WO 2004/ 099244 PCT/ 13K2004/ 000329 | munogeni ¢ Human TNF Al pha Anal ogues

wi th Reduced Cytotoxicity and Methods of Their Preparation FIELD OF THE

| NVENTI ON The resent invention relates to the field of therapeutic
|nnunotherag§’ 00HBP924t particular to the field of active iPCTKIEIGRY
targeted at down-regul ating autol ogous ("self") proteins S and ot her
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has recei ve ion over the last 2 decades. Notably, the use
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protei n anethbRpyfeniian c&ﬁb&dlﬁns%%?fn@uéﬁketh\ég 86/07383). In such con-
structs, the carrier part of the iInmmunogenic orecul e is responsi bl e for

t he provision epitopes 20 for T-hel per | ynphocytes ("Tw epitopes"”) that
render poBACHEROWNR OBTeakiNviENTTDNaut ot ol erance. Later research has proven
t hat al t hough such strategi es may indeed provide for the breaking of

t ol erance agaf_l nst aut ol ogous Prot eins, a nunber of problens are
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vaccination it-is usually necessary to re-imuni ze several tines per year
and 8 nmedanciagmagdiiss auuoea,bmmafrtugé@g havetHagInafy bé/@%r% 4Had bphfmﬁn@w#o%@n&iﬂéu' ts

t bhe
Wit be i per aaeRatORt R o, et SRR CEO0ho ke s et

agai nst f’ﬁ@“&ﬁ?%’l'%%ﬁ%" %‘leéb@f éJS D6 2609) G924 pRETHDHA0EISN 06BR8ks be-
tween the autologous protein and the foreign carrier protein (cf. WO 86/07383). In such con-
structs, the carrier part of the immunogenic molecule Is responsible for the provision epitopes
. 20 for T-helper lymphocytes (“Ty, epitopes”) that render possible the breaking of autotolerance.

Later research has proven that although such strategies may indeed provide for the breaking
of tolerance against autologous proteins, a number of problems are encountered. Most irn-
portant is the fact that the immune response that is induced over time will be dominated by
the antibodies directed against the carrier portion of the immunogen whereas the reactivity

25 agalnst the autologous protein often declines, an effect that is particularly pronounced when
the carrier has previously served as an immunogen ~ this phenomenon is known as carrier
suppression (cf. e.g. Kaliyaperumal et af. 1995., Eur. 3. Immunol 25, 3375-3380). However,
when using therapeutic vaccination it is usually necessary to re-immunize several times per
year and to maintain this treatment for a number of years and this aiso resuits in a situation

30  where the immune response against the carrier portion will be increasingly dominant on the
expense of the immune response against the autologous molecule.



2 Further problens involved when using hapten-carrier technol ogy for
breaki ng autotol erance 1i.s the negative steric effects exerted by carrier
on the autol ogous protein part in such con- structs: The nunber of

accessi bl ews meldooepi t opes that resenbl e the conformati ongdy/pRbieHMNS0 SEEN
in the native autol ogous protein is often reduced due to sinple shielding
or masking of 5 epitopes or due to conformational changes induced in the
self-part of the imunogen. Final- ly, it is very often difficult to
characterize a hapten-carrier nolecule in sufficient detail. WO 95/05849
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(RA) and sulsstattmpesded df B-cdlapiogescritical role in allergies and psoriasis.

Bl ocki ng of the TNFo signal by soluble receptors, receptor-specific

i nhi bitors, down-regulation of TNFo production or nonocl onal anti-TNFo an-
Tumour necrosis factor (TNF, TNFa, cachectin, TNFSF2) is a potent paracrine and endocrine

mediator of inflammatory and immune functions. TNFa is cytotoxic for many cells especially
in combination with gamma-interferon. TNFa was initially identified in 1975 and demonstra-
25  ted to initiate tumour necrosis and regression. The anti-cancer effect has later been investi-
gated in detail, but the treatment has not been a success as cancer therapy, although there
are still cancer trials using TNFa running. TNFa was later discovered as the cause of cachexia
and it was discovered that TNFa exerts its function through a receptor-mediated process.
Two different TNFa receptors (TNFRS5 and TNFR75) have been identified that mediate cyto-
30  toxic and inflammatory effects of TNFa. TNFa induces and perpetuates inflammatory proces~
ses during chronic inflammatory diseases like rheumatolid arthritis {RA) and is suspected to
have a critical role in allergies and psoriasis. Blocking of the TNFa signal by soluble receptors,
receptor-specific inhibitors, down-regulation of TNFa production or monoclonal anti-TNFa an-
tibodies are attractive therapy forms to adverse the biological effects of TNFa up-regulation
35  and signalling.



tibodies are attractive therapy forns to adverse the biological effects of
TNFo up-regulation 35 and signalling. WO 2004/ 099244 PCT/ DK2004/ 000329 3
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receptors a nmono-—"tl onal anti-TNFa antibodi es that anti PENPEAHEPERY is a
success in several diseases, like RA and Crohn's disease. The anti-TNFa
treatnent is both considered safe and effective. To date, two TNFa
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favourable risk-benefit balance although labelling changes, including changes on serious in-
fections have been required.

Cornpared with the established anti-TNFa therapies, the presently suggested TNFa immuno-

therapy has the advantages of microgram amount vaccinations and less frequent injections
25  to keep a high anti-TNFa in vivo titre compared with large infusions of monoclonal antibodies.

The positive consequences are a lower risk for side effects and less expensive therapy. It is

aiso believed that a natural polyclonal antibody response will act as a more efficient down-
regulator of TNFa than other anti-TNFa therapies.

TNFa is transiated as a 233 amino acid precursor protein and secreted as a trimeric type I
30 transmembrane protein, which is cleaved by specific metalloproteases to a trimeric soluble
protein where each identical monomeric subunit consists of 157 amino acids (the amino acid
sequence of which is set forth in SEQ ID NO: 10, residues 2-158). Human TNFa is non-glyco-
sylated while murine TNFa has a single N-glycosylation site. The TNFa monomer has a mole-
cular weight of 17 kDa while the trimer has a theoretical MW of 52 kbDa, although a cross-



protei n where each identical nonomeric subunit consists of 157 am no acids
(the amno acid sequence of which is set forth in SEQ ID NGO 10, residues
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whi l-e the trinmer has a theoretical MNVWof 52 kDa, although a cross WO

2004/ 099244 PCT/ 0K20041000329 4 linked trimer nmoves as 43 kDa in SDS- PAGE.
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tion process. However, it is often observed that even

industrial fernenta
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dr an@fi-c tiedre @t several factors that may come into play when assessing the viability of a vaccine
approach in combating a disease. One of these factors is the expression level of the immuno-

genic protein.

For instance, in order for a nucleic acid vaccine to be functional, the cells transfected in vivo
with a construct encoeding an “immunogenized” autologous protein must be able to express

25  the immunogen in sufficient amounts so as to induce a suitable immune response. Also,
polypeptide based vaccines require that the immunogenic protein can be produced in satis-
factory amounts in an industrial fermentation process. However, it is often observed that
even slight changes in the amino acid sequence of a known protein can have dramatic effects
on the amounts of protein that can be recovered,

30  Further, the stability of genetically modified protein sequences may also be less than optimal
(both in terms of shelf-life and in terms of stability in vivo).

Also, when, as is the case for TNFq, the self-protein that it is desired to down-regulate is a
heteropolymer or homopolymer it is not necessarily so that a variant of a monomeric unit of



on the anmpbunts of protein that can be recovered. 30 Further, the stability
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that a variant of a nononeric unit of WO 2G04/099244 PCT/ DK2004/ 000329 5
this protein will be capable of Inducing antibodies that are sufficiently
specific for the confor- mation native to the polymeric protein. Finally,
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non-i mrunogeni ¢ self-pro- teins such as TNFo it is necessary to introduce

T™ ekt Oﬁfﬁ%naﬂ?gdﬁclw Igpﬁé dB8 RIduTRY ¥ rBldntiGh 4 t%rotem in bacterial host cells, it is often
desired that the expression product becomes avallable as inclusion bodies inside the bacteria,
The reasons for this are several: For example the expression yields are normally considerably
higher when the proteln is expressed as insoluble inclusion bodies, and the purification of the
protein Is also facilitated because the desired expression product is easily and conveniently

20 separated from soluble protein from the bacterial fermentation.

When expressing a recombinant protein as insoluble inclusion bodies, it Is, however, often

necessary to subject the expression product to various protein refolding processes in order to

obtain it in a biologically active form, but this is normally acceptable even though such a step

leads to a certain loss of total recombinant protein that is never folded into the correct bio-
25  logically active form.

However, when producing recombinant immunogenic variants of non-immunogenic self-pro-
teins such as TNFa it is necessary to introduce Ty epitopes and thereby the primary structure
of the proteln product becomes altered when compared to the native self-protein. The pre-
sent inventors have experienced that even the slightest of changes renders the traditional
30 approach of inclusion body expression followed by refolding impractical: The yields of protein
after refolding that has preserved a satisfactory fraction of B-cell epitopes compared to the



of the protein product becones altered when conpared to the native
self-protein. The pre- sent inventors have experienced that even the
slightest of changes renders the traditional 30 approach of inclusion body
expr essi onwmtdoaesdaby refol ding i npractical: The yiel ds efr/predoeionns:after
refal ding that has preserved a satisfactory fraction of B-cell epitopes
conpared to the WD 2004/ 099244 PCT/ JJK20045000329 6 native self-protein
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ields th t h. o
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epi t opes @écameotn@{gowe 0t rfavprt@b@lrémwe@ntmn%hp&r%ﬁ a@\e%o#@&lyvf%@ed I'n
brief, accordin ent.i ‘ﬁ? sol ubl e ex%r ess
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| munogeniroatragutinedsabobe. draleléry mperéanly, theaturiiee pstieibabbteinkd frowathts tyat iodn

pur poses. glgheRicH @&khibR ath@hﬂ utw@%c&ﬁﬁlted%%alﬁ? h&PleCeib 8L !Qe ﬁé S thPRaffe Such

i nmunQgeni zed sel ot her” proteilns anges have been
i nt r dfucetf fic RO ‘teﬁ‘erffg &V‘ ELRTARENSY: a num ber of par arreters can be varied
- multimeric proteins that are difficult to assenble can be produced by

stabilisi lrﬂganeF'ea‘chrﬁitn'étﬂg Y [ﬁ‘e?%% ! vgﬁ'ﬁ cklr{;%olﬂgl €x re'sgorL & \?arlal%g}:ro%elﬁ? iSO, ex-

preparing noromeric mmc and nonomer i ¢
prot ei ns CHpNtFelesidberitenonsubepEisidserting f@ﬂ”fé‘*@‘é‘é?é?ﬂ!ﬁg@ri%@% 0&@$Q”F1PW@?‘@I n.

20 Anot hahat srReUkSH fdraatdiatios piteséLr ment ation conditions - findings in
the present inventors' |ab have e.g. indicated that fernentation of
bacteria at | ower tenperatures than those nor- mally used for obtaining
hi gh | evdn assgyrte obfagnthgrasat ¢fysolublei droteat @<p1r¢wiopro®dum|'rrmnmrmfgem0édj$ﬂifeprotaMmB

of the va(%h@eéhepb%&hmhemﬁa;wee%g% biaéh\/.ﬁgbauc%dp}w% &[rﬁyﬁb%gguaﬁcé of.hat

preparation EB nononeri zed" or st api rovi e f or
i munogeMet °hBIaTESES “HWLA Kgied HPERimsrigpretelng that gpe Aifiult tp ﬁﬁiﬂ‘f&iﬁ%ﬁ?‘b %y and
desi r abl erpdumdd by istabilisingtbait sirtictire dsth dihehephesmingricl loxee it siso bpprpesn®n

| pr OventlforldichARRE dANE B SmultHRE S IR o R BRSS! QL.

nut ati ons. have been i ntrodu varlants So ese nor e
pati ent diERPHPFABIRG (HHine degspigefstifpgh herein,

20 Another important factor is the fermentation conditions - findings in the present inventors’
lab have e.g. indicated that fermentation of bacteria at lower temperatures than those nor-
maly used for obtaining high level expression greatly facilitate the production of soluble
forms of the variant proteins.

The present inventors have previously found that preparation of “*monomerized” or stabilised

25 forms TNFa may provide for immunogenic molecules having a high stability, superior
immunogenicity and desirable production characteristics. The present invention focuses on
improvements to these concepts, where a number of specific detoxifying mutations have
been introduced in the variants so as to make these more patient compliable while preserving
the immunogenicity.

30 Apart from the detoxifying mutation, the TNFa variants of the present invention include a
number of variations in the TNFa monomer structure that are sufficiently non-destructive so
as to allow correct folding of the TNFa monomers while at the same time introducing at least
one MHC Class II binding amino acid sequence - these variations are already disclosed in de-



the i munogenicity. 30 Apart fromthe detoxifying nutation, the TNFa
variants of the present invention include a nunber of variations in the

| NFo nononer structure that are sufficiently non-destructive so as to

al | ow corr &¥0 2pBIEHY of the | NFo nononers while at the sSeEEBEDKRIMEN000329
introducing at least one MHC Class Il binding am no acid sequence - these
variations are already disclosed in de WO 2004/ 099244 PCT/ DK2004/ 000329 7
tail in WD 03/042244. It has e.g. been found that insertion of a foreign TH
epitope can be mnade in one particular |loop structure in native TNFO
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di mer ect o the i nventjon
det oxi 11 e DRTToBaRT Coar i Sat LR S lren FRentmoies SorreleoEan Bg de
i ncl udes él@ncr@@fmﬁmmi&moetrgnewc d ass I I b| nding anmino acid sequence and
further has the characteristic of being - a human TNFo nononer or a
nononeri zed anal ogue of hTNFa of the present inventi- on, wherein has been
i nsert2d “‘?emﬁﬁﬂgs’“ﬁ?‘?‘%f’%@eé‘ﬂve’l“%%fe'%ﬁ%tq%ﬂﬁpﬁ‘ﬁe%wa%@'q gnalqguBioh Amgn
am no aci INBgourenae thentraldolie xiduldes bolepstdne INEPIMHC alabimbihdidy-eminproker or
a_monomer LgsdAnal AR ol MINER, 8o Lhe present i nventi. on, wherein has

ce

been intro Feast one disu 8e that stabilises the TNFa
nonomer 3D structure, and/or - a human TNFo nononmer or a nononeri zed

ana:jOQlie gf -QTNW‘@n@B Tire nﬂfn@ﬁa%ﬂbr & Hfbﬁ@ﬁwa’ze%@r%l’bgu%ﬁﬁﬁ\hﬂa ARYe HR8eRfin@mtino
aci ds

ol eted. andl oPh-WIEHa brRHo st subatib Ab s Fedo 2o lin 6 %57 th o
of t h&d pr esent bindipgraniino aid seguena intodiexiblesiepp 8damdt/od n- substituted at | east
one foreign M-1C Cass Il binding amno acid sequence into loop 1 in an
intron position, and/or 20 - a human | NFO nononer or a nononerized anal ogue

of hTNFa of "t h@ HP‘@EJHF a MRPRRET o HRONgRETFEdRNgloghe aEh TSRS tha RESHNYENET ass
1 bindi ng am o wiaren $ieg bamcietroduced bt Rasthieatsuiiepaidte efat 8tabaisks fHeCiNFg

stalk region ip, h&ﬁeﬂ\kﬁ%&t@@ﬁob“”ﬁ” TNFo, and/or - a human TNFa nononer
or a nonomneri zeg anal ogue of h a of the present inventi- on, wherein at

| east one foreign MHC Class Il binding am no acid sequence is intro- 25
duced so as -t oz &Limbh hNZ@Ufoh&nﬁpmbn%é%@nﬁloBNe bﬂ?i"f\f?@%'fﬂgaﬁr@&ant inventi-

hyd bicity of . the t teract t - a.h
"XEo Fonomer o7 siIG AR PIEH SHAT b6 of TKBacof: & 59 BBLer e TEHT oS

have been deleted, and/or

- a human TNFa monomer or a monomerized analogue of hTNFa of the present inventi-
on, wherein an inserted or in-substituted at feast one foreign MHC Class II binding
- amino acid sequence into loop 1 in an intron position, and/or

20 - a human TNFa monomer or a monomerized analogue of hTNFa of the present inventi-
on, wherein at least one foreign MHC Class II binding amino acid sequence is intro-
duced as part of an artificial stalk region in the N-terminus of hurnan TNFa, and/or

- a human TNFa monomer or a monomerized analogue of hTNFa of the present inventi-
on, wherein at least one foreign MHC Class I binding amino acid sequence is intro-
25 duced so as to stabilize the monomer structure by increasing the hydrophobicity of
the trimeric interaction interface, and/or

- & human TNFa monomer or a meonomerized analogue of hTNFa of the present inventi-
on, wherein at least one foreign MHC Class I1 binding amino acid sequence flanked by
glycine residues is inserted or in-substituted in the TNFa amino acid sequence, and/or



on, wherein at |east one foreign MHC Cass Il binding am no acid sequence
flanked by glycine residues is inserted or in-substituted in the TNFa

am no aci d sequence, and/or WD 2004/099244 PCP/ DI {2004/000329 8 - a human
TNFa nononwi 2004/@9manoner i zed anal ogue of hTNFa of the prreEgamk2o0nMesi - on,
wherein at | east one foreign NHC Cass Il binding am no acid sequence is
inserted or in-substituted in the D-E | oop, and/or - a human TNFa nononer
or a nononerized anal ogue of hTNFa of the present inventi- 5 on, wherein at
| east one foreign NHC Class Il binding am no acid sequence is inserted or

i n-subst it ut eda heharElFa mondrdentr Talongubized yonlogs: ofhThiTowA ENFesenhindedi- - a

human TNFa nONQRfeRin 8 :@9&%%@%@! mif@tegyﬁ md.ﬁ%yﬁﬁoetldtsaeu@.&eeamemd
i nventi- on, whérein at | east one salt brid ge in human TNFa has been

strengthened o@”%&H@?FMEFdIQE'%Fﬁﬁxha8?§ﬁlphlde bri dge, and/or 10 - a human
TNFa nmonomer or a nononerized anal ogue of hTNFa of the present inventi- on,

wher ei.n 5ol Ubl) Linto@akPheRlAb] bl d Yo OUBr AR RLRLEOlHFNClcPLENDBREE bl

i ntroducing” nu Fae E e
wher eBn t oxi ciay whergiegiuleast ase f%ﬁ?iﬂlnl"ﬁﬂe@labi/ﬂlhfndﬂtﬂcﬁmmp@ﬁ'd@ﬁq%ﬁ“cﬁ BdBertsde

poi nt mut at i onyg@lasstitdied bhivREh the 1dhaLHD sGIRELEICkNSF fmalSTNka, BASN, and
Al45R, the am no acid nunbering begin- 15 ning with the NNtermnal Vin

human TNFu. I n general, it has been found that all of the best suited
innunogenic anahmgmesNEdnmh@némmenﬁmnMUmuadenbhgmfmﬂﬁawaaféﬁswbﬂbtmvmﬁ%

proteins alreagy mﬁ’ﬁahettrbgt !égﬁ%ﬂe‘g’gﬁ 'Bnégﬂeeyn r%ﬁ%npfn% %%?ge@rp&redgw;ﬁ@& 8 iktf3i-

soluble formfromtheir recombi nant he I nvention further
provi des for rttaderith adisulrpidsbridse. sa"(jé%ch as DNA fragnents) encodi ng 20
such innunogenic anal ogues and al so to vectors including such DNA

fragugnts. hANSMAAN m%&%erpéroa"ﬁngﬁom%rozﬁag ﬁ%”% eoéf’]ﬁ‘i’«FS g# hﬁa &é&nk‘lnv@ﬁ’{;—

pr epar| ng the an ogues. I'nvent1on I NMMunNo
conposi tions cmnﬁrﬂﬁra@lmgolwév@nézloogtﬁbﬁttsotowarwrve@tveﬁss othanperd PhipER lﬂf@w

Al so provi ded Ryatii® thBY@ithiceRurifeerNFacRReMIRl stfucepé nent , where mul tineric
proteins are 25 down-regul ated and to treatnent of specific diseases

related to the particular nmultineric pro- teins. W 2004/099244
PCT/ DK20G 41080 3248cityds rddaGEND JH0IidHdE Hyl iGioREicEog of 4t ledsk one phiat muttdivnselerat i ng

upst r eamypj AEESHE Ao cobsishfY b V78IHE4 0110 anR aAlR BSd numbering begin-

15  ning with the N-terminal V in human TNFa,

In general, it has been found that all of the best suited immunogenic analogues of the inven-
tion are those that are soluble proteins already at the stage when they are produced and
isolated in soluble form from their recombinant host cells,

The invention further provides for nucleic acid fragments (such as DNA fragments) encoding
20  such immunogenic analogues and also to vectors including such DNA fragments.

The invention also provides for transformed cells useful for preparing the analogues.

The invention further provides for immunogenic compositions comprising the analogous or
the vectors of the invention.

Also provided by the invention are methods of treatment, where multimeric proteins are
25  down-regulated and to treatment of specific diseases related to the particular multimeric pro-
teins.



The work-fl ow shown is used to evaluate the relative efficiency of various
fermentation con- ditions in the reconbi nant production of TNFa variants of
the present invention. 5 DETAILED DI SCLOSURE OF THE | NVENTION Definitions
I n the fol vowestgpoasnunber of terns used I n the present spegbkheald@dty and
claims wilt be de- fined and explained in detail in order to clarify the
metes and bounds of the invention. The terng "T-lynphocyte" and "T-cel "

wi |l be used interchangeably for |ynphocytes of 10 thymc origin that are
responsi bl e for various cell nediated i mune responses as well as for

hel per actE@ENWTDﬁTﬁhﬁGMMﬁeral i mmune response. Likew se, the terns
"B-1ynphocyte" and "B- cell” will be used interchangeably for

anti body- produci ng | ynphocytes. A "polymeric protein” is herein defined as
a protei nFionat F'PW&“QG%”‘&PW@H@W%W@@F@Fﬁé‘mg ofel. cefharodactionaf THFe pipseins.

j 0i ned endhé GoBALLW iiowh iP@Péd Beevarat tﬂwteh@lahﬁ‘é’ BfriciBmdytdf WBRdUG fRindn@dtitn dof- 15

consi st nf A agrsoBERp bisbleist Do SPunEht fe BBt R Rehol yrmeri & for m

by neans of disulfide bonds and/or non-coval ent binding. Al so included
within the termare processed pre-proteins and pro-proteins that after

pr ocessi nGETAItED @ESGOJUREIIF THIDINVEIRIGN t ermi ni and at | east two free N
termini. Finally, included within the termis also tenporarily existing
conpl exes between at 20 | east two pol ypeptides that may formup an unstable
but yet bP8imEensal |y active nolecular en- tity that has a distinct

3-di nensi onal structure. "An imrunogeni ¢ anal ogue"” (or an "i mrunogeni zed"

I nt t d t I tjd
that “Por Tiseb Pl A mben 8t Rom8 o b Yo fRRRe PRI SRR ATO PR F o
conpl et e fidargraxplapedtiedetail Tharder , clarife tamaletrgumd pootdsi of tod inveigidnavent i on

i ncl udes 25 one pol ypepti de chaln mhereas a polyneric protein Includes at
shoul d be noted that the anal ogue nay be a

| east 2 po'be%/tp rﬁt i.de chains, It
vari ati on' ¥ SRR bRk F\étenﬂﬁjorﬁé‘?ei” W§U%H$qd intefGhapgeRbl, FopMPPACH SR case,
t he ixomungdgennd @'@ﬂﬂﬁiamgwaresﬁor&amaﬂal' @aigdusficall meﬁmt@pinymma 1@sfurges hewall as for

conpl exes?ésﬁl&tacpﬁﬁéH‘%h@hm?raf‘ﬁﬁ&ﬁfﬁe %‘3%&@ Likéhvisd! Fn' 289y ?ﬁbaﬁb%g%%%

variant o esent’ con ext a
pol ypept i ¢d” t’VH‘al?e w%?é|irera@=§angqabhrcfv@wrbpﬁypr¢m@a lyrephacyies: a pepti de bond, at
| east 2 poI ypept| de V\() 2004/ 099244 PCT7DK2004/ 000329 to chains found in a

M niked viA Bt tBIn iSrer EBEY 2t PAr R REBRLSCSat 'S EBHOMEITENgh ¢ of
a multi rrechamsphf@taee nof pinedteaddednt oiane peptale ipad t{theftean hmnbimeric ergeny fsept i de
that 1Gonsidel Bh&lgdaBPtheBRRHE MeRte, IR MBRYPIBEINS R ¥PEHmers consisting of
several polypeptides that are kept together in polymeric form by means of disulfide bon_ds
and/or non-covalent binding. Also included within the term are processed pre-proteins énd
pro-proteins that after processing include at least two free C-termini and at least two free N-
termini. Finally, included within the term is also temporarily existing complexes between at
20  least two polypeptides that may form up an unstable but yet biclogically active molecular en-
tity that has a distinct 3-dimensional structure.

“An immunogenic analogue” (or an “immunogenized” anajogue or variant) is herein meant to
designate a single polypeptide that includes substantial parts of the sequence information
found in a complete polymeric protein. That is, the analogue protein of the invention includes

25  one polypeptide chain whereas a polymeric protein includes at least 2 polypeptide chains. It
should be noted that the analogue may be a variation of the polymers monomeric subunit
structure, but in that case, the immunocgenic analogue is capable of forming polymeric pro-
tein complexes that resemble the native polymer.

A “monomerized” analogue or variant of a polymeric protein is in the present context a single
30  polypeptide that includes, in covalently linked form via a peptide bond, at least 2 polypeptide



5 tide so as to forma domain that folds up in substantially the sane 3D
conformation as can be found in the multinmeric protein. A "TNFa

poi ypeptide" is herein intended to denote pol ypepti des having the am no
acid se- oWeeey@bjNFO proteins derived from humans and Qthek, IBGIEdsS-

Al so ungl ycosylated forns of TNFa, which are prepared in pro aryotlc
systens, are included within the boundar|%® 10 of the termas are forns
havi ng varying glycosylation patterns due to the use of e.g. yeasts or
ot her non-manmal i an eukaryotic expression systens. It should, however, be

noted t haéha:n‘é@&ﬂud”ﬁ Ia%a\;nk@mt;%tmn iR ndhiFE VARIrY RGRE ARy p'ebtcdécHaﬁu%%F@ﬁ&’c t hat
the pol )rlralnetl e in ga?g n'is nornall’y non-i nmmunogeni ¢ when presented to

t he ani tHVB& R ‘I'n other words, the TNFa polypeptide is a
self-protein or is a xeno- anal ogue of such a self-protein, which will not
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a change 1 nf f)'? ‘e y suf %f u‘?rg kel usi vel y involving G and/or N-term nal

additions of 20 am no acid residues) and/or it can be in the form of

i nser ti ons-@pd/pekpasidel *soﬁle?etﬁ%%edstlﬂ Brenstel &pr%s'h@v% Qhe:r yﬁf?\o ac;d se-

pol ypeptide's am no acid sequence. Al so encorpassed ﬁg
derivati i’é’ﬁ“eﬁ\‘ﬂfg NﬁBIpé?fﬁ’lnééie”\‘,‘Td fr ‘i"ﬂ@“’&“?%ﬁ%‘%f’@ﬁ" B@Ftsw’%f’\'%?omgfvce ttehs of
TNFa. |t foinhd ofi®iFandbicis 'atmnhep&rlaaﬁn ﬂ'ﬂNEa-yana,kmmas age Boluded vittie th® homelaties

vari ggts otf??év\ﬁﬂ%%'rgﬁ)rm§%§lkg ﬁg%q:ﬁ%%?&@e %Nﬁg u@&‘bfté ge¥éagté‘, i a

pr ot el ns en using the a
r ef er enc @ ofsT Pﬁ'é“”%ﬁﬁ"ﬁé"aéﬁb‘?%aw§€€|ﬁéﬁﬁ€§§§’”oﬁfysm% Ateshoyjdy hQ‘t";’/‘ﬁé bﬁ\lF%Ye‘{ a0
denot ed 'WH¥haBihgane terNROMFa gospepiide! itr:eme@dedtthmﬂjhy poNb&;htfd% ifgoegtiona i s

o miReany "o T Hopc MK bresBRGn YISl MR O Rl SO e

mat i on erd&éd Pﬁlgp@tlc@aﬁé pel&pieines s X@whmalm@af jeugh a Wﬁ@m&ﬁim |whigr wllloy  be

cl ealsf r qErhilg & B0 imndliR reSidite BQAiNREMFL @B thd ShihBl hRBeftfogsent cont ext
intended to nmean both short peptides o from2 to 10 am no aci d residues,

ol i gopeptides of fromit to 100 am no acid residues, and polypeptides of
nor e t hark "T86c amalogueddd a TNEs pdyeptidéwhitdhdrasteen ettinve suibjetedso ahawes it &nded

WO 2004/ %ﬁ%ﬂﬁstﬁg{é r%fdn%(%é{atqg Qé.%glateli]w Ffpeléﬁl%hﬁ%%%? Wecular @pecﬁe‘éngﬁﬁho nal

bi onol ecu es conprisin east one ﬁg onprising at Ieast

two pol ypependfeen & ﬂe%ee’”r%ﬁ? fqr B”'r?ﬁfté%?ﬁ)‘l’fe%( Fa pRIYREBUER B Isy'tf}tl‘%’i%'é@“ PEFNegy

be non- cvaleamibhye Ini piiteshy sioetupobynepeiydaaying IT- angop Netermbanadagions of

gl YC9s yl %Fn% &rf'&j;e%rduleé)pén_d/or it can be in the form of insertions and/or deletions and/or sub-
stitutions in the TNFa polypeptide’s amino acid sequence. Also encompassed by the term are

o, derivatized TNFa molecules, cf. the discussion below of modifications of TNFa.

