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s " XITLE OF THE INVENTION

TNF RECEPTORS, TNF BINDING PROTEINS
AND DNAs CODING FOR THEM

0 ze‘ld of the Invention:

_ The invention is in the ﬁeld of recombinant genetics.
In particul ar_,_ the invention relates to a TNF receptor and to
a TNF binding protein produced by recombinant means.

15 ~ BACKGROUND OF THE INVENTION

" 1 ; Tumour necrosis factor (INF-a) was first found in the
-serum. of mice and rabbits which had been infected with
' 'Bacﬂ'lus_Ca‘lmette-'Gh_erin'- and which had been injected with
o 'endotoxin, and was' recognized en the basis of its cytotoxic
20 e and antitumor propert1es (Carswe'l] E.A. , et al. et al., Proc. Natl.
.Acad._Sei. 25- 3666-3670 (1975)). It is produced particularly

- by actwated macrophages -and monocytes. :
Numerous types of cells which are targets of TNF h«ve
surface receptors with a high afﬁmt_y for this polypeptide
25 (01d, L.J., Nature _3__2_5_ 330-331 (1987)); it was assumed that
1ymphotoxin (TNF-B) binds to the same receptor (Aggarwal,
-~ . B.B., et al., Nature 318:655-667 (1985); Gullberg, U., et a}.,
| Eur. J. Haemato], 39:241-251 (1987)). TNF-e is identical to a
factor referred to as cachectin (Beutler, B., et al., Nature
30 316:552-554. (1985)) which suppresses lipoprotein lipase and
' results in hypertriglyceridaemia in chroniéaﬂy 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-e¢ would appear to be involved in growth
35 : regulation and in the differentiation and function of cells
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which are invo]ved in"'i-nﬂamation, immune processes and

hematopoieses.

TNF can have a posﬂ:we effect on the host orgamsm by
stimulating neutrophﬂs (Sha]aby, M.R., et al., Immunol .
135:2069-2073 (1985); Klebaneff, S.J., et al., J. Immunol.
136:4220-4225 (1986)) and monocytes and by inhibiting the
replication of viruses (Mestan, J., et al., Ng_i:urg 323:816-819

- (1986); Wong, G.H.W., gt al., Natyre’ 323:819-822 (1986)).

Moreover, 'TNFva actwai:es the immune defenses against
parasites and acts directly and/or indirectly as a mediator in
unmune reactions, mf'lammator_v processes and other processes
in the body, although the mechanisms by which it works have

. not yet been clarified in. a number of cases. . However, the
. administration of TNF-¢ (Cerami, A., et al., Immunol . Today
| 9:28-31 (1988)) can also be accompanied ‘by harmful phenomena

(Tracey, K.J., g al., - Scienca 2__ 470-474 (1986)) such as
~shock and tissue damage, which can be remedied by means of .
-'_.antibodies against TNF-a (Tracey, K.J.; etal., Nature o

3__ 662-666 (1987)). .
" A number of -observations lead one to conclude that
endogenously released TNF-a is involved in various

_pathological '~ conditions..  Thus, -TNF-a appears to be a
mediator of cachexia_'which can occur in chronically invasive,
‘e.g. parasitic, diseases. TNF-z also appears to play a major
_part in the pathogenesis of shock caused by gram negative

bacteria (endotoxic shock); it would also appear to be

~ implicated in some if not all the effects of lipopoly-
- saccharides (Beutler B., et al., Ann. Rev. Biochem. 57:505-18

(1988)). TNF has also been postulated to have a function in

' the tissue 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, Transp]ant
Rejection (Piguet, P.F., ef al., Immynobiol. 175:27 (1987)).

A correlation has also been reported between the concentration
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of TNF in the serum and the fatal outcome of meningococcal
diseases (Waage, A., et al., Lancet ji:355-357 (1987)).

It has also been observed that the administration of TNF-
a over a lengthy period causes a state of anorexia and
malnutrition which has symptoms similar to those of cachexia,

which accompany neoplastic “and chronic infectious diseases

(0Viff A., et al., Cel]l 555-63 (1987)).
‘Tt has been repnrted that a protein derived from the

urine of fever patients has a TNF inhibiting activity; the '

effect of this protein is presumed to. be due to a competitive
mechanism at the level of the receptors (similar to - the
effect of the interleukin-1 inhibitor (Seckinger, P., et al.,

J, Impune]. 139:1546-1549 (1987); Seckinger P., g_t_d__ J.

Exp. Med., 1511-16 (1988))
. EP-A2 308 378 descrlbes a TNF inhibiting protem obtamed

from human- urine. Its activity was demonstrated in the urine

of healthy and 111 subjects and- deternined on the basis of its
ability to inhibit the binding of TNF-a to its receptors on

human Hela cells and FS 11 fibroblasts and the cytotoxic

effect of TNF-a on murine A9 cells. The protein was purified

until it became substaritia]_]y homogeneous - and characterized by
its N-ending. This patent publication does indeed outline

some thearetically possible methods of obtaining the DNA
coding 'for the protein and the reéomb'mant protein itself;
however, there is no concrete information as to wh1ch of the
theoretical'ly poss1b'|e so‘lutlons is successfu1

ngm ry of the In!entig

The invention: relates to DNA cod'mg for a TNF receptor

protein or a fragment thereof. In particular, the invention

relates to DNA codmg for the TNF receptor protein having the

~ formula

ATG GGC CTC TCC ACC GTG CCT GAC CTG CTG CTG CCA CTG GTG
CTC_ CT6 GAG CTG TTG GTG GGA ATA TAC CCC TCA GGG GTT ATT

i
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GGA CTG GTC CCT CAC CTA GGG GAC AGG GAG AAG AGA GAT AGT
GTG TGT CCC CAA GGA AAA TAT ATC CAC CCT CAA AAT AAT TCG
ATT TGC TGT ACC AAG TGC CAC AAA GGA ACC TAC TIG TAC AAT
'GAC TGT CCA GEBC CCG GGG CAG GAT ACG GAC TGC AGE GAG TGT
5 GAG AGC GGC TCC TTC- ACC GCT TCA GRA AAC CAC CTC AGA CAC
' .~ TGC CTC AGC TGC TCC AAA TGC CGA AAG GAA ATG GGT CAG GTG
GAG ATC TCT TCT TeC ACA GTG GAC CGG GAC ACC GTG TGT GGC
TGC AGE AAG AAC CAG TAC CGBG CAT TAT TGG AGT GAA AAC CTT
. TTC CAG TG&C TTC AAT TGC ABC CTC TGC CTC AAT GGG ACC GTG
10 CAC CTC TCC TGC CAG GAG AAA CAG AAC ACC GTG TGC ACC TGC
. CAT GCA GGT TTC TTT CTA AGA GAA AAC GAG TET 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 GEC ACC
ACA €T6 CTG TTG CCC CTG 'GYC ATT TTC TVT GGT CIT TGC C¥T
15 . TTA TCC CTC CTC TTC ATT GGT TTA ATG TAT CGC TAC CAA CGG
' : T6G AAG TCC AAG CTC TAC TCC ATT &TT 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 TTC ACC
- , . CCC ACC CTG GGC TTC AGT CCC GT§ CCC AGT TCC ACC TTC ACC
20 .. TCC AGC TCC ACC TAT ACC CCC GGT GAC TGT CCC AAC TTT 6CG
. - .- GCTCCC CGC AGA GAG GTG GCA CCA CCC TAT CAG GGG GCT GAC
CCC ATC CTT GCG ACA 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 CTE TAC 6CC GTG GTG GAG
25 . "AAC BTG CCC CCG TTG CGC TGG AAG GAA TTC GTG CGG CGC CTA -
- . ' GGG CTG AGC GAC CAC ‘GAG ATC GAT CGE CTG €AG CTG CAG AAC -
. GGG CGC TGC CTG CGC- GAG GCG CAA TAC AGC ATG CTG GCG ACC
-T6G AGG CGG CEBC ACG- CCG CGE C6C GAG GCC ACG CTG GAG CTG
' CTG GGA CEC GTG CTC CGC GAC ATG .BAC CTG CTG GGC TGC CTG
30 : GAG GAC ATC GAG GAG GCG CTT T&C GGC CCC ecc GCC CTC CC6
- CCC GCG. CCC AGT CTT CTC AGA TGA

or a fragment or a degenerate variant thereof.
The invention also relates to DNA coding for a secretable
35 TNF b1nd1ng protein hav1ng the formula

RZ  GAT AGT GTG T6GT CCC'CAA GGA AAA TAT ATC CAC CCT CAA.
ARAT 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
40 AGE GAG TGT GAG AGC GGC TCC TIC ACC GCT TCA GAA AAC CAC
.CTC AGA CAC TGC CTC AGC TGC TCC AAA TGC CGA AAG GAA ATG
GET CAG GTG GAG ATC TCT TCT TeC ACA GTG GAC CGG GAC ACC
GTG TGT GGC TGC AGG AAG AAC CAG TAC CGG CAT TAT TGG AGT
: GAA AAC CTT TIC CAG TGC TTC AAT TGC AGC CTC TGC CTC AAT
45 _ GGG ACC GTG CAC CTC TCC TGC CAG GAG AAA CAG AAC ACC GTG
- . TGC ACC TGC CAT GCA GGT TTC TTT 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
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wherein R? is optionally absent or represents DNA coding for a
polypeptide which can be cleaved in_vive; or a degenerate
variant thereof. ' )
The invention also relates to riucleic acid which
hybridizes with the DNA of the invention under conditions of

Tow 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.

The invention also relates to hast cells transformed with
the recombinant DNA molecules of the invention.

The invention also relates to the substantially pure
recombinant TNF receptor polypeptides of the invention. ‘In
particular, the invention relates to a TNF receptor of formula

met gly leu ser thr val pro asp leu leu leu pro Teu val
Teu leu glu Teu Teu val gly ile tyr pro ser gly val ile
gly leu val pro his leu gly asp arg glu lys arg asp ser
- val cys pro gln gly lys tyr ile his pro gln asn asn ser
ile cys cys thr Tys cys 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 gin val
glu ile ser ser cys thr val -asp arg asp thr val cys gly
cys arg lys asn gin tyr arg his tyr trp ser glu asn leu
phe gln cys phe asn cys ser leu cys leu asn gly thr wval
his Teu ser cys gln glu 1ys gin asn thr val cys thr cys
his ala gly phe phe leu arg glu asn glu cys val ser cys
ser asn cys Jys lys ser leu glu cys thr lys leu cys leu

pro gln ila glu asn val lys gly thr glu asp ser gly thr .

thr val Teu leu pro leu val ile phe phe gly leu cys leu

leu ser leu leu phe ile gly leu met tyr arg tyr gln arg

trp lys ser 1ys 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 gly 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 gin gly ala asp
pro ile leu ala thr ala leu ala ser asp pro ile pro asn
pro leu gin 1ys trp glu asp ser ala his lys pro gln ser
Teu asp thr asp asp pro ala thr ‘Teu tyr ala val val glu

asn val pro pro leu arg trp lys glu phe val arg arg leu

gly Teu ser asp his glu ile asp arg leu glu leu gln asn
gly arg .cys leu arg glu ala gin tyr ser met leu ala thr
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trp arg arg arg thr pro arg arg glu ala thr leu glu leu
leu gly arg val leu arg asp met asp leu leu gly cys leu
glu asp ile glu glu ala leu cys gly pro ala ala leu pro
pro ala pro ser leu leu arg

or a fragment thereof which binds to TNF.
The invention also relates to the TNF binding protein of

the formula

asp ser val cys pro gin gly lys tyr ile his pro gln asn
10 asn ser ile 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 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
15 o cys gly cys arg lys asn gln tyr arg his tyr trp
~—r ser glu asn leu phe gln cys phe asn cys ser leu cys leu
asn gly thr val his leu ser cys gln giu 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
20 - 1ys leu cys leu pro gin ile glu asn

or a functional derivative or fragment thereof having the
ability to bind TNF. | R R
The invention also relates to a process for preparing a -
.25 - "recbmbinant TNF reééptor.protein;_ok a functional derivative
. thereof which is capable of binding to TNF, .comprising
cultivating a host cell of the invention and isclating the
expressed recombinant TNF receptor protein. -
The invention.also:relatesato’pharﬁécéutica1 compositions

30 - ‘comprising a TNF receptor protein, or a functional derivative
or fragment thereof, and a pharmaceutically acceptable
_carrier. L ’ - '

 The -invention also relates to a method for ameliorating

the harmful effects of TNF 1in an animal, comprising

35 administering to an animal in need of such treatment a

- therapeutically effective amount of a TNF receptor
polypeptide, or fragment thereof which binds to TNF.

The invention also relates to a method for the detection

of TNF in a biological sample, comprising contacting said

40 sample with an effective amount of a TNF receptor polypeptide,
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or fragment thereof which binds to TNF, and detecting whether
a -complex is formed. |

. Description of the Fiqures

Fiqure 1 depicts the complete nucleotide sequence of
1334 bases of the cDNA insert of ATNF-BP15 and pTNF-BP1S.

Figure 2 depicts a hydrophobicity profile which was
produced using the Mac Molly program.

~ Figure 3 depicts the scheme used for the constructlon of

plasmid pCMV-SV40.

Eigure 4 depicts the scheme used for the construct1on of
p1asm1d pSV2gptDHFR Mut2.

- Eiqure 5 depicts the‘ scheme used for the construction of
plasmids pAD-CMV1 and pAD-CMV2. '

Figure 6 depicts the full nucleotide sequence of the 6414

.bp pTasm1d pADCMVl.

F1gure I depicts the structure of the pTasmids designated
PADINF-BP, pADBTNF-BP, pADTNF -R and PADBTNF-R.

raTNF-RB : :

- Figure 9 depicts the comp1ete coding reg1on for human

TNF-R in 1TNF-R2. - - -
Eigure 10 depicts an autorad1ogram shOW1ng a S1ngu1ar RNA

band with a length of 2.3 kh for the human TNF receptor.

BACKGROUND OF THE INVENTION = = -~

In preliminary tests for the purposes of the present

jnvention (see Examples 1-4), a prote1n was identified from
the d1a1yzed urine of uraemia patzents, and this protein
inh1b1ts_the b1o]og1cal effects of TNF-a by interacting with

. TNF-e to prevent it from binding to its cell surface receptor

(Olsson I., et al., Eur. J. Haematol. 41:414-420 (1988)).
This protein was also found to have an affinity for TNF-3.
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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 radioactively Tabelled
recombinant TNF-a to a subclone of HL-GO cells, by measuring

the influence of dialyzed urine on the binding of 1251 INF-ee

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-

a present in the urine or by TNF-8 competing for the binding,
was ruled out by the discovery that the reduction in binding
could not be remedied by the use of TNF-a and TNF-8 anti-
bodies). ' :

Ana'logous,'ly, in preliminary tests for the purposes of

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

shows an affinity for TNF-8, wh1ch is about 1/50 of its

_aff1n1ty for TNF-a.

Ge] chramatography on Sephacryl 200 showed that a
substance in the urine and serum of dialysis patients and in

the serum of healthy sub;g;ts forms a complex with recombinant .

TNF-a with a molecular weight of about 75,000.

TNF-BP was cohcentfa;ed 62 times from several samples of
dialyzed urine from uraemia patients by partial purification
using pressure u1trafi1tration, jon exchange chromatography
and gel chromatography.

~ The preparations obtained were used to detect the

" biological activity of TINF-BP by 1nh1bit1ng the growth-

inhibiting effect of TNF-a on HL-80-10 cells. TNF-BP was

- found to have a dosage dependent effect on the biological
activity of TNF-a. The binding characteristics of cells was

also finvestigated by pretreatment with TNF-8P and an exclusive
competition binding test. It was shown that pretreatment of
the cells with TNF-BP does not affect the binding of TNF-« to
the cells. This indicates that the effect of TNF-BP is not
_
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based on any binding to the cells and competition with TNF-c
for the binding to the receptor. .
The substantially homogeneous protein is obtained in
highly purified form by concentrating urine from dialysis
patients by ultrafiltration, dialyzing the concentrated urine
and concentrating it four-fold in a first purification step
using DEAE sehhacel chromatography. Further concentration was

carried out by affinity chromatography using sepharose-bound

INF-a. The final pur1f1cat1on was carried out using reverse

phase chromatography (FPLC).

It was shown that the substantially highly purified
protein inhibits the cytotoxic effect of TNF-a on WEHI 164
clone 13 cells (Olsson et a ]= Eur. J. Haematol. 42:270- 275
(1989)).

