23 August 1999 WD 92/ 13095 PCT/ US92/ 00432 METHODS TREATI NG MEDI ATED
DI SEASES BACKGROUND OF THE | NVENTI ON The present inventi 03 Ar@biafes
gener YOP2{1309%et hods for preventing and treating di seases pgihiseRoy32

mt hod for preventing. and treating Tunor crosis
coeofll 'Seas,sfém Bs THAR! Eﬁ&‘e%ecsq%%tpofﬁsé@ffé are a class of
cyto d by TUTTET QU S Tk 3PEPED | DTS E éé - nonocytes and
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specific ﬁWV TNF al pha and TNF beta (IynphotOX|n) 10 These known TNFs
have inportant physiol ogi cal effects on_a nunber of different target cells
i nvol ved in t hSACKGRQUND OF, THE JINEENTION or ot ei ns cause both

fibroblasts and synovi atnéebkésbﬂtsqeuwmlloa\i ad1ateed | geRE2E19NEo
Pprostagl andin E2 %F se osteogggg 15 ée | s. . to stimulate bone
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endot hel i al cebhrtmmuhunny;uﬂnIaLmétquafsn paeventitef kaild alreseing to
*secrete coagul a 989 b to lyse clots. In
addition they rghmrec?%Fﬁy |J¥f ?15 ?gocyfgssgﬁﬁy fromthe storage
of lipidds by inhibiti n'gumprsssrosisf Faletoorsy \(INE'S pogret @i alakspage. hTNFs
cause hepat ocyt S\t rzbq%g,pc oLgh RS ¢ :"]ﬁﬁili phase
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Injury. See, e tic - Sel by et.al., Lancet, February 30 27,
1988, pg. 483; PﬁEh ﬁ g?%o et al., J. din Invest., vol. 82, pg.
1321 @D988); A Aiff erhese kﬁewh THB. habe rigzpc&&ﬁr(ﬂ%&ﬁ)s:iﬁndgﬁca!\aage
et.al., _ effects on a number of different target cells involved

in the inflammatory response. The proteins cause both
fibroblasts and synovial cells to secrete latent
- collagenase and prbstaglandih E2, and cause osteocyte
15 | - cells to stimulaté bone resorption.. These proteins:
. increase the surface adhesive properties of endothelial
. cells for neutrophils. They also cause endothelial
cells to seécrete coagulant activity and reduce their
ability to lysé clots. In addition they redirect the
20 activity of adipocytes away from the_stprage of lipids
by inhibiting-expressidn of the enzyme lipoprotein

lipase.

TNFS cause hepatocytes to synthesize a class of
proteins known as "acute phase reactants" and they act
. 25'_.' on- the hypothélamus.as pyrogens. _Tﬂrough'theSe:
' activities, it has been seen that TNFs play an
impbrtant part in an organism's response to a variety -
. of indications such as infection and injury. See,
‘e.g., articles by P.J. Selby et al., Lancet, Februafy
. 30 27, 1988, pg. 483; H.F. Starnes, Jr. et al., J. Clin
' S Invest., vol. 82, pg. 1321 (1988); A. Oliff et al.
. Cell, vol. 50, pg. 555 (1987); and A. Waage et al.,
Lancet, February 14, 1987, pg. 355. |
A disease is considered to be a “TNF mediated

-~ .35 - disease" if the spontaneous or experimental disease is
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odily fluids or in tissues adjacent the focu ease or
ind| cation within the body. In many cases, such TNF nedi ated di seases are
al so recogni zed by the followng 5 addltloﬁal two conditions: (1)
pat hol ogi ¢ findings associated with the di sease can_be njm .
experi ment al | yasgogiiaelds wihER ied ayatiad s]té?‘é‘%lr%nof)fT'leFm Bﬂﬂll&) fipdds
pat hol ogy i nduggd ;N g %Rl Rt RIcat Nile foEied Sonf théedilse@aseoran be

i nhi bited or abolished by 10 tre t t a | he action
of TNF. In noéﬂdl?ﬂﬁlﬁﬁdFaﬁgﬂjﬁ%égégés mjl%%aé? ¥Qg8§ ?E&B &ﬁ%

condi tions ar em@ﬁﬁatéﬂd dmeameys "AENF alesh atecognlizedsky " thel f@hl@&rlng
conditions are St Seifakih8sia 15
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di stress syndraseoeihtpdlmuﬁ@r¢hhtﬂkﬁﬁ%ﬁ%ﬂcéntbﬁ|@}%1Q¥e¢nfIannatory bowe

di sease 20 5) egggﬁiﬁeﬁ%% gyE\ﬂnd%nﬁenatw wecﬂé\lFaamﬂwgtmt%nt besemn ve
di -seases wi || presente Ani_mal rmdels of seg & shogk art tis and

adul t respiratang dr3tthesp T ﬁseﬂa erein.to
25 denonstr at epb@18bblel Elheoiil%se”lhjdh i slmm:teau diFabokiisheddby

di sease. Adult respirator [ st re ndr.onge ) cLer d by
t he A&pid onseFrSPEH?E‘ néé‘ 1c€§/anmgﬁBRSsté1#/éerae ﬁ%gxéfn gﬁ?

decreased | ungraofipktamMEHF &&dmatedudmaﬁaahqﬂnaﬂwk#@SWagﬁﬁl%f the
permeabi lity.  Nortality il ARDEHeS ddt SR SR matlyo nFhis knbasheea
/ diseases" all three conditions are met.

A list of diseases which satisfy these criteria

15 includes, but is not limited to, the following;
1) adult respiratory distress syndrome
2) pulmonary fibrosis
3) arthritis
4) inflammatory bowel disease
‘20 : 5) septic shock
| | Evidence for the TNF-mediation of these five
diseases will be presented. Animal models of septic
shock; arthritis and adult respiratory distress
_ syndrome are well known, and are used herein to
Y 25 demonstrate the ability of TNF inhibitors to treat TNF-
) mediatéd disease. -
Adult respiratory distress syndrome (ARDS) is
characterized by the rapid onset of dyspnea, tachypnea,
'.cyan051s, severe hypoxemia, decreased lung compllance,_
'30. and increased pulmonary vastlar_permeability. |
Mortality in ARDS is in excess of 50%. Risk factors
associated with the development of ARDS_include trauma,
massive blood transfusion, disseminated intravascular
coagulation, oxygen toxicity, inhalation of toxins and
35 - irritants, and systemic reaction to sepsis, hemorrhagic
pancreatitis, burns, and compliCations of abdominal

surgery. A variety of mediators such as




associated with the devel opnent of ARDS include traunma, rra%s}{u f
transfusion, dissem nated intravascular coagul ation, oxyge S ¢l

i nhal aWOo12/6309%0xi ns and 35 irritants, and systemi c reacti (mj[t/qsggmagzz
henorrhagic pancreatitis, burns, and conplications of abdonminal surgery.
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prost agl andi ns, | eukotrienes, conplenent, and free oxygen radi cal s have
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treatnments desi he actions, of speC|f|c nedi ators have not
5 i nproved the @¥¥genlradieadsohagrDbeanedmnlicitedininpihexprRREAEACR: i on

support the hypghesiés éﬁﬁ&réﬂh’E h&w@v@idl Fidds ﬂ&%exﬂ@é'&&@l néd The
infusion of TNF to rats n1n1cs After i nf.usj on fh TNF, uInDn

conpliance is 169 e’de’e%ll pEﬁ‘ﬁDﬂﬁF}% &t rfiadme ’e?‘F‘Eﬂ?%rﬁ‘ aP@

i ncr easgd, punctm;erckmrtlhegesmay:abe c\dlﬁ‘léli engrmuﬂ y mémhhtstofogl c

evi dence of neutr.ophi] thronbi a . e aIv e e

See, E. Ferrarr—q£§?£ %¥%9£%m%PEgtAP %% 1% \Mﬁ h§h§%ﬁ55félﬁﬁég i§§ 15
(.1989); K J. Trizxey m¢dbhtor SofeABOS wsl fqaabwsp:p 470- 474 (1986). 2.

Pretreating rats with anti-FNe anfd c]'?Jce ofn,mlpl {:Sdrﬁg h&ﬂﬂ%% Qrd an

ani mal nodel of ARDS. RDS "'Was I n atic |sc ol ['owed by 20
r eper f usi on of1ﬂﬁ¥¢ﬂw&#fu$}@0avéﬁhcWN@UI@Mhﬂ?ﬂ&ﬁMﬂQPmRﬁlqmﬁea}ﬁer t he

reper figi on wer eré&@ém%&pmaﬁaﬁ whiteR dditdrit! Ghdress1Al1drx€¢ Appatic
macr ophages. Pul nonary capi | eakage was reduced in treated rats

conpared to v&1ﬁﬂ9#?ﬁ§%ﬁs gPV%ﬁx§§PuHﬁﬁqgﬁﬂﬂgeﬂwmaXH?qﬂYkﬁ&mbepQEﬁEFQVes
See, L.M Coll etdrid aiistologic agepiantat o netroptil MhrafSi 24Rd ( 1990) .

3), Ln two cli ni £l e s1Udl £50o TNE S8 _a{rﬁggnt gg_tlonsﬁﬁ\é%re rgaasurl_fed kD ry rtljy of

br oncho- pul nonary "secretions 0 mt S & i r's
five ARDS ©  Baliviera et _al., Arch Surg., vol. 124, pp. 1400- 1405

1s (1989); K.J. Tracey et al., Scienqe, Vol. 234, pp. 470-
474 (1986). '
' 2. Pretreating rats with anti~TNF antiserum
inhibited the induction of an animal model of ARDS.
ARDS was induced by hepatic ischemia followed by

20 reperfusion of the liver.. Elevated circulating levels
of TNF after the reperfusion were presumed to arise
from the large‘maSs'of fixed hepatic macrophages.
_Pulmonary'capillary leakage was reduced in treated rats

_ compared to values in rats given serum without TNF-

_éjD .25 blocking properties. See, L.M. Colletti et al.,

Transplantation, vol. 49, pp. 268-272 (1990).

3. In two clinical studies, TNF conceﬁtrations

were measured in broncho-pulmonary secretions of
_ patients with ARDS. In the first study of five ARDS

30 -patlents, TNF concentratlons exceeded 12 5 ng/mL. No
TNF was detected in control samples. In the second
study,;significaﬁt TNF levels were measured in
bfonChoalVeolar lavage fluid of 3 out of 4 patients
with ARDS but were below the limit of detection in

35 controls. See, A.B. Millar et al., Lancet, vol. 2, pp.
712-714 (1989); D.J. Roberts et al., Lancet, vol. 2,
pp. 1043-1044 (1989).
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Pul monary fibrosis occurs during the end stage of_various gulngna&g
di seases. The fibrosi s Padmpnaryf £3pnord sy oy M 8PAna-ade

i ncrease of collragen-jRROPIY IR Naséhgedl vephar fiblkbsisTiesmlts
apparently plays a kgglrole in the develognegt of gulnng%r 'g Rrgosis. TNF
is a growth. fadxem dhenGrryth £h) birepr{P8bfa8Pe 3P pPEEFrar
concentrations. -888aqeh Hepaiit iom within, thei ahveplavl wa2ls. pFNR43-94. 5

(1985). Results of ani mil peri nent at i onliangl g%lggdégegg BRARS g Nj ury
g I de

e
i nduced® by bl eoRpPPRFE1Y: et apetit T2 8gent for cancer, provi
evi dence suppopuilignayyt Mitoposes. TTﬁéFTiF-mraVanf@Ptop’yPrﬁ)Wal
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i nduces . 15 dif a€eaiveor ar mage, notably w th_necrosis_ of _.a_t_l\41r | ar
epi thelial and @ndot ISeldagmare|ets_ahd, ngekence; hVeken?R§r oPPrhd43VeEal ar

menbranes. The gy4Bgehanequssultd Ust OdinDhal\NExpérineathedds tiavelvimed
i ncrease of fibraoblast riorl,l fer a’i}lbé)‘?' %daco{)iagen d!elE)og_l tion. See, 20 K J
Tracel®t al ., B¥EWRTHINDEA Y42 ETB8B) " POF. Piguet et al .,
I nt Arch. A!Ier@hem@ﬁnerdpﬁnﬂﬁﬁ.agemt.f@B,cpnceﬁ,(mgeﬁﬁdezeYIﬂﬁﬁce :
b1 ponyei n-1 nduc B¥PRRFEdIg T Einipeddl; T BNFLAEERELSN 8 | ol 1 agen
deposition. SeepuPmemnaeyF.fiRinpmts ets agupportestpby NEhe, fedlowing: pp
‘ 1. The intravenous infusion of TNF induces
15 diffuse alveolar damage, notably with necrosis of
‘alveolar epithelial and endothelial cells and marked
'thidkénihé of the alveolar membranes. The subcutaneous
infusion of TINF to rats leads to a marked increase of
fibroblast proliferation and collagen deposition. See,
20 . K.J. Tracey et al., Science vol. 234, pp. 470-474
| (1986) ; P.F. Piguet et al., Int. Arch. Allerg. Apol.
Immunol., vol. 83, p. 18 (1986). | '
H_ 2@-=The-admihiétration:df rabbit anti-TNF
- aﬁtibodf'to mice prevented bleomycin-induced alveolar
fi) 25 . damage, growth of fibroblasté, and collagen deposition.

' See, Pierre F. Piguet et al., J. Exp. Med., vol. 170,

pp.
655-663 (1989). |
. | 3. A common sequela of patients surviving ARDS
30 . is pulmgnary fibrosis. During the acute phase of ARDs,
| TNF is present in significént amounts in the
_btonchoalvéol&r fluid. _
Arthritis is a term used to describe a variety
‘of indications that are'characterized-by Chronic
.35 ' inflammatién in the joints. Included within the
definition of the term arthritis are the followihg:
rheumatoid arthritis,'ostéo arthritis, ankyloring
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Spondyl i s 1 upieoRRy R Ao Sapt, S Cn ppEoeseiit Ar i e
‘arthritis and goReiteVdi'gefddsgase Edvntets hP@vIPBE - t hEVAEGNSS g rol e of
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joints. The synoWRgPRAFRE qg?hﬁﬁ tally inflaned and under goes
progressi ve fibrotic gr ctidumatioidi arahrifi sadis watadardioidy alteoemaankel i um

and 10 | eukocytes.to pronote . eukpc 1eSi < Sl i I Ay rotion
and inhibits gyn‘?ﬁ%gf’geoFab’rsdtnggé‘%/%%ﬁlsgggsg %ar???éég?ggeg%ﬁ.l&.a%nﬁe et
al., Proc. Natl.tWeajoinSsi. Uk sywdvial, 1lppingcss- 6BTONiredly J.

Sakl atval a, Natu . - . 15 l Iduth ,
activities st ron%ﬁ?gﬁégesg%%t ﬁg@eﬁ%gerr%%é%ggggﬁ‘éél gé:g?agflﬁqg?ynt pat ho%gy
in.  rheunatoi d Xitreit INF petimytamdrelh obhefepdathaldr® anchritis is
suppor jgd by thejéakbeyies tbh phitthdtd IPewibépté aadh8seohi andofstidulates
20 the joint of a rabbit causes ,nfilfration of leukgcgte% _|qto t he j oint
but no prot eogl yE&ROFBEdof AR Mt iltes SYRIReFIFNOh PLALRLIING A Wo - of
TNF and interl eukaftilagel- 1 5de)t @ tHhe Ganble catisell. @ ByoergiNattilc Acad.
accumul ati on  of jpeut hi | See,., B. He S0 Jdnr. . Exp.. 25
I"'mmunol ., vol . ?%g%*p%g3306§§fﬁ ??bsé?&t ﬁéioﬁ??%s?§9?ﬁyt &

. Saklatvala, Nature, Vol. 322, pp. 547-552 (1986).
15 These in vitro activities strongly suggest that TNF may

“be a mediator of joint pathology in rheumatoid
arthritis. The TNF-mediation of rheumatoid arthritié
is supported by the following: '
1. The intra-articular injection of TNF into
20 the joint 6f a rabbit causes infiltration of leukocytes
into the joint but no proteoglycan loss from cartilgge.
' Injection of submaximal doses of TNF and interleukin-1
(IL-1) into the joint caused a synergistic accumulation

of neutrophils. - See, B. Henderson et al., Clin. Exp.
25 Immunol., vol. 75, pp. 306-310 (1989). In contrast, in
another series of experiments using rabbits, a single

~intra-articular injection of TNFa caused both cellular
'infiltfation and cartilage proteoglycan loss. Levels
‘of substance P, an inflammation neuropeptide, were

30 increased in thé'synovial fluid. See, A.S. Rubin et
' al., Arthritis and Rheumatism, vol. 33, pp. 1023-1028
(1990). - '

_ 2. The effect of TNF antibodies on synovial .
_ _ cell IL-1 production has been determined in rheumatoid
:'35 | arthritis patients. Cultures of mononuclear.cells
extracted from the synovium or synovial fluid of

rheumatoid joints produce cytokines for up to 6 days
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i nduction of IL-1 in rheumatoid joints, See, F.M. . Brennan et .al., cet,
vol . 295(8657), bpe 3rgustion Rfg ft’%.lﬁ'hé‘?%mﬁ%ggn?oé?%ﬁét ecsggbl gl_'lqg'vel s
in rheunmatoi d pyeavaal et wilds. ISgezett, SroDi 5 0969¢) et pP.1844H247AnN.