It will be understood, that TNFa analogues also include monometic variants that contains
substantial parts of complete TNFa multimeric proteins.

25  When using the abbreviation "TNFa” herein, this is intended as references to the amino acid
seqguences of mature, wild-type TNFa (also denoted “TNFam” and “TNFawt” herein), respec-
tively. Mature human TNFa is denoted hTNFa, hTNFam or hTNFawt, and murine mature TNFa
are denoted mTNFa, mTNFam, or mTNFawt. In cases where a DNA construct includes infor-
mation encoding a leader sequence or other material, this will nhormally be clear from the

30  context.

The term “polypeptide” is in the present context intended to mean both short peptides of
from 2 to 10 amino acid residues, oligopeptides of from 11 to 100 amino acid residues, and
polypeptides of more than 100 amino acid residues. Furthermore, the term is also intended



dated and/or conprise prosthetic groups. 5 The term "subsequence" neans any
consecutive stretch of at least 3 amno acids or, when relevant, of at
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aci d sequerfé@ 2¢/0prg¥ ei ¢ aci d sequence, respectively. A "gderoxhioiiodes2o
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amel i or ate to break the autotolerance towards TNFa in each population. It will be clear to the skilled
person that an animal in the present context is a living being which has an immune system.
It is preferred that the animal is a vertebrate, such as a mammal.

By the term “down-regulation” is herein meant reduction in the living organism of the biologi-
25 cal activity of TNFa (e.g. by interference with the interaction between the TNEa protein and

biologically important binding partners for this molecule}. The down-regulation can be ob-

tained by means of several mechanisms: Of these, simple interference with the active site in

the multimeric protein by antibody binding is the most simple. However, it is also within the

scope of the present invention that the antibody binding results in removal of the multimeric
30 protein by scavenger cells (such as macrophages and other phagocytic cells).

The expression “effecting presentation ... to the immune system” is intended to denote that
the animal’s immune system is subjected to an immunogenic challenge in a controlled man-
ner. As will appear from the disclosure below, such challenge of the immune system can be
accomplished in a number of ways of which the most important are vaccination with poly-



ongoi ng di sease) or nucleic acid "pharnmacci ne" vaccination. The inportant
result to achieve 1is that immune conpetent cells in the aninal are
confronted with the antigen in an i muno- |ogically effective manner,
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ternm'i mmunogenically effective anobunt' has,jts usual neaning in the art,
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response, which signifi- cantly engages pathogenic agents, which share
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20 t owar déhdntusingvihe ExPressibuthat theCENTiadtas beee xabditled!’ it hateiramabmgusenset i ved

f h
pLgnmgt@;pgﬁm@ﬁUaH&{ of &B%W@ft%, %Qﬁ‘c@nd@aﬂﬁgé ald QAEkP&}wV' &4 l?@séif éﬁo?é}ﬁ 'Eulcf] a

epi t ope” T‘%f%at‘?rb?aé} Y- Ele P?fﬁﬁﬁ%ﬁ?&?f‘ée @p?’f‘ﬂﬁ@or) eglabiopegstarifieationi &) piceatsine to
bi nd to amiNHZidoiseves & Bircmihd adid séquahidteabas ad. wmedd @ﬂr&la&@d aomneak depleci es -

an al ter gatSherdw tﬁ@ﬁf@fér?eot P\%ﬁ&a‘%ﬂ%ﬁs cd?ﬁﬁ <& hgﬁi €s o(rgiclarg%dd]té ofs }%Pnggl LORE? i n

the invention are Vereal |5Ytopes
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nunb o] S s T-cell .t opes known, and they wll be
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epitopes, i.e that are ein
ex WO zoﬁﬁFﬁégéﬂ'qulﬁ_meg@gﬁﬁgerent phenotype would also be tolerated by said-

animal.

A “foreign T-cell epitope” (or: “foreign T-lymphocyte epitope”) is a peptide which is able to
bind to an MHC molecule and which stimulates T-cells in an animal species ~ an alternate
25 term is therefore. Preferred foreign T-cell epitopes in the invention are “promiscuous” {or
“universal” or “broad-range”} epitopes, /.e. epitopes that bind to a substantial fraction of a
particular class of MHC molecules In an animal species or population. Only a very limited
number of such promiscuous T-cell epitopes are known, and they will be discussed in detail
below. It should be noted that in order for the immunogens which are used according to the
30  present invention to be effective in as large a fraction of an animal population as possible, it
may be necessary to 1) insert several foreign T-cel} epitopes in the same analogue or 2) pre-
pare several analogues wherein each analogue has a different promiscucus epitope inserted,
It should be noted also that the concept of foreign T-cell epitopes also encompasses use of
cryptic T-cell epitopes, i.e. epitopes that are derived from a self-protein and which only ex-
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part of the self- protein in question. A "foreign T hel per |ynphocyte
epitope" (a foreign TH epitope) is a foreign T cell epitope that binds an
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t he bi ochem cal or physiological effects exerted by the nolecule. It is
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of groups, which facilitates targeting. ese 1 Ssues w Be™ di scussed in
detail bel ow.

The term “adjuvant” has its usual meaning in the art of vaccine technology, i.e. a substance

20 or a composition of matter which Is 1) not in itself capable of mounting a specific immune
response against the Immunogen of the vaccine, but which is 2) nevertheless capable of en-
hancing the immune response against the immunogen. Or, in other words, vaccihation with
the adjuvant alone does not provide an immune response against the immunogen, vaccina-
tion with the immunogen may or may not give rise to an immune response against the im-

25  munogen, but the combination of vaccination with immunogen and adjuvant induces an im-
mune response against the immunegen which is stronger than that induced by the immuno-
gen alone.

“Targeting” of a molecule Is in the present context intended to denote the situation where a
molecule upon introduction in the animal will appear preferentially in certain tissue(s) or will

30 be preferentially associated with certain cells or celt types. The effect can be accomplished in
a number of ways including formulation of the molecule in composition facilitating targeting
or by introduction in the molecule of groups, which facilitates targeting. These issues will be
discussed in detail below,
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acid sequence of each monomeric TNFa unit, either as a continuous sequence or as a se-
quence including inserts. That is, only insignificant parts of the monomeric TNFa unit’s se-
guence are left out of the analogue, e.g. in cases where such a sequence does not contribute

25  to tertiary structure of the monomeric unit or quaternary structure of TNFa. However, this
embodiment allows for substitution or insertion of the monomer, as long as the 3D structure
of the multimeric TNFa protein Is maintained. Hence, it is especially advantageous if the im-
munogenic TNFa analcgue is one, wherein amino acid sequences of all menomeric units of
TNFa are represented in the analogue, and it is particularly advantageous if the analogue

30 includes the complete amino acid sequences of (ali) the monomers constituting TNFa, either
as unbroken sequences or as sequences including inserts,

As will appear, it is therefore preferred that the 3-dimensional structure of the complete na-
tive, blologically active TNFa is essentially preserved in the analogue,



tive, biologically active TNFo is essentially preserved in the anal ogue. WO
2004/ 099244 PCT/ DK2004/ 000329 15 Denonstration of preservation of a
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25  The immunogenic TNFa analogue of the invention may include a peptide linker that includes
or contributes to the presence in the analogue of at least one MHC Class II binding amino
acid sequence that is heterologous to the multimeric protein. This is particularly useful in
those cases where it is undesired to alter the amino acid sequence corresponding to mono-
meric units in TNFa. Alternatively, the peptide linker may be free of and not contributing to

30  the presence of an MHC Class Il binding amino acid sequence In the animal species from
where the TNFa protein is derived; this can conveniently be done in cases where it is neces-
sary to utilise a very short linker or where it, as in the present invention, is essential to de-
toxify a potentially toxic analogue by e.g. introducing the MHC Class II binding element in an
active site,



sary to utilise a very short linker or where it, as in the present
invention, is essential to de- toxify a potentially toxic anal ogue by e.qg.
introducing the WHC Class Il binding elenent in an active site. WO
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and Falk K et al., 1994, Immunogenetics 39: 230-242. The latter reference also deals with
HLA-DQ and -DP ligands. All epitopes listed in these 5 references are relevant as candidate

natural epitopes to be used in the present invention, as are epitopes that share common mo-
25  tifs with these,

Alternatively, the epitope can be any artificial T-cell epitope, which is capable of binding a
large propottion of MHC Class II molecules. In this context the pan DR epitope peptides
("PADRE") described in WO 95/07707 and in the corresponding paper Alexander J et al.,
1994, Immuunity 1: 751-761 (both disclosures are incorporated by reference herein) are in-

30  teresting candidates for epitopes to be used according to the present invention. It should be
noted that the most effective PADRE peptides disclosed in these papers carry D-amino acids
in the C~ and N-termini in order to improve stabliity when administered. However, the pre-
sent invention primarily aims at incorporating the relevant epitopes as part of the analogue,
which should then subsequently be broken down enzymatically inside the lysosomal com-

35  partment of APCs to allow subsequent presentation in the context of an MHC-II molecule, and
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addi tion,g titu

be the i nto(r#'ﬁrlc]ia%%fr?gr?\e g'fj 'VF&UQF'SPﬁ%rﬁeCS?Fé’”gHHWQ‘e’Oldﬂmf“ﬁBt @rﬁ”ﬁﬁ‘eé(‘ﬂ%”* F9bth§uence
(e. g.15] nFEpeispaciaf. eyen thebghb ittraayi encdppbla of biplirgt HTIEeblecdes hape)athutindi-he

i nportantyig@eal to reach is that the anal ogue, when processed by an antigen
presenting cell (APC), will give rise to such a T-cell epitope being
presented in context of an MCH Class Il nolecule on the surface of the
APC. Thuds méntiphed aimivepthedhlodietibre o fodkigh TecaMRPROMRY d daﬁ Bé@c&o:hﬁhsﬁ@@b M- ate

R Bt D g e M R ey
can be aé'&%ﬁﬁmaé ﬁ’é‘&'“ﬁ? V‘b‘FB@ Frei !ﬁ@oqweon pemaraihay casichangadi dwe ehinpheeidfser ei gn
epi t ape loyemegnsy. afseRithvP ofShttubiBA Iblyia0ddmAStd it defpitdf) but the important goal
to reach is that the analogue, when processed by an antigen presenting cell (APC), will give
rise to such a T-cell epitope being presented in context of an MCH Class IT molecule on the
surface of the APC. Thus, if the amino acid sequence of the monomeric unit in appropriate
positions comprises a number of amino acid residues which can also be found in a foreign Ty
25  epitope then the intreduction of a foreign Ty epitope can be accomplished by providing the
remaining amino acids of the foreign epitope by means of amino acid insertion, addition, de-
letion and substitution. In other words, it is not necessary to introduce a complete Ty epitope
by insertion or substitution.

According to the present invention, the analogue may also form part of larger molecule

30 wherein it is coupled to at least one functional moiety, the presence of which does not inter-
fere negatively to a significant degree with the antibody-accessibility of the analogue. The
nature of such moieties (which may be fused to the analogue) can be to target the modified
molecule to an antigeh presenting cell (APC) or a B-tymphocyte, to stimulate the immune
system, and to optimise presentation of the analogue to the immune system.
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(IL-1), interleukin I L- 2), nterleuk|n4g i nterl euki EL@(S),
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at least 2, such as 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17,
18, 19, 20 5.insertions stituti,o i ons.
18, 19, 20 ehhic A 05, ARSHL oS, SSMASLALULODS, BRI 3ol igkoh
subst i t utGRIP4, artichitetiowis (GRTHel etions is not in excess of 150, such as at
nost 100, at nost 90, at nost 80, and at nost 70. It is especially
preferred that the 20 nunber of substitutions, insertions, deletions,

or
addi tiPondt HouefeHst thattheaumaer Afiing a‘ﬁi%l"lsﬁrt“’c‘i‘ﬁrl dgletions SRRBEHOSRY A B
exceed 50s ot lessten) sdch advhst, Prel et redo, stanushes, o, 16OL7,ME, 49, Bhaat,86d Wth
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20  number of substitutions, insertions, deletions, or additions does not exceed 60, and in parti-
cular the number should not exceed 50 or even 40, Most preferred is a number of not more
than 30, With respect to amino acid additions, it should be noted that these, when the resul-
ting construct is in the form of a fusion polypeptide, is often considerably higher than 150.

Preferred embodiments of the invention include modification by introducing at least one for-

25  eign immunodominant Ty epitope (= “foreignh MHC Class I binding amino acid sequence”), It
will be understood that the question of immune dominance of a Ty epitope depends on the
animal species in question. As used herein, the term “immunocdominance” simply refers to
epitopes which in the vaccinated individual gives rise to a significant immune response, but it
is a well-known fact that a Ty epitope which is immunodominant in one individual is not nec-

30  essarily immunodominant in another individual of the same species, even though it may be
capaide of binding MHC-II molecules in the latter individual.

Another important point Is the issue of MHC restriction of Ty epitopes. In general, naturally
oceurring Ty epitopes are MHC restricted, /.e, a certain peptide constituting a Ty epitope will
only bind effectively to a subset of MHC Class II molecules. This in turn has the effect that in
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restriction pattern of the peptides used is known. If, for instance a

certajsh peptide only binds the hugan, 20.M £ I(% f@l ecul es encoded by HLA-DR
alleles DRi, DR3, DRS, and DR?, then the use o

-i.e. 97.6 percent of the population will statistically mount an MHC-1I mediated response to
the vaccine.

" The above formula does not apply in situations where a more or less precise MHC restriction
pattern of the peptides used is known. If, for instance a certain peptide only binds the human
20 MHC-II molecules encoded by HLA-DR alleles DR1, DR3, DR5, and DR7, then the use of this
peptide together with another peptide which binds the remaining MHC-1I molecules encoded
by HLA-DR alleles wilt accomplish 100% coverage in the population in question. Likewise, if
the second peptide only binds DR3 and DR5, the addition of this peptide will hot increase the
coverage at all. If one bases the calculation of population response purely on MHC restriction
25 of T-cell epitopes in the vaccine, the fraction of the population covered by a specific vaccine
composition can be determined by means of the following formula:

3
fpopulation = H(l QDJ)Z (11)
J=1

-wherein ¢; is the sum of frequencies in the population of allelic haplotypes encoding MHC

molecules which bind any one of the T-cell epitopes in the vaccine and which belong to the
30  of the 3 known HLA loci (DP, DR and DQ); in practice, it is first determined which MHC mole-

cules will recognize each T-cell epitope in the vaccine and thereafter these MHC molecules
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be noted that forrmula V re- quires that all epitopes have been hapl ot ype
mapped agai nst identigal sets of.3 £f| ot ypes Elhlerefore n sel ecti nﬁ;

T-celT epitopes to be dobton tid et t‘K%,)a 1)g {a@ud nWent i on, it M
inportant to include all know edigé of the epitdpes which is/avail abl e: 1)
The frequepeye @ thin rlei%) ,qg Ga t‘o'}eFoh?nQé)aQ\”eaitt'sﬂ&ia Be RBEN AR hARRa vak- MHC

restriction d ta, and quency
quires t at all epitopes have been haplotype mapped against identlecal sets of haplotypes.

Therefore, when selecting T-cell epitopes to be introduced in the analogue of the invention, it
is important to include all knowledge of the epitopes which is available: 1) The frequency of

15  responders in the population to each epitope, 2) MHC restriction data, and 3) frequency in
the population of the relevant hap}otypes.

It should be noted that preferred analogues of the invention comprise modifications which
result in a polypeptide that includes stretches having a sequence identity of at feast 70% with
the corresponding monomeric unlts of TNFa or with subsequences thereof of at least 10

20 amino acids in length. Higher sequence identities are preferred, e.qg. at least 75% or even at
least 80% or 85%. The sequence identity for proteins and nucleic acids can be calculated as
(Nrer = Naig) 100/ Nrer, wherein Ny is the total number of non-identical residues in the two se-
quences when aligned and wherein N, is the number of residues in one of the sequences.
Hence, the DNA sequence AGTCAGTC will have a sequence identity of 75% with the sequence

25 AATCAATC (Ng=2 and N,=8).

Finally, in order to conclusively verify that a TNFa analogue of the invention is indeed effec-
tive as an immunogen, various tests may be performed in order to provide the necessary
confirmation. In this context, reference Is also made to the discussion of identification of
usefut IL5 analogues in WO 00/65058 - this disclosure may be used for verification of the
30  usefulness of an analogue (IL5 derived or not) subject to the present inventive technology.
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TNFo nol ecules wt een

the i nverf®BIPEMaYRRY a%?ﬁ?nterth% "'fmﬂé'y NEB r‘i@'t“@ﬁé% BogsiRy Tﬂ*e vpgantevgre dasigped ke 10
st abl e, cn‘frqnerinl@\wme neuttdliving iaRtIbRBdsiGalmet YTNAIl ENd tm&{ Hiitalfle JRAE veradivag: t he

3 TNGR SUBl £l do mg,ﬁedagaoage;ggrotgxs iU 28BS R N40L JoRRI L cuRERL LS bpker o

has been enera var i an esWth a
onfornaﬁWSﬁ”&%C@W6§§“ﬂ tb%é“ﬁ%@ﬁ@ébwmﬁwntrlner as possible. The variants

wer e deS|gned to efficiently elicit neutralizing antibodi es agai nst

wt TNFo. i tahl e. TNFo va |ants éfre 15 found_to be sol ubl e and

ot abl o prioe&REedta ESaE bhes o5t R s e bRt Gl THE ML ToPObERREE (1 ves
t hat coultide deétexitigtiontyer pe.ot ei n conformati on. The fol | owi ng di scussi on
focuses on the preferred nodifications of TNF that do not relate to
By expressing the three monomers linked together as one single po!ypeptide chain using
20 linkers and Ty epitopes, it is intended to prepare TNFa variants that are more stable than
previous variant TNFa immunogens. This allows preservation of the TNFa structure, by intro-
duction of the necessary Ty, epitopes outside of stabilizing hydrogen bonds, salt bridges or

disulifide bridges.

From the X-ray crystal structure of TNFa it is seen that the first 5 residues of the N terminal
25  are too flexible to allow a structure determination. The C-terminus, however, is located close

to the middle of the monomer interface and is less fiexible. The distance between the C alpha

atoms of Arg-6 and Leu-157 is 10 &, which is the distance of 3-4 amino acid residues.

Therefore it seems to be possible to link the monomeric subunits directly together, but since

the C-terminals are located at a delicate site, it is advantageous to use flexible linkers, e.g.
30  glycine linkers, for this connection.

Five variants have until now been designed utilising the “monomerized trimer” approach. The
control TNF_TO (TNFa Trimer number 0, SEQ ID NO: 22 in WO 03/042244) consists of the
three monomers directly linked together by 2 separate glycine linkers (GlyGlyGly)., TNF_TO is



the detoxification per se. By expressing the three nononers |inked together
as one single polypeptide chain using 20 linkers and TN epitopes, it is
intended to prepare TNFo variants that are nore stable than previous
variant TNFa inmmunogens. This allows preservation of the TNFa structure, by
intro- ducth®8$*?2He necessary T" epitopes outside of stRBIPE2EGIMAr ogen
bonds, salt bridges or disulfide bridges. Fromthe X-ray crystal structure
of TNFo it is seen that the first 5 residugs of the Ntermnal 25 are too
flexible to allow a structure determ nation. The Cterm nus, however, is

| ocated close to the mddle of the nononmer interface and is |ess f|exible.
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vari amng s ﬂ&&ﬁ@w@%l:tu?@&?hﬁ@:@!o@%!lﬂé&de WkiNi#esi ng the "nononerized trimer”
approach. The control TO (TNFo Trimer nunber 0, SEQID NO 22 in WO

03/042244) consists of the three nononers directly linked together by 2
separ at e TleyFNEo borskertsis @@reed Gs ) solubNFprb@in §1 SNDoR0A i0B82Kekn used to
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trimeric protein Khown Tn
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sol ubl e pretigism ]bdtetli_tiaﬂ(}@io}srtlvéiiﬂaﬂuéﬁceBﬂ&h@&@ﬂeﬂ&@ﬁllt‘yoi\n Bffgﬂﬁfg&rarh%@é@rml ar y

NG O as TN i T SESPTAL (Fab ppdRer ) inn o F measphwich pacRE™
const r uctepiteireinthe pame pesitieress iINONGn®ti ¢ units and foreign epitopes are thus

1 epitope per 3 nononers, instead 10 of 1 epitope per nonomer as is the
case i.n prior grt variants that relied on i mmunogeni zed nononeric Eroteins
%

t hite i dnapagel fie teipnws topeiddEend idgpitgpes ﬁ%%@%@gﬂ? respRckiveiyk fhave
provi des keeposednh it TyF OQSEndiTNE_ TN is@BCc&F.ONOt 0304 224aE Icoatattd dieyepitdpe in

of fspri ngaat;f%_%g?& El'_lﬁona%nd Rfs ﬁ?pN%;rBFQEE V\B\IEI?‘B%2¥Q{P tﬁﬁtt co(n((\e;sns X}Q 8 %ér%h%ﬁém)

which is a positron as in
TNF T4. EBRe ahdroatelialthe %EW@“G! dkeh t@i%fmtainpzr%lﬁ'asme@i@gufm@é@ N-SEyingd NOs:
2 and 4, tbwspesd cu;aw)wa; hramea RegHWREENA_T3tidigal Whed theidr din-termviagigant s
(cf. ZM\D %&4{934%%%43 fhe nI ﬁlmc ion sc%rr?t%rr?a? Icltla(:)p%rones for the third domain (monomer),

which is enclosed by epitopes.

It has been disclosed in WO 03/042244 that in addition to the technology described In detail
above, where polymeric proteins are “monomerized”, TNFa (and possibly many other mul-
timeric proteins) allows for the production of monomers that 1) include at least one stabili-

25  sing mutation and/or 2) include at least one non-TNFa derived MHC Class II binding amino
acid sequence, where these TNFa monomer variants are capable of folding correctly into a
tertiary structure that subsequently allows for the formation of dimeric and trimeric TNFa
proteins having a correct quaternary structure (as evidenced by these having receptor bin-
ding activity). Hence, in these constructs it has been possible to prepare variants of mono-

30 meric TNFa that does not necessarily need to be produced as monomerized trimers because
the changes introduced in the monomer sequences introduce so limited disruption of the
monomer’s tertiary structure that a di- or trimer can be formed. In accordance with the ideas
underlying the present invention, it has further been found that all such variants are ex-
piessible as soluble proteins from bacterial cells.



each linker region, and also in TNF T3 (cf. WD 03/042244) that contains one
C-termnal epitope and one in the second |linker region. Proteins are
nostly folded fromthe N-termnal toward the Ctermnal. The idea
underlying TNE T3 is that when the first two N-termnal do 20 mains fold up
they will P8R4 internal chaperones for the third dSHaPR0HBMSHer ),
whi ch is encl osed by epitopes. It has been disclosed In WO 03/042244 t hat
in addition to the technol ogy described i detail above, where polyneric
proteins are "nononerized", TNFa (and possibly many other nul- tineric
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having receptor bin- ding activity). Hence, in these constructs it has been
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ants w t hou astier b6 bdRatidrosrahy fer@saiaib a@cém:wmé thecredEratian &mﬁe&atufet ishas

b eencﬁed%e Idé Qfes E_Jﬂll:eaprgg Frgnln tﬁ%?ellj‘ﬁt %Ba%ioh aéios% t% 1089«: H—%Rg rh :é%%rgaed

dire y|ntb s posi IOI’IWI not bouri'ng 0 acid
resi dues a9 Qfl%@@thmoasbrlﬁﬁlq iycneésab'rﬁheewa@toprwe rsc»r@m es with TNF34 (cf. WO
03/042244), the first PADRE construct nmade according to this approach, has

0
2 ool i - dhBuBBe oo a L Sek Brpe S RS R o b 03 LR AR
bact er i alalinsheseaioledy mebr en prrovanctiab oBFADRB UL thaffleribledtopaBldpisafiuitbar antérhe
ferment at 00, BEQFHRS tBR" el inl ELTRThAL hBRaL &ITRGF Qtf%i%nie?)itope can be made
20 in other parts of loop 3 or just outside loop 3. Especially insertions are considered to be in-
teresting, and insertion of a foreign epitope such as PADRE or P2 or P30 may advantageously
be made after any one of amino acids 95, 96, 87, 98, 99, 100, 101, 102, 103, 104, 105, 106,
107, 108, 109, 110, 111, 112, 113, 114, 115, 116, 117, and 118 in human TNFa. However,
also substitutions in the same region of TNFa are considered advantageous, so substitutions
25  that involve the same range of amino aclds (i.e. substitution of one single or several conse-
cutive amino acids 95, 96, 97, 98, 99, 100, 101, 102, 103, 104, 105, 106, 107, 108, 109,
110, 111, 112, 113, 114, 115, 116, 117, 118 in human TNFa),

Stability enhancing mutations

Introduction of T, epitopes in the flexible loop 3 could potentially destabilize the structure of
30  the TNFa variant. However, this potential destabilization can be counteracted by stabilization
of the structure through introduction of cystelnes that will form a disulfide bridge. A cystine
pair in two different positions have until now been introduced in variants TNF34-A and
TNF34-B (cf. WO 03/042244). Also, the flexible N-terminal (the first 8 amino acids) that is
known to reduce the strength of the receptor interaction can be deleted in parallel, hence the



15 25C, the yields of soluble protein fromthe fernmentation is close to
100% Hence, optimsa- tion of growth conditions increases the yield of
sol ubl e protein. A nunber of other constructs have been prepared

(TNF35- TNF39,  cf. WO 03/042244), where all of these solely rely on
introducti O WVBRBIE in the flexible loop 3. It is furt RETVBEMOSRIN at ed
according to the present invention that introduction of a foreign epitope
can be nade 20 in other parts of loop 3 or24ust outside |oop 3. Especially
insertions are considered to be in- teresting, and insertion of a foreign

epi tope such y.a nta eously be nade after any
one of anﬁﬂ?r‘g\imgﬁ[)ggc 2&9 g% d'sl‘% e isipyodurgg in fig4nonpmier faryg
107, 108, Sti@&’,atiﬂzﬂbf ti’fble_‘p,ltoﬂé. Eh,seﬂ:ﬁbﬁ sitd llagetﬁbiﬁwth]tﬂnﬁ pathdally oa:tm‘nﬁd.&sulﬁdé] b
TNFa. Howevelsy c\@l9A ) SHiRs L4ty Qﬁlléd’édttggisg%{%hn&?%tﬂg FalborrSs such

consi der ed advant ageous, so substitutions I nvo ve the sane range of
am no aci %mogomgwgtdfwrﬁnm?rof one single or several conse- cutive am no
acids 95, 96, 97, 98, 99, 100, 101, 102, 103, 104, 105, 106, 107, 108, 109,

110, 3511 OL'HEEC n]S_E'LmétSll4, 115, 116, 117, 118 in human TNFa). Stability

enhancin ntroduction of TH epitopes in the flexible |oop 3
could potentially destabi lize the structure of 30 the TNFa vari ant.
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stablllzatlon he structure throu I ntrodu will
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known to reduce the strengt rece in i on can efeted in
paral l el, hence the WO 2004/ 099244 PCT/0K2004/ 000329 24 variant TNF34-C
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stabiliz e._epitao ite er rally
occurri neg}'t'ﬂaﬁgﬁ Tde mBe“% S%" ; 3%@"‘ %’i‘ﬁm Q'%%}(E ?&aﬁ'&é@% @P%‘;gl eved to
al so st a3y oE@4poarne- RIOHCNF'a tqﬁh?(brhee t?a&sewmb TNEBE variambiORE Zed Wo- or
trimer. 5)3%4@&4}3&%%% MEtHe FRNEE 3 dﬂﬁiﬁ:ﬁ:ﬁét‘?&‘%m%ﬁ EGMs69inE SR F*A%%E p%Bﬁéé)yed

in the design of expressi on products.
TREXL . 15 SP(OF Vel BU-Ghespiar e Ui 6 BR G Boe vy ACREMAT AT | ¢ 5t
| oop 16f ‘ENF@Q stwirgure folrel innBeTNF Gmily rhembar Blgs.aingdl at-2 aTNA70E-2@Ad F¥EX8.on. I n

TNFX2. 1 (&f wo W?OQ%%%%%B@F&A{%%% 1"a§\rdat'|\1‘ff¥<9.?§g# ‘%ﬁ%\'g%/d&&% e:ﬂ

contalnlg%anlnsertlono . ; tatlonso ereve atht
| ar ge hydP6phyBiantsaiiahgtilize igendispavet arninh ENFaywsiarencas of et amippacids Pﬁ*@rpre
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20 Further, from the crystal structure of TNFa it is observed that one stabilizing salt bridge is
present within the TNFa monomer between the residues Lys-98 and Glu-116. The- definition
of a salt-bridge is an electrostatic interaction between side chain oxygens in Asp or Glu and

- positive charged atom side chain nitrogens in Arg, Lys or His with an interatomic distance
less than 7.0 Angstrom. By site directed substitution mutations of Lys-98 with Arg or His at

25  this position in combination with substitutions of Glu 116 with Asp, an improvement of the
stability for this salt bridge and thereby the stability of the trimer molecule could be attained.
It is also possible to exchange these salt bridges with disulphide bridges, in a manner descri-
bed above,

It has been observed that murine TNFa is considerably more stable than the human TNFa
30 regarding to solubility and proteolysis. Improvement of TNFa variants includes making site
directed mutants so as to mimic murine TNFa crystal structure to obtain more proteolytically
. stable TNFa product.



