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CYTOKINE SYNTHESIS INHIBITORY FACTOR. ANTAGONISTS
THEREOQF., AND METHODS OF USING SAME

Field of the Invention

5 The invention relates generally to methods and compositions

for treating diseases associated with immune system imbalances,

particularly imbalances involving humoral and cell-mediated immune

responses. The invention also includes proteins and antagonists thereof
capable of modulating the synthesis of certain cytokines involved in

10 immune system to achieve therapeutic effects.

predominantly -either
delayed-type hypersensitivity (DTH), or humoral, exemplified by the
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BACKGR

Immune responses to antigen are classified as being

15 production of antibodies.
jmportance for the rejection of tumors and for recovery from many viral,

bacterial, protozoan, and fungal infections.

cell-mediated, exemplified by

the phenomena of

Cell-mediated immunity is of paramount

In contrast, a humoral immune

20

response is the most effective form of immunity for eliminating toxins and
invading organisms from circulation. It has been observed that for
different antigens one or the other of these two responses often

" predominates in a mutually exclusive fashion, and that the severity of some

diseases, e.g. leprosy, leishmaniasis, and some types of autoimmunity, may
be due the inappropriate dominance of ome class of response over the other,
Mosmann et al, Immunol. Today, Vol 8, pgs. 223-227 (1987); Mosmann et al,



Ann. Rev. Immnol., Vol. 7, pgs. 145-173 (1989); Parish, Transplant. Rev,
Vol . 13; pgs. 35-66 (1972); and Liew, |Immunol. Today, Vol. 10, pgs. 40-45
(1989). It has further been observed that sets of cytokines are separately
assoctated Wwth DTH reacti ons and hunoral inmmune responses, Cher et al, J.
| mmunol . 5 .Vol. 138, pgs. 3688-3694 (1987); and Msnmann et al (1987 and
1989, C|ted above) and it is thought that diseases associated with these
cl asses of response are caused by the inappropriate production of the
associ ated sets of cytokines. For exanple, a |arge body of evidence
suggests that excessive 10 production ef2 ganma interferon (IFN-[err]) is
responsi-bl e for major histoconpatibility conplex (WMHC) associ ated
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?Ltg'rfsgfzﬁ icgn%leiepa&ddeﬂtfs m%ﬂghthih%{ AeA3s IRIRARR mbamesenllaadékldﬂ ty of

i'nhi bited anti-interferon | wat
al, J. Oin. EFIBRISFnare WS%¥abm° Inappyoprigle P‘Bé‘é“wég%‘a V\‘%’g gels of®"
~|(ant I -1 F:\I—[err}:ymim.onal antibody eliminated the ability of
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clinical para5| €cent 'y
IFN-y correlated. with auto:mmumty) Basham et al, J. Immunol., Vol. 130,
pgs. 1492-1494 (1983) (IFN-y can increase MHC gene product expression);
15  Battazzo et al, Lancet, pgs. 1115-1119 (11/12/83) (aberrant MHC gene product
expression correlated with some forms of autoimmunity); Hooks et al, Ann.
N.Y. Acad. Sci, Vol. 301, pgs. 21-32 (1980) (higher IFN-y levels correlated to

greater severity of disease in SLE patients, and histamine-release enhancing

activity of interferon can be inhibited by anti-interferon sera); and Iwatani

20 et al, L._Clin. Endocrin, and Metabol., Vol. 63, pgs. 695-708 (1986) (anti-IFN-y
monoclonal antibody climinated the ability of leucoagglutinin-stimulated T
cells to induce HLA-DR expression). It is hypothesized that excess IFN-y
causes the inappropriate expression of MHC gene products which, in tum,
causes autoimmune reactions against the tissues whose cells are

25 inappropriately expressing the MHC products and displaying autoantigens
in the context of the products.

In the area of clinical parasitology, it has recently been
observed that the levels of IFN-y and IL-2 are important factors in the
progression and/or resolution of the protozoan infection, leishmaniasis. In

30 particular, the presence of adequate levels of IFN-y appears to be essential
for the activation of infected macrophages to climinate intracellular
amastigotes, Mauel and Behin, in Cohen et al, eds., Immunology of Parasitic
Infections (Blackwell, London, 1982). And, in murine models of the disease,
it has been shown that high levels of IFN-y and low levels of IL-4 arc

35 associated with resolution, whercas low levels of IFN-y and high levels of



observed that the levels of IFN-[err] and IL-2 are inportant factors in the
pr ogr esgi on and/or resolution of the protozoan infection, |eishnaniasis.

In 30 particul ar, the presence of adequate levels of IFN-[err] appears to
be essential®for the activation of infected macrophages to elimnate
intracel lular amastigotes, Mauel and Behin, in Cohen et al, eds.,

I mmunol ogy of Parasitic Infections (Blackwell, London, 1982). And, in

muri ne nodels of the disease, it has been shown that high |evels of
|FN-[err] and low levels of IL-4 are 35 associated with resolution,
whereas low levels of IFN-[err] and high | evels of -3- IL-4 are

associ ated with progression of Ieishnaniééié, Hei nzel et al, J. Exp. Med.,
Vol . 169, pgs. 59-72 (1989). In view of the above, it would be advantageous

F(r)rmf]aVGSavai | alpla a&eiHssciixb&twmplplrQr&gbﬁtoft heishohaniasignHeingdl anel, cl. 2Bp. of
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THE | NVENTI ON 1% . resent invehtlion is directed to mammalian
cyt oki ne synt hdisesses nasspipisy withc iRaPPIORSPRYE) OF CIpfealAls) JPTICSIPPERr i des,
and CSIF ant ag@pétstas - tisske rejection, leishmaniasis and other parasitic diseases, and MHC

* 10 associated immune disorders including rheumatoid arthritis, systemic lupus
erythematosus (SLE), myasthenia gravis, insulin-dependent diabetes
mellitus, thyroiditis, and the like.

SUMMARY OF THE INVENTION

15 The present invention is directed to mammalian cytokine synthesis
inhibitory factor (CSIF), CSIF analogs, CSIF peptides, and CSIF antagonists. It
includes nucleic acids coding for polypeptides exhibiting CSIF activity, as
well as the polypeptides themselves, their agomistic and/or antagonistic
analogs, methods for their production, and methods of using them to treat

20 disorders associated with cytokine imbalances, particularly those leading to
an inappropriate class of immune response. The invention also includes the
use of CSIF or its antagonists, alone or as vaccine adjuvants, to selectively
induce a predominantly cell-mediated immune response or a predominantly
humoral immune response, respectively. Preferably, antagonists of CSIF are

25 derived from monoclonal antibodies capable of blocking the biological
activity of CSIF. The nucleic acids of the invention are defined (1) by their
homology to, or their ability to form detectable hybrids with, the cloned
complementary DNA (cDNA) sequences disclosed herein, and (2) by
functional assays for CSIF activity applied to the polypeptides encoded by the

30 nucleic acids. As used herein, the term "CSIF activity” in reference to a
proteixi or a polypeptide means that the protein or polypeptide is capable of
inhibiting or substantially reducing the level of production of at least one of
the following cytokines in the assays described below: IFN-y, interleukin-2
(IL-2), lymphotoxin, intefleukin-B (IL-3), or granulocyte-macrophage

35 colony stimulating factor (GM-CSF).



I ncl udes nucleic acids coding for polypeptides exhibiting CSIF activity, as
wel I as ®he pol ypeptides thensel ves, their agonistic and/or antagonistic
anal ogs, nethods for their production, and nethods of using themto treat
20 di sorders associ ated with cytoki ne inbal ances, particularly those

| eading to an inappropriate class of inmmune response. The invention also

i ncl udes t'he use of CSIF or its antagonists, alone or as vacci ne adjuvants,
to selectively induce a predom nantly cell-nedi ated i mune response or a
predom nantly hunoral imrune response, respettively. Preferably,
antagonists of CSIF are 25 derived from nonoclonal antibodi es capabl e of
bl ocking the biological activity of CSIF, The nucl eic acids of the

i nvention are defined® (PFFieHyd : sbadimeninphydhe dpventipn 1if et matwe| hyman CSIF of

det ect abl e hybriths ojiehhrealling €lapeedefidedpbgniist followil§A anfihd\NA)kcid adgnces
di scl osed herein, and (2) by functional assays for CSIF activity applied to

t he pol ypepti des encoded Cig-r.l iﬁi ES,@@% &fgSH@ﬂ%rg%ﬂ' n, the
term"CSIF activity" in r@#’é‘%@ﬁé‘e ovg‘uﬁoteln r gé)sy ept1 de nmeans that
the protein or polypepti ddRLRDAFSR KTHFQMIHPQ LDNRLL E@E%WI y

reduci ng thesglevel of pro ' BPD: PGERVKTCR CYt OKi nes

d%lqts \ﬁhmﬁl@ TR ANDEN

I n the assays described b wm%mrr i nthI euki n- 5 22

| ynphot oxi n, interl euki nm@@%nﬂtécw& yﬂﬂ%@éﬁé Eol ony
stimul ating factor (Gwv CSIEDIFINYIEA- YMTMKEIR®N | ed enbodi nent of the. invention
Is a mature human CSIF of the open reading franme defined by the follow ng -

am no acid Seq“%h%?éin.[tg:&rlta){&?& Sdd-1b0G SHAPSE" Qe be1ow5! o' LIRS fidsS e
below) for L-am no acids are
listed left to right starting from the N-terminal methionine. More
10  preferably, the mature human CSIF is defined by the following amino acid

sequence:

SPGQGTQSEN SCTHFPGNLP NMLRDLRDAF SRVKTEFQMK

DQLDNLLLKE SLLEDFKGYL GCQALSEMIQ FYLEEVMPQA

ENQDPDIKAH VNSLGENLKT LRLRLRRCHR FLPCENKSKA
15 VEQVKNAFNK LQEKGIYKAM SEFDIFINYI EAYMTMKIR N .

In these sequences, the spaces are only for the convenience of the
reader. The standard single-letter code is used here for the amino acids:

A Ala _Alanine M Met Methionine

C Cys Cysteine N Asn Asparagine
20 D Asp Aspartic acid P Pro Proline

E Glu Glptamic acid Q GiIn Glutamine

F Phe Phenylalanine R Arg Arginine

G QGly Glycine S Ser Serine

H His Histidine T Thr Threonine
25 1 1le Isoleucine V Val Valine

K Lys Lysine W Tip Tryptophane

L Leu Leucine Y Tyr Tyrosine.

The invention is based in part on the discovery and cloning of
c¢cDNAs which are capable of expressing proteins having CSIF activity.
30 Accordingly, several such clones ﬁesignated pcD(SRa)-F11S§ (carrying a
mouse CSIF gene), and pH5C and pH15C (each carrying a human CSIF gene)
have been deposited with the American Type Culture Collection (ATCC),



listed left to right starting fromthe N-term nal nethionine. Mre 10

pref erabky, the mature human CSIF i-s defined by the follow ng am no acid
sequence: [err] In these sequences, the spaces are only for the conveni ence
of thé reader. The standard single-letter code is used here for the anino

acids: A Aa Al ani ne M Met Met hi oni ne C

Cys WCyst ei ne N  Asn Aspar agi ne 20 D Asp
Aspartic acid P Pro Proline E Qu G utam c acid
Q Gn Q@ utamne F  Phe Phenyl al ani ne R Arg
Arginine G Qdy d yci ne -5- S Ser Serine H His
Hi stidi ne T Thr Thr eoni ne 25 1 Ile

| sol euci ne Valine K

W Trp lﬁq?mllap%p]eu@er ﬂLee gecession numpers r(g;ozy 68191, and y658192( Tyr

Tyrosi ne. The rhespédtivedp. i S based in part on the discovery and cl oni ng of
cDNAs whi ch are capabl e of expressing proteins having CSIF activity. 30
Accordi ngly, several such clones designated [err] (carrying a nouse CSIF
gene), and pH5C and pH15C (eac ene) have been
deposited with the Arerican Type Culture Collection (ATCC), Rockvil |l e,
MD under tIse accessFigurenlinitistsatésS A2 doscafBifbhse aantiokhfy? for akpalepreccdfy. Bri ef

Descri ption Oflﬁl@-ey sﬁngwif Snhibition in several mouse T cell clqnes treated with
- different amounts of CSIF.
Figure 2 is a diagram illustrating the major features of the
» mammalian expression vectors pH5C and pH1S5C.
10 Figure 3 illustrates the RBS-ATG-polylinker region of plasmid
TAC-RBS-hCSIF,
Figure 4 illustrates the nucleotide sequence of the ¢cDNA insert of
pH15C.

ET. D D: IPTI
15 The invention includes mature polypeptides, or proteins, of the
largest open reading frames of the cDNA inserts of pHSC, pHI1SC,
pcD(SRa)-F115, and effectively homologous cDNAs, as well as antagonists
thereof. For secreted proteins, an open reading frame usually encodes a
polypeptide that consists of a mature or secreted product covalently linked at
20 its N-terminus to a signal peptide. The signal peptide is cleaved prior to
secretion of the mature, or active, polypeptide. The cleavage site can be
predicted with a high degree of accuracy from empirical rules, e.g. von
Heijne, Nucleic Acids Research, Vol. 14, pgs. 4683-4690 (1986), and the
precise amino acid composition of the signal peptide does not appear to be
25 critical to its function, e.g. Randall et al, Science, Vol. 243, pgs. 1156-1159
(1989); Kaiser et al, Science, Vol. 235, pgs. 312-317 (1987). Consequently,
mature proteins are readily expressed by vectors encoding signal peptides
quite different than that encoded by the open reading frame defined by the
c¢cDNA inserts of pH5C, pHI15C, and pcD(SRa)-F115.
30 |
I. ini X i I
The term ‘“effectively homologous™ as used herein means that the
nucleotide sequence is capable of being detected by a hybridization probe
derived from a cDNA clone of the invention. The exact numerical measure of



5 Figure 1 illustrates a dose-response relationship for the degree
of IFN- synthesis inhibition in several nouse T cell clones treated with
different ampunts of CSIF. Figure 2 is a diagramillustrating the major
featufes of .the manmalian expression vectors pHSC and pH15C. 10

Figure 3 illustrates the RBS-ATG pol ylinker region of plasmd
TACG-RBS-hCSIF. Figure 4 illustrates the nucl eoti de sequence of the cDNA
insert of pHL5C. DETAI LED DESCRI PTI ON OF THE | NVENTI ON 15 The

i nvention includes mature pol ypeptides, or- ¢r-oteins, of the |argest open
reading frames of the cDNA inserts of pH5C, pH15C, pcD(SRa)-F115, and

ef fectively honnl ous cDNAs, as well as antagonlsts t hereof . For secreted

proteins, an opiPAlREY nREFSIARNe detset mycleisc acids coding| fose GOTR activity depradsst s
of a mature or cﬁﬁ@éﬁrﬂdf@t&@luﬁaumgathntﬂeyhémalsgyi @ft 110 problet fo Moh&ISIFNUS t O

I tid Th t t f th
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hi gh degree of ofcther dybridizetioremonditivas, (3) odictter gsinglonstrmidedeor Movbli ¢
Aci ds Reseaich.g Jled flbbepg&et ?%ﬁgygﬂGQQ) (WHRgR) Rﬁﬁdo} f’l?NgSSfo'béﬁ agdni no aci d

conposition of t e signal p oes not appear critical to
its function, ERp °Mnd§Plt t mgpsuresc 3k eto “°°2!@3P?Fg§° bindigg 195,3b¢ 1939) ;

Kai ser et al, Sﬁb&acas) ﬂi@|nau2t35of BiES method- dded g&s&%l m&%&m fj:hy , frigtion' €

G 1 or ont 1 han SnavufiEbagl ByoRte Tt 1 5 HOVP: e tofiHIT) Phe cONA

i ngerts of pH5Gnismiatches betw:he{xepmbe dand flarget, (Yot wizagofanick I;‘mﬂreesnd nthe Chkd:

CDNAs 10  Preferably, an effectively homologous nucleic acid sequence is at least
ninety percent (90%) homologous to the cDNA of the invention. Most
particularly, an effectively homologous nucleic acid sequence is one whose
c¢DNA can be isolated by a probe constructed from a cDNA insert of
pcD(SRa)-F115, pHSC, pH15C, or an equivalent thereof, using the

15  hybridization protocol described in the examples with no more than a few
false positive signals, e.g. fewer than a hundred. There is an extensive
literature that provides guidance in selecting conditions for such
hybridizations, e.g. Hames et al, Nucleic Acid Hybridization: A Practical
Approach (IRL Press, Washington, D.C., 1985); Gray et al, Proc. Natl. Acad.

20  Sci., Vol. 80, pgs. 5842-5846 (1983); Kafatos et al, Nucleic Acids Research, Vol.
7, pgs. 1541-1552 (1979); Sambrook et al, Molecular Cloning: A Laboratory
Manual, 2nd Ed. (Cold Spring Harbor Laboratory, New York, 1989); and Beliz
et al, Meth. in Enzymol., Vol. 100, pgs. 266-285 (1983), to name a few.

Homology as the term is used herein is a measure of similarity

25 between two nucleotide (or amino acid) sequences. Homology is expressed as
the fraction or percentage of matching bases (or amino acids) after two
sequences (possibly of unequal length) have been aligned. The term
alignment is used in the sense defined by Sankoff and Kruskal in chapter
one of Time Warps, String Edits, and Macromolecules: The Theory and

30 Practice of Sequence Comparison (Addison-Wesley, Reading, MA, 1983).
Roughly,two sequences are aligned by maximizing the number of matching
bases (or amino acids) between the two séquences with the insertion of a
minimal number of “blank" or "null" bases into either sequence to bring
about the maximum overlap. Given two sequences, algorithms are available

35 for computing their homology, e.g. Neediecham and Wunsch, J. Mol. Biol., Vol.



The term "effectively honol ogous"” as used herein neans that the nucleotide
sequencesi s capabl e of being detected by a hybridization probe derived from
a cDNA clone of the invention. The exact nunerical neasure of - 6-

honol egy necessary to detect nucleic acids coding for CSIF activity depends
on several factors i.ncluding (1) the honol ogy of the probe to non-CSIF
codi ng sedquences associated with the target nucleic acids, (2) the
stringency of the hybridization conditions, (3) whether single stranded or
double 5 stranded probes are enployed, (4) -whether RNA or DNA probes are
enpl oyed, (5) the nmeasures taken to reduce nonspecific bi ndi ng of the

probe, (6) the pature hod eI he. pr ope, (7

fraction of gud rdﬁgﬁe%ﬂgﬁﬂ%@bﬂéﬂ% §E’§°f¥ r"i"'ij mﬁ‘f"’gb@‘,tg{ s‘&ﬁ%é’%ﬁ tszltg%%ut i on
of m smat ches bdsoceompentid aersticesr gwlt soft@jret hmcka'geseamf avhaidatje ofoe, and t he
like. 10 Pr ef ef gl | e c

at | east ninet f%@%‘é ‘%ﬁﬁ%ﬂrir%’? [; ”@kc‘?ﬁ%‘iﬁu TC(FE@ ?‘nt\?/)éo?l gngmk/bst
particul arly, alhuwsré:ctqfvévrycmm%ew Cipspater Gzoup (Mpdisaee Wisconsinlnhose
cDNA can be isolated by a probe constructed froma cDNA insert of

pcD(SRa) - F135, pHSC, Rd@hﬂ&ﬁn @hdéuchiibd VRh@Rdnts "X @RE , vétsors Jcirpding Sthe
hybri di zation p escrl bed i n the, exanpl es vm'tH adlol € n@ﬂr}i a few
fal se positive iﬁ{ﬁ% & pveRtiofe ATG (ised 10 h%ﬁtr"écd. P %srg 188 M %nsi ve
literature t hatteqhnlnuesiesnclymsdamketranslaneh,ectg nge cBambroolonat &lor cited fabove) for
oo s ey Shinu e Ol o Oy MR 2,
20" Sci., Vol (aguin. gepstrus®: 2b158&¢61d@1®899hmqna$)a96sa sellatype Nerspested A ds
Research, Y@l. producing CSIF. Standard screening procedures are employed, e.g.
Grunstein et al.,, Proc. Natl. Acad. Sci.,, Vol. 72, pgs. 3961-3965 (1975); or
Benton et al., Science, Vol. 196, pgs. 180-183 (1977) or Woo, Methods in
Enzymology, Vol. 68, pgs. 389-396 (1979). Alternatively, libraries can be
screened with labeled oligonucleotide probes whose sequences are '
15 determined from the nucleotide sequences of the cDNA inserts of pcD(SRa)-
F115, pH5SC, and pH15C. Such probes can be syhthcsized on commercially
available DNA synthesizers, e.g. Applied Biosystems model 381A, using
standard techniques, e.g. Gait, Oligonucleotide Synthesis: A Practical
Approach, (IRL Press, Washington D.C., 1984). In either case, it is preferable
20 that the probe be at least 18-30 bases long. More preferably, the probe is at
least 50-200 bases long. Hybridization probes can also be used to screen
candidate sources of CSIF mRNA prior to library construction.
A wide range of single-cell and multicellular expression systems (i.e.
host-expression véctor combinations) can be used to produce the proteins of
25 the invention. Possible types of host cells include, but are not limited to,
bacterial, yeast, insect, mammalian, and the like. Many reviews are
available which provide guidance for making choices and/or modifications
of specific expression systems, ¢.g. to name a few, de Boer and Shepard,
"Strategies for Optimizing Foreign Gene Expression in Escherichia coli,” pgs.
30 205-247, in Kroon, ed. Genes: Structure and Expression (John Wiley & Sons,
New York, 1983), review several E. coli expression systems; Kucherlapati et
al., Critical Reviews in Biochemistry, Vol. 16, Issue 4, pgs. 349-379 (1984), and
Banerji et al., Genetic Engineering, Vol. 5, pgs. 19-31 (1983) review methods
for transfecting and transforming mammalian cells; Reznikoff and Gold,
35 eds., Maximizing Gene Expression (Butterworths, Boston, 1986) review



7, pgs. 1541-1552 (1979); Sanbrook et al, Ml ecular Coning: A Laboratory
Manual , 2nd Ed. (Cold Spring Harbor Laboratory, New York, 1989); and Beltz
et al, Meth. in Enzynol., Vol. 100, pgs. 266-285 (1983), to nane a few
Honology as the termis used herein is a nmeasure of similarity 25 bet ween
two nucl eotide (or am.no acid) sequences. Honology is expressed as the
fraction 6r percentage of matching bases (or amino acids) after two
sequences (possibly of unequal |ength) have been aligned. The term
alignment is used in the sense defined by‘§5ﬁkoff and Kruskal in chapter
one of Time Warps, String Edits, and Macronol ecul es; The Theory and 30

