1 1 APR 2006 Preparation of Biologically Active Molecules 5 10 15 Field of the invention The present
invention in general relates to the production of biologically active molecules which occur as inactive
precursors and which are cleaved in vivo by proteases into mature, biologically ac%i\ﬁe ﬁg,%l] es.
More specifically, the invention relates to the production of caspases and cytokines, ‘which are
produced in vivo from their corresponding precursors by autocleavage, cleavage by other caspases or
by cleavage, e.g. with the protease caspase-1, also known as interleukin-1 converting enzyme (ICE).
Examples of cytokines produced in such a manner are interlcukin-I(3 and interleukin-18. Background
of the invention Caspases are a family of cysteine proteases that cleave their target protein following
an Asp residue. Of the eleven published known caspases, caspase-1, and 20 probably caspases -4,
-5, and -11 seem primarily involvBocipatisiprodeBiihgishBrofktara iktesplssokines, whereas others
play cruaial roles in the initiation and execution of apoptosis or programmed cell death. Caspases
share several common features among them that they are synthesized as catalytically inactive
zymogens that are generally activated by cleavage after specific internal Asp residues present in 25
interdomain lnkers 21 theaRility to cleave their substrates after Asp residues. As a result certain
mature active caspases, in particular those that are derived from the long prodomain caspases can
process and activat&halreson s Biheriihaenveasiptesetozitaayedscon the bakieisriyirmeiye

structure, proapAPIRIC CARAARES,CED NG AVIdRD NG, IR §1%385 «lasRdVREIHAING, CEPRASEResS: -9,

and -10 that contain a long 30 amino-terminal prodomain, and class Il such as caspase-3, -6, and -7
with a stfort drtbITRNRROAT0S epkerttprodweainedn vitro cleavage experiments suggest that class I

caspases require agfiyated class) | CasPasesion 1R DiBtERINISRIORESSING (Al ANABRDKines,
classification of caspases is by the specificity of the cleavage site (13).
which are produced in vivo from their corresponding precursors by autocleavage, cleavage

by other caspases or by cleavage, ¢.g. with the protease caspase-1, also known as
interleukin-1 converting enzyme (ICE). Examples of cytokines produced in such a manner

15 are interleukin-1f and interleukin-18.

Background of the invention
Caspases are a family of cysteine proteases that cleave their target protein
following an Asp residue. Of the eleven published known caspases, caspase-1, and
20  probably caspases -4, -5, and -11 seem primarily involved in the processing of
proinflammatory cytokines, whereas others play crucial roles in the initiation and
execution of apoptosis or programmed cell death. Caspases share several common
features among them that they are synthesized as catalytically inactive zymogens that
are generally activated by cleavage after specific internal Asp residues present in
25 interdomain linkers and the ability to cleave their substrates after Asp residues. As a
result certain mature active caspases, in particular those that are derived from the long
prodomain caspases can process and activate their own and other inactive caspase
zymogens. On the basis of primary structure, proapoptotic caspases can be divided into
two classes, class | including caspase-2, -8, -9, and -10 that contain a long

30  amino-terminal prodomain, and class II such as caspase-3, -6, and -7 with a short or



Here Group | caspases have the consensus sequence WEND (caspases -1, -4, and -5), 5 Group il
caspases the concensus sequence DEXD (caspases -2, -3 and -7), and Group Il caspases the
concensus sequence (IVL)EXD (caspases -6, -8 and -9). The caspase-8 optimal sjte igpdE $igs(14)-
Interleukin 18 (IL-18). initially described as an interferon-y. (IFN-y)-inducing factor is a recently
characterized cytokine that shares structural features with the IL-1 10 family of proteins (1-4). IL-18

was initially SRS SaHEdGUEHCIBIREE FORTIRE NV USBRTICE ¢ <dted AP RRSE iRk Fated

Propionbactegitiiegres{k ¢ 8) felawad by ineralysassharideLPS) (2,5). Cloning of human
IL-18 has also been recently described (3). Like IL-12, IL-18 is produced by activated macrophages

such as liver Kupffetetieehkssificatioar respcmisdiy phragres st of ahe draass sialter of the Thi
response, corsiinaiiaiing dhe pradustionof ENysaswelqrs TNFHY aradpdecyte:macrophage

colony-stimulating factor and IL-2 (6). In addition, it potentiates anti-CD3-induced T-cell proliferation

and incréase3rARRUTRFASREFEaIne FRABKIEHY 1 WRiGH Bty (rsPassredsidrbt F4s BIYaRENER7). 20

Unlike most gihefgyiekineSondistexbiRitRQuhatikbundle situeiuie o Ha-18)amdeleadf3Raye an all
(3-pleated sheet structureh%)r. Similarly to IL-1(3, IL-18 is synthesized as a biologically inactive

precursor (pRALDBPiEAkikE H5(dAR peptide (3). The IL-1(3 and IL-18 precursors are cleaved by

caspase | (|L'|(3'C0F?1Y@rrl€[lgine'ﬂgyme’l8’}, 'ﬁ%@al'{?a&é%'@}%&ﬁ Afer ANGRRBHIG it residugcinghe P1
position. The 25 resulting mature cytokines are readily released from the cell (8,9). Studies with
caspase-I-defigiehinficecaBiorfaragidiase fripkinehaseharsatieuiaisadrsh WHE B b IFN-y and

Thi responsggniesHipn Qi SUEN Miee Wity By %Wﬁ%?@ih@@aﬁ@%’&@ oW lausls efsitautating IFN-y
compared with wild-type mice (8,9). Injection of IL-18 restored the LPS-induced IFN-y level in the

caspase-|-déREEAf SHcIFI) WirHERimsEMTie tRERERbEptomunasa dE- PiasaVENIeY i the
prodiuction of acvp I8 eaepases ndipatieueilhse ciRavng ingasellRLpoleins 21|

APR 2nD6 associated with apoptosis were at least 100-fold less active than caspase-1 (9). Similar
studies with ficstghgéf(cibnt mice revealed its role in NK cell activity and cytokine induction (10).

Like IL-12, IL-18 is produced by activated macrophages such as liver Kupffer

15 cells and other resident macrophages (3). IL-18 is an early inducer of the Thl response,
co-stimulating the production of IFN-y, as well as TNF-y, granulocyte-macrophage
colony-stimulating factor and IL-2 (6). In addition, it potentiates anti-CD3-induced
T-cell proliferation and increases natural killer cell cytotoxicity by augmenting the
expression of Fas Ligand (6,7).

20 Unlike most other cytokines, which exhibit a four-helix bundle structure, IL-18
and IL-1B have an all B-pleated sheet structure (7). Similarly to IL-1pB, IL-18 is
synthesized as a biologically inactive precursor (prolL-18), lacking a signal peptide
(3). The IL-1B and IL-18 precursors are cleaved by caspase 1 (IL-1B-converting
enzyme, or ICE), that cleaves after an aspartic acid residue in the P1 position. The

25  resulting mature cytokines are readily released from the cell (8,9). Studies with
caspase-1-deficient mice demonstrated the important role of mature IL-18 as an
inducer of IFN-y and Thl responses. Injection of such mice with P. acnes and LPS
resulted in low levels of circulating IFN-y compared with wild-type mice (8.,9).
Injection of IL-18 restored the LPS-induced IFN-y level in the caspase-1-deficient

30  mice (9), further supporting the concept that caspase-1 is involved in the production of

active [L-18. Other caspases and particularly those cleaving intracellular proteins



Recombinant IL-t~ and mouse IL-18 expressed in E. coli may be refolded to 5 produce a fully active
cytokine. Attempts to express the mature form of human IL-18 in F. coli or other hosts did not provide
a fully active cytokine. Because of its potential therapeutic uses, e.g. in malignancieg JonFRamg
condition in which induction of interforon-7 production is wanted, it is desired to establish an efficient
expression system for the production of mature biologically active human IL- 18. 10 Summary of the
invention ThesspeEeed 8 roR ARBWERaPregutHor A dssterdiing hicersprtseir@xtSiailprocess

offormation age predused in i bigirgically; inagivaIPIeRUrRRE frReRAPSCAMS AGVS Altgcleavage

oftheir precursor. This cannot be easily accomplished in vitro. 15 The present invention thus provides
a method for#agaidtion of a biologically 20 25 30 active molecule from its biologically inactive

precursor by mutatipp afits NAlural Gleaypae. si9ito)3 sigRyseepipledq cleayagedyagemmon

protease, and cleaving the mutated molecule to yield a biologically active molecule. Preferably, the
biologicdlly avtdednsldeliiedeycassheecoPdTPOkinee oS Hreferably el ram IL-18[3 and IL-1

8. In such cylplines e AL AL SRS SR RIEIRRY IR eashagec! sleavaosisiiendibegpmmon

protease employed for cleavage may be selected from thrombin, enterokinase, subtilisin,
genenasel"~{NeRg Eisglsss Bidlabs, IBEVGHNEA, OSK), ahe tandisarhinovitisd 3adwstease and

Factor Xa profease, Yhep a.casnase i AIPI9YSd [ Lleayage, saspase:BisiBreferpedksIn,a preferred

embodiment of the present invention, the method comprises transfecting a host with a vector
comprising asxEXNALenEsdNes recafsoituredi pietaeitalig axtibemeoléeul8 mutated at its cleavage
site, culigiring the transfected host, expressing the precursor and isolating the biologically active

molecule after treatment with a protease. 317 APR 2006
Summary of the invention

The present invention allows the production of molecules which, in their natural
process of formation are produced in a biologically inactive precursor form, and become
active after cleavage of their precursor. This cannot be easily accomplished in vitro.

15 The present invention thus provides a method for the production of a biologically
active molecule from its biologically inactive precursor by mutation of its natural cleavage
site to a site susceptible to cleavage by a common protease, and cleaving the mutated
molecule to yield a biologically active molecule.

Preferably, the biologically active molecule is a caspase or a cytokine, more

20 preferably selected from IL-1p and IL-18.

In such cytokines the natural cleavage site preferred is a caspase-1 cleavage
site.

The common protease employed for cleavage may be selected from thrombin,
enterokinase, subtilisin, genenase™ (New England Biolabs, Beverly MA, USA), the

25 human rhinovirus 3C protease and Factor Xa protease. When a caspase is employed for
cleavage, caspase-8 is preferred.

In a preferred embodiment of the present invention, the method comprises
transfecting a host with a vector comprising a ¢cDNA encoding a precursor of a
biologically active molecule mutated at its cleavage site, culturing the transfected host,

30 expressing the precursor and isolating the biologically active molecule after treatment

with a protease.



