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gppli.gation iss a continuatfon-in-part application of Unl ted S{ates SHEET HAS BEEN
Appl i catiron Serial No. 238, 713i of the sane mWe{)g ars* i ed August REPLACED
1988, *which is a contlnuatlon in:part of United ates ent plcatt+on
Serlal No. 199 . it b Ve nvedsBonA. I L-1 Interleuklns 1 are a

ésg-ofmprotelns produced by :numer ous ceII-types I ncl udi ng nonocytes and
sone .macr ophages. TTnfs(ﬁgpﬁidatabmdes at cbaastua wen-Aintpakit apaiitcation of
prof'ei ns* known as interleukin-1 al pha and interleukin-1 beta. These '
protelns have Wmmmmdamﬁates Patent Application Serial No. 238,713, of the same

Q

inventors filed August 31, 1988, which is a continuation-in-pare
of United States Patent Application Serial No. 199,913, filed
May 27, 1988.
A. 1IL-1

Iq;erleukins-l are a class of proteins produced by numerous
cell~tyﬁés, including monocytes and some macrophages. This class
includes at least two 17-18 kilodalton proteins known as
interleukin-1 alpha and interleukin-l beta. These proteins have.
important physiological effects on a number of different target
cells involved in the inflammatory and immune responses. The
proteins are co-mitogens (with phytohemaglutinin) for T-cells,
cause both fibroblasts and chondrocytes to secrete latent col-
lagenase, and increase the surface adhesive powcrs of endothelial
cells for neutrophils. 1In addition, they act on the hypothalamus
as pyrogens, they stimulate the catabolism of muscle protein, and
they cause hepatocytes to synthesize a class of proteins known as
“acuté phase reactants."” Thus, interleukins-l1 (IL-1) are obvi-
ously an important part of an organism's response to infection
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and injury.

B. Pathological Roles of IL-1

However, despite their normally beneficial effects, circum-
stances have come to light in which the actions of IL-1 are harm-

fyl. For example, IL-1 may increase the level of collagenase in
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harnful . For exanp IL-1 may increase the Ievel of
and ymphocytes into the synovial tissue, inducing capillary

proliferation, and stimulating macrophage accumulation in the
synovial lining during the acute phase of this disease. 1In the
phase of tissue destruction, IL-1 has been implicated as a media-
tor in induction of tissue damage through stimulating release of
enzymes from fibroblasts and chondrocytes.

In addition, excessive IL-1 production has been demonstrated
in the skin of patients with psoriasis and high levels of IL-1
can be found in the synovial fluid of patients with psoriatic
arthritis. IL-1 released by cells in -he inflamed synovium in
psoriatic arthritis may mediate tissue destruction through stimu-
lation of enzyme release from other cei:ls. The joint pathology
of Reiter's syndrome is similar to that seen in psoriatic arthri-
tis and in rheumatoid arthritis. IL-1 has been implicated as a
mediator of tissue destruction in these three different forms of
inflammatory arthritis. Moreover, IL-l may be found in the
synovial fluid of patients with osteoarthritis. The release of
IL-1 by chondrocytes has been implicated in the destruction of
articular cartilage in this disease.

IL-1 may also increase the severity of autoimmune diseases.
For example, decreased IL-1 production has been described from

peripheral blood cells in persons suffering from systemic lupus
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col | agenase in an arthritkg joint and has been inplicated as a nedi ator of
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psoriatic arthriti§: y Ccée synovium’ n
psoriatic artinihie$a98¥onocytes of patients with scleroderma, and IL-1 has

been implicated as a possible agent of fibrosis through stimula-
tion of collagen production by fibroblasts. The mechanism of
tissue damage in dermatomyositis might also involve cell-mediated
immunity and IL-1 may therefore be involved as a mediator in this
pathophysiological process.

Acute and chronic interstitial lung disease is characterized
by excessive collagen production by lung fibroblasts which may be
stimulated by IL-1. Recent studies on an animal model of pulmo-
nary hypertension inaicate that IL-1 may be responsible for in-
duction of endothelial cell changes that result in narrowing of
pulmonary arteries, It is this narrowing that leads to pulmonary
hypertension and further secondary damage. Thus, IL-1l inhibitors
could be useful in treating these lung diseases.

Recent studies have described that IL-1 is capable of
directly damaging the beta cells in the Islets of Langerhans that
are responsible for the production of insulin. IL-1 damage to
the cells is now hypothesized to be.a primary event in the acute
phase of juvenile diabetes mellitus.

Monocyte and macrophage infiltration in the kidneys predomi-
nates in many forms of acute and chronic glomerulonephritis.

IL-1 release by these cells may resul: in local accumulation of
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It has been demonstrated that the crystals found in tissues
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or fluids in gout or pseudogout can directly stimulate
macrophages to release IL-1l. Thus, IL-1 may be an important me-
diator in the inflammatory cycle in these diseases.

IL-1 is capable of inducing loss of calcium from bones and
may be responsible for the osteoporosis that is seen in inflamma-
tory joint diseases.

Keratinocytes from patients with psoriasis release large
amounts of IL-1., This mediator may be responsible for the sec-
ondary cell proliferation and accumulation which occurs in the
skin in patients with this disease.

. 1L-1 is one of the important endogénous pyrogens and may be
responsible for inducing the marked decree of fever seen in some
infectious diseases such as acute febr:le illnesses due to bacte-
ria or viruses.

Sarcoidosis is characterized by granulomatous lesions in
many different organs in the body. IL-1 has been shown to be

capable of inducing granuloma formation in vitro and may be in-

! volved in this process in patients with sarcoidosis.

| Excessive IL-1 production has been demonstrated in peripher-
al monocytes from both Crohn's disease and ulcerative colitis.
Local IL-1 release in the intestine may be an important mediator

in stimulating the inflammatory cycle in these diseases.

’
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l?gnancxes. Also, IL-1 production by some malignant lymphocytes

IL-1 may al so increase the%severity of aut oi nmune drseases.e[?%%@gﬁggrﬁwmwmwm
|| bl 60Y ‘T

may be responsible for some of the fever, acute phase response
and cachexia seen with leukemias.

IL-1 release by astrocytes in the brain is thought to be re-
sponsible for inducing the fibrosis that may result after damage

to the brain from vascular occlusion,

C. Uses for an IL-1 Inhibitor

In these and other circumstances in which IL-1 has a harmful .
effect, there is clearly a clinical use for an inhibitor of IL-1
action. As IL-1 is a co-mitogen for T-cells, it is central to
the development of autoimmune and other immune diseases. Thus,
systemically administered, IL-1 inhibitors could be useful
immunosuppressive agents. Locally applied, such IL-1 inhibitors
could serve to prevent tissue destruction in an inflamed joint
and other sites of inflammation. Indeed, to prevent tissue
destruction some IL-1 inhibitors could be even more effective
when administered in conjunction with collagenase inhibitors.

Therapeutic intervention against the action of IL-1 might be
possible at the level of synthesis, secretion, or the target
cell's binding or response to the protein. IL-1 is synthesized
by monocyte/macrophages and other cells in response to.

lipopolysaccharides, complement fragments and viruses. Any
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Release of the active protein from the inactive precursor proba-
bly requires proteolysis of that precursor. An inhibitor of the
release of IL-1 or IL-ls from their precursors could theoreti-
cally regulate IL-1 action. IL-1 probably acts on target cells
through a classical receptor-mediated pathway, although that
receptog has not yet been isolated. Thus, it could be that a
molecule that interferes with IL-l1 binding to its receptors, or
down-regulates these receptors, could also regulate IL-1 action.
Moreover, although the intracellular events following receptor
binding of IL-1 are not yet fully understood, it is possible that
agents exist that can interfere with the cellular responses to
other receptor-mediated events and therefore block IL-1 action.
For the reasons stated above, proteins and small molecules capa-
ble of inhibiting IL-1 in one or more of these manners have been
sought.

Surprisingly, the present inventors have found at least two
IL-1 inhibitor proteins with IL-1 inhibiting properties. These
molecules have been obtained in a purified form which will enable
one of ordinary skill in the art 2o determine their amino acid

sequence. Furthermore, a preparaticn of cells has been

—
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itors. Together these reagents will allow cDNAs encoding the

IL-1 inhibitors to be cloned. These genes will, in turn, make
possible the large scale production of IL-1l inhibitors suitable
for use in pharmaceutical formulations useful in treating

pathophysicological conditions mediated by IL-1.

Summary of the Invention

This invention relates to IL-1 inhibitors ("IL-1i") gener-
ally and, more specifically, to a monocyte-derived IL-1 inhib-
itor. Additionally, the present invention relates to
biologically-active analogs of these inhibitors. |

An object of the present inventiocn is to provide purified.
forms of IL-1 inhibitors which are active against IL-la or IL-18
or a combination thereof. An additional object of the present
invention is to provide these inhibitors in purified forms to
enable the determination of their amino acid sequence. A further
object is to provide the amino acid sequences of certain IL-1 in-
hibitors. Furthermore, the identification of biologically-active
analogs of such IL—l inhibitors with enhanced or equivalent prop-
erties is also one of the objects of the invention.

Additionally, it is an object of this invention to provide a
recombinant-DNA system for the production of the IL-1 inhibitors

described herein. A further object of the present invention
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3 IL-1 is one of the inportant endogenous pyrogens and nmay be r %ﬁhéﬁmrphA rg
for inducing the nmarked decree of fever seen in sonme infectiousj di seag@g 5 i
such as acute febrile illnesses due to bacteria or viruses. SarCOITRST€h4g-j
characterized by granul omatous lesions in nany different organs in the

body. IL-1 hagnbegleshevevi®@ime mandlled ¢brinBdosi NY- Ur B{HA IINFd O M IhO Rl d
vitro and may be involVved in this process in patients wth sarcoi dosis.

- be valuable as pharmaceutical preparazions exhibiting activity

e

against IL-1.

Additional objects and advantages of the invention will Dbe
set forth in part in the description which follows, and in part
will be obvious from the description or may be learned from the
practice of the invention. The objects and advantages may be re-
alized and attained by means of the instrﬁmentalities and combi-
nations particularly pointed out in the appended claims.

To achieve the objects and in accordance with the purposes
of the present invention, IL-1 inhibitors are disclosed which
exhibit inhibitory activity against IL-1. The preferred inhib-
itors have been isolated in a purified form from
monocyte-conditioned medium with'mono:ftes grown on lgG-coated
plates.

Preferred inhibitors of the present invention are 1, 2 and
3. Inhibitors 1 and 2 are proteins running at positions charac-
teristic of 22-23 kDa proteins on SDS-PAGE and eluting at 52 mM
and 60 mM NacCl, respéctively, from a Mono Q FPLC column under
specified conditions. Inhibitor 3 is a protein running at a
position characteristic of a 20kD prozein on SDS-PAGE and eluting
at 48 mM NaCl from a Mono Q FPLC column under the specified con-
ditions. Additionally, to achieve the objects and in accordance
with the purposes of the present inven:tion, pharmaceutical compo-
sitions containing, at least one of the active ingredients, an
IL-1 inhibitor in accordance with the present invention or i:s

biologically-active analog as se: for:h herein are disclosed.
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least one cDNA clone or its synthetic equivalent encoding at
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least one IL-1 inhibitor along with vectors and cells

constituting an expression system capable of expressing the IL-1
inhibitors disclosed herein. Antisera for use in identifying
these cDNA clones is also provided., Expression systems for pro-
ducing these IL-1 inhibitors using these cDNA clones, their
analogs, or other DNA sequences encoding these inhibitors are

also provided.

Brief Description of the Figures

Figures la and lb depict the protein profile of the Mono Q
chromatography of two metabolically-laktelled monocyte su-
pernatants. The cells were cultured on IgG (la) or fetal calf
serum (lb) coated plates.

Figure 2a shows silver stained gels of fractions from the
regions indicated in Figures la and lb.

Figure 2b is an autoradioqram of the gels shown in Figure
2a.

Figures 3a, b and c present data on the purified IL-1i of
Example 1. Figure 3a presents chromatography data with the ra-
diocactivity pattern superimposed. Figure 3b presents silver
stained gels run on samples of the fractions indicated in Figure

Ja. Figure 3¢ presents autoradiograms of the gels in Figure 3b.
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C. Uses for an IL-1 Inhibitor In these and ot her circunstanc ﬁ”hn‘thCH«MN%~_
IL-1 has a harnful effect, there is clearly a clinical use for nﬁﬁ%wttéo*ifﬁ
of IL-1 action. As IL-1is a co-mtogen for T-cells, it is cent EPligrn

devel opnment of autoi mune and ot her i mmune di seases. Thus, systenically T

adm ni stered, |IL- 1Fiigbrbst@ésax€&tﬁ prizgensehtle rEFUDOSUPPIESSI 856 G ilon
Local |y applied, such IL-1 inhibitors could serve to prevent tissue

destruction’i ghabmabblaams opiMéna g pairi€iedi tes1df inflammation. |ndeed,
to prevent tissue destruction sone IL-1 inhibitors could be even nore

effecti ve when adnFhgsatreseblai and dnjpresknanwWest Broodhalenes el mMudsd ansisera.
Theffapeutic intervention agai nst the action of IL-1 n1ght be possible at
the level of synthBégsresécdepians the coastangeionedf’ plasmdi nPpOIXViIRELIdmse -
to the protein. IL-1 is synthesized .
Figure 7 depicts the construction of plasmid pMK-SGE:IL-1li,
Figures 8a-d4 present data on IL-li-a, Figures 8a and 8b
present chromotography data. Figure 8c presents a silver stained
gel run on samples of fractions indicated in figure 8b. Figure
8d presents an autoradiogram.
Figures 93 and $b present data on IL-l1li-8. Figure 9a pres-
ents chromotography data. Figure 9b presents SDS-PAGE data.
Figure 10 presents data of IL-li-a peptide separation.
Figure 11 presents data of IL-1i-8 peptide separation,
Figure l2a is a photograph of the gel with the GT10-ILli-2A
digested with EcoRI after electrophoresis according to Example 6.
Figure 12b presehts data of an auzoradiogram of a Southern
blot of the gel shown in Fiqure 123.
Figure 13 depicts a part of the DNA sequence of the protein
coding region of lamﬁéé GT10-IL1i~2A and the predicted amino acid
sequence according to Example 6.
Figure 14 depicts the nucleotide sequence of GT10-ill1I-2A.
Figure 15 depicts a peptide including, inter alia, an IL-1li
sequence and a secretory leader sequence.
Description of the Preferred Embodimen:

Reference will now be made in detail to the presently pre-

ferred embodiments of <he invention, which, together with the

I
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by monocyt e/ macrophages and. other cells in response to, Ilpopolﬁyﬂbﬁﬁéfﬁ&éﬁiﬁEN
conpl enent fragnents and viruses. Any nol ecul e that bl ocks blndlng Q&ﬂmba$e

i nduci ng agents to producer cells or which interferes with théfr-effectson
t he physiology of these cells would serve as a regulator of IL-1 action.

IL-1 is not séoldbednhyemampbes { igmTyie $OceEplonnsyse epr snaimwl esRES thevd nven-
been isolated that code for at |east two 30 kd precursors of the proteins -
but which do mabnecontain a hydrophobic signal sequence. Rel ease of the
active protein fromthe inactive precursor probably requires proteolysis of

t hat precursor. An inhibitor of the rel ease of IL-I
* A. Inhibitor from Human Monocvtes

As noted above, the presen: invention relates to IL-! inhib-
itors which have been isolated in a purified form. Preferably,
the IL-1 inhibitors of the present invention are derived from
human monocyte conditioned medium where the monocytes are grown
on I1gG coated vessels. In addition, the invention encompasses
substantially purified IL-1 inhibitors of any origin which are
biologically equivalent to the inhibitor derived from human'
‘monocyte-contained medium.,

By "biologically equivalent,"” as used throughout the speci-
fication and claims, we mean compositions of the present inven-
tion that are capable of preventing IL-! action in a similar
fashion, but not necessarily to the sare degree, as the native
IL-1 inhibitor isolated from monocytes. By "substantially homol-
ogous” as used throughout the ensuing specification and claims,
is meant a degree of homology to the native IL-1 inhibitor iso-
lated from monocyte-conditioned medium in excess of that dis-
played by any previously revorted IL-1l inhibitors. Preferably,
the degree of homology in excess of 70 percent, more preferably
in excess of 80 percent and even more preferably in excess of 30
per cent. A particularly preferred group of inhibitors are in
excess of 95 percen: homologous with the native inhibitor. The
percentage of homology as described is calculated as the percent-

age of amino acid residues found in the smaller of the two

—_—
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4 or IL-1s fromtheir precursors could theoretically regulate.ll-1_actiaon, ,
| L-1 probably acts$ on targét cells through a cl assical recedtﬁﬂsmgdﬁaueQ;ggg&E
pat hway, although that receptor has not yet been isolated. Thus, igtncouhd I
be that a nolecule that interferes with IL-1 binding to its ‘reeepters;—or
down- r egul at gequieasesr ehept al 5gn catihd ideds icgdubairo| 4c 1d aces duebile AR |

al though the intracellular events follow ng receptor binding of IL-1 are
not.yet full segueacst bedngi commamass wWhsine fiovdt gagenis exiergihaf P amino
interfere with the cellular responses to other receptor-nediated events and
therefore bl acidsLmayabei bntreiucetheq @8Sdis dMatBat apbiF MR otd e arfPren

smat | nol ecul es capable of inhibiting IL-1 in_one or nore q& éhese manner s
have been so@yhDayhoff, M.D. in Atlas of Protein Seguence and Stric:ture

Vol.S, p. 124 (1972), National Biochemical Research Foundation,
Washington, D.C., specifically incorporated herein by reference.

The preferred IL-1 inhibitors of the present invention have
been derived from monocyte-conditioned medium and, for the first
time, have been isolated in a purified form. For the purposes of
the present application, "pure form" or "purified form" when used
to refer to the IL-1 inhibitors disclosed herein, shall mean a
preparation which is substantially free of other proteins which
are not IL-1 inhibitor proteins. Preferrably, the IL-1 inhib-
itors of the present invention are at .zast 90% pure and prefer-
ably 95% pure,

At least three purified IL-1 inhititors have been isolated
by the methods of the Example. These include inhibitor 1, inhib-
itor 2 and inhibiter 3. Inhibitor 1 is behaving as a 22-23 kDa
molecule on SDS-PAGE with an approximate isoelectric point of ¢.8
and eluting from a Mono Q FPLC column at around 52 mM NaCl in
Tris buffer, pH 7.6. Inhibitor 2 is also a 22-23 kDa protein,
pl=4.8, but eluting from a Mono Q column at 60 mM NaCl. Inhib-
itor 3 is a 20kDa protein and elutes from a Mono Q column at 48
mM NaCl. Inhibitors 1, 2 and 3 are related immumologically and
functionally. Having obtained these inhibitors in purified forms

has enabled the present inventors to cbtain their amino acid

—_—
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Surprisingly, the present inventors have found at least two |L-1 inhibitor
proteins with IL-1 inhibiting properties. These nol ecul es gy HEES The mern
obtained in a purified formwhich will enable one of ordingfgﬁgﬁﬂiﬁlﬁﬁ”ﬁ%éw
art to determne their anmino acid sequence. Furthernore, a pr epatiat-fon) of
cel I s has beesequences eriUsdhamtihehpprodied tnkbll o digcloged d8TnRNA £RA6T
| eads to its synthesis has been characterized. Finally, an antisera has

been devel opetinéchengin #ndimetheds SUEBeAsngnede dRNeC andkssi dmd Pyr ABiles
for the genes coding for these inhibitors. Together these reagents_w Ll .
al | ow cDNAs ePE®tR iy S9Ruancer (tRENBIERL STEBUAES cF PR erHEd 3@‘%@% Protefn
turn, make pogsible t he | arge-scal.e_ producti on of léél i nhi bitars suitable
for use in phafFRTERT c ?é%ﬁﬁﬁpéﬁﬁéngraggfﬁ}o?rP%r jfyf 10 acic sequences

pathophyS|colgglgfgséx¥h|gg{¥E%Sn%ghaggddgxu§ggpary of the Invention

Example 3 shows amino acid sequence data obtained of three
species of IL-1 inhibitors, namely IL-1;j-X, IL-lj-o and IL-1;-8.

The present inventors have discovered at least one antibody
raised against an IL-1 inhibitor. Other polyclonal and
monoclonal antibodies against this and other IL-1l inhibitors may
be prepared by methods known to those of ordinary skill in the
art. One particular polyclonal antibody is described in
Example 4.

B. Recombinant Inhibitor

1. General
A recombinant DNA method for the manufacture of an IL-1
inhibitor is now disclosed. In one embodiment of the invention,
the active site functions in a manner biologically equivalent to
that of the native IL-1 inhibitor isolated from human. A natural
or synthetic DNA sequence may be used to direct production of the
IL-1 inhibitors. This method comprises:
(a) Preparation of a DNA sequence capable cof directing
a host cell to produce a protein having IL-1 inhibitor
activity;
(b} Cloning the DNA sequence into a vector capable of

being transferred into and replicated in a host zell, such

—— e ————
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This invention relates to IL-1 inhibitors ("IL-1i) generally anh HAS REEN
specifically, "to a nonocyte-derived IL-1 inhibitor. Addi ti onal | ,% ACED)
present invention relates to biologically- active anal ogs of these =PLAGEY

inhibitors. An object of the present invention is to provide purified for ms
of 1L-1 inhibitoryeatioshcansaidtngeongeahinnal eljeaenrsoneeded| sorgxpress the
conbi nation thereof. An additional object of the present invention is to
provi de these i nhDMiA& seqguencgurified forns to enable the determnination of
their amno acid sequence A further object is to provide . .the anlno acid,

sequences of certain | L€} |HH?BFFBF§1“¢1EQ?N¥QﬁﬁQ§ CORE31AdAgi £ Ea?Y%ﬁ“%F1~

bi oFogi cal | y-acti ve anal ogs of I nhi bi.tors w th _enhanced

equi val ent proper {¥s SEGUEREE 8H8 B?QY?E?Qﬁﬁ%xﬁk$Wﬁnché nERvEntPdh. cell capa-

Addi tional ly, it an .obj ect this_ i | O rovid N
r econbi nant - DNA s&éteﬁf oress‘na Eée 6“%3 ﬂcé&xﬁ% H & 1ﬁhxs‘to.,

(d) Culrwuring the host cells ender conditions appro-
priate for amplification of the vector and expression of the
inhibitor;

(e) Harvesting the inhibitor; and

(f£) Permitting the inhibitor to assume an active .ter-
tiary structure whereby it possesses IL-1 inhibitory activ-

ity.

2. DNA Seguences
DNA sequences contemplated fcf use in this method are

discussed in part in Example 5 and in part in Example 6. It is
contemplated that these sequences include synthetic and natural
DNA sequences. The natural sequences further include cDNA or
genomic DNA segments,

Example 6 provides a molecular clone of DNA encoding a pro-
tein identical to that isoiated in Examples 1-3. In Example &, a
plagque, GT10-ILli-2A, was isolated from a GT10 Library. The
phage within this plaque was propagated and the DNA was isolated
and digested with EcoRI. An EcoR! fragment of 1850 base pairs
carries the coding segquence for L1 inhibitor. Figure 13 shows

the partial DNA sequence of the EZcoRI fragment.

~14-
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Fne euERT UAS BFEN |
the production of the IL-1 inhibitors described herein. A fu ﬁﬁg%sﬁﬁfegﬁfd#“ki
the present ihvention includes providing purified forns of |L-I idﬁﬁbﬁb%}smme
whi ch woul d be val uabl e as pharmaceutical preparations exhi bitTing activity
against |L-1I. 5 Additional objects and advantages of the invention wl|
be set forth in pafl ih3RhheoflcsSt® iyRECHI NG CANEBLNSGSHE BN | I HnoqaduUrese
obvious fromthe description or may be |earned fromthe practice of the
i nventi on. Th&NBWRecPShaRndS WRAR T dg &9 LAY CHEOF 3R SRAUENPL It Tl nkp availabie

to one of ordinary skill in the art, As an example of the cur-

FS 4]
w
- R

rent state of the art relating to polynucieotide synthesis, one
is directed to Matteucci, M.D. and Caruthers, M.H., in 5. Am.
Chem. Soc. 103:3185 (1981) and Beaucage,.s.L. and Caruthers, M.H.
in Tetrahedron Lett. 22:1859 (1981), and to the instructions
supplied with an ABI oligonucleotide synthesizer, each of which
is specifically incorporated herein by reference.

These synthetic sequences may be identical to the natural
sequences described in more detail below or they may contain dif-
ferent nucleotides. In one embodimen;, if the synthetic se-
quences contain nucleotides different from those found in the
natural DNA sequences of this invention, it is contemplated that
these different sequences will still encode a polypeptide which
has the same primary structure as IL-1: isolated from monocytes.
In an alternate embodiment, the synthetic sequence containing
different nucleotides will encode a polypeptide which has the
same biological activity as the IL-1i described herein.

Additionally, the DNA sequence may be a fragment of a natu-
ral sequence, i.e., a fragment of a polynucleotide which occurred
in nature and which has been isolated and purified for the first
time by the present inventors. In one embodiment, the DNA se-
quence is a restriction fragment isolated from a cDNA library.

In an alternative embodiment, the.DNA sequence is isolaced

from a human genomic library. An example of such a library
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by nmeans of the instrumentalities and conbinations pagticul afly, q;pthﬁfgnmmww
in the appended cl'ains. To achieve the objects and i'n accordan wWHER HHE BrEN |
pur poses of the present invention, IL-1 inhibitors are discl ed\ﬂﬁﬁﬁﬁﬁﬁ} !
exhibit inhibitory activity against IL:1. The preferred inhibi oré“ﬁ3V§TWMW«wJ
been i sol at ed#S¢H pudy itﬁ"ilédemgi’ﬂ‘f‘?%ﬁh Hondey t L ideon divt i-éﬂ&el—#e&i” Creditam i tR--
nonocytes grown Q aG.co lates. . Preferred inhibitors of the present_

i nventi on afe;%ﬁlék;?£i543?asgﬁ$biFB?%‘%?%ﬁéi%Z%ﬂ%?r§P6FéFHShF6ﬁﬁFn§ af &t e’
positions characteristic of 22-23 kDa proteins on SDS-PAGE and el uting at

52 mM and 60 S¥i%Nad | respectively, froma Mdno Q FPLC col utm under

specified conditi qa%sfoli?%'ég?gggﬁnég%ﬁi@n PSPt ALY TetdRisthedl ,2 1RO LOR em-

characteristic of
plated that the natural DNA sequence will be obtained by a method

comprising:

(a) Preparation of a human cDNA library from cells,
preferably monocytes, capable of generating an IL-1 inhib-
itor in a vector and cell capable of amplifying and
expressing all or part of that cDNA;

(b) Probing the human DNA library with at least one
probe capable of binding to the IL-1 inhibitor gene or its
protein product;

(c) 1Identifying at least one clone containing the gene
coding for the inhibitor by virtue of the ability of the
clone to bind at least one probe Zor the gene or its protein
product;

(d) 1Isolation of the gene or portion of the gene
coding for the inhibitor from.the clone or clones chosen;

(e) Linking the gene, or suitable fragments thereof,
to operational elements necessary to maintain and express
the gene in a host cell.

The natural DNA sequences useful in the foregoing process
may also be identified and isolated through a method comprising:

{(a) Preparation of a human genomic DNA library, pref-

tn

erably propagated in a recArecBC coli host;

-
- -
-
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SDS- PAGE and el uting at 48,nmM NaCl froma Mno Q FPLC col unp—tnder--the
speci f'i ed conditions. Additiionally, to achieve the objects aﬁﬁSiSﬂﬁﬁ"HASEﬁﬁﬁg

accordance with the purposes of the present invention, pharifmceufEgal; ;

3
1
L

conposi tions containin tvftﬁgﬁﬁzaﬁogﬁeoguﬁgﬁa&gﬂgd{% bgﬁ{ggbgg}?,wgfﬁﬂ ok

i nhibitor in accordanc resent 1 nvention or

biologically-acti\ﬁ§%% Sgﬁg §§°§StC5§55{b[§?t'fh&¥h dixsghosed; Mk esvesy déne

achieve the object cordance w e purposes of the present

i nvention, a reconfy t- $%Shegahies; the creation of these IL-1
I nhi bitors and thgﬁiqg%apggge?s ngo di scl osed. A preferred enbodi nent of

this systemincludes atJjeaghennes cONAI6h 05 & lidastsynkehetlbaeeqohval g
encoding at | east one IL-1 inhibitor along with vectors and cells

constituting an exjHegen@N cershgME6apehe ei ti iedquredy drithe bE- thendbblioys
di scl osed

of the clone to bind at least one pfobe for the gene or its

protein product;

(@) Isolation of the gene coding for the inhibitor
from the clone(s) identified; and

(e} Linking the gene, or suitable fragments thereof,
to operational elements necessary to maintain and express
the gene in a host cell, "

In isolating a natural DNA sequence suitable for use in the
above-method, it is preferred to identify the two restriction
sites located within and closest to the end portions of the
appropriate gene or sections of the gene. The DNA segment con-
taining the appropriate gene is then removed from the remainder
of the genomic material using appropriate restriction endo-
nucleases. After excision, the 3' and 5' ends of the DNA se-
quence and any exon junctions are reconstructed to provide appro-
priate DNA sequences capable of coding for the N- and C- termini
of the IL-1 inhibitor protein and capable of fusing the DNA se-

quence to its operational elements.

3. Vectors

(a) Microorganisms, especiallv . coli

-17-
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herein. Antisera for use.in identifying these cDNA cignes| ifRi%abso provided.
Expressi on systems for producing these IL-1 inhibitors us{ng tEpeAGiINA _ §
clones, their anal ogs, or other DNA sequences encoding th&se-naht-bi*torE ar e
al’so provided. Brief Description of the Figures Figures la and 1lb depict
the protein profile of ThéevéddrmrQantemplagedphproisewbn tnhe present inven-
met abol i cal | y-1 abel | ed nonocyte supernatants. The cells were cultured on

| gG (1a) or téval inalfideeanyn Yddonsoding® pihacssa PNYuseIPANchA® isakssed
stai ned gels of fractions fromthe regions indicated in Figures | a %Pd | b.
Fi gure 2b i sahavautenabieotmsenrtsd  Fdafd & 1sRodnYi RrefgrFed2yr required oper-

ational elements, and which vector can then be subsequently
sransferred into a host cell and replicated in such cell. Pre-
ferred vectors are those whose restriction sites have been well
documented and which contain the operational elements preferred
or required for transcription of the DNA sequencé. However, cer-
tain embodiments of the present invention are also envisioned
which employ currently undiscovered vectors which would contain
one or more of the cDNA sequences described herein. In particu-
lar, it is preferred that all of these vectors have some or all
of the following characteristics: (1) possess a minimal number
of host-organism sequences; (2) be stadly maintained and propa-
gated in the desired host; (3) be capable of being present in a
high copy number in the desired host; :4) possess a requlatable
promoter positioned so as to promote transcription of the gene of
interest; (5) have at least one marker DNA sequence coding for a
selectable trait present on a portion of the plasmid separate
from that where the DNA sequence will be inserted; and (6) a DNA
sequence capable of terminating transcription.

In various preferred embodiments, these cloning vectors con-
taining and capable of expressing the DNA sequences of the pres-
ent invention contain various operational elements. These "oper-
ational elements," as discussed herein, include at least one

promoter, at leas:t one Shine-Dalgarno sequence and initiator

Py
-313d-
-
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6 Flgures 3 a, b and c present Hata on the purified IL- 1p\of Exanple 1.

Fi gure 3a presents chronmatography data with the radioactivity p f g “y“~“~
superi nposed. Figure 3b presents silver stained gels run on sanpl €s”of IHERdiAS 9”
fractions indicated in Figure 3a. Figure 3c presents autoradi ogr ﬁfﬂhéLa
gels in.Figure 3b. Figures 4a and b present the results of gel filtration -
chronat ogr agddri, MH® 2 lewsitl iogd kerdinator codon. Preferably, these “op-

@ erational elements"” also include at least one operator, at least
one leader sequence for proteins to ke exported from intracell-
ular space, at least one gene for a requlatzor procein, and any
other DNA sequences necessary or preferred for appropriate tran-
scription and subsequence translation of the vector DNA.

Certain of these operational elements may be present in each
of the preferred vectors of the present invention. It is contem~
plated that any additional operational elements which may be re-
quired may be added to these vectors using methods known to those
of ordinary skill in the art, particularly in light of the teach-
ings herein.

In practice, it is possible to construct each of these
vectors in a way that allows them to be casily isolated, assem-
bled and interchanged. This facilitates assembly of numerous
functional genes from combinations of these elements and the
coding region of the DNA sequences. Further, many of these ele-
ments will be applicable in more than one host, It is addition-
ally contemplated that the vectors, in certain preferred embodi-
ments, will contain DNA sequences capable of functioning as
regulators ("operators”), and other DNA sequenes capable of
coding for regqulator proteins.