03/ 042244) wuses di-giycine linkers to dimnish structural constrains from
the PADRE peptide on the overall TNF34 structure. TNFX5.1 (cf. WO

03/ 042244) enploys, as an insertion point, 15 a loop structure found in the
TNF fanilyyﬂggggr E[ys. TNFX6. 1-2, TNF7.1-2 and TNFX8.1 (cf. WO 03/042244)
are furthe 4WeY TNFX9.1 and TNFX9.2 (cf. WO 03/ 042?AF4WD5%0@4/009RP34
varitants that utilize identical overlapping TNFa sequences of 4-6 am no
acids both pre and post the epitope. Fina?iy, two variants (SEQ I D NGs: 46
and 47 in WD 03/042244) are P2/ P30 double variants in the sane |ocation as
for the P e 20 Further, fromthe cr stal st tyre of
a1t 1 ook Flle ke AR R PPt st ff YeiER t he
TNFa nDnoHﬁﬁh%éwﬁ%%ﬁﬂﬁﬁ@VPe§NBUE@n@ysm9$f&mﬂu@bumﬂdﬁaumhenﬁehhnﬁﬂt@m of a
sal t-bri d@ﬂeﬂeﬁs% t@b%ﬁ&l rti%%@@dn?oi’ Rk &hALE !sQBnr%}:éﬁPcﬁfe t§'ngﬁjr§i%@&d}rlﬁ)ﬁ(¥£?ns ' n

Asp or 51 B{) '_J X}ecar%% atom si d hain nitroge
Hi s V\Ath HE4es, HIEER & grreoing these gak bygges for frsmAagrsqorra%ﬁtwm/ g ?téb'ﬂ’f‘t’r‘lfct ed
subst i I ut fhen’Nfotteteowsuidfalso\be-i@8roveth Arg or His at 25 this position in
conmbi nation with substitutions of Gu 116 with Asp, an inprovenent of the
stability for this salt bridge and thereby the stability of the trinmer
mol ecul e Botmeny, Hetfaliayeen spepific THFavaiangpbaieningil tov bxehemperethese sal t
bridges with disul phide bridges, in a manner descri- bed above. It has been
observed that nurine TNFa is consrderably nore stable than the human TNFo
30 regarding to sol ubffPty alBtp?oteol ysis. |nprovement of TNFa variants
i ncl udes maki ng sit ebefdier ect gtkrrpt andins@ciasdd-o m m ¢ nmuri ne TNFa dbyst a
struct ur eriira iRl BRRe DI OksBe! v i Cllby ibAD! Sufifighsproduct . VO jenger
nurine TNE#3ft is sedfBthat ¥4 centte of the trimer (in the middi&0of the
three TNRayrg®noners) 1hs hel digogether due to hydrophobic forces, whgreas
the top and the bottomof the trinmer is connected due to nat ur al occurring
salt bri'd§88. Therel® e, byl®creening these salt bridges for strongér
connecti omgzythe staphd ity ofjp 5 they TNFa trimer would al so be inprgyed. In
summary, the follow ng specific TNFa variants have until now been prepared
Last as Ff¥s® as befH%e af t e¥l2epi - MAno acids de- Total TNFo Cons¥ucts
epi tope .7npope | etedydy insepp Mitatigps length TNF34 108 109 - 17Q. TNF35
106 107 - 170 TNF36 107 108 - 170

TNFC2 170 - GGG+PADRE added C-ter- 173
minally
TNF34-A 108 109 - Q67C, Al111C 170
TNF34-B 108 105 - A96C, 1118C 170
TNF34-C 108 109 - N-terminal VRSSSRTP are 162
deleted
TNFXI.1 17 19 A 169
TNFX1.2 17 56 ANPQA 165
TNFX2.1 0 2 v PADRE added N-terminally 170
TNFX3.1 108 109 - L157F 170
TNFX3.2 108 109 - V49F 170
TNFX4.1 108 109 - Two glycines before and 174
after PADRE
TNFX5.1 83 87 AVS 167
TNFX6.1 132 146 SAEINRPDYLDFA 157
TNFX6.2 135 146 INRPDYLDFA 160
TNFX7.1 63 77 FKGQGCPSTHVLL 157
TNFX7.2 71 85 THVLLTHTISRIA i57

TNFX8.1 126 140 EKGDRLSAEINRP 157



TNF37 108 110 A 169 TNF38 108 112 AEA 167 TNF39 106 112 EGAEA 165 TNFC2
170 - GGG+PADRE added C-ter- 173 mnally TNF34-A 108 109 - Q67C, Al111C 170
TNF34-B 108 109 - A96C, 1118C 170 TNF34-C 108 109 - N-term nal VRSSSRTP are

162 deleted TNFX1.1 17 19 A 169 TNFX1.2 17 96 ANPQA 165 TNFX2.

102V

PADRE added’N\2Q0&P¥HPHal |y 170 TNFX3.1 108 109 - L1S7F 170PCTTRRXB4R0GO8 109

- V49F 170 TNFX4.1 108 109 - Two gl ycines before and 174 after

PADRE

TNFX5.1 83 87 AVS 167 TNFX6.1 132 146 SABIENRPDYLDFA 157 TNFX6.2 135 146

| NRPDYLDFA 160 TNFX7.1 63 77 FKGQGCPSTHVLL 157 TNFX7.2 71 85

THVLLTHTI SRI A 157 TNFX8.1 126 140 EKGDRLSAEI NRP 157 WD 2004/ 099244
PCT/ DK2004/ 000329 2b*stpast EisstPierst as before after epi- Amino acids de-
Total TNFa Construcb&opi t opeerieppe Ainedcbydé-nsert Mit ati ons | engtital

TNFX9. 1 1. - The .si x am aci d r. - .17 . PADRE are d L.cat ed
after theﬂ@:e;:1CJ'JC%|I?fgsy;ztreuC N%SZ@‘% 13@%05 - %16@ bggﬁsfﬁam%\lggté@lgds prece- 173 ggfng

PADRE ar eTNfipili cat edi@f ter t e epitope TNF34- P2-P3Gixk@8nd &ds-pr&8et h IPR and

P30 194 ding PADRE are duplicated
after the epitope

TNFX9.2 108 105 - The four amino acids prece- 174

ding PADRE are duplicated
after the epitope

TNF34-P2-P30 108 109 - Both P2 and P30
TNF34-P30-P2 108 109 - Both P30 and P2

1594
154

The numbers used are from the N-terminal V in SEQ ID NO: 10 (that is, from amino acid no.
2 in SEQ ID NO: 10). Preceding the N-terminal Valine is in some sequences a Methionine

used for translation start.

5  Ali of the above-discussed variants of TNFa that are disclosed in WO 03/042244 are detoxi-

fied according to the present invention.

A number of point mutations are known in the art to detoxify TNFa or at least reduce toxicity
to a large extent. These point mutations will, if necessary, be introduced into the variants of

the present invention, Especially preferred mutations are substitutions corresponding to ma-~
10 ture TNFa of Tyr-87 with a Ser, of Asp-143 with Asn, and of Ala-145 with Arg. Further, all
effective mutations mentioned in Loetscher, H,, Stueber, D., Banner, D., Mackay, F. and
Lesslauer, W. 1993 IBC 268 (35) 26350-7, are also interesting embodiments in the detoxify-
ing embodiments of the present invention, These point mutations may be used with any one

of the specific constructs disclosed in WO 03/042244.

15 The most preferred protein constructs of the invention are thus those represented by any one
of SEQ ID NOs: 12, 13, 14, 16, 17, and 18, as well as any amino acid sequence derived

thereof that only include conservative amino acid changes.

At any rate, it is an important embodiment that alf of these TNFa variants discussed above

are expressible as soluble proteins from bacterial cells such as £ cofl.

20 The preferred vector is pET28b+ when the goal is expression from E. cofi, p2Zop2F (SEQ ID
NO: 60 in WO 03/042244) is the vector used for insect cell expression, and pHP1 (or its com-
mercially available “twin” pCI) is the vector used for expression in mammalian cells.



INF34- P30- P2 108 109 - Both P30 and P2 194 The nunbers used are fromthe
Ntermnal Vin SEQID NO 10 (that is, fromamno acid no. 2 in SEQID
NO 10). Preceding the N-termnal Valine is in some sequences a Met hionine
used for translation start. 5 All of the above-di scussed variants of TFa
that are di 0%08‘2%9321% WD 03/ 042244 are detoxi- fied accorffiInRii084/949ad
present invention. A nunber of point nutations are known in the art to
detoxify TNFa or at |east reduce toxicity27to a |arge extent. These point
mutations will, if necessary, be introduced into the variants of the

present i ventllton eEs %cj al Ib rie‘f ergtred mut ati ons are substitutions
correspon%%*%%&ﬁ%—%ﬁl&ﬁ%@r-m with a Ser, of Asp-143 with Asn,
and of Ala-145 with Arg. Further, all effective nutations nmentioned in
Loet scher , I 993
JBC 268 (5“5’;1’ Venﬁwg%rdgs tor EABAC ety ‘t%‘%%opc?s?%%'%?gd?‘hﬁ%’%@%i%al i ng
enbodi mentssy 6‘fvaPF?€e?)‘1‘5e‘§é'Pﬂer1 nventi on. These poi nt nutations may be used
with any one of the specific constructs disclosed in WO 03/042244. 15 The

nost pref r.otein construct t.he I nventi are_thus
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t hese TNFo fvaré%tt di scussed above aré expressible as soluble proteins
f r om bact®&F'F4F [e FRIRIYE Aest [5qy amuil T tﬁf%?réP'lyé’dh%@’t B¥"¥'s pET28b+
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pr oviided shytebharé ofugsstiipterdde | nventi on provi des for nmethods whereby it

becomes possible to down-regulate TNFQ in a very advantageous nmanner. In

general , there i's pr OVI ded a nethod for down-regulating TNFa in an

aut ol 0go ! i8eSLak ‘ 8 effecting presentation to the

ani mal's i nmune system of an |mrunogen| cally effective anount of at |east

one im’rud@%le?m ¢ TNFo anal o%ue of the invention. It is preferred that the
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tein VaC%Eﬁ@aﬁﬁa&ﬂgwi%gé’éa‘%ﬁ’tPQBh al so a nucleic acid vaccination strategy or
stra

a live vaccination egy are of great interest.

15 Preparation of vaccines which contain peptide sequences as active ingredients is generally
well understood in the art, as exemplified by U.S. Patents 4,608,251; 4,601,903; 4,599,231;
4,599,230; 4,596,792; and 4,578,770, all incorporated herein by reference. Typically, such
vaccines are prepared as injectables either as liquid solutions or suspensions; solid forms
suitable for solution in, or suspension in, liquid prior to injection may also be prepared. The

20  preparation may also be emulsified. The active immunogenic ingredient is often mixed with
excipients, which are pharmaceuticatly acceptable and compatible with the active ingredient,
Suitable excipients are, for example, water, saline, dextrose, glycerol, ethanol, or the like,
and combinations thereof. In addition, if desired, the vaccine may contain minor amounts of
auxiliary substances such as wetting or emulsifying agents, pH buffering agents, or adju-

25 vants, which enhance the effectiveness of the vaccines; cf. the detailed discussion of adju-
vants below,

The vaccines are conventionally administered parenterally, by injection, for example, either
subcutaneously, intracutaneously, or intramuscularly. Additional formulations which are suit-
able for other modes of administration include suppositories and, in some cases, oral, buccal,
30  sublinqual, intraperitoneal, intravaginal, anal, epidural, spinal, and intracranial formulations.
For suppositories, traditional binders and carriers may include, for example, polyaikalene gly-
cols or triglycerides; such suppositories may be formed from mixtures containing the active
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sol utions, suspensions, tablets, pills, capsules, 5 sustained rel ease
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vaccination with a preferred range from about 0.1 pg to 2,000 pg (even though higher
amounts in the 1-10 mg range are contemplated), such as in the range from about 0.5 ug to
1,000 g, preferably in the range from 1 pg to 500 ug and especially in the range from about
10 pg to 100 pg. Suitable regimens for initial administration and booster shots are also vari-

25  able but are typified by an initial administration followed by subsequent inoculations or other
administrations,

The manner of application may be varied widely. Any of the conventional methods for admi-
nistration of a vaccine are applicable. These include oral application on a solid physiclogically
acceptable base or in a physiologically acceptable dispersion, parenterally, by injection or the

30 iike. The dosage of the vaccine will depend on the route of administration and will vary ac-
cording to the age of the persen to be vaccinated and the formulation of the antigen.

Some of the analogues of the vaccine are sufficiently immunogenic in a vaccine, but for some
of the others the immune response will be enhanced if the vaccine further comprises an ad-
juvant substance,



phosphoric acids, or such organic acids as acetic, oxalic, tartaric,
mandelic, and the like. Salts fornmed with the free carboxyl groups may

al so be derived frominorgani c bases such as, for exanple, sodium
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CGeneral principles net hods are det al eory and Practical
Appl.i cation of Ad] uvants 1995, Dun- can E.S. Stewart-Tull (ed.), John
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cross-linking agents are possible. Aggregation by reactivation with pepsin treated antibodies
(Fab fragments) to albumin, mixture with bacterial cells such as C. parvum or endotoxins or
lipopolysaccharide components of gram-negative bacteria, emulsion in physiologically accep-
table off vehicles such as mannide mono-oleate (Aracel A) or emulsion with 20 percent solu-

25  tion of a perfluorocarbon (Fluosol-DA) used as a block substitute may also be employed. Ad-
mixture with oils such as squalene and IFA is also preferred.

According to the invention DDA (dimethyldioctadecylammonium bromide) is an interesting
candidate for an adjuvant as is DNA and y-inulin, but also Freund's complete and incomplete
adjuvants as well as quilfaja saponins such as QuilA and QS21 are interesting as is RIBIL.

30  Further possibilities are monophosphory! lipid A (MPL), the above-mentioned C3 and C3d,
and muramyl dipeptide (MDP),

Liposome formulations are also known to confer adjuvant effects, and therefore liposorne
adjuvants are preferred according to the invention.
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also synthetic inducers of cytokines like poly 1:C are possibilities.

Suitable mycobacterial derivatives are selected from the group consisting of muramy! dipep-
tide, complete Freund’s adjuvant, RIBI, and a diester of trehalose such as TDM and TDE.

25  Suitable immune targeting adjuvants are selected from the group consisting of CD40 ligand
and CD40 antibodies or specifically binding fragments thereof (cf. the discussion above),
mannose, a Fab fragment, and CTLA-4.

Suijtable polymer adjuvants are selected from the group consisting of a carbohydrate such as
dextran, PEG, starch, mannan, and mannose; a plastic polymer; and latex such as latex
30 beads.

Yet another interesting way of modulating an immune response is to inciude the immunogen
(optionally together with adjuvants and pharmaceutically acceptable carriers and vehicles) in
a “virtual lymph node” (VLN) (a proprietary medical device developed by ImmunoTherapy,



relating to conposition and use of inmmunostimnulating conpl exes can e.g. be
found in the above-nentioned text-books dealing wth adjuvants, but also
Morein B etal!., 1995, Cdin. 10 Imunother. 3: 461-475 as well as Barr IG
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20  strength to the same polypeptide. Therefore, the vaccine according to the invention may
comprise several different polypeptides in order to increase the immune response, cf. also
the discussion above concerning the choice of foreign T-cell epitope introductions. The vac-
cine may comprise two or more polypeptides, where all of the polypeptides are as defined
above.

25  The vaccine may consequently comprise 3-20 different analogues, such as 3-10 analogues.
However, normally the number of analogues will be sought kept to a minimum such as 1 or 2
analogues.

Nucleic acid vaccination

As a very important alternative to classic administration of a peptide-based vaccine, the

30 technology of nuclelc acid vaccination (also known as “nucleic acid immunisation”, “genetic
immunisation”, and “gene immunisation”™) offers a number of attractive features.

First, in contrast to the traditional vaccine approach, nucleic acid vaccination does not require
resource consuming large-scale production of the immunogenic agent {e.g. in the form of



i mmune protection conferred by vaccination using a VLN surpassed
conventional inmmuniza- tion using R bi as an adjuvant. The technology is
La. described briefly in Gelber Cet at, 1998, "Elicitation of Robust
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the- Laboratory to the dinic, Book of Abstracts, COctober 12"' - 15th 1998,
Seascape Resort, Aptos, Cal ifornia". It i% expected that the vaccine
shoul d be adm nistered at | east once a year, such as at |east 1, 2 3, 4,
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of anal ogasre byl hakPgAYEBS: Predicing@n&irfhlhdgem such as 1 or 2 anal ogues.
Nucl ei c acid vaccination As a very inportant alternative to classic

adm ni stration of a peptide-based vaccine, the 30 technology of nucleic
aci d vacdk sbduldbe feiled @hdstrtbmnm\céanwreﬂsmnae@ds bimseEnEdseath nde of the petsetly
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features cont r ast |ona vacci ne’_approac nucl ei ¢
aci d vacdIrRssiandRVel fenerRiithe QEﬁﬁf 'f"é'“grf%%t@fﬁr‘%éhec'ﬁ?fﬁ't!ﬁﬁgﬁg'cleﬁ{%‘é’ @A vaccine
production of the i nmunogenic agent (e g. in the formof WO 20041099244

I'CTI 003 2 i.ndustri ntati.on.of ncraor nsms
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vacci nat ipRioged ires tt%narﬁt%l DiNE BRdeAdbyaRRARAE WS vRb ckiRsHALH) MRLRA of the
i ndi vi dual L0 O;dg§ i ﬁ produce the expression product of the nucleic acid
t

|ntroducéﬂ‘c e Ffsttransla .5 tional processing of the expression
product is expected to occur; this is especially inportant

In this embodiment, the introduced nucieic acid is preferably DNA which can be in the form of

20  naked DNA, DNA formulated with charged or uncharged lipids, DNA formuiated in liposomes,
DNA included in a viral vector, DNA formulated with a transfection-facilitating protein or
polypeptide, DNA formulated with a targeting protein or polypeptide, DNA formulated with
Calcium precipitating agents, DNA coupled to an inert carrier molecule, DNA encapsulated in
a polymer, e.g. in PLGA (cf. the microencapsulation technology described in WO 98/31398)

25  orin chitin or chitosan, and DNA formulated with an adjuvant. In this context it is noted that
practically all considerations pertaining to the use of adjuvants in traditional vaccine formula-
tion apply for the formulation of DNA vaccines. Hence, all disclosures herein, which relate to
use of adjuvants in the context of polypeptide based vaccines, apply mutatis mutandis to
their use in nucleic acid vaccination technology.

30  As for routes of administration and administration schemes of polypeptide based vaccines
which have been detailed above, these are also applicable for the nucleic acid vaccines of the
invention and all discussions above pertaining to routes of administration and administration
schemes for polypeptides apply mutatis mutandis to nucleic acids. To this should be added
that nucleic acid vaccines can suitably be administered intraveneously and intraarterially.

35 Furthermore, it s well known in the art that nucleic acld vaccines can be administered by use



In the case of autovaccination, since, as nentioned above, a significant
fraction of the original B-cell epitopes of the polyner should be
preserved in the nodified nolecule, and since B-cell epitopes in principle
can be con by parts of any (bio)nolecule (e.qg,

i pid, pro?é%%ﬂgﬁg?¥¥ Therefore, native glycosylation ang&ﬁﬁg¥%g @@%w
patterns of the i munogen 10 may very well_bpe of inportance for t he overal
i mmunogenicity and this is expected to be nsured by having the host
produci ng the i munogen. It should be noted that the enhanced expression
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DNA vaccitesg bdene®iingidgios srluasd resehanei molethé.ch relate to use of
adjuvants in the context of polypeptide based vaccines, apply nutatis
mutandis to their use in nucleic acid vaccination technology 30 As for
rout es ofAcedifinalys theainveioarmisoadintasits ereaniromitist Ferindiciof ppaiughepef ardibbdised

vaccijges aghhCivhave Qﬁ%bs@)%h%b:’nﬁﬁs Apove, these are also applicable for the
nucl ei c acid vaccines of the invention and all discussions above

pertaining to routes of admnistration and adm nistration schenes for
pol ypept i-desudgiplayidiitidgatans omavand o the inveatiet &f.aak dicustion toh haclaib avikisl ahe
added t%&of&'&a’l&h aAG1 d vaccines can suitably be adni nistered
|ntraveneous ‘infraarterially. 35 Furthernore, it is well known in the
art that - aémeceawa'vvaa@dmw%anaibea@anﬁahtegteétc@cpnﬂgprGgmevx@ﬂ@’@oamwm
PCT/ 0K20Q@4/i300328 abda.0f a so-call ed gene gun, and. hence al so this and
equi val ent nodes of administration are re- garded as part of the present
invention. Finally, also the use of a VLN in the adm nistration of

20  Under normal circumstances, the nucleic acid is introduced in the form of a vector wherein

expression is under control of a viral promoter. For more detailed discussions of vectors and

DNA fragments according to the invention, cf. the discussion below. Also, detalled disclosures

relating to the formuiation and use of nucleic acid vaccines are available, cf. Donnelly 1J et al,

1997, Annu. Rev, Immunol. 15: 617-648 and Donnelly 1] et al., 1997, Life Sciences 60: 163-
25  172. Both of these references are incorporated by reference herein.

Live vaccines

A third alternative for effecting presentation of the analogues of the invention to the immune
system is the use of live vaccine technology. In live vaccination, presentation to the immune
system is effected by administering, to the animal, a non-pathogenic microorganism that has
30 been transformed with a nucleic acid fragment encoding an analogue of the invention or with
a vector incorporating such a nucleic acid fragment. The non-pathogenic microorganism can
be any suitable attenuated bacterial strain (attenuated by means of passaging or by means
of removal of pathogenic expression products by recombinant DNA technology), e.g. Myco-



nucl ei ¢ acids has been reported to yield good results, and therefore this
particul ar node of admnistration is particularly preferred. 5
Furthernore, the nucleic acid(s) used as an i mmuni zati on agent can contain
regions encoding the noieties specified in the clainms, e.g. in the form of
t he i munoWeR-ePHg subst ances described above such as ROTEDEINHRIAWS

di scussed as useful adjuvants. A preferred version of this enbodi nent
enconpasses having the coding region for t3se anal ogue and the coding re-
gion for the i munonodul ator in different reading franes or at |east under
the control of 10 different pronoters. Thereby it is avoided that the

anal ogue asctesipint kspyés BEE. prottpebepsay Ardaiocosteisnpar nelf, Setnangda spp., Vibrio
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conpri'sing - a nucleic acid fragment or a vector of the invention (cf. the
di scussion of nucleic acids and vectors beI ow), and - a pharmaceutically
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a viral ﬁtr@mr@rnyomﬁfsmtéed@t‘amsed di scussions of vectors and DNA
fragments according to the invention, cf. the discussion below Also,
detail ed di scl osures to the formul ati on_and use of nucI eic acid
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In live vaegilinabr gfys ycasent ation to the i mune systemis effected by

adm nistering, to the aninmal, a non-pathogenic m croorgani smthat has 30
been transformed with a nucleic acid fragnment encodi ng an anal ogue of the

i nvent i oltemalivein livg oy ssupradciedrpiscambigpdstithpraviaucoreiubsemtiedt polaespiide. The

non- pat hagek ‘ﬁuéﬂan‘é %@i@&ﬁ@cﬂha’iﬁh Cﬁf:‘ indEhc@NK i$ Hbés&:lilé ® @ﬁe&@&ﬂﬁér@dmﬁﬂﬁz@hb@'
strain (at E‘enuat ed

pat hogen PGB REE SHoh VBB el s R SR TR BN egohRE% WO
2004/ 099244 oPIi¢I¢IDEZ0A00EG829 34 bacterium bovis BCG, non-pat hogenic
Streptococcus spp., E. coli, Salnmonella spp., Vibrio
The microorganism or virus c¢an be transformed with nucleic acid(s) containing regions en-
coding the moieties mentioned above, e.g. in the form of the Iimmunomodulating substances
20  described above such as the cytokines discussed as useful adjuvants, A breferred version of
this embodiment encompasses having the coding region for the analogue and the coding re-
gion for the immunomeodulator In different reading frames or at least under the control of
different promoters. Thereby it is avoided that the analogue or epitopes are produced as fu-
sion partners to the immunomodulator. Alternatively, two distinct nucleotide fragments can
25  be used as transforming agents. Of course, having the adjuvating moieties in the same
reading frame can provide, as an expression product, an analogue of the invention, and such
an embodiment is especially preferred according to the present invention.

Combination treatment
One espedially preferred mode of carrying out the invention involves the use of nucleic acid

30 vaccination as the first (primary) Immunization, followed by secondary {(booster) immuniza-
tions with a polypeptide based vaccine or a live vaccines as described above,



chol erae, Shige/la, etc. Reviews dealing with preparation of
state-of-the-art |ive vaccines can e.g. be found in Saliou P, 1995, Rev.
Prat. 45: 1492-1496 and Wl ker PD, 1992, Vaccine 10: 977-990, both

i ncor por at @gh Mo4hehesr ence herein. For details about the Qgﬁhﬁgﬁm@@&gzg
fragments 5 and vectors used in such |live vaccines, I scussion
bel ow. As.an alternative to bacterial liv acci nes, the nucleic acid
fragnent of the invention dis- cussed bel ow can be incorporated in a
non-virulent viral vaccine vector such as a vaccinia strain or any other
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t'he control of different pronoters. Thereby it is avoided that the

anal ogue or epitopes are produced as fu- sion partners to the

i mMmunonodidnapasitiondbf dernmtentied y, two di stinct nucl eotide fragnents can 25 be
used as transform ng agents. O course, having the adjuvating noieties in
the same _reading frame can provide, as an expression product, an anal ogue
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vants, carriers, and vehicles is accordingly in line with what has been d:scussed above when
20 referring to formulation of the analogues for peptide vaccination.

The analogues are generally prepared according to methods well known in the art, Longer
polypeptides are normally prepared by means of recombinant gene technology including in-
troduction of a nucieic acid sequence encoding the analogue into a suitable vector, transfor-
mation of a suitable host cell with the vector, expression of the nucleic acid sequence (by

25  culturing the host cell under appropriate conditions), recovery of the expression product from
the host cells or their culture supernatant, and subsequent purification and optional further
modification, e.g. refolding or derivatization. Details pertaining to the necessary tools are
found below under the heacﬁng “Nucleic acid fragments and vectors of the invention” but also
in the examples, In this section is also described the preferred method of recombinant

30  preparation of the analogues, i.e, low~temperature fermentation of E. coli in order to obtain
soluble TNFa variants,

Recent advances in peptide synthesis technology has rendered possible the production of fuil-
length polypeptides and proteins by these means, and therefore it is also within the scope of
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from the group consisting of nucleic acid sequences encoding any one of SEQ ID NOs: 12, 13,

20 14, 16, 17 and 18 or a nudieic acid sequence complementary to any of these,

The nudleic acid fragments of the invention will normally be inserted in suitable vectors to
form cloning or expression vectors carrying the nucleic acid fragments of the invention; such
novel vectors are also part of the invention. Details concerning the construction of these
vectors of the invention will be discussed in context of transformed cells and microorgahisms
25  below. The vectors can, depending on purpose and type of application, be in the form of
plasmids, phage, cosmids, mini-chromosomes, or virus, but also naked DNA, which is only
expressed transiently in certain cells, is an important vector {(and may be useful in DNA vac-
cination). Preferred cloning and expression vectors of the invention are capable of autono-
mous replication, thereby enabling high copy-numbers for the purposes of high-level expres-
30  sion or high-level replication for subsequent cloning.

The general outline of a vector of the invention comprises the following features in the 5'-3'
direction and in operable linkage: a promeoter for driving expression of the nucleic acid frag-
ment of the invention, optionally a nucleic acid sequence encoding a leader peptide enabling



techni ques of solid- or |iquid-phase peptide synthesis. Nucleic acid
fragnents and vectors of the invention It will be appreciated fromthe
above disclosure that nodified pol ypeptides can be prepared 5 by neans of
r econbi nanW@eEgoweehnol ogy but al so by nmeans of chem cal PGyDKh®SH&IDr
sem.- synthesis; the latter two options are especially relevant when the
nodi fi cation consists of or conprises coyding to protein carriers (such
as KLH, diphtheria toxoid, tetanus toxoid, and BSA) and non-protei nhaceous
nol ecul es such as carbohydrate pol yners and of course also when the

nmodi f i cat $esretioortfsrths estragidiler phesefor.sihiee ehplicable ointosthd @egjplatips oft @ ialiggra-

pol ymer - dgg M@ﬁmé%@eﬁ%ﬁéﬂ@f thB Yoy e,SEra%Sr?ag%{@i»\@dchg%né@c a8l @rag%nwé the lﬂﬁ‘/en»
under stood fro ove, not ﬁ

H] ﬁ e pre- ferred ones., For %gur£ %ﬁ
r econbi nafit™g& Qp'i"é@ hanggsic aéi‘ﬁ'd;e%‘r’ 1B GPERiing 3 prngatar h\ﬁ’hﬁ'&PB BN ﬁx“
cl ei ¢ aci prebsiwruydciat ingmpdurec biedios aceedl-Ifnea gre fr shepopdies@f phectarsddbdigves ar e

i mpor t5ant th%t}%msforrﬁéd ce(ﬁrﬂ?g@frjeg tﬁﬁ%h@c&tcgr}m% :ﬁﬁH&le@&fﬁ{%& grh%stsge(ﬂti@[ﬂ?@g?gted in

Hence, an | nportant ven 15t pertail ns a nucl er'c acid
fragment Hi"ORF @H@sme dA Ca'i“ﬁﬁ?fég‘ﬁ%efh‘ﬁo‘ﬂfé@dﬂ“ﬂb‘é%t%%F%P?\usqd far effectipg (1, ¥¢e

deri ved aé)ipiréslsﬁ)hai ap ShiHER (/. epcajhys@eahg & Aties Dwmbadc;matuodmtas for abame; rekhe
nucl ei c a&) g f%ﬁ%rt?x% §1e \)ce tor fes rI%Qr\;inYr?c%t IabCfe %eﬁn% eéte%h%rho H eﬂg nt S.