The N-terminal am1no acid sequence of the substantially

highly purified protein. was analyzed. It was found to be

Asp-Ser-Val-Xaa-Pro-GTn-Gly-Lys-Tyr-Ile-His-Pro-6In (main

sequence); the fb11bwing N-terminal sequence was detected in .

traces:’ Leu-(Val)-{Pro)- (His)- -Leu- GIy-Xaa—Arg -6lu (subsidiary
sequence). A compar1son ‘of the main sequence with the N-
terminal sequence of the TNF-inhibiting protein disclosed in
EP-A2 308 378 shows.that'the-two proteins are identical.

The fb11owing=eminq'aCid'ebmposition was found, given in
mols of amino acid per mol of protein and in mol-% of amino

" acid, measured as the average of 24-hour and 48- haur hydro-

lysis: : _
Mol of amino acid/ Mol % amino
mol of protein ' acid
Asp + Asn 27.5 10.9
Thr - - 15.8 6.3
Ser T 20.7 8.2
Glu + Gln 35.0 13.8
Pro 9.5 3.8
Gly 16.0 6.3
Ala 4.2 1.7
Cys 32.3 12.8
val 10.8 4.3
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Met 1.1 0.4
Ile 7.0 2.8
Leu 20.2 8.0
Tyr 6.1 2.4
Phe 8.1 3.2
His (11,1 4.8
Lys 15.7 6.2
Arg 11.8 4.7
Total 252.8 100

A content of glucosamine was detected by amino acid
analysis. The results of an affinoblot carried out using
Concanavalin A and wheatgerm Tectin also showed that“TNF-BP

~1is a glycoprotein.

The substantially homogeneous protein was d1gested with
trypsin and the amino acid sequences of 17 of the cleavage
peptides'obtaihed were determined. 'The c-ending was also
anaTyzed. : :

TNF-BP obv1ous1y has the functlon of a regu]ator of TNF
activity with the ab111;y_.to__buffer the variations in

‘concentration of free, biologically active TNF-a. TNF-BP

should also afféct the secret1on of TNF by the kidneys

.'because the comp1ex formed with TNF, the mo]ecu]ar weight of

which was measured at . around 75,000 by gel permeation

'chromatography on Sephadex 675, is obviously not retained by

the glomerulus, unlike TNF. The TNF-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-B8P from the TNF affinity chromatography

column. However, the other two proteins obviously bind in a

manner which does not affect the b1nd1ng of TNF-a to its cell
surface receptor. :

The results obtained regarding the biological activity
of TNF-BP, 1in particular the comparison of the binding
constant with the binding constant described for the TNF

receptor (Creasey, A.A., et al., Proc, Nat]. Acad. Sci.
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84:3293-3297 (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 biolpgical activity
of TNF-a and TNF-B, 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 bialogical
activity of TNF are also suitable 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 modifications may be

introduced into the molecule by reacting targeted amino acid

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

derivatizing agent that is capable of reacting with selected
side chains or terminal resudues The resu]ting covalent
der1vat1ves are useful in programs d1rected. at identifying
res1dues 1mportant for b1o]og1ca1 act1vity

Cysteinyl residues most commonly are réacted w1th -
haloacetates (and corresponding amines), such as chloroacetic
acid or ch]oroacetamide, to give carboxymethyl or
carboxyam1domethy1 derivatives.: Cysteinyl residues also are
derivatized by reactian with bromotrifluoroacetone, a-bromo-

1 B- (5-1m1dqzoy1)prop1onic aC1d " chloroacety?l phosphate,. N-

alkylmaleimides, 3-nitro-2-pyridyl disulfide, methyl 2-

pyridyl disulfide, p-chloromercuribenzoate, 2-chloromercuri-
. 4-nitrophenol, or chloro-7-nitrobenzo-2-oxa-1,3-diazole.

_ Histidyl 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-

bromophenacyI bromide also is. useful; the reaction is

preferably performed in 0.1 M sodium cacodylate at pH 6.0.
Lysinyl and amino terminal residues are reacted with

succinic or other carboxylic acid anhydrides. Derivatization
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with these agents has the effect of reversing the charge of
the 1lysinyl residues. Other suitable reagents for
derivatizing a-amino-containing residues include imidoesters
such as methyl picolinimidate; pyridoxal phosphate;
5 pyridoxal; chloroborohydride; trinitrobenzenesuifonic acid;
O-methylissurea; 2,4 pentanedione; and transam1nase cata]yzed
reaction with glyoxylate.
~ Arginyl residues are modified by reaction with one or
severél conventional reagents, among them phenylglyoxal, 2,3-

10 butanedione, 1,2-cyclohexanedione, and ninhydrin.
~ Derivatization of arginine residues requires that the
- _reaction be performed in alkaline conditions because of the

high :0K; of the guanidine fﬁnctiona] group.  Furthermore,

these vreagents may react with the groups of 1ysine-as well as

15 the arginine epsilon-amino group. .
~ The specific modification of tyrosyl residues per se has

been studied extensively, with particular interest in
'1ntroduc1ng spectral labels into tyrosyl residues by reaction

with aromatic diazonium compounds or tetranitromethane Most

20 -common1y, N-acety]1m1dxzol and tetran1tromethane are used to
- . form O-acetyl tyrosyl"specxes and 3-n1tro derivatives,
respectively. Tyrosyl residues are jodinated using 1251 or

1317 to prepare labeled proteins for use in radioimmunoassay,

_ the chloramine T method described above being suitable. .

25 - Carboxyl side groups (aspartyl or glutamyl) are
~ “selectively modified by reaction with carbodiimides (R‘-N-C-

N-R’) such ‘as  l-cyclohexyl-3-(2-morpholinyl-(4- ethyl)
carbodiimide or 1l-ethyl-3 (4 azonia 4,4-dimethylpentyl)
carbodiimide. Furthermore, aspartyl and glutamy]l residues

30 - are converted to asparaginyl and glutaminyl residues by

reaction with ammonium fons. -

Derivatization with bifunctional agents 1is useful for

crosslinking the TNF binding proteins to water-insoluble

support matrixes or surfaces for use in the method for
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cleaving TNF 'binding protein-fusion polypeptide to release
and rvrecover the <c¢leaved polypeptide. Commonly used
crosslinking agents include, e.g., 1,1-bis(diazoacetyl)-2-
phenylethane, glutaraldehyde, N-hydroxysuccinimide esters,
for example, esters with 4-azidosalicylic acid,
homobifunctional imidoesters, including disuccinimidyl esters
such as 3,3’-dithiobis(succinimidylpropionate), and
bifunctional maleimides such' as bis-N-maleimido-1,8-octane.

"Derivatizing agents such as methyl-3-[(p-
azidophgny])dithio]propioimidate yield photoactivatable -

intermediates that are capable of forming crosslinks 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, 195 128; 4,247,642; 4,229,537; and
4,330,440 are employed for protein 1mmob111zat1on.

Glutaminyl and asparaginyl res1dues are frequently.

deamidated to the corresponding glutamyl and aspartyl

~residues. Alternatively, these residugs are deamidated under

mildly acidic conditions. Either form of these residues
falls within the scope of this invention.
Other modifications include hydroxy]at1on of pr011ne and

'1ysine, phosphorylat1nn of hydroxyl groups of seryl “or

theonyl residues, - methylation of the e-amino groups of

lysine, arginine, and histidine s{de chains (T.E. Creighton,

Proteins: Structure ang Molecule Proge:t1gs, W.H. Freeman &
€o., San Franc1sco, pp. 79-86 (1983)), acetylation of the N-

terminal amine, and, in some instances, amidation of the C-
terminal carboxyl groups. . :
Amino acid sequence variants of the TNF binding proteins
can also be prepared by mutations in the DNA. Such variants
include, for ‘example, deletions from, or insertions or
substitutions of, vesidues within the amino acid sequence
shown 1{in the Figures. Any combination of deletion,
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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 in the DNA encoding the variant

must .not place the sequence out of reading frame and

preferably will not create complementary regions that could
produce secondary mRNA structure (see EP Patent Application
Publication No. 75,444). ' )

At the genetic level, these variants ordinarily are
prepared by site-directed mutagenesis of nucleotides in the
DNA enceding 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 bioJogical activity as the naturally
~occurring analog. ' . :

While the site for introducing an amino acid- sequence

‘variation is predetermined, the mutation per_se need not be
predetermined. For example, to optimize the performance of a

mutation at a given s1te, random mutagenesis may 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 in DNA having a known'

sequence are well known,-__ for exampIe,” site-specific

.'mutagene51s :
Preparat'lon of a TNF bmdmg protein variant in-

accordance herewith is preferab'ly achieved by site-specific
mutagenesis of ‘DNA . that encodes an earher prepared variant
or a nonvariant version of the protem. "~ Site-specific
mutagenesis a'l‘lows the - production of. TNF binding protein
variants through the wuse of specific ohgonucleotide

sequences that encode the DNA sequence of the desired

mutation, as well as a sufficient number of adjacent
nucleotides, to provide a primer sequence of sufficient size

-

This Sheet Has Been Replaced

i

4

i@015/015

Received Time 23, Feb, 2:41 Print Time 923. Feb, 2:45



02/22/98

10

15

20

25

30

11:45 805 447 1090 AMGEN LAW

-15-

and sequence complexity to form a stable duplex on both sides
of the deletion Jjunctien Bein'g traversed. Typicaﬂy? 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 altered. In general, the technique of
site-specific mutagenesis is well known in the art, as
exemplified by publications such as Adelman et. al., DNA 2:183
(1983), the disclosure of which is mcorporated 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. Typical
vectors useful in site-directed mutagenesis include vectors
such as the M13 phage, for example, as disclosed by Messing
et . al., Third Cleveland Symposium_ 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 generally well known to those skilied in the

art. Alternatively, plasmid vectors that contain a single-
stranded phage origin of replication (Veira et al., Meth.
Enzymol. 153:3 (1987)) may be employed to obtain single-
stranded DNA.

In general, site-directed mutagenesis in accordance
herewith is performed by first obtaining a single-straxided
vector that inciudes within its sequence a DNA sequence that
encodes the relevant protein. ' An oligonucleotide primer
bearing the desired mutated sequence is prepared, generally
synthetically, for example, by the method of Crea et al.,
Proc. Natl. Acad. Sci. (USA) 75:5765 (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
synthesis of the mutation-bearing strand. Thus, a mutated
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sequence and the second straﬁd bears the desired mutation.
This heteroduplex vector is then used to transform
appropriate cells such as JMIO01 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 1 to 30 residues or 1 to 10 residues, and typically are
contiguous. '

Amino acid sequence insertions include amino and/or
carboxyl-terminal fusions of from one residue to polypeptides
of essentially unrestricted length, as well as intrasesquence
insertions of single or multiple amino acid residuss.
Intrasequence insertions (i.e., insertions within the
complete hormone receptor' molecule sequence} may range
generally from about 1 to 10 or 1 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 amino acid residue in the TNF 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 1 when it is
desired to modulate fine1y the characteristics of a hormone
receptor molecule.
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TJABLE 1

Original Residue - Exemplary

| _ ‘ Substitutions
Ala , * gly; ser
Arg 1ys _
Asn ' _ : gln; his
Asp . glu
Cys ser
Gln , . asn
Glu asp
Gly . - alas pro
His asn; gin
Ile ' leu; val
Leu ile; val
Lys arg; gln; glu
Met _ leu; tyr; ile .
Phe . 2o : met; Teu; tyr
Ser thr
Thr . ser
Trp , tyr
Tyr ' trp; phe -
Val _ ile; leu

Substantial changes in functional or immunclogical
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 maintaiming
(a) the structure of the polypeptide backbone in the area of
the substitution, for example, as a sheet or helical
conformation, (b) the charge or hydrophobicity of the molecule
at the target site, or (c) the bulk of the side chain. The
substitutions that in general are expected to those in which
(a) glycine and/or proline is substituted by another amino
acid or is deleted or inserted; (b) a hydrophilic residue,
e.g., seryl or threonyl, 1is substituted for (or by) a
hydrophobic residue, e.g., leucyl, isoleucyl, phenylalanyl,
valyl, or alanyl; (c) a cysteine residue is substituted for
(or by) any other résidue; (d) a residue having an
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electropositive side chain, e.g., lysyl, arginyl, or histidyl,
is substituted for (or by) a residue having an electronegative
charge, e.g., glutamyl or aspartyl; or (e} a residue having a
bulky side chain, e.g., phenylalanine, is substituted for (or
by) one not having such a side chain, e.g., glycine.

Most deletions and insertions, and substitutions in
particular, are not expected to produce radical changes in the
characteristics of the TNF binding protein. However, when it
is difficult to predict the exact effect of the substitution,
deletion, or insertion in advance 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
miade 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 hy'binding it to at least one remaining

immune epitope).

The activity of the cell lysate or pur1f1ed 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 immunological character of
the TNF binding protein, such as affinity for a given
antibody, is measured by a competitive type immunoassay.
Changes in immunomodulation activity 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
carriers or into multimers are assayed by methods well known
to the ordinarily skilled artisan.

TNF-BP (or the functional derivatives, variants, and
active fragment§ thereof) may be used for the prophylactic and
therapeutic treatment of the buman or animel body in
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indications where TNF-a has a harmful effect. Such diseases
include in particular inflammatory and infectious and
parasitic diseases or states of shock in which endogenous TNF-
o s released, as well as cachexia, GVHR, ARDS (Adult
Respiratory Distress Symptom) and autoimmune diseases such as

rheumatoid arthritis, etc. Also included érg pathological .

conditions which may occur as side effects of treatment with
TNF-a, particularly at high doses, such as sevefe 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-8, e.g., as one of the components in radioimmunoassays or
enzyme immunoassays, optionally’ together:'with antibodies
against TNF.

In view of its properties, this protein is a pharmaco-
logically useful active substance which cannot be obtained in
sufficient quantities from natural sources using protein-
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-¢ in such a way that TNF-a is
prevented from binding to the functional part of the receptor
and the activity of TNF-¢ in humans 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-
B, and inhibit 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 host 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 confirmed, thus providing the
basis for clarification of the receptor sequence.

Another objective within the scope ef the present
invention was to prepare the c¢DNA coding for a TNF receptor,
for the purpose of producing recombinant human TNF receptor.

. The presence of a specific receptor with a high affinity
for TNf-a on various cell 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 an excess of TNF-g (Aggarwal, B.B.,
et al., Nature 318:655-667 (1985)), it was proposed that TNF-a
and TNF-8 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-8 (Locksley, R.M.,
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-B to receptors appear to confirm the theory of a common
receptor (Stauber, G.B., et al., J. Biol. Chem. 264:3573-3576
(1989)), and this study proposes that there are differences
between TNF-a and TNF-8 in their interaction 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., J. 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 TNF-¢ and/or TNF-8°

receptors or the reactions triggered by tha binding of TNF to
the receptor in the cell. It also makes it possible to
clarify the three-dimensional structure of the receptor and
hence provide the prerequisite for a ratioha];design 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 wmajor difficulties are occasionally
encountered when searching through cDNA 1ibraries 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 particuliar
protein, e.g. TNF-BP, is synthesized. In this case, should
the method fail, it is not always possible to tell with any
certainty whether the cause of the failure was the choice of
an unsuitable cDNA 1ibrary or the insufficient specificity of
the hybridization probes. o

Therefore, the following procedure was dsed‘according to
the invention in order to obtain the DNA coding for TNF-BP:

The cONA 1library used was a Tlibrary of the fibrosarcoma
cell Tine HS913 T which had been induced with TNFe and was
present in X\ gtll. 1In order to obtain X DNA with TNF-BP
sequences from this Tlibrary, the high degree of senmsitivity
of the polymerase chain reaction (PCR (Saiki, R.K., Science
239:487-491 (1988))) was used. (Using this method it is
possible to obtain, from an entire cDNA library, an unknown
DNA sequence flanked by oligonucleotides which have been
designed on the basis of known amino acid partial sequences
and used as primers. A longer DNA fragment of this kind can
subsequently be used as a- hybridization probe, e.g. in order
to isolate cONA clones, particularly the original cDNA clone).
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On the basis of the N-terminal amino acid sequence (main
sequence) and  amino acid sequences of tryptic peptides
obtained from highly purified TNF-BP, hybridization probes
were prepared. Using these probes, 2 cDNA which constitutes
part of the cDNA coding for TNF-BP was obtained by PCR from
the ¢DNA 1ibrary HS913T. '

This 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 6GC CCG
GGG CAG GAT ACG GAC TGC AGG GAG TGT GAG AGC GGC TCC TTC ACA
GCC TCA GAA AAC AAC AAG .