(i) Requlators

These regulators, in one embodiment, will serve té orevent

expression of the DNA sequence in the presence of cer-zain envi-

ronmental conditions and, in the presence of other environmental

\
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Figures 5a and b present Wéstern anal ysis of nouse aﬁtlsera He

&
depi cts the construction of plasmid pSVXVPL2IL-1i. Figure 7 d ?é%k ET i
construction of plasm d pMK-SGE:IL-1i. Figures 8a-d present data BRPLAG F

<~;’,

IL-1i-[err]. Figures 8a and 8b ﬁhesent chromat ogr aphy data. Figure 8t S
presents a smbmartspaSmeuléélal OﬂF%ﬁﬁﬁﬂfgﬁkﬂ“'ﬁPQCFPBﬁSqPﬁBFc%f%ﬂe$%1°“ of

figure 8b. Figure 8d presents an autoradi ogram_ Figures_9a_and.9b resent
data on IL- 1thePKPteFWg9ﬂéeéaf®¥e%%nt%edﬂ%%ﬁﬁﬁ@&Pgﬁhy aataarﬁtgﬁrg ob**
presents SDS- PAGE data. Figure 10 resents dat [er & pgRt! QE
separation. Brgfesred ﬁPé§eﬁFSuH%f FHISFIatTy anﬁgﬁfeae é arati onc o

such that expression of the DNA sequence will not occur, or wili
occur to a greatly reduced extent, in the absence of, for exam-
ple, isopropylthio-beta-D-galactoside. in this situation, the
transformed microorganisms containing the DNA sequence may be
grown to at a desired density prior to initiation of the expres-
sion of IL-1li. In this embodiment, expression of the desired
protein is.induced by addition of a substance to the microbial
environment capable of causing expression of the DNA sequence
after the desired density has been achieved.
(ii) Promoters

The expression vectors must conta:n promoters which can be
used by the host organism for expression of its own proteins.
while the lactose promoter system is commonly used, other micro-
bial promoters have been isolated and characterized, enabling one
skilled in the art to use them for expression of the recombinant
IL-11i.

(iii) Transcription Terminator

The transcription terminators contemplated herein serve to
stabilize the vector. In particular, those sequences as
described by Rosenberg, M. and Court, 3., in Ann. Rev. Genet.
13:319-353 (1979), specifically incorporated herein by reference,

are contemplated for use in the presen: invention.
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Figure 12a is_a photograph of the gel with the GI10-IFL1i-2A[d 68 Wik hoer
EcoRl "after etectrophoresis according to Exanple 6. Figuremiigggﬁzggqpﬁ§ni“N
data of an autoradi ogram of a Southern blot of the gel sho __Lgmﬁﬁ'qﬁgﬂjgg_

Figure 13 depicts a part of the DNA sequence of the protein coding region

of |anbda GT10-1L1i-2A(drd t NenpTeansiatiedSeauended sequence according to
Exanpl e 6. Figure 14 depicts the nucl eotide sequence of GIi10-i 11l -2A

Fi gure 15 depi cts Ix pspniodedi nbkbdi hy, theterefgnned ambodinenseqianBey afdSA

secretory | eader sequence. Description of the Preferred Enbodi nent .
be desirable to reconstruct the 3' or 3' end of the coding region
to allow incorporation of 3' or §' non-translated sequences into
the gene transcript. Included among these non-translated se-
quences are those which stabilize the mRNA as they are identified
by Schmeissner, U., McKenney, XK., Rosenberg, M and Court, D. in
J. Mol. Biol. 176:39-53 (1984), specifically incorporated herein

by reference.

(v) Ribosome Binding Sites

The microbial expression of foreign proteins requires cer-
tain operational elements which include, but are not limited to,
ribosome binding sites. A ribosome binding site is a sequence
which a ribosome recognizes and binds <o in the initiation of
protein synthesis as set forth in Gold, L., et al., Ann. Rev.
Microbio. 35:557-580; or Marquis, D.M., et al., Gene 42:175-183
(1986), both of which are specifically incorporated herein by
reference. A preferred ribosome binding site is
GAGGCGCAAAAA(ATG).

(vi) Leader Sequence and Translational Coupler

Additionally, it is preferred that DNA coding for an appro-
priate secretory leader (signal) sequence be present at the 5’
end of the DNA sequence as set forth by Watson, M.E. in Nucleic
Acids Res. 12:5145-5163, specifically gncorporated herein by ref-
erence, if the protein is to be excreted from the cytoplasm. The

DNA for the leader segquence mus: be in a position which allows
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Reference will now be made in detail to the presently preferred enbodi nents

of the invention, “which, together with the follow ng exanpl es,-.serve to

expl ain the principles of the invention. A I nhi bitor from HIMENSHEET Has prey |
Monocytes As noted above, the present invention relates to [L;1l inhﬁﬂ;_‘%f L
whi ch have bdd® DPIOBACSdONnos Bufbs iQR BEAYARIMPIEY ¥paBhy thehiesder jsdquencd . |
i nhi bitors of the present invention are derived from human _nonocytes ..

condi ti oned rsdiiomediate lyhadishety e’ M GVAMENGHY| Jeinegd: ey the inhib-

itor, i.e., there must be no transcription or .ranslation termi-

nation signals between the two DNA coding sequences. The pres-
ence of the leader sequence is desired in part for one or more of
the following reasons. First, the presence of the leader se-
quence may facilitate host processing of the IL-li. In particu-
lar, the leader sequence may direct cleavage of the initial
translation product by a leader peptidase to remove the leader
sequence and leave a polypeptide with the amino acid sequence
which has poten;ial protein activity. Second, the presence of
the leader sequence may facilitate purification of the IL-1li,
through directing the protein out of the cell cytoplasm. In some
species of host microorganisms, the pr2sence of an appropriate
leader sequence will allow transport ¢ the completed protein
into the periplasmic space, as in the :ase of some E. coli. In
the case of certain E. coli, Saccharomyces and strains of
Bacillus and Pseudomonas, the appropriate leader sequence will
allow transport of the protein through the cell membrane and into
the extracellular medium. In this situation, the protein may be
purified from extracellular protein. Thirdly, in the case of
some of the proteins prepared by the present invention, the pres-
ence of the leader sequence may be necessary to locate the com-
pleted protein in an environment where it may fold to assume its
active structure, which structure possesses the appropriate pro-

rein activity.

-22-
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7 vessels. In addition, the invention enconpasses substanti tKX"gﬁﬁf#fﬁg“
IL-1 inhibitors of any origin which are biologically equivaféﬁy RERTBAS BEEN
i nhi bitor derived from human nonocyte contained medi um By ['bi ol d§PLE)EDY

equi val ent," as used throughout the specification and clains, W& HWear

conposi tions of thg pHeSEFdsdrpeNtendadih@ntabe ERPIPFEsait PIRMREiidH] lar 1.
action in a simlar fashion, but not necessarily to the sane degree, as the

native |L-1 3abibidRal i med aiefidvcemigDnecyted. ifiyed satsipridteddding the DNA
honol ogous” as used throughout the ensuing specification and clains, is

meant a degr eeqaénbenh Dely doddsh€oratiinee ILE11 inhhbbidws iTod ade dirooval DNA
nonocyt e- conditioned nediumin excess of that displayed by any previously
reported | L-4egubnbet bs scapable of functioning as a translational coupler,
i.e., it is a DNA sequence that encodes an RNA which serves to
position ribosomes immediately adjacent to the ribosome binding
site of the inhibitor RNA wiih which it is contiguous. In one
embodiment of the present invention, the translational coupler
may be derived using the DNA sequence
TAACGAGGCGCAAAAAATGAAAAAGACAGCTATCGCGATCTTGGAGGATGATTAAATG and
methods currently known to those of ordinary skill in the art re-
lated to translational couplers.
(vii) Translation Terminator
The translation terminators contemplated herein serve to '
stop the translation of mRNA. They may be either natural, as
described by Kohli, J., Mol. Gen. Genez. 182:430-439; or synthe-
sized, as described by Pettersson, R.F. Gene 24:15-27 (1983),
both of which references are specifically incorporated herein by
reference.
(viii) Selectable Marker
Additionally, it is preferred that the cloning vector con-
tain a selectable marker, such as a drug resistance marker or
other marker which causes expression of a selectable trait by the
host microorganism. In one embodiment ¢f the present invention,
the gene for'ampi:illin resistance is included in the vector
while, in other plasmids, the gene for tetracycline resistance or

the gene for chloramphenicol resistance is included.
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Preferably, the degree of honplogy in excess of 70 percent, nDre preferably
in extess of BO percent and even nore preferably in excess

A particularly preferred group of inhibitors are in excess fH 5§béﬂcﬁﬁﬁt¥f*7

honmol ogous with the native inhibitor. The percentage of ho Iogyiﬁshqk j
described is calculated gs the gercentage of .ani no.aci d re5|dﬁ t' d~
the smalleriof th&YGRo 3s8GHENERIIERARCSIPHA Wetrh sledéﬁﬂaeéﬁ BAF RBF atf gtfiten

o dues L o U TR I WG B

??égggf,thP BE@&%icgﬁgggggagﬁﬁgﬁgundg?g shﬁ§é¥ghagﬁfp ift2ene

TR By S —
nisms from multiplying in the culture medium. In this embodi-
ment, a pure culture of the transformed host microorganisms would
be obtained by culturing the microorganisms under cenditions
which require the induced phenotype for survival.

The operational elements as discussed herein are routinely
selected by'those of ordinary skill in the art in light of prior
literature and the teachings contained herein. General examples
of these operational elements are set forth in B. Lewin, Genes,
Wiley & Sons, New York (1983), which is specifically incorporated
herein by reference. Various examples ef suitable operational
elements may be found on the vectors discussed above and may be
elucidated through review of the publizations discussing the
basic characteristics of the aforementioned vectors.

Upon synthesis and isolation of all necessary and desired
component parts of the above-discusséd vector, the vector is
assembled by methods generally known to those of ordinary skill

'\ in the art. Assembly of such vectors is believed to be within
the duties and tasks performed by those with ordinary skill in
the art and, as such, is capable of being performed without undue
experimentation. For example, similar DNA sequences have been
ligated into appropriate cloning vectors, as set forth by Ma-

niatis et al. in Molecular Cloning, Cold Spring Harbor

-24-

This Sheet Has Been Re placed

[T




nnnocy;e-condhiioned medi um and, for the first tine, have be ﬁﬁﬁﬁ@ﬁxna$44L_~*ﬁ
a purified for For the purposes of the present applicationf " ﬁngb#Hﬁ BEEN |
or "purified forn' when used to refer to the IL-1 inhibitorstdisc|®dedc:n
herein, shall nean-a preparation which is substantially free of other
prot ei ns whi chabeganories- {1884} bivhiclpria apesifpcatldyabhgorpopated herein by
I nhibitors of the present invention are at |east 90% pure and preferably
95% pure. At Ireferengese purified IL-1 inhibitors have been isolated by the
met hods of the Exanple. These include inhibitor 1, inhibitor 2 and .
i nhi bitor 3. |nhi bilRoFORSESUBERRAR My e £LORIRT KPELAHF cefil ERYPIFIRIAGRVEN-
w th an approxinmate isoel ectri ojnt of 4.8 and el utin roma Mno Q FPL
ol U at ar oi8"s5 HNARAEES] ASGTTAOMAY Yerie SREPAGEERRITBH GPLS SRS S b the
22:23 kDa protgng Blistcd aRY! 1 84 YL Aohd LM G320 0 £ oL LiRe At s Say™dBG-
serted into each vector. In such an embodiment, the host organ-
ism would produce greater amounts per vector of the desired IL-1
inhibitor. The number of multiple copies of the DNA sequence
which may be inserted into the vector is limited only by the
ability of the resultant vector, due to its size, to be trans-
ferred into and replicated and transcribed in an appropriate host
cell.
(b) Other Microorganisms
Vectors suitable for use in migroorganisms other than E.
coli are also contemplated for this invention. Such vectors are
described in Table 1. In addition, certain preferred vectors are

discussed below.
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Exanple 3 shows amno acid sequence data obtained of three spre”ééc@mq1ﬁi;f, ‘
i nhi bi‘t ors, ﬁénely |-1[err]-X, IL-1[err]-[err] and IL-1[err]-! err];y @e, BEEN
present inventors have discovered at |east one antibody ralsea agarﬁs aﬂ
I L-1 inhibitor. Qher polyclonal and nonocl onal antibodies against this and
other IL-1 inhibitorgeoRy, be, prgpivecd. byrdrei hess knews tg,.thqggs of ordinary,
skill in the art. O'sexpansmgularvpomldl-bﬁat antibody is described in

Exampl e 4. B.  Recoblasant.AphEpt*oT;, 121507, CRHAsET A r BTgnbisnant DNA

met hod for the rr,anufszﬁciu.é, of;> a,lﬁ"lqb;&wbrgql é)] N@furb S380W;6li:56! 0sgd. I n one
enbodl ment of the irowest.i on, etd"ree‘acFi \ile=l gi:ees. funciq"en,s | ¥B-8&: nEbaRer

3. Hal.evei., 2.\, ang I== S. Jene 5. ) (1958,

H Irssi.8. .. =Seit. ?.J~. Slte'e- S.2. a4 Nsilee. 4.7, .
vel, 3i0:i. 318, i37-127 1380,

c. Narmanly, :.. :qdcn. R.C., Horvatn, S.0. and abelsan, .,
vature 321, 213-2.9 (1986

3. 3elas:zs, J.S., qttllﬁﬂ G.. von Gadain, A. and Cshen, 5.N.
Cell a§., 248-25i1 (19881,

3. Sehmeissner, ©.. McXenney, K., Rosenkerg M., and Csur:, 3.

J. Mol, Biol. 178, 39-5) (i1384).

10. w™ett, J.E., Gallosvay, J.L. end Plate, T, EMBO J. §,
1887-1891 (1988%). )

11, Xoshland, D, and Botstein, D. -Cell 20, 749-760 (1980),

13. Movva, N.R., Naxamura, K. and fnouye, M. J. Mol. Biol. i},
317-328 (1980),

13. Surin, 8.P., Jans, D.A., Pimmel, A.L., Shawv, D.C.. Cox, G.B.
snd Rosenbderg, M. J. Bactericl. 1§7, 772-778 (1984).

16, Sugsgit!e. J.G. Proc. Natl, Acad. Sci. USA 1735, JI737-1741
(1 .

1’» p."ﬂ' K.H C. G.n. ;3, 277'Zl° ‘l,",a

16. Alson, N.X. and Vapnek, D. Nature 282, 864-869 (1979).

17. Yang, M., Galizzi, A., and Henner, D. Nuc, Acids Res.
L2), 237-248 (1%03).

18, Weng, S.-L., Price, C.W., Goldfarb, D.S., and Doi, R.K.
Proc. Natl., Acad, Sci. USA §1, 1184-1188 (198¢).

19, ?2333,"'3" and Doi, R.H, J. 8ilol. Chem., 259, 9619-862S,

20. Lin, C.-X., Quinn, L.A, Rodriques, R.L. J. Call Bicchen.
Suppl. (98), p.198 (1983).

21. Vasantha, ¥., Thompson, L.D., Rhodes, C., Banner, C., Nagle,
J., and ?ilpula, D. J. Bact. 13903}, §11-819 (1984),

22. Palva, l., Sarvas, M., Lehtovaara, P,, Sibeskov, ¥N., and
?ngzgtincn. L. Proc. Natl. Acad. Sei. USA 79, 5382-338¢

1 .

3. “ﬂﬂ'o SQ.LO' 'fic..p c‘Hop G‘ld‘.". D.S., and g.io R.H.
Proc. Natl. Acad. Sc¢i. USA §1. 1184-1138 (1984).

¢, Sullivan, M.A., Yasbin, R.L., and Young, P.E. Gene 2§,
a1=46 (1304).

2%, Vasanths, N., Thompsea, L.D., Rhodes, C., Banner. C. Nagle,.
J., and Pilpuls, D. J. Bact. m $11-81% (1984),

36. Yansuras, D.G. and Nanner, D.J. PHAS [, 439-440 (1904).

27, Gray, G.L., MeReown, K.A., Jones, A.J.S., Seeburg, P.H. and
Neynekar, H.L. Biotechnology, 161-163% (1984).

2.- L"y; S., and ?“. P.C. Gene 95-101 (llll).

29. Liu, P.V. J. Infect. Dis. 130 luppl). $94-599 {197¢).

30. Wood, D.G., Hollinger, M.P., and Tindol, M.8., J. Bact. 148,
tc«n-xcsx (1901).

3;. %;;.{?M. ?.’0 lﬂ‘ D."‘. ﬂ.". Jo “‘0 'iﬂx. m; 2‘5-,15

. uggor: J.8., and Rave, L.8. J. Biol. Chem. 23], 7366=7569

33. Oenis, C.L., Pergusen, J. and Young, E.T. J. Biol. Chenm.
Bl e, 8. arcns. siocna, siosmr. Lt

34, L rf, L. & ne2, R, Archs. Siocchem, Biophys. '
$33-944 (1%68).

38, Meyhack, 8., Sajva, M., Rudelph, H. and thn.n. A, DINO.
J. §, €75-680 (1902).

36. Watson, M.L.B. Nueleic Acid Resesarch [2, 3145-5164 (1984).

17. ?::gS?d. C. and Guerineau, M. Curr. Jenet. ], 219-228

318. Mianen, A,, Ricks, J.8. and Pink, Q.R. Proc. Natl. Acad.
Sci. USA 1!2!-1!33 (1978),

39. Jabber, M.A., Sivasubramanian, X. and unynk, o.P. Preec.
Matl. Acad. Sci. USA 2, 201!-2021 {1988).,
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bi ol ogically equivalent toythat of the native IL-1 inhibitor isolated from
human. A natdral or synthet’ic DNA sequence may be used to dife oduction
of the IL-1 inhibitors. This nethod conprises: (a) Prepar at THif $Hrpa 1INAS —~1
sequence capable of directing a host cell to produce a protdin hapgﬁgﬁLELEE&#;

nhi bi tor activity; (p) %gg’%&ﬁe@%ﬁquence into a vecror—eapatle of |
being. transferred into an ost cell, such vector o
cont ai ni ng .oper agieQRgh 1 e EOESE SHIRGARL WA iRPRAESREMGUINN SIS ihCh

Transferring the vector contalﬁ?ng the synthetic DNA sequence and

operg_t i On?'Lb?b%E!E%aghnbp GrinSieddt ives FYed 1 apXPHLESE Mled Mo DNBe as
encodl ng -

cloning vehicles in hosts of the genus Pseudomonas. Certain of

G

these are described by Tait, R.C., Close, T.J., Lundquist, R.C.,
Hagiya, M., Rodriguez, R.L., and Kado, C.I. In Biotechnology,

May, 1983, pp. 2869-275; Panopoulos, N.J. in Genetic Engineering

in the Plant Sciences, Praeger Publishers, New York, New York,
pp. 163-185 (1981); and Sakagucki, K. in Current.Topic in
Microbiology and Immunology 96:31-45 (1982), each of which is
specifically incorporated herein by reference.

One particularly preferred construction would employ the
plasmid RSF1010 and derivatives thereof as described by
Bagdasarian, M., Bagdasarian, M;M., Coleman, S., and Timmis, K.N.
in Plasmids of Medical, Environmental and Commercial Importance,
Timmis, K.N. and Puhler, A. eds., Elsevier/North Holland
Biomedical Press (1979), specifically incorporated herein by ref-
erence. The advantage; of RSF1010 are that it is relatively a
small, high copy number plasmid which is readily transformed into
and stably maintained in both E. coli and Pseudomonas species.

In this system, it would be preferred to use the Tac expression
system as described for Escherichia, since it appears that the E.
coli trp promoter is readily recognized by Pseudomonas RNA poly-
merase as set forth by Sakagucki, K. in Current Topics in
Microbiology and Immunology 96:31-45 (1982) and Gray, G.L.,

McKeown, K.A,, Jones, A.J.S., Seeburg, P.H., and Heyneker, H.L,

-28-
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i nhibitor; (d) Culturing the host cells under conditions Late for
anpll¥|pat|oniof t he vector and expression of the inhibitor i“&iSHEET}IET““-

Harvesting the inhibitor; and (f) Permitting the inhibitof to ag$ynéﬁ%ﬁﬁgw

active tertiary structure whereby it possesses IL-1 inhibita?y*art' i%%i 2.

DNA : ; L
gh;t:dwpa%ec@ﬁqmd?eﬁé Pﬁ‘? ot 1AL BRA O rty oE VIR CAER ope g
e 12t SERLSLER A R B ooF BelsaR eeiueesse orde
activity may be further maximized by requiring the exchange of
the promoter with, e.g., an E. coli or E. aeruginosa trp promot-
er. Additionally, the lacl gene of E. coli would also be includ-
ed in the plasmid to effect regulation.

Translation may be coupled to translation initiagion for any
of the Pseudomonas proteins, as well as to initiation sites for
any of the highly expressed proteins of the type chosen to cause
intracellular expression of the inhibitor.

In those cases where restriction minus strains of a host

Pseudomonas species are not available, transformation efficiency

with plasmid constructs isolated from E. coli are poor. There-

fore, passage of the Pseudomonas cloning vector through an r- m+
strain of another species prior to transformation of the desired

host, as set forth in Bagdasarian, M., et al., Plasmids of

Medical, Environmental and Commercial Importance, PP. 411-422,

Timmis and Puhler eds., Elsevier/North Holland Biomedical Press
(1979), specifically incorporated herein by reference, is
. desired.

(ii) Bacillus Vectors

Furthermdre, a preferred expression system in hosts of
the genus Bacillus involves using plasmid pUBll0O as the cloning
vehicle. As in other host vectors system, it is possible in
Bacillus to express the IL-1i of the present invention as either

an intracellular or a secreted protein. The present embodiments

-29-
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segment s. 9 Exapple 6 provides a nol ecular clone of, DNA ench_qg a

proteln i denti'cal to that isolated in Exanpl es 1-3. I'n Exanpl e{ 6415

GI10-1L1li-2A, was isolated froma GI10 Library. The phage mnthé %i\ AS Wlw
pl aque was propagated and the DNA was isolated and di gested w 'ﬁﬁﬁﬂ
EcoRl fragmer

f 1850 the, codi for, |LL T
i bi or  FAGERHAESBRE TS Fehm (AT (R VBEHEACEIEE THEL FARY 1 25t

=Bac111us and E, coli are available for constructing and testing

1

. .various genes as described by Dubnau, D., Gryczan, T., Contente,

S., and Shivakumar, A.G. in Genetic Engineering, Vol. 2, Setlow

and Hollander eds., Plenum Press, New York, New York, pp. 115-131
(1980), specifically incorporated herein by reference. For the
expression and secretion of the IL-li from B. subtilis, the sig-
nal sequence of alpha-amylase is preferably coupled to the coding
region for the protein. For synthesis of intraéellular inhib-
itor, the pértable DNA sequence will be translationally coupléd
to the ribosome binding site of the alpha-amylase leader se-
gquence.

Transcription of either of these constructs is preferably
directed by the alpha-amylase promoter or a der1vat1ve thereof.
This derivative contains the RNA polymerase recognition sequence
of the native alpha-amylase promoter but incorporates the lac op-
erator region as well. Similar hybrid promoters constructed from
the penicillinase gene promoter and the lac operator have been
shown to function in Bacillus hosts in a regulatable fashion as
set forth by Yansura, D.G. and Henner in Genetics and

"Biotechnology of Bacilli, Ganesan, A.T. and Hoch, J.A., eds.,

Academic Press, pp. 249-263 (1984), specifically incorporated by

reference. The lacl gene of E. coli would also be included in

the plasmid to effect regulation.

-30-
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In light of the teachings.contained herein and procedures kno%%}Hﬂﬁagé%~
synthetic polynucl eotide sequences will be available to one of{ ordi many, ... il
skill in the art. As an exanple of the current state of the ar?‘re%aﬁlﬁﬁfﬁo

pol ynucl eoti de synthesis, one is directed to Matteucci, M D. and Carut hers,
MH, in J.. Am Chen1{Soc 3:%}% 1Lh984L.apd Beaucage, S.L. and

Caruthers, MH in Te Fahbar . £21081), and to the

e Struct i : . I ] ¥ < hesi | . .
A S PR SR ARPOBF  SU e Satishth
sequences :RAtsU i iy

de?ail belgS%ogf?ﬁﬂga §@%%h3§%%§&??PeP n?aﬁggﬁgbﬁ?ggbiﬁ{ﬁﬁﬁﬁele odi nent ,

if the syntBgtterssguensessgniAl M198eheqhidspedif{deNy fcYPdohasedf aepa-
in the natural DNA sequences of this invention, 1t is contenplated that

these diffejgnbyseafienerse W ¢ tarfdfidrine@ncade €. pPPbyPePiddls by the method of

" bt g,

Baan S
HAS npeme

Heefner, D.L. et al., as described in J. Bacteriol., 159:460-464
(1984), specifically incorporated herein by reference. Tran-
scription is directed by the promoter of the tetracycline resis-
tance gene. Translation is coupled to the Shine-Dalgarno se-
quences of this same tet’ gene in a manner strictly analogous to

the procedures outlined above for vectors suitable for use in

other hosts.

(iv) Yeast Vectors

‘Maintenance of foreign DNA introduced into yeast can be
effected in several ways as described by Botstein, D. and Davis,
R.W., in The Molecular Bioloqy of the Yeast Saccharomyces, Cold
Spring Harbor Laboratory, Strathern, Jones and Broach, eds., pp.
607-636 (1982), specifically incorporated hereby by reference.
One preferred expression system for use with host organisms of
the genus Saccharomyces harbors the IL-1i gene on the 2 micron
plasmid. The advantages of the 2 micron circle include rela-
tively high copy nﬁmber and stablility when introduced into cir®
strains. Thése vectors preferably incorporate the replication
origin and at least one antibiotic resistance marker from pBR322
to allow replication and selection in E. coli. In addition, the

plasmid will preferably have the two micron sequence and the

This Sheet Has Been Replaced
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whi ch has the sanme primary structure as |L-1i isolated fromnpnocytes. In
an al ternate "enbodi nent, the synthetic sequence contai ni ng d'ﬁggfénm;f-“m-
nucl eotides will encode a pol ypeptide which has the sanme bio og|c§T§h HAS grr
activity as the IL-1i described herein. Additionally, the DNLMseggﬁhb%Eﬂay
whi ch occurred in nature and which has been isolated and purified for the
first tinme by the present inventors. In one enbodi nent, the DNA sequence is
a restricti gpaktagEEnt gbfe! €4 efbrvieorthe cale bubpesys im LEUZ|defevttiives mu-
enbodi nent, "t he DNA seqQuence is isolated froma human genomc library. An
exanpl e of sWaksacki heagy.useful in this enbodinent is set forth by Lawn et
al. in Cell 15:1157-1174 (1978), specifically incorporated herein by
reference. I1f it is contemplated that the recombinant IL-1 inhibitors

will ultimately be expressed in yeast, it is preferred that the

cloning vector first be transferred into Escherichia coli, where

the vector would be allowed to replicate and from which the
vector would be obtained and purified after amplification. The
vector would then be transferred into the yeast for ultimate
expression of the IL-1 inhibitor.
(¢c) Mammalian Cells
The cDNA for the IL-1 inhibitor will serve as the gene for

-exprgssion of the inhibitor in mammalian cells. It should have a
sequence that will be efficient at binding ribsomes such as that
described by [Kozak, in Nucleic Acids Research 15:8125-8132
(1987), specifically incorporated herein by reference, ] and
should have coding capacity for a leade:r sequence (see section
3(a)(vi)) to direct the mature protein out of the cell in a pro-
cessed form. The DNA restriction fragment carrying the complete
cDNA sequence can be inserted into an expression vector which has
a transcriptional promoter and a transcriptional enhancer as
described by Guarente, L. in Cell 52:303-305 (1988) and Kadonaga,
J.T, et al., in Cell 51:1079-1090 (1987), both of which are spe-
cifically incorporated herein by reference. The promoter may be
requlatable as in the plasmid pMSG (Pharmacia Cat. No. 27450601)
if constitutive expression of the inhibitor is harmful to cell

growth. The vector should have a complete polyadenylation signal

-32-
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In a preferred version of .this enbodinent, it is connenplated]Tﬁﬁngﬂﬁ§f
nat ur\al DNA sequence wi || *be obtained by a nethod conprising: (a) o
Preparation of a human cDNA library fromcells, preferably no .Léﬁfﬁﬁﬁ?
capabl e of generating an IL-1 inhibitor in a vector and cell capable of ’
anplifying and expressing all or part of that cDNA;, (b) Probi ng the human
DNA |'i brary :as tdes¢ribedtbprausubelle faMabee etf.bimdiungdnt Piretbkols in Mo-
i nhi bitor gene or its protein product;

. lecular Biology, Wiley (1987), specifically incorporated herein

by reference, so that the mRNA transcribed from this vector is

processed properly. Finally, the vector will have the replica-
tion origin and at least one antibiotic resistance marker from

PBR322 to allow replication and selection in E. coli.

In order to select a stable cell line that produces the IL-1
inhibitor, the expression vector can carry the gene for a se-
lectable marker such as a drug resistance marker or carry a com-
plementary gene for a deficient cell line, such as a
dihydrofolate reductase (dhfr) gene for transforming a dhfr  cell
line as described by Ausubel et al., supra. Alternatively, a
separate plasmid carrying the selectable marker can be

cotransformed along with the expression vector.

4, Host Cells/Transformation

The vector thus obtained is transferred into an appropriate
host cell. These host cells may be microorganisms or mammalian
cells.

(a) Microorganisms

It is believed that any microorganism havingithe ability to

E take up exogenous DNA and express those genes and attendant oper-
ational elements may be chosen. After a host organism has been
chosen, the vector is transferred into the host organism using
methods gererally known to those of ordinary skill in the art.
Examples of such methods may be found in Advanced Bacterial

Genetics by R, W. Davis et _al., Cold Spring Harbor Press, Cold

—
ot Has Been Replaced
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10 (c) ldentifying at |east one clone containing the geneftoding for the
inhibitor by virtue of the ability of the clone to bind at a©tSMMB‘QE?EE:~7
. . . . 519 -‘Jfa')t‘ e
for the gene or its protein product; (d) | sol ation of th gpneg@pwgﬁ viai
of the gene coding for the inhibitor fromthe clone or clones thosei te

Li nki ng the ogieindusidabiv@ BIRENt 298071 S cH 4 PRBLANIEANAN 15! SREGHS,

necessary to mal ntai n an expr ess t he gene 1n a host C

sequences Usefated mdiid UL IRrRIeRELCESEL TRY &2 ARd, IGR! bheCEnAEiment ,

i sol ated through a nethod conpri sing:
that the transformation occur at low temperatures, as temperature
regulation is contemplated as a means of requlating gene expres-
sion through the use of operational elements as set forth above.
In another embodiment, if osmolar regulators have been inserted
into the vector, regulation of the salt concentrations during the
transformation would be required to insure appropriate control of
the foreign genes.

It is preferred that the host microorganism be a facultative
anaerobe or an aerobe. Particular hosts which may be preferable
for use in this method include yeasts and bacteria. Specific
yeasts include those of the genus Saccharomyces, and especially
Saccharomyces cerevisiaes Specific bac:efia include those of the
genera Bacillus, Escherichia, and Pseudomonas, especially
Bacillus subtilis and Escherichia coli. Additional host cells
are listed in Table I, supra.

(b) Mammalian Cells

The vector can be introduced into mammalian cells in culture
by several techniques such as calcium phosphate:DNA coprecipita-
tion, electroporation, or protoplast fusion. The preferred meth-
od is coprecipitation with calcium phosphate as described by
Ausubel et al., supra.

Many stable cell types exist that are transformable and
capable of transcribing and translating the ¢DNA sequence, pro-

cessing the precursor IL-1i and secreting the mature protein.

-34-
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(a) Preparation of a hugan genom c DNA |ibrary, FEferany %‘%%agékéﬂhga BEER

a recArec3C'E. céli host; (b) Probi ng the human genomni ¢ DNA Ilbraﬂylﬁ@%ﬁ

at | east one probe capable of binding to an IL-1 inhibitor gene of itsw._
protein product; (c) Identification of at | east one clone containing the

gene codi ng
at | east on

or the inhibitor b rtue of .the ability of the ¢l one to bind
et 6P LS TRERCHAY. PR VBT IALIE, VitbuEEbard O s Fshstliag ooy

LimkPng. the HoaeTar et PEARFAnF  ARcRORt T iradit EhabpBpat Finar i aenno

acid residues, if any. Thus, the ideal cell types are those that
produce a recombinant IL-1 inhibitor identical to the natural

molecule.

5. Culturing Engineered Cells

The host cells are cultured under conditions appropri-
ate for the expression of the IL-1 inhibitor. These conditions
are generally specific for the host cell, and are readily deter-
mined by one of ordinary skill in the art in light of the puﬁ-
lished literature regarding the growth conditions for such cells
and the teachings contained herein. For example, Bergey's Manual
of Determinative Bacteriology, 8th Ed., Williams & Wilkins Com-
pany, Baltimore, Maryland, which is specifically incorporated
herein by reference, contains informaticn on conditions for
culturing bacteria. Similar information on culturing yeast and
mammalian cells may be obtained from Pollack, R. Mammalian Cell
Culture, Cold Spring Habor Laboratories (1975}, specifically in-
corporated herein by reference.

Any conditions necessary for the regulation of the expres-
sion of the DNA sequence, dependent upon any operational elements
inserted into or present in the vector, would be in effect at the
transformaticn and culturing stages. In one embodimen:z, cells
are grown to a high density in the presence of appropriate regu-
latory conditions which inhibit the expression of the DNA se-

quence. When optimal cell density is approached, the

_35_
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necessary to maintain and. express the gene in a host cell._|n isolating a

nat ural DNA sequénce suitable for use in the above- met hod,/ 7 ,&Q ferred
to identify the two restriction sites |ocated within and élogeévutﬁ
portions of the appropriate gene or sections of the gene.tThe_ mﬁ%g
contai ning the appropriate gene is then renoved fromthe r enai der—a

genom ¢ mat eremy i ronmen tgiprogmdiatiensestei alt ored o ruhdseaaeproptiste for

exgision, the 3 and 5 ends of the DNA sequence and any exon junctions are
reconst r uct edexpresoion e fapheoPNAaseqDbAces equEncEs thamakdontemptadedgehiat the
the N- and G termni of the IL-1 inhibitor protein and capable of fusing

t he DNA sequepteduetion afpdrhet ildmadl inhéhbhes. wBll ocowgctisr & time span subse-

quent to the growth of the host cells to near optimal density,
and that the resultant IL-1 inhibitor will be harvested at some

time after the requlatory conditions necessary for its expression

were induced.

