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111 BACKGROUND OF THE | NVENTI ON *166166* The present invention relates
generally to nethods foME [RCROSISND, nore '

particularly, to a method feﬁlﬁEE%&nﬂEﬂééﬁEﬂ.ﬂlﬁE&Eﬂg Turrer—Nectosis
Fact or Medi at ed di seases. 5 Tunor Necrosis Factors (TNFs) arjﬂmwﬁ\ﬂmmmmmm

cyt oki nes produced by nurnerous cell-types, including nDnocy
macr ophages. At | ERGRGROUNT NDB mgexbesmxonew ously
10 These knowie*FRiFs

specifically TNF al pha ap, g TNF beta gﬁy OtOXI
have inportant physi ol ogi iF ?ﬁe%|$?%?ﬁﬁ91YaF8et cells

i nvol ved |r1tfuameﬁhqﬂsmiqrypresennﬁag dhéa preheing aawﬁadaﬁlhnd more
fi broblasts and |, s n L.agenas
ol gL 18 §966EL8e| P8 bref BRI 1, Fhacing

prost agl andin E2,” and cause
resor ption. Thes@ﬂﬂQﬁEN¢@IO$¥ErE®SbOrhﬁe@uatadedadhasewe propertles of

endot hel sal cells for n@uhbgphbl é[@e*dgfg}%?ﬁﬁﬁ%grqg%ge |§# §gegks to
ots

secrete coagul ant activity and uce their yse C
addi tion they red¥tingk W@é“r‘?@l’w ’G‘Pmalappécyﬁéé-§m5f,r dmalhaligiar age

of lipids by inhididdyteEXndsrdorophadds. eNZ¥NEchERORLR! GiNks HARAS bediNFS

cause hepatocytes to nthesjze a, cl ass of rotei ns known as "acute phase
reactants" and t R aft‘%/ ciﬁ'?‘f‘Fﬂeb?@po‘f’Pl%‘FJagrﬁgabeyp?yb’gé%’hﬁmw hese

activities, it ha&ﬂme(rl)aqﬂmﬁckmtn)TNFs pI ay an inportant part in an
or gani sqih s response to apyarie ations su i.nfect]on,an
i njury. {r%ee e. arti ié E E§¥'° Th% V& por C‘q_agﬁ'ceqhyik%iag}gago 27,

1988, pg. 483: H.elf_:fGStt@rrRé‘s 2 Jymbsr ¢ AU rerent target. celdls. iS®olned
1321 (1988); A Q@ itheflif¥lammatory response. The proteins cause both

fibroblasts and synovial cells to secrete latent

collagenase and prostaglandin E2, and cause osteocyte
15 cells to stimulate bone resorption. These proteins
increase the surface adhesive properties of endothelial
cells for neutrophils. They also cause endothelial
cells to secrete coagulant activity and reduce their
ability to lyse'clots. In addition they redirect the
20 activity of adipocytes away from the storage of lipids
by inhibiting expression 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 hypothalamus as pyrogens. Through these
activities, it has been seen that TNFs play an
important 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
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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associated wth elevated levels of TNF in bodily fluids or in tissues

adj acent the fo%%ssog.fiaakéeb('}i g{vfﬁf‘s&@&até@di&@éiQnoﬂ tHFNihheoledy. flaiaeny

cas_'es_, such TNF = e [ seases are also recognized by.the following 5
addi tional two cBhdin ithsugs)adiadroghle (faeis et E&%o‘g%i‘?ﬁﬁemﬁh thg
_(il_ll\"séease ga?z?et hrmﬁafé@éj,t 5 i ore %PEt rémr%mélyodyl. anh nmAsy byasée, aguchi TNFat i on of
NF;  an he pathol ogy induced in exper] ' t he
di sease can be !"}ﬁﬁoltﬁft?é;d cg#lseaalﬁﬁﬁ I Eb% féﬁﬁ%%ﬁnﬁﬁhgggﬁﬂaﬁflgh
Itﬂhl bi th5t he acglaﬂﬁjﬁiidﬂ\ﬂ two carsdit ods nedl ptpathieotegtesfindinggst two of

e three conditions. are, et a,ggii i JERWe | | seases" all
three conditi on?sfroecﬁ ed Eyﬁ'hst 0 %seas%s %i%ﬁdﬁégﬁl%}ﬁét hese criteria
15 incl udes, butexpemisteritailedin @ninaly Y dhe@dninistiatierppfarify

di stress syndro )\ ' ' r{mréid hPal aaniialy b I
di sease 20 5) sl,gglpc)it iz(cz)sﬁﬁ%%?n{%f%@ﬁ%@Iﬁg;%ﬁ%?rﬁ%n o% t es8 yi ngv_e
di seases wi || bagsiedsermfedhafdingaspRan ke Whibite h%’ék?bﬁ}f%p?ai éyand

SO ABSE] Lot dheiags sty et st ok smacpe omsat Bl Lo
di sease. Adult rEsHAsh or Fdi’%ﬁ‘ﬂ&%eégﬁbﬁ%ée?ﬁ&)efé%;r@l&%ﬁgigZ{F’ﬁged by
the rapid onset t@fredy HiRHLt i ereanet cyembsirs, nawy et BNRyped tated
decreased |ung %%ggééggﬁhall 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

25 demonstrate the ability of TNF inhibitors to treat TNF-
mediated disease.

Adult respiratory distress syndrome (ARDS) is
characterized by the rapid onset of dyspnea, tachypneé,
cyanosis, severe hypoxemia, decreased lung compliance,

30 and increased pulmonary vascular 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
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i nclude trauma, massive bl ood transfusion, dissem nated intravascul ar
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conpl enent, and oxygen radical s een I nplica I'n the causation
of the syndrome; SHokdee SYNAANRFs howeiernt vaERugnkEeatBenkhi Besigned

Z%t[)isonsR of | tSIOeC} feloC imq:bﬁt@rt&xéﬁaﬁﬁ-iirt?{s of %@&fﬂ%%hﬁﬁéhh?iﬁﬁé! hﬁ?‘ér ?1%_](_:&1;:
. Results of , ani nal. experinentation suppor e hypot hesi s a

is a medi ator of JARBEVAL ?C&q (ﬁ/%s?nlfalrtﬁo‘?ﬁ%s?%np‘%l?sTNFRFﬁuiEFs° i mi cs
ARPS. After infaaﬁmaDMdeeﬂﬂﬁ?nﬁdﬁﬁuuusuppw¢tiﬂM@eh%poﬁﬁeééduchdt TNF
pul monary wat er c¢ontent .ang ce y_ar ncreased, punctate
henor r hages may B8 & &e&%‘g%é’rro sﬁ’ﬁ%@%@%ﬁ@% evi dence of neutrophil
thrombi and diffuse al vkol arhdaimfiesdpa pifeIdit toSeatsEmifercsarARDS.
Baliviera et al. r.ch. ) I %§§€ HHﬂJﬁ: -14 . 9. K J.
Tracey et al.. nggﬁc%g,ln\?gsg%}&t&p. 0- ?%%6?&"%.?1%%2?%3“ ng rats
wi th at@ - TNF antieddced, pwimonagy twetemaentent oindncehl wharitieRref
ARDS.  ARDS was ijpdyegd h%%gw&ﬁéq{mé%ﬁ%w% bie 2015 2B E0al)

the liver. Elevated circul'ating levels of TNF after repertrusron were

presumed to ari s@ndf hdAtOleAis G idenceof inatFephil ctirerbinhagds.
Pul monary capi | | ai¥ fueekagvetdar eriieRfk idrd erd£sht at Ssegpnpar edriarial ues
In rats grven se

et 5. CTranspl BREAVEGHS BAleg ARSiiodiky: (ibo) 124, R- (AACOTAA0EA
studi e5 TNF con¢aABeati Fig. Tracey et al., Science, 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-

25 blocking properties. See, L.M. Colletti et al.,
Transplantation, vol. 49, pp. 268-272 (1990).
3. In two clinical studies, TNF concentrations

were measured in broncho-pulmonary secretions of
patients with ARDS. 1In the first study of five ARDS

30 patients, TNF cdncentrations exceeded 12.5 ng/mL. No
TNF was detected in control samples. In the second
study, significant TNF levels were measured in
bronchoalveolar 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).



were measured in broncho-pul monary secretions of patients W2AGFRREEO7 | n
the fiwWOYI3W$ of five ARDS 30 patients, TNF concentrati OPSTAISADEB2 12. 5
ng/m.. No TNF was detected in control sanples. In the second study,
significant TNF levels were neasured in brgnchoal veol ar |avage fluid of 3
out of 4 patients wth ARDS but were belowthe limt of detection in 35
controls. See, A B MIl@nRindty fi¥els ddurs, dPPing (ke 7édd (48889,