- Rheum Dis., vol(lgﬁg_ pp. 768-776 (1988).. Idiopathic inflamuatory bowel

di sease (I1BD) i'nc uaés two syndrones; ulcerative colitis and Crohn's

di sease. Crohn's di seas®- i sST¥FRaiacpresent Bf fetecAaRlGadiRLlS nFPammat ory
reaction invol vifguhleofid lsyhoviickimsiudf tdée waklsof piheibeimenalt il eum
or- colon, whereas ulcerative colitis is a nonspecific infl tQry
respodfe |initedlto ARB-pRBEUR -3 DS < BfRkcosh of PRhe’ @BI6AS illngﬁgggh t here

are differences in thergppspotegy 2hrlhamhtoryy bdweles iamhdde( EBDDI ogy 20

.of both remains,obscuyre, :there is a belief that.th W0, s di t
variable ti ssuelfifzi}1 n&HEgSY P ENBis ‘f%r%t%‘(')%?r%éﬁfg?%%: %g.ai%%&é‘ﬁﬁrsef\en

variety of i mahskagic diczohidiss dimeadmeis i clamrad¢tedizedphyi ent s
granulomatous inflammatory reaction involving the full-

15 thickness of the wall of the terminal ileum or colon,
whereas ulcerative colitis is a nonspecific
inflammatory response limited to the mucosa énd
submucosé-of the colon. Although there are differences

_ in the pathélogy of the two syndromes.ana the etiology

20 of both remains obscure, there is a belief that the two

:.diSeéses represent variable tissue or immunologic
responéés fo a common etiologic agent. A variety'of
immunologic disorders have been identified in patients
with IBD: One hypothesis is that the immune. system of

{%3 25 patients is reacting abnormally or inappropriately to
antigens, such as bacterial products, to which everyone
is commonly exposed. Synthesis of high levels of TNF
in the gut may contribute to inflammatory cellular
_ infiltration in IBD. The TNF-mediation of IBD is

30 : supported by the follo&ing:

' 1) In two studies with rats, necrosis of the
gastrointestinal tract was induced by intravenous bolus
administration of TNF. The effects of TNF seemed to be
dose related. Doses exceeding 0.6 mg/kg induced'gross'

35 : and microscopic necrosis of the small bowel. The bowel
exhibited segmental ischemia with regions of frank

hemorrhage or necrosis. The cecum appeared
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pol ynor phonucl e €, epi thel i s..denude a

di stribution X% ghﬁ See—g%' §ﬁa§§ L Aaniln

| nvest., vol. 8g;jg§_1328v63318a19&&) nﬂﬁ$41331 GIQQQw, endaK,JScience

vol . 234, pp. 47 474 (1986 3L dy, i nfusi on of 4ng of
~a neutralizing hn%gcéo ggéépﬁgﬁdy &ire Jgalnst human TNF to
rats one hour be4b¢e47ﬁf0$98§)@f TNF not only fuIIy protected the aninals .

from | gphal doses of t TN Qo exeihgd. ihkasiewelaw &F 4he
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the TNF, but also prevented the development of the

15 lesions typically induced by TNF.

' 3) Isolates from biopsies of children with
Crohn's disease showed elevated frequencies of TNFo
secreting cells in all individuals assayed with a spot
ELISA technique. Isolates from normal children did not

20 _ show this increase. 1In ulcerative colitis, four out of
eight children had increased production of TNFa. These
results suggest that TNFa is an important mediator of

- inflammation in the human gut. See, T.T. Machnald, et
al. Clin. Exp. Immunol., - (ENGLAND) vol. 81, pp. 301-305
',\) - 25 (1890). '

Septic shock is a condition associated with
massive bacterial invasions. It is commonly believed
that shock due to Gram negative infections is brought
on, at least in part by the presence of bacterial

30 endotoxins (llpopolysaccharldes) Septic shock is a

' relatively common cause of mortality in the hospital
setting. At present'there are few treatment options
for patients suffering from septic shock, and the
treatments available are generally supportive in

35 nature.

Septic shock is characterized by various

symptoms including a drop in mean arterial blood.
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of bacterial 30 endotoxins (lipopolysacchar |8des). Septic shock is a

relatively conmon cause of tali L.n e hospl t:al [,}g. At present
there are few tr%’é‘t"?@‘r\feof)]f{ggfws af%écgg?%n g rs%gl Pgral‘.:ng #%odr}lg'septic shock, .
and the treat nerdchpvaidab) etackygeaa; alhgtigppddemia iandslenkeRreniXeptic
shock is characteril b i B | udi P ithbTEedted
arterial blood. %iﬁgﬁs‘%ﬁfg%ggg%\b Sé%{éggg‘gpﬁé?fos?g‘?%‘% 8 :E)i? essur e
(MAP), a decr easinitheanediatbonpaf, sephifiyehraka, ad ghe specitic

| acticagi dem a a%@igﬂ,&pps@iale yacboys ¥t abtneal lynonddmgddd, have been
i nplicated in the nediation of septic hﬁgr, aJtpou h.the SBﬁigﬁiC 5

etiol ogy of the diseaseTP§ﬁﬁﬂ?qqnﬁ%YQH%ia NS.0F 1REt24re 98VEral 1 nes
of evidence whi cduggeggeshat helFENEay npyapl ayraleolia ithet edistt an oif of
septic shock: 1. The.admnistration of TNF to animals has 10 been shown to
i nduce a shock- ITRREATaT27“See, Everhaerdt et al ., Biochen1Bioph¥s. Res.
Conmun., vol. 163., pg. 1.378helegwinistuatsiaeaf SHFnte hapipgds has

adm ni sf,ration [ ygacehghk8e kCEiRbMseatehe sawtons. of 15
septicﬂs)hock I n %%1]: am%séaAm maélzg goéttq?gjactt gémﬁave been found to have

i ncreased | evel E¥grkaexdfati ng TNF alpha. See, Parillo et al:., Ann.
Intern. Med., vale $h., PRiocdBen] Bi888ys. ardsCacemnuin.gt vall., I&Xc.pdatl . .
«Aead... set USA:’VOIigggf.ppitBEgg_gggg é&gzg)that the administration

378 ( _
of lipopolysaccharides to mice mimics the symptoms of
15 septic shock in the animals. Animals.so treated have

been found to have increased levels of circulating TNF
‘alpha. See, Parillo et al., Ann. -Intern. :Med.,.vol. 9,
pp. 28-31 (1988); and carswell et al., Proc. Natl.
Acad. Sci., USA, vol. 72, pp. 3666-3670 (1975).

20 | | 2. The administration of antibodies against
TNF alpha has been shown to reduce the lethal effects
~of high doses of endotoxin in mice and monkeys. See,

. Tracey |
et al., Nature, vol. 330, pp. 662-664 (1987) ; Buetler
) 25 et al., Science, vol. 229, pp. 869-871 (198_5).’_ _

3. 'An additional study was conducted wherein.
the blood serum of children suffering from gram
negative septicemia was analyzed for TNF alpha

_ 'cdncentration. This study showed that elevated levels
30 of TN? alpha were'found in 91% of the patients
 examined. In addition, TNF alpha serum levels were
significantly higher in patients who died than in the
survivors. Firardin et al., New Enqland'J;.of Med., -
_ vol. 319, pp. 397-400 (1988). '
-35 The inventors hereof were led to propose that
| substances which interfere with the activity of TNFs
could be effective compouhds for the treatment of TNF-




20 2. The adm ni stratlon of antibodi es agai nst TNF al pha has been shown to
reduc%wégg Ieth effects of high doses of endotoxin in ni TéVdRt Fonkeys.
See, t al., Nature, vol. 330, .pp. 662-664 (1987PCIRUSHP2/B043225 et
al ., Smence vol . 229, pp. 869-871 (1985). 3. An additional study was '
conducted wherein. the blood serumof children suffering fromgram
negative septicem a was anal yzed for TNF al pha concentration. This study
showed that el ety el s88s68&, TAE abmh@ewe@mdaamd in 91% of the

patients examned. In dit.ion, .TNF a serum | eyel. wer e significantly
hi gher in patients who %ﬂ&d YSRGS h%Pht?h‘?v?F/‘B?gn FFPXFG' % al.., New

Engl and J. of Midentified 3d9¢1pps 6§7céﬁ©o@b@&8)réfbﬂ%mdlnwemenesnheseof
were led to pro d t n t ty of
TNFs coul d. be é ecg{h\a/leb%%én%%U?lggg?oyg!teﬁgn{tr%‘g{({rrgrﬁeeé% %r‘g %%%ét 1999
WO 92/ £3095 PCTAUSSZ/sEG432 9 Inmewirnently weneéingad.def PAggnibove. The

nventors of {heppneseniidmveatien nbdesbslbod 2 fhast AlyForeounsse,
referred to herein as  INF inhibitors, fthat revent and treat TNF nedi at ed

5 diseases. In é&@Férftji%PlthdJr‘ﬁ%mEPSraF’SE‘ehﬁre&ﬁ‘pIhYcé%lPtﬁ rptergngp, a
55?,274, flled feﬂ%fdﬁﬁihss?@ﬁchﬁtﬁahhlyl@a@ﬂﬂﬁﬁﬁ¢ﬁbfﬁﬂé&ﬁb&Wbﬁ§IS

ref erence, er.r class o atura curr ei haceous

TNF. |nh|b|tors % &ﬁ%&ﬁﬁﬁP¥%r nﬁfﬂg%b¥9n§°§ ﬂﬂ%ﬁﬂ%é%ﬂﬁ*?ﬁ %uantlty of
the sae with ashbg;ttalﬁgraele ghanpityt pfatbedesme bedh |an tpgh | dedoee oOfie
af orenent i oned ihe in s of TNF

I nhibitors refe??gg%ﬁg as_ 3 %Bf#%ﬁa lnﬁ F?g%l aﬁ%kggﬁ#NF I nhibitor. In
‘addition to theafsrementiqgnred dEREEC&FFOPnﬁﬁﬁFFGPQQwﬁﬂﬂdﬂtQN&)§W®ncated
_yet biol ogi cal | ¥uBglite JOrer ofnk 81 ¢8KParENerriedN it Y IAMS afwp. been

‘produced. The full-1|engt
nhlbltor and 40kDa TNF inhibitor. In addition to the
15 full-length 40kDa TNF inhibitor protein, two truncated,

"yet biologically-active forms of the 40kDa TNF
“inhibitor have also been' produced. "The full-length
40kDa TNF inhibitor is the TNF inhibitor having a
- molecular weight of about 40kDa on SDS-PAGE that may be
20 isolated from medium conditidned by human U937 cells or
from human urine. Full~-length 40kDa TNF inhibitor may
be glycosYlated as is the naturally-occurring protein;
or nohglycdslylated-as is“thé-protein-recombinantly
_ 3expre$sed'from;a-bactérial expression system. The
'/TD - 25 | truncated_proteins,-inHWhigh-SI and 53 carboxyl termini
‘- | _ amino acids have been removed from the full-length
| pfotein, are referred to réspectiVely as 40kDa TNF
'J.nhlbltor A 51 and 40kDa TNF inhibitor A S53.
. - 30kDa TNF inhibitor has been shown to exhlblt
30 “inhibition actlvlty agalnst TNF alpha. The 40kDa TNF
' " inhibitors, including full-length 40kDa TNF inhibitor,
40kDa TNF inhibitor /\51 and 40kDa TNF inhibitor AS53,
ﬁhave*been'shown to exhibit'inhibition activity against
|  both TNF alpha and TNF beta. | |
35 - Currently pendlng U.S. Patent Appllcatlon
-.Serlal No. 07/669,862, filed March 15, 1991,

specifically incorporated herein by this reference,




40kDa TNF inhibitor is the TNF inhibitor having a nolecul ar wei ght of
about 40kDa on SDS-PAGE that may be 20 isol ated from medi urf®éehEi'®9oned by
hu Il's or fromhuman urine. Full-length 40kDa F i.0hibitor may
bengﬁyt%ﬂ?@?’ed as is the naturally-occurring protein; BEN/-Ué&I)W&

nongl ycosl yl ate.d as-is-the protein r-econbin.antly expressed froma
bacterial expression system The 25 truncd®©ed. proteins, in.which 51 and 53
carboxyl termni amno acids have been removed fromthe full-Ilength
protein, are rdesorddeso a euphan i ynedi FbgbINRFMh#REEPEoPPEEPS1nd
40kDa TNF i nhi il fQ 3% 130K GhniM td¥s keI phésabeanvabeen sed eetichi t

30. inhibition activity against TNF al pha. Tg%k4 kDa, .TNE %nhi hitors,.

i ncl udi ng ful | aPdme; Redok Besadus (i HrEeP WER GRPEPEEF L\ 51 and
40kDa TNF i nhi BielsG@ue®h3, suday endtaeimss hovyn. then Sudi biterabilbetiiyelactivity

agai nst both TNF al pha .and TINFE _heta.; 3 [ Jo¥® (BNt
Appl i Gation Sgﬁagl%e%o.w% gé’éwé%‘fn 1|]I e?&é%ﬂéﬁyigggl?gygggci(f lcally

i ncor por at ed hendits iy idreateeM¥RrghilpitoyREG IPecles\y 92113095

PCT/ US92/ 00432 _1Q sdescri bes iihafr ofniish €6 dmfdEih nhbbeteeds pecias .
Mut ei ns of .TNFPF%%F‘?%}JS' %?_g%prepar edo',iv\here sel ect ed% am po_aci.d.

resi due(s). ar E108pligcdesmnipad,s W19fe ¥ e RSPRRHAG BFnRoRdy 1 en be
site-sel ectivehys B¢ sakinad TE i iHiktenal ¢ zesh paty@t witrneygkedale .( PEG
units to create TNF inhibitor PEG species. .In rticul . 0 F

i nhi Bi% or nut e P@Felfﬁ*é'g‘hte& %Eoé%@‘aeqty 48 ’lg)_‘g%%fnv%%%té?gn héggs%gr agi ne

~at position I1fkaeted0kBahlkh fumdthidnel ized rREG auettsi td €9¥Rei ne. 3-0 In
one further egggg'ﬁggﬁtt "tdt&‘ﬁ}bo h§len s?:{)e%i S HEYe 8 tv{?cl??fﬁf*di%‘iﬁitor '

2 bi functionali uni s orm “bival ent " dunbbe ‘species wherein two
“TNF i nhi bi t or mmtedinss axee aktoshiesd Wiiea aa single BBEG ¢tadR: 15 SUWARY OF

THE I NVENTI ON The present invention discloses nmethods for the

15 SUMMARY OF THE INVENTION |
| The present invention discloses methods for the
prevention and treatment of TNF mediatéd-diseases by
 administering to patients in need thereof a therapeutic
_ agent. 1In particular,-the invention provides a method
20 - for the treatment of TNF mediated septic shock by
administering to patients in need thereof a therapeutic
agent. Also included are methods for the treatment of
TNF mediated arthritis and TNF mediated adult
respiratory distress syndrome by administering to
25 patients in need thereof a therapeutic agent.
| In accordance with the present invention,
methods are disclosed for treating and preventing TNF
mediated diseases, in particular TNF mediated septic
_ shock, TNF mediated arthritis and TNF mediated adult
30 respiratory distress syndrome with therapeutically

.‘.‘
N

effective amounts of TNF inhibitors.

Preferred TNF inhibitors of the present
invention are natufally—occurring_proteins and
truncated forms of naturally-occurring proteins. The

:35 naturally oécurring proteins are'preferred because they
' pose a relatively low risk of producing unforseen side

effects in patients treated therewith. In some




prevention and treatnment of TNF nedi ated di seases by admnistering to
patients in need thereof a therapeutic agent. In particul a?3Auwdse!%®hventi on
provi Wes913@shod 20 for the treatment of TNF nedi ated seppdg/ids0idossy

adm nistering to patients in need thereof a therapeutic agent. Al so
included are nethods for the treatment of [INF nediated arthritis and TNF
~medi.ated adult respiratory distress syndrone by admnistering to 25

patients in needptBgifRchtd Ufertmeytuwegt_emn Iﬁuaesz%de&cgf@ttém e
present invention nmet hods are di sclosed for treating and .preventing TNF

medi at ed di seaseBRiPitaEs: WBGrS: oMY edfRakl REBPeE °§h68‘|%n°TﬁI€’ﬁ5ed| at ed
arthritis and ThEsiedeat ad r&du frdfh raspinat@ryl dpsbtein Sydiphedite: Wrd

therapeutical ly  effective a hF inhibitors. Preferred TNF
inhibitors of tHES BnggﬁFrre%W&P@}) Y&t al I y-occurring. proteins and

truncased forns of nat u grtefexcced rchgspr ofeINg. 1ﬁiaBB:qrm tasé | jamanur ri ng

br oduci ng. unt or Sy PLAATRETEREERIRG, PR BAFLELLEE ko Subiblt e

-pr oduci ng unforsee eremn I'n sonme 23
August 1999 WRpPPeagovs PeTsEIURAGO qmen%mh@ﬁlﬁﬁﬁtgeeﬁptnks i nvention,

mut ei ns of prOtﬁh@tgi‘ﬁs | Nk BELO N ARSI O & ﬁﬂ%h ayabf,&eefez%dﬂqram d

residues differ fromthe natural protein sequence a al so Rreferred TNF
inhibitors. 5. ?P%r@F%FFéBecP§s§hﬁ=pﬁﬁ§?qﬁn%ﬂY%P§l%Peaﬁﬁn§ﬁ eetied) fFAthg
proteias. The ptieéegredp Thbnisdbitingorct 3@{IRearNF oihribotokl antr,agoxps of

TNF receptor el ns., Those TNE inhibitar Lgh.are eferre the
practice of the ‘8 Q‘ﬁfbll Ent PS‘H graeug 4@@%%&0%’6&61&%@1’9?&% 5t ng
of 30kDa TNF|rﬂelmtbedaﬁdpm4@hbagfﬁﬂ§|qdn$n5tmngaoﬂ §a1m~4@h5&hTNmkDa o

imhibitor is f Peinhggkess&edmc%@tﬂﬁr r%%f@@é'%oﬁgaa%%}&éwh

“40kDa  TNF |nh| ito Da_TNF i'nhi bi tor nhi bi t or
53. Also preferF%@lh}Eoﬁréképns Wiseh Brgferred are proteins which have

15 been modified, for example, by the addition of
polyethylene glycol (PEG) or any other repeat polymer
to increase their circulating half-life and/or to
‘decrease immunogenicity. TNF inhibitors that act as
'receptor antagonists to TNF are also included within

20 ; the scope of this invention.