6. Purification
(a} 1IL-1i Produced From Microorganisms
In a preferred embodiment of the present invention, the
recombinant IL-1 inhibitor is purified subsequent to harvesting
and prior to assumption of its active structure. This embodiment
is preferred as the inventors believe that recovery of a high
yield of re-folded protein is facilitated if the protein is first
purified. However, in one preferred, alternate embodiment, the
IL-1 inhibitor may be allowed re-fold to assume its acéive struc-
ture prior to purification. In yet another preferred;.alternate
embodiment, the IL-1 inhibitor is present in its re-folded,
active state upon reéovefy from the culturing medium.
In certain circumstances, the IL-1 inhibitor will assume its
proper, active structure upon expression in the host microorga-

" nism and transport of the protein through the cell wall or mem-
brane or into the periplasmic space. This will generally occur
if DNA coding for an appropriate leader sequence has been linked
to the DNA coding for the recombinant protein, If the IL-1 in-

hibitor does not assume its proper, active structure, any

-36-
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(a) M croorgani snms, especially E. coli The_vectorsicontenpl.a
in the present invention include any vectors| TR SKWEETCRAR HPEK
di scussed above can be inserted, along with any prﬁf Cﬁp or r
operational elements, and which vector can then-be-Subseguent}
into a 11 _host cel and replicated in such cell. Preferred vectors are -
those whose $&54}f ide dipnds edighyBaveefommed Q:Rﬂ:/lﬂfeﬁtné'd NQAGOVAREMt clmt efarc-

the operational elenents preferred gQr required fo
P tfbns ﬁ?éh hé%e occurreg w119 f{rst be disrupted by denaturing

'and reducing agents, for example, guanidinium chloride and
beta-mercaptoethanol, before the IL-1 inhibitor is allowed to
assume its active structyre following dilution and oxidation of
these agents under controlled conditions.

For purification prior to and after refolding, some combina-
tion of the following sfeps is preferabiy used: anion exchange
chromatography (MonoQ or DEAE-Sepharose), gel filtration
chromatography (supercse), chromatofocusing (MonoP)}, and
hydrophobic -interaction chromatography (octyl or phenyl
sepharose). Of particular value will be aﬂtibcdy affinity
chromatography using the IL-li-specific monoclonal antibodies
(described in Example 3),

(b) 1IL-1i Produced from Mammalian Cells

IL-1i produced from mammalian cells will be purified from
conditioned medium by steps that will include ion exchange
chromatography and immunoaffinity chromatography using monoclonal
antibodies described in Example 3. It will be apparent to those
skilled in the art that various modifications and variations can
be made in the processes and products of the present invention.
Thus, it is intended that the present invention cover the modifi-
cations and variations of this invention provided they come
within the scope of the appended claims and their equivalents.

It is to be understood that application of the teachings of

the present invention to a specific problem or environment will
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transcription of the DNA sequence. However, certaimenbodinents of the -~

g

present inventioh aLe_aLse~eﬂvr§T6ﬁéH~MM|ch enpl oy curr —Pyipﬁg" gaﬁh
vectors which woul d contain qne FadRT € of the cDNA seduBhBeXid |bed

herein. In particulaiﬂ£1i5$IE=‘3‘s Led that all of thesge vecti&P

or all of the follow ics: (1) possess a mmimal nunber of
host - organi sm sequenc 1l bly maintai ned and propagated in the
desi.red host; (3) be capable of being present in a high copy nunber in the
desired host; (4) possess a regul atabl e pronoter positioned so as to
pronote transcription of the gene of interest; (5) have at |east one nmarker
DNA sequence coding for a selectable trait present on a portion of the

pl asm d separate fromthat where the DNA sequence will be inserted; and (6)

a DNA sequengg ¢apgkhetRé ¢&pabIR{4 1Kk IdAMHE hAViRG: ordinary skill in the

‘art in light of the teachings contained herein. Examples of the
‘products of the present invention and representative processes
for their isolation and manufacture appear in the following.

The following examples illustrate various presently pre-
ferred embgdiments of the present invention. The publications
provided in this examples are specifically incorporated by refer-

ence herein.

EXAMPLES

Example 1 - Protein Preparation

A. Materials

Hank's Balanced Salt Solution (HBSS) and RPMI were purchased
from Mediatech, Washington, D.C. Lymphcprep was obtained from
Accurate Chemical and -Scientific Corp., Westbury, N.Y.” Human
IgG, MTT, rabbit anti-prostaglandin E; antiserum, ammonium bicar-
bonate, dithiothreitol, complete and incomplete Freund's
adjuvants, hypoxanthine, aminopterin, and thymidine were pur-
chased from Sigma Chemical Co., St. Louis, Missouri. C3H/HeJd

‘mice were purchased from Jackson Labs, Bar Harbor, Maine. BALB/c
::mice and P3 myeloma cells were obtained from Drs. John Kappler

and Philippa Marrack at the National Jewish Center for Immunology

and Respiratory Medicine (NJC/IRM), Denver, Colorado.
Recombinant human IL-1 was obtained from Cistron Biotechnology,
Pine Brook, N,J. Purified phytohemagglutinin was purchased from

Wellcome Diagnostics, Research Triangle Park, N.C. Human

-38-

>
w



In various preferred enbodi nents, these cloning vectors Ehﬂga&mnngb@pghﬂﬂ
capabl e of expressing the!DNA sequences of the present |nvent@@ {g%ﬁta
vari ous operational elenments. These "operational elenents~ as—di s
hrerei n, include at | east one pronoter, at |east one Shane-Dal garno sequence
and |n|t|ator codon, and at |east one term nator codon. Preferabl t hese
"oper at i onal fereskint <ibnobd aisks| GAEMaPT IRALE GHEVSREr HESR °8Fa}@%¥tfﬁﬂ%39’~
| eader sequence foréProtelns to be ZF orted fromjntracellular space,

‘at
| east one gehchand £hasduiast shepNeCeiiM. DRNVRTy Seher? gﬂﬁ%ﬁciﬁﬁl mouse
ey o R EL e Yo ke 4 A58 LT Oar 81 CHEPEL: Ty be
t i h th f d t t S
ot anpl At edNEHBE ot SHIAE ondBvo REE PP BhAT Bl Al kstlly alséfect
Amine kit from GIBCO Laboratories, Grand Island, N.Y.

(35s]-methionine, diphenyloxazole, and (14c]-iodoacetic acid were
obtained from DuPont-NEN, Chicago, Illinois. Fetal calf serum
was purchased from HyClone Laboratories, Logan, Utah. Mono Q and
Superose 12 columns were purchased from Pharmacia, Inc.,
Piscataway, N.J. Cé-reversed phase columns were obtained from
Synchrom, Inc., Lafayette, Indiana. C8-reversed phase columns
were obtained from Applied Biosystems, Inc., Foster City,
California. Acetonitrile and polyethylene glycol 8000 were pur-
chased from J. T. Baker Chemical Co., Phillipsburg, N.J.
Trifluroacetic acid and guanidine hydrochloride were obtained
from Pierce Chemicals, Rockford, Illinois. Endoproteinase Lys C
was obtained from Boehringer Mannheim Biochemicals, Indianapolis,
Indiana. The microtitering plates used for PGE) ELISA were
Nunc-Immuno Plate I obtained from Intermountain Scientific Corpo-
ration, Bountiful, Utah. The plates used for hybridoma produc-

tion were from Costar, Cambridge, Massachusetts.

B, Generation of Monocyte IL-1 Inhibitor

Human leukocytes were obtained from normal donors by
leukophoresis, resuspended in Hank's balanced salt solution
(HBSS) at 1 part packed cells to 1 part HBSS, underlayed with

Lymphoprep and spun at 400 xg for 30' at room temperature. The
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be reqU|red may be added to these vectors using methods kﬁb%ﬂSﬁdﬂthﬁseﬁﬁﬁf
ordinary skill in the art} particularly in light of ‘the t eachi mgs abey ei n. |
In practice, it is possible to construct each of these vectors—tf—a-way—
that allows themto be easily isolated, assenbled and |nterchanged Thi s

these ol emeMPRCRRR-FRE ERATTITT Spon e RevERASthy 8 T Rl vBesy o
these el emegps gLl Pe-a Aé&ﬁb'&g&ﬁreﬁggweﬁom a* lod 32l Gignal Iy

contenpl at e vec ors,’in n preferred enbodi nen

contain ﬁﬁH&”‘iﬁssQ?&ébf é’fRFf gagi weasoﬁegé%@foaﬁsrié?w&w %ikh

and ot her sequences capa or reguflator protelns.
normal human IgG made LPS free by chromatography over Sephapex

G200 (6 X 107 cells in 10ml per 100 mm dish). All reagents con-
tained less thanm 10 pg/ml LPS. The cells were cultured 24-48 hr,
and the resulting conditioned medium constituted the crude IL-1
inhibitor (IL-1i) supernatant. Typically, the cells from one

donor yielded 700-300 ml crude IL-li supernatant.

C. Assavys for the IL-1 Inhibitor

Two IL-1 assays have been used routinely to detect the
IL-1i. Thymocytes (1 x 106 cells from 4 to 6 week old C3H/HeJd
mice) respond to 1.0 unit/ml of recombinant human IL-1 plus 1
ug/ml.phytohaemaglutinin by proliferating half-maximally, as mea-
sured by 3H—thymidine incorporation or uptake of the tetrazolium
salt MTT (Mosmann, T., J. Immunol. Method, 65:55-61 (1983)) after
three days of stimulation. <Crude IL-1i supernatant fully inhib-
its this proliferative response at a 1/10 dilution. Human dermal
fibroblasts (1 x 10° cells per well in a 96 well plate) typically
respond to 0.5 units/ml reccmbinant human IL-1 by secreting, at 6
hours of stimulation, approximately 50,000 pg/ml PGE; that can be
measured by ELISA. This assay is as sensitive to IL-1i as is the

thymocyte asséy.

D. Metabolic Labeling of the IL-1 Inhibitor
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12 (i) Regul at ors These regul ators, in one enbodi nent, LS

prevent expression of the!DNA sequence in the presence of ‘hP ”W>5Er¥
envi ronnmental conditions and, in the presence of other env ronndﬁﬁ&%crﬁ j
conditions, wll aIIOM/transcrlptlon and subsequent expression of the

protetn coded fofn Ui DA SEVERTS-LOPRMEA By b LB BEEREERTLOgE

Dhe Spdacncfeltocyfid AGCWE rifucll b PERUERO6A A A CUUEEE 1BERCTh 8} "
in serum-free RPMI containing only 0.75 ug/ml cold methionine
(15ug/ml is normal) and to which was added 0.5 mCi 33S-mechionine
(1151 Ci/mmol) per 107 cells. Control labelings were performed
identically except that the plates were coated with fetal calf
serum rather than IgG. Assays on such control supernatants
showed that very little IL-1i was secreted when the cells were
cultured on fetal calf serum-coated plates.
E. Purification of the IL-1 Inhibitor Protein

Crude IL-1i supernatants were made 1.0 M in sodium chloride,

incubated on ice for 1 hour and centrifuged at 10,000 rpm for 15
minutes. The supernatants, which contained all of the inhibitor
activity but only 20% of the initial protein, were then dialyzed
extensively at 4°C versus 0.025M Tris, pH 7.6 containing 0.1%
sucrose (the A buffer) for gradient fractionation of proteins on
a Mono Q anion exchange column. Following dialysis the
inhibitor-containing solutions were recentrifuged aF 10,000 rpm
for 15 minutes and then passed through 0.22u nylon-filters. The
supernatants were typically combined with 10 ml of similarly pre-
pared supernatant from a metabolic labeling and loaded onto Mono
Q-Superose (Pharmacié FPLC) columns with bed volumes of either
1.0 ml or 8.0 ml, washed with A buffer until the OD2gg of the
effluent returned to baseline, and carefully chromatographed
using a linear sodium chloride gradient (.025M to .10M) in buffer

A. Column fractions were collected and analyzed for
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gal actoside. In this situation, the transfornmed m croorgani sms containing
the DNA sequence’ may be grown to at a desired density prlorfﬁg IJUC e
of the expression of IL-1i. In this enbodinent, expre55|oni~”‘ ;f¥ af‘i
protein is induced by addition of a substance to the m crohj_al eﬁwnﬁéﬁuent {

LA A 3

capabl e of radisdanr exipryessidobiobcthei DNA seampruwse off teaycht lfe adeSon ede FENSTTY ™
has been achieved. (ii) Pronoters The expression vectors nust contain

pronot ers whleh rum dre neskutedy 12h8%h8BS-PAGRNI sivear seainessi parméatéd own
proteins. Wile the |actose pronoter systemis conmmonly used, other
m crobi al prbubtEiBhenKiotseen e sdraeddanddpehantst driilredo ebaBlinng one

skilled in the art, to use them for expreSS|on of the reconbi nant |L-1i.
autoradiograpnic data. Figure la shows the protein profile of

[T

the Mono Q chromatography of 40 ml crude [1-1i supernatant mixed
with 3 ml of metabolically labeled IL-1i supernatant. Superim-
posed are the amount of radioactivity found in 50 ul of each
fraction as well as the IL-1i biocactivity as measured in the
PGEj-production assay. Two major and one minor fadioactive spe-
cies are shown that perfectly correlate with three peaks of ~
bioactivity. Figure 1b shows the similar chromatography of 15 ml
of crude Il-1i supernatant mixed with 3 ml of supernatant from
monocytes metabolically labeled on plates coated with fetal calf
serum (FCS) rather than IgG. The levels of the three radioactive
species discussed above are markedly diminished. Figure 2a shows
silver stained gels run on the fractions from the regions of in-
terest in the chromatographies shown in Figures la and 1b, Note
that the fractions of peak radioactivity and biocactivity in Fig-
ure la (fractions 52 and 59) both show a major band at 22 Kd
(marked with arrows) on SDS-PAGE. The third species (fraction 48
in Figure la) shows a band at 20kD on SDS-PAGE. Gel filtration
experiments on crude IL-1i have shown that the active molecule
has a molecular weight of 18-25 K4. Figqure 2b is an
autoradiogram of the gels shown in Figure 2a. It can be readily
seen that the protein bands at 20 and 22 Kd are'the major radio-

active species in those fractions.
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(rii) Transcrlptlon Term nator The transcription tern1nat0£e;9@nLeanaied

heretn serve to s$tabilizethe vector. In particular, those ﬁheﬁﬁeng:tﬁ q}

descri bed by Rosenberg, M and Court, D., in Ann. Rev. 1F3BLE

((1979), specifically incorporated herein by reference, are CUnreﬂp~a{€£Li4m;
use in the present invention. (iv) hbn-TransIated Sequence It I's noted

the 3" of 5 2L§f§‘ 2388 KRR B B SR SFRYTaEREs SpeFRgEAIE
n-t | atg ' t | W .

non- t 1 ansl at P ESHE M Bodk Ik Egmﬁ.g%h&??%%"ﬁf?és?‘%% ngﬁf\eggg?ﬁ-éyf@se

identified byeReh®I S5SN8 odet iVEKSBBEY es Keha RAYRNRANS pMorly produced if

the cells are plated on dishes coated with FCS. These induced

radioactive species perfectly co-chromatograph with several spe-
cies of IL-1i bioactivity on Mono Q, and gels and resulting
autoradiograms show that the three major induced molecules are

proteins of the predicted molecular weight for IL-1i.

The IL-1i molecules were further purified for sequencing in
two ways. First, Mono Q fractions with peak biocactivity and ra-
dioactivity were loaded onto a C4-reversed phase column and
eluted with an HgO/O.l%TFA: acetonitrile/0.1%TFA gradient.

Since the IL-1i moleéule was trace labeled, samples from each
fraction were directly counted for radiocactivity and were also
analyzed by SDS-PAGE followed by autoradiography. Figure 3a
shows such a chromatograph with the radiocactivity pattern super-
imposed. The silver stained gels run on samples from-each frac-
tion (Figure 3b) and subsequent autoradiograms of the gels (Fig-
ure 3c) Shows that the IL-li molecule is found in fractions
32-36. These fractions were dried down and sequenced. Alterna-
tively, the peak Mono Q fractions were dried by Speed Vac,
resuspended in 0.4 ml 0.05 M NH4HCO3 and directly chromatographed
two times on a 10 X 300mm Superose 12 gel filtration column
(Pharmacia FPLC) equilibrated in the same buffer, as shown in

Figs. 4a and 4b. Fractions were collected and samples of each

-43-

e ———

eet Has Been Replaced

U



and Court, D. in J. Ml. Biol. 176:39-53 (1984), specifi aMﬂ&iﬂﬁcBﬁﬁ%r%@@d
heretn by reference. (v) Ri bosone Binding Sites The n1crob|gEP§KmDeSS|oh
of foreign proteins requires certain operational elenents~-whi-ch-nctude;

but are not limted to, ribosone binding sites. A ribosone binding site is

a_sequence Yy g VDO SACARR] §08y ARa DOV 10 iy U ekl Bhhopzed

protein synthesis as set fort M cr ob
35; 557-580; pprs M ekl SraiAdd a8d durors8DEgrapHed SDS- PAGE. Approprlate

fractions were then dried on a speed vac and sequenced.
Example 2

Proposed Sequencing of the IL-1 Inhibitor

Prior to sequencing, samples were dissolved in 6 M
guanidine-HCl, pH 8.6, reduced for 4 hours at 37°C under Ny with
100~-fold molar excess dithiothreitol over proteih, and alkylated
for 1 hour with 400-fold excess 1%C-iodoacetic acid. In that '
case, the reactions would be desalted on a C8-reversed phase col-
umn, eluted, and partially dried. N-terminal sequences will be
determined using an Applied Biosystems Protein Sequencer. To
obtain internal sequences, samples which.may have been reduced
and alkylated would be digested with cyanogen bromide or
proteolytic enzymes using methods known to those of ordinary
skill in the art. Reactions will be dried, dissolved in 0.1%
TFA/H20, and peptides will be separated using a C8-reverse phase

column,

Example 3

Purification and Sequencing of the Species of IL-1 Inhibitors

A, IL-1i-X, IL-1i-a and IL-li-b Species

The Mono Q purification of IL-1i resolves the biological
activity into three major species, as shown in Figure la and

described in Example 1, where the peak fractions for this

..44...
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13 4;2175-183 (1986), both of which are specifically incé}ﬁﬁrﬁﬁ%&-ﬁé$éﬁﬁ i

reference. A preferred ribosone binding site i s GAGGCGCAPAAA
Leader Sequence and Transl ational Coupler Additionally, it |s preferred
that DNA codi ng for an appropriate_secreto | eader (signal) sequence be
present at t%‘ﬁ”%&"@f 48he @)NAa%%q%%nces%%'@@tE PBr sATBYesveEorhese EEraGr
Nucl ei ¢ Acrds Res. §§A45 5163, s fically .incorporated hereln by

ref er ence, IQQﬂ?rﬂﬁﬂ anléntBI%% %x ?et%ﬁY%%&mﬂPFﬁé“E??oﬁP%%h?sTﬁ% AT or

he | ead h h d f
e T eader sepuggon abe L1 PeRLLLon WAl Leus ALE ghoduelion of o
ceval ently J&H{Hﬁ*éﬁ%‘ﬂy%sgthQgggga 31§%us§43”f% %ﬁ%hp?g Eobelow, stains all

three of these species. When IL-1li is prepared from cells

metabolically labeled with 358-methionine, during growth on
plates coated with IgG, each of these bands is radiocactive (as
shown in Figure 2b, the autoradiogram of the above-mentiocned
gel). Based on the logic discussed in Example 1, namely that
parallel cells incubated in a non-inducing condition do not pro-
duce the IL-1j bioactivity and do not produce these radioactive
bands, we can conclude that these three species account for the
biological activity. We have tentatively named these species IL-

1i-X, IL-li-a, and IL-li-b, respectively.

B. Purification and Sequencing of IL-1i-X

Mono Q fractions containing IL-1li-X and/or IL-li-a were fur-
ther purified by reversed-phase HPLC chromatography on a
Synchropak RP-4 (C4) column, and radioactive species were sub-
mitted for sequence analysis. Numerous attempts at directly
sequencing RP-HPLC-purified IL-li-a and IL-li-b have failed, sug-
gesting that they are chemically blocked at their N-termini.
However, one preparation of IL-li-a (IL-l1i-aB2p42) yielded the

following sequence:

1 5 10 15 20
BPSGRKSSKMQAF_I1SDVNQ

_———
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transcription or translation ternination signals bet weenjr{t?H%ﬁ Gﬂb& ‘“",&g
sequences. ‘The presence bf the | eader sequence is desirefl in gﬁrpgﬁﬁﬁéy ohe !
or nore of the follow ng reasons. First, the presence of TW‘Feéder;h______j

sequence nma fach&itate host processing of the IL-1ji. In particular, the

| eader sequ@RBeSHEFePFBEL PEP Q%&ﬁ?Qﬁ!aghéLrﬁFfﬁals%mé%ﬁﬂ iR ifriedudy B¢ a
| eader pept %&iﬁ? 0 hem)ve tae Itga%iaﬂr sequence and | eave a pol ypeptide with
the amino acrd &Sue BEEWAF BRUGE AAMCafeAEBReR h activity. Second, the
presence of the | eader sequence may facilitate purification of the IL-1i,-

t hrough directing the protein out of the cell cytoplasm In sonme species of
hgst microorgani sns, the presence of ¢an appr Briate | eader sequence wil |

al l ow transport ofPrepxreonpl eted protein i nt§ # geEpeEP | agnmi @%space, as in

a -

the case of sone E. adi. In thé Tasé of ter i-, Vdheckar nvces and
strains of Bacil| PsepixF23 B?P__RK_LKMQAF 1

These are obviously part of the sequence found in the ini-
tial attempt at sequencing IL-li-a. It is the inventors' conclu-
sion that the sequence data shown is the N-terminus of the 20 kD
species called IL-1i-X.

In these and all subsequent sequences an underlined position
indicates either an inability to identify a residue or that ambi-
guity exists with respect to the residue identified. When two or
more fesidues are put in one position, it indicates that more ——
than one amino acid was detected at that sequencing step, and the
more likely correct residue is on top.

C. Generation, Purification, and Sequencing of Peptides of
IL-1i-3 and IL-1i<b

Since IL-li-a and IL-li-b are apparently chemically blocked
at their N-termini, peptides of each were generated by
endoproteinase digestion. Specifically, Mono Q fractions con-
taining either I[L-li-a or IL-li-b were passed through a 4.6x250
s C3-RPHPLC column (Zorbax Protein Plus), an acceptable alterna-
tive to the C-4 columns used in all previous experiments. Very

gradual gradients (0.2% acetonitrile per minute at 0.5 ml/min)
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p i e et [t ol R

Pseudononas, the appropriate |eader sequence will "ahl ow transpprt ofgdshge... GRER

. \ . )]
prot.ei n through 'the cel |l tnenbrane and into the extracell ul ar a2l
this situation, the protein nay be purified fromextracellular protein.

Thirdly, in the case of sone of the proteins prepared by the present

venti on, theopegseie of1i1e | QAR 4uEIo8: TR Pe DeGFRAAlY sk Lagg! o’

the conpleted protein in an enviro ereiIt fol

e t . t ‘ . ! !
th | giet ; rrg&gﬁgt%yg?i rzz d&aeiﬁeb%ﬁrﬁaoc%%e?%8§oaéel@@p£9@é1@§ ,e.lﬁﬁr%tng'rli'i}sozyme.

| ment “of the present” 1 nvention,

addi tional BhHA $@EKNEDNEEed Sof QG Qhir iTTRAI 3phBLYe ! $E£LI bént Nandd\BySeseence
whi ch codes for the IL-1 inhibitor. The additional DNA sequence i's capabl e

of functionpprgseace ¢f agss fid pnalrahiticerivel, . 22, kDt pi&t & HVh VITHEACE ahat

encodes an RNA which serves to position ribosones i mediately adjacent to
subsequent autoradiograms (Figures 8c,d and 9b). The proteins
were hand-collected into siliconized glass tubes and to each was
added 25 ml of a 0.2% Tween-20 solution. The IL-li-containing
fractions were then reduced in volume on a Speed-Vac to 50 ml,
brought up to 300 ml by the addition of 1% NH4HCO3, followed by
the addition of 1 mg of endoproteinase. In the case of IL-li-a,
the enzyme used was Endoproteinase Lys C (Boehringer-Mannheim),
while IL-li-b was cleaved with Endoproteinase Asp N (Boehringer-
Mannheim). Cleavage was carried out at 37°C for 16 hr, and then
the volume of the reaction mix was reduced to 50 ml on a Speed
Vac.

In the case of IL-li-a, the sample was directly
chromatographed, whereas the IL-1li-b sample was first reduced by
the addition of 5ml of 50 mM dithiothreitol in 2 M Tris, pH 8.0,
reacted for 30 min at 37°C, and then carboxymethylated. by addi-
tion of 1.1 umole 3H-iodoacetic acid in 10 ml ethanol (reacted 30
min at 37°C in the dark). Separation of the peptides was per-
formed on a 2.1x250 mm Brownlee Aquapore RP-300 (C8) narrow-bore
column at a flow rate of 100 ml/min using a Beckman HPLC out-
fitted with microbore hardware and microbore-compatible pumps. A
200 min 0-100% linear gradient was used (H30/0.1% TFA to

acetonitrile/0.1% TFA). The peptide separations are shown in
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the ri bosone binding si te"qf the inhibitor RNAwith which it is conti guou's.
In one enbodi ment of the present invention, the translatijonal~-eeupler _may
be derived using the DNA sequence | THIS SHEFT HAS BEEN
TAACGAGIZGCAWM@T T CTTGGAGGATGATTA L5_14 AEPLACED '
1 AATG and nethods currently kné&niigt%egﬂﬁg‘ée o iGtmatdon s nm'sar*w
related to trlawsati onal coupl ers.

*3

1 5 10
RalysC-41 MQAF_1 _bpuvygqg

1 5
10 15
20 " 25

RalysC-53
_FYL_NNQLVA_YLQGPNVNLEEQIDE 5
1 5 N
RaLysC-§1 _rArzaazg
1 5
RalysC-31 = FYFQEop
1
s 5 10 15 4 20
falvec. S
LysC-37 _QDET-LQLEAHR3§QLSEQ
1 5 10
i 15 20
Lysc-35 ___ara;qnzav_xrnt;xn
1 [ 10
15
RAAspN-S1 DV N PTEnylk < Ny ;
21£2YARNNQLVAEYLQGPNVNL
1 5 10
REASDN-43 DEGVMVTRFYFQ
1 s 10
% 15
RAAsPN-139 _pscaxssquasazg
1 5
RAASDN-25 DRKRFAFIR
1 ; s 10
ROAspN-30 EvE g
pN- D_EVNHLRK]g
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(V||) Translatlon Term nator The translation tern1nator§r§b@t I§§+
herein serwe to'stop the translation of nmRNA. They nmay ﬁe e|t g{ h fukéﬂ”
as described by Kohli, J., MIl. Gen. GEnet 182: 430- 439“*0%%8 & zed,
described by Pet ghss@ncnk 5 BeptRie <dehcel 1ea83nyi o0 Vzﬂ( that
ora nce %-

references are specifically 1hcorp hereln yre

Sel ect abl eMyrsen AL GraRIhES edi1ier Profienzed ithat éﬁ@— &d OfH i Vﬁg.gfsc-

contain a sel ectable marker, such as a drug resistance nmarker- or
nar ker whi Cmcau%e%nemr-@sswge@ie@caselzﬁfd ablecothat| RyAdge-910Stis an
m croorgani sm In one embodi nent of the present invention, the gene for
anpi ci | I'i n rgsilst-ineeguencec| aseding thet whet ahreki !seecims aherL4ll insfed st
the gene for tetracycline resistance

least closely related proteins if not chemically and/or physi-

cally modified forms of a single original IL-1i molecule. If the
listed sequences are combined, the following composite sequences

result:

fomenennan RAASEN-39 vavonene [ feseesvenvesscocesacas RAASDN-SLevnennans ceeevennesas !
BPSGRKSSKHQAFRIS'DVHQKTFYLRHNQLVA?YLQGPNVNLEE&ID__§

{-RalysC-31-|

¢ 1

MQDETRLQLEAVRGTOL
l----hl.yac *§lecsnsey
--RAASpN-25.--] .

oxnratt:uzﬁ

These composite sequences appear to be present in no other
known polypeptides listed in the most recently updated Protein
Identification Resource Database (PIR 16.0)., The inventors

believe that these sequences, or minor variants thereof,
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e e e
or the gene for chloranphenlcol resi stance is included. }$ﬁghséudrﬂgg Tuw’
resi.stance or other selectable marker is intended in paft_ to#%@c;hr{ate ifn
the selection of transformants. Additionally, the presence of ~steh h__“j
sel ectabl e marker in the cloning vector may be of use in keeping
cont ani nat Iﬁ@ﬂ@s@h@oegemb.%a’so%rﬁm@&&hiééﬂlaﬂﬁg alrd EE aBubt Uf CafB{ds -1
this enbodinent, a pure culture of the transforned host m croorgahi sns
woul d be Obhﬂunﬁdobg culturing the mcroorgani sns under conditions which
réquire the induced phenotype for survival. The operational elements as
di scussed herein are routinely selected by those of ordinary skill in the
art in light of prior literature and tEwammscts ngs cont ai ned herein.
General exanpl es of these operational elenments are set forth in B. Lew n,
Cenes, W /| Brepa3atsonNed Antibodies Specific For the IL-1 Inhibitor

Ten week old BALB/c mice were injected subcutaneously with
IL-1i that was partially purified (400-fold) from crude
supernatants by Mono Q-chromatography, dialyzed versus PBS, and
emulsified with Complete Freund's Adjuvant., Each mouse received
the IL-1i purified from 5 ml of crude supernatant. The mice were
boosted every two weeks with an equivalent amount of IL-1i |
emulsifed@ with Incomplete Freund's Adjuvant, and serum samples
were taken from the tails seven days after each boost. Antisera
vere tested for anti-IL-1i activity by Western analysis of
transblots of the immunogen run on SDS-PAGE, as shown in Fig. 5a.
Fig. 5b shows that all of the mice were making anti-IL-1li
antibodies after three injections of IL-1li.

Since monoclonal antibodies will be of great value in
cloning the IL-1i gene from an expression library, purifying the
recombinant IL-1li protein, and studying the biology of the mole-
cule, we have begun the process of making a battery of monoclonal
antibodies specific for Il1-1i, To produce B cell hybridomas, the
above mice were injected intravenously with the same amount of
IL-1i in saline 24 hours prior to removal of the spleens.
Splenocytes were teased out of the spleens into cold balanced
salt solution (BSS), washed two times with BSS, mixed with P3

myeloma cells at a ratio of 2 x 107 P3 cells per 108 splenic B
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Yor k (1983) which is specifically incorporated herein —eference.
Vari.ous exanpl es of suitable operational elenents may b fduﬁqrpm’tye
vectors di scussed above and nay be el uci dated through rQV|emmg& BEEN
publications discussing the basic characteristics of t h& ™ af-or8 ﬁﬁwoned

vectors. Up@n18YRhAEShSn 3dGh SO! Pid Qe 1fs Aldraneaesgany ene despviad addi=
conponent parts of the above-di scussed vector, the vector is assenbl ed by

net hods genrgoal b KNRAWNGE Ovi AR eg@isdd diswAcy skphd; 5000 hm@%tnoﬁﬁ@ei(}illexheof
stich vectors is believed to be within the dutles and tasks performed by

t hose withgaydionasp0ske!l 0% minimal tesgwheiad medhum) steapmdl drpfpdidiatg
performed w thout undue experinentation. For exanple, simlar DNA sequences
have been IFugaticdeilldsovapprepshed esttlorBSH) andcressspasdsét ifiok® mbyf rich
Maniatis et al. in Ml ecular Coning, Cold 5Spri ng
media (10% FBS) containing 2 x 10° peritoneal cells per ml and
the pellet was gently broken up using a 10 ml pipet. The volume
was adjusted to 20 ml with the addition of more peritoneal cells
in media, and the cells were plated out in 96 well plates at 0.1
ml/well. Plates were placed in a gas incubater and treated in

the following manner thereafter:

Day 1 -~ Add 3x HAT (hypoxanthine, aminopterin, thymidine)
in rich medium to a final concentration of 1x
Day 5 - Change medium, replacing with 200 ul 1x HAT in

rich medium
Day 10 - Begin checking for hybrid growth. Change medium,
replacing with 200 ul 1x HAT in rich medium
containing 1.5 x 106 peritoneal cells
per ml,
When hybrid cells are nearly confluent in a well the
supernatants are transfered for testing, and the cells are gently
scraped with a pipet tip and transfered to 1 ml culture wells
containing lx HAT in rich medium plus 3 x 106 peritoneal

cells per ml.