Optionally this may be accomplished in that the cDNA is fused in frame past a glutathione-
S-transferase (GST) coding sequence and the expressed fusion molecule is captured on glutathione
agarose beads prior to treatment with the protease. The present invention also provjde e Rigd
encoding a mutated precursor of a 5 biologically active molecule, optionally fused to a GST coding
sequence. In one embodiment of the present invention there is provided a process of producing

and/or purifying a réSSHBMAHDHyBEY boRsseptisiadrisibal preteiR Nioteluspé dififame aadNA fragment
coding for  rgleinJROISchlt s fuserie A DNARGMER. ¢pding ot & oG rInLSIog, as lnking

sequence, the DNA coding for 10 a peptide sequence which is recognized and cut by a caspase. The
fused DNA isapiseden igke i iisisgaresedreadsienios eseeptBerisidrcapreigpidpriate host. Upon

expression, the hybfig, %‘P&E’ﬁﬁ‘iﬁ%ﬂﬁ&Péi@@%&%i@%Qt(?ﬁﬂmte‘%%ﬂlg%&%ﬁfeﬁ%k@}?ort%&hiCh the

binding protein has specific affinity, e.g. by affinity chromatography. Tn a preferred embodiment of the
present nvehtioag it pigrdirg peoteicsogSnalls Bkedieaciealageisksdgupiceaspase-8 cleavage site

The invention also fglates 19,BiRlpgicIlraglv e DelecHles pEsPaad With g 4abave metiog

Expression of mature IL-18 in E.coli results in"a protein lacking biological activity. Attempts to correctly
refold the IL{r8 pishpgewtitler racikorgesofclom8ino dyxredsed ipeplicslion e &o faptemsddeesstul.

Human IL-18 angkfigman, ;5143 q?@g%a{ﬁ%%‘aﬂ{ Y&YOaaéﬁrB{éﬁUr'ﬁ%ﬁgglé’r%'Lf&s@’ﬂp{gcé"ﬁ%ﬁ% which are

cleaved by caspase-1’ to yield biologically active mature 1L-18 and IL-1(3, respectively. However,

caspase-| i.sflr‘iﬁtlmm@iej&@mméi@iﬁﬂg.ﬂh@ipré@em ﬁﬁ\)@ﬁ:ﬂéﬁ Wdé@&lgiﬂﬁﬂé seodtee fiee for
production in gl & bielgicall Actve.malaskieaid RARRYIY &,0YioKnRaNA, 2 mATA partioular,
human IL-18. For this purpose, a cDNA encoding human prolL-18 was constructed in which the
caspase-1 ciessigsk isie svels nmgared ity ieh ol avedy¢o simngibacomamrsiaipiaveokibleprotease,

€.g., factor Xg. F&E%ﬂ?%@}g@@%@gzﬁ%ﬂﬁﬁé%?ﬁﬁ r%hf?lﬁiﬁ%N'e‘vM‘ﬁaé 9566 & Qibstrate .
glutath|one-S-1$ar]sferase' ST) coding sequence. The resulting GST-prolL-18 fusion protein, having
a factor Xa dieaagfebitdB0inapreigrdssenréni fic ediinaid caphuredioimygihramibres adgarose beads.
Mature human 4| AP ﬁe%gxggdsembodiment of the present invention, the binding protein is GST
15 and the cleavage site is the caspase-8 cleavage site
The invention also relates to biologically active molecules prepared with the
above method.

Expression of mature IL-18 in E.coli results in a protein lacking biological

activity. Attempts to correctly refold the IL-18 polypeptide backbone of IL-18

20  expressed in E. coli were so far unsuccessful. Human IL-18 and human IL-1p are
expressed in vivo as prolL-18 and prolL-1p precursors, which are cleaved by caspase-1
to yield biologically active mature IL-18 and IL-1B, respectively. However, caspase-1
is not available commercially. The present invention provides a simple procedure for
production in E.coli of a biologically active molecule, in particular a cytokine and

25  more particular, human IL-18. For this purpose, a cDNA encoding human prolL-18
was constructed in which the caspase-1 cleavage site was mutated into the cleavage
site of a commercially available protease, e.g., factor Xa. For ease of manipulation, the
mutated prolL-18 c¢cDNA was fused to a glutathione-S-transferase (GST) coding
sequence. The resulting GST-prolL-18 fusion protein, having a factor Xa cleavage site

30  was expressed in E. coli and captured on glutathione agarose beads. Mature human



10 IL-18, exhibiting high biological activity was released from the beads by cleavage with Factor Xa.
Similarly, the DNA sequence coding for the caspase-1 cleavage site of human IL-1 [3 is mutated into
a cleavage site of factor Xa. For ease of manipulation, the mutated proll,-1(3 cDNA1s¥fusierl pfame
to a glutathione-S-transferase (GST) coding sequence. The resulting GST-prolL-1(3 fusion protein,
having a factor Xa cleavage site is expressed in F. coli and captured on glutathione agarose beads.
Mature humah- I8 dtristeadeh riptoasal BeHYE DYl alvasrs wisnrhe egasta bvesv aas pade-8 is
employed fof.glegvage, a similar procedure is carried out, the difference being that the caspase-1
cleavage site of either human IL-18 or human IL-I (3 is mutated into a cleavage site of caspase-8.

Thereafter fusion tooH BT TYedlinH Ny e ehGOflirt dPmdih sasprsss! afteastBR didttodshaasttibed

above. Brief Pegeriptan el ihabigwies dg.Figeier kdrickhesdhecloning ofi NG engrding fuman
prolL-18 mutant (prolL-181ECR). This cDNA was cloned by three steps of PCR using an overlapping

primer methdi HhEPIahd¥ ais: et Nafmme teakehaathifiearddrapsfr@ier GRIB) ©0HNFBBISRA
produced byjthe J&%ﬂ?%%@r%éﬁﬁ-@s RNMArRiLced Ay 1he 3868k PGE3, & RO D PNARroduced

1
by the third PCR, encoding human prolL-18iro R 20 Figure 2 shows the structure of the expression
plasmid pGEXpregli-amicamures) omjahiaHy meaer asidussguiistes bpmenddo by Bt |

cDNA encodingrayman, Qe k8ikR.8eskiction sites for BamH | and EcoR | and the target site for

Factor Xa are indicated by brackets. An open arrow indicates the Factor Xa cleavage site. (b
Schematic represeNtag8rreaSEXLo TR dairidgarashed avBINEPSISEAHTC THEADTH | IRd-aew

indicates the; Bami-UEeaR lﬂ%ﬂ%ﬂ%%ﬁﬁs@f lﬂl‘?eia’l%gé-sﬁEng%i%l%PB%ﬁQ%Ff@%%%uﬁﬁ fpatein

extracts of E. coli expressing the GST-prolL-18IEGR fusion protein. The lanes are: 1. Cells

transformed Witk tede are aled Vpeesiifop GERasTFK: Whtrsaftiidusivanion Celiscadingfopmisashitidhe

parental plasfﬂ}iﬂepﬁéﬁ%g-ﬂéﬁ%ei@gﬁé?%‘d’@% AL NN isapepylthio galactoside (IPTG). The expected
30 26 kD band of glutathione thioreductase (GST) is indicated by an arrow on the left side. Lanes 3-7

show cells transformed with plasmid pGEX-prolL-181ECR and either 5 | | APR 2006

Brief Description of the Figures

15 Figure 1 describes the cloning of ¢DNA encoding human proll-18 mutant
(prolL-18ggr). This cDNA was cloned by three steps of PCR using an overlapping
primer method. The lanes are: M, DNA size markers, indicated on the left side; 1, a
498 bp DNA produced by the first PCR; 2, a 551 bp DNA produced by the second
PCR; 3, a 600 bp DNA produced by the third PCR, encoding human prolL-18zgr.

20 Figure 2 shows the structure of the expression plasmid pGEX-prolL-18iecr. (a)
Flanking nucleic acid sequences of the 600 bp BamH I/EcoR I ¢cDNA encoding human
prolL-18iggr. Restriction sites for BamH I and EcoR I and the target site for Factor Xa
are indicated by brackets. An open arrow indicates the Factor Xa cleavage site. (b)
Schematic representation of pGEX-2TK. The restriction sites are also shown. The

25  filled arrow indicates the BamH I/EcoR I ligation site of the insert.

Figure 3 shows SDS-PAGE of crude protein extracts of E. coli expressing the
GST-prolL-18g6r fusion protein. The lanes are: 1. Cells transformed with the parental
plasmid pGEX-2TK without induction. 2. Cells transformed with the parental plasmid
pGEX-2TK and induced with 0.1 mM isopropylthio galactoside (IPTG). The expected

30 26 kD band of glutathione thioreductase (GST) is indicated by an arrow on the left
side. Lanes 3-7 show cells transformed with plasmid pGEX-prolL-18;ggr and either



not induced (lane 3) or induced with IPTG for the indicated times. The 43 kD band indicated by an
arrow on the right side corresponds in size to the GS"I'-prolL-18IECR fusion protein. Figure 4 shows
SDS-PAGE (10% acrylamide) of the GST-prolL-1 8IECR fusion 5 protein following guyifggiggpn
glutathione-agarose. Supernatant of bacterial sonicate (see Fig. 3 lane 7) was affinity-purified on

lutathione agarose. The lanes are. 1, Molecyl ss markers.(indicated by kD on the left side); 2.
e gt e S e R e s e
SDS-PAGE (h2iaadryparideyoftbe prifight ke asvttesdtBndsOibs SZe pio thel BIEIGHR JUsiD8 gerotein
captured on ﬁ!u.tathione. agarose beads and incubated with Factor Xa at a protease to substrate ratio
1:50 (wiw) andskﬁré%rﬁf)ee%atant was analyzed after 6 h. Lane 1, molecular weight markers, indicated
in kD on the left sidBjgiaad 2hbuBIDIIRAS I (HE/supsiaaiaie) of the diftaihicileiBgarofasioaads. The

gel was 5stained witsl:%&oomassie, lue. 15 Fig. 6 shows a bioa§ay of the h(f an IL-18. Human IL-18 at
the indichtecP Q5EBd WAL HHoRY YA RO BLaTR L oS R POR A S P HSHTE8hSCBIé Psx]06
cells/well) in the presehdenef Donaanatialiy AR5 dg/al)amdbpe vpiysie. BThE gémd). dbe supernatant
was assayed for marine interferan-gamma by ELISA._The leve] of interferon- ma induced by IL-18
(100 ng/ml) Mﬂl%cg%%ﬂl@éso%gﬁe% \X)‘grglcfﬁg‘_jw%ypé 1°Fi 7ef9%sﬁb G the #a%i%lﬁ'r@@é#ﬁ for the
purification ofiRIL-k8IUSIe:GxadprseiBwin sehamalichfawomkigivel8eshows the sequence of the
GST-pro-hlL-18EEIQ. The pox indic h gse-8 cleayage site. The underlined sequence is the
mature hIL-18. 25 FitRiY& £§) sﬁﬁémé ﬁéﬁ%ﬁi@fg%eagféfﬁ@bg%g Cﬂgr&% A@W&rﬁfﬂ%ggel) of the
GST-prolL-] 8SETolusigi-profeio pyridieati eapdiral WathicneriRaaroseoSeelichisaln dsinataaiant of
recombinant E.coli IM1Q9 expressing GST- rolL-lSEET%gggs&Baé‘\g%ni%ﬁ rified on glutathione agarose
atant

and digestedby? CA5[8As8 B HitiBRaLe SR 4odelRy SUSHEE A and
applied to maledyiad sz on IKhSupeisiexale Whighamasars, iddidlalecnlrDroasadmerkete (indicated
by KD on the ef Siie) 2 ]\ PIels Upermatant 3 Ay purfed CSTproll JELETP 4,011 1 APR
stained with Coomassie blue.
15 Fig. 6 shows a bioassay of the human IL-18. Human IL-18 at the indicated

doses was added to the cultures of murine plastic-nonadherent spleen cells

(5x100 cells/well) in the presence of Concanavalin A (0.125 pg/ml) and polymyxin B
(1 pg/ml). The supernatant was assayed for murine interferon-gamma by ELISA. The
level of interferon-gamma induced by IL.-18 (100 ng/ml) in the absence of Con A was

20 160 pg/ml.