This DNA is one of a number of possible variants which
are suitable for hybridizing with TNF-BP DNAs or TNF-BP-RNAs
(these variants include for example those DNA 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-DNAs" and "TNF-BP-RNAs" indicate nucleic
acids which code for TNF-BP or related proteins with the

ability to bind TNF or which contam a sequence codmg for
such a protein.

TNF-BP-DNAs (or TNF-BP-RNAs) also include cDNAs 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 formed 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 cDNA (or variants thereof) initially 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 clomes containing TNF-B8P DNAs from
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¢DNA libraries. It may also be used as a hybridiéat’ion probe
for mRNA preparations, for isolating TNF-BP RNAs and for
producing concentrated ¢ONA 1ibraries 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 Tlibraries using these DNAs as hybridization
probes. '

The DNA defined hereinbefore (or a variant thereof) is
capable of hybridizing with DNAs (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 processing of which yields TNF-BP.
The term “processing” means the splitiing off of partial
sequences in _vivo. This might mean, at the N-terminus the
signal sequence and/or other sequences and possib‘ly 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 Tlibraries to look
for any cDNA 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 HS9I3
T (in X gtll), was used to search through' the cDNA library
once more, the lambda ONA was excised from the hybridizing
clones, subcloned and sequenced. A 1334 base Tong cDNA
insert was obtained which contains the sequence coding for
TNF-BP. _

Thus, first of all DNAs were prepared, coding for a
polypeptide capable of binding TNF, or for a .poiypeptide in
which this TNF binding protein is a partial sequence. These
DNAs also include DNAs of the kind which code for parts of
these polypeptides.
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The complete nucleotide sequence of the longest ¢ D N A
insert obtained is shown in Fig. 1.
Th1s nucleotide sequence has 2 continuous open readmg

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 transtation
start codon ATG (213-215), it was assumed that the start
codon is actually the start of translation used in yivo.

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
isoldted cDNA contains the s_equ'ence coding for authentic TNF-
BP.

Starting from the N-terminus, the first sequence which
shows conformity with a tryptic cleavage peptide sequence is
the sequence from fraction 12 (Leu-Vai-Pro-...), which had
also been obtained as a subsidiary sequence in the analysis

‘of the .N-terminus of TNF-BP. This N-terminal Tleucine 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 ami_no acids constitute the signal
peptide required for the secretion process, which is split
off during secretion (designated S$1-S29 in Figure 1). The
amino acid sequence obtained 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

acid group directly follows the basic dipeptide Lys-Arg.
Since a very large number of proteins are cleaved proteo-

lytically in_vivo after this dipeptide, it can be assumed that
TNF-BP with N-terminal Asp is not farmed 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
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protein at a later time by extracellular proteases. The
carboxyterminal end of TNF-BP had been determined as Ile-Glu-
Asn (C-terminal amalysis; tryptic peptide fraction 27: amino
acids 159-172, tryptic peptide fraction 21: amino acids 165-
172), Asn corresponding to position'172 in the cDNA sequence.

Potential N-glycosylation sites of general formula 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 is glycosylated is clear
from the fact that Asn could not be didentified 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 2
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 Amino acids

12 1- &
1 12- 19
8 20- 32
14/1 36~ 48
20 : 36- 53
11 54- 67 {Amino acids 66-67 had
: not been correctly determined
. on the peptide)
14/11 79- 91
26 133-146
5 147-158
27 159-172

The ¢DNA obtained is the prerequisite for the preparation
of recombinant TNF-BP.
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As already mentioned, the cDNA initially isolated
according to the invention does not contain the'stop codon
which could have been expected from analysis of the C-terminus
after the codon for Asn-172, but the open reading frame is
continued. The region between Val-183 and Het-204 is strongly
hydrophobic by nature. This hydrophobic region 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 was -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 posiiive'va]ues and hydrophilic regions to negative values
on the ordinates. The abscissa shows the number of amine
acids beginning with the start methionine S1).

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 cONA obtained
in conjunction with the ability of TNF-BP to bind TNF confirms
the assumption that TNF-8P is part of a cellular surface
receptor for TNF the extracellular domains of which, respons-
ible for the binding of TNF, can be cleaved proteolytically
and retrieved in the form of the solubte TNF-BP. (The
possibility should not be ruled out. that, with regard to the

__//___
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operating 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 from the whole cDNA,
since the need to cleave TNF-BP from that part of the protein
which represents the membrane-bound part of the TNF receptof
must be borne in mind. Rather, as mentioned hereinbefore, a
translation stap codon is . expediently inserted after the
codon for Asn-172 by controlled mutagenesis 1in order to
prevent protein synthesis going beyond the C-terminal end of
TNF-BP. With the c¢DNA which is initially obtained according
to the invention and which represents a partial sequence of
the DNA coding for a TN receptor, it is possible to obtain

 the complete receptor sequence by amplifying the missing 3’-

end, e.g. by means of modified PCR {RACE = “rapid amplifica-
tion of cDNA ends™ (Frohtman, 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 conventional screening of the
cDNA Tibrary with the available cONA or parts thereof as
probe. :

According to the finvention, first of all the rat TNF
receptor ¢DNA was isolated and with a partial sequence
therefrom the complete human TNF receptor cDNA was obtained
and brought to expression.

The invention relates to a human TNF receptor and the
DNA coding for it. This definition also includes DNAs which
code for C- and/or N-terminally shortened, e.g. 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 domzins, of the
TNF receptor. These DNAs may be used in conjunction with the
control sequences needed for expression as a constituent of

[@015/049
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recombinant DNA molecules, to which the present invention
also relates, for transforming prokaryotic or eukaryotic host

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 clarify the three-
dimensional structure of the receptor. On the other hand,
these DNAs can be used to transform higher eukaryotic cells
in ordar 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 pr@karyotic or
eukaryotic cells. Preferred eukaryotic hosts include yeast
(especially Saccharomyces), fungi (especially Asperwillus),
mammalian cells (such as, for example, human or primate cells)
either in_vivo, or in tissue culture. _

Yeast and mammalian cells are preferred hosts of the
present dinvention. The use of such hosts provides
substantial advantagés in that tt{ey can also carry out post-
translational peptide wmodifications including glycosylation.
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 manmalian
gene products and secrete peptides bearing leader sequences

(i.e., pre-peptides).  Mammalian célls provide post-

translational 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-K1l, and their

derivatives. For a mawmalian host, several possible vector
systems are available for the expression of the desired TNF

- This Sheet Has Been Replaced

@o16/049



02/22/98

10

15

20

25

30

11:49 B805 447 1080 LMGEN LAV

~nen
-----

-29-

. binding protein-; A wide variety of transcriptional and

translational regulatory sequences may be eamployed, depend_i_ng
upon the nature of the host. The transcriptional and
translational regulatory signals may be derived from viral
sources, such as adenovirus, bovine papilloma virus, simian

virus, or the 1like, where the regulatory signals are-

associated with a particular gene which has a high level of
expressijon. Alternatively, promoters from mammalian
expression products, such as actin, collagen, myosin, etc.,
may be employed. Transcriptional initiation regulatory

'signa'ls may be selected which allow for repression or

activation, so that expression of the genes can be modulated.
Of interest are regulatory signals which are temperzture-
sensitive so that by varying the temperaiure, 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 will, in general, include a promoter
region sufficient to direct the initiation of RNA synthesis.
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 of Herpes virus
(McKnight, S., Cell '31:355-365 (1982)); the SV40 early
promoter (Benoist, C., et 2al., Nature (london) 290:304-310

.(1981)); the yeast gal4 gene promoter (Johnston, S.A., et

al., Proc. Natl. Acad. Scj. (USA) 79:6971-6975 (1982);
Silver, P.A., et al., Proc. Natl. Acad. Sci. (USA) 81:5951-
5955 (1984)). - '

As is widely known, transiation of eukaryotic mRNA is
initiated at the codon which encodes the first methionine.
For this reason, it is preferable to ensure that the 1inkage
between a eukaryotic promoter and a ‘DNA sequence which
encodes the desired receptor molecule does not contain any
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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 frame as the desired recepior molecule encoding
DNA sequence) or a frame-shift mutation (if the AUG codon is
not in the same reading frame as the desired 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, Salmonella, Serratia, etc. The
most preferred prokaryotic host is E. cd'lj. Bacterial hosts
of particular interest include E_ coli K12 strain 294 (ATCC
31446), E. coli X1776 (ATCC 31537), E. coli W3il0 (F-,
Tambda“-, prototropﬁic (ATCC 27325)), and other enterobacteria
(such as Salmonella typhimurium 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-
tic cell (éuch as, for example, E. coli, B. subtiiis,

Pseudomanas, Streptomyces, etc.), it is necessary tb operably
link the 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 jnt promoter of bacteriophage XA, and
the bla promoter of the pg-lactamase genz of pBR322, etc.
Examples of inducible prokaryotic promoters include the major
right and left pronioters of bacteriophage A (P and Pp), the
trp, recA, lacZ, lacl, gal, and tac promoters of E. coli, the

- a-amylase (Ulmanen, I., et al., J. Bacteriol. 162:176-182

(1985)), the a-za—specif‘ic' promoters of B. subtilis (G'i‘lmafn,
M.Z., et al., Gene 32:11-20 {1984)), the promoters of the
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bacteriophages of Bacillus (Gryczan, 7.J., In: The Molecular

'Biology of the Bacilli, Academic Press, Inc., NY (1982)), and

Streptomyces promoters (Ward, J.M.,-et.2l., Mol. Gen. Genet.
203:468-478 (1986)). Prokaryotic promoters are reviewed by
Glick, B.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)).

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.
Microbiol. 35:365-404 (1981)).

The desired TNF binding protein encoding sequence and an
operably Tinked promoter may be introduced into a recipient
prokaryotic or eukaryotic cell 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 mey occur
through the transient expression of the introduced sequence.

. Alternatively, permanent expressian may occur through the

integration of the introduced sequence into the host
chromosome. , _

In one embodiment, a vector is employed which is capable
of integrating the desired gene sequences into the hest cell
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 leu2, 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
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be directly linked to the DNA 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 purpese. Factors
of importance in selecting a particular plasmid or viral

vector include: the ease with 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 desired 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
utilized. Examples of such expression vectors include the
yeast 2-micron circle, the expression plasmids YEP13, YCP ang
YRP, etc., or their derivatives. Such plasmids are well
known in the art (Botstein, D., et al., Miami Wntr. Symp.
19:265-274 (1982); Broach, J.R., In: The Molecular Biology

of the Yeast Saccharomyces: Life Cvcle and Inheritance, Cold-

Spring Harbor Laboratory, Cold Spring Harbor, NY, p. 445-470
(1981); Broach, J.R., Cell 28:203-204 (1982)).

For a mammalian host, several possible vector systems
are available for expression. One class of vectors utilize
ONA elements which provide autonomously replicating extra-
chromosomal plasmids, derived from animal 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 DNA into
their 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 auxotfophic host, biocide resistance, e.g.,

-
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antibiotics, or heavy metals, such as copper or the like.
The selectable marker gene can either be directly linked to
the DNA sequences to be expressed, or introduced into the

“same cell by co-transformation. Additional elements may also

be needed for optimal synthesis of mRNA. These elemeats may
include splice signals, as well as transcription promoters,
enhancers, and termination signals. The cDNA expression
vectors incorporating such elements include those described
by Okayama, H., Mol. Cell. Biol. 3:280 (1983), and others.
Preferred prokaryotic vectors include plasmids such as
those capable of replication in E. coli such as, for example,
pBR322, ColEl, pSCI01, pACYC 184, #VX. Such plasmids are,
for example, disclosed by Maniatis, T., et__al. (In:
Molecular Cloning, A Laboratory Manual, Cold Spring Harbor
Press, Cold Spring Harbor, NY (1982)). Bacillus plasmids
include pC194, pC221, pTi27, etc. Such plaswmids are
disclosed by Gryczan, T. (In: The Molecular Bioleay of the
Bacilli, Academic Press, NY (1982), pp. 307-329). Suitable
Streptomyces plasmids include plJ101l (Kendall, K.J., et al.,

J. Bacteriol. 169:4177-4183 (1987)), and Streotomycas
bacteriophages such as ¢C31 (Chater, K.F., et al., In: Sixth

International_ Symposium on Actinomycetales Biology, Akademiai
Kaido, Budapest, Hungary (1986), pp. 45-54). Pseudomonas
plasmids are reviewed by John, J.f., et al. (Rev. Infect.
Dis. 8:693-704 (1986)), and Izaki, K. ({(Jpn. J. Bacteriol,
33:729-742 (1978)).

Once the vector or DNA sequence containing the
constructs has been prepared for expression, the DNA
constructs may be 1introduced 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 product1on of the
TNF binding protein. '

The TNF binding proteins of the invention may be isolated
and purified from the above-described recombinant molecules in
accordance with conventional methods, such as extraction,
precipitation, chromatography, affinity chromatography,

electrophoresis, or the Tike. By the term “substantially

pure" is intended TNF binding proteins which are substantially
one major band by SDS-PAGE polyacrylamide electrophoresis and
which contain only minor amounts of other proteins which would
normally contaminate a whole cell lysate containing native TINF
receptor protein, as evidenced by the presence of other minor
bands.

The recombinant TNF recéptor (or fragments or functional
derivatives thereof) can be used to investigate substances fcr
their interaction with TNF or the TNF receptor or their
influence on the signal transmission induced by TNF. Such
screenings (using proteins/fragments/variants or suitabily

transformed higher eukaryotic cells) create the prerequisite:

for the identification of substances which substitute TNF,
inhibit the bonding thereof to the receptor or those which are
capab1é of blocking or intensifying the mechanism of signal
transmission initiated by TNF.

One possible method of discovering agonists and
antagonists of TNF or the TNF receptor is in the
establishment of high capacity screening. A suitable cell
Tine, preferably one which does not express endogenous human
TNF receptor, is transformed with a vector which contains the
DNA coding for a functional TNF receptor and optionally
modified from the natural sequence. The activity of agonists
or antagonists 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.q.
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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 domains 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 therecf) with DNA 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 information 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 DNA
libraries under stringent conditions are taught, for example,
in EPA 0 174 143, incorporated by reference herein. O0Obtaining
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 inf]dencing the ability of the cells to
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interact with TNF. As a result, the specific reaction with
the 1igands and the resulting effects can be suppressed.

The scope of the present invention 2Iso includes DNAs
which code for subtypes of the TNF receptor or its soluble

5 forms, which may possibly have properties different from
those of the present TNF receptor. These are expression
products which are formed by alternmative splicing and have

- modified structures in certain areas, e.g. structures which
can bring about a change in the affinity and specificity for

10 the ligand (TNF-a/INF-8) or a change in terms of the nature
and efficiency of signal transmission.

With the aid of the ¢DNA coding for the TNF receptor it
js possible to obtain nucleic acids which-hybridize with the

_ cDNA or fragments thereof under conditions of low stringency

15 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
recombin;nt TNF-BP, preferably in a secretable form, which
constitutes the soluble part of the TNF receptor according to

20 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

L4 eukaryotic and preferably higher eukaryotic cells, it s
25 possible to produce TNF-BP which is secreted into the cell
supernatant. :

If a S1gnal peptide is used with regard to the secretion

‘of the protein, the DNA coding for the signal peptide is
conveniently inserted before the codon for Asp-12 jn order to

30 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-1; in this case, it may be necessary to separate the form
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of TNF-BP produced by splitting off the peptide which consists
of 11 amino acids at the N-terminus, from the unprocessed or
incompletely processed TNF-BP in an additiomal purification
step. ' ' _

Since the c¢DNA after the codon for Asn-172, which
represents the C-terminus on the basis of C-terminal 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 contreolled mutagenesis.

The DNA coding for TINF-BP can be modified by mutation,
transposition, deletion, addition or truncation provided that
DNAs 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 biclogical activity, e.g. by
replacing the Asn codon by a triplet which codes for =

‘different amino acid. With a view to maintaining the

biological activity, modifications which result in a change
in the disulfide 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 form of expression veciors
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 exprassion of the protein, it is possible to transform and
cultivate suitable host organisms and obtain the protein.