Practice of SeQeRReg fepidPani g&id émgﬂsﬁﬂniﬁ/‘ﬁﬂﬁﬂ,t{i%&gidﬁﬂ, mMimaki@S Tells; and

Roughl y, two sequences, are al | d Ximzin nyunber of tchin

bases (or am nm'diﬁmﬁw&eﬁﬁﬁhﬂ/’w@?@q 1‘1‘6%3” T’thFf@“i r'}gégfir%‘"ﬁ? a

m ni mal nunber oodmihbtizann lexpressiom usylstenisa s ekikiewise, ahidye rewiewsicarecavalable ng
about the naxi verl | Wwo, s,eque gor kLt hims. 3gp Is .e 35
for conputing t elllgr) ﬁ%ﬁ%?%gﬁciﬁgiaa;s I\%@d%{ﬁ%‘%g%d%g%&%} F %K?gl %/%f%ﬁgtll&
Vol . 7 48, pspecifia4cPNAS {0 e@pression] Oatrkbistquendes<itoséraste (and/en] mastifye)

pgs. 23-29. A %Qpreﬁﬁgig%é"&&k SiifaileC §6r ﬁ;ﬁ?efﬁﬁtiﬂ@r ?rogé}ﬁkﬁﬂ%ﬁtié’x{ ecgvai l abl e

for perform ng suc ari sons, _e. I'i genetics, Inc. (Palo Alto,
CA); and Uni verSemboaks etpal (sited #be¥flet i cs Conputer Group (Madi son,
W sconsin). 5 An Besdolii eiprexsionngemrenc s divelokeda Gy ERIgs @i U.8e Purest Or S

carTyng he COS Al Whch "W Uo7 Sheior " A e SaefS)
cited abov@d) f groleasyasisniprameter [foxyhighhexpiession dn Et rciolgisn thee daqy gmomoter,or
CDNA libraries gjsclosed by de Boer in U.S. Patent 4,551,433, which is incorporated herein by
reference. Secretion expression vectors are also available for E. coli hosts.
Particularly useful are the pIN-III-ompA vectors, disclosed by Ghrayeb et al.,
in EMBO ., Vol. 3, pgs. 2437-2442 (1984), in which the cDNA to be transcribed
15 is fused to the portion of the E. coli OmpA gene encoding the signal peptide
of the ompA protein which, in turn, causes the mature protein to be secreted
into the periplasmic space of the bacteria. U.S. Patents 4,336,336 and
4,338,397 also disclose secretion expression vectors for prokaryotes.
Accordingly, these references are incorporated by reference.
20 Numerous strains of bacteria are suitable hosts for prokaryotic
expression vectors including strains of E. coli, ‘such as W3110 (ATCC No.
27325), JA221, C600, ED767, DH1, LE392, HB101, X1776 (ATCC No. 31244), X2282,
RR1 (ATCC No. 31343) MRCI; strains of Bacillus subtilis; and other
enterobacteriaceac such as Salmonella typhimurium or Serratia marcescens,
25 and various species of Pscudomonas. General methods for deriving bacterial
strains, such as E. coli K12 X1776, useful in the expression of eukaryotic
proteins is disclosed by Curtis IIl in U.S. Patent 4,190,495. Accordingly this
patent is incorporatcd by reference.
In addition to prokaryotic and eukaryotic microorganisms, expression
30 systems comprising cells derived from multicellular organism may also be
used to produce proteins of the invention. Of particular interest are
mammalian expression systems because their posttranslational processing
machinery is more likely to produce biologically active mammalian
proteins. Several DNA tumor viruses have been used as vectors for
35 mammalian hosts. Particularly' important are the numerous vectors which
comprise SV40 replication, transcription, and/or translation control



(again, constructed by standard techni ques) of a cell type suspected of 10
preduci ng CSIF. = Standard screening procedures are enployed, e.g. Gunstein
et al., Proc. Natl. Acad. Sci., Vol. 72, pgs. 3961-3965 (1975); or Benton
et al., Science, Vol. 196, pgs. 180-183 (1977) or Wo, Methods in

Enzynol ogy, Vol. 68, pgs. 389-396 (1979). Alternatively, libraries can
be screenéd with | abel ed oligonucl eoti de probes whose sequences are 15
determ ned from the nucl eotide sequences of the cDNA inserts of [err] FI
15, pH5C, and pH15C. Such probes can be synfhesized on conmercially
avai |l abl e DNA synt hesi zers, e.g. Applied Biosystens nodel 381A, using

standard techni ques, e.q. it, .digopucl.eot.ide Synthesis: A Practic
Aoproach, (1 R fgiees' unfedote, papiefal TepEion conkd] ieAuchsen, eig; e peb
preferable 20 vdeadrs tdeeclgpedbby Okapimd and tBeid)- difcldsad ds MohCelMBiel., Vol. 2,
preferably, the nrqhe tar 3020 S | on hkéli hon.4pr obes
can al so be use fgggé?géﬁésggﬁg;i%@e (%g.upgoz.éﬁﬁofl. %S?? mhgr(?%g?b’t%dl i brary

construction. Amgrened,byhJakehe ofjahgMel.cesll. Bigks Vol 18, pss ﬂﬁ%&’eﬂ?ﬁ&si on
;_s%st errst (i.& PR&éorﬁi;ﬁEIy?Sﬁiegé‘ :}e%}éwegcmbgm&pl 't&&%h ﬁf&@iﬂoq{w&efﬁré@_epr lOdgﬁe
e proteins o i nventj on. ossi bl e type ost” .cel |l s include,
but are not Ii n??g%’bﬁi 28| CxRrEsgin "Fﬁg@%:lt“,‘aﬁ‘&"rﬁg‘?ﬁeaﬂfs"i?ﬁﬁd tHe Iike.
Many revi ews .arKaufan|ald| $hargyi inhMol.0QeltieBiglj ¥ahc2, pgsr 1804319 C1R8R); emda@lifor
nodi fications o el f ' y : . . oer
and Shepard, " S%tr gl?’eg (ys'g’f gg&gﬁfd%ﬁgsﬁg%fi@fgf Jﬁ"‘%‘eﬁg&&%@@?@ﬁﬁ%ﬁg%ﬁ
Escheri chi a col feferessgs. Monkeyogellp are yspally dbm prefgrredschpsts: fox thes tabp¥e and

Expr essi on {g)ohpecklirh.ey senSe@storsNewht XAl meO8T%0 o1f \WeQiknssd ahid! anFintsdt! A
expressi on systens; Kucherl gatl et al.,. Critical Reviews, in Biochem stry,
Vol . 16, |ssue EmepGan replicats; quiopgmepsly oify mopkey | ells; (tg sivechigher <copy

Engi neeri ng, Vohumbers pasd/orl Smare (sid4d3S) copgVvinambent hbals domautonamsiisigt i ng and
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without an intact A gene can replicate autonomously to high copy numbers

15 (but not stably) in COS7 monkey cells, described by Gluzman, Cell, Vol. 23,
pgs. 175-182 (1981) and available from the ATCC (accession mo. CRL 1651).
The above SV40-based vectors are also capable of transforming other
mammalian cells, such as mouse L cells, by integration into .the host cell
DNA.

20 Multicellular organisms can also serve as hosts for the production of
CSIF, e.g. insect larvae, Maeda et al, Nature, Vol. 315, pgs. 592-594 (1985) and
Ann. Rev. Entomol.,, pgs. 351-372 (1989); and transgenic animals, Jaenisch,

Science, Vol. 240, pgs. 1468-1474 (1988).

25 IL.  In vitro Assays for CSIF
CSIF activity is the property of inhibiting the synthesis of at least one
cytokine in the group consisting of IFN-y, lymphotoxin, IL-2, IL-3, and
GM-CSF in a population of T helper cells induced to synthesize one or more
of these cytokines by exposure to syngeneic antigen presenting cells (APCs)
30 and antigen. Preferably, the APCs are treated so that they are incapable of
replication, but that their antigen processing machinery remains
functional. This is conveniently accomplished by irradiating the APCs, e.g.
~ with about 1500-3000 R (gamma or X-radiation) before mixing with the T
cells. ‘
35 Alternatively, cytokine inhibition may be assayed in primary or,
preferably, secondary mixed lymphocyte reactions (MLR), in which case



-8- selected topics in gene expression in E. coli, yeast, and nmanmali an
cells; and Thilly, Manmalian Cell Technol ogy (Butterworths, Boston, 1986)
reviews manmmal i an expression systems. Likew se, many reviews are avail able
whi chs descri be techni ques and conditions for |inking and/or manipul ating 5
specific -cDNAs and expression control sequences to create and/or nodify
expressi on vectors suitable for use with the present invention, e.g.
Sanbrook et al (cited above). An E. coli expression systemis disclaosed by
Riggs in U S. Patent 4,431,739, which is incorporated by reference. A
particularly useful 10 prokaryotic premoter for high expression in E

coli is the tac pronoter, disclosed by de Boer in U S. Patent 4,551,433,

which is incor orat .ed re ef eren Secr et expressi on vectors are
al so avail abl & ’F%ff""ﬁ A%](gﬁ eﬁog%l‘ be el 3\&‘% i PP U§%19'T?f’w3r'€ ‘?‘ﬁea"bl'r&ﬁl | | - onpA
vectors, di scl%@w,m@@lﬁ%ﬂ@m in{Mishell ef al, EdBOSdected/Methads jmyCellplag7- 2442

(1984), in \Ahixﬁﬁnﬂlﬂggﬂ%rée&abesﬁx{ﬁﬁﬁ{sweﬁbsb addSBfai!ﬁﬁ)detthtﬁ@thP%tlon of
the E. coli A gene_encaodi ng t he S|gna pggwe of the onpA protein

whi ch, in tur EnzgBelec¥ol a0, pds, 83-93, QPN t Ys o ¥ Pappl ?‘fﬂ"ﬁ of allogenic
peripl asm & s{gmphaid delie &raciniteda.onk). & ttBatpemlmidhsSBﬁz,x&?aaeamdm;eﬂ%naﬂ7
al so di scl ose .se S tQ yo C I nal vy,

t hese refer encgs&xglxer}‘{éé ﬁﬁcg?ég%n?aﬁogﬂt%é%?‘éf‘{e en e g%ﬁ@ﬁ W&eraﬁﬁ %9 &ﬁ
strains of badogriafonsr arcspreparpd cathb SoaCoRBRtioN OF AbPR: 2cx 185 ésliﬁ/@’n “&ect ors

i ncl udi ng str aupgleMénéd nfedlvim, GECRPRIE WA 1wk ADGCfdaL cAf I2mn. JFvE 2oth C600,
ED767, DHL, LE392
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10 secondary MLR, the cells remaining after 7 days in the primary MLR are
re-stimulated by freshly prepared, irradiated stimulator cells. The sample
suspected of containing CSIF may be added to the test cultures at the time of
mixing, and both controls and test cultures may be assayed for cytokine
production from 1 to 3 days after mixing.

15 Obtaining T cell populations andfor APC populations -for CSIF assays
employs techniques well known in the art which are fully described in
DiSabato et al, eds., Meth. in Enzymol., Vol. 108 (1984). APCs for the preferred
CSIF assay are peripheral blood monocytes. These are obtained using
standard techniques, e.g. as described by Boyum, Meth. in Enzymol.,, Vol. 108,

20 pgs. 88-102 (1984); Mage, Meth. in Enzymol., Vol. 108, pgs. 118-132 (1984);
Litvin et al., Meth. in Enzymol., Vol. 108, pgs. 298-302 (1984); Stevenson,
Meth. in Enzymol., Vol. 108, pgs. 242-249 (1989); and Romain et al, Meth. in
Enzymol., Vol. 108, pgs. 148-153 (1984), which references are incorporated
by reference. Preferably, helper T cells are used in the CSIF assays, which

25 are obtained by first separating lymphocytes from the peripheral blood
then selecting, e.g. by panning or flow cytometry, helper cells using a
commercially available anti-CD4 antibody, e.g. ‘OKT4 described in U.S. patent
4,381,295 and available from Ortho Pharmaceutical Corp. The requisite
techniques are fully disclosed in Boyum, Scand. J. Clin. Lab. Invest., Vol. 21

30 (Suppl. 97), pg. 77 (1968); Meth. in Enzymol., Vol. 108 (cited above), and in
Bram et al, Meth. in Enzymol., Vol. 121, pgs. 737-748 (1986). Generally, PBLs
are obtained from fresh blood by Ficoll-Hypaque density gradient
centrifugation.

A variety of antigens can be employed in the assay, e.g. Keyhole
35 limpet hemocyanin (KLH), fowl 7y-globulin, or the like. More preferably, in



ent erobact eri aceae such as Sal nonel l a typhinuriumor Serratia marcescens,
25 and-=vari ous species of Pseudonobnas. General nethods for deriving
bacterial strains, such as E. coli K12 X1776, useful in the expression of
eukaryotic proteins is disclosed by Curtis Ill in US. Patent 4,190, 495.
Accordingly this patent is incorporated by reference. In addition to
prokaryotlc and eukaryotic mcroorgani sms, expression 30 systens
conprising cells derived from multicell ul ar organism nay also be used to
produce proteins of the invention. O particular interest are mammli an
expressi on systens because their posttrangl ati onal processing nmachinery is
nore likely to produce biologically active manmalian proteins. Several DNA
tunmor viruses have been used as vectors for 35 mammal i an hosts.

Particul arly iRt Chriptigee hefRer nlintells yare vatiudated itk poti s imapodignd
replication, tangibedy,ieps.i @KT3 aisdlosed in S| peten0 #,360/549,0in the asSay. Sequences
coupl ed to bacteri ntro C t C rs
devel oped by C]<ayari’“§'t£’lggi é:%gun%gné'g t(i)é eé(? négﬂllég? tg’%efmﬁgs an ‘R%QY%E {,)Q
161- 170 ( 1982)standgrdvriologigsl) mypmlmmWPhenacalpgssaysz80@8@3@99’33# and

i mproved bys Taﬂﬁﬁl‘i\ﬂloeﬁcnﬂl:al Mzhys €& bpecBicOlcytokives -is 8wekpgﬁxowﬂ6ﬁr 41?2 4l 988) . 5
Accordingly, these refer

fe Lncor, at ed rein c her
SV40- based manf& élhc é’%ﬁs%(gscly kiRTe % 5?@8’?{?{% % F:ﬁlggléenb °° ampl Emf?a
and Sharp, i n Tshnolegy [(ElsByiet, . Amsterdam? 1984). Tijsew,- Petticy m@zyheoasnd)f(} ar k et
al., inUSs Pl e ﬂmﬁ&ﬁm@ﬁ?s (EQE'hexOfAfﬂ'ttbﬁ?marlﬁss)n%ﬁpﬁ@t ﬁ‘zﬂcxﬁei 2841530/
ref erence. Monkey ceILa ar.e_usual ﬂg referred osts é% g ove 10
vegt ors. Sucharﬁe‘if‘FB‘P N &bt BF FXH53 ﬁeh &P e Rt e EHRA XS ifft act A
buman IL-2, human IL-3, and human GM-CSF are commercially available
from Genzyme Corp. (Boston, MA); and an ELISA kit for human IFN-yis
commercially available from Endogen, Inc. (Boston, MA). Polyclonal

antibodies specific for human lymphotoxin are available from Genzyme
Corp. which can be used in a radioimmunoassay for human lymphotoxin, e.g.

15 Chard, An Introduction to Radioimmunoassay and Related Techniques
(Elsevier, Amsterdam, 1982).

Biological assays of the cytokines listed above can also be used to
determine CSIF activity. A biological assay for human lymphotoxin is
disclosed in Aggarwal, Meth. in Enzymol., Vol. 116, pgs. 441-447 (1985), and

20 Matthews et al, pgs. 221-225, in Clemens et al, eds., Lymphokines and
Interferons: A Practical Approach (IRL Press, Washington, D.C., 1987).
Human IL-2 and GM-CSF can be assayed with factor dependent cell lines
CTLL-2 and KG-1, available ffom the ATCC under accession numbers TIB 214
and CCL 246, respectively. Human IL-3 can be assayed by it ability to

25 stimulate the formation of a wide range of hematopoietic cell colonies in soft
agar cultures, e.g. as described by Metcalf, The Hemopoietic Colony
Stimulating Factors (Elsevier, Amsterdam, 1984). INF-y can be quantified
with anti-viral assays, e.g. Meager, pgs. 129-147, in Clemens et al, eds. -(cited
above).

30 Cytokine production can also be determined by mRNA analysis.
Cytokine mRNAs can be measured by cytoplasmic dot hybridization as
described by White et al,, J. Biol. Chem., Vol. 257, pgs. 8569-8572 (1982) and
Gillespie et al.,, U.S. patent 4,483,920. Accordingly, these references are
incorporated by reference. Other approaches include dot blotting using

35 purified RNA, e.g. chapter 6, in Hames et al., eds., Nucleic Acid Hybridization
A Practical Approach (IRL Press, Washington, D.C., 1985). Generally,



gene can replicate autononously in nonkey cells (to give higher copy
nunbers and/ or nore stable copy nunbers than nonaut ononously replicating
pl asm ds). Nbreover, vectors containing the SV40 ori sequences w thout an
i ntact A gene can replicate autononously to high copy nunbers 15 (but not
stably) in COS7 nonkey cells, described by duzman, Cell, Vol. 23, pgs.
175-182 (1981) and available fromthe ATCC (accession no. CRL 1651). The
above SV40-based vectors are al so capable of transform ng other mamal i an
cells, such as nouse L cells, by integration into the host cell DNA 20
Mul ticel lular organisnms can al so serve asgghosts for the production of CSIF,
e.g. insect |arvae, Maeda et al, Nature, Vol. 315, pgs. 592-594 (1985) and
Ann. Rev. Entonol., pgs. 351-372 (1989); and transgenic aninmals, Jaenisch,
Sci ence, Vol . ymplaspiss doy Jpdridigation iggdyes aschoring mRNAn fiam rp ca8says for
CSIF CSI F act ingshe/ shifiplehentdr # nlill Ypittse | sappdit,t &80 ditheBiI0d) CBybiddfingita | east
one cyt oki ne | O he{?gr oUp,cons gtl n RﬁA [ FN— [rengéjm Idxrg:)hot Qxi 1l IL-2, IL-3,
and GMCSF ina OB %t Policof® ‘F%&%e_ eel1%s "FRIR S TE §§/qnf?|_e§ize one or
nore of these nppspskifivally bhouad ptes thee solid splrage nwipporaner Jemnipg emismatahgd cel | s
(APCs) bl30 5]c angbaas '\?ifim-the E&xtﬁf\lﬁ]%?' that tdngy 'L)%?S‘& 3eguchéRATRhiRD shﬁ@indah?y are
i ncapabl e of replication, a ir _antig processi chinery
remai ns funct iqf%ifn. W‘Q W?HC‘GWEIW%R?T Wﬂ@ﬂon&gfsmﬁmbffpﬂpg‘;?mng t he
APCs, e.g. W trlemainingt isl 30Me8000 oR the amben rof Xargat imRNAnjncheredro thexsolig wi t h
the T cells. sport. A" RibinY Sd8Y DNAY Qér%'” LA PTiL | Ribrfied Phy GRS ayed
. . ase Suppo D e i ;
In primry or?;hprefse a fg, secon‘g]ary mxeé’ Feﬁ%c t%) r(_aactlonsb%l\/LR), In
whi ch case signal generated by its label. Several standard techniques are available
10 for labeling single and double stranded nucleic acid fragments. They
include incorporation of radioactive labels, e.g. Harper et. al.,, Chromosoma,
Vol. 83, pgs. 431-439 (1984); direct attachment of fluorescent labels, e.g.
Smith et al.,, Nucleic Acids Research, Vol. 13, pgs. 2399-2412 (1985), and
Connolly et al.,, Nucleic Acids Research, Vol. 13, pgs. 4485-4502 (1985); and
15 various chemical modifications of the nucleic acid fragments that render
them detectable immunochemically or by other affinity reactions, e.g.
. Tchen et al,, Proc. Natl. Acad. Sci., Vol. 81, pgs. 3466-3470 (1984); Richardson
et al., Nucleic Acids Research, Vol. 11, pgs. 6167-6184 (1983); Langer et al.,
Proc. Natl. Acad. Sci., Vol. 78, pgs. 6633-6637 (1981); Brigati et al., Virology,
20  Vol. 126, pgs. 32-50 (1983); Broker et al., Nucleic Acids Research, Vol. 5, pgs.
_363-384 {1978); and Bayer et al., Methods of Biochemical Analysis, Vol. 26,
pgs. 1-45 (1980).
Preferably mRNA from T cells is anchored for hybridization to the
probe by the following protocol. Isolated T cells are lysed by suspending in a
25 lysis buffer (0.14 M NaCl, 1.5 mM MgCls, 10 mM Tris-HCI pH 8.6, 0.5% Nonidet
P-40 (a nonionic detergent, e.g. from Sigma)) at 4°C at a final concentration
of 1x108 cells/ml. The suspension is vortexed for 10 sec and the nuclei are
pelleted (13,000 g, 2.5 min). The resulting cytoplasmic lysates are then
transferred to a sterile 1.5 ml tube containing 0.3 volumes of 20x SSC (Ix
30 SSC=0.15 M NaCl, 0.015 M trisodium citrate {standard saline citrate)) and 0.2
volumes of 37% (w/w) formaldehyde. The mixture is then incubated at 60°C
for 15 min and stored in aliquots at -70°C. For analysis, 15 ml of each sample
is titered by serial threc fold dilutions in 15x SSC into a 96-well flat-bottomed
microtiter plate (Falcon, Becton Dickinson, Oxnard, CA) in 0.1 ml. Each
35 dilution is applied with suction to a sheet of Nytran (a2 modified nylon
support available from Schleicher and Schuell, Keene, NH; 0.45 mm pore



- 10 - syngeneic APCs need not be used. MLRs are well known in the art,

e.g. Bradley, pgs. 162-166, in Mshell et al, eds. Selected Methods in

Cel lul ar I muynol ogy (Freeman, San Franci sco, 1980); and Battisto et al,
Meth.*in Enzynol., Vol. 150, pgs. 83-91 (1987). Briefly, two popul ations
of allogenic 5 I ynphoid cells are mxed, one of the popul ations having
been treated prior to mxing to prevent prollferatlon e.g. by irradiation.
Preferably, the cell populations are prepared at a concentration of about 2
x 106 cells/m in supplenented nedium eg. RPM 1640 with 10% fetal calf
serum For both controls and test cultured -mx 0.5 m of each popul ation
for the assay. For a 10 secondary MLR, the cells remaining after 7 days

[ the primaryeMRagpenie ol h THhA! BihebY i uEal HuRicaR2 fhumbt ' BE) flon

stimul ator cel ng susp cte cont ai ni ng é be added t-o
the test cul t uNDsutitizipgea P n’é’l%fMl‘ﬁ‘g?FqﬁQPP“éﬂHs 15§‘EM°‘E’t9ﬁt?"8I §°hd’ﬁ -t e5he
cul tures nmay bRywss @mml i‘soﬂmtyﬁa!akd r(aoqu,oziua:) Iaﬂcn tieare With Oa Ppretgyridiastionr

mXing. 15 siuion BRI 0 sac HinaRRRUaH BSuBRILAT MBF RO 2 ons Tor

CSI F assays errp oyS ues vve nown 1 n'the ar are

described i Dﬂ%ﬂiaﬁoc@t A Sigma), R (wivh eavhy pfrdicoll (W-“WOLIQM) APCs
for the pref erﬁ&ﬂvlgﬁbﬁoﬁﬁ%ay i biVink PitRhA | axbﬁxgﬁd (mnpcym prdkese are

ey Vol Cerpa 13t SHOR 8555 JopsentBont Wik B BB 101
108, pgs. 118- m@@yl(rm%ﬁpn saletjomy eFoldowing I\/b!ﬂndlaanOEnﬂ;mﬂlpporVdIs waghed pgs.
291938392 ((51 ﬁgngjawolsﬁﬁﬂééfI&OIi\s R T hch 2 rBEYA ViBRpe rat{x/}ﬁin %%g;%c Rgé. 1&4@1&;19(()1984)
\(Nhl ch ref elr%nc’gg‘ &te qtar#gopp‘ﬂr%t §%&Bg%éggr sup1"“I5r‘% g 1@
cel | s ar e usedusing tadne ifGSsiHyags ayeen windc lquédiitatedarbey cbﬁnamgednﬂ:y af jlasst
separating | yn@&x@ﬁ&h&& f(é.Q.mmIrBs%a:PekL,p Q%Ballng}u%gts Inc., Gaithersburg, MD).
If cytoplasmic dot hybridization lacks sufficient sensitivity, preferably the
RNA is first extracted from the PBLs prior to blotting. For example, RNA may
15 be extracted by the guanidinium thiocyanate method disclosed by Chirgwin
et al, in Biochemistry, Vol. 18, pgs. 5294-5299 (1979). |
In some cases, samples to be tested for CSIF activity must be pretreated
to remove predetermined cytokines that might interfere with the assay. For
example, IL-2 increases the production of IFN-y in some cells. Thus
20 depending on the helper T cells used in the assay, IL-2 may have to be
removed from the sample being tested. Such removals are conveniently
accomplished by passing the sample over a standard anti-cytokine affinity
column.

