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TffiE OF THE IHVEHTIOH 

TNF RECEPTORS, TNF BINDING PROTEINS 
AND DNAs CODING.FOR 111EH 

10 Fjeld of. the Invention: 
The· inv.ention is in the field of. recombinant genetics. 

In particular:, the ;nvention relates to .a TNF receptor and to 

a TNF bindin~i ~rotein produced by recombinant means • 

.._,. 
15 Bf'CKGROUND OF EE INVENTION 

1 I. Tumour necros·i s factor (TNF-a) was first found in the 
. serum. of · mtce. and: rabbits which had be~n infected with 

Bacillus . Calmettc!-·Guerin and which· had been injected with 

endotoxin,. and .. was recognized on the ·basis of its cytotoxic 
20 and antitumor properties (Carsweli; E.A., et al·., Proc. Natl~ 

. . . . . . 

.Acad. sc;.: ,2!: .. 3666-3670 {1975)). ·It is produced particularly 

· by activated macro.phages ·and monocytes. 
N~me·r~us · t~pe![; of cells which ·are targets of TNF have 

surface receptors with a Mgh affini~y for this polypeptide 

25 (Old, L.J., Natµre 326:3.30·331 (1987)); it was assumed that 

lymphotox1n (TNF-~) binds to the same receptor (Aggarwal, 
-· 8.8., et aL ~ Na.tur§ 31.8:655-667 (1985); Gull berg, U., et aL, 

Eur. J. HaematoL ~:241-251. {1987)}~· TNF-a 1s identical to a 

factor referred. to as cachectin (Beu.tler, B., et al., Nature 
30 316:552-.554. (1985)) wMch suppresses l ipoprotein lipase and 

results 1n hypertriglyceridaemia in chronically inflammatory 
and malignant diseases (Torti, F.M. et al..:.., Nature 229:867-869 
{1985); Mahoney, J.R., et al., J. Immunol. 134: 1673-1675 
(1985)).. TNF-a would appear to be involved in growth 

35 regulation and in the differentiation and function of cells 

/ 
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-which are involved in inflammation, immune processes and 

hematopoieses. 
TNF can have a positive effect on the host organism by 

. . 

stimulating neutrophils ~Shalaby, M.R., et al., . J. Immuno]. 
S .. 135:2069-2073 (1985); Klebanoff, S.J., et al., J. Immunol. 

10 

15. 

136:4220-4225 (1986)) and .monocyt~s and by inhibiting the 

replication of viruses (Mestan, J_., et. al.~ Nature .lli.:816-819 

. (1986); Wong,. G.H.W., et al., Nature.· 3Z3:819-62Z (1986)). 
. . 

Moreover, TNF-a activates the immun~ defenses against . 
parasites and acts directly and/or indirectly as a "8ediator in 
immune reactions, fnflanunatory processes and other processes 

in the body; although the -mechanisms by which .it works have 

no.t yet. been clarified in- a number of c:ases •. However, the . ·. . . .. . 
.·administration of TNF·a·(ceram1, A., et al~, Immunol.Today 

.. . . . .. 

· S,:28-31 (19~)) can also be accompanied ·by harmful phenomena 
{Trac~y, K.J •. , et a].,_ .Science 234:470-474 ·(1986)) such as 

.. shock .and tissue :-damage,. w~;ch can be remedied b,y means of 
' . . . · . 

. ant?bodies .- against TNF-u ·(Tracey, K.J., et al.., Nature 

330:662-666 (1987)). 
20 ·· . · A number o(·. observations lead one to conclude that 

-"zs 

30 

-o:..:r-"---· 
./ 

endogenously released TNF-a is involved in various 

pathological · conditions.. Thus, · TNF-a appears to be a 

_mediator of cachexia which ~an oc_cur in chronically invasive, 
e.g.·parasitic, di.seases·. TNF-cr also appears to·play a major 

.. 
. part in the pathogenesis of shock caused by gram negative 

bacteria (endotoxic shoe~}; it would'. also appear to be 

impli~ated in some if not all the effects of lipopoly• 

· saccharides (Beutler B., . et al.-, Ann. Rev. Biochem. 21:505-1~ 

_(1988)) • TNF has al so been postu1 a ted to have a function ;n 
·the tiss"'e damage which occurs in inflammatory processes in 

the joints and other tissues,· and in the lethality and 

morbidity of the graft-versus-host reaction (GVHR, Transplant 
Rejection (Piguet, P.F., et al., Immunobjol. fil:Z7 (1987)). 

A correlation has also been··reported between the concentration 

iiiii1ii1ii 
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of TNF in the serum and the fatal outcome of meningococcal 

diseases (Waage, A., et al., Lancet il:355-357 (1987)). 
It has also been observed that the ·adm;nistration of TNF­

a over a lengthy period causes a state of anorexia and 
5 malnutrition which has symptoms similar to those of cachexia, 

wh1 ch accompany neoplastic • and chronic infect 1 ous di seas es 

(Ol 1ff A., et al., Cell ~55-.63 (1987)). 
It has been repoa:-ted that a protein derived from the 

.. 

urine of fever patien.ts has a TNF inhibiting activity; the 
10 effect of this protein is presumed to.be due to a competitive 

mechan1sm at the 'level of the receptors (simi1 ar to · the 
effect of the interleukin."."! inhibitor- (Seckinger, P., et al., . . . . 

15 

ZS 

J. Immunol. 139:1546-154~ (1987); Seckinger P.~ ·et al.,.!L_ 

Exo. Med.,. 1511-16 (1988}) ~ · 

. EP-A2 308 378 des~r1bes a TNF inhibiting protein obtained . . 

from hWJ1an urine. Its activity was demonstrated in the urine 

of b~althy· and .n1 subjects .and determined on the basiS o~ its 
abiJity .. to inhibit: the binding o.f TNF-a to its receptors on 
hum~n HeLa cells and f.S 11 fi~robiasts a~d the ·cytotoxic 
effect of TNF-a on murine A9 cells. The protein was purified 
until it :became substantia_lly homogeneous and characterized by 
its ff-ending. This. patent publ teat ion does indeed outline 
some theoretically possible methods of obtaining the· DNA 
coding for the protein and t·he recombinant protein itse1 f; . . 
however,· there is no concrete infonnation as to which of the 

theoretically possible s~lutions 1s successful. 

Summary of the Inventipn 

The invention relates to DNA coding for a TNF receptor 

30 protein or a fragment thereof. In particular, the invention 

relat~s to DNA co4ing for the TNF ·receptor protein having the 

formula 

35 
-·· 

ATG GGC CTC TCC ACC GTG CCT GAC CTG CTG CTG CCA CTG GTG 
CTC CTG GAG CTG TIG GTG GGA ATA TAC CCC TCA GGG GTI ATT 

l 

~"' 
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GGA CTG GTC CCT CAC CTA GGG ~C AGG GAG AAG AGA GAT AGT 
.GTG TGT CCC CAA GGA AAA TAT ATC CAC CCT CAA AAT AAT TCG 
ATT TGC T&T ACC AAG TGC CAC AAA GGA ACC TAC TTG TAC AAT 
"GAC TGT CCA GGC CCG GGG CAG GAT ACG GAC TGC AGG GAG TST 
GAG AGC GGC TCC TTC ACC Ger· TCA GAA AAC CAC CTC AGA CAC 
TGC CTC AGC TGC TCC AAA TGC CGA MG GAA ATG GGT CAG GTG 
GAG ATC TCT TCT TGC ACA GTG GAC CGG GAC ACC GTG TGT GGC 
TGC AGG AAG AAC CAG TAC CGG CAT TAT TGG AGT GAA AAC CTT 
TTC CAG TGC TTC AAT TGC AtC CTC TGC CTC AAT GGG ACC GTG 
CAC CTC TCC TGC CAG GAG AAA CAG AAC ACC"GTG TGC ACC TGC 

·.CAT GCA GGT TIC m CTA AGA ·w AAC GAG TGT GTC TCC TGT 
AGT AAC TGT AAG ·AAA AGC CTG GAG TGC ACG AAG TTG TGC CTA 
CCC CAG ATT GAG AAT GTT AAG GGC ACT GAG GAC TCA GGC ACC . 
ACA GTG CTG TTG CCC CTG ·GTC ATT TTC TTT GGT CTT TGC CTT 
TTA TCC CTC CTC TTC ATT GGT TTA ATG TAT CGC TAC CAA CGG 
TGG AAG TCC AA.G. CTC TAC TCC ATT GTT TGT GGG AAA TCG ACA 
CCT. ·GAA AAA . GAG GGG GAG CTT GAA GGA ACT ACT ACT AAG CCC 
CTG GCC CCA AAC CCA AGC TTC AGT CCC ACT CCA GGC nc Ace 
CCC ACC CTG GGC TTC AGT CCC 616 CCC AGT TCC ACC lTC ACC 

· TCC AGC TCC ACC .TAT· ACC. CCC. GGT GAC TGT. CCC AAC TTI GCG 
GCl CCC CGC AGA GAG GTG GCA CCA CCC TAT.CAGGGG GCT GAC 
CCC ATC CTl GCG ACA GCC CTC GCC TCC GAC CCC ATC CCC AAC 
C.CC · CTT CAG AAG .TGG GAG GAC AGC GCC CAC AAG CCA CAG .AGC 
.CTA GA.C -ACT GAT GAC. ·CCC GCG ·AcG CTG TAC GCC GTG GTG GAG 
AAC. GTG CCC CtG· TTG CGC TGG AAG GAA TTC GTG CGG CGC CTA 

'. GGG CTG AGC GAC CAC· .. GAG ATC" GAT CGG CTG GAG CTG CAG AAC 
· GGG CGC ·rGC CTG CGC; GAG GCG CAA TAC AGC ATG CTG GCG ACC 

TGG AGG CGG CGC ACG·CCG CGG CGC GAG GCC ACG CTG GAG CTG 
CTG. GGA CGC GTG CTC CGC GAC ATG .GAC CTG CTG GGC TGC CTG 
GAG GAC ATC GAG GAG GCG CTT.TGC GGC CCC GCC GCC CTC CCG 
CCC GCG CCC AGT CTT ··CTC. AGA TGA 

or a fragment or a degenerate variant thereof. 
The invention also rel.a~_es to DNA coding for a secretable . . . 

·- 35 . }NF-b1ndtng protein having: the formula 

R2 GAT AGT GTG TGT CCC ·CAA GGA AAA TAT ATC CAC CCT CAA 
AA.T AA.T TCG ATT TGC TGT ACC AAG TGC CAC AAA GGA ACC TAC 
TTG TAC·AAT GAC TGT CCA GGC CCG GGG CAG GAT ACG GAC TGC 

.40 AGG GAG TGT GAG AGC GGC TCC ·· Tit ACC GCT TCA GM AAC CAC 
.CTC AGA CAC TGC CTC AGC TGC TCC AAA TGC CGA AAG GAA ATG 
GGT.CAG GTG GAG ATC TCT TCT TGC ACA GTG GAC CGG GAC ACC 
GTG.TGT GGC TGC AGG AAG AAC CAG TAC CGG CAT TAT TGG AGT 
GAA AAC CTT TTC CAG JGC TTC AAT TGC AGC CTC TGC CTC AA.T 

45 GGG ACC GTG CAC CTC.TCC TGC CAG GAG AAA CAG AAC ACC GTG 
TGC ACC TGC CAT GCA GGT TTC trT CTA AGA GAA AAC GAG TGT 
GTC TCC TGT-AGT AAC TGT AAG AAA AGC CTG GAG TGC ACG AAG 
TTG TGC CTA CCC CAG ATT GAG AAT . 

lai005/0lS 
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wherein RZ is optionally absent or represents DNA coding for a 
polypeptide which can be cleaved in vivo; or a degenerate 
variant thereof. 

The invention also relates to nucleic acid which 
.5 hybridizes with the DNA of the invention under conditions of 

low stringency and which codes for a polypeptide having the 
ability to bind TNF. 

The invention also relates to a recombinant DNA molecule, 
comprising the DNA molecules of the invention. 

10 The invention also relates to host cells transformed with 
the recombinant DNA molecules of the· invent1on· • 

._. The fovention also relates to the substantially pure 

15 

20 

25 

30 

35 

40 

recombinant TNF r~ceptor polypeptid~s of the invention. : -ln 
particular, the invention relates to a TNF receptor of formula 

met gly leu ser thr val pro asp leu leu leu pro leu val 
leu 1eu glu leu leu val gly ile tyr pro ser gly val ile 
gly Jeu val pro his leu gly asp arg glu lys arg asp ser 
val cys pro gln gly· lys tyr ile his pro gln as.n asn ser 
i1e cys cys thr lys cys his lys gly thr tyr leu tyr asn 
asp cys pro gly pro gly gln asp thr asp cys arg glu cys 
glu s.er gly ser phe thr ala ser .glu asn his leu arg Ms 
cys 1 eu ser cys ser lys cys arg lys gl u met gly gl n va:l 
glu ile ser ser cys thr· val ·asp ~rg asp thr ·val cys gly 
cys arg lys asn gln tyr .arg his tyr trp ·ser glu asn leu 
phe gln cys phe asn cys ser leu cys 1eu asn gly thr .val 
his leu ser cys gln glu lys gln asn thr val cys thr cys 
his ala gly phe. phe. 1 eu arg gl u asn gl ~ cys • va 1 ser cys 
ser asn cys lys lys ser leu glu cys thr lys leu cys leu 
pro gln ile glu asn val lys gly·thr glu asp S$r gly thr 
thr val leu leu pr0 leu val ile phe phe gly leu · cys 1.eu 
leu. ser leu leu phe ile gly leu met tyr arg tyr gln arg 
t.rp lys ser lys leu tyr ser ile val cys gly lys ser thr 
pro glu lys glu gly glu leu glu gly·thr thr thr lys pro 
leu ala pro asn pro ser phe ser pro thr pro gly phe thr 
pro thr leu g1y phe -ser pro val pro ser ser ·thr phe thr 
ser ser ser thr tyr thr pro gly asp cys pro asn phe ala 
ala pro arg arg glu val ala pro pro tyr gln gly ala asp 
pro ile leu ala thr ala leu ala ser asp pro 11e pro isn 
pro leu gln lys trp glu asp sar ala his lys pro gln ser 
leu asp thr ~sp asp pro ala thr·leu tyr ala val val glu 
asn val pro pro leu arg trp lys glu phe val arg arg 1eu· 
gly leu ser asp his g1u ile asp arg leu glu leu gln asn 
gly arg .cys leu arg glu ala gln tyr ser met leu ala thr 

liiU~~i1ilrlf 
~ 
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trp arg arg arg thr pro arg arg glu ala thr leu glu leu 
leu gly arg val 1eu arg asp met asp leu leu gly cys leu 
glu asp ile glu glu ala leu cys gly pro ala ala le~ pro 
pro ala pro ser 1eu leu arg 

or a fragment thereof which binds to TNF. 

The invent;on also relates to the TNF binding protein of 

the formula 
asp ser val cys pro gln gly lys tyr ile his pro gln asn 
as.n ser i1 e cys cys thr lys cys his lys gly thr tyr 1 eu 
tyr asn asp. cys pro gly pro gly gln asp thr asp cys arg 
glu cys glu ser gly ser phe thr ala ser glu asn his leu 
arg his cys leu ser cys ser lys cys arg lys glu met gly 
gln val glu 11e ser ser cys thr val asp arg asp thr val 
cy~ gly cys arg lys asn gln tyr arg his tyr trp · 
ser glu asn leu phe gln cys phe asn cys ser leu cys leu 
asn gly thr val h1s leu ser cys gln glu lys gln asn thr 
val cys thr cys his. ala gly phe phe leu arg glu asn glu 
cys val ser cys ser asn cys lys lys ser leu. glu cys thr 
lys leu cys leu pro gln He glu asn 

or a function.al derivative or fragment thereof having the 

ability to bind TNF. 
The invention also relates to a process for preparing a 

recombinant TNF receptor protein, . or a functional derivative . . 

thereof which is capable of binding to TNF, .comprising 
culthating a host cell of the i.nvention and isolating the 

expressed recombi nan'f; TNF- ·receptor protein. 

The invention.aha :~elates-to.phannaceutical compositions 
compri-sing a TNF .receptor protein, or a functional derivative 
.or fragment thereof; · and a· pharmaceut;cally acceptable 

carr.ier. 
The invention also ·re1ate.s to a method for ameliorating 

the harmful effects of TNF in an animal, compr1s1ng 

administering to an anhlal in need ~~ such treatment a 

therapeutically effective. amount of a TNF receptor 

polypeptide7 or fragment thereof which binds to TNF. 

The invention also relates to a method for the detection 

of TNF in a biological sample, comprbfog contacting said 
sample with an effective. amount of a TNF receptor polypeptide, 

-
Received Time 23. Feb. 2:41 Print Time 2 3. Feb. 2: 4 6 



02/22/96 10:46 'C'80S 07 1090 

·1-

or fragment thereof which binds to TNF, and detecting whether 
a-complex is formed. 

Description of the Figures 
s Figure 1 depicts the complete nucleotide sequence of 

1334 bases of the cDNA ·insert of ATNF-BP15 and pTNF-BP15. 
Figure 2 depicts a hydrophobicity profile which was 

produced using the Mac Molly program. 
figure 3 depicts the scheme used for the construction.of 

10 plasmid pCMV-SV40. 

15 

Figure 4 dep;cts the scheme used for the construction of 
plasmid pSVZgptDHFR Mut2. 

·Figure 5 depicts the:~cheme used for the construction of 
plasmids pAO.-CMVI and pAD~CMV2. 

Figure 6 depicts the full nucleotide sequence of the 6414 
bp pl.asmid pADCMVI. 

Figure 7 depicts the structure of the plasm1ds designated 

pADTNF-BP, _pADeTNF-BP, pADTNF-R and pADBTNF-R. 
Figure 8 depicts the complete· nucleotide sequence of · 

20 raTNF-RS. 

25 

Figure 9 depicts th~ complete _coding ·region for human 
TNF-R in lTNF-Ri. 

Figure 10 dep:icts an autoradiogram showing a singular RNA 
. . ~ . . 

band with a 1 ength of 2. 3 kb for '.the human TNF receptor. 

BACKGROUND OF rHE INVENTION 
·in preliminary tests for the purposes of the present 

invention (see Examples · 1-4), a .protein was identified from 
the dialyzed. urine of uraemia patients, and this protejn 

30 inhibits the biological effects Qf TNF·a by interacting with 
· TNF~a to prevent' it from binding to its cell surface receptor 

(Olsson I., et aJ., Eur .. J. Haemato1. !1:414-420 (1988)). 
This protein was also found to have an affinity for TNF-~. 

lliii~r 
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The presence of this protein {hereinafter referred to as 

TNF·BP) in concentrated dialyzed urine· was detected by 
competition with the binding of rad 1 oact i ve ly 1abe11 ed 

recombinant TNF-a· to a subclone of HL-60 cells, by measuring 

the influence of dialyzed urine on. the binding of 1251-TNF-a: . 

to the cells. The binding tests carried out showed a dosage 

dependent inhibition of TNF-a binding to· the cells by 

concentrated dialyzed urine {the possible interpretation that 
the reduction in binding observed might be caused by any TNF-

10 a present in the urine or by TNF-P competing for the binding, 
was ruled out by the discovery that the,reduction in binding 

,_, could not be remedied ·by the use of TNF-cr and TNF-P anti­
bodies). 

15 
Analogous.ly, in preliminary tests for the purposes of 

the present invention, it was demonstrated that TNF-BP also 

shows an affinity for TNF-~, which is about 1/50 of its 

affinity for TNf-a. 
Gel chromatography on Sephacryl 200 showed that a 

substance 1n the urine and serum of. dialysis patients and in 
20 the serum of healthy subjects forms a complex with recombinant. 

...._... 25. 

TNF-o: with a molecular weight of about 75,000. 
TNF-BP was toncentrat.ed 6_2 times from several .samples of 

dialyzed urine from uraemia patients by partial purification 
using pressur:e ul trafiltration, ion exchange chromatography 
and gel chromatograph,)'. 

The preparations obtained were used to detect the 
· bi.ological activity of TNF-'BP by inhibiting the growth-

inhibiting effect of TNF-a· on HL-60-10 cells. TNF-BP was 

· found to have a dosage dependent effect on the biological 
30 · activity of TNF-~. The binding characteriStics of cells was 

also investigated by pretreatment with TNF-BP and an exclusive 
competition binding test. It was shown that pretreatment of 
the ce11s with TNF-BP does not affect the binding of TNF-a to 
the cells. This indicates that the effect of TNF-BP is not 

,,, 

it009/015 
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based on any binding to the cells and competition with TNF-a 

for the binding to the receptor. 
The substantially homogeneous protein is obtained in 

high1y purified form by concentrating ·urine from dialysis 

patients by ultraf1ltration, dialyzing the concentrated urine 

and concentrating it four-fold 1n a f1rst purification step 
us1ng DEAE sephacel chromatography.. Further concentration was 

carried out by affinity chromatography using sepharose-bound 

TNF-a. The final purification was carried out using reverse 
10 phase chromatography (FPLC). 

15. 

It. was shown that the substantially highly purified 

protein inhibits the cytotoxic effect of TNF-a on WEHI 164 

Clone 13 c_ells ·(Olsson et al..u Eur. J. Haematol. il:270-275 

(1989)) •. 

The N-tenninal alllino- acid sequence of the substant1 ally 
highly purified protein. was analyzed.. It was found to be 

Asp-Ser-Val ·Xaa-Pro-Gln·Gly-Lys-Tyr-Ile-~is-Pro-Gln (main 
sequence); the fol.lowing N-terminal -sequence was detected in 

·traces:· Leu-{Val) :{Pro)~{H1S)~leu-Gl,y-X~a-Arg-Glu. (subsidiary 

20 sequence). A. comparison ·of the main sequence with the N­

terminal sequence of the TNF-inhibit·ing protein disclosed in 
EP·A2 308 378 shows that the . two proteins· ar_e · i dent i ca 1. 