Figure 7 shows the basic procedure for the purification of hIL-18 using Caspase-8
in schematic form.

Figure 8 shows the sequence of the GST-pro-hlIL-18 grp. The box indicates the
Caspase-8 cleavage site. The underlined sequence is the mature hIL-18.

25 Figure 9 shows a Coomassie blue stained SDS-PAGE (10% acrylamide gel) of
the GST-proll.-18, gp fusion protein purification on glutathione-agarose. Cell break
supernatant of recombinant FE.coli IM109 expressing GST-prolL-18 grp was
affinity-purified on glutathione agarose and digested by Caspase-8 on solid phase. The
post-digest supernatant was concentrated and applied to molecular sizing on

30  Superdex-75. The lanes are : 1. Molecular mass markers (indicated by kD on the left
side); 2. Cell break supernatant; 3. Affinity purified GST-prolL-18igmp; 4.



5 Glutathione-agarose resin post Caspase-8 solid phase 4 hr digest; 5. Caspase-8 concentrated 4 hr
digest ; 6. Superdex-75 pool of pure hiL-18. Detailed description of the invention Accgqin&:ﬁ h[(]aS
present invention, a cDNA encoding human prolL-18 in which the Caspase-1 cleavagesi

mutated into a Factor Xa site, was prepared. Other mutations, generating cleavage sites suitable for
other proteases Qﬁ;}/ be used. Examples of possibl cle?va %site nd§uitable proteases jnclude: 10
15 20 25 30 P AVEPBTSEAFGSE IV 88r PSEQHIL: ),S%lgeiu% ce cl¥ald¥ BetwecrtthaSino acids
Arg and Gly iynteatpreiedse digesmians lie:At-Glypbodo(PEQHN.N®:2), a sequence cleaved after the
Arg residue by the protease Factor Xa. Asp-Asp-Asp-Lys- (SEQ ID NO:3), a sequence cleaved after
the Lys residue by the protease Enterokinase. His-Tyr- (SEQ ID NO:4), a sequence cleaved after the

Tyr residue lyyethadera@asiptibbifligio mvbytitnvariant GenenaseTM (New England Biolabs). Tyr-His

(SEQ ID.NO:5), a sequence cleaved after the Tyr residu the protease subtilisin or by its variant
Geneng%eTM (Nemﬁéﬁ(@r né gioﬁ%%é*f?ﬁeéﬁ-@YSI\P‘&@L%@%@W@%W@E@%N&651, ﬁl?é‘éﬁuence

cleaved afterHbeC4spagesidtiehydbeintiman MhingddumCpraiaasex Sistiaryaa gkhfeanaodiag
human prolL-1(3 in which the Caspase-1 Cleavagﬁig%gig;fg]utated into a Factor Xa site is prepared.

Other mutatiBHE {8Re PSTRG Wkat/SE SRELCS ot & PIrUESSe R b Used. 7 11 APR 2DD6

Examples of possible cleavage sites and suitable proteases include: 5 10

Examples of possible cleavage sites and suitable proteases include:
10

Leu-Val-Pro-Arg-Gly-Ser (SEQ ID NO:1), a sequence cleaved between the amino
acids Arg and Gly by the protease Thrombin.

[le-Glu-Gly-Arg- (SEQ ID NO:2), a sequence cleaved after the Arg residue by the

15 protease Factor Xa.

Asp-Asp-Asp-Lys- (SEQ ID NO:3), a sequence cleaved after the Lys residue by the

protease Enterokinase.

20 His-Tyr- (SEQ ID NO:4), a sequence cleaved after the Tyr residue by the protease

subtilisin or by its variant Genenase™ (New England Biolabs).

Tyr-His (SEQ ID NO:5), a sequence cleaved after the Tyr residue by the protease

subtilisin or by its variant Genenase™ (New England Biolabs).
25

Leu-Glu-Val-Leu-Phe-GIn-Gly-Pro (SEQ ID NO:6), a sequence cleaved after the

Gln residue by the human rhinovirus 3C protease.

Similarly, a cDNA encoding human prolL-15 in which the Caspase-1 cleavage site
30 is mutated into a Factor Xa site is prepared. Other mutations, generating cleavage sites

suitable for other proteases may be used.



15 20 25 30 lle-Glu-Gly-Arg- (SEQ ID NO:2), a sequence cleaved after the Arg residue by the

protease Factor Xa. Asp-Asp-Asp-Lys- (SEQ ID NO:3), a sequence cleaved after the Lys residue by
the protease Enterokinase. Leu-Glu-Val-Leu-Phe-GIn-Gly-Pro (SEQ ID NO:6), a seqLidnABR 208§ ed
after the GIn residue by the human rhinovirus 3C protease. The choice of mutation depends on the

following parametets; athe clsegf./_agse .%ilteclgenerated bé}/ (Egsgl ]g%%gation must '%%lh/ ry specific to avoid

undesired cleavages a{né)t]ﬁ'er S esmwﬁhln?\r/l%gﬁght/eﬁeﬁ]t acl%l?or%e%sfe%le proﬁ_'-18 or prolL.-1(3; the

protease must exhibit a high level of specificity for the engineered cleavage site; the protease must be

conveniently avail ﬁ)l_, Oy 1 m_c%%rq i] sources; and the mutati ferably sh uI%n t
introduce a major&}a%eqr}a%gﬁl?,n%% Seco dar@?r’ rﬁasré)?lé?rnlfgtﬁ}%ag %h%%%ﬁiﬁ%)feﬁ}goﬁf ¥3&"T‘he use

of Factor XampEatetckimaséaor subtilisin is preferable over the other proteases because the resulting
IL-18 ordL-1R has no mutated amino acid. The use of Factor Xa is most favorable because it requires
the most conservative mutations, thereby reducing the risk of altered secondary or tertiary structure of
the prolL-18 or prolAsp{3 gndshd sisk(81a) dlebvade ailkqaniakd @lack aThethuseyof fesidior Datlor

Enterokinaserigt E{gf%'alttglr%l?\r{grethe other proteases because the resulting IL-18 or IL-1 P have no
mutated amino acids. I order to construct a cDNA encoding a human prolL-18 mutant (prolL-1

81E(3R) in which the Caspase-1 cleavage site is mutated into a Factor Xa cleavage site, the following

mutations were introduced in the humpanproll.-18 cDNA.: . G and D36R. These mutations
Jielded the Factor Ko FSaa e Seaar Ll FBHoA ek o s g WU 1o, REthEH s
constriéted {5l the salevsin theannen. riReripharaCijondaseononuclear cells (PBMC) of a healthy donor
were stimulated by bacterial lipopolysaccharide (LPS). Total RNA was extracted from the cells. The
RNA was reverse-transcribed and the resulting cDNA served as a template for polymerase chain 8 1 |

APR 2006 5 The choice of mutation depends on the following parameters: the cleavage site
generated by the mutation must be very specific to avoid undesired cleavages at other sites
within the polypeptide backbone of the prolL-18 or prolL-1B; the protease must exhibit a

15 high level of specificity for the engineered cleavage site; the protease must be conveniently
available, e.g., from commercial sources; and the mutation preferably should not introduce
a major alteration in the secondary or tertiary structure of the prolL-18 or prolL-1p. The
use of Factor Xa or Enterokinase or subtilisin is preferable over the other proteases
because the resulting IL-18 or IL-1B has no mutated amino acid. The use of Factor Xa is
20 most favorable because it requires the most conservative mutations, thereby reducing the
risk of altered secondary or tertiary structure of the prolL.-18 or proIL-1f and the risk that
cleavage will not take place. The use of Factor Xa or Enterokinase is preferable over the
other proteases because the resulting IL.-18 or IL-1f have no mutated amino acids.
In order to construct a cDNA encoding a human prolL-18 mutant (prolL-18;ggr) in
25 which the Caspase-1 cleavage site is mutated into a Factor Xa cleavage site, the following
mutations were introduced in the human prolL-18 ¢cDNA: L331; S35G and D36R. These
mutations yielded the Factor Xa recognition sequence IEGR.
A vector expressing human prolL-18,ggr was constructed in the following manner.
Peripheral blood mononuclear cells (PBMC) of a healthy donor were stimulated by
30 bacterial lipopolysaccharide (LPS). Total RNA was extracted from the cells. The RNA was

reverse-transcribed and the resulting cDNA served as a template for polymerase chain



10 15 20 25 30 reaction (PCR). The mutation in the sequence was introduced using overlapping
primers in three steps of PCR (Fig. 1). The resulting 600 by PCR product, coding for mutated human
prolL-18 was cloned into a TA cloning vector (pGEM-T easy, Promega) and its DNA dgaBRcélibas
verified by DNA sequence analysis. The resulting pGEM-T-prolL-18IECR plasmid was cut by EcoR |

and BamH | angddbe GE0RDPTrRAMEN &NEPHOgHUANBE WiDThnSieeRiWas shelongadptetiners in

prokaryotic expression vector pPGEX-2TK containing the GST gene sequence (Pharmacia). The

resulting exple&SisiEREeidr Rrifdmed: thee setlidre sVt Bt idirRn Prefcading R ulter BB frame

to the 3' end gitine 1@ SVageMshdd i) BXPIas8IAp BSRUIFGRNAT i3S PRIgH:HBHEOR Wasthen
performed. A fresh single colony of E. coli IM109 transformed with plasmid pGEX-prolL: 18IEGR was

grown with SKERFISE? CCtfifd &1chiNG Sei58ts dPal v BDBIBHtEA Bilbdignalkd fsn
induced by isopseRy!-Shiogalawpsids KIP T anshiurihanguildringoats 7 Edansnh. e RBSIRARReH total

bacterial proteins revealed the induction of a 43 kD protein, corresponding in size to

GST-prolL-I8TEER frigr BRsmrbfntstreshadpekay R arohcst Ahe ST MG -BIE R iNarREcarried
out at 4C. BaglergsweR harveptat by searifikaationresuanapded i Rhpsrkats bufiarss-galine
(PBS), containing protease inhibitors. The bacteria were lysed by sonication, Triton X-100 was added
to a final contshEatRHA oA W tRE HatifiedryEsate e ifixEaneitl ghrathiofechdbsdde besas
(Phannacia).(p‘i@ej;eads were washed and an aliquot of the beads was analyzed by SDS-PAGE. A
single 4%18 kD band, corresponding to the GST-prolL: 181EGR fusion protein was found (Fig. 4). The

beads were then di§E8tEeS NN cROFIXS4AR e SOperritariBwas Erifedien. BIIPAG P of
supernatant gaye: & ssHordrand.of; anproxipata kB KRidh AaeeMeoENih: t1e-e¥pegtads passof

mature human IL-18. An additional weaker band of 19.5 kD was seen as well (Fig. 5). Protein

sequence an¥isiEhaking 4 S KIS amiHs2rbis&ddsasidy ghlé ik Bow cREdsihex kigpietedy N-t8¢minal
sequence ofaflily 'Bg“l%‘ﬁ%éﬁ:téﬁgaﬂéaobs%d’ ?ﬁ’ﬁ@?pé’r@d‘ﬁﬂtk%}h&l%ﬁ%%‘E'L:{%%E%B fugion
protein was still present in the glutathione-agarose beads following digestiorf, indicating an incomplete
cleavage (notBReMGE of total bacterial proteins revealed the induction of a 43 kD protein,

15 corresponding in size to GST-prolL-18;egr (Fig. 3). All downstream steps for isolation of
the GST-prolL-18,g5r Were carried out at 4°C. Bacteria were harvested by centrifugation,
resuspended in phosphate buffered saline (PBS), containing protease inhibitors. The
bacteria were lysed by sonication, Triton X-100 was added to a final concentration of 1%
and the clarified lysate was mixed with glutathione-agarose beads (Pharmacia). The beads

20 were washed and an aliquot of the beads was analyzed by SDS-PAGE. A single 43 kD
band, corresponding to the GST-prolL-18ggr fusion protein was found (Fig. 4). The
beads were then digested with Factor Xa and the supernatant was collected. SDS-PAGE of
the supernatant gave a major band of approximately 18 kD, in agreement with the expected
mass of mature human IL-18. An additional weaker band of 19.5 kD was seen as well (Fig.