25 IIL 1 ibodies i i
Preferably, antagonists' of the invention are derived from antibodies

specific for human CSIF. More preferably, the antagonists of the invention
comprise fragments or binding compositions specific for human CSIF.
Antibodies comprise an assembly of polypeptide chains linked together by

30 disulfide bridges. Two major polypeptide chains, referred to as the light
chain and the heavy chain, make up all major structural classes (isotypes) of

’ antibody. Both heavy chains and light chains are further divided into
subregions referred to as variable regions and constant regions. Heavy
chains comprise a single variable region and three different constant

35 regions, and light chains comprise a single variable region (different from
that of the heavy chain} and a single constant region (different from those



then selecting, e.g. by panning or flow cytonetry, helper cells using a
comercially avail able anti-CD4 anti body, e.g. OKT4 described in U S.
patent 4,381,295 and available from Ortho Pharmaceutical Corp. The

requi site techniques are fully disclosed in Boyum Scand. J. din. Lab.

I nvest., Vol. 21 30 (Suppl. 97), pg. 77 (1968); Meth. in Enzynol., Vol.
108 (cited above), and in Bramet al, Meth. in Enzynol., Vol. 121, pgs.
737-748 (1986). Generally, PBLs are obtained fromfresh bl ood by

Fi col | - Hypaque density gradi ent centrifugatldon. A variety of antigens can
be enpl oyed in the assay, e.g. Keyhol e 35 Iinpet hermcyani n (KLH), fow
[err]-globulin, or the |like. pref r abl ace of antj
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As used herein the term "monoclonal antibody” refers to
homogeneous populations of immunoglobulins which are capable of
specifically binding to human CSIF.

15 As used herein the term "binding composition” means a composition
comprising two polypeptide chains (1) which, when operationally
associated, assume a conformation having high binding affinity for human
CSIF, and (2) which are derived from a hybridoma producing monoclonal
antibodies specific for human CSIF. The term "operationally associated” is

20 meant to indicate that the two polypeptide chains can be positioned relative
to one another for binding by a variety of means, including by association
in a native antibody fragment, such as Fab or Fv, or by way of genetically-
engineered cysteine-containing peptide linkers at the carboxyl termini.
Normally, the two polypeptide chains correspond to the light chain variable

25 region and heavy chain variable region of a monoclonal antibody specific
for human CSIF. Preferably, antagonists of the invention are derived from
monoclonal antibodies specific for human CSIF. Monoclonal antibodies
capable of blocking, or neutralizing, CSIF are selected by their ability to
inhibit CSIF-induced effects in standard CSIF bioassays, ¢.g. inhibition of

30 IFN-ysynthesis.

Hybridomas of the invention are produced by well known techniques.
Usually, the process involves the fusion of an immortalizing cell line with a
B-lymphocyte which produces the desired antibody. Alternatively,
non-fusion techniques for generating an immortal antibody producing cell

35 lines are possible, and come within the purview of the present invention,
e.g. virally induced transformation: Casali et al., "Human Monoclonals from



15 Chard, An Introduction to Radioi nmunoassay and Rel ated Teéchni ques
(El'sevier, Anmsterdam 1982). Biological assays of the cytokines Iisted
above can al so be used to determne CSIF activity. A biological assay for
human- | ynphofoxin is disclosed in Aggarwal, Meth. in Enzymol., Vol. 116,
pgs. 441-447 (1985), and 20 Mat t hews et aI, pgs. 221-225, in Cenens et
al, eds., "Lynphokines and Interferons: A Practical Approach (IRL Press,
Washi ngton, D.C., 1987). Human |IL-2 and GW CSF can be assayed with f act or
dependent cell Ilnes CTLL-2 and KG- 1, avaii&ble fromthe ATCC under
accession nunbers TIB 214 and CCL 246, respectively. Human IL-3 can be
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10  desired. A host mammal is injected with repeated dosages of the purified
antigen, and the mammal is permitted to generate the desired antibody
producing cells before these are harvested for fusion with the
immortalizing cell line. Techniques for fusion are also well known in the
art, and in general, involve mixing the cells with a fusing agent, such as

15 polyethylene glycol. Hybridomas are selected by standard procedures, such

" as HAT selection. From among these hybridomas, those secreting the desired
antibody, i.e. specific for human CSIF, are selected by assaying their culture
medium by standard immunoassays, such as Western blotting, ELISA, RIA,
CSIF neutralizing capability, or the like. Antibodies are recovered from the

20 medium using standard protein purification techniques, e.g. Tijssen,
Practice and Theory of Enzyme Immunoassays (Elsevier, Amsterdam, 1985).
Many references are available for guidance in applying any of the above
techniques, e.g. Kohler et al.,, Hybridoma Techniques (Cold Spring Harbor
Laboratory, New York, 1980); Tijssen, Practice and Theory of Enzyme

25 Immunoassays (Elsevier, Amsterdam, 1985); Campbell, Monoclonal Antibody
Technology (Elsevier, Amsterdam, 1984); Hurrell, Monoclonal Hybridoma
Antibodies: Techniques and Applications (CRC Press, Boca Raton, FL, 1982);
and the like. Hybridomas producing monoclonal antibodies specific for
human CSIF are then subjected to a second screen using the CSIF assays

30 described above to select ones capable of blocking, or neutralizing, the
biological activity of CSIF.

The use and generation of fragments of antibodies is dlso well known,
e.g. Fab fragments: Tijssen, Practice and Theory of Enzyme Immunoassays
(Elsevier, Amsterdam, 1985); and Fv fragments: Hochman et al.
35 Biochemistry, Vol. 12, pgs. 1130-1135 (1973), Sharon et al.,, Biochemistry, Vol.



ti ssue sanple onto a solid phase support, e.g. nitrocellul ose, hybridizing
a DNA proebe to the anchored nRNA, and renovi ng probe sequences
nonspecificall]y bound to the solid phase support or formng mismatched 5
hybrids with the nmRNA so that only probe sequences form ng substantially
perfect hybrids with target nRNAs remain. The anount of DNA probe renaining
Is a nmeasure of the nunber of target nRNA anchored to the solid phase
support. The anount of DNA probe remmining is determ ned by the signal

generated by its |abel. Several standard techniques are available 10 for
| abel i ng single and doubl e stranded nucl.gigc.acid fragnents. They include
I ncorporation of radioactive |abels, e.g. Harper et. al., Chronosonma, Vol.
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particular, such techniques can be used to produce interspecific monoclonal
antibodies, wherein the binding region of one species is combined with

15 non-binding region of the antibody of another species to reduce
immunogenicity, e.g. Liu et al,, Proc. Natl. Acad. Sci.,, Vol. 84, pgs. 3439-3443
(1987).

Iv. ification I ical

20 When polypeptides of the present invention are expressed in soluble
form, for example ds a secreted product of transformed yeast or mammalian
cells, they can be purified according to standard procedures of the art,
including steps of ammonium sulfate precipitation, ion exchange
chromatography, gel filtration, electrophoresis, affinity chromatography,

25 and/or the like, e.g. "Enzyme Purification and Related Techniques,” Methods
in Enzymology, 22:233-577 (1977), and Scopes, R., Protein Purification:
Principles and Practice (Springer-Verlag, New York, 1982) provide guidance
in such purifications. Likewise, when polypeptides of the invention are
expressed in insoluble form, for example as aggregates, inclusion bodies, or

30 the like, they can be purified by standard procedures in the art, including
separating the inclusion bodies from disrupted host cells by centrifugation,
solublizing the inclusion bodies with chaotropic and reducing agents,
diluting the solubilized mixture, and lowering the concentration of
chaotropic agent and reducing agent so that the polypeptide takes on a -

35 Dbiologically active conformation. The latter procedures are disclosed in the
following references, which are incorporated by reference: Winkler et al,



transferred to a sterile 1.5 nml tube containing 0.3 volunmes of 20x SSC (1x
30 SSC=0.15 M NaCl, 0.015 Mtrisodiumcitrate (standard saline citrate))
and 0.2 volungs of 37% (ww) formal dehyde. The mi xture is then incubated at
[err] *for 15 min and stored in aliquots at [err]. For analysis, 15 m of
each sample is titered by serial three fold dilutions in 15x SSCinto a
96-wel |l flat-bottomed mcrotiter plate (Fal con, Becton D ckinson, Oxnard,
CA) in 0.1 mM. Each 35 dilution is applied with suction to a sheet of
Nytran (a nodified nylon support avail able from Schl ei cher and Schuel |,

Keene, NH, 0.45 nm pore - 13 - size) _gypported on a filter paper

(What man 3nmmChr, Whatman Inc., Cifton, NJ) utilizing a 96 hold Mnifold
appar at us (Schlel cher and Schuel |). The %/tran paper is then baked gerr] 2
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carrier can be any cbmpatible, non-toxic substance suitable for delivering
the compositions of the invention to a patient. Generally, compositions
useful for parenteral administration of such drugs are well known, e.g.
Remington's Pharmaceutical Science, 15th Ed. (Mack Publishing Company,

15 Eastorn, PA 1980). Alternatively, compositions of the invention may be
introduced into a patient's body by implantable or injectable drug delivery
system, e.g. Urqubart et al.,, Ann. Rev. Pharmacol. Toxicol., Vol. 24, pgs. 199-
236 (1984); Lewis, ed. Controlled Release of Pesticides and Pharmaceuticals
(Plenum Press, New York, 1981); U.S. patent 3,773,919; U.S. patent 3,270,960;

20 and the like.

When adminisiered parenterally, the CSIF is formulated in a unit

dosage injectable form (solution, suspension, emulsion) in association with a
pharmaceutical carrier. Examples of such carriers are normal saline,
Ringer's solution, dextrose solution, and Hank's solution. Nonaqueous

25 carriers such as fixed oils and ethyl oleate may also be used. ‘A preferred
carrier is 5% dextrose/saline. The carrier may contain minor amounts of
additives such as substances that enhance isotonicity and chemical stability,
e.g.. buffers and preservatives. -The CSIF is preferably formulated in
purified form substantially free of aggregates and other proteins at a

30 concentration in the range of about 5 to 20 ug/ml. Preferably, CSIF is
administered by continuous infusion so that an amount in the range of about
50-800 ng is delivered per day (i.e. about 1-16 pg/kg/day). The daily infusion
rate may be varied based on monitoring of side effects and blood cell counts.

CSIF can be purified from culture supernatants of mammalian cells

35 transiently transfected or stably transformed by an expression vector

carrying an CSIF gene. Preferably, CSIF is purified from culture



et al., in Biochemstry, Vol. 18, pgs. 5294-5299 (1979). In sonme cases,
sanples to be tested for CSIF activity nust be pretreated to renpve
predeterm ned cytokines that nmight interfere with the assay. For exanple,
IL-2.|ncreasbs the production of IFN-[err] in song cells. Thus 20
depending on the helper T cells used in the assay, |IL-2 nmay have to be
renmoved fromthe sanple being tested. Such renobvals are conveniently
acconpl i shed by passing the sanple over a sfandard anti-cytokine affinity
colum. 25 1I11. Mnoclonal Antibodies and Ant agonists Specific for CSIF
Preferably, antagonists of the invention are derived from anti bodi es
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10 ml of serum-free DME. DME is added back to the plates which are then
incubated for an additional 3 hrs at 37°C. The plates are washed once with
DME, after which DME containing 4% fetal calf serum, 2 mM glutamine,
penicillin (100 U/L) and streptomycin (100 pg/L) at standard concentrations
is added. The cells are then incubated for 72 hrs at 37°C, after which the

15 growth medium is collected for purification of CSIF. Alternatively,
transfection can be accomplished by electroporation as described in the
examples. Plasmid DNA for the transfections is obtained by growing
pcD(SRa) containing the CSIF c¢cDNA insert in E. coli MC1061, described by
Casadaban and Cohen, J. Mol. Biol., Vol. 138, i)gs. 179-207 (1980), or like

20 organism. The plasmid DNA is isolated from the cultures by standard
techniques, e.g. Maniatis et al.,, Molecular Cloning: A Laboratory Manual
(Cold Spring Harbor Laboratory, New York, 1982).

When the antagonists of the invention are derived from antibodies,
- they are normally administered parenterally, preferably intravenously.

25 Since such protein or peptide antagonists may be immunogenic they are
preferably administered slowly, either by a conventional IV administration
set or from a subcutaneous depot, e.g. as taught by Tomasi et al, U.S. patent
4,732,863. When administered parenterally, the antibodies and/or fragments
are formulated in a unit dosage injectable form in association with a

30 pharmaceutical carrier, as described above. The antibody is preferably
formulated in purified form substantially free of aggregates, other proteins,
endotoxins, and the like, at concentrations of about 5 to 30 mg/ml,
preferably 10 to 20 mg/ml. Preferably, the endotoxin levels are less than 2.5
EU/ml.

35 Selecting an administration regimen for an antagonist depends on
several factors, including the serum tumover rate of the antagonist, the



pol ypeptide (1) which is from 110 to 125 amno acids in length, and (2) 5
whose amno aci d sequence corresponds to that of a heavy chain of a

nonocl onal agtibody of the invention, starting from the heavy chain's
N-terminal amino acid. Likew se, the term "l'ight chain variable region”
means a pol ypeptide (1) which is from95 to 115 amno acids in length, and
(2) whose am no acid sequence corresponds to that of a |light chain of a 10
nonocl onal anti body of the invention, starting from the light chain's
N-term nal amino acid. As used herein the term "nonocl onal antibody"” refers
t o honpgeneous -popul ations of imunogl oby,ins which are capabl e of
speC|f|caIIy bi nding to human CSIF. 15 As used herein the term

"bi ndi ng conmposition” means a conposition conprising two pol ypeptide chains
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303-357, and Smith et al, pgs. 365-389, in Haber et al., eds. Antibodies in
Human Diagnosis and Therapy (Raven Press, New York, 1977). Preferably,
whenever the antagonist comprises monoclonal antibodies or Fab-sized

15  fragments thereof (including binding compositions), the dose is in the
range of about 1-20 mg/kg per day. More preferably the dose is in the range
of about 1-10 mg}kg per day.

V. ical ngin IF,

20 Once nucleic acid sequence and/or amino acid sequence information
is available for a native protein a variety of techniques become available for
producing virtually any mutation in the native sequence, e.g. Shorle, in
Science, Vol. 229, pgs. 1193-1201 (1985); Zoller and Smith, Methods in
Enzymology, Vol. 100, pgs. 468-500 (1983); Mark et al.,, U.S. Patent 4,518,584;

25 Wells et al, in Gene, Vol. 34, pgs. 315-323 (1985); Estell et al., Science, Vol. 233,
pgs. 659-663 (1986); Mullenbach et al, J. Biol. Chem., Vol. 261, pgs. 719-722
(1986), and Feretti et al.,, Proc. Natl. Acad. Sci., Vol. 83, pgs.. 597-603 (1986).
Accordingly, these references are incorporated by reference.

Muteins of the natural polypeptide may be desirable in a variety of

30 circumstances. For example, undesirable side effects might be reduced by
certain muteins, particularly if the side effect activity is associated with a
different part of the polypeptide from that of the desired activity. In some
expression systems, the native polypeptide may be susceptible 1o degradation
by proteases. In such cases, sclected substitutions andfor deletions of amino

35 acids which change the susceptible sequences can significantly enhance
yields, e.g. British patent application 2173-804-A where Arg at position 275 of



Hybri domas of the invention are produced by well known techniques. Usually,
the process involves the fusion of an immortalizing cell line with a

B- | ynphocyt e whi ch produces the desired anti body. Alternatively,
non-fusi on techni ques for generating an imortal antibody producing cel
35 Ilines are possible, and conme within the purview of the present -

I nvention, e.qg. virally induced transformation: Casali et al., "Human
Monocl onal s from - 15 - Antigen-Specific Selection of B Lynphocytes and
Transformation by EBV," Science, Vol. 234, pgs. 476479 (1986).
Imortalizing cell lines are usually trangforned mammalian cells,
particularly nyeloma cells of rodent, bovine, and hunan origin. Mst
frequently, rat or nouse nyelona cell lines are 5 enp ed as a matter. of
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to generate the deS| re quﬁ ucin ceII before ebse are harvest ed
for fusion wi tASFHd fi @lgé’é?i‘ a‘F‘f" f(f&gs FI5P0aEls ASH- ar e al so

vvel! known i n Bibchemr tB:ophysl, iVolg22rpg. 27|1n(\1983)e @iften noetbiomineekims byi t h a
fusing agent, er(éj%iﬁ&d ore BEH VY |16 Wh Gfle or A 108 pio egﬁ‘chfe' ected by

st andard proc res HAT sel ection rom am)n es ybr| donas,
those secreti ri§tivie 5§5|4‘§Ha’aﬁt i3ty | appligation p AU 'ﬁTs@"‘?U? huﬁ’h aetsripl gy e
sel ected ly asxpyssion tysemsClyididy @an sometimes be increased by eliminating or

replacing conformationally inessential cysteine residues, e.g. Mark et al,,
U.S. Patent 4,518,584.

Preferably cassette mutagenesis is employed to generate mutant
proteins. A synthetic gene is constructed with a sequence of restriction

15 endonuclease sites spaced approximately uniformly along the gene; these
restriction endonuclease sites are chosen to remain unique even when the
gene is inserted in an appropriate vector. The unique restriction sites allow
segments of the gene to be conveniently excised and replaced with synthetic
oligonucleotides (i.e. "cassettes”) which code for desired mutations.

20 Determination of the number and distribution of unique restriction sites
entails the consideration of several factors including (1) preexisting
restriction sites in the vector to be employed in expression, (2) whether
species-specific or genera-specific codon usage is desired, (3) the number of
different non-vector-cutting restriction endonucleases available (and their

25 muliplicities within the synthetic gene), and (4) the convenience and
reliability of synthesizing and/or sequencing the segments between the
unique restriction sites.

The above technique is a convenient way to effect conservative amino
acid substitutions, and the like, in the native protein sequence.

30 "Conservative"” as used herein means (i) that the alterations are as
conformationally neutral as possible, that is, designed to produce minimai
changes in the teniary structure of the mutant polypeptides as compared to
the native protein, and (ii) that the alierations are as antigenically neutral
as possible, that is, designed to produce minimal changes in the antigenic

35 determinants of the mutant polypeptides as compared to the native protein.
Conformational neutrality is desirable for preserving biological activity,

)



medi um by standard i nmunoassays, such as Western blotting, ELISA, R A CSIF
neutralizing capability, or the like. Antibodies are recovered fromthe 20
medi um wusing standard protein purification techniques, e.g. Tijssen,
Practice and Theory of Enzyme | nmmunoassays (El sevier, Ansterdam 1985).