Just like any modifications to the ONA sequ'ence, host
cells or organisms suitable for expression 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 preparation of recombinant proteins
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such as compatibility with the chosen vector, processability,
isolation of the’ protein, expression characteristics, safety
and cost dspects 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 the invention are
suitable. ' : '

With respect to the biological activity of the protein,
in the expression of the DNA coding for TNF-BP, particular
account _shouid be taken of ahy relevance of the criteria,
found in the natural protein, of glycosylation and a high
proportion of cystein2 groups to the property of binding TNF.
Conveniently, therefore,' eukaryotes, particularly suitable
expression systems of higher eukaryotes, 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-a occurs. Since TNF-BP has also been
shown to have a TNF-g inhibiting activity, it (or the
associated or modified polypeptides) can be used in suitable
doses, possibly in a form modified to give a greater affinity
for TNF-8, to inhibit the effect of TNF-8 in the body.

The invention therefore also relates to pharmaceutical
preparations containing a quantity of recombinant TNF-BP
which effectively inhibits the biological activity of TNf-a
and/or TNF-B, or a-related polypeptide capable of binding
TNF.
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Pharmaceutical preparations are particularly suitable
for parenteral administration for those indications in which
TNF displays a harmful effect, e.g. in the form of
lyophilized preparations or solutions. These contain TNF-BP
or a therapeutically active functional derivative thereof in
a therapeutically active amount, optionally together 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 1is
administered Tlocally or systemically. The size of the

individual doses will be determined on the basis of an

individual agsessment 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 which is responsible 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 the same molar amount of

TNF-BP- 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-terminal 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-
peptidase 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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oligonucleotides for hybridization with cDNA is ‘kept- to a

minimum. A set of mixed oligonucleotides were-prepared on the

basis of- these two regions, the set derived from the region
located at the N-terminus being synthesized in accordance with
mRNA, whilst the set derived from the tryptic peptide was
synthesized in reverse, so as to be complesentary to the mRNA.
In order to facilitate the subsequent cloning of a segment
amplified with PCR, the set of o'li'gonuc'!eotides derived from
the tryptic peptide was given a BamHI restriction site. Then
A DNA was isolated from the TNF-a induced fibrosarcoma cDNA
Jibrary and from this a TNF-BP sequence was amplified using
PCR. The resulting fragment was cloned and sequenced; it
comprises 158 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 radiocactively labelled
and used as a probe for isolating cDNA clones from the
fibrosarcoma 1ibrary.  The procedure iavolved first
hybridizing plaques with the probe, separating phages from
hybridizing plaques and obtaining A DNA therefrom. Individual
CDNA clones were subcloned and sequenced; two of the
characterized clones contained the sequence coding for TNF-BP.

This sequence 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-terminal
amino acid of the natural TNF-BP, the ¢DNA 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 1ibrary from
the rat glia tumour cell Tine C6 using a TNF-BP probe and
isolating all the cDNA coding for the rat TNF receptor.
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The fraction of "this cDNA at the 3‘-end, which was
assumed to correspond to the missing 3’-region behind the
EcoRI cutting site of the human TNF recepior, was used as a
probe to search through the HS913T cDNA library once more. A

5 clone was obtained which contains- all the DNA coding for the
TNF receptor.

After shortening of the §’-non-coding region, the cDNA
was inserted in an expresSion plasmid and the expression of
human TNF receptor was demonstrated in eukaryotic cells by

10 means of the binding of radioactively labelled NF.

Northern blot analysis confirmed that the isolated cONA
corresponds substantiany' 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
15 expressed protein is the complete TNF receptor.
The invention is illustrated by means of the Examples
which follow.

Example 1 .
20 Preparation of highly purified TNF-BP

a) Concentration of urine _
200 liters of dialyzed urine from uraemia patients,

o’ - stored in flasks containing EDTA (10 g/1), Tris (6 g/1), NaN3

25 (1 g/1) and benzamidine hydrochloride (1 g/1) and kept in a
refrigerator were concentrated by ultrafiltration using a
highly permeable haemocapillary filter with an asymmetric
hollow fibre membrane (FH 88H, Gambro) down to 4.2 liters
with a protein content of 567 g. The concentrated urine was

30 dialyzed against 10 mM/1 Tris HCI, pH 8. During this
procedure, as 1in the following steps (except reverse phase
chromatography), 1 mM/1 of benzamidine hydrochloride were
added in order to counteract protéolytic 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

cotumns (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/10 mM Tris/HC1 pH 8
gradient, the NaCl concentration being 0 to 0.4 M. The
fractions from seven co‘lumns contain the TNF-BP wzth a total
protem content of 114 g were stored at -20°C.

c) Affinity chromatography .
In order to prepare the TNF Sepharose column, rTNF-a

. {15 mg) in 0.1 M NaHCO3, 1 M NaCl, pH 9 (coupling buffer) was

coupled to 1.5 g of cyanogen bromide-activated Sepharose 4B
(Pharmacia). The Sepharose was swelled in 1 mM HC1 and washed
with coupling buffer. After the addition of riINF-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 1M ethanolamine, pH 8. The TNF
Sepharose was washed a few times alternately in 1M NaCl, 0.1 M
sodium 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 siep

~.b) were adjusted to a concentration of 0.2 M NaCl, 10 mM
Tris/HC1, pH 8. The TNF-Sepharose was packed into a column

and washed with 0.2 M NaCl, 10 mM Tris HC1, pH 8 and the TNF-
BP-containing fractwns, corresponding to about 30 g of
protein, were apphed at a throughflow rate of 10 ml/h and
washed exhaustively with 0.2 M NaCl, 10 mM Tris HC1, 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/HC1, pH 2.5.
TNF-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

ml) was stored in deep-frozen state).

This purification step further concentrated the product
by about 9000 times compared with the previous product. SDS-
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 28,000, 30,000 and
50,000. : :

d) Revérsg Phase Chromatography
An aliquot amount (1 ml) of the fractions obtained from

step c¢) with the addition of 0.1% trifluoroacetic acid was
app'lied to a ProRPC HR 5/10 column (Pharmacia), connected to
an FPLC system (Pharmacia). The column was equilibrated with
0.1% trifluoroacetic acid and charged at ambient temperature
with 2 linear 15 ml gradient of 10 vol% to 50 vol% aceto-
nitrile cbntaining 0.1% 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-¢ binding protein, using the competitive
binding test as described in Example 5, using 0.01 gl of
sémp]e in each case. TNF-BP eluted as a smg'le act1v1ty peak
corresponding to a sharp UV absorption peak.

This 1last “purification step 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 1.1 x 106-foid. SDS-PAGE of the
reduced and non-reduced samples, carried out as described in
preliminary test 2, rvesulted in 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

e e e
heet Has Been Replaced

T I

‘@032/049



02/22/96

.

10

15

20

‘

30

11:53 o805 447 1080 = 4 MGEN LAW

ol o I I B ¥ s
L I A i
: N i B 'S s iS}
FEE . & Vs

-44-

due to the presence of one of more heterogeneous glycosyla-
tions and/or a second polypeptide present in a smaller amount.
The assumption that it might be a polypeptide with the N-
terminus found to be a secondary sequence in preliminary test
3d), which is longer than TNF-BP at the end terminus, was
confirmed by the sequence of the cDNA, according to which

there is a fraction of 11 amino acids between the signa‘l_

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.

Example 2
S0S polyacrylamide gel el ectrophoresis (SDS-PAGE)

'SDS-PAGE was carried out using the method of Laemmli
(Laemm1i, U.K., Nature 227:680-4 (1970)) on flat gels

. measuring 18 cm long, 16 cm wide and 1.5 mm thick, with. 10

pockets, by means of an LKB 2001 electrophoresis unit. The
protein content of the samples from the purification steps c)
and d) (preliminary test 1) was determined 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 1 mg TNF-BP/ml.

The samples .containing about 26 pgg of protein (from
preliminary test lc) or about 5 gg (from Id) in reduced form
{B-mercaptoethanol) and non-reduced form, were applied to a 3%

collecting gel and a 5 to 20% linear polyacrylamide gradient

gel. Electrophoresis was carried out at 25 mA/gel without
cooling. The molecular weight markers used (Pharmacia) were
phosphorylase B (MW 94,000), bovine serum albumin (MW 67,000),
ovalbumin (MW 43,000), carboanhydrase (MW 30,000), soya bean
trypsin inhibitor (MW 20,100) and a-lactalbumin (MW 14,400).
The gels were stained with Coomassie Blue in 7% acetic
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acid/40% ethanol and decolorized in 7% acetic acid/25%
ethanol. _

' The results of the SDS-PAGE showed TNF-BP to be 2
- polypeptide chain with a molecular weight of about 30,000.

Example 3

a) Preparation of samg1es _
15 pg of the protein purified according to preliminary

10 test 1d) were desalinated using reverse phase HPLC and
further purified. To do this a Bakerbond WP C18 column was
used (Baker; 4.6 x 250 mm) 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

15 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 78 pl1 of 702 formic acid and used
directly for the amino acid sequence analysis.

20 b) Amino acid sequence analysis
The automatic amino acid sequence analysis was carried

out with an Applied Biosystems 477 A Tiquid phase sequenator
by on-line determination of the phenylthiohydantoin deriva-
- tives released, using an Applied Biosystems Analyser, Model
25 120 A PTH. - It gave the following N-terminal sequence as the
main sequence (about 80% of the quantity of pfotein):-Asp-Ser-
Val-Xaa-Pro-Gln-Gly-Lys-Tyr-ITe-His-Pro-GIn-. In addition,
the following secondary sequence was detected: Leu-(Val)-
(Pro)-(His)-Leu-Gly-Xaa-Arg-6lu-. (The amino acids shown in

30 brackets could not be clearly identified.)
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Example 4
S0S-PAGE

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 gl 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 Laemmli (24) with DTT (dithiothreitol) and separated on
minigels (Hofer, 55x80x0.75 mm, 15%); the molecular weight
markér used was the one specified in Example 2. Staining was
carried out using the Oakley method (Oakley, B.R., et al.,
Analyt. Biochem. 105:361-363 (1986)). The electrofherogram
is shown in f’ig. 9. This shows a single band as a molecular
weight of about 30,000.

Example 5

' a) Tryptic Peptide Mapping

About 60 pg of the protein purified in Example 1d) was
desalinated by reverse phase HPLC and further purified
thereby. A Bakerbond WP C18 column (Baker; 4.6 x 250 mm) was
used, and 0.1% trifluoroacetic acid in water (eluant A) or in
acetonitrile (eluant B) was used as the mobile phase. The

* increase in gradient amounted to 20 to 68% 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 dissclved in 60 gl
of 1% ammonium bicarbonate.

1% w/w, corresponding to 0.6 #9 of trypsin (Boehrmger
Mannheim) was added to this solution and the reaction mixture

was incubated for € hours at 37°C. Then a further 1% w/w of

trypsin were added and incubation was continued overnight.
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In order to reduce the disulfide bridges, the reaction
mixture was then combined with 60 1 of 6 M urea and with 12
gl of 0.5 M dithiothreitol and Ieft to stand for 2 hours at
ambient temperature.

The tryptic cleavage peptides produced were separated by
reverse phase HPLC, using a Delta Pak Ci8 column (Waters, 3.9
X 150 mm, 5 pgm particle diameter, 100 A pore diameter) at 30°C
and 0.1% trifluoroacetic acid in water (eluant A) or in
acetonitrile (eluant B) as the mobile phase. The gradient
was increased from 0 to 55% of eluant B in 55 minufes, then
55% B was maintained for 15 minutes. The flow rate was 1
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 tryptic peptides

Some of the tryptic 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 g1 of 70% formic
acid. These solutions were used directly for sequencing in an
Applied Biosystems 477 A Pulsed Liquid Phase Sequenator.
Table 1 contains the results of the sequence analysis of the
tryptic peptides (the amino acids shown in brackets could not
be identified with certainty). The Tetters "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 suppose that the amino acid & is present in
glycosylated form. .

In fraction 17 the amino acid in poswt1on 6 could not be

" identified either. - The sequence -Xaa-Asn-Ser- (already

occurring in fraction 8) for positions 6-8 leads one to
suppose that amino acid 6 is present in glycosylated form.
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The first 13 'amino acids of fraction 17 are substantially

“identical to fraction 8; fraction 17 should thus be a peptide
formed by incomplete tryptic cleavage. ’

It 1s 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 1in fraction 21 or gposition 14 in
fraction 27) could be the C-terminal amino acid of TNF-BP.

It is noticeable that the sequence of fraction 12 which
occurs only in small amounts, is substantially identical to
the secondary sequence of the N-terminus 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 (Example 3b) indicated that the
protein with the subsidiary sequence was a form of TNF-BP
extended at the N-tenuinuﬁ, which was largely converted by
processing into the protein with the main sequence.

Fraction Amino acid sequence

1 "Asp - Ser - Val - Cys - Pro - GIn - Gly - Lys
2 | Xaa - Xaa - Leu - Ser ~(Cys)- Ser - Lys
3 Asp - Thr - Val - (Cys)— Gly -{Cys)- Arg
4 Glu - Asn - Glu - {(Cys)- Val - Ser - (Cys) -
Ser - Asn -(Cys) - Lys
5 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 - GTu - Ser - Gly - Ser - Phe - Thr
- Ala - Ser - Glu - Asn -(Asn) - (Lys)

0377049
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12 teu - Val - Pro - His - Leu - G]y - Asp -~ Arg
13 Lys - 6lu - Met - €ly - Gln - Val - 6lu - Ile

- Ser - Ser - (Cys)- Thr - Val - Asp - (Arg)

14/1 | Gly - Thr - Tyr - Leu - Tyr - Asn - Asp - Cys
+ - Pro - Gly - Pro - Gly - GIn -

14/11 (Glu) - Met - Gly - GIn - Val -(Glu) (Ile) - -
. (Ser)- Xaa - Xaa - Xaa - (Val) -(Asp)-

15 " Lys - Glu - Met -~ Gly - &In - Val - Glu - Ile
- Ser - Ser - (Cys) - Thr - Val - Asp - Arg Asp-
Thr - Val - (Cys) - Gly -~

17 Tyr - ITe - His - Pro - 6In - Xaa - Asn - Ser

- ITe - (Cys) - (Cys)- Thr - Lys - (Cys) His - Lys-
. Glx - Xaa - Tyr -
20 Gly - Thr - Tyr - Leu - Tyr - Asn - Asp - Cys
- Pro - Gly - Pro - Gly - GIn - Asp - Thr -Xaa - Xaa
-Arg
21 Leu - (Cys) - Leu - Pro - 6In - Ile - Glu -
Asn .
26 Gln - Asn - Thr - Val -(Cys)~ Thr - Xaa -
(His)- Ala - Gly - Phe - {Phe) - Leu - (Arg)
27 Ser - Leu - Glu - {Cys) - Thr -~ Lys - Leu -

(Cys) Leut - Pro - GIn -~ Jle - Glu - Asn

Table 1: Amvno acid sequences of the analyzed tryptic
pept1des of TNF-8P

Example 6

Analysis of the C-terminus

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

About 60 gg of the protein pur1f1ed in Example 2d were
desalinated and thus further purified by reverse phase HPLC.
A Bakerbond WP C18 column (Baker; 4.6 x 250 mm) was used and
0.1% trifluoroacetic acid in water (eluant A) or in
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acetonitrile (eluant B) was used as the mobile phase. The
gradient was increased from 20 te 68% eluant 8 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 dissoived in 120 g1 of 10
mM sodium acetate (adjusted to pH 4 with 1 N HC1).

To this solution were added 6 g1 of Brij 35 (10 mg/ml in
water) and 1.5 pl of carboxypeptidase P (0.1 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. 85:8998-9002 (1988)).

Immediately after the addition of the enzyme a sample of
20 pl1 of the reaction mixture was taken and the enzymatic
reaction therein was stopped by acidifying with 2 gl of
concentrated trifluoroacetic acid and by freezing at -20°C.

The reaction mixture was left to stand in a refrigerator

(ébout 8°C) and samples of 20 gl were taken after 10, 20, 60

and 120 minutes. The remainder of the reaction mixture was
left at .ambient temperature for another 120 minutes.

- Immediately after 'being.t'aken, all the samples were acidified

by the addition of 2 gl of concentrated trifluoroacetic acid
and frozen at -20°C, thereby interrupting the enzymatic
reaction.