The ·following ·amino. acid. compo~ition was.· found, given 1n 
mols of amino acid per .mol of protein ·and in mol-% of amino 

._.·25 · acid, measured as the average of 24-hour and . 48-hour hydro-

30 

35 

lysis: 

Mol of amino acid/ 
mol of protein 

Mol % amino 
acid 

-------------------------------------~----------Asp + Asn 
·Thr 
Ser 
Glu + Gln 
Pro 
Gly 
Ala 
Cys 
Val 

·21.s 
15.8 
20.7 
35.0 
9.5 

16.0 
4.2 

32.3 
10.a 

10~9 
6.3 
.8.2 
13".8 
3.8 
6.3 
1.7 

12.8 
4.3 

141010/015 
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Met 1.1 0.4 
Ile 7.0 2.8 
Leu 20.2 s.·o 
Tyr 6.1 2.4 
Phe 8.1 3.2 
His . 11.I 4.4 
Lys 15.7 6.2 
Arg 11.8 4.7 
-----·-----------------------------------------­Total 252.9 100 

.. 

A content of gl ucosami ne was detected by amino acid 

analysts. The results of an affinoblot carried out using 

Concanavalin A and wheatgerm lectin also showed that ··TNF-BP 

is a glycoprotein • 

The substantially homogeneous. _protein was digested wjth 

trypsin and the amino acid sequences of 17 of the cleavage 

peptides obtained were determined. . The C-endi ng was a 1 so 
analyzed. 

TNF-BP obviously has the functi.on of a regulator of TNF 

acUvity with the ability to ·buffer the variations in 

concentration of . free, biol991cally active TNF-cr. TNF-BP 

should al so affect the secret ton .. of TNF by the ki.dneys 
. . . . . 

because _the complex formed· w.i~h TNF, the molecular weight of 

which was measured at . around 7-5,_-000 by gel permeation 

chromatography on Sephadex G · 75, is .obviously not retained by 

the glomerulu~, unlike TNF. ~he T~F-BP was. detected in the 

urine of dialysis patients as one of three main protein 
components which· have.an affinity.for TNF. and which are eluted 

together with TNf·-:BP fro~ the TNF affinity chromatography 

c;olumn. ~owever, the other two prote-ins obviously bind in a 

manner which does not affect the binding of TNF-a to its cell 

surface receptor. 
The results obtained regarding the biological activity 

of TNF-BP, in particular the comparison of the binding 

constant with the bfo~ing constant described for the TNF 

receptor (Creasey, A.A. , ·et a 1. , Proc. . Natl. Acad. Sci • 
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M,:3293-3297 (1987)), provided a first indication that this 

protein might be the soluble part of a TNF receptor .. 

In view of its ability to inhibit the bi~lpgical actfvity 

of TNF-a and TNF-p, the TNF .binding protein is suitable for 

use in cases where a reduction·in the TNF activity in the body 

is indicated. Functional derivatives or fragments of the TNF 
binding protein with the ability to inhibit. the biological 

act fvi ty of TNF are a 1 so sui tab 1 e for use in such cases. 

Covalent modifications of the TNF binding proteins of the 

present invention are included within the scope of this 

invention. Variant TNF binding proteins may be .conveniently 

prepared by in vitro synthesis. Such modi "fi cations may be 
introduced intQ the molecule by reacting targeted amino acid 

· residues of the purified or crude protein with· an organic 

15 derivatizing agent that is capable of reacting with selected 

side chains or terminal residues. The resulting covalent 
de.rivatives are useful in ·programs directed at identifying 

20 

.25 

30 

resi,dues important for biological activity .. 

Cyste1nyl res1dues most commonly are. reacted with a­

haloacetates (and correspondinsi am.ines), such as chloroacetic 

acid or chloroacetamide, to give carboxymethyl or 

c::arboxyami~omethy1 derivatives. Cysteinyl residues also are 

deri vat.i zed by react i an w1 th bromotri fl uoroacetone, cr-bromo­

P· ( 5· imidozoy1) prop ionic acid,· chloroacetyl phosphate, N­

al kylinaleimides, 3-nitro·2~pyridyl disulfide, methyl 2-

.PYT.idyl d1sulfide, p-chloromercuribenzoate, 2-chloromercuri-

. 4-nitrophenol, or chloro-7-nitrobenzo-2~oxa-l,3-d1azole. 
H1stidyl residues are derivatized by reaction with 

diethylprocarbonate at pH 5.5-7.0 because this agent is 

relatively specific for .·the histidyl side chain. Para­

bromophenacyl bromide als.o is .useful; the reaction is 

preferably performed in 0.1 M sodium cacodylate at pH 6.0. 

l.ysinyl and amino terminal residues are rea.cted with 

succinic or other carboxylic acid anhydrides. Derivatization 

1iiITTIUIT1f 
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with these agents has the effect of reversing the charge of 
the lysinyl residues. Other suitable reagents for 

derivatizing a-amino-containing residues include imidoesters 

such as methyl pi col inimidate; pyridoxal phosphate; 

pyridoxal; chloroborohydride; trinitrobenzenesulfonic acid; 
0-methylissurea; 2,4 pentanedione; and transaminase-catalyzed 
reaction with gl yoxyl ate •. 

Arg:1nyl residues are modified by reaction with one or 
several conventional reagents, among them phenylglyoxal, Z,3-
butanedione, 1,2-cyclohexanedione, and ninhydrin. 
Derivatizat;on of arginine· residues requires that the 

. reaction be performed in alkaline ·conditions because of the 
high :oKa of the guanidine functional .group. Furthermore, 
these ·reagents may react with the groups of lysine as well as 
the arginine epsilon-amino group. 

The specific mod1ficat1on of tyrosyl ·residues per se has 
been studied extensively, with particular 1nterest in 
i~troducing spectral labels into tyrosyl residues by reaction 
with aromatic diazonium compounds· or tetrani"trometha.ne. Most 

·commonly, N-acetylimidizol and te~ranitrome:thaoe are .used to 
form 0-acetyl tyrosyl · species ·and 3-nitro derivatives, 
respectively. Tyrosyl residues arc{ iodinated using· lZ51 or 
1311 to prepare labeled pro~eins for use in radioirmnunoassay, 

the cbloramine T method described above being suitable. 
C~rboxyl side groups (aspartyl or glutarnyl} are 

selectively modified by reaction with carbodiimides (R' -N-C­
N-R') such as l-cyclohexyl-3-(2-morpholinyl-(4- · e~hyl) 

carbodiimide or 1-ethyl-3 (4 azonia 4,4-dimethylpentyl) 
carbodi im1de. Furthermore, aspartyl and gl utamyl residues 
are converted to asparaginyl and glutaminyl residues by 

reaction with ammonium ions. 
Derivatizatioh · with bi functional agents is useful for 

crosslinking the TNF binding proteins to water-insoluble 

support matrixes or surf~ces for use in the method for 

i1iiiir 
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cleaving TNF binding protein-fusion polypeptide to release 
and recover the cleaved polypeptide. Conunonly used 

crosslinking agents include, e.g., l,l-bis(dia~oacetyl)-2-

phenylethane, glutaraldehyde, N-hydroxysuccinimide esters., 
for example, esters with 4-azidosaH cyl i c ac'id, 
homobifunctional imidoesters, including disuccinimidyl esters 

such as 3, 3' -dithi obis (succi nimi dyl propi ona.te), · . and 
bifunctional maleimides such· as bis-N-maleimido-1,8-octane. 

· Derivatizing agents such as methyl-3-[(p­
azidoph_~nyl )dithio]propioimidate yield photoactivatable · 
intermediates that are capable of forming cross1 inks in the 

presence of light. Alternatively, reactive water-insoluble. 
matrices such as cyanogen bromide-activated carbohydrates and 
the reactive .substrates described in U.S. Patent Nos. 

3,969,287; 3,691,016; 4,195,1~8; 4,247,642; 4,229,537; and 

4,330,440 are employed for protein immobilization • 
. · ·. 

Glutaminyl and asparaginyl residues are frequently 
deamidated to the corresponding glutamyl and aspartyl 

residues. Alternatively, th~se .residup.s are deamidated under 
mildly acidic co·nd.itions. Either fa.rm of these residues 
falls within the scope of th1s invention. 

Other modifications include hydroxylation of proline and 

lysine, phosphoryl_ation of hydroxyl groups of seryl · or 

theonyl residues, · methylation of the a-amino grou(>'s · of 
1y~1ne, arginine, and histidine side ~hains (T.E. Creighton., · 
Proteins: . Structure and Molecule Properties, W.H. Freeman & 

Co., San Francisco, pp. 79·86 {1983)), acetylation of· the N­
tenninal amine, and, 1n some instances, amidation of the C­
tenni na 1. carboxyl group~. 

Amino acid sequence variants of the· TNF binding proteins 
can also be prepared by mutations 1n the DNA. Such variants 

include, for "example, deletions from, or insertions or 
substitutions of. residues within the amino add sequence 
shown in the Figures. Any combination of deletion, 

Received Time 2 3. Fe b. 2 : 41 Print Time 2 3. F e b. 2 : 4 5 



02/22/96 10:48 '0'805 447 1090 ~UIGEN LAW 

-

5 

-14-

insertion, and substitution may also be made to arrive at the 

final construct, provided that the final construct possesses 

the desired activity {binding to TNF). Obviously, · the 

mutations that will be made fn the DNA encoding the variant 

must . not pl ace the sequ_ence out of reading frame and 

preferably will not create complementary regions that could 

produce secondary mRNA structure (see EP Patent App 1 icat ion 

Publication No. 75,444). 
At the genetic level, these variants ordinarily are 

10 prepared by site-directed mutagenesis of nucleotides in the 
DNA encoding the TNF binding proteins, thereby producing DNA 

encoding the variant, and thereafter expressing the DNA in 

recombinant cell culture. The variants typically exhibit the 

same qualitative bio]ogical acti"vity as the naturally 

15 occurring analog. 

20 

25 

30 

While t.he site for introducing an amino ac:id - sequence 

. variation is predetermin~d, the mutation per se· need not be 

pred.etermined. · for example, to optimize the performance of a 

mutation at a g"iven si_te~ random mutagenesis ma~ be conducted 

at _the target codon or region and the expressed TNF binding 

protein variants screened for the optimal combination of 

-desired activity. Techniques for making substitution 
mutations at predetermined .sites i.n DNA having a kn~wn · 
sequence are wel 1 known,. for example~ site-specific 
·mutagenesis~ 

Preparation of a· TNF bindfog protein variant in · 
accordance herewith is preferably achieved by site-specific 

mutagenesis of DNA . that enco9es an ea~l ier prepared variant 
or a nonvariant versio~ of the protein. Site-specific 

. . 

mutagenesis allows the production of TNF binding prote1n 
. ·-

variants through the use of specific oligonucleotide 
sequences that encode the · DNA · sequenc·e of the desired 

mutation, as wel 1 a.s a sufficient number of adjacent 
nucleotides, to prov.ide_ a .primer- sequence of sufficient size 

• 
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and sequence complexity to form a stable duplex on both sides 
of the deletion junction being traversed. Typically, a 
primer of about 20 to 25 nucleotides in length is preferred, 
with about 5 to 10 residues on both sides of the junction of 

the sequence being a 1 tered ~ In general, the technique of 

site-specific mutagenesis is well known in the art, as 
exemplified by publications such as Adelman et al., ONA ~:183 
(1983), the disclosure of which is incorporated herein by 

reference. 
As will be appreciated, the site-specific mutagenesis 

technique typically employs a phage vector that exists in 
both a single-stranded and double-stranded ·form. Typi_cal 
vectors usef<.!l in site-directed mutagenesis include vectors 
such· as the f.Jl3 phage, for example., as disclosed by Messing 
et· al., !hird Cleveland Svmposium on Macromolecules and 
Recombinant DNA. Editor A. Walton, Elsevier~ Amsterdam 
.(1981), the ·disclosure of which is incorporated herein by 

reference. These phage are readily commercially available 
and their use is genera11y well known to those skilled in the 

art. Alternatively, plasmid vectors that contain a single­
stranded phage origin of replication {Veira et al., Meth. 
Enzymol. IS-3:3 (1987)) may be employed to obtain sing1e­
stranded DNA. 

In gene~al,· site-directed mutagenesis in accordance 
herewith is performed by first obtaining a single-stranded 
vector.that includes within its sequence a DNA sequence that 
encodes the relevant protein. An oligonucleotide primer 
bearing the desired mutated sequel'.l~e is prepared, generally 
synthetically, for example, by the method of Crea et al., 
Proc. Natl. Acad. Sci. (USA) Ia:S765 (1978). This primer is 
then ·annealed with the single-stranded protein-sequence­
containing vector, and subjected to DNA-polymerizing enzymes 
such as E. coli polymerase I Klenow fragment, to complete the 
synthes1s of the mutation-bearing strand. Thus, a mutated 
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sequence and the second strand bears the desired mutation. 
This heteroduplex vector is then used to transform 
appropriate cells such as JMlOl cells and clones are selected 

that include recombinant vectors bearing the mutated sequence 
arrangement. 

After such a. clone is selected, the mutated protein 
region may be removed and placed in an appropriate vector for 

protein production, generally an expression . vector of the 
type that may be employed for transformation of an 
appropriate host. 

Amino acid sequence deletions may generally range from 

about I to 30 residues or l to .10 residues, and typically are 

contiguou~. 

Amino acid sequence insertions include amino and/qr 
carboxy1-terminal fusions of from one residue to polypeptides 
of essentially unrestricted length, as well as fntrasequenc.e 

insertions of single or multiple amino acid residues . 
Intrasequence insertions (Le., insertions within the 
complete hormone receptor. molecule sequence} may range 
generally from about 1 to 10 or I to 5 residues. An example 
of a terminal insertion includes a fusion of a signal 
sequence, whether heterologous or homologous to the host cell, 
to the N-terminus of the TNF binding protein to facilitate the 
secretion of mature TNF binding protein ·from recombinant 
hosts. 

The third group of variants are those in which at least 
one amf no acid residue in the lNF binding protein, and 
preferably, only one, has been removed and a different . 
residue inserted in its place. Such substitutions preferably 
are made in accordance with the following Table I when it is 
desired to modulate finely the characteristics of a hormone 
receptor molecule. 
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Original .Residue 

Ala 
Arg 
Asn 
As.p 
Cys 
Gln 
Glu 
Gly 
His 
Ile 
Leu 
Lys 
Met 
Phe 
Ser 
Thr 
Trp 
Tyr 
Val 

-17-

TABLE l 

ExemDlarv 
Substitutions 

gly; ser 
lys 
gln; his 
glu 
ser 
asn 
asp 

· ala; pro 
asn; gln 
leu; ·val 
ile; val 
arg; gln; glu 
leu; tyr; ile . 
met; leu; tyr 
thr 
ser 
tyr 
trp; phe 
ile; leu 

Substantial changes in functional or immunological 

identity are made by ·selecting substitutions that are less 

conservative than those in Table 1, i.e •• selecting residues 

that differ more significantly in their effect on maintaining 

(a) the structure of t~e polypeptide backbone in the area of 

the substitution, for example, as a sheet or helical 

conformation, (b) the charge qr ·hydrophobicity of the molecule 

at the targ·et site, or (c) the bu~k of the sid~ chain. The 

substitutions that in general are expected to those in which 

(a) glydne and/or praline is substituted by another amino 

acid or is deleted or inserted; (b) a hydrophilic residue, 

e.g., seryl or threonyl. is substituted for (or by) a 
hydrophoMc residue, e.g.. leucyl. isoleu~yl, phenyl al anyl, 

valyl, or al anyl; (c) a cysteine residue is substitut-ed for 

(or by) any other residue; {d) a residue having an 

ll!005/049 
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electropositive side chain, e.g., tysyl, arg1ny1, or histidyl, 
is substituted for (or by) a residue having an electronega~ive 
charge, e.g., glutamyl or·aspartyl; or (e} a residue having a 
bulk.Y side chain, e.g., phenylalanine, is substituted for 1or 
by) one not having such a side chain, e.g., glycine. 

Most deletions and insertions, and su~stitutions in 

particular, are not expected to·produce radical changes in the 
characteristics of the TNF binding protein. HQwever, when it 
is difficult to predict the exact effect of the substitution, 
deletion, or insertion in adv.ance of doing so, one skilled in 

the ·art will appreciate that the effect will be· evaluated by 

routine screening assays. For.example, a variant typically is 
~~de by site-specific mutagenesis of the TNF binding protein· 
encoding nucleic acid, expression of the variant nucleic acid 
in recombinant cell culture, and, optionally, purification 
from the cell culture, for example, by immunoaffinity 
adsorption on a polyclonal anti-TNF binding protein column (to 
absorb the variant ~Y binding it to at least one remaining 
immune epitope). 

The activity of the cell lysate or purified TNF binding 
protein variant is then screened. in a suitable screening 
assay for the desired characteristic. For· example, a change 

in the binding affinity for TNF or i11111unological character of 

the TNF binding protein~ such as affinity for a given 

antibody, is measured by a competitive type immunoassay. 
Changes in immunomodulation ac~ivity are measured by the 
appropriate assay. Modifications of such protein properties 
as redox or thermal stability, hydrophobicity, susceptibility 
to proteolytic degradation or the tendency 'to aggregate with 
carrters or into multimers are assayed by methods well known 
to the ord;narily skilled artisan. 

TNF-BP (or the functional derivatives, variants, and 
active fragments thereof) may be used for the·prophylactic and 
therapeutic treatment of the human or animal body in 
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indications where TNF-a has a harmful effect. Such diseases 
include in particular inflamatory and infectious and 
parasitic diseases or states of shock in which endogenous TNF­
a is released, as well as .cachexia,, GYHR, ARDS (Adult 
Respiratory Distress Symptom) and auto11111f.me diseases such as 
rheumatoid arthritis, etc. Also included ar_e pathological 

conditions which may occur as side effects of treatment with 
TNF-a, particularly at high doses, such as severe hypotension 

or disorders of the central nervous system. 
In view of its TNF binding properties, TNF-BP is also 

suitable as a diagnostic agent for determining TNF-a- and/or 

TNF-ft, e.g., as one of the components in radioinmunoassays or 
enzyme immunoassays, optionally· together·· with antibodies 
against TNF. 

In view of its properties·, this protein is a phanaaco­

log;cal ly useful active substance which cannot be obtained in 
sufficient quantities from natural sources us;ng prote;n­
chemical methods. 

There was therefore a need to produce this protein {or 

related proteins with the ability to bind TNF) by recombinant 

methods in order that it could be made available in sufficient 

amounts for therapeutic use. The phrase "ability to bind TNF• 
within the scope of the present invention means the ability of 
a protein to bind to TNF-ct in such a way that TNF-cr is 
prevented from binding to th~ functional part of the receptor 
an~ the activity of TNF-a in h~mans or animals is inhibited or 
prevented altogether. This definition also includes the 

ability of a protein to bind to other proteins, e.g. to TNF­
ft, and ;nhibit their effect. 

The aim of the present invention was to provide the DNA 
which .codes for TNF-BP, in order to make it possible, on the 
basis of this DNA, to produce recombinant DNA molecules by 

means of which suitable hos.t organisms can be transformed, 
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with the intention of producing TNF-BP or functional deriva­
tives and fragments thereof. 

Within the scope of this objective, it was· also necessary 
to establish whether TNF-BP is the soluble part of a TNF 
receptor. This assumption was confinned» thus providing the 
basis for clarification of the receptor sequence. 

Another objective within the scope of the present 
invention was to prepare the cDNA coding for a TNF receptor, 
for the purpose or producing recombinant.human TNF receptor. 

. The presence of a specific receptor with a high affinity 
for TNF-Q on various ce 11 types was shown by a number of 
working groups. Recently, the isolation and preliminary 
characterization of a TNf-a receptor was reported for the 

first time (Stauber, G.B., et al., J. Biol. Chem. 263:19098-. 

19104 .. (1988)). Since the binding of radioactively labelled 
TNF-a can be reversed by a·n excess of TNF-.6 (Aggarwal, B.B. ~ 
et al., Nature 318:655-667 {1985)), it was proposed that TNF-Q 
and TNF-p share a common receptor. On the other hand, since 
it was shown that certain cell types which respond to TNF-a 
are wholly or partly insensitive to TNF-.6 (Locksley, R.H., 
et al., J. Imunol. 139:1891-1895 (1987)), the existence of. a 
common receptor was thrown into doubt again. 

By contrast, recent results on the binding properties of 
TNF-JJ to receptors appear to confirm the theory of a conman 
receptor (Stauber, G.B., et al., J. Biol. Chem. Z64:3573-3576 
(1989)), and this study proposes that there are differences 
between TNF-a and TNF-~ in their interact.ion with the receptor 
or in addition with respect to the events which occur in the 
cell after the ligand-receptor interaction. Lately, there has 
been a report of another TNF-binding protein which is presumed 
to be the soluble form of a different TNF receptor (Engelmann 
et al., Ji Biol. Chem. 265:1531-1536 {1990)). The availability 
of the DNA coding for a TNF receptor is the prerequisite for 
the production of recombinant receptor and consequently makes 
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it much easier to carry out comparative investigations on 
different types of cell regarding their TMF-a and/or TNF-.8 . . 
receptors or the reactions triggered by the binding of TNF to 
the receptor in the cell. It also makes it possible to 
clarify the three-dimensional structur~ of the receptor and 
hence provide the prerequisite for a rational .desi~n for the 
development of agonists and antagonists for the TNF activity. 

The efforts to solve the problem of the invention started 
from the finding that major difficulties are occasionally 
encountered when searching through cONA libraries using 
hybridizing probes derived from amino acid sequences of short 
peptides, on account of the degeneration of the genetic code. 
In addition, this procedure is made more difficult when the· 
researcher does not know in which tissue a particular 
protein, e.g. TNF-BP, is synthesized. In this case, should 
the method ff!il, it is not always possible to tell vith any 

certainty whether the cause of the failure was the choice of 
an unsuitable cDNA library or the insufficient specificity of 
the hybridization probes. 