Many references are available for guidance in applying any of the above
techni ques, e.g. Kohler et al., Hybridoma Techni ques (Col d Spring Harbor
Laboratory, New York, 1980); Tijssen, Practice and Theory of Enzynme 25

| mmunoassays (El sevier, Ansterdam 1985);-2Canpbell, Mnocl onal Antibody
Technology.(EIsevier Anrst erdam 1984); Hurrell, Mnoclonal Hybridona
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bi ol ogi cal activjpt The use and generation, of nts of

antibodies is eﬂ’%‘&ﬂ/ V\éll“fm?(ﬁ']‘fﬁﬁm will be eapformatignally s and;; j’%‘%ﬁ'@ﬁ“’ ¥ 2 8eytEal yles
Theory of ESzyreist "whiohacahaysidé Ehosy iskilled Ansiher skinfo HABS )altefutidns\that have

f ts: Ho h tr

(1093 Sirar on HER probBtiligEs of Hepte Wpformitionsily, ) aRfifenicelys wpteiRl e.z.
(1976) and Ehr |Anfisert(ciiéd abovel Bewofsky, £ciebés, 0Vd; 228d pent 9IHBMO 1(8985); and
mol ecul es: Auchavaa%ﬂ@rga&@xeylo% léoﬁ Rgﬁﬁggg #glséggbgaﬁ -Soff! sP AR RdredNd

anti body fragnments characterrs e I nvention can al so
be produced by iFpesati mast nelade Oy eplacsmenth gf shydroghobic, Jesidyegais less

constructing a 1aeyAthi prodice, chiifes GheahtigedicalyOb&Auwhitdy are likely to be

located in the protein's interior, e.g. Berzofsky (cited above) and Bowie et al
(cited above); (2) replacement of physiochemically similar, i.e. symonymous,
residues are less likely to produce conformational changes because the
replacing amino acid can play the same structural role as the replaced

15 amino acid; and (3) alteration of evolutionarily conserved sequences is
likely to produce deleterious conformational effects because evolutionary
conservation suggests sequences may be functionally important. In addition
to such basic rules for selecting mutein sequences, assays are available to
confirm the biological activity and conformation of the engineered

20 molecules. Biological assays for the polypeptides of the invention are
described more fully above. Changes in conformation can be tested by at .
least two well known assays: the microcomplement fixation method, e.g.
Wasserman et al., J. Immunol,, Vol. 87, pgs. 290-295 (1961), or Levine et al.
Methods in Enzymology, Vol. 11, pgs. 928-936 (1967) used widely in

25 evolutionary studies of the tertiary structures of proteins; and affinities to
sets of conformation-specific monoclonal antibodies, e.g. Lewis et al.,
Biochemistry, Vol. 22, pgs. 948-954 (1983).

VI. Human CSIF Peptide Antibodies

30 The invention includes peptides derived from human CSIF, and
immunogens comprising conjugates between carriers and peptides of the
invention. The term immunogen as used herein refers to a substance which
is capable of causing an immune response. The term carrier as used herein
refers to any substance which when chemically conjugated to a peptide of

35 the invention permits a host organism immunized with the resulting
conjugate to generate antibodies specific for the conjugated peptide.



encode segnents of the antibody nolecule, e.g. Wall et al., Nucleic Acids
Researchs Vol . 5, pgs. 3113-3128 (1978); Zakut et al., Nucleic Acids
Research, Vol. 8, pgs. 3591-3601 (1980); Cabilly et al., Proc. Natl. Acad.
Sci.,-Vol. 81, pgs. 3273-3277 (1984); Boss et al., Nucleic Acids Research,
Vol . 12, pgs. 3791-3806 10 (1984); Anster et al., Nucleic Acids Research,
Vol . 8, pgs. 2055-2065 (1980); Moore et al., U S. Patent 4,642,334; Skerra
et al, Science, Vol. 240, pgs. 1038-1041(1988); and Huse et al, Science,
Vol . 246, pgs. 1275-1281 (1989). In parti<22 ar, such techni ques can be used
to produce interspecific nonocl onal antibodies, wherein the binding region

Chocne: Do SCiP TGP . ud ey oRbRgbRRete Rl bRE AR °

Acad. Sci., Vopartigles ppb. a8439rd3d 4Bea(ld. 08 Prefetably, caPdensf amapraeins,asuch as

Phar maceuti cal b1 ans 20 . ; I [ :he present
s&gmjoﬁb%ﬁl% 50%1% %loPuhn,Wlf%gh&Q X A€M 06 anid!

i nvention are expressec C orm r exanpl e as a secreted product
of transf or medUp@agiobelin.n@vaknman Jdirinoger.ngy & IHke-purified according to
standard procedur espeptidedCofilthe inPEAtibA mﬁa Sstyﬁihl%si]?é(} P RiNUARGS tchiiqRes, e.g.
precipitation, jion_exc e c r e O iltratian, .. .

el ect rophor esi S©¥4f% AR ¢ r%ﬁ?ﬁf@ﬁﬁ&ﬂ% §ynél?'f’57so ndkd; (Rigree, Chemical
"Enzynme Purifi €Campeny,aRdckletdit B Te8A)ni Rreferdblyvet homsmenciaknpeptidt ogynthesizer
22:233-577 (1977) caqd : i R: | £ i QN Lacies
Practice (Spri zs )é‘?cd\/g% %@@W&&fﬁ?{’@@ﬁmﬁg&é\ﬁ édgﬁ%u ?atﬁggl lph ds?lgbh s
puti fications. of |thkelpventionyieen apssmblrdoby dealidophesee synthesitt iognaasreselipkadssed
in insoluble. f gbiPstyrétle %ﬁ%mg{ Est#%ingJ Hofah&Scarbd} | Hyindihl PRAIRE, afd A¥ing he

o 1 CAmaRi el B g PE, e e RS bS5 S

centrifugati onTheofaiowiag ngferérces nare ugnides odites cheristrg hemploypd cdwrig

reducing agent g, it iRGhl, SOWMR! CAGH AT Vob sk DUE RSy Rene et a1,
pg 185, in Peptides 1984, Ragnarsson, Ed. (Almquist and Weksell, Stockholm,

15 1984); Kent et al, pg. 217 in Peptide Chemistry 84, Izumiya, Ed. (Protein

Research Foundation, B.H. Osaka, 1985); Merrifield, Science, Vol. 232, pgs.
341-347 (1986); Kent, Ann. Rev. Biochem., Vol. 57, pgs. 957-989 (1988), and
references cited in these last two references.

In solid state synthesis it is most important to ecliminate synthesis

20" by-products, which are primarily termination, deletion, or modification
peptides. Most side reactions can be ecliminated or minimized by use of clean,
well characterized resins, clean amino acid derivatives, clean solvents, and
the selection of proper coupling and cleavage methods and reaction
conditions, ¢.g. Barany and Merrificld, The Peptides, Cross and Meienhofer,

25 Eds, Vol 2, pgs 1-284 (Academic Press, New York, 1979). It is important to
monitor coupling reactions to determine that they proceed to completion so
that deletion peptides missing one or more residues will be' avoided. The
guantitative ninhydrin reaction is useful for that purpose: Sarin et al. Anal
Biochem, Vol. 117, pg 147 (1981). -Na-t-butyloxycarbonyl (t-Boc) - amino

30 acids are used with appropriate side chain protecting groups stable to the
conditions of chain assembly but labile to strong acids. After assembly of
the protected peptide chain, the protecting groups are removed and the
peptide anchoring bond is cleaved by the use of low then high
concentrations of anhydrous hydrogen fluoride in the presence of a

35 thioester scavenger: Tam et al., J. Amer. Chem. Soc., Vol. 105, pg. 6442 (1983).
Suitable side chain protecting groups that can be used are indicated by the



chaotropi c agent and reducing agent so that the polypeptide takes on a 35
biologically active conformation. The latter procedures are disclosed in

t he follomnng ref erences, which are incorporated by reference: Wnkler et
al, . - 17 - Blochenlstry, 25: 4041-4045 (1986); Wnkler et al,
Blotechnology, 3: 992-998 (1985); Koths et al, U S. patent 4,569, 790; and
Eur opean patent applications 86306917.5 and 86306353.3. As used herein
"effective anobunt” neans an anount. sufficient to 5 aneliorate a synptom
of an autoi mune condition. The effectiye anount for a particular patient

may vary dependi ng on such factors as the? State of the autoi mune condition

being treated, the overall health of the patient, nethod of adm nistration,

;L‘easgxg: 'n;é’eg{rfegléq@r %Bf))%%ali:ion afad thbearhink eacidcine gadstiyn, ESitdweids bpdeieni st er ed
osition:co | f CSIF
and a phar macBEE %’g) |"érp“°“R’°|5?r?e)1 né%p:gﬁ?%]g Ph’a@rB i f)é(r%%%(g%ﬁ [E% 0
conpat i bl e, nbps(CbZ),cTs(BrshartaeNERoshTys(4¥eBab| indeHisdmDNGR. C%(FSI tions of
the invention &19 ) 'ﬂﬁu Sﬁﬁene SABRIADND = CRRRERHhy10h Hﬁﬁid&olioz Parenteral

adnlnlstratlon o such drugs are wel| knomn Renm n 9
Phar rraceutﬁcapelgdl‘ém’ébml@t h B remainiaspaBitos ﬁ?‘ﬁﬁ] ‘2;/“ e &halnE st on, PA
1980). Alt er paiectiag Y groGmyIPOBort icauhs cpdle t the dt-rBoenNnbptrm;edbpeptrdeﬂgsimc!ed into

a patient’s bgg osed tb"ﬁ 3)@1‘0%?4 ?nf%or{)&qfta%m ?frgﬁluﬁaﬂﬁkﬂ WMFX&kﬁﬂéd e g

Urquhart et a

(1984); Lewi s befoe Wn!# clighderorethangs éDGM)PéMapE‘F&é‘?‘)andﬁﬁﬁgPﬁéc é’BPﬁ“&al s
(Pl 'enum Press meweerm kmma&sm) rdchoSe fhat Naprolecing, bsp. UTEe poptidentesin is

3,270, 960 20 washaer& rEC[L’I fd neutralized twice with 10 percent diisopropylethylamine
(DIEA) (Aldrich) in dimethylformamide (DMF) (Applied Biosystems), for 1
minute each time. Neutralization is followed by washing with DMF.

Coupling is performed with the symmetric anhydride of the amino acid in
DMF for 16 minutes. The symmetric anhydride is prepared on the

15  synthesizer by dissolving 2 mmol of amino acid in 6 m! of DCM and adding 1
mmol of dicyclohexylcarbodiimide (Aldrich) in 2 ml of DCM. After 5 minutes,
the activated amino acid is transferred to a separate vessel and the DCM is
evaporated by purging with a continuous stream of nitrogen gas. The DCM is -
replaced by DMF (6 ml total) at various stages during the purging. After the

20 first coupling, the peptide-resin is washed with DCM, 10 percent DIEA in
DCM, and then with DCM. For recoupling, the same amino acid and the
activating agent, dicyclohexylcarbodiimide, are transferred sequentially to
the reaction vessel. After activation in situ and coupling for 10 minutes,
sufficient DMF is added to make a 50 percent DMF-DCM mixture, and the

25 coupling is continued for 15 minutes. Arginine is coupled as a
hydlroxybenzotriazole (Aldrich) ester in DMF for 60 minutes and then
recoupled in the same manner as the other amino acids. Asparagine and
glutamine are coupled twice as hydroxybenzotriazole esters in DMF, 40
minutes for each coupling. For all residues, the resin is washed after the

30 second coupling and a sample is automatically taken for menitoring residual
uncoupled a-amine by quantitative ninhydrin reaction, Sarin et al. (cited
above). .

The general technique of linking synthetic peptides to a carrier is

described in several references, e.g. Walter and Doolittle, "Antibodies

35  Against Synthetic Peptides,” in Setlow et al,, eds., Genetic Engineering, Vol. 5,
pgs. 61-91 (Plenum Press, N.Y., 1983); Green et al. Cell, Vol. 28, pgs. 477-487



When adm ni stered parenterally, the CSIF is fornulated in a unit dosage
injectable form (solution, suspension, emulsion) in association with a
pharmaceutical carrier. Exanples of such carriers are normal saline,
Ringer's solution, dextrose solution, and Hank's solution. Nonaqueous 25
carriers such as fixed oils and ethyl oleate may also be used. A preferred
carrier is 5% dextrose/saline. The carrier may contain mnor anpunts of
addi tives such as substances that enhance isotonicity and chem cal
stability, e.g., buffers and preservatives. The CSIF is preferably
formulated in purified formsubstantial-l2# tree of aggregates and other
proteins.at a 30 concentration I n the range of about 5 to 20 [err].

Pref erably, [ d t f
T the range IR bHRel o0 e Mt APy oY, R pBL fg‘“"“?’t”?;‘ﬁ 116
[err]). The dibishizujeafalsilb Pam; lhwvé. |G3€ﬁ§é§écﬂo %ﬁ#‘f*ﬁr"r%ﬂ@? si de

effects and bA&‘B?dnﬁﬁ&' 1ﬁ&un}e?ere£§k|:aﬁamdaegow&dfl»ﬁdefo&mcullusoe
super nat ants of, nanma
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CSIF is puri fthedatfuvcmfetdntw gechniques, 8e.g. Shppien 20w sTldﬁsc‘E})S?ch‘E@l agd
transiently t ?sf ot S 2y I%J?ﬁngﬂgaﬁxfﬁlﬁ%oﬁewe%m .19852NSHIRC fduomest COS 7

cells with pc procee or to transfectj,on,
appr oxi mat el ycorgmontOa @él#"s“‘}é}‘% %é’é’g‘ Bh oA \97°duy) 100 mm
pl ?]E es in Dul Q&ﬁﬁ@d&y@d‘bi |aﬁﬁh£agduﬂmgedtgmas( BivBlpsed by cibagaai andn @lickdr et al
cal f seruma e
Ufhe A AT OR: MARoACH Hohble hahiEh@RIasa, vl 3B U i S

aspirated fr eac T aced con 3\| E“ ngv§0 vl
Tris. HO WH 7329, (M@éerwg/l?fPSSDEAE BERA)r and Aakes et PleFrge. Natl. Acad. Sci.,"Vo
77, pgs. 5197-5200 (1980); (2) water-soluble carbodiimides for carboxyl to

amino coupling, ¢.g. as disclosed by Hoare et al., J. Biol. Chem., Vol. 242, pgs.
2447-2453 (1967); (3) bis-diazobenzidine (DBD) for tyrosine to tyrosine
sidechain coupling, e.g. as disclosed by Bassiri et al., pgs. 46-47, in Jaffe and
15 Behrman, eds. (cited above), and Walter et al. (cited above); and (4)
malcimidobenzoyl-N-hydroxysucciniinidc ester (MBS) for coupling cysteine

(or other sulfhydryls) to amino groups, e.g. as disclosed by Kitagawa et al,, J.
Biochem. (Tokyo), Vol. 79, pgs. 233-239 (1976), and Lemer et al, (cited above).
A general rule for selecting an appropriate method for coupling a given

20 peptide to a protein carrier can be stated as follows: the group involved in
attachment should occur only once in the sequence, preferably at the
appropriate end of the segment. For example, BDB should not be used if a
tyrosine residue occurs in the main part of a sequence chosen for its
potentially antigenic character. Similarly, centrally located lysines rule out

25 the glutaraldehyde method, and the occurrences of aspartic and glutamic
acids frequently exclude the carbodiimide approach. On the other hand,
suitable residues can be positioned at either end of chosen sequence segment
as attachment sites, whether or not they occur in the "native™ protein
sequence. Internal segments, unlike the amino and carboxy termini, will

30 differ significantly at the "unattached end” from the same sequence as it is
found in the native protein where the polypeptide backbone is continuous.
The problem can be remedied, to a degree, by acetylating the w-amino group
and then attaching the peptide by way of its carboxy terminus. The
coupling cfficiency to the carrier protein is conveniently measured by

35 using a radioactively labeled peptide, prepared cither by using a  radioactive
amino acid for one step of the synthesis or by labeling the completed peptide



of plasm d DNA. The plates are incubated for four hours at [err], then the
DNA- cont &i ning nediumis renoved, and the plates are washed twice with 5 10
m of serumfree DVE. DMVE is added back to the plates which are then

i ncubated for an additional 3 hrs at [err]. The plates are-washed once with
DVE, after which DMVE containing 4%fetal calf serum 2 nM gl utam ne,
penicilli n (100 W L) and streptomycin (100 [err] at standard concentrations
i s added. The cells are then incubated for 72 hrs at [err], after which the
15 grow h mediumis collected for purlflé’étlon of CSIF. Al ternatively,
transfection can be acconplished by el ectroporation as described in the '

exanpl es. l%-;ﬂleﬁ iddithiio! of fietylréﬁi&ﬁfr&@&deonsrﬂes ﬁg&t’ébn&dt}m‘sxﬁé G iﬁg [er r]
cont ai ni ng the in E. coli MCL061, .descri bed
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antagonl sts my, be |m"runo enic th ey are re erab 3/epa mni s ere

either by a cor}mﬁ‘llfﬁ’ﬂﬂcy‘f“&“ dHhH; apd dhe d’r’F"’setP°E)‘1l rih be sl%ﬁ‘ht‘an@ogs
depot, e.g. as thmughtcybegindobgs MBS aﬁkhsclés&i bgaLiﬁnt:t ﬂ.,?&?ooﬁ&ﬁlstrywm 18,

adm ni stered nt ts .are I

in.a unit dosggﬂ&gl r??éc% flgagorm 1% P tl&él %g% (ﬁqgeé’ﬁﬁpha%butg%rggu% cal
carrier, adOdedpHi BEN @boMesodiurmcpozare ibigtfcry (pié WebreidoM Sﬂ@mh@t&&d biuffer
purified form %klhshﬁflt | e %SHf fo?etthd:%Gﬁthg%eﬁe d%ﬁ&f nP"cR&s%:h NS £d OXi ns,

and the |iKke, concentrall ons out pre era Iy 10 to 20
ng/ m . Pref er ateptide salubiipt ofibs qomieat ofafree I“é!§'§"’t°h§’r{ soluble: peptides is

determined by Ellman's method, Ellman, Arch. Biochem. Biophys., Vol. 82, pg.
7077 (1959). For each peptide, 4 mg KLH in 0.25 ml of 10 mM sodium

15  phosphate buffer (pH 7.2) is reacted with 0.7 mg MBS (dissolved in dimethyl
formamide) and stirred for 30 min at room temperature. The MBS is added
dropwise to ensure that the local concentration of formamide is not too high,
since KLH is insoluble in >30% formamide. The reaction product, KLH-MBS,
is then passed through Sephadex G-25 equilibrated with 50 mM sodium

20 phosphate buffer (pH 6.0) to remove free MBS. KLH recovery from peak
fractions of the column eluate (monitored by OD280) is estimated to be
approximately 80%. KLH-MBS is then reacted with 5 mg peptide dissolved 25
in 1 ml of the chosen buffer. The pH is adjusted to 7-7.5 and the reaction is
stired for 3 hr at room temperature. Coupling efficiency is monitored with

25 radioactive peptide by dialysis of a sample of the conjugate against
phosphate-buffered saline, and ranged from 8% to 60%. Once the peptide-
carrier conjugate is available, polyclonal or monoclonal antibodies are
produced by standard techmniques, e.g. as disclosed by Campbell, Monoclonal
Antibody Technology (Elsevier, New York, 1984); Hurrell, ed. Monoclonal

30 Hybridoma Antibodies: Techniques and Applications (CRC Press, Boca Raton,
FL, 1982); Schreier et al. Hybridoma Techniques (Cold Spring Harbor
Laboratory, New York, 1980); U.S. Patent 4,562,003; or the like. In particular,
U.S. Patent 4,562,003 is incorporated by reference.

Both polyclonal and monoclonal antibodies can be screened by ELISA.

35 As in other solid phase immunoassays, the test is based on the tendency of

macromolecules to adsorb nonspecifically to plastic. The irreversibility of



35 Sel ecting an adm nistration reginen for an antagoni st
depends 6n several factors, including the serumturnover rate of the

ant agoni st, the - 19 - serumlevel of CSIF associated with the disorder
bei ng*treated, the inmunogenicity of the antagonist, the accessibility of
the target CSIF (e.g. if non-serumCSIF is to be- blocked), the relative
affinity of CSIF to its receptor(s) versus CSIF to the antagonist, and the
| i ke. Preferably, an 5 adm ni stration regi nen nmaxi m zes the anount of
ant agoni st delivered to the patient consis#&mt with an acceptable |evel of
side effects. Accordingly, the anount of antagonist delivered depends I n
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indicates which wells have bound antipeptide antibodies. The use of
spectrophotometer readings allows better quantification of the amount of
peptide-specific antibody bound. High-titer antisera yield a linear titration

curve between 10-3 and 10-3 dilutions.
15

EXAMPLES

The following examples serve to illustrate the present invention.
Selection of vectors and hosts as well as the concentration of reagents,
20 temperatures, and the values of other variables are only to exemplify

application of the present invention and are not to be considered limitations

thereof,
Example I. i ical
25 Mouse CSIF-containing supernatants from the several T cell clones

were obtained by incubating the T cell clones (5 x 106 cells/ml) in serum
free medium (RPMI 1640 lacking phenol red and containing 0.05 mM
2-mercaptoethanol and 20 mM HEPES) and concanavalin A (5 pg/ml) for 24
hours. The clones included cell lines, D9 described in U.S. patent 4,613,459,
30 D10 (described below), MB2-1 described in Mosmann et al, J. Immunol.,, Vol.
136, pgs. 2348-2357 (1986), CDC25 and CDC35 described in Tony et al, J. Exp.
Med., Vol. 161, pg. 223 (1985), and M411-2 and M411-6. The T cell
supernatants were assayed for their ability to suppress IFN-y synthesis in
the cell line HDK-1, described in Cherwinski, et al, J. Exp. Med., Vol. 166, pgs.
35 1229-1244 (1987). Serial twofold dilutions of samples from each T cell clone

were prepared in 96-well flat-bottomed microtiter trays in a volume of 0.05



Sci ence, Vol. 229, pgs. 1193-120%1 (1985); Zoller and Smth, Methods in
Enzynmol ogy, Vol. 100, pgs. 468-500 (1983); Mark et al., U S. Patent
4,518,584; 25 Wlls et al., in CGene, Vol. 34, pgs. 315-323 (1985); Estel
et al:, Science, Vol. 233, pgs. 659-663 (1986); Millenbach et al., J. Biol.
Chem, Vol,. 261, pgs. 719-722 (1986), and Feretti et al., Proc. Natl. Acad.
Sci., Vol. 83, pgs.. 597-603 (1986). Accordingly, these references are

i ncorporated by reference. Miuteins of the ?tural pol ypepti de may be
desirable in a variety of 30 circunstanc For exanpl e, undesirable
side effects mght be reduced by certain nutelns particularly if the side

effect activityll SHRXKSOGER €5 xM G4 catisd pér %ﬂﬁfaloﬂgr\‘mlpfurﬁdl@tc@@mkl)l de from
that of the desired ac%g It%l’l In sgme %prl(ﬁgm steﬁg he .nati

pol ypepti de mayYHEnEGs éfl & §eud &t % b‘%ofvé and gnfigen, °yé’8£°es,
sel ect ed subst ilimget diemoeyutirorat dSD e g/miys wefe added Oin3d volumei of 0vilsi mh cHB1ge

the suscent ! bl Sn39iUeNGaRasA \iBLEM.| S0k SOAIGS oy BLiR, Pa-yyRritish

pat ent application 21 osition

ti ssue pl ashi nePged3diq (2985, was raﬂﬂt‘hdedamplﬂe suspacted of coptainings Thedy oAlter
i ncrease yi el dgpduBatidl iaf | $@IC 28 P4 AL eAPERRamIMhGE doleéedSAd Spt fat|4°‘Ce~"ToxOf

proLens DY el LILORLAG AL 10 2cl g S ULSEE' Rl Sotshs RaRL et Aok
readily under gavesxiadgalyed byt owd aiten sandwichXELIS®, uving Cd rnﬂaMmOuper dFNms i s
Bi ochem i ophyontiafl sBUB0RS XMaE by drrnfthuriled, pfBR MBLSIRAE "
repl aced byOnomatibodyrt &igume lasheis whe degree tdf einbibitinn IOI)SIENOIF spitbesigyiasal
activity, e.g. pé}b%h{aiéi 89 RatBt1eedp! i cation AU-A-52451/86. In bacterial
CSIF produced by D10 cells was partially purified and applied to two
different T cell clones to examine the degree of cytokine synthesis
inhibition as a function of CSIF concentration. The partially purified CSIF
15 was prepared as follows: 1-2.5 L batches of concanavalin A-induced D10
supernatant were concentrated approximately 10-fold using Amicon YM-5
membranes (Amicon Corp. , Danvers, MA), passed through a 5-ml mannose-
conjugated agarose column (E-Y Laboratories, San Mateo, CA), then further
concentrated another 3-to 5-fold, for a total concentration of 30-50 fold.
20 This material was then further purified by two steps of high performance
liguid chromatography: first over a hydroxylapatite-based column (Bio-Gel
HPHT, Bio-Rad Laboratories, Richmond, CA) and then over a gel filtration
column (TSK-G 3000 SW, 60 cm length, LKB Instruments, Gaithersburg, MD).
One such batch of partially purified CSIF was kept in aliquots at -80°C and
25 used as a standard of CSIF activity., When initially assayed, this preparation
caused approximately 50% inhibition of IFN-y production at a dilution of
1/200 in an assay volume of 0.2 ml, and so a standard unit was defined by
assigning a value of 1000 U/ml to the standard CSIF preparation. In each
assay below, the CSIF activity in unknown samples was quantitated by
30 comparing levels of inhibition of IFN-y synthesis by the unknown to that of
the standard. @ The T cell clones that were assayed for inhibition of cytokine
synthesis were HDK-1 (described above) and MD13-10, described in Cell.
Immunol., Vol. 97, pg. 357 (1986). For the assay of IL-3 and GM-CSF levels the
partially purified CSIF was further treated by passing it over anti-IL-3 and
35 anti-GM-CSF affinity columns. Antibodies in 0.1 M NaCl, 0.1 M HEPES, and
0.08 M CaCly were coupled to Affi-Gel 10 (Bio-Rad) at 4°C with gentle mixing