D.J. Roberts et al., Lancet, vol. 2, p. 1043-1044 & g§ . 22 Cbtqper 2007
WO 92/ 13095 PCT/@69920be8s PULPAPABKafy SPREPSsi s 1BEC FrET8F shd She end
stage of vari OU§r&ulfmi)éa@yodtﬁeaseslbfbaléshsoana aasu.htcrean‘seomft he growth

of fibroblasts and. an i ncrease, pQ | th veol ar
walls. TNF 5 apﬁa?%ﬂ???np %Egsé R@? V&#Eg ﬂ a@?@?ﬁ ﬁ%ﬁﬁ l% nonary
fibrosig. TNF i sappgrenthyfptaps afkeprnale dnptheddbwbﬂsmmﬁsﬂs
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pp. 943-945 ani mal™ exper| ntatlon I nvol vi ng 1
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cancer, provide gvid pgﬁtbﬂg t BaieREBPOGBL.. 3BO,T |ﬂgmyﬂ9451(ﬁ
puInDnary flbro§$§j|§§§€a o#?e the T ?I The ?Eirav naus

i nfusi on of TNF {k2BRks %SﬂlFFugg QP%EBFa?XHSg&BQ“tﬁ 25 WY Mer osi s

of alygolar«ﬂmﬁﬁmﬁ¢ﬁ&r9nﬂnﬁﬁg9tmﬁhuaédcbylBlaaﬂyaﬁnked t hi ckeni ng of the
al veol ar nmenbr ane

ous usj.o ety iads to a
mar ked |ncreasee?ﬁem?$hﬁfﬁfﬁg lﬁr%??PErg?Foﬁagﬁgr EFSBgn d%b05|t|on See,
20 K. J. Tracey egup@ortfhgennatvpfopasdl ppThé 70NE7mediagden of F. Pi guet

et al I nt Arch. #\ §§f§ €$£ Iggugg%aorgga b§3th3 fgglgyy%@ 2. The

adni ni stration di% ant | e prevent ed
bl eomyci n-i nduced al veollar Th?(inﬁﬂyyeqyuﬁmlnﬁﬂsXQHNQﬁH?ﬂﬁslnéﬂﬁeﬁolIagen
deposi j yon. diffuse alveolar damage, notably with necrosis of

alveolar epithelial and endothelial cells and marked

thickening of the alveolar membranes. The subcutaneous

infusion of TNF 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).

2. The administration of rabbit anti-TNF

antibody to mice prevented bleomycin-induced alveolar

25 damage, growth of fibroblasts, 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 pulmonary fibrosis. During the acute phase of ARDs,
TNF is present in significant amounts in the
bronchoalveolar fluid.

Arthritis is a term used to describe a variety
of indications that are characterized by chronic

35 inflammation in the joints. Included within the
definition of the term arthritis are the following:
rheumatoid arthritis, osteo arthritis, ankyloring
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of articular cartilage iébeYﬂﬁg?b?n?g 1§yﬁ8vPaFgFP g 38 é%a%ﬁ#%ally

i pfl aned and undéigeasepcagsdmg'@@Stnnuﬁmangpﬁwart1¢uﬂaN|cantllaEe in
activates both t liu t ocyte
adhesi on and sti Errﬁfaaﬁg(ﬁ“lt&%esor |¥Jn d3 nhﬁé’;ng s{asnt esl's o%ﬂl?ot eogl ycans

in cartilage. Sésflampd a@dbmgdgrgﬂes mrogresgive ﬁ@bnotlngrouEh &n|

82, pp. 8667-867g;¢1385)Np ac%ﬁlﬁla%te‘éalkﬁstﬂ\'aﬁﬁﬁ @nd@theBPdn BRa 547- 552
(1986) 15 These in. Vitro activities strongly suggest fhat TNF

medi at 30 of JOln%eﬂﬁPﬁﬁFﬁﬁytPhPFmQﬂﬁ%(%QPkQﬁﬂqﬁqugﬁsﬁﬁ% ang- ﬁEH%ﬁ%Pgﬁsof
rheumat oi d art hr ¢+bk8srpts ol R tlemlmg§1%jrmﬂéy!§%f lprdt€ogyEansr Lhcul ar

injection of TNF in o 20 the 0|nt of |t c uses infiltr I op

| eukocytes i nt oSRRELLBORr b o9pRo gﬁﬁﬁkﬁ¥$ﬁige—————
I nj ection of subSBXLnHBAdoseslofSDNFppuja&ﬂ%ydﬁﬂﬁntQBSX}le) into the
joint caused a synphghghhG ARt THA WYL, 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 arthritis
is supported by the following:

1. The intra-articular injection of TNF into

20 the joint of a rabbit causes infiltration of leukocytes
into the joint but no proteoglycan loss from cartilage.
Injection of submaximal doses of TNF and interleukih-l
(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
infiltration and cartilage proteoglycan loss. Levels
of substance P, an inflammation neuropeptide, were

30 increased in the 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



of neutrophils. See, B. Henderson et al., din. Exp. 25 | nmufor oY 75,
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significantly reduced by anti-TNE antlbod a that TNF
pl ays a plvotaI5§ﬁ39qq1Q¥%Qk?'E%§¥¥$ﬁ .12 18$€s?ﬁéﬂééfo?ggjg?zts See,
F.M  Brennan et(1®l89,) .Lancet, vol. 2 (8657) pp. 244-247 (1989). 3. TNF is

re t at detectable | I
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| di opat hi ¢ i nf| aimemnarto idowyinadiisdasd (idBD) Seed UdeS. t Db @yﬂﬁi@ﬁeg—
ul ceratjve colitis and Cr QL . qjl%easq,olcrrqim Spopll SPésL7v 6 @bgg ggterized

by a “granul omatous tion involving.the full i ckness
of the wall of the ternI@appathish bflfée’f“Eﬁm%PP@&% ﬁ‘llé&ai%v(et litis is

a nonspecific i;RlhyIER b Sapbed | ilaskdwitdecolioia and csohmisosa
of the col on. AIthough there are djfferences .in the athg ggy of the two
r

syndromes and t RéSEER&-0g-TSHTHE S H SRS 116 i a belief
that the two digFantddmationes dnif ety tresute an 1mm1ng|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 and
submucosa of the colon. Although there are differences
in the pathology of the two syndromes and the etiology

20 of both remains obscure, there is a belief that the two
diseases represent variable tissue or immunologic
responses to a common etiologic agent. A variety of
immunologic disorders have been identified in patients
with IBD. One hypothesis is that the immune system of

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 following:

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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epi t hel i um was d&madey, |&EaEEDCéiixEnﬁgﬂtmmlcwm34hrppghout the bowel . See,
X.M Sun et al., G-, est., vol. 81, pp. 1328-1331 (1988); and K. J.
Tracey, et al. Séﬁgn224 J&qué p. 470-474 (1986). 10 2) In the Tracey
study,lQﬁLwlon of 4ng o?) a ﬁ@uthalWZ?@&YnﬁﬁygﬂnnknﬁQﬁkﬂnamflﬁﬂﬂyOf a

directed agai nst nehiyan 1 P¥Rd Gdiiles mﬁ‘o@wﬁapeéﬂﬁfbba&uah%&w%mst
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3) Isolates from biopsies of children with
Crohn's disease showed elevated frequencies of TNFea
secreting cells in all individuals assayed with a spot
ELISA technique. Isolates from normal children did not

20 show this increase. In ulcerative colitis, four out of
eight children had increased production of TNFa. These
results suggest that TNFe is an important mediator of
inflammation in the human gut. See, T.T. MacbDonald, et
al. €lin. Exp. Immunol.,  (ENGLAND) vol. 81, pp. 301-305

25 (1990) . '

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 (lipdpolysaccharides). 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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charactesi zed by et&bll@gy c@rqheomseaﬂmcﬂsngl%: dﬁll)bly mp@ersteedri al bl ood

22 Cctober 2007 VO 92/ 1309p P&I—éU§8ﬁé99f32m§s%%8%%aem&%hlasmecrease

I n cardi ac output, tachycar%| tachypnea, |acticacidem a and euko ni a.
Various cyt oki nesugigestuthad TNEs male Hash 3 FRie atkdthe medta ﬁPa on of
septic shock, al Lhowgh Ghecxpecific 5 etiology of the disease is not fully

understood. There are several |ines of evjidence h t hat. TNF
may play a role in the redi afp@nadPinighta 18H08EWQ§% u%%m%% Ii'"%stlonsof

TNF to ggi mal s h%&enlghbﬁi@in tohdwadce iandinsle-Sihioe kstatke. stgee, See,

Ever haerdt et al Bj och Bi ophys. Res. Commun., vol. 163, pg. 378
(1989). It has bEYRTER hat the adninistration of Ii popol ysacchari des
to ng rmeCS t__\l_t :) Wth|MS 16 nB¥s so
treate ave o0 hgye r
Lyeated have | beghel 4880h0 hHC I IRATPLHAHPI G Old cddatlhbeTiEion
of llpopolysaccharldes 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 (1985).

3. An additional study was conducted wherein
the blood serum of children suffering from gram
negative septicemia was analyzed for TNF alpha
concentration. This study showed that elevated levels

30 of TNF 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 England 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 compounds for the treatment of TNF-




pp. 28+9d ﬁ@@%o and Carswel | et al., Proc. Natl. Acad. Sci%?C458H 294p] .

C 72, pp. 3666

(1975). 20 2. The administration of anti HSeR/ASORPAAIt

TNF al pha has been shown to reduce the lethal effects of high doses of
endotoxin in mce and nonkeys. See, Tracey ®t al., Nature, vol. 330, pp.

662- 664 (1987):

Buetler 25 et al., Science, vol. 229, pp. 869-871 (1985).