Mbst preferr ragnen ven I SesS a nuc
sequence Welcalpt éwedfﬁwrt e-igtesingoisl vedterg aod ugede thei doiges of \s@éfm érﬁd%'"

encodigg HiwnaBehberSe RIdiIIRaNGBRe 42, 13, 20 14, 16, 17 and 18 or a nucleic
aci d sequence conplenentary to any of these. The nucl ei ¢ acid fragnents of

the invention will normally be inserted in suitable vectors to form
cl oni ng Gfheeveptoesditbe invectier arecaed 1 mansférer st kellsgo peodiicé tegmedifisd B Fa he

invent i onyoidehde m}{cﬂnvg%no@‘: cf?‘ rgnﬂ)r%%dpéﬁg vﬂ'fi?ﬁzﬂ@ a'léa\ﬁ%ﬂtéfciﬂe lrQ@ﬁ@de%an

concerni n the construction ese vect ors invention w |
di scusseds FHEEEE Of&el'tlipa%gsrqgrfﬁ@eroemt@n&ﬁ@%ﬁt@l&&@%ﬂﬁ@ﬁ%ﬂ%%ﬁ%ﬁ The
vect ors cdnhe thepafod) oguset fpuepaasinamtchrogyreon bf epphodiddd TFa ﬂlﬂa/pleptucﬂdse)f ftior m

Hlsas gh\qamoph»@&?nat%gl?nlh%sc dar{&o’?he& QE%@E%@E&R&?E 3i\yé Léﬁineg%m@lvﬁ%

DNA wWhi ransi en an 1 nportant
vect or (dﬁtﬁf'eﬂﬁﬂﬁi éagtﬁ@%‘ff Gens finghriar %!ELD'Qﬁ%éﬁSi’ baye bqaﬁé‘ﬂ%ﬁeééoélséﬁieﬁ%ctéﬁd

expr essi afeti@Ciraftdgration Mo tHvigdttdrRNmahr&sHakb vl oRtHeOModifisdUNFa.
replication, thereby enabling high copy-nunbers for the purposes of
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organism such as a fungus, an insect cell, a plant cell, or a mammalian cell. Most preferred
are cells derived from a human being, cf. the discussion of cell lines and vectors befow. Re-
cent results have shown great promise in the use of a commercially available Drosophila

25  melanogaster cell line (the Schineider 2 (S;) cell line and vector systern available from Invi-
trogen) for the recombinant production of TNFa anajogues of the invention, and therefore this
expression system is particularly preferred, and therefore this type of system is also a pre-
ferred embodiment of the invention in general,

For the purposes of cloning and/or optimised expression it is preferred that the transformed

30  cell is capable of replicating the nucleic acid fragment of the invention. Cells expressing the
nucleic fragment are preferred useful embodiments of the invention; they can be used for
small-scale or large-scale preparation of the analogue or, in the case of non-pathogenic bac-
teria, as vaccine constituents in a live vaccine.

When producing the analogues of the invention by means of transformed cells, it is conven-
35  ient, although far from essentiai, that the expression product is either exported out into the
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25  According to the present invention, it Is preferred that the preparation of the TNFa analogues
in prokaryotic celis resuits in the provision of sofuble proteins, cf. Example 9, and it is especi-
ally preferred that the host cell used for production is an E. cofi cell.

Soluble TNFa variants have now been shown by the present inventors to be relatively easy
and convenient to prepare in £ coli at lowered temperatures. Where conventional methods
30 for fermentation of E. coli normally utilises temperatures in the range around 37°C, it has
been found by the present inventors that increased yields of soluble TNFa variants can be ob-
tained by fermenting at temperatures below 32°C ~ even though the total yield of recombi-
nant protein is lower than after fermentation at around 37°C, the vield of the most suitable
variants is considerably higher, and no refolding of insoluble, denatured protein is necessary.
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present inventors to be relatively easy and convenient to prepare in E.
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yields obtained by such fermentation are lower than what is achieved by e.g. fermentation at
37°C, the final yield of protein having a useful 3D structure is considerably higher when using
the low temperature conditions, and, importantly, subsequent time and resource consuming
refolding procedures can be avoided. Or, in brief, the yield of the desired conformation of the

25  variant protein is higher.

Hence, the present inventors also suggest that the strategy of using the above-specified low-
temperature fermentation conditions is a generally applicable way of producing useful immu-
nogenic variants of proteins,

In addition to prokaryotes, eukaryotic microbes, such as yeast cultures may also be used,

30  and here the promoter should be capable of driving expression. Saccharomyces ceravisiase,
or commpon baket's yeast is the most commonly used among eukaryotic microorganisms,
although a number of other strains are commonly available. For expression in Saccharomy-
ces, the plasmid YRp7, for example, is commonly used (Stinchcomb et al., 1979; Kingsman
et al., 1979; Tschemper et al., 1980). This plasmid aiready contains the trpl gene, which pro-
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20  be used as hosts. In principle, any such cell culture is workable, whether from vertebrate or
invertebrate culture, However, interest has been greatest in vertebrate cells, and propagation
of vertebrate In culture (tissue cuiture) has become a routine procedure in recent years (Tis-
sue Culture, 1973). Examples of such useful host cell lines are VERO and Hela cells, Chinese
hamster ovary (CHO) cell fines, and W138, BHK, COS-7 293, Spodoptera frugiperda (SF)

25  celis (commercially available as complete expression systems from /.a. Protein Sciences,
1000 Research Parkway, Meriden, CT 06450, U.S.A. and from Invitrogen), and MDCK cell
lines. In the present invention, an especially preferred cell line the insect cell ling S;, avail-
able from Invitrogen, PO Box 2312, 9704 CH Groningen, The Netherlands.

Expression vectors for such cells ordinarily include (if necessary) an origin of replication, a

30 promoter located in front of the gene to be expressed, along with any necessary ribosome
binding sites, RNA splice sites, polyadenylation site, and transcriptional terminator sequen-
ces.

For use in mammalian cells, the control functions on the expression vectors are often provi-
ded by viral material. For example, commeonly used promoters are derived from polyoma,
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The SMTNFWT3 ligation product was introduced into the pCR 4 TOPO Blunt vector and E. colf
DH10B cells were transformed. Plasmid DNA from 10 of the resulting SMTNFWT3TOPO clones

was purified and five clones containing the expected fragment (when analysed by Restriction
Enzyme (RE) digest) were selected.

25  The Ncol/EcoRI DNA fragments from the five potentially correct SMTNFWT3TOPO clones were

isolated and transferred to the pET28b(+) vector and sequence determined. Insertions, dele-
tions or substitutions were identified in four clones whereas one clone appeared to be correct,

The correct construct - SMTNFWT3pET28 was subsequently used as template for the gene-
ration of all single TNFa variants.



able fromlnvitrogen, Po Box 2312, 9704 d-! Goningen, The Netherl ands.
Expression vectors for such cells ordinarily include (if necessary) an
origin of replication, a 30 pronoter located in front of the gene to be
expr essed,wal90gow4h any necessary ribosonme binding si tpesypiEIés/@pkioce
sites, polyadenylation site, and transcriptional term nator sequen- ces.
For use in mamualian cells, the control fypctions on the expression vectors
are often provi- ded by viral material. For exanple, comonly used
pronoters are derived from pol yoma, WO 2004/099244 PCl'/11K2004/ 000329 41
Adenovi r yscaprand nost frequently Siman Virus 40 (Sv40) or cytonegal ovirus
(CW). The wearly and |ate pronoters of SV40 virus are particularly useful
because both are obtained ea- sily fromthe virus as a fragnment, which al so
cont ai ns 7AFE4 Sv@rwetieral origin of replication (Fi- ers et al., 1978).
Smal l er or larger SvV40 fragnents may al so be used, provided there is in 5
cluded the approximately 250 by sequence extending fromthe tl/ndlIl site
toward tH&eEgnPR epiters apipareeld SeaHanRe (SEQ W NEF; @ng B weeperali By seur t her,
it is al &%r@@&ﬁﬂr:ﬁé e,quQéﬁc@r(S_El@Sbmhg,op_timisgdifdtﬂ dxb&spib@lﬂDE.ea’o!imeedm(tjmgol
sequepnces nor Cl e desired gene sequence, provide
such onfwgﬂmggﬁﬂéhﬁéégéfgkggbm%b?gkg"mﬁth the host cell systens. An origin
of replication may be provided either by construction of the vector to
include afe (dQuRHALBRRHS (RDNA Rqushis RnasiltPaEd e Hek Y F wd 03yoFYAd) Qrasot her
vi ral (eﬁ%?, Pol yoma, Adeno, = VSV, BPV% or[5§§ be provided by the host cel
chr omos oot dhite R PR MECHAI SSREraFG TR PRIGEPEY is integrated into the
host cell chronosone, the latter is often sufficient. EXAVMPLE 1 Preparation
of TNFa variants 15 A synthetic DNA sequence "SMINFWI3" (SEQ ID NGO 9)
encodi ng gxaspue Bd t ype human TNFa nononer pol ypeptide (SEQ ID NG 10) was
delivered as a ligation product from Entel echon GiH The DNA sequence of
t he human NTNFa was optim sed for expression in E. coil accor- ding to the
Codon Us a¢mobetizdsbgandsycoastalctieh on of all codons with a frequency in E. co/i
of less than 10% Further, the sequence was designed to include a 5 Ncol
restriction site for, 20 subSﬁgyent cl onpi ng_steps. The SMINFW'3 g%q9tion
proddft &E MHPOPEHEREH e GRIHEIHTR b&sqf&;tﬁ BNORENSPEERIGRY PIRSIA™Y DHLOB
cel | s wereithtr anshiyrine dinkdsl angarcin Bitopa-emodBgotgibme resul ting SMINFWI3TOPO
clones was purified and five clones containing the expected fragnment (when
anal ysed by Restriction Enzyne (RE) digest) were selected. 25 The
Ncol / EcoRiheINEe bergywan synthesiied o ehree vepaseleantitiag. e diiee So MSHENKSIF 78550
cl ones Vg by SOE PCR, and the assembled gene (SEQ ID NO: 21 in WO 03/042244) was cloned

into pCR2.1-TOPO. After sequence verification, a correct clone was isolated. The hTNFT_0

15  gene (SEQ ID NO: 21 in WO 03/042244 encoding TNFa-GlyGlyGly-TNFa-GlyGlyGly-TNFa,

SEQ ID NO: 22 in WO 03/042244, i.e. 3 copies of SEQ ID NO: 17 separated by two tri-glycine

linkers) was then transferred to pET28b+ to generate hTNFT_0-pET28b+. A correct clone was

isolated, sequence verified and transformed into £. colf lines BL21-STAR, BL21-GOLD and

HMS174.

20  KTNFT_O-pET28b+ was used as template to generate the following four monomerized trimer
variants: hTNFT_1, hTNFT_2, hTNFT_3 and hTNFT_4 (SEQ ID NOs: 49, 51, 57, and 59 in WO
03/042244) by SOE PCR. A further variant {SEQ ID NO: 53 in WO 03/042244) can be made
in a simiar way.

hTNFT_1, hTNFT_2 and hTNFT_3 are variants including tetanus toxoid epitopes P2 and P30
25 (SEQID NOs: 2 and 4, respectively) that need to be assembled by two rounds of SOE PCR.

HWTNFT_4 is a variant with a PADRE (SEQ ID NO: 6) insert and can be assembled by a single

round of SOE PCR. A further variant (SEQ ID NO: 55 in WO 03/042244) can be made in a

similar way.



isolated and transferred to the pET28b(+) vector and sequence determ ned.

I nsertions, dele- tions or substitutions were identified in four clones
wher eas one cl one appeared to be correct. The correct construct -
SMINFWI'3pE _ sequently used as tenplate for the gene- ration of al
singl e TNF;'E&S%W§%%§£ WD 2004/ 099234 PCT/ | | K2004/ 000329 ZoV/DEXRRBYE2S
TNF34 construction The PanDR epitope am no acid sequence (SEQ ID NGs: 6 and
8) was manual |y "reverse- translated" to a*PNA sequence (SEQ ID NO 7)
optim sed for expression in E. colt, see below, 5 and inserted in |oop 3

of TNFa b PCR. _The resulting construct DNA s | QID
NG 19 of "B 0d Tassia HELtY B el R hoat BRI STEE SRRE Akl
TNF34- pETRERSD+Em\VPLE! B Tdhiheatls zreditherdonstrud aresttransiieirosh talBL2ther Afo#isher i zed
trinmer copphtgtsisare based on 3 TNFa encodi ng regions, separated by

either a tri-giycine |inker and/or an epitope-encoding region. The TNFa
gene was synthesized as three separate entities. The three fragnents were
assem bl &d gbyerSGHTRER, 1, TAFT PearalsI@rh | FthegamepéSkédef3eNed bR SOEPORGN very

03/ 042244 i Nt 2 - TORQ - AfLL. i, i i

correct ol aeragboedr b i e e SRR AT o 1R -

03/ 042244lig34€Bdi ng TNFa- G yd yd y-TNFa- A yd yA y-TNFU, SEQ ID Na: 22 in WO
03/ 042244, Le. 3 copies of SEQ ID NO 17 separated by two tri-giycine

i nkers) was then transferred to pET28b+ to generate hTNFT_O- pET28b+. A
correct ckpfwpiwas 1solated, sequence verified and transfornmed into E. cot/
| i nes BL21- STAR, 8L21-GOLD and HWS174. 20 hTNFf _0O- pET28b+ was used as
tenplate to generate the followi ng four nononerized trinmer variants:
hTNFT_1, biENmEsing TiINFLtdtand hTNFT_4 (SEQ I D NGs: 49, 51, 57, and 59 in WO
03/ 042244) by SCE PCR. A further variant (SEQ ID NO 53 in WO 03/042244)
can be made in a simlar way. hTNFT_1, hTNFT_2 and hTNFT 3 are variants

i ncl udi ngTe BrHknstebiigo e BFPHPFE8RVaiagt pewribed apaEyarprigaentaining ghegn-
respegj i vebitctibhot amefeh ivuilge BRERHEIVRY RYs AMNBIHOHIERE Wére SohstRIctkd. SINFT_4
is a varl%né PADRE ID NO 6) insert and can be assenbled by a

wi_t.h SEQ, .
single rG&URY "8%‘&‘@%@’9!5%:?2“5&”%%1 her variant (SEQ ID NO 55 in WO 03/ 042244)
can be made in a simlar way.

TNF34-A-pET28b+ contains the substitutions Q67C and A111C, TNF34-B-pET28b+ contains

A96C and I118C, and TNF34-C-pET28b+ that contains a deletion of the 8 most N-terminal

amino acids - the amino acid sequences of the expression products are set forth in SEQ 1D
15 NOs: 20, 30, and 31 in WO 03/042244,

All 3 constructs were made using SOE PCR, and were cloned in BL21-STAR, BL21-GOLD and
HMS174, followed by sequence verification,

EXAMPLE 5
Flexible loop variants

20 In orderto find a variant that might exhibit improved characteristics compared to the TNF34-
pET28b+ variant, constructs were made where the PADRE insert (SEQ ID NO: 6) is moved
around in flexible 1oop 3 of the TNFa molecuie.

All of these: TNF35-pET28b+, TNF36-pET28b+, TNF37-pET28b+, TNF38-pET28b+, TNF39-
pET28b+, and a variant with PADRE placed in the C terminus of the molecule; TNFC2~

25  pET28b+, were made with SOE PCR technique and were cloned in BL21-STAR, BL21-GOLD
and HMS174, followed by sequence verification. The amino acid sequences of the expression
products are set forth in SEQ ID NOs: 23, 24, 24, 26, 27 and 28 in WO 03/042244.



WO 2004/ 099244 PCT/ DK2004/ 000329 43 hTNFT 4 was constructed by the

above- nenti oned nethods, and a correct clone of hTNFT_4- pET28b+ was found
in TOP 10 cells and the construct was transferred to BL21- STAR and HWS174
cells. enerate hTNFT_I, hTNFT_2 and hTNFT_3 the epitopes were inserted
by SOE pcﬁgmhw9ﬁ¢vl“5 smal | fragments of the trimer, éﬁn%g$%’f &t ed
into hTNFT_O- pET28b+ by RE cutting and |igation. EXANPLE 4 Stabilising
TNF34 mutants To further stabilise the TNR34- pET28b+ vari ant descri bed
above, variants containing the in- 10 troduction of an extra di sul fide
bridge as mell as a deletion mytant were constructed. r

Var | ant o T eitels e s binet soR esseS o e e Bl F LMot oorc
and Al11GNFEEFEMEIB; PET2EINFen MNEBNsnd AIBQ anc tharsBGedand tIRNP2ZPef pEYE8 b +

t hat cont e m no acids - the am no
acid seqdetggg%oﬁ%kﬁghgga@g?%ﬁoﬁﬁj%@%%%%ihgég%gg#c?grth in SEQID 15 NGs:
20, 30, and 31 in WD 03/042244. Al 3 constructs were made usi ng SCE PCR,
and were cloned in BL21- STAR, BL21-GOLD and HMS174, followed by sequence
veri fi catBX@MPLEXAVPLE 5 Fl exi ble | oop variants 20 In order to find a
variant that m ght exhibit inproved characteristics conpared to the TNF34-
PET28b+ variant, constructs were nade where the PADRE insert (SEQ ID NO 6)
i s moved OBFOWWAI ST exi bl e | oop 3 of the TNFo nol ecule. All of these:
TNF35- pET28b+ TNF36- pET28b+, TNF37- pET28b+, TNF38- pET28b+ TNF39- pET28b+,
and a var I CLH N2 25
pET28b+, A e %ré@er Wgﬁ%ﬁﬁt{]&%egéﬁ r?gép\%ge?d ég I ter g WFQ 900V¥AR
BL21- GC]_[[PNPaﬁ@?OF’MIVﬂSG YesipNiG \hasl beipg M@@dé‘@ﬁx&@ﬁ:fﬂiﬂé &W% d"’qtﬁ'é '%H“FSZ%& id

sequences of the expression products are set forth in SEQ ID NGs: 23, 24,

e s g LR

TNFWI, TNfe@dtly siNesS: verieE8S, TNF37, TNF38, TNF39 and TNFC2 were transferred
into the p2Zop2f vector (cf. Fig. 1 in PCT/DKI02/00764), and expressed in.
52 insect cells. - ’

10 EXAMPLE 7
Periplasmic expression

The LTB leader sequence has been added directly upstream of SEQ ID NO: 16 of WO
03/042244 in TNF34-pET28b+, to target the expression to the periplasmic space.

EXAMPLE 8
15  Mammalian expression

To test for expression in mammalian cells, SEQ ID NO: 16 of WO 03/042244 and the DNA
encoding TNF34 have been transferred to the pHP1 vector, which is a variant of the commer-
cially available pCl vector (Promega Corporation). pHP1 includes a kanamycin resistance

gene as marker instead of the AmpR gene of pCl.



EXAMPLE 6 5 Ot her constructs A |large nunber of further TNFo variants have
been prepared, all termed TNFX, cf. above. The DNA encoding these variants
has bei ng made by SCE PCR, and cloned directly into pET28b+. The correct
TNFX cl one v transforned into BL21- STAR and HVS174 e-
qguently segﬁgﬁ@zmggirfied. 10 EXAMPLE 7 Per/plasmc expﬁéggpgﬁ%$ﬁgg%ft

| eader sequence has been added directly upstreamof SEQ ID NO 16 of WO

03/ 042244 in TNF34-pET28b+, to target the %&pression to the periplasmc
space. EXAMPLE 8 15 Manmmalian expression To test for expression in
nannalianEggﬁéL g SEQ ID NG 16 of WD 03/042244 and the DNA encodi ng TNF34
have been transterred to the pHPI vector, which is a variant of the conmer-
cially available pCl vector (Pronega Corporation). pHPi includes a

kanany ci Nop@sisel pRSRictiGEHEABITBOIRS b e8¢l of the AmpR gene of pCl. WO
2004/ 099244 PCT/ DK2004/ 000329 45 EXAMPLE 9 Optim sed production of

sol uble protein fromE. coli Introduction As the initial expression of
TNFo and Warddadfa t hereof only resulted in very limted anmounts of 5

sol uble protein, when expressed fromE. coli cells, the task was to inprove
the expression levels and the solubility of the TNFo variants

si gni fi cafit the inabeigipssion of ANFa anfivarsnteihireeaf onlprepuBphingsepr BEEsbRAMEYRE &M
Approach sdiibié pbAteiBXRBEA BRMESNVRER ATRER cIR, BRake: Whaskmpand thhiexgxaain ence

gai ned was_used en Ki with fernentors. 3 fer tors were run at
A e, "aRelS g MBSy BElos Mg Votihs R EN R et AT T P AR o1 s of
cel | growietelTRFreprigdestdémn and degradation levels. bjective The
objective of the study was to define the optinmal growth conditions for

expression of im munogenic TNFa variants when expressed in HVW174 E. co/i
cells in 4 grom h nmedia. 15 Materials and nethods Raw Material s

Initial experiments were made in shake flasks and the experience gained was used when
10  working with fermentors. 3 fermentors were run at a time, and samples were taken out du-
ring the fermentation for analysis of cell growth, TNFa production and degradation levels.

Objective

The objective of the study was to define the optimal growth conditions for expression of im-
munogenic TNFa variants when expressed in HMS174 £, colj cells in defined growth media.

i5 Materials and methods
Raw Materials

Starting Materials for fermentation with a defined minimal medium:

Item  Component Supplier Cat. No. Specification

1 MgSQ,, 7H.0 Unikem 329516 Ph.Eur.3RD

2 CaClz, 2 H0 Unikem 260455 Ph.Eur.3RD

3 KH.PO, Unikem 317545 Ph.Eur.3RD

4 KZHPO, VWR 105101 Ph.Eur.3RD/BP
5 NaCl Unikem 284356 Ph.Eur,3RD

6 (NH4)280, Unikem 257022 Ph.Eur.3RD

7 FeS0,, 2 H,0 Unikem 269613 Ph.Eur.3RD

8 FeCly, 6 HO Unikem 269357 Ph.Dan

9 Na citrate, 2 H,0 Unikem 284539 Ph.Eur.3RD



Starting Materials for fermentation with a defined mninmal medium Item
Conmponent Supplier Cat. No. Specification 1 MSO4, 7H20 Uni kem 329516

Ph. Eur.3RD 2 Cadiz, 2 H20 Uni kem 260455 Ph. Eur.3RD 3 KH2P04 Uni kem 317545
Ph. Eur. 3RD. 4 K2ZHPO4 VR 105101 Ph. Eur.3RD/BP 5 NaCl Uni kem 284356

Ph. Eur . 3ROV PP So1 Uni kem 257022 Ph. Eur. 3RD 7 FeSORCEHDEKPHGAMFRem
269613 Ph. Eur.3RD 8 Fed 3, 6 H20O Uni kem 269357 Ph.Dan 9 Na citrate, 2 H20
Uni kem 284539 Ph. Eur. 3RD WO 2004/ 099244 PCE 0K2004/ 000329 46 Item
Conmponent Supplier Cat. No. Specification 10 Vit 61 (thiam ne HCL) Uni kem
319129 Ph. Eur.3RD 11 Kananycin VAR (Research 10810 USP Org.) 12 d ucose,
1 H20 Uni K& 319688 PRE Eur . 3RO Splfycer ol UniCRleioR73805 PRP®IficaB®D 14
Al 2(S04) , 158 11\0s DUninleeithaHBBAS tilikdlT - SRD ™ 153198, 2 H2ZO PREKEMF G393
Ph.Nord. 63 16 Cud 2, 2 H20O Uni kem 360321 17 113603 Uni kem 251231

Ph. Eur. 3RR; 18 @aGh@cind H20 Voi ot VGBS R 106, 4)SR 19 Na2Mb@d, 2 H20 WR
106524 Ph. Eur.3Ro 20 NiSO»4, 6 Ha@)Voigt d obal1 N1070 ACS 21 Znd 2 Uni kem
14422 Ph. gyr.3 Yaast extragt rck 1.037 3 I PTG S 758 24
1 spaa onitem Sucese 1880 E&ﬁ'@% 55 Naor Lo 2848t B R o
Medi a and Buf f &¥Y€MNposi ti ons PrEWEAti on of MA73B08ul ture MERHEWRAR em

Conponent 1€onc Al 0§09t 0E K.Anount Whkest ock Fi nal 3g3936. Ph.Eur.3RD
15 CoCly, 2 H,O Unikem 263913 Ph.Nord. 63
16 CudCl,, 2 H>0 Unikem 360321 -

17 H3;BO; Unikem 251231 Ph.Eur.3RD
18 MnCl,, 4 H,0 Voigt Global M1106 use

19 Na,Mo0,, 2 H,0 VWR 106524 Ph.Eur.3%?
20 NiSO,, 6 H0 Voigt Global N1070 ACS

21 ZnCl, Unikem 14422 Ph.Eur.3RD
22 Yeast extract Merck 1.03753 -

23 IFTG Sigma 1-6758 -

24 H3PO, Unikem 1.00563.1000 Ph.Eur.3RD
25 NaOH Unikemn 284885 Ph.Eur.3RD

Media and Buffer Compositions

Preparation of Main Culture Medium

Item Component Cone. of stock Amount of stock Final conc.
(g/L) mi/L) (g/1)

1 MgS0,, 7H,0 300 3 0.9

2 CaCl,, 2 H;0 15 1 0.015 -

3 KH,PO, 150 20 3

4 NaCl 100 16 1

5 (NH,),;50,4 250 40 10

6 Trace element - 1,5 -
solution

7 FeS0,, 7 H,O 7.5 7.5 0.0563
solution

8 FeCls, 6 H,O 7.5 7.5 0.0563
solution

9 Thiamine HCL 1 10 0.01



(g(L) m/L) (g/L) 1 MgS™¥, 7H20 300 3 0.9 2 CaCl2, 2 HRO 15 1 0.015 3
KH2PO4 150 20 3 4 NaCl 100 10 1 5 (NH4)2SO4 250 40 10 6 Trace el enent -
1.5 solution 7 FeSO4, 7 H20 7.5 7.5 0.0563 solution 8 Fed 3, 6 H20 7.5
7.5 0. 0563wEaloybdsory 9 Thiamine HCL 1 10 0.01 WO 2004/ 099444« 2004/000329

PCT/ 0K2004/ 000329 47 Item Conponent Conc. of stock Amount of stock .” Final
conc. (g/L) m/L) (g/L) 10 Kananycin 60 1 0.06 11 d ucose 500 60 30
Itens 1-8 are dissolved in the witten order in approxinmately 50% of the
final volunme in de- ionized water and m xed thoroughly until fully

di ssol ved. e LS the dj dtot [ | ume ' t he

vol une ad é@af%@b%{%cl aviﬁo g‘t%é%r ansfe::h‘r%acﬂjnttgﬁ%tﬁf\(g?'ferme(r!]E Squ “and
sterilized by autocl aving. @g 9-11 are niiéd and transferdgd aseptical ly
into the capl edkdivemt or (37C) gopH TS adj usted TqQ 7. Preparatg.gf of Pre

Cul ture I\/Eﬁ‘iy um!/;[tem Conmponent %ﬁéc. of stock Anount of stock Fi ng(g conc.
(g/L) (m/ o £5%%€1 119504, 0300 1 0.3 2 cabf2, 2 O 15 1°%.015 3

KH2PO4 150 20 3 4 K2HPO 600 20 12 5 NaCl 100 1 0.1 6 (NH4)2SO4 250 20 10
Items 1-8 are dissolved in the written order in approximately 50% of the final volume in de-

ionized water and mixed thoroughly until fully dissolved. The volume is then adjusted to the
final volume (minus the volume added after autoclaving) and transferred to the fermentor
5 and sterilized by autoclaving.

Items 9-11 are mixed and transferred aseptically into the cooled fermentor (379C). pH is
adjusted to 7.

Preparation of Pre Culture Medium

Item Component Conc. of stock Amount of stock Final conc,
(g/L) (mi/L) (9/L)
1 MgS0,, 7H,0 300 1 0.3
2 CaCl,, 2 H,0 15 1 0.015
3 KH,PO, 150 20 3
4 KaHPO, 600 20 12
5 NacCl 100 i 0.1
6 (NH4),50, 250 20 10
7 Trace element solution - 1 B -
8 FeS0,, 7 H,O solution 7.5 5 0.0375
9 FeCls, 6 H,0 solution 7.5 5 0.0375
10 Thiamine HCL i 5 0.01
11 Kanamycin 60 0.25 0.06
12 Glucose 500 40 20

10 The desired volumes of the stock solutions, items 1-9, are transferred to a 1 | measuring
flask. Add RO water to 955 mi. Measure pH and adjust to pH 7,0 if necessary. Stir the solu-
tion and transfer it to 4 1000 mi shake flask with 238 ml in each. After autoclaving, the non-
autoclavable components, itemns 10-12, are added aseptically to the shake flasks.