10 expression systens, yields can sonetines be increased by elimnating
or replacing conformationally inessential cysteine residues, e.g. Mark et
al., US. Patent 4,518,584. Preferably cassette nutagenesis is enployed to
generate mutant proteins. A synthetic gene is constructed with a sequence
of restriction 15 endonucl ease sites spaced approximately uniformy al ong
the gene; " these restriction endonucl ease sites are chosen to renmmin uni que
even when the gene is inserted in an appropgiate vector. The unique
restriction sites allow segnents of the gene to be conveniently excised and
replaced with synthetic oligonucleotides (i.e. "cassettes") which code for
desired nut ati fors4 RQrs. [Eackrhr2 nml icolumaf cerained. approxiaratelyli ¥t ta B0t mgnofof

uni que restricthgiied! hfiSoddpt @i | s the consideration of several factors
including (1) preeX|st|ng estriction sites in the vector to_be enplaoyed in
expression, (2) whet¥ethodisein dhe Jable pelowe [Fifenproguetinge i%ascinbipitsd s Rpth i s
desired, (3) tEpnsynbeke Qi &ffeﬂie Bfer \@edkmesc ULty ngnfpasio&hﬁtlmm and

donucl b d th t theti
oo ek AR "B e e o ook b ebStRy Be Uy "o ©

sequenci ng the segnents between the unique restriction sites. The above
technique is a convenient way to ef f ect chatl ve am no acid
substitutions, cgfdidene | i kegydoRigdene nat ioye Ot 18 M-a, NgBvej 30
"Conservatlve" as used herein neans (I terations are as
conformational |y neutral as possible, tHéfu@§ de§ﬂgHé§1to pradbéel ni ni nal
changes in the tertiary structure of the nutant pol ypeptides as conpared to
the native, protej and (iié’ hat the aI ations eas antjgenical ly

neut r al aslgoséﬁ}?@, that i lJi(?femgned tg%roduce thi mal chlaggges in the
antigenic 35 determ nantslla the nutarfl.Dol ypepts9cdes as cet@phred to the
native protein. Confornati %plﬂﬁ'ﬁ“ﬁl i ty 9 s desirgbje for Q{2e§erV| ng

bi ol ogi cal activity,

IL-3 63.9 52.6- 38.4
GM-CSF 86.9 791 66.8
15 MDI13-10 IFN-y 36.0 27.5 23.2
IL-2 88.2 109.3 96.0
IL-3 " 60.2 63.0 51.0
GM-CSF 109.0 119.9 97.6
20
Example II. i D i from D1 1
Isolation of clope pcD(SRo)-F115

A cDNA library was constructed in the pcD(SRa) vector from mRNA

extracted from D10 cells, described in Kaye et al, J. Exp. Med., Vol. 158, pg. 836

25 (1983), in accordance with the method of Okayama and Berg, Mol. Cell. Biol. 2:
161-170 (1982) and 3: 280-289 (1983), also disclosed in U.S. patent 4,695,542,
which is incorporated by reference. The pcD(SRa) vectors carrying cDNA
inserts were amplified in E. coli. Plasmid DNA was extracted from pools of
these randomly picked clones and used to transfect COS 7 monkey cells as

30 described below. The supernatants of the COS 7 cultures were then tested for
CSIF activity. COS cells were transfected as follows: One day prior to
transfection, approximately 1.5 x 106 cos 7 monkey cells were seeded onto
individval 100 mm plates in Dulbecco's modified Eagle medium (DME)
containing 5% fetal calf serum (FCS) and 2 mM glutamine. To perform the



0 - 21 - and antigenic neutrality is desirable for avoiding the
triggering of immunogenic responses in patients or animals treated with the
compounds of . the invention. Although it is difficult to select with
absolute certainty which alternatives will be conformationally and
antigenically neutral, rules 5 exi st which can guide those skilled in the
art to nmake alterations that have high probabilities of being
conformationally and antigenically neutral, e.g. Anfisen (cited above);

Ber zof sky, Science, Vol. 229, pgs. 932-940281985): and Bowie et al,

Sci ence, Vol. 247, pgs. 1306-1310 (1990). Sone of the nor e irrportant rul es
i nclude (1) re hyd hghi.c u | iont Qi
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the protein's itAtPsin, gyas EdiI‘BeF&cngwyffeél aﬁ@év@)spmd%\/\nl@ egeligfml (imj ¢ e
above); (2) re&bﬁﬁﬁffe@bmﬁ phyomﬁlemqaai s ShiRkd aWish 20 Gig m%msferred
residues are less |ik y re? uce confornmation aij ﬂg es bea‘% the

repl acing ami nd®ati H’r Mﬂcaﬁ qrLropofation; Cpygite,  LHiter UiEheteef 13038“’15
am no aci d; 5anculsdi aal208railisp 860 uFeimo k UBioRad IGehy Rulses @nite dAfter) anothers10 s
likely to prodyge, dol BECLUR e CREGVER A M. BE! SuPRERISE 2 bt
conservation suggest's sequence unct1 ona I mport ant t| on
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additional 72 hours at 379C, 5% CO2, after which the medium was collected
and assayed for CSIF activity. Subsequently, the sequence of the largest
open reading frame of the cDNA insert of pcD(SRa)-F115 was determined as
follows:
15
5'- ATGOCTGGCT CAGCACIGCT ATGCTGOCIG CICITACIGA CIGGCATGAG
GATCAGCAGG GGOCAGFACA GOOGGGAAGA CAATAACTGC AQCCACITCC
CAGTOGGCCA GAGCCACATG CICCTAGAGC TGUOGGACIGC CITCAGOCAG
GTGAAGACIT TCITITCAAAC AAAGGACCAG CTGGACAACA TACTGCTAAC
20 OGACTCCTTA  ATGCAGGACT TTAAGGGITA CITGGGITGC CAAGCCTTAT
OGGAAATGAT 'CCAGITITAC CIGGTAGAAG TGATGOOOCA GGCAGAGAAG
CATGGOOCAG AAATCAAGGA GCATTIGAAT TOCCIGGGIG AGAAGCTGAA
GACCCITCAGG  ATGOGGCTGA GGOGCIGICA  TOGATITCIC  COCTGTGAAA
ATAAGAGCAA GGCAGIGGAG CAGGTGAAGA GTGATTTTAA TAAGCTOCAA
25 GACCAAGGTIG TCTACAAGGC CATGAATGAA TTTGACATCT TCATCAACIG
CATAGAAGCA TACATGATGA TCAAAATGAA AAGCTAA -3';

and the amino acid sequence of the mature mouse CSIF protein determined
by the Heijne algorthm is as follows:
30
QYSREDNNCT HFPVGQSHML LELRTAFSQV KTFFQTKDQL
DNILLTDSLM QDFKGYLGCQ ALSEMIQFYL VEVMPQAEKH
GPEIKEHLNS LGEKLKTLRM RLRRCHRFLP CENKSKAVEQ
VKSDFNKLQD QGVYKAMNEF DIFINCIEAY MMIKMKS .
35



Wasserman et al., J. Immnol., Vol. 87, pgs. 290-295 (1961), or Levine et
al. Metheds in Enzynol ogy, Vol. 11, pgs. 928-936 (1967) used widely in 25
evol utionary studies of the tertiary structures of proteins; and affinities
to sets of conformation-specific nonoclonal antibodies, e.g. Lews et al.,
Bi ochemi stry, Vol. 22, pgs. 948-954 (1983). VI. Human CSI F Pepti de
Ant i bodi es 30 The invention includes peptides derived from human
CSIF, and i mmunogens conpri sing conjugates between carriers and peptides of
the invention. The term inmmunogen as used herein refers to a substance
whi ch is capabl e of causing an i mmune reggponse. The termcarrier as used
herein refers to any substance which when chem cally conjugated to a
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film, The probes were hybridized under low stringency conditions for the

length of the probes:

prehybridization consisted of incubation of the target

nucleic acids in 5X SET (20X SET is 3 M NaCl + 0.4 Tris-Cl (pH 7.8) + 20 mM
EDTA) at 60°C, followed by hybridization under the same conditions, and
washing in 5X SET at 50°C. Two clones carrying plasmids pH5C and pH15C
were identified. Both plasmids expressed proteins in COS 7 cells that were

capable of inhibiting IFN-y synthesis in PHA-stimulated human PBLs.

The

cDNA insert of pH1SC is illustrated in Figure 4, and the nucleotide sequence
of its largest open reading frame is given below:

20 5'- ATGCACAGCT CAGCACIGCT CIGITGCCIG GIOCICCIGA  CIGGGGTGAG
GGOCAGOOCA GGOCAGGGCA (QCCAGICIGA  GAACAGCIGC  ACCCACTTCC
GTGAAGACIT TCITTCAAAT GAAGGATCAG CIGGACAACT TGTIGITAAA
GGAGICCITG CIGGAGGACT TTAAGGGITA COCIGGGTTGC  CAAGOCTIGT

25 CIGAGATGAT CCAGITITAC CIGGAGGAGG TGATGOOOCA  AGCTGAGAAC

' CAAGACCCAG ACATCAAGGC GCATGIGAAC TOOCIGGGGG AGAACCIGAA
GAOCCITCAGG CIGAGGCTAC GGOGCIGTCA TOGATTITCIT  OCCIGTGAAA
ACAAGAGCAA GGOOGTGGAG CAGGIGAAGA ATGCCTITTAA TAAGCICCAA
GAGAAAGGCA TCTACAAAGC CATGAGIGAG TTTGACATCT TCATCAACTA

30 CATAGAAGCC TACATGACAA TGAAGATACG AAACTGA -3,

Example 1V. Monoclonal Antibodies Specific for CSIF

35

. A male Lewis rat is immunized with semi-purified preparations of

bhuman CSIF expressed in COS7 cells. The rat is first immunized with

approximately 50 pg of human CSIF in Freund's Complete Adjuvant, and
boosted twice with the same amount of material in Freund's Incomplete



amno acids in a stepwi se fashion until the entire peptide has been forned.
The follewi ng references are guides to the chem stry enpl oyed during
synthesis: Merrifield, J. Arer. Chem Soc., Vol. 85, pg. 2149 (1963); Kent
et al:, pg 185, in Peptides 1984, Ragnarsson, Ed. (Al nguist and Weksell,

St ockhol mx 15 1984); Kent et al., pg. 217 in Peptide Chem stry 84,

| zum ya, Ed. (Protein Research Foundation B.H Gsaka, 1985); Merrifield,
Sci ence, Vol. 232, pgs. 341-347 (1986); 3% Ann. Rev. Biochem, Vol. 57,
pgs. 957-989 (1988), and references cited “these last two references. In
solid state synthesis It is nost inportant to elimnate synthesis 20
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t he presence ofc ter scavenger: Chem
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can be used ar CoiRrdiieat ed by the

Hybridomas producing blocking antibodies are selected from the
15 initially screened hybridomas by their ability to produce antibodies that
counteract the CSIF-induced ‘inhibition of IFN-y synthesis in PHA-stimulated
. human PBLs.

Example V. Expression of human CSIF in a bacterial host
A synthetic human CSIF gene is assembled from a plurality of
20 chemically synthesized double stranded DNA fragments to form an
expression vector designated TAC-RBS-hCSIF. Cloning and expression are
carried out in a standard bacterial system, for example E. coli K-12 strain
IM101, IM103, or the like, described by Viera and Messing, in Gene, Vol. 19,
pgs. 259-268 (1982). Restriction endonuclease digestions and ligase reactions
25 are performed using standard protocols, e.g. Maniatis et al., Molecular
' Cloning: A Laboratory Manual (Cold Spring Harbor Laboratory, New York,
1982). |
The alkaline method (Maniatis et al.,, cited above) is used for small
scale plasmid preparations. For large scale preparations a modification of
30 the alkaline method is used in which an equal volume of isopropanol is used
to precipitate nucleic acids from the cleared lysate. Precipitation with cold
2.5 M ammonium acetate is used to remove RNA prior to cesium chloride
equilibrium density centrifugation and detection with ethidium bromide.
For filter hybridizations Whatman 540 filter circles are used to lift
35 colonies which are then lysed and fixed by successive treatments with 0.5M



-23- three-letter abbreviation for the amno acid in question, followed by
the protécting group in parentheses: Asp(0Bzl), du(0Bzl), Ser(Bzl),
Thr(Bzl), Lys(d-2Z), Tyr(Br-2Z), Arg(NGTos), Cys(4-MeBzl), and Hi s(!nDNP).
(Bzl benzyl; Tos = toluene sulfoxyl; DNP = dinitrophenyl; Im= imdazole; Z
=5 ben2yl oxycarbonyl ). The remai ning am no aci ds have no side chain
protecting groups. For each cycle the (t-Boc Na)-protected peptide-resinis
exposed to 65 percent trifluoroacetic aC| d_1 (from East man Kodak) (distilled
before use) in dichloronethane (DCM, enckrodt) first for 1 mnute
then for 13 mnutes to renove the Na- protectlng group. The peptide-resin

ijs 10 WalsheﬂNwHD@Manﬂumzd H@ﬁq;ﬂsm cesMi NdTI1Q RRY ERRJ; and heating atl |
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acid in DV fo 6 e,,S izg e
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the activated gmmmﬁ@m 91520 1860 edlrFCwiter; athe §iIR isfadfusiedS®et .4 avith NaOHDPCM i s
evapor at ed by p cont j nuous streamof _nitrogen gas. The DCMi s
repl aced by DMS’(‘% PS&P‘B tg;1 \Jiter, Apd the splution iy stprilig &Xr aviRelaviag). o

the 20 first Bﬂwzﬂ mgwaiﬁte pded (TR -niiqs irdon s:emp&hﬁde)vwhh IXSSPE] @. p%r SPSt
DIEA in DCM ap For_ye i ne, a o and the
activating agen?‘ c?% rxgloﬁ %Nég?’bo%k o f} PO trgglr?g 5r?%glos%gt°§eir’1§| ally to
the reactith valigning tA#t Eegrown | opdaniem wnth ghe ublaﬁﬂmmmcn}vgldmpn 1thenifiligrses,

sufficient DVFDN@ 3d4GfhehQd "By $he? dRidoRE nfcitl, Bi¥hgdPQ@Y 411 Phdt. NarPikduh Sci.,

Vol. 74, pg. 5463 (1977). Templates for the dideoxy reactions are either
single-stranded DNAs of relevant regions recloned into M13mp vectors, e.g.
Messing et al. Nucleic Acids Res., Vol. 9, pg. 309 (1981), or double-stranded

15 DNA prepared by the minialkaline method and denatured with 0.2M NaOH (5
min, room temperature) and precipitated from 0.2M NaOH, 1.43M ammonium
acetate by the addition of 2 volumes of ethanol. DNA is synthesized by
phosphoramidite chemistry using Applied Biosystems 380A synthesizefs.
Synthesis, deprotection, cleavage and purification (7M urea PAGE, elution,

20 DEAE-cellulose chromotography) are done as described in the 380A
_synthesizer manual.

Complementary strands of synthetic DNAs to be cloned (400ng each)
are mixed and phosphorylated with polynucleotide kinase in a reaction
volume of 50 ml. This DNA is ligated with 1 mg of vector DNA digested with

25 appropriate restriction enzymes, and ligations are in a volume of 50 ml at
room temperature for 4 to 12 hours. Conditions for phosphorylation,
restriction enzyme digestions, polymerase reactions, and ligation have been
described (Maniatis et al., cited above). Colonies are scored for lacZ+ (when
desired) by plating on L agar supplemented with ampicillin, isopropyl-1-

30 thio-beta-D-galactoside (IPTG) (0.4 mM) and 5-bromo-4-chloro-3-indolyl-
beta-D-galactopyranoside - (x-gal) (40 mg/mi).

The TAC-RBS vector is constructed by filling-in with DNA polymerase
the -single BamHI site of the tacP-bearing plasmid pDR540 (Pharmacia). This
is then ligated to unphosphorylated synthetic oligonucleotides (Pharmacia)

35 which form a double-stranded fragment encoding a consensus ribosome
binding sitc (RBS, GTAAGGAGGTTTAAC). After ligation, the mixture is



25 coupling is continued for 15 mnutes. Arginine is coupled as a

hydr oxybenzotri azole (Al drich) ester in DV for 60 m nutes and then
recoupled in,the same nanner as the other am no acids. Asparagi ne and
glutam ne are coupled tw ce as hydroxybenzotri azole esters in DWVF, 40

m nutes fQr each coupling. For all residues, the resin is washed after the
30 second coupling and a sanple is automatically taken for nonitoring
residual uncoupled [err]-am ne by quantitaggve ninhydrin reaction, Sarin et
al. (cited above). The general technique of linking synthetic peptides to a

carrier is described in severali refer_ences, e.g. Wal ter and Doolittle,
"Anti bodi es 35 Phomga'mll@!@d Spdtieligited Papht ithke Sstl IinkeSATOAGETCAT. | This.

Genetic Engi negpindflx Wal the"b cBdved. WmO8sf F%!nﬁn%'éﬂlﬁr G m&‘ 13 b%%eng e

et al. Cell, Vql. 28, pgs. ; er ner Proc.
Nat|. Acad. Sciisolategby mlyaﬁggm@&osds&mtr?m &) zapdotcloged intp
Patent 4, 474, 7BtoRBSet1resifitted dpBC19R| (Pharthadia) P@ifseﬂéscﬁb&il Tbeb39). Au:ﬁ@rsiqﬁ@lcy

t hese refer nces are oic orated by refere techni g npl oyed
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above-r ef er enc SAC-BBShiis|sbewn dn Figwhahter 20 in Tijsseu's Practice and
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comonly used schenes f atta a peptide to are
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329 (Acadeni.c Pr er? B nﬁ ad. Sci.
Vol 75 od0° s %azbcfoearggea b A7 e o iR Sopaimit delspin el

carboxyl to insertion changes can be filtered out by scoring for blue colonies on
L-ampicillin plates containing x-gal and IPTG. Alternatively, at each step
sequences of inserts can be readily confirmed using a universal sequencing
primer on small scale plasmid DNA preparations, e.g. available from
15 Boehringer Mannheim.

In step 1 the TAC-RBS vector is digested with Sstl, treated with T4 DNA
polymerase (whose 3'-exonuclease activity digests the 3'-protruding strands
of the SstI cuts to form blunt-end fragments), and after deactivation of T4
DNA polymerase, treated with EcoRI to form a 173 bp fragment containing

20 the TAC-RBS region and having a blunt end at the ATG start codon and the
EcoRI cut at the opposite end. Finally, the 173 bp TAC-RBS fragment is
isolated.

In step 2 the isolated TAC-RBS fragment of step 1 is mixed with
EcoRI/Kpnl-digested plasmid pUC19 and synthetic fragment 1A/B which, as

25 shown below, has a blunt end at its upstream terminus and a staggered end
corresponding to a Kpnl cut at ifs ~downstream terminus. This Kpnl end is
adjacent to and downstream of a BstEll site. The fragments are ligated to
form the pUCI19 of step 2.