Whlle the production of TNF 1nh1b1tors may be
achieved by extraction from naturally available
‘Sources, such as by isolation from human urine, a
preferred method of TNF inhibitor production is by
:g\ _25 recombinant DNA technology. Recombinant DNA technology
. 'is preferred in part because it is cepabie of producing
comparatively higher amounts of TNF 1nh1b1tors at
greater purities.
_ Additional preferred TNF inhibitors include
30 muteins of 30kDa TNF inhibitor wherein selected amino
acids of 30kDa TNF inhibitor are replaced with
cysteine. Such muteins may be used as TNF inhibitors,
or they may be reacted with polyethylene glycol (PEG)
to form TNF inhibitor PEG compounds, containing one or-
35 '~ two TNF inhibitors per molecule. In the most preferred
|  embodiment, the TNF inhibitor is a bivalent species

formed in a reaction between a mutein 30kDa TNF




15 been nodified, for exanple, by the addition of polyethylene glycol
(PEG or any other repeat polymer to increase their ci rcul%’tﬁuﬁ@”ﬁé life
and/ t ecrease i munogenicity. TNF inhibitors that tor
ant aé&ﬂiﬁ(g’%ﬁ’ﬁ TNF are. also included within 20 the scopglg{;r&fﬁ??/s&ggp

I nvention. Wile the production of TNF inhibitors may be achieved by
extraction fromnaturally available sourdgs, such as by isolation from
human urine, a preferred nethod of TNF i nhi bi tor _production is 25_
recombi nant DNArtedtinmimgnd Redohbunahi oDNALE8EhRECoBY S S5%ef erted i n

part because i {1 5aRaPlfatoin PLEYUELHI3 OROEPENE! H¥GIp ioghentmaunt s of
TNF i nhibitors greater purities. Additional prefer (i

itors
i nclude. 30 nme@m@ﬂ@ crD, 30K TR bnhbPIGAEr 50 TSR ?&e v m%no aci ds
- of 30kDa TNF i pRihidQ{e ag@s{&péaced with cysteine. Such nuteins may be

used as TNF inhi'bitors Qr ac t I h col
(PEG 5to form TNF i nhitki d8r ﬁE < Wb%ﬁé:s é %{il'n%moynlgéo?&g%&o?\gg

i nhi bitors pergaﬁéxaleaeg¢r1¢mnomsan@remerfealo@mﬁsd ilethe TNF

i nhi bitor is a Dbivalent. species WAR andltzaten
30kDa TNF 23 Al?ﬁiﬁ ‘fgb’é)&\ﬁf%ﬁ’i%gg%?ﬁgg%ig%%ggﬁﬁl nh:i,bl tor and a
“bi functional i zeﬁ@ﬁﬁéqﬁmﬁ:m offhkhe p%%Y@PFéBnnﬁFeF’llrallg‘eéIOS 30kDa TNF
inhibitor, where residue '105 of 30kDa TNF inhibitor is replaced with a
cysteine resi due. 5 It is to be unde st o both the foregoing general

descri®ti on andBBIEE 4 ion are exenplary and
expl anatory only and aFQG nqt db@ibﬁs:tﬁheemﬁrtdiﬂtmvmm:@naasacl ai red. 10

BRI EF. DESCRI PTI ON- QF THE 1 e; lhaik tes as a
gnctlon of doddit W%A CE %irr'lt e%e’ghégﬁa&‘la et atl?hrl Ln_rLJIjBl
&

n1n|stered\Mﬁdtgi@urmn{mﬂ)dm@nlmiseeged with a constant dose of 300
ug/kg of human recombinant Tumor Necrosis Factor alpha

15 (KrTNFa) . Groups of six mice were dosed with differing
' amounts of hrIL-18. Mortality was assessed at 72 hours

after subcutaneous injection of the cytokine mixture.

Values given are means + standard error of the mean
l(s E.M.) for three experlments.

20 ' FIG. 2 depicts the surface temperature as a
function of time post administration of 300 ug/kg of
hrTNFa and 2,500 ug/kg of hrIL-18 injected
subcutaneously at time zero.

FIC.'B depicts the surface temperature as a
) 25 function of time as in Figure 2, wherein - e - @ -
represents mice given two intraperitoneal injections. of
40kDa TNF inhibitor /\S53 at 30 minutes before and 30 -
minutes after'subcutaheous adminiStratioh of the
| cytokine mixture. Total 40kDa TNF inhibitor AS53
36 administered waé 200 mg/kg. * denotes statistically
' | significant differences between TNF 1nh1b1tor treated
"and untreated cytokine-injected mice as assessed by the
unpaired t-test (p<0.05).
FIG. 4 depicts the mortallty as a function of
-35 time in the experiment depicted in FIG. 3.
FIG. 5 depicts the surface temperature as a

function of time as in FIG. 2, wherein —-R-&--




ug/ kg of human reconbi nant Tunor Necrosis Factor al pha 15 (hrTNFa). G oups
of six mce were dosed with differing anounts of hriL-1B. RBFEIPEy was -

assesWOP2413092 hours after subcutaneous injection of the py/PkoRRessxt ure.
Val ues given are neans + standard error of the mean (S.E.M) for three
experinments. 20 FIG 2 depicts the surface fenperature as a function of
time post administration of 300 ug/kg of HKrTNFa and 2,500 ug/kg.of hriL-1B

injected 5UbCU}éB@Q%@h&sahﬂEé“§£$§ﬁ sfkcin§rQEBk&E%ﬂéEi5&H{é§€aons of

t enperature as function as in gure 2, wherein -
represents. mi céoﬁpﬁeﬁ“fv\d"ihﬁtbrléi%? atti ﬁPeE‘thb‘%sofbeﬁRH&Ja amgt 30

i ghi bi tor- AS3 ahflﬁﬁﬁmsr)utaesxkd@ﬁfs)res asuBd, oi fwha% abﬁerlzsuhﬁx&@rw@u%r

adm ni stration of the aki ne ur e. Tota 4 TNF i i hjt 53 30
D TR 2 L S Yy et ST b Lo M AT TR IS

di ffer®nces bet menliﬁNEburtlmxb@caB tadamixeﬂstendduwase&to@d mgytmjd nexinjected

nice as assesseg Ryeble st %&Qﬁ%é{;{?ﬁi‘h} e%% PEELARE: aflfPerd d et ‘{9?%1 3

-m)rtallty as a unctlon exp erlrrent eplce
FIG 5 depicts TRE inhibitorehraatied cand HBSfmna?mdo-nthqu@%sas:ﬁe@e;i 2,

wherein -- t- (52, tRa ﬁgg,lég_tre@g_&tégig 439&5 PCT/ US92/ 00432 13
represents mce given six intraperitonea cﬁfctlons of 4QkDa. TNF

inhibitor b53 at 30 mi rit%s defoPECtanfh §0m Ry aspaufuncipgues 9
hour siand 12 houmeaihelthea@sapmrsmrait adepictsa dint eRiGne s xture. Tot al

40kDa 5 TNF i nhi bitor ni st was. 6 depot es
~statistically signific§%a§ﬁa?f ?Bﬁg Bﬁw§5¥£%ﬁ&—§éhﬁfﬁ? YrEr 85t 8d and
PBS i nj ect ed- ni fenatiansessd&dmebys hm PG r2¢ wheeetin( pe-@6l)repitésents -

‘depicts the nor a.fun t ed
RS 5 he bk %llgtg g tt ei Eredh né‘?’éér%ﬁ%*éﬁ]ew%wgf Hitod eﬂl‘f’_
inhibitor AS53 at 30 mlnutes before, and 30 mlnutes, 3

15 hours, 6 hours, 9 hours, 12 hours, 15 hours, 18 hours
end=24 hburs after subcutaneous administration of the
cytokine mixture. Total 40kDa TNF inhibitor AS3
administered was 1,000 ng/kg. '

o FIG. 8 depicts the mortality as a function of

20 ' time of the experiment depicted in FIG. 7.

FIG. 9 depicts the'body weights as a function
6f'time-in the experiment depicted in FIG. 7.
_ FIG. 10 deplcts surface temperature as a
. 'functlen of tlme as descrlbed in FIG. 2, whereln.--E]—[]
o 25 - represents a mouse given 6 intraperitoneal 1n3ect10ns
of 30kDa TNF inhibitor at 30 minutes before and 30

minutes, 3'hours, 6 hours, 9 hours and 12 hours after

AN

subcutaneous admlnlstratlon of the cytokine mlxture (a
total of 240 mg/kg) --A [X-f.represents mice given 10
30 . intraperitoneal ;njections of 30kDa TNF inhibitor at 30
minutes before and 30 minutes, 3 hours, 6 hours, 9
hours, 12 hours, 15 hours, 18 hours, 21 hours and 24
hours after subcutaneous admlnlstratlon of the cytokine.
_ mixture (a total of 400 mg/kg) ; and -—-o--o—-- represent
35 mice given 15 1ntraper;tpneal injections of 30kDa TNF
inhibitor at 30 minutes before, and 30 minutes, 3
hours, 6 hours, 9 hours, 12 hours, 15 hours, 18 hours,




function of time as in FIG 2, wherein --a- represents mce given ten
intraperitoneal injections of 40kDa TNF inhibitor A53 at 30 Avbusuites

bef or m nutes, 3 15 hours, 6 hours, 9 hours, urs,
18 hﬁpgﬁ?&qggm hours after subcut aneous adm ni stratlon ‘?WL%@Z yf%ki ne
m xture. Total. 40kDa TNF inhibitor /53 admnistered was 1,0.00 ng/kg.

FIG 8. depicts the nortality as a functi @t of 20 tine of t he experi nent

depicted in FIG 7. FIG 9 depicts the body weights as antlon of time
in the experinent haepisct & PG, ¥7 Ipersy030 H@Brﬁts shPPEEe 3

tenperature as,a,, J '%Hd(§§(ﬁodféﬁhf@éﬂe§ﬁbtbﬁgné6usFh&hlﬂ;stuBEnennof—

-[] 25 - represents a nouse given intra I tions of 30kDa
TNF i nhi bi t or &he3 aytekigee GRS %ﬁ'ldt Bg §§8 @gzkﬁf 6 hours, 9

hours and 12 hours aftgtg smbcabpﬁe&usmmmalatuyoramfa tfunction of

cyt oki ne. mxture (a. of 240 Eepggsents. mce given
10 308 ntraperi tlg‘ﬁ’eaH“ i eecﬁ’fpo‘?ﬁl ?r;gé %%%i(ﬁiﬁ&l nﬁ EF toriat 30 m.nutes
before and 30 ni nutes, FI&. hoar depéchisutie dodyowesights s TUNCHRR s, | 18
hours, . -21 hour %”det?‘kl P%Tr% éﬂméﬁ'@%‘éﬁﬂé@é& adnnEst netion of the

a

cytoklne i xt Ire 0 and --0--0-- I epres nt
gi ven 15 intraperi tone&IGr n}éc@?&ﬁg%(ﬁf %’@KB&“}F@—”‘? At BRI & 3%1 hut es
before, and 30, QUiESCER o VK % ie heess, rlabbivatidd withs, . 15 hours, 18

hours, 23 August 1999 V\092/1 9 / 0043 14,21 44 pours,
27 hd® s, 30 h&HrepPterassals W Pi% 397hod sééftggg%gcﬁﬁaneous

adm ni strati onmafchddha Gy Qjﬂeﬁ@][n)d Lbelcéva. total of 600 ng/kg). FIG 11
depi cts the nortality %i(é D[‘ln Eggg %htrda@ﬁnhﬂn téipar@g)qrﬂ rﬁeﬁtntgjepl cted
ts’th

“in FIG 10. FIG 12 de ts as a functlon rTE in the
"experinent depiddbektior EuEinkd tie CZ 2 11301%pl%§%1'\’ﬁe PﬁEPEa§§aFﬁl}’8 hPn

diameter as a_fyuactd@n ;Qf dHd B Rastinéretdepiéo8dWihhrig. 13. *
15 denotes statistically significant differences compared
| with the PEG 3400 control group by the unpaired t test,
t = 4.36, p < 0.001. |
FIG. 15 depicts the maximum change in joint
- diameter during the 72 hour interval after reactivation
20 'IWith.SCW according to Method 2 in Example 3 below.
FIG. 16 depicts the percentage inhibition of
'endotox1n—st1mu1ated neutrophilic influx into’
- bronchoalveolar spaces of 30kDa TNF lnhlbltor - treated
rats as described in Example 4 below.
Ty 25 FIG. 17 depicts the effects of intratracheal
| instillation of five doses of 30kDa TNF inhibition on
-the number of neutrophils migrating into the alveolar
'Spaces in response to an endotoxic challenge in the
eeXperimént_depicted in Fig. 16. * denotes statistically
30 significant differences from the untreated control rats

'as-asseséed by the unpaired t test, p < 0.01.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
Reference will now be made in detail to the

-35 presently preferred embodiments of the invention,
which, together with the following exanples, serve to

explain the principles of the invention.




10 Streptococcal Cell wWall (SCW on day 21, according to Method 1 in
Exanple 3 below. FIG 14 depicts the naxi nrum change in joi #fAudstasi8t er

dur i nvo be/13@sour interval after reactivation wth SC,Wilsq‘mqumgtnent
depicted in Fig. 13. 15 denotes statistically significant differences

conpared w th the PEG 3400 control group b)ist he unpaired t test, t =
4.36, p < 0.001. FIG 15 depicts the maxi num™change in joint dlaneter

during the 72 hour interyal r ti | T @RC to
Met hod 2 in Exanple 3 bepf%m?&lt':é& aﬁgage :égtes%{}ﬁes%q’éﬁr/mceﬂr}{a e ?ﬁh?%??:egr? of

endot oxi n- st i nmul BpeBehbadFofL] R!felvfﬁr}'%é‘g red %F%ﬁ‘éhaﬁl 88 edinked of
30kDa TNF i nhi bla%eastaéeahe@atlreaits afu feseing edhéf‘eEX-éﬂiD' emltselxmthé’@

FIG 17 depicts the effect i nt.,rat rachea St atlon fi.ve doses of
30kDa TNF i nhi bi EPBRT&FES H& AT %{R?o‘bﬁ Jr"r’F’g’F‘Bt‘a d94Y t he

al veol as spaces eﬁféeﬁmoasambnn&n oA GO UENG C:u@llilﬂbi‘Eﬂgetbnat batmrnerl ment
depicted in Fig. 19fe §n9E% %t%wﬁﬂﬂééﬁéy 39 %éQQEfICﬁ é fé ences
fromthe untreatea control as assesse da% % unpaire tes

0.01. DETAI LED DES8ORAPYI GNaGFOIfREIDEH?BBn\ENBEIMNELHStOF@rQVQd@e mmﬁhOdﬁ)w be
made in detail tg, }hﬁfﬁsép PF%egtnldy ﬁﬁﬁﬂ&%&@ﬂ%ﬂg85§e§f tdma | nventi on,

- which, together wth exanpl e serve_ to Elaln
princi pl es of thélsﬁ&eﬁprsnpr%lmétem giNe92insbyyc GPPUS?fZ/W]iS

As nota@ above, phgspoeeghitalnuest,i eihd aletieBindPy Mes88darto iyt i ng

and treating TNF d| ate di.seases i atlents s ffecing therefrom This
nmet hod conprise8 ﬂelﬁﬁﬂPﬁ &?ﬁ&? G FHPSQ R tFEbﬁlg nyentaon ve

~anmount of a TNF inhibitar diseapatoenhediohieindd datdorm JNRtoEdeat ed
“djsease. Wile tQé sﬁééggﬁytﬁoﬁl %ffﬂyfhéég“ﬁgéqglééaég REOYhde nethods

for preventlng an rea uman di'seases
- spontaneous or exper1menta1 disease is associated with

15 elevated levels of TNF in bodily fluids or in tissues
' odjacent_the focus of the disease or indication within
the body. TNF fnediated diseases inay also be recognized
by the following two conditions: 1) pathologic findings
| associated with a disease can be nimicked '

20 experihentally in animals by the administration of TNF;
and 2) the pathology induced in experimental animal
models of the disease can be inhibited or abolished by

- treatment with agents which inhibit the action of TNF.

_ Mény TNF-mediated diseases satisfy two of these three

Y 25 _ conditions and others will satisfy all three
conditions. A non-exclusive list of TNF-mediated
diseases includes adult respiratory distress syndrome,
pulmonary fibrosis, arthritis, inflammétory bowel -
| _ disease and septic shock. _ :
30 . ~In one embodiment, preferred TNF inhibitors of
. the present invention are naturally occurring proteins
that serve as TNF binding'proteins. "The naturally-
occurring proteins are preferfed'in part because they
pose a comparatively low risk of producing unforeseen

35 and undesirable physiological side effects in patients

treated therewith. -
For purposes of the specification and claims, a




di scl osure provided herein gives instruction of [ i
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i nhi bited or abeidtshedrbyllyr éat ﬁﬂﬁMMﬂhWﬂﬁﬂﬁs V%N%#P¥%Lf%lt the action

of TNF. Many TNE-nedi aje foatp
condi tions anoo%‘f‘hlé’l%n% grgjla:%?s llts'ereélel mc{%ﬁ Forme aﬁxcl usi ve
list gf TNF- nqdr@teﬂnsdfgeaée!’rol ﬁéqlﬁeénadlﬁat 3é ‘F‘P%‘?%rg/é% rgss

syndrone, p“'é‘?@f‘t?in yii{ b{;?ﬁhéatéat A tihe darﬁﬁcwmtmxymmmlofdsg@bse and

septic shock one enbodi eferre
present mventplémt%%’ésna?ﬁr‘é{fahge 8@0 cosqtl;eril\{%é&]h%at %:a?f/g{)gg{:?gns

bi ndi ng pr ot ei isat ToRisaL uﬁalgllycosgdwtrad\gfqnnﬁ eimsheakthy ch@PRRF- i n part

because they pose a npar at f
ndesi rabl o priROrER I oer et dnbe Bty mdl B oo e e th. For

pur pgges of thﬁecmbiﬁanat DYA methods @s wells3 agdust 19063199 5913005

PCF/ US92/ 00432_ . p No " | b
‘a substantiall§ eqw\il'g#ght k?éﬁ????a??ﬁcfu%mf‘? Wmmrat?ﬂl if it or
et Ear

' heal t hy humansece¢ngring!'| ?159c69PPFW@’SS€FOtF§f y 1 ncl uaes forns

“of 5 proteins .% OHREnLP R3tAEohy1healculy dwrmnsortmu@n@e eéremw?sm“

truncated at the carboxyl term nus of such
in E. Colil.