The supernatants from the confluent wells are tested .

for anti-IL-1i activity using an ELISA in which partially
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Fbrbor Laboratorles (1984) which is specifically incorp r hereln by
ref erence. . 15 In construction of the cloning vectors fmeigqe
invention, it should additionally be noted that nultlple*coplquE% EHLE@E?
sequence and its attendant operational elenments may be inserte th6 eac

vector. |n pudlfiad quUbadi MREho QPSUPPSTed MAHSAIVWQERAL REQUIUES CHAATEr—.__/
anounts per vector of the desired IL-1 inhibirtor. The nunber of nultiple

copi es of tinejddtedsdqitenctenhiel) by BoundISeS h¢rbRieekrfgVeelDs. | NdrmE Lt ed

only by the ability of the resultant
mouse sera and hyperimmune antisera are used as the negative and
positive controls, respectively. Positive suﬁernatants will be
retested by ELISA on plates coated with homogeneously purified
IL-1i and by immunoprecipitation of purified metabolically
labeled IL-1li. Positive cells will then be cloned by limiting
dilution and injected into pristane-treated mice for the
generation of ascites. Large quantities of IL-li-specific
antibodies can be produced by tissue culture or by massive
generation and collection of ascitic fluid in mice. Purification
of these antibodies and attachment thereof to insoluble beads
will produce affinity adsorbents for the purification of the

recombinant IL-1i protein,

Example 5

Cloning the I1-1i cDNA

It was shown that monocytes plated on IgG-coated petri
dishes and cultured for -24 hours in the presence of
[3ss]-methionine produced [3551-1L~1i which could be identified
by its chromotographic properties on Mono Q.

In order to determine when (during the 24 hour period) IL-1li
was being produced at a maximal rate,'plated monocytes were
exposed to [35s]-methionine (pulsed) for a short, two-hour peri-
od, at which time a large excess of unlabelled methionine was
added and incubated for an additional two hours. The medium was

then collected and analyzed for ratiolabelled IL-1i, This
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vector, due to its size, to be transferred into and: repllc Ak et At
transcrlbed in an appropriate host cell. (b) O her Nlcnoorgéﬁiéﬁﬁﬂwbggqf
suitable for use in mcroorgani sns other than E. coli are~aL§ohn%ﬂCawpldtqﬁ
for this invention. Such vectors are described in Table 1. In additien,...
certai n pr grygeihnecas apaléedi scusseocpedovdt variQus times after platmg

-~ of lgG-coated plates and it was found that exposing monocytes to

- (35s]-methionine at 15 hours after plating produced the maximal
amount of [3%s]-1n-1i, indicating that IL-1i1 mRNA in monocytes
was at its maximal level 15 hours after plating on IgG.

Fresh monocytes were then plated on LPS free IgG obtained
as in Example 1B. After incubating in RPMI media for 15 hours at
37°C, the cells are washed with phosphate buffered saline then
lysed with 4M guanidinium thiocyanate; 25 mM sodium citrate,
pH 7, 0.5% sarcosyl, 0.1M 2-mercaptoethanol. Total RNA was then
isolated from this lysate by the AGPC method of P. Chomczynski
and N. Sacchi described in Analytical Biochemistry, vol. 162, pp.
156-159 (1987).

Poly A" RNA was isolated by oligo dT cellulose
chromatography by the method of Aviv, H. and Leder, P. (1972)
Proc., Natl. Acad. Sci. (USA) 69:1408-1412 precipitated with etha--
nol and dissolved to a concentration of 0.36 ug/ul. One
microgram to poly A* RNA was used to prepare cDNA according to
Gubler, U. and Hoffman, B. J. (1983) Gene 25:263-169.

The cDNA was incorporated into a lambda gtll expression li-
brary using Eco Rl linkers from Boehringer Mannheim catalog No.
988448 or New England Bio Lab No. 1070 and instructions provided
by these manufacturers.

The resulting library, which contains 106 independent
clones, was screened on E. coli Y1090 rk™ (Promega Biotec) with
an appropriate polyclonal antibody to IL-1i as described

ey
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[err] 17 1. Backman, K., Ptashne, M and G| bertg{w,éongﬂmi\l\atl
8

Acad. Sci. USA 70, 4174-4178 (1976). 2. de Boer “hggml
and Vasser, M Proc. Natl. Acad. Sci. USA 86, 21-25 (1 3;_3r&%gn

H. and Rosenberg, M Nature 292, 128-132 (1981).  TTUm-
previously using screening conditions described by R. A. Young

and R. W. Davis [(1983) PNAS 80:1194-1198]. Positive signals

~
fl .
&

will be detected using a biotinylated second antibody (such as
goat anti-mouse I1gG, Bethesda Research Labs) followed by a

strepavidin-alkaline phosphatase conjugate (Bethesda Research
Labs), as described by Bayer, E. A. and Wilchek, M. (1379) in

Methods in Biochemical Analysis, and Guesdon, J. L. Ternynch, T.

and Avrameas, S. (1979) J. Histochem. Cytochem. 27:1131-1138 and

according to manufacturer's instructions.

Example 6

Preparation and Sequencing of Gene Encoding IL-1i

cDNA prepared as described in Example 5 was incorporated
into the cloning vector lambda GT10. This cDNA was first
methylated using EcoRI methylase with S-adenosyl-methionine as
the substrate, EcoRI linkers were attached in a ligation reac-
tion, and excess linkers were removed by digestion with ECORI
endonuclease and chromatography on a CL6B spin column. A liga-
tion reaction containing 0.124 ug of linkered, size-selected cDNA .
and 1 ug of EcoRI-cut and phosphatase-treated lambda GT10 was
performed, and the products of this ligation reaction were pack-
aged using GIGAPACK GOLD packaging extracts (Stratagene). This
yielded a library of 1x107 members.

In order to screen this GT10 lfbrary, oligonucleotide
(antisense) probes were syntﬁesized based on protein and peptide
sequence presented in Example 3. The sequences of the probes and

of their corresponding peptide sequence are as follows.

——
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4.

Hal ewel |,

Dul I,

(1981).

16

Derom C.,

T. J.,

7.

Mot t,

(1985).

K.,

J.

Sl eet er,

G eysen,
R A and Ent age,

D. D,

Nor mandy, J.,
Nat ure 321, 213-219 (1986).
A. and Cohen,
McKenney,

S N, Cell

Probe

Probe

Probe

Probe

Note:

#IL1il1-3

$IL1il-4

#IL1i1-5

#IL1i1-6

$IL1i1-7

J.

C. and Fiers, W, Gene 17} 45-51, (1982). 5.
S.,

and Noller, H F. ) ~407 127
Qgden, R C. , Hor vat h, S J e rT &
8. Bel asco, J.G, Nil sson afﬁf}

46, 245-251 (1986). 9.

Rosenberg M and Court, D. J. M. 8101, 176, 39- 53 (1?8'
E., Galloway,

Gene 3, 27- 47 (1980) 6 Br osi us,

Schnei ssner ”‘*

L. and Platt, T. EMBO J. 4, 1887-1891

TTETACS TchNAA

ax»
uy

Lys Met Gln Ala Phe

rraAardardandericTZcT s
lys Phe Tyr Phe GIln Glu Asp

TACCANTGNTTZAARATR AL &

Met Val Thr Lys Phe Tyr Phe
A Torp?
CTECANTTRAGTEITTZTG 5

Asp Val Asn Gln Lys Tnr

A T T A
TTGGToTTATGNAAGAT 5
Asn Gln Lys Thr Phe Tyr

N=aRj, G, C, and 7T

R

S
e —
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11. Koshl and, D. and Botstein, D. Cell 20, 749-760 (1 ~12.  Movva,
N. R, Kakamura, K. and Inouye, M J. M. Biol. 143, 31 60&&8g§“
Surin, B. P., Jans, D.A, Fimmel, A L., Shaw, D.C., Coxt G.B;Vang~ e d
Rosenbeer g, H, J. Bacteriol. 157, 772-778 (1984). 14. Suf“cfwkiﬁ‘ﬁz,JJ G
Proc. Natl. AcadPrSotie. #USMi Y53 @487 Frohosto@sylatbd atPetens’ kendl GRA
22, 277-280 (1983). 16. _Alton, N K and Vapnek, D., Nature 282, 864-869
(1979) 17. to xamgenNB;le;al pkaqruesA qf g Hdinrery .D. Thecprape dsykﬂemzzﬂeﬁ( 2),
23%- 248 (1983). 18. wng, S.-L., Price, CW, Coldfarb, D.S., and Doi

R H, Proc. reRrpdusi®dy $@i thuma mhaquesssandggue19§4phese, one plaque was

shown to also hybridize to probe #ILlil-4. This plaque, GT10-

IL11-2A, was cultivated and the DNA was isolated using Lambdasorb
(Promega) according to the manufacturer's instructions,
GT10-ILl1i-2A has been deposited at American Type Culture Collec-
tion (ATCC) in Rockville, Méryland under Accession No. 40488.
The DNA was digested with EcoRI, divided into five equal ali-
quots, and electrophoresed on a 1% agarose gel. .

After eleczrophoresis, this gel was stained with ethidium
bromide. A photograph of this gel is shown in Figure 12 a.
Lanes 6, 8, 10, 12, and 14 contain the five aliquots from the
EcoRI digestion., Lane 5 contains a mix=ure of wild-type lambda
DNA cut with HindIII and @X174 RF DNA cut with HaellIl (New
England Biolabs) which are useful as molecular weight markers.
Figure 12a shows that GT10-ILli-2A contains an EcoRI fragment
that is 1850 base pairs in lenéth.

In order to demonstrate more conclusively that this 1850 bp
fragment carries coding sequence for the IL1 inhibitor, a South-
ern blot was performed as follows. The DNA fragments in the gel
shown in Figure 12a were blotted onto nitrocellulose using stan-
dard methods. The nitrocellulose was then cut lengthwise into
five strips such that each strip contained zhe DNA from lanes 6,
8, 10, 12, and 1i. The strips were then individuaily hvbridized

to each of the five oligonucleotide probes {zbove) which were

[}
[$]
[¢2

|
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109. Wang, P.-Z., and Doi, R H, J. Biol. Chem 251 8619 $B

20. . Lin, €-K Qinn, L.A, Rodriquez, R L. . Cell hem ufﬁfm
(9B), p. 198 (1985). 21. Vasant ha, N., Thonpson L.D., ﬁﬁner
€, Nagle, J., and Filpula, D. J. Bact3 159(3), 811- 819 (1984) 22 -
Peiva, |. ShabebedMt temibvendayiph, S4Phaarsbhate, e Kddgomucdeptide -
Proc. Natl. Acad. Sci. K USA 79, 5582-5586 (1982). 23. Wng, S.-L., Price,
C. W, Gol df afPICEnEration was .1 RMAle/PloandNahe . hybwislizgiionusamgeratures

1984
1184-1188 ( 3§t as follows.

’ LANE PROBE TEMPERATURE
6 #IL111-3 is°c
8 #IL1il-4 42°C
10 #IL1il-5 42°C
12 #$ILlil-6 40°C
14 #IL1i1-7 35°C

S S S S . I T - — - — - T Y — - - — i -

After washing, the strips were lined up and taped together
to reform the original nitrocellulose sheet. This was
autoradiographed in the presence of an intensifying screen at
-70°C for 24 hours. Figure 12b is a photograph of this
autoradiograph. 1t provides evidence that all of the probes hy-
bridize specifically to the 1850 bp fragment, proving that this
fragment carries substantial coding sequences for the ILl1 inhib-
itor.

In order to determine its DNA sequence, GT10-ILlI-2A DNA was
digested with EcORI, electrophoresed on a 1% agardse gel, and the
1850 bp fragment was isolated. This fragment was ligated with
EcoRI-digested M13 mpl9 and transformed into E. goli strain
JM109. Transformants were screened by looking for those lacking
beta-galactosidase activity. Five such transformants were iso-

lated, single-stranded DNA was prepared, and sequencing was

—
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(1984). 25. Vasant ha, N., Thonpson, L.D., Rhodes,
J., and Filpula, D, J. Bact. 159(3), 811- 819 (1984) ,
.and Henner, D.J., PNAS 81, 439-443 (1984). 27. N :
Jones, A J. SPer&aumadgacpopdinfdtPeiRgeF et al. B‘ll'!ﬂ &ﬂhﬁeagynceese ree
(1984). 28. Lory, S., and Tai, P.C, GEne 22, 95-101 (1983). 29. Liu,
P.V., J. Inf&f tqg §rap§@ogggp§§)cosggsgggﬂqqﬁpqnthe 3' end of the mRNA,

P
8

18 ZATwwqéﬂf[ivan, M A., Yasbhin, R E., and Yong, F. EZZ \zak 21 46

while two transformants provided protein coding sequence. 1In
Figure 13, the DNA sequence is shown that was obtained for the
protein coding region of the cDNA.

Figure 13 also shows the predicted amino acid sequence. The
amino acid sequence from the first amino acid Alanine to the 29%th
amino acid Proline and from the 79th amino acid isoleucine to the
end is the hypothesized amino acid sequence. The predicted amino
acid sequence from the 30th amino acid Proline to the 78th aﬁino
acid Proline agrees with the peptide sequences described in Exam-
ple 3.

Example 7
Sequencing GT10-IL-1I~-2A and IL-1li

A portion of GT10-IL1I-2A has been sequenced and is set
forth in Figure 14. The DNA encodes a protein containing amino
acid sequences that are characteristic of IL-1li (nucleotides 99-
557). However, it is believed that several modifications may be
made to this protein before it is secreted into the extracellular
milieu. These modifications may or may not be essential for the
protein to have activity as an IL-1i.

GT10-IL1i-2A encodes at least 32 amino acids N-terminal
{nucleotides 3-98) to the amino té;minus of the form of IL-1li
known as X. It is believed that included in these 32 amino acids
is a secretory leader seqeuhce that starts at the M encoded by

nucleotides 24-26, directs the nascent IL-1li to the

~88-~
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30. Wwod, D.G, Hollinger, MP., and Tindol, MB. J. i FZT}?
1448- 1451 (1981). 31. St. John, T.P. and Davis, RW Zm\giﬂsif\eg
285-315 (1981). 32. Hopper, J.E., and Rowe, L.B., J. Bi @Még@

7544- 7569 (1978). 33. Denis, C L., Ferguson, J. and Young, L“T*»~J Bijol .

Ch 258, 1 t e
Bi g(r:nhem Bi oéﬁf@%ﬁ%ﬂl%)mﬁ%“iggks# igoi:ﬁen Nﬁ?/r%ys%p ,_1‘819% eIA epscldase,
Rudel ph, M agd Hduwibl -05145 éaleg:tlﬁaséz 68 (é’gggafband whd.c}ﬁattgﬁ% S¥ofgence

Nucl eic Acid Research 1 4 (1984). 37.

Gueri neau, M i£uremoveanein fbrma1 31388 6AQ8Bdta 38t IL-l'!{mﬁélgpr%sen'é'l‘izk%nkﬁoﬁn,
and Fink, GR Proc. Natl. Acad. Sci. USA 75, 1929-1933 (1978)

but the N-terminus of these forms is thought to be close to that

of form X. Removal of the secretory leader sequence is probably
required for the protein to have effective IL-1li activity.

Nuéleotides 349-351 of GT10~-IL1I-2A encode an N residue that
is part of a concensus N-glycosylation sité. On the basis of
their susceptibility to digestion with N-glycanase it is believed
that forms alpha and beta of IL-1i are glycosylated. Since form
X is not believed to be susceptible to digestion with this enzyme
it is believed that it is not glycosylated, although this remains °
a possibility that could easily be demonstrated by one of ordi-
nary skill in the art of protein sequencing using the information
provided here. It is believed that glycosylation at this N resi-
due is not required for the protein to show effective IL-1li
activity.

Nucleotides 99-101 of GT10-ILli-2A encode a P (see Figure
15), but no P has been detected at éhis position {the N-terminus)
of form X of IL-1li. It is possible that this residue has been
modified in the mature protein. It is believed that modification
of this residue is not essential for effective IL-~1li activity.

The presently unknown N-terminus residues of forms alpha and
beta are not wholly detectable by Edman degradation and are like-
ly to be modified following removal of some of the N-terminal
residues of the protein encoded by GT10-ILli-2A. It is believed
that this modification is not essential for effective IL-1i

activity.
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39. Jabber, MA., Sivasubramanian, M and Nayak, D.P. Proc. Natl. Acad.
Sci .~ USA 82, 2019 2023 (1'985) . 19 (i) Pseudononas VggtoLi Several
negative bacteria are preferred for use as cloning vehlqles i ‘ﬁ@s@%}@?&? e
genus Pseudononas. Certain of these are described by Tait++R. ﬁﬁtgse
T.J., Lundquist, R C., Example 8 T

@

Expression of Genes Encoding IL-l1i in Animal Cells

Animal-cell expression of IL-1i requires the following
steps:

a. Construction of an expression vector

b. Choice of a host cell line

c. Introduction of the expression vector into host cells

d. Manipulation of recombinant host cells to increase

expression levels of IL-1li

1. IL-1i expression vectors designed for use in animal
cells can be of several types including strong consitutitve
expression constructs, inducible gene constructs, as well as
those designed for expression in particﬁlar cell types. In all
cases promoters and other gene regulatory regions such as
enhancers (inducible or not) énd polyadenylation signals are
placed in the appropriate location in relation to the cDNA se-
quences in plasmid-based vectors. Two examples of such con-
structs follow: (1) Anconstruct using a strong constitutive pro-
moter region should be made using the simian virus 40 (SV40) gene
control signals in an arrangement such as that found in the
plasmid pSV2CAT as described by Gorman et al. in Mol. Cel. Biol.
2:1044-1051,.1982, specifically incorporated herein by reference.

This plasmid should be manipulated in such a way as to substitute

\
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Haﬁiyaﬂmwfwuﬁédpféuez R.L., and Kado, CI. In Bioféchnoligyr“

pp.  269-275; Panopoul os, 'N.J. in Genetic Engi neering in the Pl %éﬁemﬁgg,
Praeger Publ i shers, New York, New York, pp. 163-185 (1981 ‘\&Q&@k@tﬁuckl j

D QU Uh TOPLES Mol CEE! O L AR 994 204 P, 1A% {082 hal

Pher eof as SR3LPEbERMsHEAL g e R ARTLELTRE BOGReAN Sldotilialis

Fmport ance, WpRRETs ARCELT Sledly R <t WTEE: T, X8 %ﬂéﬁﬂ%ble

atvant ages P BSET0T Br5 That S o) 2‘*’%‘*5’3‘?[‘32?3*‘2"5§§?‘% e ber

plasm d whi eBnt&hgaehhyméﬁs'a@srmm%ﬂmwe%d (sﬂrah.)b_ypa@maé@f neghidh both E.
(Brinster et al., Cell 27:228-231, 1981). This plasmid can be
used as a starting material and should be manipulated as shown in
Fig. 7 to yield a metal-inducible gene construct.

2. A number of animal cell lines should be used to express
IL-1i using the vectors described above to produce active pro-
tein. Two potential cell lines that have been well-characterized
for their ability to promote foreign gene expression are mouse
Ltk™ and Chinese hamster ovary (CHO) dhfr~ cells, although
expression of Il-1i is not limited to these cell lines.

3. Vector DNA should be introduced into these cell lines
using any of a number of gene-fransfer techniques. The method
employed here involves the calcium phosphate-DNA precipitation
technique described by S.L. Graham & A.S. van der Eb (Virology
52:456-467, 1973) in which the expression vector for IL-1li is -
co-precipitated with a second expression vector encoding a se-
lectable marker. 1In the case of Ltk™ cell transfection, the se-
lectable marker is a thymidine kinase gene and the selection is
as described by Wigler, et al. (Cell 16:777-785, 1979) and in
the case of CHO dhfr™ cells the selectable marker is
dihydrofolate reductase (DHFR) whose selection is as described by

Ringold et al. in J. Mol. Appl. Genet. 1:165-175, 1981.

e ———
e
PR

as Been Replaced

T



col i and PseudonDnas species. In this system it would be pre#ﬁ?r%ﬁg {(%gqu-
t he Tac expriession systen}as described for Escherichia, since it &p ﬁdhﬁs

that the E. coli trp pronDter is readily recogni zed by Pseudonbnas RNA
e o %S%az“g%@s;s LR HE e g s 2R3
A.J.S., Seeb h I 984
161465, ~bot h‘*—r’%nfa#*&r A g Py bnAC I Bbr Lt et T as by PFeF BY EhgeoT
Tpanscri pUl O odlfs i o 365%-9% fue&?sg E@gm&gdt@ev R0 Ad e HEBROYE:

of the pronDter W t E, Co ugl nosa
Addi tional I'y,cdd hadds %men@fw Be @%‘anWQH' 9né‘|r§1°e§%%dé“3f“§'x%‘iv Ny Fhsls such

plasmd to effect regulation. TranSlation nmay be coupled to tr ati1on

initiation faols ayantifunt e iRRewdQnoNasd to a S5-fold increased utllxzatxon of
the MT-1 promoter (Mayo et al., Cell 22;99-108) subsequently
leading to a comparable increase in IL-1i protein levels. Cells
containing IL-1i expression vectors (either SV40- or MT-l-based)
along with a DHFR expression vector can be taken through the gene
amplification protocol described by Ringold et al. (J. Mol. Appl.
Genet. 1:165-175, 1981) using methotrexate, a competitive antago- _
nist of DHFR. This leéﬁs to more copies of the DHFR genes pres-
ent in the cells and, concomitantly, increased copies of the
IL-li genes which, in turn, can lead to‘more‘IL-li protein being

produced by the cells.

Example 9

Purification of Il1-1i From Recombinant Animal Cells

Since the IL-1l1i are expected to be secreted from cells like
the natural material, it is anticipated that the methods
described above for purification of the natural protein will
allow similar purification and characterization of the

recombinant protein.
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proteins, as weII as to intiation sites for any of -The highly expressed
prote| ns of the type chosen to cause intracellul ar expressioa-ef-t.he

i nhibitor. In those cases where restriction mnus strains of| BiilioSirer 1 /-‘«5‘ er ]
Pseudononas species are not avail able, transformation efficifency WEPWC? i
plasm d constructs isolated fromE. coli-are poor. Thereforepass

t he Pseudononas cl oni ng vector through%?_&m strain of another speci es
prior to transformati on of the desired as set forth in Bagdasari an,

oSt

M, et al., Plaspi : Vorla fhg B¥he 'gufamnice:s and Commerci al | nportance,
pp. 411-422, Ti n&gi‘ggﬁlm‘?er 9eds El sevier/North Hol |l and Bi onedi cal Press
(1979), speC|f|caIIy I ncor por at ed hereln by reference, is desired. '

1 !:l N :

. 40
SE'fxe’ssﬂKSSKHQ“p“z
- ‘ &0
ﬂuvn@nrr-‘VLRMnlat.wIAEVL
79 - 80
g P N Vv N L E € X T 0 v v P I E. f H A
0 5 zgg
L F t 6 T H 6 8 K = X L 8 x Vv K s &6
120 -
110
T'RLQLERVRITI?LSENRKGD
140
130
xnﬂnrtasnsaprrsrssaa
1806 169
XPwFLXTﬁﬂEADRPVSLTu
170

vhauin X is cysteine, serine or alaNinej and
z is arginine or proline :
is also incnudéd in the invention.
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20 (i) Baci |l us, Vectors, Furthernore, a preferred™@xpression systemin
hosts ‘of the genus BaC|IIus i nvol ves using plasmd p?éllofmeﬁLbe cl oni ng
vehicle. As in other host vectors system it is possiile |nﬂﬂg.fﬁtus~kom“M
express the IL-1i of the present invention as either an iftrace 1u1éﬁaqﬁm@7

secreted protein. The present enbo Eﬁg} cl ude both sy iﬁ%&f@] f
vectors t hat repllcate I n both Bacq% &% E. coli are avallablea?BTN
conktrlugdﬂﬁg gg oge%Eng vari ous genes as described by Dubnau, D., C?yczan
T:, Con - i vakumar, A.G in Genetic Engineering, Vol

g The amino terminal residue of IL-1i has been identified
several times by direct protein sequencing as an arginine (R).
The result of such sequencing is shown in Example 3. 1In
contrast, the amino terminal residue of IL-1i predicted by the
sequence of the cDNA is a proline (P). This amino terminal
residue corresponds to nucleotides 85-87 in Fig. 13, and is
circled in Figs. 14 and 15. This apparent disagreement between
the cDNA sequenee and the direct protein eequence can be resolved
by assuming that an error in the cDNA sequence was incorporated
during the reverse transcriptase-catalyzed synthesis from its
mRNA. That is, a CGA (arginine) codon, located on the mRNA where
it would code for that amino terminal residue, could have been
changed during the reverse-transcriptase reaction to a CCA
(prqline) codon in the cDNA. This type of reverse transscriptase
problem has been reported in the literature before, e.g., by B.
D. Clark et al. in Nucleic Acids Research 14:7897 (1986).

The present inventors believe that the correct amino acid
sequence of the protein is as predicted by the cDNA except that
the amino terminal amino acid is an arginine instead of the
proline residue indicated in Figs. 13-15. The inventors
contemplate that both DNA sequences and their corresponding
peptide sequences fall within the scope of their invention

although the amino terminal arginine sequence is preferred.

® 63—
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2, Setlow and.Hol | ander eds., Plenam Press, New Yor k,~ New York, pp. 115-131
(1980), specifically incorporated herein by reference. For the expression
and gsecretion of the IL-1i fremB—stubtitis,—the signal sequence of

al pha-anyl ase is preferably coupled to the coding region forFEE““ —ot-ei-n.
For synthesis of intracell ullﬂnl !‘l ! Il " le portabl e DNA SEES ne& A HAS bery ]
transl ational ly coupled to ti i ng site of the ,ngfﬁﬁykﬁge

t her

| eader sequence. Transcription of i of these constructs is preferabby....
directed by Bgnipkphigs/ahy! ase pronoter or a derivative thereof. This
derjvative contains the RNA pol ynerase recognition sequence of the native

al pha- anyl ase pronoter but incorporates the |ac operator region as well.
Simlar hybrid pronoters constructed fromthe penicillinase gene pronoter
and the | ac operator have been shown to function in Bacillus hosts in a

regul atabl e fashion as set forth by

CLAIMS

e

1. An IL-1 inhibitor (IL~1i) in substantially pure form,
capable of inhibiting IL-1 induced thymocyte
proliferation and having an N-terminal amino acid
sequence as follows:

(X PSESGRKSSKMQAFRIWDVNQ
wherein (X) is R or P.

2. The IL~1 inhibitor of Claim 1 which is at least about 90%
pure.

3. The IL-1 inhibitor of Claim 1 which is at least about 95%
pure.

4. The IL-1 inhibitor of Claim 1 which is derived from
monocytes stimulated with IgG.

5. The IL~-1 inhibitor of Claim 4 wherein the monocytes are
human monocytes.

6. The IL~1 inhibitor of Claim 1 which is derived from a
host cell transformed by recombinant DNA.

7. The IL-1 inhibitor of Claim 1, 4 or 6 which is
a glycosylated polypeptide.

8. The IL-1 inhibitor of Claim 1, 4 or 6 which is a
substantially unglycosylated polypeptide.
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, - 2 -~
Yansura, D.G .and Henner in: Genetics and Biotechnol agy} of Bacilli, Ganesan,
A.T. and Hoch, J. A, eds., Academ c Press,- —Pp—249-263 (1984) [5@@4:4 fically
'm|

i ncorporated by reference. The |l acl gene of E. coli would als 3&%
in th I 1 d t ffect | ati Vect One o Ty ~m~
:opef e?rgdaiz)nnst ractGI oﬁcf o;egip?e!sglnmlllllnmm mlﬁmﬂ“m‘.ulms IGIC’;I g[%&djﬁmz Q EEy
descri bed by Squires, CH et al., i J° Bacteri'ol. 159:465-471 (1984)“aﬂd\\
f I [ f :

por 11 ngofs. bR R ARBAPRroT st S f (IR b SRR Erbl b,
Bacteriol . 15@rag9-cthsictdsg)of Jiedi ﬁ.nhzbiigon adphaorEi-dd inbibitohy

f T f th I
ref erence. rmr |ﬁ'g | ogphg%ﬂ%s!egécégﬁb% %g&e%rggﬁ{l. ¢ 0f the tetracycline

resi stance gene. ‘Transl ne-'Dal gar no sequences of
this sane tet[err] gene in a manner

10. An IL-1 inhibitor in substantially pure form, capable of
inhibiting IL-1 induced thymocyte proliferation and
having at least a part of the following amino acid
sequence or at least a part of a substantially homologous
sequence:

(X) PSGRXSSEKNQAPRIVDVNQKTTFPYLRYN
NQLVAGYLQGPNVNLEEZXKIDVVPIEPHA
L PLGIBGGKNCLSCVKSGDETRLQLEAYV
NITDLSIKRKQDK!!A!’!RS_D‘0?1‘1‘8?
ESAACPGCGWPLCTANEADQPVSLTNXPDE
GVMVTKFYP?QEDE

wherein (X) is R or P.

11. The IL-1 inhibitor of Claim 10, further including a
N-terminal secretion leader sequence which is capable of
directing the inhibitor out of a cell in a processed
form.

12. The IL-1 inhibitor of Claim 11, wherein the secretion
leader sequence has all or part of the following amino
acid sequence:

MEICRGLRSHLITLLLFLFHSETTIZC.
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strictly anal ogous to the procedureg outlined above for vectors suitable

for use in other hosts. (iv) Yeast Vectors Mintenance of ff A-DNA

i ntreduced into yeast can be effected TN §Evera+—ways as d @ BB “‘*‘«w
Botstein, D. and Davi s, in ”ﬂmgm | ogy of &he qugp ,r“" *‘Efﬂ
Saccharonyces Col d Sprlng Harbor iﬂm n ﬁngthern JonesS™anek Etgach /
eds.; pp. 607- 636 (1982), speC|f|caIIy |ntonponated her eby by ref erence™

One preferred expression system 21

5' CYA CCC TCT GGG AGA AAA TCC AGC AAG ATG CAA GCC TTC AGA
ATC TGG GAT GTT AAC CAG AAG ACC TTC TAT CTG AGG ANC AAC
CAA CTA GTT GCT GGA TAC TTG CAA GGA CCA AAT GTC AAT TTA
GAA GAA AAG ATA GAT GTG GTA CCC ATT GAG CCT CAT GCT CTS
TTC TTG GGA ATC CAT GGA GGG AAG ATG TGC CTG TCC TGT GTC
AAG TCT GGT GAT GAG ACC AGA CTC CAG CTG GAG GCA GTT AAC
ATC ACT GAC CTG AGC GAG AAC AGA AAG CAG GAC AAG CGC TIC
GCC TTC ATC CGC TCA GAC AGT GGC CCC ACC ACC ACT TTT GAG
TCT GCC GCC TGC CCC GGT TGE TTC CTC TGC ACA GCG ATG GAL
GCT GAC CAG CCC GTC AGC CTC ACC AAT ATG CCT GAC GAA GGC
GTC ATG GIC ACC AAA TTC TAC TTC CAG GAG GAC GAG 3

wherein Y is C or G.

29. An isolated DNA sequence coding for an IL-1 inhibitor
(IL-1i) capable of inhibiting IL-1 induced thymocyte
proliferation comprising a DNA sequence that encodes an
amino acid sequence substantially homologous to an amino
acid sequence encoded by the cross-hybridizing DNA
sequence of Claim 28.

30. The isoclated DNA sequence of Claims 28 or 29 comprising
all or part of the DNA sequence listed in Claim 28.

31. An isolated DNA sequence which is the complement of the
DNA sequence of Claim 28, 29 or 30.
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for use with host ,organi sns; of the g%nus Saccharonyces harbors the IL-1Ii
gene on the 2 mcron plasm d—The-advantages of the 2 m crena-circle include

relatively high copy nunber _ il when introduced [i Tit!® SHEET a4l mmn
strains. These vectors pref e?ﬂﬂ'ﬂh@fﬁ"%ﬁl& the replication o g.qlt quAbn%iEEeQ’t

| east one antibiotic resistan BR322 to all : [Qn_an
selection in E. coli. In addition, the plasmd will preferably have the two
m cron sequence and the yeast LEU2 gene to serve the sane purposes in LEU2
def ecti ve Jau dhes isblgbed tDNAl Sequence cfnCaapha2®d 2%har 3%etpﬁ@émbi nant |L-|

i nhibitors wi i 4Lt ARt & YeHee 58X A BeYBest cddinhSeeF f erred that the
cloning vector Tl k“tsi?ggeg%ransf’ergégsfmkq Egéﬁeri chi z;ngol I, where the vector
woul d be al | owegresorgpleadare saguenes whighc hst FRPARIG 6f RTINS obt ai ned

and IL-1i out of a cell in a processed form.

33. The isoclated DNA sequence of Claim 32 wherein the segment
coding for the secretory leader sequence comprises all or
part of the following nucleotide sequence:

5 ATG GAA ATC TGC AGA GGC CTC CGC AGT CAC CTA ATC ACT CTC
CTC CTC TTC CTG TTC CAT TCA GAG ACG ATC TGC 3'.

34. The isolated DNA of Claim 28, 29, 30 or 32 which is
selected from cDNA, genomic or synthetic DNA.

35. An isolated DNA which is substantially equivalent to the
nucleotide sequence of Claim 28, 29, 30 or 32 by virtue
of codon degeneracy.

36. The DNA sequence of Claim 27 or 28 which is contained in
lambda GT10-IL-1i-2A, having ATCC Accession No. 40488.

37. An isolated DNA sequence which codes for a second IL-1
inhibitor which is biologically equivalent and
substantially homologous to the IL-1i of Claim 1.