Therefore, the following procedure was used·according to 
the invention in order to obtain the ONA coding for TNF-BP: 

The cONA library used was a library of the fibrosarcoma 
cel 1 1 ine ffS913 T which had been induced with TNFa and was 
present in A gtll. In order to obtain l DNA with TNF-BP 

25 · sequences from this library, the hi~h degree of sensitivity 
of the polymerase chain reactfon (PCR (Saiki, R.K., Science 
239:487-491 (1988))) was used. (Using this method it is 
possible to obtain, from an entire cONA library, an unknown 
DNA sequence flanked by oligonucleotides which have been 

30 designed on the basis of known amino acid partial sequences 
and used as primers. A longer ONA fragment of this kind can 
subsequently be used as a· hybridization probe. e.g~ in order 
to isolate cONA clones, particularly the original cONA clone). 
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On the basis of the N-tenninal amino acid sequence (main 
sequence) and . amino acid sequences of tryptic pepti~es 

obtained from highly purified TNF-BP, hybridization probes 
were prepared. Using these probes, a cONA which constitutes 
part of the cONA coding for TNF-BP was obtained by PCR from 
the cDNA library HS913T. 

Th;s cDNA has the following nucleotide sequence: 
CAG GGG AAA TAT ATT CAC CCT CAA AAT AAT TCG ATT TGC TGT ACC 
AAG TGC CAC AAA GGA ACC TAC TTG TAC AAT GAC TGT CCA GGC CCG 
GGG CAG GAT ACG GAC TGC AGG GAG TGT GAG AGC GGC TCC TTC ACA 
GCC TCA GAA AAC AAC MG . . 

_ This DNA is one 'Of a number of possible variants which 
are suitable for hybridizing with TNF-BP ONAs or TNF-BP-RNAs 

(these variants include for example those ONA molecules which 
are obtained by PCR amplification with the aid of primers, 
wherein the nucleotide sequence does not coincide precisely 
with the desired sequence, possibly as a result of restriction 
sites provided for cloning purposes or because of amino acids 
which were not clearly identified in the amino acid sequence 

analysis). "TNF-BP-ONAs" and •TNF-BP-RNAs" indicate nucleic 
acids which code for TNF-BP or related proteins with the 
ability to bind TNF or which contain a sequence coding for 
such a protein. 

TNF-BP-DNAs (or TNF-BP-RNAs) also include cONAs derived 
from mRNAs which are formed by alternative splicing (or these 
mRNAs themselves). The phrase '!alternative splicing'" means 
the removal of introns~ using splice acceptor and/or splice 
donor sites which are different from the same mRNA precursor. 
The mRNAs thus fonned differ from one another by the total or 
partial presence or absence of certain exon sequences, and in 
some cases there may be a shift in the reading frame. 

The cONA (or variants thereof) initic.l ly obtained 
according to the invention, containing some of the sequence 
coding for TNF-BP, can thus be used as a hybridization probe 
in order to obtain cDNA clones containing TNF-8P DNAs from 
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. ~ 

cDNA libraries. It .may also be used as a hybridization probe 

for mRNA preparations, for 'isolating TNF-BP RNAs and .for 
producing concentrated cONA l ibra~ies therefrom, for example, 

to allow much simpler and more efficient screening. A further 
field of application is the isolation of the desired DNAs from 
genomic DNA libraries using these ONAs as_ hybridization 
probes. 

The DNA defined hereinbefore (or a variant thereof) is 
capable of hybridizing with ONAs (or RNAs) which code for 
TNF-BP or contain the sequence which codes for TNF-BP. Using 
this DNA as probe, it is also possible to obtain cDNAs which 

code for proteins, the processfng of which yields TNF-BP. 

The term •processing• means the splitting off of partial 

sequences in vivo. This might mean, at the N-terminus the 

signal sequence and/or other sequences and possibly also at 

the C-terminus, the transmembrane and cytoplasmic region of 

the receptor. Using this hybridization signal it is therefore 

possible to search through suitable cDNA 1 ibraries to look 

for any cONA which contains the entire sequence coding for a 

TNF receptor (if ·necessary, this operation may be carried out 

in several steps). 
According to the invention, the cONA of the sequence 

defined hereinbefore, which had been obtained by PCR from the 
cDNA library" of the TNF-a induced fibrosarcoma cell line HS913 
T (in ~ .gtll), was used to search through the cDNA library 

once more, the lambda DNA was excised from the hybridizing 

clones, subcloned and sequenced. A 1334 base long cDNA 

insert was obt.afoed , which contains the sequence coding for 

TNF-BP. 
Thus, first of all DNAs were prepared, coding for a 

polypeptide capable of Mnding TNF, or for a .polypeptide in 

which this TNF binding protein is a partial sequence. These 

ONAs also include ONAs of the kind which code for parts of 

these polypeptides. 
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The complete nucleotide sequence of the longest c D N A 
insert obtained h shown in f;g. 1. 

This nucleotide sequence has a continuous open reading 

frame beginning with base 213 up to the end of_ the 1334 bp 

long cDNA insert. Since there is a stop codon (TAG) in the 

same reading frame 4 codons before the potential translation 

start codon ATG (213-215), it was assumed that the start 

codon is actually the start of translation.used in vivo. 
A comparison of the amino acid sequence derived from the 

nucleotide sequence with the amino acid sequences determined 

from the amino terminal end of TNF-BP and tryptic peptides, 

shows a high degree of conformity. This means that the 

isoli!ed cDNA con~ains the sequence coding for authentic TNF­

BP. 
Starting from the N-tenninus·, the first sequence which 

shows conformity with a tryptic cleavage peptide sequence is 

the sequence from fraction 12 {Leu-Val-Pro- ••. ), which had 

also been obtained as a subsidiary sequence in the analysis 
·of the . N-tenninus of TNF-BP. This N-tenninal leucine cor­

responds to the 30th amino acid in the cDNA sequence. Since 

the preceding section of 29 amino · acids has a strongly 

hydrophobic nature and TNF-BP is a secreted protein, it can 

be concluded· that these 29 amino acids constitute the signal 

peptide required for- the secretion process, which is split 
off during secretion (designated Sl-S29 in figure 1). The 

amino acid sequence obtain_ed as the main sequence in the N­

terminal analysis of TNF-BP corresponds to the amino acids 

beginning with Asp-12 in the cDNA sequence. This aspartic 

~tid group directly follows the basic d,peptide Lys-Arg. 
Since a very large number of protei_ns are cleaved proteo­

lytically in vivo after this dipeptide, it can be assumed that 
TNF-BP with N-terminal Asp is not formed directly by the 
processing of a precursor in the secretion process, but that 

the N-terminal 11 amino acids are split off from the processed 

1iiiili1mr 
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protein at a later time by extracellular proteases. The 

carboxyterminal end of TNF-BP had been determined. as lle-Glu­
Asn (Cwtenninal analysis; tryptic peptide fraction Z7: amino 
acids 159-172, tryptic peptide fraction 21: amino acids 165-

172), Asn corres~onding to position 17Z in the cDNA sequence. 

Potential N-glycosylation sites of general fonnu1a Asn-
. . 

Xaa-Ser/Thr, in which Xaa may be any amino acid other than 
proline, are located at positions 25-27 (Asn-Asn-Ser), 116-118 
(Asn-Cys-Ser} and 122-124 (Asn-Gly-Thr) of the TNF-BP cDNA 
sequence. (The fact that Asn-25 ~s glycosylated is clear 
from the fact that Asn could not be identified in the 
sequencing of the corresponding tryptic cleavage peptide at 
this site.) 

Analysis of the nucleotide sequence or the amino acid 
sequence derived therefrom in conjunction with the protein­
chemical investigations carried out shows that TNF-BP is a 
glycosylated polypeptide with 172 amino acids, which is 
converted by proteolytic cleaving after. the llth amino acid 

into a glycoprotein with 161 amino acids. The following 
Table shows the tryptic peptides sequenced and the correspond­
ing amino acid sequences derived from the cDNA sequence: 

Fraction 

12 
I 
8 

14/I 
20 
11 

14/II 
26 
5 

27 

Amino acids 

1- 8· 
12- 19 
20- 32 
36- 48 
36- 53 
54- 67 (Amino acids 66-67 had 

79- 91 
133-146 
147-158 
159-172 

not been correctly determined 
on the peptide) 

The cDNA obtained is the prerequisite for the preparation 
of recombinant TNF-BP. 
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As al ready mentioned~ the cDNA initially isolated 

according to the invention does not contain the stop co~on 

which could have been expected from analysis of the C-terminus 

after the codon for Asn-172, but the open reading frame is 

continue~. The region between Val-183 and Het~204 is strongly 

hydrophobic by nature. This hydrophobic regi~n of 22 amino 

acids followed by a portion containing positively charged 

amino acids (Arg-206, Arg-209) has the typical features of a 

transmembrane domain which anchors proteins in the cell 

membrane. The protein fraction following in the C-terminus 

direction on the other hand is strongly hydrophilic. 

The hydrophobicity profile is shown in Fig. 2 (the 

hydrophobicity plot wa~ ·produced using the Mac Molly program 

(made by Soft Gene Berlin); the window size for calculating 

the values was 11 amino acids. Hydrophobic regions correspond 

to positive ·values and hydrophilic regions to negative values 

on the ordinates. The abscissa shows the number of a..-nino 

acids beginning with the start methionine SI). 

The protein structure shows that the DNA coding for the 

soluble TNF-BP secreted is part of a DNA coding for a larger 

protein: this protein has the feature of a protein anchored 

in the cell membrane, contains TNF-BP in a manner typical of 

extracellular domains and has a substantial portion which is 

typical of cytoplasmatic domains. Soluble TNF-BP is obviously 

obtained from this membrane-bound form by proteolytic cleaving 

just outside the transmembrane domain. 

The structure of the protein coded by the cDNA obtained 

in conjunction with the ability of TNF-BP to bind TNF confinns 

the assumption that TNF-BP is part of a cel 1 ul ar surface 

receptor for_ TNF the extracellular domains of which, respons­

ible for the Mnd1ng of TNF, can .be cleaved proteolytically 

and retrieved in the form of the soluble TNF-BP. (The 

possibility should not be ruled out.that, with ~egard to the 
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o~erating capacity of the receptor, this protein may possibly 
be associated with one or more other proteins). 

For the purposes of the production of TNF-BP on a larger 
scale, it is advantageous not to start frDliil the whole cDNA, 

since the need to cleave "IWF-BP from that part of the protein 
which represents the membrane-bound part of t~e TNF receptor 
must be borne in mind. Rather, as mentioned hereinbefore> a 
transl at ion stop codon is . expediently inserted af~er the 
codon for Asn-172 by controlled mutagenesis in order to 
prevent protein synthesis going beyond the C-terminal end of 

TNF-BP. With the cDNA which is initially obta;ned according 
to t.he invention and which represents a partial sequence of 
the DNA coding for a TNr receptor, it is possible to obtain 
the comp 1 ete receptor sequence by amp 1 i fying the missing 3' -
end, e.g. by means of modified PCR {RACE = •rapid amplifica­
tion of cONA ends" (Frohman, M.A.~ et al., Proc. Natl. Acad. 
Sci_. 85:8998-9002 (1988)-), with the aid of a primer 

constructed on the basis of a sequence located as far as 
·possible in the direction of the 3' -end of the cDNA present. 

An alternative method is the conventi_onal screening of the 
cDNA library with the available cDNA or parts thereof as 
probe. 

According to the invention, first of· all the rat TNF 
receptor cONA was isolated ~nd with a partial sequence 
therefrom the comp 1 ete human TNF receptor cONA. was obtained 
and brought to expression. 

The invention relates to a human TNF receptor and the 
DNA c~ding for it. This definition also includes DNAs which 
code for C- and/or N-terminally shortened, e.9. processed 
forms or for modified forms (e.g. by changes at proteolytic 
cleavage sites, glycosylation sites or specific domain 
regions) or for fragments, e.g. the various domains, of the 
TNF receptor. These DNAs may be used in conjunctioA with the 
control sequence·s needed for expression as a constituent of 
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recombinant DNA molecules, to which the present invention 
also relates, for transfonning prokaryotic or eukaryotic ~ost 
organisms. On the one hand this creates the prerequisite for. 
preparing the TNF receptor or modifications. or fragments 
thereof in larger quantities by the recombinant method., in 
order to make it possible for example to clar:-ify the three­

dimens1onal structure of the receptor. On the other hand, 

these DNAs can be used to transfonn higher eukaryotic cells 
in order to allow a study of the mechanisms and dynamics of 
the TNF/receptor interaction, signal transmission or the 
relevance of the various receptor domains or sections thereof. 

The present invention encompasses the expression of the 

desired TNF binding protein in either p~karyotic or 

euk.aryotic cells. Preferred eukaryotic hosts include yeast 

(especially Saccharomyces}, fungi (especially Asgeroillus}, 

mammali~n cells (such as, for example, human or primate cells) 
either in v;vo, or in tissue culture. 

Yeast and mammalian cells are preferred hosts of the 
present invention. The use of such hosts provides 
substantial advantages in that they can also carry out post­

translatfonal peptide modifications including glycosylatfon. 

A number of recombinant DNA strategies exist which utilize 

strong promoter sequences and high copy number of plasmids 

which can be utilized for production of the desired proteins 
in these hosts. 

Yeast recognize leader sequences on cloned mananalian 
gene products and secrete peptides bearing leader sequences 
( i . e. , pre-peptides). Mamma 1i an ce 11 s provide post­

trans 1 at i ona l modifications to protein molecules including 

correct folding or glycosylation at correct sites. 
Mammalian cells which may be useful as hosts include 

cells of fibroblast origin such as VERO or CHO-Kl9 and their. 
derivatives. For a ma11111alian host, several possible vector 
systems are available for the expression of the desired TNF 
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. binding protein. A wide v~riety of transcriptional and 

translational regulatory sequences may be eaplojed, depending 

upon the nature of the host. The transcr;ptional and 
translational regulatory signals may be derived from vira1 
sources, such as adenovirus, bovine papilloma virus, simian 

vi·rus, or the like, where the regulatory signals are· 

associated with a particular gene which has a high level of 
expression. Alternatively, promoters from mammaHan 
expression products, such as act in, collagen, myosin, etc., 
may be employed. Transcriptional initiation regulatory 
signals may be selected wh~ch allow for repression or 
activation, so that expression of the genes can be modulated. 

Of interest are regulatory signals wfi :ch are tempera:+-ure­

sensitive so that by varying the temperature, expression can 
be repressed or initiated, or are subject to chemical 
regulation, e.g., metabolite. 

The expression of the desired TNF binding protein in 
eukaryotic hosts requires the use of eukaryotic regulatory 
regions. Such regions wi"ll, in general, include a promoter 

region sufficfent to direct the initiation of RNA synthe.sis. 
Preferred eukaryotic promoters include the promoter of the 
mouse metallothionein I gene (Hamer, D.~ et al., J. Mol. 
Appl. Gen. 1:273·288 (1982)); the TK promoter o~ Herpes virus 
{McKnight, S., Cell ·31:355-365 (1982}); the SV40 early 
promoter (Benoist, C., et al., Nature (London) ZE:304-310 

. (i981)); the. yeast ga14 gene promoter (Johnston, S.A., fi 
iL_, Proc. Natl. Acad. Sci. (USA) 79:6971-6975 (1982); 

Silver, P.A.. et al., Proc. Natl. Acad. Sci. (USA) 81 :5951-

5955 (1984)). 

As is widely known, translation of eukaryotic mRNA is 
in_itiated at the codon which encodes the flrst methionine. 
For this reason, it is preferable to ensure that the linkage 
between a eukaryotic· promoter and a ·ONA sequence which 

encodes the desired receptor molecule does not contain any 

. la! 018/049 



• 

Q2122196· 11:49 '6'805 447 1090 ~~MGEN LAW 

5 

10 

w 

15 

20 

25 

30 

',.._,..,., 
i :..~ ~ ·...; 

·30· 

intervening codons which are capable of encoding a methionine 

(i.e., AUG). The presence of such codons results either in 
. . 

the formation of a fusion protein (if the AUG' codon is in the 

same reading fr-ame as the desired receptor mlecule encoding 

DNA sequence) or a frame-shift mutation (if the AUG codon is 

not in the same reading frame as the desir~ TNF binding 

protein encoding sequence). 

The expression of the TNF binding proteins can also be 

accomplished in procaryotic cells. Preferred prokaryotic 
hosts include bacteria such as E. coli, Bacillus, 

Streptomyces, Pseudomonas 7 Salmonella, Serra~ia, etc. The 

most preferred prokaryotic host is E. coli. Bacterial hosts 

of particular interest include f- coli Kl2 strain 294 (ATCC 

31446), E. coli Xl776 (ATCC 31537), E. coli W3110 (F- .. 

lambda·,· prototrophic (ATCC 27325)), and other enterobacteria 

(such as Salmonella tyohimuriuin or Serratia marcescens), and 

various Pseudomonas species. The prokaryotic host must be 

compatible with the replicon and control sequences in the 

expression plasmid. 

To express the desired TNF binding protein in 2 prokaryo­

t ic cell (such as •. for example, E. coli, 8. subtilis, 
Pseudomonas, Streptomyce.s, etc.), it is necessary to operably 

1 ink th~ desired receptor molecule encoding sequence to a 

functional prokaryotic promoter. Such promoters may be 

either constitutive or, more preferably, regulatable (i.e • ., 

inducible or derepressible). Examples of constitutive 

promoters include the int promoter of bacteriophage >-2 and 

the lli promoter ·of the /j-1 actamase gene of pBR322, etc. 

Examples of inducible prokaryotic promoters 1nclude the major 
right and left promoters of bacteriophage ~ (PL and PR), the 
tro, ~, 1acZ, 1acI, S!J., and tac promoters of E. coli, the 

a-amylase (Ulmanen, I., et al., J. Bacterial. 162:176-182 . 
(1985}), the a-28-specific. promoters of B. subtilis {Gilman,­

M.Z. t .e_t al., Gene 32:11-20 (1984)), the promoters of the 

.. 
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bacteriophages of Bacillus (Gryczan, T.J., In: The Molecular 
Biology of the Bacilli, Academic Press, Inc., NY (1982)), and 
Streptomyces promoters (Ward, J.M.,.·et.al., Hol. Gen. Genet. 
203:468-478 (1986)). Prokaryotic promoters are reviewed by 

s Glick, 8. R., (J. Ind. Microbiol. 1:277-282 (1987)); 
Cenatiempo, Y. (Biochimie 68:505-516 (1986)); and Gottesman, 
S. (Ann. Rev. Genet. 18:415-442 (1984)). 

10 

15 

20 

25 

30 

Proper expression in a prokaryotic cell also requires 
the presence of a ribosome binding site upstream from the 

gene-encoding sequence. Such ribosome binding sites · are 
disclosed, for example, by Gold, L., et al. (Ann. Rev. 

Microbial. ~:365-404 (1981)). 
. The desired TNF binding protein encoding sequence and an 

operably linked promoter may be introduced into a recipient 
prokaryotic or euka.ryotic cen either as a non-replicating 

DNA (or RNA) molecule, which may either be a linear molecule 
or, more preferably, a closed covalent circular molecule . 
Since such molecules are incapable of- autonomous replication, 
the expression of the desired receptor molecule may occur 
through the transient expression of the introduced sequence. 
Alternatively, permanent expression may occur through the 
integration of the introduced sequence into the host 

chromosome • 
In one embodiment, a vector is employed which is capable 

of integrat;ng ·the desired gene sequences into the host ce11 
chromosome. Cells which have stably integrated the 
introduced DNA into their chromosomes can be selected by also 
introducing one or. more markers which allow for selection of 
host cells which contain the expression vector. The marker 

may complement an auxotrophy in the host (such as 1eu2, or 

ura3, which are common yeast auxotrophic markers), biocide 
resistance, e.g.~ antibiotics, or heavy metals, such as. 

copper, or the like. The selectable marker gene can either-

1iirni~r 
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be directly linked to the ONA gene sequences to be expressed, 
or introduced into the same· cell.by co-transfection. 

In a preferred embodiment. the introduced sequence ·will 

be incorporated into a plasmid or viral vector capable of 

autonomous replication in the recipient host. Any of a wide 

variety of vectors may be employed for this purpose. Factors 
of importance in selecting a particular plasmid or viral . 
vector include: the ea.se wfth which recipient cells that 
contain the vector may be recognized and selected from those 
recipient cells which do not contain the vector; the number 
of copies of the vector which are desil'"ed in a particular 
host; and whether it is desirable to be able to .•shuttle• the 
vector between.host cells of different species. 

Any of a series of .yeast gene expression systems can be 

ut il i zed. Ex amp 1 es of such express ion vectors include the 
yeast 2-micron circle, the expression plasmids YEP13, YCP and 
YRP, etc., or their derivatives. Such plasmids are wel 1 

known in the art {Botstein, 0., et al., Miami Wntr. Smg. 
19:265-274 {1982); Broach, J.R., In: The Molecular Biology 

of the Yeast Saccharomyces: Life Cycle and Inheritance, Cold· 
Spring Harbor Laboratory~ Cold Spring Harbor. NY, p. 445-470 
(1981); Broach, J.R., Cell 28:203-Z04 (1982)). 

for a manunal 1an host, several possible vector systems 
are available for expression. One class of vectors ut1lize 
DNA elements which provide autonomously replicating extra­
chromosomal plasmids, derived from ani.mal viruses such as 
bovine papilloma virus, polyoma virus, adenovirus, or SV40 
virus. A second class of vectors relies upon the integration 
of the desired gene sequences into the host chromosome. 
Cells which have stably integrated the introduced ONA into 
the;r chromosomes may be selected by also introducing one or 
more markers which allow selection of host cells which 
contain the expression vector·. The marker may provide for 
prototropy to an auxotrophic host, biocide resistance, e.g., 

-· 
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antiMotics, or heavy ntetals:. such as copper or the 1 ike •. 