15 ‘ usubstantially equivalent" as used throughout

the specification and claims is defined to mean
' posse551ng a very high degree of amino acid residue

homology (See generally M. Dayhoff, Atlas of Proteln
Sequence and Structure, vol. 5, p. 124 (1972), Natlonal

f20 _ Biochemical Research Foundation, Washington, D. c.,
| specifically incorporated herein by reference) as well
.as poS$essing comparable biological activity.
Among. the preferred TNF inhibitors of the
™ 3 _ 'present_inVention-are the naturaily—ocCurring pfoteins
?;> 25 that exist in_vivo as binding protéins of TNF that have
prev1ously been descrlbed in a currently pending United
States patent appllcatlon. This application is U.S.
_ Patent Application Serlal No. 07/555 274 filed July 19
: . 1990, of Brewer et a1., whlch is entltled “Tumor
30 Necrosis Factor (TNF) Inhibitor and Method for
'~ Obtaining the Same." This U.S. patent appllcatlon 1s
specifically incorporated herein by reference.
There are two distinct forms of preferred TNF
_ inhibitors, each disclosed and described in the
35 aforementioned Brewer et al. application. The first of
these is 30kDa TNF inhibitor, which has been jdentified
in and isolated from at least a medium conditioned by




proteins, as well as nonglycoslylated fornms of proteins that exist in

gl ycosylated forms in healthy humans. "Naturally-occurring®As#6t'8*hs nmay
be obwao smd3d®s 10 reconbi nant DNA nethods as wel| as by i g3 PS%}'GM‘.&”‘
cells which ordinarily produce them "Naturally- occurring” a

enconpasses proteins that contain an. N te{g\ nal met hi onyl group as a
consequence of expression in E. Coli. ubstantial Iy equivalent” as
used t hroughou t he [ [ a K | S ne

possessing a vte'}‘ﬁ}“ 90335 %‘Lé%f%f gg% %gog‘c q;%ély (ﬁé ho(rjr30 }8) See
generally M Dayﬂtntth,.tmtlefs apprevibatelgedokiee Cﬁhdm&'rﬂﬁﬁ ean@ol 5, p.

124 (1972), Natdy %&.%hﬁﬁhﬁabﬁﬁs%&%f%mm .80\l NkéDarD. C.
specifically |ncor orat

herein b reference%gF$ wel | %ﬁhfﬁsé g

.conpar abl e bi oINﬁjFl:alna'Elflr%l?‘}ffﬁﬁnnBHt HeSpre @‘d’%'ﬁ%l 58 the
preseng i nvent ik gf&enh hendith Utal iHhebatr heg autdiveEits of 2ENE halplexi ahdi n
vivo as binding proteins of TNF, that ve pr.evi.ous| scrl in a
-currently pendi dttkte effect 38t§HF WV, |oﬁ¥q$ﬁ§s app! i Fﬁlon i s

U S. - Patent AwﬁuleaatlprchanrﬁinQIOpretk&nS&sZ?ﬂnydmmq' 19, 1990, of
Brewer et..al., which is pau Fact I bitor
and Met hod for N‘ﬁﬂ]a‘fcﬁ?%f?%%ésg% %}% §%h§% %?l %l%gp | c%t%rlﬂg% 'lth |
specifically i nogrjjwitdeyl dectivityy. reference. There are two distinct forns

of prgherred TNF i nhi %EO@C&@%&@%Q ﬁéﬂré&SQN?bQﬁhilﬁlt&s’ﬂis
af orenenti oned Brewer et al. gl icatiQ he first of . these j (?kDa TNF

Cinhibitor, whi APk BEeninkERL PFed"hF-ﬁhaﬁ’dlﬁ disa hesn %ﬂtlréh%
edi um condi ti opiedh dte@Seuiiust 1888t WOMBALI0YorkTR 1431 sttaaxman human

"U937 cells and fro R0 urine. 30kDa . TNF i b ely

30kDa on SDS- PAE %l%?‘@n““’F‘?’BnPﬁlBEAE R AR b

m | linolar NaGapprdkimatmEye40ka 6n550$h@mﬁmkD@ﬁﬁwéhuﬁﬁ$nftﬂm a DEAE
' 15 column at about 100 millimolar NaCl in Tris buffer, pH

7.5. The 40kDa TNF inhibitor has been shown to inhibit
the activity of both TNF alpha and TNF beta. 40kDa TNF
inhibitor is also a glycoprotein and, again, the
_ nonglycosylated protein exhibits TNF inhibitory -
.20 activity.
The nﬁcleic acid sequences of the genes
encoding both 30kDa TNF inhibitor and 40kba TNF
- inhibitor and the amino acid sequences of both proteins
are given in the Brewer et al. application. The
25 present invention encompasses nonglycosylated forms of
| " the TNF inhibitors as well as certain truncated forms

ey
A
s

of the naturally occurring proteins as described below.
In a further embodiment, the TNF inhibitors are
modified by attachment of one or more polyethylene
30 ~ glycol (PEG).or'other repeating polymeric moieties.
Three forms of the 40kDa TNF inhibitor have
" been recombinantly produced by expression in E. Coli.
'Each of these forms, referred to as full-length 40kDa
TNF inhibitor, 40kDa TNF inhibitor /51 and 40kDa TNF
35 . inhibitor As3 (along with the glycosylated full-length _
40kDa TNF inhibitor as isolated from medium conditioned:




5 has been shown to inhibit the activity of TNF al pha and has little
effect on the activity of TNF beta. The naturally occurri r’§Apsuetie™n is

gl ycosyl ated. Nongl ycosyl at ed 30kDa TNF i nhi bitor al so exhi

i nhi W (3/8?' /J3095 i vity. 10 The second form of preferred TNFH |(ﬁ'fﬁjﬁt9?6’};25
40kDa TNF i nhi bitor, which has also been identified and isolated from at

| east a nediunlconditioned by human W937 &I |ls and human urine. 40kDa TNF

inhibitor is approximately 40kDa on SDS- PAGE, and elutes froma E 15
col umm at aboubyl ®@umein [USEH are Nel and HRRanpUEAse, oy 9?~Y§°5Ph]ea‘ie Da TNF

i nhi bitor has t aghiiVvolry wfi dhotale TNF al ha and
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Itor 1's also a gl ygoprotei n
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enconpasses noa@@f@ﬁﬁ”&ﬂfﬂhimﬁrECId réheduRE aﬁhtbﬁt@@?Qﬂ%ﬁ&ﬂ@e%gl%%?taln
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In a further Itors are nodified atfac nt of

one or nore pobyemmwcauadﬂwgﬁ§m@m QPEgyeopa§pﬁgrpF@5€g{§ﬁgy ?E

moi eties. Threg stor ik ;of fé&&%@ai%@.nhwb&mh&mmﬂm diEddnEbl nant |y

produced by expréssion in E Coli. Each of

ful | -1engt h 40kB&AivENPLGHRH? (3FS HORPYCHINF F‘ﬁﬁ aﬁcolé’“@‘:ﬁ‘ 40T<‘§DTNF 35

i nhi bi tor AS3 &'%'foeguifﬁﬁlftdﬂﬂe@iy@@asyiated)f uhhdl &het monmmsmawm. bi t or
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and nonglycosyk@be@dhmmeFeﬂﬂhxﬁltwmyhaateVl§MlIectlvely referred to

herein as 40kDa TNF 'Uﬁé@hﬁaé)for producing the Brewer et al.

15 inhibiters are also disclosed in the above-mentioned
application. 'One disclosed method consists of '
isolating the inhibitors from various sources, such as
human urine and medium conditioned by human U937 cells.

A second disclosed method involves disolating the genes

20 responsible for coding the inhibitors, clonlng the gene
in suitable vectors and cell types, and expressing the
gene to produce the inhibitors. The latter method,
which is exemplary of recomblnant DNA methods in
general, is a preferred method of the present

QQ) 25 " invention. Recombinant DNA methods are preferred in

part because they are capable of achieving |
comparatively higher amounts at greater purities.
Also included within the scope of this
_ inVention are TNF inhibitof muteins and muteins that
136 | have been modlfled as described in U.S. patent
application Serlal No. 07/669,862, flled March 15, 1991
"and specifically incorporated herein by reference. One
‘preferred mutein is 30kDa TNF_inhibitor_wherein
, position 105 is a cysteine. A preferred pegylated TNF -
'j35 inhibifor_is a "dumbbell" species wherein two C105
' 30kDa TNF inhibitors are attached to a polyethylene
glycol (PEG) moiety. In a most preferred embodiment,




are described in the Brewer et al. application. The 6 .5 51 protein is a
truncated version of the native protein wherein 51 am no atSiAdguselsddues at
the cwdma(y3095ermi nus of the nmature protein are renoved. pHigusegedarot ein
is a truncated version of the mature protein wherein 53 amno acid
residues at the carboxyl term nus of the ipgnative protein are renoved.
Nat ural |l y-occurring 40CkDa TNF inhibitor (glycosylated), and the

nongl ycosyl at ed.p,d %c?'él?éﬁn(ﬂaél xemo&ééuaaé azé?z);hltav;af et | al*ﬁey t he
same TNF inhibitory actjvity

produci n ewer, aI 15
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-net hod, which i's exenpla reconmbi nant met hods_ i n. geperal |s a
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preferred in pard,RecAsefvéIPYnaGh & a@b_lchohca;qmle:y g ItﬁOImatt@tbael y

hi gher anmounts at greater purities. |nclud d withi 55ﬂ§ @fréhls
invention are PNFEPGMIEEd orNANENPRS. 5 nﬂF@lﬁ Mﬁ§ oﬂ; \ﬁﬁ#é?

nodi fjed as desgdy hesvé ndif Berpatespeafifliccacitdvidesal No .a Q7 S69rBER,

filed March 15, 199 1 ficall d
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The 35 medlated diseases. _
Additional TNF inhibitors include compounds
capable of competing with TNF for TNF receptor sites.
. Such compounds'include receptor antagonists. Other TNF
inhibitors include compounds and proteins which block
20 in vivo synthesis or extracellular release of TNF.
| ‘Such Compounds include agents which affect
tranSCriptibn or translation of TNF genes or processing
of TNF preprotelns.
Because it is possible that the inhibitory
o 25 function of the preferred inhibitors is imparted by one
?ig | or more discrete and separable portions, it is also
| enQisioned that the method of the ﬁresent invention
could be practiced by adﬁinistering a therapeutic.
_“-cbﬁposiﬁion whose active ingredient consists of that
30 ~_portion (or those portions) of an inhibitor which .
: controls (or control) TNF inhibition.
' The therapeutic comp051t10n of the present
invention is preferably admlnlste:ed parenterally by
injéctién,_although other effective adninistration
.35 forms, such as intraarticular injection, inhalant
mists, orally active formulations, transdermal

jiontophoresis or suppositories, are also envisioned.




preparation of the dunbbell conpound is described in EXx

P][ eferably, the above Qescri bed TNF i nhi bi tors 5 are prggglégwgﬁggeeleﬁ\év'
aforenentioned method in "substantially pure® form By "subs '
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cgnparat!vely hi gh specific activity. It is to be recognized, howeve
that derivatives of TNF inhibitors 10 neP have di fferent specifi c a

activities. In a preferred enbodinent of the
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cipients for modlfylng or maintaining the stability,

15 rate of dissolution, release, OY absorption of the TNF
inhibitor. Such excipients are those substances
'.usuallj and customarily employed to formulate dosages

for parenteral administration in either unit dose or

mult;—dose form.

20 once the therapeutlc composition has been

formulated, it may be stored in sterile vials as a
solution, Suspen51on, gel, emulsion, solid, or '
dehydrated or lyophilized powder.. Such formulations.
may be stored either in a ready to use form or

-§ﬁ3 25 requlrlng reconstitution immediately prior to
'admlnlstratlon. The preferred storage of such

formulations is at temperatures at least as low as 4 C

and preferably at -70°c. It is also preferred that

_ such formulatlons contalnlng TNF 1nh1b1tor are stored
30 and administered at or near phy51ologlcal pH. It is
presently belleved that administration in a formulation

at a hlgh pH (i.e. greater than 8) or at a low pH (i.e.
less than 5) is undesirable.
Preferably, the manner of admlnlsterlng the
35 formulations containing TNF inhibitor for systemic
delivery is via subcutaneous, 1ntramuscular,

1ntravenous, 1ntranasa1 or vaginal or rectal




20 one preferred carrier is physiological saline solution, but it is
contenpl ated that other pharnaceutically acceptable carrié@f“%ﬁvg%1so be
used. wigvpspeRr ef erred embodiment it is envisioned that ther P %a

the 5 TNF inhibitor constitute a physiologically- conpatlble sl owrel ease
formul ation. The primary solvent in such a carrier may be either aqueous
or non-aqueous in nature. In addition théXcarrier may contai n ot her

phar nmacol ogi cal | y- accept abl e |e f modi fying.1 g the
pH, osmolarity,® 6??88§QP Y-cl d%* fhe %?P%k gt QPanﬁ%%Q% Hg?g of
di ssol uti on, orofothe @bﬁMuidﬁmanﬂeaqualﬂnnglﬂNFylnhhelﬁarrﬁarlﬁﬂFal

contain still oyfies pgrm 12091901 ALY PELERT 2D) €5 REERPLRBRBAAON 00l Vi Ng

or mai ntai ni ng I ssol ution, release, or
.absorption of thastNElatnnmbKﬂbﬂnhﬁkﬁttﬁﬁ$pt@nFBeaF659H6§§°§Ub§H%ﬁRS

usual Iy and Cusiﬂnﬁahhh%p'l%'%ﬁ bd C&é@iﬁéméowgaammemaf e T F
adm niStration i n elt unit dose or. nulti-dose

.therapeutic conpBBibi§RTAS ﬁ&ﬁ?lﬁ%ﬁqnﬁ%fEH°n§t°ﬁa§£8e iﬁgﬁ§%§§¥sﬁ3ﬂ?}e

vials as a sol gitABr ® Smﬁsu Qﬁimﬁﬂstﬂﬂtliéhoﬁf THB| fidhibitodeliydrat ed or
| yophi li zed powder. Sug ti.ons nay be stored, eith | to
use formor 25 3PBEOPEAAGS ésrcf’d:ﬁg{ AARH° Uit 5tely B?I or% srlt%rrfa&y

adm ni stration. embmapreferred. storage of such formul ations is at

tenpepgtures at | east afnlg&feglﬂcemaealm{eﬂtg allpe alaniiGst+ationaligo

preferred that such formulations containing INF I nhibitor are stored, 30
and adni ni st er edeaigoedndar qaWiex diogreertprp Prepglegtede FONFAINY

that adnini straihqgel BT THIAH Abr din 2che gPablehl '8 pICRA Strdin 8)
;6¥ at a | ow pH €. less than 5) is undesir t.ne manner

f er.abl
adnini stef | n§tt A& Ped iegesh th orih ¢ IR AP hPRGN RO nﬁFECPéPQ%Wgsysten1c
delivery is viacstibentaagdens gl MNEISDuh flbitont 68VEeasss thamt 0awdsalg or
vagin%g or rectagr ml of plasma may not be an effective composition
while the prolonged maintenance of circulating levels
in excess of 10 pg per ml may have undesirable side
-effects. |
A preferred dosage range for the treatment of
20 TNF mediated diseases and more particularly for the
treatment of TNF mediated septic shock is between about
6 1-200 mg per kg of patient body weight per 24 hours
admlnlstered in equal doses between about 4-15 times
per 24 hours. 1In a more preferred embodiment, the
iy 25 - dosage is between about _
‘ - 0.1-100 mg per kg of patient body weight per 24 hours
'administered in equal doses every 3 hours. In the most
:preferred embodiment 1-50 mg-per kg of patient body'
weight per 24 hours is equally administered every 3
30 hours. In a preferred embodiment, administration_will
continue 12 to 60 hours. In a most preferred
embodiment administration will continue for at least 24
‘hours. The frequendy of dosing and the optimal dose
will depend on pharmacokinetic parameters of the TNF
- 35 . inhibitor in the formulation used.
In an additional preferred mode for the

treatment of TNF mediated diseases and more




23 August 1999 WO 92/13095 PCT/ US92/ 00432 21 suppository. Preferably the
manner of adm nistration of the fornulations containing TREAYH' 5t or f or
|l ocal delivery is via intraarticular, intratracheal, or instillation or

i NhawQ P2M38095% the respiratory tract. 5 In addition it R&J/¥39%83Zabie to
adm nister the TNF inhibitor to specified portions of the alinentary canal
either by oral admnistration of TNF inhifgptor in an appropriate
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embodi ments, the a g{l?gﬁyakbenth& tdesicgeat olfnmrfdaredmtcecéaﬁep‘élc

presel ect ed coReen Ion” _range,of TNF inhi | &ptrRFbigod
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nore preferred_g &299' ORBLk Lheuid Eesageuns mntdeaeresattm mode 186 ny per kg

of patient body ight per 24 hours _adm.ni.st er HPsesrevney 3
hours. In the hﬁgﬂtmﬁﬂﬁefiﬁeﬁ%’ﬁbé‘&l ﬁ’v?ﬁls‘% %&Lﬁle% of patient body

wei QHT% per .24-haHes bg eepelibgmddnisi sHegapsedery @IBOBW e, n

a.préeterred enbodi nent, admi pistr 0 | B8 i@ S@rdevysorin-a
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preferred modes for the treatment of TNF
15 nmediated diseases and more particularly for the
treatment of TNF mediated arthritis include: 1) a
single intraarticular injection of TNF inhibitor given
periodically as needed to prevent or remedy flare up of
arthritis; and 2) periodic subcutaneous injections of
20 TNF inhibitor.
preferred modes for the treatment of TNF
mediated diseases and more particularly for the
treatment of TNF mediated adult resplratory dlstress
: syndrome include: 51ngle or multlple intratracheal
f;) 25 administrations of TNF 1nh1b1tor, and 2) bolus or
| | continuous intravenous infusion of TNF 1nh1b1tor.
It is also cOntemplafed-that certain
formulations containing TNF inhibitor are to be
| administered orally. Preferably, TNF inhibitor which
30 ' .1s administered in this fashion is encapsulated. The
.encapsulated TNF inhibitor may be formulated wlth or
without those carriers customarily used in the
compounding of SOlld dosage forms. Preferably, the
capsule is designed so that the actlve portion of the
35' formulation is released at that point in the gastro-
intestinal tract when bloavallablllty.;s.max1mlzed and

pre-systemic degradation is minimized. Additional




In an additional preferred node for the treatnment of TNF nedi ated di seases
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the We9 §ﬁgP§ of TNF nedi ated septic shock, an initial i kﬁ?¥ ol us
injection o %$F3is adm ni stered fol |l owed by a COﬂtInUOUE in ggegﬁgﬁs
i nfusion of TNF inhibitor until circulating TNF levels 5 are no | onger

el evated. Serum TNF al pha |l evels may be a&tertained by commercially
avai |l abl e i nmunoassay test kits. The initiation, of treat nt fgr TNE

medi ated sept e¥cipdentshaiax e baghndednfer facitditaksud 138nBAt, as
soon as pOSSIbhﬁea&N@’fﬁﬁmﬁitw&a.onl1ﬁenﬁe Chaavanﬂhqﬁwnlaenmaltsng

di agnosed. For exanple, treatnent atel

surgery or anpgéEFdéﬁWﬁﬁ"zﬁﬁﬂ%ﬁﬁ@faeQéﬁ? ﬂggrﬁaf'carry %%é€$%§
~initiating sephg@nﬂyxﬂtaﬁweﬁemisﬂmuegeatﬁng algenttseatanechtb brdgIFE méB
medi at ed di seases a%f nor e éigélcularly for the treatnment of TNF nedi ated

arthriXis incl © FOR e intraarticular injection of TNFE inhibitor
_given perlodlcally asRagauédeS@ efetde manneyeel admipigbration. dheis;

and 2) per'Od'%P%HBﬁH&ﬁQﬁﬁH§ i§18&ibeﬂ§t8& addoRidghidities. Preferred

nodes for the treatnent o medi at ed di seases ,and nore ﬁétlcularly for
the treatnenta@Prﬁwlmﬁﬁﬁzﬁ?ﬁwaﬂﬁFQhFegﬁlFQFOP?Q$%R§%SSF§€ bme i ncl ude:
-single or. ”U|tH@ﬂidéHéﬁﬁr@£heﬁé c25cadatﬁb&brm@cmxsaﬁy1ﬁ$3dehebmnoe and