25 5), Protein sequence analysis of the 18 kD and the 19.5 kD bands gave in both cases the
expected N-terminal sequence of mature human IL-18. A 43 kD band, corresponding to the
GST-prolL-18ggr fusion protein was still present in the glutathione-agarose beads
following digestion, indicating an incomplete cleavage (not shown).

The recombinant human [L-18 was assayed for biological activity in murine

30 splenocytes, based on its ability to induce the expression of interferon-gamma. Incubation

of mouse non-adherent spleen cells with human IL-18 alone showed little IFN-gamma



The recombinant human IL, 18 was assayed for biological activity in murine splenocytes, based on its
ability to induce the expression of interferon-gamma. Incubation of mouse non-adherent spleen cells
with human IL-18 alone showed little IFN-gamma 9 | | APR 2n 5 10 15 20 25 30 produdidnhPR 2006
suggesting a requirement for a co-stimulant. Con A alone at 0. 125 Itg/ml failed to induce significant

levels of IFNpodMbesthe fentagherent cpivnocytaswereninauhated Avitlbeen @ 123d.k/ml §0kthe
present invention, a dose-dependent induction Qf IFN-7 was obtained (Fig. 6). In order to construct a
cDNA encodmdfhdwiﬁﬁéﬁv&%mEmfﬁgﬁajﬁfmL- %Eﬁ‘%{?‘i’ﬁ'@gﬁﬁfﬁ%é“k?&%&@éﬂ‘%ﬂ%é%&’é“gée is

mutated intowaifhaCtar Xasieavagersites tiestollawiagtisautations dig: Hilsad ueR@ tid hef MEanprolL-1P
cDNA: Y1131 V:I%ﬁg H115G and D I | 6R. These mutations yield the Factor Xa recognition
sequence IE@??.1 (Fdﬂo ing steps are taken in order to construct a vector expressing human

prolL-IPEEGR, PeripherdtbloadmsenanueimancallsdiMGueka pedlthysdanemarerstimiaied by
bacterial lipopolysaccharide (LPS?. Total RNA is extracted from the ell§. The RNA is )
reverse trandbHbBAS P ORES S TAYEORIE LB FBEISE IR ASRITor SRMRERYE S P e

(PCR) with primetis gorespencingde thetkodingaequerice ®fchumanyaresil -14.1¥he restingRCR
product is cloned into a TA cloning vector, e.g., pGEM-T easy from Promega, and then subjected to

site-directed Hu@iehtsis WU BUHAS A6l IRFS SRR S SERISHES resulting vector,

coding for mutated hEngy dwalk-blshsisaxerdied by spasenceanalisisa MeeseselpngptsEMmhaprolL-1
PIEGR plasmid is cut by proper restriction enzymes and the -820 bp fragment encoding human prolL-

I PIEGE&Fa is RIBLohBaGHtoTHEPBFoKaN/SRE eXRE e p B BRISTKOIPRaFEER). 19 e¥iting
expression vagiRl aeatainsdhersaduripesyeidbehuenarrriottothPRENGRsoenafuse drindramedoss the Y

o O O P e varors mechibed anq he resulling eDNA” serves ae ! Renplate for  oo"
polymerase chain reaction (PCR) with primers corresponding to the coding sequence of
human prolL-1B. The resulting PCR product is cloned into a TA cloning vector, e.g.,

15 pGEM-T easy from Promega, and then subjected to site-directed mutagenesis with a
suitable oligonucleotide. The sequence of the resulting vector, coding for mutated human
prolL-1B, is verified by sequence analysis. The resulting pGEM-T-prolL-1Bjggr plasmid is
cut by proper restriction enzymes and the ~820 bp fragment encoding human prolL-1pggr
is subcloned into the prokaryotic expression vector pGEX-2TK (Pharmacia). The resulting

20 expression vector contains the sequence of the human prolL-1Biggr gene fused in frame to
the 3' end of the GST gene.

Expression and purification of GST-prolL-1Bggr is similarly performed. A fresh
single colony of E. coli JM109 transformed with plasmid pGEX-prolL-1Biegr is grown
with shaking at 37°C, until reaching a density of 0.6 ODg(. Protein expression is then

o]

25 induced by isopropyl-thiogalactoside (IPTG) and further culturing at 37°C for 3 h.
SDS-PAGE of total bacterial proteins reveals the induction of a ~52 kD protein,
corresponding in size to GST-prolL-1Pizgr. All downstream steps for isolation of the
GST-prolL-1Bjggr are carried out at 4°C. Bacteria are harvested by centrifugation,
resuspended in phosphate buffered saline (PBS), containing protease inhibitors. The

30 bacteria are lysed by sonication, Triton X-100 is added to a final concentration of 1% and

the clarified lysate is mixed with glutathione-agarose beads (Pharmacia). The beads are



single colony of E. coli TM109 transformed with plasmid pGEX-prolL-1P1EGR is grown with shaking
at 37'C, until reaching a density of 0.6 OD600. Protein expression is then induced by
isopropyl-thiogalactoside (IPTG) and further culturing at 37'C for 3) h. SDS-PAGF o tTt%%ial
proteins reveals the induction of a -52 kD protein, corresponding in size to GST-prolL-IP ~All
downstream steps for isolation of the GST-prolL-IPIEGR are carried out at 4'C. Bacteria are
harvested by centrifugation, resuspended in phosphate buffered saline (PBS), containing protease
inhibitors. The bacteria are lysed by sonication, Triton X-100 is added to a final concentration of 1%
and the clarified ly¥shsd2ndaualignh ofitheabsndnes aphrerdebh SR PR fT dbsprermectil dhssafe 10 11
APR 2006 washedkBndSamIbligu isivhitieoeeadbhis byaalyzediisn SIBsted @ithf@ate Mesadonof the -52
kD GS'I_'-IL-13 fUSi%% Q’qgltaqudoTang adﬁugg% thelplgigl?%tgo L\?/\(/:;(t‘jjahl:actor Xa and the '§upernatant
containing mature odiment of the present invention, the

man IL-10 I1s cdllected. in another embo _ inver
expression and purificatiBritsther spadisesstabthe piseamdryByigotie CiRiesSRIsAsA Poteatia®ing the
cleavage site for aa papaatieAspbaatinid expieaaig: a Histbn groeptiteving ekt tolayagpteire éirinterest can

be_mutated 0 1 abhee REAIBANE AP I REYERTN BBP SR RO SpIRRLLY Lhg puriication

of an active polypeptide. Caspase recognition sites are composed of 4 amino acids, the last one being
an 10 aspartic acfi*Eeharal e-spaees LMt thilinarefcdife R APEPRL RIS R Ravage

sites than commonlyitisedpobtaasess pifepapgdeignificant advantages towards proteases previously

deseribed as useful for qudag SRR RGRAERar G AIIEBAREG NS i RAPEIRIKEH L0, 7

Preferred cleavage sites for each caspase are described in literature (Ann Rev. 15 Bioch 1999 68:

383- 424. All  thasrerinsith Sracrllye Auasss sammbhigheiradsiifieret speciny fpsdhsitla¥sibed
above, pGEX-prolkitdsSika@ onivasniy adédestde & avffeingffe paificantnadvairgls- idvands pndtépsed L -ISLETD,

see figure 8) in whieh,the @Q&Y&@a&'&s@ﬁﬂ%%&ﬁi@ ?ﬁgﬁ&%‘!&@&gs?‘ﬁ@mﬁi&le&w&ﬁréiI?- This

allows the use of caspase-8 for cleavage. 20 Anot antage of using a caspase is their high

efficiency, in term§m@3§t?8rﬁgyi-éld and digestion time. It was found that when comparing the 1L-18

protein obtained from pPrefe¢rpdallealigt cHs bl aéh EcXspaie! brd Qbdeiibedtive Inemmuat(@henReme and the
time 15 Bioch 1999 ,68: 383-424. All of them have the residue Asp in common in the P1 position.

The plasmid described above, pGEX-prolL-18ig6r, Was modified to obtain a
different human prolL-18 mutant (prolL-18;gtp, see figure 8) in which the Factor Xa
cleavage site is mutated into a caspase-8 cleavage site. This allows the use of caspase-8 for
cleavage.

20 Another advantage of using a caspase is their high efficiency, in terms of digestion
yield and digestion time. [t was found that when comparing the IL-18 protein obtained
from pGEX-prolL-18)ggr and pGEX-prolL-18 grp, the amount of enzyme and the time
needed to obtain 1 mg of hIL-18 is reduced. The procedure lead to the production of a
protein of the expected size (Fig.9) and bioactivity . |

25 Caspase-8 is not the only suitable caspase and, according to the presence or absence
of a specific caspase cleavage site in a protein of interest to purify or any other criteria, the
mutations corresponding to the cleavage site of any other caspase can be used.

The caspase can be removed from the protein of interest using standard purification
methods, such as e.g. gel filtration or ion-exchange chromatography.