In step 3 synthetic fragment 2A/B and 3A/B (shown below) are mixed

30 with BstEIl/Smal-digested pUC19 of step 2 (after amplification and
purification) and ligated to form pUCI19 of step 3. Note that the downstream
terminus of fragment 3A/B contains extra bases which form the Smal blunt
end. These extra bases are cleaved in step 4. Also fragments 2A/B and 3A/B
have complementary 9-residue single-stranded ends which anneal upon

35 mixture, leaving the upstream BstEIl cut of 2A/B and the downstream blunt
end of 3A/B to ligate to the pUCI9,



am no coupling, e.g. as disclosed by Hoare et al., J. Biol. Chem, Vol.
242, pgs: 2447-2453 (1967); (3) bis-diazobenzidine (DBD) for tyrosine to
tyrosi ne sidechain coupling, e.g. as disclosed by Bassiri. et al., pgs.
46-47; in Jaffe and 15 Behrman, eds. (cited above), and Walter et al.
(cited abave); and (4) mal ei m dobenzoyl - N- hydr oxysucci ni m de ester (MS)
for coupling cysteine (or other sulfhydryls) to am no groups, e.g. as

di scl osed by Kitagawa et al., J. Biochem_ f4lQkyo), Vol. 79, pgs. 233-239
(1976), and Lerner et al. (cited above). A general rule for selecting an
appropriate nethod for coupling a given 20 peptide to a protein carrier
can be stated as folt oy 4 ARE/gbadrdigastedopUEH9 i of step a¥ Haften amplifitationc end
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attachment si tﬁ%gxrmesﬂﬁi :Qrelﬁﬂnat%i'% Qfgetion! va&xh‘l"l 'éf‘%'éfé‘pt grotein

sequence. Intern segnent s am no and erm ni, Wl I 30

di ffer significantl jpaen ﬁeHPﬁ'ﬁ%*‘tq‘ﬁ'Sﬁ%?fl UL ph $tepn & é’zﬁ?é Hicatien And; ¢

is found in thpuﬁﬁaamm) prsohﬂxa whie é&yh{;enaofr}{ﬁtﬂﬁid tl dA/mg@Kbaﬂelesw_) and ]

cont i nuous led, to a degree, by acetylating the

[err]-am nbogrgﬁ%“gﬁ?i gﬁaf’ﬁgiﬁrg&gs?%g pepti de by way of its carboxy

term nus. The coupln rs@peflf CtaliSpblrdigested pUGHIr b rstqpr 6t Gifter | snplifivation canddl y

measured by 35 unﬂédti&ﬁ?naisrﬁ‘&'ieﬂawhvﬁgﬁihh?é’%&ﬂ*eﬂﬁpt?% (%{o%ﬂxarb‘éﬂnv@' Wher by
esli's or by

using a radio ctlve a the synt
| abel'i ng the claprdedomephq gC19 of step 7.

In step 8 Mlul/HindIll-digested pUC19 of step 7 (after amplification
15 and purification) is mixed with synthetic fragments 8A/B and 9A/B and

ligated to form the final construction. The final construction is inserted into
E. coli K-12 strain JM101, e.g. available from the ATCC under accession
number 33876, by standard techniques. After culturing, protein is extracted
from the JM101 cells and dilutions of the extracts are tested for biological

20  activity.

AGCCCAGGCC  AGGGCACCCA  GTCTGAGAAC AGCTGCACCC ACTTC-
TCGGGTCCGG  TCCCGTGGGT  CAGACTCTTG = TCGACGTGGG TGAAG-

' CCAGGtAACC ggtac
GGTCCaTTGG ¢

25 Fragment 1A/B

GtAACCTGCC  TAACATGCTT CGAGATCTCC  GAGATGCCTT CAGCA-
GACGG ATTGTACGAA  GCTCTAGAGG CTCTACGGAA GTCGT-

GAGTGAAGAC TTTCTTT
CTCACTTC

30- ' Eragment 2A/B

: CAAATGAAGG ATCAGCTGGA CAACTTGTTc TtAAG
TGAAAGAAA GTTTACTTCC TAGTCGACCT GTTGAACAAG AaTTC

__



- 25 - by the iodination of a tyrosine residue. The presence of tyrosine in
the pepttde also allows one to set up a sensitive radi oi mune assay, if
desirable. Therefore, tyrosine can be introduced as a termnal residue if
it issnot part of the peptide sequence defined by the native polypeptide. 5
Preferredycarriers are proteins, and preferred protein carriers include
bovi-ne serum al bum n, nyogl obulin, oval bumn (OVA), keyhole Iinpet
henocyanin (KLH), and the |ike. Peptides can be |inked to KLH through
cysteines by MBS as disclosed by Liu et al., Biochemstry, Vol. 18, pgs.
690- 697 (1979). The peptides are dlssolvéﬁ “in phosphate-buffered saline 10
(pH 7.5),- 0.1 N1sod|un1borate buffer (pH 9.0) or 1.0 Msodium acet ate

buffer (pH 4.0) .CE{RE TEHEAGHACTT ut TRRCERTIMe pPITIRT T Cch@dSRCro
opti mi ze pepti dec"é% ty AGHRCT G nt ATFCEGRAT G y st BAGHEAAGESs o TTHPE

pepti des is det El LSRR ho Ilnan Arch. Bi ochem Biophys.,
Vol . 82, pg. 70 EX + G%l mr_z KLHin 0.25 m of 10 mM
sodi um 15 phosphat e buFfer ? |s reacted with 0.7 ng MBS (dissol ved

in di methys formam de) and stlrred f or p38gmart afasgoom tenperature. The MBS
i s added dropwi se to ensure that the Iocal concentration of formamde is

not too high, si S ihsQ ac _
product, KLH I\/B aeGAgg%b (@\' gg ﬁ%@? TA ';l-c With 50
nmM sodi um 20 osphate buf or 0 renove fre LH recovery

from peak fractlgxgcdatAhhe C@%Aﬁﬁb(ﬂ uate (rmonitored by OD280) is estinmated
to be approxi matetocd@acKL Hadtsdagdthen reacted with 5 ng peptide
dikssolved 25 in 1 m of the chosen buffer. The pHis adjusted to 7-7.5 and
the reactd®n is stirred for 3 hr at roBragmenders®/Bre. Coupling efficiency
is nonitored wwth 25 radioactive peptide by dialysis of a sanple of the

conj ugate agai NS{ACTCCCTGG  GGGAGAACCT  GAAGACCCTC  AGGCTGAGGC TACGG-
TTGAGGGACC CCCTCTTGGA CTTCTGGGAG  TCCGACTCCG ATGCC-

IJ

CGCTGTCATC GATctgca
GCGACAGTAG CTAg

15 - Eragment 6A/B
CGATTTCTTC CCTGTCAAAA CAAGAGCAAG GCCGTGGAGC AGGTG—
TAAAGAAG GGACAGTTTT GTTCTCGTTC CGGCACCTCG TCCAC-

AAGAACGCgT gcatg
TTCTTgCGCA cC

20 EFragment 7A/B

CGCGTTTAAT AATAAGCTCC  AAGACAAAGG CATCTACAAA GCCAT-
AZATTA TTATTCGAGG TTCTGTTTCC GTAGATGTTT CGGTA-

GAGTGAGTTT GAC
CTCA

25 - Eragment 8a/B

ATCTTCATCA  ACTACATAGA AGCCTACATG ACAAT-
CTCAAACTG TAGAAGTAGT TGATGTATCT TCGGATGTAC TGTTA~

GAAGATACGA  AACTGA
CTTCTATGCT TTGACTtcga

30 ‘ Eragment 9A/B

(Lower case letters indicate that a base differs from that ofthe native sequence at
the same site)



phosphat e- buffered saline, and ranged from8%to 60% Once the peptide- -
carrier .conjugate is avail able, polyclonal or nonoclonal antibodies are
produced by -standard techni ques, e.g. as disclosed by Canpbell, Monocl onal
Anti body Technol ogy (Elsevier, New York, 1984); Hurrell, ed. Monoclonal 30
Hybri doma, Anti bodi es: Techni ques and Applications (CRC Press, Boca Raton,
FL, 1982); Schreier et al. Hybridoma Techni ques (Cold Spring Harbor
Laboratory, New York, 1980); U S. Patent 4,562,003; or the like. In
particular, U S. Patent 4,562,003 is incgrporated by reference. Both

pol ycl onal and nonocl onal anti bodi es cané) screened by ELISA. 35 As in
ot her solid phase i munoassays, the test S based on the tendency of

macr onol ecul eBxanplaaddor b no ...u,; odiks E-Peptidversibility

of - 26 - this eact| s » aY0yV ty, al | ows
the formation of agntl& 8“(“’“6‘ Bé’o e mvﬁmtgﬁ%? gﬁbﬁﬁle(sep rdatlon of
such conpl exe%vatlah}mfrqmtﬁomd arat each aﬂlSSOWFé inj 1¢ altle"%l‘?tli phsedige bicahgpate,

pgpt I gedc?m ;Jﬂfat &dlczlw VAL Al ol F 6114 fx@doeeaarmemotdﬁaﬁl(tssexdgldTrhiommamaaa on is
adsor be e S at e
antigen i 550t h‘gﬁs EB"’ laofie%tsmf’ﬁmt #‘8% aleé 8“‘1 g‘t ’roor’fsqe'?g&m f a
anti - peptide I;iemlnfaltshnbolquden Blagtics, @m@h@)amyhe dikg. t Fechr enetion ng

ant i gen-ant i bghy,€ oRPhisNe& %t&n?ght Oa‘éﬁﬂstt@ K@ACHE .1 M agpiaivap Gycasttpatel i f or
the 1gG of the | munized ani nal hi's s S |bo %edto an
enzyme such a®RG| @ﬂﬂfﬁgyp%%lﬁt%sx% ‘B"f°g"° ‘E'z)?foﬁggh ction
product produgittiogieial) tsohitien Ayontaising SI0r mMa Trs ald2d i EDNAc ot \pHBY lin et s
have boung? anf§ RERL 15 9 ' Qogtﬁ ovlﬁf‘ggt’sﬁldo?hcipﬁﬁli’é@%o& ORI gel- RRALHYS

al l ows be ciuantl | ca I on
column (1.5 x 26.5 cm) (LKB, Bromma, Sweden) and cluted with a peptide elution
buffer consisting of 0.015 M acetic acid and 0.005 M beta-mercaptocthanol.

Three fractions of about 3.5 ml each which contained the reduced peptide are

~
(A

identified by optical density at 206 nm, collected, pooled, frozen in dry ice, and

15 lyophilized overnight. Meanwhile OVA and MYO are recovered from dialysis,
and clarified by filtration through 0.45 micrometer filters. OVA and MYO are
activated by mixing each with 380 microliters of N-hydroxysuccinimide ester of
iodoacetic acid (NHIA) (disclosed by Rector et al., in J. Immunol. Meth., Vol. 24,
pg. 321 (1978)) dissolved in tetrahydrofuran (THF) (5 mg/ml), stirring for 30

20 minutes at room temperature, and dialyzing overnight against 4 liters PBS (1.8
g NaH2P04-H20, 7.2 g NagHPO4.H20; and 34g NaCl in 4 liters H20). Separately the
lyophilized peptide is resuspended in 5 ml of borate reduction buffer (2 g
Na2B407.10H20, 174 g NaCl, and 336 mg EDTA-Na2 in one liter H2O with pH
adjusted to 8.5 with concentrated HCl, deoxygenated under nitrogen for 15

25 minutes, after which 178 mg ascorbate is added). The dialyzed iodoacetylated
OVA and MYO are recovered, separately mixed with equal volumes (preferably 2
ml) of borate reduction buffer containing the peptide, and incubated overnight
at room temperature. The resulting conjugates are analyzed by SDS-PAGE
(12.5% gel). The conjugate containing solution is diluted with PBS to 1 mg/ml,

30 sterile filtered, and aliquotted to convenient volumes (e.g. 500 microliters) for
immunizations, andfor stored at 4°C. Polyclonal anti-sera against the MYO
conjugate is produced in both rats and rabbits (New Zealand White). The
immunization schedule for rabbits is as follows: Initially (week 0) a 10 ml
sample of serum is extracted as a control. One week later (week 1) 0.5 ml of

35 peptide-carrier conjugate is mixed with 0.5 ml Freund's Complete Adjuvant and
injected 1.P. Three weeks later (week 4) a booster is given consisting of 0.5 ml



peptide-specific antibody bound. H gh-titer antisera yield a linear
titration curve between 10-3 and 10-5 dilutions. 15 EXAMPLES The fol | ow ng
exanpl.es seryve to illustrate the present invention. Selection of vectors
and hosts as well as the concentration of reagents, 20 t enper atures, and
the values of other variables are only to exenplify application of the

pr esent invention and are not to be considered linitations thereof. Exanpl e
l. Bi ol ogi cal Activities of Muse CSIF 25 Mouse

CSI F- cont ai ni ng supernatants from the several T cell clones were obtained
by incubating the T cell clones (5 x [ergt cells/m) in serumfree nedi um
(RPM 1640 | acki ng phenol red and containing 0.05 mM 2-ner capt oet hanol and
20 nM HEPES) and concanavalin A (5 éerr ) for 24 hours, The claongs included
cel | lines, DBeRtidsraartissdconiugates mixst cwith 4051 Ml Erpunds Incpmpleiey Adivvapt

bel ow) , 'VBZ 1Théleonéwing dwedk Moedkas) aat aditiondl boostemed giveWplagaid Séopsisg of

2348- 2357 (19 5 descr. n Med. ,
Vol . 161, pg. 6%?’%@?"”&?& i ’ﬁ/&vﬂl 81;0‘?%:1e% “ﬂb IIKmp rgtr?at ant s
wer e assayed Mluvmelfolka&ndl by yyet @ngt!!pprl@tlcﬂl Fpeopter rthe gyﬁt Wé%lﬁ $week Bhe @R |
l'ine HDK-1s degggk i70608 inD cENRRi 78 'bled fibmadhe ahimdIXP AftvE deparadink .- ou'iﬁtﬁe pgs 35

ST one aer e\ pr epliluTaione Hyoteru, St BErrtons ol Gk SRRV Er o 3
of 0.05 - Rat mmhumzHﬁKn lproededed (Gmilaflerexcemelliag ther inixidl| ;nmtrong Cwstsh‘
i rradiated (2%9 Q)B) ml PBS and 0.1 ml peptide-carrier conjugate mixed with 0.75 ml Freund's
Complete Adjuvant, boosters consisted of 0.15 ml PBS and 0.1 ml peptide-carmrier
10 conjugate mixed with 0.75 ml Freund's Incomplete Adjuvant, and only 2-3 ml of

*

serum is bled from the rat. Again, a positive anti-CENKSKAVE reaction is
detected by ELISA.

The descriptions of the foregoing embodiments of the invention have
been presented for purpose of illustration and description. They are not
15 intended to be exhaustive or to limit the invention to the precise forms
disclosed, and obviously many modifications and variations are possible in light
of the above teaching. The embodiments were chosen and described in order to
best explain the principles of the invention to thereby enable others skilled in
the art to best utilize the invention in various embodiments and with various
20 modifications as are. suited to the particular use contemplated. It is intended
that the scope of the invention be defined by the claims appended hereto.
Applicants have separately deposited E. coli MC1061 carrying
pcD(SRa)-F115, pHSC, and pH15C with the American Type Culture Collection,
Rockville, MD, USA (ATCC), under accession numbers 68027, 68191, and 68192,
25 respectively. These deposits were made under conditions as provided under
ATCC's agreement for Culture Deposit for Patent Purposes, which assures that
the deposits will be made available to the US Commissioner of Patents and
Trademarks pursuant to 35 USC 122 and 37 CFR 1.14, and will be made available
to the public upon issue of a U.S. patent, which requires that the deposits be
30 maintained. Availability of the deposited strain is not to be construed as a
license to practice the invention in contravention of the rights granted under
the authority of any government in accordance with its patent laws.
The deposits have been modified to conform to the requirements of the
Budapest Treaty on the Deposition of Microorganisms.



syngenei ¢ APCs (spleen cells at 5 x [err] cells per well) and antigen
(keyhol e I'i npet henocyanin at 150 [err]) were added in a volune of 0.15 nl.

11B11 anti-lL-4 antibody (10 [err]), described in dlaﬂhiS&eetWil epl :
315, -5 pgs. 333-336 (1985), was added to sanpl es susp ni ng
IL-4. After incubation at [err] for 24 h, supernatant j(ilwml I) Lr d and
kept at [err] for periods of |Iess than a week, or at [err] for |onger
periods. Levels of IFN-[err] were assayed two site sandwi ch ELI SA using
a rat anti-nouse |FN-[err] nonoclonal antifody, XMGL.2, and
affinity-purified rabbit anti-nouse IFN-[err] 10 ant i body. Figure 1
shows the degrepap¥fsi nhibition of IFN-[err] synthesis as percentage of
control levels. CSIF produced by D10 cells was partially purified and

applied to two_diffegrent .T cell clones. to.exam h ar. . he
synt hesi s inhi bi ti oagumalian  cyiqkine gynthesjs é%@ﬁf# aﬁf%%. sﬁﬁ%&%a“?‘)?f %JQ
purified CSIF fifbm angs offrezparagunalianf @irdteins: 1-2.5 L bat ches of
concanaval in A-induced D10 supernatant were concentrated approxi mately

10-fol d using A COfpe M&Wrwgﬁiﬁp‘m WBBrefP'sAid mAARRNMBINS cyldhine BpREEss
through a 5-m nmannose- conjugated agarose col um (E—}&Labo;atorl es, San
Mat eo, CA),S t hinhibitary h 3105 s e Bemar c6y1gkise h syntesis oinBibitery I3 5 o1 o)

concentration gfbsaiaflyf 6. fr3@ anhioshermhemam! prodend.hen further purified
by two steps of high-performance |iquid chromatography: first over a

hyd | apatite-b ol B 0- P i Q ' zhmond,
Ch and then oder a e ckiiied b ol 2 WaereH SalE R UAbERY Smufists TOTL
| nstrunents, Ghibirerybiactpr MDjselecied fromh theaweopporf pasturea polypsptides; aff thes) £

was kept in al Bgéslg;rgaeﬁﬁg Exﬁ&ﬁ& AedOpy tHSC4hins Acid! figdedcd: of CSIF activity.

Wien initially I'S preparation caused approxi mately 50%
i nhi bitionl®f IFN-[err] production at a dilution of 1/200 in an assay

volume of 0.2 nl, and sonMHSSANGULVIITGVRASP GRGTOSENSOTHFPGONLENM a val ue
of 1000 Um to the Stan%ﬁ%k%&%ﬁ%&wMEﬁﬁmDFKGm
QALSEMIQFY LEEVMPQAEN QDPDIKAHVN SLGENLKTLR
LRLRRCHRFL PCENKSKAVE QVKNAFNKLQ EKGIYKAMSE
15 FDIFINYIEA YMTMKIRN.

4. The compound of claim 3 wherein said human cytokine synthesis
inhibitory factor is defined by the amino acid sequence:

20 SPGQGTQSEN SCTHFPGNLP NMLRDLRDAF SRVKTFFQMK
DQLDNLLLKE SLLEDFKGYL GCQALSEMIQ FYLEEVMPQA
ENQDPDIKAH VNSLGENLKT LRLRLRRCHR FLPCENKSKA
VEQVKNAFNK LQEKGIYKAM SEFDIFINYI EAYMTMKIRN.

25 S The compound of claim 1 wherein said mammalian cytokine synthesis
inhibitory factor is mouse cytokine synthesis inhibitory factor substantially

free from any other mouse proteins.

6. The compound of claim 5 wherein said mouse cytokine synthesis
inhibatory factor is defined by the amino acid sequence:
30 '
QYSREDNNCT HFPVGQSHML LELRTAFSQV KTFFQTKDQL
DNILLTDSLM QDFKGYLGCQ ALSEMIQFYL VEVMPQAEKH

e



assay below, the CSIF activity in unknown sanples was quantitated by 30
conparing levels of inhibition of IFN-[err] synthesis by the unknown to
that of the gstandard. The T cell clones that were assaylﬁéjShEQHaiﬁlJaﬁhéan
of cytokine synthesis were HDK-1 (described above) and I\/D

in Cell. Lmmunol., Vol. 97, pg. 357 (1986). For the assay !Hjm

GM CSF | evel s the partiaIIy purified CSIF was further tre g it
over anti-1L-3 and 35 anti-GWCSF affinjigy colums. Antibodies in 0.1 M
NaCl, 0.1 MHEPES, and 0.08 M[err] were coupled to Affi-Gel 10 (Bio-Rad)

at [err] with gentle mxing - 28 - for 4 hours. Each 1-2 m col um
cont ai ned appr oxi mat el y XEPRIBEHbNSY GKLEFLEMRILRRCHBELEC ENKSKAYEQV n t he
Tabl e below, IFN-[err] prioshNgiap@es yRANMKERS SFNCIROY I MIKMRS. The

synt hesi s of the ot her cytokr nes I'L- 2 Iyrrphot oxi n, IL 3, and 5 Gw CSF
was i nhibited £SSer gree or t at a I n Cell line
Oytokine o0 Tog ok ipintsa” g5y ninplings subling Grafpests iR BSLog 1)y

10 HDK- 1 . | FN-[err] 47. 6 29.1 18.6 I L-2
71.7 58.6 The compound piiptiainox7 rwherefii. Said cytokine 4$§ynthesis inhibitorg. 8
IL-3 £ is hum Ri thestd - ifih Factor. 86.9

79.1 5 odigo is bumg Sgtokine synf‘igr\?[’err oty factor. 58 27.5
23.2 1L-2 88. 2 109. 3 96.0 1 L-3 60. 2

63. 0 51.% The compound of claim 8 wherein said isolated geme encodes a mature

polypeptide of the open reading frame defined by the amino acid sequence:

L4

MHSSALLCCL VLLTGVRASP GQGTQSENSC THFPGNLPNM
LRDLRDAFSR VKTFFQMKDQ LDNLLLKESL LEDFKGYLGC

10 QALSEMIQFY LEEVMPQAEN QDPDIKAHVN SLGENLKTLR
LRLRRCHRFL PCENKSKAVE QVKNAFNKLQ EKGIYKAMSE
FDIFINYIEA YMTMKIRN,

10. A nucleic acid capable of encoding with a continuous nucleotide

15 sequence a polypeptide exhibiting cytokine synthesis inhibitory factor
activity, said nucleic acid capable of forming a detectable hybrid with one or
more probes derived from the cDNA inserts of pcD(SRa)-F115, pHSC, or
pH15C, in the presence of 5X SET at 60°C, or equivalent conditions.

11.  The nucleic acid of claim 10 that is at least ninety percent homologous

20 to the coding region for a mature polypeptide of the largest open reading
frame of a ¢cDNA insert of a vector selected from the group consisting of
pcD(SRa)-F115, pHSC, and pH15C.