7 Trace element solution - 1 - 8 FeSO4, 7 HO solution 7.5 5 0.0375 9

Fed 3, 6 1120 solution 7.5 5 0.0375 10 Thiamne HCL 1 5 0.01 11 Kananycin
60 0.25 0.06 12 ducose 500 40 20 10 The desired vol unes of the stock

sol utions , are transferred to a 1 | measuring O
water to ggjgﬁlﬂylo%ég‘sure pH and adjust to pH 7,0 if neces%é*@%@# q?ﬁ
solu- tion and transfer it to 4 1000 m shake flask with 238 ml in each.
After autoclaving, the non- autocl avabl &conponents, itens 10-12, are added
aseptically to the shake flasks. WO 2004/ 099244 PCT/ 0K2004/ 000329 48
Prepar I ol ution I'tem Conponent Amount: Final conc. In
mai n cu é%?ag% |O-r’5a chéﬁztéa’? Bre culture (g/L) nmedium(g/L) nedia (g/L) 1
Al 2(S04), 18 H20 2.00 0.003 0.002 2 COCl2, 2 H0 0.70 0.0011 0.0007 3
QuQ 2, Reh20 23AAnGR375 O 00280 4 HBOTA. B0x0-08RI5 0. 0RAEPo IHAL2.
H2O 20. 00 0.030 0.020 6 Na2MbOd, 2 FO 3. 00 DB AE 0030 NI S N?:% e
2.00 0,003 0.002 8 ZnCl 2 15908 0. 0228=dro{sf) The corrponeﬁieéi'aaﬁgé’-)m xed in

appr oxi trat el y A2(80.0f 18 heo f i nad.ovol ume. Add aopdified (pli=I) RQgeter to

1000 m, The %gl:l‘”i grql s sti ré. %i unt il allﬂz)%gﬁjs are di fssol ved. gﬁgﬁpsfer

t he solutlon bl ue'cap bottle a toclave it. Prep 1 on of
Ferro sdl phat &46lel 4th®n |t em &BOponent AMBBIB78g/ L) 1 FeSO4, 2.092897.5 2
Sodi um gi trat e,s® H20 100 Prgeparation of ofehrg chloride sol ut p@aoks em
Conponegt Arm%bz}(g/ngé 1 Fe%go 6 1i 20 7. 50.%3§0d| umcitrate, 2 (')_.%200 100

6 Na,MoQ,, 2 H,0 3.00 0.0045 0.0030
7 NiSQ;, 6 H,0 2.00 0.003 6.002
8 ZnCl, 15.00 0.0225 0.0150

The components are mixed in approximately 20% of the final volume. Add acidified (pH=1)
RO water to 1000 ml. The solution is stirred until all salts are dissolved. Transfer the solution
5 toa liblue cap bottle and autoclave It.

Preparation of Ferro sulphate solution

Item  Component Amount (g/L)
1 FeS0Q,, 2 H,0 7.5
2 Sodium citrate, 2 H,0 100

Preparation of Ferro chloride solution

Item  Component Amount (g/L)
1 FeCL3, 6 H,0O 7.5
2 Sodium citrate, 2 H,0 100
10 Equipment
Fermentors
Item Type Total vol.  Working Manufacturer Supplier Cat,
(L) vol, (L) No,
Fermentor LabFors 2 0.5~ 1.6 InFors Buch & -

system Holm




10 Equi prent Fernentors |Item Type Total vol. Working Manufacturer Supplier
Cat. (L) vol. (L) No. Fernmentor LabFors 2 0.5 - 1.6 InFors Buch & - system
Hoi m WO 2004/ 099244 PCT/ 1K2004/ 000329 49 The InFors Labfors fernentor
system consisting of 6 2L fernmentors, each with a working vo- lume of 0.5 -
1.6 L, andW® WBge¥e+Controlling Unit connected to a conp@CADEIREYHOFRI with
software (lris NT 4.1 for Wndows) for data acquisition and processing. 5
Met hods The initial experinents to eval uate t he percentage of sol uble
protein expressed was done in 250 m shake flasks, in a incubator shaken
at approx 200 rpmimin in rich nedia w 60/m kananycin. TNFo protein
expression was evaluated with Western bl ots and Coommassi e stained SDS 10

PAGE, in iy thbHﬁbETbrﬁi{édnﬁk@ﬂ-s@E@ﬁ c@qts{sah@@feﬁgtf&wte?mé eaadw&@bumremaw?
expressi o \ ) renovi n e rom
t hg super E‘gle ﬁt %eﬁogg aéﬁjaa Q%/‘ctt%'y(‘s “5'%3'89?‘:"1 tf‘i?ﬂ%‘!f‘it Ot S5 RIS 'E%B’%%r@ Yor 10

m nut es) . softyearg éiris &Mt Ay éordVindoka) i redafNEequisisoness tdi progeasiesl by "eyebal | i ng”
the Western Blot. Different tenperature conbinations were tested: nostly,
bi omass was produced at 37C fol- 15 | owed by induction, and expression

t enperiat V84983 25C (37/25) or 37C (37/37) was tested. TNF37(A145R) ( SEQ
ID NG 13) was chosen as the nodel variant for expression and was then

tested w f hake fIa t he 37/ 25C tion.
o oat 1 ng. el PRy oS Mherc@iida of ol B rklen) e S “AREH1 k2 asr
was est abki0snbshaka flygkssin avingietgrsEaeniittappBex 20§ nytn/koémiarrigh inedidyy/ 60p/mi

i nocul at i p@amyehe-warmed 37C 1 | baffled shake flask containing 225 mn
YEN, with 25 mM froma 250 m ON culture in YEN with 60 pg/m kananycin,
and growing at 37 at 200 rpmfor 31/2 hours. Ildentical glycerol freeze

st ocks werNFarmdirbgxpresgion gvab @vatliatee yibrigedterl Bigts gno Whorgmasdié statietB0S Wi t h

140 iy 86%cH Y&S&tﬂ'umﬁ% =3k 'Bﬂﬁ'fggak Fgai'ng BotHkoidl 4 hﬁﬂe Pkale c{i??eessi%h ot s

are stored at - Cand a sin I's use pre-culfure prior to
fer- rrent%’taluBF?d *P@S ’\Gé‘ﬁépﬁi‘:‘ﬁ@ ?'I‘fb’”eﬂl?éﬂ"igﬁ/s%‘ﬂp'? ﬁ'@”ﬁ@BSUBerB?téf“brEﬁf?r@raé‘dfqﬁ@ﬁ ks
cont ai ni ngcedBiFugdticpr e (BOL 000 RA1® minutes). The percentage of soluble TNFa was esti-

rmated by “eyebailing” the Western Blot.

Different temperature combinations were tested: mostly, biomass was produced at 37°C fol-
15 lowed by induction, and expression temperatures of 25°C (37/25) or 37°C (37/37) was
tested.

. TNFB?(AMSR) (SEQ ID NO: 13) was chosen as the model variant fotr expression and was
then tested with defined media, in shake flasks, using the 37/25°C combination.

Creating a Research Celf bank

20 A Research cell bank (RCB) of TNF37(A145R) was established in Yeast Media (YEM) with 60
rg/ml kanamyecin, by inoculating a pre-warmed 37°C 1 | baffled shake flask containing 225
ml YEM, with 25 il from a 250 mi ON culture in YEM with 60 pg/mi kanamycin, and growing
at 37° at 200 rpm for 32 hours. Identical glyceroi freeze stocks were made by mixing 60 mi
exponentially growing cell culture with 140 ml 86% glycerol, and aliquotting in 1 ml aliquots.

25  These aliquots are stored at ~80° C and a single aliquot is used for pre-culture prior to fer-

mentation.

To determine the quality of the RCB, 3 pre-culture flasks containing 250 m! pre-culture media
w/ 60ng/ml kanamycin were inoculated with an RCB aliquot each and OD600 was followed.



w  60g/m kananycin were inoculated with an RCB aliquot each and 0D600 was
foll owed. WO 2004/ 099244 PCT/ AK2004/ 000329 50 The cul tures behaved
identically until 11 hours after inoculation where they reached an 0OD600
of X3,2. It was decided to inoculate 1 | fermentors with 50 ml pre-culture
t hat have BEEP04/8¥9@%n for it hours under the above- nenti oneEtDEdNEI3DNS, in
all .the follow ng experinents. Optimsing fernentor conditions 5 To
determ ne the optimal fernentation conditizmns, sanples were taken from
growing cultures in Inforss fernentors, and anal ysed for OD600, by
spectrophotonetry, TNF expression |levels were determ ned u5|n%

quant i t at TheecuitNressisdaydd idertlcpiispuntihdl hTws afkeg inadulptionwiers tery eACheri P ay
Veestern Bhots hng waEQfeH@@& ast;h&fmsaw\@n ?er?n%‘ﬁﬁc%‘ m.f% %lmn‘;ﬁé@mmte&mefaata Been
condi tions, 25/ 25, 25/25/1 /25 and 3 ssion

was test e® 8 arPanglgs Hu?ﬁsg?e a?ovgmtﬁged mﬁ fr%\ﬁf w@?ﬂ%@?‘aﬁgv@ép fﬁ?ﬁsﬁes

with regard to TNF expression were further analysed by Western Blot to

det erm ne, radat ] ic presentation 15 CGeneral Process
Paraneters gn%neté%@ C§ﬁ&§§%% Range Alarmlimt PH 7.0 6.5-7.5 <6.4->7.6

DQZ tension 30 %0 - 100 96100 % for nmore than 4 hours Stirrer speed 1000
RPM 1600 o d2B9ninSBRCHHtintel RIrReR&S o asritRIng] SarkiiedRerbaaken(tam brambd uillires

roe- “cohane oy SBsbute 1 Ees e B b “eboandvpe bl St er i

Expres- swemr detamined-Birg7 G@nlitigd THF 3FedficEIZPA, 4Md TOF 2Bgra@daBorgPad 0ete0- 20 1
25 24 10- 3029+ 10Q o8 HotfRg.24-36 5-10 1 25 24-36 10-30 150-200 2-6 25
24-36 5-10 1 2%/16 24- 36 fﬁ 30 150-200 WO 2004/ 099244 PCT/ 0K2004/ 000329 51
The | PTG concentration was 1 mM and the tenperature at induction was

| ower ed frapmeddbons were tested at different temperature conditions, 25°/25°, 25°/25°/16°,

10 37¢/25° and 379/37°.
ODgoo and TNF expression was tested on a large number of samples, and few representative

samples with regard to TNF expression were further analysed by Western Blot to determine
degradation.

Schematic presentation

15 General Process Parameters:

Parameter Set point Range Alarm limit

PH 7.0 6.5-~72.5 <6.4->7.6

DO, tension 30 % 0100 % 100 % for more than 4 hours
Stirrer speed 1000 RPM 1000 - 1500 -

Specific Process Parameters

ODgos  Temp (°C) Timel(h) Bio ODgpy at IPTG Temp. Time (h) ODgg &t  Max Yield
Pre Bio Mass  Mass Pro- Induc-  conc. {(°C) Expres- Harvest mg TNF/L
culture Product duct tion mm Expres- sion
sion
2-6 37 10 10-20 1 37 4-5 30-40 10-20
2-6 37 10 10-20 1 25 24 10-30 50-100
2-6 25 24~36 5-10 1 25 24-36 10-30 150-200
2-6 25 24~-36 5-10 1 25/16 24-36 10-30 150-200




to 25C except fromthe 37/37C and the 25/25C processes. The total
fermentation time was between 14 and 18 hours for the 37/37C process and
up to 61 hours for the 25/25C and the 37/25C processes, including
propagation, induction and protein production. The 5 total fernentation

ti me depend® 0f/@Mel4growt h of the culture. OD600start in AOTOKBPHEEISr was
between 0.1 - 0.3 (2-6 in the pre culture) as calculated fromthe OD in the
i nocul ation cul- ture. Induction, 37/25 Csprocess, was perfornmed at 00600 =
20 f 1-2 or nine to eleven hours after inoculation. Protein production
took place for 20 - 24 hours. Induction at the 25/25 C process_was

per f or medhatlP 9 suBertratpnt was Dmil arpixhg demprrplira sl iBAUGHAR NP YSRD o0 6t ei n

producti @g ZSQ@deélpﬁﬁ‘r@mftﬁé 32/87°C 3fd bruUrsy25oCTHGEes¥ @Y. iTAa totedepimeatatam tihe TNF

| t ed t 2x1 t
B e b bR AR (b % B e T S ARk R?, o,
| east 30 asé¢h®a7ﬂ25éc procedses Medwdinmpropagetion, hdedtiongndprathie psedisties Thehe

sanpl §S ‘ﬁ@tra?fe?ﬁ@ﬁtrahgﬁjgﬁg c%ber%g OQQQé rdvith of thelitie) O@qusta hﬁth‘élf@terﬁeﬂ;@éraﬁﬁs was
tested f cont ent usi ng he Fa Uant i %at iv e er al

bver vi ew BBIERG: brotdss 63 s SEe) S CHPORPRY e ODF the ﬁm Bt t s
and di scie®i dituthen, SYpET tarptasscass patbrowt at 0DEO0 s X ﬂdy2 oshnow@@jebhm
expressi 21% f ffelﬂ)' M:{ghﬁttéﬁl\":inrét'eggirréé&%ﬁ k%kfé&%%&aﬁﬂ s SrRLERReH tﬁé 25C

both in experinments 100 m

Ri ch nedi%ﬁ%%pr%%maétwovm@%a%owomleﬂﬁ@rfé’,iﬁ?«a%ﬂha#a eLNOGHRIOMA e t he
cul type reaengto@RUEPEQR fihe fert4 uBe neas. i nduced with 1 mM I PTG At the
sanme time, the cultures grown at 37C were either kept at 37C or noved to
25C, were they were grown over night. The follow ng day, the cells were

har vest edNEbyevahtaxdressiamyed for total and sot- 25 uble expression of TNFa
variant. The results showed that the tenperature shift from 37C to 25C at
t he poi nt_ of induction had a significant posit ffe on t unt of
sol ubl e TRE TBF S*RseeN lagg Piereust e aeas oot L & 2 20a f

for the fraklsawpley wexetehBaval olit: aﬂwwm@@mm@@bmmeﬂmC 05206 in
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versions of the above-nentioned constructs were avail able, expression 5 of

T QSZFSV?EXI ant lsai\égér%lega cﬁ’ tﬁe p%@gsstcgg blées%gtli ¥nsthg QWeQaﬁ ?P%r ?bl € expression

Results and discussion

The experiments carried out in this study, showed that expression of soluble TNF significantly
increased when expressed at 25°C both in shake flasks and in fermentors.

20 Shake flask experiments

100 mi Rich medium was inoculated with 5 mil ON culture, and grown at 37°C, When the

culture reached an ODgg the culture was induced with 1 mM IPTG. At the same time, the

cultures grown at 37°C were either kept at 37°C or moved to 25°C, were they were grown

over night. The following day, the cells were harvested, lysed and assayed for total and sol-
25  uble expression of TNFa variant.

The results showed that the temperature shift from 37°C to 25°C at the point of induction,
had a significant positive effect on the amount of soluble TNF expressed, so it was decided to
keep this temperature shift for the following experiments.



non- det oxi fi ed versions. Expression in fernentors To test TNFa vari ant
expression in defined nedia, we nmade an initial experinment in shake

flasks, with the sane conditions as described above (37/25). The over night
i nduced cut- 10 ture showed satisfactory |levels of TNFa vari ant expression,
and we t hePM&X ¥WPE0Wet ded to test the expression in fer renmtGHBKRW+OHBENI se

t he.-anobunts of TNFa variant expressed, and also to try an mnimse the
degradation of the variants that still is %een in the expressed vari ants.
Ce/l growmh The Research cell bank was nmade as descri bed above, and we used
this pre-culture to ino- 15 culate 1 | fernmentors with 50 ml of pre-culture
at OD6 3-Z/eciva&ffentors were pre- heated to the chosen tenperature (37C
or 25C) to mnimse the tenperature shock. In the case of 37C fernentors,

the cells, continued exponent,i al, wh w t | ag-, 37C
e ool t AEoHa PG TFORLER bR todl i, A S, Mg SR Whins Xl o
of appr oxandIfNFhbmere radadrdacowneEnioo iy hehpooneagtt ieedls torduwtherdtvegtigationer r at e.

This is to be 20 expected as a consequence of the tenperature shock the
cells are subjected to in this case. The sane |ag-phase was seen when we
shifted tWeersee geferifipd versionsef thampbayamenjiorrk@paruGthyaeIvaiieblas BiesEadt to
gr adual | yof shdsktvatibets wenp esseddung the eBuBY GhdveeCEpavaie aprémsion 1é2ls tprthd0 m n)

di d not redu he, | -'%hase. TNFn var/ant expression |evels 25 The
expr essi on%q'rée;e\?%%’%edv\yee?%o eterm ned via the TNFO specific quantitative ELI SA.

The highest levels seen are in the 25/ 25C process, were |evels of approx
250 my/ | Bhees8Bn id fAkMeftorsThese experinments are still single verifications,
and the tinme between 15h and 35 h after induction still remains to be
anal ysed. WD 2004/ 099244 PCT/ DK2004/ 000329 53 The 37/37C process only

gi ves verTp testritNFad/asiamiuedpsesoion Sotiefired middfg weambdandn bt expelbnamgin shakad t he

37/ 25C PiagReSiHARTEah0 BRIl oot ida 10, ITBY 60N GhUS AN n ARy o0

;
results froma total nore tha nment at’i ons, pstr.eam processes
(fr ofa Breshowed 6?“553“?% r‘e‘{el'fe"fﬂ?\’ﬁﬁ Yetiansrexpressign  asdeveriesefong desded fﬁ Beki ns
have beenhebgsessionlihderh@tdrend ajtirnies tesoRas boTROvdranBexpeédste,chnal didonl
medi um ( i.pti . e . sen_fer tatjon re
based on Db ERPIRhE Pectfa@ihior WPy its ABEE SR ALhE BRLaGaRAREUE 0
were tested. The tested TNFa variant was TNF37-145 in the E. co/i strain

HVB174.  cept growth

The Research cell bank was made as described above, and we used this pre-culture to ino-
15  culate 1 [ fermentors with 50 ml of pre-culture at ODgy ~ 3-4, The fermentors were pre-
heated to the chosen temperature (37°C or 25°C) to minimise the temperature shock, In the
case of 37°C fermentors, the cells continued exponential growth without any lag~phase.
When the 37°C pre-cuiture was inoculated into a 25°C fermentor, the cells had a lag-phase
of approx. 17 hours, before commencing exponential growth at a slower rate. This is to be
20  expected as a consequence of the temperature shock the cells are subjected to in this case,

The same lag-phase was seen when we shifted the 37°C culture to 25°C imemediately before
induction. An attempt to gradually shift the temperature from 37°C to 25°C over an hour (2°
pr 10 min) did not reduce the lag-phase,
TNFa variant expression levels

25  The expression levels were determined via the TNFd specific quantitative ELISA,
The highest levels seen are in the 25/25°C process, were levels of approx 250 mg/l are ob-

tained. These experiments are still single verifications, and the time between 15h and 35 h
after induction still remains to be analysed.



10 The optimal results have been obtained using 25 both pre- and
post-induction. The optimal harvest tine remains to be determ ned. EXAMPLE
10 Sel ection assays A direct receptor ELISA together with a polyclonal

ELI SA and gwf%/{,g%g%? CI ty assay with KD-4 15 and Wehi cells are used as
first line as ¢ screen and fol | ow purification. Ant i HodPEEHPY 2 duced
agai'nst TNFa variants are used to inhibit wTNFa binding in both the
receptor and the cytotoxic assay, to neastire the antibody quality. EXAMPLE
11 Purification Procedures 20 In this exanpl e, reconbi nant production and
subsequen LEd t he TNFa var T ri,bed
i n det ai I*h{%&e; CC&%%%Q ORFY gi?\h ca o%%edr%rg%%?gkféaql .ZNF(G '\#%ﬁ eéd)%)g%%g/l
accor di nga"écbthﬁﬁé/%ﬁ"gwsﬁ ?ﬁ?éﬁttpéﬁa’aﬁﬁaww 169 sw/be appl icable (with snall
adjustnents rele- vant for each variant) for other TNFa variants of the
present inventjon. However, at present the inventors are working on an

i nproved %%@&ﬁ—@%tl on scherre that is 25 especially suited for |arge-scale
fermentation of TNFU variants. Basicall y, the sane individual steps

descri bedghel, Q)Wr uﬁs H‘%ﬁ\cdia to@ﬂ g{}:?? e mg%etrlcﬁ}%gz T st?és rocé%%s Q e%ﬂ 4 ose

purlflcatlonvvl echromaora

and Q3sepki 658 f@ﬁﬁf@rﬁﬁwﬁ'an ogfﬂhe’ﬂ% TRz varignt zmwnegwepgnpwmﬁemoszg

54 An E. @ehtatisishadrg paﬁ&heﬁTAB/dEhF&?mwheme&ﬁ%ae g&ch@mnwm wh@t:r&, (60
ng kananyc a.caontain g % Agar)

e
B rod o Ca0e R bt hels Pabl oh Bk S0 e B oty empe
whi | e shakirnepripetiRPavere @SN@!W‘ iBrtaﬁmg\iﬁN(ER vehiaikeras TANER7 1145 ¢ thehs. §01caﬂr@lur eis
transferr@dsiza 2x1 L LB (60 ng kananycin/L) in 2L baffled shake 5 flasks
and the cells are allowed to grow in a New Braunswi ck shaker at 220 RPMto
0D435= 0.6-0.8. This step has been perfornmed at the exenplary tenperatures
37C and 25€,ophioial rasties asppperabbiaieraginge 50 potinpreednd postaaduttion Tharoptimal M 1

M| PTG i %M@gmgq g,ﬁgltg B@ﬁ%&%ﬂe& he cells are allowed to grow for 16-20
hours. Be- fore in uctlon e tenperature is adjusted to 25Cif this is

not already the fernentation 10 tenperature. The cells are harvested in
centrifugestwbeso (500 m) by centrifugation at 5000 RPM for 15 mn using
an SLA-3000 head in a Sorvali centrifuge. The cells are transferred to one
500 m pre-weight centrifuge tube using 0.9 % Nad and har-

Selection assays

A direct receptor ELISA together with a polyclonal ELISA and a cytotoxicity assay with KD-4

15  and Wehi cells are used as first line assays to screen and follow purification. Antibodies pro-
duced against TNFa variants are used to inhibit wtTNFa binding in both the receptor and the
cytotoxic assay, to measure the antibody quality.

EXAMPLE 11
Purification Procedures

20 In this example, recombinant production and subsequent purification of one of the TNFa vari-
ants (TNF37) is described in detail. However, the purification procedure is the preferred one
according to the present invention and will also be applicable (with small adjustments rele-
vant for each varlant) for other TNFa variants of the present invention.

However, at present the inventors are working on an improved purification scheme that is

25  especially suited for large-scale fermentation of TNFo variants. Basically, the same individual
steps described below are used, but the order is reversed so as to finish the purification with
a hydroxyapatite chromatographic step after SP-sepharose and Q-sepharose chromatogra-
phic steps.



vest cells by centrifugation as before. 15 The supernatant is discharged
and the tube is weighed to determ ne the cell weight (should be 7-11
grans). 200 m 50 nmM Na21-1P04, pH = 7.0 is added (if cells are
re-suspended they should be used directly, otherwse it is possible to
freeze). C¥O20V/®PUBti on, centrifugation, and filtration BOVRKHEEHEAICal

di sruption of the cells offer several advantages over enzymatic disruption
in terns of efficiency, reliability and ti4e ability to choose any buffer
necessary in the followng steps of the purification. The APV-1000 is kept
cool during the operation by addi nl%ﬁi ce water to the san‘gl e- chanber before
use and pasfi @ WAt T ARGHIFBHECRAE Arier Wstamrasiy dmlate{§O pakyrgusings LB
sanpl e. Geantisicbutgiatigons andgén) lid featispendSian \Bas! LB meaiaée nadyaatyingll B5) 20vd

ot ot o ns. SREvEl TR b HhLAT PR SRR E R R L R SR lker 1

same day as this mght mnimze the apparent protease activity as a
consequense af ofthe cERRNSkh Mt HAGSE (6d thi RaGIHRILLArARRNfRdSheR  The

procedure for djsruption, centrifugation and filtration is as follows: WO
D004, 990 T EERo BRIBTOFISSS! Lossotiie o Sl ek S RO LI OPer |
i s transf®é0ed] Thisatep bag beengelorrded atupe ererGARY-te0RB)atured 32°C ehd 2595 pensi on

i's caref yheo RasSERuiX a2 e ¢ 4 (cooling on ice after each pas-
sage and pgssi‘?léé iuce wgt eg}g?rﬁr oug tceE% \7‘?‘1000 in between the passages)

using 700 bars of backpressure (the solution ought to be clear at this
poi nt). % fihe MIPFGUPEEdEIaE|dash Bk dndans takes alldved 2 QPowrkorcantd hdurgead-ube

and the | . n.for 45 . mn at. 10000 RPM.in a Sorvall_ centrifuge

et ng ¢ haoe Ty RERerSlrpitre Bl 236 1 B Aoy Bt PP

0. 22 M f itpgerature ydr oxyapat i t e(HA) chronmat ogr aphy Hydroxyapatite Bio- Gel
HTP Gel (BI O RAD;, catalogue # 130-0420) is a crystalline formof 10

cal ci um phosphat e . havi hg .proven itself as uni que tool in.the separation
o pr of o118 cBlice p8ren B pentifon kiresaPSa e diupsiiingt cohd RefiiBE ke £ nor
separ abl eising aotHher3000tHead $n a Howvall eswirifugen our experience the fl ow
properties of the material are sonmewhat critical in that sense that a flow

hi gher than 2 ml/mn raises thg@)ressure_ to an unacceptabl e high |evel.
Al so t he Thigelsraratrapsfsred te apsell sbper ypioht serlifugfetbgtusibaft-9 Rala®ard hasde

t 0 r egeneesteiisby berfofligwmon ddbdiydr oxi de as recomended by the manufacturer.
Buf fers and Colum Stock for buffer A+ B: 1 M Na2HPO4 x 21120, pH = 7.0

(pH adjusted to 7 with MCl). Buffers
15  The supernatant is discharged and the tube is weighed to determine the cell weight (should

be 7-11 grams).

200 ml 50 miM NapHPO,, pH = 7.0 is added (if cells are re-suspended they should be used
directly, otherwise it is possible to freeze). '

Cell disruption, centrifugation, and filtration

20 A mechanical disruption of the cells offer several advantages over enzymatic disruption in
terms of efficiency, reliability and the ability to choose any buffer necessary in the following
steps of the purification. The APV-1000 Is kept cool during the operation by adding ice water
to the sample-chamber before use and pas ice water through the machine between the two
passages of sample. Centrifugation and filtration serves to remove any particles or aggre-

25 gates from solution prior to chromatographic separation of the proteins, The ceil disruption
and HA-chromatography should be done the same day as this might minimize the apparent
protease activity as a consequence of the separation from these in the chromatographic step.
The procedure for disruption, centrifugation and filtration is as follows:



A+B made fromdilutions of stock. Buffer A: 50 mM Na2HPO4 x 21120, pH = 7.0
20 Buffer B: 0.3 M Na2HPO4x 2H2O, pH = 7.0 Columm packed to approxi mately
50-60 mM w th hydroxyapatite Si-Gel H ? Gel (BIORAD, catal ogue #

130- 0420) %6%%4%9ﬁg§pen5| on in Buffer A and a XK 26/40 (@gf&ﬁﬁm&{%sgsm en-
r

ces) colum omat ogr aphy Program 25 Purge system 20 ml

m/mn. Equilibration: 4 CV of Buffer A at a flowof 2 mMJmn Load sanpl e
t hrough punp (inlet F on the BioCad) (appr8X 225+5-10 ml If the sanple in
the tubing is needed) at a flow of 2 ml/mn. V\ash colum with 1.5 CV

Buf fer A L ution: ot ei.n i.ent
of 4 OV fﬁhﬁq@%ﬁeﬁ?a%a%ﬁ e umatidty bR g LY Aol P REF
with 2 cviBaftbsuspengionisicpesil ppssed @ik Lhrorgh trreed:@'qm:er (d9pkind nicpiafter epcopas-
Buf fer A 8hgeoarfd mssiod icd Wﬁtémhﬂeugﬂ\@l@ﬂﬂﬂ/l@@@%tﬁgw P04 g@%%w%% 700%banel ect

f | ql
0. 075 1 REBRbrse e fodoltfo Sy tiaPS R AEH Rie kD Fract fons af ter Ha

chr omat ogr aphy The HA chromat ography el ution fracti on profile basically

consi s§ Ofl'h@disfdﬁﬁbcuér@ﬂ@‘t'}arfs?@@d'tQ% Og Q%ngl?g eet!uUIB 1 Qpet SR o

separated into, several con arh rac 'ORS Aas o
sel ect ed B PhtP498diPH t('3fa %OTﬂb‘Fﬁ’?Hgéﬁ’ee“%‘f%WFechg@O dkathe entire peak si nce

a peak containing TNF37 is not directly identifiable. However, as a

consequengg, of. a%pgasp %{eﬁ rification, st t he selection of fractions at
this point 1s fes ? csa'lnﬂ Bass?‘%“ O‘fc%‘s%?%?é‘ @t "t enpve cont ani nants
| ater in the procedure. Thus, a |l ess conservative sel ection of fractions

10 ensur egy, mxyﬁumerﬁ@j@r@ﬁ,at\bgfabﬁ)nt Initially the "run through" was
checked with "dot blots" for any TNF37. This gave a positive result that

in theory should indicate that a significant part of the variant did not
bi nd to tHedroxyebatie. BitiGebHEP GeMBENRADE citalsgué BrBogii20) & S tiystatinhe torirooft he

very &f fi &igbh pRESpHG \fﬂfgepr&&t Eis%ﬁ %%Tc@:%"m&ﬁﬁ HBL 29F BN Y¢ éfo&él?ﬂaﬁh %t ep)

and the fractions are an MTass| € stal ne not

contain am”%&"éb?%%ﬁ#‘ﬂpé?twpmams ehhavdse RatgersAklefby| ofer W@Pfﬂﬁ \*ﬂew-
reacti on éewertiheut doterish@d theGlowarrbgertidsd Fh@atdiR ¥l doattiwnbbalitiddl IRdBat sense

conpl et el %afjé {“IB\Q rh?dplrter than 2 mi/min raises the pressure to an unacceptable high level. Also the
material has collapsed several times when attempt has been made to regenerate with sodium
15 hydroxide as recommended by the manufacturer.