38. A recombinant DNA vector comprising the DNA sequence of
Claim 27, 28, 29 or 37. :

39. The vector of Claim 38 which is an expression vector for
IL~1 inhibitor.

40. The vector of Claim 38 or 39 further comprising at the 5’
end of the DNA sequence coding for the IL-1i, a second
DNA sequence coding for a secretory leader seguence which
is capable of directing the IL-1i out of a cell in ~Thjs Sheet Has Been Replacec
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purified after, anpl.ification. The vé"ctor woul d then be transferred into the
yeast for ultimate expression ef—thett=tinhibitor. (c) Mammal i an Cel | s
The cDNA for the IL-1 inhibitor w e gene for e S§Jon of
the inhibitor in manmalian cell H‘,“A Fﬂﬂ@ w a sequence t:ﬁ;ﬁe I;H:rbe\m_
efficient at binding ribsones s i bed by [Koéak i b é’iféliqrgm
Aci ds Research 15:8125-8132 (1987), speci fical ly incorporat et-hex ﬁ "E):)U
reférence, ] and shoul d have coding capacity for a |eader sequence (see~ *MM_QJ
section 3@dr( Fhe)Preress oFft Claim 30 wherpintthe, reversed hasee| | in a

processed for ghrdhftddWaphesisi SérfimctiaBAta thydophibbic t he conpl ete cDNA
sequence can bg inserte nto an eXS’E‘FF%I on v cto whi ch has a

transcri pti onShreFRETAPhygesin i, t Py s@ﬁ ing group is
selected from the group cons:Lstmg of C4, ocl:yl and

phenyl.

22. The process of Claim 20 wherein in step (c) the reversed
phase chromatography is substituted by a seccnd cycle of
gel filtration chromatography.

23. A process for preparing the IL-1 inhibitor (IL-1i) of
Claim 1 comprising:
(a) contacting a source of impure IL-1i with an antibody
which specifically binds the IL-1i; and
(b) separating the IL-1i from the antibody.

24. The process of Claim 23 wherein the source of impure
IL-1i is contacted with a polyclonal antibody.

25. The process of Claim 23 wherein the source of impure
IL-1i is contacted with a monoclonal antibody.

~26. The process of Claim 23, 24 or 25 wherein the source of
impure IL~1i is contacted with an antibody which is
immobilized on a solid support.

~ 27. An isolated DNA sequence coding for the IL-1 inhibitor
of Claim 1.

28. An isolated DNA sequence coding for an IL~1 inhibitor
(IL-1i) capable of inhibiting IL-1 induced thymocyte
proliferation comprising a cross-hybridizing DNA segquence
that is detectable by cross-hybridization to the
following DNA sequence:
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described by Guarente, L. in Cell 52:3@3 305 (1988) _and Kadonaga J.T. et
al., in Cell 51:1079-1090 (1987), both of which are specificalty.

|ncorporat ed herein by reference e regula é&shek@t A the--
pl asm d pMSG (Pharnaci a Cat. mﬂmgﬁm‘"n "m-ﬁm tutive Xpr es%%% o BE r’fj\,l"';
the inhibitor is harnful to ceII as Hestritbe# by Ausubel, F. N \j
Current Protocols in Ml ecular Biology, WIey (1987) speci fi cal I y e

[ ncorporat re A ence o t h scrih romthis
vect or 1§r @5 (lgg g Hﬂg&ﬁ% ?‘he G&:‘?{? {:a{l‘fﬁﬁfe a?’ﬁe&r eplication
origin and at 708ahtmolmycust ithi bhe@&tpmmaahmmkelaimcﬁn.pBRBZZ to all ow

replication and selection in E. coli. In order to select a stable cell line

that produces the IL-1 inhibitor, the expression vector can carry the gene
for a sel dd.aBhe EBrkeinhikitonsos Claig 16si whight dsnatkleasyy abouty a

80% homologous to the sequence shown in Claim 10.

15. The IL-1 inhibitor of Claim 10, which is at least about
90% homologous to the sequence shown in Claim 10.

16. A process for producing the IL-1 inhibitor (IL-1i) of
Claim 1 comprising:
(a) culturing monocytes in a culture medium on an IgG
coated surface; and
(b) isolating the IL-1i from the culture medium.

17. The process of Claim 16 wherein the cells are cultured on
a human IgG coated surface.

18. The process of Claim 16 wherein the cells are cultured in
a culture medium which is substantially serum-free.

19. The process of Claim 16 wherein the monocytes are
isolated from normal human donors.

20. A process for preparing the IL-1 inhibitor (IL-1i) of

Claim 1 comprising:

(a) fractionating a source of impure IL-1i by anion
exchange chromatography and collecting the fractions
containing the IL-1i;

{(b) subjecting the IL-li-containing fractions obtained
in step (a) to gel filtration chromatography and
collecting the fractions containing the IL-1i; and

(c) subjecting the IL-li-containing fractions obtained
in step (b) to reversed phase chromatography and
collecting the fractions containing the IL-1i.
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conpl enentary gene for a defiici ent c—{aIJ line, Qllnh%di hydr of ol at e

reductase (dhfr) gene for transform ng as descri bed by
Ausubel et al., supra. Alternatively, ai wﬁ H@ carryl
sel ectabl e marker can be cotransforned pressi 603;9‘1;1 g\g-p;

22 4. Host Cel |l s/ Transformati on The vector thus obtained is trans;; e B
into-an appropriate host cell. These host cells may be mnicroorgani AGED

manmal i an cel | s. ]
41. The vector of Claim 40 wherein the second DNA sequence

codes for a naturally-occurring IL-1i secretory leader
segquence.

42. The vector of Claim 41 further comprising a translational
coupler immediately preceding the DNA sequence coding for
the IL’lio

43. The vector of Claim 42 wherein the translational coupler
includes the following nucleotide sequence:

TAACGAGGCGCAAAAAATGAAAAAGACAGCTATCGCGATCTTGGAGGATGATTAAATG .

44. The vector of Claim 39 for use in expressing IL-1i in
mammalian cells.

45. The vector of Claim 44 for use in expressing IlL-1i in
CHO cells.

46. The vector of Claim 44 or 45 which further comprises a
strong constitutive prbmoter region upstream of the
IL-1i coding region.

47. The vector of Claim 46 wherein the promoter is an SV40
promoter.

48. The vector of Claim 39 for use in expressing IL~1i in
microbial cells.

49. The vector of Claim 48 for use in expressing IL~1i in
E. coli cells.

50. A transformed host cell carrying the vector of at least
one of the Claims 38 to 49.

51. The host cell of Claim 50 which is a microbial cell. Tnjs Sheet Has Been Repla
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(a) Mcroorganism It is believed that hat any ntcroorganlsnthaV|ng the
ability to take up exogenous DNA and ex ress‘thosehgenes and attendant
operational elenents may be chosen. ﬁ |smhaé-;b;ﬁ"é’“r‘n;e«t=+@:s,&ttL
the vector is transferred into the ho netho s GR rsCaT s R gmf3=
known to those of ordinary skill in the a?t EXanp of suc ngwh&hﬁ AoBy

be found in Advanced Bacterial Genetics by R W DaV|s et al.,

Har Bor d Spri r har. M/Ybrk (19 |ch s speC|f|caIIy
i ncor por a?%ﬁ %kﬁ"ﬁ ﬁefgf%ttraé‘ﬂ@é.m B& efefP rtbodi ment, that
t he transformation occur at Iom1tenperatures as tenperature regulation is
conterrpl d a f t gmgftﬂf X rxﬁ%ﬁ'a h h the use of
operat i o?t% ﬁ’emangg gélis)e?f %qgtl% E-’Bove lga%o (ﬂrar%’ %l %gnt i f osnol ar
regul ators

54. The host cell of Claim 53 which is a CHO cell.

~55. A process of using the host cell of Claims 50 to 54 to
produce an IL-1 inhibitor comprising:
(a) culturing the transformed host cell under conditions
which allow expression of the IL-1 inhibitor and
(b) isolating the IL-1 inhibitor.

56. The process-of Claim 55 further comprising the steps of
denaturing the IL-1 inhibitor and allowing the IL-1

inhibitor to refold to assume an active structure.

57. The process of Claim 56 wherein the IL-1 inhibitocr is
allowed to refolad prior to isclation.

- 58. The process of Claim 56 wherein the IL-1 inhibitor is
allowed to refold subsequent to isolation.

59. The process of Claim 55 wherein the IL-1 inhibitor
is isolated from a culture medium.

60. The process of Claim 55 wherein the IL-1 inhibitor is
isolated according to the method of Claim 21, 23 or 24.

61. An antibedy which binds to the IL-1 inhibitor of Claim 1.

62. An antibody which binds to an IL-1 inhibitor substantially
homologous to the IL-1 inhibitor of Claim 1.

63. The antibody of Claim 61 or 62 which is a polyclonal
antibody.
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have been | nserted-+nto—the—vector, regul ation of the~salt concentrations

during the tran be required to |nsure apprquJate control
of the forei gn|ﬂﬂ%m“lm mmgferred that the host mcro gaq;%

facul tative anaerobe or wansaerobe. Particular hosts which Z§\¥ ﬁé%ﬁgs

for use in this nmethod include yeasts and bacteria. Specif d¥P, QA@, 5 :
t hose of the genus Saccharomvces, and especial |y Saccharomces cerém—-s-ua,‘g___J
Specific bacteria include those of the genera Bacillus, Escherichia, and
Pseudononés, HepenitibodyBafitClaim stbor|6 vmml:hEsshaermm'tucﬂonall . Addi tional
host, cells ar éﬁygﬁ?lln Table I, supra. (b) Manmal i an Cel |l s The vector
can be introduce to nannallan cells in culture by several techniques

65. An immunocaffinity adsorbent comprising the anitibody of
at least one of the Claims 61 to 64 attached to an
insoluble support.

66. A pharmaceutical composition comprising, in a
pharmaceutically acceptable preparation, the IL-1
inhibitor of at least one of the Claims 1 to 15.

67. A pharmaceutical composition comprising, in a
pharmaceutically acceptable preparation, an IL-1
inhibitor that is biologically equivalent and
substantially homologous to the IL~1 inhibitor of
Claim 1.
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such as cal ci um phosphat e--DNA copreci pi tation, el ectrgporation, or
protopl ast fusion. The preflerred method s coprecipitation mﬁtﬁgggﬁclum
phosphat e as (gescri bed by Ausubel et REA: epiiey stable celik g _—

exi st that arg transfornmabl e and capa _&maﬁﬁé KR i bi ng and Jranslﬁﬁgir A§7§%?\
t he cDNA seqyence, processing the pre nﬂ i;"Hnd secreting The- Ofp N
protein. Howgyer, cell types may be v egard to egcosyIatF6n~\\N‘/
of secreted fgfoteins and post-translational nodification of am no acid

residues, if [pny. Thus, the ideal cell types are those that produce a

recanbi nant l{L-1 inhibitor identical to the natural nolecule.

::\

ABSTRACT
A substantially purified interleukin-1 inhibitor (IL-1i
which is active against interleukin-l alpha or interleukin-l bets
or both of these substances. A recombinant-DNA method for the
production of an interleukin-l inhibitor (IL-li),.and an isolatec
DNA sequence encoding a physiologically functional interleukin-1

inhibitor (IL-1i).




23 5. Cul t.uring Engi neered Cells The host cells are cultured under
condi ti ons appropri at e—f‘dr“tﬁ?—e?_r ession of the I|L-1{inhibitor. These

conditions are generall {ﬁals,ﬁceﬁnéplafcéib host cell, and are r
det ermi ned by one of or the art in light of th ﬁﬁ.ﬂalswsppg
gﬂm ons for_such cells andjthe tg@(m;\ sBEFN
Manuall ¢f 208t er mi nat i Ve

literature regarding the
cont ai ned herein. For exa

Baéteriology, 8th Ed., WIllianms & VVIklns Conpany, Baltinore, Nhryland
which is specifically i ncorporated herein by reference, contains

I nformati on on conditions for C!F‘@? bacteria. Simlar |nfornat|on on
culturing yeast and mammualian c A@g

- 355-MET LABEL WITH
| 59 1 MONOCYTES PLATED ON
| PETRI DISHES COATED

o WITH Ig6

— 00280

4-4  —o——o— RADIOACTIVITY
= BIOACTIVITY

.5 = NaCL GRADENT

R R R E R )

FIG. 1b

355- MET LABEL WITH

MONOCYTES PLATED

‘ ON PETRI DISHES
COATED WITH FCS.

~=—F 0N W~

—

— D280
—o—o— RADIOACTIVITY

15 10 B 202530 35 40 45 50 55 60 85 70 75 80 85 30 95 100



obt ai ned from Pol |l ack, R~Mumalian Cell Culture, GCold Spring Harbor
Laboratories (1975), speci‘fically incorporated herein by reference. Any
condi tions necessary for the regutation of the expression of ;the-DNA..___

sequence, dependent UBgtLaR rational el ements inserted ihﬁﬁﬁbﬁﬁﬁﬁéﬁgb?%%?]

. hettias ARG . |

in the vector, would b ] gﬁ_; ®¢ he transformation and gul turfigngacen
stages. In one enbodi rrgmm mﬂlﬂ e
présence of appropriat

grown to a high density 1
ondi ti on ¥hch inhibit the expression
of the DNA sequence. \Wen optimal cell density is approached, the
environmental conditions are altered to those appropriate for expression of
the DNA sequence. It is thus contenplated that the production of the IL-1
inhibitor will occur in a time span subsequent to the growth of the host
cells to near optimal density, and that the resultant IL-1 inhibitor wll
be harvested at

25KD
18 KD
43 KD

25 KD
18 KD

43 KD
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Sone t| me after the regulatory condi ti ons necessary for its expression were

I nduced. 6. Puri fi cati-eh—(a)y— -—HTTI"Pr oduced From M croorganisns In a
preferred enbodi nent of the ent. .| larlggnt ion, the reconbi nant-ll-]

inhibitor is purified s ‘ rvestlng and prior toasTHl‘ﬂ:)tg‘h -
I.ts active structure. Thi \ is preferred as the inv ntor EE' é@eBEEN
that recovery of a high Ided prapt bnyis facilit Eﬁ

protein is first purified. However, in one preferred, alternate errbodl ment ;-
the IL-1 inhibitor may be allowed re-fold to assune its active structure
prior to purification. In yet another preferred, alternate enmbodiment, the

IL-1 inhibitor is present inits re-folded, active state upon recovery from
the cul turing medi um

AUTORADS
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I'n certain circunstances~—the IL-1 inhibitor will assune its proper, active
structure upon expression in the host mcroorgani smand trans LL_QLUthe
pratein through the(ﬂﬁﬁsmw&ﬁmu&mmambmhne or into the peripl a$ifHes 58

This will generally occ ng for an appropriate |efader hé%éﬁ&ﬁ
has been linked to the |a t he reconblnant pr ot ei n-—+— .
i nhi bi tor does not assu , actlve Lugt ure, -any disulfide bonds

whi'ch 24 have forned and/ or any noncoval e Teractlons whi ch have
occurred will first be disrupted

FlG. 3a
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__,._ﬂ—————————”"'
by denaturlng and.reduci ng agents, ?rdgxanple, guantdi ni um chl ori de and
bet a- nercapt oet hanol , ThaiShedlas “ P inhibitor is allowed to assune its

active structure foll ow &mﬁm“ . d oxidation of these agents under._ -

control l ed conditions. n prior to and after r Q‘dgmgg BAGTBEEN
conbi nation of the followng steps is preferably used: ani on}eXch
chromat ogr aphy (MonoQ or DEAE- Sepharose), gel bration chr
(saperose), chronmatof ocusi ng (Monop), and hyd ob Bt c interaction
chromat ography (octyl or phenyl sepharose). O particular value will be
anti body affinity chromatography using the IL-1i-specific nonocl onal

anfi bodi es (described in Exanple 3). (b) | L-1i Produced from Mammal i an
Cells IL-1i produced frommammalian cells will be purified fromconditioned

,.QJ

CED
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medi um by steps that wilf~include ion exchange chromgtography and

i munoaf finity chromatography—usimng Nt m)nocl onal anti baedi es described in -
Example 3. It will be apparent to giskilled in the art that § YS a5 BEEN
nodi fications and vari atms(ﬁh@t de in the processes andj. Iﬂ dé# 8-D )

t he present invention. m ended that the present it nvent nﬁ\,,;

cover the nodificati ons of thi s \ten,t i on provided they come:

wi thin the scope of the a pended clainms and th r"équal ents. It is to be
understood that application of the teachings of the present invention to a
specific problemor environnent will be within the capabilities of one

having ordinary skill in the art in |ight of the teachings contained
h in. I f th f th i i d
rgprelegentht?inBee;rgce;s?fpégu%o |Fsoleat)|rgf1e2pdl %ﬁﬂ? ég?uﬁg appear in the
’ CONSECUTIVE SUPEROSE
12 (SIZING) CHROMATO-
GRAPHIG SEPARATIONS
ON MONOQ PURIFIED IL-j

T E E E E E i.-E
N & © o < & =wes L\, . .
510 15 20 25 30 HT4 4 5 55 60

FIG. 4b

—— (D250

—o—o— RADIOACTIVITY
—e—e— BIOACTIVITY




fol | owi ng. The follow ngfegxarrpl es illustrate various-presently preferred ——m
enbodi ments of the present’ i nventi-ef—The publications provided]i U ET HAS BEE
exarrpl es are specifically incor orat d y reference herein. EXANPLES RLQLAGFU

Exanple 1 - Protein Pr efnw&tqtﬂiﬁ erials Hank's Bal anced .
Sol ution (HBSS) and RPM e d from Medi at ech, Washi ngton, D. C.
Lynphoprep was obt ai ned f Chem cak, and Scientific Corp.,

West bury, N. Y. Human |gG | , rabbl t anti-prostdylcand E[err] antiserum
anmmoni um
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bi car bonat e, dithiothrei t*og , conplete and inconpl et e’f-{,Freund s adj uvants,
hypoxant hi ne, ami nopterin,’ and thynidi ne were purchased from Si gna Chem cal
Co., St. Louis, M SS‘Our“l”’ 25 C_3H/ HeJd m ce were purchased from Jackson

Labs, Bar Harbor, %hee%ﬁéaa_ lced and P3 nyel oma cells were obtained
fromDrs. John Kapple Marrack at the National Jewi sh Center
for. |l nmunol ogy and Re B‘BBM cine (NJCI1RM, Denver, Color — t/;\
Reconbi nant human I L- ' from G stg(}nzBJ"&ot echn QEITn\&SB?Bb%%
N. J.
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Purified phytohemaggl uti rip was purchased from Wl | co Di agnosti cs,

Research Triangl e Pa Homan—foreskin fibroblasts from primary

cul tures were obtaineg. from_, Y. Richard Clark at the NOCIRM Denver, . ————"
Col or ado. Monocl onal 135 Becp Beptaead | gG anti bodi es were @@g fABNREER
Al A reagents Aurora, I b i t hi onl ne RPM was nade u'ﬂ gR%F‘ AGED

Sel ect-Am ne kit from GIHK i es, ?d]j | and, N.Y.
[[err]S]-nethionine, diphenyloxazole, and [[err C? i odoaceti 6 aci d were
obt ai ned from DuPont-NEN, Chicago, Illinois. Fetal calf serum was purchased
from HyCl one Laboratories, Logan, U ah. Mno Q and Superose 12 col ums were
purchased from Pharmacia, Inc., Piscataway, N.J. C4- reversed phase col ums
were obtained from Synchrom Inc., Lafayette, Indiana. C8-reversed phase
colums were obtained from Appli ed Bi osystens, Inc., Foster City,

California. FIG 6
Hind IL Hind 10

DIGEST WiTH Hpal
540 A\ _Hind2L AND Hpal

Hpal {{ )  POVEENT 2. ISOLATE LARGE
FRAGHENT,

POLYLINRER(P. I. LIGATE \NTH
GLUDES F YNTHETIC
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RESTRICTION SIT St‘ POLYLINKER(P.L.)

;
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Acetonltrlle and pol yethylene glycol 8000 were purchased fromJ.
Phil i psburg, N.J.

Chem cal Co.

| ndi anapol i s, [|ndiana.

Nunc-1 nmmuno Pl ate | obtal ne
Bounti f ul ,
Caﬁbridge, Massachusetts, B

HBSS, underlayed with

romI
Ut ah. The plates used for hybridgn@g proguction were from Costar,
Gener ati on of
| eukocytes were obtained fromnormal donors by | eukophoresis,
I n Hank' s bal anced salt solution (

T. Baker

Trlfluroacetlc acid and guani di ne
hydr-ochl ori de were obt’lémerhdtIiaLSanRe m cal s, Rockfo

Endopr ot ei nase Lys C vva E!I“

P Sl

rd, -Lb-nrets
n1Boehr|nger Mannhei m B 68ﬁbﬁ?dﬁl§ﬁ5f%E~J

I{fl ng plates used for PGE? EL|I FEPMRCED
nternmountain Scientific poT-atri on,

nocyte I L-1 I nhibitor Hunan
resuspended

qgﬁig %? | part packed cells to 1 part

r

EcoRT o
BLUNT END
BLUNT END
DIGEST WITH
pBR322 EcoRI ANDEeoRT _ |
FILL IN EﬁgRI
roau su#n END.
Ll PRONOTER
BLUNT
DIGEST WITH EcoRI END, g
BOLT BT ENOS TO RONOTER
MSV-tk __FORM BLUNT ENDS. ) N
PURIFY 4kb FRAGNENT © BgLII
i
SITE, AND HSV-ttk HSV-ttk
BLUNT END
1X FRAGMENTS 1 AND 2
LIGATE mmsroans coli,
om’c A,
CHECK au TURE BY
RESTRIOTION DIGESTS.
THE PLASMID SHOULD
BE 8kb IN LENGTH WITH  MT-|
NO EcoRT SITES AND ONE PROMOTER
BqL.II SITE.
_ Bgbll
HSV-1tk

EcoRI



Lynphoprep and spun at_ 400 xg for —at room tenperature. The nononucl ear
fraction was taken (t Vs Shadt by mis Q{egiac% [err] cells were obtained per donor),

washed i n HBSS wit hout . iy suspended in serumfree RPM and
plated on petri dishesjj __ﬂor mal human 1gG made LPS free—by o
chr onmat ogr aphy over Sep x 10[err] cells in 10m peTﬂ'ﬂ&(ﬁ'éﬁEE?nH!"ﬁ BEEN

dish). Al reagents contained | ess than 10 pg/m- LPS. The cel l{s wer BEPLAGED

cultured 24-48 hr, and the resulting conditl gned wedi um const itutedThe
crude IL-1 inhibitor (IL-1i) supernatant. Typically, the cells fromone

donor vyielded 700-900 m crude IL-1i supernatant. C. Assays for the IL-1
I nhi bi tor

FlG. 7 (cont)

| M7
HT-1 PROMOTER PROMOTER
BgLI ~
DIGEST WITH Bill Eookl
2 COMBINE WITH
SYNTHETIC LINKER
5' GATCOGAATTCO
CCTTAAGGCTAG 5' |
3, LIGATE
CUT WITH EcoRI
EcoRI  EcoRl
LANBDA
CTH-IL=1i#401  CUT WITH EcoRl
PURIFY THE SMALL
(IL-1i cDNA) FRAG-
MENT BY AGAROSE GEL

ELECTROPHORESIS. COMBINE EcoRI CUT pMK-SGE 2

AND IL-1; cONA AND LIGATE. TRANSFORM
E. coli AND ISOLATE PLASMID. CHECK
FOR THE PRESENCE AND ORIENTATION OF
TL~1i cDNA FRAGNENT.

Y
MT-1 PROMOTER

EcoRl
IL-1i cONA

EcoRI



26 Two IL-1 assays have peen used routinely to detect. the IL-1i. Thynocytes
(1 x 10[err] cells from4 to 6 week old C3H HeJ mice) respond to 1.0

unit/m of reconbi na%smmsﬁgenﬂe pkeds 1 ug/ m phyt ohaenagl uti ni n by

proliferating half- na sured by [err]FLthyn1d| RGO Pot-at-6h

or uptake of the tetr ] !!IWT (Mosmann, T., J., | RIS, SHEETHiBAS BEEN

65: 565-61 (1983)) after St rrulguz 3 Crude |L-{li sumEPhAGESNt
4

fully inhibits this proliferative response 0 di | uti orm—Huommam derTat
fibroblasts (1 x 10[err] cells per well in a 96 well plate) typically
respond to 0.5 units/m reconbinant human IL-1 by secreting, at_6 hours of

stinul ation, approximtely 50,000 pg/m PGE[err]that can be ured by
ELI SA. This .
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assay is as sensitive to TL-1i as is the thynocyte assay. D. Met abol i c
Labeling of the IL-1 Inhibitor The IL-1i was netabolically |abel ed by

cul turing nononucl ear | eukocytes for 48 hours on |1 gG coated p?a%e )
described in B) in serumfree RPM containing only 0.75 ug/ fﬂSI&Haﬁ‘H&S
met hi oni ne (15ug/m is normml) -and—to0 which was added 0.5 n(i REPLAps

[ert] S-methionine (1151 G /nmmol) per 10[egrd ,celds. Control Tabetings- ngng
pef f or med |dentlcahhygeaﬁmﬂmmkmﬁW¢he pl at es’ mere coated with fetal calf )
serumrat her than | ] : uch control supernatants showed that very
little IL-1i was se AR cells were cultured on fetal calf Serum
coated plates. E. cation of the IL-1 Inhibitor Protein

FROM FIG. 8b
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Crude | L-1i super,nat ant s were made 1.0 Min sodi um’?pl oride, incubated on
ice for | hour and centrifuged at 10, 000 rpm for 15 m nutes. The
supernat ants, which contained all of the inhibitor activity b

T
the initial proteinyveredthen dialyzed extensively at 4[er ]y SHE Jo HAS BEE! i
Eﬁh D Q ani onlathar%e col um A« =

| efe”r

0.025M Tris, pH 7.6 j Emr‘a "*-EA)sucrose (the A buffer) flor grggfeQED
/ | i Bl
AL ol uti ons were centrifulged at 10, 000

fractionation of pro e
di-al ysis the inhibit

rpmfor 15 mnutes and then passed through 0.22u nylon filters. The-
supernatants were typically conbined with 10 mMl of simlarly prepared
supernatant froma netabolic |abeling and | oaded onto Mono Q Superose

(Pharmacia FPLC) colums wi tjh bed vol uneg of eithgr \{.0 or 8.0 m,

washed with A buffer until ghe OD[err] off the eff{fue 42%ped to

baseline, and carefully chrpmatographed uUsing a |i)e 352§odi um chl ori de
3 '
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gradient (.025Mto@ 10M in:buffer A Columm fractions were collected and
anal yzed for radioactivity and bioactivity. Sanples of each fra," n ﬂfﬁfHA? EE
al so run on reduced 12. 5% SDS- PAGE, silver stained, perneated S b
di phenyl oxazol e, dl?mséhlee&mslf; Relguaédo filmto obtain autoradi ograf h| c dBEMRACED

Figure la shows the ' Ie of the Mono Q chromat ography of 40 ml
crude |L-1i superna ' h 3 m of netaholjically |abeled IL-1i
uper|

super nat ant 27 e the anount f Fadi oacti vi ty found in 50

ul :-of each fraction as vveII as t he

]

RN A At 8 TP s 8+ s ve
i L

FROM FIG. Sa
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IL-1i bi oactiyvity=as rreasu‘r-ed in the PCGE[err]- product’l on assay. Two nmj or

and one mnor radioactive species are shown that perfectly C '

t hree peaks of bioactivity. Figure 1b shows the simlar chro p@ 15.]%}7 RAS BEEN
15 M of crude_lL-1i supernatant mixed with 3 nl of supernat LAGED
nonocytes netabolically | abeled on plates coated with fetal cal f serum

(FCS) rather t hanﬂslsg&Ha‘ghgcnkeﬂ&Lds of the 11§ ¢gelradi oactive species
oo 11 € O

di Scussed above afi¥ m ni shed. Figure 2a snows silver
| HH the regions of interest in the 74

gelss run on the f}iH .
chr,omat ogr aphi es ' es la and 1b. Note thm o ——=y )R k]
peak radi oactivity and bioactivity in Figure 1§ ' E Bbot h

show a mgj or band at 22 Kd (marked with arrows) on SDS- PAGE The

Gel

- 8l SHIFT o ',50 (7]
L) 56 ;
S 8 5250
53 B IV
6=\ 44
L
JVON 41 p— 6
L

FIG. 10




actiVe mol ecyl e has a nDIébuIar wei ght of 18-25 Kd.'ﬁﬁgure 2b is an

aut or adi ogr am of the—gets—shrown—in Figure 2a. It can be readily- at

the protein bands at 20 and 2 quggg t he maj or radioactive sp St 5FTL{3 -
those fractions. Sunmity 5 sults we have shown that{_the quAh” SEEN
met abol i ¢ | abeling of i8Rk ﬂmm‘ad on petr| di shes coated V\nth\l-g-é\iﬂ\}
restlts in radi oactive |{} Hi | re onl EQO&&Q produced if the cells

aré plated on dishes coated with FCS. These induced radi oactive species

peff ect|ly co-chromatograph with several species of IL-1i bioactivity on

Mono Q and gels and resulting autoradi ogram show that the three major

I nduced nol ecul es are protein§ of the predicted nol ecul ar weight for IL}1i.

The I'L-1i nolecules were further purified for sequencing in tw ways.

First, Mono Q

91,43,39,25,30,50,28,41,48,54,27,46

ORDER FOR SEQUENCING
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fractions Wi th peak—bioactrvity—and Tadi oactivity weig | oaded o
CA-reversed phase colum and eluted with an, Herr] O 0. 19%9FA:

ce Iaﬁéhkﬂ\\

acetonitril el 0. 196 FATks et HagBeenReplased t ho | L1 i nol ecul e was tr
sampl es fromeach fra “g.-‘ tctly counted for radioactivi ) 59\\\\
al so anal yzed by SDS- il y autoradi ography. Figure 3a sh 4@Qp ﬁﬁv

a chromatograph with the radioactivity pdt@ef 2 superinposed. The silver™
stdined gels run on sanples fromeach fraction (Figure 3b) and subsequent
aut-or adi ograns of the gels (Figure 3c) shows that the IL-1i nolecule is
found in fractions 32-36. These fractions were dried down and sequenced.
Alternatlvely the peak Mono Q fractions were dried by Speed Vac,
resuspended in 0.4 m 0.05 MJ[err] and directly chromat ographcd two tines
on a 10 x 300mm Superose 12 gel filtration colum (Pharmacia FPLC)
equilibrated in the same buffer, _

Fl6. 12A

LAKE 56 8 10 12 W




as shown in Figs..4a and 4B Fractions were coll ected .and sanpl es of each
were tested for 28 radioactivity and bioactivity and were zed by
silver stained andmalsne(ar}aaslBagR SDS- PAGE. Appropriate f aTéﬁS 2,

then dried on a spe u Exanpl e 2 Proposed Sequenfing g;ih AS
| L- 1" I nhi bi t or Pr|o g, Sanples were dissolved in PLACEp

guzmdlne HCl , pH 8. 19/22

BEE |

@
13

L]

FilG. 28
LARE 56 8 10 12 14




for 4 hours at 37[err] C under Nlerr] with 100-fold ) ar exces
dithiothreitol over protein, and alkylated for 1 hour -w th 400/f/gg
[err] Ciodoacetic acid. In that case, the reactions would be dgsalt
C8-reversed phase columm, eluted, and partially dried. N-term
wi ||, be determ ned using an Applied Biosystens Protein Sequencer.
I nternal sequences, sanples which may have&$ ? b& uced and al kyl at ed woul d
be digested with cyanogen bronide or prote 3$'c~ zymes usi ng net hods
known to those of ordinary skill in the art. Reactions will be dried,
dissolved in 0. 1% TFA/H err]o, and peptides will be separated using a
C8-reverse phase colum. Exanple 3 Purification and Sequencing of the
Species of IL-1 Inhibitors

This Sheet Has Been Replaced

WA

F16. I3

27 54
( GeG TCA CAG AAT GGA AAT CTG CAG AGG CCT CCG CAG TCA CCT AAT CAC TCT CCT
Ala Ser Gln Asn Glv Asn Leu Gln Arg Pro Pro Gln Ser Pro Asn His Ser Pro

81 . 108
CCT CTT CTG ATC ATT CAG AGA CCG ATC TGC CCA CCC TCT GGG AGA AAA TCC AGC
Pro Leu Leu Ile Ile Gln Arg Pro Ile Cys Pro Pro Ser Gly Arg Lys Ser Ser

135 162
{ AAG ATG CAA GCC TTC AGA ATC TGG GAT GTT AAC CAG AAG ACC TTC TAT CTG AGG
Lys MET Gln Ala Phe Arg Ile Trp Asp Val Asn Gln Lys Thr Phe Tyr Leu Arg

189 216
AAC AAC CAA CTA GTT GCT GGA TAC TTG CAA GGA CCA AAT GTC AAT TTA GAA GAA
asn Asn Gln Leu Val Ala Gly Tyr Leu Gln Gly Pro Asn Val Asn Leu Glu Glu

' 243 270
AAG ATA GAT GTG GTA CCC ATT GAG CCT CAT GCT CTG TCT TGG GAA TCC ATG GAG
_Lys Ile Asp Val Val Pro Ile Glu Pro His Ala Leu Ser Trp Glu Ser MET Glu




A - I L-1i - X, dLxlk-a and-TE-li-b Speci es The Mno Cgﬁ@rification of IL-1
resol ves the biological activity into three major species, as shown in
Figure la and described in Exanple 1, where the peak fraction '
activwity are 48, 52, and 59 SDS-PAGE on sanples of these fracti o
shown in Figure 2a, reveal pertinent species at 20 kD, 22 kDJ{_and RE ,HW3£%fN
respectively. Westernanalysis of such gels, @sf pg2tpe nouse anti GEp
di scussed in Exanple_4 below, stains all three of these species. Wen IL=
i s prepared from ColRiEctias Bebigkaphakl y | abel ed with [err] S-methionine, during
growth on plates cg Wit each of these bands is radioactive (as

Ui ik dlogr am 2;2 aboge- nentioned gel). Based on

ey nandF;, t ik#

shown in Figure 2bji
allel cells incubated in a

the logic discussed in Exanp
non-i nduci ng condition do not produce the IL-1

10 20 Y 30 40 50 60
(  GAATTCCGGGCTGCAGTCACAGAATGGAAATCTGCAGAGGCCTCCGCAGTCACCTAATCA
M E I CRGULTZRSTUHTUELTI

70 80 90 180 110 120
CTCTCCTCCTCTTCCTGTTCCATTCAGAGACGATCTGCCCACCCTCTGGGAGAAAATCCA
T L L L F L F HSETT1C (:) P S G R K S

130 140 150 160 170 180
GCAAGATGCAAGCCTTCAGAATCTGGGATGTTAACCAGAAGACCTTCTATCTGAGGAACA
S K M Q A FRI WDUVNOQIKTTFYTUL RN

190 200 210 . 220 230 240
ACCAACTAGTTGCTGGATACTTGCAAGGACCAAATGTCAATTTAGAAGAAAAGATAGATG
N QL VYV A G YL QG UPNUVNULEZEI KTID

250 260 270 280 290 300
TGGTACCCATTGAGCCTCATGCTCTGTTCTTGGGAATCCATGGAGGGAAGATGTGCCTGT
{ VVPIEPHALTFTULGTIHGS GTZ KMTCL

310 320 . 330 340 . 350 360
CCTGTGTCAAGTCTGGTGATGAGACCAGACTCCAGCTGGAGGCAGTTAACATCACTGACC
S§$ ¢ VK S GDETIRIULOGQTLEAVNTTD

370 380 390 400 410 420
TGAGCGAGAACAGAAAGCAGGACAAGCGCTTCGCCTTCATCCGCTCAGACAGTGGCCCCA
L S ENRIKO QDI X RUFAUPFPTIWRSDSG P

430 440 450 460 470 480
CCACCAGTTTTGAGTCTGCCGCCTGCCCCGGTTGGTTCCTCTGCACAGCGATGGAAGCTG
T T S FE S A ACPGWVFULTCTAMTE A

490 500 510 520 530 540
ACCAGCCCGTCAGCCTCACCAATATGCCTGACGAAGGCGTCATGGTCACCAAATTCTACT
D Qg PV SLTNMPUDEG GV VMUV TIK F Y

550 ¥560 570 580 590 600
PCCAGGAGGACGAGTAGTACTGCCCAGGCCTGCTGTTCCATTCTTGCATGGCAAGGACTG
F Q E D E *

\



hi oactivity and;de not produce these radioactive banas, we can concl ude
that these threé species account for the biological activity.
tentatively naned these species IL-1i-X, I1L-1li-a, and IL-1i-b,; UMSS
respectively. B. Purification and Sequencing of IL-1i-X Mong Q fr
containing IL-1i -X and/or IL-1li-a were further purified by reve
HPLC chr omat ogr aphy on a Synchropak RP-4 (C3)I¢oRupm, and radi oactive
spéci es 29
S

7
v

s
2

This Sheet Has Been R
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were submitted for sequence analysis. Numerops g a z at directly
sequenci ng RP- HPLC purified IL-1li-a and |L- 11/-§_ il ed, ﬁgg
that they are chemcally blocked at their N term n| Howev4r

preparation of IL-1li-a (IL-1i-aB2p42) vyi elpled t herd @g ow ng s guence

ENT SHeeT |

5 10INTERLUKIRS1 INHIBIBORK P S G R K S S KAW * 11 |S 005 VMR Gognd
subsequent pr ey IL-1i-X, simlarly purified by“, -HPLC, have
produced t hHe=s I 5 10 15 20 PrepF

Application Serial No. 238,713, of the same inventors filed August 31, 1988, which is a
continuation-in-part of United States Patent Application Serial No. 199,915, filed May 27,
1988.
A IL-1

Interleukins-1 are a class of proteins produced by numerous cell-types, including
monocytes and some macrophages. This class includes at least two 17-18 kilodalton proteins
known as interleukin-1 alpha and interleukin-| beta. These proteins have important
physiological effects on a number of different target cells involved in the inflammatory and
immune responses. The proteins are co-mitogens (with phytohemaglutinin) for T-cells, cause
both fibroblasts and chondrocytes to secrete latent collagenase, and increase the surface”
adhesive powers of endothelial cells for neutrophils. In addition, they act on the hypothalamus
as pyrogens, they stimulate the catabolism of muscle protein, and they cause hepatocytes to
synthesize a class of proteins known as “acute phase reactants.” Thus, interleukins-1 (IL-1) are
obviously an important part of an organism's response to infection and injury. .