12. The nucleic acid of claim 10 being derived from a mammalian cell
source.

25 13. A method of producing a polypeptide exhibiting human cytokine
synthesis inhibitory factor activity, the method comprising the steps of:
constructing a vector comprising a nucleotide sequence coding for
said polypeptide, wherein the nucleotide sequence is capable of being
expressed by a host containing the vector and wherein the nucleotide
30 sequence is selected from a group encoding mature polypeptides of the open
reading frame defined by the amino acid sequence:

W,



Gw CSF 109.0 119.9 97.6 20 Exanple I1.
Construction of cDNA library fromD10 cells and Isolation of clone [err] A
cDNA | i brary,was constructed in the [err] vector from rrRNA extracted from
D10 cells, described in Kaye et al, J. Exp. Med., Vol. /8§,
(1983), inpn accordance with the net hod of G<ayarra and Ber a"%fol
2: 161-170 (1982) and 3: 280-289 (1983), also dlsclosed
4,695, 542, which is incorporated by refere? The [err yi ng
CDNA inserts were anplified in E. coli. smd DNA was extracted from
pool s of these randomy picked clones and used to transfect COS 7 nonkey
cells as 30 descri bed bel ow. The supernatants of the COS 7 cultures were
then tested for CSIF act immmmmwmﬂmmﬁmMom: One
day prior to transfectlogﬁﬁm Wm kﬂﬁl@fﬁﬁg@é gells were
seeded onto indivi dual nmm rﬁ%#es I'n CCO S e medi um
(DVE) containing 5% f et aIQMEMQEYmeDEDWNS&ﬁﬁNb perform
the - 29 - transfecti QR RROARFLIVENKSKAVE O QWD%?EKGM{MEGS by
i ncubation with trypsin, washed twice 1n serumfree and suspended to
[err] ceIIs?nt I n serumtazlD MIIRN; al i quot was m.xed with 20 [err]
DNA and transferred to a sterlle 0 4 cm el ectroporation cuvette. After 10
m nut es, the cellswe se al [err] in a BioRad CGene
tofecdning) the Vel SR 2 e

Pul ser unit. After &No ®&fe renoved fromthe
cuvette and added t ea@aimingfthOMPSE Gnt ai nulngeSmpﬂ'ms, ikt dondidions esuitable

penicillin, stigPeRmiedifn &Hthe nucleotide sequence into said polypeptide.

10 14, The method of claim 13 further including the step of separating said
polypeptide from said culture medium and said host.

15. A method of treating a patient to control a disease associated with an
MHC-linked immune response, the method comprising administering an
effective amount of human cytokine synthesis inhibitory factor.

1S 16. . The method of claim 15 wherein said step of administering includes.
intraveneous delivery of an amount of said human cytokine synthesis
inhibitory factor in the range of about 1-10 ug/kg body weight of said

individual per day.

17. A method of suppressing a cell-mediated immune response in a
20 patient, the method comprising administering an effective amount of
human cytokine synthesis inhibitory factor.

18. A method of suppressing a humoral immune response in an
individual, the method comprising administering an effective amount of an
antagonist to human cytokine synthesis inhibitory factor.

25 '
19. An expression vector capable of expressing a cytokine synthesis
" inhibitory factor protein in a host.

- 20. The expression vector of claim 19 wherein said host is mammalian.

21.  The expression vector of claim 20 wherein said cytokine synthesis
30 inhibitory factor is human cytokine synthesis inhibitory factor.

) O AR O 1




gentamycin. The m xture was aliquoted to four 100 mmtissue cul ture dishes.
After 12-24 hours at [err], 5% /[err], the mediumwas replaced with simlar
10 medi um_containing only 1% FCS and the incubation conti }é%geeIIQJSBg‘QR
addi ti onal 72 hours at [err], 5% ][err], after which the mac}fjl +

eplaced
coll ected and assayed for CSIF activity. =~ Subsequently, t?ﬁm&tﬂmtﬂ"
the | argest open reading frame of the cDNA insert of [err]
as follows: 15 [err] and the am no acid seggence of the mature nouse CSIF
protein deternm ned by the Heijne algorthm as follows: 30 [err] - 30 -

Example 111. Screening cDNA |ibraries for human CSIF .usi ng probes derived
from[err]: Isolation of pHS5C and pH15C A cDNA |ibrary constructed in [err]

from mRNA ext r 29t ed TfheOBxpredsibiBRectof ®F | clinD Pl Bél6cted I'fean erthe \Wgiolp aconsisting

col | ection of 73"?? ol :j&ﬂ | eotides 5 whose sequences were

conpl ementary t% < & B%;nd noncodi ng strands of the fragnment of the
nmouse CSI F gene encoding mature CSIF. Standard hybridization protocols were

used, e.g. bact28 i alTheotxpiessiongresier ofi cldm fth wherein gaidnhast jgr bacterighst er r ed
to GeneScreen nenbranes, treated with the radi oactively | abel ed

ol i gonucl eot i dg4pr obgg, exprefitsh vehiep IXBRERA23 owheréiaysaif) cybkiie syhtiesipr obes

were hybri dISZ e(%nllljiggtglty | fgx\{or S}sr Ihrlllglearlllc %yt(i)?c?n%l tslyx?trllx%sifs Ognhtil})}?ory factor.

25. The expression -vector of claim 24 consisting of TAC-RBS-hCSIF.

26. A monoclonal antibody which specifically binds to human cytokine

synthesis inhibitory factor.

27. The monoclonal antibody of claim 26 wherein said human cytokine
10  synthesis inhibitory factor is defined by the amino acid sequence:

SPGQGTQSEN SCTHFPGNLP NMLRDLRDAF SRVKTFFQMK

DQLDNLLLKE SLLEDFKGYL GCQALSEMIQ FYLEEVMPQA
: ENQDPDIKAH VNSLGENLKT LRLRLRRCHR FLPCENKSKA
15 VEQVKNAFNK LQEKGIYKAM SEFDIFINYI EAYMTMKIRN.

28. The monoclonal antibody of claim 26 capable of inhibiting the
biological activity of human synthesis inhibitory factor.

29. Human cytokine synthesis inhibitory factor defined by the amino
acid sequence:
20

SPGQGTQSEN SCTHFPGNLP NMLRDLRDAF SRVKTFFQMK
DQLDNILLLKE SLLEDFKGYL GCQALSEMIQ FYLEEVMPQA
ENQDPDIKAH VNSLGENLKT LRLRLRRCHR FLPCENKSKA
VEQVKNAFNK LQEKGIYKAM SEFDIFINYI EAYMTMKIRN.

25 30. A peptide consisting of 6 to 30 amino acids whose sequence is identical

to a subsequence of a mature human cytokine synthesis inhibatory factor
defined by the formula:

L



| ength of the probes: prehybridization consisted of incubation of the

target necleic acids in 5X SET (20X SET is 3 MNaCl + 0.4 Tris-d (pH 7.8)
+ 20 nmM EDTA) at [err], followed by hybridization under the. s
conditions, and washing in 5X SET at [err]. Two clones carryj

anme
t laced
pHSC and QH15C 15 were identified. Both plasm ds express S']E“ﬁiﬁ mm
COS 7 cells that were capable of inhibiting IFN-[err] synth
PHA-stimul ated human PBLs. The cDNA insert 49f pHI5C is illustrated in
Figure 4, and the nucl eotide sequence of its |largest open reading franme is

gi ven below. [err] Exanple IV. Mnoclonal Antibodies Specific for CSIF A
mal e Lewis rat is imuni ZZRGQUTQSENSCTHIPGNLPNMIRRIRD AF SRWETEFQMEnan CS| F

expressed in COS7 cells. ﬂ'@ﬁ)fqﬂﬂ HSSITEDER G 'gﬁgﬁ»ﬂgﬁwﬂ%’ tely 50
[err] of human CSIF in Freund' s (%én% et e E& uvarb1t, and 35 boosén;d tw ce
with the sane anount of rRNQPPRIKAH, VNSLG T LRI RAARRGHR FLPCENKSKA Adj uvant .
Test bleeds are taken. TheE@VKNAFNKSLQERGIYIGANMI SEFDINYS EAYMPRKINI] in

phosphat e- buf fered saline, and four days later the spleen is obtained for
fusion. Approxijrately 3 x 108 rat.splenocyt.es arg f d with.an equal .
nunber 5 81 Paxoa. TeaPeuge ool Sainh DOr EORRHES | € 207 amite pridi Tt e
under accessi orsubsagbenceCRtcur$88) a2 gedOnNDE raid tmeaturel Anmanetytekine esynthasisd at
5.7 x 104 parer};lﬂilbawl @Ercﬁuiéedp%k \gﬁéljfonﬂlqndard protocols for the

ybri ds

fusi on and subsequent” cul turing of are followed, e.g. as described

by Chretien et al, J. | MeRR)GTOSENSCTEFHGNLPNMLROERDAF SRVKTESGMK. 12 days

af ser fusion
32. The peptide of claim31 defined by the amino acid sequence RDLRDA.

10 33. The peptide of claim 30 consisting of 6 to 12 amino acids wherein said
subsequence occurs in a portion of said mature human cytokine synthesis
inhibatory factor defined by the formula:

LEEVMPQAEN QDPDIKAHVN SLGEN.
34. The peptide of claim 34 defined by the amino acid sequence ENQDPD.

15 35. The peptide of claim 30 consisting of 6 to 12 amino acids wherein said
subsequence occurs in a portion of said mature human cytokine synthesis
inhibatory factor defined by the formula:

CHRFLPCENK SKAVEQVKNA FNK.
36. The peptide of claim 35 defined by the amino acid sequence ENKSKA.

U



10 supernatants are harvested and screened by indirect ELISA on PVC pl ates
coated with human produced in CSIF COS7 cells. Hybridoma JES3-19F1 was
identified ip this manner and deposited with the Anerican Type Culture

Col I ection. Hybridomas produci ng bl ocki ng anti bodies are selected fromthe
15 initially screened hybridomas by their ability to produce anti bodies
that counferact the CSIF-induced inhibition of IFN-[err] synthesis in

PHA- sti nul at ed human PBLs. Exanple V. Exprgssion of human CSIF in a
bacterial host A synthetic human CSIF geneis assenbled froma plurality of
20 chemcally synthesized double stranded DNA fragnents to form an

expr essi on vectoyrokaNE) SYNPHESAS- RRBIBTBORY FACTORg ANTAGONISESi on are
carried out inTHEROMJAND METHODSAOFsPSING SAME exanple E. coli K-12 strain
JMLO1, JMLO3, or the like, described by Viera and Messing, in Gene, Vol.
19, pgs. 259-268 (1982). Restriction endonucl ease digestions and |igase
reactions 25 are perfornmed using standard protocols, e.g. Maniatis et

al ., Mol ecular doning: A Laboratory Manual (Cold Spring Harbor Laboratory,
New York, 1882). The al kaline nmethod (Maniatis et al., cited above) is used
for small scale plasm d preparati ofgstracEQif {har @éscdesptee preparations a

nodi fication of 30 the alkaline nethod is used in which an equal vol une of
i sopropanol is used to precipitate nucleic acids.fromthe cleared | ysate.
Precipitati on with Q@fimalisn Menenomdirprariisat designatede dytakinee riyQtIeRIfA pri or

to cesium chl or,i dgﬁggukﬁt&rg |r % SL&YP&%‘&J& Eﬁﬁlta iriapg154ﬁgg,lglegieqﬁﬁignin\gi te

et hi di um br omi d& ridrzations Wia Ofilter. circles are
used to |ifl0 35ynthesis onf eaytoMinesh assosiateds ity sélavedy tynex YPEFRINHES sj ve

treatments wt r]’eﬁioﬁMs, and which, together with antagonists, are useful in treating
discases associated with cytokine imbalances, such as leishmaniasis and
other parasitic infections, and certain immune disorders including MHC

associated autoimmune diseases caused by excessive production of

15 interferon-v.

FIGURE 3



- 32 - NaOH, 1.5M NaCl; 1M Tris.HClL pH8.0, 1.5M NaCd (2 min each); and
heating at [err] (30 mn). Hybridizations are in 6xSSPE, 20% f or mam de,

0. 1% sodi um dodecyl sul phate (SDS), 100 nmg/m E. coli tRNA, 100 ng/ m
Coonmassie Brilliant Blue G250 (Bio-Rad) at [err] for 6 hrs using [err]
(klnased) JSynthetic 5 DNAs. (20xSSPE ig/¢repared by dissolving 174 g of
NaCl , g of EDTA, and 27.6 g of [err] in 800 ml of water, the pHis .
adjusted to 7.4 with NaOH, volune is adjusted to 1 liter, and the sol ution
is sterilized by autoclaving). Filters are washed twice (15 mn, room
tenperature) with 1xSSPE, O. l,anDthhter aut or adi ography (Fuji RX film,
positive colonies are | ocat ebg::Dg) ligning the regrown colonies with
t he bl ue-stained colonlescngi§%$§E%$5g¥ DNA i s sequenced by the di deoxy
nmet hod, Sanger et al Pro& Sc ., Vol. 74, pg. 5463 (1977).

Tenplates for the di deoxy fea t|o age either single-stranded DNAs of

rel evant regions recloned |t ectors, e.g. Messing et al. Nucleic
Acids Res., Vol. 9, pg. 3 doubl e- stranded 15 DNA prepared by
the m ni al kal i ne net hod arfd jdgn t r diwith 0.2M NaCH (5 mi n, room

t enperat ure) and preC|p|t d ¥ do . M NaCH 1 43NIannDnmnn1acetate by the

addi tion of =g YOS phor ani di t e

chem stry. ) t hesi s,
deprotectign, i fi-cati M urea PAGE, elution, 20
DEAE- cel | uljose chr onet ogr aphy) are done he 380A

synt hesi zerf manual . Conpl enentary stra
(400ng eac are m xed ‘and phosphor
reaction v@ une of 50 ml. This
di gested wijth

to be cloned
doti de kinase in a
of vector DNA
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25 appropriate restriction enzynes, and ligations are in a volunme of 50
m at' reomtenperature for 4 to 12 hours. Conditions for phosphorylation,
restriction enzyme digestions, polynerase reactions, and |igation have been
described 4Naniatis et al., cited above). Colonies are-scored for |acZ+
(when de5| red) by plating on L agar suppgenmented with anpicillin,

i sopropyl=1- 30 thio-beta-Dgalactoside (IPTG (0.4 mM and

5- br ono- 4- chl or o- 3-i ndel yl - bet a- D- gal act opyranosi de (x-gal) (40 ng/m).
The TAC-RBS vector is constructed by filling-in with DNA pol ynerase the
single BanH site of the tacP-bearing plasm d pDR540 (Pharmacia). This is
then ligated to unphosphoryl ated Sywt&ié 3*‘ gonucl eoti des (Pharnacia) 35
which form a doubl e-stranded frag (! ng a consensus ribosone
binding site (RBS, GIAAGGAGGTTTAAC)  After ligation, the mxture is - 33-
phosphoryl ated and religated with the_ Sstl I|SN€4QB‘? §CTCAT. This conpl ex
was then cleaved with Sstl -and QR /‘: ragnent isol ated by
pol yacryl am de gel el ectypheresis (¥ A ‘/\?‘/' edlnto

EcoRI - Sstl-restricted,  ( Phar maci a) (as dEEEIPDRd bel o LU)G The sequence
'5 of the RBS-ATG nker regions of the fi \\/3 bn (call ed
TAC-RBS) is shown ¥ s assenbled into a

gure 3. The synthetic CSIF g%
pUC19 plasmd.i t steps. At each step inserts fr¥ del eti ons and/ or

i nserts can be é cted after cloning by maintaining tasgacZ(a) p of
pUCL19 in fr Wth the 10 ATG start codon inserted i @%}- 1. ones -
cont ai ni ng of andfor insertion changes can be filt & oul. Banrthll ng
for blue col ¢ on :

EcoRl

!
EcoRlI
BamHI,Xhol

Figure 2



L-ampicillin plates containing x-gal and | PTG Alternatively, at each step
sequences of inserts can be readily confirnmed using a universal sequencing
primer on small scale plasmd DNA preparations, e.g. available from15
Boehr.i ngery Mannheim In step 1 the TAC- RBggvector is digested with Sstl,
treated V\gth T4 DNA pol ynerase (whose 3'ggxonucl gase activity digests the
3' -protrudi ng strands of e Sstl cuts t@formblunt-end fragnents), and
after deactTyation of T4 pol ynerase, g3 reateddwith EcoRl to forma 173
bp fragnment ggont ai ni ng 209t he TAC-RBS regi'on af having a blunt end at the
ATG start cgpon and the EE&ZJRI cut at thepDpposi end. Finally, the 173 bp
TAC-RBS fra nt is isolat@d. In step 2 e isolated TAC RBS fragnent of
step 1 is ed with EcoRIZKpnl - di-pested pl asm d pUCL9 and synthetic
fragment 1 whi ch, as 2%3 shown bel owshas a blunt end at its upstream
term nus andg¢a staggered &t corr p.ondigg to a Kpnl cut at its downstream
term nus: TRPs Kpnl end i dj ac to a downstream of a BstElIl site. The
fragnents a ligated to fgagy mthe pUCL9 @ step 2. In step 3 synthetic
fragnent 2 and 3A/B (s bel ow) areldixed 30 wit

Bst El | / Smal £ gest ed pUCL f step 2 (af?ér anplificati and purification)
and |igated®so form pUC19 step 3. Noteythat the dowtream k€rm nus of
fragnment 3 cont ai ns ext bases whi chgorm the Snal bl unt eftd. These
extra basesgare cleaved itstep 4. Al so fRagnents 2A/ B ®hd 3A/Blhave

conpl ement afp 9-resi due siyl e- stranded %grs whi ch ann —HONg5

m xture, |e&ding the upstr@amBstEll cut 2A/ B and t he downstgieam bl unt
end of 3A/Bdgo ligate to t pUC19. '

< S o
' - o] el
% <
e
" ™
0 - ot
m N 15
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Xba i

GAATTCTCATGTTTACAGCTTATCTCGGAGCTGCATGTGTCA
ACGCGCAGGCAAGCTGTTGACAATTAATCATCGGCTQGTAT
GAT CCT CTA GAG TCG.ACC TGC AGG CAT GCA

AACAATTTCACACAGGAAACAGGATCGTAAGGAGGT

EJo RI
BaT HI



34 - In step 4 Afl 11/ Xbal -di gested pUCL19 of step 3 (after anplification and
purifi'cation) is repurified, mxed with synthetic fragnent 4A/B (shown

bel ow), and ligated to form pUC1l9 of step 4. In step 5 Xbal/Sall-digested
pUC19-of steep 4 (after anplification and 5 purification) is mxed with
synt hetic,fragnent 5A/B (shown below) apg ligated to formthe pUCL9 of
step 5. hat taeesq] ! st rgd en ragne B is glgd,mMsnat ed by
di gesti o%t\gtg Hpal »t © {ﬂep Ggg-fst ep Cépér/ Pstﬁgg‘ést ed gl%gg of step
5 (after afdI®ficattbft ®hd purt R edti on)NitE & xed M ERQynt hdBi&@ <r agment
6A/ B (showpbgl ow) angy B |igagedat 0o forrgt e pUCI9epfy,step 6.4l g step 7
C al / Sphl - &t ﬁSsted pLﬁ@’l of stegﬂn(after Eanpl i fi catrdand pur<sficati on)
is mxed w synt het c#ragman &/ B (shcﬁ?n-‘oel ow) P gat et formthe
pUC19 of s®Bpa7. In sQem 8 Mul Atitadl | | -diggest ed pUCE® of stepgd bafter .
anpl i ficat i%n”lS_ an%q‘wi fi caﬁ@) is mﬁﬂ with s ﬁet iC f_rag&ents 8A/ B
and 9A/B an "I:igatedt orm t I nal comsYruction. he fina )
constructi #8s i nserfedinto Egcﬁl I K-1Z4sggain J B e.g. &BEH abl e
fromthe A under agzgsi on n r 3387%@;/ sta_n’c\i/g echni@gyﬁ. Af ter
culturing, protein is extracted Tromthe 1 cells and dilutionls of the
extracts a gested fg i ol ogi 20 acgigty. [eglz» -35

. )

MET His Ser S

29

AAA CCA CAA GAC AGA CTT GCA AAA GAA GGC ATG CAC AGC TGAo
83

TGC CTG GTC CTC CTG ACT GGG GTG AGG GCC AGC CCA GGC - C
"Cys Leu Val Leu Leu Thr Gly Val Arg Ala Ser Pro Gly Gla
137

GAG AAC AGC TGC ACC CAC TTC CCA GGC AAC CTG COT AAC ATG
191

CGA GAT GCC TTC AGC AGA GTG AAG ACT TTC TTT GM ATG

Arg Asp Ala Phe Ser Arg Val Lys Thr Phe Phe Gln MET
245

AAC TTG TTG TTA AAG GAG TCC TTG CTG GAG GAC TTT AAG G
. 299

CAA GCC TTG TCT GAG ATG ATC CAG TTT TAC CTG GAG GAG GTG

is Phe Pro. Gly Asn Leu Pro Asn MET
Figure 4 part 1

Asn Leu Leu Leu Lys Glu Ser Leu Leu Glu Asp Phe Lys G
Gln Ala Leu Ser Glu MET Ile Gln Phe Tyr Leu Glu Glu Val

Glu Asn Ser Cys Thr H



[err] (Lower case letters indicate that a base differs fromthat ofthe

native sequence at the sane site) - 36 - Exanple VI. Ant i bodi es
Speci fic for t he CENKSKAVE- Pept i de 50 ng of oval bumi n (OVA) and 50 ny of
myogl obul in "(MYO (e.g. available from Sigma) are each d| ssolved in 10 m
of 0.1 M sodi um bi car bonate, and react eﬂ/&mth 1 m of 0.12 iodoacetam de

sol ution’ (6&9 of i tam n dIS @ln 4 0 1 MOa@i um
bi car bonat )U roo rat a 15 Fal co t be (Fal con
d

Pl asti cs, na : the I't ke. Each reactlon m xt ure |s | yzed

over ni ght a 4 I| -of 0. gl\ﬁ’sodl um rbonat&"at 4RC epar ately,
10 ng of CE VE i s asolved @ m of éblw DTT €4i t hi ot heBt ol )
solutlon(cotlnlng Trlsad25m\/l at pH8), in a 4 10 m tube,
I ncubat ed at<[ rr ov%wh an Lﬁen appl to a 5 gel -fifstration

colum (1.5WW6.5 cME(LKB, Brof&d Swedenlehd el ut& witha eptlde

el ution buff consi st of 0.0 aceti d and 005 M
bet a- mercaptgqmanol g:%ee fracéogls of ag%:% 5m %ach whi cg cont ai ned

the reduced PPt i de ar® Rdent i fi 828y opti gt Etlensity<dt 206 nr® col | ect ed,
pool ed, froz@gnei n dry ﬁ and lgy ,hyophl I |@e overni ggt. Meanyhile OVA
@n

and MYO are EﬂeOovered dialy and cl led by®iltratiqy through
0.45 mi cromdPer filter® =ovA and are ac ted byq’nxmg ed®h with 380
m croliters ©f N\ hydr wcm n| n}deqest er ap iendoaceticp acid (Ngl A)