Buffers and Column
Stock for buffer A + B: 1 M Na;HPO,x 2H,0, pH = 7.0 (pH adjusted to 7 with HCI). Buffers
A+B made from dilutions of stock.
Buifer A: 50 mM Na,HPO4x 2H,0, pH = 7.0

20 Buffer B: 0.3 M Na;HPO,; x 2H,0, pH = 7.0
Column packed to approximately 50-60 ml with hydroxyapatite Bio-Gel HTP Gel (BIO-RAD;
catalogue # 130-0420) using a suspension in Buffer A and a XK 26/40 (Amersham Bioscien-
ces) column.

Chromatodqraphy Program
25  Purge system 20 mi at a flow of 30 mi/min.

Equillbration: 4 CV of Buffer A at a flow of 2 ml/min
Load sample through pump (inlet F on the BioCad) (approx 225+5-10 mi if the sample in the
tubing is needed) at a flow of 2 mi/min.
Wash column with 1.5 CV Buffer A at a flow of 2 mi/min.
30 Elution: Elute protein with a gradient of 4 CV from 0 % to 100 % Buffer B at a flow of 2
mi/min.
Clean column with 2 CV Buffer B at a flow of 2 mi/min.
Re-equilibration with 4 CV Buffer A at a flow of 2 ml/min. .



to the SP-sepharose. SP-sepharose Cati on Exchange Chronmat ography
SP-sepharose is a basic cation exchange step selected as consequence of the
rat her high, 20 calculated pl of 9.4 of the variant conpared to the wt TNFa
pl of 7.8. This increase in pl is a consequence of the 2 |ysines

i nt r oduced™ AMMEZBADRE epi t ope. This chromat ography i s REFHK2084/p4083%nt
and-fast for the TNF37 variant and is expected to be useful for a large
nunber of other |oop variants of TNFa. TH& sanple applied should have a

| ower conductivity than 8 nS/cm and pH should be at least 25 7.7 before
cont i nui %WI t h SP-sepharose chromat ography since variations fromthis in

our ex- ¢ FREtiMgs PoRIGRD % Halv s PRiehG st & Pexoighe 2R B g dith &P 4T ¥r ent
fromti mend®, pH e®. Buffers and Col utmm Stocks to buffers A+B: 1 M Tris-NCl.
pH = 8.0. Buffer A 20 MM Tris-HCI, 0.075 M NaCl, pH = 8.0. 30 Buffer B:
20 MM Tris-HCl, 1 M NaCl, pH = 8.0. Columm packed to approximtely 60 m

wi t h SP- seawiing S&FFEceaeingfamtBh ostdrétfcesomatigespid 2004/ 099244

PCT/ 0K2004/ 000329 57 |ogue # 17-0729-01) using a suspension in Buffer A
and a XK 26/ 40 (Anersham Biosciences) _colum. Chronatography Pr ogr am Pur ge

syst em 20" Vet amplogieRiy SsbiomiRRiIGD ROfg hepicabatangt off EWn Hirougly f1¢FU90 at a

flow of Zndldneauted peak hanidnebd depotagdt! iptengeveian bedksFTionTii e -BhoGad) frac-

( Sanpl e+ i i =D J ,

e VSR b [ S SP Fulek by b Coolfhlale SRRt by B utd et o

El ute prdtek fORpHgaINgPAd ettdingethyidentifiaplenioweyqroas @ gonremuire of Bibeauent | ow

%f 4 ;I-P_ﬂgirifilfﬂ:tfd)n s@p%ﬁﬁz @gbwésn dftvr:hktkas Gt/trﬁ.?}f)ésﬁf is?es}ftcrrﬁﬁfefl la@uvitaé lpéssrﬂe! fa n.
e-equilibration, Wt er at oW Q n., Sele .

fract 1 ondemunPohedfhlelaft e B Siaclule, Bufen 8¥esR e B 2o b estions

0. 0730M exa@es nppirgui yieldofSelri@at i ng 7NF37 cont ai ii ng Fractions after SP

Sepharose chromat ography The profile basically consists of a "run through”

e AR Bk PhShE i Bl MRS SED B Bt
resuit that in theory should indicate that a significant part of the varlant did not bind to the
column. However, when the “run through” is subjected to the very efficient SP-sepharose
cation Exchange Chromatography (cf. next step) and the fractions are analysed with Coo-

15  mmassie stained gels they do not contain any detectable TNF37-variant indicating some false
positive reaction in the “dot blot” or a fraction of the variant that binds completely different
to the SP-sepharose,

SPk-sepharose Cation Exchange Chromatography

SP—sephéfose is a basic cation exchange step selected as conseguence of the rather high,

20  calculated pl of 9.4 of the variant compared to the wtTNFa pl of 7.8. This increase in pl is a
consequence of the 2 lysines introduced via the PADRE epitope. This chromatography is very
efficient and fast for the TNF37 variant and is expected to be useful for a large number of

other loop variants of TNFa.

The sample applied should have a lower conductivity than 8 mS/cm and pH should be at least
25 7.7 before continuing with SP-sepharose chromatography since variations from this in our ex-
perience has made the binding properties of the protein different from time to time.

Buffers and Column
Stocks to buffers A+B: 1 M Tris-HClL pH = 8.0.
Buffer At 20 mM Tris-HCI, 0.075 M NaCl, pH = 8.0.
30  Buffer B: 20 mM Tris-HCI, 1 M NacCi, pH = 8.0.
Column packed to approximately 60 ml with SP-sepharose FF {Amersham Biosciences; cata-




not to include to many fractions on the right side of peak two since this
in our experience includes to many contam nants that are not easily
renoved i n subsequent chromat ographic 20 steps. Q sepharose Ani on Exchange

Chr omat ogr ( arose is a basic anion exchange step sel ected for
renmovin a%ﬁg "89‘@§§Pam nant pro- tein that with high repfotBEZEHP%
g p g p

follows the purification of TNF37 i ncl udi ng t he HA-chrona- tography and
SP-sepharose. The TNF37 variant itself does3’not bind to the colum but the
25 maj or unknown contaninant does. It is, however, possible to select

fractions tive fashion alrea ste

{120t oo el % £RBPRENE LAY LBl o beRR it L% P RSRIRIRSESLRRN
TNF37 var F@Hf@ﬂconpar ed to when the Q sepharose is used in the procedure
and since also other mnor contam nants are renoved in this step, it is

pre- ferr to.include it in the total procedure. In conclusion the
Qsepharogg—gi-%%g—ﬂg—‘i—%gﬁﬁ%nt in 30 the purification of variant 37 and
of f er s anPengemydieint Zr méada plovo dUEd rrWin‘tarli] a hi gh yield. Buffers and Col umm
Stocks; to + (A Buffer A: 20 nM Tris-HC,
0. 07555N| E@%ﬁﬂr%&ﬁg\%ﬂa%%\o%fﬂg 924 DK2004/ 000329 58 Buffer B: 20
m Tri s- Hegad %W*Wugwr&p BnlgtF%F%@O%Ké@w!@%@pﬂﬁhm@@w? iHedg- m

Wi th Q sepihgiosades) é%ﬁhﬁiﬂfﬁimﬁm ences; cat al ogue # 17-0510-01) using a

suspensi o agl'ﬂco umn%wthpi S{r}&g% § gl#gw( m Bi osci - ences) colum. 5

Chr omat ogr ap program ‘flow of 30 m/mn.

Equi | i br a‘ﬁlpb@f‘ ﬁiUt@\PF@?ifBM!HT egra&fea:t ol \C}chwnmﬂ %4 torit pOrPnBufted atamfidveottsr ough
punp {g nl gynfm.on t he Bi oCad) (Sanpl e+l0 m if the sanple in the tu- bing is
needed) & colum with 3 CV Buffer A at a flow

fl.o
of 4 i/ e E?'H‘?’P&H‘hz"egbts%? %ﬁ? ﬁ}[\a‘a AY OHF ARG wi th 2 CV 100 % Buffer B at a
flow of 4RerequiitratioReitecfuiV Buffeatdi ar fiovt oF AmQuhiBuf fer A at a flow of 4

m/mn. S@éi&cetfrauaafst B85S and @R sPON 2R ¥, a%src%; wluﬁ.roug Q‘?”QQJC‘PS@OWMU”“

The elutl % S|cally consi sts o raction and
sever al teP ébntaln- 15 i ng peaks. The "Run through” fraction can
sonetines be divided into several purely resolved peaks which all contains

the E@Fs 7Sé{’@crtljn8 %Fgf' gor;tgﬁfngfﬁgc?ioﬁg Lftea/’rﬁ .‘Pe%?)lapogé c;!-rtynﬁa't@g%p%{yogenei ty of

The profile basically consists of a “run through” fraction and several protein containing peaks.

However two peaks contains the variant with some contaminants. It is at this point important

not to include to many fractions on the right side of peak two since this in our experience

includes to many contaminants that are not easily removed in subsequent chromatographic
20 steps.

Q-sepharose Anion Exchange Chromatography

Q-sepharose is a basic anion exchange step selected for removing a major contaminant pro-
tein that with high reproducibility follows the purification of TNF37 including the HA-chroma-
tography and SP-sepharose, The TNF37 variant itself does not bind to the column but the

25  major unknown contaminant does. It is, however, possible to select fractions in a conserva-
tive fashion already in the SP-sepharose step in that way avoiding the contaminant, How-
ever, this compromises the yield of TNF37 variant compared to when the Q-sepharose is used
in the procedure and since also other minor contaminants are removed in this step, it is pre-
ferred to include it In the total procedure. In conclusion the Q-sepharose step is important in

30 the purification of variant 37 and offers an even better end product with a high yield.

Buffers and Column
Stocks to buffers A+B: 1 M Tris-HCI. pH = 8.0.
Buffer A: 20 mM Tris-HCI, 0.075 M NaCl, pH = 8.0.




the TNF37 Is probably solved when the problemw th the apparent proteolytic
degradation is solved. EXAMPLE 12 20 | mruni sation studies Materials:
Saline (0,9% NaCl in sterile water, Fresenius Kabi Norge AS, Norway)

Compl ete Freund's Adjuvant (Sigma, F-5881, 39118926) Inconplete Freund' s
Adj uvant (‘3‘.09%9&4,/0%243]506, 60K8937) 25 Ai hydrogel 2% [10 nPCU/PKIGEBIGHNt ag
Bi osector, Batch 96 (3176)) Adjuphos[5 ng Al/m] (Brenntag Bi osector,
Batch 2 (8937)) WId type human TNF (I nvit38gen cat.no: 10062-024). KYM 104:
Provi ded by A. Meager (A Meager, 3. Immunol. Methods 1991, 144:141-143)
VEHI 164 clone 13: Provided by T. Espevik (T. Espevik and 3. Ni ssen-Mer,
3. | mmundiuffer Bp2@mithdtis-HEDgleM NaSh @8- §9). Tetrazoliumsalt (MFS, CellTiter

%S AquE;)ltf\?ma?ep&klem @ﬂémﬁh@ﬁ?@&@ﬁ@t&ﬁﬁﬂkﬁ&h Q%ébaérb%w@rme(r&@hag&s&ﬁ%daﬁ;g@
nmar rtex I Nstrunent naker , n A
PeT] DG SS 26 LB T @iy RS BEURRRTRN T o A 0B RE B BT oo

vari ant pnotseicalgmpin 20 mM Iris-MCl, 0.075 M NaCl, pH 8.0) are diluted to
0.5 mg/mM with saline (0.9% NaCd ), batched (375 pg/vial) and stored at -20C
until used for inmmunizations. 5 For each TNFo variant, immunizations are
made Wit FEYBAREARDAREAEM) Conpl ete Freund's Adjuvant (CFA, for the
primary ipomedyzain bo)nland floradzpleyainkr eund' s Adj uvant (I FA, for boost

| muni Zatd,Gns).q8nds ek MeKErRBEL ok Al pAgS (State-of - the-art Alum num
hydr oxi de " "and "al um num phosphat e a(ﬂ uvaht's, respectively) these are used

f or bot h Lp?d s rlf dhissds pump finét Fiooriye Biaapk{sampler ioml i thesammle iitihedu- a
deci.si on by it ReeddaPia€ & riofy #iztrhghinAl hydrogel or Adj uphos as adjuvant for

t he F riant is djuvant wjth the best ability to adsorb the
TNFa-[BIvaWaﬁhtcofu?nc‘H{gEg%\# %&Fef&#ﬁefﬁwh%%ﬂ ["W™™e i rmuni zation experiment. Two
al i quot s Esftion hEluteNeonainiag peotiein aith 2nE% a80 & Bhffens aiquéidw 0Od mamindé - Al hydr ogel

and Adj upBQguinBrdcieR Witred 8v BLREr Xadh SlowdF@ H@RL.Y m xed at room tenperature
for 30 m n%t es an a roLa’%JanMgr . I\ﬁ al s arg t hen cen 15 trifuged at 13000 g
for 15 nPAGFELEARESHAGER LT rectly @ FPERFHE'YBIubl e TNFa vari ant
The elution profile basically consists of a *Run through” fraction and several protein contain-
15  ing peaks. The “Run through” fraction can sometimes be divided into several purely resolved
peaks which all contains the TNF37 variant and therefore all are pooled. This heterogeneity of

the TNF37 is probably solved when the problem with the apparent proteolytic degradation is
solved.

EXAMPLE 12
20  Immunisation studies

Materials:

Saline (0,9% NaCl in sterile water, Fresenius Kabi Norge AS, Norway)

Complete Freund’s Adjuvant (Sigma, F-5881, 39H8926)

Incomplete Freund’s Adjuvant {(Sigma, F-5506, 60K8937)
25  Alhydrogel 2% [10 mg Al/mi](Brenntag Biosector, Batch 96 (3176))

Adjuphos{5 mg Al/mi] (Brenntag Biosector, Batch 2 (8937))

~ Wild type human TNF (Invitrogen cat.no:10062-024),

KYM-1D4: Provided by A. Meager (A, Meager, 1. Immunol. Methods 1991, 144:141-143)

WEHI 164 clone 13: Provided by T. Espevik (T. Espevik and 1. Nissen-Myer, J. Immunol,
30  Methods 1986, 95:99-105)

Tetrazolium salt (MTS, CellTiter 96 Aqueous one solution; Promega, G3581)

Rotating bar (Rotamix, Heto, Denmark)

Vortex (OLE DICH instrumentmakers ApS, Denmark)



content on a gradient (4-12% SOS gel. The adjuvant/variant aliquot
containing the least free variant (i.e. where nore variant has bound to
al um numparticles) is then selected as the best adjuvant. Preparation of

ant i gen/ adyw¢vanioeny gate 20 CFA/ | FA enul gates are prepargé hRfaysddsiodhe
foll ow ng procedure: Vials with TNFo variant [0,5 ng/m] 1s thawed,

transferred to a 10 nl sterile vial and mxed wth an equal volune of CFA
or IFA. The vial is then mxed further ona vortex at 3300 rpm for 30
m nutes at 20C. Al hydrogel / Adj uphos enul gates are prepared through the

f ol | oW ngcpsiQCadumRiatn Aldwwdrogel / Adj uphos are diluted to 1,4 ng Al/m
with saline. Vials with TNFa variant [0,5 ng/m] is thawed, transferred to

a 10 m sterile vial and m xed with an equal volune of Al hy- drogel [1,4 ny
Al / m ] orThadjuriiled §NFA variany pAltéing {in 2DheM UriadHA!LSD.0e M NaCk et 8.0) afeetiiuied ta

rota- ting Slﬁé’dﬁﬁl%th%giﬁ’@ ‘%%\la@‘ ggc@l’xeq\i@ ﬁ.%ﬁgg?%%%gtofgra/tlé&%qg\% 0O32P 60

Choi ce of aniTm ht wee emale mce are
repetiti VEIUTIFYART-zed Wi t h TNFa variants. Bl ood sanples are collected at
different intervals and i sol ated sera are investi gated for anti- wt TNFa

antibqody titers e _or ere froml.acaonic Frms 0 yi res
AS Ben e REHETRY iRl Inf B e ool S hfrorRh VB, W po BRI SRS, one
week bef ordiuvant (ERtY iforthebrimerpirhurérition) ambihicempietnPrseriiradiavint dddatre

G oups ofpehk ﬂ'hrﬂ@mfﬂti%ﬁs)aefn% 2R W%@g%ﬂo%&]bbl%c(gtag@gﬁth\éaéﬂ RlﬂFniddﬂw QFJN)%E@ and
Al hydr o- eI/AleN& S resetlvel mce are g§3) nhzsﬁlo
with wil PRI AR SMIG R RS 8%, Us58 ' Post Pwsea? ¢

adj uvant :wetthorise i njected subcutaneously. Al mce will receive additional
boost er imunizations subcutaneously with 25 pg of protein in adjuvant 2,
6 and 10 weeks after the first immunization. Bl ood sanples wll be

col | 8t e PEIRPHMANGINYMBRIER OB, & HBCIFIPD 88 thawehpifeheitber AliraosheeRAIMPRRS3S each
boost i nagnivaat iopthe THF Gamay B read. cmedcljwmtv@m' @abwsthaﬁ S@Aydsos g TWEL 164

cl one 13- s.used m jCcity
ot “Tara valhliy Ehaph ol for BGRB8 dr e TR L
pr esence Vafiany are apiser wWith anegud vomNReRAdinidseres anchédisehds id&we Mialss TieYidleni ned

by addi t ize8g&itly ﬂ%&tea&z fddry BrGkdtutdMESBo RIS oh 8 rBiaBhg BHE &I AeQhén e-or ed
for mﬁan tpfu%gal E 1?&’0 %rqg msmljtles and supernatant is.tested for the soluble TNFa varfant
content on a gradient (4-12%) SDS gel. The adjuvant/variant aliguot containing the least
free variant (i.e. where more variant has bound to aluminum-particles) is then selected as
the best adjuvant.

Preparation of antigen/adjuvant emulgate

20  CFA/IFA emulgates are prepared through the following procedure:
Vials with TNFa variant [0,5 mg/ml] is thawed, transferred to a 10 ml sterile vial and mixed
with an equal volume of CFA or TFA. The vial is then mixed further on a vortex at 3300 rpm
for 30 minutes at 20°C.
Alhydrogel/Adjuphos emulgates are prepared through the following procedure:

25  Alhydrogel/Adjuphos are diluted to 1,4 mg Al/ml with saline. Vials with TNFa variant [0,5
mag/mi] is thawed, transferred to a 10 ml sterile vial and mixed with an equal volume of Alhy-

drogel [1,4 mg Al/ml] or Adjuphos [1,4 mg Al/ml]. The vial is then mixed further on a rota-
ting bar for 30 minutes at 20°C.



20 Cytotoxicity of TNFa variants are conpared to that of human wld type
TNFa. Cytotoxicity-inhibition bioassay using WEH 164 clone 13- or

KYM 1D4-cel | s: This assay is used to investigate the ability of anti-sera
raised in s pj zed mice to neutralize the cytotoxi t ild
type TNFo. ?qs are cultured for 48 hours with titrated gﬂﬁh&f?@%g&zw
anti-sera and a constant concentration of wild type human TNFa, which is
sufficient to induce 25 cell death in 50% 8% cells in the absence of
anti-sera. Cell death is determ ned by MIS, as described above.

Neut ral i zg}h00z200L1 f sera from TNFa variant-immuni zed mce are com
pared to ser’a 8bt g#nlgﬁo rommce imunized with human wild type TNFa. WO
2004/ 099244 PCT/ DK2004/ 000329 61 In vitro studi es Cytotoxicity bioassay

usi ng V\EHbix16digs vaits b8+ B%/CKY%QJ%;@@L%% é&ék@&%hﬁzhiz)éa W'TWFE'\@H nts.

bi oassa 1 cells. Criteria for choice of
peat | b BRLRTEPEL IR & dees™aleith s7b BRI sarsTe g ertiBatAd for ant
cyt ot oxi cwiNFalantipatiyziseisoMice farapiclerad firdm Thifemio/Raringaning. AGioss siegeyes Rére

ant i - ser amahl, kel L GboQ £ a0 dLkiY, &f%ﬁ%ﬁ’%ﬁh SR e t%/o% of

TNFo-ne- di ated cytotoxicity in VEH - s as sera obtained
from huna‘??‘ﬂ%f’mn?ype TNFo- i muni zed m ce. WO 2004/ 099244 PCT/ DK2004/ 000329
62 CLAIMS 1. An inmunogeni ¢ anal ogue of a human TNFa protein, wherein said

anal ogue three conplete TNFa nononers joi ned end-to-end
by a pept'@?ﬁplfl%%’%érsggem’%%%e bos; ?° | east one peptide linker includes at |east

one M-1C Cass Il binding am no acid sequence, or 5 b) two or three

conpl et e Gegs mrmo-naosmb@a,@eﬁlm%%a%mchgw@a vhfi&iin ee&ﬁbgg?cle{xmg&fﬁm O ass

wh t
Il erble:’lgl arTCbe') Agﬁph%s '58?%?“%%&8&68%55&%@ %@H faR m"@lag%%eﬂgﬂedw& gﬁe WNEe-al ass

Il binding am no acids se- quence is fused to the N or Cterm nal nononer,

opti qpal | A¢ tMé ﬁrs@EnhUﬁ'iEétioln' 9%2@ ’ogglrotg)\ :r‘?‘a{tj vﬁwgﬁwg&ﬁgpﬁwcﬁapﬁ?%s ng&logue

defined in a or b, nse | east
one f or ei§Re MEicees s additong| bepiskeg 'ramwgaﬁ@n%@@qa@w@wmtrom bexf Biotein froop 3,

or d) a hudjaniThFRamDIOWesksQfteftheaMat PgHenigtichned in a or b, wherein has
been introduced at |east one disulfide bridge that stabilises the TNFa
mononmer 3D structure, or e) a human TNFa nonomer or an anal ogue defined in
a or b, W@ampﬁmwlbhec@fec@m:mmeaiﬁtdg before the first immunization and 1 week after

each boost immunization.
15  Assays employed

Cytotoxicity bicassay using WEHI 164 clone 13- or KYM-1D4-celis: This assay is used to de-

termine the toxicity of TNFa variants of the invention. Célls are cultured for 48 hours in the

presence of titrated amounts of TNFa variants and cell death is determined by addition of

Tetrazolium salt (MTS), which Is bioreduced into a colored formazan product by living cells,
20 Cytotoxicity of TNFa variants are compared to that of human wild type TNFa.

Cytotoxicity-inhibition bioassay using WEHI 164 clone 13- or KYM-1D4-cells: This assay is
used to investigate the ability of anti-sera raised in TNFa immunized mice to neutralize the
cytotoxic effect of wild type TNFa. Cells are cultured for 48 hours with titrated amounts of
anti-sera and a constant concentration of wild type human TNFa, which is sufficient to induce

25  cell death in 50% of cells in the absence of anti-sera. Celi death is determined by MTS, as
described above. Neutralization-ability of sera from TNFa variant-immunized mice are com-
pared to sera obtained from mice immunized with human wild type TNFa.



151, 2, 3, 4, 5, 6, 7, 8 and 9 in the amno term nus have been del eted,
or f) a human TNFa nononer or an anal ogue defined in a or b, wherein is
inserted or in-sub- stituted at |east one foreign MHC d ass Il binding

am no acid dntoloop 1 in an in- tron position, %2 : TNFa
nmonomner or“gﬁﬂgﬁgﬁgate defined in a or b, wherein at Ieasﬁégﬁ {@3@@g%£ 20
MHC d ass Il binding anm no acid sequence i§ i ntroduced as part of an
artificial stalk region in the N-ter m nu€*of human TNFa, or h) a human
TNFa nmononer or an anal ogue defined in a or b, wherein at | east one foreign
MHC d assp,l Je-diiadipg ami no acid sequence is introduced so as to stabilize

t he nononer struc- ture by increasing the hydrophobicity of the trineric
interaction interface, or 25 i) a hunman TNFa nononer or an anal ogue defi ned

in a or lgytWogE®) hio&dsay @8Ry WOR 1691cRhgNn3- M ke 16hasss: |dytdbridtyrmhiitiono aci d

sequence f | anked b j residues,.js.jnserted or in-substi- tuted in the
TNFa ani nbéoaééalyd"%’?@lq‘{‘igﬁ%g‘%“p@?“‘?/\%' A GSBEIAPCT) 0K20047 000320 63 i) a

human TNFo nononer or an anal ogue defined in a or b, wherein at |east one
forei gn  AMHHLrRSKoild orHeBOinuRBLRR Bfddicaequence is inserted or
in-substituted in the D-E |l oop, "or k) a human TNFa nononer or an anal ogue
defined in a or b, wherein at |least one foreign MIC Cass Il binding am no
aci d sequmireeahisnts gisend edpley mimrsubabiokiditye dnipeinieenn bivmidedant TiFal varibnts

subseque f TNFO,, .0r SENE | . I E
et nad. 1oge Gend HEAhIRS wif el 6 QPEARY YD pHRRAZE bl U0 B AR ne: e
st r engt hetagerd eytotoyisisy int WEBH axi YW-aD4H relislasiseaiectispiperyBomdiumgn vildiyRRIANTNFO
nononer omnraRizadali@gue defined in a or b, wherein solubility or stability
towards proteolysis is enhanced by introducing nutations that mmc nurine
TNFa crystalline 10 structure, wherein potential toxicity is reduced or
abol i shed by introduction of at |east one point nuta- tion selected from
the group consisting of ' (875, D143N or Al45R, the am no acid nunbering
setting out fromthe N-termnal valine in human TNFo. 2. The inmunogenic
anal ogue according claim1l wherein the MHC Cass Il binding amno acid 15
sequence binds a majority of M-IC Cass Il nolecules fromthe ani nal
species fromwhere the nultimeric protein has been derived. 3. The

| munogeni ¢ anal ogue according to claim2, wherein the at |east one MHC
Class Il binding am no acid sequence is selected froma natural T-cel
epitope and an artificial MHC-11 bindi ng peptide sequence.



20 4. The i mmunogeni c anal ogue according to claim 3, wherein the natural
T-cell epitope is se- lected froma Tetanus toxoid epitope such as P2 or
P30, a diphtheria toxoid epitope, an influ- enza virus hemagl uttinin

epi tope, a fal ci parum CS epitope. 5. An inmunogeni ¢ _anal ogue
accordi ng t Qﬂ)%ﬁy”%ﬁt‘of the preceding clains, wherein thePCHREAYIARE
sequence of the anal ogue is selected fronlthe group consisting of SEQ ID
NO 12, 25 13, 14, 16, 17, and 18, and ar§Z am no aci d sequence that only
i ncl ude conservative amno acid changes thereof. 6. An i Mmunogenic

anal ogue é@@&éding to any one of the preceding clains, which can be
expressed sol uble protein frombacterial cells. 64 7. The inmmunogenic
anal ogue according to any one of the preceding clains for use as a

phar maceui i £ahnmchoghhiP YRSl &% lﬂrﬁa"naﬁ\!%rgfo twh%péir(?gﬁﬁ a0l g C

anal ogue according to any -~ one or a nucleic acl ragment
conpl ementary thereto. 9. The nucleic add fragnent according to claim$8

that | S aa)QNA &rmmgaeahpfeﬂ&rmr%haomrsy&n@ﬂ@hcf foagifﬁtﬂ{a g@;smfedinrag- Whefeirahim 8
or O e nucl.ei, ¢ ected from rou
consi ot | S PR REFER Ruiifubat sttt oph BHE G PRing oS B Sy Res.