30 In conclusion, the method described here provides purified, biologically active

human proteins, such as IL-18 and IL-1B from E. coli. It appears that correct folding of
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needed to obtain | mg of hiL-18 is reduced. The procedure lead to the production of a protein of the
expected size (Fig.9) and bioactivity . 25 Caspase-8 is not the only suitable caspase and, according to
the presence or absence of a specific caspase cleavage site in a protein of interest %o? pMB’ &iBiny
other criteria, the mutations corresponding to the cleavage site of any other caspase can be used.
The caspaselean bgtokineyvechfrom thepesieinasfinterestsusifigstandandrpulitieagiono methods,esuch
as e.g. gel filtration or ion-exchange chromatography. 30 In conclusion, the method described here
provides purnpe[dl biologically active human proteins, such as IL-18 and IL-10 from E. coli. It appears
that correct folding Hiuthhh ARRS20{ft6 t1t6id beRfe25R0rtheseneyiiokiRes eduinas Bxpigssioadda a
precursor flr and hen cleava to its. m ture form, guman IL-18 differs in this respect from murine

IL-18, which E&CB Sa)?parg%%g 8§t08 Hs25HYS SARKIES biologically active cytokine. The invention
will nowde illustrated by the foIIowmg non-limiting examples: EXAMPLE 1: Construction of a plasmid

coding for h ro IL I8 with af MC were obtained from peri heral blood of a
ealthy volor ol U5 FIEBIPALEE (1A (BHA T AL HERANS BHACIGHE SESAPIHOR- ne PEMC were
washed twice with ice-cold PBS contalnlng 2% FBS and resuspended at 2.5 x 106 cells/ml in
RPMI-1640 medium, supplemented with fetal bovme serum (FBS) 2 mM L- Iutamlne 100 U/ml
penicillin and:3aMUiP, GIRItE - AL REP e :
37C). Total RNA;was extracted from the cells with the TnPureTM Isolatlon Reagent (Boehrlnger

Mannheim). One g total RNA was used for RT-PCR with the Titan one tube RT-PCR kit (Boehringer
Mannheim) accordif8ivernahiracdifes pistalierdidopdal atmpl ok comiteqidy doretb@et by a

three-siep PERy §SiPENGOMGTI3RRIRY pradient separation. The PBMC were washed twice with
ice-cold PBS containing 2% FBS and resuspended at 2.5 x 10° cells/ml in RPMI-1640

medium, supplemented with fetal bovine serum (FBS), 2 mM L-glutamine, 100 U/ml
penicillin and 100 U/ml streptomycin (RPMI-10). The culture was stimulated with LPS

(1 pg/ml, 3 h, 37°C). Total RNA was extracted from the cells with the TriPure™ I[solation

15 Reagent (Boehringer Mannheim). One ug total RNA was used for RT-PCR with the Titan
one tube RT-PCR kit (Boehringer Mannheim) according to the manufacturer's instructions.
ProlL-18zcr ¢cDNA was constructed by a three-step PCR, using the overlapping

primer method. The various primers were designed on the basis of the human prolL-18

cDNA (GenBank accession no. D49950, (3)).

20 For the first PCR, the forward primer was:
5'-AACATCGAAGGTCGTTACTTTGGCAAGCTTGAATC-3' (SEQ ID NO:7) and the
reverse primer was 5'-CGCGAATTCCTAGTCTTCGTTTTGAACAGT-3' (SEQ ID
NO:8). An Eco RI site was included in the reverse primer. The template was a
reverse-transcribed total cellular RNA, isolated from the LPS-stimulated PBMC. The

25 thermocycle conditions were: 10 cycles of 94°C, 30 sec; 55°C, 30 sec and 68°C, 2 min
followed by 25 cycles of 94°C, 30 sec; 55°C, 30 sec and 68°C, 125 sec/cycle. The resulting
498 bp PCR product was amplified in the second PCR step using the overlapping forward
primer:
5-"TGGCAATGAAATTTATTGACAATACGCTTTACTTTATAGCTGAAGATGATGA

30 AAACATCGAAGGTCGTTACTTTG-3' (SEQ ID NO:9), and the reverse primer of the
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primer method. The various primers were designed on the basis of the human prolL-18 cDNA
(GenBank accession no. D49950, (3)). For the first PCR, the forward primer was:
5'-AACATCGAAGGTCGTTACTTTGGCAAGCTTGAATC-3' (SEQ ID NO:7) and the regverg@pringr
was 5-CGCGAATTCCTAGTCTTCGTTTTGAACAGT-3' (SEQ ID NO:8). An Eco RI site was included

in the reversgrprimer sitpeTRMBIIR WA A s [QURISRtansRibed{Rtal celbdar RiAedsglptedsiiam the
LPS-stimulated PBMC. The thermocfgele conditions were: 10 cycles of 94C, 30 see; 55C, 30 sec and

68C, 2 min fAitbie& by d8eyEissiefanes 3dlske:rsaducsvas ARt Esicn1ds degdcyer UFheg iB8ulting
498 bp PCR qradisti s anaRrlifigari the second PCR step using the overlapping forward primer:

5-TGGCAATGAAATTTATTGACAATACGCTTTACTTTATAGCTGAAGATGATGA
AAACATCGAAGTE FESTHACTIRE-3GSE DN AR thE féve st iimel erhe T3 TG TAER 2006

5 10 15 20 25 SR previons sterTTha thermoeycinoeondilions Were:Reeyples of 9 he 30 s86uH6C, 30
sec and 72C, 1 min. The resulting 551 bp product was amplified in the third step using the
overlapping sRvartt &@mé}:l site was included in the forward primer. The thermocycling conditions

5'-CGTGGAM%@Q&T@%%%%@@%%& AR AL RAT ERPEAR P bGRE (Fig. 1) was
CAATGAAATTTATTGAC-3' (SEQ ID NO:10) and the reverse primer of the previous steps. A BamH |

site was incla#eHSH e fofhigkd PHgIEr. PR tredvdicpenidis dinbitisnd3osbringse dMmmehedmhodid of the
previous stepgJibg ragylting ’\quﬁm?%&y%eﬁr(%g %IQQI(YV%%Mﬂf[?@@M@p'FHQ;h Ryred '\/LJ:%%ﬂprod uct
an

purificatbon kit (Boehringer nheim) and ligated into the pGEM-T Easy vector to yield plasmid
PGEM-ProlLPIedegiR Weitsatiansforawdcaiovdhel 2 romnsientintd IR 100 LB sRHirbens Brreda
Corporatlon).lStandar cl nlngrc?rosto Is were LS .throughout (11) Plasmid pGEM-prolL-18IEGR

from a singleC 88f8ﬁ)?\r/8a%ceesri i6d for %’rb)}l ence o

Plasmid pGEM-prolL-18egr from a single colony was verified for the presence of
a correct insert by restriction enzyme digestion and DNA sequencing. The plasmid was
digested with BamH I and EcoR I. The resulting BamH I/EcoR I DNA encoding human
15 prolL-18iegr was resolved by electrophoresis in 1.0% agarose and the 0.6 kb band was
isolated from the gel by a QIAquick Gel Extraction Kit (DIAGEN, Germany). This DNA
was ligated into the pGEX-2TK expression vector (Pharmacia) which was linearized with

BamH I
and EcoR I. The resulting recombinant plasmid pGEX-prolL-18zgr (Fig. 2) was
20 transformed into E. coli JM109 strain and the resulting vector was confirmed by restriction

enzyme digestion and nucleic acid sequencing.

Example 2: Expression and purification of GST-proll.-18;gcr fusion protein

A 50 ml overnight culture from a fresh single colony of E. coli JM109 transformed

25 with plasmid pGEX-prolL-18ggr was diluted in 450 ml LB medium containing 100 U/ml
ampicillin and grown with shaking at 37°C, until reaching a density of 0.6 ODg((. Protein
expression was then induced by adding IPTG to a final concentration of 0.1 mM and
further culturing at 37°C for 3 h. Bacteria were harvested by centrifugation (5,000 x g, 5

min, 4°C) and rapidly resuspended in a 1:100 starting volume of ice-cold phosphate

30 buffered saline (PBS; 150 mM NaCl, 16 mM Na2HPO4, 4 mM NaH2PO4, pH 7.3),

containing the protease inhibitors (leupeptin 1 pg/ml, pepstatin A 1 pg/ml, aprotinin 2
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a correct insert by restriction enzyme digestion and DNA sequencing. The plasmid was digested with
BamH 1 and EcoR I. The resulting BamH I/EcoR | DNA encoding human prolL-181rOR was resolved
by electrophoresis in 1.0% agarose and the 0.6 kb band was isolated from the gel bj 4 &40k Gel
Extraction Kit (DIAGEN, Germany). This DNA was ligated into the pGEX-2TK expression vector
(Pharmacia)nghighRdaSHineaniddwdth DEaniHn id(Ede Rvérd hsae sultieg rg coridosnaivh pras (did
PGEX-prolL18IEGR, (9. %)i%%%éﬁ%b?ﬁ%é”?&éﬂ'e’at‘% E, I 107 sain "é?‘l the 18 ‘fgé”%&?&%g was
confirmed by restriction ‘enzyme digestion an nuc?elc acld sequencing. Example 2: Expression and
purification dfe@ST-mofbr 1 8mBRIhesidarifrotdinate 50400 0vegnidhiniultéie)fromm mifreswgingl208olony of

E. coli IM10 [th-plasmid pGEX-prelL-18; iluted.in 450 : '
containing 1%@%&5{8@%@%&%&%&%g%@(ﬁmﬁ%af%g{ﬁ]& ;% %%%E%t%gaﬁcl: ﬁéxauaé;\r%%@fgg é g‘% D600.
Protein Jexpregsion Wabahieg indé¥e ddy3abidif |BRGstovarfirzl ket dntreivri logatomi0ans gurther
culturing at 37 r 1] e,harvested hy centrifugati X«f,13nMmin apidly
resuspende% f%és)l‘%%] gﬁlﬁﬁ]cggv‘\gﬁm@ of %é]}ce:%lgyplc %lép?n‘hg%ér gﬁéj@g snaﬁgé%(%é%l)%g ?”ﬁacklaCI, 16
mM Na2HP ®4th4l thixe INae2P04, p M 7.83; Hedintalihh 0, thvei geretsh s inblibitessofi@dpapfid tistglal,
pepstatin A | apreting I | APR.2006 15 20 25 /ml Mﬁ%_ é)gz nd.EDTA 5
mM). Cells \Bg{e@ 'kfsgdﬁ orﬂlkl%e% élélm?l@ SONICA |(1)trl? elﬁ X %%I%eesc Pl?r(gtsnﬂ/%lﬁ?gn - ch@ vt%i@a%ge@% a final
concentratioNa§f|120 and (PheCdixtlirevkepBofiice Adt Sepinvakealacdiedtlysate (14,000 x g, 15 min,
4C) wag mixed with a 50% suspension of glutathione-agarose beads (2 ml, Pharmacia) and the

mixture was incubated with mild shaking at 4C for 3 h. The beads were pelleted by centrifugation (500
X g, 5 min), kvashplt tviCdearthet @ f/diafsofpysisibutfel pavefichatom>oLLna tme BSnawibe- With 10

volumes of 20 mM"P-}EIeS_ngI&e{t}HyneB-'a?ga%ls% \évzlig]s ]i\(/)ltﬁoé)%rlpneds 8§%Qp%MI@E_£Qusion protein were

incubated (6 h, 23°C) with Factor Xa (New England Biolabs) in 1 ml Cleavage Buffer,

using a protease to substrate ratio of 1:50 (w/w), with constant mixing on a rotating wheel.
15 This step releases the mature human IL-18. The beads were pelleted by centrifugation at
500 x g for 5 minutes at 4°C and washed 5 times with 2 ml ice-cold PBS . The supernatant
and all the washing volumes were combined, clarified by centrifugation (14,000 x g, 15
min., 4°C) and concentrated by ultrafiltration (Centricon-10, Amicon). Aliquots of the
protein, as well as beads before and after digestion were resolved by 0.1% SDS-12%
20 polyacrylamide gel electrophoresis followed by Coomassie blue staining. A major band of
approximately 18 kD, in agreement with the expected mass of mature human IL-18, was
obtained in the supernatant. A minor band of 19.5 kD was seen as well (Fig. 5). N-terminal
protein sequence analysis of the two bands gave the sequence YFGK...., in accordance
with that of mature human IL-18. The purified protein was sterilized through a 0.2 p filter
25 and stored at -70°C.