The ~electable marker gene can either be directly linked to 

the DNA sequences to be expressed, or introduced into· the 

same cell by co-transfonnat;on. Additional elements may also 
be needed for optimal synthesis of mRNA. These elements may 

include splice signals, as well as transcription promoters, 

enhancers, and tennination signals. lbe cDNA expression 

vectors incorporating . such elements include ·those .described 
by Okayama, H., Mol. Cell. Biol. i:280 (1983), and others. 

Preferred pro~aryotic vectors include plasmids such as 

those capable of replicat~on in E. coli such as, for example, 

pBR322, Col El, pSClOl, pACYC 184, fl.VX. Such plasmids are, 

for example, disclosed by Maniatis, T., et al. (In: 
Mo l ecyl ar Cloning,' A Laboratorv Manua 1, Cold Spring Harbor 
Press, Cold Spring Harbor, NY (1982)). Bacillus plasmids 

include pC194, pC2Zl, pT127, etc. Such plasmids are 
disclosed by Gryczan, T. (ln: The Molecular B.ioloay of the 

Bacil H, Academic Press, NY (198Z), pp. 307-3Z9). Suitable 

Streptomyces plasmids include plJIOl (Kendall, K.J., et al., 

J. Bacterial. ill,:4177-4183 {1987)), and Streotomyces 

bacteriophages such as ;01 (thater, ·K.F., et al., In: Sixth 

International Symposium on Actinomycetales Biologv, Akademiai 

Kai do, Budapest, Hungary (1986), pp. 45-54). Pseudomonas 

plasmids are reviewed by John, J.f., et al. (Rev. Infect. 
.DiL. !:693-704 (1986)), and lzaki, l<- {Jon. J. · 82cterioL 

~:729-742 (1978)). 
Once 

constructs 

the 
has 

vector or DNA 
been_ prepared 

sequence containing the 

for expression, the DNA 
constructs may be introdu·ced into an appropriate host. 

Various techniques may be employed, such as protoplast 

fusion, calcium phosphate precipitation, electroporation or 
other conventional techniques. After the fusion, the cells 
are grown in media and screened for appropriate activities . 

... 
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Expression of the sequence results in the production of the 

TNF binding protein. 
The TNF binding proteins of the invention may be isoiated 

and purified from the above-described recOiilbinant molecules in 
accordance with conventional methods, such as extraction, 
precipitation, chromatography 1 affinity chromatography, 
.electrophoresis, or the like. By th.e. teni •substantially 
pureN is intended TNF binding proteins which are substantially 
one major band by SOS-PAGE polyacrylamtde electrophoresis and 
which contain only minor amounts of other proteins which would 
normally contaminate a whole cell lysate containing native TNF 
receptor protein, as evidenced by the presence of other minor 
bands. 

The recombinant TNF receptor (or fragments or functional 
derivatives thereof) can be used to investigate substances fer 
their interaction with TNF or the TNF receptor er the;r 
influence on the signal transmission induced by TNF. Such 
screenings (using proteins/fragments/variants or suitably 
transformed higher eu-karyotic cells) create the prerequisite 
for the identification of substances which substitute TNF, 
inhibit the bonding thereof to the receptor or those which are 
capable of blocking or intensifying the mec;hanism of signal 
transmission initiated by TNF. 

One possible method of discovering agonists 
antagonists of TNF or the TNF receptor is in 
establishment of high capacity screening. A suitable 

and 
the 

cell 
line, preferably one which does not express endogenous human 
TNF receptor, is transformed with a vector which contains the. 
ONA coding for · a functional TNF receptor and optionally 
modified from the natural sequence. The activity of agonists 
or an~agonists can be investigated in screening of this kind 
by monitoring the response to the interaction of the substance 
with the receptor using a suitable reporter (altered enzyme 
activity, e.g. protein kinase C, or gene activation, e.g. 

iliiiliiIT1r 
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manganese superoxide dismutase, NF-KB).. Investigations into 
the mechanisms and dynamics of the TNF/receptor interaction, 

signal transmission or the· role of the receptor domain's in 

this respect may also be carried out, for example, by 
combining DNA fractions coding for the extracellular domain of 
the TNF receptor (or parts thereof) with DHA fractions coding 
for various transmembrane domains and/or various cytoplasmatic 

domains and bringing them to ·expression in eukaryotic cells. 
The hybrid expression products which may be obtained in· this 
way may be capable of giving conclusive infonnation as to the 
relevance of the various receptor domains, on the basis of any 
changes in the properties for signal transduction, so that 

targeted screening is made easier. 
The availability of the cDNA coding for the TNF receptor 

or fractions thereof is the prerequisite for obtaining the 

genomic DNA. .Under stringent conditions, a DNA library is 
screened and the clones obtained are investigated to see 
whether they contain the regulatory sequence elements needed 

for gene expression in addition to the coding regions (e.g. 
checking for promoter function by fusion with coding regions 

of suitable reporter genes). Methods for screening ONA 

libraries under stringent conditions are taught, for example, 
in EPA 0 174 143, incorporated by reference herein. Obtaining 
the genomic DNA sequence makes it possible to investigate the 
regulatory sequences situated in the area which does not code 

for the TNF receptor, particularly in the 5'-flanking region, 
for any possible interaction with known substances which 
modulate gene expression, e.g. transcription factors or 
steroids, or possibly discover new substances which might have 
a specific effect on the expression of this gene .. The results 
of such investigations provide the basis for the targeted use 
of such substances for modulating TNF receptor expression and . 
hence for directly influencing the ability of the cells to 

ilii1ii11iU 
... 

la!024/049 



~2122196 11:51 '5'805 447 1090 4~MGEN LAW ~025/049 

5 

10 

15 

20 

25 

30 

',.._ ...... 
! !i'...l!i .......... 

-36-

interact with TNF. As a resu 1 t, the specific reaction with 

t~e Hgands and the resulting effects ~an be suppressed. 

The scope of the present invention also includes DNAs 

which code for subtypes of the TNF receptor or its soluble 

forms,· which may possibly have properties different from 

those of the present TNF receptor. These are expression 

products which are fanned by alternative splicing and have 

modified structures in certain areas, e.g. structures which 

can bring about a ·change in _the affinity and specificity for 

the ligand (TNF-a/TNF-P) or a change in terms of the nature 

and efficiency of signal transmission. 
With the aid of the cONA coding for the TNF receptor it 

is possible to obtain nucleic acids which· hybridize +rith the 

cDNA or fragments thereof under conditions of low stringency 

and code for a polypeptide capable of binding TNF or contain 

the sequence coding for·such a polypeptide. 

According to a further aspect the invention relates to 

recombinant TNF-BP, preferably in a secretable form, which 

constitutes the soluble part of the TNF receptor according to 

the invention, and the DNA coding for it. By introducing a 

DNA construct containing the sequence coding for TNF-BP with a 

sequence coding for a signal peptide under the control of a 

suitable promoter into suitable host organisms, especially 

eukaryotic and preferably higher eukaryotic cells, it ·;s 

possible to produce TNF-BP which is secreted into the cell 

supernatant. 
If a signal peptide is used.with regard to the secretion 

of the protein, the DNA coding for the signal pe.ptide is 

conveniently inserted before the codon for Asp-12 in order to 

obtain a uniform product. Theoretically, any signal peptide 

is suitable which guarantees secretion of the mature protein 

in the corresponding host organism. If necessary, the signal 

sequence can also be placed in front of the triplet coding for 

Leu-I; in this c~se, it may be necessary to separate the fonn 
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of TNF-BP produced by splitting off the peptide which consists 
of U amino acids at the N-terminus, frca the unprocessed or 
incompletely processed TNF.:sp in an additional"· purifica'tio~ 

step. 
5 · Since the cDNA after the codon for Asn-172~ which 
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represents the C-terminus on the basis of C-tenninal analysis, 
does not contain a stop codon, a translation stop codon is 
expediently introduced, with respect to the.expression of TNF­
BP, after the codon for Asn-172, by controlled mutagenesis. 

The DNA coding for TNF-BP can be modified by mutation, 
transposition, deletion, addition or truncation provided that 
ONAs modified in this way code for (poly)peptides capable of 
binding TNF. Such modifications may consist,: .for example, of 
changing one or more of the potential glycosylation sites 
which are not necessary for the biological activity, e.g. by 

replacing the Asn codon ~Y a triplet which codes for a 
different amino acid. With a view to maintaining the 
biological activity, modifications which result in. a change 

in the ~isulfide bridges (e.g. a reduction in their number) 
may also be carried out. 

The DNA molecules referred to thus constitute the 
prerequisite for constructing recombinant DNA molecules, 
which are also an object of the invention. With recombinant 
DNA molecules of this kind in the fonn of expression vectors 
containing the DNA, optionally suitably modified, which codes 
for a protein with TNF-BP activity, preferably with a 
preceding signal sequence, and the control sequences needed 

for expression of the protein, it is possible to transform and 
cultivate suitable host organisms and obtain the protein. 

Just _like any modifications to the DNA sequence, host 
cells or organisms suitable for expre$sion are selected parti­
cularly with regard to the biological activity of the protein 
in binding TNF. Furthermore, the criteria which are conven­
tionally applied to .the preparati_on of recombinant proteins 

laJ 026/049 



I 
I > 

I 

i 

• 

02/22/96 11:51 usos 447 1090 4~MCEN LAW 

5 

1() 

15 

20 

25 

30 

805 447 1090 

-38-

such as compatibility with the chosen vector, processability, 
isolation of the· protein, expression characteristics, safety 
and cost aspects are involved in the decision as to the· host 
organism. The choice of a suitable vector arises from the 
host intended for transformation. In principle, all vectors 
which replicate and express the DNAs (or modifications · 
thereof) coding for TNF-BP according to tlie invention are 
suitable. 

With re~pect to the biological activity of the protein, 
in the expression of the DNA coding for TNF-BP, particular 
account .should be taken of any relevance of the . criteria, 
found in the natural protein, of glycosylation and a high 
proportion of cystein~ groups to the property of binding TNF. 
Conveniently, therefore, eukaryotes, particularly suitable 
expression systems of higher eukaryote·s, are used for the 
expression. 

Within the scope of the· present invention, both transient · 
and permanent expression of TNF-BP were demonstrated in 
eukaryotic cells. 

The recombinant TNF-BP according to the invention and 
suitable modifications thereof which have the ·capacity to 
bind TNF can be used in the prophylactic and therapeutic 
treatment of humans and animals for indications in which a 
harmful effect of TNF-~ occurs. Since TNF-BP has al so been 
shown to have a lNF-6 inhibiting activity, it (or the 
associated or modified .polypeptides) can. be used in suitable 
doses, possibly in a fonn modified to give a greater affinity 
for TNF-~, to inhibit the effect of TNF-P in the body. 

The invention therefore also relates to p~annaceutical 

preparations containing a quantity of recombinant TNF-BP 
which effectively inMMts the biological activity of TNF-ct 
and/or TNF-P, or a· related· polypeptide capable of binding 
TNF. 
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Pharmaceutical preparations are particularly suitable 

for parenteral administrat.ion for those indications in which 

TNF displays a harmful effect, ·· e.g.· in the form· of 

lyophfl ized preparations or solutions. These contain TNF-BP 

or a therapeutically active functional derivative thereof in 
a therapeutically active amount, optionally to~ether with 
physiologically acceptable additives such as stabilizers, 
buffers, preservatives, etc. 

The dosage depends particularly on the indication and 

the specific form of administration, e.g. whether it is 

administered locally or systemically. The si2e of the 
individual doses will be determined on the basis of an 
indi°vidual assessment of the particular illness,, taking into 
account such factors as the patient's general health, 
anamnesis, age, weight, sex, etc. It is essential when 
determining the therapeutically effective dose to take into 

account the quantity of TNF secreted wh.ich is respons'ible for 

the disease as well as the quantity of endogenous TNF-BP. 

Basically, it can be assumed that, for effective treatment of 

a disease triggered by TNF, at least th~ same molar amount of 
TNf-sp· is required as the quantity of TNF secreted, and 

possibly a multiple excess might be needed. 
More specifically, the objective of the invention is 

achieved as follows: 
The N-termina1 amino acid sequence of the highly purified 

TNF-BP and the amino acid sequences of peptides obtained by 

tryptic digestion of the protein were determined. 
Moreover, the C-terminus was determined by carboxy­

pept1dase P digestion, derivatization of the amino acids split 
off and chromatographic separation. From the peptide sequences 
obtained by tryptic digestion, with a view to their use in PCR 

for the preparation of oligonucleotides. regions were selected 
from the N·terminus on the one hand and from a tryptic peptide 
on the other hand such that the complexity of ·mixed 
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ol igonucleotides for hybridization with cDHA is ·kept· to a 
minimum. A set of mixed oligonuc1eotides were· prepared on the 
bash Of· these two regions, the set derived from the region 
located at the N-tenninus being synthesized ·1n accordance with 
mRNA, whilst the set derived from the tryptic peptide was 

synthesized in reverse, so as to be comple;entary to the mRNA. 
In order to facilitate the subsequent cloning of a segment 
amplified with PCR, the set of oligonucleotides derived from 
th~ tryptic peptide was given a BamHI restriction site. Then 
~ ONA was isolated from the TNf!'-a induced fibrosarcoma cDNA 
library and from this a TNF-BP sequence was amplified using 

PCR. The resulting fragment. was cloned and sequenced; it 

comprises·1ss nucleotides and contains the sequence coding for 
the tryptic peptide 20 between the two fragments of sequence 
originating from the primer oligonucleotides. 

This DNA fragment was subsequently radioactively labelled 
and used as a probe for isolating cDNA clones from the 
fibrosarcoma 11brary. The procedure involved first 
hybridizing plaques with the probe, separating phages from 

hybridizing plaques and obtaining ~ DNA therefrom. Individual 
cDNA_ clones were subcloned and sequenced; two of the 
characterized clones contained the sequence_ coding for TNF-BP. 

chis se~uence constitutes part of the sequence coding for 
a TNF receptor. 

After shortening of the 5' -non-coding region and 
insertion of a stop codon after the codon for the C-teriainal 
amino acid of the natural TNF-BP, the cDNA was inserted in a 
suitable expression plasmid, eukaryotic. cells were transformed 
therewith and the expression of TNF-BP was demonstrated using 
ELISA. 

The still outstanding 3'-region of the TNF receptor was 
obtained by searching through a rat brain cDNA library from 
the rat glia tumour cell line C6 using a TNF-BP pr-obe and 
isolating all the cONA coding for the rat TNF receptor . 

... 
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The fraction of ·this cDNA at the 31 -end, which was 

assumed to correspond to the missing 3' -region behind the 

EcoRI cutting site of the human TNF receptor, was used ·as a 
probe to search through the HS913T cD~ library once more. A 

clone was obtained which contains" all the (l(A ·coding for the 

TNF receptor. 
~fter shortening of the 5'-non-cOding region, the cDNA 

was inserted in an expression plasmid and the expression of 

human TNF receptor was demonstrated in eukaryotic cells by 

means of the· binding of radioactively labelled TNF. 
Northern blot analysis confinned that the isolated cONA 

corresponds substantially to all the TNF-R mRNA (the slight 

discrepancy arises from the absence of part of the 5' -non­

coding region). From this it can be concluded that the 

expressed protein is the complete TNF receptor. 

The invention is illustrated by means of the Exaaples 

which follow • 

Example I 

Preparation of highly purified TNF-BP 

a) Concentration of urine 

200 1 iters of dialyzed urine from u_raemia patients 7 

stored in flasks containing EDTA (10 g/l), Tris (6 g/l), NaN3 

(1 · g/1) and benzamidine hydrochloride (1 g/l) and ~pt in a 

refrigerator were concentrated by ultrafiltration using a 

highly permeable haemocapillary filter with an asynnetric 

hollow fibre membrane (FH 88H, G~bro) down to 4.2 liters 

with a protein content of 567 g. The concentrated urine was 

dialyzed against IO. mMil Tris HCl, pH 8. During this 

procedure, as in the following steps (except ·reverse phase 

chromatography}, 1 mM/1 of benzamidine hydrochloride were 

added in order to counteract proteolytic digestion. Unless 

_ .. 
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otherwise stated, all the subsequent purification steps were 
carried out at 4•c. 

b) Ion exchange chromatography 
This step was carried out by charging DEAE Sephacel 

columns (2.5 x 40 cm) with samples of concentrated and 
dialyzed urine containing about 75 g of protein. Elution was 

carried .out with 800 ml of an NaCl/IO di Tris/HCl pH 8 
gradient, the NaCl concentration being O to 0.4 M. The 

fractions from seven columns contain the THF-BP with a total 
prote;n content of 114 g were stored at -2o·c. 

c} Affinity chromatography 
In order to prepare the TNF Sepharose co 1 umn, r TN F - a 

(15 mg} in 0.1 M NaHC03, l M NaCl, pH 9 (coupling buffer) was 
coupled to 1.5 g of cyanogen bromide-activated Sepharose 48 
{Pharmacia). The Sepharose was swelled in 1 mM HCl a.nd washed 

with coupling buffer. After the addition of rlNF-a the 
suspension was left to rotate for 2 hours at ambient 
temperature. The excess CNBr groups were blocked by rotation 
for one and a half hours with IM etha11olamine, pH 8. The TNF 

Sepharose was washed a few times alternately ;n lM NaCl, 0.1 M 
sodtum acetate· pH 8 and 1 M NaCl, 0.1 M boric acid pH 4 and 
then stored in phosphate-buffered saline solution with 1 mM 

benzamidine hydrochloride. The fractions obtained from step 
_ b) were adjusted to a- concentrat;on of 0.2 M NaCl, 10 di 

.Tris/HCl, pH 8. The TNF-Sepharose was packed into a column 
and washed with 0.2 H NaCl, 19 mM .Tris HCl, pH 8 and the TNF­
BP-containing fractions, corresponding to about 30 g of 

protein. were applied at a throughflow rate of 10 ml/h and 
washed exhau$t1vely with 0.2 H NaCl, 10 mM Tris HCl, pH· 8, 
until no further absorption could be detected in the eluate at 
280 nm. Then TNF-BP was eluted with.0.2 M glycine/HCl, pH 2.S. 
INF-BP-containing fractions from 4 separations were combined 
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and lyophilized after the addition of polyethylene glycol (MW 
6000) up to a final concentration of 10 mg/ml. The 
lyophilized sample was dissolved .in distilled water· and 
dialyzed against distilled water. (The dialyzed sample (4 

5· ml) was stored in deep-frozen state); 

10 

15 

20 

25 

30 

This purification step further concentrated the product 

by abou~ 9000 times compared with the previous product. SOS­
PAGE (carried out as described in preliminary test 2) of the 
TNF-BP containing fractions showed the elution of three main 

components with molecular weights of 28 1 000, 30,000 and 

50,000 • 

d) Reverse Phase Chromatoaraohy 
An al i quot amount (I ml) of the fractions obtained from 

step c) with the addition of 0.1% trifluoroacetic ~cid was 

applied to a ProRPC HR 5/10 column (Pharmacia), connected .to 
an FPLC ·system (Pharmacia). The column was equilibrated with 

0.13 trifluoroacetic acid and charged at ambient temperature 
with a 1 inear 15 ml gradient of 10 vol% to 50 vol% aceto­

nitrile containing 0.13 trifluoroacetic acid; the through-flow 

rate was 0.3 ml/min. Fractions of 0.5 ml were collected and 
the absorption at 280 nm was determined, as well as the 

activity of the TNF-a .binding protein, _using the competitive 

binding test as described in Example S, using 0.01 p.l of 
. . . 

sample in each case. TNF-BP eluted as a single activity peak 
corresponding to·a sharp UV absorption peak. 

This last·· purification ste~ brought an increase in 

specific activity of about 29 fold, whilst the total increase 
in activity compared with the starting material (concentrated 
dialysis urine) was about I.I x 106"'.'fold. SOS-PAGE of the 

reduced and non-reduced samples~ carried out as described in 
preliminary test 2, resulted ;n a diffuse band, indicating 

the presence of a single polypeptide with a molecular weight 

of about 30,000. The diffused appearance of the band may be 
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due to the presence of one of more heterogeneous glycosyl a­
t ion~ and/or a second polypeptide present in a smaller amount. 
The assumption that it migh~ b~ a polypeptide with the N­

term1nus found to be a secondary sequence in preliminary test 
3d), which is longer than TNF-BP at the end tenninus, was 
confirmed by the sequence of the cONA, accordi_ng to which 

there is a fraction of 11 amino acids between the signal 
sequence and Asn (position 12), the sequence of which 

coincides with the N-terminal secondary sequence and which is 
obviously split off from the processed protein. 

E'XamRle 2 

SOS polyacry1amide gel electrophoresis CSDS-PAGEl 

SOS-PAGE was carried out using the method of Laeml i 

(Laemli, U.K., · Nature 227:680--4 (1970)) on fiat gels 

measuring 18 cm long,. 16 cm wide and 1.5 mm th'ick, with. 10 
pockets, by means of an l.J(8 2001 electrophoresis unit. The 

protein content of the samples from the purification steps c) 
and d) (preliminary test 1) was detennined ·by Bio-Rad Protein 
Assay or calculated from the absorption at 280 nm, an 
absorption of 1.0 being recognized to be equivalent to a 

content of I mg TNF-BP/ml. 
The samples . containing about 25 µg of protein (from 

preliminary test le) or about 5 "9 (from Id) in reduced form 
(6-mercaptoethanol) and non-reduced form, were applied to a 3% 

_collecting gel and a 5 to 20% linear polyacrylamide gradie~t 
gel. Electrophoresis was carried out at 25 mA/gel without 
cooHng. The molecular weight markers used (Pharmacia) were 

phosphorylase B (MW 94,000), bovine serum albumin (HW 67,000), 

ovalbumin (MW 43,000), carboanhydrase (MW 30,000}, soya bean 

trypsin inhibitor (MW 20, JOO) and a-lactalbumin (MW 14,400}. 
The gels were stained with Coomass'ie Blue in 7~ acetic 

-· 
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_ac1d/40% ethanol and decQlorized 'in ~ acetic acid/25% 

ethanol." 