3. An addltlonalm§§aé$eﬂa§hﬁﬂﬁﬁﬁﬁfxﬂﬂwﬂﬁﬁnnﬁdtahpﬁﬁood serum of children

suffering fromgram negﬁﬁé@n@éﬁ’éb?é”b% Yhe prelswird fiffentNorl Pha
concentration. Thiis study showed that elevated_ |evels 30 of TNF al pha were

found in 91% of
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addition to the
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35

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
isolated from medium conditioned by human U937 cells or
from human urine. Full-length 40kDa TNF inhibitor may
be glycosylated as is the naturally-occurring protein;
or nonglycoslylated as is the protein recombinantly
expressed from a bacterial expression system. The
truncated proteins, in which 51 and 53 carboxyl termini
amino acids have been removed from the full-length
protein, are referred to respectively as 40kDa TNF
inhibitor A 51 and 40kDa TNF inhibitor A 53.

30kDa TNF inhibitor has been shown to exhibit
inhibition actiVity against TNF alpha. The 40kDa TNF
inhibitors, including full-length 40kDa TNF inhibitor,
40kDa TNF inhibitor /51 and 40kDa TNF inhibitor AS53,
have been shown to exhibit inhibition activity against
both TNF alpha and TNF beta.

Currently pending U.S. Patent Application
Serial No. 07/669,862, filed March 15, 1991,
specifically incorporated herein by this reference,

n

f

n



yet biologically-active forns of the 40kDa TNF inhibitor haA?eH*§*Been
producwd 92¥in3n9kul | -1 engt h  40kDa TNF i nhibitor is the TNF paiUsormod3imvi ng
a nolecul ar weight of about 40kDa on SDS- PACE that nmay be 20 isolated from
medi um condi ti oned by human W937 cells or om human urine. Full-length
40kDa TNF inhibitor may be glycosylated as™i's the naturally-occurring

protein  or nonglycosbulated i dsS dh it e Oty spapiessed

from a bacteri al expreéssion sys truncated proteins, Tin which 51
and 53 carboxyl Meteiins ofniING dohddbiters wxeh nraRARSA MhRre ReIeFtefengt h

protein, are refgphigd faelaE%lé%G.hh\éqls» e AP abd wlrﬁn bi}ﬁ@tlfeinél and
40kDa TNF I nhi bitor 653. 30kDa. TNF |nh|b|tord£%§1$ﬁi e#ec€¥@ %%

i nhi bi tion acti vFe§igy&snst SERE & NSrf@y, ?ni) or 5 Iud|n
full-lenrgth 40kDae£HEeanlw1hnt @nnctzi@iﬂaalwa ipoliysitthrlene Sl venl 40RER) TNF

i nhibitor .L.53, ve_ been sho y agai nst
both TNF al pha aH8t %ﬁFtBng a§§wgﬁﬁpéﬁﬁﬁ§gﬁéﬁéﬁﬁgpﬁ&g&gﬁgfent plication
Serial No. 07/66PpaB6iculliaredaVaokidal TNFLdshibidsrimutedin wefrigrgsdre® oas
herein by this r enge éSﬁ%ﬁ%lD / HM¥Psn 10
descri bes a nunbgg'sg ig 83%%r25%%|3 peddin Heod el b 3

| brtor speC| es Mut ei ns of TNF
i nhibitors are piépapéd3ﬂh§ﬂeT§EIé@bé@ltﬂﬁ|%§aﬁﬂ aced QU )CYFe Nt aced

with Cé?)t ei ne reghdyps. fgi“f:ﬂegubﬁnb%aﬁié\ﬁﬂ hQﬂhemeﬂ:léJ.Qr Padineay e
reacted with functionallzed ene col__( PE its.to create TNF
i nhi bitor PEG spEepg§ed Wl‘p'gr PlléH mé‘a ﬁﬁlfg’ "ﬂ%ﬁtﬁ B:cﬁ IRR®Rin referred
to as Cl05 is dpgonibad, "u/ambbenlmhepmysagmm:eam o tTINEh infoib toBOk Da
TNF i nhibitor is_r gLaged mﬁtg cyst ing. 1053 ISE%rnenbodlment t he
nut ei n proteins ﬂﬁ§ pBS PESCH Eaﬁ'ﬁ Bitfufc o |ze Units to form
bi val ent "dunbbel | " species wherein two TNF i nh| bitor nuteins are attached
via a gigngl e PEGGUGMAY oF THE INVENTION
The present invention discloses methods for the
prevention and treatment of TNF mediated diseases by
administering to patients in need thereof a therapeutic
, agent. In 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
effective amounts of TNF inhibitors.
Preferred TNF inhibitors of the present
invention are naturally-occurring proteins and
truncated forms of naturally-occurring proteins. The
35 naturally occurring proteins are preferred because they
pose a relatively low risk of producing unforseen side

effects in patients treated therewith. 1In some




15 SUMMRY2 ,qgg;ﬂz | NVENTI ON The present invention discloses et¥9852%Fbr the
prevention and treatnent of TNF mediated diseases by adni RGEYEEIHIMD
patients in need thereof a therapeutic agent. In particular, the invention
provides a nethod 20 for the treatnment of TBR nedi ated septic shock by

adm nistering to patients in need thereof a therapeutic agent. Al so

i ncl uded are net RBReMiGIEeNtse ofy ddrifeninAnt i, HEgreiee aft BrptednaBNFTNF

medi ated adult reapiibaters Gihdres ThiSy el Pynahlbe Rl 8f eshPlot Bcidd
patients in need_thereof égtherapeutlc agent. In accordance with the

present inventi ofSSifEERo ffﬁ'&Fﬂﬂ(ﬁﬂﬁi9?5“??%%RF9&F%ﬂdsﬁﬁgeﬁﬁﬁl AYSTNF
nmedi at ed di seasealsbnppafiereelda TNFNG nieib iiers sept i c shock TNF nedi at ed

arthritiss and TNF nedi atgd_ad It spira di,s ndr o with
therape&flcally effectréépﬁe go?f Eﬁ %h&ﬁ? gl% rﬁ&f pnan
i nhi bitors of th&NPrbdedingi W@rttems ar Eheatprefeyred CINF | igh pbbteras and

truncated forns gépgg ugal by gnglléﬁgr;yegqﬁaﬁ,{%s of hﬂfl,?,slfg él{g.k| y occurring

proteins are pre because they ~ pos
produci ng unf or seEAtSinE . eﬂhgﬁﬁsﬂN¥;ynhthtpnsexnthtamgenxeﬁerrads@ne 22
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mut eing of protein am no acid

I nhi bi tors where onl
resi dué? differ FPGWFFHBanPHF&FtﬁHQAQQ1%ﬂﬁﬁ%ﬂ%ﬂfE%Q?lgﬁgﬁFp?%?er?@HD?NF

inhibitors. 5 A wNEf ﬁmhedmb&ss agfd Bdid nmmat OFNF aIbrﬁli’bl:D@@r iSFehreHe Ry f
proteins. The pr d itors. ' ear,_ to nts o
TNF recept or FSFS g dT?ﬁ?E‘ I‘—e | rﬂ‘ﬁ“@t e aﬁ% ’g‘fﬁfe}?’é@t 40{‘9@
practice of the PNEsénhibhitemt i d0kiae T dotheid iftaam A1 hendyr #0kDa oODEFst i ng

of 30kDa TNF i nhi it g5+ 3 4gkDa Alé'éngr@]s'é}‘é(H A bR AR geng‘?}{e

inhibitor is furt fromthe group con5|st|ng 0
40kDa 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.

While the production of TNF inhibitors 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

25 recombinant DNA technology. Recombinant DNA technology
is preferred in part because it is capable of producing
comparatively higher amounts of TNF inhibitors 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



TNF i nhi bitor, 40kDa TNF inhibitor Q51 and 40kDa TNF | nhi bT31%F°°8 €87 Al so
pr ef er Wl92/13093r ot ei ns whi ch have 15 been nodified, for exROPIESI2B048he
addi tion of polyethylene glycol (PEG or any other repeat polyner to
increase their circulating half-life and/or;40 decrease inmmunogenicity.
TNF inhibitors that act as receptor antagonists to TNF are al so incl uded
W thin 20 the scopg; 9#69'éngnxeﬁafaact%hhaltz@a e yrdcur safr TNhe

Ieve

i nhibitors nmay be

y extraction ron1natura|| vail a
sources, such asprgferwvedtmukeinodshGAAR drkpe THF BFQF%¥¢Eﬁf qﬁ%ﬁaof TNF

i nhibitor productiQpahs Pys28cr gerbhi TREt iBNABiedhndlsogeplRemaiiitdnta DNA
technology 1is preferred in Eart because it is capable of producing
conparati vel y higfeteineuheS18PeTNF i nhibitors at greater purities.
Additiogal preferred TNE4 rif Hid de umidrsteoodOtimat shathothgokpEeIRENT

i nhi bi tor wherein SE|%§ i?ﬁgg%§%18ﬁchga QBGS$§E§|nhﬁglﬁgﬂgf}gdafe repl aced

with cysteine. TRAT e Used as tors, or they may be
reacted with poldesbyipbeoglgrelexEEEﬂarVoaﬂdr#KPMPﬂﬁﬂﬂqﬁtQﬂ Es

conpounds, conta\%%?)lgdle%gﬁ%g{z% ﬁz‘ﬁﬁth Dankiilon agP¥1amerul e. In the

nost preferred I nhi |tor I's a bival ent species forned
in a reaction between a nutein 30kDa TNF 22 Cctober 2007 WO 92/13095

PCT/ US9¢/ 00432 éﬁIEﬁhDESéﬁtPdeNaobl&HECDRQwaNGSed PEG precurser. The
preferied nutein i s CLO5 30KDa JNF, inhihitor, whel ue.105 of 30kDa
TNF inhibitor is repl acddGnu th 9PPISES %§¥%tﬁgy5r$€ég 8 ogbe
under st ood t hat @@ﬁ@tibﬂ éﬁregﬁengf panana recembringmito i rdver kewk ot} owi ng
detailed descri lonare e I or, KA ffe dPt300
restrictive of t ?n@%ﬁf?oﬁggpagﬁéngg e?%@ gE%EFa%E%@kIPTICN OF THE
DRAWNGS FIG 1 m@pkgtefthemanr retpmpinants Tumox Necrosis Factor alpha
15 (hrTNFa) . 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

(S.E.M.) for three experiments.