2) bolus or nti nuous infravenous infusion I 5¢al SO
cont evbl at ed t ARRLART ¥t &3??8ﬁsf85nt§l NﬁM3 ##%It%re%%E ?g be
adni-ni stered omwd)abdﬁéﬁmﬁﬁtﬂqneahformhnbtu@mstaﬂrOQﬁnm%lﬁdnaﬂﬁsbﬁred |n
t-his fashion |§jpncaps 32 sﬁ?iipiﬂl@B%géEMFdﬂH“fgt&&tﬂgﬂ bge

Yy

ﬁ“prnulated Wit h™or e carriers customarl used in the
“.conmpoundi ng ofamunﬁiqﬁmkgﬁk$orﬂBthPéYeP&EWVrmﬁﬁabY them without

undue experimentation, especially in light of the
15 dosage informatiqn and assays disclosed herein-_ These
dosages may be ascertained through use of the '
established assays for determining dosages utilized in
conjunction with appropriate dose-response data.
It should be noted that the TNF inhibitor
20 . formulations described herein may be used for
veterinary as well as human applications and that the
term "patient" should not be construed in a limiting
manner. In the case of Veterinary applications, the
. dosage ranges should be the same as specified above.
.25 It is understood that the application of
o teachlngs of the present 1nvent10n to a spe01f1c
problem or environment will be within the capabllltles
of one having ordlnary skill in the art in light of the
teachlngs contalned herein. Examples of representative

30 _ uses of the present 1nventlon appear in the follow1ng

.examples.
The follow1ng examples descrlbe the ‘application
of the present invention to one of the TNF mediated
_ diseases described herein. The differences, if any,
35 between the treatment of patients suffering from other
TNF mediated diseases from the treatment of patients

suffering from TNF-mediated septic. shock would be




capsule is designed so that the active portion of the 35 for
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appear in the Tollown
aoLl g exanples.

15 .
A modificatioh of a murine model of septic
shock developed by Everaerdt, et al. has been utilized
~in this Example to demonstrate the therapeutlc efflcacy

of TNF inhibitor against septic shock. Everaerdt et
pg. 378

20 al. Biochem. Biophys. Res. Commun., vol 163,
'(1989), specifically incorporated herein by reference.

In this model the synergistic action of a combination
of cytokines, human recombinant Tumor Necrosis Factor «
(hrTNFa) and human recombinant Interleuklnels (hrIL—lB)
5#@ 25 produces septic shock in mice characterized by profound
hypothermla and then death. '
Lethal septic shock was induced in C57Bl/6
_ female mice, 8-12 weeks old, at 18-21 grams body
o weight, by the administration of 'hrTNFa and hrIL-18."
30 ‘Human recomblnant Tumor Necrosis Factor was prepared
generally according to the procedure described in '
Shirai et al., Nature (1985) vol. 313, pp- 803-806,
specifiCaliy incorporated herein by this reference;
) also see the Brewer, et al. patent application. Human
- 35 recombinant Interleukin-18 was prepared generally
'accordihg to the procedure described in Kronheim et -
al., Biotechnology (1986) vol. 4, pp- 1078-1082,
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any, WR9%/e3e9sen the treatnment of patients suffering frompethuso2ioes2
medi at ed di seases fromthe treatnment of patients suffering from
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| nduced; Septic $Bo6K ArInj¥diiones 6Orthbeecindiinesn wireSysieen cashack in
Mce 15 A nodificgation of. a nmurin septd V., b
.Everaerdt, et aPinfe HeHSx ﬁ%%%ggﬁﬁg?%ﬁg ’E%%n%lhees to e%n%€g§get ﬁg

t herapeutic ef f ithecyicef, TiYF 100ibi YolumgsinsThee AkDas (TOHK . 1phEbaEPH Lot

.20 al . B'OCh?”baBugﬁﬁﬁﬁéﬁgkeéb Braing' tL63ndFecthbidAAMNA method
specifically incorporated herein by reference. in this nndg%w%he
“synergistic act Gescafibed ciibithe | BRewst k8l n@PPIiGat 9 D WAkt Tunor
Necr osigs Fact or o3 vel TikNT1 ©1sh & uiRbrapeeiiionzall Idusasd euia nvaBughs| bf18)
25 produces septic shock in mce characterized by profound hypotherm a and
then death. Let RQOKeRY deFdRENaLM? FGGERE in C57B1/6 female mice, 8-12
‘weeks ol d, at 18-21 grapeebisiinaws @ghiperimémes adarai perfpirmedoftchr TNFa and

DilLd 0 oot T TS NECHOT A TSR eadtaer |
induce a mortality of 100% (figure 1). Doses are
15 expressed as pg/kg body weight. While holding the
thNFa-doSage constant at 300ug/kg, increasing amounts
" of hrIL-18 were added to the injection bolus. Results,
given as ug hrIL416/kq:% mortality, were as follows;
- 250:0, 500:10, 1500:50, 2000:67,2500:100. All doses
20 ' greater thah 2500ug/kg produced 100% lethality. In all
subsequent experiments the cytokines were used at
2500ug/kg- hrIl-16 and 300ug/kg hrTNFa, and delivered as
a single subcutaneous bolus on the dorsal surface.
The combined administration of hrTNFe¢ and hrIL-
o 25 18 caused ih mice a profound hypothermia (figure 2) and
QCQ ' _ then death at approximately 18 to 30 hours post
- injection (figure 4). In this Example, a decrease in
body temperature was uéed as a measurable indicatoér of
:the-Severity of the induced shock. Bedy temperatﬁre
30 was estimated by use of First Temp infrared hand held
. scanner (Intelligent Medical Systems, Carlsbad, CA).
The degrée of hypothermia correlated directly with the
severity-of other clinical signs (i.e., shaking,
_ lethargy,_ldss of skin resiliency, hunched posture).
35 _The body temperature of the animals dropped from a
| normal value of 39°C to as low as 28°C at approximately'

15 hours post: injection.
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mul tiple intraperitaqgneal doses, .in 3001,8Fat 888 BBI 3inection.
Preli & nary exﬁéP?ﬁQn?sqﬁﬁﬁ?iﬁﬁ?%ﬂ%%é?ﬁ%? %ég%rniﬁg t he ratLoﬁgt hriL-18

to hr TNFa requireaghting itiddc masditnratal 12 ytof 16 0oo¥Fi BOFE 1J°B648E: are 15
expressed as géggmg%@gfgﬁgﬂy s Wid&had di nertinee &t ThFapdgkggdidonstant at

a
3009/ kg, i ' f hriL-18 ded to t i nj ' | us.
Rostl 1S, i vepresugens) mepsRl argrd SR yon (B RO oF PRpEraEEenoRl US

250: 0, .. 500: . 10 ~:500,080 wa2D}iyd oA P lobsetvedses 20 greater than
25009/ kg produced 100% lethality. In all ~subsequent experinents the

cyt oRifnes were used at 25009/ kg hrlL-1B and 300g/ kg, hr TN Fa, and delivere
as a single sghcut mFerthal fistDa HENFloimalbEte¥ addo3 THE €¥RBKADE

adm ni strati on,of hrTNI;glo hriL- 25 1B caused in mce a profound
,hypothernia (f?BﬁPgef) nd ‘then death at. approximately 18 to 30 hours .
post injection (figure 4). In this Exanple, a decrease in body

tenperature was used agyRpeafE’ 2hhepiRdircalen @hs bamiststrdred dfo t he
i nduced shock. Body tenperature . .

15 mice injected with the cytokine nixture (hrIL-18 and
hrTNFe in the amounts described above). A series of
experiments was.performed in which groups of six mice
were treated with the Inhibitor Protein (in'this
experiment, 4kaa TNF inhibitor AS53) for increasingly

20 ionger periods. The amount of Inhibitor Protein per
injection was held constant, while the total number of
injections increased. Therefore, the absolute amount
of thé-Inhibitor Protein used in the three experiments
varied with the duration of the therapeutic regime.

;f) 25 Body teﬁperature and mortélity”were assessed for each
experiment.
In the first experiment Inhibitor Protein was
injected'intraperitoneally 30 minutes before and 30
: minutes after the cytokine bolus (figure 3). Each
- 30 .~ injection contained l0O mg/kg of Inhibitor Protein in a
| 300u1 volume for a total of 200 mg/kg. Of the
__éytokine—shocked mice, those in the group receiving the
Inhibitof Protein showed a significant reduction of the
hypothermia for a 4 to 6 hour period after the
35 administration of the cytokines as compared to the
- untreated group (figure 3). Onset of mortality was
.délaYed about 12 hours in the treated group (figure 4).




30 was estimated by use of First Tenp infrared hand held scanner
(Intelligent Medical Systens, Carlsbad, CA). The degree of23Rypsit'A®¥r m a

correwg extishosect |y with the severity of other clinical $icEnesod 08432
shaking, lethargy, loss of skin resiliency, hunched posture). 35 The body

tenperature of the animals dropped froma rmal value of 39C to as |ow as
28C at approximately 15 hours post injecti‘on. 23 August 1999 WD 92/13095
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.15 nice inj ect e®ith % e'(:y]trlﬂﬁ’%e mxtuaré’(hrlL- and ’ hr ain é
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groups of six m _ 4 t |t e, knhi hi- el { hi
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The ampunt of | maAka.or Fitarieypekineniagersionas anterratted  IGAPPe t he
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the Inhibitor Protein used in the three experinents, varied with th

duration of theXh&®fedt &3 RpWeS- 25T%%d§1F§ﬁ'p ths “SIE el "i’gy:’ﬁer e
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was injected intranerdt iealdyod? FLONEES G8ER" §nB1%i¥%r protein was

‘ protected against the severe hypothermia for about 24

15 hours after the injection of the cytokine mixture.
Body temperature reached an initial nadir of 35.5°C at
12 hours. At that time, therapy with the Inhibitor
‘Protein had énded. Body-temperature rose slightly

_ ~ during the next six hours and then plummeted to 26°C by

20 - 36 hours. Relative to the untreated group, the onset of
mortality was delayed in the treated group. The first
deaths were obsefvéd at 42 hours post injection and |
reached 100% by 44 hours.

The third experiment extended the above regimen

 ¢5 25 - from 12 hours to 24 hours post cytokine injection

g (figure 7). 'The*additignal-intraperitoneal injections
were administered'at 15, 18, 21, and 24-hours:aftér the
injection of the cytokine mixture. The resultant’ total
dosage was 1000 mg/kg. The untreated group reCeiQing

30 . hrIL-18 and hrTNFa:fbllowed the same course_as in thé

' second expefiment. Body temperature reached a nadir of
27°C at 12 hours. Mortality began at 18 hours post
injection and was at 100% by 42 hours,(figure.a). In
contrast the group.receiVing Inhibitor Protein was

35 protected against the severe hypothermia and_iethality.g_
The avefage body temperature declined to only 33.5°C by
10 hours post cytokine injection and'subsequently-rose




m nutes after the cytokine bolus (figure 3). Each 30 inj ' [
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untreated Qroup.¢ 4 hesSoset r@i1 pecbabryy fwam tdlenyoyt-akine eindued d
'group. The first  deaths were obervgg al 42 NQWLS B tw it eGiH 18 B
ggaghed 100% Ishask HothIrea ) t hi 1B ERBePFeR: . “éxt ended t he ahbove regi nen
25 from 12 hoghstdins twarsvenage cyedghtedesldneidoio g BH2 . The

additional intr ' i ni -
oé%ﬁ?ﬁéf”ggggﬁgjﬁftbﬁnﬁours. However, by 200 hours post

15 cytokine injection the average weight had returned to
that of the control group injected with phosphate
" pBuffered saline (PBS). ' The a'nim'al_s appeared normal: in

behavior and external appearance. By prolonging
therapy with Inhibitor Protein for 24 hours, we were

20 able to reverse the'préfound hypothermia and lethality
seen in cytokine induced model of septic shock in mice.
'The'dﬁration and frequency of the administration of the

inhibitor would be compatible with the intensive care

given a septic shock patient. |
7y s _' |

Cc. Controls showing non-effects of fluid therapy and

the non-toxic nature of the Inhibitor alone.

S . In the last three expériments described above,
30 Inhibitor Protein (40kDa INF inhibitor A53) was given
| in volumes of 200 to 300uxl per injection. It was
possible that the fluid volume of the Inhibitor Protein
in itself might affect a therapy. To test that
, possibility, hypéthermia.and lethality were compared in -
35 éne group of mice which received only the cytokines. and
a second group which received cytokines plus the

intraperitoneal injection of PBS in volumes and
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subsequent | y rqgeues(ﬂagu§ﬁ §999 NﬂDS%HQEﬁKE?W#ﬂ?{E@9¥%029§ ipg. to near

;;Jrrrgl ﬁy 24429 gtﬁtﬁﬁnhs @]?tss:@trtmm{y dém:;; bixr?]ﬁr@é@teihnnt sapkegientf i gure
y hour ours after cessati.on of ther t he rature
transiently deBXPREAMEHTS4. 5B ¥AF HetF s r&$%%%9%ﬁb éﬁéﬁgp%i
hour s saf t er |ntﬂétUﬁﬁréﬁtbhecy@ﬂMﬂﬂdNEhod%ﬂdEﬂ1¢q.In thls group was one
-out of six. The single1%ﬂ§§%$g 22Se HOEXP gl@g@l \ﬁ} Séégg éW

aps

_+appear ed abnor nal t hr gt € experinen per 353 m sp aced
|ntraperltoneaéffapbstp@nInh@bimerb@mph&%qﬂﬂkpn# trﬁﬂeahhuﬁxpgnﬁaa@ts

pecorded )" | hdfkohd BESRIES! Whker SR RPRK Nentyt pkh oS kBguced  shock

(figure 9). In treated with'lnhibitor Protein, the average

wei ght decl|neBrP§e¥9%?Bf1?ﬁ§t16PﬂgWﬁ%“Wﬁ§gﬁﬂdtﬁF?ﬂP?ﬁﬁ+§s ABWERESE py 200
h?ur%o post- 1i5 wéﬁktaethaj eeba«z@ﬁt hﬁ:y&ltﬂil&ﬂﬁ-%ﬁ?cfgtéddk@ﬂoilipturNedS;O th hat
of the contro rou ecte t h .phosp ere aline (PB The -
ani mal s appear@grﬁﬁ Frﬁ PR aggfﬁg\? d’%&{%)hg"re%%’éﬁe‘éﬁ%e %

prol ongi ng. tbpsapyed ih thblbnhdbﬂ%dﬁeﬂnnﬁexnihbﬁtmmb gneupsr e 20 able

-t reverse t he grofound hgpg herma and lethality seen in cytokine induced
rmodel of septié $HBERSI R Rr & The duration and frequency of the

adm ni stration of the |nh|b|tor woul d be conpatible with the intensive

carepggiven a ﬁﬁgﬁbiesEOCkDEﬁBh%EEatlon of the Protective Effects of
human _ recomblnant 30kDa_TNF_inhibitor 1n a murine model

of Cytokine Induced Septic Shock.