Parallel to the sample mixture described, containing
about 60 pg 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 fhe samples
were dried for 30 minutes in a Speed Vac Concentrator, mixed
with 10 gl of a solution of 2 parts of ethanol, 2 parts of

water and 1 part of triethylamine (= “Redrying solution® of

the Picotag amino acid analysis system of Messrs. Waters) and
briefly dried again. Then the samples were each mixed with
20 pl 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 from the C-terminus,
then Jeft to stand for 20 minutes at ambient temperature and
then dried for 1 hour in a Speed Vac Concentrator. ’

In order to analyze the derivatized amino acids the
samples were dissolved in 100 pl of “"Sample Diluent" (Picotag
system made by Waters). Of these solutions, S50 gl was
analyzed by reverse phase HPLC (column, mobile phase and
gradient according to the original specifications of the
Picotag system made by Waters). The chromatograms of the
samples and reagent double blind controls were compared with

-the chromatogram of a similarly derivatized mixture (100

pmo]_/ainino acid) of standard amino acids (Messrs. Beckman).

As can be seen from the guantitative results of the
Picotag amino acid analysis (Table 2), asparagine is very
1ikely the C-terminal amino acid of TNF-BP.  Apart from
asparagine, glutamic acid and a smaller amount of isoleucine
were also detected after 240 minutes’ reaction. Quantities

of other amino acids significantly above the reagent double

blind _va‘lue could not be found even after 240 minutes

" reaction. This result (-1le-Glu-Asn as the C-terminus)

confirms the supposition made from the N-terminal sequencing
of the tryptic peptides 21 and 27, to the effect that the
amino acids identified at the C-terminus in these peptides-
Ile-Glu-Asn (Example Sb) - comstitute the C-terminus of TNF-

“BP.

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

10 - - -

20 - - 83.304

60 - - 168.250

120 - - 319.470

_240 85.537 52.350 . © 416.570
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Table 2: Quantitative evaluation of the Picotag amino acid.

analysis after reaction of carboxypeptidase P with TNF-BP

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

logical methods were used unless expressiy stated otherwise,
which can be found in the relevant textbooks or which
correspond to the éonditions recommended by thé manufacturers.
To simplify the. description of the Exampies 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).
Restriction endonucleases are commercially available and are
used under the conditions recommended by the manufacturers
(buffer, bovine serum albumin (BSA) as carrier protein,
dithiothreitol (DTT) as antioxidant). Restriction endo-
nucleases are designated by a capital letyer, usually followed
by small letters and normally a Roman numeral. The letters
depend on the wmicroorganism from which the restriction
endonuclease in question was isolated (e.g.: Sma I: Serratia

marcescens). Usually, about 1 pg of ONA is cut with one or

more units of the enzyme in about 20 g1 of buffer solution.
Normally, an incubation period of 1 hour at 37°C is used, but
this can be varied in accordance with the manufacturer’s
instructions 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. circularization of a 1inearized plasmid without
the insertion of a second DNA fragment). Unless otherwise
stated, DNA fragments are normally not dephosphorylated after
cutting with restriction endonucleases. Reaction conditions
for incubation with alkaline phosphatase can be found for
example in the MI13 Cloning and Sequencing Handbook (Amersham,
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PI/129/83/1'2)._ After the incubation protein is removed by

extraction with phenol and chloroform and the DNA is precipi-

tated from the aqueous phase by the addition of ethanol.

"Isolation® of a specificc DNA fragment means the
separation of the DNA fragments obtained by restriction
digestion, 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 Schiil1). The DNA is washed by rinsing with low salt
buffer (200 mM NaCl, 20 wM Tris pH=7;5, 1 mM EDTA) and then
eluted with a high salt buffer (1 M NaCl, 20 mM Tris pH=7.5,
1 mM EDTA). The DNA' is precipitated by the addition of

~ ethanol.

"Transformation™ means the introduction of DNA into an
organism so that the DNA can be replicated therein, either
extrachromosomally or chromosomally integrated. Transformation

" of E. coli follows the method specified in the MI3 Cloning and
Sequencing Handbook {Amersham, PI/129/83/12).

"Sequencing” of a DNA means the determination of the
nucleotide sequence. To do this, first of all the DNA which
is to be sequenced is cut with various restriction enzymes
and the fragments are introduced into suitably cut M13 mp8,
mpS, 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 M13 Cloning and Séquencing
Handbook (Amersham, PI/129/83/12) and sequenced by the
dideoxy method {Sanger et 2al., Proc. Natl. Acad. Sci. 74:5463-
5467 (1977)). 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 (“Sequenase,” made by United States Biochemical
Corporation). - The sequence reactions are carried out in
accordance with the manual "Sequenase: Step-by-Step Protocols
for DNA Sequencing With Sequenase™ (Version 2.0).

Another method of sequencing consists in c]onidg the ONA
which is .to be sequenced into a vector which carries, inter
alia, a replication origin of a DNA single-strand phage (M13,
f1) (e.g. Bluescribe or Bluescript MI3 made by Stratagene).

. After transformation of E. coli JMIOL with the recombinant

molecule, the  transformants can be infected with a helper
phage, e.g. MI3KO7 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 MI3 method. Qouble-stranded
plasmid ONA {s denatured by alkali treatment and directly
seqdenced in .accordance with the above-mentioned sequencing
handbook.

The sequences were evaluated using the computer programs
originally developed by R. Staden (Staden, R., Nucleic Acid
Res. 10:4731-4751 (1982)) and modified 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 pg of DNA fragments in 10 gl are ligated with

about 5 units of T4DNA ligase ("1igase®) in a suitable buffer’

solution (Maniatis, T., et al., Molecular Cloning A Jaboratory
Manual. Cold Spring MHarbor laboratory, p. 474 (1982)).
YExcising® of DNA from transformants refers to the isolation
of the plasmid DNA from bacteria by the alkaline SDS method,
modified according to Birnboim and Doly, leaving out the
lysozyme. The bacteria-are used from 1.5 to 50 ml of
culture. i

"0Tigonucléotides" are short polydeoxynucleotides which
are chemically synthesized. The Applied Systems Synthesizer
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Model 381A is used for this. The oligonuclectides are worked

up in accordance with the Model 38]JA User Manual (Applied
Biosystems). Sequence primers are used directly without any
further purification. Other oligonucleotides are purified up
to a chain length of 70 by the OPC method (OPC = Oligonucleo-
tide purification column, Applied Biosystems, Product
Bulletin, January 1988). Longer oligonucleotides are purified
by polyacrylamide geT electrophoresis (6% acrylamide, 0.15%

- bisacrylamide, 6 M urea, TBE buffer) and after elution from

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

Example 7
Preparation of TNF-BP-specific hybridization probes

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 1)

Asp-Ser-Val-Cys-Pro-GIn-Gly-Lys-Tyr-Ile-His-
Pro-Gin-

a heptapeptide region was selected which permits the Towest
possible complexity of a mixed oligonucleotide for
hybridizing to cDNA: these are amino acids 6 to I2. In order
to reduce the complexity of the mixed oligonucleotide, four
mixed oligonucieotides were prepared each having a complexity
of 48. The oligonucleotides were prepared in the direction
of the mRNA and are thus oriented towards the 3’ end of the
sequence and are 1dent1ca'l to the non-coding strand of the
TNF-BP gene:
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GIn-Gly-Lys-Tyr-Ile-His-Pro
5/CAA GGT AAA TAT'ATT CAT CC 3’TNF-BP #3/1 EBI-1639

G G ¢ C C
- A
5/CAA GGC AAA TAT ATT CAT CC-  3‘TNF-BP #3/2 EBI-1640
G G ¢ C ¢C
: A .
5/CAA GGA AAA TAT ATT CAT €C 3/TNF-BP #3/3 EBI-1641
G 6 C C ¢
A
57CAA GGG AAA TAT ATT CAT CC 3'TNF-BP #3/4 EBI-1642
G 6 ¢ C ¢
A

b) From. the amino acid sequence of a tryptic peptide
(fraction 11 of the tryptic digestion) of the amino acid
sequence '

Glu-Cys-Glu-Ser-Gly-Ser-Phe-Thr-Ala- Ser—(G]u/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 TT1G TTG TT CCTAGGG 5’
G $ T T 7

TNF-BP #4/6 (EBI-1654):
3’AAA TGA CG6 TCA CTC TTG TTG TT CCTAGGE 5°
6 6 T T 7T
T

TNF-BP #4/7 (EBI-1657):
3'ARA TGA CGG AGA ACA TTG TTG TT CCTAGGE 5’
6 6 T T T
T

INF-BP #4/8 (EBI-1658):

-3/AAA TGA CGG TCA ACA TTG TTG TT CCTAGGE 5’

6 6 T T T
T
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The oligonucleotides were synthesized complementarily fo
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 was also provided

at the 5’ end of the oligonucleotides. If for example
oligonucleotides TNF-BP Nos. 4/5-8 together with TNF-BP No.
3/1-4 are used for the PCR on the entire A DNA of a library,
any DNA fragment which results can be subsequently cut with
BamHI. The partner oligonucleotides yield a straight end at
the 5’ terminus and consequently the fragment can be cloned
into the Smal-BamHI sites of a suitable vector.

Each mixed dligonucleotide TNF-BP No. 4/5: to 8 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  AAT
In the case of GCT the possibility that the triplet C6G
complementary to 6CC (Ala) can be effective by forming a G-T
bridge is taken into consideration, while in the case of TCE
(Ser) and AAT (Asn) the same.applies with regard to AGT and
TTG, respectively. :
ACG, GCG and TCG are extremely rare codons (CG rule) and
are therefore not taken into consideration.

Example 8

Amplification of a partial sequence god1ng for INF-BP from a
cDNA library -

a) ‘Isolation of A\-DNA of a cDNA library
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The ¢DNA library was prepared using the wethod described
in EP-A1-0293 567 for the human placental ¢DNA, with the
difference that the starting material used was 109 fibro-
sarcoma cells of the cell Tine HS 913 T, which had been grown
by stimulation with human TNF-a¢ (10 ng/ml). Instead of A
gt10, ) gtll was used (cDNA synthesis: Amersham RPN 1256;
EcoRI digested A gtll arms: Promega Biotech; in vitro
packagihg of the ligated DNA: Gigapack Plus, Stratagene).

5 ml of the phage supernatant of the amplified cDNA.

Tibrary of the human fibrosarcoma cell Tine HS9I3T in A gtll
were mixed with 0.5 pg of RNase A and 0.5 pug of DNase I and
incubated for 1 hour at 37°C. The mixture was centrifuged
for 10 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 (10 mM Tris pH

7.5; 1 aM EDTA).

b) PCR_ amplification of a TNF-BP seguence 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 were carried out, in each of which one of

the 4 mixed oligonucleotides EBI-1639, EBI-1640, EBI-1641,
EBI-1642 were used as first primers and one of the four mixed
oligonucleotides EBI-1653, EBI-1654, EBI-1657 and EBI-1658 was
used as the second primer. Each of these mixed

oligonucleotides contains 48. different oligonucleotides of

equal length..

Amplification by means of PCR took place in 50 gl
reaction volume, containing 250 ng of A-DNA from the cDNA
Tibrary, 50 mM KC1, 10 mM Tris pH-8.3, 1.5 mM MgCi,, 0.01%
gelatine, 0.2 mM of each of the & deoxynucleoside triphos-
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phates (dATP, d&TP, dCTP, dTTP), 200 pmol of each of first and
second primer and 1.25 units of Taq polyserase [Perkin-Elmer
Cetus]. To prevent evaporation the solution was coated with a

few drops of mineral oil (0.1 m1) 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 amplification cycles. One
cycle consisted of 40 seconds” incubation at 94°C, Z minutes
incubation at 55°C and 3 minutes incubation at 72°C. At the

end of the last cyclie the samplies were incubated at 72°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 u1 of each of the 16 PCR samples were applied to an
agarose gel and the length of the amplified DNA fragments was
determined after electrophoretic separation. The most
intense DNA band, a fragment 0.16 kb 1orig, could be seen in

‘the PCR samples which had been amplified with the oligonucleo-

tide EBI-1653 as the first primer and one of the cligonucleo-
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 largest amount of this
0.16 kb DNA fragmeat, this sample was se'lected for further

" processing.

Example 9:
Cloning and Seguencing of a DNA fragment obtained by PCR

amplification

The PCR product of primers EBI-1642 and EBI-1653 obtained
was cut with BamHI and subsequently separated by electro-
phoresis in an agarose gel (1.5% NuSieve GIG agarose plus 1%

" Seakem GTG agarose, FMC Corporation) according to size. The .
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main band, a DNA fragment 0.16 kb long, was electroe]uted from
the gel and precipitated with ethanol. This DNA fragment was

* Vigated with BamHI/Smal cut plasmid pUC18 (Pharmacia) and E.

coli JM101 was transformed with the ligation mixture. The
plasmids prepared by the wmini-preparation methed were

. characterized by cutting with the restriction enzymes Pvull
~and EcoRI-BawHI and subsequent electrophoresis in agarose
. gels. The plasmid pUC18 contains two cutting sites for Pvull

which flank the polycloning site in a 0.32 kb DNA fragment.
Very short DNA inserts in the polycloning site of the plasmid
can be made visible more eaSin in agarose geil after cutting
with Pvull 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 Smal, including some base
pairs of the polylinker sequence, can be obtained. A clone
with the desired insert has been designated pINF-BP3B. The
entire DNA insert of this clone was sequenced after subcloning
of an EcoRI-BamHI fragment in Mi3mpl8 (Pharmacia) by the
modified dideoxy method using sequenase (United States
Biochemical Corporation). '

Analysis 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
GIn G]y Lys Tyr Ile His Pro G1n Asn Asn Ser Ile Cys

CAG GGG AAA TAT ATT CAC CCT CAA AAT AAT TCG ATT TGC

15 ' 20 25
Cys Thr Lys Cys His Lys Gly Thr Tyr Leu Tyr Asn Asp
TGT ACC AAG TGC CAC AAA GGA ACC TAC TiG TAC AAT GAC

30 ' 35
Cys Pro Gly Pro Gly GIn Asp Thr Asp Cys Arg Glu Cys
TGT CCA GGC CCG GGG CAG GAT ACG GAC TGC AGE GAG TGT -

40 . 45 50

Glu_Ser Gly Ser Phe Thr Ala Ser Glu Asn Asn Lys
GAG AGC GGC TCC TTIC ACA GCC TCA GAA AAC AAC AAG GAT CC
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The first 20 and last 29 nucleotides (underlined script)
correspond to the sequences of the primer oligonucleotides
EBI-1642 and the complement of EBI-1653, respectively. Amino
acids 38 to 43 confirm the remaining sequence of the tryptic
peptide 11. Furthermore, the DNA fragment produced by PCR
contains - the sequence of the peptide of fraction 20 of the
tryptic digestion (amino acids 20 to 34, underlined). This
shows that the clone pTNF-BP3B was derived from a cDNA which
codes for TNF binding protein. pTNF-BP3B therefore constitutes
a probe, e.g. for searching for TNF-BP cDNAs 1in' cDNA

libraries.

Example 10:

Isolation of INF-BP cDNA clones

About 720,000 phages of the HSS1ST cDNA library in X gtll

“were plated on E. coli Y1088 (AlacU169, pro::Tn5, tonA2, hsdR,
" supE, supF, meiB, trpR, F- WA=, (pHCQ)) (about 60,000 phages -

per 14.5 cm- petri dish, LB-agar: 10 g/1 tryptone, 5 g/1 of

- yeast _eXtraci_:, 5 g/1 of NaCl, 1.5% agar, plating in top
‘agarose: 10 g/1 of tryptone, 8 g/1 of NaCl, 0.8% agarose).