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-1B injected
subcutaneously at time zero.

FIG. 3 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 /53 at 30 minutes before and 30
minutes after subcutaneous administration of the
cytokine mixture. Total 40kDa TNF inhibitor As3

30 administered was 200 mg/kg. * denotes statistically
significant differences between TNF inhibitor 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-&--



functi owoafz/fpge of human reconbinant interleukin-1 beta (H#3Qsi%g)2007
adninisteredﬂﬁ?th a constant dose of 300 ug/kg of human r eHYHSIAMN0432 nor
Necrosis Factor al pha 15 (hrTNFa). G oups. of six mce were dosed with
differing amounts of hrlL-1B. Mrtality wasldssessed at 72 hours after

subcut aneous injection of the cytokine m xture. Values given are nmeans +
standard error of FERECRRERS PICE RIVefpsiphrisdragariteneal Pojertions of

dfepig)gg s t/hE su][faf:f}%enmr*aauh%g%&o& A%HFP@?&&&&@%f@Q@E“&?BVQbi oln
0 ug/ kg o [ a_an , u of hrllL- i nj ected . subcut apeously
at time zero. FIG3Y ‘éﬁ?cgsﬁf’ﬁgs’w% E‘%@rﬁenﬁe:‘%ﬁ‘iﬁ% A&%‘galz ﬁ?ﬁﬁc??ﬁﬁrof
time as in Figurea@ninbhsteabtion of thecpmytdiiree mideteren Toval 40kDg f

i ntraperizt oneal i4,£CtiA0S F_i.nhi Ritor 3 | nut es before
and 30 ginutes a griéﬁggﬁ?éﬁegggggaéyﬁﬂ5ggﬁ|%N1%#§1?é§ %%Z%éinegnixture.
Total 40kDa TNF i@enotesr shasisgdcaddiynissgeridid cent 200E fepdmces behwees
statistical ly Sl 1ARTHifbt! Breated Aol yﬁt'}lﬁeé&éu&uxﬁféetgfaeggeseaa

unt r eat ed cytokine-lntecte m ce as assesse unpai red
(p<0.05). FIG 4 ®epthesunpaigsft -tegtadps-000tion of 35 time in the

fxper! ment f depicted in E:ﬁc.g-e \I?}]efpiétgleahétﬁoi-’aslzsﬂyf aseat ggi%%&&%{ S a
uncti o (0] t1me S 1 N. ereln,--., —, - er

02/ 130989PCT/ USoF B8 350 %er8§P8§éWF§‘tmd8é’1ﬁjf\?éﬁ E}O@fcgﬁ r3peri t oneal
injections of 40kDa TNF EIGhi bi tdepidts ath80swi patestbmaperatuded asl a

' , 3 h , h , d1l f .admnistrati
The cytoki e m xt IRCEYRE 0% ,bEHe" 88T Ffirh o i o LT T < EPRESTRS CB0o

ng/ kg. * denot esnicatgiveénaten $nymaperdtondiaflf dmgresesidret vl i ORDE TNF
| nhi bi tor treated; g PES1 TABSt 8- AbCH 1 ARLAES BiFefte Dard S ¢ PAN s E - st
(p<.001). FIG 6 depicts the nortality as a function ‘of
15 hours, 6 hours, 9 hours, 12 hours, 15 hours, 18 hours
and 24 hours after subcutaneous administration of the
cytokine mixture. Total 40kDa TNF inhibitor AS53
administered was 1,000 mg/kg. '
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
of time in the experiment depicted in FIG. 7.
FIG. 10 depicts surface temperature as a
function of time as described in FIG. 2, wherein: -0 -[]
25 - represents a mouse given 6 intraperitoneal injections
of 30kDa TNF inhibitor at 30 minutes before and 30
minutes, 3 hours, 6 hours, 9 hours and 12 hours after
subcutaneous administration of the cytokine mixture (a
total of 240 mg/kqg):; --[&—[&—— represents mice given 10
30 intraperitoneal injections 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 administration of the cytokine
mixture (a total of 400 mg/kg); and =-o--o0-- represent
35 mice given 15 intraperitoneal injections of 30kDa TNF
inhibitor at 30 minutes before, and 30 minutes, 3
hours, 6 hours, 9 hours, 12 hours, 15 hours, 18 hours,



10 tine in the experiment depicted in FIG 5. FIG 7 depicts*29&e8us%
tenperWMQIZ13M5a function of time as in FIG 2, V\/nereilr[: -PG]-‘IUSQNOg%é%éfg
mce given ten intraperitoneal injections of 40kDa TNF inhibitor A53 at 30
m nutes before, and 30 mi nutes, 3 15 hours,;46 hours, 9 hours, 12 hours, 15
hours, 18 hours and 24 hours after subcutaneous adm nistration of the
cytokine nixture, Tohals A0kDondlFs | Y hé@Fs Z $53hoads) nast roatsywasél, 000
ng/ kg. FIG 8 depicts the nortality as a function of 20 tiue QL EQS
experinent depi Q1S R @° AoYE A%t pFILeY %e%‘dﬁyaaﬂf‘ﬁﬁf'g atign of
fsﬂp?;lzont of ti{@lé rbﬁﬁtﬁti&?@&ii%ﬁedﬁ)iﬂbﬁdli@f%@ ®g/Fy- 10 depicts

e tenperature as upcti.on. ti Al i : rein:
-Q-Q 25 - represents glﬁbugg 8?9é%¥§ %ﬁ?rgﬁgggﬁgﬁgg%% ﬁpég#?%ﬁgulg?§30kDa
TNF i nhg bi tor attid@ nimutles dxgjerionent! depiched etn BIGout3; 6 hours, 9

hours and 12 hours afte subgu I R j+ i 5
: 1cSURSULAReRYS MW Bodly’ ddightd dha @irBditn
mxture (a total of 243 /Eg); Bﬁ% - A-- rep,rtg;entls mce given 10 130

i ntraperitoneal ofhjtdame dims e JoRISE IMent ieBi¢ed at " 3BIC i hlites before and

30 minutes, 3 hours, 6 PeYrS139depeets, the Haereaskd imogeant] 8ikmetsr 21
hours and 24 hours after subcutaneous adm nistration of i@g cyt oki ne
mxture (a total@Sof 4NGHYRY)ST drdre RS -I-'e?%fﬂ‘%%gh?nﬁ i ce given 15
;%rggﬁm ;S?Eal ggy@fﬁdh dU&Gaqf é’é)_lquavgél'l\F (S bon odayt2B) acaardingetor e,
S, ours,, our s, ouwrs, 12 hours,, 15 hours, 18 hours,
22 Oct ober 2007 MafB¥2/436H ’?@Hﬁﬁsgﬁ%ﬁ&‘i 14 21 hours, 24 hours, 27 ’
hours, 30 hours, 33 houFsG.364 Hepistsnthe9maximmichandsdeuifiddus

adm ni stration af. the cytoki | Xt t / - i
depicts the nort%.aﬁqe&egg %%&uﬁt%% g%é@{iﬁﬁe%ﬁ%g&%ggr#ﬂ%ﬁ?fggﬁﬁed
in FIG 10. Fl Gwith @& dirs the e;mgrmrg%t%e@scf&’#uh%t#"gﬂ- -tfme in the

exper iygnt depi%@%@ﬂé&|ﬂﬂ§tf§¥ically 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 with SCW according to Method 2 in Example 3 below.
FIG. 16 depicts the percentage inhibition of
endotoxin-stimulated neutrophilic influx into
bronchoalveolar spaces of 30kDa TNF inhibitor -~ treated

rats as described in Example 4 below.
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
experiment depicted in Fig. 16. * denotes statistically
30 significant differences from the untreated control rats

as assessed 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 examples, serve to
explain the principles of the invention.