The results of the SOS-PAGE showed TMF-BP to be· a 
. polypeptide chain with a molecular.weight of about 30,000. 

Example J 

a) Preparation of samples 
15 p.g of the protein purified according to preliminary 

test Id} were desalinated using reverse phase HPLC and 
further purified. To. do th~s a Bakerbond WP Cl8 column was 

used (Baker; 4.6 x 250 nm) and 0.1% trifluoroacetic acid in 
'•. 

water (eluant A) or in acetonitrile (eluant B) as the mobile 
phase·. The increase in the gradient was 20 to 68% eluant B 

in 24 minutes. Detection was carried out in parallel at 214 
nm and 280 nm. The fraction· containing TNF-BP was collected .. 

dried and dissolved in 75 µl of 70% formic acid and used 
directly for the amino acid sequence analysis. 

b} Amino acid sequence analysis 
The automatic amirio acid sequence analysis was carried 

out with an Applied Biosystems 477 A liquid phase sequenator 

by on-1 ine detennination of the phenylthiohydantoin deriva­

tives released, using_ an Applied Biosystems Analyser, Model 

120 A PTH. · It gave the following N-terminal sequence as the 

main sequence (about 8~ of the quantity of protein): ·Asp-Ser­

Val-Xaa-Pro-Gln-Gly-Lys-Tyr-Ile-His-Pro-Gln-. In addition, 
the following secondary sequence was detected: Leu-(Val)­

(Pro)-(H1s)-leu-Gly-Xaa-Arg-Glti-. (The amino acids· shown 1n 

brackets could not be clearly identified.) 

11ii11iiUii 
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The sample was prepared as described in Example 3 with 

the difference that the quantity of sample was 10 pg. The 

sample was taken up in 50 p.l of water and divided into 4 

portions. One of the four aliquot parts was reduced in order 

to determine its purity by SDS-PAGE according to the method 

of Laemml i {24) with OTT (dithiothreitol) and separated on 

minigels {Hofer, 55x80x0.75 nan, 15%); the molecular weight 

marker used was the one specified in Example 2. Staining was 

carried out using the Oakley method (O~kley, 8.R., et al., 

Analyt. Biochem. 105:361-363 (1986)). The electro~!lerogram 

is shown in Fig. 9. This shows a single band as a molecular 
weight of about 30,000. 

Example 5 

a) Tryptic Peptide Maoping 

About 60 µg ·of the protein purified in Example ld) was 

desalinated by reverse phase HPLC and further purified 

thereby. A Bakerbond WP Cl8 column (Baker; 4.6 x 250 mm) was 

used, and 0.1% trifluoroacet1c acid in water (eluant A) or in 

acetonitrile {eluant B) was used as the mobile phase. The 

increase in gradient amounted to 20 to 6~ eluant B in 24 

minutes. Detection was carried out in parallel at 214 nm and 

at 280 nm. The fraction containing TNF-BP (retention time 

about 13.0 min.) was collected, dried and dissolved in· 60 µl 

of 1% ammonium bicarbonate. 
1% w/w, corresponding to 0.6 p.g of trypsin (Boehringer 

Mannheim) was added to this solution and the reaction mixture 
was incubated for 6 hours at 37•c. Then a further IS w/w of 

tryps;n were added and incubation was continued overnight. 

., . 
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In order to reduce the disulfide bridges, the reaction 

mixture was then co.mbined with 60 µl of 6 K urea and. with 12 

µ1 of 0.5 M dithiothreitol and left to stand for 2 hour-s at 
ambient temperature. 

The tryptic cleavage peptides produced were separated by 

reverse phase HPLC, using a Delta Pak Cl8 column (Waters, 3.9 
x 150 mm, 5 /.UR particle diameter, 100 A pore diameter) at. 3o•c 
and 0.1% trifluoroacetic acid iri water (eluant A) or in 

acetonitrile (eluant B) as the mobile phase. The gradient 

was increased from O to 55% of eluant B in 55 minutes, then 

55% B was mafotained for 15 minutes·. The flow rate was l 

ml/min. and detection was carried out in parallel at 214 nm 

(0.5 AUFS) and at 280 nm (0.05 AUFS). 

b) Sequence analysis of trypti~ peptides 

Some of the ~ryptic cleavage peptides of TNF~BP obtained 
in a) were subjected to automatic amino acid sequence 
analysis. The corresponding fraction from reverse phase HPLC 
were collected, dried and dissolved in 75 /!1 of 7'6. formic 
acid. These solutions were used directly for sequencing in an 
Applied s;osystems 477 A Pulsed Liquid Phase Sequenator. 
Table I contains the results of the sequence analysis of the 

tryptic peptides (the amino acids shown in brackets could not 
be ;dentified with certainty). The letters •xaa• indicate 
that at this point the amino_ acid could not be identified. In 
fraction 8 the amino acid in position 6 could not be 
identified. The sequence ·Xaa-Asn-Ser- for position 6-8 leads 

one to s.uppose .that ·the amino acid 6 is present in 
glycosylated form. 

In fraction 17 the amino.acid in position 6 could not be 

identified either. · · The sequence -Xaa-Asn-Ser- {already 
occurri'1g in fraction 8) for positions 6-8 leads one to 

suppose that amino acid 6 is present in glycosyl ated fonn. 
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The first 13 am;no acids of fraction 17 are substantially 
· identical to fraction 8; fraction 17 should thus be a peptide 
formed by incomplete tryptic cleavage. 

It is striking that fraction 21 is identical to positions 

7 to 14 of fraction 27. Both in fraction 21 and in fraction 
27 the sequence suddenly breaks off after the amino acid 
asparagine (position 8 or 14), even though no tryptic cleavage 
can be expected here. This indicates that the amino acid 
asparagine (position 8 in fraction 21 ·or position 14 in 
fraction 27) could be the C-tenninal amino ~cid of TNF-BP. 

It is noticeable that the sequence of fraction 12 which 
occurs only in Sl!lall amounts, is substantially identical to 
the secondary sequefire of the N-tenninus found in preliminary 
test 10. The fact that the proteins of the main and ·sub­
sidiary sequence could not be separated on an analytical 
reverse phase HPLC column (Examp.le 3~) indkated that the 
protein with the subsidiary sequence was a form of TNF-BP 
extended at the N-tenuinus, which was largely converted by 

processing into the protein with the main sequence. 

Fraction Amino acid sequence 

1 ·A.sp - Ser - Val - Cys .. Pro - Gln - Gly - Lys 

2 x·aa - Xaa - Leu - Ser -(Cys)- Ser - Lys 

3 Asp - Thr - Val - (Cys}- Gly -(Cys)- Arg 

4 

5 

Glu - Asn - Glu - (Cys)- Val - Ser·- (Cys) -
Ser - Asn -(Cys) - Lys 

Glu - Asn - Glu -(Cys)- Val - Ser -
{Cys)-(Ser}- Asn - (Cys)- lys - (lys) 

8 Tyr - Ile - His - Pro - Gln - Xaa - Asn. - Ser 
- Ile - Xaa - Xaa - Xaa - Lys 

11 Glu - Cys - Glu - Ser - Gly - Ser - Phe - Thr 
- Ala - Ser - Glu • Asn -(Asn) - (Lys) 
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lZ Leu - Val - Pro - His - Leu - Gly - Asp - Arg 

13 Lys - Glu - Het - Gly - Gln - Val - Glu - Ile 
- Ser - Ser - (Cys)- Thr - Val - Asp - (Arg) 

14/I 

14/II 

Gly - Thr - Tyr - Leu - lyr - Asn - Asp - Cys 
- Pro - Gly - Pro - Gly - Gln -

(Glu) - Met - Gly - Gln - Val -(Glu)~ (Ile) -
(Ser)- Xaa - Xaa - Xaa - (Val) -(Asp)-

15 Lys - Glu - Het - Gly - Gln - Val - Glu - Il~ 

17 

20 

21 

- Ser - Ser - (Cys) - Thr - Val .. Asp - Arg Asp-
Thr - Val - (Cys) - Gly - · 

Tyr - Ile - His ~ Pro - Gln - Xaa - Asn - Ser 
- Ile - {Cys) - (Cys)- Thr - Lys - (Cys) His - Lys­
Gly - Xaa - Tyr -

. . 

Gly - Thr - Tyr - Leu - Tyr - Asn - Asp - Cys 
- Pro - Gly - Pro - Gly - Gln - Asp - Thr -Xaa - Xaa 
- Arg 

Leu - (Cys) - Leu - Pro - Gln - Ile - Glu -
Asn . 

26 Gln - Asn - Thr - Val -(Cys)- Thr - Xaa -
(His)- Ala -·G1y - Phe ~ {Phe) - Leu - (Arg) 

27 Ser - Leu - Glu - {Cys) - Thr - Lys - Leu -
{Cys)- Leu - Pro - Gln - Ile - Glu - Asn 

Table l: ·Amino acid sequences of the analyzed tryptic 
peptides of TNF-BP 

Example 6 
AnaJysf s of the C-terminus 

This analysis was carried out on the principle of the 
method described in (Hsieng, S.L., et al., J. Chromato·graohy 
447:351-364 (1988)). 

About 60 µg of the protein purified in Example 2d were 

desalinated and thus further purified by reverse phase HPLC. 
A Bakerbond WP Cl8 column (Baker; 4.6 x 250 mm) was used and 
0.1% trifluoroacetic ac;d in water (elua.nt A) or in 
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acetonltrile (el~ant 8) was used as the· mobile phase. The 
gradient was increased from 20 to 6~ e1uant B in 24 minutes. 
Detection was carried out in parallel at 214 nm and at· Z80 

nm. The fraction containing TNF-BP (retention time about 
13.0 min.) was collected, dried and dissolved in 120 ~1 of 10 
mM sodium acetate (adjusted to pH 4 with I H HCl}. 

To this solution were added 6 pl of Brij 35 (IO mg/ml in 
water) and 1.5 iil of carboxypeptidase P (O.l mg/ml. in ·water, 

Boehringer Mannheim~ No. 810142). This corresponds to a weight 

ratio of enzyme to protein· of 1 to 400 (Frohman. M.A., et al., 
proc. Natl. Acad. Sci. ~:8998-900Z (1988)). 

Immediately after the addition of the enzyme a sample of 
20 µ1 of the reaction mixture was taken and the enzymatic 
reaction therein was stopped by acidifying with 2 .~1 of 

concentrated trifluoroacetic acid and by freezing ~t -2o·c. 
The reaction mixture was left to stand in a refrigerator 

(about 8°C) and samples of 20 ~1 were taken after 10, zo, 60 
and 120 minutes. The remainder of the reaction mixture was 

left at ambient temperature for another 120 minutes. 
Inunediately after being takens all the samples were acidified 
by the addition of 2 pl of concentrated trifluoroacetic acid 
and frozen at -2o•c, thereby interrupting the enzymatic 
reaction • 

Parallel to the sample mixture described. containing 
about 60 µg of TNF-BP, a reagent double blind control was set 
up under identical conditions but with no protein added. 

After the last sample had been taken all the samples 
were dried for 30 minutes in a Speed Vac Concentrator, mixed 
with 10 pl of a solution of 2 parts of ethanol, 2 parts of 
water and l part of triethylamine (= "R.edrying solution• of 
the Picotag amino acid analysis system of Messrs. Waters) and 
briefly dried agafo. Then the samples were e~ch mixed with 

20 µl of the derivatization reagent (7:1:1:1 = ethanol:water:­
triethylamine:phenylisothiocyanate; Picotag system} in order 
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to derivatize the amino acids split off fr:om the C-terminus, 
then left to st~nd for 20 minutes at ambient temperature and 

then dried for I hour in a Speed Vac Concentratorw 

In order to analyze the derivatized amino acids th~ 

samples. were dissolved in 100 pl of •sample Diluent" (Picotag 
system made by Waters}. Of these solutions, · 50 pl was 

analyzed by reverse phase HPLC {c~lumn, mobile phase and 
grad~ent according to the original specifications of the 
Pi cotag system made by Wa'l;ers) . The chromatograms of the 
samples and reagent double blind controls were compared with 

·the chromatogram of a similarly derivatized .mixture {100 
pmol(amino acid) of standard amino acids (Messrs. Beckman). 

As can be seen from the quantitative -results of the 
p;cotag amino acid analysis {Table 2» asparagine is very 
likely the C-terminal amino acid of TNF-8~. Apart from 
asparagine, glutamic acid and a smaller amount of isoleucine 
were also detected after 240 minutes' reaction. Quantities 
of other· amino ·acids significantl~ above the reagent double . 

blind value could not be found even after 240 minutes . . 

reaction. This result (-lle-Glu-Asn as the c-terminus) 
confirms the supposition made from the N-tenninal s·equencing 

of the tryptic peptides 21 and 27, to the effect that the 
amino acids identified at the t-terminus in these peptides­

lle-G1u-Asn (Example Sb) - constitute the C-terminus of TNF­
BP. 

Reaction time Integrator units for the amino acids 
lsoleucine Glutamic acid Asparagine 

0 
10 
20 
60 
120 
240 85.537 52.350 

83.304 
168.250 
319.470 
416.570 
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Table 2: Quantitative evaluation of the Picotag amino acid . 
analysis after reaction of carboxypeptidase P vith TNF-BP 

Methods used in Examples 7 to 21: 
In the Examples which follow, standard molecular bio­

logi~al methods were used unless expressly stated otheniise, 
which can be found in the relevant textbooks or which 
correspond to the conditions recommended by the manufacturers. 
To simplify the. description of the Examples· which follow, 
frequently recurring methods or designations are abbreviated: 

"Cutting" or •digestion• of DNA refers to the catalytic 
cleaving of the DNA using restriction endonucleases (restric­
tion enzymes) at sites specific to them (restriction sites). 
Restrktfon endonucleases are. conrnercially available and are 
used under the conditions recommended by the manufacturers 
(buffer, bovine serum albumin (BSA) as carrier protein, 
dithiothreitol (OTT) as antioxidant). Restriction endo­
nucleases are designated by u capital let~er, usually followed 
by small letters and normally a Roman numera 1 • The 1 etters 
depend on the microorganism from which the restriction 
endonuclease fn question was isolated (e.g.: Sma 1: Serratia 
marcescens). Usually7 about 1 µg of DNA is cut with one or 
more units of the enzyme in about ZO pl of buffer solution. 
Normally, an incubation period of "I hour ·at 37•c is used, but 
thh can be varied in accordance with the manufacturer's 
fnstructtons for use. After cutting, the 5'-phosphate group is 
sometimes removed by incubation with alkaline phosphatase from 
calves intestines (CIP). This serves to prevent an undesir­
able reaction of the specific site in a subsequent ligase 
reaction (e.g. circularizat1on of a linearized plasmid without 
the insertion of a second DNA fragment). Unless otherwise 

stated, DNA fragments are nonnally not dephosphorylated after 
cutting with restriction endonucl eases. Reaction conditions 
for incubation with alkaline phosphatase can be found for 

example 1n the M13 Cloning and Sequenc;~g H~ndbook (Amersham, 
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. 
PI/129/83/lZ). After the incubation protein is removed by 

extraction with phenol and chlorofonr and the DNA 1.s precipi­
tated from the aqueous phase by the addition of ethanol. · 

"Isolation• of a specific· DNA fragment means the 
separation of the · DNA fragments obtained by restriction 

digest;on, e.g. on a 1%. agarose gel. After electrophoresis 
and rendering the DNA visible in UV light by staining with 

ethidium bromide (EtBr) the desired fragment is located by 

means of molecular weight markers which had been applied and 
bound by further electrophoresis on DE 81 paper (Schleicher 

and Schull).. The DNA is washed by rinsing with low salt 
buffer (200 mM NaCl~ 20 mM Tris pH=7.5, l mM EDTA) and then 
eluted with a high salt buffer (I M NaCl, 20 mM Tris pH;7.5, 
1 mM EOTA). The DNA is precipitated by the addition of 
ethanol. 

"Transformation" means the introduction of ONA into an 
organism so that the DNA can be replicated therein, either 

extrachrornosomally or chromosomally integrated. Transfonnation 
of E. col; follows the method specified ;n·the Ml3 Cloning and 
Sequencing Handbook (Amersham, PI/1Z9/83/l2). 

"Sequencfog0 of a ONA means the determination of the 
nucleotide sequence. To do this, first of all the ONA which 
is to be sequenced is c.ut with various restriction enzymes 
and the fragments are introduced into suitably cut Ml3 mp8, 
mp9, mpl8 or mpl9 double stranded DNA, or the DNA is 
fragmented by ultrasound,· the ends repaired and the size­
selected fragments introduced into Sma I cut, dephosphorylated 
M13 mp8 DNA (Shotgun method). After transformation of E. coli 
JM 101, single stranded DNA is· isolated from recombinant M13 
phages in accordance with the Mll Cloning and Sequencing 
Handbook (Amersham~ PI/1Z9/83/1Z) and sequenced by the 
dideoxy method {Sanger et al., Proc. Natl. Acad. Sci. 1!:5463-
5467 (1971)). As an alternative to the use of the klenow 
fragment of E. coli DNA polymerase I it is possible to use T7-

-· 
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DNA polymerase c•sequenase,• made by United States Biochemical 

Corporation). · The sequence reactions are carried out in 

accordance·with the manual ·sequenase: Step-by-Step Protocols 

for ONA Sequencing With Sequenase• (Version Z.O). 
Another method of sequencing consists in cloning the ONA 

which is .to be sequenced into a vector which carries, inter 

alia, a replicati~n origin of a DNA single-strand phage (Ml3, 
fl) (e.g. Bluescribe or Bluescript Ml3 made by Stratagene). 

Aftt:!r transformation of E. coli JMlOl with the recomMnant 
molecule, ther transfonnants can be infected with a helper 

phage, e.g. Ml3K07 or R408 made by Promega). .As a result, a 

mixture of helper phages and packaged, single-stranded 

recombinant vector is obtained. The sequencing template is 

worked up analogously to the Ml3 method. Double-stranded 

plasmid ONA is denatured by alkali treatment and directly 
sequenced in accordance with 'the above-mentioned sequencing 

handbook • 
The sequences were evaluated using the computer programs 

ortg1nal ly developed by R. Staden (Staden, R., Nucleic Acid 

Res. Jjl:4731-4751 (1982)) and ~odified by Ch. Pieler (Pieler 

Ch., Dissertation, Universitit · Wien (1987)). · •Ligating• 

refers to the process· _of forming phosphodiester bonds between 

two ends of double strand DNA fragments. Usually, between 

0.02 and 0. 2 µg of DNA fragments in 10 µ1 are ligated with 

about S un1ts of 1_"4DNA l_igase (•1 igasen) in a suitable buffer· 

solution (Maniatis·, T., et al., Molecular Cloning A laboratory 
Manual. Cold Spring Harbor Laboratory, p. 474 (1982)). 

"Excising" of DNA from transformants re.fers to the isolation 

of the plasmid DNA from bacteria by the alkaline SOS method, 
modified according to Birnboim and Doly, leaving out the 
lysozyme. The bacteria -are used from 1.5 to SO ml of 
culture. 

"OligonuclAotides" are short polydeoxynucleotides which 

are chemically synthesized. The Applied Systems Synthesizer 

~ 0431049 
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Model 381A is used for this. The oligonucleotides are worked 

up in accordance wjth the Hodel 381A User Manual (Applied 

Biosystems). Sequence primers are used d;rectly withouf any 

further purification. Other oligonucleotides are purified up 

to a chain length of 70 by the OPC method {OPC ~ Oligonucleo­

tide purific.at1on column, Applied Biosystems, Product 

Bulletin, January 1988). longer oligonucleotides are purified 
by polyacrylamide gel electrophoresis (6% acrylamide, 0.15% 

bisacrylamide, 6 M ·urea, TSE buffer) and after elution from 

the gel, desalinated over a G-25 sepharose column. 

Example 7 
Preparation of TNF-BP-specific hybridization pro~es 

The oligonucleotides were selected, with a view to 

using them to amplify cDNA, by PCR: . 

a) From the N-terminal amino acid sequence of the TNF­

binding protein (main sequence, obtained from preliminary 

test 3 and Example 5, fraction I) 

Asp-Ser~Val-Cys-Pro-Gln-Gly-Lys-Tyr-Ile-His­

Pro-Gln-

a heptapeptide region was selected which pennits the lowest 
possible complexity of a mixed oligonucleotide for 

hybridizing to cDNA: these are amino acids 6 to IZ. In order 

to reduce the comp 1 exi-ty of the mixed o 1 i gonuc l eot i de, four 

mixed oligonucleotides were prepared each having a complexity 

of 48. The ol'igonucleotides were prepared in the direct·ion 
of the mRNA and are thus oriented towards the 3' end of the 

sequence and are identical to the non-coding strand of the 

TNF-BP gene: 

... 

~0441049 
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Gln-Gly-Lys-Tyr-Ile-His-Pro 

5'CAA GGT AAA TAT ATT CAT CC 3'TNF-8P 13/l EBI-1639 
G G C C C 

5 A 

S'CAA GGC AAA TAT ATT CAT CC 3'TNF-BP #3/2 EBi-1640 
G G C C C 

A 

S'CAA GGA AM TAT ATT CAT CC 3'TNF-BP #3/3 EBI-1641 
G G C C C 

A . 

15 S'CAA GGG AAA TAT All CAT CC 3'TNF-8P #3/4 EBI-1642 
6 G C C C 

-' A 
b) From. the amino ac;d sequence of a tryptic peptide 

20 (fraction 11 of the tryptic digestion) of the amino acid 
sequence 

25 

30 

.; 
35 

40 

45 

Gl u-Cys-Gl u·-ser-Gly-Ser-Phe-Thr-Ala-Ser-(Glu/Cys)-Asn-Asn-Lys 
(cf. _Example 5) 

a peptide region was selected and another set of mixed 
oligonucleotides were synthesized: 

-Phe-Thr-Ala·Ser-Glu-Asn-Asn-Lys 
Cys 

TNF-BP #4/5 (EBI-1653): 
3'AAA TGA CGG AGA CTC lTG lTG TI CCTAGGG 5' 

G G T T T 
T 

TNF-BP #4/6 (EBI-1654): 
3'AAA TGA CGG TCA ere TtG lTG TT CCTAGGG 5' 

G G T T. T 
T . 