Example 4: Bioassay of human I1.-18

Human IL-18 activity was assessed as described (2). Briefly, spleens of normal

C3H/HelJ mice were excised, minced and exposed to Gey buffer (0.144 M NH4Cl in 0.017

30 M Tris-HCI pH 7.2) to disrupt erythrocytes. The white cells were washed twice with
RPMI-5 and then resuspended in RPMI-10. For the preparation of plastic-non-adherent
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pll 8.0, 150 mM NacCl, and twice with 10 volumes of 20 mM Tris-HCI, pFl 8.0, 150 mM NaCl, 2.0 mM
CaCl2 (Cleavage Buffer). All steps were carried out at 4C. Example 3: Cleavage of ttiejftﬁ'@w%ﬁ@tein
and purification of mature human IL-18 The glutathione-agarose beads with bound

GST-prolL-18IEGR fusion pratein were incubat h,.23C) with Factor Xa (New England Biolabs) in
Tl CloavadEBoter AR S B S 15 A P o7 .50yl B EaERTILIRS OF
rotating wheéiclihis steprigleages theomadieedaumandL-1&Thehgadsatriedelletad fyeenirtugation
at 500 x g for 5 minutes at 4C and washed 5 times with 2 m| jce-cold PBS . The supernatant and all
the washing Rl RbMbinea i Tffn%edﬁ'wea%waa% N (ﬁz,%w allf5d¥ﬁiﬁ>.<§£ébogntast
concentratechhy uhisatiirationdéaantriconyi, Amisan)Aliquotscefishel. pratsin odstkeehas-firadscbefore
and afteg digestion were resolved by 0.1% SDS-12% %olya r%tlgmide geielectr\c;ﬁhoresis foIIO\ééed by
Coomassie BRIETESRMYE m&foFbatd’st d5PioGthatlly 18'KE, inPLfreidnt Wit ectdd mass

of mature hupi@sidLnd 8.ad@sepbtainehinthe supesnatasl A vineand bdlshbd kikivasseenuas well
(Fig. 5). N-terminal protein sequence analysis of the two bands gave the sequence YFGK...., in

accordance plith (MIIIQUI]@NF uneambck Y18/ akfwipusifiechpadtain ofas. steripoeghthxdugh aghad) filter
and stored at-70C. Example 4: Bipassay of human 11.18 Hyman |1 -1 Wity assessed as
described (Z?Hé)r%?@‘gp(lé)fﬁg %ﬁg}i‘u‘ggr&§% 5%“&\‘/\71 ‘Bx séﬁi,%%;iw ém/gj %)Pg%tgsedN 0 Gey
buffer (0.144iMuNidLCdn O40ck 74 hTits3AC pHST2L02isaRivaRghifaeyeson] heipehite cetlsawere
washeddwice with RPM|-5 and then resuspended in RPMI-1Q. For reparation of
plastic-non-athiss flilc’ Ilﬁ\'ﬁﬁ‘?(%g?f 1448 X555 %‘66551Ig?aeﬁysétﬁég%i(ﬁr@\’lb@@%&fbg{%‘ds%o
min., 37C) imdAQ dheteplasiiteptates BedtanhRigkinsbn R tdlobl)siNoradhetenFsells yyedegntly
gathered, centifuged and, fesuspended in REMILO, Visbla celi e spunied by g tyran plue dve
significant levels of IFN-y. When the non-adherent splenocytes were incubated with Con A

and the human IL-18 of the present invention, a dose-dependent induction of IFN-y was

15 obtained (Fig. 6).

EXAMPLE 5: Construction of a plasmid coding for human pro IL-1B with a factor

Xa site
PBMC are obtained from peripheral blood of a healthy volunteer by Ficoll-Paque
20 PLUS (Pharmacia) density gradient separation. The PBMC are washed twice with ice-cold
PBS containing 2% FBS and resuspended at 2.5 x 10° cells/ml in RPMI-1640 medium,
supplemented with fetal bovine serum (FBS), 2 mM L-glutamine, 100 U/ml penicillin and
100 U/ml streptomycin (RPMI-10). The culture is stimulated with LPS (1 ug/ml, 3 h,
37°C). Total RNA is extracted from the cells with the TriPure™ Isolation Reagent
25 (Boehringer Mannheim). One pg total RNA is used for RT-PCR with the Titan one tube
RT-PCR kit (Boehringer Mannheim) according to the manufacturer's procedure.
ProIL-1PB ¢cDNA is cloned by PCR with sense and reverse primers designed on the
basis of the human prolL-1§ cDNA (GenBank accession no. M15330). The sense primer
corresponds to nucleotides 87-107 of the sequence M15330, preceded by a BamH I

30 cleavage site. The reverse primer corresponds to nucleotides 896-876 of the sequence

15



and the cell concentration was adjusted to 5x106 cells/ml. Most of the non-specific esterase-positive
cells were removed by these procedures. Suspensions of plastic-non-adherent cellaoﬁ)%gmnwere
placed in 96-well flat-bottom microtiter culture plate (NUNCLONTM, Denmark). Various
concentrations of IL-18, polymyxin (1 g/ml) and Con A (0.125 pg/ml) were added to the wells in 50 |
RPMI-10. THd Fladés wececdndubatedtdor R4 ote48 hede8piin 5% 1©02 sé-ollmadnifddcotaatiotinlar
supernatant re _cpllected and ine IFN-y ti re determined. by ELISA. Incubation of mouse
non-adherer?tdgp een %teﬁi?s%ll% %Srrrggg_ﬁ%-%ug %éﬁweg}ﬁ%}éefm? %lreoc uncci?olﬁ?sszbraggét? fc:j?eas
requirementd6P&E B8 tiray 1a5IC Ciihsée alah 633€C 021 @5nglmibfadé d ya2 indydes sigPifiCandleae!s BEIFN-y.

When the nop-adheren engcytes were incubat Wi%& n d the human IL.-18 of the. present
invention, aoéggggdaenp?eégd%gﬁtllgﬁusgﬁécﬁ %F 'II%%W@SIH alﬁé%&) (;ﬁcljg?{] .Oge% ﬂﬁﬁuﬂ%%gb%gﬁgl ion of a
plasmidcodihg 8 RaRanquhectlpdlifithtafadtaiB othrsite: PRING lariend btainigd fro mpetipperEMGod of a
healthy volunteer by Ficoll-Paque, PLUS rmacia) gdensity gradient separatign. The PBMC are
washed twic%a\/s\PftrYﬁl}é(ta%o?dyg@;p oh ién?r%%%/op ﬁ%ﬁs‘gﬁdﬁé% S%Sénrlll(?elc? at? C>t<e%(}8 i Clgléda
RPMI-1640 mediginessupplemented withwigial bovine serum (EBS), 2 mM L-glutaoipe; &b tidml

penicillin an I t ' =10). IS, Sti ith ( 13-, 37C).
Total RNA Igg(%%gé{g}ﬁsfr,g%@éﬁ@%ﬁi&%&ﬁ%ﬁ%§§ﬁ%@@%ﬁéég%%ﬂlgj%waﬁ eim).
One g total RMAdIpaskafos RIcRGR eyt héSTitehhonetute |RTHROR kihdBostuwndger Matanhasm)

according tothe.) factyrer’ rocdeﬁ ProlL-1(3 cDNA is cloned by PCR with sense and reverse
primers desig%zﬂmbmgﬁbﬁzi?(# the Erﬁr?z}l% prolL-I(3 cDNA (GenBank accession no. M15330). The

sense primer corrédpordsitmgpdisotidgGERLOND Of-iife:se drtencesM B330p pyesedediby foBdwnH |

cleavage site. The reverse rimer corresponds to nucleotide§.896.-876 oé tBﬁzequenceiS 1F111 APR
2006 5 10 lgrﬁﬁe%%e ol a correct msert by restriction enzyme digestion an sequencing. €

plasmid is digested with BamH I and EcoR I. The resulting BamH I/EcoR I DNA encoding
human prolL-1Biggr is resolved by electrophoresis in 1.0% agarose and the 0.82 kb band is

15 isolated from the gel by a QIAquick Gel Extraction Kit (DIAGEN, Germany). This DNA
is ligated into the pGEX-2TK expression vector (Pharmacia) which is linearized with
BamH [ and EcoR 1. The resulting recombinant plasmid pGEX-prolL-1Biggr is
transformed into E. coli JM109 strain and the resulting vector is confirmed by restriction
enzyme digestion and nucleic acid sequencing.

20

Example 6: Expression and purification of GST-prolL-1Bggr fusion protein

A 50 ml overnight culture from a fresh single colony of E. coli JM109 transformed

with plasmid pGEX-prolL-1pggr is diluted in 450 ml LB medium containing 100 U/ml
ampicillin and grown with shaking at 37°C, until reaching a density of 0.6 ODg((. Protein

25 expression is then induced by adding IPTG to a final concentration of 0.1 mM and further
culturing at 37°C for 3 h. Bacteria are harvested by centrifugation (5,000 x g, 5 min, 4°C)

and rapidly resuspended in a 1:100 starting volume of ice-cold phosphate buffered saline
(PBS; 150 mM NaCl, 16 mM Na2HPO4, 4 mM NaH2PO4, pH 7.3), containing the
protease inhibitors (leupeptin 1 pg/ml, pepstatin A 1 pg/ml, aprotinin 2 pg/ml, PMSF 0.2

30 mM and EDTA 5 mM). Cells are lysed on ice by mild sonication (4 x 15 sec bursts).

Triton X-100 is added to a final concentration of 1 % and the mixture kept on ice for
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30 M15330, preceeded by an Eco RI site. The template is a reverse-transcribed total cellular RNA,
isolated from the LPS-stimulated PBMC. The thermocycle conditions are: |10 cycles of 94C, 30 see;
55C, 30 sec and 68C, 2 min followed by 25 cycles of 94C, 30 sec; 55C, 30 sec arjdi68FR 1788
sec/cycle. The resulting 830 by PCR product is purified by a High Pure™ PCR product purification kit
(Boehringer Ma]hmh”éhm)camiﬁ&@a;edtémmm%pﬁgM STnimg sy ctoniredieldiplasioid pGEMsolbL1(3.
The plasmld [ jected to site-direct nesis with.the oligonucleotide