FIG 13wispifigost he increase in joint diameter as a functioff OF°¥T A’ post
. reactivation mnth 10 Streptococcal Cell Wall (SCW on day 2BCTASW/M43d o
Method 1 in Exanple 3 below. FIG 14 depicts the maxi num change in joint
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experiment depicted in Fig. * 15 denotes statistically significant
differences compared wit stﬁ@ Yedcabaye c dhe Rrefen bHventignprelages
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2007 V\D 92/ 13095 PCT/ US9R/ 1 ote e, .the present invention
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relates to nethods for prev
patients sufferlnGQHﬁmdﬁraﬂntdﬁbS ammwﬁmmednmpedsdssehseadm|ﬂh§reu|on of

a therapeutically ok _t
sufferir§%fron1a F% nedlated | se efﬁqéb%@fzﬁfgéggé is' 8s8003d é%g with
- elevated levels of TNF in bodily fluids or in tissues

adjacent the focus of the disease or indication within
the body. TNF mediated diseases may also be recognized
by the following two conditions: 1) pathologic findings
associated with a disease can be mimicked

20 experimentally 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.
Many TNF-mediated diseases satisfy two of these three

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, inflammatory 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 preferred 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
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gfalthy humans. {Nagur@bly; occurring” proteins specifically includes forns
15 ngubstantially equivalent" as used throughout
the specification and claims is defined to mean
possessing a very high degree of amino acid residue
homology (See generally M. Dayhoff, Atlas of Protein
Sequence and Structure, vol. 5, p. 124 (1972), National
20 Biochemical Research Foundation, Washington, D.C.,

specifically incorporated herein by reference) as well

as possessing comparable biological activity.
Among the preferred TNF inhibitors of the
present invention are the naturally-occurring proteins
25 that exist in vivo as binding proteins of TNF that have
previously been described in a currently pending United
States patent application. This application is U.S.
Patent Application Serial No. 07/555,274 filed July 19,
1990, of Brewer et al., which is entitled "Tumor
30 Necrosis Factor (TNF) Inhibitor and Method for
Obtaining the Same." This U.S. patent application is
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 identified
in and isolated from at least a medium conditioned by
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States patent ap ication is U S Patent Application
Serial No. 07/552h§3gﬁkgﬁgaz?ﬁidﬁgg 1990, of Brewer et al., whichis
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e
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uh ch has Deen | Sebbiatesl, Fle Aot 0 Lol 8 5 Lo E T 5, 0B,
cells amsd fron1huamnmnrameab@@kDaOUWﬁllIﬂndiawaaelapprﬁxlaabufﬁeSOKDﬁ on
SDS-PAGE, and ;5 qhe 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 nucleic acid sequences of the genes
encoding both 30kDa TNF inhibitor and 40kDa 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
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 /AS51 and 40kDa TNF

35 inhibitor A53 (along with the glycosylated full-length
40kDa TNF inhibitor as isolated from medium conditioned
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are nmpgified by,atipshpBoteoh P8 2EmBOEA.PONACLIAIAYS-cdGurion 4QHED) or
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forms, referred {gh@sifors- (pagivesODB1 ENE i ABBDI have mamam bi t or
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Oct ober 2007 WD 92/ 130¥MethOH<USRR/ QeASRICiEgy Whe Brewen3gtcalts. and human
urine,lgn glycosﬁﬁﬁ&ﬁ?kors 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 isolating the genes
20 responsible for coding the inhibitors, cloning the gene
in suitable vectors and cell types, and expressing the
gene to produce the inhibitors. The latter method,
which is exemplary of recombinant DNA methods in
general, is a preferred method of the present
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 inhibitor muteins and muteins that
30 have been modified as described in U.S. patent
application Serial No. 07/669,862, filed 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
35 inhibitor is a "dumbbell" species wherein two C105
30kDa TNF inhibitors are attached to a polyethylene
glycol (PEG) moiety. In a most preferred embodiment,
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Cct ober 2007 V[)92/130%ﬁdﬁfﬂdﬁﬁ&yfﬁﬁ3ﬂnhibitors 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
transcription or translation of TNF genes or processing
of TNF preproteins.

Because it is possible that the inhibitory

25 function of the preferred inhibitors is imparted by one
or more discrete and separable portions, it is also
envisioned that the method of the present invention
could be practiced by administering a therapeutic
composition whose active ingredient consists of that

30 portion (or those portions) of an inhibitor which
controls (or control) TNF inhibition.

The therapeutic composition of the present
invention is preferably administered parenterally by
injection, although other effective administration

- 35 forms, such as intraarticular injection, inhalant
mists, orally active formulations, transdermal
iontophoresis or suppositories, are also envisioned.
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are ahgo envisioned. of dissolution, release, or absorption of the TNF
inhibitor. Such excipients are those substances
usually and customarily employed to formulate dosages
for parenteral administration in either unit dose or
multi-dose form.

20 once the therapeutic composition has been
formulated, it may be stored in sterile vials as a
solution, suspension, gel, emulsion, solid, or
dehydrated or lyophilized powder. Such formulations
may be stored either in a ready to use form or

25 requiring reconstitution immediately prior to
administration. 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 formulations containing TNF inhibitor are stored

30 and administered at or near physiological pH. It is
presently believed that administration in a formulation
at a high pH (i.e. greater than 8) or at a low pH (i.e.
less than 5) is undesirable.

Preferably, the manner of administering the

35 formulations containing TNF inhibitor for systemic

delivery is via subcutaneous, intramuscular,

intravenous, intranasal or vaginal or rectal
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while the prolonged maintenance of circulating levels
in excess of 10 ug per ml may have undesirable side
effects. '
A preferred dosage range for the treatment of
20 TNF mediated diseases and more particularly for the
tfeatment of TNF mediated septic shock is between about
0.1-200 mg per kg of patient body weight per 24 hours
administered in equal doses between about 4-15 times
per 24 hours. In a more preferred embodiment, the
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. 1In a préferred embodiment, administration will
continue 12 to 60 hours. In a most preferred
embodiment administration will continue for at least 24
hours. The frequency 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
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suppository. Preferably the manner of adm nistration of the formulations
contai ning TNF i.nhibitor for local delivery is via intraarticular
intratracheal, or instillation or i nhal ati to the respiratory tract 5
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hours. The frequency of pde¥eRdeanthdde®d G¥r rtle dasmatment of TNF
15 mediated 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 respiratory distress
syndrome include: single or multiple intratracheal

25 administrations of TNF inhibitor; and 2) bolus or
continuous intravenous infusion of TNF inhibitor.

It is also contemplated that certain
formulations containing TNF inhibitor are to be
administered orally. Preferably, TNF inhibitor which

30 ' is administered in this fashion is encapsulated. The
encapsulated TNF inhibitor may be formulated with or
without those carriers customarily used in the
compounding of solid dosage forms. Preferably, the
capsule is designed so that the active portion of the

35 formulation is released at that point in the gastro-
intestinal tract when bioavailability is maximized and

pre-systemic degradation is minimized. Additional
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15 dosage information 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
teachings of the present invention to a specific
problem or environment will be within the capabilities
of one having ordinary skill in the art in 1ighf of the
teachings contained herein. Examples of representative

30 uses of the present invention appear in the following
examples.

The following examples describe 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
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A modification of a murine model of septic
shock developed by Everaerdt, et al. has been utilized
in this Example to demonstrate the therapeutic efficacy
of TNF inhibitor against septic shock. Everaerdt et

20 ' al. Biochem. Biophys. Res. Commun., vol 163, pg. 378
(1989), specifically incorporated herein by reference.
In this model the synergistic action of a combination
of cytokines, human recombinant Tumor Necrosis Factor a
(hrTNFe) and human recombinant Interleukin-18 (hrIL-18)

25 produces septic shock in mice characterized by profound
hypothermia and then death.

Lethal septic shock was induced in C57Bl/6
female mice, 8-12 weeks old, at 18-21 grams body
weight, by the administration of hrTNFa and hrIlL-18.

30 Human recombinant Tumor Necrosis Factor was prepared
generally according to the procedure described in
Shirai et al., Nature (1985) vol. 313, pp. 803-806,
specifically incorporated herein by this reference;

_ also see the Brewer, et_al. patent application. Human

35 recombinant Interleukin-18 was prepared generally
according to the procedure described in Kronheim et

al., Biotechnology (1986) vol. 4, pp. 1078-1082,
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15 expressed as ug/kg body weight. While holding the
hrTNFa dosage constant at 300ug/kg, increasing amounts
of hrIL-18 were added to the injection bolus. Results,
given as ug hrIL-18/kg:% mortality, were as follows;
250:0, 500:10, 1500:50, 2000:67,2500:100. All doses

20 greater than 2500ug/kg produced 100% lethality. 1In all
subsequent experiments the cytokines were used at
2500ug/kg hrIL-18 and 300ug/kg hrTNFa, and delivered as
a single subcutaneous bolus on the dorsal surface.

'~ The combined administration of hrTNFe and hrIL-

25 18 caused in mice a profound hypothermia (figure 2) and
then death at approximately 18 to 30 hours post
injection (figure 4). In this Example, a decrease in
body temperature was used as a measurable indicator of
the severity of the induced shock. Body temperature

30 was estimated by use of First Temp infrared hand held
scanner (Intelligent Medical Systems, Carlsbad, CA).
The degree of hypothermia correlated directly with the
severity of other clinical signs (i.e., shaking,
lethargy, loss 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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hr TNFa, and delivered as a single subcutaneous bolus on the dorsal
surface. The conbined adm nistration of hrTNFa and hrlL- 25 1B caused in
n ce a profound hypot her®ikPa fiINfurinbiter Neh wasitadmindpbesednifel y 18

to 30 hgurs pOStmiégjfﬁﬁégee&f&gﬂﬁetﬂé'C&Eokﬁhé PiavRre Grae-1geshd n
hrTNFa 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, 40kDa TNF inhibitor AS53) for increasingly

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

25 Body temperature and mortality 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 100 mg/kg of Inhibitor Protein in a
300ul volume for a total of 200 mg/kg. Of the
cytokine~shocked mice, those in the group receiving the
Inhibitor 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
delayed about 12 hours in the treated group (figure 4).
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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 ended. 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 observed at 42 hours post injection and
reached 100% by 44 hours.
The third experiment extended the above regimen
25 from 12 hours to 24 hours post cytokine injection
(figure 7). The additional intraperitoneal injections
were administered at 15, 18, 21, and 24 hours after the
injection of the cytokine mixture. The resultant total
dosage was 1000 mg/kg. The untreated group receiving
30 . hrIL-18 and hrTNFa followed the same course as in the
second experiment. 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 8). 1In
contrast the group receiving Inhibitor Protein was
35 protected against the severe hypothermia and lethality.
The average body temperature declined to only 33.5°C by
10 hours post cytokine injection and subsequently rose
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at 42 hours posbrigjieril it byeahdbutdyHyweehpuby . 20PcheRrs dPost

exper%ﬂ?nt eXtegg%%ﬂf%%E%%?é%éf%ﬂ'%ﬂh average weight had returned to
that of the control group injected with phosphate
puffered saline (PBS). The animals appeared normal in
behavior and external appearance. By prolonging
therapy with Inhibitor Protein for 24 hours, we were

20 able to reverse the profound hypothermia and lethality

seen in cytokine induced model of septic shock in mice.
The duration and frequency of the administration of the
inhibitor would be compatible with the intensive care
given a septic shock patient.