A. Protocol for the Induction of Murine Septic Sthk
- 20 |
The same murine model of septic shock described
in Example 1 was utilized to demonstrate the
therapeutic efficacy of 30kDa TNF inhibitor. Lethal
 shock was induced in C57B1/6 female mice, 8-12 weeks
PR old, weighing 18-21 grams, by the combined subcutaneous
K administration of hrTNFa at 300 pg/kg and hrIL-18 at
2,500 ug/kg. Mortality was 100% at these doses. The
cytokines were delivered as a single subcutaneous bolus
_ ~on the back of the neck.
30 In this ekample, a decrease in body temperature

N

was used as a measurable indicator of the severity of
the induced shock. The degree of hypothérmia
'corfeiated.directly with the severity of clinical signs
(i.e., shaking, lethargy, loss of skin resiliency,
35 hunched posture). After the combined administration of
' "hrTNFa and hrIL-18, body temperature dropped from a
normal value of 39°C to as low as 28°C at approximately




S:: ) 25 C Controls show ng non-effects of fluid therapy and the
non-toxic nature of the Inhibitor alone. In the |ast three @fb‘&‘fsﬂ'?@%ts

descri bed above-,- 30 Inhibitor Protein (40kDa TNF i nhi bi S

gi veWO 2{13Punes of 200 to 3001 per injection. It was Bﬁ??@?é@ﬁgf t he
fluid volunme of the Inhibitor Protein in itself mght affect a therapy. To
test that possibility, hypothernia and |1¥hality were conpared in .35 one

group of mice which received only the cytokines.and_ a secan r whi ch
recei ved cyt okindswptsipeste inhechpepn (SAGHS dect (TSRS ‘?n"?%%l umes

and 23 August Qatily %2 43095F PESLUBBRHB0432 raFed Mk rivtlod ScmREEal to
the Inhibitor Proteln treated ,8rou§ %&I &%re Sa)r.l%g%dsi g:r%)fi capt differences
in hypot her mi @rdreoraant tMediralop¥arela . Frsibseduent’ ~ experiments, PBS
was adm ni st ergshtiri<@peinieceabhy bd Bitheruhn TR @ WEKTES shRRed

m ce. A separate control was_inegl e £ &ia lvdrdi t or
Prote®n al onedidh DA% BYRTi %ﬁ??gigg’g%ﬁg‘% %?1 g{aﬁ\/\%trg{aézgj ected with only

| nhibitor Praiainoutn iekmal cef fectendEignde 2dguedi®e AR hose 10 gi ven

to the treated, cytokine:s dpREOYRK 1Me t P itAl 1 H2edrirl tleist i ons of
body tenper at Lﬁeec‘%/%?]é‘é}g%sg%ég 'Il‘g?t he. Ilnhi bitor Proé}ei n Ctg[:}Ptégl- groups
(figures 3,5, BxpdSimemnpves 2Prepasrdt AECPFINT (i IO IVE Ef fect s of

human reconbi Q'fé%c TAFehahBbewer et alnumpatentodapl bfatdemki ne
| nduced Septic Shock. A. Protocol for the Induction of Mirine Septic Shock
20 Th@ sane.nuri ne nodel of septic shock described in Exanple 1_was
utilized to despnstfpéetsher BOEDapEUF drbfikiidagy 8t QUKBELNAERMEERt or .
Lethal shock was jinduged jn C57B1/6 female mce, 8-12 weeks 25 old,
_weighing 18-21 RS %}’/o‘t:iﬁe conbi ned subcutaneous
Inhibitor Protein (in this example'BOkDa TNF
15 inhibitér) was given intraperitoneally at 40 mg/kg per
injection to a group of 8 mice for periods of either
12; 24, or 39 hours after the subcutaneous
_ administration of hrTNFa and hrIL-18. The first group,
-.Cohtainihg'one'mouse, was treated with Inhibitor
 20. Pfotein at 30 minutes before and at 30 minutes, 3
hours, 6.hOUrS, 9 hours, and 12 hours after the
injecﬁion-of the cytokines. This mouse received a
total of 240 mg/kg of the Inhibitor Protein given in
" six injections. In the next group, treatment was
) | 25 -extehd_’e_d another 12 hours with the additional | |
_iniections given at 3 hour intervals. The three mice
in this group each received during the 24 hour period a
total of 400 mg/kg of inhibitor-Protein given in ten
.'injeétions. In the next group, treatment was extended
. 30 | an additional 15 hours with the added injections again
| | being given at 3 hour intervals. The four mice in this
group each received during the 39 hour period a total
of 600 mg/Kg given in 15 injectiens.
_ Body'femperature (figure 10) and mortality
35 (figure 11) were followed in the treated and untreated
‘mice. The mean temperature of the untreated mice o
dropped to 27°C at 12 hours and remained_gt that low -




adm nistration of hrTNFa at 300 g/kg and hrlL-1B at 2,500 Ag/kg. Mortality
was 100% at these doses. The cytokines were delivered as &35¥9g['¥°
subcuwarexyyspggol us  on the back of the neck. 30 In this e 692/80459Cr ease
in body tenperature was used as a neasurable indicator of the severity of
t he i nduced shock. The degree of hypotherngq correlated directly with the
~severity of clinical signs (i.e., shaking, ~1ethargy, |oss of skin

resiliency, 35 hunched tyre). Aftef.the i ped, adygi ni.st Lon 4 of
hr TNFa and hrl L-?Lgfambga’%qﬁe%‘é% élfl't;grete c{dlr%ér;p%%%otgr?a‘lgnigé%? ég{thg g e39C to
as | ow as 28C aadmppiskiratticn of3 thguetalbees WO D/ agubsastT/ the2Poga32
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First Tenmp(r) infrared hand he scanner Intelligent Med] cal, és ns,
.Carl sbad, CA). Yas epatr #odenafiedst ixpiuced and bl PrREaSBFVAVPE- 18€al one

et o (11 gur ey e e ot coot nant. Sokbe TNE L hCPLLor Mt bizen |
this Exper?nen?e EggpPgﬁﬁFéEQﬁ: 1THy® §9Y+ﬁpr@££ S Cgﬁg%ﬁp éd Fﬁ%gﬁeln
Brewer et al. paemperapplrec@riqpped (2 B.o Et°fce¢1y_s 1of IRGkEa iR IhhEreer on
T8 i bi tor) vEECHPTeATh e e e |5 DS g 28 BoBERTE B, K0 o
group of 8 m ceThegeafteroddegiparatiure Was mwaiinkrined hatir gorPedr leyels
subcuggneous agpi phat boups YedWitNiRy AikRE4 L2ad BhodPeot | 56t haaeup,
cont ai ni ng one nouse, was treated with Inhibitor 20 Protein at 30 m nutes
before and at 36nhiRdEeT, Protedir Lreptmants, @P?EE@%,t%ﬁdtﬁEpﬁﬁﬁggrgfF@f-
the injection ghetBengileOkictes thitiftduser I&EEy VEZ Houtst akroppedd8°ay/ kg
of the | nhi bi tor PLgiel 0,9 ¥G L RueRbYy WeBGn2l cd b WlSIEK o S Q¥ oy
_ 100 hours post cytokine injection.
15 _ The time required for the body weight to return
to time zero values was also used as én index of
‘recovery after cytokine induced shock (figure 12). The
body weights of the mice treated with Inhibitor Protein
~ for either 24 or 39 hours dropped to 86% of the time
20. zero values by 60 hours and then returned to normal
levels by 140 hours. The body weight of the single
mouse treated with the inhibitor for 12 hours reached a
[low of 81% at a slightly-later time, 75 hours, yet
attained the time zero value at about 140 hours; the
fﬁ' 25 same point as the other two groups.
&iD | : _ 30kDa TNF inhibitor was effective in protecting
' mice against a éytokihé induced lethal septic shock -
syndrdme when therapy was maintained at 3 hour ' |
intervals for periods of either 12, 24, or 39 hours
30 “after injection'of'the-cytokine mixture. A similar
| therapeutic regimen can be readily accomplished in a
septic shock patient'in an intensive care setting.

: Example 3: Demonstration of the EffeCté of Human
- 35 . 'Recombinant 30kDa TNF _Inhibitor on Streptococcal Cell
- Wall (SCWi—Induced Reactivation of SCW-Induced
Arthritis in Rats




f 25 extended another 12 hours wth the additional injections given at 3
hour intervals. The three mice in this.group each recei ved®d¥eishl§®t he 24

hour_period a total of 400 ng/kg of Inhibitor Protein gi '
I nj e\?ﬁ%é@"’pn t he next group, treatnent was extended _33’@2”’3&{%&& 15
hours wth the added injections again being given at 3 :hour intervals.
The four mce in this group each receivesizduring the 39 hour period a
total of 600 ng/kg given in 15 injections. Body tenperature (figure 10)
and nortality 35 (figure 11) were followed in the treateg.anq untdreated
nice. The nmean tenper Fhise expertimant: renpkeysi the BPEphedIEGLIPE M2
hours and re 'srg?%,ateé haf | | oN-2Rr £H9HS binkd 3 e i@t Bm,3EA5: A LISBL1DO432
e nmrce de

31 level unti a to oyrs, after. t 1l stration
of the cytoki ng98gn ceprrebsicalh¥ bBEPTPOL <t fl%%hexaegnf%fleé?&néé”

three.treat meml, i Gihfel VBS BALY¥fIPdeuninealry zeeduceEaldws n ce survived

t he -55cytoki ne |1 nduced shock. ring.t Irst. 2 QSH{ period after the
admi ni strati oﬁté?eHW%‘iﬁ%kiﬂ%& ﬁ%% ng&' er%'ast uzl?he.’ roeﬁiped. 2 to 4C by 12

hours in all tihaeawt epbaendibhentbei abkd et § aigrtnmf Fyewis ek s:
Thereafter, tenperature wa | At ] ned 188t ik the groups
bk i 5B, Bhes il RO 1

receiving eit our I itor Protein. trealﬁ ment , . wher eas
the teénperat uprofide e comgrel noudEtereat BerHAd G Y opPed 3C

at 39¢ and subspauenbly f#ifapdihe1aniatTtn dles dvay lGEhos agasn
cytokfne injection. 1o The tine required for the bod i"\r‘xaja%\ziéx‘? re{gﬂig to
time zero val sesmipistered ustlastife R¥ed 2V ey Mt er cyt oki ne

induced shock dfdgws€ 4@ . idhensubdyienitghics cafusehgjoinde intlameptieR

~I'nhibitor Protein  for_either 24 ar 39 hours Q! 9% ofhd he tine 20
"'zgro val ues bWIBO“r%ﬁ’:r"r% e %‘H%ﬁe 8?%1’ ngg‘gt glg%"ﬁi%gféhlt%}g%sﬁb h.140 hours.
The body wei ghialgind-hintecte@ anbliee t AvacentFast « MCYHHRDi (1T 018

hourfsreaChedf%_capable of reactivating inflammation:and-joint
destruction in the ankle previously injected with SCW.
To.aSSesé the extent of inflammation following the
éecond-administration offscw; the dimensions of the

~ ankle joint are measured daily.
-~ 20 o Regarding streptococcal cell wall-induced

arthritis, R. Lr.Wilder in Immundgathggenetic
Mechanisms of Arthrits, Chapter 9 entitled
"Exéerimehtal Animal Models of Chronic Arthritis,"
comments "the clinical, histological and radiological

Ty 25 features of the experimental joint disease_closely
- reéemble those observed in adult and juvenile
| rheumatoid arthritis". '
| 'Two.methods of treating;arthritis were
- preformed using the rodent model  of .SCW-induced

30 arthritis.

Method One Th one set of experiments,
arthritic rats were given a single intraarticular“
- administration of TNF inhibitor in phosphate buffered
35 saline (PBS) using the SCW-induced model of arthritis.
| -Arthritis-was induced by injecting each rat on day 0 in
the left ankle with SCW (1.8 pg rhamnose equivalence).
The right ankle was injected with an equal volume of




| ow of 81% at a slightly later tine,. 75 hours, yet attained the tine zero
val ue at about 140 hours; the 25 sane point as the other twdAg8UpyY. 30kDa
TNF iWOiR/1W¥95was effective in protecting. mice against @aryusi2meainduced
| et hal septic shock syndronme when therapy was mai ntained at 3 hour
intervals for periods of either 12, 24, ory$9 hours 30 after injection of
the cytokine mxture. A simlar therapeutic reginen can be readily

%0(00”}3' i Z hedDieBy%o?%%ltOI_fixféeSffmt hixﬁ%{ :c eﬂﬁxk'ﬁ@f aEmbmsq@?s\/ezé‘z?b Qné?ﬁﬁié%kﬂi on_
xanpl e 3.: Denbnstration o e ects.of Hu ecqnbi nant
| nhi bitor on SAR¥Ft Qeodeal? cAM Isﬁ’gég:ﬂ\fgl E%E(?g’t? E@af%t ﬁ}ﬁfa]?%no%f
SCW I nduced Agtlisi il 2nd) 2Ra(TsalZBe Augusefleeds WWhed 2/clBR0 PHRESE U823 08432
32 This experinent enplq t.he. nod [ ed | . adthritis
-and Rheunati sn™%, eﬁ?fﬁslﬁ'?ilrﬁlgo(%gg) 1§&' g%cgﬂb{:iael ﬁi/lsiﬁlhco%%%c% edéhéer ei n
by refserence. cbnEmiod Misdelthe mechkanjcslinfupimed agsdiatas Wik efecoccal
Cel | Viall (SO gl dehhy | 1HEEELOAULRRY k! Arldid QNI Ry DEfEant Lew s

“rats. Saline is 1nected into the contral-ateral joint"to Tprovide a

control . Afterswepddngd (akavemy YY) in 10 which the initia
i.nflammation dies awaypn SENY $120aifterddiid) £6@E&UphaBESoti HRthYitis
i ntravenous injection. This® dose of SCWi a i'nsgf._ I.cj ent, to ;:fguse j oi nt
i nflanmat i on ERPsdged, e RFR8eES Ravdrpdy 181"#@6{ B9 Hfeur |
sal i n@ i nj ect edronpscofl B cantY@statiovech;,, aneissheédsized],5 arsl chpdteedf
reactivating inflanmmtio .ar‘_'csi]" L 0t .. tr lon in.t nkle gy eyd oysly
injected with §EﬁPr}E$5‘gas%s°es e%%r%%:(?gﬁ?ggg%:%ﬁ?)g%@%qéff olc_leloévag ﬁlg'-t%e.
second admi ni smuieiion off 3SBRa tTHF dinkhbiter dn whdcha@ll @nigintacie
Teasured daily g pQeReoandilGat rsRL poeReal £68! kneahpylicast: arddeings, R
L.. Wlder in 1munopat hogenetic Mechani sns_of Arthrwtsr CEha)Plt er 9
entitled a site for e covalent attachment of polyethylene
15 _ "~ glycol (PEG). In C105, asparagine has been replaced
- with cysteine at position 105 of 30kDa TNF inhibitor.
In the C105-PEG 3400 dumbbell. (db) molecule, two
molecules of Cl05 are cross-linked by a single PEG
- molecule with an approximate moleCulay mass of 3400
.20 daltons. The dumbbell molecule and the pegylation
. procedures are more fully described in U.S. patent
application Serial No. 07/669,862 filed March 15, 1991
and entitled "Site Specific Pegylation of
. Polypeptides". This application is specifically.
,@) .25 '~ incorporated herein by reference. The procedure for
| producing C105-PEG 3400 db is given below in Example 5.

 Groups _ Left Ankle Right
o ' Ankle | T '
30 . ' Y ' pRE
. I- PBS Control - PBS _ PBS
II~ PEG' 3400 Control ‘PEG 3400 ~ PEG 3400
. - (0.9 pg/joint) (0.9 pg/joint)
35 : ' S
" III- C105-PEG 3400 db C105-PEG 3400db PEG 3400
(10 pg/joint) (0.9 pg/joint)
IV~ C105 Cc105 Cc105

40 | (2 pg/joint) (2 pg/joint)




"Experimental Animal Models of Chronic Arthritis,." coments "the
clinical, histological and radiol ogical 25 features of the &X3&fiight al

joint disease closely resenble those observed.in adult %ﬁ%ﬁw
rheuMQ@ 82385t hritis". Two methods of treating. arthriti or med
usi ng the rodent nodel of SCWinduced 30 arthritis. Method one In one set
of experinments, arthritic rats were givea a single intraarticul ar

adm ni stration of TNF inhibitor in.phosphate buffered 35 saline (PBS) using

the SCWinduced nodel of arthritis. Arthritis was induced by injecting
each rat on day O in the left ankle wwth SCW (1.8 pg rhamose

equi val ence). The ri éu@g#l %e%%di gieehedvuhtiblen cemtaloly dfamettod 23
August 1999 WD 92/13 1 US92/ 00432 33 aﬁﬂrogen-éreg SRLI p& iéFllél e
di mensi ons weceofeizendedograly L, Lroup - | #¥ng of PhaSlet 1
ankl g on dayg,_%u N¢o2 Iabl@ ob-pmf | 266 dietreated phasepol ISeW Theduced
arthftis. Théri ght ankl e which served as a 5 3on:brlo‘Ja 8talNgo1mehani cal

trauna associ anstragirtioar [ indeehyInt YRS dfAtTion Qi d not undergq
significant gwehli pa (dat a ¥ ghoye)neddilaatizachedttp aRe2WEAFEYTase of

arthritis subsided, the rats,.wer a,‘pfilg Yepdhh V4 SiEF glgégcﬁgaf 10 groups of
9 or 10 rats PAPRTt&Xest mefé\éﬁ:e:lr?é |njé<;g(:te accordi ng to. the pr ot ocol

descri bed bel gwjeGtADniss cf tihe eiarisussORRatmeEntsini 82¢€8r TRE WAPch an ami no

acid substituyti.on . _ EwosEsOf ugr eRamngsea site for
t he Xbval ent &W&gﬁwﬁ%?\tl%ggégéi yet%{% e‘iliei&iS gl -gol {‘I‘D%Ggr%giQ%QS, No
aspar agi ne. hasgodvalemsiedcdd AHdat KX Ja‘%/a’b%s R oA SHe3adBs TNF
inhibitor. 1pehhe CHRER QR iheinisteibdd Mmoo ebheeratswo THSI ecul es

~of Cl105 are cross-linked by a single PEG | I L L Pe@NofPRAYSI BALEe
ol ecul ar nasfigmeleys .%f%ﬁ’ggls‘? I n%%ﬁ%% Irﬁ?r%\%%gﬁl e and ?he

pegylation 22, 23, and 24. |
15 . As expected, the left ankles of rats in all
groﬁps swelled in response to the intravénous injection
. of SCW on day 21 (Table 1 and Figure 13). However, the
reSponée differéd:markedly hetween treétment'groups.
Whereas the joints of rats in control groups I and IT
20 . swe11ed by 30% and 32%; respectively, of their initial
dimensions, the corresponding joints in the ClOS-PEG_
3400 db-treated group III increased by only 15% and in
the Cl05-treated group IV by 25%. In Figure 14, the .
.ma#imum jncreases in joint diameter during the 72 hour-
}" 25 interval after SCW-induced reactivation are-graphed for
33 Groups I, II, III, and IV. A single intraarticular
injection of C105-PEG 3400 db cauSed a statistically
significant reduction in swelling of the arthritic
_ ‘joints.
30 .
' Method . Two In a second set of experiments,

arthritic rats were given multiple subcutaneous
administrafions of 30kDa TNF inhibitor in phosphaFe
buffered saline (PBS) using the same. SCW model of
| 35 arthritis. Arthritis was induced by injecting each rat
| on day 1 in the left ankle with SCW (1.8 yg’rhamn@se
equivalence) and in the right ankle with an_equal

volume of pyrogen-free saline.