(di scl osed ?@actor g nrunol . h., VoE! 24, pg.®321 (1978))
di ssol ved i t€trahydr an (TH 5 nmy/m tirrin for 30 2  nminutes

at room t enmfdr gt ur e, agjhﬂl aIymEOvernl ghbgal nst tDIlters IiBS (1.8

353

GAG AAC CAA GAC CCA GAC ATC AAG GCG CAT GTG AA
407

AAG ACC CTC AGG CTG AGG CTA CGG CGC TGT CAT ¢
461

AAG AGC AAG GCC GTG GAG CAG .GTG AAG AAT GCC
5156

GGC ATC TAC AAA GCC ATG AGT GAG TTT GAC ATO TT
569

TAC ATG ACA ATG AAG ATA CGA AAC TGA GAC ATC AG

Tyr MET Thr MET Lys Ile Arg Asn

623

Lys Ser Lys Ala Val Glu Gln Val Lys Asn Ala Ph

Gly Ile Tyr Lys Ala MET Ser Glu Phe Asp Ile P

CTA GGA CAT AAA TTA GAG GTC TCC AAA ATC GGA TC
Figure 4 part 2

Glu Asn Gln Asp Pro Asp Ile Lys Ala His Val As
Lys Thr Leu Arg Leu Arg Leu Arg Arg Cys His Ar



g [err] 7.2 g [err]; and 34g NaCl in 4 liters 1120). Separately the

| yophi | i.zed peptide is resuspended in 5 mM of borate reduction buffer (2 g
[err], 17.4 g Nadl, and 336 ng EDTA-Na2 in one liter H20 with pH adj usted
to 8.-5 with concentrated HO, deoxygenated under nitrogen for 15 25

m nutes, after which 178 ng ascorbate is ded) The di al yzed

|odoacetyl ated OVA and MYO are recovered6 separately m xed with equal

vol unes (preferably 2 m) of borate reduction buffer containing the

pepti de, and ncubat e ver ni ght room-t rature. The resulg

conj ugat es ganal yz@ y SDS- (12. 5%@ad). The 80% ugat e s.oggal ni ng
sol ution ishduted witehGPBS to @ Wy/ M, 30 Hsteril eWtered, Ourel

al i quotted togonveni entegvol unes (g g. 500 roliters)eyfor i munggations,
and/ or storedgat [err]. ol ycl onalanti - seragdgai nst t he MYO conj Bgate is
produced in bEth rats arfS rabbits PNew Zeal arf VWite). Phe i mmuni ¥tion

schedul e for L@bbits is s foIIows<In|t|aII)Q(week 0) 10 M sagpl e of
serumis extr&sted as al@ontrol. week | atdr (week 0.5 m o35

peptide-carri conj ugat‘? is mxe ith 0.5 Freund' s¥Conpl et e Adj uvant
and injected t-cP Three Yieeks | at e+ (week 4) g8 booster ©s gi ven ce#si sting
of 0.5 m <37 - peptsRde-carri conjugat &m xed wityp 0.5 m Fggund' s

| nconpl ete AdFl'Jvant The™fol | owi ng week (week™5) an additional boOster is
given, again e@nsisting&f 0.5 ni pti de- cakgi er conj te mxed@ith 0.5
m  Fr eund' s |l ggonpl ete A uvant, fallowed by et anoth i denti caybooster
the next week (week 6). On 5 week, 7, ‘20 Ml of serumis bled fromthe
animal . After Z8eparati ng§out t he % lular fr&tion the rum assa%d for
positive anti NKSKAVE i t er by SA. Rat igamuni zati ogu proceede

sim | arIy excg_gt t hat th‘% initial H‘I] ection (i_o'n5| sts

A

677
TTT AAG CTG TTT CCA TAG GGT GAC ACA CTA TGG T.

ACC CAG CCO CTT GAG AAA CCT TAT TGT ACC TCT CT
731

CTG ATA CCT CAA CCC CCA TIT CTA TIT ATT TAC TG
785

TAG AAA GAA GCC CAA TAT TAT AAT TIT TIT CAA TA
839
893

ATT ATA AGT TAC ATA AGG GAG GAA AAA AAA TGT TCT
047

CTT CCA TTC CAA GCC TGA CCA CGC TIT CTA GOT GTT
Figure 4 part 3



of 0.15 m PBS and 0.1 m peptide-carrier conjugate mxed with 0.75 m
Freund's Conpl ete Adjuvant, boosters consisted of 0.15 m PBS and 0.1 ni
peptidé-carrjer 10 conjugate mxed with 0.75 m Freund' s I nconplete
Adj uvant, and only 2-3 m of serumis bled fromthe rat. Again, a positive
ant i - CENKSKAVE reaction is detected by EL]I SA. The descriptions of the
f oregoi ng enbodi nents of the invention e been presented for purpose of
illustration and description. They are not 15 intended to be exhaustive
or tolimt the invention to the precise forns disclosed, and obviously
many nodifications apd_ vari ati are possiple in Ii,g of the above
t eachi ng. gée enbod ts vverg%osen ané gscri bedgig order tcg st
explain ti®garinci pl @&Eof the irdEanti on tet Bhereby EREDl e othergysdilled in
the art tahgst utilThg the inV8pyion in Theious entfdgirents andHwi t h
various 20 nodi ficati®ns- &as argysuited togd he parti gl ar use o
contenplated® It is iR ended tha® the scop® of the irfPention be d€fined by
the clainms ggpended heggpto. Appligants haveggepar at el ygdeposited Ii_‘ col i
MC1061 carryegng [err], BH5C, andéHlSC wi t hQ he .Areri dan Type Cul iggre
Col | ecti on, Eockville, EMD, USA (AfCO), undef accessi ofhunbers 68637,
68191, and 8192, 25 g¢¥spectivelgs. These geposits weie nmade und%?.

or

condi tions provi dedQinder ATCE&ds agreene for Cul t¥r e Deposit

Pat ent Pur pdses, whi ch &ssures titat the depdSits will WYe nade avai®abl e to
the US Conmi®si oner of LPatents armd Tradenar & pursuantét o 35 USC %82 and 37
CFR 1. 14, a wll be de avail &l e to thepgpublic up i ssue of uU. S.

patent, which® requires that the dépoesits be 30 mai ntai ned. Avaifability
of the depoftted straiMgis not tdJdbe constrffed as a Iigense to pr&dtice the
invention irgcontravengfon of theyrights gragpted undergygt he aut horily of any
governnent in accordance with its patent |aws. The depgsits have b€en
nodi fied to gonformtofhihe requi rgmants of ﬂe Budapesg Treaty onéhe
Deposi ti on M cr oor gg9i sns. .

GG 617

1056

TCT TAG GAA GAG AAA CCA GGG AGC CCC TTT GAT GATOTAA-IX
1109

CTC GGA GGG ATT CCC CTA ACC TCA TTC CCC AAC C
1163

GGC CAG CTIT GTT ATT TAT AAC AAC CTA AAT TTIG G
1217

CTC ACG CCT GTA ATC CCA GCA CTT TGG GAG GCT G
1271

1001
GTC AGG AGT TCC TAA CCA GCC TGG TCA ACA TGG T

TCC CTC TAA TIT ATC TTG TCT CTG GGC TTG G
Figure 4 part 4



1. An isol ated mammal i an nucleic acid that (a) encodes a pol ypepti de
havi ng ¢yt okine synthesis inhibitory factor activity, and (b) is capable of
formng a detectible hybrid with one or nore probes derived fromthe cDNA

i nserf’s of #ptD (SRa) -F115, pH5C, or pH15C, deposited with the Anerican
Type Culture Collection under accession gygrbers 68027, 68191 and 68192,
respectively, in the presence of 5X SET at [err], or equivalent conditions.
2. ' An isolated nucleic acid according to Claim1 wherein said factor is
capabl e of inhibiting or substantially reducing the | evel of production of

at | east one@yboki ne s@ltected fr FN-Terrff &4l L-2, 160 8¢ | ynphot oxin and
GMCSF in a | ation QeIIsid)TEedto hesi ze or- nore t hese
cytokines. 3y An isomated nucl e4c acid agaordi ng t aiml or aim?2
wherein said cd&fls are T fel per cel M. 4. i sol ate ucl ei c ackgd that
is at least nii@Bty perce honol ogo to the di ng regi for a ure
pol ypeptide of the | argest open reading frane of a cDNA insert of a,vector

sel ected fronkggD [err] -ﬁ%llS, pFEC%and pH15C,Qdeposi t e ith the rican
Type Culture | ection ugder accesghon nurrberﬁ 68027, 6 1 and 6812,

respectively. §# An i ated nucleic acid according tp any preceding

cl ai m whi ch haggbeen derigled from aggammual i an ggel | sourd%. 6. Asg

i sol ated nucl ei@ acid acderding to &y precedigrg cl ai m wperei n sai égf act or
i S human cyt okiege syntheséﬁ inhibitg&y factori*7.' An j sol ated nugleic
acid accordi nge#ao Cl aim erein sgyd factor gys sel ect frommtude
polsypepti des ofthe open ¥eadi ng fr=®e defi nedSby the an®no acid séguence:

1325

AAT ACA AAA ATT AGC CGG GCA TGG TGG CGC GCA COT GTA ATG
1379

GAG GCT GAG GCA AGA GAA TTG CTT GAA CCC AGG AGA TGG
1487

AAA ATA AAA ATA AAA ATA AAT TTG GTT OTA ATA GAA CTC
1641

TTA TIC AAT TOC TOT GGG AAT GTT ACA TTG TIT GTC TGT
1695

1433
TAA TTT TGA ATA AAT AAA TGT ATC TTA TTC ACA TCA AAA

GAT ATC ATG CCC CTG TAC TCC AGC CTG GGT GAC AGA GCA
Figure 4 part 5
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Geo1q14~1 Tres
MHSSALLCCL VLLTGVRASP GQGTQSENSC THFPGNLPNM 39 LRDLRDAFSR VKTFFQVWKDQ
LDNLLLKESL LEDFKGYLGC QALSEM QFY LEEVMPQAEN CQDP AN SLGENLKTLR —
LRLRRCHRFL PCENKSKAVE QVKNAFNKLQ EKG YKAVSE FDI FI NYRERLASENIENRNSHBETS  ASG
i sol ated nucleic acid according to O ai m7 wher¢i H Baicdrfatt pigetas. ohpaged .....
am no acid sequence: SPGQGIQSEN SCTHFPGNLP NML ﬂDZF@RVKTHE‘@WKm:%tHKE
SLLEDFKGYL GCQALSEM Q FYLEEVMPQA ENQDPDI VNS| GENL KT £ RORURRCHR .. to paged ...
FLPCENKSKA VEQVKNAFNK LQEKG YKAM SEFDI FI NYI EAYMIVKI RN:QL @ pApedi soliat @Ged ...
nucl eic acid aﬂﬂi ng to any of Claims 1 to 6 pherein said factor is nouse
cyt oki ne synt hesi Prifi bitory factor. 10. An i

opat ednuel-eigpPCh "
according to Caim9 wherein said factor has the—ani-no-act %WP?F.M*W«J

ST Eofecoln B R A R e S

KSDFNKLQDQ GVYKalhircidokihé BiathésidvinMbldisSactddactivity) ahg (h)as eshapkcofdoeningad

according to Cldg{eraigle %%;E’J \quﬁill gge top r%o(r:eogrioggs %S&}Je% (r:oer‘r:l tlieecr:ISI]JA inserts of pcD
(SRa) —F115, pH5C, or pH15C, deposited with the American Type Culture
Collection under accession numbers 68027, 68191 and 68192, respectively, in

the presence of 5X SET at 60°C, or equivalent conditions.

2. An isolated nucleic acid according to Claim 1 wherein said factor is
capable of inhibiting or substantially reducing the level of production of at least
one cytokine selected from IFN-y, IL-2, IL-3, lymphotoxin and GM-CSF in a
population of cells induced to synthesize one or more of these cytokines.

3. An isolated nucleic acid according to Claim 1 or Claim 2 wherein said
cells are T helper cells.

4. An isolated nucleic acid that is at least ninety percent homologous to the
coding region for a mature polypeptide of the largest open reading frame of a
cDNA insert of a vector selected from pcD (SRa) —F115, pH5C and pH15C,
deposited with the American Type Culture Collection under accession numbers
68027, 68191 and 68192, respectively.

-

5. An isolated nucleic acid according to any preceding claim which has
been derived from a mammalian cell source.

6. An isolated nucleic acid according to any preceding claim wherein said
factor is human cytokine synthesis inhibitory factor.

7. An isolated nucleic acid according to Claim 6 wherein said factor is
selected from mature polypeptides of the open reading frame defined by the
amino acid sequence :

MHSSALLCCL VLLTGVRASP GQGTQSENSC THFPGNLPNM

e
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40 [err] 12° An expression vector conprising a nucleic acid according to

any preceding claim 13. A host cell conprising an expression vector of
Claim12. 14. The host cell of Caim13 which is a bacterial cell or a
mammal i an cel |l . 15. A met hod for producing a manmal i an cyt oki ne synt hesis

inhibitory factor, which nmethod conprises culturing a host cell of Caim13
or Claim14 under conditions in which th ucleic acid is expressed. 16.
The nethod of C aim 15 which further conp |ses separati ng the cytokine

thesi's inhibit tor_f the host. | tide h
Yt oki ne_ synt hesi o WARLACARSIK YREFORMKBR UPNYLIGESk WBBFKBRLGEhe ot hod of

daim 15 or O ai m 1QAEMIQR IEIROAERCDEDIKHVY BRISERE KIVR! hesi s

hi bi t f 1 1 1 1 | tid
ot he onin etal R 'é#@‘uﬁmaeaN@wg%wﬁmé%%%&f DL/ PEPL L des

mut ei n t her eof wher ¢pIFRHIEA AIMARSE! activity is maintained. 41 19.
A pol ypepti de havi ng cytokine synthesis inhibitory factor activity and
whi ch has the am no acid sequence: [err]

8. An isolated nucleic acid according to Claim 7 wherein said factor has the
amino acid sequence :

SPGQGTQSEN SCTHFPGNLP NMLRDLRDAF SRVKTFFQMK
DQLDNLLLKE SLLEDFKGYL GCQALSEMIQ FYLEEVMPQA
ENQDPDIKAH VNSLGENLKT LRLRLRRCHR FLPCENKSKA
VEQVKNAFNK LQEKGIYKAM SEFDIFINY! EAYMTMKIRN

9. An isolated nucleic acid according to any of Claims 1 to 6 wherein said
factor is mouse cytokine synthesis inhibitory factor.

10.  Anisolated nucleic acid according fo Claim 9 wherein said factor has the
amino acid sequence :

QYSREDNNCT HFPVGQSHML LELRTAFSQV KTFFQTKDQL
DNILLTDSLM QDFKGYLGCQ ALSEMIQFYL VEVMPQAEKH
GPEIKEHLNSL GEKLKTLRMR LRRCHRFLPC ENKSKAVEQVY
KSDFNKLQDQ GVYKAMNEFD IFINCIEAYM MIKMKS.
11.  An isolated nucleic acid according to Claim 1 comprising the coding
sequence :

AGCCCAGGCC AGGGCACCCA GTCTGAGAAC AGCTGCACCC
ACTTCCCAGG CAACCTGCCT AACATGCTTC GAGATCTCCG
AGATGCCTTC AGCAGAGTGA AGACTTTCTT TCAAATGAAG
GATCAGCTGG ACAACTTGTT GATTAAAGGAG TCCTTGCTGG
AGGACTTTAA GGGTTACCTG GGTTGCCAAG CCTTGTCTGA
GATGATCCAG TTTTACCTGG AGGAGGTGAT GCCCCAAGCT
GAGAACCAAG ACCCAGACAT CAAGGCGCAT GTGAACTCCC

| lllllll I IIIM Mlll ! llll - T leme reslacoment shee
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or a nmutein ‘thereof wherein said biological activity is maintained. 20. A
pol ypepti de havi ng cytokine synthesis inhibitory factor activity and which
has the am no acid sequence: [err] or a nutein thereof wherein said

bi ol ogi cal activity is maintained. 21. An anti body that specifically
binds to a mammal i an cytoki ne synthesis inhibitory factor of any of clains
17 to 20. 22. An antibody of Caim2l cgpable of inhibiting the

bi ol ogi cal activity of said mammalian cytokine synthesis inhibitory factor.

oo "o | SRSREHEA SRR BB A R AN o5
any of Caims 17 toCIGTCMICGA ATPOITOBCTIGTGAMACARBAGCAAGEBDR! i sing a
aaiman 25 " A poiARr AR LBeRATERC T ANTENE ( THARRGE Gt “havi ng
a ﬁeggsnce }de?tlcaM%WWMGAGWMTWe sggt hiSI S
pol ypept | de. of d ai (S A CBABRCIACK et RATERA GAT BT, e havi ng
a sequence identical to a subsequence of the am no acid sequence:

SPGQGTQSEN SCTHEPGNL P NMLRDL RDAF RVKTFF ol ypepti de of,K d al m 26
conpri si ng t he "€equéfic EEEPFh, Veswr % |W@e%1 aé%agm% Qnioc gy

conpri ses 6 topfRedingraimci d resi dues

13. A host cell comprising an expression vector of Claim 12.
14, The host cell of Claim 13 which is a bacterial cell or a mammalian cell.

156. A method for producing a mammalian cytokine synthesis inhibitory factor,
which method comprises culturing a host cell of Claim 13 or Claim 14 under
conditions in which the nucleic acid is expressed.

16.  The method of Claim 15 which further comprises separating the cytokine
synthesis inhibitory factor from the host.

17. A polypeptide having cytokine synthesis inhibitory factor activity
obtainable by the method of Claim 15 or Claim 16.

18." A polypeptide having cytokine synthesis inhibitory factor activity and
which is selected from mature polypeptides of the open reading frame defined by
the amino acid sequence :

MHSSALLCCL VLLTGVRASP GQGTQSENSC THFPGNLPNM
LRDLRDAFSR VKTFFQMKDQ LDNLLLKESL LEDFKGYLGC
QALSEMIQFY LEEVMPQAEN QDPDIKAHVN SLGENLKTLR
LRLRRCHRFL PCENKSKAVE QVKNAFNKLQ EKGIYKAMSE
FDIFINYIEA YMTMKIRN, '

or a mutein thereof wherein said biological activity is maintained.
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havi ng a sequence identical to a subsequence of the am no acid sequence:
LEEVMPQAEN QDPDI KAHVN SLGEN 29. A pol ypeptide of Caim26 conprising the
sequence ENQDPD. 30. A pol ypeptide of C aim 26 which conprises 6 to 12

am no acid residues having a sequence identical to a subsequence of the

am no aci d sequence: CHRFLPCENK SKAVEQVKNA FNK 31. A polypeptide of Claim
26 conprising the sequence ENKSKA. 32. A,PP' ypepti de of Caim 26 conpri sing
t he sequence CENKSKAVE.

19. A polypeptide having cytokine synthesis inhibitory factor activity and
which has the amino acid sequence :

SPGQGTQSEN SCTHFPGNLP NMLRDLRDAF SRVKTFFQMK
DQLDNLLLKE SLLEDFKGYL GCQALSEMIQ FYLEEVMPQA
ENQDPDIKAH VNSLGENLKT LRLRLRRCHR FLPCENKSKA
VEQVKNAFNK LQEKGIYKAM SEFDIFINY! EAYMTMKIRN,

or a mutein thereof wherein said biological activity is maintained.

20. A polypeptide having cytokine synthesis inhibitory factor activity and
which has the amino acid sequence :

QYSREDNNCT HFPVGQSHML LELRTAFSQV KTFFQTKDQL
DNILLTDSLM QDFKGYLGCQ ALSEMIQFYL VEVMPQAEKH
GPEIKEHLNSL GEKLKTLRMR LRRCHRFLPC ENKSKAVEQV
KSDFNKLQDQ GVYKAMNEFD IFINCIEAYM MIKMKS,

or a mutein thereof wherein said biological activity is maintained.

21.  An antibody that specifically binds to a mammalian cytokine synthesis
inhibitory factor of any of claims 17 to 20,

22,  Anantibody of Claim 21 capable of inhibiting the biological activity of said
mammalian cytokine synthesis inhibitory factor.

23. A pharmmaceutical-composition comprising a therapeutically effective
amount of a mammalian cytokine synthesis inhibitory factor as claimed in any of
Claims 17 to 20.

24. A pharmaceutical composition comprising a therapeutically effective
amount of an antibody as claimed in Claim 21 or Claim 22.

25. A polypeptide comprising 6 to 30 amino acid residues having a sequence
identical to a subsequence of a human mature cytokine synthesis inhibitory
factor comprising the amino acid sequence :
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SPGQGTQSEN SCTHFPGNLP NMLRDLRDAF SRVKTFFQMK
DQLDNLLLKE SLLEDFKGYL GCQALSEMIQ FYLEEVMPQA
ENQDPDIKAH VNSLGENLKT LRLRLRRCHR FLPCENKSKA
VEQVKNAFNK LQEKGIYKAM SEFDIFINYI EAYMTMKIRN.

26. A polypeptide of Claim 25 which comprises 6 to 12 amino acid residues
having a sequence identical to a subsequence of the amino acid sequence :

SPGQGTQSEN SCTHFPGNLP NMLRDLRDAF SRVKTFFQMK

27. A polypeptide of Claim 26 comprising the sequence RDLRDA.

28. A polypeptide of Claim 26 which comprises 6 to 12 amino acid residues
having a sequence identical to a subsequence of the amino acid sequence :

LEEVMPQAEN QDPDIKAHVN SLGEN

29. A polypeptide of Claim 26 comprising the sequence ENQDPD.

30. A polypeptide of Claim 26 which comprises 6 to 12 amino acid residues
having a sequence identical to a subsequence of the amino acid sequence :

" CHRFLPCENK SKAVEQVKNA FNK

31. A polypeptide of Claim 26 comprising the sequence ENKSKA.

32. A polypeptide of Claim 26 comprising the sequence CENKSKAVE.

This is the replacement sheet

Date: 1 ¢ AUG 1008

L