25
C. Controls showing non-effects of fluid therapy and

t+he non-toxic nature of the Inhibitor alone.

In the last three experiments described above,
30 Inhibitor Protein (40kDa TNF inhibitor A 53) was given
in volumes of 200 to 300l per injection. It was
possible that the fluid volume of the Inhibitor Protein
in itself might affect a therapy. To test that
possibility, hypbthermia and lethality were compared in
35 one 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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frequency of thﬁuﬁ@ﬂ'féﬁdﬁﬁﬂﬂahﬁﬁ3dﬂﬁ% TNF_inhibitor in a murine model
of Cytokine Induced Septic Shock.

A. Protocol for the Induction of Murine Septic Shock

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

25 old, weighing 18-21 grams, by the combined subcutaneous
administration of hrTNFa at 300 ug/kg and hrIL-1B 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
was used as a measurable indicator of the severity of
the induced shock. The degree of hypothermia
correiated directly with the severity of clinical signs
(i.e., shaking, lethargy, loss of skin resiliency,

35 hunched posture). After the combined administration of
hrTNFae and hrlIl-18, body temperature dropped from a
normal value of 39°C to as low as 28°C at approximately
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cyt oki ne shocked m Ce. separate control Wwas included to, assess the
effects of Inhi ecombdnansi 30K ENE ninhibisgeritibhized RS of nice
were injected ""E?](geﬂln%nltn KidY tf¥epd¥ed @ldbdriintenéd Cete Wb tBEs and

frequencies as those 10 given to the treated, cytokine-shocked. group. No
mortality or al AessEibesl o By BRSHRT ﬁ—"ﬂ-ré\/\éaeterbtbs%? K7 l?ﬂé P
thlbukpr Protein control groups (figures 3,5,7). 15 Exanple 2:
Denonstration of the Protectiyv ffe of r | F

i nhibitor in a Ruari fﬁﬁf’}é'"l °fof%05§dao%}ﬁ?é ﬁ“%&meﬁi S Léﬁoc&? % %r%‘?locol
for the InductioBepftidishoekSepti c Shock 20 The sanme nurine nodel of

septic shock described in Exanple 1 was utilized to denonstrate the

t herapeutic efficacy of 30kDa TNF inhibitor. Lethal
Inhibitor Protein (in this example 30kDa TNF

15 inhibitor) 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,
containing one mouse, was treated with Inhibitor

20 Protein at 30 minutes before and at 30 minutes, 3
hours, 6 hours, 9 hours, and 12 hours after the
injection 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 extended another 12 hours with the additional
injections 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
injections. 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 injections.

_ Body temperature (figure 10) and mortality

35 (figure 11) were followed in the treated and untreated
mice. The mean temperature of the untreated mice
dropped to 27°C at 12 hours and remained at that low
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t he cyt oki nes. ThIS mouse. rg
15 The time required for the body weight to return

to time zero values was also used as an 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

25 same point as the other two groups.

30kDa TNF inhibitor was effective in protecting

mice against a cytokine induced lethal septic shock
syndrome 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 Effects of Human

35 Recombinant 30kDa TNF Inhibitor on Streptococcal Cell
Wall (SCW)-Induced Reactivation of SCW-Induced

Arthritis in Rats
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hours T opped t ds8&%pmibldef imacditivat nyainkanpatbonoard aAdNEthen

feturned o nor@@struction in the ankle previously injected with SCW.
To assess the extent of inflammation following the
second administration of SCW, the dimensions of the

ankle joint are measured daily.

20 _ Regarding streptococcal cell wall~induced
arthritis, R. L. Wilder in Immunopathogenetic
.Mechanisms of Arthrits, Chapter 9 entitled
"Experimental Animal Models of Chronic Arthritis,”
comments "the clinical, histological and radiological

25 features of the experimental joint disease closely
resemble 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 In 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 O in
the left ankle with SCW (1.8 pg rhamnose equivalence).
The right ankle was injected with an equal volume of
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(1985), SpeCifiCEgE11EP§°R39%§tg%th%%&hﬁnhy reference. 5 This nodel is
ed as | F'ows:

briefly summari z treptococcal Cell Wall (S is injected
intraarticulary into thOmrdae 2bi nafber thesacute phasig @f iarthydetd

into the contral ghtihehO! Rhel Gathl Qe aridiiIPlaivided Engl Fodrol
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ittle effect on_the.saline-inje ankl.e.. ln contrast,_ however, IS dose
15 is capabl e ofmpgﬁéPi9§tSH§E%nﬁ%§iﬁﬂh%ﬁfﬁﬂﬁi}Qﬂ?&lé%eg?r%ﬁfﬁSna%aéthe
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follow ng the sgcgad adpini quﬁ@ L NBASLANSePhyiRBe ankl e
joint are neasurgdgggﬁlggkzgﬁkegar 2%§2£%%%ﬁ%§§%€%l ce#? ggllyindﬁced
15 _ glycol (PEG). 1In Cl105, asparagine has been replaced
with cysteine at position 105 of 30kDa TNF inhibitor.
In the C105~PEG 3400 dumbbell (db) molecule, two

molecules of C105 are cross-linked by a single PEG

molecule with an approximate molecular 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
Ankle :
30
I- PBS Control PBS PBS
II- PEG 3400 Control PEG 3400 PEG.3400
: (0.9 pg/joint) (0.9 pg/joint)
35
III- C1l05-PEG 3400 db C105-PEG 3400db PEGIBQOO
(10 pg/joint) (0.9 pg/joint)
IV- C105 Cl105 C105

40 _ (2 pg/joint) (2 pg/joint)
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In one set of experinents, arthritic rats were given a single
intraarticutar admnistration of TNF inhibitor jn ghos hatﬁ Puffg&gd 35
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inhibitor. 1In the Cl105- PEG 3400 dunbbell (db) nolecule, two nolecul es of
C105 are cross-$4nk&dr B394 éfngl e PEG _
15 As expected, the left ankles of rats 1n all

groups swelled in response to the intravenous injection
of SCW on day 21 (Table 1 and Figure 13). However, the
response differed markedly between treatment groups.
Whereas the joints of rats in control groups 1 and II

20 swelled by 30% and 32%, respectively, of their initial
dimensions, the corresponding joints in the Cl05-PEG
3400 db-treated group III increased by only 15% and in
the Cl05-treated group IV by 25%. In Figure 14, the
maximum increases in joint diameter during the 72 hour-

25 interval after SCW-induced reactivation are graphed for
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
administrations of 30kDa TNF inhibitor in phosphate
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 pg rhamnose
equivalence) and in the right ankle with an equal

volume of pyrogen-free saline.
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via a 25 gauge needle atta aut petter lately after
the intraarticul%F*® ﬁﬁ%ﬁ"?‘gn‘%l%? ?ﬁ@ anghg lfr]‘ S, r}eaet%c at tevvas 10
injected intr avemmgisy ) h[BEWéﬁBOIngeharrhmtemuil\tﬂ anced, iandralemg
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rats. The € Jorn were on days 21,
and 241015 As exjdrileitor hin| BB$. anGibsubaneaus unjadthyﬁnqﬁ;Rﬂﬁﬂt%d in

response to the dnhr Vf”t?:!"%%ﬁ??%ﬁ?”mﬁ&b?%‘:m&od@fo%gps( 'Iielbl eII]I anéjnfl gure
13). However, the esponse ered mar bet wee reat nment” groups.
IV (1, 3, and 9 mg/kg, respectlvely) were given again
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 0, 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
intravenous injection of SCW. However, the maximal
swelling in groups II, III, and IV was reduced by 58%,
25 85%, and 75%, respectively. Table 2 shows the results
of statistical analysis of the data from Figure 15
using the t-test on means which have undergone a
logarithmic transformation.