TNF-BP 14/7 (EBI-1657): 
3'AAA TGA CGG ASA ACA TTG TTG TT CCTAGGG 5' 

G G T T T 
T 

TNF-BP 14/8 (EBI-1658): . 
· 3' AM TGA CGG TCA ACA TTG TTG TI CCTAGGG 51 

G G T T T 
T 

... 
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The ol igonucleotides were synthesized complementarily to 
mRNA and are thus oriented towards the 5' end of the sequence. . . 
In order to allow efficient cloning of the amplified DNA 
fragment following the PCR, a BamHI linker vas also provided 
at the 5' end of the oligonucleotides. If for example 
ol igonucleotides TNF-BP Nos. 4/5-8 together with TNF-BP No. 
3/1-4 are used for the PCR on the entire l DNA of a library, 
any DNA fragment which results can be subsequently cut with 

BamHl. The partner oligonucleotides yield a straight end at 
the 5' terminus and consequently the fragment can be cloned 
int~ the Smal-BamHI sites of a suitable vector. 

Each mixed dligonucleotide TNF-BP No. 4/5: to ·s is a 
mixture of 48 individual nucleotides and does not take into 
account a few codons, namely: 

Thr ACG 
Ala GCG and GCT 
Ser TCG and TCC 
Asn MT 

In the case of GCT the possibility that the triplet CGG 
cQmplementary to GCC (Ala) can be effective by forming a G-T 
bridge is taken into consideration, while in the case of TCG 

25 (Ser) and MT (Asn) the same· applies with regard to AGT and 
'.,,,./ TTG, respect;vely. 

30 

35 

ACG, GCG and TCG are extremely rare codons (CG rule) and 
are therefore not taken into consideration. 

Example 8 
Amplification of a oartial sequence coding for TNF-BP from a 
cDNA librar}! 

a) Isolation of ~-DNA of a cDNA librarv 

la! 046/049 
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The cDNA library was prepared using the method described 

in EP-Al-0293 . 567 for the human placental cDNA, with the 
difference that the starting material used was 109 fibro­

s~rcoma cells of the cell line HS 913 T, which had been grown 
by stimulation with human TNF-a (10 ng/ml). Instead of ). 
gtlO, ). gtll was used {cDNA synthesis: Amersham RPN 1256; 
EcoRI digested l gtll anus: Promega Biotech; in vitro 
packaging of the ligated DNA: Gigapack Plus, Stratagene). 

5 ml of the ·phage supernatant of the amplified cDNA. 

library of the human f1brosarcoma cell line HS913T in ~ gtll 
were mixed with 0.5 pg of RNase A and 0.5 µg of DNase I and 
incubated for I hour at 37•c. The mixture was centrifuged 
for IO minutes at 5000xg, the supernatant was freed from 

protein by extraction with phenol and chloroform and the DNA 
was precipitated from the aqueous phase by the addition of 
ethanol. The A-DNA was dissolved in TE ·buffer (IO mM Tris pH 
7 .5; l mM EOTA) • 

b) PCR amo1ification of a TNF-BP sequence from a cDNA 
library 

For the application of PCR (Saiki et al., Science 
239:487-491 {1988)) to DNA from the HS913T cDNA library, 16 
individual reactions wer~ carried out, in each of which one of· 
the 4 mixed oligonucleotides EBI-1639, EBl-1640, EBI-1641, 

EBI-1642 were used as first primers and one of the four mixed 
oligonucleotides EBI•l653,_ EBI-1654, EBI-1657 and EBI-1658 was 
used as the second primer. Each of these mixed 

o11gonucleotides contains 48- different oligonucleotides of 
30 equal length .. 

Amplification by means of PCR took place in SO µl 
reaction volume, containing 250 ng of l-DNA from the cDNA 

library, 50 mM ·Kcl, I~ mM Trfs pff=8.3t _ 1.5 nt1 MgCl2, 0.01% 
gelatine, 0.2 mM of each of the 4 deoxynucleoside triphos-

.-
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phates (dATP, dGTP, dCTP, dTTP}, 200 pmol of each of first and 
second primer and 1.25 units of Taq polymerase [Perkin-Elmer 
Cetus]. To prevent evaporation the solution was coated with a 
few drops of mineral oil (O.l ml) the PCR was carried out in a 
DNA Thermal Cycler ·(Perkin Elmer Cetus) as follows: the 
samples were heated to 94•c for 5 minutes in order to denature 
the DNA, and then subjected to 40 amplificat1on cycles. One 
cycle consisted of 40 seconds'· incubation at 94•c, z minutes 
incubation a.t ss•c and 3 minutes incubation at 72°C. At the 
end of the last cycle the samples were incubated at 12·c for a· 

further 7 minutes to ensure that the last primer lengthening 
had been completed. After .cooling to ambient temperature, the 
samples were freed= from protein with phenol and chloroform and 
the DNA was precipitated with ethanol .. 

5 p.1 · of each of the 16 PCR s~mples were applied to an 
agarose gel and the length of the amplified DNA fragments was 
determined after electrophoretic separation. The most 
intense ONA band., a fragment 0.16 kb long, could· be seen in 
the PCR samples which had been amplified with the oligonucleo­
tide EBl-1653 as the first primer and one of the oligonucleo­
tides EBI-1639, .EBI-1640, EBI-1641 or EBI-1642 as the second 

primer. Since the sample amplified with the pair of primers 
EBI-1653 and EBI-1642 contained ·the 1 argest amount of this 
0.16 kb DNA fragment., this sample was selected for further 

· processing. 

Example 9l 

Cloning and Sequencing of a DNA fragment obtained by PCR 
amplification 

The PCR product of primers EBI-1642 and EBl-1653 obtained 
was c~t with BamHI and subsequently separated by electro-: 
phoresis in an agarose gel. (l.5% NuSieve GTG agarose plus 1% 
Seakem GTG agarose, FHC Corporation) according to s;ze. The 

lal0481049 
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main band, a DNA fragment 0.16 kb long, was electroeluted from 
the gel and precipitated with ethanol. This DNA fragment was 

1 igat~d with BamHI/SmaI cut plasmid pUC18 {Pharmacia) ana E. 
coli JMlOl was transfonned with the 1 igation mixture. The 
plasmids prepared by the ·mini-preparation method were 

. characterized by cutting with the restriction enzymes PvuII 

and EcoRl-BamHI and subsequent electrophoresis in agarose 
gels. The plasmid pUC18 contains two cutting sites for PvuII 

which· flank the polycloning site in a 0.32 kb DNA fragmenL 
Very s~ort DNA inserts in the polycloning site of the plasmid 
can be made visible more easily in agarose gel ·after cutting 
with PvuII since the length is extended by 0.32 kb. By 

cutting with EcoRI and BamHI the DNA fragment ligated into the 
plasmid vector cut with BamHI and SmaI, including some base 
pairs of the polylinker sequence, can be obtained. A clone 
with the desired insert has been designated pTNF-BP3B. The 
entire DNA insert of this clone was sequenced after subcloning 

of an EcoRI-BamHI fragment in M13mpl8 (Pharmacia) by the 

mod;fied dideoxy method using sequenase (United States 

Biochemical Corporation). 
Ana1ysis of the PCR-amplified DNA gave the following 

sequence (only the non".'coding strand is shown, and above it 

the derived amino .acid sequence): 

5 10 
Gln Gly Lys Tyr Ile His Pro Gln Asn Asn Ser Ile. Cys 
CAG GGG AM TAT ATT CAC CCT.CAA MT_AAT_ TCG ATT TGC 

30 15 20 ZS 
Cys Thr Lys Cys Ki s Lys Gl v Thr Tyr Leu Tyr Asn Asp 
TGT ACC AAG TGC CAC AAA GGA ACC TAC TTG TAC AAT GAC 

30 35 
35 Cys Pro Gly Pro Gly Gln Asp Thr Asp Cys Arg Glu Cys 

TGT CCA GGC CCG GGG CAG GAT ACG GAC TGC AGG GAG TGT 

40 . 45 50 
Glu Ser Glv Ser Phe Thr Ala Ser Glu Asn Asn Lys 

~ ~~~mm~~~~~~mm~ 

, This Sheet Has Been-Replaced 

1111111111111111111111111 
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The first .20 and last 29 nucleotides (underlined script) 

correspond to the sequences of the priaer oligonucleotides 

EBI-1642 and the complement of EBI-1653,. respectively. Amino 

5 acids 38 to 43 confirm the remaining sequence of .the tryptic 

pept;de ll. Furthermore, the DNA fragaent· produced by PCR 

contains ·the sequence of the peptide of fraction ZO of the 

tryptic digestion (amino acids zo to 34, underlined). This 
shows that the clone pTNF-BP3B was derived from a cONA which 
codes for TNF binding protein. pTNF-BP3B therefore constitutes 

a probe, e.g. for searching for lNF~BP cDNAs in· cDNA 

libraries. 

20 

~25 

Example 10: · 

Isolation of TNF•BP cDNA clones 

About 720,000 phages of .the HS913T cDNA library in l gtll 

·.were plated on .f •. coli Yl088 (41acUl.69, pro.::Tn5, tonA2~ hsdR, 
· ·.· supE, supF, metB, trpR, F~,>. -, (pMC9)) (about 60,000 phages 

per· 14.~5 an· petri dish, LB-agar: 10 g/l tryptone, S g/l of 
· yeast extract, S g/1 of NaCl, I.SS agar, plating in top 

. ·agarose: 10 g/1 of tryp\one, 8 g/1 of NaCl, 0.8% agarose). 
Two nitrocellul~se. fflter ·ext;ra(:ts were prepared from each 

plate. The filters were prew~shed (16 hours at 65~C) in: 
50 mM Tris/HCl pH-8.0 · · 

l M · NaCi 
1 mM·EDTA 
·o.1s SDS 

The filters were pre-hybridized for two hours at 6s•c in: 
30 6x SSC {0 •. 9M· NaCl, 0.09 M trisodium citrate) 

5x Denhardt's (O.lS Ficoll, O.IS 

35 

pnlyvinylpyrrolidone, O.li BSA (= bovine serum 
albumin) 

0.1% sos 

-
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Preparation of the radioactively labelled probe: pTNF-BP 

38 was doubly cut with BamHI and EcoRI and the approximately 

0.16 kb insert was isolated. 0 .. 6 p,g of the insert in 32 JLl 
Wi!re denatured ·at ioo•c and primed with 60 pmol each of EBI-
1642 and EBI-1653 by cooling to ao·c over 10 minutes and 

rapid cooling in ice water. After the addition of 

10 pl a.32P-dCTP (100 µCi, 3.7 HBq) 

5 pl lOx priming buffer {O.l M Tris/HCl pH=-8.0, 

50 mM MgClz) 
2 µ1 1 mM dATP, dGTP., dTTP 

1 µ1 _PolIK (Klenow fragment of E. coli DNA 

polymerase I. 5 units) 

Incubation was carried out for 90 minutes at ambient tempera­

ture. After heat inactivation (IO. minutes at 70°C), the non- . 

incorporated radioactivity was removed by chromatography on 
-. Biogel P6DG (Biorad) in. TE buffer (10 mM Tris/HCl pH==S, 1 mM 

EDTA). 6Sx106 cpm were incorporated. The hybridization of 

the filters was carried o"ut in a . total volume of 80 ml of 

6XSSC/5X Oenhardt's/O.!S SOS plus· heat-denatured hybridizing 

· probe for 16 hours at 6s·c. The fflters were washed twice for 

30 minutes at amb.i ent temperature in 6xSS~/O. 01% sos and once 

·tor 45 minutes. at_ ambient temperature in 2xSSC/0.01% SDS and 

..,.,; three times for 30 ·minutes . at, 55··c in 2xSSC/0.01% sos. The 

25 filters w.ere dried tn air and then exposed to Amersham · 

Hyperfnm for -16. hours using ·an intensifier film at -1o·c. In 
all, 30 hybridizing· plaques were identified (l:-TNF-BP No. 1-

30). The regions with.the hybridizing plaques were pricked out 

30 

as precisely as·possible and the phages were eluted in 300 ~l 

of SM buffer plus 30 Ill of chlorofonn. By plaque purification 
(plating of about 200 phages per 9 cm_petri dish on the second 
passage, or about 20 phages per 9 cm petri dish on the third 
passage, filter extracts doubled, preparation, hybridization 

.. 
~ 
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and washing (as described in the first search) 25 hybridizing 

phages were finally separated ().-TNF-BP ~!-10, lZ-24, 29,30). 

Preparation of the recomb;nant l-DNA fro& the clones l-JNF-BP 
5 Nos. 13. 15. 23. 30: 

10 

15. 

2x106 pha9es were plated on E. co]i YlOSS in top agarose 
(10 g/1 tryptone, 8 g/1 NaCl, 0.8% agarose) (14.5 cm petri 

dish) with LB agarose {1.5% agarose, 0.2% glucose, 10 mM 

MgS04, 10 g/1 tryptone, S g/l yeast extract, 5 g/1 NaCl) and 
. incobated a~ 37•c for 6 _hours. After the plates had been 

cooled (30 minutes. at 4•c) they were coated with 10 ml of >.­
diluent (10 mM_Tr;s/HCl pH-S.O, 10 mM MgClz; 0.1 mM EDTA) and 

. . 

eluted for 16 hours at 4•c. The supernatant was transferred 

into 15 ml Cor~ t~st tubes and centrifuged for.IO minutes at 

15000 rpm and. at 4 •c (f~~ckman JZ-21 centrifuge, JA20 rotor). 

· The. supernatant was . decanted into 10 ml poly~arbonate test 

tubes and centrifuged at soooo . rpm at 2o·c until ia2t;;r3xlolD 
(Beckman LS-.70, 50 Ti rotor]. The ·pellet was resuspended in 

20 · 0.5 ml of -l-diluerit and transferred into Eppendorf test tubes 

25 

.(1.4 ml)~ _.After .the addition of 5 p.g of RNase A and O.S IL9 

. DNa.seI and incubation at· 37°C for 30 minutes and the adeition 

of 25 pl of 0.5 M EDTA, 12._5 Jl of 1 H Tris/HCl pHe.8.0, 6.5 JLl 
of 20% SDS, incubation was continued at 70°C for 30 minutes. 

The: l:'"ONA was pur;fied by phenol/chloroform extraction and 
precip-itated with ethanol. Finally, the DNA was dissolved in 

100 1'1 of TE_. buffer • 

. Example 11: 

30 Subcloning and sequencing of JNF-BP cDNA clones is and 23 

In order to characterize the cDNA.s of the clones l.TNF­

BPlS and ~TNF-BP23, which-showed the. strongest signals during 

hybridization, the eDNA inserts were cut out of the l-DNA wit~ 

-
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EcoRI, then after electrophoretic sepa.ration eluted from an 
aga~ose gel and precipitated with ethanol. The DNA fragments 
of 1.3 kb (from lTNF-BP15) and Ll kb (fTOa lTNF-BP23) ·were 
_cut with EcoRI a~d ligated with alkaline phosphatase from 
calves' intestines dephosphorylated plasmid vector pT7/T3a-18 
(Bethesda Research Laboratories) with T4 IJiA ligase and h 
coli JM!Ol was transformed. From individual colonies of 
bacteria which showed no blue staining after s~lection on 
agarose plates with ampicill in and X-gal, plasmid D~A was 
prepared in a mini preparation process and the presence and 
orientation of the cONA insert was determined ·by cutting wtth . 
EcoRI and HindIII. Plasmids -which contained the EcoRI insert 
of the phages lTNF-BPlS or lTNF-BP23 oriented in such a way · 
that the end corresponding to the 5'-end of the mRNA is facing 
the T7 _ J>romotor were designated pTNF-BP15 and pTNF-BP23,_ 
respectively.· . The EcoRI inserts of l.TNF-BPI5. and l.TNFBP23 
were also ligated in Ml3mpl9 vector which had been cut with 
E<:oRI and dephosphorylated, and E. · coli JMlOl was 
transformed. · From a few randomly selected Ml3 clones, sing~e­
stranded DNA was pr~pared and used as the basis for ~equencing 
by the· d'ideoxy method.· On - HI3 clones which contained the 
cDNA inserts i'1. the opposite orientation, both DNA strands 
were fully sequenced using the universal sequencing primer and 
speciftc.aily s~thesized oligonticleotide p~imers which' bind to 
thecDNA .insert. 

The complete .nucleotide sequence of 1334 bases of the 
cPNA insert of liNF-BP15 or. pTNF-BP15 is shown in Fig. 1 . • Bases 1-6 and 1328-1334 correspond to the EcoRI linkers which 
had been added to the cONA during.the preparation of the cDMA 
library. The nucleotide sequence of the cDNA insert of .lTNF-
8~23 corresponds to that of lTNF-BP15 (bases 22-1100), flanked 
by EcoRI linkers. 

The clone lTNF-BP30 was also investigated; its sequence 

.,, 
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corresponds to lTNF-BP15, . except that the sequence has a 
deletion of 74 bp (nucleotide 764 to 837). 

Example 12 
Constructio~ of the express;on olasmid p.AD-CKVl and pADCMV2 

From parts of the· expression plasmids pCOMS (Seed and 

Aruffo, Proc. Natl. Acad. Sc1. M:8573-8577 (1987) ~ Seed , B. 

Nature 329:840-842 (1987)); Inv1trogen), pSV2gptDHFRZO (EP-Al 
0321 842) and the plasmid ·s1uescrtpt SK+ {Short, J.M., et al.·, 
Nucl. Acids Res. 11:5521-5540 (1988); Stratagene) a new 
plasmid was constructed which has a multi-cloning site for the 
~ir.ected insertion of heterologous DNA sequences and which can 

· be replicated in E. coli by means of amp1cillin resistance 
15 with a high copy .number. The 1ntergenic region of Ml3 makes 

;t possible to produce single-stranded plasmid ONA by 

superinfection of the transfonned bacteria with a he1per phage 
(~.g. R408 or M13K07) to facilitate sequencing and mutagen~sis 

20 

25 

of the plasmid DNA. The Ti promotor,which precede~ the multi­
cloning site makes it possible to· prepare RNA transcripts in 
vitro. ·In mammalian cells heterologous genes are ·expressed, 
driven ·by ·citomegalov'irQs (CMV} promotor/enhancer (Boshart, 

·M., ·et ;il., ·cell· !!,:521-530 (1985)). The SV40 replication 
ori_gin makes ·it P.OS$ible, in .suitable cell lines (e.g. SV40 
transformed cells .such ·as COS~7, adenovirus tr:ansfonned cell 

line 293 (ATCC CRL15?3)), to carry· ~ut autonomous replication 
of the· expression plasmid at high copy numbers a:nd thus at 
high.rates in transient expression. For preparing permanently 

transformed cell lines and subsequently amplifying the 

30 expression cassette by means of methotrexate, a modified 
. hamster mi"nigene is used (promotor with coding region and the 

first intron) for dihydrofolate reductase (OHFR) as the 
selection marker. 

_,.. 
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a) Preoaration of ;the vector And 0romotor sections by PCR 

The plasmid Bluescript SK+ was linearized with HiridIII 
and 5 ng of DNA was used in a 100 pl PCR llixture (reaction 
buffer: SO mM KCl, 10 mM Tris-Cl pH-8.3, 1.5 llM MgCl2, 0.01% 
(w/v) gelatine, 0.2 mM of the four deoxynucleotide 
triphosphat~s {dATP, dGTP, dCTP, dTI'P),. 2.S units of Taq 
polymerase per 100 f'l. The primers used were 50 pmol of the 
synthetic oligonucleotides EBI1786 (5'-GGAATTCA­

GCCTGAATGGCGAATGGG-3'; binds just outside the M13 ori-region 
in Bluescript position 475, independently of.the Ml3 ori­
orientation) and EBI-1729 (5'-CCTCGAGCGTTGCTGGCGTlllTCC-3'; 
binds to :Sluescript at position 1195 in front of ori,. 
corresponds to the start.of the Bluescript sequence in pCDMS, 
6 bases 5' yield XhoI). After 5 minut~s denaturing at 94•c 

PCR was carried out over 20 cycles (40 seconds at g4•c, 45 
· seconds at. ss·c, · 5 min at 7z•c, Perk.in Elmer: Cetus Thermal 

Cycler). The oligonucleotides flank the intergeni.c region of 
Ml~ .or.the replication origin (ori) with the intermediate gene 
for 13~ 1 actamase. At the same time, at the end of the 
replication orig.in an Xhol cutting site is produced and at ·the 

. . 

· ot.her end . an Ec9RI cutting site. The reaction mixture was· 
freed from .Protein by extraction with. phenol/chloroform and _ 

. the DNA was precipitated witfr ethanol. The DNA obtained was 
cut with XhoI a'nd ·EcoRI and after electrophoresis in an 

· agarose gel a fragment of 2 .. 3 kb was isolated. 
5 ng of· p 1 asmid pCDM8 linearized with Sac II· was amplified 

by PCR with the oli·gonucleotides EBI-1733 (S'GGTCGACATTGATTAT- · 
TGACJAG-3'; binds to CHY promotor .region (position 1542) of 
pCDMB,. corresponding to position 1 in pAD-CMV, Sa.1 I site for 
cloning) and EBI-1734 (5'GGAA1TCCCTAGGMTACAGC6G-3'; b;nds to 
polyoma or;gin of 3'SV40 polyA region in pCDH8 (position 
3590)) under identical conditions to those described for 
Bluescript SK+. The oligonucleotides bind at the beginning of 

--
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the CMV promotor/enhancer sequence and produce an Sall cutting 
site (EBI·l733) or bind to the end of the SY40 poly-adenyla­
~ion site and produce an EcoRI cutting site (EBI-1734)_. The 
PCR product was cut with Sa 11 and EcoRI and a DNA fragment of 

1.8 kb was isolated from an agarose gel. 