However, despite their normally beneficial effects, circumstances have come to light in
which the actions of IL-1 are harmful. For example, IL-1 may increase the level of
collagenase in an arthritic joint and has been implicated as a mediator of both the acute and
chronic stages of immunopathology in theumatoid arthritis. IL-1 may be responsible for
altering endothelial cell function, directing the chemotaxis and migration of leukocytes and
lymphocytes into the synovial tissue, inducing capillary proliferation, and stimulating
macrophage accumulation in the synovial lining during the acute phase of this disease. In the
phase of tissue destruction, IL-1 has been implicated as a mediator in induction of tissue
damage through stimulating release of enzymes from fibroblasts and chondrocytes.

In addition, excessive IL-1 production has been demonstrated in the skin of patients
with psoriasis and high levels of IL-1 can be found in the synovial fluid of patients with
psoriatic arthritis. IL-1 released by cells in the inflamed synovium in psoriatic arthritis may
mediate tissue destruction through stimulation of enzyme release from other cells. The joint
pathology of Reiter's syndrome is similar to that seen in psoriatic arthritis and in rheumatoid
arthritis. IL-1 has been implicated as a mediator of tissue destruction in these three different

forms of inflammatory arthritis. Moreover, IL-1 may be found in the synovial fluid of patients

. &



PrepkKxF23 R P RK_LKMQAF _ 1 These are obviousl ,pgrl_‘ Pia E
sequence found in the initial attenpt at sequenci ng IL- 1i tq H‘ eSH‘-!:T

i nventors conclusion that the sequence data shown is the E}gg@of t
20 kD Species called IL-1i-X. In these and & | subsequent e u rit9°7
underlined position indicates either an inability to ident]f due or

that anbi 9%{%&8&&}1&&&’“ FH rEl%és%%‘?‘IL téBSndrS Q&ﬁiﬂtphb & in 'S GestriBidh
nmore residues are oné posit It rn cates e
am no acid ofiamodiatemﬂageﬁithisid&easeequenci ng step, and the nore |ikely

correct residue_is on top, Generatjon, Purification, and, Sequenci ng
of Peptides of k= 1majéa1§hr@cqegsefhe geverity of autoimmune diseases. For example, decreased

IL-1 production has been described from peripheral blood cells in persons suffering from
systemic lupus erythematosus. Moreover, somme of the alterations in B lymphocyte function
may be related to abnormalities in IL-1 production or IL-1 availability.

Excessive IL-1 production has been demonstrated in the peripheral monocytes of
patients with scleroderma, and IL-1 has been implicated as a possible agent of fibrosis through
stimulation of collagens production by fibroblasts. The mechanism of tissue damage in
dermatomyositis might also involve cell-mediated immunity and IL-1 may therefore be
involved as a mediator in this pathophysiological process.

Acute and chronic interstitial lung disease is characterized by excessive collagen
production by lung fibroblasts which may be stimulated by IL-1. Recent studies on an animal
mode] of pulmonary h}ipertension indicate that IL-1 may be responsible for induction of
endothelial cell changes that result in narrowing of pulmonary arteries. It is this narrowing

‘that leads to pulrhonaxy hypertension and further secondary damage. Thus, IL-1 inhibitors
could be useful in treating these lung diseases.

Recent studies have described that IL-1is capable of directly damaging the beta cells in
the Islets of Langerhans that are respons1b1e for the productton of insulin. IL-1 damage to the

~cells is now hypothesrzed to'be: a pnmary event in the acute phase of ]uvemle drabetes melhtus

Monocybe and macrophage mﬁltratlon in the krdneys predommates in many forms of

- acute and chromc glomerulonephntl ""'1 releaSe by these cells may result in local -

| 'accumulatron of other mﬂarmnatory cells Lntually Ieadmg to mﬂammatory damage and
ﬁbrotxc reaction in the krdneys R '

It has been demonstrated that the crystals found in trssues or ﬂulds in gout or
pseudogout can directly stimulate macrophages to release IL-1 Thus, IL-1 may be an
important mediator in the mﬂammatory cycle in these diseases.

IL-1i is capable of inducing loss of calcium from bones and may be responsible for the
osteoporosis that is seen in inflammatory j.oint diseases.

Keratinocytes from patients with psoriasis release large amounts of IL-1. This
mediator may be responsible for the secondary cell proliferation and accumulation which

occurs in the skin in patients with this disease.
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be involved in this process in patients with sarcoidosis.

Excessive IL-1 production has been demonstrated in peripheral monocytes from both
Crohn's disease and ulcerative colitis. Local IL-1 release in the intestine may be an important
mediator in stimulating the inflammatory cycle in these diseases.

Certain lymphomas are characterized by fever, osteoporosis and even secondary
arthritis. Excessive IL-1 release has been demonstrated by some lymphoma cells in vitro and
may be responsible for some of the clinical manifestations of these malignancies. Also, IL-1 |
production by some malignant lymphocytes may be responsible for some of the fever, acute
phase response and cachexia seen with leukemias.

IL-1 release by astrocytes in the brain is thought to be responsible for inducing the
fibrosis that may result after damage to the brain from vascular occlusion.

C.  Uses for an I -1 Inhibitor

In these and other circumstances in which IL-1 has a harmful effect, there is clearly a
clinical use for an inhibitor of IL-1 action. As IL-1 is a co-mitogen for T-cells, it is central to
the development of autoimmune and other immune diseases. Thus, systemically administered,
IL-1 inhibitors could be useful immunosuppressive agents. Locally applied, such IL-1 |
inhibitors could serve to prevent tissue destruction in an inflamed joint and other sites of
inﬂammation. Indeed; to prevent tissué_destructién somé IL-1 inhibitors could be-even more
effective when administered in conjunction with collagenase inhibitors.

Therapeutic intervention against the action of IL-1 might be possible at the level of
synthesis, secretion, or the target cell's binding or response to the protein. IL-1 is synthesized
by monocyte/macrophages and other cells in response to lipopolysaccharides, complement
fragments and viruses. Any molecule that blocks binding of these inducing agents to producer
cells or which interferes with their effects on the physiology of these cells would serve as a
regulator of IL~1 action. IL-1 is not secreted by a traditional secretion system since mRNAs
have been isolated that code for at least two 30 kd precursors of the proteins but which do not
contain a hydrophobic signal sequence. Release of the active protein from the inactive

precursor probably requires proteolysis of that precursor. An inhibitor of the release of IL-1
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been isolated. Thus, it could be that a molecule that interferes with IL-1 binding to its

receptors, or down-regulates these receptors, could also regulate IL-1 action. Moreover,
although the intracellular events following receptor binding of IL-1 are not yet fully
understood, it is possible that agents exist that can interfere with the cellular responses to
other receptor-mediated events and therefore block IL-1 action. For the reasons stated above,
proteins and small molecules capable of inhibiting IL-1 in one or more of these manners have
been sought.

Surprisingly, the present inventors have found at least two IL-1 inhibitor proteins with
IL-1 inhibiting properties. These molecules have been obtained in a purified form which will
enable one of ordinary skill in the art to determine their amino acid sequence. Furthermore, 2
preparation of cells has been characterized which produce these proteins, and an mRNA that
leads to its synthesis has been characterized. Finally, an antisera has been developed that will
facilitate screening of cDNA expression libraries for the genes coding for these inhibitors.
Together these reagents will allow cDNAs encoding the IL-1 inhibitors to be cloned. These
genes will, in turn, make possible the large-scale production of IL-1 inhibitors suitable for use
in pharmaceutical formulations useful in treating pathophysicological conditions mediated by

| IL-1.
Summary of the Invention

This invention relates to IL-1 inhibitors ("IL-1i) generally and, more specifically, to a
monocyte-derived IL-1 inhibitor. Additionally, the present invention relates to biologically-
active analogs of these inhibitors.

An object of the present invention is to provide purified forms of IL-1 inhibitors which
are active against IL-1¢ or IL-1f or a combination thereof. An additional object of the
present invention is to provide these inhibitors in purified forms to enable the determination of
their amino acid sequence. A further object is to provide the amino acid sequences of certain
IL-1 inhibitors. Furthermore, the identification of biologically-active analogs of such IL-1
inhibitors with enhanced or equivalent properties is also one of the objects of the invention.

Additionally, it is an object of this invention to provide a recombinant-DNA. system for
the production of the IL-1 inhibitors described herein. A further object of the present
invention includes providing purified forms of IL-1 inhibitors which would be valuable as

pharmaceutical preparations exhibiting activity against IL-1.



R

s, -

In the case of IL-1li-a, the sanple was directly chromat ogriaﬁﬁ@bé(;%ﬂegﬁ?f--;
the IL-1i-b sanple was first reduced by the addition of 5m fof~56-aM_"" ‘:Tf
dithiathreitol in 2 MTris, pH 8.0, reacted for 30 mn at 3?[%@&%’8"%“(1 T
t hen carboxynethyl ated by addition of 1.1 ugple [err]H ipdeaceti'd achd |{n/

10 m ethanol (r ~ i o oG Epdrati-enafthe |

pepti des was per'?gdri{rlfgr%l gﬁe%l %‘%(df%gﬁﬁotg&% %‘gg&q@ﬂg seeF %@aigggh ]
nar r ow bor edegéription vefichefollbwsy ané inepadf willd@ otsviods frotisthe @esdri 3T ?lﬂaﬂéémedm._wf
outfitted with m crobore hardware and m crobore-conpatibl e A 200 mn

0- 1009 | | nclom SHRZIPEHE ORs EEHOT H b ot DRniATTRegeS Tary de aorlend el tsipeg
TFA) . The pl%P r%%agls Rggﬁ;’%@%@%@ﬁ%@ﬁ Qﬁ?ﬁ@inh@on’g g)gﬂfcﬁlsarl} 89@&% obt in tEQ gppsegg&fa nee

i nformati on-0
claims.

To achieve the objects and in accordance with the purposes of the present invention,
IL-1 inhibitors are disclosed which exhibit inhibitory activity against IL-1. The preferred
inhibitors have been isolated in a purified form from monocyte-conditioned medium with
monocytes grown on IgG-coated plates.

‘Preferred inhibitors of the present invention are 1, 2, and 3. Inhibitors 1 and 2 are
proteins running at positions characteristic of 22-23 kDa proteins on SDS-PAGE and eluting
at 52 mM and 60 mM NaCl, respectively, from a Mono Q FPLC column under specified
conditions. Inhibitor 3 is a protein running at a position characteristic of a 20kD protein on
SDS-PAGE and eluting at 48 mM NaCl from a Mono Q FPLC column under the specified
conditions. Additionally, to achieve the objects and in accordance with the purposes of the
present invention, pharmaceutical compositions containing, at least one of the active
ingredients, an IL-1 inhibitor in accordance with the present invention or its biologically-active
analog as set forth herein are disclosed.

Moreover, to achieve the objects and in accordance with the purposes of the present
invention, a recombinant-DNA system for the creation of these IL-1 inhibitors and their
analogs is also disclosed. A preferred embodiment of this system includes at least one cDNA
clone or its synthetic equivalent encoding at least one IL-1 inhibitor along with vectors and
cells constituting an expression system capable of expressing the IL-1 inhibitors disclosed
herein. Antisera for use in identifying these cDNA clones is also provided. Expression
systems for producing these IL-1 inhibitors using these cDNA clones, their analogs, or other
DNA sequences encoding these inhibitors are also provided.

Figures 1a and 1b depict the protein profile of the Mono Q chromatography of two
metabolically-labelled monocyte supernatants. The cells were cultured on IgG (1a) or fetal
calf serum (1b) coated plates.

Figure 2a shows silver stained gels of fractions from the regions indicated in Figures 1a
and Ib.

Figure 2b is an autoradiogram of the gels shown in Figure 2a.
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stained gels run on samples of the fractions indicated in Figure 3a. Figure 3c presents
autoradiograms of the gels in Figure 3b.

Figures 4a and b present the results of gel filtration chromatograms of Mono Q-
purified IL-1i.

Figures 5a and b present Western analysis of mouse antisera.

Figure 6 depicts the construction of plasmid pSVXVPL2IL-1i.

Figure 7 depicts the construction of plasmid pMK-SGE:IL-11.

Figures 8a-~d present data on IL-1i-o.. Figures 8a and 8b present chromatography data.
Figure 8¢ presents a silver stained gel run on samples of fractions indicated in figure 8b.
Figure 8d presents an autoradiogram.

Figures 9a and 9b present data on IL-1i-B. Figure 9a presents chromatography data.
Figure 9b presents SDS-PAGE data.

Figure 10 presents daxai of IL-1i-o. peptide separation.

A\l

Figure 11 presents data of IL-1i-B peptide separation.

Figure 12a is a photograph of the gel with the GT10-IL1i-2A digested with EcoRI
after electrophoresis according to Example 6.

Figure 12b presents data of an autoradiogram of a Southern blot of the gel shown in
Figure 12a.

Figure 13 depicts a part of the DNA sequence of the protein coding region of lambda
GT10-IL1i-2A and the predicted amino acid sequence according to Example 6.

Figure 14 depicts the nucleotide sequence of GT10-1111-2A.

Figure 15 depicts a peptide including, inter alia, an IL-1i sequence and a secretory
leader sequence.
Description of the Preferred Embodiment

Reference will now be made in detail to the presently preferred embodiments of the
invention, which, together with the following examples, serve to explain the principles of the
invention.
A. Inhibitor from Human Monocytes

As noted above, the present invention relates to IL-1 inhibitors which have been
isolated in a purified form. Preferably, the IL-1 inhibitors of the present invention are derived

from human monocytes conditioned medium where the monocytes are grown on IgG coated
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contained medium.

By "biologically equivalent," as used throughout the specification and claims, we mean
compositions of the present inventiqn that are capable of preventing IL-1 action in a similar
fashion, but not necessarily to the same degree, as the native IL-1 inhibitor isolated from
monocytes. By “substantially homologous” as used throughout the ensuing specification and
claims, is meant a degree of homology to the native IL-1 inhibitor isolated from monocyte-
conditioned medium in excess of that displayed by any previously reported IL-1 inhibitors.
Preferably, the degree of homology in excess of 70 percent, more preferably in excess of 80
percent and even more preferably in excess of 90 per cent. A particularly preferred group of
inhibitors are in excess of 95 percent homologous with the native inhibitor. The percentage of
homology as described is calculated as the percentage of amino acids residues found in the
smaller of the two sequences that align with identical amino acid residues in the sequence
being compared when four gaps in a length of 100 amino acids may be introduced to assist in
that alignment as set forth by Dayhoff, M.D. in Atlas of Protein Sequence and ture Vol.5,
p. 124 (1972), National Biochemical Research Foundation, Washington, D.C., specifically
incorpdrated herein by reference.

The preferred TL-1 inhibitors of the present invention have been derived from
monocyte-conditioned medium and, for the first time, have been isolated in a purified form.
For the purposes of the present application, "pure form" or "purified form" when used to refer
to the IL-1 inhibitors disclosed herein, shall mean a preparation which is substantially free of
other proteins which are not IL-1 inhibitor proteins. Preferably, the IL-1 inhibitors of the
present invention are at least 90% pure and preferably 95% pure.

At least three purified IL-1 inhibitors have been isolated by the methods of the
Example. These include inhibitor 1, inhibitor 2 and inhibitor 3. Inhibitor 1 is behaving as a
22-23 kDa molecule on SDS-PAGE with an approximate isoelectric point of 4.8 and eluting
from a Mono Q FPLC column at around 52 mM NaCl in Tris buffer, pH 7.6. Inhibitor 2 is
also a 22-23 kDa protein, pI=4.8, but eluting from a Mono Q column at 60 mM NaCl.
Inhibitor 3 is a 20kDa protein and elutes from a Mono Q column at 48 mM NaCl. Inhibitors
1, 2 and 3 are related immunologicaily and functionally. Having obtained these inhibitors in
purified forms has enabled the present inventors to obtain their amino acid sequences. Using

the purified inhibitors disclosed for the first time herein and methods such as those described in
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and by ABI Protein Sequencer technical manuals supplied with the ABI rotein Sequencer, a
t

substantial proportion of the amino acid sequences of these inhibitors can be deduced.

Example 3 shows amino acid sequence data obtained of three species of IL-1
inhibitors, namely IL-1,-X, TL-1~a and IL-1,-B.

The present inventors have discovered at least one antibody raised against an IL-1
inhibitor. Other polyclonal and monoclonal antibodies against this and other IL-1 inhibitors
may be prepared by methods known to those of ordinary skill in the art. One particular
polyclonal antibody is described in Example 4.

B. _ Recombinant Inhibitor

L General

A recombinant DNA method for the manufacture of an IL-1 inhibitor is now

disclosed. In one embodiment of the invention, the active site functions in a manner
biologically equivalent to that of the native IL-1 inhibitor isolated from human, A natural or
synthetic DNA sequence may be used to direct production of the IL-1 inhibitors. This method
comprises: '

(a)  Preparation of a DNA sequence capable of directing a host cell to
produce a protein having IL -1 inhibitor activity,

(b)  Cloning the DNA sequence into a vector capable of being transferred
into and replicated in a host cell, such vector containing operational elements needed
to express the DNA sequence;

(¢)  Transferring the vector containing the synthetic DNA sequence and
operational elements into a host cell capable of expressing the DNA encoding IL-1
inhibitor;

(d)  Culturing the host cells under conditions appropriate for amplification
of the vector and expression of the inhibitor;

(e) Harvesting the inhibitor; and

® Permitting the inhibitor to assume an active tertiary structure whereby it
possesses IL-1 inhibitory activity.

2. DNA Sequences

DNA sequences contemplated for use in this method are discussed in part in

Example 5 and in part in Example 6. It is contemplated that these sequences include synthetic
and natural DNA sequences. The natural sequences further include cDNA or genomic DNA

segments.



- ] TEFLAVEMENT SHEET
S L QRerr]AspN-30 D_ EVNHL KK 1 S Two of {h¢ peptide .
sequences are obviously related to that which was obtained e?r]‘;ig{erp‘,,%;r %W’*7
| L-1i - X. One of these, RalysC4l, is an IL-1i-a sequence, and| the ofKers!
RbAspN-51, is an IL-1i-b sequence, arguing that the three [speCt —~of-dro= 1]
are at least closely related proteins if not chem cally and/or physically
nodified forns of a single original IL-1i nolecule. If the TTS s

are Co”bL”ES A th héxs; s @Q%&%@@Eﬁﬁﬁ%ﬁ%@@%ﬁﬂ%@%&m@m to that

isolated in Examples 1-3. In Example 6, a plaque, GT10-IL1i-2A, was isolated from a GT10

e s,

Library. The phage within this plaque was propagated and the DNA was isolated and digested
with EcoRI. An EcoRI fragment of 1850 base pairs carries the coding sequence for IL1
inhibitor. Figure 13 shows the partial DNA sequence of the EcoRI fragment.

In light of the teachings contained herein and procedures known, other synthetic
polynucleotide sequences will be available to one of ordinary skill in the art. As an example of
the current state of the art relating to polynucleotide synthesis, one is directed to Matteucci,
M.D. and Caruthers, M.H., in J. Am. Chem. Soc. 103:3185 (1981) and Beaucage, S.L. and
Caruthers, M.H. in Tetrahedron Lett. 22:1859 (1981), and to the instructions supplied with an
ABI oligonucleotide synthesizer, each of which is specifically incorporated herein by reference.

These synthetic sequences may be identical to the natural sequences described in more
detail below or they may contain different nucleotides. In one embodiment, if the synthetic
sequences contain nucleotides different from those found in the natural DNA sequences of this
invention, it is contemplated that these different sequences will still encode a polypeptide
which has the same primary structure as IL-1i isolated from monocytes. In an alternate
embodiment, the synthetic sequence containing different nucleotides will encode a polypeptide
which has the same biological activity as the IL-1i described herein.

Additionally, the DNA sequence may be a ﬁ‘agmeht of a natural sequence, i.e., a
fragment of a polynucleotide which occurred in nature and which has been isolated and
purified for the first time by the present inventors. In one embodiment, the DNA sequence is a
restriction fragment isolated from a cDNA library.

In an alternative embodiment, the DNA sequence is isolated from a human genomic
library. An example of such ‘a library useful in this embodiment is set forth by Lawn et al. in
Cell 15:1157-1174 (1978), specifically incorporated herein by reference.

In a preferred version of this embodiment, it is contemplated that the natural DNA
sequence will be obtained by a method comprising:

(a)  Preparation of a human cDNA library from cells, preferably monocytes,
capable of generating an IL-1 .inhibitor in a vector and cell capable of amplifying and
expressing all or part of that cDNA;

(b)  Probing the human DNA library with at least one probe capable of

binding to the IL-1 inhibitor gene or its protein product;
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its protein product;

(d)  Isolation of the gene or portion of the gene coding for the inhibitor
from the clone or clones chosen;

(¢)  Linking the gene, or suitable fragments thereof, to operational elements
necessary to maintain and express the gene in a host cell.

The natural DNA sequences useful in the foregoing process may also be identified and
isolated through a method comprising;

(@)  Preparation of a human genomic DNA library, preferably propagated in
a recArec3C E, coli host;

(b)  Probing the human genomic DNA library with at least one probe
capable of binding to an IL-1 inhibitor gene or its protein product;

(c)  Identification of at least one clone containing the gene coding for the
inhibitor by virtue of the ability of the clone to bind at least one probe for the gene or
its protein product;

(d)  Isolation of the gene coding for the inhibitor from the clone(s)
identified; and '

(&)  Linking the gene, or suitable fragments thereof, to operational elements
necessary to maintain and express the gene in a host cell.

In isolating a natural DNA sequence suitable for use in the above-method, it is
preferred to identify the two restriction sites located within and closest to the end portions of
the appropriate gene or sections of the gene. The DNA segment containing the appropriate
gene is then removed from the remainder of the genomic material using appropriate restriction
endonucleases. After excision, the 3' and 5' ends of the DNA sequence and any exon junctions
are reconstructed to provide appropriate DNA sequences capable of coding for the N- and C-

termini of the IL~1 inhibitor protein and capable of fusing the DNA sequence to its operational

clements.
3, Vectors
(a) icroorganism ially E. coli

The vectors contemplated for use in the present invention include any vectors
into which a DNA sequence as discussed above can be inserted, along with any preferred or

required operational elements, and which vector can then be subsequently transferred into a
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host cell and replicated in such cell. Preferred vectors are those whosé restriction-sites-have——..
been well documented and which contain the operational elements preferred or required for
transcription of the DNA sequence. However, certain embodiments of the present invention
are also envisioned which employ currently undiscovered vectors which would contain one or
more of the cDNA sequences described herein. In particular, it is preferred that all of these
vectors have some or all of the following characteristics: (1) possess a minimal number of host-
organism sequences; (2) be stably maintained and propagated in the desired host; (3) be
capable of being present in a high copy number in the desired host; (4) possess a regulatable
promoter positioned so as to promote transcription of the gene of interest; (5) have at least
one marker DNA sequence coding for a selectable trait present on a portion of the plasmid
separate from that where the DNA sequence will be inserted; and (6) a DNA sequence capable
of terminating transcription.

In various preferred embodiments, these cloning vectors containing and capable of
expressing the DNA sequences of the present invention contain various operational elements.
These "operational elements," as discussed herein, include at least one promoter, at least one
Shane-Dalgarno sequence and initiator codon, and at least one terminator codon. Preferably,
these "operational elements" also include at least one operator, at least one leader sequence for
proteins to be exported from intracellular space, at least one gene tor a regulator protein, and
any other DNA sequences necessary or preferred for appropriate transcription and
subsequence translation of the vector DNA. |

Certain of these operational elements may be present in each the preferred vectors of
the present invention. It is contemplated that any additional operational elements which may
be required may be added to these vectors using methods known to those of ordinary skill in
the art, particularly in light of the teachings herein.

In practice, it is possible to construct each of these vectors in a way that allows them
to be easily isolated, assembled and interchanged. ‘This facilitates assembly of numerous
ﬁmctionél genes from combinations of these elements and the coding region of the DNA
sequences. Further, many of these elements will be applicable in more than one host. It is
additionally contemplated that the vectors, in certain preferred embodiments, will contain
DNA sequences capable of functioning as regulators ("operators"), and other DNA sequences

capable of coding for regulator proteins.
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inserted into the vector such that expression of the DNA sequence will

NA sequence In particular, it is preferred that regulatory segments be

not occur, or will

occur to a greatly reduced extent, in the absence of, for example, isopropylthio-beta-D-

galactoside. In this situation, the transformed microorganisms containing the DNA sequence

may be grown to at a desired density prior to initiation of the expression of IL-1i. In this

embodiment, expression of the desired protein is induced by addition of a substance to the

microbial environment capable of causing expression of the DNA sequence after the desired

density has been achieved.

(i)  Promoters

The expression vectors must contain promoters which can be used by the host

organism for expression of its own proteins. While the lactose promoter system is commonly

used, other microbial promoters have been isolated and characterized, enabling one skilled in

the art to use them for expression of the recombinant IL-1i.

(iti) Transcription Terminator

The transcription terminators contemplated herein serve to stabilize the vector. In

particular, those sequences as described by Rosenberg, M. and Court, D., in Ann. Rev. Genet.

13:319-353 (1979), specifically incorporated herein by reference, are contemplated for use in

the present invention.

(iv) Non-Translated Sequence

1t is noted that, in the preferred embodiment, it may also be desirable to reconstruct the

3' or 5' end of the coding region to allow incorporation of 3' or 5' non-translated sequences

into the gene transcript. Included among these non-translated sequences are those which

stabilize the mRNA as they are identified by Schmeissner, U., McKenney, K., Rosenberg, M

and Court, D. in J. Mol. Biol. 176:39-53 (1984), speéiﬁcally incorporated herein by reference.

(v)  Ribosome Binding Sites

The microbial expression of foreign proteins requires certain operational elements

which include, but are not limjted to, ribosome binding sites. A ribosome binding site is a

sequence which a ribosome recognizes and binds to in the initiation of protein synthesis as set

forth in Gold, L., et al., Ann. Rev. Microbio. 35:557-580; or Marquis, D.M. et al., Gene
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in Nucleic Acids Res. 12:5145-5163, specifically incorporated herein by reference, if the

protein is to be excreted from the cytoplasm, The DNA for the leader sequence must be in a
position which aflows the production of a fusion protein in which the leader sequence is
immediately adjacent to and covalently joined to the inhibitor, i.e., there must be no
transcription or translation termination signals between the two DNA coding sequences. The
presence of the leader sequence is desired in part for one or more of the following reasons.
First, the presence of the leader sequence may facilitate host processing of the IL-1i. In
particular, the leader sequence may direct cleavage of the initial translation product by a leader
peptidase to remove the leader sequence and leave a polypeptide with the amino acid sequence
which has potential protein activity. Second, the presence of the leader sequence may
facilitate purification of the IL-1i, through directing the protein out of the cell cytoplasm. In
some species of host microorganisms, the presence of an appropriate leader sequence will
allow transport of the completed protein into the periplasmic space, as in the case of some
E.coli. In the case of certain E. coli, Saccharomvces and strains of Bacillus and
Pseudomonas, the appropriate leader sequence will allow transport of the protein through the
cell membrane and into the extracellular medium. In this situation, the protein may be purified
from extracellular protein. Thirdly, in the case of some of the proteins prepared by the present
invention, the presence of the leader sequence may be necessary to locate the completed
protein in an environment where it may fold to assume its active structure, which structure
possesses the appropriate protein activity.

In one preferred embodiment of the present invention, an additional DNA sequence is
located immediately preceding the DNA sequence which codes for the IL-1 inhibitor. The
additional DNA sequence is capable of functioning as a translational coupler, i.e., it is a DNA
sequence that encodes an RNA which serves to position ribosomes immediately adjacent to
the ribosome binding site of the inhibitor RNA with which it is contiguous. In one
embodiment of the present invention, the translational coupler may be derived using the DNA
sequence

TAACGAGGCGCAAAAAATGAAAAAGACAGCTATCGCGATCTTGGAGGATGATTA
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The translation terminators contemplated herein serve to stop the translation of
mRNA. They may be either natural, as described by Kohli, J., Mol. Gen. Genet. 182:430-439;
or synthesized, as described by Pettersson, R.F. Gene 24:15-27 (1983), both of which
references are specifically incorporated herein by reference.

(viii) Selectabl rker

Additionally, it is preferred that the cloning vectof contain a selectable marker, such as
a drug resistance marker or other marker which causes expression of a selectable trait by the
host microorganism. In one embodiment of the present invention, the gene for ampicillin
resistance is included in the vector while, in other plasmids, the gene for tetracycline resistance
or the gene for chloramphenicol resistance is included.

Such a drug resistance or other selectable marker is intended in part to facilitate in the
selection of transformants. Additionally, the presence of such a selectable marker in the
cloning vector may be of use'in keeping contaminating microorganisms from multiplying in the
culture medium. In this embodiment, a pure culture of the transformed host microorganisms
would be obtained by culturing the microorganisms under conditions which require the
induced phenotype for survival.

The operational elements as discussed herein are routinely selected by those of
ordinary skill in the art in light of prior literature and the teachings contained herein. General
examples of these operational elements are set forth in B. Lewin, Genes, Wiley & Sons, New
York (1983), which is specifically incorporated herein by reference. Various examples of
suitable operational elements may be found on the vectors discussed above and may be
elucidated through review of the publications discussing the basic characteristics of the
aforementioned vectors.