ACAT GO R T Fn L N al i HE SRS NFES 2iheibhaing

to nucleoﬂd@aﬂﬂﬁ%%dt Hanah. IIE%ﬂ:(BeHd%IHA @lﬂelf&ﬂJh}gdél&rlﬂL@&ttl@ﬂi{SGﬂi?g’L 5 mm) washed
V114E,H115GandD]11 The res mi I fromas erified
for the presohEs &l%c:?c?: SLETREE ?&f%e%ﬁe[r énz&r%gsggg tI(SEEQCﬁ?f Bl %‘éé%%ﬁcﬁﬁém%? £
plasmidis digestad Wﬁb—B@ﬂnlﬂH{ a1 beeR \kn'lfhe()re@lhllﬁltﬁ@ Bﬁ@ﬁidﬂEIC@RsLB@[A;ﬁmC&djn]ngﬁhlmﬁn

the gel by 2 HAGQUATE GBI R AN, BT DA 1S hgaNe A ki 2 i

expression vestip (PharvageiB) e his étﬁpﬁﬁlﬁe@mﬁh dadamakCand EcoR I. The resulting recombinant
plasmid pGEX-prolL-1(3IEGR is transformed into E. coli JIM109 strain and the resulting vector is
confirmed by restriction enzyme digestion and nucleic acid sequencing. Example 6: Expression and
purification of GST-prolL-1RIECR fusion protein A 50 ml overnight culture from a fresh single colony of
E. coli %B/Ilo transformed Wlth pI smid pGEX prolL -1I3JEGR js djluted in 450 ml LB medi !
containing 16845 armpERNASHE-GI6 giangdpiicanan ol mature buman e B 5600,
Protein expressuonnsetlgemaﬂduaed@t@edmagdwmﬂmaumam@e@mug@@f &ilm%wfaﬁwtber
culturing at 37C for 3 h, teria are h rvest ntrifugatio %?égoo X % idly
resuspendeditBa 4e4d8 33 éa a&% (i:ﬂﬁ? tﬁj gﬂmé%% ggﬂﬁ%f‘ﬁam, 16
mM Na2HPQ4ng ﬂWbNé&éZB%sﬁhlJr@ﬁoQﬁllaﬂol(\g/mﬁ vﬂf@t@aﬁ@mhtmtmg dedpeptihd wigkh,
pepstatin A 1 g/ml aprotinin Zg/ml PMSF 0.2 and EDTA 5 mNBﬁtﬁglls are Iy ed on ice by mild

sonication (4 11 5'8RCHREE | efn?awhmfes% bod 15 RS AED frSreeRH! }*ogaHantﬁ& iture
kept oriice fRraled § ARR29864°C and washed S times with 2 ml ice-cold PBS . The supernatant and

all the washes are combined, clarified by centrifugation (14,000 x g, 15 min., 4°C) and
concentrated by ultrafiltration (Centricon-10, Amicon). Aliquot of the protein, as well as
beads before and after digestion are_resolved by 0.1% SDS-12% polyacrylamide gel
electrophoresis followed by Coomassie blue staining. A major band of approximately 17
20 kD, in agreement with the expected mass of mature human IL-1B, is obtained in the

supernatant. The purified protein is sterilized through a 0.2 p filter and stored at -70°C.

EXAMPLE 8: Construction of a plasmid coding for human pro IL-18 with a

Caspase-8 cleavage site

25 The recombinant plasmid pGEX-prolL-18zcr of example 1 was modified by
inserting a PCR amplified DNA fragment with the caspase-8 cleavage site (LETD). In
brief, pGEX-prolL-18,s6r was digested with the restriction enzymes BAM H1 at pos
951 and Hind 111 at pos 1074 cutting out the DNA portion containing the Pro-domain,
the factor Xa cleavage site (IEGR) and three amino acids from the N-terminus of

30  hIL-18.

17



510 15 20 5 min. The clarified lysate (14,000 x g, 15 min, 4C) is mixed with a 50% suspension of
glutathione-agarose beads (2 ml, Pharmacia) and the mixture is incubated with mild shaking at 4C for
3 h. The beads are pelleted by centrifugation (500 x g, 5 min), washed twice with bl AEm&BBf lysis
buffer (1% Triton X-100 in PBS), twice with 10 volumes of 20 mM Tris-HCI. pH 8.0, twice with 10
volumes of 20 mM T¥is-H H Cl. an ice with,10 mes 6f20.mM Tris-HCI, pH
8.0, 150 mM NaCI,E'% mh%lgncﬁagfgr?ﬁtgg\%%emgg&ﬁég? %#Yélt%pggg?éﬁ%ay?el% Sﬁr%pgltﬁlzfé.l Xa-lgﬁ/ple 7
Cleavage of theddsiomepistemiand surtifidatibnoof dnatirealuptamel - 2R APhe GllitaiGiotesayarose
beads with b - ' [ rote; in 6, ith Fagi (New
England Biolabs) ir% ??n%@et\%gigogj lg’sr,@argn%t?g] p%(l)fgaéielf?g tgjﬁgst?ér?eé ?zfﬁ%ﬁ%] &?F@vﬁf)@with
constant mixiNgdd)a rbbatiigRviregimeThisastppriEizhsesghdariaigh hurmamodudt 18uriflcetlvedids are

pelleted by centyi lan at500 .x g for 5 minu d d 5 times, with 2 ml ice-cold PBS .
The supgrnagﬁn{%'é\gﬁ }éﬁfg%ﬁﬁ v%ggﬂeegsn fgggosrh }E]géﬁf %ﬁ%ﬁ%%%%%?gﬁ(r%%gﬁgﬁ 4g86€(:)r£>1<t18g135 min.,
4C) and concentbatedchbsriuliFatilvation ¢Gentricbht Opsamicony. Aliguaktdf sheAyatein, @s well as

beads before fter digestion are_resaly y.0:1%.SDS-12% polyacrylamide gel electrophoresis
followed by (%r%:a%s,é;g%%e sl[?elfinf:r?g?.‘r IRerrﬁéﬂlgr ll%an %fggfo%rox]iﬁ}g 5&5‘{‘% fg?rtll%ré?gearshéfp With the
expected masseofighatuseniguman ILiddsciWbtainedlandhBidugbsrnBtant! yT hdéAoutifiet) prodethds
sterilized thrqugh a 0.2 u filter and stored at -70C..EX E 8: Construction of a plasmid. coding for
numan pro 10 18 S & A e e e A sl o
exampl#0l wasmnadifieddysibsettimgda 26 Rramplifie iopibefragrttenhwith@egeaspase-& Clhavage site
(LETD). In brief X- r@JL- S8JEGR was digested with-th triction enzymes BAM H1 at pos 951
and Hind 11 A DL T e DA GRIK BeThor e e B LS ]
cleavage sitel{¢tEBRpapd thiedarmineqeits filtonetbmiterminfithofre80rhbini st AAINDAPRA006

transformation was done in competent bacteria £.Coli IM109 following the TSS

Method (Chung, C.T. et al. (1989) Proc. Natl. Acad. Sci. U.S.A. 86, 2172-2175).

15

Example 9: Expression and purification of GST-prolL-18 grp fusion protein

Using the plasmid constructed according to example 8 above, GST-Pro- (gtp
-hIL18 protein expression was achieved in shake flasks and 5 liter fermenters

20  essentially as described in example 2 above.

Example 10: Cleavage of the fusion protein using Caspase-8 and purification of

mature human [1.-18

The glutathione-agarose beads with bound GST-pro-IL-18 grp fusion protein

25  were incubated (4 h, 23°C) with caspase-8 (Calbiochem) in Cleavage Buffer (defined
in example 6) using a protease : substrate ratio of 1 : 1200 (w/w) with constant mixing

on a rotating wheel or roller. The beads were pelleted by centrifugation at 500 x g for 5
minutes at 4°C and washed 5 times with 2 ml ice-cold PBS. The supernatant and all the
washing volumes were combined, clarified by centrifugation (14,000 x g, 15 min.,,

30 4°C) and concentrated by centrifugation (Centricon-10, Amicon). The concentrated

digest was then submitted to molecular sizing on Superdex-75 (Pharmacia) in order to

18



The same plasmid was used as template for the PCR amplification, by introducing the mutated site

LETD on dowstream primer : atgcAAG CTT GCC AAA GTAGTC GGT TTC CAG GTT TTC ATC ATC

TTC AGC TAT AA (SEE ID NO:12). The PCR fragment was purified using the " hi§H pAP& pilbBiuct

purification" 5 kit (Boehringer Mannheim) then similarly cut with BAM HI and Hind Ill generating a 123

hp insert. The:ppate waetalang this iRSeIt et bparates enldgardget gatangeeyitaiciad wsing the

commercial kit "Jet Sorb " (Genomed). Ligation was dope overnight using a T4 Ligase (New England
i hsfitsiad e

BioLabs, BeVi&ly M USRY%hd PR ihatfon Brobtictd Wpasra Eoli a'tBmpetent
cells. SeverdgeloniesHRwer@liseipted, subcultured and miniprep prepared with the a Qiagen >> kit.
PCR amplification (Perkin l,fglmer Gene Amp- Ang/iTa I%NA olymera Lgﬂw%s dc} e.on all the
minipreps in order to*SBAHERCETHE BLsBHtid HaR o?sﬁ’?ger &’)ﬁ%iéﬁ?ﬁi ﬁﬁ.ﬁhag ¥ mation
was doree in eangpetentbagieiiasE Lol MA0XfellowingAba 1SS ANathdth(Ehtend; Gdbsetaal. (1989)
Proc. Nall. A I, U.S.A. 86, 2172-2175). 15 Example 9: Expression and purificati

GST proll 18115 IR A I SR CEEAR R B BRUG £ ieihiplo b BBove,
GST-Pro- 1,Ebhrebddnlingrateincexpspssd wasaahiered inshake flaskgaadd titevdeymeinters 20

essentially as descriped in example 2 above. I .. Cleavage of the fusion protein using
Caspase-8 ﬁ&%ﬂﬁf? 535 8ft ﬁP@WWﬁ%@%”ﬁe}‘ Utathione-agarose beads with bound

GST-pro-IL-18LETDHeskipHyotgine 258weraaingubated (gkh, Z&G)witheatpasevk(Ealbisiebem) in
Cleavaﬁe Buffer (defined in.example 6) using a prote%se : subsg,ate r('&%tio g&l : 1200 (\gjﬁ/) with
constan? mixiRG- I & FO G WHES OP {GHR NG9 BRGHSrE Belietd B9 88t ragatiBr df500 x g for
5 minutes affiGrard wastted 5 times with 2 ml ice-cold PBS. The supernatant and all the washing

volumes were combined, clarified by centrifugation (14,000 x g, 15 min., 30 4'C) and concentrated by
centrifugation (CenfHEBIR B0 AR B hdCBiftehtr it g”eaf&e t arﬂ%ﬁgﬁrb RESHY Hdiecular

sizing on Supeptiext 7D (Plarmacia)sn ovslepidydsriiARR 26KS depaspip thashloli8vds kba) from
higher molecular weight cleavage products and from the residual proteolytic.enzyme (Casgase-S
heterodimer,cfgrf%ﬁalgr%ue staining (Fig. 9). A band of 18 kD, 1n agreement with the expecte
15 mass of mature human IL-18, was observed in the supernatant fraction. Analysis of the
bead fraction showed that the cleavage is not complete, since precursor protein remains

bound to the beads. Furthermore, some 1L-18 cleaved protein remains in the bead

fraction.

20  Example 11: Bioassay of human IL-18 generated by caspase- 8 cleavage

Human IL-18 activity was assessed as described (10). Briefly, KG-1 cells were
maintained in DMEM containing 20% FBS. For the IL-18 assay, KG-1 cells were
suspended at 1.2 x 10® cells / ml (250 pl / well, 48 well plate) and stimulated with
mTNFa (Innogenetics) together with various concentration of hIL-18 (serial dilutions,

25  starting from 80 ng/ml). The plate was incubated 24 h at 37°C in 5% CO,. Following
incubation, supernatants were collected and murine IFN-y content was determined by
ELISA (rec. hIFN-y and anti-hIFN-y from R & D Systems).