N

procedures are nore fully described in U S. patent application Serial No.
07/ 669,862 filed March 15,.1991 and entitled "Site Specifi®/®egyt®ati on. of

Pol pr‘fﬁ P/A3095 Thi s appli cation is specifically. 25 incorppegresoneészn by
reference. The procedure for producing Cl105-PEG 3400 db is given belowin
Exanple 5. Goups Left Ankle Right Ankle_30 I- PBS Control PBS PBS 1I1-

PEG 3400 Control PEG 3. 400 PEG 3400 (0.9 55/]0|nt) (0-9 g/joint) 35 111-

C105- PEG 3400 db C105- 4 g { i nt)
V- Cl05 Cl05 Cl05 40 3’01 & nﬁ%‘? %Q?j acde %%%)ﬁslso APl
92/ 13095 PC | USS® 003D wgneer@nﬁomlyeme@daasi tHREQ cFPRF cTEBHPFol FECH he

Cl05-treated gno4p Jas {FPePred $REYEYADUNG ULHHIE! £ s&c8hQuaoker dfhe
C105- PEG 3400 db treated group Il1. The .intraarticular injections were nade

in atotal vol & G¥SAHA TR ’Q"QSQSe@é‘dﬂélﬁé&ﬁe ip 9%fet 8 an autonmatic

pi petter. | md:'e%l&iiyvdﬂﬁé ethéherthrigdst. cWitthin rume omsnatetshaften ous
treatnents, h rat was, 10 i nje d | travenousl,y with

‘rhammose  equi ﬁeer?(f&ecfthl%?dg# &6‘% or ER& MM 11 a’r't’ hF? C{/\éé,}l\ﬁr%tph 4
treat ments wer esveathmitniesdteeddwitht BBSr angl tHee fidiemmtes sinfeath afkl e

j OIS wer e Megsut e ofy 038 2lana2dy e A ik od Sufitn PO, olnal Be kP!

ankles of rats 1'n T oups sme in response to r Avenous
injection of $EW &g mdmwexrabte reémqmgmley.lsaf }VsRa FNFt he response

diff G@d M Kedinh ANRLNLAT PBS N5uBcABhe ol TPREct fons 0bR! pBE! toal s I
contr groups I and 11 20 swelled by 30%.and 32% res ectpvel¥1 of thelr
|n|t|al Group I or 30kDa TNF inhibitor to Groups
Iv (1, 3; and 9 mg/kg, respectively) were given agaln'
) at two and six hours post SCW~administration and were
repeated every 6 hours during the 42 hour period
15 ‘thereafter. The diameters of ankle joints were
measured at_O,'24, 39, 48, 60 and 72 hours after the
intravenous injection of SCW.
Figure 15 and Table 2 show the maximum changes
in joint diameters during the 72 hour period after SCW-
20 induced reactivation of arthritis in the four
experimental groups.- As expected, the ankles in
saline;treated group I swelled in response to the .
1ntravenous injection of SCW. However,.thé maximal
_ Tswelllng in groups II, III, and IV was reduced by 58%
25 85%, and 75%,'respectiVe1y. Table 2 shows the results
of statistical analysis of the data from Figure 15
using the t-test on means which have undergone a

1ogar1thm1c transformatlon.

_30_ _Examble 4 Demonstratlon of the. Effects of’ Human
Recomblnant 30kDa TNF Inhlbltor on Acute ILung Iaju

Induced bx Endotox1n in. Rats as a Method for Treatlng
Adult Resplratorv Distress Svndrome (ARDS)

35 ' This experiment employs a septic stimulus,
. endotoxin, to induce acute, neutrophilfmediated.

pulmonary injury according to the model disclosed in
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i nj ecti on of ba@nahqa ﬁﬂalar’%\[}s vaLngs &%ﬁq n?ﬁ g{i}gé ﬁﬂmg%eifrie)geggﬁ\zﬁb?h PBS

gnd the five pat = lﬂemo{a]ofpr@eﬂmse-ll Total apd QiLherentiad ¥ ein 1,
and 9 ngy &‘éﬁg@ ym,afésﬁ@ﬁféﬁﬁ‘éd,o@ftﬁ@kaﬁEuid.l nhi bitor in

PBS. Subcut an | Nj €ctions of PBS t G
Gows |1, || Intaetracheal 1313%%1@?@?@9 u$%%9%¥30k1gg}mg ZQEP%‘EO;@,Z%

at two and.si éﬁ'l.mﬁl%ﬂw%hé@\é( L disinaice o Anal veotar r BpenepHagesr y 6

hour.s .during t 42 hour. period 15 thereaft t b@f
| 0% k
joints were rERQtedR) G0 PV xSy L %I %g %(giﬁ?s a?{lgseﬁﬁgﬁ

A ntravenous '@daaﬁdxlﬂﬁcéﬁéﬁs a large increase in the number of BAL
cells and a predominance of neutrophils. The acute |

15 neutrophlllc influx into the alveolar space peaks at 6

to 12 hours and is accompanied by the accumulation of

-'proteln—contalnlng edematous fluid into the. alveolar
spaces. TNF is believed to be one of the mediators of
. . endotox1n-1nduced alveolltls. TNF is present in the
200 BAL fluid after stimulation w1th endotox1n. The
' alveolar macrophage is pelieved to be the source of its
synthesis. Moreover, intratracheal ihjection of
exogenous TNF induces an acute intraalveolar
neutrophilic exudate which is qualitatively 51m11ar to
() 25 that induced by endotoxin.
| Although animal models are not con51dered to
falthfully replicate the human disease, 1in partlcular
the transition from the acute to chronic phases of
_— _}ARDS many animal models are used which approximate the
30' altered pulmonary edema, sequestration of leukocytes,
| and hypoxemia during the acute phase of lung
parenchymal injury during ARDS. J. F. Murray et _al.,
Am. Rev. of Respiratory Disease val. 138, pp. 720~723
_ (1991). The acute forms of ARDS occur in the presence
35 of certain jdentifiable risk factors such as sepsis,
aspiration, or multiple blood transfusions. Current

investigations emphasize the central role of




Figure 15 and Table 2 show the maxi num changes in joint dianeters during
the 72 hour period after SCW 20 induced reactivation of ar%hwbﬁiﬁmﬁn t he

four fpgt al groups. As expected, the ankles in group
ﬁ? |n response to the intravenous injection of S F@&gghﬁglthe
naxrnal swelling in groups II, Ill, and IV was reduced by 58% 25 85% and

75% respectively. Table 2 shoms the resuPt’s of statistical analysis of
the data fromFigure 15 using the t-test on neans whi ch have undergone a
| ogari t hni c traastopphilds megdabedpiniuny ipchbAsPREPPRRYSLGIRIY ©

Effects. of HuRRPs %@ﬁ%@bl Rapd. 3GKDRRNF e bi bos . on28esba-aswg, | nj ury

| nduced by Endotoxin_ in for Treat I espiratory
Di stress Syndr 6428 EAhDS)T§§LﬁMQ¥Q§a§£%rﬁﬁI F5F V¥ gﬂgeﬁ %gyétﬁﬁilus
.endot oxi n, to hadugephdlt arendetlricptad mddamegie thel abMeoy amj ury

according to tggggg_dl.eﬁcﬁle%lb% 2\% | n/&%r‘r‘gr Pet] %al}gfgry\o?%zé:iéo%%ma ed

PCT/ US92/ 00432 et our na Pat hol ogy 138: 1485-
.1496, (1991), mpmbraneausygmmlmrmmmerntblyula‘é#egeﬁe@ mpyeneRtel s

briefly summarjzed, agfn g, n@ﬁf& %f‘léxﬁméﬁb?ﬁtéélwt rieqttroaqimlly into
10

5 the m dcervical “por e trachea of anesthetized rats. era
| at ent period oivgpiaﬁo§P§CeSbroﬁﬂuﬁﬂ\R%P%Flm%QQQ% PBAPS @Pqﬁka? ngs is

perfornmed as mbgratnabgm&ecwrgqn Tqi@\htwphﬂlfaepeatuah phidteactedod
cell counts are erf e BAL fl uj Hoiniratr ﬁ@?a(d 'gﬁron of
pyrod€n-free s8F ﬁ35§ gﬁ&s QHWﬁQFvﬁ¢rP%. ?ﬁﬁﬁnrna of

~nmacrophages (abautyg 99@11mnInmwemunbes$.12mm+hzﬁachéa98lhpéot|on of -

endot oxi n causes a | arlg%u+m6($a§8rl g{%ﬁ?g% eu%rut(}fQFFﬁLll& i@eamgtﬁs

-;Predonrnance of neutrophi he acu trophi InflTux 1nto the
“al veol ar spacelpeahssabYGtmﬁa!EFﬂﬂﬁFQPQ#@ﬂ|%d%£%bﬁ§§ﬂFé8“b?ﬁﬂﬁ9kDa

accunul ation ofpyrP§ahgbRteNtid BEYW RaemdPEsrhédl d Lahg tihguatyemar
15 induced by the admlnlstratlon of endotoxin (5 ug per
'rat) in a total volume of 0.5 ml of sterile PBS through
a 27 gauge 1/2 inch needle lnserted ‘between tracheal
rings in the surgiéally-ekposed midcervical region of
the trachea. The inoculum wés'admihistered slowly into-
20 the trachea while monitoﬁing the rate and depth of
'respiiation of the rat. Six hours later, the rats were
anesthetized with isoflurane so that a laparotomy could
be performed in order to facilitate the lavage of the
: IUngs The caudal vena cava was severed to decrease
5ﬁ) 25 the blood content of the lungs. The diaphragm was
- opened to allow the lungs to expand during lavage. BAL
was performed by injecting 40 ml of Hank's balanced
.salt solutlon into the bronchoalveolar spaces via an
' angiocath- catheter which was 1nserted and secured at
30 - the site of a midcervical tracheal incision. The
| inflammatory cellular influx was recovered from the
pellet obtained by centrifuging the BAL fluid at 1500
rpm for 15 min. The total number of leukocytes were
- counted on a Coulter counter. The percentage of
35 polymorphonuclear néutrophils was.determihed by
- performing a differential cell.dount manually on a

slide_of'stained cells.




spaces. TNF is believed to be one of the nmediators of endotoxin-induced
alveolitis. TNF is present in the 20 BAL fluid after stinul &4’ h

endot oxi n.. _The al veol ar nacrophage is believed to be the._sg
synt hg@gz“meover intratracheal injection of exogenougcf ?%&{i@és an

acute intraalveolar neutrophilic exudate which is qualitatively simlar to
25 that induced by endotoxin. Although anizml nobdels are not considered to

faithfully replicate the human disease, in particular, the transition from
the acute to chronic pirheesfdectsRRS IaiBa SNHeinhRLter £% TR whi ch

approxi mate the
R P boreri & (%%0 ,%,ﬁ{e P#lé géglﬁ@ﬂm o$eaEeskLs Qb‘t@ntﬁta | eukocytes,

par ench nj.ury d
ARDS. J. F. M QhoaﬂV801¢m1$E%06$ FE§$|8§FSF?lBF§Zg§é 54 % urbgg

720-723 . (199)), IBiHSrOélﬂﬁiﬁaﬂésuélynwﬁhn ghesence 35 of
certain- |dent| e rlsk actors si as sep erag Ba gl tiple
bIood!iransfusmmﬁfaﬂiﬁQQﬁﬂl +ﬂ§%§% 95iPBn8 ﬁBﬁ8§° 2% he 8entra rol e of
23 August 1999 j MRHA/JBGREs PEFEEE2100488e87rangingobkitweenndditat 4@ i nj ury

i n the pat hophysiol o Y, of

t
128: 552-559, #HO&H oxfig%?oducfs re%%aseﬁ §§ thggigtfegﬁegg/ra
neut r ophi | aredmﬂlnnnﬂtedu@anége Lhﬁla¥veﬁlaﬁu5reabﬂﬂﬁaﬁ? teekBfane. The

perneability of Rﬂa quqggg: eJEMDEGHEvES, gfﬁgthﬁtraetg&ﬁédlstlnu|atln t he
nmovenent  of pIéSng)prot I NS angb?n flammatory ¢ %o t he alveolgr

spacadl | n an edwirnistnation af 3BkER TNF %FEEP6F°§eB gogepypgtveen
neut rophi | dephety R{&tmt,@@l ﬁl@taﬁétnééuééﬂ demakipagnrediichibmoiary

injury (Hefl A. i
treating neuipéﬁml%4ﬁ¥ﬂﬁwﬁﬁl?$g ¥$ﬁﬁ+5§§ %§5 é26 %?g%%échésnethod f or

““admi ni strati on cYmpiidn witir tindi béabrophi PBS waglpar fior negireptigg i nj ury
was 15 Inducedr%%éj“%ﬁgﬂgékéﬁﬂgéégnlﬂﬁlﬁﬂgfgﬂxbf fReJ8eRPhlar influx
‘15 ' in these 30kDa TNF inhibitor treated-rats was
approximately 35% (Figure 16). The total number of
neutrophils present in the bronchoalveolar spaces was
,significantly reduced in rats treated with 2.5 to 10 ug
30kDa TNF inhibitor per rat (Figure 17 and Table 3).
20 |
Example 5: Preparation of C105-PEG_3400 db.
C105fPEG_db-compounds were prepared by the

reaction of the cysteine containing mutein of 30kDa TNF
- : inhibitor €105 with a PEG-bis-maleimide. To prepare
5;) 25 the PEG-bis maleimide, PEG-tresylate was prepared from
PEG-bis-diol as described by Nilson and Mosbach, in
Methods “in Enzymoldqy, vol. 104, pp. 56-69, Academic
- Press, Inc.,.New-York, NY (1984). The amount of |
_ sulfonated intermediate was determined by elemental -
30 "~ analysis fOr fiuorine. This intermediate was converted
to.the-phthalimide defivativé.which was subsequently

" reduced with hYdrazine hydrate to the PEG-bis-amine
intermediate. These two reactions were carried out by
_ the,procedure'described by Pillai, et al., J. Org.
35 Chem., vol. 45 pp. 5364-5370 (1980). The amount of
' each_intermediate was estimated by elemental analysis
for nitrogen. In addition, the amount of PEG-bis—amine




rat) in a total volunme of 0.5 m of sterile PBS through a 27 gauge 1/2

i nch needl e inserted between tracheal rings in the surgi c&fhyeugiiSsed

m dcewyy ¢243geggi on of the trachea. The inocul um was adm?i S/e56 8084 oM Y
into 20 the trachea while nonitoring the rate and depth o respiration of
the rat. Six hours later, the rats were anesthetized with isoflurane so
that a | aparotony could be perforned in drder to faC|I|tate t he | avage of

the lungs. The caudal vena.cava was severed decre Ll ood
content of the¥danget e’ﬂ’ié“ﬁfiagﬁr EGRCHST §ige egz‘[‘g éll §§n %%rrl‘tgzsl,éq}o

expand during sﬁyﬁ@ﬂchAbldmasTperP@meiSﬂﬁmInQKﬂ¢thi91H?50W9H5hk S
D aced e teSRkeHhed, Ha, BnklBobe R e s SRASEEIER BRoatRelocalh
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cat het er whi ch®RB%€ ed "and “secur e site of .a m.dcervijca
.tracheal inci sbpnreérhelonnwnamm%ﬁ}cc@Iﬂhﬁ"eﬁlq%f‘fhﬁ ABs2PBPLIO e @ rom t he

pel | et; obt ai neg by, EeRLELEMILR pui@rBand it péy 1508 Hepmober 115 min. The
t ot al “nunber ocytes mere counted on a Cbu count%&gsgp
e

-percentage of thb’ﬁ cl &V @R dphi T has cﬁ‘é?@?‘fﬁ :
performng a differeqtivakossl,! Nqoqutgmnuaiﬂql Ion ayclsizdeloh s:tfaltri'@l cells.

23 August 1999 W' 92/ 13095 PCT/U 2/ 00 ect.s éﬁﬂ( TNF
inhibitor on th@teEWSGPB%Fn“§ﬂPﬁuI e&q 9 %- %é P%twg&h et
; : 'v@hte3ﬁﬁg PBOK B4 ~PNF

- bronchoal veol aalspapgsluechetet Hoppe X
'|nh|3]tor S|nu&%93§§usly with the 5 |ntratracheal instillation of

endotoxi n. 30k i nhi bitor was tested in doses ranging, between 1 to 10
pg per rat. 30kDa TNF Thehimitein €105 d38kDaf TNF, b1ty +5t PFeRAEEY; he

|-nflux of neut égpﬁb%én%ﬁ e rals e YJatferitD idRvesar seiriall mig.at racheal
--10 adm nistration o [

TNE i nhi | tor af, doses 2 igto 10 pg
_per rat causedO3/RERARR Tdd&S M 'hg'q%lﬂ uxcgggwgsftpca)pﬁﬁs into the .
al veol ar spacesnnifeeBar e W-Ghngyenels topted withua #rfoldr ewler

15 excess of dithiothreitol (DTT) for 2 hours at amblent
' temperature. The mutein is then dlalyzed agalnst de-
gassed 50 mM HEPES pH 7.0 for 3 hours at 4°C. To
create the dumbbell compound -- which can be considered
a polyethylene glycol (PEG) linked dimer -- the
20 dialeed mutein is reacted with the PEG-bis~maleimide
species. The ratio-of mutein to PEG-bis-maleimide -

varies depending on the molecular mass of the PEG
‘compound. For PEG-bis-maleimide with a molecular
weight of about-l900,'a'1_to 1 molar ratio was

25 | utilized, while for PEG compounds with a molecular.

q weight of 3,400 or 20,000 a 2 to 1 molar ratio of
mutein to PEG compound was used. The reactions are
incubated for 3-12 hours at ambient temperature.

Follow1ng incubation, the PEG- -linked dimers .