The two PCR products were ligated with T4 DNA ligase, i_,_ 

coli HBlOl transformed with the resulting iigation product 
and plasmid DNA was amplified and prepared using standard 
methods. The plasmid of the desired nature (see Fig. 3) was 

designated pCMV-Ml3. The SV40 replication origin {SV40 or1) 
was isolated from the plasmid pSVZgptDHFR20 (EP-Al 0321842}. 

To .do this, this plasmid was doubly cut with HindIII and Pvull 
and the DNA ends were blunted by subsequent treatment with the 
1 arge fragment of the E. col j DNA polymerase (klenow enzyme) 

in th~ presence of the four deoxynucleot1de triphosphates. A 
0.36 k~ DNA fragment thus obtained was isolated from an 
agarose gel and ligated into pCMV-::Ml3 linearized with EcoRI • 

A plasmid obtained- after transformation of E. coU HBIOl, with 

the SV40 ori in the same orientation as the ft-lactamase gene 

20 ·and· the CMV promotorw was designated pCMV-SV40. The construe-

..... 
-25 

30 

tion of this plasmid is shOW11. in F_ig. 3. 

b) . Mutagenesis of the DUER gene 

In order. to prepare an exprassion plasmid with a 

versatile multicloning site, two restriction enzyme cu~ting 

sites were removed from the DHFR min1gene by directed 
mutagenesis and three such sites were removed by deletion. 
To do this, a I.°J kb Bgl II fragment from the plasmid 
P,SV2gptDHFR20, containing the entire coding region of the 

han:ister DHFR gene,. was cloned into the Bglll site of the 

plasmid pUCZ19 .(181) and .. the plasmid pUCDHFR was obtained. 
E. coli JM109 (:Stratagene) cells transformed with pUCDHFR 

were infected ·with an approxima.tely ~Q .. fold excess of. the 

ll!OOS/048 
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. helper phage R408.(Stratagene} and shaken in LB medium for 16 
hours at 37•c. Single stranded plaS11id l»IA was isolated from 
the·bacterial supernatant. 

Controlled mutagenesis was carried out i.n two successive 

steps, using the ;n vitro m.utagenesis system RPN15Z3 (Amer­
sham). The EcoRI site located at the beg;nning of Exon 2 was 
destroyed by exchanging a base from GM.TIC ta GAGTTC. This 
base exchange does not result in any change in the coded 

amino acid sequence and furthermore corresponds to the 
nucleotide sequence in the natural murine OHFR gene {McGrogan, 

. . 

M., et al., J. Biol. Chem. 260:2307-~14 (1985); Mitchell, 

P .J., et al., Mal. Cell. Biol.. ~:425-440 (1986)). An 
o1 igonucleotide (Antisense ortentation) of the sequence S' -
GTACTTGAACTCGTTCCTG-3' (EBl-1751} was use~ for the 

mutagenesis. A plasmid with· the desired mutati~n was prepared 

as single strand DNA as desttibed· ·above and the. Pstl site 

located in .the first intron was removed by mutagenesis with 

the ol 1gQi'lUCleotide E81_;1857 (Antisense orientation, 51
-

GGCAAGGGCAGCA&CCGG-3') from CTGCAG into CTGCTG. The mutations 
were confirmed by sequencing and· the resulting plasmid. was 
designated pUCDHFR-Mut2. 

The 1.7 kb BglII fragment was isolated from the plasmid 
pUCDHFR-Mut2 and ligat~d into. p~asm~d p~2gptDHFRZO, doubly 
cut with ·BglII and BamHI~· After transfonnation of E. co]i, 

~5 ·. amplification and DNA isolation, a· plasmid of the desired 
nature was o.btained, which was designated pSV2gptDHFR-Mutz. 
By cutting with BamHI 11 in the 3'-non-coding region of the DHFR 

. gene a 0.12 kb DNA fragment following the BglII site was 
removed, which also contai"s a KpnI cutting site. By linking 

30 the overhanging DNA end~ fonned with Bgl II and BamHI, the 
recogn; ti on sequences for these two enzymes · were a 1 so 
destroyed. 

The plasmid pCMV-SV40 was doubly cut with EcoRI and BamHI 
and the DNA ends were then blunted with Klenow. enzyme. The 

-· Received Time 23. Feb. 6: 12 Pr int Time · 2 3. Feb. 6: 3 0 
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ONA was purified by extractjon with phenol chloroform and 

ethanol precipitation, then dephosphorylated by incubation 

with alkaline phosphatase and the 4.4 kb long vector ONA. was 

isolated from an agarose gel • 
. The plasmid pSV2gptDHFR-MutZ {Fig. _4) was doubly cut 

with EcoR~ an(! PstI and the DNA ends were blunted by 20 

minutes' incubation .at 11•c with 5 units of T4 DNA polymerase 

(50 mM Tris HCl pH=S.O. 5 mM MgCl2, 5 mM dithiothreitol. 0.1 

mM of each of the four deoxynucleotide triphosphates and 50 

µg/ml of bovine serum albumfo). The ZA4 kb long DNA fragment 

with the mutated DHFR gene was i so 1 ated from an agarose gel 
.. 

and ligated with the pCHV-SV40 prepared as de~cribed above. A 

plasmid obtained after transformation of ~· coli and contain­

ing the DHFR gen~ in the same orientation as the CHY promotor 
was designated pCMV-SV40DHFR. 

In the last step the 0.4 kb stuffer fragment after the 

CMV promotor, which originated from the original plasmid 
.pCDM8, was exchanged-for a multicloning·site. Jo do this,. the 

. . 

plasmid pC"V-SV40i>HFR was doubly cut with HindllI and XbaI 

and the vector p,.rt was isoi ated from an agarose ge1 _ Tne 

mult1c1oning · site. fonied from the· two oligonucleotides EBI-

1823- · ( 5' -AGCTICTGCAGGTCGACATCGATGGATCCGGTACCTCGAGCGGCC6CGAAT -

TCT-3')" and EBI·l8Z9 (5'-CTAGAGAATTCGCGGCCGCTCGAGGTACCGGATCCA-
.. 

TCGATGTCGACCTGCAGA-3'), contains, including the ends which are 

· compatible for . cloning in HindlII-XbaI, restriction. cutting 

.sites for the enzymes PstI, Sall, Clal,. BainHI, Kpnl," XhoI, 

Not I and EcoRI. 
l p.g of each of the two oligo~ucleotides was incubated 

for l hour at 37•c in 20 1'1 of reaction- buffer (70 mM Tris-Cl 

. 30 pK•7 .6, 10 mM MgC12, S mM d'lthiotbreito1, 0.1 mM ATP) with 5 

units of T4 polynucl eotide kinase in order to phosphorylate 

the 51 ends. The reaction was stopped by heating to 1o•c for 

10 mfoutes and the complementary oligonucleotides were 

hybridized with one another by incubating the sample for a 

-· 
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further 10 minutes at S6•c and then slowly cooling it to 
ambient temperature. 4 pl of the hybridized oligonucleotides 
(100 ng) were ligated with. about 100 ng of plasmid vector and 
E. coli HBlOl was transformed. A plas&id ~ich was capable of 

5 being 1 inearized with the enzymes of the 111lticloning site 
(with the exception of NotI) was desfgned pAD-CMVl. Of a 
number of clones tested, it was not possible "to identify any 
one the plasmids which could· be cut with Hot!. Sequencing 

always showed the deletion of same· bases within the Not! 
10 recognition sequence. 

In the same way, the expression plasmid pAD-CMV2 which 

contains the restriction cutting sites within the multic1oning 
site in the reverse order was obtained with the ol igonucleo­
t 1de pair EBI-18ZO (S'-AGCTCTAGAGAAITCGCGGCCGCTCGAGGTAC-

15 CGGATCCATCGATGTCGACCTGCAGAAGCTTG-3') and EBI-1821 (5 1
-

CTAGCAAGCTTCTGCAGGTCGACATCGATGGATC~GGTACCTCGAGCGGCCGCGAAT­

TCTCTAG-3'). The plasmid pAD-CMV2 was obtained· which was 

capab.le of being 1 inearized with all ·the restriction enzymes, · 
including Natl. 

zo 

25 . 

30 

The nucleotide sequence of the. 6414 hp plasmid pADCMVl 
(Fig. 5) is sh.own in full. in Fig. 6. 

The sections of the plasmid (specified in the numbering 
of the bases} correspond to the following sequences: 

·1- 21 EBI-1733, beginning of CMV ~nhancer-promotor 
(from.CDMS) 

632-649 T7 promotor 
658~713 Multicloni~g site (HindIII to Xbal from EBl-

1823, EBI-1829) 
714-l~lZ SV40 intron and poly-adenylation site (from 

CDMS) 
1413-2310 5' -·non-coding region and promotor of the 

hamster DHFR gene (from pSV2gptDHFRZO) 

2311-2396 Hamster DHFR: Exon 1 

· iiiiUi~f 
., 
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2516 A to T mutation destroys Pstl site in DHFR 

intron 1 
. 2701-3178 DHFR Exons 2-6 (coding region} 

2707 A to 6 mutation destroys EcoRI site 
5 3272-3273 Deletion between BglII ano Ba&flI in·DHFR 3'-

10 

non-coding region 
3831 End of OHFR gene (from pSVZgpt.lllFR20) 
3832-4169 SV40 ori (from pSVZgptDHFR2Q] 
4170-4648 Ml3 ori (from pBluescript SK+) 
4780-5640 P-lactamase (coding region) 
6395-6414 EBI-1729, end of the pBluescr-ipt vector 

sequence 

The preparation of the plasmids pAO•CMVl and p.AD-

15 .. CMVZ .is shown in·Fig~ 5. 

20 

25"> 

Example 13 

Construction of the plasmid pADTNF-BP for the expression of 
the ·soluble form of TNF-BP 

In order ~o .Prep~re the secreted fonn of TNF-BP by the 

direct me~hod, . a· translation. stop .codon was inserted in the 

cDNA coding for ·part of the TNF receptor (see ·Example 11; 
hereinafter designated TNF-R cDNA) after the codon of tbe C­
terminal amino .a¢id of the natural TNF-BP (AAT, Asn-172; 
corresponding to pos.ition 201 in Fig. · 9). In this way the 

· protein .synthesis is broken off at this point and makes. it 
possible to secrete TNF·BP directly into the cell supernatant 
without having to undergo a subsequent reaction. which might 

. . 

30 possibly be rate determining of proteolytic cleaving of 
sections of the TNF re~eptor located in the C-terminal 
direction. 

At the same time as the stop codon was -inserted by PCR 
the 5' -non-coding region of the. TNF-R cONA was short~ned in 

1iiii~f 
_,. 
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order to remove the translation start coeon of another open 

reading frame . (bases 72-203 in Fig. 9) ~ wich i~ located .5' 

from that of t~e TNF-Ri and a. BamHl or EcaRI cutting si~e is 

·inserted at the 5' or 3'-end of the cDNA. 
S 100 ng of plasmid pTNF-8PI5 linearized with Xmnl (see 

10 

Example 11) were amplified with 50 pmol of oligonucleotides 

EBI-1986 (Sense, 5'-CAGGATCCGAGTCTCAACCCTCA.-'C-3') and EBI-1929 
(Anti sense, 5' -GGGMTICffiATCAATTCTCAATCT666&TAGGCACAACTTC-3'; 

insertion of two stop codons and_ an EcoRI s1te) in a 100 µ1 

PCR mixture over 10 cycles. The cycle conditions were 40 · 

minutes at 94•c, 45 seconds at ss·c and 5 minutes at 72°c. 
After the last cycle incubation was continued for a further 7 

minutes at 72°C and the reaction was stopped by extracting 

with phenol chloroform. .The DNA wa.s precipitated with ethanol 
15 and then do~bly cut with BamHI and EeoRI. The resulting 0.75 

kb DNA fragment was isolated from an agarose gel and cloned 

;nto plasmid pT7/T3~·19 (BRL) doubly cut with BamHI and EcoRi . 
One of the. pl~~ids obtainE!<f, which was found to have the 

desired sequence,· when the entire insert was sequenced, ·was 
. 20 des.ignated pTNF-BP. 

25 

pTNF-BP was_ cut with BamHI and EcoRI and . the 0. 75 kb DNA 

insert was cloned into the expression -plasmid pAQ-CMVl cut 

with BamHI a11d EcoRI. A plasmid obtained with the desired 

composition was designated pADTNF-BP (Fig~ 7A). 

Example 14 
Construction of the plasmid pADBTNF-BP for the expression of 

the soluble form of TNF-BP 

30. For another variant· of an expression plasmid fo~ the 

production of secreted TNF-BP, the 5'-non-coding region of 

TNF-R cDNA was exchanged for the 5-non-coding region of human 

P-globin mRNA. The reason for this was the finding that the 

nucleotide sequence i11111edia.tely before the translation start 

iliii~f 
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codon of the TNF-R sequence differs significantly from t~e 

concensus sequence found for efficient expression of eukaryo· 
tic genes (Kozak, 1987), whereas the 5'-non-coding region of 
the ft-g1obin mRNA corresponds extremely well to this concensus 
sequence {Lawn et al..:., 1980). By means of the oligonucleotide 
EBI-2452 (5'~CACAGTCGACTTACATTTGCTTCTGACACAACTGTGTTCACTAGCAAC­

CTCA AACAGACACCATGGGCCTCTCCACCGTGC-3'), which.contained after 
i1 Sal I restriction cutting site the authentic 5' -noncoding 
sequence, corresponding to. the human 8-globin mRNA sequence, 
·followed by 20 bases of the coding region of TNF-BP, the TNF-R 
sequence was modified in a. PCR. 100 ng of plasmid pTNF-B.P 

linearized with EcoRI were amplified in lOO Ill of reaction 
mixture with 50 pmol each· of the Qligonuc1eotides EBI-2452 and 
EBI-1922 (Antisense, S'-GAGGCTGCAA1TGAAGC3'; binds to the 
huTNF·R sequence at position 656) in 20 PC~ cycles {40 seconds 
at 94°C; 45 second$ at ss·c. 90 seconds at 7Z~C). After the 

PCR product has been purified by extraction with phenol-
. chlorofora, and ethanol preci.Pitation, the DNA .was doubly cut 
with Sa.11 and. BglII and the resulting 0.51 lcb DNA fragment was 
isp.lated from an :agarase .ge1. The· corresponding pa:rt of the 
TNF-R sequence was removed from the plasmid pTNF-BP by cutting · 

·· with Sal I and. Bgl 11, the 3.1 kb long plasmid portion was 
isolated from a~ agarose gel and ligated with· the 0.51 kb long 

~· ~CR product.. After transformation of E. coli, seven of the 
. 25 resulting plasmids were sequenced. One of these piasmids 

contained precisely the desired sequence. This plasmid was 
designated pBTNF~BP. The entire SalI-EcoRI insert of pBTNF-BP 
was cloned into the similarly cut expression plasmid pAD-CMVl 

and the resulting plasmid· was design'ated pADBTNF-BP (fig. 78)-. 
30 

.,. 
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Example 15 
Isolation of rat TNF-R cONA clones 

First :of all, rat brain cDNA was prepared analogously to 

the HS913T cDNA library (see Example 4) from the rat Gl ia 

tumour cells lines C6 (ATCC No. CCL107) in ~-gtll. 

600,000 phages of the rat brain cDNA Hbrary fn ).gtll 

were screened by -hybridization as described in Example 6. 
The probe used was the purified EcoRI insert of pTNF-BP30 

(cf. Example 6). Ab~ut 100 ng of DNA were radioactively 

labelled with I pg of random hexamer primer instead of the 
specific ol igonucleotides, as described in Exampi'e 6,. using 
[a.:.3Zp]dCTP. 2sx106 cpm were incor!'orated. Hybridization of 

the filters was carried out und~r the same conditions as in· 

Example 6. The filters were· wa_shed twice for 30 minutes a.t 
ambient temperature in 2xSSC/0.1~ SDS and three times for 30 

··minutes at 6s•c in 2xSSC/0.1% SDS and twice for 30 minutes at 

6s•c ·in 0~5xSSC/0.5~ SOS.. The air dried filters were then 

exposed to. KQ.dak. XAR X-ray film for 16 hours using an 

20 intensifier film at': -7o•c. A total of 10 hybridi;zing plaques 
were identified .and .separated by plaque purification. After 
pl aq1.1e purification had been carried out three times, three ). 

clones (l"".raTNF-R Nos. _3, 4 and 8) were finally separated out 

25. 

30 

and the phag~ DNA was prepared as described. · 
The lengt_h -.of the· cDNA · insert was detennined after 

cutting the l-DNA with EcoRl and separation in an agarose gel 
· at 2.2 kb for the clones raTNF-R3 and raTNF-RS and 2.1 kb for 

clone raTNF-R4. The EcoRI inserts of clones lraTNF-R3.and 8 
~ere cloned into similarly ·cut Ml3mp19 and the DNA sequence 

was determined with universal sequencing primers and specifi­
ca1 ly synthesized oligonucleotide primers. 

The complete nucleotide sequence of raTNF-RS is shown 
in Fig. 8. The first and last seven bases correspond to the 

., 

iai 014/048 
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EcoRI linkers which. had been added during the preparation of 

the cDNA library. 

Example 16 
lsolation of· a clone containing the CD!Qlete cDNA coding for 

the human TNF receptor 

The complete cDNA of the rat TNF-R made it easier· to 

search for the missing 3; part of human lMF-R cDNA. The probe 

used for the hybridization was the 0.4 kb long PCR product of 

the primers EBI-2316 . (5' -ATICGTGCGGCGCCTAG-3'; binds to TNF-R 

with the 2nd base of EcoRI, breaks off at the TNF-R cDNA) and 

EBI-2467 (S'GTCGGTAGCACCAAGGA-3'; binds about 400 bases before 

poly-A to cONA,clone, corresponds to position 1775 in ra.lHF-R) 

with AraTNF-RS as starting material. This DNA fragraent 

corresponds to the region of rat TNF-R cDNA which had been 

assumed to follow the interna.1 EcoRI site . in human TNF-R. 

2.sx106 cpm". of the raTNF-R probe were ~sed to hybridize 

· 600,000 plaques of the HS913T cDNA library. The hybridization 
. . 

conditions corresponded to those specified in Example 10. The 

filters were washed twice for 30 minutes at ambient tempera­

ture in .2xS$C/O.l~ SOS and twice for 30 minutes at 6S•c in 

2xS~C/0.1% SOS, dri·ed in the air- and exposed to Kodak XAR X'­

:ray film. using an. intens.ifier film for a period of 3 dfzys at 

-1o·c. Six positive plaques. were identified purified to two 

further·rounds of plaques and >.-DNA was prepared (lTNF-R Nos. 

Z, 5, 6, 8, 11 and lZ). . After the l-DNA had been cut with 

EcoRI all the_ Clones ·had a DNA band about 0.8 kb long. .>.-TNF­

R2 and Ii additionally contained an EcoR.J fragment of 1.3 kb. 

30 The two EcoRI inserts from .>.TNF-R2 were subcloned into the 

EcoRI site of plasmid pUCZ18 (IBI) and then sequenced. The 

sequence of the 1.3 kb EcoRI fragment corresponded to that of 

cDNA clone pTNF-BPlS, the 0.8 kb EcoRI fragm~nt corresponds to 

the 3' part of TNF-R mRNA and contains, in front of the EcoRI 

laJ 015/048 
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1 inker sequence, a poly-A tail with 16 A residues. 1TNF-R2 
therefore contains the complet~_coding·region for human TNF-R, 
shown in Fig. 9. 

S Examo1e 17 
Construction of the plasmids pAQTNF-R end pADBTNF-R for 
expression of the entire human TNF receotor 

First of all, as described in Example 13 for pTNf-BP or 
10 pADTNF-BP, a plasmid was constructed in which the 5' non­

coding region of pTNF-BPlS had been shortened,. but, unlike 

~he plasmids described in Example 13, the 3'-end of pTNF-BPIS 
had .fleen kept. For this purpose, under identical conditions 

15 
to those described in Example 13, pTNF-8Pl5 was amplified with 
PCR using the oligonucleotide EBi-1986 and the Ml3-40 
universal primer (5' -GTITTCCCAGTCACGAC-3'). The PCR product 
~was doub 1 y cut ·with BamHI and EcoRI and cloned into . the 
plasmid pT7m(k•l9. One of the plasmids obtained was 

desig~ated pTN.F-BP.lSB .. 
20 pTNF•BPISB was cut with BamHI and EcoRI and· the 1 .. 26 kb 

DNA insert. was cloned into expression plasmid pAD-CMVI cut 

with BamHI and EcoRI. A. plasmid of the desired composition 

~hus obtained was designated pADTNFBPlS. 
·twi This plasm;d was linearized with EcoRI and the D.8 kb 

· 25 EcoRI fragment isolated from >.TNF-RZ wa.s cloned into the 

cutting site. After transfonnation of E. coli, a few 
randomly isolated plasmids were checked, by cutting with 
various restriction enzymes, ·for· the. correct orientation of 
the EcoRI fragment used. A p1asm1d designated pADTNF-R (Fig. 

30 7C) was investigate~ more accurately for correct orientation 
by sequencing ·the insert, starting from the 3' -end .of the 

insel"'ted cDNA with the ol igonucleotide EBI-2112 {S'GTCCAAT­
TATGTCACACC-3'), which binds to the plasmid pAD-CHVl and its 
derivatives after the multicloning site. 
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Another expression plasmid in which the 5'-noncoding 
region of the TNF-R is exchanged for that of JJ-globin was 

constructed. Plasmid pADBlNF·BP was cut completely in order 
. . . 

to remove the 1.1 kb Bg1II fragment. the DNA ends were then 
dephosphorylated with calves' intestinal alkaline phosphatase 
and· the plasmid vector (5.9 kb) with the .B-globin 5' -non­

coding region of the 6-globin gene and the S' part of the TNF-
. R coding region was isolated from an agarose gel. Plasmid 

pADTNF-R was cut with Bgl II and the 2.5 kb DNA fragment 

containing the 3'. section of the TNF-R cDNA. a.s far as the 
promotor region of the following DHFR gene, was isolated from 
an agarose gel and clon~d into the plasmid vector which had 
been prepar:ed beforehand. A plasmid ; . obtained after 
transformation of f:.~coli having the Bglil fragment inserted 
in the correct .orientation was designated pAOBTNF-R (Fig. 70} . 