Two nitrocellulose filter extracts were prepared from each

pl ate. The fﬂters were prewashed (16 hours at 65°C) in:

50 mM Tr1s/HC‘I pH—s 0
1M NaCl
1 mM EDTA
0.1% SDS
The filters were pre-hybridized for two hours at 65°C in:

6x ~ SSC (0.9M NaCl, 0.03 M trisodium citrate)

5x Denhardt’s (0.1% Ficoll, 0.1%
polyvinylpyrrolidone, 0.I% BSA (= bovine sevum
albumin)

- 0.1% SDS
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Preparation of the radioactively labeiled probe: pTNF-BP
3B was doubly cut with BamHI and EcoRI and the approximately
0.16 kb insert was isolated. 0.6 gg of the insert in 32 pl
were denatured at 100°C and primed with 60 pmol each of EBI-
5 ' 1642 and EBI-1653 by cooling to 80°C over 10 minutes and
rapid cooling in ice water. After the additien of
10 51 @-32p-dCTP (100 pCi, 3.7 HBq)
5 pl1 10x priming buffer (0 1 M Tris/HC1 pH=8.0,
50 mM MgCly)
10 2 pul 1 mM dATP, dGTP, OTTP
| 1 g1 PolIK (Klenow fragment of E. coli DNA
polymerase I, 5 units)

Incubation was carried out for 90 minutes at ambient tempera-
15 ‘ture. After heat inactivation (10.minutes at 70°C), the non- .
. | 1ncorporated rad1uact1v1ty was removed by chromatoegraphy on
. Biogel P6DG (Bworad) in TE buffer (10 mM Tris/HC1 pH=8, 1 mM
EDTA). 65x105 cpm were incorporated. The hybridization of
S the filters was carried out in a total volume of 80 ml of
- 20 6XxSSC/5X Denhardt's/O 1% SDS p]us heat-denatured hybridizing
S “probe for 16 hours at 65°C. The filters were washed twice for -
30 minutes at ambient. temperature in 6xSSC/0.01% SDS and once
, far 45 minutes. at_ambient temperature in 2x3SC/0.01% SDS and
- " ‘three times for 30 minutes at 65°C in 2xSSC/0.01% SDS. The
25 filters were dried in air and then exposed to Amersham
' * Hyperfilm for 16 hours using an intensifier film at -70°C. 1In
211, 30 hybridizing plaques were identified (X-TNF-8P No. 1-
30). The regions with the hybridizing plaques were pricked out
as precisely as possible and the phages were eluted in 300 gl
30 of SM buffer plus 30 ul of chloroform. 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, prepération. hybridization
R —
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and washing (as described in the first search) 25 hybridizing
phages were finally separated (\-TNF-BP £i-10, 12-24, 29,30).

Preparation of the recombinant A-DNA_from the cleones )\-TNF-BP

Nos. 13, 15. 23, 30:

2x10° phages were plated on E._coli Y1088 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, 5 g/1 yeast extract, 5 g/1 NaCl) and

.incabated at 37°C for 6 hours. After the plates had been

cooled (30 minutes at 4°C) they were coated with 10 ml of A-
diluent (10 wM Tris/HC1 pH=8.0, 10 mM MgClz, 0.1 mM EDTA) and
eluted for 16 hours at 4°C. The supernatant was transferred
into 15 ml Corex test tubes and centrifuged for 10 minutes at
15000 rpm and. at 4°C (Beckman J2-21 centrifuge, JA20 rotor).

- The supernatant was decanted into 10 ml po1ycarbonate test .
" tubes and. centrifuged at 50000 rpm at 20°C until mzt-3x101° _

(Becl_cman L8-70, 50 Ti rotqr). The pellet was resuspended in
0.5 ml of X-diluent and transferred into Eppendorf test tubes

(1.4 ml). . After the addition of 5 pg of RNase A and 0.5 pg
_ DNasel and mcubatmn at 37°C for 30 minutes and the addition

of 25 pl of 0.5 M EDTA, 12.5 p1 of 1 M Tris/HC1 pH=8.0, 6.5 gl
of 20% SDS, incubation was continued at 70°C for 30 minutes.

The: A-DNA was purified by phenol/chloroform extraction and
precipltated with ethano]- Finally, the DNA was dissolved in

100 gl of TE buffer.

Example 11:

Subcloning and sequencing of TNF-BP. clones 15 and 23

In order to characterize the cDNAs of the clones ATNF-
BP15 and ATNF-BP23, which-showed the strongest signals during
hybridization, the cDNA inserts were cut out of the A-DNA with

Th1s Sheet Has Been Rep la

R

[@004/048

Received Tine 23 Feb, 612 Priot Tine  23.Feb 6:31



.
— ——— p—— —— - — — -

02/22/96

10

15

20

25

30

14:17  B805 447 1090 LMGEN LaW

-64-

EcoRI, then after electrophoretic separztion eluted from an
agarose gel and precipitated with ethanol. The DNA fragments
of 1.3 kb (from XTNF-BP15) and 1.1 kb (from ATNF-BP23) ‘were

cut with EcoRl and ligated with alkaline phosphatase from

calves’ intestines dephosphorylated plasamid vector pT7/73a-18

(Bethesda Research Laboratories) with T4 DMA 1igase and E.

coly JM101 was transformed. From individual colonies of

bacteria which showed no blue staining after selection on _

agarose plates with ampicillin and X-gal, plasmid DNA was
prepared in a mini preparation process and the presence and
orientation of the cDNA insert was determined by cutting with
EcoRI and HindIII. Plasmids .which contained the EcoRI insert

of the phages ATNF-BP15 or XTNF-BP23 oriented in such a way -

that the end corresponding to the 5‘-and of the mRNA is facing

the T7 promotor were designated pINF-BP15 and pINF-BP23,.

respectively. The EcoRl inserts of ATNF-BPI5 ~and ATNFBPZ3
were also ligated in MI3mpl9 vector which had been cut with
EcoRI and dephosphorylated, and E. _coli JMIOL was
transform'ec_l."_ From a few randomly selected M13 clones, single-
stranded DNA was prepared and used as the basis for sequencing
by the dideoxy method. On MI3 clones which contained the

CDNA inserts in. the opposite orientation, both DNA strands

were fully ‘'sequenced using the universal sequencing primer and
s’pecif_ica‘l]j synthesized oligonucleotide primers which bind to
the. cDNA insert. - | o

The complete nucleotide sequence of 1334 bases of the

. cDNA msert of XINF-BP15 or pINF-BP15 is shown in Fig. 1.

Bases: 1 6 and 1328-1334 correspond to the EcoRI Tinkers which
had been added to the cDNA during. the preparation of the cDNA

" library. The nucleotide sequence of the cDNA insert of ATNE-
. BP23 corresponds to that of ATNF-BP15 (bases 22-1100), flanked

by EcoRI linkers.
The clone ATNF-BP30 was also investigated; its sequence
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corresponds to ATNF-BP1S, .except that the sequence has a
deletion of 74 bp (nucleotide 764 to 837).

Example 12
Construction of the expression plasmid pAD-CHV1 zand pADCMV2

From parts of the’ express1 on plaswids pCDMS (Seed and
Aruffo, Proc. Natl. Acad. Sci. 84:8573-8577 (1987), Seed , B.
Nature 329:840-842 (1987)); Inv1trogen), pSV2gptDHFR20 (EP-AI
0321 842) and the plasmid Bluescript 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
directed insertion of heterologous DNA sequences and which can

- be replicated in E. coli by heans of ampicillin resistance
with a high copy number. The intergenic region of M13 makes

it possible to produce single-stranded plasmid ONA by

superinfection of the transformed bacteria with a helper phage

(e.g. R408 or MI3K07) to facilitate sequencing and mutagenmesis
of the plasmid DNA.. The T7 prombtor:which pre;ede;’the multi-
cloning site makes it'possib1e to-prépare RNA transcripts in
vitro. In mammalian cells hétero1§§ous genes ére-expressed;

‘driven by cytomegalovirus (CMV) promotor/enhancer (Boshart,
‘M., gt al., Cell 41:521-530 (1985)). The SV40 replication .
origin makes -it possible, in suitable cell lines (e.g. SV40
‘transformed cells such as C0S-7, adenovirus transformed cell

line 293 (ATCC CRL15?3)),'tb carty'pht'autonomous replication
of the expression plasmid at high copy numbers and thus at
high‘rates'in transient expression. For preparing permanently
transformed cell 1lines and subsequently amplifying <the
expression cassette by means of methotrexate, a modified

. hamster minigene is used (promotor with coding region and the

first intron) for dihydrofolate reductase (DHFR) as the

. selection marker.
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a) Preparation of the vector and promotor sections by PCR

' The plasmid Bluescript SK+ was 1inezrized with HindIII
and 5 ng of DNA was used in a 100 pl PCR mixture (reaction
buffer: 50 mM KC1, 10 oM Tris-C1 pH=8.3, 1.5 =M MgClz, 0.01%
(w/v) gelatine, 0.2 mM of the  four deoxynucleatide
triphosphates (dATP, dGTP, dCTP, dTTP), 2.5 units of Taq
polymerase per 100 gl. The prirhers used were 50 pmol of the
synthetic oligonuclieotides EBI1785 (5’-GGAATTCA-
GCCTGAATGGCGAATGGG-3’; binds Just outside the MI3 ori-region
in Bluescript position 475, independently of the MI3 ori-
orientation) and EBI-1729 (5’-CCTCGAGCGTTGCTGECGTTTTICC-3/;
binds to Rluescript at position 1195 in front of ori,

- corresponds- to the start of the Bluescript sequence in pCDM8,

6 bases 5’ yield Xhel). After 5 minutes denaturing at 94°C
PCR was carried out over 20 cycles (40 seconds at 94°C, 45

: seconds at. 55°C, '5 min at 72°C, Perkin Elmer Cetus Thermal

Cyc‘ler) " The o‘hgonudeohdes flank the mtergemc region of
M13 or the replication origin (ori) with the intermediate gene

for p-lactamase. At the same time, at the end of the

re'p'lication origin an Xhol cutting site is produced and at-the

“other end ‘an EcoRI cuttmg site. The reaction mixture was’
freed from protem by extraction with. phenol/ch'loroform and
. the DNA was precipitated with: ethanol. The DNA obtained was

cut with Xhol and EcoRI and after electrophoresis in an

-agarose gel a fragment of 2.3 kb was isolated.

5 ng of plasmid pLDM8 1inearized with Sacll was amp‘hﬁed

by PCR with the oligonucleotides FBI-1733 (5‘GGTCCACATTGATTAT-

TGACTAG-3’; binds to CMV promotor region (position 1542) of
pCDM8, . corresponding to position 1 in pAD-CMV, Sall site for

- cloning) and EBI-1734 (5/GGAATTCCCTAGCAATACAGCGG-3’; binds to

polyoma origin of 3/SV40 polyA region in pCOM8 (position
3580)) 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~1733) or bind to the end of the SV40 poly-adenyla-

tion site and produce an EcoRI cutting site (EBI-1734). The
PCR product was cut with Sall and EcoRI and 2 DNA fragment of
1.8 kb was isolated from an agarose gel.

The two PCR products were ligated with T4 DNA ligase, E.
coli HB101 transformed with the resulting ligation product
and plasmid DNA was amplified and prepared using standard
methods. The plasmid of the desired nature (see Fig. 3) was
designated pCMV-MI3. The SV40 replication origin (SV40 oFi)
was isolated from the plasmid pSV2gptDHFR20 (EP-A1 0321842).

‘To do this, this plasmid was doubly cut with HindIII and Pvull

and the DNA ends were blunted by subsequent treatment with the

large fragment of the E._coli DNA polymerase (klenow anzyme)

in the presence of the four deoxynucleotide triphosphates. A
0.36 kb DNA fragment thus obtained was isolated from an

~agarose gel and ligated into pCMV-MI3 linearized with EcoRI.

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

the SV40 ori in the same orientation as the B-lactamase gene
‘and- the CMV “promotor, was designated pCMV-SV40. The construc-

tion of this plasmid is shown in Fig. 3.

'b) . Mutagenesis of the DHFR gene

In order. to prepare an expression plasmid with a
versatile multicloning site, iwo restriction enzyme cutting
sites were removed from the DHFR minigene by "directed
mutagenesis and three such sites were removed by deletion.
TJo do this, a 1.7 kb BglIl <fragment from the plasmid

- pSV2gptDHFR20, containing the entire coding region of the

hamster DHFR gene, was cloned into the BglIl site of the
plasmid pUC219 (IBI) and .the plasmid pUCDHFR was obtained.
E. _coli JMI09 (Stratagene) cells transformed with pUCDHFR

~ were infected with an approximately 20-fold excess of the
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_helper phage R408.(Stratagene) and shaken in LB medium for 16

hours at 37°C. Single stranded plasmid DNA was isolated from

the'bacterial supernatant. )
Controlled mutagenesis was carried out in two successive

steps, using the in_vitro wmutagenesis system RPN1523 (Amer-

‘sham). The EcoRI site Tocated at the beginning of Exon 2 was

destroyed by exchanging a base from GAATTC to GAGTTC. This
base exchange does not result in any change in the coded
amino acid sequence and furthermore correéponds to the
nucleotide sequence in the natural murine DHFR gene (McGrogan,
M., et al., J. Biol. Chem. 260:2307-2314 (1985); Mitchell,
P.J., et al., Maol. Cel)l. Biol. 6:425-440 (1985)). An
ol igahucTeotide {(Antisense orientation) of the seguence 5'-
GTACTTGAACTCGTTCCTG-3/ (EBI-1751) was used for the
mutagenesis. A plasmid with the desired mutation was prepéred
as singie strand DNA as described above and the Pstl site

Tlocated in the first intron was removed by mutagenesis with

the o]igonuc‘leotide EBI-1857 (Antisense orientation, 5’-
GGCAAGGGCAGCAGCCGG-3’) from CTGCAG into CTGCTG. The mutations
were confirmed by sequencing and the resulting plasmid. was
designated pUCDHFR-Mut2.

The 1.7 kb BglIl fragmeat was iso'!ated from the plasmid -
pUCDHFR-Mut2 and ‘hgated_ into. plasmid pSVngtDHFRZO doubly
cut with BglII and BamHI. After transformationm of E. coli,

" amplification and DNA isolation, a plasmid of the desired

nature was obtained, which was designated pSV2gptDHFR-Mut2.
By cutting with BamHI, in the 3”-non-coding region of the DHFR

.gene a 0.12 kb DNA fragment following the BglIl site was

removed, which also contains a Kpnl cutting site. By linking
the overhanging DNA ends formed with BglII and BamHI, the
recognition sequences for these two enzymes were also
destroyed. _ :

The plasmid pCMV-SV40 was doubly cut with EcoRI and BamHI
and the DNA ends were then blunted with Klenow enzyme. The
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DNA was purified by extraction with phenol chioroform and
ethanol precipitation, then dephosphorylaied by dincubation
with alkaline phosphatase and the 4.4 kb Tong vector DNA was
isalated from an agarose gel.

. The plasmid pSV2gptDHFR-Mut2z (Fig- 4) was doubly cut
with EcoRI and Pstl and the DNA ends were blunted by 20
minutes’ incubation.at 11°C with 5 units of T4 DNA polymerase
(50 mM Tris HC1 pHe8.0, 5 mM MgClp, 5 mM dithicthreitol, 0.1
mM of each of the four deoxynucleotide triphosphates and S50
pg/ml of bovine serum albumin). The 2.4 kb long DNA fragment
with the mutated DHFR gene was isolated from an agarose gel
and Tigated with the pCMV-SV40 prepared as described above. A

' plasmid obtained after transformation of E. coli and contain-

ing the DHFR gene in the same orientation as the CWV promo;or

was des1gnated pCMV-SVA0DHFR.

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

p]asmd pCMV-SV40DHFR was doubly . cut with HindI1I and Xbal

and the vector part was 1so‘l ated from an agarose gel. The |

mult_ic'lomng site formed from the two ohgonuc'leotmes EBI-
1823 (5'-AGCTTCTGCAGETCGACATCGATGGATCCGGTACCTCGAGCGECCGCRAAT -

TCT-3') and EBI-1829 (5' -CTAGAGAATTCGCGGCCGCTCGAGGTACCGEATCCA-

TCGATGTCGACCTGCAGA-3’), contains, mc'lud‘ing the ends which are

'compat'il:ﬂe for cloning in HindITI-Xbal, restriction. cuttu-g
‘sites for the enzymes Pstl, Sall, Clal, BamHl, Kpni, Xhoi,

NotI and EcoRI.

1 ng of each of the iwo o'hgonuc'leotides was incubated
for 1 hour at 37°C in 20 g1 of reaction buffer (70 mM Tris-Cl
pH=7.6, 10 mM MgClp, 5 aM dithiothreitol, 0.1 mM ATP) with §
units of T4 polynucleotide kinase in order to phosphorylate
the 5/ ends. The reaction was stopped by heating to 70°C for
10 minutes and the complementary oligenuclieotides were

hybridized with one another by incubating the sample for a
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further 10 minutes at 56°C and then slowly cooling it to
ambient temperature. 4 gl of the hybridized oligonucleotides
(100 ng) were Tigated with about 100 ng of plasmid vector and
E. coli HBIO1 was transformed. A plasmid which was capable of
being linearized with the enzymes of the multicloning site
(with the exception of Notl) was designed pAD-CMVi. Of a

number of clones tested, it was not possible to identify any

one the plasmids which could be cut with Notl. Sequencing
always showed the delet'lon of some- bases within the Notl
recognition sequence.