12, 13, 14, 16, 17, and 18, or a nuclelc add sequence conpl enentary
ther etso. bbltwoﬁp%m@y%rﬁbﬁt@ﬁm &5@&%@950@6&&%&&;&% w%eﬁéﬁpﬁée Ghiaf,ms 8- 10

for use as a pharmaceut| cal an | mmno ent sel ected from
the gr ouﬁ“"&%ﬁglaéﬁaﬁtgo‘@f"féhe MORPMAGJRAYE aarss o foeles MGGt Bifingne of
clai ms 1-dpinaacidck@icocact ehéemgragist one Rosigh MHC Cagiy bdtgaimisd aciosss8- 10, a

vect or gjﬂgﬁéesﬂs?&eh%tﬁkuﬁ & &b .%rfrﬁo%gﬁ%mop\;%%g@f\ﬁ%zg r{g'apt kY, Qe of claims

7-10, an non- pat hogeni ¢ m croor gani sm or is carrying a
nucl ei ¢ acid fragnment which encodes and expresses the anal ogue according

to any ?ng aHursdnainre rﬂor@mdrﬁbr bhenfbaRAddHnke M QforB ﬂﬁ&éﬁ&%@%?@ﬂserted O.I
re ra 1.0 ,Ss e en Omﬂ re U at.l n Ol Ogous
e 307 BB ERE 2L R S R s Tl Bt s S it

autologod@xh%SH is a mnmmal, such as a human being. 14. The use accordlng
to claim12 or 13, wherein down regulation is effected by adm nistering

t he innugg%eni anal ogue according to any one of clainms 1-6 to the
aut ol 0go an Qe Benamsy oF AN ABRPRHUFLNRA tha SR Patifiereiinias been introduced at

least one d:suiﬂde bridge that stabilises the TNFa monomer 3D structure, or

e} a human TNFa monomer or an analogue defined in a or b, wherein any one of amino acids
i5 1,2,3,4,5, 6, 7,8, and 9 in the amino terminus have been deleted, or

f} a hurman TNFa monomer or an analogue defined in a or b, wherein is inserted or in~sub-
stituted at least one foreign MHC Class II binding amino acid sequence into loop 1 in an in-
tron position, or

g) a human TNFa monomer of an analogue defined in a or b, wherein at least one foreign
20  MHC Class I binding amino acid sequence is introduced as part of an artificial stalk region in
the N-terminus of human TNFa, or

h) a human TNFa monomer or an analogue defined in a or b, wherein at least one foreign
MHC Class II binding amino acid sequence is introduced so as to stabilize the monomer struc-
ture by increasing the hydirophobicity of the trimeric interaction interface, or

25 i) a human TNFa monomer or an analogue defined in a or b, wherein at least one foreign
MHC Class II binding amino acid sequence flanked by alycine residues is inserted or in-substi-
tuted in the TNFa amino acid sequence, or



65 15. The use according to claim 14, wherein the adjuvant is selected
fromthe group consisting of an inmune targeting adjuvant; an |nmune

nodul ati ng adj uvant such as a toxin, a cytokine and a rrycobacteri al
derivativey, rmul ation; a polymer; a mcelle formmn

saponr n, an (?Erpr?gfpr%%{‘frml ating corrpl ex matrix (an | SCOM n‘ﬁqyﬁ§ 014’390329
particle; DDA; alum nium adjuvants; DNA adjuvants; y-inulin; and an
encapsul ating adjuvant. 16. The use accordfhg to any one of claims 12-15,
wherein an i mmunogenically effective anount of analogue is admnistered to

t he ani maly vj cted fr the pare ra rout such

i ntrader I‘E}/M’:]-Pr%n i@%%@?ﬁo+gr A aﬂ‘ﬁ@gr%i’?r}é“ﬁ-ﬁé%ar‘i’gf L‘dﬁine% %”%%F‘?’?'bneal
route; t h8'H6r%{4’55r16QPé*ngtalﬁ@mb@m@aftGUﬁmlemserted subrwqutatedrrommeef;) & lep, or
epidural route; the spinal route; the anal route; and the Intracrani al
route. 17k Tge us ccordr ng to claim 16, wherein the effective amount Is
bet ween 0KE? 5’”8% %Wﬁ@mﬁgorwnaﬁrée agf@eédearcarbm@fhﬁa*rbrtdﬁrﬁt oBe frreign

whi ch i ncMbfe3asatil biedisy aoneo addrsausidedt ir@Brted 6 inyRBELituGdHR UGN Ivol i8dtikal,

at | east &bsg&ueln@@ssgfh a‘tTthgaért 6, and at least 12 administrations per
year. 19. The use accor ing to claim12, wherein down-regulation is

effected by introducing nucleic acrd(s) encodi ng the anal ogue into the

ani mal ' s gelHusnanhrohaseyer 0Bk Ghé]bélﬂz dAn¥d W05 8%9%%%.9& 'iassttcth% &R dirRigef
to claim19, wherein

the nucl eic ntroduce
the nuol arnBERas kR EEGsegrapersERui 68 prdifineceRe bua
formulated with charged or uncharged | ipids, DNA forrmulated in |iposones,

DNA i ncl uged Humhag ‘lWFEr"i‘rIron\bﬁrePQF an %Ju%rcfg\“lh@d ﬁ;C‘lj W B &Q&ram solullnrtniy or stabriﬁy

transfectron%acr itating protein or ypeptid

t ar get i ngPWBIBPEPRONFS By é“tf%r%'ﬂﬂdwrmﬂ%it%amrwcwrﬁrewfﬂ crystalline
preciigi t adtrusirggent s, DNA coupled to an inert carrier nol ecul e, DNA
encapsulated in chitin or chitosan, and DNA fornulated with an adjuvant
such as the adjuvants defined in cI aim15. 66 21. The use according to
cl ai m 19 W¥ereiD polgrEipidionicithis radused ot akplishis! bt istradwdtionsf et kedst one point muta-

IT Et r aar t efdnadeleytedi frdnh m@@@@b'&édérstrﬁé omsﬁshglﬁwwﬁlﬂﬁi 'tﬁfgrgid& é&{cﬁr‘rdﬁwé&?m q22.
e, e, AERRLA Bk AN BN Dl S st un S The] Ues St Teast one,
at least 4, at least 6, and at |east 12 adm nistrations per year. 23. The
use according irhAuRbtnB aiogtB SEGHInAGYR § SAULER] L ise cRiE 8ClifSnE ¥mino acia
15  sequence binds a majority of MHC Class II molecules from the animal species from where the
multimeric protein has been detived,

3. The immunogenic analogue according to clalm 2, wherein the at least one MHC Class II
binding amino acid sequence is selected from a natural T-cell epitope and an artificial MHC-1I
binding peptide sequence.

20 4. The immunogenic analogue according to claim 3, wherein the natural T-cell epitope is se-
lected from a Tetanus toxoid epitope such as P2 or P30, a diphtheria toxoid epitope, an influ-
enza virus hemagluttinin epitope, and a P. falciparum CS epitope.

5. An immunogenic analogue according to any one of the preceding claims, wherein the
amino acid sequence of the arra!ogue is selected from the group consisting of SEQ ID NO: 12,

25 13, 14, 16, 17, and 18, and any amino acid sequence that only include conservative amino
acid changes thereof,

6. An immunogenic analogue according to any one of the preceding claims, which can be
expraessed as a soluble protein from bacterial cells.



adm ni stering a non-pathogenic mcroorganismor virus which is carrying a
nucl eic acid fragnent which encodes and expresses the anal ogue. 24. The
use according to claim 23, wherein the virus is a non-virulent pox virus
such as a vaccinia virus. 25. The use according to claim 23, wherein the
m croorganismis a bacterium 26. The use according to any one of clains
23- 25, wherein the non-pathogenic nlcrggrganlsn1or virus is adm nistered
one single time to the animal. 27. A conposition for including production
of antibodies against a nmultineric protein, the conposition conprising -
an i mmunogeni ¢ anal ogue according to any one of clains 1-6, and - a

phar maceutical ly and i nmunol ogi cally acceptable carrier and/or vehicle
and/ or  adj uvahe imra8nogenoanzieg el apcofddng foratyainegf phediecediog ceimaftriusedi es
agai nst a W¥Jéhﬁgﬂﬂé%e@&% fein, the conposition conprising - a nucleic acid
fragment according to any one of clainms 8-10, and - a pharmaceutically and
i munol ogi cal |y acceptable carrier and/or vehicle and/or adjuvant. 29. The

conposition a h I i r qul at ed
s ot i ned & o Olriid fadin gl Tha 5sRBesCan WELARnlo i ARRE GGl B b
preparati omr@foftcmnaﬁeﬁ ogaeudecamiti ﬂr@m@t@nmpmrmdrywwem 1-6, the nethod
conprising culturing a host cell transfornmed with the nucleic add fragnent
according to any one of clainms 8-10 under conditions that facilitate

expr essi on & h&reuicleinddd rbgnuguaccoyingdoslaamidihat ha Rivalfragmentas a protein
expression product fromthe culture. 31. The nmethod according to claim 30,

wherein the host cell is a bacterial host cell. 32. The nethod according
to cl ai m 3110. wheer eigieic ladd drrgmegtiecdading $oClath €8 ex Frvdssi ommpr;me@cﬂmucieiss The
met hod acc cl.ai = 32t

cul tured %{ci{i}aQ&tJe%g?;é%é Le%é% o?grlﬂeﬁs@ %%%8%5*5‘?]8{ ﬁu‘gggu%ﬂf l:e&lbzhre}tod at
whi ch t he e@s@meze@@vwepabﬁﬁ& I N@s:otuctd By ta1e1?hcmd t@l o, awclémgddet hod

accordi ng }g\gg i tenperature is about 25C. 35. The net hod
accordi ng Esgqg%rg&:eﬁo r%r éﬁl\}ﬁ%;?gjle'n the tenperature is kept substantially

constant during the conplete period of culturing of the host cell.
11. The nucleic acid fragment according to any one of claims 8-10 for use as a

pharmaceutical.

12. Use of an immunogenic agent selected from the group consisting of an
immunogenic analogue according to any one of claims 1-6, a nucleic acid fragment
according to any one of claims 8-10, a vector comprising the nucleic acid fragment
according to any one of ¢laims 7-10, and a non-pathogenic microorganism or virus
which is carrying a nucleic acid fragment which encodes and expresses the analogue
according to any one of claims 1-6, in the preparation of a pharmaceutical
preparation comprising the immunogenic agent for down-regulating autologous TNFa
in a host animal.

13. The use according to claim 12, wherein the autologous host is a mammal, such

as a human being.

14. The use according to claim 12 or 13, wherein down-regulation is effected by
administering the immunogenic analogue according to any one of claims 1-6 o the

autologous host, optionally in admixture with an adjuvant.



WD 2004/ 099244 PCT/ DK2004/ 000329 1 SEQUENCE LI STING <110> Pharnmexa A/'s
<120> DETOXI FI ED TNF AND METHOD OF PREPARI NG <130> 15454PCT00 <160> 18
<170> Patentln version 3.2 <210> 1 <211> 45 <212> DNA <213> Artifici al
sequence <220> <223> Tetanus toxoid P2 epitope <220> <221> CDS <222>
(1).. (45) <400> 1 cag tac atc aaa get aac tcc aaa ttc etc ggc etc acc gee
ctg 45 Gn Tyr Ile Lys Ala Asn Ser Lys6 he Ile Ay Ile Thr Qu Leu 1 5 10
15 <210> 2 <211> 15 <212> PRT <213> Artificial sequence <220> - <223>
Tetanus toxoid P2 epitope <400> 2 An Tyr Ile Lys Ala Asn Ser Lys Phe Ile
Ay Ile Thr Gu Leu 1 5 10 15 <210> 3 <211> 63 <212> DNA <213>

Artificial sequence
15. The use according to claim 14, wherein the adjuvant is selected from the group

consisting of an immune targeting adjuvant; an immune modulating adjuvant such as
a toxin, a cytokine and a mycobacterial derivative; an oil formulation; a polymer; a
micelle forming adjuvant; a saponin; an immunostimulating complex matrix (an
ISCOM matrix}; a particle; DDA; aluminium adjuvants; DNA adjuvants; y-inulin; and

an encapsulating adjuvant.

16. The use according to any one of claims 12-15, wherein an immunogenically
effective amount of analogue is administered to the animal via a route selected from
the parenteral route such as the intradermal, the subdermal, and the intramuscular
routes; the peritoneal route; the oral route; the buccal route; the sublingual route; the
epidural route; the spinal route; the anal route; and the Intracranial route.

17. The use according to claim 16, wherein the effective amount Is between 0.5 jg
and 2,000 ug.

18. The use according to claim 16 or 17, which includes at least one administration
per year, such as at least 2, at least 3, at least 4, at least 6, and at least 12

administrations per year.

19. The use according to claim 12, wherein down-regulation is effected by
introducing nucleic acid(s) encoding the analogue into the animal's cells and thereby
obtaining /n vivo expression by the cells of the nucleic add(s) introduced.

20. The use according to claim 19, wherein the nucleic acid(s) introduced is/are
selected from naked DNA, DNA formulated with charged or uncharged lipids, DNA
formulated in liposomes, DNA included in a viral vector, DNA formulated with a
transfection-facilitating protein or polypeptide, DNA formulated with a targeting
protein or polypeptide, DNA formulated with Calcium precipitating agents, DNA
coupled to an inert carrier molecule, DNA encapsulated in chitin or chitosan, and

DNA formulated with an adjuvant such as the adjuvants defined in claim 15.



<220> <223> Tetanus toxoid P30 epitope <220> <221> CDS <222> (1).. 63)
<400> 3 WD 20041099244 PCT/ DK20041000329 2 ttc aac aac ttc acc gtt too ttc
tgg.ctg cgc gtt cca aaa gtt tcc 48 Phe Asn Asn Phe Thr Val Ser. Phe Trp
Leu Arg Val Pro Lys Val Ser 1 5 10 15 got tcc cac ctg gaa 63 Ala Ser Hi s
Leu u 20 <210> 4 <211> 21 <212> PRT <213> Artificial sequence - <220>
<223> Tetanus toxoid P30 epitope <400>6 Phe Asn Asn Phe Thr Val Ser Phe
Trp Leu Arg Val Pro Lys Val Ser 1 5 10°15 Ala Ser Hs Len Gn 20 <210> 5
<211> 39 <212> DNA <213> Artificial sequence <220> <223> Pan DR bi ndi ng
peptide (PADRE) <220> <221> CDS <222> (1) (39)

21. The use according to claim 19 or 20, wherein the nucleic acids are administered

intraarterially, intraveneously, or by the routes defined in claim 16.

22. The use according to any one of claims 19-21, which includes at least one
administration of the nudeic adds per year, such as at least 2, at least 3, at least 4, at

least 6, and at least 12 administrations per year.

23. The use according to claim 12, wherein down-regulation is effected by
administering a non-pathogenic microorganism or virus which is carrying a nucleic

acid fragment which encodes and expresses the analogue.

24. The use according fo claim 23, wherein the virus is a non-virulent pox virus such

as a vaccinia virus.
25. The use according to claim 23, wherein the microorganism is a bacterium.

26. The use according to any one of claims 23-25, wherein the non-pathogenic

microorganism or virus is administered one single time to the animal.

27. A composition for including production of antibodies against a multimeric protein,
the composition comprising

- an immunogenic analogue according to any one of claims 1-6, and

- a pharmaceutically and immunologically acceptable carrier and/or vehicle and/or

adjuvant.

28. A composition for inducing production of antibodies against a multimeric protein,
the composition comprising

- a nucleic acid fragment according to any one of claims 8-10, and

- a pharmaceutically and immunologically acceptable carrier and/or vehicle and/or

adjuvant.

29. The composition according to claim 27 or 28, wherein the analogue is formulated

as defined in any one of claims 28 or 29.



<400> 5 gcc aag ttc gtg gcc got tgg acc ctg aag gcc gca got 39 Ala Lys Phe
Val Ala Ala Trp Thr Len Lys Ala Ala Ala 1 5 10 <210> 6 <211> 13 <212> PRT
<213> Artificial sequence <220> <223> Pan DR bi ndi ng peptide (PADRE)
<400> 6 Ala Lys Phe Val Ala Ala Trp Thr Leu Lys Ala Ala Ala 1 5 10 WO
2004/ 099244 PCT/ 0K2004/ 000329 3 <210> 7 <211> 39 <212> DNA <213>
Artificial sequence <220> <223> Pan DRspl ndi ng peptide (PADRE) <220>
<221> CDS <222> (1).- (39) <400> 7 gcg aag ttc gtt gca got tgg acc ctg
sag gcc got gca 39 Ala Lys Phe vVal Ala Ala Trp Thr Len Lys Ala Ala Ala 1 5
10 <210> 8 <211> 13 <212> PRT <213> Artificial sequence <220> <223> Pan
DR bi ndi ng gepti de ( PADRE)

0. A method for the preparation of the analogue according to any one of claims 1-6,

the method comprising culturing a host cell transformed with the nucleic add
fragment according {0 any one of claims 8-10 under conditions that facilitate
expression thereof and subsequently recovering the analogue as a protein

expression product from the culture.
31. The method according to claim 30, wherein the host cell is a bacterial host cell.

32. The method according to claim 31, wherein the analogue is a soluble expression

product.

33. The method according to any one of claims 30-32, where the host cell is cultured
at a temperature of less than 32°C during a substantial period at which the
expression product is produced by the host cell.

34. The method according to claim 33, wherein the temperature is about 25°C.

35. The method according to claim 33 or 34 wherein the temperature is kept
substantially constant during the complete period of culturing of the host cell.



<400> 8 Ala Lys Phe Val Ala Ala Trp Thr Leu Lys Ala Ala Ala 1 5 10 <210>
9 <211> 477 <212> DNA <213> Artificial sequence <220> <223> Human wt TNF
(codons op <220> <221> CDS <222> (1) (477) <220> <221> m sc
feature é‘gg‘ﬁ’?%”@ﬁ?@ <223> Mature TNF sequence <400>POTREGOHO8038Yc tca
ago .tog cgc acg cog agt gac aaa cca gta got cat 48 Mt Val Arg Ser Ser Ser
Arg Thr Pro Ser Asp Lys Pro Val Ala His 1 5 10 15 WD 2004/ 099244

PCT/ DK2004/ 000329 4 gtt gtg gee aac act cag gag gaa ggc cag ctc caa tgg
tta aat cgt 96 Val Val Al a AsQ cgJE%CQLr}s@‘E G’n Gy Gn Len Gn Trp Len Asn
Arg 20 25 30 age gag aac gee c]t'3 Ct'g dag aac ggc gtg gaa ctg cgt gat aac
cag 144 AqgAl snAsdxAraslen Len Ala Asn Ay Val Gn Len Rig Asp Asn G n 35
40 45 ctg gtg gte ece age gag ggg etg tat etg ate tat tea cag gtg ttg 192
Len Val Vah2®r oniSekr@an Gy Avenviysoplen pkiengiye Set G n Val Leu 50 55 60
ttt aag ggt cag ggt tgt ccg agc ace cac gtt etg etg acg cat ace 240 Phe
Lys Ay GB@ yl@p4PF%0 Ser Thr His Val Len Len Thr His Thr 65 70 75 80

<160> 18
<170> PatentIn version 3.2

<210> 1

<211> 45

<212> DNA

<213> Artificial sequence

<220>
<223> Tetanus toxoid P2 epitope

<220>
<221> DS
<222> (1)..(45)

<400> 1

cag tac atc aaa gct aac tee aaa tte atc ggo ate ace gaa ctg 45
Gln Tyr Ile Lys BAla Asn Ser Lys Phe Ile Gly Ile Thr Glu Leu

1 5 10 15

<210> 2

<21i> 15

<212> PRT

<213> Artificial sequence

<220>
<223> Tetanus toxoid P2 epitope

<400> 2

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

<210> 3

<211> 63

<212> DNA

<213> Artificial sequence

<220>
<223> Tetanus toxoid P30 epitope

<220>
<221> (DB
<222> {1}..{63)

<400> 3



att tet egt att get gta tet tat caa act aaa gte aat tta ett tag 288 Ile
Ser Arg Ile Ala Val Set Tyr Gn Thr Lys Val Asn Len Len Set 85 90 95 gag
ate aaa tee ccg tge caa egt gag ace act gaa gga gcg gas gee 336 Ala lle
Lys Set Pr¥W@G4/@%4Arg Gn Thr Pro Gn Ay Ala Gn A a 1901/p83003000320aa
act tgg tac gaa ccg ate tat etg ggg ggc gtt ttt cag etc gaa 384 Lys Pro
Trp Tyr Gu Pro Ile Tyr Len Ay Gy Val Phe Gn Len G n 115 120 125 aaa ggt
gat egg ctg age gee gaa att aat cgc ccg gee tac ctt gat 432 Lys Ay Asp
Arg Len Set Ala Gu Ile Asn Arg Pro Asp Tyr Len Asp 130 135 140 ttc gee gag
tcc ggt cﬁ%c glgé 4°4c e (;acgg%atattﬁC &ite 1‘%{19610?‘5 dCadt 4 Fr2 PhRedW 4°G n Seritdy

G n Val THP® PfiB APy™he €°F I EAPE" 18R B#5l986esEt £3a0ve18riSe> 158 <212>
PRT <213>"Artifici aI sequence <220> <233> Human w TNF %%odons opti m sed)
<400> 10 el A G oghaSet Set My Thr Pro Set Asp Lys Pro Val Ala s 1
5 10 15 . s¥aluidl geAgn:Pro Gn Ala Gn Gy Gn Len Gn Trp Len Wvn Arg 20
25 30 Arg Ala Ran A a Len Len Ala Mnh Gy Val Gn Len Arg Asp vh Gn 35 40
45 WD 2004/ 099243 PCT/ DK20041000329 5 Leu Val Val Pro Ser Gn @y Leu Tyr
Len Tie Tyr Ser Gn Val Len 50 55 60 Phe Lys Ay Gn Ay Cys Pro Ser Thr
H s Val Lg,t}gl;en;lThr His Thr 65 70 75 80

<212> PRT
<213> Artificial sequence

<z220>
<223> Tetanus toxold P30 epitope

<400> 4

Phe Asn Asn Phe Thr Val Ser Phe Trxp Leu Arg Val Pro Lys Val Ser
1 5 10 15

Ala Ser His Leu Glu
20

<210> 5

<2311> 39

<212> DKA

<213> Artificial sequence

<220>
<223> Pan DR binding peptide (PADRE)

<220>
<Z21> CDS
<222> {(1Y..(39)

<400> 5

gee aag ttc gtg gee get tgg ace ctg aag gec gea get 39
Ala Lys Phe Val Ala Ala Trp Thr Leu Lys Ala Ala Ala

1 5 10

<210> 6

<211> 13

<212> PRT

<213> Artificial sequence

<220>
<223> Pan DR binding peptide (PADRE)

<400> 6

Ala Lys Phe Val Ala Ala Trp Thr Leu Lys Ala Ala Ala
1 5 10



Ile Ser Arg Ile Ala Val Ser Tyr Gn Thr Lys Val Asn Len Len Ser 85 90 95
Ala lle Lys Ser Pro Cys Gn Arg Gn Thr Pro Qu Ay Ala Gn Ala 100 105
110 Lys Pro Trp Tyr Gn Pro Ile Tyr Len Ay Ay Val Phe Gn Len Gn 115
120 125 Lywso@oy/oseps Arg Leu Ser Ala G n Ile Asn Arg Pro psPpk¥besleBisadsp
130 135 140 Phe Ala Gn Ser Ay Gn Val Tyr Phe Ay lie lie Ala Len 145
150 155 <210> 11 <21i> 169 <212> PRT <213> Artificial sequence <220>
<223> hTNF with 12 amino acids of PADRE inserted <220> <221> M SC FEATURE
<222> (1)..(109) <223> hTNF amino acids 1-109 <220> <221> MJTAGEN <222>
(109).. (121) <223> PADRE <220> <221> M SC FEATURE <222> (122).. (169)
<223> hTNF2H nd acids 110-157 <400> 11 Val Arg Ser Ser Ser Arg Thr Pro
Ser Asp Ly&'Proi%val Ala Hs Val 1 5 10 15 WD 2004/ 099244 PCT/ DK2004/ 000329
6 Val Ala<zﬂ§s§ﬁ F*?‘&,gn,Ala Gn dy Gn Leu Gn Trp Leu Asn Arg Arg

> Artificl

< al seguence

<220>
<223> Pan DR binding peptide (PADRE)

<220>
<221> CDS
<222> {1)..(39)

<400> 7

gcg aag ttce gttt gea get tgg ace ctg aag gec gct gea 32
Ala Lys Phe Val Ala Ala Trp Thr Leu Lys Ala Ala Ala

1 5 10

<210> 8

<211> 13

<212> PRT

<213> Artificial sequence

<220>
<223> Pan DR binding peptide (PADRE)

<400> 8

Ala Lys Phe Val Ala Ala Trp Thr Leu Lys Ala Ala Ala
1 5 i0

<210> ¢

<211> 477

<212> DNA

<213> Artificial sequence

<220>
<2Z3> Human wt TNF (codons optimised)

<220>

<221> CDS

<222> {1).. (477}

<220>

<221> misc_feature

<222>  {(4)..(474)

<223> Mature TNF sequence

<400> 9

atg gtg cgc tca age tcg cge acg ceog agt gac aaa cca gta geot cat 48

Met Val Arg Ser Ser Ser Arg Thr Pro Ser Asp Lys Pro Val Ala His
i 5 10 15



20 25 30 Ala Asn Ala Leu Leu Ala Asn Gy Val GQu Leu Arg Asp Asn G n Leu
35 40 45. Vval Val Pro Set Qu Ay Len Tyr Len Ile Tyr Set G n Val Len Phe
50 55 60 Lys Ay Gn Ay Cys Pro Set Thr H's Val Leu Leu Thr His Thr lie
65 70 75 8o gy |l e Ala Val Ser Tyr G n Thr Lys Val , er
Ala 85 90 95 Ile Lys Set Pro Cys Gn Arg Qu Thr Pro G nﬁéGii};ll)kgA?békﬁd%nghe
Val 100 105 110 Ala Ala Trp Thr Leu Lys Ala Ala Ala Qu Ala Lys Pro Trp
Tyr Au 115 120 125 Pro Ile Tyr Len Gy éy Val Phe G n Leu Gu Lys Ay
Asp Arg Len 130 135 140 Ser Ala Gn Ile Asn Arg Pro Asp Tyr Leu Asp Phe
Ala G u Sgtt Gty gct48ad 20118y 469 gald dhVaky T Phe & Vethi £:d g Al a Legy 165
<210> 12 %20 ¥21169 rsRP2e ARTATR L3> At Gl diadl csequence ass22by <223>

TNF- al pha with PADREZI nsertion and d&toxifying mutatismn <220> <221> M SC
FEATURE <222> (1). (108) <223> Human TNF-al pha, residues 1-108 <220>
<221> MUTAGENCY P28y %9)5;@12‘1‘9 aae xxEs SPADRE WO 20047209974 439 144

PCT/ 0@00&?%@63%“ Ala Leu Ald i\gn Gly Val Glu Leu 34&35:9 Asp Asn Gin

ctg gty gte cec age gag ggg chg tat cotg ate tat tea cag gtg ttg 192
Leu Val Val Pro Ser Glu Gly Leu Tyr Leu Ile Tyr Ser Gln Val Leu
50 55 60

ttt aag ggt cag ggt tgt ccg age ace cac gtt ctg ctg acg cat acc 240
Phe Lys Gly Gln Gly Cys Pro Ser Thr His Val Leu Leu Thr His Thr
65 76 75 80

att tet cgt att get gta tet tat caa act aaa ghe aat tta ottt teg 288
Ile Ser Arg Ile Ala Val Ser Tyr Glan Thr Lys Val Asn Leu Leu Ser
85 80 85

geg ate aaa tec ccg tge caa cgt gag acce ceot gaa gga dog gaa goc 336
Ala Ile Lys Ser Pro Cys Gln Arg Glu Thr Pro Gla Gly Ala Glu Ala
100 ) 105 110

aaa cct tgg tac gaa ceg ate tat ctg ggg gge gtt ttt cag cte gaa 384
Lys Pro Trp Tyr Glu Pro Ile Tyr Leu Gly Gly Val Phe Gln Leu Glu
115 120 125

aaa ggt gat cgy ¢ty agc geoe gaa att aat cge ccg gac tac ctt gat 432
Lys Gly Asp Arxg Leu Ser Ala Glu Ile Asn Arg Pro Asp Tyr Leu Asp
130 135 140

tte gea gag tec ggt cag gte tac tte gge att ate gea ttg taa 477
Phe Ala Glu Ser Gly Gln Val Tyr Phe Gly Ile Ile Ala Leu
145 150 155

<210> 10
<211> 158
<212> PRT
<213> 2artificial sequence

<220>
<223> Human wt TNF (codons optimised)

<400> 10
Met Val Arg Ser Ser Ser Arg Thr Pro Ser Asp Lys Pro Val Ala His
I 5 10 15

Val Val Ala Asn Pro Gln Ala Glu Gly Gln Leu Gln Trp Leu Asn Arg
20 25 30

Arg Ala Asn Ala Leu Leu Ala Asn Gly Val Glu Leu Arg Asp Asn Gln
35 40 45



7 <220> <221> M SC FEATURE <222> (122)..(169) <223> Human TNF- al pha,
residues 110-157 <220> <221> MJTAGEN <222> (155) (155) <223> Asp to Arg
mutation <400> 12 Val Arg Ser Ser Ser Arg Thr Pro Ser Asp Lys Pro Val Ala
H s Val 1VWOr@4m5924¥al Ala Asn Pro Gn Ala Au Gy G n Lear@xrooirpeizea Asn
Arg Arg 20 25 30 Ala Asn Ala Leu Leu Ala Asn Ay Val Gu Leu Arg Asp Asn
Gn Leu 35 40 45 Val Val Pro Ser Au Gy leu Tyr Leu Ile Tyr Ser Gn Va
Lea Phe 50 55 60 Lys Ay Gn Ay Cys Pro Ser Thr H's Val Leu Lea Thr Hi s
Thr lie 65 70 75 80 Ser Arg Ille Ala Val Ser Tyr G n Thr Lys Val Asn Lea
Leu Ser Algu8%19¥rI0Fro|deg EBirs GSeriehr Dy:OfsuGie Apg sekwsihhvalPrend u Ay Al a
Lys Phe Val ~P00 105 110 Ala APa Trp Thr Lea Ly8 Ala Ala Ala Gu Al a Lys
Pro Trp Tyr u 115 120 125 Pro Ile Tyr Lea Ay Gy Val Phe Gn Lea Gu

Lys Gy I ea 130,135 140 Ser_Ala.da lle Asn Arg Pro Asp Tyr Leu
Arg Phe ﬁlzge éy% er Gé yGlylgﬁS 58 %5“1%%15 é%,} V& Lﬁ}rThﬁhglnggrl le 1le Ala
Leu 165 <210> 13 <211> 16

ile Ser Arg Ile Ala Val Ser Tyr Giln Thr Lys Val Asn Leu Leu Ser
85 90 85

Ala Ile Lys Ser Pro Cys Gln Arg Glu Thr Pro Glu Gly Ala Glu Ala
190 105 110

Lys Pro Trp Tyr Glu Pro Ile Tyr Leu Gly Gly Val Phe Gln Leu Glu
1158 120 125

Lys Gly Asp Arg Leu Ser Ala Glu Ile Asn Arg Pro Asp Tyr Leu Asp
i30 135 140

Phe Ala Glu Ser Gly Gln Val Tyr Phe Gly Ile Ile Ala Leu

145 150 155
<210> 11

<211> 169

<212> PRT

<213> Artificial seguence

<220>
<223> hTNF with 12 amino acids of PADRE inserted

220>

<221> MISC_FEATURE

<222> {(1y..(109)

<223> hTNF aminc acids 1~-109

<220>

<221> MUTAGEN
<222>  {109).. (121)
<223> PADRE

<220>

<221> MISC FEATURE

<222> (122)..(169)

<223> hTNF amino acids 110-157

<400> 11

Val Arg Ser Ser Ser Arg Thr Pro Ser Asp Lys Pro Val Ala His Val
1 5 10 15



<212> PRT WO 2004/ 099244 PCT/ 0K2004/ 000329 8

<213> Artificial sequence

<220> <223> TNF-al pha with PADRE insertion and detoxifying nutation <220>

<221> M SC FEATURE
<220> <221wovkde@GobaAT URE

<222> (1).