Upon synthesis and isolation of all necessary and desired component parts of the
above-discussed vector, the vector is assembled by methods generally known to those of
ordinary skill in the art. Assembly of such vectors is believed to be within the duties and tasks
performed by those with ordinary skill in the art and, as such, is capable of being performed
without undue experimentation. For example, similar DNA sequences have been ligated into
appropriate cloning vectors, as set forth by Maniatis et al. in Molecular Cloning, Cold Spring

Harbor Laboratories (1984), which is specifically incorporated herein by reference.
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inserted into each vector. In such an embodiment, the host organism would produce greater

amounts per vector of the desired IL-1 inhibitor. The number of multiple copies of the DNA
sequence which may be inserted into the vector is limited only by the ability of the resultant
vector, due to its size, to be transferred into and replicated and transcribed in an appropriate
host cell.

(b)  Other Microorganisms

Vectors suitable for use in microorganisms other than E. coli are also contemplated for
this invention. Such vectors are described in Table 1. In addition, certain preferred vectors

are discussed below,
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used to prepare cDNA according to @ibler, U and Hoffman,_B. J (1983) Cene
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using Eco Rl linkers fromBoehringer Mannhei m catal og No. Em%-ﬂwﬁﬁ
Engl and Bio Lab No. 1070 and instructions I® ovi ded by thesg magujiact gLerIs.
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screened on E coli YID90 e ddn@ieOWedtb®t €C) Wi th an appriopriate_pol ycl oha
antibody to IL-1i as described ?reviously usi ng screening conditions

described by R A Yoigwegrabyrétor plasmidsantich qutarsedusiprpdicatoinabmad tagpof |

Positive signals w.ll, be .detected ing a hiotinylated,seco ant i body
(such a5 goomrerbyehadnt st afBlnd BraSe A lomhe, e pis 8f\be 2Bt
st repavi di rpgh@dﬂﬁ@. CBe5R BAthaSEAre QBICHERL 1§y THERNES BiosReB AL eliquBOR.C., @S
descri bed by Bayer, E. A and WI chek,

Hagiya, M., Rodriguez, R L., and Kado, C.1. In Biotechnology, May, 1983, pp. 269-275;

Panopoulos, N.J. in Genetic Engineering in the Plant Sciences, Praeger Publishers, New York,
New York, pp. 163-185 (1981); and Sakagucki, K. in Current Topic in Microbiology and

Immunology 96:31-45 (1982), each of which is specifically incorporated herein by reference.

One particularly preferred construction would employ the plasmid RSF1010 and
derivatives thereof as described by Bagdasarian, M., Bagdasarian, M.M., Coleman, S., and
Timmis, K.N. in Plasmids of Medical, Environmental and Commercial Importance, Timmis,
K.N. and Puhler, A. eds., Elsevier/North Holland Biomedical Press (1979), specifically
incorporated herein by reference. The advantages of RSFI010 are that it is relatively a small,
high copy number plasmid which is readily transformed into and stably maintained in both E.
coli and Pseudomonas species. In this system, it would be preferred to use the Tac expression
system as described for Escherichia, since it appears that the E. coli trp promoter is readily
recognized by Pseudomonas RNA polymerase as set forth by Sakagucki, K. in Current Topics
in Microbiology and Immuholog& 963 1-45 (1982) and Gray, G.L., McKeown, K.A., Jones,
AJ.S., Seeburg, P.H,, and Heyneker, H.L. in Biotechnology, Feb. 1984, pp. 161-165, both of
which are specifically incorporated herein by reference. Transcriptional activity may be further
maximized by requiring the exchange of the promoter with, e.g., an E, coli or P_aeruginosa
trp promoter. Additionally, the lacl gene of E, coli would also be included in the plasmid to
effect regulation.

Translation may be coupled to. translation initiation for any of the Pseudomonas
proteins, as well as to initiation sites for any of the highly expressed proteins of the type
chosen to cause intracellular expression of the inhibitor.

In those cases where restriction minus strains of a host Pseudomonas species are not

available, transformation efficiency with plasmid constructs isolated from E. coli are poor.

Therefore, passage of the Pseudomonas cloning vector through an r- m+ strain of another

species prior to transformation of the desired host, as set forth in Bagdasarian, M., et al.,

Plasmids of Medical Environmental and Commercial Importance, pp. 411-422, Timmis and
Puhler eds., Elsevier/North Holland Biomedical Press (1979), specifically incorporated herein

by reference, is desired.
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@clllgg to express the IL-1i of the present invention as either an intracellular or a secreted

protein. The present embodiments include both systems. Shuttle vectors that replicate in
both Bacillus and E. coli are available for constructing and testing various genes as described
by Dubnau, D., Gryczan, T., Contente, S., and Shivakumar, A.G. in Genetic Engineering, Vol.
2, Setlow and Hollander eds., Plenum Press, New York, New York, pp. 115-131 (1980),
specifically incorporated herein by reference. For the expression and secretion of the IL-ki
from B. subtilis, the signal sequence of alpha-amylase is preferably coupled to the coding
region for the protein. For synthesis of intracellular inhibitor, the portable DNA sequence will
be translationally coupled to the ribosome binding site of the alpha-amylase leader sequence.
Transcription of either of these constructs is preferably directed by the alpha-amylase
promoter or a derivative thereof. This derivative contains the RNA polymerase recognition
sequence of the native alpha-amylase promoter but incorporates the lac operator region as
well. Similar hybrid promoters constructed from the penicillinase gene promoter and the lac
operator have been shown to function in Bacillus hosts in a regulatable fashion as set forth by
Yahéura, D.G. and Heﬁner in Ge nejjcs' and BiQLechng- logy of Bacilli, Ganesan, A.T. and Hoch,
J.A., eds., Academic Press, pp. 249—'2-63 (1984), specifically incorporated by reference. The
lacI gene of E. coli would also be included in the plasmid to effect regulation.
(i) Clostridium Vectors = | .
One preferred construction for exﬁre{s”éi'eri in Clostridium is in plasmid pJU12,
“ described by Squiires, C.H. et al.;in J. Bacteriol. 159:465-471 (1984) arid specifically
.incorporated herein by refereﬁce transformed into C. perfringens by the method of Heefner,
D1. et al, as described in J. Bacteriol. 159: 460-464 (1984), specifically incorporated herein
by reference Transcnptlon is directed by the promoter of the tetracycline resistance gene.
Translation is coupled to the Shme—Dalgarno sequences of this same tet’ gene in a manner
strictly analogous to the procedures outlined above for vectors suitable for use in other hosts.
(iv) Yeast Vectors
Maintenance of foreign DNA introduced into yeast can be effected in several
ways as described by Botstein, D. and Davis, R.W., in The Molecular Biology of the Yeast
Saccharomyces, Cold Spring Harbor Laboratory, Strathern, Jones and Broach, eds., pp. 607-

636 (1982), specifically incorporated hereby by reference. One preferred expression system
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replication origin and at least one antibiotic resistance marker from pBR322 to allow
replication and selection in E. coli. In addition, the plasmid will preferably have the two
micron sequence and the yeast LEU2 gene to serve the same purposes in LEU2 defective
mutants of yeast.

If it is contemplated that the recombinant IL-1 inhibitors will ultimately be expressed in
yeast, it is preferred that the cloning vector first be transferred into Escherichia coli, where the
vector would be allowed to replicate and from which the vector would be obtained and
purified after amplification. The vector would then be transferred into the yeast for ultimate
expression of the IL-I inhibitor.

(¢) Mammalian Cells
The cDNA for the IL-1 inhibitor will serve as the gene for expression of the
inhibitor in mammalian cells. It should have a sequence that will be efficient at binding
ribsomes such as that described by {Kozak, in Nucleic Acids Research 15:8125-8132 (1987),
specifically incorporated herein by reference,] and should have coding capacity for a leader
sequence (see section 3(a)(vi)) to direct the mature protein out of the cell in a processed form.
The DNA restriction fragment carrying the complete cDNA sequence can be inserted into an
expression vector which has a transcriptional promoter and a transcriptional enhancer as
described by Guarente L. in Cell 52: 303-305 (1988) and Kadonaga J.T. et al, in Cell
| 51 1079-1090 (1987), both of which are specxﬁcally mcorporated herein by reference. The
promoter may be regulatable as in the plasmid pMSG (Pharmacia Cat. No. _27450_601) if
constitutive expression of the inhibitor is harmful to cell as described by Ausubel, F M. et al. in
Current Protocols in Molecular Biology, Wiley (1987), specifically mcorporated herein by
reference so that the mRNA transcribed from this vector is processed properly. Finally, the
vector will have the replication origin and at least one antibiotic resistance marker from
pBR322 to allow replication and selection in E. coli.. A

In order to select a stable cell line that produces the IL-1 inhibitor, the expression
vedor can carry the gene for a selectable marker such as a drug resistance marker or carry a
complementary gene for a deficient cell line, such as a dihydrofolate reductase (dhft) gene for
transforming a dhft” cell line as described by Ausubel et al., supra. Alternatively, a separate

plasmid carrying the selectable marker can be cotransformed along with the expression vector.
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The vector thus obtained is transferred into an appropriate host cell. These host cells

may be microorganisms or mammalian ceils.

(@)  Microorganism

It is believed that any microorganism having the ability to take up exogenous DNA and
express those genes and attendant operational elements may be chosen. After a host organism
has been chosen, the vector is transferred into the host organism using methods generally
known to those of ordinary skill in the art. Examples of such methods may be found in
Advanced Bacterial Genetics by R. W. Davis et al., Cold Spring Harbor Press, Cold Spring
Harbor, New York, (1980), which is specifically incorporated herein by reference. It is
preferred, in one embodiment, that the transformation occur at low temperatures, as
temperature regulation is contemplated as a. means of regulating gene expression through the
use of operational elements as set forth above. In another embodiment, if osmolar regulators
have been inserted into the vector, regulation of the salt concentrations during the
transformation would be required to insure appropriate control of the foreign genes.

It is preferred that the host microorganism be a facultativé anaerobe or an aelv'obe.
Particular hosts which may be preferable for use in this method include yeasts and bacteria.
Specific yeasts include those of the genus Saccharomvces, and especially Saccharomvees
Lsg;ggmgm espemally _a_c:ll;;s §ubt1h§ and Eschenghlg ggli. Addltxonal host cells é;e listed
mTableI,sgp_a . o

() Mammalian Cells -~ . A T TP

The vector can be introduced into mammalian cells in culture by Several techniques
such as calcium phosphate:DNA copreclpltatlon electroporatlon or protoplast fusion. The
preferred method is coprec1p1tat10n with calcium phosphate as described by Ausubel et al.,
supra.

Many stable cell types exist that are transformable and capable of transcribing and
translating the cDNA sequence, processing the precursor IL-1i and secreting the mature
protein. However, cell types may be variable with regard to glycosylation of secreted proteins
and post-translational modification of amino acid residues, if any. Thus, the ideal cell types

are those that produce a recombinant IL-1 inhibitor identical to the natural molecule.
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manuf act ur §fpiBitor. These conditions are generally specific for the host cell, and are readily GEtermined~mmm
by one of ordinary skill in the art in light of the published literature regarding the growth

conditions for such cells and the teachings contained herein. For example, Bergey's Manual of
Determinative Bacteriology, 8th Ed., Williams & Wilkins Compémy, Baltimore, Maryland,
which is specifically incorporated herein by reference, contains information on conditions for
culturing bacteria. Similar information on culturing yeast and mammalian cells may be
obtained from Pollack, R. Mammalian Cell Culture, Cold Spring Harbor Laboratories (1975),
specifically incorporated herein by reference..

Any conditions necessary for the regulation of the expression of the DNA sequence,
dependent upon any operational elements inserted into or present in the vector, would be in
effect at the transformation and culturing stages. In one embodiment, cells are grown to a
high density in the présence of appropriate regulatory conditions which inhibit the expression
of the DNA seciuence. When optimal cell density is approached, the environmental conditions
are altered to those appropriate for expression of the DNA sequence. It is thus contemplated
that the production of the IL-1 inhibitor will occur in a time span subsequent to the growth of
thé host cells to near optimal dénéity, and that the resultant IL-1 inhibitor will be harvested at
some time after the regulatory conditionis hecessary for its expression were induced.

6.  Purification

(@ IL—11 Produced From Mlcroorgamsms
Ina preferred embodnnent of the present invention, the recombinant IL-1
inhibitor is purified subsequient to harvestmg and prior to assump’aon of its active structure.

- This embodiment is preferred as the inventors believe that recovery of a high yield of're-folded
protein is facilitated if the protein is first purified. However, in one preferred, alternate
embodiment, the IL-1 inhibifor may be allowed re-fold to assume its active sti'uéture prior to
pu'r'-iﬁc'ati()‘x;'; In yet another preférfei alternate embodiment, the IL-1 inhibitor is present in its

- re-folded, active state upon recovery from the culturing medium.

In certain circumstances the IL-1 inhibitor will assume its proper, active structure upon
expression in the host microorganism and transport of the protein through the cell wall or
membrane or into the periplasmic space. This will generally occur if DNA coding for an
appropriate leader sequence has been linked to the DNA coding for the recombinant protein.

If the IL-1 inhibitor does not assume its proper, active structure, any disulfide bonds which
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For purification prior to and after refolding, some combination of the following steps is

preferably used: anion exchange chromatography (MonoQ or DEAE-Sepharose), gel filtration
chromatography (superose), chromatofocusing (Monop), and hydrophobic interaction
chromatography (octyl or phenyl sepharose). Of particular value will be antibody affinity
chromatography using the IL-1i-specific monoclonal antibodies (described in Example 3).
(b) IL-1i Produced from Mammalian Cells
IL-1i produced from mammalian cells will be purified from conditioned
medium by steps that will include ion exchange chromatography and immunoaffinity
chromatography using monoclonal antibodies described in Example 3. It will be apparent to
those skilled in the art that various modifications and variations can be made in the processes
and products of the present invention. Thus, it is intended that the present invention cover the
modifications and variations of this invention provided they come within the scope of the
appended claims and their equivalents. | |
It is to be understood that application of the teachings of the present invention to a
_ specific problem or environment will be within the capabilities of one having ordinary skill in
~ the art in light of the teachmgs contamed herein. Examples of the products of the present
 invention and representatlve processes for their isolation and manufacture appear in the
following. ' o
The following examples illustrate various presently preferred embodiments of the : -
present invention. The publications provided in this examples are specifically incorporated by
reference herein. - o
’ h XAMPLE;
le 1 - Protein Preparation
A, Materials
Hank's Balanced Salt Solution (HBSS) and RPMI were purchased from Mediatech,
Washington, D.C. Lymphoprep was obtained from Accurate Chemical and Scientific Corp.,
Westbury, N.Y. Human IgG, MTT, rabbit anti-prostagland E, antiserum, ammonium
bicarbonate, dithiothreitol, complete and incomplete Freund's adjuvants, hypoxanthine,

aminopterin, and thymidine were purchased from Sigma Chemical Co., St. Louis, Missouri,
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Jewish Center for Immunology and Respiratory Medicine (NJC/IRM), Denver, Colorado.

Recombinant human IL-1 was obtained from Cistron Biotechnology, Pine Brook, N.J.
Purified phytohemagglutinin was purchased from Wellcome Diagnostics, Research Triangle
Park, N.C. Human foreskin fibroblasts from primary cultures were obtained from Dr. Richard
Clark at the NJC/IRM, Denver, Colorado. Monoclonal mouse anti-rabbit IgG antibodies

. were purchased from AIA reagents Autora, Colorado. Low methionine RPMI was made
using a Select-Amine kit from GIBCO Laboratories Grand Island, N.Y. [**S]-methionine,
diphenyloxazole, and [*CJ-iodoacetic acid were obtained from DuPont-NEN, Chicago,
Illinois. Fetal calf serum was purchased from HyClone Laboratories Logan, Utah. Mono Q
and Superose 12 columns were purchased from Pharmacia, Inc., Piscataway, N.J. C4-
reversed phase columns were obtained from Synchrom, Inc., Lafayette, Indiana. C8-reversed
phase cblumns were obtained from Applied Biosystems, Inc., Foster City, California.
Acetonitrile and pblyefhylene glycol 8000 were purchased from J. T. Baker Chemical Co.,

* Phillipsburg, N.J. Trifluroacetic acid and guanidine hydrochloride were obtained from Pierce

- Chemicals, Rockford, Illinois. - Endoproteinase Lys C was obtained from Boehringer
Mannheim Biochemicals, Indianapolis, Indiana. The microtitering plates used for PGE,
ELISA were Nunc-Immuno Plate I obtained from Intermountain Scienfiﬁc; Corporatidn,
‘Bountiful, Utah. The plates sed for hybridoma production wete from Costar, Cambridge,
Massachusetts, e
B. Generation of MQany;g IL-1 Inhibitor _

Human leukocytes were obtained from normal donors by leukophoresis, resuspended

in Hank's balanced salt solution (HBSS) at 1 part packed cells to 1 part HBSS, underlayed with

(X

Lymphoprep and spun at 400 xg fdr 30" ét{'-rob'%n téfnperafufe The mononuclear fraction was
taken (typlcally 4—5 X 109 cells were obtamed per donor), washed in HBSS without Ca++ o
Mg++, suSpended in serum-free RPMI and plated on petri dishes coated with normal human
"IgG made LPS free by chromatography over Sephapex G200 (6 x 107 cells in 10ml per 100
mm dish). All reagents contained less than 10 pg/ml LPS. The cells were cuitured 24-48 hr,
and the resulting conditioned medium constituted the crude IL-1 inhibitor (IL-1i) supernatant.

Typically, the cells from one donor yielded 700-900 ml crude IL-1i supernatant.
C. Assays for the I1.-1 Inhibitor
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plus 1 ug/ml phytohaemaglutinin by proliferating half-maximally, as measured by *H-thymidine
incorporation or uptake of the tetrazolium salt MTT (Mosmann, T., J., Immunol. Method,
65:55-61 (1983)) after three days of stimulation. Crude IL-11 supernatant fully inhibits this
proliferative response at a 1/10 dilution. Human dermal fibroblasts (1 x 10° cells per well in a
96 well plate) typically respond to 0.5 units/ml recombinant human IL-1 by secreting, at 6
hours of stimulation, approximately 50,000 pg/ml PGE, that can be measured by ELISA. This
assay is as sensitive to IL-1i as is the thymocyte assay.
D. lic Labeling of the IL-1 Inhibitor

The IL-1i was metabolically labeled by culturing mononuclear leukocytes for 48 hours
on IgG-coated plates (as described in B) in serum-free RPMI containing only 0.75 ug/ml cold
methionine (15ug/ml is normal) and to which was added 0.5 mCi **S-methionine (1151
Ci/mmol) per 107 cells. Control labelings were performed identically except that the plates
were coated with fetal calf serum rather than IgG. Assays on such control supernatants
showed that very little IL-1i was secreted when the cells were cultured on fetal calf Serum-
coated plates.
E.  Purification of the IL-1 Inhibitor Pr

Crude IL-Ti supernatants were made 1.0 M in sodium chloride, incubated on ice for |
hour and centrifuged at 10,000 rpm for 15 minutes. The supernatants, which contained all of
the mhxbxtor act1v1ty but only 20% of the mmal protem were then dxalyzed extenswely at 4°C
versus 0. 025M Tris, pH 7 6 contammg 0.1% sucrose (the A buffer) for gradlent fracttonatlon

of proteins on a Mono Q atiion exchange ‘Column. Following dialysis the inhibitor contammg

_solutions were recentrifuged at 10,000 rpm for 15 minutes and then passed through 0.22u

nylon filters. The supernatants were typically combined with 10 mi of similarly prepared
supernaténi ﬁoﬁ a metabolic labelfng and loaded onto Mono Q-Superose (Pharmacia FPLC)
columns with bed volumes of either 1.0 ml or 8.0 ml, washed with A buffer until the 0D, of
the effluent returned to baseline, and carefully chromatographed using a linear sodium chloride
gradient (.025M to .I0OM) in buffer A. Column fractions were collected and analyzed for
radioactivity and bioactivity. Samples of each fraction were also run on reduced 12.5% SDS-
PAGE, silver stained, permeated with diphenyloxazole, dried and put onto film to obtain
autoradiographic data. Figure 1a shows the protein profile of the Mono Q chromatography of

40 ml crude IL-1i supernatant mixed with 3 ml of metabolically labeled IL-1i supernatant
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rather than IgG. The levels of the three radioactive species discussed above are markedly
diminished. Figure 2a snows silver stained gels run on the fractions from the regions of
interest in the chromatographies shown in Figures 1a and 1b. Note that the fractions of peak
radioactivity and bioactivity in Figure 1a (fractions 52 and 59) both show a major band at 22
Kd (marked with arrows) on SDS-PAGE. The third species (fraction 48 in Figure 1a) shows a
band at 20kD on SDS-PAGE. Gel filtration experiments on crude IL-1i have shown that the
active molecule has a molecular weight of 18-25 Xd. Figure 2b is an autbradiogram of the
gels shown in Figure 2a. It can be readily seen that the protein bands at 20 and 22 Xd are the
major radioactive species in those fractions. _ _

Summarizing these results, we have shown that the metabolic labeling of monocytes
plated on petri dishes coéted with IgG results in radioactive species' that are only poorly
produced if the cells are plated on dishes coated with FCS. These induced radioactive species
perfectly co-chromatograph with several species of IL-1i bioactivity on Mono Q, and gels and
resulting autoradiogram show that the three major induced molecules are proteins of the
predic.t'éd- .mhole'cul'ar' welght for IL-li.‘ o |

The IL-1i molecules were further purlﬁed for sequencing in two ways. First, Morio Q
fractions with peak bioactivity and radioactivity were loaded onto a C4-reversed.phase column
and eluted with an, H,0/0.1%TFA: acetonitrile/0.1%TFA gradient. Since the IL-1i molecule

| ;J.V&S ltrace labeled. sﬁmﬁlés fro;xl eac,:-h ﬁaction were diréctly éounted for ré.dioactivity and were
also analyzed by SDS-PAGE followed by autoradiography. Figure 3a shows such a
chromatograph with the radioactivity pattern superimposed. The silver stained gels run on
samples from each fraction (Figure 3b) and subsequent autoradiograms of the gels (Figure 3¢)
shows that the IL-1i molecule is found iﬁ fractions 32-36. These fractions were dried down

~ and sequenced. Alternatively, the peak Mono Q fractions were dried by Speed Vac,
resuspended in 0.4 mi 0.05 M NHHCO, and directly chromatographcd two times on a 10 x
300mm Superose 12 gel filtration column (Pharmacia FPLC) equilibrated in the same buffer,

. as shown in Figs. 4a and 4b. Fractions were collected and samples of each were tested for
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Example 2

Proposed Sequencing of the IL-1 Inhibitor

Prior to sequencing, Samples were dissolved in 6 M guanidine-HCI, pH 8.6, reduced
for 4 hours at 37° C under N, with 100-fold molar excess dithiothreitol over protein, and
alkylated for 1 hour with 400-fold excess *C-iodoacetic acid. In that case, the reactions
would be desalted on a C8-reversed phase column, eluted, and partially dried. N-terminal
sequences will be determined using an Applied Biosystems Protein Sequencer. To obtain
internal sequences, samples which may have been reduced and alkylated would be digested
with cyanogen bromide or proteolytic enzymes using methods known to those of ordinary skill
in the art. Reactions will be dried, dissolved in 0.1% TFA/H,0, and peptides will be separated

using a C8-reverse phase column.

_ . ‘ Example 3
Purification ncing of the Species of 111 Inhibitor
A IL-1i-X, IL-li-a and TL-i-b Species
The Mono Q purification of TL-1i resolves the biological activity into three major
-:species, as shown in Figure 1a and described in Example 1, where the peak fractions for this
acthty are 48, 52 and 59 SDS-PAGE on samples of these fracaons as shown in Fxgure 2a,
reveal pertment specles at 20 kD, 22 kD and 22D, respectlvely Western analys1s of such
. "}gels usmg the mousé antisera dlscussed in Example 4 below stains ail three of these § specles
When IL-1i is prepared from cells metabolically labeled with **S-methionine, during growth on
plates coated with IgG, each of these bands is radioactive (as shown in Figure 2b, the
autoradiogram of the above-mentioned gel). Based on the logic discuésed in Example 1,
namely that paralle! cells incubated in a non-inducing condition do not produce the IL-1i
bioactivity and do not produce these radioactive bands, we can conclude that these three
species account for the biological activity. We have tentatively named these species IL-1i-X,
IL-1i-a, and IL-1i-b, respectively.
B. Purification and Sequencing of I1.-1i-X
Mono Q fractions containing IL-1i-X and/or IL-1i-a were further purified by reversed-

phase HPLC chromatography on a Synchropak RP-4 (C4) column, and radioactive species
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24-26, dir ?)ﬁhﬁed I1-1i-a and IL-1i-b have failed, suggesting that they are chemlcafy STooKed r thetr N
" termini. However, one preparation of IL-1i-a (IL-1i-aB2p42) yielded the following sequence
1 5 10 15 20
RPSGRKSSKMQAF ISDVNQ
| and subsequent preparations of IL-1i-X, similarly purified by C4 RP-HPLC, have produced

the same sequence
1 5 10 15 20
PrepkKxF24 MQAF ID VN K F
and

PrepkxF23RP  RK LKMQAF I

These are obviously part of the sequence found in the initial attempt at sequencing IL-
li-a. It is the inventors conclusion that the sequence data shown is the N-terminus of the 20
kD Species called IL-1i-X. |
In these and all subsequent sequences an underlined position indicates either an
inability to identify a residue or that ambiguity exists with respect to the residue identified.
When two or more residues are put in one position, it indicates that more than one amino acid
was detected at that sequencing step, and the more likely correct residue is on top.
C.  Generation, Purification, and Seéquencing of Peptides of |
Since IL-li-a énd .IL-ii-b aré éﬁpafentlj; cﬁemically b.lolél-ced at their N-termini,
peptides of each were generatéd by eadoproteinase diéestidn. Specifically, Mono Q fractions
- containing either IL-1i-a or IL-1i-b were passed through a-4:6x250 mri C3-RPHPLC column
(Zotbax Protein Plus), an acceptable alternative to the C-4 columns used in all previous
| experiments. Very gradual gradients (0.2% écetonitrile per minute at 0.5 mi/min) resolved the
IL-1i-a (Figure 8a,b) or IL-1i-b (Figuré 92) away from the major contaminating radioactive
species, human lysozyme.' The identities of the purified Species were confirmed by the
presence of a single, radioactive, 22 kD protein on SDS-PAGE and subsequent
autoradiograms (Figures 8c, d and 9b). The proteins were hand-collected into siliconized
glass tubes and to each was added 25 ml of a 0.2% Tween-20 solution. The IL-li-containing
fractions were then reduced in volume on a Speed-Vac to 50 ml, brought up to 300 ml by the
addition of 1% NHHCO,, followed by the addition of | mg of endoproteinase. In the case of
[L-1i-a, the enzyme used was Endoproteinase Lys C (Boehringer-Mannheim), while IL-1i-b
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reacted for 30 min at 37°C, and then carboxymethylated by addition of 1.1 umole *H-

b

iodoacetic acid in 10 ml ethanol (reacted 30 min at 37 ¢ in the dark). Separation of the
peptides was performed on a 2.1x250 mm Brownlee Occupier RP-300 (C8) narrow-bore
column at a flow rate of 100 ml/min using a Beckman HPLC outfitted with microbore
hardware and microbore-compatible pumps. A 200 min 0-100% linear gradient was used
(H,0/0.1% TFA to acetonitrile/0.1% TFA). The peptide separations are shown in Figures 10
and 11. The sequence information obtained is as follows:

1 5 10
RaLysC-41 MQAF_I_DVNQK

1 5 10 15 20 25
K P
ReLysC-53 _FYL NNQLVA YLQGPNVNLEEQIDN N
1 5
1 Y
RaLysC-61 _FATIRHVH
RoLysC-31 FYFQED
vy s w15 20 :
Fiot R ‘s P .V [ S N .t !
GE S IT S
“ "RaLysC-37 _ODET QLEANROSOLGEQ
1% 10 15 20
RolysC-35 ___ETRLQLEAV_ITDLLEN
1 5 10 15 20 25
QKTF L G

RBAspN-51 DVNPIEPYARNNQLVASYLQGPNVNL

1 5 10
RBAspN-43 DEGVMVTKEFYFQ

1 5 10 15
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Two of the peptide sequences are obviously related to that which was obtained earlier
from IL-1i-X. One of these, RaLysC41, is an IL-1i-a sequence, and the other, RbAspN-51, is
an IL-1i-b sequence, arguing that the three species of IL-1i are at least closely related proteins
if not chemically and/or physically modified forms of a single original IL-1i molecule. If the

listed sequences are combined, the following composite sequences result:

fr---n—-RaLysC-41--——| | RALYSC-53nrnrmemmemmmemeaeer :
f--e-e--RBASpN-39 | TS Ay R——
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N
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J-—RaLysC-61—]
—~RBAspN-25---|
Y

DKRFAFIRHVR
These composite sequences appear to be present in no other known polypeptides listed
in the most recetiﬂy updated Protein Identification Resource Database (PIR 16.0). The
inventors believe that these sequences, or minor variants thereof, represent a class of

molecules that are capable of acting as IL-I inhibitors.

Example 4
Pre ion of Antibodie; ific for the I1.-1 Inhibitor




Exanpl e 8 Expression of Genes Encoding IL-1i in Animal Cells_Animal-Cells

Ani mal -cell expression of IL-1i requires the follow ng steps ACERATA
Construction of an expression vector b. Choi ce of a host Rgﬁ' (1: {‘ﬁé ! SHFET
I ntroduction of the expression vector int3@ host cells d. Mani p pul’ ‘at T on 101
recombi nant host cells to increase expression |levels of IL-1i] 85 MAR 1297

Ten week old BALB/c mice were injected subcutaneously with IL-jii that was partially

purified (400-fold) from crude supernatants by Mono Q-chromatography, dialyzed versus
lPBS, and emulsified with Complete Freund's Adjuvant. Each mouse received the IL-1i
purifted from 5 ml of crude supernatant. The mice were boosted every two weeks with an
equivalent amount of IL-1i emulsified with Incomplete Freund's Adjuvant, and serum samples
were taken from the tails seven days after each boost. Antisera were tested for anti-IL-1i
activity by Western analysis of transblots of the immunogen run on SDS-PAGE, as shown in
Fig. 5a. Fig. 5b shows that all of the mice were making anti-IL-1i antibodies after three
injections of IL-1i.
~ Since monoclonal antibodies will be of great value in cloning the IL-1i gene from an
expression library, purifying the recombinant IL-1i protein, and studying the biology of the
molecule, we have begun the process of making a battery of mdnoclonal antibodies specific for
TL-1i. To produce B cell hybridomas, the above mice were injected intravenously with the
same amount of IL-1i in saline 24 hours prior to removal of the spleens. Splenocytes were
teased out of the spleens into cold balanced salt solution (BSS) washed two times with BSS,
mixed with P3 myeloma cells at a ratio of 2 x 107 P3 cells per 10® splemc B cells and spun
down. The cells were fused by the dropwise addition of 1 ml of warm, gassed (5% CO,) PEG
16000 (40% polyethylene glycol 6000 : 60% minimal essential medium) to the dry pellet.
Fused cells were washed Wlth BSS and resuspended in 10 ml of I'lch media (10% FB S) .
contammg 2 x 10° pentoneal cells per ml and the pellet was gently broken up usmg a 10 ml
~-and the cells were plated out in 96 well plates at 0.1 ml/well._Plates were placed inagas

incubator and treated i in the followmg manner thereafter:

Day 1 - Add 3x HAT (hypoxantlune armnopterm, thyrmdme) in nch

| - thedium to a final concentration of 1x _
Day 5§ - -Change medium, replacing with 200 ul 1x HAT in rich medium
Day 10 - Begin checking for hybrid growth. Change medium,

replacing with 200 ul Ix HAT in rich medium containing 1.5 x
0° peritoneal cells per ml.
When hybrid cells are nearly confluent in a well the supernatants are transferred for testing,
and the cells are gently scraped with a pipet tip and transferred to 1 ml culture wells containing

1x HAT in rich medium plus 3 x 106 peritoneal cells per ml.
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are used as the negative and positive controls, respectively Positive supernatants will be
retested by ELISA on plates coated with homogeneously purified IL-1i and by
immunoprecipitation of purified metabolically labeled IL-1i. Positive cells will then be cloned
by limiting dilution and injected into pristane-tréated mice for the generation of ascites. Large
quantities of IL-1i-specific antibodies can be produced by tissue culture or by massive
generation and collection of ascitic fluid in mice. Purification of these antibodies and
attachment thereof to insoluble beads will produce affinity adsorbents for the purification of
the recombinant IL-1i protein.
Example 5

Cloning the IL-1i cDNA

It was shown that monocytes plated on IgG-coated petri dishes and cultured for 24
hours in the presence of [**S]-methionine produced (**S]}-IL-1i which could be identified by its
chromatographic properties on Mono Q.

In order to determi_ne when (during the 24 hour period) IL-1i was being produced at a
maximal rate, plated monocytes were exposed to [**S]-methionine (pulsed) for a short, two-

hour period, at which time a large excess of unlabeled methionine was added and -incubated for

" an additional two hours. The medium was then collected and analyzed for ratiolabelled IL-1i.

This procedure was applied to-monocytes at various times after plating:of IgG-coated plates
and it was found that exposing monocytes to [**S]-methionine at 15 hbu_rs after plating
produced the maximél amount of [**S]-IL-1i, indicating that IL-1i mRNA in monocytes was at
its maximal level 15 hours after plating on IgG.