In the same way, the expression plasmid pAD-CMV2 which
contains the restriction cutting sites within the multicloning
site in the reverse order was obtained with the oligonucieo-
tide pair EBI-1820 _(5’-AGCTCTAGAGAAITCGCGGCCGCTCGAGEIAt-

. CGGATCCATCGATGTCGACCTGCAGAAGCTTG-3’) and EBI-1821 (5/-
- CTAGCA.AGCTTCTGCAGGTCGA_CATCGATGGATC§GGTACCTCGAGCGGCCGCGAAT- _
" TCICTAG-3’).  The plasmid pAD-CHV2 was obtained’ which was

capab]e of being linearized with all the restrictwn enzynes, '

' mcludmg NotI.

The nucleotide sequence of the 6414 bp plasmid pADCMVl

(Fig. 5) is shown in full in Fig. 6.

The sections of the plasmid (specified in the numbering

| of the baSes) corfespond to the following sequences:

1- 21  EBI-1733, beginning of CMV enhancer-promotor

| (from CDMB)
632-649 17 promotor

658-713  Multicloning site (HindIII to Xbal from EBI-

1823, EBI-1829)
714-1412 SV40 intron and po'l_y—adeny'lation site (from
cpMg)
1413-2310 5’ -non-coding region and promotor of the
| hamster DHFR gene (from pSV2gptDHFR20)
2311-2396 Hamster DHFR: Exon 1
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2516 A to T mutation destroys PstI site in DHFR
intron 1

. 2701-3178 DHFR Exons 2-6 (coding region)
- 2707 A to G mutation destroys EcoRl site

3272-3273 Deletion beiweer Bg1II and BamHI in DHFR 3’-
. non-coding region
3831 End of DHFR gene (from pSV2gptDHFR20)
3832-4169 SV40 ori (from pSV2gptOHFR20)
4170-4648 M13 ori (from pBluescript SK+)
4780-5640 A-Tactamase (coding region)
6395-6414 EBI-1729, end of the pBluescript vector
~ sequence

The preparation of the plasmids pAD-CMV1 and pAD-

. CMV2 is shown in Fig. 5.

Example 13

© Construction of the plasmid_pADINE-BP for the expression of
‘the soluble form of TNF-BP |

In order to,preparé the secreted form of TNF-BP by the

: difect'method,.a-tréns]ation.stop.codon was inserted in the
. ¢DNA coding for part of the TNF recepfor (see Example 11; -

hereinafter designated TNF-R cDNA) after the codon of the C-

"terminal. amino _acid of the natural TNF-BP (AAT, Asn-172;
corresponding to position 201 in Fig. 8). 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
possibly be rate determining of proteclytic cleaving of

.sections of the TNF 'reCeptor 10cated in the C-terminal

direction. _
At the same time as the stop codon was -inserted by PCR
the Sffnon-coding region of the.TNF-R cDNA was shortened in
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order to remove the translation start codon of another open
reading frame .(bases 72-203 in Fig. 9), which is located .5’
from that of the TNF-R, and a BamMI or EcoRI cutting site is

‘inserted at the 5/ or 3’-end of the cDNA.

100 ng of plasmid pTNF-BP15 Tlinearized with XmnI (see
Example 11) were amplified with 50 pmol of oligonucleotides
EBI-1986 (Sense, 5-CAGGATCCGAGTCTCAACCCTCAAC-3’) and EBI-1929

. (Antisense, 5’-GGGAATTCCTTATCAATTCTCAATCTEEEETAGGCACAACTTC-37;

insertion of two stop codons and an EcoRI site) in a 100 gl

PCR mixture over 10 cycles. The cycle conditions were 40

minutes at 94°C, 45 seconds at 55°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 chloraform. The DNA was precipitated with ethanol

* and then doubly cut with BamHI and EcoRI. The resulting 0.75

kb DNA fragment was isolated from an agarose gel and cloned
into p'lasmd pT7/73¢-19 (BRL) doubly cut with BamHI and EcoRi.

One of the. plasmids obtained, which was found to have the
" desired sequence, ‘when the entire insert was sequenced ‘Was

des1gnated pTNF-BP.

PINF-BP was cut with BamHI and EcoRI and the 0.75 kb DKA

insert was cloned inte the expression plasmid pAD-CMV1 cut

" with BamMI and 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 solubje of TNF-BP '

For another variant of an expression plasmid for the
production of secreted TNF-BP, the 5’-non-coding region of
TNF-R cDNA was exchanged for the 5-nan-coding region of human
B-globin mRNA. The reason for this was the finding that the

- nucleotide sequence immediately before the translation start
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codon of the TNF-R sequence differs significantly from the
concensus sequence found for efficient expression of eukaryo-
tic genes (Kozak, 1987), whereas the 5‘-non—coding region of
the B-globin mRNA corresponds extremely well to this concensus
sequence {Lawn et _al., 1980). By means of the oligonucleotide
EBI-2452 (5’-CACAGTCGACTTACATTTGCTTCTGACACAACTGTETTCACTAGCAAC-
CTCA AACAGACACCATGGGCCTCTCCACCGTGC-3'), which contained after
a Sall restriction cutting site the authentic 5’-noncoding
sequence, corresponding to. the huwan S-giobin mRNA sequence,

‘followed by 20 bases of the coding region of TNF-BP, the TNF-R

sequence was modified in a PCR. 1008 ng of plasmid pINF-BP
Tinearized with EcoRl were amplified in 100 gl of reaction
mixture with 50 pmol each of the oligonucleotides EBI-2452 and

EBI-1522 (Antisense, 5-GAGGCTGCAATTGAAGC3’; binds to the

huTNF-R sequence at position 656) ir 20 PCR cycles (40 seconds

at 94°C, 45 seconds at 55°C, 90 seconds at 72°C). After the

PCR product has been purified by extraction with pherol-

~ chloroform and ethanol precipitation, the DNA .was doubly cut
 with Sall and Bg1II and the resulting 0.51 kb DNA fraguent was

1so'lated from an agarese gel. The correspondmg part of the

TNF-R sequence was removed from the p] asmid pINF-BP by cutting _'
"with Sall and. BgIII, the 3.1 kb long plasmid portion was
isolated from an agarose ge'l and 11gated with the 0.51 kb Tong

PCR product. After transformation of E._coli, seven of the

| resulting plasmids were sequenced. One of these plasmids

contained prec:se]y the desired sequence. This plasmid was

designated pBTNF-BP. The entire Sall- EcoRI finsert of pBINF-BP
was cloned into the similarly cut expression plasmid pAD-CMV1
. and the resulting plasmid was designated pADBTNF-BP. (Fig. 7B).
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Example 15

Isolation of rat TNF-R cDNA clones

First of all, rat brain cDNA was prepared analogously to
5 the HS9I3T cDNA library (see Example 4) from the rat Glia
tumour cells Tines C6 (ATCC No. CCLI07) in A-gtll. |
600,000 phages of the rat brain cDNA library in Agtll
were screened by hybridization as described in Example 6.
The probe used was the purified EcoRI insert of pTNF-BP30
10 (cf. Example 6). Abaut 100 ng of DNA were radioactively
labelled with 1 pg of random hexamer primer instead of the
spec1f1c oligonucleotides, as described in Example 6,. using
[@-32P]dCTP. 25x105 cpm were incornorated. Hybridization of
the filters was carried out under the same conditions as in’
15 - ~ Example 6. The filters were washed twice for 30 minutes at
© - ambient temperature in 2xSSC/0.1% SDS and ‘three times for 30
“minutes at 65°C in 2xSSC/0.1% SDS and twice for 30 minutes at
65°C in 0. SxSSC/D 5% SDS._ The air dried filters were then
- . eXposed to. Kodak XAR X-ray film for 16 hours using an
200 . intensifier film at: -70°C. A total of 10 hybridizing plagues
* were identified and Separated by plaque purification. After
- plaque pur'lﬁcatmn had been carried out three times, three X
o “clones (A-raThF-R Nos. 3, 4 and 8) were finally separated out
-’ and the phage DNA was prepared as described.
25 . The ].engt_h .of the cDNA insert was determined after
- cutting the A-DNA with EtoRI_ and separation in an agarose gel
- at 2.2 kb for the clones raTNF-R3 and raTNF-R8 and 2.1 kb for
clone ralNF-R4. The EcoRI inserts of clones AraTNF-R3 and 8
~ were cloned into similarly cut MI3mpl9 and the DNA sequence
30  was determined with universal sequencing primers and specifi-
cally synthesized ol igonuc'leotidel primers.
The complete nucleotide sequence of raTNF-R8 is shown
in Fig. 8. The first and last seven bases correspond to the
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EcoRI Tinkers which had been added during the preperation of
the cDNA library. '

Example 16
Isolation of a clone containing the cosplete cDNA coding for
the human TNF receptor

The compiete cDMA of the rat TNF-R made it easier to
search for the missing 3’ part of human TNF-R cONA. The probe

‘used for the hybridization was the 0.4 kb Tong PCR product of

the primers EBI-2316 (5’-ATTCETGCGGCECCTAG-3’; binds to TNF-R
with the 2nd base of EcoRi, breaks off at the TNF-R cDNA) and
EBI-2467 (5’GTCGGTAGCACCARGGA-3’; binds about 400 bases before
poly-A to cDNA.clone, corresponds to position 1775 in ralNF-R)
with AraINF-R8 as starting material.  This DNA fragment
corresponds to the region of rat TNF-R cDNA which had been

_assumed'to follow the internal EcoRI site in human TNF-R.

2.5x106 cpm. of the raTNF-R probe were used to hybridize

15600 000 plaques of the HS913T cDNA 1ibrary. The hybridization
-conditions corresponded to those specified in Example 10. The

filters were washed twice for 30 minutes at ambient tempera-
ture in 2x$SC/0.1% SDS and tm1ce for 30 minutes at 65°C in
ZxSSC/O 1% SDS, dried in the a1r and exposed o Kodak XAR X-
ray f11m using . an- 1ntens1f1er film for a period of 3 days at

. =70°C. Six positive plaques were identified purified to two

-forther'roonds_of p1aques'and'k—DNA was prepared (ATNF-R Nos.
2, 5, 6, 8 11 and 12). After the X-DNA had been cut with

'EcoRI a1 the ‘clones-had a DNA band about 0.8 kb long. X-TNF-

Rz and 11 additiomally contained an EcoRI fragment of 1.3 kb.

' The two EcoRl inserts from ATNF-RZ were subcloned into the

EcoRl site of plasmid pUC218 (IBI) and then sequenced. The
sequence of the 1.3 kb EcoRI fragment corresponded to that of
cDNA clone pTNF-BP1S, the 0.8 kb EcoRI fragment corresponds to
the 3’ part of TNF-R mRNA and contains, in front of the EcoRI

I
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Yinker sequence, a poly-A tail with 16 A residues. ATNF-R2
therefore contains the complete coding region for human TNF-R,
shown in Fig. 9. ’

Example 17
Construction of the plasmids TNF-R _and DBTNF-R _for

expression of the entire human TNF receptor

First of all, as described in Example 13 for pTNF-BP or
pADTNF-BP, a plasmid was constructed in which the 5’ non-
coding region of pTNF-BP15 had been shortened, but, unlike

the plasmids described in Example 13, the 3’-end of pTNF-BPIS

had been kept. For this purpose, under identical conditions
to those described in Example 13, pTNF-BP15 was amplified with

PCR using the oligonucleotide EB1-1986 and the M13-40
" universal primer (5’ -GTTTTCCCAGTCACGAC-37). The PCR product -
was doubly cut ‘with BamHI and EcoRI and cloned into . the
‘plasmid pT7/T32-19.  One of the pl asmids obtained was
_de51gnated pTINF-BP15B.

pTNF-BP15B was cut mth BamHI and EcoRI and the 1.26 kb
DNA insert. was cloned into expression plasmid pAD-CMV1 cut
with BamHI and EcoRI. A plasmid of the desired compos1tmn

- thus ‘obtained was designated pADTNFBP1S. :
This plasmid was Tinearized mth EcoRI and the0.8 kb

EcoRl fragment isolated from XINF-RZ was cl oned into the

~cutting site.  After transformation of E. coli, a few

randomly isolated plasmids were checked, by cutting with
various restriction enzymes, for the correct orientation of
the EcoRl fragment used. A plasmid designated pADINF-R (Fig.
7C} was investigated more accurately for cor_reét orientation
by sequencing the insert, starting from the 3’-end of the
inserted cDNA with the oligonucleotide EBI-2112 (5‘GTCCAAT-
TATGTCACACC-3’), which binds to the plasmid pAD-CMV1 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 B-globin was

- constructed. Pl asmid pADBTNF-BP was cut completely in order

to remove the 1.1 kb Bglll fragment the DNA ends were then
dephosphorylated with calves’ intestinal alkaiine phosphatase

* and' the plasmid vector (5.9 kb) with the p-globin 5’-non-

<_:od'ing region of the B-globin gene and the 5/ part of the TNF-

- R coding region was isolated from an zgarose gel. Plasmid

pADTNF-R was cut with Bgl1II and the 2.5 kb DNA fragment
containing the 3’. section of the TNF-R cDNA as far as the
promotor region of the following DHFR gene, was isolated from
an agarose gel at_nd cloned into the plasmid vector which had
been prepared beforehand. A plasmid :. obtained after
transformation of E._coli having the BglIl fragment insertied
in the correct orientation was designated pADBINF-R (Fig. 7D).

Example 19

Expression of- so'lub'le TNF BP in eukaryohc cell Tines
a) ELISA test

In this Example mF BP was detected by the ELISA test as
follows:

96 well mitroti_tre plates were coated in each well with

50 p1 of 1:3000 diluted polyclonal rabbit serum (polyclonal

rabbit antibodies, prepared by precipitation of antiserum with
ammonium sulphate, final concentration 50% saturation) against

.-_:naturia'l TNF-BP for 18 hours at 4°C, washed once with 0.05%
“Tween 20 in PBS and free binding sites were blocked with 150

to 200 ul of 0.5% bovine serum albumin, 0.05% Tween 20 in PBS
(PBS/BSS/Tween) for one hour at ambient temperature. The wells
were washed once with 0.05% Tween 20 in PBS and 50 gl of cell

' supernatant or known quantities of natural TNF-BP (see Tables
'3 and 4) and 50 pl of a 1:10,000-fold dilution of a pelyclonal

mouse serum against TNF-BP was applied and intubated for two
hours at ambient temperature. Then the wells were washed
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three times with 0.05% Tween 20 in PBS and 50 g1 of rabbit
anti-mouse Ig-peroxidase conjugate (Dako P161; 1:5000 in
PBS/BSA/Tween) were added and incubation was continued for a
further two hours at ambient temperature. The wells were
washed three times with Tween/PBS and the staining reaction
was "carried out with orthophenylenedunme {3 =g/ml) and Na-

‘perborate (1 mg/ml) in 0.067M potassium citrate, pH 5.0, 100

pl per well, for 20 minutes at ambient tesperature away from
the light. After the addition of 100 gl of 4N H2S04 the
color intensity at a wavelength of 492 nm was measured
photometrically in a -microfi'lm plate photometer.

b) Transient exgression of so]ub‘l TNF-BP _in_ eukaryotic

ceH lines

~ About 106 cells (COS-7) per 80 mn petri dish were mixed

with 10% heat inactivated fetal calves’ serum 24 hours before

tr_ansfectipn in RPMI-1640 medium and incubated at 37°C in a 5%

€02 .a'tmos'phere.. The cells were separated from the petri dish
'using a rubber spatula and centrifuged for 5 minutes at 1200
rpm at ambient temperature (Heraeus minifuge, swing-out rotor
' 3360), washed once with 5 ml of serum-free medium, céntrifuged
' for 5 minutes at 1200 rpm and suspended in 1 ml of medium

mixed with 250 pg/ml of DEAE dextran and 10 pg of plasmid DNA

_ (see Table 3), punfted by carrying out CsCl density gradient

cen.tr'l fugation twice). The cells were incubated for 40
minutes at 37°C, washed once with 5 m) of medium contazining