Human JL-18 induced a dose dependent production of IFN-y with identical

activity to the hlL-18 obtained from the Factor Xa cleavage site construct.
30
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hetero-tetramers, 58 kDa). Caspase-8 enzymatic activity was assayed in the various Superdex-75
fractions 5 using the Caspasc-8 Assay kit and the Ac-IETD-AMC fluorogenic substrate (BIOMOL) and
was observed in fractions corresponding to a molecular mass of 55 kD (correspondj B m
Caspase-8 hetero-tetramer), showing therefore to be very well separated from fractions contaihing
hiL-18 (17 kR)¢J e highly pure 18 kDa hiL-18 gel filtration fractions were pooled, 10 concentrated on
Centricon- 10 (Amincon) and finally sterilized through a 0.22 m filter and stored at -80C. Aliquots of
the protein, as well as the beads before and after digestion were resolved by 0.1% SDS-12%

polyacrylamide gel RféaftphofesiStonwed by Hisiaadsie bieektaining 3ty TomWhahd GPI8 kD, in

agreement with thegxpectad g mass of mature human IL-18, was observed in the supernatant
fraction. Analysis of the bead fraction showed that the cleavage is not complete, since precursor

protein remajns boFgEfd to the heads. Furthermore, sorg‘ne -18 Ieﬁe otein remains in thﬁ' bead
fraction. 20 Example“t1'Bio sa@f‘ﬂ)tlsﬂh an Y Yerlerat e by cddpadas § bidhvagh Hoian 1-18
activity was assgssekasOieseribpd Niadriefly, K&tdriceks, wetka mintsinadan MVENhebataning
20% FBS. Fgr the |L-18 assay, KG-1 cells were suspended at 1. 06 cells / ml (250 I / well, 48 well
plate) and sgﬂm bdwi m@%%&%&@%ﬂcytzggéﬁﬁ Wﬂﬁe\%ﬁo &"¢dncentration of hiL-18 (serial
dilutions, 25 starting from 80 ng/ml). The plate was incubated 24 h at 37C in 5% CO2. Following
incubation, Supernatsints Werlaobectdd @idirgulingldENry sondémtadas detalkmmdd byakdbkSA (rec.

hIFN-y and gnti-h]FN-y fram System man IL:18 induced a.do epende odyction of
IFN-y with ic?ergﬁ?fégi"\g%ﬁw §/°?§?§e%mﬁ%lb am’él o t "e@é’é{l&? %a%’efvga@ay & ?(%f%s{%’uc 3019 |
| APR Refer@hessith, NakarhitarikqtQREnjubacH/, Magata/ K S48vatsi2,79., and Tamura, T. (1993)

Infect. Immun. 61, 64-70 2. Okamura, H., Tsutsui, H., Komatsu, T., Yutsudo, M., Hakura, A., Tanimoto,
T, 10 4. Bazan, J. F., Timans, J. C., and Kaselein, R. A. (1996) Nature 379, 591

5. Okamura, H., Nagata, K., Komatsu, T., Tanimoto, T., Nukata, Y., Tanabe, F.,
Akita, K., Torigoe, K., Okura, T., Fukuda, S., and Kurimoto, M. (1995) Infect. Immun. 63,
3966-3972

6. Micallef, M. J., Ohtsuki, T., Kohno, K., Tanabe, F., Ushio, S., Namba, M.,
15 Tanimoto, T., Torigoe, K., Fujii, M., Tkeda, M., Fukuda, S., and Kurimoto, M. (1996) Eur.
J. Immunol. 26, 1647-1651

7. Tsutsui, H., Nakanishi, K., Matsui, K., Higashino, K., Okamura, H., Miyazawa, Y.,
and Kaneda, K. (1996) J. Immunol. 157, 3967-3973

8. Ghayur, T., Banerjee, S., Hugunin, M., Butler, D., Herzog, L., Carter, A., Quintal,
20 L., Sekut, L., Talanian, R., Paskind, M., Wong, W., Kamen, R., Tracey, D., and Allen, H.
(1997) Nature 386, 619-623

9. Gu, Y., Kuida, K., Tsutsui, H., Ku, G., Hsiao, K., Fleming, M. A., Hayashi, N,
Higashino, K., Okamura, H., Nakanishi, K., Kurimoto, M., Tanimoto, T., Flavell, R. A.,
Sato, V., Harding, M. W., Livingston, D. J., and Su, M. S. (1997) Science 275, 206-209



5 Torigoe, K., Okura, T., Nukada, Y., Hattori, K., Akita, K., Namba, M., Tanabe, F., Konishi, K.,
Fukuda, S., and Kurlmoto M. (1995) Nature 378 88- 913 Ushio, S., Namba M., Okura T., Hattorl K.,
Nukada, Y., Akita, K., Tanabe, F., Konishi, K., Micallef, M., Fuijii, M., Torigoe, K., Taﬁlﬂwo@gRT 06
Fukuda, S., Ikeda, M., Okamura, H., and Kurimoto, M. (1996)J Immunol 156, 4274-4279 10 4.

Bazan, J. F. mimamﬁkéd& Kanﬂst?@§ﬁ|@in PosirkdBI6F Natuend 79, 5Pdshi Rkamuaniinoagata, K.,
Komatsu, T., Tanimoto, T. Nukata Y. Tanabe F. Aklta K. Tor| oe K. Okura T. Fukuda S and

Kurimoto, M. (1995@\%@8{%ﬁmmark@gSthéGQ@ﬁ@qvﬁcéﬂg?SIQ/II”?}'”L(’JHYS%Q?8'3’ 39&)hno K., Tanabe

F., Ushio, S.; NambaniooL5 Tanimetn, E, Forigge. MarF A, M-, '(“1@@@) WoF&EW@@nW Igprlmoto,
M. (1996) Eur. J Immunol. 26, 1647-1651 7. Tsutsui, H., Nakanishi, K., Matsui, K., Higashino, K

Okamura, H., Miyakfaiatery daranelis rdn1606Crithiming Hebondebosurses, €RkySpring
Banerjeg, S., HugupippyM. \Bytler, D., Herzog, L., Carter, A., Quintal, 20 L., Sekut, L., Talanian, R.,
Paskind, M., Won Kamen, R., Tracey D., and Allen, It 1997) Nature 386, 619-623 9.Gu, Y.,
Kuida, K., Té@tsw%HHaKB Kawigae. 1. Hleﬁﬂﬁéamsh@WHéKfa hi,IR? Higaraseroand cewapsura, Il.,
Nakanlshl K., Kurimetg::Ms 7730imet0. JemFkycth Rgfsgo$ato, V., Harding, M. W., Livingston, D. J.,
and Su, M. S. (1997) Science 275, 206-209 20 i | APR 2006 10. Takeda, K., Tsutsuli, I-I., Yoshimoto,
T., Adachi, 0.3 oshigho ionkidnimdtsrmoerokadra (9 Ndkasmarss: K dgidoaxrases. {1998) Immunity
8,383-390 11. Sampingk,J.sErischyd=s3 iz, and Maniatis, T. (1989) Molecular Cloning: A Laboratory
Manual., 2nd edn. Ed., Cold Spring Harbor Laboratories, Cold Spnd(i%,r? | larbor, NY. 12. Villa, P.,

Kaufmadn, S4H., a}qu?aﬁ?éﬁ@,v\}\/lwpge(&@gﬁ Easﬁs@@é@ dhd¥leadp PibitoPs TrenbeBiochem.

Sci. 22 388-393 13RN'(?UQ'1§&901P W ANOPPRSENe N AN (3;98%@@%%@&&8}19%980t€ﬁ§8§1c-”e”ds
Biochem. Sci. 22 299-306 10 14. Garcia-Calvo, M.; Peterson, E.P., I12asper, D.M., Vaillancourt, J.P.,

Zamboni, R., NichBfsgrtps\at }mﬁ@mmysq\fwnm@wquf@ﬁ&?amgﬁamw362 -369.
15.  Konishi, K., Tanabe, F., Taniguchi, M., Yamauchi, H., Tanimoto, T., Ikeda, M.,

Orita, K., Kurimoto, M. (1997) A simple and sensitive bioassay for the
15 detection of human interleukin-18/interferon-y inducing factor using human

myelomonocytic KG-1 cells, J. Immunol. Methods 209 187-191



properties of human caspase family members, Cell Death Differ. 6;(4) 362-369. 15. Konishi, K.,
Tanabe, F., Taniguchi, M., Yamauchi, Il., Tanimoto, T., Ikeda, M., Orita, K., Kurimoto, M. (1997) A
simple and sensitive bioassay for the 15 detection of human interleukin-18/interferon-y inducing factor
using human myclomonocytic KG-I cells, J Jmmunol. Methods 209 187-191 21 [l APRR @0 CLAIMS
1 A method for the production of a biologically active cytokine from its biologically 5 inactive precursor
comprising mutating its natural cleavage site to a site which is capable of being cleaved by a protease,
and cleaving the mutated inactive precursor to yield a biologically active cytokine, wherein the
cytokine is glegigd from I L-1 P and | L-1 8 and wherein the natural cleavage site is a caspase-1
cleavage site. 10 2. A method according to claim 1, wherein the protease is selected from thrombin,
enterokinase, subtilisin, the human rhinovirus 3C protease, Factor Xa protease and a caspase,
preferably daspaser&ha8 fBr fhenetithdtarcoidibigltgickiyradtive 2ytamefremgtsrhiokigictiily a host with a

vector Comprisifi 60N &-GARIAIRGY RRUESRG ﬂémpg?'agmq\s 26 SYAkRcMytated at s
cleavage site, cuIturmg the transfected host and isolating the 20 b oglc active cytolkine after

treatment with a <f being fleaMedi ycR HralREsH Eﬂﬂﬁ’l‘??‘ﬂ/(?ﬁéhﬁﬁ“fﬁ%t DRGERGUsed in frame to a
GST coding seguengsoaial et expirdssiesl fusibverogiscndes wsheaghttredcptoldhet it lelented25 agarose

beads prior to treaimant Withhe. PRI SersiihER NAURLIR9SL0 G, SiiArgd RIsEILsor of a biologically

active molecule cytokine, optionally fused to a GST coding sequence, wherein the cytokine is selected
from 30 1 L-1 P JRAVRELISHEand wherein the natural caspase-1 cleavage site of the biologically
inactiu@ precursor has been mutated into a protease cleavage site. 22

2. A method according to claim 1, wherein the protease is selected from thrombin,
enterokinase, subtilisin, the human rhinovirus 3C protease, Factor Xa protease and
a caspase, preferably caspase-8.
15

Ieo

A method according to claim 1 or 2, comprising transfecting a host with a vector
comprising a cDNA encoding the precursor of the biologically active cytokine
mutated at its cleavage site, culturing the transfected host and isolating the

20 biologically active cytokine after treatment with a protease.

4. A method according to claim 3, wherein the cDNA is fused in frame to a GST
coding sequence and the expressed fusion molecule is captured on glutathione

25 agarose beads prior to treatment with the protease.

5. A cDNA encoding a mutated precursor of a biologically active molecule cytokine,
optionally fused to a GST coding sequence, wherein the cytokine is selected from
30 IL-1B and IL-18 and wherein the natural caspase-1 cleavage site of the biologically

inactive precursor has been mutated into a protease cleavage site.
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