Fresh monocytes were then plated on LPS free IgG obtained as in 'Exathple IB. After
incubating in RPMI media for 15 hours at 37°C, the cells-are washed with phosphate buffered
saline then lysed with 4M guanidinium thiocyanate; 25 mM sodium citrate, pH 7, 0.5%
sarcosyl, 0.1M2-mercaptoethanol. Total RNA was then isolated from this lysate by the AGPC
method of P. Chomezynski and N. Sacchi described in Analytical Biochemistry, vol. 162, pp.
156-159 (1987).

Poly A" RNA was isolated by oligo dT cellulose chromatography by the method of
Aviv, H. and Leder, P. (1972) Proc. Natl. Acad. Sci. (USA) 69:1408-1412 precipitated with
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have been H@JnlBoehnnger Mannheim catalog No. 988448 or New England Bio Lab No. 1070 and

instructions provided by these manufacturers.

The resulting library, which contains 10° independent clones, was screened on E coli
Y1090 rk” (Promega Biotec) with an appropriate polyclonal antibody to IL-1i as described
previously using screening conditions described by R. A. Young and R. W. Davis [(1983)
PNAS 80:1194-1198]. Positive signals will be detected using a biotinylated second antibody
(such as goat anti-mouse IgG, Bethesda Research Labs) followed by a strepavidin-alkaline
phosphatase conjugate (Bethesda Research Labs), as described by Bayer, E. A. and Wilchek,
M. (1979) in Methods in Biochemical Analysis, and Guesdon, J. L. Ternynch, T. and
Avrameas, S. (1979) I Histochem. Cytochem, 27:1131-1138 and according to manufacturer's
instructions.

Example 6
reparation ar ncing of Gene Encoding I -1i

¢DNA prepared as described in Example S was incorporated into the cloning vector
lambda GT10. This cDNA was first methylated using _EQQRI methylase with S-adenosyl-
methionine as the substrate, EcoRI linkers were attached in a ligation reaction, and excess
linkers were removed by digestion with EcoRI endonuclease and chromatography on a CL63
spin column. A ligation reaction containing 0.124 ug of linkered, size-selected cDNA and 1
ug of EcoRI-cut and phosphatase-treated lambda GTIO was performed, and the products of
this ligation reaction were packaged using GIGAPACK GOLD packaging extracts
(Stratagene). This yielded a library of 1x10” members.

In order to Screen this GT10 library, oligonucleotide (antisense) probes were
synthesized based on protein and peptide sequence presented in Example 3. The sequences of
the probes and of their Corfesponding peptide sequence are as follows. |
Probe # IL1i1-3 TTgTACGTgCGNAAGAS'

Lys Met Gin Afa Phe

T A A A T T
Probe #IL1i1-4  TTcAAGATGAAGGTCTCT &
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_ A A T T
Probe #IL1i1-6 CTGCANTTGGTTTcTG &

Asp Val Ash GIn Lys Thr

A T T A
Probe #IL1i1-7 TTGGTcTTcTGNAAGAT 5
Asn Gln Lys Thr Phe Tyr
Note: N=A, G, C, and T

Probe #ILIil-3 was 3P-phosphorylated at its 5' end and used to screen 3x10° plaques of
the library. The probe hybridized reproducibly to three plaques; and out of these, one plaque
was shown to also hybridize to probe #Illil-4. This plaque, GT10-ILli-2A, was cultivated and
the DNA was isolated using Lambdasorb (Promega according to the manufacturer's
instructions. GTIO-IL1i-2A has been déposited at American Type Culture Collection (ATCC)
in Rockville, Maryland under Accession No. 40488. The DNA was digested with EcoRI, .
divided into five equal aliquots, and electrophoresed on a 1% agarose gel.

After electrophoresis, this gel was stained with ethidium bromide. A photograph of
this gel is shown in Figure 12 a. Lanes 6, 8, 10, 12, and 14 contain the five aliquots from the
EcoRI digestion. ‘Lane 5 contains a mixture of wild-type lambda DNA cut with HindIII and
@X174 RF DNA cut with Haelll (New England Biolabs) which are useful as molecular weight
markers. Figure 12a shows that GTI0-ILli-2A contains an EcoRI fragment that is 1850 base
pairs in length.

In order to demonstrate more conclusively that this 1850 bp fragment carries coding
sequence for the IL1 inhibitor, a Southern blot was performed as follows. The DNA fragments
in the gel shown in Figure 12a were blotted onto nitrocellulose using standard methods. The
nitrocellulose was then cut lengthwise into five strips such that each strip contained the DNA
from lanes 6, 8, 10, 12, and 14. The strips were then individually hybridized to each of the

five oligonucleotide probes (above) which were labeled at the 5' end with *P phosphate. The
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oligonucleotide concentration was 1 pmole/m1 and the hybridization tempdrat as 11
follows. |

LANE PROBE TEMPERATURE

6 #IL1il-3 35°C

8 #ILL1-4 42°C

10 #ILL1-5 42°C

12 #ILLL-6 40°C

14 #Lht-7 35°C

After washing, the strips were lined up and taped together to reform the original
nitrocellulose sheet. This was autoradiographed in the presence of an intensifying screen at
70°C for 24 hours. Figure I2b is a photograph of this autoradiograph. It provides evidence
that all or the probes hybridize specifically to the 1850 bp fragment, proving that this fragment
carries substantial coding Sequences for the IL! inhibitor

In order to determine its DNA sequence, GT10-ILli-2A DNA was digested with
EcoRI, electrophoresed on a 1% agarose gel, and the 1850 bp fragment was isolated. This
fragment was ligated with EcoRI-digested M13 mpl9 and transformed into E. coli strain
JMI09. Transformants were Screened by looking for those lacking beta—galactosiddse
activity. Five such transformants were isolated, single-stranded DNA was prepared, and
sequencing was performed according to Sanger et al. The DNA sequence of three of the
transformants corresponded to the 3' end of the mRNA, while two transformants provided
protein coding seqﬁence. Iﬁ Figure 13, the DNA sequence is shown that was obtained for the
protein coding region of the cDNA.

Figure 13 also- shows the predicted amino acid sequence. The amino acid sequence
from the first amino acid Alanine to the 29th amino acid Proline and from the 79th amino acid
isoleucine to the end is the hypothesized amino acid sequence. The predicted amino acid
sequence from the 30th amino acid Proline to the 78th amino acid Proline agrees with the
peptide sequences described in Example 3.

Example 7
Sequencing GTI0-IL-1i-2A and IL-1i

A portion of GTI0-IL1i-2A has been Sequences and is set forth in Figure 14. The

DNA encodes a protein containing amino acid sequences that are characteristic of IL-1i

(nucleotides 99-557). However, it is believed that several modifications may be made to this
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amino terminus of the form of IL-1i known as X. It is believed that included in these 32 amino

acids Is a secretory leader sequence that Starts at the M encoded by nucleotides 24-26, directs
the nascent IL-1i to the extracellular milieu, and is then removed by a leader Peptidase, and

| possibly other Peptidases. The extent to which this sequence is removed in forms alpha and
beta of IL-11 is presently unknown, but the N-terminus of these forms is thought to be close to
that of form X. Removal of the secretory leader sequence is probably required for the protein
to have effective IL-1i activity.

Nucleotides 349-351 of GTIO-ILII-2A encode an N residue that is part of a consensus
N-glycosylation site. On the basis of their susceptibility to digestion with N-glycanase it is
believed that forms alpha and beta of IL-1i aré glycosylated. Since form X is not believed to
be susceptible to digestion with this enzyme it is believed that it is not glycosylated, although
this remains a possibility that could easily be demonstrated by one of ordinary skill in the art of
protein sequencing using the information provided here. It is believed that glycosylation at
this N residue is not required for the protein to show effective IL-11 activity.

Nucleotides 99-101 of GTI0-ILI-2A encode a P (see Figure 15), but no P has been
detected at this Position (the N-terminus) of form X of IL-1i. It is possible that this residue
has been modified in the mature protein. It is believed that modification of this residue is not
essential for effective IL-1i act1v1ty

The presently unknown N-terminus residues of forms alpha and beta are not wholly
detectable by Edman degradation and are likely to be modified following removal of some of
the N-terminal residues of the protein encoded by GT10-ILIi-2A. 1t is believed that this
modification is not essential for effective IL-1i activity.

Example 8

Expression of Genes Encoding IL-1i in Animal Cells Animal-Celis
Animal-cell expression of IL-1i requires the following steps:

a Construction of an expression vector

b. Choice of a host cell line

C. Introduction of the expression vector into host cells

d. Manipulation of recombinant host cells to increase expression levels of

IL-1i
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- A protein having the sequence: 10 M.E

SHLI TLLLFLFHZ20

SSKMQAFRI 50 38 60 \L\/éoﬁlsrlkﬁ %

QLVAGYL 70 80 ]
1. IL-1i expression vectors design for use in animal cells can be df several types

including strong constitutive expression constructs, inducible gene constructs, as well as those
designed for expression in particular cell types. In all cases promoters and other gene
regulatory regions such as enhancers (inducible or not) and polyadenylation signals are placed
in the appropriate location in relation to the cDNA sequences in plasmid-based vectors. Two
examples of such constructs follow: (I) A construct using a strong constitutive promoter
region should be made using the simian virus 40 (SV40) gene control signals in an
arrangement such as that found in the plasmid pSV2CAT as described by Gorman et al. in
Mol. Cel. Biol. 2:1044-1051, 1982, specifically incorporated herein by reference. This
plasmid should be ﬁanipulated in such a way as to substitute the IL-Ii cDNA for the
chloramphenicol acetyltransferase (CAT) coding sequences using standard molecular
biological techniques (Maniatis et al., supra), as shown in Fig. 6. (2) An inducible gene
construct should be made utilizing the plasmid PMK which contains the mouse metallothionein
(MT-1) promoter region (Brinster et al., Cell 27:228-231, 1981). This plasmid can be used as
a starting material and should be manipulated as shown in Fig. 7 to yield a metal-inducible
gene construct.

2. A number of animal cell lines should be used to express IL-1i using the vectors
described above to produce active protein. Two potential cell lines that have been well-
characterized for their ability to promote foreign gene expression are mouse Ltk™ and Chinese
hamster ovary (CHO) dbfr cells, although expression of Il-Ii is not limited to these cell lines.

3. Vector DNA should be introduced into these cell lines using any of a number of
gene-transfer techniques. The method employed here involves the calcium phosphate-DNA
precipitation technique described by S.L. Graham & A.S. van der Eb (Virology 52:456-467,
1973) in which the expression vector for IL-Ii is co-precipitated with a second expression
vector encoding a selectable marker. In the case of Ltk™ cell transfection, the sélectable
marker is a thymidine kinase gene and the selection is as described by Wigler, et al. (Cell
16:777-785, 1979) and in the case of CHO dhfr cells the selectable marker is dihydrofolate
reductase (DHFR) whose selection is as described by Ringold et al. in J. Mol. Appl. Genet.
1:165-175, 1981.

4. Cells that express the TL-1i gene constructs should then be grown under
conditions that will increase the levels of production of IL-11. Cells carrying the
metallothionein promoter constructs can now be grown in the presence of heavy metals such

as cadmium which will lead to a 5-fold increased utilization of the MT-1 promoter (Mayo et

-
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al, Cell 29:99-108) subsequently leading to a comparable increase in IL{1i protein levels.

Cells containing IL-1i expression vectors (either SV40- or MT-I-based) along wittra PHFR———oJ

expression vector can be taken through the gene amplification protocol described by Ringold
et al. (J. Mol. Appl. Genet. 1:165-175, 1981) using methotrexate, a competitive antagonist of
DHFR. This leads to more copies of the D1fFR genes present in the cells and, concomitantly,
increased copies of the IL-1i genes which, in turn, can lead to more IL-1i protein being
produced by the cells.
Example 9

Purification of 11 -1i From Recombinant Animal Cells

Since the IL-1i are expected to be secreted from cells like the natural material, it is
anticipated that the methods described above for purification of the natural protein will allow
similar purification and characterization of the recombinant protein.

Example 1-
A protein having the sequence:

10 20
MEIXRGLRSHLITLLLFLFH

20 40
SETIXZPSGRKSSKMQAFRI

50 60
WDVNQKTFYLRNNQLVAGYL
. 70 80
QGPNVNLEEKIOVVPIEPHA

90 100
LFLGIHGGKMXLSXVKSGDE

110 120
TRLQLEAVNITDLSENREKQD

130 140
KRFAFIRSDSGPTTSFESAA

150 160
XPGWFLXTAMEADQPVSLTN

170

MPDEGVMVTKFYFQEDE
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wherein X is cysteine, serine or alaNine; and

Z is arginine or proline

is also included in the invention.

Example 10

Sequence of IL-1i

* The amino terminal residue of IL-1i has been identified several times by direct protein
sequencing as an arginine (R). The result of such sequencing is shown in Example 3. In
contrast, the amino terminal residue of IL-1i predicted by the sequence of the cDNA is a
proline (P). This amino terminal residue corresponds to nucleotides 85-87 in Fig. 13, and is
circled in Figs. 14 and 15. This apparent disagreement between the cDNA sequence and the
direct protein sequence can be resolved by assuming that an error in the cDNA sequence was
incorporated during the reverse transcriptase-catalyzed synthesis from its mRNA. Thatis, a
CGA (arginine) codon, located on the mRNA where it would code for that amino terminal
residue, could have been changed during the reverse-transcriptase reaction to a CCA (proline)
codon in the cDNA. This type of reverse transscriptase problem has been reported in the
literature before, e.g., by B.D.Clark et al. in Nucleic Acids Research 14:7897 (1986).

The present inventors believe that the correct amino acid sequence of the protein is as
predicted by the cDNA except that'.the amino terminal amino acid is an arginine instead of the
proline residue indicated in Figs. 13-15. The inventors contemplate that both DNA sequences
-and their correspondmg peptide sequernces fall within the scope of their invention although the

amino terminal arginine sequence is preferred
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wherein (X)isR or P.
2. The IL-1 inhibitor of Claim 1 which is at least about 90%pure.

3. The IL-1 inhibitor of Claim I which is at least about 95% pure.

4, The IL-1 inhibitor of Claim | which is derived from monocytes stimulated with IgG.

5. The IL-1 intiibitor of Claim 4 wherein the monocytes are human

monocytes.

6. The IL-1 inhibitor of Claim 1 which is derived from a host cell transformed by

recombinant DNA.

7. The IL-1 inhibitor of Claim 1, 4 or 6 which is a glycosylated polypeptide.

8. The IL-1 inhibitor of Claim L, 4 or 6 which is a substantially unglycosylated

polypeptide.

9. The IL-1 inhibitor of Claim 1 which is selected from the group consisting of IL-1

inhibitor alpha, IL~1 inhibitor beta, IL.-1 inhibitor X and mixtures thereof.

10.  AnlIL-1 inhibitor in substantially pure form, capable of inhibiting IL~1 induced

or at least a part of a substantially homologous sequence:

thymocyte proliferation and having at least a part of the following amino acid sequence

J
i
!
i
H
l
B
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wherein (X) is R or P,

11.

12.

13

14.

15.

16.

The IL-1 inhibitor of Claim 10, further including a N-terminal secretion leader

sequence which is capable of directing the inhibitor out of a cell in a processed form.

The IL-1 inhibitor of Claim 11, wherein the secretion leader sequence has all or part of

the following amino acid sequence:
MEICRGLRSHLITLLLFLFHSETIC.

The IL-1 mhlbltor of Claim 10, whlch is at least about 70% homologous to the

sequence shown in Claim 10.

The IL-1 inhibitor of Claim 10, which is at least about 80% homologous to the -

sequence shown in Claim 10.

The 1L-1 inhibitor of Claim 10, which is at least about 90% homologous to the

sequence shown in Claim 10.
A process for producing the IL-1 inhibitor (IL-1i) of Claim 1 comprising:
(a) culturing monocytes in a culture medium on an IgG coated surface; and

(b)  isolating the IL-1i from the culture medium.
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18.  The process of Claim 16 wherein the cells are cultured in a culture medium which is

substantially serum-free.

19.  The process of Claim 16 wherein the monocytes are isolated from normal human

donors.
20. A process for preparing the IL-1 inhibitor (IL-1i) of Claim 1 comprising:

(a) fractionating a source of impure IL-1i by anion exchange chromatography and
collecting the fractions containing the IL-1j;

(b)  subjecting the IL-1i-containing fractions obtained in step (a) to gel filtration
chromatography and collecting the fractions containing the IL-li; and

(c)  subjecting the IL-li-containing fractions obtained in step (b) to reversed phase,
chromatography and collecting the fractions containing the IL-1i.

21.  The process of Claim 20 wherein the reversed phase chromatography is performed on
a hydrophobic chromatography resin in which the absorbing group is selected from the

group consisting of C4, octyl and phenyl.

' 22.  The process of Claim 20 wherein in step (c) the reversed phase chromatography is
substituted by a second cycle of gel filtration chromatography.

23. A process for preparing the IL-1 inhibitor (IL-11) of Claim 1 comprising:
(a)  contacting a source of impure IL-1i with an antibody which specifically binds
the IL-1i; and
(b)  separating the IL-1i from the antibody.

24.  The process of Claim 23 wherein the source of impure IL-1i is contacted with a

polyclonal antibody.



reconbi nant DNA. 7. The IL-1 inhibitor of Claiml, 4 or 6 which is a

gl ycosyl ated pol yamm l IL-1 inhibitor of daiml, 4 or 6 which
is a substantiall m Bulnuuﬂnge)ol ypepti de. 9. The | L-IT L ror--of
Caim1 which is selected fforfithe group g¢ensisting of I1L-1 #{EP&\@&‘EM} SHEET
al pha, IL-1 inhibitor beta, IL-1 inhibitor X and m xtures t eLFof 10 AT
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i nduced t hynocyt e roI feratlon and having at |least a part df Jthe follomnng
am no acid sequEWE od¥st a part of a substantially hgnol ogous
sequence:

26.  The process of Claim 23, 24 or 25 wherein the source of impure IL-1i is contacted

with an antibody which is immobilized on a solid support.
27.  Anisolated DNA sequence coding for the IL-1 inhibitor of Claim 1.

28.  Anisolated DNA sequence coding for an IL-1 inhibitor (IL~1i) capable of inhibiting
IL-1 induced thymocyte proliferation comprising a cross-hybridizing DNA sequence
that is detectable by cross-hybridization to the following DNA sequence:

5' CYA CCC TCT GGG AGA AAA TCC AGC AAG ATG CAA GCC TTC AGA
ATC TGG GAT GTT AAC CAG AAG ACC TTC TAT CTG AGG AAC AAC
CAA CTA GTT GCT GGA TAC TTG CAA GGA CCA AAT GTC AATTTA
GAA GAA AAG ATA GAT GTG GTA CCC ATT GAG CCT CAT GCT CTG
TTC TTG GGA ATC CAT GGA GGG AAG ATG TGC CTG TCC TGT GTC
AAG TCT GGT GAT GAG ACC AGA CTC CAG CTG GAG GCA GTIT AAC

ATC ACT GAC CTG AGC GAG AAC AGA AAG CAG GAC AAGCGC TTC

GCC TTC ATC CGC TCA GAC AGT GGC CCC ACC ACC AGT TTT GAG
TCT GCC GCC TGC CCC GGT TGG TTC CTC TGC ACA GCG GCT ATG GAA
GCT GAC CAG CCC GTC AGC CTC ACC AAT ATG CCT GAC GAA GGC
GTC ATG GTC ACC AAA TTC TAC TTC CAG GAG GAC GAG 3

wherein Yis C or G.

29.  Anisolated DNA sequence coding for an IL-1 inhibitor (IL-11i) capable of inhibiting
IL-1 induced thymocyte proliferation comprising a DNA sequence that encodes an
amino acid sequence substantially homologous to an amino acid sequence encoded by

the cross-hybridizing DNA sequence of Claim 28.

30.  The isolated DNA sequence of Claims 28 or 29 comprising all or part of the DNA

sequence listed in Claim 28.
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An isolated DNA sequence which is the cofnplement of the DNA sequence of Claim———
28, 29 or 30.

The isolated DNA sequence of Claim 28, 29 or 30 further including at the 5' end a
DNA segment coding for a secretory leader sequence which is capable of directing IL-

1i out of a cell in a processed form.

The isolated DNA sequence of Claim 32 wherein the segment coding for the secretory

leader sequence comprises all or part of the following nucleotide sequence:

ATG GAA ATC TGC AGA GGC CTC CGC AGT CAC CTA ATC ACT CTC

CTC CTC TTC CTG TTC CAT TCA GAG ACGATCTGC 3"

34.

35.

36.

37.

38.

39.

40.

The isolated DNA of Claim 28, 29, 30 or 32 which is selected from ¢cDNA, genomic or
synthetic DNA.

An isolated DNA which is substantially equivalent to the nucleotide sequence of Claim
28, 29, 30 or 32 by virtue of codon degeneracy.

The DNA sequence of Claim 27 or 28 which is contained in lambda GT10-IL-1i-2A,
having ATCC Accession No. 40488.

An isolated DNA sequence which codes for a second IL-1 inhibitor which is
biologically equivalent and substantially homologous to the IL-1i of Claim 1.

A recombinant DNA vector comprising the DNA sequence of Claim 27, 28, 29 or 37.

The vector of Claim 38 which is an expression vector for IL-1 inhibitor.

The vector of Claim 38 or 39 further comprising at the 5' end of the DNA sequence

coding for the IL-1i, a second DNA sequence coding for a secretory leader sequence

which is capable of directing the IL-1i out of a cell in processed form.



11. The : L- é | nhi_bitor of—C-arm-10, further including ah ferm nal
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42.  The vector of Claim 41 further comprising a translational coupler immediately
preceding the DNA sequence coding for the IL~1i.

43.  The vector of Claim 42 wherein the translational coupler includes the following

nucleotide sequence:

TAACGAGGCGCAAAAAATGAAAAAGACAGCTATCGCGATCTTGGAGGATGATTA
AATG

44.  The vector of Claim 39 for use in expressing IL-1i in- mammalian cells.
45.  The vector of Claim 44 for use in expressing IL-1i in CHO cells.

46.  The vector of Claim 44 or 45 which further comprises a strong constitutive promoter

region upstream of the IL-1i coding region.
47.  The vector of Claim 46 wherein the promoter is an SV40 promoter.
48.  The vector of Claim 39 for use in expressing IL-1i in microbial cells.
49,  The vector of Claim 48 for use in expressing IL-1i in E.coli cells.
50. A transformed host cell carrying the vector of at least one of the Claims 38 to 49.
51 The host cell of Claim 50 which is a microbial cell.

52. The host cell of Claim 51 which is an E. coli cell.

53. The host cell of Claim 50 which is a mammalian cell.
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sequence shown in Craim 10: A process for producing the
I nhibitor (IL-1i) of ing: (a) cul turing non
culture nediumon a llﬂ& ﬂ&m !ﬁaee; and (b) i sol ati ng
the cul ture medi um procegs of Claim 16 wherein
are cultured on a human 1gG coat ed surface. 18. The process

wherein the cells are cultured in a culture nmediumwhich is
54, The host cell of Claim 53 which is a CHO cell.

55. A process of using the host cell of Claims 50 to 54 to produce an IL-1 inhibitor

comprising:
(3 culturing the transformed host cell under conditions which allow expression of
the IL-1 inhibitor and

(b)  isolating the IL-1 inhibitor.

56.  The process of Claim 55 further comprising the steps of denaturing the IL-I inhibitor

and allowing the IL-1 inhibitor to refold to assume an active structure.

57.  The process of Claim 56 wherein the IL-1 inhibitor is allowed to refold prior to

isolation.

58.  The process of Claim 56 wherein the IL-1 inhibitor is allowed to refold subsequenf to

isolatioh.
59.  The process of Claim 55 wherein the IL-1 inhibitor is isolated from a culture medium.

.- 60. . The process of Claim 55 wherein the IL-1 inhibitor is isolated according to the method
-of Claim 21, 23 or 24.

61.  An antibody which binds to the IL-1 inhibitor of Claim 1.

62.  An antibody which binds to an IL-1 inhibitor substantially homologous to the IT-1
inhibitor of Ciaim 1.

63.  The antibody of Claim 61 or 62 which is a polyclonal antibody.

64.  The antibody of Claim 61 or 62 which is a monoclonal antibody.
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to 64 attached to an insoluble support.

66. A pharmaceutical composition comprising, in a pharmaceutically acceptable

preparation, the IL-1 inhibitor of at least one of the Claims 1 to 15.

67. A pharmaceutical composition comprising, in a pharmaceutically acceptable
preparation, an IL-1 inhibitor that is biologically equivalent and substantially
homologous to the IL-1 inhibitor of Claim 1.



21. The process of Caim20 wherein the reversed phase chromatography..lsS...
performed on a hydrophobi ¢ chromat ography resin in which h C@ihbm'f‘mng HEET
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chromat ography is substituted h fi Itratﬁen b
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production of an interleukin-
physiologically functional interleukin-1 inhibitor (IL-1i).




pol ycl onal anti body. 44 25.  The process of O ai m 23 WREPIAGEMERE Sotrice
of inpure IL-1i is contacted with a nonoclonal antibody. {26~—Fhe-process
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28.  An isolated DNA sequence codiing. £6r an JL-1 inhibito SN B
of inhibiting IL-1 induced thynmocyt®e ptotifértation conpris &%%AC{:N;EN' ek
cross-hybridi zing DNA sequence that is detectable by crosskhybridrzarioito
the following DNA sequence. 5[err] CYA CCC TCT GGG AGA AAA TLOIAGHMAGIATG |
CAA GCC TTC AGA ATC TGG GAT GIT AAC CAG AAG ACC TTC TAT CTiG AGG AAC AAC CAA]

CTA GTT GCT GGA TAC TTG CAA GGA CCA AAR/@EC AAT TTA GAA GHA ARG ATA TAT GIG)

GTA CCC ATT GAG CCT CAT GCT CTG TTC TTG GGA ATC CAT GGA GG AAG ATG TGCCTG
TCC TGT GTC AAG TCT GGT GAT GAG ACC AGA CTC CAG CTG GAG GCA GIT AACATCACT
GAC CTG AGC GAG AAC AGA AAG CAG GAC AAG CcC TTC

SILVER STAINED GELS




GCC TTC ATC CGC TCA GAC AGT GEC CCC ACC ACC AGT TTT GAG TCT GCC GCC TGC CCC
GGT TGG TTC CTC TGC ACA GCG CCT ATG GAA CCT GAC CAG CCC GIC AGC CTC ACC AAT
ATG CCT GAC GAA GEC GIC ATG GIC ACC AAA TTC TAC TTC CAG ¢ 5Egn§s Lr
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33. The isol ated DNA sequence of Claim 32 wherein the segrmﬁﬁ?gﬁ@iwﬁgffgm s
the secretory | eader sequence conprises all or part of the ffo Iﬁ%ﬂgﬁawﬂww’
nucl eoti de sequence: 5' ATG GAA ATC TGC AGA GCC CTC CGC AGH &g @%
ACT CTC CTC CTC TTC CTG TTC CAT TCA GAG ACG ATC TGC 3'. 34. T ‘*‘ls“f‘af
DNA of Claim28, 29, 30 or 32 which is selected from cDNA, :@errom-eGfwmmsmammn
synthetic DNA 35. An isol ated DNA ihiZh is substantiallyfequivalent to

t he nucl eoti de sequence of Claim 28, 29, 30 or 32 by virtueé of~codon -
degeneracy. 36. The DNA sequence of Claim 27 or 28 which is contained in

| anbda GT10-1L-1i-2A, having ATCC Accession No. 40488.
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37. An isol ated DNA sequence which codes for a second IL-

1 inhibitor.

which is biologically equivalent and substantially honol ogd
of Claim1l. 38. A reconbi nant DNA vector conprising the [
Claim?27, 28, 29 or 37. 39. The vector of O aim 38 which
vector for IL-1 inhibitor. 40. The v zggr of Claim 38 or
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DNA sequence coding for a secretory | eader sequence which
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46 41. The vector of C aim40 wherein the second DNA sequence _codes. .fof-.8-

natural l y- occurring IL-1i secretory |eader sequence. 42 % ACERERT OAEET
Claim4l further conprising a translational coupler innedilt Ty orprpdunn 1
t he DNA sequence coding for the IL-1i. 43. The vector of % £i N
the transl ational coupler includes the follow ng nucl eoti dg s dﬂk A B
TAACGAGGCGCAAAAAAT GAAAAAGACAGCTATCGCGATCRTGGAGGATGATTA AATG 44— Theeswmmest
vector of Claim39 for use in expressing IL-1i in manmaliayn cells.
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45. The vector of Caimd4d4 for

use in expressing IL-1i |n]CEK% s 4§ﬁm'
The vector of Claim44 or 45 which further &%‘ NT

conprises a
pronoter region upstreamof the IL-1

Caim46 wherein the pronoter is an SV40 pronoter. 48.
G aim39 for use in expressing |L-1i

of Claim48 for use in expressing |L-18/i28 E.coli cells.
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47 54. The host cell of Caim53 which is a CHO cell. 55 A rocess

_ ( : : of
using the host cell of Caims 50 to 54 to produce an IL-1_in p :
conprising: (a) culturing the transformed host cell

whi ch all ow expression of the IL- 1 inhibitor and (b)
I nhi bitor.
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56. The process of Caimb55 further conprising the steps of denaturing
the IL-1 inhibitor and allowing the IL-1 inhibitor to refold to SR8
active structure. 57. The process of Caimb56 wherein H’JLLE&%%J?E&WEEH&%T .
is allowed to refold prior to isolation. 58. The procegs™of O al m56-— |
wherein the IL-1 inhibitor is allowed to refold subsequent fto isg)gtg._ b
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cul ture nmedium 60. The process of O aim55 wherein theg IL-1_inhibitori
i sol ated according to the nethod of Caim2l, 23 or 24. 6{l. An anti body
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62. An antibody which binds to an IL-1 inhibitor substantially horml ogous
to the IL-1 inhibitor of daim1. 63. The anti body of C T8

which is a polyclonal antibody. 64. The anti body of d ai WRERLR‘BE{\M‘
is a nonocl onal anti body. 48 65. An i munoaffinity adsorbent— """
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66. A pharmaceutical conposition conprising, in a pharmaceuticall
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(GCG TCA CAG AAT GGA AAT

Ala Ser Gln Asn Glv Asn

CCT CTT CTG ATC ATT CAG
Pro Leu Leu Ile Ile Gln

AAG ATG CAA GCC TTC AGA
Lys MET Gln Ala Phe Arg

AAC AAC CAA CTA GTIT GCT
asn Asn Gln Leu Val Ala

AAG ATA GAT GTG GTA CCC

_Lys Ile Asp Val val Pro

CTG
Leu

AGA
Arg

ATC

lle

GGA
Gly
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1lle

REPLACEMENT SHE

I

Y
$

o
g |

05 MAR 1957

20/22

Fl6. 13

CAG
Gln

CCG
Pro

Trp

TAC
TYr

GAG
Glu

27 54
AGG CCT CCG CAG TCA CCT AAT CAC TCT CCT
Arg Pro Pro Gln Ser Pro Asn His Ser Pro

81 108
ATC TGC CCA CCC TCT GGG AGA AAA TCC AGC
Ile Cys Pro Pro Ser Gly Arg Lys Ser Ser

135 162
GAT GTT AAC CAG AAG ACC TTC TAT CTG AGG
Asp Val Asn Gla Lys Thr Phe Tyr Leu Arg

189 216
TTG CAA GGA CCA AAT GTC AAT TTA GAA GAA
Leu Gln Gly Pro Asn Val Asn Leu Glu Glu

243 270
CCT CAT GCT CTG TCT TGG GAA TCC ATG GAG
Pro His Ala Leu Ser Trp Glu Ser MET Glu
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. 10 20 ¢ 30 40 50 60
GAATTCCGGGCTGCAGTCACAGAATGGAAATCTGCAGAGGCCTCCGCAGTCACCTAATCA
M E I €C R G L R S K L 1

70 80 90 140 110 120
CTCTCCTCCTCTTCCTGTTCCATTCAGAGACGATCTGCCCACCCTCTGGGAGAAAATCCA
T L L L FLPFHSETTIC @ P S GRK S

130 140 150 160 170 180
GCAAGATGCAAGCCTTCAGAATCTGGGATGTTAACCAGAAGACCTTCTATCTGAGGAACA
§ KM QA FRTI WDV VNUGQI KTT FZYTLRN

150 200 210 220 230 240
ACCAACTAGTTGCTGGATACTTGCAAGGACCAAATGTCAATTTAGAAGAAAAGATAGATG
N Q L V A G YL QGUPNUVNILETET KTITHD

250 260 270 280 290 300
4 TGGTACCCATTGAGCCTCATGCTCTGTTCTTGGGAATCCATGGAGGGAAGATGTGCCTGT
vV v P I EPHAULV F L GI HG G I K M C L

310 320 330 340 350 360
CCTGTGTCAAGTCTGGTGATGAGACCAGACTCCAGCTGGAGGCAGTTAACATCACTGACC
§ C VK S GDETRIULAOQLEAVNTITD

370 380 390 400 410 420
TGAGCGAGAACAGAAAGCAGGACAAGCGCTTCGCCTTCATCCGCTCAGACAGTGGCCCCA
L S ENRIKOQDI KR RTFATFTIIRSTDSGUP

430 440 450 460 470 480
CCACCAGTTTTGAGTCTGCCGCCTGCCCCGETTGGTTCCTCTGCACAGCGATGGAAGCTG
T T § F E S A A C P G W F L C T A ME A

490 500 510 520 530 540
ACCAGCCCGTCAGCCTCACCAATATGCCTGACGAAGGCGTCATGGTCACCAAATTCTACT
D Q PV S LTNMPUDETGVMUVTIKTF Y

550 *560 570 - 580 590 600
k TCCAGGAGGACGAGTAGTACTGCCCAGGCCTGCTGTTCCATTCTTGCATGGCAAGGACTG
F Q ED E *
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