul at or

CD150 ( SLAM).
WD 99/ 41368
|L-4, IL-5,
| L-15, IL-16,
4

I L-3,
| L- 14,
and I L-
wherein the |ibrary of

CD40) or

wherein the costi nul at or

liiil
30. The nethod of claim 29,

| FN-vy,

IL-2,
I L-13,

activate cells which contain a receptor for the

3

|FN-[err],

26. The nethod of claim 24,.
| L-1,

2 CD154 (ligand for

27. The nethod of claim 24,
| L-12,

TNF-[err],
29. The net hod of 28,
1

| WolpAamssll | |

CD40,
RERREY
| L-11,
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is screened by testing the ability of cytokines encoded by the reconbi nant

pol ynucl eotides to 3

28. The nethod of claim?27,
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cul ture nedium and
wherein the cytokine is interferon-[err] and the 2

roliferation or T cel

growi ng mammal i an
expressing the
pepti des or

p

in a4
by contact with the culture

detecting whether T cel

differentiati oMOP¥41368duced 6

32. The nethod of 28,

6

replicabl e genetic package;

screening is perfornmed by: 3
cells which contain the genetic vaccine vector

5
pol ypepti des are produced as fusions with a protein displayed on the

reconbi nant pol ynucl eotides so that the encoded 4
surface of a 5

screening is perforned by: 3

2

7

contacting the replicable genetic packages with a plurality of B cells;

and 8

1

i dentifying phage library nmenbers that are

proliferation of the B cells.

inhibiting 9
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5 induces the T cells to produce IL-2 and interferon-y. 1 . .

34. The nethod of claim 27, wherein the cytokine encoded by the optim zed 2
reconbi nant pol ynucl eoti de exhibits reduced i mmunogenicity conpared to a
cytokine 3 WRA¥HS6B by a non-optim zed pol ynucl eoti de, andeammsss/esdzced

i mmunogenicity is detected by 4 introducing a cytokine encoded by the
reconbi nant pol ynucl eotide into a manmal and 5 determ ni ng whet her an

i mmune response is induced agai nst the cytokine. 1 35.
The met hod of claim 24, wherein the costinulator is B7-1 (CD80) or 2 B7-2
(CDB6) and the cell is tested for ability to costinulate an inmune
response. 1 36. The nethod of claim1, wherein the

optim zed reconbi nant 2 pol ynucl eoti de encodes a cytoki ne ant agoni st. 1

37. The nethod of claim 36, wherein the cytokine antagonist is selected 2
fromthe group consisting of a soluble cytokine receptor and a
transnenbrane cytokine 3 receptor having a defective signal sequence. 1
38. The nmethed of claim 36, ,whereip the cytokine antagonist is selected 2

fromthe gr @R, gpnsgst,i 19 c@ég_r]LOL-IQR and [err]lL-4R 1

(%) . .
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1 40. The nethod of claim1l1, wherein the optim zed

r econbi nant 2 polynucleotlde encodes a pol ypeptide capabl e of inducing a
predom nantly TH2 i mmune 3 response. WO 99141368

PT/ US99/ 03020wW0 99/41368 PCT/UB99/03020]

41. A nethod for obtaining apol ynucl eoti de that encodes an accessory 2

nol ecul e that i nproves the transport or presentation of antigens by a cell,
the nethod 3 conprising: 4 creating a library of
reconbi nant pol ynucl eotides by subjecting to 5 reconbination nucleic acids
that encode all or part of the accessory nolecule; and 6
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wherein the accessory nol ecul e conprises an 2 i rmunogeni ¢ agoni st

sequence.
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43. The nethod of claim41l,
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