30 Example 4: Demonstration of the Effects of Human
Recombinant 30kDa TNF Inhibitor on Acute Lung Injury
Induced by Endotoxin in Rats as a Method for Treating
Adult Respiratory Distress Syndrome (ARDS)

35 This experiment employs a septic stimulus,
- endotoxin, to induce acute, neutrophil-mediated

pulmonary injury according to the model disclosed in
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15 neutrophilic influx into the alveolar space peaks at 6
to 12 hours and is accompanied by the accumulation of
protein-containing edematous fluid into the alveolar
spaces. TNF is believed to be one of the mediators of
endotoxin-induced alveolitis. TNF is present in the

20 BAL fluid after stimulation with endotoxin. The
alveolar macrophage is believed to be the source of its
synthesis. Moreover, intratracheal injection of
exogenous TNF induces an acute intraalveolar
neutrophilic exudate which is qualitatively similar to

25 that induced by endotoxin. |

Although animal models are not considered to
faithfully replicate the human disease, in particular
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 vol. 138, pp. 720-723
(1991). The acute forms of ARDS occur in the presence

35 of certain identifiable risk factors such as sepsis,
aspiration, or multiple blood transfusions. Current

investigations emphasize the central role of
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(about 99% in prgebe ng that iﬁ&aek}slahehm Qe i} SHUratSiPt oK FogBases a

nmeasur e 4, 39, 48, 60 and 72 hours after the intrav&fdidel #%ction
Sfipdanss

| arge increase in | s and a predam nance, of
neutrophils. The %Eu%@higlﬁﬁﬁtiﬁpﬁpﬁlEa?nPPEf°FWP§'théMQQM%ﬂlﬁr%dﬁiﬁ peaks
at 6 15 induced by the administration 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 inserted between tracheal
rings in the surgically exposed midcervical region of
the trachea. The inoculum was administered slowly into

20 the trachea while monitoring the rate and depth of
respiration 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
lungs. The caudal vena cava was severed to decrease

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 solution into the bronchoalveolar spaces via an
angiocath catheter which was inserted 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 neutrophils was determined by
performing a differential cell count manually on a
slide of stained cells.



to 12 hours and is acconpani ed by the accunul ation of prot e?REBRt 4 hi ng

edenmat gug obJ1apek i nto the al veolar spaces. TNF is believed
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alveol jti's in rats by the | ot ratkaghesi; adp piskEahines! wAdkDa
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.

C105-PEG db compounds were prepared by the
reaction of the cysteine containing mutein of 30kDa TNF
inhibitor €105 with a PEG-bis-maleimide. To prepare

25 the PEG~bis maleimide, PEG-tresylate was prepared from
PEG-bis-diol as described by Nilson and Mosbach, in
Methods in Enzymology, vol. 104, pp. 56-69, Academic
Press, Inc., New York, NY (1984). The amount of
sulfonated intermediate was determined by elemental

30 analysis for fluorine. This intermediate was converted
to the phthalimide derivative 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. Ord.

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




TNF i nRy, |9t2 bsi PBS was performed. Lung injury was 15 |nducze?'dpqt)om{%1007
admi ni stratlon of endotoxin (5 Ag per rat) in a total vol lﬂfér/b’ﬁ%’ﬂg“?ﬂ of
sterile PBS through a 27 gauge 1/2 inch needle inserted between tracheal
rings in the surgically exposed mdcervical3oregion of the trachea. The

I nocul um was adm nistered slowy into 20 the trachea while nonitoring the
rate and depth ofas degpirminesh by remction Wikhhautsérsrdnitriebenzenener e
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of 30kE®& TNF i nHi4%85r- on the endot oxi n-sti nul at ed |nflux of cells into
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I nhi bitor sinultaneously. th the 5 intratracheal instillation of
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per rat5 caused excesistalf rddiriothreitol (DTT) for 2 hours at amblent
temperature. The mutein is then dialyzed against 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 dialyzed 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 1900, a 1 to 1 molar ratio was

25 utilized, while for PEG compounds with a molecular
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.

_ Following incubation, the PEG-linked dimers

30 were purified from unpegylated mutein and PEG-mutein
monomers using MONO-S FPLC in 50mM HoAc pH 4.0 using a
260 mM, 310mM and 350 mM NaCl step gradient. The
dumbbeil compounds 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 C105 mutein of



the influx of neutrophils into the alveol ar spaces. Conpar et 9" t4é
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10 (19%6.92)'%%% tein CL05 3CkDa TNF inhibitor is prepared #Pd®sct{%bed in
U.S. pat ent ication serial no. 07/669,862 filed March REI/USI300432 o5
30kDa TNF inhibitor at 2-3 ng/m is treated with a 4-fold nolar 15 excess
of dithiothreitol (DTT) for 2 hours at anmbient tenperature. The nmutein is
t hen di al yzed agai nst de- gassed 50 mM HEPES pH 7.0 for 3 hours at 40C. To
create the dunbbell conmpound -- whiché4tan be considered a polyethyl ene
glycol (PEG linked dimer -- the 20 dialyzed nutein is reacted with the
'PEG- bi s-nmal ei m de species. The ratio of nutein to PEG bis-nal ei m de

vari es depending on the nol ecul ar mass of the PEG conpound. For

PEG bis-mal eimde with a nol ecular weight of about 1900, a 1 to 1 nolar
ratio was 25 utilized, while for PEG conpounds with a nol ecul ar weight of
3,400 or 20,000 a 2 to 1 nolar ratio of nmutein to PEG conpound was used.
The reactions are incubated for 3-12 hours at anbi ent tenperature.
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i nvention. Therefore, the foregoing description of 10 pref er#di@shadf nent s
I S not w@oba3easken in a limting sense, and the present | Ppgenszne4s2 best
defined by the following clainms and their equivalents. 22 Cctober 2007 WO
92/ 13095 PCT/ US92/00432 41 wtDtog 1 LDtONN >In OOO0OO0O- OO0O0OO0O
OO CdO+1 it +1 41 it +1 +1 3, OUC'- NCo Qr) toco to

.- t0rl 01l mtDto mNNNONtDO CDtoNrf _ OOOOO- OOOOO
OO CL ()" +1 41 +1 f1 +1 +1 +1 Cr a CO COANMOO tOtDIDCDtDT "
tO OICoU O U 0OCW41l Ldt7to O0ONNON3cawOGOOCCC C
C) >0 it +1 44 +1 +1 +1 +I u WO + Cr) (" Id mtOr). O CCCCI[) tD
tOtDNCOCD - OiomU Q00 tomV

Table 2. Maximum changes in joint diameter nging 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

IIT (TNF/bp 3 mg/kg) 0.14 + 0.03% 5

IV (TNF/bp 9 mg/kg) 0.24 + 0.08% 5

Values are expressed as mean % standard error.

* Statistically significant difference compared to control group I
as assessed by the unpaired t test performed on means which have
undergone a log transformation)

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

SUBSTITUTE SHEET
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Cct ober 2007 WO 92/ 13095 PCT/ US92/ 00432 42 Table 2. Maxi num changes in
joint dianeter during the 72 hour period after reactivation of SCWi nduced
arthritis Goup # Change in Joint Dianeter n (mm | (Saline) 0.96 t_0.25
9 Il (TNF/bp 1 ng/kg) 0.40 t 0.13 5 IIl (TNF/bp 3 nmy/kg) 0.14 t 0.03* 5
IV (TNF/ bp 9 nmg/kg) 0.24 0.08* 5 Values are expressed as nean t. standard
error. * Statistically significant difference conpared to control group

as assessed by the unpaired t test perforned on neans which have undergone

a lOg tra LQI’ mat On) 9 ngUp neu% P S JOVEQ p l r
o 1 e B e BT 2 8 R B

2.88 p - BoRR%gSUBSTI TUTE lﬂ—‘lﬁffep}g_lg:t(olgeli()2907 W92/ 13095 p value
PCT/ US92/ g#38p 43

o 7.4 + 0.6 8

1 7.3 + 0.6 4 > 0.5
2.5 4.3 + 0.4 *.' 4 < 0.01
5 5.7 + 0.8 7 > 0.2
7.5 ' 4.6 + 0.4 * 4 < 0.025
10 4.6 + 0.4 * 6 < 0.005

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

| SUBSTITUTE SHEET



Tabl e 3. Total nunber of neutrophils recovered from broncho& 9€1®af°¥ | ui d
of endot oxi n-chal |l enged rats Dose of # Neutrophils ( x 106) n p val ue
TNF/bp 007.4 + 0.6 81 7.3 +0.64>0.5 2.54.3+0.4*. 4<0.01 55.7
+0.87 >0.2 7.54.6 +0.4* 4<0.025 104.6 + 0.4 * 6 < 0.005 *
Significantly different fromthe untredted control group as assessed by

t he unpai r ec.ATM®St . SUBSTI TUTE SHEET 22 COct ober 2007 -44 CLAIMS 1. A use
of a therapeutically effective anmount of a TNF inhibitor, wherein the TNF
inhibitor is a reconmbi nant pol ypeptide conprising an am no aci d sequence:
(i) of the BO kHa watidf tortherapeutianidyt effecrtivai ambigtcof Hawmypg TNF

i nhi bitory :Lrﬂﬁtbi\tldzyn whbYre®h tdifs 4@nEDa orggor_a.fragment or

mut ei n there iqua TNF [ ghl bitory act |ﬂ\}'|tyt:|'lqgorr ie) of TPRE™ZpRant

kDa" i nhi bi tor )%% or Bog; AB éﬁf'nﬂa% qu}ﬂﬁ=b| tory activity; or
(iv) of the 40 KR | nh| bi t@f €88, 30rkba MUARikL the) 6o Na¥iagndE Phi bitory

activity. for the manuf achykk&of a rt ti reventing
a tunor necrosis factor (TN %b‘frfdl g?ggggfsgg@érikg #ﬁg ugghg%{:t)‘?’arng to

Claim1, wherein the TNF i$h conprises an anino acid sequence of the
30 kDa inhibitor{iddr a frefneme 0 meimﬂkﬂcﬁef SV ”ﬂril_}fexh!‘ pitory
activity. 3. The use accqi kgt t ot@ | bitor

40 E&g{‘ﬁhl bi 'E%Flfnhl bi t or

conprises an am no acid seqtbence of t
A51, 40 kDa inhibitor e53 r'agrrent or nutein thereof havi ng TNF

i nhi bitory acti Vidtyl) of the 40 kDa inhibitor a51, or a mutein
' thereof having TNF inhibitory activ;ty; or
(iv) of the 40 kDa inhibitor 453, or a mutein

thereof having TNF inhibitory activity.
for the manufacture of a medicament for treating or
preventing a tumor necrosis factor (TNF) mediated disease.