- 10% calves’ serum and suspended in 5 ml of medium with 100

pg/ul of chlorequin. 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 cell supernatant was
harvested and used to detect the secreted TNF-8P.
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Table 3

Cell line cos-7

without plasmid < 5 ng/ml

pADTNF-BP 7.5 ng/ml o

pADBTNF-BP : 146 ng/ml

c) Preparations of cell lines which permanently produce

The dihydrofolate reductase (DHFR)-deficient hamster
ovarial cell Tne CHO DUKX BII (UrTaub and Chasin, 1980) was
transfected with plasmid pADBINF-BP by calcium phosphate
precipitation (Current Protoco‘ls in Molecular Biology, 1987).
Four thickly grown cell culture flasks (25 cm?, § ml of

‘culture medium per flask) were transfected with 5 4g of DNA;

after four hours mcubatmn at 37 C the medium was removed

and replaced by § ml of selection medium (MEM a‘lpha medium

with 10% dialyzed fetal calves ‘serum). _ After incubation
overnight. the cells were detached using trypsin solution; the
cells from each flask were divided between two 96-well tissue

-~culture p'lates (100 g1 per well in selection medium). Fresh

medium was added at about weekly intervals. 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 the ELISA test 'pf some positive clones are shown in Table
4.
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Table 4
Sample. Absorption at 492 nm~
TNF-BP Standard.
1 ng/ml 0.390
-10 ng/ml _ - 1,233
100 ng/ml 1.875
Culture medium (negative control) 0.085
Clone AlG3 5-468 .
A2F5 _ - 0.931
A3A12 0.924
A4B8 . - 0.356
ABA12 _ 0.806
A5B10 0.915
A5C1 0.966
Example 20 _'

RNA analysis (Northern Blot) of the Human TNF receptor

1 pg of poly-A*' RNA (isolated from HS9I3T
-(fibrosarcoma)), placenta and spleen - were separated by
' é]ectrop_horésis in a 1.5% vertical agarose gel (10 mM Na
phosphate buffer pH<7.0, 6.7% formaldehyde). The size marker
" _used was a kilobase ladder radicactively Tabelled by a fill-in
reaction with (¢-32P)dCTP and Klenow enzyme (Bethesda Research
'_Laboratories). The formaldehyde was removed from the gel by
 firrigation and the RNA was transferred in 20x SSC to a nylom
' membrane (Genescreen plus, NEN-DuPont).  The RNA was
covalently bonded on the membrane by UV irradiation (100 -
| seconds). The membrane was‘prehybridized for 2 hours at 65°C
in Church buffer (Church and Gilbert, 1984) (0.5 M Na-
phosphate pH=7.2, 7% SDS, 1 mM EDTA) and hybridized for 19
hours at 65°C in fresh Church buffer with 3x106 cpm P-32
Tabelled DNA probe (EcoRI insert of pINF-BP30). The filter
was washed three times for 10 minutes at ambient temperature
in washing buffer (40 mM Na phosphate pH=7.2, 1% SDS) and then
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four times for 30 minutes at 65°C in washing buffer and

exposed to Kodak XAR X-ray film for 18 hours using an

intensifier film at -70°C. )
.The autoradiogram (Fig. 10) shows a singular RNA band

‘with a length of 2.3 .kb for the human THF receptor in the

analyzed tissues or cell line HS913T.

Example 21
re s'_ 0 ¢ TNF receptor

For transient expression 5 - 10x107 C0S-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}:9/:111

of c_hloroquin. pADCMV-1-DNA was used as control. After

transfection the cells were washed and then cultured for 48

hours. The expression of the TNF receptor was demonstrated by

 the binding 1%°I-TNF. For the binding tests the cells were

washed, incubated for one hour at 4°C with 10 mg of ‘2°I-TNF
(specific radioactivity 38,000 cpm/ng) with or without a 200

fold excess of unlabelled TNF and the radioactivity bound to

the cells was measured in a gamma-counter. The specific

~ binding in the control sample was 2062 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 is taken into account. The
non-specific background in the presence of unlabelled TNF was

. subtracted from the values).
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I DNA coding for a TNF receptor protein or a fragment
thereof, wherein said ONA coding said TNF receptor protein has

the formula

ATG
.CTC
GEGA
6TG
ATT
GAC
GAG
T6C
GAG
TGC
TTC
CAC
CAT
AGT
cce
ACA
TTA
T6G
. CCT
CT6
cce
TCC
GCT
cce
cce
CTA
AAC
GEG-
666
166
CT6
GAG

GGC
CT6
cre
TET
Tec
TET
AGC
cTC
ATC
AGG
CAG
cTC
GCA
AAC
CAG
GTE
TCC
AAG

GCC
ACC
AGC
cCC
ATC

GAC

CaC
GG
GGA
GAC

GAA:

CTT.
ACT
6T6
cTe

CTC TCC ACC

GAG CT6 TIG.

GTC CCT CAC
CCC CAA GGA
T6T ACC AAG
CCA GGC CCG
66C TCC TTC

AGC TeC TCC

TCT TCT T6C
AAG AAC CAG

TGC TIC AAT

TCC TGC CAE
6GT TTC T
TGT AAG AAA
ATT GAG AAT
CTe 116 CCC

CTC CTC TIC

TCC AAG CTC
AAA GAG GGG
CCA AAC CCA

CT& 66C. TTC
TCC ACC TAT

CGC AGA GAG
CIT 6CG ACA
CAG AAG TGE
GAT GAC
€C6 TTG
GAC CAC
€16 C6C
CGC ACG
GTG. CTC
GAG GAG

CcCC
AGC
TGC-
Cee
ceC
ATC

GT6G CCT GAC CTe& CTe CIG CCA CIG GIG
GTE GGA ATA TAC CCC TCA GGG &IT ATT
CTA GGG GAC AGE GAG AAG AGA GAT AGT

AAA TAT
T6C CAC
GG& CAG
ACC 6CT

AAA TGC -

ACA GTG
TAC CEG
1aw AGC

GAG AAA

CTA AGA
AGC CT1G

GTT AAG.

CTe GiC
ATT

GAG
ASC.
AGT
AcC
GG
6CC.
GAG

CTT
TTC
cce
cce
GCA
cIC
GAC
cce ece
C6C TGE
GAG ATC
GAG 6C6
CCG CGG
ceC

GCG CTT

GAC

ATC CAC CCT CAA
AAA GGA ACC TAC
GAT ACG GAC TEC
TCA GAA AAC CAC
CGA AAG GAA ATG
GAC C&G GAC ACC
CAT TAT TGG AGT
C1C TeC CTC AAT
CAG AAC ACC GTG
GAA AAC GAG TGT
GAG TGC ACG AAG
G66C ACT GAG GAC
ATT TIC TTT GGT

ATT GTT TGT GGG
GAA GGA ACT ACT
AGT CCC ACT CCA
GTG CCC AGT TCC
GGT GAC TGT CCC
CCA CCC TAT CAG
GCC TCC GAC CCC
AGC GCC CAC AAG
AcCe CTG TAC GCC
AAG GAA TTC GTG
GAT CGG CTG- GAG
CAA TAC AGC ATG

.CC GAG GCC ACG

ATG GAC CTG CTG
TGC GEC €CC GCC

CCC GCG CCC AGT CTT CTC AGA TGA

Q?; DNA coding for a secretab?e TNF-binding protexn, '

haV1ng the formula

Received Time

“ora fragment or 2 degenerate variant thereof.

RAT AAT TCG
TTE TAC AAT
AGE GAG TGT
CTC AGA CAC
66T CAG GTG
6T6 TGT G&C
GAA AAC CTT
GGG ACC 6T
T6C ACC TEC
GTC TCC TET
TI6 T6C CTA
TCA €6C ACC
CTT T6C CTT

GET TTA ATG TAT CGC TAC CAA (&6
TAC TCC.

AMA TCE ACA
ACT AAG CCC
&GC TTIC ACC
ACC TTC ACC
AAC TTT 6CG
66E GCT GAC
ATC CCC AAC
CCA CAG AGC
GTG GTG GAG
CEE CEC CTA
CTG CAG AAC
CTG GCG ACC
CTG GAG CTG
GGC TGC CTG
6CC CTC CC6
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R GAT AGT 6TG T6T CCC CAA GGA AAA TAT ATC CAC CCT CAA
AAT AAT TCG ATT TGC TGT ACC AAG TEC CAC AAA GGA ACC TAC
TTG TAC AAT GAC TET CCA GEC CCG 666 CA& GAT ACG GAC ‘TGC
AGG GAC TGT GAG AGC 6GC TCC TTC ACC &CT TCA GAA AAC CAC
CTC AGA CAC TEC CTC AGC TGC TCC ARA T6C CGA AAG GAA ATG
GGT CAG GTC GAG ATC TCT TCT T6C ACA €76 GAC CGG GAC ACC
GTG TET GBC TGC AGG AAG AAC CAG TAC CB& CAT TAT TGG AGT
GAA AAC CTT TTC CAG T6C TIC AAT TGC AEC CTC T6C CTC AAT
GGG ACC GIG CAC CTC TCC TGC CAG GAG AAA CAG AAC ACC GTG
TGC ACC TGC CAT GCA GGT TTC TIT CTA AGA GAA AAC GAG TGT
€IC TCC TET AGT AAC TGT AAG AAA AGC CTE GAG TGC ACE AAG

TT6 TGC CTA CCC CAG ATT GAG AAT

wherein RZ is optionally absent or represenis DNA coding for a
polypeptide which can be cleaved in_vive; or a degenerate
variant thereof.

,3. DNA accordmg to claim 2, coding for secretable TNF
binding protein, wherein RZ? represents ONA which codes
entirely or partly for a signal sequence.

4. DNA according to claim 2, characterized in that RZ

“has the formula CTG GTC CCT CAC CTA GGG GAC AGG GAG ARG AGA.

5. DNA according to claim 3, characterized in that RZ

represents R3 CTG GTC CCT €AC CTA GGG GAC AGG GAG AAG AGA,
wherein R3 represents ONA coding for a signal peptide.

¢

.ﬁl' DNA according to claim 5, characterized in that R3

~ represents

ATG GGC CTC TCC ACC 6T CCT GAC CTG CTG CTE CCA CTG ET6
g‘éﬁ CcTG GAG CTEe TIG &TG GGA ATA TAC CCC TCA GG& GTT ATT

‘7. A'nucleic acid which hybridizes with the DNA defined
in claim 1 or 2 under conditions of low stringency and which
codes for a polypeptide having the ability to bind TNF.
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‘8. A recombinant DNA molecule, characterized in that it
contains the DNA sequence defined in c'la'm i, ora degenerate _
variant or a fragment thereof.

5 ' 9. A recombiﬁant DNA molecule, which is replicable in
prokaryotic or eukaryotic host organisms, wherein said DNA
molecule contains expression control sequences functionally
Tinked to the DNA sequence defined in claim 2, or a degenerate
_ variant -or-a-fragment thereof. - '

10

10. The recombinant DNA molecule according to.claim 9,
which is replicable -in mammalian cells.
11. A recombinant DNA mu]etule'designated pADTNF-BP.
15 | | P

12. A .recombina_nt -_DNl_\lmo]ecule desigﬁated pA_DBTNF—BP.

13. A recombimant DNA molecule, replicable in

. . prokaryotic or eukaryot1c host orgamsms, characterized 1in

20 that it codes for a TNF bmdmg protein .or. functmna’l

.,—derwai::-ve of the TNF bmdmg protem, wherem sa1d functional
"*derwadtwe—bmds TNF

: V S ' The recombmant DNA mo'lecuTe according to c'lau 13,
25 ' rephcalﬂe in mammahan cells. :

15. The .récombinant-DNA molecule according to claim 14
designated pADTNF-R. '

30 16. The recombinant ONA molecule according to claim 14
- designated pADBINF-R. ' :

QZ A host ‘cell transformed <the recombinant DNA
molecule of ciaim-8-or 9.
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1'8‘ A host cell transformed with the recombmant DNA
mo’lecu‘le of claim 13.

5 18. A substanha'l’l_y pure recombma.m. polypephde coded
by the DNA of claim 1.

.‘?.0. The substantially puré polypeptide according to
claim 19, characterized in that it is the TNF receptor of
100 formula '

met gly leu ser thr val pro asp leu leu lTeu pro leu val
~Teu .leu glu Teu leu val gly ile tyr pro ser gly val ile
gly leu val pro his leu gly asp arg giu lys arg asp ser
15 Lo val cys pro gin gly 1ys tyr ile his pro gln asn asn ser
' ile cys cys thr lys cys his lys qly thr tyr leu tyr asn
 asp cys pro gly pro gly gin asp thr asp cys arg glu cys
glu ser gly ser phe thr ala ser glu asn his Teu arg his
. cys Teu ser cys ser 1ys cys arg lys glu met gly gln val
20 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 gin cys phe asn cys ser leu cys leu asn gly thr val
"his Tleu ser cys gIn ¢glu-lys gln asn thr val cys thr cys
. his ala gly phe phe leu arg glu asn giu cys val ser cys
25. ' - . ser asn cys lys lys- ser leu glu cys thr 1ys leu cys leu
' - . pro gln ile glu asn val lys gly thr glu asp ser gly thr .
thr val leu Jeu pro leu val ile phe phe gly Teu cys leu
‘leu ser leu leu phe ile gly leu met tyr arg tyr gin arg
. oo trp lys ser 1ys Teu tyr ser ile val cys gly 1ys ser thr
N30 pro glu lys glu gly glu leu glé gly thr thr thr lys pro
Lo - - leu ala pro asm pro-ser: phe ser pra thr pro gly phe thr
pro thr leu gly phe ser pro val pro ser ser thr phe thr
“gey.ser ser thr tyr thr pre gly asp cys pro asn phe ala
: ata pro arg arg glu val ala pro pra tyr gln gly 2la asp
35 " pro ile leu ala thr -a'ia leu ala ser asp pro ile pro asn
pro leu gin lys trp giu .asp ser ala his lys pro gln ser
leu - asp thr asp “asp pro- a}a thr leu tyr ala val val glu
asa val prc pro leu avg trp lvs glu phe val arg avrg leu
. gly leu ser asp his glu ile asp arg leu glu leu gln asn
40 : gly arg cys Tey arg glu ala glu tyr ser met Teu zla thr
trp arg arg arg thr pro arg arg glu ala thr leu glu leu
Teu gly arg val Teu arg asp mel asp Tau Teu gly cys leuw
glu asp ile glu glu a‘ia Teu ¢ys gly pro ala ala leu pro
.5 pro ala pro ser lau leu arg : .
: or a fragment thereof which binds to TNF.
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‘21 "The subsi:antial‘l‘y pure polypeptide according to
claim 19. charactenzed in that it is TNF binding protein of
the formula

5 asp ser val cys pro gin gly lys tyr ile his pro gln asn
asn ser ile cys cys thr lys cys his lys gly thr tyr leu
tyr asn asp c¢ys pro gly pro gly gln asp thr asp cys arg
glu cy$s 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

10. 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 ¢ln glu lys gln asn thr

_ val cys thr cys his ala gly phe phe leu arg glu asn glu
o’ 15 cys val ser cys ser asn cys lys lys ser leu glu cys thr
. Tys leu cys leu pro gin ile glu asn :

or a. fun_cﬁona_‘! derivative or fragment thereof having the
) ability to bind TNF. -
220 e - R

' 22 A process for. preparing a recombinant TNF --redgptfm{- '
'_prote'in, compriSing cultivating the host cell of claim 17 and
isol atmg ‘the expressed recombmant TNF receptor protein. |

-t e =

™, - ety Sk, S

25 - 23 A process for preparing: a recombmant TNF receptor—
' protein, o a-functional derivative thereof which is capable .
»-ef--b;n&ing* to-TNF, comprising cul twatmg the host orgamsm of
'~ ' c] aim 18 and isolating the expressed protein.

30 -5‘243. A pharmaceutical composition -comprising a TNF
' ~ receptor protein, or a functional derivative or fragment
thereof, and a pharmaceutically acceptable carrier.

25. A method for ameliorating the harmful effects of
35 . TNF in an animal, comprising administering to an animal in

need of such treatment a therapeutically effective amount of a

INF receptor polypeptide, or fragment thereof which binds to
TNF.
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26. A method for the detection of TF in a biolagical
sample, " comprising contacting said sample with an effective
amount of a TNF receptor polypeptide, or fragment thevreof

_ which binds to TNF, and detecting whether a complex is
5 | formed. '
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