110- 157 <220> <221> MUTAGEN <222> (157) (157)

<400> 13 Val My Ser

Ser Ser

My Thr

(108) <223> Human TNF-al pha,
<222> (122) (169) <223> Human TpErakbhdreissi dues

resi dues 1-108

<223> Ala to Arg nutation

Pro Ser :Asp Lys Pro Val

Ala Hs Val 15

: . . o6 :
10 15 Vval Ala Asn Pro Gn Ala Gn Gy Gn Leu Gn Trp Leu Asn Arg Arg 20
25 30 Ala Asn Ala Leu Len Ala Asn Gy Val
40 45 ValvalahiPraenSero @la GlaycheiFyelolesu ldia Ty r.&emst &xgvakg Len Phe 50

55 60 Lys Ay Gn @y Cys Pro Ser T4 H s Val
70 75 80 Ser Arg Ile Ala VaI

85 90 Ile Lys Ser
100 105 1%" AFa Qﬂ@aalﬁ*i‘ FeTHH2LBP gfg% Rl Gy aLem P APR

Val Val
50

Pro Ser

Lys Gly Gln Gly

65

Ser Arg Ile Ala

Ile Lys

Ala Ala

Pro Ile
130

Ser Ala
145

Gln Val

<210>
<211>
<212>
<213>

<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
222>
<223>

Ser Pro
100

Trp Thr
115

Tyr Leu

Glu Ile

Tyvr Phe

12
168
PRT

Pro

Glun Gly

Cys Pro
70

Val Ser
85

Cys Gin

Leu Lys

Gly Gly

Asn Arg

150

Gly Ile
165

G n Len Arg Asp Asn G n Leu 35

Len Led Thr
Ser Tyr G n Thr Lys Val
Cys_ Gn Gu Thr Pro du G

lLeu

55

Ser

Tyxr

Arg

Ala

Val

135

Pro

Ile

Artificial sequence

TNF-alpha with PADRE

MISC FEATURE
(1)..{108)
Human TNF-azlpha, residues 1-108

MUTAGEN

(109)..{121)

PADRE

Tyr Leu

Thr His

Gln Thr

Glu Thr

105

Ala Ala

120

Phe Gln

Asp Tyr

Ala Leu

ile

Val

Lys

20

Pro

Glu

Leu

Leu

Tyr Sex
60

Leu Leu
75

Val Asn

Glu Gly

Ala Lys

Glu Lys

140

Lsp Phe
155

Gln Val

Thr His

Leu Leu

Ala Lys

110

Pro Trp
125

Gly Asp

Ala Glu

Hs Thr lie 65

Asn Leu Leu Ser Al a

{ Al a Lys Phe Val
¥s*Bto Trp Tyr Gn

Leu

Thr

Ser

95

Phe

Tyr

Arg

Ser

Phe

Ile

80

Ala

Val

Glu

Len

Gly
160

insertion and detoxifying mutation



115 120 125 Pro Ile Tyr Leu Gy Gy Val Phe Gn Len Gn Lys Gy Asp Arg
Len 130 135 140 WD 2004/ 099244 PCT/ 0K2004/000329 9 Set Ala Gn Ile Asn Arg
Pro Asp Tyr_Len Asp Phe Arg Gn Set Ay 145 150 155 160 G n Val Tyr Phe
Ay lie |i VARYHRH465 <210> 14 <211> 169 <212> PRT <2p8FnAnbidooeial
sequence <220> <223> TNF-al pha wi th PADRE insertion and detoxifying
mut ati on <220> <221> M SC FEATURE <222> (1)..(108) <223> Human TNF-al pha,
residues 1-108 <220> <221> MJTAGEN <222> (87) (87) <223> Tyr to Ser
mutati on <220> <221> M SC FEATURE <222> (122) (169) <223> Human
TNF- al pha<23r0€5| dues 110-157 <400> 14 Val Arg Ser Ser Ser Arg Thr Pro Set
AspLysP aIMﬁICFTRIQ/aI 151015 Val Ala Asn Pro Gn Ala Gn dy Gn
Len Gn Trﬁ 25[{ 30 ﬂﬁd fmAsn Ala Len Len Ala Asn @y Val
Gn Len Arg Asp 82

<220>

<221> MUTAGEN

<222>  (155)..(155)

<223> BAsp to Arg mutation

<400> 12
Val Arg Ser Ser Ser Arg Thr Pro Ser Asp Lys Pro Val Ala His Val
1 5 10 15

Val Ala Asn Pro Gin Ala Glu Gly Gln Leu Gln Trp Leu Asn Arg Arg
20 25 30

Ala Asn Ala Leu Leu Ala Asn Gly Val Glu Leu Arg Asp Asn Gln Leu
35 40 45

Val Val Pro Ser Glu Gly Leu Tyr Leu Ile Tyr Ser Gln Val Leu FPhe
50 55 60

Lys Gily Gln Gly Cys Pro Ser Thr His Val Leu Leu Thr His Thr Ile
65 70 75 80

Ser Arg Ile Ala Val Ser Tyr Gln Thr Lys Val Asn Leu Leu Ser Ala
85 90 95

Ile Lys Ser Pro Cys Gln Arg Glu Thxr Pro §lu Gly Ala Lys Phe Val
100 105 110

Ala Ala Trp Thr Leu Lys Ala Ala Ala Glu Ala Lys Pro Trp Tyr Glu
115 120 125

Pro Ile Tyr Leu Gly Gly Val Phe Gln Leu Glu Lys Gly Asp Arg Leu
130 135 140

Ser Ala Glu Ile Asn Arg Pro Asp Tyr Leu Arg Phe Ala Glu Ser Gly
145 150 155 1606

Gln Val Tyr Phe Gly Ile Ile Ala Leu
185

<210> 13
<21i> 160
<212> PRT



Val Val Pro Ser Gn Ay Len Tyr Len Ile Tyr Set Gn Val Len Phe 50 55 60
Lys Gy Gn Gy Cys Pro Ser Thr H's Val Len Len Thr Hs Thr lie 65 70 75
80 Ser Arglle Ala Val Ser Set G n Thr Lys Val Asn Len Len Set Ala 85 90
95 WO 2004%@R224¢oRGTNK2004/ 000329 10 lie Lys Ser Pro CyscRrzodigoosian Thr
Pro Gn Gy Ala Lys Phe Val 100 105 110 Ala Ala Trp Thr Len Lys Ala Al a
Ala Gn Ala Lys Pro Trp Tyr Gn 115 120 125 Pro Ille Tyr. Len Ay Gy Val
Phe Gn Len Gn Lys Ay Asp Arg Leu 130 135 140 Ser Ala G n Ile Asn Arg
Pro Asp Tyr Leu Asp Phe Ala Gn Ser Ay 145 150 155 160 G n Val Tyr Phe
Ay lie kiesAl artencldb sesedfdez 15 <211> 170 <212> PRT <213> Artifici al
sequence <220> <223> hTNF with inserted PADRE and additional disulfide
bridge <220> <221> M SC FEATURE <222> (1)..(108) <223> hTNF am no aci ds
1-108 <Z283> <2PH==1phSUEp FADRD 2oserbin apd dpfoxidypgd RYSTLONVUTAGEN <222>
(67)..(67)

<220>

<221> MISC_FEATURE

<222> (1)..(108)

<223> Human THNF-alpha, residues 1-108

<220>

<221> MISC_ FEATURE

222> (122)..(169)

<223> Human TNF-alpha, residues 110-157

<220>

<221> MUTAGEN

<222> (157)..(157)

<223> Ala to Arg mutation

<400> 13
Val Ary Ser Ser Ser Arg Thr Pro Ser Asp Lys Pro Val Ala His Val
1 5 10 15

Val Ala Asn Pro Gln Ala Glu Gly Gln Leu Gln Trp Leu Asn Arg Arg
20 25 30

Ala Asp Ala Leu Leu Ala Asn Gly Val Slu Leu Arg Asp Asn Gln Leu
35 40 45

Val Val Pro Ser Glu Gly Leu Tyr Leu Ile Tyr Ser Gln Val Leu Phe
50 55 60

Lys Gly Gin Gly Cys Pro Ser Thr His Val Leu Leu Thr His Thr Ile
65 70 75 80

Ser Arg Ile Ala Val Ser Tyr Gln Thr Lys Val Asn Leu Leu Ser Ala
85 S0 85

Ile Lys Ser Pro Cys Gln Arg Glu Thr Pro Glu Gly Ala Lys Phe Val
100 105 110

Ala Ala Trp Thr Leu Lys Bla Ala Ala Glu Ala Lys Pro Trp Tyr Glu
115 120 125

Pro Ile Tyr Leu Gly Gly Val Phe Gln Leu Glu Lys Gly Asp Arg Leu
130 135 140



<223> Len to Cys nmutation <220> <221> MJTACEN <222> (109) (121) <223>
PADRE <220> <221> M SC FEATURE <222> (122).. (170) <223> hTNF am no acids
109- 157 <220> <221> MJUTACGEN <222> (124).4124) <223> Ala to Cys nutation
<400> 15 WYQpO4/0939044 PCT/ DK2004/ 000329 it Val Arg Serr@&EpkSenofsg Thr
Pro Ser Asp Lys Pro Val Ala Hs Val 15 10 15 Val Ala Asn Pro A n Ala Gn
Gy An Lou Gn Trp Len Asn Arg Arg 20 25 30 Ala Asn Ala Leu Lou Al a Asn
Gy Val Qu Len Arg Asp Asn Gn Leu 35 40 45 Val Val Pro Ser Gn dy Leu
Tyr Len Ile Tyr Ser A n Val Len Phe 50 55 60 Lys Ay Cys Ay Cys Pro Ser
Thr Hi s \&Ar Bén Laul TFhisHASITIHC Péle TYBSLER0ATS e ASeflWwsgri ¢y Al a Val Ser
Tyr Gn THP Lys Val Asn LéRCLen Ser Ala 8589 95 |le Lys SEt° Pro Cys G n
Arg Gn Thr Pro Gn Gy Ala Lys Phe Val 100 105 110 Ala Ala Trp Thr Len

Lys Al a S o.Trp Tyr 115 120 125 Gn Pro lie Tyr
Leu Gy é% Ouf' Bh g Eéﬁéeéylr‘? E{xas Y&y Asp Arg 130 135 140

<210> 14

<211> 169

<212> PRT

<2i3> Artificial sequence

<220>
<223> TNF-alpha with PADRE insertion and detoxifying mutation

<220>

<221> MISC_FEATURE

<222> {1)..{108)

<223> Human TNF-alpha, residues 1-108

<220>

<221> MUTAGEN

<222>  (87)..(87)

<223> Tyr to Ser mutation

<220>

<221> WISZ FEATURE

<222> {(122)..(169}

<223> Human TNF-alpha, residues 110-157

<4006> 14
Val Arg Ser Ser Ser Arg Thr Pro Ser Asp Lys Pro Val Ala His Val
1 5 10 15

Val Ala Asn Pro Gin Ala Glu Gly Gln Leu Gln Trp Leu Asn &rg Arg
20 25 30

Ala Asn Ala Leu Leu Ala Asn Gly Val Glu Leu Arxrg Asp Asn Gln Len
35 40 45

Val Val Pro Ser Glu Gly Leu Tyr Leu Ile Tyr Ser Gln Val Leu Phe
50 55 60

Lys Gly Gin Gly Cys Pro Ser Thr His Val Leu Leu Thr fiis Thr Ile
63 70 75 80

Ser Arg Ile Ala Val Sex Ser Gln Thr Lys Val Asn Leu Leu Ser Ala
85 90 95



Leu Ser Ala Gn Ile Asn Arg Pro Asp Tyr Len Asp Phe Ala Qu Ser 145 150
155 160 dy Gn Val Tyr Phe Ay lie lie Ala Leu 165 170 <210> 16 <211>
170 <212> PRT <213> Artificial sequence <220> <223> TNF-al pha wi th PADRE
i nsertion WQ0d&0U944 yi ng nmutati on <220> <221> M SC FEATMREDKR22083%91)
(108) <223> Human TNF-al pha, residues 1-108 WO 2004/ 099244

PC7Y11K2004/ 000329 12 <220> <221> DI SULRKD <222> (67).. (124) <220>
<221> MUTAGEN <222> (67).. (67) <223> Len to Cys mutation <220> <221>
MUTAGEN <222> (109)..(121) <223> PADRE <220> <221> M SC FEATURE <222>
(122) .. (WPOyy=<Z23>PHqufun CINFAzl pha,Thr e®icdGés GLOOAYELTYs £280%21<221> MUTAGEN
<222> (124).,(124) 1099 105 119

Ala Ala Trp Thr Leu Lys Ala Ala Ala Glu Ala Lys Pro Txp Tyr Glu
115 120 125

Pre Tle Tyr Leu Gly Gly Val Phe Gin Leu Glu Lys Gly Asp Arg Leu
130 135 140

Ser Ala Glu Ile Asn Arg Pro Asp Tyr Leu Asp Phe Ala Glu Ser Gly
145 150 155 160

Gln Val Tyr Phe Gly Ile Ile Ala Leu
165

<210> 15
<211> 170
<212> PRT

<213> Artificial sequence

<220>
<223> hTNF with inserted PADRE and additional disulfide bpridge

<220>

<221> MISC _FEATURE

<222>  (1)..{108)

<223> hTHF amino acids 1-108

<220>
<221> DISULFID
<222> (67)..(L24)

<220>

<221> MUTAGEN

<222>  (67}..(67)

<223> Leu to Cys mutation

<220>

<221> MUTAGEN
222> (109} ..(121)
<223> PADRE

<220>
<221> MISC FEARTURE

<222>  (122)..(170)}
<223> HKTNF amino acids 109~157

<220>

<221> MUTAGEN

<222> {124)..(124)

<223> Bla to Cys mutation

<400> 15



<223> Ala to Cys nutation <220> <221> MJTAGEN <222> (156).. (156) <223>

Asp
Pro
Trp
Arg
Ser
Leu
Val
du
Al a
125
135
145

to Arg nutation <400> 16 Val Arg Sex Ser Sex Arg Thr Pro Ser Asp Lys
1510 15 Val Ala Asn Pro dn Ala Qu Gy Gn Leu @n

vVal Al
Len %325@04/)@&450 25 30 Ala Asn Ala Leu Leu Al a AsnPCI/DKSMI0EY Leu

Asp Asn G n Leu 35 40 45 Vval Val Pro Sex Qu Ay Leu Tyr Leu Ille Tyr
@n Val Leu Phe 50 55 60 Lys Ay Cysiddy Cys Pro Ser Thr His Val Leu
Thr H's Thr Ile 65 70 75 80 Ser Arg Ile Ala Val Ser Tyr @n Thr Lys
Asn Len Leu Ser Ala 85 90 95 Ile Lys Ser Pro Cys A n Arg Gu Thr Pro
Ady Aka; P . 10 V\D 2004/ 099244 PCT/ DK2004/ 000329 13
A a Tnp %1&? L%g Sﬁlﬁsier ng Jfg? 8 Wa ey MeyErLyEl Bre P 115 120
Gn Pro lle Tyr LenGyGyVaI PheGn Len Gu Lys y Asp Arg 130
140 Len Ser Ala Gn Ile Asn Arg Pro Asp Tyr Len Arg Phe Ala G n Ser
150 1581 786 2@ yr@GinVala Tyr dBheci@ Yel i@nl 18 Ab@ Asgnﬁr’léﬁrgjo <210> 17

<211> 170 <212> PR#%<213> Artifici als sequence

Ala Asn géa Leu Leu Ala Asn Gly Val Glu Leu Arg Asp Asn Gln Leu
40 45

Val ggl Pro Ser Glu Gly Leu Tyr Leu Ile Tyr Ser Gln Val Leu Phe
55 60

Lys Gly Cys Gly Cys Pro Ser Thr His Val Leu Leu Thr His Thr Ile
65 70 75 80

Ser Arg Ile Ala Val Ser Tyr Gln Thr Lys Val Asn Leu Leu Ser Ala
85 30 95

Tle Lys Ser Pro Cys Gln Arg Glu Thr Pro Glu Gly Ala Lys Phe Val
100 105 119

Ala Ala Trp Thr Leu Lys Ala Ala Ala Ala Glu Cys Lys Pro Trp Tyr
115 120 125

Glu Pro Ile Tyr Leu Gly Gly Val Phe Gln Leu Glu Lys Gly Asp Arg
130 135 140

Leu Ser Ala Glu Ile Asn Arg Pro Asp Tyr Leu Asp Phe Ala Glu Ser
145 150 155 160

Gly Gln Val Tyr Phe Gly Ile Ile Ala Leu
165 170

<210> 16
<211> 170
<212> PRT
<213> Artificial sequence

<220>
<223> TNF-alpha with PADRE insertion and detoxifying mutation

<220>

<221> MISC FEATURE

<222> {(1})..{108)

<223> Human TNF-alpha, residues 1-108



<220> <223> TNF-al pha with PADRE insertion and detoxifying nmutation <220>
<221> M SC FEATURE <222> (1) (108) <223> Human TNF-al pha, residues 1-108
<220> <221> MUTAGEN <222> (67)..(67) <223> Len to Cys nutation <220>
<221> DI SOVPIZOM4/9D> (67)..(124) <220> <221> MJUTAGEN <LZIADK00-0@P329( 121)
<223> PADRE <220> <221> M SC FEATURE <222> (122)..(170) <223> Human
TNF- al pha, residues 109-157 <220> <221> MJITAGEN <222> (124).. (124) <223>
Ala to Cys nmutation <220> <221> MJTAGEN <222> (158) (158) <223> Alato
Arg mutation WO 20041099244 PCTI fl 004/000329 14 <400> 17 Val Arg Ser

Ser Ser Aj i’iherg%gFI%er Asp Lys Pro Val Ala Hs Val 15 10 15
<222>  (67)..(124)

<220>

<221> MUTAGEN

<222>  (87)..(67)

<223> Leu to Cys mutation

<220>

<Z21> MUTAGEN
<222>  [10%9)..{121)
<223> PADRE

<220>

<221> MISC FEATURE

<222>  (122Y..(170)

<223> Buman TNF-alpha, residues 109-157

<220>

<221> MUTAGEN

<222> (124} ..(124)

<223> BAla to Cys mutation

<220>

<221> MUTRGEN

<222> {156)..{156)

<223> Asp to Arg mutation

<400> 16
Xal Arg Ser Ser Ser Arg Thr Pro Ser Asp Lys Pro Val Ala His Val
5 10 15

Val Ala Asn Pro Gln Ala Glu Gly Gin Leu Gln Trp Leu Asn Arg Arg
20 B 25 30

Ala Asn Ala Leu Leu Ala Asn Gly Val Glu Leu Arg Asp RAsn Gln Leun
35 40 45

‘Val Val Pro Ser Giu Gly Leu Tyr Leu Ile Tyr Ser Gln Val Leu Phe
50 55 60

Lys Gly Cys Gly Cys Pro Ser Thr His Val Leu Leu Thr His Thr Ile
65 70 75 80

Ser Arg Ile Ala Val Ser Tyr Gln Thr Lys Val Asn Leu Leu Ser Ala
85 90 85

Ile Lys Ser Pro Cys Gln Arg Glu Thr Pro Glu Gly Ala Lys Phe Val
100 105 110



Val Ala Asn Pro Gn Ala Gu Ay Gn Len Gn Trp Leu Asn Arg Arg 20 25 30
Ala Asn Ala Len Len.Ala Asn Gy Val Gn Len Arg Asp Asn G n Len 35 40 45
Val Val Pro Ser Gn Gy Len Tyr Len Ile Tyr Ser Gn Val Len Phe 50 55 60
Lys Ay W?OGO?/”W%““PM Ser Thr His Val Leu Len Thr His THiT/PKW04/g83290 75
80 Set Arglle Ala Val Set Tyr G n Thr Lys Val Asn Leu Len Ser Ala 85 90
95 Ile Lys Ser Pro Cys G n Arg Gu Thr PrieGn Gy Ala Lys Phe Val 100
105 110 Ala Ala Trp Thr Leu Lys Ala Ala Ala Ala G n Cys Lys Pro Trp Tyr
115 120 1 Pr e Tyr Len Gy G Val Phe G n Leu Gu Lys Gy Asp
Arg 130 %ga f?@nT ghléé“lﬁuﬁﬂ‘yg ERT Alé emﬁ'i‘s A UPr e kg? Pror TP Y Asp Phe Arg
Gu Set 145 150 155 160 Gy G nVal Tyr Phe Gy e lie Ala Len 165 170
<210> 18 <211> 170 <212> PET <213> Artificial sequence <220> <223>

TNF- al phacii tho PARREyH nserdiyos: and) datoxif i-ngeut.at iay As§2§Pg> <221> M SC
FEATURE <22230(1)._ (108) <228 Human TNF-al pha Tesidues 1-108 WO

2004/ 099244 PCP/ DK2004/ 000329 15 <220> <221> DI SULFID

Leu Ser Ala Glu Ile Asn Arg Pro Asp Tyr Leu Arg Phe RAla Glu Ser
145 150 155 160

Gly Gln Val Tyr Phe Gly Ile Ile Ala Leu
165 170

<210> 17

<211> 170

<212> PRT

<213> Artificial sequence

<220>
<223> TNF-alpha with PADRE insertion and detoxifying mutation

<220>

<221> MISC FEATURE

<222>  (1)..(108)

<223> Human TWF-alpha, residues 1-108

<220>

<221> MUTAGEN

<222> (67)..1{67)

<223> Leu to Cys mutation

<220>
<221> DISULFID
<222>  (67)..(124)

<220>

<221> MUTAGEN
<222>  (109)..{(121)
<223> PADRE

<220>

<221> MISC FEATURE

<222>  (122)..(170)

<223> Human TNF~-alpha, residues 109-157

<220>

<221> MUTAGEN

<222>  (124)..(124)

<223> Ala to Cys mutation

<220>

<221> MUTAGEN

<222> {158)..(158)

<223> Ala to Arg mutation



<222> (67)..(124) <220> <221> MJUTAGEN <222> (67)..(67) <223> Leu to Cys
mut ati on <220> <221> MJTAGEN <222> (87)..(87) <223> Lys to Sex nutation
<220> <221> MUTAGEN <222> (109)..(121) <223> PADRE <220> <221>

M SC_FEATURIO 2089809244 122) . . (170) <223> Human TNF- al pha, reel/@te®40092957
<220> <221> MJUTAGEN <222> (124).. (124) <223> Ala to Cys nutation <400>
18 Val Arg Ser Set Set Arg Thr Pro Set Aspidys Pro Val Ala Hs Val 1 5 10
15 Val Ala Asn Pro Gn Ala Gu Gy Gn Leu Gn Trp Leu Asn Arg Atg 20 25
30 Ala Asn Ala Leu Leu Ala Asn Ay Val GQu Leu Arg Asp Asn G n Leu 35 40
45 Val Vari®o St Ju Ay Leu Tyr Leu lie Tyr Set Gn Val Leu Phe 50 55
60 Lys S s, Pro Set Thr His Val Leu Leu Thr His Thr Ile 65 70
75 80 S%X%%glﬁ%éfy i% IR it le i P LysTRalahsHaLBEE Yeh Set Ala 85
90 95

Val Ala Asn Pro Gln Ala Glu Gly Gln Leu Gln Trp Leu Asn Arg Arg
20 25 30

' Ala Asn Ala Leu Leu Ala Asn Gly Val Giu Leu Arg Asp Asn Gln Leu
35 40 45

Val Val Pro Ser Glu Gly Leu Tyr Leu Ile Tyr Ser Gln Val Leu Phe
50 55 60

Lys Gly Cys Gly Cys Pro Ser Thr His Val Leu Leu Thxr His Thr Ile
65 70 15 80

Ser Arg Ile Ala Val Ser Tyr Gln Thr Lys Val Asn Leu Leu Ser Ala
85 90 85

Ile Lys Ser Pro Cys Gln Arg Glu Thr Pro Glu Gly Ala Lys Phe Val
100 105 110

Ala Ala Trp Thr Leu Lys Ala Ala Ala Ala Glu Cys Lys Pro Trp Tyr
115 120 125

Glu Pro Ile Tyr Leu Gly Gly Val Phe Gln Leu Glu Lys Gly Asp Arg
130 135 140

Leu Ser Ala Glu Ile Asn Arg Pro Asp Tyr Leu Asp Phe Arg Glu Ser
© 145 150 155 160

Gly Gln Val Tyr Phe Gly Ile Ile Ala Leu
165 170

<210> 18

<211> 170

<212Z> PRT

<213> Artificial sequence

<220>
<223> TNF-alpha with PADRE insertion and detoxifying mutation

<220>

<221> MISC_ FEATURE

<222> (1}..(108)

<223> Human TWNF-alpha, residues 1-108



Ile Lys Set Pro Cys Gn Arg Qu Thr Pro Au Ay Ala Lys Phe Val 100 105
110 WD 2004/ 099244 PCT/ 01{2004/000329 16 Ala Ala Trp Thr Leu Lys éla éla
Ala Ala G s Pro Trp Tyr 115 120 125 Gu Pro Ile Tyr Leu y y
Val Phe G &"@?S?*J&Xgﬁﬂys Gy Asp Arg 130 135 140 Leu Ser RACHDEZN4PS2Asn
Arg Pro Asp Tyr Leu Asp Phe Ala G n Ser 145 150 155 160 Gy G n Val Tyr
Phe Ay lie lie Ala Leu 165 170 15

<220>
<221> DISULFID
<222> (67 ..(1l24)

<220>

<221> MUTAGEN

222> (67)..(67)

<223> Leu to Cys mutation

<220>

<221> MUTAGEN

<222> (BN .. (8T

<223> Lys to Ser mutation

<220>

<221> MUTAGEN
<222> (109).. (121}
<223> PADRE

<220>

<221> MISC FEATURE

<222>  (122)..{170)

<Z23> Human TNF-alpha, residues 109-157

<220>

<221> MUTAGEN

<222>  (124)..{124)

<22Z3> BAla to Cys mutation

<400> 18

Val Arg Ser Ser Ser Arg Thr Pro Ser Asp Lys Pro Val Ala His Val
1 5 10 15

Val Ala Asn Pro Gln Ala Glu Gly Gln Leu Gln Trp Leu Asn Arg Arg

Ala Asn Ala Leu Leu Ala Asn Gly Val Glu Leu Arg Asp Asn Gln Leu
35 40 45

Val Val Pro Ser Glu Gly Leu Tyr Leu Ile Tyr Ser Gln Val Leu Phe
50 55 60

Lys Gly Cys Gly Cys Prxo Ser Thr His Val Leu Leu Thr His Thr Ile
65 70 75 80

Ser Arg Ile Ala Val Ser Ser Gln Thr Lys Val Asn Leu Leu Ser Ala
85 90 95

Tle Lys Ser Pro Cys Gln Arg Glu Thr Pro Glu Gly Ala Lys Phe Val
100 105 110



WO 2004/099244

Ala

Glu

Leu

145

Gly

Ala Trp Thr Leu Lys Ala Ala Ala Ala

115

Pro Ile Tyr Leu Gly Gly Val Phe Gln

130

Ser Ala Glu Ile Asn Arg Pro Asp Tyr

Gln Val Tyr Phe Gly Ile Ile ZAla Leu

165

150

135

120

170

16

PCT/DK2004/000329

Glu Cys Lys Proc Trp Tyr

125

Leu Glu Lys Gly Asp Axg

140

Leu Asp Phe Ala Glu Ser

155

160