Example 19 
. . . 

Expression of soluble lNF~BP in eukaryotic cell lines 
a) ELISA test 
In this Example JNF-BP was detected by the ELISA test as 

follows: 
96 well microtitre plates were coated in each well with . . 

SQ µ1 of 1:3000 diluted polyclonal rabb.1t serum (polyclonal 

~. rabbit antibodies, prepared by pl"'eCipitation of antiseru.111 with 

25 anunonium sulphate, final c:onceritrat1on 5~ saturation} against 

30 

:natural TNF-BP for; l8 hours at 4•c, ·· washed once with 0~05% 

·Tween 20 in PBS and free binding sites were blocked with 150 
to ZOO µ1 of 0.5% bovine serum albumin, O.OSS. Tween 20 in PBS 
{P~S/BSS/Tween) for one hour at ambient temperature. The wells 
were washed once with o.oss Tween 20 in PBS and.50 µl of cell 

supernatant or known quantities ·of natural TNF-BP (see Tables 
3 and 4) and 50 ~1 of a 1:10»000-fold dilution of a polyclona1 
mouse serum against TNF-BP was applied and intubated for two 
hours at amb;ent temperature. Then the wells were washed 

iii ii Dr 
~ 
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three times with o.oss Tween 20 in PBS and 50 J'l of rabbit 
anti-mouse Ig-peroxida.se conjuga.te (Dato Pl61; 1:5000 in 
PBS/BSA/Tween) were added and incubation was continued for a 
furt_her two hours at ambient temperature. The wells were 
washed three times with Tween/PBS and the staining reaction 
was·carried out with orthophenylenediamine {3 mg/ml) and Na­
perborate (I mg/m1} in 0.067M potassium citrate, pH 5.0, 100 
pl per well, for 20 minutes at ambient teraperature away from 
the light. After the addition of lOC l'l of 4N HZS04 the 
color intensity at a wavelength of 492 nm was measured 
photometrically in a.microfilm plate photometer . 

. b) "Transient· exoression of soluble TNF-BP. in eukaryotic 

cell lines 

About 106 cells · (Cos..,7) per 80 nun petri dish were mixed 

.with 10% heat inacti.vated fetal calves' seruin 24 hours before 
transfection in RPHI-1640 medium and incubated at 37°C in a 5~ 
C02.atmosphere. The cells. were separated from the petri dish 

·using a" rubber spatula· and centrifuged for 5 ·minutes at 1200 
.rpm at ambient temperature (Hera.eus minifuge, swing-out rotor 
3360.), washed once with 5 ml of serum-free medium, centrifuged 

· for 5 minutes at 1200 rpm and suspended in 1 ml of medi~ 
mixed.with 250 pgjml of DEAE dextran.and 10 1£9 of plasmid DNA 

. (see Tabte .~), purified ·by carrying. out CsCl density gradient 
centrifugati.on twice). The cells were incubated for 40 

1ninutes a.t 37°C, washed once with 5 ml of medium conta·ining 
10% calves' serum and suspended in 5 ml of medium with 100 
µg/ml of chloroquin. The cells were incubated for one hour at 
37•c, washed once . with medium and incubated with 10 ml of 
fresh medium at 37•c. After 72 hours the ce11 supernatant was 
harvested and used to detect the secreted TNF-BP. 

111m~nr 
.. 
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Table 3 

Cell Hne COS-7 

without plasmid < 5 ng/ml 

pADTNF-BP 7.5 ng/ml ;;., 

pADBTNF-BP 146 ng/ml 

c) Preoarations of cell lines which oermanently oroduce 

TNF-BP 

The dihydrofolate reductase (DHFR)-deficient hamster 

ovarial cell i(ne CHO DUKX BII (Urlaub and Chasin> 1980) was 

transfected with plasmid . pADBTNF-BP by calcium phosphate 

precipitation (Current Pro.tocols in Molecular Biology, 1987}. 

Four thickly grown . cell culture flask$ (25 cm2, 5 ml of 

culture medium per flask} were transfected with 5 p.g of DNA; 

after four hours incubat1on at 37•c the ·medium was removed 

· and replaced by 5 ml of selection· medillDI (HEM a1pha medium 

with 10% dialyzed. fetal calves' serum). After incubation 

overnight the cells were detached using trypsin solution; the 

eel ls fr.Qm each flask were divided between two 96-well tissue 

.·cult.ore plates (100 1'1 per well fn selection medium). Fresh 

medium was added at about weekly int.ervals. After about four 

. ·weeks cell clones could be· observed in 79 wells. The 

supernatants were tested for TNF-BP . activity by the ELISA 

test. 37 supernatants showed activity in ELISA. The results 

of t~e ELISA test of some positive clones are shown in Table 

4. 

ilii[i~ili 
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Table 4 

Sample. 

TNF-BP Standard 
l ng/ml 

.10 ng/ml 
100 ng/ml 

-80-

Absorption at 492 m;· 

0.390 
1.233 
1.875 

Culture medium (negative control) 0.085 . 

Clone AlG3 0.468 
A2F5 0.931 
A3Al2 · 0.924 
A4B8 0.356 
ASA12 0.806 
ASBlQ 0.915 
AS Cl 0.966 

Example 20 
RNA an~lysis <Northern Blot) of the Human lNF receptor 

25 1 J.&9 of poly-A+. RNA (isolated from HS913T 

30 ...._. 

35 

40 

(fibros~rcoma)l, placenta and spleen . were separated by 

electrophoresis in a 1.SS vertical agarose gel (10 mM Na 

.Phos~hate buffer pH=7.0, 6.7% formaldehyde). The size marker 
. used was a kilobase ladder radio-ctively labelled by a fill-in. 
reaction with (a-32P)dCTP and Klenow enzyme (Bethesda Research 

. Laboratories). The formaldehyde was removed from the gel by 

i"rr1gation and the RNA was transferred in 20x SSC to a nylon 

membrane (Genescreen plus, HEN-DuPont). The RNA was 

covalently bonded on the membrane by UV irradiation (100 

seconds). The membrane was prehybridized for 2 hours at 6s·c 

in Church buffer (Church and Gilbert, 1984) (O.S M Na­
phosphate pH=7 .2t 7S SDS. 1 nfl EOTA) and hybridized for 19 
hours at &s·c in fresh Church buffer wfth 3x106 cpm P-32 

1abe11 ed DNA probe (EcoRI insert of pTNF-BP30} • The filter 

was washed three times for 10 minutes at ambient temperature 
in washing buffer (40 mM Na phosphate pH=7.Z, I~ SOS) and then . . . 

iai 020/.048 
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four times for 30 minutes at 6s•c in washing buffer and 

exposed to Kodak XAR X-ray f;lm for 18 hours using an 

intensifier film at -1o:c . 
. The autoradiogram (Fig. 10) shows a. singular RNA band 

5 .·with a length of 2.3 .kb for the human lHf' receptor in the 

10 

analyzed tissues or cell line HS913T. 

Examole 21 
Exoressjon of the TNE receptor 

For transient expression 5 - 10x107 COS-7 cells were 

incubated for 40 minutes with 10 pg of pADTNF-R plasmid DNA in 

a solution containing 250 pg/ml of DEAE dextran and 50 "9fm1 

of chloroquinw pADCMV-1-DNA was used as control. After 

15 transfection the cells were washed and then cultured for 48 

hours.. The expre$s·i on of the TNF ·receptor was demonstrated by 

the binding 12~1-TNF. For the binding tests the cells were 

washed, incubated for one hour at 4•c- with 10 mg of lZ51-TNF 
(specific radioactivity 38~_000 cpmjng) with or without a 200 

20 fold excess of unlabelled TNF and the radioactivity bound to 

the ce11s was measured in a gamma-counter. The specific 

b1nd;ng in the control sample was Z06Z cpm and in the samples· 

·~ 

transformed with TNF receptor DNA it was 6150 cpm (the values 
are expressed. as the.average-bound cpm; the standard deviation 
determined from parallel tests h taken into account. The 25. 

non·specific bac~ground in the presence of unlabelled TNF was 
subtracted from the values). 
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CLAIMS 

.L.. DNA coding for a TNF receptor protein or a fragment 
thereof, wherein said ONA coding said TNF receptor protein has 

5 the formula 

ATG GGC CTC TCC ACC GTG CCT GAC CTG CTG -CTG CCA CTG GTG 
·CTC CTG GAG CTG TfG GTG GGA ATA TAC CCC TCA GGG GIT ATI 
GGA CTG GTC CCT CAC CTA GGG GAC AGG GAG AAG AGA GAT AGT 

10 GTG TGT CCC CAA GGA AAA TAT ATC CAC ccr CAA AAT MT TCG 
ATT TGC TGT ACC AAG TGC CAC AAA GGA ACC TAC TTG TAC AAT 
GAC TGT CCA GGC CCG GGG CAG GAT ACG GAC TGC AGG GAG TGT 
GAG AGC GGC TCC TTC ACC GCT TCA GAA AAC CAC CTC AGA CAC 

~ TGC CTC AGC TGC TCC. AAA TGC-CGA AAG GAA ATG GGT CAG GTG 
15 GAG ATC TCT TCT TGC ACA GTG GAC CG.G GAC ACC GTG TGT GGC 

TGC AGG MG AAC CAG TAC CGG CAT TAT TGG AGT GAA AAC CTT 
Ttc CAG TGC TTC AA.7 1 a~ riL°iC CT L TGC CTC AA T GGG ACC GTG 
CAC CTC TCC TGC CAG GAG AAA CAG AAC ACC GTG TGC ACC TGC 
CAT· GCA GGT TTC m CTA AGA GAA. MC GAG TGT GTC TCC TGT 
AGT MC TGT AAG AAA AGC CTG GAG TGC ACG AAG TTG TGC CTA 
CCC CAG ATT GAG AAT GTT AAG . GGC ACT GAG GAC TCA GGC ACC 
ACA GTG ctG· lTG CCC CTG ·GTc ATT TTC TTT GGT CTI TGC C1T 
TIA Tcc·crc CTC TIC AlT GGT TIA ATG TAT CGC TAC CAA CG& 
TGG AAG. TCC AAG .. CTC TAC TCC. ATI' GTT TGT . GGG AAA TCG ACA 
CCT GAA : AAA .·.GAG GGG GAG CTI GAA GGA ACT ACT ACT AAG CCC 
CTG GCC CCA.AAC CCA AGC TTC AGT CCC ACT CCA GGC 17C ACC 
CCC ACC ·crG GGc.· rrc AGT CCC GTG CCC AGT TCC ACC ITC ACC 
TCC AGC TCC ACC TAT Act CCC GGT GAC TGT CCC AAC TTT GCG 
GCT CCC CGC AGA GAG GTG GCA CCA CCC TAT CAG GGG GCT GAC 
CCC ATC CTI GCG AC.A GCC. CTC GCC TCC GAC CCC ATC CCC AAC 
CCC CTT. CAG AAG TGG GAG GAC AGC GCC CAC AAG CCA CAG AGC 
CTA GAC ACT GAT GAC CCC GCG ACG CTG TAC GCC GTG GTG GAG 
AAC GTG CCC CCG TTG CGC TGG AAG GAA TTC GTG CGG CGC CTA 
GGG-CTG AGC GAC CAC GAG.ATC GAT CGG.CTG·GAG CTG CAG MC 
GGG CGC TGC · CTG CGC GAG GCG CAA TAC AGC ATG CTG GCG ACC 
TGG .AGG CGG CGC ACG CCG CGG.CGC GAG GCC ACG CTG GAG CTG 
CTG GGA CGC GTG CTC CGC GAC ATG.GAC CTG CTG GGC TGC CTG 
GAG GAC ATC GAG GAG GCG ClT TGC GGC CCC GCC GCC CTC CCG 
CCC GCG CCC AGT CTI etc AGA TGA 

40 

45 

. or a fragment or a degenerate variant thereQf . 

. z. DNA coding for a secreta.ble TNF-bfnding protein, i.:. 
having the fqnnula 

liii~iiii 
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R2 GAT AGT GTG TGT CCC CAA GGA AAA TAT Alt CAC CCT CAA 
AAT AAT TCG ATT TGC TGT ACC AAG TGC CAC AAA GGA ACC TAC 
ITG TAC AAT GAC TGT CCA GGC CCG GG6 tA6 GAT ACG GAC ·TGC 
AGG GAG TGT GAG AGC GGC TCC TTC Ar.£, 6CT TCA GAA AAC CAC 
CTC AGA CAC TGC CTC AGC TGC TCC AAA TGC CGA AAG GAA ATG 
GGT CAG GTG GAG ATC TCT TCT TGC ACA GTG GAC CGG GAC ACC 
GTG TGT GGC TGC AGG AAG AAC CAG TAC CGG CAT TAT TGG·AGT 
GAA AAC CTT rrc CAG TGC TIC AAT TGC l£C. CTC TGC CTC MT 
GGG ACC GTG CAC ere TCC TGC CAG GAG MA CAG AAC ACC GTG 
TGC ACC TGC CAT 6CA GGT TIC.TIT CTA AGA-GAA AAC GAG TGT 
GTC. TCC TGT AGT AAC TGT AAG AAA AGC CT6 GAG TGC ACG AAG 
TTG TGC CTA CCC CAG ATT GAG AAT . 

wherein R2 is optionally absent or represents DNA coding for a 

polypeptide which can be cleaved in vivo; or a degenerate 

variant thereof. 

,3. DNA according to claim 2, coding for secretable TNF .. 
binding protein. wherein R2 represents DNA which codes 

entire.ly or partly for a signal sequence. 

4. DNA according to claim 2> characterized in that R2 
. has th~ formula . CTG GTC CCT CAC CTA GGG GAC AGG GAG AAG AGA. 

25 .s..;. DNA according to claim 3 1 characterized in·that R2 

represents R3 CTG 6TC CCT CAC CTA GGG GAC AGG GAG AAG AGA, 

wherein R3 rep_rese~ts ONA coding for a signal peptide. . 

"'-... 
-~! DNA according to claim 5, characterized in that R3 

30 represents 

35 

40 

ATG GGC"CTC tee ACC GTG CCT GAC CTG CTG CTG CCA CTG GTG 
CTC CTG GAG CTG lTG GTG GGA ATA TAC CCC TCA GGG GTT AlT 
GGA. . 

:1& A nucleic acid which hYbridfzes with the DNA def1ned 
in ci'aim J. or- 2 under conditions of low stringency and which 

codes for a polypeptide having the abi1 ity to bind TNF. 

1iiii~f 
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8. A recombinant DNA molecule, characterized in that it 

contains the DNA sequence defined in claia 1, or a degenerate 

v~riant or a fragment thereof. 

I 

9. A recombinant ONA molecule, wMch is rep11cable in 

prokaryotic or eukaryotic host· organisas7 wherein said DNA 

molecule contains expression control sequences functionally 
linked to the DNA sequence defined in claim Z, or a degenerate 

variant ·-or- a··-fr.agment thereof. 

.IO. The recombinant DNA molecule. according to claim 9, 
which is. replicable -in mammalian cells. 

11. A recomb~nant DNA molecule designated pADT~F-BP. 

12. A recombinal)t ·D~ molecule designated pADBTNF-BP • 

13. A recombina.-it DNA molecule, replicable in 

. prokaryotic or euk~ryotjc host organisms, characterize4 in 
20 that it codes for. a ·mF binding protein .or. functional 

W' 

25 

--det'~'.·ef the TNF. bind·ing protein, wherein s·aid .functional 
~·- '""'der:Jvat-i-ve-M·nds T-NF. · 

14 •. The recombinant DNA molec~le according to claim 13, 
replicable in mammalian cells. 

15. The .recombinant DNA molecule according to claim· 14 · 

designated pADTNF-R. 

30 16. The recombinant DNA molecule according to claim 14 

· designated pAOBTNF-R. 

~. A host · ce 11 transformed the recombinant DNA 
molecule of claim·-s-o,. 9. 

...-
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/nr~ · A host cell transformed with the recombi~ant DNA 
I • 

molecule of claim 13~ 

1"9. A substantially pure recomb·inant polypeptide coded 

by the DNA of claim 1 • 

. zo. The substantially pure polypeptide according to 
claim 19, characteT'ized in that ;t is the TNF receptor of 

formula 

met gly leu set thr val pro asp leu leu leu pro leu val 
. leu leu glu leu. 1eu va.1 .gly ile tyr pro ser gly val ile 
gly leu val pro Iris leu gly asp arg glu ·1ys arg asp ser 
val cys pro· gln gly .1YS tyr ile his pro gln asn a.sn ser 
ile cys C".ys.· thr lys cys his ·1ys g1y thr tyr leu tyr asn 

.asp cys pro gly. pro gly g1n asp thr asp cys arg g1u cys 
glu ser gly ser phe .t:hr ala ser glu asn his leu arg his 
cys leu ser cys·ser lys cys al"g lys glu met gly gln val 
glu ile ser s~r c.ys thr va.1 asp arg asp thr val cys gly 
cys arg lys asn gln tyr arg his tyr· trp ser glu a.sn 1eu 
phe gln cys phe asn cys ser leu ·cys leu asn gly thr val 
his leu ser cys gln glu .lys gln asn thr val cys thr cys 
hi.s a.la g1y phe phe· leu arg g1u asn glu cys val ser cys 
ser asn cys lys lys,ser leu glu cys thr lys leu cys 1eu 
pro g1n ile glu asn val lys gly thr 9111 asp ser gly thr 

· thr val 1eu leu pro· leu val ile phe phe gly leu cys leu 
leu ser leu leu phe ile g.ly :1eu met tyr arg tyr gln arg 
tt"p lys ser lys 1eu tyr. ser iJe val cys gly lys ser. thr 
pro glu lys glu gly glu leu glu gly thr thr thr lys pro 
leu ala pro asn pro~serphe ser pro thr.pro·g1y phe thr 
pro thr 1eu gly · phe ser pro ·va.1 pro ser ser thr phe thr 

· .. · ··se-r .·ser ser· thr· tyr· thr- pro gly asp cys pro asn phe ala 
ala pro arg arg glu. val ala pro pro tyr gln g1y ala asp 
pro ile leu ala thr ·ala leu ala ser asp.pro ile·pro asn 
pro leu gln ·1ys trp g1u .asp ser ala hjs lys pro gln ser 
leu ·asp· tbr asp ''asp pro .. ala thr leu trr ala val val !flu 
asn val pro p~ l.efJ arg trp iys ·g1u phe val :irg arg lea 
gly leu ser asp his glu ne asp arg l.eu gJu leu gln asn 
gly arg cys leu atg glu al~ 91n· tyr. s~r met leu ala thr 
trp arg arg a.rg thr .pro arg arg glu ah. thr 1eu glu leu 
leu gly arg va.1 leu a:rg asp met asp leu leu gly cys leu 
glu asp ile g"lu glu ala. leu cys gly pro ala ala leu pro 
pro ala pro ser le11 leu arg · . 

or- a fragment thereof 'i!!hich binds t'J TNF. 

-· 
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2:1: 'The substantially pure polypeptide according to 
claim ui·~ character;zed in that it is THF binding protein of 
the fonnula 

asp ser val cys pro gln gly lys tyr ile his pro gln asn 
asn ser ile cys cys thr lys c;ys his lys gly thr tyr leu 
tyr asn asp cys pro gly pro gly gln asp thr asp cys arg 
glu cys glu ser gly ser phe thr ala ser·glu asn his leu 
arg his cys leu ser cys ser lys cys arg lys glu met gly 
gln val glu ile ser ser cys thr val asp arg asp thr val 
cys gly cys arg lys asn gln tyr arg his tyr trp 
ser glu asn leu phe gln cys phe asn cys ser leu cys leu 
asn gly thr val his leu ser cys gln g1u lys gln asn thr 
val cys thr cys his ala gly phe phe 1eu arg glu asn glu 
cys val ser cys ser asn cys lys lys ser leu glu cys thr 
lys leu cys leu pro gln ile glu asn 

or a .· func,:tional derivative or fragment thereof having the 
abi11ty to bind TNF. 

,,. .... ~.... ~ .. __,..,, .. ~ .. ·...;i.y 

22.' A process for. preparing a recombinant TNF ··reeeptor.: · .. 
proteira, comprising cultivating· the host cell of claim 17 .and 

isolating the expressed recombinant TNF receptor protein. 
~"" , .. · .... -

'.\ ~--• ..:!..v. ~ 
~3~.: A. process for preparing a recombinant TNF PeC-eptor_; 
·~ . . . . 

.. protein, ~~a-funct=i-ona·l derivat;ve thereof wh.ich is capable 
-.ff.-b~A&ing- t-o-.lNF, compris·ing cultivating the host organism ·of 
cl~im.18 a~d isolati~g the expressed.protein • 

..... 
. 2:4... A pharmaceutical composition ·comprising a TNF 

receptor protein, - or a functional derivative or fragment 
thereof, and a pharmaceutically acceptable carrier. 

' 25.. A meth.od for ameliorating the ·harmful effects of 
TNF in an animal, comprising administering to an animal in 
need of such treatment a therapeutically effective amount of a 
TNF receptor polypeptide, or fragment thereof wh1ch bfnds to 
TNF. 
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i6. A method for the detection -of 1KF in a biological 

s~mple, ·.comprising contacting said s~le with an effective 

amourit of a lNF receptor polypeptide, or fragment thereof 

which binds to TNF, and detecting whether a complex is 
formed. 

.. ... 
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