30 . were purlfled from unpegylated mutein and PEG—muteln

| monomers using MONO-S FPLC in 5SO0mM HoAc pH 4.0 using a
260 mM, 310mM and 350 mM NaCl step gradient. The
dumbbeil cbmpoundS‘are-eluted at the 310 mM NaCl step.
Remaining unPEGylated mutein was removed by

35 chromatography on superdex 75. C105~PEG 3400 db refers

| to a dumbbell compound (a TNF inhibitor PEG-linked
dimer) where the TNF inhibitor is the €105 mutein of




rats, the percentage inhibition of the cellular influx 15 in these
3okDa. TNF inhibitor treated-rats was approxi mately 35% ( Fi2dayest18®. The
total nu of neutrophils present in the bronchoal veol S
signWQ%zrjﬁ% reduced in rats treated with 2.5 to 10 pg @#K@%ﬁdﬂi
i nhibitor per rat (Figure 17 and Table 3). 20 Exanple 5: Preparation of
C105- PEG 3400 db. Cl105-PEG db conpounds were prepared by the reaction of
t he cysteine containing nutein 6f.30kDa TNF inhibjtor C105 with _
PEG- bi s- mal ei m ollepa TONPr éphibi26rt,h@ndEGhs Phfalwpht deas F’EG—“PF‘@W&&FE was
prepared from_ PEG his:di egaidded by Nilson and Mosbach, in Methods
i n Enzynol ogy,m?/%ggﬁoﬁgbg%. §%t%)-gGgf;ﬂAcaden‘i c Press, Inc., New York, NY
(1984). The ampunt of sulfonated internedi ate was determ ned by el enent al
30 analysis for fluorifyghdilr tHé epredeateineentdonehiaad baen t he
pht hal i m de derivative which was sybsequently reduced wfh-. zZi
hydrabe to thed%@‘bpgdaﬁpngonpﬁf’mg’d&g‘. Bﬁ]eeé%rrff\e,é ?%%é?llgége\%érg%
carried out byjsthRaeFeeeedr endesahidsed d)yiltidd ain e aprt grecegpabie
Chem, vol. 45 pp. 5364-5370 (198( T g 5 -h8Ger nedi at e was
esti mated by e‘Pgn@ﬂ?é?gaﬁgaﬁgl&él’g%ﬁ)gpsni%q}%lgen; ??%%ﬁ???%% t he, anount of
PEG bi s- ani ne @8pAtgiing £208 tWe SZOrsOTH FPHUMDPHOERe BECSGAL det er ni ned
by reacti on wi{fi, Znds8al ! BhbteBeAEeNene WdS1 ¢! desdhepBEGNDDS. ari ne
derivatives were converted tqQ the carrespondi rlg?bl s]-fmal eim dg-iﬁggﬂ s by
reacfbon with ma*?ﬁeEraﬁ_h?BPPééWSar%Sad’é& ith B9 BERR PPo2eddie "of “Butl er
and Hartley, igoeEhodsdi BheEpFreeinglinwaitio\is fApestodef98edAbydébiec
Press, Inc., New York, NY 81972%&%@9 bly ecqﬁ;i"}%{;gl%gg of the internediate
“yusing the met neal 4e¥ipgpEdapRSwg e SYUVERI0 " them  Hoppe- Sevi er,
~“'vol . 366, pp. 56-61 10 (1985). The mutein C105 3CkDa TNF inhibitor is
pr epar ed _ ' ' _




as described in U S. patent application serial no. 07/669,862 filed March
15, 1991. C105 30kDa TNF inhibitor at 273 ng/m is treated23pugtst B99-f ol d
mol arywbxs@ss of dithiothreitol (DTT) for 2 hours at anpicgitise2/00432
tenperature. The nutein is then dialyzed agai nst de- gassed 50 nM HEPES pH
7.0 for 3 hours at 4°C. To create the dunbbell conpound -- which can be
considered a polyethylene glycol (.PEG |inked dinmer -- the 20 dialyzed
mutein is reacted with the PEG bi s-npl ei mi de species. The ratio of nutein
to PEG bis-mal ei mde varies dependihg on the nol ecul ar mass of the PEG
conpound. For PEG bis-maleimde with a nolecular weight of about 1900, a 1
to 1 nol-ar ratio was 25 utilized, while for PEG conpounds with a nol ecul ar.
wei ght of 3,400 or 20,000 a 2 to 1 nolar ratio of nutein to PEG conpound
.was used. The reactions are incubated for 3-12 hours at anbient
tenperature. Follow ng incubation, the PEGIlinked dieters. .30. were
purified fromunpegylated mutein. and PEG nutein nononers using MONO S
.FPLC.in 50mM HoAc.pH 4.0 using a 260 mM 310mM and 350 mM NaCl step
gradient. The dunbbell conpounds are eluted at the 310 nM Nad step.

Remai ni ng unPEGy| ated nutej n waf renpvgd by 35jchronatography on superdex
75. Cl105- PEG 3400 db referp |tol gldyfrblded ‘Aom!mund (a TNF inhi bitor
"PEG linked dieter) whege |h4¢ INE|iDpi GigOSH Slthe C105 nutein of 23 August
1999 WO 92/ 13095 PCT/USQ%DOA@:'“ZO“;B ki) JNR|i@hi bitor,  and the PEG unit:
has a nol ecul ar mass of@ @pqyt.- Bd]0eflallt @ | Alftdnough the present invention
has been 5 described i n%ohi$dcR| &1 Mt Blaterad enbodi ments, it is
understood that those skil|&q ip tlhelarlt 4re| cdpable of making _
-nodifications and variatiofisS|wihdut} depart]nd from the scope or spirit
-of the present inventi ong| Ther gf qrel the |f of edqoi ng description of 10
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sense, and the present invention is best defined by the ,.j follow ng

clains and their equivalents. 23 August 1999 WD 92/ 13095 RPEH@SI2#00432 41
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Tablé 2. Maximum changes in joint diameter during the 72 hour
period after reactivation of SCW-induced arthritis :

Group # Change in Joint Diameter- n
(mm)
I (Saline) . 0.96 % 0.25 9
II (TNF/bp 1 mg/kg) 0.40 % 0.13 5
III (TNF/bp 3 mg/kg) 0.14 + 0.03% | 5
") IV (TNF/bp 9 mg/kg) ' 0.24 + 0.08% 5

vValues are expressed as mean % standard error. -
* Statistically significant difference compared to control group I

as~35$essed'by-the'unpaired't'test_pe:formed on means which have.
undergone -a log tranSformation) ' '

Group I vs Group IIL t = 1.43 p = 0.177
Group I vs Group III -t = 3.20 .p = 0.008
Group I vs Group IV - t =2.19 p = 0.049
‘Group I vs Groups III & IV .t = 3.19 p = 0.005

I vs Groups II, III & IV. t = 2.88 p = 0.009

Group
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"mU 1-w SUBSTI TUTE N:; 23 August 1999 WD 92/13095 PCT/dEngﬁg%ggM§52
Tabl e 2. NBX|nun1changes in joint dlgneter during the 72 hour period after
reactivation of SCWi nduced arthrltls G oup / Change in Joint D anmeter n
(m) | (Saline) 0.96 t-0.25 9 Il (TNF/bp | ng/)Cg) 0.40 0.13 .5 I1I
(TNF/bp 3 mg/kg) 0.14 t 0.03* 5 IV (TNF/ bp 9 lag/kg) 0.24. 0. 08* 5 Val ues
are expressed as nean standard error. * Statistically
significant.difference conpared. to control group | as assessed by t he
unpaired t test.perfornmed on neans which have undergone a | og
.transformation) Goup | vs Goup Il 't = 1.43 p - 0.177 Goup | vs Goup

11 .t $£a2%140 pas 0. 88alG ommbberws @HOUp nedtriophidsl9 peso@eﬁdd) Goomp |
Vs GOUB&'ohbho&livHolhr fRuig of mtﬁﬁmln-challenged rats

Dose of # Neutrophils ( x 106)4 n . p value
TNF/bp - o
o 7.4 + 0.6 : 8
1 7.3 + 0.6 4 > 0.5
} 2.5 4.3 + 0.4 * | 4 . <'0.01
) S 5.7 + 0.8 o 7 > 0.2
- 7.5 4.6 + 0.4 * 4 : < 0.025
10 4.6 4_~'o 4 * 6 o < 0.005

_* Signlficantly different from the untreated control group as
assessed by the unpaired t test.




Goup | vs Goups I, Ill &IVt =2.88 p = 0.009 UBST)TUTE SHEET 23
August 1999 WO 92/ 13095 PCT/ US92/ 00432 43 Table 3. Total frfivevst 1987
neutrophils recovered from bronchoal veolar fluid of endotoxin-challenged
rats Dose of | Neutrophils ( x 106) n p value T.NF/bp 0 7.4 0.6 81 7.3 +
0.6 4>0.5 2.54.3+0.4*.-4<0.01 57+0.87>0.27.546+0.4*.
4 < 0.025 10 4.6 + 0.4 * 6 < 0.005 %4 ;Significantly different fromthe
untreated control group as assessed by the unpaired t test. UB S F E T~
23 AugustCEBSYS _44 CLAIMS 1. A use of.a. therapeutically effective anount

of a TNF inhibitor, wherein the TNF inhibitor ia a reconbi nant
) of the 30 kDa i nhibitor,

pol ypepti de co 5 no_a q
or a fragirzlrent glrj{l&g ?e tﬁﬁ’é-?%%‘flg ?/ff?@ Wﬁ?’eol"c“fﬂ“f‘t & iR (| i) of
the 40 kOCEahibdtex owhereing thegM¥Rt tnhiblter n itsheaedfedmbignU\NF

|nh|bltoryblfwapuudy'odﬁpﬁﬂuidg)dﬂlidﬂﬂw hb&dpﬁeaégncgéaa mutein thereof.

having TNF inhipjtory actiVv (i,v f the 40 I nhi bitor e53, or a
mut ei n theremk avi ng TRIIIE I';L t&‘Pﬁ‘ 4 At9T f GF. & fragmentaorure of a

medi canment for treating m‘tefa?levémqmgfa thamotnecTNEBi s friabdr F)
medi at ed -di sease. 2. Thacugeigggording to Caim1l, wherein the

i nhi bitor - .'(ii)- - of the 40 kDa inhibitor, or a fragment oxr
mutein thereof having TNF inhibitory
‘aativity; o
(111) = of the 40 kDa inhibitor a5l, or & mutein
. ) ~~ thereof having_ TNF inhibitory aotiv_ity-; or
{iv) - of the 40 kDa inhibitor 453, or a mutein -

_ AR thareof having TNF inhibitory activity.
for the- manufacture of a medicament for treating or
_ preventing ‘& tumor necrosis factor (TNF) mediated diaease.

" 2. The usge according to Claim 1, wherein the TNF inhibitor
. compriees an amino acid sequende of the 30 kDa inhibitor, or
a fragment or mutein thereof having TNF inhibitory activity

3. The ‘use according to Claim 1, wherein the TNF inhibitor :

compriaes an amino acid ‘sequence of the 40 kbDa inhibitor, 40
kDa inhibitor A51, 40 kDa inhibitor A53, or a fragment or
- mutein thereof having TNF inhibitory activity.

4, The usge according to any one of Claims 1 to 3, wherain

the ' TNF inhibitor has a non-naturally occurring cyateina-
.reaidue. |

8. ‘The use acGOrding to Claim 4, wherein the. nonqn&turally
occurring cyateine ragidue ig at the C~terminu8, the N-

terminus or at ‘a glycosylation site of thae TNF inhibitor
(residue 105 of the 30 k.Da inhibitor)




conprises an am no acid sequence of the 30 kDa inhibitor, or a fragment or
mutei n thereof having TNF i nhibitoxy activity. 3. The usedtedr'd?hg to
Claim 1, wherein the TNF inhibitor conprises an am no acid :sequence of
the 4.0 kDa inhibitor, .40 kDa inhibitor A51, 40 kDa inhibitor &53, or a’
fragment or nutein thereof-having TNF inhibitory activity. 4. The use
according to any one of Clains 1-to 3, wherein the TNF inhibitor has, a
non-natural ly occurring cyateine residue: 5. The.use according to C aim 4,
wherein the non-naturally occurring cysteine residue is at the :
"C-termnus,'the N termnus or at a*yl yco.sylation. site of the TNF
inhibitor (residue 105 of the 30 kDa inhi-bitor). 23 August 1999 45 The
use according to any one of Clainms I'to 5, wherein the TNTF %nhi bitor has
a cnethionine residue at the N-tcnninus. 7. The -use according to any one.
of Clainms Ito 6, wherein the TIN "inhibitor is substantially pure. 8. The
use . according to any one of Clains t to 7, wherein the TNT? inhibitor
is-attached to a repeating polynmeric noiety. 9. The use according to daim
8, wherein the repeatin o ¥g§ﬁ'|!1. (-Org?lb', PEIROL ¥ RVt 3 { . 10. The
use accor di.ng%to a ?m‘%,eov\%er el né:t' he %klixzof%hi bi Pc/)fslhgﬁ Cﬁlgéﬂégé'g 3400 db.
t. The ugsbitcitass didigotine acsjduwrras tof N@adinds. | to 10, wherein the TNF
inhibitor is adm nistered in a pharmaceutical conposition. 12. The use
according to Caim1l, wherein the pharmaceutical <conpositio t co:n~orises
a- phar macol ogizcal | yrheargmt i adcordisg tveayoiac afElaims bid Gtwinscin th@TNFhe use
according to an %ne'of C-ains Ito 12; wherein the TNF ic',hibitor is
in-the f&mhipiga 15suostapiglaPYey powder. 23 August 1999 46 14 The . use
according to any one of Clains | to 13, wherein the -TNF nedi ated

di sease s sel ected_fromthe group consistiRpg.of I N ﬁﬁw‘ di stress
syndrone, pul Senar Wi‘iﬁ%si'%c,cg‘a‘g‘?gﬁ ‘%‘st’,“"ggggf"és éﬁ%g'k\ghackﬁiﬁfr‘]{ a. t n}]/nt ory -
- bowel di ?(?ﬂﬁﬁctigfﬁltachéd'Wfd@ﬂﬁ{éﬁdlﬁﬂbﬁ@ﬁﬁhg&i tion conprising a tunor
necrosi's tactor (TNF) "inhibitor and a physiol ogi cal |l y-conpati bl e,
sl owrel ease fornulation, wherein the TN? o ' _
| 9. Thbeuse according to Claim 8, wheréin the repeating polymeric maiety

- is polyethyleae glycol.
10. The use according to Claim 9, wherein the TNF inhibitor is C105-
“PEG 3400 db. | o
: I{. Thc use -Qacmrding_to any onc of Clain_;s Lo 10, wherein the TNF

inhibitor is administered in a pharmaccutical composition.

12 The use  according to Claim I1, wherein the pharmaccufical

compasition comprises 2 phanmacologically-compatible, slow-selcase formulation.

13 The use  zccording (o any onc-of Claims 1 to 12, wheretn the TNF

-ichibitor is in the form of a lyophilized.powder.




inhibitor is a reconbi nant pol ypeptidc conprising as am no acid sequence:
(i) of the 30"'kDa inhibitor, or a fragnment or nutein thereo?sAugust 199 TNF
inhibitory activity, (ii) of the 40 kDa inhibitor, or a fragment or nutein
t hereof having. TNF inhibitory activity; (iii). of the 40 kDa inhibitor
A51, or a nutetnrthereof having TNF inhibitory activity; or (iv) of the 40
kDa . i nhi bitor AS3, or a mitein there having TNF inhibitory activity. 16
The conposition according to d ai , Wherein the.TNF inhibitor is a
recombi-nant pol ypeptide conprising an amino acid sequence of the 30 kDa
inhibitor, or a fragnent or nutein thereof having TNF inhibitory activity.
1? . The corrpoaltlon PRCAEE Nfedordifk @ dily bie of\izines htotlise wiiskein tieiTFor is a

r- . reconbi nant pot. p ..pride conprising an.am cid.s nce. of the 40
kDa i nhi bi tmedmmd@sh@anwf@i‘?m HF"“&%" ﬁ%%ﬁﬁpruﬂgg’?&gtrcr& 3 fragnent

or nmutein there ﬁggglﬁslamhmts e shBEk atdtipflaniBatocybevel digeasd.t i on
accordi ng t%ngﬁo °E al ms 15 to 1%‘5 wherei'n the TNF inhibitor has a-
non-natural ly occurri ng cysteinc residue. 23 August 1999 :4 19, The

conmposi ti on acggr di ng ' &camﬁésﬁid&obh@rﬂﬁglanﬁﬁw@b&oyw fmcwmmg

cysteine resid i's at ‘the CGtcmus, the Nterm g tion
site of t hiahibior amhé phxsmloaﬁmwwﬁb*s ?Wt‘ﬂéass "i°PrhY’ ‘F‘g'ée‘ﬁ The

corrp05| ti on ordl any 1.5351&0]&14 &bﬂ t he TNF
i-nhi bi t or ’H%S tf?tﬁe r@%r@cg&at N-ter m nus. - glimfoné)o& ti on

accor di ng to any -one @ Goﬂthsmmdn@}mrmﬁeﬂr%@h‘é‘mﬁﬁmpﬁﬁ?

substantially pure. 22. Thmqttqﬁ ﬁ&é’ cording to any one of Clains 16
'to 21, wherein the TNF in or attached to arepeatlng Polymerlc

?)I ety. 23.. The conpgjti ofthadoadlzhuﬂgbmr.@mm%wém‘ eieal hasiegit i ng
o

lymeric. rml ety is pol ye .6 i 24. The corrp05| tion according to
- Caink3, wherein the TNF i P@gftgﬁya%m&)'% PEG 3400 db. 25. The

conposi tion accor di ng (hg appthe o ki¥a ifhibitamA Sl 5ot mmBtein-thiver Shayving /BNF
corrp05|t|on|S|nthef rm of alg%{fhlllzed powder. 26. A kit for.
preparing an aqueous. phar Vi o¥hul at i on conprising the

| yophi |'i zed. - powder ac(mrdw&cwe 1D:AhkBRS: £53odla mu(éhytab&bmgamsgm?

accept abl e soI vent
R “inhibitory activity.

16 . The composition according to Claim15, whcrcin-tthNF_inhibitot-is a
) "rccombinant'polypcpﬁdc comprising an amino acid sequence of the 30 kDa inhibitor, or a

frigreat or mutein thereof having TNF -inhibitory activity.

17 . The compositiou-abco'rdmg‘ to Clatm 16, wherein the TNF inhibitor isa

"y

| 55 rccombmant pOI}'pcp(ldc comprising an amina acid sequence of the 40 kDa inhibitor,

40 kDa inhibitor AS] 40 kDa mhlbxtor AS3, or a fragment or mutein thcrcof havmg
| T\!F mhlbttory acuvuy '

.18 . The éomposiiién according to any one-of Claims 15 to'17, whiceein the

‘ TNE_=i‘r'1hibi-(or bas a no.n—nan'jra_l'ly occurring cysteinc rCsidu_c.-
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19,  The composition accordmg to Claim18, whcrcm ‘thé non-naturally
occurring cysteine residuc is at the C-tenmnus, the N-terniinus or at a glycosylation site
of the TNF inhibitot (rcslduc 105 of thc30 kDa mhxbxmr)

20. The cdmposition accarding to any oac of Claims -15 o 19, wherein the

“TNF inhibitor has a methionine residue at the N-teaminus.

21.. The composition aécqzding to.any one of Clahﬁs 15 to ), wherein the
TNF inhibitor is substantially pure.

'22.  The compoasition accarding to any otie of Claims 16 to 21, wherein the
TNF ighibitor is attached to 2 rcpcatmg polymcnc mou:ty

23.. The composmon accordmg to Claim22 , wherein thc repeating polymcnc _
moiety is polyethylené glycol. '

24, The composition accordmg to Claim23-, wherein the TNF inhibitor is

“C105-PEG 3400 db.

__25 . The co_r_np_ositiou- according to agy onc of _Cla-ims 5o 24, wherein the

- composition is in the'fomi of & lyophilized powder. -

-26 . A kit for prepanng an aqueous pharmaccutlcal fonnulauon compnsmg thc

lyophxhzcd powdc.r accordmg 10-Claim25 and a physmlogtcally acceptable solvent,