2. The use according to Claim 1, wherein the TNF inhibitor
- compriges an amino acid sequence of the 30 kXDa inhibitor, oxr
a fragment or mutein thereof having TNF inhibitory activity

3. The use according to Claim 1l, wherein the TNF inhibitor
comprises an amino acid sfaequence of the 40 kDa inhibitor, 40
kDa inhibitor AS51, 40 kDa inhibitor 453, or a fragment or
mutein thereof having TNF inhibitory activity.

4, The use according to any one of Claims 1 to 3, wherein

the TNF inhibitor has a non- -naturally occurring cysteine
residue. |

5. The use according to Claim 4, wherein the non- -naturally
occurring cysteine residue ig at the C-terminus, the N-

terminus or at a glycosylation site of thae TNF inhibitor
(res:l.due 105 of the 30 kDa inhibitor).



4. The use according to any one of Clains 1 to 3, wherein t FreOFReE" 2007
inhi bitor has a non-naturally occurring cysteine residue. 5. The use _
according to Caim4, wherein the non-naturally occurring cysteine residue
is at the Ctermnus, the NN termnus or at a glycosylation site of the TNF
inhibitor (residue 105 of the 30 kDa inhibitor). 22 COctober 2007 45 6.
The use-according to anyone of. ains Ito 5 wherein the TNF inhibitor has
" a methionine residue at the N-termingg. 7. The use according to any one of
Clainms i to 6, wherein the TNF inhibitor is substantially pure. 8. The use
according to anyone of Clains Ito 7, wherein the TNF inhibitor is
attached to a repeating polyneric noiety. 9. The use according to O aim 8,
wherein the repeating polyneric noiety is polyethylene glycol. 10. The use
according to daim9, wherein the TNF inhibitor is C 105- PEG 3400 db. 11.
The use according to any one.of Clains | to 10, wherein the 1'NF inhibitor
is admnistered in_a pharmaceutical conposition. 12. .The use.according to
Crai m 11, whereb.n t HEhghuseneerdiogko 2nynnsob Clainn | &dpivieess the TNF

|)!')arnl acg ically-cor ti pl -rel.ease formulation. 13. The use
accor di ng Pb*%gwgﬁﬁn%méﬂ&%"%*’ﬁ@dﬁ%‘?‘?ﬁ‘ i 1 the INL= i nhibitor is in
the formof a Ivo,rhilized powder. 22 October 2007 46 14 . The.use - -
according to any one,of Clains 1,.t0 i i di sease
i s sel ected fro%’-n t heTISQ‘BﬁB cﬁﬁ%ﬂ@?gﬁé%‘&g%ﬁzﬁ?&égg‘? g‘ﬁ?%"r“éﬁ tllg ress
syndrone, pulvieparsbitiditaligipdre.arthritis, septic shock and inflammatory
bowel disease. 15 . A-pharmaceutical conposition conprising a tunor
necrosis factor (TNF) inhibitor and a physiol ogically-conpati bl e,

sl ow rel ease fogul afhoOlsewhatgirding keaHhNine of O  as 7) Sharcinabobithant

pol ypeptide conprising an am nqQ acid sequence: (1) of the 30 kDa inhibitor,

or a fragnishibier isaveehed 1o BEFRBENGHBAYRGTC PREY nhi bitory activity (ii) of the

40 kDa inhibitor, or a fragnent or nutein thereof having TNF inhibitory

activity; (iii) of the 40 kDa inhjbitor /A51, or, a nutei a-th?reof havi ng TNF
9. The use  according to Claim 8, whercein the repeating polymenc motety

is polycthylene glycol.

[0. The use according to Claim 9, wherein the TNF inhibitor is C105-
PEG 3400 db.

11. The use -according to any onc of Claims 1 to 10, wherein the TNF

inhibitor is administered in a pharmaceutical composition.

12. Thc use accoxding to Claim t1, wherein the pharmaccutical

compasition comprises a pharmacologically-compatible, slow-rclease formulation.

13. The use according o any onc of Claims ! to 12, wherein the TN

irhibitor is in the form of a lyophilized powder.



inhibitory activity; or (iv) of the 40 kDa inhibitor A53, or2&aCHReerty’
thereof having TNF inhibitory activity. 16 . The conposition according to
Ciaim5, wherein the TNF inhibitor is a reconbinant pol ypeptide conprising
an ami no acid sequence of the 30 kDa inhibitor, or a fragnent or nutein

t hereof having TNF inhibitory activitgée -17 . The. conposition according to
Claim 16, wherein the TNF inhibitor is a reconbinant pol ypeptide
conprising an am no acid sequence of the 40 kDa inhibitor, 40 kDa

inhibitor AS 1, 40 kDa i nhibitor A53, or a fr nt .qr i n. the
having TNF i nhi b4 tory Theisag t jaccardingia ag ?de%ﬁ 13325%3‘8%1‘5“‘?%?;@3; one of

Cains 15 tong;%h&ggﬁ%aiskbﬁcd%ni mbifhif Qondigtigaf adult reagitatalyldistesc ur i ng

cystei nc residue. t ober 2007 A:] .. The co ition ﬁccoié%isn% to
d ai ni B, whespidromepubnansry firesish grihafise sHpHP ﬁ‘g’cwg‘g fammaid ¥ YO B5GC1 he
G enninus, the Nterm nus or at a glycosylation site of the TNF inhibitor

(residue 105 of the 30 kDa inhibitor). 20Q. The ¢conposition agcordi any
one of Clainms -15tra Yopbasmesatimalicemposiipn pOMRITHINESY UMQE REFTaMs ﬁﬁﬂﬁm%?

resi due at the.N-ferninus. 2l “’ﬁﬁm {oki-RNea@Cfoahelh fiéh, thepsiy tHITENPT
Cains 15 tr) ftorvﬁﬁglp&lﬁgm?%é‘%’ggl ib??g)?is sqbstan!t?‘iggl |y pure. 22. The

~conposi tion gakibitetiing récombinantpalypdptidt qmBrisies 4LmIR0 A SPRCACE he  TNF

i nhibitor is’‘attached tg a repeatd VEFHBEE‘&OA nirtein thER FRQPRES ti on
according to C ai nk2, rei°§ﬁ}°ﬁ3ted"?%10§§ﬁ‘§§°ﬁo yeri cr rmiuéty i's 2
pol yet hyl ene gl ycol. 24. Th&Nbishdsdiory astivitiicor di ng to d ai n23, wherein the

TIN inhibitor is Cl105-PEG 3400 db 25 . kdelo? 16 cﬁié‘m%ﬂrﬂl any
one of Clainms 15 to 24,.5&,{]“03?1}?cﬂﬁg)ag%ur%éégio???%g?g&tiong}sﬁg ?%rm 0 ag
| yophi l'i zed powder. 26. A KINF inbibifpte@aivitpg an aqueous phar maceuti cal
formul ation conprising the |yophilized,po accor di t Q,Clai and a
physi ol ogi cal | y accept afiiik 5(8‘?/%49@& mganto\pgg[, oramutcmﬁ%reo?havmg%
inhibitory activity; or
(iv)  of the 40 kDa inhibitor AS3, or a mutein thereof having TNF
“inhibitory activity.

16 . The composition according to Claim15, wherein the TNF inhibitor is a '
~ recombinant polypepﬁdc comprising an amino acid sequence of the 30 kDa inhibitor, or a

fragment or mutein thereof having TNF inh_ibitory activity.

17 . The composition according to Claim 18, wherein the TNF inhibitor is a
recombinant polypeptide comprising an amino acid sequence of the 40 kDa inhibitor,

40 kDa inhibitor 451, 40 kDa inhibitor A53, or a fragment or mutein thercof having
TNF inhibitory activity.

18 .  The composition according to any one of Claims 15 to 17, wherein the

TNF inhibitor bas a non-naturally occurring cysteinc residue,
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19,  The composition sccording to Claim18 , wherein thé non-naturally
occurring cysteine residue is at the C-tanmnus, the N-terminus or at a glycosylation site
of the TNF inhibitor (residue 105 of the 30kDa inhibitor).

20. The composition according to any oac of Claims 15 1o 19, wherein the
TNF inhibitor has a methionine residue at the N-terminus. '

21.  The composition according to any one of Claims 15 to 20, wherein the
TNE inhibitor is substantially pure.

22.  The composition accarding to any one of Claims 16 to 21, wherein the
TNF inhibitor is attached to a repeating polymeric moiety.

23.  The composition according to Claim22, wherein the repeating polymeric
moiety is polyethylene glycol.

24 . The composition according to Claim23., wherein the TNF inhibitor is
C105-PEG 3400 db. ' '

25.  The composition according to any one of Claims 15 to 24, wherein the

* composition is in the form of 2 lyophilized powder. -

26.  AKit for preparing an aqueous pharmaceutical formulation cdmpri'sing the

lyophilized powder according to Claim25 and a physiologically acceptable solvent.



